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HCJ’II) OCBOCHHA JUCHUIINIMHEBI ABJIACTCA OBJIAACHHUE CTYACHTaAMU OCHOBHBIMU MCTOAAMHU TCOPUH
HUHTCJUICKTYaJIbHBIX CHCTCM, an06peTeHHe HAaBLIKOB I10 HCIIOJIb30BAHHWIO WHTCIIJICKTYAJIbHBIX CHCTCM,

BBEJIEHUE

HU3Y4YCHUC OCHOBHBIX METOAOB IMPEACTABICHUA 3HAHWUHN U MOACIINPOBAHUA paccymneHHﬁ.

32[)18.‘-11/1 OCBOCHHA AOUCHUIUIMHBI — IIOMOYb CTYACHTaM OBJIAACTb HABBIKAMU W 3HAHUSMU B

00J1aCTH UCKYCCTBEHHOI'O UHTEIUIEKTa
HanMenoBanue NpaKTHYeCKHX 3aHATHI

Ne Temel
JIUCLIUILI
HWHBI

HanmenoBaHue tem JUCHUIIIIMHBI,
HX KPATKOC COACPKAHUEC

O0bBEM YacoB

W3 HuxX mpakTuyeckas
MOJrOTOBKA, YacOB

5 cemecTp

AHau3 COBPEMEHHOI'O COCTOSIHUS
00J1aCTH UCKYCCTBEHHOTO
MHTCJIJICKTA.

3HAaKOMCTBO C IPUHIMIIAMH
(YHKIIMOHUPOBAHUS
HCKYCCTBEHHBIX HEHPOHHBIX
ceren

[TpuHIHMITEI KTaccuUKAAH
00pa3oB ¢ MOMOIIBIO
HCKYCCTBEHHBIX HEMPOHHBIX
cereil. DyHKIMH, MACCUBBI U
00BekThI B Python

Pemenne cnoxHBIX 3a1a4
KJIaCCU(UKALIUU C TIOMOIIIBIO
MCKYCCTBEHHBIX HEHPOHHBIX
cerell. Pactipoctpanenue
CHUTHAJIOB MO0 HEHPOHHOM CETH.

Penienue ci0xHBIX 3a1a4
KJIaccu(UKaUU ¢ TOMOIIBIO
HCKYCCTBEHHBIX HEHPOHHBIX
cereil. Merto 0OpaTHOTO
pacupoCTpaHEeHUs

OOGHOBJICHHE BECOBBIX
ko3 uuuentos. Habop
pykornucHbIX uhp MNIST

PerieHne CI0XKHBIX 3a1a4
KJIACCU(UKAIIUHU C TIOMOIIIBIO
HUCKYCCTBEHHBIX HEHPOHHBIX
ceteil. Meton oOpaTHoro
pacupoCTpaHCHHUS

TecTtupoBaHue HEHPOHHOU CETU
JUISl pacliO3HaBaHUs PYKOIIMCHBIX
ndp MNIST

TecTtupoBaHue HEUPOHHOU CETU
JUIs PaCIIO3HABAHMSI PYKOIIMCHBIX
uudp MNIST

HTtoro 3a 5 ceMecTp
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CTPYKTYPA U COAEPKAHUE ITPAKTUYECKHUX PABOT

IIpakTnyeckas padora 1.
AHaJIM3 COBpPeMEHHBIX NPOrPAMMHBIX CpeAcTB ¢ npuMeHeHuem UU

Henbp 3anaTHa — chopMuUpOBaTH NpPEJICTaBICHHE OO0 COBPEMEHHBIX NPOrPAMMHBIX CpEACTB C
npumenenueM MH.
3anaum 3aHATHS:
- U3Y4YUTh JIUTEPATYPHBIC HCTOYHUKN U MaTEpHaIIbl U3 CETH MIHTEpHET, CBA3aHHBIE C HOPMATUBHO-
IIPaBOBBIMU OCHOBAaMU Pa3BUTHS UCKYCCTBEHHOTO UHTEIUIEKTa B Poccuu u Mupe;
- MpOaHaIU3UPOBATh PUMEPHI NpuMeHeHus TexHosoruii M1 B oOpa3oBarensHOl chepe.

3agaHus 17151 BHINOJHEHUS U MeTOHYECKHE PEKOMEeHTalNu:
3ananue 1.

N3yuuB nurepatypHble HCTOYHUKHM U MaTepUalbl U3 ceTH VIHTepHET, 3amoHuTe TabIuILy
«HopMaTuBHO-TIpaBOBBIE OCHOBBI Pa3BUTHSI HICKYCCTBEHHOTO MHTEILIEKTa B Poccumy:

No | JlokyMeHT Jara Cent | Cpoku Ilenu n OtBerct | OcHO
1/ MPUHAT | JIKA | peaju3aluy | 3a7a9d BCHHBIC | BHBIC
1| ust Ha (ecnm B MyHKT
JIOKY | ©UMEIOTCS) peanuza | bl
MEHT 017031
1. | «HanmonanrHas
cTpaTerus
pa3BUTHS
HCKYCCTBEHHOTO

HWHTCJIJICKTA Ha
nepuoa 10 2030
roa»

3ananmne 2.

[ToaroToBsTE COOOIICHUE (TEKCT M MPE3EHTAIMIO) O JIFOOOM U3 MEPEYUCIICHHBIX B TaOJMIIe 3aaaHus
1 noxymeHTOB. ByibTe TOTOBBI paccka3aTh €ro rpyIire.

3ananue 3.

W3y4uB nuTepatypHble HCTOYHUKHI U MaTEpHUAIbl U3 CeTH VIHTEpHET, 3aIOTHATE CIIETYIOIIYIO
tabnuiy «HopMaTuBHO-TIpaBOBBIE OCHOBBI Pa3BUTHS UCKYCCTBEHHOT'O MHTEJUICKTA B MUPE» (IPUBECTH

HE MEHEe 7 cTpaH):
No | Ctpana | loxyment | JlaTta Cpoku peanu3zanuu [enu u 3anaun
i/ OpUHATUS | (€CIU UMEIOTCS)
i
1. 1.1.

1.2.
2.
3amanue 4.

W3yuuB nurepatypHble HCTOYHUKH U MaTEpUalbl U3 CeTH VIHTEpHET, 3a0IHUTE CIIETYIONIYIO

tabnuiy «IIpumepsl TexHoaoruii MM B Moeit npodeccrnoHanbHOM cepe» (IpUBECTH S- 7 TEXHOIOTHH):
No | Ha3Banue Pazpabotun | Bpemst Onucanue [Tpumepsl
1/ | TEXHOJIOTUHU | K TIOSIBJICHUS BO3MOXKHOCTEH MCIIOJIb30BaHUS
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II TEXHOJIOTUN | TCXHOJIOTUU TEXHOJIOTUU TEXHOJIOTHUHU B
npodeccHoHaNBHOM

chepe

3aganue 5.
[ToaroroBbTe cOOOMIEHUE (TEKCT U MPE3CHTALINIO) O JTFOOOM U3 MEPEUNCIICHHBIX B Ta0NIuIe 3a1aHus
4 TexHonoruil. bybre TOTOBBI paccka3aTh €ro rpyIie.

CrenaliTe BBIBOJI O TIPOJICIIAHHON paboTe.

Pexomenayemasi qureparypa:

1. [ManemoB, C.B.<BR>&nbsp;&nbsp;&nbsp; MHTEIIEKTyalbHbIE CHCTEMBI U TEXHOJIOTUU
DneKTpoHHBIN pecypce : yueOHoe mocoodue / C.B. ITansmon. - Camapa : [ToBODKCKHIT TOCY1apCTBEHHBII
YHHUBEPCHUTET TeJIeKOMMYHUKaimii u uHpopmatuku, 2017. - 195 c. - Kuura Haxoaurcs B 06a30BOi
Bepcun DBC IPRbooks.

2. Cricoes, /. B. BBeneHnue B TeopH0 NCKYCCTBEHHOTO MHTEIIEKTA : yaeOHoe mocobue / 1.
B. Cricoes, O. B. Kypunra, /I. K. ITpockypun. — Mocksa : A#i [Iu Ap Meaua, 2021. — 170 c. — ISBN
978-5-4497-1092-5. — Texkcr : snexkrponnsiid // Ludposoit odpazoBarensubiii pecypc IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/108282.html

8.1.2. IlepeueHb NONONHUTEIBHON JIUTEPATYPBHIL:

1. AsepuenkoB, B. 1. Cucrema dhopmupoBanus 3HaHu# B cpene Murteprer : Monorpadust /
AgepuenkoB B. . - bpsHck : bpstHCku#l rocy1apcTBEHHbIN TeEXHUUECKUN yHUBepcureT, 2012, - 181 c. -
Kuwnra naxonurcs B 6a3oBoii Bepcun DbC IPRbooks. - ISBN 5-89838-328-X

2. [TaBnos, C. U. CucteMbl UCKyCCTBEHHOTO MHTEIIEKTA : yueObHoe mocoodue : [16+] / C. U.
[TaBnoB. — Tomck : ToMCKUH TOCYJapCTBEHHBI YHHUBEPCUTET CHUCTEM YHOpPABJICHUS U
pamuosnekrponuku, 2011. — Yacte 1. — 175 c¢. — Pexum pocryna: mo mnoamucke. — URL:

https://biblioclub.ru/index.php?page=book&id=208933

HNHTepHeT-pecypcenl:

http://www.iprbookshop.ru - D5C IPRbooks

http://biblio-online.ru/ - 9bC «Biblio-online.ru» m3garenscta «tOpaitty ONLINE»
http://www.intuit.ru - UTHTepHET-yHUBEPCUTET TEXHOIOT U

IIpakTHyeckas padora 2
3HAKOMCTBO ¢ NPUHIUNAMHA QYHKIHOHUPOBAHUA HCKYCCTBEHHBIX HEHPOHHBIX
ceTell M ¢ A3BIKOM nporpammupoBanus Python
Heanb: paccMOTpeTh MPUHLIMIBI (PYHKIIMOHHUPOBAHUS HCKYCCTBEHHBIX HEHPOHHBIX
ceTel ¥ MO3HAKOMUTHLCSA C S3BIKOM MporpammupoBanus Python.

3ananue:

1. I3yunTh TEOpETUUECKOE BBEACHUE.

2. OTBeTUTHh HA KOHTPOJIHHBIC BOMPOCHI, MPUBEJACHHBIE B KOHIIE JIA0OPAaTOPHOU
paboTHLI.

3. DBumomHUTE  NpaKTUYECKHWE  3aJaHUS C  WCIONB30BAaHUEM  SI3bIKA
nporpammupoBanus Python.

4. CocTaBUTh OTUET M0 JabopaTopHOil pabote. Tpebosanusn k omuemy:


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

OT4€T npeaocTaBigeTCs B 3JIEKTPOHHOM BHJIE B TEKCTOBOM penakrope MS Word.
B otué€re ykaspiBarorcsi:

1) ®amunus cTyaeHTa.

2) TopsinkoBbIit HOMEP U HAa3BaHUE JTa0OPATOPHOUN PabOTHI.

3) Llenb paGoThI.

4) OTBeTHl HA KOHTPOJIBHBIE BOMPOCHI.

5) Omnucanue pelieHus BBIMOJTHEHHBIX 3aJaHUi  JabopaTopHOl  paboTHI,
cojuepxkaiiee: a) QopmyauposKy 3a0aHus; 8) CKPUHWOM BbINOJHEHHO20 3a0aHus,
cooeparcauuti pamunuio cmyoeHma.

3amuTa 1a00paTOpHON PabOThI OCYIIECTBISIETCS MO OTYETY, MPEACTABICHHOMY
CTYJEHTOM U C IEMOHCTpaIMeil 3a1aHns Ha KOMIIbIOTEPE.

Teopernuyeckoe BBe1eHHE
1. Beenenue
2. IlpuHuuns! GyHKIHMOHUPOBAHUS UCKYCCTBEHHBIX HEMPOHHBIX CeTeH

1. Beegenue

KoMmbroTepsl B 00IIEM CMBICIE — 3TO KaJIbKYJIATOPHI, CIOCOOHBIE BBHIMOJIHATH
apu(pMeTHYecKrue Omneparyu ¢ OTPOMHON CKOPOCTBIO. DTa OCOOCHHOCTh KOMIBIOTEPOB
IIO3BOJISIET UM OTJIMYHO CHPABIATBCA C 3aJadyaMu, AaHAJOTMYHBIMU TEM, KOTOpBIE
pelarTCsd ¢ NOMOIIBI0 KadbKyJIATOPOB: CYMMHUPOBAHUE YHUCEN C LEIbI0 ONPEACIICHUS
00BEMOB TPOJAX, MPUMEHEHUE TMPOICHTHBIX CTABOK ISl HAYUCICHUS HAJIOTOB WIH
OCTpOEHUE TPaUKOB HA OCHOBE CYIIECTBYIOIINX JaHHBIX.

Jla’xe TpOCMOTP TEJIEBU3MOHHBIX MPOTrpaMM WM MPOCIYUIMBAHUE ITOTOKOBOM
MY3bIKH depe3 MHTEepHET ¢ MOMOIIbI0 KOMITBIOTEpa HE TPEOyEeT 4ero-To OOJBIIETo, YeM
MHOTOKpPATHOE BBIMIOJTHEHUE MPOCTHIX apu(METHUYECKUX orepauuil. PekoHCTpyKius
BHJICOKAJIpA, COCTOSILETO CIUIONIb M3 €QUWHHI] W HYJEW, KOTOpPhIE MOCTYINAlT Ha Balll
KOMITBIOTEP MO CETH, TAKXKE OCYIIECTBIISIETCS IyTEM BBIMIOJIHEHUS apU(PMETUUECKHUX
NEeUCTBUH, JINIIIL HEHAMHOTO 00JIee CI0KHBIX, YeM CYMMHUPOBAHUE YUCEIL.

CI10’)keHue YucenN C TUTAaHTCKOW CKOPOCTBIO — THICSYM WM MUJUIMOHBI ONEpaluil B
CEeKyHIy — OJTO BHedarTistomuid 3(QexT, HO ero Helb3s Ha3BaTh IPOSBICHUEM
UCKYCCTBEHHOI'0 MHTEIIEKTa. J[aXke eciii 4enoBeKy TPYAHO CKJIaAbIBaTh B yMe OOJIbIIINE
YKCIia, JaHHBIN MpoIecc BoBce HE TpeOyeT ocoOoro uHTeNsekTa. st Takux BhIYUCICHUN
JIOCTaTOYHO CIOCOOHOCTU CIJIEIOBATh SJEMEHTAPHBIM HHCTPYKIMSIM, U HMEHHO 5TO
MPOUCXOIUT BHYTPH JIFOOOTO KOMITBIOTEPA.

[TocmoTpeB Ha kakue-1MO0 M300paKEHUS, YETIOBEK MOXKET JIETKO OMPEEIUTh, YTO
Ha HUX n300paxeHo. MbI CIOCOOHBI MPAKTUYECKH MTHOBEHHO U C BBICOKOW TOYHOCTBHIO
pacro3HaBaTh 0OBEKTHI, Ha KOTOPbIC HAIpaBJsieM CBOW B3TJISA/l, U IIPU 3TOM OYEHb PEIKO
omubaeMcs.




Kotuk ['urapa KommnsroTep

B mpomecce ananmza u300pakeHUN M KIacCCH(PHUKAUU OOBEKTOB HAIl MO3T
oOpabaTeiBaeT OrpomMHbBIe 00beMbl WHpopManuu. KommpioTepy e TpyIOHO pemiaTth
10JJ00HBIE 33/1a4H, @ TOUHEE — HEBEPOSITHO TPYIHO.

Jlerko TpynHo

TpynHo Jlerko

Hpynuunbl pyHKIHOHUPOBAHUSA UCKYCCTBEHHbIX HEIPOHHBIX ceTei

[IpencraBpTe MTPOCTYHO MPOTHOZUPYIOIIYI MaluHy (IPEAUKTOp), KOTopas
MOJTy4aeT BOIIPOC, COBEPINAECT HEKUU “MBICTUTEIBHBIN TPOIECC U BbIAAET OTBET. Bee
MPOUCXOJUT MPUMEPHO TaK, KaK B IPHUBEJICHHOM BBIIIE MPUMEpPE C paclo3HABaHUEM
00pa3oB, B KOTOPOM BXOJHass MH(pOpMAIMs BOCIPUHHMAIACh HAIIUMU TJla3aMH, Jiajiee
HaIll MO3T aHAJIM3UPOBAJT M300pakKeHHe, MOCIE YeT0 MBI JIeJall BBIBOJbI OTHOCHTEIIBHO
TOTO, KaKhe OOBEKTHl MMEIOTCS Ha JAaHHOM H300pa)K€HWH. DTO MOXKHO IPEACTaBUTH C
MTOMOIIBIO CICIYIOIIECH CXEMBI.

Bonpoc -—% AHAAU3 ——-—? omfem

Ho xommbroTepsl HE MOTyT IMO-HACTOSAIIEMY JyMaTh, MO3TOMY Oylem
UCIIOJIb30BaTh JPYTYI0 TEPMHUHOJIOTHIO, OOJee TOYHO COOTBETCTBYIOUIYIO TOMY, YTO
IIPOUCXOJUT HAa CAMOM JIEJIE.



8602 -—% o padionsica - A

(pacuem)

Komneiorep nosyyaeT BXOJIHYIO HH(OPMALIKIO, BBIIIOJIHAET HEKOTOPbIE pacyeThl U
BbIIa€T peE3yJbTaT. OTOT NPOLECC CXEMAaTHYECKH TMPEACTAaBIEH Ha Cleayrolen
wutoctpanuu. Bxognas undopmanus, 3aganHas B Buae ‘“3x4” , oOpabatbiBaeTcs C
BO3MO>KHOI 3aMEHOM orepary YMHOXXEeHHs 0oJiee MPOCTHIMU OINEpaIUsIMU CII0KEHHUS, U
BBIJIAE€TCS BBIXOJAHOM pe3ynbTar “12”.

acyem
6602 ——% i _——? BeiBod

3X4 4+ 4+ 4 12

JIaHHBIM MPOCTOM M XOPOLIO 3HAKOMBIM MPUMEP HCIOJIb3YEM Uil BBEICHHUS
MOHATHH, KOTOpBIE najiee OyAyT MpUMEHEHBI K 0OJiee CIOKHBIM acCleKTaM HEHPOHHBIX
CETEH.

Jlanee ycnoxxnuM 3anauy. [IpencraBpTe, 4TO MallMHA JOJKHA MPEOOpPa30OBLIBATH
KHJIOMETPHI B MUJIU.

KUAOMEMpbI ——% paciem | a——? MUAU

27?

[Ipenmonoxkum, uto Qopmysa, mnpeodOpasyromas KUJIOMETPbl B MWIH, HaM
HEn3BeCTHA. Bce, 4TO MBI 3HaeM, — 3TO TO, YTO JAAHHBIE €AUHULIBI U3MEPEHUS CBSI3aHbI
MEXAy CcOOOM JMHEMHOW 3aBUCUMOCTBIO. OJTO O3HA4aeT, YTO €CIM Mbl YJABOUM
KOJIMYECTBO MHJIb, TO KOJMYECTBO KHUIOMETPOB, COOTBETCTBYIOIIEE JTAHHOMY
PACCTOSIHMIO, TAK)KE YABOUTCS. Takas 3aBUCUMOCTb BOCIIPUHUMAETCS HAMU UHTYUTUBHO.

CymiecTBOBaHNE JIMHEMHOTO COOTHOLIEHUS MEXAY KWJIOMETPAMH U MUJISIMU J1a€T
HaM KJIIOY K pasrajke GopMyiibl Juisl BblurciaeHuid. OHa T0KHA UMETh CIEAYIOIUNA BUA:
MUIU = Kuromempsl * ¢, rie ¢ — KOHCTaHTa, BEJIMYMHY KOTOPOU MbI ITOKA YTO HE 3HAEM.

EnuHCTBEHHBIMU ~ TONOJIHUTENBHBIMU ~ MOJCKa3KaMU HaM  MOTYT  CIIY’KUTb
OT/ICJIbHBIE IPUMEPHI TPABUIIBHOTO BBIPAXKEHUS PACCTOSTHUN B KUJIOMETPax U MUJISX. JTU
npuMepsl OyAYT BBICTYIATh Kak Obl B POJIM 3KCIEPUMEHTAIBHBIX JaHHBIX, OTPAXKAIOLINX
VCTUHHOE IOJIOKEHUE BEUIEH, KOTOPBHIE Mbl MCIIOJIb3YEM IS IIPOBEPKU CBOEU HAy4YHOU
TEOPUH.

100 62,37



UTto HYXHO cjaenatb Uil TOTO, 4TOOBI OMNPENEIUTh HEAOCTAIOLIYI0 BEITUYUHY
KOHCTaHThI? J[aBaliTe mpoCcTO NOJACTaBUM B (OPMYIly KaKOe-IM0O CilydailHOE 3HAa4YEeHHUE.
Hanpumep, npeanonoxum, 4ro ¢=0,5, ¥ TOCMOTPUM, YTO IIPXU STOM IPOU3OMIET.

MuAu =\
KUAOMEMPpbi —é KuaoMempol x -——? MuAu

100 50

0,5

31ech Mbl MOACTaBIsieM B GOpMyIy munu = kuromempst * ¢ 3nauenue 100 BMecTo
Kunomempsl U TeKylee nmpodHoe 3HaueHue 0,5 BMECTO KOHCTAaHTHI C. B pe3ynbrare Mbl
nostyyaeM oTeeT: S0 MUJb.

OT0 BOBCE HEIJIOXO, €CIIU YUECTh, uTO 3HaueHue ¢=0,5 ObLT0 BHIOPAHO CITyYallHBIM
oOpa3zoM! Ho MBI 3HaeM, 4TO OHO HE COBCEM TOYHOE, IMOCKOJIBbKY MPUMEP 2 UCTUHHOIO
COOTHOILIEHHS TOBOPUT HaM O TOM, 4TO MPAaBWIbHBIN OTBET — 62,137.

Msb1 ommbnucey Ha 12,137. DTO 4MClIO OpeAcTaBiseT BEIUYUMHY OIIMOKHU, T.€.
Pa3HOCTh MEXAY MCTUHHBIM 3HAYEHUEM M3 HAIIEro CHUCKAa MPUMEPOB U PACUETHBIM
3HAYEHHUEM.

ouMbKa = MCTHHAE - P
=§2,137-5

m 12,137

MUAU =
KUuAOMempol ——% KUAOMEMPBI X —"-? pacyemubie MuAu
0.5

100 50

npabuavheiii ombem
2,137

owudka
12,137

UYro npanpme? Mbl 3HaeM, 4TO OLIMOJIMCH, U HaM HM3BECTHA BEJIUYMHA OIIMOKH.
Hcnonb3yem 3Ty uHGOpMALIMIO JUIsl TOTO, YTOOBI MPEIOKUTH OoJiee yAaauHoe MpoOHOe
3HaUYE€HHUE KOHCTAHTHI C, YEM TMIEPBOE.

Bepraemcs k ommbke. Mb1 ommbauck Ha 12,137 B CTOPOHY MEHBIIUX 3HAYCHUM.
Tak xak ¢opmyna st mpeoOpa3oBaHUS KUJIOMETPOB B MUJIM JIMHEWHAs, Muiu =
Kuiomempul * ¢, Mbl 3HaeM, YTO YyBEJIMYECHHE C TPUBEIACT K YBEIMUYCHHUIO
PE3YIABTUPYIOLLIETO 3HAUCHMUS.

JlaBaliTe HEMHOro moANpaBUM C, 3aMeHMB 3HaueHwe 0,5 3HauenueM 0,6, u
OCMOTPHUM, K YEMY 3TO MPUBEJIET.



[IpunsB nns ¢ 3nayenue 0,6, Mbl MoxyyaeM MHIKA = KuiioMeTpsl * ¢ = 100 * 0, 6 =
60. D10 yxe nyuie, ueMm npeabiaymuii orBeT — 50. Temnepps ommoKka yMEHbIIWIACH 10
2,137.

MUAL = |
KuAOMEmMpol —% KUADMEMPBI X i——? pacyemHblie MUAU
o,e

100 e0

npabusbHbiii omBem

e2,1357

owiudka -~
2,157

3/1ech BaXHO TO, YTO BEJIMYMHA OIIMOKHU IMOJICKa3ajia HaM, B KaKOM HampaBJICHUU
CIEIyeT OTKOPPEKTUPOBATH BEIUYUHY C. MBI XOTEIM YBEJIWYUTHh BBIXOJHOUW pe3ysbTatr
50, MOPTOMY HEMHOT'O YBEJIUYUJIIU C.

Bwmecto Toro 4ToObl MCIOJIB30BaTh anreOpy IJisd HAXOXKJICHHUS TOYHON BEITMYHHBI
MONPABKH, HA KOTOPYIO CIEAYET U3MEHUTh 3HAYEHHUE C, Mbl MPOJOJHKUM HCIIOJIb30BaTh
MOJIXO/I, 3aKJIFOYAIOIIMKACS B MOCTCIEHHOM YTOYHEHUM 3HAYEHUS 3TOW KOHCTaHThI. Eciu
BBl HE yBEPEHBI B MPABMWJIHBHOCTH TAKOTO TMOJAXO0Ja W CUHUTAETe, 9TO ObUIO OBl HAMHOTO
MpomIIE Cpa3y ONPENEIUTh TOYHBIA OTBET, TO HMEUTE B BHIY, 4YTO CYIIECTBYET
MHOXECTBO 0oJiee HMHTEPECHBIX 3ajad, [JIsi KOTOPHIX HE CYHIECTBYET MPOCTHIX
MareMaTU4eckux (OpMyJ, CBS3BIBAIOIIUX MEXIYy COO0OM BXOJIHBIE W BBIXOJIHBIC
3HayeHus. VIMEHHO MOATOMY HaM UM HYXXHBI 00Jie€ CIOXHBIE METOJbl HarmojoOue
HEUPOHHBIX CETEH.

[ToBTOpUM yXe 3HaAKOMbIE HaM JeWcTBUS. BbeixogHolt pesynbrar 60 Bce emie
CIUIIKOM MaJ. JlaBailTe BHOBb HEMHOTI'O U3BMEHUM KOHCTAHTY C, YBEJIMYUB €€ 3HAUYCHUE C
0,6 10 0,7.

MuAu =\
KuAoMempol —% KuAoMempel X 4—7 pacuemHbie MuAu
o7

100 70

npaBuabHoiii omBem
©2,137

owudika
-7,863

JlanHHO€ M3MEHEeHre MPUBOANT K PE3YJIbTATy, IPEBBINIAIONIEMY MTPABUIBHBIN OTBET.
[Ipeapinymas ommbka Obiia paBHa 2,137, a Temeph oHa cocTtaBisieT -7,683. 3Hak
“MUHYC” TIPOCTO CBUJIETEIHCTBYET O TOM, YTO BMECTO HEJOOIEHKH HWCTUHHOTO
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pe3yJibTata MpPOW3OILIa €ro MepeolleHKa (BeJMYMHA OMIMOKU  ONpeNesaeTcs
BBIpaKEHUEM: MIPABUIILHOE 3HAUCHUE MUHYC PACUETHOE 3HAUCHHUE).

Urak, ¢=0,6 O6but0 TOpazao ayumie, yem ¢=0,7. Ceituac Mbl MOTJIM Obl MPU3HATH
BEJIMUMHY OMMUOKU mpu ¢=0,6 yJAOBJICTBOPUTEIHHON W 3aKOHUYHUTH STO YIPAKHEHHUE.
OnHako TONBITaEMCS BBECTH OYEHb MajIylo MOMPABKY M YBEIUYUTh 3HaueHue ¢ ¢ 0,6 1o,
ckaxeMm, 0,61.

MUAU =
KUAOMEMP B _—% KuAoMempbl x —-—? pacqHemHbie MuAu
0.6l

100 el

npabuseHeid ombem
62,137

owiudka
P S - R

ITonydaercs ropa3no JydIIMd pe3ysbTaT, YeM INPENbIAYIIHE, MOCKOJIbKY TEIepb
BBIXOJIHOE 3HAa4YeHHE 6] OTIMYaeTcs OT NMpaBWJIBHOIO 3HaueHus 62,137 Bcero immb Ha
1,137.

WNrak, mocienHss NONbITKA HAy4yWsla HAcC TOMY, YTO BEJIMYMHY IIONPABKU K
BEJIMYMHE C HEOOXOIUMO KaXKblil pa3 onpeaensaTh 3aHOBO. Eciu BBIXOIHON pe3yibTaT
npuOIMKAETCS K MPaBUIBHOMY OTBETY, T.€. €CJIM OIIMOKA YMEHBIIAETCS, TO HE CIEyET
OCTaBJISITh BEJIMYMHY TMONpPaBKU NpexkHer. Tem cambiM Mbl n30eraeM MEepeOoLEHKH
3HAYEHUS 110 CPABHEHUIO C UCTUHHBIM, KaK 3TO OBLJIO paHee.

He wucnonp3ys mnOHMCK TOYHBIX CHOCOOOB ONPENEIICHUS BEIWYMHBI C U IIO-
npexxHeMy (OKycHpysh BHHUMaHHME Ha HJ€€ €€ IMOCTENEHHOTO0 YTOYHEHMS, Mbl MOKEM
IPEINONOKNUTh, YTO MOIMpaBKa JOHKHA BBIpAXKaTbCsl HEKOTOPOW A0jie omuOKu. DTO
UHTYUTUBHO TMOHATHO: Oousibliasi omuOKa yKa3bIBaeT Ha HEOOXOAMMOCTh BBEIEHUS
OosblIel TOMpaBKU, TOT/IA KaK MaJiasi OIIMOKa HYKIaeTcs B HE3HAYUTENIbHOM MOIpaBKe.

Bechb onucannslii mporecc paboThl B TOYHOCTH MEPEaeT CyTh Mpolecca o0ydeHus
HEUPOHHOU ceTu. MBI TPEeHUPOBAIM MAIIIUHY TaK, YTOObI €€ MpeCKa3aHusl CTAHOBUJIUCH
Bce OoJiee u 00s1ee TOUHBIMH.

Bui6oowt

* Y MHOIMX KOMIIBIOTEPHBIX CUCTEM MMEIOTCSA KaHajlbl BBOAA W BBIBOJA, MEKIY
KOTOPBIMHM HaJl JAHHBIMH BBITIOJIHSAIOTCS HEKOTOPBIE BBIUMCICHUS. B cilyyae HEMPOHHBIX
CeTell UMEET MECTO OBITh JIpyrasi CTPYKTypa paOoThl.

* Ecin TouHble NpUHIMIBI (PYHKIMOHUPOBAHUS KaKOH-TMOO CHCTEMBI Ham
HEU3BECTHBI, TO MbI IBITAEMCSI MOJYYUTh IPEACTAaBICHHE O TOM, Kak OHa paboTaer,
UCTIOJIb3ysl MOJENb C peryjaupyeMbiMH napamerpamu. Eciu Obl MBI HE 3HQJIM, Kak
npeoOpazoBaTh KHJIOMETPbl B MWJIM, TO MOINIM OBl MCHONB30BaTh JI1 3TOM Ienu
JTUHEHHYIO (YHKIUIO B KAUYECTBE MOJIENIU C PETYIUPYEMBIM HAKIIOHOM.
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* Hemnmoxum crnocoOoM yiydiieHus MOAOOHBIX MOJENEH SBISETCS HACTpOWKa
apaMeTpOB HAa OCHOBAHUM CPABHEHUS PE3YJIbTATOB MOJEIN C TOUHBIMHU PE3YJIbTATaAMU B
U3BECTHBIX IPUMEpPaAX.

IIpakTHyeckue 3aaHusA
1. 3nakomcTBO ¢ Jupyter Notebook
2. Hagano pa6otsl ¢ Python
3. MHOTOKpaTHOE BBIMOJHEHUE KOMaH]]
4. Co3ianre KOMMEHTapHUeB

1. 3nakomcTBO ¢ Jupyter Notebook

3amycTuB MHTEPAKTUBHYIO0 0005104Ky Jupyter Notebook (bIokHOT), menkHUTE Ha
KHOIKe New y MpaBoro Kpas OKHa, BbIOEpHUTE B OTKphIBIIEMCS MeHIO IyHKT Folder, B
Ha3BaHWM IANKH YKAKUTE CBOK (PaMWIHIO. 3aTEM NEPEUIUTE B CO3JAHHYIO NAIIKY,
HIEJIKHUTE Ha KHOMKe New y mpaBoro kpas okHa u Beioepute Python 3, uto npusenet k
OTKPBITHIO ITyCTOrO 0JIOKHOTA.

C @ localhost:38!

tree/SA e % O

> Jupyter Quit Logout

Files Running Clusters

Select items to perform actions on them. Upload |New~| &

o/~ ml sal Nemed —— :
] : o Python 3 5

] Heckon
O & untitled ipynb Runnii  Text File 5B

Folder

Termina

BIIOKHOT WHTEpaKTHBEH, T.€. OKMUIAET BBOJAA KOMAHJbI, BBIBOJUT OTBET U BHOBH
MIEPEXOAUT B COCTOSTHUE OKUJIAHUS CIEAYIOIIeH KOMAaH bl WJIH BOIIPOCA.

[Ipu pemenuyn 3amayd make CpPeIHEH CIOKHOCTH MMEET CMBICT pa30MBaTh UX Ha
gacTu. Tak jerde CTPyKTypHUpOBaTh JIOTHKY 3a7add, a €CJIU 4YTO-TO IOHJET HE Tak,
0COOEHHO B OOJBIIOM IPOEKTE, BaM OyJeT MNpolle HANUTH Ty €ro 4acTb, B KOTOPOM
npousonuia omuodka. B tepmunonorun IPython Takme yactu HaszbpiBaroTCs siYeHKaAMU
(cells). B mokazanHOM BbIlIe OJIOKHOTE suelika IycTa, W BbI, HaBEPHOE, 3aMETUIIU
MepIaoUUi Kypcop, KOTOPBIH MPUTIIaIIaeT Bac BBECTH B HE€ KaKyl0-HUOYAb KOMaH/Y.

JlaBaiiTe mpHuKaxxeM KOMIIBIOTEpY 4TO-TO caenaTh. Hampumep, mompocum ero
NEPEeMHOKHUTD JIBA YUCIA, CKaKeM, YMHOXUTh 2 Ha 3. BBenure B sUelKy TEKCT «2*3»
(KaBBIYKM BBOJMTH HE CIEAYET) U IICIKHUTE Ha KHOMKE run cell (BBIMONHUTH SUYEHKY),
HAIIOMHUHAIONIEH KHOMKY BOCHPOW3BEACHUS B TpourpbiBarene. KoMmbroTep HT0KEH
OBICTPO BBITIOJIHUTh KOMAaHIy U BEPHYTh CIEAYIOIINI pe3ybTarT.

= Jupyter Untitled Last Checkpoint: 36 muuyT Hazaa {unsaved changes) ﬂ Logout

File Edit View Insert Cell Kemel Widgets Help Truste ‘ Python3 O

B+ = @B 44 ¥ MHRuin B C W Code v =

In [1]:|2*3

Out[1]: 6
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Kak Buaure, KOMNBIOTEP BBIAAI NPABUIBHBIA pE3ynbTaT: «6». TONBKO YTO MBI
IPEIOCTAaBUIM KOMIBIOTEPY HaAlly NEPBYI0 MHCTPYKLUMUIO W YCIEIIHO MOJXYYUIH
KOPPEKTHBIM OTBET. JTO ObLIa Hallla IEpBasi KOMIIbIOTEPHAsI porpaMmal

He oOpamaiite Buumanust Ha Haganucu «In [1]» u «Out[l]’, kotopeimu B [Python
MIOMEYAIOTCS UHCTPYKILHUSA M OTBET. Tak 000J0YKa HAIOMHHAET O TOM, YTO MMEHHO BBI
npocwin caenark (input) U 4To BBl ToJiydaeTe B oTBeT (output). Umcia B ckoOkax
YKa3bIBaIOT Ha MOCJEI0BATENLHOCTH BOIIPOCOB M OTBETOB, UTO BEChbMa yJI00HO, KOTJa BbI
TO U JIEJI0O BHOCHUTE B KOJI UCIIPABJICHHS M 3aHOBO BBINOJIHSAECTE HHCTPYKIHUU.

2. HayaJuo padorsl ¢ Python

Ilepeiinute k cnenyromieit siueiike «In []», BBeauTE NpEeACTABICHHBIA HUKE KO U
BBITIOJTHUTE €T0, IIEJIKHYB Ha KHOIIKE 3amycka. B OTHOLIEHUH WHCTPYKIIUH, 3alICAHHBIX
Ha KOMIIBIOTEPHOM SI3bIKE, IIUPOKO NPUMEHSAETCS TepMHUH KoA. Bmecro mienmuka Ha
KHOIIKE 3alyCKa KOJa MOXETe BOCHOJIb30BaThcsl kKoMmOuHaruen knaBuin <Ctrl+Enter>,
€CJIM BaM 3TOT crocob Oosee yno0eH.

print("Hello, World!")

B oTBeT KOMIIBIOTEP JOJIKEH MPOCTO BhIBeCTH B OKHE (ppazy «Hello, World!»

In [2]: print({"Hello, World!"
Hello, World!

BBon uHcTpykiuu, npeanuckiBatomieil BeiBoa (passl «Hello, World!», ne npusen
K yJIaJCHUIO TPEAbIAYIIEH STYeUKU ¢ CONEePKAIMMUCS B HelW COOCTBEHHOW MHCTPYKIIHEH
U COOCTBEHHBIM BBIBOJIOM. DTO CPEJCTBO OKA3bIBACTCSI OUCHD MOJIE3HBIM MPHU MOATATTHOM
CO3/IAHUU PELICHUMN U3 HECKOIBKUX YaCTEH.

[TocmoTpuM, YTO NPOU3OWAET MNPU BBHIIOJHEHUU CIEAYIOUIETO KOJAA, KOTOPBII
JEMOHCTPUPYET OJHY KIIOYEBYIO HJiel0. BBenute M BBIMOJIHUTE 3TOT KOJ B HOBOWU
sueiike. Ecin HOBas mycras siuelika He OTOOpa)kaeTcsl B OKHE, HIEJIKHUTE Ha KHOIKE C
U300pKEHUEM 3HaKa «IUIIOCY, IIOCIE HABEACHHUS Ha KOTOPYHO YKas3aTelsl MBbIIIH
BbICBeunBaeTcs nojickaska Insert Cell Below (BcTaBUTh siueiiky CHU3Y).

x=10

print(x)

print(x+5)

y =x+7

print(y)

print (z)

[lepBas cTpoka, x = 10, BBINNISIAUT KaK MaTeMaTUYECKasl 3alUCh, YTBEPKIAIOIIAs,
yto X paBHO 10. B Python 310 03HauaeT, yTo B BUpTyanbHOE XpaHUIHILE MTOJT HA3BaHHEM
X 3aHOcHTCs 3HadeHue 10.

3Hauenue «10» ocraercd B XpaHWIHILE A0 TEX MOP, MOKA B HEM HE BO3HUKHET
HeoOxoauMocTb. MHCTpyKIus print (X), ¢ KOTOPOM BBl yX€ CTaJKUBAJIUCh, BBHIBOJIUT
uH(popmaimu Ha 3kpad. OHa BbLAACT XpaHslieecs B X 3HaueHue, kotopoe pasHo 10. Ho
nouemy OyaeT BbiBeneHO «10», a He «x»? Ilotomy urto Python Bcerma crapaercs
BBIYUCIIUTDH BCE, YTO TOJIBKO MOYKHO, & X MOXHO BBIYMCIUTH U MOJY4YUTh 3HaueHue 10,
KOTOpOE€ U BBIBOJIUTCA. B cnemyromieil cTpoke, KOTopas COASPKHUT WMHCTPYKIMIO print
(x+5), BeIUUCISIETCA BhIpaXKEHUE X+5, MPUBO/sIIEe B KOHEYHOM cueTe K 3HaueHuto 10+5,
win 15. [ToaToMy MBI OKHIaeM, YTO Ha IKpaH OyIeT BBIBEACHO «15%».
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Crnenyroiiasi CTpoKa ¢ MHCTPYKIMEN y=x+7 TakXe JO0JKHA ObITh MOHATHOU, €Clu
BCIIOMHHTH, 4TO Python cTpeMuTcs BBIMOIHHUTH BCE BO3MOXKHBIE BBIUYMCICHUA. B 3TOM
MHCTPYKIIMU MBI MPENNUCHIBAEM COXPAHWTh 3HAYEHHE B HOBOM XpaHWIHUIIE, KOTOPOE
TENepb HA3bIBACTCA Y, HO TIPU 3TOM BO3HUKAET BOIPOC, a KAKOE MMEHHO 3HAUCHUE MBI
XOTUM COXpaHHTh? B MHCTpYKIMM yKa3aHO BbIpakeHUe X+7, koTopoe paBHO 10+7, T.e.
17. Takum oOpa3oM, UMEHHO 3TO 3HA4Y€HHE U OYyJEeT COXpPAaHEHO B y, W CIEAYIOIIas
WHCTPYKIIUS BBIBEJET €r0 Ha dKpaH.

A 4TO TpPOM30HAET cO CTPOKOW print (z), €cii Mbl HE Ha3HAYWIU Z HUKAKOIO
3HAYEHHUS, KaK 3TO OBUIO CAENIaHO B ciiydae X U y? Mbl mosydum cooOrieHue 06 onmoke,
UHGOPMUpYIOLIEE O HEKOPPEKTHOCTH MpPEeANPUHUMAEMbIX NEHCTBUII M MbITaroOIIeecs
OBITh MAaKCUMAJIBHO IMOJIE3HBIM, YTOOBI MOKHO OBUIO yCTpaHUTh OIHOKY. CooOiieHus: 00
omuOKaXx HE BCEr/la YCIEHIHO CIPAaBJISIOTCS CO CBOEH 3ajayeil — oka3zaTh MOMOIIb
MOJB30BATENI0 (MPUYEM STOT HENOCTATOK XapakTepeH s OOJBIIMHCTBA S3BIKOB
IPOrpaMMUPOBAHMS).

Pe3ynbTaThl BBHIMIOJIHEHUS OMKMCAHHOTO KOJAA, BKJIKOYas COOOIIeHHWEe 00 ommoke
«name V is not defined» (ums ‘z’ He ompeneneHo), MOXKHO YBUIETh Ha CIEAYIOIIEH
WILTIOCTPAIIHH.

Hello World!

In [3]:|x =10
print(x)
print(x+5)
y = X+7
print(y)
print (z)

18
15
17

NameError Traceback (most recent call last)
<ipython-input-3-e88d55263555> in

4y = x+7

5 print(y)
----» 6 print (z)

NameError: name "z' is not defined

BrleynoMsiHyThie XpaHuiuia, 0003HaUYCHHbBIE KaK X Uy, U UCIOJIb3yeMbIe IS
XpaHeHus Takux 3HaueHud, kak 10 u 17, Ha3piBalOT mepeMeHHbIMH. B s3bikax
IPOrPAMMHUPOBAHMS TIEPEMEHHBIE UCIOJIB3YIOTCS JJIA CO3/laHus 000OIIEeHHBIX HAOOPOB
WHCTPYKIIMI TI0 aHAJIOTHH C TeM, KaK MaTEeMaTHKH WCIOJB3YIOT allreOpandeckue
CUMBOJIBI HAMTOAO0HE «X» U «y» ISl POPMYITUPOBKHU YTBEPIKIACHUIN OOIIETO XapaKTepa.

3. MHOroKpaTHoe BbINOJHECHHE KOMAHI

KomnbroTepbl mOAXOAAT JJis MHOTOKPATHOTO BBIMIOJHEHUS! OJIHOTUITHBIX 3ajlad —
OHU HE Pa3MBIIUISIOT U MPOU3BOAAT BBIYMCICHUS HAMHOI'O OBICTpEE, YeM 3TO yAaeTcCs
JenaTh JIOJISIM C TIOMOIIBIO KaJIbKYJISITOPOB.

[TocMOoTpuM, Kak BBIBECTH KBaJApaThl MEPBBIX JECATH HATypaJbHBIX YHCEN,
HauuHada ¢ HyJia: 0 B kBajgpate, 1 B kBagpare, 2 B KkBagpare U T.4. B pe3ynaprare A0KeH
MOJIYYMUThCS cneayromuit psig uucen: 0, 1,4, 9, 16, 25 u T.1.

Mp1 Mornu ObI CAMOCTOSITEILHO TIPOU3BECTH BCE AT BBIUUCIICHUS, @ 3aTEM MIPOCTO
UCIOJIb30BaTh MHCTPYKIUU BbiBoAA print (0), print (1), print (4) u T.1. D10 cpaboTaer, HO
BEJIb HAIlla 11T 3aKJIF0YACTCS B TOM, YTOOBI BCIO BBIUHUCIUTEIHHYIO pabOTy BMECTO HAC
BBITIOJTHUJ KOMITbIOTEp. Takke HaM HEOOXOJMMO CO37aTh THUIIOBON HAOOP WHCTPYKIIHUH,
MO3BOJISIONTNN BBIBOJWTH KBAApaThl YKCEN B JIOOOM 3aJaHHOM auamnaszone. s sToro

13



HY>KHO CHayaja pacCMOTPETh HECKOJBKO HOBBIX OCOOCHHOCTEH pabOThl TAHHOTO SA3bIKA
pOorpaMMHUPOBaHUS.
BBenure B ouepenHyr0 NyCTyIO SYEHKY CICAYIOIINN KO:
list( range(10) )
B utore nonydaercs cnucok u3 aecsaty uucen ot 0 10 9.
In [4]: list( range(18)
out[4]: [e, 1, 2, 3, 4, 5, 6, 7, 8, 9]

Ir‘j]:|

Cnoucok coxpepxkutr yuciaa or 0 no 9, a e or 1 mo 10. DT0 He cayuyaiiHO.
KomnprotepHsiii criucok HaunHaeTcs ¢ 1, a He ¢ 0. YnopsgoueHHbIe CIUCKU HIHPOKO
UCIIOJIB3YIOTCS. B KAa4ECTBE CUETYMKOB IIPU MHOTOKPATHOM BBIIIOJIHEHHMH HEKOTOPBIX
BBIUMCJICHUN U, B YaCTHOCTHU, KOTJIa UCTIOIB3YIOTCS UTepaTUBHBIC (QYHKIIUH.

B nmaHHOM ciiydae MbI ONMYCTHJIM KIIFOYEBOE CJIOBO print, KOTOpPOE HCHOJb30BAIN
npu BbiBoAe (paszbl «Hello, World!». Mcnone3oBanue kiroueBoro cioBa print He
ABJISIETCSL 00s3aTeNIbHBIM IIpU pabote ¢ Python B MHTEpakTUBHOM pEXHME, MOCKOIbKY
000J104YKa 3HAET, YTO Mbl XOTUM YBUJETh PE3YJIbTAT BBEACHHOW MHCTPYKIUH.

PacnipocTpaHeHHBIM €IIOCOOOM MHOTOKPATHOTO BBIMIOJHEHUS BBIYUCICHUN C
MIOMOIIBIO KOMITBIOTEPA SIBJIAETCS HMCIOJIB30BAaHUME TaK HA3bIBAEMBIX LUKIOB. CIOBO
«IUKID» TPaBUJIBHO TNEPEAACT CYTh MNPOUCXOASUIETO, KOrJa HEKOTOPbIE JEWCTBUS
MOBTOPSAIOTCSI CHOBA M CHOBa, BO3MOXKHO, Jake OeCKOHEeYHoe 4ucio pa3. Bmecto Toro
4YTOOBI NMPUBOAUTH (POPMANBbHOE OMNPEIENICHUE LIMKIJIA, ropa3fo IOJE3HEE PacCMOTPETh
KOHKPETHBIN IPOCTOMN ITpUMep. BBeaUTE U BHINIOJIHUTE B HOBOU SIYEMKE CIEAYIOMINT KOJI.

for n in range(10):

print(n)
pass

print("roToBo"

3/1ech UMEIOTCSI TPU HOBBIX 3JIEMEHTA, KOTOPBIE MbI MOCIIEIOBATENBHO pa3depeM.
IlepBas ctpoka comepxut BblpakeHue range (10), ¢ KOTOpsIM Bbl yke 3HaKOMBL. OHO
co3maeT coucok umcen oT 0 1o 9.

Koncrpykuus for n in — 3T0 TOT 3J€MEHT, KOTOPbIA CO3/1a€T IIUKI U 3aCTaBIIET
BBIIIOJIHATh HEKOTOPBIE NEUCTBUS IS Ka)XIOr0 4YUCia U3 CIUCKA, OPraHu3ys CYETUYHUK
NyTeM Ha3HAYEHHUs TEKYIIEero 3HaueHus MepeMeHHOW n. Panee Mbl yxe oO0CyKnanu
MIPUCBANBAHNUE 3HAYEHUW MEPEMEHHBIM, U 31€Ch MPOUCXOINUT TO KE caMoe: MPU NEPBOM
IIPOXO0/I€ LIMKJIA BBINOJIHAETCS NpucBanBanue n=0, a Ipyu NOCIEAYIOIMNX — IPUCBAUBAHKE
n=1, n=2 ¥ Tak 10 TeX NOp, MOKa Mbl HE JOMWJEM JI0 MOCIEIHErO MIEMEHTA CIIUCKA, IS
KOTOPOTo OyJIeT BBIIOJIHEHO NPUCBauBaHue n=9.

CMbICT WHCTPYKIMU print (n) B CleAyIOmEld CTPOKE, KOTOpas MPOCTO BBIBOJIUT
TEKyLIee 3HAYeHHE N, YK€ JOJDKEH OBbITh MOHATEH U 3HaKoM. Ho oOparture BHHUMaHHE Ha
oTcTyn nepea Tekctom print (n). B Python oTcTymnbl urparoT BaXxHyIO pojib, TOCKOJIBbKY
HAMEPEHHO HCIOJb3YIOTCA g TOro, 4YTOObI MOKa3aTh MOJAYMHEHHOCTh OJHHUX
UHCTPYKIUI APYrUM, B JAHHOM CJIy4yae LHUKIY, CO3JaHHOMY C MOMOUIbIO KOHCTPYKIIHMH
for n in. MHCTpyKIust pass CUTHAIM3UPYET O KOHIE IUKIA, W CIEAyromas CTpOKa,
3anucaHHasl ¢ MCIOJIb30BAHMEM OOBIYHOIO OTCTYIA, HE SBIISIETCS YacThlO LIMKIA. DTO
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O3Ha4acT, 4YTO MBI OKHJACM, YTO CJIOBO «T'OTOBO» 6YI[CT BBIBCACHO TOJILKO OJIMH pa3, a
HC OCCATH. HpeI[CTaBHGHHBIﬁ HHMKE PE3YJIbTAaT NOATBCPIKAACT HAIIM OKHWIaHMA.

In [5]: for n in range(1e):
print(n)
pass
print(“rotoso™)

1
2
3
4
5
B
7
8
9
roToeo

Zr'»_:l

Tenepp HOMKHO OBITH MOHITHO, YTO JJISI MOJYYEHHUS KBAJAPATOB YHCET CIEAYET
BBIBOJIUTh Ha DKpaH 3Ha4eHHs n* n. B MeHCTBUTENBHOCTH MBI MOKEM TOCTYNHTH €I
Jdy4iie W BbIBOAUTH (pa3bl Hanogobue «KBaapar umcia 3 paBeH 9». 3ameThTe, 4TO B
MHCTPYKIIUU TIEpEMEHHBIC HE 3aKITIOYAIOTCS B KABBIYKHU M TO3TOMY BBIYHCIISIOTCA.

for n in range(10):

print("kBagpar yucmna", n, "paBen", n*n)
pass

print("roToBo")

Pesynbprar npuBeneH Huxe.

In [18]:  for n in range(18):
print("xeagpaTt 4ncna", n, "paeen”, n*n)
pass

print(“rotoso”)

KBagpaT 4aucna @ paeeH @
KBagpaT 4ucna 1 paeeH 1
KBagpaT 4acna 2 paeeH 4
KBaapaT 4ucna 3 pasBeH 9
KBagpaT 4acna 4 paeeH 16
KBagpaT 4ucna 5 paseH 25
KBagpaT 4acna 6 paeeH 36
KeagpaT 4ncna 7 paseH 49
KBaApaT 4ucna 8 paeeH 64
KeagpaT 4acna ¢ pased 81
rotoso

TouHO Tak e MOKHO YBEJIIMYUTH YUCJIO UTEpAIUil 10 MATHASCATH WU THICSUU C
nomoIiplo BeIpaxkeHuid range (50) wmm range (1000). IlompoOyiite caenaTh 3TO
CaMOCTOSITEIILHO.

4. Co31aHue KOMMEHTApHEB

PaccmoTpum, kak 3anath koMMeHTapuu B Python. HaGepute npuBeneHHbIN HIKE
IIPOCTOM KOJI.

# cnenyromasi HHCTPYKIIUS BBIBOAUT KyO uncia 2

print(2**3)

IlepBasg cTpoka HauMHAETCs C CUMBOJa pewmerku (#). Python urnopupyer Bce
CTPOKH, HAYMHAIOIIHUECS C 3TOro cuMBoja. OJHAKO 3TU CTPOKM HE OECHOJIE3HBI: C UX
NOMOILBIO MBI MOKEM OCTaBJIAITb B KOJI€ IOJIE3HbIE KOMMEHTAapUHU, KOTOPHIE MOMOTYT
HOHSTH €ro NpeJHa3HAUYCHUE APYTUM JIIOISIM WM JaKe HaM CaMUM, €CIIM Mbl 00paTuMCcs
K HEMY TI0CJIe JJOJITOro nepephiBa.
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KonTpoJibHbIE BONIPOCHI

1. B uem 3axiro4aroTcsi 0COOEHHOCTH BBIYUCIUTENBHBIX ONEPALUi, BHITOJIHIEMbIX
KOMIIbIOTEpOM?

2. Kpartko onuiuTe npuHIUIBI (QYHKIHOHUPOBAHUS UCKYCCTBEHHBIX HEWPOHHBIX
ceTen.

3. C moMomipl0 Kakoi KOMaH/Jbl MOXXHO BBIBECTH Ha nedarh Bamry damuivio Ha
si3b1ke Python?

4. Kaxk BoiBecTH criucok yucen ot 0 1o 20 Ha s3bike Python?

5. Kak 3apatorcst kommeHTapuu Ha a3bike Python?

IIpakTuuyeckas padora 3
IpuHmunsl KIaccupuranum 06Pa3oB ¢ MOMOUIbIO HCKYCCTBEHHBIX
HEHPOHHBIX ceTeil. DyHKIUU, MACCUBBI M 00beKTHI B Python.
Heab: u3yunTh NPUHIMIBI KIaCCU(PUKALMKU 00pa30B C MOMOIIbIO UCKYCCTBEHHBIX
HEHPOHHBIX CETEH U pacCMOTPEeTh (PYHKIIMH, MAaCCUBBI U 00beKThI B Python.

3ananue:
1. I3yunTh TEOPETHUUECKOE BBEICHUE.
2. OtBeTuTh Ha KOHTPOJBHBIE BOIPOCH], TPHUBEICHHBIE B KOHIIC
1ab60paTOpHOI pabOTHI.
3. DBbImoaHUTH TpPaKTUYECKHWE 3aJaHHUsl C HCIOJIH30BAHMEM  SI3BIKA
nporpammupoBanus Python.
4. CocTaBUTH OTYET 10 JIaOopaTOopHOU padote. Tpebosanus k omuemy:

OT4er npeaoCcTaBiIsIeTCs B 3JIEKTPOHHOM BHIE B TEKCTOBOM penakrope MSWord. B

OTYETE YKa3hIBAIOTCS:

1) ®amunus cTyaeHTa.

2) IopsinkoBbIit HOMEDP U Ha3BaHUE J1A0OPATOPHOM pabOTHI.

3) Llenb paboTHI.

4) OTBeTHI HA KOHTPOJIbHBIE BOITPOCHI.

5) Omnucanue pernieHus BHITIOJHEHHBIX 3aaHui JIa00paTOpHON paboTHI,
cojiepKaiiee: a) GopmyauposKy 3a0anusl,; 8) CKPUHULOM BLINOJIHEHHO20 3A0AHUS,
cooepaircauuti pamunuio cmyoeHma.

Bamura 7a60paTopHOil pabOThI OCYIIECTBIASETCS II0 OTYETY, MPEACTABIEHHOMY
CTYJICHTOM U C IEMOHCTpAIIMEH 3aJaHusI HA KOMIIBIOTEpE.
Teopernyeckoe BBeIeHUE

1. 3agayda kmaccudUKaIUU C TOMOIIBIO UCKYCCTBEHHBIX HEUPOHHBIX CETEH

2. TpenupoBKa MpOCTOTO KiIaccupukaropa
3apaya kiaaccu(PUKANMU ¢ NMOMOIIBI0 HCKYCCTBEHHBIX HEPOHHBIX ceTell
B mpoummoit nabGopaTopHOM paboTe B TEOPETUYECKOW YAacTH MBI  OINHKCAIU
(GYHKIIMOHUPOBAHUE TPOCTOW MPOTHO3WpYIomeld MamuHbl. OHAa TONy4aeT BXOIHBIC
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JAHHBIE W JIETAET ONPEIEJECHHBIN MPOTHO3 OTHOCUTENBHO TOTO, KAKUMHU JIOJKHBI OBITh
BBIXOJIHBIE JAaHHbIE. MBI yiydlianu NPOTHO3bI, PETyNHpys BHYTPEHHHMU IapaMeTp Ha
OCHOBAHHUM BEJIUYMHBI OIIMOKHU, KOTOPYIO OMPEACIISAIN, CPABHUBASI IPOTHO3 C U3BECTHBIM
TOYHBIM 3HAYECHHUEM.

Jlasiee Ha MPOCTOM INPHUMEpPE PACCMOTPHUM 3aAady KJIACCH(PUKAIUHM C IOMOLIBIO
VICKYCCTBEHHBIX HEHPOHHBIX CETEM.

IIpuBenem puarpamMmy, IPEACTABIAIOLIYI0 pPE3yJIbTaThl HU3MEPEHHs pa3sMepoB
CaJlOBBIX J)KYKOB.
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AAuHa u wupuHa cadoboix xykob

C C
CCCG

C doxou kopobku

JAuHA

ZYCeHuubl

v C
C
%G

WAUPUHA

Ha nuarpamme oT4eT/IMBO BHIHBI JBE TPYNIbI AaHHBIX. ['yCEHMIIBI yorce U IMHHEE,
a 00XXbM KOpPOBKHM HIMpe U Kopoue. OOpaTUMCsi K MPOrHO3UPYIOIIEH MallluHEe WIN
OPEIUKTOPY, NPUHIUIBl (PYHKIHOHUPOBAHUS KOTOPOTO MBI PAcCMOTPENTH B
npensinymei pabore. B ocHOBy 3TOro nmpeaukropa OblIanonokeHa HacTpauBaeMas
nuHelHas (yHkmusa. ['padMk 3aBHCHMOCTH BBIXOJHBIX 3HAYCHUW JTMHEHHOM
GYHKIIMM OT €€ BXOJHBIX 3HAYCHUM MPEACTaBiIsieT CO0OW MNPSIMYIO JIMHUIO.
N3MeHeHne HACTpaMBaeMoro IapaMmeTpa ¢ NPUBOAUT K H3MEHEHUIO KPYTH3HBI
HAKJIOHA 3TOM MPSAMOU JIMHUH.

UTO moJIy4uTCsl, €CIIM Mbl HaJIOKUM Ha 3TOT rpaQuK MPSAMYIO JUHHUIO?

AAuHa u wupuHa cadolibix xykob

dAuHA

PAIDEAUMEADHAS AUHUS C
CCcC
C
C

WHPUHR
MBI HE MOKEM HCIOJIb30BaTh MPAMYIO JIMHUIO TOYHO TaK K€, KaK paHbllIe, KOrjaa
npeoOpa3oBbIBAIM OJHO YHUCIO (KUJIOMETPBI) B JApyroe (Muim), HOo,
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BO3MOXKHO, B JIaHHOM CIly4a€ HaM yJAacTCsl OTACIUTh C €€ MOMOIIbI0 OJIUH THII
JAHHBIX OT JPYTOTO.

Eciu Obl Ha mokazaHHOM BbIlle Tpaduke MpsMas JUHUS OTHENsIa TYCEHHUI[ OT
00XXbUX KOPOBOK, TO MBI MOTJH OBl BOCIOJIB30BAaThCS €10 I KJacCUUKAIUU
HEU3BECTHBIX JKYKOB, MCXOAS W3 Pe3yibTaToB H3MepeHuil. OpHaKo HMEroIiasics
JMHUSL HE CHPABIISIETCS] C 3TOM 3aJaueid, MOCKOJIbKY MOJOBHUHA T'yCEHHI] HAXOJUTCS
0 Ty K€ CTOPOHY JIMHUU, YTO U OOKbU KOPOBKHU.

JlaBaiiTe mpoBeneM IpYyryro JUHUIO, U3MEHHUB HAKIJIOH, U IOCMOTPUM, YTO IIPU 3TOM
IIPOU30MUET.

AAuHa u wiupuHa cadoBoix xyxob

dAUHA

C
C

CcC
PdSa&AL‘MC:‘\DHﬂR AUHUSA C C

_1 N

L —

wiupuHa

Ha »sToT pa3 nmHUS oOKa3amach €Iie MEHee IOJIE3HOW, IMOCKOJIBKY BOOOINE HE
OTJIEJISICT OJIMH BHUJI )KYKOB OT Japyroro. Cuenaem eie oJuH 3aX0I.

AAuHA u wupuHa cadolbix xykob

dAuUHA

1
pasamummbuaﬂ AUHUSA

wupuHa
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Bor 3t0 apyroe aeno! JIuHUS OTYETIMBO OTAENSAET T'YCEHHUL] OT OOKBHX KOPOBOK.
Tenepb MbI MOKEM MCIIOJIB30BATh €€ B KAYECTBE KJacCU(UKATOpa )KYKOB.

MBI npeanosaraeéM, 4To HE CYLIECTBYET HUKAKUX JIPYTMX BUIOB JKYKOB,KpOME TeEX,
KOTOpbIE IIOKa3aHbl Ha JuarpaMMe, HO Ha JAHHOM OJTale 3T0 HE SBIsETCA
HEJOCTaTKOM MOJAX0Ja — MbI MNbITAeMCH HNPOMJLIIOCTPUPOBATH CYTh HACH
NMPOCTOro kjaaccupurkaropa.

A Tenepb NpeCTaBbTE, UTO B CIEAYIOIIMI pa3 Halll KOMIIBIOTEP MCIOJIb3YET poboTa
JUIsL TOTO, 4TOOBI TOT OTOOpal OYEPEAHOr0 3KyKa M BBIINOJHUI HEOOXOAMMbBIE
3amepbl. Torna nojiy4eHHY0 JUHUIO MOKHO OYyJIeT UCIOJIb30BaTh JIJIsl KOPPEKTHOTO
OTHECEHHMS J)KyKa K CEMEHCTBY I'yCEHUI] WM CEMENCTBY 00KbUX KOPOBOK.

B3rnsiHyB Ha cienyromuil rpaguk, Bbl yBUAUTE, YTO HEU3BECTHBIN KYK OTHOCUTCS K
CEMEICTBY T'yCEHHI, MOCKOJIbKY Momnaaaer B objacTb Haja JuHued. Hecmorps Ha
CBOIO IMpPOCTOTY, OJTa KIacCU(pUKaLUs yXKe SBISCTCS JOBOJBHO MOIIHBIM
UHCTPYMEHTOM.

Kaaccugpurauus HeusbecmHozo Xyka

HeusBecmubill xyk

N

C

dAuHa

LMMP‘MHG

Takum 00pa3oM MBI yOSAWJINCh B TOM, HACKOJBKO IIOJIC3HBIMH MOTYT OBITh
OPEIUKTOpPhl C JMHEHHOW (YHKIMEH B KayecTBE MHCTPYMEHTa Kiaccuukauuu
BHOBb MTOCTYNAIOMINX JaHHBIX.

Opnnako Mbl 00O BHUMAHMEM OAMH CYUIECTBEHHBbI MOMeHT. Kak HaMm y3Harthb,
KaKOU HAKIOH NPAMOU sAeasemcs nooxoosauwum? Kaxk yaydidTh JUHUIO, €CIIU OHA HE
pazziensieT J0HKHBIM 00pa3oM JIB€ Pa3HOBUIHOCTH JKYKOB?

OTBET Ha ASTOT BOINPOC TaKKE HMEET CaMOE€ HEMOCPEICTBEHHOE OTHOIIEHUE K
CIIOCOOHOCTH HEMPOHHOM ceTH 00y4YaThCs, K PACCMOTPEHHIO YETO MbI U MEPEXOIUM.
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TpenupoBka npocrToro kiaccupukaropa

Ceifuac 3aliMeMcs TpPEHHPOBKOW (0OyueHHWEM) JMHEHHOTO Kiaccudpukaropa u
HAyYUM €T0 MPaBWIBHO KJIACCH(PHUITUPOBATH JKYKOB, OTHOCS WX K TYCEHHIIAM WJIN
00kpUM KOpoBKaMm. Kak BBl BHAENW paHee, peub HAET 00 YTOYHEHWU HAKJIOHA
pasrpaHUYMUTEIILHON JTMHUHW, OTACISIIONIEH Ha Tpaduke OHy TPYIITy TOYCK JTaHHBIX,
COOTBETCTBYIOIIMX IMapaM 3HAYCHHWH JJIMHBI U IIUPUHBI, OT JIpyroi. Kak MbI 3TO
caenaem?

BmecTo Toro utoObl 3apaHee pa3paboTaTh MOIXOIAILYI0 HAyYHYIO TEOPHUIO, MbI
HAIy[aeM MPaBUIbHBIN MyTh METOJIOM MPOO M OMIMOOK. ITO MO3BOJIUT HAM JyUIlIe
MOHSTh MAaTEMATUKY, CKPBITYIO 32 3TUMHU JCHCTBUAMH.

Ham HyxHBI mpuMepsl Uisi TPEHUPOBKHU Kiaccudukaropa. UYToObl HE YCIOXKHSTH
ce0e JKU3Hb, Mbl OTPAHUYUMCS IBYMS TPOCTHIMU TTPUMEPAMHU, IPUBEICHHBIMU HIKE.

[Ipumep Jdnuna Hlupuna Kyk

| 3,0 1,0 Bboxbst KOpoBKa
T .0 3,0 I'ycennna

VY Hac ecTbh npuUMep Kyka, uMmeroiiero mupuny 3,0 u anuny 1,0, KOTOPBIM, Kak HaM
U3BECTHO, fABJISETCS OO0Xbel KOpPOBKOW. BToOpoil mpumep OTHOCHTCS K XKYKY,
uMeromeMy OoJbInyr0 JIuHY — 3,0 U MeHbInyo mupuHy — 1,0, KOTOPBIM SBISETCS
TyCEeHUIIA.

Mpg1 3HaeM, 4TO JaHHBIE B 3TOM HaOOpe MPUMEPOB SIBISIOTCS UCTUHHBIMU. IMEHHO C
UX TTOMOIIBIO OYJIET YTOUHSATHCS 3HAUEHUE KOHCTAHTHI B (DYHKIMU Kiaccudukaropa.
[IpuMepbl C WCTUHHBIMU 3HAYEHUSMH, KOTOPBIE HCIOJIB3YIOTCS IS OOy4YeHHS
pEeAUKTOPa WIH Kiaccu(puKkaTopa, Ha3bIBalOT TPEHUPOBOYHBIMU JAHHBIMH.
Orobpa3zuM HTH JBa TIpuMepa TPEHUPOBOYHBIX JaHHBIX Ha JUarpaMMe.
Buzyanuzanus 1aHHBIX 4aCTO MTOMOTAET JIy4ll€ MOHATh UX IPUPOJY, TOUYBCTBOBATH
UX, 4Yero HEeNerko JIoOUTHCsS, MPOCTO BIJSAJBIBASCh B CIHCOK WM TaOIHILy,
3aM0JIHEHHYIO YUCIIaMHU.
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Tperupobounpie danHble AR KaAcCupuKauuu XKykob

> o C

[

2yCeHuMAa

ﬂAuHa

doxbs kopobka

J

1 C

i { L L}
1 Z 3
upuHa

Haunewm co cnyyaiiHOW pa3IenuTeNbHON JIMHUM, IOTOMY 4TO HYKHO BEJb C YETO-TO
HayuHaTh. BcrnomHUTE JMHEHHYIO (QYHKIHMIO U3 MpUMepa ¢ IpeoOpa3zoBaHUEM
KWJIOMETPOB B MUWJIM, IIapaMeTp KOTOPOW Mbl HACTpauBaiu. Mbl MOKEM CHENaTh TO
’KE caMoe M celdac, IOCKOJIbKY pa3JieuTeNbHas JIMHNS BJAaHHOM Cllydae MpsMas:

y =Ax

MBI HaMEpEHHO UCIOJIB3YEM 3/1€Ch UMEHA X U Y, a HE JUIMHA U [IUPUHA, TOCKOJIBKY,
CTPOro TOBOps, B JAHHOM Cilydae JIMHHUS HE CIYXXWAT npeaukropoMm. OHa He
npeoOpa3yeT HIIMPHUHY B JUIMHY, KaK paHee KHJIOMETPbI MEPEBOJWINCH B MUIIM.
BmecTo 3TOro oHa BHICTYNAeT B KAUYECTBE Pa3eIUTEIbHON JTUHUH, KIacCU(PUKATOPA.
BeposiTHO, Bbl 0OpaTwiM BHUMaHHE Ha HENOJHYIO (QOpMYy ypaBHEHHUS Y=AX,
IIOCKOJIBKY IIOJIHO€ YPaBHEHME NPSIMOW JIMHMHM MMEET CIENYIOIUN BUI: y=Ax+B.
MBI HaMepeHHO JejaeM 3TOT CLEHAapui C CaJOBbIMM JKyKaMHU MAKCHUMAaJbHO
npocteiM. HeHyneBoe 3HaueHue B NpOCTO COOTBETCTBYET JIMHUH, KOTOpas HE
OPOXOAUT 4Yepe3 Hadajo KOOpAMHAT Ha auarpamMme, 4To He J00aBiseT B Halll
CLICHAapUM HUYETrO HOBOTO.

Panee Obu10 MoKa3zaHo, YyTo mapaMeTp A yIpaBisieT HAaKJIOHOM JUHUH. YeM Oosblie
A, Tem OoJbIIIe KpyTH3HA HAKJIOHA.

