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

BBEJIEHME

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

3az[aq1/1 OCBOCHHA AUCHUIUIMHBI — IIOMOYb CTYJACHTAM OBJIAACTb HABBIKAMH W 3HAHUSIMU B

obnactu HCKYCCTBCHHOI'O MHTCIIJICKTA

HaumeHnoBaHue J1a00paTOPHBIX padoT

Ne Tembl
JIUCITUILI
HUHBI

HanmeHnoBaHue Tem JUCHUITIINHBI,
HX KPAaTKOC COACPKAaHUC

O0BeM 4acoB

W3 HuX mpakTuyeckas
MOATOTOBKA, YaCOB

5 cemecTp

AHaJu3 COBPEMEHHOI'0 COCTOSIHUS
00JIaCTH UCKYCCTBEHHOTO
HNHTCJIJICKTA.

3HaKOMCTBO C IPUHIUTIAMU
(bYHKIMOHUPOBAHUS
HCKYCCTBEHHBIX HEHPOHHBIX
ceTen

[TpuHIMIIBI KITacCUpUKATN
00pa3oB C MOMOIIBIO
MCKYCCTBEHHBIX HEHPOHHBIX
cereil. DyHKINU, MacCUBBI U
00beKTHI B Python

Pemenne cnoxHbIX 3a0a4
KJTacCU(UKALIUHU C TIOMOIIIBIO
HCKYCCTBEHHBIX HEHPOHHBIX
cerel. Pactipoctpanenue
CUTHAJIOB 110 HEWPOHHOM CETH.

Pemrenune cioXHBIX 3a7a4
KJTacCU(UKALIUHU C TIOMOIIIBIO
HCKYCCTBEHHBIX HEHPOHHBIX
cereil. MeToj1 06paTHOTO
pacrpocTpaHeHus

OOHOBIIEHHE BECOBBIX
ko dunmentos. Habop
pyxonucHbIX 1ubp MNIST

TecTupoBaHue HEUPOHHOU CETH
JUTSl pacTiO3HaBaHUs PYKOTMCHBIX
upp MNIST

Htoro 3a 8 cemectp

16

Hroro
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CTPYKTYPA U COAEPKAHUE ITIPAKTUYECKUX PABOT

JlabopaTtopnasi pabora 1.
AHaJNu3 COBPeMEHHBbIX POrPaMMHBIX cpeAcTB ¢ npuMeHnenuem MU

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

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

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

Ne | HoxymeHT JHata Cent | Cpokn Hemu n Otserct | OcHO

i/ OPUHAT | JIKAa | peanu3aluy | 3aJa4u BEHHBIE | BHBIE

0| us Ha (ecn B ITyHKT
JIOKY | UMEIOTCS) peanusa | bl
MEHT TUU

1. | «HamnonanrHast
cTparerus
pa3BUTHUS
HCKYCCTBEHHOTO
HHTEJUIEKTA Ha
nepuon 10 2030
roza»

3ananmue 2.

[ToaroroBsTe coobIIeHNE (TEKCT U MPE3CHTAIUIO) O JTF0OOM U3 TIEPEUUCIICHHBIX B TabmuIle 3agaHus
1 noxymenToB. BybTe roToBBI pacckas3aTh €ro rpymie.

3aganue 3.

W3yuuB nuTepaTypHbIe HCTOYHUKH U MaTepHajbl U3 ceTH VIHTEpHET, 3aIOHUTE CIIETYIONTYI0
Tabnuiy « HopMaTuBHO-TIpaBOBBIE OCHOBBI PA3BUTHS UCKYCCTBEHHOT'O MHTEIJIEKTA B MUPE» (IPUBECTH

HE MEHee 7 CTpaH):
Ne | Ctpana | Jlokyment | [laTta Cpoxku peanuszanuu [enu u 3anaumn
/ NpUHATUS | (€CTTM UMEIOTCS)
11
1. 1.1.

1.2.
2.
3ananue 4.

I/I3y‘{I/IB JIATCPATYPHBIC UCTOYHUKHU U MAaTCPUAJIBI U3 CCTU I/IHTepHCT, 3aIOJIHUTC CIICAYIOIIY IO

tabnuiy «IIpumeps! Texnomoruit UM B moeit mpodeccrnonanbHOM cdepe» (MpUBECTH S- 7 TEXHOIOTHH):
Ne | HasBanue Pazpabotun | Bpems Onucanue IIpumepsl
1/ | TEXHOJIOTUHU | K TIOSIBJICHUS BO3MOXKHOCTE MCIOJIb30BaHUs

4




TEXHOJIOTUN | TCXHOJIOTUHU TEXHOJIOTUU TEXHOJIOTHUHU B
npodeccuoHaNbHOMI

chepe

N [—

3aganue 5.
[ToaroroBsTe cOOOIIECHNE (TEKCT U MPE3CHTAIUIO) O JTF0OOM U3 TIEPEUUCIICHHBIX B TaOIUIC 3a1aHus

4 TexHonoruil. bypTe roTOBBI paccka3aTh €ro rpyiirme.

CnenaiiTe BBIBOJ O TIpO/ieIaHHOMN paboTe.

JlaGopaTopHnasi pabora 2
3HAKOMCTBO ¢ IPUHIUNAMH PYHKIMOHMPOBAHNUS MCKYCCTBEHHBIX HEHPOHHBIX
ceTeH U € A3bIKOM nporpammuposanus Python
Leab: paccMOTpeTh NMPUHIUIIEI (YHKIIMOHUPOBAHUSI MCKYCCTBEHHBIX HEHPOHHBIX
CEeTel M MO3HAKOMUTKCS C S3BIKOM MporpammupoBanust Python.

3aganue:
1. 3yuuTh TEOpETUUECKOE BBEACHUE.
2. OTBeTUTHh Ha KOHTPOJIbHBIE BOIMPOCHI, MPUBEICHHbIE B KOHIIE J1a0OpaTOpHOM

paboTHL.
3. DBbINONHATE  MpakTHYECKWE  3aJaHUsl C  MCIOJb30BAaHMEM  S3bIKa

nporpammupoBanus Python.

4. CoctaBUTh OTUYET O JaOOpaTOpHOU padoTe. Tpebosanus Kk omuemy:

OTtuér npenocraBisieTcsl B IEKTPOHHOM BHUJE B TEKCTOBOM penakrope MS Word.
B otuére ykazpiBarorcs:

1) ®amunus cTyieHTA.

2) [MopsiakoBBI HOMEP ¥ Ha3BaHKE JTAOOPATOPHOI pabOTHI.

3) Lenb paboThI.

4) OTBeTHI Ha KOHTPOJBHBIE BOIPOCHI.

5) Omnucanue pelieHHs BBINOJIHEHHBIX 33JaHUM  J1a0OpaTopHOW padoThI,

coaepaiiee: a) Gopmynuposky 3a0anus, 8) CKPUHWOM BbINOJHEHHO20 3A0AHUS,

cooeparcawuti pamunuio cmyoeHma.
3amuTa 1a00paTOpHON PabOTHI OCYMIECTBISIETCS MO OTYETY, MPEACTABICHHOMY

CTYACHTOM U C I[CMOHCTpaHHeﬁ 3aaHnA Ha KOMIIBROTCPC.

Teopernyeckoe BBeIeHUE

1. BBenenue
2. [IpuHIUIBl GYyHKITMOHUPOBAHMS HCKYCCTBEHHBIX HEHPOHHBIX CETEH

1. BBenenue
KomnbroTepsl B 00IlEM CMBICIIE — 3TO KaJIbKYJISTOPHI, CIIOCOOHBIE BBIMOJHSITH

apu(METHUYECKUE OIEepalui C OTPOMHON CKOPOCThIO. JTa OCOOECHHOCTH KOMIBIOTEPOB




MO3BOJISIET UMM OTJIIMYHO CHPABIATBCA C 3aJadyaMy, AHAIOTUYHBIMU TEM, KOTOPBIE
PELIAlOTCA C MOMOIIBK KAIBKYJISTOPOB: CYMMHUPOBAHUE UYMCEIl C LEJBIO OINMPEACIICHUS
00BbEMOB MpojaXK, MPUMEHEHUE MPOILEHTHBIX CTAaBOK JJIi HAYKMCJICHUS HAJIOTOB WM
MOCTpoeHUE TpaUKOB HAa OCHOBE CYIIECTBYIOIINUX JaHHBIX.

Jlaxxe TpPOCMOTP TEJIEBU3UOHHBIX MPOTrpaMM WJIA IPOCIYLIMBAHUE ITOTOKOBOU
My3bIKU 4Yepe3 MIHTEepHeT ¢ MoMOoIIbI0 KOMIIbIoTEpa He TpeOyeT 4ero-To OOJbIIero, Yem
MHOTOKpPAaTHOE BBITIOJTHEHNWE MPOCTHIX apuMmeTHdeckux orepanuil. PexkoHcTpykius
BHUJICOKAJIpA, COCTOSILErO CIUIONIb M3 €IUHHUI] U HYJEH, KOTOPBIE MOCTYHAKOT HAa Ball
KOMITBIOTEP TIO CETH, TAKKE OCYIIECTBIISCTCS IyTEM BBITIOJHECHHS apu(hMETUUECKUX
JEHUCTBUMN, JIWIIIb HECHAMHOTO 00JIee CJI0KHBIX, YeM CYMMHUPOBAHHE YUCE.

CI10’)K€HHME YKCEN C TUTAaHTCKOM CKOPOCTBIO — THICAYH WJIM MUIJLJIMOHBI OTNIEPALIAN B
CEeKYHJly — 93TO BHeYaTISOmUA >PEGEeKT, HO €ro Helb3s Ha3BaTh MPOSIBJICHUEM
MCKYCCTBEHHOI'0 MHTEJIJIEKTA. Jlaxke eClii 4esIOBEeKY TPYIHO CKJIAJbIBATh B YME OOJIbIIINE
qucIia, JaHHBIM MpoliecC BOBCE HE TPeOYyeT 0cOo00To MHTEIIEKTa. J{JIs TaKuX BBIYMCICHUN
JIOCTATOYHO CIOCOOHOCTU CJIEIOBATh DJEMEHTAPHBIM HWHCTPYKUUSIM, U HMEHHO 3TO
MIPOUCXOIUT BHYTPH JIFOOOTO KOMITbIOTEPA.

[TocmoTpeB Ha Kakue-11M00 U300paKeHUs], YEIIOBEK MOKET JIETKO OIMPEACNIUTh, YTO
Ha HUX U300pakeHo. Mbl cIOCOOHBI MTPAKTUYECKA MTHOBEHHO M C BBICOKON TOYHOCTHIO
pacrno3HaBaTh OOBEKTHI, HA KOTOPHIEC HAMPABIISIEM CBOM B3TJISA/, U MPU TOM OYEHb PEIIKO
omubaeMcsl.

Kotuk I'utapa Komnbrorep

B mpomecce ananuza wm300pakeHMid W KiIacCU(UKAIIMM OOBEKTOB HAIl MO3T
oOpabarpiBaeT orpoMHble 00beMbl HH(pOpManuu. KommbioTepy ke TpyAaHO pemniaTh
no/100HbIE 3a/1a4H, @ TOYHEE — HEBEPOSATHO TPY/IHO.

Jlerko TpynHo

Tpyano Jlerko



IHpuHuuns! GyHKIUMOHUPOBAHUS MCKYCCTBEHHBIX HEHPOHHBIX ceTel

[IpencraBpTe MPOCTYIO MNPOTHOZUPYIOUIYI0 MAIIMHY (MPEIUKTOp), KOTOpas
MOJIy4aeT BOIIPOC, COBEPIIAET HEKUU ‘“MBICIUTENBHBIN TPOLIECC U BbIIAET OTBET. Bee
IIPOUCXOJUT IPUMEPHO TAK, KaK B IPHUBEJACHHOM BBIIIE IIPUMEPE C PACIO3HABAHUEM
00pa3oB, B KOTOPOM BXOJHasi MH(OpMalKs BOCHPUHUMANACh HAIIMMHU TJa3aMu, Jajnee
Halll MO3T' AHAJM3UPOBAJl N300pakeHHE, TIOCIIE YEro Mbl JIEJIaji BbIBOJbl OTHOCUTENIBHO
TOr0, Kakue OOBEKTbl UMEIOTCA Ha JAaHHOM H300paK€HHH. DTO MOXKHO NPEACTABUTH C
MTOMOIIBIO CIICIYIOIIECH CXEMBI.

Bonpoc -—% AHAAUS ——? omBem

Ho xommbproTepsl HE MOrYT I[O-HAcTOSIIEMY JyMmaTh, MO3TOMY Oyaem
UCIIOJIb30BaTh JPYIyI0 TEPMHHOJIOIHIO, 00JIe€ TOYHO COOTBETCTBYIOLIYID TOMY, 4TO
IIPOUCXOJUT HA CaMOM JIeIe.

8602 —% D palamic ——} BeiBod

(pacuem)

KomriproTep nosydaet BXOJHYIO HH()OPMAITHIO, BRIMOIHSIET HEKOTOPHIE PACUETHI U
BBIJIACT pe3yJbTaT. OTOT TPOLECC CXEMAaTUYECKH TMPEJCTaBICH Ha CleAyIomen
wuniocTpanuu. Bxognas mHopmarus, 3amanHas B Buue “3x4” , oOpabaThIBaeTcsi ¢
BO3MOYKHOM 3aMEHOU OTepariiii yMHOXKEHHUs 00JIee TPOCTHIMY OTIEPAIIASIMHE CIIOKEHUS, U
BBIJIACTCS BBIXOJTHOU pe3ynbTar “12”.

acyem
LLE] —% F ‘—? Bwifod

3 x4 4+4+4 12

JIaHHBIM TPOCTOM M XOPOLIO 3HAKOMBIM MPUMEP HCIIOIB3YEM ISl BBEICHUS
MOHATUH, KOTOpBIE Jajee OyayT MPUMEHEHBI K 00JIee CIIOXKHBIM acClieKTaM HEUPOHHBIX
CEeTeN.

Hanee ycnoxnum 3anauy. [IpencraBpTe, 4TO MaliMHa J0KHA MPeoOpa3OBbIBAThH
KWJIOMETPHI B MUJIU.



KUAOMEMPBI -——5 pacyem ! ‘_? MuAu

29?

[Ipennonoxum, dto dopmyia, mnpeolOpasyromias KAJIOMETPhl B MUJIH, HaM
HEU3BeCTHA. Bce, 4TO MBI 3HaeM, — 3TO TO, YTO JIAHHBIC €AUHUIBI U3MEPEHHS CBS3aHbI
MEXIy coOOW JMHEWHOW 3aBUCHUMOCTBIO. ODTO O3HA4Yae€T, 4YTO €CIU Mbl YJIBOUM
KOJINYECTBO MHJIb, TO KOJWYECTBO KHJIOMETPOB, COOTBETCTBYIOLIEEC JTAHHOMY
PaCCTOSIHUIO, TAKXKE yABOUTCS. Takasi 3aBUCUMOCTh BOCIIPUHUMAETCA HAMUA UHTYUTHUBHO.

CyliecTBOBaHUE JIMHEWHOTO COOTHOILICHUSI MEXKYy KUJIOMETPAMU U MUJISIMUA JTA€T
HaM KJII0Y K pasrajike GopmyJibl sl BeiurucieHuit. OHa MO0JKHA UMETh CJICYIOIINI BUI:
MUY = Kuiomempul * ¢, Tie ¢ — KOHCTaHTa, BEJIMYMHY KOTOPOM MBI ITOKA YTO HE 3HAEM.

EnMHCTBEHHBIMU  JIOTIOJIHUTEIBHBIMM  TOJICKa3KaMHU HAaM  MOTYT  CIY>KHUTh
OT/CJIbHBIC TPUMEPHI MPABUIBHOIO BBIPAXKEHUSI PACCTOSTHUM B KUJIOMETPAX W MHJISX.
Ot mpuMepsl OyAyT BBICTYyHaTh Kak Obl B POJM DKCIEPUMEHTAIBHBIX JaHHBIX,
OTPAXAIOIIUX HCTHUHHOE TOJIOKEHHUE BEIIECH, KOTOPBIE MBI MCIIOJIB3YEM IS POBEPKHU
CBOEU HAyYHOU TEOPUHU.

0 0
100 62,37

Uto HYXHO cHaenaTh AJig TOTO, YTOOBI OMNPEACIUTh HEJOCTAIONIYIO BEIUYUHY
KOHCTaHThI? JlaBaiiTe mpocto mojactaBuM B GOpMYyITy Kakoe-In0o ciydailHOe 3HaueHUe.
Hanpumep, npeanonoxum, yto ¢=0,5, 1 HOCMOTPUM, YTO IIPU 3TOM NPOU30MUJIET.

MuAu = \
KuAoMempbol -—% KUuAoMempol X —ﬁ MuAU

100 50

0.5

31ech MBI OACTaBIsAEM B GOpMyITy muiu = kuiomempuol * ¢ 3Hauenne 100 BMecTo
Kuiomempuvl U TeKyliee npooHoe 3HaueHue 0,5 BMECTO KOHCTaHTHI C. B pe3ynbrare Mbl
rnoxy4aeM oTBeT: S0 MuJb.

DTO BOBCE HEIIOXO, €CJIH YUYECTh, UTO 3HaUeHHue ¢c=0,5 ObLJI0 BRIOPAHO CIIy4YaliHBIM
oOpa3zom! Ho MBI 3HaeM, 4TO OHO HE COBCEM TOYHOE, MOCKOJBKY MpUMEp 2 UCTUHHOIO
COOTHOIIEHHUSI TOBOPUT HAM O TOM, UTO ITPaBWIbHBIA OTBET — 62,137.

Msb1 omubnucey Ha 12,137. DTO 4YMCIIO MPENCTABISET BEIWMYMHY OIIMOKH, T.€.
Pa3HOCTb MEXIYy HMCTUHHBIM 3HAYCHHEM W3 HAILErOo CIHCKAa NPUMEPOB M PACUECTHBIM
3HAYEHUEM.



oumbKa = MCTHHA - pacdeT
62,137 - 50
=12,137

Muau =
KUAOMEMP bl -—é KUAOMEMPDI X ‘—7 pacyemmbie MuAu
o5

100 50

npabBuappii ombem
62,137

owiudica
12,137

Uto panbiie? Mbl 3HaeM, 4TO OMIMOIMCh, U HaM H3BECTHA BEJIUYMHA OIIHOKHU.
Hcnonb3yem 3Ty UHPOpPMALIMIO AJIE TOrO, YTOOBI MPEJIOKUTh OoJiee yaauHoe MpoOHOe
3Ha4Y€HUE KOHCTAHTHI C, YEM TIEPBOE.

Bepnemcsa k ommbke. Mpl ommbnauch Ha 12,137 B CTOpOHY MEHBIIMX 3HAYCHUH.
Tak kak dopmyrna s npeoOpa3zoBaHUs KWIOMETPOB B MWIM JIMHEWHAS, Muiu =
Kuiomempul * ¢, Mbl 3Ha€M, YTO YBEJIMYEHHWE C TPUBEAECT K YBEIUYECHUIO
PE3YIABTUPYIOILIETO 3HAYEHHUS.

JlaBaliTe HEMHOro mojAMNpaBUM C, 3amMeHUB 3HadyeHue 0,5 3nadyenuem 0,6, u
MIOCMOTPHUM, K YEMY ATO MPUBEIET.

[Tpunss mns ¢ 3nagenue 0,6, Mpl mory4aeM Muiu = KusoMmeTpol * ¢ = 100 * 0, 6 =

60. OTo yxe myurre, 4yeMm npeasiaymmii oTBeT — 50. Temepp ommbOka yMEHbIINIACH 10
2,137.

MuaAuw =
KUAOMEMPBI —% KUADMEMPET X i.——-? pacyemHbie MuAu
0,6

100 &0

npabusbHeili omBbem

el,157

owiudia
2,157

BHCCB BaXXHO TO, 4YTO BCIMYHMHA OIINOKH ImoACKa3ajla HaM, B KaKOM HallpaBJICHUH

CJIElyeT OTKOPPEKTUPOBATHh BEIUYHMHY C. MBI XOTENM YBEJIUYUTh BBIXOJAHOW pPE3yJbTaT
50, MOATOMY HEMHOTO YBEJINYMUJIH C.



BmecTo TOro 4ro0bl MCHONB30BaTh aNreOpy A HaXOXKACHHS TOUHON BEJIMYUHBI
MOMNPABKU, Ha KOTOPYIO CIEAYeT U3MEHUTh 3HAYEHUE C, Mbl MPOJOHKUM HCIOJIb30BATh
MOJIXO0/1, 3aKJIFOYAIOIINIICS B MOCTENIEHHOM YTOUHEHHH 3HAUYE€HMsI 3TOM KOHCTaHThI. Eciu
Bbl HE YBEpEHBI B MPABWJIBHOCTH TAaKOTO MOAXOJa M CUMTAETE, YTO ObUIO OBl HAMHOTO
IpOIIE Cpa3y ONPENENUTh TOYHBIM OTBET, TO HMMEWTEe B BUAY, YTO CYIIECTBYET
MHOKECTBO 0o0Jiee HHTEPECHBIX 3ajad, s KOTOPbIX HE CYIIECTBYET MPOCTHIX
MaTeMaTHYeCKUX (OpMyJ, CBSI3BIBAIOLIMX MEXIy COOOM BXOJHBIE M BBIXOJHBIC
3HayeHus. VIMEHHO MO3TOMY HaM M HYKHbI 0ojiee CJIOXHBIE METOAbl HaroaoOue
HEUPOHHBIX CETEU.

[IoBTOpMM YK€ 3HAKOMBIE HaM JeWCTBUA. BbpixomHou pesynpraT 60 Bee emie
CIIMIIKOM MaJl. JlaBaliTe BHOBb HEMHOT'O U3MEHUM KOHCTaHTY C, YBEJIMYUB €€ 3HAYEHUE C
0,6 10 0,7.

MUAU = ,
KuAOMeEmpol —% KuAoMempol X —? pacHemHble MUAU
o7

100 70

npabuabHolii ombem

el,1357

owiudka
-T,863

JlaHHO€ M3MEHEHHE MPUBOAMT K Pe3yJIbTaTy, NPEBBIIIAIONIEMY MPABUIbHBIA OTBET.
[Ipenpinymias omuOka Obiia paBHa 2,137, a Temepb oHa cocrtaBisieT -7,683. 3Hak
“MUHYC” TIPOCTO CBHUIETEIBCTBYET O TOM, YTO BMECTO HEJIOOICHKH HCTUHHOTO
pe3yibTaTa TMPOM3OIJIA €ro TMepeoleHKka (BeIWMYMHA OIMUOKH  OMpenemsieTcs
BBIPAKEHHUEM: MPABUIILHOE 3HAYEHNE MUHYC PacueTHOE 3HAUCHUE).

Urak, ¢=0,6 6bu10 TOpaszmo myume, yeM c=0,7. Celiuac Mbl MOTJIM ObI NIPU3HATH
Benu4uHy omuOku mpu ¢=0,6 yJOBICTBOPUTEIHHOW M 3aKOHUYUTH 3TO YIPKHECHHE.
OpaHako momnbITaeMcsi BBECTH OYEHb MaJIyIO MOIMPABKy M yBEIMYUTH 3HaueHue ¢ ¢ 0,6 1o,
ckaxewm, 0,61.

MUAU =
KuAoMempbl X
0,61

KuAoMempoi
100

pacHEMHBIE MUAL
el

npaBuabHbiii omBem
62,137

owiudka
1,137

10



[Tony4aercs ropasfgo JydlllMi pe3yJbTaT, YeM MNPEABbIAYIIHE, IIOCKOJBbKY TEIEPh
BBIXOJIHOE 3HaueHue 61 oTinmuaeTcs OT mpaBWJIbHOIrO 3HaueHus 62,137 Bcero nuumib Ha
1,137.

Wrak, mocienHsds MONBITKA HAaydujga HAC TOMY, 4YTO BEIHWYUHY IIONPABKU K
BEJIMYMHE ¢ HEOOXOIUMO KaXKIBIH pa3 ONpenessTh 3aHOBO. EciIM BBIXOAHON pe3ysbTaT
npUOIMKAETCs K MPAaBUIBHOMY OTBETY, T.€. €CJIM OLIMOKAa YMEHBIIAETCS, TO HE CIEIyeT
OCTaBJISATh BEJIUYMHY IMOMNpPaBKH MpekHed. Tem caMbiM Mbl H30e€raeM IepeoleHKH
3HAYEHUS 110 CPABHEHUIO C UCTUHHBIM, KaK 3TO ObUIO paHee.

He wucnonp3yss mowck TOYHBIX CHOCOOOB OMpEENIeHUsT BEIUYMHBI C M TO-
npexxHeMy (OKycHpysl BHUMAaHHE Ha HJee €€ MOCTENEHHOIO YTOUHEHHUS, MBI MOXXEM
MPEANOI0KUTh, YTO MOIMpaBKa JOJKHA BBIPAXKaTbCAd HEKOTOPOM H0jdell OomHuOKu. DTO
MHTYUTHBHO TMOHSTHO: OoJiblllasi OIIMOKAa YKa3blBAET HA HEOOXOJUMOCTH BBEIACHUS
OO0JIbIIEH MOMpPaBKH, TOT/Ia KaK Majasi OlIMOKa HY>K/1aeTCA B HE3HAUUTEJIbHOM MONpaBKe.

Bech onucanHbli mpoliecc paboThl B TOYHOCTH MEPENaeT CyTh Ipoliecca 00yueHus
HEHPOHHOHU ceTH. Mbl TPEHUPOBAIM MAIIMHY TaK, YTOOBI €€ MpeACKa3aHusl CTAaHOBUIIUCH
Bce OoJiee u 00s1ee TOUHBIMH.

Bui6oout

* ¥V MHOIMX KOMIIBIOTEPHBIX CHCTEM HMMEIOTCS KaHalbl BBOJA M BBIBOAA, MEXKIY
KOTOPBIMH HaJl JAHHBIMU BBITIOIHAIOTCS HEKOTOPBIE BBIYMCIIEHUA. B ciiydae HEMPOHHBIX
CETell IMEET MECTO OBITH JIpyTrasi CTPYKTypa pabOoTHlI.

 Ecnu TouHble OpUHLHUIB (YHKIMOHUPOBAHMS KaKOW-TMOO CHCTEMBI HaM
HEU3BECTHBI, TO MBI MbITAEMCS MOJIYYUTh MPEICTaBICHHE O TOM, KaKk OHa padoTaer,
UCIIOJIb3Ysl MOJENb C PEryJupyeMbIMU HapamerpaMu. Eciu Obl MBI HE 3HAIM, Kak
npeoOpa3oBaTh KWJIOMETPbl B MWIHM, TO MOIJIM Obl MCHOJB30BATH JJIA 3TOW LENU
JUHENHYI0 QYHKLIHIO B KAYECTBE MOJIEIIU C PETYIUPYEMBIM HAKIOHOM.

* Hemnoxum cnocoOoMm yiydlieHus: MOJOOHBIX MOJENE SBISETCS HacTpouka
IapaMeTpoB Ha OCHOBAHWM CPAaBHEHUS PE3YyJIbTATOB MOJEIMN C TOUYHBIMU pE3yJibTaTaMU B
U3BECTHBIX IIpUMEpPax.

IIpakTyeckue 3a1aHUusA
1. 3uakomcTBO ¢ Jupyter Notebook
2. Hauano pa6otsi ¢ Python
3. MHOTOKpaTHOE BBHIMOJTHEHUE KOMAaH/
4. Co3gaHue KOMMEHTapUEB

1. 3uakomcTBO ¢ Jupyter Notebook

3anycTUB MHTEpaKTUBHYIO 000si0uky Jupyter Notebook (biokHOT), menkHute Ha
KHOIIKe New y MmpaBoro Kpas OKHa, BbIOepuTe B OTKpbIBIIEMcS MeHIO myHKT Folder, B
HA3BaHUMU MalKd YKAXUTE CBOO (aMWINK. 3aTeM MepeiiuTe B CO3JAaHHYIO MArKy,
HICJIKHUTE Ha KHOMKE New y mpaBoro kpasi okHa u Beibepute Python 3, uto npuBezner k
OTKPBITHIO ITyCTOTrO OJIOKHOTA.
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C @ localhost:3888/tree/SAl 2 % 0O

- Jupyter Quit Logout

Files Running Clusters
Select items to perform actions on them. Upload |Mew | 2

[0 ~ | mi SAl Name & e

Python 3
O Heckon

(] Untitled.ipynb Runnit  Taxt File 5B

Folder

Terminal

BIIOKHOT MHTEpPaKTUBEH, T.€. OKHUJAACT BBOJIAa KOMAHbI, BEIBOJAUT OTBET U BHOBb
MEPEXOJIUT B COCTOSIHUE OKHUIAHUS CIEAYIONIEH KOMaH/Ibl UK BOIPOCA.

[Ipu pemenun 3amad gaxe CpeaHE CIOXHOCTH MMEET CMBICI pa30uBaTh UX Ha
yactu. Tak Jierdye CTPYKTypUpOBaTh JOTHUKY 3aJayd, a €CIU YTO-TO MOWJET HE TakK,
0COOEHHO B OOJIBIIOM MIPOEKTE, BaM OyAeT MpoIlle HAaWTU Ty €ro 4acTb, B KOTOPOH
npousonuia omuodka. B tepmunonorun [Python Takue wactu Ha3pIBarOTCS siYyeKaAMU
(cells). B mokazanHOM BbIlI€ OJOKHOTE sYelKa IMycTa, W Bbl, HABEPHOE, 3aMETHIIH
MepIaroUUi Kypcop, KOTOPBIH MPUTIIAIaeT BaC BBECTH B HEE€ KaKyl0-HUOYIb KOMaH]TY.

JlaBaiiTe mpHUKa)xeM KOMIIBIOTEpY 4TO-TO cjenarb. Hampumep, mompocum ero
MEPEMHOKUTD JIBA YUCIA, CKaXXeM, YMHOXHUTHh 2 Ha 3. BBeaute B sUeiiky TekcT «2*3»
(KaBBIYKM BBOJMTH HE CJIEAYET) U IIETKHUTE Ha KHOMKe run cell (BBIMOTHUTH suUeiKy),
HAMTOMUHAIONIEH KHOMKY BOCHPOW3BEACHHUS B MpourpbiBarene. KoMmIbloTep T0DKEeH
OBICTPO BBITIOJIHUTh KOMAH/Iy ¥ BEPHYTH CIACAYIOIINNA PE3YIbTaT.

’ Jupyter Untitled Last Checkpoint: 36 munyT Hasan (unsaved changes) ﬂ Logout
File Edit Wiew Insert Cell Kernel Widgets Help Trusted | Python3 O

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

In [1]: 2%*3

out[1]: 6

Kak BuauTe, KOMIBIOTEP BbIAAN MPaBWIbHBIN pe3ynbTar: «6». TOIBKO YTO MBI
NpPEJOCTaBUINM KOMIIBIOTEPY HAIly NEPBYI0 HHCTPYKIHMIO U YCIEIIHO MOJIYYWIIU
KOPPEKTHBIA OTBET. DTO ObLJIa Hallla epBas KOMIIbIOTEpHAs TporpamMmal

He o6pamaiite Baumanust Ha Haamucu «In [1]» u «Out[l]’, xoTopeimu B [Python
MOMEYAIOTCSl UHCTPYKIUS U OTBET. Tak 00070YKa HAMOMUHAET O TOM, YTO UMEHHO BBI
npocwi caenark (input) U 4to BbI mojiyyaete B oTBeT (output). Umcia B ckoOkax
YKa3bIBaIOT Ha MOCIEI0BATEIbHOCTh BOIIPOCOB U OTBETOB, UTO BEChMa YJI0OHO, KOT/1a BbI
TO U JICJIO BHOCHUTE B KOJI UCIIPABJICHUS M 3aHOBO BBINOJIHSAECTE MHCTPYKITUU.

2. Hayaso pa6orsl ¢ Python

[Tepeiinute k cienyromieit siueiike «In []», BBeAUTE NMPEACTABICHHBIM HUXE KOJ U
BBITNIOJIHUTE €T0, IIECJIKHYB HAa KHOIKE 3alycKa. B OTHOIIEHNN MHCTPYKIMA, 3aIIMCAHHBIX
Ha KOMIIBIOTEPHOM S3bIKE, IIMPOKO NPUMEHSETCS TEPMHUH KoJA. Bmecto mienmuka Ha
KHOIIKE 3aIlyCKa KOja MOXETe BOCIOJIb30BaThcs kKoMOuHamueln kmaBui <Ctrl+Enter>,
€CJIM BaM 3TOT crioco0 6oee yno0eH.

print("Hello, World!")

B oTBeT KOMIIBIOTEP JOJIKEH MPOCTO BhIBeCTU B OKkHE (hpazy «Hello, World!»
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In [2]: print("Hello, World!™)
Hello, Worldl

BBoa uHCTpyKIIMU, ipeanuckiBaronieii BeiBoa (Gpasel «Hello, World!», He npusen
K YAQUICHUIO TIPEABIYIIEH STYSHKHA C COIEPKANTUMUCS B HEM COOCTBEHHOM MHCTPYKIUEH
U COOCTBEHHBIM BBIBOJIOM. DTO CPEJCTBO OKA3bIBAETCS OUYEHB MOJIE3HBIM MPHU MOITAITHOM
CO3JIaHUM PELICHUN U3 HECKOJIbKHUX YACTEH.

[TocMOoTpUM, 4YTO MPOU3OMIET MPU BBINOJHEHUHU CIEAYIOUIEr0 KOJA, KOTOPBIM
JIEMOHCTPUPYET OJHY KIIOYEBYIO HJECI0. BBeauTe M BBINOJHUTE ATOT KOJI B HOBOI
sueiike. Ecnin HOBas myctas sueiika He oToOpa)kaeTcsi B OKHE, IIETKHUTE HA KHOIKE C
M300paXE€HUEeM 3HaKa «IUTIOC», IOCJE HaBEJIEHUS Ha KOTOPYIO yKa3aTess MBbIIIN
BbICBeunBaeTcs nojickaska Insert Cell Below (BcTaBUTh siueiiky CHU3Y).

x=10

print(x)

print(x+5)

y =x+7

print(y)

print (z)

[lepas cTpoka, x = 10, BRIIISIMT KaKk MaTeMaTU4YeCKas 3alucCh, YTBEpPKIaroIias,
yto X paBHO 10. B Python 310 03Hauaet, 4To B BUpTyaabHOE XPAHUIIUIIE 110 HA3BAaHUEM
X 3aHOCHTCs 3HaueHue 10.

3HaueHne «10» ocraercs B XpaHWIMIIE 0 TEX IOpP, TOKAa B HEM HE BO3HUKHET
HeoOxoauMocTb. MHCTpyKIus print (X), ¢ KOTOpPOH Bbl YK€ CTAIKUBAIUCH, BBIBOAUT
uH(popmauu Ha 3kpad. OHa BbIIACT XpaHdlleecd B X 3HaueHue, koropoe paBHo 10. Ho
noyemy OyzeT BbiBeleHO «10», a He «x»? Iloromy uro Python Bcerma crapaercs
BBIYUCIIUThH BCE, YTO TOJIBKO MOXHO, & X MOXXHO BBIUYUCIUTH M TMOJYYUTh 3HaueHue 10,
KOTOpOE€ U BBIBOJIUTCA. B criemyromield cTpoke, KOTopas COACPKUT HHCTPYKIUIO print
(x+5), BeIUKCTSETCS BBIpAXKEHHUE X+5, MPUBO/IAIIEEe B KOHEUHOM cUeTe K 3HaueHuto 10+5,
win 15. TlosToMy MBI OKHJIa€M, UTO Ha IKpaH OyIeT BBIBEACHO «15%.

Crnenyrommasi CTpoKa ¢ MHCTPYKIIMEH y=X+7 TakKe OJDKHA OBITh MOHSATHOM, €Cliu
BCIIOMHUTH, 4TO Python cTpemMuTCsl BBIMOTHUTH BCE BO3MOXHBIC BBIYUCICHHS. B 3TOMU
MHCTPYKIIMU Mbl MPEANUCHIBAEM COXPAHHUTh 3HAYEHHWE B HOBOM XPAHWJIUIIE, KOTOPOE
TeNepb HA3bIBAETCS Y, HO MPHU 3TOM BO3HUKAET BOIPOC, & KAKOE UMEHHO 3HAYEHUE MBI
XOTHM COXPaHMTh? B MHCTpYKIMHM yKa3aHO BbIpakeHHe X+7, koropoe paBHo 10+7, T.e.
17. Takum oOpa3oMm, UMEHHO 3TO 3HA4Y€HUE M OyJET COXPAHEHO B y, M CIIEIYyIOIast
WHCTPYKIIMS BBIBEJIET €r0 Ha IKPaH.

A 4TO MpPOM30HAET CO CTPOKOM print (z), €ciM Mbl HE HA3HAYMIM Z HUKAKOTO
3HA4YEHMS, KaK 3TO ObLIO CJIeJIaHO B ciiydyae X U y? Ml mojiyduM coob1ieHue 06 ommuoke,
uH(popMUpYIOlllee O HEKOPPEKTHOCTU MPEANPUHHUMAEMbIX JEUCTBUI M MbITaloIIEecs
OBITh MAKCUMAJILHO TOJIC3HBIM, YTOOBI MOKHO ObLIO YCTpaHUTh omuOKy. CoobiieHus 06
olmMOKax HE BCErJa YCHEIIHO CHPAaBIAIOTCS CO CBOEM 3ajayell — okKa3aTh MOMOIIb
MOJIb30BATENI0 (MIPUYEM JTOT HEJOCTATOK XapaKTepeH g OOJBIIMHCTBA SI3bIKOB
MPOrpaMMHUPOBAHUSA).

Pe3ynbraThl BBIMIOMHEHUS OMUCAHHOTO KOJa, BKIJIIOYAsl COOOIIEHHE 00 OImoOKe
«name V is not defined» (umst ‘z’ He ompeneneHo), MOKHO YBHAETh Ha CIEAYIOIIEH
WJUTKOCTPALIAH.
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Hello World!
In [3]: |x = 18

print(x)

print(x+5)

y = X+7

print(y)
print (z)

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

NameError: name 'z' is not defined

BrimieynoMsiHy Thie XpaHHIUIIA, 0003HAUYEHHBIC KaK X U Y, U HUCIOJIb3yeMbIC IS
XpaHeHUs] Takux 3HadeHWid, kKak 10 u 17, Ha3pIBalOT mMepeMEeHHbIMH. B s3bIKax
IPOrPaMMHUPOBAHUS TIEPEMEHHBIC HCIONB3YIOTCS IS CO3/aHusl 000OIMICHHBIX HAOOpOB
WHCTPYKIIMI TI0 aHAJIOTMM C TE€M, KaK MAaTeMaTHK{ WCIOJb3YIOT ajreOpandeckue
CHUMBOJIBI HATIOJIOOME «X» U «y» ISl POPMYIMPOBKH YTBEPKIACHHUM OOIIIETO XapakTepa.

3. MHOroKpaTHoe BbIIOJHEHHE KOMAH/T

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

[TocMOoTpuM, Kak BBIBECTH KBaJlpaThl MEPBBIX JECATU HATypaJbHBIX YHUCET,
HauuHas ¢ HyJis: 0 B kBagpare, 1 B kBajpare, 2 B KBajapare u T.4. B pe3ynbrare q0mKeH
MOJYYMUThCS cneayromuit psig uucen: 0, 1,4, 9, 16, 25 u T.1.

Mpb1 MOTJIM GBI CAMOCTOSITESTLHO MPOU3BECTH BCE ATU BBIYMCIICHHS, & 3aTEM MPOCTO
UCIOJIb30BaTh MHCTPYKIMU BbiBoAa print (0), print (1), print (4) u T.4. 910 cpaboTaer, HO
BEJIb HAIlla 11eJIb 3aKJII0YaeTCs B TOM, YTOOBI BCIO BBIYMCIUTEILHYIO Pa0OTy BMECTO HAC
BBITIOJTHUJI KOMITbIOTEp. Takke HaM HEOOXOJMMO CO37aTh TUIIOBOM HAO0Op MHCTPYKIIUH,
MTO3BOJISTIONTUI BBIBOJUTH KBaJpaThl YHCENl B JOOOM 3aJJaHHOM jamana3zoHe. s 3Toro
HY’)KHO CHadaja pacCMOTPETh HECKOJIHKO HOBBIX OCOOCHHOCTEH PabOThI TaHHOTO S3BIKA
MpOrpaMMHUPOBAHUSL.

Brenure B ouepeaHyro IyCTyI0 SUYEHUKY CIIEIYIOIINN KOA:

list( range(10) )

B utore nonyuaercs cnucok u3 aecsty yuceln ot 0 10 9.

In [4]: list( range(1@)

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

In[ ]: |

Cnucok coxepxut uuciaa or 0 1o 9, a ve or 1 go 10. D10 He cmydaiiHoO.
KomnbroTepHslii criicok HaunHaeTcs ¢ 1, a He ¢ 0. YnopsoueHHbIE CIUCKH IIUPOKO
UCIIOJIB3YIOTCS. B KA4E€CTBE CUETYMKOB IPHM MHOTIOKPAaTHOM BBINOJHEHUU HEKOTOPBIX
BBIUMCJICHHUI U, B YaCTHOCTHU, KOTJ]a UCTIONb3YIOTCSI UTEPATUBHBIC (DYHKITHH.

B nanHOM ciydyae Mbl OIyCTHJIM KIIFOUEBOE CIIOBO print, KOTOPOE MCIOJIb30BAIH
npu BbiBoAe (pa3zbl «Hello, World!». Mcnons3oBanue kiroueBoro ciosa print He
ABIIAETCS 00s3aTeNbHbIM Npu padoTe ¢ Python B MHTEepakTHUBHOM peXHUME, MOCKOJIBKY
000JI0YKa 3HAET, YTO MBI XOTUM YBUAETH PE3YyJIbTaT BBEIEHHON MHCTPYKIIMH.
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PacripocTpaHeHHbIM CITOCOOOM MHOT'OKPATHOT'O BBIMOJTHEHUS BBIYMCICHHHA C
MOMOILbIO KOMIIBIOTEpA SBJSETCS HCIOJIb30BAaHUE TaK Ha3bIBaeMbIX LHKIOB. CJOBO
«IMKJI» TPABWIBHO TNEpelaeT CyTh MPOUCXOSIIEro, KOI/la HEKOTOpble JEeUCTBUS
MOBTOPSAIOTCS CHOBA U CHOBA, BO3MOXHO, Jake OECKOHEYHOE uucio pa3. Bmecto toro
4YTOOBI MPHUBOAUTH (OPMATILHOE OMpeeNieHUEe MK, TOpa3ao MOJIe3HEE PacCMOTPETh
KOHKPETHBIN IPOCTOMN IIpuMep. BBeauTe U BBINIOJIHUTE B HOBOM STUEUKE CIEAYIOLINAN KOX.

for n in range(10):

print(n)
pass

print("roToBo")

3/1ech UMEIOTCA TPU HOBBIX 3JIEMEHTA, KOTOPbIE MBI IOCJIEN0BATEIBLHO Pa30oepeM.
[lepBas cTpoka comepkut BbipaxkeHue range (10), ¢ KOTOpbIM BBl yXe 3HAKOMbI. OHO
co3xaetT crucok unces ot 0 1o 9.

Koncrpykiust for n in — 3T0 TOT 3JIEMEHT, KOTOPBIM CO3Ja€T LUK U 3aCTABIISET
BBINIOJIHATh HEKOTOPBIE JEHUCTBUS IJISl KAXKJOTO YHCIa U3 CHUCKA, OPraHU3ys CUETUYHK
NyTeM Ha3HAYEHHUs TEKYIIEero 3HauyeHus nepeMeHHoM n. PaHee Mbl yxke oOcyxaanu
MPUCBANBAHNUE 3HAYEHUW MEPEMEHHBIM, U 3[E€Ch IPOUCXOIUT TO K€ CAMOE: MPH IEPBOM
MIPOXOJ€ LUKJIA BBITOIHAETCA NprcBanBaHue n=0, a NpH NOCIEAYIOIINX — IPUCBAUBAHUE
n=1, n=2 ¥ TaKk 10 Te€X MOp, I0Ka MBI HE JOIJEM [0 MOCJIEIHETO dJIEMEHTA CIUCKA, IS
KOTOpOTo OyJIeT BBINOJIHEHO NPUCBauBaHue n=9.

CMBICT MHCTPYKIMH print (n) B CIETYIONIEH CTPOKE, KOTOpas MPOCTO BHIBOJIWT
TEKyIllee 3HaUeHHE N, YK€ JOJDKEH ObITh MOHATEH U 3HakoM. Ho oOpaTtute BHUMaHHE Ha
oTrctyn nepea TekctoM print (n). B Python oTcTynsl urparoT BaxHyI0 poiib, TOCKOJIBKY
HAMEPEHHO HCIOJb3YIOTCA JJI1 TOro, 4YTOObl I0Ka3aTh MOJYMHEHHOCTh OJHHMX
MHCTPYKIUI APYrUM, B JaHHOM ClIy4ae IUKIY, CO3JaHHOMY C MOMOILIBIO KOHCTPYKIUU
for n in. MHCTpyKIMs pass CUTHANM3UPYET O KOHIE LHMKIA, U CIeayromas CTpoKa,
3aMMCaHHasl C WCIOJb30BAHUEM OOBIYHOIO OTCTYyMa, HE SIBJSETCA YacThbiO LUKIA. DTO
O3HAYaeT, YTO Mbl 0XKHJIAEM, YTO CIIOBO «TOTOBO» OYIET BBIBEACHO TOJILKO OJIMH pa3, a
He fecaTth. [IpencTaBieHHbI HUKE pe3yabTaT NOATBEPKAACT HAIIM OKHIaHHUS.

In [5]:|for n in range(1@):
print(n)
pass
print{"roToec")

2]
1
2
3
4
5
[
7
8
9
-

In [ ]:]

Tenepb AOMKHO OBITH MOHATHO, YTO ISl MOJIYYEHHS KBAJAPATOB YHUCEN CIEIYET
BBIBOJUTH Ha 3KpaH 3HaueHuss n* n. B AeHCTBUTENBLHOCTH MBI MOXKEM MOCTYIUTH €Il
Jqydiie W BbIBOAUTH ¢pa3bl Hamojgobue «KBampat uucna 3 paBeH 9». 3amerbTe, 4TO B
WHCTPYKIIUH TIEPEMEHHbBIC HE 3aKJIFOYAIOTCS B KABBIUYKH U OATOMY BBIYHCIISIOTCS.

for n in range(10):

print("kBaapat uncna", n, "paBen", n*n)
pass
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print("roroBo"
Pe3ynbpTaT npuBeieH HIXKE.

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

print(“rotoeo™)

KeagpaT 4ucna @ paeed @
KBaapaT 4ucna 1 paeeH 1
KBagpaT 4ucna 2 paeeH 4
KBaapaT 4vcna 3 paseH 9
KBafpaT 4Mcna 4 paeeH 16
KBaapaT 4ucna 5 paseH 25
KBagpaT 4Mcna 6 paBeH 36
KeagpaT 4ucna 7 paeed 49
KBaapaT 4ucna 8 paBeH 64
KBagpaT 4wcia 9 paeen 81
roTosa

In[ ]:
ToyHO Tak k€ MOKHO YBCIIMYNUTH YUCIIO I/ITepaI_[I/Iﬁ J0 IMATUACCATHU UIIN THICAYU C

noMoIiplo0 BblpaxkeHuid range (50) wim range (1000). IlompoOyiite caenaTh 3TO
CaMOCTOSITENTEHO.

4. Co3nanue KOMMeHTapHeB

PaccmoTpum, kak 3amath koMMmeHTapuu B Python. HaGepute mpuBeeHHbBIN HIDKE
MPOCTOM KOJI.

# cnemyromias HUHCTPYKIMS BEIBOAUT KyO urciia 2

print(2**3)

[lepBasi ctpoka HauwmHaeTcsi ¢ cumBosa pemietku (#). Python urHopupyer Bce
CTPOKH, HAYMHAOIIMECS ¢ 3TOro cuMmBosia. OJHAKO ATH CTPOKH HE OECIOJIE3HBI: C HMX
MOMOIIIBI0O MBI MOKEM OCTaBJISITh B KOJE IMOJIE3HbIE KOMMEHTAPUH, KOTOPHIE MOMOTYT
MOHSATH €r0 MPeIHA3HAYCHUE APYTUM JIIO/ISIM UITU J1a’Ke HaM CaMHUM, €CIId Mbl 0OpaTUMCS
K HEMY IIOCJIE JIOJITOro IepephiBa.

In [18]: # caedyiowas udHcmpykuyus BwBodum kyb 4ucna 2
print(2*+*3)

2

Zr:]:‘

KonTpoJibHbIE BOIIPOCHI

1. B yeM 3aKi1r04ar0TCsi 0COOCHHOCTH BBIYMCIUTENBHBIX ONEPALNA, BBIIOIHAEMBIX
KOMITbIOTEpOM?

2. Kparko onummuTe NpUHUMIBI (PYHKIIMOHUPOBAHUS MCKYCCTBEHHBIX HEHPOHHBIX
CETEH.

3. C nmomoIpio Kakoil KOMaHJIbl MO>KHO BBIBECTH Ha revaTh Bamry ¢gamunuio Ha
s3pike Python?

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

5. Kak 3agatorcst kommMeHTapuu Ha si3bike Python?

JlabopaTtopHnas pa6ora 3
HpuHuMnel KIaccupukanuu 00pa3oB ¢ NOMOUIbI0 HCKYCCTBEHHBIX
HEeHPOHHBIX ceTeil. DYHKIUU, MACCUBBI M 00beKTHI B Python.
Heab: u3yynTh NpUHIMIBI KiIaccudukauu oOpa3oB ¢ MOMOIIBIO HCKYCCTBEHHBIX
HEHPOHHBIX CETEH U pacCMOTPeTh (DYHKIIMH, MacCuBbl 1 00BEKTHI B Python.
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3aganue:

1. I3y4uTh TEOpETUUECKOE BBEACHUE.

2. OTBeTUTh HAa KOHTPOJBHBIE BOIPOCHI, TMPUBEACHHBIE B KOHIIE
nabopaTopHOIl pabOTHI.

3. BBINOJHUTE TPaKTUYECKUE 3aJaHUsl C HCMOJb30BAHUEM  S3bIKA
nporpammupoBanusi Python.

4. CocTaBUTh OTYET MO JabopaTopHOUl padote. Tpebosarnus k omuemy:

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

1) ®amunus cryaeHTa.

2) IlopsakoBBIil HOMEDP U Ha3BaHUE J1a0OPATOPHOUN pabOTHI.

3) Llenb paboThI.

4) OTBeTHI Ha KOHTPOJbHBIE BOMPOCHI.

5) Omnucanue penieHus BHIIOJHEHHBIX 3aJaHui J1abopaToOpHOU paboThI,
cojiepKailee: a) popmyauposKy 3a0anust, 8) CKPUHULOM BLINOJIHEHHO20 3A0AHUS,
cooeparcanuti pamuiuio cmyoeHma.

3amura 51a00OpaTOpHON PabOTHl OCYIIECTBISETCA MO OTYETY, MPEACTaBICHHOMY
CTYJIEHTOM U C IEMOHCTpAIIMEN 3a/laHKs HA KOMITbIOTEpE.
Teopernveckoe BBeIeHUE
1. 3agada kiaccuukanuy ¢ TOMOIIBIO HCKYCCTBEHHBIX HEHPOHHBIX CETEH
2. TpeHupoBKa IpOCTOTO KiIaccupukaTopa
3amaya kiaaccuPUKANMU ¢ MOMOIIBI0 HCKYCCTBEHHBIX HEHPOHHBIX ceTell

B mpouwtoir nabopatopHoil paboTe B TEOPETUYECKOM YacTH Mbl  ONHUCAIU
(GYHKIIMOHMPOBAHUE MPOCTOM MPOTHO3Wpyromie Mamuabl. OHAa TONydaeT BXOIHBIE
JTaHHBIC U JIeJaeT OINpEeAeJICHHBIN MPOTHO3 OTHOCUTEIHFHO TOTO, KAKUMHU JOJKHBI OBITH
BBIXOJHBIC JaHHbIE. MBI yIIydlllagd MPOTHO3BI, PETyIUpys BHYTPEHHHH Iapamerp Ha
OCHOBAHUU BEJIMYHHBI OUIHOKH, KOTOPYIO ONPENEsIi, CPaBHUBAS IPOTHO3 C M3BECTHBIM

TOYHBIM 3HAYECHUEM.

Jlanee Ha mpoCTOM IpUMEpE PACCMOTPUM 3aJady KJIACCUPHUKALUM C IIOMOIIBIO
VICKYCCTBEHHBIX HEMPOHHBIX CETEH.

[IpuBenem pmarpaMmy, NPEACTABISAIOMIYIO pE3yJbTaTbl HW3MEPEHUS pPa3MEpPOB
CaJlOBbIX KYKOB.
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AAuHa u wupuHa cadoleix wykol

C C
CCCC

C doxou kopobku

dAuHa

ZyceHuubl

v C
C
%G

Luupu Ha

Ha auarpamme OTY€TIMBO BUIHBI BE I'PYIIbI JAHHBIX. | yCEHMIIBI yorce M IIMHHEE,
a 00XbM KOPOBKM IIHMpe u Kopoye. OOpaTuMcsi K MPOTHO3UPYIOLIEH MallluHE WU
NPEIUKTOPY, NPUHIUNBl (PYHKIMOHHUPOBAHUS KOTOPOTO MBI PACCMOTPETIH B
npeplyien padore. B ocHOBY 3TOro npenukropa Oblia MOJI0KEHa HacTpauBaeMasi
auHelHas (QyHkuusa. ['paduk 3aBUCHUMOCTH BBIXOJIHBIX 3HAYEHUN JIMHEHHOM
(GyHKUMHM OT €€ BXOJHBIX 3HAYEHUN TMpeACTaBIsieT COO0H NPSIMYH JIMHUIO.
N3MeHeHne HAacTpaumBaeMOro IapaMeTpa ¢ NPUBOAUT K HM3MEHEHHUIO KPYTU3HBI
HAaKJIOHA 3TOM MPSAMOM JIMHUM.

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

AauHa u wupuHa cadofibix xykol

DALUHA

pasdeAumeAbHas AUHUS C
CCC

C.

C

WAL P UHA
MBI HE MOKEM HCMOJb30BaTh MPSMYIO JMHUIO TOYHO TaK K€, KaK paHblle, KOrna
npeoOpa3oBbIBAIM OJHO YHUCIO (KUJIOMETPHI) B JApyroe (MuiM), HO,
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BO3MOYKHO, B JAHHOM CJlTydae HaM YJIacTCS OTACIUTh C €€ IMOMOINBI) OJUH THII
JTAHHBIX OT JIPYTOTO.

Ecnmu Obl Ha TOKa3aHHOM BbINIC Tpaduke MpsMas JUHUAS OTACISUIA TYCCHHI] OT
00XKBbHX KOPOBOK, TO Mbl MOIVIM OBl BOCIIOJIB30BAThCSA €0 IS KiIacCU(pUKAIIUN
HEHM3BECTHBIX JKYKOB, MCXOS W3 PE3yJbTaTOB H3MepeHHi. OJHAKO HMEIOMIAsICs
JUHUSL HE CIPABIISICTCS C ATOM 3a/iauel, MMOCKOJIBbKY TMOJIOBUHA TYCEHUI HAXOIUTCS
0 Ty K€ CTOPOHY JIMHHH, YTO U 00KbH KOPOBKH.

JlaBaiiTe mpoBeeM APYTYIO JIHHUIO, U3MEHUB HAKIIOH, U TIOCMOTPHUM, YTO TIPU ITOM
IIPOU30MIET.

AAuHa u wiupuHa cadoBoix xykob

AAuHA

C
C

#l®
pasacdumzﬂaﬂ AUHUA C C

=

wiupuHa

Ha »tot pas JMHHA OKa3ajlaCb CIIC MCHCC HOHGSHOﬁ, ITOCKOJIbKY BOO6H_[C HE
OTACICT OAUH BUJ ) KYKOB OT APYIroro. CI[CJ'I&CM CIIC OJHH 3aX0/.

AAuHa u wiupura cadoBoix xykob

DAUHA

™ %C C
pﬂ3a$.’\HM£a‘\bHﬂﬂ AUHUA
C

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

MBsI nipeamonaraeM, 4To HE CyIIECTBYET HUKAKUX APYTUX BUAOB KYKOB, KPOME TEX,
KOTOpBIE IIOKa3aHbl HAa JaMarpaMMe, HO Ha JAHHOM JTale 3TO HE SBIACTCSA
HEJIOCTATKOM IIOAXO0Ja — MbI MbITAeMCH MNPOULICTPUPOBATH CYTh H/IeH
NMPOCTOro KJiaccupukaropa.

A Teneph MpesicTaBbTe, YTO B CIASAYIONIUMN pa3 Halll KOMIIBIOTEP UCTOJB3yeT podoTa
JUIS. TOro, 4TOOBI TOT OTOOpajd OYEPEIHOr0 KyKa M BBITIOJIHWI HEOOXOIUMBbIS
3aMmephl. Torjaa noJy4eHHYI0 JUHUI0 MOKHO OYIET UCIOIb30BaTh ISl KOPPEKTHOTO
OTHECEHHUSI )KyKa K CEMEICTBY I'yCEHHI] HJIU CEMEUCTBY OOKbUX KOPOBOK.

