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Hen}, OCBOCHHA NUCHUIINIMHBI ABJISICTCA OBJIAACHUC CTYACHTAMHW OCHOBHBIMH METOJaMH TCOPUU
HHTCJUICKTYAJIbHBIX CUCTCM, ano6peTeHHe HAaBBIKOB IO HCIIOJIB30BAHUIO MHTCIJICKTYAJIbHBIX CUCTCM,

BBEJIEHME

HN3YUYCHUC OCHOBHBIX MCTOAOB MIPCACTABIICHUS 3HAHWH U MOACIINPOBAHUA paCCYX(HeHHﬁ.

3az[aq1/1 OCBOCHU JUCHUIIIMHBI — IIOMOYb CTYACHTAM OBJIAICTh HABbIKAMU U 3HAHHUAMU B obactu

HCKYCCTBCHHOI'O MHTCIIJICKTA

HaumeHnoBaHue J1a00paTOPHBIX padoT

Ne Tembl
JIUCLIUILI
WHBI

HaunmenoBanue tem JUCHUIIIIMHBI,
X KPAaTKOC COACPKAHUEC
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5 cemecTp
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00J1aCTH UCKYCCTBEHHOTO
HWHTCJIJICKTA.

3HaKOMCTBO C IPUHIUIIAMHA
(YHKIIMOHUPOBAHUS
MCKYCCTBEHHBIX HEHPOHHBIX
ceTen

[TpuHIMIEI KITaccHpHUKAIUN
00pa3oB C MOMOIIBIO
MCKYCCTBEHHBIX HEMPOHHBIX
cereil. OyHKIIMU, MAaCCUBBI U
00BeKTHI B Python
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KJIACCU(UKAIIUU C TIOMOIIBIO
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Hroro 3a 5 cemectp
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CTPYKTYPA U COAEPKAHUE ITIPAKTUYECKUX PABOT

JlabopaTtopnasi pabora 1.
AHaJNu3 COBPeMEHHBbIX POrPaMMHBIX cpeAcTB ¢ npuMeHnenuem MU

Heap 3anaTHa — cPOpMHUpPOBATH MpEACTaBICHHE OO0 COBPEMEHHBIX MPOTPAMMHBIX CpPEICTB C
npumeHenueM M.
3amauu 3aHATHA:
- U3YYHTh JIUTEPATyPHBIC HCTOYHUKU U MaTepuaibl u3 cetu HTepHeT, CBSI3aHHbIE C HOPMATUBHO-
MPaBOBBIMU OCHOBAMH PAa3BUTHSI HCKYCCTBEHHOTO MHTEIUIEKTa B Poccuu u mupe;
- MPOAHATU3UPOBATH MPUMEPHI IpUMeHeHus TexHooruii M1 B obpazoBaTenbHoil cdepe.

3aganus 1J1s BHITIOJIHEHHSI U MeTOAUYeCKHe PEKOMEeHIalnu:
3aganue 1.

W3yuuB nuTepaTypHbIE HICTOYHUKH U MaTepHajbl U3 ceTu MIHTepHeT, 3amoHuTe Tabauiy
«HopmaTuBHO-IIPaBOBBIE OCHOBBI PA3BUTHUS NICKYCCTBEHHOTO MHTEIUIEKTA B Poccum»:

No | lokymeHT Hata Cent | Cpoku Henu u Otserct | OcHoO
n/ OPUHAT | JIKa | peaju3aluy | 3aJa4u BEHHbIE | BHBIE
I us Ha (ecn B IIyHKT
JOKY | UMEIOTCS) peanusa | bl
MEHT 02078
1. | «HaunonanrHas
CTpaTerus
pa3BUTHUA
HCKYCCTBEHHOTO

HHTEJIEKTA Ha
niepuon 10 2030
roma»

3ananme 2.

[ToaroToBsTe COOOIICHNE (TEKCT M MPE3CHTAITNIO) O JIFOOOM U3 MEPEUYNCICHHBIX B Tabmuile 3aaanus
1 nokymenToB. ByibTe rOTOBBI pacckasarh €ro rpyrre.

3ananue 3.

W3y4nB nmuTepaTypHble HCTOUHUKH U MaTepuaibl U3 ceTH HTEepHEeT, 3all0JIHUTE CIICAYIONIYIO
Ta6J'II/IHy ((HOpMaTI/IBHO-HpaBOBLIe OCHOBBEI pa3BHUTHUA UCKYCCTBCHHOI'O HHTCJIJICKTAa B MUPE» (HpI/IBeCTI/I
HE MEeHee 7 cTpaH):

No | Crpana | loxyment | /JlaTta Cpoku peann3zannin enu u 3agaumn
n/ NpUHATUA | (€CITU UMEIOTCSI)
i
1. 1.1.
1.2.
2.
3amanue 4.

N3yunB nutepaTypHble HCTOUHUKHA U MaTepHUaibl U3 ceTd MIHTEpHET, 3aM0JHUTE CIICAYIONIYIO
tabnuny «[Ipumepsl Texaonoruit UM B Moeit mpodeccuoHanbHoi cdepey (MpUBECTH S- 7 TEXHOIOTHH):
| No | Haszpanue | PazpaboTumn | Bpewms | Onucanue [Tpumepsl |
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H/ TEXHOJIOTHUU | K TIOSABJICHUA BO3MOXKHOCTEH HUCIIOJIB30BAHUS
1| TEXHOJIOTHM | TEXHOJIOTHMH | TEXHOJIOTHHU TEXHOJIOTHH B
npodeccuoHaTbHON
chepe
1.
2.
3ananmue 5.

[ToaroroBeTe coodieHNE (TEKCT U MPE3EHTAIUIO) O JTI0OOM U3 IEPEYUCIICHHBIX B TabauIle 3aaHus
4 TtexHonoruii. ByipTe TOTOBBI pacckaszarh €ro rpyrrie.

CnemnaiiTe BBIBOJ O IIPOJieIaHHON padoTe.

Pexomenayemas qurtepartypa:

1. [TamemoB, C.B.<BR>&nbsp;&nbsp;&nbsp; MHTemIeKTyaIbHBIE CUCTEMBI M TEXHOJOTHH
DNeKTpOHHBIN pecypce : yueoHoe nmocobue / C.B. [Tansmos. - Camapa : [ToBOIDKCKHN TOCYAapCTBEHHBIH
YHUBEPCUTET TeICKOMMYHHUKauid 1 nadopmatuku, 2017. - 195 c. - Kuura Haxoaurcs B 6a30BOi Bepcuu
3BC IPRbooks.

2. Cricoes, /I. B. BBenenue B TeOpuIo HCKYCCTBEHHOTO MHTEJIIEKTA : ydeOHoe nocodue / /1.
B. Cricoes, O. B. Kypunra, /1. K. IIpockypun. — Mocksa : At [Iu Ap Menua, 2021. — 170 c. — ISBN
978-5-4497-1092-5. — Tekct : anexrpoHHsbIi // IludpoBoi odpazoBarensHbiii pecypc IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/108282.html

8.1.2. IlepedyeHb TOMOJIHUTEIBHON TUTEPATYPbI:

1. Asepuenkos, B. . Cucrema ¢popmupoBanus 3Hanuil B cpene Uurepuer : Monorpadus /
AgepuenkoB B. U. - bpsiHck : BpsiHCKUIA TOCyJapCTBEHHBIN TeXHUYECKu yHuBepcutet, 2012. - 181 c. -
Kuura naxonutcst B 6azoBoit Bepcun DbC IPRbooks. - ISBN 5-89838-328-X

2. [TaBnoB, C. 1. CucTemMbl HICKYCCTBEHHOT'O MHTEIIIEKTA : yaeOHoe mocobue : [16+] / C. U.
ITaByioB. — Tomck : TOMCKHUI roCy 1apCTBEHHBIN YHUBEPCUTET CUCTEM YIPABIICHUS U PAJTHOIIEKTPOHUKH,
2011. — Yactp 1. — 175 c. — Pexxum poctymna: no nogmucke. — URL: https://biblioclub.ru/index.php?
page=book&id=208933

HNuTepHeT-pecypcen:

http://www.iprbookshop.ru - 95C IPRbooks

http://biblio-online.ru/ - 9BC «Biblio-online.ruy» n3narenscra «tOpaitty ONLINE»
http://www.intuit.ru - UHTepHET-YHUBEPCUTET TEXHOJIOTHIA

JlaGopaTopHasi pabora 2
3HAKOMCTBO ¢ NPUHIUNAMHU QYHKIMOHUPOBAHUA HCKYCCTBEHHbBIX HEHPOHHBIX
ceTell M ¢ A3BIKOM nporpammuposanus Python
Heab: paccMoTpeTh NPUHLMUIIBI (YHKIIMOHUPOBAHUSI MCKYCCTBEHHBIX HEHPOHHBIX
CeTell ¥ MO3HAKOMUTKCS C S3bIKOM IporpammupoBanust Python.

3ananue:

1. U3yuuTth TEOpPETUUECKOE BBEICHUE.

2. OTBETUTh Ha KOHTPOJIbHBIC BOIPOCHI, IPUBEJICHHBIC B KOHIIE Ja0OpaTOPHOI
paboTHI.


http://biblio-online.ru/
http://www.iprbookshop.ru/
http://www.intuit.ru/

3. BpmomHMTh  TpakTHYECKHWE ~ 3aJaHWs € HCIOJB30BAHHEM  SI3BIKA
nporpammupoBanus Python.

4. CocTaBUTh OTUET 110 JabopaTopHOil padote. Tpebosanusn k omuemy:

OT4€T npeaocTaBisAeTCs B JIEKTPOHHOM BHUE B TEKCTOBOM penakrope MS Word. B
OTUY€Te YKa3bIBAIOTCS:

1) ®amuins CTyIeHTA.

2) [MopsiakoBBI HOMEP ¥ Ha3BaHKUE TA0OPATOPHOI pabOTHI.

3) Lens paGoThL.

4) OTBETHl HA KOHTPOJIbHBIE BOIIPOCHL.

5) Omnucanue pelIeHHs BBINOJIHEHHBIX 33JaHUM  J1a0OpaTOpHOW padoTHI,
cojepaiiee: a) opmyauposxy 3a0anus, 8) CKPUHUOM GbINOJHEHHO20 3A0aHUS,
cooeparcauuti hamunuio cmyoeHma.

3ammTa J1abopaTOpHOM pPabOTHI OCYIIECTBIAETCS MO OTUYETY, MPEACTaBICHHOMY
CTYZICHTOM M C IEMOHCTpAIINEH 3alaHusl HA KOMITBIOTEpeE.

Teopernyeckoe BBeIeHUE
1. BBeneunue
2. [IpuHumbl GyHKIIMOHUPOBAHKS UCKYCCTBEHHBIX HEUPOHHBIX CETEH

1. BBeienue

KoMmbroTepsl B 001IeM CMBICIE — 3TO KaJbKYJISTOPHI, CIIOCOOHBIC BBITIOIHSTH
apu(PMETHICCKHE OTEPAIMA C OTPOMHON CKOPOCTHIO. ITa OCOOEHHOCTh KOMITBIOTEPOB
MO3BOJISIET WM OTJIMYHO CIPaBIATHCA C 3a7a4aMy, AHAIOTHYHBIMH TEM, KOTOpPBIC
PEIIAFOTCSl C TTOMOIIBI0 KaJbKYJISTOPOB: CYMMHUPOBAHUE YHCEN C IEIbI0 OMpEaeiIeHuUs
00BEMOB TPOAAK, TMPUMECHEHHE IPOICHTHBIX CTABOK JJII HAYHMCICHHUS HAJIOTOB WJIH
MOCTpOCHUE TPaUKOB HAa OCHOBE CYIIECTBYIOIINX JaHHBIX.

Jlaxke TPOCMOTp TEJIEBU3MOHHBIX NPOTPAMM WM TMPOCITYIIUBAHUE ITOTOKOBOM
My3bIKU 4Yepe3 MIHTepHeT ¢ MoMoIlbi0 KOMIIbIOTEpa He TpeOyeT 4ero-To OOJbIIero, Yem
MHOTOKpPAaTHOE BBITIOJIHEHUE TMPOCTHIX apu@MeTH4ecKux ormnepanuid. PekoHcTpykius
BUJICOKAJIPa, COCTOSIIETO CIUIONIb W3 €JAMHMI] U HYJIeH, KOTOpbhIe MOCTYIMAOT Ha Balll
KOMITBIOTEP TIO CETH, TaKKE OCYIIECTBISCTCA MYTEM BBITIOJHEHUS apu(METUUECKUX
JIENCTBUM, JIUIIIb HEHAMHOTO 00JIee CJI0KHBIX, YeM CYMMHUPOBAHHUE YUCE.

CnoxeHHe YHCell ¢ THTAHTCKOW CKOPOCTBIO — THICSIYM WJIM MUJUIMOHBI OTIEpaliiii B
CEeKyHAy — 9TO BredaTsitonuid 3¢G@GeKT, HO €ro Heab3s Ha3BaTh MPOSIBICHUEM
MCKYCCTBEHHOT'O MHTEIUIEKTA. J[ayke eciii 4eoBeKy TPYIHO CKIIAIbIBATh B yMe OOJIbIITHE
yucIia, TaHHBIM Mpoliecc BOBCE HE TPeOYeT 0cO00To MHTEIIEKTA. J{J1s TaKuX BBIYMCICHUN
JOCTaTOYHO CTIOCOOHOCTH CIIEJIOBATh JJICMEHTAPHBIM HHCTPYKIHUSIM, ¥ WUMEHHO JTO
MIPOUCXOJIUT BHYTPH JIFOOOTO KOMIThIOTEPA.

[TocmoTpeB Ha Kakue-IH00 N300PAKECHHSI, YEITOBEK MOXKET JIETKO OIPEICIUTh, YTO
Ha HUX U300pakeHo. Mbl cOCOOHBI MTPAKTUYECKU MTHOBEHHO M C BBICOKON TOYHOCTHIO
pacrno3HaBaTh OOBEKTHI, HA KOTOPHIE HAMPABIISIEM CBOM B3TJIS/, U MPU 3TOM OYE€Hb PEIIKO
omubaemcs.




Kotuk ['mrapa Kommbrorep

B mpouecce ananuza u300pakeHMid M KiIaccU(UKAMM OOBEKTOB HAll MO3T
oOpabarbiBaeT OrpoMHble 00beMbl HHPOpMauuu. KommbroTepy ke TpyAHO pelaTh
10/TI0OHBIE 3a/1a4H, @ TOUHEE — HEBEPOSTHO TPYIHO.

Jlerko TpynHo

TpynHo Jlerxo

IIpuHiunsl GYHKIIMOHUPOBAHUS MCKYCCTBEHHBIX HEMPOHHBIX ceTel

[IpencraBpTe TPOCTYHO TPOTHOZHMPYIOIIYIO MAaIIuHy (MPEeIUKTOp), KOoTopas
MOJIy4aeT BOIIPOC, COBEPILIAECT HEKUU ‘“MBICIUTENBHBIN MIpPOLIECC U BbIAeT OTBET. Bee
MIPOUCXOJUT MPUMEPHO TaK, KaKk B MPHUBEICHHOM BbIIlIE MPUMEPE C paclO3HABAHUEM
00pa3oB, B KOTOPOM BXOHas WH(OpMamus BOCIPUHHMAJIACh HAIIMMU TJIa3aMH, Jajee
HaIll MO3T aHAJIM3UPOBA M300paKEHHUE, TTOCIIC YeTr0 MBI JICJIaJId BBIBOJIBI OTHOCHUTEIIHHO
TOr0, Kakue OOBEKTHl UMEIOTCS Ha JAHHOM H300pa)Ke€HUU. DTO MOXKHO MPEJICTABUTH C
MTOMOIIBIO CIIETYIOIIEN CXEMBI.

Bonpoc -—% aHAAU3 ‘——-—? ombem

Ho koMnbroTEphl HE MOTYT MO-HACTOSILIEMY AyMaTh, IO3TOMY Oy/I€EM HCIIOJIb30BATh
JPYTyI0 TEPMHUHOJIOTHIO, 00JIee TOYHO COOTBETCTBYIOIIYIO TOMY, UYTO IPOUCXOAUT Ha
caMOM JieIe.



dpadomka
8602 —% 5 —-—-} Bei6od
g (pacuem)

Komnbrorep noiayyaeT BXOJHYIO HH(POPMAIUIO, BBIIOIHIET HEKOTOPbIE pacueThl U
BBIAAET pe3yJbTaT. OTOT NPOLECC CXEMAaTUYECKH MPEJCTaBIEH Ha ClEAyOLEn
wunoctpanun. Bxognas mHdopmanus, 3amanHas B Buue “3x4” , oOpabaTwhIBaeTcsi ¢
BO3MOYKHOM 3aMEHOM Onepaly YMHOKEHUs 00Jiee MPOCThIMU ONEPALUsIMH CIIOKEHUS, U
BBIJIAETCS BBIXOHOM pe3yabTat “12”.

acyem
LLE] —% F ‘—? Bwifod

3 x4 4+4+4 12

JIaHHBIM MPOCTOW M XOPOILIO 3HAKOMBIM MPUMEP MCIOJIB3YEM IS BBEICHUS
MOHATHH, KOTOpBIE Jajee OyayT MPUMEHEHBI K 00JIee CIIOXKHBIM aclieKTaM HEUPOHHBIX
CEeTEeN.

HManee ycnoxxnuMm 3anauy. [IpencraBpTe, 4TO MalivMHa JI0KHA MPeoOpa3oBbIBATh
KWJIOMETPHI B MUJIU.

KUAOMEMPbI n——% pacyem ! ‘—? MuAu

222

[Ipennonoxxkum, uto Qopmyrna, npeoOpasyromas KWIOMETPbl B MWJIH, Ham
HeusBecTHa. Bce, 4To MBI 3HaeM, — 3TO TO, YTO JAHHBIE €AUHUIBI U3MEPEHHSI CBSI3aHbI
MeXTy cOO0H TMHEMHOM 3aBUCMMOCTBI0. JTO 03HAUAET, YTO €CIIU MBI yIBOUM KOJUYECTBO
MHJIb, TO KOJWYECTBO KHJIOMETPOB, COOTBETCTBYIOLIEE ITaHHOMY PACCTOSHMIO, TAKXKE
yaBouTcs. Takas 3aBUCUMOCTb BOCIIPUHUMAETCS HAMU UHTYUTUBHO.

CyniecTBOBaHUE JTUHEHHOTO COOTHOIICHHSI MEXAY KWJIOMETpaMU U MUJIAIMH JIAeT
HaM KJIIOY K pazrajke GopmyJibl A BeiuuciaeHuil. OHa J0JKHA UMETh CIAEAYIOIMA BUI:
MUIU = Kuromempsl * ¢, T ¢ — KOHCTaHTa, BEJIMYMHY KOTOPOU MbI ITOKA YTO HE 3HAEM.

EQVMHCTBEHHBIMU JTIOMTOJTHUTENBHBIMU MOJICKa3KaMHU HAM MOTYT CIIYKHUTb OT/I€JIbHbBIC
MIPUMEPHI MPABUIIBHOTO BBIPAKEHUSI PACCTOSTHUNA B KUJIOMETPAX U MUJISIX. DTU IPUMEPHI
OyIyT BBICTYIATh KakK ObI B POJIM DKCIIEPUMEHTAIBHBIX JAHHBIX, OTPAKAIOIMIUX UCTUHHOE
MIOJI0KEHUE BELIEH, KOTOPBIE MbI UCIIOJIb3YEM JJIsl IPOBEPKU CBOEH HAYUYHOU TEOPUH.

0 0
100 62,37



UTro HYXHO cHaenaTh AJi1 TOrO, YTOOBI ONPEAEIUTh HEJOCTAIONIYIO BEIUYUHY
KOHCTaHThI? JlaBaiiTe mpocTo mojacTaBuM B GOpMYyJy Kakoe-IH0o cilydailHOe 3HaueHUE.
Hanpumep, npeanonoxum, yto ¢=0,5, 1 HOCMOTPUM, YTO IIPU 3TOM NPOU30MUJIET.

MUAU = .
KUAOMEMPBI -—% KUADMEMPBI X '—-? MUAU

100 50

0.5

31ech MblI OACTaBIsIEM B GOopMyITy muiu = kuromempul * ¢ 3Hauenune 100 BMecTo
Kuiomempuvl U TeKyliee mpooHoe 3HaueHue 0,5 BMECTO KOHCTAHTHI C. B pe3ynbrare Mbl
noiay4daeM oTBeT: 50 MUJIb.

DT0 BOBCE HEIJIOXO0, €CJIH YUECTh, 4TO 3HaueHue ¢=0,5 ObIJI0 BRIOPAHO CIIyYaitHBIM
obpazom! Ho MbI 3HaeM, 4TO OHO HE COBCEM TOYHOE, MOCKOJIbKY MPUMEDP 2 WCTUHHOTO
COOTHOILIEHHSI TOBOPUT HAM O TOM, YTO ITPAaBWIbHBIA OTBET — 62,137.

Msb1 ommbnucey Ha 12,137. DTO 4MCIIO MPENCTABISET BEJIUYMHY OIIMOKH, T.€.
Pa3HOCTh MEXAY HMCTUHHBIM 3HAYEHHEM M3 HaIero CIHCKa MPUMEPOB U PacCUETHBIM
3HAYEHUEM.

oUHMOKEa = MCTHHA = pacder
=52,137 =50
=12,137

MuAU =
KuAoMempol —é KUAOMEMPBI X ‘—? pacHemHbIE MUAU
o,5

100 50

npabBuabrbiii ombBem
2,137

owiudia
12,137

Uro panpmie? Mbl 3HaeM, 4TO OMIMOJIMCh, U HaM K3BECTHA BEJIIMYMHA OUIMOKH.
Hcnonb3yem 3Ty MHPOpPMALIMIO AJIsE TOrO, YTOOBI MPEJIOKUTh OoJiee yJauHoe MpoOHoe
3HaY€HHE KOHCTAHTHI C, UEM IIEPBOE.

Bepnemcs k ommbke. M1 ommbivch Ha 12,137 B cTopoHy MEHBINNX 3HaueHUH. Tak
Kak popmy:a i npeodpa3oBaHusl KWIOMETPOB B MUJIU JIMHEHHAS, MUiu = Kuiomempol *
¢, MBI 3Ha€M, YTO YBEJIMYEHUE C MPUBENET K YBEINYEHUIO PE3YJIbTUPYIOIIErO 3HAYCHHUS.

JlaBaliTe HEMHOro moOANpaBUM C, 3amMeHMB 3HadeHue 0,5 3HaueHuem 0,6, u
IIOCMOTPHUM, K YEMY 3TO MPUBEJIET.

[punss qis ¢ 3navenue 0,6, Mbl ory4aem MUK = KujoMeTpsl * ¢ =100 * 0, 6 = 60.
O10 yxe nydine, yeM npeapaymuii oreer — 50. Tenepp ommbka ymensmmiach 10 2,137.
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Muaw =
KUAOMEMpPbI —% KUADMEMPET X .——-? pacHemHbie MUAU
0,6

100 &0

npabusbHeili omBbem

el,157

owudra .-
2,157

3/1ech BaXXHO TO, YTO BEJIMUMHA OIMIMOKHU TMOJCKa3ajda HaM, B KAKOM HaIpaBJIeHUU
CIEAYET OTKOPPEKTUPOBATH BEIMUMHY C. MBI XOTEIM YBEIUYUTh BBIXOJHOM pe3yabTat S50,
MIOATOMY HEMHOT'O YBEIUYUJIH C.

Bwmecto Toro 4toObl MCTOIB30BaTh alNreOpy Il HaXOXJACHUS TOYHOW BEITMYUHBI
MIOIPAaBKK, Ha KOTOPYIO CIEIYyeT U3MEHUTh 3HAUYCHHUE C, Mbl IIPOJOJIKUM HUCIIOJIH30BaTh
MOJIXO/I, 3aKJIFOYAIOIIUKCS B MOCTEIIEHHOM YTOYHEHUW 3HAYCHUS 3TOM KOHCTAHTHI. Ecin
BBl HE YBEPEHBI B MPABHJIBHOCTH TAKOTO IOJXOJa M CUMTAETE, YTO ObUIO ObI HAMHOTO
MPOIIE Cpa3y ONPEIACIUTh TOUYHBIN OTBET, TO UMEWUTE B BU]Y, UTO CYIIECTBYET MHOXECTBO
0oJiee MHTEPECHBIX 3a7ad4, JJII KOTOPBIX HE CYIIECTBYET MPOCTHIX MAaTeMaTHYECKHX
(bopMyI1, CBA3BIBAIONITUX MEXIY COOOM BXOIHBIE U BRIXOAHBIC 3HAUCHUS. UIMEHHO MOATOMY
HaM U HY>HBI 00Jiee CJI0’KHBIE METO/Ibl HAro001e HEMPOHHBIX CETEH.

[IoBTOpUM yKe 3HaKOMbIE HaM JEUCTBHS. BpixomHou pesynbrar 60 Bce emme
CIUIIKOM MaJl. /[aBaiiTe BHOBb HEMHOTO U3MEHUM KOHCTAHTY C, YBEJIMYUB €€ 3HAUYCHUE C
0,6 1o 0,7.

MUAU = ,
KUAOMempol —% KUuAoMempol X ‘ﬁ pacHemHee MuAU
o7

100 70

npabuabHoiii ombem

el,157

owiudika

-7,8€3

JlanHO€ M3MEHEeHre MPUBOAUT K Pe3yJIbTaTy, MPEBHIIIAIONIEMY MPABUIbHBIA OTBET.
[Ipenpiaymas ommudka Obiia paBHa 2,137, a Teneps oHa coctasisier -7,683. 3nak “munyc”
MPOCTO CBUJAETENBCTBYET O TOM, YTO BMECTO HEIOOLEHKM HWCTUHHOTO pe3yJibTaTa
MpOU30IIa €ro TMepeoleHKa (BeJIMYMHA OIMMOKU OMPENESeTCS BBIPAKCHUEM:
MPaBUWIbHOE 3HAYEHUE MUHYC PACUETHOE 3HAUCHHUE).

Urak, ¢=0,6 6bu10 TOpaszmo myume, yeM c=0,7. Celiuac Mbl MOTJIM OBl TIPU3HATH
BeJIMUMHY OlUOKU mpu ¢=0,6 yIOBIETBOPUTEIBHOM W 3aKOHUUTHh ATO YyIpPaKHEHUE.
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OpnHako mombITaeMCsl BBECTH OYEHb MaJIyIO MOMPaBKy W YBEJIMUUTH 3HaUeHue ¢ ¢ 0,6 1o,
ckaxxem, 0,61.

MUAU =
KL{A:}MEMPH ‘% KUADMEMPB X —7 pacHemHbBe MuAu
0,61

100 el

npabuseHeiii ombem
62,137

owudika
1. 157

[Tonydaercs ropa3fo JydllIMi pe3ysbTaT, 4YeM NPEAbIIYLIUE, MOCKOJIbKY TENEpPb
BBIXOJIHOE 3HaueHUE 61 oTiamyaercs OT mpaBWIbHOrO 3HaueHus 62,137 Bcero julb Ha
1,137.

Wrak, nocieaHsisi HONbITKA HAY4YWJIa HAC TOMY, YTO BEJIMYMHY MONPABKU K BETUUNHE
C HEOOXOAMMO KaXKIBIM pa3 oOmpefessTh 3aHOBO. EciuW BBIXOAHOW pe3yJbTaT
MPUOITHNKAETCS K TPABUIBHOMY OTBETY, T.€. €CJIM OITMOKA YMEHBIIIAETCS, TO HE CIEAyeT
OCTaBJISITh BEJIWYMHY TOMNPABKU IMpexHel. TeM caMbiM Mbl H30eraeM NEpeoleHKH
3HAYEHUS 110 CPABHEHUIO C UCTUHHBIM, KaK 3TO OBLIO paHee.

He ncnosnb3ys mouck TOYHBIX CIIOCOOOB OMPEIEIICHHS BETUYUHBI C U TO-TIPEKHEMY
dbokycupysi BHUMaHHUE Ha UJEe €€ MOCTENEHHOTO YTOUYHEHHUS, Mbl MOXXEM MPEOJIOKHUTD,
YTO TIOMpaBKa JOJKHA BBIpAXAThCSd HEKOTOPOM Jojed OmUOKU. DTO HHTYUTHUBHO
MOHATHO: 0OJIbIIIAs OIIMOKA YKa3bIBaE€T HA HEOOXOAMMOCTh BBEICHHSI OOJIbIIIEH MOMPaBKH,
TOTJIa KaK MaJiasi OIMOKa HYK/IaeTCs B HE3HAUUTEJIbHON TOTpPaBKe.

Bech onmcannsiii nporecc paboThl B TOUHOCTH NIEPENAET CYTh Mpoiiecca 00ydeHHUs
HEHPOHHOU ceTh. MBI TPEHUPOBAIM MAIIUHY TaK, YTOOBI €€ MPeJICKa3aHMs CTAHOBUIINCH
Bce Oosiee u 060s1ee TOUHBIMH.

Buieoowt

* Y MHOTUX KOMIIBIOTEPHBIX CHCTEM HMMEIOTCSI KaHallbl BBOJA M BBIBOJAA, MEXKIY
KOTOPBIMHU HaJl JAHHBIMU BBITIOIHSIOTCSI HEKOTOPBIE BhIUMCIEHUS. B ciyyae HEMpOHHBIX
CETel UMEET MECTO OBITh JIpyrasi CTPYKTypa paOOThl.

 Ecnu TouHble mnpuHIUIBI (YHKIIMOHUPOBAHUS KaKOW-TMOO CHUCTEMBbl HaMm
HEU3BECTHBI, TO MbI MBITAEMCSl TOJYUYUTh MPEJCTABICHUE O TOM, Kak OHa paboTaer,
UCIIONB3YsSd MOJIeNIb C pEryjJupyemMbiMu Tapamerpamu. Ecnu Obl MBI HE 3HaAIM, Kak
npeo0pa3zoBaTh KWIOMETPBI B MUJIM, TO MOTJIM ObI MCIIOJIB30BATh JIJIS1 3TOM LEH JIMHEHHYIO
(GYHKIHIO B KAYECTBE MOJIEIIU C PETYJIUPYEMbIM HAKIOHOM.

* Hemmoxum crocoOoM yiydiieHus: MOJOOHBIX MOJENE SBIISETCS HacTpoOMKa
rnapaMeTpoB Ha OCHOBAHHMH CPAaBHEHUS PE3YyJIbTATOB MOJEIHN C TOUYHBIMU pe3yJibTaTaMU B
M3BECTHBIX PUMEpPax.

IIpakTyeckue 3a1aHUus
1. 3nakomctBO ¢ Jupyter Notebook
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2. Hauano pa6otsl ¢ Python
3. MHOroKpaTHOE BHITIOJTHEHUE KOMaH/
4. Co3naHne KOMMEHTapUEB

1. 3uakomcTBO ¢ Jupyter Notebook

3amycTuB MHTEpakTUBHYIO 00070uKy Jupyter Notebook (brmokHoT), menkuute Ha
KHOTIKe New y MpaBoro Kpasi OKHa, BbIOepUTe B OTKpbIBIIEMcS MeHIO myHKT Folder, B
Ha3BaHUM MANKH YKOKUTE CBOKW (GaMWiIui0. 3aTeM NEepeiauTe B CO3JIaHHYIO MAalkKy,
IICJIKHUTE Ha KHOTMKE New y TpaBoro kpasi okHa u Beibepute Python 3, uto npuBeneT k
OTKPBITHIO ITyCTOT0 OJIOKHOTA.

C @ localhost:8888/tree/SA = w O .

- Jupyter Quit Logout

Files Running Clusters
Select items to perform actions on them. Upload |[Mew | &

[J0  ~ W=l SAl Name & e

Python 3
O Heckon

(] Untitled.ipynb Runnit  Text File 5B

Folder

Terminal

BJIOKHOT MHTEpaKTUBEH, T.€. OKUJIA€T BBOJA KOMAaH/bl, BHIBOJIUT OTBET U BHOBb
MEPEXOJIUT B COCTOSIHUE OKHUIAHUS CIEAYIONIEH KOMaH/Ibl UK BOIIPOCA.

[Tpu pemenun 3amad maxe CpeaHEH CIOXKHOCTH MMEET CMBICH pa30uBaTh WX Ha
yacTu. Tak Jierye CTPYKTypUpOBaTh JOTHUKY 3aJayd, a €CIU YTO-TO MOWJET HE TakK,
0COOEHHO B OOJIBIIOM NIPOEKTE, BaM OyAeT MpoIle HAaWTU Ty €ro 4acTb, B KOTOPOH
npouszonuia omudka. B tepmunosoruu [Python Takue wactu Ha3bpIBarOTCS siYeHKAMU
(cells). B mokazanHOM BbIlI€ OJOKHOTE sYelka IMycTa, W Bbl, HAaBEPHOE, 3aMETHIIH
MEpIAIIINN Kypcop, KOTOPBIM MpUTJIalliaeT BaC BBECTH B HEE KaKytO-HHUOY/Ib KOMaH/Ty.

JlaBaiiTe mpuKaxeM KOMIIBIOTEpY 4TO-TO cjenarb. Hampumep, mompocum ero
MEPEMHOXKUTD JIBA YUCIA, CKaXXeM, YMHOXHUTHh 2 Ha 3. BBegute B sUeiiky Tekct «2*3»
(KaBBIYKM BBOJMTH HE CJEAYET) U IICTKHUTE Ha KHOMKe run cell (BBIMOTHUTH SUeiKy),
HallOMHUHAIOLIEH KHOIIKY BOCIIPOM3BEACHUS B MpourpbiBaTese. KoMmbloTep mOMKEH
OBICTPO BBITIOJIHUTH KOMAH/Iy U BEPHYTH CIACAYIOIIUMA PE3yIbTaT.

i Jupyter Untitled Last Checkpoint: 36 unyT Hazag {unsaved changes) ﬂ Logout
File Edit Wiew Insert Cell Kernel Widgets Help Trusted | Python3 O

B+ 3 @& B 4 ¥ MHRuin B C MW Code v|| B3

In [1]: 2*3

Out[1]: 6

Kak Bugure, KOMIbIOTEp BbIIAN MPABUIBHBIN pe3yibTar: «6». TOIBKO YTO MBI
MpPEAOCTaBUIN KOMIIBIOTEPY HAIly NEPBYI0 HHCTPYKIHMIO U YCIEIIHO MOJIYYUIIU
KOPPEKTHBIA OTBET. DTO ObLJIa HaIlla epBas KOMIbIOTEPHAs Iporpammal

He o6pamaiite Baumanust Ha Haamucu «In [1]» u «Out[l]’, koTopeimu B [Python
MOMEYAIOTCSl UHCTPYKIUS U OTBET. Tak 000710YKa HAMOMUHAET O TOM, YTO UMEHHO BBI
npocwin caenarh (input) U 4to Bbl mojiydaete B oTBeT (output). Ymcia B ckoOkax
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YKa3bIBAlOT HA MMOCJICAOBATCIIBHOCTb BOIIPOCOB U OTBETOB, YTO BECbMaA YI[O6H0, KOoTraa BbI
TO W ACJIO BHOCUTEC B KOJ MCITPABJICHHA K 3aHOBO BBITIOJHACTC MHCTPYKIIUU.

2. Hayayo pa6orsl ¢ Python

[Tepeiinute k cienyromieit siueiike «In []», BBeAUTE MPEACTABICHHBIM HUXE KO U
BBITNIOJIHUTE €T0, IICJIKHYB HAa KHOIKE 3alycKa. B OTHOIIEHNN MHCTPYKIMA, 3aIIMCAHHBIX
Ha KOMIIBFOTEPHOM SI3BIKE, IIIMPOKO MPUMEHSIETCA TEPMUH KOJ. BMeCTO 11e/uka Ha KHOIIKE
3arycKa KoJila MOXKETe BOCIIOIb30BaThCsl KoMOuHaruei kimapui <Ctrl+Enter>, ecou Bam
ATOT crocob OoJiee y1o0eH.

print("Hello, World!")

B oTBeT KOMIIBIOTED TOJKEH MPOCTO BBIBECTH B OKHE (ppazy «Hello, World!»

In [2]: print("Hello, World!"™)

Hello, World!

BBoa uncTpykiuu, npeanuceiBaronieit BeiBo ¢ppasbl «Hello, World!», e mpusen k
YAQICHUIO TIPEABIAYIICH STMEHKH C CoJIepKaITUMHUCS B Hel COOCTBEHHON MHCTPYKIIUEH U
COOCTBEHHBIM BBIBOJIOM. DTO CPEJCTBO OKa3bIBAECTCSI OUYEHb MOJIE3HBIM MPU MOITAITHOM
CO3/IaHHUM PEIICHUN U3 HECKOJIBKUX YaCTEH.

[TocMOTpUM, 4YTO NPOU3OMIET MPU BBINOJHEHUHU CIEAYIOUIEr0 KOJA, KOTOPBIM
JIEMOHCTPUPYET OJHY KJIIOYEBYIO HJI€0. BBEUTE M BBIMOJIHUTE 3TOT KOJI B HOBOU STYEHKE.
Ecou HoBass mycrasi sueiika HE OTOOpakaeTcs B OKHE, IIETKHUTE Ha KHOMNKE C
N300pKEHUEM 3HaKa «IUTFOCY», TIOCIE HAaBEICHHsS Ha KOTOPYIO YyKas3aTells MBIIIN
BbICBeunBaeTcs nojckaska Insert Cell Below (BcTaBUTh siueiiky CHU3Y).

x =10

print(x)

print(x+5)

y =x+7

print(y)

print (z)

[lepBas cTpoka, X = 10, BRIMISIUT Kak MaTeMaTUYeCKas 3aluCh, YTBEpPKIaroIIas,
yto X paBHO 10. B Python 3T0 03HauaeT, 4TO B BUpPTYyanbHOE XPAHHMIIUIIE IT0]] HA3BAHUEM X
3a”HocuTcs 3HaueHue 10.

3nauenue «10» ocTtaeTcss B XpaHWUIUIIE A0 TE€X IMOP, MOKA B HEM HE BO3HHUKHET
HeoOxoaumocTh. MHCTpyKIus print (X), ¢ KOTOPOW BBl YK€ CTAJIKHUBAJIUCh, BBIBOJIUT
uH(popmanuu Ha 3kpad. OHa BbIIACT XpaHdlleecd B X 3HaueHue, koropoe paBHo 10. Ho
noyemy OyzeT BbiBeleHO «10», a He «x»? Iloromy utro Python Bcerma crapaercs
BBIYUCIIUThH BCE, YTO TOJIBKO MOXHO, & X MOXXHO BBIUYUCIUTH M TMOIY4YUTh 3HaueHue 10,
KOTOpPO€ U BBIBOAMTCS. B cremytomield CTpoke, KOTopasi COJIEPKUT HHCTPYKIMIO print
(x+5), BeIUKCTSETCS BBIpAXKEHHE X+5, MPUBOIAIIEEe B KOHEUHOM cUeTe K 3HaueHuto 10+5,
win 15. TlosTomMy MBI OKHJIa€M, UTO Ha IKpaH OyIeT BBIBEACHO «15».

Crnenyromasi CTpOKa ¢ MHCTPYKIIUEH y=X+7 Takke JO0JDKHA OBITh IMOHSATHOM, €CIIN
BCIIOMHUTB, 4TO Python cTpeMHTCs BBIMOTHUTH BCE BO3MOXHBIE BBIYUCICHHS. B 3TOM
MHCTPYKIIMU Mbl MPEANUCHIBAEM COXPAHUTh 3HAYEHHWE B HOBOM XPaHWJIUIIE, KOTOPOE
TENepb Ha3bIBAETCS Yy, HO MPHU 3TOM BO3HUKAET BOIPOC, & KAKOE UMEHHO 3HAYEHUE MBI
XOTHM COXpaHuTh? B MHCTpYKIIMK yKa3aHO BhIpakeHue X+7, kotopoe paBHo 10+7, T.e. 17.
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Taxum 006pa3zom, IMEHHO TO 3HaUYEHHUE U OyIET COXPAHEHO B Y, U CIEeAYIOIIast MHCTPYKITUS
BBIBE/IET €ro Ha dKpaH.

A 9TO TIPOM30HAET CO CTPOKOW print (z), €CIi Mbl HE HA3HAYMUIU Z HHUKAKOTO
3HAYEHHU, KaK 3TO OBLJIO ClIeNaHO B ciydyae X U y? Ml noiayduM coodiieHrue 00 omuoke,
nH(OPMUPYIOIIEe O HEKOPPEKTHOCTH MPEANPUHUMAEMBIX JIEUCTBHUM U MIBITAIONIECECS ObIThH
MaKCHUMAaJIbHO TOJIE3HbIM, YTOOBI MOXHO ObLIO ycTpaHuTh oOmuoOKy. CooOiieHus o0
oMOKax HE BCErja YCHEIIHO CIpPAaBIAIOTCS CO CBOEW 3ajauell — OKaszaTh MOMOILb
MOJIb30BATENIO (MIPUYEM OTOT HEJOCTATOK XapaKTepeH s OOJBIITMHCTBA SI3BIKOB
MPOrpaMMHUPOBAHUSA).

Pe3ynbpTaThl BBIMOTHEHHUS OMHCAHHOTO KOJa, BKJIIOYAs cooOuieHne o0 ommoke
«name V is not defined» (umsi ‘z’ He ompenelieHO), MOKHO YBHUJAETh Ha CIEAYIOIICH
WLTIOCTPAIIHH.

Hello World!
In [3]: |x = 18

print(x)

print(x+5)

y = X+7

print(y)
print (z)

18
15
17
NameError Traceback (most recent call last)
<ipython-input-3-e8@ds5263555> in
4y = x+7
5 print(y)
----» 6 print (z)

NameError: name 'z' is not defined

BrimieynoMsiHy Thie XpaHHIUINA, 0003HAUYEHHBIC KaK X U Y, U HUCIOJb3yeMbIC IS
XpaHeHUs Takux 3HadeHWid, kKak 10 um 17, Ha3pIBalOT mMepeMEeHHbIMH. B s3bIKax
IPOrPaMMHUPOBAHUS TIEPEMEHHBIC HCIOJB3YIOTCS IS CO3/IaHusl 000OIMICHHBIX HAOOpOB
WHCTPYKIIUH 110 aHAJIOTUH C TeM, KaK MaTEeMAaTUKHU UCTIOIb3YIOT aNre0paniecKiue CUMBOJIBI
HAMOI00ME «X» U «y» JUIsl POPMYIMPOBKH YTBEPKIACHHUM OOIIETO XapakTepa.

3. MHOroKkpaTHoe BbINIOJHEHUE KOMAH]L

KomnproTepsl moAXOAAT AJisi MHOTOKPATHOTO BBIMOJHEHUSI OJJHOTHUITHBIX 3a7a4 —
OHM HE Pa3MBIILISIOT U MPOU3BOMAST BBIUMCICHUS HAMHOTO OBICTpEEe, YeM 3TO YJaeTcs
JieJaTh JIOJISIM C TIOMOIIBIO KaJIbKYJISITOPOB.

[TocMOTpuM, KaKk BEIBECTH KBaJIpaThl MEPBBIX JECATU HATYPaIbHBIX YHCEN, HAaUMHAs
c nynsi: 0 B kBagpate, 1 B KBajpate, 2 B KBajpare U T.1. B pe3ynbTaTe H0KEH MOTyIUThCS
cnenytomuii psag uucen: 0, 1,4, 9, 16, 25 u 1.1.

Mps1 Mornu ObI CAMOCTOSITEIBLHO MPOU3BECTH BCE 3TU BBIYUCIICHUS, @ 3aTEM IIPOCTO
UCIOJIb30BaTh MHCTPYKIMU BbiBoAa print (0), print (1), print (4) u T.4. 910 cpaboTaer, HO
BE/lb HAIlla 1IeTb 3aKJIF0YAETCSI B TOM, YTOOBI BCIO BHIYMCIHUTEIBHYIO PAOOTy BMECTO HAC
BBITIOJIHUAJT KOMITbIOTEp. Takke HaM HEOOXOIUMO CO37aTh TUIOBOW HAOOP MHCTPYKIIUA,
MO3BOJISIONTUNN BBIBOJUTH KBAJpPAThl YKCEN B JIFOOOM 3allaHHOM jauama3oHe. st aToro
HY’)KHO CHaJaja pacCMOTPETh HECKOJIHKO HOBBIX OCOOCHHOCTEH PabOThI TaHHOTO S3BIKA
MpOrpaMMHUPOBAHUSL.

Beenute B ouepeHyo MyCTyIO SSYEHKY CIEAYIOIINAN KO:

list( range(10) )
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B utore nonydaercs cnucok u3 aecsaty yuceln ot 0 10 9.
In [4]: list( range(1@)

out[4]: [e, 1, 2, 3, 4, 5, 6, 7, 8, 9]

Zr:]:|

Cnucok coxepxut uucia or 0 1o 9, a ve or 1 go 10. D10 He cmydaiiHoO.
Kommnbrotepuslii ciicok HauumHaercst ¢ 1, a He ¢ 0. YnopsiioueHHbIe CIHUCKUA LIUPOKO
UCIIOJIB3YIOTCS. B KA4€CTBE CUETYMKOB IPH MHOTOKPAaTHOM BBIOJHEHUU HEKOTOPBIX
BBIUMCJICHUN U, B YaCTHOCTH, KOTJ]a UCTIONb3YIOTCSI UTEPATUBHBIE (PYHKITHH.

B nanHOM ciy4yae Mbl OIyCTHIIM KJIIFOUEBOE CJIOBO print, KOTOPOE UCIOJIb30BAINA IIPH
BbIBOZIE (ppassl «Hello, World!». Mcnonb3oBanue kiro4eBOro ciioBa print He SIBISETCS
oOs3aTenbHBIM NpU padoTe ¢ Python B MHTEpakTUBHOM pexuMe, MOCKOIbKY 000J0YKa
3HAET, YTO MbI XOTUM YBUAETh PE3YyJIbTaT BBEICHHON MHCTPYKIIMH.

PacripocTpaHeHHBIM CIIOCOOOM MHOTOKPATHOTO BBIMOJTHEHUS! BBIYMCICHUA C
IIOMOILBIO KOMIIBIOTEpA SBISAETCS HCIOJIB30BAaHUE TaK Ha3blBaeMbIX LMKIOB. CIJIOBO
«UMKID» TPABWIBHO INIEPENaeT CyTh IPOMCXOMAIIET0, KOrZa HEKOTOpbIE JAEWCTBUSA
MOBTOPSIFOTCSI CHOBA U CHOBA, BO3MOYKHO, Jake OECKOHeuHoe 4ucio pa3. Bmecto Toro
4yTOOBI MPUBOJIUTH (POpMaNIbHOE OIpeAeseHUe LUK, TOpa3/io IMOJIe3HEEe PacCMOTPETh
KOHKPETHBIN IPOCTOMN ITpuMep. BBeaAnTE U BBINIOJIHUTE B HOBOM SUYEUKE CIEAYIOLINAN KO,

for n in range(10):

print(n)
pass

print("roToBo"

31ech UMEIOTCA TPU HOBBIX 3JIEMEHTA, KOTOPbIE MbI MOCJIEN0BATEIBLHO Pa30oepeM.
[lepBasi cTtpoka comepkut BbipaxkeHue range (10), ¢ KOTopbIM BbI yke 3HAKOMbI. OHO
co3xaetT crucok unces ot 0 1o 9.

Konctpyknus for n in — 3T0 TOT 37€MEHT, KOTOPBIM CO3/a€T LIUKI U 3aCTaBisIeT
BBITOJIHATE HEKOTOPBIE JAEHCTBUSA JUIS KaKIOTO YMCIA W3 CIIMCKA, OPraHU3ysl CYETUHK
NyTeM Ha3HAYEHUs TEKYyIIEero 3HaueHus NepeMeHHod n. Panee Mbl yxke o0cyxnaiu
IIPUCBAaMBAaHNE 3HAYCHHI MIEPEMEHHBIM, U 3/I€Ch IPOUCXOAUT TO K€ CaMOe: IIPU IEPBOM
IIPOXO/I€ LIMKJIA BBINOJIHAETCS NpucBanBaHue n=0, a Npu MOCIEAYIOMNUX — IPUCBAUBAaHNE
n=1, n=2 ¥ TaKk 10 Te€X MOp, IOKa MBI HE JOIJEM [0 MOCJIEIHErO dJIEMEHTA CIUCKA, IS
KOTOPOro OyJIeT BBIIOJHEHO MPUCBauBaHUE N=9.

CMBbICH MHCTPYKIMH print (n) B CIEAyHOUIEH CTPOKE, KOTOpas MPOCTO BBIBOJMT
TEKyLIee 3HAUCHHE N, YK€ JOJHKEH ObITh MOHATEH M 3HakoM. Ho oOpaTtute BHUMaHKE Ha
orctyn nepea Tekctom print (n). B Python oTcTynsl urparoT BaxkHyO poiib, MOCKOJIBbKY
HaMEPEHHO UCIOJIb3YIOTCS ISl TOTO, YTOOBI MOKA3aTh MOAYUHEHHOCTh OJJHUX UHCTPYKIIMMA
JIPYTUM, B JaHHOM CJy4yae IUKIY, CO3JJaHHOMY C IOMOINbI0 KOHCTpyKuuu for n in.
WMHcTpyKIus pass CUTHAJIU3UPYET O KOHIIE LIMKJIA, U CIEAYIOIIas CTPOKA, 3allMCaHHas C
UCIIOJIb30BaHUEM OOBIUHOI'O OTCTYIIA, HE SIBJISIETCS YACThIO LUKJIA. DTO 03HAYAET, YTO MBI
OKUJAEM, YTO CJIOBO «TOTOBO» OYJIE€T BBIBEICHO TOJBKO OJUH pa3, a He JAECHTb.
[IpencraBieHHBIN HUKE pe3yJIbTaT NOATBEPKIAACT HALIN OKHUIAHHUS.
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In [5]:|for n in range(1@):
print(n)
pass
print{"rotoeo")

8
1
2
3
4
5
[
7
2
9
-

0TOBO
In [ ]: |

Tenepb HOMKHO OBITH MOHATHO, YTO ISl MOJIYYEHHS KBaJpPAaTOB YHUCEN CIEAYET
BBIBOJMTH Ha 3KpaH 3HaueHHs n* n. B AeHCTBUTENBHOCTH MBI MOXEM MOCTYIUTH €IIE
Jy4uie W BbIBOAUTH (pa3bl HanogoOue «KBagpaTr uucna 3 paBeH 9». 3aMerbTe, 4TO B
MHCTPYKIMHU MIEPEMEHHbBIE HE 3aKJIFOYAIOTCS B KABBIYKHU U MOATOMY BBIYHCIISIOTCS.

for n in range(10):

print("kBazgpat yucna", n, "paBeH", n*n)
pass

print("roroBo")

Pesynbprar npuBenen Huxe.

In [18]: for n in range(1@):
print(“xBagpaTt 4ucna”, n, “"pasen”, n*n)
pass

print("rotoso")

KBaapaT 4ucna @ paeeH @
xkeagpaT 4ucna 1 paeen 1
KBagpaT 4ucna 2 paseH 4
KBaApaT 4Mcna 3 paBeH 9
KBaapaT 4ucna 4 pased 16
KBapaT 4Mcna 5 paBeH 25
KBagpaT 4ucna 6 paeeH 36
KBaapaT 4ucna 7 paBeH 49
KBagpaT 4wcia 8 paeen 64
KBaapaT 4ucna 9 pasen 31
roToE

In[ ]:

To4yHO Tak e MOXHO yBEJIMYUTH YUCIIO UTEPAIUI IO TSITHISCATH VI THICSIH C
noMoIipio BeIpaxkeHuid range (50) wimm range (1000). ITompoOyiite caemaTh 3TO
CaMOCTOSITEIIHHO.

4. Co31anne KOMMEHTAPHEB

PaccmoTrpum, kak 3agath koMmMeHTapuu B Python. HabGepure npuBeneHHbIN HIKE
IIPOCTOU KOJ.

# creqyroniasi MHCTPYKLMS BBIBOJUT KyO uncia 2

print(2**3)

[lepBasi cTpoka HaumHaeTcsi ¢ cumBosia peuietku (#). Python urnHopupyer Bce
CTPOKH, HaYMHAIOLIMECS C ATOro cuMBosia. OJHAKO ATH CTPOKH HE OECIHOJIE3HBI: C UX
MOMOIIbIO MBI MOKEM OCTaBJISITh B KOJE IOJIE3HbIE KOMMEHTapUH, KOTOPbIE MOMOTYT
HOHATH €T0 NpEeAHA3HAUYEHUE IPYTUM JTOSAM WK Jake HaM CaMUM, €CJIM Mbl 00paTHUMCsI K
HEMY I0CJIE J0IT0ro NepephIBa.

In [19]: |# cnedymwaa uHcmpykuyua BwBodum ky6 4ucna 2
print(2**3)

3

In [ ]:
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KoHTpoJsbHbIE BONIPOCHI

1. B ueM 3akiit04ar0TCsi 0COOCHHOCTH BBIYMCIUTENBHBIX OMEPALNid, BBIMOIHAEMbIX
KOMIIbIOTEpOM?

2. Kparko onummTe NpUHIMIBI QYHKIIMOHUPOBAHUS MCKYCCTBEHHBIX HEHPOHHBIX
CETeH.

3. C noMomibto Kakoi KOMaHJbl MOXHO BBIBECTH Ha IeyaTh Bamry ¢gamunuio Ha
s3pike Python?

4. Kaxk BoiBecTu crircok yucen ot 0 1o 20 Ha s3bike Python?

5. Kak 3anarotcs koMMeHTapuu Ha sizbike Python?

JlaGopaTopHnas padora 3
Hpunuunel kaaccugpukanuu 00pa3oB ¢ NOMOIIbIO HCKYCCTBEHHBIX
HelpOHHBIX ceTeld. DyHKIUH, MacCuBbI U 00beKkThI B Python.
Heab: u3yunTh NpUHLMIBI KJAacCU(UKAIUMU 00pa30B € MOMOIIBIO MCKYCCTBEHHBIX
HEHPOHHBIX CETEeW U pacCMOTPeTh (DYHKIIMH, MacCUBBI U 00beKTHI B Python.

3aganue:

1. U3yuuTh TEOpEeTUUECKOE BBEICHHE.

2. OTBeTUTh HAa KOHTPOJBHBIE BOIPOCHI, TPUBEACHHBIE B KOHIIE
1abopaTopHOIl pabOTHI.

3. DBbInmonHUTh NOpaKTUYECKUE 3alaHusl C  HCIOJIb30BAHUEM  SI3bIKA
nporpammupoBanus Python.

4. CocTaBUTH OTUET 110 JIabopaTopHOU paboTe. Tpebosanus k omuemy:

OTueT TpeaocTaBiIsieTcs B AIEKTPOHHOM BHJI€ B TEKCTOBOM penaktope MS Word. B
OTUYETE YKa3bIBAKOTCA:

1) ®amunus cryaeHTa.

2) IlopsankoBbIil HOMEDP U Ha3BaHUE J1a00PaTOPHOUN padOTHI.

3) Llenb paGoThI.

4) OTBeTHl Ha KOHTPOJBHBIE BOMPOCHI.

5) Omnmcanue penieHus BHITIOJHEHHBIX 3aaHui J1a00paTOpHOU paboTHI,
coJieprKalliee: a) popmyauposKy 3a0anus, 8) CKPUHUOM 8bINOJIHEHHO20 3A0AHUS,
cooeparcauuli pamunuio cmyoeHma.

3amura 1a00OpaTOpPHON PabOTHI OCYIIECTBISETCS IO OTYETY, MPEACTABICHHOMY
CTYJIEHTOM U C IEMOHCTpPALIMEN 3aJaHHsI HA KOMIIBIOTEPE.
TeopeTnveckoe BBeIeHUE

1. 3agaya kiaccuuKanyy ¢ TOMOIIBIO HCKYCCTBEHHBIX HEHPOHHBIX CETEH

2. TpeHHupoBKa MPOCTOTO KIacCHU(pUKaTopa
3agaua kiaaccupuKANMU ¢ MOMOLIBI0 MCKYCCTBEHHBIX HElPOHHBIX ceTel
B mpouwtoii  nabopatopHoil paboTe B TEOPETHYECKOM YacTH Mbl  OMNHUCAIU
(GyHKUIMOHUPOBAHUE MPOCTOM MPOTHO3MpYIOLeH MamuHbl. OHa TOJy4aeT BXOAHbBIE
JAHHBIE U JIeJaeT ONpeeICHHBI MPOrHO3 OTHOCUTEIBHO TOTO, KAKUMHU JIOJDKHBI OBIThH
BBIXOJIHBIC JaHHBIC. MBI yllydIllaqu MPOTHO3bI, PETyJIvpys BHYTPEHHUUN MapaMeTp Ha
OCHOBAaHMH BEJIMYUHBI OMHUOKH, KOTOPYIO OTPEIEISUIN, CPABHUBAS MPOTHO3 C U3BECTHBHIM
TOYHBIM 3HAUYCHUEM.
Janee Ha mpOCTOM MpUMEpPE PACCMOTPHUM 3aaavdy KJIACCUPUKANUM C TOMOIIBIO
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VICKYCCTBEHHBIX HEMPOHHBIX CETEH.
IIpuBenem nmarpaMMmy, NPEACTABIAIOIIYIO PpE3yJbTaTbl H3MEPEHUS pPa3MeEpPOB
CaJlOBBIX KYKOB.

18



AAuHa u wupuHa cadoleix wykol

CCCCC C
C doxou kopobku

dAuHa

ZyceHuubl

v C
C
%G

Luupu Ha

Ha nuarpamme oT4eTJIMBO BUIHBI IBE TPYIIILI JAHHBIX. [ yCeHMIBI yorce U JUIMHHEE, a
00XbH KOPOBKHM IIHMpe U Kopoue. OOpaTUMCS K MPOTHO3UPYIOLIEH MAaIlUHE WU
NPEIUKTOPY, NPUHIUNBl (PYHKIMOHHUPOBAHUS KOTOPOTO MBI PACCMOTPETIH B
npeplyien padore. B ocHOBY 3TOro npenukropa Oblia MOJI0KEHa HacTpauBaeMasi
nuHelHas QyHKuus. ['paduk 3aBUCMMOCTH BBIXO/IHBIX 3HAUEHUH JTMHEHHON (DyHKIIMH
OT €€ BXOJHBIX 3HAUYEHHH TMpeACTaBiseT co0o0il mpsMyro nuHUI0. W3mMeHeHue
HAacTPaMBaeMoOro IapaMeTpa ¢ NPHUBOAUT K MU3MEHEHUIO KPYTHU3HbI HAKJIOHA 3TOU
IIPSIMOM JINHUH.

YTo nomy4duTcs, €y Mbl HAJIOKUM Ha 3TOT rpaduK NpsMYO JIUHUIO?

AauHa u wupuHa cadofibix xykol

DALUHA

pasdeAumeAbHas AUHUS C
CCC

C.

C

wiupuHa

MBI HE MOKEM HCMOJb30BaTh MPSMYIO JMHUIO TOYHO TaK K€, KaK paHblle, KOrna
npeoOpa3oBbIBAIM OJHO YHUCIO (KUJIOMETPHI) B JApyroe (MuiM), HO,
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BO3MOYHO, B JAHHOM CJIy4ae HaM YJacTCsl OTACJIUTD C €€ MOMOILBIO OJIUH THI JaHHBIX
OT ApPYTOro.

Ecnu Ol Ha mOKa3aHHOM BbILIE IpaduKe NpsMas IMHUS OTAENsUIa TyCEHUL] OT 00KbUX
KOPOBOK, TO MbI MOTJIM Obl BOCHOJIb30BaThCs €10 I KJIaCCU(PUKAIUN HEU3BECTHBIX
KYKOB, HCXOJs W3 pe3yabTaToB Hu3MepeHuid. OJHAKO HMMEroUIascs JHMHHUS He
CIPABJISIETCSL ¢ 3TOM 3aJadyel, MOCKOJIbKY IMOJOBHHA T'YCEHHI] HAXOAUTCS IO Ty XK€
CTOpPOHY JIMHUH, YTO U 00KbU KOPOBKH.

JlaBaiiTe npoBeaeM JPYTYIO JIMHUIO, U3MEHUB HAKIJIOH, U IOCMOTPHUM, YTO MPHU 3TOM
IIPOU30MIET.

AAuHa u wiupuHa cadoBoix xykob

AAuHA

C
C

#l®
pasacdumzﬂaﬂ AUHUA C C

=

wiupuHa

Ha 5T0T pa3 n1nHug oka3anach enie MeHee Mojae3HoM, MOCKOJIbKY BOOOIIE HE OTACIISAET
OJIMH BHJI KYKOB OT apyroro. Caeinaem eme oJIvH 3aX0/.

AAuHa u wiupura cadoBoix xykob

DAUHA

™ %C C
pﬂ3a$.’\HM£a‘\bHﬂﬂ AUHUA
C

wiupuHa
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Bort 310 npyroe neno! JIMHMS OTYETIMBO OTHAENSET I'YCEHUI OT OOXKBUX KOPOBOK.
Teneps MbI MOKEM HCIIOIL30BaTh €€ B KAYECTBE KiIacCU(UKATOPA KYKOB.

MBsI nipeamonaraeM, 4To HE CyIIECTBYET HUKAKUX APYTUX BUAOB KYKOB, KPOME TEX,
KOTOpBIE IIOKa3aHbl HAa JaMarpaMMe, HO Ha JAHHOM JTale 3TO HE SBIACTCSA
HEJIOCTATKOM ITOAX0/1a — MbI MIBITAEMCS NPOWLJICTPUPOBATH CYTh U IIPOCTOI0
kiaaccuukaropa.

A Teneph MpesicTaBbTe, YTO B CIASAYIONIUMN pa3 Halll KOMIIBIOTEP UCTOJB3yeT podoTa
JUISL TOTO, YTOOBI TOT OTOOpas OUePETHOTO KYyKa 1 BBHITIOTHUI HEOOXOUMBIE 3aMEPHI.
Toraa nmony4eHHy0 JMHUIO MOXKHO OYJIET UCIIOIb30BATh JJIs KOPPEKTHOTO OTHECEHUS
KyKa K CEMEHUCTBY TYCEHHUII WU CEMENCTBY 00KbUX KOPOBOK.

BarnsnyB Ha cnenyromuii rpaduk, Bbl YBUAUTE, YTO HEU3BECTHBIN JKYK OTHOCUTCS K
CEMEHNCTBY I'yCEHHII, TOCKOJIbKY TIoTaiaeT B 001acTh Haj JuHUEH. HecMoTpst Ha cBOIO
MPOCTOTY, ATa KIacCU(UKAIUS yKE SABISIETCS JIOBOJIHHO MOIIHBIM HHCTPYMEHTOM.
Takum oOpa3om MBI yOEIUIUCH B TOM, HACKOJBKO TIOJIE3HBIMH MOTYT OBIThH

Kaaccudpurauus HeuaBecmHozo xyka

HeusBecmupill xyK

N
C

dAauHa

WAL UHA

MPEAUKTOPHI C IMHEWHON PYHKITMEH B KaueCTBE MHCTPYMEHTA KIacCU(UKAIIUU BHOBb
MOCTYIAOIINUX TAHHBIX.

Opnako Mbl OOONUIM BHUMAHHMEM OJIMH CYHIECTBEHHBbIM MOMEHT. Kak Ham y3HaTh,
KaKOU HAKAOH NPAMOU A6asemcs nooxodsawum? Kak ynydllIuTh JIMHHUIO, €CJIU OHA HE
paszensieT N0KHBIM 00pa3oM JBE€ Pa3HOBUIHOCTH KYKOB?

OTBeT Ha ATOT BOIPOC TAKKE HMMEET CAMOE HEMOCPEACTBEHHOE OTHOLIEHHE K
CIIOCOOHOCTH HEMPOHHOU CETH 00y4aThCsl, K PACCMOTPEHUIO YET0 MbI U MEPEXOAUM.
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TpennpoBka npocroro kiaaccupuxkaropa
Ceituac 3ailiMemMcsi TPEHHUPOBKOUN (0OydeHHMEM) JMHEMHOro KiaccudpukaTtopa Hu
Hay4YuM €ro MpaBUJIBLHO KJIACCU(PUIMPOBATH >KYKOB, OTHOCS UX K T'yCEHHUIIAM WU
00xxbrM KopoBkaM. Kak BBl BuaenW paHee, pedyb HUJEeT 00 YTOYHEHHUU HaKJIOHA
pa3rpaHUYUTEIILHON JTUHUU, OTHACIAIONIEH Ha rpaduKe OJHY TPYIITY TOUYEK JIAaHHBIX,
COOTBETCTBYIOIIUX TapaM 3HAUYCHWUW NJUHBI M IIUPUHBI, OT Apyrod. Kak mbl 310
caenaem?
Bmecto Toro utoObl 3apaHee pa3paboTaTh MOAXOAAIIYI0O HAYYHYIO TEOPHUIO, MBI
HAII[yTaeM MPaBUJIbHBIN MyTh METOJOM MPOO M OMIMOOK. DTO TTO3BOJHUT HAM JTyUIIle
MOHSATh MAaTEMATUKY, CKPBITYIO 32 3TUMH JI€UCTBUSMU.
HaMm Hy>xHBI mpuMepHI J1s1 TPEHUPOBKH KiaccudukaTopa. UToObl HE yCIOXKHITH cebe
YKW3Hb, MBI OTPAHUYUMCS ABYMSI IPOCTHIMU ITPUMEPAMHU, PUBEACHHBIMU HUKE.

[pumep Janna Iupuna

ko 1,0 boxps KopoBka

T .0 3,0 ['ycenura
VY Hac ecTh mpumep kxyka, uMmeromero mupuny 3,0 u anuny 1,0, KOTOpbId, Kak HaM
W3BECTHO, SBISETCS O0XbeH KOpPOBKOW. BTopoil mpumep OTHOCUTCS K XKYKY,
umeromieMy 0ombiryio ;uHy — 3,0 1 MeHblyo mupuay — 1,0, KOTOpbIM sSBIISETCS
I'yCEHHMLA.
MpbI 3HaeM, 4TO JaHHbIE B ’TOM HabOpe MPUMEPOB ABIISIFOTCS UCTUHHBIMU. IMEHHO ¢
UX TIOMOIIBIO OYJET YTOUHATHCSA 3HAYEHUE KOHCTAaHThl B PYHKIMU KilaccudukaTopa.
[Ipumepbl C HUCTUHHBIMU 3HAYEHUSIMU, KOTOPBIE HCIOJNB3YIOTCA JUIsl OOy4YeHUs
MPEeIUKTOpa WIH KIacCU(PUKATOPA, HA3bIBAIOT TPEHMPOBOYHBIMHU JAHHBIMH.
OToOpa3um 3TH ABa IpUMeEpa TPEHUPOBOUYHBIX JAHHBIX HA AUarpamme. Busyanuzanus
JAHHBIX YacTO IOMOTaeT Jy4lle MNOHATh MX HPHUPOIY, MOYYBCTBOBATH HX, YErO
HEJIETKO JT0OUTHCSA, MPOCTO BIVISIBIBASICh B CHHCOK WM TaOJUIy, 3allOJIHEHHYIO
YUCIIAMH.
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Tperupobourbie danHble dAR KAACCUPUKAKUL Kykob

s C

f

ZYLEHULA

a‘.l'\.l.lHﬂ

Soxbs kopoBia

J

1 et G

{ 1 {

1 a =
LU pUHA

HauneM co cityyaliHOM pa3faenuTesbHON JIMHUY, IOTOMY YTO HYXKHO B€llb C YET0-TO
HauMHaTh. BcrnoMmHHTE JMHEHHYI0 (QYHKIUIO W3 TpUMEpa € MNpeodpa3oBaHUEM
KWJIOMETPOB B MUJIH, [TAPAMETP KOTOPOW Mbl HAaCTpauBal. Mbl MOKEM CAENATh TO XKE
caMo€ U cervac, MOCKOJIbKY pa3AeUTeNbHas JUHUS B JAHHOM ClIy4ae Mnpsmasi:

y = Ax

MBI HaMEpEHHO UCTOJIB3YEM 3[ECh UMEHA X U Y, 4 HE JUIMHA U [IAPHUHA, ITOCKOJIbKY,
CTPOrO TOBOps, B JAHHOM CIlly4ae JIMHUA HE CIYXUT npeaukropoMm. OHa He
npeoOpa3yeT MUPUHY B JJIMHY, KaK paHee KMJIOMETPbI IEPEBOAMINCH B MUITU. BmecTo
ATOTO OHA BHICTYMAET B KAYECTBE PA3ACIUTEIbHOMN JIMHUHU, KllacCu(HuKaTopa.
BepositHo, Bbl 0OOpaTwiii BHUMaHUE Ha HEMOJHYIO (OpMY YypaBHEHUS Y=AX,
MIOCKOJIbKY TTOJTHOE YpaBHEHUE MIPSAMOM JIMHUW UMEET CEAYIOMmMM BUl: y=Ax+B. Mbl
HAMEPEHHO [€JIaéM 3TOT CLEHApPUM C CAJOBBIMU KYKaMHU MAKCUMAJIBHO ITPOCTHIM.
HenyneBoe 3HaueHne B MpoCTO COOTBETCTBYET JIMHHUM, KOTOPask HE MPOXOJUT Yepe3
HaYyaJIo KOOPJAUHAT Ha AMarpaMMe, 4To He J0OaBIIsSeT B HAII CIIEHAPHI HUYETO HOBOTO.
Panee ObUT0 MOKa3aHO, YTO MapaMeTp A yNpaBisieT HAKIOHOM JTUHUU. Yem OorbIie A,
TeM 0OJIbIIE KPYTH3HA HAKJIOHA.

