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BBEJEHUE

Ilens ocBOEHUS AMCLUILIIMHBI SBISAETCS OBJIAJCHUE CTYIEHTAaMU OCHOBHBIMHM METOAAMH TEOPUHU
MHTEJUIEKTYaJIbHBIX CUCTEM, MPHOOPETEHNE HABBIKOB 10 MCIIOJIb30BAHUIO MHTEUICKTYaIbHBIX CHUCTEM,
M3Y4YECHHE OCHOBHBIX METOJOB IIPEACTABICHUS 3HAHUI U MOAEIUPOBAHNUS PACCYKICHUN.

3azay OCBOEHHMS AMCLUMILIMHBI — IOMOYb CTYJIEHTaM OBJaJeTh HaBblKAMM W 3HAHUSMHU B
00J1aCTH UCKYCCTBEHHOI'O UHTEJUIEKTa

B pe3ysbTare 0cBOeHUsI AUCUMILIMHBI CTYIEHTbI JOJIKHbI:

3HaTh:

- OCHOBBI IPUMEHEHHS UCKYCCTBEHHOT'O HHTEIUIEKTa B PO eCCHOHATILHOM cdepe;

- METOABl CHCTEMHOI0 IIOAXOJa JUIsl PpELIEHWs IOCTAaBIEHHBIX 33Ja4 C IOMOUIBbIO
MHTEJJIEKTYaJIbHbIX TEXHOJIOTUI;

- BO3MOXXHOCTU IIPUMEHEHUS TEXHOJIOTUH UCKYCCTBEHHOI'O MHTEIIIICKTA;

- 3aKOHOZATEJIbHBIC U MHBIE NTPaBOBbIE aKkThl Poccuiickoi denepanuu, peryaupyoime NpaBoBbIe
OTHOILIEHUS B c(epe UCKYCCTBEHHOTO MHTEIIJIEKTA.

Ymern:

- IPUMEHSTHh HCKYCCTBEHHBIN MHTEIUIEKT B IPOdeCCHOHATBLHOMU cdepe;

- UCIOJIB30BATh METOJIbI CUCTEMHOTO MOJXOa ISl PEIICHUS TIOCTABICHHBIX 33]]a4 C MOMOIIIBIO
HHTCJICKTYAJIbHBIX TCXHOHOFHﬁ;

- MPUMEHATh BO3MOXXHOCTH TEXHOJIOTUH WMCKYCCTBEHHOTO WHTEIUICKTa JUIS  PEIICHHUSI
IIOCTABJICHHBIX 3aJ1a4,

- aHAJM3UPOBATh 3aKOHOJATEIIbHBIC M WHBIC NPaBOBbIE akThl PD, peryiupyromime mnpaBoBbIC
OTHOIIIEHUS B c()epe UCKYCCTBEHHOTO HHTEIIJICKTA.

Baagern:

- TEXHOJIOTUSIMU UCKYCCTBEHHOTO MHTEIJIEKTA;

- ME€TOAaMU CUCTEMHOTI'O IToAXoaa JJIs1 pGIHeHI/Iﬂ ITIOCTABJICHHBIX 3a/1a4 C ITIOMOIIIBHO
MCKYCCTBEHHOT'O MHTEIJIEKTA.



CTPYKTYPA U COAEP)KAHUE TIPAKTUYECKHUX PABOT

JlaGoparopHas paoora 1.
AHaJIU3 COBPEMEHHBIX MPOrPaAMMHBIX cpeAcTB ¢ npuMeHenuem MU

Heap 3anaTus — cPopMUPOBATH TNPEACTABICHHE OO0 COBPEMEHHBIX IPOTPAMMHBIX CPEIICTB C
npumeHenuem M.
3apaum 3aHATHSA:
- U3YYUTH JIMTEPATYPHbIC UICTOYHUKHU U MaTepuaibl U3 cetu VHTepHeT, CBA3aHHbIE C HOPMATUBHO-
MIPaBOBBIMU OCHOBAMHM Pa3BUTHUS UCKYCCTBEHHOTO MHTEIEKTa B Poccuu u mupe;

- MPOAHATU3UPOBATH IPUMEPHI IPUMEHEHHs TexHojoruii I B oOpazoBaTenbHOM chepe.
3agaHus 1Js BHINOJHEHHS M MEeTOAUYECKHEe PEKOMEHIAIMN:
3ananue 1.

W3yuuB nuTepaTypHble HCTOYHUKHU U MaTepHaibl U3 cetu MHTepHeT, 3anonuuTe Tabauiy
«HopMaTnBHO-IIpaBOBBIE OCHOBBI PA3BUTHsI HCKYCCTBEHHOT'O MHTEILIEKTa B Poccum»:

No JokymeHT Hara Cebut | Cpoku Henu u OteerctB | OCcHOB
n/n NPUHATH | Ka Ha | peanu3aluu 3aauu €HHBIC B HBIE
s oKy | (ecmu peanuzal] | MyHKTHI
MEHT | MMEIOTCS) uu

1 «Hammonanbaas
CTpaTerus pa3BUTHA
HCKYCCTBEHHOTO
WHTEIUICKTA Ha TIePHOT
10 2030 roma»

[ NEY

3aganue 2.

[TonroroBeTe co0OIIEHNE (TEKCT U MPE3EHTALUIO) O JIFOOOM U3 IEPEUUCIEHHBIX B Ta0auIle 3aJaHus
1 noxymeHTOB. BybTe roTOBBI pacckas3aTh €ro rpyImie.

3aganue 3.

W3yuuB nuTepaTypHble HCTOYHUKHU U MaTepHajbl U3 ceTu MIHTepHeT, 3al0IHUTE CIIeTyIONIyI0
tabnuny «HopMaTUBHO-TIpaBOBbIE OCHOBBI PAa3BUTHSI HCKYCCTBEHHOT'O MHTEIJIEKTA B MUPE» (IPUBECTH

HE MeHee 7 CTpaH):
Ne Crpana JoxymeHT [Hata Cpoxku peanmsanuu (ecim | Lenn n 3amaun
1/ TIPHHSATHU AMEIOTCS)
1. 1.1.
1.2.
2.
3amanue 4.

N3yuuB nuTeparypHble HICTOYHUKH U MaTepUaibl U3 CETH MIHTEpHET, 3aI0JHUTE CIIETYIOLIYIO
tabmuny «IIpumepsl TexHonoruit MM B moelt npodeccruonanbHoil chepe» (mpuBecTH S- 7 TEXHONIOTHI):

Ne Ha3zBanne Pazpabotunk Bpemst Onucanue IIpumeps! cnoNb30BaHUS
/1 | TEXHOJIOTUHU TEXHOJIOTUH MTOSIBJICHHUS BO3MOJKHOCTEH TEXHOJIOTHU B
TEXHOJIOTUH TEXHOJIOTUH npoecCHOHANBHOI chepe
]
Z
3aganue 5.

[ToaroToBsTEe COOOIICHNE (TEKCT M MPE3EHTAITNIO) O JTI0OOOM U3 MEPEUYHCIICHHBIX B TabmuIle 3aaaHus
4 texHosoruii. byapTe roTOBBI paccka3aTh €ro rpyImie.
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CrenaiiTe BbIBOJI O TIPOJICITAHHON padoTe.
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JlaGoparopHnasi paGora 2
3HaAKOMCTBO ¢ NPUHIUNAMHA GYHKIMOHMPOBAHUSA HCKYCCTBEHHBIX HEHPOHHBIX
ceTell M ¢ sI3pIKOM MporpaMMupoBanusi Python
Hean: paccMOTpeTh MPUHIKIBI (PYHKITMOHUPOBAHUS HCKYCCTBEHHBIX HEHUPOHHBIX
CeTeH 1 TIO3HAKOMHMTHCS C S3BIKOM IporpaMMupoBanus Python.

3aganue:

1. I3yuuTh TEOpETHUUECKOE BBEACHHUE.

2. OTBeTUTHh HA KOHTPOJBHBIE BOMPOCHI, MPUBEACHHBIE B KOHIE J1aOOpaTOPHOM
paboThI.

3. DBbImoaHUTH  MOpakTUYECKHME  3aJaHUd C  UCIOJb30BAaHUEM  S3bIKa
nporpammupoBanus Python.

4. CocTtaBUTh OTYET MO JabOpaTOpHOI padoTe. Tpebosanus Kk omuemy:

OT1uéT mpeaocTaBysieTcsl B SJICKTPOHHOM BHJE B TEKCTOBOM perakTope MS Word.
B oruére ykaspIBaroTCA:

1) ®amunus cryaeHTa.

2) IlopsinkoBbIii HOMEP U Ha3BaHUE JTa0OPaTOPHOU pabOTHI.

3) Llesnb paGoTHI.

4) OTBeTHI Ha KOHTPOJBHBIE BOMPOCHI.

5) Omnucanue pelieHHs BBINOJIHEHHBIX 3aJaHUM  Ja0OpaTOpHOl  paboTHI,
coaepkaiee: a) @GopmynuposKy 3a0aHus, 6) CKPUHUWOM BbINOJHEHHO020 3A0aHUsl,
cooeparcauuti hamunuio cmyoeHma.

3amura jJabopaTOpHOM pabOTHl OCYIIECTBISETCS MO OTYETY, MPEACTABICHHOMY
CTYJIEHTOM M C IEMOHCTpAIIMEH 3aJaHusi Ha KOMIIBIOTEpE.

Teoperuueckoe BBeAeHHUE
1. BBenenue
2. IlpuHIMB QYHKIIMOHUPOBAHUS NCKYCCTBEHHBIX HEHPOHHBIX CETEH

1. BBenenue

KomneroTepsl B 00IIeM CMBICIE — 3TO KaJbKYJSATOPHI, CIIOCOOHBIC BBIMOJIHATH
apupMEeTUUYECKUE OIEpali C OTPOMHON CKOPOCThIO. DTa OCOOEHHOCTH KOMITBIOTEPOB
MO3BOJISIET WM OTJIMYHO CHPAaBIATHCS C 3aJa4aMUd, AaHAJOTMYHBIMU TEM, KOTOpBIE
pEeLIAtOTCs ¢ MOMOIIBI0 KAIBKYJIATOPOB: CYMMHUPOBAHUE YUCEN C LIEJIbIO OMpPEeACICHUS
00BEMOB TpoAaX, NMPUMEHEHHUE NPOIECHTHBIX CTAaBOK I HAYHMCJICHUS HAJOTOB WIIN
MOCTpOoeHUE TpahUKOB HA OCHOBE CYIIECTBYIOIINUX JaHHBIX.

Jla’xxe TPOCMOTp TEJIEBU3MOHHBIX MPOTrPpaMM WM IPOCIYIIMBAHUE MOTOKOBOM
My3bIKH Yepe3 VHTEepHET ¢ MOMOIIbI0 KOMITBIOTEpA HE TPeOyeT 4ero-To OOJIBIIEro, YeM
MHOTOKPAaTHOE BBITIOJIHEHUE TMPOCTHIX apu(PMETHYECKUX omepanuil. PexoHCTpyKius
BUJICOKA/IPA, COCTOSAILIETO CIUIONIb M3 €OUWHHI U HYJEH, KOTOpPbIE IOCTYIAKOT Ha Balll
KOMITBIOTEP IO CETH, TAKXKE€ OCYIIECTBIISICTCS IyTEM BBIMOJHEHUS apU(PMETHUECKUX
NEeWCTBUH, JINIIIL HEHAMHOTO 00JIee CI0KHBIX, YeM CYMMHUPOBAHUE YHCEIL.

Ciio’)xeHue 4uces ¢ TMraHTCKOW CKOPOCTBIO — THICSYU MM MUWJIJIMOHBI ONEpaluii B
CEeKYHJly — OJTO BIeUaTJsAomui >(@eKkT, HO €ero Heab3s Ha3BaTh MPOSBICHUEM
HMCKYCCTBEHHOT'0 MHTEJIJIEKTa. Jlaxke eciii 4eoBEKY TPYAHO CKJIaIbIBaTh B yMe OOJIbIINe
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qucia, JaHHBIHA MpoIiecc BOBCE HE TpeOyeT 0co00ro MHTeIeKTa. J[jist Takux BBIYUCICHUN
JOCTAaTOYHO CIIOCOOHOCTH CIIEIOBaTh 3JEMEHTAapHBIM MHCTPYKIUSAM, M HMEHHO 3TO
IPOUCXOANUT BHYTPHU JTFOOOTO KOMIBIOTEPA.

[TocmoTpeB Ha Kakue-TuOO0 U300pAKEHUS, YEIOBEK MOXKET JIETKO OMPEACIIUTh, YTO
Ha HUX U300pakeHo. MBI ciocOOHBI MPAKTUYECKH MTHOBEHHO U C BBICOKOM TOYHOCTHIO
pacmo3HaBaTh OOBEKTHI, Ha KOTOPbIE HAMpPaBIIsieM CBOM B3IJIS, U MPH 3TOM OYEHb PEIKO
omubdaeMcsl.

KoTunk uTapa KomnbtoTep

B mpouecce aHanuza u300pakeHM W KiaccU(UKAUMU OOBEKTOB HAIl MO3T
oOpabaTbiBaeT OrpoMHbie 00beMbl HH(popManuu. KommbpioTepy ke TPYyIHO peliaTh
10/100HBIE 33/1a4H, & TOUHEE — HEBEPOSTHO TPYJIHO.

Jlerko TpyagHoO

TpyaHo JNlerko

IIpuHuuMnbI QYHKIMOHUPOBAHUS MCKYCCTBEHHBLIX HEMPOHHBIX ceTel

[IpencraBpTe MTPOCTYHO MPOTHOZUPYIOIIYIO MaluHy (TIPEeAUKTOp), KOTOpas
MOJIy4aeT BOIPOC, COBEPIIAECT HEKUU “MBICTUTEIbHBIN MPOILIECC U BbIAAET OTBET. Bce
MPOMCXOAUT MPUMEPHO TaK, KaK B MPUBEACHHOM BBIIIE MPUMEPE C PACMO3HABAHUEM
00pa3oB, B KOTOPOM BXOjHas MH(OpMaIus BOCIPHHUMAIACh HAIIMMU TJIa3aMH, Jajee
Halll MO3T aHAJIM3UPOBAJT U300paKeHUe, MOCIE YeTr0 MBI Jeai BBIBOABl OTHOCUTEIBLHO
TOro, Kakue OOBEKThl UMEIOTCA Ha JAHHOM H300pa)KEHUH. DTO MOXKHO MPEACTaBUTH C
TTOMOIIBIO CIIEAYIOLIEN CXEMBI.




Bonpoc —-—% AHAAU3 ———-? ombem

Ho xommbroTepel HE MOTYyT IO-HACTOAIEMY JyMaTh, MO3TOMY Oyaem
UCITIOJIB30BaTh JIPYTYI0 TEPMHUHOJIOTHIO, OOJ€€ TOYHO COOTBETCTBYIOIIYIO TOMY, YTO
IIPOUCXOJUT HA CAMOM JIETIE.

6602 —--§ oopabona ey A

(pacyem)

KomneroTep mosydyaer BXOIHYI0 HH(POPMAIINIO, BBITOJIHICT HEKOTOPHIE pacueThl U
BBIJIACT pe3yJIbTaT. ITOT NPOIECC CXEMATHYECKHW MPEACTABICH Ha Cleayronen
wuttoctpauuu. Bxoanas undopmanus, 3agaHHas B Buje ‘3x4” , oOpabarbiBaeTCsi C
BO3MOXKHOM 3aMEHOI onepanuyu YMHOKEHHS 00Jiee TPOCTHIMU OTIEpAIUsIMU CIOKECHUS, U
BBIJIAETCS BBIXOJHOM pe3ynbTat “12”.

acyem
6602 ——§ 3 —-—? 601602

3Xx4 4+4+4 12

JIaHHBI TPOCTOM M XOPOLIO 3HAKOMBIM NPUMEP HCMOJb3YyeM [JIl BBEICHUS
NOHATUH, KOTOpbIE Aajiee OyAyT MpUMEHEHBI K 00Jiee CIOKHBIM aCleKTaM HEUPOHHBIX
CETEN.

JHanee ycnoxxHuM 3anauy. [IpencraBpTe, 4TO MaliMHa A0JKHA TTPEoOpPa3OBBIBATH
KWJIOMETPHI B MUJIH.

KuAoMempoi a——% pacyem ——-'? MUuAU

22?

[Ipeanonoxkum, uto Qopmyna, mnpeodpasyromas KAJIOMETPbl B MUJIM, HaM
Heu3BecTHa. Bce, 4To MBI 3HaeM, — 3TO TO, YTO JAHHBIE €IMHULIBI U3MEPEHUSI CBA3AHBI
MEX1y COOOH JIMHEHHOW 3aBUCHUMOCTBIO. OJTO O3HAYaeT, YTO €CIM Mbl YABOUM
KOJIMYECTBO MWJIb, TO KOJUYECTBO KWJIOMETPOB, COOTBETCTBYIOIIEE JAHHOMY
PacCTOSHUIO, TaKXKe yABOUTCA. Takasi 3aBUCHMOCTb BOCIIPUHUMAETCS HAMU UHTYUTHBHO.



CyuiecTBOBaHUE JIMHEHHOTO COOTHOLIEHUS MEXKIAY KHJIOMETPAMM U MUJISIMU J1a€T
HaM KJII0Y K pasrajike (opMyJibl AJisl BbruuciaeHuil. OHa T0JKHA UMETh CIIECAYIOLIUN BU:
MU = Kuiomempuvl * ¢, TIe ¢ — KOHCTaHTA, BEIMYUHY KOTOPOM MBI IIOKA YTO HE 3HAEM.

EnuHCTBEHHBIMU ~ TONIOJIHUTENBHBIMU ~ MOACKa3KaMU HAaM  MOTYT  CIIYXKHUTb
OTJIEJIbHBIE IPUMEPHI MPABUIILHOTO BBIPAKEHUS PACCTOSIHUN B KHJIOMETPAX U MUJISIX. DTH
npuMepsl OyAYT BBICTYIATh KakK Obl B POJIM SKCIIEPUMEHTAIBHBIX JTAHHBIX, OTPAKAIOIINX
VMCTHUHHOE TOJIOKEHNE BELIEH, KOTOPBIE MBI HCIOJIB3YEM JUIsl MPOBEPKU CBOEH HAYYHOU
TEOPHUHU.

0 0
100 62,37

Uto HYXHO cjaenarh JUisi TOrO, 4TOOBI OMPENETUTh HEIOCTAIONIYI0 BEITUYHHY
KOHCTaHThI? JlaBaiiTe MpocTo MmojaAcTaBuM B (HOpMYITy Kakoe-TuOo ciaydyallHOEe 3HA4YCHUE.
Hanpumep, npeamnonoxum, yto ¢=0,5, 1 HOCMOTPUM, YTO IIPU 3TOM MPOU30MUJIET.

MuAu =\
KuAomMempol KUAOMEMPBI X “"‘? MUAU

100 S50

0,5

31echk Mbl OJICTaBIIsIEM B opmyny munu = xunomempst * ¢ 3HaueHue 100 BMecTo
Kuiomempuvl U Tekyuiee npoodHoe 3HadeHue 0,5 BMecTo KOHCTaHTHI ¢. B pe3ynbpTaTe Mbl
nojgy4daeM oTBeT: 50 MuUb.

DTO BOBCE HEIIOXO, €CIHU YUeCTh, YTO 3HaUeHue ¢=0,5 ObuI10 BBIOPAHO CIy4alHBIM
oOpa3zoMm! Ho MbI 3Haem, 4TO OHO HE COBCEM TOYHOE, MOCKOJIbKY IPUMEP 2 UCTHHHOIO
COOTHOIICHHSI TOBOPUT HaM O TOM, YTO MPaBWIbHBIN 0TBeT — 62,137.

Mp1 ommbnucey Ha 12,137. DT0 4HMCIO NpEeACTaBIsET BEIUYMHY OIIMOKU, T.C.
Pa3HOCTh MEXAY WCTUHHBIM 3HAYEHUEM M3 HALIEr0 CIUCKAa NPUMEPOB M PACUETHBIM
3HAYEHUEM.



oumbxa

MCTHHA - pacyer
62,137 - 50
=12,137

1]

MUAU =
Kuaomempol —é KuAomempbl X ‘——?pacuemnue MUAU
0,5

100 50

npabuavhoii ombem

2,137

owudka
12,137

Uro nmanpiie? Mbl 3HaeM, 4TO OLIMOJIMCH, U HAM HM3BECTHA BEJIMYMHA OIIUOKH.
Hcnonb3yem 3Ty MH(POpPMAIIMIO ISl TOTO, YTOOBI MPEMJIOKUTH OoJiee yaaduHoe TpoOHOoe
3HAYEHUE KOHCTAHTHI C, YEM TIEPBOE.

Bepuemcs k ommoOke. Mbl ommbnucs Ha 12,137 B CTOpOHY MEHBIIUX 3HAYCHHM.
Taxk xak ¢dopmyna s mpeoOpa3oBaHUS KUJIOMETPOB B MUJIU JIUHEWHAs, Muiu =
Kuiomempwul * ¢, Mbl 3HAaE€M, 4YTO YBEJIMYEHHE C TMPUBEAET K YBEJIMYCHHUIO
PE3YABTUPYIOILETO 3HAYECHHUS.

JlaBaliTe HEMHOro mnojamnpaBuM C, 3ameHHB 3HadeHue 0,5 3HaueHuem 0,6, u
MOCMOTPUM, K Y€MY 3TO MPUBEET.

[TpunsB mns ¢ 3nayenue 0,6, Mbl moyyaeM MUK = KujiomeTpsl * ¢ = 100 * 0, 6 =

60. D10 yxe nydiie, ueMm npenbiaymuiit otBeT — 50. Tenepb ommOka yMEHbIIWIACH 0
2,137.

MUAL =
KuAoMempui —-—§ KuAomMempol X .——-? pacyemHbie MuAu
0,6

100 e0

npabuavroiiic ombem
2,137

owudka
2,157

31ech BaXKHO TO, YTO BETUYMHA OMIMOKM TMOJACKAa3ajia HaM, B KAKOM HaIlpaBJICHUHU
CJIEyeT OTKOPPEKTHUPOBATHh BEIWYUHY C. MBI XOTENIH yBEIMYUTh BBIXOJHOW PE3yJIbTAT
50, mOATOMY HEMHOTO YBEJIUYUIIH C.
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BmecTo TOro 4ro0bl UCIOJIb30BaTh anreOpy AJid HaAXOXKACHUS TOYHOW BEIMYMHBI
MONPaBKU, HA KOTOPYIO CIIEIYET U3MEHUTh 3HAYEHUE C, Mbl MPOJOJKUM HCIOJIb30BaTh
MOJXO0/1, 3aKJIIOYAIOIINICS B MOCTENEHHOM YTOYHEHUU 3HAYECHUSI STOM KOHCTaHThI. Eciu
BBl HE YBEPEHBI B MPABMIHBHOCTA TaKOTO TOJIXO0JIa M CYUTAETE, YTO OBLIO ObI HAMHOTO
MpoIIE Cpa3y ONPEAECIUTh TOYHBIA OTBET, TO HMMEWTE B BHIY, 4YTO CYLIECTBYET
MHOXECTBO 00Jiee HMHTEPECHBIX 3adad, [JIsi KOTOPhIX HE CYIIECTBYET MPOCTHIX
MaTeMaTH4eCKnX (OPMYJ, CBS3BIBAIOIINX MEXKIy COOOW BXOJHBIE W BBIXOJHBIC
3HaueHus. VIMEHHO MOATOMYy HaM M HYXHBI 0OoJjiee CIIOKHBIE METOABI Hamomoome
HEUPOHHBIX CETEM.

[ToBTOpHMM YK€ 3HAKOMbIE HaMm JelcTBUA. BbixomHou pesynprar 60 Bce ele
CJIIMIIKOM Mail. /[aBaliTe BHOBb HEMHOTO U3MEHUM KOHCTAHTY C, YBEJIUYUB €€ 3HAUCHUE C
0,6 1o 0,7.

MUAU = ,
KuAOMempbl .——% KuAoMemppl X .-——-? pacyemHbie MuAu
0,7

100 70

npabBuabHeti ombem

62,137

owudka
-7,863

JlaHHOE U3MEHEHNE TPUBOAMT K PE3YJIbTATY, IPEBBIILIAIIIEMY IPABUIbHBIA OTBET.
[Ipenpinymas ommbka Obima paBHa 2,137, a Temepp oHa cocTaBiseT -7,683. 3Hak
“MHHYC” TIPOCTO CBHIETEIBCTBYET O TOM, YTO BMECTO HEJOOLEHKA HWCTUHHOIO
pe3yibTaTa MPOM30IUIA €ro IepeoleHKa (BEeJMYMHA OLIMOKUA  ONpeaessieTcs
BBIPKEHHEM: MPABUJIBHOE 3HAYEHWE MUHYC Pacye€THOE 3HAUEHUE).

Urak, ¢=0,6 6but0 Topaszao ayumie, yuem ¢=0,7. Ceituac Mbl MOTJIM OBl MPU3HATH
BENMYMHY OWMOKU npu c¢=0,6 yJOBIETBOPUTEIBLHON M 3aKOHYHMTH ATO YINpPAXKHEHUE.
OpnHako mombpITaEMCS BBECTU OYEHD MAJIYIO MONPABKY M YBEIWYUTH 3HaueHue ¢ ¢ 0,6 1o,
ckaxem, 0,61.

MUAU =
KUAOMemMpbi ——% KuAoMempbl X ‘———? pacHemHbie MUAU
0,61

100 el

npabureroiii ombem

62,137

owudka
1,137
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[Tomywaercst ropa3io Ay4dIIMK pe3ysbTaT, YeM MPEbIAYIIUE, MOCKOIbKY TENeph
BBIXOJIHOE 3Ha4YeHUe 61 oTinMyaeTcsi OT MpaBWIbHOTO 3HadYeHust 62,137 Bcero juib Ha
1,137.

Wrtak, nocnenHsisi MOMbITKa HaydyWsia HAcC TOMY, YTO BEJIMYMHY IIONPABKU K
BEJIMUMHE ¢ HEOOXOAUMO KaXKIbI pa3 OMpenessTh 3aHOBO. Eciu BBIXOAHOW pe3ynbTaT
MPUOIMKACTCS K TIPABUIIBHOMY OTBETY, T.€. €CIIH OIMMOKAa YMEHBIIIAETCS, TO HE CICIYET
OCTaBJISITh BEJIIMYMHY TOMpPAaBKU MpexkHer. Tem cambiM Mbl U30€raeM MEpEeOlCHKU
3HAYCHUS 110 CPABHEHUIO C UCTUHHBIM, KaK 3TO ObLIO paHee.

He wucnonw3ys MNOMCK TOYHBIX CIIOCOOOB OIpPEACICHUS BEIUMYMHBI C U TIO-
npexHeMy (OKyCcHpysh BHHUMaHHUE Ha HJiee €€ IOCTENEHHOr0 YTOYHEHMs, Mbl MOXEM
MIPENOJIOKUTh, YTO TOIMpaBKa JOJDKHA BBIpaXaTbCS HEKOTOPOH JoJiel OMMOKU. DTO
WHTYUTUBHO TMOHSATHO: OOJbIlasi OImMOKa YKa3hlBa€T HAa HEOOXOJAMMOCTb BBEICHUS
OOJIBIIICH MOMpaBKH, TOT/Ia KaK Majasi OlMOKa HY>K/1aeTCsl B HE3HAYUTEIHHOU MOMPABKE.

Bech onmcannblii nmporecc paboThl B TOYHOCTH MEPEAAET CYTh Mpolecca 00ydeHus
HEHPOHHOHU ceTH. Mbl TPEHHPOBAIU MAIlIMHY TaK, YTOOBI €€ MpeCKa3aHusl CTAHOBUIKCH
Bce OoJiee u 00Jiee TOUYHBIMHU.

Bui6oout

* YV MHOTUX KOMIIBIOTEPHBIX CHUCTEM HUMEIOTCS KaHajbl BBOJA U BBIBOJA, MEXKIY
KOTOPBIMH HaJl JAHHBIMU BBITIOJHSAIOTCS HEKOTOPBIE BhIUMCICHUS. B ciiyyae HEHpOHHBIX
CETEell UMEET MECTO OBITh JIpyrasi CTpPYKTypa paOOThl.

* Ecnu TouHble mNpUHLIMNB (DYHKIMOHUPOBAHUS KAKOW-IMOO CHUCTEMBI Ham
HEU3BECTHBI, TO MBI MBITAEMCSl TOJYYUTh MPEJCTaBICHUE O TOM, Kak OHa paboTaer,
UCIIOJIB3YsI MOJIEJb C peryaupyeMbiMud TapameTpamu. Eciam Obl MBI HE 3HamM, Kak
npeo0pa3oBaTh KUJIOMETPhl B MWJIH, TO MOTJIM OBl HMCHOJB30BaTh JUISI ATOM IIEJH
JUHENHYI0 QYHKIHUIO B KaY€CTBE MOJENU C PETYIUPYEMBIM HAKJIOHOM.

* Hemnoxum cmocoOoM ynydmieHuss MOAOOHBIX MOJENICH SBISETCS HAacTpoHKa
apaMeTpoB HA OCHOBAHMM CPABHEHUS PE3yJIbTATOB MOJIEIU C TOUHBIMU PE3yJIbTaTaMU B
W3BECTHBIX IpUMEpax.

IIpakTUyeckue 3a1aHUs
1. 3uakomctBO ¢ Jupyter Notebook
2. Hauano pa6otsl ¢ Python
3. MHOroKkpaTHOE BHITIOJTHEHUE KOMaH]
4. Co3naHne KOMMEHTAPHUEB

1. 3nakomctBO ¢ Jupyter Notebook

3amycTuB MHTEpaKTUBHYIO 000J0uky Jupyter Notebook (bioknort), menkaute Ha
KkHOMKe New y mpaBoro Kpasi OKHa, BbIOEpHUTE B OTKphIBIIEMCS MeHIO myHKT Folder, B
HA3BaHUU TANKWA YKAXKUTE CBOK (paMWIMI0. 3aTeM TEeperauTe B CO3JaHHYIO MArkKy,
IIEJKHUTE Ha KHOITKe New y IpaBoro kKpasi okHa u Beioepute Python 3, uro npusener
OTKPBITHIO ITyCTOTO OJI0KHOTA.
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C @ localhost:8888/trae/SA = % 0O .

" Jupyter ut | Logout

Files Running Clusters
Select items to perform actions on them. Upload || New = | &

(Jo |~ mm/ SAl Name e

Python 3
o. Heckon

dJ Untitled.ipynb Runnit  Taxt File 5B

Folder

Terminal

BIIOKHOT MHTEpaKTUBEH, T.€. OKMUIAET BBOJA KOMAH]Ibl, BHIBOAUT OTBET U BHOBB
IIEPEXOJIUT B COCTOSIHUE OKUIAHUSA CIEAYIONIEH KOMAH/bI UM BOIIPOCA.

[Ipu pemieHun 3agayd Aake CPeIHEN CIOMKHOCTH UMEET CMBICI pa3dMuBaTh UX Ha
gacTu. Tak Jierde CTpyKTypHpOBaTh JIOTMKY 3a/add, a €CJIM YTO-TO IOMIET HE Tak,
0COOCHHO B OOJIBIIOM MPOEKTE, BaM OYyAeT MpolLIe HAWTU Ty €ro 4acTh, B KOTOPOH
npousonuia omubka. B tepmunonorun [Python takue yactu HasbiBaloTCAd sYeHKaMHU
(cells). B moka3aHHOM BbIlie OJNOKHOTE SYCHKa ITyCTa, W Bbl, HABEPHOE, 3aMETHIIH
MEPLAIIINN Kypcop, KOTOPBIN MPUIJIAIIAET BaC BBECTH B HEE KaKyl0-HUOYIb KOMaHY.

JlaBaiiTe NpPUKa)KEM KOMIIBIOTEPY YTO-TO cAenarb. Hampumep, mompocum ero
NEPEMHOKUTDH JIBA YUCIA, CKaKEM, YMHOXUTh 2 Ha 3. BBenure B SUEUKy TEKCT «2*3»
(KaBBIUKM BBOAUTH HE CIEAYET) U IICIKHUTE Ha KHomKe run cell (BBIMOTHUTE sSYEHKY),
HallOMHAHAIOIIEH KHOIIKY BOCIPOM3BEIEHUA B mpourpsiBarene. KommbproTep AOMKEH
OBICTPO BBIIIOJIHUTh KOMAaHAy U BEPHYTh CIAEAYIOIINUNA pe3ybTarT.

’ Ju pyter Untitled Last Checkpoint: 36 musyT Hasan (unsaved changes) ? Logout
File Edit View Insert Cell Kemel Widgets Help Trusted ‘ Python3 O

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

In [1]: 2*3

Out[1]: 6

Kak Buaurte, KOMNBIOTEP BbLAAN NPABWIBHBIA pe3ynbTaT: «6». TONBKO YTO MBI
IIPENOCTABUIIM KOMIIBIOTEPY Hally NEPBYK0 MHCTPYKLIHMIO W YCIEIIHO IOJXYYWIH
KOPPEKTHBIN OTBET. ITO ObLIa Hallla TIepBasi KOMITbIOTEPHAs MporpaMmmal

He oGparaiite Buumanus Ha Hagamucu «In [1]» u «Out[l]’, kotopeiMu B IPython
MOMEYAIOTCS MHCTPYKLMS U OTBEeT. Tak 000JI0uKa HAlIOMHUHAET O TOM, YTO UMEHHO BbI
npocuiiu caenarh (input) u 4To BB Tojlydaete B OTBeT (output). Umcrma B ckoOkax
YKa3bIBAIOT Ha MOCJIEIOBATEILHOCTD BOIIPOCOB U OTBETOB, YTO BeCbMa YJ00HO, KOT/a BbI
TO U JI€JI0 BHOCHUTE B KOJI UCIIPABJIICHUS M 3aHOBO BBIIOIHAETE UHCTPYKLIMH.

2. HayaJjio padorsl ¢ Python

[epeiimute k crenyromei sueiike «In []», BBeauTe mpencTaBieHHBIA HIKE KOA U
BBITIOJTHATE €T0, IICTKHYB Ha KHOTKE 3aIycka. B OTHOINICHUN MHCTPYKIIUN, 3aITMCaHHBIX
Ha KOMIIBIOTEPHOM SI3BIKE, ITUPOKO MPHMEHSETCS TEPMHH Koi. BmecTo miemdyka Ha
KHOIIKE 3aIlyCKa KOJla MOXETE€ BOCIOJIb30BaThCsi KomOuHanmen knaBum <Ctrl+Enter>,
€CJIM BaM 3TOT crocob 6omee yao0eH.

print("Hello, World!")

B oTBeT KOMIBIOTED TOJKEH TPOCTO BhIBECTH B OKHE (hpasy «Hello, World!»
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In [2]: |print("Hello, World!")
Hello, World!

BBoa uncTpykInu, npeanuceiBaromeid Beiog gpassl «Hello, World!», He npusen
K YJQJICHUIO TIPEIbIIyIIeH sTUeHKH C COIEeP KAIUMUCS B HEH COOCTBEHHOM MHCTPYKIUEH
Y COOCTBEHHBIM BBIBOJIOM. DTO CPEJACTBO OKA3bIBAETCSI OUYEHD MOJIE3HBIM IPU MMOATAITHOM
CO3/IAaHUU PELICHUHN U3 HECKOJIIBKUX YACTEU.

[TocMOTpUM, 4YTO MNPOM3OMIET MPU BBHINOJHEHUU CIEIYIOUIETO KOAa, KOTOPbIN
JEMOHCTPUPYET OJIHY KIIOYEBYIO HJIel0. BBeauTe W BBINOJIHUTE 3TOT KOJ B HOBOM
sueiike. Ecnu HOBast mycTasi siueiika He OTOOpa)kaeTcs B OKHE, IICJIKHUTE Ha KHOIKE C
U300pKEHUEM 3HaKa «IUTIOCY», TIOC]e HaBEACHUS Ha KOTOPYIO YKas3aTelsl MBIIIH
BbICBeunBaeTca nojckaska Insert Cell Below (BcTaBuTh siueiiky cHU3Y).

x=10

print(x)

print(x+5)

y =x+7

print(y)

print (2)

[TepBas cTpoka, x = 10, BEINISAUT KaK MaTeMaTU4eCKasl 3aliCh, YTBEPKAAIOIIAS,
yTo X paBHO 10. B Python 3T0 03Hauaer, 4To B BUPTyaibHOE XPAHWIMIIE TI0/I HA3BAaHUEM
X 3aHOocuTcs 3HaueHue 10.

3naueHue «l0» ocrtaeTcs B XpaHWIIHILE IO TEX MOp, MOKA B HEM HE BO3HUKHET
HeoOxomumocTb. MHCTpykiust print (X), ¢ KOTOPOW BBl YK€ CTaJIKWBAIUCH, BBIBOJUT
uHdopmaruu Ha 3kpaH. OHa BBIJACT XpaHsIieecs B X 3HaueHue, kotopoe pasHo 10. Ho
nouemy Oyzner BwiBeaeHo «10», a He «x»? Ilotomy uro Python Bcerma crapaercs
BBIYHCIIUTH BCE, YTO TOJBKO MOKHO, & X MOKHO BBIYMCIUTH M TOJY4YUTh 3HaueHue 10,
KOTOpO€ M BBIBOAUTCS. B cieayromieil cTpoke, KOTopas COACPKUT MHCTPYKLHUIO print
(x+5), BbIuKcCIAETCA BhIpaXEHUE X+5, MPUBOAsIIEe B KOHEYHOM cueTe K 3HaueHuto 10+5,
iy 15. [TosToMy MBI OKHIaeM, YTO Ha IKpaH OyJI€T BBIBEACHO «15».

Crnenyroliasi CTpoka ¢ MHCTPYKIMEN y=x+7 TakXe J0JKHA ObITh MOHATHOMU, €Clu
BCIIOMHUTH, 4TO Python cTpeMuTCsl BBIOJHUTH BCE BO3MOXHBIE BhIYHMCIICHUS. B aTOM
WHCTPYKIIMM MBI TPEANUCHIBAEM COXPAHUTh 3HAYEHHWE B HOBOM XPaHWIHUILE, KOTOPOE
TeNeph Ha3bIBA€TCS y, HO MPU 3TOM BO3HUKAET BOMPOC, & KAKOE MMEHHO 3HAYEHHE MBI
XOTUM COXpaHUTh? B MHCTpyKIMM yKa3aHO BbIpakeHue x+7, kotopoe paBHo 10+7, T.e.
17. Takum oOpa3oM, UMEHHO 3TO 3HAaUeHHE U OyJIET COXpaHEHO B y, M CIeAylouas
WHCTPYKITUS BBIBEJIET €T0 Ha DKPaH.

A d9TO TMPOM3OHIET CO CTPOKOHM print (z), ec’aM Mbl HE Ha3HAYMIN Z HUKAKOTO
3HAa4YEHUsI, KaKk 3TO ObUIO CAENaHo B ciiydae X U y? Mbl noimyuuM coolrienue 06 ommoke,
uHQOpPMUpYIOIIEe O HEKOPPEKTHOCTU MPEANPUHUMACMBIX JCUCTBUI M THITAIOIICECS
OBITh MAKCUMAJILHO TMOJIE3HBIM, YTOOBI MOXKHO OBLIIO YCTpaHUTh OMIMOKY. Coob1ieHus: 00
OlIMOKaxX HE BCErja YCHEIIHO CIpPABISIIOTCA CO CBOEH 3ajaueld — OKas3aTh IMOMOIIb
MOJIb30BATENIO (MIPUYEM STOT HENOCTAaTOK XapakTepeH Juisi OOJIBIIMHCTBA S3BIKOB
POrpaMMUPOBAHMUS).

Pe3ynbTaThl BBINOJHEHHUS OIMMCAHHOTO KOJa, BKJIOYas cooOlieHue o0 ommoke
«name V is not defined» (ums ‘zZ’ He ompeAesneHo), MOXKHO YBHJAECTh Ha CIEAYIOIICH
WJUTIOCTPALIUH.
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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-e80d55263555> in
4y = x+7
5 print(y)
----» 6 print (z)

NameError: name "z' is not defined

BrlmeynoMsHyTble XpaHWIUIIA, 0003HAUYEHHBIE KaK X U Y, U UCIOJIb3yeMbIE IS
XpaHeHus: Takux 3HaueHW#, kak 10 wm 17, Ha3pBaloT mNepeMeHHBIMH. B s3bIKax
IPOrpaMMHUPOBAHMS MEPEMEHHBIE MCIOJIB3YIOTCS JJIA CO3J1aHusl 000O0IIEHHBIX HAaOOPOB
UHCTPYKIIMI 10 aHAJIOTMM C TEeM, KaK MaTEeMaTUKH MCIOJb3YIOT alreOpanyecKue
CUMBOJIBI HAITOJ00ME «X» U «y» ISl POPMYIHPOBKH YTBEPKACHHUIN OOIIEro Xapakrepa.

3. MHOrOKpaTHOE BbINOJHEHHE KOMAH/L

KoMmbroTepsl OAXOAAT JUIsl MHOIOKPATHOTI'O BBINOJIHEHHS OJHOTHUIIHBIX 33J1a4 —
OHU HE PA3MBILULIIOT U MPOU3BOJAAT BBIUMCICHUS HAMHOIO OBICTpEE, YeM 3TO yJAeTcCs
JIeNaTh JIFOISM C IIOMOIIBIO KAJIBKYJISTOPOB.

ITocMOTpHM, Kak BBIBECTM KBaJpaThbl MEPBBIX JECATH HATypaJbHBIX YHCEIL,
HauuHasg ¢ HyJa: 0 B kBajgpate, 1 B kBaapare, 2 B KkBaApare U T.4. B pe3ynbraTe n0mKeH
MOJYy4UThCS cneayromuit psg uucen: 0, 1,4, 9, 16, 25 u T.4.

Mp1 MOrau Obl CAMOCTOSATENBLHO TIPOU3BECTH BCE 3TH BBIUMCIIEHUS, & 3aTEM MTPOCTO
UCIOJIb30BaTh MHCTPYKIMU BbiBoAa print (0), print (1), print (4) u T.1. 10 cpaboTaet, HO
BEJlb Hallla 1IeJIb 3aKJII0YAeTCs] B TOM, YTOOBI BCIO BBIUMCIUTENBHYIO padOTy BMECTO HAC
BBITIOTHUJI KOMITbIOTep. Takke HaM HEOOXOAMMO CO3/1aTh THUIOBOW HA0Op MHCTPYKIIUM,
MO3BOJISIONIMI BBIBOJAMTH KBaJpaThl YHMCEN B JIIOOOM 3aJaHHOM AuanaszoHe. Jlus 3Toro
HY’KHO CHayaja pacCMOTPETh HECKOJBKO HOBBIX OCOOCHHOCTEHM pabOThl TaHHOTO SI3bIKa
IPOrpaMMUPOBAHMUS.

Beenure B ouepeHyo MyCTyI0 SYEUKY CIEAYIOIIUN KOI:

list( range(10) )

B urore noxyyaercs cnucok u3 necartu yucen ot 0 1o 9.

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

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

In [ ]: |

Cnucok coaepxut uuciaa oTr 0 1o 9, a He or 1 ngo 10. D10 He ciyyailHoO.
Komnbrotepuslii criucok HaunHaercst ¢ 1, a He ¢ 0. YnopsioueHHbIE CIHUCKH IITUPOKO
UCTIONB3YIOTCSI B KaueCTBE CUETYMKOB IMPH MHOTOKPATHOM BBIIIOJIHEHUH HEKOTOPBIX
BBIUMCJIEHUH U, B YaCTHOCTH, KOTJIa UCIOJIb3YOTCSI UTEpATUBHBIEC (DYHKIIUU.

B nanHOM ciiydyae Mbl ONYCTHJIM KJIFOYEBOE CIIOBO print, KOTOPOE HCIIOJIb30BAIU
npu BeiBoAe ¢pa3el «Hello, World!». Mcnonbs3oBanue kiaroueBoro ciioBa print He
ABIIsIETCS 00s3aTenbHBIM Tpu paboTe ¢ Python B MHTEpakTMBHOM peXuUME, MOCKOJIbKY
000JI0YKa 3HAET, YTO Mbl XOTUM YBUJIETh PE3yJIbTAT BBEICHHOM NHCTPYKIIUU.
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PacnipocTpaHeHHBIM CIIOCOOOM MHOTOKPATHOTO BBIMOJHEHUS BBIUMCICHUN C
MIOMOIIBI0 KOMITBIOTEpA SIBIIIETCS HCIIOIb30BAaHUE TAaK HAa3bIBA€MbIX LIUKIOB. CIOBO
«UMKI» TPaBUIBHO TNEPEAAeT CYTh MNPOUCXOIAIIEr0, KOrga HEKOTOpbIE JEHCTBUSA
MOBTOPSIIOTCS. CHOBA M CHOBa, BO3MOKHO, Ja)ke OECKOHEUYHOE 4YHucio pa3. BmecTto Toro
9YTOOBI MPUBOAUTH (POPMATBHOE OMPECNICHUE IMKIIA, TOpa3 o MOJe3HEE PacCMOTPETh
KOHKPETHBIN IPOCTOM IpUMEp. BBeauTE 1 BBIITOIHUTE B HOBOU SYEUKE CIEAYIOIUN KOI.

for n in range(10):

print(n)
pass

print(“roroso"

3/ech UMEIOTCA TPU HOBBIX AJIEMEHTA, KOTOPhIE MBI MOCIEIOBATENILHO pazdepeM.
[lepBas ctpoka comepkut Boipakenue range (10), ¢ KOTOpbIM BBl YK€ 3HAKOMBL. OHO
co3gaeT cnucok uucen ot 0 10 9.

Konctpykius for n in — 3TO TOT 3J€MEHT, KOTOPBIA CO3/1Aa€T IIUKI U 3aCTaBIISET
BBINIOJIHATh HEKOTOPBIE NEUCTBHS IJIs KaKJIOTO YMCIIA U3 CHUCKA, OPraHu3ys CUETUUK
yTeM Ha3HAYEHUsA TEKYIIEro 3HAaYeHus MepeMeHHoW n. PaHee Mbl yxke o0Cyknanu
IIPUCBAaMBAHKUE 3HAYCHHI MMEPEMEHHBIM, U 31€Ch MPOUCXOTUT TO KE CAMOE: MPU MEPBOM
IIPOXO/I€ LIMKJIA BBINOJHAETCA NMpucBanBaHue n=0, a IpH NOCIEAYIOMNUX — IPUCBANBAHUE
n=1, n=2 u Tak 70 T€X MOp, ITOKa Mbl HE JOMIEM JI0 TOCIEAHETO JIEMEHTA CIHUCKA, I
KOTOPOro OyJIeT BBINOJHEHO NpHUCBauBaHUE N=9.

CMbICT MHCTPYKIMU print (n) B ClenyOLEHd CTPOKE, KOTOpas MPOCTO BBIBOAUT
TeKyllee 3HAYCHHUE N, YK€ JOJKEH ObITh MOHATEH U 3HaKoM. Ho oOpatuTe BHMMaHue Ha
oTctyn mepea TekctoM print (n). B Python orctynsr urpart BaxkHYIO pojib, TOCKOJIBKY
HAMEPEHHO WCIONB3YIOTCA JJIS TOTO, 4YTOOBI TMOKa3aTh MOJYMHEHHOCTh OJHUX
WHCTPYKIHI JPYTUM, B JAHHOM CIIy4yae LMKy, CO3JaHHOMY C MOMOIIbI0 KOHCTPYKIIUU
for n in. MHCcTpyKImMs pass CUTHAIM3UPYET O KOHIIE IMKJIA, W CIEAyIomas CTpOKa,
3aMyrcaHHasl C UCIOJIb30BAHUEM OOBIYHOTO OTCTYyTMa, HE SIBIAETCS YacThiO HUKIA. ITO
O3HAYaeT, YTO Mbl 0XKMJAEM, UTO CIIOBO «TOTOBO» OYJET BBIBEJEHO TOJBKO OJHMH pas3, a
He AecaTh. [IpencraBneHHblil HIKE pe3ynbTaT MOATBEPKAAET HAIU OKUJAHUS.

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

T R ST R TTI SRy,

I:DTDEG
n[ ]

Teneps MOMKHO OBITH MOHSATHO, YTO I MOJYYCHHS KBAJAPATOB YKMCET CIEAYCT
BBIBOJMTH Ha 3KpaH 3HaYeHHs n* n. B IeHCTBUTEIBHOCTH MBI MOKEM MOCTYIIHUTH CIIE
JydIiie ¥ BBIBOAWUTH (ppassl Hamojobue «KBaapar uucia 3 paBeH 9». 3amersbTe, uTO B
UHCTPYKIMH TIEPEMEHHBIC HE 3aKJIF0YAIOTCS B KABBIUKU M [TOITOMY BBIYHMCIISIFOTCS.

for n in range(10):

print("kBagpat uucna”, n, “pasen”, N*n)
pass
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print("roToB0")
Pesynbrar mpuBeneH HIKE.

In [18]: for n in range(1e):
print(“keagpaTt uncna”, n, "pasen”, n*n)
pass

print("roTosc")

KBagpaT 4ucna @ pased @
KBafgpaT 4ncna 1 paeeH 1
KBagpaTt 4ucna 2 paeeH 4
KBagpaT Yucna 3 paeeH 9
KBagpaT 4ncna 4 paeen 16
KBagpaT 4ucna 5 paBeH 25
KBafgpaT 4ncna 6 paBeH 36
KBagpat 4ucna 7 paeed 48
KBagpaT 4ucna 8 paeeH 64
KBagpaT Yncna 9 paeen 81
roToBO

In[ 1:
ToyHO Tak XK€ MOXKHO YBCINYUTDL YHCIIO I/ITepaHI/Iﬁ A0 IIATUACCATU HUJIN TBICAYHN C

nomoiblo BbipakeHuit range (50) wim range (1000). IlompoOyiiTe caenatb 3TO
CaMOCTOSATEIBHO.

4. Co3iaHne KOMMEHTApPHEB

PaccmotpuM, kak 3amate koMmMeHTapuu B Python. HaGepure npuBeneHHbI HUXKe
IPOCTOM KOJI.

# crieqyroniasi MHCTPYKIMS BBIBOJUT KyO uuciia 2

print(2**3)

IlepBasg cTpoka HauMHaeTcs ¢ cUMBOJa pemietku (#). Python urnopupyer Bce
CTPOKH, HayMHAIOIIKECd ¢ 3TOro cuMBoia. OJIHAKO 3TU CTPOKH HE OECMONE3HBbI: C MX
MOMOILIBI0 MBI MOKEM OCTaBJIATh B KOJI€ IMOJIE3HbIE KOMMEHTapUH, KOTOpPbIE MOMOTYT
MOHSATH €ro NMpPeHa3HAYCHHUE IPYTUM JIFOASIM WM JaKe HaM CaMUM, €CIIM Mbl 00paTuMcs
K HEMY II0CJIE JJOJITOTO IepephIBa.

In [19]: # caedyiwas uHcmpykyus BwBodum ky® 4ucag 2
print(2**3)

8

In [ 1: |

KonTpoJsbHbIe BONPOCHI

1. B yem 3aknro4aroTcss 0COOEHHOCTH BBIYMCIUTEIBHBIX ONEpalui, BHITOIHIEMbIX
KOMITBIOTEPOM?

2. KpaTtko onuimTe NpyUHIUIB PYHKIIMOHUPOBAHUS MUCKYCCTBEHHBIX HEUPOHHBIX
CETEHN.

3. C nmoMouibl0 Kakoil KOMaHJIbl MOKHO BBIBECTH Ha meuaTh Bamry damunuio Ha
s3pike Python?

4. Kak BoiBecTH criricok uncen ot 0 1o 20 Ha s3bike Python?

5. Kak 3amaroTcss KOMMEeHTapuu Ha si3bike Python?
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JlabopaTopHnasi pabdora 3
IpuHnune! K1accugpukanuu 00pa3oB ¢ NOMOLIbIO HCKYCCTBEHHbIX
HelpOHHBIX ceTeil. DyHKIMHU, MACCUBBI 1 00beKTHI B Python.
Heab: U3yunTh NpUHIMINBI KJIacCU(UKALUKA 00pa30B C MOMOIBIO HCKYCCTBEHHBIX
HEWPOHHBIX CeTeH U pacCMOTPETh (YHKIIUH, MacCUBBI M 00BEKTHI B Python.

3ananue:

1. I3yunTh TEOpETHUUECKOE BBEACHHUE.

2. OtTBeTHTh HAa KOHTPOJIBHBIE BONPOCHI, TPUBEJACHHBIE B KOHIIC
nabopaTopHOM PabOTHI.

3. BBIMOTHUTH MNpakTUYECKUE 3aJaHUsl C HUCIOJb30BaHUEM  SI3bIKA
nporpamMMmupoBanus Python.

4. CocTaBUTh OTYET MO JJabopaTopHOU pabote. Tpebosanus k omyemy:

OTUeT MPEeIOCTaBIsACTCS B DJICKTPOHHOM BHE B TEKCTOBOM penakrope MSWord. B
OTUYCTE YKa3bIBAIOTCS:

1) daMuus CTyICHTA.

2) TTopsiikoBBIN HOMEP U Ha3BaHHUE J1TaOOPATOPHOH pabOTHI.

3) Llenb paboTHI.

4) OTBETHI HA KOHTPOJIBHBIC BOTIPOCHI.

5) Omnwmcanue perieHus BHIOJHCHHBIX 3aaHUi JIAOOPaTOpHON PabOTHI,
cojiepiKalliee: a) hopmyauposKy 3a0anusi; 8) CKPUHUWOM 8bINOJIHEHHO20 3A0aHUS,
cooeparcauuti pamuiuio cmyoeHma.

3amuTa J1a00paTopHON pabOThl OCYIIECTBISIETCS MO OTYETY, MPEICTABICHHOMY
CTYACHTOM M C JEMOHCTpallie 3aaHusl Ha KOMITBIOTEPE.
Teopernueckoe BBeieHUE
1. 3amaya knaccuuKaIKy ¢ MOMOIIBIO HCKYCCTBEHHBIX HEUPOHHBIX CETEH
2. TpenupoBKa MpocToro kiaccupukaropa
3agaya KiIaccupuKanMu ¢ MOMOIIBI0O MCKYCCTBEHHBIX HEHPOHHBIX ceTeH

B mpomoit  nmabopatopHoil paboTeé B TEOPETUYECKOM YacTH MBI OINHKCAIHU
(GYHKIMOHUPOBAHUE MPOCTOM MPOTHO3MpYIONeH MamuHbl. OHa TOJy4aeT BXOJHBIC
JTAHHBIC W JIETIAET OMpPEIENICHHBIN MPOTHO3 OTHOCUTEIHHO TOTO, KAKUMHU JOJKHBI OBITH
BBIXOJHBIE JaHHbIE. MBI ylaydlllaJiMi MPOTHO3bI, PETYyJIUPYys BHYTPEHHUW IapameTp Ha
OCHOBAHWHU BEJIUYMHBI OMMOKH, KOTOPYIO OINPEEsiif, CpaBHUBAsI IPOTHO3 C U3BECTHHIM

TOYHBIM 3HAYCHHUEM.
Jlanee Ha mpPOCTOM IpUMEpPE PACCMOTPUM 3a4avy KJIACCH(PUKAINMU C TOMOIIBIO
VCKYCCTBEHHBIX HEHPOHHBIX CETEM.

[IpuBenem nuarpamMmy, NPEACTABIIIONIYI0 PpE3yJIbTaThl HW3MEPEHHs pa3MepoB
CaJJOBBIX KYKOB.
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AAuHA u wupuHa cadoboix xyko

CCCCC C
C doxbu kopoBku

dAUHA

2yceHuup!

CC
C
%C

WuUpuHa

Ha nuarpamme oT4€TIIMBO BUAHBI JBE IPYIIIbI JAHHBIX. | YCEHUUBI Vorce U JUIMHHEE,
a 0OXbM KOPOBKHM IIHMpe M Kopoue. OOpatumcs K MPOTHO3UPYIONICH MallIMHE WU
NPEAUKTOPY, NPUHUUINBI (YHKIIMOHUPOBAHUS KOTOPOTO MBI PacCMOTpPENd B
npenpiayiei padore. B oCHOBY 3TOro mpenukTopa ObUIaNoNIoKeHa HacTpanBaeMas
auHenHas Qynknusa. ['paduk 3aBHCUMOCTH BBIXOJHBIX 3HAUCHUN JIMHEWHOMN
GyHKIMM OT €€ BXOAHBIX 3HAYCHHWM TMPEACTAaBISIET COOOW TPSIMYIO JIUHUIO.
WN3MeHeHne HacTpaMBaeMoOro napaMmeTpa ¢ NOPUBOAUT K HM3MEHEHUIO KPYTU3HBI
HAKJIOHA 3TOU MPSIMOM JIMHUM.

YTO MOIy4duTCsi, €CJIM Mbl HAJIO)KUM Ha 3TOT rpaduk mpsMyro JIMHUIO?

AAuHa u wiupuHa cadoBoix xykob

dAUHA

PA3DEAUMEADHAS AUHUS C

C

% C

C
C

wupuHa

MpbI He MOXKEM HKCIOJIb30BaTh MPSIMYIO JIMHUIO TOYHO TaK ke, KaK paHblle, Kormaa
peo0pa3oBhIBATIM OHO YHCIO (KWJIOMETPBI) B JApyroe (MMIv), HO,
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BO3MO)XHO, B JJaHHOM CJlydae HaM YAAcTCi OTIEIUTh C €€ IMOMOIIBI0 OJUH THII
JaHHBIX OT IPYroro.

Eciu O6p1 Ha moka3aHHOM BbIlIE TpaduKe MpsMas JUHHUS OTAeNsIa TYCEHHI] OT
00KBHX KOPOBOK, TO MBI MOTJH OBl BOCIIOJI30BAThCA €10 I KiacCU(PHUKAIIH
HEU3BECTHBIX JKYKOB, MCXOAS M3 pe3ylbTaTOB M3MepeHuil. OaHaKo HMEronasics
JMHUS HE COpPABJISIETCS ¢ 3TOM 3aJadyeid, MOCKOJbKY IOJOBUHA T'YCEHHI] HAXOIUTCS
0 Ty K€ CTOPOHY JIMHUHU, YTO U OOXKbU KOPOBKHU.

JlaBaiiTe mpoBeaeM IpYryro JIMHUIO, U3MEHUB HAKJIOH, U IIOCMOTPUM, YTO IIPHU ITOM
IIPOU30MIET.

AAuHa u wupuHa cadoBoix xykob

dAuUHa

C

C

CC
pasac/\umz;aa AUHUS C

C

wupuHa

Ha »stOoT pa3 nuHUA oOKa3amach €IIe MEHee IT0JIe3HOM, TOCKOIBKY BOOOIEe HE
OT/ACJISIET OJIUH BUJ )KYKOB OT Jipyroro. Cjenaem eie oJIuH 3aXO0/I.

AAuHa u wupura cadoBoix xykob

JAUHA

\
PA30EAUMEALHAS AUHUS

WL(PMH&
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Bot sT0 apyroe neno! JIMHHS OTYETIMBO OTACNSET TYCEHHI] OT OOXBUX KOPOBOK.
Temepb MbI MOKEM HCIIOJIH30BATh €€ B KAUECTBE KiIacCH(UKATOPa KYKOB.

Mps1 mpenmnosiaraeM, 9To HE CYMIECTBYET HUKAKUX JPYTUX BUAOB JKYKOB,KpOME TEX,
KOTOpBIC TOKa3aHbl HA JauWarpaMMe, HO Ha JaHHOM JTale d3TO HE SBISCTCS
HEJOCTAaTKOM TMOAX0/Ja — MbI NBITAEMCS NPOWUIIOCTPHPOBATH CYTh HEH
MPOCTOro KjaaccupukaTopa.

A Temeph MpECTaBbTE, UTO B CISAYIONIUI pa3 Halll KOMITBIOTEP MCIOIB3YET poOoTa
JUISL TOTO, YTOOBI TOT OTOOpan OYEPEAHOTO >KyKa M BBITIOJHUI HEOOXOIMMBIC
3aMepbl. Toraa moJydeHHYIO JTUHUI0 MOXKHO OYIET MCIOIb30BaTh JIJIsi KOPPEKTHOTO
OTHECCHHMS )KyKa K CEMEHCTBY I'yCEHUI] I CEMEUCTBY OOKBbHX KOPOBOK.

B3rnsayB Ha ciemyromuii rpadyK, Bl YBUAUTE, YTO HEM3BECTHBIN KYK OTHOCHUTCS K
CEMEHCTBY TYCEHHMII, TIOCKOJIbKY TIOmaaaeT B obimacTh Haa JuHHEeH. HecMmoTps Ha
CBOIO TIPOCTOTY, OTa KiacCU(UKAIUSI YXKe SBISICTCS JIOBOJHHO MOIIHBIM
UHCTPYMEHTOM.

Kaaccugpukayus HeusbecmHozo xyka

HeusBecmuoiit xyk

N
C

OAUHA

WUPUHA

Takum oOpa3oM MbI YOEIMIUCh B TOM, HACKOJIBKO TIOJE3HBIMH MOTYT OBITh
NPEAUKTOPHI C JUMHEHHOM (yHKIMEl B KadecTBE HHCTPyMEHTa Kiaccu(uKaIuu
BHOBB MOCTYTAIOIINX JTaHHBIX.

OpnHako Mbl OOOLLIM BHUMaHHUEM OJUH CYIIECTBEHHBIM MoMeHT. Kak Ham y3HATh,
KaKoU HaKIOH NPAMOUL a61semcs nooxooawum? Kak yaydmmiTs TUHUIO, €CIIA OHA HE
paszzenser A0KHBIM 00pa3oM JBE pa3HOBUIHOCTH KYKOB?

OTBeT Ha 3TOT BOIPOC TAKXKE HMMEET CaMO€ HEMOCPEICTBEHHOE OTHOLICHHE K
CIIOCOOHOCTH HEUPOHHOM ceT 00ydaThes, K PACCMOTPEHHUIO YET0 MbI U IEPEXOTUM.
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TpeHupoBKa IPOCTOro KiacCupuraTropa

Ceiiuac 3ailiMmeMcs TpPEHUPOBKOM (0OyueHHMEM) JMHEHWHOTO Kiaccudukaropa u
HAay4YdM €ro MpaBWIbHO KJIACCU(PHUIIMPOBATH >KYKOB, OTHOCS MX K TYCEHHUIIAM HWITU
00XbpuUM KOpoBKaM. Kak Bbl BHIENW paHee, peub HAET 00 YTOYHEHUU HaKJIOHA
pa3rpaHuYUTEIbHON JIMHUH, OTACIAIONEH Ha TpaduKe OHY TPYIIY TOYEK JAaHHBIX,
COOTBETCTBYIOIIMX IIapaM 3HAYEHWW JUIMHBI U IIUPHUHBI, OT Apyrou. Kak Mbl 310
caenaem?

BmecTo TOro utoObl 3apaHee pa3padoTaTh MOAXOIALIYI0 HAYYHYIO TEOPHUIO, MbI
HAIly[aeM MPaBUIbHBIN IMyTh METOJAO0M MPOO M OMMUOOK. DTO MO3BOJIUT HAM JIy4Ile
MOHATh MATEMATUKY, CKPBITYIO 32 3TUMHU JEHCTBUAMH.

HaMm HyXHBI mpuMepsl ISl TPEHUPOBKU Kiaccudukatopa. UToObl HE YCIOXHSITH
cede KU3Hb, Mbl OTPAHUYMUMCS JBYMsI IPOCTHIMU IIPUMEPAMHU, TPUBEACHHBIMU HUXKE.

Mpumep OnvHa WupuHa HKyk

1 3,0 1,0 boXbA KOpoBKa
T .0 3,0 Mycenuua

VY Hac ecTb npuMep Kyka, umeroniero mupuny 3,0 u quuny 1,0, KOTOpBIN, KaK HaM
U3BECTHO, SBJIsSIETCS OOXbel KOpOBKOW. BTopoili mpumep OTHOCHUTCA K IKYKY,
uMeroneMy 0oJbinyio JuHy — 3,0 1 MeHbInyto mupuny — 1,0, KOTOpbIM SBJISIETCS
I'yCEHHIIA.

Mp1 3HaeM, 4TO TaHHBIE B 9TOM Ha0Ope MPUMEPOB SBISIOTCS UICTUHHBIMU. FIMEHHO ¢
WX TIOMOIIBIO OYJIET yTOUHSATHCS 3HaYE€HUE KOHCTAHTHI B DYHKIIMU KiIaccuuKaTopa.
[IpuMepbl C HWCTUHHBIMU 3HAYEHUSIMU, KOTOPBIE HCMOJB3YIOTCA MJI OOy4YeHHs
MpEAUKTOPa UIN Kilaccu(puKaTopa, Ha3bIBalOT TPEHMPOBOYHBIMU JAHHBIMU.
OToOpa3zuM 3T JBa TpuUMepa TPEHUPOBOYHBIX JaHHBIX Ha JHUarpaMme.
Busyanuzaius 1aHHBIX 4aCTO MTOMOTAET Jy4llle MOHATh UX MPUPOJTY, TOYYBCTBOBATh
UX, YEero HEeJErko JIO0OWUTHCS, MPOCTO BIJSABIBASCH B CIHUCOK WM TaOIULy,
3aMOJHEHHYIO YHCIIAMU.
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TpeHupoBourbie daHHble AS KAGCCUPUKAUUU Kykob

5 C

[

2yceHuua

=

IAUHA

doxbs kopobka

J

1 - C

= E. 3 A -
1 2 3

wupuna
HayneM co cityqaiiHOW pa3fesIuTeNbHON JUHUM, IOTOMY YTO HY’KHO BEb C YETO-TO
HauyMHaTh. BCrOMHUTE JNUHENHHYIO (QYHKIHUIO W3 TMpPUMEpa C MpeodOpa3zoBaHUEM
KHJIOMETPOB B MHJIM, TapaMeTP KOTOPOW MbI HacCTpauBaJd. Mbl MOXKEM clieiaTh TO
K€ caMO€ U ceiuac, MOCKOJIbKY pa3/ieuTelbHas IMHUSA BIAHHOM Cllydae npsamasi:
y=Ax

MBI HAMEPEHHO KCIIOIb3YEM 3/IECh UMEHA X U Y, a HE JUIMHA U IIUPUHA, TOCKOJIbKY,
CTPOrOo TOBOps, B JAHHOM CJIy4yae JIMHUSA HE CIYXUT NpeaukropoM. OHa He
npeoOpazyeT MIMPUHY B JUIMHY, KaK paHee KWIOMETpPbl NEPEeBOIWINCH B MUJIH.
BmecTto 3T0ro oHa BhICTYNaeT B KaUe€CTBE pa3AesIuTeIbHOM JINHUH, KIacCU(pHUKaTOpa.
BeposiTHo, BbI OOpaTwiii BHUMaHW€ Ha HEMOJHYIO (opMy YypaBHEHHS V=AX,
IIOCKOJIbKY TOJIHOE€ YPaBHEHHUE MPSMOW JIMHUM MMEET CIEAYIOIMUN BUA: y=Ax+B.
Mbl HaMepeHHO JefaeM 3TOT CUEHapUuil ¢ CaJOBBIMH KYyKaMHU MAaKCHUMaJbHO
npocteiM. HeHyneBoe 3HaueHWe B TpPOCTO COOTBETCTBYET JHMHHM, KOTOpas He
NPOXOJUT Yepe3 Hauajo KOOPAMHAT Ha JAuarpamMme, 4to He J00aBiseT B Hall
CLICHApHU HUYETO HOBOTO.

Panee ObuTO MOKa3aHO, YTO MapamMeTp A ynpaBiiieT HAKIOHOM JIMHUU. Yem Oosblie
A, Tem GoJibllie KpyTH3HA HAKJIOHA.