BarnsnyB Ha cnenyromuii rpaduk, Bbl YBUAUTE, YTO HEU3BECTHBIN JKYK OTHOCUTCS K
CEMEHNCTBY TYCEHHMII, TIOCKOJIbKY TIOMajaeT B 0o0jacTh Haja JIuHueh. HecMmoTps Ha
CBOIO TIPOCTOTY, OdTa KiacCU(UKAIUS YXKE€ SBISIETCS JIOBOJBHO MOIIHBIM
WHCTPYMEHTOM.

Kaaccudpurauus HeuaBecmHozo xyka

HeusBecmupill xyK

N
C

dAauHa

WAL UHA

Takum oOpa3om Mbl yOEIUIUCH B TOM, HACKOJBKO TOJIE3HBIMU MOTYT OBIThH
MPEAUKTOPHI C JUHEHHOW (yHKIMEH B KayecTBE HMHCTPYMEHTa KiIacCU(pUKAINH
BHOBb IIOCTYNAIOLIUX JAHHBIX.

Opnnako Mbl OOONUIM BHUMAHHMEM OJIMH CYIIECTBEHHBIM MOMEHT. Kak Ham y3HaTh,
KaKoU HAKIOH NpAMOU Asisemcs nooxodawum? Kak yiaydiuTh JIMHUIO, €CJIM OHA HE
paszensieT N0KHBIM 00pa3oM JIBE€ Pa3HOBUIHOCTH KYKOB?

OTBeT Ha 3TOT BONPOC TAaKXKE HMMEET CaMOE€ HEMOCPEICTBEHHOE OTHOILIEHUE K
CIIOCOOHOCTH HEMPOHHOU CETH 00y4aThCsl, K PACCMOTPEHUIO YEr0 MbI U MEPEXOAUM.
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TpennpoBka npocroro kiaaccupuxkaropa

Ceituac 3ailiMemMcsi TPEHHUPOBKOUN (0OydeHHMEM) JMHEMHOro KiaccudpukaTtopa Hu
Hay4YuM €ro MpaBUJIBLHO KJIACCU(PUIMPOBATH >KYKOB, OTHOCS UX K T'yCEHHUIIAM WU
00xxbrM KopoBkaM. Kak BBl BuaenW paHee, pedyb HUJEeT 00 YTOYHEHHUU HaKJIOHA
pa3rpaHUYUTEIILHON JTUHUU, OTHACIAIONIEH Ha rpaduKe OJHY TPYIITY TOUYEK JIAaHHBIX,
COOTBETCTBYIOIIUX TapaM 3HAUYCHWUW NJUHBI M IIUPUHBI, OT Apyrod. Kak mbl 310
caenaem?

Bmecto Toro utoObl 3apaHee pa3paboTaTh MOAXOAAIIYI0O HAYYHYIO TEOPHUIO, MBI
HAII[yTaeM MPaBUJIbHBIN MyTh METOJOM MPOO M OMIMOOK. DTO TTO3BOJHUT HAM JTyUIIle
MOHSATh MAaTEMATUKY, CKPBITYIO 32 3TUMH JI€UCTBUSMU.

Ham Hy>XHBI mpuMepsl AJi1 TPEHHPOBKH Kiaccudukaropa. UToObl HE YCIOXKHITH
ceOe KU3Hb, MBI OTPAHUYUMCS JIBYMS TPOCTHIMU TIPUMEPAMH, PUBEICHHBIMHU HIXKE.

[pumep Janna Iupuna

ko 1,0 boxps KopoBka

T .0 3,0 ['ycenura
VY Hac ecTh mpumep kxyka, uMmeromero mupuny 3,0 u anuny 1,0, KOTOpbId, Kak HaM
W3BECTHO, SBISETCS O0XbeH KOpPOBKOW. BTopoil mpumep OTHOCUTCS K XKYKY,
umeromieMy 0ombiryio ;uHy — 3,0 1 MeHblyo mupuay — 1,0, KOTOpbIM sSBIISETCS
I'yCEHHMLA.
MpbI 3HaeM, 4TO JaHHbIE B ’TOM HabOpe MPUMEPOB ABIISIFOTCS UCTUHHBIMU. IMEHHO ¢
UX TIOMOIIBIO OYJET YTOUHATHCSA 3HAYEHUE KOHCTAaHThl B PYHKIMU KilaccudukaTopa.
[Ipumepbl C HUCTUHHBIMU 3HAYEHUSIMU, KOTOPBIE HCIOJNB3YIOTCA JUIsl OOy4YeHUs
MPEeIUKTOpa WIH KIacCU(PUKATOPA, HA3bIBAIOT TPEHMPOBOYHBIMHU JAHHBIMH.
Oto0Opa3uM 53TH J1Ba TNpuUMEpa TPEHUPOBOYHBIX [JAHHBIX Ha JUarpamme.
Buzyanuzanus JaHHBIX YaCTO MOMOTAET JIyYIlI€ MOHATh UX NPUPOAY, IOUYBCTBOBAThH
UX, Yero HEeJEerko JOOWUThCSA, MPOCTO BIVIAJBIBAsIChH B CIHUCOK WM TaOJiMILy,
3aI0JIHCHHYI0 YUCIIaMU.
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Tperupobourbie danHble dAR KAACCUPUKAKUL Kykob

s C

f

ZYLEHULA

a‘.l'\.l.lHﬂ

Soxbs kopoBia

J

1 et G

{ 1 {

1 a =
LU pUHA

HauneM co cityyaliHOM pa3faenuTesbHON JIMHUY, IOTOMY YTO HYXKHO B€llb C YET0-TO
HauMHaTh. BcrnoMHuTEe nUHENHYI0 QYHKIUIO M3 INpUMEpa C IpeoOpa3oBaHUEM
KWJIOMETPOB B MWJIM, ITapAMETP KOTOPOM MBI HACTpauBaIu. MBI MOXKEM CIENaTh TO
’KE camMoe U cervac, OCKOJIbKY pa3JeiIUTeNIbHAs JINHNS B TaHHOM CIIy4ae Ipsmasi:

y = Ax

MBI HaMEPEHHO UCIIONIB3YEM 3/1€Ch UMEHA X U Y, 4 HE JJIMHA U IIUPUHA, ITOCKOJIbKY,
CTPOrO TOBOps, B JAHHOM CIlly4ae JIMHUA HE CIYXUT npeaukropoMm. OHa He
npeoOpa3yeT WMUPHUHY B JUIMHY, KaK paHee KUJIOMETpPbl MEPEeBOAMINCH B MUIIH.
BmecTo 3TOro oHa BbICTyHaeT B KaYECTBE Pa3eUTEIbHON JIMHUY, KIacCU(PUKAaTOpa.
BepositTHO, Bbl 00paTwii BHMMAHHME Ha HEMNOJHYI0 (OpMYy YpaBHEHUS V=AX,
IIOCKOJIBKY TIOJIHOE YPaBHEHHME NPSAMOW JIMHUM HMMEET CIEAYIOIMM BUI: y=Ax+B.
MBbl HaMepeHHO JenaeM JOTOT CLEHapuMl ¢ CaJOBBIMM JKyKaMHM MAaKCHMAJIBHO
npocteiM. HeHyneBoe 3HaueHne B NpPOCTO COOTBETCTBYET JIMHHUM, KOTOpas HE
OPOXOJUT dYepe3 Hadajo KOOpAMHAT Ha JuarpaMme, 4To He J00aBisgeT B Halll
CLIECHApHU HUYETO HOBOTO.

Panee ObLIO MOKa3aHO, UTO MapaMeTp A ynpaBiisIET HAaKJIIOHOM JuHUU. Yem Oosbie
A, TeM OoJblIe KPYTHU3HA HAKJIOHA.

Jns nawana npumem, uto A=0,25. Torma pasgenuresibHas JUHUS OIMUCHIBACTCS
ypaBHeHneMm y=0,25x. OtoOpa3zuMm 3Ty JUHHIO B rpadUueckoM BHUJIE Ha TOM Ke
JyarpaMmMme, Ha KOTOPO# OTJIOKEHBI TPEHUPOBOYHBIE JaHHBIE.
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TpeHupeolfiounpe daHHbie AR kaaccugurayuu Hxykof

= O

dAauHa

1 - y = (0,25} x C

L]

N

el { L {

1 b | =
bnaromapsi rpaduky mbl 0€30 BCSIKUX BBIYMCICHUN cpa3y e BUIUM, YTO JIMHUS
y=0,25x He sBuseTcs xopowmuM kinaccupuxkaropoM. OHa HE OTAENSET OAMH THII
XKYKOB OT japyroro. Hampumep, Mbl He MOXXEM JenarTh YTBEPKIECHHUS HaroaoOue
“Ecny TOYKa JaHHBIX PACMOJIAraeTcs HaJ JUHUEH, TO OHA COOTBETCTBYET I'yCEHUILIE,
MOCKOJIBKY TOYHO TaM € paclojaratoTcs U JaHHbIe 00Kbeil KOPOBKH.
WNHTYUTUBHO MBI NIOHMMAaeM, YTO I[IPaBblii Kpall JIMHUM CIEAYET HEMHOIO
NpUIOAHATE. [[pOBOINUTE MOAXOIALLYIO JUHUIO BPYUHYIO — HE camasi JIydIlasi ujes.
VYnactcs nu HaM 1oA0OpaTh JJIS ATOTO MOAXOJSIIEE PEIICHHE C HCIOJIb30BAaHUEM
MOBTOPSIIOLICHCS  MOCIEIOBATEIbBHOCTH  KOMaHJ, KOTOPYK) KOMIIBIOTEPIIUKH
Ha3bIBAIOT AJITOPUTMOM?
OOpatumcsi K TIEpBOMY TPEHHUPOBOUYHOMY MPHUMEPY, COOTBETCTBYIOIIEMY OOXKbEil
KopoBke: mupuHa — 3,0 u quHa — 1,0. Ecniu 661 MBI TecTHpoBau QpyHKINIO y=AX C
TUM IPUMEPOM, B KOTOPOM X paBeH 3,0, TO MOoTyymiIu Obl CIeTyIOUUN pe3yJIbTar:
Y =(0,25) *(3,0)=0,75
@yHKIMS, B KOTOPOM Il mapamerpa A yCTAHOBIICEHO HAYalbHOE CIy4ailHO
BbIOpaHHOE 3HaueHue, paBHoe 0,25, cooliaer, 4to Juist Kyka mupuHoit 3,0 aivHa
JoJDKHA OBITH paBHa 0,75. MBI 3HaEM, 4TO ATO CIIMIIIKOM MaJIO, IIOCKOJIBKY COTJIACHO
TPEHUPOBOYHBIM JIAHHBIM JIJIMHA KyKa paBHa 1,0.
Wtak, Hamumo pacxoxiaeHue, uiau omuOka. ToyHO Tak Xe, KaKk B IpPHUMEpPE C
NPEAUKTOPOM, IPEoOpa3yroUuM KHJIOMETPbl B MUJIM, Mbl MOYKEM HCIOJb30BATh
BEJIMYMHY 3TOM OWIMOKK A1 TNOJy4YeHHs MH(pOpManuM O TOM, KaKUM 00pa3om
CJIeIyeT KOPPEKTUPOBATh NapaMeTp A.
Opnako cHauaja JaBaiTe IMOAyMaeM, KakuM JOJDKHO ObITh 3HadueHue ). Ecnu
MOJIOKUTH €ro paBHbIM 1,0, TO IMHUA MPOUAET Yepe3 TOUKY ¢ KOOpJAUHATaAMU (X, Y) =
(3,0; 1,0), cooTBeTcTBYIOMIYIO 00XKBeH KOpoBKe. CaMo 1Mo cebe ITO HEeII0X0, HO ITO
HE COBCEM TO, YTO HaM HY>kHO. Ham »enarenbHo, 4TOOBI JIMHUS
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npoxoauna Haja 3Toil Toukoil. Ilouemy? Iloromy, YTO MBI XOTHUM, YTOOBI TOYKH
JIAHHBIX O0O0XbeW KOPOBKHM JIeKalld TOJ JMHUEH, a He Ha Heu. JluHus noimkHa
CIIY>KUTh pa3fieuTeIeM MEXIy TOUYKaMU JJAHHBIX 00KbUX KOPOBOK U T'yCEHHUII, a HE
MPEACKA3bIBATh IJIMHY KYKa IO U3BECTHOM IIUPUHE.

B cBs3u ¢ aTuM monpoOyem npumenuth 3HadeHue y=1,1 npu x=3,0. OHO nuIIs HEe
HamMHoOro 6o:biie 1,0. BMmecTto HEr0o MOKHO OBLIO OBI B3STh 3HadYeHue 1,2 wiu 1,3, HO
Hukak He 10 unmm 100, MOCKOJIbKY C OOJIBIION J0JIE BEPOSITHOCTU 3TO TMPHUBET K
TOMY, YTO mOpsiMas OyAeT MPOXOJIWUThb HaJl BCEMH TOYKAMHU JAHHBIX, KaK O0XbUX
KOPOBOK, TaK U T'YCEHHI], B PE3yJIbTaTe Yer0 OHA CTAHET MOJHOCTHIO OECIOJIE3HON B
Ka4yeCTBE Pa3/ICIUTEIIS.

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

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

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

OOpatuMcsl K NPUBEIECHHON HWXE AMarpamMme, Ha KOTOpOW B rpa)uyeckoM BUJE
MpeCTaBICHbI OIMKMOKA, a TAKXKE 11€JIEBOEC U PaCUECTHOE 3HAUCHUSI.

HEAAEMOE JHAYEHUE
y=11

JdAuHA

PAcHEMHOE 3HAYEHUE
y =075

—

o

1 -~ //T* owiudka

E=11-075=035

i W it
) . - { {
1 2 5

WUPUHA

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

JlaBaliTe Ha BpeMs OTCTYIIMM OT 3TOTO BOIPOCA M HEMHOIO IopaccyxaaeM. Mbl
XOTUM HCIIOJIb30BATh OLIMOKY B 3HAUYEHUU Y, KOTOPYIO Ha3Baiu E, /i1 HAXOXKJIECHUS
HUCKOMOI0 HM3MeHeHus napamerpa A. [[ns 3Toro HaM Hy»XHO 3HaTh, KaKk 3TH JBE
BEJIMUMHBI CBSI3aHbI MEXy coboii. KakoBo cootHomenue mexay 4 u E? Ecau Ob1
3TO OBLIO HAM M3BECTHO, TO MbI MOTJIM Obl IOHATh, KAK H3MEHEHHUE OJIHOM BETUYHHBI
BIIMSET HA IPYTYIO.

Haunewm c nuHeliHON QyHKIMH 115 KiIaccudukaTopa:

y = Ax

Ham yxe wu3BeCTHO, YTO HauyajbHbIE MOMBITKM MPUCBOEHUS MPOOHBIX 3HAYEHUU
napameTpy A TpHUBEIM K HEBEPHBIM 3HAYCHUSAM ), €CIM OPUEHTUPOBATBHCS Ha
TPEHUPOBOYHBIE NaHHbIE. IIyCTh ¢ — KOppPEKTHOE LENEBOE
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3HaueHre. YToObl MONYYUTh €ro, Mbl JIOJKHBI BBECTU B A HEOOJBIIYIO TOMPABKY.
JI71st TaKkuX MOMpaBOK B MaTeMaTUKE MPUHATO MUCIOIb30BATh CUMBOJI 4, O3HAYAIOIIHMA
“He00JIbII0e U3MEHEHHUE . 3alUIleM COOTBETCTBYIOIIEE YpaBHEHUE:

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

dAuHa

t = (A + AANX

{ & i
1 2 3
wUpUHa

Bcenomuaurte, uro ommbOKy £ MBI ONpPENENUIN KaK Pa3HOCTh MEXKAY >KEITaeMbIM
KOPPEKTHBIM 3HAYCHHEM ) M PACUCTHBIM 3HAYCHHUEM, IMOJYYCHHBIM IS TEKYIIETO
npoOHoro 3Hauenus A. Takum o6pazom, E=t -y.
3anuiieM 3TO B IBHOM BHUJIE:
t-y=(A+AA)x-Ax
PackpbIB CKOOKH U MTPUBES O0I00HBIE WICHBI, TOTYyYaeM:
E=t-y=Ax+(AA)x- AXx E=(AA)x
CnepnoBarenbHO, omnOKa E cBs3aHa ¢ 44 04€Hb IPOCTHIM COOTHOIIEHUEM.
CdhopmynupyeM MpOCTHIMHU CIIOBAMHU TO, YeTO MBI XOTENH MOOUThCA. MBI XOTenu
y3HaTh, KaKUM 00pa3oM MOXHO HCIIOJIb30BaTh MHMOpManui 00 omubke E s
OTIpEJICIICHHS BEJIMUUHBI TIOTPABKHU K A, KOTOpasi K3MEHUJIa Obl HAKJIOH JIMHUM TaKUM
o0pa3oM, 4YTOOBl KiacCU(PUKATOp Jydlle CHPABISICA CO CBOMMH (PYHKIUSMHU.
[IpeoOpazyem nocneaHee ypaBHEHHE, YTOObI HANTH BhIpaXkeHUe s AA:

AA=E/x
OTO U €CTh TO BBIpAKEHHUE, KOTOPOE MBI HCKaIU. Termeps Mbl MOKEM HCIOIh30BaTh
omnOKy £ njis u3MEHEHUs HaKJIOHA KJIacCU(DUIMPYIONIEH TUHUN HAa BeIUYuHy 44 B
HY>KHYIO CTOPOHY.
O6HOBUM HavalbHbIN HakJIOH JuHUK. Koraa x 661 paBed 3,0, ommbka Obla paBHa
0,35. Takum obpazom, AA = E / x mpespamaercs B 0,35 / 3,0 = 0,1167. D10
O3Ha4aeT, 4yTo Tekymiee 3HadeHue A=0,25 HeoOXO0JAMMO HM3MEHUTh Ha BEIUYHUHY
0,1167. Otcroga cneayer, 4TO HOBOE, yJIydylleHHOE 3HaueHue A paBHO (A + AA ),
T.e. 0,25 + 0,1167 = 0,3667. He coctaBnser Tpyaa yOeauThCS B TOM,
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YTO pPACcUETHOE 3HAYCHHE Yy TPU HOBOM 3HA4YCHUH A pPaBHO, KaK M CIEI0BAJIO
OKHJaTh, 1,1 — xKemaeMoMy 11eJIeBOMY 3HAUCHHIO.

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

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

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

Hcrmonb3ys Te K€ pacCyKJIEHHUs, 9TO U TIepPe] ITUM, KOTJa Mbl HAIYIIbIBAIH MYTh K
MIOCTPOCHUIO TaKOW JIMHWHU, KOTOpas HE mepecekaa Obl TPEeHUPOBOYHBIC JaHHBIC, a
OpOXoJaujiia HaJ HUMHM WM TOJ HUMH, Mbl MOXEM 3aJlaTh JKEJIaeMoe IIeJIeBOe
3HaueHue paBHbIM 2.9. Ilpu »5ToM JaHHBIE TPEHUPOBOYHOTO TMPUMEPA,
COOTBETCTBYIOILIETO T'yCEHHIIAM, HaXOASATCS HaJ JUHHUEH, a He Ha Heill. Omubka £
paBHa (2,9 - 0,3667) = 2,5333.

Orta ommbka O0JbIe MPEAbIAYINEH, HO Y HAC Bellb ObLI BCETO JIMIIb OJUH MpPUMEP
JUTst OOyYEHHMS TMHEWHOU (PYHKITUU, KOTOPBIH OTYETIUBO CMeMan (GyHKIIUIO B CBOEM
HaIPaBJICHUH.

Onste 00HOBUM A, Kak aejanu g0 toro. Cootnomenune 44 = E / x paer 2,5333 /
1,0 = 2,5333. D10 03HauaeTr, 4TO MOCJE OYEPEIHOro OOHOBJIEHUS Napamerp A
npuHumaet 3Hayenue 0,3667 + 2,5333 = 2.9. Orcroaa caenyer, uro i1 X = 1, 0
GyHKIUS BO3BpallaeT B KayeCTBE OTBETAa 3HAaueHUE 2,9, KOTOpOEe M SBISACTCS
’KEITAEMBIM 11EJICBBIM 3HAYCHUEM.

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

OKOHYAMEADHOE YMOYHEHHOE 3HAYEHUE
Yy = (2.0) x

PAUHA

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

WUpUHA
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['nsinst Ha rpaduK, MBI BUJIUM, UTO HaM HE yAAJIOCh JOOUTHCS TOTO HAKJIOHA MPSMOM,
KoToporo Mbl xotenu. OHa He oOecleunBaeT JOCTAaTOYHO HAJICKHOE pas3JieieHue
o0JacTeil muarpaMMbl, 3aHUIMAaEMbIX TOYKAMH JaHHBIX 00XbUX KOPOBOK M T'yCCHHMII.
Opnako, TUHUSL OOHOBIISIETCS, MMOACTPAUBASCH MOJ] TO 1I€JIEBOE 3HAYEHHUE ), KOTOPOE
MBI 33]1a€M.
A Benp JEUCTBUTENBHO, €CIM MBI OyJeM MpOJ0JDKaTh Tak W Jajee, T.e. MPOCTO
OOHOBJISITH HAKJIOH JUISI OYEPETHOTO MPUMEpPa TPEHUPOBOYHBIX JaHHBIX, TO BCE, UTO
MBI OyJIeM KaXJIbli pa3 MoJydaTb B KOHEYHOM CYETE, — ATO JIMHHIO, MTPOXOJISIIYIO
BOJIM3M TOYKH JAHHBIX TOCIETHETO TPEHUPOBOYHOTO TIpuMepa. B pesymbprare 3TOT0
Mbl OTOpAachIBAEM BECh NPEAbLAYLIMH ONbIT OOYy4YEHHs, KOTOPBIM MOrJu Obl
UCIIOJIB30BaTh, M YIUMCS JIMIIIb Ha CAMOM TIOCIISTHEM TIPHMEpE.
Kak wcnpaButh 3Ty cutTyarnuioo? Mbl CriiaxuBaeM OOHOBJIICHHUS, T.€. HEMHOIO
YMEHBIIIAEM BEJIIMUMHY IOMPaBOK. BMecTo TOro 4troObl KaXKIblid pa3 3aMEHATh A
HOBBIM 3HAYEHUEM, MBI HCIOJIb3yEM JIHUIIb HEKOTOPYIO JOJIO MOmnpaBku AA, a He
BCIO ee IenuKoM. braromapsi sToMy MbI JBM)KEMCS B TOM HAampaBlIEHUU, KOTOPOE
MOJICKa3bIBA€T TPEHUPOBOYHBIM MPUMEp, HO JCJIAeM 3TO OCHOPONCHO, COXPaHss
HEKOTOPYIO YacTh MPEIbIAYIIETO 3HAYCHHS, KOTOPOE OBLIO MOJIYYEHO B PE3yJbTate,
BO3MOYKHO, MHOTHX MPEABIAYIIUX TPEHUPOBOUHBIX NUKIOB. MBI yXKe BHUIIEIH, KaK
paboTaer 3Ta uAes CrIAKHUBAHUS B MPUMEpPE C NMPeoOpa3oBaHUEM KHIIOMETPOB B
MUJIM, KOTJa W3MEHSIM TapaMmeTp C JIMIIb Ha HEKOTOPYIO A0 (aKTHUECKOU
OIIH1OKHU.
VY Takoro CriaxvBaHusl €CTh €Ill€ OJWH OYEHb MOIIHBIA M TOJIE3HBIM MOOOYHBIN
abdext. Ecam TpeHUpOBOUHBIE JaHHBIE HE SBISIOTCS HAJEKHBIMH W MOTYT
coJlepXaTh OMMOKH WM IIyM (a B pPEaIbHBIX U3MEPEHUSX OOBIUHO MPUCYTCTBYIOT
o0a »Tux (pakTopa), TO CrIIAKMBAHKE YMEHBIIIAET UX BIUSHHUE.
Cnenaem mepepacdeT, Ha 3TOT pa3 I00aBUB CrIIaKMBaHKE B (POPMYITY OOHOBIICHUS:
AA =L (E/X)
dakTop CcrioaxuBaHusg, OOO3HAYEHHBIM 3/ech Kak L, YacTo Ha3bIBalOT
kod(pdunmenTom ckopoctu oOydeHus. Bwribepem [=0,5 B kauecTBe pazyMHOIO
HAYaJIbHOTO NPUOIIKEHUs. DTO O3HA4YaeT, 4YTO Mbl COOMpaeMcsi HCIOIb30BaTh
MOTIPABKY BABOE MEHbBIIIEH BEIIMYUHBI, UeM O€3 CTIIa)KUBAHMUS.
[ToBTOopuM Bce pacyeThl, HCMOJIB3Yys HaudaabHOe 3HaueHue A*0,25. Ilepsorit
TPEHUPOBOYHBINA npuMep aaet Ham y = 0,25%3,0 = 0,75. [Ipu neneBom 3nauenuu 1,1
ommoOka paBHa 0,35. ITonpaBka paua AA =L (E / x) =0,5 * 0,35 / 3,0 = 0,0583.
O6noBneHHoe 3Hauenue A pasao 0,25 ++ 0,0583 = 0,3083.
[IpoBenenre pacyeToB ¢ ATUM HOBBIM 3HaUYE€HHUEM A I TPCHUPOBOYHOTO TPHMEPa
npu x=3,0 gaet y = 0,3083 * 3,0 = 0, 9250. Kak BuanM, pacroiokeHue 3TON JIUHUU
OTHOCUTEIHHO TPEHUPOBOYHBIX JAHHBIX OKA3aJOCh HEYJAYHBIM — OHA TPOXOIUT
HUKE 3Ha4YeHHs 1,1, HO 3TOT pe3yJbTaT HE TaK YK W IUIOX, €CIH y4eCTh, YTO ATO
Obly1a BCETO JIMIIb NepBasi MonbITKa. [J1aBHOE TO, YTO MBI IBMXKEMCSI B NMPABUIILHOM
HaIpaBJICHUH OT EPBOHAYAILHOM JIMHUU.
[lepeitnem ko BTOpOMy HabOpy TPEHHPOBOYHBIX HaHHbIX Npu x=1,0. Ucnonb3ys
A=0,3083, mbl momygaem y= 0,3083 * 1,0 = 0,3083. XKemaembiM 3HaUeHHUEM OBLIO
2,9, moaromy ommbka cocraBisger (2,9 - 0,3083) == 2,5917.
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[TompaBka A A=L(E/x)=0,5*2,5917/1,0=1,2958. Teneps
obOHoBIIeHHOE 3HaueHne A paBHo 0,3083 + 1,2958 = 1,6042.

BHOBh oTOOpasum Ha auarpaMMe HaYdaJIbHBINA, YIYYIIEHHBIM M OKOHYATEIbHBIN
BapUAHTHl JIMHUH, YTOOBI YOEAWTHCI B TOM, UYTO CIVIAKMBaHWE OOHOBJICHUI
MIPUBOJUT K 0OJiee yAOBICTBOPUTEIBHOMY PACIONOKECHHUIO Pa3eIUTEIbHON JTUHUN
MEXIy 00JIaCTSIMH JaHHBIX 00KBHX KOPOBOK M TYCEHHUII.

JAUHA

2~

C

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

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

o_—

{
2 3

wupuHa

oeim

OTO NEUCTBUTENIBHO OTJIIMYHBIN pe3ybpTaT!

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

Buleodoi:

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

* HepoctaTtok mNpAMONIMHEWHOrO NOAXOJAa K PETYJIHPOBKE IMMAPAMETPOB
3aKJII0YAeTCsl B TOM, YTO MOJIENIb OOHOBIISIETCS /10 HAWIYYIIErO0 COOTBETCTBUS
TOJBKO MOCJIEAHEMY TPEHHPOBOYHOMY MPUMEPY, TOT/Aa KaK BCE MPEIbIIyLIUE
MpUMEpbl HE MPUHUMAIOTCS BO BHUMaHue. OJHUM M3 HEIUIOXMX CIOCOOOB
YCTpaHEHHUsI 3TOr0 HEJOCTATKa SIBJISICTCS. YMEHBIIICHHE BEIMYMHBI OOHOBJIECHUM C
MOMOIIBI0 KOd(phuILMeHTa CKOPOCTU 00yUYEHUs, YTOOBI HU OJMH OTAEIBHO B3ATHIN
TPEHUPOBOYHBIN MpUMEDP HE JOMHUHUPOBA B IIpoiiecce 00yUdeHus.

28



* TpeHUpOBOYHBIE NPUMEPHI, B3ATHIE M3 PEaJbHON MPAKTHKU, MOTYT OBITh
UCKOKEHbl IIYMOM WM cojepkarb owmuOku. CriaxuBaHue OOHOBIICHUN
CIIOCOOCTBYET OrPAHUUYEHUIO BIHMSHUS NOI0OHBIX JIOKHBIX TPUMEPOB.

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

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

BXOJIHBIC JJaHHBIC, BBHIMIOJHAIOT HEKYI0 pabOTy M BBIIAIOT pe3ysbTaT. ITH (QYyHKIUU
JEMCTBOBAIM CAMOCTOSITEIIbHO, U MBI MOTJIM UX MHOT'OKPaTHO MCIOJI30BATh.
MHorue s3blkM TporpamMmupoBanusi, Bkimrodas Python, ympomarT co3nanue
MOBTOPHO HCIOJIb3yeMbIX HMHCTpYyKUMHA. [lomoOHO MarematnueckuMm (QyHKIUSM
TaKhe MHOTOKPAaTHO HCIOJIb3yeMble (PpParMeHThl KOJAA, €CIM OHU OIpEe/eICHBI
HaJIeXKaluM 00pa3oM, MOTYT JIeHCTBOBaTh aBTOHOMHO U O0ECIIEUMBAIOT CO3/1aHUE
0oJiee KOPOTKOI'O AJIETAaHTHOTO KO/A.
[Touemy cokparaercs oobeM koza? [loToMy 4TO BbI3BIBaTH QYHKIMIO, 00Opaasch K
€e MMEHH, ropa3Jio MpoLIe, YeM Ka)KJbli pa3 MOJIHOCTHIO 3alUChIBATh 00pa3yoLIuil
9Ty (QYHKIIHIO KOJI.
Jna 3aganust GyHKUIUU HEOOXOIMMO YETKO OIpPEAeTUTb, KaKue 8X00Hble OaHHble
odxcuoaem @QyHKYus U KAKOU Mun 6uIXOOHbIX OaHHbIX OHA BbllaeT. Hekoropsle
(yHKUIHMM B Kau€CTBE BXOJHBIX JIaHHBIX MPUHUMAIOT TOJIBKO YMCJIA, U MO3TOMY UM
HENb34 MepeaaBaTh COCTOALIME U3 OYKB CJIOBA.
OOpatuMcst K KOHKPETHOMY IpuMepy. BBeauTe U BBINOJHUTE CEAYIOINN
KOJ.

# QyHKIHsI, KOTOpas IPUHUMAET JIBA YUCJIA B KAUYECTBE BXOAHBIX JJAHHBIX #

W BBIBOJUT UX CPCIAHCEC 3HAYCHUC

def cpemuee(x,y):

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

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

OO6cynuM, 9TO nenaroT 3T KoMaHabl. [lepBeie 1Be CTPOKHU, HAUMHAIOIIUECS
¢ cumBoJioB #, Python urHopupyer, HO MbI HCTIONIB3YEM HX B KAYECTBE KOMMEHTAPUS
JUTsl TIOTEHIMATBHBIX wuTaTene koma. Cremyromas 3a HUMU KOHCTpYKius def
cpennee (X, y): coobmaer Python, yto MblI coOupaemcs ompeneauTh HOBYIO
MOBTOPHO HcHoJb3yemMyto (pyHkiuwo. 3nechk def (ot anrn, define — onpenenuts) —
KIIIOYEBOE CIJIOBO; CpelHee — HMA, KOTopoe MbI naeM ¢GyHKuuu. Ero MokXHO
BBIOMpaTh TPOM3BOJIIBHO, HO JIydIlle BCErO HCIOJIB30BaTh ONUCAMENbHbIE UMEHA,
KOTOpbIE HANOMHST HaM O TOM, JJIA 4Yero /JaHHas QYHKIus (QakTUYecKu
npeaHasHayeHa. KOHCTpyKIMsI B KPYTJIbIX CKOOKax (X,y) cooOIaeT
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Python, uTo ¢yHKIMS TpUHWMAET JBa BXOIHBIX 3HAYCHHS, KOTOpPHIE B Tpeaeax
MOCTIEAYIOMIETO ONpeaeNeHnss (YHKIMH 0003HAYAIOTCS KaK X U y. B HEKOTOpPBIX
S3bIKaX TPOTPAMMHPOBAHUS TPeOyeTcsl, 4TOOBI BBl YKa3bIBaIH, OOBEKTHI KaKOTO
TUIA TPEJCTaBISAIOT NepeMeHHble, HO Python sTtoro He nemaer, U BHOCIEACTBUU
MOXXET JIMIIb HAOMHUTH 00 HCIMOJB30BAHUU TEPEMEHHOW HE M0 Ha3HAYEHUIO,
HaImpuMep, KOT/Ja Bbl MBITAETECh HCIOIB30BaTh CJIOBO, Kak OyATO OHO SIBIISETCS
YHCJIOM U T.]I.

Tenepb, korma Mbl 00BsBHIM Python 0 cBOeM HaMepeHHH OINPEACIUTh (DYHKIIHIO,
MBI JIOJDKHBI COOOITUTh, UTO UMEHHO JeinaeT dta GyHKuus. Onpedenenue ynkyuu
8800UMCSL C OMCMYNOM, YTO OTPAXKEHO B MPUBEJICHHOM BbIIIEe KOje. B HEKOTOPHIX
A3BIKaX JJIS TOTO, YTOOBI OBLIO MOHSATHO, K KAKMM YacTsIM MPOTPAMMBbI OTHOCSITCS T€
WM WHBIe (PparMeHTHI KOJia, UCTIOJIb3YETCs] MHOKECTBO BCEBO3MOXKHBIX CKOOOK, HO
co3narenu Python oco3naBamm, 4uTo oOwmiIHe CKOOOK 3aTpyAHICT YTEHUE KOJAQ, TOTaa
KaK OTCTYIIBI TO3BOJISIOT C TEPBOTO B3IJISAA TOJMYYHUTh TNPEJCTABICHHUE O €ro
CTpykType. B oTHomeHuum 1enecooOpa3HOCTH TaKOro TOAXOJAa MHEHUS
pa3aenuiInCh, MOCKOJIBKY JIFOAU WHOTA 3a0bIBAIOT O BAXKHOCTH OTCTYIIOB.

[loHsATH CMBICI KOJa B OIpeAesieHHd (PyHKIUU cpenHee (X, y) OyIner coBcem
HECJI0)KHO, TTOCKOJIbKY B HEM HCIIOJIB3yeTCS BCE TO, C UEM MBI YK€ CTaJIKHUBAJIHCh.
DOTOT KOJ BBIBOAWT 4YHCIIA, IepefaBaeMble (YHKIOMM TpH €€ BbI3oBe. Jls
BBIYKCIICHUS CPEIHETO0 3HAYCHHWs BBIBOJUTH apTyMEHTBI BOBCE HE 00s3aTCIIBHO, HO
MBI JIeJIaéM 3TO JUIsl TOTO, YTOObI OBUIO COBEPIIEHHO MOHSITHO, YTO MPOUCXOIUT
BHYTpH QyHKIHH. B ciemyromeit HHCTPYKIIMU BBIYUCISIETCS BeaudnHa (X +y) / 2.0,
U TIOJIyYeHHOE 3HAUYC€HHUE IMPUCBAUBACTCS TEPEMEHHOW a. MBI BBIBOJIUM CpElIHEE
3HaYEHWE UCKIIOYUTENIBHO ISl KOHTPOJIS TOT0, YTO MPOUCXOaUT B Koje. [locneausis
WHCTPYKIUS — return a. OHa 3aBepiaet onpeneneHue GyHkuuu u coodbmraer Python,
YTO UMEHHO JIOJDKHA BEPHYTh (DYHKIIMS B KQ4e€CTBE pe3yJibTara, MOJ00HO MallliHAM,
KOTOpBIE MBI paHee 00CyKaau.

3amycTuB 3TOT KO, BBl YBHIIWTE, YTO HUYETO HE Mpom3onnio. Hukakue uyucia He
BBIBEJICHBI. /(€710 B TOM, YTO MBI BCETO JIUIIIH ONMPEASTHIN (DYHKIINIO, HO TIOKA YTO HE
BbI3BaM ee. Ha camom nene Python 3apeructpupoBan ¢yHKuo u OyAeT Aep>KaTh
€e HaroToBe JI0 TeX TP, MMOKa MbI HE 3aXOTHUM €€ HCIIOIh30BaTh.

In [7]: |# ¢yHryus, komopaa npuHumgem dBa vucna 8 kavecmBe BxodHeix JaHHbIX
# u Buwbodum ux cpedHee IHAYEHUE
def cpepHee(x,y):
print({’'nepeoe 4ucno paeHo’', x)
print{’'eTopoe 4Mcno paeHo', y)
a=(x+y) f2.0
print{'cpegHee =naqeHwe paeHo', a)
return a

Beenurte B cnemyromeit suelike cpedwnee (2, 4), 4ToObl aKTUBU3UPOBATH (PYHKITUIO
s 3HadeHu 2 u 4. Kcrath, B MUpE KOMIIBIOTEPHOTO MPOTPAMMHUPOBAHUSA JTO
Ha3bIBAECTCS BBI30BOM (PDYHKIMH. B COOTBETCTBUU C HAIIMMHU OXUIAAHUSMU JaHHAs
(GyHKUHMS BBIBEIET J1BAa BXOJHBIX 3HAUEHUS U UX BBIUUCIEHHOE cpeaHee. Kpome Toro,
Bbl YBUJUTE OTBET, BBIBEJCHHBIM OTIEIbHO, MOCKOJIbKY BBI30BbI (YHKIHMA B
MHTEPAKTUBHBIX ceaHcax Python compoBoxknaoTcs NOCIEIYIOIMMM — BBIBOJOM
BO3BpaIacMOro UMM 3HadeHus. Hike rmokasaHo
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omnpeseneHne (yHKIMH, a TAKKe Pe3yJbTaThl €€ BhI30Ba C TIOMOIIBI0 MHCTPYKIIHH
cpeonee (2, 4) v uHCTPYKIMH cpedree (200, 301) ¢ 60IbITUMU 3HAYCHUSMH.

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

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

out[8]: 3.8

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

In [9]: cpenHee (268, 381)

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

out[9]: 25@.5

Bo3mokHO, BBl 00paTuiM BHHUMaHUE Ha TO, YTO B Koja€ (GYHKIMU CpelHee ABYX
3HAYEHUI HAXOAUTCS IyTEM JieJeHus He Ha 2, a Ha 2,0. [louemy MbI Tak TOCTYIWIH?
910 ocobennocts Python. Ecim Ob1 MBI nenmwnm Ha 2, TO pe3ysbTaT ObUl Obl
OKPYTJIEH JI0 OJMKaWIIero IeJoro B MEHBIIYI0 CTOPOHY, IMOCKOJbKY Python
paccmaTpuBai Obl 2 TPOCTO KakK IEJIO€ YHUCI0. DTO HE WM3MEHWIO OBl pe3yibTaT
BbI30Ba cpenHee (2, 4), mockonbKy 6/2 paBHO 3, T.e. menomy uucity. OgHako B
ciyudae BbizoBa cpennee (200 ,301) cpennee 3nauenue, paBHoe 501/2, T.e. 250,35,
ObL10 OBI OKpyTIIeHO 10 3HaueHus 250. Jlenenue xe Ha 2,0 coobmiaer Python, yto B
HaIllM HaMEPEHUS JIEHCTBUTEIHLHO BXOJNUT paboTa C YUCIIaAMH, KOTOPHIE MOTYT UMETh
JTPOOHYIO YacTh, U MBI HE XOTHM, YTOOBI OHH OKPYTJISIUCH.

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

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

2. MaccuBbI
MaccuBbsl — 3T0 HEe OoJjiee uem TaOimipbl 3HaueHuid. Kak u B ciyuyae TaOmuIl, BbI
MOKETE CChUIAThCS HA KOHKPETHBIC SUYECHKH 10 HOMEPAM CTPOK U CTOJIOIIOB.
HaBepHoe, BaM HM3BECTHO, YTO MMEHHO TaKUM CIIOCOOOM MOXHO CCBhUIAThCA Ha
SYEHKH B AJIEKTPOHHBIX TaOimmax (Hampumep, Bl wmm C5) m mpousBoauTh HaA
HUMH BhIUKCIIeHUS (Hanpumep, C3+D7).
Korma nenmo moiineT no Hammcanus Koga HEHPOHHON CETH, MBI HCTIOJIb3YEeM MAaCCHBBI
JUTSI TIPEJICTABJICHUS MATPHUI] BXOJHBIX CHUTHAJIOB, BECOBBIX KOX(D(OUIIMEHTOB U
BBIXOJHBIX CHTHajI0B. Ho HE TONBKO 3THX, a TaKKe MaTpPHII, MPEICTABIISIOIINX
CUTHAJIbI BHYTPH HEUPOHHOM CETH M WX PaCIpOCTpaHEHUE B MPSIMOM HAaIpaBJICHUH,
W MaTpHII, PEACTABISIIONINX 00paTHOE PacIpOCTPAHCHHUE
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omuOok. [loaToMy naBaiiTe MO3HAKOMUMCS ¢ MacCMBaMH. BBeauTe W BBINOJHUTE
CHEAYIOIINMN KO

import numpy

Uro npemaer 3tor kon? Komanga import coobmiaer Python o HeobxomumocTtu
MIPUBJICYEHUS TOTIOJHUTENBHBIX BBIYUCIUTEIBHBIX PECYPCOB U3 APYTrOoro UCTOYHUKA
JUIA pAaCIIMPEHUs Kpyra MMEIOIIMXCA MHCTPYMEHTOB. B HEKOTOpBIX Cily4asx 3TH
JIOTIOJTHUTEJIbHBIE MHCTPYMEHTHI SIBJISIIOTCSL 4acThio Python, HO oHM HE HaxoasATCs B
COCTOSIHUM TOTOBHOCTH K HEMEJJICHHOMY MCIOJIb30BaHUIO, YTOOBI 03 HaJ00HOCTH
He orsaromars Python. Yame Bcero pacmmpeHuss He OTHOCATCSA K OCHOBHOMY
HHCTpyMeHTapuio Python, HO co3aaroTcst CTOpOHHUMH pa3paboTYNKaMU B Ka4eCTBE
BCIIOMOTATENLHBIX PECYpPCOB, JOCTYMHBIX IS BCEOOIEro HCMoab30BaHus. B
JAHHOM CJIy4ya€ Mbl HMIIOPTUPYEM JOMOJHUTENIbHBI HA0Op WHCTPYMEHTOB,
OOBEMHEHHBIX B €AWHBIA MOJYJb TOJ Ha3zBaHweM numpy. [laker numpy oueHb
MOMYJISIPEH M TMPEIOCTABISCT pPsii TOJIE3HBIX CPEACTB, BKIIOYAas MAaCCHBBI U
omnepanuy HaJ HUMHU.

Brenure B ciienyrouiei sUENKe NPUBEICHHBIN HUXKE KOJI.

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

B »sTOM KOmE WMMIOPTHUPOBAHHBIM MOJAYJIb NUMPY MCIHOJb3YETCA IS CO3IaHUS
MaccHBa Pa3MEpPHOCTHIO 3X2, BO BCEX SUEMKaX KOTOPOrO COAEPIKATCS HYJIEBBIC
3Ha4YeHUs. MBI COXpaHse€M BECh MACCUB B IIEPEMEHHON @, MOCJIE YETO BHIBOAUM €€ Ha
3KpaH. Pe3ynpTar moAaTBEp:KAAET, YTO MACCUB JEHUCTBUTEIIBHO COCTOUT U3 HYJIEH,
XPAHSAIIUXCS B BUJI€ TaOJIHUIIBI C TPEMS CTPOKAMU U ABYMS CTOJIOIIaMHU.

In [18]: |import numpy

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

A Tenepb MOIUDUITUPYEM COJIEPKUMOE ATOTO MACCHBA M 3aMEHUM HEKOTOPBIE U3
€ro HyJIel ApYyTMMHU 3HA4YCHUsMU. B IIpUBEJEHHOM HMKE KOJE IOKa3aHO, Kak
COCIIaThCS Ha KOHKPETHbBIE SIMEUKHU JIJISi TOTO, YTOOBI 3aMEHUTh XPAHSIIUECS B HUX
3HAYEHHS HOBBIMH. DTO HAMIOMUHAET OOpaIIeHHe K HY>KHBIM sUeKam dJIEKTPOHHOU

TaOJHIIBL.

a[0,0]=1

a[0,1]1=2

a[1,0]=9

al[2,1]=12

print(a)

[lepBast cTpoka OOHOBISIET SUEHKY, HaXosIIyocs B cTpoke 0 u ctonbue 0, 3ameHsis
BCE, YTO B HEM JI0 OTOI0 XPAaHWIOCH, 3HAUYCHHEM |. B OCTalbHBIX CTpOKAX IpyTHE
AYEHKH aHAJIOTMYHBIM O00pa3oM OOHOBIISIIOTCA, a TMOCJHEAHSS CTPOKa BBIBOJMT

MacCHMB Ha DKpaH C IMOMOUIBI0O MHCTpyKIMHU print(a). Ha npuseneHnon
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HIDKE WUTFOCTPAIlMU MTOKa3aHo, YTO COOOM MpeACTaBisieT MaCCUB TOCIIE BCEX
U3MEHEHUH.

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

— — —
Loe I e I ]
B 0 a2
[ —

12.1]

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

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

[1,0]

print(v)

3amycTUB STOT MPUMEP, BBl YBUAWTE, YTO TEpBasi MHCTPYKIHS print BBHIBOAUT
3Hauenue 2,0, T1.e. comepxumoe sueiiku [0,1]. Crnenyromas HHCTPYKIUS
NPUCBAaMBAET 3HAaueHWE 3yeMeHTa maccuBa a [1,0] mepeMeHHONW Vv W BBIBOOUT
3HAYEHHE 3TON nepeMeHHoM. Kak u 0xkuaanocs, BBIBOAUTCA 3HaueHue 9,0.

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

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

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

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

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

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

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

MaccuBbl, WIM MAaTPUIlbl, MPUTOMATCS HaM JUJII HEHPOHHBIX CETEH, IMOCKOJIBKY
MO3BOJIAT YNPOCTUTh MHCTPYKIIMHM TPU BBITIOJIHCHWH WHTCHCHBHBIX BBIYHCIICHUH,
CBS3aHHBIX C pACIPOCTPAHCHHEM CHUTHAJIOB M OOpaTHBIM pPACIpPOCTPAHCHHEM
OIINOOK B CETH.
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3. I'padnueckoe NpeACTaBieHue MACCHBOB

Kak u B ciyyae OONBIIMX YKCIOBBIX TAOJUI M CIHCKOB, MOHSTH CMBICI YHUCEN,
COJIEpKAILUXCS B 3JIEMEHTaX MaccuBa OOJIbLION pa3MepHOCTH, JOBOJIBHO TPYAHO. B
TO € BpeMs UX BU3yaJu3alMs MO3BOJISET OBICTPO MOJYUYUTh 00IEe MpeICTaBlICHNE
O TOM, YTO OHM O3HayaT. OJHUM U3 CMOCOOOB TIpaPUUECKOro OTOOpaKEHUS
JIBYXMEPHBIX YHCIIOBBIX MACCUBOB SIBIISIETCS UX MPEACTABICHUE B BUJIE IByXMEPHBIX
MIOBEPXHOCTEH, OKpacka KOTOPbIX B KaXJOW TOUYKE 3aBUCHUT OT 3HAYECHUS
COOTBETCTBYIOIIETO 3JieMeHTa MaccuBa. Crnocod yCTaHOBIIEHHUS COOTBETCTBUS
MEXJly I[BETOM IOBEPXHOCTH U 3HAUEHUEM HJIEMEHTa MacchBa Bbl BbIOMpaeTe MO
cBoeMy ycMmoTrpeHuto. Hampumep, MoxkHO mpeoOpa3oBbIBaTh 3HAUEHHUSI B IIBET,
UCTIOJIb3Ys KaKyl0-THOO LIBETOBYIO HIKATY, WM 3aKPAaCUTh BCIO MOBEPXHOCThH OEJIbIM
[BETOM 32 MCKJIOYEHUEM YEPHBIX TOYEK, KOTOPBIM COOTBETCTBYIOT 3HAYEHUS,
MPEBBIILAIOIINAE ONPEIEIECHHBIN MOPOT.

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

Ho cHauana Mbl 10JKHBI paciiipuTh Bo3MoxHOCTH Python st paboTsl ¢ rpadukoi.
Jns  sTOoro  HEOOXOAMMO HMMIOPTUPOBATH  JONOJHUTENbHBIM Kkoa  Python,
HalKUCAHHBIM APYTUMH JIFOABMU. DTO BCE PaBHO, YTO B3ATh y TOBapHulla KHUTY
pELENTOB, NOCTAaBUTh €€ Ha CBOK KHWKHYIO IMOJKY M IIOJIb30BAThCA €0 JJIA
MPUTOTOBJICHUSI OJIF0]T, KOTOpBIE paHbIlle HE YMENU TOTOBUTb.

Hwxe npuBeneHa MHCTPYKLHUS, C MOMOIIBIO KOTOPOM Mbl UMIOPTUPYEM HYKHBIN

HaM ITaKeT JuIsi paboThl ¢ TpaduKoi:
import matplotlib.pyplot

3nech matplotlib.pyplot — 3TO UM HOBOM «KHUTH PELIETITOB», KOTOPYIO Mbl Ha BpeMs
onamkuBaeM. Bo Bcex MOAOOHBIX clydasgXx HMS MOIYJS WM OUOJIMOTEKH,
NPEIOCTABISIONICH B Balle paclopsDKEHHE OTMOJHUTENBHBIA KOJM, YKa3bIBaeTCs
nociie KIF0YeBOro cioBa import. B mpornecce padotel ¢ Python wacto mpuxomutcs
UMIIOPTUPOBATH JOTOJHUTENbHBIE CPEJCTBA, O0JEryarlne KU3Hb MpOorpaMMuUCTa
3a CYET MOBTOPHOTO MCIIOIB30BaHUS MOJIE3HOTO KOJA, MPEAI0KEHHOT0 CTOPOHHUMU
paszpabotunkamu. Bo3MoOkHO, W BBl pa3paboraere KOraa-HuOyab KOJ, KOTOPHIM
HOJIEIUTECH C KOJIJIETaMu.

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

ITOMOIIBIO CIEAYIOIIEH TUPEKTUBBI:
%matplotlib inline

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

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

import matplotlib.pyplot
Enatplotlib inline

2.5

=0.5 oo 0.5 10 L5

Ham ynanocs npencraBuTh COAEPKMMOE MacCHUBa B BHJIE LIBETHOM AuarpaMmbl. Bl
BUJIUTE, YTO SAYEHKH, COJAEpXKallhe OJMHAKOBBIE 3HAYEHHs, 3aKPAILICHBI
OIUMHAKOBBIMU IBeTaMH. [lo3ke MbI mcmonb3yeM Ty ke ¢GyHKiuio imshow() mis
BU3YyaJIM3allMM 3HAYEHU I, KOTOpbIe Oy1eM MOody4yaTh U3 Hallleld HEHPOHHOM CETH.

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

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

35



ATOU CTPYKTYPOH U ompeaeseHneM (GyHKIMHA, KOTOPOE Takke CHaOKaeTCs UMEHEM.
OTnryaroTCs e OHU TEeM, UTO JUISl OTpeieieHUs (PYHKITUI UCIIONB3yeTCs KITI0YEBOE
CJIOBO def, TOorJia KaK JJisl ONpeJeieHUus 0ObEKTOB UCIOIB3YETCS KIIOUEBOE CIIOBO
class.

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

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

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

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

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

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

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

rae!
Bo3moskHO, BeI 00paTwin BHUMaHuE Ha 3yeMeHT self B ompenenenuu GyHKIUA —
bark (self). On 3mech mist Toro, 4toObl ykas3biBaTh Python, kK kKakoMy OOBEKTY
NPUTTUCHIBAETCS (QYHKIHS TIPH €€ CO3JIaHHH.
Paccmotpum mpumepsl 6ojiee TMOJNIE3HOTO HCMOJB30BaHUs OOBEKTOB M KIIACCOB.

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

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

sizzles.bark()
mutley.bark()

Me1 coznanu nBa oObekTa: sizzles u mutley. BaxHo moHMMaTh, 4YTO 002 OHU OLLIU
C03/1aHbI HA OCHOBE OJIHOTO M TOIO :Ke ompenejeHus kiacca Dog. CHauaja Mbl
onpesesieM, KaKk 00beKThI JOJKHBI BBITJIAIETh M KaK J0JUKHBI ce0sl BeCTH, a
3aTeM C0371aeM MX peaibHbIe IK3eMILISIPbI.

B 3TOM W COCTOMT CyTh pa3iauumsi MEXIy KilaccaMd M OOBEKTaMH: IIepPBBIE
MIPEJICTABIIIOT COOOM OMUCaHUs OOBEKTOB, a BTOPBHIE — pEaTbHBIC SK3EMILISAPHI
KJIACCOB, CO3JaHHBIC B COOTBETCTBHUM C TUMHU ONMHUCAHUAMHU. Kiacc — 3TO perent
MIPUTOTOBJICHHSI MHUPOTa, a 00BeKkm — CaM IUPOT, HM3TOTOBJIICHHBIA 110 JaHHOMY
peuenty. Ilporiecc co3maHusi OOBEKTOB Ha OCHOBE OIMCAaHMs Kilacca MOXKHO
MOSICHUTH C TIOMOIIBIO CICAYIOIICH HATISITHOM MILTIOCTPAITUH.

.
|
i P o 3 kaace Dog
=

W BEKIM Dog

A 4TO HaMm JaeT co3jaHue 0ObEKTOB HAa OCHOBE Kiacca? K uemy Bce 3TH XJIOMOTHI?
He nyume nm Obuio mpocto BbiBecTH (pasy “I'aB!” 0e3 kakoro-imubo
JIOMOJIHUTEIILHOTO Kojia?

[Ipex e Bcero, 3To UMEET CMBICI JeNaTh TOT/a, KOrJa BO3HUKAET HEOOXOAUMOCTh B
CO3/IaHMHM MHOKECTBA OJHOTHIMHBIX 00BEKTOB. Co3/1aBasi ’TH OOBEKTHI 10 CAUHOMY
oOpa3lly Ha OCHOBE KJacca, a HE OMNUCHIBAs MMOJHOCTHIO KaXKIbId U3 HHUX IO
OTHIEJIbHOCTH, Bbl 3KOHOMHUTE Maccy BpemMeHUu. Ho peanbHOE MNPEeUMYyIIECTBO
OOBEKTOB 3aKJIIOYAETCSl B TOM, YTO OHU OOECIEYMBAIOT KOMITAKTHOE OObEIMHEHUE
JTAHHBIX ¥ (DYHKIIMOHATLHOCTH B OAHOM MecTe. lleHTpanu3oBaHHas opraHU3anus
dbparMeHTOB KOJa B BHJE OOBEKTOB, KOTOPHIM OHHU €CTECTBEHHBIM 0OpazoM
MpPUHAIIEKAT, 3HAYATETHLHO O0O0JIeTYaeT TMOHUMAHUE CTPYKTYPHI IPOTPAMMBI,
OCOOCHHO B Cly4yae CIJIOXKHBIX 3aJay, 4TO SBISETCS OOJbIIUM IUTFOCOM st
nporpamMmmucToB. Cobaku natotr. KHonku pearupyrotr Ha
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menukd. JluHamuku u3naroT 3BYKU. [IpUHTEpHI MeYaTarOT WM JKAIYIOTCS, €CIU
3aKoHYMIach Oymara. Bo MHOTMX KOMIBIOTEPHBIX CUCTEMaX KHOIKH, TUHAMHKUA U
NPUHTEPHl  JEUCTBUTEIBHO SIBJISIOTCS OOBEKTaMU, (YHKIMHM KOTOPBIX  BBI
aKTHUBU3HUPYETE.

OyHKIMY, NpUHAIICKANME OO0bEKTaM, Ha3biBalOT MeTojgamMu. C BKIIOYCHUEM
(GyHKIUNA B COCTaB 0OBEKTOB BbI YK€ CTATKUBAIUCH, KOT/Ia MBI JOOABIISLTN (QyHKIIHAIO
bark () B ompenenenue kinacca Dog, u co3maHHbIE HA OCHOBE ATOTO Kjlacca OOBEKTHI
sizzles u mutley BKITt0Uann B ce0s MaHHBIN MeToa. Bel Bugenn, uto o6a oHu “nasim’
B PACCMOTPEHHOM IMPUMEpE.

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

PaccMoTpum Hmke OOHOBIEHHOE ompenaeneHue kiacca Dog. OHO BKIIIOYAET pnl

HOBBIX 3JICMCHTOB, KOTOPBIC MBI ITPCACTABUM 110 OTACIIbBHOCTH.