Jnsa nawana npumem, uto A=0,25. Torga pasgenuresibHas JMHUS OIHUCHIBACTCS
ypaBHeHueM y=0,25x. OToOpa3zuMm 3Ty JIUHHIO B rpaduueckoM BHUJIE Ha TOM ke
JyarpamMme, Ha KOTOPO# OTJIOKEHBI TPEHUPOBOYHBIE JaHHBIE.
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TpeHupeolfiounpe daHHbie AR kaaccugurayuu Hxykof

= O

dAauHa

1 - y = (0,25} x C

L]

N

el { L {

1 b | =
bnaromapsi rpaduky mbl 0€30 BCSIKUX BBIYMCICHUN cpa3y e BUIUM, YTO JIMHUS
y=0,25x He sBuseTcs xopowmuM kinaccupuxkaropoM. OHa HE OTAENSET OAMH THII
KYKOB OT Apyroro. Hanpumep, Mbl HE MOKEM JIeTaTh YTBEPKI€HUs Hanonooue “Ecnu
TOYKA JAHHBIX pPacCIOJIaraeTcsi HaJ JMHUEH, TO OHAa COOTBETCTBYET TyCEHHULE
MOCKOJIBKY TOYHO TaM € paclojaratoTcs U JaHHbIe 00Kbeil KOPOBKH.
NHTYUTUBHO MBI IOHUMAEM, YTO MPABbIN Kpail TUHUM CIEAYET HEMHOTO MPUIIOIHSTh.
[IpoBOANTE MOAXOIAILYIO JIMHUIO BPYYHYIO — HE camasl Jiy4ylias ujes. Y 1acTcs JIH
HaM nojgo0paTh UIi  ATOTO  MOAXOJSIIEe pEIIeHHEe C  HCIOJIb30BAaHUEM
MOBTOPSIIOLICHCS  MOCIEIOBATEIbBHOCTH  KOMaHJ, KOTOPYK) KOMIIBIOTEPIIUKH
Ha3bIBAIOT AJITOPUTMOM?
OOpatumcsi K TIEpBOMY TPEHHUPOBOUYHOMY MPHUMEPY, COOTBETCTBYIOIIEMY OOXKbEil
KopoBke: mupuHa — 3,0 u quHa — 1,0. Ecniu 661 MBI TecTHpoBau QpyHKINIO y=AX C
TUM IPUMEPOM, B KOTOPOM X paBeH 3,0, TO MOoTyymiIu Obl CIeTyIOUUN pe3yJIbTar:
Y =(0,25) *(3,0)=0,75
@yHKIMS, B KOTOPOM Il mapamerpa A yCTAHOBIICEHO HAYalbHOE CIy4ailHO
BbIOpaHHOE 3HaueHue, paBHoe 0,25, cooliaer, 4to Juist Kyka mupuHoit 3,0 aivHa
JoJDKHA OBITH paBHa 0,75. MBI 3HaEM, 4TO ATO CIIMIIIKOM MaJIO, IIOCKOJIBKY COTJIACHO
TPEHUPOBOYHBIM JIAHHBIM JIJIMHA KyKa paBHa 1,0.
Wtak, Hamumo pacxoxiaeHue, uiau omuOka. ToyHO Tak Xe, KaKk B IpPHUMEpPE C
NPEAUKTOPOM, IPEoOpa3yroUuM KHJIOMETPbl B MUJIM, Mbl MOYKEM HCIOJb30BATh
BEJIMYMHY 3TOM OIMOKH AJI MOTy4YeHUS HHPOPMALIMK O TOM, KAKUM 00pa3oM cieayeT
KOpPPEKTUPOBATH Napametp A.
Opnako cHauaja JaBaiTe IMOAyMaeM, KakuM JOJDKHO ObITh 3HadueHue ). Ecnu
MOJIOKUTH €ro paBHbIM 1,0, TO IMHUA MPOUAET Yepe3 TOUKY ¢ KOOpJAUHATaAMU (X, Y) =
(3,0; 1,0), cooTBeTcTBYIOMIYIO 00XKBeH KOpoBKe. CaMo 1Mo cebe ITO HEeII0X0, HO ITO
HE COBCEM TO, YTO HaM HY>kHO. Ham »enarenbHo, 4TOOBI JIMHUS
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npoxoauna Haja 3Toil Toukoil. Ilouemy? Iloromy, YTO MBI XOTHUM, YTOOBI TOYKH
JTAHHBIX 00XbeW KOPOBKHU JICIKAJIU MO IMHUEH, a He Ha Hel. JIMHUS JOJIKHA CITYKUTh
pasfenuTesieM MEXIy TOYKAMHM JaHHBIX OO0XbUX KOPOBOK M TYCEHHUI, a He
MPEACKA3bIBATh IJIMHY KYKa IO U3BECTHOM IIUPUHE.

B cBs3u ¢ aTuM monpoOyem npumenuth 3HadeHue y=1,1 npu x=3,0. OHO nuIIs HEe
HamMHoOro 6o:biie 1,0. BMmecTto HEr0o MOKHO OBLIO OBI B3STh 3HadYeHue 1,2 wiu 1,3, HO
Hukak He 10 nin 100, mockonbKy ¢ 60JIbIO0I 0JIel BEPOSTHOCTH 3TO MPUBET K TOMY,
4TO MpsiMasi OyIeT IPOXOAUTh Ha/l BCEeMH TOUKAaMU JaHHBIX, KaK 00KBHX KOPOBOK, TaK
U TYCEHMI], B pe3yJIbTaT€ YEro OHAa CTAaHET IOJHOCTbIO OECIOoJIe3HOW B KayeCcTBE
pa3IenuTers.

CnepoBatelibHO, MBI BbIOMpaeM IieneBoe 3HaueHue 1,1 u ompenensieM ommoOky E ¢
MOMOIIBIO CIIEAYIONIeH (POPMYIIbIL:

omrbKa = KejJaeMoe IeJIeBoe 3HaueHue - pakTuyeckuii pesynaprat Mnu (mocne
MOJACTaHOBKH 3HAYCHUM ):

E=1,1-0,75=0,35

OOpatuMcsl K NPUBEIECHHON HWXE AMarpamMme, Ha KOTOpOW B rpa)uyeckoM BUJE
IIPE/ICTABIICHBI OIIMOKA, & TAKXKE LEIEBOE U PACUETHOE 3HAUCHHUS.

2 - HEAREMOE 3HAYEHUE
y=11

JdAuHA

PAcHEMHOE 3HAYEHUE
y =075

—

o

1 -~ //T* owiudka

E=11-075=035

i W it
) . - { {
1 2 5

WUPUHA

Kakum o0pa3zom Hallle 3HaHHE BEIMYMHBI OIUOKKA £ MOXKET IOMOYb B HaXO0XKJIEHUU
Jy4IlIero 3HAYEHHUS JJis mapameTpa A?

JlaBaliTe Ha BpeMs OTCTYIIMM OT 3TOTO BOIPOCA M HEMHOIO IopaccyxaaeM. Mbl
XOTUM HCIIOJIb30BATh OLIMOKY B 3HAUYEHUU Y, KOTOPYIO Ha3Baiu E, /i1 HAXOXKJIECHUS
HUCKOMOI0 HM3MeHeHus napamerpa A. [[ns 3Toro HaM Hy»XHO 3HaTh, KaKk 3TH JBE
BEJIMUMHBI CBA3aHBI MEK Ty co00il. KakoBo cooTHommenue mexny 4 u E? Eciau 6b1 3TO
OBLJI0O HAaM M3BECTHO, TO MBI MOIJIM Obl MOHSTh, KAK U3MEHEHHE OJIHOM BEIMYMHBI
BJIUSIET HA JAPYTYIO.

Haunewm c nuHeliHON QyHKIMH 115 KiIaccudukaTopa:

y = Ax

Ham yxe wu3BeCTHO, YTO HauyajbHbIE MOMBITKM MPUCBOEHUS MPOOHBIX 3HAYEHUU
napameTpy A TpHUBEIM K HEBEPHBIM 3HAYCHUSAM ), €CIM OPUEHTUPOBATBHCS Ha
TPEHUPOBOYHBIE NaHHbIE. IIyCTh ¢ — KOppPEKTHOE LENEBOE
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3HaueHue. YToObl MOIyYUTh €T0, Mbl JJOJIKHBI BBECTH B A HEOOJIBIIYIO ONpaBKy. Jliis
TaKMX TOMPABOK B MAaTe€MaTHWKE IMPHUHATO MCIOIb30BaTh CUMBOJI 4, O3HAYAIOLIUNA
“He00JIbII0e U3MEHEHHUE . 3alUIleM COOTBETCTBYIOIIEE YpaBHEHUE:

t=(A+AA)X
OT00pa3uM 3TO COOTHOIIEHHE B rpaduueckoM BHJIE Ha JuUarpaMme, Ha KOTOPOM
MOKAa3aHbl JJMHUM I JBYX 3HAUCHMI HaKiIOHa: A 1 A + AA.

dAuHa

t = (A + AANX

{ & i
1 2 3
wUpUHa

Bcnomuute, uro ommOKy £ Mbl ONpENETUIN KaK Pa3sHOCTh MEXAY KEIaeMbIM
KOPPEKTHBIM 3HAYCHHEM ) M PACUCTHBIM 3HAYCHHUEM, IMOJYYCHHBIM IS TEKYIIETO
npoOHoro 3Hauenus A. Takum o6pazom, E=t -y.
3anuiieM 3TO B IBHOM BUJIE:
t-y=(A+AA)x-Ax
PackpbIB CKOOKH U MTPUBES O0I00HBIE WICHBI, TOTYyYaeM:
E=t-y=Ax+(AA)x- AXx E=(AA)x
CnepnoBarenbHO, omnOKa E cBs3aHa ¢ 44 04€Hb IPOCTHIM COOTHOIIEHUEM.
ChopmynupyemM MPOCTHIMU CIOBAMH TO, YE€TO MbI XOTEJIHU AOOUTHCSI. MBI XOTenu
y3HaTh, KaKUM 00pa3oM MOXHO HCIIOJIb30BaTh MHMOpManui 00 omubke E s
OTIpEJICIICHHS BEJIMUUHBI TIOTPABKHU K A, KOTOpasi K3MEHUJIa Obl HAKJIOH JIMHUM TaKUM
o0pa3oM, 4YTOOBl KiacCU(PUKATOp Jydlle CHPABISICA CO CBOMMH (PYHKIUSMHU.
[IpeoOpazyem nocneaHee ypaBHEHHE, YTOObI HANTH BhIpaXkeHUe s AA:

AA=E/x
DTO U €CTh TO BBIPAXKEHHUE, KOTOPOE Mbl UCKAIH. Ternepb Mbl MOXKEM HCMOJIb30BATh
omuOKy E i U3BMEHEHUsl HaKJIOHA KjaccuPuuupyromei JIMHIU Ha BeIUUuHy 44 B
HY>KHYIO CTOPOHY.
O6HOBUM HavalbHbIN HakJIOH JuHUK. Koraa x 661 paBed 3,0, ommbka Obla paBHa
0,35. Takum obpazom, AA =E /x npespamaercs B 0,35/3,0=0,1167. 310 o3Ha4aeT,
410 TeKkytiee 3Hauenne A=0,25 nHeooxoaumo n3mMeHuTh Ha Benuunny 0,1167. Orcrona
CJIeIy€eT, UYTO HOBOE, yJIyUullIeHHOE 3HaueHue A paBHo (A + AA ), T.e. 0,25 + 0,1167 =
0,3667. He coctaBnser Tpyaa yOeIuTHCS B TOM,
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YTO pacyeTHOE 3HAYEHHUE Y MPU HOBOM 3HAUCHHUU A PaBHO, KaK U CJIE0BAI0 0KUAATh,
1,1 — xenaemoMy LEIEBOMY 3HAUYECHHUIO.

Bce paGortaer, u Mbl pacmosiaraeM METOJOM [UJIsl YIIY4YIIIEHUS TapaMmerpa A, eciu
M3BECTHA TEKYIas ONIMOKa.

3aKOHYMB C TIEPBBIM MPUMEPOM, TMOTpeHUpyeMcs Ha BTopoM. OH J[aeT Ham
CJeAyIoIIe UCTUHHBIE JaHHble: X = 1,0 uy = 3,0 .

[TocmMoTpyM, YTO TOMYYUTCS, €CIM BCTaBUTh X = 1,0 B nuHEHHYIO (YHKIHIO, B
KOTOPOU Teneph UCIONb3yeTcsi 0OHOBIIEHHOE 3HaueHue A = 0,3667. Mbl nonydaem y
=0,3667 * 1,0 = 0,3667. O10 04eHb JaneKo OT 3HaUeHUs y = 3,0 B TPEHUPOBOYHOM
npuMepe.

Hcnonw3yst T€ xe pacCyKJIEHHUsI, YTO U TEepe]] 3TUM, KOTJia Mbl HAIIlYIIbIBAJIA MYTh K
MOCTPOCHUIO TAKOM JIMHUHU, KOTOpasi HE mepecekana Obl TPEHUPOBOUHBIC JaHHBIC, a
MPOXO0IUJIa HaJl HUMH WJIM TI0JT HUMH, MBI MOXKEM 3a]1aTh JKeJIaeMO€ 1I€JIEBOE 3HAUCHUE
paBHbIM 2,9. Tlpu 3>TOM JaHHBIE TPEHUPOBOYHOTO MPUMEPA, COOTBETCTBYIOIIETO
ryCEeHHUIIaM, HaXOATCs HaJl TMHUEH, a He Ha Heil. Ommobka E paBHa (2,9 - 0,3667) =
2,5333.

Orta ommbOKa 60JIbIIIe TPEABIAYIIEH, HO Y HAC BE/Ib ObLIT BCETO JIUIITb OJIUH MPUMEP IS
oOy4eHHs] JTUHEHHON (PYHKIIMU, KOTOPBIM OTUETIMBO CMEMmIadl (PYHKIMIO B CBOEM
HaIpaBJICHUH.

Onsth 00HOBUM A, Kak Jejtanu 10 3Toro. Cootnomenune 44 = E /x naet 2,5333/1,0=
2,5333. D710 03HAYaeT, YTO MOCIIE OUYEPEAHOr0 OOHOBIIEHUS apaMeTp A NMPUHUMAET
3Hauenue 0,3667 + 2,5333 = 2,9. Orcroaa ciuenyet, yto At X = 1 , 0 dhyHKIusA
BO3BpAIIIAET B Kaye€CTBE OTBETa 3HAYCHUE 2,9, KOTOPOE W SBISIETCS >KEJIAEMBIM
1[EJIEBBIM 3HAYCHUEM.

Tenepp Mbl MOXKEM BU3yaJIM3UPOBaTh MOJy4YEHHbIE pe3ynbTarbl. Ha ciemytomeit
JUarpaMMe MpeJCTaBIeHbl HaualbHas JIMHUSA, TUHUS, OOHOBJIEHHAs TOC]ie 00yUYeHus
Ha MEPBOM TPEHUPOBOYHOM TMpUMEpPE, U OKOHYATENbHAs JUHUS, OOHOBJICHHAs Ha
BTOPOM TPEHUPOBOUYHOM IPUMEPE.

OKOHYAMEADHOE YMOYHEHHOE 3HAYEHUE
Yy = (2.0) x

PAUHA

YMOUYHEHHOE 3HAYEHUE
y = ::’f).5t.57’..37 7) X

WUpUHA
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['nsinst Ha rpaduK, MBI BUJIUM, UTO HaM HE yAAJIOCh JOOUTHCS TOTO HAKJIOHA MPSMOM,
KoToporo Mbl xotenu. OHa He oOecleunBaeT JOCTAaTOYHO HAJICKHOE pas3JieieHue
o0JacTeil muarpaMMbl, 3aHUIMAaEMbIX TOYKAMH JaHHBIX 00XbUX KOPOBOK M T'yCCHHMII.
Opnako, TUHUSL OOHOBIISIETCS, MMOACTPAUBASCH MOJ] TO 1I€JIEBOE 3HAYEHHUE ), KOTOPOE
MBI 33]1a€M.
A Benp JEUCTBUTENBHO, €CIM MBI OyJeM MpOJ0JDKaTh Tak W Jajee, T.e. MPOCTO
OOHOBJISITH HAKJIOH JUISI OYEPETHOTO MPUMEpPa TPEHUPOBOYHBIX JaHHBIX, TO BCE, UTO
MbI OyZieM KaxIblii pa3 mojiy4yaTh B KOHEUHOM CYETE, — 3TO JIMHUIO, MPOXOSIIYIO
BOJIM3M TOYKH JIAHHBIX MOCIJIEIHETO TPEHUPOBOYHOIO MpuMepa. B pe3ynbTraTe 3TOrO0
Mbl OTOpAachIBAEM BECh NPEAbLAYLIMH ONbIT OOYy4YEHHs, KOTOPBIM MOrJu Obl
MCIIOIb30BaTh, U YUUMCS JIMIIIL HA CAMOM IOCJIEIHEM MIPUMEpE.
Kak wucnpaButh 3Ty cutTyanuoo? Mbl cryiaxuBaeM OOHOBJICHHUSA, T.€. HEMHOIO
YMEHbIIIAEM BEIMYMHY MOIMpPaBoK. BMecTo TOro 4troObl KaxAblid pa3 3amMeHATh A
HOBBIM 3HAYEHUEM, MbI UCIIOJIb3YEM JIUIb HEKOTOPYIO JIOJIIO MOIpaBku 44, a He BCIO
ee LenukoM. bmarogaps »TOMy MbI JABMXKEMCS B TOM HAmpaBlIEHUU, KOTOPOE
MOJICKa3bIBA€T TPEHUPOBOYHBIM MPUMEp, HO JCJIAeM 3TO OCHOPONCHO, COXPaHss
HEKOTOPYIO YacTh MPEIbIAYIIETO 3HAYCHHS, KOTOPOE OBLIO MOJIYYEHO B PE3yJbTate,
BO3MOYKHO, MHOTHX MPEABIAYIIUX TPEHUPOBOUHBIX NUKIOB. MBI yXKe BHUIIEIH, KaK
paboTaet 3Ta ujes CriaaXuBaHus B IPUMEPE C TpeoOpa3oBaHueM KUJIOMETPOB B MUJIH,
KOT/1a U3MEHSIJIN TIapaMeTp C JIUIITb HAa HEKOTOPYIO 00 (PaKTUIECKON OMIMOKH.
VY Takoro CriaxvBaHHsl €CTh €Ille OJWH OYEHb MOIIHBIA M TOJIE3HBIM MOOOYHBIN
abdext. Ecam TpeHUpPOBOUHBIE JaHHBIE HE SBISIOTCS HAJIEKHBIMH W MOTYT
coJiep KaTh OMMUOKH WIIH IITYM (@ B peajbHBIX U3MEPEHUSX 00BIYHO MPUCYTCTBYIOT 00a
ATUX (PaKTOpa), TO CrIIAKMBAHUE YMEHBIIIAET UX BIIUSHHE.
Cnenaem mepepacdeT, Ha 3TOT pa3 I00aBUB CIIIaKMBaHKE B (OPMYITy OOHOBIICHUS:
AA =L (E/X)
dakTop CriaxuBaHus, OOO3HAYEHHBIM 37ech Kak L, 4YacTO Ha3bIBAIOT
kod(pdunmenTom ckopoctu oOydeHus. Bwribepem L[=0,5 B KauecTBe pazyMHOIO
HAYaJIbHOTO NPUOIIMKEHUS. DTO O3HA4YaeT, YTO Mbl COOMpaeMcsi HCIOIb30BaTh
MOTPABKY BABOE MEHbBIIIEH BEIIMYUHBI, UeM 0€3 CTIIaKUBAHMUSL.
[loBTOpuM BCe pacyeThl, HCMOJIB3Yys HaudadbHOe 3HaueHue A*0,25. IlepBbrit
TPEHUPOBOYHBIN puMep aaet HaMm y = O,25%3,0 = 0,75. [Ipu neneBom 3nauenuu 1,1
ommbka paBna 0,35. [lonpaska paBua AA =L (E / x) =0,5 * 0,35/ 3,0 = 0,0583.
O6HoBienHoe 3HaueHune A pasno 0,25 ++ 0,0583 = 0,3083.
[IpoBeneHue pacyeToB ¢ ATUM HOBBIM 3HAUYCHHEM A JJisi TPEHUPOBOYHOTO MpUMEpPA
npu x=3,0 gaet y = 0,3083 * 3,0 = 0, 9250. Kak BuanM, pacronokeHue 3TON JIUHUU
OTHOCHUTEJIbHO TPEHHPOBOYHBIX JaHHBIX OKa3ajoCh HEyJAaYHbIM — OHA MPOXOJUT
HIDKE 3HaUYeHUs 1,1, HO 3TOT pe3yJIbTaT HE TaK YK U IUIOX, €CJIM YYECTh, YTO ATO ObLIa
BCErO JIMIIIb TIepBas TOMBITKA. [ JTaBHOE TO, YTO MBI JBHKEMCS B TIPaBHIILHOM
HaIpaBJICHUH OT NEPBOHAYATILHOMN JIMHUU.
[lepeitnem ko BTOpOMy HaOOpy TPEHUPOBOYHBIX AaHHbIX Npu x=1,0. Ucnonb3ys
A=0,3083, mbl momygaem y= 0,3083 * 1,0 = 0,3083. XKemaembiM 3HaUeHHUEM OBLIO
2,9, moaromy ommbka cocraBisget (2,9 - 0,3083) == 2,5917.
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[TompaBka A A=L(E/x)=0,5*2,5917/1,0=1,2958. Teneps
obOHoBIIeHHOE 3HaueHne A paBHo 0,3083 + 1,2958 = 1,6042.

BHOBb 0TOOpazuM Ha auarpamMme HayallbHbIM, YIy4IICHHBIH M OKOHYATEIbHBIN
BapHAHTHI TUHUH, YTOOBI YOSAUTHCSA B TOM, YTO CITIAXKHUBaHUE OOHOBJICHHUM MTPUBOIUT
K 0oJiee yJOBJIETBOPUTEIBHOMY PACIONOKEHUIO PA3JEIUTEIbHON JIMHUU MEXIY
00JacTsIMU JaHHBIX OOXKbUX KOPOBOK U I'yCEHHMII.

JAUHA

2~

C

6MOPDE CZAAMEHHOE YMOYHEHUE
y = (1,6042) x

nepboe ceAaXKEHHOE YIMOYHEHUE
Y
y = (0,3083) x

o_—

{
2 3

wupuHa

oeim

OTO NEUCTBUTENIBHO OTJIIMYHBIN pe3ybpTaT!

Bcero numb ¢ IByMs HPOCTHIMH TPEHUPOBOYHBIMH NPUMEPAMH U OTHOCHTEJIBHO
MPOCTBIM METOJIOM OOHOBJIEHUS Mbl, UCIOJIb3YsI CTIaKMBAHUE CKOPOCTH OOY4YEHUS,
CMOTJIM OYE€Hb OBICTPO MOJYYHUTh XOPOIIYIO Pa3JeiIUTENIbHYI0 JIMHUIO Y=AX, TJe
A=1,6042.
Takum 00pa3oM, HaM YJaloCh CO37aTh AaBTOMATHU3UPOBAHHBIM METOJ OO0Yy4YeHUs
KJIacCU(pUKAMU Ha MpUMEpax, KOTOpBIM, HECMOTps Ha MPOCTOTY IMOAX0]a,
MIPOJIEMOHCTPHUPOBAJ 3aMeUaTEIbHYI0 3P HEKTHBHOCTD.

Buleodoi:

* YroObl MOHATH COOTHOIICHHE MEX]Y BBIXOJHOM OIIMOKOW JIMHEHHOTO
KJaccuukaTopa M MapaMeTpoM PEryJIupyeMoro HakjIoOHa, JOCTATOYHO BIIAJACTh
AJIEMEHTApHOM MaTeMaTUKOW. 3Has HSTO COOTHOIIEHUE, MOXXHO OIPEICIUTh
BEJIMYMHY W3MCHECHHMS HAKJIOHA, HEOOXOAUMYIO IS YCTPAHCHHS BBIXOJIHOM
OIIINOKH.

* HepoctaTtok mNpAMONIMHEWHOrO NOAXOJAa K PETYJIHPOBKE IMMAPAMETPOB
3aKJII0YAeTCsl B TOM, YTO MOJIENIb OOHOBIISIETCS /10 HAWIYYIIErO0 COOTBETCTBUS
TOJBKO MOCJIEAHEMY TPEHHPOBOYHOMY MPUMEPY, TOT/Aa KaK BCE MPEIbIIyLIUE
MpUMEpbl HE MPUHUMAIOTCS BO BHUMaHue. OJHUM M3 HEIUIOXMX CIOCOOOB
YCTpaHEHHUsI 3TOr0 HEJOCTATKa SIBJISICTCS. YMEHBIIICHHE BEIMYMHBI OOHOBJIECHUM C
MOMOIIBI0 KOd(phuILMeHTa CKOPOCTU 00yUYEHUs, YTOOBI HU OJMH OTAEIBHO B3ATHIN
TPEHUPOBOYHBIN MpUMEDP HE JOMHUHUPOBA B IIpoiiecce 00yUdeHus.
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* TpeHUpOBOYHBIE NPUMEPHI, B3ATHIE M3 PEaJbHON MPAKTHKU, MOTYT OBITh
UCKOKEHbl IIYMOM WM cojepkarb owmuOku. CriaxuBaHue OOHOBIICHUN
CIIOCOOCTBYET OrPAHUUYEHUIO BIHMSHUS NOI0OHBIX JIOKHBIX TPUMEPOB.

IIpakTHyeckue 3a1aHusA
1. ®yHkiMun
2. MaccuBsl
3. I'padmueckoe npecraBieHUe MaCCUBOB
4. OOBEKTHI

1. DyHKIUH
Panee mpl paboTanu ¢ MaTeMatndeckuMu GyHKIUAMH. J[aHHbIE QYHKIIMH TTOTYYaroT

BXOJIHBIC JJaHHBIC, BBHIMIOJHAIOT HEKYI0 pabOTy M BBIIAIOT pe3ysbTaT. ITH (QYyHKIUU
JEMCTBOBAIM CAMOCTOSITEIIbHO, U MBI MOTJIM UX MHOT'OKPaTHO MCIOJI30BATh.
MHorue s3blkM TporpamMmupoBanusi, Bkimrodas Python, ympomarT co3nanue
MOBTOPHO MCMOJIb3yeMbIX HHCTPYKIUH. [10100HO MaTeMaTHuecKUM QYyHKUIUSAM TaKUe
MHOTOKPATHO MCHOJb3yeMbIe (parMEeHThI KOAa, €CJIU OHU ONpPEeIeTICHbl HaIeKAIUM
o0pa3oM, MOTYyT JEWCTBOBaTb AaBTOHOMHO M O0ECIEUMBAIOT coO3/aHue Ooiiee
KOPOTKOI'O 3JIETAHTHOI'O KOJA.
[Touemy cokparaercs oobeM koza? [loToMy 4TO BbI3BIBaTH QYHKIMIO, 00Opaasch K
€e MMEHH, ropa3Jio MpoLIe, YeM Ka)KJbli pa3 MOJIHOCTHIO 3alUChIBATh 00pa3yoLIuil
9Ty (QYHKIIHIO KOJI.
Jna 3aganust GyHKUIUU HEOOXOIMMO YETKO OIpPEAeTUTb, KaKue 8X00Hble OaHHble
odxcuoaem @QyHKYus U KAKOU Mun 6uIXOOHbIX OaHHbIX OHA BbllaeT. Hekoropsle
(yHKUIHMM B Kau€CTBE BXOJHBIX JIaHHBIX MPUHUMAIOT TOJIBKO YMCJIA, U MO3TOMY UM
HENb34 MepeaaBaTh COCTOALIME U3 OYKB CJIOBA.
OOpatuMcst K KOHKPETHOMY IpuMepy. BBeauTe U BBINOJHUTE CEAYIOINN
KOJ.

# QyHKIHsI, KOTOpas MPUHUMAET JIBA YUCJIA B KAUYECTBE BXOAHBIX JIAHHBIX #

H BBIBOJUT UX CPCAHCC 3HAYCHUC

def cpemuee(x,y):

print('mepBoe  YHCIO  paBHO',  X)
print('BTopoe 4mcio paBHo', y) a = (X +
y) /2.0

print(‘cpenHee 3HaYeHHE paBHO', a) return a

O6cyanm, 4To enaroT 3TH KoMaHbl. [lepBble ABE CTPOKH, HAUWHAIOIIUECS
¢ cuMBOJIoB #, Python urHopupyeT, HO MBI HCTIOJIB3YyEeM HUX B Ka4ECTBE KOMMEHTAPUS
JUIS TIOTEHLMAJIbHBIX uuTaTened koma. Craenmyromas 3a HUMH KOHCTpykuus def
cpeanee (X, y): coodmaer Python, uTo Mbl coOupaemMcst onpeeIuTh HOBYIO TIOBTOPHO
ucnosibzyemyto Qynkuuto. 3nech def (ot aHrm, define — onpenenuTb) — KIOUYEBOE
CIIOBO;, CpelHee — HMs, KOTOopoe Mbl JnaeM (QyHKkmuu. Ero MokHO BBIOHMpATh
MPOU3BOJIBHO, HO JIyYIllE BCETrO HCIIOJIb30BaTh OnucamenbHvle UMeHd, KOTOpbIe
HAllOMHSIT HaM O TOM, JJIsi 4ero JaHHas (QyHKIus (PakTUYeCKd MpeaHa3HAuYeHa.
KoHcTpykiust B Kpyribix ckoOkax (X,y) cooOmiaer
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Python, uTo ¢yHKIMS TpUHWMAET JBa BXOIHBIX 3HAYCHHS, KOTOpPHIE B Tpeaeax
NoCJIeAyIOUIero omnpeaeneHus (GyHKIUM O0003HA4YalTCs KAk X U y. B HEKOTOphIX
sS3BIKaX MPOTrpaMMHUPOBaHUS TpeOyeTCsl, 4TOOBI BbI yKa3bIBAJIA, OOBEKTHI KAKOT'O THIIA
MPEICTaBIAIOT MepeMeHHble, Ho Python 3Toro He nenaer, W BIOCIENCTBUM MOKET
JUIIb HAIOMHUTH 00 KCIIOJIb30BAaHUU MEPEMEHHON HE MO HA3HAYEHHUIO, HAIPHUMeED,
KOT'/Ia BBl MIBITAETECHh UCIIOIB30BATh CJIOBO, KaK OY/ITO OHO SIBJISIETCS YUCJIOM U T.JI.
Teneps, koraa mbl 00baBIIIM Python 0 cBoem Hamepennn onpenenuTs QyHKIHIO, MbI
JIOJDKHBI COOOIIUTh, YTO WMMEHHO JenaeT 3Ta (QpyHkuus. OnpedenenHue ¢hyukyuu
8600UMCSL C OMCMYNOM, YTO OTPAXKEHO B MPUBEICHHOM BbIIIEe KojAe. B HEKOTOPHIX
S3BIKaX JJI TOrO, YTOOBI ObLIO MOHSATHO, K KAKMM YacTsIM MPOTPaMMBbI OTHOCSITCS T€
WM WHBIE (PparMeHThI KOJia, UCTIOJIb3YEeTCs] MHOKECTBO BCEBO3MOXKHBIX CKOOOK, HO
co3narenu Python oco3naBaim, 4To oOwMIIMEe CKOOOK 3aTpPyAHICT YTEHUE KO/AQ, TOTAa
KaK OTCTYIBI TO3BOJISIOT C TMEPBOrO B3MJISAA TOJMYYUTh MPEJACTABICHHUE O €ro
CTpyKType. B oTHOIICHNH 11€71eCO000Pa3HOCTH TAKOTO TI0IX0/1a MHEHUS Pa3/eIINCh,
MTOCKOJIbKY JIFOJIM WHOT1a 3a0BIBAIOT O BAKHOCTH OTCTYTIOB.

[Tonats cmbICH KOAa B ompeneiaeHud (PyHKUUH cpeaHee (X, y) Oyner coBceM
HECJIO)KHO, TTOCKOJIbKY B HEM HCIIOJIB3YETCS BCE TO, C UEM MBI YK€ CTaJIKHUBAJIHCh.
DTOT KOJT BEIBOJMT YHCIIA, TIEpeiaBacMble (DYHKIIMH TP €€ BhI30BE. J1JIT BEIYMCIICHUS
CpEIIHero 3HAYCHHMS BBIBOJIUTH APTYMEHTHI BOBCE HE 00s3aTEIIBHO, HO MBI JIEJIaeM 3TO
JUTSI TOTO, YTOOBI OBLIO COBEPIIICHHO MOHATHO, YTO MPOUCXOIUT BHYTpU PyHKIMHU. B
CIeIyIONIe MHCTPYKIMU BbIYMCIAETCS BenuuuMHa (X + y) / 2.0, u moidydeHHoe
3HaYEHHWE TMPUCBAMBACTCS TIEPEeMEHHOW a. Mbl BBIBOAMM CpeAHee 3HauYeHUE
UCKITIOUMTEIILHO JIJII KOHTPOJII TOTrO, YTO NPOUCXoauT B koxe. llocnmemsis
WHCTPYKIUS — return a. OHa 3aBepiiaet onpenencHue GpyHkuuu u coodmraer Python,
YTO UMEHHO JIOJDKHA BEPHYTh (DYHKIIMS B KQ4e€CTBE pe3yJibTara, MoJ00HO MallliHaM,
KOTOPBIE MBI paHee 00CyXIalu.

3amycTuB 3TOT KO, BBl YBHJIUTE, YTO HUYETO HE Mpowm3onuio. Hukakue uucna He
BEIBEJICHBI. /(€710 B TOM, 4TO MBI BCETO JIUIIH ONMPEASTIIN (DYHKIIHIO, HO TIOKa YTO HE
BbI3BaM ee. Ha camom nene Python 3apeructpupoBan ¢yHKIUI0 U OyJeT AepKaTh €€
HAroToBe JI0 TEX TOp, IOKa MBI HE 3aXOTHUM €€ MCTIOIb30BaTh.

In [7]: |# ¢yHryus, komopaa npuHumgem dBa vucna 8 kavecmBe BxodHeix JaHHbIX
# u BuBodum ux cpedHee 3IHAYEHUE
def cpepHee(x,y):
print({’'nepeoe 4ucno paeHo’', X)
print{’'eTopoe 4Mcno paeHo', y)
a=(x+y) /2.0
print{'cpegHee =naqeHwe paeHo', a)
return a

BBenute B cnenyromeii siueiike cpeonee (2, 4), 4T00b aKTUBU3UPOBATH (PYHKITUIO TSI
3HaueHun 2 u 4. Kcraty, B MUpPE KOMIBIOTEPHOIO IPOTPAMMHUPOBAHUSA 3TO
Ha3bIBAETCSA BbI30BOM (PYHKIUHM. B COOTBETCTBUU C HAIIMMU OXUJAHUSIMU JaHHAs
(GyHKIIUS BHIBEJICT JIBa BXOJHBIX 3HAYCHUS U UX BbIUUCIEHHOE cpeaHee. Kpome Toro,
Bbl YBHUJHUTE OTBET, BBIBEJCHHBIA OTIEIBbHO, TOCKOJBKY BBI30BBI (PYHKIHMA B
WHTEPAKTUBHBIX ceaHcax Python conpoBoXaaroTcsi MOCHEAYIONUM BBIBOJOM
BO3BpAIlIAEMOI0 UMHU 3HaueHMs. Huke mokazaHo
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omnpeseneHne (yHKIMH, a TAKKe Pe3yJbTaThl €€ BhI30Ba C TIOMOIIBI0 MHCTPYKIIHH
cpeonee (2, 4) v uHCTPYKIMH cpedree (200, 301) ¢ 60IbITUMU 3HAYCHUSMH.

In [8]: |cpegHee (2, 4]

nepeoe 4YWCNO paBHo 2
BTOpOE 4YMCNO paBHo 4
CpegHes 2Ha4YeHWe paeHo 3.0

out[8]: 3.8

HOBKCHepI/IMeHTI/Ipyf/'ITe CaMOCTOATCIIbHO, BBI3bIBasd (I)YHKI_II/IIO C pasiindYHbIMUA
BXOIHBIMH 3HAYCHHUSIMU.

In [9]: cpenHee (268, 381)

nepeoe YWCNo pasHo 284
BETOpOE YWCNO pasHo 381
CpegHee IHaqeHwe paeHo 258.5

out[9]: 25@.5

Bo3mokHO, BBl 00paTuiM BHHUMaHUE Ha TO, YTO B Koja€ (GYHKIMU CpelHee ABYX
3HAYEHUI HAXOAUTCS IyTEM JieJeHus He Ha 2, a Ha 2,0. [louemy MbI Tak TOCTYIWIH?
910 ocobernocts Python. Ecnii 661 MBI tenuim Ha 2, TO pe3yabTaT ObLI1 ObI OKPYTJICH
710 OJIMDKAMIIIETO MEJIOTO B MEHBIIIYIO CTOPOHY, MOCKOIBKY Python paccmaTpuain 661 2
MPOCTO KaK IEJI0€ YMCI0. DTO HE U3MEHWIO OBl pe3yibTaT BbI30Ba cpeanee (2, 4),
NOCKOJBKY 6/2 paBHO 3, T.e. nenoMy uuciy. OnHako B ciydae Bbi3oBa cpennee (200
,301) cpennee 3nauenue, paBHoe 501/2, T.e. 250,5, ObU10 OBl OKPYTIEHO /10 3HAYEHUS
250. Jlenenue xke Ha 2,0 coobmiaet Python, 4to B Hamm HamepeHus JEeHCTBUTEIBHO
BXOAUT paboTa ¢ YUCIaMu, KOTOPbIE MOTYT UMETh IPOOHYIO YaCTh, U Mbl HE XOTHUM,
YTOOBI OHU OKPYTJISIIUCH.

Ntak, Mbl onpeaennyii MOBTOPHO HUCMOJB3yeMYyH0 (YHKIHMIO — OJAWH W3 Hauboiee
BOXHBIX M MOUIHBIX OJJIEMEHTOB KakK MaTeMaTHUKHU, TaK M KOMIIBIOTEPHOTO
IPOrpaMMHUPOBAHHUS.

Mpsi OynemM MPUMEHSTH MOBTOPHO MCHOJb3yeMble (DYHKIIMHM TpPHU HAMHCAaHUU KOJa
COOCTBEHHOM HeWpoHHON ceTu. Hampumep, umMeeT CMBICT C€03/1aTh TOBTOPHO
UCIIOJIb3yeMYI0 (DYHKIIMIO, KOTOpas peaju3oBaja Obl BBIUYMCICHHUS C TOMOIIBIO
CUTMOU/IBI, 9YTOOBI €€ MOXHO OBIJIO BBI3BIBaTH MHOTO pa3. OO 3TOM B CIIETYIOIIUX
paboTax.

2. MaccuBbI
MaccuBbl — 3T0 He 60Jee yeM Tabuilbl 3HaueHn. Kak u B citydae Tabiuil, Bbl MOYKETE
CCBUIATHCS HAa KOHKPETHBIE SSYEHKHU TI0 HOMEpaM CTPOK U CTOJIOIOB.
HaepHoe, BaM N3BECTHO, YTO UMEHHO TAKHM CITOCOOOM MOYKHO CChIJIATHCS HA STYCHKHU
B DJIGKTPOHHBIX Tabnunax (Hanpumep, Bl wmm C5) m mpowsBoauTh Haj HUMHU
BbluncieHus (Hanpumep, C3+D7).
Korma nenmo moiineT no Hammcanus Koga HEHPOHHON CETH, MBI HCTIOJIb3YEeM MAaCCHBBI
JUTSI TIPEJICTABJICHUS MATPHUI] BXOJHBIX CHUTHAJIOB, BECOBBIX KOX(D(OUIIMEHTOB U
BBIXOJHBIX CHTHajI0B. Ho HE TONBKO 3THX, a TaKKe MaTpPHII, MPEICTABIISIOIINX
CUTHAJIbI BHYTPH HEHPOHHOM CETH M UX PACIpOCTpaHEHUE B IIPSIMOM HaIlpaBJICHUH, U
MaTpHII, MPEJACTABIAIONIUX 00pPaTHOE PACTIPOCTPAHCHHE
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omuOok. [loaToMy naBaiiTe MO3HAKOMUMCS ¢ MacCMBaMH. BBeauTe W BBINOJHUTE
CHEAYIOIINMN KO

import numpy

Uro npemaer 3tor kon? Komanga import coobmiaer Python o HeobxomumocTtu
MIPUBJICYEHUS TOTIOJHUTENBHBIX BBIYUCIUTEIBHBIX PECYPCOB U3 APYTrOoro UCTOYHUKA
JUIS pAcIIMPEHHs] KPyra HWMEIOLIMXCS MHCTPYMEHTOB. B HEKOTOpBIX Cily4asix 3TH
JOTIOJTHUTENIbHBIE MHCTPYMEHTHI SIBJIIIOTCS 4YacThio Python, HO OHU He HaxonATCA B
COCTOSIHUU TOTOBHOCTH K HEMEIJIEHHOMY UCIOJIb30BaHUIO, YTOOBI 0€3 HaJOOHOCTH HE
orsromarb Python. Yamie Bcero pacummpeHusi HE OTHOCSATCS K OCHOBHOMY
uHcTpyMeHTaputo Python, HO co3fmatoTcst CTOpOHHUMH pa3padOTYNKAMH B KA4ECTBE
BCIIOMOTATEILHBIX PECYPCOB, JOCTYITHBIX JJII BCEOOIIETO UCTIONb30BaHus. B qaHHOM
CJlydae Mbl UMIIOPTHPYEM JOTIOTHUTEIbHBINH HAOOP MHCTPYMEHTOB, OOBEAMHEHHBIX B
€IUHBIA MOIyJb NOJA Ha3BaHueM numpy. [lakeT numpy o4YeHb NOMYJISIPEH M
MPEIOCTABIISAET PAJL MOJIE3HBIX CPEJCTB, BKJIKOUAsI MACCUBBI U ONEPALIMU HAJI HUMH.
Beenute B crieyromen s;aeike NpruBEeACHHBIN HUKE KOJI.

a= numpy.zeros( [3,2] ) print(a)

B »3TOM KOAE HMMIIOPTUPOBAHHBIM MOJYJb NUMPY HCHOJB3YETCS I CO3JaHUS
MaccHBa Pa3MEpPHOCTHIO 3X2, BO BCEX SUEHKaX KOTOPOrO COAEPIKATCS HYJIEBBIC
3Ha4YeHUs. MBI COXpaHseM BECh MACCUB B IIEPEMEHHON @, MOCJIE YETO BHIBOAUM €€ Ha
3KpaH. Pe3ynprar moaTBEp:KAAET, YTO MACCHUB JEHUCTBUTEIIBHO COCTOUT U3 HYJIEH,
XPaHSAUIMXCS B BUAE TaOJIUIIBI C TPEMS CTPOKAMU U ABYMS CTOJOIaMHU.

In [18]: dimport numpy

In [11]: a= numpy.zeros( [3,2] )
print{a)

A Tenepb MOIU(GULIUPYEM COAEPKUMOE 3TOIO0 MACCHUBA U 3aMEHUM HEKOTOPBIE U3 €r0
HyJIel IpyTUMH 3HaUYCHUAMH. B puBeeHHOM HUXE KOJIe MOKa3aHO, KaK COCIaThCs
Ha KOHKPETHBIE SYEHKHU AJIs TOro, 4TOObl 3aMEHMTh XPAaHALIMECS B HUX 3HAYCHUS

HOBBIMH. JTO HAaIIOMHHAET O6paIHGHI/I€ K HY’KHBIM sTYeKam SHGKTPOHHOﬁ Ta6J'II/IHLI.
a[0,0]=1

a[0,1]=2

a[1,0]=9

a[2,1]=12

print(a)

[lepBasi cTpoka OOHOBIISIET STYCHKY, HAXOAAITYyIOCs B cTpoke O u cTonbie 0, 3amensis
BCE, YTO B HEH JI0 3TOr0 XPaHWIOCh, 3HaUeHHEM 1. B ocTalbHBIX CTpOKAaX NpyTHe
STYEHKHU aHAJOTUYHBIM 06p330M O6HOBJ'I$H'OTC$I, a IocCJICAHASA CTPOKA BIBOAUT MACCHUB

Ha 3KpaH C NOMOIIBI0 MHCTpYyKIMHU print(a). Ha npuBeneHHoin
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HIDKE WUTFOCTPAIlMU MTOKa3aHo, YTO COOOM MpeACTaBisieT MaCCUB TOCIIE BCEX
U3MEHEHUH.

In [16]:|a [8,8] = 1
a [e,1] =2
a[1,e] = @
a[2,1] = 12
print{a)

— — —
Loe I e I ]
B 0 a2
[ —

12.1]

Tenepp, korga H3BECTHO, KaK IIPUCBAMBATh 3HAYCHUS DJJIEMEHTAM MAacCHUBa,
paccMOTpUM, KakuM 00pa3oM MOKHO y3HATh 3HAYEHHE OTICIBHOIO SJIEMEHTa, HE
BBIBOJISI HA DKPaH BeChb MaccuB. UTOOBI COCIAThCS HA COMEPKUMOE STYCHKN MacCHUBa,
KOTOPOE€ MBI XOTHUM BBIBECTH Ha B3KpaH WM MPUCBOUTH JAPYrol NEPEMEHHOU,
JIOCTATOYHO BOCIIOJI30BAaThCsl BhIpakeHueM Hamoaobue a [ 0,1 Juwma [ 1,0 ].
HIMeHHO 3TO IEMOHCTPUPYET MPUBEICHHBIN HIDKE (PparMeHT Kofa.

print(a[0,1]) v=a

[1,0]

print(v)

3amycTUB STOT MPUMEP, BBl YBUAWTE, YTO TEpBasi MHCTPYKIHS print BBHIBOAUT
3Hauenue 2,0, T.e. cogepxkumoe stueiiku [0,1]. Crnenyromas UHCTPYKIIUS IPUCBANBAET
3HaueHue aemMeHTa maccuBa a [1,0] mepeMeHHOW vV W BBIBOJUT 3HAYEHUE 3TOU
nepeMeHHou. Kak u oxxnganocs, BeiBogutcs 3Hadenue 9,0.

In [17]: |print(a[@,1])

v = a [1,8]
print{wv}

2.8
9.8
Hymepanust cton61ioB u ctpok HaunHaercs ¢ 0, a He ¢ 1. BepxHuii JieBbIil 2J1IeMEHT
o0o3Havaetcs kak [0,0], a He kak [1,1]. OTcroga cineayer, 4TO MpPaBOMY HHKHEMY
AJIEMEHTY COOTBETCTBYET oOo3HaueHue [2,1], a He [3,2]. Ecnu Mbl mombiTaemcs, K

npuMmepy, oOpaTUThCS K 3ieMeHTy MaccuBa af(0,2], To moayuum cooOieHue o0
OLINOKe.

In [18]: |#nonsmrxa obpayeHus k HecyyecmBywyemy 3nemedmy maccuBa
a[e,2]
IndexError Traceback (most recent call last)

<ipython-input-18-f5ac@2a5343a> in
1 #nonsiTka obpaweHMA K HeCywecTBYHWEMY 3NEMEHTY MacCMBa
2=—=p 2 a[8,2]

IndexError: index 2 is out of bounds for axis 1 with size 2

MaCCI/IBBI, WJIM MaTpHlbI, IIPUTrOAATCA HaM OJIAd HGprOHHBIX CCT€I>'I, IMOCKOJIBKY
MO3BOJIAT YHPOCTUTb HMHCTPYKIHU ITIPH BBIIOJHCHUKW HWHTCHCHUBHBIX BBIHHCHCHHﬁ,
CBA3aHHBIX C PACIIPOCTPAHCHHUCM CUTHAJIOB U 06paTHI>IM PacipoCTpaHCHUCM OmIOOK
B CCTH.
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3. I'padnueckoe NpeACTaBieHue MACCHBOB

Kak u B ciyyae OONBIIMX YKCIOBBIX TAOJUI M CIHCKOB, MOHSTH CMBICI YHUCEN,
COJIEpKAILUXCS B 3JIEMEHTaX MaccuBa OOJIbLION pa3MepHOCTH, JOBOJIBHO TPYAHO. B
TO € BPEMsI UX BU3yaIM3alusl O3BOJISIET OBICTPO MOJIYYUTh 0011Iee IPEICTaBICHUE O
TOM, YTO OHM O3HayatoT. OJHUM M3 CHOCOOOB Tpaduueckoro OTOOpaKeHUs
JIBYXMEPHBIX YHCIIOBBIX MACCUBOB SIBIISIETCS UX MPEACTABICHUE B BUJIE IByXMEPHBIX
MIOBEPXHOCTEH, OKpacka KOTOPbIX B KaXJOW TOUYKE 3aBUCHUT OT 3HAYECHUS
COOTBETCTBYIOIIIETO dieMeHTa MaccuBa. Crioco0 yCTaHOBIIEHUS COOTBETCTBUS MEXKTY
I[BETOM IOBEPXHOCTH U 3HAUEHHEM HJIEMEHTA MacCHUBa Bbl BBHIOMpAETE IO CBOEMY
ycMmoTpenuto. Hampumep, MOXKHO MpeoOpa3oBbIBaTh 3HAYEHUS B LIBET, MCIOJb3YS
KaKyI0-1100 LIBETOBYIO LKAy, MJIM 3aKPACUTh BCIO MOBEPXHOCTH OEIbIM IIBETOM 32
VCKJIFOYEHUEM YEPHBIX TOYEK, KOTOPBIM COOTBETCTBYIOT 3HAYEHHs, MPEBBIIIAIOIINE
ONPEIEIICHHBIN ITOPOT.

JaBaiiTe npeacraBuM B rpaduueckoM BHUJE CO3JaHHBIN paHee HEOOJBIIOW MacCUB
pPa3sMEpHOCTHIO 3 X 2 .

Ho cHauana Mbl 10JKHBI paciiipuTh Bo3MoxHOCTH Python st paboTsl ¢ rpadukoi.
st 3TOr0 HE0OXOAMMO UMITIOPTUPOBATH AOMOJHUTENbHBIN KO Python, HanrcanHbIi
JPYTUMH JHOJIBMHU. DTO BCE PABHO, YTO B35Th Y TOBAapHUIlla KHUTY PELIENITOB, IOCTaBUTh
€€ Ha CBOIO KHIKHYIO TIOJIKY U MOJIb30BaThCS €10 JUIsl IPUTOTOBJICHUS OJII0]T, KOTOphIE
paHbIIIE HE YMEIU TOTOBUTD.

Hwuxe npuBenena HHCTpyKIKs, € IIOMOILIBI KOTOPOX MBIl UMIIOPTUPYEM HYKHBIM HAM

nakKeT st paboThl ¢ TpaduKoii:
import matplotlib.pyplot

3nech matplotlib.pyplot — 3TO UM HOBOM «KHUTH PELIETITOB», KOTOPYIO Mbl Ha BpeMs
onamkuBaeM. Bo Bcex MOAOOHBIX clydasgXx HMS MOIYJS WM OUOJIMOTEKH,
NPEIOCTABISIONICH B Balle paclopsDKEHHE OTMOJHUTENBHBIA KOJM, YKa3bIBaeTCs
nociie KIF0YeBOro cioBa import. B mpornecce padotel ¢ Python wacto mpuxomutcs
UMIIOPTUPOBATH JAOMOJHUTENIbHBIE CPEJICTBA, 00JIErYarolIne KU3Hb MPOrpaMMHUCTA 3a
CYET MOBTOPHOTO MCIOJB30BAHMS TOJE3HOTO KOJAA, MPEAIOKEHHOTO CTOPOHHUMU
paszpabotunkamu. Bo3MoOkHO, W BBl pa3paboraere KOraa-HuOyab KOJ, KOTOPHIM
HOJIEIUTECH C KOJIJIETaMu.

KpoMe Toro, Mbl TOKHBI JOTOJHHUTENIBHO cooOmuth IPython o Tom, uto mrolyro
rpauKy cieayeT oToopaxarb B OJIOKHOTE, a HE B OT/ACILHOM OKHE. DTO JENaeTcs ¢

ITOMOIIBIO CIEAYIOIIEH TUPEKTUBBI:
%matplotlib inline

Tenepb MbI MOTHOCTHIO TOTOBBI K TOMY, YTOOBI MPEJICTABUTH MAaCCUB B IPaUIECKOM

BHUJIC. BBEUTE U BBIITOJIHUTE CIEAYHOIINNA KOX:
matplotlib.pyplot.imshow(a, interpolation="nearest")
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import numpy

import matplotlib.pyplot
Enatplotlib inline

2.5

=0.5 oo 0.5 10 L5

Ham ynanocs npencraBuTh COAEPKMMOE MacCHUBa B BHJIE LIBETHOM AuarpaMmbl. Bl
BUJIUTE, YTO STYEUKH, COACPHKAIINE OJJTMHAKOBBIE 3HAUEHUS, 3aKPaIlEHbI OJJUHAKOBBIMU
nsetamu. [loxxe Mbl ucnonb3dyeMm Ty ke (yHkuuio imshow() mns BU3yanu3anuu
3HAYEHUI, KOTOpbIE OyJIEM NOJIy4aTh U3 HaIlel HEMPOHHOU CETH.

B cocraB nakera [Python Bxonut 6oratelii HAOOp UHCTPYMEHTOB, MPEAHA3HAYEHHBIX
JUIs BU3yalu3anuu JaHHbIX. DyHKuus imshow () mpemjiaraeT MHOXKECTBO OIIIUI
rpauueckoro MpeACTABICHMS JAHHBIX, TaKUX KaK HCIOJIb30BAaHUE Pa3IMYHBIX
L[BETOBBIX MAJUTP.

4. O0beKTbI
Jlanee cnegyeT MO3HAKOMUTHCSA C €€ OJHUM (PYHIAMEHTAJIbHBIM MOHITHEM,
KOTOpoe ucmonb3yercs B Python, — monsituem o0bekTa. OOBEKTHI B U€M-TO CXOXKH C
MOBTOPHO HMCMOJIB3yEMBbIMU (YHKIHSIMH, MOCKOJBKY, OJHAXKIBl OMPEICIUB UX, BbI
CMOJKETE BIIOCJIEICTBUM 00panaThCsi K HUIM MHOXECTBO pa3. Ho mo cpaBHeHUIO ¢
GyHKUUAMH OOBEKTHI CIOCOOHBI HA TOpa3ao OoJbIlIee.
3anuIInTe CAETYIOMMNN KO # Kiace
00bekToB Dog (cobaka) class Dog:
# cobaku moryT sasate def bark(self):
print("T"aB!") pass
pass
Haynewm c Toro, ¢ yem Mol yxe 3HakoMbl. [Ipexie Bcero, KoJi BKIIOYAeT (DYHKIIHIO
bark() . Kak HeTpyAHO 3aMETUTh, MIPU BbI30BE JAHHOW (PYHKIMU OHA BBIBEAET CJIOBO
“I'aB!” A Tenepp pacCMOTPUM KOJ B 1LIeJOoM. Bbl BUIUTE KIIIOUEBOE CIOBO class, 3a
KOTOPBIM cieaytoT umsi Dog (cobaka) u CTpyKTypa, HarloMuHaromas GyHKIuo. Bbl
Cpasy K€ MOXETE IPOBECTH MAPAJUICIN MEKIY
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ATOU CTPYKTYPOH U ompeaeseHneM (GyHKIMHA, KOTOPOE Takke CHaOKaeTCs UMEHEM.
OTnryaroTCs e OHU TEeM, UTO JUISl OTpeieieHUs (PYHKITUI UCIIONB3yeTCs KITI0YEBOE
CJIOBO def, TOorJia KaK JJisl ONpeJeieHUus 0ObEKTOB UCIOIB3YETCS KIIOUEBOE CIIOBO
class.

[Ipexne yeM yriryOuTbes B 0OCYKJICHHE TOTO, KaKO€ OTHOIIEHHUE 3Ta CTPYKTYpa,
Ha3bIBaeMas KJaccoM, UMeeT K 00beKTaM, BHOBb K IIPOCTOMY, HO peaIbHOMY KOAY,

KOTOPBIN OKUBJIAECT 3TH MOHATHA.
sizzles = Dog()
sizzles.bark()

B mepBoii cTpoke co3macTcs NepeMeHHas Sizzles, HCTOUHUKOM KOTOPOM SIBIISICTCS
BbI30B (hyHKIMU. Dog () — 310 0cobast PyHKIMSI, KOTOpasi CO3/1aeT IK3EMIUIIP Kilacca
Dog. Takum o0Opa3oM MOKHO CO37aBaTh Pa3jMYHbIC CYIIHOCTH W3 OMPEICIICHUIN
KJIACCOB. DTH CYIIHOCTH HA3bIBAIOTCS 00beKkTaMu. B 1aHHOM cilydae MbI co3gaiiu U3
onpenenenust kimacca Dog oOwnekt sizzles ' MokeM cuMTaTh, YTO ITOT OOBEKT
SBIISIETCS] COOAKOM.

B cnenyromieit ctpoke misi oobekTa sizzles Bei3biBaeTcs pynkmus bark(). OyHkims
bark () BBI3BIBaeTCS Tak, Kak eciu Obl OHa ObUTa 4YacThiO OOBEKTa sizzles. DTo
BO3MOYKHO, TTOTOMY 4YTO JaHHYI0 (DYHKIIMIO MMEIOT BCEe OOBEKTHI, CO3/IaHHBIE Ha
ocHOBe Kitacca Dog, Belb IMEHHO B HEM OHA M OTIPEICIICHA.

OnuieM Bce ATO MPOCTHIMU CjloBaMU. MBI co3iaid TEepeMeHHYH sizzles,
pasHOBUAHOCThL Kilacca Dog. IlepemenHnas sizzles — 3T0 O0OBEKT, CO3JaHHBIN IO
mabony kiacca Dog. OOBEKTHI — 3TO 3K3EMILTAPHI Ki1acca.

Crnenyronuii mpuMep MOKa3bIBaeT, YTO MBI K 3TOMY BPEMEHHU YCIENW CACNaTh, U
noATBepkKAaeT, uTo pyHKIus sizzles.bark() neiicTBuTenbHO BeIBOAUT ciioBO “I"aB!”

# knacc obvexkmoB Dog (cobaka)
class Dog:
# cofgku mo2ym naame
def bark(self):
print(“rae!")
pass
pass

rae!
Bo3morkHO, BbI 0OpaTiiii BHUMaHuE Ha 35ieMeHT self B onpenenenun dyHkiuu — bark
(self). Om 3mech anms TOro, 4troObl YyKa3piBaThb Python, k KkakoMy O0OBEKTYy
MPUMTKACHIBACTCS (PYHKINS MIPH €€ CO3TAHHH.
Paccmotpum mpumepsl 6ojiee TMOJNIE3HOTO HCMOJB30BaHUs OOBEKTOB M KIIACCOB.

HabepuTte Ha crnenyronmi Koa:
sizzles = Dog () mutley =
Dog()

sizzles.bark()
mutley.bark()
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sizzles = Dog ()
mutley = Dog()

sizzles.bark()
mutley.bark()

Me1 coznanu nBa oObekTa: sizzles u mutley. BaxHo moHMMaTh, 4YTO 002 OHU OLLIU
C03/1aHbI HA OCHOBE OJIHOTO M TOIO :Ke ompenejeHus kiacca Dog. CHauaja Mbl
onpesesieM, KaKk 00beKThI JOJKHBI BBITJIAIETh M KaK J0JUKHBI ce0sl BeCTH, a
3aTeM c03/1aeM MX peajibHble IK3eMILISIPbI.

B 3TOM W COCTOMT CyTh pa3iauumsi MEXIy KilaccaMd M OOBEKTaMH: IIepPBBIE
MIPEJICTABIIIOT COOOM OMUCaHUs OOBEKTOB, a BTOPBHIE — pEaTbHBIC SK3EMILISAPHI
KJIACCOB, CO3JaHHBIE B COOTBETCTBHUU C 3TUMH OMUCaHUsIMU. Kiacc — 3TO peuent
MIPUTOTOBJICHUS THPOTa, a 00beKm — caM IHPOT, U3TOTOBJICHHBIM 110 JTAHHOMY
peuenty. [Iporecc co3nanus 00bEKTOB HA OCHOBE OMHMCAHUS KJIacca MOYKHO MOSICHUTD
C IOMOIIBIO CIIEAYIOIIEH HATJISATHOW WLTKOCTPALIUY.

.
|
i P o 3 kaace Dog
=

W BEKIM Dog

A 4TO Ham J1aeT co31anue 00beKTOB Ha 0ocHOBE Kiacca? K uemy Bce 3tu xytonotsl? He
Jydiie Jii ObU10 MpocTo BeiBecTU (paszy “I'aB!” 6e3 kakoro-iudo JOMOJHUTEIHHOTO
Kkogza?

[Tpexxae Bcero, 3To IMEET CMBICI JIeTaTh TOT/A, KOTJa BO3HUKAEeT HEOOX0IUMOCTh B
CO3/IaHUU MHOKECTBA OJHOTUIIHBIX 00BeKTOB. Co3aaBast 3TH OOBEKTHI IO €JUHOMY
oOpa3lly Ha OCHOBE KJjacca, a HE OIHUCHIBas MOJHOCTBIO KaXJAbld M3 HUX IO
OTJEJIbHOCTH, Bbl 3KOHOMUTE Maccy BpeMeHu. Ho peanbHoe npenmMy1iecTBo 00bEeKTOB
3aKJII0OYaeTCsl B TOM, YTO OHU OOECIEUUBAIOT KOMIIAKTHOE OOBEAMHEHUE NAaHHBIX U
(GYHKIIMOHAIBHOCTH B OHOM MecTe. LleHTpanu3oBanHast opranuzanus (GparMeHTOB
KoJa B BHJE OOBEKTOB, KOTOPHIM OHHU €CTECTBEHHBIM OOpa30M MNpUHAAIEKAT,
3HAYUTENFHO OO0JIETYaeT MOHUMAaHHE CTPYKTYpHl MPOTrpamMMbl, OCOOEHHO B Cllydae
CIIOKHBIX 3a]a4, YTO SIBISIETCA OOJBIIMM IUTFOCOM il mporpammuctoB. Cobaku
naroT. KHONIKM pearnpyroTr Ha
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menukd. JluHamuku u3naroT 3BYKU. [IpUHTEpHI MeYaTarOT WM JKAIYIOTCS, €CIU
3aKoHYMIach Oymara. Bo MHOTMX KOMIBIOTEPHBIX CUCTEMaX KHOIKH, TUHAMHKUA U
NPUHTEPHl  JEUCTBUTEIBHO SIBJISIOTCS OOBEKTaMU, (YHKIMHM KOTOPBIX  BBI
aKTHUBU3HUPYETE.

OyHKIMY, NpUHAIICKANME OO0bEKTaM, Ha3biBalOT MeTojgamMu. C BKIIOYCHUEM
(GyHKIUNA B COCTaB 0OBEKTOB BbI YK€ CTATKUBAIUCH, KOT/Ia MBI JOOABIISLTN (QyHKIIHAIO
bark () B ompenenenue kinacca Dog, u co3maHHbIE HA OCHOBE ATOTO Kjlacca OOBEKTHI
sizzles 1 mutley BKiFO9any B ce0st JaHHBIA MeTOA. Bl Buenu, 9to o6a oHu “masiii’ B
PacCMOTPEHHOM MIpUMEpE.

Heliponnble ceT NPUHUMAIOT HEKOTOpbIE BXOJHBIE JaHHbIE (BXOIHOM CHUTHAN),
BBINIOJIHAIOT HEKOTOPbIE BBIUYMCICHUS M BBIJIAIOT BBIXOJIHBIE JaHHBIE (BBIXOAHOU
curHai). Bel Taxoke 3HaeTe, 4TO UX MOKHO TPEHUPOBaTh. Bl yke BUeNH, YTO 3TH
JENUCTBUSA — TPEHUPOBKA U BbIJlaya OTBETA — SBIIAIOTCS €CTECTBEHHBIMHU (DYHKITUSIMU
HEHPOHHOW CEeTH, T.€. UX MOXKHO paccMaTpuBaTh B KadecTBE (YHKIHMI OOBEKTa
HeliponHoi cetn. C HEHPOHHBIMH CETSIMH E€CTECTBEHHBIM 00pa3oM CBs3aHBI
OTHOCSIITUECS K HUM BHYTPEHHUE JTAHHBIC — BECOBBIC KOA(DMOUIIMEHTHI CBSI3EH MEXKITY
y3namu. BoT mouemy Mbl Oyziem co37aBaTh Hallly HEMPOHHYIO CETh B BUJI€ OOBEKTA.
YroObl BBl MONy4YHSu OoJiee MOJHOE MPEACTABICHHE O BO3MOXHOCTAX OOBEKTOB,
JnaBaiite 1g00aBMM B KJacC TMEPEMEHHbIC, MPEIHA3HAYCHHbIC MJI1 XPaHCHUS
crenuPpUIECKUX JaHHBIX KOHKPETHBIX OOBEKTOB, a TAKKE METObI, MO3BOJISIIOLINE
MPOCMATPUBATh U U3MEHSTH ATH JaHHBIE.

PaccMoTpum Hmke OOHOBIEHHOE ompenaeneHue kiacca Dog. OHO BKIIIOYAET pnl

HOBBIX 3JICMCHTOB, KOTOPBIC MBI ITPCACTABUM 110 OTACIIbBHOCTH.

# ompenenenue kiacca oobektoB Dog class

Dog:

# MeTOo /Ul MHUITHAIH3aIid 00beKTa BHYTpeHHUMH naHHbIMU def init_(self,

petname, temp) :

self.name = petname; self.temperature = temp;

# mosyunts cocrosiaue def status (self) :

print("ums cobaku: ", self.name) print("Temneparypa codaku: ",

self.temperature) pass

# 3amaTh TemMIreparypy

def setTemperature(self, temp): self.temperature

= temp; pass

# cobaku moryT saate def bark (self):

print("T"aB!") pass

pass

[Tpexne Bcero, oOpaTiM BHUMaHHUE HA TO, YTO MbI JJOOABWIM B Ki1acc Dog Tpu HOBbIE
bynkuuu. Y Hac yxe Obi1a Qynkius bark(), a Teneps Mbl IOMOJTHATEIFHO BKIIOYHIINA

B kiacc GyHKUMH_init (), status() v
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setTemperature(). Ilponeaypa n100aBaeHUs HOBBIX (DYHKIHMI 1OCTATOYHO OYEBU/IHA.
PaccmoTpum mnepemMeHHble, yKa3aHHbIE B KPYTIJBIX CKOOKax TMOCJIE€ HMMEH HOBBIX
(GyHKUMA. Hantpumep, (GyHKUUs setlemperature (PAKTUYECKH OIpEAeNieHa Kak
setTemperature (self, temp). DTU TNepeMEHHBbIC, MOJYYEHUS 3HAYEHUU KOTOPBIX
(GyHKUMU 0KMIAI0T BO BPEMSI BbI30Ba, HA3BIBAIOTCSA MapaMeTPaAMH.

BcnomHuM  (yHKIMIO BBIUMCICHUSI CPEHETO avg (X, ), C KOTOpPOHW BHI YXkKe
CTaJIKUBaJuCh. OnpezenieHne GyHKIUU avg () IBHO YKa3bIBAJIO HA TO, YTO (DYHKIIUS
OKMJAeT TMOJy4YeHus AByX mnapameTpoB. CnenoBaTesibHO, (YHKIUA

__init () HyXaaercs B TapaMmeTrpax petname W temp, a QyHKUUA
setTemperature() — TOIBLKO B IapaMeTpe femp.

3arnsHeM BHYTph dSTuX ¢yHKuuid. Haynem c¢ ¢dyHkunum c Ha3zBaHHeM
__init (). Oro cuennanbHOe uMs, U Python OyeT BeI3bIBaTh QYHKIIUIO iRt () KasK bl
pa3 mpu CO3AAaHMHM HOBOTO OOBEKTa JAHHOIO Kijacca. JTO OuYeHb YJIOOHO IS
BBIMOJIHEHUS JIF000H MOArOTOBUTENHHOM pabOThl 10 (HaKTUYECKOTO MCIOIb30BAHUS
o0BekTa. YTo ke UMEHHO MPOUCXOAUT B (QYHKIMK MHALMATH3auu? Mbl co3/iaeM 1Be
HOBBIE IEPEMEHHBIE: self.name W self-temperature. Bbl MOXeTe y3HATh UX 3HAUCHHUS U3
NEPEMEHHBIX petname W femp, nepenaBaeMblX (QyHKUMUA. YacTe self. B MMeHax
O3HAYaeT, YTO OTU T[EPEMEHHbIE SABISIOTCA COOCTBEHHOCTHIO OOBEKTa, T.€.
NpPUHAAJIEKAT TAHHOMY KOHKPETHOMY OOBEKTY UM HE 3aBUCAT OT JAPYTUX OOBEKTOB
Dog unu 06mux nepeMennbix Python. Mbl He XOTUM cMEIIUBATh UMS TaHHOW COOaKH
Cc UMeHeM Apyroil. [loHayamy 3TO MOXKET MOKa3aThCs CIWIIKOM CJIOYKHBIM, OJHAKO,
BCE 3HAUUTEJIBHO YIIPOCTUTCA, KOT/Ia Mbl IPUCTYIUM K PACCMOTPEHUIO KOHKPETHOTO
npuMepa.

Cnenyromass — QyHkus status( ), KoTopas JedcTBUTENbHO mpocta. OHa He
IPUHUMAET HUKAKUX [TapaMETPOB U MPOCTO BHIBOJUT 3HAUEHUS [IEPEMEHHBIX name n
temperature oonexta Dog.

Hakonen, ¢ynkuus setTemperature () TpUHUMaeT MapaMeTp temp, 3HaueHUE
KOTOPOTO MpHU €€ BhI30BE MPUCBAUBACTCSl BHyTpeHHEN nepemeHnHol self.temperature.
OT0 03HAYAET, UTO JaKe MIOCIIE TOr0, KaK 00BEKT CO3/1aH, BBl MOXKETE B JIFOOOH MOMEHT
U3MEHUTh €ro TEeMIeparypy, MPUYEM 3TO MOXKHO CJAENaTh CTOJBKO pa3, CKOJBKO
notpedyercs. Mbl He OyJieM TpaTUTh BpeMs Ha OOCYXJEHHE TOro, MOYEeMYy BCE ITH
byHkuuu, BKItouas bark (), npuHuMaroT aTpuOyT self B kauecTBe MepBOro napameTpa.
910 ocobennocth Python. Tlo 3ambiciy pa3pa®OTUMKOB ATO TOJDKHO HATOMUHATh
Python, uto ¢QyHKIMSA, KOTOpPYHO BBl COOHMpaeTech OMNPENEIUTh, MPUHAIICKUT
O00BEKTY, CCHIIIKON HA KOTOPBIHN CIyKUT self .

YToOBI MPOSICHUTH BCE, O YEM MBI TOBOPHJIM, PACCMOTPUM KOHKPETHBINA mpumep. B
MIPUBEJEHHOM HHUXE€ KOJI€ Bbl BUJMUTE OOHOBJIEHHBIM Kiacc Dog, ompeneneHHbIN ¢
HOBBIMHU (YHKIIMSIMH, U HOBBIN OOBEKT /assie, CO3/1aBaeMblil ¢ mapaMeTpaMu, OJIMH U3
KOTOPBIX 3aJaeT ero ums Kak “Lassie”, a Ipyroil yCTaHAaBIMBAET €ro TEMIEPATypPy
paBHo#l 37. Kak Buaute, BbI130B (pyHKIMHU status() st oObekra lassie xnacca Dog
o0ecreynBaeT BBIBOJI €r0 MMEHM U TEKYILIEro
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3HaueHus temiepaTypbl. C MOMEHTa co3aHusl OOBEKTa 3Ta TeMIeparypa He
U3MEHSIACH.

# onpedensHue knacca obbekmoB Dog

3ayuu obbvexma BHympeHHUMU GaHHbIMU
def _ init__ , petname, temp) :
self.name = petname;
self.temperature = temp;
# noay4ums cocmoAHue
def status (self) :
print(“uma cobaku: ", self.name)
print(“Temnepatypa cobaku: ", self.temperature)

nepamypy
rature(self, temp):
self.temperature = temp;
pass
# cobaku Mozym naame
¢

print(“rae!")

pass
pass

# cozdame HoBuill ofvexkm cofaku Ha ocHoBe knacca Dog
lassie=Dog("Lassie”, 37)

lassie.status()

umA cobakm: Lassie
TeMnepaTypa cobaku: 37

[TonpITaeMcst UBMEHUTH TEMIIEPATYpPy OOBEKTA U IPOBEPUM, JEHCTBUTEIBHO JI OHA

W3MEHWIACh, BBEISI CIEAYIOIIUMN KO/I.
lassie.setTemperature(40)
lassie.status()

PesynbTat npeacraBieH HUKE.

lassie.status()

wMA cobakmn: Lassie
Temnepatypa cobaku: 37

[24]: lassie.setTemperature(4@) >y s F R
lassie.status()

wMA cobakn: Lassie
Temnepatypa cobaku: 49

Kaxk Bugute, Bp130B PpyHkuuu setTemperature (40) nelicTBUTEILHO U3MEHUI BHYTPEHHEE
3HaYEHHE TeMIIepaTyphbl OOBEKTA.