Jna Havama npumeM, urto A=0,25. Torma paszmenurenbHas JUHHAS ONMUCHIBACTCS
ypaBHeHueM y=0,25x. OtoOpa3um 3Ty JMHHIO B TpaUuecKoM BHJAE Ha TOH ke
qyarpamme, Ha KOTOPOU OTJI05KEHBI TPEHHUPOBOYHBIE TAHHBIE.
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TpeHupobounbie daHkpie AT kaaccudukayuu xykol

- C

SAUHA
]
=

1 - y = (0,25) x C,

YA

Y

s { { {

1 2 =
brnaronapst rpaduky mMbl 6€30 BCAKHUX BBIYHCICHUN Cpa3y K€ BHJIUM, YTO JTUHUS
y=0,25X He sABIIICTCSA XOpoImuM KiaccudukaTopoM. OHa HE OTICIACT OJWH THII
KYKOB OT Apyroro. Hampumep, Mbl HE MOXXEM JenaTh yTBEPXKIACHHs Hamojpoobue
“Ecnu To4ka JaHHBIX pacroJiaraeTcsi HaJl JMHUEH, TO OHA COOTBETCTBYET I'yCEHHUIIE ,
IIOCKOJIBKY TOYHO TaM € PaclojaratoTcs U JaHHbIE 00Kbel KOPOBKH.
NHTYUTHBHO MBI TNOHMMAaeM, 4YTO TIPaBblii Kpail JIMHUM CIEIYET HEMHOTO
OpUNOAHATE. [[pOBOANTE MOAXOAAIIYIO JMHUIO BPYUHYIO — HE camasl JIydilas Ujaesl.
VYnactcs 1M HaMm oAoOpaTh NIl 3TOr0 MOAXOASIIEe PEUIEHUE C HCIOJIb30BAHUEM
HNOBTOPSAIOIICHCS  MOCJIEOBATEIBHOCTY  KOMaHJ, KOTOPYI0  KOMIIBIOTEPUIMKU
Ha3bIBAIOT AJITOPUTMOM?
OOpatumcsi K NEPBOMY TPEHUPOBOUYHOMY IPUMEPY, COOTBETCTBYIOLIEMY OO0Kbei
kopoBke: mupuHa — 3,0 u qiuHa — 1,0. Eciiu 061 MBI TecTUpOBau QyHKINIO y=AX ¢
STUM NPUMEPOM, B KOTOPOM X paBeH 3,0, To Moyduiiu Obl CIEAYIOMUN pe3yIbTar:
Y =(0,25) * (3,0)=0,75
QyHKIMA, B KOTOPOM A IapaMeTpa A YCTaHOBJIEHO HAYAJIBbHOE CIIy4YailHO
BBIOpaHHOE 3HaueHue, paBHoe 0,25, coobmaeT, 4To A Kyka mupuHoi 3,0 miuHa
nojikHa ObITh paBHa 0,75. Mbl 3HaeM, 4TO 3TO CIMIIKOM MaJlo, TOCKOJIbKY COTJIaCHO
TPEHUPOBOYHBIM JTAHHBIM JIJIMHA )KyKa paBHa 1,0.
Wtak, Hamuuo pacxokaeHue, uiad omuOka. TOyHO Tak Ke, Kak B INPUMEpPE C
OPEIUKTOPOM, MPeoOpas3yIoUIMM KUJIOMETPhl B MHJIM, MBI MOXEM HCIOJIb30BaTh
BEJIMYMHY A3TOW OMIMOKH i1 MOJy4YeHHs HWH(OpPMAlLUU O TOM, KaKuM 00pazom
clielyeT KOppEeKTHPOBaTh apameTp A.
OpnHako cHauyana JaBailiTe MOAYMaeM, KAaKUM JOJDKHO ObITh 3HaueHue y. Ecnm
HOJIOKUTH €ro paBHbIM 1,0, TO TMHMS TPOUJET Yepe3 TOUKY ¢ KOOpAUHATaAMU(X, Y) =
(3,0; 1,0), cooTBeTCTBYIOIIYIO 00Xbel KOpoBKe. CaMo 1Mo cebe ATO HEII0X0, HO ATO
HE COBCEM TO, YTO HaM HY>kHO. Ham »enatenbHO, 4TOOBI JIMHUS
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npoxoauia Haja 3Toil Touko. Ilouemy? IloroMy, 4TO MBI XOTUM, YTOOBI TOYKHU
JAHHBIX OO0XKbEW KOPOBKM JIeXKalu TMOJA JUHUEW, a He Ha Hel. JluHus noimkHa
CIIY>KUTh pa3liefIuTeNIeM MEeXIy TOUKaMU JaHHBIX 00KbUX KOPOBOK U T'YCEHHII, a HE
MpeACKa3bIBATh JJIMHY JKyKa M0 U3BECTHOM IIUPUHE.

B cBs3u ¢ atum nomnpoOyem nmpumeHuTh 3HaueHue y=1,1 npu x=3,0. OHo nuilb HE
HamHoro 6oxbmre 1,0. BMecTo Hero MoskHo ObLIIO OBI B3ITh 3HaueHue 1,2 unum 1,3, HO
Hukak He 10 mmu 100, MOCKONBKY ¢ OOJBIION JOJEH BEPOATHOCTH 3TO IMPHUBET K
TOMY, YTO TpsiMas OyJeT MPOXOJUTh HaJ BCEMH TOYKAMU JAHHBIX, KaK O0XbUX
KOPOBOK, TaK M TYCEHHI], B PE3yJIbTaTe UYEro OHA CTAHET MOJHOCTHIO OECTIONE3HON B
KAueCTBE pa3/IeIUTEIIs.

CrnenoBartenibHO, MBI BhIOMpaeM I1iesieBoe 3HaueHue 1,1 u ompenensem omuoky E ¢
MOMOIIIBIO Cleaytomel popMyIIbl:

omubKa = xejmaeMoe IeJIeBOe 3HaueHue - ¢aktudeckuil pesynbratdnm (mocne
MOJICTAHOBKHM 3HAYCHUM ):

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

OO6paTuMcs K TPHUBEJISHHON HIDKE AUArpaMme, Ha KOTOpOW B TpaUyecKOM BHJIC
IpeACTaBICHbI OMMMOKa, a TAaK)Ke 11eJIEBOC U PACUCTHOE 3HAUCHHS.

2 o= KEAGEMOE 3HAHEHUE
y = 1.1

dAuHA

PAacHEMHOE 3HAYEHUE
y=0,75

—

./-

1 -~ /T owudka

E=1,1-075=035

L ° L i
I b & 3
wiupuHa

Kakum o6pa3zom Haille 3HaHHE BETMYMHBI OIMIMOKH £ MOXET MOMOYb B HaXOXACHUU
Jy4IlIero 3HaYeHus s napamerpa 4?

JlaBaliTe Ha BpeMs OTCTYHNMM OT 3TOr0 BOIPOCAa WU HEMHOTO Iopaccyxiaaem. Mbl
XOTUM HCIIOJIb30BaTh OMIMOKY B 3HAUEHHUHU ), KOTOPYIO Ha3Balu E, 7151 HAXOXKACHUS
UCKOMOIO HM3MeHeHus mnapamerpa A. /[ 3Toro HaMm HY’>KHO 3HaTh, KaK 3TH JBE
BEJIMYMHBI CBS3aHbI MEKIy co0oi. KakoBo cooTHomenune mexny 4 u E? Eciu Obl
3TO OBUIO HaM U3BECTHO, TO MBI MOTJIM ObI MOHATH, KAK U3MEHEHUE OJHON BEJIMYUHBI
BJIUSIET HA IPYTYIO.

Haynewm c nuHeliHON GyHKUMU JUIsl KilaccupuKaTropa:

y = AX

Ham yxe Hu3BECTHO, UTO HayajbHbIE IONBITKM MHPUCBOCHUS MPOOHBIX 3HAYECHUI
napameTpy A NpHUBEIM K HEBEPHBIM 3HAYCHMSIM ), €CIM OPHUEHTHPOBATHCA HA
TPEHUPOBOYHBIE NaHHbIE. IIycTh ¢ — KOppPEKTHOE LEIEBOE
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3HauYeHHue. YToObI MOJYyYUTh €ro, Mbl JOJDKHBI BBECTH B A HEOONBIIYIO MONPABKY.
JIjist TaKuX MOMpPaBOK B MAaTEMATUKE MPUHATO MUCIOJIb30BaTh CUMBOII 4, O3HAYAIOIIHIA
“He0oJpIIOe U3MEHEHUE . 3allUIIEM COOTBETCTBYIOIIEE YPABHEHUE:!

t=(A+AA)X
OTo0pa3uM 3TO COOTHOLIEHHE B rpaUueckoM BHJAE Ha AMArpaMMme, Ha KOTOPOU
NOKAa3aHbl JJMHUM JUIS ABYX 3HAUYCHUU HakiIoHa: A u A + AA.

t=(A+ AAX

JAUHA

y = Ax

{ L] {
1 2 3
WupuHa

Bcnomuute, yto ommoOKy E MBI ONpEeACTWIA KaK Pa3HOCTh MEXIY >KeIaeMbIM
KOPPEKTHBIM 3HAUYEHHEM ) M PACUETHBIM 3HAYEHUEM, TMOJIYYEHHBIM JJis TEKYILEro
npoOHoro 3HaueHus 4. Takum obpazom, E=t-y.
3anuiieM 3To B IBHOM BUJIE:
t-y=(A+AA)x-Ax
PackpbIB ckOOKM 1 TpUBES MOJOOHbBIE YIICHBI, TOJIyYaeM:
E=t-y=Ax+(AA)x- AXE =(AA)x
CrnenoBarenbHo, omuoka £ cBsi3aHa ¢ 44 04eHb MPOCTHIM COOTHOIIICHUEM.
ChopmynupyeM MPOCTHIMU CIIOBAMH TO, YETO Mbl XOTEIU JOOUThCA. MBI XOTenu
y3HaTh, KakuM 00pa3oM MOXHO HCHOJb30BaTh HMHGpoOpMaluio o0 omudke £ s
onpe/eeHs] BEJTMYUHBI TOTPABKU K A, KOTOpasi ”3MEHUJIA Obl HAKJIOH JTUHUHU TaKUM
oOpa3zoM, 4YTOOBI KJIacCU(PUKATOp Jydllle CHPABISUICA CO CBOUMH (YHKIHSAMH.
[IpeoOpazyem nociennee ypaBHEeHUE, YTOObI HAWTHU BhIpaykeHue ist AA:

AA=E/x
DTO U eCTh TO BhIpaXEHHUE, KOTOPOE Mbl MCKaIU. Teneph Mbl MOKEM HCIOJIb30BaTh
omuoOKy £ 11 M3MEHEHHUs HaKJIOHa Kiaccuuiupyromien JMHUN HaBeIuuuny 44 B
HY>KHYIO CTOPOHY.
OO6HOBUM HauanbHBINM HakIOH JuHUKU. Korna x Obut paBen 3,0, ommuOkaObUia paBHA
0,35. Takum ob6pazom, AA = E / x mpeBpamaercs B 0,35 / 3,0 = 0,1167. D10
O3HAYaeT, 4yTto Tekymiee 3HaueHue A=0,25 HE0oO0XOaUMO U3MEHHTHh Ha BEITUYHHY
0,1167. Otcrona cneayer, 4To HOBOE, YIydlllEHHOE 3HaueHue A paBHO (A + AA ),
T.e. 0,25 + 0,1167 = 0,3667. He cocraBnser Tpyaa yOeauThCs B TOM,
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YTO pacueTHOE 3HAUYEHUE Yy MPU HOBOM 3HAYEHUU A pPaBHO, KaK M CII€IOBAJIO
0Xuaath, 1,1 — xxemaeMoMy 11€JI€BOMY 3HAUYCHUIO.

Bce paboraeT, u MBI pacrojaraeM METOJIOM JJis YJIY4IICHHUS MapaMmeTpa A, eciu
U3BECTHA TEKYIlas OIIMOKa.

3aKOHYMB C TMEPBBIM IPUMEPOM, IMOTpeHupyemcs Ha BTopoM. OH J1aeTr HaMm
CJIEayIOIINe UCTUHHBIE JaHHble: X = 1,0 my = 3,0 .

I[TocMOTpUM, YTO TOJYYUTCS, €CIM BCTaBUTh X = 1,0 B JuHEHHYIO (QYHKIHUIO, B
KOTOPOM Temeph UCIOIb3yeTcsl oOHOBIIeHHOE 3HaueHue A = 0,3667. Ml noiyyaem y
= 10,3667 * 1,0 = 0,3667. D10 OueHb naneko otr 3HadeHus y = 3,0 B TPEHUPOBOYHOM
npuMepe.

Ucnonb3ys Te e pacCyXI€HHs, UTO U Mepe/l 3TUM, KOrJa Mbl HaIlly[bIBAaJIu MyTh K
MOCTPOCHUIO TAKOW JMHUU, KOTOpas HE mepecekana Obl TPEHUPOBOYHBIE JaHHBIE, a
npoxojuia HajJ HUMHU WIH TOJI HUMH, Mbl MOXEM 3a/laTh >KEJIaeMoOe€ IIeJIeBOe
3HaueHue paBHbiM 2,9. Ilpu 5>ToM JdaHHBIE TPEHUPOBOYHOTO MPUMEPA,
COOTBETCTBYIOIIETO T'YCEHHUIIAM, HAaXOMAATCS HaJl JUHUEW, a He Ha Hel. Omudka E
paBHa (2,9 - 0,3667) = 2,5333.

Ota omubka 00JIbIlIe MPEAbIAYIICH, HO Y HAaC Belb ObLI BCETO JIMIIb OJUH MPUMED
JUIs1 OOy4eHUs JIMHEHHON (DYyHKIIMH, KOTOPBIM OTYETIMBO CMeIan PyHKIIMIO B CBOEM
HaIlpaBJICHUH.

Onsate 00HOBUM A, Kak nenanu 1o 3toro. Cootnomenue 44 = E /x naet 2,5333 /1,0
= 2,5333. D10 o03HayaeT, YTO IMOCJIEe OYEepeaHOTO OOHOBJICHHUS mapaMmeTrp A
npuHuMaet 3Hadenue 0,3667 + 2,5333 = 2,9. Orcroga cneayet, uto mag x = 1, 0
(GyHKIIMS BO3BpallaeT B KauyecTBE OTBETa 3HAauUeHHE 2,9, KOTOpOE U SBISETCS
KEJTAEMbIM 1[€JIEBBIM 3HAYEHUEM.

Tenepsr MBI MOKEM BHU3YAJIM3UpPOBATh IMOJYYEHHBbIE pe3ynbTarhl. Ha crenyromien
auarpamMMme MpecTaBiIeHbl HayadbHas JIMHUS, TUHUS, OOHOBJICHHAS MOCTE 00yUeHUS
Ha MEPBOM TPEHUPOBOYHOM MPUMEpPE, U OKOHYATENbHAs JUHUS, OOHOBJIICHHAs Ha
BTOPOM TPEHUPOBOUYHOM MIPUMEPE.

OKOHYAMWEAPHOE YMOYHEHHOE 3HAYEHUE

= (2.0
. C Yy = (2,0) x

2

OAUHA

YMOYHEHHOE 3HAYEHUE
Y= :C’ 266 .r:"_l X

LUUPMHG
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I'mansa va rpaduk, Mbl BUAMM, YTO HAaM HE YAAJIOCh JOOUTHCS TOTO HAKJIOHA MPSIMOM,
KOTOpOro Mbl xoreiau. OHa He oOecreunBaeT JOCTATOYHO HAAEKHOE pasjelieHue
oOnacTell AuarpaMMbl, 3aHUMAEMbIX TOYKAMH JAHHBIX OOXbUX KOPOBOK U T'YCEHHUII.
Opnnako, JTMHUSL OOHOBIISIETCS], MOJCTPAUBASICH MO/ TO 1IEJIEBOE3HAYEHHUE ), KOTOPOE
MBI 33/1a€M.
A Beab NEHCTBUTENBHO, €CIU Mbl OyJeM MpoJ0JDKaTh TaK M Janee, T.€. IPOCTO
OOHOBJIATH HAKJIOH JUIsl OYEPETHOTO MPUMEpPa TPEHUPOBOUYHBIX JIaHHBIX, TOBCE, YTO
Mbl Oy/eM KaXIblil pa3 MmojyyaTh B KOHEUHOM CUETEe, — 3TO JIMHHIO, TPOXOSIIIYIO
BOJIM3HM TOYKH JAaHHBIX MOCJIETHEr0 TPEHUPOBOUHOTO MpuMepa. B pesynbrare 3TOro
Mbl OTOpAachIBAEM BECh MPEABIAYIINNA ONBIT OO0Y4YEHHUs, KOTOPBIA MOIJIM Obl
UCIOJIb30BaTh, U YUYUMCS JIMILIb Ha CAMOM MOCJIETHEM IPUMEPE.
Kak wucnpaBute 3Ty curyauuto? Mpbl criaxuBaeM OOHOBJIEHHS, T.€. HEMHOIO
YMEHBIIAEM BEJIHMYMHY MONpPaBOK. BMecTo TOro 4yToObl KaXKAbld pa3 3aMeHsATh A
HOBBIM 3HAYEHHEM, MbI UCIIOJIb3YEM JIUIIb HEKOTOPYIO JIOJIIO MONpPaBKu 44, a HE BCIO
ee IeJuKoM. braromapst 3TOMy Mbl JBHXKEMCS B TOM HallpaBJIEHUHU, KOTOPOE
MO/ICKA3bIBAET TPEHUPOBOYHBIA MPUMEP, HO AENAEM OTO OCHMOPONCHO, COXPAHSISA
HEKOTOPYIO YacTh MPEIbIAYLIEr0 3HAaUeHHs, KOTOpOoe ObLIO MOJIYYEHO B pe3yibTaTe,
BO3MOKHO, MHOTUX NPEABIIYIINX TPEHHUPOBOYHBIX LIHUKIOB. MBI yK€ BUIECIH, KaK
paboTaeT 3Ta uAes CriaXuBaHUS B INpHUMEpPE C MpeoOpa3oBaHUEM KHIOMETPOB B
MUJIM, KOTJa M3MEHSUIM TapameTp C JHIIb Ha HEKOTOPYI0 MO0 (aKTHUeCKOU
OIIINOKHU.
V Takoro Cria)khuBaHUsA €CTh €I€ OJUH OYECHbL MOIIHBIM U MOJE3HBIM MOOOYHBII
s¢dext. Ecnum TpeHUpOBOUHBIE [IaHHBIE HE SBJISIOTCS HAJACKHBIMH M MOTYT
cojiepKaTh OMIMOKU WU IIyM (a4 B peaIbHBIX U3MEPEHUSIX OOBIYHO MPUCYTCTBYIOT
00a 3Tux akropa), TO CrIIaKMBAHUE YMEHBIIAET UX BIUSHHE.
Crnenaem nepepacyeT, Ha 9TOT pa3 100aBUB CriIaKUBaHUE B (HOPMYITy OOHOBIICHHUS:
AA =L (E/X)
@dakTop CriaxuBaHusg, OOO3HAYEHHBIM 37eCh Kak L, 4YacTO Ha3bIBAIOT
koapdurieHToM ckopoctu 00yuyeHus. Buibepem L=0,5 B kauecTBe pa3yMHOIO
HAYaJIbHOTO MPUOIMKEHUs. DTO O3HA4YaeT, YTO Mbl COOMpaemcsi HCIOIb30BaTh
NOMPABKY BJBOE MEHbILIEH BEIMYUHBI, YEM O€3 CTIIaKUBAHUS.
[ToBTOpMM BCe pacdeThl, HUCIHOIL3YS HadajabHOe 3HaueHue A*0,25. Tlepssrit
TPEHUPOBOYHBIN npumep AaeT HaM y = 0,25%3,0 = 0,75. [Ipu neneBom 3Hauenu# 1,1
ommbka paBHa 0,35. [TonmpaBka pama AA =L (E / x) =0,5 * 0,35 / 3,0 = 0,0583.
O6HoBneHnHoe 3HayeHue A pasno 0,25 ++ 0,0583 = 0,3083.
[IpoBeaeHne pacyeToOB C 3TUM HOBBIM 3HAYEHUEM A 711 TPEHHUPOBOYHOIO IpUMEpa
npu x=3,0 gaet y = 0,3083 * 3,0 =0, 9250. Kak BuauM, pacrnojioxKeHUE 3TOH JIMHUU
OTHOCUTEJILHO TPEHUPOBOUYHBIX JAHHBIX OKa3aJlOCh HEYJAYHBIM — OHA MPOXOAUT
HWXKe 3HaueHus 1,1, HO ATOT pe3ysbTarT HE TaK yX U IUIOX, €CIU Y4YECThb, YTO ITO
ObL1a BCEro JIMILB MepBas MONBITKA. [ JaBHOE TO, YTO MBI JIBHKEMCSI B MPaBUIBHOM
HaIpaBJIE€HUHU OT IEPBOHAYAIBLHOM JINHUH.
[lepeiinem ko BTOpOMY HaOOpy TPEHUPOBOYHBIX AaHHBIX npu x=1,0. Mcnonb3ys
A=0,3083, mbl nomyuyaem y= 0,3083 * 1,0 = 0,3083. XKenaeMbiM 3HaUEHUEM OBLIO
2,9, noaromy ommubka coctasusget (2,9 - 0,3083) == 2,5917.
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ITompaka A A=L(E/x)=0,5*2,5917/1,0=1,2958. Teneps
obHoBIIeHHOE 3HaueHue A paBHo 0,3083 + 1,2958 = 1,6042.

BHOBL 0TOOpaswum Ha auarpaMMe HayaldbHBIA, YJIYyYIICHHBIH W OKOHYATECIbHBIN
BapUAHTHl JIMHUHU, YTOOBI YOEAUTHCS B TOM, 4YTO CrJaXUBaHUE OOHOBIECHUU
IPUBOJUT K 00Jiee YAOBICTBOPUTEIHPHOMY PACIOJIOKCHHUIO PA3ICTUTEIPHON JTUHUN
MEXKy 0071aCTsMHU JTaHHBIX O0KbUX KOPOBOK U I'YCEHHII.

Bmopoe czrnaxeHHoe ymouHeHue
C/ ;4 =(1,6042) x

2 -

AAUHA

H{:‘-Pﬁrln&’- CEAAXKEHHOE YMOYHEHUE
y = (0,3083) x

L &

0 |

{
1 2 3
wupuHa

OTO NEUCTBUTENBHO OTJINYHBIN pe3ynbTar!

Bcero numb ¢ AByMsS IPOCTBIMH TPEHUPOBOYHBIMU MPUMEPAMU U OTHOCUTEIHHO
IPOCTBIM METOJIOM OOHOBJIEHUS MBI, UCHOJIBb3Ysl CIIaKUBAHUE CKOPOCTH O0Yy4YEHUs,
CMOTJIM OY€Hb OBICTPO MOJYYUTh XOPOIUIYIO pa3IEIUTENbHYIO JUHUIO Y=AX, Tle
A=1,6042.

Takum 00pa3oM, HaM yJanoCh CO3[aTh aBTOMATHU3WPOBAHHBIM METOJ OO0y4YeHUs
Kiaccuukanuu Ha TMpuUMepax, KOTOpbIM, HECMOTps Ha MPOCTOTY TMOAXO0ja,
IPOJIEMOHCTPUPOBAI 3aMedaTeNIbHYI0 Y()PEKTUBHOCTD.

Buieoowi:

* YTOOBl MOHATH COOTHOIICHHE MEXKY BBIXOJHON ONIMOKOW JIMHEHHOTO
KjaccudukaTopa M mapameTpoM PEryJMpyeMoro HakjioHa, AOCTATOYHO BIAJIETh
AIIEMEHTAPHOM MATEMATUKOW. 3Has O3TO COOTHOLICHWE, MOXHO ONPENEIINUTh
BEJIMYMHY W3MEHEHHUs HaKJIOHA, HEOOXOJUMYIO [Jisi YCTPAaHEHMsI BBIXOJHOMU
OILLINOKH.

* HenmocraTok nNpsIMONMHEHHOrO NOAXOAA K PETYJIMPOBKE IapaMeTpOB
3aKJII0YAETCS B TOM, YTO MOJIeNIb OOHOBJISIETCSI JO HAWIYYIIEr0 COOTBETCTBHUS
TOJILKO TOCJIEHEMY TPEHUPOBOYHOMY IMPUMEPY, TOrJa KaK BCE MIPEAbIIyIINE
OpUMEpPHl HE MPUHUMAIOTCS BO BHUMaHue. OTHUM W3 HEIUIOXUX CIIOCOOOB
YCTpPaHEHHUs 3TOr0 HEJOCTATKA SIBJISIETCS YMEHBIIICHUE BEIUYUHBI OOHOBIICHUH C
MOMOIIEI0 KOA(PHUITMEHTa CKOPOCTH 00yUEHUSI, YTOOBI HA OJIMH OTIICIBHO B3SITHIN
TPEHUPOBOYHBIN MpUMEDP HE JTOMUHUPOBAJ B Mpoliecce 00yUeHUsI.
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* TpeHUpOBOYHBIE MIPUMEPHI, B3ATHIE U3 PEATbHON MPAKTUKU, MOTYT OBIThH
UCKKEHBl IIYMOM WM cojaepxkaTh omuOku. CriaxuBaHue OOHOBJICHHI
CIIOCOOCTBYET OIPAaHMUYEHUIO BIHUSIHUS OJJOOHBIX JIOKHBIX IPUMEPOB.

IIpakTHUyecKkue 3a1aHUA
1. ®ynkiuu
2. MaccuBsl
3. I'padpuaeckoe mpeacTaBICHNE MACCHBOB
4. OOBEKTHI

1. ®ynkuuu
Panee Mb1 paboTanu ¢ MaremaTudeckUMU QyHKIMSIMU. [[aHHBIe QYHKIIMH MTOTY4Yar0T

BXOJIHbIE JJAHHBIC, BBITIOJIHAIOT HEKYIO pa00Ty M BBIIAIOT pe3ysibTaT. DTU (PYHKIIUU
JIEHCTBOBAJIM CAMOCTOSATEIHHO, U Mbl MOTJIM UX MHOTOKPATHO HCIIOIh30BATh.
MHorue s3bIKM TNpPOTpaMMHUpOBaHUs, BKIouas Python, ympommaior co3manue
MOBTOPHO HCIIOJIB3yeMbIX HMHCTpyKIuid. [lomoObHO MaremaTudeckuMm (QyHKITUSIM
TaKWe MHOTOKPATHO WCIIOJIb3yeMble (PparMeHThl KOJa, €CIM OHHU OIpPEICTICHBI
HaJJIeKANUM 00pa3oM, MOTYT JIEMCTBOBaTh ABTOHOMHO M 00ECIICUYHMBAIOT CO3/IaHUE
0oJsiee KOPOTKOTO AJIETAHTHOTO KO/IA.
[Touemy cokpamaercs oobem koga? [loTomy 4TO BBI3BIBATH PYHKIMIO, OOpaIasiCh K
€€ UMEHH, TOpa3io MPOIIE, YeM KaXXIAbld pa3 MOJTHOCTHIO 3alMKMCHIBATH 00pa3yOIMNn
3Ty (PYHKIHIO KOJ.
Jns 3amanus yHKIIMA HEOOXOJUMO YETKO OIpPEICIUTh, KaKue 6X0O0Hble OaHHble
odicudaem QyHKYuss U KAKOU mMun 6bIXOOHbIX OaHHbIX OHa BbIIaeT. HekoTopeie
(GyHKIMMA B KaueCTBE BXOJIHBIX JAHHBIX MPUHUMAIOT TOJBKO YMCIA, U MMOITOMY UM
HEJb34 MepeaBaTh COCTOAIME U3 OYKB CIIOBA.
OO6patumMcst K KOHKPETHOMY TIpuMepy. BBeauTe U BBITOIHUTE CIEAYIOMINN
KOJ.

# (by'HKI_II/IH, KOTOpas MPpUHUMACT JIBa YKUCJIa B KAUCCTBC BXOIHbBIX I[aHHI:IX#

1 BBIBOJUT UX CPCAHCC 3HAUCHUC

def cpennee(x,y):

print('mepBoe  4yHCIO  paBHO',  X)
print('BTopoe 4nciio paBHO', y)a = (X +
y) /2.0

print('cpenHee 3HaU€HHUE paBHO', a)return a

OOcynuM, 9TO IenaroT 3TH KoMaHabl. [lepBbie IBE CTPOKH, HAUMHAIOIIHECS
¢ cuMBoJI0B #, Python urHOoprpyer, HO MbI HCTIOJIB3YEeM MX B KA4ECTBE KOMMEHTAPHS
JUIsl TIOTEHUMAIbHBIX yuTaTene kona. Cnenyromias 3a HUMU KoHCTpykuus def
cpeanee (X, y): coo6Omaer Python, uTto MBI coOupaemcs oOIpeaeauTh HOBYIO
MOBTOPHO HcHodb3yeMyto (yHkiuto. 3neck def (ot auri, define — onpenenutb) —
KITFOUEBOE CJIOBO; CpEHEE — UMsI, KOTOPOE MbI JaeM(PyHKIMU. Ero MOKHO BBIOMpATH
POU3BOJIBHO, HO JIYYIlIE BCETO HCIIONBb30BATh OnUCAMENbHble UMeHd, KOTOphIe
HAIIOMHST HaM O TOM, JJisi 4ero JaHHas (QyHKIUS (PaKkTUYeCKd MpeaHa3HadyeHa.
KoHcTpykins B KpyTasix CKOOKax (x,y) cooOrmraer
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Python, uro ¢yHKIUS NpUHUMAeT ABa BXOJHBIX 3HAYEHUS, KOTOpBIE B Mpenenax
MOCTIEAYIOUIETO OmnpeaesieHns (yHKIMH 0003HAYAIOTCS Kak X W y. B HEKOTOphIX
A3BIKaX MPOTrPaMMUPOBAHMS TpeOyeTcsi, YTOOBl BBl yKa3bIBAIH, OOBEKTHl KaKOTO
TUNA TPEICTABISAIOT MepeMeHHble, HO Python »Toro He AemaeT, W BIOCIEICTBUU
MOJKET JIMIIb HAalOMHHUTH 00 WCIOJB30BAaHUHM IEPEMEHHOW HE M0 Ha3HAYEHHUIO,
HaAIpUMeEp, KOIJa Bbl MBITAETECh MCIOJIB30BATH CIOBO, KaK OYITO OHO SIBISETCS
YKCIIOM U T.]I.

Tenepsb, korga mMbl 00bsABIIM Python 0 cBoeM HaMepeHUU ONpenenuTh (PYHKIUIO,
MBI JIOJDKHBI COOOIIUTh, UTO UMEHHO JefaeT 3T1a GyHKIusa. Onpedenenue hyHkyuu
8800UMCS C OMCMYNOM, 9TO OTPAKCHO B MPHUBEACHHOM BHINIE KOJie. B HEKOTOpHIX
S3bIKaX JJI TOro, YTOOBI ObUIO MOHATHO, K KAKUM YaCTSAM MPOrpaMMbl OTHOCSITCS T€
WIN UHbIe (PparMeHThl KOJia, UCIIOJIb3YETCs] MHOKECTBO BCEBO3MOXKHBIX CKOOOK, HO
co3narenu Python oco3naBanu, yTo oOmiIMe CKOOOK 3aTpyAHSIET YTEHHUE KOJ/Ia, TOTIa
KaK OTCTYIbl TO3BOJISIIOT C MEPBOrO B3MVIAJA MOJYUYUTh MPEJCTaBICHHE O €ro
CTpyKType. B oOTHOmeHHHM 1enecooOpa3HOCTH TakOro MOJAXOJa MHEHUS
pa3IeNUINCh, MOCKOJIbKY JIIOAM UHOTA 3a0bIBAIOT O BAXKHOCTHU OTCTYIIOB.

[TonsaTe cMBICT KOmAa B ompenencHun (GyHKIUUA cpenaHee (X, y) Oyaer coBcem
HECJI0)KHO, TTOCKOJIbKY B HEM HCIOJB3YETCsl BCE TO, C YEM MBI YK€ CTaJIKHUBAJIHCH.
DTOT KOJI BBIBOAMT 4YHCNA, MepenaBaeMble (GYHKIMM Tpu ee Bbi3oBe. s
BBIUMCJICHHUS CPETHETO 3HAYEHUS BBHIBOJAWTH apryMEHTHI BOBCE HE 00s3aTeNbHO, HO
MBI JITTa€M 3TO JJIA TOTO, YTOOBI OBLJIO COBEPIICHHO MOHSATHO, YTO MPOUCXOIUT
BHYTpH (yHKIMH. B crienyronieil MHCTpYKIMU BhIUUCIsETCS BennunHa (X +y) / 2.0,
U TIOJY4YeHHOE 3HAa4YeHHE MPUCBAUBACTCS TEpEeMEHHOW a. MBI BBIBOAWM CpEIHEE
3HAUYEHUE UCKIIIOYUTEIBHO JJI1 KOHTPOJISI TOTO, YTO MPOUCXOIUT B Koje. [locnenuss
UHCTPYKIUS — return a. OHa 3aBepuiaeT onpezaesnenne pyHkuu u coodmiaet Python,
YTO UMEHHO JI0JDKHA BEPHYTh (DYHKIIMS B KAUeCTBE pe3ysbTaTa, MOoJ00HO MalllMHAM,
KOTOpBIE MBI paHee 00CyK1aH.

3amyCcTHB 3TOT KOJ, BBl YBUJIUTE, YTO HUUYEro He npowusouuio. Hukakue uncna He
BBIBE/ICHBI. /[€10 B TOM, YTO MBI BCETO JIUIIb ONpeaeaii (GyHKINIO, HO TIOKa YTO HE
BbI3Basd ee. Ha camom nene Python 3apeructpupoBan dbyHKIHIO U OyIeT Aep>KaTh
€€ HaroToBE JI0 TEX MOp, TOKa MbI HE 3aXOTUM €€ HCI0JIb30BAaTh.

In [7]: |# @yHKyuAa, kKomopas npuHumaem O08a Hucna 8 kavecmBe BxodHeix OOHHLEX
# u BwBodum ux cpedHee ZHAYeHUE
def cpegHee(x,y):
print( nepeoe 4ucno pasHo', Xx)
print( eTopoe 4ucno paeHo', y)
a=(x+y) f2.0
print( cpegHee 3Ha4eHwe pasHo', a)
return a

Beeaute B crenyrorieit siueiike cpeowree (2, 4), 4ToObl aKTUBU3UPOBATh (QYHKIIHIO
st 3HaueHuit 2 u 4. Kcratu, B MUpe KOMIBIOTEPHOTO MPOTPAMMHUPOBAHUS ITO
HA3bIBACTCA BBI30BOM (PDYHKIHMHU. B COOTBETCTBUM C HAITUMU OKUJAHUSIMH JAHHAS
(GbyHKIIMS BBIBEIET IBa BXOHBIX 3HAYCHUS U UX BRIUKCICHHOE cpeaHee. Kpome Toro,
BBl yBUIUTE OTBET, BBIBEJCHHBIN OTAEIHHO, IOCKOJBKY BBI3OBBI (DYHKITHI B

MHTEPAKTUBHBIX ceaHcax Python conpoBoXaatoTcs MNOCHEAYIOMKUM — BBIBOJAOM
BO3BpAIla€MOro MU 3HaueHus. Huxe mokazano
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ompenencHue (PyHKINH, a TAKKE PE3yJIbTaThl €€ BBI30Ba C TTIOMOIIBIO WHCTPYKITUU
cpeonee (2, 4) m uHCTpYKIUU cpedree (200, 301) ¢ GONBITMMU 3HAYCHUSIMH.

In [8]: cpepHee (2, 4)

nepece 4YWCNO pasHo 2
BTOpOE 4YWCNO pasHo 4
CpegHes 2Ha4YeHWe paeHo 3.0

out[8]: 3.8

HOBKCHepI/IMeHTI/IpyﬁTe CaMOCTOATCIbHO, BBI3bIBAA (I)YHKI_[I/IIO C Pa3InM4HbIMHA
BXOJAHBIMHU 3HAYCHUSIMMU.

In [9]: cpenHee (288, 381

nepeoe 4YWCNO paBHo 268
BTOpPOE YKWCNO pasHo 381
cpefHee 2Ha4yeHWe paBHO 25B.5

out[9]: 250.5

Bo3MoxHO, Bel 0OpaTuiii BHUMaHUE Ha TO, YTO B Kojae (DYHKIIMU CPEIHEE JIBYX
3HAYCHUN HaXOJUTCS IyTeM JieJieHus He Ha 2, a Ha 2,0. [louemy MbI Tak mocTymnuian?
O10 ocobenHocty Python. Ecnu Obr Mbl genunu Ha 2, TO pe3yiabTaT Obul OBl
OKpYIJIEH JI0 OJIDKaWIlero IeJoro B MEHBIIYI0 CTOPOHY, MOCKOJbKy Python
paccmatpuBai Obl 2 MPOCTO Kak IIEJI0€ YUCIO. DTO HE HU3MEHHUJIO Obl PE3yJbTaT
BbI30Ba cpenHee (2, 4), mockoiabky 6/2 paBHO 3, T.e. menoMmy uuciay. OgHako B
cnydae Bb3oBa cpemuee (200 ,301) cpemnee 3nauenwe, paBHoe 501/2,t1.e. 250,5,
ObL10 OBbI OKpyTIIeHO A0 3HaueHus 250. lenenue xe Ha 2,0 coobmaet Python, uto B
HAIll HaMEPEHUs IEHCTBUTEILHO BXOJNUT paboTa C YUCIaMH, KOTOPHIE MOTYT UMETh
JIPOOHYIO YacTh, U Mbl HE XOTHM, YTOOBI OHU OKPYTJISITHCH.

Wtak, MBI ompeaenuian MOBTOPHO HCIOJB3yeMyl (YHKIUIO — OJWH U3 Hawbosee
BOXHBIX M MOIIHBIX JJIEMEHTOB KaK MaTEMaTHKH, TaK W KOMITBIOTCPHOTO
IpOrpaMMHUPOBAHUS.

Mgl OyaeM NpUMEHSITh TOBTOPHO MCIOJIb3yeMble (PYHKIIMHM TIPU HAMMCAaHWUU KOja
coOCTBEHHOW HeWpoHHON ceTu. Hampumep, MMeeT CMBICI CO37aTh ITOBTOPHO
UCIOJIb3yeMYI0 (YHKIIMIO, KOTOpas peaau3oBajia Obl BBIUUCIEHUS C TOMOIIBIO
CUTMOH/IBI, YTOOBI €€ MOYKHO OBIJIO BBI3BIBATH MHOTO pa3. OO 3TOM B CIEAYIONTUX
paborax.

2. Maccusbl
MaccuBbl — 3T0 He Oosee yem Tabnauubl 3HauyeHud. Kak u B cimywyae Tabnuil, BbI
MO>KET€ CChUIAThCSI HA KOHKPETHBIC STYEHKH 110 HOMEpPaM CTPOK U CTOJIOLIOB.
HaBepHoe, BaM HM3BECTHO, YTO MMEHHO TaKUM CIOCOOOM MOXKHO CChUIAThCS Ha
SUEUKH B DJIEKTPOHHBIX Tabiuiax (Hanpumep, B1 wiu C5) u mpousBoAUTh HAJl HUMU
BbluncieHus (Hanpumep, C3+D7).
Kornma neno gonaer 1o HanmMcaHnus KOJa HEUPOHHOW CETH, Mbl UCIOJIb3YEM MACCUBBI
JUTSL TIPEICTABIICHUSI MATPHI] BXOJHBIX CHUTHAJIOB, BECOBBIX KOI(POUIIMECHTOB H
BBIXOJIHBIX CHUTHaJIOB. HO HE TONBKO 3TUX, a TaKXke MaTpHll, MPEICTABISIONIUX
CUTHAJIbl BHYTPU HEUPOHHOMN CETH M MX PACHPOCTPAHEHUE B MPSIMOM HAaIlpPaBJICHUH,
U MaTpHull, MPEJACTABIAIONUX 00paTHOE PaCIPOCTPAHEHUE
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omubok. [ToaTomMy naBaliTe MO3HAKOMUMCS C MacCHMBaMU. BBenWTe U BBINOJIHUTE
CICIYIOLINMN KO/

import numpy

Uro gemaer »toT kox? Komanma import coobmaer Python o nHeobxomumocTu
MPUBJIICUEHHUS JTIOMOJIHUTENBHBIX BBIYUCIUTEIBHBIX PECYPCOB U3 JPYTrOr0 UCTOYHUKA
JUIS PACIIMPEHUS] KPyra HUMEIOLIUXCS MHCTPYMEHTOB. B HEKOTOpBIX cCilyyasx 3TH
JOTIOJIHUTEJIbHBIE MHCTPYMEHTHI SIBJIAIOTCA 4acThio Python, HO oHM He HaxomsSTCS B
COCTOSTHUM TOTOBHOCTH K HEMEJJICHHOMY HCIIOJIb30BaHUI0, YTOOBI 0€3 HaJ00HOCTH
He orsaromarth Python. Yame Bcero pacmupeHus HE OTHOCSATCS K OCHOBHOMY
WHCTpyMeHTapuio Python, HO co37al0TCs CTOPOHHUMH pa3pabOTUUKAMU B KauyeCTBE
BCIIOMOTATEBLHBIX PECYpPCOB, JOCTYIHBIX [IJI1 BCEOOIIEro HCMoJib3oBaHus. B
JAHHOM CJlyda€ Mbl HMIIOPTUPYEM JIOTIOJIHUTEIBHBIM HA00p HWHCTPYMEHTOB,
00BbEIMHEHHBIX B €JIMHBIM MOYJIb IO Ha3BaHWeM numpy. [lakeT numpy oueHb
MOMYJISIPEH M TIPEJIOCTABISET psif TOJE3HBIX CPEACTB, BKJIOYas MAacCCHUBBI U
omnepaluu HaJl HUMHU.

Beenure B cinenyromen sueiKe NPUBEICHHBIA HUKE KO,

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

B sToM Kkoje WMNOPTUPOBAHHBIA MOJYJIb NUMPY MCIOJIB3YETCA ISl CO3AaHUA
MacCuBa Pa3MEPHOCTHIO 3X2, BO BCEX SUYCHKAaX KOTOPOTO COJEPIKATCS HYJIEBbHIC
3Ha4YeHMs. MBI COXpaHsieM BECh MAacCCHB B MIEPEMEHHOM @, MOCJIE YETO BHIBOJUM €€ Ha
9KpaH. Pe3ysibTaTr MOATBEpPKAAET, YTO MACCHUB AEHUCTBUTEIBHO COCTOUT U3 HYJIEH,
XPAHSAIIUXCS B BUAC TAOJIHIIBI C TPEMS CTPOKAMHU U ABYMS CTOJIOIIAMHU.

In [1@]: import numpy

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

[ ]

[e. 8.
[e. @.]
[e. 8.]]
A Tenepb MOIU(GULKPYEM COAEPKUMOE 3TOI0 MAacCHUBA U 3aMEHHM HEKOTOPBIE U3
€ro HyJied IpPYyTMMH 3HA4YEHUSMH. B IpPUBENEHHOM HWXKE KOJE IOKa3aHO, Kak
COCJIaTbCAd HAa KOHKPETHBIE SYEMKHU NJIsl TOro, 4TOObl 3aMEHUTh XPaHALIMECS B HHUX
3HAYEHUSI HOBBIMHU. DTO HAIOMUHAET OOpaIlleHUE K HY>KHBIM slY€KaM 3JIEKTPOHHOU

TaOJINIIBI.

a[0,0]=1

a[0,1]=2

a[1,0]=9

a[2,1]1=12

print(a)

ITepBas ctpoka OOHOBJISIET SAUEHKY, HAXOAsIIyIOCcs B cTpoke 0 u cronbie 0, 3ameHs st
BCE, YTO B HEH JIO0 ITOr0 XpaHUJIOCh, 3HaUeHUEeM |. B ocTanbHBIX CTpoKax IpyTHe
SYCUKH aHAJIOTHYHBIM 00pa3oM OOHOBJISIOTCS, a TIOCHICIHSS CTPOKAa BBIBOIUT

MacCHB Ha 3KpaH C MOMOUIbI0 MHCTPYKIMHU print(a). Ha npuBeneHHon
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HUKE WUTIOCTpAIlMU MOKAa3aHo, 4TO cOOOM MPEACTaBIsI€T MAaCCUB TIOCJIE BCEX
N3MEHEHUH.

In [16]: |a [@,8] = 1
a [@,1] =2
a[1,8] = 9
a [2,1] = 12
print(a)

e
@™ 0 =
[ o ]
[ —

12.1]
Tenepp, Korga W3BECTHO, KaK IPUCBaMBaTh 3HAYEHUS DJJEMEHTaM MacCHuBa,
paccMOTpUM, KakuM 00pa3oM MOXKHO Yy3HATh 3HAYEHHUE OTIEIBLHOIO 3JIEMEHTa, HE
BBIBO/JISI HA dKpaH BeCh MacCHUB. UTOOBI COCNIaThCsl HA COACPKUMOE STUCHKH MacCHBa,
KOTOPOE€ MBI XOTHM BBIBECTH Ha DJKpaH WM IPUCBOUTH APYroMl IEepeMEeHHOM,
JIOCTATOYHO BOCITIOJIB30BAaThCs BhIpakeHHeM Hamomobue a [ 0,1 Juma [ 1,0 ].

NMeHHO 3TO IeMOHCTpUPYET MPUBEICHHBIN HIDKE (PparMeHT Koja.

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

[1,0]

print(v)

3amycTUB STOT MPUMEpP, BBl YBUAUTE, YTO TMEpBas WHCTPYKIHUS print BBIBOJIUT
3Hauenne 2,0, T.e. couepxkumoe sueiiku [0,1]. Crnenyromas HWHCTPYKIUSA
NPUCBANBAET 3HAaY€HHE HyemMeHTa maccuBa a [1,0] mepeMeHHOW V M BBIBOJUT
3Ha4YeHUE ATON nepemeHHoM. Kak u oxkunanock, BHIBOAUTCS 3HaueHue 9,0.

[17]: |print(a[@,1])
v =a [1,8]
print({v}

In

2.9
6.9
Hywmeparmus cton6mos u ctpok HaumHaetcs ¢ 0, a He ¢ 1. BepxHuii JieBbIii 21eMEHT
o0o3Havaercsa kak [0,0], a He kak [1,1]. Orcrona cnenyer, YTO NPABOMY HIKHEMY
3JIEMEHTY COOTBETCTBYET oOo3HaueHue [2,1], a He [3,2]. Ecnu MbI mombiTaemcs, K
npuMepy, oOpaTUThCS K 3JeMeHTy maccuBa a/0,2], To moiaydyum cooOuieHue o0
OIIHNOKeE.

nonemka ofpaweHus K HecyuecmBywuyemy 3aemedmy Maccuba

IndexError Traceback (most recent call last)
<ipython-input-18-f5ac82a5343a>» in

1 #nonuiTka obpaweHWA K HeCyWwecTBYHWEMY 3SMNeMeHTY MacCMBEa
---->» 2 a[e,2]

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

MaccuBbl, WIM MaTpUIlbl, TPUTOJAATCS HaM JJIi HEUPOHHBIX CETEH, IMOCKOJbKY
MO3BOJIAT YMNPOCTUTh MHCTPYKIMU TPU BBIMOJHEHUM WHTEHCHUBHBIX BBIUUCICHUM,
CBSI3aHHBIX C PACIpPOCTPAHEHUEM CHUTHAJIOB M OOpaTHBIM pPacCIpOCTpPaHEHUEM
OIIMOOK B CETH.
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3. I'paduyeckoe npeacraBjieHne MacCHBOB

Kak u B cimydae OONBLIMX YMCIOBBIX TAOIUI[ M CHUCKOB, MOHITH CMBICI YHUCEN,
coJiep KalluXcs B 3JIEMEHTaX MaccuBa OOJIBIION pa3MEPHOCTH, TOBOJIBHO TpyAHO. B
TO € BpeMs UX BU3YyaJIM3alLMs MO3BOJSET OBICTPO MOIYYUTh 00IIEe MPEICTaBICHNUE
O TOM, 4YTO OHM O3Ha4arT. OZHMUM H3 CHOCOOOB TpadHUUEcKOro OTOOpaAXKEHUs
JBYXMEPHBIX YHCIOBBIX MACCUBOB SIBJIAETCS MX MPEJCTABIECHUE B BUJE JBYXMEPHBIX
NOBEPXHOCTEH, OKpacka KOTOPBIX B KaXJOW TOYKE 3aBUCUT OT 3HAYEHUSA
COOTBETCTBYIOILIETO 3€eMEeHTa MaccrBa. Coco0 yCTaHOBIEHUSCOOTBETCTBUS MEXKIY
[[BETOM IOBEPXHOCTH M 3HAYEHMEM 3JIEMEHTAa MacCUBa Bbl BBIOMPAETE MO CBOEMY
ycMmoTpenuto. Hanpumep, MOokHO npeoOpa3oBbIBATH 3HAYEHUS! B LIBET, HUCIOJIb3YS
KaKyl0-1100 LIBETOBYIO LIKAJy, WK 3aKPAaCUTh BCIO MMOBEPXHOCTh OEJIBIM I[BETOM 32
UCKJIFOUEHHUEM YEPHBIX TOYEK, KOTOPBIM COOTBETCTBYIOT 3HAUECHMS, IIPEBBIIIAIOIINAE
ONPENEITICHHBIN MOPOT.

JlaBaiiTe mpeacTtaBuM B rpaduuecKoM BHJIE CO3JaHHBIA paHee HEOOJBIION MacCUB
pPa3sMEpHOCTHIO 3 X 2 .

Ho cHauana MbI JOKHBI paCIIMPUTh BO3MOKHOCTH Python asia pabotsl ¢ rpadukoil.
Jj1st 3TOro HEOOX0AMMO UMITOPTUPOBATH JOMOJHUTENbHBINA Ko/ Python, HanrcanHbii
OPYTUMHU JIIOJbMHU. OJTO BCE€ PaBHO, YTO B3SATh y TOBapHIlla KHHUTY PELENTOB,
NOCTaBUTh €€ Ha CBOIO KHUKHYIO TOJIKY M TOJIb30BAThCS €10 JUIsl MPUTOTOBICHUS
0J110]1, KOTOPBIE paHbIIIE HE YMEJIU TOTOBUTb.

Hwmxe nmpuseneHa MHCTPYKLMSA, ¢ IOMOILBID KOTOPOH MBI MMIIOPTHPYEM HY KHBIN

HaM TaKeT 1)1t paboThl ¢ rpadUKON:
import matplotlib.pyplot

3nech matplotlib.pyplot — 3To UMsI HOBOW «KHUTH PEIETITOBY, KOTOPYIO MBI HA BpEMS
omammkuBaeM. Bo Bcex MOAOOHBIX CcIydasX HWMs MOIYJsS WIA OUOIMOTEKH,
MPEIOCTABISIONIEM B Balle PacCHOpPsHKEHHUE JOMOJHUTEIBHBIM KOJ, YKa3bIBACTCS
nocJjie KJIKYeBOro ciora import. B npouecce padotsl ¢ Python yacto mpuxomurcs
UMIIOPTUPOBATH JIOTIOJTHUTEIBHBIE CPEJCTBA, OOJErdyarouye KU3Hb MPOrpaMMHCTa
3a CUET MOBTOPHOTO UCIOJIb30BAHUS MOJE3HOTO KOJ1a, MPEIJI0KEHHOTO CTOPOHHUMHU
pazpabotunkamu. Bo3MokHO, W BBl pa3paboTaeTe KOTIa-HUOYIb KOJ, KOTOPHIM
MOJAEJIUTECH C KOJUIETAMM.

Kpome Toro, Mbl 1OJKHBI TONOJHUTEIBHO cooOuuTh [Python o Tom, uto molyio
rpaduky cieayer oToopaxaTh B OJIOKHOTE, a HE B OTJEIHLHOM OKHE. DTO JIENAeTCs C
ITOMOIIIBIO CIICAYIOLIEH TUPEKTUBBI:

%matplotlib inline

Tenepb Mbl MOTHOCTHIO TOTOBBI K TOMY, YTOOBI IIPE/ICTABUTh MAacCUB B rpayuyecKoOM
BUJIe. BBEIUTE M BBITIOTHUTE CAEAYIOIIUN KO

matplotlib.pyplot.imshow(a, interpolation="nearest")
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import numpy

.:[1.::_‘7 g

a[2,1] = 12

import matplotlib.pyplot
Ematplotlib inline

matplotlib, image AxesImage at Bx36e7icd

0.5

0.0

15

2.5 T
—0.5 o0 0.5 1.0 L5

Hawm ynanoce npencraButh comepkMMOe MaccuBa B BUJE LIBETHOM AuarpaMmbl. Bbl
BUJIUTE, YTO SYEHKH, COAEpKallUe OJIMHAKOBBIE 3HAYECHUS, 3aKpalleHbI
OIMHAKOBBIMH 1BeTamH. [lo3ke MBI mcmons3yeM Ty ke GyHKuuto imshow() mms
BU3yaJIM3allMy 3HAYCHU, KOTOpbIE OyIeM MoJly4aTh U3 Hallleil HEWPOHHO CEeTH.

B coctaB nakera [Python Bxonut GoraTsiit HA6Op HHCTPYMEHTOB, IIPEIHA3HAYCHHBIX
JUIs BU3yalu3anuu AaHHbIX. DyHKuus imshow () mpeniaraeT MHOXXECTBO OIIIMI
rpaduyecKoro MpPEACTABICHUS JAaHHBIX, TAKUX KaK MCIOJIb30BAHUE Pa3JIMUHbBIX
LBETOBBIX MAJIUTP.

4. O0beKThI
Jlanee cneayeT MO3HAKOMUTBCA C €Ul OJAHUM (YyHIAMEHTAIbHBIM IOHITHEM,
KOTOpoe ucroiab3yercs B Python, — moustuem o0bekTa. OOBEKTHI B UEM-TO CXOXKH C
HOBTOPHO HCHOJIb3yeMbIMU (YHKIHUSMHU, TTOCKOJIBKY, OJTHAXbI OMpPEIEIUB HUX, BB
CMOJKETE BIOCJIEACTBUM 00Opamarbcs K HUM MHOXECTBO pa3. Homo cpaBHeHuio ¢
(GYHKISIME 00BEKTHI CIOCOOHBI HAa TOpa3o OoJbIIIee.
3anuInTe CAEAYIOMMNN KOJI:# Kiacc
o6bvexToB Dog (cobaka) class Dog:
# cobaku moryTt nastbdef bark(self):
print("T"aB!")pass
pass
Haunem ¢ Toro, ¢ yem Mbl yke 3HakoMbI. [Ipexe Bcero, Koa BKIIOYAET (HYyHKIUIO
bark() . Kak HETpyIHO 3aMeTUTh, IPU BBI30BE JAAHHOUN (YHKIIMU OHA BBIBEIET CJIOBO
“I'aB!” A Tenepb pacCMOTPUM KOJ B LIeJIOM. Bbl BUauTE KitoueBOe ClOBO class, 3a
KOTOPBIM cieaytoT ums Dog (cobaka) U CTpyKTypa, HanoMUHawomas (QyHkuuw. B
cpa3y K€ MO’KET€ MPOBECTH Mapajuielid MEXIY
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ATOW CTPYKTYpPOH M OMNpeeieHHneM (PYHKITUH, KOTOPOE TaKKEe CHAO0XKAETCSUMECHEM.
OTnM4garoTCs K€ OHU TE€M, UTO IS onpeaesieHns GyHKIUNA UCTIONB3YeTCs KITI0UeBOe
CJIOBO def, ToTNa Kak Jyisl onpenesieHus 00bEKTOB MCIOJIb3YETCs KIIFOYEBOE CJIIOBO
class.

[Ipexae yeM yriryOMThCS B OOCYXKIEHHE TOTO, KaKO€ OTHOIICHHE 3Ta CTPYKTYypa,
Ha3bIBaeMas KJacCOM, UMeeT K 00beKTaM, BHOBb K IPOCTOMY, HOpEaIbHOMY KOy,

KOTOprﬁ OXXHUBJIACT OTH ITIOHATHA.

sizzles = Dog()
sizzles.bark()

B nepBoii cTpoke co3maercsi nepeMeHHas Sizzles, HCTOUHMKOM KOTOpOH SIBIsieTCA
BbI30B (hyHKIMU. Dog () — 310 0cobast pyHKIMsI, KOTOpask CO3/1aeT IKIEMIUISP Kiacca
Dog. Takum 00pa3oM MOXKHO CO3/1aBaTh pPa3IMYHBIC CYITHOCTH W3 OMpPEICICHHIA
KJIACCOB. DTH CYIIHOCTU Ha3bIBAIOTCS 00ObeKTaMu. B maHHOMcCiyuyae Mbl co3falld U3
onpeneneHus kinacca Dog oObekT sizzles U MoOkeM cUYUTaTh, YTO ITOT OOBEKT
SIBIIIETCS COOAKOM.

B cnenytomeit ctpoke mansa oobekTa sizzles Boi3biBaeTcs GyHkuus bark(). @yHKuus
bark () BbI3BIBaeTCS Tak, Kak eciau Obl OHA ObUIa 4YacThi0 OOBEKTa sizzles. ITo
BO3MOKHO, MOTOMY YTO AAHHYIO (YHKIHUIO MMEIOT BCe OOBEKTbI, CO3JaHHBIC Ha
ocHoBe Kki1acca Dog, BeZib IMEHHO B HEM OHa U OTpeielicHa.

OmummemM BCce O3TO TMPOCTBIMU ClIOBaMH. MBI co3faid  TEpEeMEHHYIO sizzles,
pazHoBuHOCTh Kiacca Dog. Ilepemennas sizzles — 3TO OOBEKT, CO3JaHHBIN IO
mabnonHy kiacca Dog. O0BEKThI — 3TO SK3EMILISIPHI Kilacca.

Crnenyronmii mpuMep TMOKa3bIBa€T, YTO MBI K ATOMY BPEMEHH YCHENIU CIeNaTh, U
NOJATBEPKIAET, uTo PyHKIUs Sizzles.bark() nefictBuTensHO BRIBOAUT coBO “T"aB!™

print("rae!")
pass
pass

Bo3moskHO, BeI 00paTtuiii BHUMaHHE Ha djeMeHT self B ompeneneHun QyHKIUU —
bark (self). On 3mech nmns Toro, ytoObl ykas3wpiBaTh Python, kK KakoMy OOBEKTYy
IPUMHUCHIBACTCS QYHKIINS MIPU €€ CO3TaHHH.

PaccmoTpum mpumepsl OoJiee TOJIE3HOTO HCTOJIB30BaHUS OOBEKTOB M KJIACCOB.
Habepure Ha cnenyromuii Kou:

sizzles = Dog ()mutley =
Dog()

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

sizzles.bark()

mutley.bark()

ras!
ras!

Mp1 co3nanu 1Ba o0bekTa: sizzles u mutley. BakHo moHUMATH, YTO 002 OHU ObLIN
CO3/1aHbI HA OCHOBE OJHOT0 U TOrO :Ke ompenegenus kiaacca Dog. CHavyana mbl
omnpeaeasieM, KaKk 00beKThI J0/KHbI BBITJIAIETh U KAaK J0JKHbI Ce0s1 BECTH, a
3aTeM C03/1aeM MX peajibHble IK3eMILISIPbI.

B sToM u cocTouT CyTh pasznuyusi MEXAy KiaccaMd WU OOBEKTaMHU: TEPBBIC
NpEACTaBIAIOT COOOM omucaHusi OOBEKTOB, a BTOPHIE — peajbHbIC HK3EMILIAPHI
KJIACCOB, CO3JaHHBIE B COOTBETCTBUU C ITUMHU OmnucaHusiMu. Kracc — 3To peuent
MPUTOTOBIICHUS] MHUPOra, a 0ObeKm — caM MHUPOT, H3TOTOBJICHHBIM MO JAaHHOMY
peuenty. Ilpouecc co3manusi OOBEKTOB Ha OCHOBE OIMCAaHMS Kjacca MOXKHO
MOSICHUTH C MIOMOUIBIO CIIEAYIOIIEH HATJISITHOW UJLTIOCTPALIUU.

Fa ra
d bd b oo

:
|
| R 1 Kkaace Dog
[

_——

bvekm Dog odvexkm Dog

A 4TO HaM JaeT co3jaHue 0OBEKTOB Ha OCHOBE Kiacca? K ueMy Bce 3TH XJIOMOTHI?
He nyume mu Obuto mpocto BeiBecTH (Gpasy “TaB!” 06e3 kakoro-mu6o
JIOIIOJIHUTEIHLHOrO Koxa?

[Ipexne Bcero, 3To UMEET CMBICH JeiaTh TOra, KOrja BO3HUKAET HEOOXOAUMOCTh B
CO3/TaHUM MHOKECTBA OJIHOTHUITHBIX 00BEKTOB. Co3/1aBast 3TH OOBEKTHI MO €AUHOMY
o0pa3ily Ha OCHOBE KJlacca, a HE OMNHChIBAs MOJHOCTBbIO KaXIbli W3 HUX IO
OT/ICJIBHOCTH, BbI JIKOHOMUTE Maccy BpeMeHH. Ho peaibHOE NPEUMYIIECTBO
00BEKTOB 3aKJIIOUAETCS] B TOM, YTO OHU OOECIEYMBAIOT KOMITAKTHOE OOBEIUHEHUE
JAHHBIX U (DYHKIIMOHAJBLHOCTH B OJHOM MecTte. lleHTpanu3oBaHHAs OpraHu3aIus
dbparMeHTOB KOJla B BHJIE OOBEKTOB, KOTOPHIM OHU €CTECTBEHHBIM OO0pa3oMm
NpUHAJJICKAT, 3HAYUTEIbHO OOJIerdyaeT TIOHMMAHHWE CTPYKTYPhl TIPOrpaMMBI,
0COOEHHO B CiIy4yae CJOXHBIX 3aJad, YTO SBJSIETCS OOJBIIMM ITUTFOCOM IS
nporpammucToB. Cobaku naroT. KHONKM pearupyroT Ha
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menykd. J[MHaMuKu W3MaroT 3BYKH. [IpHHTEpHI medaTaroT WM KaIyIOTCS, €CIIH
3aKoHYMJIAch Oymara. Bo MHOTMX KOMITBIOTEPHBIX CHCTEMaxX KHOMKH, TUHAMHUKHU U
NPUHTEPHl  JEHCTBUTEIHLHO SBISIOTCS OOBCKTAaMH, (PYHKIIUH KOTOPBIX BBI
aKTUBU3HPYETE.

OyHKIIMK, TpUHAAJEKAIIME OO0bEKTaM, Ha3bIBalOT MeTojgaMu. C BKIIOYEHHEM
(GbyHKIMN B COCTaB OOBEKTOB BhI YK€ CTATKHUBAIMCH, KOTIa Mbl JOOABIISITN (DYHKIIHIO
bark () B onpenenenue kinacca Dog, u co3maHHbIe HA OCHOBE ATOT0 Kilacca 0OBEKTHI
sizzles n mutley BKIOYaau B ce0s JaHHBIA MeToa. Bl Buaenu, uro 06a oHM “nasian’”
B PACCMOTPEHHOM TIPUMEpE.

HetlipoHHble ceTH MPUHUMAIOT HEKOTOPHIC BXOJHBIC JaHHBIE (BXOJHOW CHTHAN),
BBITIOJTHAIOT HEKOTOPHIE BBIYMCICHUS WM BBIIAIOT BBIXOJHBIC JaHHBIC (BBIXOIHOU
curHai). Bel Takke 3HaeTe, 4TO UX MOYKHO TPEHHUPOBaTh. BB yXe BHUIEIH, YTO 3TH
JEHCTBUS — TPEHUPOBKA M BbIJIaya OTBETA — SBIISIOTCS €CTECTBEHHBIMU (DYHKIIUSIMH
HEHPOHHOM CeTH, T.e. UX MOXXHO paccMaTpuBaTh B KadecTBE (YyHKIMI OOBEKTa
HelipoHHOM ceTtu. C HEUpOHHBIMM CETSIMU €CTECTBEHHBIM O00pa3oM CBsI3aHbI
OTHOCAIIMECS K HUM BHYTPEHHUE IaHHBIE — BECOBBIE KOI(PPUIIUEHTHI CBA3EH MEKITY
y3namu. BoT moueMy mMbl Oy/ieMco3/1aBaTh HAIlly HEHPOHHYIO CETh B BUJIE OOBEKTA.
UtoObl BBl MONMY4YWIM 0oJiee TOJHOE MPEACTABICHHE O BO3MOXKHOCTSIX OOBEKTOB,
naBaiTe 100aBMM B KJIacC TIEPEeMEHHBIC, TIPEIHA3HAYCHHBIC [JII XpaHEHUs
crenuUUecKnX JaHHBIX KOHKPETHBIX OOBEKTOB, a TAKKE METOJbI, MTO3BOJISIONINE
IPOCMATPUBATh U U3MEHSTh 3TH JJaHHBIC.

PaccmoTpum Hmke OOHOBIIEHHOE ompezeneHue kiacca Dog. OHO BKIIIOYaeT psn

HOBBIX DJIEMEHTOB, KOTOPHIE MBI IPEACTABUM IO OTAEIIBHOCTH.

# ompeneneHue kiacca o0BekToB Dog class

Dog:

# Meron A MHUIMAIM3AUU 00beKTa BHyTpeHHUMH adaHHbIME def init_(self,

petname, temp) :

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

# monyuuth coctosinuedef status (self) :

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

self.temperature)pass

# 3a/1aTh TEMIIEPATYPY

def setTemperature(self, temp): self.temperature

= temp;pass

# cobaku moryTt nastedef bark (self):

print("T"aB!")pass

pass

[Ipexxne Bcero, oOparuM BHMMAaHHE Ha TO, YTO MbI J00aBWiIM B Kjacc Dog Tpu
HOBble (GyHKIIMU. Y Hac yxe Obuia (yHkiusa bark(), a Tenepb MbI IOMOJTHUTEIBHO

BKJIIOUWJIM B Kiacc (yHKUMU_init (), status() n
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setTemperature(). IIponienypa 1o6aBiaeHUs HOBBIX (DYHKIIUNA JTOCTATOYHO OYEBUJIHA.
PaccmoTpum mepeMeHHble, yKa3aHHBIE B KPYIJIBIX CKOOKax TIOCIe MMEH HOBBIX
byHkuui. Hapumep, (GyHkus setTemperature (HaKTUUECKH OIpeaesieHa Kak
setTemperature (self, temp). DTH TepeMEHHBIC, TOJYYCHUS 3HAUYCHHH KOTOPBIX
(YHKIIMH 0XKHIaI0T BO BPEMs BbI30Ba, HA3bIBAIOTCS MapaMeTPaMH.

BcnomMHuM  (pyHKIMIO BBIYMCIIEHUSI CpPeAHEro avg (X, y), € KOTOpPOMl BBl yXke
cTankuBanuck. Onpenenenre GQyHKIUH avg () SBHO YKa3bIBaJIO HA TO, YTO (PyHKUUSA
OKHUJIae€T MOJy4YeHUs JBYyX mapameTpoB. CrenoBaTenbHO, (yHKLIUS

__init_() HyXHaeTrca B TapaMeTpax petname WU temp, a (PyHKUUS
setTemperature() — TOMbKO B MIapaMeTpe temp.

3arnsHeM BHYTpb 3TuX ¢yHKuuid. HaynemM c¢ ¢QyHkuum c Ha3zBaHueM
__init (). 910 cnenuanbHoe UM, U Python Oynet BeI3bIBaTh GYyHKIMIO_init_ () KaKIbIN
pa3 Mpu CO3JaHUM HOBOTO OOBEKTa MAaHHOTO Kiacca. DTO OYEeHb YJIOOHO ISt
BBITIOJTHEHUS JIFOOOM MOATOTOBUTEIIBHOW PabOTHI 10 (PAKTHUUECKOTO HMCIOJIb30BaHMS
o0bekTa. YTo e MMEHHO MPOMCXOAMUT B (PyHKIMH MHHULMAIM3auuu? Mbl co3naeM
JIBE HOBbIE MEpEeMEHHbIE: self.name u self.temperature. Bbl MoOXere y3HATh HUX
3HaYEHUs U3 NEPEMEHHBIX petname U temp, niepefaBaeMbix QyHKIuH. Yacte self. B
UMEHaX 03HAYaeT, YTO ATH MEPEMEHHBIC SABISIOTCS COOCTBEHHOCTHIO OOBEKTA, T.€.
NPUHAJUICKAT TaHHOMY KOHKPETHOMY OOBEKTY M HE 3aBUCST OT JAPYTUX OOBEKTOB
Dog unu o6mux nepemeHHbix Python. Mbl He XOTUM CMeNIMBaTh WUMsI JaHHOM
co0aku ¢ umeHeM Jpyroil. [loHayay 3T0 MOXKET MOKa3aThCS CIULIKOM CIIOXKHBIM,
OJIHAKO, BCE€ 3HAUUTEIBHO YMPOCTUTCS, KOIJA Mbl MPUCTYIUM K PACCMOTPEHUIO
KOHKPETHOT'O ITpuMepa.

Cnenyromas — QyHkuusi status( ), Kotopas JedcTBUTENbHO mpocta. OHa He
NPUHUMAET HUKAKUX MapaMeTPOB U MPOCTO BHIBOJIUT 3HAUCHUS TIEPEMEHHBIX nameu
temperature oobekTa Dog.

Hakonen, dyukuus setTemperature () TpUHUMAET MapameTp temp, 3HAUYCHHE
KOTOPOTO TP €€ BhI30BE MPUCBAaNBAETCS BHYTpPEHHEN nepeMeHHol self.temperature.
DT0 03HAyYaeT, 4YTO Ja)ke IOCJEe TOro, Kak OOBEKT CO3/[aH, Bbl MOXKETE B OO0
MOMEHT HM3MEHUTH €ro TEMIIEPaTypy, MPUYEM 3TO MOXKHO CJENaTh CTOJBKO pas,
CKOJIbKO moTpedyerca. Mbl He OyJeM TpaTuTh BpeMsl Ha OOCYKJIEHHUE TOro, MOYeMy
BCE ITH (YHKIMH, BKIIO4Yas bark (), mpuHUMAalOT aTpuOyT self B KauecTBE MEPBOTO
napameTpa. 1o ocobeHHocTh Python. Ilo 3ambiciy pa3paOOTUMKOB 3TO JOHKHO
HanomuHaTh Python, yto (¢yHKUMS, KOTOpPYIO BBl COOHMpAETeCh OINPEIECIHTD,
MPUHAJICKUT OOBEKTY, CChUIKOM Ha KOTOPBIN CIYKHUT self .