Jns navana npumeM, uto A=0,25. Torga pasmenurenbHas JUHHS ONUCHIBACTCS
ypaBHeHueM y=0,25x. Otobpa3um 3Ty JIHUHHUIO B TpaduuecKoOM BHIIC HA TOH K€
JarpaMMe, Ha KOTOpPOM OTJIOKEHBI TPEHUPOBOYHBIE TAHHBIE.
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TperupoBounbie danHbie IAS kaaccudukayuu Xykob

= C

PAUHA

1 - y = (0,25) x C

\A

N/

- { 1 {

1 2 3
bnaronaps rpaguky Mbl 0€30 BCAKMX BBIYHMCIECHUW Cpa3y K€ BUIUM, YTO JIMHUSA
y=0,25x He sBIsAeTCA XOpOoIMM KiaccuukaropoM. OHa HE OTAENAET OJMH THII
KYKOB OT Apyroro. Hampumep, Mbl HE MOXXEM JefaTh YTBEP)KICHHS Haromooue
“Ecii TOYKa JaHHBIX PacIoJlaracTcsl HaJ JIMHUEW, TO OHA COOTBETCTBYET I'yCEHULE,
MOCKOJIbKY TOYHO TaM K€ PacIoyiaraloTcsl ¥ IaHHble 00Kbel KOPOBKH.
NHTYUTUBHO MBI TIOHHMAaeM, 4YTO TMPaBbli Kpal JMUHUU CJIECAYET HEMHOI'O
NPUNOAHATE. [[pOBOAUTE MOAXOAAIIYIO JIMHUIO BPYYHYIO — HE camasl JIydIuas Uaes.
VYnactes au HaM moaoOpaTh JUIsl 3TOTO MOAXOJAIIEE PEHICHUE C HCIOIb30BaHUEM
NOBTOPSAIOIIECHCS  MOCJIENOBATEIbHOCTH  KOMaHJ, KOTOPYIO KOMIIBIOTEPIIUKH
HAa3bIBAIOT AJITOPUTMOM?
OOpatumMcst K MEPBOMY TPEHHPOBOYHOMY MPUMEPY, COOTBETCTBYIOLIEMY OOKbe
kopoBke: mmpuHa — 3,0 u nmuHa — 1,0. Ecniu 661 MBI TecTupoBanu GyHKINIO y=AX ¢
3TUM NPUMEPOM, B KOTOPOM X paBeH 3,0, TO Moydnsn Obl CIeAyIOUUil pe3ybTar:
Y =(0,25) * (3,0) = 0,75
OyHKIMSA, B KOTOPOM 1Jii mapaMerpa A YCTaHOBJIEHO HayajbHOE CIIy4yalHO
BBIOpaHHOE 3HaueHue, paBHoe (0,25, coobmaer, yTo s *Kyka mupuHon 3,0 mamuHa
noJkHa ObITh paBHa 0,75. MBI 3HaeM, 4TO TO CIUIIKOM MaJio, TOCKOJbKY COTJIACHO
TPEHUPOBOYHBIM JAHHBIM JJIMHA )KyKa paBHa 1,0.
Wtak, Hamuuo pacxoxxJaeHue, wid omuOka. TOYHO Tak e, Kak B MpUMEpEe C
NPEAUKTOPOM, MPEoOpa3yroluM KHWJIOMETPhl B MUJIU, Mbl MOXEM HCIOJIb30BaTh
BEJIMYMHY A3TOM OMMOKH A MOJydeHHs: MH(POpMaluu O TOM, KakuM 00pazom
CJIElyET KOPPEKTHUPOBATh apameTp A.
OpHako cHauaja JaBaiiTe MoaymaeM, KakKUM JOJDKHO ObITh 3HaueHue y. Ecnum
MOJIOKHUTH €ro paBHbIM 1,0, TO JTMHMS TPOMAET Yepe3 TOUKY ¢ KOOPAHHATAMHU (X, Y) =
(3,0; 1,0), cooTBeTcTRYIOIIYIO OOXbel KopoBKe. CaMo 1o cede 3TO HEIUI0OX0, HO 3TO
HE COBCEM TO, YTO HaM HYy>kHO. HaMm ’xenaTtenbHo, YTOOBI JIUHUSA
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npoxoauia Haja 3Tod Toukou. ITouemy? IloTomy, 4TO MBI XOTHUM, YTOOBI TOYKH
JIAHHBIX O0O0XbEeW KOPOBKHU JICXKAIU TOJ JUHHUEH, a He Ha HeH. JIMHMS nomKHa
CIIY)KUTh pa3eauTeIeM MEXITy TOYKAMU TaHHBIX 0O0KBUX KOPOBOK U T'yCEHHMI], a HE
MpEeACKa3bIBATh JIJIMHY JKYKa MO U3BECTHOM IIMPUHE.

B cBsi3u ¢ 3TuM monpoOyem npuMeHuTh 3HaueHue y=1,1 npu x=3,0. OHO JuIIb HE
HamHoro Ooiemre 1,0. BMecTo Hero MoxkHO ObLIO OBI B34Th 3HaueHue 1,2 v 1,3, HO
Hukak He 10 mnu 100, mOCKONIBKY ¢ OONBIION JOJeH BEPOATHOCTH 3TO MPHUBET K
TOMY, 4TO MpsiMasi OyAeT MPOXOJAWTh HAaJl BCEMU TOYKAMM JAHHBIX, KaK O00XbUX
KOPOBOK, TaK M T'yCEHHI], B pe3yJIbTaTe YETr0 OHA CTAHET MOJHOCTHIO OECIOJIe3HOM B
KA4ueCTBE Pa3/ICIUTEIIS.

CnenoBatenbHO, MBI BbIOMpaeM IieieBoe 3HaueHue 1,1 u onpenensem omuodky E ¢
MIOMOIIIBIO clIeaytomend popMyIIbl:

omuOKa = jKeJaeMoe 11eJIEBOE 3HaueHue - ¢akTudeckuil pesynbratnu (mocne
MOJACTAHOBKYU 3HAYECHUI):

E=11-0,75=0,35

OOpatuMcsi K MPUBEICHHON HUXKE AuarpaMme, Ha KOTOpPOW B rpaduyueckoM BHUE
MPE/ICTABIICHBI OIIMOKA, a TAKXKE IIEJIEBOE U PACUETHOE 3HAYCHUSI.

XKEAGEMOE 3HAYEHUE
y=1,1

JAUHA

PACHEMHOE 3HAYEHUE
y =075

,//‘/
o

1 - /T« owudka

E=1,1-075=0,35

| W/ ——
f T . | {
1 2 >

wupuHa

Kakum oOGpa3zoM Haille 3HaHWE BEJIMYMHBI OMMUOKU £ MOXET MOMOYb B HaXOXXJICHUU
Jy4Illero 3Ha4YCHUS I mapameTpa A?

JlaBaiiTe Ha BpeMs OTCTYNHMM OT 3TOr0 BOIIpOCa WU HEMHOIO mopaccykiaaeMm. Ml
XOTUM HCIIOJIb30BaTh OIIMOKY B 3HAUYCHHUH YV, KOTOPYIO Ha3BaIH E, I HAXOXJICHUS
HUCKOMOTO M3MEHEeHHsl mapameTpa A. JJsg 3TOro HaMm HYXHO 3HaTh, KaK ATU JIBE
BEJIMUMHBI CBsI3aHBI MEXIy coOoil. KakoBo cooTHomenue mexay A u E? Ecnu Obl
9TO OBLIO HAM U3BECTHO, TO MBI MOTJIM ObI MOHSTH, KAK U3MEHEHUE OJHON BEJIUYHNHBI
BIIUSET HA IPYTYIO.

Haunem c nuneiiHoM QyHKUINU A KIaccupUKaTopa:

y = Ax

Ham yxe W3BEeCTHO, YTO HadYajdbHBIC TOMBITKH MPUCBOCHUS MPOOHBIX 3HAYCHHMA
napameTpy A TpUBEIM K HEBEPHBIM 3HAYEHUSIM ), €CIU OPHEHTUPOBATHCS Ha
TPEHUPOBOYHBIE AaHHBIE. [lycTh t — KOppeKTHOE IeneBoOe
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3HaueHue. YToObl MOJyYUTh €ro, Mbl JIOJDKHBI BBECTU B A HEOOJBIIYIO MOIMPABKY.
JI1s1 TakKMX MOMPABOK B MaTEMAaTHUKE MPUHATO UCIIOIB30BaTh CUMBOJ A, O3HAYAOITUN
“He0oJpITIOe U3MEHEHNE” . 3auIleM COOTBETCTBYIOIIEE YpaBHEHUE:

t=(A+AA)x
OTo0pa3uM 3TO COOTHOIICHHE B TpaUUIecKoM BHJIC€ HA JUArpaMme, Ha KOTOPOM
MOKa3aHbl JIMHUU JIJIS IBYX 3HAUYCHUHN HaKkIoHA: A 1 A + AA.

=
& t = (A + AA)X
y = AX
1 o
E
i { { {
1 2 3
WUPUHA

BcnomanTe, uro OmmMOKYy E MBI ONpPENSTHIM KaKk pPa3sHOCTh MEXKIY KEITaeMbIM
KOPPEKTHBIM 3HAYCHUEM ) M PACUCTHBIM 3HAYCHHUEM, MOJYyYEHHBIM ISl TEKYIIETO
npoOHoro 3HaueHust 4. Takum obpazom, E =1 -y.
3anuiieM 3To B SIBHOM BHUJIC:
t-y=(A+AA)x - Ax
PackpbiB ckOOKU 1 TIpUBES MOJOOHBIE WICHBI, TOJIyYaeM:
E=t-y=Ax+(AA)x- AXE = (AA)x
CrnenoBarenbHo, ommubka E cBs3aHa ¢ 44 04eHb MPOCTHIM COOTHOILIICHUEM.
Chopmynupyem TpOCTHIMH CIOBaMH TO, Y€ro Mbl XOTeNU JOOUThCS. Mbl XxoTenu
y3HaTh, KakuM OOpa3oM MOXHO HCIOJIb30BaTh WHGpoOpMaIluio 00 omudke FE s
OTIpEJICIICHHS BEJIMYUHBI TIOTIPABKU K A, KOTOpasi N3MEHUJIa Obl HAKJIOH JIMHUHA TaKUM
oOpa3oM, 4YTOOBI KJAacCU(PHUKATOp JydIlle CHPABISUICA CO CBOUMH (YHKIIUSIMH.
[IpeoOpazyem nocrieqHee ypaBHEHHE, YTOOBI HAMTH BhIpaXKeHUE s AA:

AA=E/[x
DTO M €CTh TO BhIpaXKEHHE, KOTOPOE MBI UCKAIN. Teneph MBI MOKEM HCIIOJIb30BaTh
omunOKy E 11 i3MEHEHHUs HaKJIOHA KJIacCHU(PUITMPYIONICH TUHUU HaBeIUIHHY 44 B
HY)KHYIO CTOPOHY.
O6HOBMM HavadbHBIN HakIoH JuHUH. Korma x Obut paBen 3,0, ommOkaObplIa paBHA
0,35. Takum obOpazom, AA = E / x mpeBpamaercs B 0,35 / 3,0 = 0,1167. D10
O3HayaeT, yTo Tekyilee 3HaueHne A=0,25 HeoOXOAUMO H3MEHUTh Ha BEIUYUHY
0,1167. Otcroga cieayeT, 4To HOBOE, YIydIlleHHOe 3HaueHne A paBHO (A + AA ),
t.e. 0,25 + 0,1167 = 0,3667. He cocraBnser Tpyaa yOeIUThCS B TOM,
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YTO pAacueTHOE 3HAYEHUE Y NPH HOBOM 3HAYE€HUU A PaABHO, KaK U CJEI0BajO
OKHUJaTh, 1,1 — xemaemMoMy 11€I€BOMY 3HAYEHUIO.

Bce paboraeT, u Mbl pacronaraeM METOJOM ISl YIy4IIeHHs mapameTpa A, eciu
M3BECTHA TEKYIIasi OITHOKA.

3aKOHYMB C TMEPBBIM MPUMEPOM, MOTpEeHUpyeMcs Ha BTopoM. OH JaeTr HaMm
ciemyronue uCTUHHBIEC nanHbie: X = 1,0uy = 3,0 .

[TocMoTpuM, YTO TOMY4YUTCS, €cl BCTaBUTh X = 1,0 B nMHEWHYyI0 (yHKIHIO, B
KOTOPOM Tenephb UCIoIb3yeTcss oOHOBIIeHHOE 3HaueHne A = 0,3667. MbI nosrydaem y
=0,3667 * 1,0 = 0,3667. D10 OUeHb Jajeko oT 3Ha4YeHUs y = 3,0 B TPEHUPOBOYHOM
npumepe.

Hcnonb3ys Te ke pacCykKJIeHUs, YTO U Mepel 3TUM, KOTJla Mbl HAIYTIBIBAIU MYTh K
MOCTPOEHUIO TAKOW JIMHUU, KOTOpasi HE TMepecekana Obl TPEHUPOBOYHbBIE JIaHHBIE, a
MpoXoAuia HajJ HUMHU WM TOJ HHUMH, Mbl MOXEM 3aJaTh >KEJIAaeMOE€ ILEJIEBOE
3HaueHue paBHbIM 2.9. Ilpm d5TOM [aHHBIE TPEHUPOBOYHOIO INPHUMEPA,
COOTBETCTBYIOIIIETO T'YCEHHUIIaM, HAaXOMSITCS HaJ JUHUEH, a He Ha Hed. Ommobka E
pasHa (2,9 - 0,3667) = 2,5333.

Ota ommbka 0oJbIlle TPEAbIAYIICH, HO Y HAC Belb ObLI BCETrO JIMIIb OJUH IIPUMEP
JUIsl 00yYEeHUs JIMHEMHOU (PYHKUIHU, KOTOPBIM OTYETIMBO CMEIal(PyHKIHIO B CBOEM
HaIpaBJICHUH.

Ormste 00HOBUM A, Kak nenanu 10 dtoro. Coornomenue 44 = E /x maer 2,5333/1,0
= 2,5333. DTO0 o0O3HayaeT, YTO IOCJE€ OYEepPETHOT0 OOHOBJICHHS mapaMmeTrp A
npuHuMaet 3Hadenue 0,3667 + 2,5333 = 2,9. Orcroga cieayert, yto misgt x =1, 0
GbyHKIMS BO3BpaIlaeT B KauyecTBE OTBETa 3HaueHUe 2,9, KOTOpoe W SBISETCS
YKEJTA€MbIM LI€JIEBbIM 3HAYECHHUEM.

Teneppr MBI MOKEM BU3YaJIM3UPOBAaTh IOJYYEHHbIE pe3yibpTarbl. Ha cienyromen
JTuarpaMMe TMpeICTaBIeHbl HauallbHas JIMHUS, JIMHUS, OOHOBJICHHAS MTOCJIE O0yUeHUS
Ha TMEPBOM TPEHUPOBOYHOM IMPUMEpPE, U OKOHYATETIbHAsl JUHUS, OOHOBJICHHAs Ha
BTOPOM TPEHUPOBOUHOM MPUMEPE.

OKOHYAMEADHOE YMOUYHEHHOE 3HAYEHUE
y =(2,0) x

OAUHA

YW OYHEHHOE 3HAYEHUE
y = (0,3667) x

1
2

WuUpUHa

Ol -
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['nsans Ha rpaduk, Mbl BUIUM, YTO HAM HE YAAJIOCh JOOUTHCS TOTO HAKIOHA MPSIMOM,
KOTOpOro Mbl xorenau. OHa He oOecrnedMBaeT JOCTATOYHO HAAECKHOE pasjielieHue
oOnacTeit AuarpaMMebl, 3aHUMAeMbIX TOYKAMH JTaHHBIX OOKbUX KOPOBOK W TYCEHHIL.
OpnHako, JTMHUAS OOHOBIIAETCS, MOACTPAUBASICH IO TO IIEJIEBOE3HAYCHHUE ), KOTOPOE
MBI 33/1a€M.
A Bemp NEHCTBHUTENHHO, €CIM MBI OyJeM TPOJ0JDKaTh TaK U Jajiee, T.€. IPOCTO
OOHOBJISITh HAKJIOH JIJII OYEPETHOTO IMpUMEpa TPEHUPOBOYHBIX JAaHHBIX, TO BCE, YTO
MbI OyJleM KaxAblid pa3 MojiydaTb B KOHEUHOM CYE€TEe, — ATO JIMHHIO, MPOXOSIIYIO
BOJIM3U TOYKH JJAHHBIX MOCJIEIHEr0 TPEHUPOBOYHOIrO MpuMmepa. B pesynbrare 3TOro0
Mbl OTOpachiBaéM BECh MPEABIAYIIMNA OMNBIT OO0Y4YEHHUs, KOTOPHIH MOIJIM OBl
UCITI0JIb30BaTh, U YYUMCS JIUIIb HA CaMOM TOCJIETHEM ITPUMEDE.
Kak wucnpaButh 5Ty cutyanuioo? Mbl criiaxuBaeM OOHOBJICHHS, T.€. HEMHOIO
YMEHBIIAEM BEJIMYMHY IONPaBOK. BMecTO TOro 4TtoOBl KaKIblil pa3 3aMeHsITh A
HOBBIM 3HAYEHUEM, MbI UCIIOJIb3YEM JIMIIb HEKOTOPYIO JIOJIO MOMpaBku A4, a HE BCIO
ee IeJIuKoM. braromaps 3ToMy Mbl JBHXKEMCSI B TOM HalpaBJIEHUU, KOTOPOE
MOJCKA3bIBAET TPEHUPOBOUYHBIA MPUMEP, HO JEIAEM 3TO OCHOPONCHO, COXPAHSIS
HEKOTOPYIO YacTh MPEbIAYIIET0 3HAUEHHUs, KOTOPOE ObLIO MOIYYEHO B pe3yjbTare,
BO3MOYKHO, MHOTHX TPEABIAYIINX TPCHUPOBOYHBIX IHMKIOB. MBI YK€ BHAEIH, KaK
paboTaeT 3Ta uaesd CIVIaXXUBAaHHUS B MpPUMEPE C MPeoOpa3oBaHUEM KUIOMETPOB B
MUJIM, KOTJa W3MEHSUIM TapameTp C JHIIb Ha HEKOTOPYI0 MOJI0 (HaKTHYECKOM
OIIUOKH.
VY Takoro Criia)xvBaHHs €CThb €I€ OJMH OYEHb MOIIHBIM W TOJIE3HBIM MOOOYHBIN
adpdexr. Ecnu TpeHUpPOBOUHBIC JaHHBIE HE SBISIOTCA HAJICKHBIMU W MOTYT
COJIEpKaTh OMIMOKU WM IIyM (2 B pEIbHBIX U3MEPEHUSX OOBIYHO MPHUCYTCTBYIOT
00a 7Tux (hakTopa), TO CriIaKUBAaHWE YMEHBIIIAET UX BIIUSHUE.
Cnenaem nepepacuet, Ha 3TOT pa3 J00aBUB CTiIaKUBaHUE B POpMYITTy OOHOBJICHHUS:
AA =L (E/X)
dakTop criuaxuBaHus, O0O0O3HAUEHHBIM 37ech Kak L, d9acTto Ha3bIBalOT
kodddummenTom ckopoctu o0yuyeHusi. Bribepem L=0,5 B kauecTtBe pa3zyMHOIO
HayaJbHOTO NPUOIKEHUS. DTO O3HAYaeT, 4YTO MbI COOMpaeMcsl HCIOJIb30BaTh
MOMPaBKy BJIBOE MEHBIIIEH BEJIMUUHBI, YeM O€3 CTIaKUBAHMUS.
[loBTOpUM Bce pacueThl, HCHONB3ys HadaidbHOoe 3HaudeHue A*0,25. Ilepssiit
TPEHUPOBOYHBIN npuMep AaeT HaMm y = O,25%3,0 = 0,75. Ilpu ueneBom 3nauenuu 1,1
ommubka paBHa 0,35. ITonpaBka paBua AA =L (E / x) =0,5 * 0,35 / 3,0 = 0,0583.
Oo6noBneHnHoe 3HaueHue A pasno 0,25 ++ 0,0583 = 0,3083.
[IpoBeneHne pacyeToB ¢ ’TUM HOBBIM 3HAYEHUEM A I TPEHUPOBOUYHOTO MpUMEpPa
npu x=3,0 maet y = 0,3083 * 3,0 = 0, 9250. Kak BuguM, pacnoyio)KeHHE dTOUN JTHHHUH
OTHOCUTEIHHO TPEHUPOBOYHBIX TAHHBIX OKA3aJIOCh HEYNAaYyHBIM — OHA IMPOXOJIHT
HUKE 3Ha4YeHus 1,1, HO ATOT pe3yabTaT HE TaK YK U IUIOX, €CIH Y4€CTh, YTO ITO
OblIa BCEro JIMING MepBas MONbITKA. [ TaBHOE TO, YTO MBI JBMKEMCS B MPABHIHBHOM
HaIpPaBJICHUH OT MEPBOHAYAIBHOW JIMHUH.
[lepeiinem kO BTOpOMY HAOOpy TPEHUPOBOYHBIX AaHHBIX Hpu x=1,0. Mcnosb3ys
A=0,3083, mbl nonyyaem y= 0,3083 * 1,0 = 0,3083. XKenaeMbiM 3HaueHHUEM OBLIO
2,9, mostomy ommubOka coctasnsger (2,9 - 0,3083) == 2,5917.
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[MompaBka AA=L(E/x)=0,5*2,5917/1,0=1,2958. Teneps
oOHoBNeHHOE 3HaueHHe A paBHo 0,3083 + 1,2958 = 1,6042.

BHOBb 0TOOpa3uM Ha guarpaMMme HadallbHBIN, YIYyYIICHHBIH W OKOHYATEIbHBIN
BapUAHTBl JUHUHM, 4YTOOBI YOEIUTHCA B TOM, 4YTO CIVIaKMBaHHE OOHOBJICHUI
IPHUBOJIUT K 0oJiee yIOBICTBOPUTEILHOMY PACIIOIOXKCHHIO Pa3AeIUTSIIBHON JIMHAN
MEXTy 00JIACTSIMU JTAHHBIX OOXKBUX KOPOBOK U T'YCCHHII.

Bmopoe czaaxenHoe ymouHeHue

5 ) C , Y =(1,6042) x

OAUHA
»
3

nepboe ceraxeHHoe ymovHeHue
y = (0,3083) x

g3 1 {

1 2 3
WuUpuHa

OTO AEHCTBUTENBHO OTINYHBIN pe3ybTarT!

Bcero numb ¢ AByMSI IPOCTBIMH TPEHUPOBOYHBIMU MPUMEPAMU M OTHOCUTEIHHO
MPOCTHIM METOJIOM OOHOBIICHHS MBI, UCIIOJIb3YSI CTIIAKUBAHUE CKOPOCTH OO0y4YEHUS,
CMOTJIM OY€Hb OBICTPO TOJIYYHTHh XOPOUIYIO Pa3JeIUTEIbHYIO JUHUI0 Yy=AX, TIe
A=1,6042.

Takum 00pa3oM, HaM yJanoCh CO3[aTh ABTOMATHU3WPOBAaHHBIM METOJ OO0y4YeHUs
KIaccupuKalu Ha TpUMepax, KOTOpPbIA, HECMOTpS Ha NPOCTOTY MOAXO0a,
MIPOJIEMOHCTPUPOBAIT 3aMeUaTeIbHYI0 3(PHEKTUBHOCTD.

Buisoouvi:

* YTtoOBbI MOHSATH COOTHOIICHUE MEXAY BBIXOJHOW OIIMOKOW JMHEHHOTO
KjaccudukaTopa U MapamMeTpoM PEryjJupyeMoro HakJOHa, JOCTAaTOYHO BIIAJIETh
AJIEMEHTAPHOM MAaTEMATUKOM. 3Has OSTO COOTHOLICHUE, MOXHO ONPENEIINUTH
BEJIMUYMHY W3MEHEHHMS HAaKJIOHAa, HEOOXOAUMYIO JJIi YCTPAHEHHS BBIXOJHOM
OIITHOKHU.

* Hepocrarok MNpsMOJIMHEWHOTO NOAXOAA K PEryJMpOBKE IapaMeTpOB
3aKJIFOYAETCS B TOM, YTO MOJIENIb OOHOBIISIETCS JO HAWIYYIIEro COOTBETCTBHUS
TOJBKO MOCJIEAHEMY TPEHHUPOBOYHOMY MPUMEPY, TOrJa KaK BCE MPEAbIIYLIUE
MpuUMEPhl HE TMPUHUMAIOTCS BO BHUMaHue. OIHUM W3 HEIUIOXUX CIOCOOOB
YCTPAaHEHHS 3TOTO HEJOCTATKA SIBISETCS YMEHBIICHUE BEIMYUHBI OOHOBJICHUH C
MOMOTIBIO KO3 PUIMEeHTa CKOPOCTH 00YUYEHUSI, YTOOBI HM OJIMH OTIEIBHO B3SITHIN
TPEHUPOBOYHBIN MMPUMEP HE TOMUHUPOBAI B TIPOIIECCE OOYUCHUSI.

29



* TpeHUpOBOYHBIE MPUMEPDI, B3SITHIE U3 PEATbHON MPAKTUKU, MOTYT OBIThH
UCKOKEHbl IIYMOM WU cojaepxkaTh omuOku. CriaxuBaHue OOHOBJICHHIM
CIIOCOOCTBYET OTPAHMYCHUIO BIMSHUS TTOI0OHBIX JIOKHBIX TTPHUMEPOB.

IIpakTUyeckue 3a1aHus
1. OynKIIMHN
2. MaccuBbl

3. I'padpuaeckoe npeacTaBICHUE MACCHBOB
4. O0OBEKTHI

1. ®yukuuu
Panee mpl paboTanu ¢ MareMaTndecKuMH GyHKIUSIMH. J[aHHBIE QYHKIIMH MTOTYYaroT

BXOJHBIC JIaHHBIC, BBHIMOJHSIOT HEKYI0 paOOTy M BBIAAIOT PE3yJbTaT. ITU (PYHKIHUU
JIEWCTBOBAJIM CAMOCTOSITENIbHO, U MBI MOTJIM KX MHOTOKPATHO UCITOJIb30BAaTh.
MHuorue s3bIKM TporpaMMUpOBaHus, BkiIto4yas Python, ympomaroT co3nanue
MOBTOPHO HCIONB3YEMBIX HMHCTpyKIMA. [lomoOHO MaTemMaTHyecKuM (GyHKIUAM
TaKie MHOTOKpPATHO HCIOJb3yeMble (parMeHThl KOJa, €CIU OHH OIpPEACIICHbI
HaJUIeKalumM 00pa3oM, MOTYT JEHCTBOBATH aBTOHOMHO M 00ECIIEUMBAIOT CO3/IaHHE
00J1ee KOPOTKOTO 3JIETAaHTHOTO KOJIa.
[Touemy cokpaiaercst 00bem koja? [loToMy uTO BBI3BIBATH (PYHKIIMIO, OOpaIIasich K
€€ MMEHH, TOpa3o MpoIIe, YeM KaXKbld pa3 MOJHOCTHIO 3aMMChIBATH 00Pa3yIOIINiA
3Ty (PYHKLHMIO KOJ.
Jns 3amanust QyHKIIMKM HEOOXOJIMMO YETKO OMpPENEIUTh, Kakue 6X0O0Hble OaHHble
oocudaem @QYHKYusi U KAKou mun 6bIXOOHbIX OaHHbIX OHa BbIIaeT. HexoTopbie
(GyHKIIMU B Ka4eCTBE BXOJHBIX JAHHBIX MPUHUMAIOT TOJBKO YHCJa, U TTOITOMY UM
HEJIb3s TIepeiaBaTh COCTOAIINE U3 OYKB CIIOBA.
OOpatumMcst K KOHKPETHOMY TIpuMepy. BBeauTe U BBIMOIHUTE CIEAYIONIINN
KOJI.

# dbyHKIMS, KOTOpasi MPUHUMAET JIBa YKCJIa B KAUYECTBE BXOJHBIX JTAHHBIX #

Y BBIBOJIMT MX CpPEIHEe 3HAUCHUE
def cpennee(x,y):

print('mepBoe  4HCIO  paBHO',  X)
print('BTopoe yucio paBHO', y)a = (x +
y) /2.0

print('cpeHee 3HaUeHUE paBHO', a)leturn a

OO6cyaunm, 4To nenaroT 3TH KoMaH/bl. [lepBbie 1Be CTPOKHU, HAUMHAIOIIHUECS
¢ cuMBOJIOB #, Python urnopupyer, HO MbI HCITOJIB3YEM HX B Ka4€CTBE KOMMCHTAPHUS
IUI TIOTEHIMAJIbHBIX 4YMTaTeliel kona. Crnenmyromas 3a HUMH KOHCTpykuus def
cpennee (X, y): coobOmiaer Python, uyto MbI coOupaemcsi ONpeaeauTh HOBYIO
MOBTOPHO HcHoab3yemyto (ynknuto. 3necy def (ot anrm, define — ompenenuts) —
KJIFOUEBOE CJIOBO; CpEHEE — UMSI, KOTOPOE MbI TaeM(pyHKIIMU. ETo MOXHO BHIOMPATH
IPOU3BOJIBHO, HO JyYIlle BCETr0 HCIOIb30BaTh OnuUCamenbHble UMeHd, KOTOpbIe
HAallOMHAT HaM O TOM, JAJis 4ero AaHHas (pyHKUMA (PakTHUECKH IpeIHa3HayeHa.
KoncTpykuus B Kpyribix ckoOkax (X,y) cooOmiaer
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Python, uto ¢GyHKIMS MpUHMMAET Ba BXOAHBIX 3HAYCHHsI, KOTOPBIE B Tpeaenax
MOCIIEAYIOMIETO OmnpeaeneHus (GyHKIMN 0003HAYarOTCS KaKk X U Y. B HEKOTOpBIX
A3bIKaX MPOrPaMMHUPOBAaHUS TpPeOyeTcsi, 4TOObI Bbl YKa3bIBald, OOBEKTHI KaKOTO
TUTIA TIPEICTaBISAIOT MepeMeHHble, HO Python »Toro He aemaeTr, W BIOCIEICTBUU
MOJKET JIMIIb HAallOMHHUTh 00 HCHOJB30BAaHUU IEPEMEHHONW HE IO HAa3HAYCHHUIO,
HampuMep, KOT/a Bbl IBITAETECh HCIOJIb30BaTh CIOBO, KaK OyATO OHO SIBISETCS
YHUCIIOM H T.J.

Teneps, korma Mel 00BsBHIIM Python o cBoeM HaMepeHWH OmNpeAcIuTh (QYHKIHIO,
MBI JIOJIKHBI COOOIINTH, YTO UMEHHO JenaeT dTa GyHkmusa. Onpedenenue GyHxkyuu
6600UMCsL C OMCMYNOM, 9TO OTPAXKEHO B MPUBEIACHHOM BBIIIE KOJe. B HEKOTOpPHIX
SI3BIKAX JJISI TOTO, YTOOBI OBLIIO TIOHATHO, K KAKUM YaCTSIM IIPOTPAMMBI OTHOCSTCS T€
WIN WHBIE (parMeHThl KO/a, UCTIOIB3YEeTCSI MHOKECTBO BCEBO3MOXKHBIX CKOOOK, HO
cozmatenu Python oco3naBai, 9To 0OMIIME CKOOOK 3aTpyIHSCT YTCHHE KO, TOT/1a
KaK OTCTYIBI TMO3BOJISIOT C TMEPBOro B3MJISAA MOJYYUTh MPEJCTABICHHUE O €ro
CTpykType. B oOTHOmeHum 1enecooOpa3HOCTH Takoro MOJAXO0Ja MHEHUS
pa3IeTUINCh, MOCKOJIBKY JIFOAM MHOT/A 3a0BIBAIOT O BAYKHOCTH OTCTYIIOB.

[ToHaTh CMBICT KOJa B oOIpeaeiaeHud (QyHKIMH cpeaHee (X, y) Oyaer coBceM
HECJIOKHO, MOCKOJIbKY B HEM HCIOJIB3YETCSI BCE TO, C YEM Mbl YK€ CTaJIKUBAJIUCH.
OTOT KOJ BBIBOAUT 4HCIA, MepeaaBaeMble (QYHKIIMM TIpu ee BbioBe. Jlid
BBIYHCIICHUS] CPEIHETO 3HAUCHUS BBIBOJUTH apTyMEHTHI BOBCE HE 00s3aTeIbHO, HO
MBI JIeNlaéM 3TO AJIA TOTO, YTOOBI OBLJIO COBEPIICHHO MOHITHO, YTO MPOHCXOIUT
BHYTpU QyHKIMU. B crenyromieir MHCTpYKIIMU BBIYMCIsETCS BennunHa (X +y) / 2.0,
U TIOJyYeHHOE 3HAYCHWE MPHUCBAWBAETCS TEPEMEHHON a. MBI BBIBOJUM CpeaHee
3HaYeHHE UCKIIOYUTEIHHO JIJIsi KOHTPOJIS TOTO, YTO MPOUCXOAUT B kKoxe. [locmemnsis
UHCTPYKIUS — return a. OHa 3aBepiiaeT onpenesienne GyHKIuu u cooobmaet Python,
YTO UMEHHO JI0JDKHA BEPHYTHh (DYHKIUS B KAUECTBE PE3yJbTara, MoJ0OHO MalliHaM,
KOTOpBIE MBI paHee 00CyXaalu.

3amycTuB 9TOT KOJ, BBl YBHJIUTE, YTO HUYEro He npou3onuio. Hukakue uucna He
BBIBEJICHBI. [[€710 B TOM, YTO MBI BCETO JIMIITh OMPEASTIIINA (PYHKITUIO, HO TTOKa YTO HE
BbI3BasiM ee. Ha camom nene Python 3apeructpupoBan ¢pyHKIHIO U OyJIeT Jep>KaTh
€€ HaroTOBE JI0 TEX TOP, TOKa MBI HE 3aXOTHUM €€ HUCIOJIb30BaTh.

In [7]:

@VHKUUA, Komopaa npuHumaem 08a 4ucna 8 kavecmBe Bx00HbIX OaHHbIX
u BuiBodum ux cpedHee 3Ha4eHue

def cpegHee(x,y):

print( ' nepeoe 4ucno paeko', Xx)

print('eTopoe 4ucno paeHo', y)

a=(x+y) /2.0

print('cpegHee 3Ha4exue paeHo', a)

return a

4%

Beenute B crneayromiei siuerike cpeonee (2, 4), 4ToObl aKTUBU3UPOBATH (DYHKIIHIO
i 3HadeHuit 2 u 4. Kcratu, B MHpe KOMIIBIOTEPHOTO MPOTrPaMMHPOBAHHUS 3TO
Ha3bIBACTCSl BHI30BOM (YHKIHMH. B COOTBETCTBHM C HAIIMMH OXKUJIAHUSAMH JTaHHAS
(GYHKITUS BBIBEIET JBA BXOAHBIX 3HAUCHUS U X BBIYHMCIEHHOE cpenHee. Kpome Toro,
BBl YBHJIUTE OTBET, BBIBEJCHHBIA OTAEIHHO, ITOCKOJIBKY BBI3OBBI (DYHKIIUH B
WHTCPAKTUBHBIX ceaHcax Python compoBoXIalOTCsS MMOCIEIYIOIMIMM — BBIBOJOM
BO3BpaIllaeMoro MMM 3HaueHus. Hmke mokasaHo
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omnpezencHne QYHKIINH, a TAKXKE PE3yIbTaThl €€ BbI30Ba C MOMOIILI0 HHCTPYKIHH
cpeonee (2, 4) n uncrpykuun cpeonee (200, 301) ¢ 60ABIIMMU 3HAYCHUSIMHU.

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

nepeoe 4YWCNo pasHo 2
ETOpOE 4WCNo paeHo 4
cpegHee IHa4YeHwe paeHo 3.8

Out[8]: 3.8

HOC)KCHCpHMCHTHpYﬁTG CaMOCTOATCIIBHO, BBI3bIBAsA (I)YHKHI/IIO C Pa3JINYHBIMH
BXOJHBIMH 3HAYCHUSAMMU.

In [9]: cpegHee (28@, 381)

nepeoe 4YWCno pasHo 284
BETOpOE YWCNo pasHo 2381
cpejHee 2Ha4eHWe paesHo 25B.G5

out[9]: 258.5

Bo3moxxHO, BBl 00paTwii BHHUMAaHHME HAa TO, YTO B KoA€ (YHKIUH CpeIHEE NBYX
3HAYECHHU HaXOAUTCS MyTEM JiesieHus He Ha 2, a Ha 2,0. [louemy MBI Tak noctynunu?
Oto ocobenHocth Python. Ecnum Obl Mbl genunau Ha 2, TO pe3ynbTar Obul Obl
OKpYyIJIEH J0 ONrKadIiero IeIor0 B MEHBIIYID CTOPOHY, IOCKOJBKY Python
paccmatpuBai Obl 2 MPOCTO Kak ILIENI0€ YHUCIO0. DTO HE U3MEHUIO Obl pe3ysbTaT
BbI30Ba cpenHee (2, 4), nmockoiabky 6/2 paBHO 3, T.e. menoMmy uuciay. OgHako B
ciyuyae Bbi3oBa cpeaHee (200 ,301) cpemnee 3Hauenue, paBHoe 501/2,T.e. 250,5,
ObLT0 OBl OKpyTCHO 10 3HaueHus 250. Jlenenue xe Ha 2,0 coobiiaer Python, uro B
HaIlll HaMEpPEHUs JEHCTBUTENbHO BXOIUT paboTa ¢ YuciaaMH, KOTOPbIe MOTYT UMETh
JIPOOHYIO 4acTh, U Mbl HE XOTUM, YTOOBI OHU OKPYTJISUIHCH.

WTak, Mbl Onpenenuiv MOBTOPHO HMCHOJb3YyeMYI0 (DYHKLHIO — OJUH W3 Haubonee
BAXHBIX M MOIIHBIX JJEMEHTOB KaK MaTE€MaTUKH, TaK U KOMIIbIOTEPHOIO
IPOrpaMMUPOBAHMUS.

Mgl OyneM NpUMEHATh MOBTOPHO HMCHOJIb3yeMble (DYHKIIMM MPU HAMCaHUU KoAa
COOCTBEHHOW HeMpoHHO ceTtu. Hampumep, HMeeT CMBICI CO3/4aThb IOBTOPHO
UCIIOJIb3yeMYI0 (YHKILMIO, KOTOpas peaau3oBajia Obl BBIUKUCIEHUS C MOMOUIBIO
CUTMOU/IbI, YTOOBI €€ MOXKHO OBUIO BbI3bIBATH MHOTO pa3. O0 3TOM B CIEAYIOLIUX
paborax.

2. MaccuBbl
MaccuBbl — 310 He Oonee yem Tabmuubl 3HadyeHud. Kak u B ciiydyae Tabnul, Bbl
MOXETE CChUIAThCS Ha KOHKPETHBIE STYEHKH M0 HOMEpaM CTPOK U CTOJIOIIOB.
HapepHoe, BaM W3BECTHO, YTO HMMEHHO TaKHM CIIOCOOOM MOKHO CChLJIATHCS Ha
SYEUKHU B JIEKTPOHHBIX Tabiuiax (Hanpumep, Bl win C5) u npor3BOAUTE HAJl HUMU
BerunciieHus (Hanpumep, C3+D7).
Korna aeno poiaer 1o HanmcaHus: KOJa HEUPOHHOW CETH, Mbl UCIIOJIb3YEM MACCHUBBI
JUTSL TIPEICTABJIICHUS] MATPHUI] BXOJHBIX CHUTHAJIOB, BECOBBIX KOX(P(OUIIMEHTOB W
BBIXOJIHBIX CHUTHaJIOB. HO HE TOJNBKO 3THX, a TaKke MATPHUIl, MPEICTABIISIOUIUX
CUTHaJIbl BHYTPYU HEHPOHHOM CETH U UX PACIPOCTPAHECHHE B MPSIMOM HaIpaBJICHUH,
¥ MaTpHII, MPEACTABISIONINX 00paTHOE PacIpOCTpPaHEHHE

32



omubok. [ToaTomMy naBailiTe Mo3HAKOMHMCS C MaccHUBaMu. BBenuTe M BBITIOJTHUTE
CJICIYFOLIAN KO

import numpy

Uto pemaer sror kon? Komanma import cooOmaer Python o HeoOxoammocTu
MIPUBJICYEHUSI TOTIOJHUTEIBHBIX BBIYUCIUTEIBHBIX PECYPCOB U3 JIPYTOro MCTOYHHUKA
JUIl PacIIUPEHUsT KpPyra HUMEIONIUXCI MHCTPYMEHTOB. B HEKOTOPBIX CilydasiX 3TH
JOTIOJTHUTEIHHBIC MHCTPYMEHTHI SBJISIOTCS 4YacThio Python, HO oHM HE HaxOmATCS B
COCTOSIHUMA TOTOBHOCTH K HEMEIJICHHOMY HMCTOJIB30BaHHIO, YTOOBI 0€3 Ha0OHOCTH
He oTsaromath Python. Yame Bcero pacmmpeHuss HE OTHOCATCSI K OCHOBHOMY
UHCTpyMeHTapuio Python, Ho co3aroTcs CTOPOHHUMH pa3pabOTYMKaAMHU B KaueCTBE
BCIIOMOTATEILHBIX PECYPCOB, JOCTYMHBIX JUIsl BCEOOIIEr0 WCHoJb3oBaHUSA. B
JJAHHOM CJIyda€ Mbl HMIOPTUPYEM JIOMOJTHUTEIBHBIA HAa0Op HWHCTPYMEHTOB,
00OBECIMHEHHBIX B €IUHBIM MOAYJb IMMOJ Ha3BaHueM NUMpPy. IlakeT nUuMPy oueHb
MOMYJISIPEH W TPEIOCTABISAECT Psif IOJE3HBIX CPEACTB, BKIIOYAs MACCUBBI U
omnepalnuy HajJ HUMH.

Beenure B ciienyromiei s4eMKe MPUBEICHHBIA HUXKE KO/I.

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

B sTOM KOAE HMMIIOPTHPOBAHHBIA MOAYJIL NUMPY HCIOIB3YETCA sl CO3AaHUA
MacCuBa Pa3MEpPHOCTBIO 3X2, BO BCEX SYEHMKAX KOTOPOTO COAEPKATCSA HYJIEBBIE
3Ha4YeHUs1. MBI cOXpaHsieM BeCh MAaCCUB B IEPEMEHHOM @, MOCJIE YETO BHIBOJIUM €€ Ha
9KpaH. Pe3ynbTaT mOATBEP)KIAET, YUTO MACCUB JEUCTBUTEIHLHO COCTOUT W3 HYJIEH,
XPaHAIIUXCS B BUE TAOJIHIIBI C TPEMS CTPOKAMHU U JBYMS CTOJIOIIAMH.

In [18]: |import numpy

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

A Tenepb MOIUGUIIUPYEM COJAEPKUMOE ITOTO MAacCHBa U 3aMEHUM HEKOTOPBIC U3
€ro HyJed JpyruMu 3HAYCHUSIMU. B TNpUBENEHHOM HUXE KOJI€ MOKa3aHO, Kak
COCIIaThCA HAa KOHKPETHBIC SYEHKH JIJIST TOTO, YTOOBI 3aMEHUTH XPAHSIINECS B HHUX
3HAQYCHUSI HOBBIMHU. JTO HAallOMUHAET OOpallleHUe K HY)KHBIM SUCHKaM 3JIEKTPOHHOM
TaOJIULIBI.

a[0,0] =1

a[0,1] =2

a[1,0]=9

a[2,1]=12

print(a)

[lepBast cTpoka OOHOBIISIET sTUEHKY, HaxoasIIyocs B cTpoke 0 u cronbie 0, 3aMeHsist
BCE, YTO B HEH JI0 ITOr0 XPaHWJIOCh, 3HaUeHUEM |. B ocTalbHBIX CTpokax Apyrue
SYEWKN aHAJIOTMYHBIM 00pa3oM OOHOBJSIOTCS, a MOCIHEAHSAS CTPOKA BBIBOAUT

MacCHB Ha JKpaH C MOMOLIBI0 MHCTpYyKUMH print(a). Ha npuBenenHoin
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HIDKE WUTFOCTPAIlMU TTOKAa3aHo, 4TO COOOM MPEACTaBIIsIET MAaCCUB TOCJIE BCEX
N3MEHEHUMN.

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

Tenepp, Korga W3BECTHO, KaK TMPUCBAWBATh 3HAYCHUS DJIEMEHTaM MAacCCHBa,
paccMOTpUM, KaKUM OOpa30M MOXKHO Y3HATh 3HAYEHUE OTIEIHHOTO JJIEMEHTA, HE
BBIBOJIS HA DKpaH BeCh MacCUB. UTOOBI COCTIATHCS HA COACPKUMOE STUYCHKH MacCHBa,
KOTOpPO€ MBI XOTHM BBIBECTH HAa JKpaH WM TPUCBOUTH JPYroMl TEpPEeMEHHOM,
JIOCTaTOYHO BOCIIOJIH30BaThCS BhIpakeHUeM Hamojgoome a [0 ,1 Juma [ 1 ,0] .
HIMeHHO 3TO IEeMOHCTPUPYET NMPUBEICHHBIN HIDKE (PparMeHT Koja.

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

[1,0]

print(v)

3amycTUB 3TOT NpPHMEp, BBl YBHJUTE, YTO TEpBas WHCTPYKIHS Print BBIBOJUT
3HaueHue 2,0, T1.e. comepxkumoe suevikn [0,1]. Cruenyromas HHCTPyKIUA
NpHCBaMBacT 3HA4YeHHWE dJeMeHTa MaccuBa a [1,0] mepeMeHHOW V M BBIBOAMT
3Ha4YeHHUE ATOM nepemMeHHol. Kak u oxxumanock, BeIBoauTcs 3Hauenue 9,0.

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

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

2.8
9.8
Hymepanust cton61ioB u ctpok HaunHaetcs ¢ 0, a He ¢ 1. BepxHuii JieBbIi J1eMEHT
ob6o3nauaercs kak [0,0], a He xak [1,1]. OTcrona ciemnyer, 4To MPaBOMy HHKHEMY
3JIEMEHTY COOTBETCTBYeT oOo3HaueHue [2,1], a He [3,2]. Ecnu Mbl mombiTaeMmcs, K

npuMepy, oOpaTUThCS K dJeMeHTy maccuBa af(0,2], To moidyuuMm cooOiieHue 00
OLIUOKe.

In [18]: #nonomka obpayexrus Kk HecywecmBywwemy 3nemeHmy maccuba
ale,2]
IndexError Traceback (most recent call last)

<ipython-input-18-f5ac02a5343a> in
1 #noneiTka obpaweHWAa K HecywecTBywWeMy 3M1eMeHTy MacCuBa
----> 2 a[0e,2]

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

MaccuBbl, WM MaTpulbl, OPUTOAATCS HaM JJII HEUPOHHBIX CETEH, IOCKOJBKY
IIO3BOJIAT YNPOCTUTh WHCTPYKLUMHU IPU BBINOJHEHWM WHTECHCHUBHBIX BBIYHUCIICHHM,
CBSI3AHHBIX C PpACIHpPOCTPAHEHHWEM CHUTHAJIOB W OOpaTHBIM pacHpOCTPaHEHUEM
OLIMOOK B CETH.

34



3. 'paduyeckoe npeacraBjieHne MACCHBOB

Kak u B ciayyae OONBIIMX YKMCIOBBIX TaOJIUIl U CHHUCKOB, MOHATH CMBICI YHUCEN,
coJiep KallluXCsl B 2JIEMEHTaX MaccuBa OOJIBIION Pa3MEpHOCTH, JOBOJBLHO TpyAHO. B
TO € BpeMsl UX BU3yallM3allysl MO3BOJISIET OBICTPO MOTYYUTH 00Ilee MPEeACTaBICHHE
O TOM, YTO OHMU O3Ha4alT. OJHUM U3 CIOCOOOB TpaPUUECKOro OTOOPAKEHUS
JIBYXMEPHBIX YHCIIOBBIX MAaCCHBOB SIBIISIETCS MX MPEICTABICHUE B BUJIC JBYXMEPHBIX
NOBEPXHOCTEH, OKpACKa KOTOPBIX B KaXJOW TOYKE 3aBUCUT OT 3HAYEHUS
COOTBETCTBYIOIIETO 3JeMeHTa MaccuBa. Coco0 yCTaHOBIECHUS COOTBETCTBUSA MEKIY
I[BETOM IOBEPXHOCTH M 3HAYCHHEM dJIEMEHTa MAacCHBa Bbl BBIOMpAeTe MO CBOEMY
ycMoTpeHnto. Hampumep, MOXHO MpeoOpa3oBbIBATH 3HAUEHHSI B LBET, MCIOJIb3YS
KaKyI0-1100 1IBETOBYIO LKAy, UJIU 3aKPacUTh BCIO MOBEPXHOCTh OEIBIM I[BETOM 32
UCKJIIOYEHHEM UYEPHBIX TOYEK, KOTOPBIM COOTBETCTBYIOT 3HAUEHUS, MIPEBBILIAIOIINE
OIIPEIEIICHHBIN ITOPOT.

JlaBaiiTe npeactaBuM B rpadUyeckoM BUJE CO3AAHHBINA paHee HEOONbIION MaccuB
pPa3MEpHOCTHIO 3 X 2 .

Ho cHayasia Mbl 1OJDKHBI paciiupuTh Bo3MOxkHOCTH Python mist paboTsl ¢ rpadukoil.
Jj1s 3T0r0 HEOOXOAMMO UMIIOPTUPOBATH JOTIOIHUTEIbHBIN Ko Python, HanrcanHbIit
OPYTUMHU JIIOJIbMH. OTO BCE PaBHO, YTO B3STh y TOBApHINAa KHUTY PELENTOB,
MOCTaBUTh €€ Ha CBOIO KHMKHYIO TOJIKY M TOJIb30BAThCS €0 JUIsl MPUTOTOBIICHUS
0JIt0]1, KOTOPBIE PAaHbIIE HE YMEJIU TOTOBUTb.

Hwxe npuBeneHa MHCTPYKLHS, C IMTOMOIIBIO KOTOPOW MbI MMIIOPTUPYEM HYKHBIN
HaM MaKeT JJ1si paboThl ¢ TpaduKo:

import matplotlib.pyplot

3nech matplotlib.pyplot — 3To UMs1 HOBOI «KHHUTH PEIENTOBY, KOTOPYIO Mbl Ha BpEeMsI
onammkuBaeM. Bo Bcex MOAOOHBIX clydasXx HWMs MOIYJIS WM OUOJIMOTEKH,
IPEOCTABIISAIONIEH B Balle pacHopsKEHHE TOMOJHUTEIbHBIA KO, YyKa3bIBaeTCs
HoCJIe KIFoUeBOoro cioBa import. B mporecce pabotsl ¢ Python wacto mpuxomutcst
UMIIOPTHPOBATH JOMOJHUTEIbHBIE CPENICTBA, OOJIErYarolue *U3Hb MPOrpaMMHUCTa
3a CYET MOBTOPHOTO MCMOJIB30BAHMS MOJIE3HOTO KOJIa, MPEI0KEHHOTO CTOPOHHUMU
pa3zpabotunkamu. Bo3mMokHO, M Bbl pa3paboTaere Korga-HUOyAb KOJ, KOTOPBIM
MOJICJIUTECH C KOJJIETaMHu.

Kpome Toro, Mbl TOKHBI JTOMOJHUTEIBHO co0OmMTL [Python o ToMm, uto 00OYyIO
rpaduky cieayeT oToOpaxaTh B OJIOKHOTE, a HE B OTACIBHOM OKHE. JTO JIENAeTCs C
TIOMOIIBIO CIIEAYIOLIEH TUPEKTUBBI:

%matplotlib inline

Tenepb MbI MOTHOCTHIO TOTOBBI K TOMY, YTOOBI MPEACTABUTH MaCCUB B rpaguueckomM

BUJIC. BBeauTE U BBINOJHUTE CIETYOIIAN KO:
matplotlib.pyplot.imshow(a, interpolation="nearest™)
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import numpy

import matplotlib.pyplol
Enatplotlik inline

2.5

=0.5 oo 0.5 10 L5

Ham ynmamock mpeacTaBUTh COACPKUMOE MacCHMBa B BHJIC IIBETHON auarpamMMmbl. B
BUJIUTE, UTO SYCHKH, COJACpIKallue OJMHAKOBHIC 3HAYCHHS, 3aKpaIlcHbBI
OJIMHAKOBBIMH I1BeTaMu. [lo3)ke MBI HCHmonb3yeM Ty ke (ynkmuro imshow() mis
BU3YyalIM3allK 3HAYEHUH, KOTOphIe OyIeM MOoydaTh U3 Halllel HEMPOHHOU CETH.

B cocraB nmakera IPython Bxoaut OoraTeiii HAOOp HHCTPYMEHTOB, MTPEIHA3HAUCHHBIX
JUIS BU3yallM3allud JaHHbIX. DyHKIUs imshow () mpemiiaraeT MHOXKECTBO OIITUIN
rpaUIecKoro MPEACTaBICHUS TaHHBIX, TaKWX KaK HCIIOJIb30BAHUE Pa3IMIHBIX
I[BETOBBIX MAJTUTP.

4. O0BbEeKTHI
Jlanee cnegyer NMO3HAKOMUTHCS C €HIE OJHUM (PYyHIAMEHTAIbHBIM TOHSTHEM,
KOTOpoe ucmnoiszyercs B Python, — nonaruem o6bekta. OOBEKTHI B YEM-TO CXOXKHU C
MOBTOPHO MCMOJIb3yEeMbIMU (DYHKIIUSIMHU, TTOCKOJIBKY, OJHAXbl ONPEIEIUB UX, BbI
CMOJKETe BMOCJEICTBUU OOpamaThCsi K HUM MHOXeCTBO pa3. Ho mo cpaBHeHuio ¢
GYyHKIUSIME 00BEKTHI CIIOCOOHBI HA TOpa3a0 OoJIbIIIee.
3anuIunTe CAeAYIOIMNA KOJI:# Kiace
00bekToB Dog (cobaka) class Dog:
# cobaxu moryt nastedef bark(self):
print("["aB!")pass
pass
Haynewm c Toro, ¢ ueM Mol y>ke 3HaKoMbI. [Ipexe Bcero, ko BKIIOYAET (PYHKIUIO
bark() . Kak HeTpyaHO 3aMeTHTb, TP BBI30BE JAHHOMW (PYHKIIMU OHA BBIBEJCT CJIOBO
“T'aB!” A Temepb pacCMOTpPHUM KO B IiejoM. Bel BuauTe KiroueBoe ciioBo class, 3a
KOTOpBIM creaytoT ums Dog (cobaka) u cTpykTypa, HanoMuHaromas (GpyHkuuoo. Bl
Cpa3y K€ MOXETE€ IMPOBECTH MapajlIeNId MEXKIY
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3TOM CTPYKTYpOil U ompeseneHrneM (QyHKIMH, KOTOpOe TakKe CHabX)aeTcs UMEHEM.
OTnnyaroTcs %e OHM TEM, 4TO I OlpeneiaeHus QyHKIUN UCIOJIb3YETCs KIIFOUEBOE
cnoBo def, Torma xak mis ompezneneHnss 0OBEKTOB HCHOIB3YETCS KIIOUEBOE CIOBO
class.

[Ipexxne yem yrayOuThCs B 0OCYXXKIIEHHE TOTO, KAaKOE€ OTHOIICHHE 3Ta CTPYKTYypa,
Ha3bIBacMasi KJAaccoM, UMeeT K 00BbeKTaM, BHOBb K MPOCTOMY, HOpeaJbHOMY KOy,

KOTOPBIN OKHUBJISECT 3T MOHATHA.
sizzles = Dog()
sizzles.bark()

B mepBoii cTpoke co3maercs mepeMeHHas SizzleS, MCTOYHUKOM KOTOPOW SIBISETCS
BbI30B (yHKIMH. DOg () — 3T0 0cobas GyHKIUs, KOTOpas CO3/IaeT FK3EMILIAP Kiacca
Dog. Takum 00pa3oM MOXHO CO3/1aBaTh Pa3IUYHBIC CYIIHOCTH W3 ONpPEICICHUN
KJIACCOB. DTHU CYIIHOCTH HAa3bIBAIOTCA 00BEKTaMHU. B JaHHOMCITydae Mbl CO3/1alH U3
ompeaeneHus kiacca Dog oOwbekT SizzleS m MokeM c4MTaTh, YTO 3TOT OOBEKT
ABJISIETCS] COOAKOM.

B cnenyromieit ctpoke miisi o0bekTa sizzles Boi3biBaeTcs GyHkuusa bark(). OyHkuus
bark () BbI3bIBaeTCA Tak, Kak eciau Obl OHa ObLJIa YacThl0 O0OBEKTa Sizzles. ITo
BO3MOYKHO, MOTOMY 4YTO JaHHYIO (PYHKIIMIO UMEIOT BCE OOBEKTHI, CO3JaHHBIC Ha
ocHOBe ki1acca Dog, Beib NMEHHO B HEM OHa U OIpe/ielieHa.

OnumeM Bce 3TO MPOCTHIMU clIOBaMU. MBI CcO3/alii  MEpeMeHHyIo sizzles,
pasHoBUIHOCTh Kiacca Dog. Ilepemennast sizzles — 3T0 00BEKT, CO3IaHHBINA TIO
mabsony kiacca Dog. OOBEKTHI — 3TO 9K3EMILUTAPHI Ki1acca.

Crnenyrommuii IpUMep MOKa3bIBAET, YTO MBI K 3TOMY BPEMEHHU YCIEIH CAeNaTh, U
MOATBEPKIAET, uTo PyHKIus sizzles.bark() nefictBurensHo BeIBOAUT clioBO “T"aB!”

# knacc obvekmod Dog (cobaka)
class Dog:
# cobaku Mmozym nasme
def bark(self):
print(“rae!")
pass
pass

sizzlas. bark()

rae!
Bo3MoskHO, BbI 0OpaTwiii BHUMaHue Ha dneMeHT Self B ompenencnun ¢yHkmmm —
bark (self). On 3mech s Toro, ytoObl yka3biBaTh Python, k kakomy OOBEKTY
IPUITUCHIBACTCS (PYHKIMSI IPU €€ CO3TaHHH.
PaccmoTrpum mpuMepsl 0ojiee IMOJE3HOTO HCIOJIb30BAHHUA OOBEKTOB W KJIACCOB.
HaGepute Ha crneayronui Kou:
sizzles = Dog ()mutley =
Dog()

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

sizzles.bark()
mutley.bark()

Mg co3nanu nBa o0bekTa: sizzles m mutley. BaskHo moHuMAaTh, 4T0 062 OHM ObLIH
CO3J1aHbI HA OCHOBE OJIHOT'0 M TOT0 :Ke ompeaeenus kiacca Dog. Cnauyajsa mMbl
omnpenessieM, KaK 00beKTbI J0JIKHbI BBITJISAETh U KAK JO0JIKHBI ce0sl BeCTH, a
3aTeM C03/1aeM MX peajibHble IK3eMILISIPbI.

B sToM ® cocTouT CyTh paziuuus MeEXIy KilaccaMH M OOBEKTaMU: TEpPBBIC
MPEACTABIAIOT COOOM OmucaHus OOBEKTOB, a BTOPbIE — peajbHbIC AK3EMILIAPHI
KJIACCOB, CO3JIJaHHBbIE B COOTBETCTBUU C ATUMM ONHUCAHUAMHU. Kracc — 3TO pelent
MPUTOTOBJICHUS TIMPOTa, a 0ObeKkm — caM THUPOT, M3TOTOBJICHHBIM 10 JaHHOMY
peuenty. Ilpomecc co3manusi OOBEKTOB Ha OCHOBE OIUCAHUS KJacca MOXKHO
MOSICHUTH C MOMOIIBIO CIECAYIOIIECH HATJISIAHON WIUTIOCTPALUH.
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|
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A 4TO HaM JaeT co3jaHue 0OBEKTOB Ha OCHOBE Kiacca? K yeMy Bce ATH XJIOMOTHI?
He nyume nu Obuto mnpocto BeiBecTH ¢pazy “TaB!” 06e3 kakoro-inbo
JIOMOJIHUTEILHOTO Kojia?

[Ipexnme Bcero, 3T0 UIMEET CMBICIT JIeJIaTh TOT/Ia, KOTJla BO3HUKAeT HEOOXOIUMMOCTh B
CO37JaHMM MHOKECTBA OJHOTHUMHBIX 00BEKTOB. Co37aBasi 3TU OOBEKTHI IO STUHOMY
oOpaslly Ha OCHOBE KJacca, a HE OIUCHIBAs TOJHOCTHIO KaXABIA M3 HUX TIO
OTIIEJILHOCTH, BBl HDKOHOMHTE Maccy BpeMeHn. Ho peanbHOE MPEeUMyIecTBO
O0OBEKTOB 3aKJIIOYAETCS B TOM, YTO OHH OOECIIEYMBAIOT KOMIIAKTHOE OOBEIUHEHUE
JTAHHBIX ¥ (DYHKITMOHAIIBHOCTH B OJHOM Mecte. lleHTpanmu3oBaHHas opraHu3arus
¢parMeHTOB KOAa B BHJE OOBEKTOB, KOTOPHIM OHHU €CTECTBEHHBIM 00pa3oM
NPUHAIICKAT, 3HAYATEIHHO OO0JIer4aeT TMOHMMAaHHWE CTPYKTYPHl MPOTPAMMEI,
OCOOCHHO B CJydae CJOXHBIX 3a/a4, 4YTO SBJISIETCS OOJBIIMM IUIFOCOM  JIJIst
nporpaMmucToB. Cobaku jaroT. KHONKM pearupyror Ha
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nenuky. /InHamMuku u3naroT 3BYKW. [IpuHTEphl medaTaroT WIHM KalyrTCs, €Cld
3aKOHUYMIIACh Oymara. Bo MHOTMX KOMITBIOTEPHBIX CHCTEMax KHOIKH, TUHAMUKH U
NPUHTEPHl  JEHCTBUTEIHLHO SBISIOTCA OOBEKTaMH, (YHKIIUA KOTOPBIX  BBI
aKTUBU3HUPYETE.

OyHKIUY, TpUHAIJISKAIMNE OO0BEKTaM, Ha3bBalOT Metogamu. C BKIIOUYEHHEM
(GYHKIIHIA B COCTaB O0OBEKTOB BHI YK€ CTATKUBAINCH, KOTJa MBI I00ABIISUTA (PYHKITHIO
bark () B onpenenenue kiaacca Dog, u co3gaHHbIe HA OCHOBE ATOI0 Kjlacca 0OBEKThI
sizzles u mutley Bxirouaau B ceOst JaHHBIN MeTO. Bbl Buzenu, uro oba oHu “nasm’
B PACCMOTPEHHOM IPUMEpE.

HelipoHHble ceT NMPUHUMAIOT HEKOTOpbIE BXOJHbBIC JaHHbIE (BXOAHOW CHUTHAI),
BBITIOTHSIIOT HEKOTOPHIE BBIYKMCICHUS W BBIJIAIOT BBIXOAHBIE JAHHbBIC (BBIXOJHOMN
curHai). Bel Takke 3HaeTe, 4TO UX MOXHO TPEHUPOBaTh. Bbl yxe BHUIENIH, YTO ITH
JEUCTBUSL — TPEHUPOBKA U BbIJa4ya OTBETa — SBJISIIOTCS €CTECTBEHHBIMH (DYHKIMSIMU
HEHPOHHOM CEeTH, T.. UX MOXXHO paccMaTpuBaTh B KayecTBe (PYHKIMH OOBEKTa
HelipoHHOM cetu. C HEHPOHHBIMM CETSIMHU €CTECTBEHHBIM OOpa3oM CBSI3aHbI
OTHOCSIIIIMECS K HUM BHYTPEHHHE JJAHHBIE — BECOBBIE KOA(P(MUIIMEHTHI CBSI3EH MEKITY
y3namu. BoT moueMy Mbl OyzieMco3iaBaTh Hallly HEHPOHHYIO CETh B BUJIe 00BEKTA.
UtoOBI BBl MOJMY4YWIM O0Jiee TOJHOE MPECTaBICHUE O BO3MOXKHOCTSAX OOBEKTOB,
naBaiiTe 100aBUM B KJacC IE€pEMEHHBbIC, IMpeJIHA3HAYCHHBIC I XPaHCHUS
crenupUIecKnX JaHHBIX KOHKPETHBIX OOBEKTOB, a TAKKE€ METOJIbI, MO3BOJISIONINE
MIPOCMATPUBATh U U3MEHSTh ITU JaHHBIE.

PaccmoTpum Hipke 0oOHOBIIEHHOE ormpeaeneHue kinacca Dog. OHO BKIIOYAET psin

HOBBIX DJIEMEHTOB, KOTOPBIE MBI IPEACTABUM I10 OTJIEIBHOCTH.

# ompeneneHue kiacca o0ObekToB Dog class

Dog:

# MeToj [UId MHHIMATU3aluu o0bekTa BHyTpeHHUMHU aanHbiME def init_(self,
petname, temp) :

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

# monyunth cocrosiuuedef status (self) :

print("ums codaku: ", self.name) print("remneparypa cobaku: ",
self.temperature)pass

# 3a1aTh TeMIeparypy

def setTemperature(self, temp): self.temperature

= temp;pass

# coodaku moryt nastedef bark (self):

print("T"aB!")pass

pass

[Ipexne Bcero, oOpaTuM BHUMaHHE Ha TO, YTO Mbl J0OaBwiIM B kiacc Dog Tpu
HOBbIe (yHKIMH. Y Hac yxe Obuia ¢yHkuus bark(), a Temeps MbI IOMOJHUTEIEHO

BKIIIOUMIIM B Kiace ¢ynkium_init (), status() u
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setTemperature(). [Tpoueaypa n06aBiieHUS] HOBBIX PYHKIIUH TOCTATOYHO OYEBHU/IHA.
PaccMoTpuM mepeMeHHbBIE, yKa3aHHBIE B KPYTJIBIX CKOOKax IOCJIE€ MMEH HOBBIX
byukiui. HarpuMep, GyHkius setTemperature ¢daxkTudecku omnpenesieHa Kak
setTemperature (self, temp). DTu nepeMeHHbBIC, MOJYYCHHS 3HAYCHHHA KOTOPBIX
(GYHKITUHM 0KUIAI0T BO BPEMsI BBI30Ba, HA3BIBAIOTCS MapaMeTpPaMH.

BcromauM  (QyHKIMIO BBIYMCICHHUS CpPETHETO avg (X, )), C KOTOpPOWM BBHI YikKe
crankuBamuck. OnpeaencHue ynkuuu avg () SBHO yka3bIBajo Ha TO, 4YTO (QYHKIIHS
OXKHUJAeT TOMy4YeHUs JBYX mapamerpoB. CremoBaTenbHO, (QyHKIUA

_init__ () wyxmaercs B mapamerpax petname wu temp, a ¢yHKIUA
setTemperature() — Topko B mapameTpe temp.

3arnsgHeM BHYTph JTHX (GyHKIUA. HaunemM ¢ QyHKOUM ¢ Ha3BaHHEM
__init(). Oro cenmanpHOE UM, 1 Python Oynet BeI3bIBaTh GyHKIHEO NIt () KaXIbIH
pa3 mpuU CO3JAaHUM HOBOTO OOBEKTa MAHHOTO Kiacca. JTO OYEHb YMOOHO IS
BBITIOJTHEHHSI JIF000# TOITOTOBUTENBHON pabOThl 10 (PAKTHUIECKOTO HMCIIOIb30BAHUS
o0bekTa. UTo e UMEHHO TMPOUCXOANUT B (DYHKIIMK WHHULHATH3AIUU? MBI co3maeM
nBe HOBhIe mnepemenHbie: Self.name wu self.temperature. Bel moxere y3HaTh HX
3HAYCHHUS U3 TIEpEMCHHBIX pPetname u temp, mepenaBaembix GyHkiuu. Yacts Self. B
MMEHAx O3HAYaeT, YTO AT EPEMEHHBIC SIBIISIIOTCA COOCTBEHHOCTBIO OOBEKTA, T.C.
IPUHAJICKAT TaHHOMY KOHKPETHOMY OOBCKTY W HE 3aBUCAT OT JAPYTUX OOBEKTOB
Dog wmmu oOmmx mepemeHHbIX Python. MBI He XOTHM cMeENIMBaTh MMS JTaHHOM
cobaku ¢ umeHeM Apyrou. I[ToHayaay 3TO MOXKET IMOKa3aThbCsl CIUIIKOM CIIOKHBIM,
OJIHAKO, BCE 3HAYWUTEIBHO YIPOCTHTCS, KOTJAa MBI MPUCTYMHM K PACCMOTPEHHUIO
KOHKPETHOTO TIPUMeEpa.

Cnenyromas — ¢ynknus status( ), xortopas aelicTBUTeIbHO Tpocta. OHa He
IPUHUMAET HUKAKUX IMapaMeTPOB U MPOCTO BBHIBOJUT 3HAUCHUS MMEPEMEHHBIX NAMeu
temperature oobexta Dog.

Hakonen, ¢ynkuus setTemperature () npuHumaer mnapamerp temp, 3HaucHHE
KOTOPOT'O MPH €€ BBhI30BE NMPUCBaUBaeTCs BHYTpeHHEH nepemeHHoi self.temperature.
OTO 03HayaeT, YTO JaXKe MOCIe TOTrOo, Kak OOBEKT CO3/aH, Bl MOXETE B JIFOOOM
MOMEHT HM3MEHUTh €r0 TEeMIIepaTypy, MPUYEM 5TO MOXKHO CJeNiaTh CTOJBKO pas,
CKOJIBKO TOTpedyeTcs. Mbl He OyZeM TpaTuTh BpeMsi Ha OOCYKIIEHHUE TOTO, MOYeMy
Bce 3Tu (QyHKMH, Bkiaovas bark (), mpuaumarot arpudyt Self B kadecTBe mepBoro
napameTpa. 910 ocobeHHocth Python. Ilo 3ambicity pa3pabOTYMKOB 3TO OJKHO
HaromMuHath Python, dYro QyHKIHSA, KOTOPYIHO BBl COOHMpACTECh OIPEICIIUTH,
PHHAJUICKUT O0BEKTY, CCBIIIKON Ha KOTOPBIH CayxuT Self .

YTOoOBl MPOSICHUTH BCE, O YEM MBI TOBOPWIIHM, PACCMOTPUM KOHKPETHBIN npumep. B
IIPUBEACHHOM HIDKE KOJE BbI BHIWTE OOHOBIIEHHBIN Kiacc DOQ, ompeneneHHBIN ¢
HOBBIMU (DYHKIHSMHU, U HOBBIH 00beKT lassie, co3maBaeMblil ¢ mapaMeTpaMu, OJHUH
U3 KOTOpBIX 3ajaeT ero ums kak “Lassie”, a aApyrol ycTaHaBIMBaeT €ro
TemnepaTypy paBHou 37. Kak Buaure, BpI30B QyHKIMU status() s oObekTa lassie
kinacca DOg obecrnieunBaeT BBIBOJ €0 MMEHHU M TEKYILETO
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3HaueHus temrepaTypbl. C MOMEHTA co3/aHusl 00bEKTa 3Ta TeMIeparypa He
U3MEHSIACH.

ekma BHymperHuMU OaHHbIMU
__init__ (self, petname, temp) :
self.name = petname;
self.temperature = temp;

# nomyqums COCMOAHUE

def status (self) :

print(“uwma cobaku: ", self.name)
print(“Temnepatypa cobaku: ", self.temperature)

# 3adame memnepamypy

def setTemperature(self, temp):
self.temperature = temp;
pass

# cobak

def bark (
print("rae!")
pass

pass

Ku Ha ocHoBe knacca Dog

lassie.status()

uMA cobakm: Lassie
TemnepaTypa cobaku: 37

[TonpITaemMcst UBMEHUTD TCMIICPATYpPY 00BeKTa U IIPOBCPHUM, ,ZIGfICTBPITGJIBHOJIH OHa

W3MEHWIACH, BBES CICAYIOIIUN KOJI.
lassie.setTemperature(40)
lassie.status()

Pe3ynprar npencraBiieH HUXKE.

lassie.status()

uMA cobaku: Lassie
TemnepaTtypa cobaku: 37

[24]: lassie.setTemperature(48) N~ E F R
lassie.status()

uMA cobaku: Lassie
TemMnepaTypa cobakk: 48

Kak Bunute, Bo30B (yHkimu SetTemperature (40) neiicTBUTEIbHO U3MEHHIBHYTPCHHEE

3HA4YCHUE TEMIIEPATYyPhl 00BEKTA.

