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CTPYKTYPA U COAEPKAHUE ITIPAKTUYECKUX PABOT

IIpakTH4eckoe 3ansaTue 1.
AHaJIM3 COBPEMEHHBIX NPOrPaAaMMHBIX CpeAcTB ¢ npuMeHenuem MU

Heap 3ansaTusi — copMupoBaTh MPEICTABICHHE O COBPEMEHHBIX MPOTPAMMHBIX CPEJICTB C
npumeHenueM M.
3amauu 3aHATHA:

- U3YYMTh JIUTEPATypHbIC HCTOYHUKU U MaTepuaibl U3 cetu VIHTepHET, CBSI3aHHbIE C HOPMATHBHO-

IPaBOBBIMU OCHOBaMH Pa3BUTHS UCKYCCTBEHHOTO MHTEIIEKTa B Poccun u mupe;
- MPOAHAJIU3UPOBATH MPUMEpPHI IpUMeHeHUs TexHosoruii M1 B obpazoBaTenbHOil cdepe.

3ananus 115l BHITIOJIHEHHSI U MeTOAUYeCKHe PEKOMEeHIalnu:

3aganue 1.
W3yuuB nuTepaTypHbIE HICTOYHUKH U MaTepHajbl U3 ceTu MIHTepHeT, 3amoHuTe TabIuiry
«HopMaTuBHO-TIpaBOBBIE OCHOBBI Pa3BUTHsI HICKYCCTBEHHOTO MHTEJICKTa B Poccumy:

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

HHTEJIEKTA Ha
nepuona 10 2030
roma»

3ananme 2.

[ToaroToBesTEe COOOIICHNE (TEKCT M MPE3CHTAITNIO) O JIF0OOM U3 MEPEUYNCIICHHBIX B TabnuIle 3agaHus
1 nokymenToB. bybTe rOTOBBI pacckasarh €ro rpyrre.

3ananue 3.

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

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

N3yunB nutepaTypHble HCTOUHUKHA U MaTepHaibl U3 ceTd IHTEpHET, 3aMO0JHUTE CIICAYIOILYIO
tabnuny «[Ipumepsl Texaonoruit UM B Moeit mpodeccuoHanbHoi cdepey (MpUBECTH S- 7 TEXHOIOTHH):
| No | Haszpanue | PazpaboTumn | Bpewms | Onucanue [Tpumepsl |
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H/ TEXHOJIOTHUU | K TIOSABJICHUA BO3MOXKHOCTEH HUCIIOJIB30BAHUS
1| TEXHOJIOTHM | TEXHOJIOTHMH | TEXHOJIOTHHU TEXHOJIOTHH B
npodeccuoHaTbHON
chepe
1.
2.
3ananmue 5.

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

CnemnaiiTe BBIBOJ O IIPOJieIaHHON padoTe.

Pexomenayemas qurtepartypa:

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

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

8.1.2. IlepedyeHb TOMOJIHUTEIBHON TUTEPATYPbI:

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

2. [TaBnoB, C. 1. CuctemMbl HCKyCCTBEHHOTO MHTEJUICKTA : yueOHoe mocoowue : [16+] / C. U.
ITaByioB. — Tomck : TOMCKHUI roCy 1apCTBEHHBIN YHUBEPCUTET CUCTEM YIPABIICHUS U PAJTHOIIEKTPOHUKH,
2011. — Yactp 1. — 175 c. — Pexxum poctymna: no nogmucke. — URL: https://biblioclub.ru/index.php?
page=book&id=208933

HNuTepHeT-pecypcen:

http://www.iprbookshop.ru - 9b5C IPRbooks

http://biblio-online.ru/ - 9bC «Biblio-online.ru» m3marenscTBa «OpaiiTy ONLINE»
http://www.intuit.ru - UHTepHET-YHUBEPCUTET TEXHOJIOTHIA

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

3ananue:

1. U3yuuTth TEOpPETUUECKOE BBEICHUE.

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


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

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

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

OT4€T npeaocTaBsAeTCs B AJIEKTPOHHOM BHUE B TEKCTOBOM penakrope MS Word. B
OTUY€Te YKa3bIBAIOTCS:

1) ®amuins CTyIeHTA.

2) [MopsiakoBBI HOMEP ¥ Ha3BaHKUE TA0OPATOPHOI pabOTHI.

3) Lens paGoThL.

4) OTBETHl HA KOHTPOJIbHBIE BOIIPOCHL.

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

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

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

1. BBeienue

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

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

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

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




Kotuk ['urapa Kommbrorep

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

Jlerko TpynHo

TpynHo Jlerxo

IIpuHiunsl GYHKIIMOHUPOBAHUS MCKYCCTBEHHBIX HEMPOHHBIX ceTel

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

Bonpoc -—% aHAAU3 ‘——-—? ombem

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



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

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

acyem
LLE] —% F ‘—? Bwifod

3 x4 4+4+4 12

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

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

KUAOMEMPbI n——% pacyem ! ‘—? MuAu

222

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

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

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

0 0
100 62,37



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

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

100 50

0.5

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

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

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

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

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

100 50

npabBuabrbiii ombBem
2,137

owiudia
12,137

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

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

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

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

100 &0

npabusbHeili omBbem

el,157

owudra .-
2,157

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

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

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

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

100 70

npabuabHoiii ombem

el,157

owiudika

-7,8€3

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

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

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

100 el

npabuseHeiii ombem
62,137

owudika
1. 157

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

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

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

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

Buieoowt

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

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

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

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

1. 3uakomcTBO ¢ Jupyter Notebook

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

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

- Jupyter Quit Logout

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

[J0  ~ W=l SAl Name & e

Python 3
O Heckon

(] Untitled.ipynb Runnit  Text File 5B

Folder

Terminal

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

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

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

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

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

In [1]: 2*3

Out[1]: 6

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

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

2. Hayayo pa6orsl ¢ Python

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

print("Hello, World!")

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

In [2]: print("Hello, World!"™)

Hello, World!

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

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

x =10

print(x)

print(x+5)

y =x+7

print(y)

print (z)

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

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

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

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

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

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

print(x)

print(x+5)

y = X+7

print(y)
print (z)

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

NameError: name 'z' is not defined

BrlieynoMsiHy Thie XpaHHIUIIA, 0003HAUYEHHBIC KaK X U Y, U UCIOJb3YeMBbIC IS
XpaHeHUs Takux 3HadeHwWid, kak 10 w 17, Ha3pIBaloT mepeMeHHbIMH. B s3bIKax
IPOrPaMMHUPOBAHUS TIEPEMEHHBIC HCIOJB3YIOTCS IS CO3/IaHusl 000OIMICHHBIX HAOOpOB
WHCTPYKIIUH 110 aHAJIOTUH C TeM, KaK MaTEeMAaTUKHU UCTIOIb3YIOT aNre0paniecKiue CUMBOJIBI
HAMOI00ME «X» U «y» JUIsl POPMYIMPOBKH YTBEPKIACHHUM OOIIETO XapakTepa.

3. MHOroKkpaTHoe BbINIOJHEHUE KOMAH]L

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

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

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

Beenute B ouepeHyo MyCTyIO SSYEHKY CIEAYIOIINAN KO:

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

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

Zr:]:|

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

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

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

for n in range(10):

print(n)
pass

print("roToBo"

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

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

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

DN W e ®

;01oac
In [ ]: \

Tenepb AOMKHO OBITH MOHATHO, YTO ISl MOJIYYEHHS KBAJAPATOB YHCEN CIETYyeT
BBIBOJUTH Ha 3KpaH 3HadyeHuss n* n. B AeiCTBUTENBLHOCTH MBI MOXKEM MOCTYIUTH €Il
Jqydiie W BoIBOAUTH ¢pa3bl Hamojgobue «KBampaTt uucna 3 paBeH 9». 3amerbTe, 4TO B
WHCTPYKIUHU TIEPEMEHHbBIC HE 3aKJIFOYAIOTCS B KABBIUYKH U IOATOMY BBIYHCIISIOTCS.

for n in range(10):

print("kBaapat uncna", n, "paBeH", n*n)
pass

print("ToToBo"

Pe3ynbTaT npuBesieH HIKE.

In [18]: | for n in range(1@):
print(“kBagpaT 4ncna”, n, "paeeH”, n*n)
pass

print(“rotoeo™)

KBagpaT 4ucna @ pased @

KBagpaT 4Mcna 1 paeeH 1

KeagpaT 4ucna 2 paeeH 4

KBafgpaT 4Mcna 3 paeeH 9

KBagpaT 4ucia 4 paeen 16
KBagpaT 4ucna 5 paBeH 25
KBagpaT 4ucna 6 paeen 36
KBagpaT 4ucna 7 paBeH 49
KBagpaT 4wcia 8 paeen 64
KBagpaT 4ucna 9 pasen 81
roToEG

In[ 1:

To4HO Tak k€ MOXXHO YBEJIIMYUTh YUCIIO UTEpPALUN 10 MATUIECATH WIH THICSIYU C
nomoinplo Beipakennit range (50) wim range (1000). IlompoOyiiTe caemath 3TO
CaMOCTOSITEIBHO.

4. Co31anue KOMMEHTapHeB

Paccmotpum, kak 3agath koMmMeHTapuu B Python. HabGepure npuBeneHHbIN HUXKE
IIPOCTOM KOJ.

# cnenyrolias MHCTPYKIMS BEIBOAUT KyO uucia 2

print(2**3)

IlepBast cTpoka HauMHaeTcs ¢ cUMBOJa pemeTku (#). Python urHopupyer Bce
CTPOKHM, HaYMHAIOUIMECS] ¢ 3TOro cuMBosia. OHAKO 3TH CTPOKH HE OECHOJE3HBL: C UX
IIOMOILIBIO MBI MOKEM OCTaBIISAITh B KOJE IOJIE3HBIE KOMMEHTapHUH, KOTOPBIE ITOMOTYT
HOHATH €T0 NMpeAHa3HAuYCHUE IPYTUM JIOSAM WM JJa)ke HaM CaMUM, €CJIM Mbl 00paTHUMCSI K
HEMY MOCJIE J0IT0ro MepephIBa.

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

8

In [ ]: \
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KoHTpoJsbHbIE BONIPOCHI

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

2. Kparko onummTe NpUHIMIBI QYHKIIMOHUPOBAHUS MCKYCCTBEHHBIX HEHPOHHBIX
CETeH.

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

4. Kaxk BoiBecTu criucok uucen ot 0 1o 20 Ha s3b1ke Python?

5. Kak 3anatorcs koMMeHTapuu Ha si3bike Python?

IlpakTnyeckoe 3ansiTue 3
Hpunuunel kaaccugpukanuu 00pa3oB ¢ NOMOIIbIO HCKYCCTBEHHBIX
HelpOHHBIX ceTell. DyHKIUM, MaccuBbI U 00beKkThI B Python.
Heab: u3yunTh NpUHLMIBI KJIAacCU(UKALMU O00pa3oB C MOMOUIbIO MCKYCCTBEHHBIX
HEHPOHHBIX CETEH U PacCMOTPETh (PYHKIIMH, MACCUBBI U 00beKTHI B Python.

3aganue:
1. U3yunTh TEOpETHUECKOE BBEICHUE.

2. OtBeTuTh HA KOHTPOJIBHBIC BOMPOCHI, TMPHUBEJICHHBIE B KOHIIC
nabopaTopHOIl pabOTHI.

3. DBbINOAHUTH MpakTUYECKHE 3aJaHUS C HUCIOJIb30BAaHUEM  S3bIKA
nporpammupoBanus Python.

4. CocTaBUTH OTUET 110 JJabopaTOpHOU padoTe. Tpebosarus k omuemy:

OTYeT MpeAOoCTABISAETCS B 3JIGKTPOHHOM BHUJIE B TEKCTOBOM peaaktope MS Word. B
OTUYETE YKa3bIBAKOTCA:
1) ®amuns CTyIeHTA.

2) IlopsakoBBIil HOMEDP U Ha3BaHUE J1a0OPATOPHOUN pabOTHI.
3) Llenb paboThI.

4) OTBeThl HA KOHTPOJIBHBIE BOIPOCHI.

5) Onwucanue penieHus BIIOJHEHHBIX 3a/1aHUI 1Ja00paTOpHOM padOThlI,
cojiepKailee: a) popmyauposKy 3a0anusl, 8) CKPUHULOM BbINOJIHEHHO20 3A0AHUS,
cooeparcaujuti pamuiuio cmyoeHma.

3amuTa J1abopaTOpHOW pPabOTHI OCYIIECTBISIETCS IO OTYETY, MPEICTaBICHHOMY
CTYJIGHTOM U C IEMOHCTpAILIMEN 3aJaHus Ha KOMIIBIOTEpE.
TeopeTnveckoe BBeIeHUE

1. 3amaua kmaccuuKauu ¢ TOMOIIBI0 HCKYCCTBEHHBIX HEHPOHHBIX CeTel

2. TpeHHnpoBKa MPOCTOrO KiIaccupuKaTopa
3agaya kaaccu(UKAIUM C TIOMOIIBIO HCKYCCTBEHHBIX HEHPOHHBIX ceTei
B mpouutoii  naGopatopHoil paboTe B TEOPETHYECKOM YacTH Mbl  ONHCAIU
(GYHKIIMOHMPOBAaHWE TPOCTON TPOTHO3UpYOMmEeH MamuHbl. OHa TOMydaeT BXOJHBIC
JAHHBIE U JIeJaeT ONpeAETCHHbIN MPOTrHO3 OTHOCHUTEIBHO TOTO, KAKUMHU JOJDKHBI OBITH
BBIXOJHBIC JaHHbIE. MBI yJyd4llladd MPOTHO3BI, PETYIUpYys BHYTPEHHUH MapaMeTp Ha
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OCHOBAHMH BEJIMYMHBI OIIMOKH, KOTOPYIO OMPEEISIN, CPABHUBAS POTHO3 C U3BECTHBIM
TOYHBIM 3HAYCHHUEM.

Jlanee Ha HMPOCTOM NpUMEpPE PaCCMOTPHUM 3ajady KJIACCH(PUKALUM C IIOMOLIBIO
VCKYCCTBEHHBIX HEHPOHHBIX CETEH.

IIpuBenem puarpamMmy, NPEACTABIAIOIIYIO PE3yiabTaThl H3MEPEHUSA pPa3MEpOB
CaJlOBBIX KYKOB.
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AAuHa u wupuHa cadolbix wykol

CCCCC C
C doxwou kopolku

dAuUHAa

ZyceHuubl

GO
C
%C

I.MHPU Ha

Ha nuarpamme oT4e€TIIMBO BUIHBI IBE IPYIIIbI JaHHBIX. | YyCEHMIIBI yoice U JJIMHHEE, a
00XbM KOPOBKHM IHIUpe W Kopoue. OOpaTHMCs K MPOTHO3UPYIOUIEH MallnHE WIH
NPEIUKTOPY, NPUHIUNB (PYHKIMOHHUPOBAHUS KOTOPOTO MBI PAacCMOTpPENH B
npeaplyiei padore. B ocHOBY 3TOro npeaukropa Oblia MOJIOKEHA HacTpauBacMasi
nuHelHas QyHKuus. ['paduk 3aBUCUMOCTH BBIXOJIHBIX 3HAYEHUI JIMNHEUHON (PYyHKIUN
OT €€ BXOJIHbIX 3HAUYE€HHWH MpeACTaBIsIET cOo0OW mpsAMylo JuHHUIO. M3MmeHeHue
HAacTPaMBaeMOIo InapamMerpa ¢ NPUBOAUT K MU3MEHEHWIO KPYTHU3HbI HAKJIOHA 3TOU
IIPSIMOM JINHUH.

YTo nomyduTcs, €CM Mbl HAJIOKUM Ha 3TOT rpaduK NpsSMYIO JIMHUIO?

AAuHa u wupuHa cadofibix xykol

DALUHA

pasdeAumeAbHads AUHUS C
CCC

C .

C

wiupuHa

MpblI HE MOKEM HCIOJIb30BaTh MPSAMYIO JUHHUIO TOYHO TaK e, KaK paHblle, KOornaa
peoOpa3zoBbIBAIM OJHO YUCIO (KMJIOMETPHI) B Ipyroe (MWIN), HO,
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BO3MOYKHO, B JAHHOM CJIy4ae HaM YJJaCTCsl OTAEIUTD C €€ MOMOILbIO OJIMH TUI JaHHBIX
OT ApPYTOro.

Ecnu 61 Ha mOKa3aHHOM BbILIE IpaduKe NpsMast IMHUS OTAENsUIa TYCEHUIT OT O0KbUX
KOPOBOK, TO MbI MOTJIM Obl BOCHOJIb30BaThCs €10 AJIs KIacCU(PUKAIIMN HEU3BECTHBIX
KYKOB, HCXOId W3 pe3yibTaToB Hu3MepeHHid. OJHAKO HUMEIoWAscs JIMHHUS He
CIPABJISIETCS. C 3TOM 3a1adyel, MOCKOIbKY IMOJIOBHHA T'YCEHHUIl HAXOAUTCS IO Ty XKe
CTOpPOHY JIMHUH, YTO U 00KbU KOPOBKH.

JlaBaiiTe mpoBeeM JAPYTYIO JIMHUIO, U3MEHUB HAKIJIOH, U IOCMOTPHUM, YTO IIPH 3TOM
IIPOU30MIET.

AAuHa u wiupuHa cadoBoix xykob

AAuHA

C
C

cC
P&ISB&AL‘MC;‘IDHGR AUHUA C C

gﬁ) ST

wiupuHa

Ha 3T0T pa3 nuHug oka3aiach enie MeHee Mojae3HoH, MOCKOIbKY BOOOIE HE OTAEISET
OJIMH BHJI KYKOB OT Jpyroro. Caeiaem eme oJIMH 3aX0/.

AAuHa u wiupura cadoBoix xykob

DAUHA

SLLL
Pﬂ3a$AHM£AbHﬂﬂ AUHUA
C

wiupuHa
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Bort 310 npyroe neno! JIMHHMS OTYETIMBO OTHENSET I'yCEHMI] OT 00KbHUX KOPOBOK.
Teneps MbI MOXKEM UCIIOIB30BaTh €€ B KAU€CTBE KJIaCCU(UKATOPA JKYKOB.

MBsI nipeamonaraeM, 4YTO HE CYLIECTBYET HUKAKUX APYTUX BUAOB )KYKOB, KDOME TEX,
KOTOpBIE IIOKa3aHbl HA JWMarpaMme, HO Ha JAHHOM JTale 3TO HE SBISIETCA
HEJIOCTATKOM ITOAX0/1a — MbI IBITAEMCS POUJLICTPUPOBATH CYTh W€ IIPOCTOr0
kiaaccuukaropa.

A Teneph NMpeJicTaBbTe, YTO B CIACAYIONIUHN pa3 Halll KOMIIBIOTEP MCIOIB3YeT poOoTa
JUISL TOTO, YTOOBI TOT OTOOpal OYEPEIHOTO KYKa U BBITIOJIHIII HEOOXO0IUMBIC 3aMEPhI.
Torna nmoy4eHHy0 JMHUIO MOXKHO OYJI€T UCIIOIb30BATH JIJIs1 KOPPEKTHOTO OTHECEHUS
KyKa K CEMEHUCTBY TYCEHUII WU CEMENCTBY 00KbUX KOPOBOK.

BarnsnyB Ha cienytonuii rpaguk, Bbl YBUIUTE, YTO HEM3BECTHBIN KYK OTHOCHUTCS K
CEMEHNCTBY I'yCEHHII, TOCKOJIbKY TIOTaIaeT B 001acTh Haj JuHuel. HecMoTps Ha cBOIO
MIPOCTOTY, ATa KJIaCCUDUKAIUS YK SBISICTCS IOBOJIHHO MOIIHBIM HHCTPYMEHTOM.
Takum oOpa3om MBI yOEIUIUCH B TOM, HACKOJBKO TIOJIE3HBIMH MOTYT OBIThH

Kaaccugpurauus HeuaBecmHozo Kyka

HeusBecmueill xyK

N
C

dAauHa

WAUPUHA

MIPEAUKTOPHI C IMHEWHON (PYHKITMEH B KaUeCTBE MHCTPYMEHTA KIIacCU(DUKAITUU BHOBh
MOCTYIAOIINUX JTaHHBIX.

Onnako Mbl OOONUIM BHUMAHHEM OJIMH CYUIECTBEHHBIM MOMEHT. Kak Ham y3HaTh,
KAaKOU HAKAOH NPAMOU s615emcs nooxooawum? Kak yaydliiTh JUHUIO, €CJIM OHAa He
paszensieT N0KHBIM 00pa3oM JBE€ Pa3HOBUIHOCTH KYKOB?

OTBeT Ha ATOT BOIPOC TAKKE HMMEET CAMOE HEMOCPEACTBEHHOE OTHOLIEHHE K
CIIOCOOHOCTHU HEMPOHHOM CETH 00yYaThCsl, K PACCMOTPEHUIO YETO MBI U TIEPEXOJIUM.
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TpeHupoBKa mMpocTOro KiaccupukaTopa

Ceiliuac 3aiiMmeMcs TPEHHUPOBKOH (00yUeHHNEM ) THHEHHOTO KTacCH(PUKATOPa U HAYIUM
€ro TPAaBWIBHO KIACCH(DHUIMPOBATH KYKOB, OTHOCS MX K TYCEHHIIAM WA OOKbUM
kKopoBkaM. Kak BBl BHIEIM paHee, pedyb HAET 00 YTOYHCHHUH HaKJIOHA
pa3rpaHUYUTEILHON JTUHUH, OTACISIONICH Ha TpaduKe OAHY TPYMIY TOUCK JaHHBIX,
COOTBETCTBYIOILIUX MapaM 3HAYEHWH NJUMHBI U IIUPHUHBI, OT Apyrod. Kak mbl 31O
caenaem?

Bmecto Toro utoObl 3apaHee pa3paboTaTh MOAXOSIIYI0 HAYYHYIO TEOPHUIO, MBI
HaIylaeM MPaBUIbHBIN MyTh METOJOM MPOO M OMKOOK. DTO MO3BOJIUT HAM JIyYIlle
MOHATh MATEMATHUKY, CKPBITYIO 32 9TUMHU JEHCTBUIMH.

HaMm Hy>xHBI puMepHI JTsl TPEHUPOBKH Kiaccudukaropa. UToOsl HE YCIOXKHSITH cee
YKU3Hb, MBI OTPAaHUYHUMCS IBYMsI IPOCTHIMH MPUMEPaMH, IPUBEACHHBIMUA HUXKE.

IIpumep Jimna Hupuna Kyk

3,0 1,0 Boxbst kopoBka
A 0 X

VY Hac ecTb npuMep Kyka, nuMmeroiero mwupuHy 3,0 u juHy 1,0, KOTOpBIA, Kak HaM
U3BECTHO, ABJIIETCS OO0XbeH KOPOBKOH. BTOpoi mHpumep OTHOCUTCS K IKYKY,
uMeroleMy 0oJpiyro JMHy — 3,0 1 MeHbIy0 WUpHHY — 1,0, KOTOPBIM SIBIISIETCS
I'yCEHHUIIA.

Mgl 3HaeM, YTO JaHHBIE B ’TOM HaOOpe NPHUMEPOB SIBIISIFOTCSI ICTUHHBIMU. VIMEHHO C
UX IOMOIIBIO OyAET YTOUHATHCS 3HAUEHUE KOHCTAHThI B (DYHKIMU KJIaCCU(PHUKATOPA.
[Ipumeppl C HCTUHHBIMU 3HAYEHUSMH, KOTOPBIE HCIIOJIB3YIOTCS A OOy4YeHUs
IPEeIUKTOpa WIK KilacCu(pUKaTOpa, Ha3bIBalOT TPEHNPOBOYHBIMH JAHHBIMH.
OT006pa3um 3TH J1Ba NpUMeEpa TPEHUPOBOUHBIX JIAHHBIX Ha Juarpamme. Buzyanuzanus
JAQHHBIX YaCTO IIOMOraeT Jyd4lle MOHATh UX NPUPOAY, MOUYYBCTBOBATH HX, YETO
HEJIETKO JTOOUTHCSA, MPOCTO BIVISJBIBAsICh B CHHCOK WM TaOJHIly, 3arOJHEHHYIO
YUCIIaMU.
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TpeHupoBounme daHHble PAR kaaccuPuRauuu xykold

s m C

f

ZYLEHUMA

dauHa

Saxbs kopoBra

J

1 ey G

ES 1 {

1 i - |

wupura
HauneM co citydaiiHOM pa3faenuTesbHON JIMHUY, IOTOMY 4TO HYXKHO BEllb C YEro-TO
HauMHaTh. BcrnoMHuTE JNMHEWHYIO (QYHKIMIO W3 IpUMepa ¢ mpeoOpa3oBaHUEM
KWIOMETPOB B MUJIH, [TApAMETP KOTOPOU MBI HACTpauBaiu. MbI MOKEM CIIEIATh TO Ke
caMoe U cenyac, IIOCKOJIbKY pa3JIe/InTENIbHAs JIMHUA B JAHHOM Cllydae Ipsmas:

y =Ax

MBI HaMEpEHHO UCIOIb3YEM 3/IECh UMEHA X U Y, a HE JJIMHA U IIUPUHA, TOCKOJIBKY,
CTPOr0 TOBOpS, B JAHHOM Clly4yae JIMHUSL HE CIYXKUT mpeaukropoM. OHa He
npeoOpa3yeT MUPUHY B JUTUHY, KaK paHee KIJIOMETPHI TEPEBOAMINCH B MUITU. BmecTo
ATOTO OHA BHICTYIIAET B KAYECTBE Pa3AeIUTEILHON TMHUH, KIacCupukaTopa.
BepostHOo, Bbl 00paTuiii BHHMAaHUE Ha HEMOJHYI (QopMy ypaBHEHUS Y=AX,
MOCKOJIbKY TTOJIHOE YPaBHEHUE MIPSAMO JINHUY UMEET CHEAYIOMMM BUIL: y=Ax+B. Mbl
HAMEPEHHO JIeJlaeM ATOT CIIEHAPUN C CAJOBBIMHU KYKaMH MaKCHUMaJIbHO MPOCTHIM.
HenyneBoe 3HaueHne B MpOCTO COOTBETCTBYET JUHUM, KOTOPask HE MPOXOJIHUT YEPE3
HaYyaJIo KOOPJIUHAT HA IMarpaMMme, 4YTo He 100aBJIseT B Halll CLICHApUil HUYero HOBOTO.
Panee Obu10 MOKa3aHO, YTO MapaMeTp A ynpasisieT HAKJIOHOM JTUHUU. Yem Oonblie A,
TeM OOJIbIIIe KPYyTH3HA HAKIIOHA.

Jns nauana npumem, uto A=0,25. Torma paznenuTenbHas JMHUS ONHUCHIBAETCS
ypaBHeHueM y=0,25x. OtoOpa3um 5Ty JWHUIO B rpadUyecKOM BHUIE HA TOW Ke
JyarpamMMme, Ha KOTOpPO# OTJIOKEHBI TPEHUPOBOUYHBIE JAHHBIE.
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TpeHupefiounpe daHHbie AR kaaccugurayuu Hxykol

= '

dAauHa

1 - Yy =(025)x G

L]

el i L {

1 2 3

bnarogaps rpaduky mbl 0€30 BCSIKUX BBIUYMCICHHUU cpa3y ke BUIUM, YTO JIMHUSA
y=0,25x He sBIseTcss xopowuM kinaccupukaropoM. OHa HE OTHAEISET OAUH THII
XKYKOB OT Apyroro. Hanpumep, Mbl He MOKEM JIeNaTh yTBEPKIeHU Hanogooue “Eciu
TOYKA JAHHBIX pPACIOJIAraeTcs HaJ JIMHUEH, TO OHAa COOTBETCTBYET TyCEHUIE’,
MOCKOJIBKY TOYHO TaM € paclojaratoTcsl U JaHHbIE 00Kbel KOPOBKH.

NHTYUTHBHO MBI IOHUMAEM, YTO IIPABBII Kpail IMHUM CIAEAYET HEMHOTO IPUTIOIHATD.
[IpoBOANTE MOAXOASIILYIO JUHUIO BPYUHYIO — HE camasi Jiydiias ujes. Y 4acTcs JId Ham
no1o0paTh s 3TOr0 MOJXOSIIEE PEIICHUE C HMCIOJIb30BAHUEM IOBTOPSIOLIEHCS
IIOCJIEIOBATENIBHOCTH KOMAH/I, KOTOPYIO KOMIIBIOTEPIIHUKHN HA3bIBAIOT aJITOPUTMOM?
OOpaTumcst K TIepBOMY TPEHHUPOBOUYHOMY MPHUMEPY, COOTBETCTBYIOIIEMY OOXKbeEil
kopoBke: mupuHa — 3,0 u qymaa — 1,0. Ecm 661 MBI TecTupoBaiid PYHKITHIO Y=AX ¢
3TUM IPUMEPOM, B KOTOPOM X paBeH 3,0, TO Moxyduin Obl CIEAYIOIMINI pe3ybTaT:
¥ =(0,25) * (3,0) =0,75

@yHKIMS, B KOTOPOM I mapamerpa A yCTAHOBIICEHO HAYaJbHOE CIy4alHO
BbIOpaHHOE 3HaueHue, paBHoe 0,25, coodimiaer, uto it xKyka mupuHon 3,0 aiuHa
nojikHa ObITh paBHa 0,75. Mbl 3HaeM, YTO 3TO CIMIIKOM Majo, MOCKOJIBbKY COTJIACHO
TPEHUPOBOYHBIM JAHHBIM JIMHA KyKa paBHa 1,0.

Wrak, Hamuuo pacxokaeHue, wiu omuOka. ToyHO Tak ke, Kak B NpUMEpe C
OPEIUKTOPOM, MPeoOpa3yoUIMM KUJIOMETPbl B MMJIM, Mbl MOXEM HCIOJIb30BaTh
BEJIMUMHY 3TOH OIIMOKY IS MOTY4YeHHsI THPOPMAIHU O TOM, KaKUM 00pa30M clieayeT
KOPPEKTUPOBATH IapamMeTp A.

OpHako cHayana JAaBaiTe MNOJyMaeM, KakuM JOJDKHO ObITh 3HaueHwe y. Ecin
MOJIOKUTH €ro paBHbIM 1,0, TO JIMHUS MPOMAET YEpe3 TOUKY ¢ KOOpJIAUHATAMH (X, ) =
(3,0; 1,0), cooTBeTCTBYIO1IIYIO O0KbEH KOpOoBKE. Camo 1o cede 3TO HEeTI0X0, HO 3TO HE
COBCEM TO, YTO HaM HYy>kHO. Ham kenarenbHo, 4TOOBI JIMHUS

24



npoxoauna Haja 3Toil Toukoil. Ilouemy? Iloromy, YTO MBI XOTHUM, YTOOBI TOYKH
JTAHHBIX 00XbeW KOPOBKHU JICIKAIIU MO IMHUEH, a He Ha Hel. JIMHUS JOJIKHA CITYKUTh
pazienuresieM MEXIy TOYKaMHU JIaHHBIX OO0XbUX KOPOBOK M TYCEHHI, a He
MPEACKA3bIBATH JIJIMHY KYKa IO U3BECTHOM IIMPHHE.

B cBsi3u ¢ aTuM nonpoOyem npumeHuTh 3HadeHue y=1,1 npu x=3,0. OHO Jumb He
HamMHoro 6o:biie 1,0. BMmecTo HEr0o MOKHO OBLIO OBI B3SITh 3HadYeHue 1,2 unu 1,3, HO
Hukak He 10 nin 100, mockonbKy ¢ 60JIbIO0I 101l BEPOSTHOCTH 3TO MPHUBET K TOMY,
YTO IpsiMas OyJIeT IPOXOJAUTh HaJl BCEMH TOUKAMHU JaHHBIX, KaK 00KbUX KOPOBOK, TaK
U TYCEHHUII, B pe3yJbTaTe€ YEro OHA CTAHET MOJHOCTHIO OECMOJe3HOM B KauecTBE
pa3aenuTels.

CnepoBatenibHO, MBI BbIOMpaeM IiesieBoe 3HadeHue 1,1 u onpepgensem omudky E ¢
MOMOIIBIO CIIEAYIONICH (POPMYIIBIL:

omrbKa = )KenaemMoe 1eJIeBoe 3HaueHHe - (hakTuueckui pesynbTat Mnu (mocne
MOJACTaHOBKH 3HAYCHUM ):

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

OOpatuMcst K MPUBEEHHON HUXKE Auarpamme, Ha KOTOpod B rpauyeckoM BHJIE
MPE/ICTABIICHBI OIMOKA, a TAKXKE I[EJIEBOE U PACUETHOE 3HAYCHUS.

KEAAEMOE JHAYEHUE
y = 1.1

dAuHAa

PAacHEMHOE SHAYEHUE
y = 0,75

_—

./-

1 -~ //T\ owudka

E=1,12 -075=0,35

| /fﬂ;ﬁ
- & { 1
1 2 3

LHUPIAHQ

Kakum oO6pa3zoM Halie 3HaHUE BEIUYMHBI OITMOKH £ MOXKET MOMOYb B HAXOXKJIECHUU
Jy4IIero 3Ha4YeHus i napamerpa 47

JaBaiiTe Ha BpeMs OTCTYNHMM OT 3TOTO BONPOCA U HEMHOTO MmopaccyxaaeM. Mbl
XOTHM MCTOJIb30BaTh OMIKMOKY B 3HAUEHUHU Y, KOTOPYIO Ha3Balu E, 11l HAXOXKJIEHUS
HMCKOMOT0 HM3MEHEeHusi nmapamerpa A. [[ns 3Toro Ham HYXXKHO 3HaTh, Kak 3TH JIBE
BEJTMYMHBI CBA3aHBI MeXKIy coboi. KakoBo cooTHomenune Mmexay 4 u E? Eciu 6b1 31O
ObLJI0O HAM M3BECTHO, TO MBI MOIJIA Obl TOHSTH, KAaK U3MEHEHHE OJHOW BEITUYHHBI
BIIMSET HA IPYTYIO.

Haunewm c nuneiinon GyHKIMH 715 KiIaccudukaTopa:

y = AXx

Ham yxe wu3BecTHO, 4TO HayajbHbIE TOMBITKH MPUCBOCHHS MPOOHBIX 3HAYCHUUN
napamMeTpy A TpUBENM K HEBEPHBIM 3HAYEHHUSM Y, €CIIM OpPUEHTHPOBATHCS Ha
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TPEHUPOBOUYHBIE JaHHbIE. [IyCTh # — KOpPEKTHOE LENEeBOE

26



3HaueHue. YToObl MOIyYUTh €r0, Mbl JJOJIKHBI BBECTH B A HEOOJIBIIYIO NONpaBKy. Jlis
TaKMX TOMPABOK B MAaTE€MaTHKE MPUHATO HCIOIb30BaTh CUMBON A, O3HAYAIOIIMMA
“He00JIpII0e U3MEHEHHUE . 3alUIleM COOTBETCTBYIOIIEE YPaBHEHUE:

t=(A+AA)x

Oto0Opa3uM 3TO COOTHOIIEHHE B TpadUyecKOM BHUJEC Ha JUarpamMme, Ha KOTOPOM
MOKa3aHbl JIMHUY IS IBYX 3HAUEHUN HakIoHa: A n A + AA.

T 2 e
-
= t=(A+ AAX
Y = Ax
_,//-.
1 e
E
b= { 1 i
1 2 3
wiupuHa

BceriomauTe, 9Tto OmMOKY £ MBI ONPEISIHIN KaK Pa3HOCTh MEXIY KeJIaeMbIM
KOPPEKTHBIM 3HAYCHHEM ) M PACUCTHBIM 3HAUYECHHEM, MOJTYUYEHHBIM JJIsi TEKYIIETO
npoOHoro 3HaueHus 4. Takum obpazom, E =t -y.

3anuinemM 5TO B IBHOM BUJIE:

t-y=(A+AA)x - Ax
PackpbIB CKOOKH U TIPUBEIS 110I00HBIC WICHBI, TIOJyYacM:

E=t-y=Ax+(AA)x- AxE=(AA)x
CnepnoBarenbHo, omnOKa E cBs3aHa ¢ 44 04€Hb MPOCTHIM COOTHOIICHUEM.

Cdopmynupyem OpoCTBIMU CIOBAMH TO, YEro Mbl XOTEIU AOOUThCA. MBI XoTenu
y3HaTh, KaKUM 00pa3oM MOKHO HCIOJIb30BaTh MH(poOpManuio 00 ommbdke £ s
OTIpEJICJICHHS BEJIMUYMUHBI IONPABKU K A, KOTOpast ©3MEHUJIa Obl HAKJIOH JINHUU TaKUM
oOpazoMm, 4TOOBI KiacCU(UKATOp JIy4llle CHOPaBISICSA CO CBOMMH (PYyHKIHSMHU.
[Ipeobpazyem nocieaHee ypaBHEeHHE, YTOObI HAWTU BhIpakeHue s AA:

AA=E/x

DTO U €CTh TO BBIPAKEHHE, KOTOPOE MbI UCKaIu. Teneph Mbl MOKEM HMCIOJb30BAThH
olMOKy £ 11 U3MEHEHUs HaKJIOHA KJIACCU(DUIMPYIOEH JTUHUU HA BEIUUYUHY 44 B
HYKHYIO CTOPOHY.

O6HOBMM HauaabHBINM HakJIOH JuHUHM. Korja x 61 paBeH 3,0, ommOka ObLia paBHA
0,35. Takum o6pazom, AA = E / x mpeBpamaercs B 0,35/ 3,0 =0,1167. 310 03Hauaer,
qT0 TeKyiee 3HaueHue A=0,25 HeobxoaumMo n3MeHUTh Ha Benmmuuny 0,1167. OTcroma
CJIEIIyET, YTO HOBOE, yyullieHHoe 3HadeHue A paBHo (A + AA ), t.e. 0,25 +0,1167 =
0,3667. He cocraBmnsieT Tpyaa yOeIUTHCS B TOM,
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YTO pacyETHOE 3HAYEHHE y TP HOBOM 3HAYEHUU A PaBHO, KAK U CJIEI0BAIIO 0XKUATh,
1,1 — xenaemoMy LEIEBOMY 3HAUYECHHUIO.

Bce pabotaer, u Mbl pacriosiaraeéM METOIOM Jisi YIy4IIeHHs mapameTpa A, eciu
M3BECTHA TEKYIas ONIMOKa.

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

[TocmMoTpuM, YTO TOMYYUTCS, €CIM BCTaBUTh X = 1,0 B nuHEWHYIO (YHKIHIO, B
KOTOPOM Teneph UCIONIb3yeTcs 0OHOBIEHHOE 3HaueHue A = 0,3667. MbI nojtyyaeM y
=0,3667 * 1,0 = 0,3667. O10 04eHb JaNeKO OT 3HaUeHUs y = 3,0 B TPEHUPOBOYHOM
npuMepe.

Hcnonw3yst T€ xe pacCyKJIEHHUsI, YTO U Tepes] STUM, KOTJa Mbl HAIIlYIIbIBAJIU MyTh K
MOCTPOEHUIO TaKOW JIMHUHU, KOTOpasi He mepecekana Obl TPEHUPOBOUHBIE JaHHbBIE, a
MPOXO0/IUJIa HaJl HUMH WJIM TIOJT HUMH, MBI MOXKEM 33]1aTh JKeJIaeMO€ 11e€JIeBOE 3HAUCHUE
paBHbIM 2,9. Ilpu 3>TOM [aHHBIE TPEHUPOBOYHOTO MPUMEPA, COOTBETCTBYIOIIETO
I'yCEeHHUIIaM, HaXOATCS HaJl IMHUEeH, a He Ha Heil. Ommobka E paBHa (2,9 - 0,3667) =
2,5333.

Orta omnOKa 60JIbIIIe TPEABIAYIIEH, HO Y HAC BEIb ObLIT BCETO JIUIIb OJIUH PUMED JIJIs
OoOy4eHHs] TUHEHHON (DYHKIIMH, KOTOPHIA OTYETIIMBO CMeman (DYHKIHIO B CBOEM
HaIpaBJICHUH.

Onsth 00HOBUM A, Kak Jejtanu 10 3Toro. Cootnomenue A4 = E /x naet 2,5333/1,0=
2,5333. D70 03HAYaeT, YTo MOCe OYEPEIHOIO0 OOHOBJIEHUS MapaMeTp A MPUHUMAET
sHauenue 0,3667 + 2,5333 = 2,9. Orcoga cienyer, yto miaga x = 1, 0 ¢pyHKIUSA
BO3BpAIIACT B KayeCTBE OTBETA 3HAYCHUE 2,9, KOTOPOE M ABJISAETCS KEIAEMbIM
1[EJIE€BbIM 3HAYEHUEM.

Tenepp MBI MOXXEM BHU3yalIM3UWpOBaTh MOJyYEHHbIE pe3ylbTarbl. Ha cremyromieit
JuarpaMMe MpeCcTaBlIeHbl HauallbHas JIMHUSA, TUHUS, OOHOBJIEHHAS 1OCJe 00yYeHUs
Ha MEPBOM TPEHUPOBOYHOM NpHUMEpPE, U OKOHYATEIbHas JUHUS, OOHOBJIEHHAs Ha
BTOPOM TPEHUPOBOUYHOM IPUMEPE.

OKOHYAMEADHOE YMWOYHEHHOE 3HAYEHUE
4 = (2,0) x

OAUHA

YMOYHEHHOE 3HAYEHUE
y = (0.3667) X

wUpUHA
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['msas Ha rpaduk, MBI BUAUM, YTO HAM HE YJIAI0Ch JOOUTHCS TOTO HAKIIOHA MPSMOiA,
KOTOporo Mbl XoTenu. OHa He oOecrneunBaeT JOCTaTOYHO HAAEKHOE pa3/ielicHHe
oOiactell TUarpaMMbl, 3aHUMaeMbIX TOYKAMHU JTaHHBIX 00KBHX KOPOBOK M TYCEHHII.
Opnako, TUHUS OOHOBIISIETCS, MMOACTPAUBASCH MO TO 1I€JIEBOE 3HAYEHHUE ), KOTOPOE
MBI 33]1a€M.
A Benpb AGMCTBUTENIBHO, €CIUM MBI OyJeM MpOoJOJDKaTh Tak M Jajnee, T.e. MPOCTO
OOHOBJIATH HAKJIOH JJISi OYEPEIHOr0 IpUMepa TPEHUPOBOYHBIX JTaHHBIX, TO BCE, UTO
MBI OyieM KaXKIblil pa3 Mojdy4yaTh B KOHEYHOM CUE€TE, — 3TO JIMHHUIO, MPOXOIAIIYIO
BOJIM3HM TOUKH JAHHBIX MOCIEAHET0 TPEHUPOBOYHOTO MpumMepa. B pesynbrate 3T0r0
Mbl OTOpAachIBAEM BECh NPEABIAYIIUMN OMNBIT OOYy4YEHHUs, KOTOpbIA MOIJIH Obl
UCTIONIb30BaTh, M YIUMCS JIUIIIb HA CAMOM TOCIIEAHEM MIPUMeEpE.
Kak wucnpaButh 3Ty curyanuio? Mbl criaxuBaeM OOHOBIICHHUS, T.€. HEMHOIO
YMEHBINIAEM BEIMYHHY IMMONMpPaBOK. BMecTo TOro utoObl KaKAbld pa3 3aMeHITh A
HOBBIM 3HAYEHUEM, MbI UCIIOJIb3YEM JIUIIb HEKOTOPYIO JIOJIIO MOIpaBku 44, a HE BCIO
ee LenukoM. bmarogaps »TOMy MbI JABMXKEMCS B TOM HAmpaBlIEHUU, KOTOPOE
MOJICKa3bIBA€T TPEHUPOBOYHBIM MPUMEp, HO JCJIAeM 3TO OCHOPONCHO, COXPaHss
HEKOTOPYIO 4acTh MPEbIIYIIEro 3Ha4eHHsl, KOTOPOe ObUIO MOIYYEeHO B pe3yJIbTaTe,
BO3MOYKHO, MHOTHX TPEABIAYINUX TPEHUPOBOUYHBIX IUKIOB. MBI yXe BUICIH, KaK
paboTaer 3Ta ujes CriaxuBaHus B IpUMepe ¢ mpeoOpa3zoBaHUEM KUIOMETPOB B MUJIH,
KOTJIa U3MEHSUIH MapaMeTp C JIMIIb Ha HEKOTOPYIO 00 (PaKTHUECKOM OITHOKH.
VY Takoro CriiaxuBaHusi €CTh €Ill€ OAMH OYE€Hb MOIIHBIA U MOJE3HBIA MOOOYHBIH
sbdext. Ecam TpeHUpOBOUHBIE JaHHBIE HE SBISIOTCS HAJIEKHBIMH U MOTYT
coJiep>KaTh OMUOKH WIIH IIIYM (2 B peabHBIX U3MEPEHUSIX OOBIYHO MPUCYTCTBYIOT 00a
ATUX (PaKTOpa), TO CrIIAKMBAHHE YMEHBIIAET UX BIIUSHHE.
Cnenaem mepepacyeT, Ha 3TOT pa3 100aBUB CriiaXuBaHue B PopMyry OOHOBICHUS:
AA =L (E/X)

dakTop criaxuBaHusi, OOO3HAYEHHBIM 37eCh Kak L, YacTo Ha3bIBAIOT
koa(purieHTOM ckopoctu 00yuyeHus. Boioepem L=0,5 B kauecTBe pazyMHOIO
HayaJdbHOTO NPUOJMKEHHS. DTO O3HA4yaeT, YTO Mbl COOMpaeMcsi HCHOJb30BaTh
MONPaBKy BABOE MEHBIIICH BETMYMHBI, YeM 0€3 CTIaKMBaHUSI.