KoHTpoJsbHbIe BONpochI

1. B yem 3axnroyaeTcs 3a/iaya KjacCu(PUKaUU € MOMOIIbIO UCKYCCTBEHHBIX
HEUPOHHBIX ceTen?

2. Yro npenctaBigioT co00il TPEHUPOBOYHBIE TAHHbIE?

3. UTO0 moHUMAIOT MO/ CriaXHUBaHUEM MPU O0YUYEHUH UCKYCCTBEHHBIX
HEUPOHHBIX ceTeil? C KakoW LIEeJIbI0 OHO MPUMEHSETCS?

4. TlpuBenute 3Tanbl 00yYeHUs CETU B 3a/1aue KiacCU(DUKALUU.

5. Yro Takoe ¢pynkuusa? Kak 3anarorcs pyHkuuu Ha si3bike Python?

6. UTo BKIIIOYAET U AJI YETO UCIOJIb3YETCs MMAKET numpy?

7. s KakuxX 3a/1a4d UCIOJb3yeTcs nakeT matplotlib.pyplot?

6. Kak 3agaTh MaccuB 1 BBIBECTH €ro rpauyeckoe NnpeicTaBiIeHUe Ha
s3bike Python?

7. Uto Takoe kiacc, 00bEKT, METOL?

8. Kak 3anatorcsa 00beKThl Ha A3bike Python?
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JlaGoparopHasi padora 4
Peurenue cJ10:KHBIX 32124 KJIACCU(PUKALMH € IOMOLIbI0 UCKYCCTBEHHBIX
HeHPOHHBIX ceTeil. PacnipocTpaHeHue CUTHAIOB 0 HEHPOHHOU CeTH
Heab: M3y4ynTh BO3MOXXHOCTH HCKYCCTBEHHBIX HEUPOHHBIX CETEH IS PELICHUS
CIIO’KHBIX 3a/1a4 Kiaccuukanuu oopasos.

3aganue:

1. I3y4uTh TEOpETHYECKOE BBEACHUE.

2. OTBeTUTh HA KOHTPOJBHBIE BOIPOCHI, TMPUBEACHHBIE B KOHIIE
nabopaTopHOil pabOTHI.

3. DBbInmonHUTh NOpaKTUYECKUE 3aJaHUsl C  HCIOJIb30BAHUEM  S3bIKa
nporpammupoBanus Python.

4. CocTtaBuTh OTYET 10 JabOpaTopHOil padote. Tpebosanus k omuemy:

OT4eT MpeaoCTaBIACTCS B JIEKTPOHHOM BHJE B TEKCTOBOM pemakrope MS Word. B
OTYETE YKa3bIBAIOTCS:

1) ®amunus cryaeHTa.

2) [MopsiakoBBI HOMEP ¥ Ha3BaHHE JTAOOPATOPHOMN PaOOTHI.

3) Lens paboThL.

4) OTBeTHI Ha KOHTPOJBHBIE BOMPOCHI.

5) Omnucanue penieHus: BHIIOJHEHHBIX 3aaHui JIa00paTOpHOU paboThI,
cozepikartiee: a) popmyauposKky 3a0anus, 8) CKPUHULOM 8bINOJHEHHO20 3A0AHUS,
cooeparcauuli pamuiuio cmyoeHma.

3amura 1a00OpaTOpHON PabOTHI OCYIIECTBISETCA MO OTYETY, MPEACTaBICHHOMY
CTYJIEHTOM M C IEMOHCTPALIMEN 3aJaHHsI HA KOMIIBIOTEPE.

TeopeTnveckoe BBeIeHUE
1. TlpumeHeHrne HECKOIBKHUX KJIaCCU(UKATOPOB
2. HelipOHBI — BBIYUCIIUTENBHBIE MAIIIMHBI, CO3/IAHHBIE TTPUPOIOMN
3. PacnipocTpaneHre CUrHajIOB [0 HEMPOHHOM CETH

1. IlpuMeHeHUE HECKOJIBKHUX KJIACCU(PUKATOPOB.

PaccMoTpeHHbIe HAMU TIPOCTHIE MPEIUKTOPHI U KIACCU(PUKATOPHI, OTHOCSIIHECS K
YUCIy TE€X, KOTOpBbIE IIOJy4YarOT HEKOTOPbIE BXOAHBIE JAHHBIC, BBIIOJIHSIIOT
COOTBETCTBYIOIIINE BBIYMCIICHUS U BBIJAIOT OTBET, JOBOJILHO 3¢ deKkTuBHBL. M Bce ke
UX BO3MOKHOCTEH HEJIOCTaTOUHO JJIsl pelIeHHs O0Jiee CII0KHBIX U HHTEPECHBIX 3a/1a4,
K KOTOPBIM OTHOCSITCS U 3aJa4M, pEIIaeMble Ha OCHOBE METOJI0B HEMPOHHBIX CETEH.
OrpanundeHus IMHEHHOTO KIIaCCU(PUKATOpa MPOIEMOHCTPUPOBAHBI HUKE HA IPOCTOM
npuMepe. OT HOHUMAHUS CYTH YKA3aHHBIX OTPAHUYCHUIN 3aBUCHUT OJMH U3 KITFOUEBBIX
AJIEMEHTOB NPOEKTUPOBAHUS HEUPOHHBIX CETEN, KOTOPBIM HAM MO3KE IMTPUTOIUTCS.
O6paTtuMmcs K JIOTHYECKUM (Oyiegvim, no umenu [{ocopoxca byns), QyHKIUSM.
Jlxopmxk Bynb — MatemMaTHK, JOTUK U (Uiocod, ¢ MUMEHEM KOTOPOTO CBSI3aHbI TaKUE
npocThie PyHKIMH, Kak jorudeckue M u UJIN.
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OyHKIMKU OyJIEBOM JTOTUKU — 3TO CBOETO POJIa «MBICIHUTENIbHBIE» (QYHKIIUU CO CBOUM
s3bIKOM. Eciii MbI ToBOpUM «ThI IOJTYYHIITb JIECEPT TOJIBKO B TOM CJydae, €CJIM yiKe
chell oBolM M Bce paBHO rojiofieH», TO Mbl UCIONb3yeM OyieBy ¢ynkuuio U.
Pesynprar OyneBoit ¢yHkiuu W HUCTHMHEH TONBKO TOrJa, KOTJa WCTHHHBI
(BeIMOTHSIOTCS) 00a ycioBus. OH He Oy/IeT UCTUHHBIM, €CJTU UCTUHHO TOJBKO OJIHO
u3 ycnoBuil. [loaTomMy, eciu g ToJI0A€H, HO €Ie HE ChE OBOLIM, TO HE MOJIy4dy CBOM
JeCePT.

AHaNOTUYHO, €clii Mbl TOBOPUM «Thl MOXEIIb MOTYJATh B MapKe, €CIU CErojHs
BbIxogHOM MJIN y Te6s oTmyck», To ucnoyib3yeM OyneBy ¢pynkuuio NJIN. Pesynprar
OyneBoit ¢ynkumn NI ucTMHEH, €ClM UCTUHHBIM SIBISIETCS XOTS OBl OJHO W3
ycioBuii. BoBce He 00513aTenbHO0, 4TOOBI BCE YCIIOBUS ObUTH UICTUHHBIMHU, KaK B CITydae
¢bynkuuu W. Iloatomy, eciii ceroaHs He BBIXOIHOM J€Hb, HO Y MEHS OTITYCK, TO 51 MOTY
MOTYJISATh B MIapKe.

Panee mMb1 ipeacTaBisiv yHKIHUIO B BHJIC MAITMHBI, KOTOpasi IPUHUMAET HEKOTOPHIC
BXOJHBIC TAHHBIC, BBITIOJIHSET ONPE/CICHHBIE ACHCTBUS U BBIAACT OJIUH OTBET.
3HaYeHUEe MCTUHA YacTO MPEJCTABIIAETCS B KOMIBIOTEPAX Kak yucio 1, a 3HaYeHUe

Bx0d A \
6xo00 B /

J0b — Kak unciio 0. B npuBeneHHON HIKE TAOIUIE PE3yJIbTaThl pA0OTHI TOTHYECKUX
¢bynkuuid 1 u MJIM npencraBieHbl ¢ UCIOJb30BAaHUEM ATOM JAKOHUYHOW HOTALUU
JUIA BCeX KOMOMHAIINN BXOIHBIX 3HaUeHU A U B.

Bxoanoe Bxoanoe ornueckoe U Jlornueckoe
3HAYEeHHue A 3Hauenue B NnJin

Aozuveckas

PYHKYus

—_ o O O
_—— = O

3/1ech OTYETIUBO BUIHO, UTO pe3yibTaT GyHKIMU M OyJeT UCTUHHBIM TOJBKO TOT/IA,
KOrJla UICTUHHEI 1 A, 1 B.

byneBpl (QyHKIMH HUIparOT OYEHb BaXHYIO poJib B HHPOpPMATHKE, W IIEpPBbHIC
AIICKTPOHHBIC BEIYUCIUTEBHBIC YCTPOHCTBA (PaKTUIECKH COOMPATTUCH U3 KPOXOTHBIX
AJIEKTPUYECKUX  CXEM,  BBIMOJHSIOMIMX  JIOTUUYECKUE  OIMEpalvH. Jaxe
apudMeTHIECKHUE ONEePaIliy BBITIOIHSINCH C UCIIOJIB30BAHUEM 3THX CXEM, KOTOPHIS
camu 10 ce0e BCEro JIUIIIh BRITMOIHSIIN MPOCTHIC OYyJIEBHI OTICPAIIUH.
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[IpencraBpTe cebe MPOCTON JUHEWHBIA KiIacCU(PUKATOP, KOTOPBIM JOJKEH
MCII0JIb30BaTh TPEHUPOBOYHBIN HA0OP JAHHBIX JJIs1 BBIICHEHUSI TOTO, YIIPABIISIOTCS JIU
JIaHHBIE JIOTHYECKOM (yHKIMeH. 3ajauM TaKoro pojia €CTECTBEHHBIM 00pa3zoM
BO3ZHMKAIOT TIEPE]l YUYEHBIMH, UCCIEAYIOIUMH MPUYUHHO-CIIEICTBEHHBIE CBSI3U WU
KOppeJsiliiio HaOmogaeMbiX BenuuuH. Hampumep, tpeOyercss HailTu OTBET Ha
cienytouuit Bornpoc: «[loBbImaercst 1u BEpOSATHOCTH 3a00J€BaHUs MaJsipUeil B Te€X

MECTHOCTSIX, B KOTOPBIX OCTOSIHHO MAYT A0XKIU W TemriepaTypa MpeBbIlIAET
35 rpanycoB?» Wnu Ttakoii: «[loBeilaeTcst 71 BEpPOSTHOCTH 3a00JIEBaHMS
MaJisipueid, eciy BeITIoHsAeTes toboe (Oynera dhyukius NJIN) uz atux yciaoBuii?»
BarnsHute Ha NpUBENEHHYIO HIDKE AUarpamMmy, TJleé 3HAYeHHs Ha JIBYX BXOJax
noruyeckor QyHkiuu, A 1 B, npencTaBisioT KOOpAUHATHI TOYEK Ha rpaduke. Bl
BUJIUTE, YTO TOJBKO B TOM cCllydae, KOoria o0a BXOJHBIX 3HAYCHHS UCTHUHHBI, T.C.
KaXX/10€ U3 HUX PaBHO |, BBIXOJHOU pe3ysbTaT, BBIACICHHBIN 3€JIE€HBIMIIBETOM,
SBJISIETCS UCTUHHBIM. JIOKHbBIE BBIXOJIHbIC 3HAUYCHUS

0003HaYEHBI KPACHBIM IIBETOM.

Aozudeckoe M

o,1)ff ™ N\, £(1.1)
(0.1) '€ J(

7

PA3EAUMEALHAR AUHUS

=3 ,Fﬁ.
fomc—’ ~(1,0)

Ha nuarpamme Taxke mokaszaHa mpsmMasi JIMHHS, OTIEISIONIas KPacHYI 00JIacTh OT
3eJIeHOM. DTa IJIMHUA TPENCTaBIseT JWHEHHYI0 (QYHKIHIO, KOTOPYIO MOXKHO
WCIIOJIB30BATh JIJII 00YUYEHUS JIMHEWHOTO KJIacCH(PUKATOPA, YTO MBI JIeTIali paHee.
Mgbr He OyaeM MPOBOAWTH COOTBETCTBYIONIME BBIYUCIICHHS, KaK B TPEIBITYIIAX
npuMepax, TMOCKOJBKY HHUYET0 NPHHIMIHAIBHO HOBOTO JTO HE Jgact. B
JEHUCTBUTEILHOCTH MOXHO OBUTIO OBl TMPEIIOKUTH MHOTO JPYTHX BapHaHTOB
MPOBEICHUS  PA3JCIMTEILHON JIMHUW, KOTOpbIe paboTamu Obl  CTOJb  JKE
YAOBIICTBOPUTEIILHO, HO TJIaBHBIN BBIBOJ M3 ATOTO MPUMEpa 3aKIF0YACTCS B TOM, YTO
MIPOCTOM JTMHEHHBIN KIaccuukaTop Buaa y=ax+b M0OHO 00y4uTh paboTe ¢ OyneBoi
byunkmuen U.

A Temepp B3MVIIHUTE HA AaHAJIOTMYHOE Tpaduueckoe NpeCTaBICHUE OyJIeBO
bynkuuu NIIN.
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Aozudeckoe MAM
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Ha stoT pa3 kpacHoil oka3zanacek numib Touka (0,0), MOCKOJIBKY €l COOTBETCTBYIOT
JIOKHBIE 3HAUCHUS Ha 000uX BXxoJax, A u B. Bo Bcex npyrux koMOnHaIusaX 3Ha4YCHHMI
XOTsl OBl OJTHO U3 HUX SIBISIETCA UCTUHHBIM, U TIOATOMY JUUISl HUX PE3yJbTaT SABIIAETCS
UCTUHHBIM. CMBICIT JAMarpaMMbl 3aKJO4aeTcs B TOM, YTO OHa HArJISAHO
JIEMOHCTPHPYET BO3MOXKHOCTh OOy4YeHHUs JHMHEHHOro Kiaccudukaropa padorte ¢
¢ynxueit MIN.

CymiectByer emie oaHa OyneBa (GyHKIUS, uckmouyarouee HJIM, xotopas naer
VCTUHHBIA PE3YJIbTAT TOJBKO B TOM CJIy4ae, €CJU JIMIIb OJTHO U3 3HAYEHUI Ha BXOJaX
A u B uctunHno, Ho He 00a. TakuM oOpa3zom, eciiu 00a BXOHBIX 3HAYEHUS JTOKHBI UITH
00a UCTUHHBI, TO Pe3yJIbTaT OyIET JOKHBIM. Bce Bbllecka3aHHOE PEe3IOMHPOBAHO B
IPUBEJICHHON HUXE Talule.

BxoaHoe 3HAaUeHHE A Bxoanoe 3Hauenne B Uckarouarwmee UJIN
0 0
o 1
0 I
L, | 0

JnarpaMma, cOOTBETCTBYIOIIAs 3TOM (PYHKLIMH, Oy/I€T UMETh BU/L:
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AD2UYECKOE UCKAroYarowee MAM
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Yro BaxHO, 37€Ch HET croco0a pas/eluTh 3€JCHYI0 M KpacHylo 00JacTh OJIHOM
npsiMoit nuHueH. HeBo3MOXXHO TpOBECTH OJHY MPAMYIO JUHUIO TaKUM O0pa3oM,
9TOOBI OHA YCIICNTHO OTJIENHIa KPACHBIC TOYKH JAHHBIX OT 3€JICHBIX NIl (QyHKIIUN
uckmoyarowezo MJIM. 910 03Ha4aeT, 4TO MPOCTON JUHENHBIA KiIacCU(PUKATOP HE B
COCTOSIHUU 00y4UThCs pabote ¢ pyHKuuen uckarouarowezo UJIU, ecnv npeoCcTaBUTh
€My TPEHUPOBOUYHBIE JJAHHBIE, YIIPABISEMbIE ATON (QyHKIIUEH.

Tonapko 4TO MBI IPOJAEMOHCTPUPOBAIH 2IABHOE 02PAHUYEHUE NPOCHO20 JUHEUHO20
Kaaccugukamopa: Takue KiaccuGuKaTopbl 0Ka3bIBAOTCS HENPUTOAHBIMH, €CJIU
0a3oBasi 3a/1a4a He JOINYCKAaeT pa3jieeHusl JaHHbIX OJHOI NMPSAMOii JIMHUEH.

Ho Benp MbI XO0THM, 4TOOBI HEHPOHHBIE CETH MOXKHO OBUIO HMCHOJB30BATH IS
pelIeHrss caMoro IMIMPOKOro Kpyra 3ajad, Jaxe TeX, KOTOPblE HE JIOMYCKAIOT
JMHEWHOTO pa3fesieHUs] JaHHBIX.

CnenoBaTtenbHO, HaM HEOOXOIMMO HAWTH KAaKOW-TO Jpyroil cmocod paboTwl ¢
JTAHHBIM BOIIPOCOM.

Takoli  cmoco0  CymIECTBYET: COBMECTHOE  MCIOJIb30BAHME  HECKOJIBKUX
KkjaccupukaTopoB. Ero mimrocTpupyeT NpUBEAEHHAs HUKE JuarpaMma C JABYMs
pa3eNUTeNIbHBIMU JTUHUSAMU. OJTa UAes 3aHMMaeT LEHTPAJIbHOE MECTO B TEOPUU
HEHpOHHBIX ceTel. Tenepb BamM NOMKHO OBITH SICHO, YTO C MOMOILIBIO MHOKECTBA
NPSIMBIX JIMHUW MOXKHO pa3liefuTh JKeJlaeMbiM 00pa3oM JIIOOYH0 CKOJIb YTOJHO
CJIIOXHYI0 KOH(UTYpalKIo 001acTel, moasiexanmnx Kiaccupukanuu.
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Ao2u4veckoe uckarovarouee MAU
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IIpexxe uem MbI 3aiIMEMCs CO3JaHUEM HEHMPOHHBIX CETEM, KOTOPbIE IIPEAIOIararoT
CYILIECTBOBAHHE HECKOJBKUX KJIACCU(PUKATOPOB, padOTAIONIMX COBMECTHO, CHOBA
oOpaTuMcs K IPUPOJE U paCCMOTPUM pabOTy MO3ra )KMBOTHBIX, aHAJIOTHH ¢ KOTOPBIM
HOCITYKUJIM TOJTYKOM K pa3padOoTKe M0AX0/10B HA OCHOBE HEUPOHHBIX CETEH.
Bb1600bl no nepgomy nynKmy:

* [Ipocroil nuHENHbIN Ki1accu(UKATOp HE B COCTOSIHUU Pa3/IeIUTh HY>KHBIM
o0pa3oM 00JaCTH JaHHBIX, €CIM JIaHHBIE HE YIPABIISIFOTCS MPOCTHIM JIMHEHHBIM
IpOLECCOM. DTO ObUIO MPOJEMOHCTPUPOBAHO Ha MPUMEPE JTAaHHBIX, YIPABISEMBIX
noruyeckon ¢pyHkuuen nckmoyvaromiero NIJIN.

* Omgnako d5Ta mpoOjemMa pemaercss O4YeHb MPOCTO: JUIA pa3TpaHUYCHUs
JAHHBIX, KOTOpbIE HE YJIAeTCs pa3AciIMThb OJHOM IPSAMOM JIMHEH, CJIeayer
HCII0JIb30BATh MHOKECTBO JIMHEHHbBIX KIacCH(PUKATOPOB.

2. HeilipoHBI — BBIYMCJIUTEIbHbIE MAIIUHBI, CO3[IaAHHbIE IIPUPO/I0H.

Mo3r KHUBBIX OPraHU3MOB, SIBJISACH CIIO)KHOM CHCTEMOM, CTaBUT YUYEHBIX B TYIUK,
MOCKOJIBKY Ja)X€ y CTOJIb MAJIBIX ITPEICTABUTEIIEN )KUBOM MPUPObI, KAK, HAITPUMED,
MOMyTau, OH JIEMOHCTPUPYET HECPABHEHHO OOJBIINE CIIOCOOHOCTH, YeM IU(POBBIC
KOMIIBIOTEPBI C OTPOMHBIM KOJIMYECTBOM 3JIEKTPOHHBIX BBIYMCIUTEIBHBIX 3JIEMEHTOB
U MaMSTHIO HEBEPOATHBIX 00bEMOB, pa0OTAIONIMX HA YAaCTOTaX, HEAOCTUKUMBIX JIJIs
YKMUBOI'0 MO3ra U3 IUIOTU U KPOBHU.

Torma ydeHble COCPENOTOYMJIM BHUMAHHE Ha APXUTEKTYPHBIX pazinuusax. B
TPaJMIIMOHHBIX KOMITBIOTEPAX TaHHBIE 00Pa0aTHIBAIOTCS MTOCIEIOBATEIBHO, TIO YETKO
YCTAHOBJIEHHBIM ITpaBWiIaM. B HX 3anporpaMMUpOBAHHBIX pacyeTrax HET MeCTa
HEOJHO3HAYHOCTH M HeACHOCTH. C JApyro CTOPOHBI, IMOCTENEHHO CTaHOBHJIOCH
MOHATHO, YTO MO3I JKMBOTHBIX, HECMOTPS Ha KaXYILIYIOCS 3aMEIJICHHOCTb €ro
pabounx pUTMOB IO CPaBHEHHIO C KOMIIbIOTEpaMU, oO0pabaThIBa€T CHUTHAJIBI
MAPAUIETBHO M 4YTO HEOMNPEAECIEHHOCTh SBIISIETCS CYLIECTBEHHOW OTJIMYUTEIbHOU
YEpPTOM €ro AesATeIIbHOCTH.
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PaccmoTpum  cTpoeHune  0a30BOM  CTPYKTYpHO-(QYHKUHMOHAJIBHOM  €IMHMIIBI
OMOJIOTUYECKOTO MO3Tra — HelipoHa.

HelpoH

MEPMUHAAU

AKCOoOM

deHdpum

HecMoTpst Ha TO 4TO HEHPOHBI CYIIECTBYIOT B Pa3IUYHBIX (DOpMax, BCe OHU MEPEIatoT
AIEKTPUUYECKUE CUTHAJIBI OT OJIHOTO KOHIIA HEHPOHA K IPYTOMY — OT JIEHJIPUTOB Yepe3
aKCOHBI JI0 TepMuHayieH. Jlasiee 3TH CUTHAIBI MEpeAaroTcsi OT OJJHOr0 HEHWpoHa K
npyromy. UMeHHO Oaroapsi TakoMy MEXaHU3MYy BbI CHIOCOOHBI BOCTIPUHUMATH CBET,
3BYK, MPUKOCHOBEHHUE, TEIJIO U T.1. CUTHAJIBI OT CTICIIUATU3UPOBAHHBIX PEIIEITOPHBIX
HEWPOHOB JIOCTABJISIOTCS MO Balllel HEPBHOM CUCTEME JI0 MO3Ta, KOTOPBI B OCHOBHOM
TaK)Ke COCTOUT U3 HEMPOHOB.

Ha npuBeneHHON HMKe WILITIOCTpAIlMU MOKa3aHa CXeMa CTPOCHHUS HEWPOHOB MO3ra
nomyrasi, MPEeACTaBICHHAs HWCMAaHCKUM HelpoOuonorom B 1899 romy. Ha Hei
OTYETIMBO BUIHBI BAKHEUIINE KOMIIOHEHThI HEUPOHA — IEHAPUTHI U TEPMHUHAIIN.

e

7 s
Ja.love
. E

i

CKOJIbKO HEWPOHOB HaM HY>KHO JJIS BBITIOJIHEHHUSI MHTEPECHBIX, 0OJIEe CIIOXKHBIX
3amay’?

B rosioBHOM MO3re 4en0BEKa, SBIISIIOIIEMCS] CAMBIM Pa3BUTHIM, HACYUTHIBAETCS OKOJIO
100 MummapmoB HepoHOB. Mo3r npo3oduibl (TJIOAOBOW MYIIKH) COACPKUT
npumepro 100 TeiCSY HEHMPOHOB, HO OHA CIIOCOOHA JIETaTh, MHUTATHCS, H30ETaTh
OMAacCHOCTH, HaXOJWUTh MHUILY U PElIaTh MHOXKECTBO IPYTUX
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JIOBOJIBHO CJIOXKHBIX 3a7a4. 9TO Koun4decTBO — 100 ThICAY — BIOJIHE COMOCTaBUMO C
BO3MOYKHOCTSIMA COBPEMEHHBIX KOMIIBIOTEPOB, U MO3TOMY B IOIBITKE UMHTALAU
paboThI TAKOTO MO3Ta €CTh CMBICIL.

Mosr HeMaroasl (Kpyryioro uepBsi) HacuuTbiBaeT Bcero 302 HelpoHa — HUYTOKHO
Majas BEJIMYMHA TI0 CPAaBHEHUIO C pecypcaMl COBPEMEHHBIX ITU(POBBIX
koMmnbioTepoB! Ho 3TOT yepBb criocoO€H peliaTh TaKue JT0BOJBHO CIIOXKHBIE 3a7a4H,
KOTOPBIEC TPAAUIIMOHHBIM KOMITBIOTEpAM HAMHOT'O OOJIBIIUX pa3MEpPOB MOKa YTO HE TIO
CHUJIaM.

B uem xe cexpet? Ilouemy OGuosiornyeckuii Mo3r o0J1aaeT CTOJIb 3aMevyaTeIbHbBIMU
CIIOCOOHOCTSIMH, HECMOTpsS Ha TO 4YTO paldoTaeT MEIJICHHEE W COCTOUT U3
OTHOCHUTEJIBHO MEHBIIETO KOJINYECTBA BEIYMCIUTEIBHBIX AJIEMEHTOB 110 CPABHEHUIO C
COBPEMEHHBIMU KOMITbIOTEpamMu? CIOKHbIE MEXaHU3Mbl (DYHKIIMOHUPOBAHUS MO3Ta
(HampuMep, HaTu4Me CO3HAHUS) BCE €IlE OCTAIOTCS 3arajgkod, HO MBI 3HaeM O
HEHPOHAX JIOCTATOYHO MHOTO JJIS TOTO, YTOOBI MOXKHO OBLIIO MIPEIOKHUTH PA3TUIHbIC
CIIOCOOBI BBHITIOTHEHHS BEIUUCIICHUH, T.€. Pa3IUYHbIC CITIOCOOBI peIIeHuUs 3a/1ay.
PaccmoTpum, kak pabotaer HeiipoH. OH MPUHUMAET MOCTYMAOIINN dEKTPUICCKUN
CUTHAJI ¥ BBIpA0ATHIBAET APYTOW ANEKTPUUECKUI CUTHAJI. JTO OYEHb HAITOMUHAET
paboTty mojenel kiaccupukaropa Wiv NpeIuKTopa, KOTOPhIEe MOIYYal0T HEKOTOPhIE
BXO/IHBIC JTAHHBIE, BBITIOJIHSAIOT OMPE/ICIICHHBIE BBIYMCICHUS U BBIAAIOT PE3YJIbTAT.
MoskeMm J11 Mbl IPEICTaBUTh HEUPOHBI B BUIE JIMHEWHbIX GyHKUUNA? Her, xoTs cama
no cebe nTa uaes Heruioxas. BoipabaTbiBaeMblii HEUPOHOM BBIXOJHOW CHUTHAN HE
SIBJISIETCS IPOCTOM JTMHEHHON (PYHKIIMEW BXOJHOTO CUTHAasa, T.€. BBIXOJHON CHUTHAI
HEJb34 MPEJCTaBUTh B BUJE 6bIX00 = (KoHcmaHma * 6x00) + (803modicHas opyaas
KOHCMAHMQ,).

CornacHo pe3yJibTaTam HaOJIOJACHUNA HEWPOHBI HE pEarupyroT HEMEIJIEHHO, a
MOJABJISIIOT BXOAHOM CUTHAJI 10 TE€X MOP, MOKA OH HE BO3PACTET JO TAKON BEJIIMYHHBI,
KOTOpAasi 3ayCTUT FEHEPALUIO BEIXOJHOTO CUTHAA.

DTO MOXKHO MPEJICTAaBUTH ce0e KaK HAJTUYMe HEKOETO MOPOTOBOr0 3HAUYCHHUSI, KOTOPOE
JIOJDKHO OBITh TMPEBBIIICHO, MpeXe 4eM OyAeT CreHEepUpOBaH BBHIXOJHOW CHUTHAI.
CpaBHUTE NOBEAEHUE BOABI B YAIIIKE: BOJA HE CMOKET BBIIJIECHYTHCS, TOKA YalIKa HE
HaroJaHUTCA. MIHTYUTUBHO 3TO MOHSATHO — HEWPOHBI MPOMYCKAKOT JHUIIb CHIIbHBIC
CUTHAJIbI, HECYIIHE MOJIe3HYI0 MH(GOpMAIINIO, HO He clalwiil mym. Maes B ToMm, 4to
BBIXOJTHOM CUTHaJI BhIPaOaTHIBACTCS JIMIIL B CIy4asx, KOT/Ia aMIUTUTY/1a BXOJIHOTO
CUTHAJIA JIOCTUTAE€T JOCTATOYHOM BEJIMYHUHBI, ITPEBBILIAONICH HEKOTOPBIN ITOPOT.
OyHKIMA, KOTOPAs MOJIYYaeT BXOJHOM CUTHAJ, HO TEHEPUPYET BBIXOAHOM CHUTHAI C
y4eTOM TOpPOrOBOTO  3HA4YeHWs, HasbBaercs (Qynkmueidt  aktuBamuu. C
MaTEMaTUYECKON TOYKH 3PEHUS CYMIECTBYET MHOXKECTBO TaKUX (DYHKIIHMH, KOTOPHIE
MorJii Obl 00ecieunTh OA00HBIN YD (PEKT.

B xauecTBe npumepa MOKHO MPUBECTU CTYNEHYATYIO (DYHKIIUIO.
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Bexod

EPAYNEHHARAAA PUHKUUSA

> fxod

-

nopoz

HeTrpyaHo 3aMeTuTh, 4TO JIJIs CNIa0BIX BXOIHBIX 3HAUYEHUN BBIXOJJHOE 3HAUCHHUE PABHO
Hy110. HO CTOMT mpeBBICUTH BXOJHOM MOPOr, KaK HA BBIXOJE IMOSBISAETCS CUTHAIL
McKyCcCTBeHHBIM HEWpPOH ¢ TaKUM IIOBEJACHHUEM HAIIOMHHAI OBl HACTOSIIHI
OMOJIOTUYECKUN HEUPOH. ITO OYEHb XOPOIIO OIMHCHIBACTCS TEPMUHOM, KOTOPBIN
UCIIOIb3YETCSl YYEHBIMU: OHH TOBOPSIT, YTO HEUPOH BO30YKIAE€TCS MPU TOCTUKECHUN
BXOJIHBIM CUTHAJIOM MTOPOTOBOTO 3HAYCHMUSI.

Crynenuaryto (QyHKIHMIO MOXHO YCOBEpIIEHCTBOBaTh. lIpe/cTaBieHHYI0 HUXKE S-
o0pa3Hyro (QYHKIMIO HA3bIBAIOT CUTMOUIO0M, UM CUTMOUJAILHOM (yHKIuEeH. Pe3kue
MPSIMOYTOJIbHBIE TPAHULIBI CTYNEHYATOW (YHKIIMU B HEW CTJIaXKEHBI, YTO JEIacT ee
0oJiee ecTeCTBEHHOM U peanucTtudHoi. [Ipupoaa He J00UT OCTPBIX YIJIOB!

Boixod

cuzmouda

s Bxod

Crinaxxennast S-o0pa3Hasi CHTMOH/Ia — 3TO M €CTh TO, UTO MBI OyI€M UCITOJIB30BATh TS
co3JaHusl COOCTBEHHOW HeHpoHHOW cetu. HMccnepoBatensiMu B oOJacTu
MCKYCCTBEHHOI'0 MHTEIIJIEKTa UCTOJB3YIOTCA TaKXe Ipyrue (GyHKIUU aHATIOTUYHOIO
BHJIa, HO CUTMOM/Ia TPOCTA U OYEHb MOMYJISIPHA, TaK YTO OHA OYIET AJIsl HAC OTJIUYHBIM
BBIOOPOM.

Curmomnia, KOTOPYIO HHOTJIa HAa3bIBAIOT TaKXKe JIOTUCTUYECKOW (yHKIIMEH,
OTMCHIBAETCS CIEAYIONIeH PopMyIIO:

1

1+e"
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DTO0 BhIpaXXEHUE HE HACTOJILKO CJIIOKHOE, KaK MOHAYally MOXKET MoKa3aThCs. bykBoii €
B MaTeMaTUKe MNpPUHATO O0003HA4YaTh KOHCTaHTy, paBHyk 2,71828... DTOo oueHb
WHTEPECHOE YHUCJI0, KOTOPOE BCTPEUYACTCS BO MHOTHX O00JIACTAX MaTEMaTHKU U
¢bu3KKY, a MPUYMHA, IO KOTOPO B JAHHOM YMCIIE€ MBIl HCIOJIb30BAJIM MHOTOTOYHUE
(...), 3aKiro4yaeTcss B TOM, 4YTO 3alUCh JECATHUYHBIX 3HAKOB MOXET OBbITh
MPOJI0JDKEHA 10 0eCKOHEYHOCTH. JlJis MOI0OOHBIX YHCeN CYIIECTBYET MPUUYIITUBOE
Ha3BaHHUE — TPAHCIIEHAEHTHBIE yucia. Bce 3To, KOHEUHO, HHTEPECHO, HO JIJIsl HAIIIUX
11eJIeH BIIOJIHE I0CTATOYHO CYUTATh, UYTO 3TO YKUCIJIO MPOCTO paBHO 2,71828. BxoaHoe
3HaYeHHE OEepETCs C OTPUIIATEILHBIM 3HAKOM, U € BO3BOJUTCS B CTETICHB -X. Pe3ynprar
npubasisiercs K 1, 9to maet Ham 1+e™. Hakoner, MbI oOpamaeM MOCIEIHIO CyMMY,
T.€. feauM | Ha 1+e™. OTo M ecTh TO, YTO JeNaeT NPUBEACHHAs BbIlIE (DYHKIHS C
BXOJHBIM 3HaUYE€HHUEM X JIJISI TOTO, YTOOBI MPEIOCTABUTH HAM BBIXOJIHOE 3HAUCHUE ).
Panu uHTEpeca ciemyer OTMETHThb, YTO MPU HYJIEBOM 3HAUEHUU X BbIpa)KeHUE €™
MPUHUMAET 3HA4YCHHE |, MOCKOIBKY BO3BEJEHUE JIIOOOTO YKCIia B HYJIEBYIO CTEIICHb
Bcerna gaet 1. [Tosromy y cranoButcs paBubiM 1 / (1 + 1) unm mpocto 1/2, T.e.
nosioBuHe. CriejoBaTeNbHO, 0a30Basi CUIMOM/IA IEPECEKAET OCh Y Mpu y=1/2.
Cy1uiecTByerT elle 0jiHa, O4eHb BECKasl, MPUYKHA JJIsl TOTO, YTOOBI U3 MHOYKECTBA BCEX
S-o0pa3HbiX QyHKIIHMI, KOTOPbIE MOKHO ObUIO OBl MCTOJB30BaTh ISl OMPEACIICHUS
BBIXOJIHOTO 3HA4YEHUs HEWpOHa, BHIOpAaTh MMEHHO cUrMouay. Jlemo B TOM, 4YTO
BBITIOJTHSITH PacueThl C CHTMOUION HAMHOTO MPOIIIE, YEM ¢ JIF000i Ipyroi S-o0pa3Hoit
byHKUIMEW, U BCKOpE Ha TMpaKTHKE MOXHO OyaeTr yOeauThCcsi B TOM, YTO 3TO
JEWCTBUTEIBHO TaK.

BepHemcss K HeWpoHaM UM THOCMOTPUM, Kak Mbl MOXEM CMOJAECIUPOBATH
VCKYCCTBEHHBIM HEMPOH.

[TepBoe, 4TO CiemyeT MOHSTH, — 3TO TO, YTO PEATbHBIC OHMOJIOTHYECKUE HEHPOHBI
MMEIOT HECKOJBKO BXOJIOB, & HE TOJIbKO 0JMH. HO 4TO HaM jenaTh CO BCEMU STUMHU
BxoAamMu? Mpbl OyaeM MPOCTO KOMOMHUPOBATh WX, CYMMHUPYSI COOTBETCTBYIOIIUE
3HAUCHUS, U PE3yJbTUPYIOIIAs CymMMa OyJeT CIyKUTh BXOJHBIM 3HAUYCHHEM JIJIsi
CUTMOUJIBI, YIIPABJIAIONIEH BHIXOJAHBIM 3HaueHUEM. Takasi cxema OTpaskaeT MPUHITUTT
paboThl HeilpoHHOU ceTu. [lpuBeneHHas HUXe AUarpaMMa WUIIOCTPUPYET HUICIO
KOMOMHUPOBAHUS BXOJHBIX 3HAYCHHN W CpPAaBHEHMS PE3YJIbTHPYIOLMIEH CYMMBI C
MIOPOTOBBIM 3HAYEHUEM.

cymma cuzmoudasbHas
Bxod & ——% Bxodol PyHK YU _.‘é Buixod y
i akmubayuu i
& X =
a+rb+e ! y(x)
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Ecnmm koMOMHMPOBAHHBIN CUTHA HEAOCTATOYHO CHIIBHBIA, TO CHTMOHA TIOABIIsSET
BBIXOJIHOW cuTHaI. Eciu ske cyMMa X JOCTaTOYHO BEJMKA, TO (DYHKIHS BO30YyKIaeT
HelpoH. MIHTepeCHO OTMETHTh, YTO JaXKe €CIM TOJbKO OJWH CHUTHAN JOCTaTOYHO
CHJIbHBIN, B TO BpEMs KaK BCE OCTAJIbHBIE UMEIOT HEOOIBIYIO BETUYHUHY, TO U 3TOTO
MOJKET BIIOJIHE XBaTUTh JJIsi BO30OYXKIeHHUS HeiipoHa. bomee Toro, HelpoH MOXKeT
aKTUBUPOBATHCA M TOT/A, KOTJA KaXABIH M3 CUTHAJIOB, B3ATHIX 1O OTACIHHOCTH,
MMEEeT HEeJIOCTATOYHYIO BETMYMHY, HO, OyIy4H B3SITHIMU BMECTE, OHU 00ECTICUNBAIOT
MpEBBINICHUE Topora. B 3TOM yke 4yBCTByeTCsl MPOTOTUIl 00Jiee CIOXKHBIX U B
HEKOTOPOM CMBICJIE HEOIPEACIICHHBIX BBIYUCICHUN, Ha KOTOPBIC CIIOCOOHBI
M0I00HBIC HEUPOHBHI.

DNEeKTPUYECKHE CUTHAIBI BOCTIPUHUMAIOTCS ACHIPUTAMH, T/I€ OHU KOMOHMHHUPYIOTCS,
dbopmupyst Oosiee CHIBHBIA CUTHAI. ECIM 3TOT CHTHAN MPEBBIIIAECT MOPOT, HEHPOH
aKTUBUPYETCS, M CHUTHAJ TepeAacTcs uepe3 akCOH K TepMUHAJaM, OTKyJa OH
MOCTyIMaeT Ha JACHAPUTHI Ccieayromero HedWpoHa. CBs3aHHbIE TaKUM CIIOCOOOM
HEHWPOHBI CXEeMATHYECKH N300paKeHbI Ha MPUBEICHHON HUKE WILTIOCTPAIUH.

Ha srToit cxeme OpocaeTcsi B ria3za TO, YTO KaXIAbli HEHPOH NMPUHUMAET BXOIHOM
HEdpoHB

j’ e
Sl
A

CUTHAJI OT HECKOJIBKMX HAXOAAIIMXCA IIEpe]l HUM HEMPOHOB H, B CBOIO O4€PE/Ib, TAKIKE
HepeJacT CUrHaJl MHOTUM JIPYTUM B ClIy4ae BO30YKICHHUS.

OpaHuM U3 c1ocoOOB BOCIIPOU3BEICHUS TAKOTO TIOBEICHUSI HEUPOHOB, HA0JII01aEMOT0
B JKMBOW NPUPOJAE, B MCKYCCTBEHHOM MOJENH SIBJISICTCS CO3aHUE MHOTOCIIOMHBIX
HEHUPOHHBIX CTPYKTYP, B KOTOPBIX KaXKbI HEUPOH COEANHEH C KaXIbIM U3 HEUPOHOB
B IIPEAIIECTBYIOIIEM U MOCIEAYIOIIEM CIIOAX. JTa UAES MOSCHIETCS Ha CIIEIYIOIIEH
WJUTKOCTPALIHAH.

52



cAol 1 cADH 2 CAQU 3

Boixodpi

HelpoHbI COEOUHEHUS

Ha sToii mirocTpaluy npeicTaBiIeHbl TPU CI0S, KaKIbIH U3 KOTOPBIX BKIIFOYAET TPU
VMCKYCCTBEHHBIX HEMpPOHA, WM y3ia. Kak HETpYyIHO 3aMETUTh, 3[€Ch KAXKIbIM y3€ll
COEJIMHEH C KAXKJbIM U3 y3JI0B MPEIUIECTBYIOUIETO U NOCIEIYIOLIETO CIOEB.

Ho Bo3HHMKaeT BOmpoc: B KakOM YacTH 3TOM 3aCTHIBIIEH CTPYKTYpbI 3aKIIOUYCHA
crocoOHOCTh K 00y4ueHut0? YTo Mbl JOJKHBI PETryJIHpPOBATh, pearupys Ha JaHHbIE
TPEHUPOBOYHBIX TPUMEPOB?

HaubGonee oueBUIHON BENTUYMHOM, PETyIUPOBATH KOTOPYIO MBI MOTJIU Obl, SIBIISIETCS
CWJIa CBsI3U MexAy Yy3idamu. B mpenenax ys3iga Mbl MOTIU Obl peryivpoBaTh
CYMMHUPOBAHHME BXOJHBIX 3HAUEHUN WUJIH K€ (OPMY CUTMOMJIBI, HO 3TO YK€ HEMHOI'O
CIIOKHEE TNpeablaylie peryiaupoBku. Eciam paboraer Gosee mpocToi MOAXOA, TO
JABaliT€ UM U OTPAaHUIUMCS.

Ha cnenyrormieii nuarpaMMe BHOBb MOKa3aHbl COEIMHEHHBIE MKy COOOM Y3IIbl, HO Ha
ATOT pa3 C KaXAbIM COECAVMHEHUWEM aCCOLMUPYETCS OIpeaeieHHbIM Bec. Huskni
BECOBOM KOA((HULIMEHT 0cnabiseT CUTHAII, BRICOKUN — YCUIIUBAET €rO.

Crnenyer cka3aThb HECKOJIBKO CJIOB O HEOOJBIIMX MHJIEKCaX, YKa3aHHBIX PSAIOM C
kod(ppunuentamu. Hanpumep, cumBon W ,3 0003Ha4aeT BecOBOM KOA(DHUIIUEHT,
CBSI3aHHBIA C CHUTHAJIOM, KOTOpPBIA MEpeaaeTrcss OT y3ja 2 JAHHOTO clos K y3iy 3
cienytouiero ciuos. CiaenpoparenbHo, W 1, — 3T0 BecoBOi KOA((PUIIMEHT, KOTOPHIN
ocla0JIsieT WM YCUJIMBAET CUTHAJ, MepeaBaeMblil OT y3ia 1 K y31y 2 clieayroero
ciost. YToObl MPOUIUTIOCTPUPOBATH ATy HJICI0, HA CIEIYIOUIEH AuarpaMmme 00a 3TUX
COEJIMHEHHUS MEKy IIEPBBIM U BTOPBIM CIIOSIMH BBIJIEJICHBI LIBETOM.
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MoskeT BO3HUKHYTH BOIIPOC, TIOYEMY KaXKIBIA Y3€JI CIIOS JOJKEH OBITh CBSI3aH C
KOKIBIM U3 Y3JI0B MPEABIAYIIEr0 M MOCIEAYIOIIET0 CJIOEB. DTO TpeboBaHUE HE
ABIIAETCS O0S3aT€NbHBIM, M CIOM MOXHO COEIUHATH MEXKIy CO000i JH0OBIM
MBICIIUMBIM CITIOCOOOM. MBI HE paccMaTpuBaeM 3/1eCh JPYTHe BO3MOXKHBIE CTIOCOObI
Mo TOW mNpUYWHE, 4YTO Onarojaps OJHOPOJHOCTH OIKUCAHHOW CXEMbl TOJHOTO
B3aMMHOTO COCIWHEHUS HEHPOHOB 3aKOJUPOBATH €€ B BHUJEC KOMITBIOTEPHBIX
WHCTPYKIIMI HA CaMOM JieJie 3HAYUTEIBHO MPOINe, YeM JIIOOYI0 JIPYTYI CXeMy, a
TaK)Ke€ TOTOMY, YTO HAJIW4YUE OOJIBIIETO KOJWYECTBA COCIWHEHWUW, YeM TOT HX
00s3aTEIBHBIA ~ MHHHMYM, KOTOPBIM MOJXET TMOTPeOOBAThCA ISl PEIICHHS
OTIPEJICIICHHON 3aJa4y¥, HE TPUHECEeT HHWKAaKoro Bpeaa. Ecim AomonmHWTENbHBIE
COCIMHEHHUS JICHCTBUTEIHLHO HE HYXKHBI, TO MPOIIECC 00YUEHHUS OCIA0UT MX BIUSHHUE.
Yro nmox 3TUM mojapazymMmeBaeTcs? JTO O3HAYaeT, 4YTO, KaK TOJbKO CETh HAYUUTCA
yJIy4IlIaTh CBOM BBIXOJHBIC 3HAYEHUSI MYTEM yYTOYHEHUS BECOBBIX KOA(D(OUIIMEHTOB
CBsI3€il BHYTPHU CETH, HEKOTOPbIE Beca OOHYJATCA WM CTaHYT OJM3KUMH K Hy0. B
CBOIO OU€pEe/lb, 3TO 03HAYAET, UTO TAKUE CBSI3HM HE OYIyT OKAa3bIBATh BIMSHUS HA CETh,
MOCKOJIBKY MIX CHUTHAJIBI HE OYyIyT MepeiaBaThCs. Y MHOKCHHE CHTHAja Ha HYJIEBOU
BEC JJAET B PE3yJIbTATE HYJIb, YTO O3HAUACT (DAKTUIECKUHN Pa3phIB CBS3H.

Bb1600b1 no gmopomy nynkmy:

* buonoruveckuii MO3r JEMOHCTPUPYET BBIMOJHEHUE TAKUX CJIOKHBIX
3a/1a4, KaK yIpaBJICHHUE IOJICTOM, MMOUCK THIINH, W3yYCHHUE S3bIKA WIIM M30eTaHue
BCTPEY C XUIITHUKAMH, HECMOTPS HA MEHBIITNH 00BEM IMaMSITH U MEHBIITYIO CKOPOCTh
00paboTku nHGOPMAIUU 110 CPABHEHHUIO C COBPEMEHHBIMU KOMITBIOTEPAMHU.

« Kpome TOro, OHONOTrMYECKUH MO3T HEBEPOSITHO YCTOMYHMB K
MOBPEXKJIEHUSM U HECOBEPILIEHCTBY 00padaThIBA€MbIX CUTHAJIOB 10 CPaBHEHUIO C
TPaJAUIIMOHHBIMU KOMITBIOTEPHBIMU CUCTEMAMHU.

* buonormuecknii MO3r, COCTOSIIIMM W3 B3aUMOCBSI3aHHBIX HEUPOHOB,
SBJISIETCSI ICTOYHUKOM BJIOXHOBEHHUS JJI Pa3pabOTINKOB CUCTEM MCKYCCTBEHHOTO
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HHTCJIJICKTA.

3.PacnipocTpaHeHue CUTHAJIOB 10 HEHPOHHOM CETH.

IIpuBeneHHas BbIIIE KapTUHKA C TPEMS CIIOSIMU HEUPOHOB, KaXKIbIA U3 KOTOPBIX
CBA3aH C KaXIbIM W3 HEHPOHOB B MPEABIAYIIEM U CIEAYIOLIEM CIIOSIX, BBITJISIUT
JIOBOJIBHO NPOCTO M MOHATHO. OJHAKO paccyuTaTh PacIpOCTPAHEHHE BXOIHBIX
CUTHAJIOB 110 BCEM CJIOSIM, IIOKA OHU HE IIPEBPATATCS B BBIXOJIHBIC CUTHAJIBI, HE OYCHb
IpocTas 3ajaava.

Kak paGoTaeT 3TOT MeXxaHU3M, YTO MTPOUCXOJAUT B HEUPOHHOU CETH Ha caMoM jene?
[TonbiTaemcst mponenarb HEOOXOAHWMBbIE BBIYMCIEHUS Ha MpUMEpPEe MEHbLICH
HEHPOHHOM CETH, COCTOAILIEH M3 JBYX CJIOEB, KaXAbI U3 KOTOPBIX BKIKOYAET MO 2
HEWPOHA, KaK ITOKa3aHO HUXKE.

caoll 1 cAOU 2

Bxoobi ! Bobixodbl

R _"_./\ @ | -_-;;i@ o ’}

[Ipennosioxkum, 4TO CUTHAJIaM Ha BXOJE COOTBETCTBYIOT 3HaueHus 1,0 u 0,5.

1.0

’ @ | . J*@ -
f

Bxodbi "

B iy A - ,x@ e

Kak u panplie, kaxaplil y3ea IpeBpallacT CyMMY JABYX BXOJHBIX CUTHAJIOB BOJUH
BBIXOJHOM C MNOMOIPBI (QYHKIMM aKkTuBamuud. Mel Takke Oyaem
WCIIOJIB30BATh CUTMOULY , C KOTOPOM BBI JI0 3TOT0 MO3HAKOMMIIUCEH, TJ1€

1+e™X
X — 3TO CyMMa CUTHAJIOB, TOCTYNAOIINX B HEUPOH, a y — BBIXOJHOM CHUTHAJ 3TOTO
HEWpOHa.
A 4to HacueT BecoBbIX Kod(durmenToB? C Kakoro 3HaA4YCHUS CIAEAYeT HAYaTh?
JlaBaliTe HAYHEM CO CIIy4YalHbIX BECOB:

55



o W 1,1~ 0,9
o W 12 = 0,2
o W 2,1~ 0,3
o W 22 = 0,9

Bre16op ciyyaiiHBIX HadalbHBIX 3HAYEHWM — HE Takas YK Iioxas ujies, u
MMEHHO TaK MbI U MIOCTYTIAJN, KOTJa paHee BRIOMpau CiIy4aiiHOe HavyajabHOe
3HAYCHUE HaKJIOHa MpsAMOM Uil MPOCTOr0 JMHEHHOro Kiaccupukaropa.
Ciny4ailHO€  3HAYEHHE YIY4YlIAJIOCh C KAXKIBIM OYEPEIHBIM TPEHUPOBOYHBIM
IPUMEPOM, UCIIOJIb3YEMBIM JUIsl 00ydeHHUsl kinaccudukaropa. To ke camoe JOJIKHO
OBITh CITPaBEUIMBBIM U ISl BECOBBIX KOA((PHUIIMEHTOB CBs3€l B HEUPOHHBIX CETAX. B
JAHHOM cllydae, KOrJa CeTh HeOOoJblIas, Mbl UMEEM BCEro YEThIPE BECOBBIX
K03 (HUIIMEHTA, TOCKOIBKY TAKOBO KOJIMYECTBO BCEX BOBMOMXHBIX CBSI3EH MEXKIY
y3JaMy NPU YCIOBUU, YTO KaXKIbIM CIIOM COIAEPKHT IO JBa y3na. Huxe
puUBEACHA auarpaMMa, Ha  KOTOPOM  BCE  CBSI3U  IPOMAapKHUpPOBAHBI
COOTBETCTBYIOIIUM 00OpPa30M.

w, . =0,9

1.0 —— 1 i > 1 sy
W, J.:O,Z
4
wz.L:D’B
0,5 — 3 2 o 2 M.~
w, ,=0,8

[IpucTynuM K BBIYACIICHUSM.

[lepBbIil clIOM y3J10B — BXOJIHOW, U €r0 €IWHCTBEHHOE HA3HAYEHUE — MPEACTABIISITh
BXOJHBIC CUTHaJIBL. TakuM 00pa3oM, BO BXOJHBIX y3iaX (PYHKIMS aKTUBAIIMU K
BXOJIHBIM CHUTHaJaM HE MPUMEHSAETCA. Mbl HE BBIJIBUIa€M B OTHOIICHUU 3TOTO
HUKAKUX Pa3yMHBIX JOBOJIOB M MPOCTO MPUHUMAEM KaK JAHHOCTh, YTO MEPBBIA CIOM
HEHUPOHHBIX CETEN SBJISIETCA BCErO JIMIIb BXOJHBIM CIIOEM, MPEICTABISIOLIAM
BXOJIHBIE CUTHAJIBI.

C nepBbIM CIIOEM BCE IPOCTO — HUKAKUX BHIYUCIICHUMN.

Manee Mbl JODKHBI 3aHATHCS BTOPBIM CJIOEM, B KOTOPOM IOTpeOyercs

BBIITOJIHUTD HCKOTOPBIC BBIYMCJICHHA. B CUTMONJIC X —

1+e™X
KOMOMHUPOBaHHBIA CUTHANI Ha BXxone y3ia. /laHHas koMmOuHauusg oOpasyercd u3
HEOOpaOOTaHHBIX BBIXOAHBIX CHUTHAJIOB CBSI3aHHBIX Y3JI0B MPEIBIIYIIEro Cios,
CTJIQ)KEHHBIX BECOBBIMU KO3 durmenTamMu cBsizeid. [IpuBeneHHas Huxe quarpamma
aHaJIOTUYHA TEM, C KOTOPBIMHU BBl YK€ CTaJIKMBAJINCh, HO TENEph Ha HEM yKa3aHO
CrJaXUBAaHME TOCTYMAKOLIUMX CHUTHAJIOB 3a CYET MPUMEHEHHUS  BECOBBIX
K02 (P UIIMEHTOR CBS3EH.
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cymma cuzmoudarcHas
8xodo8 pymHryus

axmubauiu

X =

Bxod Bec
wl
- alwl * b'wi * C-W‘ H(x)

b—wb%

Jns Hayana cocpenoToyuM BHUMaHue Ha y3ie 1 cios 2. C HUM cBsi3aHbl 00a y3ia
MIEPBOr0, BXOJIHOIO cyos. MIcXoHbIEe 3HaUEHNs Ha 3TUX BXOIHBIX y3i1ax paBHbl 1,0 u
0,5. Cps13u niepBOTO y37a Ha3HaueH BecoBoi koadduiment 0,9, csizu Broporo — 0,3.
IToaTOMy Crila)xeHHbIM BXOJHOW CHUT'HAJl BBIYHUCIIETCS C MOMOLIBIO CIEAYIOLIETO

BBIPAXKCHUS:
X = (Baxon nepsoro ysna* sec ceaAsu) +

+ (BEIXOn BTOpOrc y3fa * BeCc CBA3M)
x=(1,0*0,9) + (0,5*0,3)
x=0,9+0,15
x=1,05

be3 crimakuBaHus CUTHAIOB MBI IPOCTO MONy4nau Obl ux cymmy 1,0 + 0,5, HO MBI
ATOr0 HEe XOoTUM. MIMEHHO ¢ BecOoBbIMU KO3 duImeHTamMu OyAeT CBsSI3aH MPOIECcC
oOy4eHHsI HEHPOHHOM CETH 110 Mepe TOT0, KAK OHU OYTyT UTEPATUBHO YTOUHATHCS [
MIOJIyYEHHSI BCE JIYUILIEro U JIy4IIErO Pe3ybTara.
Wrak, Mbl yxe umeeMm 3HadeHue X=1,05 118 KOMOMHMPOBAHHOTO CIJIQ)KEHHOTO
BXOZHOI'O CHUIHaja IEPBOIO y3Jla BTOPOTO CJIOS M TENEPh PACIOJAaraeM BCEMU
HEOOXOIMMBIMU JAHHBIMH, YTOOBI paCCUUTATh JJISl 3TOTO y3I1a
BBIXOJTHOM CHTHAJ C MOMOIIbIO (DYHKIIMHA aKTUBALUU

1

1+e™%

[TonpoOyiiTe cCOpaBUTBCA C ATUM CAMOCTOSITENBHO, MCHOJB3Yysd KalbKyJsTop. Bor
npaBwibHbIA 0TBET: Y = 1 / (1 +0,3499) =1/ 1,3499. Takum o6pazom, y=0,7408.
Mps1 paccunTanu (pakTUYECKH BBIXOJHOM CHUTHAN JUIsl OJHOTO U3 JABYX BBIXOAHBIX
y3JI0B CETH.

[ToBTOpUM T€ K€ BBIUMUCICHHMS JJISI OCTABUIETOCS y3/1a — y3ja 2 BTOPOro Cios, T.€.
BHOBb BBIYMCIIMM CIVIKCHHBIM BXOJHOM CHUTHAI C IIOMOLIBI CJIEAYIOLIErO

BBIPAXKCHHUA:

X = (BEXCOO HOepBOro ys3Jja * Bec CBAsSH) +
+ (BEXOO BTOpPOI'Cc y35na™* BeC CBA3H)
x=(1,0*0,2)+ (0,5*0,8)
*x=0,2+0,4
x=0,6
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Pacrionaras 3HaueHreM X, MOYKHO PAacCUMTATh BBIXOJHON CHUTHAI y3Jia C ITOMOIIBIO
dbyukiuu aktuBauuu: y=1/ (1 + 0,5488) =1/ 1,5488. Takum obpazom, y=0,6457.
Paccuntannbie HaMU BBIXOHBIC CUTHAJIBI CETH MPEJICTABICHBI HA MPUBEICHHON HIKE
JTuarpaMme.

. - 1 @ .:O’q,; 1 ——> 00,7408
W, ,=0,2" |
w,,=0,3 /
T —— 2 18 >t 2 ey 0,648
w,_ . =0,8

Taxkum oOGpa3zoM, 4TOOBI MOJYYUTh BCErO JUIIb JBA BBIXOJHBIX CUTHAJA sl BeChMa
MIPOCTOM HEWPOHHOM CETH, HaM IPUUUIOCH XOpouo NnoTpyautbes. K cuacteio, mms
BBIYMCJIEHU KPYIIHBIX CETEN W€aJIbHO MOAXOIAT KOMIBIOTEPBI.

MatemaTuku pa3paboTaii Ype3BbIYAMHO KOMITAKTHBIM CIIOCOO 3amucu orepanui
TOr'0 THUIIA, KOTOPBIEC NMPUXOJINUTCS BBIMIOJIHATE JUIsl BBIYACICHUS BBIXOJHOIO CUTHAJIA
HEUPOHHON CEeTH, Ja)Ke €CIM OHAa COJIEPKUT MHOMKECTBO CIOEB U Y3J0B. JTa
KOMIAKTHOCTh OJIArONpPHUsITHA HE TOJIBKO JUJISl JIIOJICHM, KOTOPbIE BBINHCHIBAIOT WM
YUTAIOT COOTBETCTBYIONME (OPMYNbl, HO ¥ IS KOMIIBIOTEPOB, TOCKOJBKY
MPOrpaMMHbBIE MHCTPYKIIMH MOTY4YarOTCs 00J1ee KOPOTKUMHU U BBITIOJIHSIFOTCSI HAMHOTO
obIcTpee.

B »TOM KOMIAKTHOM TMOAXOAE MPEIAINOIaraeTcsi HWCHOJIb30BaHUE MAaTpHll, K
PACCMOTPEHHUIO KOTOPHIX MbI IPUCTYNHUM B CIIEayIOlIEH padoTe.

IIpakTuyeckue 3agaHus
1. Co3nanue kinacca HEHPOHHOM CEeTH
2. Uaunuanusanus cetu
3. BecoBbie k03 PUIMEHTH — OCHOBHAS YaCTh CETH
4. Vy4nieHHbIH BapUaHT MHUITMATU3AIUH BECOBBIX KO3(PPUIIMECHTOB

IIpoekT HeiiponHoii ceru Ha Pvthon, Yacre 1.

1. Co3ganue K1acca HePOHHOM CeTH.

Kiacc HEUPOHHOW CETH JIOJDKEH COAEpXkaThb, IO KpaWHE Mepe, TpHU

(GyHKLIHH:
* UHUYUaIU3AYUs — 3aJaHUE KOJIMYECTBA BXOJHBIX, CKPBITBIX M BBIXOJHBIX

y3JI0B;
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* mpeHuposKka — YTOUYHEHUE BECOBBIX KOAI(PPUIMEHTOB B TIpoliecce
00pabOTKH MPETOCTABICHHBIX JIJIsI 00YUEHUS! CETH TPEHUPOBOYHBIX MPUMEPOB;
* 0Onpoc — MOJyYeHUE 3HAYEHUW CUTHAJIOB C BBIXOJHBIX Y3JI0OB IOCIE
MPEAOCTABICHUS 3HAYEHNUW BXOISAIIUX CUTHAJIOB.
HavanpHbIi KOJT MOXKET UMETh IPUMEPHO CIICTYIOMIANA BUJL.

# onpedenexue Knacca HelpoHHOd cemu
class neuralletwork:
# unuyuanuzupoBams HelpoHHyw cems
def __init_ ():
pass
# mpeHupoBra HelipoHHold cemu
def train():
pass
# onpoc HellponHoll cemu
def query():
pass

2. MHnnmanu3anms ceru.
Haunem ¢ wnunumanuzanuu. HeoOxomaumo 3amaTh KOJMYECTBO Y3JIOB BXOJHOTO,

CKPBITOTO U BBIXOJIHOTO CJOE€B. DTHU JIaHHBIE ONPEAEIAIOT KOHPUTYPaLMIO U pa3Mep
HEHPOHHOU ceTu. BMecTo TOro 4To0BI )KECTKO 3a71aBaTh X B KOJIE, MbI IPETIYCMOTPUM
YCTAaHOBKY COOTBETCTBYIOIIMX 3HAUEHWIl B BHUJAE NAapaMETPOB BO BPEMS CO3/IaHHUS
o0beKkTa HelpoHHOU cetu. brnaromaps sTtomy mMoxHO Oyzaer Oe3 Tpyna co3aaBaTh
HOBBIE HEMPOHHBIE CETU PA3JIUYHOrO pa3Mepa.

B ocHoBe Hamiero pemeHusl JIKUT OJHO BaXXHOE COOOpakeHHe. XOpolue
POrPAMMHUCTBI MPU KAXKAOM YJIOOHOM CIIydae CTaparoTCs MUCATh 0000w eH bl KOO,
HE 3aBUCALIMN OT KOHKPETHBIX YMCIOBBIX 3HAYEHUH. DTO XOpollas MNpUBBIYKA,
MOCKOJIbKY OHa BBIHYXJAaeT Hac Oosiee TIIyOOKO NPOAYyMbIBaTh pEILICHUS,
pacIIMpAIOIIKE TPUMEHUMOCTD ITporpammel. Ciieyst €, Mbl CMOKEM HCIIOIb30BaTh
HalIU IPOrpaMMBbl B CaMbIX Pa3HbIX CLEHApHsIX. B 1aHHOM ciyuyae 3T0 03Ha4aer, 4yTo
Mbl OyZieM IbITaThCs pa3zpadaThiBaTh KOJ JJII HEHPOHHOM CETH, MOAJEPKUBAIOIINN
KaK MOXXHO OOJIbllI€ OTKPBITBIX ONUUN M HCHOJB3YIOIIUN Kak MOXHO MEHbIIE
NOPEINONOKEHNH, YTOObI €ro MOXKHO OBUIO JIETKO NPUMEHSATh B Pa3iIMYHBIX
cutyausx. Mbl XOTHUM, 4TOOBI OJTUH U TOT € KJIAaCC MOT CO3/1aBaTh Kak HEOObIINE
HEHPOHHBIE CETH, TAK U OYEHB OOJIbIINE, TPEOYS JUIIb 3aJaHUs KEJIaeMbIX pa3MEPOB
CETH B KaYECTBE NTapaMETPOB.

Kpome Toro, Ham Henb3sd 3a0biBaTh 0 KO3(ppuuueHTe oO0ydeHus. ITOT HapameTp
TaK)K€ MO>KHO yCTaHABJIMBATh MPU CO3JaHUU HOBOW HeHpoHHOM ceTu. [locmoTpure,
KaK MOXET BBIIJIAAETh (PYHKIUS MHULMAIM3auu_init_ () B MoA0OHOM ciyyae u
n00aBbTE HYKHBIH KOJI.
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# onpedenexue knacca HelipoHHod cemu
class neuralbetwork:

# uHuyuanusupoBams HeldpoHHYH cems

def __init_ (self, inputnodes, hiddennodes, outputnodes, learningrate)
# 3adame konuyecmBo y3n08 Bo BxodHoM, ckpuimoM u BaxodHoM cnoe
self.inodes = inputnodes
self.hnodes = hiddennodes
self.onodes = outputnodes

# Ko3gduuuenm obyyenua
self.lr = learningrate
pass
# mpeHupoBka HelipoHxod cemu
def train():
pass
# onpoc HeliponHol cemu
def query():
pass

JloGaBHUM 3TOT KOJI B Hallle ONpe/IeIeHUE Kilacca HEHPOHHOM CETH U CO3AaIUM OOBEKT
HEOOJBIION CeTH C TpeMs y3JlaMU B KaXJOM ciioe M KO3 UIIMEHTOM 00yyeHwus,
paBHbIM 0,3.

# onpedenerue knacca reliponHod cemu
class neuralNetwork:

# uHuyuanuzupoBams HeldpoHHyw Cemb

def init_ (self, inputnodes, hiddennodes, outputnodes, learningrate):
# zadame konuyecmBo y3noB Bo BxodHom, ckpomom u BeixodHom cnoe
self.inodes = inputnodes
self.hnodes = hiddennodes
self.onodes = outputnodes

# ko3guyuenm obyqenus
self.1lr = learningrate
pass
# mpenupoBka wnelpoxHod cemu
def train():
pass
# onpoc HelipowHoil cemu
def query():
pass

input_nodes = 3
hidden_nodes = 3
output_nodes = 3

# kospduyuenm obyyeHus paBen 8,3
learning_rate = 0.3

# cozdame 3k3emnaAp Helpoxol cemu
n = neuralNetwork(input_nodes,hidden_nodes,output_nodes,learning_rate)

JlaHHBIN KOJT TTO3BOJISIET MOJYYUTh OOBEKT CETH, HO TaKOW OOBEKT MOKa 4TO HE OyAeT
OCOOEHHO TMOJIE3HBIM, TTIOTOMY YTO HE COACPKUT HU OJHOW (PYHKIIMH, CIIOCOOHOM
BBITIOJTHSATD TTOJIC3HYIO PadoTy.

DT0 HOpMaJbHas MPAKTHKA — HAYMHATH C MAJIOTO M IIOCTCIICHHO HapalluBaTh KO,
MOy THO HAXOJIs U YCTPaHsS OITHOKH.

Yro mampme? Mbl cooOnmmm 0O0BEKTY HEHUPOHHOW CETH, CKOJBKO Y3JIOB Pa3HBIX
TUIIOB HaM HEOOXOJIUMO HUMETh, HO JUIsl (haKTUYECKOrO CO3JaHHUs Y3JIOB IOKa YTO
HUYEro HE CJIeJallu.

3. BecoBble KOO MHIMEHTELL — OCHOBHAS YACTh CETH.
Hamum cnenyromuyM marom OyAeT CO3AaHHE CETH, COCTOSIIIEH M3 y3JI0B U CBS3EH.
Haubosnee BaxHas 4acTh 3TOM CETH — BecOBbIe KO3 GuHeHTHI cBs3ell (Beca). OHu
WCIIONB3YIOTCS JUIsl pacueTa pacHpOCTPAHEHUSI CUTHAJIOB B MPSIMOM

60



HaIpaBJICHUH, a TaKKe 00paTHOTO pacHpOCTPaHEHHs OLIMOOK, U UMEHHO BECOBbIC
KOA((PUIMEHTHI yTOUHSIOTCS B TIOTIBITKE YIIYUIINTh XapaKTEPUCTUKH CETH.
Yno06Ha KOMIaKTHas 3alKch BECOB B BuAe MaTpuil. CiemnoBaTelbHO, MBI MOXKEM
CO3/1aTh CJIEAYIOIINE MATPUIIBI:

* MaTpUIly BECOB JIJISI CBA3€U MEXKy BXOJHBIM U CKPBITHIM CJIOSMH,
W sxommoii_cxporruii, Pa3MEpHOCTHIO hidden_nodes x input_nodes;

* IPYTYIO0 MATPUILY JJI CBA3EU MEXKY CKPBITHIM M BBIXOJHBIM CJIOSIMH,
W ckpormii_swixomnoii, PA3MEPHOCTHIO output _nodes x hidden_nodes.
Ilpu Heobxooumocmu eepuumecv Kk meopemudecKum Mamepuaiam iadopamopHulx
pabom, 4ToObI MOHATH, IOYEMY IIepBasi MaTpHIla UMeeT pasMepHocTh hidden_nodes x
input_nodes, a He input_nodes x hidden_nodes.
BcnomMHuM, 4TO HavalibHbIE 3HAYEHUSI BECOBBIX KOI(P(UIIMEHTOB OKHBI OBITH
HEOONBUIMMU U BbIOUpATHCS cllydaiiHbIM oOpa3om. Crenyronias pyHKIMS U3 MaKeTa
numpy TEHEPUpPYET MACCHUB CIIyYallHbIX 4ucen B auanazone or 0 mo 1, rme
Pa3MEpHOCTh MAacCUBA paBHA rows X columns:
numpy.random.rand(rows, columns)
Bce xopomme nporpaMMHUCThI UIyT B IHTEpHETE OHIAMHOBYIO TOKYMEHTAIUIO T10
¢byukiusaM Python u HaxoasT none3nsie GyHKIuU. [Ipu KenaHUU BBITOJHUTE TAaKOU
nouck g pynkuuu numpy.random,rand (), €ciam XOTUTE y3HATH O HEM OOJIbIIIE.
Ecau MBI cobupaemcsi MCHOJIb30BaTh PACHIMPEHHUs MaKeTa numpy, Mbl JTOJDKHBI
UMIIOPTUPOBATh ATy OuOIMOTEKY B camMoM Hauvane kozga. Ilpexnae Bcero
YIAOCTOBEPUMCS, YTO HY)XHas HaMm (QyHKuMs pabotaeT. B mnpuBeaeHHOM HIDKE
MpUMEPE UCIHOJb3yeTCs Marpula pasMmepHocThio 3x3. Kak BuauTe, MaTpuia
3al0JIHUJIACH CIyYalHBIMU 3HAYCHUSIMU B Juana3zone oT 0 1o 1.

import numpy

numpy.. random. rand(2,3)
array([[@.06843680, 8.17248660, ©.94086505],
[@.29189845, ©.73728517, ©.24248484],
[@.68053887, 8.85742121, @.43125263]])
JlaHHBIM MOIXO0J MOXKHO YJIYYIIUTh, MOCKOJIBKY BECOBbIE KOA(MOUIIMEHTHI MOTYT
UMETh HE TOJBKO IMOJIOKUTEIbHBIC, HO U OTPULATEIbHBIE 3HAUCHHSI U U3MEHSTHCS B
npegenax ot -1,0 mo +1,0. Jna mpoctorsl Mbl BbiuTeM 0,5 M3 3TUX TPaHUYHBIX
3HAUYEeHUH, mepeist K auarna3zony 3HadeHuil ot -0,5 mo +0,5. Huxke npenctaBieHbl
pEe3yAbTaThl IPUMEHEHUS 3TOTO MOJX0/1a, KOTOPBIE IEMOHCTPUPYIOT, YTO HEKOTOPHIE
BECOBbIE KOO (MUIIMECHTHI TENIEPh UMEIOT OTPUIIATEIHHBIC 3HAUCHHSI.
numpy.random.rand(3,3) -0.5
array([[ ©.21218893, -8.28506655, ©.20219302],

[-08.38341736, @.31864623, -0.3306@899],
[-0.80113976, -8.01818176, ©.39380294]])

MpbI TOTOBBI CO3/1aTh MaTPHITy HAaYaJIBHBIX BECOB B HaIleH nmporpamme Ha Python. Otu
BECOBBIC KOA(D(PHUIIMEHTHI COCTABISIOT HEOTHEMIIEMYIO YaCTh HEHPOHHOW CeTH W
CIly’)KaT €€ XapaKTEepUCTUKaMH Ha TPOTSHKCHHH BCEU €€ JKU3HH, a HE BPEMCHHBIM
HA0OpOM JaHHBIX, KOTOPBIC HCUE3AIOT Cpa3y >Ke IOCJe TOro, Kak (QyHKIUA
oTpaboTana. ITO 03HAYaET, YTO OHU JOJHKHBI OBITH YaCThIO Ipoliecca
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WHUIMATN3AIUA U OBITh JOCTYIHBIMH JUISl IPYTHMX METOJIOB, TAKMX KaK (PYHKIIMH
TPEHUPOBKH U OIIPOCA CETH.