# ompenenenue kiacca oobektoB Dog class

Dog:

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

petname, temp) :

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

# mnonmyuuts cocrostaue def status

(self) :

print("umst cobaku: ", self.name) print("remmneparypa cobaku: ",

self.temperature) pass

# 3amaTh TeMIepaTypy

def setTemperature(self, temp): self.temperature

= temp; pass

# cobaku moryT nasaTh def bark (self):

print("TaB!") pass

pass

[Ipexne Bcero, oOpaTuM BHUMaHHME Ha TO, YTO MbI J00aBwiIu B Kiacc Dog Tpu
HOBBIE ()yHKIMH. Y Hac yxe Obuia ¢pyHkuus bark(), a Temepb Mbl JOMOTHUTEIHHO

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

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

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

3arnsHeM BHYTph dSTuX ¢yHKuuid. Haynem c¢ ¢dyHkunum c Ha3zBaHHeM
__init (). Oro cuennanbHOe uMs, U Python OyeT BeI3bIBaTh QYHKIIUIO iRt () KasK bl
pa3 mpu CO3AAaHMHM HOBOTO OOBEKTa JAHHOIO Kijacca. JTO OuYeHb YJIOOHO IS
BBIMOJIHEHUS JIF000H MOArOTOBUTENHHOM pabOThl 10 (HaKTUYECKOTO MCIOIb30BAHUS
o0bekTa. UTo ke MMEHHO MPOMCXOMUT B (YHKIUHU MHUIMANU3anuu? Mbl cozmaem
JIB€ HOBBIE IE€pEMEHHbIE: self.name wu self.temperature. Bbl MoxeTe y3HaThb HX
3HAYEHUA U3 MEPEMEHHBIX petname W temp, niepenaBaeMbix GyHkuuu. Yacts self. B
MMEHax O03HAyaeT, 4TO 3TH MEPEMEHHBIE SIBISIIOTCS COOCTBEHHOCTHIO OOBEKTA, T.€.
NpPUHAAJIEKAT TAHHOMY KOHKPETHOMY OOBEKTY UM HE 3aBUCAT OT JAPYTUX OOBEKTOB
Dog wnm obmmx nepeMeHHbIX Python. Mbl HEe XOTUM CMeEIIMBaTh WMS JTAHHOU
co0aku ¢ uMeHeMm Jpyroil. [loHadamy 3TO MOXKET MOKA3aThCsl CIUIIKOM CIIOKHBIM,
OJIHAKO, BCE 3HAYMUTENIBHO YNPOCTUTCS, KOI/JAa MbI MPUCTYIUM K pPacCMOTPEHHIO
KOHKPETHOTI'O ITpUMepa.

Cnenyromass — QyHkus status( ), KoTopas JedcTBUTENbHO mpocta. OHa He
MPUHUMAET HUKAKUX [TapaMeTPOB U MPOCTO BBHIBOJUT 3HAUEHUS IEPEMEHHBIX name 1
temperature oonexta Dog.

Hakonen, ¢ynkuus setTemperature () TpUHUMaeT MapaMeTp temp, 3HaueHUE
KOTOPOTO MpHU €€ BhI30BE MPUCBAUBACTCSl BHyTpeHHEN nepemeHnHol self.temperature.
OTO 03HayaeT, 4YTO JlaXke IOCJIE TOro, Kak OOBEKT CO3[aH, Bbl MOXXETE B JII0OOH
MOMEHT HM3MEHUTh €ro TEMIIEpaTypy, MPUYEM 3TO MOXKHO CHENaTh CTOJIBKO pas,
CKOJIbKO moTpedyeTrcs. Mbl He OyeM TpaTUTh BpeMsl Ha 00CY>KJIEHUE TOro, MOYeMy
BCe 3TU (DyHKIMH, BKIto4as bark (), npuHuMaloT aTpuOyT self B KayecTBe MepPBOTO
napameTpa. 1o ocobeHHocth Python. Ilo 3ambiciy pa3paOOTYMKOB 3TO TOIKHO
HaromMuHaTh Python, yTo (¢yHKIMS, KOTOpYyIO BBl COOUpAETECh OIPEACIUTD,
MPUHAIICKUT OOBEKTY, CCHIIIKON HA KOTOPBIN CIYKUT self .

YToOBI MPOSICHUTH BCE, O YEM MBI TOBOPHJIM, PACCMOTPUM KOHKPETHBINA mpumep. B
MIPUBEJEHHOM HHUXE€ KOJI€ Bbl BUJMUTE OOHOBJIEHHBIM Kiacc Dog, ompeneneHHbIN ¢
HOBBIMU (DYHKIMSMHU, U HOBBIH OOBEKT lassie, cO3JaBa€Mblii C MMapamMeTpamMu, OJUH
U3 KOTOPBIX 3aJaeT ero uMmsa Kak ‘“‘Lassie”, a Jpyroil ycTaHaBIMBAET €ro
TeMiiepaTypy paBHoil 37. Kak Bunure, BbI30B (pyHKIMM status() 1st oObekra lassie
kjacca Dog obecneurBaeT BBIBOJ €r0 MMEHHM M TEKYILIEro
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3HaueHus temiepaTypbl. C MOMEHTa co3aHusl OOBEKTa 3Ta TeMIeparypa He
U3MEHSIACH.

# onpedensHue knacca obbekmoB Dog

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

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

print(“rae!")

pass
pass

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

lassie.status()

umA cobakm: Lassie
TeMnepaTypa cobaku: 37

[TonpITaeMcst UBMEHUTH TEMIIEPATYpPy OOBEKTA U IPOBEPUM, JEHCTBUTEIBHO JI OHA

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

PesynbTat npeacraBieH HUKE.

lassie.status()

wMA cobakmn: Lassie
Temnepatypa cobaku: 37

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

wMA cobakn: Lassie
Temnepatypa cobaku: 49

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

KoHTpoJsbHbIe BONpochI

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

2. Yro npenctaBigioT co00il TPEHUPOBOYHBIE TAHHbIE?

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

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

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

6. UTo BKIIIOYAET U AJI YETO UCIOJIb3YETCs MMAKET numpy?

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

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

7. Uto Takoe kiacc, 00bEKT, METOL?

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

3aganue:

1. I3y4uTh TEOpETHYECKOE BBEACHUE.

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

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

4. CoctaBUTh OTYET MO JabopaTopHOUl padote. Tpebosanus k omuemy:

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

1) ®amunus cryaeHTa.

2) [MopsiakoBBI HOMEP ¥ Ha3BaHHE JTAOOPATOPHOMN PaOOTHI.

3) Lens paboThL.

4) OTBeTHI Ha KOHTPOJBHBIE BOMPOCHI.

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

3amura 1a00OpaTOpHON PabOTHI OCYIIECTBISETCA MO OTYETY, MPEACTaBICHHOMY
CTYJIEHTOM U C JIEMOHCTpAIIMEN 3a/laHKsl Ha KOMIIbIOTEpE.

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

1. IlpuMeHeHUE HECKOJIBKHUX KJIACCU(PUKATOPOB.
PaccMoTpeHHbIe HAMU TIPOCTHIE MPEIUKTOPHI U KIACCU(PUKATOPHI, OTHOCSIIHECS K
YUCIy TE€X, KOTOpBbIE IIOJy4YarOT HEKOTOPbIE BXOAHBIE JAHHBIC, BBIIOJIHSIIOT
COOTBETCTBYIOIIINE BBIYMCIICHUS U BBIJAIOT OTBET, JO0BOJLHO 3 dekTuBHEIL. U Bce xe
UX BO3MOXHOCTEH HEAOCTAaTOYHO JUIsl pelieHHsi Oojiee CIOKHBIX U HMHTEPECHBIX
3a/1a4, K KOTOPBIM OTHOCSTCS U 3a/1a4U, PEIIAEMbIE HA OCHOBE METOJ0B HEUPOHHBIX
CETEH.
OrpaHvyeHusi JUHEHHOro KiaccupukaTopa MPOJEMOHCTPUPOBAHBI HMXKE Ha
npocToM npumepe. OT MOHMMAHUS CYyTH YKAa3aHHBIX OTPAHUYEHHUI 3aBUCUT OJWH U3
KJIFOYEBBIX JJIEMEHTOB INPOECKTUPOBAHUS HEUPOHHBIX CETEW, KOTOPBIM HaM II03)KE
MIPUTOUTCSL.
O6patuMmcs K JIOTHYECKUM (Oyregvim, no umenu [locopoxca byns), QyHKIUSM.
Jxopmxk Bynb — MaTemMaTHk, JOTUK U (GUi0cod, ¢ IMEHEM KOTOPOTO CBSI3aHbI TaKUE
npocThie PyHKIMH, Kak Jorudeckue M u UJIN.
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OyHkuuu OyJeBOM JIOTUKM — 3TO CBOETO POJiIa «MBICIUTEIbHBIE» (YHKIMH CO
CBOUM s13bIKOM. Ecii Mbl TOBOpUM «ThI MOMyUHIllb JECEPT TOJIBKO B TOM Cilyyae,
€CJIM yXe chelsl oBoIIM M Bce paBHO T0O0/IeH», TO MBI UCIIOJIb3yeM OyieBy (DyHKIIHIO
N. Pesynprar OyneBoit ¢yHKumu M HCTHHEH TOJIBKO TOrAa, KOTJIa HMCTHHHBI
(BeIMOTHSIOTCS) 00a ycioBus. OH He Oy/IeT UCTUHHBIM, €CJTU UCTUHHO TOJBKO OJIHO
u3 ycnoBuil. [loaTomMy, eciu g ToJI0A€H, HO €Ie HE ChE OBOLIM, TO HE MOJIy4dy CBOM
JeCePT.

AHaNOTUYHO, €clii Mbl TOBOPUM «Thl MOXEIIb MOTYJATh B MapKe, €CIU CErojHs
BbIxogHOM MJIN y Te6s oTmyck», To ucnoyib3yeM OyneBy ¢pynkuuio NJIN. Pesynprar
OyneBoit ¢ynkumn NI ucTMHEH, €ClM UCTUHHBIM SIBISIETCS XOTS OBl OJHO W3
ycioBuil. BoBce He 00s3aTrenbHO, 4TOOBI BCE YCJIOBHSI ObUIM MCTUHHBIMH, KakK B
cinydae ¢pynkuuu W. [TosTomy, ecnu ceroHs He BHIXOIHOHN J€Hb, HO Y MEHSI OTITYCK,
TO 51 MOTY MOTYJIATh B MapKe.

Panee ™Mbl mpenctaBisuim  GyHKIHWIO B BHUJAEC MAIIWHBI, KOTOpash TPHUHUMAET
HEKOTOPBIE BXOJHBIE JIaHHbBIC, BHIMOJIHSIET ONpPECICHHbIC TEUCTBUS U BBIJAET OJIUH

OTBET.
Bx0d A \
6xo00 B /

3HaYeHUE MCTHUHA YacTO MPEJCTABISIETCS B KOMIBIOTEPAX Kak yucio 1, a 3HaUYeHUE
noxkb — kak umcino 0. B mpuBeneHHoOW HMke Tabimuile pe3ynbTaThl PabOTHI
normdeckux ¢yakuuid M w WJIM mpencraBieHbl C  HMCHOIB30BAaHUEM JTOU
JIJAKOHUYHOM HOTAIIMH JJII BCeX KOMOMHAIMI BXOHBIX 3HaUeHU A u B.

Bxoanoe Bxoanoe ornueckoe U Jlornueckoe
3HAYEeHHEe A 3HaueHue B NnJin

Aozuveckas

PYHKYus

—_— S O S
—_ == O

31ech OTYETIMBO BHUJHO, 4YTO pe3yibTar (GyHKIuu W OyAeT UCTUHHBIM TOJBKO
TOrAa, Korga UCTUHHBI U A, u B.

byneBbl (QyHKIMH UIparOT OYEHb BaXHYIO poJib B HHPOpPMATHUKE, U TIEpPBbIC
AJICKTPOHHBIE  BBIYUCIUTEIBHBIE  yCTPOWCTBA  (PAKTUUECKH COOMpPAINCH U3
KPOXOTHBIX JJIEKTPUUYECKUX CXEM, BBINOJHSIOMINX JIOTUYECKUE orepaunu. Jlaxe
apuMeTHIECKHE OTNEpaIliy BHITIOIHSINCH C UCIIOJIB30BAHUEM ITHX CXEM, KOTOpPbIS
caMU I10 ce0e BCEro JIMIIb BHITIOJHSIIA MPOCThIE OYJIeBBI ONEPaITUH.
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[IpencraBpTe cebe MPOCTON JUHEWHBIA KiIacCU(PUKATOP, KOTOPBIM JOJKEH
MCIIO0JIb30BaTh TPEHUPOBOUYHBINM HA0OpP JAHHBIX JJIs BBISICHEHUS] TOTO, YIPaBISIOTCS
JU JJaHHBIE JIOTMYECKOM (PyHKIMeH. 3ajaud Takoro poja €CTeCTBEHHBIM 00pa3zoM
BO3ZHMKAIOT TIEPE]l YUYEHBIMH, UCCIEAYIOIUMH MPUYUHHO-CIIEICTBEHHBIE CBSI3U WU
KOppeJsiliiio HaOmogaeMbiX BenuuuH. Hampumep, tpeOyercss HailTu OTBET Ha
cienytouuit Bornpoc: «[loBbImaercst 1u BEpOSATHOCTH 3a00J€BaHUs MaJsipUeil B Te€X

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

0003HaYEHBI KPACHBIM IIBETOM.

Aozudeckoe M

o,1)ff ™ N\, £(1.1)
(0.1) '€ J(

7

PA3EAUMEALHAR AUHUS

=3 ,Fﬁ.
fomc—’ ~(1,0)

Ha nuarpamme Taxke mokaszaHa mpsmMasi JIMHHS, OTIEISIONIas KPacHYI 00JIacTh OT
3eJIeHOM. DTa IJIMHUA TPENCTaBIseT JWHEHHYI0 (QYHKIHIO, KOTOPYIO MOXKHO
WCIIOJIB30BATh JIJII 00YUYEHUS JIMHEWHOTO KJIacCH(PUKATOPA, YTO MBI JIeTIali paHee.
Mgbr He OyaeM MPOBOAWTH COOTBETCTBYIONIME BBIYUCIICHHS, KaK B TPEIBITYIIAX
npuMepax, TMOCKOJBKY HHUYET0 NPHHIMIHAIBHO HOBOTO JTO HE Jgact. B
JEHUCTBUTEILHOCTH MOXHO OBUTIO OBl TMPEIIOKUTH MHOTO JPYTHX BapHaHTOB
MPOBEICHUS  PA3JCIMTEILHON JIMHUW, KOTOpbIe paboTamu Obl  CTOJb  JKE
YAOBIICTBOPUTEIILHO, HO TJIaBHBIN BBIBOJ M3 ATOTO MPUMEpa 3aKIF0YACTCS B TOM, YTO
MPOCTOM JIMHEWHBIA KiaccupuKaTop BHUJA y=ax+b MOXHO OOy4HTh paboTe C
OyneBoii pynkuuent .

A Temepp B3MVIIHUTE HA AaHAJIOTMYHOE Tpaduueckoe NpeCTaBICHUE OyJIeBO
bynkuuu NIIN.
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Aozudeckoe MAM

(0,1)0 G 1,1)

PA3DEAUMEADHAS AUHUS

&

(0,0) \ {.;(1,0)

Ha stoT pa3 kpacHoil oka3zanacek numib Touka (0,0), MOCKOJIBKY €l COOTBETCTBYIOT
JIOKHBIE 3HA4YeHWS Ha 00oux BXxomax, A m B. Bo Bcex apyrux komOWHAmmsix
3HAYEHUN XOTsI ObI OJTHO U3 HUX SIBIISICTCS UCTUHHBIM, U TIO3TOMY JIJISl HUX PE3yJIbTaT
ABJISIETCA UCTUHHBIM. CMBICT AUArpamMMbl 3aKJII0YaeTCs B TOM, YTO OHA HATJISTHO
JEMOHCTPUPYET BO3MOXKHOCTH OOYYECHHS JHMHEHHOTO Kiaccudukaropa pabote ¢
¢ynxueit MIN.

CymiectByer emie oaHa OyneBa (GyHKIUS, uckmouyarouee HJIM, xotopas naer
UCTUHHBIN pe3yJbTaT TOJBKO B TOM Cjyyae, €CJIM JIMIIb OJHO W3 3HAYCHWH Ha
Bxodax A u B uctunHO, HO He 00a. TakuM 00pa3oM, eciau 006a BXOJHBIX 3HAUCHHS
JIOKHBI WM 00a WCTHHHBI, TO PE3yJNbTaT OyJeT JOXKHbIM. Bce BhillleckazaHHOE
PE3IOMUPOBAHO B MPUBEJICHHON HUXKE TaOIuUIIE.

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

JnarpaMma, cOOTBETCTBYIOIIAs 3TOM (PYHKLIMH, Oy/I€T UMETh BU/L:
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AD2UYECKOE UCKAroYarowee MAM
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Yro BaxHO, 37€Ch HET croco0a pas/eluTh 3€JCHYI0 M KpacHylo 00JacTh OJIHOM
npsiMoit nuHueH. HeBo3MOXXHO TpOBECTH OJHY MPAMYIO JUHUIO TaKUM O0pa3oM,
9TOOBI OHA YCIICNTHO OTJIENHIa KPACHBIC TOYKH JAHHBIX OT 3€JICHBIX NIl (QyHKIIUN
uckmoyarowezo MJIM. 910 03Ha4aeT, 4TO MPOCTON JUHENHBIA KiIacCU(PUKATOP HE B
COCTOSIHUM 00yuuthcsi pabore cC GyHKIuen uckmouaroweeo HJIH, eciu
MPEeJOCTaBUTh €My TPEHUPOBOYHBIE TaHHBIC, YIIPABIISIEMbIC 3TOU PYHKIIUEH.

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

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

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

Takoli  cmoco0  CymIECTBYET: COBMECTHOE  MCIOJIb30BAHME  HECKOJIBKUX
KkjaccupukaTopoB. Ero mimrocTpupyeT NpUBEAEHHAs HUKE JuarpaMma C JABYMs
pa3eNUTeNIbHBIMU JTUHUSAMU. OJTa UAes 3aHMMaeT LEHTPAJIbHOE MECTO B TEOPUU
HEHpOHHBIX ceTel. Tenepb BamM NOMKHO OBITH SICHO, YTO C MOMOILIBIO MHOKECTBA
NPSIMBIX JIMHUW MOXKHO pa3liefuTh JKeJlaeMbiM 00pa3oM JIIOOYH0 CKOJIb YTOJHO
CJIIOXHYI0 KOH(UTYpalKIo 001acTel, moasiexanmnx Kiaccupukanuu.
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Ao2udeckoe uckArovarouiee MAM
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IIpexe uem MBI 3aiMEMCS CO3JIaHUEM HEMPOHHBIX CETEM, KOTOPbIE MPEAIOIararoT
CYLIECTBOBAHUE HECKOJBKUX KIACCU(PUKATOPOB, pabOTAIOMIUX COBMECTHO, CHOBA
oOpatuMcs K MPHUPOAE M PACCMOTPUM pabOTy MO3ra >KUBOTHBIX, AHAJIOTHH C
KOTOPBIM TOCIYXKHJIM TOTYKOM K pPa3pabOTKe MOAXOJOB HAa OCHOBE HEHPOHHBIX
CEeTeN.

Bv1600bl no nepeomy nyHKmy:

* [IpocToii TMHENHBIA KiIacCU(PUKATOP HE B COCTOSIHUM Pa3/I€IUTh HYKHBIM
o0pa3oM 00JacTH JAHHBIX, €CJIM JAaHHBIE HE YIPABIISIIOTCA MPOCTHIM JUHEHHBIM
mpoieccoM. ITo ObLIO MPOJEMOHCTPUPOBAHO HA MPUMEPE JAHHBIX, YIPABISIEMbIX
noruueckoit pyHkimein uckimoyatomero NJIN.

* OnHako 3Ta mpodlieMa pelaeTcss O4eHb MPOCTO: Uil pa3rpaHUYCHHUS
JAHHBIX, KOTOpBIE HE YJIAeTCs pa3AciuTh OJHOM NPSAMOM JIMHEH, CJIeAyeT
HCI0JIb30BATh MHOKECTBO JIMHEHHBIX KJIACCH(PHUKATOPOB.

2. HeiipoHBI — BBIYUCJIUTEIbHbIE MAIIMHBI, CO3IaHHbIE IPUPOAOIi.

Mo3r KHBBIX OpPraHW3MOB, SIBJISIACH CJIOKHOM CHCTEMOM, CTaBUT YYEHBIX B TYIHK,
ITOCKOJIBKY Ja)e Y CTOJb MaJibIX MPEICTABUTENEN )KUBOU IIPUPOBI, KaK, HAIPUMED,
MOTyTau, OH JIEMOHCTPUPYET HECPABHEHHO OOJBIITNE CIIOCOOHOCTH, YeM ITU(POBBIC
KOMIIBIOTEPBl C  OTFPOMHBIM  KOJIMYECTBOM  3JIEKTPOHHBIX  BBIYMCIUTEIBHBIX
AJIEMEHTOB W TaMSTBhIO HEBEPOATHBIX OOBEMOB, pabOTAIOIIUX HA 4YacTOTax,
HEJIOCTH>XKUMBIX ISl ’KUBOTO MO3ra U3 IUIOTH U KPOBH.

Torma ydeHble COCPEOOTOYMJIM BHUMAHME HA APXUTEKTYPHBIX pazinuusx. B
TPAIUIIMOHHBIX KOMIIBIOTEpAX JaHHbIE 00paldaTHIBAIOTCA IOCJIEA0BATENIBHO, TIO
YETKO YCTAaHOBJICHHBIM TNIpaBWwiIaM. B HX 3anporpaMMUpOBAaHHBIX pacyerax HET
MECTa HEOAHO3HAYHOCTU M HesICcHOCTH. C Jpyrod CTOpPOHBI, ITOCTEIIEHHO
CTAaHOBUJIOCh TOHSATHO, YTO MO3l JKMBOTHBIX, HECMOTpS Ha KaXyUIyrOcs
3aMEIJIEHHOCTh €ro padodyux PpPUTMOB 10 CPaBHEHUIO C KOMIIBIOTEPAMH,
oOpabaTbiBaeT CUTHAJIBl TMapajUIebHO W YTO HEOMPEACNEHHOCTh  SIBIISIECTCS
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CYIIECTBEHHOW OTIUYUTEIBLHON YEPTOM €ro AEATEIIbHOCTH.

PaccmoTpum  cTpoeHne — 0a30BOM  CTPYKTYpHO-(QYHKUHMOHAIBHOM  €IMHMIIBI
OHMOJIOrMYECKOr0 MO3ra — HelpoHa.

HelpoH

MEPMUHAAU

t- ‘\',t

AKCoOMH

HecmoTpss Ha TO 4TO HEWPOHBI CYIIECTBYIOT B pa3iMYHbIX (PopMax, BCE OHU
MEePEIAI0T BJEKTPUUYECKUE CHUTHAIBI OT OJHOIO KOHIIA HEHMpPOHA K APYroMy — OT
JEHJIPUTOB YE€pe3 aKCOHbI A0 TepMHUHaiel. Jlanmee 3TH CUTHAIBl MEPENAKOTCA OT
OJIHOTO HeWpoHa K aApyromy. MiMeHHO Oiiarogapsi TakoMy MEXaHU3MYy BbI CIIOCOOHBI
BOCIIPUHUMATh CBET, 3BYK, IPUKOCHOBEHHE, Termio W T.1. CurhHagsl oOT
CIEUHUAIN3UPOBAHHBIX PELENTOPHBIX HEMPOHOB JOCTABJISIOTCSA MO Balledl HEPBHOM
CUCTEME JI0 MO3Tra, KOTOPbIi B OCHOBHOM TaKyK€ COCTOUT U3 HEMPOHOB.

Ha npuBeneHHON HMXKE WILTFOCTPALMM MOKa3aHA CXeMa CTPOCHUS HEMPOHOB MO3ra
nomyrasi, MPEACTaBICHHAs HWCMAaHCKUM HedpoOuonorom B 1899 romy. Ha Hei
OTYETIMBO BUJHBI BAKHEUIINE KOMIIOHEHThI HEUPOHA — IEHAPUTHI U TEPMHUHAIIN.

CKOJIbKO HEHPOHOB HAM HYKHO JUIsl BBIIIOJHEHHS MHTEPECHBIX, OOJIee CIIOXKHBIX
3a1ay?
B rosoBHOM MO3re 4enoBEeKa, SBIIAIOIIEMCS CaMbIM Pa3BUTHIM, HACUHUTHIBACTCS
oxoisio 100 mumnapaoB HEHpoHOB. M0o3T 1p030GhUiIbI (IIJI0I0BON MYIITKH) COACPIKUT
npumepHo 100 Thicsu HEMPOHOB, HO OHAa CHOCOOHA JI€TaTh, MUTATHCSA, H30EraTh
OMACHOCTH, HAaXOJUTh MHILY W PEIIaTb MHOMXECTBO APYIHX
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JIOBOJIBHO CJIOXKHBIX 33/1a4. ITO KoanuecTBO — 100 ThICAY — BMOJIHE CONOCTABUMO C
BO3MOYKHOCTSIMA COBPEMEHHBIX KOMIIBIOTEPOB, U MO3TOMY B IOIBITKE UMHTALAU
paboThI TAKOTO MO3Ta €CTh CMBICIL.

Mosr HeMaroasl (Kpyryioro uepBsi) HacuuTbiBaeT Bcero 302 HelpoHa — HUYTOKHO
Majas BEJIMYMHA TI0 CPAaBHEHUIO C pecypcaMl COBPEMEHHBIX ITU(POBBIX
koMmnbioTepoB! Ho 3TOT yepBb criocoO€H peliaTh TaKue JT0BOJBHO CIIOXKHBIE 3a7a4H,
KOTOPBIE TPAAUIIMOHHBIM KOMIBIOTEpPAM HAMHOTO OOJIBIIUX Pa3MEPOB IMOKA YTO HE
10 CHJIaM.

B uem xe cexpet? Ilouemy OGuosiornyeckuii Mo3r o0J1aaeT CTOJIb 3aMevyaTeIbHbBIMU
CIIOCOOHOCTSIMH, HECMOTpsS Ha TO 4YTO paldoTaeT MEIJICHHEE W COCTOUT U3
OTHOCHUTEJIbHO MEHBIIETO KOJIUYECTBA BBIUUCIUTEIBHBIX 3JIEMEHTOB MO CPAaBHEHUIO
C COBpeMeHHbIMH KoMIbloTepaMu? ClOXKHBIE MEXaHU3Mbl (YHKIMOHUPOBAHUS
Mo3ra (Hampumep, HaJu4ue CO3HAHHUS) BCE €€ OCTAIOTCS 3araJKkoi, HO Mbl 3HAEM O
HEHPOHAaX JOCTAaTOYHO MHOTO /IS TOTrO, YTOOBI MOXHO OBUIO MPEUIOKUTH
pa3nuYHbIC CIIOCOOBI BBHITTOJIHEHHS BBIYUCIICHUH, T.€. Pa3IMUHbIC CIIOCOOBI pelIeHuUs
3a7ad4.

PaccmoTpum, kak pabotaer HeiipoH. OH MPUHUMAET MOCTYMAOIINN dJIEKTPUICCKUAN
CUTHAJI W BBIPA0ATHIBAET APYTOW AIEKTPUUECCKUN CUTHAI. DTO OYEHb HAITOMUHAET
paboTty mMojenel kiaaccuukaropa Wiv NpeIuKTopa, KOTOPhIe MOIYYal0T HEKOTOPhIE
BXO/IHBIC JTAHHBIE, BBITIOJIHAIOT OMPE/ICIICHHBIE BBIYMCICHUS U BBIAAIOT PE3YJIbTaT.
MoskeM Jd MBI TPEACTaBUTh HEUPOHBI B BUJE TUHEUHBIX PyHKIM? Het, xoTs cama
no cebe 3Ta uaes Heruioxas. BeipabaTbiBaeMblii HEUPOHOM BBIXOJHOW CHUTHAN HE
SIBJISICTCSL TIPOCTOM JMMHEHHON (PYHKIIMEH BXOJHOTO CUTHAsa, T.€. BBIXOJHON CUTHAI
HEJb3s MPEJCTaBUTh B BUJE 6bIX00 = (KoHcmaHma * 6x00) + (803modicHas opyeas
KOHCIMAaHmMa,).

CornacHo pe3yJibTaTaM HaOJIOACHUNW HEUPOHBI HE pEarupyroT HEMEIJIEHHO, a
MOJABJISIIOT BXOJAHOM CUTHAJI 10 TE€X MOP, MOKA OH HE BO3PACTET IO TAKOW BEIIMYMHBI,
KOTOpAasi 3ayCTUT F€HEPAIMIO BBIXOJHOTO CUTHAJA.

DTO0 MOXHO TPEACTaBUTH ceO€¢ Kak HaJIWM4he HEKOero MOpPOroBOr0 3HAYCHMS,
KOTOpPOE JIOJKHO OBITh MPEBBILIECHO, MPEXkaAe YeM OyIeT CreHEePUpPOBAaH BBIXOJHOM
curHai. CpaBHUTE MOBEACHUE BOJIBI B YAIIKE: BOJIA HE CMOXET BBIIUIECHYTHCS, MTOKA
Yalika He HamoJHUTCA. HTYUTHUBHO 3TO MOHSATHO — HEMPOHBI MPOITYCKAOT JIMIIb
CWJIbHBIC CUTHAJIBI, HECYIIHE MOJEe3HYI0 HH(POpMAIINIo, HO He cialblil mym. Unes B
TOM, YTO BBIXOJHOW CHUTHAJI BhIpaOaThIBAE€TCS JUIIL B CIy4YasX, KOT/Ia aMIUTUTY1a
BXOJITHOT'O CUTHAaJa JOCTUTAET JOCTATOYHOM BEJIWYWHBI, ITPEBBIIAIONICH HEKOTOPBIN
TIOPOT.

@yHKIHS, KOTOpas MOJTYyYaeT BXOJHON CUTHAJ, HO TEHEPUPYET BBIXOJHOW CUTHAJ C
y4eTOM TOpPOrOBOTO  3HAueHus, HasbiBaeTcss  (PyHkuuer  aktuBanuu. C
MaTeMaTUYECKOM TOUKH 3PEHUSI CYIIECTBYET MHOXECTBO TaKUX (DYHKIUN, KOTOpbHIC
MorJIi Obl 00ecieunTh 0100HBIN A (PEKT.

B kauecTBe npuMepa MOKHO MPUBECTU CTyNEHYATYIO (PYHKIIHIO.
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Bexod

EPAYNEHHARAAA PUHKUUSA

> fxod

-

nopoz

Herpynno 3ameTuTh, 4TO a7l Cla0OBbIX BXOJHBIX 3HAYEHHM BBIXOJHOE 3HAYCHUE
paBHO HyJt0. HO CTOMT mpeBBICUTH BXOAHOM NOPOT, KAK HA BBIXOJE MOSBIISIETCS
curHasl. M CKycCTBeHHBIM HEHPOH C TaKUM T[IOBEJECHHUEM HANOMHUHAI Obl
HACTOSIIIMKA OMOJIOTUYECKUA HEHPOH. DTO OUYEHb XOPOIIO OMHCHIBACTCS TEPMHUHOM,
KOTOPBIN HCIOJIb3YETCS YYEHBIMH: OHU TOBOPST, YTO HEHPOH BO30YKIAETCs NpHU
JOCTUKEHNH BXOJHBIM CUTHAJIOM IIOPOrOBOTO 3HAYECHHUS.

Crynenvaryto (yHKLIHMIO MOXHO YCOBEpILIEHCTBOBaTh. IlpeAcTaBieHHYIO HUXKE S-
o0pa3Hyr0 (YHKIMIO HA3bIBAIOT CUTMOMJOW, WM CUTMOWAAIBHOM (PYyHKIIHEH.
Pe3kue mpsMOyrosibHble TpaHUIIBl CTYNEeHYaTod (YHKIMHM B HEHM Cria)KeHbl, YTO
Jenaer ee 0oJjiee eCTECTBEHHOM U peanuctuyHo. [Ipupoaa He 100UT OCTphIX YIiioB!

Boixod

cuzmouda

s Bxod

Crnaxxennast S-o0pa3Hasi CUTMOUJa — 3TO U €CTh TO, YTO MBI OyJ€M HCIOJIb30BaTh
JUTsL  CO3MaHmsi COOCTBEHHOW HelpoHHoW cetu. HMccmemoBaTtensmMu B o0yiactu
MCKYCCTBEHHOI'0 MHTEIIJIEKTa UCTOJB3YIOTCA TaKXe Ipyrue (GyHKIUU aHATIOTUYHOIO
BHJIa, HO CHUTMOHMJAa MPOCTa M OYEHb MNOMYJIApHA, TaK 4YTO OHa OyAeT sl Hac
OTJIMYHBIM BBIOOPOM.

Curmounsia, KOTOPYHO HHOT/IA Ha3bIBAIOT TakKXXe JIOTUCTUYECKOW (PyHKIIHMEH,
OMHCBIBAETCS CIIeIyIoNeH GopMyIoi:

1

1+e"
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OTO0 BBIpaXXEHHE HE HACTOJIBKO CII0KHOE, KaK TTOHAYaJdy MOXKET MoKa3aTbes. bykBoi
€ B MaTeMaTUKe MPUHATO 0003HAYaTh KOHCTAHTY, paBHyio 2,71828... DT0o oueHb
MHTEPECHOE YHCIIO, KOTOPOE BCTPEYAETCs BO MHOTUX OO0JAacTsIX MAaTeMaTUKU U
¢bu3KKY, a MPUYMHA, IO KOTOPO B JAHHOM YMCIIE€ MBIl HCIOJIb30BAJIM MHOTOTOYHUE
(...), 3aKiro4yaeTcss B TOM, 4YTO 3alUCh JECATHUYHBIX 3HAKOB MOXET OBbITh
MPOJI0JDKEHA 10 0eCKOHEYHOCTH. JlJis MOI0OOHBIX YHCeN CYIIECTBYET MPUUYIITUBOE
Ha3BaHUE — TPAHCLIEHJICHTHBIE Yncia. Bee 3T0, KOHEYHO, MHTEPECHO, HO IS HALLIUX
11eJIeH BIIOJIHE I0CTATOYHO CYUTATh, UYTO 3TO YKUCIJIO MPOCTO paBHO 2,71828. BxoaHoe
3HaueHHEe OepeTcsi C OTPULATEIBHBIM 3HAKOM, M € BO3BOJIWUTCA B CTEHEHb -X.
Pesynbrar mpubaBnsercs k 1, uro maer Ham l+e™ Haxonen, ™Mbl oOpaiiaem
NOCIIEJHIOI CyMmMMy, T.e. jgenuMm 1 Ha 1+e™ DOT0 M ecTb TO, 4YTO JENaer
MpUBEICHHAs BbIMIE (YHKIUA C BXOJHBIM 3HAYEHUEM X JUIsI TOTO, YTOOBI
MPEIOCTABUTh HaM BBIXOJIHOE 3HAYEHUE ).

Panu uHTEpeca ciemyer OTMETUTb, YTO MPHU HYJIEBOM 3HAYEHUU X BBIPAKECHHUE €
NPUHAMAET 3HaueHue 1, MOCKOJIbKY BO3BEACHHE JIFOOOTO YUCHa B HYJEBYIO CTEIICHb
Bceraa naet 1. Iloatomy y cranoButcs paBHeiM 1 / (1 + 1) miom mpocto 1/2, T.e.
nosioBuHe. CiiejoBaTeNbHO, 0a30Basi CUIMOM/1A IEPECEKAET OCh Y Mpu y=1/2.
CymiecTByeT elie OJiHa, OYeHb BecKas, MPUYMHA JIJIi TOro, YTOOBl M3 MHOXKECTBA
BceX S-o0pa3HbiX (QYyHKIMH, KOTOpPhIE MOXHO OBLUIO OBl HCIOJIB30BaTh IS
OTpEJICJICHHs] BBIXOJJHOTO 3HAUY€HMsI HEHMpPOHA, BHIOpaTh UMEHHO curmouay. Jlemo B
TOM, YTO BBITIOJIHSTH PACYEThl C CUTMOUOW HAMHOTO TPOIIIE, YeM C JIt000i Apyrou
S-o6pa3Hoil PpyHKIMEH, U BCKOPE HAa MPAKTUKE MOXKHO OYJEeT yOeIUThCsl B TOM, UTO
3TO AEUCTBUTEIIBHO TaK.

BepHemcs k HeWpoHaM UM TOCMOTPUM, Kak Mbl MOXEM CMOAECIUPOBATH
VCKYCCTBEHHBIN HEMPOH.

[lepBoe, 4TO cienyeT MOHSATh, — 3TO TO, YTO PEalbHbIE OMOJIOrMYECKUE HEHPOHBI
UMEIOT HECKOJBKO BXOJIOB, a HE TOJbKO oauH. Ho 4TO Ham nenaTh cO BCEMH 3TUMU
BxonaMu? Mpl OyjaeM NMpPOCTO KOMOMHUPOBATH HUX, CYMMHPYS COOTBETCTBYIOILIUE
3HAYEHUA, U PE3yJIbTUpYIOIIas cyMMa OyAeT CIIyXUTh BXOAHBIM 3HAYEHUEM IS
CUTMOMJBI, YIIPABIIAIOUIEH BBIXOAHBIM 3HaueHHEM. Takas cxema OTpakaeT IPUHLUII
paboTbl HelpoHHOM ceTu. [IpuBejneHHass HUWXKE OUarpaMma WLUTIOCTPUPYET HIICIO
KOMOMHUPOBAHUSI BXOJHBIX 3HAYCHUM W CPAaBHEHHS PE3YJIbTHPYIOMIEH CYMMBI C
IIOPOTrOBBIM 3HAYEHHUEM.

X

cymma cuzmoudasbHas

Bxodol PYHKUYUR —% Bbixod y
akmubayuu i

X =
a+b+e ! 4(x)
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Eciaun koMOMHMPOBAHHBIN CUTHAT HEIOCTATOYHO CUJIBHBIN, TO CUTMOU/IA MOJABIISET
BBIXOJIHOU curHai. Eciu ke cymMa X JOCTaTOYHO BeIMKa, TO (QYHKIMS BO30YKIaeT
HEUpOH. MHTEpECHO OTMETUTH, YTO JAXKE €CIU TOJBKO OJUH CUTHAI JOCTATOYHO
CWIbHBIN, B TO BPeMs KaK BCE€ OCTaJIbHbIE UMEIOT HEOOJBIIYIO BEIUUYHHY, TO U ATOTO
MOXXET BIIOJIHE XBAaTUTh JJIsi BO30YXIeHUs HeWpoHa. boiiee TOro, HEHpPOH MOXKET
aKTUBUPOBATbCS U TOTJA, KOTA KaXKIbId M3 CUTHAJIOB, B3ATHIX IO OTIEIbHOCTH,
MMEEeT HEeJIOCTATOYHYIO BETMYMHY, HO, OyIy4H B3SITHIMU BMECTE, OHU 00ECTICUNBAIOT
MpEBBINICHUE Topora. B 3TOM yke 4yBCTByeTCsl MPOTOTUIl 00Jiee CIOXKHBIX U B
HEKOTOPOM CMBICJIE HEOIPEACIICHHBIX BBIYUCICHUN, Ha KOTOPBIC CIIOCOOHBI
M0I00HBIC HEUPOHBHI.

DNeKTpUYeCcKre CUTHAJIbl BOCIIPUHUMAIOTCS JEHAPUTAMHU, TJI€ OHU KOMOMHUPYIOTCS,
dbopmupyst Oosiee CUIbHBIA CUTHANI. Eciu 3TOT cHUrHaN MpeBbIIIAET MOPOT, HEUPOH
aKTUBUPYETCSl, U CUTHAJI NEPEAacTCs 4epe3 aKCOH K TEepMHHalIaM, OTKyJa OH
MOCTyIMaeT Ha JACHAPUTHI Ccieayromero HedWpoHa. CBs3aHHbIE TaKUM CIIOCOOOM
HEHWPOHBI CXEeMATHYECKH N300paKeHbI Ha MPUBEICHHON HUKE WILTIOCTPAIUH.

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

HEdpoHB
——

7
Sl
A

CUTHAJI OT HECKOJIBKMX HaXOIAIIMXCSA IEepe]l HUM HEHPOHOB M, B CBOIO OYEpPEb,
TaK)Ke MepeaaeT CUTHAJl MHOTUM JIPYTUM B Cllydae BO30YXKICHUS.

OxaHuM #u3  CHOCOOOB  BOCTIPOM3BEIACHHMS  TaKOro TMOBEACHHS  HEWPOHOB,
Ha0JIF01AeMOr0 B KMBOM MPUPOJE, B UCKYCCTBEHHOM MOJENU SIBIIAECTCS CO3/IAHHE
MHOT'OCJIOMHBIX HEHWPOHHBIX CTPYKTYP, B KOTOPBIX KaXXIbli HEHMPOH COEIHMHEH C
KOKIBIM M3 HEHPOHOB B NPEALIECTBYIOIIEM M IOCIEAYIOIIEM CIOAX. JTa HIAEs
MOSICHSIETCS Ha CJIENYIOLEN ULTIOCTPALIUH.



cAol 1 cADH 2 CAQU 3

Boixodpi

HelpoHbI COEOUHEHUS

Ha sToli mimrocTpauyii peACTaBIEHbI TPU CJO0S, KaXKIbIA M3 KOTOPBIX BKJIIOYAET
TPU UCKYCCTBEHHBIX HEHWPOHA, WM y3i1a. Kak HETpyAHO 3aMETUTh, 3[€Chb KaKIblU
y3€J1 COEJIMHEH C KAKbIM U3 y3JI0B MPEAUIECTBYOLIETO U NOCIEAYIOIIETO CIOEB.

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

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

Ha cnenytomeit tuarpamMmme BHOBb MTOKa3aHbl COEAMHEHHBIE MEXAY COOON y37bI, HO
Ha 3TOT pa3 C KAKJIBIM COCIMHEHUEM aCCOLMUPYETCS OINpeNereHHbIN Bec. Huskni
BECOBOM KOA((HULIMEHT 0cnabiseT CUTHAII, BRICOKUN — YCUIIUBAET €rO.

Crnenyer cka3aThb HECKOJIBKO CJIOB O HEOOJBIIMX MHJIEKCaX, YKa3aHHBIX PSAIOM C
kod(ppunuentamu. Hanpumep, cumBon W ,3 0003Ha4aeT BecOBOM KOA(DHUIIUEHT,
CBSI3aHHBIA C CHUTHAJIOM, KOTOpPBIA MEpeaaeTrcss OT y3ja 2 JAHHOTO clos K y3iy 3
cienytouiero ciuos. CiaenpoparenbHo, W 1, — 3T0 BecoBOi KOA((PUIIMEHT, KOTOPHIN
ocla0JIsieT WM YCUJIMBAET CUTHAJ, MepeaBaeMblil OT y3ia 1 K y31y 2 clieayroero
ciost. YToObl MPOUIUTIOCTPUPOBATH ATy HJICI0, HA CIEIYIOUIEH AuarpaMmme 00a 3TUX
COEJIMHEHHUS MEKy IIEPBBIM U BTOPBIM CIIOSIMH BBIJIEJICHBI LIBETOM.
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Bixode

MokeT BO3HUKHYTH BOIIPOC, MOYEMY KaXKJBIH y3€sI CJIOs JOKEH OBbITh CBSI3aH C
KOKJIBIM M3 Y3JIOB NPEABIAYIIETO U TOCIEIYIONIET0 CI0eB. DTO TpeOOBaHHE HE
SBJISIETCS 00S3aTEIbHBIM, M CJIOM MOXKHO COEIUHATh MEXIy COO00H JIF0OBIM
MBICIIUMBIM CITIOCOOOM. MBI HE paccMaTpuBaeM 3/1eCh JPYTHe BO3MOXKHBIE CTIOCOObI
Mo TOW mNpUYWHE, 4YTO Onarojaps OJHOPOJHOCTH OIKUCAHHOW CXEMbl TOJHOTO
B3aMHOI'O0 COCJMHEHHUS HEUPOHOB 3aKOJUPOBATh €€ B BHJIEC KOMIIBIOTEPHBIX
WHCTPYKIIMI HA CaMOM JieJie 3HAYUTEIBHO MPOINe, YeM JIIOOYI0 JIPYTYI CXeMy, a
TaKkKe IMOTOMY, YTO Haluyue OOJBIIEr0 KOJUYECTBA COCAMHEHUM, YeM TOT HX
00s3aTeNbHBIA ~ MUHHUMYM, KOTOPBIA MOXET MOTpPeOOBaTbCAd MJIA  PEIICHUS
ONpPEAECICHHOW 3aJaud, HE NPUHECET HUKAKOro Bpenaa. Ecinum JOomoJHUTENbHbBIE
COCIMHEHUs JCHUCTBUTEIHLHO HE HYXXHBI, TO TIpollecC OOydYeHHs OCIa0UT HuX
BIIUSIHUE.

Uto moxa »TUM mojpaszyMmeBaercsi? OTO O3HAYAET, YTO, KaK TOJIBKO CETh HAYUMUTCS
yJIy4IlIaTh CBOM BBIXOJHBIC 3HAYEHUS MYTEM yYTOYHEHUS BECOBBIX KOA(D(OUIIMEHTOB
CBsI3€il BHYTPHU CETH, HEKOTOPbIE Beca OOHYJIATCS WM CTaHYT OJM3KUMH K Hyi0. B
CBOIO OY€pelb, ITO O3HAYAET, YTO TAKUE CBSI3M HE OYyJyT OKa3blBaTh BIUSHHS Ha
CEeTh, MOCKOJBKY WX CHUTHAJBl HE OyIyT TepefaBaThCsi. Y MHOXEHUE CUTHANA Ha
HYJIEBOHM BEC JIa€T B pe3yJibTaTe HYJIb, UTO O3HAYAET (PAKTUUECKUN pa3phIB CBSI3H.
Bb1600bl 1o 6mopomy nynKmy:

* buonorndeckuii MO3r JEMOHCTPUPYET BBINOJIHEHUE TAaKUX CIIOXKHBIX
3a/1a4, KaK yIpaBJe€HHE MOJIETOM, MOWCK MUIIU, U3YyUYCHHE s3bIKa WM M30eraHue
BCTpEY C XUIIHUKAMHU, HECMOTpPsI Ha MEHBIIMK OO0BEM MaMSATU U MEHBIIYIO
CKOPOCTh  00paboTku uH(OpMaMK 1O CPaBHEHHIO C  COBPEMEHHBIMU
KOMIIbIOTEpaMH.

« Kpome TOro, OHONOTMYECKHH MO3T HEBEPOSTHO YCTOMYHMB K
MOBPEXKJICHUSAM M HECOBEPIIEHCTBY 00padaThIBAEMBIX CUTHAJIOB IO CPABHEHUIO C
TPaJIULIMOHHBIMA KOMIIBIOTEPHBIMHA CUCTEMaMH.

* buonormueckuii MO3r, COCTOSIIIMM W3 B3aUMOCBSI3aHHBIX HEWPOHOB,
SIBJISICTCSI ICTOYHUKOM BIIOXHOBEHHUS JJI Pa3pabOTINKOB CHCTEM MCKYCCTBEHHOTO
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HHTCJIJICKTA.

3.PacnipocTpaHeHue CUTHAJIOB 10 HEHPOHHOM CETH.

IIpuBeneHHas BbIIIE KapTUHKA C TPEMS CIIOSIMU HEUPOHOB, KaXKIbIA U3 KOTOPBIX
CBA3aH C KaXIbIM W3 HEHPOHOB B MPEABIAYIIEM U CIEAYIOLIEM CIIOSIX, BBITJISIUT
JIOBOJIBHO NPOCTO M MOHATHO. OJHAKO paccyuTaTh PacIpOCTPAHEHHE BXOIHBIX
CUTHAJIOB 10 BCEM CJIOSIM, IIOKA OHU HE INPEBPATATCA B BBIXOJHBIC CHUTHAIBI, HE
OUYEHb IPOCTas 3ajaya.

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

caoll 1 cAOU 2

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

1.0

’ @ | . J*@ -
f

Bxodbi "

B iy A - ,x@ e

Kak u PaHbIIIC, KEDKI[I)II?I Y3 IpeBpaliacT CyMMY JIBYX BXOJIHBIX CHUI'HAJIOB BOIHWH

BBIXOJIHOM C MNOMOIPBI (QYHKIMM aKkTuBamuud. Mel Takke Oyaem
HCIIOJIB30BATh CUTMOUY [To=%>C KOTOPOM BBI JI0 3TOTO MTO3HAKOMUJIUCH, T
X — 3TO CyMMa CUTHAJIOB, IMOCTYIAIOIINX B HEHPOH, a ) — BBIXOJHOW CUTHAJ 3TOTO
HEUpOHA.

A 4to HacueT BecoBbIX Kod(durmenToB? C Kakoro 3HaA4YCHUS CIAEAYeT HAYaTh?
JlaBaliTe HAYHEM CO CIIy4YalHbIX BECOB:
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o W 1,1~ 0,9
o W 12 = 0,2
o W 2,1~ 0,3
o W 22 = 0,9

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

w, . =0,9

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

[IpucTynuM K BBIYACIICHUSM.

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

C nepBbIM CIIOEM BCE IPOCTO — HUKAKUX BHIYUCIICHUMN.

Manee Mbl JODKHBI 3aHATHCS BTOPBIM CJIOEM, B KOTOPOM IOTpeOyercs

BBIITOJIHUTD HCKOTOPBIC BBIYMCJICHHA. B CUTMONJIC X —

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

axmubauiu

X =

Bxod Bec
wl
- alwl * b'wi * C-W‘ H(x)

b—wb%

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

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

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

be3 crimakuBaHus CUTHAIOB MBI IPOCTO MONy4nau Obl ux cymmy 1,0 + 0,5, HO MBI
ATOr0 HEe XOoTUM. MIMEHHO ¢ BecOoBbIMU KO3 duImeHTamMu OyAeT CBsSI3aH MPOIECcC
oOy4eHHs] HEHPOHHOM CETH MO Mepe TOTo, KaK OHM OyAYT UTEPATUBHO YTOUHSTHCS
JUISL IOJTYYEHHS BCE JIYULIETrO U JIYYILIETO pe3ysbTaTa.
Wrak, Mbl yxe umeeMm 3HadeHue X=1,05 118 KOMOMHMPOBAHHOTO CIJIQ)KEHHOTO
BXOZHOI'O CHUIHaja IEPBOIO y3Jla BTOPOTO CJIOS M TENEPh PACIOJAaraeM BCEMU
HEOOXOIMMBIMU JAHHBIMH, YTOOBI paCCUUTATh JJISl 3TOTO y3I1a
BBIXOJTHOM CHTHAJ C MOMOIIbIO (DYHKIIMHA aKTUBALUU

1

1+e™%

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

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

BBIPAXKCHHUA:

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

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

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

MatemaTuku pa3paboTaii Ype3BbIYAMHO KOMITAKTHBIM CIIOCOO 3amucu orepanui
TOr'0 THUIIA, KOTOPBIEC NMPUXOJINUTCS BBIMIOJIHATE JUIsl BBIYACICHUS BBIXOJHOIO CUTHAJIA
HEUPOHHON CEeTH, Ja)Ke €CIM OHAa COJIEPKUT MHOMKECTBO CIOEB U Y3J0B. JTa
KOMIAKTHOCTh OJIArONpPHUsITHA HE TOJIBKO JUJISl JIIOJICHM, KOTOPbIE BBINHCHIBAIOT WM
YUTAIOT COOTBETCTBYIONME (OPMYNbl, HO ¥ IS KOMIIBIOTEPOB, TOCKOJBKY
MpOrpaMMHBIE HHCTPYKIIMU TMOJy4aroTcsi 0ojiee KOPOTKUMU U BBINOJHSIIOTCS
HaMHOTO ObICTpEE.

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

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

IIpoekT HeiiponHoii ceru Ha Pvthon, Yacre 1.

1. Co3ganue K1acca HePOHHOM CeTH.

Kiacc HEUPOHHOW CETH JIOJDKEH COAEpXkaThb, IO KpaWHE Mepe, TpHU

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

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

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

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

CKPBITOTO U BBIXOJIHOTO CJOE€B. DTHU JIaHHBIE ONPEAEIAIOT KOHPUTYPaLMIO U pa3Mep
HEeWpOHHON ceTH. BmecTto Toro 49rtoOBl JKECTKO 3ajaBaTh HX B KOJIE, MBI
IPELYCMOTPUM YCTAaHOBKY COOTBETCTBYIOIIMX 3HAYEHHWHA B BHJIE NApaMETPOB BO
BpeMsi Co3faHus O0OBhEKTa HEHpOHHOU ceTu. biaromaps s3Tomy MOXHO OyaeT 0e3
TpyJla CO37]aBaTh HOBbIE HEMPOHHBIE CETH PA3JIMYHOTO pa3Mepa.

B ocHoBe Hamiero pemeHusl JIKUT OJHO BaXXHOE COOOpakeHHe. XOpolue
POrPAMMHUCTBI MPU KAXKAOM YJIOOHOM CIIydae CTaparoTCs MUCATh 0000w eH bl KOO,
HE 3aBUCALIMN OT KOHKPETHBIX YMCIOBBIX 3HAYEHUH. DTO XOpollas MNpUBBIYKA,
MOCKOJIbKY OHa BBIHYXJAaeT Hac Oosiee TIIyOOKO NPOAYyMbIBaTh pEILICHUS,
paciupsomKe IPUMEHUMOCTb IporpaMMel. Cienyst e, Mbl CMOXKEM HCIIOJIb30BATh
HAIllA [IPOrpaMMbl B CAMbIX pa3HbIX CLEHapusAX. B naHHOM ciiyyae 3TO 03Ha4aer, 4To
Mbl OyZieM IbITaThCs pa3zpadaThiBaTh KOJ JJII HEHPOHHOM CETH, MOAJEPKUBAIOIINN
KaK MOXXHO OOJIbllI€ OTKPBITBIX ONUUN M HCHOJB3YIOIIUN Kak MOXHO MEHbIIE
NOPEINONOKEHNH, YTOObI €ro MOXKHO OBUIO JIETKO NPUMEHSATh B Pa3iIMYHBIX
cutyausx. Mbl XOTHUM, 4TOOBI OJTUH U TOT € KJIAaCC MOT CO3/1aBaTh Kak HEOObIINE
HEHpOHHBIE CETH, TaK W OYeHb Oonbliue, TpeOys JHIIb 3aJaHUs KEJIaeMbIX
pa3MepoB CETH B KAYECTBE MapaMETPOB.

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

# uHuyuanusupoBams HeldpoHHYH cems

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

# Ko3gduuuenm obyyenua
self.lr = learningrate
pass

# mpeHupoBka HelponHold cemu
def train():
pass
# onpoc Heliponnold cemu
def query():
pass

JloGaBuM STOT KOA B Halle OMpeAesieHHEe Kiacca HEHPOHHOW CETH W CO3aauM
OOBEKT HEOOJBIIONW CEeTH C TpeMs y3JIaMHd B KaXIOM CJIo€ U KO3(PPHUIHEHTOM
oOyuenusi, paBHbIM 0,3.

# onpedenerue knacca reliponHod cemu
class neuralNetwork:

# uHuyuanuzupoBams HeldpoHHyw Cemb

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

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

input_nodes = 3
hidden_nodes = 3
output_nodes = 3

# kospduyuenm obyyeHus paBen 8,3
learning_rate = 0.3

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

JlaHHBIM KOJ TMO3BOJIIET MOJYyYUTh OOBEKT CETH, HO TaKOW OOBEKT IMOKa 4TO HE
OyZneT OCOOEHHO TOJIE3HBIM, TOTOMY YTO HE COAEPXKUT HHU OJHOU (YHKIIHH,
CIIOCOOHOM BBITIOTHSATH TOJIE3HYIO padoTy.

OT0 HOpMajbHas MPaKTUKA — HAYMHATH C MAJOr0 M TOCTENEHHO HAapalluBaTh KO/,
MOMYTHO HAXOJsl U YCTPaHsI OIINOKH.