KoHTposbHbIe BONIPOCHI

1. B gyem 3akirodaercs 3aava KjaacCU(pUKAIMKU C TTIOMOIIBIO UCKYCCTBEHHBIX
HEUPOHHBIX ceTei?

2. YUto npeacTaBisitoT COO0M TPEHUPOBOYHBIC JTaHHbBIC?

3. UTo mOHMMAIOT MO/ CTJIAXKUBAHUEM MPU 0OYICHUH UCKYCCTBEHHBIX
HEeUpOHHBIX ceTeil? C KaKo 1eJIbl0 OHO MPUMEHSETCS?

4. TlpuBenute sTanbl OOy4EHUs CETH B 3aj1a4e KiacCu(puKaIuu.

5. Uro Takoe ¢pynknusa? Kak 3amarorcst dyHknuu Ha si3pike Python?

6. Uto BKIIOYACT U JJI YETO UCIIOJIb3YeTCs MaKeT NUmpy?

7. JIns xakux 3a1a4 ucnoib3yercs naker matplotlib.pyplot?

6. Kak 3amaTh MaccuB U BBIBECTH €ro Tpaduyueckoe MpeacTaBIeHUEe Ha
s3pIke Python?

7. Uto Takoe kyacc, 00bEKT, METOL?

8. Kak 3amaroTcst 00beKTHI Ha si3bike Python?
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JlabopaTopHasi pa6orta 4
Pemenue cI05KHbBIX 32124 KJIaCCH(PUKALMU € IOMOLIBIO HCKYCCTBEHHBIX
HelpOHHBIX ceTel. PacnipocTpaHeHne CUTHAJIOB NOHEHPOHHOM CeTH
Henb: M3y4nTh BO3MOXKHOCTH HCKYCCTBEHHBIX HEHWPOHHBIX CETE€H I pPELICHUs
CJIO’KHBIX 3a/1a4 Kiaccu(uKauy oopasos.

3apanue:

1. 3y4nTh TEOPETUIECKOE BBEICHUE.

2. OTBeTHTh HAa KOHTPOJIBHBIE BONPOCHI, TPUBEJACHHBIE B KOHIIC
nabopaTopHOI pabOTHI.

3. BpmoaauTh, TpakTHYECKHWE 3aJaHUS C  HCIOJB30BaHUEM  S3BIKA
nporpamMmupoBanus Python.

4. CocTaBUTh OTUET M0 JJabopaTtopHoil padote. Tpebosanus k omuemy:

OTUeT MPeIOCTaBIsACTCS B DJICKTPOHHOM BHE B TEKCTOBOM penakrope MSWord. B
OTUCTE YKA3bIBAIOTCS:

1) daMuus CTyACHTA.

2) TTopsiikoBBIN HOMEP U Ha3BaHHUE J1TaOOPAaTOPHON pabOTHI.

3) Llenb paboTHI.

4) OTBETHI Ha KOHTPOJIBHBIC BOTIPOCHI.

5) Omnwmcanue perieHus BHIOJHCHHBIX 3aJaHUi JIaO0PaTOpHON PabOTHI,
cojiepkallee: a) hopmynuposky 3a0anusi; 8) CKPUHWON 8bINOJIHEHHO20 3a0aHUS,
cooeparcauuti pamuiuio cmyoeHma.

3ammTa J1a00paTopHON pabOThl OCYIIECTBIISIETCS MO OTYETY, MPEICTABICHHOMY
CTYJICHTOM M C IEMOHCTpALMEH 3aIaHHs HA KOMITBIOTEPE.

Teopernveckoe BBeIeHUE
1. [IpuMeHeHUEe HECKOJILKUX KIacCU(PUKATOPOB
2. HelipoHbI — BBIUMCIIUTEIIbHBIC MAIIIMHBI, CO3/TAaHHBIC TIPUPOIOM
3. PacnipocTpanenue curHaioB 1o HEMPOHHOM ceTH

1. IlpumMmeHeHMEe HECKOIBKUX KJIACCU(PUKATOPOB.
PaccmoTpeHHble HaMU TIPOCThIE MPEIUKTOPHI U KJIACCU(DUKATOPHI, OTHOCSIIUECS K
YUCIy TE€X, KOTOpbhIE TOJYYalOT HEKOTOpPbIE BXOJHBIC JaHHbBIC, BBINOJHSIOT
COOTBETCTBYIOIIIME BHIYUCIICHUS U BBIJAIOT OTBET, TOBOJIHHO A PekTuBHBI. 1 BCe ke
WX BO3MOXKHOCTEH HEIOCTATOYHO IS PEIICHUS 00Jiee CIONKHBIX M WHTEPECHBIX
3a7a4, K KOTOPbIM OTHOCATCSI ¥ 33/1a4M, PEIIA€MbIle HA OCHOBE METOJIOB HEMPOHHBIX
CETEH.
OrpanuueHuss JUHEHHOTO Kiaccu(duKaTopa MPOJEMOHCTPUPOBAHBI HUXKE Ha
npocToM npumMepe. OT NOHUMAHUS CYTH YKa3aHHBIX OTPAHUYCHHUM 3aBUCHUT OJUH U3
KJIFOYEBBIX AJIEMEHTOB MPOCKTHUPOBAHUSI HEMPOHHBIX CETEH, KOTOPBIM HAM I03XKE
MIPUTOUTCS.
OoOpatumcst K Jorudeckum (6ynesvim, no umenu Jowcopoxca byns), QyHKIHSIM.
Jlxopmx bynb — MmaTemMaTuK, JIOTUK U Quiiocod, ¢ UMEHEM KOTOPOTO CBSI3aHbI TAKUE
npocThie PyHKIMH, Kak Jjorudeckue U u UIIN.
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OyHKIMU OyJNeBOM JIOTUKM — 3TO CBOErO0 poAa «MBICIUTENbHbIE» (YHKIIHMH CO
cBOUM s3bIKOM. Eciin Mbl roBopuM « Tl MOMy4YuIIb €CepT TOJIBKO B TOM Ciydae,
€Clii yKe chell 0BoIU W Bce paBHO roJIofIeH», TO MBI HCIIOJIb3yeM OyJieBy (YHKIIUIO
W. Pesynprar OyneBoil ¢yHKImu W WCTUHEH TOJIBKO TOTJA, KOTJA HWCTUHHBI
(BBIMIONTHSAIOTCS) 00a ycnoBusa. OH He OyleT UCTUHHBIM, €CJIM UCTHHHO TOJIBKO OIHO
u3 ycioBuil. [1oaToMy, ecnu s TOJIOAEH, HO €IIe HE ChEJl OBOLIY, TO HE MOJy4dy CBOU
Jecepr.

AHaNOruyHO, €ciau Mbl TOBOpUM «Tbl MOXKEIIb MOTYJSATh B MapKe, €CIU CETOIHS
BbIxoHOUM MJIN y Te0s oTiryck», TO ricniofb3yeM OyneBy ¢ynknuto NJIN. Pesynprart
oynesoit ¢ynknuu WJIM ucTHHEH, €ClM MCTUHHBIM SIBIACTCS XOTS OBl ONHO W3
ycioBuil. BoBce He 00s3aTebHO, Y4TOOBI BCE YCIOBHUSI OBUIM WCTUHHBIMHU, KaK B
cinydae ¢pyuknuu 1. [Toatomy, ecii ceroaHst He BEIXOIHOM JICHb, HO Y MEHS OTITYCK,
TO sI MOTY TIOTYJISITH B TIapKe.

Panee wmbl mpencraBisiM  QYHKIMIO B BHUJE MAIMHBI, KOTOpas MPUHUMACT
HEKOTOpbIE BXOJHBIC JTAHHBIC, BBIOIHIET ONpPEIeNICHHbIC JEHCTBUS U BbIIACT OJIUH

OTBCT.

Bxod A \

’ Aozuveckas
—9 Boixod
PYHKYus

Bx00 B /
3HaquI/Ie HNCTHUHA 4YaCTO HpeJICTaBJIHeTCSI B KOMHBIOTean KaK YUcCJIoO 1, a 3HAQUCHHUC
noxb — kak uucio 0. B mpuBeneHHOW HuKe TaOnuile pe3yabTaThl PabOThI

gormyeckux ¢Gynakumii M u WM mpeacraBieHsl ¢ HUCHOJIB30BAaHUEM ITOU
JIAKOHUYHOM HOTAIMH JJI BcEX KOMOMHAIIMI BXOIHBIX 3HaueHnii A u B.

BxogHoe BxogHoe Nornyeckoel Nornyeckoe
3HayeHue A 3Ha4yeHue B iz

= O O O
N = =)

31ech OTYETIMBO BUAHO, YTO pe3ynbTaT (pyHkuuu M OyAeT HCTUHHBIM TOJBKO
TOTJa, KOr/1a UCTUHHBI U A, u B.

ByneBbl (yHKIMU UIpalOT OUYEHb BaXHYIO pOJib B HH(OpPMATHKE, U TEPBHIC
AJIGKTPOHHBIE ~ BBIYUCIUTEIbHBIE  YCTPOMCTBA  (PaKTUUECKH COOMpanuch U3
KPOXOTHBIX JJIEKTPUYECKUX CXEM, BBIMOJIHSIOUIMX JIOTHYECKUe omepamuu. Jlaxe
apu(pMeTHYECKUE ONepaly BBITOJIHSIINCH C UCTIONIb30BAHUEM ITHX CXEM, KOTOphIE
camH 1o cebe BCEero JIUIIb BBIMTOJHSIIN IPOCThIE OyJIeBbI ONEPaLUu.
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[IpencraBpTe ceOe MPOCTOM JMHEWHBIM KjacCUPUKATOP, KOTOPBIM JOJDKEH
UCIIOJIb30BaTh TPEHUPOBOYHBIM HAOOP AAHHBIX ISl BBISICHEHMS TOTO, YIPABISIOTCS
J¥W JaHHBIE JIOTUYECKOW (PYyHKIHMEH. 3aJayu TaKkoro poja €CTECTBEHHBIM 00pa3oM
BO3HUKAIOT NIEPE] YUEHBIMH, UCCIEAYIOIMMU PUYUHHO-CIICACTBEHHBIE CBSI3H WJIU
KOppeJsiiio HaOmogaeMbIX BenuuuH. Hampumep, TpeOyercs HailTh OTBET Ha
cienyomuit Borpoc: «lloBblaercs 11 BepoOATHOCTh 3a00JIeBaHUs MAIIIPUE B TeX

MECTHOCTSIX, B KOTOPBIX ITOCTOSIHHO MAYT A0KIK W TeMreparypa npeBblacT
35 rpagycoB?» Mnm Takoil: «lloBbimiaeTcst M BEpOATHOCTH 3a00JIEBaHMS
Massipuei, eciu BeInonHsercs Jaroooe (Oynesa pynkuus M) u3 stux ycinoBuii?»
B3rnsHuTe Ha NPHUBEACHHYIO HWXKE OHArpaMMy, IJ€ 3HAYECHHS HA JBYX BXOJaX
jorudeckor pyHKuu, A u B, mpeacTaBisioT KOOpAUHATHI TOueK Harpaduke. Bol
BUJIUTE, YTO TOJIBKO B TOM CiIy4ae, Korga 00a BXOJHBIX 3HAYEHUSHCTHHHBI, T.€.
KQXJI0€ U3 HUX PaBHO 1, BBIXOAHOW pe3yibTaT, BbIACICHHBIN3EIEHBIM IBETOM,
SBIIAETCS UCTUHHBIM. JI0o)KHBIE BBIXOJIHbIEC 3HAYCHUS

0003Ha4YEHbI KPACHBIM LIBETOM.

Ao2udeckoe A
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Ha amarpamme Taxke mokasaHa mpsiMasi JTHHHS, OTACISIoNas KpacHyt0 00JIacTh OT
3eJIeHOM. DTa JIMHUS TPEACTaBISCT JIMHEHHYI0 (QYHKIHIO, KOTOPYIO MOYKHO
UCTIONIb30BAaTh JJIsl O0yUeHUs JIMHEHHOTO Kiaccu(ukaTopa, 4To Mbl JeaarpaHee.
Mpl He OyneM MPOBOAUTH COOTBETCTBYIONIME BBIYMCICHHS, KaK B MPEIBITYIINX
npyuMepax, IMOCKOJIbKY HHUYEro NPUHIMIAAIBHO HOBOTO JTO He jact. B
JEHCTBUTEIIBHOCTH MOXXHO OBUIO OBl TMPEAJIOKUTh MHOTO JPYTUX BApUAHTOB
NPOBEICHUSI  PA3NENUTEIBHON JIMHUM, KOTOpble paboTtamu OBl  CTONb  Ke
yIIOBJIETBOPUTEIHHO, HO TJIABHBIN BBIBOJ] M3 3TOTO MPUMEPA 3aKIF0YAETCS B TOM, YTO
IPOCTON JIMHEHHBIM KiaccuukaTop BHuIAa y=ax+b MOXHO 0OyduTh paboTe c
OyneBoit ¢pynkuuen U.

A Temepp B3MVIAHUTE Ha aHAJIOTMYHOE TpaduuecKkoe IpelcTaBieHue OyneBoii
bynkuu NIIN.
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Ha stot pa3 kpacHoil okazanack ymmb Touka (0,0), TOCKOJNBKY €l COOTBETCTBYIOT
JIOKHBIC 3HA4YCHUs Ha obOowmx BXomax, A u B. Bo Bcex apyrux KOMOHHAIMSIX
3HAYEHUI XOTS ObI OJTHO U3 HHX SIBIISICTCS UCTHHHBIM, U TIOATOMY ISl HUX PE3yJIbTaT
SIBISIETCS. UICTUHHBIM. CMBICTT TMarpaMMbl 3aKJIF0YaeTCsl B TOM, YTO OHA HATJISTHO
JIEMOHCTPUPYET BO3MOXKHOCTH OOYYEHHUS JHHEWHOTro Kiaccupukaropa padoTe C
bynkuuen MJIN.

CymectByer emie omHa OyneBa (yHkius, uckirouarouee MJIM, wotopas maer
WCTHHHBIN PE3YJIbTAT TOJIBKO B TOM CIIy4ae, €CIU JIUIIb OJTHO U3 3HAYCHHI HABXO0J1aX
A u B uctunHO, HO He 00a. Takum 0Opa3oM, eciii 00a BXOJIHBIX 3HAUCHUS JIOXKHBI
win o0a WCTUHHBI, TO pe3ydbTarT OyIeT JOXHBIM. Bce BbIlIecKa3aHHOE
PE3IOMUPOBAHO B MIPUBEACHHON HIDKE TaOIHIIE.

BxoaHoe 3HaueHue A BxoaHoe 3HaueHne B Ucknuaowee U1
0

1
1
0

Jlnarpamma, COOTBETCTBYIOIAs ATON (HYHKIUH, OyI€T UMETh BU/I:
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Uto Ba)xxHO, 371eCh HET croco0a paslieNuTh 3€JCHYI0 U KpacHyl0 00JIacTh OJIHOM
npssiMoi JuHueld. HeBO3MOXKHO MPOBECTH OJIHY MNPSIMYIO JUHUIO TakKUM 00pa3oM,
yTOOBI OHA YCIEIIHO OTJEJMJIa KPacHbIE TOUYKH JIAHHBIX OT 3€JICHBIX JJIs1 (QYHKIUU
uckarouarowezo UJIM. 310 03HA4YaET, UTO MPOCTON JTUHEUHBIN KiIacCU(DHUKATOP HE B
COCTOSIHUU 00yuuThcsi pabore ¢ dyHKUMeW uckmouaroweeo HIIH, eciu
MPEIOCTABUTh €My TPECHUPOBOYHBIC JAHHBIC, YIIPABIISIEMbIEC STON (QyHKITUEH.

ToNbKO YTO MBI MPOJEMOHCTPUPOBAIIN 2IABHOE O2PAHUYEHUE NPOCHO20 TUHEUHO20
Kaaccuguxkamopa: Takue KiaccuPUuKaTOpbl 0KA3bIBAOTCH HENPUTOIHbIMH, €CJIU
0a3oBadl 32/1a4a He JONYCKAeT pa3/JiejieHUsl JaHHbIX OIHOM NMPSAMOM JTHUHHE.

Ho Beap MBI XOTUM, YTOOBI HEWPOHHBIE CETH MOXKHO OBLIO MCIOJIH30BATH JJIS
pellIeHHs] caMOro IIMPOKOrOo Kpyra 3ajad, JaKe TeX, KOTOpble HE JOMYCKalT
JIMHEMHOTO pa3JeICHNS JaHHBIX.

CrnepoBaTenbHO, HaM HEOOXOJMMO HAWTH KakoH-TO Jpyroi cmoco® padoTel ¢
JTAHHBIM BOIIPOCOM.

Takoit  cmoco®  CyIIECTBYET: COBMECTHOE  HCIOJb30BAaHUE  HECKOJbKUX
KiaccupukaTopoB. Ero WimocTpupyeT NpUBEACHHAs HUXKE aUarpamMma C ABYyMs
pa3IeIUTENIbHBIMU JIMHUSIMUA. OJTa UAES 3aHUMAET LIEHTPAIbHOE MECTO B TEOPUH
HEUpPOHHBIX ceTeil. Temeps BaM JOJDKHO OBITH SICHO, YTO C IOMOIIBI0 MHOXKECTBA
OPSMBIX JMHUH MOXKHO Pa3JeinTh >KelaeMbIM 00pa3oM JIOOYI0 CKOJb YTrOJHO
CJIOXKHYIO KOH(UTYpAITUIO 001aCTe|, MOAJIekKAITNX KITacCU(PUKAIIUN.
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[Ipexkne yeM MBI 3aiMEMCSI CO3JaHUEM HEUPOHHBIX CETEH, KOTOPBIE MPEANOIATAIOT
CYLIECTBOBAHME HECKOJIBKUX KJIaCCU(UKATOPOB, pabOTAIOIMX COBMECTHO, CHOBA
oOpatuMcs K HOpPUPOJE M PaccMOTpUM pabOTy MoO3ra >KMBOTHBIX, aHAJOTHMHM C
KOTOPBIM MOCITYXHWIH TOMYKOM K pa3pabOTKe MOAXOJ0B HAa OCHOBE HEMPOHHBIX
ceTen.

Bui600vl no nepeomy nynkmy:

* IIpocToii TMHENHBIN KiIacCU(PUKATOP HE B COCTOSHUM Pa3JeiIUTh HYKHBIM
o0pa3oM 00JlaCTH JaHHBIX, €CJIM JJAaHHBIE HE YIMPABISAIOTCS MPOCTHIM JIMHEWHBIM
MPOLIECCOM. ITO OBUIO MPOJIEMOHCTPUPOBAHO HA MIPUMEPE JAHHBIX, YIPaBISEMbIX
nmorudeckoi ¢pyukimei nckmouaroniero NJIN.

* OnHako 3Ta mpobiieMa pemraercss O4eHb MPOCTO: ISl pa3rpaHUUYEHUS
JNAHHBIX, KOTOpBIE HE YJNAeTCs pAa3AEIUTh OJHOW MPSMOW JIMHEW, CJIeayeT
HCI0J1b30BaTh MHOKECTBO JIMHEHHBIX KJIacCH(PuKaTopoB.

2. HelipoHBI — BBIYMCJIUTEIbHbIE MAIIIMHBI, CO3IaHHbIE IPUPO/IOIA.

Mo3r XHMBBIX OPraHM3MOB, SIBIISISICH CIIOKHOW CHUCTEMOW, CTABUT YYEHBIX B TYIHK,
MOCKOJIbKY Ja)e Yy CTOJIb MaJbIX MPEACTaBUTEIICH KUBOW MPUPOJIbI, KaK, HAIPUMED,
MOTyTau, OH JIEMOHCTPUPYET HECPABHEHHO OOJBIINE CIIOCOOHOCTH, YeM IU(POBBIC
KOMIIBIOTEPBl C  OTFPOMHBIM  KOJIMYECTBOM  DJICKTPOHHBIX  BBIYMCIUTEIIBHBIX
AJIEMEHTOB M TIaMATBhIO HEBEPOSTHBIX 00BEMOB, padOTAlOIIMX Ha YacTOTaXx,
HEJIOCTHXKUMBIX JJISl )KUBOTO MO3Ta U3 MJIOTH U KPOBH.

Torma ydeHble COCPENOTOYMJIM BHUMAHME HAa AapXUTEKTYpPHBIX pa3inuusiax. B
TPAIUIIMOHHBIX KOMIIBIOTEpAX JaHHbIE 00pabaThIBAIOTCS MOCIEA0BATEIBHO, 10
YETKO YCTAHOBJICHHBIM MIpaBwiaM. B UX 3anporpaMMUpOBAaHHBIX pacyeTax HETMECTA
HEOJIHO3HAYHOCTH M HeICHOCTU. C ApYrol CTOPOHBI, MOCTENEHHO CTAHOBUJIOCH
MOHSITHO, YTO MO3T J>KMBOTHBIX, HECMOTPA Ha KaXyIIyIOCS 3aMEIJICHHOCTb €ro
pabo4ynx PUTMOB II0 CPAaBHEHUIO C KOMIIbIOTepaMH, oOpabaThiBaeT CHUTHAJIbI
MapaJJIEIbHO U YTO HEOINPEACICHHOCTh SIBIAECTCSA CYLIECTBEHHOW OTIMYMTEILHOU
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tICpTOI\/'I €ro ACATCIBbHOCTH.
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PaccmoTpum  cTpoeHue  0a30BOM  CTPYKTYpHO-(OYHKIIMOHAJIBHOW  €AMHUIIBI
OMOJIOTUYECKOTO MO3ra — HelpOHa.

HEUpoH

MEPMUHAAU

» 3\\.

AKCOH

deHdpum

HecMoTpss Ha TO 4YTO HEWPOHBI CYMIECTBYIOT B Pa3IMYHBIX (PopMax, Bce OHHU
nepeaaT JIEKTPUYECKUEe CUTHAIBI OT OJHOTO KOHIIA HEMpOHa K JIPyroMy — OT
JICHIPUTOB 4Yepe3 aKCOHBI J0 TepMHHaJel. Jlajmee ITH CHUTHAIBI NEpeaaroTcs OT
OJTHOTO HEeWpoHa K Apyromy. VIMeHHO Onaromapsi TAKOMY MEXaHU3MY BBl CITOCOOHBI
BOCIIPUHUMATh CBET, 3BYK, NPUKOCHOBEHHE, Temwio u T.1. CurHamsl ot
CIIEMATM3UPOBAHHBIX PEIENITOPHBIX HEHPOHOB TOCTABISIOTCS MO Balleil HEPBHON
CHCTEME JI0 MO3Ta, KOTOPBIi B OCHOBHOM TaK)K€ COCTOUT U3 HEHPOHOB.

Ha npuBeneHHON HIDKE WLTIOCTPAIMK TOKa3aHa CXeMa CTPOSHHSI HEMPOHOB MO3ra
normyrasi, TpeACTaBlIeHHas HCHMaHCKUM Hedpoomomsorom B 1899 romy. Ha Hei
OTYETIMBO BUJHBI BaKHEHIINE KOMIOHEHTHI HEHPOHA — IEHAPUTEI UTEPMHUHATIH.

p ” \
:
Y %

~ R
CKOJIbKO HEHWPOHOB HaM HYKHO JJIS BBITIOJIHCHHUS] MHTEPECHBIX, 0OJIEe CII0KHBIX
3agay?

B rojsoBHOM MO3re uenoBeKa, SBIISIFOIIEMCS CaMbIM Pa3BUTHIM, HAaCUHUTHIBACTCS
okoy10 100 MunmuapaoB HepoHOB. Mo3T 1po30duiIbl (TIJI010BOM MYIIIKHA) COAEPHKHUT
npuMepHo 100 ThICSIY HEMPOHOB, HO OHA CHOCOOHA JieTaTh, MHUTAThCA, H30eraTh
OTNACHOCTH, HAXOJUTh IHIINY U PEIIaTh MHOXKECTBO JIPYTHUX
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JIOBOJIBHO CJOXHBIX 3a/1a4. 10 konruecTBO — 100 Thicsiu — BIOJIHE COMOCTAaBUMOC
BO3MOXXHOCTSIMA COBPEMEHHBIX KOMIIBIOTEPOB, U MO3TOMY B IOIBITKE HUMUTALWN
pabOThI TAKOTO MO3Ia €CTh CMBICII.

Mo3sr Hematoasl (Kpyriaoro 4depBsi) HacuuTbiBaeT Bcero 302 HelpoHa — HUYTOXKHO
Majasi BeJMYMHA TI0 CPaBHEHUIO C pecypcaMd COBPEMEHHBIX IU(POBBIX
koMIiboTepoB! Ho 3TOT uepBb crocobeH peliath Takue T0BOJIBHO CIOXKHBIC 33/1a4H,
KOTOpbIE TPAJAUIIMOHHBIM KOMITBIOTEPAM HAMHOTO OOJIBIIUX Pa3MEpOB MOKa YTO HE
0 CUJIaM.

B dem xe cexpet? [louemy OGuosoruueckuii Mo3r 00y1ajiaeT CTOIb 3aMeyaTeIbHbIMU
CIIOCOOHOCTSIMH, HECMOTpPS Ha TO 4YTO paboTaeT MeaJieHHee U COCTOUT W3
OTHOCHUTEJIBHO MEHBIIETO KOJINYECTBA BEIYMCIUTENBHBIX 3JIEMEHTOB 110 CDABHEHHUIO C
COBpPEMEHHBIMH KoMIbloTepaMu? CI0KHbIE MEXaHU3Mbl QYHKIIMOHUPOBAHUSI MO3ra
(HanpuMep, HaJW4Me CO3HAHMSI) BCE €IE OCTAIOTCS 3arajkod, HO Mbl 3HAEM O
HEHPOHAX JOCTATOYHO MHOrO I TOro, YTOOBl MOXHO OBLUIO MPEIJIOKUTH
pa3nuyHble CIIOCOOBI BHIOIHEHUS BBIUMCIEHUH, T.€. PA3JIMYHbIE CIOCOOBI PEIICHUS
3a1ad.

Paccmotpum, kak paboraer HelipoH. OH NPUHUMAET MOCTYNAIOLIUN 3JEKTPUUECKUN
CUTHAJI U BbIpaOaThIBACT APYroi SJICKTPUUYECKUN CUTHAIL. DTO OYEHb HAMIOMUHAET
paboTy mMojenel kiaccu(uKaTopa UM NpeIuKTopa, KOTOPhIE MOMy4atoT HEKOTOPhIE
BXO/IHbIC JTAHHBIE, BHIIOJHAIOT ONPEICIICHHbIE BBIUNCIICHUSN BbIIAIOT PE3yJIbTaT.
MoskeM 11 MBI TIPEJICTaBUTh HEHPOHBI B BUJE JUHEHHBIX QyHKiui? Hert, xoTs cama
no cebe 3Ta ujaes Heruioxas. BeipabaThiBaeMblii HEMPOHOM BBIXOJHOW CUTHAJT HE
ABJIIETCS] IPOCTON JIMHEWMHON (DYHKIIMEl BXOJHOTO CUTHANA, T.€. BBIXOAHOM CHTHAJ
HEJb3s MPEJICTaBUTh B BUJIE 8bIX00 = (KOHcmaHma * 6x00) + (803MmodicHas opyeas
KOHCMAaHma,).

CornacHo pe3yJbTaTamM HaOMIOJEHUNA HEUPOHBI HE pearupyroT HEMEIJICHHO, a
IIOAABIISAIOT BXOJAHOW CUTHAJI 10 TEX IOp, IT0KAa OH HE BO3PACTET 10 TAKOW BEIUYUHBI,
KOTOpas 3allyCTUT T'€HEPALMIO BBIXOJAHOIO CUTHAJIA.

DT0 MOXHO MPEACTaBUTh ce0e KaK HaJIMUnue HEKOEro OPOroBOro 3Ha4eHus, KOTOpoe
JOJDKHO OBITh MPEBBILICHO, MPEXIe 4eM OyJIeT CreHEepHUpOBaH BBIXOJHOM CHUTHAI.
CpaBHUTE NTOBEJICHUE BOJBI B YAILIKE: BOJA HE CMOXKET BBINIECHYTHCS, TIOKA Yallka
HE HAIOJHUTCA. THTYMTUBHO 3TO MOHATHO — HEMPOHBI NPOITYCKAIOT JIMIIb CUIbHBIE
CUTHAaJIbI, HECYIIIUE TOJIE3HYI0 UH(pOpMAIUIO, HO He c1al0blii myMm. Mnes B ToM, 4TO
BBIXOJTHOM CHUTHaJ BbIpaOaThIBAETCS JIMIL B CIydasX, KOrJa aMmIUIUTYAa BXOJHOTO
CUTHAJIa IOCTUTAET JOCTATOYHOM BEIMYUHBL, IIPEBBIIAIOIICH HEKOTOPBIN NIOPOT.
OyHKIMA, KOTOpas MOJIy4aeT BXOJHOM CUTHAJI, HO TEHEPUPYET BBIXOJHOW CUTHAI C
y4E€TOM  TOPOrOBOrO  3HAa4yeHWs, HasbiBaeTcss  ¢yHknued  aktuBammu. C
MaTeMaTHYeCKON TOUKH 3PEHUs CYIIECTBYET MHOXKECTBO TaKuX (YHKIUI, KOTOpBIE
MOTJIH ObI 00€CIIEUNTh T0100HBIN 2D (DEKT.

B kauecTBe npumMepa MOKHO MPUBECTH CTYNEHYATYIO (DYHKIIHIO.
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Boixod

CMYNEHYAMAR PYHKUUS

e . > Bxod

nopoz

HerpynHo 3ameTuTh, YTO M CJIaObIX BXOJHBIX 3HAYEHUN BBIXOJHOE 3HAUYCHHE
paBHO Hym0. HO CTOUT NpeBBICHTH BXOAHOM IMOPOT, KaK HA BBIXOJE MOSBISIETCS
curHasl. VICKyCCTBEHHBI HEHpPOH C€ TakUM T[IOBEJIEHUEM HAINOMHUHANI Obl
HACTOALIMI OMOJOrMYEeCKUM HEHMpPOH. DTO OYEHb XOPOLIO ONHUCHIBAETCS TEPMUHOM,
KOTOPBIM HCHOJb3YETCS YYEHBIMHU: OHM TOBOPST, UTO HEHPOH BO30YKIAeTCs MpH
JOCTHKEHUH BXOAHBIM CUTHAJIOM IIOPOTOBOIO 3HAYEHHS.

CryneHuaTyto (yHKIMIO MOKHO YCOBEpIIEHCTBOBaTh. IIpencTaBieHHYI0 HMXKE S-
o0pa3Hyl0 (YHKIUIO Ha3blBalOT CUTCMOUJOW, WM CUTMOUJANBHOM (PYHKIIHMEH.
Pe3kue npsMOyrospHbIE I'paHUIBl CTYNEHYaTOM (PyHKIHMHM B HEH CIJIaXeHbI, YTO
nenaet ee 0oJjiee eCTECTBEHHON U pealucTudHOM. [Ipupona He J00UT OCTPBIX YrioB!

Boixod

cuzmouda

> Bxod

CrnaxenHast S-o0pa3Hasi CUTMOMA — 3TO U €CTh TO, YTO MbI OyJileM MCIO0JIb30BaTh
JUIS  CO3/IaHMs COOCTBEHHOM HEHpOHHOW ceTtH. McciaemoBarensMu B 001acTH
MCKYCCTBEHHOT'O WHTEJUICKTa UCTIONB3YIOTCS TakKe Apyrue GyHKIMA aHATOTUIHOTO
BUJIa, HO CUTMOHJAa TPOCTa M OYCHb MOMYJspHA, TaK YTO OHA OyAeT IJs Hac
OTJIMYHBIM BBIOOPOM.

CurmMomnma, KOTOPYIO HWHOT/IA Ha3bIBAIOT TaKXKe JIOTUCTHYECKOW (YyHKIHEH,
OMUCHIBACTCS CIIEYIONEeH GopMyoii:

1

1+e*

o1



DTO BBIpa)XEHUE HE HACTOJIBKO CIIOKHOE, KaK MOHAYaly MOKET MOKa3aThCs. bykBou
€ B MareMaTuKe MPUHATO 0003Ha4YaTh KOHCTaHTy, paBHyro 2,71828... D10 oueHb
UHTEPECHOE YHCIO0, KOTOPOE BCTPEYAECTCS BO MHOTHX O00JIACTAX MATEMATHKU U
¢bu3uky, a mpuUYMHA, O KOTOPOW B JAHHOM YHKCJIE MBI HCIIOJIb30BAIM MHOTOTOYHE
(...), B3akimoyaercs B TOM, YTO 3alHCh JECATUYHBIX 3HAKOB MOXET OBITh
POJOJDKEHA 1O OECKOHEYHOCTH. /{151 MOJOOHBIX YHCEN CYIIECTBYET MPUUYIUBOE
Ha3BaHUE — TPAHCLICH/ICHTHBIE YKicia. Bce 3T0, KOHEUYHO, MHTEPECHO, HO JJI HAILIUX
LeJeil BIIOJIHE TOCTATOYHO CUUTATh, YTO 3TO YHMCIIO MPOCTO paBHO 2,71828. BxoaHoe
3HaueHHe Oepercs C OTPULATEIbHBIM 3HAKOM, W € BO3BOJAMTCS B CTENEHb -X.
Pesynprar mnpubaBnsercs K 1, 4To maeTr Ham 1+e™. Hakoner, Mbl obpaiaem
MOCIENHION CyMMy, T.e. gemuM 1 mHa 1+€”. DT0 W €cTh TO, YTO JENaeT
npuBeJCHHAsT BbIlIe (QYHKIUS C BXOJHBIM 3HAUYEHHEM X [JII TOTO, YTOOBI
MPEAOCTAaBUTh HAM BBIXOJHOE 3HAUYCHHUE ).

Panu uHTepeca ciemyeT OTMETUTh, YTO IIPU HYJIEBOM 3HAYEHHMHU X BBIPAKEHHE €
IPUHUMAET 3HAUY€HUE |, MOCKOJIBbKY BO3BEJIEHUE JIIOOOTO YKCiia B HYJIEBYIO CTEIICHb
Bcerga naet 1. Ilostomy y cranoButcs paBHbiM 1 / (1 + 1) unu mpocto 1/2, T.e.
nosioBuHe. CreoBareabHO, 6a30Basi CHTMOM/IA TIEpeceKaeT och y npu y=1/2.
CyiiecTByeT ele o/lHa, OYEHb BECKas, MPUYMHA JUIs TOTO, 4TOObI U3 MHOKECTBA
BceX S-00pa3HbIX (YHKIMM, KOTOPhIE MOXKHO OBUIO OBl HCIOIB30BATH IS
OTIpEJICJICHHS] BBIXOJJHOTO 3HAUYEHUsI HEHpPOHA, BHIOpaTh UMEHHO curmouay. Jlemo B
TOM, YTO BBIMOJIHSITH Pacye€Thl ¢ CUTMOUJION HaMHOTO TPOIIE, YeM ¢ JII000U Ipyroit
S-o0pasHoili GyHKIIMEH, B BCKOpE Ha MPAKTHKE MOXKHO OyaeT yOeauThCs B TOM, YTO
9TO NEUCTBUTEILHO TaK.

BepHeMcs Kk HeillpoHaM M TOCMOTPUM, KaK Mbl MOXEM CMOJEIHPOBATH
VCKYCCTBEHHBI HEVPOH.

[lepBoe, 4uTo cienyeT MOHATh, — 3TO TO, YTO peajbHble OMOJIOTMYECKHE HEUPOHBI
MMEIOT HECKOJIBKO BXOJIOB, a HE TOJBKO OoauH. HO 4TO Ham nenaTh cO BCEMHU 3TUMHU
Bxonamu? Mpbl OyneM MpocTO KOMOWHHUPOBATh MX, CYMMHPYS COOTBETCTBYIOIINE
3HAUCHUSA, W PE3YJbTUPYIONIas CyMMa OyAEeT CIYXUTh BXOJHBIM 3HAUYCHUEM Jis
CUTMOU/bI, YIIPABIIAIOUIEH BBIXOAHBIM 3HAUYC€HHEM. Takas cxeMa OTpa)kaeT MPUHLIHUIL
paboTbl HeWpoHHOW ceTu. [lpuBeneHHass HUXKE IUarpaMma WUIIOCTPUPYET HACHO
KOMOMHUPOBAHUS BXOJHBIX 3HAUYCHUN WM CPAaBHEHUS PE3yJbTUPYIOIICH CYMMBI C
MOPOTrOBBIM 3HAYEHHUEM.

cymma cuzmoudarbHas

bynkuus -——9 Buxod y
akmubayuu ;

X =
a+b+c y(x)
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Ecnn koMOMHMPOBaHHBIN CUTHAJ HEIOCTATOYHO CHIIBHBIM, TO CUTMOU/A TOJABIISICT
BBIXOJHOM curHal. Ecim ke cyMMa X JTIOCTaTOYHO BENMKa, TO (PyHKIHS BO30YKIaeT
HeHpoH. VIHTepeCHO OTMETHTh, YTO JaXe €CIM TOJbKO OJWH CHUTHAN JOCTATOYHO
CWJIBHBIN, B TO BPEMs KaK BCE OCTAIbHBIE NUMEIOT HEOOJBITYIO BEIMUYHNHY, TO H 3TOTO
MOKET BITOJIHE XBAaTHTh IS BO30YKIeHUsS HeiipoHa. boiee Toro, HEMpOH MOXKET
aKTUBHPOBATHCS W TOT/A, KOTJA KaXJbld M3 CUTHAJIOB, B3SATHIX MO OTIAEIHHOCTH,
UMEET HEeJIOCTATOYHYIO BEIMYUHY, HO, OyIy4YH B3STHIMH BMECTE, OHH 00ECIICUYNBAIOT
MPEBBIICHUE TOpora. B 3TOM yke 4YyBCTBYETCS MPOTOTHI 00Jiee CIOKHBIX U B
HEKOTOPOM  CMBICJIC HEOMPEJCICHHBIX BBIYUCICHUH, HA KOTOPHIE CIHOCOOHBI
110,T00HbBIC HEUPOHBI.

DNEeKTPUYECKUE CUTHAIIBI BOCIPUHUMAIOTCS ICHIPUTAMU, TJI€ OHU KOMOMHUPYIOTCS,
dbopmupyst Oosiee CHIbHBIM curHaid. Eciid 3TOT CUrHaji MPEBBIIAET MOPOT, HEUPOH
aKTUBHPYETCS, W CHUTHAJ TIEpPeaaeTcsl 4Yepe3 aKkCOH K TepMHUHAlIaM, OTKyJla OH
MOCTYyIaeT Ha JACHAPUTHI CcleAyromero Helpona. CBS3aHHBIE TaKUM CIIOCOOOM
HEHPOHBI CXeMaTHYECKH N300paKeHbI Ha MPUBEICHHON HUXE HILTIOCTPAIUH.

Ha srtoii cxeme OpocaeTcss B riaza TO, YTO Ka)XIblii HEHPOH MPHHUMAET BXOIHOM

HedpoHpd

\

S {Q——%
CUZHaAN

CUTHAJI OT HECKOJBKMX HaXOISIIMXCA IMEpel HUM HEUPOHOB M, B CBOI OYEPElb,
TaKXke MepeIacT CUTHAJI MHOTUM JIPYTHUM B Clydae BO30YXKICHUS.

OmguuM  ©3  CHOCOOOB  BOCHPOM3BEIEHUSI TAKOTO  IOBEJICHHUS  HEHPOHOB,
Ha0JII01aeMOr0 B KMBOW TMPHUPOJIE, B UCKYCCTBEHHON MOJENHU SIBISIETCS CO3JaHue
MHOTOCJIOMHBIX HEUPOHHBIX CTPYKTYpP, B KOTOPBIX KaKIbli HEWPOH COCIUHEH C
KOXJIbIM M3 HEHPOHOB B MPEAUICCTBYIOIIEM M MOCJIEAYIOIIEM CIOSX. JTa ujes
MOSICHSIETCS Ha CIICAYIOUIEN WILTFOCTPALIMH.
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Bxodbt Boixodv

HelpoHbl coeduHeHuUs

Ha sToil wiumrocTpanuy MPEACTABICHBI TPU CJOSA, KaXKIbIA U3 KOTOPBIX BKJIKOYACT
TPU MCKYCCTBEHHBIX HEHWpOHA, WK y3na. Kak HEeTpynHO 3aMeTUTh, 314€Ch KayKIbII
y3€J1 COEIMHEH C KKbIM U3 y3JI0B MPEIIIECTBYIOUIETO U MOCIEIYIOIIETO CI0EB.

Ho BO3HMKaeT BOIIPOC: B KAaKOW YAaCTH 3TOMW 3aCTHIBIIEW CTPYKTYpBI 3aKJIIOUYCHA
COCOOHOCTh K 00y4eHut0? UTO Mbl OJDKHBI PETYJIMpPOBATh, pearupys Ha JIaHHbIE
TPEHUPOBOYHBIX TPUMEPOB?

HauGonee oueBUIHON BEIMYUHOM, PETYIUPOBATH KOTOPYIO MBI MOTJIH Obl, SIBIISIETCS
CHila CBSI3M MEXIy y3idamu. B mpenenax ys3na Mbl MOriaM Obl peryIupoBaTh
CYMMHPOBAHHE BXOJIHBIX 3HAUEHUHN WJIH ke (HOPMY CUTMOUBI, HO 3TO YKE HEMHOIO
CJIOKHEE TIpeapiayliel perynupoBku. Eciu pabotaeT 0oJjiee mMpoCcTOoM MOAXOMI, TO
JABaliTe€ UM U OTPaHUYHMCS.

Ha cnenytomeit nuarpamMmMe BHOBb MTOKa3aHbl COEIMHEHHbIE MEXAY COOOM y3Ibl, HO
Ha JTOT pa3 C KaXIbIM COCIMHEHHUEM aCCOLMUPYETCs OIpelNesIeHHbIN Bec. Huskum
BECOBOM KOA((UIIMEHT OCIA0ISAET CUTHAN, BBICOKHI — YCUIIUBAET €TO0.

Crnenyer cka3aThb HECKOJIBKO CJIOB O HEOOJBIIMX HHAEKCAX, YKA3aHHBIX PAIOM C
koddurnmentamu. Hampumep, cumBon W ;3 o6o3HagaeT BecoBO Kod(DPUITMEHT,
CBSI3aHHBII C CHUTHAJIOM, KOTOPBIN mepeAaercs OT y3ja 2 JaHHOTO CJosl K Y31y 3
cienytomiero ciosi. Cnenosarensuo, W 1, — 3To BecoBOil K03(PPUITUEHT, KOTOPHIN
ocnabJsieT UM YCHUIMBAET CUTHAJ, NepelaBaeMblil OT y31a 1 K y3imy 2 cieyromero
ciosi. YToObl MPOMJUTIOCTPUPOBATH ATY UACI0, HA CleAyIouleil nuarpaMMe o0a 3THX
COEJIMHEHHUS MEKy IEPBBIM U BTOPBIM CJIOSMH BBIIEJIEHBI LIBETOM.
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MokeT BO3HHUKHYTH BOIPOC, MOYEMY KaKABIM y3€1 CJIO0sl JOJDKEH OBITh CBSI3aH C
KOKIBIM M3 Y3JIOB TPEABIIYIIETO M TMOCIEAYIONIETO CJIOEB. JTO TpeOOBaHUE HE
ABJISIETCA 00s3aTEIbHBIM, W CJOM MOXXHO COCIMHATH MEXIYy CO00il JH00BIM
MBICJTUMBIM CITIOCOOOM. MBI HE paccMaTpuUBaeM 3/1€Ch IPYTHUE BO3MOKHbBIE CIIOCOOBI
Mo TOW mNpuUyMHE, YTO OJarogaps OIHOPOJHOCTH OIUCAHHOW CXEMbI IOJHOTO
B3aUMHOI'O COEAWHEHUSI HEHUPOHOB 3aKOJMPOBAaTh €€ B BHUAE KOMIIBIOTEPHBIX
WHCTPYKIIMM Ha CaMOM JieJIe 3HAYUTEJIBLHO IPOINE, YeM JIIO0YI0 JIPYTyI0 CXeMmy, a
TaKkKe IMOTOMY, YTO HaJIMYME OOJIBIIEr0 KOJHWYECTBA COCAWHCHHH, YeM TOT HUX
00s13aTeNIbHBIE ~ MUHUMYM, KOTOPBIM MOXKET IOTPeOOBaThCS JUIS  PEIICHUS
ONPEJICICHHOW 3a/Ja4yu, HE MPUHECET HHMKAKOro Bpena. Ecin monoiHUTENbHbIC
COCIMHEHUS ICUCTBUTEILHO HE HYXKHBI, TOMPOIIECC 00YyUCHHS OCIIA0UT UX BIIMSHHE.
Yto moa »TUM mojapaszyMeBaercsi? ITO 03HAYaeT, YTO, KaK TOJbKO CETh HAYYUTCA
yJIy4liaTh CBOU BBIXOJIHbIC 3HAUYECHUSI MyTEM YTOYHEHHUS BECOBBIX KOA3(PIHUIIMEHTOB
CBSI3ell BHYTPHU CETH, HEKOTOPhIC BeCca OOHYIISATCSA WJIM CTAaHYT OJM3KUMU K Hy/t0. B
CBOIO Oue€pellb, ITO O3HAYaeT, YTO TaKUE CBSA3M HE OyAyT OKa3bIBaTh BJIMSHUS Ha
CeTh, MOCKOJBbKY MX CHUTHaJbI HE OYIyT TepedaBaThCcs. YMHOXKEHHME CHUTHaJIa Ha
HYJIEBOW BEC JIa€T B PE3YJIbTATE HYJIb, UTO O3HAYACT(HAKTUUECKHUIN pa3phIB CBS3H.
Bb1800bl no emopomy nyukmy:

* buonorndeckuii MO3r JIEMOHCTPUPYET BBIIOJIHEHHE TAKUX CIIOKHBIX
3a/1a4, KaK yIpaBJeHHUE IMOJIETOM, IMOWCK I, U3YYCHHUE sA3bIKa WU U30eraHue
BCTpEY C XUITHUKAMH, HECMOTpPS Ha MEHBIIUNA OO0BEM MaMSITH W MEHBIIIYIO
CKOPOCTh  00paboTKM HWH(pOpMAIMU 110 CPaBHEHUIO C  COBPEMCHHBIMH
KOMIIBIOTEpaMH.

« Kpome TOro, OHMONOrMYECKUA MO3T HEBEPOSTHO YCTOWYUB K
MOBPEXKACHUSAM U HECOBEPIICHCTBY 00pabaThIBA€MbIX CUTHAJIOB MO CPABHEHUIO C
TPAJULIMOHHBIMA KOMITBIOTEPHBIMUA CUCTEMaMHU.

* buomornueckuii MoO3r, COCTOSAIIMHA W3 B3aMMOCBSI3aHHBIX HEUPOHOB,
SIBJISIETCS UCTOYHUKOM BJIOXHOBEHUS JJIsI pa3pabOTYMKOB CUCTEM MCKYCCTBEHHOTO
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HHTCIIJICKTA.

3.PacnpocTpaHeHne CUTHAJIOB 110 HEI{POHHOM ceTH.

[IpuBeneHHas BpIIIE KapTUHKA C TPEMs CIOSIMHM HEWPOHOB, KAXKIBIM M3 KOTOPBIX
CBSA3aH C KAXIbIM M3 HEUPOHOB B MPEABIAYIIEM U CIEAYIOIIEM CIIOSX, BBITJIAJINAT
JOBOJIBHO TPOCTO M MNOHATHO. OJHAKO paccunTarh PacHpOCTPaHEHUE BXOJHBIX
CUTHAJIOB TI0 BCEM CJIOAM, IOKA OHHM HE€ MPEBPATATCA B BBIXOJHBIE CUTHAJBI, HE
OYEHb IIPOCTas 3a7aya.

Kak paGoTaeT 3TOT MexaHU3M, YTO MPOUCXOAUT B HEMPOHHOM CETH Ha camMoM Jeie?
[TombiTaemcst mpoxenarb HEOOXOAHWMBbIE BBIYUCICHUS Ha TpUMEpPEe MEHbIIeH
HEHPOHHON CETH, COCTOSIIEH U3 ABYX CIIOEB, KK M3 KOTOPBIX BKJIIOYAET MO 2
HEHPOHA, KaK NTOKa3aHO HUXKE.

caol 1 CAOU 2

- —7- @ ;-@ = ?
7

Bxo0obl ! Boixodb!

7 ‘_WA/ @ ;;@ o )

[Ipenmonoxxum, 4To CUTHaAIAM Ha BX0Jie cCOOTBEeTCTBYIOT 3HadueHus 1,0 u 0,5.

l‘,o = @ - ’*@ =
7

Bxo0bi "

0'5 o > @ o ;;@ R 7

Kak u panplie, KaXablil y3€J1 OIPEBPALIAET CYMMY ABYX BXOJHBIX CUTHAJIOBB OJIMH
BBIXOJIHOM C TIOMOMIbIO byHkuun aktuBanuu. Mpl Takxke Oyaem
HCMOJIb30BaTh CUTMOUY

o © KOTOPOM BHI JI0 3TOT'0 MO3HAKOMUJIUCH, TJIE

X — 3TO CyMMa CUTHAJIOB, MOCTYNAIIINX B HEMPOH, a y — BBIXOJHOM CUTHAJ 3TOTO
HEMPOHA.

A 4TO HacueT BecOBbIX K03 duireHToB? C KaKoro 3HayeHus clieayeTHayaTh?
JlaBaiiTe HAYHEM CO CITyYalHbIX BECOB:
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o W 11— 0,9
o W 12 = 0,2
o W 21 = 0,3
o W 22— 0,9

Bb160op ciyyailHbIX HayalbHBIX 3HAYEHUIl — HE Takas yxX IUIoxas ujes, MMMEHHO
TaK MbI ¥ TIOCTYTIaIK, KOTJ]a paHee BhIOUpalu ciaydailHoe HadallbHOe3HAUCHHE
HaKjJIOHa MPSAMOW Ui MPOCTOro JIMHEWHOro KJIacCU(pHUKATOPA.
CnyyaiiHO€  3HAQ4Y€HHE YIYyYIIAJOCh C KaXIAbIM OYEPEIAHBIM TPEHUPOBOUYHBIM
IPUMEPOM, UCTIONIB3YEMBIM TS 00y4ueHHs Kinaccudukaropa. To ke camoe JOHKHO
OBITh CIIPaBEUIMBBIM U JIJIs1 BECOBBIX KOA((ULIMEHTOB CBsI3el B HEMPOHHBIX ceTsx.B
JaHHOM cJlydae, Korja ceTb HeOOoJblIasi, Mbl UMEEM BCETr0 YeTbIPE BECOBBIX
KO3 PUIIUEHTA, TOCKOJIBKY TAKOBO KOJMYECTBO BCEX BO3MOXHBIX CBA3EUMEKIY
y3JaMy MPU YCIOBUHU, YTO KaXIbIA CION COJIEPKUT IO JBa y3na. Huxke
puBEACHA auarpaMMa, Ha  KOTOPOM  BCE  CBSI3M  IIPOMAPKUPOBAHBI
COOTBETCTBYIOIIUM OOpPa30M.

10 ——> 1 <. > 1 —>
> :
w, ,=0,2 ,
w,,=0,3 /
0,5 > 2 2 2 TS
w, .=0,8

[IpucTynuM K BEIYUCIICHUSIM.

[IepBbIil clIOM Y3710B — BXOJIHOM, U €r0 €IMHCTBEHHOE HAa3HAYEHUE — MPEIACTABISATH
BXOJHBbIE CUTHajlbl. TakuM 00pa3oM, BO BXOJHBIX y37ax (YHKIUS aKTUBAIUU K
BXOJIHBIM CHUTHaJaM HE MNPUMEHSAETCA. MBI HE BBIIBUTA€M B OTHOLICHUH 3TOrO
HUKAaKUX Pa3yMHBIX JIOBOJIOB U MPOCTO NPUHUMAEM KAK TAHHOCTb, UTO MEPBBIN CIIOU
HEUPOHHBIX CETEeW SBIJISICTCS BCErO0 JMIIb BXOJHBIM CIIOEM, IPEICTABISIOINAM
BXO/IHBI€ CUTHAJIBI.

C nepBbIM CJIOEM BCE MPOCTO — HUKAKUX BBIYMCICHUI.

Jlamee Mbl MOJKHBI 3aHATHCA BTOPBIM CJIOEM, B KOTOPOM HOIpe6yelTC$[

BBITIOJIHUTD HCKOTOPEIC BBIYMCJICHH . B CUTMOUIC X —

1+e™*
KOMOMHUPOBaHHBIM CUTHAN Ha BXoAe y3na. J[anHas xomOuHaiusi oOpasyercss u3
HEOoOpaOOTaHHBIX BBIXOJAHBIX CHUTHAJIOB CBSI3aHHBIX Y3J0B MPEABLAYIIETO CIOS,
CTJIQ)KEHHBIX BECOBBIMU Kod(pduimentamu cBszeil. [IpuBenennas Huke nuarpamma
aHaJIOTUYHa TeM, C KOTOPBIMU BBl YK€ CTAJKUBAJIUCh, HO TEMEpbh Ha HEHM yKa3aHO
CTJIQXKUBAaHME TOCTYMAIOIIMX CHTHAJIOB 32 CYET MPUMEHEHUS]  BECOBBIX
KO3 UIIUEHTOB CBA3CH.
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cymma CuzMoudaAbHas

6x0d08 pyHKYus

akmubayuu

X =

Bec
wl
" aw, + bw, + cw, y(%)

~N
b-i%

Jns Havanma cocpenoTounM BHMMaHuE Ha y3ie 1 cmost 2. C HUM cBsi3aHbl 00a y37a
IIEPBOT0, BXOJHOTO CJI0s. MIcXOHbIE 3HAYEHUS HA 3TUX BXOJHBIX y3Jlax paBHbI 1,0
0,5. CBsi3u mepBOTO y311a Ha3Ha4ueH BecoBo kKoadduiueHt 0,9, ces3u Broporo — 0,3.
[ToaTOMY CriIaK€HHBIA BXOJHOW CUTHAJ BBIYMCISETCS C TMOMOIIBIO CIEAYIOLIETO

BBIPA)KCHUA:
= (BEIXOH NEepBOI'oc y3na * BecC cBsA3u) +

+ (BEIXOO BTOPOI'c y3Jja * Bec CBA3M)
x=(1,0*0,9) + (0,5*0,3)
x=0,9+0,15
x=1,05

be3 criaxuBaHusi CUTHAJIOB MbI MPOCTO MOIY4YUIH Obl ux cymmy 1,0 + 0,5, HO MBI
TOro He XOTHM. MIMeHHO ¢ BecoBbIMH KOX(hdUIIMEHTaMH OYJET CBsi3aH MPOIECC
oOy4eHHsI HEMPOHHOM CETH MO0 Mepe TOTO, KaK OHU OYIyT UTEPATUBHO YTOUHSITHCS
JUIS1 IOJTYYEHUS BCE JIYUIIETO U JYUILEro pe3yibTaTa.
Htak, Mbl yxxe umeeM 3HaueHue x=1,05 st KOMOMHHUPOBAHHOTO CTIAKEHHOTO
BXOJIHOIO CHTHaJa MEPBOTO y3ja BTOPOrO CJIOS U TENepb pacrojlaraéM BCEMHU
HEOOXOIMMBIMH JTAHHBIMH, UTOOBI PACCUUTATH JIJIS1 STOTO ysna,
BBIXO/IHOM CUTHAJI C TOMOIIbIO (PYHKIIMU aKTUBALIUHT

1+e™>
[TonpoOyiiTe crnpaBUTBCS C 3TUM CAMOCTOSITENIBHO, MCHOJIb3Ys KalabKymsitop. Bor
npaBuibHBI 0TBeT: y = 1 / (1 +0,3499) =1/ 1,3499. Takum obpazom, y=0,7408.
Mps1 paccuntanu ¢GakTUUECKH BBIXOJIHOM CHUTHAJ JJISi OJHOTO W3 JBYX BBIXOJHBIX
Y3JI0B CETH.
[ToBTOpUM T€ K€ BBIYMCIICHUS ISl OCTABIIEroCs y3ja — y3Jia 2 BTOPOTO CJIos, T.€.
BHOBb BBIYMCJIMM CIVIAXKEHHBIA BXOJHOM CHUTHAI C TOMOIIBIO  CJIEIYIOLIETO
BBIPAXKCHUS:
X = (BEXOO nepBOro ysJsa* Bec CBA3u) +
+ (BEIXOO BTOPOIro y3na* BeC CBA3N)
x=(1,0*0,2)+(0,5*0,8)
x=0,2+0,4
x=0,6
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Pacrnonarasi 3Ha4eHHEM X, MOYKHO PacCYMTATh BBIXOJIHOW CUTHAJ y3ja CIIOMOIIBIO
byukiuu aktuBanmu: y=1/ (1 + 0,5488) =1/ 1,5488. Takum obpazom, y=0,6457.
PaccuntanHbie HaMHM BBIXOJHBIE CHUTHAJBI CETH MPEACTABICHBI Ha MPUBEIACHHOU
HIDKE TUarpamme.

w, ,=0,9
1,0 5 1 - o 2 ——> 0,7408
7

w,,=0,2

w,,=0,3 ,

> 2 Sy 2 = 6487
w, ,=0,8

Takum 00pa3oM, 4TOOBI MOIYYUTh BCETO JIMIIb JIBA BHIXOJHBIX CUTHaNA JUIsl BECbMa
IIPOCTOM HEUPOHHOM CETH, HAM IPHUILIOCH XOPOWIO NOTpyAuThCA. K cyacTero, it
BBIYMCJIEHUN KPYITHBIX CETEN MIACAJIBbHO MOAXOIAT KOMIIBIOTEPHI.

MarteMatuku pa3paboTaiy Ype3BBIYANHO KOMIAKTHBIA CIIOCOO 3alHMCH ONEepaLMi
TOTO THIIA, KOTOPBIE MPUXOAUTCS BBINOJHATH U BBIYMCICHHS BBIXOJHOTO CHUTHAja
HEHPOHHOM CETH, NaXK€ €CIM OHA CONEPKUT MHOXKECTBO CJIIOEB M Y3J0B. OTa
KOMIIAKTHOCTh OJIaronpusaTHa HE TOJBKO Ui JItOJIEH, KOTOPbIE BBINUCHIBAIOT WU
YUTAIOT COOTBETCTBYIOIIME (OPMYJbl, HO M I KOMIBIOTEPOB, IOCKOJIBKY
IpOrpaMMHbIE HMHCTPYKIUHU TMOJIy4aloTcsl 0ojee KOPOTKUMHU U BBINOJHSIOTCS
HaMHOT0 OBICTpee.

B 53TOM KOMIIAKTHOM IIOAXOJ€ MPEAIOIaracTcs HCIOJIb30BAHUE MAaTpHUL, K
pPaccMOTPEHUIO KOTOPBIX MbI IPUCTYIIUM B ClIeyIolIel padore.

0,5

IIpakTHuyeckue 3a1aHuA
1. Co3nanue kiacca HEMPOHHOU CETH
2. Nanimanusanus ceTu
3. BecoBbie kK03(phUIIMEHTH — OCHOBHAS YaCTh CETH
4. YnyduieHHbIN BApUaHT MHULIMATIN3AlUHA BECOBBIX KO3(PPUIIMEHTOB

IIpoekT HeliponHo¥ ceTu HA Python. Yacrs 1.

1. Co3nanme Kjacca HeMPOHHOI CceTH.
Kiacc HEUPOHHOM CeTU [JOJDKEH COAepXkKaTb, II0 KpaWHEn Mepe, TpHU

byHKIUU:
* uHUYUAIU3AYUA — 33JJaHUE KOJMYECTBA BXOJTHBIX, CKPBITBIX U BBIXOTHBIX

y3JI0B;
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* mMpeHupo8Kka — YTOYHEHHE BECOBBIX KOI(PQPUIMEHTOB B IIpolecce
00pabOTKM MPEOCTABICHHBIX JIJI OOYUYEHHS CETH TPEHUPOBOYHBIX TPUMEPOB;
* 0onpoc — MOJIyYeHUE 3HAYECHUI CUTHAJIOB C BBIXOJHBIX Y3JIOB MOCIIE
MPEOCTaBICHUS 3HAYCHUM BXOIAIINX CUTHAJIOB.
HavanbHbil KOJ MOKET UMETh IPUMEPHO CIEIYIOUTUN BU/I.

# onpecdeneHue Knacca H

class neura

# UHUYU

pass

# mperupoBka HelponHol cemu
def train():
pass

# onpoc HelipoxHol cemu
def query():
pass

2. UHunmaan3anms ceTu.
Haynem ¢ waunmanuzanuu. HeoOxoaumo 3aiaTh KOJIUYECTBO Y3J0B BXOIHOTO,

CKPBITOTO U BBIXOJHOTO CIIOE€B. DTH JIAHHBIE OIMPEACIISIIOT KOH(PUTYPAIUIO U pa3Mep
HelpoHHOM cetn. BMecTto TOro 4ToObI >KECTKO 3aJaBaTh MX B KOJE, MbI
MPEAYCMOTPUM YCTAHOBKY COOTBETCTBYIOIIMX 3HAUYEHUN B BHJIE MAPAMETPOB BO
BpeMs co3JaHusl 00beKTa HellpoHHOW ceTu. bmaronmaps stomy moxHO Oynmer Oe3
TpyJa CO37aBaTh HOBbIE HEUPOHHBIE CETU PA3IIMYHOTO pa3Mepa.

B ocHOBe Hamero pemeHus JEKUT OAHO BaXHOe cooOpaxeHue. XOpoIlue
POrPAMMHUCTBI IIPU KaXAOM yJIOOHOM CIIy4ae CTaparoTCsl MUCATh 0000OUieHHbIl KOO,
HE 3aBUCSIIMA OT KOHKPETHBIX YHWCIIOBBIX 3HAYEHUW. DTO XOpOIas MPUBBIYKA,
MOCKOJIbKY OHa BBIHYXJaeT Hac Oornee TiIyOOKO MpOAYyMBIBaTh pEIICHMUS,
pacHIMpAIONIe MTPUMEHUMOCTh MporpaMMsbl. Crestyst e, Mbl CMOXKEM HMCIOJIb30BaTh
Hallli IPOTPaMMBbI B CAMBIX Pa3HbIX CIIEHApUsAX. B TaHHOM cilyyae 3TO 03HA4aeT, 4To
MBI OyJIeM TBITaThCsl pa3pabaThiBaTh KO Il HEHPOHHOW CETH, MOAAECPKUBAIOIINNA
KaK MOKHO OOJIbIIIE€ OTKPBITHIX OMIMNA W MCHOJB3YIOMIUNA KaK MOYHO MEHbIIIE
MPEANOJIOKEHUH, YTOOBI €ro MOXHO OBUIO JIETKO MPUMEHSATh B Pa3IMYHBIX
cuTyanusix. Mbl XOTUM, 4TOOBI OJIMH M TOT K€ KJIaCC MOT CO3/1aBaTh KaK HEOOJbIIINE
HEHPOHHBIE CETH, TaK WU OYCHb OOJbINHE, TPeOys IUIIb 3aJaHUs KEITACMBIX
pa3MEPOB CETU B KAUECTBE MMapaMETPOB.

Kpome Toro, Ham Henb3s 3a0biBaTh O KOd(duimeHnte oOydeHus. IDTOT MmapaMeTp
TaK)X€ MOKHO YCTAaHaBJIMBATh IIPU CO3JaHUM HOBOW HEUPOHHOM ceTu. Ilocmorpure,
KaK MOJKET BBITIAACTh (PYHKIUS uHUIManu3anuu_init_ () B momoOHOM ciydae u
100aBbTEe HYKHBIH KOJI.

60



# onpedefieHue Knacca HeUpoHHoU cemu

class neuralletwork:

# uHuyuanuzupoBame HelpoHHYw cemb
def _ init_ (self, inputnodes, hiddennodes, outputnodes, learningrate):
# 3adame konu4ecmBo y3noB 6o BxodHom, ckpomom u BbixodHoM cnoe

self.inodes = inputnodes
self.hnodes = hiddennodes
self.onodes = outputnodes

# Ko3¢Puyue
self.1r = learningrate
pass

eHm 06y4eHus

# mpeHupoBka HelipoHHoU cemu
def train():
pass
# onpoc HelipoHHol cemu
def query():
pass

JloGaBUM 3TOT KOJ B Hallle ONPEICIICHHE Kilacca HEMPOHHOM CeTH M CO3JaduM
OOBEKT HEOOJBLION CEeTH C TpeMs Y3JIaMH B KaXKIOM clioe U KO3(p(OUIHEHTOM
oOy4denusi, paBHbIM (,3.

# onpedeneH

class neural

me HeUpoHHYW cems

1f, inputnodes, hiddennodes, outputnodes, learningrate):
konuyecmBo y3no8 Bo BxodHom, ckpemom u BeixodHoM cnoe

des = inputnodes
self.hnodes = hiddennodes
self.onodes = outputnodes

# kos¢puyuexm oby4erua
self.1lr = learningrate
pass

# mpeHupoBka HelipoHHol cemu
def train():

pass
# onpoc HelipoxHol cemu
def query():

pass

input_nodes = 3
hidden_nodes = 3
output_nodes = 3

Ap HelpoxHOU cemu

k(input_nodes,hidden_nodes,output_nodes,learning_rate)

JlaHHBINM KO TTO3BOJISIET TOJYYUTh OOBEKT CETH, HO TAKOW OOBEKT MOKa 4TO HEe OyIeT
OCOOEHHO MOJIE3HBIM, TOTOMY YTO HE COJEPKUT HU OJHOW (PYHKIMHU, CHOCOOHOU
BBITIOJTHSATH MOJIE3HYIO padoTy.

DTO HOpMaJibHAs MPAKTHKA — HAYUHATH C MAJIOTO U TIOCTENIEHHO HapaliuBaTh KO,
MOIYTHO HAaXOJsl U YCTPaHss OLIUOKH.

Uro panbmie? Mbl cooOmuan oO0BEKTY HEHPOHHOW CETH, CKOJBKO Y3JIOB Pa3HBIX
TUIIOB HaM HEOOXOJUMO HMMETh, HO JJisi (PaKTUYECKOTO CO3JaHUS Y3JIOB IMOKa 4YTO
HUYETO HE CHEIANH.

BecoBbie kK03GGUIMEHTHI — OCHOBHAS YaCTh CETH.
Hamum ciepyromuM marom OyAeT CO3AaHHE CETH, COCTOSIIIEH U3 Y3JI0B U CBS3EH.
Hanbonee BakHasi yacTh ATOM ceTU — BecOBble KOI((PumueHTHI cBsi3ell (Beca).
OHU KCNONB3YIOTCA UIsl pacueTa pacHpOCTPAHEHUSI CUTHAJIOB B MPSIMOM
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HaIpaBJICHUH, a TAKXC O6paTHOFO pacipoCTpaHCHUA OH_II/I60K, 1 MMEHHO BECOBLBIC
KO3(PUIIMEHTHI YTOUHSIOTCS B TIOMBITKE YIYUIIUTh XapaKTEePUCTUKU CETH.
Yz[06Ha KOMIIaKTHas 3alliMChb BCCOB B BHUJIC MATPHUII. CJ'IGI[OBaTeJ'IBHO, MBI MOXEM
CO3/1aTh CIEAYIOIINE MaTPULIBL:

¢ MaTpuny BCCOB IJIA CBsI3eH MCKAY BXOOHBIM U CKPBITBIM CJIOAMU,
W xommoii_cxpurruins Pa3MepHOCTBIO hidden_nodes x input_nodes;

* IPpYT'y10 MaTpuIy AJId CBI3E€H MEKAY CKPBITBIM U BBIXOJAHBIM CJIOSIMU,
W cxpbrmmii_swixommoiis PA3MEPHOCTBIO OUtpUt_nodes x hidden_nodes.
Ilpu neobxooumocmu eeprumecv K meopemuyecKum Mamepuailam 1adopamopHulx
pabom, 9TOOBI MOHSATH, MIOYEMY IIepBas MaTpHila uMeeT pa3mepHocTh hidden _nodes
x input_nodes, a e input_nodes x hidden_nodes.
BCHOMHI/IM, YTO HaA4YaJbHBIC 3HAQUCHUSA BCCOBBIX KOB(l)(i)I/IIJ;I/IGHTOB JOJI’)KHBI OBITH
HEOOJIBIITUMU U BBIOMpAThCS CiiydailHbIM oOpazoM. Cremyromias GyHKIHS U3 MaKeTa
NUMPY TeHEepUpyeT MAacCUB CiIy4YalHbIX uHcen B nuanazoHe ot 0 go 1, rme

pa3MEpPHOCTh MacCHBa paBHa FOWS x columns:
numpy.random.rand(rows, columns)

Bce xopomme nporpaMMucTsl MIyT B MIHTEpHETE OHIAHHOBYIO JOKYMEHTAILMIO I10
byuknusam Python u HaxoasaT nosesnbie GyHkimu. [Ipu jkeaHuu BBITIOJHATE TaKOW
nouck /i ¢pynkmun numpy.random,rand (), ecnmuxotuTe y3HaTh O Hell OOJIBIIIE.
Ecnu MBI coOupaeMcsi MCIONB30BAaTh PACIIMPEHUST MakeTa NUMPY, MBI JTOJDKHBI
UMIIOPTUPOBATh ATy OMOIMOTEKY B caMoM Havane Koja. lIpexne Bcero
yIOCTOBEPUMCS, YTO HYKHas HaMm ¢yHKIus pabortaetr. B mpuBegeHHOM HUXKe
npUMEpe HUCIONb3yeTcsl MaTpuiia pasMmepHocThio 3X3. Kak Buaurte, maTpuiia
3aMoJIHWIACH CIy4allHbIMU 3HAYeHUsIMH B Auanaszone ot 0 go 1.

import numpy

numpy . random. rand(3,3)
array([[@.06843680, 8.17248660, ©.94086505],
[@.29189845, ©.73728517, ©.24248484],
[@.68053887, 8.85742121, @.43125263]])
JlaHHBI TMOJXO0JI MOXKHO YIYYIIUTb, IMOCKOJBKY BECOBBIC KOA(D(PHUIIMEHTH MOTYT
UMETh HE TOJBKO TMOJOXKUTENIbHBIC, HO U OTPUIIATEIIbHBIC 3HAUCHUS U U3MEHATHCS B
npenenax ot -1,0 go +1,0. g mpoctoTel Mbl BbeiuTeM 0,5 M3 3TUX TPaHUYHBIX
3HAYEHUM, Mepeias K auana3zoHy 3HadeHuu ot -0,5 go +0,5. Huxe nmpencraBiieHsbl
pe3yJbTaThl MPUMEHEHUS 3TOTO MOJX0/1a, KOTOPhIE JEMOHCTPUPYIOT, YTO HEKOTOPbIS
BECOBBIC KOA(D(DUITMEHTHI TEMIEph UMEIOT OTPUIATEIbLHbIEC 3HAUCHMUS.
numpy.random.rand(3,3) -8.5
array([[ ©.212188093, -8.28506655, ©.20219302],

[-08.38341736, @.31864623, -0.3306000%],
[-0.80113976, -8.01818176, ©.39380294]])

MpbI rOTOBBI CO3/1aTh MaTPHUIly HayaJbHBIX BECOB B Hallled mporpamme Ha Python.
D1 BecoBbIe KOIPDUIIMEHTHI COCTABIISIIOT HEOTHEMIIEMYIO YacTh HEHPOHHOW CETH U
CIY)KaT €€ XapAaKTEPUCTUKAMU Ha MPOTSHKEHUU BCEU €€ KU3HU, a HE BPEMEHHBIM
HAa0OpOM JaHHBIX, KOTOPBIE HCYE3AIOT Cpa3y K€ IoCJIe TOro, Kak (QyHKIHS
orpaboTana. ITO O3HA4YaeT, YTO OHU JOJDKHBI OBITh YaCThIO IpoIlecca
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VHHLUATU3AIMNA ¥ OBITh JOCTYMHBIMU JJISI JPYTUX METOJMIOB, TaKUX KaK (YHKIUH
TPEHUPOBKH U OIPOCA CETH.