UToOBl NPOSICHUTH BCE, O YEM MBI TOBOPHJIHM, PACCMOTPUM KOHKpETHBIN npumep. B
IpUBEACHHOM HMXKE KOJIE€ Bbl BUIMUTE OOHOBIEHHBIN kiacc Dog, ompeneneHHBbIN ¢
HOBBIMHM (YHKUUSIMH, U HOBBIM OOBEKT lassie, cO3jaBaeMblii C MapaMeTpamu, OJIUH
U3 KOTOPBIX 3aJaeT ero umsa kak ‘“‘Lassie”, a Jpyroil ycTaHaBIMBaeT €ro
temrneparypy paBHoit 37. Kak Bunure, BeI30B GyHKIUHU status() s oObekTa lassie
kinacca Dog obecrnieunBaeT BBIBOJ €r0 MMEHU U TEKYIEro
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3HaueHus TeMrepaTypbl. C MOMEHTa cOo3[aHus 00BEKTa 3Ta TEMIEpaTypa He
U3MEHSIIACH.

3ayuu
def __in , petname, t
e = petname;
perature = temp;

# noaydums CcocmoAHUE
def status (self) :
print("uma cobaku: ", self.name)

pa cobaku: ", self.temperature)

self.temperature = temp;
pass
# cobak
def bark
print("rae!")
pass
pass

lassi

lassie.status()

umA cobaku: Lassie
Temnepatypa cobaku: 37

[TonpiTaemcst U3BMEHUTH TEMITEpaTypy 0OBEKTa U MIPOBEPUM, ICHCTBUTEILHOIN OHA

VW3MEHWIACh, BBEIA CICAYIOIINAN KOJ.
lassie.setTemperature(40)
lassie.status()

Pesynbrar npeacraBiieH HUXKE.

lassie.status()

uwMA cobakm: Lassie
Temnepatypa cobaku: 37

[24]: lassie.setTemperature(4) B rLSHsFQR
lassie.status()

uMA cobaku: Lassie
Temnepatypa cobaku: 48

Kax Buaure, Bei3oB pyHkuuu setTemperature (40) neiicTBUTENBHO U3MEHUIIBHYTPEHHEE
3HAYCHHUE TEMITePATypPhl OOBEKTA.

KoHTpoJibHBbIE BONIPOCHI

1. B yem 3aknroyaeTcs 3aj1aya KiacCu(pHUKauy ¢ MOMOIIbIO UCKYCCTBEHHBIX
HEUPOHHBIX ceTE?

2. YTo npencTaBistoT co00 TPEeHUPOBOYHBIE TaHHBIC?

3. UrTo mOHUMAIOT MO/ CTJIAKWBAaHUEM MPU 00YUYEHUH UCKYCCTBEHHBIX
HeWpoHHBIX ceTel? C KaKou 1EIbI0 OHO IPUMEHSIETCS?

4. IlpuBenute Tanbl 00y4eHUs CETH B 3a7ja4€ KJIaCCU(PUKALIUU.

5. Yro takoe pynkiusn? Kak 3agatorcst pyHkiuu Ha si3bike Python?

6. UTo BKIIIOYAET U AJI YETO UCIOJIb3YETCsl MaKeT numpy?

7. s kakux 3a51a4u UCIoNb3yeTces maket matplotlib.pyplot?

6. Kak 3aaTh MaccuB U BBIBECTH €ro rpa)uuecKkoe MpeaCcTaBICHUE Ha
s3pike Python?

7. Urto Takoe knacc, 00bEKT, METO?

8. Kak 3agarorcs 00beKThI Ha si3bike Python?
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IIpakTuyeckas padora 4
Pemenne cJI05KHBIX 32124 KJIACCH(PUKAIUN € IOMOIIBI0 HCKYCCTBEHHBIX
HeHPOHHBIX ceTell. PacmpocTpaHeHue CUTHAJI0B OHEHPOHHOU CeTH
Heab: M3y4nTh BO3MOXHOCTH HCKYCCTBEHHBIX HEUPOHHBIX CETEH IS PELICHUS
CJIOXHBIX 3a/1a4 Kjaccudukauu oopa3os.

3aganmue:
1. U3yuuTh TEOpETHUECKOE BBEICHUE.
2. OTBeTHTh Ha KOHTPOJBHBIE BOIMPOCH, TPUBEACHHBIE B KOHIIC
1abopaTopHOi pabOTHI.
3. DBbImoAHUTH NpPaKTUYECKUE 3aJaHHUSI C MCIOJIB30BAHMEM  SI3bIKA
nporpammupoBanus Python.
4. CoctaBUTh OTYET 110 J1abopaTtopHoit padbote. Tpedosanus k omyemy:

OTYET NPENOCTaBIAETCS B DJIEKTPOHHOM BHJE B TEKCTOBOM perakrope MSWord. B

OTYETE YKa3bIBAIOTCA:

1) ®amunus cTyaeHTa.

2) IlopsakoBbIil HOMEp U Ha3BaHUE J1a00PATOPHOI PabOTHI.

3) Llenb paboThI.

4) OTBETHI HA KOHTPOJIbHBIE BOIPOCHI.

5) Omnucanue penieHus BBIIOJHEHHBIX 3aJaHui J1abOpaTOpHOU padoThI,
coJiepKailee: a) popmyauposKy 3a0anusi, 8) CKPUHULOM BbINOJIHEHHO20 3A0AHUS,
cooeparcauuti pamunuio cmyoeHma.

3amura 1ab0opaTOpHOM pabOThI OCYIIECTBISETCS IO OTYETY, IPEACTABIEHHOMY
CTYJAEHTOM M C ICMOHCTPAIIMEN 3aJJaHHsI HA KOMITBIOTEPE.

Teopernueckoe BBeIeHUE
1. IlpumeHeHrne HECKOJIbKUX KJIaCCU(UKATOPOB
2. HelipOHBI — BEIYUCIUTENIBHBIE MAIIIMHBI, CO3JJaHHBIE PUPOION
3. PacnipocTpaHeHre CUrHAJIOB IO HEHPOHHOM CETH

1. IlpyMeHeHMEe HECKOJIbKUX KJIACCU(PUKATOPOB.
PaccmoTpenHbIe HaMH TPOCTHIC MPEAUKTOPHI M KIACCU(PUKATOPHI, OTHOCAIINECS K
YUCIy T€X, KOTOpPBIE TOJYYalOT HEKOTOpPbIE BXOJHBIE JAHHBIC, BBITOJHAIOT
COOTBETCTBYIOIINE BHIYMCIICHHUS U BBIJAIOT OTBET, JOBOJIBHO 3 PekTuBHbI. U BCe ke
X BO3MOXXHOCTEH HEIOCTATOYHO MJISI PEIIeHUs O0jee CIOXKHBIX M HHTEPECHBIX
3a71a4, K KOTOPBIM OTHOCATCSI U 3ala4M, PEIIaeMble Ha OCHOBE METOJ0B HEUPOHHBIX
ceren.
OrpanuyeHus JIMHEHHOTO Kiaccu(dukaropa MPOASMOHCTPUPOBAHBI HUXKE Ha
npoctoM npuMepe. OT NOHUMaHUS CYTH YKa3aHHBIX OTPAaHUYEHHI 3aBUCUT OJUH U3
KJIFOUEBBIX 3JIEMEHTOB MPOECKTUPOBAHUSA HEWPOHHBIX CETEH, KOTOPBIA HaM IO3%Ke
MPUTOJIATCS.
O6patumcst K JoruueckuMm (Oynesvim, no umenu Jocoposca byns), byHKUUIM.
Jxopmxk bynb — maTemaTk, JTOTUK U (prstocod, ¢ UMEHEM KOTOPOTO CBSI3aHbI TaKHUE
npocthie GyHKIMHU, Kak toruueckue M u MJIN.
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OyHKIMU OyJIeBOW JIOTUKH — 3TO CBOETO pPOAAa «MBICTUTENbHBIC» (YHKIIHH CO
CBOUM s3bIKOM. Eciu Mbl ToBopuM «ThI MOMYy4HIbL I€CEPT TOJBKO B TOM cllydae,
€CJIM yKe chen ool W Bce paBHO rojIofieH», TO Mbl HCHOJb3yeM OyJieBy (PYHKIUIO
N. PesynpraT OyneBoit ¢yHKkuuuM W UCTUHEH TOJMBKO TOrJa, KOIja HWCTHUHHBI
(BeIMOJIHSIFOTCST) 00a ycnoBusi. OH He OyA€T UCTUHHBIM, €CJIM UICTUHHO TOJIBKO OJHO
u3 ycioBuil. [loaToMy, eciii g ToJ0AEH, HO €1IE HE ChEIl OBOILIH, TO HE MOJIYy4Yy CBOM
JecepT.

AHAJIOTUYHO, €CIU Mbl TOBOpUM «ThlI MOXEIb MOTYJATh B TMapKe, €CIU CeroJaHs
BbixoHoU MJIN y Te6s oTmyck», To ucnoyibdyeM OyineBy pynkuuro MJIN.Pesynbrat
Oyneoit ¢ynkuuu MJIM ucTUHEH, €CiM UCTUHHBIM SIBJISIETCS XOTS Obl OJHO M3
ycinoBui. BoBce He 00s3aTebHO, YTOOBI BCE YCJIOBHUS OBbUIM HMCTUHHBIMHM, KakK B
cinyyae ¢pyukuuu U. Tloatomy, eciiu cerogHsi He BBIXOJHOM J€Hb, HO Y MEHS OTITYCK,
TO 51 MOTY IIOTYJISITh B IIApKE.

Panee wmbl mpenctaBnsiM  QYHKIMIO B BUJE MAIMHBI, KOTOpas MPUHUMAET
HEKOTOPBIE BXOJHBIE JTAHHbIC, BBIMIOJIHIET ONPEACICHHbIE IEUCTBUS U BbIIAET OJIUH

OTBeT.

6xod A \

AozuvecKas
—% Boixod
PyHKYus

Bxod B /
3HaueHUE UCTUHA YacTO MPEACTABISIETCS B KOMIbIOTEpaX Kak 4ucio 1, a 3HaueHue
n0kp — Kak uuciao 0. B mpuBeneHHol Hmke TaOnuie pe3ynbTaTel paboThI

normdeckux ¢ynakmumid WM u WM mnpeacrtaBneHsl ¢ HWCMONB30BAHUEM ATOU
JIAKOHUYHOM HOTAIIUU I BCEX KOMOMHAIIMNA BXOIHBIX 3HAUeHU A U B.

Bxoanoe Bxoanoe Jlornueckoe Jlornueckoe
3HAYeHHEe A 3HaueHue B nJIin

— o O O

0
1
1
1

3/1ech OTYETIMBO BUIHO, YTO pe3yibTaT GyHKIUU M OyAeT HUCTHUHHBIM TOJIBKO
TOr1a, Korga UCTUHHBI U A, 1 B.

ByneBbl (QyHKIMM HWrpalOT OYEHb BaXHYIO pOJb B HHPOpMATHKE, W TEpPBbIE
AJIEKTPOHHBIE  BBIYMCIUTEIbHBIE YCTPOMCTBA  (PAKTHUYECKU COOMpaIUCh U3
KPOXOTHBIX JJIEKTPUYECKUX CXEM, BBINOJHSIOMNX JIOTHYECKue orepamuu. Jlaxe
apu(MEeTHICCKHUE OIEpaIliy BBITTOJIHSINCH C UCIIOIb30BAaHUEM ATHUX CXEM, KOTOPBIC
caMH T10 ce0e BCEro JIMIIb BHITIONHSIIA MPOCThIE OYyJIEBBI ONIEpaIUy.
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[IpencraBpTe cebe mnOpocTOM JMHEWHBIM KiaccU(pUKATOpP, KOTOPBIA JTOIHKEH
UCII0JIb30BaTh TPEHUPOBOUYHBIA HAOOP JAHHBIX JJIS BBISICHEHUS TOTO, YIPABIISIFOTCS
JU JaHHBIE JIOTMYECKOW (QyHKUMEeH. 3ajauyd Takoro poja €CTECTBEHHBIM 00pa3oM
BO3HUKAIOT MEPE]l YYEHBIMH, UCCIEAYIOIUMHA MPUYMHHO-CIIEICTBEHHbBIE CBSI3U WX
Koppensiuuio HaOmogaeMbix BenuuuH. Hanpumep, TpeOyercss HaWTH OTBET Ha
cnenyromuii Bonpoc: «IloBblaeTcs In BEPOSITHOCTh 3a00JIeBaHUSI MaJIIpUeld B TeX

MECTHOCTSIX, B KOTOPBIX OCTOSIHHO MAYT A0XKIU W TeMrieparypa NpeBbIIIAET
35 rpanycoB?» Wnu Ttakoii: «lloBeiliaeTcst J1 BEPOSATHOCTH 3a00JEBaHMS
MaJisipuei, eciy BolNoaHseTcs Jiroboe (Oynesa dyukius NJIM) u3z atux ycnoBuii?»
B3risHute Ha NPUBENEHHYIO HIDKE AMarpamMmy, TJl€é 3HAUEHHs Ha JIBYX BXOJax
jgoruyeckor QyHkiuu, A U B, nmpenctaBisioT KoOpAMHATH ToYeK Harpaduke. Boi
BUJUTE, YTO TOJBKO B TOM Cllydae, Korjaa o0a BXOJHBIX 3HAYCHUSUCTUHHBI, T.€.
KQ)KJI0€ U3 HUX PABHO |, BBIXOAHOU PE3yibTaT, BBIACICHHBIN3EICHBIM LIBETOM,
ABJISIETCSI UCTUHHBIM. JIOXKHBIE BBIXO/JIHbIE 3HAYCHHSI

0003Ha4YEHBI KPACHBIM 1IBETOM.

Aozudeckoe M

e \ Wy et
e 'y

A

PA30EAUMEABHAR AUHUS

- ’r-
(0,0) ~(1,0)

Ha auarpamme taxke rnokasaHa npsiMasi JIMHMSI, OTAEJSIONIAs KPacHyto 00JIacTh OT
3eJIeHOW. DTa JIMHUS TMPEACTaBIsSeT JHUHEHHYI (YHKLUHIO, KOTOPYIO MOXHO
UCTIOJIb30BaTh JIsl 00yUeHUs JIMHEHHOTO Kilaccu(ukaTopa, 4To Mbl JeIaaupaHee.
Mpl He OyneM MPOBOJIUTH COOTBETCTBYIOIIME BBIYHUCICHHS, KaK B MPEIbIIYIIUX
npuMepax, TMOCKOJIbKY HHYEro MPUHIMIHAIBHO HOBOTO 3TO HE JjJact. B
JCHUCTBUTEFHOCTH MOXHO OBLJIO OBl TMPEATIOKUTH MHOTO JAPYTUX BapUAHTOB
OPOBENCHUS PA3ACIUTEIBbHON JIMHUM, KOTOpble padoramu Obl  CTOJb K€
yIOBJIETBOPUTENHHO, HO TJIABHBIM BBIBOJ M3 ATOTO MPUMEPa 3aKJII0YAETCS B TOM, UTO
OpOCTOM JMHENHBbIN Kilaccupukarop BuUla y=ax+b MOXHO 00yuuTh paboTe ¢
OyneBoil pynkuuen .

A Temeph B3IVIIHUTE Ha AHAJIOTUYHOE TpaduyuecKoe IMpelcTaBlieHue OyleBoi
byukiuu NJIN.
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Aozudeckoe MAU

(a,z)G 61,1)

PA3DEAUMEADHAR AUHUS
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Ha sroT pa3 xpacHoii okazanack juib Todka (0,0), MOCKONBKY €i COOTBETCTBYIOT
JIOKHBIE 3HA4YeHWs: Ha oOoumx Bxomax, A u B. Bo Bcex nmpyrux xomOMHaImsix
3HAYCHUM XOTS OBl OHO U3 HUX SIBJSIETCS UCTUHHBIM, U TIO3TOMY JJISI HUX PE3yIbTaT
SABISICTCSI UCTUHHBIM. CMBICTT AMarpaMMBbl 3aKJIFOYAaeTCsl B TOM, YTO OHA HATJISATHO
JEMOHCTPUPYET BO3MOXHOCTh OOYyYEHHSI JTHWHEHHOTO Kiaccudukatopa pabore ¢
bynaknuen NJIN.

CymecTtByeT emie oaHa OyneBa (yHKus, uckirouarouee HJIM, kotopas maer
WUCTUHHBIN pe3yJbTaT TOJBKO B TOM CITydae, €CJIH JIMIIb OJHO U3 3HaYeHUH HaBXOaxX
A u B ucrunno, Ho He o0a. Takum oOpa3zoM, eciii 00a BXOJIHBIX 3HAYEHUS JIOKHBI
uim o00a WCTHUHHBI, TO pe3yiabTaT OyaeT JOoXHBIM. Bce BbllieckazaHHOE
PE3IOMHUPOBAHO B MPUBEICHHON HUKE TaOJIHIIE.

BxoaHoe 3HaueHHne A Bxoanoe 3Hauenue B Uckarouaromee UJIN
o B 0
(N 1
0 1
L 0

Jlnarpamma, COOTBETCTBYIOIIAs ATOU (QYHKIUH, Oy/IeT HIMETh BU/I:
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AOZUYECKOE UCKAroYarowee MAMN

(0,1)(" \ \ \.'1(1,1)

. _c-\
(0,0)(/ 1,0

Uro BaxHO, 37IeCh HET croco0a pa3/eNuTh 3€JCHYI0 W KpacHyr 00JIacTh OJIHOM
npsiMoit uHuel. HeBo3MOXXHO TpOBECTH OJHY MNPAMYIO JUHHUIO TaKUM 00pa3oM,
YTOOBI OHA YCIICIIHO OTHETUIa KPAaCHbIE TOYKH JAHHBIX OT 3€JCHBIX ISl (DYHKIIMH
ucknouarowezo UJIM. ITo 03HavaeT, 4TO MPOCTON JTUHEHHBIN KiacCu(pUKATOp HE B
COCTOSIHUM O0yuuThCs pabore ¢ GyHKOMEeH uckmouaoweeo HWIIH, ecnu
IPEIOCTABUTh €My TPCHHUPOBOYHBIC JaHHBIC, YIIPABISIEMBIC dTON (QyHKITHCH.

TOJIBKO 4TO MBI MPOAEMOHCTPUPOBAIIM 2IAGHOE O2PAHUYEHUE NPOCO20 JUHEUHO20
K1accugukamopa: TaKue KIaccu(PuKaTOpbl 0Ka3bIBAKTCH HENMPUTOAHBIMHU, €CJIH
0a3oBasi 32/1a4a He JOIYCKaeT pa3/iejieHisl JAHHBIX OAHOM NMPAMOl JIUHHUEH.

Ho Benp MBI XOTHUM, 4TOOBI HEHWPOHHBIE CETH MOXKHO OBLIO MCIOJIB30BATh IS
pelIeHnsi caMoro IIMPOKOTOo Kpyra 3ajad, JaKe TeX, KOTOpble He JOMyCKaroT
JIMHEWHOIO pa3AeyieHUs] JaHHBIX.

CrnenoBaTenbHO, HaM HEOOXOJIMMO HAaNTH KakOW-TO Jpyro crmocod paboTel ¢
JAHHBIM BOIIPOCOM.

Takoit  cmoco0  CymiecTByeT:  COBMECTHOE  HCIIOJIb30BAaHUE  HECKOJIBKHUX
knaccudukaTtopoB. Ero wimocTpupyeT NpuBeNeHHAs HIDKE Juarpamma ¢ JIByMs
pa3IeUTENIbHBIMU JIMHUSIMHA. JTa UJES 3aHUMAET LEHTPAJIbHOE MECTO B TEOPUHU
HEHPOHHBIX ceTel. Tenmeph BaM JOHKHO OBITH SICHO, YTO C TOMOIIBIO MHOXECTBA
NPSIMBIX JIMHUH MOXKHO Pas3JeiuTh JKeJIaeMbIM 00pa3oM OO0y CKOJb YTOJHO
CJIIOKHYIO KOH(DUTypaiuo o0aacTe, MoJiexKaimnx KiacCuGuKainm.
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Ao2udeckoe uckarodarowiee MAMN
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[Ipexne yeMm MBI 3aiiMeMCsl CO3ITaHMEM HEUPOHHBIX CETEW, KOTOPBIC IPEATIOIArat0T
CYILIECTBOBAHME HECKOJIbKMX KJIacCU(pUKATOPOB, pabOTAIONIMX COBMECTHO, CHOBA
oOpaTuMcsi K MPUPOJE M PacCMOTPUM pabOTy Mo3ra >KUBOTHBIX, aHAJIOTUU C
KOTOPBIM TOCIIYKWJIM TOJYKOM K pa3pabOoTKe MOJXOJ0B Ha OCHOBE HEHPOHHBIX
ceren.

Buoi600vl no nepeomy nynkmy:

* [Ipocroil nMHENHBIN Ki1accu(UKaTOp HE B COCTOSHUU Pa3AEIUTh HYKHBIM
0o0pa3oM 00JIaCTH J1aHHBIX, €CJIM JAHHBIE HE YIPABISAIOTCS MPOCTHIM JIMHEHHBIM
IPOLECCOM. DTO ObUIO MPOJIEMOHCTPUPOBAHO HA NMPUMEPE JAaHHBIX, YIPABISIEMbIX
Jorudeckon ¢pyHkiuen nckioyvaromiero NIJIN.

e OpgHako 3Ta mpoOsiemMa pelaeTcss O4YeHb MPOCTO: UIA pa3TpaHUYEHUs
JAHHBIX, KOTOpBIE HE YJIAeTCs pA3[eIUTh OJHOW NPSIMOW JIMHEH, CJeayer
HCNO0JIb30BATh MHOKECTBO JIMHEHHBIX KJIACCH(PUKATOPOB.

2. HelipoHBbI — BBIYHCJIUTEIbHbIE MAIIUHbI, CO3IaHHbIE TIPUPOI0I.

Mo3r XKUBBIX OPraHU3MOB, SIBJISISICH CJIOKHOM CHUCTEMOM, CTABUT YUYEHBIX B TYIHK,
MOCKOJIbKY JaXK€ Yy CTOJIb MaJbIX MpeACTaBUTEINCH KUBOW MPUPOJIbI, KaK, HAIpUMED,
NOMyrau, OH JIEMOHCTPUPYET HECPABHEHHO OOJBIINE CIIOCOOHOCTH,YeM LU(PPOBBIE
KOMIIBIOTEPBl C  OTPOMHBIM  KOJIMYECTBOM  DJIEKTPOHHBIX  BBIYMCIUTEIBHBIX
AJIEMEHTOB M TIaMSThIO HEBEPOSTHBIX OO0BEMOB, pabOTAIONIMX Ha YacTOTaXx,
HEJIOCTUKUMBIX JIJIS )KUBOTO MO3Ta U3 IUIOTH U KPOBH.

Torma ydeHblE COCPENOTOYMJIA BHUMAHHME Ha AapXUTEKTYpPHBIX pasziuuusix. B
TPaAUIIMOHHBIX KOMIBIOTEpAX JdaHHBIE 00padaTHIBAIOTCS IOCIEAOBATEIBHO, I10
YETKO YCTAHOBJICHHBIM MpaBwiaM. B UX 3anporpaMMupOBaHHBIX pacyeTax HETMECTa
HEOJTHO3HAYHOCTH M HeACHOCTU. C JApyrod CTOPOHBI, MOCTENEHHO CTAHOBHUJIOCH
MOHATHO, YTO MO3T J>KMBOTHBIX, HECMOTPA Ha KaXyUIyIOCsS 3aMEIJICHHOCTb €ro
pabounx pPUTMOB II0 CPaBHEHHUIO C KOMIIbIOTepaMH, oOpabaThiBaeT CHUTHAIBI
napajjieJbHO U YTO HEOIPENEICHHOCTh SBJISETCS CYIIECTBEHHOW OTJIWYUTEIHHOM
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YEpPTOM €ro AeATEIIbHOCTH.
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Paccmotpum  cTtpoeHne  0a30BOM  CTPYKTYPHO-()YHKIIMOHAJIBHOM  €AMHUIIBI
OMOJIOTUYECKOTO MO3Ta — HeHPOHA.

HELPOH

MEP MUHAAU

* %\4

AKCoMH

HecmoTpst Ha TO 4YTO HEWpPOHBI CYHIECTBYIOT B pas3luyHbIX (opmax, BCE OHU
nepeaaroT SJIEKTPUUECKUE CUTHAbI OT OJHOTO KOHIIA HEHMpOHa K APyromy — OT
JNEHAPUTOB Yepe3 aKCOHbl A0 TepMuHajnei. Jlamee 3TU CUTHaANBI MEPEAaroTCs OT
OJIHOTO HeMpoHa k Apyromy. UMeHHO Garojapsi TakOMy MEXaHU3MY BbI CIIOCOOHBI
BOCIIPUHUMATh CBET, 3BYK, IPUKOCHOBEHHE, Termiao u T.n. Curdaisl OT
CHEIUATN3UPOBAHHBIX PELENTOPHBIX HEHPOHOB JOCTABISAIOTCS IO Ballell HEPBHOU
CUCTEME JI0 MO3ra, KOTOPBI B OCHOBHOM TAaK€ COCTOUT U3 HEHPOHOB.

Ha npuBeneHHol HIKE WUTIOCTpAllUM TIOKa3aHA CXeMa CTPOCHUS HEHPOHOB MoO3ra
nomyrasi, MPEeACTABJICHHAs HWCMAaHCKUM HeWpoOuonorom B 1899 romy. Ha weit
OTYETJINBO BUJHBI BXKHEHIINE KOMIIOHEHTBI HEMPOHA — ICHPUTHI HTEPMUHAIIN.

iy

CKoNbKO HEHWPOHOB HaM HYKHO JJis BBITIOJHEHUS MHTEPECHBIX, 00Jiee CII0KHBIX
3amau’?

B ronoBHOM MO3re 4enoBeKa, SIBISIIOLIEMCS CaMbIM Pa3BUTHIM, HACUUTHIBACTCS
okoiio 100 Mumrap10B HeHpoHOB. MO3T 1po30d Ikl (TUIOJOBOM MYIIIKH) COJAEPIKUT
npuMepHo 100 ThICSY HEHMPOHOB, HO OHA CHOCOOHA JIeTaTh, IMHTAThCSA, H30ETATh
OMAaCHOCTH, HAaXOAWUTh MHUIIY U PElIaTb MHOXECTBO JPYTUX
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JNOBOJIBHO CJIOKHBIX 3a/1a4d. JTO KOoJn4ecTBO — 100 ThICSY — BIIOJHE CONOCTaBUMOC
BO3MOXHOCTSIMA COBPEMEHHBIX KOMIIBIOTEPOB, U IMMOATOMY B TOINBITKE WMHUTALIUU
pabOThI TAKOTO MO3ra €CTh CMBICII.

Mo3r HeMarobl (Kpyrjioro 4epBsi) HacuuThiBaeT Bcero 302 HeillpoHa — HUYTOKHO
Majas BEJIMYMHA TI0 CPaBHEHUIO C pecypcaMd COBPEMEHHBIX IU(POBBIX
KoMIbIOTepoB! Ho 3TOT 4epBh cOCOOEH pemiaTh TaKue TOBOJIBHO CIIOKHBIC 3aa4H,
KOTOPBIE TPAJAUIMOHHBIM KOMITBIOTEpAM HAMHOTO OOJBIITUX Pa3MEPOB MOKa YTO HE
IO CHJIaM.

B uem xe cexper? [louemy Ouonornueckuit Mo3r o01aaeT CTONIb 3aMedaTeIbHBIMU
CHOCOOHOCTSIMM, HECMOTPS Ha TO YTO paboTaeT MEMJIEHHEE U COCTOUT W3
OTHOCHUTEJIbHO MEHBIIIETO KOJIMYECTBA BHIYUCIUTEIBHBIX JIEMEHTOB MTOCPABHEHUIO C
COBpPEMEHHBIMH KoMMbloTepamMu? CioKHbIE MEXaHW3MbI PYHKIIMOHUPOBAHUS MO3Ta
(HampuMep, Haau4he CO3HAHUS) BCE €IE OCTAIOTCS 3arajkod, HO Mbl 3HAEM O
HEHpOHAaX JOCTATOYHO MHOTO JJIS TOro, YTOOBI MOXHO OBLIO MPEIIOKUTH
pazIUYHbIE CIIOCOOBI BBHIMOTHEHUS! BEIUUCICHUH, T.€. Pa3IMYHbIE CIIOCOOBI PEIICHUS
3a7ad4.

Paccmotrpum, kak paboraer HelipoH. OH MPUHUMAET MOCTYMAIOIINI dIEKTPUIECKUN
CUTHAJI W BbIpaOaThIBaET APYroi SJIEKTPUYECKUN CUTHAI. DTO OYECHb HAIIOMUHAET
paboTty Mozenei kiaccupukaTopa Wik MPeIUuKTOpa, KOTOPhIE MOTYyYatoT HEKOTOPhIE
BXOJIHBIC JTAaHHBIE, BBITIOJIHAIOT ONPEICIICHHBIE BBIYUCICHUSH BBIAAIOT PE3YJIbTAT.
MoskeM 1 Mbl IPEICTaBUTh HEMPOHBI B BUJIE TUHEHHBIX QpyHKuui? Her, X0Ts cama
no cebe 3Ta ujaes Hemioxas. BeipabarbiBaeMblii HEMPOHOM BBIXOJHON CHUTHANl HE
SBIIAETCS MPOCTOM JIMHEHHON (DYHKIIMEW BXOJHOTO CUTHAJA, T.€. BHIXOJHOM CUTHAJ
HEJIb3s TIPEJCTABUTh B BUJE 8blX00 = (KOHcmanma * 6xo0) + (8o3modcHas opyeast
KOHCMAHMa,).

CornacHo pesyibTaTaM HaAONIOJACHUN HEUPOHBI HE pPEarupyroT HEMEIJICHHO, a
MOJABJISIIOT BXOAHOM CUTHAJI 10 TEX MOP, MOKA OH HE BO3PACTET JI0 TAKOM BEJTUYUHBI,
KOTOpas 3aIlyCTUT F'€HEPALMIO BBIXOHOTO CUTHAJIA.

DTO MOXXHO MPEACTaBUTh ce0€ KaK HAJTM4YHE HEKOETrO MOPOroBOr0 3HAYEHUS,KOTOPOE
JIOJDKHO OBITh MPEBBIIICHO, MPEXae YyeM OyJEeT CreHEPUPOBAH BBIXOJHOUW CUTHAI.
CpaBHHTE TTOBEJCHNE BOJABI B YAIIKE: BOJIA HE CMOYKET BBIIJIECHYTHCS, IMOKA YalllKa
HE HanoJHUTCA. NHTYUTUBHO 3TO MOHATHO — HEUPOHBI MTPOMYCKAIOT JIUIIb CUJIbHBIE
CUTHAJIbI, HECYIIUE MOJIE3HYI0 MH(pOpMaluio, HO He ciaadbiid mryM. Maes B ToM, 4TO
BBIXOJTHOM CUTHaJI BbIpaOaThIBAETCS JIMIIL B CIydasX, KOTJa aMIUIUTyAa BXOJHOTO
CUTHaJa JOCTUIaET I0CTATOYHON BEIWYMHBI,IPEBBIIAIOIIEH HEKOTOPBIN MOPOT.
OyHKIMSA, KOTOPAsl MOJy4YaeT BXOJIHOW CHUTHAJ, HO TEHEPUPYET BBIXOJHON CUTHAN C
y4eTOM TOpOrOoBOTO  3HA4YeHUs, HaszbiBaeTcs  (QyHkuuend  aktuBanuu. C
MaTEMaTUYECKON TOYKU 3PEHUsS CYIIECTBYET MHOXKECTBO TaKUX (DYHKIUH, KOTOPBIC
MOTJIH ObI 00ECIIeUNTh MOT00HBIHN 2D (PEKT.

B kadecTBe mprMepa MOKHO IPUBECTH CTYMIEHYATYIO (QYHKITHIO.
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Boxod

EMAYREHHAPAAR PYHKULUA

> fxod

nopoz

HerpynHo 3ameTuTh, 4TO A ClIaObIX BXOJHBIX 3HAYEHUN BBIXOJHOE 3HAUYCHHE
paBHO Hym0. HO CTOMT MpeBBICHUTH BXOJHOM MOPOT, KAK Ha BBIXOAE MOSBISIETCS
curHas. MckycCTBeHHBIH HEHPOH C€ TakUM T[IOBEJICHUEM HAIOMUHAN Obl
HACTOSIIIMKM OMOJIOTUYECKUM HEHPOH. DTO OYEHb XOPOIIO OMHCHIBACTCS TEPMHUHOM,
KOTOPBIA HCIONB3YeTCSd YUYEHBIMU: OHU TOBOPAT, YTO HEMPOH BO30YKIaeTcs Ipu
JOCTHKEHUHN BXOJIHBIM CUTHAJIOM ITOPOTOBOTO 3HAYCHMUSI.

Crynenuatyio (yHKIUIO MOXXHO YCOBEpIICHCTBOBaTh. I[IpencTaBieHHyI0 HIKE S-
00pa3Hyt0 (YHKIHIO Ha3bIBAIOT CUTMOMAOW, WM CUTMOUAAIBHON (yHKIHEH.
Pe3kue mpsiMOyrojibHbIE TpaHUIbl CTyNneH4YaTOM (YHKIMU B HEH CIJIaXXEHBI, YTO
Jienaer ee 0oJjiee eCTECTBEHHOM U peanucTuyHou. [Ipupoaa He mroOuT ocTpbIX yrios!

Beixod

cuzMouda

» fxod

CrnaxxenHast S-o0pa3Hasi CATMOUIa — 3TO U €CTh TO, YTO MBI OyJe€M HCIOJIb30BaTh
JUIsL  CcO3/laHMsi COOCTBEHHOW HeWpoHHOM ceTu. WccnenoBarensmMu B 001acTu
MCKYCCTBEHHOTO MHTEJUIEKTA MCTOIB3YIOTCS TakKe pyrue (GyHKIUU aHAJOTUIHOTO
BUJa, HO CHTMOWJA MPOCTa W OYCHb MOMYyJsIpHA, TaK YTO OHAa OyAeT Hans Hac
OTJIMYHBIM BHIOOPOM.

Curmomnza, KOTOPYHO MHOI/IAa HAa3bIBAlOT TakKXKe JIOTUCTUYECKON (YyHKIMEH,
OTIMCBIBACTCS CJICIYIONIECH (hOpMYJIION:

1

y=
1+e*
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DTO BhIpaXXE€HUE HE HACTOJIBKO CIIOKHOE, KaK MOHAYaly MOXKET Moka3aThcs. bykBoi
€ B MaTeMaThKe MPUHATO 0003HA4YaTh KOHCTAHTYy, paBHyro 2,71828... OTOo oueHb
WHTEPECHOE YHCIIO, KOTOPOE BCTPEUAECTCS BO MHOTHMX OOJACTAX MaTEMaTUKU U
bu3uKH, a IpUYMHA, 110 KOTOPOH B JAHHOM YHCJE Mbl HCIIOJIb30BaJIM MHOTOTOYHE
(...), 3akiroyaeTcs B TOM, UTO 3alUCh JECATHUYHBIX 3HAKOB MOXET OBIThH
npoJoJKeHa 10 OeckoHeyHOCTH. st moJoOHBIX YMCed CYLIECTBYET IPUUYIJIUBOE
Ha3BaHUE — TPAHCIICHICHTHBIE YKciia. Bece 3T0, KOHEYHO, MHTEPECHO, HO JIJISl HAIITNX
1[eJIeH BIIOJIHE 10CTATOYHO CYUTATh, YTO ITO YUCJIO MPOCTO paBHO 2,71828. BxoaHoe
3HaueHHE Oepercs C OTPUIIATEIHHBIM 3HAKOM, U € BO3BOJMUTCS B CTENEHb -X.
Pesynbrar mpubaBnsiercs xk 1, yto maer Ham 1+e™. Hakonen, bl oOparmraem
MOCJEIHIOI CyMMy, T.e. geauM | Ha 1+e™ 3OT0 u ecTh TO, YTO Jejaer
npuBeACHHAs BbIIE (DYHKIMS C BXOJHBIM 3HAYEHHWEM X JUISI TOTO, YTOOBI
MPEAOCTaBUTh HaM BBIXOJHOE 3HAUCHHUE ).

Panu unHTEpeca crnemyer OTMETHUTh, YTO NMPU HYJIEBOM 3HAUYEHUHM X BBIPAKECHHUE €
NPUHUMAET 3Ha4YeHHE |, MOCKOIbKY BO3BEJEHUE JIFOOOTO YKCiia B HYJIEBYIO CTEIEHb
Bceraa nmaet 1. I[Mostomy y cranoButcs paBHeiM 1 / (1 + 1) mmm mpocto 1/2, T.e.
nonoBuHe. CrneaoBareiabHO, 6a30Basi CHTMOU/IA TIEpeceKaeT och y npu y=1/2.
CymiecTByeT eime ojHa, OYeHb BECKas, MPUYHMHA I TOTO, YTOOBI M3 MHOXECTBA
BCeX S-o0pa3HbiX (QYHKIMH, KOTOpPhIE MOXHO ObUIO OBl HCHOJB30BaTH IS
OTIpE/ICJICHHs] BBIXOJAHOTO 3HAYEHUS HEWpOHa, BHIOpaTh UMEHHO curmouay. /lemo B
TOM, YTO BBITIOJIHSTH PacdyeThl C CUTMOMIOW HAMHOTO MPOIIE, YeM C JIF0OOM Ipyroi
S-o0pa3Hoil PpyHKIIHEH, U BCKOpE Ha MPAKTUKE MOXHO OyAEeT yOeauThCsl B TOM, UYTO
3TO JICHCTBUTEIBHO TaK.

Bepuemcst k HeillpoHaM M TIOCMOTPUM, KaK Mbl MOXEM CMOJEIHPOBATH
VCKYCCTBEHHBIN HEUPOH.

[TepBoe, 4TO ciemyeT MOHATh, — 3TO TO, YTO peabHbIE OMOJOTUYECKUE HEUPOHBI
MMEIOT HECKOJIKO BXOJIOB, @ HE TOJbKO oAuH. Ho 4TO HaMm nenath cO BCEMH 3TUMH
Bxomamu? Mpbl OyaeM MpPOCTO KOMOWHUPOBATh WX, CYMMHPYS COOTBETCTBYIOIIHE
3HAQ4YEHUs, U PE3YyJbTUPYIOIIas CyMMa OYyJIeT CIY>KUTh BXOJHBIM 3HAUEHUEM IS
CUTMOWU/IbI, YIIPABJISIIONIEH BBIXOJHBIM 3HAUY€HHEM. Takasi cxeMa OTpa)kaeT MPUHIIUIT
paboThl HelipoHHOUM ceTu. [lpuBeneHHas HIDKE auarpamMma WLTIOCTPUPYET HJICHO
KOMOMHHUPOBAaHUSI BXOJHBIX 3HAUYCHUM WU CPaBHEHUS PE3YJbTUPYIOIMIEH CYMMBI C
MIOPOTOBBIM 3HAUCHUEM.

X

\

cymma cuzMoudarbHas
Bxodob pyHKyus

akmubayuu

y(x)
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Ecnn koMOMHUPOBAaHHBINA CUTHAJI HEJOCTATOYHO CHJIbHBIN, TO CUTMOM/IA MOAABIISIET
BBIXOJHOW curHai. Eciu jxe cymma X TOCTaTOYHO BeNMKa, TO (yHKLHS BO30YXKIaeT
HelpoH. VHTEpECHO OTMETUTH, YTO AK€ €CIIM TOJIBKO OJAWH CHUTHAJ JOCTaTOYHO
CWIbHBIN, B TO BpEMS KaK BCE OCTAJIbHbIE UMEIOT HEOOJIBIIYIO BEIMYMHY, TO U 3TOTO
MOXKET BIIOJIHE XBAaTUTh AJiA BO30YykJeHus HeilpoHa. bonee Toro, HeWpoH MOXKET
AKTUBUPOBATHCSA M TOrJA, KOIJa KaXKAbl M3 CUTHAJIOB, B3ATBIX II0 OTAEJIBHOCTH,
UMEET HEJIOCTATOYHYIO BEJIMYUHY, HO, OyAy4H B3SITBIMU BMECTE, OHU 00ECIICUNBAIOT
npeBbIllIeHHE Topora. B 3ToM yke 4yBCTByeTCS MPOTOTHUI 00Jiee CIOXKHBIX U B
HEKOTOPOM  CMBICJIE  HEOIpPEAETICHHBIX BBIUMCICHUNH, Ha KOTOpbIE CIIOCOOHBI
10/100HBIC HEUPOHBI.

DNEeKTPUYECKUE CUTHAIBI BOCIPUHUMAIOTCS IEHAPUTAMHU, TJI€ OHU KOMOMHHUPYIOTCA,
dbopmupyst Oosiee CUIbHBIA cuUrHaid. Eciu 3TOT curHai mpeBbillIaeT MOPOr, HEUPOH
AKTUBUPYETCS, W CUIHAJ IEPEAAcTCs 4Yepe3 aKCOH K TepMHUHajlaM, OTKyJa OH
MOCTyMaeT Ha JACHAPUTHI cieayrolero HedpoHna. CBs3aHHbIE TaKUM CIIOCOOOM
HEHUPOHBI CXEeMATHUYECKH N300paKEeHbI Ha MPUBEJICHHON HUXE WILTIOCTPAIUU.

Ha sT0i1 cxeme Opocaercs B Iiasa TO, YTO KaXKIbIi HEMpPOH NMPUHUMAET BXOJHOU

Hcﬁpoum

e N T et
- B,

CUTHAJI OT HECKOJIbKUX HaxXOASIIMUXCS TMEpe] HUM HEHPOHOB U, B CBOIO OYEPE/b,
TaK)Ke MepeIaeT CUTHAI MHOTUM JIPYTUM B Cydae BO30YKICHHUS.

OmauM W3 crmocoOOB  BOCHPOU3BEJCHUS  TAKOTO  TOBEJICHUS  HEHPOHOB,
HA0JII0IaeMOT0 B KMBOW TMPHUPOJIC, B UCKYCCTBEHHOW MOJIENH SIBJISIETCS CO3/IaHUE
MHOTOCJIOMHBIX HEHUPOHHBIX CTPYKTYpP, B KOTOPBIX KaXKAbI HEUPOH COEOUHEH C
KOKJIBIM M3 HEHPOHOB B MPEAUICCTBYIONIEM M MOCIEAYIOIIEM CIOSAX. JTa Hjes
MOSICHSAETCS Ha CIEAYIOLIEN NUTFOCTPALUH.
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Broder v 4 : Beixodel

HelpoHbi coeduUHEHUS

Ha »Toii mimocTpauuu MpecTaBICHbl TPU CJOS, KaXIbIH U3 KOTOPBIX BKIIFOYAET
TPU MCKYCCTBEHHBIX HEWpOHA, Win y31a. Kak HEeTpyaHO 3aMeTUTh, 34ECh KaxKIbIi
y3€JI COEJMHEH C Ka)IbIM U3 Y3JIOB MPEIIIECTBYIOIIETO U MOCIEAYOUIETO CIOEB.

Ho Bo3HHMKaeT BompocC: B KAaKOW YaCTU 3TOM 3aCThIBLIEH CTPYKTYPBI 3aKIIOYEHA
CIOCOOHOCTh K 00y4ueHut0? UTO MBI TOJDKHBI PETYJIUPOBATh, Pearupysl Ha JTaHHBIC
TPEHUPOBOYHBIX TPUMEPOB?

Haubonee oueBUaHON BEIMUUHON, PETYIUPOBATH KOTOPYIO Mbl MOTJIU Obl, SIBIISETCS
CWia CBSI3UW MEXAy y3inamu. B mpenenax ysna Mbl MOINIM Obl PEryiavpoOBaTh
CYMMHUPOBAHHE BXOJHBIX 3HAUCHUU WU K€ (OPMY CUTMOUJIBI, HO 3TO YK€ HEMHOTO
CIIOXKHEe Tpeplaylie perynupoBku. Eciu pabotaer 6ojee mpocTod MOAXoid, TO
JABANTE UM U OTPAHUYUMCS.

Ha cnenyromeii qruarpamMmMe BHOBB TTOKa3aHbI COCTMHEHHBIE MEXIY COOOM Y3IIbl, HO
Ha 3TOT Pa3 C KaXJbIM COCIMHEHHEM aCCOLMUPYETCA OINpPENeIIeHHbIM Bec. Huskui
BEeCOBOM K03 DHITMEHT 0CIabiIsIeT CUTHAJI, BRICOKHA — YCHUJIUBAET €TO0.

Crnenyer cka3aTh HECKOJIBKO CJIOB O HEOONBIIMX HMHACKCAX, YKa3aHHBIX PAIOM C
kodpdunmentamu. Hampumep, cumBon W ,; 0003Ha4aeT BeCOBOMl KO3(PPUIMEHT,
CBSI3aHHBIM C CUTHAQJIOM, KOTOPBIM IE€peaeTcs OT y3Jia 2 JAHHOIO CJIoA K y3iy 3
cnenyrowero cinos. CaenposarenbHo, W 1, — 3TO BECOBOM KO3(PPUIMEHT, KOTOPBIN
OCJIa0JIsIeT UM YCUJIMBAET CUTHAJI, TIEpelaBaeMblid OT y37a 1 K y3i1y 2 cleayrouero
cinos. YToObl MpOMILTIOCTPUPOBATH 3TY UCHO, HA CIEAYIOLIEH quarpaMMme o0a 3THX
COCMHEHUS MEX Y MEPBBIM U BTOPHIM CIIOSIMU BBIJICJICHBI IBETOM.
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MoxeT BO3HUKHYTh BOIPOC, MOYEMY KaXKAbIM y3€7 CJIO0sl JOJDKEH OBITh CBSI3aH C
KOKIBIM M3 Y3JIOB MPEABIAYIIET0 U TOCIEIYIONIETO CI0eB. DTO TpeOoBaHUE HE
SBJISIETCS 00s3aTEIBbHBIM, W CJOM MOXXHO COCIHMHATH MEXKIYy COOOM JIFOOBIM
MBICJTUMBIM CITOCOOOM. MBI HE paccMaTpuUBaeM 3/1€Ch JAPYTHUE BO3ZMOXKHBIC CIIOCOOBI
o TOW MpUYWHE, YTO Ojarojaps OJHOPOIHOCTH OIKMCAHHOW CXEMbI IOJHOTO
B3aMMHOTO COEJMHEHHSI HEHWPOHOB 3aKOAUPOBATh €€ B BHUAEC KOMIBIOTEPHBIX
WHCTPYKIIMM Ha CaMOM JieJie 3HAYUTEIBHO IIPOINe, YeM JIFOOYIO JIPYTyI0 CXemy, a
TaKKe IOTOMY, YTO HaJlW4he OOJBIIEr0 KOJWYECTBA COSIUHCHHH, YeM TOT HX
00s3aTeNbHBIA ~ MHUHUMYM, KOTOPBI MOXET TMOTpPeOOBAThCS IS pEUICHUs
ONPENECICHHON 3aJa4d, HE IPUHECET HUKAKOro Bpena. Ecim T0MOIHUTENIbHBIE
COCAMHEHUS IEUCTBUTENILHO HE HYXHBI, TOMPOILIECC 00YyUEHHS OCIIA0UT UX BIUSHUE.
Uto mox »TMM mojapazyMeBaercsi? ITO 03HAYAET, YTO, KAK TOJBKO CE€Th HAYYUTCS
yJIy4lllaTh CBOW BBIXOJIHBIC 3HAYECHHS MYTEM YTOYHEHHUSI BECOBBIX KOA(PhHUIIMEHTOB
CBsI3eH BHYTPHU CETU, HEKOTOPBIC Beca OOHYJIATCS WM CTaHYT OJIM3KUMU K HyJH0. B
CBOIO Ouepe/lb, 3TO O3HayaeT, YTO TaKHe CBA3W HE OyIyT OKa3bIBaTh BIIMSHUS Ha
CeTh, TMOCKOJIbKY MX CHTHAJIbI HE OyIyT IepelaBaThCs. YMHOXXEHHE CHTHAJIa Ha
HYJICBOH BeC JIaeT B pe3yJIbTaTe HYJIb, UTO 03HaUYaeT(PaKTHICCKUIA pa3phiB CBS3H.
Bb1600bl no émopomy nynkmy:

* buonornuecknii MO3r JIEMOHCTPUPYET BBINOJIHEHHE TAaKUX CIIOXKHBIX
3a/1ay, KaK yIpaBJIiEHHE MOJIETOM, NMOUCK MUILU, U3YYEHUE sI3bIKa UKW U30eraHue
BCTPEY C XUIIHUKAMHU, HECMOTpPsI Ha MEHBIIMI O0BEM MNaMATH U MEHBIIYIO
CKOPOCTh  00paOOoTkM uH(OpMaMK 1O CPaBHEHHIDO C  COBPEMEHHBIMU
KOMITBIOTEpaMHU.

« Kpome TOro, OHONOTMYECKUH MO3I HEBEPOSTHO YCTOMYMB K
MOBPEXKJCHUSM U HECOBEPIICHCTBY 00padaThIBAEMbIX CUTHAJIOB MO CPABHEHUIO C
TPaJULIMOHHBIMU KOMIIBIOTEPHBIMU CUCTEMaMH.

* buonormyeckuii MO3r, COCTOSIIIMM W3 B3aUMOCBSI3aHHBIX HEUPOHOB,
SIBJISIETCS. ICTOYHMKOM BIOXHOBEHUS JIJIA pa3paOOTUUKOB CUCTEM MCKYCCTBEHHOTO
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HHTCIJIICKTA.

3.PacnipocTpaHeHue CUTHAJIOB 110 HEHPOHHOM CETH.

[IpuBeneHHas BbIIIE KapTUHKA C TPEMS CIIOSMM HEUPOHOB, KaXKIbIM M3 KOTOPBIX
CBSI3aH C KAXKIBIM M3 HEMPOHOB B MPEABIAYIIEM U CIEAYIOLIEM CIIOSIX, BBITJISIAUT
JNOBOJIBHO TPOCTO W MOHATHO. OJHAKO paccyuTaTh PACIpPOCTPAHEHHUE BXOJHBIX
CUTHAJIOB MO BCEM CJIOSIM, MOKA OHU HE NPEBPATATCS B BBIXOAHBIE CHUTHAJIBI, HE
O4YEHb IPOCTAs 3a]a4a.

Kax paGoTtaeTt 3TOT MexaHU3M, YTO MPOUCXOIUT B HEHPOHHOM CETH HA caMOM Jiese?
[TonpiTaemcst mpojenarb HEOOXOJIMMBbIE BBIYKMCICHHUS Ha TNpPUMEpPEe MEHbIIEH
HEWPOHHOMN CETH, COCTOAIIECH U3 IBYX CJIOEB, KAaXKbIil U3 KOTOPBIX BKIIOYAET MO 2
HEHPOHA, KaK IIOKAa3aHO HUXKE.

cAaol 1 cAOlU 2

Bxoobi ' Boixodb

[Ipenmnonokum, 4TO CUTHAJIaM Ha BXOJIe COOTBETCTBYIOT 3Hauenus 1,0 u 0,5.

1,0

4 @ . ’5—6 -_7;}
4

Bxoobi .

Kak n panple, KaxxJIpli y3ea NpeBpalacT CyMMy JABYX BXOJIHBIX CUTHAJIOBB OJIMH

BBIXOTHOU C TIOMOTIbIO ¢yHKIMM akTUBaUMU. MBI Takke Oyaem
HCIIOJIB30BATh CUTMOULY Err=1k" KOTOPOM BBI JI0 3TOTO MTO3HAKOMUJIUCH, TJI€
X — 3TO CyMMa CHUTHAJIOB, IMOCTYIAIOIIMUX B HEMPOH, 4 y — BBIXOJJHOM CUTHAJI 3TOTO
HEHpOHa.

A 4ro HacueT BecoBbIX KO3 duimenToB? C Kakoro 3Ha4€HHUs CJleAyeTHayaTh?
JlaBaiiTe HAUHEM CO CIIy4YaliHbIX BECOB:
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o W 11 20,9

e W 12~ 0,2
e W 21~ 0,3
e W 22 = 0,9

Bb10op cityyallHBIX Ha4yaJbHBIX 3HAYEHHUI — HE Takas yX IUI0Xas HJes, UUMEHHO
TaK Mbl U MMOCTYNAJIM, KOT/Ia paHee BBIOMpAIIN CIydyallHOE HadaJIbHOE3HAUCHHE
HAaKJIOHAa MpsAMOM A MPOCTOr0 JMHEMHOrO KJIacCU(UKATOpA.
CnyyallHOE  3HAY€HHE YIY4YlIAIOCh C KAXKJIBIM OYEPEIHBIM TPEHUPOBOYHBIM
IPUMEPOM, UCIIOJIB3YEMBIM JUIsl 00yueHHs knaccupuxaropa. To ke camoe JOHKHO
OBITh CITPaBEUIMBBIM U JIJIs1 BECOBBIX KO (PUIIMEHTOB CBsI3eM B HEMPOHHBIX ceTsx.B
JaHHOM cllydae, KOrja ceTh HeOOoJblnasi, Mbl UMEEM BCEro YEThIPEe BECOBBIX
KO3 PUIIMEHTA, TOCKOJIBKY TAKOBO KOJMYECTBO BCEX BOZMOXKHBIX CBSI3EUMEXKIY
y3J1aMH MU YCIOBUM, YTO KaXKIbIM CIOH COAEpKUT Mo aBa ysna. Huxke
npuBeJIcHA auarpaMma, Ha ~ KOTOpOM  BC€  CBSI3U  NPOMAapKHUPOBAHbI
COOTBETCTBYIOIIIUM 00pa3oM.

w, . =0,9
R ey 1 12”2 1 —
w, ,=0,2
w,,=0,3 /
w, ,=0,8 ‘

[IpucTynuMm K BBIYHCIICHUSM.

[TepBbIii cilOM y3710B — BXOJHOM, U €r0 €IMHCTBEHHOE HAa3HAYEHUE — MPEACTABIATH
BXOJHBIC CUTHaJIBL. TakuM 00pa3oM, BO BXOJHBIX y3jaxX (YHKIUS aKTHUBAIlUU K
BXOJHBIM CHUTHAJaM HE€ MPUMEHAETCA. MBI HE BBIJIBUTa€M B OTHOIIEHUU HTOTO
HUKAKUX Pa3yMHBIX JJOBOJIOB M MPOCTO MPUHUMAEM KaK JJAHHOCTh, YTO MEPBBIN CIION
HEHWPOHHBIX CETEH ABJISETCA BCEro JIMIIb BXOJHBIM CJIOEM, MPEACTABISIOIINM
BXOJHBIE CUTHAJIBI.

C nepBbIM CJI0EM BCE MPOCTO — HUKAKUX BBIYUCICHUH.

Jlanee Mbl JIOJKHBI 3aHATHCA BTOPBIM CIIOEM, B KOTOPOM HOTpe6yechsI

BBIIIOJIHUTH HCKOTOPBIC BBIYHCJIICHU . B CUIrMounac X —

1+e7*
KOMOMHUPOBAHHBIA CUTHAN Ha BXojae y3ha. JlaHHas komOuHauMs oOpasyercs u3
HEOOpaOOTaHHBIX BBIXOJAHBIX CHUTHAJIOB CBSI3aHHBIX Y3JI0B MPEIBIIYIIEro CIos,
CTTIQ)KCHHBIX BECOBBIMU KO3 duimeHTamMmu cBsizeid. [lpuBenennas Hmke nuarpamma
aHAJIOTUYHA TE€M, C KOTOPBIMU BbI y>K€ CTAJIKMBAJINCh, HO TENEpPh HA HEH yKa3aHO
CriaXUBaHME IOCTYMAMOIIMX CHUTHAJIOB 3@ CYET IPUMEHEHUS  BECOBBIX
KO2(DPHUIIUEHTOB CBsI3CH.
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Bxo2

a

cymma cuzmoudaAbHas
Bxodob PyHKYuS

akmubayuu

X =

Bec
wl
- aw, + bw, + cw, y(x)

el
b—%

Jlns Havana cocpenoTouuM BHMMaHuE Ha y3ie 1 cios 2. C HUM cBsi3aHbl 00ay3ia
NIepPBOI0, BXOJIHOTO cjios. MicxomHble 3HaueHUs Ha TUX BXOJHBIX y3i1aX paBHbI 1,0 u
0,5. CBs3u nepBoro y3jia HazHadeH BecoBoil koadduuuent 0,9, cBsizu BToporo — 0,3.
[ToaTOMy Crila’)k€HHBII BXOJHOM CHUTHajl BBIYMCISAETCS C IMOMOIIBIO CIIEIYIOIIEro

BBIPAXKCHUA.
X = (BEXOQ nepBoro ysna* Bec cBsA3M) +

+ (BEXOn BTOpPOIroc y3aa™* Bec CBA3MU)
x=(1,0*0,9) + (0,5*0,3)
x=0,9+0,15
x=1,05

be3 criaxkuBaHus CUTHAJIOB MBI MPOCTO MOMy4YHsInd Obl ux cymmy 1,0 + 0,5, HO MBI
3TOro He XOTHM. IMEHHO ¢ BecOBBIMH KOd(hdummeHTaMu OyIeT CBS3aH MPOIECcC
oOydeHus1 HEHPOHHOM CEeTH MO Mepe TOro, KaK OHM OyIyT MUTEPATUBHO YTOUYHSTHCS
JUTSI TIOYYEHUS BCE JTYULIETrO U JIYUIIEero pe3yJbTaTa.
Wrtak, Mbl yxe ummeem 3HaueHue x=1,05 i KOMOMHUPOBAHHOTO CIJIAKEHHOIO
BXOJHOTO CHUTHajla IIEpBOTO Yy3Ja BTOPOrO CJIOS M TENEpb paclojaraéM BCEMU
HEOOXOUMBIMU JAHHBIMU, YTOOBI PACCUUTATh JJIS1 3TOT'O y3na,
BBIXOJTHOM CUTHAJ C MOMOILbIO (YHKIUN aKTUBAI[UU

1+e™
[TonpoOyiiTe crnpaBUTHCS C 3TUM CaMOCTOSITENIBHO, MCIOJB3Ysl KaJbKynsarop. Bor
npaBuwiIbHBI 0TBeT: y = 1 / (1 + 0,3499) = 1/ 1,3499. Takum ob6pazom, y=0,7408.
Mps1 paccuntany (aKTHUECKH BBIXOIHON CHTHAT JUIsl OJHOTO M3 JBYX BBIXOIHBIX
y3JIOB CETHU.
[ToBTOpHM T€ K€ BBIYMCIEHHUS Il OCTABIIETOCS y3JIa — y3J1a 2 BTOPOTO CJos, T.€.
BHOBb BBIYMCIIMM CIVIAKEHHBIM BXOJHOW CHTHaJl C IIOMOIIBIO CIEIYIOLIETO
BBIPAKCHUS:
X = (BHXOO nepporo ysna * sec cBA3M) +
+ (BExXono BTOpPOI'c y3yi1a * BE€C CBA3H)
x=(1,0%*0,2) + (0,5*0,8)
x=0,2+0,4
x=0,6
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Pacrionarast 3HaueHNEM X, MOXXHO PacCYUTATh BBIXOJHOW CHUTHAJ y37a CIIOMOIIBIO
¢ynkunu aktuBauuu: y=1/ (1 +0,5488) =1/ 1,5488. Takum obpazom, y=0,6457.
PaccuntanHble HaMu BBIXOJIHBIE CUTHAJbl CETH IPEICTaBICHbI Ha NMPUBEICHHON
HIDKE Tuarpamme.

w, ,=0,9
e 1 ——> 0,7408

I—,O C— l
/ 7

w, ,=0,2"

wz.-zzo’s

T gm— 2 1% >( 2
w, ,=0,8

Takum 00pa3oM, 4TOOBI OJIYYUTh BCETO JIMIIb JIBA BHIXOJHBIX CHUTHANA JUIsl BEChbMa
IIPOCTOM HEWPOHHOM CETH, HaM IPUUUIOCH XOpowo NMoTpyauTtbes. K cuactero, mis
BBIUNCIICHUN KPYIHBIX CETEN UICAIBHO NOAXOIIT KOMIIBIOTEPHI.

MatemaTtuku pa3paboTany Ype3BbIYAHO KOMIIAKTHBIA CIIOCOO 3alMCH Oleparuii
TOI'O THUIIA, KOTOPBIE MPUXOAUTCS BBIINOJIHATH I BBIYMCIECHUS BBIXOJHOI'O CHUTHAja
HEHPOHHOM CETH, JaXXe €CJIIM OHA COJEPKUT MHOXKECTBO CIIOEB W Y3JIOB. OTa
KOMIIAKTHOCTh OJaronpusTHa HE TOJBKO JUIS JItOJIEH, KOTOpbIE BBIUCBHIBAIOT WU
YUTAIOT COOTBETCTBYIOIIKME (OPMYJbl, HO M I KOMIIBIOTEPOB, IOCKOJIBKY
OporpaMMHBIE HMHCTPYKIMH TOJydaroTcs Ooyiee KOPOTKUMH U BBIOJHSIOTCS
HaMHOTO ObICTpEE.

B 3TOM KOMIAKTHOM MOJAXOAE MNPEANOJAracTCs WCHOJIb30BAHUE MAaTpHll, K
PAaCCMOTPEHHIO KOTOPBIX MbI PUCTYIIUM B CleyIolIel padoTe.

> 00,6457

IIpakTHyeckue 3aaHusA
1. Co3nanue knacca HEMPOHHOM CETH
2. Mannuanu3anus ceTtu
3. BecoBbie K03 PUIIUEHTHI — OCHOBHAS YacCTh CETU
4. Yy4iieHHbIN BapuaHT HHULMAIU3AIIUA BECOBBIX KO3(PHUIIMEHTOB

IIpoekT HelipoHHO# ceTu Ha Python. Yacrs 1.

1. Co3nanue Kaacca HeiPOHHOM CEeTH.
Kiacc HEUPOHHOM CETH [JOJDKEH COAEepXkaTb, II0 KpaWHEn Mepe, TpHu
byHKIUU:
* UHUYUAIU3AYUs — 3a]aHNE KOJUYECTBA BXOAHBIX, CKPBITHIX U BBIXOJIHBIX
y3II0B;
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* mMpeHuposKka — YTOYHEHHE BECOBBIX KOA(P(UIMEHTOB B TMIpoOIECCe
00pabOTKH MPEAOCTABICHHBIX /ISl 00yUYeHHUS CETH TPEHUPOBOUYHBIX IPUMEPOB;
* onpoc — MONy4YeHUE 3HAYCHHUN CUTHAIOB C BBIXOJHBIX Y3JIOB TOCHE
NIPEIOCTaBICHUS 3HAYCHUI BXOIAIIUX CUTHAIIOB.
HauvanbHb1i KO MOKET UMETh IPUMEPHO CIIEAYIOLIUN BU/L.

# onpedenenue Knacca HelipoHHol cemu

onp acca
class neuralbetwork:

def query():
pass

2. Uunnuaau3anus ceTH.
Haunem ¢ wnunmanmzanuu. HeoOxogmmo 3amaTh KOJIUYECTBO Y3JI0B BXOJHOTO,

CKPBITOTO M BBIXOJIHOTO CJIOEB. DTH JIaHHBIC OMPEACNISIOT KOHPUTypalu U pasmep
HEeHWpOHHON ceTH. BMecTo TOro 4YrToOBI KECTKO 3aJaBaTh WX B KOJE, MBI
IIPEIYCMOTPUM YCTAHOBKY COOTBETCTBYIOIIMX 3HAYEHWW B BHUJAE MapaMETPOB BO
BpeMsl co3JaHus 00bEeKTa HEeHpOHHOH ceTu. bmaromaps sTomy MoxkHO Oyaer Oe3
TpyZJa CO3/1aBaTh HOBbIE HEUPOHHBIE CETU PA3JIMYHOTO pa3mepa.

B ocHoBe Haimiero pemieHusi JIEKUT OJIHO BaXXHOE cooOpaxeHue. XOpoliue
IPOTPAMMHUCTBI TIPHA KAXKJIOM yIOOHOM CiTydae CTaparoTCs MUCATh 0000WeHHbIl KOO,
HE 3aBUCSIIMKA OT KOHKPETHBIX YHUCIOBBIX 3HAUYEHUW. DTO XOpOIlas MPUBBIYKA,
MOCKOJBKY OHa BBIHYXJaeT Hac Oojee T1IyOOKO MpPOAYyMBIBATh PEIICHHUS,
pacIMPSIONIME TPUMEHUMOCTh NporpaMmmbl. Ciaeayst €, Mbl CMOYKEM HCIIOIb30BaTh
HaIlld IPOrPaMMBbI B CaMbIX Pa3HbIX CIIEHApUSX. B TaHHOM cilyyae 3TO 03HA4YaeT, 4To
MBI OyJIeM TIBITaThCA pa3padaThiBaTh KO JJISI HEHPOHHOM CETH, MOJICPKUBAIOIINI
KaK MOXHO OOJIbIlIe OTKPBITBIX OMIMK M HCIHOJB3YIOMUA KaK MOXKHO MEHBIIE
MPEANOJIOKEHUM, YTOOBI €ro MOXHO OBLIO JIETKO TPHUMEHATh B Pa3IMYHBIX
cuTyanusx. Mbl XoTUM, 4TOOBI OJIMH U TOT K€ KJIACC MOT CO3/1aBaTh KaK HEOOJIbIIINE
HEHPOHHBIE CETH, TaK W OYCHb OOJbIIHe, TPeOys JHWIIb 3aJaHus >KEeTAeMbIX
pPa3sMEpOB CETU B KAUYECTBE MMAPAMETPOB.

Kpome Toro, mHam Henw3s 3a0bBaTh 0 K03(pduimeHTe o0ydeHus. ITOT mapameTp
TaK)K€ MOYKHO yCTaHAaBJIMBATh IIPX CO3JaHUM HOBOW HEWpPOHHOU cetu. IlocMmotpure,
KaK MOJKET BBITTISACTh (PYHKIMS WHHUIMaTuW3anuv_init_ () B MOJO0OHOM ciydae U
A00aBbTe HYKHBIN KOJI.
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# onpedenexu

Knacca HeupoHHoU cemu

class neuralbetwork:

Bams HelpoHHYw cems

, inputnodes, hiddennodes, outputnodes, learningrate)
mAan

# 30

KoJ 6o y3no6 Go GxodHoM, ckpomom u BoixodHoM cnoe
self.inodes = inputnodes
self.hnodes = hiddennodes

self.onodes = outputnodes
m obyye
= learningrate

# mpeHupoBka HelipoHHol cemu
def train():

pass
# onpoc HelipowHol cemu
def query():

pass

Jlob6aBuM 3TOT KOJ B HAIlle OMNpeelieHue Kijacca HEHUPOHHOW CETH U CO3AaJUM
00OBEKT HEOOJIBIIONW CETH C TpeMs y3JdaMHd B KaXKJIOM cjoe U Kod(phUIIMEHTOM
00yueHnus, paBabiM 0,3.

# onpedenexue knacca HelipoHHol cemu

class neuralNetwork:

ML HeUpoHHYN Cems

inputnodes, hiddennodes, outputnodes, learningrate):
# zadams Koaudecms 106 Bo BxodHoM, cKpumom U BexodHoM Choe
self.inodes = inputnodes
self.hnodes = hiddennodes
self.onodes = outputnodes

# kosdpuyueHm obyqeHus
self.lr = learningrate
pass

# mpenupoBka HeliponHol cemu
def train():
pass

# onpo
7 (s

C upo
def query():
pass

input_nodes = 3
hidden_nodes = 3
output_nodes = 3

A paBen 6,3

learning_rate

nAp Helip

¢ fiAp
n = neuralNetwork(input_nodes,hidden_nodes,output_nodes,learning_rate)

JlaHHBIN KOJT TTO3BOJISIET MOJYIUTh OOBEKT CETH, HO TAaKOW 0OBEKT IMOKa 4YTO HE OyAeT
0COOEHHO TIOJIE3HBIM, MOTOMY YTO HE COJIEPKUT HHU OJHON (DYHKIIMH, CTIOCOOHOM
BBITIOJTHATH TMOJIE3HYIO PaboTy.

DTO HOpMaJbHAs MPAKTUKA — HAYWHATH C MAJIOTO M TIOCTEIICHHO HapaliuBaTh KO,
MOy THO HAXO/Is U YCTPaHsIS OITHOKH.

Uto panbme? Mbl cooOmuinn OObEKTY HEMPOHHOM CETH, CKOJIBKO Y3JIOB Pa3HbIX
TUIIOB HaM HEOOXOJIMMO HMMETh, HO JJis1 (PAKTHUUECKOTO CO3/IaHMs y3JIOB IMOKa 4YTO
HUYETO HE CIICTIaH.