[ToBTOpUM BCe pacueThl, HCIOJB3Ys HadaibHoe 3HaueHue A*0,25. Ilepsbiid
TPEHUPOBOYHBIN npumep aaeT Ham y = 0,25%3,0 = 0,75. [Ipu neneBom 3nauenu 1,1
ommbOka paBHa 0,35. [TorpaBka pasHa AA = L (E / x) =0,5 * 0,35 / 3,0 = 0,0583.
Oo6noBneHHOe 3HaueHue A pasHo 0,25 ++ 0,0583 = 0,3083.

[IpoBeneHne pacyeToB ¢ 3TUM HOBBIM 3HAUYCHHEM A IJIsI TPEHUPOBOYHOTO IIpUMEpa
mpu x=3,0 gaet y = 0,3083 * 3,0 = 0, 9250. Kak BuaumM, pacronoXeHHe dTON JTUHUN
OTHOCHUTEJIbHO TPEHHPOBOYHBIX JIaHHBIX OKa3aJ0Ch HEYJAAUYHbIM — OHA MPOXOJUT
HUKe 3HA4eHUS 1,1, HO ATOT pe3ynbTaT He TaK YK U TUIOX, €CIIH YIeCTh, YTO ATO ObLIa
BCEro JIMIb IepBasl MOMmbITKa. [J1aBHOE TO, YTO MBI JABUKEMCS B IMPABUIHLHOM
HaIPaBJICHUH OT MEPBOHAYAJILHOU JIMHUH.

[lepeitnem ko BTOpOMYy HaOOpy TPEHHPOBOYHBIX NaHHbIX Npu x=1,0. HMcnonb3ys
A=0,3083, mb1 monyuaem y= 0,3083 * 1,0 = 0,3083. JKenaembIM 3HaueHreM ObLIO 2,9,
noaTomy omrnbka cocrasiset (2,9 - 0,3083) == 2,5917.
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[TompaBka AA=L(E/x)=0,5*%2,5917/1,0=1,2958. Teneps
obOHoBIIeHHOE 3HaueHne A paBHO 0,3083 + 1,2958 = 1,6042.

BHOBb 0OTOOpazuMm Ha auarpaMMe HadallbHBIN, YJIYUYIIEHHBIM W OKOHYATEIhHBIM
BapUAHTHI JJUHUU, YTOOBI YOSAUTHCS B TOM, UTO CTIIQKHBAHUE OOHOBJICHUHN MPUBOIUT
K 0oJiee yJOBIIETBOPUTEIHHOMY PACIIOJIOKEHUIO PA3ACIUTEILHON JTHUHUN MEXKIY
00JacCTIMU JaHHBIX O0XKBUX KOPOBOK U TYCCHHIL.

Bmopoe czraxeHHoe YymouHeHue
% oo C , Y= (1,6042)x
T
3 2.
<
™
nepboe czrnaxeHHoe YymovHEHUE
y = (0,3083) x
1 o= ‘ -‘ _..-"ff

- { {

H
1 2 3
wupuHa

OTO AEUCTBUTENBHO OTINYHBIN pe3ybTat!

Bcero nmumb ¢ AByMsI IPOCTBIMH TPEHMPOBOYHBIMU NPUMEPAMU U OTHOCHUTEIBHO
IPOCTBIM METOJIOM OOHOBJIEHUS! Mbl, UCHOJb3Ysl CTJIaKUBAHUE CKOPOCTH OO0YyUYEHHUS,
CMOIJIM OYE€Hb OBICTPO MOJYUYUTH XOPOIIYIO Pa3IEIUTEIbHYIO JUHHUIO Y=AX, IJe
A=1,6042.

Takum oOpa3zoM, HaM yAaJIOCh CO34aTh ABTOMATHU3UPOBAHHBIA METOJ OOY4YEHHS
KjIaccuukanuyu Ha MpUMeEpax, KOTOPBIM, HECMOTpsS Ha MPOCTOTY MOJAXO[a,
IPOJIEMOHCTPUPOBAJ 3aMeUaTENbHYI0 3PHEKTUBHOCTD.

Buo16odwi:

* YroOBl MOHSATH COOTHOIIEHHWE MEX]y BBIXOJHOW OMMUOKOW JTHWHEHHOTO
KiIaccu(ukaTopa ¥ mapamMeTpoM PEeryJupyeMoro HakjOHA, JTOCTATOYHO BIIAJCTh
AJIEMEHTApHOM MAaTeMaTUKOW. 3Hasi 3TO COOTHOLIEHHWE, MOXKHO OIpPEICIUTh
BEJIMYMHY W3MEHEHMS HAKJIOHA, HEOOXOJMMYIO ISl YCTpPaHEHHUS BBIXOJHOMN
OIIIHOKHU.

* HepoctaTok mNpsAMOJIMHEWHOTO MNOAXOJA K PETYJIUPOBKE NapaMeTPOB
3aKJII0YaeTCsl B TOM, YTO MOJI€JIb OOHOBIISICTCS JIO0 HAWJIyYIIIErO COOTBETCTBUS
TOJBKO MOCJIEAHEMY TPEHUPOBOUYHOMY MPUMEPY, TOTJA KaK BCE MNPEAbIAYILIHE
OpUMepbl HE NPUHUMAIOTCd BO BHHMaHWe. OJHMM W3 HEIJIOXUX CIOCOOOB
YCTPAHEHUS STOTO HEJOCTaTKA SBJISIETCS YMEHBbIIEHUE BEJIUYMHBI OOHOBJIECHUH C
MOMOIIBI0 KOA(h(PUIIEHTa CKOPOCTU O0yUEHHUSI, YTOOBI HU OJMH OTIEIHHO B3SITHIM
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TPEHUPOBOYHBIN MPUMEP HE IOMUHUPOBAII B MPOLIECCE OOYUEHUS.
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* TpeHUpOBOYHBIE NPUMEPHI, B3ATHIE M3 PEaJbHON MPAKTHKU, MOTYT OBITh
HUCKAKEHbl NIYMOM WM cojepkarb owmuOku. CriakuBaHue OOHOBJICHUMN
CIOCOOCTBYET OrPAHUYEHHUIO BIHMSHUS OI00HBIX JIOKHBIX TPUMEPOB.

IIpakTuyeckue 3agaHuA
1. ®ynkuuu

2. MaccusBbl
3. I'padmueckoe mpecTaBIeHNE MAaCCUBOB

4. OOBEKTHI

1. DyHKnun

Panee mbl paboTtanu ¢ MaTeMaTnyeckuMu GyHKIUAMHA. J[aHHbIE (YHKIIMHA MOTY4YatoT
BXOJIHbIE JAaHHBIC, BHITIOJHAIOT HEKYIO0 pabO0Ty M BBIIAIOT pe3yiabTaT. ITH (QYHKIIMH
JIEHCTBOBAJIN CAMOCTOSTEIHLHO, U MBI MOTJIM KX MHOTOKPATHO MCTIOJIB30BAaTh.
MHorue s3bIKM TpOTrpaMMHUpOBaHus, BkiItodas Python, ympomaior co3ganue
MTOBTOPHO HMCIIOIB3YEeMbIX HHCTPYKITHH. [Tog00HO MaTemMaTinaeckuM (PyHKITUSIM TaKHAe
MHOTOKPATHO MCTIONIb3yeMbIe (P)parMeHThI KOJIa, €CIIM OHU OTpeAeNICHbI HaJIeKaIIUM
o0pa3oM, MOryT JEWCTBOBaTh AaBTOHOMHO M OO€CIEUMBAIOT co3AaHue Ooee
KOPOTKOTO 3JIEFaHTHOT'O KOJIa.
[Touemy cokparraercsi 00beM kKoaa? IloroMy 4TO BBI3BIBaThH (QYHKIIHIO, 0Opamiasch K
ee UMEHH, ropa3/io MpoIle, YeM KaxKIblii pa3 MOJHOCTHIO 3aMKUChIBATH 00Pa3yIOIIHiA
9Ty QYHKIIHIO KOJI.
Jns 3aganus GyHKIIMH HEOOXOJAMMO YETKO OINPEISTUTh, KaKue 6X0O0Hble OAHHble
odcudaem @QYHKYyus W KAKOU Mumn 6bIXOOHbIX OaHMbIX OHa BblIaeT. Hekxotopbie
(GyHKIUMA B KaueCTBE BXOJHBIX JAHHBIX MPUHUMAIOT TOJIBKO YHCIIA, U MMOATOMY UM
HEJb3s MepeaaBaTh COCTOALINE U3 OyKB CIOBA.
OOpatuMcs K KOHKpETHOMY NpuMepy. BBeauTe U BBIOIHUTE CIAEAYFOIIHMA
KOZ.

# GbyHKIHS, KOTOpast

OpuHUMACT [JBa 4YHUCIa B

KaueCTBC BXOJHBIX OAaHHBIX #

U BBIBOJAUT WX CpeIHEe

3HAYCHUE
def cpennee(x,y):

p
r
i
n
t
,<

O wwT 0o o
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u a
r OOcyaum, 4YTO JENAIT ATH KOMAaHJBI.
n [TepBbIc 1BE CTPOKU, HAUMHAFOIITHECS

c cuMBOJIOB #, Python urHOpUpyeT, HO MBI HCIIOIB3YEM UX B KaU€CTBE KOMMEHTAPHS
JUTSl TIOTEHIMAJIBHBIX YuTaTene koma. Crheayromias 3a HUMU KOHCTpykius def
cpeanee (X, y): coobmaer Python, uto Mbl coOupaeMcst onpeeIuTh HOBYIO TIOBTOPHO
ucrnoiaszyemyr ¢ynkuuio. 3nech def (oT anri, define — onpeaenuTsh) — KIHOUYEBOE
CIIOBO; CpenHee — HMsA, KOTopoe MbI ngaeM (yHKIuU. Ero MoxHO BBIOMpPATH
MPOU3BOJIBHO, HO JIyYIllE BCETO HCIIOJIb30BATh OnUcCamenvhvle UMeHd, KOTOPhIC
HAMIOMHST HaM O TOM, JUIs 4ero JaHHas (GyHKOus (akTUYECKH MpeTHa3HAaueHa.
KoHcTpykiust B KpyTiibIX cKoOKax (X,y) cooOmaer
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Python, uTo ¢yHKIMS TpUHWMAET JBa BXOIHBIX 3HAYCHHS, KOTOpPHIE B Tpeaeax
NoCJIeAyIOUIero omnpeaeneHus (GyHKIUM O0003HA4YalTCs KAk X U y. B HEKOTOphIX
sI3BIKaX MPOTrPaMMHUPOBAHUS TPeOyeTCsl, YTOOBI BB YKa3bIBAIN, O0BEKTHI KAKOT'O THUTIA
MPEACTaBIAIOT nepeMeHHble, Ho Python 3Toro He nenaer, U BMOCIEACTBUU MOXKET
JUIIb HAIOMHUTH 00 MCIOJIb30BAaHUU MEPEMEHHON HEe M0 Ha3HAYEHHIO, HalpuMep,
KOT'/Ia BBl MIBITAETECHh UCTIOIB30BATh CIIOBO, KaK OYJITO OHO SIBJSIETCS YMCIIOM U T.JI.
Teneps, koraa Mol 00bsiBIIIM Python 0 cBoeM HamepeHur onpeaeanTh GYHKIUIO, MbI
JIOJDKHBI COOOIIUTh, YTO WMEHHO JenaeT 3Ta (yHKuusa. Onpedenenue yHKkyuu
8800UMCSI C OMCMYNOM, YTO OTPAXKEHO B MPUBEICHHOM BbIlIEe Koja€. B HEKOTOpBIX
S3BIKaX JJIS TOrO, YTOOBI OBUIO MOHSATHO, K KAKMM YacTsIM MPOTPaMMbI OTHOCSITCS T
WM WHBIE (parMeHThl KOJIa, UCIOJIb3YETCS MHOYKECTBO BCEBO3MOKHBIX CKOOOK, HO
co3narenu Python oco3naBaau, 4To 00MIME CKOOOK 3aTPYIHSCT YTEHHUE KOJa, TOTaa
KaK OTCTYIIBI TIO3BOJISIIOT C TEPBOTO B3IUIS/Ia TOJIYYUTh MPEACTABICHHE O €ro
CTpyKType. B oTHOIIEHNH 11€71€CO000Pa3HOCTH TAKOTO MOX0a MHEHUS Pa3AelInINCh,
MTOCKOJIBKY JIFOJIA MHOT I 3a0bIBAIOT O BAXKHOCTH OTCTYTIOB.

[Tonats cmbICH KOAa B ompeneiaeHud (PyHKUUH cpeaHee (X, y) Oyner coBceM
HECJIO)KHO, TTOCKOJIbKY B HEM HCIIOJIB3YETCS BCE TO, C UEM MBI YK€ CTaJIKHUBAJIHCh.
DTOT KOJT BEIBOJIUT YHCIIA, TIEpeiaBacMble GYHKIIUU TIPH €€ BbI30Be. J{71s1 BRIUHCICHUS
CpEIIHero 3HAYCHHS BBIBOJIUTH apPTYMEHTHI BOBCE HE 00s3aTEIIBHO, HO MBI J€JIaeM 3TO
JUTSL TOTO, YTOOBI OBLIO COBEPIIICHHO MOHSATHO, YTO MPOUCXOIUT BHYTPH QyHKIMH. B
CIEeIyIONIEe MHCTPYKIMU BbIYMCIAETCS BenuuuHa (X + y) / 2.0, U nomyyeHHOe
3HaUEHHWE TPUCBAMBACTCS TMEPEeMEHHOW a. Mbl BBIBOJAMM CpeIHEE 3HaYeHUE
UCKITIOUUTEIILHO JUUIE KOHTPOJII TOTO, YTO NPOUCXOoauT B koxe. Ilociemnss
WHCTPYKIUS — return a. OHa 3aBepiiaet onpeaenenne GyHkuu u cooodmaet Python,
YTO UMEHHO JIOJDKHA BEPHYTh (YHKIIMS B KQ4e€CTBE Pe3yJibTara, MoJ00HO MalTuHAaM,
KOTOPBIE MBI paHee 00CyKIalu.

3amycTuB ATOT KOJI, BBl YBUIUTE, YTO HUYETO HE Mpousonuio. Hukakue uncna He
BBIBEJICHBI. /[€710 B TOM, YTO MBI BCETO JIUIIIH ONPEASTHIN (DYHKIINIO, HO ITOKA YTO HE
BbI3BaM ee. Ha camom nene Python 3apeructpupoBan ¢hyHKIuI0 U OyAET Aep>KaTh €€
HAroToBe 710 TeX TP, IOKa MBI HE 3aXOTHUM €€ MCTIOJIb30BaTh.

In [7]: |# gdyHryus, komopas npudumgem dBa wucna 8 kaqecmBe BxodHex JaHHbIX
# u BuBodum ux cpedHee 3IHAYeHUE
def cpepHee(x,y):
print(’'nepeoe 4Mcno paeHo’', X)
print(’'eTopos 4Mcno paeHo', y)
a=(x+y)f2.e
print(’cpegHee 3Ha4eHue pasHo', a)
return a

BBenute B ciemyromeii siueiike cpeonee (2, 4), 4ToObI aKTUBU3UPOBATH (DYHKITHIO JJIS
3HaueHnt 2 u 4. Kcratu, B MHpEe KOMIIBIOTEPHOTO NPOTPAMMHUPOBAHUS ITO
Ha3bIBAETCA BbI30BOM (PYHKIUHM. B COOTBETCTBUU C HAIIUMU OXUJAHUSIMU JaHHAs
(GyHKIUS BHIBEJICT JIBA BXOJAHBIX 3HAUCHUS U UX BBIYUCIIEHHOE cpeanee. Kpome Toro,
Bbl YBHUJUTE OTBET, BBIBEJICHHBIA OT/EJIbHO, TMOCKOJIbKY BBI30BbI (PYHKIMHA B
WHTEPAaKTUBHBIX ceaHcax Python compoBOXIarTCs MOCIEAYIOMUM BBIBOJIOM
BO3BpaIlaeMoro UMM 3HaueHus. Huxe nokaszano
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omnpeseneHne PyHKIH, a TAKKE Pe3yIbTaThl €€ BBI30BA C MMOMOIIBIO HHCTPYKIIHH
cpeonee (2, 4) u uHCTPYKIUH cpedree (200, 301) ¢ GONBIIMMU 3HAYCHUSIMH.

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

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

out[8]: 3.8

HOSKCHepI/IMeHTI/Ipyf/'ITe CaMOCTOATCIBbHO, BbI3bIBas (I)YHKHHIO C Ppa3iin4YHbIMU
BXOIHBIMH 3HAYCHHUSIMU.

In [9]: cpenHee (268, 381)

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

out[9]: 25@.5

Bo3mokHO, BB 00paTuiaM BHHUMaHUE Ha TO, YTO B KojA€ (YHKIHUU CpeHEEe JIBYX
3HAYEHUN HAXOJUTCS IyTEM JeJeHus He Ha 2, a Ha 2,0. [Touemy MbI Tak nocTynuiau?
910 ocobernocts Python. Ecnii 661 MBI tenum Ha 2, TO pe3yJbTaT ObLT Obl OKPYTJICH
710 OJIMYKAHUIIIETO 1IeJT0TO B MEHBIITYI0 CTOPOHY, TOCKOIBKY Python paccmarpuBan 6w1 2
MPOCTO KaK IEJI0€ YUCII0. DTO HE M3MEHWJIO Obl pe3yJbTaT BbI30Ba cpenHee (2, 4),
MIOCKOJIBKY 6/2 paBHO 3, T.e. nienomy unciay. OmgHako B ciydae Bbi3oBa cpeanee (200
,301) cpennee 3nauenue, papoe 501/2, 1.e. 250,5, Ob110 OBl OKPYIJIEHO /10 3HAUYCHUS
250. Jlenenue ke Ha 2,0 coobmiaet Python, uTo B Hamu HaMepeHUs! AEUCTBUTEIBHO
BXOAUT paboTa ¢ YKMCIaMHU, KOTOPbIE MOTYT UMETh JIPOOHYIO YacCTh, U Mbl HE XOTHUM,
YTOOBI OHU OKPYTJISIIUCH.

Ntak, MBI onpenenuiv MOBTOPHO HUCIOIb3yeMYH (YHKIHMIO — OJMH U3 Haubosee
BOXHBIX M MOUIHBIX OJJIEMEHTOB KakK MaTeMaTHUKHU, TaK M KOMIIBIOTEPHOTO
IPOrpaMMHUPOBAHHUS.

Mpsi OynemM MPUMEHSTH MOBTOPHO MCMOJb3yeMble (YHKIIMHM MpU HAMHCAHUHM KOja
COOCTBEHHOM HeWpoHHON ceTu. Hampumep, umMeeT CMBICT C€03/1aTh TOBTOPHO
UCIIOJIb3yeMyI0 (YHKIIMIO, KOTOpas peajan3oBaja Obl BBIYMCICHHUS C IOMOIIBIO
CUTMOU/IBI, 9YTOOBI €€ MOXHO OBIJIO BBI3BIBaTH MHOTO pa3. OO 3TOM B CIIETYIOIIUX
paboTax.

2. MaccuBBI

Maccugsl — 310 He Oosiee yeM Tabnuibl 3HaueHu. Kak u B ciydae TaOyuil, BBl MOYKETE
CCBUIAThCS HA KOHKPETHBIE STYEMKH TI0 HOMEpaM CTPOK U CTOJIOIOB.

HagepHoe, BaM N3BECTHO, YTO UMEHHO TAKMM CITOCOOOM MOHO CChIJIAThCS HA STYEHKU
B DJIEKTPOHHBIX Tabmunax (Hanpumep, Bl wnam C5) u nmpous3BOAUTH HAJ HUMHU
BbIuKciienus (Harpumep, C3+D7).

Korna neno poiiner 1o HanucaHus KoJa HEMPOHHOM CETH, MBI HCIIOJIb3YEM MACCHUBBI
JUTSL TIPEJICTABICHUS MATPHI] BXOJHBIX CHUTHAJIOB, BECOBBIX KOIPPUIIMEHTOB U
BBIXOJIHBIX CHUTHaJIOB. HO HE TONBKO 3THX, a TakKe MaTpull, MPEICTABISIOMIUX
CUTHaJIbl BHYTPU HEUPOHHOM CETH U UX PACTIPOCTPAHEHUE B MPSIMOM HAIPaBICHUU, U
MaTpHull, MPEJCTABIAIONIUX 0O0pATHOE PACIPOCTPAHCHUE
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omuOok. [loaToMy naBaiiTe MO3HAKOMUMCS ¢ MacCMBaMH. BBeauTe W BBINOJHUTE
CHEAYIOIINMN KO

import numpy

Yro npemaer ator kox? Komanpma import coobmraer Python o HeoOxomumocTu
MIPUBJICYEHUS TONOJHUTEIbHBIX BEIYMCIUTEIBHBIX PECYPCOB U3 APYrOro HCTOYHUKA
JUIS pACIIMPEHHs] Kpyra UMEIOIIUXCSI MHCTPYMEHTOB. B HEKOTOpBIX ciydasiX 3TH
JOTIOJTHUTENIbHBIC WHCTPYMEHTHI SBJISIOTCS yacThio Python, HO oHM HEe HaxomsTCs B
COCTOSIHUM TOTOBHOCTH K HEMEJIECHHOMY UCIIOIb30BaHUI0, YTOOBI 0€3 HaJOOHOCTH HE
orsromarh Python. Yame Bcero pacmmpeHusi HE OTHOCSITCS K OCHOBHOMY
MHCTpyMeHTapuio Python, HO co3aatoTcsi CTOpPOHHUMH pa3pabOTYMKaMU B KaueCTBE
BCIIOMOTaTEIbHBIX PECYPCOB, JOCTYIHBIX JJIsl BCEOOIETro UCIIOIb30BaHus. B nanHOM
CJIydae Mbl UMIIOPTUPYEM JIONOJHUTEIBHBIN HA00P UHCTPYMEHTOB, OOBEIMHEHHBIX B
€IUMHBIA MOIyJb TOJA Ha3zBaHuemM numpy. I[lakeT numpy oOyeHb NOMYJISIPEH H
MIPEAOCTABJISAET P NOJIE3HBIX CPEJICTB, BKIIFOYAs] MACCUBBI U ONEpalliU HAJl HUMHU.
Beenure B crenyronien sueke NpUBEICHHbBIA HUXKE KO/I.

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

B »sTOM KOAE WMMIOPTUPOBAHHBIM MOIYJIb NUMPY HUCHOJB3YETCA JISI CO3IAHUSA
MaccuBa Pa3MEpPHOCTBIO 3X2, BO BCEX SUEMKaxX KOTOPOrO COAEPIKATCS HYJIEBBIC
3Ha4YeHUs. MBI COXpaHseM BECh MACCUB B IIEPEMEHHOMN @, MOCJIE YETO BHIBOAUM €€ Ha
JKpaH. Pe3ynbraT MOATBEPKAAET, YTO MACCUB JECHUCTBUTEIBHO COCTOUT U3 HYJIEH,
XPAHAIIUXCS B BUJIE TaOJIHUIIBI C TPEMS CTPOKAMH U IByMsI CTOJIOIaMHU.

In [18]: |import numpy

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

A Tenepb MOIUGUIIUPYEM COJAEPKUMOE ITOTO MacCUBa U 3aMEHUM HEKOTOPBIE U3 €TO0
HyJIEN IpYyrUMH 3HAYEHUSAMH. B NpruBeAEHHOM HMXKE KOJI€ TOKa3aHO, KaK COCIAaThCs
Ha KOHKPETHBIC SUYEHKH JIJISi TOr0, YTOOBI 3aMEHUTh XPAHAIIUECS B HUX 3HAUCHUS
HOBBIMH. DTO HallOMUHAET 0OpaIleHre K Hy>KHBIM SYeiKaM JIEKTPOHHON TaOJIUIIBI.
a[0,0]=1

a[0,11=2

a[1,0]=9

a[2,11=12

print(a)

[lepBasi cTpoka OOHOBIISIET STUEHKY, HaXosAIytocs B cTpoke 0 u cTonbie 0, 3aMeHss
BCE, YTO B HEH JI0 3TOr0 XPAaHWIOCH, 3HaAUCHHEM 1. B OcCTalbHBIX CTpOKax Apyrue
SYEHKH aHAJIOTUYHBIM 00pa30oM OOHOBIISIIOTCS, a MOCJIEIHSSI CTPOKA BHIBOJAUT MacCUB
Ha AKPaH ¢ MOMOIIbIO MHCTPYKIKHU print(a). Ha npuBenenHomn
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HHWXC UWIJIIOCTPAlHA IIOKa3aHo, 4TO coOoi MpeACTaBIACT MACCUB ITOCJIC BCEX W3MCHCHMH.

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

— ——
L I s I ]
S I v I N
[ —

12.1]]

Tenepb, Kkorma HW3BECTHO, Kak IIPUCBAaMBATh 3HAYEHHs DJIIEMEHTAM MacCHBa,
paccMOTpUM, KakuM 0Opa3oM MOXKHO y3HAaTh 3HAYEHHE OTHEJIBHOIO 3JIEMEHTa, HE
BBIBO/ISI HA 3KpaH BeCh MaccuB. UTOOBI cocliaThbesl HA COAEPKUMOE SIYEUKU MacCHBa,
KOTOpPO€ MBI XOTHM BBIBECTM Ha 3KpaH WIM HIPHUCBOUTH JAPYrod IEPEMEHHOMH,
JIOCTATOYHO BOCIIOJIB30BAaThCsl BhIpakeHueM Hamogobue a [ 0,1 Juwm a [ 1,0 ] .
HIMeHHO 3TO IEMOHCTPUPYET MPUBEIECHHBIN HIKE (PparMeHT KoAa.

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

[1,0]

print(v)

3anyCTUB 3TOT MNPUMEP, Bbl YBHAWTE, YTO IEpBasi WHCTPYKIMUS print BBIBOJIUT
3HaueHue 2,0, T.e. copepxkumoe sueiku [0,1]. Crenyromas HHCTpYKUUs IPUCBAUBAET
3Ha4YEeHUE ayeMeHTa MmaccuBa a [1,0] mepeMeHHONM V M BBIBOJUT 3HAYEHUE ITOMU
nepemeHHol. Kak u 0xkuanock, BRBIBOAUTCS 3HaueHue 9,0.

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

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

2.8
9.8
Hymepanust cton61ioB u ctpok HaunHaercs ¢ 0, a He ¢ 1. BepxHuii JIeBbIil 271eMEHT
ob6o3navaetcst kak [0,0], a e kak [1,1]. OTcroma ciaegyer, 4To IPaBOMY HIDKHEMY
AJIEMEHTY COOTBETCTBYET oOo3Hauenme [2,1], a He [3,2]. Eciu MBI mombiTaemcs, K

npuMepy, oOpaTUThCS K dleMeHTy MaccuBa af(0,2], TO MOIy4yuM COOOIIEHHE 00
olInoKe.

In [18]: |#nonamxa obpaweHus K HecyuyecmBywwemy 3aemedmy maccuba
a[e,2]
IndexError Traceback (most recent call last)

<ipython-input-18-f5ac82a5343a> in
1 #nonuTka oDpaWeHMA K HeCYWeCTEYHWEMY 3AEMEHTY MacCHEa
cewcy Zoa[0;2]

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

MaccuBbl, WM MaTpUIlbl, MPUTOIATCA HaM [JIsi HEHPOHHBIX CETEW, MOCKOJIBbKY
MO3BOJISAT YNPOCTUTh MHCTPYKIUU TPHU BBHIMOJHEHUHW WHTECHCUBHBIX BBIYUCIICHH,
CBSI3aHHBIX C PACIIPOCTPAHEHUEM CUTHAJIOB U OOpPaTHBIM PaCIPOCTPaAaHEHUEM OIINOOK
B CETH.
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3. I'padpnueckoe npeacraBjieHne MACCHBOB

Kak u B ciayuyae OONBIIMX YUCIOBBIX TAOJHII U CIHCKOB, MOHSATH CMBICI YHCET,
COJIEpKAILUXCS B 3JIEMEHTaX MaccuBa OOJIbIION pa3MEepHOCTH, AOBOJBHO TPYyJHO. B
TO € BPEMsI UX BU3yalIH3alus O3BOJISIET OBICTPO MOIYYUTh 0011I€€ IPEICTaBICHUE O
TOM, YTO OHM oO3HayatoT. OJHUM U3 CHOCOOOB TIpadUUEecKOro OTOOpaKEHUS
JIBYXMEPHBIX YHCIOBBIX MACCUBOB SIBJISIETCS MX MPEACTABICHUE B BUJIE IBYXMEPHBIX
MOBEPXHOCTEH, OKpacka KOTOPbIX B KaXKIOH TOUYKE 3aBHCUT OT 3HA4YCHHS
COOTBETCTBYIOILIETO 3ieMeHTa MaccuBa. Crioco0 yCTaHOBIIEHUSI COOTBETCTBUS MEXTY
[[BETOM TOBEPXHOCTH M 3HAYCHHEM DJIEMEHTAa MAacCHBa Bbl BHIOMPAETE IO CBOEMY
ycMmoTrpenuto. Hampumep, MOXXHO MpeoOpa3oBbIBaTh 3HAYEHUS! B LIBET, UCIOJb3YS
KaKyl0-T100 LIBETOBYIO LKAy, WJIM 3aKPaCUTh BCIO TIOBEPXHOCTh OEJIBIM LIBETOM 3a
UCKIIFOUEHUEM YEPHBIX TOYEK, KOTOPBIM COOTBETCTBYIOT 3HAYEHHS, IMPEBBIIIAIOLINE
ONPEAEIEHHBINA MOPOT.

JlaBaiiTe mpeacTtaBuM B rpadUyecKoOM BHUC CO3JAHHBIN paHee HEOOJBITON MacCHB
pPa3sMEpHOCTBIO 3 X 2 .

Ho cHaudana Mbl 10JKHBI paciiupuTh Bo3MoxkHOCTH Python muist paboTsl ¢ rpaduxoil.
st TOr0 HE0OXOAMMO UMIIOPTUPOBATH AOMOJHUTENbHBIN KOJ1 Python, HanrcaHHbII
JPYTUMU JIIOJIbMU. JTO BCE PABHO, YTO B35Th Y TOBAPHIIA KHUTY PELIENTOB, HIOCTABUTh
€€ Ha CBOIO KHIKHYIO TIOJIKY U MOJIb30BATHCA €10 JJI IPUTOTOBJICHUSI 0110, KOTOPbIE
paHbIlle HE YMEIU TOTOBUTD.

Hwxe npuBenena HHCTPYKIIHS, C TOMOIIBI0 KOTOPOH Mbl UMIIOPTUPYEM HYKHBIM HaM
MakKeT Jyisi paboThl ¢ TpadUKOA:

import matplotlib.pyplot

3nech matplotlib.pyplot — 3ToO UMsI HOBOM «KHUTH PELIETITOBY, KOTOPYIO MBI Ha BpeMsi
onamkuBaeM. Bo Bcex MOAOOHBIX clydasX HMS MOJYJs WIH OUOIUOTEKH,
MPENIOCTABISIONICH B Balle PACIOPSDKEHHE JOMOJIHUTEIBHBIN KOJ, YKa3bIBaeTCS
nocjie KJI4YeBOro ciosa import. B nponecce padotel ¢ Python yacto mpuxoaurcs
UMIIOPTUPOBATH IONOJHUTENbHBIE CPENICTBA, 00JIErYatolne )KU3Hb MPOrPaMMHUCTA 32
CYET MOBTOPHOI'O MCHOJB30BAHMS IOJIE3HOTO KOJA, MPEIJI0KEHHOIO CTOPOHHUMH
pa3zpabotunkamu. Bo3MOXHO, W BBl pa3paboTaere KOTJIa-HUOYIb KOJA, KOTOPHIM
MOJIEJTUTECH C KOJIEraMHU.

Kpome Toro, Mbl TOMKHBI JOMOJHUTENBHO cooOmuTh [Python o Tom, uro nobyro
rpaduky cienyer otoOpaxarbh B OJJOKHOTE, @ HE B OT/AEJIbHOM OKHE. JTO JEJIaeTcs C
IIOMOILBIO CIIEAYIOIEN TUPEKTUBBI:

%matplotlib inline

Tenepr MBI MOJIHOCTHIO TOTOBBI K TOMY, YTOOBI IPECTABUTH MAaCCUB B IpauuecKoM

BHUJIC. BBEIMTE U BBITIOIHUTE CIEAYIOIINAN KO:
matplotlib.pyplot.imshow(a, interpolation="nearest")
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import numpy

import matplotlib.pyplot
Enatplotlib inline

2.5

=0.5 oo 0.5 10 L5

Ham ynanocs npencraBuTh COAECPKMMOE MAacCUBA B BUJE L[BETHOU JuarpamMMbl. Bel
BUJIUTE, YTO STYEUKH, COIEPHKAIINE OJIMHAKOBBIE 3HAYEHUS, 3aKPAILEHbl OMHAKOBBIMU
nseramu. Iloke mbl ucnonb3dyeMm Ty xe (QyHKuuio imshow() mis BuU3yanu3anuu
3HAYEHUH, KOTOpbIE OyZeM MOJydaTh U3 HAllled HEHPOHHOMU CETH.

B cocraB nmakera [Python BxoauT 6oraTeiii HAOOp UHCTPYMEHTOB, IPEIHA3HAYEHHBIX
JUIS BU3yalu3anuu JaHHbIX. OyHkuus imshow () mpeiaraeT MHOXKECTBO OMIUMN
rpauueckoro MpeACTABICHUS JAaHHBIX, TAKUX KaK MCIOJb30BAHHE Pa3IUUYHBIX
L[BETOBBIX MAJUTP.

4. O0LEeKTHhI

Jlanee ciemyeT MO3HaKOMHUTHCS C €111 OJJHUM (PYH/IaMEHTAIbHBIM MTOHSATHEM, KOTOPOE
ucnosib3dyercs B Python, — moustuem o6bexta. OOBEKTH B Y4EM-TO CXOXH C TIOBTOPHO
UCIIOJIb3yeMbIMU (YHKIUSIMH, TOCKOJIBKY, OJHAXKIbl OMPEICIHB UX, BBl CMOXKETE
BIIOCJIEICTBUH O00paliaThCcsi K HUIM MHOXeCTBO pa3. Ho 1o cpaBHeHUIO ¢ QyHKIIUAMH
00BEKTHI CLIOCOOHBI Ha TOpa3ao OobIIee.

3anuimuTe cAeAyONUN KOJI: # kiacc

00wvekToB Dog (cobaka) class Dog:

# cobaku moryT nasaThk def bark(self):

print("TaB!") pass

pass

Haynewm ¢ Toro, ¢ yeM Mbl yxe 3HakoMmbl. [Ipexne Bcero, Koa BKIOYAET (PYHKIHUIO
bark() . Kak HeTpyAHO 3aMETUTh, MIPU BbI30BE JAHHOW (PYHKIIMU OHA BBIBEJET CJIOBO
“I'aB!” A Temnepp pacCMOTPUM KOJ B LieJoM. Bbl BuauTe KitoueBoe cioBo class, 3a
KOTOPBIM clieytoT uMmsi Dog (cobaka) U CTpyKTypa, HarloMHHAaromas QyHKiuo. Ber
cpa3y K€ MOKETE MIPOBECTH MapaJUIEIIA MEXKITY
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ATOU CTPYKTYpOH | ompeaeneHneM (DyHKIIMH, KOTOPOE TakKKe CHA0XAeTCsI MMEHEM.
OTnryaroTCs XKe OHU TEM, UTO IS OmpeeiacHus (PYHKIMI UCITOIB3yeTCs KIIF0UYEeBOE
CJIOBO def, TOorJa KaKk JJisl ONpeseieHusT 00bEKTOB UCIOIb3YETCsl KIOUEBOE CIIOBO
class.

[Tpexne yeM yriryOuUThCs B OOCYXXKJIEHHE TOTO, KaKO€ OTHOIIEHHE 3Ta CTPYKTYpa,
Ha3bIBaeMas KJaccoM, UMeeT K 00hEKTaM, BHOBb K IIPOCTOMY, HO pPealbHOMY KOJY,

KOTOPBIN OKUBJISACT 3TU HOHATHUA.
sizzles = Dog()
sizzles.bark()

B mepBoii cTpoke co3gaceTcs mepeMeHHas Sizzles, ICTOUHUKOM KOTOPOW SIBIISICTCS
BbI30B (hyHKIMU. Dog () — 3T0 ocobast hyHKITUS, KOTOpas CO3/aeT IK3EMILISIP Kilacca
Dog. Takum o0Opa3oM MOXKHO CO37aBaTh Pa3jUYHbIC CYIIHOCTH U3 OIPEACTICHHMA
KJIACCOB. DTH CYIITHOCTH HA3bIBAIOTCS 00bEeKTaMu. B maHHOM ciiydae Mbl CO3/1aliu U3
ompenenenust kiacca Dog o0beKT sizzles U MOXeM cuuTaTh, YTO ITOT OOBEKT
SBIISIETCS] COOAKOM.

B cnenyromieit ctpoke mius oobekta sizzles Bei3biBaeTcs Gyukmus bark(). OyHkmms
bark () BBI3BIBacTCS Tak, Kak ecid Obl OHa ObUTa 4YacThiO OOBEKTa sizzles. ITo
BO3MOYKHO, TTOTOMY 4YTO JaHHYI0 (DYHKIHIO MMEIOT BCEe OOBEKTHI, CO3/IaHHBIC HA
ocHOBe Kitacca Dog, Beib IMEHHO B HEM OHa U OTIpPEICIICHA.

OnuieM Bce ATO MPOCTHIMU CjloBaMU. MBI co3iaid TEepeMeHHYH sizzles,
pasHOBUAHOCThL Kilacca Dog. IlepemenHnas sizzles — 3T0 O0OBEKT, CO3JaHHBIN IO
mabsony kiacca Dog. OOBEKTHI — 3TO IK3EMILISAPHI KJlacca.

Crenyrommii mpuMep MOKa3bIBaeT, YTO MBI K 3TOMY BPEMEHHU YCIeTH ClejaTh, U
moATBEPKAaeT, uTo pyHKIMs sizzles.bark() neicTBUTENBEHO BRIBOIUT CI0BO “T'aB!”

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

rae!
Bo3morkHo, BbI 00paTwiiii BHUMaHuE Ha 37ieMeHT self B onpenenenun ¢pynkiuu — bark
(self). On 3mech anmsa TOro, 4troObl Yyka3piBaTh Python, kK KakoMy OOBEKTY
MPUIMTKACHIBACTCS (PYHKIMS MIPH €€ CO3TaHUU.
PaccmoTpum mpumepsl Oosiee MOJIE3HOTO HCMOJIb30BAaHUS OOBEKTOB U KIIACCOB.

Habepute Ha cneayromui Kozu:
sizzles = Dog () mutley =
Dog()

sizzles.bark()
mutley.bark()

41



sizzles = Dog ()
mutley = Dog()

sizzles.bark()
mutley.bark()

Me1 coznanu nBa oObekTa: sizzles u mutley. Bamno noHuMaThb, 4To 002 OHU ObLIU
CO3/1aHbI HA OCHOBE OJIHOTO M TOIO :Ke ompenegeHus kiacca Dog. CHayana Mbl
ompejejasieM, KaKk 00beKThI JT0JKHBI BBITJIAIETh U KaK J0JUKHBI ce0sl BeCTH, a
3aTeM c03/1aeM HX peajibHble IK3eMILIsSIPbI.

B 3TOM W COCTOMT CyTh pa3iauumsi MEXIy KilaccaMd M OOBEKTaMH: IIepPBBIE
MIPEJICTABIIIOT COOOM OMUCaHUsi OOBEKTOB, a BTOPBIE — pealbHBbIC AK3EMILISAPHI
KJIACCOB, CO3JaHHBIE B COOTBETCTBHUU C 3TUMH OMUCaHUsIMU. Kiacc — 3TO peuent
MIPUTOTOBJICHUS THPOTa, a 00beKm — caM IHPOT, U3TOTOBJICHHBIM 110 JTAHHOMY
peuenty. [Iporecc co3nanmst 00bEKTOB Ha OCHOBE ONMCAHUS KJIacca MOKHO MOSICHUTh
C IIOMOLIBIO CIEAYIOIIEH HArJISIHOW WILTFOCTPALIUH.

.
|
i b o 2 kaace Dog
=

of e Dog odvexkm Dog

A 4TO Ham J1aeT co3panne 00beKTOB Ha ocHOBE Kitacca? K uemy Bce atr xstonoTsi? He
Jydiie Ju ObUTO MPOCTO BhIBECTH (ppasy “T'aB!” 6e3 kakoro-mubo MTOTOTHUTEIHLHOTO
Koza?