Hwxke npuBeneH KoJ, BKIIOYas KOMMEHTapUH, KOTOPBIA CO3MAeT JBE MAaTPHIIBI
BECOBBIX KO(PUIIMEHTOB, UCHONB3yd 3HaueHHs mnepeMmeHHblx self.inodes,
self. hnodes u self.onodes /15t 3a1aHKsT COOTBETCTBYIONIUX PA3MEPOB KAXKIOM U3 HUX.

y Bx0dHBM U CKpbmsM

1 U y3nom ] cnedyiwezo cAoA

self.wih = (numpy.random.rand(self.hnodes, self.inodes) - @.5)
self.who = (numpy.random.rand(self.onodes, self.hnodes) - @.5)

4. YJI!HIHQHHLIﬁ BADUAHT MHUIHUAJINIAINN BECOBLIX KO3!hg!I/IEI/IeHTOB.

OmnucaHHOE B 3TOM paszelie 00Ho8IeHUe KOOa HE SIBISIETCA 0053aTeIbHBIM, TIOCKOJIBKY
3TO BCEro JHIb MPOCTOE, HO TMOMYJSPHOE YCOBEPIICHCTBOBAHHE MpoOIlecca
WHUIIAATTN3aIHA BECOBBIX KOI(P(HUIIUCHTOB.

B Tteopernuecknx Marepuanax 1ad0paTopHBIX pabOT Mbl pacCMaTPUBATHU PA3INIHBIC
CHoCcOOBbl MOArOTOBKM JAHHBIX M WHULMAIM3aUUd KO3(PPuUUEeHTOB. MOKHO
NPUMEHUTh U JIPYTOi, HECKOJHKO YCOBEPIICHCTBOBAHHBIA TMOIXOJ K CO3JAHUIO
Cly4ailHbIX HauyalbHbIX 3HAuYeHHUU BecoB. i1 3TOro BecoBble KOA(DOUIIMEHTHI
BBIOMPAIOTCS U3 HOPMAJIBHOTO paclpeesieHus ¢ LIEHTPOM B HYJIE M CO CTaHAAPTHBIM
OTKJIOHEHHEM, BEJIMYMHA KOTOPOI0 0OOPAaTHO NMPONOPLHUOHAIbHA KOPHIO KBAJPAaTHOMY
U3 KOJIMYECTBA BXOAIINX CBSI3EH Ha y3ell.

OTo Jerko Jenaerca C TMOMOIIbI0 Oubnuoreku numpy. DOyHKUMS numpy.
random.normal () omucaHa IO TakoMy ajapecy: https://docs.scipy.org/doc/numpy-
1.10.1/reference/generated/numpy.random.normal.html. Ona mnoMoxeTr HaM ¢
U3BJICYCHHEM BBIOOPKH U3 HOPMAIBHOTO pacipeneienus. Ee mapamerpamu sBIstoTCA
HEHTP pachpeleieHns, CTaHIapTHOE OTKJIOHEHHE M pa3Mep MacchBa numpy, €ciiu
HaM Hy»XHa MaTpHIla CIy4yaiHBIX YMCeN, a He OAMHOYHOE YHCIIO.

OOHOBIIEHHBIN KOJ1 MHULIMAJIU3alUHA BECOBBIX KOA(DPUIIMEHTOB OyAET BHITIIAIETh TaK.
Lentp HOpManbHOTO pacnpenesienuss ycraHoBieH 3aeck B 0,0. CranmaptHoe

self.wih = numpy.random.normal{@.8, pow(self.hnodes, -8.5), (self.hnodes, self.inodes))
self.who = numpy.random.normal(@.8, pow(self.onodes, -8.5), (self.onodes, self.hnodes))

OTKJIOHEHUE BBIYMCIIAECTCA MO KOJHWYECTBY Y3JIOB B CJIEAYIOIIEM CJIO€ C MOMOLIBIO
¢byukiuu pow(self.hnodes, - 0.5), koTopas MPocTO BO3BOJUT KOJIUYECTBO Y3JO0B B
crenenb -0,5 . [Tocnenuuii mapameTp ornpeaenseT KOHPUrypaluo MaccuBa numpy.

KoHTpoJsbHbIe BONIPOCHI
1. JIns kakux 3a/1a4 MPUMEHHUM IIPOCTOM JTMHEHHBIN Kiaccudukarop?
2. Kakum oO0pazom mpousBecTH Kilaccu(UKaAIUIO, €Clu JIUHEHHBIN
KJaccu(uKaTop HE MPUMEHHUM K 3aja4e?
3. [Ipu xkakux 3HaUYE€HUSIX apryMeHToB ¢yHkuus M npuHuMaer 3Hauenue 17?
4. Ilpu xakux 3Ha4YeHUsAX apryMeHToB QpyHkuus NJIN sBisieTcss HCTUHHOM.
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5. ITlpu Kakux 3Ha4YEHUSAX apryMeHToB QYyHKUUA uckmouarouee HUJIA
MPUHUMAET 3HaueHue 17?7

6. OnuiuTe CTpOCHHE HEMPOHA.
7. Uto mpencTaBisieT coO0r QyHKIUS aKTUBAIIUU?

8. Kakas ¢yHkums wyaiie BCEro HCHOJb3YeTCd B KadyecTBe (PYHKIUHU
aKTHUBAIIMHU B UICKYCCTBEHHBIX HEUPOHHBIX ceTsax? 1o kakuM nmpuurHam?
9. Uto Takoe BecOBble KO3IPPUIUEHTHI CETH?

10. Kakum o0Opa3oM MPOUCXOAMUT pACHPOCTPaHEHUE CHUTHajga 10
UCKYCCTBEHHOW HEUPOHHOU ceTH?

11. Kakue pyHKIMHA MOXKET colepkKaTh Kiacc HEMPOHHON CEeTH, CO3JaHHBIN
Ha si3b1ke Python?
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JlaGoparopHasi padora 5
Penienne cJI0KHBIX 32/1a4 KJIACCUPUKAIUN € IOMOIIBIO HCKYCCTBEHHBIX
HellpOHHBIX ceTeil. MeTo 00paTHOr0 PacpoOCTPaHeHUs
Leab: paccMoTpeTh METOJ OOPATHOTO PACHpPOCTPAHEHUS OMIMOKU TPH pa3pabOTKe
IIPOEKTAa HEUPOHHOM CETH.

3aganme:

1. 3y4nTh TeOpeTHIECKOE BBEICHHE.

2. OTBeTHTh Ha KOHTPOJIBHBIE BOIPOCHI, TIPUBEICHHBIE B KOHIIC
n1abopaTopHOI pabOTHI.

3. DBbImonmHUTh NOpakTUYECKUE 3alaHUsl C  HCIOJIb30BAHUEM  SI3bIKA
nporpammupoBanus Python.

4. CocTaBUTh OTYET MO JabopaTopHOl padote. Tpebosanus k omuemy:

OT4eT mpeaocTaBiAeTCs B JIEKTPOHHOM BHUJE B TEKCTOBOM penakrope MS Word. B
OTUYETE YKa3bIBAKOTCA:

1) ®amunus cryaeHTa.

2) IlopsankoBbIil HOMEDP U Ha3BaHUE J1a00OPATOPHOUN pabOTHI.

3) Llenb paboThI.

4) OTBeTHI Ha KOHTPOJIbHBIE BOMPOCHI.

5) Omnucanue penIeHus BBHITIOTHEHHBIX 3a1aHUN 1a00paTOpHOM paboTHI,
cojiepKkallee: a) popmyauposKy 3a0anust, 8) CKPUHULOM BLINOJIHEHHO20 3A0AHUS,
cooeparcauuti pamuiuio cmyoeHma.

3amuTa J1a00opaTOpHONW pabOTHl OCYIIECTBISIETCS MO OTUYCTYy, MPEACTABICHHOMY
CTYZCHTOM U C JEMOHCTpAaIMel 3aJaHusl Ha KOMITbIOTEpeE.

TeopeTnveckoe BBeIeHUE
1. YMHOXEeHUE MaTpuIl
2. Ilpumep UCTIOJIB30BAHKSI MATPUYHOTO YMHOKEHUS B CETH C TPEMSI CIOSIMU
3. KoppektupoBka BeCOBBIX KOd(h(HUIMEHTOB B Tporecce OO0ydeHUs
HEUPOHHOU CeTH
4. OOpaTHOE pacIpoCTpaHESHHUE OIMTUOOK ITPH OOJIBIIOM KOJMYECTBE CIIOCB
5. Onmcanre 0OpaTHOTO PaCIPOCTPAHEHUS OMHUOOK C TTOMOIIBI0 MATPUIHOM
anreopbl

1. YMHOKeHre MATPHULX

B mpenpiaymein pabote sl MEPEMHOXKEHUS MaTpPULl BPYYHYIO Mbl BBITOJHHIN
BBIYHCIICHUS ISl ABYXCIIOMHOW CETH, COJIEPKAIIEN BCErO JUIIb MO 2 y37a B KaXJI0M
cioe. OJIHaKO J1ake€ B 3TOM Ciydae 00beM pabOThl OKa3aycs JOBOJBHO OOJIBIINUM, a
YTO TOTJA MOYKHO CKa3aTh, HAI[pUMEp, O CETH, cocTosler n3 msatu cinoes no 100
y3710B? YKe cama 1o ce0e 3a1uch BCeX He0OXOAMMBIX BhIPAXKEHUH Obli1a Obl CII0KHOU
3anayeit. CocrapiieHre KOMOMHAIIMI CUTHAJIOB, YMHOXXEHHUE HA TIOJIXOIAIIUE BECOBBIC
KO3 PUIIHEHTHI, TPUMEHEHUE CUTMOUIBI JIJISl KaXKI0TO0 Y3I1a...

Tax yem >xe HaM MOTYT MOMOYb MaTpullbl? OHK OyAyT HaM MOJIE3HBI B IBYX CITydasiX.
Bo-nepevix, onn obecrnieunBarOT CKATYIO 3allMCh OINEpali, mpujaaBas
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UM 4Ype3BbIYAITHO KOMMAKTHYIO (opMmy. DTO OONBIIONW TUIKOC JJI HAC, MOCKOJIBKY
Takasi paboTa yToMUTeIbHA, TpeOyeT KOHIIEHTPAllU BHUMAaHUA U YpeBaTa OlrOKamu.
Bo-emopuvix, B OOJBIIMHCTBE KOMIIBIOTEPHBIX S3BIKOB IPOTrPaMMHPOBAHUS
peaycMOTpeHa paboTa ¢ MaTpUIlAMH, a MOCKOJIbKY MHOTHE OIEepaiuy IpU 3TOM
MOBTOPSAIOTCS, KOMIIBIOTEPHI PACIIO3HAIOT 3TO U BBIMOIHSIIOT UX OYEHb OBICTPO.
Pesromupysi, MOXKHO CKa3aTb, YTO Mampuybl NO380AAI0M GOpMYyIUPO8ams 3a0avu 8
bonee npocmou u KOMHAKMHOU Gopme u obecneyusarom ux 6onee Ovicmpoe u
aghghexmusroe gvinonneHue.

Martpuna — 370 Bcero Jumb Tabauua, MNPsSAMOYrojibHas ceTka, 0Opa3oBaHHAas
gyuciamu. Bot u Bce. Bee, 4To cBsi3aHO ¢ MaTpUIlaMU, HUYYTh HE CJI0KHEE ITOTO.
Ecnu BbI yXe MOJIb30BAIKMCH AJNIEKTPOHHBIMU TaOJIUI[AMU, TO HUKAKUX CJIOKHOCTEH
npu paboTe C YUCIIaMU, PACIOJIaralolMMUCA B STYEHKaX CETKH, Y BAC BOBHUKHYTH HE
nomxHOo. Hiske mokaszan npumep pabodero smcta Excel ¢ uncioBoii Tabnuiei.

Bypep obuena Lipsedr * Bupagprnpase ; HWCno

N17 v I

i2
74
11
75

L7 [ - T N
M0 WU W
W o Mo

OT0 U ecTh MaTpulla — TabJIUIA WK CeTKa, 00pa30BaHHAs YMCIAMH, TOYHO TaK JKe, KaK
Y CIEAYIOLIUHI ITPUMEP MAaTPULIBI pa3MepOM 2X3.

it 43 22

43 12 54

[Tpu 0603HaUEHNN MATPUIl MPUHATO YKa3bIBaTh CHAYaJIa KOJIMYECTBO CTPOK, a 3aTEM
KOJIMYECTBO cTON010B. [lo3TOMY pazmMepHOCTh JaHHOUM MaTpUIlsl He 3X2, a 2x3.
KpoMe TOro, mHorma maTpullbl 3aKIIOYalOT B KBaJApaTHbIE CKOOKH, MHOTJAa — B
KpyIJIbIE, KaK 3TO CAEJIAJIA MBI.

Ha camom niene matpuiibl He 00513aT€IbHO JOJKHBI COCTOSTh U3 uncesl. OHU MOTYT
BKJIIOYATh BEJIIMYMHBI, KOTOPHIM MBI Jajld UMEHA, HO HE MPHUCBOWIM (DAKTUYECKUX
3HayeHuil. [loaToMy Ha creayrolend WUIIOCTpallMM TAaKKe IOKa3aHa MaTpuua ¢
AJIEMEHTaMH B BUJIE IEPEMEHHBIX, KaXK/1ast U3 KOTOPBIX UMEET ONPEACICHHBIN CMBICI
Y MOXET UMETh 3HAYEHHUE, MPOCTO MBI OKA HE YyKa3aJiM, YTO 3TO 3a 3HAUYCHMUSI.
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doA20MA KOPAOAS doAzoma camorema

wupoma Kopadas wupoma camorema

Yem nose3Hpl MaTpuibl, BaM CTAHET IOHATHO, KOTZAa MBI PaCCMOTPHUM, KakK OHH
YMHOXAIOTCS. BOT mpuMep yMHOXKEHUS OJHOM IPOCTON MATPHUIIBI HA IPYTYIO.

1 2 5 6 (2%5) + (2%7) (276) + (2"8)
3 4 7 g - (3*5) + (4*7) (3"6) + (4"8)
19 22
" 43 50

Ota omnepanus HE CBOAUTCA K MPOCTOMY IEPEMHOXKEHUIO COOTBETCTBYIOIIHUX
aeMeHTOB. JIeBBIN BepXHUI 3JIEMEHT HE paBeH 1*5, Kak 1 paBbIil HUKHUHN — HE 4*8.
BmecTo 3TOro Matpuilsl yMHOXKAKOTCSA MO IPYTUM MpaBuiiaM. Bo3mMoxkHO, BbI

U CaMH JOTaJaeTech, MO KAKMUM HMEHHO, €CJIM BHUMATEIbHO NPUCMOTPUTECH K
npuMmepy. Eciaum HET, TO B3IISHUTE HA MNPUBEICHHYIO HIKE WIUIIOCTPALUIO, TIe
ITOKA3aHO, KaK MOJIy4aeTCs OTBET JJIS JIEBOIO BEPXHETO AJIEMEHTA.

1 2 5 & (1*5) + (2*7) (1%6) + (2"8)
s 4 g = - (3%5) + (4°7)  (3%6) + (4°8)
19 22
) 43 50

Br1 BUaMTE, YTO BEPXHUH JIEBBIM 3JIEMEHT BBIUMCIISECTCS C UCIIOJIBb30BAHUEM BEPXHEU
CTPOKH MEPBON MATPHIIBI U JIEBOTO CTOJOIA BTOPOA.

MpeicieHHO mepebupas 00€ TOCIeOBAaTEIPHOCTH 3JIEMEHTOB, MEPEMHOXKBTE WX
MOTIAPHO U CJIOXKHUTE TOJIYYCHHBIC PE3yIbTaThl. TakuM 00pa3oM, 4TOOBI BHIYUCIIUTH
JIEBBIM BEPXHUU JIEMEHT PE3YJIbTUPYIOIIEH MATPHUIIbI, Mbl HAUMHAEM MEPEMEIIATHCSA
BJIOJIb BEPXHEW CTPOKM MEPBOM MaTpUlbl, IJ€ HAXOAUM YHCIO |, a HauuHas
nepeMeIleHre BHU3 10 JICBOMY CTOJIOIy BTOPOIl MAaTpHIlbl, HAXOAUM 4YuCIO 5. MbI
[IEPEMHOXKAEM UX U 3allOMUHAEM DPE3yJIbTaT, KOTOPbIM paBeH 5. MelI npoaoinkaeM
NepeMeNIaThCs BIOJb Psiia M BHU3 MO CTOJOIY M HAXOJIUM 3JIEMEHTHI 2 U 7. Pe3ynbrar
UX MEPEMHOKEHUS, paBHbIN 14, MbI Takke 3anioMuHaeM. [Ipy 3TOM MBI yKe TOCTUTIN
KOHIIA CTPOKM W CTOJIOIA, MO3TOMY CYMMHUpPYEM 4YHCIa, KOTOpbIE MEpel STUM
3alIOMHUJIM, U NTOJy4aeM B KaU€CTBE Pe3yibTara uuciio 19. 1o u ecTh neBblii BEpXHUN
AJIEMEHT PE3YJIbTUPYIOLIECH MATPHULIBIL.
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OnucaHue MOJy4YWJIOCh JIJIMHHBIM, HO BBIMTOJIHEHHE CAMHUX JIEMCTBHM HE OTHHUMAET
MHOTO BpeMmeHu. [Ipomomxure manee camocrosTesnbHO. Ha mpuBEIEHHON HUXKE
WUIFOCTPAMA  TTOKA3aHO, KAaK  BBIYMCISIETCS  MPAaBbli  HWXKHUAM ~ DJIEMEHT
PE3yIABTUPYIOIIENH MATPHULIBI.

i 2 5 @ (1*5) + (2*7) (1%6) + (2"8)
e 7 |8 B (3°5) + (4*7) (BEOEE"E)

l9 22

"

43 | SO

Bbl BHOBHL MOXKETe€ BHUIETh, KaK, HCIOJIB3YS CTPOKY HW CTOJOEIN, KOTOpHIE
COOTBETCTBYIOT MCKOMOMY JJIEMEHTY (B JaHHOM Cllydae BTOpasi CTpOKa M BTOPOM
cToJIOeIr), MBI MTOJyYaeM JBa Mpou3BeaeHusl, (3*6) u (4*8), clnoxxeHne KOTOPhIX J1aeT
18 + 32 =50.

[Tponomxkast AeCTBOBATh B TAKOM JK€ JyX€, HAXOJHMM, YTO JICBBI HIDKHUN SJIEMEHT
paBeH (3*5) + (4*7) = 15 + 28 = 43, a npaBblii BepxHuii — (1*6) + (2*8) =6 + 16 = 22.
Ha cnenyromeit wuttocTpaiuu NpoAeMOHCTPUPOBAHO MCTIOJIB30BaHUE MEPEMEHHBIX
BMECTO YHCEIT:

a b . e f (a*e) + (b*g) + .. (a*f) + (b%h) + ...
c d . g h (c*e) + (d*g) + .. (c*f) + (d*h) + ..

ae+bg+.. af+bh+..

cerdgs... cfrdhs...

OT0 BCero Julllb APYrod crocod OmucaHus MOAXOAa, C MOMOIIbI0 KOTOPOrO Mbl
yMHOaeM MaTpullbl. Mcronb3yst OyKBbI, BMECTO KOTOPBIX MOTYT OBITh ITOJICTaBICHBI
a00ble YHMCa, MBI J1aéM O0O0Ilee OMHCaHUE HITOro IMOoAXoAa. Takoe OIucaHue
JEUCTBUTEIIHLHO ABJISIETCS 00Jiee 00IUM, YeM MPeAbIAyIee, TOCKOIbKY TPUMEHUMO K
MaTpHUlaM pa3INYHbIX Pa3MEPOB.

['oBOopss 0 MPUMEHUMOCTHM OMMCAHHOIO MOAXOJa K MaTpulaMm Jo0oro pasmepa,
CeAyeT clieNlaTh OJHY Ba)KHYIO OTOBOPKY: YMHOKA€MbI€ MATPHUIbI JOJKHBI ObITh
COBMECTUMBIMU. BBl MoliMeTe, B 4eM 3/1€Ch J€JI0, BCHOMHUB, KaK OTOMpPAJIM MOMapHO
AJIEMEHTHI U3 CTPOK MEPBOM MATPHUIbI U CTOJOIOB BTOPOM: 3TOT METOJA HE CMOXET
paboTaTh, eciu Koauuecmeo 3IJ1eMEeHmOo8 6 CmpoKe He 0Oydem coenadamov ¢
KOJ1u4ecmeom 31emenmoe ¢ cmonoye. 1103ToMmy Bbl HE CMOXKETE YMHOKUTD MaTPUILY
2x2 na Marpuny 5x5. I[lombeITaliTech 3TO CAENaTh, U CaMH YBUJWTE, MOYEMY ITO
HEBO3MOXHO. YUTOOBI MaTpHIbl MOKHO OBLJIO YMHOXHUTb, KOJIUYECMBO CMONOYO8 8
nepeou U3z HUX 0O0JIHCHO COBNA0Amd C KOIUUeCmE8OM CIMPOK 80 8MOPOLL.
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B pa3HbIX pyKOBOACTBAX 3TOT TUIl MATPUYHOTO YMHOXKEHUS MOKET BCTPEUYATHCS MO
pPa3HBIMM HA3BAHUSMHU: CKAJISIPHOE NMPOM3BeJeHHE, TOUCYHOE NMPOU3BEACHUE WU
BHYTpeHHee npou3BeJeHue. B MareMaTrike BO3MOXHBI U JPYTUE TUIIBI YMHOXKEHHUS
MaTpHIl, TAaKHUE KaK EPEKPECTHOE MPOU3BEICHNE, HO Mbl OyieM paboTaTh C TOYECUHBIM
MIPOU3BEACHUEM MATPHII.

[TocMoTpyM, 4TO TIPOU3OUJIET, €CIM 3aMEHUTHh OYKBBHI CIOBaMH, UMEIOIUMH 0oJiee
HEMOCPEACTBEHHOE OTHOUICHHWE K HAlled HEMpOHHOM ceTh. Ha mpuBeneHHOW HMXKE
WLTIOCTpAIlMM BTOpasi MaTpHIla UMEeT pa3MepHOCTh 2x1, HO maTpuyHas anredpa
OCTAETCS MPEKHEN.

W, W, input_1 (imput 1 *w, )+ (input 2w, )
W, W, input_2 - (fmput 1 *w, )+ (input2*w, )

[lepBas MaTpuila COAEPKUT BeCOBbIE KOG (PUITUEHTHI JJ1s CBA3EH MEXKTY Y3JIaMH JIBYX
CJIOE€B, BTOpPAsi — CUTHAJIbI IEPBOTO, BXOAHOTO CJIOS. Pe3ysbTaTOM YMHOXEHHS 3THUX
JIBYX MaTpHIL SIBJISETCS 0O0BEAMHEHHBIN CIIIaKEHHBIN CUTHAM, MOCTYMAONINI HA y3JIbI
BTOPOTO CJOS.

[IpucmoTpuTech MOBHUMATENBHEE, U BBl 3TO nonMeTe. Ha mepBblid y3en nmocrynaer
CyMMa JIByX CUTHAJIOB — CUTHAJA input 1, yMHOXEHHOTO Ha BECOBOM KOA((DHUITHEHT W
1,1, I CUTHAJA input 2, yMHO)KCHHOT'O Ha BECOBOU KO (DHUITMEHT W 21. DTO 3HAYCHUS X
JI0 IPUMEHEHHUSI K HUM (PYHKIIMH aKTUBAIUU.

[IpencraBum Bce 3TO B O0Jiee HAMISIIHON (hOpPME C TIOMOTIIBIO MILTIOCTPAIIUH.

x=(input 1 *w,, )+ (input 2 *w

21)

x=(input 1 *w, )+ (input2*w,,)

Onrca"HbIi NOAXO0 YPE3BBIYANHO MOJIE3EH.
[Touemy? IloTomMy 4TO B €ro paMKax BCE€ BBIYHMCIEHHUSA, KOTOPbIE HEOOXOAMMBI IS
pacyeTa BXOIHBIX CUTHAJIOB, MOCTYIAOMIMX HA KAKIBIA W3 Y3J0B BTOPOrO CJOS,
MOTYT OBITh  BBIP@XEHbI C  HUCIOJIb30BAaHUEM  MATPUYHOIO  YMHOXKEHUS,
00€eCIeUnBAOIIEr0 YPE3BbIYAHO KOMIIAKTHYIO (OpPMY 3alUCH COOTBETCTBYIOIIHMX
OTepaLvid:
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X=WI

3nece W — martpuiia BecoB, I — MaTpuila BXOJHBIX CUTHAJIOB, a X — pe3yJIbTUPYIOIIas
MaTpulla KOMOWHHUPOBAHHBIX CTJIAXEHHBIX CHUTHAJIOB, MOCTYHAIOIMMUX B CIOM 2.
CUMBOJIBI MATPUI] YACTO 3aMKCHIBAIOT C MCMOJb30BAHUEM MOJYKHPHOTO MIpUQTAa,
YTOOBI MOJYEPKHYTh, UTO JIAHHBIC CUMBOJIBI MIPEACTABIISAIOT MATPUIIBI, & HE MPOCTO
OJIMHOYHBIE YHCIIA.

Teneppr HaM HE HY)KHO MOAYMAaTh O TOM, CKOJIBKO Y3JIOB BXOAMT B Ka)Iblil CJIOM.
YBenuueHne KOaM4yecTBa ClI0€B IIPUBOIUT JIMIIb K YBEJIIMUEHUIO pazMepa matpull. Ho
KOJIMYECTBO CHMBOJIOB B 3alMCH IIPU ATOM HE yBenuuuBaercs. OHa ocraeTcs Mo-
IPEKHEMY KOMIIAKTHOM, XU MBI MPOCTO 3aIMCHIBAEM IPOU3BEICHUE MATPULl B BUJE
W#*I, He3aBHCUMO OT KOJHUYECTBA JIEMEHTOB B KaXKJIOU M3 HHUX, Oyab 3TO 2 WMIIH XKE
200.

Ecnu ucnonb3yeMbli SI3bIK IPOTPaMMHUPOBAHUA PACIIO3HAET MATPUYHYIO HOTALIHUIO, TO
KOMITBIOTED BBIMOJHUT BCE TPYJOEMKHE pACUEThI, CBA3AHHBIE C BBIYMCICHHEM
BeipakeHus X = W * I, 6e3 mpefocTtaBieHus €My OTIEIbHBIX HHCTPYKIUN IJIs
KaXXJ0T0 y3JIa B KQXKIOM CJIO€.

3aTpaTUB HEMHOTO BPEMEHHU Ha TO, YTOOBI MOHITH CyTh MATPUYHOTO YMHOXXEHUSI, MbI
MOJIyYUJIM B CBOE PACIHOPSHKEHUME MOINHEHMIIUNA HMHCTPYMEHT ISl pealn3aluu
HEWPOHHBIX CeTel 0€3 KaKNX-Tu00 0COOBIX YCUJIUM ¢ Hallleld CTOPOHBI.

Yro Hacuer PpyHKIMM akTUBAIMU? 371€Ch BCE MPOCTO M HE TpPeOyeT MpUMEHEHUs
MaTpu4HoO# anreOpsl. Bee, uTo HaM HYy>XKHO CJIeNlaTh, — 9TO

MPUMEHUTH CUTMOUTY K K&XJIOMY OTJEJIbHOMY 3JIEMEHTY MaTpULbl X.

1+e™X
DTO 3BYUYMT CJIUIIKOM IMPOCTO, HO TaK OHO M €CTh, TOCKOJIbKY HaM HE MPUXOIUTCS
KOMOMHHMPOBATh CUTHAJIBI OT Pa3HBIX Y3JI0B: ATO YK€ CIeJIaHO, M BCA HEOOXoauMast
nHpopManus yxe cogepkurcs B X. Kak MbI yke BUIEIH, POJIb QYHKIIMN aKTHBAIIUH
3aKJIFOYAETCS B NPUMEHEHUHM NOPOTOBBIX 3HAYCHWM U TMOJABJICHUU HEHYKHBIX
CUTHAJIOB C I€JbI0 MMUTAIMU TOBEACHUS OMOJIOrMYecKux HeWpoHoB. [loaTomy
PE3YJIbTUPYIOLINI BBIXOAHOM CUTHAII BTOPOTO CJI0SI MOYKHO 3aIMCaTh B TAKOM BHJIC:
O = curmonga(X)
3neck cumBoIoM O, BBIJICIICHHBIM MOJTYKUPHBIM HIPUGTOM, 0003HAU€HA MATpHUIIa,
KOTOpasi COAEPKHUT BCE BBIXOJHBIE CUTHAJIBI TTIOCIIEIHETO CII0S HEUPOHHOM CETH.
Bripaxxenne X = W * I npuMeHsieTcst 1yisl BBIYUCICHUS CUTHAJIOB, MPOXOASIIUX OT
OZHOTO CJIOS K CIEAYIOMIEMY CJIOK. Hanmpumep, py HAIMYUHU TPEX CIIOEB MbI IIPOCTO
BHOBb BBIIIOJIHUM OIEPALAI0 YMHOKEHHUSI MaTPHII, UCTIOJIb30BAB BBIXOHbBIC CUTHAJIBI
BTOPOTO CJIOA B KAYECTBE BXOJHBIX JJII TPETHETO, HO, pa3yMEETCs, IPEIABAPUTEILHO
CKOMOMHHpPOBAaB HMX M CIVIQAWB C TIOMOINBIO JIOMOJHUTEIBHBIX BECOBBIX
K03 PHUIHEHTOB.
Pe3ome
* MHorue BBIYHCIEHHS, CBA3aHHBIE C PACIHPOCTPAHCHUEM CUTHAJIOB IO
HEHPOHHOM CETH, MOTyT OBbITh BBHINIOJIHEHBI C HCIIOJIb30BAaHUEM OIEpaIuu
MAaTPUYHOTO YMHOXKCHUS.
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* Hcnonb3oBaHue MaTPUYHOTO YMHOXKEHHS OOECIEUMBAET KOMMAKTHYIO
3aIlMCh BBIPAXKEHUH, pa3MEP KOTOPBIX HE 3aBUCUT OT pa3MEPOB HEUPOHHOM CETH.

* Yro HeManoBa)XKHO, OIEpalMd MATPUYHOM anreOpbl H3HAYAIBHO
MPEAYCMOTPEHBI B Psifie A3BIKOB MPOTPAMMHPOBAHUA, Oyiaromaps 4emMy MOTYT
BBITIOTHATHCS OBICTPO M 3 (PEKTUBHO.

2. Ilpumep UCHOJIB30BAHUS MATPUYHOI0 YMHOKEHNS B CETH C TPeM4
CJIOSIMHU

MBI noka emnie He UCIOIb30BajId MAaTPHUILIbI ISl BBIIIOJIHEHUS PACUETOB, CBA3AHHBIX C
BBIYHCIICHUEM CHTHAJIIOB HA BBIXOJI€ HEUPOHHOU ceTh. Kpome Toro, Mbl moka 4To He
o0cy»XIanu mpuMepsl ¢ 0osiee yeM ABYMs CIOSIMU, UTO ObLIIO ObI TOpPa3io HHTEPECHEE,
MOCKOJIbKY MbI JIOJDKHBI MOCMOTPETh, Kak 0OpadaThIBAIOTCS BBIXOJHBIC CUTHAJIBI
MPOMEKYTOYHOI'O CJI0S1 B KAYECTBE BXOJIHBIX CUTHAJIOB MTOCJIEIHETO, TPETHETO CIIOSI.
Ha cnenyromen nuarpamMmme NmpeacTaBiI€H NMPUMEP HEUPOHHOM CETH, BKIFOYAIOLICH
TpU cio0sg 1o Tpu y3na. UToObl m30exaTh 3arpoOMOKIEHUS UarpaMMbl JIMITHUMU
HAJIIMCSIMU, HEKOTOPBIE BECA HA HEW HE YKa3aHBbI.

w

: w, =09
08 1 SRR A A — > 1 — >
; v i T
'.,':o“z b ¥ & 2 i

x X

w, ,=0,3 /
- -3 W, ,=0,5 —)
0l — 2 = 2z == 2 —>
w, ,=0,8 7F 7
' W, =01

o

';' .'\._‘ 'I-‘\":'-'G‘,?. ._z'l
/ A\ / N\
e.8 — x — - x — e T L] —_——
w, =09

Mpbl HauHEM CO 3HAKOMCTBA C OOIIEMPUHATON TepMuHOiorued. Kak ™Mbl 3HaeM,
MIEPBBIN CJIOW — BXOAHOM, a BTOPOU — BBIXOJAHOM. [[pOMEKYTOUHBIN CJIOW HAa3bIBACTCS
CKPBITBIM cJ10eM. Takoe Ha3BaHHE 3aKPENUIIOCH 32 MPOMEKYTOUHBIM CIOEM H3-3a
TOr0, YTO €r0 BBIXOJHBIE CUTHAJIBI HE 0053aTENBHO MPOSBISIOTCS KaK TAaKOBBIE,
OTCIOJIa U TEPMHUH «CKPBITBII.

[Ipuctynum Kk paboTe HaJ MPUMEPOM, MPEJCTABICHHBIM Ha OTOH JUarpaMmme.
BxonHbpIMU cUrHajiaMyd HEHpPOHHOM ceTu sABisitoTca ciuexyromume: 0,9; 0,1 u 0,8.
[TosTomy BxonHas marpuua I numeer cnenyrommii BU.
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0,9
[ = 0,1
0,8

370 OBLIIO MPOCTO, T.€. C MEPBBIM CIIOEM MbI 3AKOHUUIIU, TOCKOJIBKY €r0 €IMHCTBEHHAs!
3aJlaya — [MPOCTO MPEICTABIIATh BXOJHOW CUTHA.

Crnepyromuii Ha ouepean — MPOMEXKYTOUHbIN cioil. B qaHHOM cityyae Ham mpuaeTcs
BBIYHCIIUTh KOMOMHUPOBAHHBIE (M CTIaXEHHBIC) CUTHAIBI IS KAXJA0ro y3ja 3TOro
cios. BcnoMHUTE, 4TO KaXKAbId y3€l MPOMEKYTOUHOTO CKPBITOIO CJIOSI CBSI3aH C
KQ)KJbIM U3 y3JI0B BXOJHOTO CJIOSI, [IO3TOMY OH IOJIy4aeT HEKOTOPYIO 4acTh KaXJI0I0
BXOJIHOTO curHana. OHako ceiyac Mbl OyIeM JIelicTBOBaTh Oosiee 3PHEeKTHBHO, YeEM
paHblile, MOCKOJbKY MOMbITAEMCSI IPUMEHUTh MATPUUHBIN METO/.

Kak yxe ObUIO MOKa3aHO, CTIaXEHHbIE KOMOMHMPOBAHHBIE BXOJHBIC CUTHAJBI JIJIS
ATOro ciosi onpenensatorcs BolpaxkeHueM X = W * I, rae I — marpuna BXOJIHBIX
curHanoB, a W — mMarpuna BecoB. Mul pacnionaraem marpuuei I, Ho yto Takoe W?
HexoTtopbie u3 BecoBbIX KOA(DPUIMEHTOB (BhIOpaHHBIC CIy4allHBIM 00pa3oMm)
MOKa3aHbl HA JUarpaMMe Jiisl 3TOro npuMmepa, Ho He Bce. Huke mpeacraBiieHbl Bce
BeCOBbIE KOA(DPUIIMEHTHI (OMATh-TaKU, KXl U3 HUX BBIOMpAJICS Kak CIIydyaiHOe
YHCIIO0).

0,9 0,3 o4

w = 0,2 0,8 0,2

Bxodnoll_cxprimpid

0,1 0,5 0,6

Kak HeTpyaHO 3aMeTUTh, BECOBOM KO (DHUITMESHT TSI CBSI3U MEXKTY TIEPBBIM BXOHBIM
y3JIOM U TIEPBBIM Y3JIOM MPOMEKYTOUHOI'O CKPBHITOro ciost w 1 = 0,9, kak u Ha
MPUBEICHHON BbIIIE AUarpaMMe. TOYHO Tak ke BeCOBOM KO UIIMEHT IS CBS3U
MEXJy BTOPBIM BXOJHBIM Y3JIOM W BTOPBIM Y3JIOM CKPBITOTO cjosi W22 =0,8. Ha
JyuarpaMMe He TTOKa3aH BECOBOUM KOA(D(PUIIUEHT I CBA3U MEXK]Y TPEThUM BXOIHBIM
Y3JIOM U MEPBBIM Y300M CKPBITOTO CJos W 31 = 0,4.

PaccmoTpum, mouemy MBI cHaOauiau  Mmatpuily W o HHIEKCOM
«BXOJIHOU CKpbIThIN»? TloToMy, uto MaTpuua W uxomoii cxpermii COJIEPKUT BECOBBIE
KOA((PHUIMEHTHI IS CBSA3EH MEXKIy BXOJHBIM M CKPBITHIM ciiosiMu. KoadduimeHTo
JUISL CBA3EH MEXKIY CKPBITHIM U BBIXOJHBIM CIOSIMA OYAYyT COJAEPKAThCS B JAPYro
MaTpulie, KOTOPYIO Mbl 0003HAYUM KaK W cxpprruit serxomoii-

Orta Bropass Marpulld W it sexomoii, IJIEMEHTBI KOTOPOM, KAaK M 3JIEMEHTHI
npeabIAyIeld MaTpUIIbl, MPEICTABISAIOT COOON CilyyaliHble YMCIIa, IPUBEICHA HIKE.
Hampumep, Bbl BUAMTE, YTO BECOBOM KOIPGUUIHMEHT JJISI CBA3HM MEXKAY TPETHUM
CKPBITBIM Y3JIOM U TPETHUM BBIXOJHBIM y3JI0M W 3,3 = 0,9.
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0,3 0,7 0,5

= 0,6 0,5 0,2

ckpeireiii_Beucodvoi

0,8 0,1 0,9

OTnuHO, HEOOXOIUMbIE MATPHUIIBI TIOTYYEHBI.

[Tpomomkum Harry paboTy W OnpeAeuM KOMOWHUPOBAHHBIA CTIIKEHHBIN CUTHAI
JUISL CKPBITOTO cliog. KpoMe Toro, Mbl JIOJKHBI IIPUCBOUTH €MY OIMACATEIBHOE UMS,
CHA0XEHHOE MHAEKCOM, KOTOPBIM yKa3bIlBa€T Ha TO, YTO ATO BXOJHOW CHUTHAN ISt
CKPBITOT0, @ HE MTOCIIETHETO CIIOSI.

Ha3zoBem cOOTBETCTBYIONIYIO MATPULY X ciprrrii:

X CKPBITBIH =W BXOJHOI_CKPBITHIii *

Mbl He coOupaemcsi BBINOJIHATH BPYYHYHO BCE JIEHCTBUS, CBSA3aHHBIE C
NMEPEeMHOKEHUEM MaTpull. BeIMmogHeHUE 53TOH TpyAoeMKol paboThl MbI Oyaem
MOpy4aTh KOMIBIOTEPY, BEAb UMEHHO C 3TOM LIEJIbIO MBI UCIIOJIb3yEM MaTpulibl. B
JTAaHHOM CJIy4a€ TOTOBBIM OTBET BBITJISIAUT TaK.

0,9 0,3 o4 0,9
S 02 02 0,2 ® 0,1
0.1 05 06 0.8

1,16

xcnpnmu& = o ‘42

0,62

Bbl HayunTech IOIy4YaTb TOTOBBIM OTBET, HMCIIOJB3YS S3BIK NPOTPAMMUPOBAHUS
Python, 0 4em MBI TOrOBOPUM MO3XKE.

Wrak, MbI pacnonaraeM KOMOWMHUPOBAHHBIMH CTJIaKEHHBIMH BXOJHBIMH CHTHAJaMHU
CKPBITOTO ITPOMEXKYTOUHOIO CJIOSA, 3HAYEHUSA KOTOPBIX paBHbl 1,16; 0,42 1 0,62. [{na
BBINIOJIHEHUS BCEX HEOOXOAMMBIX BBIYMCIICHUN ObLIN UCIIOIb30BAHBI MATPHULIBI.
OT00pa3uM BXOAHBIE CUTHAJIBI 1711 CKPBITOTO BTOPOI'O CJIOSl HA TUarpaMmme.
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Ham ocrtaetrcst eme koe-uto caeiatb. Kak BbI MOMHHUTE, YTOOBI OTKJIMK CJIOS Ha
BXOJITHOW CHUTHAJI KAK MOYHO JIy4lI€ UMATUPOBAJ AHAJTOTHUYHBIN PEaIbHBIN MPOLIECC,

MbI JOJIDKHBI IIPUMCHUTD K y3JIaM q)YHKI_[I/IIO AdKTHUBAallnu. Tak u MMOCTYyIIHNM:
O CKPBITBIN = curmMouza (X CKpLITBII‘/'I)

[IpuMensss curMouay K KaXAOMY DJJIEMEHTY MATPULBl X  cxpumii;, MBI TOJIYyYaeM
MaTpUIy BBIXOJHBIX CUTHAIOB CKPBITOTO ITPOMEKYTOYHOIO CIIOSI.

1,16
O s = CUZMOUDA 0,42
0,62

0,761

]
I

0,603

CRPBIPABH =

0,650

Jlis yBEPEHHOCTH JaBakTe MPOBEPMM, NPABUIILHO JIM BBIYMCIIEH MEPBBIN

sanemeHT. Hama curmonma mMeer BHUA =% [Tonaras x=1,16, nonxyyaem
e

e "'°=0,3135. D10 o3nauaer, utoy = 1 / (1 +0,3135) = 0,761.

HeTpyaHO 3aMETHTh, YTO BCE BO3MOXKHBIE 3HAYEHUS JTOM (PYHKIUM HAXOHATCH B
npenenax or 0 go 1. BepHuTech HEMHOrO Ha3aj M B3IJISHUTE Ha Trpaduk
JIOTUCTUYECKON (QYHKIIMH, €CIIM XOTUTE yOEIUTHCS B TOM, YTO DTO JAEHCTBUTEIBHO
TaK.

TToovimooicum, umo Mmvl K 5momy épemenu ycneiu coeramb. Mbl paccUnTain
IPOXOXKICHUE CUTHATA 4EPE3 MPOMEKYTOUHBIM CJIOH, T.€. ONPENEIUIN 3HAYCHHUS
CHTHAJIOB Ha €r0 BLIXOJE. JlJIs IIOIHOM ICHOCTH YTOYHKMM, YTO 3TU 3HAYEHUS OBLIN
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MOJIyYEeHbI ITyTeM NPUMEHEHUs] (YHKIHUH aKTUBAMU K KOMOMHUPOBAHHBIM BXOJIHBIM
CUTHaJIaM MPOMEXYTOYHOro ciosg. OOHOBUM auarpamMmy B COOTBETCTBHUHU C 3TOH
HOBOU MH(pOpMaLIHEH.

0,761

- o _-._;b @ 1I1_{?—r? : _._._}’ @ o J_;-
0.e03

B o @ o4z o , \_§ @ NEDNE 3
. 0,650

Ecau ObI 570 ObUTa ABYXCIOMHAs HEMPOHHAS CETh, TO MBI CeiiYac OCTAaHOBUWJIUCH OB,
MOCKOJIbKY MOJYYMJIM BBIXOJHBIE CUTHAIBI BTOPOTO ciosi. OHAKO MBI MPOAOIIKUM,
TOCKOJIBKY €CTh €III€ U TPETUHU CIIOM.

Kaxk paccunTaTh mpoxoxkaeHuEe CUTHaia sl TpeThero ciaosi? TouHo Tak ke, Kak U JIs
BTOPOIr0, TIOCKOJIbKY 3Ta 3aJaya Ha CaMOM JeJieé HH 4YeM He OTJIMYaeTcs OT
npenpiaymeid. Ham m3BecTHa BeIMYMHA BXOJHBIX CUTHAJIOB, MOJYYa€MbIX TPETHUM
clioeM, Kak paHee OblUla H3BECTHA BEIWYMHA BXOJHBIX CHUTHAJIOB, IMOJYYaeMBbIX
BTOPBIM CJIOEM. Y Hac TakKe €CTh BECOBBIE KOA(MD(PUIIMEHTHI IS CBSI3ed MEXKIY
y37aMu, OCHa0Jstonue CUrHaibl. HakoHer, 4ToObl OTKIMK CETH MaKCHUMAaJbHO
MPaBAONOA00HO WMUTHUPOBAT €CTECTBEHHBIM MPOIECC, MBI MO- MPEKHEMY MOXKEM
NPUMEHUTh (QYHKIUIO akTHBAMu. [103TOMy BaM CTOWMT 3alOMHHUTH CIEIYIOIIEe:
HE3aBUCHMO OT KOJIMYECTBA CJIOEB B HEUPOHHOM CETH, BBIUMCIUTEIbHAS MPOLEIypa
JUIST KaKJIOro W3 HHUX OJMHAKOBA — KOMOMHUPOBAHHUE BXOJHBIX CHUTHAJIOB,
CTJIAKUBAHUE CUTHAJIOB JJISI KaXKJIOW CBSI3M MEXKIY y3JaMHU C MOMOIIBI) BECOBBIX
KO2(PUIIMEHTOB U MOJyYEHUE BBIXOJHOTO CUTHAJIA C TOMOIIBLIO0 (DYHKITUU aKTUBAIIUH.
Hawm 6e3pa3znndHo, CKOIBKO CJIOEeB 00pa3ytoT HeHpoHHYO ceTh — 3, 53 wiu 103, Bean
K JI000MY U3 HUX MPUMEHSETCA OAUH U TOT K€ MOAXO/.

Wtak, mpomo UM BBIYUCICHUS U PACCUUTAEM CIIIAKEHHBIA KOMOWHHPOBAHHBIN
BxojHou curHan X = W * I i tpetbero cios.

BXogHbIMU cuUTHajmaMu I TPETBErO CIIOSl CIY’KaT YK€ pPAacCUUTaHHbIE HaMU
BBIXOJIHbIE CUTHAJIbI BTOPOTO CHOSI O cipumii- IIPU 3TOM MBI JOJIKHBI UCMOJIb30BAThH
BECOBbIE KOAX(DPUITMEHTHI IJIsi CBSA3CH MEXIY y3JaMU BTOPOTO U TPEThEro ciioeB W
cxpermatii_suxomoii; @ HE T€, KOTOPBIE MBI YK€ MCIOJIb30BAJIH JJIsl IEPBOTO U BTOPOT'O CJIOEB.
CnengoBaTeabHO, MBI IMEEM:

X i=W ) i* 0 )
BBIXOJIHOHU CKPBLITHIU_BbIXOAHOH CKPBITHIH
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[TosTomMy, JneWCTBYsl, Kak M TpexAe, Mbl IMOJdydyaeM [Jisi  CIVIAKEHHBIX
KOMOMHUPOBAHHBIX BXOJIHBIX CUTHAJIOB MOCJEIHETO BBIXOAHOTO CJIOS CIEAYIOIIee
BBIpaXKEHUE:

0,3 0,7 0,5 0,761
X soocodiod = 0,6 05 0.2 ® 0,603
0,8 o1 0,9 0,650
0,975
X tocomoti 0,888
1,254

OOHOBJICHHAsT auarpaMma OTpa)kaeT HaIl MPOrpecc B pacuere MpeoOpa3oBaHMUS
HAYaJbHBIX CHUTHAJIOB, IMOCTYMAONIMX Ha Y37l TEPBOTO CIIOsl, B CIIIAXXCHHBIC
KOMOWHUPOBAHHbIE CUTHAJIBI, TOCTYMAIONINE Ha Y3JIbI MIOCIEAHErO CIIOs, B IpoIiecce
UX PacIpOCTpaHEHUS MO0 HEHPOHHOI CeTH.

0,761

04 —> @ 1.1&_;. 1 - : 1 —k
' 0975
0,603

Bl e 042 = T
0,650

0,8 —— % 0,62 ) 3 B DT

BCC, 49TO HaM OCTACTCA, — 3TO IPUMCHUTHb CUTMOU Y.
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04q7s5

Oporos = CUZMOUda 0,888
1,254
0,726
Otootmon = 0,708
0,778

Mpbl mony4ynnM CUTHaIbl Ha BBIXOJIE€ HEHUPOHHOM ceTh. OmnATb-Takv, OTOOpa3zuMm
TEKYIIYIO CUTYallMI0 Ha OOHOBJIEHHOM Tnarpamme.

08 ——> @ @ @ — 0,726
” _-_-.) @ @ @ -__-_._} 0)708
G.S ___F;} @ @ @ __-'_:) 0!7?8

Takum 00pa3om, B HalleM MpUMEpe HEHPOHHON CETH C TPEeMs CIIOSIMU BBIXOHbBIC
CUTHAJIBI UMEIOT clieaytonyto Bennuuny: 0,726; 0,708 u 0,778.
Hrtak, HaM yaanoch yCHEIIHO ONMUCATh PACIPOCTPAHEHUE CUTHAIOB 110 HEUPOHHOU
CETH, T.€. ONPEACIIUTh BEJIUYMHY BBIXOJIHBIX CHUTHAJIOB IPHU 3aJaHHBIX BEJIMYMHAX
BXOJHBIX CUTHAJIOB.
Yro nanpuie?
Ham cienyronuil mar 3akiiro4aercs B CPaBHEHUU BBIXOJHBIX CUTHAJIOB HEMPOHHOMN
CeTHM C JAHHBIMH TPEHHPOBOYHOIO MpUMEpa Uil omnpeneneHus owmuOku. Ham
HEOOXOMMO 3HAaTh BEJIWYMHY ATOW OIIMOKH, YTOOBI MOXHO OBLIO YJIYYIIUTh
BBIXOJIHBIE PE3YJIbTaThl yTEM U3MEHEHHMS TapaMETPOB CETH.
[Toxxany#, 3Ta yacTh paboThl HaubOJEEe TPyaAHA AJI1 IOHUMAaHUS, IOATOMY MBI OyZemM
MPOJIBUTAThCS, TOCTENIEHHO 3HAKOMSICh C OCHOBHBIMM MJIESIMH B TpoLiecce paboThl.
3. KoppekTnpoBka BecoOBbIX KO3()(PUIIMEHTOB B pouecce 00y4eHust

HEHPOHHOM CeTH
Panee ™Mbl yiydmmanu TOBEACHHE MPOCTOrO JMHEHHOTO KiIacCH(pUKATOpa IMyTEM
pETYIMpPOBaHUS TTapaMeTpa HAKIIOHA JTUHEHHOW QPyHKIMHU y31a. Mbl nenanu
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3TO, PYKOBOJICTBYSCh TEKYIIEH BEIWMYNHON OMMOKH, T.€. pAa3HOCTH MEXKIY OTBETOM,
BBIPa0aTHIBAEMBIM y3JI0M, M U3BECTHBIM HAM UCTUHHBIM 3HaUYCHUEM. BBU Ty TPOCTOTHI
COOTHOIIICHHSI MEXK/Ty BETMUMHAMHM OITHMOKHU M TIOMIPABKH 3TO OBLIO HECIIOKHO.

Kak Ham OOHOBISATH BecoBble KOA(D(PUIIMEHTHI CBSA3EH B Cily4yae, €CIM BBIXOJIHOMN
CUTHAJ U ero omudka (GOpMHUPYIOTCS 3a CUET BKJIJ0B Oojiee 4eM OJHOTro y3na? OTy
3a/lauy WUTIOCTPUPYET MPUBEACHHAS HIKE TUarpamMmma.

e

=30 A

: ' 1 \_____ - Boxodnas
7 owudka

= 1,0 .~

1 ..--""-'
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©
P77
Korma Ha BBIXOAHOW y3€d MOCTyMall CUTHAJI TOJBKO OT OJIHOTO y3ia, BCE€ OBLIO
HaMHOTO Tipore. Ho kak ucmosiap30BaTh OMMUOKY BBHIXOJHOTO CHTHAJA MPU HATWIUHU
JIBYX BXOIHBIX y3JI0B?
Hcmonp30BaTh BCIO BETMYUHY OIIMOKHU NI OOHOBJICHHUSI TOJHKO OJIHOTO BECOBOTO
kod(hunreHTa He MPEACTABISACTCS Pa3yMHBIM, IMOCKOJBKY MPU 3TOM TIOTHOCTHIO
UTHOPUPYIOTCS Jpyras CBs3b W e Bec. Ho Beap BenmnumHa OMIMOKK OMpeaemseTcs
BKJIaJJaMH BCEX CBSI3CH, 4 HE TOJbKO OJHOM.
[IpaBaa, cymecTByeT HEOOJbIIAs BEPOSTHOCTh TOTO, YTO 332 ONIMOKY OTBETCTBEHHA
TOJILKO OJTHAa CBsI3b, HO 3Ta BEPOSATHOCTH MpEeHEeOpe:kuMo Maja. Eciu Mbl m3MeHWIH
BECOBOW KOX(PQPUITUEHT, YK€ HUMEIONINH «IPaBHILHOE» 3HAYCHHE, U TEM CaMbIM
YXYAIIWIA €T0, TO TPHU BBIMOJIHCHUH HECKOJIBKUX IOCIEAYIOMUX HWTEpalnuid OH
JIOJDKEH YJyYIIUTHCA, TaK YTO HE BCE MOTEPSHO.
OnuH U3 BO3MOXXHBIX CIIOCOOOB COCTOMT B TOM, YTOOBI PACIpPEACNIUTh OUIHOKY
MOPOBHY MEXIy BCEMH Y3JIaMH, BHOCSIIMMH BKJIaJl, KaK TIOKa3aHO Ha CJEAyIOIen
TuarpaMMe.

-, BoixodHas
7 ouiudka

1/2 owudku?

CyTb Apyro# ujemn Takxe 3aKJII04aeTcsa B TOM, 4YTOObI paclpeesTh OIIUOKY MEXITY
y371aMU, OJIHAKO 3TO pacmpejiesieHue He 00s13aH0 ObITh paBHOMEpHBIM. BmecTo 3Toro
OombIIast 0y OMMUOKH TMPHUIUCHIBACTCS BKJIAJaM TEX CBS3€HM, KOTOpPHIE HMEIOT
6onbmmmii Bec. [louemy? [ToToMy 4TO OHM OKa3bIBAIOT
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OoJblIee BIAMSHUE HA BEJIMYMHY OLIMOKU. DTy UACK WUTFOCTPUPYET CleAyrolas
yarpamma.

/4 owiudKku
______H-H-H_‘ é\
= 3,0 "‘“;3
1 ___ -+, BoixodHas
) > owiudka

—J HF

\0

2,1

1/4 owudku

O @
o 2 z

B nanHOM ciyyae curHal, MOCTYNAOIIMI Ha BBIXOHOHN y3eil, GOpMUPYETCs 3a CUET
IBYX y370B. BecoBbie koaddunmentsl cszeit pasusl 3,0 u 1,0. Pacnpenenus ommoky
MEXAY JABYMs y3JlaMd THPOMOPLMOHAIBHO WX BecaMm, Bbl YBUAUTE, 4YTO A
OOHOBJICHUSI 3HAYEHMsI TIEPBOro, OOJIBIIEr0 Beca CIEAyeT HCMIOoIb30BaTh 3/4
BEJTMYMHBI OIUOKH, TOT/IAa KaK JIJIsi OOHOBJICHUS 3HAYEHUSI BTOPOT0, MEHBIIIETO Beca —
1/4.

Mgl MOXEM pacIIMpUTh 3Ty HUICK Ha CIydad ¢ HAMHOTO OOJBIIMM KOJIMYECTBOM
y350B. Ecnu Obl BBIXOJHOM y3en ObUTI CBSI3aH CO CTa BXOJHBIMHM Y3J1aMH, MbI
pacnpenenwii  Obl  BBIXOJHYIO  OHIMOKY MEXIy BCEMH CTa  CBA3SMU
NPONMOPUHMOHAJIBHO HX BKJIaJaM, pa3Mep KOTOpPbIX ONpENEeseTcss BecaMu
COOTBETCTBYIOLIUX CBA3EH.

Mpbl ucnonb3yeM BecoBble KOd(PGUIMEHTHI B JBYX MLelsiX. Bo-nepsvix, OHHU
YUYUTBIBAIOTCS TIPU PACUYETE PACHPOCTPAHEHUS CUTHAIIOB 10 HEMPOHHOW CETH OT
BXOJHOTO CJIOSl 10 BBIXOZHOTO. MBI HUCIIOJIB30BAIA UX PaHEE MMEHHO B TAKOM
KauecTBe. Bo-6mopwvix, Mbl UCIIOJNB3yeM Beca MJisi PACIPOCTPAHECHHS ONIMOKU B
O0OpaTHOM HaNpaBJIEHUH — OT BBIXOJHOTO CJIOS BIIIyOb C€TH. DTOT METOJ] Ha3bIBAETCS
00paTHBIM pacnpocTpaHeHHeM OIMOKH (0OpaTHOM CBA3BIO) B MpoIIECCe 00yUeHUs
HEUPOHHOU CETH.

Ecnu Obl BBIXOJIHOM CJI0M MMEIN /iBa y3ia, Mbl IOBTOPWJIM OBl T€ K€ JEHUCTBUS U JJIs
BTOpPOro y3ia. BTopoil BbIXOAHOM y3en OyJeT XapaKTepu30BaThCs COOCTBEHHOMU
OLIMOKOM, pacmpenensieMol aHaJIOTMYHbIM 00pa3oM MEXAY COOTBETCTBYIOUIUM
KOJIMYECTBOM BXOJHBIX y3JIOB.

Oo0OpaTHOe pacnpocTpaHeHHe OIHUOOK OT 00JIbIIEr0 KOJHUYECTBA BBIXOAHBIX
y3J10B

Ha cnenytomeit tuarpamme otoOpa)keHa MpocTasi CeThb € IByMs BXOJHBIMU Y3JIaMU,
HO Ha ATOT pa3 C ABYMs BBIXOJIHBIMH Y3JIaMH.
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Ommbka MoxeT popMupoBaThCs Ha 000MX y3J1aX — (PAKTUYECKU ITa CUTYallUs OYEHb
MOX0’Ka Ha Ty, KOTOpasi BO3HUKAET, KOTJla CETh elle He oOydanack. s koppekiuu
BECOB BHYTPEHHUX CBs3eH HYykHa wMHpoOpMalnus o0 omuokax B 00oux y3nax. Mel
MOEM MCTOJIb30BaTh MPEXKHUHN MOIXO0 U PaCpPeIeNATh OMMUOKY BBIXOJHOIO y3ia
MEXJy CBSI3aHHBIMM C HUM Y3JaMH IMPONOPIMOHAIBHO BECOBBIM KO3 uImeHTam
COOTBETCTBYIOIIUX CBA3ECH.

B neficTBUTENBFHOCTH TOT (haKT, UTO ceiigac UMeeTcs 60J1ee YeM OIMH BBIXOHOM y3ell,
HUYEro He MeHsieT. Mbl mpOoCTO MOBTOPSIEM JJisl BTOPOTO y3Jia T€ K€ JACHCTBHS,
KOTOPBIE YK€ BBINONHUIA I nepBoro. Ilouemy Bce Tak mpocto? DTa mpocToTa
OOBSCHSIETCA TEM, YTO CBSI3M OJHOTO BBIOOJHOIO Yy3j7a HE 3aBUCAT OT CBs3Eil
apyroro. Mexay 3TUMU JAByMsi HaOopaMH CBsi3eéM OTCYTCTBYET Kakasi- JIMOO
3aBUCUMOCTb.

Bepnemcs k auarpaMmme, Ha KOTOPO# omrOKa Ha epBOM BBIXOIHOM y3Jjie 0003HaUYeHa
kKak e ;. He 3a0bIBaiiTe, 4TO 93TO PA3HOCTh MEXKY JKEJIIAEMBbIM 3HAYCHUEM,
MPEOCTABISIEMbIM TPECHUPOBOUYHBIMH JAHHBIMU t |, U (DAaKTUYECKUM BBIXOIHBIM
3Ha4YCHHEM 0 ;. TakuM oOpa3oM, e | = (t | - 0 ;). Omudka Ha BTOPOM BBIXOJHOM Yy3JI€
0003HaYCHA KaK € ».

Ha muarpamme BHJIHO, 4TO ommMOKa € | pacupeaessieTcsl IPOIMOPIMOHAILHO Becam
CBsI3€l, 00O3HAYEHHLIM KaK W 11 U W ;. TOYHO TakK JKe OIINOKa € , JOJDKHA
pacnpenensaThCs MPONOPIIMOHATIBHO BECAM W 12 U W 2.

3anuiieM 3TU 10U B IBHOM Bujie. Omroka e | HHPpOpMHUPYET O BEJIMUMHAX MOMPABOK
JIUIS BECOB W 11 U1 W »1. [Ipu ee pacnipeienieHuu Mexy y3JiaMu J0Jisl e 1, THhopMaius o
KOTOPOM HCIMOJB3YeTCs JiIi OOHOBJICHHS W i, ONPEACNSICTCS CJICAYIOIMINM
BBIpaKEHUEM:

W,

S

Wll 3 W:Z:L

Hons e |, ucrnosnb3dyeMas JUisi OOHOBIEHHUS W 11, ONpPEIEISIETCS AHAJIOTMYHBIM
BBIPAKEHUEM:
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3a BCEMM 3TUMU CUMBOJIaMU CTOUT OYE€HBb TPOCTAs U, KOTOPAsl 3aKJIF0YAETCS B TOM,
YTO y3JIbl, CHIeJIaBIINe OOJIBIIMKI BKJIAJ B OMIMOOYHBIM OTBET, MOJYy4arOT OOJIBIIHMA
curHaia o0 omumOKe, TOrAa Kak y3Jbl, CJACJaBIIME MEHBIIMM BKJIaJ, MOJYy4aroT
MEHBILIMM CUTHAI.
Kaxk ObITh, €cli KOJIMUECTBO CI0eB TpeBhIaeT ABa? Kak 0OHOBIATH Beca CBs3CH HJIs
CJIOEB, JTAJICKO OTCTOSIIUX OT IOCJIEAHETO, BBIXOIHOT'O CJIOS?

4. OOpaTHoOe pacnpocTpaHeHHe OMIMOOK NPH OO0JBIIOM KOJHYeCTBE
cJI0€B
Ha cnenyromeit auarpaMMe peacTaBiieH PUMEP MPOCTOM HEUPOHHOU CETH
C TPEMSI CJIOSIMU: BXOJAHBIM, CKPBITHIM U BBIXOHBIM.

w

4 vﬁ BeixodHol

[TpoaBurasch B 00OpaTHOM HaIPaBJICHUH OT MOCIEIHETO, BBIXOIHOTO CJI0s (KpaiHero
cIpaBa), Mbl BUIUM, KaK HHGOpMaIus 00 OMMOKE B BBIXOJHOM CJIO€ HUCTIOIb3YETCS
JUI ONpPENEICHNUs BEJIMYMHBI IMOMPABOK K BECOBBIM KO3(PQPUIMEHTaM CBS3eH, CO
CTOPOHBI KOTOPBIX K HEMY MOCTYHAOT CUTHAJBL. 3/1€Ch MCIIOIb30BaHbl Oosiee obmume
O00O3HAYCHUS € gxomoii JUISI BBIXOJHBIX OIIMOOK M W ¢ JUISL BECOB CBSI3€H MEXIy
CKPBITBIM ¥ BBIXOAHBIM CHOSIMH. MBI BBIYUCIIAEM KOHKPETHBIE OIIMOKH,
acCOLIMMpPYEMBbIE  C  KaXIOM  CBA3BIO, IyTEM  paclpenesieHuss  OUIMOKHU
IPOMOPIIMOHATIEHO COOTBETCTBYIOIINM BECAM.

['padmueckoe mpeacTaBieHUE TIO3BOJSET JIydYlle TOHATH, KaKHe BBIYUCICHUS
CJIeZTyeT BBITOJHUTD JJIs1 JOMOTHUTEIBHOTO CI10s. MBI TPOCTO OEpeM OIIUOKH € cxpurmit
Ha BBIXOJI€ CKPBITOTO CIIOSI M1 BHOBB PACIIPEACIISEM UX TI0 MPEAIIECTBYIOIMINUM CBSI3SIM
MEKJTy BXOJIHBIM U CKPBITBIM CJIOSIMH TIPOTIOPITMOHATIFHO BECOBBIM K03 uimenTam
W 5. Criemyronasi iuarpamma WUTIOCTPUPYET ATy JIOTHUKY.
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[Tpu Hanuuuu OONBILIEr0 KOJIWYECTBA CJIOEB MbI MPOCTO MOBTOPUIN Obl OMHCAHHYIO
opoueaypy s KaXIOoro cjos, NpOABUTascb B OOpaTHOM HAIpPaBJIEHUU OT
MOCJIEAHETO, BBIXOAHOTO ciios. Maes pacnpocTpaHeHust 3TOro noroka uHpopMauu
00 omuOke (curHama o0 OIMMOKE) WMHTYWTUBHO TMOHATHA. MBI elme pa3 HMenu
BO3MOXHOCTbh YBHJIETh, II0YEMY 3TOT MPOLECC OMUCHIBAETCS TEPMHUHOM OOpaTHOE
pacnpocTpaHeHue OIIMOOK.

Ecin Mbl CHauana MCHOJIB30BAIM OLIMOKY € suxomoii BBIXOJHOIO CHUTHaJIa Y3JIOB
BBIXO/IHOT'O CJI0S, TO KAKY0 OIIHUOKY € cipurrit MBI COOMPAEMCSI HCIIOJIb30BATh JUIS y3J10B
CKPBITOTO CJIOSI? DTO XOpPOIIMKA BOIPOC, IMOCKOJBKY MBI HE MOXEM YKa3aTh
OUYEBUIHYIO OIIMOKY JUIsl y3Jda B TakoMm cjoe. M3 pacdeTroB, CBSI3aHHBIX C
pacnpocTpaHEeHHEM BXOIHBIX CHUTHAJIOB B MPSIMOM HAaIlpaBJIC€HHUU, Mbl 3HAEM, 4TO y
KaXXJ0r0 y3Jla CKPBITOrO CJIOSl B JEHCTBUTEIbHOCTH MMEETCS TOJIBKO OJUH BBIXO/I.
BcnomuauTe, kak Mbl IpUMEHSIM (YHKIIMIO aKTUBAIIMK K B3BEIIEHHOW CyMMe BCEX
BXOJHBIX CHUTHAJIOB JJAHHOTO y31a. Ho kak onpeaenuTs ommoOKy i Takoro y3na?

VY Hac HeT LeNEeBBIX WU JKEIAEMbIX BBIXOAHBIX 3HAYEHUH ISl CKPBITHIX y3710B. MBI
pacronaraem JIMiIb 1IeJE€BBIMU 3HAUEHUSIMU Y3JI0B MOCJEAHEr0, BBIXOJAHOIO CIIOs, U
9TH 3HAYEHUS IPOUCXOJIAT U3 TPEHUPOBOUHBIX MpuMepoB. IlonbiTaemes HailTh OTBeT,
B3[JISIHYB €I1I€ pa3 Ha NMPUBEACHHYIO BhIle quarpammy. C mepBbIM Y3JI0M CKPBITOTO
CJIOSl aCCOLMUPOBAHBI JIBE UCXOJALIME W3 HETO CBSI3U, BEAYIIME K ABYM Yy3Jam
BBIXO/IHOTO CJ10s. MBI 3HaeM, 4YTO MOXKEM PaCHpeIeIUTh BBIXOJHYIO OMIMOKY MEXIY
TUMU CBS35IMU, IOCTYyNasi TOYHO TaK K€, KaK U MPexJe. ITO 03HAYAET, UTO C KaXKI0N
U3 JABYX CBSI3€M, MCXOMAUIMX M3 Y3JIa IPOMEKYTOYHOTO CJIOsl, ACCOLMUPYETCS
HEKOTOpas olIroOKa. Mbl MOTJIM Obl BOCCOEITMHUTH OLTMOKHU 3THX ABYX CBSI3€M, UTOOBI
NOJIYYUTh OIIMOKY JJIsi 3TOTO y3Jla B KAaueCTBE BTOPOIO HAMJIYYILEro MOJX0Ja,
MOCKOJIBKY MBI HE pacrnojiaraeM (akTUYECKUM IEJIeBbIM 3HAY€HUEM Ui y37a
MPOMEKYTOUHOTO cios. Creayronias AuarpaMmma WUIIOCTPUPYET 3Ty UJICH0:
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Ha nuarpamme BHIHO, YTO WMEHHO MPOUCXOAHWT. Ham HEOOXOAUMBI BETUYHHBI
OIMMOOK JJIsi Y3JIOB CKPBITOTO CJIOS, YTOOBI HWCIOJIB30BaTh HMX MJisi OOHOBJICHUS
BECOBBIX KOI(P(UIIMEHTOB CBsI3eH ¢ MpeapaymuM cioeM. O003HaYUM 3TH ONTHOKH
KaK € cxpumeii- HHO Y HAC HET OUEBHJIHOTO OTBETA HA BOTIPOC O TOM, KAaKOBA VX BEJTUYHHA.
Mpb1 HEe MOKEM CKa3aTh, YTO OMIMOKA — 3TO PA3HOCTh MEXKTY JKEJIAEMbIM HJTH TICJICBHIM
BBIXOJHBIM 3HAUEHHWEM 3TOTO y3JIa M €ro (PaKTUYECKUM BBIXOJHBIM 3HAUYCHUECM,
MIOCKOJIBKY JITaHHBIE TPEHUPOBOYHOTO MpUMEpa MPEIOCTABISIIOT JIUIIL IICJICBBIC
3HAYCHMs JJIsl y3JI0B IOCJIETHET0, BBIXOMHOTO ciiosi. OHM HE TOBOPAT abCONIOTHO
HUYETO O TOM, KaKUMHU JOJDKHBI OBITh BBIXOJHBIE CHUTHAJBI Y3JIOB JIFOOOTO JAPYroro
ciiosi. B 3ToM 1 3aKir0o9aeTcsi CyTh CIOXKHUBIICHCS 3a1a4H.