3. BecoBble k03GGULIHEHTHI — OCHOBHAS YaCTh CETH.
Hamum cnepyromum marom OyJeT cO3aHUE CETH, COCTOSIIEH M3 Y3JI0B M CBS3CH.
Hanbonee BaxkHas 4acTh 3TON ceTH — BecOBble KOI((PuIUEeHTHI cBsA3ell (Beca).
OHHU UCTIONB3YIOTCA JUIsl pacuera pacHpoOCTPAHEHUsI CUTHAJIOB B MPSIMOM
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HaIpaBJICHUH, & TaKXe€ OOpPATHOrO PacHpoCTpPaHEHUs] OIMOOK, U UMEHHO BECOBbBIE
KOA((PUIIMEHTHI yTOYHSIOTCS B MOMBITKE YJIYUIIUTh XapaKTEPUCTUKU CETH.
Yno0Ha kOMIakTHasi 3amuch BecOB B Buae Marpull. CieqoBaTelbHO, Mbl MOXKEM
co3/aTh CIIEYIOUIUE MATPUIIbL:

* MaTPUILy BECOB ISl CBS3EH MEKYy BXOJIHBIM U CKPBITHIM CIIOSIMH,
W ixomnoii_cxpurmmii; Pa3MepHOCTBIO hidden_nodes x input_nodes;

* IPYTYI0 MaTPUILYy JUIsl CBSI3€M MEXKTy CKPBITHIM U BBIXOJIHBIM CJIOSIMH,
W kpuimniii_swixommoii> PA3MEPHOCTHIO output_nodes x hidden_nodes.
Ilpu neobxoO0umocmu @epuumecsy K meopemuyeckum Mamepuaiam 1aoopamopHulx
pabom, 4TOOBI TIOHSATH, IOYEMY TepBasi MaTpulla uMmeet pasmepHocts hidden _nodes
x input_nodes, a He input_nodes x hidden_nodes.
BcnomanM, 4TO HadanmbHbIE 3HAYEHHUS BECOBBIX KOA(D(HUIIMEHTOB IOJKHBI OBITH
HEOOIBIIMMU U BBIOUPATHCA ClydallHbIM oOpa3om. Crienytomias GyHKIUS U3 MaKeTa
numpy TEHEpUPYeT MAacCUB CIy4yahHbIX uucesl B auanazoHe ot 0 go 1, rme

PasMCPHOCTb MaCCHBa PaBHA FOWS X columns:
numpy.random.rand(rows, columns)

Bce xopomme nporpaMmucTtsl UinyT B MIHTEpHETE OHIAWHOBYIO JOKYMEHTALUIO I10
¢bynkuusam Python u HaxoasT nmonesnsie hyHkuuu. [Ipu sxenannuy BRIMOIHUTE TaKOU
nouck it pyHkimu numpy.random,rand (), €CIMXOTUTE Y3HATH O HEH OOJIBIIIE.
Ecnmu MBI cobupaeMcss MCIOJIB30BaTh PACHIMPEHHs MAKeTa NUMpPY, MbI JOJHKHBI
UMIOPTUPOBATh 3Ty OMOIMOTEKYy B camMoM Hauane kona. IIpexne Bcero
YAOCTOBEPUMCS, UYTO HYKHasi Ham (QyHKuus pabortaet. B mnpuBegeHHOM HUXKE
MPUMEPE UCIONB3yEeTCs Marpuna pa3mepHocThio 3x3. Kak BuauTe, Marpuua
3aIOJIHUIIACH CIIYYallHBIMU 3HAa4Y€HUsAMU B quana3zone ot 0 fo 1.

import numpy

numpy. random.rand(3,3)

a”ray([;3.36643689, 0.17246669, 8.349855@5;,
:3.29169815, 0.73728517, 8.242484@4:i
9.68053887, 0.05742121, 0.431252631])
JlaHHBIN TMOJXO0JI MOXKHO YJIYUIlIUTh, MOCKOJBKY BECOBBbIE KOA(PPHUIIMEHTHI MOTYT
MMETh HE TOJBKO MOJIOKUTEJIBHBIE, HO M OTPUIATEIIbHBIC 3HAYCHUS U U3MEHSTHCS B
npenenax ot -1,0 go +1,0. Hdns mpoctoThl Mbl BbiuTeM 0,5 M3 3TUX IpaHUYHBIX
3HA4YEeHUM, mepeias K nuamna3zony 3HadeHui ot -0,5 mo +0,5. Huke npeacTaBieHbl
pe3yJIbTaThl MPUMEHEHUS ATOr0 MOAX0/1a, KOTOPhIE JEMOHCTPUPYIOT, YTO HEKOTOPHIE
BeCOBBIC KO3 (DHUITUEHTHI TEIIEPh UMEIOT OTPHIATEIbLHBIC 3HAYCHMS.
numpy.random. rand(3,3) -8.5
array([[ ©.21210893, -8.20506655, ©.29219302],

[-08.38341736, ©.31064623, -0.33060899],
[-0.00113976, -0.01018176, ©.3936029411)

MpEI TOTOBBI CO3/1aTh MaTpHUIly HayaJdbHBIX BECOB B Halled mporpamme Ha Python.
OTH BeCOBbIC KOA(DPUIIMEHTHI COCTABIISIOT HEOTHEMIIEMYIO YaCTh HEUPOHHON CETH U
CIy’KaT €€ XApAaKTEpPUCTUKAaMH Ha IPOTSKEHUU BCEU €€ KU3HHU, a HE BPEMEHHBIM
HAOOpOM JaHHBIX, KOTOPbIE HMCUE3AIOT Ccpa3zy K€ MOcie TOro, Kak (QyHKIUA
oTpaborana. ITO O3HAYAET, YTO OHU JOJDKHBI OBITh YACTBHIO IMpoIlecca
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VHUIMATN3aUA U OBITh JOCTYHMHBIMH JJISi JPYTHUX METOJOB, TaKUX KaK (yHKIIAU
TPEHUPOBKH M OIPOCA CETH.

Hwxke mnpuBeneH Koj, BKIIOYas KOMMEHTapHWH, KOTOPBIH CO3/1aeT JBE MATPHIIBI
BECOBbIX KO3(DPUIMEHTOB, UCHONAB3YysS 3HaueHus mnepeMmeHHbIx self.inodes,
self.hnodes u self.onodes s 3amaHusi COOTBETCTBYIOIIMX Pa3MEpPOB KaKIOW W3
HUX.

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

4. YJIX‘IHIGHHin/'I BAapUAHT HHUINIMAJIU3ANNA BECOBLIX KOE){l}gl!l/l!!I/leHTOB.

OnucanHoe B 3TOM paszfliele o0OHOB8leHUe KoOa He SBISETCS 00s3aTeIbHbIM,
MOCKOJIBKY 9TO BCEro JIMIb MPOCTOE, HO TOIMYJISPHOE YCOBEPIICHCTBOBAHUE
npoliecca HHUIMATU3alMA BECOBBIX KO (UIIMEHTOB.

B Teopernueckunx martepuanax jadbopaTOpHBIX pabOT MBI pacCMaTpPUBAJIN PA3IUYHBIC
CrocoObl TOATOTOBKM JAHHBIX M WHUIMAIU3amuu  KodddumuentoB. MoxHO
OPUMEHUTh M JIPYTrOH, HECKOJBKO YCOBEPIICHCTBOBAHHBIM IMOAXOJ K CO3JaHUIO
CIIy4aiiHbIX HayaJbHBIX 3HAueHUH BecoB. [l 3TOro BecoBble KOA(D(ULIMEHTHI
BBIOMPAIOTCS] U3 HOPMAJIBHOTO PACIIPEACTCHHS C IICHTPOM B HYJIEH CO CTaHAAPTHBIM
OTKJIOHEHHEM, BEIMYMHA KOTOPOT0 0OpaTHO MPOMOPIIHOHATHHAKOPHIO KBaIPATHOMY
U3 KOJIMYECTBA BXOSIINX CBSI3EH Ha y3edl.

DTO JerKo Jenaercs ¢ TMOMOIIbl0 Oubmuoteku numpy. OYHKIUS numpy.
random.normal () omucaHa Mo TakoMmy ajpecy: https://docs.scipy.org/doc/numpy-
1.10.1/reference/generated/numpy.random.normal.html. Ona mnoMoXxeT Ham ¢
U3BJICUEHUEM BBIOOPKH M3 HOPMAJILHOTO pacnpeneneHus. Ee napamerpaMusiBisitorcs
LEHTP pachpelesieHus, CTAaHAapTHOE OTKJIOHEHHE M pa3Mep MaccuBa nhumpy, e€cliv
HaM HY’>KHa MaTpuIla CIIy4alHBIX YHCEIl, a HE OJMHOYHOE YUCTIO.

OOHOBJICHHBIN KOJI WHUIIMATU3AIMA BECOBBIX KOA(D(PHUIIMEHTOB OYJET BBITISAICTH
TaK.

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))

Lentp HOpmanpHOrO pacmpenencHuss ycraHoBieH 31aecb B 0,0. CranmapTHoe
OTKJIOHCHHE BBIYHCIISETCS MO KOJIWYECTBY Y3JIOB B CIICAYIOIIEM CJIOE C MOMOIIBIO
bynkuu pow(self.hnodes, - 0.5), koTopas nMpocTo BO3BOJUT KOJWYECTBO Y3JIOB B
crenienb -0,5 . [locneaanii mapaMeTp onpeaesieT KOHQUTYPAIHIo MacCHBa Numpy.

KoHTpoJibHBIE BONPOCHI
1. JIns Kakux 3a7a4 IpUMEHUM TPOCTON JIMHEHHBIN KilaccupukaTop?
2. Kakum o0Opa3oM mpom3BeCTH KIacCU(MUKAIIUIO, €CIOU JTUHCHHBIN
KJIacCU(pUKaTOp HE MPUMEHUM K 3a7aue?
3. IIpu xakux 3Ha4YeHUSIX apryMeHToB dhyHKus Y mpuauMaet 3naueHue 17
4. Ilpu xakux 3Ha4eHUsX aprymMeHToB pyukius NI sBisieTcss HCTUHHOM.
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https://docs.scipy.org/doc/numpy-1.10.1/reference/generated/numpy.random.normal.html
https://docs.scipy.org/doc/numpy-1.10.1/reference/generated/numpy.random.normal.html

5. Ilpm Kakux 3Ha4YEHUSX apryMEHTOB QYHKUUA uckmouaroujee HUJIA
NpPUHUMAET 3HaueHue 17?7

6. OnummTe CTPOCHUE HEHPOHA.

7. Uto npencraBiseT co00i QyHKITNS aKTHBAITUN?

8. Kakas ¢ynkuusa wyame BCEro HCMONB3YeTCS B KadecTBE (PYHKIHH
aKTHBALMH B UICKYCCTBEHHBIX HEMPOHHBIX ceTAX? [1o kaknum nprunHam?

9. Yto Takoe BecoBbIe KOIPPHUIIMEHTHI ceTh?

10. Kakum o00pa3oM TpPOUCXOAUT PaACHpPOCTpPAHEHUWE CUTHAJA [0
VCKYCCTBEHHOW HEUPOHHOM ceTh?

11. Kakue QpyHKIIMM MOXET COACpIKATh KJIacC HEMPOHHOW CETH, CO3aHHBIH
Ha si3pike Python?
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IIpakTnuyeckas padora S
Pemenne cJIOKHBIX 32424 KIACCH(PUKANMHI € TIOMOIIBI) HCKYCCTBEHHBIX
HellpoOHHBIX ceTeil. MeToa 00paTHOro pacnpocTpaHeHus
Heab: paccMoTpeTh METOJ OOpPaTHOTO PacHpOCTpaHEHUsI OMIMOKH Mpupa3zpaboTke
IIPOEKTa HEUPOHHOU CETH.

3ananue:
1. U3yuuTh TEOpETHIECKOE BBEICHUE.
2. OTBeTHTh HA KOHTPOJBHBIC BOIPOCH, TPUBEICHHBIE B KOHIIC
1a60paTopHOI pabOTHI.
3. DBbIMOTHUTE TNPAKTHYECKHUE 3aJaHUsI C HCIOJb30BAHMEM  SI3BIKA
nporpammupoBanus Python.
4. CocTaBUTH OTYET 110 JIabopaTOpHOU padoTe. Tpebosarnus k omuemy:

OTYET NpeNOCTaBIIAETCS B DJIEKTPOHHOM BHJE B TEKCTOBOM penakrope MSWord. B

OTYETE YKa3bIBAIOTCA:

1) ®amunus cTyaeHTa.

2) IopsinkoBbIit HOMEP U Ha3BaHKE J1a0OPATOPHOM pabOTHI.

3) Llenb paboThI.

4) OTBeTHl HA KOHTPOJIbHBIE BOMPOCHI.

5) Ommcanue pernieHus BHITOJHEHHBIX 3aJaHu JIa00paTOpHOU paboTHI,
cojiepKaiee: a) GopmyauposKy 3a0anusl,; 8) CKPUHULOM BLINOJIHEHHO20 3A0AHUS,
cooepacawuti pamunuro cmyoesma.

3amura J1abopaTOpHOM pabOThI OCYIIECTBISETCS IO OTYETY, IPEACTABIEHHOMY
CTYJIEHTOM M C JIEMOHCTpALIMEN 3aJaHHsI HA KOMIIBIOTEpE.

TeopeTuueckoe BBe/leHHE
1. YMHOXEeHHE MaTpHI]
2. IIpuMep UCTIOTB30BAHKS MATPUYHOTO YMHOKEHUS B CETU C TPEMS CIIOSIMHU
3. KoppektupoBka BeCOBBIX KOX(h(HUIMEHTOB B Tpoiecce OO0ydeHHs
HEUPOHHOU CETH
4. O0OpaTHOE pacpoCTpaHEHUE ONMTUOOK MPU OOJBIIIOM KOJIUYECTBE CIIOEB
5. Onmcanre 0OpaTHOTO PaACIPOCTPAHEHUS OMMUOOK C TTOMOIIBI0 MATPUIHOM
anreopbl

1. YMHOXKeHHEe MaTPHIX

B mpenpinymeii pabote ns MEPEMHOXKEHUS MATPHI] BPYYHYIO MBI BBIOTHWIIH
BBIYMCIICHUS JJISI IBYXCIIOMHOW CETH, COAEPKAIIEN BCETO JIUIIb IO 2 y371a B KaXI0M
cnoe. OIHAKO ke B 3TOM ciiydae 00beM pabdOThl OKa3ajcs JOBOJIBHO OOJBIINM, a
YTO TOTJA MOKHO CKa3aTb, HAIIPUMEP, O CETH, COCTOSIIEN U3 mATH cioeB no 100
y370B? Ve cama mo ce0e 3amuch BCEX HEOOXOAMMBIX BBIPAKEHHUN Oblia Obl
cinoxkHo 3amauvedd. CocTaBiieHHME KOMOWHAIMW CHUTHAQJIOB, YMHOXXEHHUE Ha
NOAXOASIIKE BeCOBbIE KO (DUIIMEHTHI, TPUMEHEHUE CUTMOUIBI JIJISl KaXKI0T0 y3Ia...
Tak ueMm ’xe HaM MOTyT MOMOYb MaTpuipl? OHU OyayT HaM MOJE3HBI B JABYX
cinyyasix. Bo-nepewvix, o 00eCleurBaIOT CXKATYIO 3alUCh ONEpaluii, mpuaaBas
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UM YpE3BBIYAHO KOMIIAKTHYIO (hopMy. DTO OONBIION TUTIOC JUIS HAC, IMOCKOJBKY
Takas paboTa yTOMHTEIbHA, TpPeOyeT KOHIICHTpAIMM BHUMAaHHWS M 4YpeBaTa
omuOkamMu.  Bo-emopvix, @ B  OONBIIMHCTBE  KOMIIBIOTEPHBIX  S3BIKOB
IpOrpaMMHUPOBAHUS TPEIyCMOTPEHAa paboTa ¢ MaTpuIlaMH, a IOCKOJIbKY MHOIHE
oIepaliy IPH 3TOM IMOBTOPSIOTCS, KOMITBIOTEPHI PACIIO3HAIOT 3TO U BBITOJHSIIOT UX
O4Y€HB OBICTPO.

PestoMupysi, MOJKHO CKa3aTh, YTO Mampuybl nO36045I0M (HOPMYIUPO8ANsb 3a0ayll 6
bonee npocmoll u KOMNakmuou ¢hopme u obecneuusarom ux 6ojnee Ovicmpoe u
aghghexmusHoe svinonmenue.

Martpuna — 5TO BCEro JIMIIb TaOJMIA, MNPAMOYIrojbHAas CeTKa, O0pa30BaHHAs
gucinamu. Bot u Bce. Bee, 4To CBsI3aHO ¢ MaTpHUIIAMU, HUYYTh HE CIIOXKHEE 3TOTO.
Ecnu BBl yKe IOJB30BaIMCh JJIGKTPOHHBIMHU TAOJHIIAMHU, TO HUKAKHUX CJIOXKHOCTEH
npu paboTe ¢ YKCIaMu, PacIoiaralolMMHCS B STYCHKaX CETKH, Y BaC BOBHUKHYThH HE
nomkHO. Hrke mokazan npumep padodero nucta Excel ¢ uncimoBoit Tabauei.

Mnasras

: Calibiri 1 AN =P W Db
y XEKM- - D-A-===F B $-%m By

bydpep obmena 1. Wpsndr . EupasrmBanae . “Wonag

32 5
74 2
11 8
75 3

VB W N
NS U W

DTO M €CTh MaTpulila — TaOIMIla WK CeTKa, 00pa3oBaHHAs YMCIAMHU, TOYHO TaK K€,
KaK ¥ CIEAYIONIUN TpUMEp MaTPUILIbl pa3MepoM 2x3.

25 43 22

43 12 54

[Ipu 00603HaYeHUH MATPHIL] IPUHITO YKa3bIBaTh CHayajga KOJIMYECTBO CTPOK, & 3aTEM
KOJIM4YECTBO cTOIOLOB. [103TOMY pa3smMepHOCTh JaHHOUM MaTpulbl He 3x2, a2X3.
Kpome Toro, mHorzma Marpuilbl 3aKiIIOYalOT B KBaJpaTHble CKOOKH, MHOTJAa — B
KpyIJIbIE, KaK TO CHEJIAIN MBI.

Ha camom gene matpuisl He 0053aTeNbHO JAOKHBI COCTOATh U3 uncesa. OHU MOTYT
BKJIIOYATh BEJIMYMHBI, KOTOPHIM MBI JaJldi UMEHA, HO HE MPHUCBOMUIN (PAKTUUECKHX
3HaueHnil. [loaTomMy Ha cienyromend WUIIOCTpAaUMHA TakXke NOKa3aHa MaTpula ¢
JJIEMEHTAMH B BUJE NIEPEMEHHBIX, KAK1asi U3 KOTOPBIX UMEET ONPEAEIEHHBIN CMBICI
Y MOXET UMETh 3HaYEHHE, IIPOCTO MBI I0KA HE YKa3ajM, 4TO ATO 34 3HAYCHUS.
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doazoma Kopadas doAzoma camoAema

wupoma Kopaos wupoma camorema

UeM mosne3Hbl MaTpullbl, BaM CTAaHET MOHSATHO, KOrJa MbI PACCMOTPHUM, KAK OHU
YMHOAIOTCS. BOT nmpumep yMHOXEHHUS OAHOM ITPOCTON MATPHIIBI HA APYTYIO.

1 2 s 6 (1%5) + (2%7) (1%6) + (2"8)
s 4 7 8 - (3*5) + (477) (3*6) + (4"8)
19 22
= 43 50

Orta omnepauuss HE CBOJUTCA K MPOCTOMY HEPEMHOXKEHUIO COOTBETCTBYIOIIMX
aneMeHTOB. JIeBbIiI BEpXHUIl 3J€MEHT HE paBeH 1*5, kak W mpaBblii HIOKHUI — HE
4*8.

BmecTo 3TOro Matpuubsl yMHOXKAKOTCS IO IPYyTUM IpaBuiaM. Bo3MOXKHO, BB

U CaMHU JOTraJaeTech, MO KAKUM HMMEHHO, €CJId BHHUMATEIbHO IMPUCMOTPUTECH K
npuMepy. Eciam HeT, TO B3IIIHUTE Ha NPUBEACHHYIO HWKE WLIIOCTPALUIO, TIE
IIOKA3aHO, KaK I0Jy4aeTcsl OTBET JJIS JIEBOTO BEPXHETO 3JIEMEHTA.

1 2 s [ (1%5) + (2*7) (1"6) + (2"8)
s 4 7 s - (3%5) + (4°7)  (3%6) + (4°8)
29 22
) 43 S50

Brl BuguTE, 4TO BEPXHUM JIEBBIN 3JIEMEHT BBIYMCISIETCS C UCIIOJIB30BAHUEM BEPXHEHN
CTPOKH MEPBOM MaTPUIBI U JIEBOTO CTOJIOIA BTOPOH.

MpeiciieHHO mnepeOupas 00e MOCIeI0BaTEIbHOCTH 3JEMEHTOB, MEPEMHOXKbTE UX
MOMAPHO U CJIIOXUTE MOJyYeHHbIE Pe3ysbTaThl. TakuM 00pa3oM, 4TOObI BHIYMCINUTH
JIEBBIN BEPXHUI 3JIEMEHT PE3yJbTUPYIOLIEH MATPHIIbl, Mbl HAUMHAEM NEPEMEILATHCS
BJIOJIb BEPXHEW CTPOKM IEPBOM MAaTpUlbl, II€ HAaXOAUM yuciao |, a HauuWHas
nepeMeIeHre BHU3 IO JIEBOMY CTOJIOIY BTOPOM MaTpPHIIbl, HAXOAUM 4uCiIo 5. Mbl
IIEPEMHOXKAEM MX U 3allOMHMHAEM PE3yJIbTaT, KOTOPBIA paBeH 5. MbI mpoaoinKkaeM
nepeMeniaTbCcsl BJIOJIb pPsiia M BHHU3 IO CTOJIOIY M HAXOAWM DJIEMEHTHl 2 u 7.
Pe3ynbTaT MX nmepeMHOXKeEHUs, paBHbIA 14, Mbl Takxke 3anomMuHaeM. [Ipu 3TOM MBI
y>K€ JOCTUIJM KOHLA CTPOKH M CTOJIOLA, MO3TOMY CYMMHPYEM YHCIA, KOTOPHIE
nepes 3TUM 3allOMHWIIM, U MOJIy4aeM B KayecTBE pe3yJibTara yucio 19. 31o u ecthb
JIEBBIM BEPXHUU DJIEMEHT PE3YyJIbTUPYIOIIEN MaTPULIBI.
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Onuncanue noyly4yminoch JJIMHHBIM, HO BBINOJIHEHUE CAMUX JEUCTBHM HE OTHUMAET
MHOTO BpeMmeHu. [Ipomoimkure panee caMmocTosTENbHO. Ha mnpuBeneHHON HUXKE
WUIFOCTPAllMd  TOKAa3aHO, KaK  BBIYMCISIETCA  IPaBbld  HWKHUM  DJIEMEHT
PE3yJIBTUPYIOIIEH MATPULLBI.

i 2 5 & (1*5) + (2*7) (1%6) + (2*8)
508 7 8 - (3*5) + (4*7) (FOEED
19 22
- 43 (5B

Bl BHOBb MOXETE€ BHIIETh, KakK, HCIIOJNB3yS CTPOKY H CTOJIOCI, KOTOPBIC
COOTBETCTBYIOT MCKOMOMY 3JICMEHTY (B JTaHHOM CiIy4ac BTOpas CTPOKa W BTOPOHU
cToJi0elr), MbI TIOJTy4aeM JiBa IIpou3BeaeHUs, (3*6) u (4*8), cnoxkeHue KOTOPhIX AaeT
18 + 32 =50.

[Tponomxkasi IeHCTBOBATh B TAKOM K€ TyXe, HAXOJUM, YTO JICBBIH HIDKHUHN 3JICMECHT
paBeH (3*5) + (4*7) = 15 + 28 = 43, a npaBsIil Bepxuuit — (1*6) + (2*8) =6 + 16 =
22.

Ha cnenyromieit numrocTpanuu npoaeMOHCTPUPOBAHO UCIIOJIB30BAHUE MEPEMEHHBIX
BMECTO YHCEIL:

a b . & iF (a%e) + (b*g) + ... (a*f) + (b*h) + ...
& d . 9 h (c*e) + (d*g) + ... (c*F) + (d*h) + ...

ae+bg+... afrbh+..

ce+dgs... cfrdhs...

DTO BCEro JUIIb APYrol CIHoco0 OMUCaHUs TMOJX0Jd, C MOMOIIBI0 KOTOPOTO MbI
yMHOXXaeM Matpuiibl. Mcmone3ys OykBb, BMECTO KOTOPBIX MOTYT OBIThH
MIOJICTABIICHBI JIFOOBIC YHCIIA, MBI JaeM OOIee OMHMCAHHWE 3TOro Moaxoaa. lakoe
OMHCaHUE JCHUCTBUTENHHO SIBISETCS Oojiee OOIMM, YeM MPEIbIIyIIee, MOCKOIbKY
MPUMEHHUMO K MaTpUllaM Pa3IMYHbIX Pa3MEPOB.

l'oBopst 0 mMpUMEHMMOCTH OMMCAHHOTO MOJXO0Ja K MaTpuilam JIro0oro pasmepa,
CIeAyeT cleflaThb OJHY Ba)KHYIO OTOBOPKY: YMHOXAe€Mbl€ MaTpHUIIbl JOJKHBI OBIThH
COBMECTUMBIMU. BrI moiimeTe, B ueM 3/1eCh J1€710, BCIIOMHUB, KaK OTOMpaIu MONapHo
3JIEMEHTHI U3 CTPOK MEPBOM MATPHUIIBI M CTOJIOIIOB BTOPOM: STOT METOJ HE CMOXKET
paboTath, eciu Koauvecmeo INEeMeHmo8 6 CHmpOKe He 0ydem coenadamp ¢
KoJluuecmeom 3j1emenmoé 6 cmonoye. 11o0pToMy BBl HE CMOXKETE YMHOXHUTh
Matpuny 2x2 Ha matpuiy 5x5. [lonbeiTaliTech 3TO ceNlaTh, U CAMU YBUAUTE, TOUEMY
ATO HEBO3MOKHO. UTOOBI MAaTPHUIIEI MOXKHO OBLIO YMHOXHUTh, KOJIUYECMBO CMOLIOYO08
8 NepBoll U3 HUX 00JIHCHO COBNAOAMb C KOAUYECMBOM CMPOK 80 8MOPOIU.
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B pa3HbIX pyKOBOACTBaX 3TOT TUII MAaTPUYHOTO YMHOXEHUS MOKET BCTPEUATHCS MO/
pa3HBIMHM HA3BaHUSIMU: CKAJSAIPHOE NMPOU3BeJeHHEe, TOYCHYHOE NMPOU3BeAeHUEe WIN
BHYTPEHHee npousBeleHne. B MmateMaTuke BO3MOXKHBI M IPYTUE TUIIBI YMHOXKECHUS
MaTpull, TaKHWe Kak IEepPEeKpPeCcTHOEe IPOMU3BEJACHUE, HO Mbl OyjaeM paboTath C
TOYEYHBIM MMPOU3BEACHUEM MATPHII.

[TocMoTpUM, YTO MIPOU3OMMIET, €CIM 3aMEHUTh OYKBBI CIIOBAMHU, UMEIOIIUMHU OoJiee
HEIIOCPEICTBEHHOE OTHOLICHHWE K HAIled HEMPOHHOM ceth. Ha mpuBeneHHON HUxKe
WUTIOCTPAllUA BTOpasi MaTpuIlla UMEET pa3MepHOCTh 2x1, HO MaTpuuHas airedpa
OCTaeTCs MPEKHEM.

Wis Wi, input_1 ( tnput_1 * w:,:) *{ "“‘P“t) W)
W,y W, input_2 - (imput 1 *w, )+ (input2 *w,,)

[TepBasi maTpuiia COAEPKUT BECOBBIE KOIPHUIIMEHTHI ISl CBS3EH MEXIY y3JIaMHu

IBYX CIJIOEB, BTOpasi — CUTHAJBI IIEPBOT0, BXOJHOIO CJIOsl. Pe3ysbTaTOM YMHOKEHHS

ATUX JIBYX MaTPHII SBJISIETCS OOBEAMHEHHBIN CTIQKEHHBIA CUTHAI, TOCTYMAIONINI Ha

y3JIbI BTOPOTO CJIOSL.

[IpucMoTpuTech MOBHUMATENBHEE, W Bbl 3TO movmere. Ha mepBriil y3ennocTynaer

CyMMa JIByX CUTHAJIOB — CUTHaJIa input I, yMHO)KEHHOTO Ha BECOBOU KOI(PPHUIHEHT

W 11, U CUTHANA input 2, yMHOXEHHOIO Ha BECOBOM KOXPOUUUEHT W ;5. ITO

3HAYECHUS X JI0 TPUMEHEHUS K HUM (YHKIIUU aKTHUBAILIUHU.

[IpeacraBum Bce 3TO B OoJiee HATIISATHON (PopMe C TOMOIILIO MILUTFOCTPAIIHH.
X=(input 1 *w,, )+ (input2*w,,)

input_1 W, ,
et 1 1.1 777;-_; *4 cmpesneih
WLZ
: w
input_2 i
— 2 — —>( 2 —
w [

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

OnucaHHbIN NOAXO] YPE3BHIUYANHO MOJIE3EH.
[Touemy? [ToTroMy 4TO B €ro paMKax BCE BBIUHMCICHHS, KOTOPbIE HEOOXOIUMBI IS
pacueTra BXOJHBIX CUTHAJIOB, MOCTYMAIOIMIUX HAa KaXAbIM U3 y3JI0B BTOPOTO CJIOA,
MOTYT OBITb  BBIP@XEHBI C  KCIOJIB30BAHHMEM  MATPUYHOTO YMHOXEHUS,
00eCTIeYMBAOIIETO YPE3BBIYAaHO KOMITAKTHYIO (DOPMY 3aIllMCH COOTBETCTBYOITUX
OIepaIui:
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X=WI
3nece W — wmartpuma BecoB, I — Marpuna BXOJOHBIX CHTHalIOB, a X —
pe3yabTUpYIOllasi ~ MaTpulla  KOMOWHHMPOBAHHBIX  CTJIQXKEHHBIX  CHUTHAJIOB,
MOCTYIMAIUX B ¢JI0M 2. CHUMBOJIBI MaTpPHUI] YaCTO 3aAIMUCHIBAIOT C UCIIOIb30BAHUEM
NMOJY>KUPHOTO mpudTa, YTOOBI MOJYEPKHYTh, YTO JAHHBIE CHMBOJIBI
MPEJCTABISAIOT MATPHUIIBI, & HE TPOCTO OJUHOYHBIE YUCTIA.

Tenepr HaM HE HYXKHO MOAYMaTh O TOM, CKOJIbKO y3JIOB BXOJHT B KaXKIbI CIIOW.
VYBeNIMUYEeHUE KOJIMYECTBA CIOEB NPUBOAUT JIMIIb K YBEIMYEHUIO pa3Mepa MaTpHL.
Ho xonnuecTBO CHMBOJIOB B 3allUCH IIPU 3TOM HE yBennuuBaercs. OHa ocTaeTcs Mmo-
MPEKHEMY KOMITAKTHOM, U MbI MPOCTO 3alIUCHIBAEM IPOU3BEACHUE MATPUIl B BUIE
W*I, He3aBUCUMO OT KOJIMYECTBA JIEMEHTOB B Ka)KJ0M M3 HUX, OyIb 3TO 2 WU XKe
200.

Ecnn ucnonb3yeMslidl 3bIK MPOrPaMMHUPOBAHUS PACIIO3HAET MATPUYHYK) HOTALHIO,
TO KOMIIBIOTEP BBIMNOJHUT BCE TPYAOEMKHE PACUETHI, CBSA3AHHBIC C BBIYMCICHUEM
BeipakeHusa X = W * I, 6e3 mpegocTaBieHUs €My OTIEIbHBIX WHCTPYKUIUN IJIs
KaXJO0T0 y3JIa B KaXKIOM CJIO€.

3aTpaTUB HEMHOTO BPEMEHU Ha TO, YTOOBI MOHATH CYThb MATPUYHOI'O YMHOXEHUS,
MBI TIOJIYYWJIM B CBOE€ PACHOPSIKCHUE MOIIHEWIINN WHCTPYMEHT ISl pealin3aluu
HEUPOHHBIX CEeTEH 0€3 KaKUX-IU00 0COOBIX YCUIIUM C Halleld CTOPOHBI.

Uto nacueT PyHKUMM aKTHUBalMHU? 37€Ch BCE MPOCTO U HE TPeOyeT MPUMEHEHUS
MaTpu4HOM anreOpsl. Bee, uTo HaM Hy’KHO C/IENaTh, — 3TO

MPUMEHUTH CUTMOUTY

1+e_xK KaXXIAOMY OTACIIbHOMY 3JICMCHTY MAaTpPHUIIbL X.

DTO 3BYYHUT CIMIIKOM IPOCTO, HO TaK OHO M €CTh, IMOCKOJIbKY HaM HE MPUXOIUTCS
KOMOMHHPOBATh CUTHAJIBI OT Pa3HbIX Y3JIOB: 3TO YXK€ CIENaHO, U BCsSl HE0OXoauMas
uHpopMarus yxe conepxurcs B X. Kak Mbl yxe Buzienu, pojib QyHKINN aKTUBALUU
3aKJII0YAETCS B NPUMEHEHUM IIOPOTOBBIX 3HAYEHUN M TOJABICHUU HEHYKHBIX
CUTHAJOB C LENbI0 MMMTALlMM TOBEIEHUS OMOJOrMueckux HeipoHoB. Ilo3aTomy
PE3YyJBTUPYIOIIMM BBIXOAHON CUTHAJ BTOPOTO CJIOS MOYKHO 3aIIMCaTh B TAKOM BHJIE:
O = curmonga(X)
3necy cumBosioM O, BBIACICHHBIM TMONXYXHPHBIM HIPUPTOM, 0003HAUYECHA MAaTPHIIA,
KOTOpasi COAEP/KUT BCE BBIXOHBIE CUTHAJIBI TOCJIEAHETO CI0S1 HEUPOHHOM CETH.
Bripaxkenne X = W * I npumeHsieTcs Uil BBIYUCIEHUS CUTHAJIOB, MPOXOIAIINAX OT
OJIHOTO CJIOS K CleAyruIeMy cior. Hampumep, mpu Hamuyuy TPEX CJIOEB MBI
IIPOCTO BHOBB BBINOJIHUM ONEPALMI0O YMHOKEHUSI MAaTPHL], UCIIOIb30BAB BBIXOJAHBIC
CUTHaJbl BTOPOTO CJOSI B KauyeCTBE BXOJHBIX IJII TPETHEr0, HO, pa3yMeercs,
IpeIBapUTEIbHO CKOMOMHMPOBAB MX W CIJIAJUB C IOMOIIBIO JIOTIOJHUTEIBHBIX
BECOBBIX KOA(PDUIIMEHTOB.
Pesrome
* MHoOrve BBIYMCIIEHHUS, CBSI3aHHBIE C PACHPOCTPAHEHUEM CHUTHAJIOB II0
HEHPOHHOM CETH, MOTyT OBIThb BBIIIOJIHEHBl C HCIIOJIB30BAHUEM OIEepaluu
MaTPUYHOTO YMHOXKEHUS.
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* Hcnonb3oBaHWe MaTPUYHOTO YMHOXKEHHS OOECIEUMBAET KOMIAKTHYIO
3aIIUCh BBIPAXXECHUH, pa3MeP KOTOPBIX HE 3aBUCUT OT Pa3MEpPOB HEMPOHHOM CETH.

* Uro HEMallOBa)XXHO, OMNEpald MaTPUYHOM aiareOpbl HM3HAYaJIbLHO
MPEAYCMOTPEHBI B PsAJIe S3bIKOB IMPOrPaMMHUPOBaHUsI, Ojarogaps 4eMy MOTYT
BBITIOTHATHCS OBICTPO M 3 (HEKTUBHO.

2. Ilpumep UCNOIB30BAHUSA MATPUYHOI0 YMHOKEHHUS B CETH C TpPeMH
CJIOSIMH

MpI noKa elile He UCHOJIb30BaJIu MaTPHUIIbI JIsI BHIIOJHEHUS PACYETOB, CBSI3AHHBIX C
BBIUMCIICHUEM CUTHAJIOB Ha BBIXOJI€ HEMPOHHOM ceTu. KpoMe Toro, Mbl IoKa 4to He
oOcyXmanmu mpuMepsl ¢ Oojiee YeM JABYMS CIOSIMH, YTO ObUIO OBl TOpa3io
WHTEPECHEE, MTOCKOIBKY MBI JIOJDKHBI TIOCMOTPETh, KaK 00pabaThIBAIOTCST BHIXOAHBIC
CUTHAJIBI TMPOMEXYTOUYHOIO CJIOS B KA4€CTBE BXOJHBIX CHUTHAIIOB IOCJIEIHETO,
TPETHETO CIIOA.

Ha cnenyromeid nuarpamme NpecTaBiICH MPUMEP HEWPOHHOW CETH, BKIHOYAIOLICH
TpU cJiosi Mo Tpu y3ha. UToObl n30exkaTh 3arpoOMOXKICHHUS UAarpaMMbl JIMIIIHUMHU
HAJIMKUCSMH, HEKOTOPHIC BECA HA HEW HE YKA3aHBI.
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Mpb1 HayHEM €O 3HAKOMCTBa C OOMIENMPHUHATOW TepMmuHOJoruei. Kak MbI 3HaeM,
IEPBBIM CJIOM — BXOAHOM, a BTOPOM — BBIXOAHOH. IIpomexyTouHbIN cIOU
HAa3bIBACTCS CKPBITBIM €JI0eM. Takoe Ha3BaHWE 3aKPENUIIOCH 3a MPOMEKYTOYHBIM
CJIOEM H3-3a TOTO, YTO €r0 BBIXOJHBIC CHTHAJBI HE 00s3aTEIHHO MPOSBIISIOTCS Kak
TaKOBbIE, OTCIOZA U TEPMUH «CKPBITBII.

[Ipuctynium k paboTe Haja MNPUMEPOM, NPEACTABICHHBIM Ha HJTOM JAHarpaMme.
BxonnsiMu curHaizaMu HEWpoHHOUW cetu sBistorcs cuenyromme: 0,9; 0,1 u 0,8.
[ToaTomy BxonHasa marpuna I umeer cieayrommn BUI.
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0,9
[ = 0,1
0,8

D10 OBUIO MPOCTO, T.€. C MEPBBIM CJIOEM Mbl 3aKOHYMIIM, IOCKOJIbKY €ro
€AMHCTBEHHAs 3a/1aya — MPOCTO MPEACTABIATh BXOAHOM CUTHA.

Crnenyromuii Ha ouepen — MIPOMEKYTOUHBIN CJIoW. B JaHHOM ciydae HaMm NpUaeTcs
BBIYMCIUTh KOMOMHUPOBAHHBIE (M CTJIAXKEHHBIC) CUTHABI JJISl KaXKJIOr0 y3ja 3TOro
cnosi. BcnomHuUTE, 4TO Ka)KIblil y3€lI IPOMEXKYTOYHOTO CKPBITOTO CJIOSI CBSA3AH C
KQKJIBIM U3 Y3J0B BXOJHOTO CJIOS, [IO3TOMY OH MOJy4aeT HEKOTOPYIO YacTh Ka)JA0Tro
BXO0JIHOTO curHana. OHaKo ceiyac Mbl OyeM JeicTBoBaTh O0see 3PpHEeKTUBHO, YeEM
paHbllIe, MOCKOJIbKY MOMBITAEMCSI IPUMEHUTh MATPUYHBII METO/.

Kax yxe Obuto moka3aHo, CIVIaKeHHbIE KOMOMHMPOBAHHBIE BXOJHBIC CUTHAIBI IS
3TOro cjiosi ompeaenstoTcs BoipakeHueM X = W * I, rae I — marpuiia BXOJAHBIX
curHasioB, a W — matpuna BecoB. Mbl pacnonaraem marpuuei I, Ho yto Takoe W?
Hekotopsie u3 BecoBbIX KOIDGUIHMEHTOB (BBHIOpAHHBIE CIIy4ailHBIM 00pa3oM)
NOKa3aHbl HA AUarpaMMe JUisl 3TOro npuMepa, Ho He Bce. Huke mpencraBiieHsl Bce
BECOBbIE KOA(DPUIIMEHTHI (ONATh-TAKH, KaXAbId U3 HUX BBIOMPAJICSA KaK ClydailHOe
YHCIIO).

0,9 0,3 0,4
deoauoﬂ_cxpumua = 0,2 0,8 0,2
0,1 0,5 0,6

Kak HeTpynHo 3aMeTuTh, BECOBOM KOX(PGUIIMEHT A CBA3M MEXIY IEPBHIM
BXOJHBIM y3JIOM U IEPBBIM y3JI0M IIPOMEXKYTOUYHOTO CKPBITOTO ci1ost W 11 = 0,9, kak
U Ha NPUBEJCHHOW BblIIE nuarpamme. TOYHO Tak k€ BECOBOW KOA(DPUIMEHT aiis
CBSI3M MEXJy BTOPBIM BXOIHBIM Y3JIOM M BTOPBIM Y3JIOM CKPBITOTO CIIOSIW 3 =
0,8. Ha nuarpamMMe He MoKa3aH BECOBOW KO3(P(GUUMEHT ISl CBA3U MEXAY TPEThUM
BXOJIHBIM Yy3JIOM U IIEPBBIM Y30OM CKPBITOTO CJIOA W 31 = 0,4.

PaccmoTrpuMm, mnoyemy Mbl  cHaOgwium  marpuny W MHJIEKCOM
«BXOJHOW_CKPBITBIIN»? TloToMy, 4T0 MaTtpuua W oy omoi ckporrii COAEPIKUT BECOBBIC
KOA(hDUIMEHTBHI 1JIs1 CBSA3EH MEXy BXOJHBIM M CKPBITHIM ciosMu. KoaddurmeHTs
JUIS CBS3€M MEXAY CKPBITBIM M BBIXOJHBIM CIIOSIMH OyAyT COAEpKaTbCs B JIPYrou
MAaTpHLE, KOTOPYIO Mbl 0003HAYNUM KaK W cxpprmurii serxosmoii-

Ota Bropas Marpuia W coumii sexomoiis DJAEMEHTBI KOTOPOM, KaK M 3JIEMEHTEHI
npeabIAyIeld MaTpUIbl, IPEICTABISAIOT COOOW CilyyalHbIe Yucia, IPUBEEHA HIKE.
Hampumep, Bbl BuAuTE, 4TO BECOBOM KOA(MOUIMEHT IJsi CBSI3U MEXKIY TPEThUM
CKPBITBHIM Y3JIOM U TPETbUM BBIXOJHBIM y3710M W 3,3 = 0,9.
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0,3 0,7 0,5

cxpeimbiil_Soucoduoi = O-’b 0,5 012

0,8 C,1 0,9

OTnr4HO, HEOOXOUMBIE MATPUIII TOTYUYEHBI.

[Iponomkum Hamry paboTy U OompeneauM KOMOMHHPOBAHHBIN CTIaXKCHHBIA CUTHAI
IUIsL CKPBITOTO cliog. KpoMe TOro, Mbl IOJIKHBI IPUCBOUTH €MY OIUCATEIBHOE UM,
CHAO’XKEHHOE MHJCKCOM, KOTOPBIA yKa3bIBaeT HA TO, YTO TO BXOJHOW CUTHAI IS
CKPBITOT'0, @ HE MOCJIEAHETO CIIOS.

HazoBeM cOOTBETCTBYIOIIYIO MATPULLY X cipprrii:

X CKPBITBIH =W BXO/IHOM_CKPBITHIN *

Mbl He coOupaeMmMcs BBINOJHATH BPYYHYIO BCE JICWCTBHS, CBSI3aHHBIE C
NEPEeMHOKEHUEM MaTpull. BeimogHeHue 5TON TpPyJO0eMKOMl paboThl MBI OyleM
IIOPYy4aTh KOMIIBIOTEPY, BEAb UMEHHO C 3TOM LIEIBIO Mbl UCIIOJIb3yeM MaTpulpbl. B

JAHHOM CJIy4ae rOTOBBIN OTBET BBIIVISAAMT TaK.
0.9 0,3 0.4 0,9
X ™ 02 08 0,2 ° 0.1
01 05 06 0.8

expomasl

0,62

Bpl HayuyuTech moiydaTh T'OTOBBIM OTBET, HCIIOIB3Ys S3bIK IPOrPAMMUPOBAHMS
Python, 0 yem MBI TOTOBOPUM TO3KE.

Wrak, Mbl pacrnojaraeM KOMOMHHUPOBAHHBIMHU CIJIAXKEHHBIMU BXOJHBIMH CUTHAJIAMU
CKPBITOTO POMEKYTOYHOTO CJIOS, 3HaYEHNs KOTOPBIX paBHBl 1,16;0,42 u 0,62. [lna
BBINIOJIHEHUS BCEX HEOOXOAMMBIX BBIYMCIEHUN ObLIN UCIIOIb30BaHbI MAaTPHULIBI.
OT00pa3zuM BXOAHBIE CUTHAJIBI JJI1 CKPBITOTO BTOPOTO CJIOSl HA IUarpamMmme.
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Ham ocrtaercs eme xoe-uto caenath. Kak Bbl mOMHHUTE, 4TOOBI OTKJIMK CIIOSI HA
BXOJITHOW CUTHAJI KAK MOYHO JIy4llle UMUTHUPOBAJI AHAJOTUYHBIN PEAIbHBIN MPOLIECC,
MBI JIOJDKHBI IPUMEHUTH K y371aM (yHKIIMIO aKTUBAHMH. TaK HIIOCTYITUM:

O CKPBITBIN = CUrmMouaa (X CKpLITLIfI)

IIpuMeHas CUrMOMAY K KaXKIOMY DJIEMEHTY MaTPULbl X cipprmii; MBI ITOIYYaeM
MAaTPHILy BBIXOJHBIX CUTHAJIOB CKPBITOTO MTPOMEKYTOYHOIO CJIOSL.

1,16
p—— cuzmouda 0,42
o,62

0 -—
0,761
O poviion ® 0,603
0,650

JIns. yBEpEHHOCTH JaBalTE MPOBEPUM, NPABUJILHO JIM BBIYHCIICH MIEPBBIN

ajieMeHT. Haimma curmonpa umeetr BH]L ——=. [onaras x=1,16, nomyuaem

e 116=0,3135. D10 o3nauaer, utoy =1/ (1 +0,3135) =0,761.

HetpyaHo 3ameTuTh, 4TO BCE BO3MOXKHBIE 3HAYEHHUS ATONM (DYHKUMU HAXOISATCS B
npenenax or 0 mo 1. BepHurech HEMHOro Ha3ajg M B3IJIIHUTE Ha TIpadux
JIOTUCTUYECKON (PYHKIMU, €CIU XOTUTE YOEOUThCA B TOM, YTO ATO JEHCTBUTEIHHO
TakK.

Iloovimoowcum, umo mvl K 2momy epemenu ycneau coeiams. Mbpl paccuuTanu
IPOXOXKJEHUE CUTHAJIAa Yepe3 MPOMEXKYTOUHBIM CIIOH, T.e. ONpEAeIUIN 3HAYEHUs
CUTHAJIOB Ha €ro BbIxoze. [l MOoJIHOM SICHOCTH YTOYHUM, YTO 9TH 3HAYEHUs ObLIN
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NOJIy4YEHBbI ITyTEM NPUMEHEHUS (PYHKIIMH aKTUBALUN K KOMOMHUPOBAHHBIM BXOJIHBIM
CUTHAJIaM NPOMEXYTOYHOro ciogd. OOHOBUM auarpaMMy B COOTBETCTBUU C 3TOH
HOBOW HH(OpMaLUEH.

0,7el
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Ecau ObI 5T0 ObLTa ABYXCIOMHAs HEMPOHHAS CE€Th, TO MBI CeiYac OCTaHOBUWJIUCH OB,
MOCKOJIBbKY MOJYYHJIM BBIXOJHBIE CUTHAIBI BTOPOro cijiosi. OJTHaKO MbI MPOJOJIKUM,
IIOCKOJIbKY €CTh €I1I€ U TPETUH CIIOW.

Kax paccuntaTh mpoxokaeHue CUTrHaja JJisi TpeThero ciiosi? ToYHO Tak e, Kak U
JUIsl BTOPOTO, MOCKOJBKY 3Ta 3ajladya Ha CaMOM JieJie HM 4YeM HE OTJIMYaeTcs OT
npenbiayieid. Ham m3BecTHa BeIMYMHA BXOJHBIX CUTHAJIOB, MOJYYaeMBIX TPETHUM
cloeM, Kak paHee ObUla M3BECTHA BEIWYMHA BXOJHBIX CHUTHAJIOB, IMOJIY4YaeMBbIX
BTOPBIM CJIOEM. Y HAac TakKe €CTh BECOBBbIE KOAI(DPUIIMEHTHI ISl CBS3EH MEKIY
y37amMu, ocla0stone curHaibl. HakoHer, 9TOOBI OTKJIMK CETH MaKCHUMalIbHO
PaBAONOA00HO WMUTHUPOBAT €CTECTBEHHBIM MPOIECC, MBI MO- MPEKHEMY MOXKEM
NPUMEHUTh (PYHKIMIO akTuBaruu. [loATOMy BaM CTOWT 3alOMHHTH CIEAYIOIIEE:
HE3aBUCHUMO OT KOJMYECTBA CIIOEB B HEMPOHHOW CETU, BHIYUCIUTEIbHAS MPOLEeypa
JUIST KaXJOro W3 HUX OJIMHAKOBA — KOMOWHHMPOBAHUE BXOJHBIX CHUTHAJIOB,
CIVIAKMBAHUE CUTHAJIOB JUISl KaXKJOW CBA3M MEXAY Y3JIaMU C TOMOIIBI0 BECOBBIX
KOd(pPUIMEHTOB W TMOJy4YeHUE BBIXOJHOTO CHUTHaJla C TIOMOIIbIO (YyHKIIMU
aktuBanuu. Ham 6e3paznnyuHo, CKOIBKO CI0€B 00pa3yroT HeHpoOHHYIO ceTh — 3, 53
win 103, Benb K J1I0OOMY M3 HUX MPUMEHSIETCS OJIMH UTOT K€ MOJAXO/I.

Wtak, mpoaoKuM BBIYMCICHUST MU PACCUUTAEM CTIIAXEHHBIM KOMOWHUPOBAHHBIN
BXOJHOM curHain X = W * I 111 TpeThero clios.

BxogHpIMU cHUTHamaMH [JJisi TPETBETO CIJIOSA CIyKaT YK€ pacCUUTaHHbIE HAMU
BBIXOJHBIE CUTHAJIBI BTOPOTO CIOA O ppirpii- 1IPM 3TOM MBI JOIKHBI HCIOIB30BATh
BECOBbIE KOX(PGUIIMEHTHI IJISi CBSA3€H MEXIy y3JlaMd BTOPOTO U TPETHETO CIIOEB
W ckppimmiii_sbixonoiis @ HE T€, KOTOPBIE MBI YK€ MCIOJB30BAJIN 7S IEPBOIO U BTOPOTO
cioeB. CiieqoBaTenbHO, MBI HMEEM:

=W . . .
X BbBIXOAHOH CKPBITBIM_BBIXOAHOU O CKPBITHIN
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[loaTOMy, [neWcTBYysA, Kak W TPEXIe, Mbl MOJyd4aeM Ui  CIUIaKEHHBIX
KOMOMHUPOBAHHBIX BXOJHBIX CUTHAJIOB IMOCJIEIHET0 BBIXOJAHOIO CJIOS CIEAYIOLIEe
BBIPAKEHHE:

03 07 05 0,761
L 0e 05 02 ® 0,603
o8 ©01 04 0,650
0,975
X ocommos = 0,888
1,254

OO6HoBIIeHHAsT AMarpaMMa OTpa)kaeT Halll MpOrpecc B pacydere Mpeodpa3zoBaHUs
HAaYyaJbHbIX CHUTHAJIOB, IOCTYNAKOIIMX HAa Y3l MNEPBOTO CJIOS,, B CIJIAKCHHbBIC
KOMOMHUPOBAHHbIE CUTHAJIBI, TTOCTYIAIOIIKE Ha y3JIbl OCIEAHETO CII0sl, B MPOIEcce
UX PacIpOCTPAHEHUS 10 HEUPOHHOM CETH.

il , 116 0761
; ? 975
0,603
g 2 0,42 2 ) 2 i
4 O 3 0,828 e
0650
0.8 — x 062 = —
125’4

Bce, uTo HaM ocTaercs, — 3TO IPUMEHUTb CUTMOUY.

0,1
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Opnos = CUZMoOUda 0,888
1,254
0,726
Oiciiia ™ 0,708
0,778

Mpbl NOMy4YWiIM CHUTHadBbl HA BBIXOJAE HEHWPOHHOW ceTH. OmnsiTh-Taku, 0TOOpazum
TEKYIYIO CUTYalll0 Ha OOHOBJIEHHOM Juarpamme.

i el O O O 5 0726
08 — > @ @ @ — O, 778

Takum 00pa3oM, B HalleM NMpUMepe HEHPOHHOM CeTH C TpeMms CIOSIMU BBIXOIHbBIC
CHUTHAJIBl UMEIOT clieayrolnyto Beanuuny: 0,726; 0,708 u 0,778.
Hrak, HaMm yJanoch yCIEIIHO ONMCATh PACHPOCTPAHEHUE CUTHAJIOB IO HEMPOHHOU
CETHU, T.C. ONPEAENIUTh BEIUYMHY BBIXOAHBIX CUTHAJIIOB MPH 3aJlaHHBIX BEIMYMHAX
BXOJIHBIX CUTHAJIOB.
Urto nanpiie?
Ham cnepyromuii mar 3akir04aeTcsi B CPABHEHUN BBIXOJHBIX CUTHAJIOB HEMPOHHOU
CEeTU C JaHHBIMU TPEHUPOBOUHOIO MpUMEpa Ui omnpeaenaeHus omuoku. Ham
HEOOXOMMO 3HAaTh BEJIWYMHY OTOM OMIMOKH, YTOOBI MOXKHO OBUIO YJIYYIIWTH
BBIXO/HBIE PE3YJIBTAThI IyTEM U3MEHEHHUS TAPAMETPOB CETH.
[Toxainy#, 3Ta 4acth paboThl HauboJiee TPYAHA JIJIsl MIOHUMAHUS, I0ATOMY MBI OyJieM
IIPOJIBUTATHCS, TOCTETIEHHO 3HAKOMSICh C OCHOBHBIMH MJIESIMH B Tpo1iecce padoThl.
3. KoppekTnpoBka BecOBbIX KO3()(PUIIMEHTOB B Mpouecce 00yueHust

HEHPOHHOM CeTH
Panee MbI yiydinanu mMOBEJEHUE MPOCTOTO JMHEWHOTO KiaccudukaTopa MyTeM
pEryIupoOBaHMs apaMeTpa HaKJIOHA TUHEHHON GyHKIMU y3ma. Mbl genanu
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3TO, PYKOBOJCTBYSCH TEKYIICH BEIIMYNHON OIMUOKH, T.€. pa3HOCTH MEKTY OTBETOM,
BbIpa0aThIBAEMBIM y3JI0M, W W3BECTHHIM HaM WCTUHHBIM 3HadeHUEM. Baumy
MIPOCTOTHI COOTHOIICHHUS MEXAY BEIMYMHAMH OIMMOKM W TIONMPAaBKH 3TO OBLIO
HECII0XKHO.

Kak HaM OOHOBISATH BeCOBbIE KOX(PUIIMEHTHI CBsI3€H B Cilydae, €CIM BBIXOIHOMN
CUTHAJI U €ro omubka GopMUPYIOTCS 3a CUET BKIAIOB OoJiee ueM OJHOTrOo y3ia? OTy
3a/1auy WUTIOCTPUPYET MPUBEACHHAS HIDKE TUarpaMma.

ﬁurxoaHaﬂ
owuﬁxa

Korga Ha BBIXOJHOM y3en MOCTyHaj CUTHAJN TOJIBKO OT OJHOTO y3Jia, BCE ObLIO
HamMHOTO Tiporie. Ho kak Bcmonp30BaTh OMIMOKY BBIXOJIHOTO CUTHANIA TIPU HATUYUU
JIBYX BXOJHBIX y3JIOB?

Hcnonp30BaTh BCIO BETWYMHY OIIMOKH JUIsl OOHOBJICHHUS TOJIBKO OJHOTO BECOBOTO
kodhdunreHTa HEe MPEACTABISETCS Pa3yMHBIM, MOCKOJBKY TPH 3TOM IOJHOCTBIO
UTHOPUPYIOTCS Jpyrasi CBs3b U e¢ Bec. Ho Bemp BeaMYMHA OMMOKH OTPEIeseTCs
BKJIaJIaMH BCEX CBS3€H, a HE TOJBKO OJTHOM.

[IpaBna, cymecTByeT HEOOJbIIAs BEPOATHOCTh TOTO, YTO 3a OIMIMOKY OTBETCTBCHHA
TOJIBKO OJTHA CBSI3b, HO 3Ta BEPOATHOCTH MPEHEOPEIKUMO Masia. Eciu Mbl M3MEHWITH
BECOBOW KOX(P(UIIMEHT, YK€ HMMEIONINN «IPaBWIBHOE» 3HAUEHUE, U TEM CaMbIM
YXYAIIWIA €T0, TO TPH BBIMOJHCHHH HECKOJBKHX TOCICIYIONINX HTEpaIfii OH
JOJDKEH YIIYYITUTHCS, TaK YTO HE BCE TIOTEPSHO.

OnuH u3 BO3MOXKHBIX CIIOCOOOB COCTOMT B TOM, YTOOBI PACIPENCIUTHh OIIUOKY
MOPOBHY MEXJy BCEMH Y3JIaMH, BHOCSIIIUMHU BKJIaJ, KaK MOKa3aHO Ha CJEAyIoIIen
TuarpaMmme.
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CyTp apyrod ujaew TakkKe 3aKJIIOYaeTcsi B TOM, YTOObI pacHpenessiTh OLIMOKY
MEXAY y3JlaMd, OJHAKO JTO paclpeiesieHne He 0053aHO ObITh PaBHOMEPHBIM.
Bmecto sToro Oombimas mois OMIMOKKA MPUIUCHIBACTCS BKIAJaM TEX CBSI3EH,
KOTOpbIe UMeIoT Oombiuii Bec. [Touemy? [ToToMy 4TO OHU OKa3bIBAIOT
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OoJblIee BIMSHUE HA BEJIIMYMHY OMIMOKU. DTy UACI0 WIUTIOCTPUPYET CIEAYIOIIas
auarpamma.
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B nanHOM cityuae curHall, HOCTYMArOUMKA Ha BBIXOAHOW y3el, popMHUpyeTCs 3a CUET
IByX y350B. BecoBbie koadduimentst cBszeir paBubl 3,0 u 1,0. Pacnpenenus
OIIKMOKY MEXIYy NBYMs y3JlaMU MPOMOPIHUOHAIBHO WX BECaM, Bbl YBUAUTE, UYTO JJIs
OOHOBJIEHUSI 3HAYEHHS TEPBOTO, OOJBIIEr0 Beca ClEAyeT UCIoJb3oBaTh 3/4
BEJIMYMHBI OMMUOKH, TOTJA KaK JUIsi OOHOBJICHHSI 3HAYEHHsI BTOPOT0, MEHBIIIETO Beca
—1/4.

MBI MOXKEM pacIIMpUTh 3Ty HJICI0 HAa CIy4ad ¢ HaMHOIO OOJIBIIMM KOJUYECTBOM
y310B. Ecnu Obl BBIXOJHOM y3en ObUT CBSI3aH CO CTa BXOJHBIMHM Y3JaMHU, MbI
pacnpenenuiad  Obl  BBIXOJHYIO  OIIMOKY MEXIy BCEMU CTa  CBS3SIMHU
NPONMOPUMOHAJIBHO MX BKJIaJaM, pa3Mep KOTOPbIX ONpEeNeNsieTcss BecaMu
COOTBETCTBYIOILINX CBS3EH.

Msb1 ucnosibdyem BecoBble KOd(h(UIMEHTHI B JABYX ULENsAX. Bo-nepgvix, OHH
YUYUTBIBAIOTCS TIPU PACyYETe PACIPOCTPAHEHUS CUTHAJIOB MO HEHPOHHON CETHU OT
BXOJHOIO CJIOSL 0 BBIXOJHOTrO. MBI HCNONB30BajlM HMX PAHEE MMEHHO B TaKOM
KauecTBe. Bo-6mopwvix, Mbl HCIONB3yEM Beca A PaclpOCTpaHEHUs OIIMOKU B
OoOpaTHOM HamNpaBIE€HUUM — OT BBIXOJHOIO CJIOS BIIYyOb ceTH. OTOT METOoJ
Ha3bIBaeTCI OOPATHBLIM pacnpocTpaHeHueM omUOKkM (0oOpaTHOW CBS3BIO) B
nporecce 00y4eHHst HeHPOHHOM ceTH.

Ecnu Obl BBIXOIHOM €10 UMeN ABa y3J1a, Mbl TOBTOPUJIM OBl T€ K€ ACHCTBUS U IS
BTOPOro y3ina. BTopoill BBIXOAHOW y3esl OyIeT XapakTepH30BaTbCA COOCTBEHHOMU
OIIMOKOM, pachpeaenseMol aHaJIOTMYHbIM 00pa3oM MEXy COOTBETCTBYIOIIUM
KOJIMYECTBOM BXOJHBIX Y3JIOB.

Oo0OpaTHOe pacnpocTpaHeHHe OIHUOOK OT 00JbHICr0 KOJMYECTBA BBIXOIHBIX
y3J10B

Ha cnenyromeit auarpamme oroOpaxeHa mpocTasi CETh C IByMsI BXOJIHBIMU y3JIaMH,
HO Ha 3TOT pa3 ¢ ABYMS BBIXOJAHBIMH Y3JIAMH.
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Ommbka MoxxkeT popMUpOBaTHCS HAa 000UX y3J1ax — PAaKTUYECKH 3Ta CUTYALUs] OUYEHb
oX0a Ha Ty, KOTOpasi BO3HUKAET, KOTJla CeTh eule He oOydanack. [[ns koppekuuu
BECOB BHYTPEHHHMX CBsi3ed HykHa mH(popmanus o0 ommOkax B 000ux y3max. Mbl
MO’KEM HCIOJIb30BaTh MPEKHUN MOAXO0J U paclpeAeiaTh OMNOKY BBIXOJHOTO y3I1a
MEXJly CBSI3aHHBIMM C HMM Y3JlaMU IPONOPLUOHAIBHO BECOBBIM KO3(duIMieHTaM
COOTBETCTBYIOIIMX CBA3EH.

B neiictButenbHOCTH TOT (hakT, UTO celyac MUMeEeTcs Ooyiee YeM OJHMH BBIXOJIHOMU
y3€J1, HH4ero He MEHsIET. MBI POCTO MOBTOPSIEM UIsl BTOPOI'O y3JIa T€ K€ IEUCTBUS,
KOTOpBIE YK€ BBINONHUIM s nepBoro. Ilouemy Bce Tak mpocto? ODTa mpocroTa
OOBSICHSIETCSI TEM, YTO CBSI3M OJHOTO BBIOOJHOTO Yy3Jla HE 3aBUCAT OT CBA3EH
apyroro. Mexnay STHMH JAByMs HaOOpaMu CBsi3€il OTCYTCTBYeT Kakasi- JHOO
3aBUCUMOCTb.

BepHemcst k numarpamme, Ha KOTOpOW OMIKMOKAa Ha TEPBOM BBIXOJHOM Y3JI€

o0o3HaueHa kak e ;. He 3a0biBaiiTe, 4YTO 3TO PA3HOCTb MEXKIY IKEIAEMbIM
3HaYCHUEM, TMPEAOCTABISIEMBIM TPEHUPOBOYHBIMU MAaHHBIMU t |, U (PAKTUIECKUM
BBIXOJIHBIM 3HaueHUeM 0 |. Takum obpazom, e | = (t | - 0 ;). Omubka Ha BTOpOM

BBIXO/IHOM Y3JIe¢ 0003Ha4Y€HA KaK € ;.

Ha nuarpamMme BuAHO, YTO OLIMOKa € | paclpeaesseTcsl MPOoNoOpLUOHAIBHO BEcam
CBsI3eH, OOO3HAYEHHBIM KaK W |} U W ;. TOUHO Tak e oumuOka e , JOJDKHa
pacnpenensaTbes NPONOPLUUOHAIBHO BECAM W 12 H W .

3anumeM 3TH A0AM B sBHOM Buae. OmubOka e | HHPOPMUPYET O BEIMYMHAX
IIOTIPaBOK JJIsL BECOB W 1] U W ;. IIpu ee pacnpeneneHun Mexnay y3iaamu JI0J € |,
uHpopMalusl O KOTOPOM HCIOJIB3yeTcss A OOHOBIEHHS W |, OIpEIeNsieTcs
CJIEIYIOLLUM BBIPAXKEHHUEM:

w

11

e e e ot e

WJ-J» 3 W21

Honst e |, ucnojb3dyemas Jjisi OOHOBJICHUS W ;;, OMNPEACISICTCS aHAJIOTUYHBIM
BBIPAKCHUEM:
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3a BCeMM 3TMMH CUMBOJAMHU CTOUT OYEHb IpOcCTas UAEs, KOTOpas 3aKJII04aeTcs B
TOM, 4YTO Y3Jbl, CI€JaBUIME OOJBIIMI BKJIAJ B OIIMOOYHBIA OTBET, MOJYYaIOT
OONpIIMKA CcUTHAT 00 oOmuOKe, TOTJa Kak Y3ibl, CACIAaBIIME MEHBIIUA BKJIaj,
MOJIy4arOT MEHBIINI CUTHAJ.
Kax ObITh, ecii KoMM4YecTBO CioeB MpeBbimaeT ABa? Kak oOHOBIATH Beca CBs3el
JUISL CJIOEB, TaJIEKO OTCTOSIIUX OT MOCIEIHEr0, BBIXOAHOTO CHOS?

4. OOpaTHoOe pacnpocTpaHeHHe OMIMOOK NPH 00JBIIOM KOJHYECTBE
CJ10€B
Ha cnepyroment quarpaMmme mpeacTaBieH NpuMep poCcTOol HEUPOHHOU CETH
C TpPEeMsI CIIOSIMU: BXOJHBIM, CKPBITBIM U BBIXOHBIM.

Wcﬁ

vﬁ ﬁm*ga,{ﬂ.ﬁ

[IponBurasicb B 00paTHOM HampaBiIeHUH OT MOCIEIHEr0, BBIXOJAHOTO oS (KpaiHero
crpaBa), Mbl BUAMM, Kak WH(MopMaIus o0 ommrOKe B BEIXOJHOM CIIO€ MCTOIB3YETCs
JUIA OIpeNeNeHUs] BEIUYMHBI TMOMPAaBOK K BECOBBIM KOX(p(UIIMEHTaM CBs3€H, CO
CTOPOHBI KOTOPBIX K HEMY MOCTYIAIOT CUTHAJIBI. 371€Ch UCIOJIB30BaHbl Oosee o0Ime
O00O03HAYCHUS € uyxomoii AT BBIXOJHBIX OMIMOOK U W ; JJISI BECOB CBS3EH MEXITY
CKPBITBIM ¥  BBIXOJHBIM CIIOSIMH. MBI BBIUMCIISIEM KOHKPETHBIE OIIMOKH,
acCollMMpyeMble  C  KaXJIOM  CBA3bIO, IYTEM  paclpeiesieHus  OLIMOKHU
IIPOMOPITMOHATIEHO COOTBETCTBYIOIINM BECAM.

I'padmyeckoe mpencTaBieHUE TO3BOJIACT Jy4llle TMOHITh, KAaKWE BBIUYHCICHHUS
CJIEyeT BBIMOIHHUTH JI JOMOJHUTEIBHOTO cliosi. MBI mpocTo OepeM OMIMOKH €
ckporrsit HA BBIXOJIE CKPBITOTO CJIOSI U BHOBb paclpesieNisieM UX I0 IPeIIeCTBYOUIUM
CBS3SIM MEXIY BXOJHBIM U CKPBITBIM CJIOSIMH TIPOTIOPIIMOHATIHHO BECOBBIM
kodhurrieHTamM w .. Crieyroniasi AMarpaMMansuTIOCTPUPYET TY JIOTHKY.
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/\C CRPBIMBIL

C

[Tpn HayMYuK OOJIBIIETO KOJMYECTBA CJIOCB MBI IPOCTO TMOBTOPHIN ObI OIKMCAHHYIO
npoueaypy Uil KaKIOTO CJosi, MPOJBUrasicb B OOpaTHOM HANpaBJICHUH OT
MOCIIETHETO, BBIXOHOTO cios. Vaes pacmpocTpaHeHUs: STOro MOTOKa uH(popMauu
00 ommOke (curHaiza o0 oOmUOKE) WHTYUTHBHO TMOHATHA. MBI €lie pa3 HUMenu
BO3MOXHOCTh YBHJIETh, IMOYEMY STOT MPOIIECC OMUCHIBACTCS TEPMHUHOM OOpaTHOE
pacnpocTpaHeHue OIIHNOOK.

Ecnmm MBI CHadanma HCIOIB30BATU OIMMOKY € puxomoii BPIXOJHOTO CHUTHAJIa Y3JIOB
BBIXOJIHOTO CJOS, TO KaKyl0 OLIMOKY € cpummiz MBI COOMpPAEMCsl MCIOIb30BaTh UL
y3JI0B CKPBITOTO CJIOsA? DTO XOPOIIWK BOMPOC, TOCKOJIBKY MBI HE MOYKEM yKa3aTh
OUYCBHJIHYIO OIMMOKY JUIS y3Jla B TakoM cjoe. M3 pacyeToB, CBS3aHHBIX C
pacnpocTpaHEHUEM BXOIHBIX CHTHAJIOB B MPSIMOM HaIPaBJICHWH, MbI 3HaeM, YTO y
KQKJIOTO y3JIa CKPBITOTO CJIOS B JICHCTBUTCIBHOCTH UMEETCS TOJBKO OJIMH BBIXOJ.
Bcnomuunte, kak Mbl IpuMeHsUT (YHKIIUIO aKTUBAIIMU K B3BEIICHHOW CyMME BCEX
BXOJIHBIX CUTHAJIOB JJAaHHOTO y3i1a. Ho kak onpeaenuts ommoOKy AJis TaKOTro y37a’?

VY Hac HET LEJIEBhIX WM JKEJIAEeMbIX BBIXOJIHBIX 3HAUYEHUN JJISI CKPBITBIX Y3JI0B. MBI
pacrojiaraeM JIMIIb I[IeJICBBIMU 3HAUYCHUSMH Y3JI0OB MOCIICTHEr0, BEIXOHOTO CIIOS, U
OTH 3HAYEHHUS MPOUCXOIAT W3 TPEHHUPOBOUHBIX MpuUMepoB. llombiTaeMcs HaWTH
OTBET, B3TJIIHYB €IlI¢ pa3 Ha NPHUBCACHHYIO BbIIe quarpamMmy. C mepBbBIM Y3JI0M
CKPBITOT'O CJIOSI ACCOIMUPOBAHBI JIBE MCXOJSINNE U3 HErO CBS3H, BEAYIIUC K JIBYM
y3J71aM BBIXOAHOTO CJI0si. MBI 3HAaeM, 4TO MOKEM PacHpe/IeTUTh BHIXOAHYIO OIITHOKY
MEXIYy STUMU CBSI3IMH, IMOCTYyTAasi TOYHO TaK ke, KaK ¥ MPexke. ITO 03HAYAET, YTO C
KOKIOM M3 JBYX CBSI3€HM, HCXONAIIMX W3 Yy3/Ia MPOMEXKYTOUYHOTO  CJOA,
ACCOIMUPYETCS HEKOTOpas omuOKa. Mpl MOTM Obl BOCCOCIWHHUTH OIMIMOKH ITHX
JIBYX CBSI3€HM, YTOOBI MOMYYUTH OIMIMOKY IJIsi ATOTO y37a B KA4eCTBE BTOPOTO
HAWJTY4IIeTO TOJX0Ja, MOCKOJIbKY MBI HE pacroyiaraeM (aKTHYECKUM IIeJICBHIM
3HaUYGHWEeM IS y37a MpoMexyTodHoro cios. Cremyromas —auarpaMmma
WUTIOCTPUPYET ITY HCHO:
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Ha nuarpamMmme BHAHO, YTO MMEHHO IPOMCXOauT. Ham HEoOXOoAMMBbI BETHYHUHBI
OmMOOK JIJIT y3JI0B CKPBITOTO CJIOS, YTOOBI HCIIOIb30BaTh WX Il OOHOBIICHHS
BECOBBIX KOA((PHUIIMEHTOB CBsi3el ¢ mpeaplaymuM cioeM. O003HaYUM 3T OLTUOKU
KaK € cepumoii- HO Y HAac HET OYEBUIHOIO OTBETA HAa BOIPOC O TOM, KaKoBa HX
Benu4rHA. MBI HE MOKEM CKa3aTh, YTO OIMMOKA — 3TO PA3HOCTh MEXKIY KEITaeMbIM
VI TIEJIEBBIM BBIXOJHBIM 3HAYE€HHUEM JTOTO y3JIa U €r0 (paKTUYECKHM BBIXOJIHBIM
3HAYCHHUEM, TIOCKOJIbKY JaHHBIC TPEHHPOBOYHOTO IMpUMEpa MPEAOCTABISIOT JIHUIIIb
IIEJICBbIC 3HAUCHUS IS y3J0B IOCIEIHET0, BBIXOTHOTO cJiosi. OHM HE TOBOPAT
aOCOJIIOTHO HUYETO O TOM, KaKWMH JIOJDKHBI OBITh BBIXOJIHBIC CHUTHAJBI Y3JIOB
JTH000T0 APYTOTro CjI0s. B 3TOM M 3aKIIF04aeTCs CYyTh CIOKUBIICHCS 3a/1a4H.