[Ipex e Bcero, 3T0 UMEET CMBICI JIeJIaTh TOT/Ia, KOT/1a BOZHUKAET HEOOXOIUMOCTh B
CO3/IJaHUM MHOKECTBA OJHOTUIHBIX 00BheKTOB. Co3/1aBasi 3T OOBEKTHI MO €IUHOMY
oOpa3lly Ha OCHOBE KJacca, a HE OINHUCHIBAs MOJHOCTHIO KaXKIBIM M3 HUX IO
OTJIEJIbHOCTH, BBl PKOHOMUTE Maccy BpeMeHu. Ho peanbHoe npeumyIecTBo 00bEKTOB
3aKJIIOYAeTCs] B TOM, YTO OHHM OOECMEYMBAIOT KOMIAKTHOE OObEIMHEHUE JTaHHBIX U
GbyHKUIHOHATBHOCTH B 0JHOM MecTe. LleHnTpann3zoBanHas opranuzaiusi parMeHTOB
KOJla B BHUJE OOBEKTOB, KOTOPHIM OHHU €CTECTBEHHBIM OOpa3oM MpUHAIIEKAT,
3HAYNTEIHHO OOJIErdaeT MOHUMAaHWE CTPYKTYpPhI MPOTpamMMbl, OCOOCHHO B Ciydae
CJIOHBIX 33/1a4, YTO SIBJISIETCS OOJIBIITUM TLTIOCOM sl TporpaMMucToB. Cobaku Jaror.
Knonku pearupyror Ha
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menukd. JluHamuku u3naroT 3BYKU. [IpUHTEpHI MeYaTarOT WM JKAIYIOTCS, €CIU
3aKoHYMIach Oymara. Bo MHOTMX KOMIBIOTEPHBIX CUCTEMaX KHOIKH, TUHAMHKUA U
NPUHTEPBl  JEUCTBUTEIBHO SBISIOTCS OO0BEKTaMH, (PYHKIMH KOTOPBIX  BBI
aKTUBHU3UPYETE.

OyHKIUY, TpUHAAJIeKANINE O00beKTaM, Ha3blBalOT Merogamu. C BKIIOUEHHEM
(GyHKINN B COCTaB 0OBEKTOB BbI YK€ CTATKHUBAIIUCH, KOT/1a MBI JOOABIISIITN (yHKIIUIO
bark () B ompenenenune knacca Dog, u co3maHHbIe HA OCHOBE ATOTO KJIacca OOBEKTHI
sizzles m mutley BKiIFO9any B ce0st JaHHBIA MeTOA. BBl Buaenu, 4to 00a oHu “nasin’ B
pPacCMOTPEHHOM IIPUMEpE.

HeliponHble ceTu NpUHUMAIOT HEKOTOPbIE BXOJHBIE IaHHBIC (BXOJHOM CHUTHAI),
BBITIOJIHAIOT HEKOTOPbIE BBIYUCICHHUS W BBIJIAIOT BBIXOJHBIC JAaHHBIE (BBIXOJIHOMN
curHai). Bel Taioke 3HaeTe, 4TO UX MOKHO TPEHUPOBATh. BbI y)ke BUAENH, UTO ITH
JENUCTBUSA — TPEHUPOBKA M BbIJjaya OTBETA — SIBIISIOTCS €CTECTBEHHBIMU (DYHKIIMSIMU
HEHPOHHOW CEeTH, T.€. UX MOXKHO paccMaTpuBaTh B KauecTBe (PYHKIUHA 0OBEKTa
HelipoHHoW cetn. C HEUPOHHBIMH CETSIMH €CTECTBEHHBIM 00pa30M CBSI3aHBI
OTHOCSIIUECS K HUM BHYTPEHHHUE JTAHHBIC — BECOBBIC KOA(MUIIMEHTHI CBSI3EH MEXKTY
y3namu. BoT moueMy MbI OyieM co3/1aBaTh HAIly HEUPOHHYIO CETh B BUJIE 00BEKTA.
YroObl BBl MONy4YHIU OoJiee MOJHOE MPEICTaBICHHE O BO3MOXHOCTAX OOBEKTOB,
naBaiite 700aBUM B KJacC TMEpPEMEHHbIE, MpeIHA3HAYCHHBIE ISl XpaHEHUs
crenuPUIECKrX JaHHBIX KOHKPETHBIX OOBEKTOB, a TAK)KE€ METOJIbI, TTO3BOJISIOIINE
MPOCMATPUBATh U U3MEHSTh ATU JaHHBIE.

PaccMoTpum Hmke OOHOBIIEHHOE ompejaenieHue kiaacca Dog. OHO BKIIOYAET psif

HOBBIX 3JICMCHTOB, KOTOPBIC MbI IIPCACTABUM 110 OTACIIbBHOCTHU.

# ompenenenue kiacca oobekToB Dog class

Dog:

# MeTon NIl MHUIMAIW3AIui 00bekTa BHyTpeHHUMH AaHHbIMH def init_(self,

petname, temp) :

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

# momryunts cocrosiaue def status (self) :

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

self.temperature) pass

# 3amaTh TemMIeparypy

def setTemperature(self, temp): self.temperature

= temp; pass

# cobaku moryT saatek def bark (self):

print("T"aB!") pass

pass

[Ipexne Bcero, oOpaTuM BHUMaHHUE HA TO, YTO MBI J0OaBWIM B Ki1lacc Dog Tpu HOBBIE
bynkuuu. Y Hac yxe Obuta pynkmus bark(), a Teneps Mbl JOTOTHUTETHHO BKITFOYIIIN

B Kiacc GyHKOMM_init (), status() u
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setTemperature(). llpoueaypa n100aBiaeHusI HOBBIX (DYHKIMM TOCTATOYHO OYEBUIHA.
PaccmoTpum mepeMeHHble, yKa3zaHHbIE B KPYIJIBIX CKOOKax MOCI€ MMEH HOBBIX
byskuil., Hanpumep, QyHkuus setTemperature GaKTUYECKH OMNpeeieHa Kak
setTemperature (self, temp). DTU TNepeMEHHBbIC, MOJYYEHUS 3HAYEHUU KOTOPBIX
(GyHKUMU 0°KMIaIOT BO BPEMSI BbI30Ba, HA3bIBAIOTCS MapaMeTPaAMH.

BcnomHuM  (yHKIMIO BBIUMCICHUSI CPEHETO avg (X, ), C KOTOpPOHW BHI YXkKe
cTaJIKuBajuch. Onpenenenre GyHKIUHU avg () SBHO YKa3bIBajo Ha TO, YTO (DyHKIIMS
O’KMJIAeT TIOJy4YeHHUsl IByX napameTpoB. CieaoBaresbHO, GyHKIUSA

__Init () HyXHaeTcs B TapaMmeTpax petname W temp, a QyHKUUA

setTemperature() — TOJIILKO B IapaMeTpe femp.

3arnsiHeM BHYTpPb 3TUX (QyHKUMNA. HauHeMm ¢ pyHKIMK ¢ Ha3BaHUEM

__init (). Oro cnenuanbHoe uMs, U Python OyaeT BeI3bIBaTh QYHKUHUIO_inif () KasKIbIi
pa3 MpU CO3JaHUM HOBOTO OOBEKTAa JAHHOIO Kjacca. JTO OYEHb YAOOHO IS
BBINIOJIHEHHUA JIFOOON MOATOTOBUTENBHONU padOThl 10 (PaKTHUECKOTO MCIOJIb30BaHUS
o0bekTa. YTo ke MMEHHO NMPOUCXOAUT B QYHKIUU MHUIMANU3auuu? Mbl co3naem aBe
HOBBIC IEpEMEHHbIE: self.name U self.temperature. Bbl MOKeTe y3HATh UX 3HAUCHUS U3
NEPEeMEHHBIX petname W femp, TiepenaBaeMbiXx (QyHKiuU. YacTh self. B MMeHax
O3HAYaeT, YTO OTU T[EPEMEHHBbIC SBISAIOTCS COOCTBEHHOCThIO OOBEKTa, T.C.
NpUHAJUIE)KAT JAaHHOMY KOHKPETHOMY OOBEKTY M HE 3aBUCAT OT IPYIHMX OOBEKTOB
Dog nnu o6mux nepemeHHbIXx Python. MBI He XOTHM cMeIIUBAaTh UMS JaHHOH cOOaKH
c uMeHeM Jpyroi. [loHauamy 3TO MOKET MOKa3aThCS CIMIIKOM CIIOXHBIM, OJTHAKO,
BCE€ 3HAYUTEJIBHO YIPOCTUTCS, KOTAa Mbl IPUCTYIIUM K PACCMOTPEHUIO KOHKPETHOTO
puMepa.

Cnenyromass — QyHKuus status( ), KoTopas AeHUCTBUTENbHO mipocta. OHA He
MPUHUMAET HUKAKUX IMapaMeTPOB U MPOCTO BHIBOJUT 3HAYEHUS IEPEMEHHBIX name 1
temperature oobekTa Dog.

Hakoneu, ¢yukuus setTemperature () TpUHUMAET NapaMmeTp temp, 3HAYEHUE
KOTOPOTO MpHU €€ BbI30BE NMPUCBANBACTCS BHYTpEeHHEH nepeMenHol self.temperature.
DT0 03HAYAET, YTO JJAXKE MOCIIE TOr0, KaK OOBEKT CO3/1aH, Bbl MOXKETE B JIIOOO MOMEHT
U3MEHHUTH €ro TeMIepaTypy, IpHUUYeM 3TO MOXKHO CJlieJlaTh CTOJBKO pa3, CKOJIBKO
notpedyercs. Mbl He OyJieM TpaTUTh BpeMsi Ha 0OCYXJI€HHE TOTO, TTIOUYEeMYy BCE ITH
byHKUIMU, BKIt0o4as bark (), npuHUMarOT aTpuOyT self B kKauecTBe MEPBOTo apameTpa.
910 ocobennocth Python. Ilo 3ambicmy pa3paOOTYMKOB 3TO JIOJDKHO HAallOMHHATH
Python, 4to ¢yHKIUSA, KOTOPYIO BBl COOMpaeTech OMPENCIUTh, HPUHAIICKUT
00BEKTY, CCHIIIKOW Ha KOTOPBIN CITYKHUT self .

YToOBl MPOSICHUTH BCE, O YEM MBI TOBOPUIIM, PACCMOTPUM KOHKPETHBIN mpumep. B
NPUBEACHHOM HUXKE KOJE Bbl BUIUTE OOHOBJIEHHBIA Kjacc Dog, onpeaeneHHbld ¢
HOBBIMU (DYHKITUSIMH, U HOBBI OOBEKT lassie, CO3/JaBa€MbIii ¢ MapaMeTpaMu, OJIMH U3
KOTOPBIX 3a7aeT ero uMms kak “Lassie”, a Ipyroil ycTaHaBIMBAeT €ro TeMIepaTypy
paBHoi 37. Kak Buaute, BbI30B GyHKIMU status() ayis oobekTa lassie kinacca Dog
oOecreynBaeT BHIBOJ €70 UMEHHU M TEKYIIIETO
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3HaueHus TeMrepaTypbl. C MOMEHTa cO3/1aHHs 00BbEKTa 3Ta TEMIIEPATypa HE
U3MEHSIACH.

uu obvexkma BHympeHHUMU GaHHbIMU
=1f, petname, temp) :
2 = petname;
self.temperature = temp;

noAyYums COCMORHUE

def status (self) :

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

By
self, temp):
self.temperature = temp;

# cozdame HoBuild
lassie=Dog("Las

lassie.status()

umA cobakm: Lassie
TemnepaTypa cobaku: 37

[TonpITaeMcst U3MEHUTH TEMIIEPATYPy OOBEKTA U IPOBEPUM, ACHCTBUTENBHO JIU OHA

HU3MCHUJIACh, BBCAsA CJ'IGI[YIOHII/Iﬁ KO..
lassie.setTemperature(40)
lassie.status()

PesynbTar npeacraBiieH HUXKE.

lassie.status()

uMA cobakmn: Lassie
TemnepaTtypa cobaku: 37

[24]: lassie.setTemperature(48) BEr Yy s F 0
lassie.status()

uMA cobakn: Lassie
TemnepaTypa cobaku: 4@

Kax Buaute, Bb130B pyHkiuu setTemperature (40) neiicTBUTETLHO U3MEHUI BHYTPEHHEE
3HaYEHHE TeMIIepaTyphbl O0BEKTA.

KonTpoJibHbIE BONIPOCHI

1. B uem 3akiouaeTcs 3aa4da KiIacCU(PHUKAIIMH C TOMOIIbIO0 UCKYCCTBEHHBIX
HEUPOHHBIX ceTeN?
2. Yro npencraBigioT co00il TPEHUPOBOYHBIE TAHHbIE?

3. UTO MOHMMAIOT MO/ CriaXKMBAaHUEM IIPU O0YUYEHNUU UCKYCCTBEHHBIX
HEHpOHHBIX ceTei? C KaKol LEeIbl0 OHO IPUMEHSETCA?
4. IlpuBenute dTanbl 00yYEHUs CETH B 3a/1aue KiacCU(DUKAIIUH.

5. Yto Takoe ¢pynkuus? Kak 3agatorcs pyHkiuu Ha si3bike Python?
6. UTO BKJIIOUAET U JIJIS1 YETO UCIIOJB3YETCS AKEeT numpy?

7. s Kakux 3aj1a4d UCIojb3yeTcs naket matplotlib.pyplot?
6. Kak 3agath MaccuB U BBIBECTH €ro TpadudecKoe MpeICcTaBICHHE Ha
s3bike Python?
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7. Uto Takoe kiacc, 00bEKT, METO?

8. Kak 3amatorcst 00beKkTHI Ha si3bike Python?
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IpakTHyeckoe 3ansaTue 4
Pemenue CjI0KHBIX 3agav K.]'laCCH(l)I/IKaIII/IH C MOMOIIBI0 HCKYCCTBCHHBIX

HEHPOHHBIX ceTel. PacmpocTpaHeHue CUTHAJIOB 0 HEUPOHHOM CETH

He.]'lbi N3Y4YUTb BO3MOXHOCTH HCKYCCTBCHHBIX HCprOHHBIX ceTeu A1 PEeHICHUA
CJIOXKHBIX 3aJa4 KHaCCI/I(bI/IKaIII/II/I O6p330B.

3ananue:
1. U3yunTs TEOpETHUUECKOE BBEACHUE.

2. OtBeTHTh Ha KOHTPOJBHBIC BOMPOCH], TPHUBEJACHHBIE B KOHIIC
nabopaTopHOil pabOTHI.

3. DBBHIMOAHUTH MpakTUYECKHE 3aJaHUsS C UCIOJIb30BAHUEM  S3bIKA
nporpammupoBanus Python.

4. CoctaBUTH OTYET MO JabopaTopHOU pabote. Tpebosanus k omuemy:

OTtueT npeaocTaBisgeTcs B 3JIEKTPOHHOM BHJI€ B TEKCTOBOM peaakrope MS Word. B
OTUYETE YKa3bIBAIOTCS:
1) ®amumnus cTyIeHTa.

2) [lopsiakoBBI HOMEP M Ha3BaHKE JTAOOPATOPHOM padOTHI.
3) Llenb paboThI.

4) OTBeTHI Ha KOHTPOJBHBIE BOIPOCHI.

5) Omnwucanue penieHus BBITIOTHEHHBIX 3a/IaHNI JTa00opaTOpHOM paboTHI,
cojiepKailee: a) popmyauposKy 3a0anusi; 8) CKPUHULOM BLINOJIHEHHO20 3A0AHUS,
cooeparcanuti pamuiuio cmyoeHma.

3amuTa J1abopaTOpHOW pabOThl OCYLIECTBISIETCS IO OTYETY, MPEICTaBICHHOMY
CTYJICHTOM U C JEMOHCTpAalMel 3a/1JaHusl Ha KOMITbIOTEpeE.

Teoperuueckoe BBeieHUE
1. [IpumeHeHrEe HECKOIBKUX KJIACCU(UKATOPOB
2. HelipoHBI — BBIYUCIIUTEIBHBIE MAIIMHBI, CO3/TAaHHBIE TTPUPOIOM

3. PacnipocTpaneHre CUrHAJIOB 110 HEMPOHHOM CETH

1. IIpuMeHeHUEe HECKOJIBbKUX KJIACCU(PUKATOPOB.

PaccMoTpeHHBIE HAMU TIPOCTHIE MPEIUKTOPBI U KIACCU(UKATOPBI, OTHOCSIIHUECS K
YUCIIy TEX, KOTOPhIC IIOJY4YalOT HEKOTOPHIC BXOJHBIC JaHHBIC, BBITIOJHSIIOT
COOTBETCTBYIOIIIME BHIYUCIICHUS U BBIAAIOT OTBET, JOBOJILHO 3P dekTuBHBL. U Bce ke
UX BO3MOXXHOCTEH HEOCTATOUHO JIJIsl pEIIeHUS 00Jiee CIIOKHBIX M MHTEPECHBIX 3a7a4,
K KOTOPBIM OTHOCSITCS M 33/1a4H, PelllaeMble HA OCHOBE METOJI0B HEMPOHHBIX CETEH.

OrpaHuyeHus JIMHEMHOTO Kiaccu(UKaTopa MpoJeMOHCTPUPOBAHBI HUKE HA TPOCTOM
npumepe. OT MOHUMaHUS CyTH YKa3aHHBIX OTPAHUYEHUN 3aBUCHUT OJIMH U3 KITFOUEBBIX
3JIEMEHTOB MMPOECKTUPOBAHUS HEMPOHHBIX CETEU, KOTOPBIM HAM IO3KE MPUTOJIUTCS.

OOpatumMcst K JOTHYECKUM (Oyaesvim, no umenu Jlocopodca bByns), QyHKIUIM.
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Jlxopmx bynb — maTemMaTHK, JOTUK U (uUiocod, ¢ MMEHEM KOTOPOTro CBSA3aHbI TAKUE
npocthbie GyHKUUHU, Kak Joruueckue 1M u MJIN.
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OyHKIMKU OYJIEBOM JIOTUKHU — 3TO CBOETO POJIa «MBICIUTENbHBIE» (DYHKIIUU CO CBOUM
s36IKOM. Eciii Mbl ToBOpUM «Thl MONTy4HIIb JECEPT TOJBKO B TOM ClTydae, €Cu yKe
chell oBoIM M Bce paBHO rojiofieH», TO Mbl UCIOJb3yeM OyneBy QyHkuuio H.
Pesynbprar OyneBoit ¢yHkiuu WM UCTHHEH TOJBKO TOT/A, KOTJa WCTUHHBI
(BeIMOTHSIOTCA) 002 ycnoBust. OH He OyIeT UCTUHHBIM, €CJIM HCTUHHO TOJIBKO OJHO U3
ycnoBui. [loaToMy, eciid s TOJIOJIEH, HO €II€ HE ChEJN OBOIIM, TO HE MOJIy4y CBOU
JeCePT.

AHaNOTUuYHO, €clii Mbl TOBOPUM «Thl MOXKEIIb MOTYJSATh B MapKe, €CIH CerofHs
BbixoaHou MJIN y Te6st oTiyck», To cnoyib3yeM OyineBy ¢pynkuuio MJIN. PesynbpraT
oyneBoit ¢pynkuun MIJIM ucTuHEH, €clu UCTUHHBIM SIBJISIETCS XOTS Obl OJHO U3
ycioBuil. BoBce He 00513aTenbHO0, YTOOBI BCE YCIOBUS OBLITM UCTUHHBIMH, KaK B ClTydae
¢bynkuuu U. IToatomy, eciii ceroHs He BBIXOIHOM J€Hb, HO Y MEHS OTITYCK, TO 51 MOTY
MOTYJISITh B MapKe.

Panee mMb1 ipecTaBisiv yHKIHUIO B BHJIC MAITMHBI, KOTOpasi IPUHUMAET HEKOTOPHIC
BXOJHBIC JIAHHBIE, BBHITIOJHSAET OMPEEICHHBIE ICHUCTBUS U BBIIACT OJIUH OTBET.
3HaYeHUE MCTUHA YacTO MPEICTABIAECTCS B KOMIBIOTEPAX Kak 4uCio 1, a 3HaueHue

Bxod A \

Aozuveckas

PYHKYu

6xo00 B

J0Kb — Kak uncio (. B mpuBeaeHHOM HIKE TaOIUIE pe3yIbTaThl PA0OTHI TOTHIECKUX
¢dbyukiuit 1 u MJIN npencraBieHbl ¢ UCMOIB30BAHUEM ATOM JTAKOHUYHOW HOTAIIUU
JUISL BCEX KOMOMHAIINKA BXOIHBIX 3HaYeHU A 1 B.

Bxoanoe Bxoanoe Jlornueckoe U Jlornueckoe

3HAYEeHHEe A 3HaueHue B NnJin

31ech OTYETIMBO BUIHO, YTO pe3yabTaT GyHKIMK W OyIeT HCTUHHBIM TOJIBKO TOT/A,
KOI'/Jla HICTHHHBI U A, 1 B.

byneBbl (QyHKIMH UTrparOT OYEHb BaXHYIO poJib B HHGOpPMATUKE, U TIEpPBbIC
AJIIEKTPOHHBIE BEIYUCIUTENIBHBIE YCTPONUCTBA (PAKTUUECKU COOUPATHCH U3 KPOXOTHBIX
ANEKTPUYECKUX  CXEM,  BBIMIOJHSIONIMX  JIOTUYECKUE  OIepalluu. Haxe
apuMETHUYECKHUE OIEePAlMK BBITOJHSUIMCH C UCIOJIB30BAaHUEM 3THX CXEM, KOTOphIE
caMu 110 ce0e BCEro JIMIIb BBITIOJHSIIA MPOCThIE OYJIEBBI ONEpaIiy.
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[IpencraBpTe cebe MPOCTON JUHEWHBIA KiIacCU(PUKATOP, KOTOPBIM JOJKEH
MCII0JIb30BaTh TPEHUPOBOYHBIN HAOOP TAHHBIX JIJISI BEISICHEHUSI TOTO, YIIPABJISIOTCS JIN
JIaHHBIE JIOTHYECKOM (yHKIMeH. 3ajauM TaKoro pojia €CTECTBEHHBIM 00pa3zoM
BO3ZHUKAIOT Mepe]l YUYCHbIMH, UCCIEIYIOUMMU MPUYNHHO-CIEACTBEHHBIE CBA3U WIIU
KOppeJsiliiio HaOmogaeMbiX BenuuuH. Hampumep, tpeOyercss HailTu OTBET Ha
cienytouuii Bonpoc: «IloBeilaercs U BEpOSITHOCTh 3a00J€BaHUsI MaJsipueil B TEX

MECTHOCTSIX, B KOTOPBIX MOCTOSHHO UAYT A0kau W TemnepaTypa npeBbllIaeT
35 rpanycoB?» Wnu Ttakoii: «[loBeiliaeTcst M BEpPOSTHOCTH 3a00JieBaHUS
MaJisipueid, eciy BeITIoHsAeTes toboe (Oynera dhyukius NJIN) uz atux yciaoBuii?»
BarusiHute Ha puBeEHHYIO HUKE IUarpamMmy, re 3Ha4eHHUs Ha IBYX BXOJlax
jorudeckoit pyHKuMU, A U B, mpencTaBisioT KOOpAUHATHI TOUEK Ha rpaduke. Boi
BUJIUTE, YTO TOJIBKO B TOM ClIy4ae, Korja 00a BXOIHbIX 3HAYCHHS UICTHHHBI, T.€.
KaXXJ10€ U3 HUX PaBHO 1, BBIXOJHOW PE3YJIbTAT, BIJICJICHHBIN 3€JICHBIM IIBETOM,
SBJISIETCS UCTUHHBIM. JIOKHbBIE BBIXOJIHbIC 3HAUYCHUS

0003HaYEHBI KPACHBIM I[BETOM.

Aozudeckoe M

o,1)f ™ N £ (1.1)
(0.1) C J:

7
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Ha nuarpamme Taxoke mokazaHa npsiMasi JIMHUS, OTAEJSIONIast KPacHyl 00JacTh OT
3eJIeHOW. OTa JUHUS NPEJCTaBIsIeT JUHEHHYI0 (QYHKIUIO, KOTOPYI0 MOKHO
UCTIOJIB30BaTh AJIsl 00yUeHUs IMHEHHOTO KiIaccu(uKaTopa, YTo Mbl JeJIajl paHee.
Ms1 He OyaeM HpOBOAWTH COOTBETCTBYIOIIME BBIYUCICHUS, KaK B MPEIBIIYIIAX
npuMepax, TMOCKOJbKY HHYEro MPHUHIMIMAIFHO HOBOTO 3TO He JjacT. B
JCHCTBUTETFHOCTH MOXHO OBUIO OBl MPENOoKUTh MHOTO JPYTHX BapHUaHTOB
NPOBENCHUS] PA3ACIUTEIBbHON JIMHUM, KOTOpble paboTanu Obl CTOJIb  XKe
yIOBJIETBOPUTEIHHO, HO TJIABHBIA BHIBOJ M3 3TOTO MPUMEPA 3aKIF0YACTCS B TOM, YTO
MIPOCTOM JTMHEHHBIN KIaccuukaTop Buaa y=ax+b M0OHO 00yuuTh paboTe ¢ OyneBoi
byunkmuen U.

A Temepp B3MVIIHUTE HA AaHAJIOTMYHOE Tpaduueckoe NpeCTaBICHUE OyJIeBO
bynkuuu NJIN.
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Aozudeckoe MAM
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Ha stoT pa3 xpacHo#t oka3zanach juib Touka (0,0), TOCKONbKY €l COOTBETCTBYIOT
JIOXHBIE 3HAUeHUA Ha 000uX BXoax, A u B. Bo Bcex npyrux koMOMHaAIUAX 3HAYCHHA
XOTs1 OBl OJTHO U3 HUX SIBISIETCA UCTUHHBIM, U TIOATOMY JJII HUX PE3YyJbTaT SBISCTCS
UCTUHHBIM. CMBICIT JAMarpaMMbl 3akKJO4YaeTcs B TOM, YTO OHA HaIJIAIHO
JIEMOHCTPHUPYET BO3MOXKHOCTh OOy4YeHUs JIMHEHHOTo Kiaccupukaropa padoTe ¢
¢ynxueit MIN.

CymiectByer emie onaHa OyneBa (yHKuusA, uckmouarouee HJIM, xotopas naer
UCTUHHBIN pe3ysbTaT TOJIBKO B TOM Cllydae, €I JIMIIb OAHO U3 3HAYEHUH Ha BXOAax
A u B uctunHno, Ho He 00a. Takum o6pazom, eciii 00a BXOTHBIX 3HAYCHUSI JTOKHBI UITH
00a UCTUHHBI, TO Pe3yJbTaT OyJIET JOKHBIM. Bce Bblllecka3aHHOE PE3IOMUPOBAHO B
NPUBEIEHHON HUXeE TaOIHIIE.

BxoaHoe 3HaYeHnE A Bxoanoe 3Hauenne B Uckiarouarwniee UJIN

JuarpaMmMa, cOOTBETCTBYIOIIAs 3TON (QyHKINUU, OYJIET UMETh BU/I:
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AD2UYECKOE UCKAroYarouwee MAM
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Yro BaxHO, 3/€Ch HET croco0a pa3leluTh 3€JICHYI0 M KpPacHyl0 00JacTh OAHOM
npsiMoit uHUEeH. HeBOo3MOXXHO TMpOBECTH OJHY MPSMYIO JIMHHIO TaKUM 00pa3om,
YTOOBI OHA YCIICNTHO OTJENMJIa KPAaCHBIC TOYKU JAHHBIX OT 3€JICHBIX I (PYHKITUU
uckmoyarowezo MJIM. 910 03Ha4aeT, YTo MPOCTON JIMHEWHBIN KIacCU(UKaTOp HE B
COCTOSIHUU 00y4UThCs pabote ¢ pyHKuuen uckrouarowezo UJIH, ecnv npeocTaBUTh
€My TPEHUPOBOUHBIE JAHHBIE, YIIPABISIEMbIE ATON (QyHKIIUEH.

Tonapko YTO MBI POJEMOHCTPUPOBAIN 21A8HOE O2CPAHUYEHUE NPOCHMO20 TUHEUHO20
Kaiaccugukamopa: Takue KiaccuGpuKaTopbl 0Ka3bIBAIOTCS HENMPUTOAHBIMH, €CJIN
0a3oBasi 3a/1a4a He JONYCKAeT pa3jejeHus JAHHbIX OJIHOI MPSIMO JIMHUEH.

Ho Benp Mbl XOTHM, YTOOBI HEHPOHHBIE CETH MOXHO OBLJIO HMCIHOJB30BaTh IS
pelIeHrss caMoro IMIMPOKOro Kpyra 3ajad, Jaxe TeX, KOTOPblE HE JIOMYCKAIOT
JMHEWHOTO pa3fesieHUs] JaHHBIX.

CnenoBatenbHO, HAM HEOOXOIMMO HAUTH KaKOWU-TO APYTroi CrIoco0 paboThI ¢ TAHHBIM
BOIIPOCOM.

Takoli  cmoco0  CyHIECTBYET:  COBMECTHOE  MCIIOJIb30BAHME  HECKOJIBKUX
KkjaccupukaTopoB. Ero mimrocTpupyeT NpUBEAEHHAs HUKE JuarpaMma C JABYMs
pa3eNUTeNIbHBIMU JTUHUSAMU. OJTa UAes 3aHMMaeT LEHTPAJIbHOE MECTO B TEOPUU
HEHpOHHBIX ceTel. Tenepb BamM NOMKHO OBITH SICHO, YTO C MOMOILIBIO MHOKECTBA
OPSIMBIX JIMHUW MOXHO pa3JeuTh >KeJaeMbIM 00pa3oM JI0OYH CKOJb YIOJIHO
CJIIOXHYI0 KOH(UTYpalnIo 001acTel, moasiexannux KiacCuQpuKaluu.
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Aozu4veckoe uckarovarouee MAU
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IIpexxne uem MBI 3aiMeMCsl CO3JaHUEM HEMPOHHBIX CETEH, KOTOPBIE MPEAIOIAratoT
CYLIECTBOBAHUE HECKOJBKUX KJIACCU(PUKATOPOB, pabOTAIOIIUX COBMECTHO, CHOBA
oOpaTuMcs K IPUPOJE U paCCMOTPUM pabOTy MO3Ia )KMBOTHBIX, aHAJIOTHH C KOTOPBIM
HOCITY>KUJIM TOJTYKOM K pa3padOTKe MOIX0/I0B HA OCHOBE HEHPOHHBIX CETEH.
Bbi6o0vt no nepgomy nynkmy:

¢ [IpocToii nuHEIHBINH KiaccuUKaTop HE B COCTOSIHUU Pa3/IeUTh HY>KHBIM
o0Opa3oM 00OJacTH JAHHBIX, €CJIU JaHHBIE HE YIPABISIIOTCSA MPOCTHIM JIMHEHHBIM
poreccoM. ITo ObUIO MPOJEMOHCTPUPOBAHO HA MPUMEPE JIAHHBIX, YIPABIISIEMbIX
noruyeckor ¢pyHkuuen uckiovaromniero NIJIN.

e OnmHako 3Ta mpobiieMa pemaeTcs OYeHb MPOCTO: Ui pa3rpaHUyuEHUs
JAHHBIX, KOTOpPbIE HE YJAeTCAd pa3leliuTb OJHOM MNpSIMOMl JIMHEH, CJaexyer
HCII0JIb30BATh MHOKECTBO JIMHENHBIX KIacCU(PUKATOPOB.

2. HeiipoHbI — BBIYMCJIUTEIbHbIE MAIIUHBbI, CO3IaHHbIE IPUPOI0H.

Mo3r KUBBIX OPraHW3MOB, SIBJISSICh CIIOKHOW CHUCTEMOM, CTAaBUT YUYEHBIX B TYIHK,
MOCKOJIBKY JJa)K€ y CTOJIb MaJIbIX MIPEACTABUTENICH )KMUBOW PUPOABI, KaK, HAIPUMED,
NOMYTrau, OH JIEMOHCTPUPYET HECPABHEHHO OOJIbIINE CIIOCOOHOCTH, YeM LIU(PPOBHIE
KOMITBIOTEPHI C OTPOMHBIM KOJIMYECTBOM 3JIEKTPOHHBIX BEIYUCIUTEIBHBIX 3JIEMEHTOB
U MaMSThIO HEBEPOATHBIX 00bEMOB, pabOTAIONIMX HA YACTOTAX, HEIOCTHXKUMBIX IS
’KUBOTO MO3Ta U3 IUIOTU U KPOBHU.

Torna yueHsle coCpenoOTOYMJIM BHUMAHUE Ha AapXUTEKTYpPHBIX pasznuuusax. B
TPaJIMLIMOHHBIX KOMIIBIOTEPAX JaHHbIE 00padaThIBalOTCA MOCIE10BATENIBHO, IO YETKO
YCTAaHOBJIEHHBIM IIpaBUjaM. B HX 3amporpaMMHMpOBaHHBIX pacueTrax HET MecTa
HEOJIHO3HAYHOCTU M HesACHOCTU. C Jpyroil CTOPOHBI, IOCTENEHHO CTaHOBUJIOCH
NOHATHO, YTO MO3I KUBOTHBIX, HECMOTPS Ha KaXKyLIYIOCS 3aMEIJIEHHOCTb €ro
pabounx pUTMOB IO CPaBHEHHUIO C KOMIIBIOTEpaMH, 00pabaThIBaeT CUTHAJIBI
NapajyIelbHO M YTO HEOIPEAEIEHHOCTh SIBISETCS CYLIECTBEHHOM OTIMYMTEIbHON
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YEPTOM €ro AeSTEIIbHOCTH.
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PaccmoTpum  cTpoeHue — 0a30BOM  CTPYKTYPHO-(PYHKUIMOHAIBHOW  €IMHULIBI
OMOJIOTUYECKOTO MO3Ta — HeHpoHa.

HEUPOH

PAEP MUHBAU

AKCcoH

HecMoTpst Ha TO 4TO HEHPOHBI CYIIECTBYIOT B Pa3IUYHBIX (pOpMax, BCe OHU MEPeIatoT
AIEKTPUUYECKUE CUTHAIIBI OT OJIHOTO KOHIIA HEHPOHA K IPYTOMY — OT JIEHJIPUTOB Yepe3
aKCOHBI JI0 TepMUHaNIeH. Jlaiee 3TH CUTrHaiIbl NEpeAaroTcs OT OJHOTO HEWpoHa K
npyromy. menHo Grarogapst TaKOMy MEXaHHU3MY BBl CTIOCOOHBI BOCITPUHUMATh CBET,
3BYK, MPUKOCHOBEHHUE, TEIJIO U T.1. CUTHAJBI OT CHICIMATIM3UPOBAHHBIX PELIETITOPHBIX
HEWPOHOB JOCTABJISIFOTCS MO BAIlIEl HEPBHOM CUCTEME IO MO3Ta, KOTOPBI B OCHOBHOM
TAKKE COCTOUT U3 HEUPOHOB.

Ha npuBeneHHON HUXeE WILTIOCTPAIIMU MMOKa3aHa CXeMa CTPOCHHUS HEHMPOHOB MO3ra
nomnyrasi, MpeJCTaBICHHAas HWCIAHCKUM Hepoouosorom B 1899 romy. Ha wnei
OTYETIMBO BUIHBI BAKHENIINE KOMIOHEHTHI HEUPOHA — JEHAPHUTHI M TEPMHUHAIIH.

7 s
Jafe
- k

CKoJIbKO HEHPOHOB HaM HYKHO JUISl BBITIOJIHEHUSI MHTEPECHBIX, 0O0JIee CIIOMKHBIX
3agay’?

B ronoBHOM MO3re uenoBeka, IBISIOMIEMCS] CAMBIM Pa3BUTHIM, HACUUTHIBACTCS OKOJIO
100 mumummapnoB HeWpoHOB. Mo3r npo3oduiibl (IMUIOJOBON MYIIIKH) COJEPKHUT
npumepHo 100 Teicsild HEWPOHOB, HO OHA CIIOCOOHA JieTaTh, MUTAThCS, U30eraTh
OMAaCHOCTH, HAXOJIUTh MUIILY U PEUIaTh MHOYXKECTBO JIPYTHUX
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JIOBOJIBHO CIIOKHBIX 3a1a4. JTO KOoau4ecTBO — 100 ThICAY — BIOJIHE CONOCTAaBUMO C
BO3MOYKHOCTSIMA COBPEMEHHBIX KOMIIBIOTEPOB, U MO3TOMY B IOIBITKE UMHTALAU
paboThI TAKOTO MO3Ta €CTh CMBICIL.

Mosr HeMatoasl (Kpyryioro 4yepBs) HacuuThiBaeT Bcero 302 HelpoHA — HUYTOKHO
Majas BEJIMYMHA TI0 CPAaBHEHUIO C pecypcaMl COBPEMEHHBIX ITU(POBBIX
KoMITbI0TepoB! Ho 3TOT 4epBh crmocoOeH pemaTh TaKue JOBOJBHO CIOKHBIE 3a/1auH,
KOTOPBIEC TPAAUIIMOHHBIM KOMITbIOTEpAaM HAMHOT'O OOJIBIIIUX pa3MEPOB MOKa UTO HE 10
CHUJIaM.

B uem xe cexpet? [loueMy OHOJOTHYECKUM MO3T 00JaJa€T CTOJb 3aMevaTeIbHBIMU
CIIOCOOHOCTSIMH, HECMOTpPS Ha TO 4YTO paboTaeT MEHJICHHEE W COCTOMT U3
OTHOCHUTEJIbHO MEHBIIETO KOJIMYECTBA BEIUMCIUTEIBHBIX AJIEMEHTOB 10 CPABHEHUIO C
COBpPEMEHHBIMU KOMITbIoTepamMu? CIOXKHbIE MEXaHU3Mbl (DYHKIIMOHUPOBAHUSI MO3ra
(HampuMep, HadU4he CO3HAHHUSA) BCE €IIe OCTAIOTCS 3arajJiko, HO Mbl 3HAeM O
HEHPOHAX JIOCTATOYHO MHOTO JJISI TOTO, YTOOBI MOXKHO OBLIIO MIPEIIOKHUTH Pa3TUYHbIC
CIIOCOOBI BBITIOJTHEHHSI BRIYMCIICHUH, T.€. Pa3IMYHbIC CIOCOOBI PEIICHUS 3a/1a4.
PaccmoTpum, kak pabotaeT HelipoH. OH MPUHUMAET MOCTYHAIONMIUN IIIEKTPUUECKHMA
CUTHaAJ U BBIpAOATHIBACT APYroW SJIEKTPUUECKUN CHUTHANI. DTO OYEHb HAIIOMUHAET
paboTty mMojenel kiaccupukaropa Wi NpeIuKTopa, KOTOPbIE MOMy4at0T HEKOTOPbIE
BXO/IHBIC JTAHHBIE, BBITTOIHSAIOT OMPEICICHHBIE BEBIYMCICHUS U BBIIAIOT PE3YJIbTAT.
MoskeMm J11 Mbl IPEJICTaBUTh HEMPOHBI B BUJIE JIMHEHHBIX (yHKIM? HeT, XoTa cama
no cebe 3Ta uaes Heruioxas. BoipabaTbiBaeMblii HEUPOHOM BBIXOJHOW CHUTHAN HE
SIBJISIETCSI TIPOCTOM JIMHEHHON (DYHKITMEN BXOJHOTO CHUTHAJIA, T.€. BBIXOJHOW CHUTHAJ
HEJb34 MPEJCTaBUTh B BUJE 8bIX00 = (KOHcmauma * 6x00) + (8o3modicHasn opyzas
KOHCMAHMQ,).

CornacHo pe3yJibTaTaM HaOJIOACHUNA HEUPOHBI HE pEarupyroT HEMEIJIEHHO, a
MOJABJISIIOT BXOJAHOM CUTHAJI 10 TE€X IMOP, MOKA OH HE BO3PACTET JO TAKOU BEJIUYHHBI,
KOTOpAasi 3ayCTUT F€HEPALNIO BEIXOJHOTO CUTHAJIA.

DTO MOXHO MPEJICTABUTH ce0e KaK HAJTUYue HEKOETO MOPOroBOr0 3HAUCHHUS, KOTOPOE
JIOJDKHO OBITh TMPEBBIIICHO, MpeXae 4eM OyAeT CreHEepUpOBaH BBHIXOJAHOW CHUTHA.
CpaBHUTE NOBEAEHUE BOABI B YAIIIKE: BOJA HE CMOKET BBIIJIECHYTHCS, ITOKA YaIIKa HE
HaroiaHUTCA. MIHTYUTUBHO 3TO NMOHSATHO — HEHMPOHBI MPOILYCKAIOT JIUIIb CHUJIbHbBIC
CUTHAJIbI, HECYIIIHME MOJIE3HYI0 MHGOPMAIIHIO, HO He cnadblii myMm. Unes B ToM, 4To
BBIXOJTHOM CHUTHaJI BhIPAOATHIBAETCS JIMIIL B CIy4asix, KOT/Ia aMIUIUTY/la BXOJHOTO
CUTHAJIa IOCTUTAET JOCTATOYHOM BEJIIMYMHBI, IPEBBIIIAIOIIECH HEKOTOPBIN ITOPOT.
OyHKIMA, KOTOPAs MOJIY4aeT BXOAHOM CUTHAJ, HO TEHEPUPYET BBIXOJHOM CHUTHAI C
y4eTOM TOpPOrOBOTO  3HA4YeHWs, HasbBaercs (Qynkmueidt  aktuBamuu. C
MaTEMaTUYECKON TOUKH 3PEHUS CYIIECTBYET MHOXKECTBO TaKWUX (DYHKIIUN, KOTOPHIE
MorJii Obl 00ecieunTh OA00HBIHN YD (PEKT.

B xauecTBe npuMepa MOKHO MPUBECTU CTYyNEHYATYIO (DYHKIIUIO.
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Bexod

EPAYNEHHAMAAA PUHKUUSA

> Bxod

z

nopoz

HerpyaHo 3amMeTuTh, 4TO JUIsl CIa0OBIX BXOJHBIX 3HAYCHUHN BBIXOIHOE 3HAYECHUE PABHO
Hy1r0. Ho cTouT mpeBbICUTH BXOJHOM MOPOr, KaK Ha BBIXOJAE MOSBIISIETCS CHUTHAI.
M cKyCCTBeHHBIM HEMpOH C TaKWM TIOBEJACHHEM HamoMHHaid OBl HACTOSIIUN
OMOJOTUYECKUI HEUPOH. DTO OYEHb XOPOIIO OIMHCHIBACTCS TEPMUHOM, KOTOPBII
WCIIOJIB3YETCsl YUCHBIMU: OHU TOBOPSIT, YTO HEUPOH BO30YKIACTCS TPU JTOCTHKECHUU
BXOJIHBIM CUTHAJIOM ITIOPOTOBOTO 3HAYCHHUSI.

Crynenuaryto (QyHKIMIO MOXHO yCOBEpIIEHCTBOBaTh. [IpencraBiieHHYIO0 HMXKE S-
o0pa3zHyro (QYHKIMIO HA3bIBAIOT CUTMOUION, WM CUTMOUAAIBHON QyHKIIMEH. Peskue
MPSIMOYTOJIbHBIE TPAHUILIBI CTYNEHYATOW (YHKIIMU B HEW CTJIaXKEHBI, YTO JEIaeT ee
OoJiee ecTeCTBEHHOM U peanucTtuyHou. [Ipupoaa He J00UT OCTPBIX yIIIOB!

Boiod

cuzmouda

s Bxod

Criaxxennast S-o0pa3Hasi CHTMOH/Ia — 3TO ¥ €CTh TO, UTO MBI OyI€M UCITOJIB30BATh JIJIS
co3JaHusl COOCTBEHHOW HeHpoHHOW ceru. HMcciaegoBatensiMu B o0jacTu
HCKYCCTBEHHOT'O MHTEIUIEKTA UCTIOJIB3YIOTCS TaKkKe Apyrue (HyHKIIMH aHAJOTUIHOTO
BH/Ia, HO CUTMOM/IA POCTA U OYCHB TMOIYJISPHA, TAK YTO OHA OYAET /JIs HAC OTIUIHBIM
BBIOOPOM.