Mbl MOXKEM BOCCOETUHUTH OINMOKU, PACIPEICICHHBIE IO CBA3SIM, HCIOJIb3YS
oOpaTHOE pacIpOCTPaHEHUE OMIMOOK, C KOTOPHIM YXe IMO3HaKOMHIUCh. [loaTomy
ommOKa Ha TEPBOM CKPBITOM y3Jie¢ TPEACTaBIAeT €000 CyMMy OIIHOOK,
paclpeeNIeHHBIX 1O BCEM CBSI3AM, HCXOASIIMM W3 JTOrO0 y3j7a B MPSIMOM
HarpasieHU. Ha mprBeneHHOH BBIIIE TUarpaMMe MOKa3aHo, 9YTO UMEETCSI HEKOTOpast
JI0JI1 BBIXOJHOM OIIMOKH € muxomoii, | , IPUIIACHIBAEMAas CBSI3U C BECOM W i, H
HEKOTOpast 10JIs1 BBIXOAHON OIUIUOKH € suxomoii, 2 » IPUITUCBIBAEMAs CBA3U C BECOM W 2.
BrImmecka3zanHOe MOXKHO 3aIUCcaTh B BUJIE CIICIYIONIETO BRIPAKCHHMS:

expomii, 1 = CYMMA owudok, pacnpedeAeHHbix no cBasam W, u W,

w w

11 12
* + #*
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* Waa
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+ l."'n-’21 w

e’SuxaBHoﬁ 1

11 iz

YroObl MPOUIUTIOCTPUPOBATH, KaK 3Ta TEOPHUsS BBIMIAIUT Ha MPAKTHUKE, MPUBEIEM
JuarpamMmy, IEMOHCTPUPYIOLIYIO OOpaTHOE paclpOCTpAaHEHHE OLIMOOK B IPOCTOMN
TPEXCIOWHON CETH Ha IPUMEPE KOHKPETHBIX JaHHBIX.
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BxodHol CKpbIMbI BoixodHoll
CAOU CAOU cAOU
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[Ipocnenum 3a oOpaTHBIM pacmpocTpaHeHHeM oOjHou u3 omubok. I[locne
pacnpenenenus omuoku 0,5 Ha BTOPOM y3J1€ BBIXOJHOTO CIIOSI MEXY IBYMsI CBSI3SIMU
¢ Becamu 1,0 u 4,0 mbl mosyuaem gosim, paBubie 0,1 u 0,4 coorBeTcTBeHHO. Takxke
MOXHO BHJACTh, YTO OOBEAWHEHHAs ONIMOKA HAa BTOPOM Y3JI€ CKPBITOTO CIIOS
MIPECTABIIAECT COO0M CyMMYy pacIpeeieHHBIX ONIMOOK, B JAaHHOM CiIydae PaBHBIX
0,48 u 0,4, cnoxxenue koTopsbix gaet 0,88.

Ha crnenyromeit auarpamMme JEMOHCTPUPYETCS NMPUMEHEHUE TOM K€ METOJUKHU K
CJIO0, KOTOPBIN MPEIIECTBYET CKPHITOMY.

BxodHoli CKpbIMbIi BbixodHoU
CAOU cAOU cAOl
£, = 0362 L
2 C: = D42 C: = 0.8
p—— 4 1 (s ] SR —
' Wys= 3.0 i o i
| )
) w,=10 N/ : ‘
Bxodbl bV v Buixodul
Wi = 2.0 ,"-l. 1 _.'J. ™
-\ 4 —
—— 2 — 2 - - J —
- w,,= 7.0
= e, =05
e, = 0938 i *

Pe3rome

* HeiipouHnble cetu 00yd4aroTcs TMOCPEACTBOM YTOYHEHHUS BECOBBIX
K03 (OUIIMEHTOB CBOMX CBSA3€H. DTOT MPOIIECC YNPABISETCSA OIIMOKONH — Pa3HOCTHIO
MEXKy PaBUIbHBIM OTBETOM, MPEIOCTABISIEMBIM TPEHUPOBOUYHBIMHU JAHHBIMU, U
(aKTHYECKUM BBIXOJHBIM 3HAUCHHEM.

* OmmbKa Ha BBIXOJHBIX y3J1aX OINPEACNICTCS MPOCTON Pa3HOCTHIO MEXIY
KEJIaeMbIM U (DAKTUIECKUM BBIXOTHBIMH 3HAYCHUSIMU.

* B T0 ke BpeMsl BeIlMuMHa OLIMOKH, CBSI3aHHOW C BHYTPEHHUMH y3JaMU, HE
cToimb oueBHaAHA. OIHUM W3 CIOCOOOB pEIICHUS ATOW MPOOJIEMBI SIBISETCS
pacripeielieHue OIMOOK BBIXOJHOTO CJIOSI MEXIY COOTBETCTBYIOIIUMH CBSI3SIMU
MPOTMOPLUMOHAIBHO BECY KaXKJOHW CBSI3M C TOCJIEAYIOIMM  O00beIMHEHUEM
COOTBETCTBYIOIIMX Pa3pO3HEHHBIX YAaCTEeH OMMOKHU Ha KaXK/IOM BHYTPEHHEM Y3JI€.
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5. Onucanme 00paTHOro pacnpocTpaHeHus OIUOOK € MOMOIIbIO

MaTPU4YHOM aJredpbl
MoxeM 11 MBI YHOPOCTUTH TPYNOEMKHE pacueThbl, HCIOJIb3Yys BO3MOXKHOCTU
MaTpUYHOTO YMHOKeHMs1? PaHee, KOrja Mbl NMPOBOJWIIM PAaCUEThl, CBSI3AHHBIE C
pPacpOCTPAHEHUEM BXOAHBIX CUTHAJIOB B IPSAMOM HAIPaBJIEHUH, 3TO HAM OYECHb
MIPUTOJUIIOCH.
YtoOBsl TOCMOTpETh, YIACTCSA JIM HAaM TPEJICTaBUTh OOpPAaTHOE pacCIpOCTPaHEHUE
OmKOOK C MOMOIIBIO 00Jiee KOMIAKTHOTO CUHTAKCHCA MAaTpHIl, OMHUIIEM BCE Iaru
BBIYUCIIUTEIBHON MPOLEIYphl, UCIOJIB3Ysl MaTpu4yHbie 0003HaueHus. Kcratu, Tem
CaMbIM MBI TIONIBITAEMCSI BEKTOPM30BaTh MPOIIECC.
B03M0XHOCTh BBIpa3uTh MHOKECTBO BBIUMUCICHHN B MaTpU4YHON (popMe MO3BOJISET
HaM COKpPaTUTh JIJIMHY COOTBETCTBYIOIIMX BBIp@XXEHUW U obecrneunBaeT Ooliee
BBICOKYIO0 (D PEKTUBHOCTH KOMIIBIOTEPHBIX PACYETOB, TOCKOJIBKY KOMITBIOTEPHI MOTYT
UCIIOJIb30BaTh MOBTOPSAIOMIMICS MIa0JOH BBIUUCICHUHN ISl YCKOPEHHUS BBIMOTHEHUS
COOTBETCTBYIOLIUX ONEPaLIHi.
OTnpaBHOM TOYKON HAM TMOCIYKaT OIMIMOKH, BOZHUKAIOIIME HA BBIXOJIE HEHPOHHOMN
CETH B IIOCJIECHEM, BBIXOJHOM cJioe. B JaHHOM ciydae BBIXOAHOM CIIOM COIAEPHKHUT
TOJIBKO JIBA y3JIa C OIIMOKAMH € | U €

e:‘—
omuéxa!mxoauoﬁ =
22

Jlanee HaM HYXHO TMOCTPOUTH MATPHILy ISl OMIMOOK CKPBITOTO CJIOSA. JTa 3amada
MOJKET MTOKa3aThCs CII0KHOM, TT0O3TOMY MBI OyIeM BBITIOTHATE €€ 110 9acTsaM. [lepByro
4acTh 3a7a4dl MPEACTaBIseT MEPBBIM y3en CKpHITOro ciios. B3risiHyB emie pa3 Ha
MPUBEJICHHBIC BBINIE JUAarpaMMbl, MOXXHO YBHJIETh, YTO OIIMOKA Ha TMEPBOM Y3Iie
CKPBITOTO CJ10s1 (GOPMUPYETCS 3a CUET JBYX BKJIAJIOB CO CTOPOHBI BBIXOJHOTO CJIOSL.
OTUMHU JBYMSI CUTHAJaMHU OIIMOOK SIBISIOTCA €1 * Wi/ (Wu+Wwa)ue,*wiy/
(W 12+ W 23). OOpatuTe BHUMaHUE HA BTOPOM y3€JI CKPBITOTO CJIOSl, MOKHO YBHUJIETb,
YTO OIIMOKA Ha HEM TakKe (OpMHUPYETCs 3a CUET JBYX BKJIAJIOB: € 1 ¥ W21 / (W 21+ W
n) ez *wa/ (Wntwi,). Panee Mbl yxxe BUenu, Kak padoTaroOT 3TH BBIPaKEHHUS.
Wtak, nasi CKpPBITOro CJIOSI Mbl UMEEM CIEAYIOIIYI0 MaTpHILy, KOTOpas BBITJSIUT
HEMHOTO CJIOKHEE, YEM MATPUIIbl, pACCMaTPUBAEMBbIE paHEE.

w w

11 12
s Sm Sy Ee o — i
= w,, + W, Wi, t W, =2
owuékackpmmnlﬁ N ' = . e
2
Wll WZZ
W, + Wy, W, +W,,

beuto Obl 370poBO, ecnu ObI 9TO BBIPAKEHHUE MOXHO OBIJIO MEPEenucaTh B BHUJE
MPOCTOTO TIEPEMHOKEHUSI MAaTPUIl, KOTOPBIMUA MBI YK€ pacrojiaraeM. JTo
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MaTPHIBI BECOBBIX KOA(D(PHUIIMEHTOB, MPSMOTrO CHUTHAJA W BBIXOJHBIX OIITHOOK.
[IpenmytiecTBa, KOTOPHIE MOKEM MPU STOM MOTYUUTh, OTPOMHBI.

K coxanenuto, Jerkoro cmoco0a NpPeBpPATUTh 3TO BBIPAKEHUE B CBEPXIPOCTOE
NEPEMHOKEHUE MAaTpHIl, KaK B ClIy4ae pacHpOCTPaHEHUS CHUTHAJIOB B MPSMOM
HaIpaBJICHUH, HE CYIIECTBYET. PacmyTaTh Bce 3TH JI0JIM, U3 KOTOPHIX OOpa30BaHbI
AJIEMEHTH OOJBIIONW MaTpPHUIlBl, HEPOCTO. bbpuTo OBl 3amedarensHO, €clid Obl MBI
CMOTJIU TIPEJICTABUThH 3Ty MATPHUITy B BUJIE KOMOWHAIIUN UMEIOIIIUXCS MAaTPHII.

Yro moxHO cnenarb? Ham HyxeH cmoco0, o0ecrnednBaronifii BO3MOXHOCTh
WCIIOJIb30BAHUSI MATPUYHOTO YMHOXKEHHUS, 4YTOOBI TOBBICHTH A()PEKTUBHOCTH
BBIYHCIICHUH.

[TocmoTpuTe emie pa3 Ha MPUBEACHHOE BHIIIE BhIpakeHUe. Brl BUuguTe, 94T0 Hanboiee
Ba)KHAasI IS HAC BEIIb — 3TO YMHO)KCHHE BBIXOIHBIX OITHOOK € , Ha CBS3aHHBIC C HUMH
Beca W ji. UeM Oombliie Bec, TeM OOJIbIIasi JOJIsI OMIMOKK TepeaaeTcss oOpaTHO B
CKPBITBIM CJIOM. DTO BaXHBIH MOMEHT. B 1po0six, SBISIOMMXCS 3JIEMEHTAMU
MaTpHIlbl, HIDKHAS 4YacTh WIPaeT poJib HOPMUPYIOIIETO MHOXUTens. Ecnu
npeHeopeyb 3TUM (HaKTOPOM, MOKHO TMOTEPATh JUIIH MACIITAOMPOBAHHE OIIMOOK,
Nepe1aBaeMbIX M0 MEXaHU3MYy OOpaTHOM CBsi3U. Takum 00pa3oM, BhIpaKEHHUE € | * W
ul (Wu+wa) YHOPOCTUTCA O € 1 *W .

[lonydnm cienyromiee ypaBHEHHE.

W, W2 £,
owu&xa:npwmmb = L]
W, Wi, €,

OTa MaTpuIa BECOB HAIIOMUHAET Ty, KOTOPYIO MBI CTPOWIIM PAHEE, HO OHA MOBEPHYTA
BOKPYT IMaroHajaH, TaK YTO MPaBbIii BEPXHUM DJIEMEHT TEIEPh CTaJ JEBBIM HUKHUM, a
JEBBIM  HW)XKHUW — TIIpaBbIM  BepXHMM. Takas  maTpuua  Has3bIBAeTCs
TPAHCIIOHHPOBAHHO 1 0003HAYAETCS KaK W'.

Hwxe npuselneHbl 1Ba NpUMepa TPAHCIIOHUPOBAHUS YMCIIOBBIX MAaTPUL,, KOTOPBIC
IIOMOTYT JIy4lll€ IOHATH CMBICJI OIIEpaLly TPAHCIIOHUPOBaHMsl. OHA IPUMEHNMA 1AKE
B TE€X CIIy4asiX, KOrJa KOJMYECTBO CTOJIOLOB B MATPHIIE OTJIMYAETCS OT KOJIMYECTBA
CTPOK.

1 2 3 T 1 4 7
4 5 6 = 2 5 8
7 8 9 5 6 49
T 1 4
1 2 3
= 2 5
4 5 6
6
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Ntak, Mbl NPUMEHUIIN MAaTPUYHBINA TOAXO] K OMTMCAHUIO OOPATHOTO PaCIPOCTPAHECHUS
OIINOOK:

owmuoka,,,, = W' et OWAUOKa,, o
KoneuHo, 3T0 npocTo 3aMeuarenbHO, HO MPABWIBHO JIM MBI TOCTYIWJIN, OTOPOCHUB
HOPMHUPYIOUTUH MHOXUTENH? OKa3bIBAETCS, YTO ATA YIPOILEHHAS MOJIEb OOPaTHOTO
pacnpocTpaHEHUs! CUTHAJIOB OITMOOK paboTaeT HUUyTh HE Xy’Ke, UueM 0oJiee CIoXKHas,
KOTOPYIO MBI pa3zpaboTanu rnepes 3tuM. Eciu Ham mpocToit moaxoa AeHCTBUTEIBHO
XOpOIIIO pabOTaET, MBI OCTABUM €ETO.
MoHO MPUITH K BBIBOJTY, UTO IaXKE€ B T€X CIydasiX, KOrja B 00paTHOM HalpaBJICHUU
PACIIPOCTPAHSIOTCS CIIMIIKOM OOJIBIITNE WM CIUIIKOM MaJlble OIMOKH, CETh cama BCe
WCIIPABUT MPH BBIMOJIHEHUH MOCIEAYIOMMX UTepanuii o0ydenus. BaxHo To, 4To npu
o0OpaTHOM pacHpoOCTpaHEHUU OIIUOOK YUYUTHIBAIOTCS BeCOBbIC KOA(PPUIIUEHTHI
CBSI3EH.
Pesome

* OOpaTHOE€ pacnpoCTpaHEHHE OIMMOOK MOXHO OINUCATh C MOMOIIbIO
MaTPUYHOTO YMHOXKEHHUS.

* DTO MO3BOJISIET HAM 3alIMChIBATh BhIpaXXEHUsS B 00Jiee KOMIMAKTHOU (opMme,
HE3aBUCHMO OT pa3MepPOB HEMPOHHOM CETH, U oOecrieunBaet 6oiiee 3HpPeKTUBHOE U
OBICTpOE  BBIMOJIHEHUE  BBIUMCICHHM  KOMIBIOTEpaAMHU, €CIM B S3bIKE
IPOrpPaMMHUPOBAHUS PEYCMOTPEH CUHTAKCUC MAaTPUYHBIX OINepalui.

* Orcrofa cineayer, 4To MCIOIb30BaHUE MATPUI] 00ECIEYMBAET MOBBILICHUE
7 ()EKTUBHOCTH pacyeTOB Kak Il PacClIpOCTPAHEHUS CUTHAJIOB B MPSMOM
HaIpaBJICHUH, TaK U JJIs1 PACIIPOCTPAHEHHS OTMOOK B 0OpaTHOM HAMpPaBIICHUU.

IMpakTnyeckue 3agaHus
1. Ompoc cetu
2. Texymiee cocTosiHUE KOaa
3. TpenupoBka cetu

IIpoekT HeliponHoii cern Ha Pvthon, Yacre 2.

1.0npoc cetn

Hanee 3amaaum GyHKIUIO query (), KOTOpas 00ecriedrBaeT ONMPOC CETH — MOJyICHUE
3HAYCHU CUTHAJIOB C BBIXOJHBIX Y3JIOB MOCJIE MPEAOCTABICHUS 3HAYEHUN BXOISIIIIUX
curHainoB. T.e. QyHKIMS query () IpUHUMAET B KA4€CTBE apTyMEHTa BXOHBIC JaHHBIC
HEWPOHHOM CETM M BO3BPAILlACT €€ BBIXOAHBIE JaHHbIE. [[1s 3TOro Ham HYKHO
MepEeIaTh CUTHAJBI OT Y3JIOB BXOJIHOTO CJIOS YEPE3 CKPBITHIN CIIOM K y3J1aM BBIXOAHOTO
CHOSl I TOJIYYE€HUsSI BBIXOJHBIX AaHHBIX. [Ipy 3TOM, Kak BBl MOMHHUTE, MO MEPE
paclpOCTPAHEHUsS] CUTHAJIOB MbI JIOJDKHBI CIVIQXKUBATh MX, HCHOJIb3YS BECOBBIC
KOA(PUIIMEHTHI CBSI3eH MEXIY COOTBETCTBYIOIIMMH Y3JIaMH, a TaKOXKe MPUMEHSTh
CUTMOUJY U1l YMEHBIIICHUS BBIXOJIHBIX CUTHAJIOB Y3JI0B.
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B cimydyae G0JbIIOTO KOJIMYECTBA Y3JIOB HAMMCAHUE JJISI KAXIOTO M3 HUX KOJa Ha
Python, ocy1iecTBIsIOIIETO CrIaXKUBAHUE BECOBBIX KOG (DUITMEHTOB, CYMMHUPOBAHUE
CUTHAJIOB M IPUMEHEHHUE K HUM CUTMOU/IbI, MPEBPATHUIIOCH ObI B CIUIONTHOM KOIIMap.
K cuacTbio, HaM HE HY>KHO MHUCATh AETAIBHBIN KO JISl Ka’KJI0TO Y3714, HOCKOJIBKY MBI
y)K€ 3HaeM, KaK 3amucaTh IMOJ0OHbIE MHCTPYKIMHA B TMPOCTOM U KOMIIAKTHOU
MaTpudHoi popme. Huxke mokazaHo, Kak MOKHO TOJYYUTh BXOJSIINAE CUTHAIBI JIJIS
Y3JI0B CKPBITOTO CJIOS ITyTEM COYETaHHS MATPHUIIBI BECOBBIX KOI(DPHUITMEHTOB CBsI3eH
MEKTy BXOJHBIM U CKPBITHIM CJIOSIMH C MaTPUIIEH BXOAHBIX CUTHAJIOB:

X CKPBITBINH = BXOJHOMH_CKPBITHI *1

Kowmmbrotepusie si3b1kH, B ToM uucie Python, pacno3narot matpuiibl u 3hPeKTUBHO
BBITIOJIHAIOT BCE PACUEThl, TOCKOJIBKY UM U3BECTHO 00 OJTHOTHUITHOCTH BCEX CTOSIIINX
3@ 3TUM BBIYMCIIEHUM.

Kon na s3eike Python muist aT0it oneparm nocrtatouno npoctoii. Huxke npeacrasieHa
UHCTPYKIIMS, KOTOpasi T[OKa3bIBaeT, KaK MPUMEHUTh (YHKIUIO CKaJISIPHOIO
MPOU3BEACHUSI OMOINOTEKU numpy K MaTpuilaM BeCOB U BXOJIHBIX CUTHAJIOB:

Ota KopoTKkas cTpoka kojaa Python BeimosiHsIeT BCIO paboTy MO OOBEIUHEHHUIO BCEX

]: | hidden_inputs = nurmpy.dot(self.wih, inputs)

BXOJIHBIX CHUTHAQJIOB C COOTBETCTBYIOIIMMHU BECAMU JJisi TOJYyYEHUS MATPUIIBI
CTJIQKEHHBIX KOMOWMHHPOBAHHBIX CHUTHAJIOB B KaXJIOM Y3Ji€ CKpHITOTO ciosi. bonee
TOTO, HAM HE TPHUJETCA €€ NEPENHChIBaTh, €CIU B CICAYIOMUNA pa3 MbI PEIIUM
UCII0JIb30BaTh BXOJIHOM WJIM CKPBITBIN CJION C IPYTUM KOJIMYECTBOM Y3JI0B. DTOT KOJI
BCE paBHO OyzAeT paboTath!

JI1sl IOJTyYeHUs BBIXOJHBIX CHUTHAJIOB CKPBITOIO CJIOS MBI IMPOCTO MPUCIMEHSEM K
KKJIOMY U3 HUX CUTMOUY:

O CKPBITBIN = curmMomjaa (X CKpLITblﬁ)

OT0 HE JOHKHO BBI3BATh HUKAKUX 3aTPyIHEHHUIH, OCOOCHHO €CIM CUTMOHUAA YXKe
ompeesieHa B Kakol-HuOy1b Oubaunoteke Python.

bubnuoreka scipy B Python conepxut Habop crienuanbHbIX (QYHKIMH, B TOM YHCIIE
CUTMOMY, KOTOpas Ha3bIBaeTCs B JJaHHOW OuOIMoTeke expit (). bubmuoreka scipy
UMITOPTUPYETCS TOYHO TaK )K€, KaK U OMOIMoTeKa numpy.

1: | # 6ubnuomeka scipy.special codepycum cuamoudy expit()
import scipy.special

[TockonbKy B OyAylieM Mbl MOXEM 3aXOTETh MOAKCIIEPUMEHTUPOBATh ¢ (PyHKIUEH
aKTHBAILIMK, HACTPOUB €€ MapameTpbl WU MOJHOCTHIO 3aMEHUB JPYroil (pyHKIUEH,
Jy4ylle ONpeNeNuTh €€ OJIWH pa3 B OOBEKTe HEHUPOHHON CeTH BO BpEMS €ro
vHAIManu3anuy. [lociie 3Toro Mpl CMOXkEM HEOJTHOKPATHO CChUIATHCS HA HEE, TOYHO
TakK ke, Kak Ha QPyHKuto qguery (). Takas opraHu3anus IporpaMmbl O3HA4YaET, YTO B
CJly4ae BHECCHUS U3MEHEHUN HaM IPUJIETCS CEIaTh 9TO TOJIBKO B OJHOM MECTE, a HE
BE3/I€ B KOJIE, TJI€ UCTONb3yeTcs (QYHKLUS aKTUBALIUU.
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Hwxe mnpuBeneH Kojd, ONpeeisiomuil (QyHKINIO aKTUBAlMM, KOTOPBIA MBI
WCIIOJIB3YEM B Pa3/ielie UHULMATU3AMA HEUPOHHOM CETH.

# ucnone308aHuUe cUeMOUDbL! 8 KaYeomeae QﬁyHKt{[iu ARIMUBaLLIL

self.activation_function = lambda x: scipy.special.expit(x)
UYro nenaer 31oT kKoa? OH co3paeT QyHKIMIO HanmogoOue JIroOOM Apyroi, TOJIBKO C
UCIIOJIb30BaHUEM Oojiee KOPOTKOro croco0a 3alucy, Ha3bIBAEMOIo JIAMOO0a-
svipasicenuem. Bmecto MpUBBIYHOTO omnpezesneHus GyHKuuu B popme def ums() Mbl
UCIOJIb30BaIM cJIOBO lambda, koTopoe Mmo3BojsieT co3aaBaTth PYHKIUU OBICTPBIM U
yAOOHBIM CIIOCOOOM, YTO Ha3bIBAETCS, «HA JIeTy» . B naHHOM ciydyae (yHKIMS
MPUHUMAET apryMEHT X U BO3BpaIlaeT scipy.special.expit (), a 3TO €CTh HE UTO UHOE,
Kak curmouia. yHKIMK, CO3/1aBaeMbIe C TOMOIIBIO JIAMO/1a- BRIPAXKEHUH, SIBISIOTCS
O€3bIMSHHBIMM WJIM, KaK MpPEINOYUTAIOT TOBOPUTH OIBITHBIE MPOIPAMMHUCTHI,
AHOHMMHBIMH, HO TAaHHOW (DYHKIIMM MBI TPUCBOWIM UMS Self.activation function ().
OTO oO03HA4aeT, uYTO BCAKUM pa3, Korjga MNOTpedyeTcs HCIOJb30BaTh (YHKIUIO
aKTUBAIUH, €€ HYKHO Oy/IeT BbI3BaTh KaK self.activation function ().
Wrak, Bo3Bpamiasch K Hamledl 3agade, Mbl NPUMEHUM (YHKIHMIO aKTHUBALUU K
CTJIaKEHHBIM KOMOMHUPOBAHHBIM BXO/SIIUM CUTHAJaM, OCTYIAIOIIUM Ha CKPBITHIE

y3J1b1. COOTBETCTBYIOIIUI KOJI COBCEM HE CJIOKEH.
# paccyumams UCxodAWUE CUSHAB! O/1A CKPBIMO20 CA0A
hidden_outputs = self.activation_function(hidden_inputs)

Takum 00pa3zoM, CUTHaIbI, UICXOASIINE U3 CKPBITOTO CJI0SI, OMUCHIBAIOTCS MaTpULEH
hidden outputs.

MpbI nponuIi MPOMEKYTOUHBIN CKPBITHIN CIOU, 8 KaK OBITh C MOCJIEIHUM, BBIXOAHBIM
cioeM? B NIEHCTBUTENIBHOCTH PACHPOCTPAHEHUE CHUTHAjJa OT CKPBITOTO CIIOS JI0
BBIXOJIHOI'O HHMYEM MPUHLUIIMAIBHO HE OTIMYACTCA OT NPEABIAYIIETO Ciydas,
MO3TOMY CIOCOO pacuera OCTaeTcs TeM JK€, a 3HA4MT, U KoJ OyJIeT aHaloruueH
IIpEeABbIIYyLIEMY .

Hwxe mnpuBenaeH WTOroBBIM (PparMEHT KoJa, OOBEAMHSIONIMN pacueThbl CUTHAJIOB

CKPLITOI'O X BBIXOAHOI'O CIIOCB.
# paccyumams exodaujue cusHaAb! dAR CKPBITIOZ0 CAOA
hidden_inputs = numpy.dot(self.wih, inputs)
# paccyumams UCxodAWUE CUSHAL! O/1A CKPBITOZ0 C/10A
hidden_outputs = self.activation_functionthidden_inputs)
# paccuumams exodaujue cu2HaAbl 3149 BbIX00HO20 108
final_inputs = numpy.dot(self.who, hidden__outputs)
# paccyumams ucxodauue cuzHaAb! AaA ebix0dHO20 CA0A
final_outputs = self activation_function(final_inputs)

Ecan oTOpocuTh KOMMEHTAapHH, 3[€Ch BCETO YETHIPE CTPOKH KOJA, BBHICICIICHHBIC
MOJTYKUPHBIM MIPUPTOM, KOTOPHIE BBIMOITHSIIOT BCE HEOOXOIUMBIC PACUETHI: JBE —
JUISL CKPBITOTO CJIOSL U JIBE — JIJISI BBIXOJIHOTO CITOSI.

2. Texvuiee cocTosiHME KOAA

ITocMoOTpHM, KaK BBITJISAUT B LIEIIOM KOJI, KOTOPBIA Mbl K 3TOMY BPEMEHU CO3IAJIH.
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71: | # onpedenerue knacca KelpoxHod cemu
class neuralMetwork:

# UHUYLQIUZUPOBams HelPOHHYH Cemb
def __init__(self, inputnodes, hiddennodes, cutputnodes, learningrate):
# 3qdame KOAUYECMED Y3108 80 BXOGHOM, CKPLIMOM U BbIX0JHOM CA0e
self.inodes = inputnodes
self. hnodes = hiddennodes
self onodes = outputnodes
# Mampuusi secossix ko3@guyuesmos caazed wih u who.
# Becoarie KoaggiuLuermel caazell Mexcdy V3aoMm i U y3aom |
# cnedyrowezo (oA 0803HaYeHs! Kak W__i__J:
#will waa
#wlzw2zumad.
self.wih = numpy.random.normal (o.o, pow(self. hnodes, -0.5), (self hnodes, self.inodes))
self who = numpy.random.normal (oo, pow(self.onodes, -o.5), (self.oncdes, self hnodes))

# koagichuyuenm ofyyeHus

salf Ir = learningrate

# ucnons3osanue cuemoudsl 8 kayecmse dyHKyUL aKmusayul
self.activation_function = lambda x: scipy.special expit(x)

pass

# mpexupoeka HelipoHHall cemu
def train():
pass

# onpoc HelipoHHoU cemu

def query(self, inputs_list):
# npeofpaz08ame CNUCOK BXO0HLIX 3HAYEHLI
# 2 dayxmepHeld Maccus
inputs = numpy.array(inputs_list, ndmin=2).T
# paccyumame eX00AWUE CUSHANL! 0AA CKPLIMO20 CAOR
hidden_inputs = numpy.dot(self wih, inputs)
# paccuumams ucxodALUe CUZHAE! GNA CKPBIMOZ0 CA0A
hidden_outputs = self activation_function(hidden_inputs)
# paccyumame eX00AWUE CUSHAAL! 0AA BLIX00HO20 CA0RA
final_inputs = numpy.dot(self who, hidden_outputs)
# paccyumame ucxodALUe CUZHAL! GNA B8IX00HOZ0 COA
final_outputs = self activation_function(final_inputs)
return final_outputs

Ho 310 TONBKO OmpeseneHue Kiacca, nepe KOTOPhIM B MEPBOM siueiike OJIOKHOTA
[Python cneayeT moMecTUTh Ko, UMIIOPTUPYIOLIUNM MOIYJIN numpy U scipy.special.

OyHKIMU query () B KaueCTBE BXOJHBIX JaHHBIX MOTPEOYIOTCS TOJIBKO BXOJIHBIE
In [8]: | import numpy

# Bubnuomexa scipy.special ¢ cuzmoudod expit ()

import scipy.special
curHaibl input list. Hu B KakuxX IPyrux BXOJHBIX JTAHHBIX OHA HE HYKIAETCS.
MBI [OCTUIIM 3HAYUTENIBHOIO TMporpecca U Temepb MOXKEM BEpPHYThCS K
HenocTaromeMy dparmMeHty — ¢yukyuu train (). BcnomHuTE, 4TO TpPEeHUPOBKA
BKJIIOYaeT JBe (as3bl: nepsas — ITO pacueT BBIXOJHOTO CHUTHAJA, YTO W JIeJaeT
byukus query (), a emopas — o0O0paTHOE pacHpOCTpaHEHUE OIIHUOOK,
uH(opMHUpYyIOIllee BaC O TOM, KaKOBBI JOJKHBI OBITh MOMPAaBKA K BECOBBIM
KoappurreHTam.
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[Ipexxne yeM nmepexoauTh K HAMMCAHHMIO KoJa (YHKUMHU frain (), OCyHIECTBISIOUIEH
TPEHUPOBKY CETH HA MPUMEpPax, MPOTECTUPYEM, KaK pabOTaeT yKe UMEIOIIMICS KOJ.
Jlnst aTOro co3maauM HEOOJBIIYIO CeThb M MPEJOCTaBUM €l HEKOTOpbIE BXOIHBIC
naHHble. OUEBUHO, YTO HUKAKOTO PEajlbHOIO CMBICIA PE3yibTaThl COAEpPXkaTh HE
OyAyT, HO HaM Ba)XXHO JMILb IPOBEPUTh PAOOTOCIOCOOHOCTH BCEX CO3JaHHBIX
byHKIU.

B craenytomem mnpumepe co3gaercs HeOOJNbIIAs CEThb C BXOJHBIM, CKPBITBIM H
BBIXOJHBIM CJIOSIMHM, COJAEpXAIIUMU [0 TPU Yy3/1a, KOTOpas ONpalluBaeTCAd C
MCIIOJIb30BAaHUEM CITyYalHO BHIOpaHHBIX BXOJHBIX CUTHAJOB (1.0, 0.5 u -1.5).

.8]: | input_nodes=3
hidden_nodes =3
output_nodes =3

# ko3duyuerm obyyeHUR paseH 0,3

learning_rate =0.3

cozdame 3Kk3eMnaAp HelipoHHol cemu
e

:= neuralNetwork(input_nodes, hidden_nodes, output_nodes, learning_rate)
4l | n.query([1.0, 0.5, -1.51)
91 array([[0.63875785],

[0.65613726],

[0.4367854411)
HerpynHo 3amMeTuTh, 4TO TPH CO3JMaHUHM OOBEKTa HEHPOHHOW CETH HEOOXOIUMO
3a/1aBaTh 3HaUCHUE KO3 duimenTa oOy4eHus, Jake eClI OH HEe UCTIONb3YyeTCa. JTO
OOBSICHSIETCSI TEM, YTO OIpEAeTCHUE Kilacca HEHPOHHOU CETH
BKJIFOYaET GYHKIUIO — WHULNMAIW3Ad — _ init_ (), KoTopass  TpeOyer
Mpe0CTaBICHUS JAaHHOTO aprymMeHTa. Eciin ero He yka3ath, mporpaMMa HE CMOXKET
OBITH BBITIOJIHEHA, U OTOOPA3UTCS COOOIICHHE 00 OIHOKE.
Bbl Takke MOIJM 3aMETUTh, YTO BXOJHBIE JAHHBIE MEPENAOTCA B BUAE CIIUCKA,
koTopbiii B Python o6o3Hauaercs KBajgpaTHbIMH CKOOKamMu. BwiBox Taxxke
MPEACTAaBICH B BHUJE YHCIOBOrO CIHCKAa. JTU 3HAYEHUS HE HMEIOT HUKAKOIo
pPEaNbHOTO CMBICITA, TTOCKOJIBKY MBI HE TPEHUPOBAIIU CETh, HO TOT (DAKT, YTO BO BpeMs
BBITIOJIHEHHUS POTPAMMBbI HE BO3HUKIIM OIIMOKH, IOJDKEH HAC PAJIOBATh.

3. TpennpoBKa cern

[IpucTynuMm K pelIeHHI0 HECKOJbKO 00Jiee CIOXKHOM 3a/lauyu TpeHUpoBKU ceTu. Ee
MOYHO Pa3JEeIUTh HA JBE YACTH.

* IlepBas uacth — pacueT BBIXOJHBIX CHUTHAJOB JJIA 3aJlaHHOTO
TPEHUPOBOYHOTO IPUMEPA. ITO HUUYEM HE OTIIMYAETCS OT TOTO, YTO MBI YK€ MOKEM
JIeNaTh ¢ MOMOIIbI0 QYHKIIUU query ().

* Bropas uyacTh — CpaBHEHUE pACCUMTAHHBIX BBIXOJHBIX CHUTHAJIOB C
KEJIAaeMbIM OTBETOM M OOHOBJICHHE BECOBBIX KOI(DPHUITMEHTOB CBS3EH MEKIY
y3JIaMHM Ha OCHOBE HaWJICHHBIX PA3JIUYUN.

CHauasna 3anuuieM roToBy0 NEPBYIO YacCTh.
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# mpeHuposka HelpoHHoL cemu

def train (self, inputs_list, targets_list) :
# npectpa30eaHLE CALICKA BXO0HEIX 3HAYEHU
# & deyxmepHEIl Maccus
inputs = numpy.array{inputs_list, ndmin=2).T
targets = numpy.array(targets_list, ndmin=2).T

# paccyumame E.?—:‘-ﬁ.’?h;e_u’? CUZHAL! 3nA CKDEIMIOS0 CA0A

hidden_inputs = numpy.dot(self.wih, inputs)

# paccyumame UcxodAWUe cusHaAL JAR CKpLimoea C1oAR

hidden_outputs = self activation_function{hidden_inputs)

# paccyumame E.*.’S-ﬁﬁ-lu_u'—:’ CUZHAL! 0NA BRIXOAHO20 CACA

final_inputs = numpy.dotiself who, hidden_outputs)

# DACCULIMAame UcxodALUE CLUEHAAB! 0AA BEIX00HO20 CAORA

final_cutputs = self activation_function{final_inputs)
DTOT KO/ TOYTH COBIAJIAET C KOJIOM (PYHKIIMH query (), MOCKOJIbKY MPOIECcC Nepeaaun
CUTHaJIa OT BXOJHOTI'O CJI0S K BBIXOJJTHOMY OCTa€TCsS OJJHUM U TEM XK€.
EIWHCTBEHHBIM OTJIIMYMEM SBJISETCA BBEICHUE JIOMOJHUTEIBHOIO IapaMeTpa
targets list, mepegaBaeMoro mMpH BbI30BE (YHKIUU, TOCKOJIBKY HEBO3MOXKHO
TPEHUPOBATh CETh 0€3 MPEJOCTABJICHUS €H TPEHUPOBOUYHBIX MPHUMEPOB, KOTOPHIC
BKJIIOYAIOT JK€JIa€MbI€ WIN LICJICBbIC 3HAYCHUA:

def train (self, inputs_list, targets_list) -
Crucok targets list mpeoOpazyeTcs B MaCCMB TOYHO TaK >K€, KaK CITHUCOK
input list:

targets = numpy.array(targets_list, ndmin=2).T

Temepp MBI OUeHb OJU3KHM K PENICHUIO OCHOBHOM 3aJayd TPEHUPOBKU CETH —
YTOYHEHHUIO BECOB HA OCHOBE pPACXOXXIACHUS MEXAY pPacUETHBIMU U ILIEJIEBBIMU
3HAYCHUSIMHU.
bynem pemats 3Ty 3agauy 1O3TAIHO.
[Ipexxne Bcero, Mbl JOJKHBI BBIYUCIUTH OLITHOKY, SIBJISIONTYIOCS PA3HOCTHIO MEXKITY
JKE€Tae€MbIM [EJE€BBIM BBIXOJAHBIM 3HA4YCHUEM, NPEIOCTABICHHBIM TPEHUPOBOYHBLIM
npuMepoM, U (aKTHIECKUM BBIXOIHBIM 3HAUCHHEM.
Ona mpeacTaBisgeT co00i pa3HOCTh MEXKIY MmaTpulaMu (targets — final  outputs),
PaCcCUUTBHIBAEMYIO TTOAJIEMEHTHO. COOTBETCTBYIOIIMK KOJ BBITVISIAUT OYEHBb MPOCTO,
YTO €II€ pa3 MOATBEPKAACT MOIIL U KPAaCOTY MaTpUYHOI'O OIX0/1a.

# owiubKu aexodHo20 CRoA =
# (Uenes0e 3HAYEHLE - PaKmMUYECKoe SHOYEHUE)

output_errors = targets - final_outputs

I[aJIee MbI OOJDKHBI paCCUHUTATb 06paTHOG PacIpOCTPpaHCHUC OILINOOK HJIs1 Y3J10B
CKPBITOTO CJIOs. BCrOMHHTE, Kak MBI DPACIPEACTSUTH OIUOKH MEXIy Yy3JIaMH
MIPOIIOPIIMOHATIEHO BECOBBIM KOd(PUIIMEeHTaM CBA3EH, a 3aTeM peKOMOWHUPOBAIH HX
Ha KaXIOM Y3JIC CKPBLITOIO CJIO. OTH BBIYHUCIIEHUS MOXKHO npcacraBuTbL B
CJIeTyIOIIEH MaTpUIHOUN hopme:

OLIUOKH cxprrruii = Beca' CKpblTbIﬁ_ib&m@KH
Kon, peammsyromuii 3Ty (opmyiny, Takke TpoCT B cuily crnocodHoctn Python

BBIYHUCIEATH CKAJAPHBIC ITPOU3BCACHHA MAaTpHUIl C IOMOIIBIO MOAYJIA numpy.

BBIXOTHOM
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15

oLLIBKL CKPBIMaZo CAOA - 3Ma ol b -DL'?IGL-'T_E-".rGfSI.
= ,'S'-:'i-f.".',".?'Eli:-'E';'!E'.'-."-n'b-'E nponapuueHIANLH? Beco8abiM ."(G.E'Q'j.’,ﬁ-.n".{u?.“-"-"-ﬂ;’d CBA3EU
7 U PEKOMOURUDOBAHHEIE HO CKPBIMbIX ¥3/10%
hidden_ermrors = numpy.dot{self who T, output_errors)
WNtak, MBI TOJIYyYWSIM TO, YTO HAM HEOOXOAMMO JJii YTOUYHECHHS BECOBBIX
KOd(phUIIMEHTOB B Kaxa0M ciioe. /[ BecoB CBsA3EH MEXIY CKPBITHIM M BBIXOJIHBIM
CJIOSIMU MBI UCIIOJIB3YEM MEPEMEHHYIO output errors.
J1J1s1 BECOB CBSI3€M MEky BXOJIHBIM M CKPBITBIM CJIIOSIMH MBI HCITOJIb3YEM TOJIBKO YTO
pPacCCUMTAaHHYIO TIEPEMEHHYIO hidden errors.
Panee Hamu ObLIO NOJYYEHO BBIpAXKEHUE J1sI OOHOBJICHUS BECA CBSI3U MEXKITY Y3JIOM j
1 y3110M K ciaeayromero ¢ios B MaTpuaHoOU dhopMme.

—— ey

AW, = o * E _* cuzmouda (0,) * (1 - cuzmouda (0)) ) of |

|

Bennuuna a — 310 K03QdunreHT o0ydyeHus, a CHUrMouaa — 3T0 (DYHKIIMS aKTUBALUU, C
KOTOpOM BBl yX€ 3HAaKOMbl. BcrmoMHHTE, YTO CUMBOJN «*)» O3Ha4yaeTr OOBIYHOE
MIORJIEMEHTHOE YMHOYKEHHME, & CUMBOJ «» — CKAJIPHOE NPOU3BEICHHE MAaTpPHLL.
[locnenHuuii 4jieH BBIPAXKEHUSI — 3TO TPAHCIOHUpOBaHHAs (') MaTpHIla UCXOASIINX
CUTHAJIOB MPENBIAYIIETO clIosA. B JaHHOM ciydae mpaHcnoHuposaHue O3HA4aeT
npeoOpa3zoBaHue CTOJIONA BEIXOJHBIX CUTHAJIOB B CTPOKY.
OT0 BhIpaXXKEHHUE JIETKO TpaHCIUpyeTcs B KoJ Ha si3blke Python. CHavasna 3anuieM KoJ
JUIs1 OOHOBJICHHSI BECOB CBSI3€H MEK/Y CKPBITHIM U BBIXOJHBIM CIOSMHU.

# obHoeume secogele Ko3dduyueHmsl dna caAzeld Mexcdy

# CKPLIMBIM U BBIXO0HEIM CAGAMU

self.who += self.Ir * numpy .dot ({output_errors * final_outputs * (1.0 - final_outputs)), numpy.transpose (hidden_outputs))
self.who += self.lr * numpy .dot ((output errors * final outputs * (1.0 -
final outputs)), numpy.transpose (hidden outputs))
OTO JOBOJBHO JUIMHHAS CTPOKAa KOJA, HO LBETOBOE BBIAEIECHUE IOMOMKET BaM
pa3o0paTbcsi B TOM, Kak OHa CBs3aHa C MPUBEICHHBIM BBIIIE MATEMATHUYECKUM
BbIpakeHueM. Koadduiment obyuenust self-Ir yMHOXKaeTcsi Ha OCTAJIbHYIO YacTh
BbIpakeHus. ECTh erje MaTpuyHOe YMHOXKEHUE, BHITOIHAEMOE C IIOMOIIbIO (DYHKIIMH
numpy.dot (), u ABa dJIEMEHTA, BBIJICJICHHBIX CHHUM M KPAaCHBIM IIBETaMH, KOTOPbIE
0TOOpaXXaroT YacTH, OTHOCSAIIMECS K OMMOKE U CUTMOUIAM U3 CIEAYIOLIETO CJos, a
TaKKe TPAHCIIOHUPOBAHHAA MATPULIA UCXOIAIINUX CUTHAJIOB MIPEABIAYILIErO CIIOS.
Onepanuss += oO3Ha4aeT yBEIUMYECHHE [EPEMEHHOM, YKa3aHHOM cClieBa OT 3HaKa
PaBEHCTBA, HA 3HaYEHUE, YKa3aHHOE crpasa oT Hero. [loaromy x+=3 o3HayaeT, 4yTo X
yBeIMYMBaeTCs Ha 3. DTO MPOCTO COKpALEHHAs 3alHChb HMHCTPYKUUMU X=x+3.
AHaNOrMyHBI crnoco0 3amucu  JOMyCKaeTcs M Uil JOpYrux apuMeTHdecKux
onepauuid. Hampumep, x/=3 o3Hauaer AeieHue X Ha 3.
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Kon nnst yrouHeHus: BeCOBBIX KO3(P(PUIMEHTOB CBSA3EH MEXIAY BXOAHBIM U CKPBITHIM
CJI0SIMU OYJIET OYEHB IMMOXO0K Ha 3TOT. MBI BOCIIOJIb3yeMCsl CAMMETPUEN BBIPAXKEHUM 1
MIPOCTO MEPENHUILIEM KOJI, 3aMEHSIsl B HEM UMEHa NIEPEMEHHBIX TAKUM 00pa3oM, 4TOObI
OHM OTHOCWINCH K IPEAbIAYIIUM ca0sM. Huke npusBeneH cyMMapHbINA KO I IBYX
HaOOPOB BECOBBIX KO3(PPUIIMEHTOB, OTIEIIbHBIE 3JIEMEHTHI KOTOPOIO BbIJIEIECHbI
I[BETOM TaKUM OOpa30M, YTOOBI CXOJHBIE M PA3IUYAIOIINECS YYaCTKU KOJIA MOKHO
OBbUIO JIETKO 3aMETHTb.

# obHoBume gecoskie kos@guyuerms! dna ceAzeld mexdy
# CKpLIMLIM U BEIXOOHLIM CAOAML
self. who += self.Ir * numpy .dot ((output_errors * final_cutputs * (1.0 - final_outputs)), numpy transpose (hidden_outputs))

# oBHoBuMs gecoskie koz@guyueHmsl dna ceazeld mexdy
# BXO0HLIM U CKPBIMBIM CAORMU
self. wih += self Ir * numpy.det{(hidden_errors * hidden_outputs * (1.0 - hidden_cutputs)), numpy transpose(inputs))

self.who += self.lr * numpy .dot ((output errors * final outputs * (1.0 -
final outputs)), numpy.transpose (hidden outputs))

self.wih += self.lr * numpy.dot((hidden errors * hidden outputs * (1.0 -
hidden_outputs)), numpy.transpose(inputs))

Bor u Bce!

Bess ta pabota, ayig BBINOJHEHHS KOTOPOM HaM MOTpeOOBajJoCh MHOMKECTBO
BBIYMCIIEHUW, U BCE T€ YCWJIMS, KOTOPbIE Mbl BJIOXKUIU B pa3pabOTKy MaTpU4YHOIO
MOJIX0/1a U crocoba MUHMMH3ALMU OIIMOOK CETH METOAOM I'PaJIMEHTHOTO CITyCKa,
cBelIuCh K mape crpok koma! Otdactu Mbl 00s13aHbl 3THUM s3bIKy Python, HO
(aKTUYECKH ITO 3aKOHOMEPHBIN Pe3yJIbTaT HAIIEr0 YIOPHOIO TPY/Aa, BIOKEHHOTO B
YHOPOILEHUE TOTO, YTO JIETKO MOIJIO CTaTh CIOXHBIM U MPHOOPECTH yCTpallaromui
BU/I.

[TpuBenem nosnHbli Ko GpyHKIMH train. Ero Heo0XoauMo 100aBUTEL B IPOLPAMMY.

# mperupoeka HelipoHHoL cemu
gets_list) :

BXO0HBX IHaYeHu

#8 35}& MepHbIl M
inputs = numpyarray\mputs list, ndmin=2).T
targets = numpy.array(targets_list, ndmin=2).T

# paccuumams exodawue cusHansl 4R CKPLIMo20 £10A
hidden_inputs = numpy.dot{self.wih, inputs)

# paccuumame ucxodAwue cuzHans dnF ckpeImozo croa
hidden_outputs = self. activation_function{hidden_inputs)
# paccyumams exodALUe CUeHaB! 0AA BLIXx00H0Z0 CNOA
final_inputs = numpy.dot{self who, hidden_outputs)

# paccyumame ucxodAwUe cuzHAL OAA BEIX00HO20 (/107
final_outputs = self activation_function(final_inputs)

# owubiku BuixodHo20 cnod =
# (Uenesoe 3Hay
output_errors
# owubiku ckp
# pacnped

lyueHmam cenzed

se\fwho +=selflr* n.Jmpy dot ((output_errors * final_outputs * (1.0 - final_outputs)), numpy.transpose (hidden_outputs))
# obHosuUME secoseie Ko3PgUyUeHmEl OnA caAsell mexddy
# BX00HBIM U CKPLIMEIM C0AMU

selfwih += self Ir * numpy.dot((hidden_errors * hidden_outputs * (1.0 - hidden_outputs)), numpy.transpose(inputs))

pass
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Ionublii K0 HEHPOHHOW CeTHM MOXET OBITh HMCIOJIB30BaH C IIEIbI0 CO3JaHUs,
TPEHUPOBKU U OMNPOCa TPEXCIOMHOW HEUPOHHOW CETH MPAKTHYECKH I JIH0OOH
3a7a4H.

Jlanmee MBI 3aliMeMcs peIIeHUEeM OJHOM KOHKPETHOM 3aauu: 00ydyeHue HEHpOHHOMH
CETH PACIIO3HABAHUIO PYKOMHCHBIX ITUGD.

KoHTpoJsibHBbIE BONPOCHI

1. Yro Takoe marpuiia’?

2. Kak nony4uTs CKalisipHO€E npousseaeHue matpui? [Ipuseaure npumep.

3. UTo 03Ha4aeT TPAaHCIOHUPOBAHUE MATPHUIL?

4. Yto mnpeacTaBisOT COOOM BXOJHOM, BBIXOJHOW U CKPBITBHIA CJIOU
HEUPOHHOU ceTn?

5. OnumuTe KpaTKo MPOIECC KOPPEKTUPOBKU BECOBBIX KOA(D(OUIIMEHTOB B
npoiiecce 00yueHusi HEUPOHHOM CETH.

6. Uto Takoe MeTo]1 00paTHOrO paclpOCTPAHEHUs OUTUOKHU?
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JlaGoparTopHasi padora 6
OoHoBJIeHHEe BecoBbIX KO3 Punuentos. Hadop pykonucHsix ungp
MNIST.
Hean: paccMOTpeTh Mpolrecc OOHOBIECHUSI BECOBBIX KOI(POUITMEHTOB; TOATOTOBUTH
TpeHnpoBouHble JaHHble MNIST 1myis mpoekTa HEMPOHHOW CETH IO PACIIO3HABAHUIO
PYKOMHUCHBIX ITUGP.

3aganue:

1. U3yunTth TeopeTudeckoe BBECHHE.

2. OtBeTUTh HA KOHTPOJIBHBIC BOMPOCH], TPHUBEIACHHBIE B KOHIIE
n1abopaTopHOil pabOTHI.

3. DBbImonHWTE TpaKTHYECKHWE 3aJaHMsl C  KCIOJIb30BAHMEM  S3BIKA
nporpammupoBanus Python.

4. CocTaBHTH OTUET 110 JTabopaTOpHOU padoTe. Tpebosarnus k omuemy:

OTueT mpeaocTaBisieTcsl B AJIEKTPOHHOM BHUJE B TEKCTOBOM peaakTope MS Word. B
OTYETE YKa3bIBAIOTCS:

1) ®amunus cryaeHTa.

2) IlopsakoBbIil HOMEDP U Ha3BaHUE J1a00OPATOPHOUN pabOTHI.

3) Llenb paboTHI.

4) OTBeTHI Ha KOHTPOJbHBIE BOMPOCHI.

5) Omnucanue penieHus BHIIOJHEHHBIX 3aaHui J1abopaToOpHOU padoThI,
cojiepKaiiee: a) popmyauposKy 3a0anust; 8) CKPUHULOM BLINOJIHEHHO20 3A0AHUS,
cooeparcauuti pamuiuio cmyoeHma.

3amura 51a00paTOpHON PabOTHI OCYIIECTBISETCA MO OTYETY, MPEACTaBICHHOMY
CTYJICHTOM H C IEMOHCTpAIIMEH 3aJaHHsI HA KOMIIBIOTEPE.

Teopernyeckoe BBeIeHUE

PaCCMOTEEHI/Ie IpoIecca O0OHOBJIEHN S BECOBBLIX KO3¢QI/I!!I/ICHTOB

K »sToMy MOMEHTY MBI HAay4YWIHCh PAacCCUUTBIBATH OOpPATHOE paCIpPOCTPaHEHUE
OLIMOOK [0 KaXKIOTO CJOsl CEeTH. 3a4eM HaM 3TO HYXKHO? 3areM, 4TO OILIMOKHU
MOJICKa3bIBAIOT HaM, KaK JOJIKHBI OBbITh M3MEHEHBI BECa CBS3€U, YTOOBI YIYUIIUTh
PE3YIBTUPYIOMINMA OOIINH OTBET HA BBIXO/Ie HEHPOHHOM ceTH. B 0CHOBHOM 3TO TO, 4TO
MBI JIeTIAJIA C TUHEHHBIM KJIacCU(UKATOPOM B TIEPBOI TaOOpaTOPHOI padoTe.
OpHako y371bl — 3TO HE MPOCThIC JIMHEWHBIE KiIacCUPUKATOphl. B y3imax curHaib
CYMMHPYIOTCSI C Y4€TOM BECOB, IMOCJIE Yero K HUM MpuMeHseTcs curmona. Ho kak
HaM BCE-TaKM CIPABUTHCS C OOHOBIICHHEM BECOB IS CBSI3CH, COCTUHSIONINX JTH
O0onee cnoxuble y3iubl? Ilouemy OBl HE HCHONB30BATH  anredpy  Juis
HETOCPEICTBEHHOT'O BHIYUCIICHHSI BECOB?

[locnennuii myTh HaM HE MOJIXOJIUT BBUJY T'POMO3JIKOCTH COOTBETCTBYIOIIUX
BbIKJIaZ0K. CyIIECTBYET CIMIIKOM MHOTO KOMOWHAIIM BECOB M CIUIIKOM MHOTO
GyHKUIUN, 3aBUCAITUX OT (PYHKITUH, 3aBUCSIIUX OT APYTUX QYHKIMMA U T.]I., KOTOpPHIE
MBI JIOJIKHBI KOMOMHHUPOBATH B XOJI€ aHAJIM3a PACIPOCTPAHEHUS CUTHAJA IO CETH.
[IpencraBpTe cebe X0Tst ObI HEOOIBITYIO
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HEUPOHHYIO CETh C TPEMsI CJIOSMHU U TpeMsi HEMpOHAMU B KaXKJIOM CJIO€, MOJJO0HYIO0
TOH, C KOTOpPOMl MbI miepes 3TUM padotain. Kak oTperynupoBaTh BECOBOM
KOA(PUIIUEHT JJ1s1 CBSI3U MEXKTY TIEPBBIM BXOJIHBIM Y3JI0M U BTOPBIM y3JIOM CKPBITOTO
CJI0sl, 4YTOOBI CUTHAJI Ha BBIXOJIE TPETHETO y3Jia yBENIMUMIICS, ckaxeM, Ha 0,57 Jlaxe
eciv Obl BaM TMOBE3JI0 W BbI CHENAIHM 3TO, TOCTUTHYTBHIM pe3yiabTaT MOr Obl ObITh
paspyllieH HACTPOWKOM IPYroro BECOBOr0O Kod(PQuIMEeHTa, YIydlIaromero CUrHai
JIPyTroro BBIXOAHOTO y3i1a. Kak Buaure, 3Tu pacyeTsl JajieKo HE TPUBUAJIbHBI.

UYtoObI yOEAUTHCS B TOM, HACKOJIBKO OHU HE TPUBHUAIBHBI, JOCTATOYHO B3IJISIHYTh Ha
MPUBEJECHHOE HUXE BBIPAKEHUE, KOTOPOE MPEJCTABISAECT BBIXOJHOM CHUTHAN y3Ja
BBIXOJIHOTO CJIOS KaK (DYHKIIMIO BXOJHBIX CHUTHAJIOB M BECOBBIX KOA(DPUIIMEHTOB
CBSI3€H [T IPOCTOM HEMPOHHOM CETH C TPEMS CIIOSIMU 110 TPH y3ya. BXOIHOM cUrHam
Ha y3J1e i paBeH Xi, BECOBOM KOADPUITMEHT /ISl CBS3U, COSANHSIONIEH BXOTHOM y3em i c
Y3JIOM j CKPBITOTO CJIOS, PABEH W jj. AHAJTOTHYHBIM 00pa30M BBIXOHOM CUTHAI y3Ja j
CKPBITOTO CIIOSI PaBEH Xj, a BECOBOM KOADOUIIMEHT MJiS CBSA3H, COCAUHSIONIEH
y3€J1 j CKPBITOIO CJIOsI C

BBIXOJHBIM  y31oM K, paBeH W jx. CumBOm D, O3HAauaeT CyMMHpOBaHHE
CJIEYIOIIETO 3a HUM BBIPAXKEHHS 110 BCEM 3HAYEHUSIM MEXAY a U b.

A He morau Obl Mbl BMECTO JaHHBIX CJIOXHBIX PAcCue€TOB MPOCTO Mepeduparhb
Clly4ailHble COYETaHMsI BECOBBIX KOI(P(PUIMEHTOB, ToOKa He OyAeT MoJy4yeH
YCTpauBarOUIMK HAC pe3yabTar?

Takol moaxosa Ha3bIBa€TCS METOJOM TpyOo cuiibl. HekoTophle JIOAM TBITAIOTCS
UCIOJIb30BaTh METO/bI IPyOON CHUJIBI AJIi TOTO, YTOOBI B3JIaMbIBaTh MapoJId, U 3TO
MOJKET cpaboTaTh, €CJIN MapOJIEM SBISIETCS KaKoe-ITM00 OCMBICIEHHOE CII0BO, IPUYEM
HE OYEHb JUIMHHOE, @ HE MPOCTO HabOp CMMBOJOB. Takas 3ajada BIIOJIHE MO CUJIaM
JIOCTaTOYHO MOIIHOMY JOMallHEMy KomnbloTepy. HO mpencraBbre, 4TO KayKIbId
BecoBoM k03 urmeHt MmoxeT uMeTh 1000 BO3MOKHBIX 3HaUYCHHUM B AUANa30HE OT -1
1o +1, manpumep 0,501, -0,203 unum 0,999. Torna B cityyae HEHPOHHOW CETH C TPEMS
CJIOSIMU TIO TPU y3Jla, HacUuThIBaroleld 18 BecOBbIX KOA(P(UIIMEHTOB, Mbl JIOJKHBI
ObUIM ObI MPOTECTUPOBATH 18 ThICSY Bo3MoOkHOCTEH. Ecnu Obl y Hac Oblna Oonee
TUNIMYHas HeHpoHHas ceTh ¢ 500 y3mamMu B KaXJOM CJIO€, TO HaM MPHUIIOCH Obl
nporectupoBaTh 500 MUIIIMOHOB PA3IMYHbIX 3HAUeHUI BecoB. Eciu Obl 1715t pacuera
Ka)XJI0r0 Habopa KoMOMHAIMI TpeboBaslach OJHA CEKYH/1a, TO /7t OOHOBJICHHS] BECOB
C IOMOILUBI BCETO JHIIb OJHOIO TPEHUPOBOYHOI'O IPUMEPA
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noHanoomnock Obl mpuMmepHo 16 ner. Teicsiua TPEHUPOBOYHBIX MNPUMEPOB — U
MOJTyYMIIOCh ObI 16 THICSY JIET.

Kak BuguTe, MOAXO0J, OCHOBAHHBIK HA MeETO/AE TpyOOMl CHIIbI, MPAKTHUUYECKH
Hepeanu3yeMm. B neiicTBurenbHOCTH IO Mepe J00aBI€HUS B CETh HOBBIX CJIOEB, Y3JI0B
WJINA BapUaHTOB Nepedopa BECOB CUTYAIsl OYEHb OBICTPO yXYAILIACTCS.

OTa roJOBOJOMKAa HE MOJJaBajlaCh MaTeéMaTHKaM Ha MPOTSDKEHWHM MHOTUX JIET U
MoJIyuusia peajbHOE MpaKTU4YeCKoe pazpemieHue aumb B 1960 — 1970-x ropax.
Cy1ecTBYyIOT pa3nuyHble MHEHUSI OTHOCUTENIBHO TOTO, KTO CZeJaj 3TO BIIEPBBIC WIH
COBEPIIMJI KITIOYEBOW MPOPHIB, HO JII HAC BAXXHO JHUIIb TO, YTO 3TO 3alo37ai10e
OTKPBITHE TOCITYXHJIO TONTYKOM K B3PBIBHOMY PAa3BUTHIO COBPEMEHHON TEOpUHU
HEHPOHHBIX CeTed, KoTopas cedlyac crnocoOHa pemaTbh HEKOTOpPhle BechbMa
BIICYATIISIONIUE 3a0a4H.

MatemaTuyeckue BBIPAKEHHUSI, MO3BOJSIONIME ONPEEIUTh BBIXOJHOM CHUTHAI
HEHPOHHOM CETH MPU U3BECTHBIX BECOBBIX KOI(PPUIIMEHTAX, HEOOBIYAHHO CIIOKHBI, U
B HUX HEJErKo pazooparbces. KomndecTBO pa3nuyHbIX KOMOMHAIIMHN CIIUITKOM BETTUKO
JUISL TOTO, YTOOBI MBITAThCS TECTUPOBATH UX IOOUYEPEIHO.

TpeHupoBOUHBIX JaHHBIX MOXKET OKa3aThCS HENOCTATOYHO s 3PPEKTUBHOTO
oOyueHusi ceTu. B TpeHMPOBOUHBIX NAHHBIX MOTYT OBITh OMIMOKH, B CBSA3H C YEM
CHPaBeUIMBOCTH HAILIETO MPEINOI0KEHUS O TOM, YTO OHH UCTUHHBI U HA HUX MOKHO
YUUTBCS, OKAa3bIBACTCA MO BOMPOCcOM. Kon4yecTBO C10eB WM y3JI0B B CaMOil ceTu
MOJKET OBITh HEAOCTATOYHBIM JJISI TOTO, YTOOBI MPABMIIBHO MOJIETHPOBATH PEIICHUE
3a/layu.

DT0 03HAYAET, UTO MPEANPUHIMAEMBIN HAMU TIOJIXO] TOJIKEH OBITh PeaTUCTUYHBIM U
YUUTHIBaTh YKa3aHHBIC OTpaHrueHus. Eciu Mbl OyzieM ciieoBaTh 3TUM MPHUHIIUATIAM,
TO, BO3MOXHO, HaiieM pelleHrue, KOTOpoe, Jaxe He Oyayuyd HACaTbHbIM C
MaTEeMaTUYECKON TOUKH 3PEHHS, 1aCT HaM JIyUYlIIUe pe3yJIbTaThl.

[IpowsmtocTpupyeM CyTh HallUX PACCYyXXKJICHUM Ha CIEIYIOMEM IpUMepe.
[IpencraBpTe cebe manAmaT C OYEHB CIOKHBIM PeabedOM, UMEIONTUM BO3BBIIIICHUS
U BIIaJUHBI, a TAK)KE XOJIMBI ¢ OyrpaMu U siMaMu. Bokpyr Tak TEMHO, 4TO HU 3TU HE
BUJHO. BBl 3HaeTe, UTO HAXOAUTECH HAa CKJIOHE X0JIMa, U BaM HY>KHO J00paThCs 10 €ro
noiHOkusA. TOUHOM KapThl MecTHOCTHU y Bac HeT. Ho y Bac ecTh hoHaps. [loxkanyii, Bbl
BOCTIOJIb3yeTeCh (hOHApEM M OCMOTPHUTECH BOKPYT ceOs1. CBeTa oHaps HE XBATHUT AJIs
nanbHero 0030pa, U Bbl HABEPHIKA HE CMOYKETe OCMOTPETh BECh JTaHIIIA(T ETUKOM.
Ho BBl cMoxkeTe yBHAETh, MO KAaKOMY Yy4YacTKy IMpOIIE BCEr0 HadaTh CIYCK K
MOJTHOKUIO XOJIMa, M CAENAeTe HECKOJIBKO HEOONBIINX MIaroB B ’TOM HANpaBJICHUM.
HeticTByst mogo0HBIM 00pa3oM, Bbl OyeTe MEJICHHO, IIar 3a I1aroM, MpoABUTaThCS
BHMU3, HE pacrioyaras oouieil kKapToi 1 3a0J1aroBpeMEeHHO MPOJIOKEHHBIM MaPIIPYTOM.
MaremaTuyeckas BepcHs 3TOTO IMOAXOJAa HA3bIBAETCA METOJIOM TPaJIMEHTHOTO
CIyCKa, W MPUYUHY ATOT0 HETPYAHO MOHATH. [locie Toro kak Bl caenaiu Imiar B
BbIOpaHHOM HampaBJI€eHUH, BBl BHOBb OCMAaTPUBAETECh, YTOOBI YBUAETh, KAKOH IyTh
BEJIET BAC K LIEJIH, U JIeJIaeTe OUEPEIHOM 1Iar B 3TOM HampasiieHuu. Bel mpogomkaere
JIeICTBOBATh TOYHO TaK K€ JO0 TeX IOp, MOKa OJIaromnoJydyHO HE CIIyCTHUTECh K
MOJTHOKUIO XOJIMA.
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A Tenepp Npe/ICTaBbTE, YTO 3TUM CJIOKHBIM JIaHAA(PTOM SBISETCS MaTEMaTUYECKas
¢byHkuug. Metoa rpalu€HTHOTO CIyCKa IMO3BOJISIET HAXOJUTh MUHUMYM, AK€ He
pacnosiarasi 3HaHUSIMU CBOWMCTB 3TOW (PYHKIMHU, JOCTATOYHBIMU JIJISi HAXOXKJEHUS
MUHUMYMa MaTeMaTHYeCKUMU Metofamu. Ecin (yHKIUS HACTOJIBKO CIIOXHA, YTO
IPOCTOro crnoco0a HaxOXACHUS MHHMMyMa aireOpandyecKuMu METOJIaMU  He
CYILIECTBYET, TO MBI MOXEM BMECTO 3TOT'0 MIPUMEHUTH METOJ IPAJAUEHTHOIO CITyCKa.
SlcHoe Aeno, OH MOXET HE JJaThb HaM TOYHBII OTBET, OCKOJIbKY Mbl IPUOIMKAaEMCS K
OTBETY LAl 3a IIAroM, IOCTENEHHO yJy4luas Hamy no3unuto. Ho 3To mydme, yem
BOOOIIIE HE MMETh HMKAKOTO OTBeTa. BO BCSIKOM ciydae, Mbl MOXEM IMPOJOJIKHUTh
YTOYHEHHUE OTBETA €l1le 00Je€ METKUMHU [IaraMH 110 HaIIPaBJICHUIO K MUHUMYMY, [TOKa
HE JIOCTUTHEM KEJIaeMON TOYHOCTH.

A KaKoe OTHOLIEHUE UMEET 3TOT AEHCTBUTENBHO 3(h(PEKTUBHBIN METOJ] TPAAUEHTHOIO
CIycka K HeHpoHHBIM ceTsiM? Eciau ynoMsHyTO#ll CiOXHOW (GyHKUUEH SIBIsIETCS
omunOKa CeTH, TO CIYCK MO CKJIOHY JUISl HAXOKJICHUS MUHMMYMa O3HAuYaeT, YTO MBI
MUHUMHU3UpPYEM OLIMOKY. MBI yilydiiaéM BbIXOJJHOM CUTHAJI CETH.

PaccMOoTpyM HKCIIONB30BaHWE METOJA TPaJMEHTHOIO CIyCKa Ha NPOCTEHIIEM
IpUMeEpE.