MBI MOXXEM BOCCOCAMHHUTH OIIMOKU, pacCHpeAciCHHbIE IO CBSI3M, HCHOJb3Ys
oOpaTHOE pacrpoCTpaHEHUE OIIMMOOK, ¢ KOTOPHIM YK€ MO3HAKOMHIHMCH. [ToaToMy
omuOKa Ha TEPBOM CKPBITOM V3JIe MPEJICTABISIET COOOM CymMMy OIIHMOOK,
pacrpesieIeHHbIX 110 BCEeM CBS3AM, HCXOAAIIMM M3 3TOr0 y3Jia B IIPIMOM
HarpaBlicHMH. Ha mnpuBeneHHOW BBINIE AUarpaMme II0Ka3aHO, YTO HMEETCS
HEKOTOpasi JA0JsI BBIXOJHON OLIUOKHU € pyxommoii, 1 » TPUITUCHIBAEMAs CBSI3U C BECOMW
11, © HEKOTOpAasi JOJS BBIXOJAHON OIIUOKU € gyxomuoii, 2 » HPUIKCHIBAEMasi CBS3H C
BECOM W .

BrimmeckazanHoe MOYKHO 3aITUCaTh B BUJE CIICTYIOIIETO BEIPAKCHUS

cxpomnit, 1 = CYMMA owudok, pacnpedeAeHHbix no casam W, u W,

Wll le
e W s + e *
BoixodHoli, 1 Boixodnoii, 2

W,, + W, w

* Wos

11 iz

UYtoObl MpOMIUTIOCTPUPOBATH, KaK 3Ta TEOPHs BBITJSAUT Ha MpPaKTHKE, MPUBEAEM
auarpaMmy, AE€MOHCTPHUPYIONIYI0 OOpaTHOE paclpoCTpaHEHHUE OIIMOOK B MPOCTON
TPEXCIOWHOW CETH Ha PUMEPE KOHKPETHBIX TAHHBIX.
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BxooHou CKpolmbIid BoixodHoli
cAOU CAOU cAOU

5

Bxodel

.»'//
PR C2: -

[Ipocienum 3a oOpaTHBIM pacmpocTpaHeHueM oAHol wu3 omubok. Ilocne
pacnpenenenus omuOku 0,5 Ha BTOPOM y3JI€ BBIXOJHOIO CJIOSA MEXAY ABYMS
cBsa3siMu ¢ Becamu 1,0 u 4,0 Mbl mostydaem n1ou, paBubie 0,1 1 0,4 COOTBETCTBEHHO.
Tak)ke MOXKHO BUJIETh, YTO O0OBEMHEHHAS OIIMOKA Ha BTOPOM Y3JI€ CKPBITOTO CJIOS
IpEACTaBIsACT COO0M CyMMy pacIpe/ielIeHHbIX ONIMOOK, B JaHHOM CiIydae pPaBHBIX
0,48 u 0,4, cnoxxenue koTopsix gaet 0,88.

Ha cnenyromein nuarpamme JeMOHCTPUPYETCS NMPUMEHEHUE TOW K€ METOIUKH K
CJIOI0, KOTOPBIN MPEIIECTBYET CKPHITOMY.

Bxodmoii CKpbimblii BoixodrHol
CAOU CAOU CAOU

= 0362

e, =042
— 1 { >
> 7
w,,= 1.0

Bxodpt Y Boixodel

w,,= 2.0
o ,) @ _____ O O 77777
=088

e, = 0938

Pe3rome

* HeiiponHble ceTtu 00y4aroTCsd MOCPEACTBOM YTOYHEHHUS BECOBBIX
KO3 (PUIIMEHTOB CBOMX CBA3€H. OTOT TMpolecC YIpaBisieTcs OIMUOKOW —
Pa3HOCTBIO MEXKIY MPAaBHIbHBIM OTBETOM, MPEIOCTABISIEMBIM TPEHHUPOBOYHBIMU
JTAHHBIMH, U (DAKTUYECKUM BBIXOJTHBIM 3HAYCHUEM.

* OmunbKka Ha BBIXOJHBIX y3JaX ONpPENEseTCs] IPOCTONW Pa3HOCTHIO MEXIY
KeJlaeMbIM U (PaKTUYECKUM BbIXOJHBIMHU 3HAUECHUSMHU.

* B T0 ke BpeMs BeIMYMHA OLUIMOKH, CBSI3aHHOM C BHYTPEHHUMH y3JIaMH, HE
cToib odeBuAHA. OAHMM U3 CIOCOOOB pEIIeHHs ASTOW MPOOJIEMBI SIBISIETCA
pacmpezieieHue OMMUOOK BBIXOAHOTO CJIOS MEXAY COOTBETCTBYIOIIMMH CBS3SIMH
NPOMOPLUHUOHAIBHO BECY KaXKJOW CBSI3M C MOCHCAYIOIIUM  00bEAMHEHUEM
COOTBETCTBYIOIIMX PAa3pPO3HEHHBIX YACTEH OIIMOKHN HA Ka)KJIOM BHYTPEHHEM Y3JI€.
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5. Omnucanmue 00paTHOrO pacnpoCcTpaHeHUs OIUOOK € MOMOIIbIO

MAaTPHUYHOH anaredpbl
MoxkeM 51 Mbl YOPOCTUTH TPYAOEMKHE PaCUE€Thl, HCIOIB3Ys BO3MOXXHOCTHU
MaTpUYHOTO YMHOKEHMs? PaHee, koraa Mbl NPOBOJWIIM PACYUETHI, CBS3AHHBIE C
pacrpoCTpaHEHUEM BXOJHBIX CHUTHAJIOB B IMPSMOM HAIpaBJICHUHU, 3TO HAM OYEHb
MIPUTOJIUIIOCK.
UtoOBsl MOCMOTpETh, YNACTCA JM HaM MPEACTaBUTh OOpaTHOE pPACIpPOCTPAHECHHE
OImMOOK ¢ TTOMOIIBI0 00JIee KOMITAKTHOTO CHUHTAKCHCAa MATPHIl, OMUIIEM BCE IIaru
BBIYHMCIIUTEILHON TMPOIETYPhl, UCIONB3Ysl MaTpuuHbie o0o3HaueHus. Kcratu, tem
CaMbIM MBI IONIBITAEMCSI BEKTOPH30BaTh MPOLIECC.
B03MOXHOCTH BBIpAa3UTh MHOXKECTBO BBIUHUCICHUN B MAaTPUYHOU (OopMe MO3BOJISIET
HaM COKpaTUTh JUIMHY COOTBETCTBYIOIIMX BBIPAXKEHUH M obOecrnednBaeT Ooliee
BBICOKYIO 3(PPEKTUBHOCTh KOMIIBIOTEPHBIX PACUYETOB, MOCKOJIBKY KOMIIBIOTEPHI
MOTYT HCIOJB30BaTh IMOBTOPSIONMIMICS 1Ia0JIOH BBIYUCICHUNM [JIi YCKOPEHUS
BBITIOJIHEHUS COOTBETCTBYIOIIMX ONEPAIUH.
OTnpaBHOM TOUYKOM HaM TMOCIYKAaT OLIMOKH, BOZHUKAIOIINE HA BBIXOJE HEHPOHHOM
CETU B MOCJIETHEM, BBIXOJHOM cJIO€. B TaHHOM cilyyae BBIXOJHOW CIIOM COHEPKUT
TOJIBKO JIBa y3JIa C OIIMOKAMHU € | U € ;:

61
omuékahm&uoﬁ =
&2

Jlanee HaM HY»XHO TOCTPOUTH MATPHILy JJIS OIIMOOK CKPBITOTO CJIOS. DJTa 3ajaya
MOXKET II0Ka3aThCs CJI0KHOM, TMO3TOMY MbI OyJieM BBINOJHITH €€ 110 YacTsM.
[IepByro yacTh 3a7auM MPEACTABIISIET NEPBBIA y3€JI CKPBITOrO ciiosd. B3risHyB emie
pa3 Ha MPUBEJICHHBIC BBIIIE JHArPAMMbI, MOKHO YBHJIETh, YTO OITHOKA HAa MEPBOM
y3JIe CKPBITOTO CJIOsl (popMHpyeTcs 3a CYET ABYX BKIIAJIOB CO CTOPOHBI BBIXOIHOTO
Clos. OTUMHU JBYMs CHTHajJaMd OIMMOOK SBISIOTCSE 1 ¥ W1 /(W1 + Wy )H
€2 ¥ Wi/ (Wt W) OOpatuTe BHUMaHHE HAa BTOPOH y3€JI CKPBITOTO CIIOA,
MOKHO YBHUJIETh, UYTO OIIMOKA HA HEM TaKke (POPMHUPYETCS 3aCUET ABYX BKJIAJIOB: € |
*Woyaul/(Waytwy)ue,* wy/ (Wt wip). Panee Mbl yxe BUend, Kak paboTaroT
9THU BBIPAXKEHUSI.

Wrtak, nisi CKphITOro €0 Mbl MMEEM CIICAYIOUIYI0O MaTpHIly, KOTOpas BBITJISIUT
HEMHOTO CJIO)KHEE, YeM MaTPHUIlbl, paCCMaTpUBAEMbIC paHEe.

WJ.J. WJ—Z
——— e —— — - €1
- w 5 w 3 w., +w,, x
omuéKackpmmnlﬁ a = & .
2
wll WZZ
wi‘.l * Wll W.?-Jl + WI—Z

bbuto GBI 310pOBO, €ciau Obl ATO BBIpRXKEHHE MOXKHO OBLIO TMEpenucaTh B BHJE
MPOCTOTO TMEPEMHOXKEHHSI MATPHI], KOTOPBIMH MBI YK€ pacroJiaraeM. JTO
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MaTpUlbl BECOBBIX KOA(DPUIMEHTOB, MPSAMOr0 CHUTHAJIa M BBIXOAHBIX OIIMOOK.
[IpeumyiiecTBa, KOTOPHIE MOKEM MIPU FTOM MOIYUUTh, OTPOMHBI.

K coxanenuto, Jierkoro crnocoba MPeBpaTUTh ATO BBIPAKEHUE B CBEPXIPOCTOE
NEePEMHOKEHUE MaTpHI], KaK B CJIydae pacnpoCTpaHEHUs] CUTHAJIOB B MPSIMOM
HaIpaBJICHUH, HE CyLIECTBYeT. PacmyTaTh Bce 3TH J0JM, U3 KOTOPHIX 0Opa30BaHbI
AJIEMEHTHI OOJBIION MaTPHIlbl, HEMPOCTO. bbiio Obl 3aMeuaTenbHO, €CIU Obl MBI
CMOTJIU TIPEJICTAaBUTh 3Ty MaTPUILy B BHUJI€ KOMOWHAIIMYA UMEIOIIUXCS MAaTPHIL.

Urto wmoxno caenate? Ham HykeH cmoco0b, oOecredynBaromui BO3MOXHOCTh
UCIIOJIb30BAHUSI MAaTPUYHOTO YMHOXEHHUS, YTOOBl TOBBICHUTH 3()PEKTUBHOCTH
BBIUMCJICHUU.

[TocMoTpuTe elie pa3 Ha MNPUBEACHHOE BHIINIE BbIpaXkeHue. Bbl BUIUTe, UYTO
HauOoJsiee Ba)KHasl Jii HAC BEIlb — 3TO YMHOXEHHUE BBIXOJHBIX OIIMOOK € , Ha
CBSI3aHHBIE C HMMH Beca W ;. UeM Ooiblie Bec, TeM Oosbmias A0ds OLIUOKH
nepenaercs oOpaTHO B CKPBITBIA CJOM. OTO BaXXHbII MOMEHT. B npobsx,
SIBJISIFOIIMXCST DJIEMEHTAMU MaTpPUIlbl, HIDKHSIS 4acTh UTPAET POJIb HOPMHUPYIOIIETO
MHOXUTeNs1. Eciu mnpeneOpedbr STUM  (PaKTOpoM, MOXKHO TMOTEPATHh JIHUIIb
MacHTabupoBaHUE OLIMOOK, MEPEAABAEMBIX IO MEXaHU3MY OOpaTHOM cBsi3U. Takum
00pa3oM, BeIpaKEHHUE € 1 ¥ W 11/ (W 11 + W 21) YIPOCTUTCS 710 € | * W ;.

[Tonyuum crenyroiiee ypaBHEHHE.

Wi, Wi, €,
owuékawum.ﬂ = ”
W11 w12 cz

Ora Marpula BECOB HAINOMHUHAET Ty, KOTOPYKD MbI CTPOWJIM pPaHEE, HO OHa
NOBEPHYTa BOKPYI JMAaroOHaJM, TaK 4YTO NPaBblii BEPXHUU BJEMEHT TENepb CTall
JIEBBIM HM)KHHUM, a JIEBbIM HUKHUN — MPaBbIM BEPXHUM. Takas MaTpuiaHa3bIBAECTCS
TPAHCINOHHPOBAHHOM 1 0003HAYACTCS Kak W',

Hwxe npuBeneHsl qBa mnpuMepa TPAaHCIOHUPOBAHMSI YHMCIIOBBIX MAaTpHIl, KOTOpHIE
IIOMOTYT JIy4Yllle IOHATH CMBICI Ollepaluy TPaHCHOHHpOBaHUA. OHa NpUMEHHMA
Jake B TeX ClydasX, Korja KOJMYECTBO CTOJIOLOB B MATpHUIE OTJIMYAETCS OT
KOJIMYECTBA CTPOK.

1 2 3 T 1 4 7
4 5 o . 2 5 8
7 8 49 3 6 9
T 1 4
1 2 s
= 2 5
4 5 o
3 6
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Wtak, MBI TpUMEHWIM MATPUYHBIA TMOAXOJ K OMNHCAHUIO  OOpaTHOTO
pacnpocTpaHeHUs OMUOOK:

owudKa . = W, eien t OUAUOKA, o

KonewHo, 3T0 mpocTo 3aMedaTeNbHO, HO MPABUIBHO JIM MBI MOCTYITHIIH, OTOPOCHB
HOPMHUPYIOIIUH MHOXUTENb? (OKa3bIBaeTCsA, YTO OTa YIPOIICHHAas MOJEIb
00paTHOTO PacCHpPOCTPAHEHUS CHUTHAJIOB OIMMMOOK paboTaeT HUYYTh HE XYXKE, YeM
OoJee cioXKHas, KOTOPYIO MBI pa3paboTanu nepe 3TuM. Eciau Ham mpocToit moaxon
JEHUCTBUTEIHLHO XOPOIIO paboTaeT, MbI OCTABUM €TO.

MOXHO TpWATH K BBIBOAY, 4YTO JaXXe B TEX CIy4yasxX, Korma B OOpaTHOM
HAIIPABJICHUN PACIPOCTPAHSIOTCS CIMIIKOM OOJIBIINE WM CIIUIIKOM MaJjbie
OIMMOKH, CETh CaMa BCE HWCIPABHUT IPH BBHITOJHEHUU IMOCICIYIONUX HTEpaIui
oOydeHus. BaxxHo TO, 4TO TIpu 0OpaTHOM PACTIPOCTPAHEHUH OIIMOOK YUHTHIBAIOTCS
BECOBBIC KO (DHUITUEHTHI CBSI3CH.

Pe3rome

* OOpaTHOE€ pacnpocTpaHEHHUE OIMMOOK MOMXHO OIKCATh C MOMOIIbIO
MaTPUYHOTO YMHOKCHHSI.

* DTO MO3BOJISIET HaM 3aIlMCHIBATh BRIPAXKEHUS B 00Jiee KOMIAKTHOH (hopme,
HE3aBUCHMO OT pa3MepoOB HEHUPOHHOM ceTu, U obecreunBaeT 6osee 3PpHEeKTUBHOE
U OBICTPOC BBITIOJIHCHHE BBIYHMCICHUN KOMIIBIOTEpAMHU, €CIU B  SI3BIKE
IPOrpaMMHUPOBAHUS MIPELyCMOTPEH CUHTAKCUC MAaTPUYIHBIX OTMIEPAITHA.

» OTCrofa cleayeT, YTO UCTOIb30BaHUE MATPHI] 00ECIICYNBACT MOBBIIICHUE
G (HEKTUBHOCTH pPacyeTOB Kak [IJIsi PACIPOCTPAHEHHUS] CHUTHAJIOB B MPSIMOM
HaIpaBJICHUH, TaK U JUIsl paclpoCTpaHEHHUs OMIMOOK B 0OpaTHOM HAIPABJICHUH.

IIpakTuyeckue 3aganus
1. Ompoc cetn
2. Teky1ee cocTosiHUE KOJa
3. TpenupoBka cetu

IIpoekT HelipoHHO# ceTn HA Python. YacTtsb 2.

1.0mnpoc cetn

Hanee 3agaaum QyHKIUIO query (), KOTopas o0ecrieqyruBaeT ONpocC CETU — MOJYyYCHUE
3HAYCHWA CHUTHAJOB C BBIXOAHBIX Y3JI0B TIOCHE TIPEAOCTABICHUS 3HAYCHHM
BXOAIIMX curHainoB. T.e. dyHKuMS query () NMpUHUMAaeT B KauecTBE apryMeHTa
BXOJIHbIE JTAaHHbIC HEMPOHHOM CETH U BO3BPAILAET €€ BBIXOJHBIC JaHHBIE. J[J1s 3TOTO
HaM HY>KHO TepeJaTh CUTHAJIBI OT Y3JIOB BXOJHOTO CJIOSl Y€pe3 CKPBITBHIA CIION K
y371aM BBIXOJHOTO CJIOSl JJIS TOJYYEHUS BBIXOJHBIX JaHHBIX. [Ipu 3TOM, Kak BBI
MOMHHUTE, 0 MEpe PACIPOCTPAHCHHS] CHUTHAJIOB MbI JIOJDKHBI CTJIQXHBATh WX,
UCIIOJIb3YsI BECOBBIE KOX(P(MUIIMECHTHI CBS3€H MEXTY COOTBETCTBYIOIIMMH y3JaMH, a
TaK>Ke TPUMEHSTh CUTMOUTY JIJIS yMEHBITICHUS BEIXOHBIX CUTHAJIOB y3JI0B.
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B ciyyae Gosbiiioro KojiuuecTBa y3j70B HAlMCAHHWE JJI KaXJAOr0 M3 HUX KOJa Ha
Python, OCYILIECTBIISIOLIETO CIVIA)KUBAHHE BECOBBIX K03 PUIIEHTOB,
CYMMHUPOBAHHE CHUTHAJIIOB U MPUMEHEHUE K HUM CUTMOU/IbI, MPEBPATHIOCH ObI B
CIUIOLIHOM KOIIMAp.

K cuacThro, HamM He HY>KHO MHUCATh JETaJbHBINA KOJI ISl KAXKIOTO Y3J1a,[TIOCKOJIBKY MBI
y)K€ 3HaeM, KaK 3amucaTh TMOJ00HbIE HHCTPYKIIMM B TIPOCTOM MU KOMIIAKTHOU
MaTpuaHoi popme. Huxke mokazaHo, Kak MOXKHO TOJTYYUTh BXOSIINE CUTHAIBI IS
y3JI0B CKPBITOTO CJIOSI IyTEM COYETaHHSI MATPHUIII BECOBBIX KOA(DPHUITMEHTOB CBsI3eH
MEK1y BXOJHBIM U CKPBITBIM CJIOSIMH C MAaTPULIEH BXOJIHBIX CUTHAJIOB:

X CKPBITHIH =W BXO/IHOH_CKPBITHIN *1

Kommnbrotepnsie s3b1kH, B TOM uncie Python, pacno3nator matpuiibl 1 3ppekTuBHO
BBITIOJIHSAIOT BCE PACUETHI, TOCKOJIBKY UM M3BECTHO 00 OJHOTUITHOCTHUBCEX CTOSIIMX
3a 9TUM BBIYUCIICHUM.

Kon wa s3eike Python pans stoit omepammm moctatouyHo mpoctoil. Hinke
IpEICTaBlICHa WHCTPYKIMS, KOTOpas IOKa3bIBAeT, KAaK MPUMEHUTh (PYHKIUIO
CKaJIIPHOTO TPOU3BEACHUSI OWONMMOTEKH numpy K MaTpUllaM BECOB W BXOJHBIX
CHUTHAJIOB:

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

DTta KOpoTKas cTpoka koja Python BeimoHsSIET BCIO paboTy 1O 00BETUHEHUIO BCEX
BXOJHBIX CHUTHAJIOB C COOTBETCTBYIOIIMMM BE€CaMU ISl TOJYyYEHHUS. MaTPHUIIbI
CIUIAKEHHBIX KOMOWHHPOBAHHBIX CUTHAJIOB B KaXXJIOM Y3JI€ CKPBITOro ciosi. boiee
TOrO, HaM HE TPHUACTCS €€ MEepPEeNnucChiBaTh, €CIU B CIEIYIOMMUN pa3 Mbl PEIIUM
VCIIOJIb30BaTh BXOAHOM WJIM CKPBITBIN CJIOW C IPYTHM KOJUYECTBOM Y3JIOB. DTOT KO
BCE paBHO OyeT paboTaTh!
JIns mony4deHHs] BBIXOJIHBIX CHUTHAJIOB CKPBITOIO CJIOS MbI MPOCTO MPUOIMEHSIEM K
KKJIOMY U3 HUX CUTMOUTY:
o CKPBITHIN = CurmMomjia (X CKprTblﬁ)
DTO HE JOKHO BbI3BaTh HUKAKUX 3aTPYJHEHUH, OCOOCHHO €CIIM CUTMOHUJA YXKE
ornpejeneHa B Kakoi-HuOy b 6udimoreke Python.
bubnuoteka scipy B Python conepxxut HaOop crnenuanbHbIX (YHKIUNA, B TOM YUCIIE
CUTMOMY, KOTOpas Ha3bIBaeTCs B JaHHOW OmbOmuoreke expit (). bubmmoreka scipy
UMITOPTUPYETCS TOYHO TAK )K€, KaK M OMOIMoTeKa numpy.

]: | # bubnuomexa scipy.special codepxcum cuzmoudy expit()

import scipy.special

[TockonbKy B OyayiieM Mbl MOKEM 3aXOT€Th MOIKCHEPUMEHTHPOBATH ¢ (yHKIUEH
aKTUBAIIMU, HACTPOUB €€ MapaMeTphbl WIM MOJHOCTHIO 3aMEHHUB JIPYro (yHKIIHEH,
Jqy4lle ONpEeNeNuTh €€ OJUH pa3 B OOBEKTe HEHPOHHOW CETH BO BpPEMs €ro
uHULManu3auuu. [lociie 3Toro Mbl CMOKEM HEOJHOKPATHO CChUIATHCS HA HEE, TOUHO
Tak ke, Kak Ha PyHKIHIO query (). Takas opraHu3anusi IporpaMMbl O3HAYAET, UYTO B
Cllyyae BHECEHHUSI I3BMEHEHUN HaM MPUJIETCS CAENATh 3TO TOJIbKO BOJIHOM MECTE, a HE
BE3JIC B KOJIE, T]IC UCTIOJIb3YETCs (PYHKITUS aKTHBAIUH.
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Huwxe mnpuBegen koja, omnpenensionui (yHKIUIO aKTUBAlMU, KOTOPBIM MBI
HCIIOJIb3YEM B pasjielic HHUIIHATU3AUA HEHPOHHOMN CETH.

# ucnoak308aHUe CUZMOUOB! 8 KAYecmae Qﬁ_‘y’HKt{Liu aKmueayuu

self.activation_function = lambda x: scipy.special.expit(x)
Uro nenaet 3toT koA? OH co3naeT (GyHKIHMIO HANmoa00ue JIF000H IpYyrou, TOIBKO C
UCIIOJIb30BaHUEM 0Oo0Jiee KOPOTKOTO CrHoco0a 3amucH, Ha3bIBAEMOTO J1AMOO0a-
sviparicenuem. BMecTo pUBBIUHOTO OomNpeeneHus GyHKIN B popme def ums() Mbl
UCIO0JIb30BaIM clIoBO lambda, koTopoe mo3BosiieT co3aBaTh (YHKIHMH OBICTPBIM H
yAOOHBIM CIIOCOOOM, YTO HAa3bIBAETCS, «HA JIeTy» . B nmaHHOM ciydae (yHKIUs
NpPUHUMAET apryMEHT X W BO3BpallaeT scipy.special.expit (), a 3TO €CTb HE UYTO
uHOe, Kak curmomuaa. OyHKIMHU, CO3/IaBaeMble C TMOMOIIbIO JIAMOJa- BBIPAKCHUH,
SBJISIIOTCST  OC3bIMAHHBIMM ~ WJIM, KakK TPEANOYUTAIOT TOBOPUTH  OIBITHBIE
IPOrpaMMUCThI, AHOHMMHBIMH, HO JaHHOM (YHKIMM MBI MPUCBOMIH HMS
self.activation_function (). OT0 O3Ha4aeT, 4YTO BCIKUU pa3, Korjma moTpeldyeTcs
UCIOJIb30BaTh  (YHKIMIO  aKTUBallUM, €€ HYXXHO OyJeT BbI3BaTh  Kak
self.activation_function ().
Wrak, BO3Bpamiasick K Hamied 3amade, Mbl MPUMEHUM (YHKIIUIO AKTHUBAIMH K
CIUIAKEHHBIM KOMOUHUPOBAHHBIM BXOSIIUM CUTHAJIaM, MOCTYIAIOIIUM Ha CKPBITHIC
y3Jibl. COOTBETCTBYIOIINI KOJI COBCEM HE CJIOKEH.

= paccHumams LJCJ(O@.Q‘LL{UE cu2HaAL dnA CKpbITIOZ0 CA0A

hidden_outputs = self.activation_function(hidden_inputs)
Takum 00pa3oM, CUTHAJIBI, UCXOMASIINE U3 CKPBITOTO CJIOS, OMUCHIBAIOTCS MaTpUIIeH
hidden outputs.
MBI nponud NPOMEKYTOUHBINA CKPBITBINA €O, a KaKk ObITh C IIOCIEIHUM, BBIXOIHBIM
cnoeM? B 1eHCTBUTENBHOCTH PACHpPOCTPAHEHUE CUTHAIA OT CKPBITOTO CJOSI JI0
BBIXOJIHOTO HUYEM MPUHIUMIIHAIBHO HE OTJIMYAETCS OT MPeblAylIero ciydas,
MOATOMY CIIOCOO pacyeTa OCTaeTcsl TeM e, a 3HA4YMUT, U KOJ OyAeT aHaJoru4yeH
IpEABIIYIIEMY.
Hwxe mpuBezneH WTOrOBBIM (parMeHT Kojia, OOBEIUHSIONIUNA pacyeThl CHUTHAJIOB

CKPBITOT'O X BBIXOAHOI'O CJIOCB.

# paccyumames exo0aujUe cUeHAAL 018 CKPLIMOZ0 /108

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

# paccyumams ucxodaujue cusHIb GAA CKPLIMO20 CA0A

hidden_outputs = self.activation_function(hidden_inputs)

# pacciumams exo0aujue cu2HaNbl 017 BbIX0OHOZ0 (/105

final_inputs = numpy.dot(self.who, hidden__outputs)

# paccyumams ucxodaujue cueH bl 019 BbIXO0HOZ0 C/10A

final_outputs = self.activation_function(final_inputs)
Ecnu OT6pOCI/ITI> KOMMCHTAapuH, 31C€Ch BCCIO 4YCTBIPC CTPOKH KOJa, BBIOJCIICHHBIC
MOJIY>KUPHBIM MIPU(TOM, KOTOPHIC BBHITIONHSAIOT BCE HEOOXOIUMBIE PAaCUEThI: JBE —
IUI CKPBITOr'O CJI0S U IBE — JJIsL BBIXOJHOT'O CIIOA.

2. Tekylee coOCTOsIHNE KOA

HOCMOTpI/IM, KaK BBIIVIAAWUT B II€JIOM KOJ, KOTOpBIﬁ MBI K OTOMY BPEMCHHU CO3JaJIN.
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7]: # onpedenexue knacca HelipoHHoU cemu

class neuralNetwork:

# UHUYLaAU3UPOBaME HelpoHHYH Cemb
def __init__(self, inputnodes, hiddennodes, outputnodes, learningrate):
# 300amb KoMUYeCmeao Y3108 80 BX00HOM, CKPLIMOM U BbIXOOHOM CA0e
self.inodes = inputnodes
self hnedes = hiddennodes
self onodes = outputnodes
# Mampuuer Becoskix ko3 guyueHmos cersed wih u who.
# Becoseie Koagduyuenmsl cagzell Mexcdy Y3noM iU y3aoMm |
# cnedyrowyezo co
#wllwaz
#wlzw2zumd.
self. wih = numpy.random.normal (0.0, pow(self hnedes, -0.5), (self. hnodes, self.inodes))
self who = numpy.random.normal (0.0, pow(self.onodes, -0.5), (self.onodes, self hnodes))

e
0A 0003HaYeHb! KaK W__i__J:

# Ko3guyuerm obyyeHus
selfIr = learningrate
# ucnonsz08axue cuemoudsl 8 kayecmse dyHKUUL aKmusayuy

self.activation_function = lambda x: scipy.special expit(x)
pass

# mperupoeka HellpoHHoU cemu
def train():
pass

# onpoc HellpoHHoU cemu

def query(self, inputs_list):
# npeobpazosams cNUCOK BXO0HLIX 3HAYeHU
# g deyxmepHeIl Maccue
inputs = numpy.array(inputs_list, ndmin=2).T
# paccyumame exodawue CuzHans 041A CKPLIMOo20 CAORA
hidden_inputs = numpy.dot(self wih, inputs)
# paccyumams ucxodAwue cUZHAL! GAR CKPBIMOZ0 CAOA
hidden_outputs = self activation_function(hidden_inputs)
# paccyumams xo0AWUe CUZHANL 0/1A BLIX00HO20 CAOR
final_inputs = numpy.dot(self.who, hidden_cutputs)
# paccyumame UcxodAWUEe CUZHAAL! GNA BBIXOTHOZ0 CAOA
final_outputs = self activation_function(final_inputs)
return final_outputs

Ho »To Tonpko ompeneneHue kiacca, nepe KOTOPhIM B TMEPBOU sueiike OJ0KHOTA
[Python cneayeT moOMeCTUTh KO, UMIOPTUPYIOIIUM MOIYJIN numpy W scipy.special.

OyHKIMU query () B Ka4eCTBE BXOJHBIX JIAHHBIX MOTPEOYIOTCS TOJIBKO BXOJHBIC
In [8]:  import numpy

# Oubauomexa scipy.special ¢ cuzmoudod expit ()

import scipy.special
CUTHAIIBI input list. Hu B KaKuX APYyTUX BXOJHBIX JIAHHBIX OHA HE HYXKAETCS.
MBI  [OCTUIIM 3HAYUTEIBHOIO TMporpecca M Temepb MOXKEM BEPHYTHCS K
HejocTaromeMy dparmMeHty — @yukyuu train (). BcnomHuTE, 4TO TpPEeHUPOBKA
BKJIIOUAeT JiBe ¢a3bl: nepgas — STO PACUET BBIXOJHOTO CUTHANA, YTO U JENaeT
byukus query (), a emopas — oOOpaTHOE pacIpoCTpaHEHHUE OIIMHOOK,
uH(boOpMHUpYIOlllee BaC O TOM, KAaKOBBI JIOJDKHBI OBITh TOMPAaBKH K BECOBBIM
KodhuireHTam.
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[Ipexae yeM mepexoauTh K HAMUCAHUIO Kojaa (PYHKIUU frain (), OCYIIECTBISIONICH
TPEHUPOBKY CETH HA MPUMeEpax, MPOTECTUPYEM, KaK pabOTaeT y:Ke UMEIOIIHIACS KO/,
JIist 3TOTO CO3MamuM HEOOJBIITYI0 CETh W MPEIOCTABUM €l HEKOTOpHIC BXOIHBIC
naHHbie. OYEBHIHO, YTO HHKAKOTO PEaTbHOTO CMBICIA PE3YyJbTaThl COJAEPKATh HE
OyIyT, HO HaM BaXXHO JIMIIb MPOBEPUTH PAOOTOCIOCOOHOCTh BCEX CO3JaHHBIX
byHKIH.

B cunenyromem mpumepe cosmaercs HeOOIbIIas CETh C BXOJIHBIM, CKPBITBIM U
BBIXOJHBIM CJIOSIMH, COJACpXKallUMU TO TpPHU Y374, KOTOpas OMNpAIIUBAETCS C
WCIIOJIb30BAaHUEM CITy4ailHO BBIOPAHHBIX BXOJHBIX curHANOB (1.0, 0.5 u -1.5).

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

# kozgduyuesm obyyeHun pasex 0,3

learning_rate=0.3

# cozdame 3K3eMnAAp HelipoHHoU cem

mu
n = neuralNetwork(input_nocdes, hidden_nodes, output_nodes, learning_rate)

1g]: | n.query([1.0, 0.5, -1.5])
9l array([[0.638
[0.656137
[0.436785441])
HerpynHo 3ameruth, 4TO NpU CO3AaHUM OOBEKTa HEUPOHHOW CETH HEOOXOIMMO
3a/1aBaTh 3HaUYCHHE Kod(huimenTa o0ydeHus1, 1axe ecliid OH HE HUCIIONB3YEeTCs. ITO
OOBSCHSIETCS] TEM, UTO OMpPEJCIICHNE KiIacca HEUPOHHOUN CeTH
BKJIFOYaET GYHKIUIO  MHUIAATA3AIUN _init__(), KoTtopas  TpeOyer
MPEOCTABJIEHUS JAHHOTO apryMeHTa. Eciu ero He ykaszaTh, IporpaMma HE CMOXET
OBITH BBITIOJIHEHA, U OTOOPA3UTCs COOOIIeHUE 00 OIIHOKE.
Bpl Takxke MOriM 3aMeTUTh, YTO BXOJHBIE JAHHBIE MEPEAAIOTCS B BUAE CIIMCKA,
koTopbiii B Python o6o3Hauaercss kBajpaTHBIMU CKoOKamHu. BbIBOJ —Takke
NPEACTaBICH B BHUJE YHCIOBOIO CIHCKAa. OJTH 3HAYEHUS HE HMMEIOT HUKAKOIro
pEaTbHOTO CMBICHIA, TTOCKOJIBKY MBI HE TPEHHMPOBAJIM CE€Th, HO TOT (haKT, YTO BO
BpEMSsI BBITIOJIHEHUSI IPOTPAMMBbI HE BOSHUKJIIU OITMOKHU, JOJKEH HAC PaJoBaTh.
3. TpenupoBka ceTu
[Ipuctynum K pernieHur0 HECKOJIbKO OoJjiee CIOKHOM 3ajlauyd TPEHUPOBKU ceTu. Ee
MOYKHO pa3eiauTh Ha JABE YaCTH.

 IlepBas w4actb — pacueT BBIXOJHBIX CHTHAJIIOB JMJISI 3aJaHHOTO
TPEHUPOBOYHOrO MpUMEpPA. DTO HUYEM HE OTIMYAETCS OT TOrO, YTO MBI Y¥Ke
MO>KEM JIeJIaTh C MOMOIIIbI0 YHKIIMU query ().

* Bropag 4YacTh — CpaBHEHUE pACCUUTAHHBIX BBIXOJHBIX CHUTHAJIOB C
KETaeMbIM OTBETOM U OOHOBJIEHHE BECOBBIX KOI(PDHUIIMEHTOB CBS3EH MEXKIY
y3JIaMU Ha OCHOBE HaWJIECHHBIX Pa3JIN4Mil.

Chauasia 3anuuieM roToBy0 NEPBYIO YacCTb.

86],
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# mpeHuposara HelpoxHoU cemu
def train (self, inputs_list, targets_list) :
# npeoBpazosaHue
# g deyxmepHeIl Maccus
inputs = numpy.array(inputs_list, ndmin=2).T
targets = numpy.array(targets_list, ndmin=2).T

CALCKA 8xadHbIX 3HaYeHU

# paccyumame exoJdAwUe cuzHank dNA ckpeIMOZ0 CA0A
hidden_inputs = numpy dot(self.wih, inputs)
# paccyumame UcxodAwue cUsHane! 8aA CKpsImo2a CoA

hidden_outputs = self.activation_function(hidden_inputs)

# pPaccyLmame 8xo 35&-’.{-.«'—? cuzHank! 0nA 8eiX0dHO20 CA0A

final_inputs = numpy.dot(self who, hidden_outputs)

# paccyumams Ucxo0AWUe CUzHaNL! /1A BEIX0GH020 CAOA

final_outputs = self activation_function(final_inputs)
OTOT KOA TMOYTH COBMAAACT C KOJOM (YHKIHMH query (), TOCKOJBKY TIPOIecC
nepeaadyy CUrHaja OT BXOJHOTO CI0SI K BBIXOJJHOMY OCTAa€TCsl OOHUM U TEM XK€.
ENWHCTBEHHBIM OTIIMYMEM SIBJISETCA BBEIACHUE JIONOJIHUTEIBHOIO IapaMeTpa
targets list, mepegaBaemMoro mnpu BbI30BE (YHKIMU, TMOCKOJIBKY HEBO3MOXKHO
TPEHUPOBATh CETh 0€3 MPEAOCTaBJICHUS €M TPEHHPOBOUYHBIX MPUMEPOB, KOTOPHIE
BKJIIOYAIOT JKEJIACMBIC WJTU 11CJICBbIC 3HAYCHUS:

def train (self, inputs_list, targets_list) :
Crucok targets list mpeoOpa3yeTcs B MAacCMB TOYHO TaK K€, KakK CIHUCOK
input_list:

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

Tenmepp MBI OUeHBb OJM3KM K PEIICHUIO OCHOBHOW 3aJa4dl TPEHHPOBKU CETH —
YTOUYHEHHUIO BECOB Ha OCHOBC PACXOXIACHUSA MEXKIAY pacudeTHbBIMU U I€JI€BBIMU
3HAYCHUSAMMU.
bynem pemath 3Ty 3a/1a4y MO3TAIHO.
[Ipexne Bcero, Mbl JOJKHBI BBIYUCIUTD OIIMOKY, SBIISIFOLTYIOCS Pa3HOCTHIO MEXKITY
JKE€JIaeMbIM IICJICBBIM BBIXOJAHBIM 3HA4Y€HHEM, NPEAOCTAaBJICHHBIM TPEHUPOBOYHBIM
IpUMEPOM, B (PaKTUICCKUM BBIXOIHBIM 3HAYCHHUECM.
Omna mpencraBiseT coO0W Pa3HOCTh MEXIy Martpuniamu (fargets — final  outputs),
paccuuThIBaeMyo 1mod3jaeMeHTHO. COOTBETCTBYIOUIMN KO BBIMJISIAUT OYEHb MPOCTO,
4TO €II¢ pa3 MOATBEPIKAACT MOIIb U KPACOTY MAaTPUYHOI0O MOAXO0Aa.

# ouwiubxu seixodHo20 CAOA =
# (Uenesoe 3HAYeHUE - PaKmMUYECKoe IHOYEHUE)

output_errors = targets - final_outputs
Jlanee Mbl JOJDKHBI paccuuTaTh OOpAaTHOE PACIPOCTPAHEHHE OMIMOOK ISl Y3JIOB
CKpBITOro ciosi. BcmomHHTE, Kak Mbl paclpeiessyii OIMOKM MEXIy Yy3laMu
POIOPIIMOHATILHO BECOBBIM KOA(DPUITMEHTaM CBsI3ed, a 3aTeM PEKOMOMHUPOBAIU
UX Ha KaXJOM y3JI€ CKPBITOTO CJIOA. ODTH BBIYUCICHUS MOXHO TPEICTaBUTH B
clenyroiei MaTpuaHo hopme:
OIIHMOKH CKPBITBIH = BecaT cprleﬁj}ilﬂ&HMﬁKH BBIXO/IHOM
Kon, peanmusyromuii 3ty Qopmyny, Takxke mpocT B cuiay crnocobHoctu Python
BBIYUCIISITh CKAJISIPHBIC MPOU3BEAECHUSI MATPHUIL] C TOMOIIBI0 MOJYJIS numMpy.
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OLILIDKU CKPLIMO20 C/10A - 3Mo owut

k3

witput_errors,

PR e R e R e e el
# pacnpedenerHele NPonopyLUoHaIbH? BECO08LIM KO2(D@PUYLIEHMAM CBAZEU

= : pekomOLHUPOBAHHEIE HO CKDEIMBIX Y3AaX

hidden_errors = numpy.dot(self who T, output_errors)
WUrtak, MBI MOAYyYUIM TO, YTO HaM HEOOXOAMMO i YTOYHEHHUS BECOBBIX
K03 PUIIMEHTOB B Kaxk10M ciioe. [ BecoB CBA3EH MEXIYy CKPBITHIM U BBIXOJAHBIM
CJIOSIMU MBI UCIIOJIb3YEM IIEPEMEHHYIO OuUtput errors.
JIns1 BECOB CBA3€M MEX/y BXOJHBIM U CKPBITBIM CJIOSIMH MBI UCIIOJIB3YEM TOJIBKO UTO
pacCUUTaHHYIO IEpEMEHHYIO hidden errors.
Panee Hamu OBUTO TTOJTYYEHO BBIpAKEHHUE JJII OOHOBJICHHS BECA CBSI3H MEXIY Y3JIOM
j ¥ y31om K cienyroriero ciost B MaTpU4HOM Gopme.

— ey

AW, = &« * E, * cuemouda (0,) * (1 - cuzmouda (0,) ) 07 |

|

Benuunna a — 310 k03 dumeHT o0yueHus, a CArMon1a — 3TO (PyHKIIMS aKTHBAIIHH,
C KOTOpPOH BBl yXe 3HAaKOMBbL. BCIIOMHHTE, YTO CHUMBON «*)» O3HAa4aeT OOBIYHOE
MO3JIEMEHTHOE YMHOXKEHHE, a CHUMBOJI «» — CKaJsIpHOE INPOU3BEJIEHHE MATpPHIL.
[Tocneanuii wieH BhIpaXKEHHUSI — 3TO TpaHCIOHUpoBaHHAs (") MaTpUIla MCXOMISAIIUX
CUTHAJIOB MpEIBIAYLIero cios. B TaHHOM ciy4yae mpaucnonupoéanue O3HA4YaeT
npeoOpa3oBaHuE CTOIOIA BEIXOIHBIX CUTHAJIOB B CTPOKY.

OTO0 BBIpaXEHHE JIETKO TpaHCIUpyeTcs B KoA Ha sizbike Python. CHauana 3anumiem
KOJI JJ151 OOHOBJICHHS BECOB CBSI3€H M@Ky CKPBITHIM U BBIXOTHBIM CIIOSIMH.

# oBHosume secoakie Ko3dPuyUeHmsl dna caAzed Mexcdy
# CKPLIMBIM U BBIXO0HLIM CAORMU

selfwho += self.Ir * numpy .dot ({output_errors * final_outputs * (1.0 - final_outputs)), numpy.transpose (hidden_outputs))

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

OTO JOBOJNBHO JUIMHHAs CTPOKa KOJa, HO ILIBETOBOE BBIIEJICHHE IIOMOXET BaM
pazo0parbcsi B TOM, KaK OHAa CBsi3aHAa C MPHUBEICHHBIM BBIIIE MaTEeMAaTHYECKUM
BeIpakeHueM. Koaddumment oOyuenus self-lr ymHOXaeTcs Ha OCTaJIbHYIO 4YacTb
BbIpaxeHHs. EcTh emje MaTpuyHOE YMHOXKEHHUE, BBIMOJHAEMOE C MOMOUIBIO
byHkMu numpy.dot (), 1 ABa 3IEMEHTAa, BBIJICICHHBIX CHHUM U KPacHBIM LIBETaMH,
KOTOpBbIE OTOOpakalOT dYacTH, OTHOCANIMECS K OIMUOKE M CHUTMOMAAM U3
CJIEYIOIIETO CIIOS, a TakKe€ TPAHCTIOHMPOBAHHAsS MATpPHUIA HUCXOJSIIIMX CHUTHAJIOB
TPEIBITYIIErO CIOSI.

Onepanus += oO3HauaeT YBEIMYCHHE TNEPEMEHHOW, yKa3aHHOW cleBa OT 3HaKa
paBEHCTBA, HA 3HAYCHHUE, YKa3aHHOE crpaBa oT Hero. [loaTomy x+=3 o3Hayaer, 4To
X yBenu4mBaeTcs Ha 3. DTO TPOCTO COKpAIICHHAs 3alliCh HHCTPYKIUH X=x+3.
AHANOTHYHBIA CHOCOO 3amuCh  JIOMyCKaeTCs | I JPYTruX apuMeTndeckux
onepauuii. Hampumep, x/=3 o3Havaer nenenue X Ha 3.
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Ko nst yrouneHust BECOBbIX KOA((DHUIIMEHTOB CBA3EH MEXKy BXOJAHBIM M CKPBITHIM
CJIOAMH OYyJIeT OYEHb MMOXO0XK Ha 3TOT. MBI BOCIOJIb3yEMCSI CHMMETPUEN BbIPAKEHUI
U TPOCTO MEpEenuuIeM KOJ, 3aMEHsisi B HEM HMMEHa NEPEMEHHBIX TaKUM 00pa3oM,
YTOOBI OHM OTHOCWIMCH K MpEebIAyluM ciosiM. Huke npuBeneH cymMMapHbIA KO
JUIsl IByX HaOOpOB BECOBBIX KOA(PPHUIMEHTOB, OTIEIbHBIE 3JIEMEHTHI KOTOPOTO
BBIJICJIEHBl LIBETOM TaKUM OOpa3oM, 4TOObI CXOJHBIE M PA3IMYAIOLIMECS YYaCTKU
KO/1a MO>XKHO OBUIO JIETKO 3aMETHUTb.

# ob6Hosums secoskie ko3dguyueHmes! dna caazeld Mexcdy
# CKPLIMBIM U BEIXOOHLIM CA0AMU
self.who += self.Ir * numpy .dot ((output_errors * final_outputs * (1.0 - final_outputs)), numpy.transpose (hidden_outputs))

# 06HOBUME BECOBLIE K
#S}Ounb M !
self.wih += self. Ir * m,lmp\,r dot((hidden_errors * hidden_outputs * (1.0 - hidden_outputs)), numpy.transpose(inputs))

ueHmel 0nA caAzed mencdy

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!

Bes Ta pabGoTa, Ans BBINOJIHEHUS KOTOPOM HaM HOTpPeOOBaJIOCh MHOXKECTBO
BBIUMCJICHUH, U BCE T€ YCHUJIUS, KOTOPbIE MBI BJIOXKWJIM B pa3pabOTKy MATPUUYHOIO
HOJX0Ja U crnocoba MUHUMH3ALUU OMIMOOK CETH METOJOM I'paJHEHTHOTO CIIyCKa,
cBelMMch K mape cTpok koma! Otyact Mbl 00s3aHbl ATHM s13bIKy Python, HO
(paKTUYECKH 3TO 3aKOHOMEPHBII pe3yNbTaT HALETO YIOPHOTO TPy/Ja, BIOKEHHOTOB
YIOPOILEHUE TOTO, YTO JIETKO MOTJIO CTaTh CIOXHBIM U MPHUOOPECTH yCTpaIIarOIInUn
BU/I.

HpHBez[eM NOJIHBIN Ko pyHKIMU train. Ero Heo0xoanmMo 100aBUTH B IPOrpamMmy.

EX00HBIX 3HaYeHUU

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

# paccyumame 8xo0AWUe CUSHAALI BNA CKPLIMO20 CAOR
mdden nputs numpy.dot(s efmk m:uts\

# paccuumams ucxodAwue cuzHas
hldden outputs self.activation_] un(tlonthdden \nputs)
# paccuumame exodAWUe CUSHANL ONR BLIXOGHOZ0 C

final mputs numpy. dot\se f mho; mdcen_outputs‘)

# paccyumames ucxodAwue cuzHans! GAA BEIX0GHO20 CNOA
final_outputs = self.activation_function(final_inputs)

#C
selfwho += self Ir * numpy dot ((.;utpu errors * final_outputs * (1 o - final_outputs)), numpy transpose (hidden_outputs))

# 06HosuUME &
# BX0
selfi mh +=selfIr * numpy. dot\h\dden errors * hidden_outputs * (1.0 - hidden_outputs)), numpy.transpose(inputs))

ie ko3gguyuesmer dna caazel mexdy

pass
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Honnblii KO HEPOHHOM CeTH MOXET OBbITh HCIOJB30BaH C IIEJbIO CO3/IaHMUS,
TPEHUPOBKU U OINpOCa TPEXCIONHOW HEHPOHHOM CETH NPAKTUYECKU sl JIFOOOU
3a1a4H.

Jlanee Mbl 3aiiMeMcsl pellieHUEM OJHOM KOHKPETHOM 3alauu: 00yueHue HEeHPOHHOU
CETH pacro3HaBaHUIO PyKOMHUCHBIX LUpP.

KoHTpoJIbHBIE BOPOCHI

1. Yro Takoe matpura?

2. Kak nonyuuTs ckajsipHOe npousBeneHue Mmatpunl? [Ipusenure npumep.

3. UTo 03HA4YaeT TPAaHCIIOHUPOBAHUE MATPUIL?

4. Yto mnpeacTtaBisiOT COOOM BXOJHOM, BBIXOJHOW UM CKPBITBIA CIIOU
HEWPOHHOU ceTn?

5. OnummuTe KpaTKo MPOLECC KOPPEKTUPOBKU BECOBBIX KOA(D(OUIIMEHTOB B
npoiiecce oOy4yeHust HEUPOHHOU CETH.

6. Uto Takoe MeTo1 00paTHOTO pacIpOCTPAHECHUS OMITHOKH?
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IIpakTnueckas padora 6
OoHoBJIeHHE BecOBBIX KO3 PuuueHToB. Hadop pykonncHbIX nudp
MNIST.
Hean: paccMOTpeTh Mporecc 0OOHOBICHHS! BECOBBIX KOA(D(PUIIMEHTOB; MOATOTOBUTH
TpeHnpoBouHble JaHHble MNIST ms mpoekTa HEHPOHHOM CETH MO PACIIO3HABAHUIO
PYKOIUCHBIX 1TUGP.

3aganmue:
1. 3y4uuTh TEOpETHUUECKOE BBENCHUE.
2. OTBeTHTh Ha KOHTPOJIbBHBIE BOIPOCHI, TMPUBEACHHBIE B KOHIIC
nabopaTopHOi pabOTHI.
3. DBbINOAHUTH NPAKTUYECKUE 3aJaHHUSI C HCIOJIB30BAHMEM  SI3bIKA
nporpammupoBanus Python.
4. CocTaBUTh OTYET M0 JIaA0OpaTOpHOI pabote. Tpebosanus k omuemy:

OTYET NpeNOCTaBIIAETCS B 3JIEKTPOHHOM BHJE B TEKCTOBOM peraakrope MSWord. B

OTYETE YKa3bIBAIOTCA:

1) ®amunus cTyIeHTA.

2) ITopsakoBbIil HOMEP U Ha3BaHUE J1a00PATOPHOM PabOTHI.

3) Llenb paboThI.

4) OTBeThl HA KOHTPOJIbHBIE BOIPOCHI.

5) Omnwucanue pemieHrs BHIIOTHEHHBIX 33JaHUN 1a00paTOpHOM pabOTHI,
coJiepKallee: a) hopmyauposKy 3a0anusi, 8) CKPUHULOM BbINOJIHEHHO20 3A0AHUS,
cooeparcauuti hamunuio cmyoeHma.

3amura J1abopaTOpHOM pabOTHI OCYIIECTBISETCS IO OTYETY, IPEACTaBIEHHOMY
CTYJIEHTOM U C JIEMOHCTpALIMEN 3aJaHHsI HA KOMIIBIOTEpE.

Teopernyeckoe BBeIeHUE
PaccMoTpenue npouecca 00HOBJIeHNSI BeCOBBIX KO3 duneHToB

K »sTomMy MOMEHTYy Mbl HAy4YMJIIMCh PACCUUTHIBATH OOpaTHOE pPACHpPOCTPAHEHHE
OIMHKOOK JI0 KaXKIOTro CJIOS CEeTU. 3a4eM HaM 3TO HYXKHO? 3aTeMm, YTO OIIUOKU
M0JICKa3bIBAIOT HaM, KaK JOJKHBI OBITh M3MEHEHBI BECa CBS3EH, YTOOBI yIyYIIUThH
PE3YIBTHPYIOMMK OO OTBET HA BBIXOJC HEHPOHHOH ceTH. B 0CHOBHOM 3TO TO,
YTO MBI JIeJIajN C JIMHEWHBIM KJIacCU(DUKATOPOM B TIEPBOII JTabopaTopHOU padoTe.
OpmHako y37bl — 3TO HE MPOCTHIC JIMHEWHBIE KiIacCHPUKATOphl. B y3max curHambl
CYMMUPYIOTCSI C YYETOM BECOB, MOCJIE YEer0 K HUM MpUMeHseTca curMouaa. Ho kak
HaM BCE-TaKU CIIPABUThCS C OOHOBIICHHMEM BECOB JJISl CBSI3€M, COCAMHSIONIMX 3TH
Oonee cnoxuble y3iubl? Ilouemy Obl He UCHONB30BaTh airedpy A
HETOCPEACTBEHHOTO BHIYMCIICHUSI BECOB?

[locnennuii myTh HAM HE MOAXOAMUT BBHUAY T'POMO3JKOCTH COOTBETCTBYIOIIUX
BbIKIaA0K. CyIecTByeT CIMIIKOM MHOTO KOMOWHAIIMHA BECOB U CIIMIIKOM MHOTO
byHKIUN, 3aBUCAITUX OT (PYHKITUH, 3aBUCSIINUX OT APYTUX (PYHKIUI U T.J., KOTOPHIE
MBI JTOJDKHBI KOMOWHHUPOBATh B XOJ€ aHaIW3a paCIpOCTPAHEHUSI CHUTHAla 1O CETH.
[IpencraBeTe cebe XOTs ObI HEOONBIITYIO
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HEHPOHHYIO CETh C TPEMS CIOSAMH M TPEMS HEHPOHAMH B KaXKIOM CJIO€, MOJOOHYIO
TOM, C KOTOpOM Mbl mepea d3TUM padotanu. Kak oTperyaupoBarb BECOBOM
KO3 DUIMEHT UIsi CBSI3M MEXAY NEPBbIM BXOAHBIM Yy3JOM U BTOPBIM Y3JIOM
CKPBITOT'O CJIOSl, YTOOBI CUTHAJ Ha BBIXOJIE TPETHETO y3ja YBEIMUMIICS, CKAXKEM, Ha
0,57 Haxxe ecau Obl BaM MOBE3JIO U BbI CIIETAIH 3TO, TOCTUTHYTHIN pe3yJabTaT MOT Obl
OBITh pa3pylleH HAaCTPOMKOM Jpyroro BECOBOr0 KO3 (ULMEHTA, YIy4IIAOLIEro
CUTHAJI JpYyroro BBIXOAHOro y3na. Kak BuauTe, 3TH pacdeTsl JAJIEKO HE
TPUBUAJIBHBI.

Uto0bl yOEOUTHCS B TOM, HACKOJIBKO OHU HE TPUBUAJIBHBI, IOCTATOYHO B3IJISHYTh Ha
NPUBEACHHOE HMKE BBIPAKEHHE, KOTOPOE MPEJCTABISET BBIXOJHOM CHUrHal y3ia
BBIXOJTHOTO CJIOS KaK (PYHKIMIO BXOJHBIX CHTHAJOB M BECOBBIX KOI(P(UIIMEHTOB
CBs3€M Ui NPOCTOW HEWPOHHOW CETH C TpEMs CIOSIMU IO TpU y3ja. BxomgHou
CUTHAJ] Ha Yy3/e i paBeH X;, BECOBOM KOX(D(PUIMEHT sl CBSI3U, COCAUHSIONICH
BXOJHOW y3€lI i C y3JI0M j CKpBITOIO CJOSl, PaBE€H W jj. AHAJIOTUYHBIM 00pa3oM
BBIXOJHOM CHUTHAN y371a j CKPBITOTO CJIOS PaBEH X;, aBECOBOM KOI(Q(MULMEHT s
CBSA3M, COCAMHSIONIEH y3€l j CKPBITOTO CJOSI C

BBIXOAHBIM  y31I0M K, paBeH W k. CuMBOI ), O03Ha4aeT CyMMHMPOBAHHE
CJIEIYIOLLETO 3a HUM BBIPAXKEHUS 110 BCEM 3HAUEHUSAM MEXAy a U b.

O 7=

A He Mornum OBl MBI BMECTO JAHHBIX CJIOKHBIX PacdeToB IMPOCTO Mepeduparth
CIyyallHble COYETaHHs BECOBBIX KOA(P(UIMEHTOB, IOKa HEe OyJeT MOoJdydYeH
YCTpauBaAIOIIUK HAC PE3yIbTAT?

Takoll moaxoa Ha3bIBaeTCAd METOJAOM TpyOoi cuiibl. HekoTopble JTH0au MbITatOTCA
UCIIOJIb30BaTh METObI TpyOON CHUJIBI JJI TOTO, YTOOBI B3JaMbIBATh MAPOJIU, U ITO
MOXET cpaboTaTh, €CIU TapojeM SBISETCS KaKoe-JIMOO OCMBICIEHHOE CJIOBO,
npyYeM He OY€Hb JJIMHHOE, a He IPOCTO Habop cuMBOJIOB. Takas 3a7aya BIIOJIHE TIO
CUJaM JOCTAaTOYHO MOIIHOMY JOMaliHeMy KomnbroTepy. Ho mnpencraBeTe, 4TO
KaKIbId BecoBoi KoddummeHT moxker uMeTh 1000 BO3MOXXHBIX 3HAUYCHHH B
nuanazone ot -1 go +1, manpumep 0,501, -0,203 wim 0,999. Torma B ciyuae
HEWPOHHON CETH C TpeMs CJIOSIMH TO TPU Y3/a, HacuuThiBaroumed 18 BecOBBIX
K02 PHUIMEHTOB, MBI JOHKHBI OBLTH OBl TPOTECTUPOBATH 18 THICSY BO3ZMOMKHOCTEH.
Ecmu Ob1 y Hac Obuia Gonee TummaHas HevpoHHas ceTh ¢ 500 y3mamMu B KaXaoM
cJIoe, TO HaM MPUILIOCH OblTIpoTecTrpoBaTh S00 MIIITHOHOB Pa3IWYHBIX 3HAYCHUN
BecoB. Ecnm Obl mig pacuera Kaxaoro Habopa komMOuHanuii TpeOoBasiach OJHA
CEeKyHJa, TO g OOHOBJIEHHS BECOB C IOMOIIBIO BCEro JIMIIb OJHOIO
TPEHUPOBOYHOTO TpUMEpa
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noHanoominock Obl mpumepHO 16 ner. Teicsiua TPEHUPOBOYHBIX MNPUMEPOB — U
MOJIYYHIJIOCH ObI 16 ThICSY JIET.

Kak BugurTe, moaxona, OCHOBaHHBIM Ha MeToAe TIpyOOH Cuibl, HPaKTUYECKU
Hepeain3yeM. B aeiicTBUTENbHOCTH MO Mepe J00aBjeHUSI B CETb HOBBIX CIIOEB,
y3JI0B WJIM BApUAHTOB Ilepe0opa BECOB CUTYyaIHsl O4EHb OBICTPO yXyAILIAETCS.

OTa rojoBOJOMKa HE MOJAJaBajach MaTeéMaTWKaM Ha MPOTSKEHUM MHOTHX JIET U
NoJIyyusa peajbHOE MpaKTUYecKoe pazpeuieHue Jmmb B 1960 — 1970-x romax.
CyniecTByrOT pa3jInyHble MHEHHS OTHOCUTEIBHO TOTO, KTO CJIEJIa]l 3TOBIEPBBIE WIIN
COBEPILMJ KIIFOUYEBOW IMPOPBIB, HO JJI1 HAC BAXKHO JIMIIb TO, YTO 3TO 3aI03JaJ10€
OTKpPBITUE TOCITYKHJIO TOJYKOM K B3PBIBHOMY pa3BUTHIO COBPEMEHHOW TEOpUHU
HEHPOHHBIX CETeH, KoTopas ceiyac CcrmocoOHa pemaTh HEKOTOphIE BeChbMa
BIICYATJISIIOLIME 3aJaUH.

MareMaTuyeckue BBIPAKEHHSI, [O3BOJSIOIINE ONPEAEIUTh BBIXOJAHOW CHUTHAI
HEHPOHHOM CETU MPU M3BECTHBIX BECOBBIX KOA(D(UIIMEHTaX, HEOOBIYAHHO CIIOXKHBI,
U B HHUX HeJerko pazoOparbcsi. KoiaumdecTBO paszinyHbIX KOMOWHALMKA CIHUIIKOM
BEJIMKO JJIs1 TOTO, YTOOBI MBITAThCSI TECTUPOBATH UX MOOYEPETHO.

TpeHupOBOYHBIX JaHHBIX MOXET OKa3aTbCsi HEAOCTATOYHO A A(PPEKTUBHOIO
oOyudeHusi cetu. B TpEeHUPOBOUHBIX JAaHHBIX MOTYT OBITH OIIMOKH, B CBSI3M C YEM
CHPaBEIMBOCTh HAIIETO MPEANOJIOKEHHS O TOM, UYTO OHU UCTUHHBI U Ha HUX MOKHO
YUHTHCSI, OKA3bIBAETCS 1O BOIIPocoM. Konn4uecTBO ClI0€B WK y3J0B B CaMOW CETH
MO’KET OBbITh HEJOCTATOYHBIM Il TOTO, YTOOBI MPABUILHO MOJIEIUPOBAThH PEIICHUE
3a/1a4u.

DTO0 03HAYAET, YTO MPEANPUHUMAEMbIN HAMH MOAXO0/1 JOJKEH OBIThPEATUCTUIHBIM U
YUHUTHIBATh YKa3aHHbIE OrpaHUYeHUsl. Eciim Mbl OyJieM cie10BaTh 3TUM PUHLIUAIIAM,
TO, BO3MOXKHO, HaWJIeM pElIeHuEe, KOTopoe, Jaxke He OyJayud HuIeaJbHbIM C
MaTEMaTUYECKON TOUKH 3PEHMS, 1aCT HaM Jy4YlIUe pe3yJIbTaThl.

[IpowmtocTpupyeM CyThb HAIIUX PACCYXACHUM Ha CIEAYIOIEM IpUMEPE.
[IpencraBpTe cebe manamadT ¢ OYEHb CJHOXKHBIM penbedoM, HMEIOIUM
BO3BBILICHUS W BIIAJMHBI, a TAKXKE XOJIMBI ¢ OyrpaMu U siMaMu. BOKpyr Tak TeMHO,
YTO HM 3TW HE BUJHO. BBl 3HaeTe, UTO HaXOJUTECh HA CKJIOHE XO0JIMa, U BaM HYXHO
no0patbes 10 €ro noAHoXkus. TOUHON KapThl MECTHOCTH Yy Bac HeT. Ho y Bac ectb
¢onapp. Iloxamyi, BBl BOCIOJIb3y€TeCh (DOHAPEM M OCMOTPUTECH BOKPYT CeOsl.
Cgera (oHnapst He XBaTUT A JallbHErO0 0030pa, M Bbl HAaBEpPHSIKA HE CMOXKETE
OCMOTpETh BeCh JaHAmMAPT 1ieukoM. Ho BbI cMokeTe yBUAETD, 10 KAKOMY Y4acTKY
IPOIIIe BCEro HavaTh CIYCK K MOJHOXKHUIO XO0JIMA, U CAENIaeTe HECKOJIBKO HEOOIBIINX
I1aroB B ATOM HampasiieHuu. J[efcTBysI mogo0HBIM 00pa3oM, BeI OyaeTe MEJICHHO,
mar 3a I0aroM, MOpOABUIaTbCsS BHHU3, HE pacnonarag oOmed Kaptod u
3a071arOBPEMEHHO IPOJIOKEHHBIM MapIIPyTOM.

Marematnyeckass BepCUsl 3TOTO MOAXOAA HA3bIBAETCS METOJOM T'PaJHEHTHOIO
CIyCKa, U MPUYUHY STOT0 HETPYyAHO MOHATh. Ilocime Toro kak Bbl caefaiad 1iar B
BBHIOPAaHHOM HalpaBJICHUH, Bbl BHOBb OCMAaTPUBAETECh, YTOOBI YBUIETh, KAKOW MyTh
BEAET BacC K LEIM, W JEJaeTe OYEpPEeIHOM IIar B OTOM HampaBJEHUHU. Brbl
OpoAoJKaeTe JEHCTBOBATh TOYHO TakK JK€ O TEX IOp, MOKa OJaromnosly4yHo He
CILyCTUTECH K IIOJJHOKHUIO XOJIMa.
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A Tenepb MpeACTaBbTE, YTO ITUM CIOKHBIM JIAHAMA(TOM SBIsIETCIMAaTEMAaTHUECKAs
¢yHKIMs. MeToa rpaueHTHOTO CIyCKa TMO3BOJSET HAXOAWTh MHHHMYM, Ja)Ke HE
pacmosarasi 3HaHHSIMH CBOMCTB 3TOH (DYHKIIMH, TOCTATOYHBIMH JJIsSi HAXOXKICHUS
MUHUMYMa MaTeMaTH4eCKUMU MeTofamu. Eciu (yHKIUS HACTONBKO CIOXHA, YTO
IPOCTOT0 crmoco0a HAxXOXACHUS MHHHMyMa aireOpandecKuMU METOJaMu He
CYILIECTBYET, TO Mbl MOKEM BMECTO 3TOT0 MPUMEHHUTh METOJ T'PAJUEHTHOTO CITyCKa.
SIcHoe n1eno, OH MOKET HE JJaTh HaM TOYHBINA OTBET, MOCKOJIBKY MbI IMTPUOJIMKAEMCS K
OTBETY IIar 3a IaroM, MOCTENEHHO yIydilas Hamly no3unuio. Ho ato myurie, yem
BOOOIIE HE MMETh HMKAKOro oTBeTa. Bo BCSKOM ciyuyae, Mbl MOKEM MPOJOJIKUTH
YTOYHEHHE OTBETa elle 0ojiee MEIKMMM IIaraMH 10 HalpaBJIeHUI0 K MUHUMYMY,
[I0Ka HE JOCTUTHEM >KeTaeMOi TOYHOCTH.

A Kakoe OTHOILIEHHWE HMEET J3TOT JEHCTBUTENBHO A(P(EKTUBHBIA METOA
IPaJIMEHTHOTO CIyCKa K HEUPOHHBIM ceTsiM? Eciu ynmoMsaHyTo# clnoxHO#M (yHKIMEH
SBIIIETCS OMMOKA CETH, TO CITYCK IO CKJIOHY TSI HAXOXK/ICHUSI MUHUMYyMa O3Ha4aerT,
9YTO MBI MUHUMHU3HUPYEM OIHUOKY. MBI yiIydIliaeM BBIXOJHON CUTHAJ CETH.
PaccMoTpuM HcIonb30BaHME METOAA TPAJMEHTHOrO CIycKa Ha MpocTeiiieM
npuMepe.

Hmxe npusened rpaduk mpoctoil pyHkuuu y = (x — 1) + 1. Ecam 661 5T0 ObLIa
(GyHKIIMS, OMUCHIBAIONMAs OMMOKY, TO MBI JOJDKHBI ObUTH ObI HAWTH 3HAYCHHUE X,
KOTOpO€ MUHUMU3HPYET 3Ty (yHKuuio. [IpencrtaBum, 4To MBI UMEEM JI€JI0 HE CO
CTOJIb TIPOCTOM (PYHKITUEH, a C TOpa3a0 0oJIee CIOKHOM.

4

/N

y = (x-1yP+1

) CALYFOWUE Wiaz

OMPUUYAMEADHDIL
HAKAOH

._>x

I'panvieHTHBIN CIycK JODKEH ¢ 4Yero-To HauuHathes. Ha rpaduxe mnokaszaHa
CIydyaiilHO BbIOpaHHAs HayajgbHas TOYka. MBI HCCIEAyeM MeCTO, B KOTOPOM
HAaXOJUMCS, U BUAUM, B KAKOM HAOIPABJICHUU UAET CIyCK. HakiIoH KpUBOM Takxke
0003HaUYeH Ha Trpaduke, ¥ B JAaHHOM CIydae €My COOTBETCTBYET OTpPHIIATEIbHBIN
rpaaueHT. Mbl XOTUM CJIEJIOBaTh B HAIIPABJICHUW BHU3, MO3TOMY JBHXKEMCS BIOJIb
ocu x BIpaBo. TakuM 06pa3zoM, MbI HEMHOTO YBEITUYHBAEM X. DTO MEPBbIH mar. Mbl
YIIYUIIAIN HANTY TTO3UIAIO ¥ TIPOJABUHYIIHUCH OJMKe K (DaKTHIECKOMY MUHUMYMY .
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[IpeacraBuM, 9TO MBI HaYaIM CIYCK C KaKOTO-TO JIPYrorO MecTa, KaK MOKa3aHO Ha
cieayrooIeM rpaduke.

g
/N
\

[
!