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

3. BecoBble KOO MHIMEHTELL — OCHOBHAS YACTh CETH.
Hamum cnenyromuyM marom OyAeT CO3AaHHE CETH, COCTOSIIIEH M3 y3JI0B U CBS3EH.
Haubonee BaxkHast 4acTb 3TOW CeTU — BecoBble K03 UIHEHTHI CBsA3eil (Beca).
OHH MCNIONB3YIOTCA JUISl pacueTa pacHpOCTPAHEHUSI CUTHAJIOB B MPSIMOM
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HaIpaBJICHUH, a TaKKe 00paTHOTO pacHpOCTPaHEHHs OLIMOOK, U UMEHHO BECOBbIC
KOA((PUIMEHTHI yTOUHSIOTCS B TIOTIBITKE YIIYUIINTh XapaKTEPUCTUKH CETH.
Yno06Ha KOMIaKTHas 3alKch BECOB B BuAe MaTpuil. CiemnoBaTelbHO, MBI MOXKEM
CO3/1aTh CJIEAYIOIINE MATPUIIBI:

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

* IPYTYIO0 MATPUILY JJI CBA3EU MEXKY CKPBITHIM M BBIXOJHBIM CJIOSIMH,
W ckpormii_swixomnoii, PA3MEPHOCTHIO output _nodes x hidden_nodes.
Ilpu Heobxooumocmu eepuumecv Kk meopemudecKum Mamepuaiam iadopamopHulx
pabom, uTOOBI TIOHATH, ITIOYEMY TIEpBasi MaTpulla uMeeT pazmepHocTs hidden_nodes
X input_nodes, a He input_nodes x hidden_nodes.
BcnomMHuM, 4TO HavalibHbIE 3HAYEHUSI BECOBBIX KOI(P(UIIMEHTOB OKHBI OBITH
HEOONBUIMMU U BbIOUpATHCS cllydaiiHbIM oOpa3om. Crenyronias pyHKIMS U3 MaKeTa
numpy TEHEePUPYeT MAaCCUB CIydallHbIX 4Yucenl B auanazoHe or 0 go 1, rme
pPa3MEpPHOCTh MacCHUBa paBHA rows X columns:
numpy.random.rand(rows, columns)
Bce xopomme nporpaMMHUCThI UIyT B IHTEpHETE OHIAMHOBYIO TOKYMEHTAIUIO T10
¢byukiusaM Python u HaxoasT none3nsie GyHKIuU. [Ipu KenaHUU BBITOJHUTE TAaKOU
nouck g pynkuuu numpy.random,rand (), €ciam XOTUTE y3HATH O HEM OOJIbIIIE.
Ecau MBI cobupaemcsi MCHOJIb30BaTh PACHIMPEHHUs MaKeTa numpy, Mbl JTOJDKHBI
UMIIOPTUPOBATh ATy OuOIMOTEKY B camMoM Hauvane kozga. Ilpexnae Bcero
YIAOCTOBEPUMCS, YTO HY)XHas HaMm (QyHKuMs pabotaeT. B mnpuBeaeHHOM HIDKE
MpUMEPE UCIHOJb3yeTCs Marpula pasMmepHocThio 3x3. Kak BuauTe, MaTpuia
3al0JIHUJIACH CIyYalHBIMU 3HAYCHUSIMU B Juana3zone oT 0 1o 1.

import numpy

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

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

MpbI TOTOBBI CO3/1aTh MaTPUIly HadaJlbHBIX BECOB B Hamleld mporpamme Ha Python.
Ot BecoBbIe KOA(D(DHUIIMEHTHI COCTABISIFOT HEOTHEMIIEMYIO YaCTh HEHPOHHON CETH U
CIly’)KaT €€ XapaKTEepUCTUKaMH Ha TPOTSHKCHHH BCEU €€ JKU3HH, a HE BPEMCHHBIM
HA0OpOM JaHHBIX, KOTOPBIC HCUE3AIOT Cpa3y >Ke IOCJe TOro, Kak (QyHKIUA
oTpaboTana. ITO 03HAYaET, YTO OHU JOJHKHBI OBITH YaCThIO Ipoliecca
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WHUIMATN3AIUA U OBITh JOCTYIHBIMH JUISl IPYTHMX METOJIOB, TAKMX KaK (PYHKIIMH
TPEHUPOBKH U OIIPOCA CETH.

Hwxke npuBeneH KoJ, BKIIOYas KOMMEHTapUH, KOTOPBIA CO3MAeT JBE MAaTPHIIBI
BECOBBIX KO(PUIIMEHTOB, UCHONB3yd 3HaueHHs mnepeMmeHHblx self.inodes,
self. hnodes u self.onodes mis 3amaHus COOTBETCTBYIOIIUX Pa3MEPOB KaXKIOH H3
HUX.

y Bx0dHBM U CKpbmsM

1 U y3nom ] cnedyiwezo cAoA

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

4. yn!qIHeHHbIﬁ BADUAHT MHUINAJIN3ANNN BECOBLIX KO3¢QI/I!!HGHTOB.

OnucaHHO€ B 3TOM pasfielie 00OHOGNIeHUe Koda He SBIAETCS 00s3aTelbHbIM,
MOCKOJIBKY 3TO BCETO JIMIIb IPOCTOE, HO TIOMYJISPHOE YCOBEPIICHCTBOBAHUE
npoliecca MHULUATM3AINHI BECOBBIX KOA(h(DUIIEHTOB.

B teopetnueckux matepuanax JiabopaTopHbIX pabOT Mbl paCCMAaTPUBAIU PA3INYHbIC
CriocoObl MOJATOTOBKM JIAHHBIX M HWHULNHMAIMU3AIMU  KoddduimeHToB. MOoKHO
NPUMEHUTh W JPYTrod, HECKOJIBKO YCOBEPIICHCTBOBAHHBIM IMOAXOJ K CO3IaHHIO
CIIyJailHBIX Ha4YalbHBIX 3HAUYC€HUU BecoB. J[ms 3Toro BecoBbie KOIPHUIIUEHTHI
BBEIOMPAIOTCS W3 HOPMAJIBHOTO pacClpeiesieHus C IEHTPOM B HyJIe U CO
CTaHJAPTHBIM OTKJIOHCHHEM, BEJIMYMHA KOTOPOTO OOpaTHO MPOMOPIMOHATHHA
KOPHIO KBaJPaTHOMY M3 KOJIMYECTBA BXOSIINX CBSI3EH Ha y3e.

DTO Jerko Jenaercs C TIOMOIIbI0 OuOmmoTeku numpy. DOyHKIHS numpy.
random.normal () omucaHa 1Mo TakoMy ajapecy: https://docs.scipy.org/doc/numpy-
1.10.1/reference/generated/numpy.random.normal.html. Ona mnoMoxer Ham ¢
W3BJICUCHWEM BBIOOPKM W3 HOpPMaJbHOrO pacnpeneicHus. Ee mapamerpamu
ABIIAIOTCSL IEHTP paclpelesieHusi, CTaHAapTHOE OTKJIOHEHHWE W pa3Mep MaccuBa
numpy, €cjau HaMm Hy>KHa MaTpHIla CIIy4aiHbIX YHMCell, a HE OJJUHOYHOE YHCIIO.
OOHOBIIGHHBIN KOJ] WHUIIMAIN3AIMA BECOBBIX KOX(MOUIIMEHTOB OyJET BBITISICTD
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))

Ilentp HOpMmanbHOrO pacnpenesneHuss ycraHosieH 3aeck B 0,0. CrammaptHoe
OTKJIOHEHUE BBIYMCIIAETCA O KOJHUYECTBY Y3JIOB B CJEAYIOIIEM CJIO€ C MOMOUIBIO
dbyukiuu pow(self.hnodes, - 0.5), koTopas MPoOCcTO BO3BOJUT KOJIUYECTBO Y3JIOB B
crernesb -0,5 . [Tocnenuuii mapameTp ornpeenseT KOHPUrypalun MaccuBa numpy.

KoHnTpoJsabHbIe BOnpochl
1. JIns kakux 3a7a9 MPUMEHUM MIPOCTOM JIMHEHHBIN Kiaccudukatop?
2. Kakum oOpa3zom mpousBecTH Kilaccu(UKaIuioo, €clu JTUHEHHBIN
KJIacCCU(UKATOp HE MPUMEHUM K 3ajaue?
3. [Ipu xakux 3HaUYE€HUSIX apryMeHToB ¢yHkuus M npunumaer 3Hauenue 17?
4. Ilpu kakux 3Ha4eHUSIX aprymMeHToB pyHkius NI sBaseTcs uCTUHHOM.
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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. ITlpu Kakux 3Ha4YEHUSAX apryMeHToB QYyHKUUA uckmouarouee HUJIA
MPUHUMAET 3HaueHue 17?7

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

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

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

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

3aganme:

1. 3y4nTh TeOpeTHIECKOE BBEICHHE.

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

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

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

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

1) ®amunus cryaeHTa.

2) IlopsankoBbIil HOMEDP U Ha3BaHUE J1a00OPATOPHOUN pabOTHI.

3) Llenb paboThI.

4) OTBeTHI Ha KOHTPOJIbHBIE BOMPOCHI.

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

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

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

1. YMHOKeHre MATPHULX

B npenpiayieir pabote sl NEPEMHOMKEHUS MATPUIl BPYYHYIO MBI BBITOJIHIINA
BBIYHCIICHUS ISl ABYXCIIOMHOW CETH, COJIEPKAIIEN BCErO JUIIb MO 2 y37a B KaXJI0M
cioe. OJIHaKO J1ake€ B 3TOM Ciydae 00beM pabOThl OKa3aycs JOBOJBHO OOJIBIINUM, a
YTO TOTJA MOYKHO CKa3aTh, HAI[pUMEp, O CETH, cocTosler n3 msatu cinoes no 100
y3710B? Yke cama 1o cebe 3amuch BCEX HEOOXOIMMBIX BBIPAKEHUN Oblia Obl
cnoxkHou 3amadyed. CocTaBiaeHHe KOMOHWHAIMM CUTHAJIOB, YMHOXXEHHE Ha
MOAXOASIINE BeCOBbIE KOAD(DUIIMEHTHI, IPUMEHEHHE CUTMOUIBI JIJISl KaXKI0T0 y3Ia...
Tak uyeM >xe Ham MoOryT momouyb Matpuilbl? OHU OyAyT HaM MOJE3HBI B JIBYX
cinydasix. Bo-nepevix, oHu 00ecrieynBalOT CXKATylO 3alKCh OlEpalui, npuaBas
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UM 4PE3BBIYAHO KOMMAKTHYIO (Gopmy. DT0 OOIBINON IUIIOC IS HAC, MOCKOIBKY
Takas paboTa yTOMHTENTbHA, TpeOyeT KOHIICGHTpAIlMd BHHMaHUS U 4YpeBaTa
ommnOkamu.  Bo-émopbix, B  OOJBIIMHCTBE  KOMIBIOTCPHBIX  S3BIKOB
POrpaMMHUPOBaHUs TPEIyCMOTpEeHa paboTa C MaTpHUIIAMH, a MOCKOJIbKY MHOTHE
OTIepaIfH TPU 3TOM MOBTOPSIOTCS, KOMIIBIOTEPHI PACTIO3ZHAIOT ATO M BBIMOIHSIOT UX
OYCHb OBICTPO.

Pestomupysi, MOXKHO CKa3aTb, YTO Mampuybl NO380AAI0M GOpMYIUpPOsams 3a0avu 8
bonee npocmou u KOMHAKMHOU Gopme u obecneyusarom ux 6onee Ovicmpoe u
aghpexmusHoe gvinonHenue.

Matpuuna — 5To Bcero numb TabnuIa, TPSIMOYTOJbHAs CeTKa, oOpa3oBaHHAsS
gyrcnamMu. Bot u Bce. Bee, 9T0 CBs3aHO ¢ MaTpuiiaMu, HUIyTh HE CII0KHEE ITOTO.
Ecnu BBl yKe TOJTB30BATKMCH 3JIEKTPOHHBIMH TaOIUIIAMH, TO HUKAKUX CII0O)KHOCTEH
npu paboTe ¢ YHCIIaMU, pacoJIarafoIUMHUCS B sI9eHKaxX CETKH, y BaC BOZHUKHYTH HE
nomkHO. Hike mokazan npumep pabodero smcta Excel ¢ uncioBoii Tabnuiei.

EBydep obuwena LWipedT . Bupagnmpariag . RLiE

N17 v I

i2
74
11
75

W e AW

L7 [ - T N
M0 WU W

OTO M ecTh MaTpULa — TabJIMIa UM CeTKa, 00pa30BaHHAs YUCIIAMH, TOYHO TakK Ke,
KaK Y CIEAYIOLMN IPUMEP MAaTPULIBI Pa3MePOM 2X3.

it 43 22

43 12 54

[Tpu 0603HaUEeHNN MATpPHUILl MPUHATO YKAa3bIBaTh CHayala KOJUYECTBO CTPOK, a 3aTeEM
KOJM4YECTBO cTOIONOB. [l03TOMY pasmepHOCTh JaHHOM MaTpulbl He 3x2, a 2X3.
Kpome Toro, mHorga MaTpuilpl 3aKJIOYalOT B KBaJpaTHbIE CKOOKH, MHOTAa — B
KpYyIJIbl€, KaK 3TO CAEJIAJIA MBI.

Ha camom nene mMatpuibl He 0043aTeNbHO JOJKHBI COCTOSITh U3 4yKcesa. OHU MOTYT
BKJIIOYATh BEJIMYUHBI, KOTOPHIM MBI Jajldi UMEHa, HO HE MPUCBOMIM (DaKTHUECKUX
3HayeHul. [loaTomMy Ha creayromen WUIIOCTpallMM TAaKKe IOKa3aHa MaTpuua ¢
AJIEMEHTAMM B BUJIE IEPEMEHHBIX, KaK1asd U3 KOTOPBIX UMEET ONPEACIICHHBIN CMBICI
Y MOXET UMETh 3HaYEHHUE, IIPOCTO MBI II0KA HE YKAa3aJIM, 4TO ITO 34 3HAYCHMUS.
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doA20MA KOPAOAS doAzoma camorema

wupoma Kopadas wupoma camorema

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

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

Ota omnepanus HE CBOAUTCA K MPOCTOMY IEPEMHOXKEHUIO COOTBETCTBYIOIIHUX
aeMeHTOB. JIeBbIl BEpXHMI AJIEMEHT HE paBeH 1*5, kak W mpaBblii HUKHUN — HE
4*8.

BmecTo 3TOro Matpuilsl yMHOXKAIOTCA MO IPYTUM MpaBuiiaM. Bo3MoxkHO, BbI

U CaMH JOTaJaeTeCh, MO KAKMUM HMEHHO, €CJIM BHUMATEIbHO NPUCMOTPUTECH K
npuMmepy. Eciaum HET, TO B3IISHUTE HA MNPUBEICHHYIO HWKE WIUIIOCTPAlUIO, TIE
MTOKA3aHO, KaK MOJIy4aeTcs OTBET JJIs JIEBOIO BEPXHETO AJIEMEHTA.

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

Br1 BUanTE, 4TO BEPXHUH JIEBBIN AJIEMEHT BBIYMCIISETCS C UCIIOJIb30BAHUEM BEPXHEU
CTPOKH MEPBOM MATPUIIBI U JIEBOTO CTOJIOIA BTOPOA.

MpeicinenHo mnepeOupas 00€ MOCIeAOBATEILHOCTH JJIEMEHTOB, MEPEMHOXKBTE HUX
MONAPHO M CJIOKUTE MOJyYeHHBbIE pe3yabTaThl. TakuMm oOpa3omM, 4TOOBI BHIYMCIIUTH
JIEBBIM BEPXHUU DJIEMEHT PE3yJIbTUPYIOIIENH MATPHUIIbI, Mbl HAUMHAEM MEPEMEIIATHCA
BJIOJIb BEPXHEW CTPOKM MEPBOM MaTpHUlbl, IJ€ HAXOAUM YHCIO |, a HauuHas
NepeMeIleHre BHU3 T10 JICBOMY CTOJIOIy BTOPOI MAaTpHIlbl, HAXOAUM 4YuCIO 5. MbI
MIEPEMHOXKAEM HMX W 3allOMHMHAEM pe3yJbTaT, KOTOPBIM paBeH 5. MBI mpoaoirkaem
nepeMeniaTbCcsl BIOJIb psija W BHU3 MO CTOJIOIY M HAXOAUM BJIEMEHTh 2 u 7.
Pe3ynbTaT UX nepemMHOKeHUs, paBHbI 14, Mbl Takxke 3arnnoMuHaeM. [Ipu 3TOM MBI
yK€ JOCTUTIM KOHIIA CTPOKH U CTOJIOIA, MOITOMY CYMMHUPYEM 4YHCIA, KOTOPBIC
nepes 3TUM 3allOMHUIIN, U TIOJIy4aeM B KauecTBe pe3yJibTara yucio 19. OT1o u ectb
JIEBBIM BEPXHUM JIEMEHT PE3yJIbTUPYIOIIEH MATPULBI.
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OnucaHue MOJy4YWJIOCh JIJIMHHBIM, HO BBIMTOJIHEHHE CAMHUX JIEMCTBHM HE OTHHUMAET
MHOTO BpeMmeHu. [Ipomomxure manee camocrosTesnbHO. Ha mpuBEIEHHON HUXKE
WUIFOCTPAMA  TTOKA3aHO, KAaK  BBIYMCISIETCS  MPAaBbli  HWXKHUAM ~ DJIEMEHT
PE3yIABTUPYIOIIENH MATPHULIBI.

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

l9 22

"

43 | SO

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

[Tponomxkast AeCTBOBATh B TAKOM JK€ JyX€, HAXOJHMM, YTO JICBBI HIDKHUN SJIEMEHT
paBeH (3*5) + (4*7) = 15 + 28 = 43, a nipaBbIii BepxHuit — (1*%6) + (2*8) =6 + 16 =
22.

Ha cnenyromieit wuttocTpaniuu mpoAeMOHCTPUPOBAHO MCTIOIB30BaHUE MEPEMEHHBIX
BMECTO YHCEIT:

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

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

cerdgs... cfrdhs...

OT0 BCero Julllb APYrod Crocod OMMCaHUs MOJX0Ja, C MOMOIIbIO KOTOPOTO MbI
yMHOXXaeM Matpuiibl. Mcmone3ys OykBbl, BMECTO KOTOPBIX MOTYT OBITh
MOJICTABJICHBI JIFOOBIE YHCJIa, MBI J]aéM OOIee OIMMcCaHue ATOro mojaxojna. Takoe
ONMHMCAaHKE JEUCTBUTEIBHO SBISIETCS Oojiee OOMUM, 4eM MpeablayIiee, MOCKOIbKY
MPUMEHHMO K MaTpUIIaM Pa3IUYHbIX PA3MEPOB.

['oBOpss 0 MPHUMEHMMOCTH OIMCAHHOIO MOJAXO0Ja K MaTpHlam Jo00ro pasmepa,
CeAyeT clieNlaTh OJHY Ba)KHYIO OTOBOPKY: YMHOXKA€MbI€ MATPHUIIbI JOJKHBI OBITh
COBMECTUMBIMU. BbI MoliMeTe, B 4eM 3/1€Ch J€JI0, BCIOMHUB, KaKk OTOMpPaJIX MOMapHO
AJIEMEHTHI U3 CTPOK MEPBOM MATPHUIIBI U CTOJOIIOB BTOPOM: 3TOT METOJ] HE CMOXET
paboTaTh, eciu Koauuecmeo 3IJIeMEeHmOo8 6 CmpoKe He 0Oydem coenadamos ¢
Koiuuecmeom 3nemenmos 6 cmonbdye. 110dTOMy BBl HE CMOMXKETE YMHOMKHUTH
Matpuly 2x2 Ha matpuiy 5x5. [lonbeiTaliTech 3TO clienaTh, U CAMH YBUAUTE, TOYEMY
ATO HEBO3MOXKHO. UTOOBI MaTPHUIBl MOKHO OBLIO YMHOXHTb, KOJIUYECMBO CMOIOY08
6 Nepeoll U3 HUX 00JIHCHO COBNAOAMb C KOAUYECMBOM CMPOK 80 8MOPOU.
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B pa3HbIX pyKOBOACTBAX 3TOT TUIl MATPUYHOTO YMHOXKEHUS MOKET BCTPEUYATHCS MO
pPa3HBIMM HA3BAHUSMHU: CKAJISIPHOE NMPOM3BeJeHHE, TOUCYHOE NMPOU3BEACHUE WU
BHYTpeHHee npou3BeJeHue. B MareMaTrike BO3MOXHBI U JPYTUE TUIIBI YMHOXKEHHUS
MaTpHl], TaKHME€ Kak IEepPEeKpeCTHOE MPOU3BEICHHE, HO Mbl OyaeM paboTarh ¢
TOYEYHBIM MPOU3BEICHUEM MATPUL.

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

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

[lepBasi Marpuila COACPKUT BeCOBbIC KOADPUIIMEHTHI IJIsi CBSA3EH MEXIY Yy3JIaMH
JIBYX CJIOEB, BTOpasi — CUTHAJIbI TIEPBOT0, BXOJTHOTO Cj0sl. Pe3yabTaToM YMHOKEHHS
ATUX JIBYX MATPHIL SIBJIAETCS 0ObEIMHEHHBIN CTIIAXKEHHBIM CUTHAM, TOCTYNAIOIIUN Ha
y3JIbI BTOPOTO CJOS.

[IpucmoTpuTech MOBHUMATENBHEE, U BBl 3TO nonMeTe. Ha mepBblid y3en nmocrynaer
CyMMa JBYX CUTHAQJIOB — CUTHAJNA input I, yMHOKXEHHOTO Ha BECOBOUM KO3 PUITUEHT
W 11, U CHTHana input 2, yMHOXEHHOTO Ha BECOBOH KOA(DPHUIMEHT W 1. IDTO
3HAYEHUS X JI0 IPUMEHEHUS K HUM (DYHKIIMY aKTUBAIIUH.

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

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

21)

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

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

3nece W — wMarpunma BecoB, | — Marpuma BXOIHBIX CHTHAIOB, a X —
pe3yJabTUpYIOIIasi ~ MaTpulla  KOMOMHUPOBAHHBIX  CIJIQXKEHHBIX  CHUTHAJIOB,
MOCTYMAOMUX B cJ0M 2. CUMBOJIBI MATPHIl YACTO 3aMUCHIBAIOT C UCIOJIb30BAHUEM
NOJY:KUPHOro mpudTa, YtoObl TNOAYEPKHYTh, UTO JAHHBIE  CHUMBOJIBI
MIPEICTABIISAIOT MATPULLBI, @ HE IIPOCTO OAUHOYHBIE YUCIIA.

Tenepb HaM HE HYXHO HOAYMAaTb O TOM, CKOJBKO Y3JIOB BXOAUT B KAXKIbIM CIIOU.
YBenuuYeHHe KOJIMYECTBA CIOEB MPUBOAUT JIMUIb K YBEIWYEHUIO pa3Mepa MaTpHIL.
Ho konnuecTBO CUMBOJIOB B 3alIUCH MPU 3TOM HE yBennuuBaeTcsi. OHa ocTaercs Io-
IPEKHEMY KOMIIAKTHOM, XU MBI MPOCTO 3aIMCHIBAEM IPOU3BEICHUE MATPULl B BUJE
W#*I, He3aBHCUMO OT KOJHUYECTBA JIEMEHTOB B KaXKJIOU M3 HHUX, Oyab 3TO 2 WMIIH XKE
200.

Ecnu ucnonb3yeMblid A3bIK MPOrPaMMHUPOBAHUS PACTIO3HAET MATPUUYHYIO HOTALMIO,
TO KOMIBIOTEP BBIMOJHUT BCE TPYJAOEMKHE PACUETHI, CBSI3AHHBIC C BBIYMCICHHEM
BeipakeHus X = W * I, 6e3 mpefocTtaBieHus €My OTIEIbHBIX HHCTPYKIUN IJIs
KaKJIOTO y3JIa B KaXKJIOM CJIO€.

3aTpaTUB HEMHOI'O BPEMEHU Ha TO, YTOOBI MOHSATH CYyTh MAaTPUYHOTO YMHOMKEHUS,
MBI TIOJIYYWJIM B CBOE PACHOPSIKEHUE MOIIHEWUIINU WHCTPYMEHT Ui peau3aluu
HEWPOHHBIX CeTel 0€3 KaKNX-Tu00 0COOBIX YCUJIUM ¢ Hallleld CTOPOHBI.

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

IIPHMCHHTD CHIMOHIY [To=x K K&XJIOMY OTICIBLHOMY 3JIEMEHTY MaTpuis! X.

DTO 3BYUYMT CJIUIIKOM IMPOCTO, HO TaK OHO M €CTh, TOCKOJIbKY HaM HE MPUXOIUTCS
KOMOMHHMPOBATh CUTHAJIBI OT Pa3HBIX Y3JI0B: ATO YK€ CIeJIaHO, M BCA HEOOXoauMast
nHpopManus yxe cogepkurcs B X. Kak MbI yke BUIEIH, POJIb QYHKIIMN aKTHBAIIUH
3aKJIFOYAETCS B NPUMEHEHUHM NOPOTOBBIX 3HAYCHWM U TMOJABJICHUU HEHYKHBIX
CUTHAJIOB C I€JbI0 MMUTAIMU TOBEACHUS OMOJIOrMYecKux HeWpoHoB. [loaTomy
PE3YJIbTUPYIOLINI BBIXOAHOM CUTHAII BTOPOTO CJI0SI MOYKHO 3aIMCaTh B TAKOM BHJIC:
O = curmonga(X)
3neck cumBoIoM O, BBIJICIICHHBIM MOJTYKUPHBIM HIPUGTOM, 0003HAU€HA MATpHUIIa,
KOTOpasi COAEPKHUT BCE BBIXOJHBIE CUTHAJIBI TTIOCIIEIHETO CII0S HEUPOHHOM CETH.
Bripaxxenne X = W * I npuMeHsieTcst 1yisl BBIYUCICHUS CUTHAJIOB, MPOXOASIIUX OT
OIHOIO CJIOS K CIEAyroUeMy ciow. Hampumep, mpu HaIUMYUKA TPEX CIOEB MbI
MPOCTO BHOBb BBIMIOJIHUM OIEPALMI0 YMHOKEHUS MATPHUIL], UCIIOJIb30BAB BBIXO/IHbBIC
CUTHAJIbI BTOPOTO CJIOA B Kauye€CTBE BXOJHBIX UISI TPETHEr0, HO, Pa3zyMeeTcH,
MIpeABAPUTEILHO CKOMOMHUPOBAB HMX W CIVIQJAWB C ITOMOIIBIO JIOMOJTHUTEIBHBIX
BECOBBIX KO3(DPUITUEHTOB.
Pe3ome
* MHorue BBIYHCIEHHS, CBA3aHHBIE C PACIHPOCTPAHCHUEM CUTHAJIOB IO
HEHPOHHOM CETH, MOTyT OBbITh BBHINIOJIHEHBI C HCIIOJIb30BAaHUEM OIEpaIuu
MAaTPUYHOTO YMHOXKCHUS.
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* Hcnonb3oBaHue MaTPUYHOTO YMHOXKEHHS OOECIEUMBAET KOMMAKTHYIO
3aIlMCh BBIPAXKEHUH, pa3MEP KOTOPBIX HE 3aBUCUT OT pa3MEPOB HEUPOHHOM CETH.

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

2. Ilpumep UCHOJIB30BAHUS MATPUYHOI0 YMHOKEHNS B CETH C TPeM4
CJIOSIMHU

MBI noka emnie He UCIOIb30BajId MAaTPHUILIbI ISl BBIIIOJIHEHUS PACUETOB, CBA3AHHBIX C
BBIYHCIICHUEM CHTHAJIIOB HA BBIXOJI€ HEUPOHHOU ceTh. Kpome Toro, Mbl moka 4To He
oOcyXnanu mnpuMepsl ¢ 0Oojiee 4yeM JByMs CIOSMH, 4YTO ObUIO OBl Tropasnio
HWHTEpPECHEE, MOCKOJIbKY MbI JIOJIKHBI IOCMOTPETh, Kak 00pabaThIBAIOTCSI BHIXO/IHBIC
CUTHAJIBI TMPOMEXYTOUYHOTO CJIOSi B KA4€CTBE BXOJHBIX CHUTHAJIOB IOCJIEIHETO,
TPETHETO CIOS.

Ha cnenyromen nuarpamMme NmpeacTaBiI€H NMPUMEP HEMPOHHOM CETH, BKIIOYAIOUICH
TpU ci0g 1o Tpu y3na. UToObl m30exaTh 3arpOMOKIEHUSI JTUArpaMMbl JIMITHUMU
HAJIMCSIMU, HEKOTOPBIE BECA HA HEW HE YKa3aHBbI.

l.-’..r} o } O ’f_
?'

:l’ P

o5 N,
-f, -0.8 ‘? 7
, w, =0,2 , :

, 20,3

MbI HauHEM CO 3HAKOMCTBA C OOMIETIPUHATON TepMuHOJorHMed. Kak ™Mbl 3HaeMm,
IIEPBBIA CIOW — BXOJHOM, a BTOPOW — BBIXOAHOH. IIpomexyTOUHBIN CIOU
Ha3bIBACTCA CKPBITHIM €JIOeM. Takoe Ha3BaHHE 3aKPENUIIOCh 3a MPOMEKYTOUYHBIM
CJIOEM H3-32 TOTO, YTO €r0 BBIXOJIHBIE CUTHAJIBI HE 0053aTE€IbHO MPOSBIISIIOTCS Kak
TaKOBBIE, OTCIOZ]A U TEPMUH «CKPBITBIIN.

[Ipuctynum kx pabore Haj MPUMEPOM, MPEACTABICHHBIM HAa OSTOM Auarpamme.

BxonHbpIMu cUTrHajiaMyd HEHpPOHHOM ceTu sABisitoTca ciaenyromue: 0,9; 0,1 u 0,8.
IToaromy BxonHas Mmatpuua I umeer cieayromuii BU.
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0,9
[ = 0,1
0,8

O10 OBUIO MPOCTO, T.€. C TMEPBBIM CIOEM Mbl 3aKOHYWIM, IOCKOJBbKY €ro
€IMHCTBEHHAs 3aJlaya — [IPOCTO MPEACTABIIATh BXOJHOM CUTHAI.

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

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

0,9 0,3 o4

w = 0,2 0,8 0,2

Bxodnoll_cxprimpid

0,1 0,5 0,6

Kak HeTpymHo 3aMeTHTh, BECOBOW KOI(PQPUIIMEHT IS CBS3M MEXKIY TMEPBHIM
BXOJIHBIM Yy3JIOM H MEPBBIM y3JIOM ITPOMEKYTOUHOTO CKPBITOro ciaost w 1,1 = 0,9, kak
Y Ha MPUBEJCHHON BbINIE auarpaMme. TOYHO Tak k€ BECOBOM KOA(DPUIUEHT jist
CBSI3U MEXKIY BTOPBHIM BXOJHBIM Y3JIOM U BTOPBIM Y3JIOM CKPBITOTO CJOSI W 22 =
0,8. Ha auarpamMmMe He moka3aH BECOBOM KOA(D(PUIMEHT I CBS3H MEXIY TPEThUM
BXOJHBIM Y3JIOM U MEPBBIM y30OM CKPBITOTO cI0si W 31 = 0,4.

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

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

= 0,6 0,5 0,2

ckpeireiii_Beucodvoi

0,8 0,1 0,9

OTnuHO, HEOOXOIUMbIE MATPHUIIBI TIOTYYEHBI.

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

Ha3zoBem cOOTBETCTBYIONIYIO MATPULY X ciprrrii:

X CKPBITBIH =W BXOJHOI_CKPBITHIii *

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

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

1,16

xcnpnmu& = o ‘42

0,62

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

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

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

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

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

0,761

]
I

0,603

CRPBIPABH =

0,650

Jlis yBEPEHHOCTH JaBakTe MPOBEPMM, NPABUIILHO JIM BBIYMCIIEH MEPBBIN

anemeHT. Hama curmonaa mmeer BHJ == Honaras x=1,16, monydaem

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

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

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

o, 7el

olq - _-._;b @ 1I1_{?—r? - _-_._}’ @ - J_;-
0,603

Dl - -._‘} @ qu“z | 2 _-_F? @ _"._’_r}

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

Kak paccunrtath npoxoxkaeHue curHaia Jyisi TpeTbero ciosi? TouHo Tak ke, Kak U
JUIs. BTOPOTrO, MOCKOJIBKY 3Ta 3a/laya Ha CaMOM J€J€ HM Y€M HE OTJIMYaeTCsl OT
npeasiayuieid. Ham n3BecTHa BeIMUMHA BXOAHBIX CUTHAJIOB, MOJIYYa€MbIX TPETHUM
clioeM, Kak paHee OblUla H3BECTHA BEIWYMHA BXOJHBIX CHUTHAJIOB, IMOJYYaeMBbIX
BTOPBIM CJIOEM. Y Hac TakKe €CTh BECOBBIE KOA(MD(PUIIMEHTHI IS CBSI3ed MEXKIY
y37aMu, OCHa0Jstonue CUrHaibl. HakoHer, 4ToObl OTKIMK CETH MaKCHUMAaJbHO
MPaBAONOA00HO WMUTHUPOBAT €CTECTBEHHBIM MPOIECC, MBI MO- MPEKHEMY MOXKEM
NPUMEHUTh (QYHKIUIO akTHBAMu. [103TOMy BaM CTOWMT 3alOMHHUTH CIEIYIOIIEe:
HE3aBUCHMO OT KOJIMYECTBA CJIOEB B HEUPOHHOM CETH, BBIUMCIUTEIbHAS MPOLEIypa
JUIST KaKJIOro W3 HHUX OJMHAKOBA — KOMOMHUPOBAHHUE BXOJHBIX CHUTHAJIOB,
CTJIAKUBAHUE CUTHAJIOB JJISI KaXKJIOW CBSI3M MEXKIY y3JaMHU C MOMOIIBI) BECOBBIX
KOO(PPUIIMEHTOB W TMOJYy4YEHUE BBIXOJAHOTO CUTHAja C TIOMOIIbIO (PYHKIIHUH
aktuBanuu. Ham 0e3pa3nuyHo, CKOJIBKO CIOE€B 00pa3yloT HEHPOHHYIO ceTh — 3, 53
win 103, Benp K J1IF0OOMY M3 HUX MPUMEHSIETCS OJIMH U TOT Y€ MOJXO/I.

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

BXogHbIMU cuUTHajmaMu I TPETBErO CIIOSl CIY’KaT YK€ pPAacCUUTaHHbIE HaMU
BBIXOJIHbIE CUTHAJIbI BTOPOTO CHOSI O cipumii- IIPU 3TOM MBI JOJIKHBI UCMOJIb30BAThH
BECOBbIE KOX(P(UIIMEHTHI NJIsi CBSA3EH MEXIy y3JIaMH BTOPOTO U TPETHETO CIIOEB
W ciprrmmii_suxomoi, @ HE T€, KOTOPbIE MBI YK€ UCIIOIb30BAIH JJIsI IEPBOTO U BTOPOIO
cinoeB. CiieqoBaTelIbHO, Mbl UMEEM:

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

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

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

0,761

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

Bl e 042 = T
0,650

0,8 —— % 0,62 ) 3 B DT

BCC, 49TO HaM OCTACTCA, — 3TO IPUMCHUTHb CUTMOU Y.
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Oporos = CUZMOUda 0,888
1,254
0,726
Otootmon = 0,708
0,778

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

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

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

HEHPOHHOM CeTH
Panee ™Mbl yiydmmanu TOBEACHHE MPOCTOrO JMHEHHOTO KiIacCH(pUKATOpa IMyTEM
pETYIMpPOBaHUS TTapaMeTpa HAKIIOHA JTUHEHHOW QPyHKIMHU y31a. Mbl nenanu
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3TO, PYKOBOJICTBYSCh TEKYIIEH BEIWMYNHON OMMOKH, T.€. pAa3HOCTH MEXKIY OTBETOM,
BBIPa0aTHIBAEMBIM y3JIOM, W HW3BECTHBIM HaM WCTHHHBIM 3HaYeHUEM. BBumy
MPOCTOTHI COOTHOIICHUS MEXKIY BEIMYMHAMU OIMMOKW M TIOMPABKH 3TO OBLIO
HECJIOKHO.

Kak Ham 0OOHOBISATH BecoBbie KOA(D(PUIIMEHTHI CBsA3EH B CiIydyae, €CIU BBIXOJIHOMN
CUTHAJ U ero ommuoKa (OPMHUPYIOTCS 3a CUET BKJIQJ0B Oosee 4eM OHOro y3na? OTy
3a/lauy WUTIOCTPUPYET MPUBEACHHAS HIKE TUarpamMmma.
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/
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Korma Ha BBIXOAHOM y3€d MOCTyMall CUTHAJI TOJBKO OT OJHOTO y3ia, BCEe OBLIO
HaMHOTO Tiporie. Ho kak ncmonp30BaTh OMMOKY BBEIXOJHOTO CHTHAJA MPU HATWIUHU
JIBYX BXOJHBIX y3JIOB?

Hcmonp30BaTh BCIO BETWYUHY OIMMOKHU JJIi OOHOBJICHHUS TOJBKO OJIHOTO BECOBOTO
kod(dunreHTa He MPEACTABISACTCS Pa3yMHBIM, IMOCKOJBKY MPH 3TOM TIOJHOCTHIO
UTHOPUPYIOTCS Jpyras CBsi3b W e€e¢ Bec. Ho Beap BenMMunMHA OMIMOKH OMpPEaeseTCs
BKJIaJJaMH BCEX CBSI3CH, 4 HE TOJbKO OJHOM.

[TpaBna, cymecTByeT HeOObIIasi BEPOSATHOCTh TOTO, YTO 32 OIMMOKY OTBETCTBEHHA
TOJILKO OJTHA CBSI3b, HO 3Ta BEPOSATHOCTH MPEHEOpEe:kuMO Maja. Eciu Mbl m3MeHWIH
BECOBOW KOX(PUITUEHT, YK€ WUMEIONINH «IPaBHILHOE» 3HAYCHHE, U TEM CaMbIM
YXYIUIMIA €r0, TO MPU BBHIMOJHEHUU HECKOJBKUX IMOCIEAYIONUX WUTEpaluil OH
JIOJDKEH YJYYIIUTHCA, TaK YTO HE BCE MOTEPSHO.

OnuH U3 BO3MOXXHBIX CIIOCOOOB COCTOMT B TOM, YTOOBI PACHpPEACIUTh OIIHOKY
MOPOBHY MEXKIy BCEMH Y3JIaMH, BHOCSIIMMH BKJIaJl, KaK TIOKa3aHO Ha CJEAYIOMEH
TuarpaMMe.

1/2 owiudku?

o =
S
W, =350 3
= Z T R BoixodHas
_ 7 owudka
w,,= 1,0 _—7
- "'ﬂ”"‘-
2

1/2 owiudku?

CyTb Opyrodl ujeu Takke 3aKiIodaeTcs B TOM, YTOOBI pacHpeleisaTh OIINOKY
MEXJy Y3JIaMH, OJIHAKO JTO pachpejielieHue He 00s3aHO ObITh PaBHOMEPHBIM.
Bmecro sToro Oompiias o OMIMOKM IMPUIHMCHIBAETCS BKJIaJaM TeX CBs3eH,
KOTOphIe uMeroT O6obiunit Bec. [louemy? [IoTOMy 4TO OHU OKa3bIBAIOT
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OoJblIee BIAMSHUE HA BEJIMYMHY OLIMOKU. DTy UACK WUTFOCTPUPYET CleAyrolas
yarpamma.

/4 owiudKku
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B nanHOM ciyyae curHal, MOCTYNAOIIMI Ha BBIXOHOHN y3eil, GOpMUPYETCs 3a CUET
IByX y370B. BecoBbie koadduumentst cBsizeit paBubl 3,0 u 1,0. Pacnpenenus
OLIMOKY MEXAY IBYMs y3JaMU MPOMOPIMOHAIBHO UX BEcaM, Bbl YBUAMUTE, YTO JJIs
OOHOBJICHUSI 3HAYEHMsI TIEPBOro, OOJIBIIEr0 Beca CIEAyeT HCMIOoIb30BaTh 3/4
BEJTMYMHBI OMIMOKH, TOTJA KaK JJisi OOHOBJIEHUS 3HAYEHHUs BTOPOTr0, MEHBIIIETO Beca
—1/4.

Mgl MOXEM pacIIMpUTh 3Ty HUICK Ha CIydad ¢ HAMHOTO OOJBIIMM KOJIMYECTBOM
y350B. Ecnu Obl BBIXOJHOM y3en ObUTI CBSI3aH CO CTa BXOJHBIMHM Y3J1aMH, MbI
pacnpenenwii  Obl  BBIXOJHYIO  OHIMOKY MEXIy BCEMH CTa  CBA3SMU
NPONOPUHOHAJIBHO WX BKJIAJaM, pa3Mep KOTOPBIX OIPEIEIsAeTCs BECAMHU
COOTBETCTBYIOLIUX CBA3EH.

Mpbl ucnonb3yeM BecoBble KOd(PGUIMEHTHI B JBYX MLelsiX. Bo-nepsvix, OHHU
YUYUTBIBAIOTCS TIPU PACUYETE PACHPOCTPAHEHUS CUTHAIIOB 10 HEMPOHHOW CETH OT
BXOJHOTO CJIOSl 10 BBIXOZHOTO. MBI HUCIIOJIB30BAIA UX PaHEE MMEHHO B TAKOM
KauecTBe. Bo-6mopwvix, Mbl UCIIOJNB3yeM Beca MJisi PACIPOCTPAHECHHS ONIMOKU B
OOpaTHOM HampaBJICHUM — OT BBIXOJHOIO CJOA BIIIYyOb CETH. ODTOT METOA
HA3bIBACTCSI OOPATHBIM pacnpocTpaHeHHeM omuOku (0OpaTHOW CBS3bIO) B
nporecce 00y4eHus: HEHPOHHOM CETH.

Ecnu Obl BBIXOJIHOM CJI0M MMEIN /iBa y3ia, Mbl IOBTOPWJIM OBl T€ K€ JEHUCTBUS U JJIs
BTOpPOro y3ia. BTopoil BbIXOAHOM y3en OyJeT XapaKTepu30BaThCs COOCTBEHHOMU
OLIMOKOM, pacmpenensieMol aHaJIOTMYHbIM 00pa3oM MEXAY COOTBETCTBYIOUIUM
KOJIMYECTBOM BXOJIHBIX Y3JIOB.

Oo0OpaTHOe pacnpocTpaHeHHe OIHUOOK OT 00JIbIIEr0 KOJHUYECTBA BBIXOAHBIX
y3J10B

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

B nmeiictBuTenbHOCTH TOT (pakT, 4yTO ceiyac MMeeTcss 0oJiee YeM OJIMH BBIXOJTHOM
y3€eJl, HU4ero He MeHsieT. Mbl MPOCTO MOBTOPSIEM /111 BTOPOTO y3J1a T€ K€ JNEeUCTBUS,
KOTOPBIE YK€ BBINONHUIA I nepBoro. Ilouemy Bce Tak mpocto? DTa mpocToTa
OOBSCHSIETCA TEM, YTO CBSI3M OJHOTO BBIOOJHOIO Yy3j7a HE 3aBUCAT OT CBs3Eil
apyroro. Mexay 3TUMU JAByMsi HaOopaMH CBsi3eéM OTCYTCTBYET Kakasi- JIMOO
3aBUCUMOCTb.

Bepuemcss k nuarpamMMme, Ha KOTOpOM omuOKa Ha TIEPBOM BBIXOJHOM y3Iie
o0o3HaueHa Kak e ;. He 3a0biBaiiTe, 4TO 3TO pa3HOCTh MEXKAY JKeJaeMbIM 3HAYCHUEM,
MPEOCTABISIEMbIM TPECHUPOBOUYHBIMH JAHHBIMU t |, U (DAaKTUYECKUM BBIXOIHBIM
3Ha4YCHHEM 0 ;. TakuM oOpa3oM, e | = (t | - 0 ;). Omudka Ha BTOPOM BBIXOJHOM Yy3JI€
0003HaYCHA KaK € ».

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

3anumieM 5TH J0aM B siBHOM Buje. OmuOka e ;| MHGOPMHUPYET O BEIMYMHAX
MONPaBOK JIJIE BECOB W 11 U W 2;. [Ipu ee pacnpenesieHun Mexay y3jiaamMu J0Jis € 1,
uHpopMalss O KOTOPOM UCIONB3yeTCs IS OOHOBJICHHUS W i, ONPEIEIIeTCs
CJICTYIOIINM BBIPaKECHUEM:

W,

S

Wll 3 W:Z:L

Hons e |, ucrnosnb3dyeMas JUisi OOHOBIEHHUS W 11, ONpPEIEISIETCS AHAJIOTMYHBIM
BBIPAKEHUEM:
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3a BCEMHU ATMMHM CHUMBOJIAMU CTOUT OYEHb MPOCTas UIEA, KOTOpAs 3aKIIOYAETCA B
TOM, YTO Y3Jbl, CJEJIaBIIME OOJIBIIUA BKJIaJ B OIIMOOYHBIA OTBET, MOIYYalOT
OoNbIIMKA cUTHAT 00 oOImuMOKe, TOTJa Kak Y3JIbl, CHeJIaBIIMEe MEHBIIUN BKJIaj,
MOJIy4atOT MEHBIINN CUTHAJL
Kak ObITh, €cniu KOJIMYECTBO cJIOEB MpeBbimaeT Ba? Kak oOHOBISATH Beca cBs3eH
JUISL CJII0€B, TAJIEKO OTCTOAIIUX OT MOCJIEIHETO, BEIXOIHOTO CIIOs?

4. OOpaTHoOe pacnpocTpaHeHHe OMIMOOK NPH OO0JBIIOM KOJHYeCTBE
CJIOEB
Ha cnenyromeit auarpaMMe peacTaBiieH PUMEP MPOCTOM HEUPOHHOU CETH
C TPEMS CIOSIMU: BXOJHBIM, CKPBITBIM U BBIXOJIHBIM.

w

4 vﬁ BeixodHol

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

['padmueckoe mpeacTaBieHUE TIO3BOJSET JIydYlle TOHATH, KaKHe BBIYUCICHUS
ClIeZlyeT BBIMOJHUTH JAJS1 TOTOJHUTEIHHOTO ClOos. MBI mpocTo OepeM OmmOKH €
cxpureii HA BBIXOJIE CKPBITOTO CIIOS M BHOBB PacHpeeNisieM UX 10 MPEaIeCTBYOIUM
CBSI3SIM MEXIY BXOIHBIM M CKPBITBIM CIIOSIMH TPOMOPIIMOHAIBHO BECOBBIM
koapuireHTamMm w .. Crientyromast [uarpaMMa WUTEOCTPUPYET Ty JIOTHKY.
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[Ipn Hanmuuuu GOJBIIETO KOJIMYECTBA CIOEB MBI IPOCTO MOBTOPWIIM ObI ONMUCAHHYIO
npoueaypy IS KaXJOro CJosi, MPOABUTASICH B OOpaTHOM HANpPABJICHUH OT
MOCJICTHETO, BRIXOJHOTO cios. Vmes pacmpocTpaHeHuUs: 3TOr0 MOTOKa WH(POpMaIUu
00 omuOke (curHama o0 OIMMOKE) WMHTYWTUBHO TMOHATHA. MBI elme pa3 HMenu
BO3MOXXHOCTh YBHUJIETh, MOYEMY ATOT MPOLIECC OMHUCHIBACTCS TEPMUHOM OOpaTHOE
pacnpocTpaHeHue OIIUOOK.

Ecnu MbI cHauana HCMONB30BAJIU OLIMOKY € suxomoii BBIXOJHOTO CHUTHaja Y3JIOB
BBIXOJTHOTO CJIOS, TO KaKylO OIIMOKY € cipumii MBI COOMpAEMCsl MCIIOIb30BATh IS
Y3JI0B CKPBITOTO €0si? DTO XOpOLIMH BOIPOC, MOCKOJIBKY Mbl HE MOXKEM YKa3aTh
OUYEBMJIHYIO OIMOKY IS y37la B TakoM cioe. M3 pacueroB, CBSI3aHHBIX C
pacrpOCTpaHEHUEM BXOJHBIX CHUTHAJIOB B MPSIMOM HANPABJICHUU, Mbl 3HAE€M, YTO Y
KaXJIOr0 y3Jla CKPBITOTO CJIOA B JEHCTBUTEIBHOCTH MMEETCSA TOJIBKO OJIMH BBIXO/I.
BcnomuuTe, kKak Mbl MPUMEHSITH (DYHKITHIO aKTHUBAIlMU K B3BEIICHHOW CyMME BCEX
BXOJIHBIX CHTHAJIOB JIaHHOTO y37a. Ho Kak ompenenuth OmmoOKy st TaKOTO y371a?

VY Hac HeT UEeNeBbIX WIH JKEJIAEMbIX BBIXOJIHBIX 3HAYEHUW ISl CKPBITHIX y370B. MBI
pacriojaraem JiMilb 1€JI€BbIMU 3HAYEHUSIMH Y3JI0B MOCIIEIHETO, BBIXOJHOIO CIIOS, U
ATU 3HAYEHUsI MPOUCXOAAT U3 TPEHUPOBOUHBIX MpuMepoB. IlombiTaemcsi HalTh
OTBET, B3IUISIHYB €IIE pa3 Ha MPUBEACHHYIO Bhille auarpamMmy. C HEpBBIM y3JIOM
CKPBITOTO CJIOS aCCOLUMHUPOBAHBI JBE UCXOJSIINE U3 HETO CBSI3U, BEAyILIUME K JBYM
y3JlaM BBIXOJHOTO cJios. MBI 3HaeM, YTO MOKEM PaCHpPEEIUTh BBIXOJHYIO OIIHOKY
MEKy TUMU CBSI3SIMU, MTOCTyNasi TOYHO TakK K€, KaKk U MPekJie. ITO 03HAYAET, 4TO C
KOXIOM W3 JBYX CBS3€M, HCXOIAIIMX W3 Yy3/1a MPOMEKYTOYHOrO CJOS,
accoluupyeTcsi HekoTopasi omuOka. Mbl Moriau Obl BOCCOEAMHUTH OIIMOKU ATHUX
JIBYX CBSI3€M, 4TOOBI TOJYYUTh OWIMOKY JJii 3TOr0 Yy3Jia B KAadeCTBE BTOPOTO
HAWJTy4Ilero TMOJIX0/a, MOCKOJbKY Mbl HE pacrojiaraeM (PakTHUYECKUM I1eJIeBbIM
3HQYEHUEM Ui y3j1a [OpoMexyTodHoro cios. Crhenyromas Jagarpamma
WUTEOCTPUPYET 3Ty UIEHO:
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Ha ngumarpamme BUIHO, YTO MMEHHO MpoucxoauT. Ham HeoOXOAMMBI BETUYHHBI
OMOOK JJisi Y3JIOB CKPBITOTO CJIOS, YTOOBI HCIIOJIb30BaTh HMX JJs1 OOHOBJICHHS
BECOBBIX KOA(PPUIIMEHTOB CBsI3ei ¢ mpeaplaymuM cioeM. OO003HaYuM 3TH OIHUOKU
KaK € cqumii- HO y HAC HET OYEBHIHOTO OTBETAa HA BOMPOC O TOM, KAaKOBa HX
BeIMYrMHA. MBI HE MOXKEM CKa3aTh, YTO OLIMOKA — 3TO PA3HOCTh MEXKIY >KEeTaeMbIM
WA TEJEeBBIM BBIXOJHBIM 3HAYEHHEM ITOTO y37a U €ro (aKTUYECKUM BBIXOJHBIM
3HAYeHHEM, MOCKOJIbKY JaHHbIE TPEHHPOBOYHOTO IMPHUMEpPa MPEAOCTABISIIOT JIHIIb
IIEJICBBIE 3HAUEHUS IS y3JI0B TIOCJTEIHEro, BBIXOAHOTO ciosi. OHU HE TOBOPAT
aOCOJIIOTHO HHUYEro O TOM, KAaKMMH JOJDKHBI OBITh BBIXOJHBIE CHUTHAJIbl Y3JIOB
06010 Apyroro ciosi. B 3Tom u 3akirovaercs CyTh CIOKUBIIEHCS 3a1a4u.

Mbl MOXEM BOCCOEIMHUTH OMIMOKM, PACHpE/IelICHHbIE [0 CBA3SIM, HCIOJb3YS
oOpaTHOE pacrpocTpaHeHHE OMIMOOK, ¢ KOTOPHIM YK€ MO3HAaKOMWINCh. [losTomy
ommOKa Ha TEPBOM CKPBITOM y3Jie¢ TPEACTaBIAeT €000 CyMMy OIIHOOK,
pacrpeieieHHBIX [0 BCEM CBA3SIM, HMCXOAAIIMM K3 O3TOTO y3j7a B MPSIMOM
HanpaBineHuu. Ha mnpuBeaeHHON Bbllle AWarpaMMme IOKa3aHO, YTO HMEETCs
HEKOTOpasi A0JsI BBIXOJHON OIIUOKHU € mxomoi, 1 , PUMICHIBAEMAsI CBSI3U C BECOM W
11, © HEKOTOpas JI0JIS1 BBIXOAHON OITUOKH € nyxomoii, 2 » IPUIIACHIBAEMAsi CBSI3U C BECOM
W 2.

BrImieckazaHHOE MOKHO 3alMCaTh B BUJIE CJICIYIOIIETO BEIPAKEHUS:

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

Wll WI-Z
- *

* Waa

Eﬁndxoano& -
+ l."'n-’21 w

e’SuxaBHoﬁ 1

w

11 iz

YroObl MPOUIUTIOCTPUPOBATH, KaK 3Ta TEOPHUsS BBIMIAIUT Ha MPAKTHUKE, MPUBEIEM
quarpammy, IEMOHCTPUPYIOLIYI0O OOpaTHOE paclpOCTPaHEHHE OLIMOOK B MPOCTOMH
TPEXCIOWHON CETH Ha NPUMEPE KOHKPETHBIX JaHHBIX.
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BxodHol CKpbIMbI BoixodHoll
CAOU CAOU cAOU

= 0.8
— (: —>
Bxodel Boixodbi
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[ : 7 :\-5\
—-——‘-—? 2 TS —
=05

[Ipocnenum 3a oOpaTHBIM pacmpocTpaHeHHeM oOjHou u3 omubok. I[locne
pacnpenenenus omuOku 0,5 Ha BTOPOM Yy3JI€ BBIXOJHOTO CJIOSA MEXAY ABYMS
cBs3simu ¢ Becamu 1,0 u 4,0 Mbl nostyyaem joiu, paBubie 0,1 u 0,4 COOTBETCTBEHHO.
Takke MOXKHO BUJIETh, YTO OOBEAMHEHHAs OITMOKA Ha BTOPOM y3JI€ CKPBITOTO CJIOS
MIPECTABIIAECT COO0M CyMMYy pacIpeeieHHBIX ONIMOOK, B JAaHHOM CiIydae PaBHBIX
0,48 u 0,4, cnoxxenue koTopsbix gaet 0,88.

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

BxodHoli CKpbIMbIi BbixodHoU
CAOU cAOU cAOl
£, = 0362 L
2 C: = D42 C: = 0.8
s i MR - 3 SR e
' W”- 3.0 i f
| )
= Wu: 10" -‘ ,"- : 2
Bxodel bV o Bbixodel
w,,= 2.0 ‘_.-' ..zJ \
-\ 4 —
—— 2 — 2 - - J —
: w,,= 7.0
= e, =05
¢, = 0938 < il 2

Pe3rome

* HeiipouHnble cetu 00yd4aroTcs TMOCPEACTBOM YTOYHEHHUS BECOBBIX
KO3 (OUIIMEHTOB CBOUX CBsI3€. ODTOT TMpollecC YIPABISIETCS OIIMOKONM —
Pa3HOCTBIO MEXAY MPAaBUIBHBIM OTBETOM, MPEAOCTABISEMBIM TPEHUPOBOYHBIMU
JTaHHBIMH, U (DAKTUIECKUM BBIXOJTHBIM 3HAYCHUEM.

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

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

MaTPU4YHOM aJredpbl
MoxeM 11 MBI YHOPOCTUTH TPYNOEMKHE pacueThbl, HCIOJIb3Yys BO3MOXKHOCTU
MaTpUYHOTO YMHOKeHMs1? PaHee, KOrja Mbl NMPOBOJWIIM PAaCUEThl, CBSI3AHHBIE C
pPacpOCTPAHEHUEM BXOAHBIX CUTHAJIOB B IPSAMOM HAIPaBJIEHUH, 3TO HAM OYECHb
MIPUTOJUIIOCH.
YtoOBsl TOCMOTpETh, YIACTCSA JIM HAaM TPEJICTaBUTh OOpPAaTHOE pacCIpOCTPaHEHUE
OmKOOK C MOMOIIBIO 00Jiee KOMIAKTHOTO CUHTAKCHCA MAaTpHIl, OMHUIIEM BCE Iaru
BBIYUCIIUTEIBHON MPOLEIYphl, UCIOJIB3Ysl MaTpu4yHbie 0003HaueHus. Kcratu, Tem
CaMbIM MBI TIONIBITAEMCSI BEKTOPM30BaTh MPOIIECC.
B03M0XHOCTh BBIpa3uTh MHOKECTBO BBIUMUCICHHN B MaTpU4YHON (popMe MO3BOJISET
HaM COKpPaTUTh JIJIMHY COOTBETCTBYIOIIMX BBIp@XXEHUW U obecrneunBaeT Ooliee
BBICOKYIO 3(D(PEKTUBHOCTh KOMIBIOTEPHBIX PACUETOB, IMOCKOIBKY KOMITBIOTEPHI
MOTYT HCIIOJIb30BaTh IOBTOPSIIONIMICS MIA0JIOH BBIYMCICHUA HJii YCKOPEHUS
BBITOJIHEHUSI COOTBETCTBYIOIIUX ONEPALUH.
OTnpaBHOM TOYKON HAM TMOCIYKaT OIMIMOKH, BOZHUKAIOIIME HA BBIXOJIE HEHPOHHOMN
CETH B IIOCJIECHEM, BBIXOJHOM cJioe. B JaHHOM ciydae BBIXOAHOM CIIOM COIAEPHKHUT
TOJIBKO JIBA y3JIa C OIIMOKAMH € | U €

e:‘—
omuéxa!mxoauoﬁ =
22

Jlanee HaM HYXHO TMOCTPOUTH MATPHILy ISl OMIMOOK CKPBITOTO CJIOSA. JTa 3amada
MOXKET IMOKa3aThCsl CI0XXKHOM, MO3TOMY MbI OyJI€eM BBIMOJHATH €€ [0 YacCTSM.
[lepByro yacTh 3ajauu MPEJICTABISIET MEPBBIA y3€7 CKPBITOro Cios. B3risiHyB eiie
pa3 Ha MPUBEJCHHBIC BHIIIE JUAarpaMMbl, MOXXHO YBUJIETh, YTO OLIMOKA Ha MEPBOM
y3JIe CKPBITOTO CJ10s1 (POpMUpYETCs 3a CUET JABYX BKJIAJIOB CO CTOPOHBI BBIXOJIHOTO
Closl. OTUMH JIByMsl CUTHajlaMH OIINMOOK SIBISIFOTCA € 1 * W11 / (Wi + W) u
€2 * Wi/ (Wt W) O6paTute BHUMaHHE Ha BTOPOU Y3€J CKPBITOTO CJI0SI, MOKHO
YBUJIETH, UTO OIIMOKA Ha HEM TaKkXe (POPMUPYETCS 33 CUET JABYX BKIIAJIOB: € 1 * W 31 /
Watwp)ue,*wn/ (Wt w ). Panee Mbl yxke BUzenu, Kak paboTarOT 3TU
BBIPAXKEHUS.