Hwke mpuBeneH KOj, BKJIOYAs KOMMEHTAPUH, KOTOPBIA CO3[aeT JIBE MATPHIIBI
BECOBBIX K03 duimeHToB, wucnonb3ys 3HadeHus mnepemenHbix  Self.inodes,
self.hnodes u self.onodes s 3amaHusi COOTBETCTBYIOIIMX Pa3MEPOB KaKIOU H3
HUX.

cnedywwe2o cnoAa

# wl2 w22 u m.d

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

i yn!qmeHHLIﬁ BAPDUAHT MHHUIINAJIN3ANNN BECOBDIX KO3g!g!HgHeHTOB.

OnucanHoe B OJTOM paszfiesie 00HOBIeHUe Kooa HE SBISETCS 00s3aTEIbHBIM,
IIOCKOJIBKY 3TO BCEro JIMIIb IPOCTOE, HO IOMYJSPHOE YCOBEPIICHCTBOBAHUE
MpoIecca HHULIMAIU3ALUHA BECOBBIX KO (PUITMEHTOB.

B Teopernueckux marepuanax aad0paTOpHBIX pabOT MbI paccCMaTpPUBAJIU Pa3INYHbIE
crocoObl TMOATOTOBKM JAaHHBIX W HWHUNMAIM3aUuK KO3 UIIMEHTOB. MOXHO
NPUMEHUTh U JPYTrOd, HECKOJIbKO YCOBEPUIEHCTBOBAHHBIM MOIXOJ K CO3/IaHHUIO
CIIy4ailHbIX HAYaJIbHbIX 3HA4YeHH BecoB. i1 3TOro BecoBble KOA(DPHUIIMEHTHI
BBIOMPAIOTCS U3 HOPMAIBHOTO Paclpe/iesieHus ¢ LIEHTPOM B HYJIEW CO CTaHIapTHBIM
OTKJIOHEHHEM, BEJIMYMHA KOTOPOT0 OOPaTHO MPOMOPIMOHATHHAKOPHIO KBaIpaTHOMY
13 KOJIMYECTBA BXOISIIUX CBS3€H Ha y3€ll.

D10 Jerko Jemaercs C MoMomiblo Oubimoreku nhumpy. Oyakmus numpy.
random.normal () ommcana mo Takomy ampecy: https://docs.scipy.org/doc/numpy-
1.10.1/reference/generated/numpy.random.normal.html. Ona mnomoxer Ham c
W3BJICUEHHUEM BBIOOPKH M3 HOPMAJILHOTO pacnpenenenus. Ee mapameTpaMusiBiastorcs
LIEHTP pacHpeaesieHus, CTaHJApTHOE OTKJIOHEHHE M pa3Mep maccuBa NUMPY, eciau
HaM HY’>KHA MaTpuUla CIy4alHbIX YUCEIN, a HE OJJUHOYHOE YHCIIO.

OOHOBJIEHHBIM KOJI MHULMAJIU3ALHUA BECOBBIX KOA(DPUIMEHTOB OYIET BBITJISAIETH
TakK.

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))

Llentp HOpmanbHOTO pacnpeaecsneHuss ycraHoBiaeH 3aecb B 0,0. CranmapTHOe
OTKJIOHCHHE BBIYUCIISIETCS] 1O KOJUYECTBY Y3JIOB B CIEAYIOLIEM CIIO€ C TTOMOIIBIO
¢bynkuun pow(self.hnodes, - 0.5), koTopas mpocTo BO3BOAUT KOJUYECTBO Y3JIOB B
crenieHsb -0,5 . [locnenuuii mapameTp onpenenseT KoHGUTypalrio MaccuBa NUMPY.

KoHTpoJibHBIE BONIPOCHI
1. lns kakux 3a7a4 MPUMEHUM MTPOCTOM JIMHEWHBIN Ki1accudukatop?
2. Kakum o00pa3oM mpou3BeCTH KIACCU(PUKALMIO, €CIU JTHHEUHBIN
KJaccupuKaTop HE MPUMEHUM K 3a7aue?
3. [Ipu kakux 3HaueHuUsX aprymeHToB pynkuusa U npunumaet 3nauenue 1?
4. Ilpu xakux 3Ha4YeHUAX apryMeHToB QpyHkims MJIU sBisieTcst uCTUHHOM.
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5. Ilpum kakux B3HAYEHUAX aprymMeHTOB (yHKuus uckurouarowee UJITH
NpUHUMAaET 3HaueHue 1?

6. OnuimmTe CTPOCHUE HENPOHA.
7. Yto nipeacTaBiseT co00il GyHKIMS aKTHBAIUA?

8. Kakas ¢yHkmms damie BCEro HCIONB3yeTCs B KadecTBe (YHKIIUU
aKTUBAIlMU B ICKYCCTBEHHBIX HEHPOHHBIX ceTsx? [1o kakum mpuanHam?
9. YUrto Takoe BecoBbIe KO PUITMEHTHI ceTn?

10. Kakum 00pa3oM NPOUCXOAMUT PACHPOCTPAHEHHWE CHUTHaja 110
HCKYCCTBEHHOW HEUPOHHOU ceTn?

11. Kakue pyHKIMH MOXET COJIEp:KaTh KIacc HEMPOHHOM CEeTH, CO3JaHHBIN
Ha si3p1ke Python?
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JlabopaTopHnasi padora 5
Pemenne cJI0KHBIX 32124 KIACCH(PUKAIMHA C IOMOIIbI0 HCKYCCTBEHHBIX
HellpOHHBIX ceTeil. MeTo1 00PATHOIr0 pacpOCTPAHEHNS
Heas: paccMoTpeTs METOJ 0OOpaTHOTO PacHpOCTpaHEHUs! OIMMOKHU Mpupa3zpadboTke
MPOEKTA HEUPOHHOU CETH.

3aganue:

1. I3yunTh TEOPETHUECKOE BBEICHHUE.

2. OtBeTuTh HA KOHTPOJIBHBIC BOMNPOCHI, TPHUBEIACHHBIE B KOHIIE
nabopaTopHOI pabOTHI.

3. BpmoaauTh, TpakTHYECKHWE 3aJaHUS C  HCIOJB30BaHUEM  S3BIKA
nporpamMmupoBanus Python.

4. CocTaBUTh OTUET M0 JJabopaTtopHoil padote. Tpebosanus k omuemy:

OTUeT MpenocTaBIsaeTCs B JICKTPOHHOM BHUE B TEKCTOBOM penakrope MSWord. B
OTUCTE YKA3bIBAIOTCS:

1) daMuus CTyACHTA.

2) TTopsiikoBBIN HOMEP U Ha3BaHHUE J1TaOOPAaTOPHON pabOTHI.

3) Llenb paboTHI.

4) OTBETHI Ha KOHTPOJIBHBIC BOTIPOCHI.

5) Omnwmcanue perieHus BHIOJHCHHBIX 3aJaHUi JIaO0PaTOpHON PabOTHI,
cojiepiKaiiee: a) hopmyauposKy 3a0anusi; 8) CKPUHULONM BbINOJHEHHO20 3A0a U,
cooeparcauuti pamuiuio cmyoeHma.

3ammTa J1a00paTopHON pabOThl OCYIIECTBIISIETCS MO OTYETY, MPEICTABICHHOMY
CTYJIEHTOM M C IEMOHCTPAIMEH 3aJaHMs Ha KOMITBIOTEpE.

Teopernveckoe BBeIeHUE
1. YMHOXEHHE MaTpHI]
2. [Ipumep UCTIOIB30BaHUSI MATPUIHOTO YMHOXEHUS B CETH C TPEMS CIIOSIMHU
3. KoppektupoBka BeCOBBIX KOIPPHUIIMEHTOB B IMpolecce OO0ydYeHHs
HEVUPOHHOU CeTH
4. O0OpaTHOE pacpoCTpaHEHUE OIMMNOOK MPU OOJIBIIIOM KOJIMYECTBE CIOCB
5. Onncanue oOpaTHOTO PACIPOCTPAHEHHUS OITUOOK C TTIOMOIIBI0O MATPUYHON
anreopsl

1. YMHoKeHue MAaTPUI

B npenpiayieit pabote i MEPEMHOKEHHUS MaTPHUI] BPYUHYIO Mbl BBIOJHUIU
BBIUUCJICHUA JJIs1 IBYXCIIOWHOM CETH, COAEPKAIEH BCErO JIUIIb 0 2 y371a B KaXKI0M
cnoe. OJIHaKO ake B 3TOM cliydae 00beM paboThl OKa3ajcs JOBOJIBHO OOJBIIUM, a
YTO TOT/JA MOYKHO CKa3aTh, HAIlpUMEP, O CETH, COCTOALIECH M3 IATH cioeB 1mo 100
y370B? Yke cama 1o cebe 3almuch BCEX HEOOXOAMMBIX BBIPAKEHHM ObLTa OB
cinoxHOM 3amadeil. CocTaBiaeHME KOMOMHAUMN CHUTHAJIOB, YMHOXEHUE Ha
MOJIXOJISIINE BECOBbIE KOA((PUIIMEHTHI, MPUMEHEHNE CUTMOU/IBI AJI KaXKIO0Tro y3Ja...
Tak dem ke HaM MOTYT MOMO4Yh MaTpuisl? OHM OyayT HaM TMOJE3HBI B JIBYX
ciydasix. Bo-nepevix, onu 00ecreynBalOT CKATyIO 3alKUCh ONEpauuid, IpHaaBas

65



UM YpEe3BBIYANHO KOMIIAKTHYIO (hopMy. DTO OONBIION TUIIOC ISl HAC, MOCKOJIBKY
Takasg paboTa yTOMHTENbHA, TpeOyeT KOHICHTpAIlMM BHUMAHUS U YpeBaTa
OIIMOKaMH. Bo-emopuix, B OOJILIIIMHCTBE KOMITBIOTEPHBIX SI3BIKOB
MPOTrPaAaMMHUPOBAHKS MPEAYCMOTPEHA paboTa ¢ MaTpUIlaMHU, a MOCKOJIbKY MHOTHE
OTIepaIliy TPU 3TOM TIOBTOPSIOTCS, KOMITBIOTEPHI PACIIO3HAIOT 3TO M BBITIOJIHSIOT UX
OYEHb OBICTPO.

Pestromupysi, MOXKHO CKa3aTh, YTO MAmMpuybl NO360AI0M POPMYIUPOBAMb 3A0a4U 8
bonee npocmoti U KOMNAKmMHOU ¢hopme u obecneuusarom ux Oojee Ovicmpoe u
aghpexmusroe gvinoHenue.

MaTtpuna — 5TO BCero JWIIb TaOivIla, MPSAMOYTOJbHAas CeTKa, 0oOpa3oBaHHAs
yuciamu. Bot u Bce. Bee, 4T0 cBSI3aHO ¢ MaTpuIlaMu, HUIYTh HE CIIOKHEE ATOTO.
Ecnu BBI y)ke TOJIB30BAMCH DJCKTPOHHBIMU TaOJMUIIAMU, TO HUKAKUX CIIOKHOCTEH
pu paboTe C YMCIIaMH, PACIIOATalOIIUMHUCS B sTY€KaX CETKH, Y BaC BO3HUKHYTH HE
noinkHo. Hrbke mokasan nmpumep padodero jucra Excel ¢ gncinoBoit Tabmiei.

Calibri 11 - AN == - B  Obumi

v XK M- - DA E=E=EEF B $-%m @y

32
74
11
75

w o N n

VM A W N -
N 0 U W

OTO0 M ecTh MaTpHla — TabJaUIAa WIK CeTKa, 00pa3oBaHHAas YMCIaMM, TOYHO TaK e,
KaK U CJIEeIYIOIINA TPUMEp MaTPHUILIbI pazMepoM 2X3.

5 43 22

43 12 54

[Tpu 0603HaUYEeHNN MATPUIl MPUHATO YKa3bIBaTh CHAYaJIa KOJIMYECTBO CTPOK, a 3aTeM
KOJIMYECTBO CTOJIOIOB. [1loaTOMY pasmMepHOCTh JaHHOUM MaTpullsl He 3X2, a2X3.
KpoMe TOro, mHorga Matpuiibl 3aKJIFO4alOT B KBaJpaTHbIE CKOOKM, MHOTJIa — B
KpyTJIble, KaK 3TO CAEJIAIA MBbI.

Ha camom nene maTpuilbl He 0053aT€IbHO JOJDKHBI COCTOSATh M3 unced. OHU MOTyT
BKJIIOYATh BEJIMYHMHBI, KOTOPHIM MBI JaJIM MMEHA, HO HE NMPHUCBOMIN (PAKTHUECCKUX
3HaueHui. [loaToMy Ha cleAyromerd WUIIOCTPALMU TAaKXKe MOKa3aHa MaTpula ¢
AJIEMEHTAMH B BUJIC IEPEMEHHBIX, KXK1asl U3 KOTOPBIX UMEET OINPEICICHHBINA CMBbICII
1 MOJKET UMETh 3HAYEHHUE, MPOCTO MBI IOKA HE YKa3aju, YTO ITO 32 3HAUYCHMUSI.
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doAzoma KopadAs doAzoma camorema

wuUpoma Kopads wupoma camorema

UeMm mose3Hbl MAaTpUIlbl, BaM CTaHET MOHATHO, KOTJa Mbl PacCMOTPHUM, KaK OHH
YMHOKal0TCsl. BOT mpuMep yMHOXEHUsI OTHOM IIPOCTOM MaTpHUIIbl Ha IPYTYIO.

s 2 s 6 (175) + (2%7) (1%6) + (2*8)
s 4 7 g - (3S) + (477) (3%6) + (4"8)
19 22
= 43 50

Ora omepanus HE CBOOUTCA K IPOCTOMY IEPEMHOKEHHIO COOTBETCTBYIOIIMX
aeMeHTOB. JIeBbIii BEpXHHI A€MEHT HE paBeH 1*5, kak W NpaBblil HUKHUNA — HE
4*8.

BmecTo 3TOro MaTpuilbl yMHOKAlOTCs IO IPYTUM IpaBuiaM. Bo3MOKHO, BB

U CaMHU JIOraJaeTech, MO KAKUM HMMEHHO, €CIIM BHUMATEJIBHO IPUCMOTPUTECH K
npuMepy. Eciam Her, TO B3IIIIHUTE Ha NPUBEACHHYIO HWKE WILIIOCTPALUIO, TIE
II0KA3aHO, KaK IOJIy4aeTCs OTBET JUJIA JIEBOI'O BEPXHETO AJIEMEHTA.

1 2 5 6 (1%5) + (2*7) (176) + (2%8)
3 4 7 8 = (3*5) + (4*7) (3%6) + (4"8)
19 22
- 43 SsoO

Bbl BUguTE, 4TO BEPXHUHU JIEBBIM AJIEMEHT BBIUHUCIIAETCS C UCIIOJIB30BAHUEM BEPXHEN
CTPOKH TEPBOH MATPHIIBI U JIEBOTO CTOJIOIA BTOPOA.

MpiciieHHO mniepebupas 00e MOCIeNOBATEIBbHOCTH JJIEMEHTOB, MEPEMHOXKbTE UX
MOMAapHO U CJIOXKUTE MOJyYeHHbIE pe3yibTaThl. TakuM 00pa3oM, 4TOObI BHIYUCIHUTD
JIEBBIM BEPXHUH DJIEMEHT PE3YNbTUPYIOLIEN MATPULbl, Mbl HAUNHAEM IEPEMEIIATHCS
BJIOJIb BEPXHEW CTPOKM IEPBOM MAaTpULbl, II€ HAXOAUM 4YUCIO 1, a HauWHas
NepeMeIleHre BHU3 TI0 JIGBOMY CTOJIOIY BTOPOM MAaTpHIIbl, HAXOJIUM YUCTIO0 5. MbI
[IEPEMHOXKAEM MX M 3allOMHUHAEM pe3yJIbTaT, KOTOPBIA paBeH 5. Mbl NpoaomkaeM
nepeMenaTbCsl BAOJb psiia M BHHU3 IO CTOJNOIy M HAXOAUM DJIEMEHTHl 2 U 7.
Pe3ynpTaT MX mepeMHOXKeHUs, paBHbIA 14, Mbl Takxke 3anomuHaeM. [Ipu 3ToM MbI
y’K€ JOCTUTJIM KOHIIA CTPOKH U CTOJNOIA, MOATOMY CYMMHUPYEM UHCIa, KOTOpHIE
nepes 3TUM 3allOMHUJIM, U MOJIy4aeM B KayecTBE pe3ysbTara yucio 19. Oto u ecthb
JIEBBIM BEPXHUU DJIEMEHT PE3yJIbTUPYIOIIEH MAaTPHULIBI.
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Onucanue NoJydUJIOCh JJIMHHBIM, HO BBIIOJHEHUE CAMHUX JCHCTBUN HE OTHHUMAET
MHOro BpemeHH. [Iponmormkure panee camocrosATensHo. Ha npuBeneHHON HMKe
WUIKOCTPAllMA  [MOKa3aHO, KAaK  BBIYUCIACTCA IPAaBbld  HWKHUM  DJIEMEHT
PE3YIABTUPYIOLIEH MATPULIBL.

1 2 5 6 (1%5) + (2*7) (1%6) + (2*8)
s 4 s B - (3%5) + (4*7) (GROEED)
19 22
- 43 (56

Bbl BHOBb MOXeTe€ BHUJETh, KaK, HCIOJIb3Ys CTPOKY U CTOJIOEl, KOTOpbhIe
COOTBETCTBYIOT MCKOMOMY 3JIEMEHTY (B JJaHHOM Ciy4ae BTOpas CTPOKa U BTOPOH
CTOJIOEIT), MBI MTOJTy4YaeM J[Ba MPOU3BENCHUS, (3 *6) u (4*8), clokeHrue KOTOPHIX JaeT
18 + 32 = 50.

[Iponmomkas neiCTBOBATh B TAKOM K€ JyXe, HAXOAUM, YTO JICBBIM HUXKHUN SJIEMEHT
paBeH (3*5) + (4*7) = 15 + 28 = 43, a npaBbiid Bepxuuit — (1*6) + (2*8) =6 + 16 =
22,

Ha crnenyromieil MIrOCTpauy MpoIeMOHCTPUPOBAHO UCIOIB30BAHUE MEPEMEHHBIX
BMECTO YHCEII:

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

ae+bg+... afrbh+..

ce+dg+... cfrdh+...

DTO BCEro JUIb JAPYrod Crocod OMUCaHUs IMOAX0Ja, C MOMOIIBI0 KOTOPOTO MBI
yMHOXkaeM Matpuipl. Mcnonb3yss OykBbI, BMECTO KOTOPBIX MOTYT  OBIThH
MOJICTaBJICHbI JIIOObIE YHMCIIAa, MBI JaeM oOllee OMHUCaHWEe ATOro mojaxoja. Takoe
ONKCaHuE ACUCTBUTEIBHO SBIAETCA OoJjiee OOIIMM, YeM Mpelblayllee, MOCKOIbKY
IPUMEHUMO K MaTpHILIAM Pa3IMYHbIX Pa3MEPOB.

['oBOpss 0 MPUMEHMMOCTH ONMCAHHOTO MOAXOJa K Marpuuam Jio0oro pasmepa,
CIIelyeT CleNaTh OJIHY Ba)KHYIO OTOBOPKY: YMHOXA€MbI€ MATPHUIbI JOKHBI ObITh
COBMECTUMBIMU. BbI noiimeTe, B 4eM 37€Ch €0, BCIIOMHUB, KaK OTOMpaIK MOMapHO
AJIIEMEHTBI U3 CTPOK MEPBOM MATpPUIIBl M CTOJOLIOB BTOPOM: 3TOT METOJ HE CMOXKET
paboTaTh, eciu Koauuecmeo 31eMeHmoé 6 Cmpoxke He Oydem cosnadamp ¢
KOuuecmeom 3j1emenmos 6 cmonadye. 1103ToMy BBl HE CMOMKETE YMHOXHTh
MaTpuly 2x2 Ha matpuny 5x5. IlonblTaliTeck 3TO cAENaTh, U CAMH YBUAUTE, IOYEMY
3TO HEBO3MOKHO. UTOOBI MAaTPHUIIBI MOXKHO OBLJIO YMHOXHUTh, KOAUYECBO CMONIOYO08
6 Nepeoll U3 HUX OOJIHCHO COBNAOAMb C KOTUYECTNEOM CIMPOK 80 6MOPOI.
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B pa3HbIX pyKOBOACTBaX 3TOT THUIl MATPUUYHOI'O YMHOXEHHSI MOKET BCTPEUATHCS MO/
pa3HBIMM Ha3BaHUSIMU: CKAJISIPHOE NMPOU3BeJeHNE, TOYEYHOE NMPOM3BeAeHue WU
BHYTPEHHee NMpousBeaeHne. B MaTeMaTnke BO3MOXKHBI U IPYTUE TUIIBI YMHOXCHUS
MaTpHI], TaKhe KaK IEPEeKPECTHOE MPOU3BEIACHUE, HO MBI OymeM paboTath C
TOYEYHBIM MMPOU3BEJACHUEM MATPHII.

[TocMoTpyM, 9TO TIPOU3BOMIIET, €CIU 3aMEHUTH OYKBBI CIOBAaMH, UMEIOIIMMH 0o0Jiee
HETIOCPEJICTBEHHOE OTHOIIICHUE K HAllle HEUPOHHOU ceTh. Ha mpuBencHHON HUXE
WJUTFOCTpAIllUM BTOpasi MaTpulla UMEET pa3MepHOCTh 2x1, HO maTpuyHas anredpa
OCTaeTCs IPEKHEM.

Wis W, input_1 (input s * w,,) + ( input2 * w,,)
W, Wy, input.2 ) (input 2 = w,,)+ (input2 * w,,)

[lepBas maTpuiia COAEpPKUT BeCOBbIe KOAD(PUIIMEHTHI IJIsi CBS3EU MEXIY Y3JaMu

JIBYX CJIOEB, BTOpasi — CUTHAJBI TIEPBOTO, BXOTHOTO CIIOS. Pe3ynmbTaToM yMHOKCHHS

ATUX JIBYX MATPHII SABIIACTCS O0OBETMHCHHBINA CTJIAKCHHBIN CUTHAJI, TTOCTYIIAIOITNI Ha

y3JIbI BTOPOT'O CJIOS.

[IpucmoTpuTech MOBHUMATENBHEE, U Bbl 3TO moiMere. Ha mepBhIil y3ennocTynaer

CyMMa JIByX CHUTHAJIOB — CHTHaja iINput_1, yMHOXKEHHOTO Ha BecoBOW K03 duIneHT

W 11, ¥ CHTHaja INPuUt_2, yMHOXXEHHOTO Ha BeCOBOH Ko3duimeHT W 5. DTO

3HAYEHMS X JO MPUMEHEHUS K HUM (PYHKITUU aKTHUBAIIUH.

[IpencraBum Bce 3TO B 6oJiee HArsAAHOM (PopMe C TOMOIIIBIO NIUTFOCTPAIIUH.
x=(input_ 1 *w, )+ (input2*w,,)

: <\ \2/

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

2,2 )

OnucaHHbIN MOIX0/1 YPE3BBIUYAWHO MOJIE3EH.
[Touemy? IloTomMy 4TO B €ro paMKax BCE BBIYHCICHHS, KOTOPHIC HEOOXOIUMBI IS
pacuera BXOJHBIX CHTHAJIOB, MOCTYIAOIIMX HA KaXIblM W3 Yy3JI0B BTOPOTO CIOS,
MOTYT  OBITb  BBIP@XEHbI C  HUCIOJb30BAaHUEM  MATPUYHOIO YMHOXKEHUS,
00€eCIeYnBaIOIIEr0 YpEe3BbIYAHO KOMIMAKTHYIO (hOpMY 3alHlCH COOTBETCTBYIOIIMX
OTepaIvid:
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X=WI
3nece W — wmatpuna BecoB, | — Marpuma BXOOHBIX CHUrHaioB, a X —
pe3ysbTupylolmas  MaTpulla  KOMOMHHMPOBAHHBIX  CIVIAKEHHBIX  CHUTHAJIOB,
NOCTYNAIMMX B cJI0i 2. CUMMBOJIBI MaTpUILl 4acTO 3alMCBHIBAIOT C HCIIOJIb30BAaHUEM
NOJY:KMPHOr0 mmpudTa, UYTOOBI MOMYEPKHYTH, UTO JIAHHBIE  CHMBOJIBI
MPEACTABIIAIOT MaTPHUILIBI, @ HE POCTO OJIMHOYHBIC YUCIIA.

Tenepp HaM HE HYKHO MOAYyMaTb O TOM, CKOJBKO Y3JOB BXOJIMT B KaXKIbIA CIIOU.
VYBenuyeHne KOJIMYECTBA CIIOEB MPUBOAMT JIHIIb K YBEIUYEHHUIO pa3Mepa MaTpHII.
Ho xonnyecTBO CHMBOJIOB B 3aIMCH MPU 3TOM HE yBenuuuBaercsa. OHa ocTaeTcs mo-
NPEKHEMY KOMIIAKTHOM, U Mbl IIPOCTO 3aIKMCHIBAEM MPOU3BEACHUE MATpPHUIl B BUIEC
W*I1, He3aBUCUMO OT KOJMYECTBA DJIEMEHTOB B KXKIOW M3 HUX, OyIb 9TO 2 WIH XKe
200.

Ecnu ucnosb3yeMslid 361K IPOTPAMMUPOBAHUS PACIIO3HAECT MAaTPUYHYK HOTALHUIO,
TO KOMIIBIOTEP BBINOJHUT BCE TPYJOEMKHE PACUETHI, CBA3AHHBIE C BBIYMCICHHEM
BoipakeHust X = W * |, 6e3 mpenocTaBieHUs eMy OTICIbHBIX MHCTPYKUUNA IS
KQ)KJIOTO y3JIa B KaXKJIOM CJIO€.

3aTpaTMB HEMHOT'O BPEMEHHU Ha TO, YTOOBI MOHATH CYTh MATPUUYHOIO YMHOXKECHHUS,
MbI MOJYYWJIM B CBOE PACHOPSIKEHUWE MOLIHEHIINI MHCTPYMEHT ISl pealu3aluu
HEHPOHHBIX ceTel 0e3 KaKuX-T11M00 0COOBIX YCWIHNMA C Haled CTOPOHBI.

Yro Hacuer PyHKIMHM akTHBaUMU? 37€Ch BCE NMPOCTO U HE TpeOyeT NMpUMEHEHUS
MaTpu4HOH anreOpsl. Bee, uro HaM HYXKHO CHEIaTh, — 5T0

IPUMEHUTH CUTMOUTY

o= K K&KJIOMY OTIEIbHOMY JJIEMEHTY MaTpHIIbI X.

DTO 3BYUYHUT CIUIIKOM IPOCTO, HO TaK OHO M €CTh, MOCKOJbKY HaM HE MPUXOJUTCH
KOMOMHUPOBAaTh CUTHAJIBI OT PAa3HBIX Y3J0B: 3TO YK€ CIEJIaHO, U BCA HEOOXOoIuMast
uHpopmarus yxe coaepxkutcs B X. Kak Mbl yxxe BUzienu, pojib GyHKIIUU aKTUBALIUU
3aKJIIOYAETCS B TMPUMEHEHUM TOPOTOBBIX 3HAYEHUW U TOJABJICHUM HEHY>KHBIX
CUTHAJIOB C LEJNbI0 MMUTALMU TOBEACHUS OMOJOTMYECKUX HeWpoHoB. I[lorTomy
PE3YIABTUPYIOLINNA BBIXOJHON CUTHAI BTOPOTO CJIOS MOYKHO 3aIIMCaTh B TAKOM BH/IE:
O = curmona(X)
3nech cumBosioM O, BBIJIEICHHBIM TMOMYXUPHBIM MIpUGTOM, 0003HAUCHA MATPHIIA,
KOTOpasi COAEPKUT BCE BHIXOHBIE CUTHAJIBI TOCJIEHETO CI0s1 HEHPOHHO CETH.
Breipaxkenne X = W * | npumeHnsieTcst Jyisi BBIYUCIEHUS CUTHAJIOB, MPOXOAIIUX OT
OJIHOTO CJIOSl K cleAymoleMy ciioro. Hanpumep, nmpu HaJIWYuu TpPEX CIOEB Mbl
MIPOCTO BHOBb BBHITIOJIHUM OINEPAIlMI0 YMHOXKEHUS MaTPHIl, UCIOJIb30BaB BBIXOIHbIE
CUTHAJIBI BTOPOrO CJIOSI B KayeCTBE BXOJHBIX J/JI TPEThEro, HO, pazyMeercs,
NpeIBapUTEIbHO CKOMOMHUPOBAB MX U CIVIAJIMB C IOMOINBIO JIOMOJHUTEIbHBIX
BECOBBIX KO3(PPUIIUEHTOB.
Pe3some
* MHorue BBIYUCIIEHUS, CBSI3aHHBIE C PACHPOCTPAHEHUEM CHUTHAJIOB IO
HEWPOHHOW CETH, MOTYT OBITh BBINOJTHEHBI C HCIOJIH30BAHUEM OTEPAINH
MaTPUYHOTO YMHOKEHHSI.
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* Hcnonb3oBaHWE MATPUYHOTO YMHOKEHHSI OOECIEeYMBAET KOMIAKTHYIO
3aMKCh BRIPAXKEHUHN, pa3Mep KOTOPBIX HE 3aBUCHUT OT pa3MepOB HEHPOHHOM CETH.

* Yro HeMaloBaXXHO, OIEpalid MaTPUYHON anreOphl W3HAYAILHO
MPEAYCMOTPEHBI B PsjIE S3BIKOB NPOTPAaMMHUPOBAHUS, Onarogaps 4eMy MOTYT
BBITIOJTHITHCS OBICTPO U 3 (PEKTUBHO.

2. IlpuMep UCNOJIb30BAHUS MATPUYHOTO YMHOKEHHS B CETH C TpeMsl
CJIOSIMH

MpI noka eliie He UCIOJIb30BAIM MATPHUIIbI JIJIsl BHIMOJIHEHUS! PACYeTOB, CBA3aHHBIX C
BBIYKCIICHUEM CUTHAJIOB Ha BBIXOJIe HEMpOHHOU ceTu. Kpome Toro, Mbl moka 4ro He
oOCyXXJanu TmpuMepsl C¢ 0Oojiee uYeM JBYMs CIOAMH, 4YTO ObUIO OBl Tropasio
WHTEpECHEE, MOCKOJIbKY MBI JIOJKHBI TIOCMOTPETh, KaK 00pabaThIBalOTCsl BBIXOIHBIC
CUTHaJbl TMPOMEKYTOUHOTO CJOSI B KAu4e€CTBE BXOIHBIX CHTHAJIOB IOCIEIHETO,
TPETHETO CIIOA.

Ha cnenyromein nuarpamMme MpeCTaBICH NMPUMEP HEMPOHHOW CETH, BKIIOYAIOILIEH
TpU cJIos 1o TpH y3ia. UToObl M30eKaTh 3arpoOMOXKICHHUSI JAUArpaMMbl JIMIITHUMU
HAJIMMCSIMU, HEKOTOPBIC BECa Ha HEW HE YKa3aHBI.

Mpbl HayHeM €O 3HAKOMCTBa C OOWIEOPHUHATOW TepMmuHOJoruend. Kak Mmbl 3HaeM,
NEPBBIA CJIOM — BXOJAHOM, a BTOPOM — BBIXOAHOM. [IpoMexyTOuHBIA CIION
Ha3bIBACTCA CKPBITBIM cJ10eM. Takoe Ha3BaHWE 3aKPENUIIOCHh 3a IMPOMEKYTOUHBIM
CJIOEM H3-3a TOTO, YTO €r0 BBIXOJHBIE CUTHAJIBI HE 00S3aTEeIbHO MPOSBISIOTCS Kak
TaKOBBIE, OTCIOZA U TEPMUH «CKPBITBIN.

[Mpuctynum k pabGoTe Haa MPUMEPOM, IMPEACTABICHHBIM Ha JTOM JAHarpaMmMe.
BxonubiMu curHamamMu HEWpoHHOM ceTu siBisitorest cienyromue: 0,9; 0,1 u 0,8.
[TosTomy BxoHast MmaTpuiia | uMeeT cienyromuii Bu/I.
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0,9
[ = 0,1
0,8

D10 OBUIO MPOCTO, T.€. C TMEPBBIM CJIOEM MBI 3aKOHYWIH, ITOCKOJIBKY €Tro
€IMHCTBEHHAs 3aJlaya — [POCTO MPE/ICTABISATh BXOAHON CUTHAIL.

Crnenyromuii Ha ouepean — MPOMEKYTOUHBIN cll0il. B maHHOM cityyae HaM mpujercs
BBIYUCIIUTh KOMOMHUPOBAHHbBIC (U CTJIAXXEHHBIC) CUTHAJBI JJIsI KaXKJI0r0 y3ja 3TOT0
ciosi. BecmomHUTE, 9TO KaXABIA y3€lI MPOMEKYTOYHOTO CKPBITOTO CJIOSI CBSI3aH C
KQKIBIM M3 y3JI0B BXOJHOTO CJIOS, TIO3TOMY OH TOJIy9aeT HEKOTOPYIO YacTh KaXI0To
BXOAHOTO curHana. OgHako ceiiuac Mbl OyzieM JaeicTBoBaTh Oosiee 3(hPeKTUBHO, YeEM
paHbIIe, MOCKOIBKY MOMBITAEMCS IPUMEHUTh MATPUYHBIN METO/I.

Kak yxe ObUTO MOKa3aHO, CTIIaKEHHbIE KOMOWHHUPOBAHHBIC BXOJHBIC CHUTHAJBI IS
ATOTO cliosi omnpenenstorcss BeipaxkenueM X = W * |, roe | — maTpuna BXoIHBIX
curtanon, a W — matpuiia BecoB. Mbl pacnonaraem marpuieit |, Ho yto takoe W?
Hekoropbie u3 BecoBbIX KOA(PGUIMEHTOB (BBHIOpAHHBIE CIIy4ailHBIM 0Opa3oM)
MOKa3aHbl HA JuUarpaMMe Jijisi 3TOro npumMepa, Ho He Bce. Hike mpeacTaBieHsl Bce
BeCOBbIE KOA(DPUITMEHTHI (OMATH-TAKK, KaXIAbld U3 HUX BBHIOMPAJICA KaK CIydailHOe
YHUCJIO0).

0,9 0,3 0,4
wﬂxoho&’,cxpumuﬁ o 0,2 0,8 0,2
0)1 O)5 O,é

Kak HeTpyaHO 3aMeTHTh, BECOBOM KOI(P(GUUUEHT [Js1 CBA3M MEXKIY MEPBbIM
BXOJHBIM y3JIOM U MIEPBBIM y3JI0M MPOMEKYTOUYHOTO CKPBITOTO ciost W 11 = 0,9, kak
Y Ha MPUBEACHHOU BhINIE aAuarpamMme. TOYHO Tak k€ BECOBOM KOI(PGUIMEHT st
CBSI3M MEXKIY BTOPBIM BXOJHBIM Y3JIOM M BTOPBIM Y3JIOM CKPBITOTO CIOAW 57 =
0,8. Ha nuarpamMmMe He moka3aH BeCOBOW KOI(P(GUIIUEHT VISl CBSI3U MEXKIY TPETbUM
BXOJIHBIM Y3JIOM U TIEPBBIM y300OM CKPBITOTO cjiost W 31 = 0,4.

Paccmotrpum, modyemy Mbl  cHaOgwim  marpuny W MHIEKCOM
«BXOmAHOM_CKpBITEI»? TloTtoMy, 4yTo MaTpuia W iommoii cxpermsii COZIEPIKAT BECOBBIE
KO3 PUIIMEHTBI AJ CBA3EH MEXIY BXOAHBIM U CKPBITHIM ciosaMu. KoadduimeHTs
JUTSL CBSI3EM MEXKIY CKPBITBIM M BBIXOJHBIM CJOSIMU OYyAYT COIEpXkKaThCs B JIPYroi
MAaTpHIe, KOTOPYIO MbI 0003HaYUM KaK W ¢xpprmurii sorxosmoii:

Ora Bropas marpuua W it swxomoiis 2JAEMEHTBI KOTOPOM, KaK M 3JIEMEHTEHI
IpeabIIyIIeld MaTPUIbl, TIPEICTABISIIOT COOOM CllydyailHble YKCIia, IPUBEIACHA HUXKE.
Hanpumep, Bbl BHIUTE, YTO BECOBOM KOA(PGUIMEHT S CBA3M MEXKIY TPETbUM
CKPBITHIM Y3JIOM U TPEThUM BBIXOAHBIM y310M W 3,3 = 0,9.
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0,3 0,7 0,5

wcnpumua_duxoauoti " 0,6 0,5 0,2

0,8 0,1 0,9

OTnM4YHO, HEOOXOAUMBIE MATPUILIBI TIOTYUYECHBI.

[Tpogomxum Hamry paboTy M OIpeneauM KOMOMHUPOBAHHBIA CIa)KEHHBIM CHUTHal
JUISL CKPBITOTO ¢10sl. KpoMe TOro, Mbl TOJKHBI IPUCBOUTH €My OIMCATEIbHOE UM,
CHa0XEHHOE MHJIEKCOM, KOTOPBIM yKa3bIBa€T Ha TO, YTO 3TO BXOAHOM CHUTHAJ JJIS
CKPBITOI'O, & HE MOCIIEAHETO CIIOA.

HazoBem COOTBeTCTBonmy}o MATPULY X cipprrii-

X CKpblTLl](l _W BXO)IHO](I CKleTbll/l

Mbl He coOupaemcsi BBINOJHATH BPYUYHYIO BCE JIEWCTBHS, CBSI3aHHBIE C
NEPEMHOKEHUEM MATpUll. BpINOJHEHHWE 3TOW TPYJOEMKOMl paboThl Mbl OynemM
[I0py4YaTh KOMIIBIOTEPY, BElb UMEHHO C 3TOHU ILIEJIbI0 MBI HUCIIOJIB3yeM MaTpulbl. B
JAHHOM CJIy4ae TOTOBBIM OTBET BBIIVIAUT TAK.

0,4 0,3 04 0,4
Kosaiai® 02 08 0,2 ® 0,1
0.1 05 06 0,8

1,16

X = 0,42

xR

0,62

Bbl HayyuTech MOJydYaTh TOTOBBIM OTBET, HCIIOJB3YS S3BIK IPOIPAMMHPOBAHUS
Python, o yem MBI TOTOBOPUM TIO3KE.

Htak, MBI pacrojaraeM KOMOMHMPOBAHHBIMHU CTJIaKCHHBIMH BXOJHBIMH CHUTHAJIaMHU
CKPBITOTO TIPOMEXYTOYHOTO CJI0sI, 3HaYeHUs1 KOTOphIX paBubl 1,16;0,42 u 0,62. J{ns
BBITIOJIHEHHS BCEX HEOOXOUMBIX BBIYMCIICHHH OBLIH MCIIOIb30BaHbI MATPHIIBIL.
OTo0Opa3uM BXOAHBIC CUTHAIIBI JIJII CKPBITOTO BTOPOTO CJIOS HA THarpamMmme.
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B =3 . * 0"’2~>@ @ ki

Ham ocraercs CIIC KOC-UTO CACIaTh. Kak BBI IIOMHHUTE, yTOOBl OTKJIMK CJIOS Ha
BXO,Z[HOﬁ CHUTHAJI KaK MOKHO JIy4llIC KMUTHPOBAJI aHaJIOTMYHBIN pCaJIBHBIﬁ Imponccce,
MBI JOJDKHBI ITPUMCHUTD K y3J1aM (bYHKIII/IIO dKTHUBaIlluH. Tak HUIIOCTYIINM:

O CKPBITBIN = curmoua (X CKpLITLIﬁ)

HpI/IMCHHH CUurmMonay K KaXIOMYy JJICMCHTY MaTpPHUIbI X ckporreiin MBI IIOTTY9a€M
MaTpHuLy BBIXOAHBIX CUI'HAJIOB CKPBITOI'O ITPOMCIKYTOYHOI'O CJIOA.

1,16

(o) = cuzamouda 0,42

eKpomBii

O,02

0,761

o = 0,603

cxpoimbn

0,650

Jlns yBEpEHHOCTH JaBalTe MPOBEPHMM, MPABUIBHO I BBIYHCIICH TIEPBBIH

sneMmeHT. Harma curmMomnia MMECT BUL IT=% ITomarasa X=1,16, MOJy4aeM

e 1° = 0,3135. 1o o3Hauaer, yroy = 1/ (1 + 0,3135) = 0,761.

HeTtpyaHo 3amMeTuTh, 4TO BCE BO3MOXKHBIE 3HAUEHUS ITOW (DYHKIMU HAXOISATCS B
npeaenax or O mo 1. BepHurech HEMHOro Haszaa M B3IJISTHUTE Ha Tpaduk
JOTUCTHYECKON (DYHKIIMHU, €CIM XOTUTE YOSAUTHhCS B TOM, YTO OTO JCUCTBUTEIHHO
TaK.

Ioovimoorcum, umo mbl K 2momy epemenu ycneau coenams. Mbl paccunuTaln
IPOXOXKJIEHUE CUTHAJIa 4epe3 MPOMEXKYTOUHBIA CIIOH, T.€. ONPENEIHIA 3HAYEHUs
CUTHAJIOB Ha €ro Bbixoje. J1Jig MoJIHOM SICHOCTH YTOYHUM, YTO 3TH 3HAUYEHUS ObLITU
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HOJYyYEHBI ITyTeM MPUMEHEHHs PYHKIUU aKTUBAlUU K KOMOMHUPOBAHHBIM BXOJIHBIM
CUTHaJaM IpPOMEXYyTOUHOro ciosi. OOHOBUM JIuarpaMMy B COOTBETCTBUHU C ITOH
HOBOY MH(pOpMAaIUEi.

0,761

shad O Re O O B
0,603

i D Re © ol D S
" 0,650

Sl O Ee © -l © B

Ecnu 651 5T0 OblIa IBYXCIIOWHAs HEHPOHHAS CETh, TO MBI CeYac OCTAHOBWJIHCH OB,
MOCKOJIbKY MOJYYUIIU BBIXOJHBIE CUTHAJIBI BTOPOTO cliosi. OAHAKO MBI MPOJIOJIKUM,
ITOCKOJIBKY €CTh €11€ U TPETUH CJIOM.

Kak paccunTath mpOXO0KJI€HHWE CHUTHAJA JUIsl TPEThero ciosi? TOYHO Tak ke, Kak |
JUIsL BTOPOTO, TMOCKOJBKY 9Ta 3ajada Ha caMOM JieJie HM YeM HE OTJIMYaeTcs OT
npenpiaymeid. Ham m3BecTHa BeMWYMHA BXOJHBIX CHUTHAJIOB, MOJTYYaE€MbIX TPETHUM
CJIOE€M, KaK paHee OblIa M3BECTHA BEJIMYMHA BXOJHBIX CUTHAJIOB, MOJTYYaeMbIX
BTOPBIM CJIOEM. Y HAC TaKXe €CTh BECOBbIE KOI(PQMUIMEHTHI IS CBS3EH MEXIY
y3JlaMH, OCJIaOJsitoIMe curHaiabl. HakoHern, 4ToObl OTKIMK CETH MaKCUMaJbHO
MPaBONOA00HO UMUTHUPOBAT €CTECTBEHHBIA MPOILIECC, MBI IMO- MPEKHEMY MOXKEM
NPUMEHUTh (QYHKIMIO akTuBamuu. [[09TOMy BaM CTOUT 3allOMHUTH CJEAYIOIIEE:
HE3aBUCHMO OT KOJUYECTBA CJIOEB B HEMPOHHOW CETH, BBIUUCIUTENIbHAS TPoleaypa
JUIST KaXJIOTO W3 HUX OJWHAKOBA — KOMOMHUPOBAHHME BXOJHBIX CHTHAJIOB,
CTJIQXXMBAHUE CHUTHAJIOB JJIS KaXXIOW CBSI3M MEXKIY y3JaMU C TIOMOIIBIO BECOBBIX
KO(Q(PUIIMEHTOB W TIOJYyYCHHE BBIXOAHOTO CHTHAJA C TOMOINBIO (DYHKIIMH
aktuBaruu. Ham Ge3pa3nuyHo, CKOJIBKO CI0EB 00pa3yroT HEMPOHHYIO ceTh — 3, 53
wi 103, Benp K JIFOOOMY M3 HUX MPUMEHSIETCS OJUH UTOT K€ MOJAXO.

WTak, TpooKuM BBIYUCICHUS W PACCUUTAEM CTIAKCHHBIM KOMOWHUPOBAHHBIN
BxojiHOM curHain X = W * | qjs Tpetbero cios.

BXoaubIMU cuUTHajmaMu JJI TPETHEro CJIOS CIOYXKAaT YK€ pacCUMTaHHbIE HaMH
BBIXOZHBIE CUTHAJIBI BTOPOTO IO O (ppmir. 1IpH 5TOM MBI JOJKHBI HCIOJIB30BATh
BECOBbIE KOA(P(UIMUEHTHI NJisi CBA3EH MEXIy Y3JlaMd BTOPOTO U TPETHETO CIIOEB
W prrmsit ssxommoiis @ HE T€, KOTOPBIE MBI YK€ HCIIOJIb30BAIIU IS IIEPBOIO U BTOPOTO
cioeB. CreroBaTeIbHO, Mbl HMEEM:

—_ *
X BBIXOIHOM — W CKPBITBIH_BbIXOIHOMH o CKPBITBIH
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[Toaromy, JneHCTBys, Kak U Mpexae, Mbl IOJy4yaeM JUIsl  CIJIQXKEHHBIX
KOMOMHHMPOBAHHBIX BXOAHBIX CUTHAJIOB IOCJIEAHETO BBIXOJHOTO CIJIOS CIIEAYIOIIEE
BBIPAKECHHE:

0,3 0,7 0,5 0,761
Nesrat: = 0,6 0,5 02 @ 0,603
0,8 0,1 0,9 0,650
0,975
Kowstnet = 0,888
1,254

OOHOBJIEHHAs] nuarpaMMa OTpaXkaeT Hall MPOTrpecc B pacyeTe MpeoOpa3oBaHUs
HayajbHbIX CUTHAJIOB, IIOCTYHAIOIIMX HA Y3l IEPBOrO CJOS, B CIVIAXKCHHBIC
KOMOMHHMPOBAHHbBIE CUTHAJIBI, IOCTYIAOLIUE Ha Y3JIbl MIOCIEIHETO CIIOs], B MPOLIECCe
UX PACIPOCTPAHEHHUS IO HEUPOHHOU CETH.

> " 1,13_} " 0,761 Y ,
T 078
0,603
; 042 '
2 =l 2 )— : 2 S
4 O ? 0,888 '
0,650
: 0,62 ,
7> 3 — 3 — 3 —»
O 1,254

Bce, uTo Ham ocTaercs, — 3TO NPUMEHUTh CUTMOUTY.

0,9

0,1

0,8
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0,475

Opores = CU2Mouda 0,888
1,254
0,726
oﬁmwinoi . 0,708
0,778

Ma1 IIOJIYUHJIM CHUIHAJIBI Ha BBIXOIC HGﬁpOHHOﬁ CCTH. OHHTB-TaKI/I, OTO6paBI/IM
TCKYINYIO CUTYyallhIO Ha OOHOBJICHHOM AuarpaMme.

i N —? @ @ @ 7—7*7} 0’726
Ol 74'7‘) @ @ @ — 0'708
08 —> @ @ @ —> 0,778

Takum oOpa3oM, B HalleM MpUMEpe HEHPOHHOW CETH C TPEeMs CJIOSMHU BBIXOJHBIC
CUTHAJIBI UIMEIOT Cliemytornyro Beanunny: 0,726; 0,708 u 0,778.
WNrtak, HaM y[anoch yCHELUIHO ONUCAaTh PACHPOCTPAHEHUE CUTHAJIOB 110 HEMPOHHOMU
CeTH, T.€. ONMPEJCIUTh BEIUYHHY BBIXOJHBIX CHUTHAJIOB MPU 33JaHHBIX BEITUYMHAX
BXOJTHBIX CHUTHAJIOB.
Yro manpie?
Hamr cremyrommii mar 3akiirouaeTcsi B CPaBHEHUH BBIXOJHBIX CHTHAIOB HEHPOHHOU
CeTH C JaHHBIMU TPEHUPOBOUHOTO IMpHUMepa s omnpenesneHus omuoku. Ham
HEOOXOJMMO 3HATh BEJIMYMHY 3TOM OMIMOKH, YTOOBI MOXKHO OBUIO YIYYIIHUTH
BBIXO/IHBIE PE3YJIbTAThI yTeM U3MEHEHHUSI TapaMETPOB CETH.
[Toxxaiyii, 3Ta 4acTh pabOTHI HauboOJEe TPyAHA JUTsl TOHUMAaHMS, TI0O9TOMY MBI OyJeM
IPOABUTATHCSA, TOCTENIEHHO 3HAKOMSICh C OCHOBHBIMU HJIESIMU B IIpoLiecce padoThI.
3. KoppekTupoBka BecoBbIX K03 PULIHEHTOB B Npouecce 00y4eHus

HEHPOHHOH CeTH
Panee Mbl ynydmianu MOBEAEHHME NPOCTOrO JMHEWHOTO Kiaccudukaropa ImyTeM
peryiIupoBaHus IapaMeTpa HaKJIOHa JIMHEHHOW pyHKIMHU y31a. Mbl fenanu
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3TO, PYKOBOJCTBYSICh TEKYILEH BEJIWYMHOM OMIMOKH, T.€. pa3HOCTU MEXKIY OTBETOM,
BbIpAa0aThIBAEMBIM y3JI0M, W M3BECTHBIM HaM HCTUHHBIM 3HaueHueM. Baumy
IPOCTOTHI COOTHOUICHHS] MEXIy BEIMUYMHAMHU OIIMOKM U TOMPAaBKU 3TO OBLIO
HECJIOKHO.

Kak Ham OOHOBISATH BeCOBbIE KOA(PUIMEHTHI CBSI3€H B Cilydae, €CIM BBIXOJAHOMN
CUTHAJ U ero omuoka GOpMHUPYIOTCS 3a CUET BKJIAI0B Oojiee YeM OJHOTo y3na? DTy
3aa4y WUTIOCTPUPYET MPUBEACHHAs HUXKE JUarpaMma.

0
GMXOBHM
owuéka
9

Korzma Ha BBIXOAHOHM y3€1 MOCTyIAl CUTHAN TOJIBKO OT OJHOIO y3ja, BCE OBLIO
HaMHoro npouie. Ho kak ucnonp30BaTh OMMOKY BBIXOJHOTO CUTHAJIA IPU HAJIMYUU
JBYX BXOJHBIX y3JI0B?

Hcnonb30BaTh BCIO BETUYMHY OIIMOKHM JUIsi OOHOBJIEHHUS TOJIBKO OJTHOTO BECOBOIO
koa(duieHTa HEe MPEACTaBISAETCS Pa3yMHBIM, MOCKOJBKY MPHU 3TOM MOJHOCTBIO
UTHOPUPYIOTCS Jpyras cBs3b U ee Bec. Ho Beab BenmunMHa OMIMOKHM ompenensercs
BKJIaJIaMH BCEX CBSI3€H, a HE TOJIBKO OJHOM.

[TpaBna, cymecTByeT HeOOJIbIIAs BEPOATHOCTh TOTO, YTO 3a OMIMOKY OTBETCTBEHHA
TOJIBKO OJIHA CBfA3b, HO 3Ta BEPOSITHOCTh IpeHeOpekuMo Majna. Eciau Mbl u3MeHnIu
BECOBOM KOA((ULMEHT, YK€ HMEIOIUN «IpaBUJIbHOE)» 3HAUEHUE, U TEM CaMbIM
YXYALWWIA €ro, TO IPH BBIIOJHEHHH HECKOJBKUX MOCIECAYIOUIMX WTEepauuil OH
JOJDKEH YJIYYIIUTHCS, TAK YTO HE BCE IMOTEPSHO.

OauH U3 BO3MOXKHBIX CIIOCOOOB COCTOMT B TOM, YTOOBI PACIPENECIUTH OLINOKY
MOPOBHY MEXIy BCEMH Y3JIaMH, BHOCSIIMMH BKJIaJ, KaK MOKa3aHO HA CIEAYIOIIEH

JararpaMmme.
BoixodHas
. @f”—> owudka
7

1/2 ouwudiku?

CyTh npyroil maeu TakKe 3aKIIIOYAE€TCS B TOM, YTOOBI pacmpenelisiTh OIMNOKY
MEXIy y3JIlaMd, OJHAKO JTO pachpeseseHre He 00s3aH0 OBITh PaBHOMEPHBIM.
Bmecto aToro Oomblimast moist OMIMOKM TPHUIHMCHIBACTCS BKJIAJaM TeX CBS3CH,
KOTOpbIe UMEIOT Oombmuii Bec. [louemy? [ToTOMy 4TO OHU OKa3bIBAIOT
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OoJplIee BIAMSHUE HA BEJIIMYUMHY OLIMOKU. DTY UICI0 WUIIOCTPUPYET CIEAYIOIAast
JTuarpaMma.

g 3/4 ouudKu
_\\\N é\
W1,1 =30 ‘\>
1 __«, Boixoonas
2 ' 7 owudka
W,:= 1:9/~‘/">7
e
2 é______./
1/4 owudKu

B nanHOM ciydae curHai, mocTyNarolui Ha BBIXOAHOU y3ei, GOpMUpPYETCs 3a CUET
nByx y3noB. BecoBbie koadduimentst cpsizeit paBubl 3,0 m 1,0. Pacnpenenus
OIIMOKY MEXAY MBYMs y3JaMU MPOMOPIIMOHAIILHO WX BECaM, Bbl YBUAUTE, UTO JJIs
OOHOBJICHHSI 3HA4YCHUS IEPBOT0, OOJBIIEr0 Beca CIEAYeT WCIONb30BaTh 3/4
BEJTMYMHBI OMIUOKH, TOTJIA KaK JijIsi OOHOBJICHHS 3HAYEHHUSI BTOPOTO, MEHBIIIETO Beca
—1/4.

MpbI MOXEM pacHIMpUTh ATy HJCI0 HA Clydyad ¢ HAMHOTO OOJIBIIUM KOJUYECTBOM
y350B. Ecnu Obl BBIXOJHOM y3el ObUI CBSI3aH CO CTa BXOAHBIMHU Yy3JaMU, Mbl
pacnpenenuian  Obl  BBIXOJHYIO  OIIMOKY MEXAY BCEMH CTa  CBS3SIMU
NPONMOPUMOHAJIBHO HMX BKJIaJaM, pa3Mep KOTOpPBIX ONpeNeNsieTcs BecaMu
COOTBETCTBYIOIIUX CBSI3EH.

Mpbl ucnonb3yeM BecoBble KO3(DQUIMEHTHI B JABYX ILenax. Bo-nepsvix, OHH
YUUTBIBAIOTCS MPU pacyeTe paclpOCTPAHEHUsS CUTHAIOB MO HEHPOHHOM CETHU OT
BXOJIHOTO CJIOSL 10 BBIXOJHOTO. MBI HCIIONB30BajJM HX PAaHEE HWMEHHO B TaKOM
KayecTBe. Bo-6mopwix, Mbl UCIOJB3yeM Beca ISl PaclpOCTpAHEHUS OUIMOKH B
OOpaTHOM HampaBJIE€HUM — OT BBIXOJHOTO CJIOS BIIYyOb CceTH. OTOT METOJ
Ha3bIBACTCSI OOPATHBLIM pacnpocTpaHeHHeM omUOKkM (0OpaTHOM CBS3BIO) B
nporiecce 00y4deHust HEUPOHHOU CETH.

Ecnu Obl BBIXOIHOM €TI0 MMeEN JBa y371a, Mbl TOBTOPUIIM ObI T€ K€ ACUCTBUS U IS
BTOPOTO Yy3ia. BTOpoll BBIXOAHOHN y3es OylIeT XapaKTepu3oBaThCs COOCTBEHHOM
OLIMOKOM, pacmpeaensieMold aHaJOTMYHBIM 00pa3oM MEXy COOTBETCTBYIOLIUM
KOJIMYECTBOM BXOIHBIX y3JIOB.

Oo0OpaTHOoe pacnpocTpaHeHHe OMHUOOK OT 00JIbIIEr0 KOJMYECTBA BbIXOIHBIX
y3J10B

Ha cnenyromeit auarpamme otoOpakeHa pocTasi CETh C IByMsI BXOJIHBIMU Y3JIaMH,
HO Ha 3TOT pa3 ¢ ABYMS BBIXOJHBIMH Y3JIaMHU.
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Omnbka MoxxeT (GOpMHUPOBATHCS Ha 000UX y3/1aX — (PAKTUUECKH 3Ta CUTYallUsl OUYCHb
MOX0’Ka Ha Ty, KOTOpas BO3HUKAET, KOT/la CETh elle He oOyuanack. JJisi KoppeKiuu
BECOB BHYTPEHHHMX CBsI3€d Hy>kHa MH(popmanus o0 ommOkax B o0oux y3nax. Mel
MOEM HCIOJIb30BaTh MPEXKHUHN MOIAXO0 U PACHPEENATh OMMOKY BBIXOJHOTO y3ia
MEX]ly CBSI3aHHBIMU C HHUM Yy3JaMU MNPONOPIHMOHATIBLHO BECOBBIM KOd(duieHTam
COOTBETCTBYIOIIUX CBSI3€EH.

B neiictButenbHOCTH TOT (akT, UTO cedyac UMeeTcs 0ojiee 4eM OJMH BBIXOJHOM
y3€JI, HU4ero He MeHseT. MBI ITPOCTO MOBTOPSEM JJIsl BTOPOTO y3JIa TE€ K€ JICUCTBUS,
KOTOpBIC YK€ BBINIOJHSIM A1 nepBoro. Ilodemy Bce Tak mpocto? DTa mpocToTa
OOBSICHSICTCS TEM, YTO CBSI3M OJHOTO BBICOOJHOTO Y3JIa HE 3aBUCIT OT CBs3CH
apyroro. Mexay STUMH JAByMs HaOOpaMH CBsI3€d OTCYTCTBYET Kakas- JHOO
3aBUCUMOCTb.

Bepnemcs k jamarpaMme, Ha KOTOpOM OINMOKAa Ha IIEPBOM BBIXOJHOM Y3II€
o0o3HaueHa kak e ;. He 3a0bIBaiiTe, 4TO 3TO PA3HOCTb MEXKIY KEITAEMBIM
3HAYCHUEM, MPEIOCTaBISIEMbIM TPECHUPOBOUHBIMU JMaHHBIMH 1 1, ¥ (aKTUUECKUM
BBIXOJIHBIM 3HAYeHHEM O ;. Takum oOpazom, € ; = (t ; - 0 ;). Omubka Ha BTOPOM
BBIXOJTHOM Y3Jie 0003HaU€HA KaK € 7.

Ha guarpamme BUJIHO, 4TO omMOKa € ; pacmpeaessieTcss MpOomopIUOHATIBEHO Becam
CBs3eil, 0003HAYEHHLIM Kak W 14 U W ,;. TOYHO TaK K€ OIIMOKa € » JOJIKHa
pacrnpeensTbesl IPOMOPIUOHATIBEHO BecaM W 1, U W ;.

3anumieM 3TA J0iud B sBHOM Bujae. OmmbOka e ; MHGOPMHUPYET O BEIWYMHAX
MONPaBOK i1 BECOB W 11 U W ;. [Ipu ee pacnpeneneHun Mexay y3iaaMu JI0Js e 1,
uHopMaIusi O KOTOPOM HCIOIB3YETCS JUIsi OOHOBJICHHS W 17, OINPEACHISIeTCS
CJIEAYIOIINM BbIPaKEHUEM:

W11

e

Wll T W21

Hons e ;, ucnonb3dyemas s OOHOBJIEHHMSI W 5, ONPEAENAETCS aHaJIOIMYHBIM
BBIPAKEHHUEM:
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W21

e e e

Wll v W21

3a BCEMH 3THMH CHUMBOJAMH CTOMT OYEHb MPOCTas UJEs, KOTOpas 3aKI04acTcs B
TOM, 4YTO Y3Jbl, CIIeJaBIIME OOJBIIMN BKJIAJ B OIIMOOYHBIM OTBET, MOJYyYalOT
OonpmMii curHan o0 omuOKe, TOTrAAa Kak y3Jbl, CHENaBIIME MEHBIINN BKJa,
MOJIY4YatOT MEHBIINN CUTHAJL.
Kak ObITh, €cniu KOIMUYECTBO ciioeB mIpeBbimiaeT aBa? Kak oOHOBISATH Beca cBs3el
JUISL CJIOEB, TAJIEKO OTCTOSAIIMX OT MOCJIETHErO, BBIXOJHOTO CJIOS?

4. OOpaTHoe pacnpocTpaHeHHe OIIMOOK NMPH 0O0JHIIOM KOJHYeCTBe
CJI0eB
Ha cnenyromeit auarpaMme mpecTaBieH NpUMep MPOCTOW HEUPOHHOU CETH
C TPEMSI CJIOSIMU: BXOJHBIM, CKPBITBIM W BBIXOJIHBIM.

w

[IponBurascr B 0OpaTHOM HAMpaBIICHUU OT MOCIEIHETO, BBIXOHOTO CJI0s (KpaiiHeTo
CIpaBa), Mbl BUMM, Kak uHGOpMaIus o0 omruOKe B BEIXOJHOM CJIO€ MCTIOIB3YETCs
JUTSL OTIPENIENICHUST BEMYMHBI TOMPABOK K BECOBBIM Kod(hduImeHTam CBs3eH, co
CTOPOHBI KOTOPBIX K HEMY MOCTYMAIOT CUTHAIIBI. 371eCh UCTIOIB30BaHbI Oojiee o0IIme
0003HAYEHUS € yyxommoii JJIT BBIXOJTHBIX OIIMOOK M W o, JUIS BECOB CBSI3CH MEXKIY
CKPBITBIM ¥  BBIXOJHBIM CJIOSMH. MBI BBIYMCIISIEM KOHKPETHBIC —OINHUOKH,
aCCOIIMMPYEMBbIE  C  KaXKJIOHM  CBA3bIO, IYyTEM  paclpeicliCcHUs  OINOKH
MIPOTIOPITMOHAIEHO COOTBETCTBYIOIIUM BECaM.

['padrueckoe mpeacTaBiICHUE ITO3BOJISET JIydIle TOHATh, KaKUE BBIYMCIICHUS
CJIEyeT BBIMOJIHUTH JIJISi JIOMOJHUTEIBLHOTO CJIOS. MBI TIpOCTO OepeM OIUOKH €
cxporrerii HA BBIXOJIE CKPBITOTO CJI0SI U BHOBb PACIpPENEeM UX 110 MPEIIECTBYIOMUM
CBS3SIM MEXAY BXOJHBIM U CKPBITBIM CJIOSMH TMPOTOPIIMOHAIHHO BECOBBIM
kodhummenTam W .. Crieayrormias AuarpaMMamITIOCTPUPYET ATY JIOTHKY.
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[Tpu HAIMYWK OGOJBIIETO KOJIMYECTBA CIIOCB MBI IMPOCTO TTOBTOPHIIN OBl OMMHMCAHHYIO
IpoLeaypy Ui KaXIOro CIJIOS, IPOJBHTasch B OOpPaTHOM HaIpaBJICHUU OT
MIOCJICTHETO, BEIXOTHOTO cios. Mmes pactpocTpaHeHUs 3TOTO MOTOKa MHGOPMAIHH
00 ommOke (curHana o0 OmMOKE) MHTYUTHBHO MOHATHA. MBI emie pa3 HMelu
BO3MOXKHOCTh YBHJIETh, IIOYEMY 3TOT IPOIIECC OMUCHLIBACTCS TEPMUHOM OOpPaTHOE
pacnpocTpaHeHne OMUOOK.

Ecau MBI cHayana WCIMOJB30BAIM OIIHUOKY € ,ivomoii BPIXOJHOTO CHUTHaNAa Y3JI0B
BBIXOZHOI'O CJOs, TO KaKyl OIIUOKY € cpumyii MBI COOMpPaeMcs HCIONB30BaTh A
y3JI0B CKPBITOT'O CJI0SI? DTO XOPOIIUK BOIPOC, MOCKOIBKY MBI HE MOXXEM yKa3aTh
OUCBHJIHYIO OIMMOKY /IS y3Jla B TakoM cioe. M3 pacderoB, CBS3aHHBIX C
pacnpocTpaHEHUEM BXOIHBIX CUTHAJIOB B MPSMOM HAIPaBJICHUH, MBI 3HaeM, 4TO y
KKJOTO y3JIa CKPBITOTO CJIOS B JCHUCTBUTEIBHOCTH MMEETCS TOJBKO OJUH BBIXOJ.
BcnomanTe, Kak MBI MPUMEHSIIA (PYHKITUIO aKTUBAIIMKM K B3BEIICHHON CymMMe BCEX
BXOJIHBIX CHTHAJIOB IAaHHOTO y3i1a. Ho kak onpeaenuts ommoOKy /1 TAKOTO y371a?

Y Hac HET IEJEBhIX WM JKEJTAEMbIX BBIXOJIHBIX 3HAUCHUN JJISI CKPBITHIX Y3JI0B. MBI
pacriojaraeM JIMIIb IEJIEBBIMUA 3HAUCHUSIMH Y3JI0B TIOCIIEIHETO, BEIXOIHOTO CJIOS, U
OTH 3HAYEHUS TMPOUCXOAAT M3 TPEHUPOBOUHBIX MpuUMepoB. llompiTaeMcs HalTh
OTBET, B3TJISTHYB €Ill¢ pa3 Ha MPUBEACHHYIO BhIIe auarpamMmy. C MEpBBIM Yy3JI0M
CKPBITOTO CJIOSI ACCOIIMMPOBAHBI JIBE MCXOJAIINE M3 HETO CBS3M, BEAYIIUE K JIBYM
y3J1aM BBIXOAHOTO CJI0sl. MBI 3HAaeM, 9TO MOYKEM PacHpeIeIUTh BBIXOAHYIO OITHOKY
MEXIy STUMH CBSI3SIMH, IIOCTYyTask TOYHO TaK XKe, KaK ¥ MPekae. ITO 03HAYAET, YTO C
KaXIOW W3 [JBYX CBfA3CH, HCXOOSIIMX U3 y3JIa TMPOMEKYTOUYHOTO  CJIOA,
aCCOIMHUPYETCST HEKOTOpask ommoka. Mpl MOrM Obl BOCCOCIWHUTH OIMMOKUA ITHX
JIBYX CBSI3€H, YTOOBI TMOJMYYUTh OMIMOKY JIJIi STOTO y3Jla B Ka4yeCTBE BTOPOTO
HAWJIY4IIeTo TMOJX0Ja, MOCKOJIbKY MBI HE pacroyiaraeM (aKTUYECKUM IIEIeBBIM
3HaUGHHEeM JUIsl  y37a MpoMexyTodHoro cios. Cremyromas —auarpamma
WUTIOCTPUPYET ATy UJICIO:
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Ha nmarpamMMe BUAHO, YTO WMEHHO MpoucxoauT. Ham HeoOXOoAMMBbl BETUYHUHEI
OLIMOOK MAJis1 Y3JIOB CKpPBITOIO CJIOSl, YTOOBI MCHOJb30BaTh WX JUIsi OOHOBJIECHHUS
BECOBBIX KOA()(PUIMEHTOB CBsi3ell ¢ mpeablaymuM ciaoeM. O003HaUMM 3TH OLIMOKH
KaK € cqpummi- HHO Y HAac HET OYEBUAHOIO OTBETa HAa BOIPOC O TOM, KAKOBA MX
BEJIMYMHA. MBI HE MOXKEM CKa3aTh, YTO OIIMOKAa — 3TO Pa3HOCTh MEXKAY KeJIaeMbIM
WIM LEJIEBbIM BBIXOJAHBIM 3HAYEHHEM 3TOr0 y3ja M €ro (PaKTUYECKUM BBIXOJIHBIM
3HAYEHUEM, TOCKOJBbKY JAHHBIE TPEHUPOBOYHOIO MpUMEpa MPEJOCTaBISAIOT JIUIIb
[IEJIeBbIE 3HAUEHUS U1l Y3JI0B TOCIEAHEr0, BBIXOMHOTO cjosg. OHM HE TOBOPST
abCONIIOTHO HHUYETO0 O TOM, KaKMMH JOJDKHBI OBITh BBIXOJHBIE CHTHAIBI Y3JIOB
Jr000T0 JPyroro ciosi. B 3Tom u 3akioyaeTcs CyTh CIOKHUBIIEHCS 3a1a4u.