Yy = (x-1)+1

CAEQYHOW(UE wiazu -
NOAOKUMEABHBIL

HAKAOH

s } X

Ha sToT pa3 HakIOH MOYBBI MOJ HAIIMMHU HOTAMHU MOJOXKUTEIEH, MO3TOMY MBI
JIBUYKEMCS BIIEBO, T.€. HEMHOTO YMEHbIlIaeM X. Ml BHOBb BHJIHO, UTO Mbl YJIyUYlIWIH
Hallle TOJOXEHUE, MPUONM3UBIIMCE K (PAKTUYECKOMY MHUHUMYMY. MBI MoOXeM
IPOAOJKATh JEHCTBOBATh B TOM K€ JIyXe JO TE€X MOp, OKAa U3MEHEHUsl HE CTaHyT
HACTOJIbKO MaJIbIMM, YTO Mbl OYyJIEM CUUTATh, YTO JOCTUTIIN MUHUMYMa.
HeoOxoauMbpIM yCOBEPILIEHCTBOBAHUEM 3TOTO METOJA JIOJKHO OBITh H3MEHEHHE
BEJIMYMHBI IIaroB BO H30€XaHHWE MEPEecKOKa 4Yepe3 MUHHUMYM, UYTO MpPHUBEAET K
OeCKOHEYHBIM TMpBDKKaM BOKpYr Hero. BooOpasute, YTO MBI OKa3ajJuCh Ha
pacctostHuu 0,5 MeTpa OT UCTUHHOIO MUHMMYyMa, HO JJIMHA HAUIero Iiara Bceraa
paBHa 2 merpa. Toraa mMbl OyJieM NOCTOSSHHO NPOIYCKaTh MUHUMYM, ITOCKOJIBKY Ha
Ka)KJIOM IlIare B €ro HalpaBJ€HUU Mbl OyJeM MepecKakuBaTh yepe3 Hero. Eciau mbl
OyZeM yMeHbIIaTh BEIMYMHY IIara NponopUUOHAIBHO BEJIMYUHE T'PAJUEHTA, TO IO
Mepe MpUOIKEHUsT K MUHUMYMY OyZieM coBepliaTh Bce Oojiee Menkue mard. [pu
ATOM MBI IIpeAnoiaraeM, 4ro 4em OJmke K MUHUMYMY, TEM MEHbIIe HakJoH. [l
OOJBIIMHCTBA THAAKUX (HempepblBHO auddepeHuupyemMbix) QYHKIUNA Takoe
OpPENooKeHUe BIIOJNIHE npuemiemMo. OHO He OyAeT CHpaBeIUBBIM JIUIIb 110
OTHOILEHUIO K CJOXHBIM PEJIKO BCTPEYAIOIIMMCS 3Ur3aroo0pa3HbIM (YHKIHUSAM CO
B3JIETAMH W NPOBAJIAMH B TOYKAaX, KOTOpPHIE MAaTEMaTUKH HA3bIBAIOT TOYKAMH
paspsiBa.

Wnes ymeHplIEHUS! BEJIUYMHBI 1Iara 1Mo MEpe YMEHbBLIECHUS BEJIIMYUHBI IPaJHEHTA,
ABJISIFOLIEICS XOpPOIIMM HMHAMKATOPOM OJM30CTH K MUHUMYMY, HWIIIOCTPUPYETCS
CIEAYIOIIUM T'paPUKOM.
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y = (x-1P+1

Kpymoli
ZpadueHm

MEHBLIUE Wazu :f'"

~" noAozuli zpadueHm

s > X

Mpbl U3MeEHsSIEM X B HaIPAaBICHUH, MPOTHUBOIOJOKHOM HAMPABJICHUIO TPaJyCHTA.
[lomoxuTeNnbHBIA TPagUEHT O3HAYAE€T, YTO Mbl JOJDKHBI YMEHBUIUTH  X.
OTpurnaTenbHbIi TPATUEHT TPEOyeT YBETUUCHUS X.

Hcnonb3yss MeTon rpaJlueHTHOrO CIYCKAa, Mbl HE MBITAIIUCh HAXOAUTHh WMCTHUHHBIN
MUHUMYM aJreOpandecKuM METOJIOM, MOCKOJIbKY clesianu BUI, OyATO QYHKIUA y =
(x — 1)’ + 1 g 5T0ro cnMmKoM cinoxHa. Jlaxe eciu Obl MBI HE MOTIIM OIIPEIEINTE
HAKJIOH KPUBOM C MaTeMAaTHUYEeCKOM TOUYHOCTHbIO, Mbl MOIJIM OBl OIEHUTH €ro B
MPaBUJILHOM HAIPaBJICHUMU.

[IpeumyiiecTBa 3TOro MeToAa MO-HACTOSIIEMY MPOSBISETCS B ciydae (DYHKIUH,
3aBUCSIIUX OT MHOTMX TapameTpoB. Hampumep, BMECTO 3aBUCHUMOCTH Y OT X MBI
MOXEM HMETh 3aBUCHMOCTh OT a, b, ¢, d, e u f. Bcnomuure, yto ¢yHKIMA
BBIXOJIHOTO CHTHAJIa, a BMECTE C HeW M (PYHKIMUS ONIMOKH 3aBHCAT OT MHOYKECTBa
BECOBBIX KOA(PDHUIIMEHTOB, KOTOPHIE YACTO UCUHUCIISIFOTCS] COTHIMU.

Cnenyromuii rpaduK BHOBb HILTIOCTPUPYET METOJl TPaJIUCHTHOTO CIIyCKa, HO Ha
ATOT pa3 TPUMEHUTENBHO K OoJiee CIOXKHOW (DYHKIIMHM, 3aBHCSIIEH OT JBYX
napameTpoB. ['paduk Takol QPyHKIIUU MOXKHO MPEACTABUTH B TPEX U3MEPEHUSX, TIC
BBICOTA MPEACTABISICT 3HAUCHUE (QYHKITUU.

cpedHuil
zpadueHim

F 4
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Bo3MoxHO, Tisi HA 3Ty TPEXMEPHYIO IMOBEPXHOCTb, BbI 3aqyMajuCh Haja TEM,
MOXKET JIK METOJ| TPaJUEHTHOr0 CITyCKa MNPHUBECTU B APYTyIO JOJHUHY, KOTOpas
pacrmoyiokeHa crhpaBa. B JeHCTBUTEIBRHOCTH 3TOT BOMPOC MOXXHO OOOOIINTH: HE
MPUBOAUT JIM MHOTJA METOJ I'PAJUEHTHOIO CITyCKa B JIOKHYIO JOJIMHY, ITOCKOJIBKY
HEKOTOPBIE CIIOKHBIC (PYHKITUU UMEIOT MHOKECTBO JIOJTUH?

Uro Takoe JokHas aoiauHA? DTO JOJIMHA, KOTOpas HE SBISETCS caMOil TiTyOOKOM.
Torma Ha MOCTABIEHHBIM BOIMPOC CIEAYET J1aTh YTBEPJIUTEIbHBIA OTBET: /1a, TAKOE
MOYET MPOUCXOIUT.

Ha cnenyromieit wimocTpaunu nokasaHbl TpY BapyuaHTa rPpaJueHTHOTO CIyCKa, OAUH

U3 KOTOPBIX MPUBOJUT K JOKHOMY MUHUMYMY.

0 ¥ [}
~

| koppexmubii ' ckampiarue KoppeKkmmHbI
MUHUMYM 8 AoxHbti ﬂl MUHUMYM
. 3 MUHUMYM
, ¢
T

Pesrome

* Meron rpagueHTHOTO CIyCKa — 3TO JEHCTBUTEIBHO XOPOIIMM CIOCOO
HaxXOXJIEeHUs MHUHMMyMa (DyHKIHH, U OH NpEKpacHO paboTaeT, Korna (QpyHKIus
HACTOJBKO CJIOKHA, YTO €€ MaTeMaTrhyeckas oO0paboTka anreOpandecKuMH
METO/IAMHM COMpsiKEHa C OOJIBIIUMHU TPYIHOCTSIMHU.

* bosiee TOro, 3TOT METOJ XOpOIIO paboTaeT B ciiyyae (PyHKUUA MHOTHX
IEPEMEHHBIX, KOTJa APYyrHe METOAbl HE cpaldaThIBalOT JUOO MX HEBO3MOXHO
peanu3oBaTh Ha IPAKTHUKE.

 JlaHHBIN METOJ TaKXe YCTOMYMB K HaTW4YUI0 JACHEKTHBIX JaHHBIX M HE
3aBe/ieT Bac JAJEKO B HENPABUIIbHYIO CTOPOHY, €CIU (PYHKLMS HE ONUCBHIBAECTCA
UJCAIBHO WM K€ BpEMs OT BPEMEHH MbI COBEPILIAEM HEBEPHBIE IIIary.
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BrixogHoil curHam HEWpPOHHOM CceTH MPEACTaBISICT COOOM CIOXHYIO, TPYIHO
NOAMAIOUIYIOCS ONMUCAHUI0 (PYHKIHMIO CO MHOTMMH [apaMeTpamH, BECOBBIMU
kod(ppunimeHTamMu CBsI3eH, KOTOPBIE BIUSIIOT Ha BBIXOJAHOW cuUTHal. Tak MOXkeM Jin
MBI HCMOJIb30BaTh METOJ T'PAJAUEHTHOTO CIyCKa JJISI OMPEACIICHUS MOJIXOSIINX
3HaueHU BecoB? MoxeM, eclid MpaBUIbLHO BhIOEpEM (PYHKIIMIO OIIMOKH.

OyHKIMSA BBIXOJHOTO CHUTHala cama 1o cebe He sBisercs (yHkiuend ommbOku. Ho
MBI 3HAEM, YTO MOXKEM JIETKO MPEBPATUThH €€ B TAKOBYIO, MMOCKOJIBKY OIIMOKA — 3TO
Pa3HOCTh MEXJY IIeJIEBHIMA TPEHUPOBOYHBIMU 3HAYCHUSMU U (PAKTUYECKUMH
BBIXOJIHBIMU 3HAYEHUSIMHU.

OpHako 37ech €CTh KOE-4TO, 4Yero CIleQyeT ocTeperarbcsi. BiarnsHuTe Ha
MPUBEJICHHYIO HIDKE TaOJIUIly ¢ TPEHUPOBOUHBIMU JaHHBIMU M (PAKTHUECKUMHU
3HAQYEHUSMH JJIsI TPEX BBIXOJHBIX Y3J0B BMECTE C KaHIUJAaTaMH Ha PoJib (QYyHKIIUU
OIHOOK.

Buixop | Llenesoit Ownbka ! Ownbka Ownbra
cetH peaynbrar (uenesoe— |uenesoe— (uenesoe— ‘
(aTHyeckoe) J axTuueckoe| daxTuueckoe)’ |
04 05 0,1 0,1 0,01
038 07 | ~0,1 | 0,1 0,01
1,[]7 | 1,0 ) 0 . 0 | o
 cyema | 0 0,2 | 0,02

HammM nepBbIM KaHIUAATOM Ha pPOib (PYHKIMH OLIMOKH SBJISETCS MpOCTast
pa3HOCTh 3HaueHUi (uejieBoe — GaKTHUecKoe). DTO KAKETCs BIIOJIHE Pa3yMHBIM.
Ho ecnu Bbl pemmmTe HMCNOIb30BaTh CyMMY OIIMOOK IO BCEM Y3JIaM B KadecTBe
oOLIero mokasaressi Toro, HaCKOJIbKO XOpouio oOy4eHa CeTh, TO 3Ta CymMMa paBHA
HYJIIO.

SIcHO, 4TO CeTh €llle HENOCTATOYHO HATPEHUPOBAHA, ITOCKOJIBbKY BBIXOAHBIE 3HAYCHUS
IBYX Yy3JIOB OTJIMYAKOTCS OT LENEBbIX 3HadeHWi. Ho HyneBas cymMma o3Hayaer
OTCYTCTBHE OIIMOKU. DTO OOBACHAETCS TEM, YTO IOJIOKUTENbHAS U OTpULATEIbHAs
OLIMOKYU B3aUMHO COKpaTWiInCh. OTCIOIa CIEAYET, UYTO IPOCTasi pa3HOCTh 3HAYEHMI,
Jaxke ecnd Obl MX B3aUMHOE COKpallleHWe ObUIO HEMOJHBIM, HE TOAMUTCA Jif
UCIIOJIb30BaHUs B KAUECTBE MEPhI BETUUHUHBI OIIMOKH.

[TolimemM npyrum myTeM, B3sB a0COJHTHYK BEIMYMHY pazHOCTU. DOpMaIbHO 3TO
3alMCBIBAECTCS Kak |meseBoe-pakTHYecKOoe| M O3HAYaeT, 4TO 3HAK pe3yibTaTa
BBIUMTAHUSI UTHOPUPYETCS. DTO MOTJIO OBl CpaboTaTh, MOCKOJIBKY B JAHHOM Cllydae
HUYTO HU C YE€M HE MOXET COKpaTtuThCsA. [IprunHa, mo KOTOpOW NaHHBIA METOJ HE
NOJIyYMJI TIOIYJSIPHOCTH, CBsI3aHA € TEM, YTO IPU OTOM HAKJIOH HE SBIAETCS
HEnpepbIBHOM (yHKIMEN BOJM3M MHUHHUMYMa, YTO 3aTPYJHSET HCIOJIb30BaHUE
METO0/1a TPAAUEHTHOr0 CIyCKa, TOCKOJIBbKY MbI OyJIeM MOCTOSTHHO COBEPILATh CKAYKU
BOKpYT V-00pa3Hoil JOJMHBI, XapaKTepHOH /uist GYHKIMH OIIMOKHA MOJO0OHOTrO poja.
[Ipu npubnmxkeHM K MUHUMYMY HAKJIOH, a BMECT€ C HUM M BeIMYMHA IIara
MU3MCEHEHUS NIEPEMEHHON, HE YMEHBIIIAETCS, a 3TO 03HAYAET PUCK IIEPECKOKA.

Tperuii BapuaHT 3aKiro4aercs B TOM, YTOOBbI HMCHOJb30BaTh B KayeCTBE MeEpbl
OIMOKK KBajapar pasHocTu: (meseBoe-pakrTuyeckoe)’. CyiiecTByeT
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HECKOJIBKO TPHWYWH, TIO KOTOPBIM TPETUH BapUaHT MPEAMOYTHTEIbHEE BTOPOTO,
BKJIIOYAsl CJIETYIOIIHUE:

* OH yMPOINAeT BEIYUCIICHHUS, C TIOMOIIBIO KOTOPHIX OMpEIeseTCs] BEIMIuHA
HaKJIOHA JIJIsl METOJIa TPAJUEHTHOTO CITYCKa;

* (GyHKIMS OIMMOKH SIBISETCA HEMPEPBIBHO TIJIAIKOW, 4TO 00ecreynBaeT
HOPMAJIbHYIO padOTy METO/a TPaJUeHTHOTO CIIyCKa BBUAY OTCYTCTBHS MPOBAJIOB
Y CKaYyKOB 3HAUYCHUN (DYHKIINH;

* MO Mepe NPHUOIMKEHUS K MUHUMYyMY TpaJHCHT YMEHBIIAETCSA, YTO
O3HAuaeT CHIKEHUE pPHUCKa IEPEecKOKa 4Yepe3 MHUHHMYM, €CIU HCIOJIb3yeTCs
YMEHBIIICHUE BEJIMYUHBI I1ar0B.

A BO3MOXHBI JI1 Apyrue BapuaHTbi? J[a, MOKHO CKOHCTPYHUPOBATH JTIO0YIO CIOKHYIO
(GYHKIMIO, KOTOPYIO cunTaeTe Hy)HOW. OJHM M3 HUX MOTYT BooOIIe He paboTarts,
JApyTrue MOTYT XOpOIIO paboTaTh AJSl ONMPEAEIEHHOTO KpyTa 3a1ad, a TPeTbU MOTYT
paboTaTh OEHCTBUTENHHO XOpOIIO, HO WX Ype3MEpHas CIOXKHOCTh NPUBOAHUT K
HEOIpaBAaHHBIM 3aTpaTaM PECYPCOB.

UToObl BOCTOJB30BATHCS METOJOM TPAJUEHTHOTO CITyCKa, HYXXHO OMNPEISITHUThH
HaKJIOH (YHKIIMKM OMMMOKH TO OTHOIICHUIO K BECOBBIM KO3 duimeHram. ITo
TpeOyeT mnpuMeHeHus auddepeHnpanbHoro wucuyuciaeHusd. JuddepenuunanpHoe
UCYHCIIEHHE — 3TO MAaTeMAaTHYeCKH CTPOTHM MOIXOJ K OINPEACIICHUIO BEIMYUHbI
U3MEHEHHS OJHUX BEIWYMH MPU M3MEHEHUU Apyrux. Hampumep, oHO MO3BOJISET
OTBETUTH Ha BOMPOC O TOM, KaK MU3MEHSETCS NJWHA MPY>KUHBI B 3aBUCUMOCTH OT
BEJTUYMHBI YCUJTUS, MPUIIOKEHHOTO K €€ KOHIIaM. B JTaHHOM ciyyae Hac MHTEpecyeT
3aBUCUMOCTh (YHKIIMM OIIMOKH OT BECOBBIX KOA(D(PHUIIMEHTOB CBSI3e BHYTpHU
HEHPOHHOM ceTh. IHBIMU CIIOBaMH, HAC MHTEPECYET, HACKOJIBKO BEJIMYMHA OLIMOKU
YyBCTBUTEIbHA K U3MEHEHHUSIM BECOBBIX KO3(PPHUITNEHTOB.

Haunewm ¢ paccMmoTpenus rpaduka.

Owiudka

/N

" |

10T rpaq)m( B TOYHOCTH IMOBTOPACT OAHMH M3 TCX, KOTOPLIC IMPHUBOAUIUCH PAHCC,
YTOOBI MNOAYCPKHYTL, YTO MBI HE ACTIACM HHUYCTO INPUHIUIIMAILEHO HOBOTIO. Ha »stot
pas (PYHKHI/IGDI‘/’I, KOTOPYIKO MbI IIBITACMCA MHUHHUMU3UPOBATDH, ABJIICTCA omuOKa Ha
BBIXO/JC HCﬁpOHHOﬁ cetu. B aTom IMPpOCTOM IIPUMECPC IIOKA3aH JIMIIb
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OJIMH BECOBON KO3((UIMEHT, HO Mbl 3HAE€M, YTO B HEUPOHHBIX CETIX MX OyIeT
HaMHOTO OOJIbIIIE.

Ha cnenyromeii tuarpamme oToOpakaroTcst iBa BECOBBIX KOO PUIIMEHTA, U TOITOMY
byHKuMg omuOku rpaduueck oToOpakaeTcsi B BUAE TPEXMEPHOM MOBEPXHOCTH,
BBICOTA pACHOJIOKEHUS TOYEK KOTOPOW HM3MEHSAETCS C M3MEHEHHEM BECOBBIX
Ko3punueHToB cBsazeil. Kak Buaute, Temepp Mpouecc MUHUMHU3ALUU OLIMOKU
OoJibllIe HAITOMUHAET CIYCK B JOJIMHY MO pelibe(hHOI MECTHOCTH.

Ouwiudka

BuzyanusupoBarb MHOTOMEPHYIO MOBEPXHOCTh OIMIMOKM KakK (DYHKIIMM HaMHOTO
OO0JIbIIEr0 KOJWYECTBA MapaMeTpOB 3HAYUTENIBHO TPyAHEE, HO W] HaXOXKIACHUS
MHUHHMMYMa METOAOM I'PaJJUEHTHOIO CITyCKa OCTAeTCs TOM XKe.
Cdopmynupyem Ha sI3bIKe MATEMATUKHN HYKHOE BbIpaKEHHE:

0E

BWJ "

OTO BBIpa)KEHUE NPEACTABIAET U3MeHeHHe omnOku E mpu msmeHeHun Beca w o ji.
OTO W eCTh TOT HAKJIOH (YHKUHUM OUIMOKH, KOTOPBIH HaM HYXHO 3HATh,4TOOBI
HayaTh IPAJAUEHTHBIN CIIyCK K MUHUMYMY.

[Ipexne yem Mbl pa3BEpPHEM 3TO BBIPAXKEHUE, BPEMEHHO COCPEIOTOYMM BHUMAHUE
TOJIBKO Ha BECOBBIX KOA(D(UIIMEHTaX CBSI3€H MEXKIY CKPBITHIM CJIOE€M U MOCICIHUM
BBIXOJHBIM cioeM. MHTepecyromas Hac 00JIacTh BBIJICICHA Ha MMPUBEICHHON HIDKE
nuarpamme. K cBs3siM MeX 1y BXOAHBIM U CKPBITBIM CJIOSIMU MbI BEPHEMCSI MIO3XKE.
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owiudka yssa = yeaeBoe anaveHue -
PaAKMUYELKOE IHAYEHUE

BxodHoll ckpoimbiii  Beca BbixodHoii

CAOU CAOU

.‘
-

BxodHbie cuzHaAb! BoixodHpie cuzHAA!

X : .,' ; “, / ; N 0_
— @ === ::@: v -—-v::@ =

BoixodHbie cuzHaabl ckpbimbix ysaol
X
Mpg1 OyJieM MOCTOSIHHO CChLIAThCS HAa ATY JUarpaMmy, Aa0bl B MPOLIECCE BHIYMCICHUN
HE 3a0bITh O TOM, YTO B JEHCTBUTEIBHOCTH O3HAYaeT KaXIblii cumBoi. [lpexne
BCEr0, 3aluIleM B SBHOM BHJE€ (YHKIMIO OIMOKH, KOTOpas MpeAcTaBiseT coOoi
CyMMYy BO3BEJICHHBIX B KBaJpaT pPa3HOCTEH MEXAy IeIeBbIM U (HaKTUUECKUM
3HAYEHUSAMHU, T CYMMHUPOBAHUE OCYILECTBIISICTCS 10 BCEM NBBIXOAHBIM y3J1aM.
3/1ech MBI BCETro JIMIIb 3aIKMCalid, YTO Ha CaMOM JIeJie TIPEICTAaBIsAeT COO0H (pyHKITHS

B o= L. Eiten¥
ow. ow

Jk Jk

omnbku E.

Mps1 MO)keM cpasy ke YNPOCTUTh 3TO BbIPAXKEHHE, 3aMETUB, YTO BBIXOJHOM CUTHAI
0, Ha y3JIe N 3aBUCHUT JIMIIb OT CBA3EH, KOTOpbIE C HUM coeauHeHsbl. g y3na k 3to
O3HAYaeT, YTO BBIXOJHOM CUTHAJl Oy 3aBUCHUT JIMIIb OT BECOB W jx, IIOCKOJBKY JTH
BECa OTHOCSTCS K CBA3SIM, BEAYIUM K y31y K.

DTO MOYKHO paccMaTpUBATh €IIE U KAK TO, YTO BBIXOJHOW cHUTHAI y37a K He 3aBucHUT
OT BECOB W jp, IZle b He paBHO K, TIOCKOIBKY CBSI3b MEXKAY JTUMH Y3JIaMH
OTCYTCTBYET. Bec W j, OTHOCHTCS K CBS3H, Beyllel K BBIXOAHOMY y311y b, HO He k.
OTO 03HA4yaeT, YTO Mbl MOXKEM YAAIUTh U3 3TOH CYMMBbI BCE CHUTHAJIbI Oy

KpPOME TOr0, KOTOPBII CBA3aH C BECOM W jk, T.€. Ox. B pe3ynbTaTe Mbl IOJHOCTBIO
n30aBIsIeMCsl OT CYMMHUPOBAHHS.

OTO O03HAa4aeT HEHY)XHOCTb CYMMHpPOBAHHUSI IO BCEM BBIXOAHBIM y3JaM s
HaXOXIAEHUS (PYHKIMU OIUOKH. MBI yKe BUIEIH, YEM 3TO OOBICHSIETCS: TEM, YTO
BBIXOJHOM CUTHAJI y3J1a 3aBUCHUT JHIIb OT BEIYIIMX K HEMY CBA3€H U MX BECOBBIX
K03 (PUIIMEHTOB. DTOT MOMEHT YacTO OCTAe€TCsl HEPACKPBITBIM BO MHOIHMX
y4eOHHKaX, KOTOpbI€ MPOCTO MPUBOJAT BbhIpakeHUE il GyHKUUU Oe3 KaKuX-TnOo
IIOSICHEHU.

Kak ObI To HU ObLI0, TENIEPh MBI UMEEM 00JI€€ IIPOCTOE BBIPAKEHHE:
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BwJ ;

I

BWJ ;

Ceifuac Mbl UCHOJIb3yeM HEKOTOpbIE cpelcTBa AU((HEepEeHINaTLHOTO UCUUCICHHUS.
UneH ty — KOHCTaHTa M IIOITOMY HE HM3MEHSETCS IPU M3MEHEHUM W ji, T.€. HE
sBiseTcss QyHKIMEH W jx. Bbu1o OBl OUEHb CTPAaHHO, €cu Obl UCTUHHBIE TPHMEPHI,
NPEIOCTABISIONINE TICJIEBbIC 3HAYCHUS, M3MEHSJINCh B 3aBUCUMOCTH OT BECOBBIX
K03 GUIMEHTOB. B pe3ynbrare y Hac OCTaeTCs WICH Ok, KOTOPBIA, KaK MBI 3HACM,
3aBUCHT OT W jk, [IOCKOJIbKY BECOBBIE KOI()(MUIIMEHTHI BIUAIOT Ha PACIPOCTPAHEHUE
B NIpSIMOM HAaNpaBiICHUH CUTHAJIOB, KOTOPbIE 3aT€M MpPEBPALIAlOTCS B BBIXOIHBIC
CUTHAJIBI Ok.

Uto6wl pa3buth 3Ty 3amady auddepeHnupoBanus Ha 00Jee MPOCTHIE YACTH, MBI
BOCTIOJIB3yEeMCsl ILIETIHBIM TpaBUioM (MpaBWwiIo AU(PPEpeHInpOBaHUs CIOXKHBIX
GyHKUIMN).

oE oE do

= ’ k

ow,, do, ow,,

C nepBoil 4acCThIO MBI CIIPABUMCS JIETKO, IMMOCKOJIBKY JUISl TOTO HYXKHO BCETO JIUIb
B35ITh IPOCTYIO MIPOU3BOAHYIO OT KBaipaTUYHOU PyHKIMu. B pe3ynbrare nomyyaem:

B - -2(t -0.) . Y
ow oW

Jk Jk

Co BTOpPOI1 4aCThIO MPUIETCS HEMHOTO MTOBO3UTHCS, HO M 9TO HE BBI3OBET OOJIBIITUX
3aTPyAHEHU. 371€Ch Ok — ATO BBIXOAHOM CHUTHANI y3i1a K, KOTOpBIA, MOJydaeTcs: B
pe3yabTaTe NMPUMEHEHUS CUTMOHWJIbI K CHUTHAJaM, MOCTYIIAKOIIMM Ha JAHHBIN Yy3€ll.
J1ns1 GonbItieid SCHOCTH 3aIlMIIIEM 3TO B SBHOM BHU/IC:

G B ~2(t, = 0.) ,_?__ cuzmouda ( 2, W 0 )
oW, ow,,

31€Ch 0j — BBIXOJHOM CUTHAJl y3JIa MPEJBIAYIIErO CKPBITOTO CIIOS, a HE BBIXOJHOW
CUTHAJI y3J1a MOCIEIHETO CIOA.

Kax npomuddepenuupoBars curmouay? Mbpl Mo Obl  3TO  ciAenaTh
CaMOCTOSITEIIbHO, TIPOBEIS CJI0KHBIC U TPYJOEMKHE BEIYMCIICHUS, OJHAKO 3Ta padoTa
y)Ke TpojelaHa APYyruMH JtoAbMH. [l03TOMy MBI TPOCTO BOCHOJB3YEeMCS YiKe
U3BECTHBIM OTBETOM, KaK 3TO €KEIHEBHO JIEJal0T MATEMAaTUKH 10 BCEMYMHUPY.
HuddepenumpoBanue  HEKOTOPhIX  (PYHKIMHA  TPUBOJUT K  BBIPAKCHUSIM

_a.___ cuzmouda ( X ) = cuemouda ( X ) (1 - cuzmouda ( X ) )
ox

CIIOKHEHUIIIETO BUaA. B CJIydac XK€ CUIMOMIABLI PC3YJIbTAT IIOJIYYaCTCs OYCHDb
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MPOCTBIM. JTO OAHA W3 MPUYMH IIUPOKOTO MPUMEHECHUS CUTMOMJbI B KAadyeCTBE
(GYHKIMY aKTUBAIIUU B HEHPOHHBIX CETAX.
[Tomyyaewm ciienyroniee BeIpaXKEHUE:

oE

_a_w— = -2(t, -0, ) cuzmouda ( I w0, ) (1 - cuzmouda ( Z; W, 9 )). i( Z W, 0)
Jk

e

= -2(t, -0, ) -cuzmouda ( L, w,- 0, ) (1 - cuzmouda ( Z, w;, ' 0,)) £ 0,

A OTKyJa B3sUICSI TIOCIIETHUN COMHOXKUTENb? DTO pe3ybTaT MPUMEHEHUS LIETTHOTO
npaBuiia K MPOU3BOAHON CUTMOUJIBI, TOCKOJIbKY BBIP@)KEHUE MO 3HAKOM (PYHKIIUU
cuemouoa () TakKe ITO0JKHO ObITh MPpoAr((HEPEHIIMPOBAHO O NEPEMEHHON W j. DTO
IeJaeTCsl O4YEHb IPOCTO U JAET B PE3YIILTATE 0.

[Ipexxme dyem 3amucaTh OKOHYATEIBHBIA OTBET, M30aBUMCS OT MHOXHTEIS 2 B
HavaJie BeIpaKeHUs. MBI BIpaBe 3TO ClEJaTh, MOCKOJIBKY HaC HMHTEPECYET TOJBKO
HampaBlieHUEe TpaueHTa (QYHKIMH OIMMOKH, TaK YTO 3TOT MHOXKHUTEIh MOKHO
6€300JIe3HEHHO OTOPOCHUTb.

OkoHYaTeNbHOE BBIPAXKEHUE, KOTOPOE MBI OyJeM HCIOJIb30BaTh JJIsi W3MEHEHUS
BECa W i, BBITJIAIUT TaK.

—

ai =-(t, -0,) cuemouda ( £, w, 0, ) (2 -~ cuzmouda ( Z w,-0,)) - 0 '
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OTO  BBIPAKEHUE SBISAETCS KIKOYOM K TPEHHPOBKE HEHUPOHHBIX  CETEH.
[Ipoananu3upyeM BKpaTLE 3TO BbIPAKEHUE, OTIAEIbHbIE YACTH KOTOPOTO BBIIEIEHBI
useroM. IlepBast yacTh, ¢ KOTOpOW BbI YK€ XOpPOIIO 3HAKOMBI, — 3TO OIIMOKA
(ueneBoe 3HaueHWe MUHYC (QakTudeckoe 3HaudeHue). Cymma, SBISIONIAsCS
apryMEHTOM CUTMOU/IbI, — 3TO CUTHAJI, MOCTYMAIOIINI Ha y3€] BBIXOJHOTO CJIOS, U
JUTSl YOPOIICHUS] BHIa BBIPAXKEHUSI Mbl MOTJIM Obl 0003HAYUThH 3TOT CUTHAI MPOCTO
KaK ix. OH BBICTymaeT B KayeCTBE BXOJHOIO CHUTHaja y3ia K 10 mpumeHeHus
bynkuuu aktuBanuu. llocnmemHsis 9acTh — OTO BBIXOJHOM CHUTHAN y37da j
IPEABIAYIIErO CKPBITOro ciosl. PaccMoTpeHue mojayd4eHHOIrO BBIPAKEHHSI UMEHHOB
TAaKOM paKypce IMO3BOJIIET JIyuylle TOHATh CBS3b (PU3MYECKOW KapTHUHBI
IPOUCXOMSAIIETO C HAKIOHOM (PYHKIIMM M B KOHEYHOM CUETE C YTOUYHEHHEM BECOBBIX
K03 PHUIIEHTOB.

Broipakenue mnpeaHa3sHAu€HO ISl YTOYHEHHsS] BECOBBIX KOA(P(UIMEHTOB CBS3EH
MEXAY CKPBITBIM M BBIXOJHBIM CIOSIMH. MBI JOJKHBI 3aBEPIIUTH pabOTy M HaWTH
HAKJIOH aHAJIOTMYHONW (PYHKIMU OMMOKH 171 KOAI(PPUIMEHTOB CBA3EH MEXIY
BXOJIHBIM U CKPBITBIM CIIOSIMH.

MoHO ObLJIO ObI BHOBb MPOM3BECTU MOJHOCTHIO BCE MAaTEMaTUYECKHUE BBIKIIAIKH,
HO MBI He OyJeM JToro jaenarb. Mbl BOCHOJIb3yeMCS ONMUCAHHON Mepesl ATUM
(bu3HUeCcKO WHTEPHpPETAMEe COCTABJISIONIMX BBIPAKEHUS MJisi TPOWU3BOJHON U
PEKOHCTPYHPYEM €ro JyIsi MHTEPECYIOIero Hac HOBOro Habopa Ko3(QHUIIMEHTOB.
[Ipu 3TOM HEOOXOIUMO YUECTh CIIEIYIOIINE N3MEHEHUS.
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* IlepBas wacTh BBIpaK€HUs i1 IMPOM3BOAHOW, KOTOpas paHee ObuIa
BBIXOJIHOW OIIHUOKOM (11e7eBOe 3HAaUeHHEe MUHYC (pakThUueckoe 3HaAYeHUE), Terepb
CTAaHOBUTCS PEKOMOWHHUPOBAHHON BBIXOJHOW OIIMOKOM CKPBITBIX  Y3JIOB,
paccUUTHIBAEMOW B COOTBETCTBMM C MEXAHM3MOM OOpATHOTO PAaCIpPOCTPAHECHHUS
OIIMOOK, C 4eM BBI YK€ 3HaKOMBL. HaszoBeM ee e;.

* Bropas 4yacte BbIpa)keHMsI, BKIHOYAOLasi CUTMOUY, OCTAETCsSl TOHM K€, HO
BbIp@XXEHHE C CYMMOH, I[epenaBaeMoe (PYHKIMM, TeNepb OTHOCUTCA K
OPEAbIAYIIUM CJIOSIM, M II03TOMY CYMMHUPOBAHHME OCYLIECTBIISIETCS IO BCEM
BXOJIHBIM CHUTHAJIaM CKPBITOIO CJIOS, CIJIaKEHHBIM BECAMM CBSI3€M, BEIYIIMX K
CKpPBITOMY Y311y j. MBI MOIM ObI Ha3BaTh ITY CyMMY .

* [Tocnenusis yacTh BbIpa)KE€HUs IPUOOPETAET CMBICI BBIXOAHBIX CUTHAJIOB 0;

y3JI0B MEPBOIO CJI0SI, ¥ B JAHHOM CITy4ae 3TU CUTHAJIBI SIBIISIFOTCS BXOJIHBIMU.

Tem caMbIM HaM yJa10Cch U30€KaTh U3IUIIHUX TPYIOEMKHUX BBIYUCICHUH, B TOJTHON
MEepe BOCIOJb30BABIIMNCH BCEMH MPEUMYIIECTBAMU CHUMMETPUU 3aJaydl s
KOHCTPYHUPOBAHUS HOBOTO BBIPAKEHHUS.

Wrak, BTOpas 4YacTb OKOHYATEJIBHOIO OTBETA, K IIOJIYYEHUIO KOTOPOTO MBI
ctpemMumMmcsi (TpaAueHT (PYHKIIUU OIMUOKH IO BECOBBIM KOI(PUIIMEHTAM CBsI3e
MEXAY BXOJIHBIM U CKPBITBIM CIIOSIMH), IPHOOPETAET CIAEAYIOIIHUIA BU:

— ]

[ £ = -(¢). cuzmouda ( Z, w,; - 0,) (1 - cuemouda ( Z, w, - 0,)) . 0

awl
|

Ha naHHOM »3Tane HaMM MOJY4Y€Hbl BCE KIKOYEBBIE MAaru4yeCKUE BBIPAKEHHUS,
HEO0OXOIMMBbIE IS BBIYUCIEHUS! HCKOMOT'O IT'PaIMEHTa, KOTOPBIM MbI UCIIOJIb3YEM JIJIS
OOHOBJIEHUSI BECOBBIX KO3(P(QUUMEHTOB MO pe3yJbTaTaM OOyYEeHHs] Ha KaXJIOM
TPEHUPOBOYHOM MPUMEPE, UEM MBI CeUac u 3aiiMemcsl.

He 3a0miBaifiTe 0 TOM, 4YTO HampaBi€HUE H3MEHEHUs KO3 UIIMEHTOB
IIPOTHUBOIIOJIOKHO HaIIPABJICHUIO IpajyeHTa, 4TO HEOJHOKPATHO
JEMOHCTPHUPOBAIOCHh Ha IpeAblAyInX auarpammax. Kpome Toro, Msl Criiakubaem
UHTEpPECYIOIIME HAaC W3MEHEHMs] MapaMeTpoB IOCPEICTBOM KO3 PUIMEHTA
oOy4eHHsl, KOTOPbI MOXXHO HACTpaWBaTh C Y4YETOM OCOOEHHOCTEH KOHKPETHOU
3agaur. C 3TUM MOJAXOAOM MBI TaKXK€ YK€ CTAJKMBAJIMCh, KOTJa MpU pa3paboTKe
JUHEWHBIX KJIaCCU(PHUKATOPOB MbI UCHIOIB30BAIM €T0 ISl YMEHbIICHUS! HETaTUBHOTO
BJIMSIHUS HEYTAaYHBIX TPUMEPOB Ha 3()(PEeKTUBHOCTH 00yUYeHUs, a MPU MUHUMHU3ALUN
GYyHKIMM OMMOKK — JUIsl TOTO, 4TOOBI M30eXaTh MOCTOSHHBIX MEPECKOKOB UYepe3
MUHUMYM. BbIpa3uM 3TO Ha s3bIKE MATEMATUKHU:

P U OE
Hobblldi w, =  cmapblil w;, - & - ——

3ka

OOHOBIIEHHBIII BEC W jx — 3TO CTapblil BEC C y4e€TOM OTPHULATEIbHOH IOIpaBKHU,
BEJTMYMHA KOTOPOU MPOTOPIIMOHATBHA MPON3BOIHON (PyHKIMU ommbku. [Tonpaska
3amycaHa co 3HaKOM «MHUHYC», TOCKOJIBKY MBI XOTHM, YTOOBI BEC YBEITUUUBAJICS MIPH
OTPULIATENBHON IPOU3BOJHOM M YMEHBIIAICS IIPU IOJOKHUTENbHOW. CHMBOJI @
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(asibha) — 3TO MHOXKUTENb, CTIIAXKUBAIOIINN BETUUUHY
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M3MEHEHUM BO M30€KaHHUE MEPECKOKOB YEPEe3 MUHUMYM. DTOT KOA(DPUIMEHT 4acTo
Ha3bIBAIOT KOI(PPUIHEHTOM 00yUeHMHS.

JlaHHOEe BBIpaK€HHE MPUMEHSETCS K BECOBBIM KO3 (UIIMEHTaM CBs3eH HE TOJBKO
MEXy CKPBITHIM U BBIXOJHBIM, HO U MEX/TY BXOJHBIM U CKPBITHIM CIIOSIMHU. DTH JIBa
Cilyyasi pas3lIMyaroTcs TpaJueHTaMyd (YHKUIUU OLIMOKU, BBIPAXKEHUS I KOTOPBIX
NPUBOJUINCH BBILIE.

[TocmoTpuM, Kak OyAyT BBITJISJIETh T€ K€ BBIYUCIICHHUS B MaTpU4HOU 3amucu. Jlis
3TOTO CHIENIaeM TO, YTO YK€ Jealld paHbIlle, — 3aluileM, 4TO co00M mpencTaBiseT
KQXbIM 3JIEMEHT MaTPHUILIbl U3MEHEHHUU BECOB.

[ aw., aw,, Aw,, ..\ E;*S, (3-8) '\
| aw,, Aw,, Aw,, .. ‘ E,*S, (1-S,) \t ( o o o \
Aw Aw, , Aw ! = E.*S, (1-5) il ?

-
»
-
S
.

T‘ SHAYEHUA u3
npeduidyuiezo CAOR

ZHAYEHUS U3 CALIYHOWEZO CADH

Koad¢punment o6yueHus o onyIieH, MOCKOJIbKY 3TO BCETO JIMILb KOHCTaHTa,KOTOpas
HUKaK HE BJIMET Ha TO, KAaK Mbl OpraHU3yeM MAaTPUYHOE YMHOKEHUE.

Matpuiia U3MEHEHHH BECOB COJEPKUT 3HAYEHHUs TONPaBOK K BECOBBIM
K03 (UIMEHTaM W jx U CBsI3€dl MeXIy y3/10M j oxHoro cios u ysnom k
cienayromero ciosi. Bel BUuauTe, 4To B MEPBOM YacTH BBIPAKEHUS CIIpaBa OT 3HAKa
paBEHCTBA HCIOIb3YIOTCS 3HAUCHUA U3 caeayrouiero cios (y3en K) , a Bo BTopoit —u3
npeabLayIero cios (y3edn j).

Bo3moxHO, TiAas Ha TNPUBEACHHYIO BbIie (OpMYyITy, BBl 3aMETHJIH, YTO
FOpPU30HTAJbHAsA  MaTpPULA, IMPEICTAaBICHHAs  OJHOM  CTPOKOWM, —  3TO
TPaHCIOHMPOBaHHAs MATPUIA CUTHAJIOB 0j HA BBIXOJIE IIPEIBIAYILETO CIIOA.
[[BeToBOE BBIIETICHHE DJIIEMEHTOB MATPHIl MOMOXET BaM TOHATH, YTO CKaJsPHOE
IPOU3BEICHUE MATPUI] OTIIMYHO paOOTAET U B ATOM CIIydae.

Hcnonb3ysi CUMBOJIMYECKYIO 3alIUCh MAaTPULl, Mbl MOKEM IIPUBECTU 3Ty (HopMyiIy K
CJIEYIOIIEMY BUAY, XOPOIIO IPUCIIOCOOIEHHOMY JUIsl pealu3aliy B MpOrpaMMHOM
KOJI€ Ha si3bIKe, oOecreunBaromieM 3pGeKTHBHYIO PabOTy CMaTpUIIAMH.

[ T ]

| I

AW, = « - E - 0/(-0) - or ,

‘ - J

L -

@DaKTUYECKH ITO BBIPAKEHUE COBCEM HE cllokHOE. CUrMOMIbI UCUE3IU HU3I0IS
3pEHUS], HOCKOJIbKY OHU CKPBIThI B MATPUIAX BBIXOJHBIX CUTHAJIOB Ok Y3JI0B.
Pe3rome
* OmuOKa HEUPOHHOM CeTH ABIsETCS (YHKIIMEH BECOB BHYTPEHHUX CBSI3EH.
* ViyuiieHue HEUPOHHOW CETH O3HAYAET YMEHBIIICHUE ATON OIUOKHU
MOCPEICTBOM M3MEHEHHUS YKa3aHHBIX BECOB.
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* HemnocpeactBeHHblii 1moAOOp MOAXOIAUIMX BECOB HATaJKHUBAETCS Ha
3HAYUTEIbHBIE  TPYAHOCTU. AJIBTEpPHATUBHBIA  MOAXOJA  3aKJIOYaeTcs B
UTEPATUBHOM YJIYUYLIEHUM BECOBBIX KOI(PPUUMEHTOB NYTEM  YMEHbIIEHUS
byHkuun omubOku HeOoapmMMu maramu. Kaxnapli mar coBepuiaercs B
HaIlpaBJI€HUM CKOPEHIIero Crycka W3 TeKylled TMO3UIUH. IDTOT MOAXO0J
HA3bIBAETCS IPAJIUEHTHBIM CITyCKOM.

* I'paguent ommOKH MOXHO ©0€3 0COObIX TPYAHOCTEH paccuUTaTh,
UCTIONB3YS MU dhepeHInaIbHOE HCUUCIICHHE.

HpaKaneCKne 3aJaHuA

1. Habop pyxomnucubix 1mupp MNIST
2. ITonroroBka TpeHHUPOBOYHBIX AJaHHBIX MNIST

1. Ha6op pyxkonucubix uugp MNIST
Pacno3naBanue TeKCTa, HAaIMCAaHHOTO OT PYKH, — 3TO HACTOSIIMI BBI3OB IS
UCTIBITAHUSI BO3MOXXHOCTEH MCKYCCTBEHHOTO MHTEIIJIEKTA, MTOCKOJIBKY 3Ta MmpobieMa
JNEHUCTBUTEIBHO TPyAHA U pa3MbITa. OHA HE CTOJIb ACHASI M YETKO OIpEEIICHHAs, KaK
NEPEMHOKEHHUE OJTHOI'O MHOXKECTBA YKCEIl Ha APYToe.
KoppektHass  knaccupukamusi  COIEPKUMOTO  HM300paXEHU ¢ MOMOIIBIO
KOMIIBIOTEPA,  KOTOPYKD  4YacTO  Ha3blBAIOT  paclno3HaBaHueM  00pa3oB,
NECATUICTUSIMU BBIJIEP)KUBAJIAa aTakW, HaIpaBJEHHbIE Ha ee paspeuieHue. B
nociieqHee BpeMsi B 9TOM oO0jacTu HaOMomaeTcs 3HAUYMTENbHBIM Mporpecc, u
pELIAOIIYI0 POJIb B HAMETHUBIIEMCS NPOPBIBE ChITPAIM TEXHOJOTMU HEHPOHHBIX
cerei.
O tpynHocTH TPOOJIEMBI MOXKHO CYIUTh XOTSI Obl IO TOMY, YTO JaXX€ MBI, JIFOJH,
MHOT/Ia HE MOXEM JIOTOBOPUTHCS MEXKIY co00il 0 TOM, KaKkoe NMEHHO M300pakeHne
Mbl BUIUMM. B 4YacTHOCTH, NMpeaMETOM CHOpa MOXKET IOCIYKUTh W HaluCaHHas
HEPa300pYMBBIM OYEPKOM OYKBa.
CyuiecTByeT KOJUJIEKIMS HM300paXEHUM PYKONUCHBIX LHU(PP, HCIOIb3YEMBIX
UCCJIEIOBATENSIMA MCKYCCTBEHHOI'O HMHTEIIEKTa B KayeCTBE MOIYJSPHOro Habopa
JUTSl TECTUPOBAHUS UAEH U aITOPUTMOB.
OTUM TECTOBBIM HAOOpPOM sBIAETCS 0a3a MaHHBIX PYKONHMCHBIX LHUQPp TOI
Ha3BaHuemM «MNIST», npegocraBiasieMass aBTOPUTETHBIM  HCCIIEIOBATEIIEM
HeHWpOHHBIX ceTer SIHoM JIekyHOM Jij1st O€CTUIaTHOTO BCEOOIero JOCTyma Mo ajapecy
http://yann.lecun.com/exdb/mnist/. Tam >xe Bbl HaiijieTe CBEICHHS OTHOCHUTEIHLHO
YCHEMHOCTU TNPEXHUX U HBIHENIHUX MOMBITOK KOPPEKTHOTO PACIO3HABAHUSA ATUX
PYKOITUCHBIX CUMBOJIOB.
®opMmar 6a3bl gaHHbIX MNIST He OTHOCHTCS K YHCIY TeX, C KOTOPBIMHU JIETKO
paboTaTh, HO, K CYACTbHIO, JPYTUE CHEIHAIUCTBI CO3AaJIU COOTBETCTBYIOLIUE (Pailibl
B Ooznee mpoctoM dopmare (cm., Hampumep, http://pjreddie.com/projects/mnist-in-
csv/). Oto Tak Has3biBaeMble CSVailnbl, B KOTOPBIX OTHAEIbHBIC 3HAYEHUS
IPEICTaBIAIOT cOOOM OOBIYHBIM TEKCT W pasfeneHsl 3ansaThiMU. VX comepxkumoe
MO>KHO JIETKO MPOCMAaTpHUBaTh B JKOOOM TEKCTOBOM pPENAKTOpE, U OOJBIIMHCTBO
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AIIEKTPOHHBIX TAOJIUIl WIH TIPOrPaAMM,
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npeAHa3HAYCHHBIX JUIs aHalIu3a JaHHbIX, MOTyT pabotaTh ¢ CSV-daitnmamu. 9To
JIOBOJILHO yHUBepcalibHbld ¢dopmaT. Ha ykazanHHoM cailTe mpeaocTaBiIeHbI
cienyonme asa (aiina:

*TPEHUPOBOYHBIN Habop
(http://www.pjreddie.com/media/files/mnist_train.csv);
* TECTOBBIN Habop

(http://www.pjreddie.com/media/files/mnist_test.csv).
TpenupoBounsiiit Hadop comepxur 60 000 mpomMapKHpPOBAHHBIX SK3EMIUISIPOB,
UCIOJIb3YEMBbIX ISl TPEHUPOBKU HeWpoHHOU ceTth. CioBO
«MPOMApKUPOBAHHBIE»  O3HAYAET, YTO JUIS KAXKIOTO OJK3EeMIUIspa yKa3aH
COOTBETCTBYIOIIMM ITPABUIIBHBIN OTBET.
Menbiuii TecToBbIii HaOop, Britoyaronmid 10 000 >xk3eMIuIsIpoB, UCHOIB3YETCS
IUIS TIPOBEPKH MPABUIBHOCTU PaOOTHI uAe uinu anroputMoB. OH TaKKe COACPKUT
KOPPEKTHBIE MapKepbl, O3BOJISAIONINE YBUIETh, CIOCOOHA JIM Hallla HEHPOHHAs CETh
JaTh PABWIbHBINA OTBET.
Hcnonp30BaHre HE3aBUCUMBIX JPYT OT JIpyra HAOOPOB TPEHUPOBOUYHBIX M TECTOBBIX
JAHHBIX TapaHTHPYET, YTO C TECTOBBIMU JaHHBIMH HEUpPOHHAs CETh paHee He
CTaJIKMBajlacb. B NPOTMBHOM ciydyae MOXHO ObUIO OBl CXUTPUTh M MPOCTO
3allOMHHUTHh TPEHUPOBOYHBIE JTAHHBIE, YTOOBI MOJY4YUTh HauOonbluue Oamibl. Mnes
pasziesieHusl TPEHUPOBOYHBIX M TECTOBBIX JAHHBIX PAcHpoOCTpaHEHa Cpeau
CHEHUATUCTOB 110 MAUITUHHOMY OOYUYEHHUIO.
[IpucmoTpumces k 3tuM Qaitnam. Huxke nokazana yacte TectoBoro Habopa MNIST,
3arpy’KCHHOTO B TEKCTOBBIN PEIAKTOP.

[z I-L-I-“'-I-I-l‘l-2‘l-3-\-4-l‘5-I-6-I-7-I 8 1 0 110 1112 1 13- 1 14+ 1 +15 | ‘1641 17+ 1 18 1] gl
- ‘ ‘ ' ' ' ' ' ' ' ' ' ' ' &
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7,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
.,900,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
.,90900000,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,84,185,159,151, 60, 36,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,222,254,254,254,254,241,198,198, 198,198,
198,198,198,198,170,52,0,0,0,0,0,0,0,0,0,0,0,0,67,114,72,114, 163,227, 254,
225,254,254,254,250,229,254,254,140,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,17,
66,14,67,67,67,59,21, 236,254, 106,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0.0,83,253,209,18,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,22, 23
3,255.83,0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,129, 254, 238, 44,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,59,249,254,62,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,133,254,187,5.0,0.0,0.0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,9,205, 248, 58,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
;0,:0,.0,0;126,;.254,182,0,0,0,0,0.0;0,:0,0,0;0,0:0:0,0,:0,0,0,0, 0,00, 0,:0,75,2
51, 240,57,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,19, 221,254,166, 0,
00,0050 ,0:0,0,0:0,0:0:0,0:0,0,050,0,0,0,0,3, 203,254, 219,35,.0,0,0,0.0,0.
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,38,254,254,77,0,0,0,0,0,0,0,0,0,0,0,0,0
-0:0.10,70,.0:0,0,:0,0,0,31,29%. 254 . 175.1.,0,0,0,:0,0,0,0:0.0,0:0 :0,:0,0:0,0:0.0
,0,0,0,0,0,133,254,254,52,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,6
1,242,254,254,52,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,121, 254, 25
4,219,40,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,121, 254,207,18,0,0
,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,01
2,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,116,125,171,255,255,150,93,0,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,169,253,253,253,253,253,253,218, 30,

B okHe TekcTOBOro pemakTopa OTOOpa)karOTCs JJIMHHBIE CTPOKH TEeKCTa (B KOHIIE
KaKJ0M CTpOKM OTOOpa)kaeTcsi 3HaK ab3aiia), KOTOphIE ColepiKaT 4Yuca,
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pa3feneHHble 3ansThIMU. JTO JIETKO MOXHO YBHJIETb. TE€KCTOBBIE CTPOKH TaKHe
JUIMHHBIE, IOTOMY YTO Ka)/1asl U3 HUX 3aHUMAET HECKOJIBKO CTPOK Ha DKpaHe.
ConepxuMoe 3TUX 3alKCe, T.€. CTPOK TEKCTA, JIETKO MOHATH.

* [lepBoe 3HaueHUE — 3TO MapKep, T.€. (hakTHUeckas Hudpa, Hanpumep «7»
WK «9» , KOTOPYIO JOJDKEH NMPEACTABIATh JaHHBIA PYKOIHCHBIN 3K3EMILIAP. JTO
OTBET, NPABUILHOMY IOJYYEHHIO KOTOPOT'O JI0J’KHA O0YUUTHCS HEUPOHHAS CETh.

* Ilocnepyromue 3Ha4YEHMs, paA3JAEICHHBIE 3alATBIMH, — 3TO 3HAYCHMS
nuKcenend pykonucHou mudpsl. [IukcenbHbIH MaccuB UMEET pa3MepHOCTh 28x28,
MOATOMY 3a Ka)KJIbIM MapKepoM CIeayIoT 784 muKces.

Taxum o6Gpa3om, nepBast 3anKCh MpeACTaBiIseT UUPPY «7» , O UeM TOBOPUT MEPBOE
3HAYEHHE, TOI/IA KAaK OCTAJIbHAsl 4acTh TEKCTAa B 3TOM CTPOKE — 3TO MHUKCEIbHBIE
3HAYEHUS] HAIMMCAHHOM KEM-TO OT pyKH HU(ppsl «7» . BTropas cTpoka mpeacTaBisieT
pPYKONUCHYIO LU(ppy «2» , TpeTbd — uudpy «4» , yerBepras —uudpy « 1» u naras —
uuppy «9» . Moxere BpIOpaTh 0Oy CcTpoKy U3 (aitioB ganueix MNIST, u ee
NEPBOE YMCIIO YKAKET BaM MapKep JUIsl NOCIEAYIOIMX JAHHBIX U300paKeHHUS.
OpnHako yBHIIETh, KAKMM 00pa3oM JJIMHHBIA CNHCOK W3 784 3HaueHuil Gopmupyer
U300paKeHUEe PYKOMUCHON LUPPBI «7» , HE TaK-TO MPOCTO. MbI TOIKHBI BBIBECTH B
rpaguyeckoM BuAE ATH LUDPBl U yOeAUTbCS B TOM, YTO OHU JAEHCTBUTEIBHO
IPEICTaBIISIIOT LIBETA MUKCETIEH PyKONUCHON LU (PHI.

[Ipexxne yem yriyOUTbCS B pacCCMOTPEHHME JeTalie M NPUCTYNHUTh K HalMCaHUIO
KO/, 3arpy3uM HEeOOJIbII0Oe TTOJIMHOKECTBO Ha00Opa JaHHBIX, COACpKANTUXCS B Oa3e
MNIST. ®aiinel ganaeix MNIST uMeroT oyeHb OOJBLION pa3mep, TOrjga Kak
paboTaTh ¢ HEOOJBPIIMMU Ha0OpaMHM 3HAYUTEIBHO YyJIOOHEE, IOCKOJIBKY 3TO
NO3BOJIUT HaM 3KCIEPUMEHTUPOBATH, pa3padaThiBaTh U UCHBITHIBATH CBOW KOJI, YTO
ObLIO OBl 3aTPYAHUTENBHO B Clly4ae JTUTEIbHBIX PACUETOB U3-32 0OJIBIIOTO 00beMa
oOpabaTbiBaeMbIX JaHHbIX. Korga Mbl oTpaboTaeM airoput™, MOXKHO OyJner
BEPHYTHCS K OJIHOMY Ha0Opy TaHHbIX.

IIpexxne yeM ¢ 3TMMM AAHHBIMH MOXHO OyAeT 4YTo-IuO0 clenarh, Hampumep,
HOCTPOUTH I'padUK MM OOYUYUTh C HUX IOMOIIbIO HEHPOHHYIO CETh, HEOOXOAMMO
o0ecneunTh JOCTYN K HUM U3 Koja Ha si3bike Python.

OTtkpbiTHE (QaizioB U mnonydeHue ux coaepxkumoro B Python He cocrasiser
Oonbuioro tpyna. Jlydmie Bcero mokasaTh, Kak 3TO J€1aeTcs, HAa KOHKPETHOM
npuMepe. B3rsiHuTe Ha Cleay oM KOJI.

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

31eck BCero Tpu CTpoku kojaa. O0cyauM Kakayro U3 HHUX MO oTaenbHOCTH. [lepBas
CTpOKa OTKpbIBaeT (paitsi ¢ momomibio GyHKImu open (). Bol Buaure,

YTO B KaueCcTBE MEPBOTO M3 MapaMmeTpoB eil mepemaercs ums ¢aiina. Ha camom
Jene 3TO He mpocTto uMA aina, a mMyTh JAOCTyna K HeMy. Bropoit mapamertp
HeoOs3aTenbHbId U coobmiaetr Python, kak Mb1 xoTuM pabotats ¢ daitnom. byksa
«r» O3HAYAeT, YTO Mbl XOTUM OTKPBITh (pailyl TONBKO AJIA YTEHUS, a HE JJIsl 3alHCH.
Tem cambiM MBI NpegOTBpAIllaeM JHO00€ HENpeaHAMEPEHHOE W3MEHEHUE WIIU
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yaanenue ¢aina. Ecin Mbpl monbiTaeMcs OCYLIECTBUTBH 3alUCh B 3TOT (ailm win
U3MEHUTH ero, Python He mo3BONUT 3TOro caenath U BbAACT OMMOKY. A 4TO 3TO3a
nepemenHas data_file? ®ynkuus open () coszmaer Aeckpuntop (ykaszaTens),
UTPAIOIIUA  POJIb CCBUIKM Ha OTKpbIBaeMbId (haiiyi, U Mbl NPUCBAUBAEM €TI0
nepeMmenHoi data file. Korma ¢aiin oTKphIT, TH00BIE TTOCIEAYIONINE JESHCTBUS C HUM,
HaAINpUMEDP, YTEHUE, OCYIIECTBIISIOTCS Yepe3 ITOT IECKPUIITOP.

Cnenyromas  crtpoka mpome. Mbl  ucnonbdyem  ¢ynkmuio  readlines (),
aCCOIIMMPOBAaHHYIO C jeckpuntopoMm (aitna data file, mis dyTeHHs Bcex CTPOK
comepxumoro (Qaitra B mepemeHHyro data list. DTa mepemMeHHass COJEPXKHUT CITHUCOK,
KaXIbI 3JE€MEHT KOTOPOTO SIBISIETCS CTPOKOM, MpEACTaBISIOMIEd CTPOKy (aiina.
DTO OYeHb Y0OHO, TOCKOIBKY MbI MOKEM MEPEXOAUTH K JIF00OM cTpoke (haita Tak
ke, KaK K KOHKPETHBIM 3aIucsM B crircke. TakuMm o0pa3om, data list[0]

— 3TO MepBasi 3aluck, a data_list [9] — necstas u T.11.

I'opazno s dextuBHEE paboOTaTh MOOYEPETHO C KAXKIOH CTPOKOH, a HE CUYUTHIBATH B
namsaTh Bech (aitn nenukoM. OnHako Hamu (ailyibl HEBEJIWKH, M UCIOJIb30BAHUE
¢bynknuu readlines () 3HAUUTETHLHO YMPOIIAECT KO, a U HACTIPOCTOTA U SICHOCTh Ha
JTAHHOM 3Tare O4Y€Hb Ba)KHBI.

[Tocnennsast crtpoka 3akpbiBaeT (ain. CuurTaercs XOpouled MPaKTUKOW 3aKpbIBaTh
Gaiinel U Apyrue pecypchl IMOCIE€ KX HUCHOJb30BaHUSA. Ecin e OCTaBIATh HX
OTKPBITBIMH, TO 3TO MOXET MPUBOJUTH K BO3HUKHOBEHMIO MpoOieM. Hekotopwie
porpaMMbl MOTYT OTKa3bIBaThCSl OCYIICCTBISATH 3amuch B (hailll, OTKPHITHIA B
JPYroM MECTE, €CJIM 3TO MPUBOJUT K HECOTIACOBAHHOCTU. B MpOTUBHOM cilydae 3To
HallOMUHANO Obl CHUTyallMIO, KOTJa JBa 4YeJOBEKa MBITAIOTCS OJHOBPEMEHHO
3aMKChIBATh Pa3HbIe TEKCTHI HA OJTHOM M TOM K€ JiucTe Oymaru. MHoraa KoMIberoTep
MOXKET 3a0JoKuMpoBaTh (aiin Bo m30exkaHue Takoro poja KoHpauktoB. Ecnu He
OCTaBUTh 3a COOOU MOPSIOK MOCJE TOro, KaKk HEOOXOJUMOCTh B HCIOIb30BAHUU
daiina yxe oTmnana, y BaC MOXKET HAKOMUThCS MHOTO 3a0J0KupoBaHHBIX (aitnos. [To
KpailHell Mepe, 3akpbIB (haiii, BB MPEJOCTABUTE KOMIBIOTEPY BO3MOXKHOCTD
O0CBOOOJNTH MaMSTh, 3aHUMAEMYIO YK€ HEHY>KHBIMU JTAHHBIMHU.

Co3paiite HOBBIA MyCTOW OJIOKHOT, BBIMOJHUTE NPEACTABICHHBIA HIXKE KOJ U
MIOCMOTPUTE, YTO IPOU3OMJIET, €CIIH MOMbBITATHCS BEIBECTH SJIEMEHTHI CITUCKA.

n[11] M data_file = open("mnist_train.csv", 'r)
data_list = data_file readlines()
data_file closa()

Inf12]: M  len(data_list)

12]: 60000

n[3l: M  data_list[o]

,,,,,,,,,,,,,,,,,,,,,,,,,,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,0,0,0,0,3 3,253,253,253,253,253

,205,11,0,43,154,0,0,

Bor Bumute, uro ammua crimcka paBHa 6000. ®dyukmus Python len() coolGmiaer o
pasMepe crnucka. Bbl Takke MOXKETe BHJACTH COACPKHUMOE IEePBOM
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3anucu, data list[0]. IlepBoe uucno, 5, — 3T0 Mapkep, TOorja Kak ocTajibHbie 784
YHUCJa — 3TO IBETOBBIE KObI MUKCEEH, U3 KOTOPBIX COCTOUT U300pakeHue. Eciu Bl
BHUMATEIbLHO MPUCMOTPUTECh, TO 3aMETUTE, YTO HUX 3HAYCHUS HE BBIXOIAT 3a
npeaensl auamna3zoHa 0 g0 255. Bel MokeTe B3TJIIHYTh Ha JAPYTHE 3alicH, YTOOBI
MPOBEPUTH, BBHITIOIHACTCS JIM 3TO YCJIOBHE U JUIsl HUX. BBl yOeauTech B TOM, 4TO
TaK OHO M €CTh: 3HAYEHUs KOJIOB BCEX LIBETOB MOMAAArOT B Auara3oH uwucen oT 0
1o 255.

Panee npuBoawics npumep rpaduueckoro 0ToOpa)keHus MpsiMOYTroJIbHOTO MacCHBa
yucen ¢ ucnoyib3oBanueM QpyHkuuu imshow (). To ke camoe Mbl XOTUM CAENaTh U B
JAHHOM clly4ae, HO JUIS 3TOr0 HaM HYXKHO IpeoOpa3oBaTh CHUCOK YHCEI,
pa3lelICHHBIX 3alATbIMM, B MOAXOASIIMHA MAacCuB. OJTO MOXHO CHelaThb B
COOTBETCTBHHM CO CIIEYIOLIEH MPOLETYyPON:

* pa30UTh JUIMHHYIO TEKCTOBYIO CTPOKY 3HAUCHHH, Pa3ICIICHHBIX 3aMSITHIMU,
Ha OT/ICJIbHBIC 3HAYEHUSI, UCTIONB3YsI CHMBOJI 3aMsATON B KAU€CTBE Pa3IeIUTENs;

* MPOUTHOPUPOBATH NEPBOE 3HAUECHHUE, SIBISAIONICECS MapKepOM, H3BIICYb
octaBirecs 28*28=784 3naueHus u npeoOpa3zoBaTh UX B MACCUB, COCTOSIIUN U3
28 cTpoK U 28 CTONOIOB;

* 0TOOpa3UTh MACCHB.

W BHOBB, TIpoIIie BCETO MOKa3aTh COOTBETCTBYIOMINI MpocToi kox Ha Pythonu yxe
MIOCJI€ 3TOTO MOJPOOHO PACCMOTPETH, UTO B HEM MPOUCXOIUT.
[Ipexxne Bcero, Mbl HE JOJDKHBI 3a0bIBATh O HEOOXOAMMOCTH HUMIOPTUPOBATH
ounbnuorexu pacmupenuit Python ams pabotel ¢ MaccuBamMu U rpaduKoil.
[TocmoTpuTe Ha cregyromue TpU CTPOKM Koaa. IlepeMeHHBIE OKpalIeHbI
M import numpy

import matplotlib.pyplot

Y%ematplotlib inline
Pa3ITUYHBIMH I[BETAMU TaKUM 00pa3oM, YTOObI OBLIO MOHSATHO, TJI€ M KaKUe JaHHBIC
UCIIOIb3YIOTCH.

all values = data_list[0].split(".")

B mepBoii cTtpoke jmmHHas miepBas 3anuch data list[0 ], KOTOpy¥ MBI TOJIBKO YTO
BBIBOJIWIJIM, pa30MBaeTCsl Ha OTHEIbHBbIC 3HAYEHHsI C HCIIOJIb30BAHMEM 3aIITON B
KauecTBE pa3JeluTeNId. DTO Jenaercs ¢ mnoMomisio (yHkiuu split (), mapametp
KOTOPOM OIpenessieT CUMBOJI-pa3AeauTeNb. Pe3ynbraT nomMemaercss B NEPEMEHHYIO
all values. Mosxere BBIBECTH ATH 3HAUYCHUS Ha JKpaH W yOETUTHCS B TOM, YTO ITa
NepeMeHHas IEHCTBUTEIBHO CONECPKUT HYKHbIE 3HAUEHUSI B BUJE UIMHHOTO CITMCKa
Python.

Crnenyromasi CTpoka KoJa BBITJISAUT 4YyTh OOJI€€ CIOKHOM, MOCKOJIbKY B HEH
IPOUCXOAMUT Cpa3y HECKOJIbKo Bemled. Haunem ¢ cepenuHbl. 3anuch CIUCKa B BUJE
all values [1: ] yka3piBaeT Ha TO, 4YTO OepyTcs BCE DBJIEMEHTHI CIIMCKa 3a
UCKJIIOYEHHEM MEepBOTo. TeM caMbIM Mbl HITHOPUPYEM MEPBOE 3HAUEHHUE, UTPAIOIEe
poab Mapkepa, U OepeMm UMb OCTalbHbIe 784 3lIeMeHTa,
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numpy.asfarray() — 3To dyHKIMa OMOIMOTEKH numpy, npeodpasyrolias TeKCTOBbIE
CTPOKH B pealIibHbIE YUCIIAa U CO3/arollasi MacCcuB 3TUX yucen. Ho moyemy TeKCTOBbIE
CTpoku mpeoOpasyroTcs B uucna? Eciu daitn OblT MpoYuTaH Kak TEKCTOBBIN, TO
KaKJasi CTpOKa WJIM 3alKMCh BCE €IIe€ OCTaeTcsi TEeKCTOM. M3BiedueHwe U3 HUX
OTJIETIbHBIX 3JIEMEHTOB, Pa3/ICJICHHbIX 3aMSTHIMU, TAKKE JTA€T TEKCTOBBIE JIEMEHTHI.
Hampumep, 3TiM TekcTOM MO ObI OBITH CITOBA « apple» ,

«orange123» unu «567» . TekcToBas cTpoka «567» — 3TO HE TO KE CaMO€, YTO YUCIIO
567. VIMmeHHO MOATOMY MBI JOJDKHBI TPEe0OpPa30BhIBATh TEKCTOBBIE CTPOKH B YHCIIA,
JaKe €CJIM 3TH CTPOKU BBITJISASAT Kak yucia. [lociaeannii dhparMeHT WHCTPYKIIMH
— .reshape ((28,28)) — rapantupyer, uTo CHUCOK OyaeT chOPMUPOBAH B BHUJE
KBaJpaTHOM MaTpuulbl pazMepoM 28x28. Pe3ynbTUPYIOIIMHA MAacCHUB TaKOW XKe
pPa3MEpHOCTH MOJy4YaeT Ha3BaHUE image array.

Tperbst cTpoka NPOCTO BBIBOJUT HA SKpaH MAcCUMB 1mage array ¢ IOMOUIBIO
dbyukiuu imshow (), aHaIOTUYHO TOMY, C Ye€M BBl YK€ cTajlkuBaiauch. Ha atot pas
MbI BBIOpAJIM I[BETOBYIO NAJIUTPY OTTEHKOB CEPOro ¢ MOMOIUIBIO MapameTpa cmap ='
Greys' 115 gyunieit pa3iMuuMOCTH PYKOIUCHBIX CUMBOJIOB.

Pe3ynbTar paboThl KO/ MPEICTaBICH HUXKE.

In [28] M all_values = data_list[o].split(,")
image_array = numpy.asfarray(all_values[1:]).reshape((28 22))
matplotlib.pyplot.imshow({image_array, cmap='Greys', interpolation="Nong")

Out[18]: <matpletlib.image Axesimage at ox23343gC1340>
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Be1r Bunute rpaduueckoe mzobOpaxkeHue nudpsl «5» , HA UTO U yKa3bIBajl Mapkep.
Eciau mb1 BIOEpeM creayronnyio 3amnuch, data list [1] ¢ mapkepom 0, TO monxydum
MOKa3aHHOE HUKE U300paKeHuUE.