Curmomnia, KOTOPYIO HHOTJIa HAa3bIBAIOT TaKXKe JIOTUCTUYECKOW (yHKIIMEH,
OIMCHIBAETCS CIEAYIONIeH GopMyIIoi:

1

y=
1+e*
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DTO0 BhIpaXXEHUE HE HACTOJIKO CJIOXKHOE, KaK MOHAYally MOXKET MoKa3aTbcs. bykBoii e
B MaTeMaTUKEe NPUHATO O0003HA4YaTh KOHCTaHTy, paBHyk 2,71828... DTo oueHb
WHTEPECHOE YHUCJI0, KOTOPOE BCTPEUYAETCS BO MHOTHX O0O0JIACTSX MaTEMaTHKU U
(GbU3KKY, a MPUYUHA, 110 KOTOPOX B JAHHOM YHMCJI€ Mbl UCIIOJIb30BAJIM MHOTOTOYHE (...),
3aKJIFOYAETCs] B TOM, YTO 3aMKCh JECSITHUYHBIX 3HAKOB MOXET OBITH MPOJOHKEHA /10
o6eckoHedyHOoCTH. [[ns1 MOAOOHBIX YMCEN CYHIECTBYET MPUYYUIMBOEC Ha3BaHUE —
TPAHCLICHICHTHbIE 4Kclia. Bce 3TO, KOHEYHO, MHTEPECHO, HO [JIsl HAIUX LeJen
BIOJIHE JIOCTAaTOYHO CYWTaTh, YTO ATO YUCJIO MPOCTO paBHO 2,71828. BxomnHoe
3HaueHue OepeTCs C OTPUIIATEIILHBIM 3HAKOM, U € BO3BOJIUTCS B CTENICHB -X. Pe3ynbpTaT
npubasisercs K 1, yto qaet Ham 1+e™. HakoHerr, MbI 00paiiaeM mocCIeIHIOI0 CYMMY,
T.€. genmuM | Ha l1+e™. DTo M ecTh TO, YTO JeJaeT NpUBEACHHAs BbIIIE (DYHKLMS C
BXOJHBIM 3HaUYE€HHUEM X JIJII TOTO, YTOOBI MPEIOCTABUTH HAM BBIXOJIHOE 3HAUCHUE ).
Panu uHTEpeca cienyer OTMETUTh, YTO MPU HYJIEBOM 3HAYEHUM X BBIPAKECHHE €™
MPUHUMAET 3HA4YCHHE |, MOCKOIBKY BO3BEJEHUE JIIOOOTO YKCIia B HYJIEBYIO CTETICHB
Bcerna gaet 1. [Tosromy y cranoButcs paBubM 1 / (1 + 1) unm mpocto 1/2, T.e.
nosiopuHe. CrieroBaTesibHO, 0a30Basi CUTMOMIA MEPECEKAET OCh y TIpu y=1/2.
Cy1iecTByerT ele 0/iHa, 04eHb BECKas, PUYKHA JIsl TOTO, YTOOBI U3 MHOYKECTBA BCEX
S-o0pa3HbIX QyHKIHM, KOTOpbIE MOKHO ObUIO OBl MCIOJB30BaTh JIJIsl ONpECICHUs
BBIXOJIHOTO 3HA4YE€HHUs HEWpoHa, BhIOpaTh MMEHHO cuUrMouay. [leso B TOM, 4TO
BBITIOJTHSTh Pacu€Thl C CHTMOUIOM HAMHOTO MPOIIIE, YeM C JIF0O0OU apyroit S-o0pa3Hoi
byHKUMEH, U BCKOpEe Ha MPaKTHUKE MOXXHO Oyner yOemnuTbcsi B TOM, YTO 3TO
JIEWCTBUTENBHO TaK.

BepHemcss Kk HeWpoHaM M NOCMOTPUM, Kak Mbl MOXEM CMOJAECIUPOBATH
VCKYCCTBEHHBI HEMPOH.

[lepBoe, uTO cieayeT MOHSTh, — 3TO TO, YTO pEAJIbHbIE OUOJIOTUYECKUE HEUPOHBI
MMEIOT HECKOJILKO BXOJIOB, a HE TOJIbKO oJuH. HO 4TO HaM jenaTh co BCEMU 3TUMU
Bxogamu? Mpl OyjaeM mpocTo KOMOMHUPOBATh MX, CYMMHPYsT COOTBETCTBYIOIIUE
3HAUYCHUS, U PE3yJIbTUPYIOIIas CymMMa OYyJeT CIyXUTh BXOJHBIM 3HAYCHUEM IS
CUTMOU/IbI, YIIPABJISIFOIIEH BBIXOJIHBIM 3HaUCHHEM. Takas cxema OTpa)aeT MPUHITUIT
paboThl HeillpoHHOU ceTu. [lpuBeaeHHass HUXKE AUarpaMMa HUIUTIOCTPUPYET HUICHO
KOMOMHUPOBAHUS BXOJHBIX 3HAUYCHW M CpPaBHEHHUS PE3YyJbTUPYIOIIEH CYMMBI C
MIOPOTOBBIM 3HAYEHUEM.

cymma cuzmoudasbHas
8xod & ——% Bxodol PyHKYUS —% Brixod y
i akmubayuu ;
& X =
a+rb+e ! y(x)
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Ecnmu koMOMHMpPOBAaHHBIN CHTHAI HEJIOCTATOYHO CHIIBHBINA, TO CUTMOM/IA MOAABIISICT
BBIXOJTHOM cuTHaII. Ecin ske cyMMa X JOCTaTOYHO BENHMKA, TO (DYHKIIMS BO30OYXmIaeT
HelpoH. MIHTepeCHO OTMETHTh, YTO JAXKE €CIM TOJBKO OJWH CHUTHAJ JIOCTATOYHO
CHJIbHBIN, B TO BpEeMs KaK BCE OCTAIbHBIE IMEIOT HEOOBITYIO BEJIHMUNHY, TO U 3TOTO
MOJKET BIIOJIHE XBaTUTh JJIA BO30OYXKIeHUs HelpoHa. boiiee TOro, HEMPOH MOXKET
aKTUBUPOBATHCS M TOT/A, KOTJIAa KaXbI W3 CHTHAJIOB, B3STBIX IO OTICIBHOCTH,
UMeEEeT HEeJIOCTATOYHYIO BEJIMYUHY, HO, OyIy4YH B3STHIMH BMECTE, OHU 00€CTI€UNBAIOT
MPEBBINICHUE TOpora. B 3ToM yke 4yBCTByeTCS MPOTOTHUI OOJee CIOXKHBIX U B
HEKOTOPOM CMBICJIC HEOIPEJCICHHBIX BBIUUCICHUN, HA KOTOPHIE CIIOCOOHBI
M0I00HBIC HEUPOHBHI.

DNEKTPUYECKUE CUTHAIIBI BOCTIPUHUMAIOTCS ICHIPUTAMHU, T/I€ OHU KOMOHMHHUPYIOTCS,
dbopmupyst Oosiee CHIBHBINA CHTHAN. ECIM 3TOT CHTHANI MPEBBIACT MOPOT, HEUPOH
aKTUBUPYETCS, M CHUTHAJ TIepeJacTcs uYepe3 akCoOH K TepMHHAlaM, OTKyJa OH
MOCTyIMaeT Ha JCHAPUTHI cieayromero HedpoHa. CBs3aHHbIE TaKUM CIIOCOOOM
HEHPOHBI CXeMAaTHUECKH H300paKEHBI Ha IPUBEJICHHON HIKE WIUTFOCTPAIIMH.

Ha sToli cxeme Opocaercs B Iia3za TO, YTO KaKIbId HEUPOH NMPUHUMAET BXOJIHOMU
HEdpoHe

[ T
/

S,
A

CUTHAJI OT HECKOJIBKMX HAXOAIINXCS MEPE] HUM HEMPOHOB U, B CBOIO OUEPE/b, TAKIKE
nepeaeT CUTHAJI MHOTHM JIPYTUM B cllydae BO30YKICHUSI.

OHUM U3 CITIOCOOOB BOCTIPOU3BEICHHS TAKOTO TIOBEJICHUS HEUPOHOB, HAOIFOJaEMOTO
B KWBOW NPUPOJC, B UCKYCCTBEHHOMW MOJEIU SIBJISICTCS CO3JaHUE MHOTOCJIOMHBIX
HEUPOHHBIX CTPYKTYP, B KOTOPBIX KaX/IbIi HEUPOH COEMHEH C KaXbIM U3 HEUPOHOB
B MPEAIIECTBYIONIEM U MOCIEAYIOMIEM CIIOAX. JTa UAes MOSICHAETCS Ha CIeAyrouen
WJUTIOCTPALUH.
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Boixodpi

HelpoHbI COEUHEHUSA

Ha sToii mirocTpanuy nNpeacTaBlIeHbl TPU CHOSI, KAl U3 KOTOPBIX BKIIIOYAET TPU
HMCKYCCTBEHHBIX HEHMPOHA, WM y3J1a. Kak HETpyAHO 3aMETUTh, 34€Ch KaXIbli y3ell
COEJIMHEH C KaKJBbIM U3 Y3JIOB IIPEIIECTBYIOIIETO U IMOCIEAYIOIIETO CIOEB.

Ho Bo3HMKaeT BONpOC: B KAaKOM YaCTH 3TOW 3ACTBHIBIICH CTPYKTYpbl 3aKIFOYEHA
CcocoOHOCTh K 00y4ueHut0? YTo MBI JOJKHBI PEryJIMpPOBaTh, pearupys Ha JaHHbIC
TPEHUPOBOYHBIX TPUMEPOB?

HaubGosnee oueBUIHON BETMYUHOM, PETYIUPOBATH KOTOPYIO Mbl MOTJIM OBbl, SIBJISICTCS
CWJIa CBsI3W Mexay y3namu. B mpenemax ys3ma Mbl MoOrjiau Obl peryjaupoBaTth
CYMMHPOBAHHE BXOJHBIX 3HAUEHUN WUJIH K€ (OPMY CUTMOMJIbI, HO 3TO YK€ HEMHOTO
CIIOKHEe TpeapLayuie peryiaupoBku. Eciu pabGoraer Gosee mpocToi MOAXOJ, TO
JABaliT€ UM U OTPAHUIUMCS.

Ha cnenyromieii nuarpaMMe BHOBb IOKa3aHbI COEIMHEHHBIE MEXKIY COOOH y37IbI, HO Ha
OTOT pa3 C KaXIbIM COECIMHEHUEM aCCOLUMUPYETCSA OINpeleieHHbIM Bec. Huskumn
BECOBOM KOA((HULIMEHT 0CIa0IseT CUTHAJI, BBICOKUI — YCUIIMBAET €TO0.

Crnenyer cka3aThb HECKOJBKO CJIOB O HEOOJBIIMX MHIEKCAX, YKA3aHHBIX PSIOM C
kod(ppunuentamu. Hanpumep, cumBon W ,3 o003Ha4yaeT BeCOBOM KOA(PHUIIUEHT,
CBSI3aHHBIA C CHUTHAJIOM, KOTOpPBIM Nepenaercs OT y3ia 2 JaHHOrO cliosl K y3iy 3
cienytouiero ciuosi. CiaenosarenbHo, W 1> — 3T0 BeCOBOM KOA(D(PUIIMEHT, KOTOPHIH
ocNa0JIsieT WM YCUJIMBAET CUTHAJ, MepeaBaeMblil OT y3ia 1 K y3iy 2 claeayrolero
ciost. YToObl MPOUIUTIOCTPUPOBATH ATy HJICI0, HA CIEAYIONIeH auarpaMme o0a ATHX
COEJIMHEHHUS MEKy IIEPBBIM U BTOPBIM CIOSIMU BBIJIEJIEHBI LIBETOM.
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MoskeT BO3HUKHYTH BOIIPOC, MOYEMY KaXKIbId y3esl closi JOJKEH ObITh CBSI3aH C
KOKIBIM M3 Y3JI0B MPEAbIAYIIEr0 U TMOCIEAYIOIIETO CJIOeB. DTO TpeOOBaHHE HE
ABIIIETCSI O00S3aT€NbHBIM, M CIOM MOXHO COEIUHSATH MEXIy COO0OW JHOOBIM
MBICIIUMBIM CIIOCOOOM. MBI HE paccMaTpuBaeM 31€Ch IPYrHMe BO3ZMOXKHbBIE CIIOCOOBI
N0 TOW NpUYMHE, 4YTO Onaronapsi OJAHOPOJHOCTH ONUCAHHOW CXEMbI MOJHOTO
B3aMMHOI'0 COCIMHEHUS HEHWPOHOB 3aKOAUPOBATH €€ B BHUJIE KOMIBIOTEPHBIX
MHCTPYKIMH Ha CaMOM JieJie 3HAUMTEIbHO MpOoIIe, YeM JII00yI0 JAPYryl CXeMy, a
TAaK)K€ IMOTOMY, YTO HaJlW4yue OOJIBIIEr0 KOJUYECTBA COCAUHEHUM, YeM TOT HUX
00s3aTeNIbHBIA  MHHHMYM, KOTOPBIA MOXET NOTpeOOBaTbCA [UIsl  PELICHUA
ONpENENICHHONW 3a/lauyd, HE IPUHECET HHUKAKOro Bpena. Eciau TOonoJHUTENbHBIE
COEJIMHEHHUS IEUCTBUTEIHLHO HE HYXKHBI, TO poLecc 00y4eHHs OCTa0UT UX BIUSHUE.
Yro nox 3TUM moapaszymeBaeTcsi? DTO 03HAYAET, YTO, KAK TOJbKO CETh HAYyUMTCS
yJIy4IlIaTh CBOM BBIXOJHbBIC 3HAYEHHS IyTEM YTOUYHEHHSI BECOBBIX KOA(DPHUIIMEHTOB
CBsI3€il BHYTPHU CETH, HEKOTOpbIE Beca OOHYJIATCS WU CTaHYT OJM3KUMU K HYIO. B
CBOIO OYepeib, TO O3HAUAET, YTO TaKUE CBSI3U HE OYyIyT OKa3bIBAaTh BIUSHUS HA CETh,
MOCKOJIBKY MIX CHUTHAJIBI HE OYJyT MepeaBaThCs. Y MHOKEHUE CUTHAJIA HAa HYJICBOU
BEC JIa€T B pe3yJIbTaTe HYJIb, YTO O3HAYAET (PAKTUUECKHI pa3pbiB CBSA3H.

Bo1600b1 no gmopomy nynkmy:

* buonornueckuii MO3r JEMOHCTPUPYET BBINOJHEHUE TAKUX CIIOKHBIX
3a/lay, KaK yIpaBJIeHHE MOJIETOM, MOUCK MHINH, U3yYeHHUE SI3bIKAa WM M30eraHue
BCTPEY C XUIITHUKAMU, HECMOTPS Ha MEHBIITUH 00bEM MaMATH U MEHBIITYI0 CKOPOCTh
00paboTK HH(POPMAIIUH TI0 CPABHEHUIO C COBPEMEHHBIMH KOMITBIOTEPAMHU.

* Kpome TOro, Owuomormueckuiéi MO3r HEBEPOSITHO YCTOMUYMB K
MOBPEXJICHUAM M HECOBEPIIEHCTBY 00padaThIBAEMbIX CUTHAJIOB 110 CPABHEHUIO C
TPaJUILIMOHHBIMH KOMIIBIOTEPHBIMH CUCTEMaMHU.

* DBHOJIOTMYECKUI MO3T, COCTOSIIIAM W3 B3aUMOCBSI3aHHBIX HEWPOHOB,
ABJISIETCSI HCTOYHUKOM BJOXHOBEHHUS JIJIs1 pa3paOOTUMKOB CUCTEM UCKYCCTBEHHOTO
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HHTCJIJICKTA.

3.PacnpocTpaHeHue CUTHAJIOB 1O HEHPOHHOM CETH.

IIpuBeneHHas BhIlIE KAPTUHKA C TPEMs CIOSIMHU HEMPOHOB, KAXKIBIA U3 KOTOPBIX
CBA3aH C KaXIbIM W3 HEHPOHOB B MPEABIAYIIEM U CIEAYIOLIEM CJIOSX, BBITJISIAUT
JIOBOJIBHO TPOCTO M MOHATHO. OJHAKO pacCUUTaTh PACHPOCTPAHEHUE BXOIHBIX
CUTHAJIOB IO BCEM CJIOSIM, TIOKAa OHU HE IIPEBPATATCS B BBIXOJIHBIE CUTHAJIbI, HE OYEHD
IpocTas 3a/1a4a.

Kaxk pabotaeT 3TOT MeXaHU3M, YTO MPOUCXOJAUT B HEUPOHHOM CETH HA caMOM Jiesie?
[TonbiTaemMcst mponenarb HEOOXOAWMBIE BBIYMCIEHUS Ha IMpPUMEpPE MEHbLICH
HEHPOHHOM CETH, COCTOAIIEH M3 JBYX CJIOEB, KaXAbI M3 KOTOPBIX BKJIKOYAET IO 2
HEHUPOHA, KaK IIOKa3aHO HUXKE.

caol 1 cAOU 2

Bxooebl ! Boixodel

R _“_;h @ : _-_-i@ o }

[Ipennonoxkum, 4TO CUTHAJIaM Ha BXOJI€ COOTBETCTBYIOT 3HaueHus 1,0 u 0,5.

l-lo _.:-_ @ | . "’I_@ 7
7

Bxodbi ’

Kak n panble, KaxXaplid y3€II IPEeBpaIaeT CyMMY JIBYX BXOJHBIX CUTHAJIOB B OJIMH

BBIXOJIHOM C MOMOIIBK (YHKIMM aKTHBAlMU. MBI Takke OyaeM
HCTIOJIb30BATh CUTMOUTY o1 , C KOTOpOﬁ BbI 1O 3TOT'O ITO3HAKOMMIIHNCH,
1+e *TAC

X —3TO CyMMa CUTHAJIOB, IOCTYIIAOIMX B HEMPOH, @ ¥ — BBIXOJAHOM CUTHAJI 3TOrO
HEUPOHA.
A yTO HacueT BecoBbIX KoadduimenToB? C Kakoro 3Ha4eHUs ClIeIyeT Ha4aTh?
JlaBaiiTe HAUHEM CO CITyYalHBIX BECOB:
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. \%% L1 :0,9

‘ W1,2:0,2
. W2,1=0,3
. W2,2:0,9

Br10op ciyuyaliHbIX HayaJIbHBIX 3HAYEHUHN — HE TaKasl yXK Iuioxas ujesi, U UIMEHHO TaK

MbI 1 MOCTYNAaJIK, KOT/1a paHee BhIOUpaIM clly4ailHOEe HayaJlbHOE 3HAUEHUE

HAaKJIOHAa TMpsAMOM JAJs MPOCTOr0 JMHEMHOro Kiaccu(ukaropa.

CrnydaiiHOE  3HAQ4YEHHME YIYYIIAIOCh C KaXABIM OYEPEIHBIM TPEHHUPOBOUYHBIM

IPUMEPOM, UCIIOJIBb3YEMBIM Ul 00yUueHUs Kiaccupukaropa. To ke camoe T0JIKHO

OBITh CIIPABEUIMBBIM U JUIsl BECOBBIX KOA(()ULIMEHTOB CBsI3€i B HEMPOHHBIX ceTsaxX. B

JAHHOM CJIy4ae, KOrJla CeTh HeOObIIas, Mbl MMEEM BCETO YEThIPE BECOBBIX

KO3 PUIIMEHTA, TOCKOJIBKY TAKOBO KOJIMYECTBO BCEX BO3MOKHBIX CBS3EH MEXIY

y3JIaMH [IPH YCIOBUH, YTO KAXIBIM CIIOM COAEPKUT MO JBa y3ia. Huxke npuseneHa

quarpaMma, Ha  KOTOPOM BCE  CBA3M  NIPOMAPKUPOBAHBI
COOTBETCTBYIOIIUM OOpPa30M.

,=0,2
%

,=0,3 ,

B -

[IpucTynuMm K BEIYMCIEHUSIM.

IlepBbIil cIOM y3JI0B — BXOJHOW, U €r0 €AUHCTBEHHOEC HAa3HAYECHHE — MPEJCTABIATH

BXOJIHbIE CUTHaJIbI. TakuM 00pa3oM, BO BXOJHBIX Yy3Jlax (YHKUHS aKTUBALUU K

BXOJIHBIM CHUTHajaM He NpUMeHsieTcs. Mbl He BBIIBUTaeM B OTHOIICHHH 3TOTO

HUKAKUX Pa3yMHBIX JOBOJOB U MPOCTO MPUHUMAEM KaK JAHHOCTh, YTO MEPBBIN CIION

HEWPOHHBIX CETEH SBJISIETCS BCErO JIMIIb BXOJHBIM CIIOEM, MPEACTABIAIONIUM

BXOJHBIE CUTHAJIBI.

C nepBbIM CII0EM BCE MMPOCTO — HUKAKUX BBIYMCIICHUN.

Jlanee Mbl JOJKHBI 3aHATHCS BTOPBIM CII0E€M, B KOTOPOM MOTpeOyeTCst

BBITIOJIHUTD HEKOTOpble  BblUMCIEHUs. B curmowune . X -
1+e

KOMOMHHUPOBAaHHBIA CUTHAJN Ha BXoje y3ina. JlaHHas koMmOuHanusg oOpasyercd u3
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HEOOpaOOTAHHBIX BBIXOJHBIX CHUTHAJOB CBS3aHHBIX Y3JI0B MPEIBIIYIIEro CIIos,
CTJIQKEHHBIX BECOBBIMU KO3 puuumentamu cBsizeld. [IpuBeneHHas Huxe auarpamma
aHAJIOTMYHA TE€M, C KOTOPBIMU BBl Y€ CTAJIKUBAJIUCh, HO TENEpb Ha HEHl yKa3aHO
CrilaXMBaHWE MOCTYNAIOIIMX CUTHAJIOB 32 CUET TPUMEHEHHUS  BECOBBIX
K03 PUIIMEHTOB CBSI3EH.
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cuzmoudasbHas
Bxodo8 ymHryus

akmubayuu
X =
aw, + bw, + cw, y(x)

Jns Havana cocpenoToyuM BHUMaHue Ha y3ie 1 cios 2. C HUM cBsi3aHbl 00a y3ia
MIEPBOT0, BXOJHOTO ciodA. FIcX0IHbIE 3HAaUEHUSI Ha 3TUX BXOJHBIX y3J1ax paBHbI 1,0 u
0,5. Cesi3u niepBOTO y37a Ha3HaueH BecoBoi koahduiment 0,9, csizu Broporo — 0,3.
IToaTOMy Cria)xeHHbI BXOJHOW CHUI'HAJ BBIYHCISIETCA C MOMOLIBIO CIIEAYIOIIETO

BBIpAKCHUS:
X = (Baxonj nepsoro ysna* sec ceBaAsu) +

+ (BEIXOn BTOpOrc y37a * BeCc CBA3M)
x=(1,0*0,9) + (0,5*0,3)
x=0,9+0,15
x=1,05
be3 crmakuBaHus CUTHAJIOB MBI IPOCTO MONyduan Obl ux cymmy 1,0 + 0,5, HO MBI
ATOT0 HEe XOoTUM. MIMEHHO ¢ BecoBbIMU KO3 duIlMeHTaMu OyneT CBS3aH MPOLECC
oOy4eHMsI HEHPOHHOM CETH 10 MEpe TOTO, KaK OHU Oy 1yT UTEPATUBHO YTOUHSATHCS JIJIS
MIOJIyYEHHUSI BCE JIYUILIEro U JIy4IIErO Pe3ybTaTa.
Wrak, Mbl yxe umeeM 3HadeHue Xx=1,05 1i1si KOMOMHMPOBAHHOIO CIJIa’KEHHOTO
BXOJHOIO CHUI'HajJa IMEPBOTO y3ja BTOPOrO CJIOA M TENEpPhb paclojaracéM BCEMHU

HeO6XOI[I/IMI>IMI/I JaHHBIMH, YTOOBI pacCUnuTaTh AJIA 3TOI'O y3Jjia

o 1
BBIXOJIHOM CUTHAJI C TIOMOIIBIO (PYHKIIUM aKTHBAITUU

—X

1+e
[TonpoOyiiTe COpaBUTHCA C ATUM CAMOCTOSITENBHO, MCHOJB3YsS KalbKyJsTOp. BoT
npaBwibHbIN O0TBET: Y = 1/ (1 +0,3499) =1/ 1,3499. Takum o6pazom, y=0,7408.
Msl paccuntanu (pakTUUECKUH BBIXOJHOM CUTHAJI U OJHOTO U3 JIBYX BBIXOJHBIX
y3JIOB CETH.
[ToBTOpPHUM T€ K€ BBIYMUCIEHUS JUIS OCTaBUIETOCS y3Jla — y3ja 2 BTOPOIO CJos, T.€.
BHOBb BBIYMCIIMM CIVI&KCHHBIM BXOJHOM CHUIHQJI C IIOMOIIBIO CIIEAYIOIIETO
BBIPAKCHUSA:
X = (BHXOO nepBoro ys3na ¥ Bec CBA3H) +
+ (BEXOO BTOpDOI'C y35a * BeCc CBA3M)
x=(1,0%0,2) + (0,5*0,8)
x=0,2+0,4
x=0,6
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Pacrionaras 3naueHreM X, MOXKHO PacCUMTATh BBIXOJHON CHUTHAN y3Jia C MTOMOIIBIO
dbyukiuu aktuBauuu: y=1/ (1 + 0,5488) =1/ 1,5488. Takum obpazom, y=0,6457.
Paccuntannbie HaMU BBIXOHBIE CUTHAJIBI CETH MPECTABICHBI HA TPUBECHHOMN HUXKE
TuarpaMme.

w, .=0,9
1,0 < 1 >{ 2 > 00,7408
7
w,,=0,2\
w,,=0,3 ,
0,5 > 2 1% = 2 e OARST
w, .=0,28

Taxkum oOGpa3zoM, 4TOOBI MOJYYUTH BCETO JIMIIb JBa BBHIXOJHBIX CUTHAJIA JjIsl BeCbMa
MIPOCTOM HEWPOHHOM CETH, HaM IPHUILIOCh XOPOIIO NOTpyauThes. K cyacTero, s
BBIYMCJICHUI KPYITHBIX CETEN MIEATBbHO MOAXOIAT KOMIIBIOTEPHI.

MaremaTuku pa3paboTaiy Ype3BbIYAMHO KOMITAKTHBIA CIIOCOO 3amucH orepaui
TOr0 THUIIA, KOTOPBIE MPUXOJAUTCS BBINIOJIHATH JJIs1 BBIYUMCICHUS BBIXOJHOIO CUTHAJA
HEWPOHHON CEeTH, Jla)ke€ €CIIM OHAa COJIEPKUT MHOXKECTBO CJIOE€B W Y3JIOB. JTa
KOMIAKTHOCTh OJIAarONpHUsITHA HE TOJIBKO JUJISl JItOJIEH, KOTOPbI€ BBIMUCHIBAIOT WIIU
YUTAIOT COOTBETCTBYIONMME (OPMYNbl, HO ¥ I KOMIBIOTEPOB, IOCKOIBKY
MPOrpaMMHbBIE HHCTPYKIIMH MOTYUYarOTCsl 0071€€ KOPOTKUMU U BBITTOJTHSAIOTCS HAMHOTO
obIcTpee.

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

IIpakTnyeckue 3a1aHus
1. Co3naHue kinacca HEUPOHHOM CEeTH
2. nuuuanuzanus ceTu

3. BecoBblie k0r(h(PUIIHEHTH — OCHOBHASI YaCTh CETH
4. YnydieHHbIN BapUaHT UHUIMATIM3AINHI BECOBBIX KO (OUIIMEHTOB

IIpoekT HelipouHou cetr HA Python. Yactn 1.

1. Co31anue Kjaacca HEHPOHHOM CEeTH.

Kiacc HEUPOHHOM CETH  JIOJDKEH COAEpXkaTb, II0 KpauWHEW Mepe, TpHU

byHKINN:
* UHUYUaAIU3AYUsA — 3aJaHNE KOJIMYECTBA BXOIHBIX, CKPBITHIX U BBIXOHBIX

y3J10B;
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* MpeHupo8Kka — YTOYHCHHE BECOBBIX KOI(PPHUIIMEHTOB B TpOIEcCce
00pabOTKM MPEOCTABICHHBIX N7 00YYCHUS CETH TPEHUPOBOYHBIX TPUMEPOB;
* onpoc — NONy4YeHHUEe 3HAUCHUI CUTHAJIOB C BHIXOJIHBIX Y3JIOB TOCIIE
MPEIOCTaBIICHUS 3HAUCHUI BXOSIINX CUTHAJIOB.
HavanbHbI KOJ MOXKET UMETh PUMEPHO CICITYIOLIHN BUL.

# onpedefeHue Knaccd HeupoHHoU cemu

class neura

# unuyuey Ims HedpoHHYH Cemb
pass

# mperupoBka HeldporHold cemu

def train():
pass

# onpoc HeliponHol cemu

def query():

pass

2. Haunuaan3anusg ceTu.

Haunem ¢ wununuanuzamuu. HeoOGxoaumo 3agaTh KOJWYECTBO Y3JIOB BXOJHOTO,
CKPBITOTO M BBIXOJIHOTO CJIOC€B. DTH JIaHHBIC OMPEICIISAIOT KOHPUTYPAILIMIO U pa3Mep
HEHpPOHHOM ceTu. BMecTo TOro 4To0bI KeCTKO 337]aBaTh X B KOJE, MBI IIPETyCMOTPUM
YCTAHOBKY COOTBETCTBYIOIIMX 3HAYEHHI B BUJE MapaMeTPOB BO BPEMS CO3AaHUs
oOBbekTa HellpoHHOU ceTu. biaromapst sTomy MOXXHO Oyzaer 6e3 Tpyla cO3/1aBaTh
HOBbBIE HEMPOHHBIE CETH PA3JIMYHOrO pa3mepa.

B ocHoBe Hamiero pemieHusl JIEKUT OJHO BaXKHOE COOOpakeHHe. XOpOoIue
MIPOTrPAMMHUCTBI TIPU KAXKIAOM YIOOHOM CITydae CTaparoTCs MUCATh 0000w eH bl KOO,
HE 3aBUCAIIMA OT KOHKPETHBIX YMCIIOBBIX 3HAYEHUU. DTO XOpolias MPUBBIYKA,
MOCKOJbKY OHa BBIHYXKJAeT Hac Oojiee TIIyOOKO MpPOAYMBIBaTh pELICHUS,
pacCIIMPSIONINE NPUMEHUMOCTD MporpaMmbl. Cieays €il, Mbl CMOXEM HCIIOJIb30BATh
HaIlli IPOTPaMMBbI B CaMbIX Pa3HbIX CIIEHApUsIX. B TaHHOM ciydae 3TO 03Ha4aeT, 4yTo
MBI OyJIeM TBITaThCs pa3padaThiBaTh KOJ NI HEUPOHHOW CETH, MOJJICPKUBAIOIIUN
KaK MOXHO OOJIbIlIe OTKPBITHIX OMIUNA W HUCIHOJB3YIOIIMN KaKk MOXHO MEHBIIE
MPEANOI0KEHUH, YTOOBI €ro MOXHO OBUIO JIETKO MPUMEHSATH B Pa3IUYHBIX
cuTyanusix. Mbl XOTUM, 4TOOBI OJIMH M TOT K€ KJIACC MOT CO3/1aBaTh KaK HEOOJbIIIHE
HEHPOHHBIE CETH, TAK U OYEHB OOJIBIINE, TPEOYS TUIIH 3aJaHUs KEeJIaeMbIX pa3MEPOB
CETH B KaQUE€CTBE NapaMETPOB.

Kpome Toro, Ham Henb3s 3a0bBaTh 0 Kod(duimente oOydeHus. DTOT mapamerp
TAKX€ MOYKHO YCTAaHaBIIMBATh IPHU CO3JAHUU HOBOM HEWpPOHHOU ceTu. [locMmorpure,
KaK MOXXET BBITJISACTh (YHKIHUS WHUIHAIH3AUu_init_() B MOJ00HOM ciydae U
100aBbTE HYKHBIH KOJ.
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# onpedenexue knacca HES_D-S‘PH‘-_'J.-J cemu

class neuralbetwork:

# uHuyuanusupoBams HelporHyw cemes

def _ init_ (self, inputnodes, hiddennodes, outputnodes, learningrate)
# z0dams konudecmBo y3no8 Bo BxodHom, ckpoimom b BaxodHoMm cnoe
self.inodes = inputnodes
self.hnodes = hiddennodes
self.onodes = outputnodes

# Kko3gduuuenm obyqenua
self.lr = learningrate
pass

# mpenupoBka HelipoHHol cemu
def train():
pass
# onpoc HelporHol cemu
def query():
pass

Jlo0aBHUM 3TOT KOJI B Hallle ONPEIEICHHE KJlacca HEMPOHHOM CETH U CO3/1aJIUM OOBEKT
HEOOJNBIION CeTH C TpeMs y3JlaMU B KaXJOM clioe M KO3(p(dUIIMEHTOM 00ydeHus,
paBHbIM 0,3.

# onpedenedue knacca HelipoHuod cemu

class neuralletwork

# UHULUa ame HelpoHHYH Cemb

def _ 1f, inputnodes, hiddennodes, outputnodes, learningrate):
# 3z oauyecmBo yano6 Bo BxodHoM, cKpewmom u BexodHoM caoe
salf.inodes = inputnodes

self.hnodes = hiddennodes
self.onodes = outputnodes

# koagguyuerm obydeHua

saelf.1lr = learningrate

pass
# mperupoBka wedpownod cemu
def train{):

pass

# onpoc HeliponHol cemu
def query():
pass

input_nodes = 3
hidden_nodes = 3
output_nodes = 3

# Kospguyuenm obyveHus pabed 8,3

learning_rate = 8.3

# cosdame 3k3emnaAp Hedponyol cemu

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

JlaHHBIN KOJT TTO3BOJISIET MOJYYUTh OOBEKT CETU, HO TAaKOW 0OBEKT MOKa 4TO HE OyAeT
OCOOEHHO MOJIE3HBIM, TOTOMY YTO HE COAEPKUT HU OAHOW (PYHKIMHU, CIIOCOOHOM
BBITIOJIHATD MOJIE3HYI0 PaboTy.

DTO HOpMajbHasl MPaKTHKa — HAYUHATH C MAJIOr0 M MOCTEINEHHO HapalluBaTh KO,
MOy THO HAXOJIsl U CTPaHss OITUOKH.

Uro panbiie? Mbl coOONMIM OOBEKTY HEHPOHHOW CETH, CKOJBKO Y3JI0B Pa3HBIX
TUIOB HaM HEOOXOJIUMO UMETh, HO JUIsl (PaKTUYECKOrO CO3JaHUsl y3JIOB IMOKa YTO
HUYEro HE ClIeJalu.

3. BecoBble k03¢ UIIMEHTHI — OCHOBHASI YACTh CETH.

Hamuwm cnemyromum marom OyaeT cOo3gaHUE CETH, COCTOSIIEH U3 Y3JI0B U CBSI3EH.
Haubomnee BaxkHast 4acTh 3TOM ceT — BecOBble KO3(hpuumeHTHI cBsi3eil (Beca). OHu
WCTIOJIB3YIOTCS JIJISL pacueTa pacipOCTPAHEHUSI CUTHAJIOB B MPSIMOM
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HaIlpaBJICHUH, & TaAKXKE OOPATHOIO PACHPOCTPAHEHMS] OIIMOOK, U UMEHHO BECOBBIE
KO3 UIUEHTH! YTOUHSAIOTCS B MONBITKE YJIYUIIUTh XaPAKTEPUCTUKU CETH.
Yao6Ha kKoMIakTHas 3amuch BecoB B BHJE Marpuil. CleloBaTelbHO, Mbl MOXEM
CO3/aTh CIEAYIOIINE MATPULIBL:

* MAaTpUILy BECOB JUIS CBSI3€M MEXAY BXOJHBIM U CKPBITBIM CJIOSIMH,

W axommoii_cxpurruii, PA3MEpHOCTHIO hidden_nodes x input_nodes;

* APYyT'YIO MaTpuny Ajisd CBsI3eH MCXKAY CKPBITBIM M BBIXOJHBIM CJIOSIMU,
W CKPBITBI_BbIXOHO¥ 5 paBMepHOCTBIO Output_n()des X hidden_n()des.

Ilpu HeobxoO0umocmu eepHumecb K meopemudeckum Mamepuailam 1abopamopHbix
pabom, 4TOObI IOHSATH, TOYEMY MepBasi MaTpulla uMeeT pasmepHocTs hidden_nodes x
input_nodes, a He input_nodes x hidden_nodes.

BceromMHMM, 4TO HadajdbHbIE 3HAUYEHUS BECOBBIX KO3(PPHUIMEHTOB TOJIKHBI OBITH
HEOOJIBIIMMU U BBIOUPATHCA cllydyallHbIM oOpa3oM. Crenyromas GyHKIUS U3 MaKeTa
numpy TEHEpUPYeT MacCUB Cily4allHbIX uucen B juanasoHe or 0 mo 1, rae

Pa3sMEpHOCTh MAacCUBA PABHA rows X columns:
numpy.random.rand(rows, columns)

Bce xopomme nporpaMMUCThI MIYT B IHTEpHETE OHIIAMHOBYIO JOKYMEHTALIUIO 110
¢bysakmusam Python u HaxoasT mone3nsie PyHkmmu. [Ipu KenaHuu BBITIOTHUTE TaKOU
nouck s pynkiuu numpy.random,rand (), €cii XOTUTE y3HATH O HEW OOJIbIIIE.
Ecnu MBI coOupaeMcs UCHONIb30BaTh PACHIMPEHUs] MAKeTa Numpy, Mbl JIOJKHBI
UMIIOPTUPOBATh ATy OMOIMOTEKY B camMmoM Havane kozga. IIpexnae Bcero
yIOCTOBEpUMCS, YTO HYKHasg HaM (QYyHKOUs paboraer. B mnpuBeneHHOM HMKe
OpUMepe HUCIONIb3yeTcss MarTpulla pasmepHocThio 3x3. Kak Buaurte, marpuna
3aIl0JIHMJIACh CIyYyallHBIMU 3HaYeHHUSIMH B Tuana3zone ot 0 go 1.

import numpy

numpy . random. rand(3,3)
array([[0.06843680, ©.17248660, @.04086505],
[@.20189845, ©.73728517, ©.24243484],
[@.68053887, ©.@5742121, @.43125263]])
JlaHHBIA TOIXO0J MOXKHO YJIYUIIUTh, MOCKOJIBKY BECOBBIE KOA(D(HUIMEHTH MOTYT
UMETh HE TOJIBKO MOJIOKUTEIbHbIC, HO U OTPUIIATEIbHbIC 3HAUYCHUSI U U3MEHATHCS B
npenenax ot -1,0 mo +1,0. Ins npoctoTel Mbl BeiuTeM 0,5 M3 3THUX TpaHHUYHBIX
3HAYEHUM, Nepeas K Auana3zoHy 3HadeHuid ot -0,5 mo +0,5. Huxke npencrtaBiieHsl
pe3yabTaThl IPUMEHEHUS ATOTO MOAX0/1a, KOTOPhIE IEMOHCTPUPYIOT, YTO HEKOTOPHIE
BeCOBBIC KOA(PDUITMEHTHI TENEPh UMEIOT OTPUIIATEIIHHBIC 3HAYEHUS.
numpy. random.rand(3,3) -8.5
array([[ ©.21218893, -8.28506655, ©.20219302],

[-08.38341736, @.31864623, -0.3306@899],
[-0.80113976, -8.01818176, ©.39380204]])

MpbI TOTOBBI CO3/1aTh MaTPHILy HAYaJIbHBIX BECOB B Halleil nmporpamme Ha Python. Otu
BECOBbIE KOA(D(PHUITMEHTHI COCTABISIOT HEOTHEMJIEMYIO YacTh HEUPOHHOW CETH U
CIIy>KaT €€ XapaKTepUCTUKAMU Ha MPOTSHKEHUM BCEU €€ KU3HU, & HE BPEMEHHBIM
Ha0OpOM JaHHBIX, KOTOPbIE HCYE3AIOT Cpa3y K€ Mocle TOoro, Kak (yHKIUs
oTpaboTasna. TO 03HAYaeT, YTO OHM JIOJKHBI OBITh YaCThIO IIpoLiecca
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WHUIMATN3AIUA U OBITh JOCTYIHBIMH JUISl IPYTHMX METOJIOB, TAKMX KaK (PYHKIIMH
TPEHUPOBKH U OIIPOCA CETH.

Hwxke mnpuBeneH KoJ, BKIIOYas KOMMEHTapHWH, KOTOPBIH CO37acT JBE MaTpHIIBI
BECOBBIX KOO(DPUIIMEHTOB, WCHONL3Yysd 3HaueHus mnepeMeHHbiX self.inodes,
self. hnodes u self.onodes 15t 3a1aHMsT COOTBETCTBYIONIUX PA3MEPOB KAXKIOM U3 HUX.

m.d.
(numpy .random. rand(self.hnodes, self.inodes) - @.5)
(numpy . random.rand(self.onodes, self.hnodes) - @.

self.uw
self.who

)
2

4. Yay4ynieHHbIA BAPHAHT HHHINAJIN3ANNH BeCOBBIX KOY(UIINEeHTOB.

OmnucanHOE B 3TOM pasjielie 00HO8IeHUe KOOa HE SBIETCA 00s3aTeIbHBIM, IOCKOJIBKY
TO BCEro JHIb IMPOCTOE, HO TMOMYJSIPHOE YCOBEPIICHCTBOBAHUE IMpoIlecca
MHUIHATA3AIHHA BECOBBIX KOA()(PHUITHIESHTOB.

B teopetnueckux matepuanax 1abopaTopHBIX pabOT MbI pACCMAaTPUBAIIU PA3TUIHbBIC
CHOCOOBI TOATOTOBKHM JAaHHBIX W WHUIHAIH3AUK  Kod(DuimeHToB. MOKHO
MPUMEHUTh W JIPYTOH, HECKOJBKO YCOBEPIICHCTBOBAHHBIM IOAXOJ K CO3IaHHIO
Clly4ailHbIX HauyaJbHbIX 3HAYE€HUU BecoB. [ 3Toro BecoBble KO3(PPUUIMEHTHI
BBEIOMPAIOTCS U3 HOPMAIBHOTO PACTIPEICIICHHSI C IIEHTPOM B HYJIE U CO CTaHAAPTHBIM
OTKJIOHEHHEM, BEJTMYMHA KOTOPOT0 0OPaTHO MPONOPIHOHATbHA KOPHIO KBaIPaTHOMY
13 KOJIMYECTBA BXOIAIINX CBSA3CH Ha y3ell.

DTO JIerKO JeNaercss ¢ Tomolbio Oubnmuoreku numpy. DOyHKIUIA numpy.
random.normal () omucaHa 1o TakoMy ajpecy: https://docs.scipy.org/doc/numpy-
1.10.1/reference/generated/numpy.random.normal.html. Ona moMoxer Ham ¢
U3BJICUEHHEM BBIOOPKU U3 HOPMAJILHOTO pactipesiesienus. Ee mapamerpamu sSBisiroTCs
IEHTP pachpeneseHus, CTAaHIapTHOE OTKJIOHEHHE U pa3Mep MacCHBa nuUMpy, €Ciu
HaM HY’>KHA MaTpUIla CITy4alHBIX YUCEI, & HE OJIMHOYHOE YHCIIO.