Huxe npusenen rpadux npoctoit Gpynxuuu y = (x — 1)> + 1. Eciu 6b1 510 ObLIa
(GyHKUHS, ONUCHIBAIOIIAsl OMMOKY, TO Mbl JOJDKHBI ObUIM Obl HAaWTH 3HAYEHHE X,
KOTOpO€ MUHUMU3HUpYET 3Ty (yHKuMio. [IpencraBum, 4To Mbl UMEEM N0 HE CO
CTOJIb MPOCTOM (PyHKIMEH, a ¢ Topaszao 00Jiee CIOKHOM.

g

/\

y = (x-1Y+1

J cAEAYFOWUE Laz

ampuuachmer]
HAKAOH

__>x

['pamueHTHBIN CITyCK IOJKEH C 4ero-To HaunHaThesl. Ha rpaduke nmokazana cirydaitHo
BbIOpaHHasi HayaslbHasg TOYka. MBI HCCllelyeM MeCTO, B KOTOPOM HaxXOAMMCS, U
BUJIMM, B KAaKOM HaOIpaBJICHUU UJET ciycK. HakioH kpuBoil Takke 0003HA4YeH Ha
rpaduke, ¥ B JaHHOM CiIy4ae €My COOTBETCTBYET OTPULATENbHBIN TpaaueHT. Mbl
XOTUM CJIEIOBATh B HANPABJIECHWN BHH3, MO3TOMY JABMKEMCS BJOJb OCU X BIPABO.
Takum 00pazoM, Mbl HEMHOI'O YBEJIMYMBAEM X. JTO MEPBbIM IIar. Mbl yJIydiidian
Hally MO3ULIHMI0 U NPOABUHYJINUCH OJMXKe K (PaKTHUECKOMY MUHUMYMY .
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[IpencraBum, 4TO MBI HA4aJIM CIYCK C KaKOTO-TO JAPYroro MecTa, KaK MOKa3aHO Ha
cienmyronem rpaduke.

y
/N
|

y = (x-1)+1

CAEOYFOWUE WAzl N
NOAOKUMEABHBIL]

HAKADOH

= ‘} X

Ha 5TOT pa3 HakIOH MOYBBI MOJ HAIIMMH HOTaMH MOJOKUTEIEH, MO3TOMY MbI
JBUYKEMCS BJIEBO, T.€. HEMHOIO YMEHbIIaeM X. 1 BHOBb BUJIHO, YTO Mbl YIIyUIIHIN
Halle MOJIOKEHUE, MPUOIMU3UBIIMCH K (PAKTHYECKOMY MHUHUMYMY. MBI MOXKeM
IPOAOJDKATh JEHCTBOBATh B TOM K€ JyX€ J0 TeX IOp, OKAa U3MEHEHUS HE CTaHyT
HACTOJIbKO MaJIbIMH, YTO MbI OyJIEM CUNTATh, YTO JOCTUIIIN MUHUMYMA.
HeoOxoaumMbIM yCOBEPILIEHCTBOBAHUEM 3TOrO0 METOJAa JOJKHO OBbITh HW3MEHEHUE
BEJIMUYMHBI IIaroB BO H30€XaHHWE MEpecKOKa 4Yepe3 MHUHMMYM, UYTO MHpPHUBENET K
OECKOHEYHBIM TpBDKKaM BOKpYr Hero. BooOpa3ute, dYTO MbI OKa3alucCh Ha
pacctostauM 0,5 MeTpa OT MCTUHHONO MMHMMYMA, HO JUIMHA HAILEro Iara BCErjaa
paBHa 2 Metpa. Torna Mel OyieM MOCTOSTHHO MPOMYCKaTh MUHUMYM, IIOCKOJIBKY Ha
KQ)KJIOM IlIare B €ro HampaBJI€HUH Mbl OyJleM MEpEecKaKuBaTh yepe3 Hero. Eciu Mbl
OyZieM yMeHbIIAaTh BEJIMYMHY IIara MporopIUOHAIBHO BEIMYUHE T'PAaJUEHTa, TO IO
Mepe MPpUOIKEHUsI K MUHUMYMY OyjieM coBepIiaTh Bce Oosiee Menkue maru. [Ipu
TOM MBI MPEIOIaraeM, YTo 4eM OJIMKE K MUHUMYMY, TEM MEHbIIEe HAKIOH. J[is
OOJBIIMHCTBA TJAAKUX (HENpepblBHO AuddepeHuupyeMbx) QYHKIUNA Takoe
IpPEINoIoKEHNEe BIIOJIHE IpuemiieMo. OHO He OyAeT CHpaBeIJUBBIM JIMIIb I10
OTHOILIEHUIO K CJIOXHBIM PEIKO BCTPEYAIOIIMMCS 3Ur3arooOpa3HbIM (YHKLIHAM CO
B3JIETAMH U IIPOBAJIAMH B TOYKAaX, KOTOPbIE MATEMATUKH HA3bIBAIOT TOYKAMH Pa3phIBa.
Wnest yMeHbIIEHNs] BEIMYMHBI I1ara Mo MEpe yMEHBbUIEHUS BEJIUYHMHBI I'PAJIMEHTA,
ABJIAIOIICICS XOPOIIUM HHAMKATOPOM OJIM30CTH K MHHUMYMY, WJUTFOCTPUPYETCS
CJIEYIOIIUM TPaPUKOM.

99



y = (x-1y+1

Kpymol
zpadueHm

MEHBWIUE WaZu :

noAozull zpadueHm

g > X

Mbl u3MeHsieM X B HalpaBJICHHH, MPOTHUBOIOJIOKHOM HANpPaBICHUIO TPaJHECHTA.
[TonoxxuTeNnbHBIA TpPaUEHT O3HAYAeT, YTO MbI JIOKHBI YMEHBIIUTH  X.
OTtpuLaTenbHbI TPAJUEHT TPEOYET YBETUUECHUS X.

Hcnonb3ys METOA TpaJueHTHOTO CITyCKa, Mbl HE NBITAJIUCh HAXOJHUTh WUCTUHHBIN
MUHUMYM aJIreOpandecKuM METOJIOM, IMOCKOJIbKY CleNaiu BUA, OyaATo QyHKIUA y =
(x —1)*+ 1 s 5TOro caMImKOM cloXkHa. Jaxe ecnu Obl MBI HE MOTJIM OIIPEAEIIUTh
HAaKJIOH KPUBOM C MaTEMaTHYE€CKOW TOYHOCTHIO, MBI MOTJM OBl OIIEHUTH €ro B
MPaBUJILHOM HallpPaBJICHUHU.

[IperMy1iecTBa 3TOr0 METOJA IMO-HACTOAIIEMY IMPOSBISAETCS B ciaydae (yHKIIHM,
3aBUCAIIMX OT MHOTMX mHapameTpoB. Hampumep, BMECTO 3aBUCMMOCTH y OT X MBI
MOEM UMETh 3aBHCUMOCTb OT a, b, ¢, d, e u f. BcmomuuTe, 4T0 QyHKIIHS BBIXOTHOTO
CUTHAJIa, a BMECTe ¢ Hed W (YHKIUA OMMOKH 3aBUCAT OT MHOMXECTBA BECOBBIX
KO3(pPUIIMEHTOB, KOTOPHIC YACTO UCUHCIISIIOTCS COTHSIMU.

Cnenyrommii TpaduK BHOBH WJUTFOCTPUPYET METOJA TPAJUEHTHOTO CITyCKa, HO Ha
3TOT pa3 MNPUMEHHUTEIBHO K Ooyiee CII0KHOW (PYHKUMH, 3aBUCSIIEH OT JBYX
napaMeTpoB. ['paduk Takod PyHKIIMM MOXHO MPECTaBUTh B TPEX U3MEPEHUSIX, TIe
BBICOTA MIPEACTABISACT 3HAUCHUE (DYHKITUU.

cpedHull
zpadueHm
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Bo3MO)HO, TIIs115 HA 3TY TPEXMEPHYIO IOBEPXHOCTD, BbI 33 1yMaJIUCh HAJl TEM, MOXKET
JI1 METOJ TPAJIMEHTHOIO CITyCKa MTPUBECTU B APYTYIO JOJIMHY, KOTOpas PacIioiaoKeHa
cnpaBa. B AeMCTBUTENBHOCTH 3TOT BOMPOC MOXKHO OOOOMIUTH: HE MPUBOAUT JIN
MHOTJa METOJI TPaJUEHTHOTO CIIyCKa B JIOKHYIO JIOJMHY, MOCKOJIbKY HEKOTOpbIE
CJIOKHBIE (DYHKIIMHA UMEIOT MHOXKECTBO JIOTUH?

Urto Takoe JoKHAsE JOJIMHA? DTO JOJWHA, KOTOpas HE SIBJISIETCS caMOM TIIyOOKOM.
Torga Ha MOCTaBJIEHHBIN BOIPOC CIEAYET NaTh YTBEPAMUTEIbHBIA OTBET: Ja, TAKOE
MOYKET MPOUCXOJIUTD.

Ha cnenyroieit nimmrocTpanyy moka3aHbl TP BapyuaHTa TPAJAUEHTHOTO CITYyCKa, OJIUH
13 KOTOPBIX NPUBOJUT K JO)KHOMY MUHUMYMY.

L] 1]
A M

KoppekmHbil | exambiBanue KoppeKkmHbid
MUMULMYM 6 AoxHbti —l MUHUMYM
P B MUHKMYM

R IS i 54 1_7:_ > _i—\"_ -4

Peslome

* MeToa TIpaJueHTHOTO CIyCKa — 3TO JIEHCTBUTEIBHO XOPOLIMK CIoco0
HaXOXXJEHUsT MUHMMyMa (DYHKIMH, U OH MPEKpacHo padoraer, Korga (pyHKIHUsS
HACTOJIBKO CJIOKHA, YTO €€ MareMarhyeckas oOpaboTka anreOpandyecKuMu
METOJIaMU COIPSHKEHA ¢ OONBIIMMU TPYIHOCTSIMHU.

* Bonee Toro, 3TOT MeTOJ XOpouio paboTaeT B ciydyae (PyHKUMH MHOTHX
NEPEMEHHBIX, KOrja Jpyrue METOJbl He cpaldaThIBalOT JUOO HMX HEBO3MOXHO
peain30BaTh Ha MPAKTUKE.

 JlaHHBIM METOJA TaK)Ke YCTOMYMB K HAJIMYUIO NE(PEKTHBIX JaHHBIX U HE
3aBeJIeT Bac JaJIeKO B HEMPaBWIBHYIO CTOPOHY, €CM (YHKIUS HE ONUCHIBACTCS
U7CANBbHO UJIH K€ BPeMs OT BPEMEHU MbI COBEPILIaEM HEBEPHBIE ILIArH.
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BrixogHOW cuUrHam HEUPOHHOW CETH MPEACTaBIsET COOOM CIIOXKHYIO, TPYIHO
MO/IJTAIONIYIOCS  OMHUCAaHUI0 (YHKIMIO CO MHOTMMH TlapaMeTpaMH, BECOBBIMHU
ko3 pumreHTaMu CBsI3e, KOTOPBIC BIMSAIOT Ha BEIXOHOW CUTHAIL. Tak MOXEM JTU MBI
WCIIOJIB30BaTh METOJI TPATUEHTHOTO CIyCKa I ONPEICICHHS  ITOIXOAIINX
3HaueHUH BecoB? MOKeM, €CIIi ITPaBUIILHO BEIOEPEM (YHKITHIO OITHOKH.

OyHKIHS BBIXOHOTO CUTHAJIA caMa I10 ce0e He sABsgeTcs GyHKiueld omuoku. Ho Mbr
3HAa€M, YTO MOKEM JIETKO TPEBPATUTh €€ B TAKOBYIO, TOCKOJIbKY OIIMOKa — 3TO
Pa3HOCTh MEXIy IIeJIEBBIMH TPEHUPOBOUYHBIMU 3HAYCHUSAMU U (DAKTUICCKUMU
BBIXOJIHBIMH 3HAYEHHSIMH.

OpHako 3Jech €CTh KOE-4TO, Yero CJeAayeT oOcCTeperatbcs. BiarisHuTe Ha
NPUBEACHHYIO HIDKE TaOJHMIly C TPCHHUPOBOYHBIMH JIAHHBIMA M (DaKTHUYCCKUMU
3HAUCHUSMHM JIJI1 TPEX BBIXOJHBIX Y3JIOB BMECTE C KaHIUJaTaMU Ha POJb (DYHKIIHH
OIIINOOK.

Buixog Lieneso# Ownbka

Ownbka ] Owwnbka
cetH pesynbrar (uenesoe— luenesoe— (uenesoe—
thaxkTHyeckoe) @IKTHIMI:KOBF MHHHNMII !
04 0,5 0,1 0,1 0,01
08 07 | 0,1 | 0,1 0,01
_ 1,0__. | 1,0 ) 0 . B 0 | B 0 B
 cywma | 0 0.2 | 0,02

Hammm nepBbIM KaHIUJATOM Ha POJIb (PYHKIUHU OIIMOKH SIBJIIETCA MTPOCTast pa3HOCTh
3Ha4YeHUN (HesaeBoe — pakTHYECKO0e). JTO KaKETCS BIOJHE pasyMHbIM. Ho eciin Be
pELINTE UCTI0JIb30BaTh CyMMY OLIMOOK 110 BCEM y3J1aM B KaY€CTBE OOIIEro MoKa3aTes
TOT0, HACKOJIBKO XOPOILIO 00y4YeHa CeTh, TO 3Ta CyMMa paBHA HYJIIO.

SIcHO, YTO ceTh ene HEAOCTaTOYHO HATPEHUPOBAHA, IOCKOJIBKY BBIXOJHBIE 3HAYCHHUS
JBYX Yy3JI0B OTJIMYAIOTCS OT LEJeBbIX 3HaueHWi. Ho HyneBas cymMma oO3Hadaer
OTCYTCTBHE OIIMOKU. DTO OOBSACHSAETCS TEM, UTO MOJOKUTENbHAS U OTpULIATEIbHAs
OLIMOKHU B3aMMHO COKpaTuiuchk. OTCIofa CleyeT, YTo NMpocTas pa3HOCTh 3HAUYEHUH,
Jake eciM Obl MX B3aUMHOE COKpallleHHEe ObUIO HEMOJHBIM, HE TOJWUTCS MAJIs
UCIIOJIb30BaHUS B KaYECTBE MEPhI BETUYMHBI OUTHOKH.

[lovineM npyruM ImyTeM, B3sB aA0COMIOTHYIO BENWYMHY pa3sHOCTH. DOpManbHO 3TO
3alMCHIBACTCS KaK |meseBoe-pakTHYecKoe| W O3HAYaeT, 4YTO 3HAK pe3yJibTara
BBIYMTAHMSI UTHOPUPYETCS. DTO MOIJIO ObI cpaboTaTh, MOCKOJIBKY B JAHHOM Cllydae
HUYTO HU C YEM HE MOXET COKpaTuThcs. [IprunHa, Mo KOTOpOH NaHHBIA METON HE
NOJIYYWJI TIOMYJISIPHOCTH, CBs3aHa C TEM, YTO MPU STOM HAKIOH HE SBIsETCA
HEeMpepbIBHOM (yHKIMEH BOMM3M MHUHMMYMa, YTO 3aTPYJHSAET HCIOIb30BaHUE
METOJIa TPAJUEHTHOTO CIIyCKa, IOCKOJIbKY Mbl OyJIeM IOCTOSIHHO COBEpPLIATh CKAYKU
BOKpPYI' V-00pa3HOM JOJUHBI, XapaKTepHOU 7151 PyHKIMHU OIINOKHU [MOJ00HOI0 poJa.
[Tpu npubnmkeHUM K MUHUMYMY HaKJIOH, a BMECTE€ C HUM M BEJIMYMHA IIara
W3MEHEHMS NIEPEMEHHON, HE YMEHBIIIAETCS, @ 3TO 03HAYAET PUCK IEPECKOKA.

Tperuit BapmaHT 3aKirodaeTcss B TOM, YTOOBI HCIOJIb30BaTh B KAd€CTBE MEPHI
OIMOKY KBaapar pasHocTH: (ueseBoe-pakruyeckoe)’. CylecTByer
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HECKOJIbKO TPUYWH, MO KOTOPHIM TPETHUH BapHaHT MPEATIOYTUTEIHHEE BTOPOTO,
BKJTFOYAsI CIICTYIOIITHE:

* OH YIIPOIIAET BHIYMCIICHHUS], C TIOMOIIBIO KOTOPBIX OMPEEsieTCs] BETUYHHA
HAKJIOHA JIJII METO/Ia TPAJIMEHTHOTO CITyCKa;

* (yHKIMS OMMOKH SBISETCS HEMPEPHIBHO TIIAKOW, 4TO 00ecredynBaeT
HOPMAJILHYIO padOTy METO/a TPaJANCHTHOTO CIyCKa BBHUIY OTCYTCTBHSI TIPOBAJIOB
Y CKauyKOB 3HAYCHHUU (PYHKITUH;

* MO Mepe MPHUOIMKEHUS K MHUHUMYMY TPaJHCHT YMEHBIIACTCS, YTO
O3HAUaeT CHIDKEHHE pPHUCKA IEPECKOKa uYepe3 MHHHUMYM, €CIH HCIOJIb3YyeTCs
YMEHBIIIEHUE BEJTUYHHBI I1ar0B.

A BO3MOXHBI JIM IpyTUe BapuaHThl? Jla, MOXKHO CKOHCTPYUPOBATH JIFOOYIO CIIOKHYIO
GYHKIIHIO, KOTOPYIO cUuTaeTe Hy>KHOH. OIHM M3 HUX MOTYT BOOOIIe He paboTaTh,
JPYTUEe MOTYT XOpOIIO paboTaTh AJiA ONpPENeJIEHHOrO Kpyra 3ajay, a TPeTbU MOTYT
paboTaTh ACUCTBUTENBHO XOPOIIO, HO HMX Ype3MEpHas CIOXKHOCTh MPUBOIUT K
HEOTMPaBJIaHHBIM 3aTpaTaM PECYPCOB.

YtoOBl BOCMOIB30BATHCS METOJIOM TPATUEHTHOTO CIyCKa, HYXKHO OIpPENETUTh
HAKJIOH (DYHKITUH OIIMOKH IO OTHOIIICHUIO K BECOBBIM Kod(duiinerTam. 1o TpedyeT
npumeHeHus: quddepennuansaoro ncuucienus. JuddepeHimanbHoe HCUUCTIEHNE —
ATO MaTEMaTUYECKHA CTPOTHH MOJIXOJ K ONPECIICHUIO BEIMUYNHBI M3MEHEHUS OJTHUX
BEITWYMH TIPU U3MEHEHHUH Apyrux. HamprumMep, 0HO MO3BOJIIET OTBETUTH HA BOIIPOC O
TOM, KaK HM3MEHSACTCA JUIMHA TPYXUHBI B 3aBUCHUMOCTH OT BEIIMYWHBI YCHIIHS,
NPUIIOKEHHOTO K €€ KOHIlaM. B JaHHOM ciy4yae HAac WHTEPECyeT 3aBHCHUMOCTH
GyHKUMA OMIMOKK OT BECOBBIX KOA((UIIMEHTOB CBSI3€ BHYTPU HEHPOHHOH CETH.
WHbIMU clIOBaMH, HAC MHTEPECYET, HACKOJIBKO BEIMYMHA OIMMOKH YyBCTBUTEIbHA K
M3MEHEHUSIM BECOBBIX KO3(DPUIIUEHTOB.

Haunewm ¢ paccMOTPECHUA Fpaq}I/IKa.
Cuwiudka

N

f |

= AN

OT1oT rpaduKk B TOYHOCTH MOBTOPSET OJUH U3 T€X, KOTOPbIC MPUBOJUIUCH paHee,
YTOOBI OTYEPKHYTH, YTO MBI HE JIeJIa€M HAYETO MPUHIUITHATLHO HOBOTO. Ha 3TOT pas
byHKIIUEH, KOTOPYIO MBI TTBITAEMCSI MUHUMHU3UPOBATD, SBJISIETCS OMTMOKA HAa BBIXOJIE
HEWPOHHOU ceTu. B 3TOM mpocToM nmpumepe MmoKasaH JUlIb
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OJIMH BECOBOW KOA((PUIIMEHT, HO MbI 3HAa€M, YTO B HEUPOHHBIX CETIX MX OyIeT
HAMHOTO OOJIBIIIE.

Ha cnenyromeit quarpamMmme oToOpakaroTcsi 1Ba BECOBBIX KOdPHUIIMEHTA, U TOITOMY
byHkuug omuOku rpaduuecku oToOpakaeTcss B BUE TPEXMEPHOM IMOBEPXHOCTH,
BBICOTA pACIOJIOKEHUSI TOYEK KOTOPOM M3MEHSETCS C HU3MEHEHHEM BECOBBIX
kodddummenToB cBsizeil. Kak Buaumrte, Temeph MpolecC MUHUMH3AIUAUA OITUOKU
OoJbllIe HATTOMUHAET CITYCK B JOJUHY MO PeNbe(pHON MECTHOCTH.

Ouwiudka

/N

2E\
HAKAOH —3 0 @

wl A
i 3 )

— > W,],

BuszyanusupoBarb MHOTOMEpPHYIO MOBEPXHOCTh OLIMOKM Kak (YHKIUA HAMHOTO
OONBIIEro KOJMYECTBA NApaMeTPOB 3HAYUTEIBHO TPYAHEE, HO MJEsS HAXOKICHUS
MHUHHMMYMa METOJOM I'PaJIMEHTHOIO CIIyCKa OCTAeTCs TOU XKe.
Chopmynupyem Ha sI3bIKe MAaTEMATUKHN HY>KHOE BbIpaKEHUE:

JE

awjk

370 BbIpaXeHHE MPeACTABISIeT u3MeHeHne ook E npu usmenenuu Beca w j. ITO
U €CTh TOT HAKJIOH (YHKUIMU OIMMOKH, KOTOPBIA HAM HY>KHO 3HATh, YTOOBI HAYATh
IPaAUEHTHBIN CITyCK K MUHUMYMY.

[Ipexke yeM MbI pa3BEpPHEM 3TO BBIPAKEHUE, BPEMEHHO COCPEIOTOYMM BHUMAHUE
TOJIBKO Ha BECOBBIX KOA(D(HUIMEHTAX CBSI3EH MEXIY CKPBITBIM CIIOEM M TOCIICIHUM
BBIXOJIHBIM cjioeM. MHTepecyrolias Hac 00JIacTh BbIJEJIEHA HAa MPUBEACHHON HUXKE
nuarpamme. K cBSI3siM MeX 1y BXOIHBIM U CKPBITBIM CJIIOSIMA MBI BEPHEMCS TO3XKE.
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owudka yzsa = yeaeboe 3HaveHue -
PAKPAUYECKOE 3HAYEHUE

Bxoduoii CKppimbiid  feca  BbixodHoid
CAOU cAOU W CADU

i = : ';-_@ ] : b@
i ; -
BxodHbie cuzHabl e g BeixodHpie cuzHasb

— =2 Y 1@ | --{3@ —

BoixodHbie cuzHaAbl ckpbimbix y3sol
X

e =T -0
_—’L

Mpg1 OyJieM MOCTOSIHHO CChIJIAThCS Ha 3Ty Juarpammy, 1a0bl B MPOIECCE BHIYUCICHUI
He 3a0bITh O TOM, YTO B ICCTBUTEIILHOCTH O3HAYaeT Kax bl cuMBoJIL. [Ipex e Bcero,
3aMuilieM B SIBHOM BHUJE (DYHKIMIO OIIMOKH, KOTOpas MPEJCTaBIsET COOOW CyMMy
BO3BEJICHHBIX B KBAJIpaT Pa3HOCTEH MEXIy IEJICBbIM U (DAKTUUECKUM 3HAYCHUSIMH,
r71€ CYMMHUPOBAHHE OCYIIECTBIISIETCS MO BCEM N BBIXOJIHBIM Y3JIaM.

31ech MBI BCETO JIMIITh 3aMCalId, YTO HA CAMOM JIeJie TIPEICTaBIAeT CO00M (yHKITHS

B = 2. Filtsu¥
.an.k Bwjk

omrnoOku E.

Mpb1 MOXeEM Cpa3y ke yIPOCTUTh 3TO BEIPAKCHHE, 3aMETHB, YTO BBIXOIHON CUTHAI Oy
Ha y3JIe¢ N 3aBUCHUT JIUIIb OT CBSA3CH, KOTOphIE ¢ HUM coeauHeHbl. (s y3ma k ato
03HAYAET, YTO BBIXOHOW CUTHAI Ok 3aBUCHUT JIUIIL OT BECOB W jk, IIOCKOJIBKY TH Beca
OTHOCSITCS K CBSI3SIM, BEAYITUM K y37y K.

DT0 MOKHO pacCMaTPHUBATh €IIe U KaK TO, YTO BBIXOJHOW CUTHAJ y31a K He 3aBUCHT OT
BECOB W jb, Iic b He paBHO K, TOCKOJIBKY CBSI3b MEXKTy STUMHU Y3JIAMH OTCYTCTBYET.

Bec w j, OTHOCUTCS K CBSI3M, BEAYIIEH K BRIXOAHOMY Y31y b, HO He K.
DTO 03HAYAET, YTO Mbl MOXXEM YAAIUTh U3 3TOM CYMMBI BCE CUTHAJIBI Op

KpOME TOr0, KOTOPBIM CBSI3aH C BECOM W jk, T.€. Ox. B pe3ynbpTare Mbl ITOJTHOCTBIO
n30aBIIIEMCSl OT CyMMUPOBAHMUS.

OTO O3Ha4YaeT HEHY>XHOCTb CYMMHUPOBAaHHMS MO BCEM BBIXOJIHBIM Y3JIaM JUIs
HaXOoXJAeHUs1 (PyHKIMHU OMMOKH. MBI yXe BUACIH, YEM ITO OOBSICHSAETCA: TEM, UTO
BBIXOJIHOW CUTHAJ y3JIa 3aBUCHUT JIMIIb OT BEAYLIMX K HEMY CBSI3€M M MX BECOBBIX
K03 PUIIMEHTOB. DTOT MOMEHT YacTO OCTAETCS HEPACKPHITHIM BO MHOTHX YUEOHHUKAX,
KOTOPbIE MPOCTO MPUBOJAT BbIpakeHUE ISl PYHKIUHU 0€3 KaKUX-TU0O0 MOsSCHEHUH.
Kak Obl TO HU OBLJIO0, TENEPH MBI IMEEM 0O0JIEE TPOCTOE BHIPAIKEHUE!
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Ceiiuac MBI MCHOJIb3yeM HEKOTOpbIE CpeAcTBa AUPPEpPeHIINAIBHOIO HUCUYHCIICHUS.
YneH tx — KOHCTaHTa U [T0O3TOMY HE U3MEHSETCS IPU U3MEHEHUU W jk, T.€. HE SIBJISICTCS
¢yHkouert w . bputo Obl OueHb CTpaHHO, €ciau Obl UCTHHHBIE IPUMEPHI,
IIPEIOCTABISOIINE LEJIEBbIE 3HAYECHUS, U3MEHSJIUCh B 3aBUCUMOCTH OT BECOBBIX
K03 uueHToB. B pesynbrare y Hac ocTaeTcs Wi€H Ok, KOTOPBIH, KaK Mbl 3HaEM,
3aBHCUT OT W jk, TIOCKOJIbKY BECOBBIE KOI(P(PHUIIMEHTHI BIUAIOT HAa PACIPOCTPAHEHHE B
IOpsIMOM HaIlpaBJI€HUM CUTHAJIOB, KOTOPBIE 3aTE€M IMPEBPAILAIOTCS B BBIXOJHBIE
CUTHAJIBI O.

UtoOb1 pa3outh 3Ty 3anauy auddepeHnrpoBaHus Ha OOjee MPOCThIE YAaCTH, MBI
BOCIIOJIB3yeMCSl LENHBIM NpaBWiIoM (IpaBuwio IU(PEpeHLHPOBAHUSA  CIOXKHBIX

byHKLHI).

E _ &
ow,, do, ow,,

C nepBOil 4acThbIO MBI CIIPABUMCS JIETKO, MMOCKOJIBKY JJIs ’TOTO HYXKHO BCETO JIMIIb
B35ITh IIPOCTYIO MTPOU3BOAHYIO OT KBaipaTuyHOM PyHKIMU. B pe3ynbrare nomyyaem:

& . -2(t -0.) . 90,
aw.k aw.k
J J

Co BTOpPOI YacThiO MPHUACTCS HEMHOTO IMOBO3UTHCS, HO M 3TO HE BBHI3OBET OOJBIINX
3aTpyJAHEHUM. 371€Ch Ok — 3TO BBIXOJHOW CUTHaN y3Ja K, KOTOpHIH, MoidydaeTcs B
pe3ysibTaTe NMPUMEHEHUsI CUTMOMJIbI K CUTHajaM, MOCTYIAOIIUM Ha JAHHBIM y3ell.
J{nst GosibIeid ICHOCTH 3aIlMIIEM 3TO B SIBHOM BHJIC:
JE 0
e B =2ty =0,)

B‘ij 3wj )

cuzmouda ( Z; wy - 0;)

31ech 0; — BBIXOJHOW CUTHAJ y3Jia MPEIbIIYIIETr0 CKPBITOTO CJIO0S, a HE BBIXOJHOMN

CUTHAJI y3J1a MOCIEIHETO CIIOA.

Kak npoguddepennmpoBats curmonry? Mbl MOTIIH OBI 3TO CZIENAaTh CAMOCTOSATEIHHO,

NIPOBE/ISl CIIOKHBIE U TPYAOEMKHE BBIUMCIICHHS, OJTHAKO 3Ta paboTa yke mpojaeiaHa

JIPYTUMH JTIOAMHU. [103TOMY MBI IPOCTO BOCIIONIB3YyEeMCS YXKE M3BECTHBIM OTBETOM,

KaK 3TO ©KEIHEBHO JIEJIal0T MaTEMATHKH TI0 BCEMY MHPY.

JuddepennrpoBanue HEKOTOPBIX PYHKITUN MPUBOIUT K BHIPAKEHUSIM CIIOKHEUIIIETO
,_a_. cuezmouda ( x ) = cuemouda ( x ) (1 - cuemouda ( x ) )

ox

BUAa. B ciydae ke curmMouabl pe3yJibTaT IOJIYy4aeTCs O4YE€Hb
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IIPOCTBIM. JTO OJIHA M3 NMPUYUH IIUPOKOTO NPHUMEHEHUS CUTMOMIBI B KayeCTBE
GyHKIIUY aKTHBAIUU B HEHPOHHBIX CETSIX.
[lomydaem ciienyromiee BIpaKeHUE:

oE

— = =2( t, -0, ) cuzmouda ( Zwo)(1- cuzmouda ( X, W o Yy __'_a,_ (% w, 0)
ow,, B ’ dw ’

1

= -2(t, -0, ) cuzmouda ( I, w,-0;) (+ - cuzmouda ( Z w,, - 0,))-0

A OTKyJa B3sUICS MOCHEAHUN COMHOXHUTENb? DTO pe3yabTaT MPUMEHEHUSI LEMHOIO
mpaBuia K MPOU3BOAHONW CUTMOUJIBI, TTIOCKOJIbKY BBIPAKEHUE IO/ 3HAKOM (PYHKITUU
cuemouoa () Takxke T0HKHO ObITh IPoaudGEepeHIIMPOBAHO TIO TIEPEMEHHON W jk. ITO
JIeJIaeTCsl OYEHB MPOCTO U JIAeT B PE3yIbTATE 0;.

[Ipexxne yem 3anucaTh OKOHYATEIbHBIN OTBET, N30aBUMCSI OT MHOKUTENST 2 B HaJalie
BbIpaKeHHs. Mpbl BIIpaBe 3TO cJielaTh, IMOCKOJIbKY HAC HWHTEPECYET TOJIbKO
HaIpaBJIeHUE TpajueHTa (YHKIMH OIMMOKUA, TaK YTO ATOT MHOXHUTEIh MOXKHO
6€300J1e3HEHHO OTOPOCUTH.

OxoHYaTeNbHOE BRIPAKEHHE, KOTOPOE MBI OyeM MCTIOIB30BaTh JIJIsi N3MEHEHHS Beca
W jk, BBITJISIIUT TaK.

Semteriem ox —_—

B_E =-(t, -0,) cuemouda ( L, w, 0 ) (3 - cuzmouda ( L, w,-0,)) - 0

Jk

OTO BBIpAKEHHE SBISETCA KIIOYOM K TPEHUPOBKE HEUPOHHBIX  CETEH.
[Tpoananu3upyem BKpaTLE 3TO BBIPAKEHUE, OTIEIbHBIE YACTH KOTOPOTO BbIJIEIEHBI
uBeToM. IlepBast yacTb, ¢ KOTOPOI1 BBI YK€ XOPOILIO 3HAKOMBI, — 3TO OLIMOKA (LIeIeBOe
3HayeHue MuHyc ¢akTtudeckoe 3HadeHue). Cymma, SBISIIOIIAsCS apryMEHTOM
CUTMOU/IbI, — 3TO CUTHAJI, HOCTYNAOLINI Ha y3€J1 BBIXOJIHOIO CJIOS, U ISl YIPOILEHUS
BUJIa BBIPAKEHUS Mbl MOIVIM Obl O0OO3HAUUTH 3TOT CUTHAN MPOCTO Kak ix. OH
BBICTYIIa€T B KayeCTBE BXOJHOTO CHUrHaia y3na K 10 mnpumeHeHus (QyHKUUU
aktuBanmu. llocienHsis 4YacTh — 3TO BBIXOJHOM CHUTHAJI Y3/1a j HPEIbIAyLIEro
CKPBITOTO €J10sl. PacCMOTpeHrEe MOIyYEeHHOr0 BBIPAKEHHUSI UMEHHO B TAKOM PAaKypce
MO3BOJISIET JIY4lIE MOHATh CBSI3b (PU3HUECKOW KaPTHUHBI MPOUCXOISALIETO C HAKIOHOM
(yHKUIMU U B KOHEYHOM CYETE C YTOUHEHHUEM BECOBBIX KO (UILIMEHTOB.
BolpaxkxeHune mnpegHa3HayeHO Uil YTOYHEHHS] BECOBBIX KOA((UIMEHTOB CBs3el
MEXAY CKPBITBIM M BBIXOJAHBIM CJIOAMH. MBI JOKHBI 3aBEPIINTH pabOTy W HaWTU
HAaKJIOH aHaJOTUYHOM (YHKIMU OIHUOKK Uil KOAI(POIUIIMEHTOB CBSI3EH MEXTy
BXOJIHBIM U CKPBITBIM CJIOSIMH.

MokHO ObITI0 OBl BHOBb TPOM3BECTH MOJHOCTHIO BCE MAaTEMAaTUUECKHE BBIKIAAKH, HO
MBI He OyJIeM 3TOro JienaTh. Mbl BOCIIONIb3yeMCs ONMCAaHHOW Mepe] STUM (pHU3HUecKoi
MHTEPHPETAlNENd COCTABIIAIOIINX BbIPAKEHUS JJI IPOU3BOIHOM U PEKOHCTPYHPYEM
€ro s MHTEpPECyIOLero Hac HOBOro Habopa koapduuuentos. Ilpu stom
HEO0OXO/IMMO yYECTh CIAEAYIOIINE U3MEHEHUS.
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* IlepBast wacTh BBIpaK€HHUs I MPOU3BOAHOW, KOTOpas paHee ObuIa
BBIXOJIHOM OIIUOKOM (11e71eBOe 3HAaUeHHE MUHYC (DaKTUUECKOE 3HAUYECHHE), Tereph
CTAHOBUTCS PEKOMOWHHUPOBAHHON BBIXOJHOW OIIMOKOM  CKPBITBIX  Y3IIOB,
paccuuThIBAEMOM B COOTBETCTBUU C MEXAHHU3MOM OOPATHOTO PacHpOCTPaHEHUS
oLIMOOK, C UeM BbI yke 3HakoMbl. HazoBeMm ee e;.

* Bropas yacth BBIpaKE€HHUSI, BKIIFOUAIOIIAS] CHTMOMAY, OCTA€TCsl TOU Ke, HO
BBIp@XEHHE C CYMMOI, iepeaBaeMoe (pyHKIIHH, TETIEPh OTHOCUTCS K MPEABLIY M
CJIOSIM, U TOATOMY CYMMHPOBAHHUE OCYLIECTBISETCS MO BCEM BXOIHBIM CHTHAJaM
CKPBITOTO CJIOSI, CIJIAKEHHBIM BECAMH CBS3€M, BEAYIIUX K CKPBITOMY Y3Iy j. MbI
MOTJIM Obl HA3BaTh 3TY CyMMY Ij.

* [Tocnenusis yacTh BbIpa)KE€HUS IPUOOPETAET CMBICI BBIXOJHBIX CUTHAJIOB Oj

Y3JI0B IIEPBOTO CJIOS], ¥ B IAHHOM CIIy4ae 3TH CUTHAJIBI SBJIAFOTCS BXOIHBIMU.

Tem cambIM Ham yJanock u30€XaTh U3JINLIIHUX TPYJOEMKHUX BBIYUCICHHM, B ITOJHOM
MEpe BOCIOJb30BABIINCH BCEMHM IPEUMYLIECTBAMU CHUMMETPUM 3aJadd Ui
KOHCTPYHPOBAHUSI HOBOTO BBIPAKEHHSL.

Wtak, BTOpast 4acTh OKOHYATEIbHOI0 OTBETA, K MOJIYYEHHIO KOTOPOTO Mbl CTPEMUMCS
(rpaavieHT PYyHKUIMHU OMIMOKH MO BECOBBIM KO3(PUIIMEHTAM CBSI3€i MEX]y BXOJIHBIM
U CKPBITBIM CJIOSIMH ), TPUOOPETAET CIAEAYIOMIMI BUA:

|
| a_E. = -(e). cuzmouda ( £ w.-0,) (1 - cuzmouda ( Z, w,-0,)) -0

aw"

Ha panHOM »Tame HaMu TMOJNy4E€HBI BCE KIIIOYEBBIE MarMuecKhe BBIPaKEHUS,
HEOOXOMMbIE JJIs1 BEIYMCICHHSI HICKOMOTO TPaIue€HTa, KOTOPHII MBI UCTIOIB3yeM IS
OOHOBJIEHUSI BECOBBIX KO3(P(PUIMEHTOB IO pe3yjbTaTaM OO0y4YeHHUs Ha KaKJIOM
TPEHUPOBOYHOM IMIPUMEPE, YeM MBI ceifdac U 3aiiMeMcHl.

He 3abpiBaiiTe ©0 TOM, 4YTO HampaBlieHHWE W3MEHEHHS KOA(DPHUIIMCHTOB
IPOTUBOIOJIOXKHO HAPaBICHUIO IPAIMEHTa, YTO HEOHOKPATHO IEMOHCTPUPOBAJIOCH
Ha Tpeablaylux auarpammax. Kpome Toro, mMbl CriiakuBaeM HHTEPECYIOIIME Hac
W3MCHECHHS TapaMeTPOB MOCPEACTBOM K03 duiimeHTa oOydeHHs, KOTOPBIA MOXKHO
HACTPaWBaTh C yU4€TOM OCOOCHHOCTEH KOHKpeTHOW 3amadu. C 3TUM TMOIXOI0OM MBI
TaKXKe YK€ CTaIKUBAJINCh, KOT/Ia MPU pa3pabOTKe JTUHEHHBIX KIacCU()UKATOPOB MBI
MCTIOJB30BAJIH €T0 JJIs YMEHBIICHHSI HETAaTUBHOTO BIMSIHUSI HEYIa4HBIX IPUMEPOB HA
3¢ (HEKTUBHOCTh OOyuYeHHUs, a MPU MUHUMHU3AUUU (YHKUMU OMIMOKH — ISl TOTO,
4TOOBI N30€XKaTh IOCTOSTHHBIX TIEPECKOKOB UYepe3 MUHUMYM. BbIpazuM 3To Ha s3bIKe
MaTeMaTHKH:

HoBblit wy, =  cmapolil W, - o - ii

oW,
OOHOBJIEHHBI BEC W jx — 3TO CTapblii BEC C y4E€TOM OTPHIATEIbHON MOIMPABKH,
BEJIMYMHA KOTOPOW MPOMOPIMOHAIbHA MPOU3BOAHON (yHKuMK omubOku. [Tompaska
3aMKCcaHa CO 3HAKOM «MHUHYC», TOCKOJIBKY Mbl XOTHM, YTOOBI BEC YBEIUYHUBAIICS MPU

OTPULIATENIBHOM NPOU3BOJHOM W YMEHBIIAICA NPHU MNOJOXKUTENbHOM. CHMBON O
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(asibha) — 3TO MHOXKHUTEIb, CTITAKUBAIOIINN BEIUUNHY
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M3MEHEHUI BO U30eKaHUe MEPECKOKOB Yepe3 MUHUMYM. JTOT KOA(P(UIIMEHT 4acTo
Ha3bIBAIOT KOI(P(PUIIHEHTOM 00yUeHUSI.

JlanHO€ BBIpaKEHHE MPUMEHSETCS] K BECOBBIM KOd(PUIIMEHTaM CBA3EH HE TOJBKO
MEXAY CKPBITBIM M BBIXOJIHBIM, HO M MEXAY BXOJAHBIM M CKPBITBIM CIOSIMU. OJTH J1Ba
cllydasl pa3jnyaroTcsl TpaueHTaMd (YHKIMHM OLIMOKH, BBIPAXKEHUS JJISi KOTOPBIX
IIPUBOJIMIIUCH BBIIIIE.

[TocmoTpuM, Kak OyIyT BBITJISACTH T€ K€ BBIUMCICHHUS B MAaTPUYHOM 3amucu. J{is
ATOrO CHEJAEM TO, YTO YX€ JAeJIajy PaHblle, — 3alUlIEM, 4TO COO0M MpeaCTaBiIseT
KaXXbI 2JIEMEHT MaTPHUIIbl K3MEHEHHUI BECOB.

f‘c\l aw‘..z ﬁW._, 3 &wn 3 i\ El 2 SJ [:l _Sl.} 13".
I'r Aw, , Aw, , Aw, . .. .-? E,*S,(2-5) xl‘ (f o 0.0 \‘r
= ] N 1 2
Aw, , Aw,, Aw ] E,*S, (1-S) /

3 2.5

npedbidyuezo cA0S

IHAYEHUS U3 CALOYHOWEZD CADH
KoaddummenT o0yuenus o omyIeH, MoCKOIbKY 3TO BCETO JIUIIIh KOHCTaHTa, KOTopas
HUKaK HE BJIMSET HA TO, KAK Mbl OPraHU3yeM MaTPUYHOE YMHOXKEHHUE.
Martpuiia u3MEHEHUN BECOB COJEPKUT 3HAUEHHS TMOMNPABOK K BECOBBIM
Kod(ppuULIMEHTaM W ji JIJISl CBSI3EH MEXTY Y3JIOM j OJIHOTO CJI0s U y3710M K cienyroniero
ciosi. Bel BUaWTE, 4TO B MEPBOM 4YaCTU BBIpaXEHUsI CIIpaBa OT 3HAKa PaBEHCTBA
UCIIOJIb3YIOTCSl 3HaueHus W3 cuegyromero cios (yzen K) , a Bo BTopoil — wu3
npeabIayniero cios (ysen j).
Bo3moxxHO, T Ha TPUBEIEHHYIO BbIIE (QOPMYITy, BBl 3aMETUIIH, YTO
rOpU30OHTaJbHAs ~ MaTpulla, MpEJCTaBICHHAs  OJAHOW  CTPOKOM, —  3TO
TPaHCIIOHMPOBAHHAS MATPHUIA CUTHAJIOB 0j HA BBIXOJI€ MPEIBITYIIETO CIIOS.
[{BeTOBOE BBIIEICHUE SJIEMEHTOB MATpPHI] MOMOXKET BaM IOHSAThb, YTO CKaJsIPHOE
MPOU3BEJCHUE MATPUIL] OTIIMYHO pabOTAET U B 3TOM CIIyyae.
Hcnonb3ysi CHMBOJIMYECKYIO 3alUCh MATPUII, Mbl MOXKEM MPUBECTU 3Ty HOPMYIy K
CIIEIyIOIEMY BUAY, XOPOILIO MPUCIIOCOOJEHHOMY ISl peajii3alii B MPOrPaMMHOM
KOJI€ Ha si3bIKe, o0ecneunBaomeM 3PPeKTHBHYI0 padoTy ¢ MaTpUIIaMHU.

I[ o |
| l

AW, = « .- E - 0/(+-0) - o |

| " j

L -

@aKTUYECKN 3TO BBIPAXKEHUE COBCEM HE CI0KHOE. CHUTMOHWJIBI UCUE3NH U3 MOJIA
3pEHMs], IIOCKOJIbKY OHU CKPBITHI B MATPULIAX BBIXOJHBIX CUTHAJIOB Ok Y3JIOB.
Pesrome
* Omubka HEMPOHHOM ceTu ABIAEeTCS (PYHKIMENH BECOB BHYTPEHHUX CBSI3EH.
* VYiyuiieHne HEMPOHHOW CETH O3HA4YaeT YMEHBIICHHE ATOW OIHUOKH
[IOCPEICTBOM U3MEHEHUS YKa3aHHBIX BECOB.
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* HemocpenctBeHHbIid MOAOOP MOAXOIANIMX BECOB HATAJIKWBACTCS Ha
3HAUWUTEIbHBIC  TPYJAHOCTH. AJBTCPHATUBHBIA  TMOAXOJ  3aKIIOYaeTCs B
UTEPATHBHOM YJIYYIICHUH BECOBBIX KOY(PPHUIIMEHTOB TyTeM  YMEHBIICHUS
GyHKIUM  OMMOKKM HeOOoNmpIIMMH maramu. Kakaplii mmar coBepiiaeTcs B
HampaBICHUH CKOPEUIIIETO CITyCKa U3 TEKYIIEH MO3UIMHN. DTOT MOAXO0/ Ha3bIBACTCS
I'PaJCHTHBIM CITYCKOM.

* ['pagmeHt ommMOKM MOXHO 03 0COOBIX TPYMAHOCTEH paCcCUUTATh,
UCTIONB3Ys nuddepeHmaibHOe HCUUCIICHHE.

IIpakTyeckue 3a1aHus

1. Ha6op pykonucubix mupp MNIST
2. IToaroroBka TpeHUPOBOUYHBIX AaHHBIX MNIST

1. HaOop pvkonucHbix uudp MNIST

Pacno3HaBaHue TekcTa, HAaNMCAaHHOTO OT PYKH, — O3TO HACTOAIIAA BBI3OB IS
UCIIBITAHUST BO3MOKHOCTEN MCKYCCTBEHHOTO MHTEJUIEKTA, MMOCKOJIBKY 3Ta mnpobiema
JEHCTBUTEIBHO TPY/IHA U pa3MbITa. OHA HE CTOJIb SICHASI M YETKO ONpEAEIICHHAs, KaK
NIEPEMHOKEHHUE OJHOTO MHOYKECTBA YUCEJ HA IPYTOE.

KoppexTHas knaccudukaius coaepKuMoro n300pakeHruil ¢ TOMOIILI0 KOMITBIOTEPA,
KOTOPYI0O 4acTO Ha3blBAlOT  pAaclO3HaAaBaHUEM 00pa3oB, JCCATUICTUAMHU
BBIJICPKMBAJIAa aTaKu, HAIIPABJIICHHBIEC HA €€ pa3pelleHne. B nocnennee Bpems B 3TOU
o0nacTH HAOJNIOMAETCS 3HAYUTENbHBIA MPOTPEecc, MW PEIIAIIIYI0 poib B
HaMETHUBIIEMCSI POPHIBE CHITPATIU TEXHOJIOTUU HEUPOHHBIX CETEH.

O TpyaHocTH TPOOIEMBI MOXKHO CYJIUTh XOTA OBl MO TOMY, YTO JaXX€ Mbl, JIIOJIH,
MHOTJIa HE MOXXEM JOTOBOPUTHCS MEXKIY COOOH O TOM, KAKO€ UMEHHO M300pakeHue
MBI BUJAMM. B 9acTHOCTH, MpeaMeToM cropa MOMKET TMOCITYKUTh W HalucaHHas
Hepa300PUYMBBIM MTOYEPKOM OYKBa.

CymiecTByeT KOJUICKIMS H300pOXKEHHM PYKOMUCHBIX IU(pP, HCHOIB3YEMbIX
MCCJIeI0BATEIISIMUA UCKYCCTBEHHOTO MHTEIIJIEKTA B KAU€CTBE MOMYJISIPHOTO Habopa /s
TECTUPOBAHUS UIEH U aJITOPUTMOB.

OTUM TECTOBBIM HAOOPOM sABIIIETCS 0a3a TaHHBIX PYKOMUCHBIX UG MO HAa3BaHUEM
«MNIST», npenocraBisiemasi aBTOPUTETHBIM HCCIIEIOBATEIEM HEWPOHHBIX CeTel
SAnom  JlekyHomM g OecruiaTHOrO — BceoOmiero  goctynma 1o ajapecy
http://yann.lecun.com/exdb/mnist/. Tam ke Bbl HaljieTe CBEIEHUS OTHOCUTEIBHO
YCIEUIHOCTU MPEKHUX U HBIHEIIHUX MOMBITOK KOPPEKTHOTO PACIO3HABAHUSI ATUX
PYKOIUCHBIX CUMBOJIOB.

®opmatr 6a3bl naHHbIXx MNIST He OTHOCHUTCA K YHUCHY T€X, ¢ KOTOPBIMU JIETKO
paboTaTh, HO, K CYACThIO, APYTHUE CIIELUATUCTHI CO3/JATH COOTBETCTBYIOLIUE (haliiIbl B
Oonee mpocToM Gopmarte (cM., Hanpumep, http://pjreddie.com/projects/mnist-in-csv/).
Oto Tak Ha3zbiBaemble CSVhaiisibl, B KOTOPBIX OTAEIbHBIC 3HAYEHUS MPEACTABIISIIOT
co00# OOBIYHBIM TEKCT M pa3JieleHbl 3amaThiMU. VX COAEpKMMOE MOKHO JIETKO
MPOCMATPUBATh B JIIOOOM TEKCTOBOM pEIAaKTOpe, M OOJIBIIMHCTBO SJIEKTPOHHBIX
TaOJIHI] WIN TIPOTPaMM,
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Habop

Ha ykazanHoM calte mpenocTaBieHbI
(http://www.pjreddie.com/media/files/mnist_train.csv);

dhopmar.

()

JIOBOJILHO ~ YHUBEPCAIbHBIN
cieayronue aBa (aiina:

MpeJHa3HAYeHHBIX JUIsl aHaiW3a JaHHBIX, MOryT pabotath ¢ CSV-dainamu. I10
*TPEHUPOBOYHBII

()

¢ TCCTOBBIU

Habop

(http://www.pjreddie.com/media/files/mnist test.csv).
TpennpoBounsiii Hadop coxepxur 60 000 npomMapKHpPOBAaHHBIX SK3EMILIAPOB,

CnosBo
KaK10T'0

(V)

(V)

HUCIIOJIB3YCEMBIX OJIA TPCHUPOBKU HCUPOHHOH CCTH.

yKa3aH

OK3CMILIApa

TUTST

qTo

O3Ha4dacT,
COOTBCTCTBYIOIIMH ITPABUJIBHBIN OTBCT.

KIIPOMAPKHUPOBAHHBIC)

(v

JaHHBIX TapaHTUPYCT, YTO C TCECTOBLIMHM OAaHHBIMU HCHUPOHHAA CCEThb PAHCEC HC

o

o

34I'py’KCHHOI'O B TCKCTOBBIN PCIAKTODP.

JAaTh IIPaBUJIbHBIX OTBCT.
TPCHUPOBOYHLIX MW TCECTOBLIX JaHHBLIX pacCIpoCTpaHCHa CpCAu CICHUAIMCTOB IIO

KOPPEKTHBIE MapKephl, MO3BOJIIONINE YBUICTh, CIIOCOOHA JIM HAIllla HEHPOHHAS CETh
Hcnonp30BaHre HE3aBUCUMBIX JIPYT OT Apyra HAOOPOB TPEHUPOBOUYHBIX U TECTOBBIX
CTaJIKuBajachk. B MpOTUBHOM cilydae MOXHO ObLIO ObI CXUTPUTH U IIPOCTO 3aIOMHHUTH
TPEHUPOBOYHBIC JAaHHBIE, YTOOBI MOJYYUTh HamOoJblue Oaibl. Unest paszneneHus
MalTMHHOMY O0YYEHHUIO.

[Tpucmotpumces k 3tuMm (aitnam. Huxe nokaszana yacts TectoBoro Habopa MNIST,

Menbinii TecToBbIi Ha00p, BKItouaronmii 10 000 sk3eMIUIsIpOB, HCIIOJIb3YETCS IS
MPOBEPKH TMPABUIBHOCTH padOTHl Hjael win anropuTMoB. OH TaKKe COIEPKUT

1
I

&

10120 13- 0 14 00150 16k 17 1 18 1

P10 11

.9

2

0,0,0,0,83,253,209,

66,14,67,67,67,59,
3,255,83,0,0,0,0,0,

[T o R s B L U T o

.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0

0
0,0,0,0,116,125,171, 255,255,150, 93,0,

0,169,253,253,253,253,253,253,218, 30,

0

F s

[ L T N s R o T e s = I o o T o]

B okHe TeKCTOBOro pemakTopa OTOOpa)karoTCs JJIMHHBIE CTPOKU TEKCTa (B KOHIIE

OpaxkaeTcsi 3HaK ab3aia), KOTOphIE COJIEpkKaT YHCIIa,

KaXJI0l CTPOKH OTO
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pasfieNeHHble 3alsThIMU. DTO JIETKO MOKHO YBUAETh. TE€KCTOBBIE CTPOKU TaKHUe
JUIMHHBIE, TOTOMY YTO Ka)KJasl U3 HUX 3aHUMAET HECKOJIbKO CTPOK Ha 3KpaHe.
CopaepKuMoe 3THX 3alHUCE, T.€. CTPOK TEKCTa, JIETKO MOHATH.

* [lepBoe 3HaueHue — 3TO Mapkep, T.e. pakTuueckas uudpa, Hanpumep «7»
WK «9» , KOTOPYIO JTOJKEH IPEACTABIIATh JAHHBIM PYKOIMUCHBIA SK3EMIUIApP. ITO
OTBET, NPAaBUJILHOMY HOJYYEHHUIO KOTOPOTO JOJIKHA 00YUUTHCSI HEHPOHHAS CETh.

* Ilocneayromue 3HA4YEHHs], pa3JEICHHBbIE 3alsThIMH, — 3TO 3HAYEHUS
nukcenae pykonucHoil mu@psel. [IUKkcenpHbI MaccuB UMEET pa3MepHOCTh 28x28,
IIOATOMY 324 KaKJIBIM MAPKEPOM CIIENYIOT 784 muKces.

Takum oOpaszom, nepBasi 3anmuch NpeaAcTaBisieT UUPpy «7» , 0 UeM rOBOPUT MEPBOE
3HAYEHUE, TOT/a KaK OCTallbHasg 4acTh TEKCTAa B ATOM CTPOKE — 3TO IMUKCEIbHBIE
3HAYEHHUS HAIMCAHHOW KEeM-TO OT pYKHU LU(pHl «7» . Bropas cTpoka mpencraBiser
PYKOMUCHYIO TUPY «2» , TpeThs — udpy «4» , dyerBepras — HUPpy « 1» u nsras —
mudpy «9» . Moxere BbIOpaTh MH00YI0 cTpoKy U3 (aitmoB ganubix MNIST, u ee
MEPBOE YMCIIO YKAKET BaM MapKep JUIsl MOCIEAYIOMUX JAaHHBIX N300paKeHUsI.
Opnnako yBUIETh, KaKUM 00pa3oM JJIMHHBIA CIUCOK U3 784 3HaueHui (popmupyer
M300paKeHHUE PYKOMUCHON UPPHI «7» , HE TaK-TO MPOCTO. MBI IOJKHBI BHIBECTH B
rpaduueckoM Buae 3TH IUGPHI U yOEIUTHCA B TOM, YTO OHH JICUCTBUTEIIHHO
MIPEICTABIISIOT I[BETA TUKCENIEH PYKOIMMCHON ITUDPHI.

[Ipexnie uem yrioyOuThCs B paCCMOTPEHHE A€TalIel U TPUCTYIUTh K HAMMCAHUIO KOJIA,
3arpy3uM HeOOJbIIOe MOJMHOKECTBO Habopa [JaHHbBIX, COAepXk aluxcia B 0asze
MNIST. ®aiins nanabix MNIST nMeroT oueHb 00JbII0M pa3mep, Toraa Kak padoTaTh
C HEeOOJBIIMMH HAa0OpaMM 3HAUYUTEIBHO YAOOHEEe, MOCKOJIbKY 3TO IO3BOJIUT HaM
HKCIIEPUMEHTHUPOBATh, pa3paldaThiBaTh W HUCIHBITHIBATH CBOM KOJ, YTO OBUIO ObI
3aTPyAHUTENLHO B Cllydae JJIUTENbHBIX pPacyeToOB U3-3a OOJbLIIOTO O0beMa
oOpabarbiBaeMbIX JaHHbIX. Korma wmbl oTpaboTaem anropuT™M, MOXKHO OyaeT
BEPHYTHCS K MTOJHOMY HAaOOpy AaHHBIX.

[Ipexxne yem ¢ 3TUMH JaHHBIMH MOXHO OyneT uTo-1u00 cienaTh, HaIlpuMep,
NOCTPOUTH TpauK WM OOYYUTh C UX MOMOIIBIO HEHMPOHHYIO CE€Th, HEOOXOAMMO
o0ecrneunTh AOCTYT K HUM U3 Kofa Ha si3bike Python.

OTtkpeiTHE (haiiI0B U IOJyUYEHHE UX coaepxkuMoro B Python He cocTaBisieT 00Jb1Ior0
Tpyna. Jlydme Bcero mnokasaTh, Kak 3TO JelaeTcs, Ha KOHKPETHOM IpHUMeEpE.
B3ristHure Ha cnenyromui Ko,

M data_file = open{"mnist_train.csv", ')
data_list = data_file.readlines()
data_file.closa()

31ech BCEro Tpu CTpoku koja. OO0CcyauM Kaxayr M3 HUX MO oThenbHocTH. IlepBas
CTPOKa OTKpbIBaET (haiin ¢ momolipto pyHkuuu open (). Bel BuguTe,

4YTO B KayecTBE IEPBOrO M3 MapaMEeTpoB eil mnepenaercs ums (aiina. Ha camom
Jiesie 3TO He MpocTo MMA (¢aila, a IyTh JOCTyna K HeMy. Bropoil mapamerp
HeoOs13aTeNnbHbIN U coobmaer Python, kak mMbl XoTUM paboTaTh ¢ QaitnoMm. byksa
«» O3HAYAET, YTO MBI XOTUM OTKPBITH (hailsl TOJNBKO JJIs1 YTEHHUS, a HE 171 3a1ucu. Tem
caMbIM Mbl MPEJOTBpAIlaeM JI000€ HENpeIHaMEPEeHHOE H3MEHEHHE WU
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yaanenue ¢aina. Eciu Mbl monbITaeMcs OCYLIECTBUThH 3alUCh B ATOT (ailia Wi
U3MEHUTH ero, Python He mo3BOMMT 3TOTO CclIenaTh U BBIAACT OMIMOKY. A 4TO 3TO 3a
nepeMenHas data_file? ®ynkuus open () cosmaer aeckpunTop (ykasarelb),
UTPAIOIIMA  POJIb CCBUIKM Ha OTKpbIBaeMbId (haiijl, U Mbl NPUCBAUBAEM €O
nepeMenHoi data file. Korma ¢aiin oTKpBhIT, JIF0ObIE TOCIEIYIOMIUE ICUCTBUS C HUM,
HaAIMPUMEDP, YTEHUE, OCYIIECTBIISIIOTCS Yepe3 ITOT AECKPUITOP.

Cnenyromast ctpoka mpome. Msl  wucnoinsdyeM ¢yHkmuio readlines (),
aCCOIMMPOBAaHHYIO C Aeckpuntopom aiima data file, ams dreHus Bcex CTPOK
cojaepkumoro (Qaiina B nepemennyto data list. Tta nepeMeHHast COAEPKUT CIUCOK,
KaXXJIbI{ JIEMEHT KOTOPOTO SIBJISIETCSI CTPOKOM, MPpEeICTaBIAIONIEH CTpOKyY (aitina. ITo
OYEHb yJI00HO, TOCKOJIBKY MBI MOKEM NEPEXOAUTH K JII000H cTpoke (ailna Tak ke,
KaK K KOHKPETHBIM 3aIucsIM B criucke. TakuMm o0pa3om, data list[0]

— 3TO MepBas 3amuchk, a data list [9] — necsitas u T.11.

['opazno s dexTrBHEE pabOTaTh MOOUYEPEAHO C KAXKI0M CTPOKOM, a HE CUUTHIBATD B
namsaTh Bech (ain nenukoM. OpHako HamM (ailyibl HEBEJIWKH, U UCIOJIb30BAaHUE
¢ynkuuu readlines () 3HaUUTENBHO YNPOIIAET KOJ, a AJI1 HAC MPOCTOTA U ICHOCTh Ha
JTAHHOM JTare O4YeHb BaXKHBI.

[Tocnenusas ctpoka 3akpbiBaeT (aitn. CuuTaeTcss XOpolled NPaKTUKOM 3aKphIBaTh
daiinel m apyrue pecypchl TOcie WX HCIONb30BaHUSA. Eciam e OCTaBIsATh UX
OTKPBITBIMH, TO 3TO MOXXET MPUBOAWTH K BO3HHUKHOBEHHIO MpoOiieM. Hexotopsie
IPOrpaMMbl MOTYT OTKA3bIBATHCS OCYIIECTBIIATH 3aIUCh B (hailil, OTKPBITHIN B IPYTroM
MeCTe, €CIU OSTO MPUBOJAUT K HECOTIaCOBAHHOCTU. B MpPOTHMBHOM ciydae 3TO
HAallOMUHAIO OBl CHUTyallMIO, KOTJa JiBa YeJIOBEKa IMBITAIOTCS OJHOBPEMEHHO
3aMMChIBATh pa3HbIe TEKCThI HA OJTHOM U TOM ke Jucte Oymaru. MHOT1a KoMIbloTep
MOXXET 3a0JoKupoBaTh (aitn Bo m30exkaHUE Takoro poja KoHGIMKTOB. Eciu He
OCTaBUThH 3a COOOHM MOPSAJIOK IMOCHIE TOro, KaKk HEOOXOAMMOCTh B HCIOJIb30BaHUU
daiina yxe oTmana, y BaC MOXET HAKOMUTLCS MHOTO 3a0J0KHpOBaHHBIX (paitoB. [To
KpailHeld Mepe, 3akpbIB (haid, Bbl MPEAOCTABUTE KOMIBIOTEPY BO3MOKHOCTh
OCBOOOJIMTH MaMSTh, 3aHUMAEMYIO YK€ HCHY)KHBIMH JTAHHBIMU.

CozmaiiTe HOBBIM MyCTOM OJOKHOT, BBITIOJTHUTE MPEICTABICHHBIM HUXE KO U
MIOCMOTPHUTE, YTO MPOU3OUIET, €CIIU MOMBITATHCS BEIBECTH SJIEMEHTHI CITHCKA.

In[11]: M  data_file = open("mnist_train.csv", ')
data_list = data_file.readlines()
data_file.close()

In[1z]: M | len{data_list)

Out[12]: 6ooo0

In[13]: M data_list[o]

.......................................................................................

....................................................................

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
...................................................................
.....................................................
...................................................
........................................
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Bl BuauTe, uro jminHa cnucka paBHa 6000. @ynkuus Python len() coobmiaer o
pa3Mmepe chnucka. Bl Takke MOKETe BHIETh COAEPKUMOE IEPBOU
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3anucu, data_list[0]. [lepBoe umncio, 5, — 3T0 Mapkep, Torja Kak ocTajibHbie 784 yucia
— 3TO UBETOBbIE KOJBI IMHUKCENIEH, U3 KOTOPBIX COCTOMT H300paxkeHue. Eciu Bbl
BHUMATEJIbHO MNPUCMOTPUTECh, TO 3aMETUTE, YTO WX 3HAYCHUS HE BBIXOAAT 3a
npenensl nuanasona 0 mpo 255. Bel MoXkeTe B3IJISSHYTh HA JIPYTUE 3aluCH, YTOOBI
MIPOBEPUTD, BBIMOIHSIETCS JIU 3TO YCIOBUE U I HUX. Bl ybenurech B TOM, UTO Tak
OHO U €CTh: 3HAYEHHS KOJIOB BCEX IIBETOB MOMAAAIOT B Auamna3zoH yucen ot 0 go 255.
Panee npuBoauics npumep rpaduueckoro oToOpaxeHus: NpMOyTroJIbHOTO MacCUBa
yucell ¢ ucnosibzoBanueM GyHkiuu imshow (). To e camMoe Mbl XOTUM CJENaTh U B
JAHHOM Cclly4ae, HO JJig O3TOr0 HaM HYXXHO NpeoOpa3oBaTh CIUCOK YHCET,
pa3feNeHHbIX 3alsThIMU, B TMOIXOIAIIMNA MacCHB. IJTO MOXHO CJeNarh B
COOTBETCTBHHM CO CJEAYIOLIEH ITPOLIEyPON:

* pa30UTh JUIMHHYIO TEKCTOBYIO CTPOKY 3HAUEHUH, pa3/IeJICHHbIX 3aIAThIMHU,
Ha OTJIeJbHbIE 3HAUEHMSI, UCTIOJIb3YSl CUMBOJI 3aIIATON B KAU€CTBE pa3/IeIUTENs;

* IIPOUTHOPUPOBATH IEPBOE 3HAUEHHUE, SIBISIIOLIEECS MApPKEPOM, H3BJIEUYb
ocrtapiuecs 28*28=784 3HaueHus u mpeoOpa3zoBaTh UX B MACCUB, COCTOSIIIUAN U3 28
CTPOK U 28 CTOJOIIOB;

* 0TOOpa3UTh MacCHB.

W BHOBB, MpoIIIE BCEro MoKa3aTh COOTBETCTBYIONIMI npocToi ko Ha Python u yxke

MOCJIE€ ATOr0 NOJAPOOHO PACCMOTPETh, YTO B HEM MPOUCXOIUT.

[Ipexxne Bcero, Mbl HE JOJKHBI 3a0bIBaTh O HEOOXOJUMOCTH HUMIIOPTUPOBATH

oubnmoreku pacmmperuit Python nis paboTel ¢ MaccuBaMu U rpadUKoi.

[TocmoTtpuTe Ha cnenyromue TpU CTPOKU Koja. [lepeMeHHble OKpaleHbl pa3InyHbIMA
M import numpy

import matplotlib.pyplot
%ematplotlib inline

[IBETaMHU TaKUM 00pa3oM, YTO0OBI ObLIO TTOHATHO, T/IE€ U KaKHE JaHHBIE HCTIONb3YIOTCS.

B nepBoii crpoke mmHHas mepBas 3anmuchk data list[0 ], KOTOpYrO MBI TOJBKO YTO
BBIBOJIMIM, Pa30WBAcTCs Ha OT/EIbHBIC 3HAYCHHS C HWCIOJIH30BAaHUEM 3allsiTOM B
Ka4eCcTBE pa3JelIUTeNId. ITO JenaeTcs ¢ momoibio ¢GyHkumu split (), mapamerp
KOTOPOU OIpeaesieT CUMBOI-pa3IeInTeNb. Pe3yapTaT moMeniaeTcsi B MepeMEHHYIO
all_values. MoxeTe BbIBECTH 3TH 3HAYCHHS Ha HKpaH M YOEAUTHCA B TOM, YTO 3Ta
nepeMeHHas ISHCTBUTEILHO COACPKUT HYKHBIC 3HAYCHUS B BUJIE JJIMHHOTO CIIHICKA
Python.

Crnenyromasi CTpoka Koja BBITJIAIUT 4YyTh OOJie€ CJIOKHOHM, IMOCKOJIbKY B HEH
MIPOUCXOJIUT Cpa3y HECKOJIbKO Bemier. HauneM ¢ cepenuubl. 3anmuch CriMcka B BUC
all values [1: ] yka3piBaeT Ha TO, 4TO OEPYTCS BCE AJIEMEHTHI CITUCKA 332 UCKITIOUECHUEM
nepBoro. Tem cambIM MbI UTHOPUPYEM NIEPBOE 3HAUEHHUE, UTPAIOIIEE POJIb MapKepa,
u OepeM JHIIb ocTalibHbie 784 3lieMeHTa,
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numpy.asfarray() — 3To ¢yHkIus 6UOIMOTEKH numpy, Mpeodpaszyroiias TEKCTOBBIC
CTPOKH B pealibHbIE YMCIIA U CO3/al0IIasi MacCUB 3TUX yKcesl. Ho mouemy TeKcToBbIe
CTpokHu mpeoOpasyrorcs B uucia? Ecnu ¢aiin ObUT MpouMTaH Kak TEKCTOBBIM, TO
KaXJasi CTpOKa WM 3alMCh BCE €IIE€ OCTAaeTCs TEKCTOM. VI3BieueHue M3 HUX
OTJEJIbHBIX 3JIEMEHTOB, Pa3/ICJICHHbIX 3aIATHIMH, TAKXKE AAE€T TEKCTOBBIC JIEMEHTHI.
Hanpumep, 3TUM TeKCTOM MOTJIH ObI OBITH CJ10Ba « apple» ,

«orange123» unm «567» . TekcroBas cTpoka «567» —3TO HE TO )K€ CaMO€, YTO YUCIIO
567. IMEHHO MOATOMY MBI JAOJLKHBI IPEOOPa30BbIBATh TEKCTOBBIE CTPOKU B YHCIIA,
JaKe €CJIM 3TH CTPOKU BBINIIAAT Kak uucia. [locnenHuid pparMeHT MHCTPYKUUU
— .reshape ((28,28)) — rapantupyer, yTo CHUCOK Oyner c(hHOpMHpPOBAH B BHUJE
KBaJpaTHOM MaTpuubl pazMepoM 28x28. Pe3ynbTHpPYIOIIHMI MAacCHUB TaKOM Ke
pa3MepHOCTH MOJy4YaeT Ha3BaHUE image array.

Tpetbst cTpoka NpocTO BHIBOAUT HA HKPaH MAacCUB image _array ¢ moMoOIIblo GyHKIUN
imshow (), aHaJJIOTMYHO TOMY, C YEM BBI yKe CTUIKUBAIUCH. Ha 3TOT pa3 Mbl BEIOpan
L[BETOBYIO MAJIUTPY OTTEHKOB CEPOro C MOMOIIbI0 napaMerpa cmap = ' Greys' mus
JAy4IlIed pa3IMuyuMOCTH PYKOIIUCHBIX CUMBOJIOB.

Pe3ynbpraT paboThl KOJIa IPEICTABIIEH HUXKE.

N[22 M all_values = data_list[o].split(,")
image_array = numpy.asfarray(all_values[1.]).reshape((28,28))
matplotlib_pyplot.imshow(image_array, cmap="Greys’, interpolation="Mong")

Out[18]: <matplotlib.image. Axesimage at ox23a4agci3gqo>
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Bol Bunute rpadguyeckoe mzoopakeHue mudpel «5» , Ha 4TO M yKa3bIBaJl MapKep.
Ecnau mbl BBIOEpEM cliienyromnyto 3anuch, data list [1] ¢ mapkepom 0, To moydyum
MOKa3aHHOE HUXKE U300pakeHuUE.

In[agl: M all_values = data_list[1].5plit(",")
image_array = numpy.asfarray(all_valves[1:]).reshape((28,28))
matplotlib.pyplot.imshow(image_array, cmap='Greys’, interpolation="Ncns

Outlaigl: <matpletlib.image. Axesimage at ox2a3a4baaciios
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['mans Ha 3TO M300pakeHHWE, BBl C YBEPECHHOCTBHIO MOJXKETE CKa3aTh, YTO ATOM
pYKOTIHCHOM 1u(pe AeHCTBUTETHLHO COOTBETCTBYET 1Hdpa 0.