In [2g] M all_values = data_list[1].split(,)

image_array = numpy.asfarray(all_values[1:]).reshape{(28,28))
matplotlib_pyplot.imshow(image_array, cmap="Greys’, interpolation="None")

Outfag): <matplotlib.image. Axesimage at ox2aagbiacizo>
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I'mans Ha 5TO WM300pakeHWE, BBl C YBEPEHHOCTHIO MOXETE CKas3aTh, YTO JTOU
pyKOMHMCHOM 1u(pe AeHCTBUTENBHO COOTBETCTBYET udpa 0.

2. lloaroroBka TpeHNMPOBOYHBIX JaHHBIX MNIST
Korma Mb1 yxe 3HaeM, Kak oiqyuuTh gaHHbIe U3 (aiimoB MNIST u u3Bneysr u3 HUX
HYXKHBIC 3alMCH, MBI MO>EM BOCIIOJb30BATHCA ITUM JUISl BU3yalU3alyHd JAHHBIX.
MpbI XOTUM UCHOJIB30BaTh 3TU JIaHHBIE JUJIsl OOy4Y€HUs Hallel HEHPOHHOM CEeTH, HO
CHAaYaJla Mbl JOJDKHBI NPOAYMaTh, KaK HMX CIEIyeT MNOATOTOBUTH, MPEKIEC HYEM
MPEIOCTABIATh CETH.
Brl yxe Bugenu, 4To HEHPOHHBIE CETU PAa0OTAIOT JIyYIlle, €CJIM KaK BXOJHBIE, TaK U
BBIXOJIHBIE JIaHHbIE KOH(MUTypUPYIOTCS TaKMM 00pa3oM, YTOOBIOHHM OCTaBAJIUCH B
JYara3oHe 3HAYeHUM, ONMTUMAJbHOM ISl (PYHKIMM aKTHUBAIMHM Y3JIOB HEUPOHHOM
CETH.
[IepBoe, 4TO MBI JOJKHBI CHENATh, — 3TO MEPEBECTH 3HAYCHUS LIBETOBBIX KOJOB M3
Oonbliero auamna3oHa 3HadeHuid 0-255 B HAMHOrO MEHBIINM, OXBaTBIBAIOIIUMI
3HaueHus ot 0,01 mo 1,0. Me1 HamepenHo BbwIOpanu 3HaueHwme 0,01 B kadecTBe
HIDKHEW TpaHUIBl JWala3oHa, 4TOOBl M30eKaTh YMOMSHYTBIX paHee IMpoOJIeM C
HYJIEBBIMU BXOJHBIMH 3HAUEHUSIMH, IIOCKOJIbBKY OHH MOIYT HCKYCCTBEHHO
OnmoxkupoBaTh 0OHOBIEHUE BecoB. Ham HeoOs3aTenbHO BbIOMpaTh 3HaueHue 0,99 B
KAQueCTBE BEPXHEM TpaHUIIbl JOMYCTUMOIO JWana3OHa, IOCKOJIBKY HET HYKJIbI
n30erath 3HaueHUH 1,0 119 BXOJIHBIX CHUTHAIOB. JIMIIb BBIXOJHBIC CHTHAJIBI HE
MOTYT IpeBbIIATh 3HaueHue 1,0.
JleneHue MCXOIHBIX BXOJHBIX 3HAUCHUM, U3MEHSIOMIMXCS B auamna3zoHe 0- 255, Ha
255 mpuBeget ux k auanaszony 0-1,0. ITocnenyromiee yMHOKEHHUE STUX 3HAYEHUN HA
koappunment 0,99 npusener ux k auanazony 0,0-0,99. Jlanee Mbl HHKPEMEHTUPYEM
nx Ha 0,01, yToOBI BMECTUTH UX B kenaeMblil nuana3oH 0,01- 1,0. Bee 3t gelicTBus
peanusyer cleayromui Ko Ha s3bike Python.
In[26]: M | #npusecmu exodHsie 3HaYeHUA Kk duanasoHy 0,01 - 1,00

scaled_input = (numpy.asfarray(all_valves[1:]) [ 255.0 * 0.99) + 0.01

print{scaled_input)

ooT ooT ooT L ooT ooT

0.0l .01 0.01 0.01 0.01 0.01

0.0l 0.01 0.01 0.01 0.01 0.01

0.01 0.01 0.01 0.01 0.01 0.01

0.01 0.208 0.627204132 0.99223524 0.63729412 0.20411765

0.01 0.01 0.01 0.01 0.01 0.01

0.01 0.01 0.01 0.01 0.01 0.01

0.01 0.01 0.01 0.01 0.01 0.01

001 001 001 001 0196352940934

0.98835294 0.98835294 0.988352G4 0.g30117650.01  0.01

0.01 0.01 0.01 0.01 0.01 0.01

0.01 0.01 0.01 0.01 0.01 0.01

0.01 0.01 0.01 0.01 0.01 0.01

0.01 0.21964706 0.89129412 0.99223529 0.98835294 0.93788235

0.91458824 0.98835294 0.23129412 0.03329412 0.01  0.01

.01 0.01 0.01 0.01 0.01 0.01

0.01 0.01 0.01 0.01 0.01 0.01

0.01 0.01 001 0.048823530.24204118 0.87964706

23
0.98835294 0.99223529 0.9883529¢4 0.73423529 0.33611765 0.98835294
0.992235290.48364706 001 001 001 001

PesynbTupyronmuii  BbIBOJ JAHHBIX MOJATBEPKIAET, YTO OHHU JACHCTBUTEIBHO
NpUHaJIeXKaT K Auana3zony 3HayeHui ot 0,01 mo 1,00.
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Wrak, MbI ocymiecTBuin noArotoBky nanHbix MNIST myTem ux macmrabupoBaHus
Y CIIBUTa U TEIEepb MOXEM IOAABATh UX HA BXOJl HAIlEd HEHPOHHOW CETH KakK C
LEJIbI0 €€ TPEHUPOBKH, TaK U C IEIBI0 OMpoca.

Ha »ToM »Tame HaM TakKe HYXHO MNPOAYMarh, 4YTO JEJIaTh C BBIXOJIHBIMU
3HAYCHUSIMH HEMPOHHOM ceTH. PaHee BbI BUJIENIM, UTO BBIXOJHBIE 3HAUYECHUS JOJKHBI
YKJIaJbIBaThCSl B JIMAMA30H 3HAYEHUN, OOECTieUMBAEMBbI (DYHKIIMEH aKTHUBAIIUH.
Ucnonp3yemast Hamu TorucTrdeckas (PyHKIHMSI HE MOXKET BBIJIaBaTh TAKWE 3HAUYCHMSI,
kak -2,0 unmu 255. Ee 3nadyeHus oxBaTeiBaroT auana3od uwcena ot 0,0 mo 1,0, a
dakTuyecku Bbl HUKoOrjga He mnoiyuute 3HadeHud 0,0 wim 1,0, MmOCKOJIbKY
Joructudeckas (yHKIUsS HE MOXKET HMX JOCTUraTh W JIMIIb aCUMITOTUYECKHU
npuOmmkaeTcss K HuM. TakuM 00pa3oM, TMO-BUIMMOMY, HaM MPHUAETCS
MacIlITaOupOBaTh BHIXOAHBIC 3HAYEHHUS B MPOIIECCE TPEHUPOBKHU CETH.

Ho 4To MMEHHO MBI JAOJKHBI MOJTYYUTh HA BBIXOAE HEHpPOHHOW ceTtu? J[omKHO Jn
9TO OBITh HM300pakeHHe oTBeTa? B TakoM ciyuae HaM HYXKHO MMeTh 28x28=784
BBIXOJIHBIX Yy37a.

Ecnu Mbl BepHEMCS Ha LIAr HA3aJ U 3ayMaeMcs HaJ TEM, YEro UMEHHO Mbl XOTUM
OT HEHUPOHHOW ceTH, TO TMOWMEM, YTO MBI TPOCHM €€ KIacCu(UIMpoOBaTh
n300pakeHWe W NPUCBOUTH €My KOPPEKTHbIH Mapkep. Takum MapKepoM MOXKET
OBITH OJTHO M3 JCCATH YHCea B auama3zoHe oT 0 10 9. DTo o3HayaeT, 9YTO BBIXOIHOM
CJIOM CETH NOJKEeH UMETh 10 y3710B, MO OJHOMY Ha Ka)KJIbld BO3MOXHBIA OTBET, UJIU
Mapkep. Ecnu orBeToM sBisiercst «0» , TO aKTUBU3UPOBATHCS JOJDKEH MEPBBIN y3€ll,
TOrJa KakK OCTaJbHBIC Y3JIbl JIOJKHBI OCTABaThCSl IMACCUBHBIMU. Ecin oTBEeTOM
ABJISIETCS «9» , TO AaKTUBU3UPOBATHCS JIOJKEH MOCIEAHUN Y3€J BBIXOJHOI'O CJIOS IPU
MaCCUBHBIX OCTAJIbHBIX y3s1ax. Cleayroias WUIKOCTPAIUs MOSCHAET 3Ty CXEMY Ha
HECKOJIBKUX MTPUMEpPaX BBIXOJIHBIX 3HAUYCHUH.

BoixodHoit

noii | Mapkep npumep “s" npumep 0" npumep “9"
@ o 0.00 045 0.02
@ 1 0.00 0.00 0.00
@ 2 0.01 0.01 o.01
@ s 0.00 0.01 0.01
@ 4 0.01 0.02 0.40
@ s 0449 0.00 0.01
@ 6 0.00 0.00 0.01
@ 7 0.00 0.00 0.00
@ g 0.02 0.00 0.01
@ q 0.01 0.02 0.86

IIepBblii MpUMEpP COOTBETCTBYET CIIy4Yar0, KOIZAa CETh PAcllO3HAJIa BXOJIHBIE JaHHBIE
Kak 1udpy «5» . Bel BuanTE, 4T0 HAMOOIBIITNI U3 UCXOASIIIUX CUTHAIOB BBIXOHOTO
CJIOSl MPUHAJICKHUT Y31y ¢ METKOU «5» . He 3a0biBaiiTe 0 TOM, YTO 3TO IIECTON IO
CYETy y3eJ, IOTOMY YTO HyMepalHs y3JIOB HauMHAeTCs ¢ HyJsd. Bce
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JOBOJILHO MPOCTO. OCTallbHBIE y3Jbl MPOU3BOASIT CUTHAJIBI HEOOJBIION BEIUYUHBI,
OJM3KHe K Hy 0. BeIBOA HyJiel MOT OKa3aThCs CIEICTBUEM OIIMOOK OKPYTJIEHUSI, HO
B JIEUCTBUTEIBHOCTH, KaK Bbl TOMHUTE, (DYHKIMS aKTUBAIIUU HUKOTJA HE JOMYCTHUT
(akTHUECKOE HYJIEBOE 3HAUCHHE.
Crnenyromuii MpuMep COOTBETCTBYET pykonmucHoMy «0» . HanOGonbIinyro BeIuduHy
371€Ch UMEET CUTHAJ NIEPBOT0 BBIXOAHOTO Y3714, aCCOLUMUPYEMBIN ¢ METKOU «0) .
[locnennuii npumep OoJiee UHTEpECEH. 31€Ch CaMblil OOJIBIION CUTHAJ T€HEPUPYET
MOCJIETHUM y3€J, COOTBETCTBYIOIIUN METKE «9» . OTHAKO U y3€1 ¢ METKOMN «4» nmaer
CUTHaJ cpeaHelt BennurnHbl. OOBIYHO HEMPOHHAS CETh JOJDKHA TPUHUMAThH PEILICHHUE,
OCHOBBIBAsCh Ha HAWOOJIBIIIEM CHUTHAJIC, HO, KaK BUJUTE, B JAHHOM CJIyyae OHa
OTYACTH CYUTAET, YTO IMPABWIbHBIM OTBETOM MOTJO OBl OBITbU «4» . Bo3MoxkHO,
PYKONMCHOE HAuyepTaHUE CHMBOJA 3aTPYJHWIO €ro HaJACKHOE paclio3HaBaHUE?
Takoro poja HEONPEAEIECHHOCTH BCTPEUAOTCS B HEUPOHHBIX CETSIX, U BMECTO TOTO,
yTOOBl CUMTATh WX HEyJaded, Mbl JOJDKHBI paccMaTpPUBaTh HX KaK ITOJE3HYIO
IIOJICKA3Ky O CYIIECTBOBAHUM JPYTOr0 BO3MOMXKHOTO OTBETA.
Otnuuno! Temepb HaM HY)KHO TPEBpaTUTh ATH HJEHU B II€JIE€BbIE MACCHUBBI JJIs
TPEHUPOBKU HEHpOHHOUN ceTu. Kak Bbl MOriM yOeauThCs, €CIM TPEHHPOBOYHBIN
MIPUMEP MOMEUEH MApPKEPOM «35» , TO JJISl BBIXOJHOTO y3JIa CIEAYET CO31aTh TAKOU
LEJIEBOM MacChB, B KOTOPOM Mallbl BC€ D3JIEMEHTBI, KpOME OJHOTO,
COOTBETCTBYIOIIETO Mapkepy «5» . B maHHOM cilyyae STOT MacCMB MOT Obl
BBITJISAIETH puMepHo Tak: [0,0,0,0,0,1,0,0,0,0].
B nelicTBUTENBHOCTH  3TH  YMCIAa  HYXAAOTCS B JIONOJHUTEIHHOM
MacIITaOuPOBAHUH, TTOCKOJIBKY MBI YK€ BHUJICNIH, YTO MOMBITKU CO3/JaHUSI HA BBHIXOJIC
HeWpoHHOU ceTn 3HadeHUH 0 1 1, HEJOCTHIKUMBIX B CUITy MCTIOJIb30BaHUS (PYHKIIUH
aKTUBALIMKM, TPUBOIAT K OOJIBIIMM BecaM M HachlmeHuto cetd. CrenoBaTenbHO,
BMECTO 3TOr0 MbI Oyjaem ucroiab3oBaTh 3HadeHus 0,01 u 0,99, u moroMy 1eneBbIM
MacCHBOM JUIsl Mapkepa «5» poixkeH 0biTh MaccuB [0.01, 0.01, 0.01, 0.01, 0.01, 0.99,
0.01, 0.01, 0.01, 0.01].
A BOT Kak BBITVISIIUT KOJ Ha si3bike Python, co3maromiuii ieneByo MaTpuiry.

M  # konuyecmao BLIXOOHEIX Y3108 - 10 (NPUMED)

oncdes = 10

targets = numpy.zeros(onodes) + 0.01
targets[int(all_values[o])] =0.9g

ITepBasi cTpoka mociae KOMMEHTapHsl MIPOCTO YCTAaHABIMBAET KOJIMYECTBO BHIXOIHBIX
y3710B paBHBIM 10, YTO COOTBETCTBYET HAILIEMYy IPUMEPY C IECATHIO MapKepamu.

Bo BTOpoi#i cTpoke ¢ MOMOIIBI YI00HOW (GyHKIMM numpy.zeros () co3maeTcs
MacCHUB, 3allOJIHEHHBbIA HyJsiMu. JKenmaemble pasMep M KOH(Urypanus MaccuBa
3a/1al0TCsl  TMapaMeTpoM TMpu Bbi3oBe (yHKIMU. B manHOM ciydae co3gaeTcs
OJIHOMEPHBI MAacCCUB, pa3Mep onodes KOTOPOTO paBEH KOJIUYECTBY Y3J0B B
KOHEYHOM BBIXOAHOM ciioe. [IpoGiema Hyel, KOTOPYO MbI TOJIBKO YTO OOCY KA,
ycTpansiercs myteM gobasnenus 0,01 K kax1oMy 371€MEHTY MacCHBa.

Crnenyromiasi CTpoka BRIOMpAET MEPBBIi JIEMEHT 3amucy u3 Habopa nqanaeix MNIST,
SIBJISTFOILIMICS 1I€JIEBBIM MapKEpPOM TPEHUPOBOYHOIO HAbopa, u
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npeoOpa3yeT ero B LEJI0€ YHCI0. BCIIOMHHUTE O TOM, YTO 3allCh YHUTAETCS U3
ucxogHoro (¢aina B BHJI€ TEKCTOBOW CTpPOKM, a He uuciaa. Kak ToJbKo
npeoOpa3oBaHUE BBIMIOJIHEHO, MOJYYEHHBIA LIEJIEBOM MapKep HCIOJIb3yeTCs s
TOT0, YTOOBI YCTAHOBUThH 3HAYEHUE COOTBETCTBYIOILLIEIO JIEMEHTA MAacCCHUBA PABHBIM
0,99. 3pmecy Bce OyneT HOpMalibHO paboTaTh, MOCKONBKY Mapkep «0» Oyxaer
npeobpazoBaH B 1enoe uyuciao 0, sBisroUieecss KOPPEKTHBIM HHIEKCOM JaHHOIO
Mmapkepa B MaccuBe targets [ |. TouHo Tak xe Mapkep «9» Oyzaer npeoOpa3oBaH B
nesnoe 4ucino 9, m snemeHrt targets [9] IEHCTBUTENBHO SABISETCA MOCIEAHUM
3JIEMEHTOM 3TOT'0 MaCCHBA.
Bot npumep paboThl 3TOT0 KOAA.
In [23] M | # konuvecmso ewixodHsIX Y3108 - 10 (NpUMep)
onodes = 10

targets = numpy.zeros(onodes) + 0.01
targets[int(all_values[o])] =0.99

In[251. M | print(targets)
[0.990.010.010.010.010.010010.010.010.01]

Tenepb MbI 3HaeM, Kak MOATOTOBUTh BXOJHbIE 3HAYEHUS JJIs1 TPEHUPOBKU HOIIpOCa
HEHPOHHOM CETH, a BBIXOJIHBIE 3HAYEHUS — JIJISl TPEHUPOBKH.

OOHOBUM HaIll KOJA C YYETOM IpojenaHHOW padoTel. Huxke mnpeacTaBieHOCOCTOSIHUE
KOZIa Ha JJAHHOM 3Talle, BKJIK0Yasl IOCJIeIHEE OOHOBIICHHE.

In[al: M import numpy
# bubnuomerxa scipy.special ¢ cuzmoudod expit ()
import scipy.specia

# 2aparmupoeams |

ewjeHue 2paguxu e daHHom BaokHome

# a He 8 omaenLHOM OKHe

%matplotlib inline
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In[2]: M | #onpedenenue knacca Heliporrol cemu
class neuralNetwork:

# UHULYUAaAUZUPOBAMb HelpPOHHYIG Cemp
def __init__(self, inputnodes, hiddennodes, outputnodes, learningrate):
# 3adams Konu YeCmeo y310e sa SXOBHO‘M, CKPBIMIOM U BLIX0OOHOM Cnoe
self inodes =inputnodes
self hnodes = hiddennodes
self.onodes = outputnedes
# Mampuue! gecosklx kosdputiueRmos carzeld wih u who.
# Becoseie koag@uyuermel caazel Mexdy yznom i u yzom f
# Cnedyiolezo CnoA 0003HaYeHs! kaKw__i__j:
#wil wzz
#wizwz2zum.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))

# Koaghduyuenm obyyeHus

salfIr=learningrate

# UCnoNs208aHue CL.[EMOU&HS Kayecmee gﬁ_yuxquu aKxmueayuu
self activation_function = lambda x: scipy special expit(x)

pass

# mpeHuposka HelpoHHold cemu

def train (self, inputs_list, targets_list) :
# NPe0GPA208aKHUE CNUCKA BXO0HELX ZHAYEHUL
# 8 deyxmepHeil maccus
inputs = numpy array(inputs_list, ndmin=2).T
targets = numpy.array(targets_list, ndmin=2)T

# paccyumams BXo0ALLe CUHANL! GAR CKPLIMD20 CN0A
hidden_inputs = numpy.dot(self wih_inputs)

# paccyumams UCXOGALUE CUZHATE GNA CKPBIMOZ0 COR
hidden_outputs = self activation_function(hidden_inputs)
# pacc-umams Bx00AWUE CUeHANL GARA BHX00HO0E0 C0R
final_inputs = numpy.dot(self who, hidden_outputs)

# paccHumame ucxodAjUe CUsHAAL GMA BeIX0PHOZ0 CAGH
final_outputs = self. activation_function(final_inputs)

# oWubKU BLIX00HO20 CAOA =

# (Yeneaoe 3HaYeHue - qﬁar(muuecxoe 3HadveHue)

output_errors = targets - final_outputs

# OWUBKU CKPLIMOZO CAOA - 3MO oWUBKU output_errors,

# pacnpedenerHeie NpoONOPULOHANLHO Becoeeim ko3diduyuesmanm carsed
# U pekoMBUHUPOBAHHEIE HA CKPEIMBIX Y3AAX

hidden_errors = numpy.dot(selfwho.T, output_errors)

# 06HoBUME eecoatie KoadduyueHmsl 3na carzell mexcdy
# CKPLIMLIM U BEIXOOHLIM CAOAMU
self who += self Ir * numpy dot ((output_errors * final_outputs * (1.0 - final_outputs)), numpy transpose (hidden_outputs))

# o6Hosumb gecossie ko3@guuueHms dna caazeld mexcdy
# BXOOHLIM U CKPLIMBIM CAOAMU
selfwih += self Ir * numpy.dot((hidden_errors * hidden_outputs * (1.0 - hidden_outputs)), numpy.transpose(inputs))

pass

# onpoc HelipoHHod cemu

def query(self, inputs_list):
# npeoBpazosame CNUCOK 8X0GHbIX 3HaYeHull
# g deyxmepHLId maccus
inputs = numpy.array(inputs_list, ndmin=2).T
# paccuumams sxo0ALWUE CUzHAMB! OAR CKPLIMOZ0 CA0A
hidden_inputs = numpy.dot(self wih, inputs)
# paccuumams UcxodAWUe cuzHans! 0F ckpeIMoz20 CROR
hidden_outputs = self activation_functionthidden_inputs)
# paccuumame exo0ALUE CUSHANB! OAA BbIXOOHO20 C0A
final_inputs = numpy.det(self whe, hidden_outputs)
# paccyumams ucxodAwue CuzHans! 0nA BuIX00H0Z0 CA0R
final_outputs = self activation_function(final_inputs)
return final_outputs
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In[3: M input_nodes =784
hidden_nodes = 100
output_nodes =10

# Ko3ghhuyueHm odyweHUA paseH 0,3

learning_rate =0.3

# cozdame 3k3eMnARp HedpoH

n = neuralNetwork(input_nodes, hidden_nodes, output_nodes, learning_rate)

In[5] M | # 2azpy3ums e cnucox mecmoskild HaGop danHex CSV-galina Habopa MNIST
training_data_file = open("mnist_trai v*, 'T)
training_data_list = training_data_file.readlines ()
training_data_file.close()

Map 3HOYEHUA, Pa
mpy.zeros(output_nodes) + 0.0

targets[int(all_ [
n.train(inputs, targets)
pass

B camoM Hawane 3TOro koja Mbl HMMIIOPTUPYEM TrpapuuecKkyro OUOIHOTEKY,
no00aBisieM KOJ ISl 33JaHds Pa3MEPOB BXOJHOTO, CKPBITOTO U BBIXOJHOTO CIIOEB,
CUMTBIBAEM MaJjblii TpeHHUpPOBOUHbIM HaOop maHHbIX MNIST, a 3atem TpeHupyem
HEHPOHHYIO CETh C UCIOJIb30BAHUEM ITHX 3AMHUCEM.

[Touemy MbI BeiOpanu 784 BXoaHbIX y37a? BCIOMHUTE O TOM, YTO 3TO YMCIIOPABHO
MPOU3BEICHUIO 28X28, MPEACTaBIAIOIIEMY KOJIMYECTBO MHUKCENEH, M3 KOTOPBIX
COCTOUT U300pa’KeHUE PYKOIMMCHON UDPHI.

BbI60Op CTa CKPBITBIX y3J710B HE MMEET CTOJIb K€ CTPOrOro HaAy4YHOI0 OOOCHOBAaHMS.
Mpbl He BBIOpaM 3TO 4HUCIO OONBIIMM, YeM 784, U3 TeX COOOpaMeHWiH, 4To
HEHpOHHAs! CeTh JOJKHA HaXOUTh BO BXOJHBIX 3HAYEHUSIX TAKME OCOOCHHOCTH WIN
m1abJI0HBI, KOTOPHIE MOKHO BBIPa3uTh B 0Oojiee KOpPOTKOW (opme, yeM camu 3Tu
3HaueHus. [losToMy, BBIOMpas KOJMYECTBO Y3JIOB MEHBIIMM, Y€M KOJIUYECTBO
BXOJHBIX 3HAYEHHWW, MBI 3aCTABIISIEM CETh NBITATHCS HAXOAHUTh KIIFOUEBBIE
ocobeHHOCTH TyTeM o0oOmenuss umHbopmarmu. B To ke Bpems, ecnu BbIOpaTh
KOJIMYECTBO CKPBITHIX Y3JIOB CIHMIIKOM MaibiM, OyAyT OTpaHHYEHbl BO3MOXKHOCTHU
CeTM B OTHOUICHUHU OIPEICICHHUS] JIOCTATOYHOTO KOJIMYECTBA OTIMYUTEIbHBIX
OPU3HAKOB WM IIA0JOHOB B M300pakeHMH. Tem caMbIM Mbl JUIIWIA OBl CETh
BO3MOXHOCTH BBIHOCUTb COOCTBEHHBIE CYXJIeHUsI OTHOCUTENbHO AaHHbiX MNIST. C
y4e€TOM TOTO, YTO BBIXOJHOW CIOW JODKEeH oOecrieuuBath BbiBoA 10 mMapkepos, a
3HAYUT, JOJDKEH UMETh JIECATh y3JI0B, BBIOOpP MPOMEXYTO4YHOro 3HaueHus 100 s
KOJINYECTBA Y3JIOB CKPBITOT'O CJIOSI IPEACTABIISETCS BIIOJHE Pa3yMHBIM.

B cBs3u ¢ 3THM ciedyer caenaTh OJHO Ba)XKHOE 3aMeyaHHe: HJIeaIbHOI0 OOIEero
MeToJa JUIsl BbIOOpa KOJMYECTBA CKPBITBIX Y3JI0B HE CyILIecTByeT. B
JNEHUCTBUTENIFHOCTH HE CYIIECTBYET U HACAIBHOTO METoJa BbIOOpa KOJUYECTBA
CKpBITBIX CJIOEB. B Hacrosee BpeMs HAWIy4dIIUM MOAXOAOM SIBIISIETCS
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POBEICHUE SKCIIEPUMEHTOB JI0 TEX MOp, OKA HE OyIeT MoyyeHa KOH(DUTypaLUsICETH,
ONTUMAaJIbHAS I 3a7a4U, KOTOPYIO BBI IIBITAETECH PELIUT.

KoHTpoJibHBIE BONIPOCHI
1. B 9em 3akmirodaercss METOJ TPAAUEHTHOTO CITycKa?
2. HazoBute nmpenmymiecTBa MeToa rpaJueHTHOTO CITycKa?
3. Uto o3HavaeT ¢pyHkuus omubku (ommodka)? Kak mojacuurars ommoKy?
4. Yto mpencTaBisroT co0oii kodhpuimeHToMm 00yueHuss HEHPOHHOW CETH?
5. Kakum 006pa3oM MpoOUCXOTUT OOHOBJICHHE BECOBBIX KOI(PPUIIMEHTOB B
nporuecce 00y4eHus: HEHPOHHOM CETH.
6. Uto mpencTaBisioT co0oii Habop pykonucHbIX 1upp MNIST?
7. Uto Takoe pacno3HaBaHue o0pa3oB?
8. Uto Takoe TpeHUpPOBOYHBII HabOp?
9. Uto Takoe TecTOBbIN HAOOP?
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IIpakTnueckas padora 7
TecTupoBaHue HEHPOHHOM CETH JISl PACIIO3HABAHUSA PYKOIMUCHBIX
ungp MNIST.
Heas: MPOBECTU TECTUPOBAHKUE pa3paOOTAaHHOW HEHPOHHOU ceTu ISt
pacno3HaBaHus pykonucHbix nugp MNIST.

3ananue:
1. I3yunTh TEOpETUUECKOE BBEICHUE.
2. OtBeTHTh HA KOHTPOJBHBIE BOIPOCHI, TPUBEACHHBIE B KOHIIE
1abopaTopHOi pabOTHI.
3. BbIMOTHUTH MpakTUYECKUE 3aJaHUS C HCIOJIb30BAaHUEM  SI3bIKA
nporpammupoBanus Python.
4. CocTaBUTH OTYET 10 JIabopaTopHOU padote. Tpebosanus k omuemy:

OTYET NPEeNOCTaBIAETCS B 3JIEKTPOHHOM BHIE B TEKCTOBOM perakrope MSWord. B

OTYETE YKa3bIBAIOTCA:

1) ®amunus cTyaeHTa.

2) [TopsakoBbIil HOMEp ¥ Ha3BaHUE JTa0OPATOPHOM PabOTHI.

3) Llenb paGoThI.

4) OTBETHI HA KOHTPOJIBHBIC BOITPOCHI.

5) Onucanue perieHus BHIOJHEHHBIX 3aaHi J1a00paTOpHOU paboThI,
cojiepKaiee: a) GopmyauposKy 3a0anusl, 8) CKPUHULOM BLINOJIHEHHO20 3A0AHUS,
cooepaircauuti pamunuio cmyoeHma.

3amura 1abopaTOpHOM pabOTBl OCYIIECTBISIETCS IO OTYETY, TMPEACTABICHHOMY
CTYJIEHTOM M C JIEMOHCTpPALIMEN 3aJaHUsI HA KOMIIBIOTEPE.

TecrupoBaHue HEHPOHHOM CeTH
B nannoii pabote mpoBepuM, Kak paboTaeT, W caejaeM HEHWpOCeTh Ha TECTOBOM
Habope JaHHBIX.
[Ipexxne Bcero, HEOOXOAUMO TOJYYUTh T€CTOBBIE 3anmucu. COOTBETCTBYIOIMIMM KOJT
OUYEHb MOXO0X Ha TOT, KOTOPHIA MbI UCHOJIB30BAJIN ISl IOJYUYEHUS TPEHUPOBOYHBIX
JAHHBIX.

V-ghatina HaBopa MNIST

Y
Ly
=

M | # 2azpy3zume 8 cnucok mecmosel
test_data_file = open("mnist_test.csv”, 'r')
test_data_list = test_data_filz readlines))
test_data_file close()

MsbI pacnakyeM 3TH JaHHBIE TOYHO TaK K€, KaK M MPEIbIAyIIUe, MOCKOJIbKY OHU
MMEIOT AaHAJOTHYHYIO CTPYKTYPY.

[Ipexxne yem co3maBaTh IUKI IS epedopa BCEX TECTOBBIX 3aMUCEH, MOCMOTPUM,
YTO TIPOU3OMAET, €CIM Mbl BPYYHYHK) BBINOJHUM OJWHOYHBIA TecT. Hinke
NPENCTaBICHbl  pe3yjibTaThl oOmpoca yXe OoOydeHHOM HEHPOHHOW  CeTH,
BBITIOJIHEHHOTO C UCTIOJIb30BaHUEM MEPBOM 3aIMMCH TECTOBOTO HAOOpa TaHHBIX.

125



M  # 2aepysume & cnucox mecmoselld Habop daxHex CSV-ghalina |
test_data_file = open("mnist_test.csv”, 'r)
test_data_list = test_data_file.readlines()
test_data_file close()

U MapKep

values[o])

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>
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Kakx Bumure, B KadecTBe MapKepa TIEpBOM 3alMCH TECTOBOTO Habopa CceTh
omnpeaenanaa CuMBoga “ 77 .
He 3a0yabTe noaxkiouuTs 0ubanorexy matplotlib.pyplot.
M import numpy

# Bubnuomexa scipy.special ¢ cuamoudol expit ()

import scipy

# 2apar zpaguku & daHHOM BrokHome,

%fp:r’:r;glcplothD.p'}-'p\gi

%matplotlib inline
B pesynbrare ompoca 00y4eHHOW CETH MBI MOTY4YaeM CIIMCOK YHCEII, SBIISEOIINXCS
BBIXOJIHBIMH 3HAUEHUSAMH KaXXJOTO U3 BBIXOAHBIX y370B. Cpasy xe Opocaercs B
IJ1a3a, 4YTO OJIHO U3 BBIXOJHBIX 3HAUYCHUN HAMHOTO MPEBBIIIAET OCTAJIbHbBIE, U 3TOMY
3HAYEHHIO COOTBETCTBYET Mapkep 77 . OTO BOCBMOW 3JIEMEHT CIMUCKA, MTOCKOJIbKY
IIEPBOMY DJIEMEHTY COOTBETCTBYET Mapkep “0” .
V¥ nac Bce cpabotano! Mel 00yunin Hairy HEHPOHHYIO CE€Th U JAOOMINCH TOTO, YTO
OHa CMOTJIa OMpeAeNuTh IUpPy, MNPEIOCTaBICHHYIO €l B BHUAEC H300paKEeHMUS.
BcnomuuTe, 4TO0 10 3TOrO CETh HE CTAJKUBajJach C JaHHBIM H300pakKeHHEM,
MIOCKOJIbKY OHO HE BXOJHWJIO B TPEHHUPOBOUHBIH Habop naHHbiX. ClemoBaTelbHO,
HEHpOHHAss CEeTh OKaszajlaCh B COCTOSHUUM KOPPEKTHO KIacCU(DUIIMPOBATH
HE3HAKOMBIN el 1TU(POBOI CHMBOIL.
Jlanee HamumeM KO, MO3BOJISIIOIIUM MPOBEPUTH, HACKOJIBKO XOPOIIO HEHUpOHHAs
CeTh CHPABIIAETCS C OCTAJIBHOM 4YacThi0 HaOOpa JaHHBIX, U MPOBECTU MOJACYET
NpaBWIbHBIX  PE3yJIbTaTOB, YTOOBI  BIOCIEACTBUM MBI MOTJM  OLIEHUBATH
IJIOJJOTBOPHOCTH CBOMX OYAYILIUX HAEH 1O COBEPILIEHCTBOBAHUIO CITIOCOOHOCTH
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CCTHU 06yanLc;1, a4 TaKiKXC CpaBHMBATb HaIIW PE3YJIbTaTbl C PC3yJIbTaTaMH,
IMOJIYUYCHHBIMU APYI'MMH JIFOJbMHU.
O3HAKOMBTECH C IMPUBCACHHBIM HHIKC KOIOM.

# HYPHA OUEeHOK pabomei ¢
scorecard =[]
# nepebpams 8ce 2anucu 8 mecmosoM Habope GaHHbIX

for record in test_data_list:

# NpasueHeIl OMaem - NEpE0e 3HAYeHLEe
correct_label = int(all_values[o])
print{correct_label, "mcTvHHEIA Mapkep")

F .-';-fﬂ;fliJ'.’?‘?G"jL&IDCEG'.'."?b U CMECMUMb BX0OHEIE 3HAYEHUA

inputs = (numpy.asfarray(all_values[1:]) f 255.0 * 0.99) + 0.01

# onpoc cemu

outputs = n.query(inputs)

# uHdeKC HOUGOALLWEZ0 3HAYEHUA ASAASMCA MOPKEDHEIM 3HOUEHUEM
label = numpy.argmax(outputs)

print(label, " eTu")

# npucoedurume oUeHKy omaema cemu K KOHUY cnucka

if (label == correct_label) -

# 8 cAyuae NpaguALHO20 OMEBema cemu NpucoedUHUME
# Kk cnuc yeHue 1
scorecard.append(1)
else:
# 8 Cy
# Kk cnu C
scorecard. append(o)
pass
pass

Paz6epem nmannbiit kou. [Ipexxae yem BOWTH B ITUKII, 00pabaThIBAIONINNA BCE 3aIMCU
TECTOBOTO HabOpa JaHHBIX, MBI CO3/Ia€M IYCTOM CIHUCOK Scorecard, KOTOPbIA OyaeT
CIY>KHTh HaM JKYPHAJOM OILICHOK palOOThl CETH, OOHOBJISEMBIM ITOCIE 0O0PabOTKHU
KaXJ0M 3aIUCH.

B uwukne ™Mbl JenaeM TO, YTO YK€ JAENAM paHbIIE: HM3BICKAEM 3HAYCHHUS U3
TEKCTOBOM 3amucy, B KOTOPOM OHM paszleiieHbl 3arsaTeiMu. llepBoe 3HaueHue,
YKa3bIBAIOLIEE IIPABWIBHBIA OTBET, COXPAHAETCA B OTAEIBHOW IEPEMEHHOM.
OcTtanbHble 3HAYEHUS MACIITAOMPYIOTCS, YTOOBI UX MOXKHO OBLIO HCIIOJIB30BAaTh B
KaueCcTBE BXOJHBIX JaHHBIX JUIsl Tepefayu 3ampoca HeWpoHHOM ceTtu. OTBET
HEWPOHHOM CETU COXPAHSIETCS B IEPEMEHHOMN outputs.

Jlanee cienyeT AOBOJIBLHO MHTEPECHAS! 4acTh KoAa. Mbl 3HaeM, YTO HAUOOJbIIEE U3
3HAQYEHUN BBIXOJHBIX Y3J0B PACCMATPUBAETCS CEThIO B KaueCTBE MPaBUIHLHOTO
orBeTa. MHAeKc 3TOrO y3ma, T.e. €ro Mmo3uilus, COOTBETCTBYET Mapkepy. Jta ¢paza
MPOCTO O3HAYAET, YTO NEPBBIA DJIEMEHT COOTBETCTBYET Mapkepy “0” , msATbIA —
Mapkepy “4” u T.1. K cuacTteio, cymiecTByer yaooHass GyHKIHS OUOIHOTEKH numpy,
KOTOpas HaXOAUT CPEI SIEMEHTOB MacCHBa MAaKCUMAJIbHOE 3HAYEHHE M COOOIIaeT
ero uHIeKc. 1o GyHKuus numpy.argmax (). JAns nomydenus 6osee moapoOHBIX
CBEJICHUI O HE MOXKETE MOCETUTH BEO-CTPAHMUILY 110 CIEIYIOIIEMY aJIpecy:

https: / /docs.scipy.org/doc/numpy-

1.10. 1/reference/generated/numpy.argmax.html
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BosBpar »Toil gpynkuueit 3nauenust 0 o3Hayaer, 4TO MPABWIbHBIM OTBETOM CETh
cuurtaet “0” u T.1.

B mocnegnem ¢gparmeHTe kojaa MOJYyYEHHBIH MapKep CPaBHUBAETCS C M3BECTHBIM
KOPPEKTHBIM MapkepoMm. Ecin o6a Mapkepa OJWHAKOBBI, B )KYpHaJl 3alMChIBACTCS
“1”, B mpoTUBHOM cityyae — “0” .

7 WCTUHHBIA Mapkep
7 OTBET CeTH
2 MCTMHHBIA MapKep
2 OTBET CETH
1 UCTUHHBIA MapKep
1 0TBET CeTH
@ UCTMHHEIA MapKep
0 OTBET CETK
& CTWHHBIA Mapkep
4 OTBET CeTH
1 UCTUHHLIA Mapkep
10TBET CeTH
& UICTUHHBIA Mapkep
4 OTBET CETH
g UCTMHHLBIA MapKep
g OTBET CETH
5 MCTHHHLIA MapKep
5 OTBET CETH

Kpome Toro, B HEKOTOPBIX MECTAX KOJAa MOKHO BKIIFOUUTH MOJIE3HYIO KOMAHAY print
(), 9TOOBI MBI CaMH MOTJHM OTCJICKHBATh TPABWIBHBIE W TPEIACKA3HIBACMBIC
3HaueHus. Hwxke mnpeacTaBiieHbl Pe3yJIbTaThl BBIMNOJHEHUS 3TOrO KOJa BMECTE C
BBIBEJICHHBIMU 3aMKCSIMU HAIIETO pab0Yero xKypHaia.

M | print (scorecard)

T T B R T R T T W T W L T S W R T R T W T IR R R W L W TR
6 T 15 s o T 1 I e A, s O 0 e D T s 1 W B o 65 W s e 1, W0 i o 6
s e I 0 s W, T, o O T W T 0 0 T T 8 T N Wi s T O e 0 M W 0 Ve WG, 1 0 0 O, O O
< Ve O o U 1 O 0 O . o (R v W 1O T 08 U e W o 6 18 OO o U O O T B 0 1 O O
e 10 146 B0 180 . 110 0 o s A O, . I e VR, O PR O . T, R 0 1 B o 5, ol s L 00 O 1 TR 1 5 . 5
c e T W T O, 1 s 140 A, 1 o 106 B 1 o U B O D6 6 B 0 1 W 8 (G 8 10 W B B s
T A 17, W s T, 0 R, T TR B, 1, B Tl . T B 0 TR, o 0 U2 B o AR 0, 0 A o . T B0 o %, K T
1., AL, VO 10, 00000, 170,00 1 40901 1000, 1,101,100, 610, 30,1, 20 14500,
o 1 T s e s T T 15 e TG M 1 e i M s IR o o e o 7 0 1 O D T o T W B o T G
a5 O B i s WAL+ (0 M0 o i R e O W i e M Wor ks W o W i L O o s B s TR g e o O 1 B e
o e I I s . o s s T T 0 O 1 . om0 O O v R T PO W B B T U e B
Ve O U O O i S O s O o5 B W e e B e 1 T o TR 1 e O A 1 T B 2 I L
1A 4T A T A A, L T 30, A1 10, 1, 1 1 A Y, A 1,0, 1,1,00,4,.0,
a e T s 1 . T 15 0 B S YV O 1o e T I 0 i 1 o 4 W B0 T B o e 0 B B i 0 i N o 0 o 1 0

o T R 1O 1 s T O 15 T 8 T . U e 0 O T, 8 T B 1 00, L5 I o U 6, o O Bl 5 5 O 12 T o
T W s W s I o M i O T o 1 e M e s P T M i 3 T WV i 4 6 s T o e 1 o e o s s o e

JlonoaHuM KoJl (parMeHTOM, KOTOPbIA OyAEeT BBIBOAUTH OTHOCHUTEIBHYIO OO
PaBUJIBHBIX OTBETOB B BHUJIE IPOOH.

M  # paccuumams noxazamens 3gdekmusHocmu 8 sude
# doAu NpasuaLHLIX Omeemos
scorecard_array = numpy.asarray(scorecard)
print ("addexkTUBHOCTE = °, scorecard_array.sum() [ scorecard_array.size)

33 PeKTMEHOCTE = 0.9456

DTa 7075 PACCUUTHIBAETCS KaK KOJMYECTBO BCEX 3aMUCE B JKypHAJE, COAEPKAIINX
“1” , neneHHoe Ha oOIIee KOJIMYECTBO 3amuced (pasmep skypHaia). Bor kakum
MOJIy4aeTCsl pe3yJIbTarT.

B coorBercTtBUM ¢ pe3ynbTaramMu OOy4YeHHs HalIed MPOCTOM TPEXCIOUHOU
HEHPOHHON CETH ¢ MCIOJb30BaHUEM ITOJHOTO HaOopa, BKItoYaromero 60 Teicsad
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OPUMEPOB, M MOCJIEAYIOEro TeCTUpoBaHHUs Ha 10 Thicsyax 3amMceil MOKaszarelb
obmeit 3gdhexTuBHOCTH ceTH cocTaBisier 0,9466.

OTOT moKa3arenb, paBHbIA MOYTH 95%, MOXKHO CpaBHUTh C AHAJIOTUYHBIMHU
pe3yibTaTaMu  JSTAJOHHBIX TECTOB, KOTOpblE MOXXHO HalTH 1O  ajapecy
http://yann.lecun.com/exdb/mnist/. Bbl yBUauTe, 4TO B HEKOTOPHIX CIAydasX HaIIU
pe3yibTaThl JaXKe JIydllle STaJOHHBIX W TMOYTH CPAaBHUMBI C TPUBEJACHHBIMU Ha
YKa3aHHOM CalTe pe3yJbTaTaMU ISl IPOCTEUIIEH HEHPOHHOU CETH.

DT0 BOBCE HE TaK IUI0XO. MBI JOJKHBI OBITH JOBOJBHBI TEM, YTO HAllla IepBas
HOMbITKAa TPOAEMOHCTpUpoBasia 3(P(PEKTUBHOCT, Ha YPOBHE HEHPOHHOW CceTu
po¢heCcCHOHATIBHBIX UCCIIE0BATENCH.

Kcrarn, Bac He JOKHO YIOUBIATH, 4YTO [JaXe B CIy4ae COBPEMEHHBIX
OBICTPOJEHCTBYIOIIMX JOMAIIHUX KOMIBIOTEPOB o0O0paboTka Bcex 60 Thicau
TPEHUPOBOYHBIX MPUMEPOB, ISl KAKIOTO M3 KOTOPBIX HEOOXOAMMO BBIYHMCIIUTH
pacrpoCTpaHEHNE CUTHAJIOB OT 784 BXOJHBIX Y3JIOB 4€pe3 CTO CKPBITHIX Y3JIOB B
OpsIMOM HaIlpaBJI€HUH, a TaKKe 00paTHOE pacnpocTpaHeHUE OMIMOOK U OOHOBIIEHHE
BECOB, 3aHUMAET OLIYTUMOE BpEMSI.

Y.ﬂque}me peE3yabTaToB: HaCTpOﬁKa KO3¢¢H!!I/I6HT3 oﬁyqemm

[TompiTaemMcst ynydmuTh pa3paboTaHHBIA K 3TOMY MOMEHTY KOJ, BHECS B HETO
HEKOTOPbIE YCOBEPIIEHCTBOBAHUS.

[Ipexne Bcero, Mbl MOKEM IOMBITATHCS HACTPOUTh KO3 PuimenT oOyuenus. Ilepen
3TUM MBI 3a7aJ11 €ro paBHbIM 0,3, 1a)ke HE TECTUPYS Apyrue 3HaYEHUSI.

JlaBaiiTe yABOMM 3TO 3HaueHue 0 BedU4uHbI 0,6 1 TOCMOTPUM, KaK 3TO CKaXKETCs
Ha CIOCOOHOCTM HEWpPOHHOW ceTH oO0yuaThcs. BbimonHeHWE Kojga € TakuM
3HaYeHueM Kodddunrenta obyueHuss naetr mokasarenb 3(dextuBHoctr 0,9047.
OTOT pe3ynbTaT Xyxke mnpexHero. I[lo-BuauMomy, yBenuueHue Kod(pGhuUineHTa
oOy4eHHs] HapylIaeT MOHOTOHHOCTh MPOIECCa MUHUMHU3AIMHU OIIMOOK METOJ0M
I'PaJUEHTHOTO CITyCKa U COMPOBOXKAAETCS EPECKOKaMU Y€pe3 MUHUMYM.

[ToBTOpUM BBIUKCIICHUS, YCTAaHOBUB KOd(hduireHT o0yuenust paBabsiM 0,1. Ha stoT
pa3 mokazarenb dddekTuBHOCTH yiaydmmicsa o 0,9523, 9ro modtH COBMAJaeT ¢
pEe3yAbTATOM ATAJIOHHOTO TECTA, KOTOPBIM MPOBOJIMJIICS C UCIOJIB30BAHUEM THICIYU
CKPBITBIX Y3JIOB.

Yro npousonaeT, ecim Mbl MOHAEM €lle Aajibllie U YMEHbIIUM KO3(hQUIMEHT
oOyuenus 10 0,017 Oxa3bIiBaeTcs, 3TO TaKXKe MPUBOJUT K YMEHBUICHUIO TTOKA3aTeNs
sdpdextuBHocTH cetn a0 0,9241. Ilo-BUAMMOMY, CIHMIIKOM Majble 3HAYCHUS
koddduirienTa oOydeHHs] CHUXKAIOT A(PPEKTUBHOCTb. ITO MPEACTaBIAETCA
JIOTUYHBIM, MTOCKOJIBKY MaJbl€ IIard yMEHBIIAIOT CKOPOCTh IPAJIMEHTHOTO CITYyCKA.
OnucaHHble pe3yNbTaThl MPEACTABICHBl HIKE B BUJE rpaduka. [ns momyueHus
O0ojee TOYHBIX HAYYHBIX PE3yJbTATOB HaM CJEAOBAIO Obl TPOBECTH TaKue
AKCIIEPUMEHTHI MHOKECTBO Pa3, YTOOBI HCKIIOYUTh (DAKTOP CITyUYaHOCTHU U BIIUSHHE
HEYJJa4HOT0 BbIOOpa MaplIpyTOB I'PaJUEHTHOrO CIIyCKa, HO B LIEJIOM OH
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MO3BOJIIET  MPOWJUIIOCTPUPOBATH OOIIYI0 HICK0 O CYyIIECTBOBAHUU HEKOETO
ONTUMAJIBHOTO 3HAUYCHHS KO3 uilneHTa 00ydeHusl.

3asucumocTs apPpekTUBHOCTH OT KosdduunenTa obyveHna
Habop aankbix MNIST ¢ 3-cnoRnol HERPOHHOR CETLIO

0.98
0.96
0.94
‘ 0.92
0.9

0.88

IpdexTHEHOCTL

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

Koaddmument obywenmna

Bun rpajguka mojckaspiBaeT HaM, YTO ONTUMAJIbHBIM MOXKET OBITH 3HA4YCHHE B
uareppasie or 0,1 nmo 0,3, mosromy wucneitaem 3HaueHune 0,2. Ilokasarens
s¢pextuBHOCTH mMONyuuTcs paBHbIM 0,9537. Mbl BUAUM, YTO 3TOT pe3yjbTaT
HEMHOTO JIy4llI€ T€X, KOTOPbIE Mbl UMEJIH MPU 3HAYEHUSAX KodpduirenTa o0ydeHus,
paBHbIX 0,1 nim 0,3.

Nrtak, MBIl ocTaHOBUMCSI Ha 3HauyeHUU Kodp¢uuuenta oOydenus 0,2, koTopoe
pOSIBUIIO ce0s Kak onTuMalibHOE 1151 Habopa gaHHbiXx MNIST u Hamieit HelipoHHOM
CETH.

[Ipu BBIMOTHEHUU H3TOr0 KOJa BalllM OIEHKU OYIyT HEMHOIO OTJIMYAThCA OT
IPUBEACHHBIX, MOCKOJIbKY IIPOLIECC B LEJIOM COACPKHUT DJIEMEHTHI CIIyYalHOCTH.
Bam crmydaiinpiii BBIOOp HauyajdbHBIX 3HAYEHH BECOBBIX KOI(PHUIIMEHTOB HE OyaeT
COBIAAATh C NPHUBEACHHBIM, a IOTOMY MapLIPyT I'PaJUEHTHOIO CIIyCKa JJIs BallEro
Koja OyZIeT IpyTHM.

Yay4diieHue pe3yJabTATOB: MHOTOKPATHOE MOBTOPEHNE TPEHUPOBOYHBIX
IMKJIOB

CreayrommM yCOBEpPIICHCTBOBAHUEM OyJET MHOTOKpPAaTHOE IOBTOPEHHE ITMKIIOB
TPECHUPOBKH C OJHMM MW TEM >K¢ Ha0OpOM JaHHBIX. B OTHOIICHWUH OIHOTO
TPEHUPOBOYHOTO IMKJIA HMHOTJA HWCIOJB3YIOT TepMHH »dmoxa. [loaToMy ceaHc
TPEHUPOBKM W3 JIECATH OJMOX O3HAYaeT JICCATUKPATHBIA TIPOTOH  BCETO
TPEHUPOBOYHOTO HAOOpa TAaHHBIX. A 3aUeM HaM 3TO JeaTh?
OcobenHo ecnu A 3Toro kommbtoTepy norpedyercs 10, 20 wimu naxe 30 MunyT?
[IpuunHa 3akirodaeTcs B TOM, YTO TEM CaMbiM Mbl oOecrieunBaeM OOJbIINEE YUCIIO
MapuIpyTOB TPAJAUEHTHOTO CITyCKa, ONTUMHU3HPYIONTUX BECOBBIC KOI(DPUITUEHTHI.
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HOCMOTpI/IM, qTO HaM AaayT ABC TPCHHUPOBOYHBLIC JITOXH. I[J'IH 3TOI'O0 MbI JOJDKHBI
HEMHOI'0O USMCHUTDH KO/, IIPCAYCMOTPECB B HCM I[OHOJ'IHI/ITCJ'IBHHﬁ UK BBIIMTOJIHCHUA
KOJa TPCHUPOBKHU.

M  # mpenuposka HeliporHol cemu

ykazuigaem, ckoALKO paz MpeHUpoeoyHLI

mcA dnA mperuposkU cemu

0Ab3ye

escchs =
foreinran g (epochs):

# \'T‘EEE‘-:'T a \'T‘T‘b ece 3anucu g mpeHupoeoYyHoM ‘-‘”C'CE'Q OJaHHBIX

YU b NUCOK 3HQYEHL uu'-"‘”"u\.u UCNONL3YAR CUMBO0E!

mae p nazdenumeneii

" g kay

all_values = record.split(,’)

# macwmati UpCceams U CMeCcmums BXO0HBIE IHAYEHUA

|nputs = (nump» asfarray(all_valves[1:]) f 255.0 * 0.99) + 0.01

big BRIXOOHEIE ZHAYSHUA uEC._ pDaeHel

1 HEeNaeMoe0 MapKepHOo2a 3HAYeHUA, o
targﬂts = mm:)y zeros{output_nodes) + o.01

0f - Yenesoe MApKepHOe 3Ha4YeHUe 0NA

El_aalues[ o])] =0.99
n.train{inputs, targets)
pass

pass

PesynpTupyrommii nokaszarens 3¢p(ekTUBHOCTH Ui ABYX 310X cocraBiseT 0,9579,
YTO HECKOJIBKO JIy4Ille OKa3aTest Isl OJHON STMOXH.

[TogoOHO TOMYy, Kak MBI HacTpauBaidu KOIGOUIMEHT O0O0y4YeHUs, MPOBEIAEM
AKCIIEPUMEHT C MCTIOJIb30BAHUEM PA3IMYHOIO KOJMYECTBA 30X U MOCTPOUM Tpaduk
3aBUCUMOCTH  TIOKazatens d3(PdeKTuBHOCTH OT 3Toro Qakropa. HATYHIHS
MOJICKa3bIBA€T HaM, YTO 4eM OOJIbIlle TPEHUPOBOK, TeM BbIlIe 3P heKTuBHOCTh. Ho
MO>KHO TIPEANONIOKHUTh, YTO CIUIIKOM OOJIBIIIOE KOJIHYECTBO TPEHHUPOBOK UPEBATO
yXyAumeHueMm 3(PQGEeKTUBHOCTH M3-32 TaK HA3bIBAEMOI'O Nepeo0y4YeHUsi CETH Ha
TPEHUPOBOYHBIX  JAHHBIX, CHIJKAOIIEr0 d3(PQPeKTUBHOCTH Mpu  paboTe ¢
HE3HAKOMBIMH JaHHbIMH. DakTopa MepeoOydYeHHs CIeIyeT OImacaThCs B JIFOOBIX
BUJIaX MAIIMHHOTO O0y4YeHUs, a HE TOJIHKO B HEUPOHHBIX CETSIX.

B nanHOM cityyae Mbl IM€EM CIIEYIOIINE PE3YIIbTaThI.
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3aerMcHuMOCTb 3QHEKTUBHOCTH OT KONMUYECTBa 3MoX

0,964

0,962

0,96

0,958

IpdenTesnocTs

0,956

0,954

0,952
0 5 10 15 20
KonuyecTao snox

Teneps nukoBoe 3HaueHUE dPdekTuBHOCTH cocTaBister 0,9628, wm 96,28%, npu
CEMHU 3MOXaxX.

Kak BuauTe, pe3ysbTaTbl OKa3ajluCh HE CTOJIb MPEACKA3yeMbIMH, KaK 0KHIaJOCh.
OnTuManpHOE KOJMMYECTBO 310X — S wiam 7. Ilpu Oompmux 3HA4YEHHSIX
3((PEeKTUBHOCTh MAJAET, UTO MOXKET OBITH cieAcTBUEM IepeolOyuenus. [IpoBanmnpu
6 smoxax, Mo BCEH BEPOATHOCTHU, OOYCJIOBJICH HEyJaYHBIMHU TMapaMeTpaMH IUKIIA,
KOTOpbIE MPUBENW TPAAUEHTHBIA CIOYCK K JIOOKHOMY MUHUMyMy. Ha camom perne
MOXXHO OBUIO OXHUAAaThb OOJbLIEH BapualUUd pPe3yJbTAaTOB, IMOCKOJBKY MBI HE
IPOBOJMIM MHOXKECTBA SKCHEPUMEHTOB [UISl KaXJOW TOYKM JaHHBIX, YTOOBI
YMEHBIIUTH BapUaIMIO, BHI3BAHHYIO CIy4yalHbIMU (hakTOopaMu. IMEHHO O3TOMY MBI
OCTaBWJIM 3Ty CTPAaHHYIO TOYKY, COOTBETCTBYIOUIYIO IIECTH JIOXaM, YTOOBI
HAallOMHHUTh BaM, 4YTO IO caMOW CBOedl cyTh oOydeHHe HEHPOHHOM CEeTH — 3TO
CIIy4alHBIN MPOIECC, KOTOPBIM MHOTa MOKET paboTaTh HE OYEHb XOPOIIIO, a UHOT/IA
Y OYEHb IIJI0XO.

Jlpyroe BO3MOXXHOE OOBSICHEHHE — 3TO TO, YTO KOd(PPUIMEeHT 00ydeHHS OKa3ayics
CIIUIIKOM OOJBIIMM JJisi OOJIBIIEr0 KOJM4YecTBa AMoX. [IOBTOpUM 3KCIIEPUMEHT,
yMeHbINB K03 dunmeHt ooyuenus ¢ 0,2 1o 0,1, 1 mocMOTpUM, YTOTIPOU3OUIET.

Ha cnenyromem rpaduke HOBble 3HaueHUA 3(PQPEKTHBHOCTH NHpHU KO3P(PULIMEHTE
oOyuenust 0,1 mpeacraBieHbl BMECTE C MPEABIIYIIMMH pe3yibTaTaMu, YTOObI HMX
OBLIIO JIerye CPaBHUTH MEXKIY COOOM.
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JasmMcumocCTb 3GHEKTUBHOCTH OT KONUYECTBa 3NOoX
Habop gawHeix MNIST ¢ 3-cnoinoi HelpoHHON ceTbio
0,97

0,968
0,966

0,964

o
o
o
~

0,96

IpdenTHEHOCTe

Ir=0,2
0,958

0,956

0,952
0 5 10 15 20

|
|
|
KonwuwecTso snox |

Kak "erpyaHo 3ametruth, yMmMeHbIlIeHHE Kod(@uimeHta oOydeHus ACHCTBUTEIHHO
MPUBENO K YIydieHn o 3QGEeKTUBHOCTH MPU OOJIBIIOMKOIUYECTBE AMoX. [ITnkoBOoMy
3HaueHnto 0,9689 cooTBeTCTBYET BEPOSATHOCTH OMIMOOK, paBHast 3% , YTO CpaBHUMO
C JTAJIOHHBIMU pe3yJIbTaTaMH, yKa3aHHbIMH Ha caite fHa JlekyHa mo azapecy
http://yann .lecun.com/exdb/mnist/.

NHTynnus mojacka3blBaeT HaM, YTO €CIM Mbl IJIAHUPYEM HCIIONb30BaTh METOA
IPAaJMEHTHOTO CIIyCKa NpU 3HAYUTEIBHO OOJbIIEM KOJMWYECTBE 3IO0X, TO
yMeHblIeHUe Ko3ppuuumenta o0yuenus (0ojgee KOPOTKUE 1Iaru) B LEJIOM MPUBEAET
K BBIOOPY JIyUIIUX MapHIpyTOB MHUHUMH3ALUU OMIKUOOK. BeposiTHO, 5 3m0OX — 3TO
ONTUMAJILHOE KOJIMYECTBO JJIi TECTUPOBAHUS Halllel HEHPOHHOUM ceTu ¢ Habopom
nmaHueix MNIST.

N3meHenre KOHGUIYpALUU CeTH

OnuH u3 QakTopoB, BIUSIHHE KOTOPBHIX MBI €€ HE UCCIEN0BaIU, — KOHPUTYpalus
HelipoHHOM cetn. Heobxoaumo monpoOoBaTh M3MEHUTh KOJIMYECTBO Y3JIOB
CKPBITOI'O IPOMEKYTOYHOIO ¢J10sl. MBI ycTranoBwiIn ero pasHbeIM 100.

IIpexxae yeM NPUCTYIIUTH K OKCIIEPUMEHTAM C PA3JIMYHBIMU KOJIUYECTBAMU CKPBITBIX
y3JI0B, 1aBalTe MOyMaeM, 4TO IIPU ITOM MOXKET CIIyuuThCcs. CKPBITBIN CIIOM Kak pa3
U SBIIIETCS TEM CJIOEM, B KOTOPOM NPOUCXOAUT oOyueHue. BermomuuTe, 4To y37bl
BXOJHOI'O CJIOS IIPUHUMAIOT BXOJHBIE CUTHAJIBI, @ Y3JIbl BBIXOAHOI'O BBIJAIOT OTBET
cetd. COOCTBEHHO, CKPBITHINA CIIOHN (MJIM CIIOM) JTOJKEH HAyYUTh CETh MpeBpallaTh
BXOJIHbIE CUTHAJIBI B OTBET. VIMEHHO B HEM MPOUCXOAUTOOYUYEHHE.

Ecnu Obl y Hac ObLIO CIMIIKOM Majo CKPBITBIX y3J10B, CKQKEM, TPH, TO MBI HE UMENH
Obl HUKAKWX IIaHCOB OOYYUTh CETh YEeMY-THOO, HAYUUTH €€
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peo0pa3oBbIBATh BCE BXOJHBIC CHUTHAJIBI B KOPPEKTHBIC BBIXOJHBIE CHUTHAIIBI.
OrpannyeHus Takoro poja Ha3bIBAKOT CIMOCOOHOCTHIO K 00yueHHI0. HeBO3MOXKHO
00yuuTh OOJIBIIEMY, YE€M TMO3BOJSET CIOCOOHOCTh K OOYYEHHIO, HO MOXKHO
YBEJIUYUTh CIIOCOOHOCTh K 00YUECHHIO, U3MEHUB KOH(UTYPAITUIO CETH.

Uro, ecniu 661 y Hac Obuio 10 ThicSY CKpBITHIX y370B? Hy 1a, B TakoM ciyuae
CIIOCOOHOCTH K OOY4YEHHIO BIOJIHE XBATHJIO Obl, HO Mbl MOTJIM ObI CTOJIKHYTHCS C
TPYIHOCTSIMU OOYYEHHUSI CETH, MOCKOJbKY YHCIO MapIIpyTOB 0O0yueHHs ObUIO ObI
HermoMepHo OosbmiM. He wuCKiIoueHo, dYTO JyUisi TPEHUPOBKH TaKOW CETU
OHa100MIOCHh ObI 10 THICSY ATTOX.

BrImmotHIM 3KCIEpUMEHTHI ¥ TIOCMOTPHUM, YTO TOJTYYUTCH.

33aBUCUMOCTb 3¢¢39HTHBHOCTH OT KONMYECTBA CKPbITBLIX Y3N0B
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Kak Buaute, mpu HEOONBIIOM KOJIMYECTBE Y3JIOB pE3yJibTaThl XyKe, 4YeM IpH
OOJBIIMX KOJIMYECTBaX. JITO COBIAJAET C HAIIUMU OXKuUJaHUsAMU. OHAKO Jaxke s
BCETO JIMIIb MSATU CKPBITHIX y3JI0B Moka3ateib 3¢ dekTuBHOCTH coctaBmii(,7001. DTo
YAUBUTEIBHO, IOCKOJBKY IpPU CTOJb MajOM KOJHMYECTBE Y3J0B, B KOTOPBIX
IPOUCXOIUT COOCTBEHHO OOy4Y€HHE CEeTH, OHa Bce paBHO naeT 70% mNpaBUIBHBIX
OTBETOB. BCrmoMHHUTE, UTO 1O 3TOTO MBI BBITIOJHSIIN TECThI, UCIOJIB3YS CTO CKPBITHIX
y370B. Ho maxe nmecsiTh CKpBITHIX y3710B obecmeunBaroT To9HOCTH 0,8998, mmm 90%,
YTO TOKE BIEYATIISIET.

Heiiponnast ceth crocoOHa aaBaTh XOpOIIWE PE3YIbTaThl JaXKe MPU HEOOIBIIOM
KOJIMYECTBE CKPBITHIX  y3JI0B, B KOTOPHIX M TMPOUCXOAUT OOy4YEHHUE, YTO
CBUJIETEJILCTBYET O €€ MOIIHBIX BO3MOXKHOCTSIX.

[Io mepe nmanmpHEWIEro YBENIMYEHHS KOJIMYECTBA CKPBITHIX Y3JIOB PE3YyJbTaThl
MPOJOJKAIOT YIIy4YlIaThCA, OJHAKO yX € He Tak pe3ko. [Ipu 3ToM 3HAYUTEIBHO
pacTeT Bpemsi, 3aTpayMBaeMO€ Ha TPEHUPOBKY CETH, IOCKOJBKY JJd00aBIeHUE
KQXKJIOTO JIOMOJHUTEIBHOTO CKPBITOrO y3Jia HNPUBOAUT K YBEJIUYEHHIO KOJWYECTBA
CBSI3€U Y3JIOB CKPBITOrO CJIOA C Y3JIaMH NIPEAbIAYIIEr0 W CIEAYIOLIEro CIIOEB, a
BMECTE C 3THM U 00beMa BbruuciieHnid. [loaToMmy HEOOX0UMO JOCTUTATh
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KOMIIpOMHCCA MEXAY KOJIMYECTBOM CKPBITBIX VY3JIOB U JONYCTUMBIMHU
3aTpaTaMy BPEMEHH.

Mpb1 Takxke ycTaHOBWIM HOBBIM pexopa Tounoctu: 0,9751 npu 200 cKpbITBIX
y3nax. JiurensHsiil pacuer ¢ 500 y3namu obecneunst ToyHOCTH 0,9762. D10
JNENUCTBUTEIBHO HEIIOXO MO CPABHEHUIO C PE3yJIbTaTaMU ATAJIOHHBIX TECTOB,
onmyOJIMKOBaHHBIMU Ha caiite JIlekyHa.

Bo3sBpamasice k rpadukam, MOXXKHO 3aMETUTh, YTO HENOJAJAIOIIUINCA paHee
npenen TouHOCTH 97% ObUT MPEOIONICH 3a CYET MU3MEHEHHUS KOH(UTypaIuu
CETH.

HUrorun
JlaBass 0OImIyr0 OIIGHKY MpOJeJaHHOW HaMu paboThl, HEOOXOJAUMO
NOIYEPKHYTh, UTO MPU CO3JaHUM HEUPOHHON ceTu ¢ momouisio Python Mmbl
VICII0JIB30BAJIM JIMIIb CAMBIE IIPOCTHIE KOHLETILUY.
W Ttem He MeHee ¢ MOMOIIBI0O HEHPOHHOM CeTH HaM, Jake 0€3 UCIOJIb30BaHUs
KaKUX-JIMOO  JOIMOJIHUTEJBHBIX MaTeMaTHUYECKUX YXUUIPEHUH, YyIalloch
IIOJIyYUTb BIIOJIHE TOCTOMHBIE PE3YJIbTATHI.
Jlanee MOHO THPOJOJDKUTH OKCIEPUMEHTBI C YyXKE CO3JaHHOM HaMH
HEHPOHHOM CETBIO — MCIOJIB3YHTE JPYyroe KOJIUYeCTBO CKPLITHIX Y3J10B,
3agaBaire Japyrue Kod(Q@HUUHMEHTbI MAaCIITAOMPOBAHMA WJIH [axKe
3ajgeiicTByiiTe APYry0 GyHKUHMIO aKTUBALUM U AHAJIU3UPYHTE, YTO NPH
3TOM IPOMUCXOAHUT.
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1. OO01ue mMoJIOKEeHUA

CamocrosarenbHass paboTra — TUIaHMpyeMass yueOHas, Yy4yeOHO-HCClieoBaTeNbCKas,
Hay4HO-HCCIeloBaTeNbckasi paboTa CTYIEHTOB, BBINIOJIHAEMAsl BO BHEAYJUTOPHOE (ayIUTOPHOE)
BpeMs [0 3aJaHUI0 M TPH METOJUYECKOM pYKOBOJACTBE IpenojaBareis, HO 0e3 ero
HEMOCPEACTBEHHOI0 ydacTusi (IpU YaCTUYHOM HEMOCPEICTBEHHOM YYacTHM IpenojaBaTels,
OCTaBJISIONIEM BEIYIIYIO POJb 32 PabOTON CTYICHTOB).

CamocrositensHas padota cryaentoB (CPC) B BY3e sBisieTcst BaxXKHBIM BHIOM yueOHOM
Y HAY4YHOU AESITEIbHOCTH CTYJIEHTA.

K ocHOBHBIM BUAaM caMOCTOSATEIbHON pabOTHI CTYAEHTOB OTHOCSITCS:

- (hopMupoBaHKE U YCBOCHHE COJIEpKAHUS KOHCIIEKTA JIEKIMI1 Ha 6a3e peKOMEeH10BaHHOM
JEKTOpOM Y4eOHOH JsuTeparypbl, BKJIO4Yas HHGPOpPMAIMOHHBIE OOpa30BaTEIbHbIE PECYPCHI
(37eKTpOHHBIE yUEeOHUKH, STIEKTPOHHbIE OMOIMOTEKH U JIp.);

- HaIllMCaHUe JI0KJIa/10B;

- IOJITOTOBKA K CEMUHApaM, IPAaKTUYECKUM U J1JaOOpaTOpHBIM paboTaM, UX oopmMieHue;

- COCTaBJICHHE aHHOTHUPOBAHHOIO CIHMCKA CTaTel M3 COOTBETCTBYIOUIMX >KYypHAJIOB I10
OTpacisiM 3HaHUH (M1eAaroruuecKux, ICUXOJI0rMYECKUX, METOANYECKUX U Jp.);

- BBINIOJIHEHUE YUEOHO-HCCIIE0BATENbCKUX PAabOT, MPOEKTHAS IEATENbHOCTb;

- MOJArOTOBKA MPAKTHMYECKUX Pa3pabOTOK M PEKOMEHJAIMH MO PELIeHHUI0 MpOoOIeMHOM
CUTyalluu;

- BBIIIOJHEHUE JOMAIIHUX 3aJaHUIl B BMJIE PELICHMs OTAEIbHBIX 3a/Jay, MPOBEICHUS
TUIIOBBIX PACUYETOB, PACUETHO-KOMIIBIOTEPHBIX M MHIUBUIYaJbHBIX padOT IO OTIEIbHBIM
paszzesiaM coJlepKaHus JUCUMILINH U T.1.;

- KOMIBIOTEPHBIM TEKYyIIUH CaMOKOHTPOJIb U KOHTPOJIb YCIEBAaeMOCTH Ha 0asze
JIEKTPOHHBIX 00YYaAIOUINX U ATTECTYIOIUX TECTOB;

- BBINIOJIHEHUE KYPCOBBIX padoT (IPOEKTOB) B paMKaxX JUCLUILINH;

- BBITMIOJIHEHUE BBITYCKHOM KBAJTM(PHUKAIIMOHHON paboThI U Jp.