Wtak, 1si CKpPBITOrO CJIOSI Mbl UMEEM CIEAYIOIIYI0 MaTpHIly, KOTOpas BBITJISIUT
HEMHOTO CJIO)KHEE, YeM MATPUIIbl, pacCCMaTpHUBaeMbIC paHee.

WJ.J. W:L;z
TETSE T N R e — i
P Ww., + W W W 1
owué}(ackpmmnlﬁ - = e A 2 L ] .
2
Was sz
Wy + Wy, Wy, + W,

beuio OBl 310pOBO, ecinu Obl 3TO BBIPAKEHHWE MOKHO OBUIO MEpenucatb B BHIE
MPOCTOTO MEPEMHOXKEHHSI MATpPHIL], KOTOPBIMH Mbl YX€ pacrnojlaraeM. ITo
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MaTpHUllbl BECOBBIX KOA(DPUIMEHTOB, MPSAMOr0 CUTHAJIa M BBIXOAHBIX OIIMOOK.
[Ipenmy1ecTBa, KOTOPHIE MOKEM IIPU FTOM MOJIYUUTh, OTPOMHBI.

K coxanenuto, Jerkoro cmoco0a NpPeBpPATUTh 3TO BBIPAKEHUE B CBEPXIPOCTOE
MEPEMHOXKEHUE MAaTpHll, KaK B CIly4a€ paclpOCTPAaHEHHUs CUTHAJOB B MPSIMOM
HaIpaBJICHUH, HE CYIIECTBYET. PacmyTaTh Bce 3TH JI0JIM, U3 KOTOPHIX OOpa30BaHbI
AJIEMEHTH OOJBIIONW MaTpPHUIlBl, HEPOCTO. bbpuTo OBl 3amedarensHO, €clid Obl MBI
CMOTJIH MPEJICTAaBUTh ATy MaTPUILy B BUJI€ KOMOMHAIIMN UMEIOLIUXCSI MATPHII.

Yro moxHO cnenarb? Ham HyxeH cmoco0, o0ecrnednBaronifii BO3MOXHOCTh
UCIIONb30BaHUSI MATPUYHOTO YMHOXEHHUS, YTOOBI TMOBBICUTH 3(PGEKTUBHOCTD
BBIYHCIICHUH.

[TocMoTpuTe emie pa3 Ha NTPUBEICHHOE BBINIC BBIpAXKEHHE. BBl BHAWTE, YTO
HamOoJiee Ba)kHas Ui HAc BEllb — 3TO YMHOXXEHUE BBIXOJHBIX OLIMOOK € , Ha
CBs3aHHbIE C HUMHU Beca W j. Yem Oosbiie Bec, TeM OOJbIIas 0JsI OMIMOKH
nepegaeTcs OoOpaTHO B CKPBITBIM CJIOW. ODTO BaXHBIH MOMEHT. B  npo0sx,
ABJISIFOLLIUXCA 3JIEMEHTAaMU MATPHUIIbI, HUKHSISI 4acTh WUIPAET POJb HOPMHUPYIOLIETO
MHOXHTeNA. Ecnu  mnpeneOpeub d3TuM  (GaKTOPOM, MOXKHO TMOTEPATh JIMIIb
MacITabupoBaHUE OMIMOOK, MEePETaBAEMBIX TI0O MEXaHU3MY OOpaTHOM cBsi3U. Takum
00pa3oM, BeIpaKEHUE € 1 ¥ W 11/ (W 11 + W 21) YIPOCTUTCS 10 € 1 * W 1.

[lonydnm cienyromiee ypaBHEHHE.

W, W2 £,
owu&xa:npwmmb = L]
W, Wi, €,

Ora Marpula BECOB HAIIOMUHAET Ty, KOTOPYIO Mbl CTPOMJIM pPaHee, HO OHa
MOBEPHYTa BOKPYI JHWAaroHaJM, TaK YTO NPaBbli BEPXHUM 3JIEMEHT Telepb CTal
JIEBBIM HUKHUM, a JI€BbIM HMKHUN — MpaBbIM BEpXHUM. Takas MaTpuila Ha3bIBAECTCS
TPAHCIIOHMPOBAHHOM 1 0003HAYACTC KaK W' .

Hwuxe npuseneHsl ABa npuMmepa TPaHCIIOHMPOBAHUS YHCIOBBIX MAaTpHIL, KOTOPBIE
IIOMOTYT JIy4YIlle ITOHATH CMBICHI Ollepaluy TpaHCHOHHpoBaHusA. OHa NpUMEHHMMa
JaXe B TeX CIy4YasX, KOrja KOJMYECTBO CTOJIOLOB B MATpHIE OTJIMYAEeTCS OT
KOJIMYECTBA CTPOK.

1 2 3 T 1 4 7
4 5 6 = 2 5 8
7 8 9 5 6 49
T 1 4
1 2 3
= 2 5
4 5 6
6
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WNTtak, MBI TPUMEHWIM MATPUYHBIA TOAXOA K  OINHCAHUIO  OOpaTHOTO
pacrpoCcTpaHEeHHUs OLIUOOK:

owmuoka,,,, = W' et OWAUOKa,, o

KoneuHo, 3T0 npocTo 3aMeuarenbHO, HO MPABWIBHO JIM MBI TOCTYIWJIN, OTOPOCHUB
HOpMHUpYIOUUH MHOXUTENh? OKa3plBaeTci, YTO OTa YIPOIIECHHAas MOJEIb
0o0paTHOTO PacHpOCTPAHEHHUS CUTHAJIOB OMIMOOK paboTaeT HUYYTh HE XYyXKe, 4eM
0oJiee cioXHas, KOTOPYIO MbI pa3paboTanu nepes 3TUM. Eciiy Hail mpocToi moIxon
JEUCTBUTEIHLHO XOPOIIO paboTaeT, Mbl OCTABUM €TO.

MoOXHO TpUATH K BBIBOAY, YTO JaKe B TeX Ciydasx, Korga B OOpaTHOM
HAIPaBJICHUN PACIPOCTPAHSIOTCS CIHMIIKOM OOJIBIIME WM CIUIIKOM MaJble
OIMOKHA, CETh CaMa BCE HCIPABUT IPH BBIMOJHECHUU TOCICTYIOIINX HTEpaIui
oOyuenus. BaxHO TO, 9TO mpu 0OpaTHOM PACIPOCTPAHCHUH OIMUOOK YYHTHIBAFOTCS
BECOBBIC KO (DUITUEHTHI CBSI3CH.

Pesome

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

* DTO MO3BOJISIET HAM 3aIMChIBATh BRIpAKCHUS B O0jiee KOMIIAaKTHOU (opme,
HE3aBUCHMO OT pa3MepOB HEHUPOHHOU ceTH, U obecrieunBaeT Oosee dpdhekTuBHOE
M OBICTpOC BBHINIOJHCHWE BBIUYMCICHUH KOMITBIOTEpAMHU, €CIM B  SI3bIKE
IPOrpPaMMHUPOBAHUS PEYCMOTPEH CUHTAKCUC MAaTPUYHBIX OINepalui.

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

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

IIpoekT HeliponHoii cern Ha Pvthon, Yacre 2.

1.0npoc cetn

JHanee 3agaaum QyHKIUIO query (), KOTopas 00eCIeUnBaET ONMPOC CETH — MOTYyUYCHUE
3HQYEHUM CHUTHAJIOB C BBIXOJHBIX Y3JI0B TIOCJIE MPEIOCTABICHUS 3HAYCHUU
BXOJAIINUX CHUTHAIOB. T.e. dyHKIUS query () NIPpUHUMAET B KauyeCTBE apryMEHTa
BXO/IHbIC JAHHBIC HEUPOHHOMN CETH M BO3BPALIACT €€ BBIXOAHBIE AaHHbIC. JlJIsi 3TOrO
HaM HYXHO TEpeAaTh CUTHAJIbI OT y3JIOB BXOIHOIO CJIOSI YEPE3 CKPBITHIN CIIOM K
y3JIaM BBIXOJHOTO CJOSl JUIsl TIOJYYE€HHMSI BBIXOAHBIX NaHHBIX. [Ipu 3TOM, Kak BbI
MIOMHUTE, IO MEpPE PACIPOCTPAHEHUS] CUTHAJIOB Mbl JOJKHBI CIVIQKUBATH WX,
UCIIOIB3Ys BeCOBbIe KOA(D(MUITMEHTHI CBSI3€H MEXTy COOTBETCTBYIOIIMMU y3JIaMH, a
TaKKe MPUMEHITh CUTMOUAY JUJI1 YMEHBIICHUS BBIXOIHBIX CUTHAJIOB y3JIOB.
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B ciyuyae 0607bp1I0r0 KOJMYECTBA Y3JIOB HAalMCaHUE Ui KAKIOTO M3 HUX KOAa Ha
Python, OCYIIECTBIISIOLLIETO CIJIa)KUBaHUE BECOBBIX K03 (PULIEHTOB,
CYMMHPOBAHHME CHUTHAJIOB W MPUMEHEHHE K HUM CUTMOWJbI, IPEBPATUIOCH OBl B
CIUIOLIHOW KoIlIMap.

K cuactbro, HaM He HYXHO NMHCATh ACTAJbHBIM KOJ JJISI KAXIOTO Y3714, MOCKOJIbKY
MBI YK€ 3HaeM, KaK 3amucaTh MOJO0OHbIE WHCTPYKIIMU B MPOCTOM M KOMIAKTHOU
MaTpuaHoi popme. Huxke mokazaHo, Kak MOKHO TOJYYUTh BXOJSIINAE CUTHAIBI JJIS
y3JI0B CKPBITOTO CJIOS IIyTEM COYETaHUSI MaTPHIIBI BECOBBIX KO3(DPHUIIMEHTOB CBsI3ei
MEK1y BXOJHBIM U CKPBITBIM CJOSIMH C MAaTPULIEH BXOIHBIX CUTHAJIOB:

X CKPBITBIH = BXOJHOI_CKPBITHIH *1

KommbroTepusie si3b1ku, B ToM uucie Python, pacno3narot matpuiibl u 3hPeKTUBHO
BBITMOJIHSIOT BCE PACUEThl, TOCKOJIBKY UM U3BECTHO 00 OJJHOTUITHOCTH BCEX CTOSIIMX
32 3TUM BBIYMCIIEHUM.

Kon na s3bike Python nmns sToit omepanum gocrarouHo mpoctod. Huxke
NPEACTaBIEHa MHCTPYKLHS, KOTOpas IIOKAa3bIBAET, KaK MNPUMEHUTH (DYHKIHIO
CKaJIIpHOTO MPOU3BEJICHUA OMOJMOTEKU numpy K MaTpullaM BECOB M BXOJHBIX
CUTHAJIOB:

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

Ota KopoTkas cTpoka koga Python BemosmHseT B0 paboTy Mo 0OBEAMHEHUIO BCEX
BXOJIHBIX CHUTHAQJIOB C COOTBETCTBYIOIIUMHU BECAMU JJisi TIOJYYCHUS MATPUIIBI
CTJIQ)KEHHBIX KOMOWHUPOBAHHBIX CHTHAJIOB B KaKJIOM Y3JIe CKPBITOTO cios. boiee
TOTO, HaM HE TMPUAETCA €€ TepPEenuChIBaTh, €CIU B CICAYIOMIMA pa3 Mbl PEIIUM
MCIIOJIb30BaTh BXOAHOM WM CKPBITBIN CJIOM C APYTUM KOJIUYECTBOM Y3JIOB. DTOT KOJ
BCE paBHO OyzeT paboTaTh!

JI1st monydeHus: BBIXOJHBIX CUTHAJIOB CKPBITOIO CIIOSI MBI MPOCTO MPUOIMEHSEM K
KOKJIOMY U3 HUX CUTMOUY:

O CKPBITBINH = curMomjaa (X CKpblTblﬂ)

OTO He JNOKHO BBI3BATh HUKAKUX 3aTPYJHEHHUM, OCOOCHHO €CJIM CUTMOMJA YXKe
ompeesieHa B Kakor-HUOy b Oubaunoteke Python.

bubnuoreka scipy B Python comepxut Habop crnenuanbHbIX (QYHKIIHM, B TOM YHCIIE
CUTMOUJY, KOTOpas Ha3bIBae€TCsA B JIaHHOW OmOnmoreke expit (). bubnuoreka scipy
UMITOPTUPYETCS TOYHO TaK )K€, KaK U OMOIMoTeKa numpy.

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

[TockonbKy B OyAyIleM Mbl MOXEM 3aXOTETh MOAKCIEPUMEHTUPOBATh ¢ (PYHKIUEH
aKTHBAILIMK, HACTPOUB €€ MapameTpbl WU MOJTHOCTHIO 3aMEHUB JIPYroil (pyHKIUEH,
Jydlle ONpeleNuTh €€ OJWH pa3 B OOBEKTe HEHPOHHON CeTH BO BpEMS €ro
vHALManu3auuy. [lociie 3Toro Mbl CMOXEM HEOJTHOKPATHO CChUIATHCS HA HEE, TOUHO
TakK ke, Kak Ha PyHKIuto query (). Takas opraHu3anus IporpaMmbl O3HA4aeT, YTO B
ClIyyae BHECEHUS MU3MEHEHMI HaM MPUAETCA CIENaTh 3TO TOJBKO B OJHOM MECTE, a
HE BE3/I€ B KOJIE, IJIe UCTIONb3yeTcsl (PyHKIUS aKTUBALIUU.
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Hwxe mnpuBeneH Kojd, ONpeeisiomuil (QyHKINIO aKTUBAlMM, KOTOPBIA MBI
WCIIOJIB3YEM B Pa3/ielie UHULMATU3AMA HEUPOHHOM CETH.

# ucnone308aHuUe cUeMOUDbL! 8 KaYeomeae QSyHKL{[iu ARIMUBaLLIL

self.activation_function = lambda x: scipy.special.expit(x)
UYro nenaer 31oT kKoa? OH co3paeT QyHKIMIO HanmogoOue JIroOOM Apyroi, TOJIBKO C
UCIIOJIb30BaHUEM 00Jiee KOpPOTKOTO croco0a 3amucu, Ha3bIBAEMOro J1AMO0a-
svipasicenuem. Bmecto MpUBBIYHOTO omnpezesneHus GyHKuuu B popme def ums() Mbl
UCIOJIb30BaIM cJIOBO lambda, koTopoe Mmo3BojsieT co3aaBaTth PYHKIUU OBICTPBIM U
yAOOHBIM CIIOCOOOM, YTO Ha3bIBAETCS, «HA JIeTy» . B naHHOM ciydyae (yHKIMS
NpPUHUMAET apryMeHT X W BO3BpallaeT scipy.special.expit (), a 3TO €CTb HE YTO
uHOe, Kak curmouja. DyHKIMHU, CO3/IaBaEMble C MOMOIIBIO JIAMO/a- BBIPAKECHUI,
ABIIAIOTCS.  OC3BIMSIHHBIMH ~ WJIM, KakK [MPEANOYUTAIOT TOBOPUTH  OIBITHBIC
MPOrPaMMUCTBI, AHOHUMHBIMH, HO JaHHOW (YHKIIMM MBI TPUCBOMIU UMS
self.activation_function (). 9TOo 0O3Ha4aeT, 4TO BCSAKHUI pa3, Korjga moTpedyercs
UCTOJIb30BaTh  (YHKIIMIO  aKTHUBAllMM, €€ HyXHO OyJeT BbI3BaTh  Kak
self.activation_function ().
Wrak, Bo3Bpamasch K HaIled 3amade, Mbl NPUMEHUM (YHKIMIO aKTHBAIUU K
CTJIQKCHHBIM KOMOMHHPOBAHHBIM BXOJISIIIMM CHTHAJIAM, TTOCTYIIAIOIIUM Ha CKPBITHIC

Y3JIbI. COOTBGTCTBYIOHII/IfI KOJI COBCEM HE CJIOXKCH.
# paccuumams UCxo0AWUe CUSHAL! /1A CKPBIMO20 CA0S
hidden_outputs = self.activation_function(hidden_inputs)

Taxkum 00pa3oM, CUTHAJIBI, UCXOJISAIINE U3 CKPBITOTO CJIOS, ONMUCHIBAIOTCS MaTpUIEH
hidden outputs.

MpbI nponuId MPOMEKYTOUHBIN CKPBITHIN CIOM, 8 KaK OBITh C MOCJIEIHUM, BBIXOAHBIM
cinoeM? B [1eMCTBUTENBHOCTH PACHPOCTPAHEHUE CHUTHAJIA OT CKPBITOrO CJIOS M0
BBIXOJIHOTO HHUYEM NPUHUUIHKAIBHO HE OTIMYAETCA OT NPEAbIAYIIETO Ciydas,
MO3TOMY CIIOCOO pacueTa OCTAeTCs TEeM K€, a 3HA4YuT, U KOj OyleT aHaJIOTHyYeH
MPEIBIAYIIEMY.

Hwxe mpuBenaeH WTOTOBBIM (PparMeHT KoJa, OOBEAMHSIONIUN pacueThl CUTHAJIOB

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

Ecnn oTOpocuTh KOMMEHTapHUH, 3/1€Ch BCEro YEThIpE CTPOKU KOJAA, BBIOJCICHHBIC
MOJIYKUPHBIM MIPU(TOM, KOTOPHIE BBIMOIHSIIOT BCE HEOOXOAUMBIE PACUETHI: JBE —
JUISL CKPBITOTO CJIOSI ¥ IBE — JIJIS1 BBIXOAHOTO CJOSL.

2. Tekviee coCTOAHNE KO/IA
HOCMOTpI/IM, KaK BBII'TIAAUT B IICJIOM KO/, KOTOpBIﬁ MBI K BTOMy BpeMeHI/I CcO31aJIH.
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71: | # onpedenerue knacca KelpoxHod cemu
class neuralMetwork:

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

# koagichuyuenm ofyyeHus

salf Ir = learningrate

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

pass

# mpexupoeka HelipoHHall cemu
def train():
pass

# onpoc HelipoHHoU cemu

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

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

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

# Bubnuomexa scipy.special ¢ cuzmoudod expit ()

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

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

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

# ko3duyuerm obyyeHUR paseH 0,3

learning_rate =0.3

cozdame 3Kk3eMnaAp HelipoHHol cemu
e

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

[0.65613726],

[0.4367854411)
HerpynHo 3amMeTuTh, 4TO TPH CO3JMaHUHM OOBEKTa HEHPOHHOW CETH HEOOXOIUMO
3a/1aBaTh 3HaUCHUE KO3 duimenTa oOy4eHus, Jake eClI OH HEe UCTIONb3YyeTCa. JTO
OOBSICHSIETCSI TEM, YTO OIpEAeTCHUE Kilacca HEHPOHHOU CETH
BKJIFOYaET GYHKIUIO — WHULNMAIW3Ad — _ init_ (), KoTopass  TpeOyer
Mpe0CTaBICHUS JAaHHOTO aprymMeHTa. Eciin ero He yka3ath, mporpaMMa HE CMOXKET
OBITH BBITIOJIHEHA, U OTOOPA3UTCS COOOIICHHE 00 OIHOKE.
Bbl Takke MOIJM 3aMETUTh, YTO BXOJHBIE JAHHBIE MEPENAOTCA B BUAE CIIUCKA,
koTopbiii B Python o6o3Hauaercs KBajgpaTHbIMH CKOOKamMu. BwiBox Taxxke
MPEACTAaBICH B BHUJE YHCIOBOrO CIHCKAa. JTU 3HAYEHUS HE HMEIOT HUKAKOIo
pPEATbHOTO CMBICIIA, TIOCKOJBKY MBI HE TPEHUPOBAIU CETh, HO TOT (DAKT, YTO BO
BpPEMSI BBITIOJIHEHUSI IPOTPAMMBI HE BO3HUKIIN OMIMOKH, TIOJDKEH HAC PAaIoBaTh.

3. TpennpoBKa cern

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

* IlepBas uacth — pacueT BBIXOJHBIX CHUTHAJOB JJIA 3aJlaHHOTO
TPEHUPOBOYHOTO MpPUMEpPA. JTO HUYEM HE OTIMYAETCS OT TOrO, YTO MBI Y¥KE
MO>KEM JIeTIaTh C TIOMOIIBI0 DYHKINH query ().

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

CHauasna 3anuuieM roToBy0 NEPBYIO YacCTh.
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# mpeHuposka HelpoHHoL cemu

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

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

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

# paccyumame UcxodAWUe cusHaAL JAR CKpLimoea C1oAR

hidden_outputs = self activation_function{hidden_inputs)

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

final_inputs = numpy.dotiself who, hidden_outputs)

# DACCULIMAame UcxodALUE CLUEHAAB! 0AA BEIX00HO20 CAORA

final_cutputs = self activation_function{final_inputs)
OTOT KOJI MOYTH COBMANAET C KOAOM GYHKIUU query (), TMOCKOJBKY TPOIECcC
Iepeaayy CUrHaja OT BXOJHOI'O CJIOST K BEIXOJHOMY OCTA€TCsl OJHUM U TEM XKeE.
EIWHCTBEHHBIM OTJIIMYMEM SBJISETCA BBEICHUE JIOMOJHUTEIBHOIO IapaMeTpa
targets list, mepegaBaeMoro mMpH BbI30BE (YHKIUU, TOCKOJIBKY HEBO3MOXKHO
TPEHUPOBATh CETh 0€3 MPEJOCTABJICHUS €H TPEHUPOBOUYHBIX MPHUMEPOB, KOTOPHIC
BKJIIOYAIOT JK€JIa€MbI€ WIN LICJICBbIC 3HAYCHUA:

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

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

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

# owubku asixodHo20 clod =
# (Uenes0e 3HAYEHLE - PaKmMUYECKoe SHOYEHUE)

output_errors = targets - final_outputs

I[aJIee MbI OOJDKHBI paCCUHUTATb O6paTHOG PacIpOCTPpaHCHUC OIIINOOK HJIs1 Y3J10B
CKPBITOTO CJI0A. BcmoMHMTE, Kak Mbl paclpefessuii OMMOKH MEXIy Yy3JaMu
MPOIOPIIMOHATILHO BECOBBIM KOd(hUIIeHTaM CBs3eH, a 3aTeM PEeKOMOUHHUPOBAIH
HX Ha KaXIOM Y3JIC CKPLITOIrO CJIOA. OTH BBIYHUCICHHUS MOXKHO npcacTaBuThL B
CJIeTyIOIIEH MaTpUIHOUN hopme:

OMIMOKH cipumi = BECA' expuiroii_ssNERBRKH BLIX0HOi

Kon, peanusyromuii 3ty (popMyiy, Takke MNpPOCT B cuily crnocoOHoctu Python

BBIYHUCIATh CKAIAPHBIC ITPOU3BCACHHA MaTpUll C IOMOIIBIO MOAYJIA numpy.
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oLLIBKL CKPBIMaZo CAOA - 3Ma oL frcu -DL'?IGL-'T_E-".rGfSI.
= ,'S'-:'i-f.".',".?'Eli:-'E';'!E'.'-."-n'b-'E nponapuueHIANLH? Beco8abiM ."(G.E'Q'j.’,ﬁ-.n".{u?.“-"-"-ﬂ;’d CBA3EU
7 U PEKOMOURUDOBAHHEIE HO CKPBIMbIX ¥3/10%
hidden_ermrors = numpy.dot{self who T, output_errors)
WUtak, MBIl TONy4YWIM TO, 4YTO HAM HEOOXOJUMO [UIsi YTOYHEHUS BECOBBIX
KO3 (PUIIMEHTOB B KaXKJ0M cioe. [t BeCOB CBsi3el MEXKIY CKPBITBIM U BBIXOJIHBIM
CJIOSIMHA MBI UCIIOJIb3yEM MIEPEMEHHYIO Output errors.
JIn1s1 BECOB CBSA3EU MEXKY BXOAHBIM U CKPBITBIM CJIOSIMU MbI HCIIOJIB3YEM TOJIBKO YTO
pPacCCUMTAaHHYIO TIEPEMEHHYIO hidden errors.
Panee HamMu OBLTO TIOJTYYEHO BBIPAKECHHE NI OOHOBIICHUS BECA CBSI3U MEXKIY Y3JIOM
j 1 y3noM k crenytoiero ciios B MaTpU4IHOM (popme.

—— ey

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

|

Bennuuna a — 310 ko3 puieHT o0ydeHusi, a CArMOrJa — 3TO (PYHKIIUS aKTUBALIUU,
C KOTOpPOM BBl YK€ 3HAKOMBI. BCIOMHHTE, YTO CHMBOJ «*)» O3Ha4aeT OOBIYHOE
MORJIEMEHTHOE YMHOXEHHE, a CHUMBOJ «» — CKaJAPHOE MPOU3BEACHUE MAaTpPHIL.
[TocneqHuii 4wieH BBIPAKEHHUS — 3TO TpaHCIOHUpOBaHHas (') MaTpuila UCXOISAIIUX
CUTHAJIOB TMpEAbIAYyHIEro cjiosd. B AaHHOM cllyyae mpaHncnoHupoauue O3HA4aeT
npeoOpa3oBaHUEe CTOJIOIA BEIXOIHBIX CUTHAJIOB B CTPOKY.
OTO0 BBIpa)KEHHUE JIETKO TpaHCIUpyeTcs B Koj Ha sizbike Python. Chavana 3anuiem
KOJI /1711 OOHOBJICHHUS BECOB CBSI3€M MEXK/Ty CKPBHITHIM U BBIXOJAHBIM CIIOSIMHU.

# obHoeume secogele Ko3dduyueHmsl dna caAzeld Mexcdy

# CKPLIMBIM U BBIXO0HEIM CAGAMU

self.who += self.Ir * numpy .dot ({output_errors * final_outputs * (1.0 - final_outputs)), numpy.transpose (hidden_outputs))
self.who += self.lr * numpy .dot ((output errors * final outputs * (1.0 -
final outputs)), numpy.transpose (hidden outputs))
OTO JOBOJIBHO [JIMHHAs CTPOKAa KOJIa, HO IIBETOBOE BBIJAECICHHUE IMOMOXKET BaM
pazo0paTbCs B TOM, KaK OHa CBsi3aHa C NPHUBEJICHHBIM BBIIIE MaTEMaTUYECKUM
BbIpakeHueM. Koadduiment obyuenust self-Ir yMHOXKaeTcsi Ha OCTAJIbHYIO YacTh
BbIpak€HUA. ECTh ellle MaTpu4yHOE YMHOXXEHHE, BBIMOJHIEMOE C TOMOIIBIO
byuKIuu numpy.dot (), U A1Ba dJIEMEHTA, BbIACICHHBIX CHHUM M KPacCHBIM IIBETAMU,
KOTOpbIE OTOOpa)XaroT YacTH, OTHOCAIIMECS K OIMOKE U CHUTMOUJaM H3
CIEAYIOLIETO CJO0s, a TAKXKE TPAHCIOHUPOBAHHAS MATPULA UCXOISALIUX CUTHAJIOB
MPEIBIAYIIETO CIIOA.
Onepauust += 03HAYaeT YBEJIMYECHHE NEPEMEHHOW, YKAa3aHHOW clieBa OT 3HaKa
PaBEHCTBA, HA 3HAYECHUE, YKa3aHHOE cipaBa OT Hero. [loatomy x+=3 o3HauaeT, 4To
X YBEJIMYMBAECTCA Ha 3. DTO MPOCTO COKpAIICHHAs 3aluCh MHCTPYKIHH x=x+3.
AHQJIOTUYHBIN CMOCO0 3amucHu JOMyCKaeTcss W JUIsl JAPYTuX apupMeTHUUeCKUux
oneparnuii. Hampumep, x/=3 o3HavaeT AeyieHue X Ha 3.
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Kon nnst yrouHeHus: BeCOBBIX KO3(P(PUIMEHTOB CBSA3EH MEXIAY BXOAHBIM U CKPBITHIM
CJIOSIMU OYJIET OYEeHb MMOX0X Ha 3TOT. MBI BOCIOIB3YEMCS CUMMETPHUEN BhIpAXKEHUMN
U TPOCTO MEpEenuileM KOJ, 3aMEHsIsi B HEM HMMEHa MEePEMEHHBIX TaKuM 00pa3oM,
4YTOOBl OHM OTHOCWJIMCH K MpEeAbLAYLIMM ciiosM. Huke mpuBeneH cyMMapHbIH KOJ
JUIs JIByX HaOOpOB BECOBBIX KO3(PQPUIMEHTOB, OTIEIbHBIE AJIEMEHTHl KOTOPOTO
BBIJIEJICHBl 1IBETOM TaKMM OOpa3oM, 4TOObI CXOJHBbIE M pa3IMyarollvecs Y4YacTKU
KOJa MO>KHO OBLIO JIETKO 3aMETHTb.

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

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

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

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

Bor u Bce!

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

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

# mperupoeka HelipoHHoL cemu
gets_list) :

BXO0HBX IHaYeHu

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

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

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

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

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

lyueHmam cenzed

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

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

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

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

KoHTpoJsibHBbIE BONPOCHI

1. Yro Takoe marpuiia’?

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

3. UTo 03Ha4aeT TPAaHCIOHUPOBAHUE MATPHUIL?

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

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

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

3aganue:

1. U3yunTth TeopeTudeckoe BBECHHE.

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

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

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

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

1) ®amunus cryaeHTa.

2) IlopsakoBbIil HOMEDP U Ha3BaHUE J1a00OPATOPHOUN pabOTHI.

3) Llenb paboTHI.

4) OTBeTHI Ha KOHTPOJbHBIE BOMPOCHI.

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

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

Teopernyeckoe BBeIeHUE

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

K »sToMy MOMEHTY MBI HAay4YWIHCh PAacCCUUTBIBATH OOpPATHOE paCIpPOCTPaHEHUE
OLIMOOK [0 KaXKIOTO CJOsl CEeTH. 3a4eM HaM 3TO HYXKHO? 3areM, 4TO OILIMOKHU
MOJICKa3bIBAIOT HaM, KaK JOJIKHBI OBbITh M3MEHEHBI BECa CBS3€U, YTOOBI YIYUIIUTh
PE3YIBTUPYIOMIUA OO OTBET Ha BBIXOJI€ HEHPOHHOU ceTu. B 0CHOBHOM 3TO TO,
YTO MBI JIeJIaJIN C JIMHEWHBIM KJIacCu(UKATOPOM B TIEPBOI JTabopaTopHOU padoTe.
OpHako y371bl — 3TO HE MPOCThIC JIMHEWHBIE KiIacCUPUKATOphl. B y3imax curHaib
CYMMUPYIOTCSI C YYETOM BECOB, MOCJIE Yero K HUM IpuMeHsieTcs curmouaa. Ho kak
HaM BCE-TaKM CIPABUTHCS C OOHOBIICHHEM BECOB IS CBSI3CH, COCTUHSIONINX JTH
O0onee cnoxuble y3iubl? Ilouemy OBl HE HCHONB30BATH  anredpy  Juis
HETOCPEJACTBEHHOTO BBIYMCIIEHUS BECOB?

[locnegnuii myTh HaM HE NOAXOOUT BBHUAY TI'POMO3JKOCTH COOTBETCTBYIOIIMX
BbIKJIaZ0K. CyIIECTBYET CIMIIKOM MHOTO KOMOWHAIIM BECOB M CIUIIKOM MHOTO
GyHKUIUN, 3aBUCAITUX OT (PYHKITUH, 3aBUCSIIUX OT APYTUX QYHKIMMA U T.]I., KOTOpPHIE
MBI JIOJIKHBI KOMOMHHUPOBATH B XOJI€ aHAJIM3a PACIPOCTPAHEHUS CUTHAJA IO CETH.
[IpencraBpTe cebe X0Tst ObI HEOOIBITYIO
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HEUPOHHYIO CETh C TPEMsI CJIOSMHU U TpeMsi HEMpOHAMU B KaXKJIOM CJIO€, MOJJO0HYIO0
TOH, C KOTOpPOMl MbI miepes 3TUM padotain. Kak oTperynupoBaTh BECOBOM
KOd(PhUIIMEHT 1Ji1 CBSI3M MEXJIYy TEPBBIM BXOJHBIM Y3JIOM U BTOPBIM Y3JIOM
CKPBITOTO CJIOs, UYTOOBI CUTHAJI Ha BBIXOJE TPETHETO Y3J1a YBEIUYMWICS, CKaKeM, Ha
0,5? Haxe eciu Obl BaM MOBE3JI0 U BBl CAENAIN 3TO, JOCTUTHYTHIA pe3yJabTaT MOT
Obl OBITH pa3pyllIeH HACTPOUKOW JAPYTroro BECOBOTO Kod(uImeHTa, yIydIIarnero
CUTHAJl JIpyroro BBIXOJHOro y3ia. Kak Buadre, 3TH pacuersl JAIEKO HE
TPUBHAIIbHBI.

UtoOb1 yOEAUTHCS B TOM, HACKOJIBKO OHU HE TPUBHUAIBHBI, JOCTATOYHO B3IJISIHYTh Ha
MIPUBEJCHHOE HUXE BBIPAKEHUE, KOTOPOE MPEICTABISAECT BBIXOJHOM CHUTHAN y3Ja
BBIXOJTHOTO CJIOSl KaK (DYHKIMIO BXOJHBIX CHTHAJOB M BECOBBIX KOI(P(HUIIMEHTOB
CBSI3€M JJISI MPOCTOM HEMPOHHOM CETHU C TPEMs CIOSIMH IO TpHU Yy3ia. BxomaHou
CUTHAJl Ha y3Jie i paBeH X;, BeCOBOM KOA(D(UIMEHT JUIsl CBSI3U, COCAMHSIOUICH
BXOJIHOM y3€ll i C y3JIOM j CKpBITOTO CJOS, PaBE€H W jj. AHAJIOTUYHBIM 00pazoM
BBIXOJTHOM CUTHAJ y371a j CKPBITOTO CIIOSl PaBEH Xj, a BECOBOM KOI(PDUIIMEHT s
CBSI3U, COCIMHSIONIEH y3€l j CKPBITOrO CIOSl C

BBIXOJHBIM  y31oM K, paBeH W jx. CuMBON D, O3HAuaeT CyMMHpOBaHHE
CJHEAYIOIIETO 3a HUM BBIPAKEHHS IO BCEM 3HAYEHUSIM MEXAy a u b.

A He Morau Obl MBI BMECTO JaHHBIX CJIOXHBIX PAcueTOB MPOCTO Mepeduparhb
Clly4ailHple COYETaHMUsI BECOBBIX KOI(PQPUIIMEHTOB, TOKa He OyaeT MoJy4yeH
yCTpauBarOUIMi HAC pe3yabTar?

Takol momxoa Ha3bIBACTCS METOJOM TpyOOi cuiabl. HekoTophie NIOIM MBITAIOTCS
WCIIOJIb30BaTh METOJIbI TPYyOOil CHIIBI I TOTO, YTOOBI B3JIAMBIBATH MAPOJHU, U ITO
MOXXET cpadoTaTh, €CIU TapojeM SBISETCS KaKOe-IMOO OCMBICICHHOE CJIOBO,
pUYeM HE OYCHb JJIMHHOE, & HE TIPOCTO HAOOp cMMBOJIOB. Takas 3ajada BIOJHE 110
CUJIaM JIOCTaTOYHO MOIIHOMY JIOMAIllHEMY KoMIbloTepy. Ho mpencraBbTe, 4TO
KaXabli BecoBor KodpduuueHT moxker uMerhb 1000 BO3MOMKHBIX 3HAYEHUN B
nuranazone ot -1 go +1, manpumep 0,501, -0,203 wmum 0,999. Torma B ciyuae
HEWPOHHOM CETH C TPEMsS CIOSIMHU MO TPHU Yy3JIa, HACUMTHIBAKOIIECH 18 BECOBBIX
KO2(PUIIMEHTOB, MBI JIOJDKHBI ObUTH OBl TPOTECTUPOBAThH 18 THICSAY BO3ZMOXKHOCTEH.
Ecnu Ob1 y Hac Obuta Oosiee TunMyHas HeWpoHHas ceTh ¢ 500 y3maMu B KaXIIOM
cjioe, TO HaM MPUILIOCHh Obl TpoTecTUpoBaTh 500 MUIIIMOHOB pa3IMYHBIX 3HAYCHUHN
BecoB. Eciam Obl juisi pacuera Kaxkoro Habopa koMmMOMHanuii TpeOoBanach OJIHA
CeKyHJa, TO JJii OOHOBJEHUS BECOB C TOMOIIBIO BCEro JHUIIb OJHOTO
TPEHUPOBOYHOTO MpUMEpa
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noHanoomnock Obl mpuMmepHo 16 ner. Teicsiua TPEHUPOBOYHBIX MNPUMEPOB — U
MOJTyYMIIOCh ObI 16 THICSY JIET.

Kak Buzaurte, moaxoja, OCHOBaHHBIM Ha METOAE TIpyOOM CHIIBI, HPAKTHUECKU
Hepeanu3dyeMm. B JeHCTBUTENBHOCTH 1O Mepe J00aBi€HHS B CETh HOBBIX CIIOEB,
y3JI0B WM BapUaHTOB Iepedopa BECOB CUTyaIUsl OUEHb ObICTPO YXYILIAETCs.

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

Maremaruueckue BBIPRXKEHHUS, TMO3BOJSIOLIME ONPEACIUTh BBIXOJHOM CUTHAI
HEHPOHHOW CETH MPU U3BECTHBIX BECOBBIX KOA((ULIMEHTaX, HEOObIUAHHO CIIOXKHBI,
U B HHUX HeJerko pasoOparbcs. KonuuecTBO paznuyHbIX KOMOMHAIMM CIMIIKOM
BEJIMKO ISl TOTO, YTOOBI MBITAThCA TECTUPOBATH UX OOUYEPEHO.

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

OTO0 03HAYAET, UTO MPEANPUHIUMAEMbBIH HAMH TOJIXO]] TOJDKEH OBITH PEaTUCTHUYHBIM
U YyUYUTHIBaTh YyKa3aHHbIC oOrpaHudeHus. Eciam Mbl  Oynem ciemoBaTh AITHM
IOPUHLIMIIAM, TO, BO3MOJKHO, HailleM pelleHue, KOTopoe, Aaxke He Oyayuu
UJICATIbHBIM C MATEMATHUECKON TOUKU 3pEHUS, TaCT HaM JIy4IIHE PE3yJIbTaThl.
[TpomnmtocTpupyeM CyThb HAIIMX pacCyKIACHMM Ha CJIEAYIOUIEM IpHUMeEpe.
[IpencraBpTe cebe manamadT ¢ OYEHb CIOXKHBIM peiabedoM, HMMEIOITUM
BO3BBIIICHUS U BIAJMHBI, a TAKXKE XOJIMBI ¢ OyrpaMu U ssmamu. Bokpyr Tak TemHo,
YTO HU 3TH HE BUAHO. BBl 3HaeTe, YTO HAXOAUTECh HA CKIIOHE XOJIMa, ¥ BaM HYKHO
no0paTecst 10 ero noJHoxus. ToYHOM KapThl MECTHOCTH Y Bac HeT. Ho y Bac ecThb
¢onaps. Iloxanyii, Bbl Bocnoisib3yerechb ()OHApEM U OCMOTPHUTECH BOKPYI CeOs.
Ceera (oHaps He XBaTUT IS JalbHETO 0030pa, W BBl HABEPHSIKA HE CMOXKETE
OCMOTpETh Bech JaHAmadT nenukoM. Ho BbI cMOXeTe yBUIETh, IO KAKOMY yUacTKy
MPOIIIE BCETO HauaTh CIYCK K MOAHOXKHIO X0JIMa, U CIIEIaeTe HECKOIBKO HEOOIBIINX
I1aroB B 3TOM HampamieHUU. JleHcTBys MoJ00HBIM 00pa3oM, Bbl OyI€Te MEAJICHHO,
miar 3a [aroM, HOpOABUIaTbCA BHU3, HE pacnosaras oOmel KapTod u
3a0J1arOBPEMEHHO MPOJIOKEHHBIM MAPIIPYTOM.

Maremarnueckass BepcUsi ITOrO IOAXOJa Ha3bIBA€TCAd METOJOM TIPaJAMEHTHOTO
CIyCKa, M NMPUYHUHY 3TOTr0 HETPYJHO NOHATH. Ilocie Toro kak Bl cleiaau Iar B
BbIOpaHHOM HampaBJiEeHUH, BBl BHOBb OCMAaTPUBAETECh, YTOOBI YBUAETh, KAKOH IyTh
BEJeT BaCc K LEJIU, W JieJaeTe OYEepeJHOW IImar B HSTOM HampaBiIeHUH. Bbl
npoAoJDKaeTe JEHCTBOBATh TOYHO TaK K€ JO0 TeX MOp, MOKa OJIaromnoiydyHoO He
CIIyCTUTECH K TIOJHOXKHUIO XOJIMa.
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A Temepp MmpeACTaBbTE, YTO O3TUM  CIIOXKHBIM  JIaHAAPTOM  SIBISETCA
MateMaruyeckas (yHKuus. MeTon TpagueHTHOro CIyCKa MO3BOJISIET HAXOJUTh
MUHUMYM, J1a)K€ He pacroJjiarasi 3HaHUSIMH CBOMCTB ATOW (YHKUHUHU, JOCTATOUHBIMU
JUIS HaxoXIEHWs MHMHMMyMa MaTeMaTHYecKuMu Metogamu. Ecmum  ¢QyHkuums
HACTOJBKO  CJIOXHA, 4YTO IMPOCTOr0  crocobda  HAXOXKAECHUS  MHHMMYyMa
anreOpandeckKMMM METOJlaMU HE CYIIECTBYET, TO MbI MOXEM BMECTO 3TOTO
IPUMEHUTh METOJI T'PAJUEHTHOIO CIIycKa. SICHOE 1eno, OH MOXET He JaThb Ham
TOUYHBIM OTBET, MOCKOJBKY MbI IPUOIMKaEMCsl K OTBETY LIar 3a I1arom, MOCTENeHHO
yiydinasi Hairy nosuiuio. Ho ato myuiie, ueM BooOIle HE UMETh HUKAKOTO OTBETA.
Bo BcsikoM citydae, Mbl MOKEM MPOJIOJKUTH YTOUHEHUE OTBETA elle 0oyiee MEeIKUMU
[1aramMy 1o HanpaBJICHUIO K MUHUMYMY, II0Ka HE IOCTUTHEM KEJIa€MOIl TOUHOCTH.

A Kakoe OTHOILIEHHWE HMEET JSTOT JEHUCTBUTEIBHO J(P(GEKTUBHBIA MeETOn
I'PaJMEHTHOrO CITyCKa K HEHPOHHBIM ceTaM? Eciii ymoMsiHyTO! CII0KHOU (PyHKIUEH
SBJISIETCS OIIMOKA CETH, TO CITYCK IO CKJIOHY AJISl HaXO0XACHUS MUHUMYyMa O3HAy4aerT,
4YTO Mbl MUHUMHU3UPYEM OLIMOKY. MBI yiIydlliaéM BbIXOJIHOM CUTHAJI CETH.
PaccMOoTpyM HKCIIONB30BaHWE METOJA TPaJMEHTHOIO CIyCKa Ha NPOCTEHIIEM
IpUMeEpE.

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

g

/\

y = (x-1Y+1

J cAEAYFOWUE Laz

ampuuachmer]
HAKAOH

__>x

['pamueHTHBIM CHOYyCK MOJDKEH € 4Yero-to HauumHathea. Ha rpaduke mnokazana
cllydaiilHO BbIOpaHHas HadajbHas Touka. MBI HcciaeayeM MecTo, B KOTOPOM
HaxOJMMCS, U BUAUM, B KAKOM HAOIIPaBICHUM UAET ciycK. HakinoH xpuBOM Takke
o0o3HaueH Ha rpaduke, U B JaHHOM Cllydae €My COOTBETCTBYET OTpPHIATEIIbHBIH
rpagueHT. Mbpl XOTUM CIIEIOBATh B HAIIPABICHUM BHU3, NO3TOMY JIBUKEMCS BIIOJb
ocu x BrpaBo. TakuM 00pa3zom, Mbl HEMHOT'O YBEIMYMBAEM X. DTO MEpBbIM mar. Msl
YIIYUIIHIM HAlly MO3ULIMIO U IPOABUHYINUCH OJMKe K (PaKTHUECKOMY MUHUMYMY .
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[IpencraBum, 4TO MBI HA4aJIM CIYCK C KaKOTO-TO JAPYroro MecTa, KaK MOKa3aHO Ha
cienmyronem rpaduke.

y
/N
|

y = (x-1)+1

CAEOYFOWUE WAzl N
NOAOKUMEABHBIL]

HAKADOH

= ‘} X

Ha 5TOT pa3 HakIOH MOYBBI MOJ HAIIMMH HOTaMH MOJOKUTEIEH, MO3TOMY MbI
JBUYKEMCS BJIEBO, T.€. HEMHOIO YMEHbIIaeM X. 1 BHOBb BUJIHO, YTO Mbl YIIyUIIHIN
Halle MOJIOKEHUE, MPUOIMU3UBIIMCH K (PAKTHYECKOMY MHUHUMYMY. MBI MOXKeM
IPOAOJDKATh JEHCTBOBATh B TOM K€ JyX€ J0 TeX IOp, OKAa U3MEHEHUS HE CTaHyT
HACTOJIbKO MaJIbIMH, YTO MbI OyJIEM CUNTATh, YTO JOCTUIIIN MUHUMYMA.
HeoOxoaumMbIM yCOBEPILIEHCTBOBAHUEM 3TOrO0 METOJAa JOJKHO OBbITh HW3MEHEHUE
BEJIMUYMHBI IIaroB BO H30€XaHHWE MEpecKOKa 4Yepe3 MHUHMMYM, UYTO MHpPHUBENET K
OECKOHEYHBIM TpBDKKaM BOKpYr Hero. BooOpa3ute, dYTO MbI OKa3alucCh Ha
pacctostauM 0,5 MeTpa OT MCTUHHONO MMHMMYMA, HO JUIMHA HAILEro Iara BCErjaa
paBHa 2 Metpa. Torna Mel OyieM MOCTOSTHHO MPOMYCKaTh MUHUMYM, IIOCKOJIBKY Ha
KQ)KJIOM IlIare B €ro HampaBJI€HUH Mbl OyJleM MEpEecKaKuBaTh yepe3 Hero. Eciu Mbl
OyZieM yMeHbIIAaTh BEJIMYMHY IIara MporopIUOHAIBHO BEIMYUHE T'PAaJUEHTa, TO IO
Mepe MPpUOIKEHUsI K MUHUMYMY OyjieM coBepIiaTh Bce Oosiee Menkue maru. [Ipu
TOM MBI MPEIOIaraeM, YTo 4eM OJIMKE K MUHUMYMY, TEM MEHbIIEe HAKIOH. J[is
OOJBIIMHCTBA TJAAKUX (HENpepblBHO AuddepeHuupyeMbx) QYHKIUNA Takoe
IpPEINoIoKEHNEe BIIOJIHE IpuemiieMo. OHO He OyAeT CHpaBeIJUBBIM JIMIIb I10
OTHOILIEHUIO K CJIOXHBIM PEIKO BCTPEYAIOIIMMCS 3Ur3arooOpa3HbIM (YHKLIHAM CO
B3JIETAMM W NPOBAJIAMH B TOYKaX, KOTOpPHIE MATEMAaTHKW Ha3bIBAIOT TOYKaAMH
pa3phiBa.

Wnest yMeHbIIEHHUs] BEJIMYMHBI 11ara Mo Mepe yMEHbUIEHUS BEJIUYHMHBI I'PAJIMEHTA,
ABJIAIOIICICS XOPOIIUM HHAMKATOPOM OJIM30CTH K MHHUMYMY, WJUTFOCTPUPYETCS
CJIEAYIOIIUM TPaPUKOM.
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y = (x-1y+1

Kpymol
zpadueHm

MEHBWIUE WaZu :

noAozull zpadueHm

g > X

Ms1 n3MeHseM X B HaIpaBJICHHWM, ITPOTUBOIOJIIOKHOM HANPABJICHUIO TI'PAJMECHTA.
[lonoxuTeNnbHBIM TIpPagMEHT O3HA4YaeT, YTO MBI JOJDKHBI YMEHBIIUTH  X.
OTtpuLaTenbHbI TPAJUEHT TPEOYET YBETUUECHUS X.

Hcnonp3yst METOI TPAJMEHTHOIO CITyCKa, Mbl HE NBITAINCh HAXOAUTH WUCTUHHBIN
MUHUMYM aJIreOpanyeckuM METOJIOM, IMOCKOJIBbKY CleNanu BUul, OynaTo GyHKUUSA y =
(x—1)*+ 1 ms 3TOro CIMIIKOM CJI0KHA. J[axke eciii Obl Mbl HE MOIJIU OIPENEIUTE
HAKJIOH KpUBOW C MaTeMaTU4YeCKOW TOYHOCTbIO, MBI MOTJIA Obl OLICHUTHh €ro B
IIPaBUIBHOM HAIPABJICHUU.

[IpeumyiecTBa 3TOro MeTOJla MO-HACTOSALIEMY HpPOSBISETCS B ciydae (PYHKIIMH,
3aBUCAIIMX OT MHOI'MX mapamerpoB. Hampumep, BMECTO 3aBUCUMOCTH Y OT X MBI
MOXEM HMETh 3aBHCHMOCTH OT a, b, ¢, d, e u f. BcmomauTe, uro QyHKIUS
BBIXO/IHOTO CHUTHaJIa, a BMECTE C Hel W (YHKIMS OMMUOKU 3aBUCAT OT MHOXKECTBA
BECOBBIX KO3(PPHUIIMEHTOB, KOTOPHIE YaCTO UCUUCIISIOTCS COTHIMH.

Craenyrommii rpaduk BHOBb WILTIOCTPUPYET METOJ TPAAMEHTHOTO CIycKa, HO Ha
3TOT pa3 MNPUMEHHUTEIBHO K Ooyiee CII0KHOW (PYHKUMH, 3aBUCSIIEH OT JBYX
napameTpoB. I'papuk Takoil pyHKIIMK MOKHO MPEICTABUTh B TPEX U3BMEPEHUSAX, TJI€
BBICOTA MPECTABISAET 3HaUEHUE QYyHKINH.

cpedHull
zpadueHm
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Bo3MOkHO, Tisiis Ha 3Ty TPEXMEPHYIO MOBEPXHOCTb, Bbl 33lyMalluCh HaJ TEM,
MOXET JIK METOJ| TPaJUEHTHOIrO CIIyCKa MPUBECTH B JPYTYIO JIOJIUHY, KOTOpas
pacroyiiokeHa crnpaBa. B HeMCTBUTENBHOCTH 3TOT BONPOC MOXKHO OOOOIIUTH: HE
MPUBOJUT JIM MHOTJIAa METOJI TPAJMEHTHOTO CIyCKa B JIOKHYIO JOJIUHY, MOCKOJIbKY
HEKOTOPBIE CJIOXKHBIE (DYHKIIMHA UMEIOT MHOXKECTBO JTOJIUH?

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

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

L] 1]
A M

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

R IS i 54 1_7:_ > _i—\"_ -4

Peslome

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

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

 JlaHHBIM METOJA TaK)Ke YCTOMYMB K HAJIMYUIO NE(PEKTHBIX JaHHBIX U HE
3aBeJIeT Bac JaJIeKO B HEMPaBWIBHYIO CTOPOHY, €CM (YHKIUS HE ONUCHIBACTCS
U7CANBbHO UJIH K€ BPeMs OT BPEMEHU MbI COBEPILIaEM HEBEPHBIE ILIArH.
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BrixogHOW cuUrHam HEUPOHHOW CETH MPEACTaBIsET COOOM CIIOXKHYIO, TPYIHO
MOJIAIONIYIOCS]  ONMUCAHUI0 (PYHKIMIO CO MHOTMMH I[apaMeTpaMH, BECOBBIMU
kKod(punmeHTaMu CBsI3el, KOTOPBIE BIUAIOT HA BBIXOJHOW CUTHaI. Tak MOXeM Ju
MBI MCIIOJIb30BaTh METOJ T'PAJUEHTHOTO CIIyCKa Ul OIpPEAEICHUS MNOAXOISAIINX
3HaueHu BecoB? MoxeM, eciii IPaBUIbLHO BbIOEPEM (PYHKIIUIO OITMOKH.

OyHKIMS BBIXOAHOTO CHUTHaNA cama Io cebe He sBisgeTcss ¢yHkmued ommoOku. Ho
MBI 3HAEM, YTO MOKEM JIETKO MPEBPATUThH €€ B TAKOBYIO, TTOCKOJIbKY OIMHUOKA — 3TO
Pa3HOCTh MEXIy IIeJIEBBIMH TPEHUPOBOUYHBIMU 3HAYCHUSAMU U (DAKTUICCKUMU
BBIXOJHBIMH 3HAYCHUSMU.

OnHako 37eCh €CThb KOE-4TO, 4Yero CJeAyeT ocTeperarbcs. BiarisHure Ha
NPUBEACHHYIO HUKE TaOJMIly C TPEHUPOBOUYHBIMU JAHHBIMU M (HAKTHUECKUMU
3HAYEHHUSAMHM JIJIsl TPEX BBIXOJHBIX Y3JIOB BMECTE C KaHIUJaTaMu Ha PoJb (QYHKIMH
OImMOOK.

Buixog Lieneso# Ownbka

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

HamyM nepBbIM  KaHAWJATOM Ha pPOJb (YHKIMU ONIMOKU SIBIISETCS MpOCTast
Pa3HOCTh 3HaueHUN (UmesjeBoe — GaKkTHYecKoe). ITO KAKETCS BIIOJIHE Pa3yMHBIM.
Ho ecnu BBl pemuTe MCHOIB30BaTh CYMMY OIIMOOK MO BCEM y3jaM B KaueCTBE
o011ero mokasaresiss TOro, HACKOJBKO XOpOIIOo 00yueHa ceTh, TO 3Ta CyMMa paBHa
HYJIIO.

SIcHO, UTO CEeTh €1le HEJOCTATOYHO HATPEHUPOBAHA, TOCKOIbKY BBIXOJHBIE 3HAUCHHUS
JBYX Y3JIOB OTJIMYAlOTCS OT LENEBbIX 3HaueHud. Ho HyneBas cymma oO3Ha4aeT
OTCYTCTBUE OIMUOKH. DTO OOBACHSIETCS TEM, YTO MOJOKUTEIbHAS U OTPUIATEIbHAS
OIIMOKH B3aMMHO COKpaTUIUCh. OTCIO/Ia CIEIyET, YTO MPOCTasi pa3HOCTh 3HAYCHUH,
Jake eciii Obl MX B3aUMHOE COKpaIlleHWe OBLJIO HEMOJHBIM, HE TOAMUTCS s
WCIIOJIb30BAHUS B KAUE€CTBE MEPhI BEIMUNHBI OITUOKHU.

[lovinemM npyruM ImyTeM, B3sB a0COJMIOTHYIO BENWYMHY pa3sHOCTH. DOpManbHO 3TO
3alMCBIBACTCS Kak |HesieBoe-QpaKkTH4YecKoe| W O3HA4YaeT, YTO 3HAK pe3yJibTaTa
BBIYUTAHUSI UTHOPUPYETCS. ITO MOTJI0 Obl CpabOTaTh, MOCKOJbKY B JJAHHOM CIydae
HUYTO HHU C YEM HE MOXKET COKPATUTHCA. IIprunHa, mo KOTOPON HAHHBIM METOJ HE
MOJIYYWJI TIOMYJISIPHOCTH, CBSI3aHa C TEM, YTO MPU STOM HAKIOH HE SIBJISETCS
HEeMpepbIBHOM (yHKIMEH BOJIM3M MHUHMMYMa, YTO 3aTPYJHSAET HCIOIb30BaHUE
METO0/1a TPAAUEHTHOTO CITyCKa, TOCKOJIbKY MBI OyJIEM MOCTOSIHHO COBEPILATh CKAYKU
BOKpYT V-00pa3Hoil JOJUHBI, XapaKTepHOU i GYyHKIHUK OUTMOKU MOJOOHOTO pojia.
[Ipyn npulbmmkeHnd K MUHUMYMY HAKJIOH, a BMECTE C HHMM W BEJIMYMHA Ilara
M3MEHEHHUS IEPEMEHHOM, HE YMEHBIIIAETCS, @ 3TO 03HAYAET PUCK MEPECKOKA.