MpbI MOXEM BOCCOEAMHUTH OLIMOKH, pACTpeAeNieHHbIe MO CBSI3AM, HCIONb3YS
oOpaTHOE pacmpocTpaHeHUEe OIMMOOK, C KOTOPHIM YK€ Mo3HaKOMMIKCh. [ToaTomy
OlIMOKa Ha TMEpPBOM CKPBITOM Y3Jieé TMpPEACTaBIsIeT CcOo00il CyMMy OIIHMOOK,
pacHpeleNieHHbIX 10 BCEM CBS3(M, HCXOJSIIMM M3 JTOr0 Yy3Ja B MPSIMOM
HanpasieHuu. Ha mnpuBeneHHON Bpllle JguarpaMMme IOKa3aHO, YTO HMMEETCs
HEKOTOpasi JA0Js1 BBIXOJHON OLIMOKHU € pyxomoir, 1 » TPUIMCHIBAEMAs CBSA3U C BECOMW
11, 1 HEKOTOpas JOJsl BBIXOJHOW OIIMOKHU € pyxomoir, 2 » NPUIKCHIBAEMasi CBSI3U C
BECOM W 1.

BrliieckazaHHOE MOKHO 3acaTh B BUJIE CIAEAYIOLIETO BBIPAXKECHUS:

€ pomiiis = CYMMA OUUBOK, pacnpedeAerHbiX no cBa3am W,  u W, ,
Wll W12
e * e »* _ L
Boixodnol,2 BoixodHoii,2
Wll * W21 WlZ ” w22

Uto6bl MPOWLIIOCTPUPOBATh, KaK 3Ta TEOPHs BBIMJIAUT Ha IMpaKTUKE, MPUBEIEM
auarpammy, JAEMOHCTPUPYIOIIYI0 OOpaTHOE paclpOCTpaHEHHWE OIIMOOK B IPOCTOU
TPEXCIIOMHOU CETU HA NPUMEPE KOHKPETHBIX TaHHBIX.
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[Ipocmequm 3a OOpaTHBIM pacHpoOCTpaHEHUEM OJHOUW W3
pacnpenenenus ommOku 0,5 Ha BTOPOM y37ie BBIXOAHOTO CJOS MEXKAY IBYMS
ces3simu ¢ Becamu 1,0 u 4,0 me1r mosmydaem gomu, pasasie 0,1 u 0,4 cOOTBETCTBEHHO.
Tak)ke MOKHO BHUJI€Th, YTO OOBEIUHEHHAS OLIMOKAa Ha BTOPOM Y3JI€ CKPBITOTO CJIOSI
MPEACTABIAECT CO00M CyMMY paclpeeieHHbIX OIIMOOK, B JAHHOM CJIydae PaBHBIX
0,48 u 0,4, cnoxenune koTopbix gaet 0,88.
Ha cnenyromeit nuarpamme JeMOHCTPUPYETCS MPUMEHEHHE TOW K€ METOJHMKH K
CJIO0, KOTOPBIN MIPEAIIECTBYET CKPBITOMY.

Pe3iome

BxodmHoii CKpbIMbI BoixodHoli
cAOU cAOU CAOU
=036
< 2 e, =042 e
—> 1 e 1 3 3
w,,= 3.0 7 7
w,,= 1.0
Bxoob % %
Wlx— 200 . \
;‘ -~
—> 2 I 2 o 3
= 7.0
= e, =
e:—0938 a8 .

omnOok. Ilocie

Hetiponnsle cetn o00ydarOTCsS TOCPEICTBOM YTOYHEHUS BECOBBIX
KO(DPUITMEHTOB CBOMX CBSI3€d. OTOT TMPOIECC YIPABISETCS OIMMOKOW —
PA3HOCTHIO MEXIY MPABHIBHBIM OTBETOM, MPEIOCTABISEMbIM TPEHUPOBOYHBIMHU
JTAHHBIMH, U (DAKTUIECKUM BBIXOTHBIM 3HAYCHUEM.

KCJIIa€MbIM U q)aKTI/I‘IeCKI/IM BBIXOJHBIMHU 3HAYCHUAMMU.

* OmmbKka Ha BBIXOAHBIX y3JaX OMPEIENSIETCS MPOCTOM PA3HOCTHIO MEXIY

* B 1O %ke BpCMs BECIIMYMHA OHII/I6KI/I, CBSI3aHHOM C BHYTPCHHUMH Y3JIaMH, HE

CTOJIb OYCBHUIHA. OI[HI/IM U3 CIocoOoB peICHUA TOH HpO6JI€MBI ABIIACTCA
pacupeacicHuc OIIOOK BBIXOJHOI'O CJI0s MCKAY COOTBCTCTBYIOIIHMMH CBA3SIMU
IIPOIIOPUOMOHAIIBHO  BECY Ka}K,HOﬁ CBA3KM C MOCICAYIOIIHUM O6’I)GIII/IH€HI/I€M
COOTBCTCTBYIOIIHNX PA3pPO3HCHHBIX yacTel OMMOKH Ha Ka’X/1I0M BHYTPCHHEM Y3JIC.
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5. Onmcanue 06PpaTHOrO pacnpocTpPaHeHHUsi OIUOOK C MOMOIIbIO

MATPUYHOM AJredphbl
MoxeM JM Mbl YOPOCTUTh TPYAOEMKHE PAaCUeThl, HCIOJIb3YS BO3MOKHOCTHU
MaTpUYHOTO yMHOXXeHUs1? PaHee, korga Mbl MPOBOJUIIM PACUETHI, CBS3aHHBIE C
pacrpoCTpaHEHUEM BXOJHBIX CHUTHAJIOB B NPSIMOM HAIpaBJICHUH, 3TO HaM OYECHb
MPUTOJIUIIOCK.
UToOBl MOCMOTPETh, yHAacCTCSd JU HAM MPEACTaBUTh OOpaTHOE pacrpoCTpaHEHUE
OLIMOOK ¢ MOMOIIBI0 O0Jee KOMITAKTHOTO CHHTaKCHCca MaTpHI], OMUIIEM BCe IIaru
BBIYHMCIIUTENIBLHON MpOLIeNypbl, UCTOIB3Ysl MaTpuuHble 0003HaueHusa. Kcratu, tem
CaMbIM MBI IOIIBITAEMCSI BEKTOPHU30BATh IIPOLIECC.
B03MOXHOCTBH BBIpa3UTh MHOKECTBO BBIUMCICHUN B MaTpUYHOU (popMe MO3BOJISIET
HaM COKpAaTUTh JUIMHY COOTBETCTBYIOIIMX BBIpAXKEHUN u obecreunBaeTr Ooliee
BBICOKYIO 3(D(PEKTUBHOCTh KOMITBIOTEPHBIX PACUETOB, IOCKOIBKY KOMITHIOTEPHI
MOT'YT HCIOJIb30BaTh MOBTOPSIONIMICA IIA0JOH BBIUUCICHUM MJI1 YCKOPECHHS
BBITIOJTHEHUS COOTBETCTBYIOIIUX OMEpaIUii.
OTnpaBHOUM TOYKOM HaM MOCIYXaT OLIMOKH, BOSHUKAIOIINE HA BBIXOJI€ HEUPOHHOU
CETH B IOCIIETHEM, BBIXOJHOM CJIO€. B TaHHOM cily4ae BBIXOJHOW CJOW COAECPKHUT
TOJIBKO JIBa y3JI1a C OLIMOKAMHU € 1 U € ;!

el
owu ékaﬂaxobwoa =
el

Jlatee HaAM HY)KHO IOCTPOHUTH MATPHILYy /IS OIIMOOK CKPBITOTO CIIOS. DTa 3amada
MOJKET TITOKA3aThCS CIOXKHOW, TMOATOMY MbI OyIEM BBIIOJIHATH €€ II0 YacTsIM.
[TepByro 4acTh 3aJaun MPEACTABIISIET MEPBBIA y3€l CKPBITOrO Cios. B3rmsHys ere
pa3 Ha MPHUBEICHHBIC BBIIIC AHArPaMMBbI, MOKHO YBHJIETh, YTO OIIHOKA Ha IEPBOM
y3JIe CKPBITOrO CJIOST POPMHPYETCS 3a CYCT ABYX BKJIAJ0B CO CTOPOHBI BBIXOIHOIO
ClIOsi. DTUMHU JBYMs CHTHaJaMH OIIMOOK SBISAIOTCSE 1 * W 13/ (W 3 + W o) 1
e * W/ (Wt W o). ObpatuTe BHUMAHHE Ha BTOPOH y3€1 CKPBITOTO CJIOS,
MO’KHO YBHJIETh, YTO OIINOKA HA HEM Take (POPMUPYETCS 3aCUET ABYX BKJIAIOB: € |
Wl (W +Wa)ue,*wWo/ (Wapt Wip). Panee Mbl yxe BUenH, Kak paboTaroOT
9TH BBIPAKEHUSI.

WTaK, A7 CKPBITOrO CJI0S Mbl MMEEM CJCAYIONIYI0 MATPHIly, KOTOpas BBITJISAUT
HEMHOT'O CIIOJKHEE, YeM MATPHI[BI, pACCMaTpHBAaEMbIE PaHee.

Wll WLZ
— - e’
= w., w w., +W -2
owuéKGCKPD‘MDm - 11 e 21 12 22 ° e
2
W21 W22
W21 s Wll W22 + WIZ

brio Ob1 3A0P0OBO, €CIU OBl 9TO BBIPAXKCHUE MOKHO OBLIO nepenucat B BUAC
IMPOCTOI0 MCPEMHOXKCHHA MATpHUIL], KOTOPBIMKU MBI YXKC€ pacCliojaracMm. 910
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MaTpHIbl BECOBBIX KOAI(PPUIMEHTOB, MPSMOr0 CUTHAJIA W BBIXOAHBIX OLIMOOK.
[IpeumyiecTBa, KOTOPbIE MOKEM MPU ITOM MOTYYUTh, OTPOMHBI.

K coxanenuto, jerkoro crnocoda MNpeBpaTUTh 3TO BBIPAXKEHHE B CBEPXIIPOCTOE
NEPEMHOKEHHE MATpUL, KaK B Cllydae pacopOCTPaHEHUS CUTHAJIOB B IPSIMOM
HaNpaBJICHUH, HE CYyIIEeCTBYeT. PacmyTaTh Bce 3TH JOJH, U3 KOTOPBIX OOpa30BaHBI
AIIEMEHTHI OOJBIION MaTpHIIBI, HENPOCTO. BbpuTo OBl 3amMedaresabHO, €cliid Obl MBI
CMOTJIH TIPEJICTABUTh ATy MATPHUITYy B BUJIE KOMOWHAITNN UMEIOIINXCS MAaTPHII.

Uro MoxHO caenarb? Ham HyxkeH cnoco0, oOecnedyuBaroluii BO3MOMXHOCTD
UCIIOJIb30BAHUSI MATPUYHOTO YMHOXKEHHUS, YTOOBI TMOBBICUTH 3(P(HEKTUBHOCTD
BBIUHCIICHUN.

[TocmoTpuTe emie pa3 Ha NTPHUBEACHHOE BbIIIE BbIpakeHHe. Bbl BuauTe, YTO
HamOoJiee BaKHAs JUIsl HAC BEIlb — ATO YMHOXKEHHME BBIXOJIHBIX OIIMOOK € , Ha
CBSI3aHHbIE C HMMHU Beca W jj. Yem Ooisbiie Bec, TeM Ooibluas O OLIMOKH
nepenaeTcs OOpaTHO B CKPBITHIM cloil. DTO BaxHBIM MOMEHT. B apo0sx,
SBJISIIOIIUXCS DJIEMEHTAMU MAaTpPUIlbl, HIDKHSS YaCTh MTPaeT PoJib HOPMHUPYIOIIETO
MHOXUTeNA. Eciu mnpeneOpedb 3TuUM  (PaKTOpoOM, MOXKHO TMOTEPATh JIUIIb
MacmTabMpOBaHUE OLIMOOK, MEPEeJaBaeMbIX M0 MEXaHU3MY OOpaTHOU CBA3U. Takum
00pa3oM, BeIpakeHHE € 1 * W 11 / (W 11 + W »1) YIIPOCTHTCS 10 € 1 * W 13.

[Tonmyuum crenyroniee ypaBHEHUE.

wll WLZ cl
owudka, i °
wll WZZ ez

OTa MaTpula BECOB HAIlOMMHAET Ty, KOTOPYKO Mbl CTPOWIHM pAHEE, HO OHA
MIOBEpHYTa BOKPYI IWAroHaldd, TaK 4YTO MPaBblii BEPXHUM SJIEMEHT TENEPh CTal
JIEBBIM HWKHUM, a JIEBBIM HW)KHUW — IIPAaBbIM BEPXHUM. Takas MaTpulaHA3bIBACTCS
TPAHCHOHHPOBAHHOI 1 0603HAYACTCS KaK W .

Huxe npuseneHsl 1Ba npumepa TPAHCIOHUPOBAHUSI UYHUCIIOBBIX MATPHL, KOTOPBIE
MOMOTYT JIy4llle TOHSTh CMBICI OIEpaluHd TpaHCHOHUpoBaHUA. OHA MpPUMEHHMA
Jaxe B TeX CIy4asx, KOTJa KOJMYECTBO CTOJIOIIOB B MATPHIE OTIUYACTCS OT
KOJINYECTBA CTPOK.

1 2 3 T 1 4 7
4 5§ o - 2 5 8
7 8 9 % B 9
T 1 4
1 2 3
= 2 s
4 5 6
5 &
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Wrtak, ™Mbl TpUMEHWIM MATPUYHBI TIOAXOJ K ONHCaHWIO OOpaTHOTo
pacipocTpaHeHHs OIHOOK:

owudka,, .= W' * owudKa,, .

KoHnedHo, 3T0 mpocTo 3aMeuaTeNnbHO, HO MPABUIBHO JIM MBI MOCTYIWIH, OTOPOCHB
HOpMUpYIOIUH MHOXHTETh? (OKa3bplBaeTCsA, YTO O3Ta YIPOIICHHAs MOJEIb
OOpaTHOTO PacHpPOCTPAaHEHUS CHUTHAIIOB OMIMOOK paboTaeT HUYYTh HE XYyKe, UeM
Oomee cloXKHas, KOTOPYIO MBI pa3paboTaiu rnepe TuM. Eciu Hamr mpocToit moaxon
JEHCTBUTEILHO XOPOIIO paboTaeT, Mbl OCTABUM €TO.

MoXHO TpHWATH K BBIBOAY, UYTO JaXe B TEX Clydasx, KOTJa B OOpaTHOM
HaIlpaBJICHUN PACIPOCTPAHSIOTCS CIIHMINKOM OOJIBIIAEC WM CIHAIIKOM MaJlbie
OIIMOKHU, CEeTh CaMa BCE HCIPABUT IPU BBHITOJHEHUU TMOCIEAYIONUX HUTepalui
oOydenusi. BaxxHo To, 4TO mpu 0OpaTHOM PACHPOCTPAHEHUH OIIUOOK YUUTHIBAIOTCS
BeCOBbIE KO (DUIIMEHTHI CBSI3EH.

Pesrome

* OOpatHO€ pacnpoCTpaHEHHE OIIMOOK MOKHO OINHCaTh C TOMOIIBIO
MAaTPUIHOTO YMHOKCHHUSI.

* DTO MO3BOJISICT HaM 3aIlUCHIBATH BRIPAKEHUS B 00JIee KOMITAKTHOU (hopme,
HE3aBUCUMO OT pa3MepoB HEUPOHHOU ceTu, u obecneunBaet 6omuee d3PppekTuBHOE
U OBICTpOE BBHITIOJIHEHUE BBIUHUCICHUNW KOMIBIOTEpAMHU, €CIU B  SI3BIKE
IPOrPaMMHUPOBAHUS IPETYCMOTPEH CHHTAKCUC MAaTPUYHBIX OTEpaIuil.

* Orcrofa ciefyer, 4To UCIOJIb30BaHNe MATPHUIl 00ECIIEYUBAET TOBBIIICHUE
(¢ (PEKTUBHOCTU pacUETOB KaK [JIsi PACIPOCTPAHECHUS] CHUTHAJIOB B TMPSIMOM
HaIPaBJICHUH, TaK U JIsl paclpOCTPaHEHUs OITMOOK B 0OpaTHOM HaIlpaBJICHUU.

IIpakTH4eckue 3aaHus
1. Onpoc cetn
2. Teky1iee coCTOSTHUE KO/Ia
3. TpenupoBKka ceTu

IIpoekT HeiipoHHo¥i ceTn Ha Python. Yacrs 2.

1.0npoc cetn
Hanee 3amaaum Gyukiuio query (), koropas 00ecIeuyruBaeT OMPOC CETH — MOIYUYCHHUE

3HAQUEHUN CHUTHAJIOB C BBIXOJHBIX Y3JI0B IIOCJE MPEJOCTABICHUS 3HAYCHUI
BXOJSIIUX CUrHaNoB. T.e. ¢yHkums query () mpUHMMaeT B KadyecTBE apryMeHTa
BXOJHBIE JJaHHbIC HEHPOHHOI CETH U BO3BpAIIAET €€ BHIXOAHBIC JaHHbIe. J[Jis ATOro
HaM HY)KHO Tepe/laTb CUTHAJbl OT Y3JIOB BXOJIHOTO CJIOSI Y€pe3 CKPBITBHIA CIION K
y3JlaM BBIXOJHOTO CJOSl JUIsl TOJIy4eHUs BBIXOAHBIX JaHHBIX. [Ipu 3TOM, Kak BbI
MOMHHUTE, IO MEpPEe PACHPOCTPAHEHUS CHUTHAIOB Mbl JIOJDKHBI CrJIaXUBaTh HX,
UCIIOJIb3YsI BECOBbIE KOA(D(MUIIMEHTHI CBS3€M MEXIY COOTBETCTBYIOIIMMH y3JaMHu, a
TaKKe€ IPUMEHATh CUTMOUY JUISl YMEHBILICHHS BBIXOJIHBIX CUTHAJIOB Y3JIOB.
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B ci1y4dac OOJBIIOr0 KOJIHNYECTBA Y3JI0OB HalMMCAaHUC I KaXKXKJO0I'0 M3 HHUX KOJ4 Ha
Python, OCYHICCTBJIAOIICTO CrijlIa’kKMBaHHC BCCOBBIX KOC—)(i)(i)I/IHI/ICHTOB,
CYMMHPOBAHUC CUTHAJIOB W IIPUMCHCHHUC K HUM CHI'MOHBI, IIPCBPATUIIOCH OBl B
CIUIOIIHOM KOIIMap.

K CYaCTbIO, HAM HC HYKHO ITUCATb I[CTaJIBHHﬁ KOOI JIAA KaXKA0Iro y3J1a,IIOCKOJIBKY MbI
YK€ 3HACM, KaK 3allnicarb HOI[O6HBI€ HHCTPYKIIMHU B HpOCTOﬁ U KOMIIAaKTHOM
ManH‘IHOﬁ (bopMe. Hwuxe ITOKAa3aHO, KaK MOXKHO ITIOJIYUHUTHb BXOIAIIUC CUTHAJIbI IJIA
Y3J10B CKPBITOTO CJIOA IIYTCM COYCTAHHA MAaTPpUIbl BCCOBBIX KOC—)(I)(I)I/ILII/IGHTOB CBsI3eH
MCIKIAY BXOIHBIM U CKPBITBIM CJIOSAMHU C ManHHGﬁ BXOJHBIX CUTHAJIOB:

X CKPBITHIH =W BXO/IHOM_CKPBITHIH *1

KOMHBIOTCpHBIe A3BIKHM, B TOM 4YHCJIC Python, pacIo3HaroT MaTpHrIibl 1 3(1)(1)CKTI/IBHO
BBIIIOJIHAIKOT BCC paCdYCThI, ITIOCKOJBKY UM HU3BCCTHO 00 OAHOTHUITHOCTH BCEX CTOAIINX
3a 3TUM BBIYMCJICHUH.

KOII Ha A3BIKC Python JJIsA 9TOU orrcpalu  a0CTAaTO4YHO HpOCTOfI. Huxe
MNpCaACTaBJICHA HWHCTPYKOHUA, KOTOpasd II0Ka3bIBACT, KaK JIIPUMCHHUTDb (I)YHKHI/IIO
CKAJLAIPHOT'O ITPOU3BCACHUA OMnOIMoTEKN numMpy kK MarpuiiaM BE€COB M BXOJHBIX
CHUT'HAJIOB:

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

OTa KOpoTKas cTpoka koja Python BeimosHseT Bcro paboTy 1O 0OBETUHEHUIO BCEX
BXOJHBIX CHUTHAJOB C COOTBETCTBYIOIIMMM BECAMH JUISl TOJY4YEHUS MAaTPHULBI
CTJIXKEHHBIX KOMOMHUPOBAHHBIX CUTHAJIOB B Ka)XIOM y3J€ CKPBITOro cios. bonee
TOr0, HaM HE MPHUIETCSA €€ IEPENUCHIBATh, €CIMW B CICAYIOIIMN pa3 Mbl pPELIUM
WCIIOJIb30BaTh BXOAHOM WJIM CKPBITHIN CJIOW C IPYTUM KOJIMYECTBOM Y3JIOB. DTOT KO/
BCE paBHO OyzeT paboTath!
I mostydyeHHUsl BBIXOJIHBIX CUTHAJIOB CKPBITOTO CJIOSI MBI NMPOCTO MPUCIMEHSIEM K
KaXJOMY U3 HUX CUTMOUY:
O CKPBITHIit = curmomaa (X cKprTLlﬁ)
OTO HE JOMHKHO BbI3BATh HUKAKUX 3aTPYAHEHHI, OCOOCHHO €CIM CHUTMOHJA YXkKe
ornpejeneHa B Kakoi-Huoy b ouonuoreke Python.
bubimoreka scipy B Python comepxut HabOp CreUaIbHBIX (YHKIUH, B TOM YHCIIC
CUTMOMJy, KOTOpasi Ha3bIBaeTCs B JaHHOW OuOamoreke expit (). budmuoreka scipy
UMIIOPTUPYETCS] TOYHO TAaK K€, KaK U OMOiIroTeKa numpy.

1: | # 6ubnuomexa scipy.special codepycum cuemoudy expit()

import scipy.special

[TockonbKy B OyAylIeM Mbl MOXKEM 3aXOT€Th MO’KCHEPUMEHTHPOBATH ¢ (QyHKUUEH
aKTHUBAIMK, HACTPOUB €€ MapaMeTPhl WM MOJHOCTHIO 3aMEHUB JAPYTrod (yHKIIHUEH,
Jqyd4llle OIpeneinuTh €€ OIWH pa3 B OOBEKTE HEWPOHHOM CETH BO BpeMs €ro
vHuIManmu3aunu. [locie 3Toro Mpl CMOXKEM HEOJTHOKPATHO CChUIATHCSA HA HEE, TOUYHO
TakK ke, Kak Ha (yHkuro query (). Takas opraHu3anus MporpaMmbl 03HAYAET, YTO B
CJIyyae BHECEHHUS U3MEHEHUN HaM MPUJIETCS CAENATh 3TO TOJIBKO BOJHOM MECTE, a HE
BE€3JI€ B KOJIE, /1€ UCTIOJIb3yeTCs] (PYHKIMS aKTUBALIUU.
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Hwxe mnpuBenaeH Ko, oONpeaeistonuil (yHKIUIO aKTUBAIlMH, KOTOPBIA MbI
HCIIOJIb3YEM B pa3jiesie MHUIIUAIU3AIM HEUPOHHOMN CeTH.

# ucnonb3oeaHue cuzmoudsi 8 kKa4yecmeae L:D-yHKL{ULl akmueayuu

self.activation_function = lambda x: scipy.special.expit(x)
Uro nenaet 3toT koA? OH co3naeT GyHKIMIO Hanmoaooue JiroOoN Ipyroi, TOJIBKO C
UCIIOJIb30BaHUEM 00Jiee KOPOTKOTO Ccroco0a 3alucH, Ha3bIBaEMOTO J1AMoO0a-
svipasricenuem. Bmecto npuBbIyHOTO onpezeneHus GpyHkimu B popme def ums() mbr
HCIIOJIB30BaIM CJI0BO lambda, koTopoe mo3BoisieT co3aaBarth GyHKIIMU OBICTPHIM U
yIOOHBIM CHOCOOOM, YTO Ha3bIBAeTCs, «HA JIETy» . B nmaHHOM ciydae (yHKIMS
IpUMHUMAaeT apryMeHT x W Bo3Bpaimaer Scipy.special.expit (), a 3To ectb He 4TO
WHOE, Kak curmouga. MyHKIMHU, CO3/1aBa€Mble C MOMOIIBIO JISIMOAAa- BBIPAXKEHU,
ABJISIIOTCSL  OC3bIMSHHBIMU ~ WJIM, KaK TMPEANOYUTAIOT TOBOPUTH  OMBITHBIC
NpPOTPAMMUCTBI, AHOHMMHBIMHM, HO JIaHHOM (YHKIMK MBI TPUCBOMIM HUMS
self.activation_function (). DTo o3HauaeT, 4To BCAKHI pa3, Korjga moTpedyercs
UCIOJB30BaTh  (DYHKIMIO aKTUBAllMU, €€ HYXXHO OyJeT BbI3BaTh  Kak
self.activation_function ().
Wrak, Bo3Bpamiasick K Hamieil 3ajade, Mbl MPUMEHUM (YHKIUIO aKTUBAIMHU K
CTJIXKEHHBIM KOMOMHUPOBAHHBIM BXOSIIMM CUTHAJIaM, MTOCTYTIAIOIINM Ha CKPBITHIE
y311bl. COOTBETCTBYIOIIUI KOJI COBCEM HE CIIOKEH.

# paccHumanms UCXG‘L;JHU.{E{E‘ CUZHAB 38 CKPbITIOZCO CA0A

hidden_outputs = self.activation_function(hidden_inputs)
Takum 00pa3oM, CUTHAJIBI, UCXOISAIIUE U3 CKPBITOTO CIIOS, OMUCHIBAIOTCS MAaTpUIIeH
hidden_outputs.
MBI nponu MPOMEKYTOUHBIN CKPBITHIN CIION, @ KaK OBITh C MOCJIEIHUM, BBIXOAHBIM
cinoeM? B HeNCTBUTENBHOCTH PAacHpOCTPAHEHUE CUTHAIA OT CKPBITOTO CJOS 10
BBIXOJJHOTO HHUYEM MNPUHUIHUMNUAIBHO HE OTJIMYAETCS OT MPEAbIIylIEero ciyvas,
MOATOMY CIIOCOO pacyeTa OCTaeTCs TEM e, a 3HA4YUT, U KOJ OyAeT aHaJloru4yeH
MPEIBIAYIIEMY.
Huxe mpuBeeH MTOrOBBIM (parMeHT KoJa, OOBEAUHSIOIIMNA pacyeThl CHUTHAJIOB

CKPBITOI'O U BBIXOJJHOI'O CJIOCB.
# paccsumams exodAujue cu2Hab! 08 CKPbIMO20 C0A
hidden_inputs = numpy.dot(self.wih, inputs)
# paccqumams ucxodaujue cueHabl 05 CKPbIMOo2o CN0A
hidden_outputs = self.activation_function(hidden_inputs)
# paccyumams exodaujue cuzHans! 0118 BbIXO0HO20 C/108
final_inputs = numpy.dot(self.who, hidden__outputs)
# paccyumame ucxodaujue cusHanbi 058 BbIXOOHO20 C/10A
final_outputs = self.activation_function(final_inputs)

Ecau oTOpocuTh KOMMEHTapUH, 371€Ch BCEro YEThIPE CTPOKHU KOJa, BBIOJEICHHBIE
MOJTY>KUPHBIM IPU(TOM, KOTOPHIC BBITIONHSIIOT BCE HEOOXOAMMBIC PacUeThl: JIBE —
JUISL CKPBITOTO CJIOSL U JIBE — JIJISI BBIXOJHOTO CJIOS.

2. Tekyiee cocTosiHMEe KO/
[TocMOTpuM, Kak BBITJISLAUT B 11€JIOM KOJI, KOTOPBI MBI K TOMY BPEMEHHU CO3]1aJIH.
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7]:  # onpedenerue knacca HelpoHHoU cemu
class neuralNetwork:

# UHULUaAU3UpOBams HelpoHHYH ceme
def __init__(self, inputnodes, hiddennodes, outputnodes, learningrate):
# 300ame KOAUYECMBO Y3108 80 BXOOHOM, CKPLIMOM U BLIXOOHOM CA0e
self.inodes = inputnodes
self hnodes = hiddenncdes
self onodes = outputnodes
# Mampuyet Becossix ko3gduyueHmos ceqsed wih u wha.
# Becoseie ko3gguyueHme) ceaseld Mexdy y3n0M i U y3nom j
# cnedyrouezo cno7 0603HaYeHE! KaK W__i__J:
#will w21
#wlzw22um.d
self. wih = numpy.random.normal (0.0, pow(self. hnodes, -0.5), (self.hnodes, self.inodes))
self who = numpy.random.normal (0.0, pow(self.onodes, -0.5), (self onodes, self. hnodes))

# Ko3gdduyueHm obyyeHus

self.Ir = learningrate

# ucnons3osarue cuemoudsl 8 Kayecmee PyHKyUL axmuegayuu
self activation_function = lambda x: scipy.special expit(x)

pass

# mpenruposka HellpoHHold cemu
def train():
pass

# onpoc HelipoHHoU cemu

def query(self, inputs_list):
# npeoBpazosams CAUCOK BXOOHLIX 3HaYeHUl
# e dsyxmepHbill maccue
inputs = numpy.array(inputs_list, ndmin=2).T
# paccuumams exo0AwUe CUZHANL! ON1A CKPLIMOZ0 CAORA
hidden_inputs = numpy.dot(seif wih, inputs)
# paccyumams ucxodaLjue cu2Hans! ONA CKPLIMO20 CAOA
hidden_outputs = self activation_function(hidden_inputs)
# paccuumams exo0AuUe CUSHANB! ONA BLIXOOHOZ0 CN0A
final_inputs = numpy.dot(self who, hidden_outputs)
# paccuumames uCxodAuue cuzHankl N7 ebix00H020 CAOF
final_outputs = self activation_function(final_inputs)
return final_outputs

Ho 3T0 TosnbkO ompexneneHue Kiacca, Mepeil KOTOPBIM B IEPBOH siueiike OJIOKHOTa
[Python ciieayet moMecTHTh KO, MMIIOPTUPYIOLIUI MOy IM NUMPY 1 Scipy.special.

®dyukuun query () B KayecTBe BXOAHBIX JAHHBIX MOTPEOYIOTCS TOJBKO BXOIHBIC
In[8]: | import numpy

# Bubauomera scipy.special ¢ cuzmoudod expit ()

import scipy.special
curHaibl input_list. Hu B kakuX Ipyrux BXOIHBIX TaHHBIX OHA HE HYXKIACTCsl.
MBI [OCTHIIM 3HAYUTENBHOTO TIporpecca U Temeph MOXKEM BEPHYTHCS K
HenmocraromemMy ¢parmenty — @yukyuu train (). BcmomuamTe, YTO TpPEeHHPOBKA
BKJIIOYAEeT JABe (a3bl: nepsas — HTO pacueT BBIXOJAHOIO CUTHaja, YTO M JIeJaeT
byukuus query (), a emopas — o0OpaTHOE pacHpPOCTpaHEHHE OIIHOOK,
nHQOpPMHUpYIOIIEe Bac O TOM, KAaKOBBI JIO/DKHBI OBITh ITONPAaBKH K BECOBBIM
kodpunreHTam.
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[pexae yeMm MepexoauTh K HalMCaHHUIO Koja ¢yHkuuu train (), ocyiecTristomei
TPEHUPOBKY CETH Ha IpUMEpax, MPOTECTHPYEM, KaK paboTaeT yKe HMEIOIIUNCS KOS,
Jis 3TOrO Cco31aauM HEOOJBIIYI0 CETh U MPEJOCTaBUM €l HEKOTOpPHIE BXOJHBIC
nanable. OUeBUIHO, YTO HUKAKOTO PEaJbHOTO CMBICNIAa PE3ybTaThl COJEPKaTh HE
OyAyT, HO HaM Ba)KHO JIMIIb MPOBEPUTH PAOOTOCIIOCOOHOCTH BCEX CO3JAaHHBIX
byHKIHiA.

B crnepyromem mnpumepe co3gaercs HEOOJbIIas CETh C BXOJHBIM, CKPBITBIM M
BBIXO/JHBIM CJIOSIMH, COJIEp)KaIlllMMHU TI0 TPU Y372, KOTOpas OIpamIuBaeTcs ¢
UCIOJIb30BaHUEM CITyYaliHO BRIOpaHHBIX BXOAHBIX curHajios (1.0, 0.5 u -1.5).

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

# ko3 duyuerm obyyeHun pasex 0,3

learning_rate =0.3

# cozdame 3k3emMnap HelporHoU cemu

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

9] | n.query([1.0, 0.5, -1.5])
91: array([[0.63875786],

[0.65613726)],

[0.436785441])
HerpynHo 3aMeTuTh, 4TO MpHU CO3AAaHUM OOBEKTa HEUPOHHOW CETU HEOOXOAMMO
3aJlaBaTh 3HaUYeHUE KOd(pPuireHTa 00ydeHus, Taxke €Cli OH HE UCIOJIb3YeTCsl. DTO
OOBSCHSETCSI TEM, UTO OINpPEJEICHHE Ki1acca HEMPOHHOUM ceTH
BKJTFOYACT byHkuioo  wHHNMamu3anua - init_ (),  kotopas  TpeOyer
MPEIOCTaBIICHUs TAaHHOTO aprymMeHTa. Eciu ero He yka3arh, mporpaMMa HE CMOXKET
OBITH BBITIOJIHEHA, U OTOOPA3UTCS COOOIIEHUE 00 OIIHOKE.
Bbl Takke MOTJIM 3aMETUTh, YTO BXOJHBIE JaHHBIC MEPENAIOTCS B BHUJEC CIUCKAa,
koTopbli B Python o0o3Hauaercst kBaapaTHbIMM CKOOKamHu. BbIBOA Takke
MPEACTaBICH B BUJIC YHCJIOBOTO CHHCKA. OTH 3HAYEHUS HE HMMEIOT HHUKAKOTO
peaJbHOr0 CMBICTA, MOCKOJIBKY Mbl HE TPEHUPOBAIM CE€Th, HO TOT (DAKT, UTO BO
BpEeMsI BBITIOJIHEHUSI TPOTPaMMbl HE BOSHUKJIIA OIITMOKHU, TOJDKEH HAC pajioBaTh.

3. TpeHupoOBKa ceTH

[IpucTtynum K pernieHu0 HECKOJIbKO OoJjiee CIIOXKHOM 3ajauyu TPEHUPOBKHU ceTu. Ee
MOYHO pa3/IeJIUTh Ha JIBE YaCTH.

 IlepBas 4acTh — pacueT BBIXOJHBIX CHUTHAJIOB JUIs 3aJaHHOTO
TPEHUPOBOYHOTO MpUMEpa. DTO HUYEM HE OTJIMYAETCS OT TOTO, YTO MBI YK€
MOYKEM JIeJIaTh ¢ IOMOIIBLI0 GyHKIMU query ().

* Bropas YacTh — CpaBHEHHE pPACCUMTAHHBIX BBIXOJHBIX CHUTHAJIOB C
KEJTaeMbIM OTBETOM U OOHOBJICHHE BECOBBIX KOI(POHUIIMEHTOB CBsI3ed MEKIY
y3JIaMU Ha OCHOBE HAWJEHHBIX Pa3JINYUU.

Cnauasia 3anuiieM roTOBYIO MEPBYIO YacTh.
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# mpeHuposka HellpoHHOU cemu

def train (self, inputs_list, targets_list)
# npeobpa3oeaHue CnUCKa 8x00HLIX 3HaYeHudl
# e OsyxMepHeIl Maccus
inputs = numpy.array(inputs_list, ndmin=2)T
targets = numpy.array(targets_list, ndmin=2) T

# paccuumams 8xodAWue cu2Hans! GAA CKPLIMO20 CA0A
hidden_inputs = numpy.dot(self.wih, inputs)

# paccyumame UCXOOAWUE CU2HaNb! ONA CKPLIMO20 CAOA
hidden_outputs = self activation_function(hidden_inputs)
# paccuumame 8xodAwWue cuzHansl na 8eixo0dH020 CNOA
final_inputs = numpy.dot(self.who, hidden_outputs)

# paccyumame UCX00AWUE CUSHANB! OAR BLIX00H020 CNOR

final_outputs = self activation_function(final_inputs)

DTOT KOJ TOYTH cOBHagaeT ¢ kKoaoM ¢yHKuu query (), TMOCKOJBKY MpoIece
nepeIauy CUTHAJIA OT BXOHOTO CJI0sI K BEIXOJHOMY OCTA€TCsI OJTHAM U TEM XKe.
ENMHCTBEHHBIM OTJIMYHEM SBJISCTCS BBEIEHUE JOIMOJHUTEIBHOTO IapameTpa
targets_list, mepemaBaemoro mpu BBI3OBE (YHKIMH, ITOCKOJIBKY HEBO3MOXKHO
TPEHHPOBATh CETh 0€3 MPEAOCTaBICHHUS €l TPEHHUPOBOYHBIX MPHUMEPOB, KOTOPHIC
BKJTIOUAIOT JKeJIAaeMbIC WJIH 1IE€JICBbIC 3HAUCHUS:

def train (self, inputs_list, targets_list)
Crucok targets_list mpeoOpa3yercs B MacCHMB TOYHO TaK K€, KaK CITUCOK
input_list:

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

Tenepb MbI O4YeHb OJIM3KM K PEIICHUIO OCHOBHOW 3aJayd TPEHHUPOBKU CETH —
YTOYHCHHIO BECOB Ha OCHOBE PACXOXKICHHS MEXIY PACUYCTHBIMH M IICJICBBIMH
3HAYCHUSIMHU.
Bynem pemiate 3Ty 3a1a49y MO3TAITHO.
[Tpexxae Bcero, Mbl JIOJDKHBI BBIYMCIIATE OIMIUOKY, SBIISIOIIYIOCS Pa3HOCTBIO MEKITY
JKEJIaeMbIM IICJICBBIM BBIXOJHBIM 3HAYCHHUEM, IMPEIOCTABICHHBIM TPECHUPOBOUYHBIM
IPUMEPOM, U (PaKTHICCKUM BBIXOIHBIM 3HAUCHUEM.
Ona mpezcraBisieT coboii pasHOCTh Mexay Marpuiiamu (targets — final_ outputs),
paccCUUTHIBaEMYI0 T03JeMeHTHO. COOTBETCTBYIOIINI KO BBHITJISAUT OYSHBb MPOCTO,
YTO €IIe Pa3 MOATBEPIKAACT MOIIb U KPAaCOTy MaTPUIHOTO MOIX0/1a.

# owubku seixodHo20 C0A =
# (enesoe 3HaYEHUE - (HaKMUYECKOe 3HAYEHUE)

output_errors = targets - final_outputs

Jlamee Mbl HOJDKHBI pacCUUTAaTh 06paTH06 pacopoCTpaHCHHUE OIMUOOK IS Y3J10B
CKpPBITOI'O CJIO4. BCHOMHI/ITC, KaKk Mbl paclnpeaciisain OIINOKH MCXKIY Y3JaMHu
MPOTIOPLIMOHAJIBHO BECOBBIM K03 (dUIIMEHTaM CBs3€H, a 3aTeM PEKOMOWHUPOBAIU
HX Ha KaXJIOM Y3JIC CKPLITOI'O CJIOA. OTHU BBIUMCIICHUS MOHO npeaCcTaBuTL B
CJIEIYIOLIEW MAaTPUUYHOU (bOpMe:

OLUHOKH CKPBITHIH = BecaT CKpblTblﬁ:;bMﬁKn BBIXOHOM

Kox, peanmsyrommii 31y (opMmyiy, TakkKe MPOCT B CUiy crocooHoctu Python

BBIYHUCIIATh CKAJIPHBIC IMTPOU3BCACHUA MAaTPUIl C TIOMOIIBIO MOJYJIA numpy.
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# U peromMBUHUDOBIHHEIE HA CKPBIMILIX Y3AaX

hidden_errors = numpy.dot{self who T, output_errors)
WUtak, MBIl MOAYy4YWSIH TO, YTO HAM HEOOXOAUMMO ISl YTOYHEHHUS BECOBBIX
ko3 pueHToB B Kaka0M cioe. [ BeCoB CBsI3el MEXIYy CKPHITHIM M BBIXOAHBIM
CJI0SIMU MBI UCIIOJI3YEM MEPEMEHHYIO OUtput_errors.
JIn1s1 BECOB CBSI3€M MEXK/1y BXOJIHBIM U CKPBITBIM CJIOSIMHA MbI UCIIOJIB3YEM TOJIBKO UTO
paccunTaHHyo repemMeHayto hidden_errors.
Panee Hamu ObLIO MOJIYYEHO BBIpAXKEHUE JJ11 OOHOBJICHHS BECa CBS3H MEXKIY Y3JI0M
J ¥ y310M K cieyroriero cjios B MaTpuaHOM Gopme.

—_— —_— ——

Jk =

AW, = & * E_* cuzmouda (0,) * (1 - cuzmouda (0,) ) ‘o7 ,

Benuuuna a — 310 ko puiuent odydeHus:, a curmonia — 370 GyHKIMS aKTUBAIUH,
C KOTOpOH BBl YyX€ 3HAKOMbl. BCHOMHHTE, YTO CHMBOJ «*» O3HA4aeT OOBIYHOE
IIO3JIEMEHTHOE YMHOXEHHUE, a4 CUMBOJI «» — CKAJISPHOE NPOU3BEICHHUE MATpPHII.
[MocneaHuii YieH BhIPaKEHHS — 3TO TpaHCIOHWpoBaHHAs (') MaTpPHIla MCXOISIINX
CUTHAJIOB TPEABIAYLIETrO Ciosi. B JaHHOM ciydae mpaHchnoHuposanue O3HayaeT
npeoOpa3oBaHue CTOJIONA BHIXOHBIX CUTHAJIOB B CTPOKY.
DTO BBIpaXKEHHE JIETKO TpaHCIUPYeTcsl B KOJ Ha si3bike Python. CHauana 3anuiem
KOJI 715 OOHOBJICHUSI BECOB CBSI3€M MEXKY CKPBITHIM U BBIXOJHBIM CJIOSIMHU.

# 06HoBUMS secossie Ko3gduyuermsl dna caazell mexndy

# CKpLIMbIM U BBIXOOHLIM CAOAMU

self who += self.Ir * numpy .dot ((output_errors * final_outputs * (1.0 - final_outputs)), numpy.transpose (hidden_outputs))
self.who += self.Ir * numpy .dot ((output_errors * final_outputs * (1.0 -
final_outputs)), numpy.transpose (hidden_outputs))
DTO [IOBOJIBHO [IJIMHHAs CTPOKAa KOJA, HO IIBETOBOE BBIACIEHUE IMOMOMKET BaM
pazo0Oparbcsi B TOM, KaK OHa CBf3aHa C MPUBEACHHBIM BBIINIE MaTEeMaTHYECKUM
BeipakeHueM. Koaddunment obOyuenus Self.lr ymHoxaeTcss Ha ocranbHyrO 4acThb
BbIpOKECHUA. ECTh e€llle MaTpuyHOE YMHOXEHHE, BBIMOJHSIEMOE C IIOMOIBIO
dbynkuu numpy.dot (), u aBa syIeMeHTa, BBIICACHHBIX CHHUM W KpPaCHBIM IIBETAMH,
KOTOpbIE OTOOpaKAIOT YacTH, OTHOCAIIMECS K OIMMOKE W CUTMOHUIaM U3
CIEAYIOLIETO CJO0S, a TAK)KE TPAHCIOHUPOBAHHAS MaTpHUIA UCXOISIIMX CUTHAJIOB
MPEABIAYILIETO CIOS.
Onepanust += oO3HAYaeT YBEJIMYCHHE NEPEMEHHOW, yKa3aHHOW clieBa OT 3HaKa
PaBEHCTBA, HA 3HAYEHHE, yKa3aHHOE crpaBa oT Hero. [loatomy x+=3 o3Hauaer, 4To
X yBeIMYMBAETCS HAa 3. DTO MPOCTO COKpAIICHHAS 3aMMCh MHCTPYKIUHA X=Xx+3.
AHaNOTUYHBIN CcMOco0 3amucH  JOMYCKAeTCS W I JAPYTUX apuPpMETHIECKUX
onepauuid. Hampumep, x/=3 o3Havaer JeneHue X Ha 3.
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Kon mist yrouHeHust BeCOBBIX KO3(PIUIIMEHTOB CBS3EH MEXIY BXOJHBIM U CKPBITHIM
ciosiMu OyJIeT OYeHb MOXO0XK Ha 3TOT. MBI BOCIOJIB3yeMCsl CHMMETPUEH BBIPAKCHUIM
U TPOCTO TEPEIUIIeM KOJ, 3aMEHSII B HEM HMMEHa MEPEMEHHBIX TaKUM 00pa3om,
yTOOBl OHM OTHOCHJIUCH K MpeAbaynuM ciosiM. Hrbke mpuBeneH cyMMapHbIA KO
U AByX HAOOPOB BECOBBIX KOIPPHUIIMEHTOB, OTACIBHBIE AJIEMEHTBI KOTOPOTO
BBIICJICHBI IIBETOM TaKUM OOpa3oM, 4TOOBI CXOIHBIC M Pa3IUYAIONIUECS YYaCTKU
KOJ1a MOKHO OBIJIO JIETKO 3aMETHTb.

# 06Hosums secossie ko duyuesms: dna carzel meudy
# CKPLIMBIM U BEIXOOHLIM CAOAMU
self. who += self.Ir * numpy .dot ((cutput_errors * final_outputs * (1 o - final_outputs)), numpy.transpose (hidden_outputs))

# 06HoBUMB Becossie ko3dduyueHms: dna carsel memdy
# BXOOHLIM U CKPLIMbIM C0AMU
self wih += self Ir * numpy.dot((hidden_errors * hidden_outputs * (1.0 - hidden_outputs)), numpy.transpose(inputs))

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

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

Bor u Bce!

Bes ta pabota, Ui BBIIIOJIHEHHS KOTOPOM HaM MOTPEOOBAIOCH MHOKECTBO
BBIYMCIICHUI, U BCE T€ YCUJIUS, KOTOPHIE MBI BJIOXKWIH B pazpabOTKy MaTpUYHOTO
MOJX0/1a U croco0a MUHUMH3ALKUKA OIIMOOK CETH METOJOM T'PaJMEHTHOIO CITyCKa,
CBeNIMCh K mape cTpok koma! OtyacT MblI 00s3aHBI 3THM s3bIKy Python, HoO
(aKTHYECKH 3TO 3aKOHOMEPHBIN pe3yJIbTaT HAIIEro YHOPHOIO TpyAa, BIOKEHHOTO B
YOPOUIEHUE TOTO, YTO JIETKO MOTJIO CTaTh CIOXHBIM M MPUOOPECTH YCTpAILIAIOIIHMA
BH/I.

HpI/IBe,Z[eM nonHHﬁ ko1 ¢pyHkiuu train. Ero Heo6xo1mmo 106aBUTh B IPOrpamMmy.

<np.)ts nJmpyarrayfmpu\s list, ndmin=2).T
targets = numpy.array(targets_list, ndmin=2).T

# paccyumames exo0aWue CUSHANL! A CKPLIMO20 CAOA
hidden_inputs = numpy.dot(self wih, mputs)
# paccuumams ucxodaujue cueHans! GAA CKPLIMoz0 CROA
hidden_outputs = self activation, functlon(hlddnn mputs]
# paccyumame exo0Awue CueHans! 617 BLIXOGHOZ0 CN0A
final_inputs = numpydot(selfwho hidden_outputs)
cxodAwue cu 1 9NnA 86IX00HO20 CNOA
f.activation funct[on(ﬁnal inputs)

# U peKoMOuHUpOBAHHbIE HA CKPLIMBIX Y3/
hidden_errors = numpy.dot(self who.T, output errors)

# 06HoBUMB Becosble ko3 duyuerRms! Ons cerzel mexdy

se\fwho+ sef r * numpy .dot ((output_errors * final_outputs * (1.0 - final_outputs)), numpy.transpose (hidden_outputs))

# 06Hosums gecossie ko3 Puyuermes dna ceasel mexdy
# BXOOHBIM U MU
self.wih += self Ir * numpy.do t((hldden errors * hidden_outputs * (1.0 - hidden_outputs)), numpy.transpose(inputs))

pass
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IMonnblii KO HEPOHHOW CceTHM MOXET OBbITh HCIOJL30BaH C IIEJbIO CO3JIaHMUS,
TPEHUPOBKU M ONpPOCa TPEXCIOWHOW HEHPOHHOM CETH MPaKTHYECKH IS JTH000M
3a/1a4H.

Jlanee MbI 3aiiMeMcCsl pellIeHHEM OJHOW KOHKPETHOW 3aJayu: oOyueHue HEeHpOHHOU
CETH PACIO3HABAHUIO PYKOMHUCHBIX ITUGD.

KoHTpoJsibHbIE BONIPOCHI

1. Yrto Takoe marpuna’?

2. Kak nonmyuuts ckayisipHoe npoussenenue Matpuil? [puseaure npumep.

3. Uto o3Ha4aeT TpaHCIIOHUPOBAHUE MATPHIL?

4. Yto TpeACTaBISIOT COOOW BXOJHOHM, BBIXOAHOW W CKPBITBIA CIIOH
HEUPOHHOM CeTH?

5. OnummTe KpaTko Mpouecc KOPPEKTHPOBKH BECOBBIX KOA(D(PHUIIMEHTOB B
npouecce 00y4eHHst HeHPOHHOM ceTH.

6. Uto Takoe MeToa 0OpaTHOTO PacHpOCTPAHEHUS OUIHOKU?
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JlabopaTopHnasi pabora 6
OO0HoBIeHMe BecOBbIX KO3 PuunenToB. Habop pykonucHbIX nugp
MNIST.
Ieab: paccMOTpeTh Mpoliecc 0OHOBIEHHS BECOBBIX KOA(P(UIMEHTOB; OATOTOBUTH
TpeHupoBouHble JaHHble MNIST a1 npoekTa HEWPOHHOW CETH MO PacHO3HABAHUIO
PYKOITHUCHBIX ITHDP.

3aganue:

1. 3y4nTh TEOPETUIECKOE BBEICHUE.

2. OtTBeTHTh HAa KOHTPOJIBHBIE BONPOCHI, TPUBEJACHHBIE B KOHIIC
nabopaTopHOM PabOTHI.

3. BpimoaHuTh, TpakTUYECKHE 3aJaHUS C  HMCIOJIb30BAaHUEM  s3bIKA
nporpamMmupoBanus Python.

4. CoctaBUTh OTYET MO JJabopaTopHOU padote. Tpebosanus k omyemy:

OTUeT MPeIOCTaBIsACTCS B DJICKTPOHHOM BHE B TEKCTOBOM penakrope MSWord. B
OTUCTE YKa3bIBAIOTCS:

1) daMuus CTyICHTA.

2) TTopsiikoBBIN HOMEP U Ha3BaHHUE J1TaOOPATOPHOH pabOTHI.

3) Llenb paboTHI.

4) OTBETHI Ha KOHTPOJIBHBIC BOTIPOCHI.

5) Omnwcanue pelreHus BHITOJHEHHBIX 3aaHNi JIAOOpaTOpHOW PaboThI,
cojiepKkallee: a) hopmyauposky 3a0anusi; 8) CKPUHUWOM 8bINOJIHEHHO20 3A0AHUS,
cooeparcauuti pamuiuio cmyoeHma.

3ammTa J1a00paTopHON pabOThl OCYIIECTBISIETCS MO OTYETY, MPEICTABICHHOMY
CTYJIEHTOM M C IEMOHCTPAIMEH 3aJaHMs Ha KOMITBIOTEpE.

Teoperuyeckoe BBeIeHUE

PaccmoTpenue npouecca 00HOBJIEHUST BECOBBIX K03 (UIIMEHTOB

K 3ToMy MOMEHTY MBI Hay4YWJIHCh PAaCCUUTHIBATh OOpAaTHOE pacHpOCTpaHEHHE
OIMOOK /10 KaXIOro CJIOS CeTH. 3adeM HaM 3TO HYXHO? 3areM, YTO OIIMOKU
MOJICKa3bIBAIOT HaM, KaK JOJKHBI ObITh M3MEHEHBI Beca CBA3EH, YTOOBI YIyUIIHUTh
PE3YJbTUPYIOMNM OOIIUI OTBET HA BBIXOJE HEUPOHHOU ceTh. B OCHOBHOM 3TO TO,
YTO MBI JIeJIaiu C JIMHEHHBIM KJIaCCU(UKATOPOM B TIEPBOM JJTaO0OpaTopHOI padoTe.
OpHako y37bl — 3TO HE MPOCTbIE JIMHEWHbIE KiIacCUPUKATOpbl. B y3max curHasisl
CYMMHPYIOTCS C Y4E€TOM BECOB, MOCJIE Yero K HUM MpuMeHsierca curmonna. Ho kax
HaM BCE-TAKU CIPABUTHCA C OOHOBJIICHHEM BECOB JUIsSl CBSA3EH, COCNMHSIIOUIUX 3TH
Oonee cnoxuble y31bl? Ilodemy Obl HEe UWCHONB30BaTh  anreOpy A
HEIOCPEICTBEHHOI'O BBIYMCIIEHUS BECOB?

[locnenHuii myTh HaM HE NOAXOAWT BBHJY TI'POMO3JIKOCTH COOTBETCTBYIOIIMX
BbIKIaI0K. CyIECTBYET CIMIIKOM MHOTO KOMOWHAIMN BECOB U CIHIIKOM MHOTO
GyHKUMNA, 3aBUCAIIUX OT PYHKIUH, 3aBUCAIINX OT APYrUX PYHKIUHN U T.J., KOTOpbIE
MbI JTOJKHBI KOMOMHHMPOBATh B XOJ€ aHANM3a paCIpOCTPAHEHUsI CHUTHaja MO CETH.
[IpencraBeTe cebe XOTsi Obl HEOOJBIITYIO
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HEHPOHHYIO CETh C TPEMs CIOSIMU M TpeMsi HEMpOHAMM B Ka)KJIOM CJIO€, IOJOOHYIO
TOM, ¢ KOTOpOW Mbl mepen 3TUM pabotanu. Kak orperynupoBarh BecOBOii
KOA(POUIIUEHT Ui CBSA3M MEXAY IEPBBIM BXOJIHBIM Yy3JIOM H BTOPHIM Y3JI0M
CKPBITOTO CJIOs, YTOOBI CUTHAJ Ha BBIXOJE TPETHETO y3Jia YBEIMUYMICS, CKaKEeM, Ha
0,5? Jaxxe eciau Obl BaM MOBE3JIO U BbI CIIENATHU 3TO, TIOCTUTHYTHIM pe3yIbTaT MOT OBl
ObITh pa3pyllIE€H HACTPOWKOM Jpyroro BecoBOro Ko3(h(duIMeHTa, yIydIIaonero
CHUTHaJ Jpyroro BBIXOAHOTO Yy3na. Kak BuauTe, ST pacyeTbl JaJeKo He
TPUBHAJIbHBI.

YrtoObl yOeAUTHCS B TOM, HACKOJIBKO OHU HE TPUBHUAIBHBI, JOCTATOYHO B3IVIAHYTh Ha
IPUBEICHHOE HUXKE BBIPAXKEHHE, KOTOPOE NPEJCTaBISIET BBIXOJHOW CHUTHAN y3I1a
BBIXO/JIHOTO CJIOSl KaK (DYHKIIMIO BXOJHBIX CHTHAJIOB M BECOBBIX KO3((UIIMEHTOB
CBSI3EH IS HpOCTOI/I HEHPOHHOW CETH C TpeMs CIOsIMH IO Tpu y37ia. Bxomnoi
CUTHAJI Ha Yy3Jie | paBeH X;, BECOBOM KOI(PPUIMEHT s CBSA3H, COCOUHSIOLIEH
BXOJHOW y3eN | € y370M j CKpBITOTO ClIos, paBeH W jj. AHAJOTMYHBIM 00pa3zoM
BBIXOJJHOW CHTHAJ y371a J CKPBITOTO CJIOSl PaBEH Xj, aBECOBOH KO3(D(DHULIUEHT it
CBSI3M, COCOUHAIONICH y3eNl ] CKPBITOTO CIOSI C

BBIXOJHBIM  y310M K, paBeH W jx. CuMBOI ), O3HaYaeT CyMMHPOBaHHUE
CIICAYIONIETO 32 HUM BBIPXKCHHS 110 BCEM 3HAUCHHSIM MEXTy a 1 D.

A He Morau Obl MBI BMECTO JAHHBIX CIOKHBIX PacyeToOB MPOCTO Mepedupath
Clly4ailHble COYETaHHsI BECOBBIX KOA(P(UIMEHTOB, TOKa HE OyIeT MNoJy4YeH
yCTpauBarOUIMK HAC PE3YyIbTAT?

Takoi moaXoj Ha3bIBA€TCSI METOAOM IpyOoi cuiibl. HekoTopbie JIIOAM TMBITAIOTCS
HCIIOJIB30BaTh METOJbI TPYyOOM CHIIBI JJIsI TOTO, YTOOBI B3JIaMBIBATh IMAPOJIH, U 3TO
MOXXET cpaboTaTh, €CIW MapojieM SBIAETCS Kakoe-TM0O OCMBICIEHHOE CIIOBO,
pyYeM HE OYEHb JJIMHHOE, a He TIPOCTO Habop cMMBOJIOB. Takas 3ajava BIIOJHE TI0
cujaM JOCTaTOYHO MOIIHOMY JoMaliHeMy KommbeioTepy. Ho mpencraBbTe, 4TO
KaKIpld BecoBo KodddumueHT MokeT uMeTh 1000 BO3MOXKHBIX 3HAYCHUH B
nuanazone ot -1 mo +1, mampumep 0,501, -0,203 wmu 0,999. Torma B ciyuae
HEHPOHHOW CETH C TpeMs CJIOSAMH TIO TPHW y3ja, HacUUThIBaromieil 18 BecoBbIX
K02 PUITMEHTOB, MBI JOJKHBI OBUTA OBl TPOTECTUPOBATH 18 THICSIY BO3MOXKHOCTEH.
Ecnu Obl y Hac Oblna Oonee TunuuHas HepoHHas ceTh ¢ 900 y3iamMu B KaxaoMm
cjoe, TO HaM MpUILIOCh OblmipoTecTrpoBaTh 500 MUILTMOHOB Pa3IMYHBIX 3HAYECHUN
BecoB. Ecnm Obl 11 pacdera kaxjaoro Habopa koMOMHaIuMii TpeOoBanach OaHa
CEeKyHJa, TO JJii OOHOBJEHHS BECOB C IIOMOILIBIO BCEro JIMIIb OJHOIO
TPEHUPOBOYHOTO MpUMEpa
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noHagoomwiock Obl mpumepHo 16 ner. Treicsuya TPEHUPOBOYHBIX IMPUMEPOB — U
MOJTYYHIIOCH OBl 16 ThICSY JIeT.

Kak Buaure, mOAX0A, OCHOBAaHHBIM Ha METOJE TpyOOW CHIIBI, MPAKTHUUYECKU
HepeanuzyeM. B NIeCTBUTENBHOCTH MO Mepe 00aBJICHHS B CETh HOBBIX CIJIOEB,
y3JI0B WJIM BapUAHTOB Mepedopa BECOB CUTYyaIHsI OYeHb OBICTPO yXyALIACTCS.

OTa rosoBOJIOMKAa HE MOJJaBajach MATEMAaTHKaM Ha NPOTSKEHWH MHOTUX JIET U
MOJIyYHJIa peajbHOE TpaKTH4ecKoe paspemienune ymmb B 1960 — 1970-x romax.
CyliecTBYyIOT pa3iMyHble MHEHUS OTHOCUTEIBHO TOTO, KTO C/IeJiajl 3TOBIEPBbIEC WIH
COBEPIIWJ KIFOUEBOM MPOPHIB, HO JJIA HAC BAXHO JIMIIL TO, YTO ATO 3aI037aj0e
OTKpPBITUE TOCTY>KUJIO TOJYKOM K B3PHIBHOMY pa3BUTHIO COBPEMEHHOW TeopuHU
HEHPOHHBIX CeTed, KoTopas celyac CrocoOHAa peliath HEKOTOphle BechbMa
BIICUATJISIOLIUE 3aJa4H.

MaTteMaTuyecKkue BBIPAKEHHsSI, IO3BOJSIIOIINAE ONPEIEIUTh BBIXOJAHOW CUTHAI
HEHPOHHOM CETU MPHU U3BECTHBIX BECOBBIX KOA(P(UIIMEHTAX, HEOOBIYAMHO CIIOXKHBI,
U B HHUX HeJerko paszoOparbcsi. KoanmuecTBO pas3MyHbIX KOMOWHALMNA CIMIIKOM
BEJIMKO JIJI TOT'0, YTOOBI IBITATHCSI TECTUPOBATH UX MOOYEPEHO.

TpeHUpPOBOYHBIX JAHHBIX MOXKET OKa3aTbCsl HENOCTATOYHO M 3()PEKTUBHOTO
oOydeHusi cetd. B TpeHMPOBOYHBIX JAHHBIX MOTYT OBITh OLIMOKH,B CBSI3U C YEM
CIPABEAJIMBOCTh HALIETO MPEANOI0KEHNS O TOM, YTO OHU UCTUHHBI M HA HUX MOKHO
YUHUTHCS, OKA3bIBAETCS MO BOIpocoM. KonnuecTBoO CI0€B WK y3JI0B B CaMOMl CETH
MOJKET OBbITh HEJJOCTATOYHBIM I TOTO, YTOOBI MPAaBUILHO MOJAEIUPOBATH PELICHHUE
3aJ1a4yu.

DT0 03HAYAET, YTO MPEAMTPUHUMAEMBIN HAMH TIOJIXO0]T JOJIKEH OBITbPEaTUCTUYHBIM U
YUUTHIBATh YKa3aHHbIE orpaHu4eHus. Eciu Mbl OynieM ciefoBaTh 3TUM MPUHIIUIIAM,
TO, BO3MOJKHO, HaWJeM pelIeHHe, KOTOpoe, Aake He Oyayud HAeaJbHbIM C
MaTeMaTUYECKOW TOYKH 3PEHUS, JACT HaM JIYUIlHE Pe3yJIbTaThl.

[IpoustocTpupyeM CyTh HalMX PACCYXKICHMA Ha CIEIYIOLEM IpHUMEpE.
[IpencraBpTe cebe daHAmIAT € OYEHb CIOXKHBIM pelbeoM, HMEIOIIHUM
BO3BBILLIECHUS U BIIAJIMHBI, a TAKXKE XOJIMbI ¢ OyrpaMu U siMaMu. BOKpyr Tak TeMHO,
YTO HU 3TM HE BUJHO. BBl 3HaeTe, YTO HAXOJUTECh HA CKJIOHE XO0JIMa, U BaM HYKHO
00paThCsl 10 €ro MOAHOXMS. TOYHOM KapThl MECTHOCTH y Bac HeT. Ho y Bac ecTh
¢donaps. Iloxamyil, Bbl BOCHOJIB3yeTECh (POHAPEM M OCMOTPUTECH BOKPYT CEO4.
Cgera ¢oHapsi He XBAaTUT JJi JajJbHEro 0030pa, WU Bbl HABEPHSIKA HE CMOXKETE
OCMOTPETH BeCh JIaHAMAPT 1eauKoM. Ho BBl cMOkeTe yBUAETb, IO KAKOMY Y4acTKY
IpOIIe BCET0 HA4aTh CIYCK K MOJHOXKHUIO XOJIMa, U CAENIaeTe HECKOJIBKO HEOOIbIINX
I1aroB B 9TOM HampaBiieHuu. JIefcTBys mom00HBIM 00pa3oM, BBl OyJeTe MEIJICHHO,
mar 3a IIaroM, TMPOABUTAThCS BHU3, HE pacrojaras oOmeid Kaptod u
3a0J1arOBpEMEHHO MPOJIOKEHHBIM MAPIIPYTOM.

Martematnyeckass BEpCUSl 3TOTO IMOAXOAA HA3BIBAETCS METOIOM T'PaJHEHTHOIO
CIycKa, M MPUYMHY ATOr0 HETPYAHO MOHATH. [locime Toro kak BbI cAenaiu Iiar B
BBIOPAaHHOM HaIpaBJIC€HUH, Bbl BHOBb OCMaTPUBAETECh, UTOOBI YBUIETh, KAKOW MYTh
BEJIET Bac K IEJM, W JIeJlaeTe OYepelHOM Iar B 3TOM HampaBieHUH. Bbi
poJ0JDKAeTe JEMCTBOBATh TOYHO TaK >K€ JI0 TeX MOp, MOKa OJaronojlydHo He
CIYCTUTECH K TOJTHOXKHIO XOJIMa.
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A Tenepb NpPeACTaBbTE, UTO 3TUM CIIOKHBIM JIaHIIA(TOM SIBIsSETCIMaTeMaTHUeCKast
¢yHKIUsA. MeToa TpaJiMEHTHOrO CIyCKa IO3BOJISET HaXOAWTh MUHMMYM, JaK€ HE
pacriosarasi 3HaHUSIMH CBOMCTB 3TOH (YHKIIMH, JTOCTATOYHBIMHU I HAXOXKICHHS
MUHUMYMa MaTeMaTH4eCKUMU MeTojgamu. Eciu (QyHKIMS HACTOJIBKO CIOXKHA, YTO
IpoCcTOoro cmoco0a HaxOXKACHUS MHUHHUMyMa ajireOpanyecKuMd METOJaMU He
CYILLECTBYET, TO Mbl MOKEM BMECTO 3TOT0 MPUMEHUTHh METOJ TPAAUEHTHOIO CITyCKa.
ScHoe €110, OH MOKET HE JaTh HaM TOYHBINA OTBET, OCKOJIBKY MbI IPUOJIMKAEMCS K
OTBETY LIAr 3a [IAroM, IMOCTENEHHO yiydllas Hamy no3uuuto. Ho 3to sydmre, yem
BOOOIIlE HE UMETh HHUKAKOIro OTBETa. BO BCAKOM ciyyae, Mbl MOKEM HPOJOJIKUTH
YTOYHEHHE OTBETa €lle 0oJjiee MEJKMMH IIaraMH 10 HAalpaBJICHUI0 K MUHUMYMY,
[I0Ka HE JOCTUTHEM JK€JIaeMON TOUYHOCTH.

A Kakoe OTHOLIEHHWE MMEET OTOT JEHCTBUTENBHO S(PQPEKTUBHBI METOA
IPaJIMEHTHOTO CITyCKa K HEMpOHHBIM ceTsiM? Ecnu ynoMsiHyTOH CI0KHON (DyHKIIMEH
ABJIAETCS OIIMOKA CETH, TO CITYCK IO CKJIOHY ISl HAXOKIECHUS MUHUMYyMa O3HAYaeT,
YTO Mbl MUHUMHU3HUPYEM OIIKUOKY. MBI yiIydlllaeM BbIXOJHON CUTHAN CETH.
PaccMoTpyM HCMONB30BaHWE METOJIa TPAAUEHTHOTO CIyCKa Ha MPOCTEUIIEM
IIpUMeEDE.

Huxe mpuBenes rpaduk mpoctoit dyskmmn y = (x — 1) + 1. Eci 66l 910 GbLIa
(GyHKIUS, ONUCHIBaIOIIas OMMOKY, TO Mbl JOJDKHBI ObUIM Obl HAWTH 3HAYEHUE X,
KOTOPOE€ MUHUMU3HpPYET 3Ty ¢QyHKuuio. IlpencrtaBum, 4To Mbl UMEEM JI€JIO HE CO
CTOJIb TIPOCTOM (PYHKITHEH, a C TOpa3ao 0oJiee CIOKHOM.

Y

/N

{

y = (x-1Y+1

) CALIYrOWUl wiaz

OMPUUAMEADHDIU
HAKAOH

,_>x

['pamueHTHBI CHOYyCK MOJDKEH C 4Yero-To HaumHaTthes. Ha rpaduke mnokaszaHa
Clly4ailHO BbIOpaHHas HayaibHas TOYKa. MBI HCCIEyeM MECTO, B KOTOPOM
HaXOJMMCS, U BUJIMM, B KAKOM HAaOMpaBJIEHUU UIET ciycK. HakiloH KpuBOM Takxke
0o0o3HaueH Ha rpaduke, U B JaHHOM CIIy4ae €My COOTBETCTBYET OTpULIATEIbHBIN
rpagreHT. MBIl XOTUM CJE€A0BaTh B HANPABICHUH BHU3, IO3TOMY IBHUKEMCS BIOJIb
ocu x BrpaBo. Takum 00pa3oM, Mbl HEMHOTO YBEJIMYUBAEM X. JTO NEpBbIH miar. Ml
YIIYUIIWINA HAlTy TO3UIUIO U MPOABUHYIHUCH ONIKe K (PAKTHUECKOMY MUHUMYMY.
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[IpeacraBuM, 4TO Mbl HaYaJIM CIYCK C KaKOTO-TO JIPYroro MecTa, Kak MOKa3aHO Ha
cienyroueM rpaduxe.