2. IloaroroBKa TpeHNMpPOoBOYHLIX JaHHbIX MNIST
Korna mbl yxe 3HaeM, Kak MojayduTh JaHHbie U3 (aitioB MNIST u u3Bieusr U3 HUX

HY>KHBIE 3aIUCH, Mbl MOKEM BOCIIOIB30BAaThCS ATUM JIJISl BU3YJIU3allUU TaHHBIX. MBI
XOTHM HUCTOJIb30BATh AT JIaHHBIE JJ1s1 00yUEHUS Halllel HEMPOHHOM CETH, HO CHaJasa
MBI JIOJDKHBI IPOJIyMaTh, KakK UX CIEIYeT MOJATOTOBUTh, IPEXKAC YeM MPEIOCTaBISATh
CETH.

Bbl yxe Bujienu, 4To HEHPOHHBIE CETH PabOTaIOT JIydllle, €ClM Kak BXOJHbIE, TaK U
BBIXOJIHBIC JJaHHBIE KOHPUTYPUPYIOTCS TaKMM 00pa3oM, 4yTOObI OHM OCTaBAJIUCH B
JUana3oHe 3HAYCHHUH, ONTHUMAaJIbHOM Ui (YHKIMNA aKTUBAIMHM Y3JI0B HEHMPOHHOM
CETH.

[lepBoe, 4TO MBI HOJKHBI CAENATH, — 3TO MEPEBECTH 3HAUYCHUS LIBETOBBIX KOJOB U3
Oonpmiero auamna3oHa 3HadeHui (0-255 B HAMHOrO MEHBIIMN, OXBATHIBAIOIIUN
3HaueHusa ot 0,01 mo 1,0. Mber HamepenHo BbIOpasin 3HaueHue 0,01 B xayecTBe
HIDKHEW TpaHUIlbl Juarna3oHa, 4yToObl M30eXaTh YHOMSHYTBIX paHee MpooOJieM ¢
HYJICBBIMA BXOJHBIMM 3HAUEHUSIMHU, TOCKOJIBKY OHHM MOTYT MCKYCCTBEHHO
OsokupoBaTh OOHOBJIEHHE BecoB. Ham HeoOs3aTenbHO BbIOMpaTh 3HaueHue 0,99 B
KaueCcTBE BEpPXHEH TpaHUIlbl JOMYCTUMOTO JHara3oHa, IMOCKOJIbKY HET HYXIbI
n30eraTh 3HayeHu# 1,0 171 BXOJAHBIX CUTHATOB. JIUIIL BRIXOAHBIE CUTHAIIBI HE MOTYT
npeBbIIaTh 3HaueHue 1,0.

Jlenenue MCXOMHBIX BXOJHBIX 3HAYCHUM, M3MEHSIOIUXCS B quana3one 0- 255, na 255
npuBeneT ux k auanazony 0-1,0. Ilocimenmyromiee yMHOXKEHHE ITHUX 3HAUYCHUN Ha
koahumment 0,99 npusenet ux k auanazony 0,0-0,99. Jlanee Mbl HHKpEMEHTHPYEM
ux Ha 0,01, yTOoOBI BMECTHTH UX B keJlaeMbli auana3on 0,01- 1,0. Bee aTu nelicreus
peanu3yeT CIeayIONHi Ko Ha s3bike Python.

In[zl: M | #npusecmu exodxsie 3HaveRUR k duanazoHy 0,01 - 1,00
scaled_input = (numpy.asfarray(all_values[1:]) / 255.0 * 0.0g) + 0.01
print(scaled_input)

L+ S+ o B o8 ol o B o R+ Mo R+ o

00l 001 001 001 001 001

001 001 001 001 001 001

001 001 001 001 001 001

0.01 0.208 062729412 0.99223520 0.62720412 0.20411765
001 ©001 001 001 001 001

00l 001 001 001 001 001

00l 001 001 001 001 001

0.0l 001 001 001 0196352040934

0.08835204 0.98835294 0.98235204 0.930117650.01 0.01

001 ©001 001 001 001 001

001 ©001 001 001 001 001

00l 001 001 001 001 001

0.01 0.21964706 0.89129412 0.99223529 0.98835294 0.93788235
0.91458824 0.985835294 0.23129412 0.03329412 001 0.01

001 001 001 001 001 001

001 001 001 001 001 001

0.01 001 001 0.043823530.24204118 0 87964706
0.98835294 0.95223529 0.98835294 079423529 033611765 0.98835294
0.99223529 0.48364706001 001 001 0CO01

PesynbTupyromuii  BBIBOJ, JAHHBIX MOATBEPKIACT, YTO OHU JICMCTBUTEIBHO
MpUHaJIeXaT K quana3zony 3Hauenuii ot 0,01 go 1,00.
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Wtak, MbI ocymiecTBuIM NoAroToBKy AaHHBIX MNIST mytem nx macmrabupoBaHus U
CABUTa U TENEPh MOYKEM NIOJIABATh UX HA BXOJ HAIlIE HEHPOHHOM CETHU KaK C LIEJIBIO €€
TPEHUPOBKH, TaK U C LEIBIO ONpOca.

Ha sTom 2Tane HaMm Takke Hy>KHO IPOIYyMaTh, 4YTO JENaTh C BBIXOAHBIMHU 3HAYEHUAMU
HEUPOHHOM ceTH. PaHee BbI BUJIEIH, YTO BBIXOAHBIE 3HAUEHUS JOJKHBI YKIIAIbIBATHCS
B IMANa30H 3HA4E€HUI, oOecrieunBaeMblil PyHKIMEN akTuBaluu. Mcnone3yemast HaMu
Joructuyeckas QyHKIUs HE MOXKET BbIIaBaTh Takve 3HaueHus, kak -2,0 wim 255. Ee
3HA4YEeHUS 0XBaThIBAIOT auara3oH yucen ot 0,0 1o 1,0, a pakTUYeCKku Bbl HUKOTIa HE
nostyuute 3HaueHu 0,0 unum 1,0, oCcKoyIbKY Joructudeckas QyHKIHUS HE MOXKET MX
JOCTUTaTh U JIMIIb ACUMIITOTHYECKU MpHUONIMKaeTcs K HUM. Takum oOpa3om, mo-
BUJUMOMY, HaM MpUAETCS MacIiTaOMpOBaTh BBIXOJHBIC 3HAYEHUS B IPOLECCE
TPEHUPOBKU CETH.

Ho 4T0 MMEHHO MBI JOJKHBI TOJIYYUTh HA BBIX0/1€ HEUPOHHOM ceTu? JIOKHO JIH 3TO
ObITh M300paxkeHue orBeTa? B TakoM ciydae HaM HYXXHO UMeTh 28x28=784
BBIXOJIHBIX y3JIa.

Ecnu Mp1 BepHEMCA HA IIAr HA3aJ1 U 3ayMaeMcs HaJl TEM, YETO UIMEHHO MBI XOTUM OT
HEWPOHHOM CETH, TO MOMMEM, YTO MbI IPOCUM €€ KJIaCCU(UIIMPOBATH U300paKeHUE U
MPUCBOUTH €MY KOPPEKTHBIN Mapkep. TakuM MapkepoM MOKET ObITh OAHO U3 IECATU
yucen B auana3oHe ot 0 10 9. 9To 03HavaeT, YTO BHIXOJHOM CIIOM CETH JOJDKSH HMETh
10 y3710B, 10 OJHOMY Ha Ka)KJIbIi BO3MOXHBINA OTBET, WJIK Mapkep. Ecin oTBeTOM
aBigercs «0» , TO aKTUBU3UPOBATHCS JOJDKEH IEPBBIM y3€Jl, TOrJa KaKk OCTaJbHBIC
Y316l JOJDKHBI OCTaBaThbCsl NACCUBHBIMU. Ecnu orBeToM sBisercs «9» , TO
AKTUBU3UPOBATLCA JOJDKEH IOCICIHUNA y3€l BBIXOAHOIO CIIOS IIPU INACCUBHBIX
OCTaJIbHBIX y3J1ax. Ciueayromas WILIICTpalus MOSACHIET 3Ty CXEMY Ha HECKOJBKHX
IIPUMEpPaAxX BBIXOIHBIX 3HAYCHUM.

BeixodHoi

roli | Mapkep npumep “s”’ npumep “0" npumep 9"
@ o 0.00 04s 0.02
@ 1 0.00 0.00 0.00
@ 2 0.01 0.01 0.01
@ 3 0.00 0.01 0.01
@ 4 o.01 0.02 0.40
@ s 049 0.00 0.01
@ e 0.00 0.00 0.01
@ 7 0.00 0.00 0.00
@ 8 0.02 0.00 0.01
@ q 0.01 0.02 0.86

IIepBeIil TpUMEpP COOTBETCTBYET CIIy4ar0, KOrJa C€Th paclo3Haia BXOJAHBIC JTaHHBIE
Kak udpy «5» . Bl BuaurTe, 410 HaMOONBIINN U3 UCXOSIINX CUTHAIOB BBIXOJITHOTO
CJIOSI IPUHAJICKUT Y31y ¢ METKOU «5» . He 3a0biBaiiTe 0 TOM, 9TO ATO IIECTOU IO
CYETYy y3€J, IOTOMY 4TO HyMepalus y3JIOB HauMHAETCs C Hyjs. Bce
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JIOBOJIBHO MPOCTO. OCTalIbHbIE Y3JIbI MPOU3BOIAT CUTHAIBI HEOOIBIIONW BEIUYMHBI,
OJIM3KHME K HYJI10. BBIBO/ HyJeil MOT OKa3aTbCsl CAEACTBUEM OIIMOOK OKPYTJIECHUS, HO
B JICHCTBUTENBHOCTH, KAK Bbl IOMHUTE, QYHKIMS aKTUBAIMU HUKOT/Ia HE JOMYCTUT
(bakTHUeCcKoe HYJIEeBOE 3HAUCHHE.

Craenyrouuii mpuMep COOTBETCTBYET pykonmucHoMy «0» . HauOonbliyro BeIMUHUHY
3J1€Ch IMEET CUTHAJI IIEPBOT0 BBIXOJHOTO y3J1a, aCCOUUUPYEMBIN ¢ METKOM «0» .
[locnennuii mpumep OoJiee UHTEpPECEH. 3/1eCh caMblid OOJIBIION CUTHAJI T€HEPUPYET
MOCJIETHUHN y3€eJl, COOTBETCTBYIOIINMA MeTKe «9» . OJIHAKO U y3ell ¢ MEeTKOU «4» naer
CUTHAJI cpeiHel BenuruHbl. OOBIYHO HEHPOHHAS CETh I0JKHA IPUHUMATh PEIleHHUE,
OCHOBBIBASCh Ha HAWOOJIBIIEM CHUTHAJNE, HO, KaK BHJIWUTE, B JAHHOM CJIyyae OHa
OTYACTH CYHUTAET, YTO MPABUIBHBIM OTBETOM MOIJIO Obl OBITh U «4» . Bo3MoXxHO,
PYKONMCHOE HA4yepTaHWE CHMBOJIA 3aTPYJHWIO €ro HaJeKHOE pacrno3HaBaHHE?
Takoro poga HeonpeneIEeHHOCTH BCTPEYAOTCS B HEMPOHHBIX CETAX, U BMECTO TOTO,
yTOOBl CUMTATh WX HEyJauei, Mbl JOJKHBI PAcCMATpUBATh HMX KakK IOJIE3HYIO
MOJICKAa3Ky O CYIECTBOBAHHUH JIPYTrOro BO3MOKHOTO OTBETA.

Otnmnuno! Tenepp HamM HY>XHO TNPEBPAaTUTh 3TU WJEU B LEJIEBbIE MAaCCUBBI IS
TPEHUPOBKU HEHpOHHON ceTn. Kak Bbl MOriaM yOeauThCs, €ClId TPEHUPOBOUHBIN
IpUMEpP MOMEYEH MapKepoM «5» , TO IS BBIXOJHOIO y3Jia CIEeAyeT co3JaTh TaKOh
1IEJI€BOM MacCUB, B KOTOPOM MaJibl BCE 3JIEMEHTBI, KPOME OJIHOTO, COOTBETCTBYIOLIETO
Mapkepy «5» . B gaHHOM ciyyae 3TOT MaccHMB MOT Obl BBITJISAETh MPUMEPHO TaK:
[0,0,0,0,0,1,0,0,0,0].

B neficTBUTENEHOCTH 3TH YUCIIA HYKAAIOTCS B JJOTIOJHUTEIBHOM MacCIITAOMPOBAHUH,
IIOCKOJIBKY MBI YK€ BUJEJH, YTO IONBITKH CO3/1aHMs HA BBIXOJE HEWMPOHHOW CETH
3HaueHud 0 W 1, HETOCTMKUMBIX B CHJIy HCIIOJNb30BaHUA (YHKIUU AKTUBAIINH,
IPUBOJAT K OOJIBIINM BecaM U HachllleHuto ceTu. ClenoBaTebHO, BMECTO 3TOTO Mbl
Oynem wucnons3oBath 3HaueHus 0,01 u 0,99, u moToMy IenEeBBIM MAacCHUBOM JIJIS
Mapkepa «5» nomxen 0biTh Maccus [0.01, 0.01,0.01, 0.01, 0.01, 0.99, 0.01, 0.01, 0.01,
0.01].

A BOT Kak BBITJISIIUT KOJT Ha si3bIke Python, co3patoinuii iesieByro Matpuily.

M  # konuvecmso eblxodHElX Y2108 - 10 (NpUMEp)
onodes =10
targets = numpy.zeros(ocnodes) + 0.01
targets[int(all_values[o])] =0.g99

[lepBasi cTpoka mociie KOMMEHTapHsl MPOCTO YCTAHABIMBAET KOJIMYECTBO BBIXOJAHBIX
y3710B paBHBIM 10, YTO COOTBETCTBYET HAIlIEMYy IPUMEPY C JIECATHIO MapKepaMHu.

Bo BTOpOIi cTpOKe ¢ mOMOIIbIO YI00HOH PYHKITMK numpy.zeros () CO3aeTCsi MacCHB,
3arMojgHEHHBI HyJsiMu. JKemaeMble pa3Mep W KOH(UTYpalusi MaccuBa 3a7aroTcs
nmapamMeTpoM TMpu BbI30Be (PyHKIMU. B gaHHOM ciywyae co3maercs OJHOMEPHBIN
MacCuB, pazMep onodes KOTOPOro PaBEeH KOJIMYECTBY y3J0B B KOHEYHOM BBIXOJHOM
cioe. [Ipobnema HyJel, KOTOPYIO Mbl TOJIBKO YTO OOCYKJlaj, YCTPAHSAETCA IMyTEM
no6asienus 0,01 k KaxI0My 3JIEMEHTY MacCHBa.

Crnenyroliiiasi CTpoka BbIOMpAET MEPBbINA 2JIEMEHT 3anucu U3 Habopa nanHbix MNIST,
ABIIAIOIIMIICS LEJIEBBIM MapKEPOM TPEHHUPOBOYHOIO Habopa, U
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npeoOpa3yeT ero B IIeJ0€ 4YKciIo. BcroMHHUTE O TOM, YTO 3alUCh YUTACTCS U3
ucxoaHoro (paitla B BHJE TEKCTOBOM CTpOKM, a He uucia. Kak ToJsbko
npeoOpa3oBaHUE BBIOIHEHO, MOJYYCHHBIH 1IEJICBOM MapKep UCIIOJIb3YEeTCs ISl TOTO,
YTOOBI YCTAaHOBUTH 3HAYEHUE COOTBETCTBYIOIIETO AJIeMeHTa MaccuBa paBHbIM (,99.
31ech Bce OyIeT HOpMaIbHO paboTaTh, MOCKOJBKY Mapkep «0» OyaeT nmpeodpa3oBaH B
nenoe uncio 0, sBistonieecs KOPPEKTHBIM MHIECKCOM JaHHOTO MapKepa B MacCHUBE
targets [ ]. Touno Tak >xe Mapkep «9» Oyner mpeoOpa3oBaH B IeJI0€ YUCTIO 9, U
a7eMeHT targets [9] nelicTBUTENBHO SBIISIETCS MOCJICAHUM JIEMEHTOM 3TOI0 MAacCHBA.
Bot npumep paGoThl 3TOr0 Koja.
In[23]: M | # konuuecmao ebixo0HBLX Y3108 - 10 (NPUMep)
onodes = 10

targets = numpy.zeros(cnodes) + 0.01
targets[int(all_values[c])] =0.0q

In[25]: M | print{targets)

[o 990.010010010010010.010010.01 0.01]

Tenepb MbI 3HACM, KaK IMOATOTOBUTH BXOAHBIC 3HAYCHUSA JJIs1 TPCHUPOBKH M OIIPOCa
HCﬁpOHHOﬁ CCTH, a BBIXO/JHBIC 3HAYCHUWA — JJJIA TDCHUPOBKH.
OOHOBMM Halll KOJI C YYETOM NpOJEIaHHON paboThl. Huke mpencTaBiieHO COCTOSHUE
KOJa Ha JaHHOM J3Tall€, BKJIFO4Yas IMMOCICITHEC OOHOBJICHHE.
in[1l: M import numpy
# Bufinuomera scipy.special ¢ cuemoudadi expit (}
import scipy.special
# 20paHMUpPOEaMs pazmMeleHUe 2pagiuxu g danHom GaokHome,

# @ HE 8 0M3enbHOM OKHE

%matplotlib inline
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In[2]: M | #onpedenenue kaacca HeliporHoll cemu
class neuralMetwork:

# UHUYUAA UZUDOBAME HelPORHYHE C2Mb
def__init__(s2lf, inputnodes, hiddennades, outputnodes, learningrate):
# zadame konu Yecmao y3.108 80 axodH. 00, CKPLIMIOM U eLixodHOM CRoe
self.inades =inputnodes
self hnodes = hiddennodes
self.onodes = outputnodes
# Mampuuer secossly kosdutirenmos caazel wih u who.
# Becossie kosgPuyuernme caazel mexdy y3nomiu y30oM f
# Cnedyrouezo 107 0003HaYeHs) kaiKw__i__ |-
# wil wzz
# wiz w2zum.d.
self.wih = numpy.random.normal (0.0, pow(self.hnodes, -0.5), (self hnodes, self inodes))
selfwho = numpy.random.normal (0.0, pow(self. onodes, -0.5), (self. onodes, self hnodes))

# Koaghuyuenm ofyueHus

selfIr =learningrate

# LUCNoAL308aHUE CLIEMG‘U&&IS Kayecmese qj_:(HKLl:U[I akmusaguu
self activation_function = lambda x: scipy special expit(x)

pass

# mpeHupaska Helipornoal cemu

def train (self, inputs_list, targets_list) -
# Npeodpaz08aHUEe CNUCKA BX00HBLX SHOYERUL
# 8 dayxmeprtill Maccue
inputs = numpy-.array(inputs_list, ndmin=2).T
targets = numpy.array(targets_list, ndmin=2).T

# paccuumame axo0awue cU2HakL GAA CKPLIMo20 CA0A
hidden_inputs = numpy. dot(self wih_inputs)

# paccuumams ucxodALuE CUZHTE 31A CKpRIMOZ0 CI0R
hidden_outputs = self activation_functionthidden_inputs)
# paccHumams exo0AWUe CUeHAAL! GNA BEX0GHOZ0 CN0R
final_inputs = numpy.dot{self.who, hidden_outputs)

# PaccHumame UCXO@HM{I’JE CUSHAAL GNA BEIXOIHOZO CACA
final_outputs = self. activatien_function(final_inputs)

# owufiku esxodHoeo CRoRA =

# (Yenesoe 3HaYeHUE - BOKMUYECKOE IHAYEHUE]

output_errors = targets - final_outputs

# QUWUGKU CKPRIMOE0 CAORA - 3Mo owubku output_errors,

# pacnpedeneHHsie NPONOPUUOHAALHO BecoBrM Kodiduyuenman carzeld
# U pexoMBUHUPOSaHHEIE HO CKPLIMEX Y2A0X

hidden_errors = numpy dot(self who T, output_errors)

# ofHogume secoasie kozgguuyueHms dna caazel mencdy
# CKPLIMBIM U BLXaJHEM CAoAMU
self who += selfIr * numpy .dot ((output_errors * final_outputs * (1.0 - final_outputs)), numpy transpose (hidden_outputs))

# ofHosumb secossie kosggduuuenme dna caazel mencdy
# BXO0HEIM U CKPLIMBIM CA0AMU
selfwih += selfIr * numpy.dot{{hidden_errors * hidden_outputs * (1.0 - hidden_outputs)), numpy.transpose(inputs))

pass

# onpoc HelipoHHod cemu

def query(self, inputs_list):
# npeofpazosame cUCoK ex0dHLIX 3HaYeHU
# g deyxmepHeld Maccus
inputs = numpy.array(inputs_list, ndmin=2).T
# paccyumams exodAwUe CUzHANL! GAA CKPLIMO20 CN0R
hidden_inputs = numpy.dot(selfwih, inputs)
# paccyumams ucxodAwue cuzHaL! OAA CKPEIMOZ0 CA0R
hidden_outputs = self activation_function(hidden_inputs)
# paccuumams axodAwUe cUHANL! GAA BLIX00HO20 CAOA
final_inputs = numpy.dot(self who, hidden_outputs)
# paccyumams UcXodRWUE CueHans! dnA selxodHOZ0 CA0A
final_outputs = self activation_function(final_inputs)
return final_outputs
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In[3]: M input_nodes =734
hidden_nodes = 100
output_nodes =10

ARV

# kozgduyuenm ody

learning_rate =0.3

UeHUA pased 0,3

cozdame 3k3eMNAAp HelpoHHoU cemu

= neuralMetwork(input_nodes, hidden_nodes, output_nodes, learning_rate)

In[51: M # 2azpysums e cnucok mecmossil Habop daHHex CSV-ghalina HaBopa MNIST
training_data_file pen("mnist_train.csv", 'r')
training_data_list = training_data_file.readlines ()
training_data_file.close()

# mpenuposka HelporHol cemu

mpeHuposoyHoM Habope daHHEIX

targe_ts[iﬂt-\a values[o])] =0.9g
n.train(inputs, targets)
pass

B camom Hagase 53TOro Koma MBI UMIIOPTUPYEM TpaduUecKyro OHOIHMOTEKY,
no0aBiiieM KO IJisl 3aJJaHusl Pa3MEpPOB BXOIHOTO, CKPBITOTO U BBIXOJHOI'O CIIOEB,
CUMTHIBAEM Masblii TpeHHpoBOUYHBIH Habop maHHbIXx MNIST, a 3atem Tpenmpyem
HEWPOHHYIO CETh C UCIIOJIb30BAHUEM ITHX 3AITACEM.

[Touemy mbl BbiOpanu 784 BXOAHBIX y31a? BCIOMHUTE O TOM, YTO 3TO YUCIO PABHO
MPOU3BEICHUIO 28X28, MNPEICTABIAIOIIEMY KOJIMYECTBO IHUKCEIIEH, M3 KOTOPBIX
COCTOUT U300pakeHrEe PYKOMMMCHON UDPHI.

Bb160p cTa CKPBITHIX Y3JI0B HE UMEET CTOJIb K€ CTPOroro Hay4HOro 000CHOBaHUs. Mbl
HE BBIOpAJIM 3TO YUCIIO OONBIINM, 4eM 784, U3 TeX cO0OpaKeHUM, YTO HEMPOHHAS CETh
JOJDKHA HAXOJWTh BO BXOJHBIX 3HAYCHUSAX TaKW€ OCOOCHHOCTH WM IIa0JIOHBI,
KOTOpbIE MOKHO BBbIpa3UTh B Oosiee KOPOTKOM (opme, 4eM caMu 3TH 3HAuCHUS.
[ToaTomy, BbIOMpasi KOJIMYECTBO Y3JIOB MEHBIIMM, YE€M KOJHUYECTBO BXOJHBIX
3HAYEHHM, MBI 3aCTaBJISIEM CETh MBITATHCS HAXOIUTh KIIFOUEBble OCOOCHHOCTH ITyTEM
0000menust uHpopMaiuu. B To xe Bpemsi, eciiu BHIOpaTh KOJTUYECTBO CKPBITHIX Y3JI0B
CIIMIIKOM MaJIbIM, OyAyT OTpaHHYEHBI BO3MOKHOCTH CETH B OTHOILICHUH OTIPEACTICHUS
JOCTATOYHOTO  KOJMYECTBA OTJIMYUTENbHBIX MPU3HAKOB WM 1IA0JOHOB B
n300paxkeHnud. Tem camMblM Mbl JIMIIWIK OBl CETh BO3MOXKHOCTU BBIHOCUTH
coOCTBEHHbIE CYXJeHUs oTHocuTelbHO aaHHbIXx MNIST. C yuerom Ttoro, 4ro
BBIXOJTHOM CJIOM TOJKEeH o0ecreunBaTh BbIBOI 10 MapkepoB, a 3HAYUT, AOJHKEH UMETh
JECSATh Y3JI0B, BBIOOp MpoMexkyTouHoro 3Hauenuss 100 juisi konuuecTBa Y3JIOB
CKPBITOTO CJI0S IPEACTABISAETCS BIIOJIHE Pa3yMHBIM.

B cBsizu ¢ 3TUM crenyer cienaTh OJHO BaXKHOE 3aMEuUaHue: HJIeaJIbHOTO OOIIETro
MeToJa Uil  BbIOOpa KOJMYECTBAa CKPBITBIX Y3JIOB HE cyllecTByer. B
JCHUCTBUTENPHOCTH HE CYIIECTBYET M HJAEaJbHOIO METOAa BbIOOpa KOJIMYECTBA
CKpBITBIX cJIO€B. B Hacrosmiee BpeMs HaWIy4dIIMM IOAXOIOM SBIIAETCS
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MIPOBEICHHUE SKCIEPUMEHTOB 10 TE€X MOp, OKAa HE OyIeT MoxyyeHa KOH(DUrypalus CeTH,
ONTUMAaJbHAsA IS 3aa41, KOTOPYIO BbI IIBITAETECH PEIINTD.

KoHTpoJsbHbIe BONIPOCHI
1. B uem 3aknroyaeTcs METOJI TPAJAUEHTHOTO CITycKa?
2. HazoBuTe npeumymiecTBa METoja rpaiu€HTHOrO CITycKa?
3. Urto o3Havaet QyHkius omudku (ommobka)? Kak nmogcunrars ommoky?
4. Yto npeactaBisitoT co00i Ko3p(hUuLreHToM 00ydeHUs] HEHPOHHOM CeTH?
5. Kakum o0Opa3omM NpouCXOJUT OOHOBJIEHHWE BECOBBIX KOA(D(PHUIIMEHTOB B
npoiiecce 00yueHuss HeWPOHHOMU CEeTH.
6. Uto npencrapisaoT coboit Habop pykonucHbIX upp MNIST?
7. Uto Takoe pacrno3HaBaHue oopa3on?
8. UTo Takoe TpEeHUPOBOYHBIN HAOOP?
9. Uto Takoe TeCTOBBII HAOOP?
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JlabGopaTopHnasi pabora 7
TecTupoBaHue HEMPOHHOM CETH AJIs1 PACIIO3HABAHUA PYKOMMCHBIX
uugp MNIST.
Ieas: MPOBECTH TECTUPOBAHHE pa3padOTaHHONW HEUPOHHOW CEeTH ISl
pacnio3HaBaHus pyKonucHbIX ugp MNIST.

3aganue:

1. U3yunTh TEOpeTUYECKOE BBEICHHE.

2. OtBeTUTh HA KOHTPOJBbHBIE BOIPOCHI, TMPUBEJECHHbIE B KOHIIE
nabopaTopHOil pabOTHI.

3. DBbInmonHUTH NpaKTUYECKUE 3aJlaHusd C  HCMOJIb30BAHUEM  SI3bIKA
nporpammupoBanus Python.

4. CoctaBUTh OTYET MO JabopaTopHOl pabote. Tpebosanus k omuemy:

OT4eT MpeaoCTaBIICTCS B DJIIEKTPOHHOM BHUE B TEKCTOBOM penakrope MS Word. B
OTYETE YKa3bIBAIOTCS:

1) ®amunus cryaeHTa.

2) [MopsiakoBBI HOMEP ¥ Ha3BaHHE JTAOOPATOPHOMN PaOOTHI.

3) Lens paboThL.

4) OTBeTHI Ha KOHTPOJIbHBIE BOMPOCHI.

5) Omnucanue penieHus BIIOJHEHHBIX 33aHUi J1abOpaToOpHOU padoThI,
cojiepKallee: a) hopmyauposKy 3a0anusi, 8) CKPUHULOM BLINOJIHEHHO20 3A0AHUS,
cooeparcauwuti pamuiuio cmyoeHma.

3amura 1a00paTOpPHON pPabOTHI OCYIIECTBISETCS IO OTYETY, MPEACTABICHHOMY
CTYJIEHTOM M C IEMOHCTPALMEN 3aJaHNs HA KOMIIBIOTEPE.

TecrupoBanyue HEHPOHHOI ceTH

B nannoii pabote mpoBepum, Kak paboTaer, ¥ CAeIaeM HEWpPOCEeTh Ha TECTOBOM
Habope JaHHBIX.

[Ipexne Bcero, HEOOXOAUMO MOIMYUYUTh TECTOBBIE 3amucu. COOTBETCTBYIOIIUNA KO
OY€Hb MOXO0Xk Ha TOT, KOTOPBIN MbI UCIOJIB30BAIIU /ISl TIOTYYEHUSI TPEHUPOBOUYHBIX
JTAHHBIX.

M  # zazpyzume & cnucox mecmoseld Habop GarHex CSV-gialing Habopa MNI
test_data_file = open("mnist_test.csv", 'r')
test_data_list = test_data_file.readlines))
test_data_file closa()

LA

MBI pacniakyem 3TH JaHHbIE TOYHO TaK K€, KaK U NPEAbIAyLINE, MOCKOJIbKY OHH
MMEIOT aHAJIOTUYHYIO CTPYKTYDPY.

[Ipex e ueM co3naBaTh LUK JJIs1 HEpedopa BCEX TECTOBBIX 3aMUCEH, TOCMOTPUM, YTO
MIPOU3O0MAET, €CIU Mbl BPYUYHYIO BBIIIOJHUM OJMHOYHBIN TeCT. Huke nmpeacraBieHbl
pe3yabTaThl Omnpoca YK€ OOyd4eHHONW HEHPOHHOM CeTH, BBIMOJHEHHOTO C
MCII0JIb30BaHUEM MEPBOM 3aMUCH TECTOBOTO HA0Opa JIaHHBIX.
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M | # za2pysume & cnucox mecmosklld Habop daxHex CSV-gdalina Habopa MNIST
test_data_file = open{"mnist_test.csv", 'r)
test_data_list = test_data_file.readlines()
test_data_file close()

M | # nonyyume nepey Mecmoeyio 3anucs
all_values = test_data_list[o]_split{",")
# BLigecmu Mapxep

print(all_values[o])

7

M image_array = numpy.asfarray(all_values[1:]) reshape((28,28))
matplotlib.pyplot.imshow(image_array, cmap='Greys', interpolation='"Nane")

29]: <matplotlib.image AxesImage at ox251210f4b20>

o
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0 5 W B 2 =
Kak BuuTe, B KauecTBe MapKepa IepBOH 3allMCH TECTOBOTO Ha0Opa CEThb OIPeIeIHIa

cumBoOa “ 77 .
He 3a0yabTe moakaountb 6udauorexry matplotlib.pyplot.

M | import numpy

| ¢ cuamoudol expit ()

import scipy.special

i EQIGC!-'—.'.".".‘.'..'ESEG.".‘?'; pasmelieHue epapurkl 8 CaHHOM I:"-,'TC"KHG”"'Q__

# 0 HE 8 OMOENEHOM OKHE

import matplotlib.pyplot

ematplotlib inline
B pesynbprate ompoca 00ydeHHOU CETH MBI TIOJy9aeM CIUCOK YHUCEIN, SIBIISIONTUXCS
BBIXO/IHBIMH 3HAYCHUSIMU Ka3KJIOT0 U3 BBIXOJHBIX y3710B. Cpa3zy xe Opocaercs B riasa,
YTO OJHO W3 BBIXOJAHBIX 3HAYEHWM HAMHOTO MPEBBIIIAET OCTAJIbHBIC, U ATOMY
3HAYEHUIO COOTBETCTBYET Mapkep “7” . DTO BOCBMOM 3JIEMEHT CIHCKA, MOCKOJIbKY
MIEPBOMY 2JIEMEHTY COOTBETCTBYET Mapkep “07 .
¥ Hac Bce cpaboTtano! Ml 00yuniu Halty HEHPOHHYIO CETh U IOOMIIMCH TOTO, UTO OHA
CMOTJIa ONpeenuTh UG Py, IPEIOCTaBICHHYIO el B BUe n3o0paxenus. Bcnomuure,
YTO JI0 ATOTO CETh HE CTAJIKMBAJIACh C JJAHHBIM M300paKeHHEM, TIOCKOJIbKY OHO HE
BXOJWJIO B TPEHUPOBOYHBIM HaOOp nmaHHbIX. ClemoBaTenbHO, HEHPOHHAS CETh
OKa3ajach B COCTOSHUHM KOPPEKTHO KiIaccH(UIMPOBATh HE3HAKOMBIN el 1udpoBoit
CHUMBOJIL.
Jlanee HanuieM KO/, MO3BOJIIOIINAN TPOBEPUTH, HACKOJIBKO XOPOIIO HEUPOHHAS CETh
CIIPaBJISICTCS C OCTAIBHOM YacThi0 HA0Opa TaHHBIX, ¥ MPOBECTH MOACUYET MPABMIHHBIX
pe3yJIbTaTOB, YTOOBI BIOCIEJICTBUM Mbl MOIJIM OLIEHUBATH IJIOJOTBOPHOCTH CBOUX
OyIymux ujeH 1Mo COBEpIICHCTBOBAHUIO CIIOCOOHOCTHU
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CCTHu O6yanBC$I, a TaK)KXC CpaBHHBATb HaAIK PE3YJIbTaTbl C PCEIYyJIbTaTaAMU,
MOJIYYCHHBIMH JIPYTUMHU JIFOJIbMU.
O3HaKOMBTECH C IMPUBCACHHBIM HHKE KOJOM.

scorecard =[]
# nepefipame ace 3anucu 8 mecmogom Habope daHHLIX
for record in test_data_list:
# NOAYYUIME CNUCOK 3HaYerul U3 3anucu, UCNoAs3yA CUMBOL!
# 2anamoll (") 8 kauecmee pazdeaumened
all_values = record.split(’,")
# NpasuAsHLIl OMaem - NEPE0E IHAUEHLE
correct_label = int(all_values[c])
print{correct_label, "McTHHHEIA Mapkep™)
# macwmadupoeams u CMECMUME BX00HLIE 3HAYEHUR
inputs = (numpy.asfarray(all_values[1:]) / 255.0 * 0.9g) + 0.01
# onpoc cemu
cutputs = n.query(inputs)
# uHdekc HaubonsWeeo SHAYEHUA ABAABMCA MODKEDHLIM 3HAYEHUEM
label = numpy.argmax{outputs)
print(label, "oT a2TH")
# NpucoeduHUML OUeHKY Omaema cemu K KoHUY cnucka
if {(label == correct_label) -

#g CTyyae NpAeWLHo20 0maema Cemu npucoeduHums

# K CILCKY 3HAYEHUE 1
scorecard.append(1)
else:
# B CAyYaE HENPABUALHOZO OMBEMA CemuU NPUCoedUHLIME
# K CUCKY 3HAYEHUE O
scorecard.append(o)
pass
pass

Pa36epem manubIit koa. [Ipexkae yem BONTH B LUK, 0OpabaThIBAIOIIMKA BCE 3aIMCH
TECTOBOTO Ha0Opa JaHHBIX, MBI CO3[a€M IYCTOM CIHMCOK Scorecard, KOTOpbI Oyner
CIIY)KUTh HaM JKypPHAJIOM OIIEHOK pabOThl CeTH, OOHOBIISIEMBIM TOCIIE 00pabOTKH
KaXXJ0M 3aIUCH.

B nukie Mbl eaeM To, 4TO YKe JEeIalld PaHbllle: U3BJIEKAeM 3HAUYCHHS U3 TEKCTOBOM
3aMucu, B KOTOPOM OHHU pa3feieHbl 3ansThiMU. llepBoe 3HaueHue, ykas3bIBalollee
MPaBUJIbHBIA OTBET, COXPAHSAETCS B OTIACIBbHOU MepeMeHHOW. OCTalbHbBIE 3HAYCHUS
MacIITaOUpPyIOTCs, YTOOBI MX MOXXHO OBLUIO HCMOJb30BaTh B KAue€CTBE BXOJHBIX
JAHHBIX Ui Tepedadyd 3ampoca HEeWMpoHHOW ceTu. OTBET HEWpPOHHOM CETH
COXpAaHAETCs B IEPEMEHHON outputs.

Jlanee crneayer MOBOJIBHO MHTEpECHas 4acTh KOjAa. Mbl 3HaeM, YTO HauOoJibllee U3
3HAYEHUU BBIXOJHBIX Y3JIOB pPAaCCMAaTPUBAETCA CEThI0 B KA4YECTBE MPABHIIBHOTO
oTBeTa. MIHAEKC ATOro y3ia, T.€. €ro Mo3ullus, COOTBETCTBYET Mapkepy. JTa ¢pasza
MIPOCTO O3HAYAET, YTO NEPBBIA AIEMEHT COOTBETCTBYET Mapkepy “0” , msaThid —
Mapkepy “4” u T.1. K cuacTeio, cymiecTByeT ynooHas GpyHKIus OUOIMOTEKH numpy,
KOTOpast HAaXOAUT CPENI PJIEMEHTOB MacCUBa MaKCUMAJIbHOE 3HAYCHHE U COOOIIaeT
ero uHAeKc. OT1o QyHKUUA numpy.argmax (). Jlas nomydenus 6osee mOApOOHBIX
CBEJICHUI O HE MOKETE MOCETUTh BEO-CTPaHUILy IO CJICAYIONIEMY aIpecy:

https.: / /docs.scipy.org/doc/numpy-
1.10.1/reference/generated/numpy.argmax.html
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BosBpar aToit (pyHkuueit 3HaueHuss () o3HA4aeT, YTO MPABUIHLHBIM OTBETOM CETh
cuutaet “0” u T.11.

B nocnegnem ¢parmenTe Koja MoydeHHBIM MapKep CPaBHUBAETCS C M3BECTHBHIM
KOpPPEeKTHBIM MapkepoM. Ecimu o0a Mapkepa OJMHAKOBBI, B KypHaJ 3aIlMCHIBACTCS
“1”, B npoTuBHOM ciyyae — “0” .

7 MCTHUHHBIA MAPKED
7 OTEET CETH
2 MCTHHHBIA MapKep
2 OTEET CETH
1 MCTHHHEIA MapKeD
1 OTEET CETH
O MCTHHHEIA M3pKep
o OTEST CETH
& MCTMHHEIA Mapkep
4 OTEST CETH
1 MCTUHHEIA MapKep
1 OTEET CETH
& MCTHHHEIA Mapkep
& OTEST CETH
O MCTHHHEIR Mapkep
0 OTEET CETH
5 MCTMHHEIA MapKep
5 QTEET CETH

Kpome Toro, B HEKOTOPBIX MeCTax Koja MOKHO BKJIIOUUTH MOJIC3HYIO KOMaHIy print
(), 9TOOBI MBI CAaMU MOTJIH OTCJICKUBAThH TIPABUIIBHBIC U TIPEICKa3bIBAEMbIC 3HAUCHUSI.
Hwxe mpencTaBieHbl pe3ysIbTaThl BBIMOJTHEHUS 3TOTO KOJa BMECTE C BHIBEICHHBIMU
3aMuCsMHU HallIlero pabouero xypHaia.

M | print (scorecard)

[1,2,1,2,12,2,1,1,1,1,1,1,1,1,1,1,1,1,2,1,1,1,1,1,1,1,1,1,1,1,1,1,1,11,1,1,1,0,1,1,1,1,1,
11111311131711113131313131313131321131311113111111111311111711

i4,11111111113213131131131311313131313231117311310111,11,1111111

21111111131 711113131310113111131131113311111111111711710
l1,1111111119o1111211111111:01,11,1,11,11111111110C11
,111111113171173113131313111311011112110111111111010171171
i14,11111131111321313113113131131313131321310C11,111111111111111

1111111113111 0¢0011111131111111111131110117101171171171
¢112111111111111312111313113111111131¢€11111111111111
1,1111190110211112711111111113111117113111311171711171
1,1,1,1101102021111112111173113131313131131112111173112111111011 11
11111311131711113131313131313131321131311113111111111311111711

4,11111111311313111¢¢111111311<1,1,11,1,11111111011,101040
1,11119¢2111901111111011111111111111011101107171,

lf 1] j'J lf 1I’ lf 1] j'J O.. lf 1] j'J lf 1I’ lJ Jl 1I’ lf 1] j'J lf 1I’ lf 1] j'J lf 1I’ lJ Jl 1I’ c>|’ lJ Jl 1I’ lf 1] j'J lf 1I’ lf 1] j'J O.. DJ
1f 1.| :lJ :lf 1[ 1f 1.| :lJ :lf 1[ 1J :l! 1[ 1f DJ :l! 1[ 1f 1.| :lJ :lf 1[ 1f 1.| Of 1[ 1f 1.| :lJ OI‘ 1f DJ :lf 1[ 1f 1.| :lJ :lf 1[ 1J :l! 1[ 1f 1.|

JlonoaHuM KoJI (parMEeHTOM, KOTOpPbIA OyAeT BBIBOJAUTH OTHOCUTENBHYIO OO
MPaBUJIbHBIX OTBETOB B BUE IPOOH.

M | # paccuumame nokazamens sfdexmueHocmu g sude
# 00U NpasUALHEIX 0MBemos
scorecard_array = numpy.asarray(scorecard)
print ("3ddekTMEHCCTE = °, scorecard_array.sum() [ scorecard_array.size)

3@ eKTUBHOCTE = 0.9456

DTa 0151 pacCUUTHIBACTCS KaK KOJWYECTBO BCEX 3alUCEl B JKypHAase, Coaep Kalux
“l1” , memeHHoe Ha oOIee KOJWYECTBO 3aluceil (pa3mep KkypHaia). BoT kakum
MOJIy4aeTcsl pe3yJbTar.

B cootBercTBUM ¢ pe3yibTaraMd OOy4YEHHUs Hallell MpPOCTOM TPEXCIONHOM
HEUPOHHON CETH C HCMOJB30BAHHUEM IOJHOTO Habopa, BKiIroYaromero 60 ThicsSd
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MIPUMEPOB, M TOCIEIYIONIETO TecTupoBaHus Ha 10 ThIcsSYax 3amuceil MoKa3aTenb
obmeit 3pdpexkTuBHOCTH ceTr cocTaBisieT 0,9466.

OTOT moKa3zaTenb, paBHbIM MOYTH 95%, MOXHO CpaBHUTh C aHAJOTUYHBIMU
pe3ynbTaTaMl  ATAJIOHHBIX TECTOB, KOTOpPbIE MOXKHO HAWTH 1O  ajpecy
http://yann.lecun.com/exdb/mnist/. Bbl yBuanTe, 4TO0 B HEKOTOPBIX CIydasiX HaIlu
pE3yNbTAaThl JIaXKe Jy4llle ATAJOHHBIX M TOYTH CPAaBHUMBI C TPHUBEJACHHBIMH Ha
YKA3aHHOM CaWTe pe3yJIbTaTaMu JUIsl IPOCTEUIEN HEUPOHHOU CETH.

DT0 BOBCEe HE TaK IUI0X0. MBI JODKHBI OBITH JOBOJBHBI TEM, YTO Halla TepBas
MOTIBITKA TIPOJACMOHCTpUpOBaia A(PPEKTUBHOCTH HAa YPOBHE HEHUPOHHOW CETH
po(eCcCUOHANIBHBIX UCCIEA0BaTENEH.

Kcratn, Bac HE MOKHO YAMBIATH, YTO JaXe B ClIydae COBPEMEHHBIX
OBICTPOACHUCTBYIOIIMX JOMAIIHUX KOMIBIOTEpPOB 00paboTka Bcex 60 ThicSu
TPEHUPOBOYHBIX MPUMEPOB, ISl KAKIOTO M3 KOTOPHIX HEOOXOAMMO BBIUYHUCIUTH
pacnpocTpaHEeHUE CUTHAIOB OT 784 BXOJHBIX Y3JIOB Y€pe3 CTO CKPBITHIX Y3JI0B B
IPsIMOM HaIlpaBJIEHUH, a TaKkKe 00paTHOE paclpoCTpaHEHHE OMMOOK U OOHOBIIEHUE
BECOB, 3aHUMAET OIIYTUMOE BPEMSI.

YivuineHue pe3viabTATOB: HACTPOiiKa Ko duuuenTa o0vueHnus

[TombITaeMcst yaydliuTh pa3padOTaHHBIA K 3TOMY MOMEHTY KOJ, BHECS B HErO
HEKOTOPBIE YCOBEPILICHCTBOBAHUSI.

[Ipexxnie Bcero, Mbl MOXKEM MOMNBITATHCSI HACTPOUTH KodhdunreHt ooyuenus. [lepen
ATUM MBI 33/1a71 ero paBHbIM 0,3, naxke HE TECTUPYS APYTHe 3HAUCHHUS.

JaBaiiTe y1BOUM 3TO 3Ha4Y€HUE 10 BeInyrHbI 0,6 1 TOCMOTPHUM, KaK 3TO CKaXXETCS Ha
CIIOCOOHOCTH HEHPOHHOM ceTu o0ydarhbcs. BrIMIONIHEHWE KOja ¢ TaKUM 3HAYCHUEM
kodhdunmenTa oOydenus gaet nokazarenb dhdexktuBHocTr 0,9047. ITOT pe3ynbrar
xyxe mnpexnero. [lo-Buaumomy, yBenmmuenune koddduimenta o0yueHns HapymaeTr
MOHOTOHHOCTh MPOIIECCa MUHUMU3AIMU OMIMOOK METOJAOM T'PaJUEHTHOrO CIyCKa U
COMPOBOXK/IAETCS MEPECKOKAMU YePE3 MUHUMYM.

[ToBTOpHUM BBIYMCIEHUS, YCTAHOBUB KO3 uureHT ooyuyeHus pasubim 0,1. Ha stot
pa3 mokazarenb dhdexTuBHOCTH yayummmics 10 0,9523, 4To mouTH COBIANAET C
pPEe3yJIbTaTOM ITAJOHHOTO TECTa, KOTOPBIM MPOBOAWICS C HCIOJIB30BAaHUEM THICSUYU
CKPBITBIX Y3JIOB.

Yro mnpousouaeT, eciu Mbl TMOMAEM elle Aalblie U yMEHBIIUM KO3(PQPUIUEHT
oOyuenus 10 0,01? Oka3biBaeTcs, 3TO TaKKe MPUBOAUT K YMEHBIICHUIO MOKAa3aTEeNs
sbdextuBHocTH cetu A0 0,9241. [lo-Buammomy, CIMIIKOM Majibleé 3HAYCHUS
kodpdummenTa oOydeHHs CHUXKAOT AS(OPEKTUBHOCTh. ITO MPEICTaBISAETCA
JIOTUYHBIM, MTOCKOJIbKY MaJibl€ IIAard YMEHBIIAIOT CKOPOCTh IPAJUEHTHOTO CITyCKa.
OnucanHbIe Pe3yJIbTATHI TPEACTABICHBI HIDKE B BUJIE rpaduka. [ momydeHus 6onee
TOYHBIX HAYYHBIX PE3yJbTATOB HAM CJEAOBANO Obl MPOBECTH TAKUE AKCIEPUMEHTHI
MHOECTBO pa3, YTOObl UCKIIOYUTH (DAKTOP CIYYAHOCTH M BIUSHUE HEYAAYHOTO
BBIOOpA MapIIPpyTOB T'PAJUEHTHOTO CITyCKa, HO B I[€JIOM OH
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MO3BOJIIET  MPOWJUTIOCTPUPOBATH OOIIYyI0 HICI0 O CYIIECTBOBAHUU HEKOETO
ONTUMAJILHOTO 3HaUYCHUS K0P duiimenta ooydeHus.

JasncHmocTs apdexkTHBHOCTH OT KoadPuUreHTa oByveHKUA
HaBop aanHbix MNIST ¢ 3-cnoRnoi HERPOHHOW CETLIO

0.98
0.96
0.94
| 0.92 i
09

0.88

IpperkTHEHOCTE

0.86
0.84
0.82

0.8
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Koadubmument obydenmna

Bun rpadguka mojackaspiBaeT HaM, YTO ONTHUMAJIBHBIM MOXKET OBITh 3HAYEHUE B
unrepBare ot 0,1 mo 0,3, mostomy wucneitaem 3HaueHue 0,2. Ilokaszarens
s pexTuBHOCTH mOMYy4YUTCs paBHBIM 0,9537. MBI BUIUM, 4YTO 3TOT pe3yJbTaT
HEMHOTO JIy4llIe T€X, KOTOPhIE Mbl UMEJIU MPHU 3HAYCHUSIX KO3 dULMeHTa 00yUeHus,
paBHbix 0,1 nium 0,3.

Wtak, mMbl OocTaHOBMUMCS Ha 3HaueHHH Koddduimenta obyudenus 0,2, KoTopoe
MPOSBIIIO ce0s1 Kak onTtuMaibsHoe 1 Habopa gaHHbix MNIST u Hamielt HelipoHHOMN
CETH.

[Ipy BBIMOTHEHWH STOTO KOJA BaIlld OIEHKH OyAyT HEMHOTO OTJIMYaThCS OT
MPUBEJICHHBIX, TIOCKOJIBKY MPOLIECC B LIETIOM COJICPAKUT JIEMEHTHI caydaiiHocTH. Ban
Clly4ailHblid BBIOOp HAYAJIBHBIX 3HAYEHHH BECOBBIX KO3(P(MUUMEHTOB HE OyAeT
COBIIAJIaTh C MPUBEJEHHBIM, a OTOMY MapUIPyT IPaAUEHTHOTO CIyCKa JJIsl Balllero
KoJla OyAeT IPyTHUM.

Yﬂqueﬂne PpE3VALTATOB. MHOI'OKPATHOE NOBTOPEHNE TPEHNDOBOYHbIX

LUKJIOB
CrnenyoomuM yCOBEPIICHCTBOBAHHEM OyJ€T MHOTOKpPaTHOE MOBTOPEHHUE ITUKIIOB

TPEHUPOBKM C OJHUM U TeM XK€ HaOOpOM J[aHHBIX. B OTHOIIEHHWH OJHOrO
TPEHUPOBOYHOTO IIMKJIa WMHOTJA HCHOJB3YIOT TepMHMH »3moxa. [loatomy ceanc
TPEHUPOBKM U3 JECATH DOMOX O3HA4YaeT JECATUKPATHBIA MPOTOH  BCETrO
TPEHUPOBOYHOTO HAOOPA TaHHBIX. A 3aU€M HaM 3TO JIeJaTh?

OcoOeHHO ecnu ajist 3Toro KommetoTepy norpedyercst 10, 20 wnmn gaxe 30 MunHyT?
[IpyunHa 3akiroyaeTcs B TOM, YTO TEM CaMbIM MbI OOecredrMBaeM OoJIbllee YHCIIO
MapIIpyTOB TPAJUEHTHOTO CITyCKa, ONTUMHU3UPYIOIINX BECOBbIE KOI(DPHUIIMESHTHI.
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HOCMOTpI/IM, qTO HaM AadyT ABC TPCHUPOBOYHBLIC 3IT10XH. I[J'I}I O9TOT'O0 MBI JOJIXKHBI
HCMHOI'O USMCHUTH KO, NMPECAYCMOTPEB B HEM I[OHOJIHPITCJ'IBHBIﬁ IMUKJI BBITIOJIHCHUA
KOJa TPpCHUPOBKMU.

M  # mpeHupoeka HelponHod cemu
# nepeMeHHadA epochs yKa3LIBaem, CkoALKD Pa3 MPeHuposoyHsId
# Habop QaHHBIX UCNOAL3YeMCA ONA MPeHUpoeKU cemu
epochs=2
for e in range(epochs):

for record in training_data_list:

# NoAYHUMs CALCOK FHAYEHULT

all_values = record.split({’,"
# maclumabuposame U CMECTIUME BxX00HbIe IHAYSHUR
inputs = (numpy.asfarray(all_valves[1:]) / 255.0 * 0.gg) + 0.01
# cozdame Ueneswle selXodHBIe 3HAYEHLA (8Ce DABHE 0,01, 30
# UCKAIYeHUEM HEeaaeMMoz0 MAPKEPHOZ0 2HOYEHUA, PABHO20 0,99)
targets = numpy.zeros{output_nodes) + 0.01
# all_valves[a] - uenesoe MapkepHoe 3HaYeHUE GnA
# daHHod 3anucu
targets[int(all_values[o]}] =0.99
n.train(inputs, targets)
pass

pass

Pesynprupyromuii mokaszareiab 3QpGEeKTUBHOCTH IJsl ABYX 3mox cocrapiser 0,9579,
YTO HECKOJIBKO JIYHIIe TIOKAa3aTelIs ISl OTHOM JITOXH.

[Togo6HO TOMYy, Kak Mbl HacTpauBad KOd(PPUIMEHT OOy4eHHs, TPOBEIAEM
HKCIIEPUMEHT C MCTOJIB30BAHUEM PA3TMYHOTO KOJIMYECTBA JMO0X U MOCTPOUM Ipaduk
3aBUCUMOCTH TIoKazarenss dddexktuBHOCTH OT »dToro dakropa. HuTynmms
MOJICKa3bIBa€T HAM, YTO YeM OOJIbIlle TPEHUPOBOK, TeM BhIlIe 3 HeKTUBHOCTL. Ho
MOJKHO TPEANONOKHUTh, YTO CIUIIKOM OOJBIIOE KOJIWYECTBO TPEHHUPOBOK YPEBATO
yXyaumeHrueM 3(Pp(GEeKTUBHOCTH M3-32 TaK Ha3bIBAEMOI'O MNepeo0y4YeHusi CETH Ha
TPEHUPOBOYHBIX JAHHBIX, CHIDKAIOIIETO 2P (PEKTUBHOCTH MIPH PabOTE C HE3HAKOMBIMH
naHabpIMU. DakTopa mepeoOyueHus cleayeT onacarbes B JTIOOBIX BUAAX MAITUHHOTO
oOyueHusl, a He TOJBFKO B HEHPOHHBIX CETSX.

B nanHoM citydae Mbl UMEEM CIIEAYIONINE PE3YIbTATHI.
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3aemcumocTb 3dGeKTUBHOCTH OT KONWYECTea 3Nox

0,962

0,96

0,358

IpdErTHEHOCTE

0,956

0,952
0 5 10 15 20

HahnsecTao ¥ox

Teneps nukoBoe 3HaueHHe dhdekTuBHOCTH cocTaiseT 0,9628, wumu 96,28%, npu
CEMHU 3MOXaxX.

Kak Buaute, pe3ysbTaThl OKa3ajuCh HE CTOJIb MPEACKA3yEeMbIMHU, KaK OKHUIAI0Ch.
OnTuManbHOE KOIMYECTBO 310X — 5 uiK 7. [Ipu 6onbinx 3HaueHusX 3 PEeKTUBHOCTD
NajJaeT, YTO MOKET ObITh ciie/icTBUEM nepeoOyuenus. [TpoBan npu 6 smoxax, 1o Bcei
BEPOSITHOCTHU, OOYCJIOBJIEH HEYJauHbIMU MapaMeTpamMH IMKJa, KOTOpbIE MPUBEIU
IPaJMEHTHBIN CIYCK K JIOKHOMY MUHUMYMY. Ha camoM jiesie MOKHO ObLIIO OKHUJATh
Oonbllel Bapualuu pe3yJbTaTOB, IOCKOJIbKY Mbl HE MPOBOJMIM MHOKECTBA
HKCHEPUMEHTOB JJIsl KaXJI0M TOYKM JaHHBIX, YTOOBl YMEHBLIUTh BapUAIUIO,
BBI3BaHHYIO ClIy4yaiiHbIMU akTopamMu. IMEHHO O3TOMY Mbl OCTaBUIIM 3Ty CTPAHHYIO
TOUYKY, COOTBETCTBYIOUIYIO IIECTHU 3M0XaM, YTOObI HAllOMHUThH BaM, 4YTO MO CaMOM
CBOECH CyTH 00ydeHHe HEMPOHHOM CETH — ATO CIIy4YaiHBIA MPOIECC, KOTOPHII HHOTIA
MOJKET paboTaTh HE OYEHb XOPOIIIO, & UHOTJA ¥ OUYEHD IIJI0XO.

JHpyroe Bo3MOXHO€ OOBSICHEHHE — 3TO TO, YTO KO3(PPHUIMEHT 00ydeHus oKazaics
CIIMILIKOM OOJBIIMM JUIsl OOJIBLIEro KOJWYECTBAa 3M0X. [IOBTOpUM 3KCIIEPUMEHT,
yMeHbIIUB K03 purrent ooyuenus ¢ 0,2 1o 0,1, 1 mocMOTpUM, 4TO TPOU3OUJIET.
Ha cnenyromem rpaduke HOBble 3HaueHUs d(PPEKTUBHOCTU MpU KOIPPuuueHTe
oOyuenus 0,1 npeacTaBiaeHbl BMECTE C MPEABIIYIIMMH PE3YIbTATAMH, YTOOBI KX OBLIO
JIerye CpaBHUTH MEXIY COOOM.
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3asmcMmocTs 3¢deKTMBHOCTH OT HONWYECTBa 3MoX
HaBop ganHbix MNIST ¢ 3-cnoWHOR HeRpPOHHON CeThIO
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Kak HeTpyaHO 3aMeTuTh, YMEHbIleHHE Kod(hduimeHTa oO0ydeHus: NeWCTBUTEIHHO
MIPUBENO K YIy4IIeHHIO 3P GEKTHBHOCTH MPHU OOIBIIOM KOJIHYecTBe d10X. [InkoBoMy
3HaueHnto 0,9689 cooTBEeTCTBYET BEPOSITHOCT OMMUOOK, paBHAs 3% , 4TO CPABHUMO C
OTAJOHHBIMM pe3yJIbTaTaAMH, YyKa3aHHbIMM Ha caite fHa JlekyHa mno aznpecy
http://yann .lecun.com/exdb/mnist/.

WHTynius mojcKa3blBa€T HaM, 4YTO €CJIM Mbl IUIAHHPYEM HCIHOJIb30BaTh METO]
IPaJMEHTHOTO CITyCKa MIPU 3HAYUTEIBHO OOJIbIIEM KOJIMYECTBE 3MOX, TO YMEHbILIEHNE
koa¢pduirienta oOyuenust (0ojee KOPOTKHE IIark) B LEJIOM MPHUBEAET K BBIOOPY
JYYIIUX MaplIpyToB MUHUMH3AMU OMKOOK. BeposTHO, 5 310X — 3TO ONTUMAalIbHOE
KOJIMYECTBO JIJIsI TECTUPOBAHUS Hallleld HEHPOHHOM ceTu ¢ HabopoM gaHHbIX MNIST.

N3venenue KOHGUIVPALNH CETH

OnuH u3 PaxToOpoB, BIUSIHUE KOTOPBIX MBI €IIe HE MCCIIEN0BAIN, — KOHPUTYypaIus
HelpoHHo# ceTn. Heo6xoamumo nmonpoOoBaTh U3BMEHUTh KOJMYECTBO Y3JI0B CKPHITOTO
MIPOMEKYTOUHOTO cJi0sl. Mbl ycTtaHOBUIM €ro paBHbIM 100.

[Ipexzie yeM IPUCTYIUTD K SKCIIEPUMEHTAM C PA3JIMYHBIMU KOJIMYECTBAMU CKPBITBIX
y3JI0B, IaBalTE MOyMaeM, 4TO MPHU ITOM MOXKET CIIyUUThCA. CKPBITHIN CIION KaK pa3 u
SBIISIETCS TEM CJIOEM, B KOTOPOM IPOUCXOIUT OOyueHue. BcrmomHMTE, YTO Y3IbI
BXOJIHOTO CJIOSl TPUHUMAIOT BXOJHBIE CUTHAJIBI, @ y3Jbl BBIXOJHOTO BBIAAKOT OTBET
cetd. COOCTBEHHO, CKPBITBIA CIIOM (WM CJIOM) JOHKEH HAay4YUTh CETh MPEBpPAIaTh
BXOJIHbIE CUTHAJIbI B OTBET. IMEHHO B HEM MTPOUCXOAUT OOyUYEHHUE.

Ecnu Ob1 y Hac ObLIO CIUIIKOM MaJIO CKPBITHIX Y3JI0B, CKa)KE€M, TPH, TO Mbl HE UMEJN
Obl HUKAKUX IIIAaHCOB OOYYUTh CETh YEMY-TMOO, HAYUHUTh €€
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npeoOpa3oBbIBaTh BCE BXOJHBIE CHUTHAIBI B KOPPEKTHBIE BBIXOJIHBIC CHUTHAIIBL.
OrpaHudeHus TaKOro pojaa Ha3bIBAIOT CMOCOOHOCTHI0 K 00y4eHuro. HeBo3mMoxHO
00y4HTh OOJIBIIEMY, YEM TTO3BOJISIET CHOCOOHOCTH K 00YYEHHIO, HO MOKHO YBEJIUYUTh
CHOCOOHOCTh K O0YUYEHUI0, U3MEHUB KOHPUTYPALIHIO CETH.

Yro, ecnmu Obl y Hac Obwio 10 ThicsS4 ckpbITHIX y310B? Hy na, B TakoM ciydae
CHOCOOHOCTH K OOYYEHHIO BIIOJIHE XBATWUJIO Obl, HO Mbl MOTJIM Obl CTOJKHYTBCS C
TPYAHOCTSAMU OOYYEHHS CETH, NMOCKOJBKY YMCIO MApHIPyTOB 0OydeHHs] ObUIO Obl
HeroMepHO OonpmnM. He wuckitoueHo, YTO JUIsi TPEHUPOBKH TaKOW CETH
noHanoomnock 0b1 10 ThICSY 3M0X.

BEIOTHIM 3KCTIEpUMEHTHI M IOCMOTPHUM, YTO TTOTYIHTCA.

33aBMCUMMOCTb 3'¢!¢!EHTHBHOCTH OT KONMYECTBA CKPbIThLIX Y3N0B

09

08

IpprnTHBHOCTE

0,75

0,7

0,65

0,6
o] 100 200 300 400 500 600

{ HoAMYECTBO CHPRITRIX yAN0E
L

Kak Buaurte, nmpu HEOOJBIIOM KOJMYECTBE Y3J0B PE3YNbTAThl XYyXKE, YeM MpHU
OOJBIINX KOJIMYECTBAX. JTO COBIAAET C HATUMU OXUAaHUsAMU. OIHAKO Jaxe NS
BCETO JIUIIIb MSTH CKPBITBHIX Y3JI0B MoKaszatelnb d¢dextuBnoctu cocrapmi 0,7001. 1o
YAUBUTEIIBHO, TOCKOJBKY IPU CTOJIb MajJOM KOJIMYECTBE Y3JI0B, B KOTOPBIX
MIPOUCXOUT COOCTBEHHO OOyuYeHHE CeTH, OHa Bce paBHO naeT 70% mpaBUIIBLHBIX
OTBETOB. BcrmoOMHUTE, YTO A0 3TOrO MbI BBIMOJHSIIA TECThI, UCIOIB3YSI CTO CKPBITHIX
y350B. Ho fmaxe necsiTh CKpBITHIX y3JI0B o0ecnieunBaroT TouHOCTh 0,8998, mnu 90%,
YTO TOXE BIICUATIISACT.

HeiiponHasi ceTh criocoOHa JaBaTh XOPOIIHME PE3yJIbTaThl Ja)ke MPU HEOOJBIIOM
KOJIMYECTBE CKPBITHIX  y3J0B, B KOTOPHIX W TMPOUCXOJUT OOYYEHHE, YTO
CBUJIETENIBCTBYET O €€ MOIIHBIX BO3MOXKHOCTSIX.

[Io Mepe nanmpHEWIIEro YBEIWYEHHUS KOJMYECTBA CKPBITHIX Y3JIOB Pe3yJIbTaThl
MPOIOJIKAIOT YIYUIIAThCSl, OJHAKO yKE HE TaK pe3Ko. [Ipyu 3TOM 3HaYUTENTbHO pacTeT
BpEeMs, 3aTpauyMBaeMO€ Ha TPEHUPOBKY CETH, IMOCKOJIBbKY J00aBIICHHWE KaXKIOTO
JIOTIOJIHUTENIBHOTO CKPBITOTO y37a MPUBOJUT K YBEIWYEHUIO KOJIMYECTBA CBS3EH
Y3JI0B CKPBITOTO CJ0A C y3JaMU MPEABIAYIIETO U CIEAYIOIIETO CJI0EB, @ BMECTE C 3THUM
u 00bema BbrunciieHuid. [loaToMy HEOOXOIUMO AOCTUTATh
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KOMIIPOMHMCCA MEXJy KOJIMYECTBOM CKPBITBIX Y3J0B M JOMYCTHUMBIMU
3aTpaTaMy BPEMEHU.

Mp1 Takke ycTaHOBUIM HOBBIA pekopx ToyHOCTH: 0,9751 mpu 200 ckphITBIX
y3nax. JiurenbHseiil pacuer ¢ 500 y3namu obecnieunst TouHoCcTh 0,9762. D10
JEUCTBUTEIBLHO HEIUIOXO MO CPaBHEHUIO C pe3yJbTaTaMU 3TaJOHHBIX TECTOB,
oInyOJMKOBaHHBIMHU Ha caiite JlekyHa.

BoszBpamasicb k rpadukam, MOKHO 3aMETHTh, YTO HEIMOJAJAIOLIUIICS paHee
npenen ToYHOCTH 97% Obul MPeoosieH 3a CYET M3MEHEHUs KOH(PUryparuu
CETH.

HUtoru
JlaBass  OOmIyl0 OIIGHKY TpOJACIIAaHHOW HaMu paboThl, HEO0OXOIUMO
MOTYEPKHYTh, YTO TPHU CO3/IaHUU HEUPOHHOU CeTH ¢ momoisio Python mbr
WCTOJIb30BAJIM JIMIIb CAMBIE TPOCTHIE KOHIIEITLINH.
U Tem He MeHee C TOMOIIBI0 HEMPOHHOU CETH HaM, Jlaxke 0e3 MCIOJIb30BaAHUS
KaKUX-JTU0O0 JIOTIOJTHUTEIBHBIX MAaTeMAaTHYECKUX YXUIIPEHUH, yAaiocCh
MOJIYYUTh BIOJIHE JOCTOMHBIE PE3YJIbTATHI.
Jlanee MOKHO IPOJIOIKUTh SKCIIEPUMEHTHI C YK€ CO3JJaHHOM HAMHU HEUPOHHOMN
CEThI0 — HCHOJIB3YHTEe JApPyroe KOJM4YeCTBO CKPBITHIX Y3JI0B, 3aJaBaiiTe
apyrue kKo3((PuiueHTbl MACIITAOMPOBAHUA WJIM Ja)Ke 3aJeiicTByHTe
APYIYIO (YHKUMI AaKTHBAIMM W AaHAJIM3MPYHTE, YTO MPH 3TOM
NMPOUCXOAMT.
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1. OO0mue moJI0KeHU s

CamocrosrenbHas paboTa — IIaHupyeMas yueOHasi, yueOHO-HCCIeI0BaTeNNbCKast, HayYHO-
HCCIIeIoBaTENbCKas padoTa CTYJCHTOB, BHITOHIEMAst BO BHEAY TUTOPHOE (ayIUTOPHOE) BPEMSI IO
3aJJaHUI0 M TIPU METOIAMYECKOM PYKOBOJCTBE IperojaBaTelisi, HoO 0e3 ero HernocpeiCTBEHHOTO
yaacTus (TIpU YaCTUIHOM HEMTOCPEICTBEHHOM YYaCTHH TPEIoIaBaTesl, OCTABIISIFOIIEM BEIyTIYTO
pOJIb 32 pabOTOM CTYACHTOB).

CamocrositensHas padota ctynentoB (CPC) B BY3e siBnsieTcss BaKHBIM BUIOM YICOHOU U
HAYYHOH JIeTeNbHOCTH CTYJICHTA.

K 0CHOBHBIM BHIaM CaMOCTOSITEIbHOM pabOTHI CTYIEHTOB OTHOCSTCS:

— (popmupoBaHme M yCBOCHUE COJIEP)KAHMS KOHCIIEKTA JICKIIUI Ha 6a3e peKOMEHI0BaHHON
JEKTOPOM Y4eOHOW JHTEepaTypsl, BKJIOYas HWHPOPMALMOHHBIE 00pa30BaTENbHBIE PECYPCHI
(3NIEeKTpOHHBIC YUYCOHUKH, DJICKTPOHHBIE OMOIUOTEKH U JP.);

— HalMcaHue J0KIJIAI0B;

— IOJrOTOBKA K CEeMHUHApaM, MPAKTHUECKUM U J1a00paTOpHbIM padoTam, UX oopMIICHHE;

— COCTaBJICHUE aHHOTHUPOBAHHOTO CIIMCKA CTAaTEdl M3 COOTBETCTBYIOIIMX >KYPHAJIOB IO
OTpacisiM 3HaHUH (IIeAAroruuecKux, ICUXOJIOrMYECKUX, METOIMYECKUX U JP.);

— BBINIOJIHEHHE YUEOHO-NCCIIE0BATENILCKUX PadOT, MPOEKTHAS AEATEIbHOCTD;

— MOATOTOBKA MPAKTHYECKUX Pa3padOTOK M PEKOMEHIANWH M0 PEUIeHHI0 MpoOIeMHOM
CUTYalUH;

— BBINOJHEHUE JOMAIIHUX 3aJlaHUi B BUJAE pEIIEHUs OTIACNbHBIX 3a/1a4, MPOBEICHUS
THIOBBIX PAcueTOB, PAaCUYETHO-KOMIBIOTEPHBIX M HWHIMBHIYAIBHBIX pabOT 1O OTJACIbHBIM
paszenaM cCoaepXKaHus AUCIUIUINH U T.JI.;

— KOMIIBIOTEPHBIM TEKYIIUH CAMOKOHTPOJIb W KOHTPOJIb YCIIEBAEMOCTH Ha 0asze
AJIEKTPOHHBIX 00YUAIOMIUX U ATTECTYIOLINX TECTOB;

— BBINIOJIHEHHE KYPCOBBIX PaldoT (MPOEKTOB) B PaMKax TUCIMILIMH;

— BBINIOJIHEHHUE BBITYCKHON KBAMH()UKAMOHHOW PabOTHI U JIp.

MeTtoauka OpraHu3ali CaMOCTOSTENbHONW pabOTHl CTYJIEHTOB 3aBHCHUT OT CTPYKTYpHI,
XapakTepa W OCOOCHHOCTEW HM3y4aeMOW JHMCIUIUIMHBI, 00beMa YacoB Ha €€ W3ydeHHe, BHIA
3aJJaHUN JUISL CaMOCTOSITENIbHOW paboThl CTYJEHTOB, MHAWBUAYAIbHBIX KaueCTB CTYICHTOB U
YCJIOBHH Y4eOHOU eATeTLHOCTH.