OOHOBIICHHBIN KOJI MHUITHATN3AIIUN BECOBBIX KO (DHUIMEHTOB Oy IeT BHITIISACTH TaK.
IlenTp HOpManbHOrO pacmpeaeneHus ycrtaHoBieH 31ech B 0,0. CranmapTHOe

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

OTKJIOHCHHE BBIYHCIISCTCS 1O KOJUYECTBY Y3JIOB B CJCAYIONIEM CJIO€ C ITOMOIIBIO
bynkuun pow(self.hnodes, - 0.5), koTopasi IPOCTO BO3BOAUT KOJIUYECTBO y3JIOB B
crerieHb -0,5 . [Tocmeaauii mapamMeTp onpeaesseT KOHPUryparnuo MacCuBa numpy.

KoHTpoJsbHbIe BONpochI
1. JIns kakux 3aj1a4 MPUMEHHUM IIPOCTON JTUHEHHBIN Ki1acCuUKaTop?

2. Kakum oO0pa3zom Tpou3BeCTH KIacCU(UKAIUIO, €CIU
JVMHEHHBINA KJ1accuPUKaToOp HEe MPUMEHUM K 3a/1a4e?
3. IIpu xakux 3Ha4YCHUSX apryMeHTOB (yHKius M npuauMaet 3HaueHue 17?

4. Ilpu kakux 3Ha4eHUSX aprymMeHToB pyHkius NI sBasieTcs uCTUHHOM.
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5. Ilpu xakux 3HAYEHHUSIX APTYMEHTOB (DYHKIIHS ucknovarowee UJIH
MpUHUMAET 3HaueHue 17?7

6. OnuiuTe CTpOCHUE HENPOHA.
7. Yto npencrapisieT co00i (PYHKITHS aKTHBAITUN?

8. Kakas ¢yHkums yaiie BCero HCHOJb3yeTcs B KadyecTBe (PYHKIUU
aKTHUBAIIMKM B UICKYCCTBEHHBIX HEUPOHHBIX ceTsax? [1o kakum npuunHam?
9. Uto Takoe BecoBble KOIPPUIIMEHTHI CETU?

10. Kakum o0Opa3oM MPOUCXOAMUT pPACHPOCTpaHEHUE CHUTHajda II0
MCKYCCTBEHHOW HEHUPOHHOM ceTh?

11. Kakue QpyHKIIMM MOXKET coaiepkaTh KJIacC HEMPOHHOW CETH, CO3TaHHBIH
Ha si3p1ke Python?
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IlpakTu4eckoe 3ausitue S
Penienue cJI0KHBIX 32124 KJIACCH(PUKAIMH € TOMOIIBIO HCKYCCTBEHHBIX
HellpOHHBIX ceTeil. MeTo 00PAaTHOr0 PACNPOCTPaAHEHUS
eanb: paccMoTpeTs METOI OOPATHOTO PACTIPOCTPAHECHUS OIMMOKU MPHU pa3padoTKe
IIPOEKTAa HEUPOHHOM CETH.

3ananue:
1. U3yunTh TEOpPETHUECKOE BBEACHUE.

2. OtBeTuTh HA KOHTPOJBHBIC BOMPOCH], TMPHUBEJACHHBIE B KOHIIC
nabopaTopHOI pabOTHI.
3. DBbIMOAHUTH MpakTUYECKHE 3aJaHUS C HUCIOJIb30BAaHUEM  S3bIKA
nporpammupoBanus Python.
4. CocTaBUTH OTYET 10 JIabopaTopHOU padote. Tpebosarnus k omuemy:
OT4eT npeaocTaBiseTCs B 3JIEKTPOHHOM BHJI€ B TEKCTOBOM pefakrope MS Word. B
OTUCTE YKa3bIBAIOTCS:
1) ®amunus cTyneHTa.

2) IlopsinkoBBIi HOMEP U Ha3BaHUE JIAOOPATOPHOU PadOTHI.
3) Llenb paboThI.
4) OTBeTHI Ha KOHTPOJBHBIE BOIPOCHI.

5) Ommcanue pernieHus BHIOJHEHHBIX 33/IaHUH TA00paTOpHON pabOTHI,
cozepikariee: a) hopmyauposky 3a0anus, 8) CKPUHULOM BbINOTHEHHO20 3A0AHUS,
cooeparcawuti pamunuio cmyoeHma.

3ammTa Ja00paTOpHON PabOThl OCYIIECTBIAETCS IO OTYETY, MPEACTaBICHHOMY
CTYJICHTOM M C JICMOHCTpPAIIMEH 3aJaHKs Ha KOMIIBIOTEpE.

TeopeTnveckoe BBeIeHUE
1. YMHOXEHUE MaTpHUI]
2. Ilpumep UCTIONIB30BAHUSI MATPUYHOTO YMHOXKEHUS B CETH C TPEMSI CIIOSIMU

3. KoppektupoBka BeCOBBIX KOXh(HUIIMEHTOB B TIpolecce OO0ydeHUs
HEUPOHHOU CETH
4. O6patHOE pacnpoCTpaHEHUE OIUTMOOK MPHU OOJIBIIIOM KOJIMUECTBE CJIOEB

5. Onmcanue oOpaTHOTO PACIPOCTPAHCHUS OITMOOK C TTOMOIIBIO MATPUIHOK
anreopbl

1. YMHOXKeHre MAaTPUILX

B mpenpiaymeii pabote ISl NMEPEMHOKECHHS MATPHUIl BPYYHYHO MBI BBITIOJTHUIIH

BBIYUCJICHUS JIJIs IBYXCIIOWHOM CETH, CoJieprKallieil BCEro JIUIIb M0 2 y3/1a B KaXKJI0M

cioe. OHAKO JTayke B ATOM Ciiydae 00beM padOThl OKa3ajics JOBOJBHO OONBIINM, a

YTO TOrJla MOKHO CKa3aTbh, HalpuUMeEp, O CETH, COCTOosIIeH u3 naTu cioeB mo 100

y370B? YKe cama 1o ce0e 3amuch BCeX He0OXOMMBIX BhIpaKEHUH Obliia ObI CIIOKHOU

3amadeir. CocTaBiieHUE KOMOMHAIIMA CUTHAJIOB, YMHOKEHHE Ha ITOIXOISIINE BECOBBIC
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K03 PULIMEHTHI, TPUMEHEHUE CUTMOUIBI JIJIS1 KaXKI0To y3Ia...
Tak yem >xe HaM MOTYT MOMOYb MaTpulbl? OHU OyIyT HAM TMOJE3HBI B IBYX CITy4dasiX.
Bo-nepeuvix, onn 06ecnieunBaOT CKATYIO 3allMCh ONepalui, puaaBas
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UM YpE3BBIYAHO KOMIAKTHYIO (hopMy. DTO OOJBIIOW ILIIOC IS HAC, MOCKOJIBKY
Takasi paboTa yToMUTeNbHa, TpeOyeT KOHIIEHTPAllud BHUMAaHUS U YpeBaTa OlnOKaMHu.
Bo-émopbix, B OOJBIIMHCTBE KOMIIBIOTEPHBIX SI3BIKOB  IPOIPaMMHPOBaHUS
npeIycMOTpeHa paboTa C MaTpuIlaMH, a MOCKOJIBKY MHOTHE ONEpaldd MPH 3TOM
MOBTOPSIIOTCS, KOMITBIOTEPHI PACTIO3HAIOT 3TO W BBITIOIHSIOT UX OYEHb OBICTPO.
PestoMupysi, MOXKHO CKa3aTh, UTO MaAmMpuysbl NO380J8I0M HOPMYIUPOBAMb 3a0aUU 8
bonee npocmoll u KOMRAKMHOU ¢hopme u obecneuusaiom ux Oonee Ovicmpoe u
aghghexmusroe gvinonneHue.

Martpuna — 5TO BCero JuIib TaOiuIla, NPSIMOYroJibHas CeTka, oOpa3oBaHHAs
yrciaamu. Bot u Bce. Bee, 4To CBA3aHO ¢ MaTpHUIlaMK, HUIYTh HE CIIOKHEE 3TOTO.
Ecnu BBl yKe TOTB30BANKCH 3JIEKTPOHHBIMH TaOIUIIAMH, TO HUKAKUX CII0O)KHOCTEH
npu paboTe ¢ YHCIaMH, PACIoJIaraloIUMUCS B sl9eHKaX CETKH, Y BaC BOSHUKHYTH HE
nokHO. Hroke moka3an npumMep pabodero nucta Excel ¢ unciioBoii Tabiumiiei.

Bypep obuena Lipsedr * Bupagrmpaae A HWCno

N17 - S

32
74
11
75

7 [ - T N
LS I - - ¥ I )
W 0 Mo

OTO U eCTh MaTpulla — TabJIUIA WM CETKa, 00pa30BaHHAs YHUCIAMH, TOYHO TaK K€, KaK
Y CIEAYIOLIUN IPUMEP MAaTpPULBI pa3MepoM 2X3.

23 43 22

43 12 54

[Ipu 0603HaUEHUN MATPUIl MPUHATO YKa3bIBaTh CHAYaJIa KOJIMYECTBO CTPOK, a 3aTEM
KOJIMYECTBO cTO010B. [Tlo3TOMY pazmMepHOCTh TaHHOM MaTpUIlbl HE 3X2, a 2x3.
KpoMe TOro, mHorma maTpullbl 3aKJIIOYalOT B KBaJpaTHbIE CKOOKH, MHOTJA — B
KpyIJIbIE, KaK 3TO CHIEJIaid MBI.

Ha camom niene matpuiibl He 00513aT€IbHO JIOJDKHBI COCTOSTh U3 uncesl. OHU MOTyT
BKJIIOYATh BEJIMYMHBI, KOTOPHIM MBI Jalld UMEHA, HO HE MPHUCBOWIN (DAKTUUECKUX
3HayeHuil. [loaTomMy Ha creayromend WUIIOCTpallMM TakKe IOKa3aHa MaTpula C
AJIEMEHTaMH B BHUJI€ IEPEMEHHBIX, KaXasi U3 KOTOPBIX UMEET ONPEIEICHHBINA CMBICT
Y MOYKET UMETh 3HAYEHUE, IPOCTO MBI II0KA HE YKA3aJIM, YTO 3TO 34 3HAYECHUS.
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doA20MA KOPAOAS dorzoma camorema

wupoma Kopadas wupoma camorema

Yem mosie3Hpl MaTpuibl, BaM CTAaHET IOHATHO, KOTZAa MBI PacCMOTPHUM, KaK OHH
YMHOXAIOTCS. BOT mpuMep yMHOKEHUS OAHOM NPOCTOM MAaTPHUILIBI HA APYTYIO.

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

Orta omnepanus HE CBOAUTCA K IPOCTOMY IEPEMHOXKEHUIO COOTBETCTBYIOIIHUX
aiieMeHTOB. JIeBbIi BepXHUM 2JIEMEHT HE paBeH 1*5, Kak u paBblil HUKHUN — HEe 4*8.
BmecTo 3TOro MaTpuibl yMHOXKAKOTCA 110 APYTUM IpaBuiIaM. Bo3MOXKHO, BBl

U CaMH JOTaJaeTech, M0 KAaKUM HMEHHO, €CJIM BHUMATEIBbHO INPUCMOTPUTECH K
npuMepy. Eciam Her, TO B3IJIIHATE HA INPUBEACHHYK) HM)KE WJUIKOCTPALUIO, THE
IIOKA3aHO, KaK I0Jy4aeTCs OTBET AJI JIEBOIO BEPXHETO 3JIEMEHTA.

3 '8 = ¢ (1%8) 4 (2%7) (1%¢6) + (2*8)
3 4 7 s : (3%5) + (4%7)  (3%6) + (478)

19 22

43 50

Bbl BuguTE, 4TO BEpXHUH JIEBBINA 3JIEMEHT BBIYUCIISETCS C UCIOIb30BAaHUEM BEPXHEN
CTPOKH MEPBO MATPHIIBI U JIEBOTO CTOJIOIA BTOPOMA.

MpeicrieHHO miepebupas 00€ TOCIeOBATEIPHOCTA 3JIEMEHTOB, TMEPEMHOXKBTE HX
MIOTIAPHO U CJIOKUTE TIOJyYCHHBIE PEe3yNbTaThl. TakuM 00pa3oM, YTOOBI BBIUYHUCIUTH
JIEBBIM BEPXHUU JIEMEHT PE3YJIbTUPYIOIIEH MATPHUILIbI, Mbl HAUMHAEM MI€PEMEIATHCS
BJIOJIb BEPXHEW CTPOKM IMEPBOM MaTPHULbl, TI€ HAXOAUM YHUCIO |, a HauuHasd
nepeMeIleHre BHU3 0 JIEBOMY CTOJOILy BTOPOM MaTpHIIbI, HAXOAUM YHUCIO0 5. Mbl
MEPEMHOKAEM MX M 3allOMUHAEM PE3YJbTAT, KOTOPBIA paBeH 5. MbI mpoomxaem
nepeMeIaThbCs BAOJb psijia M BHU3 MO CTOJIOIY U HAXOIUM 3JIeMEHThI 2 U 7. Pe3ynbTar
MX TIEPEMHOXKEHUS, paBHbIM 14, MbI Takke 3artoMuHaeM. [Ipu 5TOM MBI YK€ TOCTUTIIH
KOHIIA CTPOKM M CTOJIOIA, MO3TOMY CYMMHUpPYEM 4YHUCJa, KOTOPBIE Mepe] ATUM
3allOMHUJIM, U TIOJTy4aeM B KaU€CTBE PE3yJIbTaTa uuciio 19. 1o u ecTh neBblii BEPXHUI
AIIEMEHT PE3YIbTUPYIOLIEH MATPHULIBIL.
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Onucanue MoJy4YuioCh JJIMHHBIM, HO BBIMOJHEHHUE CaMHUX JEHWCTBUN HE OTHUMAET
MHOro BpemeHu. [Ipomomkure nanee camocrosaTelnbHO. Ha mnpuBeneHHON HUKE
WUTIOCTPAllUM  TI0OKa3aHO, KaK  BBIUMCISIETCS  TpaBbld  HUXKHUKA ~ AJIEMEHT
PE3YIABTUPYIOIIECH MATPHUIIBI.

i 2 5 & (1*5) + (2%7) (1%e) + (2*8)
08 7 8 - (3%5) + (4*7) (SFOIRETD)

l9 22

"

43 | SO

Bl BHOBb MOXETE BHUIETh, KaK, HCIOJb3YysSd CTPOKY M CTOJOEl, KOTOpbIE
COOTBETCTBYIOT MCKOMOMY 3JIEMEHTY (B JaHHOM Cllydae BTOpas CTPOKa U BTOPOit
cToJIOelr), MBI MOJyYaeM JBa MPOU3BEIeHUs, (3%6) u (4*8), clnoxkeHne KOTOPhIX JaeT
18 +32 =50.

IIponmoikast AEUCTBOBATH B TAKOM JKE€ JAYX€E, HAXOAWM, UTO JIEBBIA HUKHUMN DJIEMEHT
paBeH (3*5) + (4*7) =15 + 28 =43, a npasslii Bepxuuii — (1*6) + (2*§) =6 + 16 =22.
Ha cnenyromeit WimocTpaluy NpoAEMOHCTPUPOBAHO MCIIOJIB30BAHUE MEPEMEHHBIX
BMECTO YHUCEII:

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

ae+bg+.. afrbh+..

ce+dg+.. cfrdhe...

DTO BCEro JMIlb APYrod cnoco0 OomucaHus MOAX0Ja, C MOMOLIbI0 KOTOPOTO MBI
YMHOaeM MaTpullbl. Mcronb3yst OyKBbl, BMECTO KOTOPBIX MOTYT OBITh MOJCTaBICHbBI
Ar00bIE 4YKCa, MBI JaeM OOllee ONUCaHWe ASTOro mojaxoja. Takoe onucaHue
JNENUCTBUTEIBHO ABIIIETCS OoJiee OOLIUM, YeM IpeabIAyIIee, TOCKOIbKY MPUMEHUMO K
MaTpHLaM Pa3JIMYHbIX Pa3MEPOB.

['oBOps. O MPUMEHUMOCTH ONUCAHHOI'O MOJXOAAa K MaTpuliam J00ro pasmepa,
ClIeyeT Cc/eNaTh OJHY BaXKHYIO OTOBOPKY: YMHOXAaeMble MaTpPHUIbl JOJKHBI OBITH
COBMeCTUMbIMU. BblI noiimere, B 4eM 37ech J1€10, BCIOMHMB, KaK OTOMpaid OMapHO
AJIEMEHTHI U3 CTPOK MEPBOM MATPUIIBI M CTOJIOLIOB BTOPOIl: 3TOT METOJ HE CMOXKET
paboTaTh, eciu Koauuecmeo 3I1EMEHmMOE 6 CmpoKe He Oydem coenadamb ¢
KOu4ecmeom 3,1eMeHmoe 6 cmooye. 1103ToMy Bbl He CMOXKETE YMHOKUTH MaTPUILY
2x2 na marpuny 5x5. IlombertaiiTech 3TO caenarb, U CaMH YBUIUTE, IOYEMY ITO
HEBO3MOKHO. UTOOBI MaTpHILIbI MOKHO OBLIO YMHOXWTb, KOIUYECEO CMONIOYO8 8
nepeoti U3 HUX 00JHCHO COBNAOAMb C KOTUYECHBOM CIMPOK 60 8MOPOU.
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B pa3HbIX pyKOBOACTBAX 3TOT TUIl MATPUYHOTO YMHOKEHUS MOKET BCTPEUYATHCS MO
pPa3HBIMM HA3BAHUSIMHU: CKAJSIPHOE NMPOM3BEJACHHE, TOUYCYHOE NMPOU3BEACHUE WU
BHYTpPeHHee NMpou3BeeHue. B MaremaTrke BO3MOXKHBI U IPYTH€ TUITBI YMHOKEHUS
MaTpHIl, TAaKUE KaK IEPEKPECTHOE MPOU3BEICHHE, HO MbI OyieM paboTaTh C TOUYECUHBIM
MIPOU3BEJACHUEM MATPHII.

[TocmoTpuM, 4TO TIPOU3OUJIET, €CIM 3aMEHUTHh OYKBBI CIOBaMH, UMEIOIUMHU Ooee
HEMOCPEACTBEHHOE OTHOILICHUE K HAallle HEMpPOHHOM ceTu. Ha mpuBeneHHON Huxke
WUIIOCTPAallMd BTOpas MaTpHlla UMEET pa3MepHOCTh 2x1, HO MaTpuuHas anreOpa
OCTAETCS MPEKHEN.

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

[lepBas MaTpuila COAEP>KUT BeCOBbIC KO DUITUEHTHI JJIs CBA3EH MEXKTY y3JIaMH ABYX
CJIOE€B, BTOpPAsi — CUTHAJIbI IEPBOTO, BXOAHOTO CJIOA. Pe3ysbTaTOM YMHOXKEHUS ITUX
JIBYX MaTpUIL SIBJISIETCS OOBEAMHEHHBIN CIIIaKEHHBIN CUTHAJ, MOCTYNAIOUIUN Ha Y3IIbI
BTOPOTO CJOS.

[IpucmoTpuTech MOBHUMATENBHEE, U BBl ATO Novimere. Ha nepBeiil y3en noctynaer
CyMMa JIByX CUTHAJIOB — CUTHAJA input 1, yMHOXEHHOTO Ha BECOBOM KO PUImeHT w
1,1, I CUTHAJA input 2, yMHOKCHHOT'O Ha BECOBOU KO (MHUITMECHT W 25. DTO 3HAYCHUS X
JI0 IPUMEHEHHUSI K HUM (PYHKIIMH aKTHUBAIUU.

[IpencraBum Bce 3TO B OoJiee HArISIAHON (hOpME C TOMOIIBIO WILTIOCTPALIUU.

X=(input 2 *w, )+ (input2*w,, )

input_1 w, |
setgbmmceeiiil 1 :I._.- 3 L 1 SN -~
f.-.-lr
»w1,2
v
. ‘w
input_2 -
—— 2 - — - 2 —_—
w 2

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

OrnurcaHHbIN NOJIXO0/ YPE3BBIUYANHO MOJIE3€EH.

[Touemy? IloToMy 4TO B €ro paMmkax BCE BBIUMCIEHUS, KOTOPbIe HEOOXOIUMBI IS
pacuera BXOJHBIX CUTHAJIOB, NOCTYIAIOUIMX HAa KaXIbld U3 Yy3JI0B BTOPOIO CJOf,
MOTYT OBITh  BBIp@XEHBI C  HMCIOJB30BAaHMEM  MATPUYHOTO  YMHOXKECHUS,
00€eCIeYnBaIOIIETO YPE3BBIUAMHO KOMMAKTHYIO (POpMYy 3aIUCH COOTBETCTBYIOIIUX
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OIepaLvi:
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X=WI

3necs W — matpuiia BecoB, I — maTpuiia BXOAHBIX CUTHAJIOB, @ X — pe3yJIbTUPYIOIIas
MaTpuila KOMOWHHUPOBAHHBIX CTJIQXEHHBIX CHUTHAJIOB, MOCTYHAIOMIUX B CJIOM 2.
CUMBOJIBI MATPUI] YACTO 3aIMKUCHIBAIOT C MCMOJb30BAHUEM MOJYKHPHOTO mipudra,
YTOOBI MOJYEPKHYTh, UTO JAHHBIE CUMBOJBI MPEACTABISIOT MAaTPHUIIbI, & HE MPOCTO
OJIMHOYHBIE YUCTIA.

Tenepp HaM HE HY)KHO NOAYMATh O TOM, CKOJIBKO Y3JIOB BXOAUT B Ka)Iblil CIIOM.
YBenuueHue KOJIMYeCTBa CI0EB MPUBOANT JIMIIb K YBEIIMYEHUIO pazMepa matpull. Ho
KOJIMYECTBO CHMBOJIOB B 3alMCH MPU ATOM HE yBenuuuBaercs. OHa ocTaercs Mo-
MIPEKHEMY KOMIIAKTHOM, U MBI IPOCTO 3allMCBIBAEM IIPOU3BEICHUE MATPHUIL] B BUIE
W#*I, He3aBHCUMO OT KOJMYECTBA JIEMEHTOB B KaXXJIOU M3 HHUX, OYJIb 3TO 2 WM KE
200.

Ecnu ucnionp3yeMbli 361K MPOTPAMMUPOBAHUS PACIIO3HAET MATPUUYHYIO HOTALIUIO, TO
KOMITBIOTED BBINIOJHUT BCE€ TPYAOEMKHE PACUEThl, CBSI3aHHBIC C BBIYHUCICHUEM
BoipakeHus X = W * I, 6e3 mpeaocTaBieHusi eMy OTACIbHBIX WHCTPYKUMM st
KaXJ0T0 y3JIa B KQKJAOM CJIO€.

3aTpaTUB HEMHOTO BPEMEHHU Ha TO, YTOOBI MOHATH CyTh MATPUYHOTO YMHOXKEHUSI, MbI
MOJYyYWIM B CBOE PACHOPSHKEHUE MOIIHEUIINM HWHCTPYMEHT [JIs peaau3aluu
HEUPOHHBIX CeTel 06€3 KaKUX-I1M00 0COOBIX YCHIIMI C HAIIEH CTOPOHBI.

Yro HacueT QyHKIMM akTUBAIMU? 3/1€Ch BCE MPOCTO U HE TpeOyeT MPUMEHEHUS

MaTpU4HOM anredpsl. Bee, 4To HaM HY)XHO CJIeNaTh, — 3TO

IPUMEHUTH CUTMOUY 1 K KaXXKIAOMY OTACIIbBHOMY 3JICMCHTY MAaTpPHIIbI

1+e_XX'

DTO 3BYYHUT CIMIIKOM MPOCTO, HO TaK OHO U €CTh, IOCKOJIbKY HaM HE MPUXOIUTCS
KOMOMHUPOBATh CUTHAJBI OT Pa3HBIX Y3JIOB: 3TO YK€ CIENIaHO, U BCS HE0OXOoaumast
uHdopmarus yxe cogepxkurca B X. Kak MbI yxe BUsenu, posib GyHKIIUN aKTHBAIIUU
3aKJII0YaeTCsl B MPUMEHEHHHM TOPOTOBBIX 3HAYEHWM W MOJABICHUM HEHY>XHBIX
CUTHAJIOB C IICJIBI0 MMUTAIIMU TIOBEACHHUS OWMOJIOTHYECKUX HelpoHOB. [loaTomy
PE3YIBTUPYIONINUNA BBIXOAHON CUTHA BTOPOTO CIIOS MOXKHO 3alKiCcaTh B TAKOM BUJIE:
O = curmonga(X)

3neck cuMBosioM O, BBIACIEHHBIM MOJIYKUPHBIM HIpUdTOM, 0003HAUEHA MaTpUIla,
KOTOpasi COAEP/KUT BCE BBIXOIHBIE CUTHAJIBI IIOCIIETHETO CJI0SI HEMPOHHOU CETH.
Beipaxenne X = W * I npumensiercst 1 BBIYACICHNUS] CUTHAIOB, NPOXOISIINX OT
OJIHOTO CJIOSA K Clenyroemy ciior. Hanpumep, npu HAIMYUK TPEX CI0EB MbI IPOCTO
BHOBb BBIITOJIHUM OIIEPALIMIO YMHOKEHUSI MaTPHI], UCIIOJIb30BAB BBIXO/IHBIE CUTHAJIBI
BTOPOTO CJIOSI B KAUECTBE BXOJHBIX ISl TPETHETO, HO, PA3yMEETCsI, IPEABAPUTEIBHO
CKOMOMHUPOBAB MUX M CIIaJUB C T[OMOIIbIO JOMOJHUTENbHBIX BECOBBIX
K02 (P UIIMEHTOB.

Pesome

* MHoOrue BBIYUCIICHMS, CBSI3aHHBIE C PACIPOCTPAHEHUEM CHUTHAJIOB 110
HEHPOHHOW CETH, MOTYT OBITh BBHINIOJHEHBI C WCIOJB30BAHUEM OIEPAINH
MATPUYHOTO YMHOKECHUS.
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* Hcnonb3oBaHWe MaTPUYHOTO YMHOXEHHUSI 00€CHeYrMBaeT KOMITAKTHYIO
3allMCh BBIPAXKEHUH, pa3MEP KOTOPBIX HE 3aBUCUT OT pa3MEPOB HEUPOHHOW CETH.

* Yro HeMamoBa)xHO, OIEpalMd MATPUYHOM anreOpbpl H3HAYAIBHO
MPEAYCMOTPEHBl B PsJie S3BIKOB IMPOTpaMMHUPOBaHUS, Ojarojgapsi 4eMy MOTYT
BBITIOTHATHCS OBICTPO M 3P (HEKTUBHO.

2. Ilpumep UCHOJIB30BAHUS MATPUYHOI0 YMHOKEHNS B CETH C TPeM4
CJIOSIMHU

MBI noka enie He UCIOJIb30BaI MAaTPULBI U BBIIIOJHEHUS PACYETOB, CBSI3AHHBIX C
BBIYHCIICHUEM CUTHAJIOB HA BBIXOJI€ HEUPOHHOU ceTh. Kpome Toro, Mbl moka 4ro He
o0Cy X Ianu mpuMepsl ¢ 0osiee yeM ABYMs CIOSIMU, UTO ObLIIO ObI TOPa3i0 UHTEPECHEE,
MOCKOJIbKY MbI JIOJDKHBI MOCMOTPETh, KaK 0OpadaThIBAIOTCS BBIXOJHBIC CHUTHAJIBI
MIPOMEKYTOYHOI'O CJIOSI B KAUECTBE BXOHBIX CUTHAJIOB MOCJIEAHETO, TPETHETO CIIOS.
Ha cnenyromenn nuarpamMme NmpeacTaBiIC€H NMPUMEP HEMPOHHOM CETH, BKIIOYAKOLICH
TpU cJ0g N0 Tpu y3ia. UTtoObl n30ekaTh 3arpOMOXKIACHUS TUArpaMMbl JIMITHUMHU
HAJIIACSIMU, HEKOTOPBIE BECA HA HEW HE YKAa3aHBI.
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o8 ki ) 1 L T 2 1 = 0 - 1 e ‘-7
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W__‘_ZO,z ¥ ¢
W, ::Qﬂg__,' i ."
= / —~4 “w, =05
0F —> 2 ———f 2 ————>»f 2 —>
W, '.:{_) R ? o i
N w, =01 v gl
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e 3 ———f 3 e 3 —
w, =09

Mpbl HauHEeM CO 3HAKOMCTBa C OOIENmpuHATOW TepMuHonoruei. Kak mbl 3HaeM,
MIEPBBIN CJIOW — BXOAHOM, a BTOPOU — BBIXOJAHOM. [[pOMEKYTOUHBIN CJIOW HAa3bIBAECTCS
CKPBITBIM cJ10eM. Takoe Ha3BaHHWE 3aKPENUIOCH 3a MPOMEKYTOUHBIM CIIOEM H3-3a
TOrO, YTO €r0 BBIXOJHBIE CUTHAJIBI HE 0053aTENBHO MPOSBISIOTCS KAaK TaKOBBIE,
OTCIOJIA U TEPMUH «CKPBITBIN».

[Ipuctynum k paboTe HaJA NpPUMEPOM, NPEACTaBICHHBIM Ha 3TOW JUarpaMmme.
BxonHbpIMu cUrHajiaMyd HEHpPOHHOW ceTu saBisitoTca ciexyromume: 0,9; 0,1 u 0,8.
[TosTomy BxoaHas marpuua I numeer cieayromuii BU.
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0,9
[ = 0,1
0,8

370 OBLIO MPOCTO, T.€. C MIEPBBIM CIIOEM MbI 3aKOHUUJIIU, TOCKOJIBKY €TI0 €ITMHCTBEHHAS
3aJlaya — [MPOCTO MPEICTABIATh BXOJAHOW CUTHAJL.

Crnenyromuii Ha ouepean — MPOMEXKYTOUHbIN ciloil. B qaHHOM cilydae Ham mpuaeTcs
BBIYHCIIUTh KOMOMHUPOBAHHBIE (M CTIaKEHHBIEC) CUTHANBI ISl KAXA0r0 y3Jia 3TOTO
cios. BcnoMHuUTE, 4TO KaXAbld y3€l MPOMEKYTOUHOTO CKPBITOIO CJOSI CBSI3aH C
KQ)KJbIM U3 y3JI0B BXOJHOTO CJIOSI, [IO3TOMY OH IIOJIy4aeT HEKOTOPYIO YacTh KaKJI0TO
BXOJIHOTO curHana. OHaKko ceiyac MbI OyIeM JielicTBoBaTh Oosiee 3P PeKTuBHO, YeM
paHblile, TOCKOJbKY MOMbITAEMCS] TPUMEHUTh MATPUYHBIA METO/I.

Kak yxe ObTO moOKa3aHO, CTiakKeHHbIE KOMOMHHUPOBAHHBIC BXOJHBIE CHUTHAIBI IS
3TOro ciosi onpenensatorcs BolpaxkeHueM X = W * I, rae I — marpunia BXOJHBIX
curanoB, a W — mMarpuna BecoB. Mul pacnionaraem marpuuei I, Ho yto Takoe W?
Hexotopeie u3 BecoBbiX K03h(UIIMEHTOB (BBIOpaHHBIE CIIy4yallHBIM 00pa3zoM)
MOKa3aHbl HA AUarpaMMe JUisi 3TOro nmpumepa, Ho He Bce. Hipke mpeacraBieHbl Bee
BeCOBbIE KOA(DPUIIUEHTHI (OMATh-TAKU, KXl U3 HUX BBIOMpAJICS Kak CIIydyaiiHOe
YHCIIO0).

0,9 0,3 0.4

w = 0,2 0,8 0,2

Buoduol_ckpoimbil

0,1 0,5 0,6

Kak HeTpyaHO 3aMeTUTh, BECOBOM KOA((ULIUEHT ISl CBA3H MEX]Ty IEPBBIM BXOAHBIM
y3JIOM ¥ NEPBBIM Y3JIOM MPOMEXYTOYHOIO CKpBITOro ciost w 13 = 0,9, kak u Ha
NpUBEICHHON BhINIE auarpamme. TOYHO Tak e BeCOBOM KOIPPHUIIMEHT A CBSI3U
MEKy BTOPBIM BXOJHBIM Yy3JIOM W BTOPBIM Y3JIOM CKPBITOro ciost w 13 = 0,8. Ha
JarpaMMe He MOKa3aH BECOBOU KO3(P(PHUUMEHT JUIsl CBA3M MEXAY TPETHUM BXOJIHBIM
Y3JIOM U TIEPBBIM Y3OM CKPBITOTO cl1os W 31 = 0,4.

Paccmorpum, mnouemy Mbl cHaOmwin  Matpuny W HHAEKCOM

«BXOAHOM CKpbITBI»? [loToMy, uTo MaTtpunia W sxomoii cxpwmii COJIEPIKUT BECOBBIE
KOA(PUIMEHTHI JIJIs1 CBSI3€M MEXYy BXOIAHBIM M CKPBITHIM ciiosMu. KoadduimeHTot
JUTSL CBSI3€U MEXIY CKPBITHIM M BBIXOJIHBIM CIIOSIMU OYIyT COAEpX aThCs B JAPYTrou
MaTpHIlE, KOTOPYIO Mbl 0003HAYUM KAK W cipurmmiii_suixosmoii-

Orta Bropass Matpula W  coqumii suxomois, JJIEMEHTBI KOTOPOM, KaK W BJIEMEHTHI
NpeAbIIyIIeNd MaTPUIlbl, PEJICTABISIIOT COOO0M clydailHble Ynciia, IPUBECHA HUKE.
Hampumep, BBl BUAHMTE, YTO BECOBOM KOIPGDUIIMEHT ISl CBS3H MEXKIY TPETHUM
CKPBITBIM Y3JIOM U TPETHUM BBIXOJHBIM y3JI0M W 3,3 = 0,9.
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0,3 o,7 0,5

= 0,6 0,5 0,2

cxpeirbiii Bexodvoi

0,8 0,1 0,9

OTJ'II/I‘—IHO, HCO6XOI[I/IMBIC MaTpHIbI II0JIYYCHEI.

[Ipomomxkum Hamry paboTy M onpeneuM KOMOWHUPOBAHHBIN CIIIaKEHHBIA CUTHAI
JUISL CKPBITOTO cosi. Kpome Toro, Mbl JOJIKHBI TPUCBOUTh €MY OIUCATEIIBHOE HMS,
CHaOXKEHHOE MHJIEKCOM, KOTOPBIH YKa3bIBA€T HA TO, YTO ITO BXOJHOW CHUTHANI JIS
CKPBITOTO, @ HE TTOCJIEAHETO CIIOS.

HazoBeM cOOTBETCTBYIOUTYIO MATPULLY X cporrsii:

X CKPBITBIH =W BXO/HOM_CKPBITHIH *1

Mbl He coOupaemcsi BBINOJIHATH BpPYYHYIO BCE JEHCTBUS, CBSA3aHHBIE C
NEePEeMHOKEHUEM MaTrpull. BreinmonHeHue 3ToN TpyaoeMKkol paboThl Mbl Oyjaem
[IOpy4aTh KOMIIBIOTEPY, BEAb UMEHHO C 3TOM LIEJIBIO MBI MCIIOJIb3YyEM MaTpulbl. B
JAHHOM CJIy4ae 'OTOBBIN OTBET BBIMVISAUT TaK.

0,9 0,3 0.4 0,9
Wi ® 0.2 0,8 0.2 ® 0,1
o1 o,s 0.6 0,8

1,16

X = o042

erprmrs el

o,62

Bpl HayuyuTech MoJydaTh TOTOBBIM OTBET, MCIOJIB3YS S3BIK MPOrpaMMHUPOBAHHS
Python, 0 4em MBI TOTOBOPUM TO3KE.

Htak, MbI pacrojaracM KOMOMHUPOBAHHBIMHU CTUIAKCHHBIMU BXOJHBIMH CUTHAJIAMHU
CKPBITOT'O MPOMEXXYTOUHOTO CJIOS, 3Ha4€HHUsI KOTOphIX paBHbI 1,16; 0,42 u 0,62. [{na
BBITTOJTHEHUS BCEX HEOOXOMMBIX BBIUMCICHUH OBLIN UCIIOJIH30BaHBI MATPHIIBI.
OT00pa3uM BXOJHBIE CUTHAIBI JJIs1 CKPBITOTO BTOPOTO CJIO0SI HA AMarpaMme.
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Ham ocrtaercst eme xoe-uto caeiarhb. Kak BBl IIOMHHTE, YTOOBI OTKJIHMK CJIOS Ha
BXOJITHOW CUTHAJI KAK MO>KHO JIyYIlI€E IMUTHPOBAJ aHAIIOTUYHBIA PEAIbHBIA ITPOLECC,
MBI JOJIKHBI IPUMEHUTD K y37aM (PYHKIMIO aKTUBAllUU. Tak U MOCTYNUM:

O ckpoiteiit — CUTMOHK 1A (X CKpLITLIﬁ)

IIpumeHsst curMouay K KaXAOMy DJJIEMEHTY MAaTPULbl X  cpumii, MBI ITOIYyYaEM
MAaTPUILy BBIXOJHBIX CUTHAJIOB CKPBITOIO IPOMEKYTOYHOIO CIIOS.

116
O s = CUZMOUOA 0,42
0,62
0,761
- W 0,603
0,650

JIns1 yBEpEeHHOCTH 1aBailTe MPOBEPUM, IPABUIIBHO JIM BEIYMCIICH MEPBIN
aneMeHT. Hama curmona umeeT B . [Tomaras x=1,16, noiyyaem

—X

1+e
e 1°=0,3135. Dro o3nauaer, utoy = 1/ (1 +0,3135) = 0,761.

HeTrpynHo 3aMeTHTh, UTO BCE BO3MOJKHBIE 3HAUEHHUS 3TOM (DYHKIIMM HAXOIATCS B
npenenax or O nmo 1. BepHurech HEMHOro HazaJl M B3IJISTHUTE Ha rpaduk
JIOTUCTUYECKON (DYHKIIMH, €CIM XOTUTE YOEAUTHCS B TOM, YTO 3TO JEHCTBUTEIBHO
TakK.
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Iloovimooicum, umo Mmvl K 2momy 6pemenu ycneau coeiams. Mpl paccuuTaniu
MPOXOXKJECHUE CUTHAJA 4Yepe3 MPOMEKYTOUHBIM CIIOH, T.e. ONMPEACIIMIA 3HAYCHUS
CUTHAJIOB Ha €ro BbIXOJ€. J[J1s MOTHOM SICHOCTH YTOYHUM, YTO 3TH 3HAUYCHUS ObLIN
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MOJIyYEeHBbI TyTEM NPUMEHEHUS] (YHKINUN aKTUBAMU K KOMOWHHUPOBAHHBIM BXOHBIM
CUTHaJIaM TPOMEXYTOYHOro ciosi. OOHOBUM AMarpamMmy B COOTBETCTBUM C 3TOU
HOBOU MH(pOpMaLIHEH.

0,603
c J_ - _‘} @ 042 . 2 __-> @ __--._-}
a 0,650

Ecnu 661 5T0 ObITA IBYXCIIOWHAS HEMPOHHAS CETh, TO MBI CEYaC OCTAHOBUIINCH OBI,
MOCKOJIbKY MOJYYHIIA BBIXOJAHBIE CUTHAJIBI BTOPOTO ci0sl. OHAKO MBI ITPOJIOIKUM,
ITIOCKOJIBKY €CTb €I1I€ U TPETHUM CIION.

Kak paccunTaTh poxoxaeHrue CUrHaia Jiis TpeThero cinos? TOYHO Tak ke, Kak U JJIs
BTOPOTr0, MOCKOJBKY 3Ta 3a/Jadya Ha CaMOM [IeJIE HM 4YE€M HE OTJIMYAeTCs OT
npenpiaynieid. HaMm u3BecTHa BeIMYMHA BXOJHBIX CUTHAJIOB, MOJYYa€MbIX TPETHUM
CIO€M, Kak paHee Obljla WM3BECTHA BEJIMYMHA BXOJHBIX CUTHAJIOB, MOJY4YaeMbIX
BTOPBIM CJIOEM. Y HAac TakXKe €CTh BECOBBbIC KOI(MUIIMEHTHI HJIs CBSI3EH MEXIy
y3JlaMH, OCJa0Jstomue CurHaiabl. HakoHel, 4TOOBI OTKJIMK CETH MaKCHMAaJIbHO
MPaBIONO00HO UMHUTHPOBAI €CTECTBEHHBIN IMPOIECC, MBI T0- MPEKHEMY MOXKEM
MPUMEHHUTHh (YHKIIMIO aKTHBalUM. [103TOMy BaM CTOWT 3allOMHHUTH CICAYIOIICE:
HE3aBUCUMO OT KOJWYECTBA CJIOEB B HEMPOHHOW CETH, BHIYMCIHUTEIbHAA MPOLEIypa
JUIL  KaXKJIOr0 W3 HHUX OJWHAKOBA — KOMOMHHUPOBAHHE BXOJHBIX CHTHAJIOB,
CIUIQKMBAHUE CUTHAJIOB JUISI KaXIOM CBSI3M MEXIY Y3JIAMU C ITOMOIIBK) BECOBBIX
K02 (P UIIMEHTOB 1 MOJyYEHUE BBIXOJHOTO CUTHAJIA C TOMOIIbIO ()YHKIIMU aKTUBALIUH.
Hawm 6e3pa3nudHo, CKOJIBKO ¢lIoeB 00pa3yroT HEMpOHHYIO ceTh — 3, 53 wnu 103, Beap K
JT000MY U3 HUX MPUMEHSIETCS OJIUH U TOT K€ MOJIXOI.

Ntak, mpoAoKUM BBIYUCICHUS M PACCUUTAEM CIVIAKCHHBI KOMOWHUPOBAHHBIN
BxojHOU curHan X = W * I nig tpetbero cios.

BXonHbIMU CUTHaJIaMu JJIsi TPETHETO CJIOA CIYKAaT YK€ PACCUUTAHHBIE HaMHU
BBIXOJIHBIE CUTHAJIBI BTOPOTO CJIOS O cxpprmii- I[P 3TOM MBI JOJIKHBI UCIIOJIB30BATH
BEeCOBBIC KOA((PUITMEHTHI SIS CBSI3EH MEXIy y3JIaMH BTOPOTO M TPEThero cioeB W
ckphiThiii_BExoHo, & HE T€, KOTOPBIE MBI YK€ MCIIOJIb30BAJIN ISl IEPBOTO U BTOPOTO CJIOEB.
CnemoBaTeabHO, MBI IMEEM:

o,8 ——

N

o = » ook o
X BBIXOAHOHU — W CKPBITBIM_BBIXOAHOU O CKPBITbIX
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[TosTomMy, JHeWCTBYys, Kak U TpexAe, Mbl TOJdydyaeM [l  CIJIaKEHHBIX
KOMOMHUPOBAHHBIX BXOJIHBIX CUTHAJIOB MOCJEIHETO BBIXOAHOTO CJIOS CIEAYIOIIee
BBIpaXKEHUE:

0,5 o,7 0,5 0,761
- — 06 05 02 ® 0,603
g 01 04 0,650
0975
Keisiias = 0,888
1,254

OOHOBJIEHHAs AuarpaMma OTpaXkaeT Halll IPOTPecc B pacyeTe IpeoOpa3OBaHUs
HAa4aJIbHBIX CUTHAJIOB, IIOCTYIAIOLIUX HA Y3Jbl I[IEPBOIO CJIOsI, B CIVIQXKECHHBIC
KOMOMHHMPOBAHHbBIE CUTHAJIBI, IOCTYNAOLIUE HA y3JIbl IOCJIEHETO CII0s, B MPOIECcCe
UX PaclpOCTPaHEHUs 10 HEHPOHHOU CETH.