N

{
‘ y = (x-1)*+1

cAEdYroufue wazu -
NOAOXKUMEADHDIU

HAKAOH

= } X

Ha »5TOT pa3 HakJIOH MOYBBI MOJ HAIIMMU HOTaMHU IOJIOKHUTENIECH, MO3TOMY MBI
JBUKEMCS BJIEBO, T.€. HEMHOTO YMEHbIIIaeM X. Ml BHOBb BUJHO, YTO MBI YJIYUIIUIU
Halle TMOJIOKEHUE, MPUOJM3UBIIUCHE K (PAKTUYECKOMY MHHHUMYMY. MBI MOXeM
IIPOJIOJKATh JIEMCTBOBATH B TOM XK€ JyXe€ 0 T€X MOp, NOKAa M3MEHEHUS HE CTaHyT
HACTOJILKO MaJIbIMH, YTO MbI OyJIeM CUUTATh, YTO TIOCTUTIIN MUHUMYyMa.
HeoOxoauMbIM yCOBEPILIEHCTBOBAHMEM 3TOTO METOJAa JIOJDKHO OBITh HM3MEHEHUE
BEJIMYMHBI LIaroB BO H30€XaHME NEPEeCKOKa Yepe3 MUHUMYM, 4YTO TPUBEHET K
OECKOHEYHbIM MpPBDKKAaM BOKpPYr Hero. BooOpa3ute, 4YTO Mbl OKa3alucCh Ha
paccrosiHuu 0,5 MeTpa OT UCTUHHOTO MUHMMYyMa, HO JJIMHA HAUIero miara Bcerja
paBHa 2 meTpa. Torga mMbl OyJieM MOCTOSHHO MPOITYCKaTh MUHUMYM, MTOCKOJIbKY Ha
KQ)KJIOM IlIare B €ro HalpaBjeHUU Mbl OyleM MepecKakuBaTh yepe3 Hero. Eciau mbl
OyZeM yMeHbIIaTh BEIMYHMHY IIara NponopUUOHAIBHO BEJIMYMHE TPATUEHTA, TO IO
Mepe MPUOIMKEHUS K MUHUMYMY OyjieM coBepliaTh Bce Oojiee Menkue maru. [Tpu
ATOM MBI TIPEIoIaraeM, 4To 4em OJke K MUHUMYMY, TEM MEHbIIE HakJIoH. Jljis
OONBIIMHCTBA THAAKUX (HempepsiBHO auddepeHnupyembix) GYHKIHA Takoe
IpeanoiokeHrue BrosHe mnpuemsieMo. OHO He OyAeT chpaBeJIMBBIM JIMIIL IO
OTHOILIEHUIO K CJIOXHBIM PEIKO BCTPEYAIOMIMMCS 3Ur3aroo0pa3HbIM (YHKIHSIM CO
B3JICTAMH W TIPOBAJIAMH B TOYKAX, KOTOPHIE MATEMAaTHKH HAa3bIBAIOT TOYKAMU
pa3phbIBa.

Wnest ymMeHbIICHUST BEJIMYHMHBI I1ara MO0 MEPEe YMEHBIIIEHUS BEJIWYUHBI TPAJUCHTA,
SBJIAIONICICS XOPOIIUM HWHAMKATOPOM OJM30CTH K MUHUMYMY, WUTHOCTPUpPYETCS
CJICAYIOIIUM TPaPUKOM.
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y = (x-17+1

Kpymoli
zpaduerm

MEHDbUWIUE Wazu :

NOAOZUU 2padueHm

.._> X

Mbl U3MEHsS€M X B HalpaBJICHUM, MPOTHUBOMOJIOKHOM HAMNpPaBJICHUIO TpaJuCHTA.
[ToMOXUTENbHBIN TPAJAUMEHT O3HA4aeT, 4YTO Mbl [JIOJDKHBI ~yYMEHBIIUTH  X.
OTpunarenbHbIl IPaUCHT TPeOyeT yBEIUUCHHUS X.

Hcnonb3ys METOA TpaJd€HTHOIO CIYCKa, Mbl HE MBITAJIMCh HAXOJAUTh HWCTUHHBIN
MHUHHMYM aJIre0pandecKruM METOJIOM, TIOCKOJIBKY ClIeNaly BUl, OyATO QYyHKIHS Y =
(x— 1)2 + 1 11 3TOTO CIMIIKOM ciokHa. Jlaxke eciii Obl MBI HE MOTJIM ONPEACITUTh
HAaKJIOH KPUBOM € MaTEMAaTHYECKOM TOYHOCTHIO, Mbl MOTJIA OBl OILIEHUTH €r0 B
MPaBWJIbHOM HalpaBJICHUHU.

[IpeumyiiecTBa 3TOr0 METO/A IMO-HACTOAILIEMY MPOSBIAETCS B ciydyae (DyHKIMA,
3aBUCAIIMX OT MHOTHX MapameTpoB. Hampumep, BMECTO 3aBUCHMOCTH y OT X MbI
MOXEM HWMETh 3aBUCUMOCTH OT a, b, ¢, d, e u f. Bcnomuure, uro QyHKIHS
BBIXOJIHOTO CHTHAJIa, @ BMECTE C HeM U (DYHKIUS ONIMOKU 3aBUCIT OT MHOXKECTBA
BECOBBIX KOA(PDHUIIMEHTOB, KOTOPHIC YACTO UCUUCIISIOTCS COTHSIMU.

Crnenyromuii rpadMK BHOBb HIUTFOCTPUPYET METOJI TPAaJMEHTHOTO CITyCKa, HO Ha
ATOT pa3 MNPUMEHUTEIBHO K OoJyiee CIOKHOW (YHKIMH, 3aBUCAIICH OT ABYX
napaMeTpoB. ['paduk Takol GyHKIIMM MOXXHO MPEJICTaBUTh B TPEX U3MEPECHUSX, T
BBICOTA IIPE/ICTABIISACT 3HAUCHUE (DYHKITHH.

CpedHuil
zpaduerm
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3HaveHwe

y 100~

.~ / 50

Bo3MOXHO, TSI Ha 3Ty TPEXMEPHYIO ITOBEPXHOCTh, BBl 3aJyMAJIUCh HAJ TEM,
MOXKET JU METOJ TPAJAUCHTHOrO CITyCKa IMPUBECTA B APYIYHO JOJMHY, KOTOpas
pacrojio)keHa crpaBa. B JeHCTBUTEIBHOCTH ATOT BOIIPOC MOXKHO OOOOIIMTHL: HE
IPUBOJUT JIM MHOTAA METOJ I'PAaJUECHTHOTO CIIyCKa B JIOKHYIO JIOJIMHY, MOCKOJIBKY
HEKOTOPBIE CIIOXKHBIE (PYHKIIMH UMEIOT MHOKECTBO JIOJIMH?

Urto Takoe JoxHas A0JaMHA? DTO MOJIMHA, KOTOpas HE SBISETCS caMOi riyOOKOM.
Toraa Ha MOCTaBICHHBIM BOIMPOC CIEAYET NaTh YTBEPAMTEIbHBIA OTBET: 1a, TAKOE
MOKET MPOUCXO/IUTD.

Ha cnenyromeit WimocTpauny oKazaHbl TP BapraHTa TPAJUEHTHOTO CIyCKa, OAUH
13 KOTOPBIX IPUBOJUT K JOKHOMY MUHUMYMY.

A

KoppekmHbili | ckambvibanue KoppekmHbii
MUKUMYM | 8 roxHotid 1 MUHUMYM
c 3 MUHUMYM

Pesome

* Meron rpaaueHTHOrO CIyCKa — 3TO JEHCTBUTEIBHO XOPOUIMH Crocod
HaXO0XJICHUS MHUHMMyMa (DyHKIMH, U OH NpEKpacHo padoTaeT, Koraa (pyHKuus
HACTOJIbKO CJIOXHA, YTO €€ MaTemMaThueckas o0paboTka anredpandecKumMu
METOJIaMH COIPSHKEHA € OOJIBIIUMU TPYAHOCTSIMHU.

* Bonee Toro, »TOT METOX XOpOWO paboOTaeT B cilydyae (PyHKUMH MHOTHX
IIEPEMEHHBIX, KOrJa IpyrHMe METOJbl HE cpabaThIBalOT JMOO MX HEBO3MOYKHO
peain30BaTh Ha MPAKTUKE.

* JlaHHBI METOJl TaKXe€ YCTOMYMB K HaTW4YWIO JAC(EKTHBIX JaHHBIX U HE
3aBe/leT Bac JAJEKO B HENPABUIIbHYIO CTOPOHY, €CIM (PYHKLIMS HE ONUCBIBAECTCS
UJEAIbHO UJIM K€ BPEMsI OT BPEMEHHU Mbl COBEPILIAEM HEBEPHBIE LIATH.
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BrixogHoi curHam HEHPOHHOM CeTU TPEACTaBseT COOOW CIOXKHYI0, TPYAHO
NOJJIAIONIYIOCS ONMUCAaHUI0 (YHKIMIO CO MHOTHMM [apaMeTpamMH, BECOBBIMU
kod(durmmeHTaMu cBsi3el, KOTOPhIC BIUSIOT HA BBIXOJHOW cUTHaN. Tak MOXeM Jiu
MBI HCHOJIB30BAaThb METOJ TI'PAJAMEHTHOIO CIYCKa JJISI ONPEACIICHUS IMOIXOMSIINX
3HayeHu BecoB? MoxkeM, eciiu MpaBUIIbHO BbIOEPEM (PYHKIIHIO OIIHOKH.

@DyHKIMS BBIXOJAHOTO CHUTHAJA cama 1o cebe He sBisieTcs QyHkiueid ommoku. Ho
MbI 3HA€M, YTO MOXKEM JIETKO MPEBPATUTH €€ B TAKOBYIO, TOCKOJIBKY OIIHUOKA — 3TO
Pa3HOCTb MEXAY IeJIEBBIMH TPEHUPOBOYHBIMU 3HAUYCHUAMH U (HAKTHUECKUMU
BBIXO/IHBIMH 3HAYCHUSIMU.

OngHako 31ech €CTh KOE-4TO, YEro CIENyeT OCTeperarbcs. Bi3risgHuTte Ha
MPUBEACHHYIO HIDKE TaOJIWIly C TPECHUPOBOYHBIMH JAaHHBIMH M (DAKTHICCKUMU
3HAQYEHUSIMU JIJISI TPEX BBIXOJHBIX Y3JIOB BMECTE C KaHIUJATaMH Ha poJib (QYHKIIMU
OIHOOK.

‘Buxon | Uenesoii |  Oumbka Ounbxa Ounéxa

ceTH pesynsrar (uenesoe— | |uenesoe— (uenesoe— \
dakTHueckoe) dakThueckoe| daxtuueckoe)’ |
04 | 05 0,1 0,1 0,01 |
0,8 07 | ~0,1 | 0,1 0,01
10 | 10 0 0 | 0o
Cywwa | 0 0,2 | 0,02

HamMm mnepBbIM KaHIUIATOM Ha pPoJib (YHKIIMKM OLIMOKHU SBJISIETCS MPOCTast
pPa3HOCTh 3HauUCHUH (LesjieBoe — (PaKTHYeCKOoe). DTO KAXKETCS BIIOJHE Pa3yMHbBIM.
Ho ecnu BBl pemmTe HCMONIB30BaTh CyMMY OIIMOOK IO BCEM y3JlaM B KauyeCTBE
oO0IIero mokasaressi TOro, HaCKOJIbKO XOpOIIO Oo0ydeHa CeTh, TO 9Ta CyMMa paBHa
HYJIIO.

SIcHo, 4TO ceTh elle HeA0CTATOYHO HATPEHUPOBAHA, TOCKOJIbKY BBIXOHbIE 3HAUEHUS
JBYX Y3JIOB OTJMYAOTCs OT LeNeBbIXx 3HaueHwil. Ho HyneBasg cymMma oO3Hayaer
OTCYTCTBHUE OIIMOKU. DTO OOBSICHIECTCS TEM, YTO MOJOXKUTEIbHAS U OTPUIATEIbHAS
OLIMOKH B3aMMHO COKpaTwinch. OTCroAa cieayeT, YTo IpocTas pa3HOCTh 3HAYCHUI,
Jaxe ecid Obl WX B3aUMHOE COKpAIlleHUE ObLIO HEMOJHBIM, HE TOIAUTCS IS
WCIIOJI30BaHUs B KAYE€CTBE MEPhI BEJIMUUHBI OIITUOKH.

[lolineM npyrum ImyTeM, B3gB A0COJIOTHYI0 BEIMYMHY pazHOCTH. DOpMAIBHO 3TO
3aIUCHIBACTCS Kak |uejieBoe-(pakTU4eckoe| M O03HAYAeT, 4YTO 3HAaK pe3ysbTaTa
BBIYUTAHKS UTHOPUPYETCS. ITO MOTJIO OBl CpabOTaTh, MOCKOJIBKY B JAaHHOM CIlIydae
HUYTO HU C YEM HE MOXKET COKpaTuThCsA. [IpmumHa, mo KOTOpOM HaHHBIA METOJ HE
MOJYYUJ TOMYJSIPHOCTH, CBSI3aHA C TE€M, 4YTO MPH ITOM HAKJIOH HE SBIAETCS
HEMpepbIBHON (yHKIMEH BOMM3M MHHMMYMA, YTO 3aTPYyIHSAET WCIOJIb30BAHHE
METO/1a TPAJUEHTHOTO CITyCKa, MMOCKOIBKY MBI OyJIeM IMMOCTOSTHHO COBEPIIATh CKAYKH
BOKpYT V-00pa3Hoil JOJWHBI, XapaKTepHOU Il QYHKIINKU OMUOKH TI0I00HOTO poja.
[Ipn nmpubmmwkeHMHn K MUHAMYMY HAaKJIOH, a BMECT€ C HUM M BeIWYMHA IIara
M3MEHEHHUS IEPEMEHHOM, HE YMEHBIIIAETCS, @ 3TO 03HAYAET PUCK MEPECKOKA.

Tperuii BapuaHT 3aKJIIOYAEeTCsl B TOM, YTOOBI HMCIOJB30BaTh B KAaue€CTBE MeEpHI
OIMMOKU KBaJpaT Pa3HOCTH: (IIeJIEBoe-(l)aKTI/I‘IGCKoe)Z. CyiiecTByeT
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HECKOJIbKO NPUYMH, MO KOTOPBIM TPETUH BapUaHT MPEANOYTUTEIbHEE BTOPOTO,
BKJIIOYAs CJICTYIOIIHE:

* OH YIIPOILAET BBIYMCIICHHMS], C TOMOLIBI0 KOTOPBIX ONPEIEIAETCS BEINYMHA
HAaKJIOHA JIJI1 METO/1a TPAIMEHTHOIO CITYCKa;

* GyHKIUS OIMMOKU SIBISAETCA HEMPEPHIBHO TIAAKOW, YTO OOECreunBaeT
HOpMaJbHYI0 pabOTy METO/AA IPaJIMEHTHOrO CITyCKa BBUAY OTCYTCTBHSI IPOBAJOB
Y CKAYKOB 3HAYEHUI (PyHKIUU;

* MO Mepe MNPUONMKEHUS K MUHUMYMY TPaUEHT YMEHBIIAETCS, YTO
O3HAYaeT CHIDKEHHE pPHUCKa TMEpPEecKOKa 4Yepe3 MHUHUMYM, €CIU HCHOJIb3YyeTcs
YMEHBIICHUE BEJIMYHUHBI I1aroB.

A BO3MOJKHBI JIM Ipyrue BapuaHThl? J{a, MOKHO CKOHCTPYHUPOBATH JIIOOYIO CIOKHYIO
(GYHKIMIO, KOTOPYIO cuuTaeTe HykHOW. OZHM U3 HUX MOTYT BOOOIIE HE paboTarts,
JIpyrue MOTYT XOpOILO paboTaTh AJIsl ONPENEICHHOr0 Kpyra 3aj1ad, a TPeTbU MOTYT
paboTaTh ACHCTBUTENBHO XOPOIIO, HO HX YPE3MEpHas CJIOKHOCTh MPUBOAMUT K
HEONPABJAHHBIM 3aTpaTaM PECYpPCOB.

YToOBl BOCMOJIB30BATHCS METOJIOM TPAJMEHTHOIO CIIYyCKa, HYXHO OIPEIEIUTh
HAaKJIOH (YHKIMU OHIMOKM MO OTHOUIEHUIO K BECOBBIM KoOd(duuueHtam. ITO
TpeOyeT npumeHeHuss auddepeHunansHoro wucuucienus. JuddepeHuuansHoe
UCYHUCIICHHE — 3TO MAaTeMaTHYe€CKH CTPOTMi MOJIXOJ K OINPEACICHHUIO BEIUYHHBI
W3MEHEHUS] OJHUX BEJIMYUH NpU H3MEHEHUU Apyrux. Hampumep, oHO mo3Bojsier
OTBETUTH Ha BONPOC O TOM, KaK MU3MEHSAETCS JUIMHA NPYXKUHBI B 3aBUCUMOCTH OT
BEJIMYMHBI YCUJIUS, IPUIIOKEHHOIO K €€ KOHLAaM. B JaHHOM cily4ae Hac MHTEpeCyeT
3aBUCUMOCTh (YHKIHUU OIIMOKHM OT BECOBBIX KOA(D(PHUIIMEHTOB CBs3€l BHYTpHU
HeHpoHHOU ceTu. HBIMU ClIOBaMH, HAC MHTEPECYET, HACKOJIBKO BEIMYMHA OUTUOKU
YyBCTBUTEIbHA K U3MEHEHUSIM BECOBBIX KOA()PUIIMEHTOB.

Haunem ¢ paccMoTpenus rpaduka.

Owiudka

/N

/ |

’ 2E
HAKAOH bW

,4 y

N—— > w,

OT1O0T rpaduK B TOUHOCTHU MOBTOPSET OJAWH U3 TE€X, KOTOPhIC MPUBOJIUIMCH paHEE,
YTOOBI MOJYEPKHYTh, YTO Mbl HE JI€JA€M HUYEro MPUHLUIHUAIBLHO HOBoro. Ha »sTot
pa3 (dyHKIMEH, KOTOPYIO MBI MbITAEMCS MUHUMHM3UPOBATh, SBIIAETCS OIMIMOKa Ha
BBIXOJIE HEUPOHHOW ceTH. B 3TOM mpocTom mpumepe mokaszaH JUIIb
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OJMH BECOBOHM K03(p(ULIMEeHT, HO MBI 3HaEM, YTO B HEHPOHHBIX CETAX HX OyJeT
HAaMHOTO OOJIbIIE.

Ha crnenyromeit auarpamme oToOpakaroTcs 1Ba BECOBBIX KOAPPUIIMEHTA, U TOITOMY
byHKIUsA omMOKK rpaduuecku O0TOOpakaeTcs B BHUJIE TPEXMEPHOW MOBEPXHOCTH,
BBICOTA pACIOJIOKEHUS TOYEK KOTOPOW U3MEHSAETCS C M3MEHEHHEM BECOBBIX
koddumeHToB cBszeil. Kak Bugute, Temepp Mpolecc MUHUMHU3ALWU OMIMOKU
0o0JIbIlIe HATOMUHAET CIYCK B JOJUHY MO pesibe(PHON MECTHOCTH.

Owiubka

— S W,

BuszyanusupoBarb MHOTOMEPHYIO TOBEPXHOCTh OIMIMOKM Kak (DYHKIIMM HAMHOTO
OOJIBIIETO KOJIMYECTBA MapaMeTPOB 3HAYUTEIBHO TPYJHEE, HO HJEs HaXOXICHUS
MHHUMYMa METOJIOM I'PaJJUEHTHOTO CIIyCKa OCTAETCs TOM XKeE.
Chopmynupyem Ha sI3bIKE MATEMATUKH HYKHOE BBIPAKCHHE:

3

Bwj i

OTO BBIpa)KEHHUE MPEACTABIAET M3MeHeHne ommOku E mpu msmeHeHun Beca W .
DTO M €CTh TOT HAKJIOH (YHKIMH OUIMOKH, KOTOPHIM HaM HYXHO 3HATh,4TOOBI
HayaTh 'PaAUEHTHBINA CITYCK K MUHUMYMY.

[Ipexxne yem Mbl pa3BEpPHEM 3TO BBIPAXKEHHE, BPEMEHHO COCPEIOTOYMM BHHUMAHHE
TOJIBKO Ha BECOBBIX KOA(DPUIIMEHTAX CBS3€U MEXY CKPBITBIM CJIOEM U MOCICAHUM
BBIXOJHBIM ciioeM. MHTepecyromas Hac 00acTh BbIJIEJICHA HAa IPUBEICHHOM HUXKE
nuarpamme. K cBs3siM MeX1y BXOJHBIM U CKPBITBIM CJIOSIMH MbI BEpHEMCS ITO3KE.
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owudka ysna = yeaeboe 3HaveHue -
PAKMUYLLKOE IHAHEHUE

Bxodnoii ckpoimblic  Beca BoixodHoti
CAOU CAOU I, CAOU
e.=t =0,
e =1 —>{ j=1 — > k=1 m—
7, § . 7

BxodHble cuzHAAB! BoixodHble cuzHaabi

/ \ / \ o,
" @ - :@ \ ‘:@ ik

Boixodnbie cuznaabi ckpoimbix ysaob
X
Mp1 Oy1eM IOCTOSIHHO CCBhIIAThCS HA 3Ty AUarpammy, Aa0bl B IPOLIECCE BHIYUCICHUM
He 3a0bITh O TOM, YTO B JCHCTBUTEIBHOCTH O3HAuYaeT KaxkIbli cuMBoj. IIpexne
BCEro, 3allMIIEM B SIBHOM BHJI€ (PYHKIMIO OLIMOKH, KOTOpPAs MPEACTABISIET COOOM
CyMMY BO3BEJEHHBIX B KBaJpaT pa3HOCTEH MEXIy ULEJIEBbIM U (PaKTUUECKUM
3HAYEHUSAMH, TJI€ CYMMHPOBAaHUE OCYILIECTBIISIETCA 110 BCEM NBBIXOAHBIM y3JIaM.
371ech MBI BCETO JIMIIb 3alIUCAJIM, YTO Ha CAMOM JIEeJIEe MPEACTABISIET COO0M (PyHKIUSA

E = 92 z(t-oy
ow ow

Jk Jk

omn6ku E.

Mps1 MOXKeM cpa3y K€ YIPOCTUTh 3TO BBIPAKEHUE, 3aMETHB, YTO BBIXOJHOW CHTHAI
0, Ha y3JI¢ N 3aBHCHT JIUIIb OT CBS3CH, KOTOPBIE ¢ HUM coenuHeHbl. [l y3ma K 1o
O3HAuaeT, YTO BBIXOAHOW CUTHAJ Ok 3aBUCHT JIMIIb OT BECOB W jk, MOCKOIBKY 3TH
BECa OTHOCSTCS K CBSI3SIM, BEAYIIUM K y31y K.

DT0 MOKHO pacCMaTpHBATh €IIe M KaK TO, YTO BBIXOJHOHN CHrHaI y3ia K He 3aBucHT
OT BecoB W j,, rae b He paBHO K, MOCKONBKY CBA3b MEXIY STUMH Y3JIaMH
OTCYTCTBYeT. Bec W j, OTHOCHTCS K CBSI3H, BedyleH K BEIXOAHOMY y3iy b, HO He K.
DTO 03HAYAET, YTO MBI MOXKEM YAAIUTh M3 ITOH CyMMBI BCE CHTHAJBI O

KpPOME TOI0, KOTOPBIM CBA3aH C BECOM W jk, T.€. Ox. B pe3yibTare MBI IOJHOCTBIO
n30aBisieMCsl OT CYMMUPOBAHUS.

DTO O03HAa4aeT HEHY)XHOCTh CYMMHPOBAHHUS 1O BCEM BBIXOJHBIM y3JIaM s
HaxoXaeHus (QpyHKUUU OmUOKUA. MBI yKe BHACTH, YeM ITO OOBICHSETCS: T€M, YTO
BBIXO/JIHOM CHTHAJ y3Jla 3aBHCHT JIMIIH OT BEAYIIUX K HEMY CBSI3€H U MX BECOBBIX
KO3 PUIIMEHTOB. DTOT MOMEHT YacTO OCTaeTCs HEPacCKpPhITHIM BO MHOTHUX
y4eOHUKaX, KOTOPbIE MPOCTO MPUBOJAT BbIpakeHUE i GYyHKUUU 0€3 KaKuX-JI10o
ITOSICHEHU .

Kak 051 TO HU OBLIIO, TENIEPH MBI UMEEM 00JIe€ TPOCTOE BhIPAKEHUE:
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awj‘< 3ij

Ceiiuac MBI MCHOJIb3yeM HEKOTOpbIe cpefcTBa AU dEepeHIINaTIbHOTO UCUUCICHHUS.
Unen ty — KOHCTaHTa M MOJTOMY HE M3MEHSETCA IPU H3MEHEHHH W j, T.€. HE
ABjsieTcsl PyHKIMENH W jx. bbuto ObI OYEHb CTpaHHO, €Ciid Obl UCTHHHBIE IIPUMEPBHI,
MPEAOCTABISIONINE IEJIEBbIE 3HAUYCHUS, U3MEHSJIUCh B 3aBUCUMOCTH OT BECOBBIX
kod(ddummenToB. B pe3ynbrare y Hac oCTaeTCs WICH Ok, KOTOPBIM, KaK MBI 3HAEM,
3aBUCHUT OT W ji, IOCKOJIBKY BECOBBIE KOI()(DUIIMEHTHI BIUSIOT HA PACIPOCTPAHEHUE
B MPSMOM HaNpaBJIE€HUU CHUTHAJIOB, KOTOPBIE 3aT€M MPEBPAIIAIOTCS B BBIXOJHBIC
CUTHAJIBI O.

YtoObl pa3douth 3Ty 3amauy auddepeHimpoBanus Ha 0oJjiee MPOCTbIE YacTH, MBI
BOCIIOJIB3yeMCSl I[EMHBIM TPaBWIOM (MpaBujio U PEpeHIIMPOBAHUS CIOXKHBIX

byHKIIMI).
3 3 do

= k

ow, do, ow

jk jk

C nepBOi 4acThIO MBI CIIPABUMCSI JIETKO, ITOCKOJIBKY JUUISL 3TOTO HY>KHO BCETO JIUIIb
B35Th IPOCTYIO IPOU3BOAHYIO OT KBaJpaTUUHOU PyHKIMU. B pe3ynbrare nomyyaem:

o = 2(t -o) . %%
ow. ow

Jk jk

Co BTOpOI1 4acThiO MPUAETCS HEMHOTO MOBO3UTHCS, HO U 3TO HE BBI30OBET OOJBIIUX
3aTpyJAHEHUH. 3/1eCh O — 3TO BBIXOJHOW CHUTHAN y3i1a K, KOTOpBIH, MOIydaeTcs B
pe3ysbTaTe NMPUMEHEHUS CUTMOMJbI K CUT'HAJaM, MOCTYIAKOMKUM Ha JaHHBIM y3ell.
Jl1s1 GoJIbIIe SICHOCTH 3aIIMIIIEM 3TO B SIBHOM BHJIC:

,?E,_ = =20 =0;) i cuzmouda ( Z; W - 0; )
ow ow

Jk jk
31ech 0j — BBIXOJHOM CHUTHAI y3Jla IPEIBIAYILEr0 CKPBITOIO CIIOs, @ HE BBIXOIHOM
CUTHAJI y3J1a MOCIEAHETO CIOA.

Kak npomuddepenmmpoBats curmouay? Mpl Mo Obl  9TO  cenaTh
CaMOCTOATENLHO, MPOBEIS CIOXKHBIE M TPYIOEMKHUE BRIUUCIIEHUS, OJTHAKO 3Ta paboTa
y)K€ TpojielaHa APYyruMH JIIOAbMHU. [l03TOMy MBI TIPOCTO BOCIOJIB3yeMCS YKe
W3BECTHBIM OTBETOM, KaK 3TO €XKETHEBHO JIETAI0T MATEMAaTUKHU TI0O BCEMYMHUPY.
JubdepennupoBanne  HEKOTOPHIX  (YHKIIMA  TPUBOAUT K  BBIPAKCHUIM

,a_._ cuemouda ( X ) = cuemouda ( X ) (1 - cuzmouda ( X ) )
ox

CJIIO)KHEWIIETO BUaa. B cirydae jke CHTMOMIbI pe3yJIbTaT IOJIy4aeTcsl OYEHb
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IPOCTBIM. DTO OJHA U3 MPUYUH MIMPOKOrO MPUMEHEHHS CUTMOHUJbl B KayeCTBE
(GYHKIHUU aKTUBAIlMU B HEHPOHHBIX CETSX.
[Tomywaem ciieyroniee BbIpaKeHUE:

JE

—— = =2( t, -0, )-cuzmouda ( Z, w0, ) (1 - cuzmouda ( Z; w, - 0,)). ,2_ (Z

Wi 0;)
ow J
Ik

J
Jk

= -2(t -0, ) -cuzmouda ( £, w, - 0;) (1 - cuzmouda ( Z; w; - 0,) ) - o,

A OTKypa B3sUICS TOCTIEIHUN COMHOXHUTEIh? DTO PE3ysbTaT MPUMEHEHHS IIEITHOTO
npaBuiia K MPOU3BOJHON CHTMOUJIBI, TIOCKOJIBKY BBIPKEHHUE MO/ 3HAKOM (DYHKIHH
cuemouda () TakxKe JOIKHO OBITH MpoauddepeHnnpoBaHO MO NEPEMEHHON W jk. ITO
J€NaeTcsi 04eHb IPOCTO U JAET B pE3yIIbTATE Oj.

[Ipexxne yem 3ammcaTh OKOHYATENBHBIM OTBET, M30aBUMCS OT MHOXHTENS 2 B
Havajie BBIpaXeHUs. MBI BIpaBe 3TO CAeNaTh, TOCKOJIbKY HAC HHTEPECYET TOJIBKO
HampaBJICHUE TpajueHTa (YHKIHMUA OIIMOKH, TaK YTO AITOT MHOXHTEIh MOKHO
0€300J1e3HEHHO OTOPOCHTb.

OKOHYATEeIbHOE BBIPAKEHUE, KOTOPOE MBI OyJIeM HCIIOJIB30BaTh JJISI M3MEHCHUS
Beca W jk, BBITJISAUT TaK.

e S —

0E

=-(t, -0,)-cuemouda ( Z, w,-0,) (2 - cuemouda ( Z, W, - 0,)) - 0,
ik

|
l

OTO BBIp@KEHUE SBISIETCS KJIHOYOM K TPEHHPOBKE HEHPOHHBIX  CETEH.
[Ipoananu3upyem BKpaTLE 3TO BBIPAKEHUE, OTAEIbHBIE YACTH KOTOPOTO BBIIEIECHBI
nseroM. llepBast 4yacTb, ¢ KOTOpPOHM BbI YK€ XOpPOIIO 3HAKOMBI, — 3TO OIIMOKa
(uenmeBoe 3HaueHHWE MHUHYC (QakTuyeckoe 3HaueHue). Cymma, sBISAOMIAsACA
apryMEHTOM CUTMOW[BbI, — 3TO CUTHAJI, MOCTYIAOIINI Ha y3€] BBIXOJHOIO CJOS, U
JUISL YIIPOLEHUS BUJA BBIPAXEHUSI Mbl MOTJIM Obl 0003HAYUTh 3TOT CUTHAJ IMPOCTO
Kak lx. OH BBICTYHaeT B KauecTBE BXOJHOTO CHWTHaja y3iaa K 10 mpuMeHeHUs
¢Gynkiuu  aktuBaiuu. [loclmemHssT YacTh — 93TO BBIXOJHOW CHTHAN Yy3ha |
NPEeAbIAYIIEro CKphITOro ciosi. PaccMoTpeHue mojiydeHHOTrO BBIPaXKEHHSI UMEHHOB
TaKOM paKypce TO3BOJISIET Jyylle TMOHSATh CBSI3b (DU3MYECKON  KapTHUHBI
MPOUCXOJSILETO C HAKIIOHOM (DYHKIIMHM U B KOHEYHOM CUETE C YTOYHEHHUEM BECOBBIX
K03 PUITMEHTOB.

BolpaxkeHne mnpegHa3Hauy€HO [Jisi YTOYHEHHUS BECOBBIX KOA(D(UIIMEHTOB CBs3e
MEXIY CKPBITBIM M BBIXOJHBIM CIOSIMH. MBI JOJIKHBI 3aBEpUINTh padOTy U HaWTU
HAKJIOH aHAJOTUYHOW (PYHKIUU OIMMOKH i KOIPPUIIMEHTOB CBSI3EU MEXKIY
BXOJIHBIM U CKPBITBIM CJIOSIMH.

Mo>xHO ObIJIO OBl BHOBbH MPOU3BECTH MOJHOCTHIO BCE MAaTEMaTHUECKHUE BBIKJIAJIKH,
HO MbI HE Oyaem 53Toro jaenatb. MbI BOCIOJIb3yeMCSl OMMCAHHOM TMepen 3TUM
(¢u3MYECKON HMHTEpIIpeTalueld COCTaBISAIOIIMX BBIPAXKEHUS A NPOU3BOJHON U
PEKOHCTPYMPYEM €ro sl MHTEPECYIOLIEro Hac HOBOro Habopa Ko3((ULIMEHTOB.
ITpu 5TOM HEOOXOIUMO YUECTh CIENYIOIINE U3MEHEHHUS.
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* IlepBas uacTh BBIpOKEHHUs MJs NPOU3BOJHOM, KOTOpas paHee Oblia
BBIXO/IHOM OLIMOKON (1IeJIeBO€ 3HAUEHHE MUHYC (PAaKTUYECKOE 3HAUYEHHUE), TENeph
CTAaHOBUTCS PEKOMOMHUPOBAHHOW BBIXOJAHOM OMIMOKOW  CKpPBITHIX  Y3JIOB,
paccuMThIBAEMOM B COOTBETCTBUU C MEXaHHM3MOM OOpaTHOTO pPaclpOCTpPaHEHHUS
oHmIMOOK, C 9YeM BBI yoke 3HaKOMbI. HasoseMm ee €;.

* Bropas yactb BbIpakeHMsI, BKIIOYAIOIIAsl CUTMOUY, OCTAE€TCSI TOHM K€, HO
BBIp@XEHHE C CYMMOH, IeperaBaeMoe (PYHKIMM, TENepb OTHOCUTCS K
OPEIbIIYyIIUM CJOSM, W IO3TOMY CYMMHPOBAaHUE OCYILECTBISETCS IO BCEM
BXOJHBIM CUTHAJaM CKpBITOIO CJIOS, CIJIa)KEHHBIM BECAMM CBA3€H, BEIyIUX K
CKPBITOMY Y311y J. MBI MOTIIM OBI Ha3BaTh ATy CYMMY lj.

* [TocnenHssa 4yacTh BBIPAYKEHUS IPUOOPETAET CMBICII BBIXOJHBIX CUTHAJIOB O;

y3JI0B IIEPBOIO CJI0SI, ¥ B JAHHOM CITy4ae 3TU CUTHAJIBI SIBJISIOTCS BXOJIHBIMHU.

Tem caMbIM HaM yAaJIoCh U30€KaTh U3IUIIHUX TPYJTOEMKHUX BBIYUCIICHHI, B MIOJTHOU
MEpe BOCHOJb30BABIIMCH BCEMU MPEUMYLIECTBAMU CHMMETPUU 33Jadydl IS
KOHCTPYHPOBAHUSI HOBOTO BBIPAKEHHUS.

Wtak, BTOpas 4YacTb OKOHYATEJIBHOIO OTBETAa, K IMOJIYYEHHUIO KOTOPOTO MbI
cTpeMuMmcsl (TpajueHT (PYHKIIMU OMIMOKKA TO BECOBBIM KOd(QuImeHTaM cBs3ei
MEXIY BXOJHBIM U CKPBITBIM CJIOSMH ), IPHOOPETAET CASAYIOIIHNA BU:

e —————————— —_——— e ————— . e —  c—

\ t

| %k . -(¢) - cuzmouda ( Z, w.-0,) (3 - cuemouda ( Z, w, - 0,)) -0

Ha pganHOM »Tame HaMu TMOJY4YEHBI BCE KIFOUEBBIE MAarWMdeCKHe BBIPAKEHUS,
HEO0OXOMMBIE TSI BBIYUCICHUSI HICKOMOTO TPaIueHTa, KOTOPBIN MbI HCIIONIB3YEM IS
OOHOBJICHUSI BECOBBIX KOI(PPUIIMEHTOB IO pe3yjabTaTaM OO0ydYeHUS Ha KakKIOM
TPEHUPOBOYHOM IIPUMEPE, YEM MBI CEMYAC U 3aMEMCH.

He 3a0mBaiiTe 0 TOM, 4YTO HampaBieHHE W3MEHEHUs KOA(P(DUIIMEHTOB
MIPOTHUBOITIOIOKHO HaIpaBJICHUIO TpaJINCHTA, 9TO HEOTHOKPATHO
JEMOHCTPHUPOBAIOCHh HA MPEABIAYIIUX nuarpamMmax. Kpome Toro, Mbl CriakuBaeM
WHTEPECYIOINEe HAC W3MEHEHWsS TapaMeTpOB IOCPEACTBOM  KodddummeHTa
oOy4eHHs, KOTOPbIH MOKHO HacTpauBaThb C y4Y€TOM OCOOEHHOCTEW KOHKPETHOM
3amayn. C 3TUM TIOJIXOJIOM MBI TaKXKe YK€ CTAJIKHWBAJIMCh, KOT/a MPHU pa3paboTke
JUHEHHBIX KJIACCU(UKATOPOB MBI MCIIOIB30BAJI €T0 11 YMEHBIIECHUS HETaTHBHOTO
BIIUSIHUS HEY/IaYHBIX MPUMEPOB HA 3 (HEKTUBHOCTH 00YUYEHUS, a TP MUHUMU3AINH
GbyHKIUA OMUOKA — IS TOTO, YTOOBI M30€KaTh MOCTOSHHBIX MEPECKOKOB uepe3
MUHUMYM. BBIpa3uM 3TO Ha A3bIKE MATEMATUKH:

5 a 0E
HoBoli w, =  cwmapoill w, - f © ——
J J
oW,

OOHOBJIEHHBIN BeC W jx — DTO CTAapblii BEC C Y4E€TOM OTPHMLATEIIBHOW IONPABKH,
BEJIMYMHA KOTOPOW MPOMOPLUHOHATIbHA TPOU3BOAHON (yHKIMH ommOku. [TompaBka
3aMycaHa co 3HAaKOM «MHUHYC», TTOCKOJIBKY Mbl XOTHUM, YTOOBI BEC YBEIMUUBAJICS MIPH
OTPULIATEIBHOW NPOM3BOJHOM M YMEHBINAICSA IIPU INOJOXHUTEIbHOH. CHMBOI @
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(asibha) — 3TO MHOXKHUTENb, CIVIAKUBAIOIINN BETUUNHY
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M3MEHEHUI BO M30€KaHUE MEPECKOKOB Yyepe3 MUHUMYM. DTOT KOA(POUIIMEHT 4yacTo
Ha3bIBAIOT KO3 PULMEeHTOM 00yUeHUsI.

JlanHOE BBIpaXEHUE TPUMEHSIETCS K BECOBBIM KOX((HIMEHTaM CBS3€H HE TOJIBKO
MEK]Iy CKPBITHIM U BBIXOJHBIM, HO U MEXIY BXOJHBIM U CKPBITHIM CIIOSIMH. JDTH JIBa
CiIydas pasuyaroTcs TpagueHTaMd (YHKIIUWA OMIUOKU, BBIPAKEHUS I KOTOPBIX
MIPUBOIVIIMCH BBIIIIE.

[TocmoTpuM, Kak OyayT BBHITJIAIETH T€ YK€ BHIYUCIICHHS B MaTPUYHOW 3amucu. J[is
ATOTO CIeJIaeM TO, YTO YKe JIeJlajy paHbllle, — 3aluIleM, YTo cOOOH MpeacTaBIsIeT
KaXbIi SJIEMEHT MaTPHUILIbl U3MEHEHHU BECOB.

o

[ aw,, dw,, aw,, .\ E,*S, (2-5)
f‘ ] . - " 4 N
| AWL . Aw“l Aw,z . = E: S: (1 S;) ‘\i o ( O; O}_ 0 oo “:i
| Aw,, Aw,, Aw, .. | E*S (2-5) | 4
\ ‘ g ' / f
T\ 3HAYEHUR U3
npedbidyuse2o CAOSR

3HAYEHUR U3 CALDYHOUAE20 CAOS

Koaddumment oOyuenus o omynieH, H0CKOJIbKY 3TO BCETO JHIIb KOHCTaHTa, KOTOpas
HUKAK HE BJIMSIET HAa TO, KAK Mbl OPIraHU3yEeM MaTPUYHOE YMHOXKEHHUE.

Matpunia U3MEHEHHMII BECOB COJEPKUT 3HA4YECHHUS IIONPAaBOK K  BECOBBIM
KodpdunmentaM W j A CBsI3eH MEXTy Y3JIOM | OIHOrO clost U y3noM K
CJIEYIOLIErO cJIosi. Bl BUAMTE, UTO B NMEPBOM YacCTH BBIPAKEHHs CIpaBa OT 3HAKA
PaBEHCTBA UCIIONIB3YIOTCS 3HAUCHHS U3 ClIeAyroIero cios (y3en K) , a Bo Bropoit —u3
npebIAYIIero cios (y3el ).

Bo3MoxHO, Tyas Ha TPUBEACHHYIO Bbille (OpMyNy, Bbl 3aMETWIHM, YTO
FOPU30HTAIIBHAA ~ MATpULA, NOPEACTaBICHHAasT  OJHOW  CTPOKOM, —  3TO
TPaHCIIOHMPOBAaHHAS MAaTPUIA CUTHAJIOB 0j HA BBIXOJIE NMPEABIAYILETO CIIOS.
[[BeToBOE BBIIENEHUE DJIEMEHTOB MATpPHI] MMOMOXKET BaM IMOHATH, YTO CKAaJISPHOE
IPOU3BEIEHUE MATPUL] OTIMYHO pabOTaeT U B TOM CIIydae.

Hcnonb3ysi CAMBOIMYECKYIO 3alUCh MAaTPHUILl, Mbl MOKEM MPUBECTH 3Ty POPMYIYy K
CIIEIYIOIEMY BUAY, XOPOIIO MPUCHIOCOOJICHHOMY JI peaiu3aldyd B MPOrpaMMHOM
KOJI€ Ha s3bIKe, oOecmeunBaromiemM 3G HeKTUBHYIO PabOTy CMaTpUIIAMH.

; OecHems:

|

| i

AW, = & - E - 0,(32-0) - oOF .
|

| -

@aKTUYECKN ITO BBIPAXKEHUE COBCEM HE CI0KHOE. CUTMOMIBI MUCUE3TU HU3II0NSA
3pEHHsl, IOCKOJIbKY OHM CKPBITBI B MAaTPUILAX BBIXOAHBIX CUTHAJIOB Ok Y3JIOB.
Pesrome
* Omubka HEUPOHHOM ceTu ABIsIETCs (PyHKIMEH BEeCOB BHYTPEHHHUX CBSI3EH.
* VYiyuieHue HEHPOHHOM CETH O3HAayaeT YMEHbBIICHUE ATON OIMOKHU
IIOCPEACTBOM N3MEHEHHMS YKa3aHHBIX BECOB.
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* HenocpeacrBeHHuslii moA0Op MOAXOIAIIMX BECOB HATAJIKUBAETCS Ha
3HAYUTENIbHbIE  TPYJHOCTU. AJIBTEPHATUBHBIA  MOAXOJA  3aK/IIOYaeTcs B
UTEPAaTUBHOM YIYYIIEHUH BECOBBIX KOI(PPHUIMEHTOB MyTEM YMEHBUICHHS
¢yHKIIMK OmMOKKM HeOompImMMM ImaramMu. Kaxaplii 1mar coBepuiaeTcs B
HaIlpaBJICHUU CKOpPEHIIEro CIyCKa U3 TEKylled MO3UMUuU. OTOT MOAXOA
Ha3bIBAETCS TPAJAMEHTHBIM CITyCKOM.

* I'pagueHT OmMMOKM MOXHO 0€3 0COOBIX TPYIHOCTEH pPacCUHUTATh,
UCTONB3YS AU epeHInaIbHOe UCUUCTICHHE.

IIpakTH4eckue 3a1aHusA

1. Ha6op pykonucHbix tudpp MNIST
2. I[ToaroroBka TpeHUpoBOYHBIX AaHHBIX MNIST

1. HaGop pykonucubix undp MNIST

Pacrio3HaBaHue TEKCTa, HANMCAaHHOIO OT PYKH, — O3TO HACTOSIIMI BBI3OB JUIA
UCIBITaHUSI BO3MOXHOCTEH MCKYCCTBEHHOIO MHTEIJIEKTA, ITIOCKOJIbKY 3Ta ImpobieMa
JNEHUCTBUTEIBHO TpyAHA U pa3MbITa. OHa HE CTOJIb SICHAs M YETKO ONpECICHHAas!, KaK
IIEPEMHOKEHHUE OJJHOIO MHOYKECTBA YUCEN HA JPYroe.

KoppektHass  kinaccudukanus  COASPKUMOIo  HM300paKEHHM C  MOMOIIbIO
KOMIIBIOTEPA,  KOTOPYIO  4acTO  HAa3bplBAlOT  pacno3HaBaHHeM  00pa3oB,
NECATUIIETUSIMU  BBIJEp)KMBala aTakWd, HANpaBlIEHHbIE Ha ee paspemieHue. B
nocyiegHee BpeMs B 3TOM 00JacTH HaOMIOAAeTCsl 3HAYUTENbHBIA MPOTpecc, U
pEelIaloNIy0 POjb B HAMETUBIIEMCS NPOPBIBE CHITPAIM TEXHOJOTMU HEWPOHHBIX
CETEN.

O TpyaHoCcTH TPOOJIEMbl MOXKHO CYAMTHb XOTs OBl 10 TOMY, YTO Ja)K€ Mbl, JIIOJH,
MHOT/Ia HE MOKEM JIOTOBOPUTHCS MEXIy COOO0M O TOM, KaKO€ MMEHHO U300pakeHHe
Mbl BHIMM. B 4YacTHOCTH, NMpEeAMETOM CHOpa MOXET IMOCIYXUTh W HalUCaHHas
Hepa300pYUBLIM MOYEPKOM OYKBa.

CyliecTByeT KOJUIGKIMSI H300paXC€HUM PYKOMUCHBIX LHUQp, HCIOIb3YyEMbIX
UCCIIEIOBATENsIMA MCKYCCTBEHHOTO MHTEIJIEKTa B KauyecTBE MOMYJISIPHOro Habopa
JUIsl TECTUPOBAHUS UAEH U aJITOPUTMOB.

OTUM TECTOBBIM HA0OpOM dABIsSIeTCSl 0a3a JAHHBIX PYKOMHUCHBIX LHUPP MO
Ha3zBaHneM «MNIST», mpenocrtaBisiemas aBTOPUTETHBIM  HMCCIEAOBATEIEM
HeUpOoHHBIX ceTer oM JIekyHOoM 1Jisg 6€CIIaTHOTO BCEOOIEero J0CTyma Mo ajapecy
http://yann.lecun.com/exdb/mnist/. Tam ke Bbl HalijeTe CBEACHUSA OTHOCHUTEIBHO
YCHEIIHOCTA NPEKHUX M HBIHEIIHUX MOMBITOK KOPPEKTHOTO PACMO3HABAHUS ITUX
PYKOIIUCHBIX CUMBOJIOB.

®opmar 6a3bl gaHHBIX MNIST He OTHOCHUTCS K YMCIy T€X, C KOTOPBIMHU JIETKO
paboTaTh, HO, K CHACTbIO, APYTUE CHELMATUCTHI CO3/1aJI COOTBETCTBYIOIIHNE (Pailsibl
B Oosiee mpoctoM Qopmare (cMm., Harpumep, http://pjreddie.com/projects/mnist-in-
csv/). Oro Ttak HaspiBaeMbie CSVaiinbl, B KOTOPBIX OTACIbHBIC 3HAYCHHUS
NPEJCTaBISIIOT CO0OM OOBIYHBIM TEKCT W pasfesieHbl 3amsaThiMu. VX coaep:kumoe
MOJKHO JIETKO MPOCMAaTpUBaTh B JIIOOOM TEKCTOBOM pENAaKTOpe, U OOJBIIMHCTBO
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SJICKTPOHHBIX Ta6J'II/II_I HJIK IIpOrpamMm,
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caute MpcaoCTaBJICHBL

Habop

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

dbopmar.

w

JIOBOJILHO ~ YHHBEpCAJIbHBIN
clemyromue aBa ¢aina:

NpelIHa3HAYeHHBIX U1 aHaiM3a JIaHHbIX, MOTYT paborarb ¢ CSV-gaiinamu. Ot0
*TPEHUPOBOYHBIN

(v

¢ TCCTOBBIN

Habop

(http://www.pjreddie.com/media/files/mnist_test.csv).
TpenupoBounslii Haoop coaepxutr 60 000 mpomapKUpOBaHHBIX SK3EMIUISPOB,

CnoBo
KaXXJ10T0

[

[

WCIIOJB3YEMBIX I TPEHUPOBKH HEWPOHHOM CETH.

yKa3aH

AK3EMILISIpa

JUJIA

qTo0

O3HAYacT,
COOTBETCTBYIOIINH NPABHIILHBIA OTBET.

«IPOMAPKUPOBAHHBIE

(V)

4TO C TCCTOBBIMH JAaHHBIMHM HCHPOHHAA CCTh PAHCC HC

oop, srmrovaromuid 10 000 sk3eMIIIApOB, UCHOIB3YETCS

JUTSl IPOBEPKH MPABWIIBHOCTU PAaOO0THI UAECH WM alropuTMOB. OH TaKkKe COIEPKUT

(v

34IrpyKCHHOI'O B TCKCTOBBIN PCOAKTOP.

H TeCTOBBIM HAa

(V)

AaThb IIpaBUJIbHBIN OTBCT.

HMcnonp30BaHnE HE3aBUCUMBIX ApYyTr OT Opyra Ha60pOB TPCHUPOBOYHBIX U TCCTOBBIX

cTajkuBajaacbk. B IMPOTUBHOM CJIy4aCc MOXKHO ObLIO OBl CXUTPUTb M IIPOCTO
3allOMHUTL TPCHUPOBOYHBIC ITAHHBIC, YTOOBI IIOJIYYUTD HauOOJIBIINE OaJIIIb. HI[GH
pa3aciICHUA TPCHHUPOBOYHLBIX M TCCTOBBIX JAHHBIX PaCIIpOCTpaHCHA CpCau

CTICIIMATUCTOB MO MAITUHHOMY O0YYEHHIO.
[TpucmoTtpumces k 3tum Qaitnam. Hmwke nmokazana gacts TectoBoro Habopa MNIST,

KOPPCKTHBIC MAPKCPHI, ITIO3BOJIAIOIINUC YBUIACTD, criocoOHa M HaIa HGﬁpOHHaﬂ CCTH

JTAHHBIX TapaHTHPYET,
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http://www.pjreddie.com/media/files/mnist_train.csv)%3B
http://www.pjreddie.com/media/files/mnist_train.csv)%3B
http://www.pjreddie.com/media/files/mnist_test.csv)

pa3JeseHHbIe 3alSThIMU. JTO JIETKO MOXHO YBHUAETb. TE€KCTOBBIE CTPOKH TaKHE
JUIMHHBIE, TIOTOMY YTO Ka)K[asi U3 HUX 3aHUMAET HECKOJIBKO CTPOK Ha dKpaHe.
CopnepKuMoe 3THX 3alKCe, T.€. CTPOK TEKCTa, JIETKO MOHSATb.

* [lepBoe 3HaueHUE — 3TO MapKep, T.c. pakTuueckas 1udpa, Hampumep «7»
Wi «9» , KOTOPYIO TOJKEH MPEACTABIATh JaHHBIA PYKOIMMCHBIN 3K3EMILISAP. DTO
OTBET, IPABUJILHOMY IMOJIYYEHHUIO KOTOPOIO JOJIKHA OOYUYHTHCS HEMPOHHAs CETh.

* ITlocnenyromue 3HA4YEHHs, pa3JEICHHBbIE 3aIATBIMH, — 3TO 3HAYCHHS
nuKcene pykonucHoil uu@psl. [IMKcenbHbIM MaccuB UMEET pa3MepHOCTh 28x28,
[IO3TOMY 32 KaXIbIM MapKepoM cIeayIoT /84 nukcens.

TaxuMm oOpa3om, nepBast 3alUCh MPEACTABIAET HUPPY «7» , O UEM TOBOPUT NIEPBOE
3Ha4Y€HHUE, TOr/a KaK OCTaJlbHAs 4acThb TEKCTa B 3TOM CTPOKE — ITO MHKCEJIbHBIE
3HAYCHUsI HAIIMCAaHHOM KeM-TO OT pykH Ludpsl «7» . Bropas cTpoka mpeactaBisier
pYKONHUCHYIO HUPY «2» , TpeThs — LUPpY «4» , derBepTas —LUPpy « 1» u naras —
uudpy «9» . Moxere BpiOpaTh M00yI0 cTpoky u3 (aitnoB nanueix MNIST, u ee
NIEPBOE YMCIIO YKAKET BaM MapKep JJIsl NOCIEIYOIINXIaHHBIX H300paKeHUsl.
OnHako yBHUJIIETh, KAKUM 00pa3oM JJIMHHBIN crucok u3 784 3HaueHuWil hopmupyer
M300paK€HUe PYKOMUCHON IUPHI «7» , HE TaK-TO MPOCTO. MBI JOJIKHBI BBIBECTU B
rpapuyeckoM BUAE 3TU LUDPPBI U YOEAUTHCS B TOM, YTO OHHU JEHCTBUTEIBHO
MPEACTABIIAIOT [IBETA MUKCETIEH PYKOIUCHON U PBHI.

[Ipexxne yem yriayOuTbCsd B pacCMOTPEHHE AETaled M MPUCTYNUTh K HAMCAHUIO
KOJIa, 3arpy3uM HEeOOJIbIIIOe TTOJIMHOXKECTBO HA00Opa JaHHBIX, COJEpKAIUXCS B Oaze
MNIST. ®aiinst nanaeix MNIST umeror oueHb OoONBIION pa3mep, TOrna Kak
paborath ¢ HEOONBIIMMU HaOOpaMHM 3HAYUTEIBHO YI0OHEE, TOCKOJBKY JTO
MO3BOJIUT HaM 3KCIEPUMEHTUPOBATh, pa3padaTbiBaTh U UCHBITHIBATh CBOW KO, YTO
OBLIIO OBl 3aTPYAHUTENLHO B ClIy4ae JJIMTEIbHBIX PACUETOB M3-3a OOJIBIIOTO 00beEMa
oOpabarbiBaeMbIX JaHHbIX. Korma Mbl oTpa®oTaeM aiaroput™, MOXKHO Oyner
BEPHYTHCS K MTOJHOMY Ha0OpY AaHHBIX.

[Ipexxne yem ¢ 3TUMH JaHHBIMA MOXHO OyJeT 4To-Iu00 caenarb, Harpumep,
NOCTPOUTh IpapUK WIK OOYyYHUTh C UX MOMOIIBIO HEHPOHHYIO CETh, HEOOXOAMMO
o0ecreyuTh AOCTYN K HUM U3 KoJia Ha si3bike Python.

OtkpeiTHEe QailioB W mnonydeHue ux coaepxkumoro B Python He cocraBisier
Oonpmoro Tpyna. Jlydiie Bcero mokasaTh, Kak 3TO JI€laeTcs, Ha KOHKPETHOM
npuMepe. B3risHuTe HA CIEAYOMMUN KO,

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

31ech Bcero Tpu CTpoku kojaa. OOcynuM KaKAyro M3 HUX 10 OoTAeabHOCTH. [lepBas
CTpOKa OTKpbIBaeT (paiii ¢ momoripio Gyrkiuu open (). Bel BuguTe,

YTO B KAaueCTBE MEPBOr0 M3 MapameTpoB eil mepenaercs ums ¢aiina. Ha camom
Jiene 3TO He mpocto ums (¢aina, a myTh AOCTyna K Hemy. Btopoill mapametp
HeoOs3aTeNnbHbId 1 coobmaer Python, kak Mbr xotum pabortats ¢ (aitiom. byksa
«» 03HAYaeT, YTO Mbl XOTUM OTKPBITH (PAilsl TOJIBKO JJIsl UTEHUS, a HE JUIS 3alHCH.
Tem caMblM MBI MpenOTBpAllaeM JF000€ HENMpeIHAMEPEHHOE H3MEHEHHE WU
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ynanenue ¢aina. Ecam Mbl TombITaeMcst OCYIIECTBUTH 3alUCh B 3TOT (Gailin wim
U3MEHHUTH ero, Python He mo3BosuT 3TOrO CenaTh M BBLAACT OMIMOKY. A YTO 3TO3a
nepemennass data file? ®ynkmus open () co3maer aeckpunTop (yKa3aTelnb),
UTPAIOLINIl POJb CCHUIKM Ha OTKPBIBAEMbIN (ail, U Mbl TPHUCBAUBAEM €rO
nepemenHoi data file. Korma daitn oTKpeIT, 1100BIE TTOCTSAYIOMIHE TSHCTBUSI C HAM,
HaIpUMep, YTCHUE, OCYIIECTBIISIOTCS Yepe3 ITOT AECKPUIITOP.

Cnenyromas ctpoka mpome. Msel  wucnoiasdyem ¢yakmuto readlines (),
acCCOLMUPOBAaHHYIO C JeckpunTopoM (aiina data file, mis uyreHuss Bcex CTpoOK
coaepxxumMoro (aiina B nepemennyro data_list. Dta mepeMeHHas CONEPIKUT CITUCOK,
KOKIBIA 3JEMEHT KOTOPOTO SBISIETCS CTPOKOW, MPEICTABISIONICH CTPOKY aiina.
DT0 0YeHb YI00HO, TTOCKOJIBKY MBI MOKEM TEPEXOUTh K JIF000H cTpoke (aiina Tak
ke, KaK K KOHKPETHBIM 3aIucsM B criucke. Takum oOpazom, data list[0]

— 3TO MepBas 3anuch, a data_list [9] — necaras u T.10.

['opazno addexTuBHEe paboTaTh MOOUEPETHO C KAXKION CTPOKOM, a HE CUUTHIBATH B
namMath Bech (paitn nmenukoM. OnHako Hamu (ailibl HEBEJIUKH, U HCIOJIb30BaHUE
¢yukuuu readlines () 3HaYMTEIBHO YIPOIIAET KO, a /I HACIIPOCTOTA U SICHOCTh Ha
JTAHHOM 3Tare O4eHb BaXKHBI.

[Tocnenusast ctpoka 3akpbiBaeT ¢aiia. CuuTaeTcss XOpoIlledl MPaKTUKOW 3aKpbIBATh
daiinpl U Japyrue pecypchl IMOCIE€ HUX HMCHOJIb30BaHUS. Eciiu ke OCTaBIsSITh HX
OTKPBITBIMH, TO ATO MOXET MPHUBOJUTH K BO3HUKHOBEHHUIO TpooOsieM. Hexotopswie
MPOrpaMMbl MOTYT OTKa3bIBAThCS OCYIICCTBISITH 3aMHUCh B (pailyl, OTKPBITBHIA B
JPYrOM MeCTe, €CJIA 3TO MPUBOAMT K HECOTIIACOBAaHHOCTU. B POTUBHOM cilydae 3To
HAallOMUHAJO OBl CHUTYyallMio, KOTJa JBa YeJOBEKa TMBITAIOTCS OIHOBPEMEHHO
3aMKMCHIBATh Pa3HbIC TEKCTHI HA OJTHOM U TOM JKe JucTe Oymaru. MHora KOMITBIOTED
MOXKET 3a0JIOKHpoBaTh (paiil BO u30exkaHue Takoro poja KoHpiaukroB. Ecnu He
OCTaBUTH 3a COOOHM MOPSIIOK TOCJIE TOTO, KaKk HEOOXOAMMOCTh B HCIOJB30BAHUU
daiina yxxe oTmnana, y BaC MOXET HAKOIUTHCSI MHOTO 3a0JI0OKUpOBaHHBIX (aitios. [1o
KpaiiHeld Mepe, 3aKkpbiB (aiisl, Bbl MPEJOCTABUTE KOMIIBIOTEPY BO3MOXKHOCTH
OCBOOOJHTH MAMSTh, 3aHUMAEMYIO YK€ HEHY>KHBIMU JTAHHBIMHU.

CoznaiiTe HOBBIM TYyCTOW OJOKHOT, BBITIOJIHUTE TPEJCTABICHHBIA HIDKE KOI U
MTOCMOTPUTE, YTO MPOU3OUIET, €CITU TOTBITATHCS BHIBECTU AJIEMEHTHI CITUCKA.

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

Inf12]: M len{data_list)

o
m
I

t[12]: &oocoo

In[13: M data_list[o]
Qutli3l '5,0,0,0,0,0,0,0,0,0,9,9,0,0,2,0,0,0,,9,9,0,,¢,2,0,0,0,9,0,0,0,0,0,0,0,0,9,0,0,0,2,0,0,0,9,9,0,0,¢,2,0,0,0,9,2,0,0,,0,0,0,9,9,0,0,0,0,0,0,0,9,0,0,2,¢,2,0,0,0,9,0,0,8,0,0,0,0,

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

..............................
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
.............................
.........................................
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
rrrrrrrrrrrrrrrrrrr

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Bb1 Buaute, uro mimHa crucka paBHa 6000. ®dyukmus Python len() cooOmaer o
pasMepe cnucka. Bel Takke MOXeTe BUACTH COJCPIKUMOE TEPBOM
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3anucu, data list[0]. IlepBoe umcio, 5, — 3T0 Mapkep, Torga Kak ocTajibHbie 784
YHCJIa — 3TO I[BETOBBIE KOBI MTUKCEJIEH, U3 KOTOPBIX COCTOUT M300paxkeHue. Eciu Bbl
BHUMATEJIBbHO MPUCMOTPUTECh, TO 3aMETUTE, YTO HMX 3HAYEHUS HE BBIXOJAT 3a
npenensl auanazoHa 0 go 255. Bel MoxkeTe B3IUIAHYTh Ha JPyTUe€ 3alKCH, YTOOBI
MIPOBEPUTH, BBITIOJHSIETCS JIM 3TO YCJIOBHE W JJIs HUX. Bl yOeauTech B TOM, 4TO
TaK OHO M €CTh: 3HAUYECHHS KOJOB BCEX LIBETOB MOMAJAlOT B Auamna3oH yucen oT 0
1o 255.

Panee mpuBoausiics npumep rpaguueckoro oToOpaxeHus: NpsiMOYyTroJbHOTO MacCcHUBa
yucen ¢ ucnosib3oBanueM GpyHkiuu imshow (). To ke camoe MbI XOTUM CeNaTh U B
JAHHOM Clly4ae, HO JJI 3TOr0 HaM HYKHO NpeoOpa3oBaTh CIHCOK YHCET,
pa3le’eHHbIX 3alsThIMH, B NOAXOJSIIMNA MAacCHB. OJTO MOXHO CJeJlaTh B
COOTBETCTBHHM CO CJIEAYIOLIECH MTPOLETYPOM:

* pa3OUTh JIIMHHYIO TEKCTOBYIO CTPOKY 3HAUCHHM, pa3/IeICHHbIX 3alsThIMU,
Ha OT/IeJIbHbIE 3HAYEHU S, HCIIOJIb3Ysl CUMBOJI 3alIATOM B KAUE€CTBE Pa3/ICIUTENS;

* [IPOMTHOPUPOBATH IEPBOE 3HAYCHHUE, SIBIAIONIECECS MapKEepOM, H3BIICUYb
octaBiuecs 28*28=784 3HaueHus u npeoOpa3oBaTh UX B MACCHUB, COCTOSIIINM U3
28 cTpok u 28 cTOJIOIOB;

* 0TOOpa3UTh MacCHB.

W BHOBB, TpoIIIe BCErO MOKAa3aTh COOTBETCTBYIOMIUN MPOCTON Koj Ha Pythonwu yxe
10CJI€ 3TOTO MOAPOOHO PACCMOTPETH, YTO B HEM MPOUCXOJINUT.
[Ipexxne Bcero, Mbl HE JOJDKHBI 3a0bIBaTh O HEOOXOJIMMOCTH HMIIOPTHPOBATH
oubnuoteku pacmmpenuit Python ais padboTel ¢ MaccuBaMu U rpaduKoi.
[locmoTpuTe Ha cnefymomue TpU CTPoKU Kkojaa. IlepeMeHHbIe OKpalleHbl
M import numpy
import matplotlib.pyplot
%ematplotlib inline
pPa3IMYHBIMU I[BETAMHU TaKUM 00pa3oM, 4TOObI ObLJIO TOHATHO, IJI¢ U KaKue JaHHbIE
UCITOJIb3YIOTCS.
all_values = data_list[0].split(",")
image array = numpy.asfarray(all values[1:]).reshape((28.28))
matplotlib.pyplot.imshow(image array. cmap='Greys'. interpolation="None’)

B mepBoii cTtpoke nnmHHas mepBas 3amuch data list[0 ], KOTOpyt0 MBI TOJIBKO YTO
BBIBOJIWIIA, Pa30MBaeTCid Ha OT/ACIbHBIC 3HAUEHUS C HCIOJIH30BAHHUEM 3aIsiTON B
KauecTBE pazaenuTens. JTo jemaercs ¢ nmomomblo dyHknuu split (), mapamerp
KOTOPOI OTMpeAesieT CUMBOJI-pa3ieiuTeNb. Pe3ynbpTar moMemniaercs B MEPEMEHHYIO
all values. MoeTe BbIBECTH 3TH 3HAYEHHUS Ha HKpaH U YOEAUTHCS B TOM, YTO ITa
nepeMeHHas ICHCTBUTEIILHO COACPKUT HYKHBIC 3HAUCHUS B BUJIC JUTMHHOTO CITUCKA
Python.

Crnenyromasi CTpoka Koja BBITJIAIAT 4YyTh OoJiee CIOXKHOW, IMOCKOJIbKY B HEH
MIPOUCXOANT Cpa3y HECKOJbKO Bemiel. Haunem ¢ cepeanHbl. 3amuch CIUCKa B BHUJE
all_values [1: ] yka3piBaeT Ha TO, 4TO OepyTcs BCE DJEMEHTHI CIIMCKa 3a
UCKJTIOYCHHEM TIepBOT0. TeM caMbIM MBI HITHOPUPYEM TIEpBOE 3HAYCHHE, UTPAOIIIEe
poiib Mapkepa, W OepeMm JIMillb OocTajbHble /84 sneMeHTa,
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numpy.asfarray() — sto dbyHkIus OHOIHOTEKH numpy, mpeodpasyrolias TEKCTOBbIS
CTPOKH B pealibHbIE YMCJIA U CO3/aroliasi MacCuB 3TuUX yucen. Ho moyemy TeKCToBbIE
CTpOKH TIpeoOpa3yroTcs B uyucia? Ecim ¢aiin Obl1 MpounTaH Kak TEKCTOBBIM, TO
KaKJas CTpOKa WM 3alUCh BCE €II€ OCTaeTcs TEKCTOM. V3BieueHue U3 HUX
OTJENBbHBIX 3JIEMEHTOB, Pa3/IeJICHHBIX 3aMATHIMH, TAKXKE JaeT TEKCTOBBIC JIEMEHTHI.
Hanpumep, 3TUM TeKCTOM MOTJIH ObI OBITH CI0Ba « appley ,

«orangel23» wim «567» . TexcroBas cTpoka «567» — 3T0 HE TO KE caMoe, YTO YUCIIO
567. VIMeHHO MO3TOMY MBI JOJIKHBI MPEe0OpPa30BbIBATh TEKCTOBBIE CTPOKU B YHUCIA,
JTaXKe €CJIM 3TU CTPOKHU BBINISAAT Kak uucia. [locnennuii pparMeHT UHCTPYKIUU —
reshape ((28,28)) — rapantupyer, 4YTro CHHCOK OymeT cGHOpPMHUPOBAaH B BHIC
KBaJIpaTHOM MaTpuilpl pa3zmepoM 28x28. Pe3ynbTUPYIOMIMII MAacCHUB TaKOMl ke
pa3MepHOCTH TOJIyYaeT Ha3BaHKE Image_array.

Tperbsi cTpoka NIPOCTO BBIBOJUT HAa SKpaH MAcCUB 1mage array C MOMOUIbIO
¢bynkiuu imshow (), aHaTOTUYHO TOMY, C YEM BBl YK€ CTaJkuBaiduch. Ha 3ToT pa3s
MbI BBIOpAJIA LBETOBYIO MNAIUTPY OTTEHKOB CEPOro ¢ MOMOUIBIO apameTpa cmap ="
Greys' miis Tydmiend pa3auuyuMOCTH PYKOITMCHBIX CUMBOJIOB.

Pe3ynpTaT paboThl KOJa NPEICTABIEH HUXKE.