[Iponiecc opraHuzanMu CaMOCTOSTENBHONM paboOThl CTYJIEHTOB BKIIOYaeT B cels
CJICYIOIIHE ITAITBI:

® [IOJrOTOBHUTENBHBIN (OIpe/ieNeHne IeNnel, COCTABIEHHE IPOrpaMMBbl, MOATOTOBKA
METOAMYECKOTO 00ECTIeYeHHUs, TIOATOTOBKA 000PYAOBaHMUS);

® OCHOBHOM (peanu3anusi IpOorpaMMBbl, UCTIONB30BaHUE NMPHEMOB ITOMCKa MH(OPMAIIHH,
YCBOGHHSI, NepepadOTKH, TNPUMEHEHUs, NepeAayd 3HaHuM, (UKCUPOBAHHE pPE3yJIbTATOB,
camMoopraHu3zanus nporecca padoTsl);

® 3aKIIOYMTENbHBIN (OLICHKA 3HAYMMOCTH M aHAJIN3 PE3YJIbTaTOB, UX CHCTEMaTHU3aIlHs,
oreHkKa 3(h(heKTUBHOCTH MTPOTPaMMBI U IPHEMOB PaOOTHI, BBIBOJIBI O HAITPABICHHUSIX OMTUMHU3AIIH

Tpyna).

2. Ilesasb u 3a1a4u caMOCTOSATeIbHON PadoThI

[Tpu opranuzanuu CPC BaXHBIM U HEOOXOIUMBIM YCIIOBUEM CTAaHOBSITCS (POPMUPOBAHUE
YMEHHSI CaMOCTOSITENIbHOM paboThl ANl MPHOOpETEeHUs: 3HAHWN, HABBHIKOB U BO3MOXXHOCTH
OpraHu3aIy y9eOHOW M HAyIHOU NesATeIBHOCTH. L{ebo0 caMOCTOSATENbHON paOOThI CTYICHTOB
ABIIIETCS OBJaJieHne (PyHIaMEHTaIbHBIMU 3HAHHUAMH, NPOPECCHOHATIBHBIMU YMEHUSMHU U
HABBIKAMU JICATSIILHOCTH TI0 MPOQUITIO, OMTBITOM TBOPUYECKOH, MCCIIEA0BATEIHCKON AEITEITLHOCTH.
CaMmocTtosiTenbHasi  paboTa  CTYyJEHTOB  CHOCOOCTBYET  Pa3BUTHUIO  CaMOCTOSATEIbHOCTH,
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OTBETCTBEHHOCTH M OPraHU30BaHHOCTH, TBOPUECKOTO MOIX0a K PEIICHHUIO MTPOOIeM yueOHOro 1
pohecCHOHANBHOTO YPOBHSL.

3agauamu CPC sgBusgroTcs:

® cuCTEeMaTH3aLUs U 3aKpEeIUICHHUE MTOJyYEeHHBIX TEOPETUUECKUX 3HAHUN U MPAKTUYECKUX
YMEHUH CTY/I€HTOB;

e yrayOyieHHe U paclIMpeHre TEOPETUUECKUX 3HaHUl;

e (QopMHpPOBaHHME YMEHHMH HCIOIb30BaTh HOPMATUBHYIO, IPAaBOBYIO, CIIPAaBOYHYIO
JIOKYMEHTALUIO U CHIEIHUATIBHYIO JINTEPATYPY;

® pa3BUTHE I103HABATEIBbHBIX CIIOCOOHOCTEM M AKTHBHOCTU CTYAEHTOB: TBOPUYECKOM
WHUIMATHBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH U OPTaHU30BAHHOCTH;

e (OpMHPOBAHUE CAMOCTOATEIBHOCTU MBIIIIEHUS, CIIOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOpPEAIN3alINN;

® DPa3BUTHE UCCIIEIOBATEIbCKUX YMEHUM;

® JCNOJIB30BaHUE MaTepHala, COOPAaHHOIO U IOJIyYEHHOI'O B XOJ€ CaMOCTOSITEIbHbIX
3aHSATHIA HAa CEMUHApax, Ha MPAKTHYECKUX U Ja00paTOPHBIX 3aHATUSAX, IPU HAITMCAHUU KYpPCOBBIX
U BBIIIYCKHOM KBaTM(pHUKAIIMOHHOHN paboT, A 3(h(HeKTHBHOM NOATOTOBKH K UTOTOBBIM 3a4eTaM U
AK3aMEHAM.

3. Mopsaa0K BHINOJTHEHHS CAMOCTOSITEIbHOI pa00Thl MATUCTPAHTOM
3.1. Memoouueckue pexomenoayuu no pabome ¢ yueOHou iumepamypou

[Tpu paboTe ¢ KHUTOW HEOOXOIMMO MOIOOPaTh JIUTEPATYPy, HAYUUTHCS TMPABUIBHO €€
YUTaTh, BECTH 3anmucH. [t mogdopa muTepaTypsl B OMOIMOTEKEe UCTIONB3YIOTCS aj(aBUTHBIN U
CUCTEMaTHUYECKUI KaTaJoTH.

BaxxHO TTOMHUTH, YTO PAlMOHAIBHBIC HABBIKK Pa0OTHI C KHUTOW - 3TO BCEr/a OOJbIIas
HKOHOMWSI BDEMEHH U CHII.

[IpaBunbHBIE TOAOOp YyUYEOHHMKOB PEKOMEHIYETCS MpEernojaBaTesieM, YHUTAIONUM
JICKIIMOHHBIN Kypc. HeoOxoauMmasi nuTepaTypa MOXKET OBITh TaKXKe yKa3aHa B METOJAUYCCKHX
pa3zpaboTkax 1Mo JaHHOMY KypcCy.

W3yuas martepuan mo y4eOHHUKY, CIEIyeT MEPEeXOAUTh K CICIYIOIIEMY BOTPOCY TOIBKO
MI0CJI€ TIPABMIIBHOTO YSCHEHHSI IPEBIAYIIEr0, OMUChIBast Ha OymMare Bce BHIKIIAIKHA M BEIYUCICHHS
(B TOM 4YHCIIE T€, KOTOPhIC B YYCOHHKE OMYIICHBI WM HA JICKIIUU JIaHBI JIJISI CAMOCTOSITEIIBHOTO
BBIBOJIA).

[Tpu n3yueHnn ar000# TUCIUITTMHBI OOJBIIYIO M BAXKHYIO POJIb HTPAET CAMOCTOSTEIIbHAS
MHAMBHUyallbHas padoTa.

Ocoboe BHMMaHHWE clieayeT OoOpaTUTh Ha OINpPENEICHWE OCHOBHBIX TOHSATHHA Kypca.
CryneHT moJDKeH MoApoOHO pa3dupaTh MPUMEPHI, KOTOPHIC MOSICHSIOT TaKWE OMpEACIICHUs, U
YMETh CTPOWTh AHAJIOTUYHBIC MPHUMEPHl CaMOCTOATENbHO. HyXHO 10OMBAaThCS TOYHOTO
NPECTAaBICHUS O TOM, YTO U3y4daellb. [[01e3HO COCTaBIATh OMOPHBIE KOHCIIEKTHI. [IpH n3ydeHun
MaTepHualia 1o y4eOHHKY IMOJIE3HO B TETpaau (Ha CIEIMaIbHO OTBEJICHHBIX IMOJISAX) JOMOIHSITH
KOHCIIEKT JieKiuil. Tam ke ciemyeT oTMedaTh BONIPOCHI, BBIACIEHHBIE CTYICHTOM IS
KOHCYJIBTAIMH C TIPETIOaBaTEIICM.

BrIBOIBI, MTOTYyYCHHBIE B PE3yJIbTaTe U3YUYCHUS, PEKOMECHIyeTCS B KOHCIICKTE BBIJICIIAT,
4TOOBI OHH MTPH NIEPEYUTHIBAHUY 3aAITHCEH JTyUIlIe 3alIOMUHAIUCH.

OnbIT MOKa3bIBa€T, YTO MHOTHUM CTYyJIEHTaM IOMOTAET COCTaBJICHHME JINCTa OMOPHBIX
CUTHAJIOB, COJICPKAIIETO BaKHEUIIINE U HanOoJIee YacTo ynorpedsieMbie GOpMYIIbI U MTOHSATHS.
Takol JTUCT MOMOTAeT 3allOMHUTH (POPMYIIBI, OCHOBHBIE TIOJOXKEHHUS JICKIIUH, a TAKKE MOMKET
CIIY>)KUTh TIOCTOSTHHBIM CIIPABOYHHUKOM JIJISl CTYICHTA.

UreHne Hay4HOTO TEKCTa SBISETCS YacCThIO TO3HABATENILHOW NesTenbHOCTH. Ee 1enp —
U3BJICUCHHE U3 TEKCTa HeoOXoauMoi nHpopmarmu. OT TOTO Ha CKOJIBKO OCO3HAHHA YUTAIOIIIM
coOCTBEeHHAsT BHYTPEHHSS YCTAHOBKA TPU OOpAIIEHUU K TICUATHOMY CIIOBY (HAWTH HY>KHBIC
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CBEJICHUS, YCBOUTh MH(POPMAIIMIO TOJHOCTHIO WJIM YAaCTHYHO, KPUTHUECKU MPOAHAIN3UPOBATH
MaTepuai U T.I.) BO MHOI'OM 3aBUCHUT 3((EKTUBHOCTh OCYILIECTBISEMOTO JEHCTBUS.

Boiaensor uemoipe ocrnosénbie ycmano6Ku 6 UmeHuu Hay4Ho20 MEeKCma:

MH(GOPMaIIMOHHO-TIOMCKOBBIH (3a/1a4a — HAWTH, BBIJIEIUTh HCKOMYIO HH(POPMAIIHIO)

ycBauBarolas (yCuins YuTaTelsl HalpaBieHbl Ha TO, YTOOBI KaK MOYKHO TIOJTHEE OCO3HATh
Y 3alIOMHHUTDH KaK CaMH CBEJICHUS M3J1araeMble aBTOPOM, TaK U BCIO JIOTHKY €T0 PacCyKIACHU)

AQHAINTUKO-KPUTHUYECKAsl (YUTATENIb CTPEMUTCS KPUTHYECKH OCMBICIUTL Marepuall,
[IPOAHAIN3UPOBAB €r0, OIPEIEINB CBOE OTHOIIEHHUE K HEMY )

TBOpUECKasl (CO3JaET y YMUTATENs TOTOBHOCTh B TOM WJIM MHOM BHJIE — KaK OTIPAaBHOMN
MYHKT JJIs1 CBOMX pacCykJeHuil, kak o0pa3 AJis AeHCTBUS 1O aHAJIOTUU U T.II. — MCIIOJIb30BaTh
CYXKJIEHUS aBTOPa, XOJA €ro MBbICIEH, pe3yibTaT HAOMIOJEHHs, pa3padOTaHHYI0 METOAMKY,
JIOTIOJTHUTD UX, NTOJIBEPIHYTh HOBOM MPOBEPKE).

OcHogHble 6U0bl cCUCMeMAMU3UPOBAHHOU 3ANUCU NPOYUMAHHOZO!

AHHOTHpOBaHHE — TIpelebHO KpaTKOe CBA3HOE OMNKMCAHHWE IPOCMOTPEHHOM WIN
MPOYMUTAHHOM KHUTH (CTAaThH), €€ CO/IePKaHMsl, ICTOYHUKOB, XapaKkTepa U Ha3HAYCHHUS;

[TnanupoBaHue — KpaTKasi JoTH4ecKasi OpraHu3aliys TeKCTa, pacKpbIBaroIas co/iep>KaHne
U CTPYKTYpY U3y4aeMOro MaTepuaa,

Te3upoBaHne — JaKOHMYHOE BOCIPOM3BEICHHE OCHOBHBIX YTBEpPXKACHHH aBTOpa 0Oe3
npuBJIeueHUs (pakTUIeCKOro Marepuaa;

[{uTpoBaHue — TOCIOBHOE BBHIMHMCHIBAHUE U3 TEKCTAa BBIICPKEK, U3BJICUEHUH, Haubosee
CYILIECTBEHHO OTPAXkAIOIIMUX Ty WIA HHYIO MBICIIb aBTOPA;

KoncnektupoBanue — KpaTKoe U IOCIEAOBATEIbHOE U3JIOKEHUE COIEepHKaHUS
IIPOYUTAHHOTO.

KoHCHeKT — clIoKHBIN coco0 U3M0KEHHsI COJEpKaHUS! KHUTH WIH CTaThU B JIOTHYECKOM
nocienoBaTenbHOCTH. KOHCIEKT akKyMylupyeT B cebe IpeablayIiue BUAbI 3al1CH, TO3BOJISET
BCECTOPOHHE OXBATUTH COJIEp:KaHNE KHUTH, cTaThu. [I03TOMY yMeHue cocTaBiIsATh IJIaH, TE3UCHI,
JIeNIaTh BBIMUCKYU U IPYTHe 3alMCH ONPENENIAET U TEXHOJIOTHIO COCTABIICHUS KOHCIIEKTA.

Memoouueckue pekomenoayuu no cCOCMAasIeHu0 KOHCNeKma:

1. BHUMaTenbHO NPOYMUTANTE TEKCT. Y TOUHUTE B CIIPABOYHOM JIMTEPAType HEMOHSATHBIE
ciosa. [Ipu 3anucu He 3a0ybTe BHIHECTH CIIPABOYHBIEC JaHHBIE HA MOJISI KOHCIIEKTA;

2. Bolaenute riaBHOE, COCTAaBbTE IUIAH;

3. Kpatko cdhopmynupyiite OCHOBHBIC TOJIOKEHHUS TEKCTa, OTMETHTE apryMEHTAITHIO
aBTOpA;

4. 3aKkoHCHEKTHpYITe MaTepHal, YeTKO cleAys MyHKTaMm miaHa. [Ipu koHcnieKTupoBaHUH
CTapalTeCh BBIPA3UTh MBICIb CBOMMHU CIOBAMHU. 3aIIUCHU CJIELYET BECTU YETKO, SICHO.

5. I'pamoTHO 3anuceIBaiiTe mUTATHL. L{UTHPYS, yYUTBIBAaTE JJAKOHUYHOCTD, 3HAYUMOCTh
MBICIIH.

B TekcTe KOHCIEKTa KenaTeIbHO MPUBOAUTH HE TOJIBKO TE3UCHBIE TOJOKEHUS, HO U UX
JokazarenbcTBa. [Ipu odopmileHMH KOHCIEKTa HEOOXOJIUMO CTPEMHTHCS K €MKOCTH Ka)KIOro
nperioxkeHus. MpICIU aBTOpa KHWUTH CJEeAyeT u3jlaraTb KpaTKo, 3a00Tichb O CTWIE U
BBIPA3UTENbHOCTH HAMCAaHHOTO. YHCIIO JTOTOJHUTENBHBIX JIEMEHTOB KOHCIIEKTA JIOJIKHO OBITh
JIOTUYECKHM  OOOCHOBAaHHBIM,  3alUCH  JOJDKHBI  PaclpeieNsiTbCs B OINpeeleHHOU
IIOCJIE0BATENBHOCTH, OTBEYAIOIIEH JIOTUUECKON CTPYKType IMpou3BeneHus. s yTouHeHus u
JTOTIOJTHEHUSI HEOOX0JUMO OCTABJIATh MOJIS.

OBnajieHNe HaBbIKAMHM KOHCHEKTHPOBAHUS TPEeOYyeT OT CTyJAEHTa IeJeyCTPEMIEHHOCTH,
MTOBCETHEBHON CaMOCTOSTEIILHON PaOOTHI.

Bonpocsl 1151 coGece10BaHusI 0 CAMOCTOSITEIbHO H3YUYEHHOI JTUTepaType

1. Kpatkass uctopusi uckyccrBeHHoro uHtesekra (M), mMammHbI M MHTEIUIEKT.
OcHOBHBIE HaIlpaBlIeHUs UcclleoBaHmi B 001actu MU.
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2. HHTGJ’IJ’IGKTY&JIBHLIC CHUCTCMBI O6I_I_ICHI/I$IZ CUCTCMBI 06pa6OTKI/I TCKCTOB
€CTECCTBECHHOI'O sA3bIKa, CUCTCMbI 06yquH$[ ¢ Oasamu JAaHHBIX, TUAJIOrOBBIC CUCTEMbI PCUHICHUA
3aaa4, CUCTCMBI pCUCBOI'0O O6U_ICHI/I}I.

3. Pa3paboTka ecTecTBEHHO-S3BIKOBBIX HHTEp(ENHCOB M MaIIMHHBIA TEPEeBOJ C
OJIHOTO SI3bIKa Ha JIPYTrOM.

4. WuTennexryanbHble poOOTHI.

5. OOyueHnue u caMoo0y4YeHHe, HICKYCCTBEHHbIE HEHPOHHBIE CETH.

6. 3aa4yn pacro3HaBaHUs 00pa3oB.

7. WHTennexTyanbHbple UTPbl U MAIMHHOE TBOPYECTBO.

8. [IpeacraBnenne 3amady M CTpaTerMy IOMCKAa HMX pEHIEHUS B IPOCTPAHCTBE

COCTOSIHUH (ITOUCK B TIYOMHY M IIMPHHY, CIENOW U dBPUCTUUYECKUN MOUCK, MOMCK HA MUIPOBBIX
JIEPEBbSIX, MUHUMAKCHBIN alropuTM™, albda-6eTa aaroputM u ap.).

9. [IpencraBnenne 3HaHMKH - IeHTpaidbHas mnpobiema WMU. Ilpouenypnas wu
neknapatuBHas nHpopMmanus. [lepexon o 00pabOTKM JaHHBIX K ONIEPUPOBAHUIO CO 3HAHUSMH.
10.  OrnuuurenbHble  OCOOCHHOCTM ~ 3HAHUM  OT  JIaHHBIX: BHYTPEHHSA

MHTEPIPETUPYEMOCTh, CTPYKTYPHUPOBAHHOCTbD, CBA3HOCTh, aKTUBHOCTb. ba3sl 3HaHni. HeueTtkue
Y HETOYHBIE 3HAHMUSL.

1. OTtkpeIiTocTh 3HaHul B cucteMax M. OcHOBHBIE METOIBI TPHUOOPETCHUS 3HAHUIA.
WHxeHepus 3HaHUM.

12. OCHOBHBIE MOJIENN TIPEICTABIICHNS] 3HAHUM.

13. @opManbHble JIOTHUECKHME MOJETH MpejacTaBieHus 3HaHuid. IIpobrema
ITOHUMAaHUS €CTECTBEHHOTO S3bIKA.

14. CeteBble MOJENU MpPEACTaBICHUS 3HaHUN (ceMaHTHueckue cetu). OToOpakeHue

MHO’K€CTBa HH()OPMALIMOHHBIX €AMHUI] BO MHOXECTBO THUIIOB CBsI3€i Mexkay HUMU. OTHOIIEHUS
TUNA «a0CTPAaKTHOE-KOHKPETHOE» U «IIeJI0e-4acTh». Mepapxust Haclie0BaHUs.

15. ®peliMoBbIe MOJIeNH TIpecTaBieHus 3HaHul. [lonsaTus gpeiiMa, TepMUHAIBHOTO
cioTa, nporodpeiima. ms ppeiima u uMs coTta, 3HaYEHUE CII0Ta ¥ TUI AAHHBIX ci1oTa. OpeiiMbl-
AK3EMIUIAPBI. MexaHu3M HacleOBaHusl.

16.  IlpomykunoHHass MOJENb IpeacTaBieHUs 3HaHWi. Cucrembl npoaykuuid. basa
3HaHu# (0a3za pakToOB U MpaBUI).

17.  Pabouas nmamsTh. MexaHU3M BbIBOJA: MpsiMast U 0OpaTHast LEMOYKa pacCy K ICHHH.

18. JlocTonHCTBa M HEJOCTATKU MPOAYKIIMOHHON MOJIEIU PEACTABICHUS 3HAHUU.

19.  MHTerpupoBaHHbIE MOJAEIW IPEACTABICHUS 3HAHUW. S3bIKM IpeacTaBiIcHUS
3HAHUU.

20.  OOmas xapakTepuCTHKa MPOTPAMMHBIX CPEJCTB JJIS Pa3pabdOTKU U pean3aluu
cucteMm M. TpebGoBanus k nporpaMMHOMY obecrieueHuto cuctem M.

21.  HHcTpyMmeHTanbHBIE CpEACTBA A co3nanus cuctem UU.

22. [Tonstue skcneptHoit cuctemsbl (DC). HasHaueHue, mpUHIUIBI MOCTPOCHUS U
oOnactu npumenenust 9C. Opranuszanus 3Hanui B 9C.

23. Bunet OC wm Tunbel pemaeMblx MMM 3aaad. MHCTpyMeHTanpHBIE CpeACTBa
pazpaboTtku IC. O0010YKOBBIE CpeACTBA CO3AaHUs MPOTOTUIIOB DC.

24. ['ubpuasie normdyeckue u Moaenupytonme IC, 3C Ha 6a3e HEUETKOW JIOTHKH.
WuTtemiextyanbable HHGopMarmonHsie OC.

25. CTpyKkTypHas cXxema, OCHOBHBIE KOMIIOHEHTBI, apXWUTEKTypa W PEKHUMBI
ucnosap3oBanus JC NpoIyKIMOHHOIO THUIA.

26. OcHosHble 3Tarbl pazpadbotku IC. Kuznennsiit nuxi 9C.

27.  SI3pIku mporpaMMUpOBaHus Ui pemeHus 3agad M.

3.2. Memoouueckue pexomeHnoayuu nO NOO20MOGKe K NPAKMUYECKUM U 1aOOpamopHbim
3aHAMUAM

Jlyis Toro 4TOOBI MPAaKTHUYECKHE U JTAaOOpATOpHBIE 3aHATHS MPUHOCHUIN MAaKCHUMAIbHYIO

M0JIb3y, HEOOXOIMMO TIOMHHTh, YTO YIIPAKHEHUE U PEIICHUE 3371a4 TPOBOISATCS TI0 BEIMUTAHHOMY
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Ha JICKIUSAX MaTepUaly U CBSI3aHBI, KaK MPaBUIIO, C JETAIbHBIM pa300pOM OTAETHHBIX BOIIPOCOB
JEKIMOHHOTo Kypca. CienyeT NOAYEPKHYTh, YTO TOJBKO IIOCIE YCBOEHHUS JIEKIMOHHOTO
MaTepHuaia ¢ ONpe/IeJIeHHOW TOYKM 3peHHus (a UMEHHO C TOH, C KOTOpPOH OH M3llaraercsi Ha
JEKIUAX) OH OyJeT 3aKpeIUIsAThCs Ha MPAKTUYECKUX 3aHATUSAX KaK B Pe3yJIbTaTe 00CYXKIECHUS U
aHalM3a JEKIMOHHOTO MaTepHuala, Tak U C TIOMOIIBIO PEIIeHUs] IPOOIEMHBIX CHTYaIlUil, 3a/1ad.
[Tpu 5TUX yCIIOBUSAX CTYAEHT HE TOJIBKO XOPOIIO YCBOUT MaTepuall, HO U HAyYUTCS IPUMEHSTh €ro
Ha TPAKTHUKE, a TAKXKE MOTYYUT JOTOTHUTEIBHBIA CTUMYI (M 3TO OYEHBb BAXKHO) JIJISI aKTUBHOM
pOpabOTKH JIEKIIHH.

[Ipu camocTosATENEHOM pEUICHUH 3a7a4 HY)KHO 0OOCHOBBIBATh KaXKIIbI JTall PEIICHUS,
UCXOJS U3 TEOPETHUUECKUX TMOJIOKEHUH Kypca. Eciau cTy1IeHT BUIUT HECKOJIBKO MyTeH petieHus
npoOsieMbl (3aa4n), TO HY»KHO CPaBHHUTh UX U BBIOpaTh camblii panroHalbHBIA. [lonesHo 1o
Hayaja BBIYMCICHUNW COCTaBUTh KpATKU TUIaH permeHus mpobiemMbl (3amaum). Permenue
MpOOJIEMHBIX 3a7]ad WJIK TIPUMEPOB CJIEeAyeT M3Narath MoJpOOHO, BBIUYMCICHUS pacloyaraTh B
CTPOTOM TMOpSIIKE, OTHENssl BCIIOMOTaTeNbHbIE BBIUMCICHHUS OT OCHOBHBIX. PerneHus mnpu
HEOOXOIUMOCTH HY>KHO COMPOBOXKIATH KOMMEHTAPHUSIMH, CXEMaMH, YepTeKaMHi U PUCYHKAMHU.

Crnenyer TOMHHUTB, YTO pEIICHHE KaXKIO0W ydeOHOW 3amadd JTOJDKHO JOBOJUTHCS O
OKOHYATEeJIbHOT0 JIOTHYECKOTO0 OTBETa, KOTOPOro TpedyeT YCIOBHE, M IO BO3MOXKHOCTU C
BbIBOJIOM. [lomyueHHBI OTBET ciielyeT MPOBEPUTH CIIOCOOAMH, BBITEKAIOIIMMU M3 CYIIECTBA
naHHou 3amaun. [lone3Ho Taxke (eciy BO3MOKHO) peliaTh HECKOIBKUMH CITIOCOOaMH U CPABHHUTH
MOJTy4YEHHBIE pe3yibTaThl. Pelienne 3a1a4 JAHHOTO TUIA HY>KHO MPOAOJIKATH 10 MPUOOpPETEHUS
TBEP/bIX HABBIKOB B UX PEIICHUHU.

4.3. Memoouueckue pexomeHoayuu no camonposepke 3HaHull

[Tocne u3yueHUs: OMPEEICHHON TEMBI MO 3aMKUCSIM B KOHCIIEKTE M y4eOHUKY, a TaKkKe
peIlIeHns] TOCTaTOYHOTO KOJIMYECTBAa COOTBETCTBYIOIIMX 3aJlad Ha MPAKTHUYECKUX 3aHATUAX U
CaMOCTOSITEJIBHO CTYAECHTY PEKOMEHAYETCs, NPOBECTH CaMOIIPOBEPKY YCBOEHHBIX 3HAHUM,
OTBETHUB Ha KOHTPOJIbHBIE BOIIPOCHI M0 U3YUYEHHOH TeMe.

B citydyae He0OX0IUMOCTH HYKHO €111 pa3 BHUMATEIbHO pa3odpaTbcs B MaTepHale.

WHoraa HENOCTaTOYHOCTh YCBOEHUSI TOTO WJIM MHOTO BOMPOCA BBIACHAETCS TOJIBKO MPH
M3Y4YEHUU JlajbHelero matepuana. B aTom cioydae Hajo BEpHYThCS Ha3al U MMOBTOPUTH IJIIOXO
YCBOEHHBIN MaTepuasl. BaHbII KPUTEpHIl YCBOCHMS TEOPETUYECKOIO0 MaTepHualia - yMEHHUE
pemarh 3aJayd WIM NPOWUTH TECTUPOBAHUE IO MPOWJEeHHOMY MaTepuainy. OmHako ciemyer
MOMHHUTb, YTO MPABWJIbHOE pEIIEHHE 3a/JaYd MOXKET MOJYYUThCS B pe3yJibTaTe MPUMEHEHUS
MEXaHMYECKU 3ay4YCeHHBIX (hOpMyIT 0€3 TOHUMAaHUS CYIIHOCTH TEOPETHIECKHUX TTOJIOKEHUH.

3.4. Memoouueckue pexomenoayuu nNO HANUCAHUIO HAYYHBIX MEKCMO8 (00K1a008,
pegepamos, 3cce, HayuHvlx cmameti u m.o.)

[lepen Tem, Kak MPUCTYMUTH K HAMCAHUIO HAYYHOTO TEKCTA, BAXKHO pa300paThcs, KakoBa
MCTUHHAA LIeJb BAallIero HAy4YHOT'O TEKCTA - 3TO MOMOKET BaM Pa3yMHO paclpeiesuTh CBOU CUJIbI
U BpeMHI.

Bo-niepBbix, cHavasia HY>KHO OIpPEAENUTHCS C UAEEH HAaydHOro TEKCTa, a ISl 3TOTO
HE00X0IUMO HAYUUThCSI TMO0 OTHOCUTHCS K Pa3HbIM SIBJICHUSIM U (paKTaM HECKOJIBKO KPUTHYECKU
(cBOs maest — KaKk WHas TOYKa 3PEHUs), TUOO HAYUUTHCS YBICKATHCS KAKUMHU-TO M3BECTHBIMU
UACsIMH, KOTOpBIE HYXXIAIOTCS B J0paboTkKe (uaess — Kak ONTHMHUCTHYECKas TO3ULUS U
HaIpaBJIECHHOCTb Ha JIaJbHENIIIEE COBEPILICHCTBOBAHKE YKE U3BECTHOI0). BO-BTOpPBIX, HAYUUTHCS
OpraHU30BBIBATH CBOE BPEMs, BEb, KaK M3BECTHO, CBOOOIHOE (OT BCSAKUX IIyNOCTEH) BpeMs —
Ba)KHEWIIIEE YCIIOBUE HACTOSIIETO TBOPUECTBA, JIsl HETrO HAKOHEL-TO MosBIsgeTcs Bpems. MHoraa
MMEHHO Ha OPTaHMU3alMI0 TAKOTO BPEMEHHU YXOIUT HeMasasi 4acTh CHJI U TaJlaHTOB.

[Mucate cnemyeT sICHO U MOHITHO, CTapasiCh OCHOBHBIE MOJOKEHHS (DOPMYITHPOBATH YETKO
1 HEIBYCMBICIIEHHO (YTOOBI M CAaMOMY MOHSATHO OBLITO0), a TAK)KE CTPEMSICh CTPYKTYPHUPOBATh CBOM
TekcT. Kaxknplil pa3 Ha/lo MpeACTaBIsATh, YTO Balll TEKCT OYAET KTO-TO YUTATh U €My 3aXOUeTCs
COPUEHTHPOBATHCS B HEM, OBICTPO HAXOAWTh OTBEThl HAa HMHTEPECYIOLIHE BOIMPOCH! (3a0/IHO
MpecTaBbTe ce0s Ha MecTe Takoro yenoBeka). [loHsATHO, yTo paboTa, HamUCaHHAs «CTUIOIIHBIM
TekcToM» (0€e3 3aroyioBKOB, 0€3 BbIACIEHUS KPYIHBIM HIpU(TOM Hanbosee BaKHBIM MECT U T, I1.),
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y KyJIbTypHOTO YHTATeNsl JOJDKHA BBI3BIBATH OPE3TIUBOCTh M JAaXKe >KaJOCTh K aBTOPY
(MCKITIOUEHHUST COCTABIISIIOT HEKOTOPBIE PEBHHUE TEKCTHI, KOTJA U aHp ObUT MHOW U K TEKCTaM
OTHOCWJINCh WHaue, Jla M CaMUX TEKCTOB OBLIO Topa30 MEHBIIE — HE TO, YTO B JIOXY
«H(POPMAIIMOHHOTO B3PHIBa» U COOTBETCTBYIOIIETO «MH(POPMAIIMOHHOTO MyCOPay).

O0beM TekcTa W pazNuYHble OGOPMUTENBbCKUE TPeOOBaHUS BO MHOTOM 3aBUCAT OT
MPUHATHIX B KOHKPETHOM YIEOHOM 3aBEJICHUH TTOPSIKOB.

Pedepar (mokiam) - 3TO caMOCTOATEIHHOE WCCIICOBAHHE CTYJIECHTOM OIMpeAeTIeHHOM
po0JIEMBI, KOMITIEKCA B3aMMOCBSI3aHHBIX BOIPOCOB.

Pedepat He momxkHa cocTaBnsAThCS U3 pparMeHToB crateit, MoHorpaduit, mocoduit. Kpome
MPOCTOTO M3NOKEHHS (DAKTOB M IIUTAT, B pedepare JOKHO MPOSIBIATHCS aBTOPCKOE BUCHUE
POOJIEMBI U €€ PeIIeHUS.

PaccMoTpuM OCHOBHBIE ATaIbl MOATOTOBKH pedepara CTyICHTOM.

Brimonnenue pedepara HaYMHAETCS C BEIOOpA TEMBI.

3aTeM CTyJIeHT MNPUXOIUT Ha TMEPBYI0 KOHCYJbTAIMIO K PYKOBOJMTENO, KOTOpas
MpEeayCMaTPUBAET:

- o0Cy’XJIeHHe 1IeTH ¥ 3371a4 pabOoThl, OCHOBHBIX MOMEHTOB M30PaHHON TEMBI;

- KOHCYJIbTUPOBAHKE TI0 BOIIPOCaM MOa00pa TUTEPaTypPHI,

- COCTaBJICHHE MIPE/IBAPUTENHLHOTO IJIaHa.

CrnenyroumuMm dSTanoM sBisieTcss pabota ¢ nutepaTypoil. HeoOxommmasi nurtepatypa
MoA0OUPAETCS CTYICHTOM CaMOCTOSITEIIBHO.

[Tocne mogbopa nuTepaTyphl 1ieaecoodpa3Ho caenarh pabounii BapraHT IuiaHa padoTel. B
HEM HY>KHO BBIJICIUTh OCHOBHBIE BOTIPOCHI TEMBI U Tlaparpadbl, paCKpbIBAIOIINE X COACPIKAHNUE.

CoCTaBJICHHBII CHUCOK JHUTEPATYphbl M MPEIBAPUTEIbHBIM BapUAHT IUIaHA YTOYHSIOTCS,
COTJIaCYIOTCSI Ha OYE€PETHON KOHCYJIBTAIUU C PYKOBOIUTEIIEM.

3areM Ha4YMHAETCS CIEAYIOIIUNA dTam paboThl - H3yYeHUE IUTepaTypbl. TOIBKO
BHUMATEJIBHO YUTasi U KOHCIIEKTUPYS JIUTEPATypPy, MOKHO Pa3o0paThCs B OCHOBHBIX BOIPOCAX
TEMBI U TTOATOTOBUTHCS K CAMOCTOSITENILHOMY (aBTOPCKOMY) U3JIOKEHHUIO coiep kanus pedepara.
KoHcnekTupys nepBouCTOYHUKH, HEOOXOIMMO OTPA3UTh OCHOBHYIO HJICIO aBTOPA U €TO MO3HUITHIO
0 UCCIIETyeMOMY BOTIPOCY, BBISIBUTH MPOOJIEMBI 1 HAMETUTH 33JIa4H JJIs TaJbHEHIIero n3yueHus
JAHHBIX MPOOIEM.

CucremaTuzaiiuss M aHalM3 U3YYCHHOH JHMTEpaTyphl MO TMpPOOIEME HCCIEeTOBaHUS
MO3BOJISIIOT CTYICHTY HaIMcaTh padboTy.

PaGounii BapuaHT TekcTa pedepaTta mpeaocTaBIseTCs PYKOBOAUTENO HA MpoBepky. Ha
OCHOBE paboYyero BapuWaHTa TEKCTAa PYKOBOJUTEIh BMECTE CO CTYJIGHTOM OOCYXKIaeT
BO3MOXXHOCTH JOpabOTKH TekcTa, ero odopmienue. [locne mopaboTku pedepar craaercs Ha
Kadeapy AJI ero OlEHUBAHUS PYKOBOIUTEIIEM.

Tpebosanus k nHanucauuio pegpepama

Hamucanue 1 pedeparta sBisieTcst 00s13aTenbHBIM yeaoBreM BoinoHeHus miana CPC mo
000 AUCIUITHHE MPOPECCHOHAIBHOTO IHKIIA.

Tema pedepata MoxeT ObITh BbIOpaHa CTYJEHTOM U3 NPEUIOKEHHBIX B padoueit
nporpaMme win (hOHAE OIEHOYHBIX CPEACTB TUCIUILIMHEL, OO0 OIpeeseHa CaMOCTOSATENbHO,
UCXOJII W3 WHTEPECOB CTYyACHTA (B paMKax H3ydyaeMOW IUCHUIUIMHBI). BwiOpanHyro Temy
HEOOXOIUMO COTIIACOBATHCA C MPEToAaBaTeIeM.

Pedepart nomken ObITH HalMCAH HAYIHBIM SI3IKOM.

O0beM pedepara nomKeH cocTaBisaTh 20-25 cTp.

Cmpyxkmypa pegpepama:

e Bgenenue (me 6onee 3-4 crpanui). Bo BBeneHnn HEO0OX0IUMO 00OOCHOBATH BBIOOD
TEMBbI, €€ aKTyaJlbHOCTh, OYEPTUTHh O0JACTh HCCIIEIOBAaHUS, OOBEKT MCCIEAOBaHUSI, OCHOBHbBIC
LEJH U 33]Ja41 UCCIIeIOBaHUSI.

e (OcHOBHasl 4aCTh COCTOMUT U3 2-3 pa3zenoB. B HUX packpbiBaeTcs CyTh HCCIEIyeMOU
poOJIEMBI, POBOJAUTCS 0030p MUPOBOW JUTEPATYPHl U UCTOYHUKOB WHTEpHET 1o mpeaMeTry
UCCIICIOBAHMsI, B KOTOPOM JAaeTCsl XapaKTePUCTHKA CTEIMEHU Pa3paOOTaHHOCTH MPOOIEMBI U

143



aBTOpCKas AHAJIUTHYECKAas OICHKAa OCHOBHBIX TEOPETHYECKHX IOAXOJ0B K €€ pEeIICHUIO.
W3noxeHne wmatepuaia HE TODKHO OTPAaHWYUBATHCS JIMIIL ONUCATEIBHBIM TIOJIXOJIOM K
pacKpheITUIO BBIOpaHHOW TeMbl. OHO TaKXe JMJOJDKHO COJepKaTh COOCTBEHHOE BHUJICHUE
paccMaTpuBaeMoi IPOOIEMBI M H3JI0’KEHHE COOCTBEHHOM TOYKH 3pPEHUS HA BOBMOXKHBIC ITyTH €€
pereHus.

e 3axmrouenue (1-2 crpanuiel). B 3akimi04eHUN KpaTKO M3JaraioTcs JOCTUTHYTHIE MPH
M3YYEHUU TTPOOIJIEMBI 1I€TTH, TIEPCIIEKTUBBI PA3BUTHS UCCIIEyEMOro BOIpoca

e CHuCcOK HCIOJIb30BaHHOM nuTepaTypsl (He MeHblne 10 UCTOYHUKOB), B andaBUTHOM
nopsiike, 0pOPMIICHHBIH B COOTBETCTBUH C MPUHSTHIMH MTPaBHJIaMH. B CIIMCOK HCIIONTBE30BaHHOM
JTUTEpaTyphl PEKOMEHIYETCs BKIOYATh PaObOTHl OTEYECTBEHHBIX U 3apyOEKHBIX aBTOPOB, B TOM
YHCIIe CTaThH, OMTyOIMKOBAaHHBIE B HAYYHBIX )KypHAJIaX B TEUCHHE IMOCIEAHNX 3-X JIET ¥ CCHUTKA Ha
pecypcel cetu HTEpHET.

e [lpunoxxenue (mpu HEOOXOIUMOCTH).

Tpebosanus k ohopmaeruro:

TEKCT C OJTHOW CTOPOHBI JIUCTA;

mpudt TimesNewRoman;

kernp mpudra 14;

MEKCTPOYHOE paccTosiHue 1,5;

MoJIst: CBEpXy 2,5 cM, cHU3y — 2,5 ¢M, cieBa - 3 cMm, crpasa 1,5 cm;
pedepat nomkeH ObITh IPEACTaBICH B COPOLIIOPOBAHHOM BH/IE.

Tlopsooxk 3awumul pechepama.

3ammra pedepata MPOBOIUTCS Ha MPAKTUYECKUX 3aHATHUAX, TOCIE OKOHYAHHS PaOOTHI
CTyJIeHTa HaJl HUM W HCIPABICHHUS BCEX HEIOYETOB, BBISIBICHHBIX IMPENOJABaTEIEM B XOJe
KoHCyNbTanmii. Ha 3ammury pedeparta orBogutcs 5-7 MUHYT BPEMEHH, B XO€ KOTOPOTO CTYICHT
JIOJIKEeH TI0Ka3aTh CBOOOTHOE BiIaJIeHUE MaTeprajioM 1o 3asBieHHoi Teme. [Ipu 3ammre pedepata
MPUBETCTBYETCS UCIIOIB30BAHNE MYJIbTUMEINA-TIPE3CHTAIIUH.

Oyenka pepepama

Pecdepar onieHnBaeTcs Mo CIeayOmuM KPUTEPUSIM:

* coOmroeHre TpeOOBaHMI K €r0 0POPMIICHHIO;

* HEOOXOAMMOCTh W JIOCTaTOYHOCTH JUIS PACKPBITUS TEMbl TNPHBEIECHHOH B TEKCTE
pedepara uadopmanuu;

* YMEHHUE CTY/IeHTa CBOOOIHO M3NIaraTh OCHOBHBIE UJIEH, OTPaKEHHBIE B pedepare;

* CIIOCOOHOCTH CTYJIEHTa MOHATH CYTh 33J]aBa€MBIX NPENOAaBaTeNeM M COKYPCHUKAMH
BOTIPOCOB U C(OPMYJIHPOBATH TOYHBIE OTBETHI HA HUX.

Kpumepuu oyenxu:

Oyenka «omau4yHOy» BBICTABIISIETCSA CTYJIEHTY, €CIIM B JOKJIAJ€ CTYJIEHT MCUEPIIbIBAIOLIE,
MOCNeA0BaTENbHO, YETKO M JIOTMYECKH CTPOWHO M3JaraeT MaTepuai; CBOOOIHO CIIPaBIISIETCS C
3aJjauaM¥, BOTIPOCAMHU M APYTUMH BUIAMU NPUMEHEHHUS 3HAHWIA; UCIIONB3YeT Ui HAIHMCaHUS
JIOKJIaJj]a COBPEMEHHBbIE Hay4yHble MaTepHalibl, aHAIW3UPYeT TMOIYYCHHYI0 HH(POPMAIIHIO;
MPOSIBIIIET CAMOCTOSITENILHOCTD NP HAITMCAHUU JTOKJIAJIA.

Oyenka «xopowio» BBICTAaBIAETCS CTYACHTY, €CIM KayeCTBO BBIMOJIHEHHS JOKIaaa
JI0OCTaTOYHO BbICOKOE. CTYyZIE€HT TBEP/I0 3HAET MaTepuall, FpaMOTHO U 110 CYLIECTBY M3JIaraer ero,
HE JIONycKasl CYIIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOMPOCHI M0 TEME JTOKIa/1a.

Oyenka «yodoenremeopumenvho» BbBICTABIAETCA CTYAEHTY, €CIM MaTepual AOoKjIaaa
M3JIaraeTcsl 4YaCTUYHO, HO MPpOoOebl HE HOCST CYHIECTBEHHOTO XapakTepa, CTYACHT IOIyCKaeT
HETOYHOCTHU M OIIMOKM TMPH 3aIIUTe AOKJIaa, JaeT HEAOCTATOYHO MpaBMIbHbBIE (POPMYINPOBKHY,
HAOII0IAI0TCS HAPYIICHUS JIOTHYECKON TTOCTIEI0BAaTEIbHOCTH B U3JI0KEHUH MaTepHarna.

Oyenka «Hey00671emeopumenbHoy» BBICTABISETCS CTYJIEHTY, €CIM OH HE IMOATOTOBMII
JOKJIaJl WX JOMYCTWJ CyIlecTBeHHble OIMMOKU. CTyIEeHT HEYBEpPEeHHO H3J1araeT Marepual
JIOKJIaJia, HE OTBEYAET Ha BOIIPOCHI NPENOJaBaTENs.
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Tembl 10KJI210B

1. MogenupoBaHue OMOJIOTUYECKUX CUCTEM.
. ABTOMaTHYeCKUI KOMIBIOTEPHBIN CHHTE3 PEUH 0 TEKCTY. MeTo/1bl CHHTE3a PEUH.
. [Tpumeps! cuctem 00pabOTKH €CTECTBEHHOTO S3bIKA.
. Knnaccudukanus uactpymentanbubix cpeacts C u opranusanus 3Hanui B 9C.
. Mozenu npencTaBiieHus 3HAHUI: JIoTHYecKasi, cereBasi, ppeiiMoBas, MpoayKIIMOHHAS.
. Meroas! 03ByYMBaHHUs pEUH.
. UcTopust BOSHUKHOBEHUS U COBPEMEHHBIE HalpaBJIeHUs HccienoBannii B oonactu M.
. Kimaccudukanus cuctem pacrio3HaBaHUs pedH.
PacnosnaBanue cumBoiioB. Illabnonuble cuctembl. CTpPYKTYpHBIE CHCTEMBI.
[Ipu3HaKOBBIE CUCTEMBI.
10.PeueBoii BbIBOA HH(OPMAIIHH.
11. MamuHHBINA UHTEIUIEKT U pOOOTOTEXHHUKA.
12. Tunel 3anau pemaemslie B JC.
13. OcHOBHbIE HaIlpaBJICHUS UCCIIEIOBAaHUI B 00JIACTH UCKYCCTBEHHOTO MHTEJUIEKTA.
14. IlpennocwliKu BO3HMKHOBEHMSI CHCTEM IIOHMMAaHUS €CTECTBEHHOIO  SI3bIKA.
ITonnManue B nuanore.
15. Pacno3HaBaHME PYKOIIMCHBIX TEKCTOB.

O 01NV AW

3.5. Memoouueckue pexomeHOayuu no 6bINOJIHEHUIO UCCIE008AMENbCKUX NPOEKMO8

HccnenoBarenbckas npoekTHas paboTa — 3TO TrpymnmoBas padoTa, sl BBIIOJTHEHHS
KOTOpPOH Heo0XOoAMM BBIOOpP W TNPHIOKEHHE HAyYHOH METOJUKH K IIOCTaBJICHHOW 3ajaue,
MOJTy4YeHHE COOCTBEHHOI'O TEOPETHUECKOI0 MIIM SKCIIEPUMEHTAILHOTO MaTepHala, Ha OCHOBaHUHU
KOTOPOrO HEOOXOJIMMO IMPOBECTH AaHAIM3 M CJIeNaTh BBIBOABI 00 HCCIEAYeMOM SIBJICHHUU.
Beimonuenne mnpoekra — 3TO Bcerja KOJJIEKTHBHas, TBopueckas JlaGopaTtopHas palora,
IIpeIHA3HAu€HHAsl Ul TOJIY4YEHHs OIPENEICHHOIO NPOAYKTa WM HAYYHO-TEXHUYECKOTO
pesyabrara. Takas paboTa moapazyMeBaeT 4eTKOe, OJHO3HAYHOE (POPMHUPOBAHUE TIOCTABIEHHON
3aJlauu, OIpeJesIeHHEe CpPOKOB BBINIOJHEHUS HAMEUEHHOIo, OIpeJesieHue TpeOoBaHUN K
pa3pabaTbiBaeMOMY OOBEKTY.

Brimonnenue 1 rpynmoBoro mnpoekra siBISETCSl 00s3aTeIbHBIM YCIIOBHEM BBITTOJHEHHS
CaMOCTOSITENIbHOM paboThI 1O 1000 AUCIUITINHE TPO(dECCHOHATBHOrO IUKIIA. TeMa MPOEeKTHOTO
3aJ]aHNs MOKET OBITh BBIOpaHa CTYIEHTOM M3 NMPEAJIOKEHHBIX B pabodel mporpamMe win GpoHze
OIICHOYHBIX CPEJICTB JAMCLUUIUIMHBI, TUOO OIpe/ieseHa CaMOCTOSATENbHO, UCXO/Is U3 MHTEPECOB
CTyZeHTa (B paMKax U3y4yaeMOl JTUCIHILINHBI). BEIOpaHHYI0 TeMy HE00X0AUMO COTIacoBaThes C
IIPEINo/IaBaTeNeM.

Tpebosanus no 6bINOIHEHUIO U OQOPMIEHUIO NPOEeKMAa

[Tpu BbIMOTHEHUM MpOEKTa MPUBETCTBYeTCs paboTa B rpymme (2-3 yenoseka). [Ipoekt —
3TO HCclenoBaTeibckasi paboTa, B X0Je KOTOPOHM CTYJIEHTHI JOJKHBI IPOJEMOHCTPUPOBATH
BJIa/ICHHE HAaBbIKAMH HAy4HOTO MCCJIEJIOBaHUS, YMEHHUS TPOBOJUTH aHalu3, 0000uaTh
UH(OPMALIMIO, JIeNaTh BBIBOJIBI, MpeaiaraTb CBOM PEIICHUs NMpoOJIeMbl, pacCMaTpUBaeMOW B
IIPOEKTE.

[Ipy noAaroTroBke MaTepHaJoB NPOEKTAa CTYIEHTBHl JIOJKHBI IPOJIEMOHCTPUPOBATH
BJIa/ICHHE COBPEMEHHBIMU METO/IaMU KOMIIBIOTEPHON 00pabOTKH JTaHHBIX.

Kpumepuu oyenxu pabomul yuacmnuka npoexma.

JI1s Kayk0ro U3 YYaCTHUKOB MTPOEKTa OIICHUBAIOTCS:

* mpoeccHOHAIbHBIEC TEOPETUUECKUE 3HAHUS B COOTBETCTBYIOLIEH 00acTu;

* yMeHue paboTaTh CO CHPAaBOYHOW M HAyYHOH JUTEpaTypoH, OCYIIECTBISATH MOMCK
HeoOxoumoi nHpopmanuu B UHTepHET;

* yMeHHe paboTaTh ¢ TEXHUYECKUMU CPECTBAMU;

*  yMEHHE  TIOJb30BAaTbCsl ~ COOTBETCTBYIOUIMMM  BBINOJHAEMOMY  IIPOEKTY
WH(POPMAIMOHHBIMA TEXHOJIOTHIMU;
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* YMEHUE FOTOBUTh MaTepUabl IPOEKTa ISl IPE3EHTALUU: COCTABIIATh U PEAAKTUPOBAThH
TEKCThI, (OPMHUPOBATH MPE3EHTALUIO TPOEKTA;
* yMeHHUe paboTaTh B KOMaH/IE;

* yMEHHE MMyOJINYHO MPEJICTABIATh PE3yJIbTaThl COOCTBEHHOM 1€ TEIbHOCTH;

® KOMMyHI/IKa6€JILHOCTB, WHUIIUATUBHOCTDH, TBOPUCCKHUC CIIOCOOHOCTH.

Kpumepuu BbICNMABIIEHUA OYECHKU YUACMHUKAM npoekma

Hubie
Komnerenmumn,
yHHUBEpCcaIbHbIE
CBSI3aHHBIC C
KOMIIETCHIINH
HCIOJIb30BaHHEM
(koMMyHUKa0ETh
COOTBETCTBYIOIINX HOCTE
[Tpodeccrnonanbubie BBITIOJTHSIEMOMY ’ OT4eTHOCTh
Onenka WHUIIMATUBHOCTD,
KOMIICTCHITHH MIPOEKTY
yMeH#e paboTaTh
TEXHUUYECKUX
B «KOMaHJIe»,
CPEIICTB U
yIpaBIeHYECKHUE
MH(GOPMaIIMOHHBIX
o HAaBBIKH U T.]I.)
TEXHOJIOT U

«Otmuno» | PaGota BeimonHeHa Ha | TexHUueckue Crynent nposBui | [Ipoekt
BBICOKOM CpeacTBa U | UHUINATHBY, MIpeICTaBJICH
npodeccuoHanTbHOM MH(GOPMALIMOHHBIE | TBOPYECKHIA MOJTHOCTBIO U
YpOBHE. TEXHOJIOTHH MOJIXO/I, B CPOK.
[IpencraBieHHbIN OCBOEHBI U | CHOCOOHOCTh K
MaTepuaa B OCHOBHOM | MCIIOB30BAHbBI ISl | BBEITIOJTHEHUIO
(akTUYecKu  BepeH, | peanusaluu CJIOKHBIX
JIOTTY CKaI0TCA MPOEeKTa 3aJlaHul, HABBIKU
HerpyOsbie MTOJTHOCTBIO paboThl B
(bakTHueckue KOJJIEKTUBE,

HetoyHoCcTU. CTyIeHT OpraHHU3aI[OHHBI
CBOOOJHO OTBEYAET HA € CIIOCOOHOCTH.
BOMPOCHI, CBSI3aHHBIE C

MIPOEKTOM.

«Xopomio» | Pabora BeimonHena Ha | O6HapyxkuBatorcsa | CTyaeHt [Ipoekt
JIOCTaTOYHO BBICOKOM | HEKOTOPHIE JIOCTaTOYHO MPEJICTaBJICH
npodeccuoHanTbHOM OLIMOKHU B | IOJIHO, HO 0€3 | J0CTaTOYHO
ypoBHE. [IOMyIIeHO 10 | UCIIOTh30BAHUH WHUIMATABBl W | IOJTHO W B
4-5 (haKTUYECKUX | COOTBETCTBYIOLIUX | TBOPUYECKUX CpPOK, HO ¢
OIIHOOK. CTyIeHT | TeXHUYECKUX HaXOJ0K HEKOTOPBIMHU
OTBEYAET Ha BOIPOCHI, | CPEACTB U | BBITOJHUII HeopaboTKa
CBSI3aHHBIC C | ”HOPMAITMOHHBIX | BO3JIO)KCHHBIC Ha | MHU.
MIPOEKTOM, HO | TEXHOJIOTUI HEro 3aJjayu.

HEJOCTATOYHO TOJTHO.

«YoBieTBo | YpoBeHb Oo6napy>xuBaer CryneHt [Ipoekt cpan

PUTEIBEHO» | HEAOCTATOYHO BBICOK. | HEIOCTATOYHOE BBITIOJTHIT co
Homymeno  go 8 | BmageHue OOJIBIIYI0  YacTh | 3HAYUTEIHHBI
(hakTUIeCKuX HaBBIKAMHU pa0OTHI | BO3JIOKCHHONH HA | M
OILINOOK. CTyfeHT | ¢ TeXHHYECKUMH | HETO pabOTHI. OTIO3/ITaHUEM
MO>KET OTBETHUTH JIULIb | CPEACTBAMU u (Oonee
Ha  HEKOTOpble U3 | COOTBETCTBYIOLIUM HE/leNu) U He
3aJJaHHBIX BOIIPOCOB, | U MTOJTHOCTHIO
CBSI3aHHBIX c | nHpOpPMAITMOHHBIM
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Hubie
Komnerenmumn,
yHHUBEpCcaIbHbIE
CBSI3aHHBIE C
KOMITETEHIIH
HCIOJIb30BaHNEM
(koMMyHUKa0ETh
COOTBETCTBYIOIINX HOCTE
[Tpodeccrnonanbubie BBITIOJTHSIEMOMY ’ OT4eTHOCTh
Onenka WHUIIMATUBHOCTD,
KOMITETCHITHT TIPOCKTY
yMeH#e paboTaTh
TEXHUYECKUX
B «KOMaHJIe»,
CPE/ICTB U
yIpaBIeHUYECKUE
MH(GOPMaIIMOHHBIX
o HABBIKH U T.]I.)
TEXHOJIOTHI
MIPOEKTOM. U TEXHOJIOTUSMU
«Heynosner | PaGora He BhmonHeHa | HaBeikoB paboTel ¢ | CTyaeHT IIpoekr  He
BOPUTEIBHO» | WIM BBIMIOIHEHA Ha | TEXHUYECKUMHU MPAKTUYECKH HE | CAaH.
HU3KOM YpOBHE. | CpelIcCTBaMH  HET, | paboradn, HE
Jomnymeno ©Oonee 8 | HHPOPMAIIMOHHBIE | BHITIOJHWI ~ CBOU
(hakTUIeCKuX TEXHOJIOTHH HE | 3a7a4u W
omnO0ok. OTBETHl Ha | OCBOCHBI BBITIOJTHIJI JIUIITH
CBSI3aHHBIE c OTJIeTIbHBIE HE
MPOEKTOM  BOIIPOCHI CYIIIECTBEHHBIE
0OHapy>KUBAIOT MOpYYeHHUS B
HEMOHUMAaHHe TpyHIoBOM
npeameTa u MIPOCKTE.
OTCYTCTBHE
OpUEHTALIUU B
MaTepuaje MpoeKTa.

Cmyoenmol 001(cHbl. 3AIIUTUTD MPOEKT B PEXHUME MPE3EHTALUH, NMPeIbsIBUTh (Dailibl
BBIMIOJTHEHHOT'O TIPOEKTa, YMETh paccKa3aTb O TEXHOJIOTHUSAX, HCIOJIb30BaHHBIX HUMHU IIPH
BBINOJIHEHUH [TPOEKTA, JaTh OLIEHKY pabOThI KaXKJ0r0 YJjeHa IPYIIIbI (eciu npoexm epynnosoi).

IIpumepHBbIe TeMbl HHANBUAYAJIbHBIX TBOPYECKHX NIPOCKTOB
[TpoekT «INeKTPOHHBIN CIOBAPHY;
[IpoekT «DkcnepTHas cuctema Jijisi AMarHOCTUKH 3J0POBbS»;
[IpoekT «JIMHrBUCTHYECKAsE SKCIIEPTHAS CUCTEMAY;
[IpoekT «DkcnepTHas cuctema Jisi AMarHOCTUKH YCTPOUCTBaY;
[Tpoekt «O0Oyuaromas sKCrepTHas CUCTEMay.

SNk W=

3.6. Memoouueckue pexomenoayuu no NOO20MOBKe K IK3AMEHAM U 3a4emam

N3ydenne MHOTHX 00HIENPO(ECCHOHANBHBIX U CHEIHAIbHBIX TUCIMIUIMH 3aBEPIIACTCS
sk3ameHoM. [ToAroToBKa K 9K3aMeHY CIOCOOCTBYET 3aKPEIUICHHUIO, YIITYOJIICHUIO U 00O00IICHHIO
3HAHWH, TOJy4YaeMbIX, B Tpoiecce OOydueHHs, a TakXKe NPUMEHCHHI0O HX K pEIICHUIO
MPAKTUYECKUX 3a/ad. [ 0TOBACH K JK3aMEHY, CTYJCHT JIMKBUAMPYET MMEIOIIHecs MmpoOeisl B
3HAHUSX, YIIIyOJseT, CUCTEMaTU3UPYeT U YIOPSIOYMBACT CBOM 3HaHMs. Ha sKk3aMeHe CTyaeHT
JNEMOHCTPUPYET TO, YTO OH MPHOOpEN B TIpolecce OOY4YCHHs] 1O KOHKPETHOH y4eOHOM
JIUCLIUIUIHHE.

DK3aMeHAIMOHHASI CECCHSI - OTO CEpHs YK3aMEHOB, YCTAHOBJICHHBIX YYCOHBIM IUTAHOM.
Mexay sk3ameHamu uHTepBan 3-4 musa. He cnenyer mymarh, uto 3-4 JHSI JIOCTATOYHO JUIS
YCHEIIHOM MOATOTOBKH K 3K3aMeHaM.

B oTH 3-4 nHS HY)XKHO CHCTEMaTH3HPOBATh YXKe MMEIOIIHMecs 3HaHus. Ha KoHCynbTanuu
nepe]1 9K3aMEHOM CTYICHTOB MTO3HAKOMST C OCHOBHBIMH TPEOOBAHMSIMH, OTBETSAT Ha BOSHHUKIIIHC Y
HUX BOMPOCHL. [103TOMY mocerieHne KOHCYIbTalui 00s13aTeIbHO.
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TpeOGoBaHMsI K OpraHMU3AIMH MOATOTOBKH K dK3aMEHaM Te K€, YTO M TPU 3aHATUAX B
TEUEHHUE CEMECTpa, HO COOIIOJAThCS OHU JOHKHBI Oosee cTporo. Bo-mepBhIX, 04eHb Ba)KHO
coOIofIcHHE peKMMa JIHS; COH HE MEHEee 8 4acoB B CYTKH, 3aHSTHUS 3aKaHUMBAIOTCS HE MO3/THEE,
yeM 3a 2-3 Jaca 10 cHa. OnTUManbHOE BpeMsl 3aHATUH, 0OCOOEHHO M0 MaTeMaTHKE - yTPEHHUE U
JTHEBHBIC Yachl. B mepepbiBax MexAy 3aHATUSAMU PEKOMEHAYIOTCS IPOTYJIKH HAa CBEKEM BO3/IYXE,
HEYTOMHTEIIbHBIC 3aHATHS CTIOPTOM. BO-BTOPBIX, HAMH4YME XOPOIINX COOCTBEHHBIX KOHCIIEKTOB
nekiui. Jlaxe B ToM ciiydae, eclii ObUIa MpOoITyIieHa Kakasi-Tuoo JIEKIHsl, He0OX0IUMO BO BpeMst
€€ BOCCTAaHOBUTH (TiepenucaTh ee Ha Kadeape), 001ymaTh, CHATh BOSHUKIITKE BOIIPOCHI JUTSI TOTO,
4TOOBI 3a[IOMUHAHKUE MaTepuasa OblI0 OCO3HAHHBIM. B-TpeThuX, MpH MOATOTOBKE K dK3aMEHaM Y
CTy/JICHTa JOJDKEH OBITh XOpOIMA YYeOHMK WJIM KOHCIIEKT JIUTE€PaTyphbl, MPOYUTAHHOW TIO
YKa3aHUIO MPENO/IaBaTeNs B TEUCHHE CEMECTpa. 31eCh MOXKHO 3(h(HEKTHBHO UCTIONB30BATH JIUCTHI
OTIOPHBIX CUTHAJIOB.

Bnauarne cienyeT npocMOTpeTh BECh MaTepHall 1Mo CAABAEMOM JUCHUIIIIMHE, OTMETUTD IS
cebst TpynmHble Bompochkl. OOs3aTeNbHO B HHUX pa3oOparbes. B 3akimioueHue eme pas
1[e1eCO00pa3HO TMOBTOPUTH OCHOBHBIE TOJOXEHHS, HCIONB3Ys MPU ATOM JIUCTHI OMOPHBIX
CHUTHAJIOB.

CucremaTnueckasi MOJroTOBKA K 3aHATHUSIM B TEUEHHE CEMECTpa MO3BOJIUT UCIOJIb30BATh
BpEMs DK3aMEHAIIMOHHOM CECCUU JJIsI CACTEMATU3AIIMU 3HAHUH.

Ilpasuna nod2omosKu K 3auemam u 3K3aMeHaM.

* Jlydmre cpa3y COpUEHTHPOBATHLCS BO BCEM MaTepHasie U 00513aTeIbHO PACIIONIOKUThH BECh
MaTepuajg COIJIACHO DJK3aMEHAIMOHHBIM BOMpocaM (WM BOMpocaM, O0OCYXKIaeMbIM Ha
CEMHHapax), 3Ta paboTa MOXKET 3aHATh MHOTO BPEMEHH, HO BCE OCTAIBHOE — 3TO YK€ TEXHHUECKUE
neTanu (TJaBHOE — 9TO OPUEHTUPOBKA B MaTepuane!).

* Cama MOATOTOBKA CBSI3aHA HE TOJBKO C «3amoMuHaHuWeM». [loaroToBka Takke
MpeAnoaraeT u NepeocMbICICHUE MaTepuaia, U Jaxke pacCCMOTPEHUE aJIbTEPHATUBHBIX UICH.

* ['OTOBUTH «IIMaprajakm» MOJIE3HO, HO MOJIh30BAThCSI UMW PUCKOBAHHO. [ JTaBHBIN CMBICIT
MOATOTOBKHU «LINAPTajoK» —3TO CUCTEMAaTU3alUs M ONTUMU3ALIMS 3HAHUM IO JAHHOMY MPEIMETY,
YTO CcaMoO MO cebe MPEeKpacHO — 3TO OYCHb CIOXKHAS M Ba)kHas sl CTyJeHTa pabota, Ooiee
CIIOXHAsl U BaKHAs, YeM MPOCTOE TOTIIOMICHNE Macchl yueObHoi mHpopmarmu. Eciu cTyneHT
CaMOCTOSITEJIBHO TOJTOTOBUJ TaKHE «IIMAPTAIKW»), TO, CKOPEe BCEro, OH M IK3aMEHBI C/IaBaTh
Oyzet Ooliee yBepeHHO, TaK KaK y HEro yxke copMHUpoBaHa 00Iasi OpUSHTHPOBKA B CIOKHOM
Martepuaie.

* Kak 3TO HM MmapagoKCaabHO, HO HCIOIb30BAHHUE «IIMNAPrajoK» YacTO MO3BOJSET
OTBEYAIOIIEMY CTYJICHTY JIYUIlIe JIEMOHCTPUPOBATH CBOM TO3HAHUsS (TOYHEE — OPUEHTHPOBKY B
3HAHUAX, YTO HAMHOTO Ba)KHEE 3HAHHS «3alIOMHEHHOTO» U «TYT K€ 3a0BITOr0» TOCTE CAa4H
HK3aMEHa).

» CHayana CTyJIeHT JOJKEH MPOJAEMOHCTPUPOBATh, YTO OH «YCBOWJD» BCE, YTO TpeOyeTCs
0 TporpaMme 00ydeHHUsI (UITH TI0 POTPaMMe JTAaHHOTO MPETO0IaBaTelis), U JIUIIb ITOCJIE 3TOTO OH
BIIPABE BBICKA3aTh UHBIE, JKEIATEIbHO APIYMEHTHPOBAHHbBIE TOUKH 3PCHHUS.

4. KoHTpo/b caMOCTOSATENbHOI pa00Thl MATHCTPAHTOB

KoHTponb caMocTosTeNbHON paOO0ThI MPOBOIUTCS MPEINOIaBATEIEM B ayAUTOPUU.

[IpeaycMoTpeHsI ciiemytonue BUIbl KOHTPOJIS: coOece10BaHne, OlleHKa pedepaTa, OlleHKa
MPE3EHTAlNN, OLIEHKA YYacTHs B KPYTJIOM CTOJI€, OLIEHKA BBIMIOJHEHUS MPOEKTA.

[TogpoGHBIE KpUTEPUHM OIEHWBAHMS KOMIIETCHIIMK TpuBeAeHB B (DOHIE OIEHOYHBIX
CPEACTB [ POBEICHUS TEKYIIEH U IPOMEKYTOUYHOM aTTECTALUU.

5. Cnucok aureparypsl Ajs BbinoaHenns CPC
Pexomenayemas qureparypa:
l. [TanemoB, C.B.<BR>&nbsp;&nbsp;&nbsp; HWHTenmnekTyanpHble CUCTEMBI U
TEXHOJIOTHH DJIEKTPOHHBIN pecypc : yaeoHoe nocobue / C.B. Ilanbemos. - Camapa : [ToBomkckuid
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rOCYJJapCTBEHHbIM YHUBEPCUTET TEIeKOMMYHUKaIMil u uHdopmatuku, 2017. - 195 c. - Kuaura
Haxonutcs B 6a3oBoii Bepcun DbC IPRbooks.

2. CeicoeB, /I. B. BBenenue B Te€OpHI0 MCKYCCTBEHHOTO HMHTEIUICKTa : ydeOHOE
noco6ue / /1. B. Ceicoes, O. B. Kypurnra, /1. K. IIpockypun. — Mocksa : Aii [1u Ap Menua, 2021.
— 170 c. — ISBN 978-5-4497-1092-5. — TekcT : anekTpoHHsbIi // LludpoBoit 06pazoBaTeabHbII
pecypce IPR SMART : [caiiT]. — URL: https://www.iprbookshop.ru/108282.html

8.1.2. IlepedeHb NOMOIHNUTENBHOM JINTEPATYPBI:

1. AsepuenkoB, B. N. Cucrema ¢dopmupoBanust 3HaHuii B cpene MHTepHer :
Momnorpadust / AepuenkoB B. WM. - bpsHck : BpsHCKuil rocynapCTBEHHBIHM TeXHUYECKUH
yHuBepcureT, 2012. - 181 c. - Knuura Haxogutcs B 6a3oBoii Bepcuun ObC [PRbooks. - ISBN 5-
89838-328-X

2. [TaBnoB, C. W. CucremMbl UCKyCCTBEHHOIO HHTEJIEKTa : y4yeOHOe mmocobue :
[16+]/C. W. [TaBnoB. — Tomck : ToMCKHii rocyJapCTBEHHBIH YHUBEPCUTET CUCTEM YIIPABICHUS U
panuosnexktponuku, 2011. — Yacte 1. — 175 c. — Pexxum goctyna: mo moamucke. — URL:
https://biblioclub.ru/index.php?page=book&id=208933

3. [TaBnoB, C. . CucreMbl HICKyCCTBEHHOTO MHTEJJIEKTA : ydyeOHoe nocodue / C. U.
ITaBnoB. — Tomck : TOMCKHHM TIOCYyIapCTBEHHBIH YHUBEPCUTET CHCTEM YIIPABICHUA U
panuosnexktponuku, 2011. — Yacte 2. — 194 c. — Pexxum goctyna: mo moamucke. — URL:
https://biblioclub.ru/index.php?page=book&id=208939

4. Ceprees, H. E. CucteMbl HICKyCCTBEHHOTO MHTEIIJIEKTA : y4eOHOe mocodue : [16+]
/ H. E. Ceprees. — Taraunpor : FOxHbIii Genepanbubiii yausepcurer, 2016. — Hacts 1. — 123 ¢. :
cXeM., Wi., Tabn. — Pexum nocryna: mo mommucke. — URL: https://biblioclub.ru/index.php?
page=book&id=493307

5. Cotauk, C. JI. [IpoekTupoBaHHe CUCTEM MCKYCCTBEHHOTO MHTEJIEKTA : yueOHOe
nocobue / C. JI. Cotnuk. — 3-e u3a. — Mocksa : UnTepHeT-YHuBepcuteT MHOpMaIimOHHBIX
Texnonoruit (MHTYUT), Aii [Tu Ap Menua, 2021. — 228 c¢. — ISBN 978-5-4497-0868-7. —
Texcr : anexktponHbiit / Ludposoit obpazosarensublif pecypc IPR SMART : [caiit]. — URL:
https://www.iprbookshop.ru/102054.html.

HNuTepHeT-pecypcenl:

1. Bopoiickuit @. C. Uadopmarnka. DHIMKIONEIUYECKHN CIOBAPb-CIIPABOYHHK:
BBEJICHUE B COBPEMEHHbIC HH(POPMALMOHHBIE M TEIEKOMMYHUKAIIMOHHBIE TEXHOJOTHH B
tepmuHax u (akrax. - M.: ®UIMATIIUT, 2006. - 768 c. — JloctymHo: http://physics-for-
students.ru/bookpc/informatika/slovar.zip

2. NBanoB B. OCHOBBI HACKYCCTBEHHOTO AHTEIJIEKTA -
https://libtime.ru/expertsystems/osnovy-iskusstvennogo-intellekta.html

3. Pomanos I1.C. OcHOBBI HCKYCCTBEHHOTO MHTEIUICKTA; Y YeOHO-METO/1. TOcooue. —
http://www.studfiles.ru/preview/2264160/

4. Caitt OCHOBBI nn -

https://sites.google.com/site/osnovyiskusstvennogointellekta/

5. Co6omps b.B. Madopmaruka: yueonuk/ b.B. Coboinb [u ap.] — Uza. 3-e, nqomomnH.
u mepepab. — PocroB w//: ®enukc, 2007. - 446 c. — JocrynHo:
http://physics-for-students.ru/bookpc/informatika/Sobol.rar
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