Tperuii BapuaHT 3aKitO4aeTCs B TOM, YTOOBI HCIIOJIH30BAaTh B KAYECTBE MEPHI
OmMOKY KBaapar pasHocTH: (ueseBoe-pakruyeckoe)’. CylecTByeT
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HECKOJIbKO TPUYMH, MO0 KOTOPBIM TPETHUH BapUaHT MPEANOYTUTEIHHEE BTOPOTO,
BKJIIOUAsl CJIEIYIOIINE:

* OH YIIPOIIAET BHIYMCIICHHUS], C TIOMOIIBIO KOTOPBIX OMPEEsieTCs] BETUYHHA
HaKJIOHA I METOJ1a TPaJMEHTHOTO CITyCKa;

* (yHKIMS OMMOKH SBISETCS HEMPEPHIBHO TIIAKOW, 4TO 00ecredynBaeT
HOpMaJIbHYIO0 paboOTy METO/a IPaJueHTHOrO CIyCKa BBHUJY OTCYTCTBUS MPOBAJIOB
Y CKAa4YKOB 3Ha4YeHUHN (QyHKIUH;

* Mo Mepe NpUOMIKEHUS K MUHUMYMY TPaJUeHT YMEHbBIIAETCS, YTO
O3HAUaeT CHIDKEHHE pPHUCKA IEPECKOKa uYepe3 MHHHUMYM, €CIH HCIOJIb3YyeTCs
YMEHbBIIIEHNE BETMUMHBI [I1aroB.

A BO3MOXHBI JIM IpyTUe BapuaHThl? Jla, MOXKHO CKOHCTPYUPOBATH JIFOOYIO CIIOKHYIO
GYHKIMIO, KOTOPYIO cunTaeTe HykHOW. OIHM U3 HUX MOTYT BOOOIIE HE paboTaTh,
JPYTUEe MOTYT XOpOIIO paboTaTh AJiA ONpPENeJIEHHOrO Kpyra 3ajay, a TPeTbU MOTYT
paboTaTh ACUCTBUTENBHO XOPOIIO, HO HMX Ype3MEpHas CIOXKHOCTh MPUBOIUT K
HEOTMPaBJIaHHBIM 3aTpaTaM PECYPCOB.

YroObl BOCMONB30BATHCSI METOAOM TIPAaJUEHTHOIO CIyCKa, HYXXHO ONPEIENIUTh
HAKJIOH (DYHKIIMM OMIMOKK IO OTHOIICHWIO K BECOBBIM Kod(hdummeHntam. 10
Tpebyer mpumeHeHus auddepennuansHoro wucuucienus. Juddepennuanpaoe
UCUUCIICHHE — 3TO MAaTeMAaTUYECKH CTPOTUN MOAXOJ K OMPEACNICHUIO BEIMYHHBI
W3MEHEHHUS! OJHHUX BEJIWYMH MPH WU3MEHEHUW npyrux. Hampumep, oHO mO3BOJsET
OTBETUTH Ha BOIIPOC O TOM, KaK MU3MEHSETCS JJIWHA MPYXHUHBI B 3aBUCHMOCTH OT
BEJIMUMHBI YCUJIUS, TPUIIOKEHHOTO K ee KOHIIaM. B JaHHOM ciydyae Hac MHTEpecyeT
3aBUCUMOCTb (YHKUMH OIIMOKM OT BECOBBIX KOA(P(UIMEHTOB CBS3€d BHYTPHU
HEeHpOHHOM ceTH. HBIMU CllOBaMM, HAC MHTEPECYET, HACKOJIbKO BETMYMHA OUIMOKHU
YyBCTBUTEJIbHA K U3BMEHEHHUSIM BECOBBIX KO3(DPUIIUEHTOB.

Haunewm ¢ paccMOTPECHUA Fpaq}I/IKa.
Cuwiudka

N

f |

= AN

OT1oT rpaduKk B TOYHOCTH MOBTOPSET OJUH U3 T€X, KOTOPbIC MPUBOJUIUCH paHee,
YTOOBI MOJYEPKHYTh, YTO MBI HE JIeJIa€M HUYETO MPUHIIMIHAIBHO HOBOTO. Ha 3TOT
pa3 GyHKIHEH, KOTOPYIO MBI MBITAEMCS MUHUMHU3UPOBATH, SIBISETCS OMIMOKAa Ha
BBIXOJIE HEMPOHHOU Ce€TH. B 3TOM MpOCTOM mpuMepe MOKa3aH JIMIIb
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OJIMH BECOBOW KOA((PUIIMEHT, HO MbI 3HAa€M, YTO B HEUPOHHBIX CETIX MX OyIeT
HAMHOTO OOJIBIIIE.

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

Ouwiudka

/N

2E\
HAKAOH —3 0 @

wl A
i 3 )

— > W,],

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

JE

awjk

OT0 BBIpaXKEHUE MPEJCTaBIseT U3MeHeHue omuOku E mpu u3MeHeHuu Beca W jk.
OTO U ecThb TOT HAKJIOH (PYHKIIMM OIIMOKH, KOTOPHIA HaM HYXKHO 3HATh, YTOOBI
HayaTh IPAJAMEHTHBIN CIIyCK K MUHUMYMY.

[Ipexne yem Mbl pa3BEpPHEM 3TO BBIPAKEHHUE, BPEMEHHO COCPEIOTOYUM BHUMAHHE
TOJIBKO Ha BECOBBIX KOA(D(HUIMEHTAX CBSI3EH MEXIY CKPBITBIM CIIOEM M TOCIICIHUM
BBIXOJIHBIM cjioeM. MHTepecyrolias Hac 00JIacTh BbIJEJIEHA HAa MPUBEACHHON HUXKE
nuarpamme. K cBs3sM MeX 1y BXOAHBIM U CKPBITBIM CJIOSIMU MbI BEpHEMCSI TIO3XKE.
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owudka yzsa = yeaeboe 3HaveHue -
PAKPAUYECKOE 3HAYEHUE

Bxoduoii CKppimbiid  feca  BbixodHoid

CAOU cAOU W CADU

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

— =2 Y 1@ | --{3@ —

BoixodHbie cuzHaAbl ckpbimbix y3sol
X

e =T -0
_—’L

Mgb1 OyneM TIOCTOSSHHO CChUIAThCSl HA JTy JuarpamMmy, JJabbl B Ipoliecce
BBIYKCIICHUN HE 3a0bITh O TOM, YTO B ACHCTBUTEIBHOCTH O3HAYAET KAXIAbIA CUMBOIL.
[Ipexxne Bcero, 3anmuiieM B SIBHOM BHJie (DYHKIIMIO OIIMOKH, KOTOpas Mpe/ICTaBIseT
co00# CyMMy BO3BEJCHHBIX B KBaJIpaT Pa3HOCTEH MEXIY IEIEBBIM U (haKTHUECKUM
3HAYEHUSIMHU, I[JI€ CYMMHUPOBAHUE OCYLIECTBIISECTCS 110 BCEM N BBIXOIHBIM y3JIaM.

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

B = 2. Filtsu¥
.an.k Bwjk

omrnoOku E.

Mg MOXkKeM cpa3y ke YIPOCTHTh 3TO BBIPAKCHHE, 3aMETHB, YTO BBIXOJHOW CHUTHAI
0, Ha y3JI€ N 3aBUCHUT JIUIIb OT CBsI3€l, KOTOPBIE C HUM coeanHeHbl. [[1s y3ma k 310
O3HAYAeT, YTO BBIXOJHOW CUTHAJ Ox 3aBHCHT JIMIIb OT BECOB W jk, TIOCKOJIbKY ATH
Beca OTHOCATCS K CBS3SM, BEAYIIUM K y31y K.

DT0 MOKHO paccMaTpPHUBATh €IIe U KaK TO, YTO BBIXOJHOW CUTHAJ y3jia K He 3aBHUCHT
OT BECOB W jb, Iic b He paBHO K, TOCKOJIBKY CBSI3b MEXAY OSTHMH Y3JIaMH

OTCYTCTBYET. Bec W j, OTHOCUTCS K CBSI3H, BEyIleH K BBIXOJHOMY Y311y b, HO He k.
OTO O3HAYaeT, YTO Mbl MOXKEM YJAIUTh M3 ITOW CYMMBI BCE CUTHAJIBI Oy

KpOME TOT0, KOTOPBIA CBS3aH C BECOM W jk, T.€. Ox. B pe3ysbTrare Mbl MOJHOCTHIO
n30aBIIIEMCSl OT CyMMUPOBAHMUS.

OTO O3Ha4YaeT HEHY>XHOCTb CYMMHUPOBAaHHMS MO BCEM BBIXOJIHBIM Y3JIaM JUIs
HaXOoXJAeHUs1 (PyHKIMHU OMMOKH. MBI yXe BUACIH, YEM ITO OOBSICHSAETCA: TEM, UTO
BBIXOJTHOM CUTHAJI y3J1a 3aBUCHUT JIMILIb OT BEAYIIUX K HEMY CBSI3€d M HUX BECOBBIX
KO3 (PUIMEHTOB. DTOT MOMEHT YacTO OCTAE€TCSl HEPACKPBITBIM BO MHOTHX
y4eOHUKaX, KOTOpbI€ MPOCTO MPUBOJAT BbIpaKEHHE M1 PYHKIUU 0€3 KaKuX-11u0o
[IOSICHEHU.

Kak Obl TO HU OBLJI0, TENEPH MBI KMEEM 00JIEE TPOCTOE BHIPAIKEHUE:
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OE ,.'?,_ (6. ~6 )

oW, oW,

Ceiiuac MBI MCHOJIb3yeM HEKOTOpbIE CpeAcTBa AUPPEpPeHIINAIBHOIO HUCUYHCIICHUS.
Ynen tq — KOHCTaHTa M MOITOMY HE M3MEHSETCS NMPU HU3MEHEHUU W j, T.€. HE
aBnsieTcsl GPyHKUUEH W jx. Bpls1o Obl OYeHb CTpaHHO, €ciau Obl UICTUHHBIE MPUMEPHI,
IIPEIOCTABISOIINE LEJIEBbIE 3HAYECHUS, U3MEHSJIUCh B 3aBUCUMOCTH OT BECOBBIX
K03 uueHToB. B pesynbrare y Hac ocTaeTcs Wi€H Ok, KOTOPBIH, KaK Mbl 3HaEM,
3aBHCUT OT W jk, IOCKOJIBKY BECOBBIE KOI(P(PHUIIMEHTHI BIUAIOT HA PACIPOCTPaHEHUE
B IIPSIMOM HANpaBJIEHUH CUTHAJIOB, KOTOPBIE 3aTEM MPEBPAILAIOTCS B BBIXOJHBIE
CUTHAJIBI O.

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

byHKLHI).

E _ &
ow,, do, ow,,

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

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

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

B‘ij 3wj )

cuzmouda ( Z; wy - 0;)

31ech 0; — BBIXOJHOW CUTHAJ y3Jia MPEIbIIYIIETr0 CKPBITOTO CJIO0S, a HE BBIXOJHOMN
CUTHAJI y3J1a MOCIEIHETO CIIOA.
Kak mpomuddepermmpoBarh curmouay? Msel  wmorimm  Obl  3TO  caenaTh
CaMOCTOSITEITLHO, TTPOBE/IS CIIOKHBIC U TPYIOEMKHE BBIYMUCIICHUS, OJTHAKO 3Ta paboTa
y)Ke TMpoJieNaHa IPYTHMH JIOIbMHU. [109TOMYy MBI MPOCTO BOCHOJIB3YyeMCS YyKe
U3BECTHBIM OTBETOM, KaK 3TO €KEJHEBHO JIEJIAI0T MAaTEMATHKH 10 BCEMY MHPY.
HubdepennmpoBanue  HEKOTOPHIX  (QPYHKIUH  TPUBOAUT K  BBIPAKEHUSIM
,_a_. cuezmouda ( x ) = cuemouda ( x ) (1 - cuemouda ( x ) )
ox

CJIO’KHEHUIIEero Buaa. B cityyae ke CUrMOMbI Pe3yJibTaT MOJIy4aeTCs O4YE€Hb
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IIPOCTBIM. JTO OJIHA M3 NMPUYUH IIUPOKOTO NPHUMEHEHUS CUTMOMIBI B KayeCTBE
GyHKIIUY aKTHBAIUU B HEHPOHHBIX CETSIX.
[lomydaem ciienyromiee BIpaKeHUE:

oE

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

1

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

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

[Ipexxne vem 3amucaTh OKOHYATENbHBIA OTBET, M30aBUMCSI OT MHOXHUTENS 2 B
HayaJie BeIpakeHUs. MBI BIpaBe 3TO ClieNaTh, MMOCKOJIbKY HAC HHTEPECYET TOJIBKO
HaIpaBJIeHUE TpajueHTa (YHKIMH OIMMOKUA, TaK YTO ATOT MHOXHUTEIh MOXKHO
6€300J1e3HEHHO OTOPOCUTH.

OkoHYaTeIbHOE BBIPAKEHUE, KOTOPOE MBI OYyJeM HCIIONB30BATh [JISI W3MEHEHUS
BECa W jk, BBITJISIIUT TaK.

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

Jk

OTO BBIpAKEHHE SBISETCA KIIOYOM K TPEHUPOBKE HEUPOHHBIX  CETEH.
[Ipoananu3upyem BKpaTIE 3TO BBIPAXKEHUE, OTACIbHBIE YACTH KOTOPOTO BbIJEIECHbI
useroM. IlepBas yacTh, ¢ KOTOpOM BBl YK€ XOpOIIO 3HAKOMBI, — 3TO OIIMOKa
(ueneBoe 3HaueHwe MUHYC ¢akTuueckoe 3HadyeHue). Cymma, SBISIOMIAACS
apryMEHTOM CUTMOMJIbI, — 3TO CUTHAJ, OCTYMNAIOIIUNA Ha y3€J BBIXOJHOTO CJIOSl, U
JUTSl YIPOIICHUS BHJIa BBIPAXKEHUS MBI MOTJIM Obl 0003HAYHUTh TOT CHTHAJ MPOCTO
kaKk ik. OH BBICTymaeT B KauyeCTBE BXOJHOTO CHUTHaJlAa y3ma K 10 TpuMeHEeHUs
¢byukiun  aktuBanmu. IlocmenHsst 4yacTb — 93TO BBIXOAHOW CHTHAl y37da
NPEABIAYILIEr0 CKPBITOrO ciiosi. PaccMOTpeHre MOJIy4YeHHOTO BBIPAKEHHUSI UMEHHO B
TaKOM paKypce TMO3BOJIAET JIydllle TOHATh CBS3b (PU3MYECKOW KapTUHBI
MPOUCXOSIIETO C HAKIIOHOM (D)YHKUIHUU U B KOHEUHOM CYETE C YTOUHEHHEM BECOBBIX
K03 PUIIEHTOB.

Bolpaxkenune mnpegHazHayeHO Il YTOYHEHHS BECOBBIX KOA((UIIMEHTOB CBs3el
MEXAY CKPBITBIM U BBIXOJAHBIM CIOSAMH. MBI JOKHBI 3aBEPIINTH pabOTy W HaWTU
HAaKJIOH aHAJOTHYHOM (YHKIMU OMHUOKH ISl KOA(PPHUIIMEHTOB CBSI3EH MEXIy
BXOJIHBIM U CKPBITBIM CIIOSIMH.

Mo>HO ObIJIO ObI BHOBb IMPOM3BECTU MOJHOCTHIO BCE MATEMAaTUUYECKUE BBIKIIAIKH,
HO MbI He OyJaeM 3Toro naenarb. Mbl BOCHOJB3yeMCSl ONMUCAHHOW TeEpes STUM
dbu3nYecKol HMHTEpHpeTalueld COCTABISIONIUNX BBIPAKEHHUS ISl MPOU3ZBOJAHOU U
PEKOHCTPYHUPYEM €ro JUisl UHTEPECYIOUIEr0 HAac HOBOTO Habopa Ko3(p(PUUMEHTOB.
[Ipu 5TOM HEOOXOAMMO YUECTh CIAEAYIOMINE U3MEHEHUS.
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* IlepBast wacTh BBIpaK€HHUs I MPOU3BOAHOW, KOTOpas paHee ObuIa
BBIXOJIHOM OIIUOKOM (11e71eBOe 3HAaUeHHE MUHYC (DaKTUUECKOE 3HAUYECHHE), Tereph
CTAHOBUTCS PEKOMOWHHUPOBAHHON BBIXOJHOW OIIMOKOM  CKPBITBIX  Y3IIOB,
paccuuThIBAEMOM B COOTBETCTBUU C MEXAHHU3MOM OOPATHOTO PacHpOCTPaHEHUS
oLIMOOK, C UeM BbI yke 3HakoMbl. HazoBeMm ee e;.

* Bropas yacth BBIpaKE€HHUSI, BKIIFOUAIOIIAS] CHTMOMAY, OCTA€TCsl TOU Ke, HO
BBIp@XEHHE C CYMMOH, I[epenaBaeMoe (YHKIMM, Temepb OTHOCHUTCA K
NPEeAbIAYIIUM CIOSIM, UM TO3TOMY CYMMHUPOBAHHME OCYLIECTBIISIETCS IO BCEM
BXOJIHBIM CHUTHAJIaM CKPBITOTO CJIOS, CIJIAKEHHBIM BECaMM CBSI3€d, BEOYIIUX K
CKPBITOMY Y311y j. MBI MOriu Obl Ha3BaTh 3Ty CyMMY I;.

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

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

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

Wtak, BTOpasg YacTb OKOHYATEIBHOIO OTBETA, K IOJYYEHHIO KOTOPOrO MBI
cTpeMuMcs (TpagueHT (YHKIUMU OIIMOKUA IO BECOBBIM KOID(DUIIMEHTaM CBs3eil
MEXAY BXOJHBIM U CKPBITHIM CJIOSIMH), TPUOOPETAET CIECTYIOUIUI BU:

7 ]

| |

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

aw"

Ha pgaHHOM »Tame HaMu MOJY4YEHBl BCE KIIIOUEBBIE MArMyeCKUe BBIPAXKEHUS,
HEO0OXOIMMBbIE JJIS BBIYUCIIEHHUS] ICKOMOT'O TPaJueHTa, KOTOPBIA MbI UCIIOJB3YEM IS
OOHOBJIEHUSI BECOBBIX KO3(P(PUIMEHTOB IO pe3yjbTaTaM OO0y4YeHHUs Ha KaKJIOM
TPEHUPOBOYHOM MPUMEPE, YEM MBI CEHYaC U 3aiiMeMcHl.

He 3a0miBaiiTe 0 TOM, 4YTO HampaBieHHE U3MEHEHUs KO3 UIIMEHTOB
IIPOTHUBOIIOJIOXKHO HaIPaBJICHUIO IpaveHTa, 4TO HEOJIHOKPATHO
JEMOHCTPHUPOBAJIOCHh Ha MPEAbIAYIIUX auarpammax. Kpome Toro, Mbl CriakKuBaeMm
UHTEpPECYIOIINEe HaC H3MEHEHHUA [apaMeTpoB IMOCPEACTBOM Kod(dduimenrta
oOyueHusi, KOTOPbII MOKHO HACTpauBaThb C Y4Y€TOM OCOOEHHOCTEH KOHKPETHOM
3amayd. C 3TUM MOJIXOJOM Mbl TAKXKE YK€ CTAIKHBAIKMCh, KOTJa MpHU pa3padOTKe
JUHENHBIX KJIacCU(PUKATOPOB MbI HCIOIb30BAIM €r0 JIsl YMEHbUIEHUS! HETaTUBHOIO
BIIUSIHUA HEYJIaYHBIX MPUMEPOB HA 3P(HEKTUBHOCTH 00YUYEHUS, a TP MUHUMHU3ALUN
GyHKUMMA OMIMOKA — AJIS TOrO, 4TOOBI M30€XaTh MOCTOSHHBIX MEPECKOKOB Yepe3
MUHUMYM. BBIpa3uM 3TO Ha A3bIKE MAaTEMATUKHU:

HoBblit wy, =  cmapolil W, - o - ii

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

OTPULIATENIBHOM NPOU3BOJHOM W YMEHBIIAICA NPHU MNOJOXKUTENbHOM. CHMBON O
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(asibha) — 3TO MHOXKHUTEIb, CTITAKUBAIOIINN BEIUUNHY

U3MEHEHHUI BO M30eKaHUe MEPECKOKOB Yepe3 MUHUMYM. JTOT KOA(P(UIIMEHT 4acTo
Ha3bIBAIOT KOI(P(PULHEHTOM 00yYeHMS.

JlanHOE BBIpa)XKEHHE NPUMEHSAETCS K BECOBBIM KOA(P(PUIUEHTaM CBS3€il HE TOJBKO
MEXAY CKPBITBIM U BBIXOJIHBIM, HO M MEXIY BXOJAHBIM M CKPBITBIM CIOSIMU. OJTH J1Ba
cllydasl pa3inyaroTcsl TpaJueHTaMUd (YHKIMHM OLIMOKH, BBIPAXKEHUS IJISI KOTOPBIX
IPUBOIUIIUCH BBIIIIE.

[TocmoTpuM, Kak OyIyT BBITISACTH T€ YK€ BBIUMCICHHUS B MAaTPUYHOM 3amucu. J{is
ATOTO CHIENAeM TO, YTO YXe JeJlajy paHblle, — 3alulIeM, 4TO COO0M MpeaCcTaBiseT
KQKJIBIM DJIEMEHT MATPHUILIBI N3MEHEHHI BECOB.

f‘c\l aw‘..z ﬁW._, 3 &wn 3 i\ El 2 SJ [:l _Sl.} 13".
,F dWLJ aw_'._; ‘ﬂws_z r? E:' i S'; (2 _52?" xl‘ (, 0 0.0 \’\I.
= ] . 1 2
Aw, , Aw,, Aw ] E,*S, (1-S) /

" 1,3 2.3 . k i j /T
'1!: .. w / .

/rl SHAYEHUA W3

npedbidyuezo cA0S

IHAYEHUS U3 CALOYHOWEZD CADH
Kosdhdumment oOyueHus o oOmymeH, MOCKOJIbKY 3TO BCEro JIHMIIb KOHCTAHTA,
KOTOpasi HUKaK HE BJIMUSET HA TO, KaK Mbl OPraHU3yeM MaTPUYHOE YMHOKEHHE.
Martpuiia u3MEHEHUN BECOB COJACPKUT 3HAUECHHS TOMPABOK K BECOBBIM
kod(ppunreHTaM w i JUISL CBSI3EM MEXIy Y370M j oaHoro cios u yziaom Kk
CJIeIyIOLIEero ciosi. Bel BUAKMTE, 4TO B MEPBOM YAaCTU BBIPAXKEHUS CIpaBa OT 3HaKa
PaBEHCTBA MCIONB3YIOTCSA 3HAUCHUA U3 cheayromero cios (y3zen K) , a Bo Bropoit —
W3 MPEbIAYIIEro cios (y3e j).
Bo3moxkHO, TNAg Ha TPUBEIEHHYIO BbIIE (QOPMYITy, BBl 3aMETWIIH, YTO
TOPU3OHTAJbHAS ~ MaTpulla, MpEJCTaBICHHAs  OJAHOW  CTPOKOM, —  3TO
TPAHCIIOHUPOBAHHAS! MAaTPHUILIa CUTHAJIOB 0j HA BBIXOJIE€ MPEIBIAYIIETO CIOS.
[[BeTOBOE BBIIECJICHUE SJIEMEHTOB MAaTpPHI] MOMOXKET BaM IOHSAThb, YTO CKaJsIPHOE
MIPOU3BECHUE MATPHUI] OTIIMYHO pabOTAET U B 3TOM CIIyyae.
Hcnonb3ysi CMMBOJIMYECKYIO 3alMCh MATPUII, Mbl MOXKEM MPUBECTU 3Ty HOPMYIy K
CJIEIyIOLIEMY BUAY, XOPOILIO MPUCIIOCOOIEHHOMY ISl peai3alii B MPOrPaMMHOM
KOJI€ Ha si3bIKe, o0ecneunBaomeM 3PPeKTUBHYI0 padoTy ¢ MaTpUIAMHU.

I[ o |
| l

AW, = &« - E - 0(2-0) - or |
| J

L -

@aKTUYECKN 3TO BBIPAXKEHUE COBCEM HE CI0KHOE. CUrMOWJIBI UCUE3NHU U3 MOJIA
3pEHMs], IOCKOJIbKY OHU CKPBIThI B MATPULIAX BBIXOJHBIX CUTHAJIOB Ok Y3JIOB.
Pesome
* OmmOKa HEMPOHHOM ceTH ABISAETCA (PYHKIIMEH BeCOB BHYTPEHHHUX CBS3ECHl.
* ViyuiieHne HEMPOHHOW CETH O3HA4YaeT YMEHBIICHHE ATOW OIIUOKH
MIOCPEICTBOM U3MEHEHHUS YKAa3aHHBIX BECOB.
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* HemocpenctBeHHbIid MOAOOP MOAXOIANIMX BECOB HATAJIKWBACTCS Ha
3HAUWUTEIbHBIC  TPYJAHOCTH. AJBTCPHATUBHBIA  TMOAXOJ  3aKIIOYaeTCs B
UTEPATHBHOM YJIYYIICHUH BECOBBIX KOY(PPHUIIMEHTOB TyTeM  YMEHBIICHUS
GyHKIUM  OMMOKKM HeOOoNmpIIMMH maramu. Kakaplii mmar coBepiiaeTcs B
HaMpaBICHUN CKOPEHIIero CIycka W3 TEKymed MO3UIUH. OTOT  MOJIXO
Ha3bIBACTCS TPATUCHTHBIM CITYCKOM.

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

IIpakTyeckue 3a1aHus

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

1. HaOop pvkonucHbix uudp MNIST

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

KoppektHass  kmaccuukanus  COAEPKUMOTO  HM300paXeHHl ¢ MOMOUIbIO
KOMIIBIOTEPA,  KOTOPYK)  4YacTO  Ha3bIBAlOT  paclmo3HaBaHWeM  00pa3os,
JNECATUWIETUSIMU BBIIEP)KMBAJIA aTakW, HaIpaBJICHHbIE Ha €€ paspeuieHue. B
nociiefHee BpeMs B 3TOM o00JacTM HaOMroJaeTcs 3HA4YMTENbHBIA mporpecc, u
pELIAIONIYI0 POJb B HAMETUBLIEMCS MPOPBIBE CHI'PAjd TEXHOJOTMU HEUPOHHBIX
CETeN.

O tpyaHocT TpoOIEeMbl MOXKHO CYJUTh XOTA OBl MO TOMY, YTO JaXKe€ Mbl, JIIOJIH,
MHOTJIa HE MOXXEM JOTOBOPUTHCS MEXKIY COOOH O TOM, KAKO€ MIMEHHO M300pakeHue
MBIl BUAMM. B 4acTHOCTH, MpeaMEeTOM CHopa MOXKET IMOCIYKHTh W HalHMCaHHas
Hepa300PUYMBBIM ITOYEPKOM OYKBa.

CymiecTByeT KOJUICKIIMS H300pOKEHHM PYKONMUCHBIX 1P, HMCHOIB3YEMbIX
UCCJIeIOBATENSIMA MCKYCCTBEHHOTO HMHTEIJIEKTa B KAa4eCTBE IMOMYJISIPHOTO Habopa
JUJISl TECTUPOBAHUSI UJIEN U aITOPUTMOB.

OTUM TeCcTOBBIM HaOOpoM sBIsieTCs 0a3a JaHHBIX PYKOMUCHBIX IUGP TOA
HazBanueM «MNIST», mnpenocrtaBiasiemMas  aBTOPUTETHBIM  HCCJEA0BATEIEM
HEUpOHHBIX ceTel AHoM JIekyHoM Jiyist OeCIIaTHOTO BCEOOIEero JOCTyMa Mo ajapecy
http://yann.lecun.com/exdb/mnist/. Tam »e Bbl HaljeTe CBEIECHHUSI OTHOCUTEIBHO
YCIEUIHOCTH MPEKHUX U HBIHEIIHUX MOMBITOK KOPPEKTHOTO PACIO3HABAHUSI ITUX
PYKOIIMCHBIX CUMBOJIOB.

®opmar 6a3bl 1aHHbIx MNIST He OTHOCHUTCA K YHCIY T€X, C KOTOPBIMHU JIETKO
paboTaTh, HO, K CHACTHIO, IPYTrUe CHEHUATUCTHI CO3AAIM COOTBETCTBYIONIME (haliIbl
B Oosee mpoctoMm (opmare (cMm., Hampumep, http://pjreddie.com/projects/mnist-in-
csv/). Oro Tak HazpiBaeMble CSVaiiiabl, B KOTOPHIX OTICIbHBIC 3HAYCHUS
MPEACTABIAIOT COO0M OOBIYHBIM TEKCT W pa3feieHbl 3amsaThiMH. VX copep:kumoe
MOJKHO JIETKO MPOCMaTpUBaTh B JIOOOM TEKCTOBOM pENAKTOpPE, U OOJBIIMHCTBO
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yKa3aH

cpeau

1
[

) 4 |m

AK3EeMILISIpa

(v

CnosBo
JMAHHBIX TapaHTHPYET, YTO C TECTOBHIMH JaHHBIMH HEHpPOHHAs CETh paHee He

KaXXJ01ro

1121 013+ 1 +14+ 1 15 1 16 A0 eaFe g |

Habop

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

(http://www.pjreddie.com/media/files/mnist test.csv).
TpenupoBounblii Ha0op conepxxkutr 60 000 npomapKUpOBaHHBIX SK3EMILIAPOB,

s
I'IID' 0 ogalo

Ha ykazanHoM cailte mpenocTaBieHbI

.9 .

qTo

COOTBCTCTBYIOIIHNH ITPABUJIBHBIN OTBCT.

dhopmar.
UCTIONB3YEMBIX JII TPEHUPOBKH HEUPOHHOH CETH.

o

(v

JOBOJIBHO YHHUBCPCAJIbHBIU

cieayrolue aBa aiia:

(v

O3HAYaerT,
3arpy>K€HHOTO B TEKCTOBBIN PEIAKTOP.

(V)

¢ TCCTOBBIU

JAaTh IIPaBUJIbHBIX OTBCT.

*TPEHUPOBOYHBIN

npeHa3HAYeHHBIX JUIsl aHaiW3a JaHHBIX, MOTyT pabotath ¢ CSV-dainamu. I10
KOPPEKTHBIC MapKEpPhI, MO3BOJISIONINE YBUICTh, CIIOCOOHA JIU Hallla HEHPOHHAS CETh
Hcnonb30BaHre HE3aBUCUMBIX JIPYT OT Apyra HAOOPOB TPEHUPOBOUYHBIX U TECTOBBIX
CTaJKuBajach. B TPOTMBHOM cilydaeé MOXKHO OBUIO OBl CXUTPUTH M TPOCTO
3allOMHUTh TPEHUPOBOYHBIC JIAHHBIC, YTOOBI MOJTYUYUTh HaumboJbiivue Oamibl. Unes
[Tpucmotpumces k 3tum (aitnam. Huxe nokazana gacts TectoBoro Habopa MNIST,

Menbinii TecToBbIM Hadop, BrItovaromuii 10 000 SK3eMIUIIPOB, MCIOIL3YETCS
JUIS TIPOBEPKH MPABUIILHOCTH PaOOThI HAeH WM anroputmMoB. OH TaKXe COJCPIKUT

Pa3acCiICHUA TPCHHUPOBOYHBIX W TCCTOBBIX HAaHHBIX PACIIPOCTPAaHCHA

CIICIIUAJINCTOB 110 MAIIIMHHOMY O6yII€HI/II-O.

AIEKTPOHHBIX TaOJIUL WK MPOTPaMM,

«IPOMAPKUPOBAHHBIC)
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http://www.pjreddie.com/media/files/mnist_test.csv)
http://www.pjreddie.com/media/files/mnist_train.csv)%3B
http://www.pjreddie.com/media/files/mnist_train.csv)%3B

KKJ0M CTpOKH OTOOpaxkaeTcsi 3HaK ad3aia), KOTOpble coAepkKaT 4Hca,

pasfieNeHHble 3alsThIMU. DTO JIETKO MOKHO YBUIETh. TE€KCTOBBIE CTPOKU TaKHe
JUIMHHBIE, TOTOMY YTO Ka)KJasl U3 HUX 3aHUMAET HECKOJIBKO CTPOK Ha 3KpaHe.
CopaepKuMoe 3TUX 3alHUCE, T.€. CTPOK TEKCTa, JIENKO MOHATD.

* [lepBoe 3HaueHue — 3TO Mapkep, T.e. pakTuueckas uudpa, Hanpumep «7»
i «9» , KOTOPYIO JOJKEH MPEJCTaBIISTh JAHHBIN PYKOMUCHBIA SK3EMILISIP. DTO
OTBET, IPAaBUILHOMY HOJYUYEHHUIO KOTOPOTO JOJIKHA 00YUUTHCSI HEHPOHHAS CETh.

* ITlocneayromue 3HA4Y€HHs], pa3JEICHHBIE 3alsAThIMH, — 3TO 3HAYEHUS
nuKcesed pykonucHol nu@psel. IIukcenbHbIil MacCCUB MMEET pa3MepHOCTh 28x28,
IIOATOMY 3a KAKJIBIM MAPKEPOM CJIEYIOT 784 muKces.

Takum 00pa3zoM, nepBasi 3aMuch NpPeACTaBIseT HUPPY «7» , O UEM FOBOPUT MEPBOE
3HAY€HUE, TOTJla KaK OCTalibHasg 4acTh TEKCTAa B ATOM CTPOKE — 3TO IMUKCEJIbHBIE
3HAYEHHUs HAIMCAHHOW KEeM-TO OT pyku IUGpsl «7» . Bropas cTpoka mpencrapiser
PYKOMHUCHYIO TUPY «2» , TpeThs — udpy «4» , dyerBepras — Hudppy « 1» u nsaras —
uudpy «9» . Moxere BbIOpaTh J00YI0 CTpOKy U3 (aitnoB manubix MNIST, u ee
MEPBOE YMCJIO YKAKET BaM MapKep JUIsl MOCIEAYIOMNUX JAHHBIX N300paKeHUsI.
OpHako yBUIETh, KAKUM 00pa3oM NJIUHHBIN CrUCOK U3 784 3HaueHuil GopMHUpYyET
N300paKeHNUE PYKOMMCHON MUPPHI «7» , HE TaK-TO MPOCTO. MBI TOJKHBI BHIBECTH B
rpadudeckom Buae 3TH TUGPHI U yOEIUTHCI B TOM, YTO OHH JICUCTBUTEIIHHO
NPECTABIISIIOT IIBETA MUKCEEH pyKOMUCHOMN U (PHI.

[Ipexxne yeMm yriayOuTbCS B PAcCCMOTPEHHE JAETalied M NPUCTYIUTh K HANMHMCAHUIO
KOJIa, 3arpy3uM HeOOJIbIIIOe TTOAMHOKECTBO HabOpa JaHHBIX, COJACpIKAIUXCS B Oa3e
MNIST. ®aiiner ganaeix MNIST umeroT odeHb OoOJBIION pa3Mmep, Torjga Kak
pabotaTh ¢ HEOOJNBIIMMHU Ha0OpaMHM 3HAYUTEIBHO YIOOHEE, MOCKOJBKY 3TO
MO3BOJIUT HaM KCIIEPUMEHTUPOBATH, pa3padaThiBaTh U UCIBITHIBATH CBOW KO/, YTO
OBLIO OBl 3aTPYJHUTENHHO B CIydae JIIMTEIbHBIX PACYETOB M3-3a OOJIBIIOTO 0ObeMa
oOpabarpiBaeMbIX JaHHbIX. Korga wmbl oTpaboTaem airopuT™M, MOXKHO OyaeT
BEPHYTHCS K MTOJIHOMY HaOOPY JaHHBIX.

[Ipexxne yem ¢ 3TUMH JaHHBIMH MOXKHO OyneT 4To-1u00 cienaTh, HaIlpHUMep,
NOCTPOUTH TpauK WM OOYyYUTh C UX MOMOIIBI0O HEHMPOHHYIO CETh, HEOOXOAMMO
o0ecreyuTh A0CTY K HUM U3 KoJia Ha si3bike Python.

OtkpeiTHEe (ailioB W moilydyeHue ux coaepxkumoro B Python He cocraBiser
Oonpmioro Tpyaa. Jlydme Bcero moka3aTh, Kak 3TO JI€JAeTCsi, HA KOHKPETHOM
npumepe. B3risaute Ha cneayrommii Ko.

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

3neck Bcero Tpu cTpoku kojaa. OOcyauM KaxAyro W3 HUX Mo oTaenbHocTu. [lepBas
CTPOKa OTKpbIBaET (haiin ¢ momoipto ¢pyHkuuu open (). Bel BuguTe,

YTO B KayecTBE NEPBOro M3 MapaMmeTpoB eil mepenaercs ums ¢aina. Ha camom
Jiene 3TO He mpocTo uMsa daima, a mMyTh AOCTyna K HeMmy. Bropoit mapamertp
HeoO0s3aTeNbHBIN U coobImaeT Python, kak Mbel xoTUM paboTtath ¢ daitiom. byksa
«» 03HAYaeT, YTO Mbl XOTUM OTKPBITH (haill TOJIBKO I YTEHHUS, a HE JUIS 3alHCH.
Tem cambpiM MBI IpenoTBpalaeM JIr000€ HENpeAHAMEPEHHOE H3MEHEHUE WU
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yaanenue ¢aina. Eciu Mbl monbITaeMcs OCYLIECTBUThH 3alUCh B ATOT (ailia Wi
U3MEHUTH ero, Python He mo3BomMT 3TOTO CclIenath W BBIAACT OMIMOKY. A 4YTO 3TO
3a nepemeHHas data file? dynkuus open () co3maer Aeckpuntop (ykaszarelb),
UTPAIOIIMA  POJIb CCBUIKM Ha OTKpbIBaeMbId (haiijl, U Mbl NPUCBAUBAEM €O
nepeMenHoi data file. Korma ¢aiin oTKpBhIT, JIF0ObIE TOCIEIYIOMIUE ICUCTBUS C HUM,
HaAIMPUMEDP, YTEHUE, OCYIIECTBIISIIOTCS Yepe3 ITOT AECKPUITOP.

Cnenyromast ctpoka mpome. Msl  wucnoinsdyeM ¢yHkmuio readlines (),
aCCOIMMPOBAaHHYIO C Aeckpuntopom aiima data file, ams dreHus Bcex CTPOK
cojaepkumoro (Qaiina B nepemennyto data list. Tta nepeMeHHast COAEPKUT CIUCOK,
KXKJBIA 2JIEMEHT KOTOPOTO SIBJISIETCS CTPOKOW, MPEACTaBISIONICH CTpoKy (aitna.
DTO ouYeHb yA00HO, MOCKOJIBKY Mbl MOXKEM MEPEXOIUTH K JIF0OOM cTpoke daiina Tak
XKe, KaKk K KOHKPETHBIM 3anucsaM B criucke. Takum obpaszom, data list[0]

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

['opazno s dexTuBHEE pabOTaTh MOOYEPETHO C KAKION CTPOKOM, a HE CUUTHIBATH B
namMaTh Bech (aitm nenukoM. OmHako Hamy (Daiyibl HEBETUKHU, W WCIIOJIH30BAHUE
¢ynkuuu readlines () 3HaUUTENBHO YNPOIIAET KOJ, a AJI1 HAC MPOCTOTA U ICHOCTh Ha
JTAHHOM JTare O4YeHb BaXKHBI.

[Tocnenusas ctpoka 3akpbiBaeT (aitn. CuuTaeTcss XOpolled NPaKTUKOM 3aKphIBaTh
daiinel m apyrue pecypchl TOcie WX HCIONb30BaHUSA. Eciam e OCTaBIsATh UX
OTKPBITBIMH, TO 3TO MOXKET NPHBOJUTh K BO3HHUKHOBEHHIO mpobOsieM. Hekoropsie
IpOrpaMMbl MOTYT OTKa3bIBaThCS OCYIIECTBIIATH 3amuch B (halljl, OTKPBITHIM B
JIPYTOM MECTE, €CJIM 3TO MPUBOAUT K HECOIIACOBAHHOCTU. B MPOTHBHOM cilydae 3TO
HAallOMUHAIO OBl CHUTyallMIO, KOTJa JiBa YeJIOBEKa IMBITAIOTCS OJHOBPEMEHHO
3aMMChIBATh pa3HbIe TEKCThI HA OJTHOM U TOM ke Jucte Oymaru. MHOT1a KoMIbloTep
MOXXET 3a0JoKupoBaTh (aitn Bo m30exkaHUE Takoro poja KoHGIMKTOB. Eciu He
OCTaBUThH 3a COOOHM MOPSAJIOK IMOCHIE TOro, KaKk HEOOXOAMMOCTh B HCIOJIb30BaHUU
daiina yxe oTmana, y BaC MOXET HAKOMUTLCS MHOTO 3a0J0KHpOBaHHBIX (paitoB. [To
KpailHeld Mepe, 3akpbIB (haid, Bbl MPEAOCTABUTE KOMIBIOTEPY BO3MOKHOCTh
OCBOOOJIMTH MaMSTh, 3aHUMAEMYIO YK€ HCHY)KHBIMH JTAHHBIMU.

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

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

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

Out[12]: 6ooo0

In[13]: M data_list[o]

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

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

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

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Bl BuauTe, uro jminHa cnucka paBHa 6000. @ynkuus Python len() coobmiaer o
pa3Mmepe chnucka. Bl Takke MOKETe BHIETh COAEPKUMOE IEPBOU
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3anucu, data list[0]. IlepBoe uucno, 5, — 3To Mapkep, TOrja Kak OcTajibHble 784
quciia — 3TO I[BETOBBIC KOJIbI MTUKCEJIEH, U3 KOTOPBIX COCTOUT n3o0paxkenue. Eciu Bbl
BHUMATEJILHO TPUCMOTPUTECh, TO 3aMETHTE, YTO WX 3HAUYCHHUS HE BBIXOAAT 3a
npenensl nuanasona 0 mpo 255. Bel MoXkeTe B3IJISSHYTh HA JIPYTUE 3aluCH, YTOOBI
MIPOBEPUTD, BBITIOJIHAETCS JIM 3TO YCJIOBHE WM Uil HUX. Bbl ybenurecb B TOM, 4TO
TaK OHO W €CTh: 3HAYEHUS KOJOB BCEX I[BETOB IMOMAJAI0T B Auamna3zoH uucen ot 0
1o 255.

Panee npuBoauiics npumep rpaduyeckoro 0ToOpakeHus: MPsIMOYTOJILHOIO0 MacCHBa
guces ¢ ucrnosib3oBanueMm pyHkiuu imshow (). To ke camoe Mbl XOTHM CJIeJIaTh U B
JAHHOM Cclly4ae, HO JJIg O3TOr0 HaM HYXHO NpeoOpa3oBaTh CIUCOK YHCE,
pa3feNeHHbIX 3alsIThIMU, B TOJIXOIAIIMHA MacCUB. IJTO MOXHO CJenarh B
COOTBETCTBUM CO CIICAYIOILIECH MPOLIEAYPOM:

* pa30ouTh JUIMHHYIO TEKCTOBYIO CTPOKY 3HAUYCHHM, pa3/IeIeHHbIX 3aIAThIMH,
Ha OTJIeJIbHbIC 3HAUCHMSI, UCTIOJIb3YSl CUMBOJI 3aIIATON B KAU€CTBE pa3ICIUTENs;

* MPOUTHOPUPOBATH NEPBOE 3HAYCHUE, SIBISIONICECS MapKepOM, H3BJIEYb
octapiuecs 28*28=784 3HaueHus U npeoOpa3zoBaTh UX B MACCUB, COCTOALIUN U3
28 cTpok u 28 cToJIONOB;

* 0TOOpa3UTh MacCHB.

W BHOBB, MpoIIe BCEro MoKa3aTh COOTBETCTBYIOIIMM MpocToi koA Ha Python u yxe
MOCJIE€ 3TOT0 MOJAPOOHO PACCMOTPETH, YTO B HEM MPOUCXOIUT.
[Ipexxne Bcero, Mbl HE JOJKHBI 3a0bIBaTh O HEOOXOIUMOCTH HMIIOPTUPOBATH
oubnmoreku pacmmperuit Python mys paboTel ¢ MaccuBaMu U rpadUuKoO.
[TocMoTpuTe Ha craeaywllMe TPU CTPOKM Koja. llepemeHHbIE OKpallleHbl
M import numpy

import matplotlib.pyplot

%matplotlib inline
pPa3TUYHBIMU I[BETAMU TaKUM 00pa3oM, YTOOBI OBLJIO TIOHSITHO, TJ€ U KaKWUe JTaHHbBIC
UCIIOIb3YIOTCH.

B mepBoii crpoke nnuHHas mepsas 3anuchk data list[0 ], KOTOpYIO MBI TOJBKO YTO
BBIBOJIMJIM, pa30MBaeTCsl Ha OTJHENbHbIE 3HAYEHMS C HCIOJb30BaHUEM 3aIlsiTOM B
KauecTBE pas3ienuTeNs. JTO jaenaercs ¢ moMormibio Qyskmuu split (), mapamerp
KOTOPOI OTpeAemsieT CUMBOI-pa3AenuTeNb. Pe3ynbTaT nomMemaercs B NEPEMEHHYIO
all values. MoxeTe BBIBECTH 3TH 3HAYEHUS HA 3KpaH U yOEIUTbCA B TOM, YTO 3Ta
NepeMeHHas IEHCTBUTEILHO COJICPKUT HY>KHbIE 3HAYCHHsI B BHJIEC JJIMHHOTO CIIHCKA
Python.

Crnenyromiasi CTpoKa KOJa BBIIJISIAUT 4YyTh OoJiee CJIOXKHOW, MOCKOJbKY B HEH
IIPOUCXOJIUT Cpa3y HECKOJIbKO Bemie. HauneM ¢ cepenuHbl. 3anuch crucka B BUAE
all values [l: ] yka3piBaeT Ha TO, 4YTO OepyTcsi BCE OHJIEMEHTHI CIHUCKAa 3a
UCKJIIOYCHHEM TIepBOTo. TeM caMbIM MBI HTHOPUPYEM MEPBOE 3HAUCHHE, UTPAOIIEE
poJib Mapkepa, U OepeMm JIiMlb ocTajibHble 784 35eMeHTa,
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numpy.asfarray() — 3To ¢yHkIus 6UOIMOTEKH numpy, Mpeodpaszyroiias TEKCTOBBIC
CTPOKH B pealibHbIE YMCIIA U CO3/al0IIasi MacCUB 3TUX yKcesl. Ho mouemy TeKcToBbIe
CTpokHu mpeoOpasyrorcs B uucia? Ecnu ¢aiin ObUT MpouMTaH Kak TEKCTOBBIM, TO
KaXJasi CTpOKa WM 3alMCh BCE €IIE€ OCTAaeTCs TEKCTOM. VI3BieueHue M3 HUX
OTJEJIbHBIX 3JIEMEHTOB, Pa3/ICJICHHbIX 3aIATHIMH, TAKXKE AAE€T TEKCTOBBIC JIEMEHTHI.
Hanpumep, 3TUM TeKCTOM MOTJIH ObI OBITH CJ10Ba « apple» ,

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

Tperbst cTpoka MPOCTO BBIBOAMT HA JKpaH MAcCHB 1mage array ¢ IOMOIIbIO
¢byukiuu imshow (), aHaATOTMYHO TOMY, C YeM BBl yKe CTaJIKUBAIUCh. Ha 3TOT pa3
MBI BBIOpaJIM LBETOBYIO NAIUTPY OTTEHKOB CEPOro € MOMOIIBIO apaMeTpa cmap = '
Greys' 1 My4iiei pa3JInuuMOCTH PyKOIIMCHBIX CHMBOJIOB.

Pe3ynbpraT paboThl KOJIa IPEICTABIIEH HUXKE.

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

Out[18]: <matplotlib.image. Axesimage at ox23a4agci3gqo>
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Bol Bunute rpadguyeckoe mzoopakeHue mudpel «5» , Ha 4TO M yKa3bIBaJl MapKep.
Ecnau mbl BBIOEpEM cliienyromnyto 3anuch, data list [1] ¢ mapkepom 0, To moydyum
IIOKAa3aHHOC HUXKE I/I306pa}KCHI/Ie.
In[agl: M all_values = data_list[1].5plit(",")
image_array = numpy.asfarray(all_valves[1:]).reshape((28,28))
matplotlib.pyplot.imshow(image_array, cmap='Greys’, interpolation="Ncns

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

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

HY>KHBIE 3alMCH, Mbl MOXKEM BOCIIOJIb30BaThCA ATUM [JIsl BU3yaju3alluu JaHHBIX.
MBI XOTUM HCIOJIB30BaTh ATH JAaHHBIC JUIsl OOyUEHHs Halllel HeUWpOHHON CeTH, HO
CHayajga Mbl JIOJDKHBI MPOJAyMaTh, KaK HX CJIEAYET MOJrOTOBUTH, MPEXKAC YeM
MIPEAOCTABIATH CETH.

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

[lepBoe, 4TO MBI HOJKHBI CAENATH, — 3TO MEPEBECTH 3HAUYCHUS LIBETOBBIX KOJOB U3
Oonpmiero auamna3oHa 3HadeHui (0-255 B HAMHOrO MEHBIIMN, OXBATHIBAIOIIUN
3HaueHusa ot 0,01 mo 1,0. Mber HamepenHo BbIOpasin 3HaueHue 0,01 B xayecTBe
HIDKHEW TpaHUIlbl Juarna3oHa, 4yToObl M30eXaTh YHOMSHYTBIX paHee MpooOJieM ¢
HYJICBBIMA BXOJHBIMM 3HAUEHUSIMHU, TOCKOJIBKY OHHM MOTYT MCKYCCTBEHHO
OsokupoBaTh OOHOBJIEHHE BecoB. Ham HeoOs3aTenbHO BbIOMpaTh 3HaueHue 0,99 B
KaueCcTBE BEpPXHEH TpaHUIlbl JOMYCTUMOTO JHara3oHa, IMOCKOJIbKY HET HYXIbI
u3z0erath 3HaueHud 1,0 nns BXOAHBIX CUTHAIOB. JIWIIL BBIXOJHBIE CUTHAJIBI HE
MOTyT IIpeBbIIATEL 3HaYeHue 1,0.

Jlenenrue MCXOIHBIX BXOJHBIX 3HAYCHHUM, U3MEHSIONIUXCS B auamna3zone 0- 255, Ha
255 nmpuBenet ux k auamna3zony 0-1,0. [Tocienyroliee yMHOKEHUE dTUX 3HAYCHUN Ha
koahumment 0,99 npusenet ux k auanazony 0,0-0,99. Jlanee Mbl HHKpEMEHTHPYEM
ux Ha 0,01, yTOoOBI BMECTHTH UX B keJlaeMbli auana3on 0,01- 1,0. Bee aTu nelicreus
peanu3yeT CIeayIONHi Ko Ha s3bike Python.

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

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

00l 001 001 001 001 001

001 001 001 001 001 001

001 001 001 001 001 001

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

00l 001 001 001 001 001

00l 001 001 001 001 001

0.0l 001 001 001 0196352040934

0.08835204 0.98835294 0.98235204 0.930117650.01 0.01

001 ©001 001 001 001 001

001 ©001 001 001 001 001

00l 001 001 001 001 001

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

001 001 001 001 001 001

001 001 001 001 001 001

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

PesynbTupyromuii  BBIBOJ, JAHHBIX MOATBEPKIACT, YTO OHU JICMCTBUTEIBHO
MpUHaJIeXaT K quana3zony 3Hauenuii ot 0,01 go 1,00.
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Wtak, Mbl ocymecTBIIA NOAroToBKY JaHHbIX MNIST nytem mx macumrabupoBaHUs
Y CIABUIa U TEIEPh MOXKEM II0JIaBaTh MX HA BXOJ HAIlE HEMPOHHOW CETH KakK C
LIEJIbIO €€ TPEHUPOBKH, TAK U C LIEJIbIO OIpoca.

Ha »ToM »Tanme HamM Takke HYXHO IIpOJAyMaTb, YTO JE€JaTh C BBIXOJHBIMHU
3HAYCHUSIMUA HEMPOHHOU ceTh. PaHee Bbl BUIENIH, YTO BBIXOHBIC 3HAYECHUS JTOJIKHBI
YKIAAbIBaThCSl B JIMAMA30H 3HAYCHUN, OOecTieurBaeMbIi (YHKIIMCH aKTHUBAIIHH.
Hcnonw3yemas HaMu JlorucTuueckas PyHKIHS HE MOXET BblJlaBaTh TaKUE 3HAYCHUSI,
kak -2,0 umm 255. Ee 3maueHus oxBarbeiBaioT auama3oH uyucesl oT 0,0 mo 1,0, a
(dakTuyecku Bbl HUKoOrja He mnojyuute 3HadeHuit 0,0 wnu 1,0, mockonbKy
JorucThudeckass (YHKIUS HE MOXET HMX JOCTHIaTh W JIMIIb aCUMITOTUYECKHU
npuommwkaeTcss K HUM. Takum 00pa3oMm, TO-BUIUMOMY, HaM MpHUIETCS
MacIITadupOBaTh BHIXOHBIC 3HAUCHHS B MIPOIIECCE TPEHUPOBKH CETH.

Ho 4TO MMEHHO MBI JOJKHBI MOJYYUTh HA BBIXOJE HEHMpOHHOU ceTu? [{oimkHO Nu
3TO OBITh M300pakeHwe oTBeTa? B Takom ciyyae HaM Hy»XHO UMeTh 28x28=784
BBIXOJIHBIX Yy3JIa.

Ecnu Mbl BepHEMCS Ha MIar Ha3ajJ v 3aAyMaeMcsl HaJ TEM, YETO UMEHHO Mbl XOTUM
OT HEUPOHHON ceTH, TO NOWMEM, 4YTO Mbl MPOCUM €€ KJIAaCCU(PUUUPOBAThH
M300paXeHWe M TPUCBOUTH €My KOPPEKTHBIM Mapkep. TakuM MapkepoM MOXKET
OBITh OJHO M3 AECATH uuceld B auara3zoHe or 0 7o 9. DTo o3HA4aeT, YTO BHIXOIHOM
CJIOM CeTH JIOJKEH UMeTh 10 y3J10B, MO0 OTHOMY Ha KaXKIblil BO3MOXKHBIN OTBET, WU
Mapkep. Ecinu orBeToM siBisiercst «0» , TO aKTUBU3UPOBATHCS JIOJKEH TEPBBIN y3€ll,
TOTJJa KAaK OCTaJbHBIE Y3JIbl JOJKHBI OCTaBaThCsA MACCUBHBIMH. Ecin oTBETOM
ABJSICTCS «9» , TO AaKTUBU3UPOBATHCS JIOJKEH MOCJIEAHUN Y3€ BBIXOJHOIO CJIOS TIPH
MAaCCUBHBIX OCTAJIbHBIX y3Jax. Crenyromias WIIIOCTpalus MOSCHSIET 3Ty CXEMy Ha
HECKOJIbKMX ITPUMEPAX BBIXOAHBIX 3HAYCHUM.

BeixodHoi

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

IIepBeIil TpUMEpP COOTBETCTBYET CIIy4ar0, KOrJa C€Th paclo3Haia BXOJAHBIC JTaHHBIE
Kak udpy «5» . Bl BuaurTe, 410 HaMOONBIINN U3 UCXOSIINX CUTHAIOB BBIXOJITHOTO
CJIOSI IPUHAJICKUT Y31y ¢ METKOU «5» . He 3a0biBaiiTe 0 TOM, 9TO ATO IIECTOU IO
CYETYy y3€J, IOTOMY 4TO HyMepalus y3JIOB HauMHAETCs C Hyjs. Bce
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JIOBOJILHO MPOCTO. OCTallbHBIEC Y3JIbI MPOU3BOMAST CUTHANBI HEOOIBIIION BEIMYMHBI,
OyM3KHe K HYI10. BeIBO/I Hys1el MOT OKa3aThCsl CIAEACTBUEM OLIMOOK OKPYIJICHUS, HO
B JISUCTBUTEILHOCTH, KaK Bbl MOMHUTE, YHKIUS aKTHUBALIUM HUKOT/IA HE JTIOMYCTUT
(bakTHUeCcKoe HYJIEeBOE 3HAUCHHE.

Crnenyrommii puMep COOTBETCTBYET pykonucHomy «0» . HanGomnbiyto BennuuHy
3/1eCh UMEET CUTHAJ IEPBOT0 BBIXOJHOTO y371a, ACCOLUUPYEMBIN C METKOU «0» .
[locnennuii mpumep OoJiee UHTEpPECEH. 3/1eCh caMblid OOJIBIION CUTHAJI T€HEPUPYET
MOCJICTHUM y3€JI, COOTBETCTBYIOIIMNN METKE «9» . OIHAKO U y3ell ¢ METKOU «4» naer
CUTHAJI cpeiHel BenuruHbl. OOBIYHO HEHPOHHAS CETh I0JKHA IPUHUMATh PEIleHHUE,
OCHOBBIBASCh Ha HAWOOJIBIIEM CHUTHAJNE, HO, KaK BHJIWUTE, B JAHHOM CJIyyae OHa
OTYACTH CYHUTAET, YTO MPABUIBHBIM OTBETOM MOIJIO Obl OBITh U «4» . Bo3MoXxHO,
PYKOIIMCHOE HA4YepTaHUE CHMBOJA 3aTPYIHWIO €ro HAJIe)KHOE paclo3HaBaHUE?
Takoro poaa HeONpPEAEIEHHOCTH BCTPEYAIOTCS] B HEMPOHHBIX CETSAX, U BMECTO TOTO,
yTOOBl CUMTATh WX HEyJauei, Mbl JOJKHBI PAcCMATpUBATh HMX KakK IOJIE3HYIO
MOJCKAa3Ky O CYIIECTBOBAHHUU JAPYroro BO3MOKHOI'O OTBETA.