In[281 M all_values = data_list[o] split(,")
image_array = numpy.asfarray(all_values[1.]).reshape{(z8,28))
matplotlib.pyplot.imshow(image_array, cmap="Greys', interpolation="None")

-

Out[18]: <matplotlib.image.Axesimage at ox2aa4agc1340>

]

5

10

15

20

5

> 5 15 W 5
Bol BuanTe rpaduueckoe mzoOpaxkeHue muppsl «5» , HA 4TO U yKa3bIBall MapKep.
Ecnmu Mb1 BeIOEpeM crepyromyto 3amuch, data list [1] ¢ mapkepom 0, To momyuum
MOKa3aHHOE HIKE N300paKeHue.

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

Outligl: <matpletlib.image. Axesimage at ox2aa4bizciios

o
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15

20
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['nans Ha 3TO0 M300pa)keHUE, Bbl C YBEPEHHOCTBIO MOXKETE CKa3zaTh, YTO STOH
PYKONUCHOM Udpe NeHCTBUTETHLHO COOTBETCTBYET Hudpa 0.

2. [TonroroBKa TpeHUPOBOUYHBIX JaHHBLIX MNIST
Korma MbI yxe 3Haem, Kak moiay4duTh AaHHbie U3 ¢aiaoB MNIST u u3Bieub U3 HUX
HYKHBIE 3aIIMCH, Mbl MO>KEM BOCIIOJIb30BaThCS ITHUM ISl BU3yalW3alluy JTAHHBIX.
MBI XOTUM HCIOJIB30BaTh ATH JaHHBIC JUIsI OOyUCHHS Halllell HEeMpOHHOW ceTH, HO
CHayajga Mbl JOJDKHBI NPOAYyMarTh, KaK HX CJIEAYET NOATOTOBUTH, MPEKIEC YEM
MPENOCTaBIATH CETH.
Bol yxe Bujienu, 4To HEHPOHHBIE CETU PAa0OTAIOT JIyUIle, €CJIM KaK BXOJHBIE, TaK U
BBIXOJIHBIC JTaHHBIE KOH(DHUTYpHUPYIOTCS TaKUM 00pa3oM, YTOOBIOHM OCTaBaJIMCh B
JMana3oHe 3HAYEHUH, ONTUMAJIbHOM JUIsl (DYHKIMI aKTHUBAllMU Y3JI0B HEHPOHHOMN
CETH.
[TepBoe, 4TO MBI JOJKHBI CIENaTh, — 3TO NEPEBECTH 3HAUYCHUS LIBETOBBIX KOJIOB U3
Oonpirero auama3zoHa 3HadueHnd 0-255 B HaMHOro MEHBIINH, OXBaThIBAIOIIMI
sHauenuss ot 0,01 mo 1,0. Mer namepenno BeiOpanu 3HadeHue 0,01 B xayecTBe
HIDKHEW TpaHUWIBl Juaria3oHa, 4ToOObl HM30€XaTh YHOMSHYTBHIX paHee NpoOjeM ¢
HYJICBBIMH BXOJHBIMH 3HAUCHUSAMH, TIIOCKOJBKY OHH MOTYT HCKYCCTBEHHO
0yiokupoBaTh OOHOBIICHHE BecoB. Ham HeoOs3aTenbHO BhIOMparh 3HaueHHEe 0,99 B
KayeCTBE BEPXHEW TPaHUIbl JIOMYCTUMOTO JHANa30HA, ITOCKOJbKY HET HYXIbI
n30erath 3HaueHWM 1,0 I BXOMHBIX CUTHANIOB. JIMIIL BHEIXOJHBIC CHUTHAILI HE
MOTYT TpeBbIMaTh 3HaueHue 1,0.
JleneHne MCXOIHBIX BXOAHBIX 3HAUCHUM, M3MEHSIOIMUXCcS B auana3zone 0- 255, Ha
255 mpuBeget ux k auana3zony 0-1,0. [Tocnenayroiiee yMHOKEHHE 3TUX 3HAYEHUN HA
koahdurent 0,99 npusener ux k auanaszony 0,0-0,99. Jlanee Mbl HHKpEMEHTUPYEM
ux Ha 0,01, uTOOBI BMEeCTUTh UX B JkenaeMblid nuamna3on 0,01- 1,0. Bece stu aelicTBus
peam3yeT ClIeayroImuii Ko Ha s3b1ke Python.
In[zzl: M | #npusecmu sxodxsie 3HaueRUR K duanasoHy 0,01 - 1,00

scaled_input = (numpy.asfarray(all_valves[1:]) | 255.0 * 0.9g) + 0.01

print{scaled_input)

oY ooT oo ooT ooT ooT

0.01 0.01 Q.01 Q.01 Q.01 0.0l

0.01 0.01 Q.01 Q.01 Q.01 .01

0.01 0.01 0.01 0.01 0.01 .01

0.01 0208 0.62729412 0.959223520 0.62720412 0.20411764

0.01 0.01 0.01 0.01 0.01 Q.01

0.01 0.01 0.01 0.0l 0.01 0.01

0.01 0.01 Q.01 Q.01 Q.01 0.0l

001 001 001 001 019635204 0.934

0.98835294 0.98835294 0.08835294 0.930117650.01  0.01

0.01 0.01 0.01 0.01 0.01 .01

0.01 0.01 0.01 0.01 0.01 Q.01

0.01 0.01 0.01 0.01 0.01 Q.01

0.01 0.21964706 0.80125412 0.99223529 0.98835294 0.93788235

0.01458834 0.98835204 0.23120412 0.03320412 0.01  0.01

0.01 0.01 0.01 0.01 0.01 .01

0.01 0.01 0.01 0.01 0.01 .01

0.01 001 001 0.043823530.24294118 0 B7g64706

0.98835294 0.9322352 0.98835294 0.79423529 0.33511765 0.98835204
0.092235290.483647060.01 ©0.01 001 001

PesynpTHpyronii  BBIBOJ JAHHBIX MOATBEPKIAET, YTO OHHU JIEMCTBUTEIBHO
npuHaIeKaT K Auanazony 3Hauennit ot 0,01 mo 1,00.
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Ntak, mbl ocymiecTBuid moArotoBky aanHbeix MNIST myteMm ux macmraGupoBaHuUs
W CIIBUTA M TEMepbh MOXKEM II0JIaBaTh MX Ha BXOJ HAIlell HEWPOHHON CETH Kak C
IIEJIBI0 €€ TPEHUPOBKH, TaK U C IETBI0 OTpoca.

Ha »sToM »sTame Ham Takke HYKHO MPOAyMarb, YTO JelaTh C BBIXOJAHBIMU
3HAYCHUSIMH HEUpOHHOMU ceTu. PaHee BbI BUJICNIN, YTO BBIXOJIHBIC 3HAUCHUSI JOJDKHBI
YVKJIQJbIBaThCSl B JIMAMa30H 3HAYEHUM, oOecreyrMBaeMbli (DYHKIIMEH aKTHBAIIUM.
Hcnons3yemas HaMu jJoructrudeckas GyHKIUS HE MOXKET BbIJaBaTh TaKHE 3HAUYCHMUS,
kak -2,0 mm 255. Ee 3Hauenust oxBarwiBaroT auamna3zoH uyucena oT 0,0 mo 1,0, a
dakTuyecku Bbl Hukorjga He mnoiyuute 3HadeHud 0,0 wimm 1,0, mockosbky
JOTUCTHYECKass (YHKIMA HE MOXKET HMX JOCTHIaTh W JIMIIb aCHMIITOTHUYECKH
npuOIMXKaeTCss K HAM. TakuM o00pa3oM, TMO-BUAUMOMY, HaM MPHACTCS
MacIITabMpOBaTh BEIXOHBIC 3HAUCHUS B TIPOIIECCE TPECHUPOBKH CETH.

Ho 4T0 MMEHHO MBI HOJDKHBI MTOJYYUTh HA BBIXOAE HEHPOHHOM ceTh? JomKHO Jin
3TO0 OBITH M300pakeHWEe oTBeTa? B Takom ciaydae HaMm HY)KHO MMeTh 28X28=784
BBIXOJTHBIX y3J1a.

Ecnm MBI BepHEMCS Ha IIar Ha3aj M 3aayMaeMcsl HaJ TeM, YeTO UMEHHO MBI XOTHM
OT HEWpPOHHOW CeTH, TO IIOMMEM, 4YTO MBI MPOCUM €€ KiIacCu(PuIupoBaTh
M300paKeHUe M IPUCBOUTH €My KOPPEKTHBIM Mapkep. TakumM MapKepoM MOKET
OBITH OJIHO M3 JIECATH 4ncen B auara3zoHe oT 0 10 9. DTo o3HayaeT, YTO BBIXOIHOM
CJIOM ceTH JOKeH UMeTh 10 y31I0B, IO OJTHOMY Ha KaXbIii BO3MOXXHBIM OTBET, WU
mapkep. Eciau otBeToM siBisieTcst «0» , TO aKTUBU3UPOBATHCS TOJDKEH TIEPBBINA y3e7,
TOTJIa KaK OCTaJbHBIC Y3JIbI JIOJDKHBI OCTaBaThCS IMACCUBHBIMH. EcCiM OTBETOM
ABIISCTCS «9» , TO aKTUBU3UPOBATHCS JIOJDKEH TIOCIEAHUIN Y3 BEIXOAHOTO CJIOS TTPH
MACCHUBHBIX OCTANBHBIX y3nax. Ciemyromnas WLTIOCTPAIAS TMOSCHSET ATy CXeMy Ha
HECKOJBKHUX MPUMEPAX BBIXOIHBIX 3HAUCHUH.

BoixodHoi

cnoli  Mapkep npumep “s"’ npumep “0”" npumep “9”
@ o 0.00 0as 0.02
@ 1 0.00 0.00 0.00
@ 2 0.01 0.01 0.01
@ 3 0.00 0.01 0.01
@ 4 0.01 0.02 0.40
@ s 049 0.00 0.01
@ 6 0.00 0.00 0.01
@ 7 0.00 0.00 0.00
@ g 0.02 0.00 o.01
@ q 0.01 0.02 0.86

[IepBbIil TpUMEP COOTBETCTBYET CIIy4ar0, KOTJa CETh PAcIiO3Hajla BXOJIHbIE JAHHbIC
Kak nudpy «5» . Bl BuanTE, 4T0 HAMOOIBIINKN U3 UCXOJAIIUX CUTHAJIOB BBIXOJHOTO
CJIOSI IPUHAJICKUT Y3y ¢ METKOU «5» . He 3a0bIBaiiTe 0 TOM, 4TO 3TO IIECTOM IO
CYETY y3€J, IOTOMY YTO HyMepalus y3J0B HauMHaeTcs ¢ Hyisd. Bce
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JOBOJILHO MPOCTO. OCTaIbHBIE Y3JIbI MPOU3BOAAT CUTHAJIBI HEOOJBIION BETUYUHBI,
OJM3KKe K HyII0. BBIBOI HyJIeH MOT OKa3aThCsl CIEACTBHEM OIMOOK OKPYTJICHHUS, HO
B JICHCTBUTEIHLHOCTH, KaK BbI IOMHUTE, (DYHKIIUS aKTUBAIMA HUKOTJA HE JOMYCTUT
(dakTHYECKOE HYJIEBOE 3HAUCHHE.

Crnenyromuii IpuMep COOTBETCTBYET pykonmucHoMy «0» . HamOonblnyro BelUUuHY
3/1€Ch UMEET CUTHAJI IIEPBOr0 BBIXOAHOTO y3J1a, aCCOUUUPYEMBIN ¢ METKOH «0» .
[Tocneqnuii mpumep OoJiee MHTEpECEH. 37€Ch CaMblii OOJIBIION CUTHAJI T€HEPUPYET
MOCJIEAHUN y3€ll, COOTBETCTBYIOLIUNA METKe «9» . OMHAKO U y3ed ¢ METKOU «4» maeT
CUTHaJ cpenHeil BennuuHbl. OOBIYHO HEMPOHHAS CETh JOJKHA MPUHUMATh PEILICHHUE,
OCHOBBIBAsCh Ha HAMOOJIbILIEM CHUTHAJIe, HO, KaK BUIUTE, B JAHHOM CJIyyae OHa
OTYACTH CYUTAET, YTO MPABWIbHBIM OTBETOM MOTJO Obl ObITbU «4» . Bo3MoOXkHO,
PYKOIIMCHOE HayepTaHUE CUMBOJA 3aTPYyAHWIO €ro HaJeKHOE pacro3HaBaHUE?
Takoro poja HEONPEIEICHHOCTH BCTPEUAIOTCS B HEUPOHHBIX CETSIX, U BMECTO TOTO,
qTOoOBl CUMTATh WX HEyAadeil, Mbl JOJDKHBI paccMaTpHBaTh HX KaK IOJIE3HYIO
MOJICKA3Ky O CYIIIECTBOBAHUM JAPYrOro BOZMOKHOTO OTBETA.

Otnuuno! Temepb HaM HYKHO IPEBPATUTh 3TH HUAEH B IIEJIEBbIE MACCUBBI JJIs
TPEHUPOBKU HEHpOHHOM ceTu. Kak BBl MOINIM yOEaUTHCS, €CIM TPEHUPOBOYHBIM
MIpUMEP MTOMEUEH MAapKEPOM «5» , TO JJIsl BBIXOJIHOTO y3Jia CJIEAYET CO3/AaTh TaKOH
IIEJICBOM  MacCcuB, B KOTOPOM MaJibl BCE€ DJIEMEHTBI, KpPOME€ OJHOIO,
COOTBETCTBYIOIIETO Mapkepy «5» . B 1maHHOM ciiydae 3TOT MAacCHB MOT Obl
BBITJISAIETH TpuMepHo Tak: [0,0,0,0,0,1,0,0,0,0].

B neWCTBUTENBRHOCTM  ATH  YWCIA  HYXJAOTCS B JIONOJHUTEIHLHOM
MacIITaOUPOBAHUH, TTOCKOJIbKY MBI YK€ BUJEIH, YTO MOMBITKUA CO3JJaHUS HA BBIXOJIE
HelpoHHOU ceTH 3HaueHur 0 U 1, HEIOCTHXKUMBIX B CHIJTY MCIOJIb30BaHUS (YHKLIUU
aKTUBAllUM, TPUBOAAT K OOJIBIIMM BecaM U HacklleHuto ceTu. CrenoBaTebHO,
BMECTO 3TOr0 MbI Oyjaem ucrnoiab3oBaTh 3HadeHus 0,01 u 0,99, u notomy 1eneBbIM
MacCHBOM JIsl Mapkepa «5» npoikeH 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 BBITJISIINT KO Ha si3bike Python, cosmaromuii eaeByro MaTpuiry.

M | # konuuecmso BrixodHBIX Y308 - 10 (NpuMep)
onodes = 10
targets = numpy.zeros(onodes) + 0.01
targets[int(all_valves[o])] =0.g9g

[TepBas cTpoka 1mocie KOMMEHTapHs IMPOCTO YCTaHABIMBACT KOJIMYECTBO BBIXOIHBIX
y3710B paBHBIM 10, 4TO COOTBETCTBYET HAIIEMY IPUMEPY C IECITHIO MaPKEPAMHU.

Bo BTOpoOii CTpoke C MOMOIIBIO yaoOHOW (yHKIMH nNumpy.zeros () cosmaercs
MAacCHUB, 3allOJIHCHHBIM HyIsMHU. JKemaeMble pa3smMep W KOH(UTypalus MacchBa
3a/Ial0TCsl MMapaMeTpoM TpH BbI3oBe (yHKIuu. B nganHOM cioyuae co3maercs
OJHOMEPHBI MaccuB, pa3Mep ONOJeS KOTOPOro paBeH KOJIWYECTBY Y3JIOB B
KOHEYHOM BBIXOJHOM ciioe. [Ipobiema Hymnel, KOTOPYIO MBI TOJIBKO YTO 00CYXIamu,
ycrpansiercs mytem noodasnenus 0,01 kK KakaoMy SJIEeMEHTY MacCHBa.

Crnenytolasi CTpoka BeIOMpaeT MepBbIi 2JIeMEHT 3anucy u3 Hadopa gaHHbIx MNIST,
SIBIISTFOIIIUIACS 1I€JIEBBIM MapKepOM TPEHUPOBOYHOTO Habopa, u
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npeoOpa3yeT ero B IO YWCIO. BCIOMHUTE O TOM, YTO 3amUCh YUTAETCA W3
ucxonHoro (paiima B BHUAE TEKCTOBOM CTpOKM, a He uuciaa. Kak TOJbKO
npeoOpa3oBaHUE BBIOJHEHO, IMOJYUYCHHBIH IIENIEBOW MapKep WCIOIb3YeTCs JUIs
TOTO0, YTOOBI YCTAHOBUTH 3HAYCHHUE COOTBETCTBYIOIIECTO DJIEMEHTa MAacCHUBA PaBHBIM
0,99. 3nmecp Bce Oymer HoOpMaidbHO paboTaTh, MOCKOJNBKY Mapkep «0» Oyzder
npeobpazoBan B 1enoe uucio 0, sBIsiomIeecs KOPPEKTHBIM WHACKCOM JIaHHOTO
mapkepa B MmaccuBe targets [ ]. Touno Tak xe mapkep «9» Oymer mpeoOpa3oBaH B
nenoe 4ucio 9, m anemeHT targets [9] AEHCTBUTENBHO SIBISETCS MOCICAHUM
3IIEMEHTOM 3TOTO MACCHBA.
Bot mpumep paboThl 3TOr0 Koa.
in[23]: M | #xoauyecmso 8bix0dHsIX y30108 - 10 (npumep)
onodes = 10

targets = numpy.zeros(cnodes) + 0.01
targets[int(all_values[o])]1 =0.9g

b

In[25]: M | print{targets)
[0.990.010.010.010.010.010.010.010.010.01]

Tenepb MbI 3HACM, KaK IMOATOTOBUTb BXOJAHBIC 3HAYCHUSA ST TPCHUPOBKHU HMOIIPOCaA
HeﬁpOHHOﬁ CCTHU, 4 BbIXOAHBIC 3HAUYCHUS — OJISI TPCHHUPOBKH.
OOHOBUM HAIII KOOI C yUCTOM HpO,HeHaHHOﬁ pa6OTBI. Hwuxe MpcacTaBICHOCOCTOAHHUC
KOJa Ha JaHHOM JTall€, BKJIFO4Yasd I10CJIIEAHEC OOHOBJICHHE.
in[a): M import numpy
# bubauomexa scipy.special ¢ cuzmoudoll expit (

import scipy.spec

# 2apasmupoeams pasmewjesue 2paguxu e 0GHHOM DAOKHOME,

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

# LUHUL{UANUZUDOBA M HElPOHHYH CemMb
def__init__(s2lf, inputnodes, hiddennodes, outputnodes, learningrate):
# 3a6amb KOAUYECEO Y3108 80 SXO@H et CKPBIMIOM U B‘b.’XOéHOM ciage
self.inades =inputnodes
self hnodes = hiddennodes
self.onodes = outputnodes
# Mampuyel gecossly kosdpuyuensmos ceazeld wih uwho.
# Becoaeie koagiuguesme caazell mexwdy y2aomiu y3aom |
# CAedyroLeo 108 0003HaUeHL) kaKkw__i_ |-
# will wza
#wilzwzzumd.
self.wih = numpy.random.normal (0.0, pow(self.hnodes, -0.5), (self.hnodes, self.inodes))
selfwheo = numpy.random.normal (0.0, pow(seIf.onodes, -0.5), (self.onodes, seif hnodes))

# woagrduiuenm obyJeHus

selflr=learningrate

# LICN0AB-2080HUE CLZMOUGE 8 Kayecmsae qj_yH KUWUL airmiueac i
self activation_function = lambda x: scipy.special expit(x)

pass

# mpeupoeka HellporHoll cemu

deftrain (self, inputs_list, targets_list) -
# Npeo0pa208aKLE CIUCKA BX00HELX ZHOUEHULT
# 8 dayxmeprtill maccue
inputs = numpy array{inputs_list, ndmin=2).T
targets = numpy.array(targets_list, ndmin=2)T

# paccuumams axo0aWue (U2HAAR! AR CKPLIMD20 CA0A
hidden_inputs = numpy dot(self wih_inputs)

# paccuumams ucxodALuE CUZRLTE Ar1A CKPRIMOZ0 CI0R
hidden_outputs = self activation_function(hidden_inputs)
# paccHUMAams sxXo0AWLe CUeHAB! GA BuX0GHOZ0 CA0R
final_inputs = numpy. dot{self who, hidden_out puts)

# paccHumame ucxodAwue CUgHaIL 014 8eixedHOZ0 CAoA
final_outputs = self. activation_function(final_inputs)

# owubiu esixodHOZ0 CAORA =

# (Uenesoe 3HAUEHUE - BOKMUUECKOE 3HAYEHUE]

output_errors = targets - final_outputs

# ouwubiu cxprIMo20 CA0A - 3mo owubku output_errors,

# pacnpedeneHHsie NPONOPUUOHAALHO BECoBRIM KOO UueHmam car3eld
# U perkoMBUHUP 0BaHHEIE HO CKPLIMELX V300X

hidden_errors = numpy.dot{self who T, output_errors)

# obHosume secoasie kospuyuerme dna caazeld mexdy
# CKPLIMBIM U BEXOOHLIM COAMU
self who += self Ir * numpy .dot ((output_errors * final_outputs # (1.0 - final_outputs)), numpy transpose (hidden_outputs))

# ofHoeume secoasle Ko3@giuyueHme dnA caazeld mexcdy
# BX00HEIM U CKPLIMBIM CAOAMU
selfwih += selfIr * numpy.dot{{hidden_errors * hidden_outputs * (1.0 - hidden_outputs)), numpy transpose(inputs))

pass

# onpoc HelipoHHod cemu

def query(self, inputs_list):
# npeofpazosames CUCOK BX00HLIX 3HaYeHud
# g deyxmepHeld Maccus
inputs = numpy.array(inputs_list, ndmin=2).T
# paccyumams sxodAwUe cuzHaB! G CKPLIMOoz0 CNoA
hidden_inputs = numpy.dot(self. wih, inputs)
# paccuumams ucxodRWUE CUZHAAL! ONA CKPLIMOZ0 COA
hidden_outputs = self activation_function(hidden_inputs)
# paccyumame exodALUe cUHAE! AR BLIXOOHO20 CAOR
final_inputs = numpy.dot(self who, hidden_outputs)
# paccyumams ucxodAWUE CUzHANL ONA BLIX00HOZ0 CAOA
final_outputs = self activation_function(final_inputs)
return final_outputs
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In[3]: M | input_nodes =784
hidden_nodes = 100
output_nodes =10

# kos3gguyuerm obyyerus paseH o

learning_rate = 0.3

# coz0ame 3Kk3emMnAsp HelipoHHOU cemu

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

In[5] M | # 3a2py3ums e cnucok mecmoesid Habop OakHsIX CSV-galina Habopa MNIST
training_data_file = open("mnist_train.csv",
training_data_list = training_data_file.readlines ()
training_data_file.close()

# mperuposka HelporHoll cemu

targets[int(all_values[o]
n.train(inputs, targets)
pass

B camom Hayane 3TOro Koja Mbl HMIIOPTHPYEM TrpaduyecKylo OHOINOTEKY,
no0aBiisieM KOl JJIA 3a/laHHsl Pa3MEpPOB BXOJIHOTO, CKPBITOTO M BBIXOJHOIO CJOEB,
CUMTBIBAEM MaJjblii TPeHUPOBOUHBIN Habop manHbix MNIST, a 3arem Tpenupyem
HEUPOHHYIO CETh C UCIIOJIb30BAHUEM ITUX 3aITUCEH.

[Touemy MbI BeIOpasin 784 BXOIHBIX y37a? BCrOMHUTE O TOM, YTO 3TO YHCIIO PABHO
npousBefieHUI0 28X28, MpejcTaBisIONEeMy KOJWYECTBO MHUKCENIeH, M3 KOTOPBIX
COCTOMT M300paxKeHHe PyKOMHUCHOM LU]PHI.

Bb160p CTa CKPBITHIX y3JI0B HE MMEET CTOJIb K€ CTPOrOoro HAy4HOro 0OOCHOBAaHMS.
Msbl He BbIOpasid 3TO yucio OonbimuM, dyem /84, U3 TeX COOOpaKeHUM, YTO
HEHPOHHAsI CETh JOJIKHA HaXOJIUTh BO BXOJHBIX 3HAUEHUSIX TaKHMe€ OCOOEHHOCTH WU
m1abJIOHbI, KOTOPbIE MOXHO BBIpa3uTh B 0Oojiee KOPOTKOM (opMme, 4eM caMu 3TH
3HaueHud. [losToMy, BBIOMpAs KOJMYECTBO Y3J0B MEHBIIMM, YEM KOJUYECTBO
BXOJIHBIX 3HAUEHMH, Mbl 3aCTABISIEM CETh NBITAThCS HAXOAUTH KIIOYEBBIC
OCOOCHHOCTH TIyTeM 0000menuss uHadopmanuu. B To ke Bpewms, eciiu BbIOpaTh
KOJIMYECTBO CKPBITHIX Y3JIOB CIMIIKOM MajbiM, OyAyT OTpaHMYEHbl BO3MOXHOCTH
CeTM B OTHOUIEHUHM OIpPEACNICHUsS JIOCTATOYHOTO KOJIMYECTBA OTIMYUTEIbHBIX
MPU3HAKOB WM TIa0JOHOB B HM300paxkeHWU. TeM camMbiM MBI JIMIIUIN OBl CETh
BO3MO>XHOCTH BBIHOCUTH COOCTBEHHBIE CykeHUsI oTHOCUTENbHO AaHHbIX MNIST. C
Y4€TOM TOTO, YTO BBIXOAHOW CJION JOJbKeH obecrneuuBaTh BbIBOA 10 mapkepos, a
3HAYUT, TOJDKEH UMETh JECATh Y3JI0B, BHIOOp MpoMexyTouHoro 3HadeHus 100 s
KOJIMYECTBA Y3JIOB CKPBITOT'O CJIOS MIPEACTABIISIETCS BIIOJIHE PA3yMHBIM.

B cBsi3u ¢ 3THM cneayeT caenaTh OJHO Ba)KHOE 3aMEYaHME: WUCATBHOTO OOIIEro
MeToJa s BbIOOpa KOJMYECTBA CKPBITBIX Y3JI0OB HE CylIecTByeT. B
NEHCTBUTENBHOCTH HE CYIIECTBYET M HJACAIBHOIO METOJa BbIOOpAa KOJMYECTBA
CKPBITBIX CJIO€B. B HacTosiee BpeMsi HaWdy4lIMM IOAXOJOM SIBISETCS
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MPOBEICHUE SKCIEPUMEHTOB J0 TEX MOp, MOKa HEe OyAeT MojJyuyeHa KOH(PUTYpalUsCeTH,
ONTUMAJIbHAS JIJIS1 33]1a4M, KOTOPYIO BBI MBITAETECh PEIIUTb.

KoHTpoabHBIE BONPOCHI
1. B yem 3akiito4aeTcs METO rpaiMeHTHOTO CITycKa?
2. Ha3zoBuTe npeumyIiecTBa MET0/1a TPaJUEeHTHOTO CITycKa?
3. Uro o3navaet gpynkims ommOku (ommobka)? Kak mogacuntars ommoOKy?
4. Yto npencTaBisioT coooit kodhuimeHToM 00yueHus HEHPOHHOM ceTH?
5. Kakum oOpazoMm mpoucxoauT OOHOBJICHHE BECOBBIX KOA(D(PHUIIMEHTOB B
npolecce 00y4eHus: HEHPOHHOM CEeTH.
6. Uto mpencTaBistoT codoit Habop pykonucHbIX 1upp MNIST?
7. Yto Takoe pacro3HaBaHue o0pa3oB?
8. Uto Takoe TpeHUpOBOUHKII HAOOP?
9. YUto Takoe TeCTOBBII HAOOP?
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JlabopaTopHnasi pabdora 7/
TecTupoBaHue HEHPOHHOI ceTH JJIsl PACIIO3HABAHUS PYKOMUCHBIX
uupp MNIST.
Hean: MPOBECTH TECTUPOBAHHE pa3pabOTaHHOW HEWPOHHOM ceTH s
pacmo3HaBaHus pykonucHbIX upp MNIST.

3aganue:

1. I3yunTh TEOPETHUECKOE BBEICHHUE.

2. OTBeTUTh HAa KOHTPOJIGHBIE BONPOCHI, TPHUBEACHHBIE B KOHIIC
nabopaTopHOI pabOTHI.

3. BBIIOMHUTH NpakTHYECKUE 3aJaHMsl C HUCIOJb30BaHUEM  S3bIKA
nporpamMmupoBanus Python.

4. CocTaBUTh OTUET 10 JIabopaTopHOU paboTe. Tpebosanus Kk omuemy:

OTUeT MpenocTaBsaeTCs B IIEKTPOHHOM BHUJIE B TEKCTOBOM penakrope MSWord. B
OTYETE YKa3bIBAIOTCS:

1) daMuus CTyACHTA.

2) TTopsiikoBBIN HOMEP U Ha3BaHHUE J1TaOOPAaTOPHON pabOTHI.

3) Llenas paboTHI.

4) OTBETHI Ha KOHTPOJIBHBIC BOTIPOCHI.

5) Omnwmcanue pelieHus BHIOJHEHHBIX 3aaHUH 1JaO0OPaTOPHON PabOTHI,
cojiepiKaiiee: a) hopmyauposKy 3a0anusi; 8) CKPUHULONM BbINOJHEHHO20 3A0a U,
cooeparcauuli pamunuio cmyoeHma.

3amuTa 7a00paTOpHON PabOThl OCYIIECTBISIETCS MO OTYETY, MPEICTABICHHOMY
CTYJCHTOM M C JICMOHCTpAIIMEH 3aaHusl Ha KOMITBIOTEPE.

TecTupoBanue HEMPOHHO CeTH
B nannHoii pabore mpoBepuM, Kak pabOTaeT, U CleJaeM HEUpPOCEeTh HAa TECTOBOM

Ha0ope TaHHBIX.

[Ipexae Bcero, HEOOXOAUMO MOJYYUTh TECTOBBIC 3amucH. COOTBETCTBYIONMIUNA KO
OYCHB TTOX0X Ha TOT, KOTOPHI MBI HUCIIOJIb30BAIH JIUIS TOJYYCHUS TPEHHUPOBOYHBIX
JaHHBIX.

LA
=

M | # 3azpyzume 8 cnucok mecmossild Habop daxHeix CSV-ghalina HaBopa MNIST
test_data_file = open{"mnist_test.csv", 'r')
test_data_list = test_data_file readlines()
test_data_file close()
Mp1 paclmakyemM 95THU AAHHBIC TOYHO TaK JKC, KaK U MPCAbIAYIIUEC, IMOCKOJIbKY OHH
HMCHOT aHAJIOTUYHYIO CTPYKTYPY.
Hpemae YCM CO34aBaTb LUK AJIA nepe60pa BCECX TCCTOBBLIX 3annce171, IMIOCMOTPHUM,
YTO IPOM3OMAET, €CJIM MBI BPYYHYHO BBIIIOJIHMM OJWMHOYHBIA TecT. Huke
MpEeACTaBICHbl  pe3yJbTaThl  oOmpoca yxe OOydeHHONW HEHpOHHOW  ceTH,
BBIITOJIHCHHOT'O C UCITIOJIB30BaHUEM HepBOﬁ 3aIIMCH TECCTOBOI'O Ha60pa JaHHBIX.
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M  # 3azpy3ums 8 cnucok mecmossill Habop daxHbIX CSV-dalina Habopa MNIST
test_data_file = open("mnist_test.csv", 'r’)
test_data_list = test_data_file readlines()
test_data_file close()

M # noayuums nepeyio mecmosyio
all_values = test_data_list[o] split(’,")

# BblBeCcmu Mapkep

print(all_values[o])

7

M image_array = numpy.asfarray(all_values[1:]) reshape((28,28))
matplotlib.pyplot.imshow(image_array, cmap='Greys', interpolation='None’)

29]: <matplotlib.image Axesimage at ox251210fzb20>
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Kak Buawre, B KayecTBe MapKepa II€PBOM 3alKMCH TECTOBOIO Habopa CeTh
omnpeaenuaa CMuMBoa “ 77 .
He 3a0yabTe noakouutsh 0ndanorexy matplotlib.pyplot.

M import numpy
# Bubnuomexa scipy.special
import scipy.spacial
# 2apaHMUPOSaMes pasMeleque zpaduku 8 daHHoM GA0KHOME,
# (1 He 8 0MOEALHOM OKHE
import matplotlib.pyplot
%ematplotlib inline

cuzmoudod expit ()

B pesynbrare onpoca 0Oyue€HHOUM CETH MBI MOJy4yaeM CIUCOK YHCE, SBISIOIUXCS
BBIXO/JIHBIMU 3HAUEHUSIMU KaXKIOTO M3 BBIXOAHBIX y310B. Cpasy ke Opocaercs B
rjla3a, 4YTO OJIHO U3 BBIXOJHBIX 3HAYEHHN HAMHOI'O MPEBBIIAET OCTAJIbHBIE, U 3TOMY
3HAYEHHUIO COOTBETCTBYET Mapkep 77 . ITO BOCBMOM 3JIEMEHT CHUCKA, MTOCKOJIBKY
IIEPBOMY DJIEMEHTY COOTBETCTBYET Mapkep “0” .

V¥ Hac Bce cpabotanio! Mbl 00yunsiv Hally HEUPOHHYIO CETh M JOOUJIUCH TOTO, YTO
OHa CMOIJIa ONpENeNUTh HUPPY, MPEIOCTABICHHYIO €l B BHUAEC H300paKeHUS.
BcrnomuuTe, 4TO 10 3TOr0 CETh HE CTAJKHUBAJIACh C JAHHBIM H300pa)KCHHEM,
MOCKOJIbKY OHO HE€ BXOAMJIO B TPEHUPOBOUYHBIA Habop maHHbIX. CleqoBaTeNbHO,
HEHpOHHAas CeTh OKa3ajJach B COCTOSHUM KOPPEKTHO KiIaccu(UIUpOBaTh
HE3HAKOMBIH el IuppOoBOI CUMBOII.

Jlanee HamumieM KoOJI, MO3BOJIAIOLIMI MPOBEPHUTH, HACKOJIBKO XOPOLIO HEHPOHHAs
CeTh CHPABIIAETCS C OCTAJIbHOM YacTbio HAOOpa JaHHBIX, M TMPOBECTU MOJCYET
NpaBUIBHBIX  PE3YyJbTaTOB, YTOOBI BIOCJIEACTBUM Mbl MOTJIM  OLICHUBATh
IJI0JIOTBOPHOCTH CBOMX OyAYLIUX UAEH MO COBEPIIEHCTBOBAHUIO CIIOCOOHOCTH
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CE€TH O6y‘{aTBC}I, a TaKiKC CpaBHHBATb HalIW PE3YJIbTaTbl C PE3yJIbTaTaMU,
IMOJIYUYCHHBIMU APYIUMH JIFOJIbMU.
O3HaKOMBTECH C IMPHUBCACHHBIM HHUIKC KOJOM.

M # mecmuposarue e—-dwr-

HA/M OYCHOK [ pabon

sco:acard =1
# nepebpame ece 3anucu 8 mecmogom Habope OaHHbIX

for record in test_data_list:

# NoAYYUMb CNUCOK 3HAYeHuU u3

30 i (") 8 kayecmee pazdes
aIl values = record split(’,")
# NpasuneHLIl omaem - Nepeoe 3HayeHue
correct_label = int(all_values[o])

print{correct_label, "ucTMHHEIA Mapkep™)

# macuwil ""CID.A."-.’-"""‘H U crecmume 8xo0Hb!

inputs = (numpy.asfarray(all_values[1:]) / 2
# onpoc cemu

outputs = n.query(inputs)

# UHOBKC HAUBONLWE20 3HAYEHUR ABAACMCA MAPKEPHEIM 3HAYEHUEM
label = numpy.argmax(outputs)

pur‘t\label 'oTEET CeTU")

# npucoeduHumb OUeHKy omeema cemu K KoHUY CnucKa

if (label == correct_label) :

7 8 (1y4ae npasunbHo20 omeema cemu npuoegduHums

7 K CNUCKY 3HaQ4YeHue 1
scorecard.append(1)
else

¥ 8 (1y4ae HenpasunbHO20 omaema cemu .”‘Eu-_'CE’ﬁL\’ HUMb

7 K CNUCKY 3HaQ4YeHue o

scorecard.append(o)
pass
pass

Pazbepem nmanusiii koa. [Ipexe yem BONTH B IIUKJI, 00pabaTHIBAIOIIMI BCE 3aIKMCH
TECTOBOTO Habopa JaHHBIX, MBI CO3JIaeM IyCTO# CHHCOK Scorecard, KoTopblil Oyner
CIIY)KUTh HaM >XypHaJOM OIIEHOK pabOThl CETH, OOHOBISIEMBIM MOCJHE 00pabOTKH
Ka)XJI0U 3aINCH.

B 1mukne Mbl genaeM TO, UTO YK€ J€Naldd paHblle: W3BJICKAaEM 3HAUYCHUS U3
TEKCTOBOM 3allCH, B KOTOPOW OHHW pa3feieHbl 3amATbiMH. l[lepBoe 3HaueHue,
YKa3bIBAIOIIEE IPABWIBHBIA OTBET, COXPAHSETCA B OTACIBHOW IEPEMEHHOMN.
OcTtanbHble 3HAYECHUS MACIITAOMPYIOTCS, YTOOBI MX MOKHO OBLIO HCIOJIb30BaTh B
KauecTBe BXOJHBIX JIaHHBIX I Mepenayu 3ampoca HeWpoHHOM ceth. OTBET
HEUPOHHOM CETHU COXPAaHETCs B IEPEMEHHON OUtputs.

Jlanee cienyeT DOBOJIbHO MHTEpECHasl 4acTh KoAa. Mbl 3HaeM, 4TO HauOoOJIbIIee U3
3HAQYEHUN BBIXOJHBIX Y3JIOB PAacCMATPUBAETCS CEThIO B KauyeCTBE MPABUIHLHOTO
otBeTa. MHAEKC 3TOrO y31a, T.€. ero Mo3ulUs, COOTBETCTBYET Mapkepy. Jta (paza
MPOCTO O3HAYAET, YTO MEPBBIA AJIEMEHT COOTBETCTBYET Mapkepy “0” , msaTblid —
Mapkepy “4” u T.1. K cuacteio, cymecTByeT yao0Has GhyHKIus 6ubanoTexku humpy,
KOTOpasi HAXOUT CPEeIH JIEMEHTOB MacCCHBAa MaKCUMaJIbHOE 3HAYEHUE U COOOIIaeT
ero umHaekc. OT1o (ynkuus numpy.argmax (). Jas momydenus Goiee moaApOOHBIX
CBEJICHUH O HEeW MOXKETe MOCETUTh BEO-CTPAHUILY MO CIIEYIOIIEMY aJIPECY:

https: / /docs.scipy.org/doc/numpy-
1.10.1/reference/generated/numpy.argmax.html
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Bo3sspar stoil ¢yHkimeit 3Hauenuss 0 o3HA4aeT, 4TO MPABHIBHBIM OTBETOM CEThb
cuutaetT “0” U T.1.

B mocnemneM ¢parmeHnTe Koma MOTyYEHHBI MapKep CpPaBHUBACTCS C W3BECTHBIM
KOPPEKTHBIM MapkepoM. Ecimu 006a Mapkepa OIMHAKOBBI, B KYpPHAJl 3alHCHIBACTCS
“1”, B npoTUBHOM city4dae — “0” .

-

7 UCTUHHBIA MapKep
7 OTBET CeTh
2 UCTUHHBI M3pKep
2 OTBET CeTH
1 UCTUHHBIA MapKep
10TBET CETH
0 UCTUHHBINA M3pKep
0 OTBET CeTH
4 UCTUHHBINA M3pPKEp
4 OTBET CETH
1 UCTUHHBI MapKep
10TBET CeTH
& NCTUHHBIA MapKep
£ OTBET CETU
G MCTUHHEI MapKep
g OTBET CETH
5 UCTUHHBIA M3PKep
5 OTBEeT CeTH

KpOMe TOI'0, B HCKOTOPBIX MCCTaxX KOJd MOHO BKJIIOYUTDH IIOJIC3HYIO KOMAaHAY print
(), YyTOOBI MBI CaMH MOTJH OTCJICKHBATH MMpaBUJIBHBIC MW IIPCACKA3bIBACMEBIC
3HaueHus. Huke MNpCACTABJICHBI PC3YJIbTAThl BBIIIOJIHCHHUA J3TOI'O KOAa BMCECTC C
BBIBCACHHBIMH 3aIIMCAMUA HAIIICTO pa60qer0 JKypHalia.

M | print (scorecard)

[1,1,1,2,2,2,1,1,1,3,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,1,1,1,11,
1111111131131111313111317111311711311111311111111111117171
l14,1111113131311311113131111311311313113113211¢1,1,1.111111111
211111111311311131113110601311111111111311111111131111110
l1,1111111131¢0,1,111211113121111o1,1,11,1.1.1,11,1,111111011
2,11111111313111311131113171101111101111111711010171171
l,1,1111113131311311131131311113113113131¢1,1,1,1,11,11.111111111
,111111113110011111111111111111710,111011111171
¢112111111111113111211131211311117113110111111111171111
1,1111190110117111011131111111131311111111311171171171
1,111,011 0290111711313111721131111313131173132,11171171111111:011 11
1111111131131111313111317111311711311111311111111111117171
11,1111113113111131¢1111111:<¢1,1,1,1,1,1,11,11111011101470
11,11119¢21119011111110111111113113111110113110110711,

lf 1] j'J lf 1I’ lf 1] j'J O.. lI’ lJ Jl 1I’ lf 1] j'J lf 1I’ lJ Jl 1I’ lf 1I’ lJ Jl 1I’ lf 1] j'J lf Df 1] j'J lf 1I’ lJ Jl 1I’ lf 1I’ lJ Jl of I:lJ
1f 1.| :lJ :lf 1[ 1f 1.| :lJ :lf 1f 1.| :lJ :lf 1[ D.l :lJ :lf 1[ 1J :l! 1[ 1f 1[ 1J ol‘ 1f 1[ 1J :l! Of 1[ D! 1[ 1f 1[ 1J :l! 1[ 1f 1.| :lJ :lf 1[ 1J

JlonmonHuM KoJ (pparMEeHTOM, KOTOpPbIM OyAeT BBIBOJAUTH OTHOCUTEIBHYIO JOJIO
IPAaBUJIBHBIX OTBETOB B BUJE JPOOH.

M | # paccuumame noxazamens sgdekmusHocmu 8 sude
# Joau NpasuALHLIX 0MEemos
scorecard_array = numpy.asarray(scorecard)
print ("3@dekTMEHOCTE = ¥, scorecard_array.sum()  scorecard_array.size)

3bGEKTMEHOCTE = 0.0456

OTa [0J5 paCCUNUTHIBAETCS KAK KOJMYECTBO BCEX 3alUCEN B )KypHaJe, COAEpPKAIINX
“1” , nmeneHHoe Ha O0O0IIEee KOJWYECTBO 3amucei (pasMmep kypHana). Bor kakum
MOJIy4aeTCsl pe3yJIbTaT.

B coorBercTBUM C pe3ynbTaTaMu OOyYE€HHUS HAIIeW MPOCTOM TPEXCIOMHOU
HEHPOHHOW CETH C MCIOJIb30BAaHMEM MOJHOro Habopa, BKItoyaromiero 60 Teicsay
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NPUMEpPOB, U TOCJENyIomero TecTupoBanus Ha 10 ThicsYax 3amucell MoKas3arenb
obmeit apdexTuBHOCTH ceTH cocTaBiseT 0,9466.

OTOT mnoKa3arenab, paBHbIA MHOYTH 95%, MOXHO CpaBHUTh C AHAJIOTMYHBIMHU
pe3yiapTaTaMH  JTAJOHHBIX TECTOB, KOTOpPbIE MOKHO HalTM MO  ajpecy
http://yann.lecun.com/exdb/mnist/. Bel yBuauTe, 4T0 B HEKOTOPBIX CIy4asx Hallu
pe3ynabTaThl JlaXe JIy4dllle STAJIOHHBIX W IOYTH CPAaBHUMBI C NPUBEICHHBIMH Ha
YKa3aHHOM CaWTe pe3yJIbTaTaMu sl IPOCTEUIIE HEUPOHHOU CETH.

OTO BOBCE HE TakK IUI0XO. MBI JTOJKHBI OBITh JOBOJIBHBI TEM, YTO Hallla IEpBas
HOMBITKA MPOAEMOHCTpHpoBasia 3((eKTUBHOCT Ha YpOBHE HEHPOHHOH CeTH
npo¢eCCUOHATBHBIX UCCIIE0BATENCH.

Kcratn, Bac He MJODKHO YOUBIATH, YTO Jake B Clydyae COBPEMEHHBIX
OBICTPOACUCTBYIONINX JOMAIIHUX KOMIIbIOTEpPOB o0OpaboTka Bcex 60 Thicsau
TPEHUPOBOYHBIX MPUMEPOB, IJII KaXIOTO W3 KOTOPBIX HEOOXOJUMO BBIYUCIHUTH
pPaCIPOCTPAHEHNE CUTHAJIOB OT 784 BXOJHBIX Y3JIOB YEPE3 CTO CKPBITBHIX Y3JIOB B
IpsIMOM HAaIpaBJeHHUH, a TAK)Ke 00OpaTHOE paclpoCTpaHEHHE OMMOOK U OOHOBJICHHE
BECOB, 3aHMUMAET OIIYTHMOE BpEeMs.

YayuuieHue pe3yJbTATOB: HACTPOHKA KO3 duuueHTa 00y4yeHust

[TonpiTaemcst ynydmuTh pa3pabOTaHHBII K 3TOMY MOMEHTY KOJ, BHECSI B HETO
HEKOTOPbIE YCOBEPIIICHCTBOBAHUSI.

[Ipexxne Bcero, Mbl MOKEM TOMBITATHCS HACTPOUTH KoddduimeHT oOyuenus. [lepen
ATUM MBI 3a1aJ1 ero paBHEIM 0,3, maXke HE TECTUPYS APYTHE 3HAYCHUS.

JlaBaliTe yIBOMM 3TO 3HA4Y€HHUE 0 BEIUYMHBI 0,6 1 TOCMOTPUM, KAK 3TO CKAXKETCA
Ha CIOCOOHOCTM HEUPOHHOW ceTu o0yuaThcs. BrImogHEeHWE KoJa C TakUM
3HaueHneM kod(ddurmenta oOydeHmst maetr mokaszarenb dddextuBHocTH 0,9047.
DTOT pe3ynbTaT Xyxke mpexHero. [lo-Bmmumomy, yBenwdenune KodddumueHTa
oOy4eHHsI HapylIlaeT MOHOTOHHOCThH TMPOIlECCa MHUHHUMHU3AIMH OIMHOOK METOJI0M
IPaIUEHTHOTO CITyCKa M COMPOBOXKIACTCS MEPECKOKAMH YePEe3 MUHHMYM.

[ToBTOpUM BBIUMCIIEHUS, YCTaHOBUB KO3 duineHntT ooyuenus paBubim 0,1. Ha stoT
pa3 moka3zarenb dddexruBHOCTH yaydmruics g0 0,9523, 4ro moutw coBmamaeT ¢
PE3YNBTATOM ITAIOHHOTO TECTA, KOTOPBIM MPOBOJUIICS C UCIOJIB30BAHUEM THICSYU
CKPBITHIX Y3JIOB.

Uto mpowusoiier, €ciu Mbl MOWIEM elie Jajbllle U YMEHBIINM KO3(PPHUIIUEHT
ooyuenus 10 0,017 OxaspiBaeTcs, 3TO TaKKe MPUBOJIUT K YMEHBIIEHUIO TTOKA3aTels
adpdextrBHocTH cet a0 0,9241. I[lo-BUaAMMOMY, CIHUIIKOM Majble 3HAYCHUS
kod(pduimenTa oOydeHHMs] CHUXAIOT A(PPEKTUBHOCTb. ITO MNPENCTaBIACTCS
JIOTUYHBIM, ITOCKOJIBKY MaJIble IIard YMEHBIIAIOT CKOPOCTh IPAJMEHTHOTO CITYCKa.
OnucanHbIe Pe3yNbTAaThl MPEACTABICHBI HIDKE B BHAE rpaduka. Jlosd momydeHus
0ojiee TOYHBIX HAyYHBIX PE3yJbTaTOB HAM CJICJI0BAJI0 OBl TPOBECTH TaKHe
AKCIIEPUMEHTHI MHOYKECTBO pa3, YTOOBI HCKITFOYUTH (DaKTOP CIYYaHHOCTH U BIIMSHHC
HEY/Ia4YHOTO BbIOOpa MaplIpyTOB IPAJUEHTHOIO CITyCKa, HO B LEJIOM OH
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MO3BOJIIET  MPOUJUIIOCTPUPOBATH OOINYI0 HICI0 O CYIIECTBOBAHWU HEKOETO
ONTUMAJILHOTO 3HaYeHUs K03 uImeHTa 00yueHus.

3asucumocTb 3P PeKTUBHOCTH OT KoaddUUMeHTa obyveHus
Habop pankbix MNIST ¢ 3-cnoRHOR HERPOHHOW CETLIO

0.98
0.96
0.94
0.92

0.9

0.88

IddexTneHocTs

0.86

0.84

0.82

0.8
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

Koadduumenr obyuenun

Bun rpaduka moackaspiBaeT HaM, YTO ONTUMAJIBHBIM MOKET OBITh 3HAYCHUE B
uarepBasie ot 0,1 ngo 0,3, mosromy wmcneitacm 3Hauenue 0,2. Ilokazarenn
sbdextuBHOCTH TONMyuuTcss paBHbIM 0,9537. MBI BUIuM, YTO 3TOT pe3yjbTaT
HEMHOTO JIy4Ille Te€X, KOTOPhIC Mbl UMENH TPH 3HAYCHUAX KoddduireHTa o0ydeHus,
paBubix 0,1 nmu 0,3,

Wtak, MBI OcTaHOBMMCS Ha 3HadyeHWW Kodddunuenta oOyudenus 0,2, koTopoe
POSIBUIIO ce0s Kak onTUMalibHOE J1sl Habopa nanHbiXx MNIST u Hameill HelipoHHOM
CETH.

[Ipy BBIMOTHEHUH STOTO KOJA BAllld OICHKA OYAyT HEMHOTO OTIWYaThCS OT
MPUBEACHHBIX, TTOCKOJBKY IPOIECC B IICJIOM COJEPKHUT DJIEMEHTHI CIIYYalHOCTH.
Bam cimydaiinpiii BBIOOp HayalbHBIX 3HAYEHHUH BECOBBIX KOA(DPHUITMEHTOB HE Oyaer
COBMNAJATh C MPUBEACHHBIM, a IOTOMY MapuIPyT TPATUEHTHOTO CITyCKa ISl BaIlIero
KozAa OyJieT ApyTuM.

YayunieHnue pe3yabTaTOB: MHOTOKPATHOE NOBTOPEHNE TPEHNMPOBOYHbBIX
IUKJI0B
CrnenyroluM yCOBEPIICHCTBOBAaHMEM OyJeT MHOTOKPAaTHOE MOBTOPEHHE IIUKIIOB

TPEHUPOBKU C OJHUM U TE€M K€ Ha0OpOM JaHHBIX. B OTHOIIEHWH OJHOTO
TPEHUPOBOYHOTO I1IMKJIa MHOTAA HCIOJIb3YIOT TepMUH dmoxa. lloatomy ceaHnc
TPEHUPOBKU M3 JIECSATH OIMOX O3HA4YaeT JIECATUKPATHBIM TPOTOH  BCETO
TPEHUPOBOYHOTO HAOOPA TAHHBIX. A 3a4€M HaM 3TO JeNaTh?

Ocob6enHo ecnu s 3Toro kommneroTepy norpedyercs 10, 20 unu naxe 30 MuHyT?
[TpuunHa 3aKir09aeTcs B TOM, YTO TEM CaMbIM Mbl oOecrieunBaeM OOJbIIIEE YUCIIO
MapHIpyTOB TPAJANUCHTHOTO CITyCKa, ONTUMHU3HPYIONINX BECOBBIC KOIPDHUITUEHTHI.
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ITocMOTpuM, 4YTO HaMm AanyT ABE TPEHUPOBOYHBIE BMOXU. 11 3TOrO MBI JOJDKHBI
HEMHOI'0 U3MEHUTH KOJ, IIPELyCMOTPEB B HEM JIOIOJIHUTEIBHBINA UK BBIIIOJHEHUS
KOJ1a TPEHUPOBKH.

N # MpeHupoexka n'-u_CGr-H:‘J cemu

yKa3sLliaaem, CKOALKO pa3 mpeHupoBoyHLIl

UCNoABL3YeMCA 0N MPeHUPoBKU cemu

epochs =

forein rarge(epochs):
# nepefpame ece 3anuUcu & MPeHUpoBoYHOM Habope OaHHEIX
for record in training_data_list

# noay4yums CNUCOK 3Ha4YeHu Wius 2anucu, ucnoab3yns cumeons!

# 2anamoli (') 8 kayecmee pazdenumened

all_values = record.split(’,)

# macwmabupoeams U CMECmUMs 8xo0Hble 3HaYeHUR
inputs = (numpy.asfarray(all_values[1:]) / 255.0 # 0.95) +
# coz0ame yenessie 85ix00HBIe 3HQYRHUA (8Ce PABHLI 0,0
# UCKAKYeHUeMm Hen 0 MAapKepHOz0 3
targnts = nJmoy zeros(output_nodes) + 0.01

] - Ueniesoe MapKepHoe 3HaYeHue o on

# 0aHHO nucu
targets[int(all_values[0])] =0
n.train(inputs, targets)
pass

pass

LD

PesynpTupyrommii nokaszarens 3ppekTuBHOCTH AJis1 IBYX 3mox coctasisieT 0,9579,
YTO HECKOJIBKO JIy4llI€ MOKAa3aTes JJIsl OJHOM SIOXH.

[logo6HO TOMy, Kak Mbl HacTpauBadud KOIP(GUIHMEHT O0Oy4YeHUs, NPOBEIEM
HKCIIEPUMEHT C UCTOJIB30BAHUEM PA3IUYHOIO KOJIMUYECTBA 3MOX U MOCTPOUM rpaduk
3aBUCUMOCTH TOKazarenss d3(dexktuBHocTH OT 31oro (akropa. HWHTYHMuus
MOJICKa3bIBAET HAM, YTO 4eM OOJIbIlI€ TPEHUPOBOK, TeM BhIlIe dpPexkTuBHOCT. HO
MOJKHO TPEAMOIOKHUTh, YTO CIUIIKOM OOJBIIIOE KOJIMYECTBO TPEHUPOBOK UPEBATO
yXyameHueM 3(QQEKTUBHOCTH H3-3a TaK Ha3blBA€MOIro Iepeo0y4eHUs CETU Ha
TPEHUPOBOYHBIX  JaHHBIX, CHIDKarOmero 23¢GGeKTUBHOCT, mpu pabore ¢
HE3HAKOMBbIMHM JaHHbIMH. DakTopa mnepeoOydeHHs! CIIEeIyeT OIacaThCsi B JIFOOBIX
BUJIaX MAlIMHHOTO 00y4Y€HUs, @ HE TOJBKO B HEMPOHHBIX CETAX.

B nanHOM citydae Mbl IMEEM CIIEIYIOIINE PE3YIbTaThI.
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3aBnCMMOCTL 3OPEKTUBHOCTU OT KONKYECTBA 3NOoX

0,962

0,96

0,958

IddexTnsmocTs

0,956

0,954

0,952
0 5 10 15 20

Konwuuecrso snox

Tenepp nukoBoe 3HaueHUe 3¢ dexTuBHOCTH cocTaBisgeT 0,9628, wmm 96,28%, npu
CEMHU DIOXaX.

Kak Bumgute, pe3ynbTaTbl OKa3aluCh HE CTOJIb MPEJCKAa3yeMbIMU, KaK 0XKHIAJOCh.
OnTumanabHOE KOJWUYECTBO Omox — S5 win 7. Ilpu OOJpIIMX 3HAYECHUIX
3G (HEKTUBHOCTH TAJAET, YTO MOXKET OBITH Cle[CTBUEM MepeolOyueHus. [IpoBanmpu
6 smoxax, 1Mo BCe BEpOSITHOCTH, OOYCJIOBJICH HEYJAaYHBIMHM MapaMeTpaMu IIHKJIA,
KOTOpbIE TPUBEIN TPAIUSHTHBIA CIYCK K JIOKHOMY MUHUMyMy. Ha camom nene
MOXHO OBLTIO OXHUJaTh OOJIBIIEH BapHWallMA PE3yJbTAaTOB, ITOCKOJIBKY MBI HE
MPOBOJMIM MHOKECTBA OJKCIEPHUMEHTOB I KaXKIOHW TOYKH JIaHHBIX, YTOOBI
YMEHBIITUTh BapHaIMIO, BBI3BAHHYIO CTydalHBIMU (hakTopaMu. IMEHHO TTO3TOMY MBI
OCTaBWJIM 3Ty CTPAHHYIO TOYKY, COOTBETCTBYIOIIYIO IIECTH JIIOXaM, YTOOBI
HAallOMHUTh BaM, 4YTO IO camMOil CBO€Wl cyTu oOydeHHEe HEHpPOHHOW ceTHu — 3TO
CIIy4aiHBIN MPOIECC, KOTOPBIM MHOTAa MOKET paboTaTh HE OYEHb XOPOIIIO, a HHOT/IA
¥ OYEHb TIJI0XO.

Jlpyroe BO3MOXKHO€ OOBSICHEHHE — 3TO TO, YTO KOIPGUIMEHT 0O0y4YeHUs OKa3ajcs
CJIMIIIKOM OOJBITUM [JIs1 OOJIBIIIETO0 KOJMYecTBa dMoX. [IoBTOpUM H3KCHEpUMEHT,
yMeHbIUB Kodddurment odyuenus ¢ 0,2 10 0,1, 1 TOCMOTPUM, YTOTIPOUZOHICT.

Ha cnenyromem rpaduxe HOBbe 3HaueHUS 3(PGEKTHBHOCTH Tpu KOIDGUIIMECHTE
oOyuennst 0,1 mpeacraBieHsl BMECTE C MPEABIIYIIMMH pe3ybTaTaMHu, 4TOOBI HX
OBLJIO JIETYe CPAaBHUTH MEXIY COOOM.
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' 3aBnCcUMOCTb 3GPEKTMBHOCTU OT KONUYECTBa 3N0X
Habop panHbix MNIST ¢ 3-cnoiHON HeHPOHHOM ceTbio
0,97
0,968
0,966

0,964

0,962

0,96

IddenTrenocTs

| 0,958

0,952
0 5 10 15 20

Konuuecrso snox

Kak HeTpyaHO 3aMeTHUTh, YMEHbIIEHHE KO3(@uimenta oO0ydyeHus ACHCTBUTEIBHO
MPUBENO K YIYy4IIEHUIO 3P(HEKTUBHOCTH MPU OOJIBIIOMKOJINYECTBE 3110X. [InKoBOMY
3naueHunto 0,9689 cooTBeTCTBYET BEPOATHOCTH OMIMOOK, paBHas 3% , 9YTO CPAaBHUMO
C DTaJOHHBIMM pE3yJlbTaTaMH, yKa3aHHbIMM Ha caiite fHa JlekyHa mo anpecy
http://yann .lecun.com/exdb/mnist/.

WMHTynius nojacKa3blBaeT HaM, 4TO €CIM Mbl IJIAHUPYEM HCIIOIb30BAaTh METOJ
IPAaAUEHTHOTO CIycKa NpU 3HAUYUTEIbHO OOJIbLIEM KOJMWYECTBE JMOX, TO
yMeHblIeHue ko3 duiinenta oo0ydenus (0ojiee KOPOTKUE IIaru) B 1EJIOM MPUBEIET
K BBIOOPY JIYYIHMX MapUIpyTOB MUHHMH3ALMKU OMIMOOK. BepostHo, 5 3mox — 3To
ONTUMAJIbHOE KOJMYECTBO JIsi TECTUPOBAHMS HaIlled HEUPOHHOU CETH C HaOOpOM

nma"gaeix MNIST.

H3venenne KOHGUIYPALUU CeTH

OnuH U3 GakToOpoB, BIMSHUE KOTOPHIX MBI €IlI€ HE UCCIIEeN0BAIN, — KOHPUTypauus
HelipoHHoi cetn. Heob6xoaumo mnonpoOOBaTh HM3MEHUTh KOJIMYECTBO Y3JIOB
CKPBITOT'O MMPOMEXYTOUHOTO cJ0sl. MblI ycranoBuiin ero pasHbiM 100.

[Ipexxne yeM MpUCTYNUTh K HKCIIEPUMEHTaM C Pa3IUYHBIMUA KOJIMYECTBAMU CKPBITHIX
y3JI0B, 1aBalTe MOJIyMaeM, YTO MPU ITOM MOXKET CIIydUThCs. CKPBITHIN CIOM Kak pa3
U SIBJISIETCS. TEM CJIOEM, B KOTOPOM MPOUCXOIUT oOydeHue. BcroMHuTe, 4TO y3JIbI
BXOJIHOTO CJIOSl IPUHUMAIOT BXOJIHBIE CHUTHAJIbI, & Y3JIbl BBIXOJIHOTO BBIJAIOT OTBET
cet. COOCTBEHHO, CKPBITBIA CION (WS CIIOM) JOJKEH HAYYUTh CETh IpEeBpalllaTh
BXOJIHbIE CUTHAJIBI B OTBET. IMEHHO B HEM ITPOUCXOUTOOyUEHHE.

Ecnu 651 y Hac ObLIO CIIMIIKOM MaJio CKPBITBIX Y3JI0B, CKaKeM, TPU, TO Mbl HE UMEIH
Obl HUKAaKHUX IIAHCOB OOYYUThH CETh YeMY-THOO, HAYYUTh €€
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npeo0pa3oBbIBaTh BCE BXOJHBIE CUTHAJIBI B KOPPEKTHBIE BBIXOJHBIE CHUTHAJIBI.
OrpaHuyeHusi TaKOro poja Ha3bIBAIOT CMOCOOHOCTHIO K 00yueHu10. HeBo3MoxHO
oOy4HTh OOJBIIEMY, HYE€M IIO3BOJIIET CIOCOOHOCTh K OOYYEHHIO, HO MOXKHO
YBEIMYHUTH CIIOCOOHOCTH K 00YUEHHUI0, NU3MEHUB KOH(DHUTYPAITHIO CETH.

Yro, ecim Ob1 y Hac Obuto 10 ThICSY CKpBITHIX y3m0B? Hy ma, B Takom ciydae
CIIOCOOHOCTH K OOYYEHHWIO BIIOJHE XBATHJIO ObI, HO MBI MOTJIH OBl CTOJKHYTHCS C
TPYJHOCTSIMU OOYYEHHUSI CETH, MOCKOJIbKY YHCIO MapUIPYyTOB OOydeHUs ObLIO Obl
HEMoOMepHO OousbiiuM. He ucCKItoueHo, 4YTO JJIi TPEHUPOBKUM TaKOW CETH
nmona1oouock 061 10 TEICSY 3IT0X.

BbImoHUM 3KCIEPUMEHTBI U TOCMOTPHUM, YTO MOJTYYUTCS.

33BUCMMOCTD 3DDEKTUBHOCTM OT KONMYECTBA CKPBITBLIX Y3108
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KOAMNECTBO CHPLITHIX Y3NO08

Kak Bugute, npu HEOOJBIIOM KOJUYECTBE Y3JIOB PE3yNbTaThl XyXe, YeM IpH
OOMBIINX KOJMYECTBAX. DTO COBMAAAET C HATUMH OXXUAAaHUSAMHU. OJHAKO Jaxe AJis
BCETO JIMIIb MSATU CKPBITHIX Y3JI0B Moka3arenb 3¢ dekTuBHOCTH coctaBuii0,7001. 3to
YIWBHUTEIHHO, TOCKOJBKY TpPH CTOJb MaJlOM KOJHYECTBE Y3JI0B, B KOTOPBIX
MPOUCXOJUT COOCTBEHHO OOyuY€HHE CeTH, OHa Bce paBHO naer /0% mnpaBHIIbHBIX
OTBETOB. BCcrmoMHMTE, YTO 710 TOTO MBI BBITIOJMHSUIM TECTHI, UCTIONB3YS CTO CKPBITHIX
y370B. Ho maxe nmecsth CKpBITHIX y3710B obOecrneunBaroT TouHoCcTh 0,8998, nmm 90%,
YTO TOKE BIIEYATIISET.

HeiiponHast ceTb cnocoOHa JaBaTh XOpOILIWE PE3yibTAaThl JIaXe MPU HEOOJBLIOM
KOJIMYECTBE CKPBITHIX y3JI0B, B KOTOPbIX M MPOUCXOAUT OOy4YeHHE, YTO
CBUJETEIBCTBYET O €€ MOIIIHBIX BO3MOKHOCTSIX.

[To mepe npanmpHEHIIEro YBETUYEHHUS KOJMYECTBA CKPBITBHIX Y3JIOB PE3yJbTaThl
NPOAODKAIOT YIy4IIaThCs, OJHAKO YXE€ HE Tak pe3ko. [Ipm AToM 3HAYUTENTHHO
pacteT BpeMms, 3aTpauMBaeMoe Ha TPEHHPOBKY CETH, IOCKOJIbKY J100aBJieHHE
KaXJI0TO JIOTIOJIHUTENFHOTO CKPBITOrO y3Jla MPUBOIUT K YBEJIWYEHUIO KOJMYECTBA
CBSI3€H Y3JI0B CKPBITOI'O CIIOSI C Y3JaMH MPEIbIAYLIEr0 U CIEAYIOIIEro CIOeB, a
BMECTE C 3TUM U o0bema BbruncieHuil. [loaromy HeoOX0auMO TOCTUraTh
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KOMIIPOMHCCA MEXIy KOJWYECTBOM CKPBITBIX VY3J0B M JOMYCTUMBIMHU
3aTpaTamMu BPEMEHH.

MpbI Takke yCTaHOBWJIM HOBBIN pexopa TouHocTH: 0,9751 nipu 200 CKpBITHIX
y3nax. Jnurenbusiit pacuer ¢ 500 yznamu obecneuns tounocts 0,9762. 310
JNEUCTBUTEILHO HETUIOXO MO CPaBHEHUIO C pe3yJbTaTaMU ATAJOHHBIX TECTOB,
OITyOJIMKOBAaHHBIMU Ha caiite JlekyHa.

BosBpamiasice k rpadukam, MOXXHO 3aMETHTh, YTO HEMOJAAIOIIMNACA paHee
npeaen TouHoctd 97% ObUT MPEoI0JIeH 3a cueT U3MEHEHHS KOH(PUTYpaluH
CETH.

Hroru
JaBas 0OmIyl0 OIIEHKY MpoJielaHHOM HamMu paboThl, HEOOXOAUMO
IOTYCPKHYTh, YTO IMPH CO3JaHUU HEHMPOHHOH ceTH ¢ moMolnbio Python mbr
MCMOJI30BAJIM JIMIIb CAMBIE IPOCTHIE KOHIICTIIIUH.
W tem He MeHee ¢ TOMOIILI0 HEHPOHHOU CeTH HaMm, Jake 0€3 UCTOJIb30BaAHUS
KaKUX-JIM00  JIOMOJHUTENBHBIX MATEeMaTUYECKUX YXHUIIPEHUH, YAaI0Ch
IIOJIyYUTh BIIOJIHE JOCTOMHBIE PE3YJIbTAThI.
Jlammee MOMXHO TMPOJOJKUTH OKCIEPUMEHTBI C YK€ CO3JAHHOW Hamu
HEUPOHHOU CETHI0 — HCIOJIb3YHTE JAPyroe KOJUYECTBO CKPBITHIX Y3JIOB,
3agaBaiite apyrue Ko3GuUIHMEeHTHI MACIITAOMPOBAHMS WJIH [aikKe
3aJedcTByiiTe APYIYI0 QyHKIUI0 AKTUBALMHU M AHAJIU3UPYHTE, YTO NPH
3TOM MPOUCXOAHUT.
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1. OO01ue moJI0KEeHUSA

CamocrosarenbHass pabora — IulaHUpyeMass ydyeOHas, y4eOHO-HCCIIeOBaTeNbCKasl,
Hay4YHO-HUCCIIEJ0BATENIbCKAs paboTa CTYIEHTOB, BBINOIHAEMas BO BHEAYAUTOPHOE (ayAUTOPHOE)
BpeMs 10 3aJaHUI0 M TP METOJMYECKOM pYKOBOJACTBE TIpenojaBareis, HO 0e3 ero
HEMOCPEACTBEHHOI0 y4yacTHs (IIPU YaCTUYHOM HENOCPEJICTBEHHOM YYaCTHM IpernoaaBaTelis,
OCTaBJISIONIEM BEIYIIYIO POJIb 32 PadOTOM CTYACHTOB).

CamocrostensHas padota crynaeHToB (CPC) B BY3e siBnsercs BaXXKHBIM BUIIOM YUEOHOM
Y HAy4HOH JEATEIBHOCTH CTYICHTA.