MeTtoauka opraHu3alii CaMOCTOSITENIbHON pabOThl CTYJEHTOB 3aBHCHUT OT CTPYKTYpBHI,
XapakTepa U OCOOCHHOCTEH M3ydaeMOHl AMCUUIUIMHBI, 00bEMa 4acoB Ha €€ H3ydeHHue, BUAa
3a/laHuil JUIsl CaMOCTOSITENIbHOM pabOThl CTYJIEHTOB, MHAMBHyalIbHbIX KAa4e€CTB CTYJIEHTOB U
yCIIOBUH Y4eOHO 1eATeTbHOCTH.

[Ipomiecc opranuzanuu CaMOCTOSITENIPHOM pabOTHl CTY/IEHTOB BKJIIOYaeT B ceOs
CJIEIYIOIIHE JTAlb:

® [OATOTOBUTEIBHBIN (ONpENENeHNEe IeNiel, COCTaBJIEHUE IPOrpaMMbl, IOATOTOBKA
METOANYECKOIro 00ecneyeHus, MOAr0TOBKA 000PyAOBaHUS);

® OCHOBHOH (peaym3ainusi MporpaMMBbl, UCIIOJIIb30BaHUE MMPHEMOB TTOMCKa HH()OPMAIIH,
YCBOEHMsI, NepepadOTKH, TNPUMEHEHUs, Nepefayd 3HaHuM, (UKCHpOBaHUE pe3yJbTaTOB,
camoopraHu3zanus npouecca padoThl);

® 3aKJIIOYUTENbHBIN (OIlEHKa 3HAYMMOCTH M aHAJIU3 pe3yJbTaToOB, MX CUCTEMaTH3aIMs,
omneHka A((GEKTUBHOCTH NPOTPaMMbl M TPUEMOB pabOTHI, BBIBOABI O HAINpPaBICHUIX
ONITUMM3ALNU TPYIA).

2. Ileanb ¥ 3a1a4M cCaMOCTOSITeIbHON PadoThI

[Tpu oprannzanuu CPC BaXHBIM ¥ HEOOXOJUMBIM YCIIOBHEM CTAHOBATCS (DOPMHUPOBAHHE
YMEHHSI CaMOCTOSITENIbHOM paboThl AJisi MPUOOPETEeHUs 3HAHHM, HAaBHIKOB U BO3MOXHOCTHU
OpraHu3aly y4eOHOU W HAy4yHOU nedaTenbHOCTH. Llenpio camocToaTenbHON paboThl CTYIEHTOB
SIBIIIETCS OBNaJieHHE (PYHIAMEHTANbHBIMU 3HAHUSMHU, NPO(ECCHOHANBHBIMU YMEHHUSMU H
HABBIKAMHU  JICATEIBHOCTH IO TPOPWI0, ONBITOM TBOPYECKOH, HCCIIEIOBATEIIbCKON
JeSATEIbHOCTH. CamocrosiTenbHas paboTta CTYJICHTOB CIOCOOCTBYET  Pa3BHUTHIO
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CaMOCTOSITEJIBHOCTH, OTBETCTBEHHOCTH M OPTaHU30BaHHOCTH, TBOPUYECKOTO MOAX0Aa K PELIEHUIO
npobsieM y4eOHOTO U TPO(PECCHOHATIBHOTO YPOBHSI.

3agauamu CPC sBisgroTcs:

® cucrteMaTu3alus M 3aKpelyieHuEe T[OJMy4YeHHBIX TEOPEeTHYECKHX 3HAaHUH W
NPAKTUYECKUX YMEHUHN CTYJEHTOB;

* yrayOJeHue U paclIupeHrne TEOPETHUECKUX 3HAHUM;

* (opMupoBaHHE YMEHUH HCIOJIB30BaTh HOPMATHBHYIO, IPABOBYIO, CIIPAaBOYHYIO
JIOKYMEHTAIUIO U CHEeLMATIbHYIO JIUTEPATYPY;

® pa3BUTHE IIO3HABATENIBHBIX CIIOCOOHOCTEH M AKTUBHOCTH CTYJICHTOB: TBOPYECKOU
WHUIUMATUBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH U OPraHU30BaHHOCTH;

* (opMupoBaHHE CaMOCTOSTEILHOCTH MBIIUICHUS, CIOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CAMOpPEAIN3alliu;

® pa3BUTHUE UCCIIEOBATEIbCKUX YMEHUI;

® WCIIOJIb30BaHHWE MaTepuana, COOPAaHHOTO U IMOJYYEHHOTO B XOJAE CaMOCTOSITENIbHBIX
3aHATUI Ha CEeMMHApax, Ha MPaKTUYECKUX U JIAOOPATOPHBIX 3aHATUAX, NPU HAMHCAHUH
KypPCOBbIX U BBIIYCKHOM KBalM(QHUKAMOHHON paboT, A 3PQPEKTUBHON MOATOTOBKH K
UTOTOBBIM 3a4E€TaM U HK3aMEHAM.

3. lopsa0K BbINOJIHEHHS CAMOCTOSITEIbHOI pa00Thl MATUCTPAHTOM
3.1. Memoouueckue pexomenoayuu no pabome ¢ yueOHou 1umepamypou

[Ipu pabote ¢ KHUTONH HEOOXOAUMO MOAOOpPATH JUTEPATYPY, HAYUYUTHCS MPABHIBHO €€
YUTaTh, BECTH 3amucu. [ mogdopa nurepaTypsl B OUOIHOTEKE UCTIONB3YIOTCS an(aBUTHBIN U
CHUCTEMaTUYECKHUI KaTaJIoTH.

BaxHO MOMHUTH, YTO palMOHANbHBIE HABBIKU PabOTHl C KHUTOW - 9TO BCEraa OOJbIas
SKOHOMUS BPEMEHH U CHUJI.

[IpaBunbHBIE TONOOP YYEOHHUKOB PpEKOMEHAYETCS IMpernojaBaTelieM, YHUTAIOIINM
JEKIMOHHBIN Kypc. HeoOxoanmasi auTeparypa MOXKET OBITh TakKKe yKazaHa B METOJIMYECKHX
pa3paboTKax Mo JaHHOMY Kypcy.

N3yuas matepuan no y4eOHUKY, CIEAYET MEPEXOAUTh K CIEAYIOIIEMY BOMPOCY TOJIBKO
nociie TPaBUIBHOTO YSACHEHHUS TMpPEIbIAyIIero, OMKChIBas Ha OyMare BCE BBIKJIAOKA U
BBIYHUCIICHUS] (B TOM YHCJIE T€, KOTOpPhIE B YUYEOHUKE OIMYIICHBl WM Ha JICKIUW JaHBI IS
CaMOCTOSITEJIBHOTO BBIBOJIA).

[Tpu u3yueHuu JIFO00H TUCIUTIIMHBI OOJIBIIYIO U BAKHYIO POJIb HTPAET CAMOCTOSTEIbHAS
WHAMBHIyallbHas paboTa.

Ocoboe BHHMaHHE clenyeT OoOpaTUTh Ha OIpeNeIeHHWe OCHOBHBIX TOHSATHHA Kypca.
CTyAeHT J0oJbKeH MOoApOoOHO pa3duparh MPUMEPHI, KOTOPbIe MOSCHAIOT TaKue ONpeAeNeHHs, U
YyMETh CTPOUTh aHAJOTUYHBIE TPUMEPHl camMoCToATeNbHO. HyXHO m00MBaTBHCS TOYHOTO
NPEJICTaBICHUS O TOM, YTO HU3ydYaellb. [loJe3HO COCTaBIATH OMOpHBIE KOHCHIEKTHL. [lpu
M3YYEHUU MaTepHayia 1Mo y4eOHUKY IMOJIE3HO B TeTpaau (Ha CHEIUAIbHO OTBEICHHBIX IMOJSX)
JIOTIOJIHATh KOHCIEKT JIeKIuil. TaM ke cieayeT OTMedaTh BONPOCHI, BBIIEICHHBIE CTYICHTOM
JUISL KOHCYJIBTAllMU C MPENO0IaBaTEIEM.

BbIBo/IbI, MTONTyYEHHBIE B PE3yJIbTATe U3YUYCHUS, PEKOMEHIYETCS] B KOHCIIEKTE BBIJICISTh,
4yTOOBI OHU MPHU NIEPEUUTHIBAHUU 3aITUCEH JTyUIlIe 3aTTIOMUHAIKCH.

OnpIT NOKa3bIBAET, YTO MHOTUM CTYJEHTaM IIOMOIAaeT COCTaBJICHHE JIUCTA OIMOPHBIX
CUTHAJIOB, COJICPIKAIeT0 BaKHEHIIIME M HanOoJee 4acTo ynorpediseMbie (hOpMYITbl U TIOHSTHS.
Takoil TUCT MOMOraer 3amoMHUTH (POPMYJIbl, OCHOBHBIE MOJOKEHUS JIEKIIMH, a TaKKe MOXKET
CITY’>KUTb MTOCTOSIHHBIM CIIPABOYHUKOM ISl CTYJICHTA.

UreHre Hay4HOTO TEKCTa SIBJISIETCS YacThiO MO3HABAaTENbHOU AestensHocTU. Ee menb —
U3BIICYCHHUE U3 TEKCTa HEOOX0oauMo# nHpopmaruu. OT TOro Ha CKOJBKO OCO3HAHHA YHTAIOIIAM
coOCTBEHHasi BHYTPEHHSSI YCTAaHOBKa MpU OOpallleHWH K TEYaTHOMY CJIOBY (HaWTH HYyXHbIE
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CBE/ICHUS, YCBOUTh MH(POPMALHMIO MOJHOCTHIO WM YAaCTUYHO, KPUTUYECKHU MPOAHATM3HPOBATH
MaTepuai 1 T.I.) BO MHOTOM 3aBUCHUT 3()(PEKTUBHOCTh OCYIIECTBIIIEMOTO IEUCTBUS.

Boiaensor uemoipe 0cnoénbie yCmano6KU 6 UmMeHUU HayYHO20 MEeKCma:

MH()OPMAITMOHHO-TIONCKOBBIN (3a/1a4a — HAUTH, BBIJICIIUTh HCKOMYIO HH(OPMAITHIO)

ycBauBaromast (yCWJIMS YHUTaTesdsl HampaBieHbl Ha TO, YTOOBI Kak MOYKHO IIOJHEe
OCO3HaTh W 3allOMHUTh KaK CaM{ CBEJEHUS H3JaraeMble aBTOPOM, TaK U BCIO JIOTUKY €ro
paccyXaeHHUN)

AQHAJIUTUKO-KPUTUYECKasl (YUTATeNlb CTPEMUTCS KPUTUYECKHM OCMBICIUTh MaTepHall,
pOaHaJIU3UPOBAB €0, ONPEETUB CBOE OTHOLICHHUE K HEMY)

TBOpUEecKas (CO3/1aeT y YHUTaTessl TOTOBHOCTh B TOM WJIM MHOM BHUJE — KaK OTIPaBHOM
IYHKT JJIs CBOUX pacCyXICHHH, Kak o0pa3 Juis JeMCTBUS MO aHAJOTUH U T.II. — UCIOJIb30BAThH
CYXKICHHsl aBTOpa, XOJ €ro MbICIeH, pe3ynbTaT HaONoleHus, pa3pabOTaHHYI0 METOJHUKY,
JIOTIOJTHUTD UX, TIOJBEPrHYTh HOBOW MPOBEPKE).

OchosHble 8U0bl CUCTEMAMUSUPOBAHHOU 3ANUCU NPOYUMAHHO2O.!

AHHOTHPOBaHHE — TMPEAEIBHO KpPAaTKOE CBS3HOE ONUCAaHUE MPOCMOTPEHHOM WIH
IPOYUTAHHOMN KHUTHU (CTaTbU), €€ COAEPIKAHUS, UCTOUHUKOB, XapaKTepa U Ha3HAUYEHUS;
[InanupoBanue — KpaTkas JIOTMYECKas OpraHu3alys TEKCTa, PacKpbIBAIOIIAs

COJIEpKaHUE U CTPYKTYpYy MU3y4aeMOro Marepuana;

Te3upoBaHue — JIaKOHMYHOE BOCIPOU3BEJIEHHE OCHOBHBIX YTBEp)KICHMH aBTOpa 0€3
pUBJIeYEHHS PAKTHUECKOr0 MaTepuaa;

[{utupoBaHue — JOCIOBHOE BBIMCHIBAHUE U3 TEKCTA BBIIACPIKEK, U3BJICUCHU, Hauboee
CYILIECTBEHHO OTPAXKAIOIINX Ty WIH HHYIO MBICIIb aBTOPA;

KoHcnexktupoBaHue — KpaTkoe U IOCJIENOBATEIbHOE M3JIOKEHHE  COACPIKAHUS
IIPOYUTAHHOTO.

KoHcneKT — ClIoXKHBIN c110co0 M3JI05KEHUs! COACP KaHUS KHUTH MM CTaThU B JJOTMUYECKON
nocieaoBaTenbHOCTH. KOHCIEKT akKyMyIupyeT B ce0e IpeaplIyline BUbl 3alucH, O3BOJIsSET
BCECTOPOHHE OXBAaTUTb COACPKAHUE KHUTH, CTaTbU. [103TOMY yMEHHE COCTAaBIIATH IUIaH, TE3UCHI,
JIeNaTh BBIMMCKY U APYTUE 3alIMCH ONPEIEIseT U TEXHOJIOTHUIO COCTABIICHUS KOHCIIEKTA.

Memoouueckue pekomenoayuu no cocmasienuo KOHCneKma:

1. BHUMaTenpHO NPOYUTANTE TEKCT. Y TOUHHUTE B CIIPABOYHOM JINTEPATypEe HEIOHSATHBIE
cioBa. [Ipu 3anucu He 3a0yAbTe BBIHECTH CIIPABOYHBIE JaHHBIE HA MOJISI KOHCIIEKTA;

2. Brigenure riiaBHOE, COCTaBbTE IUIAH;

3. Kpatko cdopmynupyiiTe OCHOBHBIE MOJOXKEHHS TEKCTa, OTMETbTE apTryMEHTAIHIO
aBTOpA;

4. 3akoHCHEKTUpYHTE  Marepual, 4YeTKO  ciexys  NOyHkraM Iuta”a.  Ilpwm
KOHCIIEKTUPOBAHUU CTapalTech BBIPA3UTh MbBICIb CBOMMH CJIOBaMH. 3alUCH CIIEJYyEeT BECTU
YETKO, SICHO.

5. I'pamoTHO 3anuceiBaiiTe uTaThl. L{UTHPYS, yUYUTHIBalTE JAKOHUYHOCTh, 3HAYUMOCTh
MBICIIH.

B TekcTe KOHCIEKTa kKenareJbHO NIPUBOJNUTE HE TOJIBKO TE€3UCHBIE MOJIOKEHUS, HO U UX
JokaszarenbcTBa. [Ipyn odopMileHMM KOHCHEKTa HEOOXOIUMO CTPEMHUThCS K €MKOCTH KakJ0To
npeioxkeHus. MpIcIu aBTOpa KHHUTM CJleAyeT Wu3jlaraTb KpaTko, 3a00Tsich O CTUjIe U
BBIPA3UTENbHOCTH HAMMCAHHOTO. YHCIIO TOMOIHUTENbHBIX JIEMEHTOB KOHCIEKTA J0JIKHO OBITh
JOrM4eCKM  OOOCHOBAaHHBIM,  3alUCH  JOJDKHBI  PACIpEAENsATbCS B OINpEAeTIeHHOU
IIOCIIE0BATEIbHOCTH, OTBEYAIOIIEH JIOTMUECKON CTPYKType npousBencHMs. Jlig yTOYHEHHs U
JIOTIOJIHEHUSI HEOOXOJUMO OCTABJIATH MOJIS.

OBnajieHHe HaBbIKAMM KOHCIEKTHUPOBaHUS TpeOyeT OT CTyAEHTa LeJIeyCTPEMIIEHHOCTH,
MIOBCETHEBHOM CaAMOCTOSITEITLHOU PabOTHI.

BOHpOCLI JJIsl codeceIOBAHUA IO CAMOCTOSTEILHO nsyqeﬂnoﬁ JUuTepaTtype
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1. Kpatkas wucropusi uckyccrBeHHoro uHremiexkra (M), mMammHbsl M MHTEIIEKT.
OcHoBHbIE HamnpaBieHus rcciaeaoBanuii B ooiaactu UN.

2. WnTennekryanpHble  CUCTEMBbl  OOIICHHS: CHUCTEMBI 00pabOTKM  TEKCTOB
€CTECTBEHHOTI'O 53bIKa, CUCTEMBbI 0O0y4eHHUs ¢ Oa3aMU JIaHHBIX, AMAJIOTOBBIE CUCTEMBbI PEIICHUs
3aJa4, CHCTEMBI PEYEBOT0 OOIICHHS.

3. Pa3paboTka ecTecTBEHHO-A3BIKOBBIX HHTEP(PEHCOB M MAIIMHHBIA MEPEeBOJ C
OJIHOTO SI3bIKa Ha IPYTOM.

4. NuTennexryaibHbie poOOTHI.

S. OO0yuenue u camooOyuyeHHe, HICKYCCTBEHHbIE HEHPOHHBIE CETH.

6. 3aaun pacro3HaBaHMs 00pa3oB.

7. WHTennekryaibHble UTPbl U MAILIMHHOE TBOPYECTBO.

8. [IpencraBnenue 3amad M CTpAaTETMM IIOMCKA HMX PEIICHHS B IPOCTPAHCTBE

COCTOSIHUH (ITOUCK B TIYyOMHY M IIMPHHY, CIETON U 3BPUCTUYECKHI MOUCK, TTOUCK HAa UTPOBBIX
JIEPEBbSIX, MUHUMAKCHBIN alrOpUTM, alib(ha-0eTa alnroput™ M Jip.).

9. [IpencraBnenue 3HaHWi - weHTpanbHas mpobnema WMU. Ilponenypnas u
neknapatuBHas nHpopmanus. [lepexon oT 06pabOTKM JaHHBIX K OTIEPUPOBAHUIO CO 3HAHUSMH.
10.  OminuurenbHble  OCOOGHHOCTM  3HAHMM  OT  JAHHBIX: BHYTPEHHSA

UHTEPIPETUPYEMOCTD, CTPYKTYPHUPOBAHHOCTD, CBA3HOCTh, aKTUBHOCTh. ba3pl 3HaHuil. HeueTkue
Y HETOYHBIE 3HAHMUSL.

1. OTtkpeiToCcTh 3HaHMM B cucteMax M. OcHOBHBIE METOBI MPUOOPETCHHS 3HAHUIA.
HNuxeHnepus 3HaHUM.

12. OcCHOBHBIE MOJIETTH TIPEICTABIICHUS 3HAHUH.

13.  ®opmanbHble JIOTMYECKHE MOJAENU TMpeiactaBieHus 3HaHui. [IpoGiema
MOHUMAaHUS €CTECTBEHHOTO SI3bIKA.

14. CereBble MOJIeM TPECTABICHUS 3HAHUH (cemaHTHdeckue cetH). OToOpaxeHue

MHO’K€CTBa HH()OPMALIMOHHBIX €IMHMI] BO MHOXKECTBO THUIIOB CBsI3ed MeXaAy HUMHU. OTHOIIEHUS
TUNA «a0CTPAKTHOE-KOHKPETHOE» U «1iesloe-4acThy. Mepapxus HacienoBaHus.

15. @peliMoBBIe MOJIENH TIpecTaBiaeHus 3HaHui. [lonarusa ¢peiima, TepMHUHATBHOTO
ciota, npotoppeiiMa. Mms ¢pelima U uMs ciioTa, 3Ha4eHHE CJIOTa M TUI JAHHBIX CIOTA.
@perMBbI-IK3eMILIAPbl. MexaHu3M HaclIeJOBaHUs.

16.  IlpomykumonHas Mojenb npeacraBieHus 3HaHuMd. Cucremsl nponykuuil. baza
3HaHUi (0a3a GakToB U MpaBuI).

17.  Pabouyas mamatb. MexaHu3Mm BbIBOJA: MIpsiMasi M 0OpaTHAs IETI0YKa pacCy K ISHUH.

18.  JlocTOoMHCTBA ¥ HEOCTATKH MPOTYKIIMOHHON MOJIENH MIPEICTaBICHHS 3HAaHUM.

19.  HurterpupoBaHHbIE MOJAEIW NPEICTABICHUS 3HAHWU. S3bIKM TpenCcTaBICHUS
3HaHUMU.

20.  OOmias xapakTepUCTHUKa MPOTPAMMHBIX CPEACTB AJI pa3pabOTKH U pealu3aiuu
cucreM M. TpeboBanus k mporpaMMHOMY oOecriedernto cucrem M.

21.  HHcTpyMeHTanbHbIE CpeacTBa i co3aanus cuctem UN.

22.  llonsarue skcneptHoi cucrembl (DC). Ha3zHaueHue, NpUHLUIBI MOCTPOCHUS U
obnactu npumenenus DC. Opranuzarus 3Hanui B OC.

23.  Buaet OC u Tumel pemaeMblXx HMMH 3adad. VHCTpyMEHTalbHbBIE CpENCTBa
pa3pabotku IC. O60I0YKOBBIE CpeACTBA cO3AaHusl MPOTOTUIOB DC.

24.  T'ubpumabie Jormueckue u mojaenupyromme IC, OC Ha 06a3e HEYCTKOW JIOTHKH.
Nurtennexryansueie nunpopmanmronusie OC.

25.  CrpykrypHass cXe€Ma, OCHOBHbIE KOMIIOHEHTBI, AapXUTEKTypa M pPEXKUMBI
ucnosb3oBanua JC MpoIyKIIMOHHOIO THUIIA.

26.  OcHosHble 3Tarbl pazpadotku IC. Kuznennsiit uuxi 9C.

27. S3bIKM TTpOrpaMMUpPOBaHUS 1JIsl perieHus 3anad UN.
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3.2. Memoouueckue pexomenoayuu no noO20mMoeKe K HPAKMUYECKUM U 1aOOpamopHbiM
3AHAMUAM

Jlsist TOro 4TOOBI MPaKTHUECKUE W JIAOOPATOpPHBIC 3aHITHS MPUHOCHIA MAaKCHMAaJIbHYIO
HOJb3y, HEOOXOJUMO TOMHMUTH, 4YTO YIPAXHEHHWE U pelIeHHe 3agad MpPOBOAATCA IO
BBIYUTAHHOMY Ha JIEKIUSIX MaTepHaly M CBS3aHBI, KaK IMPaBHJIO, C JETAIGHBIM paz0opoM
OTJENIBHBIX BOIIPOCOB JIEKLIMOHHOTO Kypca. ClieyeT NoAUYepKHYTh, YTO TOJIBKO MOCTEe YCBOCHHUS
JIEKIIMOHHOTO MaTepHajia C OIpPEIeIEHHOW TOYKH 3peHHs (2 MMEHHO C TOH, ¢ KOTOpOH OH
U3J1araeTcs Ha JEKIMAX) OH OyJeT 3aKperuIsaThCs Ha MPAKTHYECKUX 3aHATHIX KakK B pe3ysbTare
0OCYX/IEeHUSI ¥ aHaIW3a JICKIIMOHHOTO MaTepHaia, TaK M C MOMOIIBI0 PEUIeHUs MPOOJIEeMHBIX
cutyalui, 3agad. Ilpu 3TUX yCIOBHSAX CTYyIEHT HE TOJIBKO XOpOILO YCBOMT MaTepuall, HO U
HAY4YHUTCS TPUMEHSATh €r0 Ha TPAKTUKE, a TAKKe IMONyYUT JOTIOTHHUTENBHBIA CTUMYHI (M 3TO
OYECHb BaXKHO) JUIS aKTUBHOU NPOPAOOTKH JIEKIUH.

[Tpu camoCTOSITETPHOM PEIICHUH 3a7ad HY)KHO OOOCHOBBIBATH KaXKABIN J3Tall PEUICHHS,
UCXOJI U3 TEOPETUUECKUX IMOJIOKEHUI Kypca. Eciau CTyAeHT BUIUT HECKOJIBKO MyTeH pelieHus
npobsieMbl (3aJaun), TO HY’KHO CpPaBHMTb UMX W BBIOpaTh camblil panroHanbHbIN. [lone3Ho no
Hayaja BBIYMCIEHUI COCTaBUTh KpaTKUMl IUJaH pemieHus npoOiemsl (3amaun). Pemenue
NpoOJEeMHBIX 3a/1a4 WIH MPUMEPOB CIEAyeT HM3JIaraTh IMOAPOOHO, BBHIYMCIICHHUS pacrioiaratb B
CTPOTOM TMOpSJKE, OTHENsAs BCIIOMOraTeibHbIE BBIYUCICHHS OT OCHOBHBIX. Pemenus npu
HEOOXOIMMOCTH HY>KHO COTIPOBOXKIATh KOMMEHTAPHSIMH, CXEMaMH, YePTEeKAMH U PUCYHKAMHU.

Crnenyer NOMHUTb, YTO pELICHHE KaXa0M y4eOHOW 3ajjaud JOJDKHO JOBOJAUTHCS 10
OKOHYATEJIBHOTO JIOTHYECKOTO OTBETa, KOTOPOro TpeOyeT YCIOBHE, W TIO0 BO3MOXHOCTH C
BbIBOZIOM. [loydeHHBI OTBET cienyeT MPOBEPUTh CHOCOOAMH, BBHITEKAIOIIMMHU U3 CYIIECTBa
naHHoW 3ajmaud. llonme3Ho Takke (eciu BO3MOXKHO) pellaTh HECKOJbKUMU CHOCOOaMHM U
CPaBHUTH IOJlyY€HHbIE pe3yibTaThl. PerieHue 3amady JaHHOTO THUMA HYKHO HPOAOJDKATH 0
nproOpeTeHNs TBEPIbIX HABBIKOB B X PEIICHUH.

4.3. Memoouueckue pexomernoayuu no camonposepke 3HaHuil

[Tocne m3yuyeHHs ONpeNeIEHHON TEMBI 10 3aIlUCsM B KOHCIIEKTE M y4eOHHUKY, a TaKxke
pelIeHHs TOCTaTOYHOI'O KOJIMYECTBA COOTBETCTBYIOIIMX 3a/ad HA NMPAKTHUECKUX 3aHATUAX U
CaMOCTOSITENIFHO CTYACHTY PEKOMEHIYeTCs, ITPOBECTH CaMOINPOBEPKY YCBOCHHBIX 3HAHHIA,
OTBETUB Ha KOHTPOJIbHBIE BOIIPOCHI 10 U3YYEHHOH TeMe.

B cirydae HE0OXOMMOCTH HYKHO €I1Ie pa3 BHUMATEIbHO pa3o0paTbcs B MaTepHale.

WNHorna HEIOCTATOYHOCTh YCBOGHUS TOTO WJIM MHOTO BOIPOCA BBISICHSAETCS TOJIBKO MPH
U3yUYeHHH JalbHEHIIero MaTepuana. B aTom ciryuae Halio BEPHYThCS Ha3a]l U MOBTOPHUTH IJIOXO
YCBOGHHBII MaTepuan. BakHbIl KpUTepuil yCBOEHHUS TEOPETHYECKOr0 MarepHalia - yMEHHe
pemaTh 3a7a4d WIH MPONUTH TECTHPOBAHWE IO TPOHWIEHHOMY MaTepuany. OIHaKO ClieayeT
MOMHHTb, YTO MPABWJIBHOE PEIICHHE 3a7aud MOXET IMOJYYUThCS B pe3yibTaTe MpPUMEHEHUs
MEXaHUYECKHU 3ayYCHHBIX (OopMyT 0€3 TOHUMAHUS CYITHOCTH TEOPETUIECKHX TTOJ0KECHUH.

3.4. Memoouyeckue pexomeHOAUUU NO HANUCAHUIO HAYYHBIX MEKCMOo8 (00KIA008,
pechepamos, 3cce, HAyUHbIX cmamel U m.o.)

Ilepen Tem, Kak NPUCTYNHTh K HAMHCAHUIO HAYYHOTO TEKCTa, BAXKHO pa3olparbcs,
KaKoBa MCTHHHAS II€Jb BAIlEro HAYYHOTO TEKCTa - 3TO IMOMOXET BaM Pa3yMHO paclpe/eiHuTh
CBOM CUJIbI U BPEMSI.

Bo-mepBrIX, cHayana HYXXHO ONPEACTUTHCA C UAEeH HAyYyHOrO TEKCTa, a JJIS ITOTrO
HEOOXOJMMO HAYYUThCS IJIMOO OTHOCUTBHCS K pa3HBIM SIBICHUAM U (aKkTaM HECKOIbKO
KPUTHYECKH (CBOSA WAESd — KaK MHAas TOYKA 3PEHUs), JTUOO HAYUHTHCS YBICKAThCS KAKHUMHU-TO
U3BECTHBIMH HJESIMH, KOTOpPBIE HYXXIAIOTCS B J0pal0oTKe (Maes — Kak ONTHUMHCTUYECKas
NO3WIMS W HANpaBICHHOCTh Ha JaJbHEHIIee COBEPIICHCTBOBAHME YK€ HW3BECTHOro). Bo-
BTOPBIX, HAYUYUTHCS OPraHU30BBIBATH CBOE BPEMsl, Be/lb, KaK M3BECTHO, CBOOOJHOE (OT BCAKHX
TIIyTIOCTeH) BpeMs — BaKHEHIee YyCJIOBHE HACTOSIIETO TBOPYECTBA, I HETO HAKOHEI-TO
nosiBisieTcs BpeMsi. MlHOrja MIMEHHO Ha OpPraHM3alMI0 TaKOTO BPEMEHU yXOAMUT HeMajasl 4yacTh
CHJI ¥ TAJIAHTOB.
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[Tucatp ciexyer sSICHO W TMOHATHO, CTapasiCh OCHOBHBIE IOJIOKEHUS (OPMYIHPOBATH
YEeTKO M HEABYCMBICIIEHHO (YTOOBI W caMOMy TMOHSTHO ObUIO), a Takke CTpeMsch
CTPYKTYpHUPOBaTh CBOW TekcT. Kaxplii pa3 Haj0 MpEeACTaBiIATh, YTO Ball TEKCT OyJIET KTO-TO
YUTaTh M €My 3aXO4yeTcsi COPUEHTHPOBATHCS B HEM, OBICTPO HAXOAMTb OTBETHl Ha
UHTEpECYIOIINEe BOMPOCHI (3a0/JHO MPEACTaBbTe ceds Ha MecTe Takoro yenoseka). [ToHaTHO, 4yTO
paboTa, HamucaHHasi «CIJIOIIHBIM TeKCTOM» (0€3 3arojoBKOB, 0€3 BbIIEICHHUS KPYMHBIM
mpuGToM Haubosee BaXHBIM MECT U T, I.), Y KyJbTYPHOIO YHTaTeNisl IOJDKHA BbI3BIBATH
Ope3rMBOCTh W Ja)Ke KaJIOCThb K aBTOPY (MCKIIOYEHHS] COCTAaBJISIIOT HEKOTOpbIE ApPEBHUE
TEKCTHI, KOTJa U XKaHp ObUT MHOM M K TEKCTaM OTHOCHJIMCH MHAYe, Jja U CaMUX TEKCTOB OBLIO
ropa3o MeHbIle — HE TO, YTO B 3MOXY «UH(POPMAIMOHHOIO B3PHIBa» U COOTBETCTBYIOILETO
«MH(OPMAIIIOHHOTO MYyCOpay).

O6beM TekcTa W paznuyHble O(QOPMHUTEIbCKUE TPEOOBAaHUS BO MHOIOM 3aBHCSAT OT
IPUHATHIX B KOHKPETHOM y4eOHOM 3aBEICHUU MOPSIIKOB.

Pedepar (moxmanm) - 3TO camMOCTOATENHHOE HCCIECNOBAHUE CTYACHTOM ONPEICICHHOMN
po0JIeMbl, KOMIUIEKCA B3aUMOCBS3aHHBIX BOIIPOCOB.

Pedepar He nomxHa cocTaBiATbCA M3 (PpParMEHTOB cTaTel, MOHOrpaduii, MocoOHii.
Kpome mpoctoro uznoxenus (pakToB M IMTAT, B pedepare AOIDKHO MPOSBIATHCS aBTOPCKOE
BUJICHHE NTPOOJIEMBI U €€ PEILICHUS.

PaccMOTpuM OCHOBHBIE 3Talbl MOATOTOBKH pedepaTa CTYJCHTOM.

Boinonnenue pedepara HauMHaeTCs ¢ BBIOOpA TEMBI.

3aTeM CTyAEHT NPUXOJUT Ha IEPBYIO KOHCYJBTALMIO K PYKOBOIUTENIO, KOTOpas
peyCMaTpUBAaeT:

- 00Cy’KJIeHHe 1IeTH U 3aj1ad paboThl, OCHOBHBIX MOMEHTOB U30paHHOM TEMBI;

- KOHCYJIbTHPOBAHUE IO BOIIPOCaM Moa00pa JIUTepaTyphl;

- COCTaBJICHHE IIPEJIBAPUTEIBHOTO IJIaHA.

Crnenyromum 3TanoM siBiisieTcss pabora ¢ nureparypoil. HeobOxomumass nmteparypa
oJ0MpaeTCs CTYyIEHTOM CaAMOCTOSITENBHO.

[Tocne moxbopa auTeparypsl 1eIecoo0pa3Ho cAenaTh padounii BApHaHT IJIaHa PaOOTHI.
B HeM HyXHO BBIAECTUTH OCHOBHBIE BOIPOCHI TeMbl M maparpadbl, pPaCKpbIBAIOLINE UX
coJIepKaHue.

CocTaBieHHBIH CNUCOK JUTEPATyphl U MpPEABAPUTEIbHBIN BapUaHT IUIaHA YTOYHSIOTCH,
COIJIACYIOTCS HA OYEPETHON KOHCYJIBTAI[MH C PYKOBOJAUTEIIEM.

3areM HayMHAeTCs CIEAYIOIMH 3Tanm paboThl - H3ydyeHUEe JHUTeparypbl. ToJbKO
BHUMATEJIbHO YMTas U KOHCHEKTUPYS JUTEPaTypy, MOKHO pa3o0paTbcsi B OCHOBHBIX BONpOCax
TEMBI U TTOATOTOBUTHCS K CAMOCTOSITENILHOMY (aBTOPCKOMY ) U3JIOKEHHUIO cofiepkaHus pedepara.
KoHcnexktupys nepBOMCTOYHHMKHM, HEOOXOIMMO OTpa3suTh OCHOBHYIO M0 aBTOpa M €ro
MO3UIMI0 TI0 UCCIEAYyeMOMY BOMNPOCY, BBISIBUTH MpOOJIEMBbl M HAMETUTh 3a7aud s
JAJIbHEUIIIET0 U3yUeHUs JaHHBIX TPOOJIEM.

CucremaTuzanusi M aHaIW3 HW3YYCHHOM JHUTEepaTyphl MO TpobiieMe HCCIeI0BaHus
TIO3BOJISIFOT CTYJICHTY HaImucarh padory.

PaGounit BapuaHT TekcTa pedepaTta mpeaocTaBiIseTCs PYKOBOAUTENO HA mMpoBepky. Ha
OCHOBE palouero BapuaHTa TEKCTa PYKOBOJIUTENIb BMECTE CO CTYIEHTOM 0O0CYyXIaeT
BO3MOXKHOCTH JOpabOTKU TekcTa, ero odopmienue. [locne mopaboTku pedepar cmaercsa Ha
Kadeapy Ui ero OLCHUBAHUS PyKOBOJIUTEIIEM.

Tpebosanus k Hanucanuio peghepama

Hamucanue 1 pedepara sBiisiercs 00s3aTenbHBIM ycioBreM BoioiHeHUs iana CPC o
000U AUCUUILITHHE MPOQPECCUOHANBHOTO IHKIIA.

Tema pedepata Moxer OBITH BBIOpaHa CTYACHTOM W3 MPEUIOKEHHBIX B paboueit
nporpamMmme win (hoHAE OLEHOYHBIX CPEACTB TUCIHUILIMHBL, OO0 OIpe/ieseHa caMOCTOSATENbHO,
UCXOJsl M3 HHTEPECOB CTyJeHTa (B paMKaxX H3y4aeMoM AUCUMILIMHBI). BpiOpaHHyl0 Temy
HEOOXOJMMO COTJIacOBATHCA C MPEIoIaBaTeeM.

Pedepar momkeH ObITh HalTMCAH HAYIHBIM SI3BIKOM.
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O6beM pedepata nomkeH coctaBisaTh 20-25 cTp.

Cmpyxkmypa pecdhepama:

e Bgrenenne (He Oonee 3-4 crpanwmir). Bo BBeneHNMN HEOOXOAMMO 00OOCHOBATH BHIOOD
TEMBI, €€ aKTyaJlbHOCTb, OUEPTUTh 00JIACTh HCCIIEJJIOBaHMS, OOBEKT HCCIIEI0OBAaHUS, OCHOBHbBIE
LeJIU 1 33]]a41 HCCIIeI0OBaHMUS.

® (OcHOBHas 4acTb COCTOUT U3 2-3 pa3zienoB. B HUX packpbIBaeTcs CyTh HCCIEAyeMOM
npoOJIeMbl, MTPOBOAUTCS 0030p MUPOBOM JUTEPATyphl U MCTOUYHUKOB MHTEpHET MO NpenMeTy
HCCIIeIOBaHMsI, B KOTOPOM JIaeTCsl XapaKTEepHUCTHKAa CTENEHH pa3pabOTaHHOCTU MHpoOJIeMbl U
aBTOpCKasl aHAJIWTUYECKash OLIEHKA OCHOBHBIX TEOPETHYECKUX IOJXOJ0B K €€ PEeLICHHIO.
Wznoxenne MaTepuasnia HE JOJDKHO OTPAaHWYMBATHCS JIMIIb OMHCATENBHBIM ITOAXOJOM K
packpbITHiO BbIOpaHHOW Tembl. OHO TakXke [OJDKHO COJAEp)KaTh COOCTBEHHOE BHJICHHE
paccmaTpuBaeMoil poOIeMbl U U3JI0KEHHE COOCTBEHHON TOUYKU 3PEHHUS Ha BO3MOXHbBIE ITyTH €€
pelIeHus.

e 3akmoueHue (1-2 ctpanuupl). B 3akimoueHnn KpaTKo M3JIaratoTcsl JOCTUTHYTHIE MPU
U3yUYEHHUH MIPOOIEMBI 1IETTH, NEPCIEKTUBBI Pa3BUTHUS UCCIIETyEMOT0 BOIIpoca

¢ (CHuCOK UCHOJb30BAaHHOW JIUTEpaTyphbl (He MeHblIe 10 MCTOYHUKOB), B ajudaBUTHOM
nopsizike, 0pOpMIICHHBII B COOTBETCTBUM C MPUHATHIMU MpaBUiIaMH. B ciMcok ucnonb30BaHHON
JUTEPATypPhl PEKOMEHIYETCSl BKJIIOUATh PA0OTHI OTEYECTBEHHBIX M 3apYOEKHBIX aBTOPOB, B TOM
YUCIIe CTAaThH, ONYOJIMKOBaHHbIE B HAYYHBIX JKypHaJaX B TEUYCHHE MOCIEAHUX 3-X JIET U CChUIKU
Ha pecypcel cetu VIHTepHerT.

¢ [Ipunoxenue (mpu HEOOXOAUMOCTH).

Tpebosanus k ogpopmnenuio:

TEKCT C OJTHOW CTOPOHBI JIUCTA;

mpudt TimesNewRoman;

Keruip mpudra 14;

MEXKCTPOYHOE paccTosiHue 1,5;

noJist: cBepxy 2,5 cM, cHU3y — 2,5 cM, cieBa - 3 cM, cipasa 1,5 cm;
pedepat gomxKeH ObITh IPEACTABICH B COPOIIIOPOBAHHOM BHJIE.

Tlopsook 3awums pecpepama:

3amura pedepara MPOBOAUTCS HA MPAKTHUECKUX 3aHATHSX, MOCIE OKOHYAHUS PaOOTHI
CTYJCHTa HaJi HUM M HCIIPABJIEHUS BCEX HEJ0YETOB, BBIABICHHBIX NpenojaBaTeleM B XOje
KoHcynbTanuil. Ha 3amury pedeparta orBoaUTCS 5-7 MUHYT BPEMEHH, B X0JI€¢ KOTOPOTO CTYJICHT
JIOJDKEH TIOKa3aTh CBOOOJHOE BIIAJICHHE MaTepualioM Mo 3asBieHHON Teme. Ilpu 3amute
pedepara npUBETCTBYETCS UCMOIb30BaHUE MYJIbTUMEINA-IPE3CHTALIUH.

Oyenka pepepama

Pedepar orieHnBaeTcs 1Mo CIeAyIOMNUM KPUTEPHSIM:

* cobmoieHne TpeboBaHui K ero o(hopMIIEHHIO;

* HEOOXOAMMOCTh W JIOCTaTOYHOCTh ISl PACKPBITHS TEMBl TPUBEACHHOW B TEKCTE
pedepaTta nabopmanuu;

* YMEHHUE CTy/IeHTa CBOOOIHO M3JIaraTh OCHOBHBIE UJIEH, OTPAaKCHHBIE B pedepare;

* CIIOCOOHOCTH CTYJIEHTa MOHATH CYTh 3a/laBa€MbIX MpernojaBaTelieM U COKYPCHHKaMHU
BOIIPOCOB U C(OPMYITHPOBATH TOYHBIE OTBETHI HA HUX.

Kpumepuu oyenxu:

Oyenka «omauyHoy» BBICTABISIETCS CTYIEHTY, €CJIM B JIOKJIAJIE CTYJCHT UCUEPIBIBAIOILIE,
MOCIe0BATENbHO, YETKO M JIOTHUECKHU CTPOMHO M3NaraeT MarepHal; cBOOOJHO CHpaBIseTCs C
3aJa4aMy, BOIPOCAMHU M JPYTUMHU BHJAMH MPUMEHEHHs 3HAHUH; MCIONB3yeT JJISi HAIMCaHHS
JOKJIaJ]a COBPEMEHHBbIE Hay4yHble MaTepHallbl, aHAIM3HPYET TMOJIYYEHHYI0 HH(POPMAIHIO;
IPOSIBIISIET CAMOCTOSITEILHOCTD TP HAIIMCAHUU JI0KJIa/1a.

Oyenka «xopouio» BBICTABISETCA CTYAEHTY, €CIM KauyeCTBO BBIIIOJHEHUs JOKJIaja
JI0CTaTOYHO BbICOKOE. CTYyZIEHT TBEPAO 3HAET MaTepuall, IPaMOTHO U IO CYILECTBY M3J1araeT ero,
HE JIOMYCKasl CYIIECTBEHHBIX HETOYHOCTEH B OTBETE HA BOMPOCHI MO TEME JIOKIIa/1a.
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014€HKG «yc)ogﬂemeopumeﬂbHo» BBICTABJIACTCA CTYACHTY, CCIIM Marcpuajl AOKJIaaa
n3jgaracTca 4aCTU4YHO, HO HpO6€J’IBI HC HOCAT CYHICCTBCHHOI'O XapakTepa, CTYACHT OOITyCKacT
HETOYHOCTHU U OIIUOKH I[IpU 3alIUTC OOKJIaZa, 1aCT HEAOCTATOYHO IMPAaBHUJILHBIC (pOpMynPIpOBKI/I,
Ha6J'IIO)IaIOTCSI HapylmCcHHA JIOTHYSCKOM IOCICA0BATCIIBHOCTH B U3JIOKCHUU MaTCpHraia.

014€HKG «Heyc)oeﬂemeopumeﬂbHo» BBICTABJIACTCA CTYACHTY, CCJIM OH HC IHOATOTOBUII
AOKJIaa WKW AOIMYyCTUI CYIICCTBCHHBIC OIIIMOKH. CTy,Z[eHT HCYBCPCHHO H3JIara€t Marcpuall
AOKJIaaa, HC OTBCYACT Ha BOIIPOCHI IPCIIOAABATCIIA.

Tembl 10KI210B

1. MozaenupoBaHue OHOIOTUYECKUX CUCTEM.
. ABTOMaTH4Y€CKUI KOMIIBIOTEPHBIN CUHTE3 PEYH 10 TEKCTY. METOIbI CUHTE3a PEUH.
. Ilpumeps! cuctem 00pabOTKM €CTECTBEHHOT'O S3bIKA.
. Knmaccugukanus unctpymentanbubix cpeacts C u opranusainus 3Hanuil B 9C.
. Mogenu npencraBieHus 3HAHUH: JIoTH4ecKasi, cereBasi, ppeiiMoBasi, PO yKIIHMOHHAS.
. MeTop1 03By4YHBaHUS PEUH.
. Uctopusi BOSHUKHOBEHUS U COBPEMEHHBIE HapaBJIeHUs uccaenoBaHuii B oonactu UN.
. Knmaccugukanus cuctem pacrio3HaBaHUs pedH.
9. Pacno3naBanue cumBoiOB. IllabmonHble cuctembl. CTPYKTYpHbIE CHCTEMBI.
[Ipr3HAKOBBIE CUCTEMBI.
10.PeueBoii BbIBOJ MH(OPMALIHH.
11. MamuHHbIA UHTEIJIEKT U pOOOTOTEXHUKA.
12. Tuns! 3agau pewaemsle B OC.
13. OcHOBHbIE HaINpaBJIEHUS UCCIIEI0OBAaHUI B 00JIaCTU UCKYCCTBEHHOT'O MHTEJUIEKTA.
14. Ilpennocelnku BO3HMKHOBEHMSI CUCTEM IIOHMMAaHHs €CTECTBEHHOTO  SI3bIKA.
Ilonnmanue B quaore.
15. Pacnio3HaBaHue pyKOIIUCHBIX TEKCTOB.

01O\ L WD

3.5. Memoouueckue pexomeHOayuu no 8bINOIHEHUIO UCCIE008AMENLCKUX NPOEKMO8

UccnenoBatenbckast mpoekTHas paboTa — 3To TpynmnoBas paOoTa, AJis BBINOJIHEHUS
KOTOpOil HeoO0XOAMM BBIOOP M NPUIOKEHHWE HAyYHOW METOAMKHM K TIOCTaBJIEHHOW 3ajade,
MOJlyY€HUE COOCTBEHHOIO TEOPETUYECKOTO WM SKCIEPUMEHTAJIBbHOTO MaTepuaa, Ha
OCHOBAHHMU KOTOPOrO HEOOXOAMMO TNPOBECTH aHAIU3 U CcHeNaTh BBIBOABI 00 HCCIIEAyeMOM
ABJICHUU. BpINonHEeHHe mnpoekTta — 3TO BCerga KOJUIEKTHBHas, TBopueckas JlaboparopHas
pabota, TmpenHa3Hauy€HHass [UId TOJYYEHHs OIPEIECIEHHOIO TPOJIYKTa WJIM HAay4HO-
TEXHUYECKOTO pe3yibrara. Takas pabora moapa3dyMeBaeT 4eTKoe, OJTHO3HaYHOe (popMupoBaHue
IIOCTaBJIEHHOW 3ajlaud, OINpeAeJeHUE CpPOKOB BBIIOJHEHUS HAMEUEHHOTO, OIpejaeieHHe
TpeOOBaHU K pa3padaThiBaeMOMy OOBEKTY.

Brimonnenue 1 rpynnoBoro mpoekta SBISETCS 00s3aTeNbHBIM YCIOBUEM BBIIOIHEHUS
CaMOCTOSITENIbHOW paboThl 1O 000 JUCHMIUIMHE TPOPECCHOHATBHOrO IMKIa. Tema
INPOEKTHOTO 3aJaHus MOXXET ObITh BbIOpaHa CTYJIEHTOM U3 MpPEAJIOXKEHHbIX B paboueit
nporpamMMe Win (OHJIE OIEHOYHBIX CPEICTB AUCIHILIMHEI, THOO OmMpeaeseHa cCaMOCTOSATENIBHO,
UCXOJll U3 HHTEPECOB CTyAEHTa (B pamMKax H3ydyaeMOW IMCLUIUIMHBI). BbiOpaHHyIO Temy
HEOOXOJIMMO COIJIACOBATHCS C MIPENOIaBaATENIEM.

Tpebosanus no 8biNOIHEHUIO U ODOPMIEHUIO NPOEKMA

[Ipu BbINOSHEHUH MPOEKTA MPUBETCTBYyETCS pabora B rpymme (2-3 yenoseka). [Ipoext —
9TO HCCllefioBaTeNbcKas paboTa, B XO/A€ KOTOPOM CTYAEHThI JOJDKHBI MPOJEMOHCTPUPOBATH
BJIaJICHNEC HAaBBIKAMH HAyYHOTO WCCJICIOBAHUS, YMEHHS TIPOBOAMTH aHaiu3, 0000IIaTh
UH(QOPMALIMIO, JeJIaTh BBIBOJBI, MpejiiaraTb CBOM pELICHUs MpoOJIeMbl, pacCMaTpUBaeMOW B
IIPOEKTE.

IIpy moAroToBke MarepuanoB MPOEKTa CTYAEHTbl JOJDKHBI IMPOAEMOHCTPUPOBATH
BJIaJICHHE COBPEMEHHBIMH METOAAMHU KOMITBIOTEPHOI 00pabOTKH JTaHHBIX.
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Kpumepuu oyenxu pabomul yuacmnuka npoexma.

JI1st KaXa0ro U3 y4aCTHUKOB MPOEKTA OLEHUBAKOTCS:

* mpodeccuoHaNIbHbIE TEOPETHUECKUE 3HAHUS B COOTBETCTBYIOLIEH 001acTH;

* yMeHue paldoTaTh CO CHPABOYHOW M HAy4HOH JIHUTEpaTypod, OCYIIECTBISATH IMOHMCK
Heo0xoauMoi nHpopmanuu B IHTEpHET;

* yMeHHe paboTaTh ¢ TEXHUYECKUMU CPECTBAMU;

. YMEHUE  II0Jb30BaThCs
MH(OPMALIMOHHBIMU TEXHOJIOTUSMU;

* YMEHHUE TOTOBUTH MATEPUAIIbI IIPOEKTA JJIs MPE3EHTAMU: COCTABIATh U PEIaKTUPOBATH
TEKCThI, (OPMHUPOBATH MPE3EHTALIUIO IPOEKTA;

* yMeHHUe paboTaTh B KOMaH/IE;

* yMEHHE IMyOJINYHO IPEJCTABISATh PE3yJIbTaThl COOCTBEHHOM 1€ATEIbHOCTH;

* KOMMYHUKa0eJIbHOCTh, MHUIIMATUBHOCTh, TBOPYECKHUE CIIOCOOHOCTH.

COOTBCTCTBYOIUMHA

Kpumepuu BbICNABNIEHUA OYCHKU YUACMHUKAM npoekma

BBIITIOJIHACMOMY IMPOCKTY

Hubie
KommeTenmum,
yHHUBEpCaJbHbIE
CBSI3aHHBIC C
KOMIIETEHIINHI
HCIOJIb30BaHUEM
(KOMMYyHUKa0eINb
COOTBETCTBYIOIIUX HOCTE
[Tpodeccruonanbubie BBITIOJTHSIEMOMY ’ OT4eTHOCTD
Ornenka WHUIIMATHBHOCTb,
KOMITETEHIIUH MIPOCKTY
yMeHHe paboTaTh
TEXHUYECKUX
B «KOMaHJIE,
CPE/CTB U
yIpaBJIeHUYECKUE
MH(OPMALIMOHHBIX
. HaBBIKH U T.]I.)
TEXHOJIOTHIA

«Ot1muno» | PaGorta BeimonHeHa Ha | TexHuueckue Crynent npossun | [Ipoekt
BBICOKOM cpeiacTBa U | UHULIMATHUBY, MPEJICTaBICH
npodeccrnoHaTbHOM MH(OPMALIMOHHBIE | TBOPYECKHIA MOJIHOCTBIO U
YPOBHE. TEXHOJIOTUH MoAXO0/, B CPOK.
[IpencraBneHHbIN OCBO€EHBI U | CIIOCOOHOCTH K
Marepuail B OCHOBHOM | UCIOJIb30BAHbI [JIs1 | BBIITOJIHEHHUIO
(akTUyecKu  BepeH, | peanu3aluu CJIOKHBIX
JIOTY CKaIOTCS MPOEKTa 3a/laHul, HABBIKU
HerpyObIe TTOJTHOCTBIO paboTsl B
(bakTHueckue KOJUIEKTUBE,

HerouHoctu. CTyaeHT OpTaHU3aIMOHHBI
CBOOOJHO OTBEUaET Ha € CIIOCOOHOCTH.
BOIIPOCHI, CBSI3aHHBIC

C IPOEKTOM.

«Xopomo» | Pabora Bemonnena Ha | OOHapyxuBatorcs | CTyneHT [Ipoekt
JIOCTAaTOYHO BBICOKOM | HEKOTOPbIE JIOCTAaTOYHO MpeACTaBICH
po¢eCCHOHATBHOM OIMOKH B | MOJHO, HO 0€3 | JOCTaTOYHO
ypoBHe.  JlomymieHo | UCIIOJIb30BaHUU WHUIMATUBBL W | IOJTHO W B
10 4-5 (aKTHYEeCKUX | COOTBETCTBYIOIIUX | TBOPUYECKUX CPOK, HO C
OIINOOK. CTyaeHT | TeXHUYECKUX Hax0JI0K HEKOTOPBIMU
OTBEYAET Ha BOIPOCHI, | CPEACTB U | BBITOJTHUI HenopaboTKa
CBSI3aHHBIE ¢ | uHQOPMAIIMOHHBIX | BO3JIOKEHHBIE Ha | MU.
MIPOEKTOM, HO | TEXHOJIOTUI HEro 3aJ]auH.

HEJIOCTAaTOYHO MOJIHO.
«¥YoBeTBO | YpoBeHb OOHapyXuBacT CrygaeHt [IpoexT cman
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Nurie

KommeTenmnum,
yYHHUBEpCaJIbHbIE
CBSI3aHHBIE C
KOMIIETCHITHH
HCIOJIb30BaHUEM
(koMMyHHKa0ETh
COOTBETCTBYIOIIUX HOCTE
[Tpodeccronanbubie BBITIOJTHSIEMOMY ’ OT4eTHOCTD
Onenka MHUIUATUBHOCTb,
KOMITETEHIIHU MIPOEKTY
yMeHHe paboTaTh
TEXHUYECKUX
B «KOMaHJIE»,
CpeICTB U
yIpaBlIeHYECKUE
UH(OPMALIMOHHBIX
o HAaBBIKH U T.]I.)
TEXHOJIOTHIi
PUTENBHO» | HEAOCTATOYHO BBICOK. | HEIOCTATOYHOE BBITIOJTHUII co
Honymeno 1o 8 | Bi1ajgeHue OOJBIIYI0O YacTh | 3HAUYUTEIbHBI
(hakTHIECKUX HaBBIKAMHU PalOTHI | BO3JIOKEHHON Ha | M
OILINOOK. CTyneHT | ¢ TEeXHHYECKMMH | Hero padoThl. OII03/ITaHUEM
MOXKET OTBETHUTH | CPEACTBAMU u (6omnee
JMIIb Ha HEKOTOPBIE | COOTBETCTBYIOIINM HE/eNn) U He
u3 3aJJaHHBIX | U MOJIHOCTBIO
BOIIPOCOB, CBSI3aHHBIX | HH()OPMAIIMOHHBIM
C MIPOEKTOM. Y TEXHOJIOTUSIMH
«Heynosner | PaGora He BhimonHeHa | HaBeikoB paboTsr ¢ | CTyaeHT IIpoekr  He
BOPUTEIBHO» | WM BBIMIOJIHEHA HA | TEXHUYECKUMU MPaKTUYECKH HE | CHaH.
HU3KOM YPOBHE. | CpEACTBAaMU  HET, | paboTai, HE
Jonymeno ©Oonee 8 | HHPOPMAIIMOHHBIE | BBIIOJHWI  CBOU
(akTHIECKUX TEXHOJIOTHH HE | 3371241 170031
omnOok. OTBETHl Ha | OCBOEHBI BBITOJTHIII JIUIIb
CBSI3aHHbBIE c OTJeNIbHBIC HE
MPOEKTOM  BOIIPOCHI CYILIECTBEHHbBIE
00Hapy>KUBAIOT MOpYYECHHS B
HEMOHUMaHHe rpyHIoBOM
npeaMeTa U MIPOEKTE.
OTCYTCTBHE
OpHUEHTAINH B

MaTepHalie IMPOCKTa.

Cmyoenmol 00NdCHbI: 3AIUTUTH MPOEKT B PEXUME MPE3CHTALUU, NPEIbsIBUTH (ailiibl
BBITIOJIHEHHOTO TIPOEKTa, YMETh paccka3aTh O TEXHOJIOTHSX, HUCIOJIb30BAaHHBIX HMHU IpU
BBIMIOJIHEHUH MTPOEKTA, AaTh OIIEHKY PaOOThl KaXKJOT0 WieHA IPYMIIbI (eciu npoekm 2pynnogoll).

M S

I[IpumepHbIe TEMbI HHANBUAYAJbHBIX TBOPYECKHUX MPOEKTOB

[IpoeKT «DneKTPOHHBIN CI0BAPHY;
[IpoekT «OkcnepTHas cuctema s JUarHOCTUKU 3J0POBbsI»;
[IpoekT «JIMHrBUCTHYECKAS SKCIIEPTHASI CUCTEMAY;
[TpoekT «DkcnepTHas cucTeMa Jjisi JUArHOCTUKH YCTPOUCTBAY;
[Ipoekt «O0y9aromas SKCIepTHAS] CUCTEMAY).

3.6. Memoouueckue pexomeHOayuu no NOO2OMOGKe K IK3AMEHAM U 3a4emam
N3yuenne MHOTUX 0OHICIPOGECCHOHANBHBIX U CHECIMATBHBIX JTUCIUIUIMH 3aBEepIIacTCs
sKk3aMeHOM. [10roToBKa K 2K3aMEHY CIIOCOOCTBYET 3aKpEIICHHIO, YIIyOIeHUI0 H 0000IEeHUIO
3HAHWH, MOJyYaeMbIX, B TMpolecce OOydYCHHS, a TaKKe MPUMEHEHHI0 HX K PEHICHUFO
MPAaKTUYECKUX 3a7ad. ['0TOBSACH K 5K3aMEHy, CTYIEHT JIMKBUIUPYET HUMEIOIIHUecs MpoOessl B
3HAHMAX, YIIIyOJsieT, CUCTeMAaTH3UPYET U YIOPsA0YMBACT CBOM 3HaHMsA. Ha sK3aMeHe CTyAeHT
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JEMOHCTPHUPYET TO, YTO OH MpuoOpen B TMpolecce OO0ydeHUs MO KOHKPETHOW yueOHOMH
JTUCIUILTUHE.

DK3aMEHAIMOHHAsI CEeCCHS - ATO CepUsl dK3aMEHOB, YCTAHOBIICHHBIX YYEOHBIM IJIAHOM.
Mexny sk3ameHamu uHTepBal 3-4 nHs. He cnemyer mymate, uto 3-4 AHS AOCTAaTOYHO MIJISI
YCHEIIHOM MOATOTOBKH K 3K3aMEHaM.

B 511 3-4 nHsA HY)KHO CHCTEMAaTH3UPOBATH YK€ UMEroIuecs 3HaHusA. Ha koHcynbrammmn
nepes 9K3aMEHOM CTYIEHTOB MTO3HAKOMST C OCHOBHBIMH TPeOOBAHUSMU, OTBETAT HAa BO3HUKIIINE
y HUX Borpochl. [IoaToMy nocerienre KOHCYJIbTaluil 00s13aTeNbHO.

TpeboBanust K OopraHM3alvy MOATOTOBKU K AK3aMEHaM T€ JK€, YTO W NPHU 3aHATHUAX B
TE€YEHHE CEeMecTpa, HO COOJII0JIaThCs OHU JOJDKHBI Oojiee cTporo. Bo-mepBbIX, OYeHb Ba)KHO
cOOJIIOJICHHE peKUMa JIHS; COH He MEHee 8 4acOoB B CYTKHM, 3aHATHUS 3aKaHUMBAIOTCS HE TO3]HEE,
yeMm 3a 2-3 daca 10 cHa. OnTUManbHOE BpeMsl 3aHATUH, OCOOEHHO 110 MaTEeMaTHKE - YTPEHHUE U
JHEBHBIE 4ackl. B mepepbiBax MeEXIy 3aHATUAMH PEKOMEHAYIOTCS TPOTYJIKH Ha CBEXKEM
BO3/JlyX€, HEYyTOMUTEJIbHbIE 3aHATUS CHOPTOM. BO-BTOpBIX, HaauMuue XOPOUIMX COOCTBEHHBIX
KOHCIIEKTOB Jekiuid. [laxke B TOM ciydae, ecnu Oblla MpOMyIIeHa Kakas-Tu0o JeKIus,
HEOOXOJMMO BO BpEMsl €€ BOCCTaHOBUTH (IepenucaTh ee Ha Kadenape), o0aymarb, CHATh
BO3HHKIIIKE BOIIPOCHI JUI TOTO, YTOOBI 3alIOMUHAHUE MaTepHaja OblJI0O OCO3HAHHBIM. B-TpeTbux,
IpU NOJArOTOBKE K dK3aMEHaM y CTYJIEHTa JOJDKEH OBITh XOpOIIWH YYEOHHUK WM KOHCIEKT
JUTEpaTyphl, IPOYUTAHHON 0 YKa3aHHUIO MPENOJaBaTelIsl B TEUYECHHE CEMECTpa. 31€Ch MOXHO
3¢ (HeKTUBHO UCIIOIB30BATH JIUCTHI OLIOPHBIX CUTHAJIOB.

Baauane cnemyer mpocMOTpeTh BECh MaTe€puall IO CAABA€MOW IJUCLMILIMHE, OTMETUTH
Uit cebst TpynaHble Bompochl. OO0si3aTenbHO B HUX pa3zoOpaThcs. B 3akimiouenue emie pas
11es1eco00pa3HO MOBTOPUTh OCHOBHBIE IOJIOKEHHSI, WCHOJBb3Ys MPH 3TOM JIMCThl OHOPHBIX
CUTHAJIOB.

CucremaTnyeckasi IOArOTOBKA K 3aHATHUSAM B TEUEHHE CEMECTPA MO3BOJIUT UCIOJIb30BaTh
BpeMs SK3aMEHAIIMOHHOM CECCUU JJI CHCTEMATH3alliN 3HAHUM.

IIpasuna no02omosxu K 3auemam u 3K3aMeHam.

* Jlyume cpa3dy COpUEHTHpPOBATHCS BO BCEM MarepHalie U 0053aTeNbHO PAaCHOJIOKUTh
BECh MaTepHall COIVIACHO SK3aMEHAIMOHHBIM BOIpocaM (WM BOIpocaM, OOCYKAaeMbIM Ha
ceMHUHapax), 3Ta paboTa MOXET 3aHSITb MHOIO BpPEMEHH, HO BCE OCTAJbHOE — 3TO YK€
TEeXHUYECKHE JIeTalu (TJIaBHOE — 3TO OPUEHTUPOBKA B MaTepuaie!).

« Cama MOArOTOBKa CBsi3aHA HE TOJIBKO C «3amoMuHaHuem». IlonroroBka Takxke
IpeIoaraeT u IepeoCMbICICHUE MaTeEpHaa, U Jake PaCCMOTPEHNE aJIbTEPHATUBHBIX UIEH.

* ['0OTOBUTH «ILMAprajgku» MOJIE3HO, HO MOJIb30BAThCA UMU PUCKOBAHHO. [ J1aBHBIN CMBICTT
INOJArOTOBKM «IINAprajiok» — 3TO CHCTEMaTu3allis M ONTHUMH3alus 3HAHUM 10 JaHHOMY
IpeaMEeTy, 4TO CaMo o ce0e MPEeKpPacHO — ATO OUEHB CIIOXKHAS U BayKHAs ISl CTyJIeHTa padoTa,
Oosee cloXKHas M BaKHas, YeM IPOCTOE IOIJIOUIeHHe Macchl yuyeOHoM mHpopmauuu. Ecnu
CTYJEHT CaMOCTOSITEJIbHO MOJArOTOBHJI TaKUE «IIMAPTralKu», TO, CKOPEE BCET0, OH U SK3aMEHbI
ciaBath Oyner Oosiee yBEpeHHO, TaK Kak y HEero yxke chopMuUpoBaHa 0O0Ias OpUEHTHPOBKA B
CJI0’)KHOM MaTepuae.

* Kak 5T0 HM napaJoKcaJbHO, HO HCIOJb30BAHUE «ILUNAPrajiok» 4YacTo IO3BOJSAET
OTBEUAIOLIEMY CTY/AEHTY JIydlle JAEMOHCTPUPOBATH CBOM MO3HAHMS (TOYHEE — OPUEHTHPOBKY B
3HAaHUSAX, YTO HAMHOTO Ba)KHEE 3HAHUS «3alIOMHEHHOI'O» M «TYT K€ 3a0bITOro» IOCie Cla4yu
9K3aMEHa).

» CHauana CTyJeHT JIOJDKEH MPOAEMOHCTPUPOBATh, YTO OH «YCBOMJD BCE, UTO TpedyeTcs
0 IporpaMMe 00y4eHHUs (WM 110 MPOorpaMMe JJTaHHOTO MPENo1aBaTesl), U JIUIIb [OCIe 3TOr0 OH
BIIPABE BBICKA3aTh MHBIE, )KEIATEIbHO apPTyMEHTUPOBAHHbBIC TOUKU 3PEHUS.

4. KoHTpPOJb cCaMOCTOSATEIbHON PA00THI MATUCTPAHTOB

KOHTpOHB CaMOCTOSITEIIbHOM pa6OTbI MMPOBOAUTCS NPCIIOJAABATCIIEM B Ay IUTOPHUH.
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[IpenycMoTpensl cneayromue BUABI KOHTpossA: coOecenoBaHME, OLEHKa pedepara,
OIICHKA MPE3EHTAIH, OLICHKA YYacTHsI B KPYIJIOM CTOJIE, OLIEHKA BBITIOJIHEHUS TIPOEKTA.

[TonpoOHbIE KpUTEpUU OLIEHUBAHHUS KOMIIETCHLMH NpuBeJeHbl B DOHIEC OIEHOYHBIX
CPEJICTB AJIsl IPOBEJCHUS TEKYLIEH U MPOMEXKYTOUHOM aTTecTaliH.
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Pexomenayemas iureparypa:
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Haxoautcs B 6a3zoBoii Bepcuu DbC IPRbooks.

2. CricoeB, [I. B. BBenenue B TEOpHIO HMCKYCCTBEHHOTO HWHTEJUICKTA : Y4eOHOE
nocobue / JI. B. Crsicoes, O. B. Kypunra, /1. K. I[Ipockypun. — Mocksa : A#t [lu Ap Menaua,
2021. — 170 c¢. — ISBN 978-5-4497-1092-5. — Tekct : osnextponsblii // Lludposoi
o0pa3oBaTeNbHBIN pecypc IPR SMART : [calT]. — URL:

https://www.iprbookshop.ru/108282.html

8.1.2. IlepeueHb JONOIHUTEIBHON JIUTEPATYPBI:
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Mouorpadus / AepuenkoB B. W. - bpsHck : BpsHCkHMII rocyaapCTBEHHBIH TEXHHYECKHM
yHuBepcureT, 2012. - 181 c. - Kuura Haxonutcs B 6a3oBoit Bepcuu DBbC [PRbooks. - ISBN 5-
89838-328-X

2. [TaBnos, C. U. CucteMbl HCKYCCTBEHHOTO MHTEJUICKTA : yueOHOoe mocooue : [16+]
/ C. W. IaBnoB. — Tomck : ToMckuif TOCYAapCTBEHHBIH YHHBEPCUTET CHUCTEM YINPABICHUS U
pamuosnekrponuku, 2011. — Yacte 1. — 175 c. — Pexxum nocrymna: mo moamucke. — URL:
https://biblioclub.ru/index.php?page=book&id=208933

3. [TaBnos, C. U. CucteMbl HCKYCCTBEHHOI'O MHTEJUIEKTA : yueOHoe nocodue / C. U.
ITaBnoB. — Tomck : ToMmMckuil ToOCyJapCTBEHHBIM YHMBEPCUTET CHUCTEM YIPAaBICHUSA H
pamuosnektponuku, 2011. — Yacte 2. — 194 c. — Pexxum nocryma: mo moamucke. — URL:
https://biblioclub.ru/index.php?page=book&id=208939

4. Ceprees, H. E. Cuctembpl HCKYyCCTBEHHOTO MHTEIIEKTA : yueOHOe Tocodue : [16+]
/ H. E. Ceprees. — Taranpor : FOx#Hblil ¢penepanbublit yausepcuret, 2016. — Yacts 1. — 123 c. :
CXEM., ui., TaoII. — Pexum JIOCTyTIA: o MOJINNCKE. — URL:
https://biblioclub.ru/index.php?page=book&id=493307

5. Cothuk, C. JI. IIpoexTupoBaHue cUCTEM UCKYCCTBEHHOI'O MHTEIJIEKTA : yueOHOe
nocobue / C. JI. CotHuk. — 3-e u3n. — MockBa : MHtepHer-YHuBepcurer MHpopMannoHHbIX
Texnonoruit (MHTYUT), Aii [Tu Ap Menua, 2021. — 228 ¢. — ISBN 978-5-4497-0868-7. —
Texcr : anexktponHslit // Lludposoit obpazoBarensubiii pecypc IPR SMART : [caiir]. — URL:
https://www.iprbookshop.ru/102054.html.
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tepmuHax u (akrax. - M.: OUBMATIIUT, 2006. - 768 c. — JocrymHo: http://physics-for-
students.ru/bookpc/informatika/slovar.zip

2. HBaHoB B. OcHOBBI HCKYCCTBEHHOTO WHTEJUICKTa -
https://libtime.ru/expertsystems/osnovy-iskusstvennogo-intellekta.html

3. Pomanos I1.C. OCHOBBI HCKYCCTBEHHOI'O MHTEJIEKTa; Y4eOHO-METO/. nocodue. —
http://www.studfiles.ru/preview/2264160/
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u nepepab. — PocroB w/[l: ®enuxc, 2007. — 446 c. — J[ocrynHo: http://physics-for-
students.ru/bookpc/informatika/Sobol.rar
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