Otnauyno! Tenmepsr HaM HYXHO TPEBPATUTh ITHU HWJEU B IIE€JIEBbIE MACCHUBBI IS
TPEHUPOBKU HEHpOHHON ceTn. Kak Bbl MOriaM yOeauThCs, €ClId TPEHUPOBOUHBIN
npuMep MOMEUEH MapKepoM «S5» , TO JJIsl BBIXOJHOTO y3Ja CJIeIyeT CO3/1aTh TaKou
IEeJIeBOM  MacCuB, B KOTOPOM Majbl BC€ OJJIEMEHTHI, KpOME€ OJIHOIO,
COOTBETCTBYIOIIETO Mapkepy «5» . B JaHHOM ciaydae 3TOT MacCHB MOT Obl
BBITJISIIETH TpuMepHo Tak: [0,0,0,0,0,1,0,0,0,0].

B 1elCTBUTENBHOCTM  3TH  YUCIA  HYXKJIAKOTCA B JIONOJHUTEIbHOM
MacIITabMPOBAHUH, TIOCKOJIBKY MBI YK€ BUJIEIH, YTO MOMBITKM CO3/IaHUS HAa BBIXO/IE
HeHpoHHOU cetr 3HaueHui 0 U 1, HEJJOCTMKUMBIX B CHIIY MCIIOJIb30BaHUs (QYHKIIUN
aKTUBAIMH, TPUBOJAT K OOJBIIMM BecaM M HachlmleHHUI0 ceTu. CreaoBaTenbHO,
BMECTO ATOr0 MbI Oyzaem ucnoib3oBaTh 3HadeHus 0,01 u 0,99, u moTtomy 1eneBbIM
MacCHBOM JIsl Mapkepa «5» nomkeH 0biTh Maccus [0.01, 0.01, 0.01, 0.01, 0.01, 0.99,
0.01, 0.01, 0.01, 0.01].

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

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

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

Bo BTopoi#t ctpoke ¢ momomibio yaoOHoOW dyHKIMH numpy.zeros () cosmaercs
MacCuB, 3allOJIHCHHBIA HyssiMu. JKemaembie pasMep W KOHQUTypalusi MaccuBa
3aJal0TCSl MapamMeTpoM Npu BbI3oBe (GYHKIUMH. B naHHOM ciydyae co3naercs
OJIHOMEPHBIA MAacCUB, pa3Mep onodes KOTOPOrO paBEH KOJHMYECTBY Y3JIOB B
KOHEYHOM BBIXOJHOM ciioe. [Ipobnema Hysei, KOTOpyIO MbI TOJIBKO YTO 00CYKIaNH,
ycTpansercs myteM qooasienus 0,01 k Kax1oMy 3J€MEHTY MacCHUBa.

Crnenyroliiiasi CTpoka BbIOMpAET MEPBbINA 2JIEMEHT 3anucu U3 Habopa nanHbix MNIST,
ABIIAIOIIMIICS LEJIEBBIM MapKEPOM TPEHHUPOBOYHOIO Habopa, U
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npeoOpa3yeT ero B IIeJ0€ 4YKciIo. BcroMHHUTE O TOM, YTO 3alUCh YUTACTCS U3
ucxoaHoro (paitla B BHJE TEKCTOBOM CTpOKM, a He uucia. Kak ToJsbko
npeoOpa3oBaHUE BBIMOJHEHO, IMOJYYCHHBIM IIEJI€BOM MapKep HCIOJIb3YyeTCs s
TOT0, YTOOBI YCTAHOBUThH 3HaUYEHUE COOTBETCTBYIOIIEIO AJIEMEHTa MAacCHBA PaBHBIM
0,99. 3nmecp Bce OyaeT HOPMaJbHO paboTaTh, MOCKOJBKY Mapkep «0» Oyner
npeobpa3oBaH B 1esoe uucio 0, sBisiomeecs KOPPEeKTHBIM HHJIEKCOM JIaHHOTO
Mapkepa B MaccuBe targets [ ]. TouHo Tak ke Mapkep «9» Oyner mpeoOpa3oBaH B
negoe 4ucio 9, um aneMeHT targets [9] JEHWCTBUTENBHO SBJISIETCS IMOCICIHUM
3JIEMEHTOM ATOT'0 MaCCHBA.
Bot npumep paGoThl 3TOr0 Koja.
In[23]: M | # konuuecmao ebixo0HBLX Y3108 - 10 (NPUMep)
onodes = 10

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

In[25]: M | print{targets)

[o 990.010010010010010.010010.01 0.01]

Tenepb MbI 3HACM, KaK MMOATOTOBUTH BXOAHBLIC 3HAYCHUSA IJIs1 TPCHUPOBKH M OIIPOCa
HCprOHHOfI CCTH, a BBIXO/JHBIC 3HAYCHUWA — I TPDCHUPOBKH.
OOHOBMM Halll KOJI C YYETOM MpOJEIaHHON padoThl. Huke mpencTaBiieHO COCTOSHUE
KOJa Ha JaHHOM 3TalI€, BKJIFO4Yas IMMOCICIHEC OOHOBIJICHHE.
In[1]: M  import numpy
# bufinuomera scipy.special © cuemoudod expit ()
import scipy.special
# 20paHMUpPOEams pazmMeleHUe 2pagiuxu g danHom GaokHome,

# @ HE 8 0M3enbHOM OKHE

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

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

# Koaghuyuenm ofyueHus

selfIr =learningrate

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

pass

# mpeHupaska Helipornoal cemu

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

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

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

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

# owufiku esxodHoeo CRoRA =

# (Yenesoe 3HaYeHUE - BOKMUYECKOE IHAYEHUE]

output_errors = targets - final_outputs

# QUWUGKU CKPRIMOE0 CAORA - 3Mo owubku output_errors,

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

hidden_errors = numpy dot(self who T, output_errors)

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

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

pass

# onpoc HelipoHHod cemu

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

ARV

# kozgduyuenm ody

learning_rate =0.3

UeHUA pased 0,3

cozdame 3k3eMNAAp HelpoHHoU cemu

= neuralMetwork(input_nodes, hidden_nodes, output_nodes, learning_rate)

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

# mpenuposka HelporHol cemu

mpeHuposoyHoM Habope daHHEIX

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

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

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

Bb1060p cTa CKpBITBIX Y3JI0B HE UMEET CTOJb XKE CTPOrOro HayyHOro 0OOCHOBAHUSI.
Mpbl He BbIOpanmM 3TO 4MCIO OonbIIMM, 4YeMm 784, U3 TeX COOOpaKeHUM, 4TO
HEHpOHHAas CETh J0JKHA HAaXOJUTh BO BXOJHBIX 3HAUEHUAX TaKHe OCOOCHHOCTH WUJIU
m1abJI0OHBI, KOTOPhIE MOKHO BBIpa3uTh B 0oJjiee KOPOTKOU (opme, yeM camu 3TU
3HayeHus. [loaromy, BBIOMpas KOJWYECTBO Y3JIOB MEHBIIUM, YE€M KOJUYECTBO
BXOJIHBIX 3HAUEHHW, Mbl 3aCTaBIIIEM CETh MBITATbCSI HAXOJIUTh KIFOUEBBIC
ocoOeHHOCTH TyTeM o0o00meHus wHpopMamuu. B To ke Bpems, ecau BbIOpaTh
KOJIMYECTBO CKPBITHIX Y3JIOB CIMIIKOM MAajbiM, OyAyT OTpaHHYEHBl BO3MOXKHOCTHU
CeTM B OTHOLICHUH OIpPEACNICHUS JTOCTaTOYHOIO KOJHMYECTBA OTIMYUTEIbHBIX
NPU3HAKOB WM IIa0JOHOB B M300pakeHUMH. TemM caMbIM Mbl JUIIWIA ObI CETh
BO3MOKHOCTH BBIHOCUTb COOCTBEHHBIE CYKJIeHUs OTHOCUTENbHO AaHHbiXx MNIST. C
Y4E€TOM TOT'0, YTO BBIXOAHOW CJIOW JOJKEeH obecreunBarh BhIBOJ 10 Mapkepos, a
3HAYUT, JIOJKEH UMETh JECSTh Y3JI0B, BBIOOP IMpOMeEXyTouHOro 3HaueHus 100 ms
KOJINYECTBA Y3JIOB CKPBITOT'O CJIOSI IPE/ICTABIISETCS BIIOJHE PA3yMHBIM.

B cBsi3u ¢ 3TUM cienyeT clenatb OAHO BaXXHOE 3aMEuyaHUe: UAEaJbHOrO OOIIEero
MeToJa Uil  BbIOOpa KOJMYECTBAa CKPBITBIX Y3JIOB HE cyllecTByer. B
JCHUCTBUTENPHOCTH HE CYIIECTBYET M HJAEaJbHOIO METOAa BbIOOpa KOJIMYECTBA
CKPBITBIX CJIOEB. B Hacrosmiee BpeMs HaWIydlIUM IOAXOJOM SIBIIAETCS
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MIPOBEICHHUE SKCIEPUMEHTOB 10 TE€X MOp, OKAa HE OyIeT MoxyyeHa KOH(DUrypalus CeTH,
ONTUMAaJbHAsA IS 3aa41, KOTOPYIO BbI IIBITAETECH PEIINTD.

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

3aganue:

1. U3yunTh TEOpeTUYECKOE BBEICHHE.

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

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

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

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

1) ®amunus cryaeHTa.

2) [MopsiakoBBI HOMEP ¥ Ha3BaHHE JTAOOPATOPHOMN PaOOTHI.

3) Lens paboThL.

4) OTBeTHI Ha KOHTPOJIbHBIE BOMPOCHI.

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

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

TecrupoBanyue HEHPOHHOI ceTH

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

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

T = £ [ Y I s AAA
M | # 3azpyzume 8 cnucok mecmossill HaGop darHelx CSV-gialing Habopa MNI

test_data_file = open{"mnist_test.csv", 'r
test_data_list = test_data_file.readlines))
test_data_file closa()

LA

MBI pacnakyeMm 3TH JaHHBIE TOYHO TaK e, KaK U IMpeAbIAylIue, IOCKOJIbKY OHU
MMEIOT aHAJIOTUYHYIO CTPYKTYpY.

[Ipexxne yem co3gaBaTh LMK JUIsl Tepedopa BCEX TECTOBBIX 3AMMCEH, TOCMOTPUM,
YTO MNPOU3OMAET, €CIIM Mbl BPYYHYIO BBIIOJHUM OJWHOYHBIA TecT. Hmxke
MpeACTaBICHbl  pe3yJbTaThl  Ompoca yxXe OoOydeHHOH HEeHpOHHOW  ceTH,
BBINIOJIHEHHOT'O C UCIIOJIb30BAaHUEM NIEPBOM 3aITUCU TECTOBOrO HA0OOPA TAHHBIX.
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M | # za2pysume & cnucox mecmosklld Habop daxHex CSV-gdalina Habopa MNIST
test_data_file = open{"mnist_test.csv", 'r)
test_data_list = test_data_file.readlines()
test_data_file close()

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

print(all_values[o])

7

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

29]: <matplotlib.image AxesImage at ox251210f4b20>

o
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0 5 W B 2 =
Kak BumuTe, B KauecTBe MapKepa NEpBOM 3alMuCH TECTOBOrO Habopa CceThb

ompeaenuiaa CMMBoa “ 77 .
He 3a0yabTe moakaountb 6udauorexry matplotlib.pyplot.

M | import numpy

| ¢ cuamoudol expit ()

import scipy.special

# capaHmuUpoaams pasmMellieHue epapurl 8 CaHHoOM I:"-,'TC"KHG”"'Q__

# 0 HE 8 OMOENEHOM OKHE

import matplotlib.pyplot

ematplotlib inline
B pesynbprate ompoca 00ydeHHOU CETH MBI TIOJy9aeM CIUCOK YHUCEIN, SIBIISIONTUXCS
BBIXOJIHBIMH 3HAUEHUSMHM KaXJOTO M3 BBIXOJHBIX y35I0B. Cpa3zy ke Opocaercs B
rJ1a3a, 4YTO OJIHO M3 BBIXOJIHBIX 3HAYEHW HAMHOIO MPEBBIIIAET OCTAJIbHbBIC, U ITOMY
3HAYEHUIO COOTBETCTBYET Mapkep “7” . DTO BOCBMOM 3JIEMEHT CIHCKA, MOCKOJIbKY
MIEPBOMY AJIEMEHTY COOTBETCTBYET Mapkep “0” .
V¥ nac Bce cpabotano! Ml 00y4miin Halry HEUPOHHYIO CETh U JOOUIUCH TOTO, YTO
OHAa CMOTJIa ONpeAeNuTh MHU(PY, MPETOCTABICHHYIO € B BHJIE H300paKEHUS.
BcrmoMHuTe, 9TO 110 STOTO CE€Th HE CTAJKHBAIAch C JAHHBIM H300paKEHUEM,
MIOCKOJIBKY OHO HE BXOJWJIO B TPEHHUPOBOUYHBIN HAOOp maHHBIX. CliemoBaTENbHO,
HEHpPOHHAsT CeTh OKaszajlaCh B COCTOSHHU KOPPEKTHO KiacCcu(HUIMpoBaTh
HE3HAKOMBIN el HU(POBOIl CUMBOIL.
[anee HamumeMm KoJ, MO3BOJSIOUIMNA MPOBEPUTH, HACKOIBKO XOPOIIO HEWpPOHHAs
CETh CIIPABJIACTCS C OCTAbHOM 4YacThi0 HaOOpa AaHHBIX, U TPOBECTU MOJCYET
MPaBWIbHBIX  PE3yJIbTaTOB, YTOOBI  BIOCJIEACTBUM Mbl MOIVIM  OIICHUBATh
TJI0JIOTBOPHOCTH CBOMX OYAYIIHUX UJIEH IO COBEPIISHCTBOBAHUIO CITOCOOHOCTH
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CCTHu O6yanBC$I, a TaK)KXC CpaBHHBATb HaAIK PE3YJIbTaTbl C PCEIYyJIbTaTaAMU,
MOJIYYCHHBIMH JIPYTUMHU JIFOJIbMU.
O3HaKOMBTECH C IMPUBCACHHBIM HHKE KOJOM.

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

#g CTyyae NpAeWLHo20 0maema Cemu npucoeduHums

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

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

B 1mukne Mbl gemaeM TO, YTO YK€ JI€JalM paHbIIE: HM3BJIECKAEM 3HAYEHUS W3
TEKCTOBOM 3allMCH, B KOTOPOM OHM pas3deieHbl 3anaTeiMd. llepBoe 3HaudeHwme,
YKa3bIBAIOIIEE IPABWIBHBIA OTBET, COXPAHAETCA B OTHIEIBHOW IIEPEMEHHOM.
OcranbHble 3HAYEHUS MACIITAOMPYIOTCA, YTOOBI MX MOYKHO OBUIO MCIOJIB30BaTh B
KauecTBE BXOJHBIX JAHHBIX JJis Mepefadyd 3amnpoca HelpoHHOM cetu. OTBer
HEUPOHHOU CETU COXPAHSIETCS B IIEPEMEHHOU outputs.

Jlanee crneayer MOBOJIBHO MHTEpECHas 4acTh KOjAa. Mbl 3HaeM, YTO HauOoJibllee U3
3HAYEHUU BBIXOJHBIX Y3JIOB pPAaCCMAaTPUBAETCA CEThI0 B KA4YECTBE MPABHIIBHOTO
oTBeTa. MIHAEKC ATOro y3ia, T.€. €ro Mo3ullus, COOTBETCTBYET Mapkepy. JTa ¢pasza
MIPOCTO O3HAYAET, YTO NEPBBIA AIEMEHT COOTBETCTBYET Mapkepy “0” , msaThid —
Mapkepy “4” u T.1. K cuacTeio, cymiecTByeT ynooHas GpyHKIus OUOIMOTEKH numpy,
KOTOpasi HaXOAMUT CPEAH JIEMEHTOB MAaCcCHBAa MAKCUMAJIbHOE 3HAaYEHHE U COOOIIaeT
ero uHAeKc. OT1o QyHKUUA numpy.argmax (). Jlas nomydenus 6osee mOApOOHBIX
CBEJICHUH O HEW MOXKETE MOCETUTh BEO-CTPAHUILY IO CIECIYIOUIEMY AJIPECY:

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

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

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

KpomMme Toro, B HEKOTOPBIX MECTaxX KOJa MOXXHO BKJIIOUUThH MOJIE3HYIO KOMaHy print
(), 4TOOBI MBI CaMHU MOIJIM OTCIICKUBATh MPABWIbHBIE M MPEICKA3bIBAEMbIC
3HaueHus. Hrbke mpeacTaBieHbl pe3ysbTaThl BBINOJHEHUSI ATOTO KOJia BMECTE C
BBIBEJICHHBIMH 3aMMCSIMU HAIIIETO paboyero xypHaJa.

M | print (scorecard)

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

i4,11111111113213131131131311313131313231117311310111,11,1111111

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

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

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

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

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

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

3@ eKTUBHOCTE = 0.9456

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

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

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

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

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

YivuineHue pe3viabTATOB: HACTPOiiKa Ko duuuenTa o0vueHnus

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

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

JaBaiiTe ynBouM 3TO 3HaY€HUE /10 BeanuuHbl 0,6 U MOCMOTPUM, KaK 3TO CKaXKETCS
Ha CHOCOOHOCTH HEHWpPOHHON ceTHm o00ydarbcs. BbIMOMHEHWE KoJa C TaKUM
3HaueHneM Koddduimenta oOydenus naetr mokasarenb 3dddextuBHOCTH 0,9047.
OToT pe3ynbrar Xyxke mnpexHero. [lo-Bugmmomy, yBenuueHue koddduimenta
oOy4eHHsI HapylIaeT MOHOTOHHOCThH MPOIECCAa MHUHHUMHU3AIMHA OIMMMOOK METOJIO0M
IPaIMEHTHOTO CITyCKa U COMPOBOXKIAETCS MEPECKOKAMH Ye€pe3 MUHUMYM.

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

Yro mnpousouaeT, eciu Mbl TMOMAEM elle Aalblie U yMEHBIIUM KO3(PQPUIUEHT
obyuenus 10 0,017 Oka3biBaeTcs, 3TO TaKXKe MPUBOJAUT K YMEHBIIICHUIO TTOKa3aTes
adpexruBHOCTH cetn g0 0,9241. Ilo-BUaAMMOMY, CIMIIKOM Majble 3HAYCHUS
kodpdummenTa oOydeHHs CHUXKAOT AS(OPEKTUBHOCTh. ITO MPEICTaBISAETCA
JIOTUYHBIM, MTOCKOJIbKY MaJibl€ IIAard YMEHBIIAIOT CKOPOCTh IPAJUEHTHOTO CITyCKa.
OnucanHble pe3yabTaThl MPEACTABICHBI HWKE B BHIE Tpaduka. s momydeHus
0oJiee TOUYHBIX HAYYHBIX PE3yJIbTATOB HaM CJIEIOBAJIO Obl MPOBECTH TaKHe
AKCIEPUMEHTHI MHOXECTBO pa3, YTOObI UCKIIOYUTH (PAKTOP CIYYAHOCTH U BIUSHUE
HEYJa4HOr0 BbIOOpAa MApIIPYTOB T'PAJMEHTHOTO CIyCKa, HO B IIEJIOM OH
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MO3BOJIIET  MPOWJUTIOCTPUPOBATH OOIIYyI0 HICI0 O CYIIECTBOBAHUU HEKOETO
ONTUMAJILHOTO 3HaUYCHUS K0P duiimenta ooydeHus.

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

0.98
0.96
0.94
| 0.92 i
09

0.88

IpperkTHEHOCTE

0.86
0.84
0.82

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

Koadubmument obydenmna

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

Wtak, mMbl OocTaHOBMUMCS Ha 3HaueHHH Koddduimenta obyudenus 0,2, KoTopoe
MPOSBIIIO ce0s1 Kak onTtuMaibsHoe 1 Habopa gaHHbix MNIST u Hamielt HelipoHHOMN
CETH.

[Ipy BBIMOTHEHWH STOTO KOJA BaIlld OIEHKH OyAyT HEMHOTO OTJIMYaThCS OT
MPUBEJICHHBIX, MOCKOJBKY MPOIECC B IIEJIOM COJEPKHUT 3JIEMEHTHI CIIy4alHOCTH.
Bam ciyualinbiii BBIOOp HayaldbHBIX 3HAYEHHUM BECOBBIX KO3(P(UIIMEHTOB HE OyaeT
COBIIAJIaTh C MPUBEJEHHBIM, a OTOMY MapUIPyT IPaAUEHTHOTO CIyCKa JJIsl Balllero
KoJla OyAeT IPyTHUM.

Yﬂqueﬂne PpE3VALTATOB. MHOI'OKPATHOE NOBTOPEHNE TPEHNDOBOYHbIX

LUKJIOB
CrnenyoomuM yCOBEPIICHCTBOBAHHEM OyJ€T MHOTOKpPaTHOE MOBTOPEHHUE ITUKIIOB

TPEHUPOBKM C OJHUM U TeM XK€ HaOOpOM J[aHHBIX. B OTHOIIEHHWH OJHOrO
TPEHUPOBOYHOTO IIMKJIa WMHOTJA HCHOJB3YIOT TepMHMH »3moxa. [loatomy ceanc
TPEHUPOBKM U3 JECATH DOMOX O3HA4YaeT JECATUKPATHBIA MPOTOH  BCETrO
TPEHUPOBOYHOTO HAOOPA TaHHBIX. A 3aU€M HaM 3TO JIeJaTh?

OcoOeHHO ecnu ajist 3Toro KommetoTepy norpedyercst 10, 20 wnmn gaxe 30 MunHyT?
[IpyunHa 3akiroyaeTcs B TOM, YTO TEM CaMbIM MbI OOecredrMBaeM OoJIbllee YHCIIO
MapIIpyTOB TPAJUEHTHOTO CITyCKa, ONTUMHU3UPYIOIINX BECOBbIE KOI(DPHUIIMESHTHI.
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HOCMOTpI/IM, qTO HaM AadyT ABC TPCHUPOBOYHBLIC 3IT10XH. I[J'I}I O9TOT'O0 MBI JOJIXKHBI
HCMHOI'O USMCHUTH KO, NMPECAYCMOTPEB B HEM I[OHOJIHPITCJ'IBHBIﬁ IMUKJI BBITIOJIHCHUA
KOJa TPpCHUPOBKMU.

M  # mpeHupoeka HelponHod cemu
# nepeMeHHadA epochs yKa3LIBaem, CkoALKD Pa3 MPeHuposoyHsId
# Habop QaHHBIX UCNOAL3YeMCA ONA MPeHUpoeKU cemu
epochs=2
for e in range(epochs):

for record in training_data_list:

# NoAYHUMs CALCOK FHAYEHULT

all_values = record.split({’,"
# maclumabuposame U CMECTIUME BxX00HbIe IHAYSHUR
inputs = (numpy.asfarray(all_valves[1:]) / 255.0 * 0.gg) + 0.01
# cozdame Ueneswle selXodHBIe 3HAYEHLA (8Ce DABHE 0,01, 30
# UCKAIYeHUEM HEeaaeMMoz0 MAPKEPHOZ0 2HOYEHUA, PABHO20 0,99)
targets = numpy.zeros{output_nodes) + 0.01
# all_valves[a] - uenesoe MapkepHoe 3HaYeHUE GnA
# daHHod 3anucu
targets[int(all_values[o]}] =0.99
n.train(inputs, targets)
pass

pass

PesynpTupyrommii nokaszarenb 3GPEKTUBHOCTU IS ABYX 310X coctasisieT 0,9579,
YTO HECKOJBKO JIyUIlle MoKa3aTess A OAHOU SIOXH.

[Togo6HO TOMYy, Kak Mbl HacTpauBad KOd(PPUIMEHT OOy4eHHs, TPOBEIAEM
HKCIEPUMEHT C UCIIOJIb30BAHUEM PA3IMYHOIO KOJIMYECTBA 30X U MOCTPOUM Tpaduk
3aBUCUMOCTH TIoKazarenss dddexktuBHOCTH OT »dToro dakropa. HuTynmms
MOJICKa3bIBa€T HAM, YTO YeM OOJIbIlle TPEHUPOBOK, TeM BhIlIe 3 HeKTUBHOCTL. Ho
MOJKHO TPEANONOKHUTh, YTO CIUIIKOM OOJBIIOE KOJIWYECTBO TPEHHUPOBOK YPEBATO
yXyaumeHrueM 3(Pp(GEeKTUBHOCTH M3-32 TaK Ha3bIBAEMOI'O MNepeo0y4YeHusi CETH Ha
TPEHUPOBOYHBIX JAHHBIX, CHIDKAOIIEr0 3(PQPEeKTUBHOCTH Mpu  pabdoTe ¢
HE3HAKOMBIMH JaHHbIMH. DakTopa mepeoOydeHHs ClieyeT omacaTbCsi B JHOOBIX
BUJIaX MAIIMHHOTO O0y4YEeHUs, a He TOJBKO B HEMPOHHBIX CETAX.

B nanHOM cityyae Mbl UIMEEM CJEYIOIINE PE3YIIbTATHI.
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3aemcumocTb 3dGeKTUBHOCTH OT KONWYECTea 3Nox

0,962

0,96

0,358

IpdErTHEHOCTE

0,956

0,952
0 5 10 15 20

HahnsecTao ¥ox

Teneps nukoBoe 3HaueHHe dhdekTuBHOCTH cocTaiseT 0,9628, wumu 96,28%, npu
CEMHU 3MOXaxX.

Kak Buaute, pe3ysbTaThl OKa3ajuCh HE CTOJIb MPEACKA3yEeMbIMHU, KaK OKHUIAI0Ch.
OnTumanbHOE KOJAMYECTBO AMoX — S5 wuinm 7. Ilpu OonbliMx 3HAYEHUSIX
3¢ (HEKTUBHOCTH MAaET, YTO MOXKET OBbITh cleACTBUEM nepeoOyuenus. IIposan npu
6 srmoxax, Mo BCce BEpPOATHOCTH, OOYCIIOBJIEH HEYyJauHbIMU MapaMeTpamMu LHUKIA,
KOTOpbIE NMPUBENU TPaJAMEHTHBIA CHYCK K JIO)KHOMY MUHMMyMy. Ha camom pene
MOJKHO OBUIO OXXHJaThb OOJbIIEH BapualMM PpPE3yJbTaTOB, IOCKOJBKY MBI HE
IPOBOAMIN MHOXECTBA OSKCIIEPUMEHTOB Ul KaXKIAOW TOYKU JAHHBIX, YTOOBI
YMEHBILINTh BapHalliio, BbI3BAaHHYIO ClIy4yailHbIMU (pakTopamu. IMEHHO O3TOMY MBI
OCTaBUJIM 3Ty CTPAHHYIO TOYKY, COOTBETCTBYIOIIYIO IIECTH 3I0XaM, YTOOBI
HAaIlOMHHTh BaM, 4YTO II0 CaMOM CBOEH CyTH OOydYeHHWE HEHPOHHOM CeTH — 3TO
CIIy9ailHBIN MPOIIECC, KOTOPBIM HHOT/Ia MOXKET paboTaTh HE OYEHb XOPOIIIO, & HHOT/IA
Y OYEHb IUJI0XO.

Jlpyroe BO3MOKHOE OOBSCHEHUE — ITO TO, YTO KOAIDPHUIMEHT 00yUeHHUs OKa3alycs
CJIIMILKOM OOJBIIMM JUIsl OOJIbLIEr0 KOJIMYECTBa 3M0X. [IOBTOpUM 3KCIIEPUMEHT,
yMeHbIHB K03 puniueHt o0ydenus ¢ 0,2 1o 0,1, u mocMOTpHUM, YTO MPOU3OUJIET.
Ha cnenyromem rpaduke HOBble 3HaueHUs 3(PPEKTUBHOCTU MpU KodIPPuuueHTe
oOyuenust 0,1 mpeacTaBieHbl BMECTE C MPEABbIAYIIUMH PE3YJbTaTaMH, YTOOBI KX
OBLJIO JIETYE CPAaBHUTH MEXKIY COOOIA.
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3asmcMmocTs 3¢deKTMBHOCTH OT HONWYECTBa 3MoX
HaBop ganHbix MNIST ¢ 3-cnoWHOR HeRpPOHHON CeThIO
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Kak HeTpyaHO 3aMeTuTh, YMEHbIleHHE Kod(hduimeHTa oO0ydeHus: NeWCTBUTEIHHO
NPUBEIO K yIydmeHut0 3(PEGEKTUBHOCTH TIpH OONBIIOM KOJUYECTBE OIOX.
[TuxoBomy 3HaueHuto 0,9689 cooTBETCTBYET BEPOATHOCTH OMIMOOK, paBHas 3% , 4TO
CPaBHHMO C OJTAJIOHHBIMHU pe3yJIbTaTaMH, YKa3aHHbIMU Ha caiite fIHa JlekyHa mo
aapecy http://yann .lecun.com/exdb/mnist/.

WuTynnus mojcka3plBaeT HaM, YTO €CJIM MBI TUIAHUPYEM HCIOJIB30BaTh METO]
TPAANEHTHOTO CIycKa TpU 3HAUYWTENBHO OOJBIIEM KOJWYECTBE DJI0X, TO
yMeHblIeHue ko3 dunuenta o0yuenus (0oaee KOPOTKUE 11aru) B IEJIOM IPUBEAET
K BBIOOPY JIyYIIMX MapHIpyTOB MUHUMHU3ALMK OMMUOOK. BepostHO, 5 3mox — 310
ONTUMAJIbHOE KOJIMYECTBO JUIsl TECTUPOBAHUs Halleil HEWPOHHOH ceTh ¢ HabopoMm
na"Hueix MNIST.

N3venenue KOHGUIVPALWH CETH

OnuH u3 PaxTOpoB, BIUSIHUE KOTOPBIX MBI €II€ HE MCCIIEI0BAIN, — KOHPUTYpaIus
HelpoHHOW cetn. Heobxoaumo mompoOOBaTh M3MEHUTh KOJIMYECTBO Y3JIOB
CKPBITOTO MTPOMEKYTOUHOTO cJ10sl. MBI ycTaHOBUIM €ro paBHbIM 100.

[Ipexie yeM NPUCTYIUTh K SKCIIEPUMEHTAM C PA3IMYHBIMU KOJIMYECTBAMHU CKPBITBHIX
y3JI0B, J]JaBaiTe MOAYMAaeM, YTO MPU 3TOM MOKET CIIyduThcst. CKpPBITHIN CIION Kak pa3
U SBIIETCS TEM CJIOEM, B KOTOPOM MPOHCXOAUT OOyueHHe. BcromHHTE, UTO y3IIbI
BXOJIHOTO CJIOSl IPUHUMAIOT BXOJHBIE CUTHAJIbI, @ y3Jbl BBIXOJHOTO BBIAAIOT OTBET
cetd. COOCTBEHHO, CKPBITHIA CIION (MM CJIOM) JOJKEH HAay4YUTh CETh MPEBpAIaTh
BXOJIHbIE CUTHAJIbI B OTBET. IMEHHO B HEM MTPOUCXOAUT O0yUYEHUE.

Ecnu Obl y Hac OBLIO CIUIIKOM MaJIO CKPBITBIX Y3JIOB, CKa)KE€M, TP, TO Mbl HE UMEIIU
Obl HUKAKUX IIIAaHCOB OOYYUThH CETh YEMY-TMOO, HAYUHUTh €€
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npeoOpa3oBbIBaTh BCE BXOJHBIE CHUTHAIBI B KOPPEKTHBIE BBIXOJIHBIC CHUTHAIIBL.
OrpaHudeHus TaKOro pojaa Ha3bIBAIOT CMOCOOHOCTHI0 K 00y4eHuro. HeBo3mMoxHO
oOy4yuTh OOJIBIIIEMY, Y€M IMO3BOJISIET CHOCOOHOCTh K OOYUYEHHIO, HO MOXKHO
YBEJIMYUTH CIIOCOOHOCTh K 00YUYEHHUI0, U3MEHUB KOH(PUTYPALIUIO CETH.

Yro, ecnmu Obl y Hac Obwio 10 ThicsS4 ckpbITHIX y310B? Hy na, B TakoM ciydae
CHOCOOHOCTH K OOYYEHHIO BIIOJIHE XBATWUJIO Obl, HO Mbl MOTJIM Obl CTOJKHYTBCS C
TPYAHOCTSAMU OOYYEHHS CETH, NMOCKOJBKY YMCIO MApHIPyTOB 0OydeHHs] ObUIO Obl
HeroMepHO OonpmnM. He wuckitoueHo, YTO JUIsi TPEHUPOBKH TaKOW CETH
noHanoomnock 0b1 10 ThICSY 3M0X.

BEIOTHIM 3KCTIEpUMEHTHI M IOCMOTPHUM, YTO TTOTYIHTCA.

33aBMCUMMOCTb 3'¢!¢!EHTHBHOCTH OT KONMYECTBA CKPbIThLIX Y3N0B
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Kak Buaurte, nmpu HEOOJBIIOM KOJMYECTBE Y3J0B PE3YNbTAThl XYyXKE, YeM MpHU
OOJBIINX KOJIMYECTBAX. JTO COBIAAET C HATUMU OXUAaHUsAMU. OIHAKO Jaxe NS
BCETO JIMIb TISITH CKPBITBHIX Yy3710B Tokasarenb dddexrtuBHoct coctaBun 0,7001.
OTO yAMBUTEIHHO, TIOCKOJIBKY TPHU CTOJIh MaJOM KOJUYECTBE Y3JIOB, B KOTOPBIX
MIPOUCXOUT COOCTBEHHO OOyuYeHHE CeTH, OHa Bce paBHO naeT 70% mpaBUIIBLHBIX
OTBETOB. BCOMHUTE, YTO 10 3TOTO MBI BBIMTOTHSUTH TECTHI, UCTIONB3YS CTO CKPBITHIX
y350B. Ho fmaxe necsiTh CKpBITHIX y3JI0B o0ecnieunBaroT TouHOCTh 0,8998, mnu 90%,
YTO TOXKE BIICUATIISAET.

HeiiponHasi ceTh criocoOHa JaBaTh XOPOIIHME PE3yJIbTaThl Ja)ke MPU HEOOJBIIOM
KOJIMYECTBE CKPBITBIX y3JI0B, B KOTOPBIX M IIPOMCXOJHWT OOYYCHHUE, YTO
CBUJIETENIBCTBYET O €€ MOIIHBIX BO3MOXKHOCTSIX.

[Io Mepe nanmpHEWIIEro YBEIWYEHHUS KOJMYECTBA CKPBITHIX Y3JIOB Pe3yJIbTaThl
MPOJIOJDKAIOT YIyYIIAThCA, OJHAKO YXE€ He Tak pe3ko. [Ipw 3TOM 3HAYUTENHHO
pacTeT BpeMs, 3aTpayrMBacMO€ Ha TPEHHUPOBKY CETH, IOCKOJIbKY J00aBlieHHE
KQKJIOTO JIOMOJIHATEIFHOTO CKPBITOTO y3Jia MPUBOJUT K YBEITUYCHHUIO KOJIMYECTBA
CBS3€H Y3JIOB CKPBITOIO CJOSI C y3JaMU HPEIbLAYLIEr0 U CIEAYIOUIEro CIJIOEB, a
BMECTE C 3TUM U 00beMa BbruuciaeHui. [loaToMy HEOOXOIUMO TOCTUTATh
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KOMIIPOMHMCCA MEXJy KOJIMYECTBOM CKPBITBIX Y3J0B M JOMYCTHUMBIMU
3aTpaTaMy BPEMEHU.

Mp1 Takke ycTaHOBUIM HOBBIA pekopx ToyHOCTH: 0,9751 mpu 200 ckphITBIX
y3nax. JiurenbHseiil pacuer ¢ 500 y3namu obecnieunst TouHoCcTh 0,9762. D10
JEUCTBUTEIBLHO HEIUIOXO MO CPaBHEHUIO C pe3yJbTaTaMU 3TaJOHHBIX TECTOB,
oInyOJMKOBaHHBIMHU Ha caiite JlekyHa.

BoszBpamasicb k rpadukam, MOKHO 3aMETHTh, YTO HEIMOJAJAIOLIUIICS paHee
npenen ToYHOCTH 97% Obul MPeoosieH 3a CYET M3MEHEHUs KOH(PUryparuu
CETH.

HUtoru
JlaBass  OOmIyl0 OIIGHKY TpOJACIIAaHHOW HaMu paboThl, HEO0OXOIUMO
MOTYEPKHYTh, YTO TPHU CO3/IaHUU HEUPOHHOU CeTH ¢ momoisio Python mbr
WCTOJIb30BAJIM JIMIIb CAMBIE TPOCTHIE KOHIIEITLINH.
U Tem He MeHee C TOMOIIBI0 HEMPOHHOU CETH HaM, Jlaxke 0e3 MCIOJIb30BaAHUS
KaKUX-JTU0O0 JIOTIOJTHUTEIBHBIX MAaTeMAaTHYECKUX YXUIIPEHUH, yAaiocCh
MOJIYYUTh BIOJIHE JOCTOMHBIE PE3YJIbTATHI.
Jlanee MOXKHO TPOJOJKUTH OSKCIEPUMEHTBI C YXKE CO3JaHHOM Hamu
HEMPOHHOU CETHhIO — HCIMOJIBL3YHTE JAPYroe KOJUYECTBO CKPbITHIX Y3JIOB,
3agaBaiite apyrue KoIQ@UIUEHTHI MACIITAOMPOBAHUSA WJIH JaKkKe
3aefiCTBYHTEe APYIYI0 (PYHKIUI0O AKTUBALMU M AHAJIU3MPYHTE, YTO NMPHU
3TOM MPOUCXOAHUT.
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1. OO0mue moJI0KeHU s

CamocrosTenbHass pabora — IUIaHMpyeMas yueOHas, Yy4yeOHO-HCClIeoBaTeNlbCKasl,
HAYYHO-HCCIIEIOBATENbCKAst paboTa CTyIEHTOB, BEITIOJIHsAEMAs BO BHEAYAUTOPHOE (ayJUTOPHOE)
BpeMs 10 3aJ@HUI0 M TP METOJUYECKOM pYKOBOJCTBE TIpemnojaBareis, HO 0e3 ero
HETIOCPEJICTBEHHOTO y4YacTHs (NPU YaCTUYHOM HENOCPEICTBEHHOM YYaCTHH IPETIOIaBaTells,
OCTaBJISIOIIEM BeIyIYIO POJb 32 PabOTOH CTYACHTOB).

CamocrositensHas padota crynentoB (CPC) B BY3e sBnsercs BaXHBIM BUIOM YIeOHOU
Y Hay4HOMU JEATeIbHOCTU CTY/ACHTA.

K 0CHOBHBIM BHIaM CaMOCTOSITEIbHOM pabOTHI CTYIEHTOB OTHOCSTCS:

— (dopmupoBaHME U YCBOCHHE COJICP)KaHMsS KOHCIEKTa JIGKIMH Ha 0ase
PEKOMEH/IOBAaHHOM  JIGKTOPOM  y4eOHOH  JuTepaTypsl, BKIOYas  MHPOPMAIMOHHBIC
00pazoBaTelbHBIE PECYPCHI (ACKTPOHHBIC YUCOHUKH, dJIEKTPOHHBIC OMOIHMOTEKH | JIp.);

— HaNMCcaHWe JOKJIAJIOB;

— IOJrOTOBKA K CEeMHUHApaM, MPAKTHUECKUM U J1a00paTOpHbIM padoTam, UX oopMIICHHE;

— COCTaBJICHUE aHHOTHUPOBAHHOTO CIIMCKA CTAaTEdl M3 COOTBETCTBYIOIIMX >KYPHAJIOB IO
OTpacisiM 3HaHUH (IIeAAroruuecKux, ICUXOJIOrMYECKUX, METOIMYECKUX U JP.);

— BBINIOJIHEHHE YUEOHO-NCCIIE0BATENILCKUX PadOT, MPOEKTHAS AEATEIbHOCTD;

— MOATOTOBKA MPAKTHYECKUX Pa3padOTOK M PEKOMEHIANWH M0 PEUIeHHI0 MpoOIeMHOM
CUTYalUH;

— BBINOJHEHUE JOMAIIHUX 3aJlaHUi B BUJAE pEIIEHUs OTIACNbHBIX 3a/1a4, MPOBEICHUS
TUTIOBBIX PAcYeTOB, PACYCTHO-KOMITBIOTEPHBIX M WHAWBUIAYAIBHBIX pabOT MO OTICIbHBIM
paszenaM cCoaepXKaHus AUCIUIUINH U T.JI.;

— KOMIIBIOTEPHBIM TEKYIIUH CAMOKOHTPOJIb W KOHTPOJIb YCIIEBAEMOCTH Ha 0asze
AJIEKTPOHHBIX 00YUAIOMIUX U ATTECTYIOLINX TECTOB;

— BBINIOJIHEHHE KYPCOBBIX PaldoT (MPOEKTOB) B PaMKax TUCIMILIMH;

— BBINIOJIHEHHUE BBITYCKHON KBAMH()UKAMOHHOW PabOTHI U JIp.

MeTtoauka OpraHu3ali CaMOCTOSTENbHONW pabOTHl CTYJIEHTOB 3aBHCHUT OT CTPYKTYpHI,
XapakTepa W OCOOCHHOCTEW HM3y4aeMOW JHMCIUIUIMHBI, 00beMa YacoB Ha €€ W3ydeHHe, BHIA
3aJJaHUN JUISL CaMOCTOSITENIbHOW paboThl CTYJEHTOB, MHAWBUAYAIbHBIX KaueCTB CTYICHTOB U
YCJIOBHH Y4eOHOU eATeTLHOCTH.

[Iponiecc opraHuzanMu CaMOCTOSTENBHONM paboOThl CTYJIEHTOB BKIIOYaeT B cels
CJICYIOIIHE ITAITBI:

® TIOATOTOBHUTEIBHBIN (ONpeeNieHHe IIeJeid, COCTaBICHHE IPOrPaMMbl, MOJITrOTOBKA
METOAMYECKOTO 00ECTIeYeHHUs, TIOATOTOBKA 000PYAOBaHMUS);

® OCHOBHOM (peanu3anusi IpOorpaMMBbl, UCTIONB30BaHUE NMPHEMOB ITOMCKa MH(OPMAIIHH,
YCBOGHHSI, NepepadOTKH, TNPUMEHEHUs, NepeAayd 3HaHuM, (UKCUPOBAHHE pPE3yJIbTATOB,
camMoopraHu3zanus nporecca padoTsl);

® 3aKITIOYUTENFHBIN (OllEHKA 3HAYMMOCTH W aHAJIM3 PEe3yJbTaTOB, MX CHCTEMAaTH3aIHs,
orneHka A((EeKTUBHOCTH TPOTpaMMbl M TPUEMOB pabOTHI, BBIBOABI O HAINPaBICHHIX
ONTUMH3AIHH TPYIA).

2. Ilesasb u 3a1a4u caMOCTOSATeIbHON PadoThI

[Tpu opranuzanuu CPC BaXHBIM U HEOOXOIUMBIM YCIIOBUEM CTAaHOBSITCS (POPMUPOBAHUE
YMEHHSI CaMOCTOSITENIbHOM paboThl ANl MPHOOpETEeHUs: 3HAHWN, HABBHIKOB U BO3MOXXHOCTH
OpraHu3aIy y9eOHOW M HAyIHOU NesATeIBHOCTH. L{ebo0 caMOCTOSATENbHON paOOThI CTYICHTOB
ABIIIETCS OBJaJieHne (PyHIaMEHTaIbHBIMU 3HAHHUAMH, NPOPECCHOHATIBHBIMU YMEHUSMHU U
HABBIKAMHU  JICATEIBHOCTH IO TMPOQPWI0, OMBITOM TBOPYECKOHW, HCCIIEI0BATEIHLCKON
JIeATEIbHOCTH. CamocTtosTenbHas ~ pabota CTYJICHTOB CHOCOOCTBYET  Pa3BUTHUIO

136



CaMOCTOSITEILHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAaHHOCTH, TBOPUYECKOTO MOAX0/1a K PEIICHUIO
mpo0seM yueOHOTO U TPOo(HeCCHOHATFHOTO YPOBHS.

3agauamu CPC sgBusgroTcs:

e CcHuCTeMaTHU3alMs W 3aKpeIUICHHE TONYYEHHBIX TEOPETUYECKUX 3HAHUU U
MPAKTUUECKUX YMEHUHN CTYJCHTOB;

e yrIyOJieHUE U PacIIMPEHHE TEOPETUIECKUX 3HAHUM;

e (OopMUpOBaHHME YMEHHH HCIONB30BaTh HOPMATHUBHYIO, IPABOBYIO, CIPABOYHYIO
JIOKYMEHTAIMIO U CHEeIMATbHYIO TIUTEPaTypy;

® pa3BUTHE IO3HABATEIbHBIX CIIOCOOHOCTEH U AKTUBHOCTU CTYJEHTOB: TBOPUYECKOMN
WHUITUATHBBI, CAMOCTOSITEIIbHOCTH, OTBETCTBEHHOCTH U OPTaHU30BAHHOCTH,

e (OpMHPOBAHHE CAMOCTOSITEIbHOCTH MBIIUICHHS, CIHOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPIIICHCTBOBAHUIO U CaMOpeaIU3aIiu;

® DPa3BUTHE UCCIIEIOBATEIbCKUX YMEHUM;

® HCIIOJIb30BAHHME MaTepuasia, COOPaHHOTO U IMOJYYEHHOI'O B XOJ€ CaMOCTOSTEIbHbBIX
3aHATUA HA CEMHHApaxX, Ha TNPAKTHYECKUX U JAOOPATOPHBIX 3aHATHIX, TPU HAIUCAHUH
KypPCOBBIX U BBIIYCKHOM KBaTM(PUKAIIMOHHON padoT, 118 3(PPEeKTUBHOM MOATOTOBKH K
WUTOTOBBIM 3a4€TaM U YK3aMCHAM.

3. Mopsaa0oK BBIMOJTHEHUS CAMOCTOSITEIbLHON PaGoThI
3.1. Memoouueckue pexomenoayuu no pabome ¢ yueOHou iumepamypou

[Tpu paboTe ¢ KHUTOW HEOOXOIMMO MOIOOPaTh JIUTEPATYPy, HAYUUTHCS TMPABUIBHO €€
YUTaTh, BECTH 3amucu. [ mogbopa ureparypbl B OMOIMOTEKE UCIIONIB3YIOTCS a(aBUTHBIN H
CUCTEMaTHUYECKUI KaTaJoTH.

BaxxHO TTOMHUTH, YTO PAlMOHAIBHBIC HABBIKK Pa0OTHI C KHUTOW - 3TO BCEr/a OOJbIIas
HKOHOMWSI BDEMEHH U CHII.

[IpaBwibHBIE TOM0OP YYEOHUKOB PEKOMEHIYETCS TPErojaBaTelieM, YHTAIONUM
JICKIIMOHHBIN Kypc. HeoOxoauMmasi nuTepaTypa MOXKET OBITh TaKXKe yKa3aHa B METOJAUYCCKHX
pa3zpaboTkax 1Mo JaHHOMY KypcCy.

W3yuas martepuan mo y4eOHHUKY, CIEIyeT MEPEeXOAUTh K CICIYIOIIEMY BOTPOCY TOIBKO
MocJlie TPAaBHIBHOTO YSCHEHHUS TPEIBIIyIIero, OMHCHIBAas Ha OyMmare BCE BBIKIAIAKH U
BBIUUCIICHUSI (B TOM YHCIIE T€, KOTOpbIe B yYCOHWKE OIYIICHBI WJIM Ha JICKIIUU JaHBI JIJIs
CaMOCTOSITEIILHOTO BBIBOJIA).

[Tpu n3yueHnn ar000# TUCIUITTMHBI OOJBIIYIO M BAXKHYIO POJIb HTPAET CAMOCTOSTEIIbHAS
MHAMBHUyallbHas padoTa.

Ocoboe BHMMaHHWE clieayeT OoOpaTUTh Ha OINpPENEICHWE OCHOBHBIX TOHSATHHA Kypca.
CryneHT moJDKeH MoApoOHO pa3dupaTh MPUMEPHI, KOTOPHIC MOSICHSIOT TaKWE OMpEACIICHUs, U
YMETh CTPOWTh AHAJIOTUYHBIC MPHUMEPHl CaMOCTOATENbHO. HyXHO 10OMBAaThCS TOYHOTO
MPEJCTaBICHUST O TOM, YTO WU3ydaenib. [l0JIE3HO COCTaBISATH OMOPHBIC KOHCHEKTHL [lpm
U3yYeHHH MaTepHualia 1Mo y4eOHHKY TOJIC3HO B TeTpaju (Ha CIENUAIBHO OTBEICHHBIX MOJISIX)
JIOTIOJTHATHh KOHCIIEKT JICKIMI. TaMm ke clelyeT OTMedaTh BOMPOCHI, BBIICICHHBIE CTYIACHTOM
JUTS KOHCYJIBTAIIMH C TPETIOIaBaTEeNIeM.

BrIBOIBI, MTOTYyYCHHBIE B PE3yJIbTaTe U3YUYCHUS, PEKOMECHIyeTCS B KOHCIICKTE BBIJICIIAT,
4TOOBI OHH MTPH NIEPEYUTHIBAHUY 3aAITHCEH JTyUIlIe 3alIOMUHAIUCH.

OnBIT MOKA3bIBAET, YTO MHOTHM CTYJCHTaM IOMOTAeT COCTABJICHUE JIHCTA OTOPHBIX
CUTHAJIOB, COJICPKAIIETO BaKHEUIIINE U HanOoJIee YacTo ynorpedsieMbie GOpMYIIbI U MTOHSATHS.
Takoil TUCT MOMOTaeT 3alOMHUTH (POPMYJIIBI, OCHOBHBIC TIOJIOKEHUS JICKIIUU, & TAKKE MOXKET
CIIY>)KUTh TIOCTOSTHHBIM CIIPABOYHHUKOM JIJISl CTYICHTA.

UreHrne HayYHOTO TEKCTa SIBISICTCS YaCThIO MMO3HABATEIBHOW JeATenbHOCTH. Ee 1enp —
U3BJICUCHHE U3 TEKCTa HeoOXoauMoi nHpopmarmu. OT TOTO Ha CKOJIBKO OCO3HAHHA YUTAIOIIIM
coOCTBEeHHAsT BHYTPEHHSS YCTAHOBKA TPU OOpAIIEHUU K TICUATHOMY CIIOBY (HAWTH HY>KHBIC
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CBEJICHHSI, YCBOUTh MH(POPMAIUIO TOJHOCTHIO WM YaCTUYHO, KPUTHUYECKU MPOAHATU3UPOBATH
MaTepHua u T.I.) BO MHOTOM 3aBUCHT d()PEKTUBHOCTH OCYIIECTBIIIEMOTO JICHCTBHS.

Boiaensor uemoipe ocrnosénbie ycmano6Ku 6 UmeHuu Hay4Ho20 MEeKCma:

WH()OPMAITMOHHO-TIOMCKOBBIH (3a71a4a — HAWTH, BBIICITUTh NCKOMYIO HH(POPMAIIHIO)

ycBauBaromas (yCWJIUsI 4YdTaTells HampaBleHbl HAa TO, YTOOBI KaK MOXHO TOJTHEE
OCO3HaTh W 3allOMHUTh KaK CaMU CBEJCHHs H3J1araeMble aBTOpPOM, TaK M BCIO JIOTHKY €ro
paccyXaeHHN)

AQHAJTUTUKO-KPUTHUYECKAsE (YUTATENIb CTPEMUTCS KPUTHYCCKH OCMBICIUTh MaTepHua,
MIPOAHAIIM3UPOBAB €T0, ONPEACIUB CBOE OTHOIICHHUE K HEMY)

TBOpYECKas (CO3/aeT y YMTATENsI TOTOBHOCTh B TOM WJIM MHOM BHUJE — KaK OTIPABHOMN
MYHKT 71 CBOMX pacCyKJeHUl, kak o0pa3 A ASHCTBHS MO aHAJIIOTUU U T.II. — MCIIOJIB30BATh
CY)KJEHHUsl aBTOpa, XOJ €ro MbICIeH, pe3ynbTaT HaOoJIeHus, pa3pabOTaHHYI METOJUKY,
JIOTIOTHUTD WX, TIOJIBEPTHYTH HOBOU MPOBEPKE).

OcHogHble 6udbl CUCMEMAMUZUPOBAHHOU 3aNUCU NPOYUMAHHO2O:

AHHOTHpOBaHME — IIPENEIbHO KpPaTKOE CBA3HOE ONMCAHUE IPOCMOTPEHHOM WU
MIPOYUTAHHOMN KHUTHU (CTaTbU), €€ COEPIKaHUS, UCTOUYHUKOB, XapaKTepa U Ha3HAUCHUS;
[InanupoBanue — KparTkas JIOTMYECKas OpraHu3alus TEKCTa, PacKpbIBAIOIIAs

COJIepKaHUE U CTPYKTYpYy M3y4aeMOro Marepuana;

Te3upoBaHue — JIAKOHMYHOE BOCIIPOU3BEJICHHE OCHOBHBIX YTBEP)KICHHMH aBTOpa 0€3
MpUBJICYEHUS (PAKTUUYECKOTO MaTepuara;

utnpoBaHue — JOCIOBHOE BBIMUCHIBAHUE U3 TEKCTa BBIIEP)KEK, U3BIICUCHUH, Hanboee
CYIIECTBEHHO OTPAXKAKOIINX Ty WJIH HHYIO MBICIIb aBTOPA;

KoHcnektupoBaHue — KpaTKoe€ M IOCIEJOBATEIbHOE H3JI0OKEHHUE COJEp/KaHUsA
IIPOYNUTAHHOTO.

KoHcneKT — cliokHBIN cr1oco0 U3NI0KEHHS COIEPIKAaHUs KHUTH WIIA CTaTbU B JIOTHYECKOM
nocieaoBaTeabHOCTH. KOHCTIEKT akKyMyIupyeT B ce0e Mpeblaylue BUAbI 3alUCH, T03BOJISET
BCECTOPOHHE OXBAaTUTh COJEPKAHUE KHUIY, CTaTbU. [103TOMYy yMEHME COCTABIIATH ILIAH, TE3UCHI,
JleNaTh BBIMUCKY U APYTHE 3alMCH ONPEIEseT U TEXHOJIOTHIO COCTABIICHNS KOHCIIEKTA.

Memoouueckue pexomeHOayuu no cocmagieHuIo KOHCNeKma.:

1. BHUMaTenbHO MPOYMUTANTE TEKCT. Y TOYHUTE B CIPABOYHOM JIMTEPATYyPE HETOHATHBIE
cnoBa. [Ipu 3anmucu He 3a0yAbTe BBIHECTH CIIPABOYHBIC IaHHBIC HA MOJIST KOHCIIEKTa,

2. Breimenure rimaBHOE, COCTaBBTE INIAH,

3. Kpatko cdopmynupyldTe OCHOBHBIC MOJOXKEHHS TEKCTa, OTMEThTE apryMEHTAIUIO
aBTOPA;

4. 3akoHCHEKTUpPYITE  Marepual, 4YeTKO  clefysd  INyHKTam  aHa. llpum
KOHCIIEKTUPOBAHUM CTapalTeCh BBIPA3UTh MBICIb CBOMMHU CIOBaMHU. 3alUCH CJIEAYET BECTH
YETKO, SICHO.

5. I'pamoTHO 3anmceIBaiiTe mUTATHL. L{UTHPYS, yUUTBIBAalTE JIAKOHUYHOCTH, 3HAYUMOCTh
MBICIIH.

B TekcTe KOHCHEKTa ’KeJIaTeIbHO NMPUBOJIUTE HE TOJIBKO TE3HWCHBIE MOJOKEHMS, HO U UX
JokazarenbcTBa. [Ipu odopmileHMH KOHCIEKTa HEOOXOJIUMO CTPEMHTHCS K €MKOCTH KaXKIOro
npenioxkeHus. MpICTu aBTOpa KHWUTH CJeAyeT u3jlaraTb KpaTKo, 3a00Tichb O CTWIE U
BBIPA3UTENLHOCTH HAMCAaHHOTO. YHCIIO JTOTOJHUTENBHBIX JIEMEHTOB KOHCIIEKTA JIOJIKHO OBITh
JOTUYECKHM  OOOCHOBAaHHBIM,  3alUCH  JOJDKHBI  PAclpeieNsiThCs B OINpeaeTeHHOU
[IOCJIEI0BATEIbHOCTH, OTBEYAIOLIEH JIOTUYECKON CTPYKTYype NpPOU3BeAcHMs. [ yTO4HEHUs U
JTOTIOJTHEHUSI HEOOXOJUMO OCTABJIATH MOJIS.