- > y 116 y 0,761 . S—
— 7 04975 s
0,603
: 0,42
2 : ) 2 = 2 —_—
} O OH-} OVEHTO |
0,650
Ol e x 2,62 = ) = —_—
3 O 5 &7 1,254 '

BCC, 49TO HaM OCTACTCA, — 3TO IPUMCHUTL CUTMOU Y.

o1 .
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Oporos = CUZMOUda 0,888
1,254
0,726
oﬂlﬂmhnﬁ = 0,708
0,778

Mpbl mony4YuiM CUTHaJIBI HAa BBIXOJE HEHUpOHHON ceTtu. OnsATh-Takh, OTOOpa3uM
TEKYIIYIO CUTYallI0 Ha OOHOBJICHHOH Tnarpamme.

—> 0,726

00
- P ) T3 o)
Q=0

——> 0,778

Takum 00pa3oM, B HalIleM MpUMEpPE HEUPOHHOM CETH C TPeMs CIIOSMH BBIXOJIHBIC

CUTHAJIBI UMEIOT clieaytolnyto Beanuuny: 0,726; 0,708 u 0,778.

Hrak, HaM yAanoce yCHEemHO ONKMCATh PaCIpOCTPAHEHUE CUTHAIIOB 10 HEMPOHHOU

CETH, T.€. ONPEACNIUTh BEJIUYMHY BBIXOJIHBIX CHUTHAJIOB IMpPHU 3aJaHHBIX BEJIMYMHAX

BXOJHBIX CUTHAJIOB.

Yro nanpuie?

Ham crnenyronuil mar 3akiiro4aercs B CPaBHEHUU BBIXOJAHBIX CUTHAJIOB HEMPOHHOMN

CeTHM C JAHHBIMU TPEHHPOBOYHOIO NpHMepa i onpeneneHus omuoku. Hawm

HEOOXOJMMO 3HAaTh BEJIWYUHY ATOW OIIMOKH, YTOOBI MOXHO OBUIO YIYYIIHMThH

BBIXOJIHBIE PE3YJIbTaThl yTEM U3MEHEHHUSI TAPAMETPOB CETH.

[Toxxany#, 3Ta yacTh paboThl HaubOJEe TPy AHA AJIA IOHUMAaHHUSI, IIO3TOMY MbI OyJ1eM

MPOJIBUTATHCS, TOCTETIEHHO 3HAKOMSICh C OCHOBHBIMHU UJESIMU B IIpOLIECCe paOOTHI.

3. KoppekTnpoBka BecOBbIX KO3()(PUIUEHTOB B Mpouecce 00ydeHUust

HEHPOHHOM CeTH

Panee ™Mbl yiyd4lnanu TOBEAEHHE MPOCTOrO JHMHEHHOro Kiaccuukaropa MyTem

pETyIMpOBaHUs MTapaMeTpa HaKJIOHA THHEHHON GyHKIIMHU y3i1a. MBI genanu
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9TO, PYKOBOJCTBYSCh TEKYIICH BETUIMHONW OIMHUOKH, T.€. PA3HOCTH MEKIY OTBETOM,
BBIPa0aTHIBAEMBIM y3JI0M, M U3BECTHBIM HAM UCTUHHBIM 3HaUeHHEeM. BBU Ty IPOCTOTHI
COOTHOIIICHHSI MEXK]Ty BETMUMHAMH ONTHOKHU U TIOTPABKHU 3TO OBIJIO HECIIOXKHO.

Kak Ham OOHOBISTH BecOBBbIE KOA((UIIMEHTHI CBSI3€M B Cllydae, €CJIM BBIXOJHOU
CUTHAJ U ero omudka (OpMHUPYIOTCS 3a CUET BKJIAA0B Oojee 4eM OJHOTo y3na? DTy
3a/lauy WUTIOCTPUPYET MPUBEACHHAS HIDKE TUarpaMma.
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Kornma Ha BBIXOJHOHM y3€d MOCTyIajl CUTHANI TOJBKO OT OJHOTO y3ja, BCe OBLIO
HaMHOTO npoiie. Ho kak BCcoib30BaTh OMIMOKY BBIXOJHOT'O CHTHAJIA TIPU HAJTUIUHU
JIBYX BXOJIHBIX y3JIOB?

Hcmonp30BaTh BCIO BEIWYMHY OMIMOKH 1T OOHOBJICHHUS TOJIBKO OJIHOI'O BECOBOTO
kod(dumnreHTa He MPEACTABISACTCS PA3yMHBIM, MOCKOJBKY MPU 3TOM IMOJHOCTHIO
UTHOPUPYIOTCS JIpyTasi cBsi3b U ee Bec. Ho Benb BelMUMHA OMIMOKUA OMpENeseTcs
BKJIaJIJaMH BCEX CBS3€i, a HE TOJIHKO OJIHOM.

[IpaBna, cymecTByeTr HeOOJIbIIass BEPOSTHOCTh TOTO, UTO 3a OIMIMOKY OTBETCTBEHHA
TOJILKO OJIHA CBSI3b, HO 3Ta BEPOSTHOCTH MPEHEOPEKUMO Maja. Eciu Mbl U3MEHUIN
BECOBOM KOA(D(PUITMEHT, YK€ HUMEIOIINN «IPaBUILHOE» 3HAYCHHE, U TEM CaMbIM
YXYJIIIWIA €r0, TO TPHU BBINOJHEHUH HECKOJIBKUX IMOCISAYIONIUX HUTEpalMil OH
JIOJDKEH YJIYUIUThCS, TaK YTO HE BCE MTOTEPSHO.

OnuH U3 BO3MOXHBIX CIOCOOOB COCTOMT B TOM, YTOOBI PACHpPEAC/IUTh OIIHOKY
MOPOBHY MEXK]ly BCEMH y3J1aMU, BHOCSIIMMM BKJIaJl, KaK MOKAa3aHO Ha CJEAYIOIIEH
JiarpaMmme.

1/2 owiudku?

w, =3, -
e o 1 S BbixodHas
ouiudka
W,,= 1.0 7
- '-’—f-‘-r.-/-

1/2 owiudru?

CyTb Ipyroi UIeu TakKe 3aKJIF0YaeTCsl B TOM, YTOOBI pacpeaeisiTh OMHOKY MEXTy
y3J1aMH, OJIHAKO 3TO pachpe/iesieHre He 00s13aH0 ObITh paBHOMEPHBIM. BMecTo 3TOro
OosbIIas 0Jis OMMOKM MPUIMCHIBACTCS BKJIaJaM TeX CBs3ed, KOTOpbIE HUMEIOT
oonbinii Bec. [louemy? IloToMy 4TO OHM OKa3bIBAIOT

88



OoJIbIIIee BIMSIHUE HA BEIMYMHY OLIMOKU. DTy UACH0 WILTIOCTPUPYET CIAEAYIOIIAs
yarpamma.
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1/4 omaﬁxu

B manHOM city4ae cuUTHAJ, MOCTYMAIOIINI HA BBIXOIHOHN y3el, GOPMHUPYETCS 3a CUET
IBYX y3710B. BecoBble koadunments! csazeit pasubl 3,0 u 1,0. Pactipeaenus ommOKy
MEXIy JBYMsS Y3JaMd NPOMOPIMOHAIBLHO HMX BecaM, Bbl YBHJAMWTE, YTO JUJIs
OOHOBJICHHUSI 3HAYEHUs TEPBOTO, OOJIBIIETO Beca CIEAyeT HCIOab30BaTh 3/4
BEJIMYMHBI OMUOKH, TOTa KaK JJIs1 OOHOBJICHUS 3HAYEHUSI BTOPOT0, MEHBIIIET0 BEca —
1/4.

MpbI MOXEM pacIIUpUTh ATy UICI0 HA CIydYau C HAMHOTO OOJBIIMM KOJIUYECTBOM
y31m0B. Ecnu Obl BBIXOJHOW y3em OBLT CBSI3aH CO CTa BXOJHBIMH Y3JIaMH, MBI
pacnpenenwir  Obl  BBIXOJHYIO  OMIMOKY MEXKIy BCEMH CTa  CBS3SIMU
NPONMOPIUOHAIBHO UX BKJIaJaM, pa3Mep KOTOPBIX OIpeaeiseTcs BecaMu
COOTBETCTBYIOIIUX CBSI3EH.

Mpbl ucnonb3yeM BecoBble KO3(P(PUUMEHTHI B JBYX MLeNAX. Bo-nepsvix, OHU
VUYUTBHIBAIOTCS TIPU pacyeTe paclHpoCTPaHEHUsI CUTHAJIOB 1O HEUPOHHOW CETH OT
BXOJHOTO CJIOS /10 BBIXOJHOTO. MBI HCIHOJB30BAIM UX paHee MMEHHO B TaKOM
KadecTBe. Bo-6mopuix, Mbl HCHOJb3yeM Beca JJIsl PAcIpPOCTPAHEHHUS OIIMOKH B
00OpaTHOM HAIpaBJIEHUU — OT BBIXOAHOTO CJIOS BIUIyOb CETH. DTOT METO/ Ha3bIBACTCS
00paTHBIM pacnpocTpaHeHHeM OMIHOKHU (0OpaTHOM CBA3BIO) B IIpoliecce O0yUEHUs
HEUPOHHOM CETH.

Ecnu OB BRIXOAHOM CJION MIMEI IBa y371a, MBI TIOBTOPHJIN OBI T€ K€ ACHCTBUS U TSI
BTOpPOro y3ia. BTopoil BbhIXOAHOUW y3en OyJeT XapaKTepU30BaThCs COOCTBEHHOM
OLLIMOKOM, paclpenensieMol aHaJOTHUYHBIM 00pa3oM MEXAy COOTBETCTBYIOIIMM
KOJIMYECTBOM BXOJIHBIX Y3JIOB.

Oo0OpaTHOoe pacnpocTpaHeHHe OIIMOOK OT 0O0JbIIEro KOJUYEeCTBA BBIXOAHBIX
y3JI0B

Ha cnepyromeit auarpamme otoOpakeHa NpocTasi CeTh ¢ JBYMSI BXOJHBIMU y3JIaMU,
HO Ha 3TOT pa3 C JABYMS BBIXOJIHBIMU Y3JIaMHU.
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Ommbka MoxeT GopMuUpOBaTHCS HA 000X y37aX — (PAKTUUECKHU 3Ta CUTyallusl OYECHb
MOX0’Ka Ha Ty, KOTOpasi BO3HUKAET, KOTJIa CeTh ele He oOyyanack. J[Jis KoppeKiuu
BECOB BHYTPEHHHUX CBs3ed HykHa mH(popmalius o0 omubkax B o0oux y3nax. Mel
MO>KEM HCIOJIb30BaTh MPEKHUN MOAXOJ M PACTIPENEISTh OMIMOKY BBIXOJHOTO y3i1a
MEXIY CBSI3aHHBIMU C HUM y3JIlaMHU IPOIMOPIIMOHAIILHO BECOBBIM Kod(hduireHTam
COOTBETCTBYIOIIUX CBA3ECH.

B neficTBUTENBEHOCTH TOT (haKT, UTO celiuac mMeeTcs 00Jiee YeM OMH BBIXOIHOM y3ell,
HUYEro He MEHsIeT. Mbl mpOCTO MOBTOPSIEM JUIsi BTOPOrO y3Jia T€ K€ JIEUCTBUS,
KOTOpBIE YK€ BBINOIHSUIM Jiis nepBoro. [louemy Bce Tak mpocTo? DTa mpocToTa
OOBSCHSIETCA TE€M, YTO CBSI3U OJIHOTO BHIOOJHOTO y3J1a HE 3aBUCST OT CBSI3EH APYroro.
Mexny sTmMu 1ByMs HabOpaMu CBSI3€ OTCYTCTBYET Kakasi- JIM0O 3aBUCUMOCTb.
Bepnemcs k auarpamMme, Ha KOTOPO OlMOKa Ha MEPBOM BBIXOJHOM y3Jie 0003HaUYEeHA
kak e ;. He 3a0bIBaiiTe, 4TO 3TO pa3HOCTb MEXAY JKEJIaeMbIM 3HAYCHUEM,
MIPEIOCTABISIEMBIM TPEHUPOBOYHBIMU JaHHBIMH t |, U (DAKTHYCCKUM BBIXOJIHBIM
3Ha4YeHUEM 0 ;. Takum obpaszom, e | = (t | - 0 ;). Omubka Ha BTOPOM BBIXOJHOM Yy3JIe
0003HayYeHa KaK € ».

Ha nuarpamme BumHO, 4TO OIIMOKA € | paclpeaenseTcs MPOMOPIMOHATIEHO BECaM
CBsI3€l, 00O3HAYEHHLIM KaK W 11 U W ;. TOYHO TakK >Ke OIINOKa € , JOJDKHA
pacrpenensaThes MPOMOPIUOHATIBHO BECAM W 12 U W 2.

3anuiieM 3TU 10U B IBHOM Bujie. OmrOka e | HHPpOpMHUPYET O BEJIMUMHAX MTOMPABOK
JUTSI BECOB W 1 U W 2. [Ipu ee pacnipeieieHuu MexTy y3JaaMu 1018 e |, “tHpopManus o

KOTOPOM HCIOJIB3YETCS JUId OOHOBIEHUS W 1, OIpPEIESIeTCs  CIEAYIOLUM
BBIPAKEHUEM:
Wll
W,, + W,

Honst e |, ucnonb3dyemas AJisi OOHOBJIEHUS W ;, OINPENETAETCS aHATIOTMYHBIM
BBIPAKEHUEM:
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3a BCEMM 3TUMHU CUMBOJIAMU CTOUT OUYE€HBb MPOCTask UAES, KOTOPas 3aKII0YAETCS B TOM,
YTO y3JIbl, CHIeJIaBIINE OOJIBIIMKI BKJIAJ B OMIMOOYHBIM OTBET, MOJYYalOT OOJBIIUI
curHaia o0 omumOKe, TorJa Kak y3Jbl, CJACJABIIME MEHBIIMM BKJIAJA, MOJYyYaroT
MEHBILIMM CUTHAI.
Kaxk ObITh, €clIi KOJIMYECTBO CI0€eB IpeBhIiaeT aBa? Kak 0OHOBIATH Beca CBSA3EH s
CJIOEB, JTAJICKO OTCTOSIINX OT MOCJIEAHETO, BHIXOIHOI'O CJIOSN?

4. OOpaTHOe pacnpocTpaHeHHe OIIMOOK NMPHU 00IBIIOM KOJIHYECTBE
cJI0€eB

Ha cnenyroment guarpammMe npeacTaBiieH MPUMEP MPOCTON HEMPOHHOM CETH

C TpCMA CII0OAMU:. BXOAHBIM, CKPBITBIM U BBIXOIHBIM.

w

cé vg BuixodHol

[TpoaBurasch B 00paTHOM HaIIPaBJICHUHU OT MOCIIEIHETO, BBIXOJHOTO CJI0s (KpaitHero
CIpaBa), Mbl BUJIMM, Kak HHGOpMaIHs 00 OIMMOKE B BBIXOJHOM CJIO€ MCIOJIb3YETCs
JUIS ONpPENIEICHHUs BEJIMYMHBI MOMPABOK K BECOBBIM KO3 QPUIMEHTaM CBsi3eH, CO
CTOPOHBI KOTOPBIX K HEMY MOCTYHAIOT CUTHAJIBL. 3/1€Ch HCIIOIb30BaHbl OoJiee o0Iue
O00O3HAYCHUS € gxomoii JUISI BBIXOJHBIX OMIMOOK U W ¢ JUISI BECOB CBSA3CH MEXIY
CKPBITBIM ¥ BBIXOAHBIM CIOSMH. MBI BBIYHCISAEM KOHKPETHBIE OIIUOKH,
acCOLIMMpPYEMbIE C  KaXIOM  CBA3BIO, MyTEM  pacOpelieseHuss  OMMOKH
IPOMOPIIMOHATIEHO COOTBETCTBYIOIINM BECAM.

['padmueckoe mpeacTaBiIeHNE MO3BOSET JTyUIlle IOHATh, KAKWE BBIYUCIICHHUS CIIEyeT
BBITIOJHUTH JIJIS1 JOTIOJIHUTEIBHOTO CJ0SL. MBI TIPOCTO O€peM OIIMOKH € cxpumwii HA
BBIXO/IE CKPBITOTO CIIOSI U BHOBBH pacHpeesisieM UX IO MPEANICCTBYIOMNUM CBS3SIM
MEKTy BXOJIHBIM U CKPBITBIM CJIOSIMH TPOTIOPIIMOHATIFHO BECOBBIM Kod(duimeHTam
W 5. Criemyronas tuarpaMma WTIOCTPUPYET ATy JIOTHKY.
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[Tpu Hanuuuu OOJIBLIETO KOJUYECTBA CIOEB Mbl IPOCTO MOBTOPHIIM ObI ONMUCAHHYIO
npoueaypy A KaXAOoro cios, MNPOJABHUrasch B OOpaTHOM HAampaBiICHUH OT
MOCJIEIHETO, BBIXOAHOTO ciosi. Mes pacnpocTpaHeHHs 3TOTO MOTOKa MHPOpMAIIH
00 omubOke (curHama o0 OIMMOKE) WHTYUTUBHO TMOHATHA. MBI emie pa3 uMend
BO3MOXHOCTb YBHJIETh, [IOYEMY 3TOT IPOLECC OMHCHIBAETCA TEPMUHOM OOpaTHOE
pacnpocTpaHeHue OIIMOOK.

Ecin Mbl CHauana HMCHOJIB30BAIM OLIMOKY € suxomoii BBIXOJAHOIO CHUTHala Y3JIOB
BBIXO/IHOT'O CJI0S, TO KAKY0 OIIHUOKY € cipurrit MBI COOMPAEMCSI HCIIOJIb30BATh JUIS y3J10B
CKpBITOTO CJI0SI? DTO XOpOIIMKA BONPOC, IMOCKOJIbKY Mbl HE MOXEM YKa3aTb
OUYEBUIHYIO OIIMOKY JUIsl y3Jda B TakoMm cjoe. M3 pacdeTroB, CBSI3aHHBIX C
pacnpocTpaHEeHHEM BXOIHBIX CHUTHAJIOB B MPSIMOM HAaIlpaBJIC€HHUU, Mbl 3HAEM, 4TO y
KaXXJ0r0 y3Jla CKPBITOrO CJIOSl B JEHCTBUTEIbHOCTH MMEETCS TOJIBKO OJUH BBIXO/I.
BcnomuauTe, kak Mbl IpUMEHSIM (YHKIIMIO aKTUBAIIMK K B3BEIIEHHOW CyMMe BCEX
BXOJIHBIX CUTHAJIOB JIaHHOTO y371a. Ho Kak onpenenuTs OmmMOKy s TAaKOro y3ia?

VY Hac HeT LEeeBBIX WU JKEIAEMbIX BBIXOAHBIX 3HAUEHUH ISl CKPBITHIX y3J10B. MBI
pacronaraem JIMiib LEJEBBIMU 3HAUYEHUSIMU Y3JIOB MOCJEIHEr0, BBIXOJHOTO CJIOs, U
9TH 3HAYEHUS IPOUCXOJIAT U3 TPEHUPOBOUHBIX MpuMepoB. [lonbiTaemes HallTH OTBET,
B3IJISIHYB €I1I€ pa3 Ha NMPUBEACHHYIO BbIle quarpammy. C mepBbIM y3710M CKPBITOTO
CJIOSl aCCOLMHPOBAHBI JIBE UCXOJSLIME W3 HErO CBS3M, BEAYLIME K JBYM Y3JIaM
BBIXO/IHOTO €J10s. MBI 3HaeM, 4YTO MOXKEM PaCIpE/ICIUTh BBIXOIHYIO OIIUOKY MEXITY
TUMHU CBSA3SIMU, IOCTYyNAasi TOYHO TaK ke, KaK ¥ Npexkae. ITO 03HAYAET, YTO C KaXKAOU
U3 JBYX CBSI3€M, MCXOIAIIMX M3 Yy3JIa MPOMEXKYTOYHOTO CJOS, ACCOLMHUPYETCS
HEKOTOpast o1IrMOKa. Mbl MOTiM Obl BOCCOEIMHUTD OIIMOKHU 3THX ABYX CBS3€H, UTOOBI
NOJIYYUTh OIIMOKY JJIi 3TOTO y3Jla B KayecTBE BTOPOTO HAMIYYILIEro MOJX0[a,
MOCKOJIBKY MbI HE pacrnojiaraeM (PaKkTUYEeCKUM II€JIEBbIM 3HAYEHUEM JUIS y37a
MPOMEKYTOUHOTO cios. Creayronias ruarpaMmma WLTIOCTPUPYET ATy UJICHO:

92



Bemodvoti 2

Ha nuarpamme BHIIHO, YTO MMEHHO Tpoucxoaut. Ham HeoOXOoauMbl BETHYUHBI
OIMMOOK 7l Y3JIOB CKPBITOTO CJIOS, YTOOBI HMCIOJB30BaTh WX JJIi OOHOBJICHHS
BECOBBIX KOX(P(UIIMEHTOB CBS3eH ¢ mpeapaymmm cioeM. O003HauuM 3TH OMIHOKH
KaK € cpumite HHO Y HAC HET OYEBHTHOTO OTBETA HA BOTIPOC O TOM, KaKOBa MX BEIMYMHA.
MpbI HE MOKEM CKa3aTh, YTO OMIMOKA — 3TO PA3HOCTh MEXKTY JKEJIAEMbIM HIIU IEJICBBIM
BBIXOJHBIM 3HAUYEHHWEM 3TOTO y3JIa M €ro (PaKTHYECKUM BBIXOAHBIM 3HAYCHUEM,
MOCKOJIBKY JaHHBIE TPECHUPOBOYHOTO IpUMEpa MPEAOCTABISIOT JIUIIbL IIeJIEBBIE
3HAUEHUS IS y3JI0B IOCIICTHETO, BBIXOJHOTO cjos. OHM HE TOBOPAT aOCOJIOTHO
HUYETO O TOM, KaKUMH JOJDKHBI OBITh BBIXOJHBIE CHUTHAJBI Y3JIOB JIFOOOTO JAPYroro
ciiosi. B 3ToM u 3aKirodaeTcs CyTh CIOXKHUBIICHCS 3a1a4H.

Mbl MOXXEM BOCCOCAMHHUTH OINMOKU, PACHpPENICTICHHBIE IO CBS35M, HCIIOJb3YS
oOpaTHOE pacCTpPOCTPAHEHHUE OIIUOOK, C KOTOPBHIM YXKE€ MO3HAKOMWIHCH. [loaTomMy
ommOKa Ha TEPBOM CKPBITOM y3Jie¢ TPEACTaBIAeT €000 CyMMy OIIHOOK,
paclpeeNICHHBIX 10 BCEM CBSI3SM, HCXOMISIIMM U3 3TOr0 y3Jia B MPSIMOM
HarpasieHu. Ha mpuBeneHHOH BhIIIE TuarpaMMe MoKa3aHo, 9TO UMEETCS HEKOTopast
JTOJISI BBIXOHOU OIITUOKH € syixommoi, 1 » IPUTTUCHIBAEMAsT CBSI3H C BECOM W 11, 1 HEKOTOPAS
JI0JIs1 BBIXOJTHOM OLUIMOKH € pyixomoii, 2 » IPUIMCHIBAEMAs CBSI3H C BECOM W 12.
BrlmieckazaHHOE€ MOXKHO 3aITUCaTh B BUJIE CIICIYIONMIETO BRIPAKCHHMS:

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

w w

i1 12
»* + *

w

S

* Wa,

e'ﬂmxoahoa 2
+ Wzl w

e’ﬁmmBHoa,i

11 12

YToOBl NPOMJUTIOCTPUPOBATH, KaK 3Ta TEOPHUS BBHITISIUT HAa TPAKTUKE, MPUBEIEM
TUarpaMMmy, JEMOHCTPUPYIOIIYIO 0OpaTHOE paclpocTpaHEHHE OMIMOOK B MPOCTOM
TPEXCIIOMHOU CETU HA MPUMEPE KOHKPETHBIX TAHHBIX.
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BxodHol CKpbIMbI BoixodHoll
CAOU CAOU cAOU

= 0.8
— (2 S <
Bxodel Boixodbl
— | 2 —>
0.5

[Ipocnenum 3a oOpaTHBIM pacnpocTpaHeHueM ojaHol wu3 omubok. Ilocrme
pacnpenenenus omuoku 0,5 Ha BTOPOM y3J1€ BEIXOJIHOTO CJI0SI MEXKIY ABYMS CBSI3SIMU
¢ Becamu 1,0 u 4,0 mbl nnonyyaeM n1oau, paBaeie 0,1 u 0,4 coorBeTcTBEHHO. Takxke
MOXXHO BHJCTh, YTO OOBCAMHEHHAs OIIMOKAa Ha BTOPOM Y3JI€ CKPBITOTO CJIOS
MPEACTaBIIACT COOOM CYMMY pacHpee/ICHHBIX OIIMOOK, B JIAHHOM Clydae pPaBHBIX
0,48 u 0,4, cnoxxenue koTopbix gaet 0,88.

Ha crnenyromen nuarpamMme AEMOHCTPUPYETCS INMPUMEHECHHE TOM K€ METOOUKHU K
CJI010, KOTOPBINA MPEAIIECTBYET CKPBITOMY.

BxodHoli CKPbIMbI BbixodHoU
CAOU cAOU cAOl
= 0.36

480 3 e, =042
S = >
|

Bxod ¥ .,_ Boixodbi
J. —,,,
e /‘} e~ 02 Y = 7 ——
e, = r::fasa By ® A0S

Pe3rome

* Heiiponnbie cetu 00y4arOTCsl TOCPEICTBOM YTOUHEHHUS BECOBBIX
KO2(PUIIMEHTOB CBOUX CBSI3€il. DTOT MPOIECC yIPaBISETCS OIUOKON — pa3HOCTHIO
MEXAY MPAaBUIbHBIM OTBETOM, MPEJOCTABISIEMbIM TPEHUPOBOYHBIMHU JAHHBIMHU, U
(baKTHYECKUM BBIXOJAHBIM 3HAUEHHUEM.

* OmmbOka Ha BBIXOAHBIX y37aX ONpPEAENIeTCS MPOCTOM Pa3HOCTBIO MEXIY
KeJlaeMbIM U (PaKTUYECKUM BBIXOJIHBIMU 3HAUYECHUSMU.

* B T0 ke BpeMsl BeIMUMHA OIIMOKH, CBSI3aHHOW ¢ BHYTPEHHUMU y3J1aMHU, HE
CcToib odveBuAHA. OJHMM U3 CHOCOOOB pELIEHUS 3TOH MNpoOJIeMBbl SBISETCS
pacnpeziesieHue OINOOK BBIXOJAHOIO CJIOS MEXJIY COOTBETCTBYIOIIMMH CBSI3IMHU
IPOMOPIUOHATIBHO BECYy KaXJIOM CBSI3M C MOCIHEAYIOUUM O0bEeIUHEHUEM

94



COOTBETCTBYIOIINUX PA3PO3HEHHBIX YaCTECH OMIMOKU Ha KaXXJIOM BHYTPEHHEM Y3JI€.
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5. Onucanue 00paTHOrO PacCNpoOCTPAHEHUS OIINOOK C MOMOIIBIO

MAaTPU4YHOM aJredpbl
MoxeM 11 MBI YHOPOCTUTH TPYNOEMKHE pacueThbl, HCIOJIb3Yys BO3MOXKHOCTU
MaTpUYHOTO YMHOKeHMs1? PaHee, KOrja Mbl NMPOBOJWIIM PAaCUEThl, CBSI3AHHBIE C
pPacpOCTPAHEHUEM BXOAHBIX CUTHAJIOB B IPSAMOM HAIPaBJIEHUH, 3TO HAM OYECHb
MIPUTOJUIIOCH.
YtoOBl TIOCMOTPETH, YIACTCS JIM HAM TPEJACTABUTH OOpaTHOE pacmpoCTpaHEHUE
OmKOOK C MOMOIIbIO 00Jie€ KOMIAKTHOTO CHUHTAaKCHCAa MAaTpHIl, OMHIIEM BCE ILIaru
BBIYUCIIUTEILHON MPOLEIYpPhl, UCIOJIb3Ysl MaTpuuHble o0o03HaueHus. Kcratu, tem
CaMbIM MbI IONIBITAEMCSI BEKTOPU30BaTh MPOIIECC.
B03M0HOCThH BBIpa3UTh MHOKECTBO BBIYMCICHUNW B MaTPUYHOU (OpMe MO3BOJISIET
HaM COKpPaTUTh JIJIMHY COOTBETCTBYIOIIMX BBIpAXEHUW U oOecreunBaeT OoJiee
BBICOKYI0 (D PEKTUBHOCTH KOMIIBIOTEPHBIX PACYETOB, TOCKOJIbKY KOMITBIOTEPHI MOTYT
MCIOJIb30BaTh MOBTOPSIOMIMICS 111a0J0H BBIYMCICHUHN JJI YCKOPEHUS BBITTOJIHEHHUS
COOTBETCTBYIOLIUX ONEPaALIHi.
OTnpaBHOM TOYKOM HaM MOCTYKAT OMIMOKH, BO3HUKAIOIINE HA BBIXOJIC HEUPOHHOU
CETH B MOCJIEAHEM, BBIXOAHOM CJIO€. B JaHHOM Ciydae BBIXOJHOW CJIOU COIAEPKHUT
TOJIBKO JIBA y3JIa C OITUOKAMH € | U €

e:1
owudKa, o .. =
ei‘.

Jlanee HaM HYXHO TMOCTPOUTH MATPHILy JUIsl OIMIMOOK CKPBITOTO CJIOsA. JTa 3ajada
MOJKET IMOKa3aThCs CI0KHOM, ITOATOMY MBI OyJIeM BBITIONHATH € 10 JacTsMm. [lepByto
4acTh 3aJa4dl MPEACTaBIsET MEPBBIM y3€1 CKPHITOTO ciosi. B3risHyB eme pa3 Ha
MPUBEJICHHBIC BBIIIE JUArpaMMbl, MOXHO YBUJIEThb, UTO OLIMOKA HA MEPBOM Y3Jie
CKPBITOTO CJI0s1 OpMHUPYETCSI 32 CUET JBYX BKJIAJ0B CO CTOPOHBI BBIXOJHOTO  CJIOS.
OTUMHU JBYMSI CUTHaJaMU OIIMOOK SIBISIOTCA €1 * Wi/ (Wu+twa)ue,*wip/(w
12+ W ). OGpaTuTe BHUMaHKUE Ha BTOPOM y3€J CKPBITOTO CJIOSl, MOYKHO YBUJIETh, UTO
omuOKa Ha HeM Takke (POPMUPYETCS 3a CUET IBYX BKIIATOB: € 1 * Wa /(W2 + W) U e
2 ¥ W/ (Wt Wi2). Panee MbI yxe BUiend, Kak padOTarOT 3TH BBIPaKEHUS.

Wtak, njasi CKpPBITOrO CIOSI MBI MMEEM CJICIYIONIYIO MATpUIly, KOTOpasi BBITJISIAUT
HEMHOTO CJIOKHEE, YEM MATPHIIbl, PACCMAaTPUBAEMBbIC paHEE.

W;l le
e L P w- ' e,
= w,, +w w__ + 22
owuékaﬂ(Pnlmnlﬁ i o = " - . ﬂ
2
Wu. sz
sz + W:LJ. W;z:l * wu

beuto Obl 310poBO, ecnu ObI 3TO BBIPAKEHHWE MOXKHO OBLJIO TMEpemnucatb B BUC
MIPOCTOTO MEPEMHOKEHHS MAaTPHI], KOTOPBIMH MBI YK€ pacrojiaraeém. JTo
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MaTpHIBI BECOBBIX KOA()(PHUIIMEHTOB, MPSAMOTO CHTHAja M BBIXOJHBIX OIIHWOOK.
[IpenmymiecTBa, KOTOPHIE MOXKEM MPU ATOM MOTYYUThH, OTPOMHEI.

K coxaneHnuto, Jerkoro crmocoba MpeBpaTUTh 3TO BBIPAKEHHE B CBEPXIIPOCTOE
NEPEMHOKEHUE MaTpHll, KaK B CJIy4ae pacHpOCTpPaHEHHUS CUTHAJIOB B MPSMOM
HaIpaBJICHUH, HE CYHIECTBYET. PacmyTaTh BCe 3TH J0JH, U3 KOTOPHIX 00pa30BaHbI
AJIIEMEHTHI OOJBIION MaTPHUIIBl, HETIPOCTO. bbuTO OBl 3amedarenbHO, €CIM Obl MBI
CMOTJIU TIPEJICTABUTH 3Ty MATPHUITYy B BUJIE KOMOWHAITUN UMEIOIINXCST MATPHII.

Yro moxHO cnenarb? Ham HyxeH cmoco0, o0ecrnednBaronifii BO3MOXHOCTh
WCIIOJIb30BAHUSI MATPUYHOTO YMHOXEHHUS, YTOOBI TOBBICUTH 3(H(HEKTUBHOCTH
BBIYHCIICHUH.

[TocmoTtpuTe erie pa3 Ha MPUBEJACHHOE BHIIIE BhIpaKeHUEe. Bbl BuaNTE, 4TO HanboIee
Ba)KHAasI I HAC BEIIb — 3TO YMHO)KCHHE BBIXOIHBIX OITHOOK € , Ha CBS3aHHBIC C HUMH
Beca W ji. UeM Oosbiie Bec, TeM OoJjiblliasg A0Js OMIMOKHU IepenaeTcsi oOpaTHO B
CKPBITBIM CJIOW. DTO BaXHbIH MOMEHT. B 1po0sx, SBISIOMIUXCA DSJIEMEHTaMU
MaTpHIlbl, HIDKHSAS 4YacThb UIPaeT poJib HOPMUPYIOIIET0 MHOXHTeNnd. Ecnu
npeHeopeyb 3TUM (HaKTOPOM, MOKHO TOTEPSTh JUIIH MACIITAOMPOBAHKUE OMIMOOK,
nepe1aBaeMbIX M0 MEXaHU3MY OOpaTHOMU CBs3U. TakuM 00pa3oM, BBIPAKEHUE € 1 ¥ W
ul (Wu+wa) YHOPOCTUTCA O € 1 *W .

[Tonydnm ciienyromiee ypaBHEHHE.

wil WJ'-J e';
owuaxa:npwmmﬁ = 2
W, Waa €,

OTa MaTpulla BECOB HAIIOMUHAET Ty, KOTOPYIO Mbl CTPOUJIM PAHEE, HO OHA ITOBEPHYTA
BOKPYT JIMaroHaIM, TaK YTO MIPaBbIii BEPXHUH DJIEMEHT TEIIEPh CTaJl JIEBBIM HUKHUM,
JEBBIM  HWKHUM — TpaBbIM  BEpXHUM. Takasg  MaTpula  Ha3bIBACTCS
TPAHCIIOHHPOBAHHO U 0003HAYAETCS KaK W',

Hwxe npuBeneHsl 1Ba nmpuMepa TPAHCIOHUPOBAHUS YHCIOBBIX MATPHILl, KOTOPbIE
MIOMOTYT JIYYIIIE ITOHATHh CMBICJ ONIEpalliy TPAHCIOHUPOBaHUsA. OHA MPUMEHNUMA JaXKeE
B TE€X CJIy4asx, KOI/1a KOJIMYECTBO CTOJOIOB B MAaTPULIE OTIMYAETCS OT KOJUYECTBA
CTpOK.

1 2 3 T 1 4 7
4 5 6 = 2 5 8
7 8 9 3 6 49
T 1 4
1 2 3
= 2 5
4 5 6
6
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Wtak, Mbl NPUMEHUIN MATPUUHBINA MOJIXO/ K OITMCAHUIO 0OPATHOTO pacpOCTpaHEHUS
OIINOOK:

OUUOKA o = W oies * OWAUOKA,, o
KoneuHo, 3T0 nmpocTo 3aMeyaTenbHO, HO MPABWIBHO JIK Mbl HMOCTYIUIH, OTOPOCHB
HOPMHUPYIOUTUN MHOKUTENH? OKa3bIBAETCS, UTO 3TA YIPOIIEHHAS MOJEIIb 00paTHOTO
pacnpocTpaHEHUs! CUTHAJIOB OMIMOOK paboTaeT HUUyTh HE XYXKe, ueM OoJiee CI0KHas,
KOTOPYIO MBI pa3zpaboTanu repes 3TuM. Eciu Ha mpocToM MoaXxo 1 IeHCTBUTEIIBHO
XOpOIIIO pabOTaET, MBIl OCTaBUM €TO.

MoKHO PUITH K BBIBOJLY, UTO JIa3K€ B T€X CIIydasiX, Korja B 0OpaTHOM HalpaBJICHUU
PaCIIPOCTPAHSIOTCS CIIMIIIKOM OOJBIITNE WIIH CIUIIKOM MaJlble OIMOKH, CETh caMma BCe
WCIIPABUT MPHU BBHIMIOJHEHUH MOCJIECIYIOMMNX UTepaluii o0ydueHust. BaxxHo to, 4to npu
o0OpaTHOM paclpOCTPaHEHUH OIMOOK YUYUTHIBAIOTCS BECOBBbIC KOADPUITUEHTHI
CBSI3EH.

Pe3rome

* OOpatHoe pacmpocTpaHEHHE OIMMOOK MOXKHO ONHCATh C IOMOIIBIO
MaTPUYIHOTO YMHOKCHHSI.

* DTO MO3BOJISIET HAM 3aIMChIBATh BRIpAKCHUS B O0jiee KOMIIAKTHOU (opme,
HE3aBHUCHUMO OT pa3MepOB HEUPOHHOU ceTH, U obecrieunBaet Oosee 3 HEeKTUBHOE U
OBICTPOE  BBIMOJHCHUE  BBIYUCICHHA  KOMITBIOTEpAMH, €CIIM B SI3BIKE
IPOrPaMMHPOBAHUS MPETYCMOTPEH CHHTAKCUC MAaTPUYHBIX OIepaIui.

» OTcrofia cleayeT, YTO MCIOIb30BaHNE MATPHIl 00ECIICYNBAET TIOBBIIIICHHUE
¢ (HEeKTUBHOCTH pacuyeTOB KaK JJs pacHpOCTpaHEHUS CHTHAJIOB B IPSMOM
HAIPABJICHUH, TaK U VISl paCPOCTPAHEHUS OIITMOOK B OOPaTHOM HaIlpaBJICHUU.

IIpakTnyeckue 3a1aHus
1. Onpoc cetu
2. Texymee cocTossHUE KOAA

3. TpenupoBka cetu

IIpoekT HelipouHou cetu Ha Python. Yactn 2.

1.0npoc cetn

Hanee 3aganum GyHKIUIO query (), KOTopas o0ecreunBaeT OMpoC CETH — MOTyUYEHUE
3HAYEHUM CUTHAJIOB C BBIXOJIHBIX y3JIOB MOCJIE MPEAOCTABICHUS 3HAYCHUN BXOASAIINX
curHaioB. T.e. pyHKUIMS query () IpUHUMAET B Kaue€CTBE apryMEHTa BXOJIHbIC TaHHBIC
HEMPOHHOM CETM W BO3BpAIIACT €€ BBIXOJHBIE JaHHbIC. [ 3TOro HaM HY>KHO
repeaaTh CUTHAJBI OT Y3JIOB BXOJHOTO CJIOSl UEPE3 CKPBITHIN CIIOHM K y3JIaM BBIXOJHOTO
CHOSl Ul TOJIYYE€HHUSl BBIXOJHBIX AaHHBIX. [Ipw 3TOM, Kak Bbl IIOMHHUTE, MO MeEpe
paclpOCTPAHEHUS] CUTHAJIOB Mbl JIOJDKHBI CIJIAXKHBATh HMX, HUCIIOJIb3yS BECOBBIE
KOA(PPUIIMEHTHI CBA3EH MEXKAY COOTBETCTBYIOIIMMU Y3JIaMH, & TaKOXKE MPUMEHSThH
CUTMOUJY JJIsl YMEHBIIECHHS BBIXOJHBIX CUTHAJIOB Y3JIOB.
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B cimydyae 60abIIOTO KOJWYECTBA Y3JIOB HAMKMCAHUE JJISI KAXJOTO M3 HUX KOJa Ha
Python, ocymiecTBsIOIETO CrIIaXKUBAHUE BECOBBIX KOA(P(HUIIMEHTOB, CYMMUPOBAHUE
CUTHAJIOB M IPUMEHEHHUE K HUM CUTMOU/IbI, IPEBPATUIIOCH OBl B CILIOITHOM KOIIMap.
K cuacTbio, HaM He HY>KHO MMKCaTh AETAIbHBIN KO JJIS1 KaXKJIOTO y3J1a, TOCKOIbKY MBI
y)K€ 3HaeM, KaK 3amucaTh MOJ0OHbIE MHCTPYKIUA B TMPOCTOM W KOMIAKTHOMN
MaTpudHOu Gopme. Hrrke mokazaHo, Kak MOKHO MOJTYYUTh BXOSIINE CUTHAIBI JJIS
Y3JI0B CKPBITOTO CJIOSI ITyTEM COYETAHMSI MAaTPHUIhI BECOBBIX KOA(D(DUIIMEHTOB CBSA3EH
ME3KTy BXOJHBIM U CKPBITHIM CJIOSIMH C MaTPUIIEH BXOJAHBIX CUTHAJIOB:

X CKPBITBIH = \%% BXO/JHOI_CKpPBITHIi *1

Komnbrotepusie s3b1kH, B ToM yucie Python, pacno3naror marpuubl u 3¢ pexTuBHO
BBITNIOJIHAIOT BCE PACUEThl, TOCKOJIBKY UM U3BECTHO 00 OJIHOTUITHOCTH BCEX CTOSAIIUX
34 3TUM BBIYMCIICHUM.

Kon na si3pike Python miis sToit onepanuu qocrarouno npocroit. Huke npencrabiena
WHCTPYKIIUS,, KOTOpasi IIOKa3bIBaeT, KaK MPUMEHUTh (DPYHKIMIO CKaJIIPHOTO
MPOU3BECHUSI OMOIMOTEKU numpy K MaTpUilaM BECOB U BXOJIHBIX CUTHAJIOB:

Ota kopoTtkas cTpoka kona Python BreimonHsieT BCio paboTy Mo 00bEIUHEHUIO BCEX

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

BXOJHBIX CHUTHAJOB C COOTBETCTBYIOIIMMM BECaMHU IS IOJYYECHUS MATPHULIBI
CTJIQKEHHBIX KOMOMHUPOBAHHBIX CUTHAJIOB B Ka)XIOM y3J€ CKpbITOro cios. bonee
TOr0, HaM HE IIPUIETCS €€ IEePENUChIBaTh, €CJIM B CICAYIOUUMHA pa3 Mbl PELIUM
MCIIOJIb30BaTh BXOAHOM WJIM CKPBITBIN CIION C APYTUM KOJIMYECTBOM Y3JI0B. DTOT KOJI
BCE paBHO OyzeT paboTath!