K 0CHOBHBIM BHJ1aM CaMOCTOSITEIbHON paOOThI CTYA€HTOB OTHOCSTCA:

— (dopMupoBanne © YCBOGHHE COJCpKAaHMS KOHCIEKTa JIeKIuid Ha 0ase
PEKOMEH/IOBAaHHOM  JIEKTOPOM  y4eOHOM  surepaTypsl, BKIOYas  MH(POPMALUOHHBIE
o0pa3oBaTeNbHbIE PECyPCHI (AIEKTPOHHBIE YIEeOHUKH, SJIEKTPOHHBIE OMOINOTEKH U JIp.);

— HalMcaHue JOKJIA0B;

— IOJrOTOBKA K CEMHMHApaM, IPaKTHUECKUM U J1a00opaTOpHbIM paboTam, UX 0popMIICHHE;

— COCTaBJIEHUE AaHHOTHUPOBAHHOI'O CIIHCKa CTaTell M3 COOTBETCTBYIOLIUX KYPHAJIOB IO
OTpacJiIM 3HaHUM (IIe1aroru4eckKux, ICUX0JIOTMYECKUX, METOIMYECKUX U JIP.);

— BBINIOJIHEHHE y4eOHO-NCCIIE0BATENILCKUX paboT, IPOEKTHAS AEATEIbHOCTD;

— MOATOTOBKA MPAKTHYECKUX pa3pabOTOK M PEKOMEHJAIMA 10 PEIICHUI0 MPOOIeMHON
CUTYalluu;

— BBIIIOJIHEHUE [OMAIHUX 3aJaHUi B BHJE PEIICHHs OTHEJIBHBIX 3a]ad, IIPOBEICHUS
TUIIOBBIX PACYETOB, PACUETHO-KOMIBIOTEPHBIX M HHAWBUIYaJbHBIX padOT IO OTAEIbHBIM
paszzesiaM colepKaHus JUCLMILINH U T.1.;

— KOMIIBIOTEPHBIM TEKYLIUl CAMOKOHTPOJIb W KOHTPOJIb YCIIEBAEMOCTH Ha 0a3ze
AJIEKTPOHHBIX 00YYAIOIIMUX U ATTECTYIOLIUX TECTOB;

— BBINIOJIHEHHE KYPCOBBIX Pa0oT (MMPOEKTOB) B paMKax TUCLMILIMH;

— BBINOJIHEHHUE BBITYCKHOW KBaJIM(DUKAIIMOHHON paboThI U JIp.

MeTtoauka opraHu3alli CaMOCTOSITENIbHON pabOThl CTYAEHTOB 3aBUCUT OT CTPYKTYpBHI,
XapakTepa U OCOOEHHOCTEHW HM3y4aeMO AMCLUUIUIMHBI, 00bE€Ma 4acoB Ha €€ H3ydeHHue, BUAA
3alaHuil ISl CaMOCTOSITENbHON pabOThl CTYAEHTOB, MHAMBUAYAJIbHBIX KadeCTB CTYJIEHTOB U
yCIOBUN yueOHOW AeSITeIbHOCTH.

[Ipomiecc opranmzanuu CaMOCTOSITENIPHOM pabOTHl CTYIEHTOB BKIIOYAET B ceOs
CJIEIYIOINE ATAIbI:

. MTOATOTOBUTENBHBIN (ompenenenue eneu, COCTAaBJICHHE
IporpaMMbl,  TOJTOTOBKAa  METOJMYECKOro  oOecreueHus,  MOATrOTOBKa
o0opyoBaHus);

. OCHOBHOH (peanmu3alusi NpOrpamMMmbl, HCIIOJIB30BAHUE IIPUEMOB

norcka MHGOpPMAIUH, YCBOCHHUSI, TepepadOTKH, MPUMEHEHHUsI, TTepeiaull 3HAHUM,
(buKcupoBaHHe pe3yabTaTOB, CAMOOPTAHHU3AIIUS MPOoIIecca paboThI);

o 3aKJIIOUUTENbHBIN (OI[EHKA 3HAYMMOCTH U aHAJIU3 PE3YJIbTATOB, UX
cUcTeMaTu3anus, OIleHKa J(PQPEKTUBHOCTH MPOTPaMMBI M TPUEMOB pPabOTHI,
BBIBOJIbI O HAIIPABJICHUAX OIITUMH3alINN pr,lla).

CamocrosiTenbHas pabota no AucuuiimHe «CHeTeMbl HCKYCCTBEHHOI0 MHEJIEKTa)
HarpaniieHa Ha (POPMUPOBAHUE CIECAYIOIINX KOMIETEeHIIUA:
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3.

Kon DopMyJIUPOBKA:

YK-1* Crnoco0eH OCyIIeCTBIIATh MOUCK, KPUTUYECKUIN aHaIU3 U CHUHTE3 MH(pOpMaIuu,
MIPUMEHSATHh CUCTEMHBIN MOAXO0/ JIJIsl PEIICHUsI TOCTABJICHHBIX 3a7a4
YK-2 CrnocoOeH ompenensTh Kpyr 3ajady B paMKaX MOCTaBJICHHOW IIeJId M BBHIOMPATh

ONTUMAJIFHBIC CITIOCOOBI UX PEIICHUS, HCXOAS U3 JACUCTBYIONINX MPABOBBIX HOPM,
HMMEIOILIUXCS PECYPCOB U OTPAaHUYEHUI

* Homep Komnemenyuu usMeHumsy 6 cOOMeemcmeuu ¢ 00pa3oeamenbHoll RPOPaAMMOoil
2. Ileapb u 321241 CAaMOCTOATEIbHON PadOTHI

ITpu oprannzanuu CPC BaxXHBIM U HEOOXOAMMBIM YCIOBHEM CTAaHOBATCS (POPMHUPOBAHUE
YMEHHUSI CaMOCTOSTENbHOW pabOThl sl TPUOOPETEHHsI 3HAHWK, HABBIKOB M BO3MOXKHOCTHU
OpraHu3anuy ydeOHOM U Hay4yHOH JesTenbHOCTH. Llenbio caMocTosTenbHOM paboThl CTYJEHTOB
SBIISICTCSA OBJIAJeHHE (PyHIaMEHTAIbHBIMH 3HAHUSAMHU, NPOPECCUOHATBHBIMH YMEHHSMH U
HaBbIKAMU  JIESATEIBHOCTH O MNpO(UII0, ONBITOM TBOPYECKOH, HCCIeI0BaTENbCKON
JESITEIIbHOCTH. CamocrosTenbHass ~ paboTa  CTYJEHTOB  CIIOCOOCTBYET  Pa3BUTHUIO
CaMOCTOSITENIbHOCTH, OTBETCTBEHHOCTH U OPraHU30BaHHOCTH, TBOPUYECKOTO MOAX0/1a K PELICHUIO
po0JieM yd4eOHOTro U TPOGECCHOHATBHOTO YPOBHSI.

3agauamu CPC sgBugroTcs:

e cHCTeMaTH3alys M 3aKpEIUICHWE IOJYYEHHBIX TEOPETHYECKUX 3HAHUKW W MPAKTUYECKHUX
YMEHUH CTYJICHTOB;

e  yriyOJeHue U paclIMpeHue TeOPETUYECKUX 3HAHUM;

e (dopMupoBaHHe yMEHHMH UCMHOJIb30BAaTh HOPMATUBHYIO, IPABOBYIO, CIIPABOYHYIO
JOKYMEHTAIUIO U CHIEIMATIbHYIO IUTepaTypy;

® Dpa3BUTHE [IO3HABATENBHBIX CHOCOOHOCTEH M aAKTUBHOCTH CTYIEHTOB: TBOPYECKOMH
WHHUIIMATHBBI, CAMOCTOSITEIIHHOCTH, OTBETCTBEHHOCTH M OPTaHU30BAaHHOCTH;

e (opMupoBaHHE CaMOCTOSATEIBHOCTH MBIIIJICHUS, CIIOCOOHOCTEH K CaMOpa3BHUTHIO,
CaMOCOBEPILIEHCTBOBAHUIO U CaMOpeaIn3allu;

®  pa3BUTHE UCCIIENIOBATEIHCKIX YMEHHIA,

UCIOJIb30BaHUE MaTepuaa, COOpaHHOTO U MOJYYEHHOTO B XO/I€ CAMOCTOATENbHBIX 3aHATUN Ha
CEeMHHapax, Ha MPAKTHYECKUX U TAOOPATOPHBIX 3aHATHUSX, IPU HAIMCAHUH KYPCOBBIX U
BBIITYCKHON KBaTU(PUKALMOHHON paboT, 1711 3¢ (heKTUBHON NOATOTOBKU K UTOTOBBIM 3a4eTaM U
DK3aMEHaM.

4. TexHoJ0THYeCKAs KAPTa CAMOCTOATEIbHOI padoThl CTyAeHTa

OObeM YacoB, B TOM YHUCIIE
KOHBI Cpencrsa n KonraxTHas
peann3yeMbix Buj 1esTensHOCTH CTYICHTOB TEXHOJOTHH CPC paGora ¢ Beero
KOMIICTCHITUM OLICHKN nperiozaBaTene
M

YK-1 (U1-2y1) | CaMOCTOSATENBHOE H3YUCHUE CobecenoBan 20 1 19
YK-2 (M]1-3yx-2) JIUTEepaTyphl 1 HCTOUYHUKOB e
YK-1 (U1-2yx1) | TlogrotoBka  k  sabGoparopubiM| 3armuta JIP 20 1 19
YK-2 (M1-3vic2) | sansusiv
YK-1 (U1-2yx1) | Hammcanue pedepara/mokiana 3amura 14 1 13
VK-2 (I/UI'3YK-2) JOKJIaaa

Wroro 3a cemectp | 54 3 51
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4. TlopsiiOK BBINMOJHEHUS] CAMOCTOATEIBHOMH PadoThI CTYAEHTOM
4.1. Memoouueckue pexomenoayuu no pabome ¢ y4eonou iumepamypou

IIpu pabote ¢ KHUroi HEOOXOOUMO MOA0OpaTh JIUTEPATYpy, HAyUYUThCS MPABUIIBHO €€
YUTaTh, BECTH 3anmucH. [ moadopa iuTepaTypbl B OMOIMOTEKE UCTIONB3YIOTCS ajl(paBUTHBIA U
CHUCTEMaTHYECKHI KaTaloru.

BaxHO MOMHUTB, YTO pallMOHAIBHBIC HABBIKM PA0OTHI ¢ KHUTOM - ATO BCeraa OoJbIas
9KOHOMHUS BPEMEHHU U CHIIL.

[TpaBunbHBIE TOAOOp YYEOHHMKOB PEKOMEHAYETCS MperojaBaTesieM, UYUTAOIIUM
JEeKIMOHHBIN Kypc. HeoOxoaumas nurepaTypa MOXET ObITh TAaKXKE yKa3aHa B METOAMYECKHX
pa3paboTKax 1o JaHHOMY KYpCYy.

N3yuas maTtepuan no yueOHMKY, CIEAYET MEPEXOIUTh K CIEIYIOLEMY BOIPOCY TOJIBKO
1ocjie TPaBUJIBHOIO YSACHEHHUS NpPEIbIAYyILEro, ONMChIBas Ha Oymare BCE BBIKIAAKU U
BBIUUCIICHUsS. (B TOM YHUCJIE€ T€, KOTOpble B y4eOHUKE OIYILIEHbl MM Ha JIEKLUU JaHbl AJIS
CaMOCTOSATEIIFHOTO BBIBOJIA).

ITpu n3ydeHuu ar000M AUCHUIIMHBI OOJBIIYIO U BXKHYIO POJIb UIPAET CAMOCTOSTENbHAS
MHAMBHUyalIbHas paboTa.

Ocoboe BHHMMaHuE cienyeT OOpaTUTh Ha OIpelesieHHEe OCHOBHBIX IOHATHH Kypca.
CryneHT noikeH noApoOHO pa3Ouparbh NPUMEPHI, KOTOPHIE MOSCHSAIOT TAKUE ONPEICIICHUs, U
yMEThb CTPOMTh aHAJIOTMYHbIE IPUMEPbl camocToATesbHO. HyXHO 100MBaThCS TOYHOTO
IPEJCTaBICHUsT O TOM, YTO u3ydaewb. [lone3HO cocCTaBisATh ONOpPHbIE KOHCHEKTHI. [Ipu
U3y4yeHUM MaTepuaja 1o y4eOHMKY MOJIE3HO B TeTpaiu (Ha CHelMaIbHO OTBEIEHHBIX IMOJISAX)
JIOTIONHATh KOHCIEKT JIeKIuil. TaMm ke cielyeT OTMedaTb BOIPOCHI, BbIIEICHHbIE CTYIAEHTOM
JUI KOHCYJIBTAllUU C NPENoAaBaTesIeM.

Bb1BOIBI, ITOJIyYEHHBIE B PE3YJbTATE U3YUECHUS, PEKOMEHIYETCS B KOHCIIEKTE BBIIEIIATD,
4TOOBI OHM ITPU NEPEUUTHIBAHUY 3aMMCEH JTyUllle 3aIOMUHAIINCH.

OnpIT MOKa3bIBa€T, YTO MHOTMM CTY/IE€HTaM IOMOTaeT COCTABJIEHUE JIMCTAa OMOPHBIX
CUTHAJIOB, COJIEpKAIEr0 BaKHENIIMe U HanboJjiee 4acTo ynorpebsseMble GOpMyIbl U MOHSTHUS.
Takoil TUCT moMoraer 3aroMHUTh (POPMYJIbl, OCHOBHBIE IOJIOKEHUS JIEKIIMH, a TAKKE MOXKET
CJIY’KUTh IIOCTOSTHHBIM CIIPABOYHUKOM JIJIsl CTYICHTA.

UreHne Hay4YHOTO TEKCTa SIBJISIETCS YacThIO MO3HaBAaTEIbHOW naedrenbHocTU. Ee nens —
U3BJICUEHHE U3 TeKcTa HeoOXoauMoil nHpopmaru. OT TOro Ha CKOJIBKO OCO3HAHHA YUTAIOIIUM
coOCTBEHHasi BHYTPEHHsSl YCTaHOBKAa NpU OOpallleHUH K MEeYaTHOMY CIIOBY (HAlTH HYy)KHBIE
CBE/IEHUS, YCBOUTH MH(OPMAILIMIO MOJHOCTHIO WM YAaCTUYHO, KPUTHYECKU MPOAHATU3UPOBATH
MaTepuai U T.I.) BO MHOI'OM 3aBUCHUT 3()()EKTUBHOCTh OCYILIECTBISIEMOTO JEHCTBUS.

Boiaenstor uemoipe 0choénble ycmano6Ku 6 YmeHuu Hay4Ho20 MeKcma.

MH(POPMaIMOHHO-TIOUCKOBBIN (3a/1aua — HAUTH, BBIJICIIUTH HICKOMYIO HH(OPMAITUIO)

ycBauBatomias (yCWJIMs YHUTaTeNs HampaBleHbl HAa TO, YTOOBI KaK MOYHO IIOJIHEE
OCO3HAaTh W 3allOMHUTh KaK CaMU CBEJCHHS H3JaraeMble aBTOPOM, TaK U BCIO JIOTHKY €ro
paccyxIeHui)

AQHAJIMTUKO-KPUTHYECKAss (YUTATeNb CTPEMUTCS KPUTUYECKHM OCMBICIUTH Marepual,
IPOaHAJIM3UPOBAB €0, ONPEICIIUB CBOE OTHOILIICHUE K HEMY)

TBOpUECKas (CO3JaeT y YHMTaTessl TOTOBHOCTh B TOM WJIM MHOM BHUJE — KaK OTIPaBHOM
IOYHKT JJIS CBOMX pacCyKICHUH, Kak o0pa3 Juisd AeWCTBUS MO aHAJOTHM U T.II. — UCIOJIB30BATh
CYXKICHHsSI aBTOpa, XOJ €ro MbICIeH, pe3ynbTaT HaONo/eHus, pa3pabOTaHHYI0 METO/AUKY,
JIOTIOJIHUTD UX, ITOJABEPTHYTh HOBOM IIPOBEPKE).

OchosHble 8U0bl CUCMEMAMUUPOSAHHOU 3ANUCU NPOUYUMAHHO2O.

AHHOTHPOBaHME — TMPEAEIBHO KpaTKOE CBSI3HOE OIMCAaHUE MPOCMOTPEHHOM WIH
MPOYUTAHHOMN KHUTHU (CTaTbU), €€ CO/IepP KaHUs, HCTOYHUKOB, XapaKTepa U Ha3HAuUEHUs;
[InanupoBaHne — KpaTkas JIOTMYECKas OpraHM3alMs TEKCTa, pacKpbIBAIOILIAs

CoJIepKaHUe M CTPYKTYPY U3ydaeMoro Marepuana,
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TesupoBaHne — NTaKOHHMYHOE BOCIIPOHM3BEICHHE OCHOBHBIX YTBEPXKICHHH aBTOpa 0Oe3
MpUBJICYEHHS (PAKTHUYECKOI0 MaTepuaa,

[{uTupoBaHue — JOCIOBHOE BHIMUCHIBAHUE U3 TEKCTA BBIICPIKEK, U3BJICUCHUH, Hanboiee
CYIIECTBEHHO OTPAXKAIOIIMX Ty WIH HHYIO MBICIIb aBTOPA,

KoHcnexktupoBaHnue — KpaTkoe U IOCJIEI0BATEIbHOE M3JIOKEHHE COJEPIKaHUSA
MPOYUTAHHOTO.

KoHcrneKkT — CloXKHBIN CITOCO0 M3II0KEHUS COACPKAHUS KHUTH WM CTAThU B JIOTUYECKON
nociea0BaTenbHOCTH. KOHCIIEKT akKyMyJIHpyeT B ce0e Mpeablaylinue BUIbl 3alHUCH, TT03BOJISET
BCECTOPOHHE OXBAaTUTh COJICPKAHUE KHUTH, CTaThU. [103TOMY yMEHHE COCTaBIIATH IJIaH, TE3UCHI,
JIeJIaTh BBIMUCKYU U IPYTHe 3aliCH ONPEIeIIeT U TEXHOJIOTHUIO COCTABIICHUS KOHCIIEKTA.

Memoouueckue pekomenoayuu o cOCMasIeHu0 KOHCNeKma:

1. BauMarenbHO mNpoYMTalTe TEKCT. YTOYHUTE B CIPABOYHOU
JTUTEepaType HEMOHsATHBIC ciioBa. [Ipu 3amucu He 3a0yabTE BHIHECTH CIIPABOYHBIC
JaHHBIE HAa MOJIS KOHCIIEKTA;

2. Brigenure riiaBHoOe, COCTaBbTE INIAH;

3. Kpatko chopMynupyiite OCHOBHBIC MMOJIOKEHUSI TEKCTA, OTMETHTE
apryMEHTAIHIO aBTOPA;

4, 3aKOHCIIEKTHPYHTE MaTepuai, YeTKO Cleays MyHKTaMm miaHa. [Ipu

KOHCIIEKTUPOBAHUU CTapaTech BBIPa3UTh MBICIIb CBOMMHU CJIOBaMH. 3alucu
CJIelyeT BECTU YETKO, SICHO.

S. I'pamoTHO  3anuceiBaTe  nurarel.  Llutupys,  yduThIBaiiTE
JTAKOHUYHOCTb, 3HAYUMOCTb MBICIIH.

B TekcTe KOHCIEKTa kKenareabHO IPUBOJUTH HE TOJBKO TE€3UCHBIC ITOJIOKEHUS, HO U UX
JokaszarenbeTBa. [Ipy odopmileHMM KOHCIEKTa HEOOXOIUMO CTPEMHUTHCA K €MKOCTH KaXKIOoro
npeuiokeHusl. MBICIIM  aBTOpa KHHUTH CIEAYyeT u3JjaraTb KpaTrko, 3a00TsACh O CTHIE H
BBIPa3UTENbHOCTH HAMCAaHHOTO. YHCIIO JTOTOIHUTEIbHBIX JIEMEHTOB KOHCIIEKTA JI0JIKHO OBITh
JOTUYEeCKM  OOOCHOBAaHHBIM,  3alUCH  JOJDKHBI  PACHpenessTbCsi B OINpeNelIeHHON
MIOCJIEIOBATEIbHOCTH, OTBEYAIOLEH JIOTUYECKON CTPYKTYype NnpousBeacHUs. [liusd yroyHeHus u
JIOTIOTHEHUSI HEOOXOIUMO OCTABJIATH MOJIS.

OBnazieHne HaBbIKAMHM KOHCHEKTHUPOBaHUS TpeOyeT OT CTy/AEHTa IeJeyCTPEMIIEHHOCTH,
MTOBCETHEBHON CaMOCTOSTEIILHONU PabOTHI.

BOHPOCBI JJIs1 co0eceTOBAHMSA MO CAMOCTOATEIbHO n3yquH0171 JuTeparype

1. Kpatkass uctopust uckyccrseHHoro untemiekra (M), mammnHbl ¥ MHTEIUIEKT.
OcHOBHBIE HalnpaByieHUs HccienoBanuil B oomactu M.
2. WHTennekTyanbHble  CUCTEMBbl  OOIIEHMS: CUCTEMBI OOpaOOTKHM  TEKCTOB

€CTECTBEHHOT'O sI3bIKa, CUCTEMbI O0yueHHus ¢ 6a3aMHu JIaHHBIX, AUAJOTOBBIE CHCTEMBI PEUICHHS
3a/1a4, CUCTEMBbI PEYEBOTO OOIIICHHUS.

3. Pa3zpaboTka ecTecTBEHHO-SA3bIKOBBIX HHTEP(EHCOB M MAaIIMHHBIA IEpPeBOA C
OJIHOTO SI3bIKa Ha APYTOM.

4. WuTemiekTyanbHble pOOOTHI.

5. OO6yuenue u caMmoo0y4yeHHe, NCKYCCTBEHHbIE HEHPOHHBIE CETH.

6. 3amaun pacmo3HaBaHHs 00pa3oB.

7. WHTeIeKTyanbHble HTPhI 1 MAaITHHHOE TBOPUYECTBO.

8. [lpencraBienue 3agay M CTpaTerMM IOWCKAa HUX pEIIEHHs B IPOCTPAHCTBE

COCTOSIHUH (MTOMCK B TIYOMHY M HIMPHHY, CICMOW U dBPUCTUYECKUN TIOMCK, TIOMCK HA MTPOBBIX
JIepeBbSIX, MUHUMAKCHBIH aIrOPUTM, alb(a-0eTa airopuTm u ap.).

9. [IpencraBnenne 3HaHWld - wLeHTpaibHas npobimema WU. I[lpouenypnas wu
nexnaparuBHas nH(opmarus. [lepexon oT 06pabOTKH JaHHBIX K ONEPUPOBAHHUIO CO 3HAHUSMU.
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10.  OtnuuuTenbHble  OCOOGHHOCTM  3HAHMM  OT  JIAHHBIX: BHYTPEHHSS
UHTEPIPETUPYEMOCTb, CTPYKTYPUPOBAHHOCTbh, CBA3HOCTh, aKTUBHOCTh. ba3el 3Hanuii. Heuetkue
Y HETOYHbIE 3HAHUS.

11. OTtkpbITOCTh 3HaHKM B cuctemax M. OcHOBHBIE METOIBI MPUOOPETEHUS 3HAHUM.
WHxeHepus 3HaHUI.

12.  OcHoOBHbIE MOJIETH MPEJCTABICHUS 3HAHUH.

13. @dopMaNbHBIE JIOTHYECKHE MOJENIM MpeAcTaBieHus 3HaHuid. [IpoGrema
MOHMMAaHHUS €CTECTBEHHOT'O S3bIKA.

14.  CereBble MO€ENU NpEACTABICHUS 3HAHUN (ceMaHTHUeckue cetn). OToOpakeHue

MHO>KeCTBa MH()OPMALIMOHHBIX €AMHUI] BO MHOYKECTBO THUIIOB CBsI3€i Mexay HUMHU. OTHOLIECHUS
THUTA «a0CTPAKTHOE-KOHKPETHOE» M «IIeJI0e-4acThy. Mepapxus HacIeT10BaHusl.

15. ®dpeiiMoBBIC MOCIH TIpeACTaBiIeHUs 3HaHui. [lonsaTus dperiMa, TEpMUHAIBHOTO
ciorta, npotodpeiima. Mms ¢dpelima U uMs clioTa, 3HAYCHHE CIOTa W THI JAHHBIX CIOTA.
OperMbI-3K3eMIUISIPbl. MeXaHU3M HaClIeJOBaHUS.

16.  IlponmykiuoHHas Mojeib TNpencTaBieHus 3HaHWH. Cucrembl npoayknuidi. basa
3HaHM# (0a3a paKkToOB U IpaBuI).

17. Pabouas mamsaTe. MexaHu3M BbIBOJIA: TIPsSIMasi U 0OpaTHAS [IEMOYKA PACCYKICHUM.

18.  JlocTomHCTBa M HEAOCTATKH MPOAYKLIIMOHHOW MOJIENIN MPEACTaBICHUS 3HAHUH.

19. WMHTerpupoBaHHble MOJEIM IPEACTABICHUSA 3HAHUW. SI3BIKM IpEACTaBICHUS
3HAHUU.

20.  OOmas xapakTepUCTHKa MPOTPAMMHBIX CPEICTB JJISI Pa3padOTKU M pean3alnuu
cuctem M. TpeboBanust k mporpamMmmHoMy obecrieueHuto cuctem UU.

21.  MHucTpyMeHTalmbHBIE CPEACTBA s co3aanus cucrem M.

22.  Ilonsarue skcneptHoi cuctembl (DC). HaznaueHue, MpUHLUIBI MOCTPOCHUS U
obnactu nmpumenenus IC. Opranuzanus 3Hanuit B IC.

23.  Bugst OC u Tumsl pemaeMbIX HMMH 3aj1ad. VHCTpyMeHTalbHBIE CpEJCTBa
paszpabotku DC. O60I0YKOBBIE CPEACTBA CO3AaHMs TPOTOTUIIOB DC.

24.  T'ubpunnsle norndyeckue u mozaenupymoume IC, OC Ha 6a3e HEUETKOW JIOTHKHU.
Nurennexryanbubie nHdopmarmonasie IC.

25.  CrpykTypHas cXeMa, OCHOBHBIE KOMIIOHEHTBI, apXUTEKTypa M PEXKHUMBI
ucnoinb3oBanus JC NpoayKIMOHHOIO THIA.

26.  OcHoBHble 3Tansl pazpadoTku IC. XKuznennsiit nuka OC.

27.  SI3BIKM pOTpaMMHUpPOBAHUS [T pemeHus 3aaad .

4.2. Memoouueckue pexomeHOayuu nO NOO20MOBKe K HPAKMUYECKUM U 1AOOPAMOPHLIM
3aHAMUAM

Jlis Toro 4TOOBI MPAKTHUECKHUE U JTAOOpaTOpHbIE 3aHATUS MPUHOCUIN MAaKCHUMAJIbHYIO
[OJIb3y, HEOOXOOUMO TIOMHMTH, 4YTO YIPAXHEHHWE U peIIeHHe 3ajad MPOBOAATCA IO
BbIUMTAaHHOMY Ha JIEKI[USAX MaTepuagy M CBs3aHbl, KaK MpaBWJIO, C JETalbHBIM paz0opom
OTJIENbHBIX BONPOCOB JIEKIIMOHHOTO Kypca. CienyeT NoJ4epKHYTh, YTO TOJIBKO IOCIIE YCBOCHMS
JIEKIIMOHHOTO MaTepuaja C OMNPEeJeIeHHON TOYKM 3peHHs (a MMEHHO C TOH, C KOTOpOil OH
u3JaraeTcs Ha JIEKIMAX) OH OyAeT 3aKperIsaThcsa Ha MPAKTUYECKUX 3aHATHUAX KakK B pe3ysbTare
oOCy)XJIeHUSI M aHalu3a JEKIMOHHOIO MaTepuaia, Tak U C MOMOIIbIO pelIeHHUs] MPOOIEeMHBIX
cuTyauui, 3agad. [Ipym 3THX yCIIOBUSX CTYAEHT HE TOJBKO XOPOLIO YCBOMT MaTepHall, HO W
HAy4YUTCSl IPUMEHSATHh €ro Ha MpPaKTHKE, a TakXKe IMOJIYYUT JOMOIHUTENbHBIM CTUMYIN (M 3TO
OYECHb BAXKHO) JUII aKTUBHOW MPOPAOOTKH JIEKIIUH.

[Ipu camocToSITENFHOM pELICHUH 3aJjad HY>KHO OOOCHOBBIBATh KaXK[bli 3Tall peIieHus,
UCXOJ U3 TEOPETUUECKUX IMOJIOKEHUM Kypca. Ecau cTyeHT BUIUT HECKOJIBKO IyTEH pEIICHUs
npo0sieMbl (3aaun), TO HYXKHO CPaBHUTb UX W BBIOpaTh camblii paunoHaibHbIN. [lonesHo ao
Hayaja BBIUMCICHUI COCTaBUTh KpAaTKUM IJIaH pemieHus mpoOieMsl (3amauu). Perienue
npoOJEeMHBIX 3aa4d WIM IMPUMEPOB CIEAyeT M3JlaraTh MOAPOOHO, BBIYMCIIEHUS paclosaratb B
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CTPOTOM TOPSJKE, OTHEINsAs BCIIOMOTATENbHbIC BBIYMCICHHS OT OCHOBHBIX. PemeHus mpu
HE00XOIMMOCTH HY>KHO CONPOBOXKJIAaTh KOMMEHTAPHUSIMH, CXEMaMHU, YepPTEexKaMU U PUCYHKaAMHU.

Crenyer NOMHUTB, YTO pPEUICHHE KaXI0W y4eOHOW 3afayd JOJDKHO JOBOJIUTHCS JI0
OKOHYATEeJIbHOIO0 JIOTHYECKOr0 OTBETa, KOTOPOro TpedyeT YCIIOBHE, U IO BO3MOXXHOCTU C
BBIBOZIOM. [lodydeHHBI OTBET cienyeT MPOBEPUTh CHOCcOOaMH, BBHITEKAIOIIMMHU U3 CYLIECTBa
naHHoM 3ajmaun. [losme3Ho Takke (eciaM BO3MOXHO) pellaTb HECKOJIbKUMH CIOcOOaMu U
CPaBHUTH IOJIyYEHHBIC pe3yJbTaThl. PelieHue 3amad AaHHOTO TUIA HYXKHO HPOAOIDKATH 0
IpUOOPETEHUS TBEPIbIX HABBIKOB B UX PEIICHUM.

4.3. Memoouueckue pexomeHOayuu no camonposepke 3HaHuu

ITocne u3yyeHus ompeneneHHON TeMbl MO 3alHMCSIM B KOHCIIEKTE U Yy4eOHHKY, a TakxkKe
peLIeHHUs TOCTaTOYHOTO KOJIMYECTBA COOTBETCTBYIOIIMX 3a/1a4 HA NMPAKTHUYECKUX 3aHATUSAX U
CaMOCTOSITENIbHO CTYAEHTY DPEKOMEHIYETCs, IMPOBECTH CaMOIIPOBEPKY YCBOCHHBIX 3HAHHMH,
OTBETUB Ha KOHTPOJIbHBIE BOIPOCHI 10 H3yYSHHOH TeMe.

B ciiydae HE0OXOIUMOCTH HY>KHO €I1ie pa3 BHUMATEIbHO pa3o0paThbcs B MaTepHale.

WHorma He0CTaTOYHOCTh YCBOCHUS TOTO HMJIM MHOTO BOIIPOCA BBICHSETCS TOJBKO TPHU
U3y4eHHUH JaibHEelIIero Matepuaia. B 3Tom ciiyyae Haio BEpHYTbCA Ha3a]l U MOBTOPUTH IJIOXO
YCBOEHHBIM Marepuasl. BaXHbId KPUTEpPHUM YCBOCHMsI TEOPETUYECKOIO0 MaTepuaja - YMEHHE
pewiaTth 3ajJaud WIM IOPOMTH TECTHpOBaHUE IO NpoWJeHHOMY Marepuany. OnHako ciexyer
NOMHUTH, YTO TPABWJIBHOE DPEUICHHE 3a/1a4d MOXKET IMOJYYHTHCS B PE3ysbTaTe NpPUMEHEHHUS
MEXaHUYECKHU 3ay4eHHbIX (opMy1 6€3 MOHUMAHHUS CYIIHOCTH TEOPETUUECKUX TTOJI0KEHUH.

4.4. Memoouueckue pexomeHOAyuU HNO HANUCAHUIO HAYYHBIX MEKCMO8 (00K1a008,
pegepamos, 3cce, HayuHbIX cmameti u m.o.)

Ilepen Tem, Kak MPHUCTYNUTh K HANHMCAHUIO HAYYHOTO TEKCTa, BA)KHO pa3o0parbcs,
KaKoBa MCTHHHAs 1I€Jb BAlller0 HaAY4YHOI'O TEKCTa - 3TO MOMOXKET BaM pa3yMHO paclpeieiuTh
CBOM CHJIBI U BpEMSI.

Bo-nepBbIX, cHavajga HYXHO ONpPEAETUTHCA C HAeed HAydHOro TEKCTa, a JAJs 3TOro
HEOOXOMMO HAYYHUTHCS JHOO OTHOCHTHCS K pa3HbIM SIBICHUSM W (aKTaM HECKOJIBKO
KPUTHYECKH (CBOSA HJAEd — KaK MHAasg TOYKA 3pEHusi), TMO0 HAyYUThCS YBIEKAThCS KaKUMH-TO
M3BECTHBIMH HJIESIMH, KOTOpBIE HYXKTAIOTCA B JOpabOTKe (Maess — Kak ONTUMHCTHYECKas
NO3MLIMA M HANpaBICHHOCTh Ha JalbHEHIIee COBEPILIEHCTBOBAHHE YXe€ H3BECTHOro). Bo-
BTOPBIX, HAYYUTHCS OPTraHU30BHIBATh CBOE BPEMs, Belb, KaK M3BECTHO, CBOOOTHOE (OT BCAKHX
[JIyIocTel) BpeMs — BaKHEMHIee yClIOBHME HACTOSIIEr0 TBOPYECTBA, U HErO HAKOHEI-TO
nosiBIsieTcs Bpemsi. VIHOT/1a MMEHHO Ha OpraHM3alyi0 TaKOTO BPEMEHM YXOIUT HeMaias 4acTb
CHJI ¥ TAJIAHTOB.

[Tucatp crienyer SICHO W TOHATHO, CTapasiCh OCHOBHBIC IMOJIOKEHHS (OPMYIHPOBATH
YeTKO M HEJIBYCMBICIEHHO (Y4TOOBI W caMOMy TMOHSATHO ObUIO), a TaKXe CTPEMsCh
CTPYKTYPUPOBATh CBOW TeKcT. KaXkIplii pa3 HaJ0 MPEACTaBIATh, YTO Ball TEKCT OYIET KTO-TO
YUTaTh M €My 3aX04eTcs COPHEHTUPOBaTbcs B HEM, OBICTPO HAaxOJUTh OTBETHl Ha
MHTEPECYIOIINE BOIPOCHI (3a0/IHO MPEJICTaBbTE ceOsl Ha MeCTe Takoro yenoneka). [loHaTHO, 4TO
paboTa, HamuCaHHAas «CIUIOIIHBIM TEKCTOM» (0€3 3aroioBKOB, 0e3 BBIIACICHHUS KPYIHBIM
mpupTOoM Hamboyiee BaXHBIM MECT W T, I.), y KYJbTYPHOTO YHTATelNsl JOJDKHA BBI3BIBATH
Ope3rIMBOCTh M JIaXKe KAJOCTh K aBTOPY (MCKIIOUEHHS] COCTaBISIIOT HEKOTOPbIE IpEBHUE
TEKCTHI, KOTJa W KaHp ObUT MHOW M K TEKCTaM OTHOCWJIMCH WHAde, J1a U CaMHX TEKCTOB OBLIO
ropas3io MeHblle — HE TO, YTO B 3MOXY «WH(OPMAIIMOHHOTO B3pBIBa» M COOTBETCTBYIOIIETO
«HGOPMAITMOHHOTO MYCOPa»).

OO0BveM TekcTa M paszauuHble O(OPMHUTEIbCKHE TPEOOBaHHS BO MHOIOM 3aBHUCAT OT
NPUHATHIX B KOHKPETHOM y4eOHOM 3aBEJICHUN TIOPSIIKOB.

Pedepar (mokman) - 3TO CaMOCTOSATENBHOE HCCIEIOBAaHME CTYAEHTOM OIpe/lelIeHHON
po0JIeMbI, KOMIUIEKCa B3aUMOCBSI3aHHBIX BOITPOCOB.

Pedepar He nomkHa cocTaBiATbCA M3 (parMeHTOB cTaTeld, MOHOTpaduii, MOCOOHIA.
Kpome mnpocroro usnoxenus (akToB M LUTAT, B pedepaTe NOKHO MHPOSIBIATHCS aBTOPCKOE
BUJICHUE MPOOJIEMBI U €€ PELICHHUS.
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PaccMoTpuM OCHOBHBIE ATambl TOATOTOBKU pedepara CTYACHTOM.

Brimonaenue pedepara HaunHASTCS ¢ BEIOOPA TEMBI.

3areM CTyIEHT MNPUXOIUT Ha MEPBYI0 KOHCYJIbTALMIO K PYKOBOJUTENIO, KOTOpas
peycCMaTpUBAaeT:

- 00CyXJIeHHE TIeNIU U 33724 PabOThl, OCHOBHBIX MOMEHTOB M30paHHOW TEMBI;

- KOHCYJIbTUPOBAHUE IO BOIIPOCaM Mo00pa JTUTEpaTyphl;

- COCTaBJICHUE MPEIBAPUTEIHHOTO TIJIAHA.

Crnenyroum 3TanioM siBisieTcst pabota ¢ auTeparypoil. HeoOxomumas mutepatypa
noa0UpaeTCsl CTYIEHTOM CaMOCTOSITEIIBHO.

[Tocne monbopa nuTeparypsl 1enecoo0pa3Ho caenaTh padounii BapuaHT IJiaHa paboTHI.
B HeM HYXHO BBIICTUTH OCHOBHBIC BOIPOCHI TEMbI U TMaparpadbl, PACKPHIBAIONINE WX
coJiep>KaHue.

CocCTaBJICHHBIN CHUCOK JIUTEPATYphbl M MPEIBAPUTEIbHBI BapHAHT IUIaHA YTOYHSIOTCS,
COTJIACYIOTCSl Ha OYePEHON KOHCYIbTAIIMH C PYKOBOAUTEIIEM.

3areM Ha4yMHAETCS CIEAYIONMA dTam paboOThl - HW3y4eHUE JHUTeparyphl. TOJBKO
BHUMATEJIbHO YUTasg U KOHCHEKTUPYS JHUTEPATypy, MOKHO pa3o0paThCs B OCHOBHBIX BOIIPOCAX
TEMBI ¥ TIOATOTOBUTHCS K CAMOCTOSITEILHOMY (aBTOPCKOMY) U3JIOKEHHIO COJIEpKaHus pedepara.
Koncnektupysi NepBOMCTOYHUKH, HEOOXOIMMO OTPa3UTh OCHOBHYIO HJICI0 aBTOpa U €ro
NO3HIMI0 TIO HCCIEYEMOMY BOMPOCY, BBIABHTH TNPOOJIEMbI W HaMETUTh 3aJadyd s
JAIBHEUIIET0 U3y4eHUs JaHHBIX TPOOIIeM.

Cucrematuzansi ¥ aHaATU3 M3YYCHHOW JUTEpaTypbl IO MpoOJIeME HCCIIETOBAHMS
MO3BOJIAIOT CTYJIEHTY HamucaTh paboTy.

Pabounii BapuaHT TekcTa pedeparta MpeaOCTaBIsAETCS PyKOBOAMUTENIO HA MpoBepKy. Ha
OCHOBe pabouero BapuaHTa TEKCTa PYKOBOJIUTENb BMECT€ CO CTYICHTOM OOCYXIaeT
BO3MOXXHOCTH JOpaOOTKH TekcTa, ero odopmienue. Ilocne mopaboTku pedepar cmaercs Ha
Kadenpy A ero OlleHUBAHUS PYKOBOAUTEIEM.

Tpebosanus k Hanucanuio peghepama

Hanucanue 1 pedepara sBnsercss 00s3aTeNbHBIM yclIOBUEM BbinonHeHus miana CPC no
M000# TUCIUTUIMHE TPOGECCUOHATBHOTO IHKJIA.

Tema pedepata MoxkeT OBITH BBIOpaHA CTYICHTOM W3 MPEIJIOKEHHBIX B paboueit
nporpaMMe WM (OHJE OIEHOYHBIX CPENICTB IUCIUILTUHBI, MO0 OmMpeaeseHa cCaMOCTOSATENBHO,
UCXOJsl W3 HHTEPECOB CTyJAeHTa (B paMKax H3y4aeMoW AUCHMIUTNHBI). BbiOpaHHylo Temy
HEOOXO/IMMO COTJIACOBATHCS C MPETIOIaBaATENIEM.

Pedepat nomxkeH ObITh HallMCaH HAYYHBIM SI3BIKOM.

O6nem pedepara momkeH coctaBisaTh 20-25 ctp.

Cmpyxmypa peghepama:

. Beenenue (we 6onee 3-4 crpanui). Bo BBegeHMu HE0OXOAMMO
000CHOBATh BBIOOpP TEMBI, €€ aKTyaJlbHOCTh, OYEPTHTH 00JACTh WCCIICIOBAHHMS,
OO0BEKT UCCIIEIOBAHUS, OCHOBHBIC LM U 3a/1a4H UCCIIETIOBAHUSI.

. OcCHOBHas 4acTh COCTOMT W3 2-3 pa3nenoB. B HuUX packpbiBaercs
CYTh HCCIEAYeMOH MpoOJIeMBbl, MPOBOIUTCS 0030p MHPOBOW JIUTEpaTypbl M
UCTOYHUKOB HHTEpHET MO TpeaMeTy UCCIeIOBaHMs, B KOTOPOM JIAaeTCs
XapaKTepUCTHKA  CTENeHW  Pa3pabdOTaHHOCTH  TPOOJIeMBI ¥ aBTOpPCKas
aHAJIMTUYECKass OIIEHKAa OCHOBHBIX TEOPETUYECKUX TMOIXOIOB K €€ PEIICHUIO.
Wznoxenne wmarepuana HE JOIDKHO OTPAHWYHMBATHCS JIUIIb OMHCATEIbHBIM
MOJXOJIOM K PACKPBHITUIO BHIOpaHHOW TeMbl. OHO TaKkKe MOJDKHO COJEpIKaTh
COOCTBEHHOE BUCHHE PAacCMAaTPHBAEMOW MPOOJIEMBI U H3JI0KEHUE COOCTBEHHOM
TOYKH 3PEHUS Ha BO3MOKHBIE ITYTH €€ PEIICHUSI.

. 3akmouenue (1-2 crpanunbl). B 3akimoueHnn KpaTKO W3NIararoTcs
JOCTUTHYTBICE TIpU M3yYEHUU MPOOJEMBl IENH, TMEPCIEKTUBBI PAa3BUTHS
HCCIIETyeMOTro BOoIpoca
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. Cnucox  UCHONB30BaHHOW  jMTeparypbl (He MeHblie 10
UCTOYHUKOB), B ai(aBUTHOM HOpsiAKe, O(OPMIECHHBIH B COOTBETCTBUU C
IIPUHATBHIMU IpaBUIaMH. B crIMCOK HMCII0JIb30BaHHOM JIMTEPATypPhbl PEKOMEHLYETCS
BKJIFOYATh pabOThl OTEUECTBEHHBIX U 3apyOEKHBIX aBTOPOB, B TOM UYHUCIIE CTaTbH,
OIyOJIMKOBAaHHBIC B HAYUHBIX )KYPHAJIAaX B TEUEHUE MOCIEIHUX 3-X JIET U CCBUIKU
Ha pecypchl ceTi IHTepHeT.

J [Tpunoxenue (Mpu HEOOXOAUMOCTH).
Tpebosanus k oghopmaenuro:
J TEKCT C OJJTHOU CTOPOHBI JINCTA;
. mpudT TimesNewRoman;
. kerb mpudra 14;
. MEXKCTPOYHOE paccTosiHue 1,5;
° MoJjIst: cBepxy 2,5 cM, CHU3Y — 2,5 ¢M, clieBa - 3 ¢M, crpasa 1,5 cm;
. pedepar A0mKeH OBITh PECTABIICH B COPOIIIOPOBAHHOM BHJIE.

Tlopsadok 3awumul pepepama:

3amuTa pedepara MPOBOAUTCA HA MPAKTUYECKUX 3aHATHUSAX, MOCIE OKOHYAHUSA PAOOTHI
CTyJICHTa HaJ HMUM W WCIPABICHUS BCEX HEIOYETOB, BBISIBICHHBIX IPEIOJIABATEIIEM B XOJE
KOHCynbTanmid. Ha 3ammry pedepara OTBOIUTCS 5-7 MUHYT BPEMEHH, B X0JI¢ KOTOPOTO CTYJCHT
JIOJDKEH TI0Ka3aTh CBOOOJHOE BIIAZICHWE MaTepHalioM IO 3asBiIeHHON Teme. [lpum 3ammute
pedepara npuBETCTBYETCS UCIIOIB30BAHUE MYJIbTUMEINA-TIPE3CHTALINH.

Oyenxa pepepama

Pedepar orieHrBaeTcs 1Mo CISAYIOIUM KPUTEPUSIM:

* coOI0IeHNe TPeOOBAaHUH K €ro 0(OPMIICHHUIO;

* HEOOXOJAMMOCTh W JIOCTATOYHOCTh JUISl PACKPBITHS TEMbl NPUBEIACHHOW B TEKCTE
pedepara napopmanuu;

* YMEHHE CTy/IeHTa CBOOOIHO U3JaraTh OCHOBHBIC UJIEH, OTPAKEHHBIE B pedepare;

* CIIOCOOHOCTH CTYJIEHTA MOHATh CYTh 33J]aBa€MBIX MPEIMOJaBaTe]IeM H COKYPCHUKAMHU
BOIPOCOB U C(HOPMYIUPOBATH TOUHBIE OTBETHI HA HUX.

Kpumepuu oyenxu:

Oyenka «omauyHoy» BBICTABISIETCS CTYIEHTY, €CIIM B JAOKIAJe CTYIEHT HCUEPIbIBAIOIIIE,
MIOCJIEIOBATEBHO, YE€TKO M JIOTHYECKH CTPOMHO M3JIaraeT MaTepuai; CBOOOIHO CHpAaBISETCS C
3a/ladyaMH, BOIPOCAaMHU M IPYTHMMH BHJIaMU TMPUMEHEHUs 3HAHUN; UCTOIB3YeT JUIsl HalMCaHUS
JOKJIaJla COBPEMEHHBIC HayJYHBIC MAaTEPHAJbl, aHAIM3HPYET IMONYICHHYIO WH()OpMaIHIo;
MPOSIBIISIET CAMOCTOSTEILHOCTD MIPH HAMTMCAHUU JIOKJIa/1a.

Oyenka «xopouio» BBICTABISETCS CTYIEHTY, €CIIM KAdeCTBO BBIMIOJHEHUS JIOKJIaIa
JI0CTaTOYHO BhICOKOE. CTYy/IEHT TBEPIO 3HAET MaTepHall, TPaMOTHO U 1O CYIIECTBY M3Jaraer ero,
HE JIONyCKasl CYIIECTBEHHBIX HETOYHOCTEH B OTBETE Ha BOIPOCHI TI0 TEME JIOKJIa/Ia.

Oyenxa «yo0oeremeopumenbHo» BBICTABISAETCS CTYACHTY, €CIM MaTephal IOKiIana
U3JIaraeTcss YaCTHYHO, HO MPOOENHI HE HOCSAT CYIIECTBEHHOTO XapaKTepa, CTYIEHT JOIyCKaeT
HETOYHOCTH M OIIUOKU TMPH 3alIUTe AOKIaa, 1aeT HeJOCTaTOUYHO MPAaBUIbHbBIE ()OPMYIUPOBKH,
HaOJIFOIal0TCSl HAPYIICHHUS JIOTHIECKOH TTOCIIEI0OBATEIFHOCTH B N3JIOKEHUN MaTepHara.

Oyenka «ney0061emeopumenbHoy BBICTABISAETCS CTYIEHTY, €CIM OH HE MOJTrOTOBUII
JOKJIQJl WIJIM JIONMYCTHJ CyllecTBeHHBbIe OmMOKH. CTyIeHT HEYBEPEHHO H3JIaraeT MarepHai
JOKJIaJia, HE OTBEYAET Ha BOMPOCHI MPEMOIaBaATENs.

Tembl noKJI210B

1. MoaenupoBaHue OMOJIOTHYECKUX CHCTEM.
2. ABTOMaTHYECKUI KOMITBIOTEPHBIN CUHTE3 PEUM MO TEKCTY. METO bl CUHTE3a peUH.
3. [Ipumepsl cuctem 00pabOTKH €CTECTBEHHOTO SI3BIKA.
4. Knaccugukanus MHCTpyMEHTaIbHBIX cpecTB DC u opranuszanus 3Hanui B 9C.

146



5. Mopenu npencTaBieHus 3HAHUI: JIOTHYECKasi, ceTeBast, (hpeiiMoBasi, MpOAyKIIMOHHAS.

6. MeTopl 03ByUYHBAHUSI PEUH.

7. Uctopusi BOSHUKHOBEHHS U COBPEMEHHBIE HalpaBJIeHUs HccieqoBanuii B oomactu M.

8. Kitaccuduxanus cucteM pacrio3HaBaHUS PEYH.

9. PacnosznaBanme cumBonoB. lllaGnonHbie cucteMbl. CTPYKTYpHBIE CHCTEMBI.
ITpu3HaKOBBIE CUCTEMBI.

10.PeueBoii BEIBOJ HH(DOPMAITHH.

11. MamuHHBIN HHTEIJIEKT U POOOTOTEXHHUKA.

12. Tuns! 3agau pemaemsie B IC.

13. OcHOBHbIE HaNPaBJIEHUS UCCIIEAOBAaHUM B 00J1aCTH UCKYCCTBEHHOI'O MHTEIUIEKTA.

14. IlpennocwliKd BO3HUKHOBEHMSI CHCTEM IIOHMMAaHHUS €CTECTBEHHOIO  S3bIKA.
ITonmanue B quaiore.

15. Pacio3HaBaHMe pyKOIHUCHBIX TEKCTOB.

4.5. Memoouueckue pexomeHOayuu no 6bINOIHEHUIO UCCIE008AMENLCKUX NPOEKMOE

HccnenoBatenbckas MmpoekTHas paboTra — 3TO IpymmnoBas pabora, A BBIIOJHEHUS
KOTOpO HEoOXoIuM BBIOOp M NPUIOKEHHUE HAay4YHOH METOAMKM K IOCTaBICHHOM 3ajaue,
HOJy4eHHe COOCTBEHHOTO TEOPETUYECKOI0 WM SKCIEPUMEHTAJBbHOIO MaTepuana, Ha
OCHOBAaHHMU KOTOPOTO HEOOXOAWMO TPOBECTH aHAM3 M CHENaTh BBIBOABI 00 HCCIEAyeMOM
SBJICHUU. BbIMONHEHHEe NpoekTa — 3TO Bcerjza KOJUIGKTHBHAs, TBopyeckas JlabGopatopHas
paboTra, mpeAHa3HAuY€HHAs JUIg I[IOJIyYE€HHUS OINPEAENIEHHOr0 MpOJIyKTa WJIM Hay4yHO-
TEXHUYECKOro pe3yibrara. Takas pabora mojapa3symMeBaeT 4eTKOe, OJHO3HaYHOe (hopMUpOBaHHE
IIOCTABJICHHOW 3a/layd, OIpEJEICHUE CPOKOB BBIIIOJIHEHWS HaMEUYEHHOI'0, OIpeiesieHue
TpeOoBaHUil K pa3pabaTbiBaeMOMy OOBEKTY.

BoimnonHenue 1 rpynmnoBoro mpoekrta SBISeTCsl 0053aTelbHBIM YCJIOBHEM BBITOJIHEHUS
CaMOCTOSITENIbHOW pa®oThl MO 1000 JTUCHMIIIMHE NpOo(decCHOHANBHOrO IUKiIa. Tema
IIPOEKTHOTO 3a/laHusl MOXET ObITh BBIOpaHAa CTYAEHTOM U3 IMPEIJIOKEHHBIX B paboueit
nporpaMMe Win (OHJE OLIEHOYHBIX CPEJICTB JUCIUILIMHBI, JHOO0 OmpeseseHa caMOCTOSATENbHO,
UCXOJsl U3 HHTEPECOB CTyJeHTa (B paMKax H3y4aeMoH AMCUMIUIMHBI). BpiOpaHHy0 Temy
HE00XO0/IMMO COTJIACOBATHCS C MPETOIaBaTeNeM.

Tpebosanus no 8bINOIHEHUIO U OPOPMIEHUIO NPOEKMA

[Ipu BBIMOMTHEHUH MPOEKTA MPUBETCTBYETCs paboTa B rpymnne (2-3 yenoseka). [IpoekT —
3TO HCCienoBaTeNlbcKkasi paboTa, B X0/l€ KOTOPOH CTYAEHTHI JOJDKHBI MPOJEMOHCTPUPOBATH
BJIaJICHUE HaBbIKAMH HAyYHOTO MCCIIEJOBAHUS, YMEHHS TPOBOAMTH aHaiIM3, 0000IIaTh
uH(pOpMallMIO, AeNaTh BBIBOJBI, IMpeAjaratb CBOM pEIIEHUs MpoOJeMbl, paccMaTpUBaeMON B
IIPOEKTE.

[Ipy noAroTroBKe MaTepuagoB NPOEKTa CTYIEHThl JIOJDKHBI IPOJEMOHCTPUPOBATH
BJIaJICHHE COBPEMEHHBIMHU METOAAMHU KOMITbIOTEPHOI 00pabOTKH JTaHHBIX.

Kpumepuu oyenxu pabomul yuacmuuxa npoekma.

JU1 Ka’K0ro U3 y4aCTHUKOB ITPOEKTA OLIEHUBAIOTCSL:

* npodeccroHaIbHBIE TEOPETUYECKUE 3HAHUS B COOTBETCTBYIOLIEH 001acTH;

* yMeHHEe paboTaTh CO CIPABOYHOW M HAYYHOM IUTEpaTypoil, OCYIIECTBIATH IMOHMCK
HeoOxoaumoi nHpopmanuu B HTEpHET;

* yMeHHe paboTaTh C TEXHUYECKUMHU CPEICTBAMU;

*  yMEHHME  T0Jb30BaTbCs  COOTBETCTBYIOIIMMH  BBIIOJHAEMOMY  TPOEKTY
UH(POPMALIMOHHBIMU TEXHOJIOTHSIMU;

* YMEHHUE TOTOBUTH MaTepUabl IPOEKTa JUIsl MPE3eHTAlMU: COCTABIATh U PEAAKTUPOBAThH
TEKCTHI, POPMUPOBATH NMPE3CHTALUIO MPOEKTA;

* yMeHHe paboTaTh B KOMaHJIE;

* YMEHHUE ITyOJIUYHO MPEACTABIATH PE3yIbTaThl COOCTBEHHOM IEATEITbHOCTH;

* KOMMYHUKa0€IbHOCTh, UHUIIMATUBHOCTh, TBOPYECKHUE CIIOCOOHOCTH.
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Kpumepuu 6blCMABIIEHUSA OYEHKU YHACMHUKAM npoeKkma

Wub1e
Kommerenium,
YHUBEpCAJIbHbBIC
CBSI3aHHBIE C
KOMIETEHIINH
HCII0JIb30BAHUEM
(xoMMyHHKaOEINb
COOTBETCTBYIOIIUX HOCTE
[Tpodeccnonansubie BBINIOJIHAEMOMY ’ OT4eTHOCTD
OrneHka HHUIIMATUBHOCTb,
KOMIIETEHIINH MIPOEKTY
ymeHue paboraTth
TEXHUYECKUX
B «KOMaH/IE»,
CPEICTB U
yIpaBJICHUYECKHE
MH(POPMALIMOHHBIX
N HaBBIKU U T.]I.)
TEXHOJIOTH

«O1immuno» | PabGota BeimonHeHa Ha | Texuuueckue Crynent nposiui | [Ipoekt
BBICOKOM CpencTBa U | UHULUATHUBY, MpeiCTaBJIeH
po(hecCuOHATILHOM MH(OPMALIMOHHBIE | TBOPUYECKUM MIOJIHOCTBIO U
YpOBHE. TEXHOJIOTUHI MOJIXO/I, B CPOK.
[IpencraBneHHbIN OCBOEHBI U | CIOCOOHOCTh K
MaTepuan B OCHOBHOM | HCIIOJb30BaHbl JJISl | BBITOJHEHHUIO
(akTUYeCKH  BEpEH, | pean3aluu CIIOXKHBIX
JIOTTYCKaIOTCs MPOEKTa 3aJaHul, HABBIKU
Herpyobie MTOJTHOCTBIO paboThI B
dakTuyeckue KOJIJIEKTHBE,

HeToyHOCTU. CTYyIeHT OpraHU3aIMOHHBI
CBOOOJHO OTBEUAET Ha € CIIOCOOHOCTH.
BOIPOCHI, CBSI3aHHBIE

C IIPOEKTOM.

«Xopomo» | Pabora Beimonnena Ha | OOHapyxuBatorcs | CTyneHt [Tpoekt
JIOCTaTOYHO BBICOKOM | HEKOTOPbIE JIOCTaTOYHO IIPE/ICTaBJICH
poeCCHOHATHPHOM OIIMOKHU B | MOJHO, HO 0€3 | J0CTaTOYHO
ypoBHE.  JlONyILEHO | MCIOJIB30BAaHUU WHULIMATUBBl W | IOJJHO U B
10 4-5 (akTHUECKUX | COOTBETCTBYIOLIUX | TBOPUYECKUX CPOK, HO ¢
OLINOOK. CTyneHT | TEXHMYECKUX Hax0JI0K HEKOTOPBIMU
OTBEYAET Ha BOIPOCHI, | CPEACTB U | BBIIOJHUII HezopaboTKa
CBSI3aHHBIE ¢ | uHOPMAIIMOHHBIX | BO3JIO)KCHHBIE HAa | MU.
IIPOEKTOM, HO | TEXHOJIOTUH HEro 3ajjayuu.

HEJ0CTaTOYHO MOJIHO.

«YIOBIETBO | YPOBEHD OOGHapyXuBaeT CryneHnt [IpoekT cnan

PUTENBHO» | HEIOCTATOYHO BBICOK. | HEJJOCTATOYHOE BBITIOJTHUII co
Homymeno o 8 | BmameHnue OOJBITYI0  YacTh | 3HAYUTEIIbHBI
bakTUIeCKUX HABBIKAMU paOOTHI | BO3JIIOXKEHHON Ha | M
OIINOOK. CTyZneHT | ¢ TEeXHUYECKHUMH | HETO pabOThI. OTI03/IaHUEM
MOXET OTBETUTH | CPENCTBAMU U (Oonee
JUIIb Ha HEKOTOPHIE | COOTBETCTBYIOLIUM HeZenu) U He
u3 3a/IaHHBIX | U IIOJIHOCTBIO
BOIIPOCOB, CBS3aHHBIX | HH()OPMAITMOHHBIM
C IIPOEKTOM. Y TEXHOJIOTUSIMU

«Heynosner | PaGora He BbimonHeHa | HaBeikoB paboTel ¢ | CTyaeHT [Ipoexkt  He

BOPUTENIBHOY» | MJIM  BBINOJHEHA HA | TEXHUYECKUMHU MPaKTUYECKH HE | C/aH.
HU3KOM YpOBHE. | CpeACTBaMH  HET, | paboTal, HE
Honymieno ©Oonee 8§ | MHPOPMALMOHHBIE | BHIIOJIHUI ~ CBOM
dakTHyeCKuX TEXHOJIOTHH HE | 3aJauu WIH
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Komnereniun,
YHHUBEPCATbHbBIC
CBSI3aHHBIE C
KOMIETEHIINH
HCIOJIb30BAaHUEM
(xoMMyHHKaOEIb
COOTBETCTBYIOIIUX HOCTE
[Tpodeccrnonansubie BBINIOJIHSIEMOMY ’ OTyeTHOCTD
OrneHka HHUIMATUBHOCTb,
KOMIIETEHIINH MIPOEKTY
ymeHue paboraTth
TEXHUYECKUX
B «KOMaHJIE»,
CPEICTB U
yIpaBJICHUYECKHE
MH(POPMALMOHHBIX
. HaBBIKU U T.]I.)
TEXHOJIOTH
ommnOok. OTBETHl HA | OCBOCHBI BBITIOJTHWT JIUIIIb

CBSI3aHHbIC c OTJIE/IbHBIE HE
IIPOEKTOM  BOIIPOCHI CYyILLIECTBCHHBIE
00OHapyKUBAIOT HOpYy4YEHUs B
HEIIOHUMAaHue IPYIIIOBOM
npeaMera U IIPOEKTE.
OTCYTCTBHE

OpHUEHTALUH B

MaTCpHraJIC ITPOCKTA.

Cmyoenmul 002#CHbI: 3AIUTUTH MPOEKT B PEXKUME MPE3CHTANH, NPEAbIBUTH (ailIbl
BBIIIOJITHEHHOTO TIPOEKTa, yMETh paccKa3aTb O TEXHOJOTHSX, HCIOJB30BAHHBIX HMH IIPH
BBIIIOJIHEHUH IIPOEKTA, IATh OIIEHKY pabOoThI KaXJI0T0 WICHA IPYIIIBI (eciu npoekm epynnosoil).

IIpumepHbIe TeMbI HHAMBUAYAJBHBIX TBOPYECKHX NPOEKTOB
ITpoekT «NeKTPOHHBIN CIIOBaphby;
[TpoekT «OkcnepTHas cucTeMa /ISl AMarHOCTUKH 3/10POBbS»;
ITpoekT «JIMHrBUCTHYECKAs SKCIIEPTHASI CHCTEMAY;
[TpoekT «OKcnepTHas cucTema Jisl AMarHOCTUKH YCTPOMCTBAY;
[TpoexT «OOyuaromias sKCepTHast CUCTEMa.

agrwbdE

4.6. Memoouueckue pexomenoayuu no n0O20MOGKe K IK3AMEHAM U 3aUemam

N3yuenne mHOTUX 00mIENPOdEeCCUOHATBHBIX M CIIEIHUATBHBIX JUCIUIUIMH 3aBEPIIACTCS
sk3amMeHoM. [ToAroToBka Kk 9K3aMeHy CIOCOOCTBYET 3aKPEIUICHUI0, YIIIYOJIEHUI0 U 0000IICHUIO
3HAHUM, TIOJly4aeMbIX, B TMpolecce OOYy4deHHs, a TaKXKe NPUMEHEHUI0O HX K PEHICHUIO
MPAKTUYECKUX 3a/ad. [0TOBACH K SK3aMeHY, CTYJIEHT JHMKBUIUPYET HMEIOIIHecs MpoOesbl B
3HAHUSX, YIIYOJsIET, CHCTEMaTU3UPYET U YIOPSAOYMBAET CBOM 3HaHMs. Ha sk3aMeHe CTyneHT
JEMOHCTPHUPYET TO, YTO OH MpUOOpen B TMpolecce OO0ydeHUs MO KOHKPETHOW yueOHOU
JACIUTUINHE.

DK3aMeHAI[MOHHAsI CECCHUS - 9TO CepHsl HK3aMEHOB, YCTAHOBIIEHHBIX YYEOHBIM IJIAHOM.
Mexny sk3ameHamu uHTepBan 3-4 nus. He crnemyer gymate, uto 3-4 gHA AOCTATOYHO ISt
YCIIEIIHOM IMOJATOTOBKH K DK3aMEHaM.

B 51n 3-4 nHsA HY)KHO CHCTEMAaTH3UpPOBaTh YXKe UMerIuecs 3HaHua. Ha koHcynpranumn
nepes SK3aMeHOM CTYJIEHTOB TTO3HAKOMST C OCHOBHBIMU TPEOOBaHUSMHU, OTBETAT HA BO3HUKIIINE
y HUX Bompockl. [loaToMy nocenienne KOHCyabTalil 00s13aTENbHO.

TpeboBanusi K OpraHMU3alMK MOATOTOBKH K JK3aMEHaM Te K€, 4YTO M MPU 3aHATHUAX B
TEYEHHE CEeMecTpa, HO COOJII0JIaThCs OHHM JOJDKHBI Oojiee cTporo. Bo-mepBbIX, OYeHb Ba)XHO
coOIOZICHHE peXKMMa JIHS;, COH HE MEHEe 8 4acoB B CYTKH, 3aHSATHUS 3aKaHUMBAIOTCS HE MO3IHEE,
yeM 3a 2-3 vaca 10 cHa. OnTUManbHOE BpeMsl 3aHSTHI, OCOOEHHO 10 MaTeMaTHUKE - YTPEHHUE H
JHEBHbIE Yacbl. B rmepepplBax MexAy 3aHATUSAMH PEKOMEHAYIOTCS IMPOTYJIKA Ha CBEXKEM
BO3/JlyXe, HEYTOMUTENIbHbIC 3aHATUS CHOPTOM. BO-BTOpBIX, HANU4HME XOPOILIUX COOCTBEHHBIX
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KOHCIIEKTOB JeKuuid. [laxke B TOM ciydae, eciaw Oblia MPOIYIIEHA Kakas-Tu0O0 JIeKIHs,
HEOOXOAMMO BO BpeMs €€ BOCCTAaHOBHUTH (TepemucaTh ee Ha Kadeape), oOaymaThb, CHATh
BO3HHUKIINUEC BOIIPOCHI AJId TOTO, I-ITOGI:I 3alIOMHMHaHHUEC MaTcpuaia 6BIJIO OCO3HAaHHBIM. B-TpeTbI/IX,
IpU MOATOTOBKE K 3K3aMEHaM Y CTYJCHTa JIOJDKCH OBITh XOPOIIMH yYeOHUK WM KOHCIICKT
JTUTEPATyphl, TPOYUTAHHOW MO YKa3aHHUIO MPEMOJABATENSI B TEYCHUE CEMecTpa. 31eCh MOXKHO
3¢ (EKTUBHO UCTIONB30BATh JIMCTHI OMOPHBIX CUTHAJIOB.

Brauane crnemyer mpocMOTpETh BECh MaTepHall MO CAaBaeMON JUCHIUILIMHE, OTMETUTH
it ce0st TpymHble Bompochkl. OO0si3aTenbHO B HHX pa3oOparbes. B 3akimoueHue emie pas
[[EJIeCO00Pa3HO TMOBTOPUTH OCHOBHBIC TIOJIOKEHUS, WCIONB3YS MPU OTOM JIUCTBI OMOPHBIX
CUTHAJIOB.

CucremaTndeckasi IOJrOTOBKA K 3aHATUSM B TEUCHHUE CEMECTpPa IMO3BOJIUT UCTIOIb30BATh
BpEMs DK3aMEHAIIMOHHOMN CeCCHH ISl CHCTEMATH3alluy 3HAHHH.

IIpasuna no02omosKu K 3auemam u 3K3aMeHam.

e Jlyumie cpa3y COpPUEHTHPOBATHCS BO BCEM MaTepuayie W 00s3aTeNbHO PACIOIOKHUTH
BECh MaTepHajl COIJIACHO SK3aMEHAI[MOHHBIM BOMpocaM (WM BOMpOcaM, OOCYXIaeMbIM Ha
CEeMHMHapax), 3Ta padoTa MOXET 3aHATh MHOIO BPEMEHH, HO BCE OCTAIBHOE — 3TO YKe
TEXHUYECKUE JeTau (TJIaBHOE — 3TO OPUEHTUPOBKA B MaTepuae!).

 Cama MOArOTOBKAa CBsi3aHAa HE TOJNBKO C «3amoMuHaHuemM». [loaroroBka Takike
MpeJIoJiaracT U NePEeoCMBICIICHHE MaTepraia, U JaKe PACCMOTPEHUE AIbTePHATHBHBIX HJICH.

* [OTOBUTP «IITIAPTaJIKW» MOJIE3HO, HO TI0JIh30BATHCS UMK PUCKOBAHHO. [ JTaBHBIN CMBICIT
MNOATOTOBKH «HIIIApPrajok» — 3TO CHUCTEMaTu3alvsd W OITUMHU3aAlUs 3HAaHUHA 110 JaHHOMY
IpeMETy, YTO caMo 10 ceOe TPEKPacHO — ATO OYEHB CIIOXKHASI U BayKHAsl JJIsl CTyJeHTa paboTa,
Ooiee croKHas W BaKHAs, YeM MPOCTOE IOTJIONICHHE Macchl ydyeOHoW uHpopmanuu. Ecmm
CTYZICHT CaMOCTOSITEIIEHO MOATOTOBHII TAKUE «IIIMAPTaJIKK», TO, CKOPEe BCETr0, OH M IK3aMECHBI
cmaBath Oyner Ooyiee yBepeHHO, TaK KaK y Hero yxe chopMHpoBaHa oOIIasi OpUEHTUPOBKA B
CJIO)KHOM MaTepuare.

* Kak 5T0 HM mapamokcaabHO, HO HCIIOJIB30BAaHHUE «IIIAPTrajoK» YacTO IO3BOJSET
OTBEUAIOIIEMY CTYACHTY JIydllle IeMOHCTPUPOBATh CBOW MO3HAHUS (TOYHEE — OPUEHTHUPOBKY B
3HAHUSX, YTO HAMHOTO Ba)XKHEE 3HAHHS «3AIIOMHEHHOTO» M «TYT e 3a0BITOTO» IOCIe CAadu
HK3aMEHa).

» CHauana CTyJeHT TOJDKEH MPOAEMOHCTPHPOBATH, YTO OH «YCBOMJ» BCE, UTO TpedyeTcs
o MporpaMme 00ydeHust (WM 10 MporpamMMe TaHHOTO MPENo1aBaTes), U JIUIIb OCIE 3TOTO OH
BIIpaB€ BBICKA3aTh MHBIC, )KCJIATCIbHO apryMCHTHPOBAHHBLIC TOUKH 3PCHUA.

KonTpoJb camocTosiTe/IbHOM padoThI CTYA€HTOB

KoHnTponb camocTosTenbHOM paboThl MPOBOIUTCS MPENOIaBaTENIEM B ayIUTOPUH.

[TpenycMoTpeHsl cienyromue BHAbI KOHTpOJIA: coOeceloBaHUE, OIeHKa pedepaTa,
OIIEHKA MTPE3EHTAILNH, OLIEHKA Y4acTHs B KPYTJIOM CTOJIE, OLIEHKA BBIMIOJHEHUS MTPOEKTA.

ITonpoOHbIEe KpUTEpUU OLIEHUBAHHS KOMIIETEHLMH mNpuBefeHbl B DOHAE OIEHOYHBIX
CPEZICTB JUJIs IPOBEACHMS TEKYILEW U POMEKYTOYHON aTTECTALUH.
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