OBnajieHHe HaBbIKAMHM KOHCHEKTHPOBAHHUS TPEeOYyeT OT CTyJAEHTa IeJeyCTPEeMIEHHOCTH,
MTOBCETHEBHON CaMOCTOSTEIILHON PaOOTHI.

Bonpocsl aJ1s1 coGece10BaHuUsI 0 CAMOCTOSITEIbHO H3YUYEHHOI JTUTepaType
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l. Kpartkast uctopust uckyccrBeHHoro uHrteuiekta (MW), MammHbl U MHTEIIEKT.
OcHoBHbIE HanpaBJeHHs ucciaenoBanuil B oomactu UU.

2. WHTeuiekTyanbHble  CUCTEMBbl  OOIINEHUS: CHUCTeMbl  OOpabOTKH  TEKCTOB
€CTECTBEHHOTO SI3bIKa, CCTEMbI 00yuYeHHs ¢ 0a3aMM JaHHbBIX, TUAIOTOBbIE CUCTEMBI PEIICHUS
3aj1ay, CUCTEMbI pEUYEBOT0 OOIICHHUSI.

3. Pa3paboTka ecTecTBEHHO-S3BIKOBBIX HHTEp(ENHCOB M MaIIMHHBIA TEPeBOJ C
OJIHOTO SI3bIKa Ha JIPYTOM.

4. WuTennextyanbHble poOOTHI.

5. OOyuenue u caMoo0y4YeHHe, HICKYCCTBEHHbIE HEHPOHHBIE CETH.

6. 3aa4yn pacrio3HaBaHUs 00pa3oB.

7. WHTennexTyanbHbple UTPbl U MAIMHHOE TBOPYECTBO.

8. [IpenacraBnenue 3amady M CTpaTerMy IOMCKAa HMX pEHIEHUS B IPOCTPAHCTBE

COCTOSIHUH (ITOUCK B TIYyOMHY M IIMPHHY, CIENOW U 3BPUCTUUYECKUN MOUCK, MOMCK HA UIPOBBIX
JIEPEBbSIX, MUHUMAKCHBIN alropuTM™, albda-6eTa aaroputM u ap.).

9. [IpencraBnenne 3HaHMKA - IeHTpaidbHas mnpobiema WMU. Ilpouemypnas wu
neknapatuBHas nHpopMmanus. [lepexom o 00pabOTKM JaHHBIX K ONIEPUPOBAHUIO CO 3HAHUSMH.
10.  OrnuuurenbHble  OCOOCHHOCTM ~ 3HAHUM ~ OT  JIaHHBIX: BHYTPEHHSA

MHTEPIPETUPYEMOCTh, CTPYKTYPHUPOBAHHOCTbh, CBA3HOCTh, aKTUBHOCTh. ba3sl 3HaHni. HeueTkue
Y HETOYHBIE 3HAHMUSL.

1. OTtkpeiTocTh 3HaHul B cucteMax M. OcHOBHBIE METOIBI TPHUOOPETCHUS 3HAHUIA.
WHxeHepus 3HaHUM.

12. OCHOBHBIE MOJIENN TIPEICTABIICHNS] 3HAHUM.

13. @dopManbHble JIOTHUECKHME MOJETH MpejacTaBieHus 3HaHuid. IIpobiema
ITOHUMAaHUS €CTECTBEHHOTO S3bIKA.

14. CeteBble MOJENU MpEACTaBICHUS 3HaHUN (ceMaHTHueckue cetn). OToOpakeHue

MHO’K€CTBa HH(OPMALIMOHHBIX €IUHUI] BO MHOXECTBO THUIIOB CBsI3€i Mexkay HUMU. OTHOIIEHUS
TUNA «a0CTPAaKTHOE-KOHKPETHOE» U «IIeJI0e-4acTh». Mepapxus Haclie0BaHUs.

15. ®peliMoBbIe MOJIeNH TIpecTaBieHus 3HaHuU. [lonsaTus gpeiima, TepMUHAIBHOTO
ciota, npotoppeiima. Mms ¢pelima U uMs cioTa, 3HAYEHUE CIIOTa W TUN JAaHHBIX CIOTA.
OperMbI-IK3eMIUIIPbl. MeXaHu3M Hacae 0BaHMs.

16.  IlpomykunoHHass MOJeENb IpeacTaBieHUs 3HaHWi. Cuctembl npoaykuuid. basa
3HaHu# (0a3za pakTOB U MpaBHII).

17.  Pabouas mamsTb. MexaHHU3M BbIBOJA: MpsiMast U 0OpaTHast LEMOYKa pacCy K ICHHH.

18. JlocTonHCTBa M HEJOCTATKU MPOAYKIIMOHHON MOJEIU PEACTABICHUS 3HAHUU.

19.  MHTerpupoBaHHbIE MOJAEIW IPEACTABICHUS 3HAHWUW. S3bIKM IpencTaBiIcHUS
3HAHU.

20.  OOmas xapakTepuCTHKa MPOTPAMMHBIX CPEJCTB JJIS Pa3pabdOTKU U pean3aiiuu
cucteMm M. TpebGoBanus k nporpaMMHOMY obecrieueHuto cuctem M.

21.  HHcTpyMmeHTanbHBIE CpEACTBA A co3naHus cuctem UU.

22. [Tonstue skcneptHoit cuctemsbl (DC). HasHaueHue, mpUHIUIBI MOCTPOCHUS U
oOnactu npumenenust 9C. Opranusanus 3Hanuit B 9C.

23. Bunet OC wm Tunbel pemaeMblx MMM 3aaad. MHCTpyMeHTanpHBIE CpeAcCTBa
pa3paboTtku IC. OO60I0YKOBEIE CpecTBa co3AaHusI MPOTOTUMOB DC.

24. ['ubpunasie norudyeckue u Moaenupytonme IC, 3C Ha 6a3e HEUETKOW JIOTHKH.
WuTtemiextyanbable HHGopMarmonHsie OC.

25. CTpyKkTypHast cXxema, OCHOBHBIE KOMIIOHEHTBI, apXWUTEKTypa H PEKHUMBI
ucnosap3oBanus JC NpoIyKIMOHHOIO THIA.

26. OcHosHble 3Tarbl pazpadbotku IC. Kuznennsiit nuki 9C.

27.  SI3pIku mporpaMMUpOBaHus Ui pemenus 3agad M.
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3.2. Memoouueckue pekomeHOayuu no NOO20MOBKe K NPAKMUYECKUM U 1aO0pamopHuIM
3aHAMUAM

st TOro 4TOOBI MPaKTHUYECKUE W JTAOOPATOPHBIC 3aHATHUS MPHUHOCHIN MaKCHMAIbHYFO
MOJIb3y, HEOOXOJUMO TIOMHMTH, 4YTO YHpPaXXHEHHWE U peIIeHHe 3aJad MPOBOAATCA IO
BBIUUTAHHOMY Ha JIEKIUSIX MaTepualy M CBs3aHBl, KaK TpPaBUIO, C JETATBHBIM pa3zdopom
OTJICNIBHBIX BOIIPOCOB JIEKLIMOHHOTO Kypca. ClieyeT MOAYEpKHYTh, YTO TOJIBKO MOCJIE YCBOCHUS
JIEKIIMOHHOTO MaTepHaia ¢ OINpPEeICHHOW TOYKH 3peHHs (2 MMEHHO C TOW, C KOTOpPOW OH
M3NIaraeTcs Ha JEKIHUAX) OH OyJIeT 3aKpeIUIAThCs Ha MPAKTUYCCKUX 3aHATHUAX KaK B pPe3ylbTaTe
00CYX/IeHUSI ¥ aHaJIn3a JICKIIMOHHOTO MaTephaia, TaK W C TIOMOIIBIO PEHICHUs] TPOOIEMHBIX
cutyalui, 3amgad. Ilpu 3TUX YCIOBUSX CTYJIEHT HE TOJBKO XOPOLIO YCBOMT Marepuai, HO H
HAYYHUTCS MIPUMEHSTh €r0 Ha IMPAKTHKE, a TaKXKe TOJYYUT IOMOJHHUTEIBHBIA CTUMYJ (M 3TO
OUYeHb BaXXHO) JIJIsl aKTUBHOM MPOPaOOTKU JICKITUH.

[Ipy caMOCTOATENEHOM pEIIeHUH 3a/1a4 HY)KHO 0OOCHOBBIBATh KaXKIBIA ATAIl PEIICHHUS,
UCXOJI U3 TEOPETUUECKUX MOJOXKEHUN Kypca. Ecim cTyeHT BUAMT HECKOJIBKO MyTel perieHust
npo0sieMbl (3aaun), TO HY’KHO CPaBHUTh UX U BBIOpaTh camblii paunoHaibHbIA. [Tonesno no
Havalla BBIYMCICHHWA COCTaBUTh KPATKWUK IUIaH pelieHus mpodiembl (3amaun). Pemenue
npoOJEeMHBIX 3a/1a4 WIH TPUMEPOB CIEIyeT M3JIaraTh MOAPOOHO, BBIYMCIICHHUS pacrioyarath B
CTpPOTOM TOpSJKE, OTHEJNsAs BCIIOMOTaTelbHbIE BBIYMCICHHS OT OCHOBHBIX. Pemenus npu
HEOOXOIMMOCTH HY)KHO COTIPOBOXKIATh KOMMEHTAPHSIMH, CXEMaMH, YePTEKAMH U PUCYHKaMHU.

Crnenyer MOMHHUTB, YTO pPELICHHE KaxJ0i y4eOHOM 3aaud JOJDKHO JOBOJUTHCS 10
OKOHYATEJIBHOTO JIOTHYECKOTO OTBETa, KOTOPOro TpeOyeT YCIIOBHE, M IO BO3MOXKHOCTH C
BbIBOZIOM. [loydyeHHBIH OTBET cieayeT MPOBEPUTh CHOCOOaMHM, BBITEKAIOIIUMH M3 CYIIECTBA
nanHo 3amaun. [lonme3Ho Takke (€ciM BO3MOXKHO) pemaTh HECKOJBKHMMH CIoco0aMu |
CpPaBHHTH IOJYUYCHHBIC pe3yNbTaThl. PelieHue 3amad NaHHOTO TUIA HYXKHO MPOJOIIKATH [0
MIPHOOPETEHUS TBEP/IBIX HABBIKOB B HX PCIICHHH.

4.3. Memoouueckue pexomeHoayuu no camonposepke 3HaHuu

[Tocne w3ydyeHHs OnpeAeCHHON TeMBI 1O 3alHCsAM B KOHCIIEKTE U yUEOHHKY, a TaKxkKe
pEIIeHUsT TOCTATOYHOTO KOJIMYECTBA COOTBETCTBYIOIIMX 33Jlad Ha MPAKTHUECKUX 3aHATUAX U
CaMOCTOSITEIIFHO CTYICHTY PEKOMEH/IYETCs, TPOBECTH CaMOIPOBEPKY YCBOCHHBIX 3HAHHIA,
OTBETUB HAa KOHTPOJIbHBIE BOIIPOCHI 10 H3YYEHHOM TeMe.

B cirydae HEOOXOMMOCTH HYXKHO €IIle pa3 BHUMATEIbHO pa300paThecsi B MaTeprae.

WHorma He0CTaTOYHOCTh YCBOGHHUSI TOTO WJIM MHOTO BONPOCA BBICHSETCS TOJBKO IMPH
W3yUYeHHH JalbHEHIIero MaTeprana. B 3ToM ciydae Hato BEpHYTHCS Ha3aj U MOBTOPUTH TLUIOXO
YCBOCHHBIN MaTepuan. BakHbIl KpUTepUil yCBOEHHUS TEOPETUYECKOr0 MarepHalia - YMEHHe
pemarh 3aJaud WIA TPONTH TECTUPOBAaHHWE IO MpOWACHHOMY Marepuaity. OmHako ciemyer
MOMHHTb, YTO TMPABHIIBHOE PEIICHHE 33a/Ja4yd MOXKET MOJYYUThCS B pe3ysbTaTe MPUMEHEHUS
MEXaHUYECKH 3ayYeHHBIX (OopMyT 0€3 TOHUMAHUS CYITHOCTH TEOPETUICCKHUX TTOJIOKEHUH.

3.4. Memoouueckue pexkomeHOAUUU NO HANUCAHUIO HAYYHBIX MEKCMos8 (00KIA008,
pehepamos, scce, HAyUHLIX cmamell U m.o.)

Ilepen Tem, kak TPUCTYNHTh K HAMHCAHUIO HAYYHOTO TEKCTa, BAXKHO pPa300paThes,
KaKoBa MCTHHHAS IIEJIh BAIIETO HAYYHOTO TEKCTAa - ATO TOMOXKET BaM pPa3yMHO pacClpe/IeiHnTh
CBOMU CHJIBI U BpeMs.

Bo-mepBhIX, cHavajga Hy)XKHO OINPENEIHUTHCS C HIee HAaydHOTO TEKCTa, a I JTOTrO
HEOOXOJUMO HAYYUTHCS IJIMOO OTHOCUTHCS K pa3HbIM SBICHUSM U (akTaM HECKOJIBKO
KPUTHYECKH (CBOS WAES — KaK MHas TOYKA 3PEHHs), JIMOO HAYYHUTHCS YBJICKAThCS KaKHUMH-TO
W3BECTHBIMH HJICSIMH, KOTOpPbIE HYXKIAIOTCS B J0paboTKe (uUaes — KakK ONTUMHUCTHYECKAs
MO3WIIMS W HANpPaBICHHOCTh HA JaJbHEHIIee COBEPIICHCTBOBAHUE YK€ HW3BECTHOro). Bo-
BTOPBIX, HAYUYUTHCS OPraHU30BbIBaTh CBOE BpEMs, Belb, KaK M3BECTHO, CBOOOJHOE (OT BCAKUX
TIYTOCTEH) BpeMsi — BaKHEWIee YCJIOBHE HACTOSIIETO TBOPYECTBA, JJISI HETO HAKOHEI-TO
NosIBIIsSIETCS BpeMsi. MHOrIa MMEHHO Ha OpraHu3alldi0 TaKOro BPEMEHHU YXOJUT Hemallas 4acTh
CHJT ¥ TAJTAHTOB.
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[Mucatp crenyer sSICHO W TMOHATHO, CTapasich OCHOBHBIE IOJIOKEHHsS (OPMYIHPOBATh
YEeTKO M HEABYCMBICIEHHO (YTOOBI M camMOMy TMOHSTHO OBLJIO), a TakXke CTPEeMsCh
CTPYKTYpHUpOBaTh CBOM TekcT. KaxkIplii pa3 Ha/lo MpEeACTaBiIsATh, YTO Ball TEKCT OYyIET KTO-TO
YUTaTh M €My 3aXO4yeTcsi COPUEHTHpPOBAThCSI B HEM, OBICTPO HAaXOJWTh OTBETHl Ha
MHTEpECYIOIINE BOIPOCH! (3a0/JHO MPEACTaBbTE ceOsl Ha MecTe Takoro yenoseka). [ToHaTHo, 4To
paboTa, HamucaHHas «CIUIOUIHBIM TeKCTOM» (0e3 3aroyioBKOB, 0€3 BBIJEICHUS KPYIHBIM
mpudToM Haubosiee BaXHBIM MECT U T, I.), Y KyJbTYPHOTO YMTAaTeNs JOJKHA BBI3BIBATh
Ope3rIMBOCTh U JIaXKe JKaJoCTh K aBTOPY (MCKJIIOUEHHS COCTaBIISIIOT HEKOTOpBIE IPEBHHE
TEKCTHI, KOTJa U KaHp ObUI MHOM M K TEKCTaM OTHOCWJIMCH WHAue, /1a U CaMHX TEKCTOB OBLIO
ropa3fio MEHbIIE — HE TO, YTO B 3MOXY «HUH()OPMAILMOHHOTO B3PBIBA» U COOTBETCTBYIOIIETO
«MH(POPMALIMOHHOTO MYCOPa»).

O0beM TekcTa W paznudHbie OPOPMHUTEIbCKHE TPeOOBaHUS BO MHOTOM 3aBUCAT OT
NPUHATHIX B KOHKPETHOM Y4eOHOM 3aBEJICHUU TOPSIIKOB.

Pedepar (moxmam) - 9TO camMOCTOSATETHLHOE HCCICIOBAHUE CTYJCHTOM OMPEIEICHHOMN
po0JIeMbl, KOMIUIEKCA B3aUMOCBS3aHHBIX BOIIPOCOB.

Pedepar He nmomxHa cocTaBisThCS M3 (DparMeHTOB craTeil, MoHOrpaduii, mocoOuii.
Kpome mpocroro usnoxkeHus: ¢pakToB M LUTAT, B pedepaTe TOHKHO MPOSBIATHCS aBTOPCKOE
BUJICHHE NTPOOJIEMBI U €€ PEIICHUS.

PaccMoTprM OCHOBHBIE 3TalbI MOATOTOBKH pedepaTa CTYICHTOM.

Brimonnenue pedepara HauMHAETCs C BHIOOpa TEMBI.

3areM CTyJIEHT NPUXOIUT Ha MEPBYK KOHCYJIbTAllMI0 K PYKOBOAMTENIO, KOTOpas
IpelycMaTpUBaeT:

- 00cy’KJIeHHe 1IeTTU U 3aj1ad pabOoThl, OCHOBHBIX MOMEHTOB U30paHHOM TEMBI;

- KOHCYJIbTHPOBAHUE IO BOIIPOCaM Moa00pa JTUTepaTyphl;

- COCTaBJICHHE IIPE/IBAPUTEIBHOTO IJIaHA.

Crnenyromum d3TarnoM siBlisieTcss pabota ¢ auteparypoir. Heobxoammas nurepaTypa
no0UpaeTcsi CTyAEHTOM CaMOCTOSITENILHO.

[Toce mogbopa auTepaTypsl 1eaecoo0pa3Ho caenaTth pabounii BapuaHT IjIaHa PabOTHI.
B HeM HyXHO BBIIEIUTH OCHOBHBIE BONPOCHI TEMBl W Maparpadbl, pacKpbIBalOIIUEe HX
coJiep>KaHue.

CocTaBlIeHHBII COUCOK JUTEpPATypbl U NPEIBAPUTEIbHBIM BapHaHT IUIaHA YTOYHSIOTCH,
COTJIaCcyIOTCS Ha OYePETHONW KOHCYJIbTAIIMH C PYKOBOJAUTEIIEM.

3areM HauyMHAeTCS CIEAYIOUIMHA »3Tam paboThl - HU3yueHHE JUTEpaTypbl. TOIBKO
BHHUMATEJIbHO YHUTasl U KOHCHEKTUPYS JHUTEPATypy, MOKHO pa3o0paThCsi B OCHOBHBIX BOIPOCAaX
TEMBI U TIOATOTOBUTHCS K CAMOCTOSITEIbHOMY (aBTOPCKOMY ) U3JIOKEHHUIO coJiepkaHus pedepara.
KoHncnektupyss nepBOMCTOYHUKH, HEOOXOJUMO OTpPa3UTh OCHOBHYIO HJCH0 aBTOpa M €ro
MO3MILMIO IO HCCIEIYEMOMY BOMPOCY, BBIABUTH MNPOOJIEMbl M HAMETUTh 3aJaud JUIs
JTATbHENIIET0 U3yUeHUs JaHHbBIX TPOOIIEM.

Cucremaruzanisi ¥ aHalU3 H3YYEHHOW JUTEpaTypbl MO MpoOiieMe HCCIeI0BaHUS
MO3BOJIAIOT CTY/IEHTY HamucaTh paboTy.

Pabounii BapuaHT TekcTa pedepara NpeAOCTaBIsSETCS PyKOBOAMUTENIO Ha MpoBepky. Ha
OCHOBe pabodero BapuaHTa TEKCTa pPYKOBOJIUTENIb BMECT€ CO CTYIEHTOM 0O0CYyXIaeT
BO3MOXKHOCTH J0pabOTKMU TekcTa, ero odopmienue. Ilocne nopaboTku pedepaT caaercs Ha
Kadenpy Ui ero OlleHUBAHUS PYKOBOIUTEIEM.

Tpebosanus k Hanucauuio pegpepama

Hamucanue 1 pedeparta sBisieTcst 00s13aTenbHBIM yeaoBreM BoinoaHeHus miana CPC mo
10001 TUCIMIUTMHEE TPO(ECCHOHATBHOTO LUKJIA.

Tema pedepata MoxeT ObITh BbIOpaHa CTYJEHTOM U3 NPEUIOKEHHBIX B padoueil
nporpaMMe Win (OHE OLIEHOYHBIX CPEJICTB JUCIMILIMHBI, JTUOO0 ONpe/ielieHa CaMOCTOSTEIbHO,
UCXOJS M3 HHTEPECOB CTyJeHTa (B paMKaxX H3y4aeMoW IUCUMIUIMHBI). BpiOpaHHyl0 Temy
HE00XO0/IMMO COTJIACOBATHCS C MPET0IaBaTeIeM.

Pedepart nomken ObITh HalMCAaH HAYIHBIM SI3IKOM.
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O0beM pedepara nomKeH cocTaBisaTh 20-25 cTp.

Cmpyxkmypa pegpepama:

e Bgenenue (He Gonee 3-4 crpanui). Bo BBeneHnn HEOOX0IMMO 00OCHOBATH BBHIOOD
TEMBI, €€ aKTyallbHOCTh, OYEPTHTHh OOJIACTh MCCIICJOBAHUS, OOBEKT WCCIICIOBAHUS, OCHOBHBIC
LEJH U 33]Ja41 UCCIIeTOBaHUSI.

e (OcHOBHasl 4aCTh COCTOMUT U3 2-3 pa3zenoB. B HUX packpbiBaeTcs CyTh HCCIEIyeMOU
POOJIEMBI, TTPOBOJIUTCS 0030p MHUPOBOM JIUTEPATyphl U MCTOYHUKOB MHTEpHET 1O TpeIMeTy
UCCJICIOBAHMsI, B KOTOPOM JAeTCsl XapaKTePUCTHKA CTEMEHU Pa3paOOTaHHOCTH MPOOIEMBI U
aBTOpPCKas aHAJIMTHYCCKAs OICEHKAa OCHOBHBIX TEOPETHYECKHX IOJXOJOB K €€ PEIICHHUIO.
Wznoxxenne Martepuaiga HE JJOJDKHO OTPAHUYUBATHCS JIMIIb OMHCATENBHBIM TMOAXOAOM K
PacKpBITHIO BBIOpaHHOW TeMbl. OHO Takke JODKHO COJIEpP)KaTh COOCTBEHHOE BHJICHUC
paccMmatpuBaeMoi mpoOIeMbl U U3II0KEHHUE COOCTBEHHOUW TOYKHU 3pEHUS Ha BO3MOKHBIC IyTH €€
peIICHUS.

e 3axmouenue (1-2 crpanuiel). B 3akir0deHUN KpaTKO M3JIaraloTcsi JOCTUTHYTHIC MPHU
W3YYCHHUU TIPOOJIEMBI IIeJTH, TEPCTICKTUBBI PA3BUTHS UCCIICyEMOTO BOIIPOCa

e Cnmcok MCHOJB30BAHHOM JUTEpaTyphl (He MeHbIne 10 MCTOYHHMKOB), B an(aBUTHOM
nopsiike, O(OPMIICHHBIN B COOTBETCTBUU C MIPUHATHIMH NpaBUJIaMU. B CIIUCOK UCTIOTB30BaHHOM
JUTEPATyPhl PEKOMEHIYEeTCS BKIIOYATh PaOOTHI OTEYCCTBEHHBIX U 3apyOCKHBIX aBTOPOB, B TOM
qrclie CTaThH, OMyOJUKOBAHHBIC B HAYYHBIX )KypHAJIaX B TEUCHHUE MOCIETHUX 3-X JIET U CCHUIKH
Ha pecypcel cetn VIHTepHerT.

e [Ipunoxxenue (mpu HEOOXOIUMOCTH).

Tpebosanus k ogpopmaenuro:

TEKCT C OAHON CTOPOHBI JIUCTA;

mpudT TimesNewRoman;

Kerib mpudra 14;

MEXKCTpOUHOE paccrosinue 1,5;

moJIst: CBEPXY 2,5 cM, CHU3Y — 2,5 ¢M, ciieBa - 3 cMm, crpasa 1,5 cm;
pedepaT 10mKeH OBITh IPEICTABIICH B COPOIIIOPOBAHHOM BHJIC.

Topsadok 3awumul pepepama:

3amuTa pedepara MPOBOAUTCS HA MPAKTUUECKHUX 3aHATHUSX, MOCIE OKOHYAHUS pabOThI
CTyJIeHTa HaJ] HUM W WCIPABICHUS BCEX HEIOYETOB, BBISBICHHBIX IPEIOIABATEIIEM B XOJC
KoHCynbpTanuil. Ha 3amury pedepata orBoauTcs 5-7 MUHYT BPEMEHHU, B XOA€ KOTOPOTO CTY/IEHT
JOJDKEH TOKa3aTh CBOOOJHOE BIIAJICHWE MaTepHalioM IO 3asBIeHHOW Teme. [lpm 3amute
pedepara IpUBETCTBYETCS HCIIONIB30BAHUE MYJIbTUMENA-TIPE3CHTAIIIH.

Oyenxa pepepama

Pedepar onieHuBaeTcs 1o cieayronuM KpUTEPUsIM:

* coOoIeHne TpeObOBaHUH K ero 0(hOpMIICHHIO;

* HEOOXOJAMMOCTh M JIOCTAaTOYHOCTH JJISi PACKPBITHS TEeMbl NPUBEIECHHOW B TEKCTE
pedepara nHGOpMAaIUH;

* YMEHHE CTyIeHTa CBOOOHO U3JaraTh OCHOBHBIE UCH, OTPaKEHHbIE B pedepare;

* CIIOCOOHOCTH CTYJIEHTA MOHATH CYTh 33J[aBa€MBIX NPEIMOJaBATEIIeM M COKYPCHUKAMH
BOIPOCOB U C(HOPMYIUPOBATH TOUHBIE OTBETHI HA HUX.

Kpumepuu oyenxu:

Oyenka «omauyHoy» BBICTABISIETCA CTYJIEHTY, €CIIM B JOKJIAJ€ CTYJEHT MCUEPIIBIBAIOLIE,
MOCJIEIOBATEIBHO, YETKO M JIOTHUECKH CTPOMHO HM3JIaraeT MaTepuall; CBOOOJHO CIIPABISETCS C
3aJjayaMM, BOTPOCAMH U APYTUMHU BUJAMH NPUMEHEHHs 3HAHHI;, UCIOJIb3YeT AJsl HalHCaHUS
JIOKJIaJla COBPEMCHHBIC HAay4YHBIC MaTEpHallbl, aHAIM3HPYET TOIYYCHHYI0 HH(POPMAIHIO;
MPOSIBIISIET CAMOCTOSITEILHOCTD MIPH HAMMCAHUM JTOKJIa/1a.

OyeHnka «xopouwioy» BBICTAaBISETCS CTYIEHTY, €CJIM KaueCTBO BBITIOJHEHHUS OKIIAaa
JIOCTaTOYHO BbICOKOE. CTYZCHT TBEP/O 3HAET MaTepuall, TpPaMOTHO M 10 CYIIECTBY M3JIaraer ero,
HE JIOIyCKasl CYIIECTBEHHBIX HETOYHOCTEH B OTBETE HA BOMPOCHI 10 TEME JIOKJIA/Ia.
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OZ/!QHKCZ «ydoeﬂemeopumeﬂbHo» BBICTABJIACTCA CTYACHTY, CCIIM MaTCpHajll JOKJIalda
nusjgara€Ttcsa 4aCTU4HO, HO np06em>1 HE HOCAT CYHICCTBCHHOI'O XapakKTEpa, CTYACHT OOITYCKacT
HETOYHOCTHU M OIIUOKH IIpU 3alIUTC OOKJanaa, 1a€T HEAOCTATOYHO IMPABUIILHLIC (I)OpMYJ'II/IPOBKI/I,
Ha6J'IIO)IaIOTC${ HapylmICHUA JIOTHYECKON MOCICA0BATCIIBHOCTH B U3JIOKCHUN MaTCpUala.

OZ/!QHKCZ «HeydoeﬂemeopumeﬂbHo» BBICTABJISICTCA CTYHCHTY, €CJIIM OH HC IMOATOTOBHII
JOKJIaa WKW AJOIMYyCTUJI CYIICCTBCHHBIC OIITHOKW. CTYJIGHT HCYBCPCHHO H3JIara€t Marcpuall
JOKJIaZa, HSC OTBCYACT Ha BOIIPOCHI IPCTIOAABATCIIA.

Tembl 10KJI210B

1. MogenupoBaHue OMOJIOTUYECKUX CUCTEM.
. ABTOMaTHYeCKUI KOMIBIOTEPHBIN CHHTE3 PEUH O TEKCTY. MeTo/Ibl CHHTE3a PEUH.
. [Tpumeps! cuctem 00pabOTKH €CTECTBEHHOTO S3bIKA.
. Knnaccudukanus uactpymentanbubix cpeacts C u opranusaius 3Hanuii B 9C.
. Mozenu npencTaBiieHus 3HAHUI: JIoTHYecKasi, ceTeBasi, ppeiiMoBas, MpoayKIIMOHHAS.
. Meroas! 03ByYMBaHHUS pEUH.
. UcTopust BOSHUKHOBEHUS U COBPEMEHHBIE HalpaBJIeHUs HcciaenoBanuil B oonactu M.
. Knmaccudukanus cuctem pacrio3HaBaHHs pedH.
PacnosnaBanue cumBoioB. Illabnonuble cuctembl. CTpPYKTYpHBIE CHCTEMBI.
[Ipu3HaKOBBIE CUCTEMBI.
10.PeueBoii BbIBOA HH(OPMAIIHH.
11. MamuHHBINA UHTEIUIEKT U pOOOTOTEXHHUKA.
12. Tunel 3anau pemaemslie B JC.
13. OcHOBHbBIE HallpaBJICHUS UCCIIEIOBAaHUI B 00JIaCTH UCKYCCTBEHHOTO MHTEJUIEKTA.
14. IlpennocsliKM BO3HMKHOBEHMSI CHCTEM IIOHMMAaHHUS €CTECTBEHHOIO  SI3bIKA.
ITonnManue B nuanore.
15. Pacno3HaBaHME PYKOIIMCHBIX TEKCTOB.

O 01NV AW

3.5. Memoouueckue pexomenoayuu no 6bINOJIHEHUIO UCCLE008AMENbCKUX NPOEKMO8

HccnenoBarenbckas NpoekTHas paboTa — 3TO rpymnmoBas paboTa, Uisl BBIIOTHEHHS
KOTOpPOH Heo0XOoAMM BBIOOpP W TNPHIOKEHHE HAyYHOH METOJUKM K IIOCTaBJICHHOW 3ajaue,
MOJydeHHe COOCTBEHHOTO TEOPETUYECKOTO WM OKCIIEPHUMEHTAIFHOTO MaTepuana, Ha
OCHOBaHMM KOTOPOTO HEOOXOAMMO TMPOBECTH aHAIU3 U CJeNaTh BBIBOJABI 00 HCCIEIyeMOM
SBIICHUW. BEBIMIONHEHNE TPOEKTa — 3ITO BCerga KOJUIEKTHBHAs, TBopueckas JlaGopaTtopHas
pa0Gota, TmpenHa3HaueHHas Ui TIOJNYYEHHUS ONpPEICNCHHOIO TMPOJYKTa MM Hay4yHO-
TEXHUYECKOTO pe3yibrara. Takas padoTa mojapa3syMeBaeT 4eTKoe, OAHO3HAYHOE (POPMHUPOBAHNE
MIOCTaBJIEHHOW 3ajlaud, ONpeAeJICHUE CpPOKOB BBINOJIHEHUS HAMEUYEHHOTo, OIpeieieHue
TpeboBaHMil K pazpabaTbiBAEMOMY OOBEKTY.

Brimonnenue 1 rpynmoBoro npoekra siBISETCS 00s3aTeIbHBIM YCIIOBHEM BBITTOJIHEHHS
CaMOCTOSITENIbHOM  palboThl 1o 1000 AucuMIIMHE TpodecCHOHAIbHOrOo MHHKIa. Tema
IPOEKTHOTO 3aJaHUs MOXET ObITh BbIOpaHa CTYJIEHTOM U3 TMpPeUIOKEHHBIX B paboueit
nporpaMMe WM (OHIE OIEHOYHBIX CPEIICTB TUCIHMILINHEL, JTHOO ONpe/eleHa CaMOCTOSTEIBHO,
UCXOJll W3 HWHTEPECOB CTYACHTa (B paMKax H3ydyaeMOW AUCHUIUIMHBI). BrpiOpaHHylo Temy
HEOOXOMMO COTTIaCOBATHCS C MPETOAaBATEIICM.

Tpebosanus no 6bINOIHEHUIO U OQOPMIEHUIO NPOEeKMAa

[Tpu BbIMOTHEHUM MpOEKTa MPUBETCTBYeTCs paboTa B rpymme (2-3 yenoseka). [Ipoekt —
3TO HCclenoBaTeibckasi paboTa, B XO0Je KOTOPOHM CTYJIEHTHI JOJKHBI IPOJIEMOHCTPUPOBATH
BJIaJICHNEC HAaBHIKAMH HAyYHOTO WCCJICIOBAHUS, YMEHHS TIPOBOAWTH aHaiIW3, 0000MIaTh
UH(OPMALIMIO, JIeNaTh BBIBOJIBI, MpeaiaraTb CBOM PEIHICHUS NMpOoOJIeMbl, pacCMaTpUBaeMOW B
MIPOCKTE.

[Ipy moAroTOBKE MAaTepUaIoOB MPOEKTa CTYIEHTHl JOJDKHBI HPOJAEMOHCTPUPOBATH
BJIaJICHHE COBPEMEHHBIMH METOaMHU KOMITBIOTEPHOH 00pabOTKH JaHHBIX.
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Kpumepuu oyenxu pabomul yuacmnuka npoexma.

JI1st KaXa0ro U3 y4aCTHUKOB MPOEKTA OLEHUBAKOTCS:

* mpoheccCHOHANIbHBIE TEOPETUUECKUE 3HAHUS B COOTBETCTBYIOLIEH 001acTu;

* yMeHue paboTaTh CO CHPABOYHOW M HAyYHOH JHUTEpaTypoH, OCYIIECTBISATH MOMCK
HeoOxoumoi nHpopmanuu B UHTepHET;

* yMeHHe paboTaTh ¢ TEXHUYECKUMU CPECTBAMU;

*  yMeHHe

IIOJIB30BAaTbHCA

MH(GOPMaIIMOHHBIMU TEXHOJOTUSIMU;
* YMEHHUE TOTOBUTH MAaTEPUAIIbl IIPOEKTA JJIs PE3CHTALUU: COCTABIATh U PEJAKTUPOBATh
TEKCThI, (OPMHUPOBATH MPE3EHTALUIO TPOEKTA;
* yMeHHUe paboTaTh B KOMaH/IE;
* yMEHHE MyOJIINYHO MPEJICTABISATh PE3yJIbTaThl COOCTBEHHOM 1€ TEIbHOCTH;
* KOMMYHUKa0eIbHOCTh, UHUIIMATUBHOCTh, TBOPUYECKHUE CIIOCOOHOCTH.

COOTBCTCTBYHOIIIUMHA

Kpumepuu BbICNMABNIEHUA OYCHKU YUACMHUKAM npoeKkma

BBITTIOJIHACMOMY

IIPOEKTY

Hubie
KommeTenmum,
YHHUBEpCaJIbHbIE
CBSI3aHHBIE C
KOMTIETCHITHH
HCTIOJIb30BAaHUEM
(koMMyHHUKa0ETh
COOTBETCTBYOIIHX HOCTE
[Ipodeccronanbubie BBITIONTHSAEMOMY ’ OT4eTHOCTH
Onenka WHUIUATUBHOCTb,
KOMTICTCHITHH MIPOEKTY
yMeHHe paboTarh
TEXHUYECKUX
B «KOMaHJIE»,
CPEICTB H
yIpaBIeHYCCKHE
UHGOPMAITMOHHBIX
. HaBBIKH H T.1I.)
TEXHOJIOTHIA

«O1mmuno» | PabGota BeimosiHeHA Ha | TexHuueckue Crynent nposiBuia | [Ipoekt
BBICOKOM CpencTBa U | UHUIUATHBY, MIPEICTaBJICH
npodeccuoHaIbHOM MH(GOPMAILMOHHBIE | TBOPYECKHIA MOJIHOCTBIO U
YpOBHE. TEXHOJIOTHH MOJIXO/I, B CPOK.
[IpencraBieHHbII OCBOEHBI U | CHOCOOHOCTh K
MaTepuail B OCHOBHOM | HCIIOJIb30BAHBI JIJISl | BBITIOJTHCHHIO
dakTUYecKu  BEpeH, | pealin3aluu CIIOXKHBIX
JIOTTYCKaIOTCS MPOEKTa 3a/laHui, HaBBIKU
HEerpyobIe MTOJTHOCTBIO paboThI B
baxTHueckue KOJUJIEKTUBE,

HeToyHOCTU. CTYyIeHT OpraHU3aIOHHBI
CBOOOJTHO OTBEYAET Ha € CII0COOHOCTH.
BOIPOCHI, CBSI3aHHBIE

C TIPOCKTOM.

«Xopomo» | Pabora Beimonnena Ha | OOHapyxuBatorcss | CTyaeHt [Tpoekt
JIOCTaTOYHO BBICOKOM | HEKOTOPHIE JIOCTaTOYHO MPEJICTaBJICH
npodeccuoHaTbHOM OIINOKHU B | MOJIHO, HO 0€3 | J0CTaTOYHO
ypoBHe.  JlOMyIIEHO | UCTIOIh30BAHHUH WHUIMATHBBL ¥ | IOTHO H B
no0 4-5 (dakTHYeCKUX | COOTBETCTBYIOIIUX | TBOPUYECKUX CpPOK, HO ¢
OIINOOK. CTyleHT | TeXHHYECKUX HAXOJ0K HEKOTOPBIMHU
OTBEYaET Ha BOIPOCHI, | CPEACTB U | BBITOJIHIII HenopaboTKa
CBSI3aHHBIC ¢ | uHGOPMAITMOHHBIX | BO3JIO)KCHHBIC Ha | MU.
MIPOEKTOM, HO | TEXHOJIOTHUI HETo 3aJauu.

HEJOCTATOYHO TOJTHO.
«YoBnerBo | YpoBeHb OO6napy:xuBaet Crypent [Tpoekt cpan
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HNurie

KommeTenmum,
YHHUBEpCaJIbHbIE
CBSI3aHHBIE C
KOMITETEHIIUH
HCTIOJIb30BaHUEM
(koMMyHHKa0ETh
COOTBETCTBYIOIINX HOCTE
[Ipodeccronanbubie BBITIONTHSEMOMY ’ OT4eTHOCTD
Onenka WHUIUATUBHOCTb,
KOMITETCHIINH MIPOCKTY
yMeH#e paboTarh
TEXHUYECKUX
B «KOMaHJIE»,
CPEICTB U
yIpaBJICeHUYECKUE
UHGOPMAITMOHHBIX
. HaBBIKH H T.1I.)
TEXHOJIOTHH
PUTENIBHO» | HEAOCTATOYHO BBICOK. | HEIOCTATOYHOE BBITIOJTHIIT co
Jonymeno 1o 8 | BinaxeHue OOJIBIIYI0  YacTh | 3HAYUTEIbHBI
dakTHyecKux HaBbIKAMU paOOTHI | BO3JIOKEHHOM Ha | M
OLINOOK. CTyzneHT | ¢ TEXHUYECKHMMH | HETO pabOTHI. ONO3JaHUEM
MOXET OTBETHUTH | CPEACTBAMU u (6omnee
JUIIb HA HEKOTOPBIE | COOTBETCTBYIOIIUM HEZeNu) U He
u3 3aJJaHHBIX | U MOJIHOCTHIO
BOTIPOCOB, CBSI3aHHBIX | HH(POPMAIIHOHHBIM
C TIPOEKTOM. U TEXHOJIOTUSIMU
«Heynosner | Pabora He BeimonHeHa | HaBbikoB paboTsl ¢ | CTyaeHT [Ipoekr  He
BOPUTEIHHO» | MM BBIMIOJIHEHA HAa | TEXHUYECKUMHU MPaKTUYECKH HE | CAaH.
HU3KOM YpOBHE. | CpECTBAMU  HET, | paboTail, HE
Homnymeno ©Oonee 8 | HHPOPMAIIMOHHBIE | BBHIIOJHWI ~ CBOU
(dakTHUeCKuX TEXHOJIOTHH HE | 3aJa4u WIH
ommnOok. OTBETh Ha | OCBOCHBI BBITIOJTHIII JTUII b
CBS3aHHbIE c OTJIENIbHbIE HE
MIPOEKTOM  BOIPOCHI CYILIECTBEHHbBIC
00Hapy>KUBaIOT MOpYy4YEHUs B
HEMOHUMaHUe rpyMHIoBOM
npeaMera u IIPOEKTE.
OTCYTCTBHUE
OpHUEHTAINH B

MaTCpHaAJIC ITPOCKTA.

Cmyoenmol 001(cHbl. 3AIIUTUTh MPOEKT B PEXHUME MPE3EHTALUH, NMPeIbsIBUTH (Dailiibl
BBITIOJTHEHHOT'O TIPOEKTa, YMETh paccKa3aTb O TEXHOJIOTUSAX, HCIOJIb30BaHHBIX HUMHU IIpU
BBINOJIHEHUH [TPOEKTA, JaTh OLIEHKY pabOThI KaXKJ0T0 YJeHa IPYIIIbI (eciu npoexm epynnosoi).

SNk W=

IIpnMepHbIe TeMbl MHAMBHAYAJIBHBIX TBOPUYECKHX IPOEKTOB

[TpoekT «INeKTPOHHBIN CIOBAPHY;
[IpoekT «DkcnepTHas cuctema Jijisi AMarHOCTUKH 3J0POBbS»;
[IpoekT «JIMHrBUCTHYECKasE SKCIIEPTHAS CUCTEMAY;
[IpoekT «DkcnepTHas cuctema Jjisi AMarHOCTUKH YCTPOUCTBaY;
[Tpoekt «O0Oyuaromas sKCrepTHas CUCTeEMay.

3.6. Memoouueckue pexomenoayuu no nOO20OMoOBKe K IK3AMEHAM U 3a4emam
N3ydenne MHOTHX 00MIENPO(ECCHOHANBHBIX U CHEIHAIbHBIX TUCIMIUIMH 3aBEPIIAeTCs
sk3aMeHoM. [ToAroToBKa K 9K3aMEHY CIOCOOCTBYET 3aKPEIUICHHUIO, YIITYOJIICHHUIO U 0000IICHHIO
3HAHWH, TOJy4YaeMbIX, B Tpoiecce OOydueHHs, a TakXKe NPUMEHCHHI0O HUX K pEIICHUIO
MPAKTHYECKHUX 3a/ad. [ 0TOBACH K JK3aMEHy, CTYJCHT JIMKBUAMPYET MMEIOIIHecs MmpoOeisl B
3HAHUSX, YIIIyOJseT, CUCTEMaTHU3UPYeT U YIOPSIOYMBACT CBOM 3HaHMs. Ha sKk3aMeHe CTyaeHT

145




JEMOHCTPUPYET TO, YTO OH TNpuoOpen B mpolecce OOydeHHs MO KOHKPETHOH ydeOHOM
JTUCIUILINHE.

DK3aMEHAIMOHHAsI CEeCCHUS - 3TO CEpHUsl SK3aMECHOB, YCTAHOBJICHHBIX YY€OHBIM IJIAHOM.
Mexny sk3ameHamu uHTepBan 3-4 nus. He cimemyer mymarb, 4to 3-4 MHS DOCTATOYHO IS
YCHEIIHOM MOATOTOBKH K 3K3aMEHaM.

B oti 3-4 gHA HY’)KHO CUCTEMAaTHU3MpOBATh YK€ MMeronrecs 3Hanus. Ha koHcynpTanum
nepes 9K3aMEHOM CTYIEHTOB MTO3HAKOMST C OCHOBHBIMH TPEOOBAHUSAMH, OTBETST HA BO3HHUKIINE
y HUX Bompochl. [loaToMy nocenienne KOHCYIbTalii 00s13aTeNIbHO.

TpeboBaHus K OpraHM3alMy MOATOTOBKM K PK3aMEHaM TE JK€, YTO U NpH 3aHIATHUSAX B
TEYeHHE CEeMecTpa, HO COOJII0JIaThCs OHM JOJDKHBI Oojiee CTporo. Bo-mepBbIX, O4eHb BakKHO
coOJII0/ICHHE peKnMa JIHS; COH HE MEHee § 4acoB B CYTKH, 3aHATHS 3aKaHYMBAIOTCS HE MO3/IHEE,
yeM 3a 2-3 Jaca 10 cHa. OnTUManbHOE BpeMsl 3aHATUH, OCOOCHHO M0 MaTeMaTHKE - yTPEHHUE U
JHEBHBIE 4achl. B mepepbiBax MeEXIy 3aHATUAMHU PEKOMEHAYIOTCA TIPOTYJIKH Ha CBEXKEM
BO3/JlyXe€, HEYyTOMUTEJIbHbIEC 3aHATUS CHOPTOM. BO-BTOPBIX, HaJIM4YUE XOPOIIUX COOCTBEHHBIX
KOHCIIEKTOB JekIMid. [laxke B TOM ciydae, ecnu Obljla HpOMYyIIeHA Kakas-au0o0 JIeKuus,
HEOoOXOJUMO BO BpeMsl €€ BOCCTaHOBUTH (mepenucaTh ee Ha Kadenape), oOaymaTh, CHSTH
BO3HHKIIIKE BOIIPOCHI JUIs TOTO, YTOOBI 3alIOMHUHAaHUE MaTeprana OblI0 OCO3HAHHBIM. B-TpeThuX,
IIpU TOJArOTOBKE K SK3aMEHaM Yy CTYJEHTa JOKEH ObITh XOPOLIM y4eOHMK MM KOHCIEKT
JUTEpPATyphl, IPOUUTAHHON MO YKa3aHMIO NPENOJABATENs B TEUEHHE CEMECTpa. 3A€Ch MOXKHO
3¢ (HEeKTUBHO UCTIOIB30BATh JINCTHI ONIOPHBIX CUTHAJIOB.

Bnauane cnemyer mpocMOTpeTh BECh MaTepHall MO CAaBAEMOM JHUCLUIUIMHE, OTMETUTh
uist ce0st TpynHble Bompockl. O0si3aTenbHO B HHUX pa3oOpatbed. B 3akimrouenue emie pas
1es1ecoo0pa3Ho MOBTOPUTH OCHOBHBIE MOJIOKEHMS, HCHONb3Ys HPU 3TOM JIMCTHI OMOPHBIX
CUTHAJIOB.

CucremaTnyeckasi IOArOTOBKA K 3aHATUSM B TEUEHUE CEMECTPA MO3BOJIUT UCIOIb30BaTh
BpeMs SK3aMEHAIIMOHHOM CECCUU I CHCTEMATH3alUU 3HAHWUM.

IIpasuna no02omoeKu K 3a4emam u SK3aMeHaAM:

 Jlyumie cpa3dy COPHMEHTHPOBATHCS BO BCEM MaTepuaje U 00s3aTeNbHO PAaCIOJIOKHUTH
BECh MaTepHall COIVIACHO SK3aMEHAI[MOHHBIM BOMpocaM (WM BONpocaM, OOCYXkJaeMbIM Ha
ceMuHapax), 3Ta paboTa MOXET 3aHATb MHOIO BpPEMEHH, HO BCE OCTaJbHOE — 3TO YXKe
TEXHUYECKHE JIeTalu (TJIaBHOE — 3TO OPUEHTUPOBKA B MaTepuare!).

+ Cama moAroToBKa CBsi3aHAa HE TOJIBKO C «3amoMuHaHuem». lloaroroBka Takxke
IIpeIoaracT u NEPEOCMBICICHHE MaTepHala, U Jaxke paCCMOTPEHNE allbTEPHATUBHBIX HJIEH.

* ['OTOBUTH «IIMAprajku» MOJE3HO, HO MOJIb30BATHCS UMU PUCKOBAHHO. [ TaBHBIN CMBICTT
MOJTOTOBKH «IINAprajlok» — 3TO0 CHUCTEMATH3alUs M ONTHUMHU3ALMs 3HAHUKW 10 JAHHOMY
IpeIMETY, YTO camo 1o cebe MPEeKPACHO — ATO OUYEHb CIIOKHASI M BayKHAs Ul CTyJeHTa paborTa,
Oosiee cloXKHass W BaKHAs, YeM MPOCTOE MOTJIOIIEeHHe Macchl yueOHON uHpopmarmu. Eciu
CTYJIEHT CaAMOCTOSITEJIbHO MOJATOTOBHWJI TAKUE «IUIAPTaJIKW», TO, CKOPEE BCETO, OH U IK3aMEHBI
cnaBath OyneT Oosiee yBEpeHHO, TaK KaK y HEro yxke chopMHpoBaHa o0Ias OpUEHTHPOBKA B
CJIO’)KHOM MaTepuae.

* Kak »TO HM napaJoKCaJbHO, HO HCIOJb30BAaHUE «UIMAPrajloK» YacTO I103BOJISIET
OTBEUAIOLIEMY CTYJAEHTY JIydllle IEMOHCTPUPOBATh CBOM MO3HAHUSA (TOYHEE — OPUEHTUPOBKY B
3HAHUX, YTO HAMHOTO Ba)KHEE 3HAHMS «3alIOMHEHHOTO» U «TYT K€ 3a0BITOro» MOCie Cladyu
9K3aMEHa).

» CHauana CTyJIeHT JIOJDKEH MPOJAEMOHCTPUPOBATh, YTO OH «YCBOMI» BCE, UTO TpedyeTcs
0 MporpaMMe 00y4eHus (WM Mo MporpamMMme JaHHOTO MPEeroJaBaTelis), U JUIIb [10CJIe TOr0 OH
BIIpaBE BBICKA3aTh MHBIE, )KEIATEIbHO aPTyMEHTUPOBAHHBIE TOUKU 3PEHMSL.

4. KoHTpoab caMOCTOATENbHOI PadoThI

KOHTpOJIB CaMOCTOSTEIbHOM pa6OTBI MMPOBOAUTCS NPCIIOJAABATCIIEM B ayJIUTOPUH.
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[IpenycMoTpeHbl crienyromue BHIBI KOHTpOJS: coOeceqoBaHME, OIEHKa pedepata,
OIICHKA MTPE3CHTAINH, OLIEHKA Y4acTHs B KPYTJIOM CTOJIE€, OLIEHKA BBIMIOJHEHNS ITPOEKTA.

[HonpoOHble KpUTEpUU OLIEHUBAHHMS KOMIICTEHLUH NpuBeleHbl B (DOHAE OICHOYHBIX
CPEACTB IS TPOBEACHUS TEKYIIEH U MPOMEKYTOYHON aTTECTALlUN.

5. Cnucoxk qureparypsl s BoinogaHeHuss CPC
Pexomenayemas iureparypa:

OcHoBHas1 JiuTeparypa:

1. I'amoxk A.Jl. MHpOpMaLIMOHHBIE TEXHOJIOTUU B MOJAOOpE MepcoHala : Kypc JEeKIui /
lamok  A.Jl.. — EkarepunOypr : VYpanbCKuil TOCyJapCTBEHHBIH YHHMBEPCUTET IyTel
coobmenust, 2025. — 75 ¢. — TekcT : snexTponHbii // [{udpoBoit 06pazoBaTeNbHBIN pecypc
IPR SMART : [caiiT]. — URL: https://www.iprbookshop.ru/157138.html

2. Kysbpmenko W.II. Undpopmarmonnsie TexHoioruu B AIIK : yuebnuk / Ky3pmeHko
WN.I1.. — Crasponons : AI'PYC, 2024. — 124 c. — Texker : snextponHsiil / Ludposoii
00pa3oBaTeNbHBIN pecypc IPR SMART : [caiT]. — URL:
https://www.iprbookshop.ru/148248.html

3. Jlumartosa, H. I'. IlHopMaimoHHbIe TEXHOJIOTUU B HayKe U 00pa30BaHUU : YUEOHHK /
H. I'. JlunatoBa, . 1. Hukutuenko, 0. U. ComoB ; nmox penakuuenn H. I'. JIunatoBon. —
Mocksa : Poccuiickas tamoxkenHas akagemus, 2023. — 380 ¢c. — ISBN 978-5-9590-1286-1. —
Tekcr : snextponHsiii // Ludposoit o6pazoBarensHbiii pecypc IPR SMART : [caiiT]. — URL:
https://www.iprbookshop.ru/146474.html

JlomosiHuTeIbHAS JIUTEpATypa:

1. Mangpa,, A. I'. Uadopmatuka u uHGOPMAIMOHHBIE TEXHOJOTHH : JaOOpaTOPHBIH
npaktukym / A. I'. Manngpa, A. B. IlomoB, A. WM. J[lpsxkonoB. - HWudopmatuka u
uHpOpPMaLMOHHBIE TexHOI0THN,2026-09-20. - DnextpoH. aaH. (1 ¢aitn). - Camapa : Camapckuit
rocyaapcTBeHHbI TexHuueckuii yausepeuret, ObC ACB, 2020. - 64 c. - anexTpoHHbIN. - KHUra
Haxoautca B mpemuyM-Bepcun OBC IPR BOOKS. - ISBN 2227-8397, sKk3eMIUIIpOB
HEOTpPaHUYEHO

2. IIBeTkoBa, A. B. UH(popmaTka u nH(DOPMAIIMOHHBIE TEXHOJIOTUN DIEKTPOHHBIH
pecypc : Yuebnoe nocodue ans CIIO / A. B. LisetkoBa. - HdopMaTuka u HHPOPMAIIMOHHBIE
texHonoruun,2020-08-30. - CaparoB : Hayunas kuaura, 2019. - 190 c. - Kuura naxoautcs B
npemuym-Bepcu ObC [IPR BOOKS. - ISBN 978-5-9758-1891-1, s3x3eMIuIsIpOB HEOrpaHUYEHO

3. CoBpemeHHbIe HH(POPMALMOHHBIE TEXHOJOTHMM OJEKTPOHHBIH pecypc : yueOHoe
nocobue / C.C. Muitbko / JI.A. Penieuko / U.A. KopomnbkoBa / A.P. Bantotun / A.Il. Anekcees ;
pen. Al AnekceeB. - Camapa : IlOBOIDKCKMII ToCyIapCTBEHHBIH  YHHUBEPCUTET
TeleKOMMYHUKauui u uapopmatuky, 2019. - 101 c. - Kuura naxoaurcs B 6a3oBoit Bepcuu 9bC
IPRbooks., 5K3eMIUIIpOB HEOTPaHUUYEHHO

4, MaxkeeB C.B. HMHbopmaTuka : yueO6HOoe T1i0c06ue |/ MaxkeeB C.B,
Jlormymmanckui  B.A.. — BopoHexX : BOpPOHEXCKUN TOCyJapCTBEHHBIN
YHUBEPCUTET MH)KeHEePHBIX TeXHOoJIoruu, 2025. — 112 ¢. — ISBN 978-5-00032-739-
5. — TekcT : asieKTpoHHBIN // [lTuppoBo o6pasoBaTeabHbIN pecypc IPR SMART :
[caitT]. — URL: https://www.iprbookshop.ru/153130.html

5. MakeeB C.B. HMHpopmaTuka : y4deb6HOe 1ocobme |/ MakeeB C.B,,
Jlormymmranckui  B.A.. — BopoHexX : BOpPOHEXCKUH TOCyZapCTBEeHHBIN
YHUBEPCUTET UH)KEHEePHBIX TeXHOJIOTUH, 2025. — 112 c¢. — ISBN 978-5-00032-739-
5. — TeKcT : 971eKTpOHHBIU // ITudppoBoii o6pasoBaTebHBIN pecypc IPR SMART :
[caiiT]. — URL: https://www.iprbookshop.ru/153130.html

HNHTepHET-pecypcehl:

1. CnpaBounas mpaBoBas cuctema «KoHcynpTant mitoc» https://www.consultant.ru/
2.9bC «YHuBepcurerckas o6mbamoTeka ommaa».  http://biblioclub.ru

147



http://biblioclub.ru/
https://www.iprbookshop.ru/153130.html
https://www.iprbookshop.ru/148248.html
https://www.iprbookshop.ru/157138.html

3. DnexTpoHHO-0MbIMoTeyHas cucreMa [PRsmart . https://www.iprbookshop.ru/

4. Poccuiickas rocynapcTBeHHas oubnuoreka  https://www.rsl.ru/

5. DnekTpoHHO-O0MOIMOTEeYHAs cucTeMa «3HaHUYM»: https://znanium.com/

6. DnekTpoHHO-OnbMoTeuHas cucrema «Jlauby https://e.lanbook.com/

7. OneKTpOHHO-0MOIHOTEeYHAs cucTema «Koncynprant CTYJICHTa»
https://www.studentlibrary.ru/

8. DnekTpoHHO-OMOMMoTeYHast cucrema «HamumonanpHbI 1MGpPOBOH pecypc «PykoHT»
https://lib.rucont.ru/

9. bubnuotexka npodeccuonana Nel https://profspo.ru/

10. Pycckuii s3b1k kak nHOcTpaHHbli PKU https://www.ros-edu.ru/
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