JIns monmydeHust BBIXOJHBIX CUTHAJIOB CKPBITOTO CJIOS MBI IIPOCTO NPUCOMEHSAEM K
KaXXKZ0OMy U3 HUX CUTMOUY:

O ckpoiThiii — CUTMOHM A (X cKprTLn?i)

OT0 HEe JOHKHO BBI3BATh HUKAKUX 3aTPyIHEHUH, OCOOCHHO €CIM CUTMOHUAA YXKe
OTpeJIeNieHa B KakoH-HuOy 1 6ubnnoteke Python.

bubmmoTtexa scipy B Python conmepxxut Habop crienuanbHBIX (YHKIIHA, B TOM YHCIE
CUTMOMY, KOTOpasl Ha3bIBAaeTCS B JJaHHOW OuOnMoreke expit (). bubauoreka scipy
UMIIOPTUPYETCS TOYHO TaK JKe, Kak U OMOIMoTeka numpy.

]: | # bubnuomera scipy.special codepxcum cuamoudy expit()
import scipy.special

[Tockonpky B OyayiieM Mbl MOXKEM 3aXOTETh MOIKCIIEPUMEHTUPOBATh C (yHKIHEH
aKTHBALIMM, HACTPOUB €€ MapameTpbl WU MOJHOCTHIO 3AMEHUB IPYrol (yHKIHEH,
Jy4ylle ONpEeNeNuTh €€ OIWH pa3 B OOBEKTE HEHUPOHHON CEeTH BO BpEMS €ro
MHANManu3anuy. [locie 3Toro Mpl CMOXkEM HEOJTHOKPATHO CChUIATHCS HA HEE, TOUHO
TakK ke, Kak Ha QyHKUMIo guery (). Takas opraHu3alys IporpaMMbl O3HAYaET, YTO B
CJIy4ae BHECEHUS U3BMEHEHNUI HaM MPUIETCA CAETIATh 3TO TOJBKO B OJTHOM MECTE, a HE
BE€3JI€ B KOJIE, /1€ UCIIONIb3yeTCsl (YyHKINS aKTUBALIMU.
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Hwxe mnpuBeneH Kojd, ONpeeisiomuil (QyHKINIO aKTUBAlMM, KOTOPBIA MBI
UCIIOJIB3Y€EM B pasjieiie MHULUATU3AMNA HEHPOHHOM CETH.

# ucnoab3osaHue cUeMOoUdb! 8 KaYyecrmeae QﬁyHKﬂ_{[iu aKmueayuu

self.activation_function = lambda x: scipy.special.expit(x)
UYro nenaet 3T1oT kKoa? OH co3faeT QyHKIMIO HAnmoAoOue JIto0OoM NPyro, TOIbKO C
UCIIOJIb30BaHUEM 0o0Jiee€ KOPOTKOro croco0a 3amucu, Ha3blBAEMOro J1AMOOa-
svipasicenuem. Bmecto mpuBBIYHOTO onpezeneHust GyHKuuu B popme def umsi() Mbl
UCIIOJIb30BaIM cJIOBO lambda, KoTopoe Mo3BOJIsieT CO3/1aBaTh (PYHKIMU OBICTPHIM U
yAOOHBIM CIIOCOOOM, YTO Ha3bIBAaeTCA, «Ha JieTy» . B naHHOM ciydae (QyHKIUsS
MPUHUMAET apryMEHT X U BO3BpallaeT scipy.special.expit (), a 3T0 €CTh HE YTO UHOE,
kak curmoua. OyHKIMK, co3iaBaemMbie ¢ TOMOIIBIO JIIMOIa- BBIPAXKEHUH, SIBISIFOTCS
OE3bIMSIHHBIMH WJIM, KAaK MPEANOYUTAIOT TOBOPUTH OMBITHBIE MPOrPAMMHUCTHI,
AHOHMMHBIMH, HO JTaHHOW (DYHKIIMHM MBI IPUCBOWIM UMs self.activation_function ().
OTO o03HA4aeT, uYTO BCIKUM pa3, Korga noTpedyercs HCHOIb30BaTh (PYHKIIHIO
aKTUBAIUH, €€ HY>KHO OyJeT BbI3BaTh Kak self.activation_function ().
Nrtak, BO3Bpamiasicb K Hamied 3ajadye, Mbl NPUMEHUM (QYHKIHMIO aKTUBAIlUU K
CTJI&)KCHHBIM KOMOWHHUPOBAHHBIM BXOJISIIIIMM CUTHAJIaM, MOCTYHAOIIUM Ha CKPBITHIE

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

Takum 00pa3zoM, CUTHajbl, UICXOASAIINE U3 CKPBITOrO CJIO0sI, OMUCHIBAIOTCS MaTpUIIEH
hidden outputs.

MpbI nponuId MPOMEKYTOUHBIN CKPBITBIN CIOM, 8 KaK OBITh C MOCJIEIHUM, BHIXOIHBIM
cioeM? B NIEHCTBUTENIBHOCTH PACHPOCTPAHEHUE CHUTHAJA OT CKPBITOTO CIIOS 10
BBIXOJIHOTO HHMYEM MPUHUUIIAAIBHO HE OTIMYACTCA OT MPEAbIAYIIEro Ciydas,
MO3TOMY CIIOCOO pacuera OCTAaeTCs TEM JK€, a 3HAuuT, U Koj OyJeT aHaJorn4yeH
IIpEeABbIIYyLIEMY .

Hwxe npuBenaeH WTOroBBIM (PparMeHT Koja, OOBEAMHSIONINN pacueThl CHUTHAJIOB

CKPLBITOI'O X BBIXOAHOI'O CJIOCB.
# paccyumams exodaujue cuzHaAbl AA7 CKPLIMO20 CAOA
hidden_inputs = numpy.dot(self.wih, inputs)
# paccyumams UCxodAWUE CUSHAL! 0AA CKPLIMOZ0 CA0A
hidden_outputs = self.activation_functionthidden_inputs)
# paccuumams exodaujue cu2HansLl 848 Bbix00HO20 08
final_inputs = numpy.dot(self.who, hidden__outputs)
# paccyumams ucxodauue cuzHans! 4aa ebix0dHO20 CA0A
final_outputs = self activation_function(final_inputs)

Ecaun orOpocuTh KOMMEHTapHH, 3/I€Ch BCETO YETHIPE CTPOKH KOJa, BBICICICHHBIC
MOJTYKUPHBIM MIPU(GTOM, KOTOPHIE BBIOIHSIIOT BCE HEOOXOIUMBIC PACUETHI: JIBE —
JUISL CKPBITOTO CJIOSL U JIBE — JIJISI BBIXOJHOTO CIIOSI.

2. Tekyuiee cOCTOsIHNE KO1a

HOCMOTpI/IM, KaK BBIIVIAAWUT B I€JIOM KOJ, KOTOpBIﬁ MEI K 9TOMY BPpEMCHHU CO3/aJIN.
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71: | # onpedenerue knacca KelpoxHol cemu
class neuralMetwaork:

# UHULUQIUZUPOEams HElPOHHYH Cemb
def __init__(self, inputnodes, hiddennodes, cutputnodes, learningrate):
# 3adame KOAUYECMED Y3108 80 BXOOHOM, CKPLIMOM U BLIX0GHOM CAOE
self.inodes = inputnodes
self hnodes = hiddennodes
salf onodes = outputnodes
# Mampuusl secossix koz@guyuermos ceazed wih u wha.
# Becoseie Ko3@uLUeRmbl CBA3EU MEXAY V3A0M | U y30M |
# cnedyrowyezo caof ofo3Havensl kak w__i_J:
# wil wai
#wilz wazum.d
self-wih = numpy.random.normal (o.o, pow(seif. hnodes, -0.5), (self hnodes, self.inodes))
salf who = numpy.random_normal (oo, pow(self.onodes, -o.5), (self.onodes, slf hnodes))

# koagiuyuenm ofyyeHus

salf Ir = learningrate

# ucnons20sanue cuemoudsl 8 kayecmee dyHK UL aKkmusayul
salf activation_function = lambda x: scipy.special expit(x)

pass

# mperupoeka HelipoHHold cemu
def train():
pass

# onpoc HellpoHHoU cemu
def query(self, inputs_list):
# npeofpaz08ame CAUCOK BXO0HLIX 3HAYEHLL
# & dayxmepHuid Maccue
inputs = numpy.array(inputs_list, ndmin=2).T
# paccyumame BX00AWUE CUZHAAL! 0AA CKPLIMO20 CACR
hidden_inputs = numpy.dot{zelf wih, inputs)
# paccuumams ucxodALUe CUZRAL! GNA CKPBIMO20 CA0A
hidden_outputs = self activation_function{hidden_inputs)

final_inputs = numpy.dot(self who, hidden_outputs)

# paccuumame ucxodAljue cuzHaAL A Brix0dHO20 C0A
final_outputs = self activation_function(final_inputs)
return final_outputs

Ho 310 TONMBKO OmpeseneHue Kiacca, mepea KOTOPhIM B MEPBOM siuelike OJIOKHOTa
[Python cneayeT mOMECTUTh KO, UMIIOPTUPYIOUIUNA MOYJIM numpy W scipy.special.

OyHKIMKM query () B KauyeCTBE BXOJHBIX JAHHBIX MOTPEOYIOTCS TOJIBKO BXOJHBIE
In[8]: | import numpy

# bubnuomexa scipy.special ¢ cuzmoudod expit (}

import scipy_special
curHanbl input list. Hu B Kakux Apyrux BXOJIHBIX JTAHHBIX OHA HE HYXIACTC.
MBI [OCTMIIM 3HAQUUTEIBHOTO TMIporpecca M TENepb MOXKEM BEPHYTBCS K
HeJocTaromeMy ¢GparmMeHty — ¢@yukyuu train (). BcmomHuTe, 4TO TpPEHUPOBKA
BKJIIFOHAaCT OBC (1)33511 nepeasd — OTO pacCd€T BBIXOJHOI'O CHUIHalIa, 4TO M JACJacT
bynkuus query (), a emopas — O0OpaTHOE PACHpPOCTPAHEHHE OILIMOOK,
nHpopMHpyIOIlIeeE Bac O TOM, KaKOBBI JIOJDKHBI OBITh TONMPaBKH K BECOBBIM
kod(purnreHTam.
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[Ipexxae ueM mepexoauTh K HAMUMCaHUIO Koaa (pyHKUIWU frain (), OCYIIECTBISAIONIEH
TPEHUPOBKY CETH Ha MpUMEpax, MPOTECTUPYEM, KaK paboTaeT y>Ke UMEIOIIHIACS KO/,
s 3TOTO CO3MaarM HEOOJBIIYI0 CETh W TMPEAOCTaBUM €l HEKOTOPHIE BXO/IHBIC
nanHple. OUeBUAHO, YTO HUKAKOTO PEATbHOTO CMBICIA PE3YJbTaThl COAEPKATh HE
OyayT, HO HaM BaXHO JIHMIIb MPOBEPUTH PabOTOCHOCOOHOCTH BCEX CO3IAaHHBIX
byHKIU.

B craenytomem mnpumepe co3gaercs HeOOJNbIIAs CEThb C BXOJHBIM, CKPBITBIM H
BBIXO/JIHBIM CJIOSIMH, COJACpXKAIIMMU IO TPH Yy371a, KOTOpas OINpaIIUBAaeTCA C
MCIOJIb30BAaHUEM CITyYalHO BBIOPAaHHBIX BXOJHBIX CUTHANOB (1.0, 0.5 u -1.5).

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

g e R,
# ko3duyuierm obyyeHUR paseH o,3

learning_rate =0.3

# cozdame 3k3emMnaAp HelporHod cemu

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

[¥=]

: | nquery([1.0, 0.5, -1.5])

[¥=]

array([[o.63875786],

[0.65613726],

[0.436785441])
HerpynHno 3amMeTuTh, 4TO TPH CO3/IaHUU OOBEKTAa HEHUPOHHOW CETH HEOOXOAMMO
3a/1aBaTh 3HaUYCHUE Kod(hduimeHTa 00ydeHus1, 1aKe €Clii OH HE MCTOIb3YeTCs. ITO
OOBSICHSIETCSI TEM, UTO OIpPEJICICHUE Kilacca HEMPOHHOM CeTH

BKJTFOYAET (GyHKIMI0O  WMHULMANW3auuMd  _ init_ (),  KOTOopas  TpeOyeT

MIPEIOCTABIICHUS JAHHOTO apryMeHTa. Eciu ero He ykaszarh, IporpaMma He CMOXKET
OBITH BBITIOJIHEHA, U OTOOPA3UTCS COOOIICHUE 00 ONTHOKE.

BBl Takke MOIJIM 3aMETHTh, YTO BXOJHBIC JaHHBIC TEPEIAIOTCS B BHJE CITHCKa,
KOTOpbIi B Python o0Oo3Hauaercs KBaJpaTHBIMH CKOOKaMH. BbIBOJI Takxke
MpPEACTaBICH B BHUJE YHCIOBOIO CIUCKA. OTH 3HAYCHHS HE HMCEIOT HHKaKOTO
PEaIbHOTO CMBICTIA, TIOCKOJIBKY MBI HE TPEHHPOBAJIA CETh, HO TOT (DAKT, 4YTO BO BpeMs
BBITIOJTHEHUS IMPOTPaMMbl HE BO3HHMKJIN OIIMOKH, JOJDKEH HAC pajloBaTh.

3. TpeHupoBKa ceTH

[IpucTynuM K pelIeHHUI0 HECKOJBKO OoJjiee CIOXKHOM 3alauyu TPEHUpOBKU ceTH. Ee
MO>KHO Pa3JeuTh HA JIBE YaCTH.

* IlepBas wuyacTb — pacyeT BBIXOJHBIX CHUTHAJOB Ui 3aJaHHOTO
TPEHUPOBOYHOTO NMPUMEpa. ITO HUYEM HE OTIUYAETCS OT TOT0, YTO MbI YK€ MOKEM
JienaTh ¢ IoMoIbo GyHKIMU query ().

* Bropas uyactb — CpaBHEHHE pPACCUMTAHHBIX BBIXOJHBIX CHTHAJIOB C
KEJIaeMbIM OTBETOM M OOHOBJICHHE BECOBBIX KOI(D(PUIIMEHTOB CBSI3EH MEXKITY
y3JIaMU Ha OCHOBE HAUJECHHBIX Pa3JIMuMil.

CHauvana 3anuuieM roToByro IepBYIO YacThb.
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 MPEHUPOBKA HEUPOHHOU Cermiul

def train (self, inputs_list, targets_list) :
# npecipa30eaHLUe CALCKE BX00HLIX 3HAYEHU
# & deyxMepHEildl Maccus
inputs = numpy.array{inputs_list, ndmin=2).T
targets = numpy.array(targets_list, ndmin=2).T

# paccuumame sx00AWUE CUSHAAL GAR CKOBIMOZ0 CACA

hidden_inputs = numpy dot{self.wih, inputs)

# PACCYUMame UCKOOAWUE cUsHans! QAR CRPBIMO20 oA

hidden_putputs = self activation_function{hidden_inputs)

# pacCyUUMmame SX00ALWLE CUZHAL! 07 BEIX00H020 CA0R

final_inputs = numpy doti{self-who, hidden_outputs)

# pAcCULIMAame UcxodAWUE CUsHAAR! O4A BEIX0GHO20 CNOA

final_cutputs = self activation_function{final_inputs)
OTOT KOJI MOYTH COBIIAJAET C KOJOM Q)YHKHI/II/I query (), ITOCKOJIBKY ITPOHCCC Iepcaaqin
CUrHajia OT BXOJHOI'O CJIOA K BBIXOAHOMY OCTACTCA OJJHUM M TCM KC.
EnuHCTBEHHBIM OTJIMYMEM SIBIISIETCS BBEJCHHUE JOIOJHUTEIBHOIO ImapamMeTpa
targets list, mepegaBaeMoro TMpHU BbI3OBE (YHKIMH, IOCKOJBbKY HEBO3MOXKHO
TPCHUPOBAThL CCTb oe3 MpEeAO0CTaBICHUA eu TPCHHUPOBOYHLIX IMPHUMCPOB, KOTOPLIC
BKJIFOYAIOT KE€JIa€MbIC UJIU IICJICBBIC 3HAUCHUA .

def train (self, inputs_list, targets_list) -
Crnucok targets list mpeoOpa3yeTcsi B MACCHUB TOYHO TakK K€, KaK CIHCOK
input list:

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

Tenepb Mbl OYEHBL OJIM3KH K PEUICHUIO OCHOBHOM 3aJ1auu TPCHUPOBKU CCTHU —
YTOUHCHHUIO BC€COB Ha OCHOBE PpPACXOXIACHHA MCEKIAY pacd€THbBIMHU W LCJICBLEIMH
3HAYCHUAMMU.

Byznem pemats 3Ty 3aa4y MOITAIHO.

[Ipexxne Bcero, Mbl JOJKHBI BBIYUCIUTH OIIUOKY, SIBSIONIYIOCS PA3HOCTHIO MEXIY
JKEJTAEeMBIM IIEJICBBIM BBIXOJIHBIM 3HAYCHHEM, MPEAOCTABICHHBIM TPEHUPOBOUYHBIM
npuMepoM, U (aKTHIECKUM BBIXOAHBIM 3HAUCHHUEM.

Omna mpencraBiseT co00l pasHOCTh MEXKIy MaTpuniamu (fargets — final  outputs),
pPacCCUYMTHIBAEMYIO TT03JIeMEHTHO. COOTBETCTBYIONIUH KOJ BBITJISIANT OYEHBb MPOCTO,
YTO eIlle pa3 MOATBEPKAAECT MOIIb U KPACOTy MaTPHUYHOTO MOIXO0/A.

# owubku ssixodHo20 CoA =
# (Uenesoe 3HAYEHLUE - HaKMUYECKoe SHOYEHUE)

output_errors = targets - final_outputs

Jlanee Mbl JODKHBI paccuuTaTh OOpaTHOE paCIpOCTpaHEHHE OIMUOOK IS Y3JI0B
CKPBITOTO cJ0g. BcmoMHMTE, Kak Mbl paclpefesuii OMMOKM MEXIy Y3JaMu
MPOIOPIIMOHATIEHO BECOBBIM KOd(DpuItMeHTaM CBA3EH, a 3aTeM pEeKOMOMHUPOBAIIA UX
HAa KaXJOM Y3JI€ CKPBITOTO CJIOA. OJTH BBIYUCICHUS MOXHO TPEACTaBUTH B
CJIeTyIONIEH MaTpUIHOM opme:

OIINOKH CKpBITBI — Beca' * WMMXOHH()F[
Kon, peamusytommii 3Ty ¢dopMyiy, Takke HpocT B cuily crnocoOHoctu Python

BBIYHUCIEATH CKAJIAPHBIC ITPOU3BCACHUA MATPHIL C IIOMOIIIBIO MOAYJIA nNumMpy.

BBIXOIHOM
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oLLIBKL CKPBIMaZo CAOA - 3Ma ol b -DL'?IGL-'T_E-".rGfSI.
= ,'S'-:'i-f.".',".?'Eli:-'E';'!E'.'-."-n'b-'E nponapuueHIANLH? Beco8abiM ."(G.E'Q'j.’,ﬁ-.n".{u?.“-"-"-ﬂ;’d CBA3EU
7 U PEKOMOURUDOBAHHEIE HO CKPBIMbIX ¥3/10%
hidden_ermrors = numpy.dot{self who T, output_errors)
WNtak, MBI TOJIYyYWSIM TO, YTO HAM HEOOXOAMMO JJii YTOUYHECHHS BECOBBIX
KO3(pUIIMEHTOB B KaXXI0M ciioe. [l BeCOB CBSI3eM MEXTY CKPBITHIM M BBIXOHBIM
CJIOSIMU MBI UCIIOJIB3YEM MEPEMEHHYIO output errors.
J1J1s BECOB CBSI3€M MEKy BXOJHBIM M CKPBITBIM CJIIOSIMH MBI HCITOJIb3YEM TOJIBKO YTO
pacCCUMTAHHYIO TIEPEMEHHYIO hidden errors.
Panee Hamu OB1JI0 TIOTYYEHO BhIpa)KEHUE I OOHOBIIEHUS BECa CBS3H MEXKITY Y3JIOM j
1 y3510M K cieayroiero ciios B MaTpUYHOU opme.

—— ey

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

|

Benunuuna a — 310 k03P dunueHT o0ydyeHus, a CHUrMouaa — 3TO (DYHKIIMS aKTUBALUH, C
KOTOpOfI Bbl Y€ 3HAKOMEI. BCHOMHI/ITe, YTO CHUMBOJI «*» o0O3HaJaeT OOBIYHOE
IMO3JIEMCHTHOC YMHOXXCHHUEC, @ CHMBOJ «» — CKAIPHOC IIPOU3BCACHUC MATpPHUIIL.
ITocnequuit 4dyieH BBIPpaXXCHUA — 3TO TPaHCIIOHHPOBAHHAsA (T) MaTpuia HUCXOIAIINX
CUTHAJIOB MpCABIAYIICTO CJIOs. B nanHom clIydac mpdaHCnoHupoedaHue O03HadacT
Hp606pa30BaHHe CTOH6Ha BBIXOJHBIX CUTHAJIOB B CTPOKY.
210 BBIPAXKCHUEC JICTKO TPAHCIIMPYCTCA B KOJ Ha A3BIKC PythOIl. CHauaja 3anmiiem KoJ1
JJIA OOHOBJICHHS BECOB CBI3€H MCXKY CKPBITHEIM U BEIXOJHBIM CJIIOSAMMU.

# obHoBUME gecogele Ko3BPULeHMLl dnA caAzed Mencdy

# CKPLIMBIM Ll BEIXO0HLIM CACAMU

self who += self.Ir * numpy .dot ({output_errors * final_outputs # (1.0 - final_outputs)), numpy.transpose (hidden_outputs))
self.who += self.lr * numpy .dot * final outputs * (1.0 -
((output_errors final outputs)),
numpy.transpose (hidden outputs))

OTO [0BOJNBHO JUIMHHAS CTPOKAa KOJa, HO IIBETOBOE BBIJCIICHHUE IOMOMKET BaM
pa3zoOpaTbCsi B TOM, KaKk OHa CBSi3aHA C IPUBEICHHBIM BBIIIE MAaTEeMAaTUYECKUM
BbIpaxkeHreM. Koapdunuent oOydenus self.lr yMHOXaeTcsi Ha OCTaJIbHYI YacTh
BbIpaxkeHUs1. ECTh ellle MaTpuyHOe YMHOXKEHHE, BBITIOJIHIEMOE C TOMOIIBIO (DYHKIIUU
numpy.dot (), u 1Ba 3JIEMEHTA, BBIJICJICHHbIX CUHUM U KPAacHBIM I[BETaMH, KOTOpbIE
0TOOpakaroT YacTH, OTHOCSIIMECS K OIMIMOKE M CUTMOUJAM U3 CIIEIYIOIIEro Clos, a
TaK)K€ TPAHCIIOHMPOBAaHHAs MATPULIA UCXOIALIUX CUTHAJIOB MPEIBIIYIIETO CIIOS.
Onepanuss += o3Ha4aeT yBEIMYECHHE IEPEMEHHOM, YKa3aHHOM clieBa OT 3HaKa
pPaBEHCTBA, HA 3HAYEHUE, YKa3aHHOE crpasa oT Hero. [lostomy x+=3 o3HavaeT, 4To X
YBEJIMYMBACTCA HAa 3. DTO MOPOCTO COKpaAlICHHAash 3aluCh HWHCTPYKIUUA X=XT3.
AHaNOTUYHBIM Ccrnoco0 3amucu  JIOMYCKaeTcs M JUIsl JOPYTuX apu(pMETHYECKUX
onepauuii. Hampumep, x/=3 o3Hauaer AeneHue X Ha 3.
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Kon nnst yrouHeHus: BeCOBBIX KO3(P(PUIMEHTOB CBS3€H MEXAY BXOAHBIM U CKPBITHIM
CJI0SIMU OYJIET OYEHb MMOX0K Ha 3TOT. MBI BOCIIOJIb3yeMCsl CAMMETPUEN BBIPAKEHUN U
MPOCTO MEPENHUILIEM KOJI, 3aMEHSIsI B HEM UMEHA NIEPEMEHHBIX TAKUM 00pa3oM, 4TOObI
OHM OTHOCWJIHCH K NPEABIAYIIUM Cl10AM. Hroke puBeeH CyMMapHbIN KOI U1 IBYX
HaOOPOB BECOBBIX KO3(PPHUIMEHTOB, OTAEIbHBIE 3JIEMEHTbl KOTOPOTO BBIJCIICHBI
I[BETOM TaKUM OOpPa30M, YTOOBI CXOJHBIE U Pa3IMYAIOLIUECS YYACTKU KOJa MOXHO
OBbUIO JIETKO 3aMETUTb.

# obHoBume gecoerie Koz@diuuuerme! dnA ceazeld mexdy
# CKPLIMBLIM U BEIXOOHLIM CIOAMU
self.who += self.Ir * numpy .dot ((output_errors * final_cutputs * (1 o - final_outputs)), numpy.transpose (hidden_outputs))

# o0HoBUME BecoBkie kosdgiuyueHmsl dna ceAzeld mexdy
# BXOOHLIM U CKPLIMBIM CAOAMU

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

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

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

Bot u Bce!

Bes Ta paborta, 111 BBINOJHEHHS KOTOPOM HaM MOTPEOOBAJIOCh MHOMXKECTBO
BBIYKCIICHUW, U BCE T€ YCWJIMS, KOTOPbIE Mbl BJIOXKUIM B pa3pabOTKy MaTpU4YHOIO
MOJIX0/1a U crocob0a MMUHMMH3aLUU OIIMOOK CETH METOAOM I'paJMEHTHOIO CITyCKa,
CBEIUCh K mape cTpok koma! Otuactu Mbl 00s3aHBl 3TUM s3bIKy Python, HO
(baKTHYECKH 3TO 3aKOHOMEPHBIN pe3yIbTaT HALIETO YIOPHOI'O TPy, BIOKEHHOTO B
YOPOUIEHUE TOTO, YTO JIETKO MOIJIO CTaTh CJIOXHBIM M IPHOOPECTH YCTpallarouii
BH/I.

[TpuBeneM nonHeli Ko pyHKIMHU train. Ero Heo6xoaumo 100aBUTH B IPOrPaMMYy.
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# mperupoeka HelipoHHoll cemu

def train (self, inputs_list, targets_list) :
# npeofpa308aHue cnucka exodHeIX 2HaYeHU
# g deyxmepHbll maccue
inputs = numpy.array(inputs_list, ndmin=2).T
targets = numpy.arrayitargets_list, ndmin=2)T

# paccuumams exodauue cusHaabl AR CKpLIMo20 £108
hidden_inputs = numpy.dot{self wih, inputs)

# paccuumams ucxodAwUe cusHans dna ckpEimo2o croa
hidden_outputs = self activation_function(hidden_inputs)
# pOoccyumames Bxo0AWUE CUZHANB! 017 BRIXO0HOZ0 CNOR
final_inputs = numpy.dot{self who, hidden_outputs)

# paccyumame UCxodRWUe cusHaNL ONF 8bix00H020 CA0R
final_outputs = self activation_function(final_inputs)

# oy seixodH020 CNOA =

# (Lenesoe 2HaYeHUe - HaKMUYECKOe ZHAYEHUE)

output_errors = targets - final_outputs

# oLuUBKU CKpBIMO20 CAOA - 3MOo owiubiku output_errors,

# pacnpedenenybie NPONCPULOHANLHO BecossiM Ko3dduLuenmam carzell
# U pexomBUHUPOSEHHEIE HA CKPLIMBIX Y3AaX

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

# obHoauMme secoasie koadgiuyuedms AR caased mexcdy

# CKPLIMLIM U BBIX0OHLIM CTOAMU

selfwho +=selfIr * numpy .dot ({(output_errors * final_outputs * (1.0 - final_outputs)), numpy.transpose (hidden_outputs))
# 00HOBUMb gecoasie Ko3PPuyuesmes 814 caasell Mexdy

# BXO0HBIM Ll CKPLIMLIM CAOAMU

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

pass

106




IHoqHbIi KOOI HEHPOHHOW ceTH MOXET ObITh HCIIOJIB30BaH C IEJNbIO CO3JaHUS,
TPEHUPOBKU U OMNPOCa TPEXCIOMHOW HEUPOHHOW CETH MPAKTHYECKH AJi Jt000H
3a71a4H.

Jlanee MBI 3aiiMeMcsl peIIeHMEM OJHOM KOHKPETHOM 3ajauyu: o0ydeHHe HEeHPOHHOM
CETH PACIO3HABAHUIO PYKOMHUCHBIX IUQD.

KoHTpoJibHBbIE BONIPOCHI
1. Uto Takoe maTpuna?
2. Kak nony4uuTs cKaJIsipHOE NpousBeaeHue Marpuil? [IpuBenure npumep.
3. Yto o3HavaeT TpaHCIIOHUPOBAHUE MATPUIL?

4. Yto mnpeAcTaBIsIOT COOOM BXOJHOHM, BBIXOJHOW U CKPBITHIA CJIOU
HEUPOHHOM ceTn?

5. Onumure KpaTKo MPOoIecC KOPPEKTUPOBKH BECOBBIX KOA(PDHUIIMEHTOR B
npoiiecce 00yueHusI HEHPOHHOM CETH.

6. Uto Takoe MeTo1 00paTHOTO PaCcTIPOCTPAHECHUSI OIITHOKHN?
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IpakTHuyeckoe 3ausaTue 6
Oo0HoBJIeHHE BecOBbIX KO3 PpunuenToB. Hadop pykonucHbix undp

MNIST.

eab: paccMOTpeTh MpoIecc OOHOBIEHUSI BECOBBIX KO3(P(OHUIIMEHTOB; TOATOTOBUTH
TpeHupoBouHble JaHHble MNIST s nmpoekTa HEMPOHHOW CETH IO PaclO3HABAHUIO
PYKOTIHCHBIX ITUGP.

3aganue:
1. U3yunTh TEOpPETHUUECKOE BBEJACHUE.

2. OtBeTuTh HA KOHTPOJBHBIC BOMPOCH], TMPHUBEJACHHBIE B KOHIIC
nabopaTopHOil pabOTHI.

3. DBbIMOAHUTH MpakTUYECKHE 3aJaHUS C HUCIOJIb30BAaHUEM  SI3bIKA
nporpammupoBanus Python.

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

OTueT npeaocTaBiIgeTCs B 3JIEKTPOHHOM BHJI€ B TEKCTOBOM pefakrope MS Word. B
OTUCTE YKa3bIBAIOTCS:
1) ®amunus cTyneHTa.

2) [opsinkoBBIi HOMEP U Ha3BaHUE JIAOOpATOPHOU PabOTHI.
3) Llenb paboThI.

4) OTBeTHI Ha KOHTPOJBHBIE BOIPOCHI.

5) Omnucanue penieHus: BHINOJHEHHBIX 3a1aHUI 1Ta0opaTOpHOM pabOTHI,
cojiepKailee: a) popmyauposKy 3a0anusl, 8) CKPUHULOM BLINOJIHEHHO20 3A0AHUS,
cooeparcauuti pamuiuio cmyoeHma.

3amura na0OpaTOpHON pPabOTHl OCYLIECTBISETCS IO OTYETY, MPEICTABICHHOMY
CTYZEHTOM U C JEMOHCTpalMeN 3a/laHusl Ha KOMITbIOTEpE.

TeopeaneCKoe BBCACHHE

PaccMoTpenue nponecca 00HOBJCHHS BeCOBBIX KOY(dHuiueHToB

K »ToMy MOMEHTY Mbl Hay4YWIHCh PAacCUMTBIBATH OOpPAaTHOE pPacHpOCTPaHEHUE
OLIMOOK [0 KaXXJIOTO CJOsl CEeTU. 3a4eM HaM 3TO HYXHO? 3areM, 4TO OIIMOKH
MOJICKa3bIBAIOT HaM, KaK JOJDKHBI ObITh M3MEHEHBI Beca CBSI3€W, YTOOBI YIyUlIUTh
PE3YIBTUPYIOIINM OOIINI OTBET HA BBIXO/Ie HEMPOHHOM ceTH. B OCHOBHOM 3TO TO, UTO
MBI JIeJIaJId ¢ TUHEUHBIM KJIacCU(DUKATOPOM B TIEpBOM J1abOpaTOpHO padoTe.
OpHako y371bl — 3TO HE MPOCThIE JIMHEWHbIE KiaccudukaTopbl. B y3max curHanel
CYMMUPYIOTCSI C YYETOM BECOB, IIOCIIE YErO K HUM NpUMEHseTcs curmousia. Ho kak
HaM BCE-TaKH CIPABUTHCS C OOHOBIIGHUEM BECOB I CBSI3€H, COCAUHSIONIUX ATH
O6onee cnoxkuble y3iubl? Ilouemy Obl HE HCHONB30BaTh anredpy Juis
HEIMOCPEICTBEHHOI'O BEIYUCIIEHHSI BECOB?

[locnennuii myTh HaM HE MNOAXOAUT BBUIY T'POMO3AKOCTH COOTBETCTBYIOILUX
BbIKJIaJ0K. CylIECTBYET CIMIIKOM MHOTO KOMOWHAIMd BECOB M CIHIIKOM MHOTO
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byHKIHMH, 3aBUCATINX OT (PYHKINN, 3aBUCAIIUX OT APYTUX PYHKIHHA U T.JA., KOTOPBIC
MBI JIOJDKHBI KOMOMHHUPOBATh B XOJI€ aHAJM3a PACHpPOCTPAHEHHS CHUTHAJNA MO CETH.
[IpencraBbTe cede x0Tst Obl HEOOBIIYIO
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HEHPOHHYIO CETh C TPEMs CIIOSIMU U TPEeMsl HEMpPOHAMHU B KaXXJIOM CJIO€, TIOJI00HYIO
TOH, C¢ KOTOpol MblI mepen 3TuM padortanu. Kak oTperynupoBaTh BeCOBOH
KO3 PULIMEHT 11 CBA3U MEK/TY IEPBBIM BXOJHBIM Y3JIOM M BTOPBIM Y3JIOM CKPBITOTO
CJI0sl, UYTOOBI CUTHAJI HA BBIXOJIE TPETHETO y3Jia yBEIHUUICs, ckaxeM, Ha 0,57 Jlaxe
ecid Obl BaM TMOBE3JI0 W BbI CHIENAIH 3TO, TIOCTUTHYTBIM pe3yibTaT MOr Obl OBITh
paspyllieH HACTPOMKON Ipyroro BECOBOTO KOd(DQUIMEHTa, yIydIIaIOIIEero CUTHAI
JIPYroro BbIXOAHOIO y3ia. Kak BuauTe, 3T pacyeThl JajeKO HE TPUBHUAJIbHBI.

YtoObl yOEeaUTHCS B TOM, HACKOJIBKO OHM HE TPUBHAJIbHBI, JOCTATOYHO B3IJISIHYTh Ha
IIPUBEJICHHOE HM)KE BBIPAKEHUE, KOTOPOE IPEICTABISIET BBIXOJHOW CHTHAN y3J1a
BBIXOJTHOTO CJIOS KaK (PYHKIIMIO BXOJHBIX CHUTHAJIOB M BECOBBIX KO3(PPUIIMEHTOB
CBSI3€HU [T IPOCTOM HEMPOHHOM CETH C TPEMS CIIOSIMU 110 TPH y3Ja. BXOIHOM cUrHAI
Ha y3J1e i paBeH Xi, BECOBOM KOADPUITMEHT /ISl CBS3U, COSAMHSIONIEH BXOAHOM y3el i ¢
Y3JI0M j CKPBITOTO CJIOS, PABEH W ij. AHAJIOTMYHBIM 00pa30M BBIXOJIHOW CUTHAI y3I1a
CKPBITOT'O CJIOSl PAaBEH Xj, @ BECOBOW KO3(DPUIMEHT AJIs CBSI3U, COCUHSAIONIEH y3eT j
CKPBITOTO CJI0 C

BbIXOJHBIM  y310oM K, paBeH w jx. CumBon ), 03HauaeT CyMMHUpPOBaHUE
CJIEAYIOLIETO 3a HUM BBIPAXKEHUS 10 BCEM 3HAUYCHUSAM MEKy a U b.

A He Morau Obl Mbl BMECTO JaHHBIX CIIOXHBIX PAcCue€TOB MIPOCTO Mepeduparhb
Clly4yailHble COYETaHMsI BECOBBIX KOI(PQUIMEHTOB, TMOKa He Oyner moJydyeH
YCTpauBarOLMi HAC pe3yJIbTaT?

Takoil mogxoa HasbIBaeTcs MeTonOM IpyOoil cuibl. HekoTopble JtoaM MBITarOTCS
UCIIOJIb30BaTh METO/bI IpyOON CHJIBI JIsl TOTO, YTOOBI B3JaMblBaTh MApOJIU, U 3TO
MOJKET cpaboTaTh, €CJIU apOJIEM SIBISIETCS KaKoe-IM00 OCMBICIIEHHOE CII0BO, IPUYEM
HE OYeHb JUIMHHOE, a He IMPOCTO HAOOp cUMBOJOB. Takas 3ajaya BIIOJIHE MO CUJIaM
JIOCTAaTOYHO MOIIHOMY JIOMaliHeMy KommbioTepy. Ho mpeacraBpTe, YTO KaKIbId
BecoBOU K0dhdunmeHT MoxeT uMeTh 1000 BO3MOKHBIX 3HAUCHHI B TUAITa30HE OT -1
1o +1, manpumep 0,501, -0,203 nnum 0,999. Torapa B cnyyae HEMPOHHOM CETH C TPEMSI
CJIOSIMU TIO TPU y3Jla, HacCUUTHIBaroOLEeH 18 BeCOBBIX KO3(P(ULUHUEHTOB, MbI JOJIKHBI
ObUIM ObI MpoTecTHUpoBaTh 18 Thicsu Bo3MoxkHOCTEH. Ecnu Obl y Hac Obuia Oosee
TUNWYHAsT HelpoHHas ceTb ¢ 500 y3mamMu B KaXJOM CJI0€, TO HaMm MPHUIIOCH Obl
nporectupoBaTh S00 MIILTMOHOB pa3IMYHbIX 3HaUYeHU BecoB. Eciu Obl 11 pacueTa
Ka)k70ro Habopa KoMOMHaLui TpeboBaIach OHA CEKYyH/1a, TO JIJIsl OOHOBJIEHUSI BECOB
C IIOMOUIBIO BCETO JINIIb OJTHOI'O TPEHUPOBOYHOIO ITpUMEpa
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noHanoomnock Obl mpumepHo 16 ner. Teicdua TPEHHUPOBOUHBIX MPUMEPOB — U
MOJTy4nsI0Ch Obl 16 ThICSAY JIET.

Kak BuguTe, MOAXO0J, OCHOBAHHBIK HA MeETO/AE TpyOOMl CHIIbI, MPAKTHUUYECKH
Hepeanu3yeMm. B neiicTBurenbHOCTH IO Mepe J00aBICHUS B CETh HOBBIX CJIOEB, Y3JIOB
WINA BapUaHTOB Nepedopa BECOB CUTYAIHs OYEHb OBICTPO yXYyAIIACTCS.

OTa roJOBOJIOMKAa HE MOJJaBajlaCh MaTeéMaTHKaM Ha MPOTSHDKEHWHM MHOTUX JIET U
MoJIyuusia peajbHOEe MpPaKTUYECKoe pazpemieHue aumb B 1960 — 1970-x romax.
Cy1ecTBYIOT pa3nuyHble MHEHHUSI OTHOCUTENIBHO TOTO, KTO CAEJal 3TO BIEPBBIC WIH
COBEPIIMJ KIIOYEBOW MPOPHIB, HO JJII HAC BAXXHO JHIIb TO, YTO 3TO 3aM03/1aJI0e
OTKPBITHE TOCTY>KUJIO TOTYKOM K B3PHIBHOMY Pa3BUTHIO COBPEMEHHOW TEOPHH
HEHPOHHBIX CEeTeH, KOTopas cedvyac crnocoOHa peniaTh HEKOTOpble BechMa
BIICUATJISIIOLIUE 3aJaUH.

MatemaTuyeckue BBIPAKEHHUS, MO3BOJISIONIME OINPEACIUTh BBIXOJHOM CHUTHAN
HEHPOHHOM CETH MPU U3BECTHBIX BECOBBIX KOIPDUIIMEHTAX, HEOOBIUAWHO CIIOKHBI, U
B HUX HEJErKo pazooparbesi. KomnyecTBO pa3nuyHbIX KOMOMHAIIUMHN CIIUITIKOM BEITUKO
JUISL TOTO, YTOOBI MBITAThCS TECTUPOBATH UX IOOUYEPEIHO.

TpeHupoBOUHBIX JAHHBIX MOXKET OKa3aThCsl HENOCTAaTOYHO ISl 3((PEKTUBHOrO
oOyueHusi ceTu. B TpeHHPOBOYHBIX JAHHBIX MOTYT OBITh OMIMOKH, B CBSI3M C YEM
CHPaBEUIMBOCTH HAILIETO MPEIMOIOKEHUS O TOM, YTO OHH UCTUHHBI U HA HUX MOYKHO
YUUTHCS, OKA3bIBACTCA MO BOMPOCOM. KOJIMYeCcTBO CIOEB WM y3JI0B B CaMOW CETH
MOJKET OBITh HEOCTATOYHBIM JJISI TOTO, YTOOBI MPaBUIIBHO MOJEINPOBATH PEIICHUE
3a/layu.

DT0 03HAYAET, UTO MPEANPUHIUMAEMBIN HAMU TIOJIXO/] TOJIKEH OBITh PeaTUCTHYHBIM U
YUUTHIBATh yKa3aHHBIC OrpaHndeHus. Ecu Mbl OyZieM ciieoBaTh 3TUM MPUHITUTIAM,
TO, BO3MOXHO, HaiieM pelleHrue, KOTopoe, Jaxe He OyAydyd HUJealbHbIM C
MaTEeMaTUYECKON TOUKH 3PEHHMSI, IACT HaM JIyUIlIHe pe3yJIbTaThl.

[IpowsmtocTpupyeM CyTh HallUX PACCYyXXKJICHUM Ha CIEIYIOMEM IpUMepe.
[IpencraBpTe cebe manAmMAaA(PT ¢ OYEHD CIOKHBIM PETbe(hOM, UMEIOIIIIM BO3BBITIICHUS
U BIIaJIUHBI, a TAKXKE XOJIMBI ¢ OyrpaMu U siMaMu. BOKpyr Tak TEMHO, UTO HU 3TU HE
BUJHO. BBl 3HaeTe, 4TO HAXOAUTECH Ha CKIJIOHE XO0JIMa, U BaM HY>KHO J0OPaThCs /10 €ro
noiHOuA. TOUHOM KapThl MecTHOCTHU y Bac HeT. Ho y Bac ecTh (honaps. [Toxaiyii, Bl
BOCTIOJIb3yeTeCh (hOHApEM M OCMOTPHUTECHh BOKPYT ceOs1. CBeTa poHaps HE XBATHUT IJIs
JanbHero 0030pa, U Bbl HABEPHIKA HE CMOXKETE OCMOTPETh BECh JIAHAIMADT HETUKOM.
Ho BbI cMoOkeTe yBHIIETh, MO KaKOMY YYacTKy MpOIIEe BCEro HadaTh CIYCK K
MOJTHOKUIO XOJIMa, M CAENAeTe HECKOJIBKO HEOOBIINX MIAaroB B 3TOM HaIpaBICHUH.
HeticTByst mogoOHBIM 00pa3oM, Bbl OyAeTe MEIJICHHO, IIar 3a [IaroM, MpoJABUTaThCs
BHMU3, HE pacrioyaras o0uieil KapToi 1 3a01aroBpeMeHHO MPOJIOKEHHBIM MapIIPYTOM.
MaremaTuyeckas BepcHs ATOrO TMOJAXO0Ja HA3bIBAETCS METOJOM TI'PAIUEHTHOTO
CIyCKa, W MPUYMHY ATOT0 HETPYAHO MOHATH. [locie Toro kak BBl chenaid miar B
BbIOpaHHOM HampaBj€HUH, Bbl BHOBb OCMAaTPUBAECTECh, YTOObI YBUJETh, KAKOW MYyTh
BEJICT BaC K LIEJIM, U JIeJaeTe OUEpeIHOM ar B ’TOM HamnpasiieHu. Bol npogomkaere
JICICTBOBATh TOYHO TaK K€ JO TeX IOp, MOKa OJaromnojiydHo HE CIyCTHTECh K
MIOJTHOKUIO XOJIMA.
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A Tenepp NpeICTaBbTE, YTO STUM CIIOKHBIM JIAHAIAPTOM SIBJISIETCS MaTEMaTUYeCKas
byHkuuga. Metoa rpalueHTHOTO CIyCKa MO3BOJISIET HAXOAUTh MUHUMYM, JAXe He
pacnosiarasi 3HaHUSIMH CBOMCTB 3TOW (YHKLMH, JOCTATOUYHBIMU JJIsI HAXOXKIACHUS
MUHUMYMa MaTeMaTHYeCKUMU MeTofamu. Eciiv (yHKIUS HAaCTOJIBKO CIIOKHA, YTO
IPOCTOro crnoco0a HaxXOXAEHHWS MHMHHMyMa aireOpandeckuMH METOJaMH He
CYILIECTBYET, TO MBI MOXEM BMECTO 3TOT'O0 IPUMEHUTH METOJ IPAJUEHTHOIO CITyCKa.
SlcHoe aeno, OH MOXET He JaThb HaM TOYHBIM OTBET, TOCKOJIBKY MbI IPUOIMKAEMCSI K
OTBETY IUAr 3a LIaroM, MOCTENEHHO yiyulias Haury rno3unuio. Ho 3to myunie, yem
BOOOIIIE HE MMETh HUKAKOTro OTBeTa. BO BCSIKOM ciydae, Mbl MOXEM IMPOJOJIKHUTh
YTOYHEHHUE OTBETA €llle 00JIe€ METKUMH IIaraMy 10 HaIPABJICHHUIO K MUHUMYMY, [TOKa
HE JIOCTUTHEM >KEJIAEMOM TOYHOCTH.

A KaKoe OTHOLIEHUE UMEET ATOT AEHUCTBUTENBHO 3 (HEKTUBHBIN METO] TPAIUEHTHOTO
CIycka K HEHMpoHHBIM ceTsiM? Eciu ynoMsHyTOW CIIOXKHOW (PyHKIUEH SBIISETCS
ommnOKa CEeTH, TO CIYCK 0 CKJIOHY JUIsl HaXOXKIEHUSI MUHUMyMa O3HAa4yaeT, YTO MBI
MUHUMHU3UpPYEM OLIMOKY. MBI yiIydiiaéM BbIXOHOM CUTHAJI CETH.

PaccMOoTpyM HKCIIONB30BaHWE METOJA TPaJMEHTHOIO CIyCKa Ha NPOCTEHIIEM
IpUMeEpE.

Huxe npusenen rpaduk npocroit Gynkuuu y = (x — 1)* + 1. Eciu 661 510 Oblia
(GyHKUHS, ONUCHIBAKONIAs OWIMOKY, TO Mbl JOJDKHBI ObLIM Obl HAMTH 3HAYEHUE X,
KOTOpO€ MUHUMU3HUpYET 3Ty (yHkuuto. [IpencraBum, 4To Mbl UMEEM €10 HE CO
CTOJIb MPOCTOM (DyHKIMEH, a ¢ Topasao 0oJiee CIOKHOM.

g

/\

y = (x-1yP+1

J cAEAYFOWUE Liaz

ampuuachmer]
HAKAOH

__>x

['pamueHTHBIN CITyCK JIOJDKEH C 4ero-To HaunHaThes. Ha rpaduke nokazana cimydaifHO
BbIOpaHHasi HayalbHasg TOYkKa. MBI HCCIEAyeM MECTO, B KOTOPOM HAaXOJUMCH, U
BUJMM, B KAaKOM HaOMpaBJICHUU UIET ciycK. HakioH kpuBO# Takke 00O3HAuUeH Ha
rpaduke, 1 B JaHHOM CiIy4ae €My COOTBETCTBYET OTPULIATENbHBIN TpaaueHT. MbI
XOTUM CJIEIOBATh B HANPABJIECHWH BHH3, MO3TOMY JABMKEMCS BJOJb OCU X BIPABO.
Takum 00pa3oM, Mbl HEMHOI'O YBEJIMYMBAEM X. JTO MEPBbIA IIar. Ml yJIyqIiuian
Hally MO3ULIUIO U MPOABUHYJIUCH ONMKE K (PAKTUUECKOMY MUHUMYMY.
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[IpencTaBum, 4TO MBI HA4aJI CIIYCK C KAKOTO-TO JIPYrOro MecTa, Kak MoKa3aHo Ha
cienmyronem rpaduke.

y

! g = (x-1)+1

CAEOYOWUE WAzl -
NOAOKUMEABHBIL

HAKAOH

= ) X

Ha 5TOT pa3 HaKJIOH MOYBBI MOJ HAUIMMU HOTAMH TOJIOKHUTEJEH, MO3TOMY MBI
JBUYKEMCS BJIEBO, T.€. HEMHOI'O yYMEHbIlaeM X. 11 BHOBb BHJIHO, UTO MBI YIYUYIIHIA
Halle MOJIOKEHUE, MPUOIMU3UBIINCH K (PAKTUYECKOMY MHUHUMYMY. MBI MOXeEM
IPOAOJDKATh JEHCTBOBATh B TOM K€ JyXE A0 T€X MOp, MOKa U3MEHEHUs HE CTaHyT
HACTOJIbKO MAJIBIMU, YTO Mbl OYJIEM CUUTaTh, YTO JOCTUIIIM MUHUMYMa.
HeoOxoaumMbIM yCOBEPILIEHCTBOBAHUEM 3TOI0 METOAA JODKHO OBITh M3MEHEHHE
BEJIMYMHBI IIaroB BO M30€KaHUE IEPECKOKa 4Yepe3 MHUHHUMYM, YTO TNPUBEIET K
OECKOHEYHBIM MpbDKKaAM BOKpYr Hero. BooOpasure, 4To MBI OKa3ajluCh Ha
pacctostauu 0,5 MeTpa OT MCTUHHOIO MMHMMYMAa, HO JUIMHA HAILIEro Iiara Bceraa
paBHa 2 Metpa. Torna Mbel OyieM MOCTOSTHHO MPOMYCKaTh MUHUMYM, ITOCKOJIBKY Ha
KQ)KJIOM IlIare B €ro HalpaBJICHUH Mbl OyJIeM MEpPEeCKaKuBaTh yepe3 Hero. Eciu Mel
OyZeM yMeHbIIaTh BEIUYHMHY IIara NponopUUMOHAIBHO BEIMYMHE TPAJUEHTA, TO IO
Mepe MPUOIKEHUsI K MUHUMYMY OyJIeM coBepliaTh Bce Oosiee menkue maru. [lpu
ATOM MBI MPEIOIAraeM, YTo 4eM OJIMKE K MUHUMYMY, TEM MEHbIIE HakJIOH. Jlis
OOJBIIMHCTBA THAAKUX (HempepblBHO auddepeHurpyemMbix) (QyHKIUN Takoe
IPENOoIOKEHNE BIIOJIHE npuemiemMo. OHO He OyneT CHpaBeIIMBBIM JIMIIb 10
OTHOILIEHUIO K CJIOXHBIM PEIKO BCTPEUAIOIIMMCS 3UI3arooOpa3HbIM (PyHKLHAM CO
B3JIETAMH U ITPOBAJIAMH B TOUKAX, KOTOPbIE MAaTEMATUKH Ha3bIBAIOT TOUKAMM PA3PbIBA.
Wnest yMEHbIIEHNs] BEJIMYMHBI 1Iara MO0 MEpPE YMEHbBIIECHHs BEIIMYMHBI IPaJHEHTA,
SBIISIOIIEHCS XOPOIINM HHIWKATOPOM OJIM30CTH K MHUHHUMYMY, WIUTIOCTPUPYETCS
CJIEYIOIIUM TPaPUKOM.
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y = (x-1y+1

Kpymol
ZpadueHm

s

cpedHuil
zpadueHm

MEHBWIUE WaZu :

noAozull zpadueHm

S > "

Mbl u3MeHseM X B HalpaBJICHUWH, MPOTHBOIIOJI0KHOM HAIIPABJICHUIO TI'pajHeHTa.
[TonoxxuTeNnbHBIA TpPaUEHT O3HAYAeT, YTO MbI JIOKHBI YMEHBIIUTH  X.
OTtpuLaTenbHbIN TPaJUEHT TPEOYET YBEIUUEHUS X.

Hcnonb3ys METOA TpaJuEeHTHOTO CIIyCKa, Mbl HE MBITAIUCh HAXOJIWTh HCTUHHBIN
MUHHMYM aJIreOpandecKuM METOJIOM, MOCKOJIbKY Cleanu BUA, OyATO QYyHKIHS Y =
(x—1)*+ 1 s 5TOro caMmKoM cioxkHa. Jlaxe ecnu Obl MBI HE MOIJIM OIPEICIHUTh
HAaKJIOH KPHUBOM C MaTEMaTHMYE€CKOW TOYHOCTHIO, MBI MOTJU OBl OIICHUTH €r0 B
MPaBUJILHOM HallpPaBJICHUHU.

[IpenmMy1iecTBa 3TOr0 METOJA IMO-HACTOSIIEMY IPOSBISETCS B ciiydae (DYHKIUH,
3aBUCSIIMX OT MHOTHX mapamMeTpoB. Hampumep, BMECTO 3aBUCUMOCTH Y OT X MbI
MOEM UMETh 3aBHCUMOCTb OT a, b, ¢, d, e u f. BcmomuuTe, 4T0 QyHKIIHS BBIXOTHOTO
CUTHaja, a BMecTe ¢ Hel W (DYHKIUS ONIMOKH 3aBHUCIT OT MHOXKECTBAa BECOBBIX
KO3(PPUIIMEHTOB, KOTOPHIC YACTO UCUUCIISAIOTCS COTHSIMH.

Crnenyromuii rpadyuk BHOBb WILTFOCTPUPYET METOJT TPAAUEHTHOTO CITyCKa, HO HA 3TOT
pa3 MPUMEHUTEIHHO K O0Jiee CIOKHOU (PYHKIHUM, 3aBUCSIIEH OT JABYX MapaMeTpPOB.
I'paduk Takoi PpyHKIMH MOXKHO TPEACTaBUTh B TPEX H3MEPEHUSX, IJ€ BHICOTA
MPEICTABIIAET 3HAaUCHHE (PYHKIUU.
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Bo03MOXHO, TIIs1A51 HA 3TY TPEXMEPHYIO IOBEPXHOCTD, BBI 33 TyMAJIMCh HAJl TEM, MOXKET
JI1 METOJ TPAJIMEHTHOIO CITyCKa MPUBECTH B APYTYIO JOJIMHY, KOTOpas pacloyOKeHa
cnpaBa. B AeMCTBUTENHHOCTH 3TOT BOMPOC MOXKHO OOOOMIWTH: HE MPHUBOAWUT JIU
MHOTJAa METOJI TPaJUEHTHOTO CIIyCKa B JIOKHYIO JIOJMHY, MOCKOJIbKY HEKOTOPBIE
CJIOKHBIE (DYHKIIMU UMEIOT MHOXKECTBO JIOTUH?

Urto Takoe JokHas AOJMMHA? DTO JOJIMHA, KOTOpas HE SBISETCS CaMOW TTyOOKOM.
Torga Ha MOCTaBJIEHHBIN BOIPOC CIEAYET AaTh YTBEPAMUTEIbHBIA OTBET: Ja, TaKOE
MOYKET MPOUCXOJIUTD.

Ha cnenyroiieit niumtocTpaimy noka3aHbl TpU BapuaHTa TPadeHTHOTO CIyCKa, OJAUH
13 KOTOPBIX NPUBOJUT K JIO)KHOMY MUHUMYMY.

P M

KoppekmHbil | exambiBanue KoppeKkmHbii
MUMULMYM B AoxHbti —l MUHUMYM
¢ B MUHKMYM

4 — R 1_7; - b N _1—-\-_ -9
Pe3iome

* Meroa rpagueHTHOrO CHycka — 3TO JCHCTBUTENBHO XOpOIIUH CHOC00
HaXO0XJIEHUS MHHMMyMa (DyHKLIMH, U OH MpeKpacHo paboTaer, koraa (QyHKIUS
HACTOJIBKO CIJIOKHA, YTO €€ MareMarudeckas oOpaboTka anredpanyecKuMu
METOJIaMU COMPsDKEHA ¢ OONBIIUMU TPYIHOCTSIMH.

* Bonee Toro, »TOT MeTon Xopomio paboTaeT B ciydae (HYHKIUHA MHOTHX
MEPEMEHHBIX, KOrJa Jpyrue METOoJbl He cpadaThIBalOT JUOO MX HEBO3MOXHO
peann30BaTh Ha IPAKTHUKE.

* JlaHHBI METOJI TaKKE€ YCTOMYMB K HAJU4UIO JE(PEKTHBIX JTAHHBIX U HE
3aBeJIeT Bac JAJIEKO B HENPaBWIBHYIO CTOPOHY, €CIM (YHKIUS HE ONUCHIBACTCS
UJCAIBHO WJIM K€ BpEMs OT BPEMEHHU Mbl COBEPIIIAEM HEBEPHBIE LIATH.
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BrixogHOW cuUrHam HEUPOHHOW CETH MPEACTaBIsET COOOM CIIOXKHYIO, TPYIHO
MO/IJTAIONIYIOCS  OMHUCAaHUI0 (YHKIMIO CO MHOTHMH TlapaMeTpaMH, BECOBBIMHU
ko3 purreHTaMu CBsI3el, KOTOPBIC BIMSAIOT Ha BEIXOTHOUW CUTHAIL. Tak MOXKEM JTU MBI
WCIIOJIB30BaTh METOJI TPATUEHTHOTO CIyCKa I ONPEICICHHS  ITOIXOAIINX
3HaYeHUH BecoB? MoKeM, €ClIi TPaBUIILHO BEIOEPEM (DYHKITHUIO ONTHOKH.

DyHKIHS BRIXOHOTO CUTHAJIA caMa 110 ceOe He siBisieTcs pyHKiuer ommoku. Ho Mbl
3HA€M, YTO MOKEM JIETKO TPEBPATUTH €€ B TAaKOBYIO, MOCKOJIBKY OIIMOKa — 3TO
Pa3HOCTh MEXIy IEJEBEIMH TPEHUPOBOYHBIMU 3HAYCHUSIMH U (HAKTHUCCKUMHU
BBIXOJIHBIMH 3HAYEHHSIMH.

OpHako 3Jech €CTh KOE-4TO, Yero CJeAyeT oOCTeperatbcs. BiarisHuTe Ha
NPUBEACHHYIO HIDKE TaONMIly C TPCHHPOBOYHBIMU JIAHHBIMH W (PaKTHYSCKHUMHU
3HAUCHUSMHM JIJI1 TPEX BBIXOJHBIX Y3JIOB BMECTE C KaHIUJaTaMU Ha POJb (DYHKIIHH
OIIINOOK.

Buixog Lieneso# Ownbka

Ownbra ] Owwnbka
cetH pesynbrar (uenesoe— luenesoe— (uenesoe—
thaxkTHyeckoe) @IKTHIMI:KOBF MHHHNMII !
04 0,5 0,1 0,1 0,01
08 07 | 0,1 | 0,1 0,01
10 |10 ) 0 0 0
. b 0 0,2 | 0,02

Hammm nepBbIM KaHIUJATOM Ha POJIb (PYHKIMU OLIMOKH SIBJIAETCS MTPOCTAst Pa3HOCTh
3Ha4YeHUN (nesaeBoe — pakTUYeCcKoe). ITO KAKETCS BIOJIHE pasyMHbIM. Ho eciu Bl
pELINTE UCTI0JIb30BaTh CyMMY OLIMOOK 10 BCEM y3J1aM B KAYECTBE 00I1IEeT0 MoKa3aTes
TOT0, HACKOJIBKO XOPOIIO 00y4YeHa CETh, TO 3Ta CyMMa paBHA HYJIIO.

SIcHO, 4TO ceTh ene HeJO0CTaTOYHO HATPEHUPOBAHA, IOCKOJIBKY BBIXOJIHBIE 3HAYEHUS
JBYX Yy3J0B OTJIMYAIOTCS OT LEJeBbIX 3HaueHW. Ho HyneBas cymMma o3Hayaer
OTCYTCTBHE OIIMOKU. DTO OOBSCHSAETCS TE€M, UTO IOJIOKUTEIbHAS U OTpULIATENIbHAS
OLIMOKHM B3aMMHO COKpaTuiuch. OTCIofa CleyeT, YTO NMPOoCTas pa3HOCTh 3HAYEHUIH,
Jaxke ecau Obl MX B3aMMHOE COKpAlleHHWE ObLIO HETOJIHBIM, HE TOAUTCS IS
UCITIOJIb30BAHUS B KAUECTBE MEPbI BEJIMYHUHBI OLINOKH.

[loitnem apyruMm myTem, B3siB a0COJIIOTHYI0 BEIWYMHY pazHOCTH. POpMalIbHO 3TO
3alMCHIBAECTCS KAaK |meseBoe-paKTH4YecKOe| W O3HAYaeT, 4YTO 3HAK pe3yJbTaTa
BBIYMTAHMSI UTHOPUPYETCS. DTO MOIJIO ObI cpadOTaTh, MOCKOJIBKY B JAHHOM Cllydae
HUYTO HU C YEM HE MOXKET COKpaTUThCA. [IpuumHa, o KOTOpOM JaHHBIM METOJ HE
MOJIyYMJI TOIYJISIPHOCTH, CBSI3aHA C TE€M, 4YTO NPH ITOM HAKJIOH HE SABISETCA
HEenpepbIBHON (DyHKIMEH BOIM3M MUHUMYMA, YTO 3aTPY/IHAET UCIIOJIb30BAHUE METO 1A
I'PaJUEHTHOTO CIIyCKa, HOCKOJIBKY MbI OYyZIEM IIOCTOSIHHO COBEPIIATh CKAYKH BOKPYT
V-o0pa3Hoil JOJIMHBI, XapakTepHOH it pyHKUMK omuOKu nogobHoro poaa. [lpu
npUOIMKEHUU K MMHUMYMY HakKJIOH, a BMECTE€ C HUM M BEJIMYMHA Il1ara U3MEHEHMS
IIEPEMEHHON, HE YMEHBIIIACTCS, @ 9TO 03HAYAECT PUCK IIEPECKOKA.

Tpetuii BapuaHT 3aK1I04aeTCs B TOM, YTOOBI HCIIOJIB30BaTh B KAUECTBE MEPHI OLIUOKHU
KBajpar pasHocty: (mesaesoe-pakruueckoe)’. CymecTByer
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HECKOJIbKO TPUYWH, MO KOTOPHIM TPETHUH BapHaHT MPEATIOYTUTEIHHEE BTOPOTO,
BKJTFOYAsI CIICTYIOIITHE:

* OH YIIPOIIAET BHIYMCIICHHUS], C TIOMOIIBIO KOTOPBIX OMPEEsieTCs] BETUYHHA
HAKJIOHA JIJI METO/1a TPAIUEHTHOTO CITyCKa;

* (yHKIMS OMMUOKH SIBISETCS HEMPEPHIBHO TIAIKOH, YTO OOECredruBaeT
HOPMAaJIbHYIO Pab0Ty METO/1a TPAIUEHTHOTO CITyCKa BBHUIY OTCYTCTBHUS IIPOBAJIOB U
CKaYKOB 3HAYCHUI (DYHKITNH;

* MO0 Mepe TUPHUOMMKEHUS K MHHUMYMY TPaJACHT yMEHBIIACTCS, YTO
O3HAYaeT CHIDKEHHWE PHCKA IEpPEeCKOoKa Yepe3 MHUHUMYM, €CIH WCIOJIb3YyeTCs
YMEHBIIIEHUE BEJTUYHHBI I1aTr0B.

A BO3MOXHBI JIM IpyTHe BapuaHThi? Jla, MOXKHO CKOHCTPYHPOBATH JIFOOYIO CIIOXKHYIO
(GYHKIIUIO, KOTOPYIO CUMTaeTe HY>KHOH. OHM M3 HMX MOTYT BOOOIIE HE pabdoTaTh,
JPYTHUE MOTYT XOpPOIIO paboTaTh AJiA ONPEIEIEHHOr0 Kpyra 3a1ad, a TPETbH MOTYT
paboTaTh ACHCTBUTEIBHO XOPOINO, HO HMX Ype3MEepHas CII0KHOCTb MPUBOAMUT K
HEOTMPaBIaHHBIM 3aTpaTaM PECYpCOB.

YToOBl BOCMOIB30BATHCS METOJIOM TPATUEHTHOTO CIyCKa, HYKHO OIPENETUTH
HAKJIOH (DYHKITUH OIHMOKH 10 OTHOIICHHUIO K BECOBBIM K03 puimenTam. 1o TpedyeT
npuMmeHeHus: nuddepennnansaoro ncuucienus. JuddepeHnuanbHoe ncunucieHne —
ATO MAaTEMATUYECKU CTPOTHH MOAXO K ONMPEACICHUI0 BETUIMHBI U3MEHEHHS OJHUX
BEJTMYMH TIPU U3MEHEHHH JApyTux. Harmpumep, OHO MO3BOJISIET OTBETUTH HA BOTIPOC O
TOM, KaK HM3MEHSCTCA JUIMHA TMPYXUHBI B 3aBUCHMOCTH OT BEIWYUHBI YCHIIHS,
MPWIOKEHHOTO K €€ KOHIlaM. B JaHHOM ciydae Hac WHTEPECYeT 3aBHUCHUMOCTH
GyHKUMMA OMIMOKK OT BECOBBIX KOA(P(UUMEHTOB CBSI3€H BHYTPU HEHUPOHHOM CETH.
WMHbIMU clTOBaMH, HAC MHTEPECYET, HACKOJIbKO BEJIUYMHA OIIMOKH YyBCTBHTEIbHA K
U3MEHEHUSIM BECOBBIX KOA(DPHUIIMEHTOB.

Haunewm ¢ pacCMOTpPCHUMA Fpa(I)I/IKa.
Owiudka

/N

JE
HAKAOH 2

A i

T I SO "> w,

OT1oT rpaduK B TOYHOCTH MOBTOPSET OJIUH U3 TEX, KOTOPbIC MPUBOAMIUCH paHee,
YTOOBI TOTYEPKHYTH, YTO MBI HE JIEJITA€M HUYETO MPUHIUITUATIEHO HOBOTO. Ha 30T pa3
byHKIIHEH, KOTOPYIO MBI TBITAEMCSI MUHUMH3UPOBATh, SIBJSETCS ONMTMOKA HA BBIXOJIEC
HEUPOHHOU ceTh. B 3TOM mpocToM npumepe Mmokas3aH Jullb
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OJIMH BECOBOW KOA((PUIIMEHT, HO MbI 3HAa€M, YTO B HEUPOHHBIX CETIX MX OyIeT
HAMHOTO OOJIBIIIE.

Ha cnenyromeit quarpamMme oToOpa)xaroTcs Ba BECOBBIX KO (HUIIUEHTA, U TTIOITOMY
byHKuMg ommbku rpaduyuecku OTOOpakaeTcs B BHUJE TPEXMEPHOM MOBEPXHOCTH,
BBICOTA pACIOJIOKEHUS TOYEK KOTOPOM M3MEHSETCS C W3MEHEHHEM BECOBBIX
kodddummenToB cBszeil. Kak Buaurte, Temeph MpolecC MUHUMH3AIUUA OIIMOKHU
OoJbllIe HATTOMUHAET CIYCK B JOJUHY IO Pebe(pHON MECTHOCTH.

Ouwiudka

/N

2E\
HAKAOH —3 0 @

wl A
i )

— :> W.J.

BusyanusupoBarb MHOTOMEpPHYIO TOBEPXHOCTh OHIMOKM KaK (PYHKIUMHM HAMHOTO
OOJIBIIEr0 KOJMYECTBA MapaMeTPOB 3HAUYUTENIBHO TPYAHEE, HO WIS HAXOXKICHHS
MHUHHMYMa METOJOM I'PaJJUEHTHOIO CIIyCKa OCTAeTCs TOM XKe.
Chopmynupyem Ha sI3bIKE MATEMATUKH HYKHOE BBIPAXKEHUE:

JE

Bwjk

DTO BBIpaXKEHUE MPEJCTABIISICT U3MEHeHUEe oKnoOKy E mpu usmMeHnenun Beca w k. 910
U €CTh TOT HAKJIOH (PYHKIMU OUIMOKH, KOTOPHIH HaM HY>KHO 3HaTh, YTOOBI HA4aTh
IPaUEHTHBIN CITyCK K MUHUMYMY.

[Ipexne yemM Mbl pa3BEpPHEM 3TO BBIPAKEHHE, BPEMEHHO COCPEJOTOYMM BHUMAHUE
TOJIBKO HAa BECOBBIX KOX(D(MUIIMEHTAX CBS3EH MEXAY CKPBITBIM CIIOEM M TOCIEIHUM
BBIXOJIHBIM cjioeM. MHTepecyrolias Hac 00JIacTh BbIJICJICHA HA MPUBEIACHHON HUXKE
nuarpamme. K cBs3sM MeX 1y BXOAHBIM U CKPBITBIM CJIOSIMU MbI BEpHEMCSI TIO3XKE.
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owudka ysaa = ueaeboe 3HaveHue -
PAKPAUYECKOE IHAYEHUE

BxodHoii cKpbimblit.  Beca  BbixodHol
cAOU CAOU “ADL

T \ T

BxoduHbie cuzHaAb! BeixodHble cuzHaAbl

X / “ / \ o,

Boixodnbie cuzHaAb ckpbimbix y3aol
X

e, =1 -0

-

Mpg1 OyieM MOCTOSIHHO CChIIAThCS Ha 3Ty Juarpammy, 1a0bl B MPOIECCE BBIUYMCICHUM
He 3a0bITh O TOM, YTO B JICMCTBUTEIILHOCTH O3HAYaeT Kaxablii cuMBoJlL. [Ipex e Bcero,
3aMuilieM B SIBHOM BHUJE (YHKIMIO OMIMOKH, KOTOpas MpEeACTaBiIseT co00i cymmy
BO3BE/ICHHBIX B KBAJpaT PA3HOCTEH MEXKIY IIeJIEBbIM U (PAKTUYECKUM 3HAUCHUSIMHU,
r71€ CYMMHUPOBAHHE OCYIIECTBIISIETCS 110 BCEM N BBIXOAHBIM y3JIaM.

3/1ech MBI BCETO JIMIThH 3alUCaId, YTO HA CAMOM JIeJIe TIPEICTABIIAET CO00M (QyHKIIHS

_EE_ = ,.2_ E (T =0 F
3WJ;¢ awjk

omn6ku E.

MBI MOX€EM cpa3sy )K€ YIPOCTUTh 3TO BBIPAXKEHUE, 3AMETUB, UTO BBIXOIHOW CUTHA Oy
Ha y3JI¢ N 3aBUCUT JIMIIb OT CBA3€H, KOTOpPbIE C HUM coeauHeHsbl. s y3na K sro
O3HAYAET, YTO BBIXOJHOW CUTHAJI Ok 3aBUCHT JIUIIb OT BECOB W jk, TIOCKOJIBKY 3TH BECa
OTHOCSTCS K CBA34M, BEIyIIUM K y3iy K.

DTO MOXkHO paccMaTpUBATh €1IE U KAK TO, UTO BBIXOIHOM CUTHAII y371a K He 3aBUCUT OT
BECOB W jp, IIe b HE paBHO K, MOCKOJIBKY CBA3b MEXKIY STUMH y3J1aMU OTCYTCTBYET.
Bec w j, OTHOCHUTCS K CBsI3M, BEAyLIEH K BBIXOAHOMY y3i1y b, HO He K.

DTO 03HAYaEeT, UTO Mbl MOYKEM yAAIUTh U3 3TOM CYMMBbI BCE CUTHAJIbI Oy

KpOME TOrO, KOTOPBIM CBSI3aH C BECOM W jk, T.€. Ox. B pe3ynbpTare Mbl ITOJTHOCTBIO
n30aBIsIeMCsl OT CyMMHUPOBAHHSL.

OTO O3Ha4YaeT HEHY>XHOCTb CYMMHUPOBAHHMS 1O BCEM BBIXOJIHBIM Y3JIaM JUIS
HaxXOoXJAeHUs1 PyHKIMHU OMMOKU. MBI yXe BUACIH, YEM ITO OOBSICHSAETCA: TEM, UTO
BBIXOJIHOW CUTHAJ y3JIa 3aBUCHUT JIMIIb OT BEAYLIMX K HEMY CBSI3€M M MX BECOBBIX
K03 PUIIMEHTOB. DTOT MOMEHT YacTO OCTAETCS HEPACKPBITHIM BO MHOTHUX YUeOHUKAX,
KOTOPBIE MPOCTO MPUBOJAT BbIpaykeHUE sl PYHKIUU 0€3 KaKUX-TU00 MOSICHEHUH.
Kak Obl TO HU OBLJIO0, TENEPH MBI IMEEM 0O0JIEE TPOCTOE BHIPAIKEHUE!
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Ceiiuac Mbl HCIOJIB3yEM HEKOTOPBIE CpelicTBA AUPGEpEeHIIUATBHOTO UCYUCIICHHUS.
YneH ty — KOHCTaHTa ¥ IOATOMY HE U3MEHSETCS IPU U3MEHEHUU W jk, T.€. HE SIBJISIETCS
¢yHkuet w . bbputo Obl OueHb CTpaHHO, €ciau Obl UCTHHHBIE TPUMEPHI,
IIPEIOCTABISIOIINE LEJIEBbIE 3HAYEHUS, U3MEHSINCh B 3aBUCHMOCTH OT BECOBBIX
K03 unueHToB. B pe3ynbTare y Hac ocTaeTcs 4i€H Ok, KOTOPBIA, KaK MbI 3HaeM,
3aBHCUT OT W jk, TOCKOJIbKY BECOBBIE KO3(DPHUIIMEHTHI BIUAIOT HA PaCPOCTPAHEHUE B
IOpsIMOM HaIlpaBJI€HUU CUTHAJIOB, KOTOPBIE 3aTe€M MPEBPALIAIOTC B BBIXOJIHBIE
CUTHAJIBI O.

YtoOb1 pa3outh 3Ty 3anauy nuddepeHunpoBaHus Ha O0jee MPOCThIE YAaCTH, MBI
BOCIIOJIB3yeMCSl LENHBIM NpaBWiIoM (IpaBuwio IU(PEpeHLHPOBAHUSA  CIOXKHBIX

byHKLHI).

K . & 20
Bwj.k do, E‘wi;c

C mepBoil 4acThiO MBI CIIPABUMCS JIETKO, MTOCKOJIBKY JIJISi 3TOTO HYKHO BCETO JIUIIb
B3SITh IIPOCTYIO MTPOU3BOIHYIO OT KBaJipaTuyHOU (pyHKIMK. B pe3ynbrare nomyvyaem:

,,?LEM - ~2(t, -0, ) - ,%?L
ow,, ow.,
] I

Co BTOPOI YacThiO MPHUACTCS HEMHOT'O IMMOBO3UTHCS, HO U 3TO HE BBI3OBET OOJIBIITUX
3aTpyJAHEHUM. 371eCh Ok — 3TO BBIXOJHOW CUTHaN y37a K, KOTOphIM, MojgydaeTcs B
pe3ysbTare NPUMEHEHUSI CUTMOMJIbI K CUTHajaM, MOCTYIAOUIUM Ha JTaHHBIN y3ell.
J{ns GonpIieid SICHOCTH 3aIlMIIEM 3TO B SIBHOM BH/JIC:
JE
Sl PSR -2(t. -0,)

b"wjk Bw}. {

cuzmouda ( Z; W, - 0;)

31ech 0j — BBIXOAHOW CUTHAJ y3Jla MPEABIIYIIETr0 CKPBITOrO CJIOS, a HE BBIXOJHOU

CUTHAJI y3J1a MOCIEAHETO CIIOS.

Kak nponuddepennmpoBars curMmouay? Mbl MOTIIH OBl 3TO CAETIATH CAMOCTOSITENBHO,

MIPOBEIS CIOKHBIE U TPYIOEMKHE BBIYUCICHUS, OJHAKO 3Ta paboTa yke mpojenaHa

JIpyrumMu oMU, [103TOMY MBI IPOCTO BOCHOJB3YEMCS YK€ U3BECTHBIM OTBETOM,

KaK 3TO €KEJHEBHO JEJAal0T MaTEMATUKH 110 BCEMY MHUDY.

HudpepenurpoBanre HEKOTOPHIX QYHKIUI IPUBOIUT K BEIPAKEHUSIM CIOKHEUILIEro
,_a_, cuezmouda ( x ) = cuemouda ( x ) (1 - cuemouda ( x ) )

ox

BHUA. B CIIydac XK€ CUI'MOHN LI PE3YJIbTAT IIOJIYHACTCs OUCHDb
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IPOCTBIM. DTO OJHA U3 MPUYHUH LIMPOKOTO MPUMEHEHHSI CHTMOUIbI B KaueCTBE (PYHKIIUU
AKTHBALlMHA B HEUPOHHBIX CETSX.
Ilony4daem ciieyrolee BbIpaKeHUE:

oE

- -2(t, -0, ) cuzmouda ( I w0, ) (1 - cuzmouda ( I, w,-0,) ). j.. (Z;w, 0)
7 Y | f

i aw],h

= -2(t, -0, ) -cuzmouda ( X, w,- o0 ) (1 - cuzmouda ( £ w, - 0,))-0

A OTKyJa B3sUICS MOCHEAHUN COMHOXHUTENb? DTO pe3yiabTaT MPUMEHEHUS LIEITHOTO
npaBuiia K MPOU3BOJAHON CUTMOUJIBI, TTIOCKOJIbKY BBIPAXKEHUE O 3HAKOM (DYHKITHH
cuemouoa () Takxe T0HKHO ObITh mpoauddHEepeHITMPOBAHO 1O TEPEMEHHON W jk. DTO
JIeJIaeTCsl OYEHB MPOCTO U JIAET B PE3YNIbTATE 0;.

[Tpexxae ueM 3amucaTh OKOHYATEIbHBIA OTBET, N30aBUMCSI OT MHOXKHUTEIIS 2 B HaJase
BBIp@XEHHUs. MBI BIpaBe 3TO CJAeNaTh, IMOCKOJBKY HAac WHTEPECYET TOJIBKO
HarpaBjeHUe TpajueHTa (YHKIUU OMIMOKH, TaK YTO 3TOT MHOXXHUTEIb MOYHO
0€300J1e3HEHHO OTOPOCHTb.

OxoHYaTeNbHOE BBIPAKEHNE, KOTOPOE MBI OyI€M HCIIOIH30BaTh ISl K3MEHEHHUS Beca
W jk, BBITJISIUT TaK.

ity m oo —_—

B_E =-(t, -0,) cuzmouda ( L, w, 0 ) (3 - cuzmouda ( L, w,-0,)) - 0
| J
. [

OTO BBIPAKEHHE SBISETCS KIIOYOM K TPEHUPOBKE HEWPOHHBIX  CeTeH.
[Ipoananu3upyemM BKpAaTIIE 3TO BBIPAXKEHUE, OTJEIbHbIE YACTH KOTOPOTO BbIJCICHbI
uBeToM. IlepBast yacTb, ¢ KOTOPOIL BBI YK€ XOPOILIO 3HAKOMBI, — 3TO OLIMOKa (1es1eBoe
3HaueHHe MUHYC (¢akTtuyeckoe 3HadeHue). CyMmma, SBISAIOIIASACA apryMEHTOM
CUTMOU/IBI, — 3TO CUTHAJI, NOCTYNAOIIUI Ha y3€J1 BBIXOJHOI'O CJIOS, U VISl yIPOLICHUS
BUJAa BBIPAKEHUS Mbl MOIVIM Obl O0OO3HAUUTH 3TOT CUTHAN MPOCTO Kak ik. OH
BBICTYIIa€T B KayecTBE BXOJHOTO CHUTHaja y3na K 10 mnpumeHeHus (yHKIUU
aktuBanmu. llocmenHsiss 4acTh — 3TO BBIXOJHOM CUTHAI Yy3Ja j NPEIbLAYLIErO
CKPBITOTO CJI0s. PacCMOTpeHHe NOJIy4eHHOTO BBIPAKEHHSI HIMEHHO B TAKOM pakKypce
MO3BOJISIET JIyUII€ NOHATh CBSI3b (PU3NYECKON KapTUHBI IPOUCXOASIIEr0 C HAKIIOHOM
(YHKUIMU 1 B KOHEYHOM CUETE C YTOUHEHUEM BECOBBIX KO3(PPUIIMEHTOB.
BrelpaxkeHune mnpeaHa3HayeHO ISl YTOUYHEHHSI BECOBBIX KO3(P(QULMEHTOB CBA3EH
MEXAY CKPBITBIM M BBIXOJHBIM CIOAMH. MBI JOKHBI 3aBEPUINTH PAaOb0Ty U HAUTH
HAKJIOH aHAJIOTMYHONW (YHKIMM OWMOKUA s KOA((UIIMEHTOB CBSI3eH MEXIy
BXOJIHBIM U CKPBITBIM CIIOSIMH.

Mo>Ho ObI10 ObI BHOBb TPOM3BECTH MOJHOCTHIO BCE MaTEMaTHUECKHUE BBIKIIAAKH, HO
MBI He OyIeM 3TOTO JienaTh. MBI BOCIIOJIb3yeMCsl OMUCAHHOM TIepe1 ATUM (PU3ndecKoi
MHTEPHPETALNEN COCTABIISIFOIINX BBIPAKEHUS JJI1 IPOU3BOJHON U PEKOHCTPYHUPYEM
ero JUid HHTEPECYIOIIEro Hac HOBOro Habopa koapdummentos. [lpu stom
HEOOXOIMMO y4Y€CTh CIAEAYIOIINE U3MEHEHUS.
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* IlepBast yacTh BBIpaXK€HUs MJI1 NPOU3BOAHOM, KOTOpas paHee ObLIa
BBIXOJIHOM OIIUOKOM (11e71eBOe 3HAaUeHHE MUHYC (DaKTUUECKOE 3HAUYECHHE), Tereph
CTAHOBUTCS PEKOMOMHHMPOBAHHON BBIXOJHOW OLIMOKOM CKPBITBIX  Y3JIOB,
paccuuThIBAEMOM B COOTBETCTBUU C MEXAHHU3MOM OOPATHOTO PacHpOCTPaHEHUS
oLIMOOK, C UeM BbI yke 3HakoMbl. HazoBeMm ee e;.

* Bropas 4acTb BbIpa)KE€HHsI, BKIIOYAIOIIAsi CUTMOMY, OCTAETCS TOU XKe, HO
BBIp@XEHHUE C CYMMO, epeaBaeMoe (PyHKIIMU, TeTIepb OTHOCUTCS K MPEIbIIYIIUM
CJI0SIM, U TI0OTOMY CYMMHUPOBAaHHUE OCYLIECTBIIAETCS 10 BCEM BXOAHBIM CUTHaIaM
CKPBITOTO CJIOSI, CIVIA)KEHHBIM BECAMM CBSI3€M, BEAYIIMX K CKPBITOMY Y31y j. MBI
MOTJIM Obl HA3BaTh 3TY CyMMY Ij.

e [TocnenHsis 4acTh BBIpAKEHUS IPUOOPETAET CMBICI BBIXOIHBIX CUTHAJIOB 0;

Y3JI0B TIEPBOTO CJIOS, i B TAHHOM CJTy4ae 3TH CUTHAJIBI SBIISFOTCS BXOIHBIMHU.

Tem caMbIM HaM yIalioch U30€XkKaTh U3NUITHUX TPYAOCMKUX BBIUUCICHUH, B ITOJTHOU
MEpe BOCIIOJIb30BABIIUCh BCEMH IPEUMYIIECTBAMH CHMMETPUHU 3aJaddl IS
KOHCTPYHUPOBAHUS HOBOTO BBIPAYKEHHUS.

Wrak, BTOpasi 4acTh OKOHYATEILHOTO OTBETA, K TIOJYYEHHIO KOTOPOTO MBI CTPEMHUMCS
(rpaauieHT QYHKITMU OMIMOKH TI0 BECOBBIM KOd(DpUIiMeHTaM CBsI3ei MEXKy BXOTHBIM
U CKPBITBIM CJIOSIMH ), TPHOOPETACT CIEAYIOIIHIA BUI:

]

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

aw"
|

Ha panHOM »Tame HaMu TMOJIy4€Hbl BCE€ KIIIOYEBbIE MarmuecKue BBbIPaKEHUS,
HEOOXOMMBbIE JJIs1 BBIUKUCICHHSI HICKOMOTO IPaIn€HTa, KOTOPBII MBI UCTIOIB3YEeM IS
OOHOBJIEHUSI BECOBBIX KO3()PHUIIMEHTOB MO pe3yjbTaTaM OOYyUYEHHUS Ha KaKIOM
TPEHUPOBOYHOM MIPUMEPE, UEM MBI ceidac U 3aiiMeMCHl.

He 3a0piBaiilTe 0 TOM, 4YTO HampaBlieHHUE U3MEHEHHS KOA(DPUIIMEHTOB
IPOTUBOIOJIOXKHO HAPABICHUIO IPAIUEHTA, YTO HEOJTHOKPATHO JEMOHCTPUPOBAIOCH
Ha NpeAplaylux auarpammax. Kpome Toro, mMbl CrilaKMBaeM HHTEPECYIOIUE HAc
U3MEHEHUs MapaMeTpoB MOCPEACTBOM Kod(dduunenta o0yueHusi, KOTOPbI MOKHO
HACTpamBaTh C YYETOM OCOOEHHOCTEHW KOHKPETHOH 3amauu. C 3TUM MOAXOIOM MBI
TaKXKe YXe CTaJIKUBAINCh, KOTJIa MPU pa3padOTKe JIMHEUHBIX KJIACCU(PUKATOPOB MbI
UCTIOJIb30BAJIM €r0 JIJIs1 YMEHBIICHNUS HETaTUBHOTO BIIMSHUS HEYJaUHbIX IPUMEPOB Ha
3¢ (PEeKTUBHOCTh OOy4YEeHMs, a MPH MUHUMHU3ALUWU (PYHKIMH OLIMOKU — JJISl TOTO,
4TOOBI N30€XKaTh MOCTOSIHHBIX TIEPECKOKOB Yepe3 MUHUMYM. BbIpa3sum 3To Ha g3bIKe
MaTEeMaTHKH:

oE
HoBbil W, = cmappli wy - o ——

E}wjFc

OOHOBIIEHHBI BEC W jx — 3TO CTapblii BEC C y4E€TOM OTPHIATEIbHOW MOIpPaBKH,
BEJIMYMHA KOTOPOM MPONOPIMOHANIbHA MPOU3BOAHON (yHKIMK omnOku. [TonpaBka
3aMMcaHa co 3HAaKOM «MHUHYC», TOCKOJIBKY Mbl XOTHM, YTOOBI BEC YBEITMUUBAJICS TIPH
OTPULIATENILHON NPOU3BOJHON W yMEHBIIAICA MPHU MOJ0XKUTEIbHON. CHMBON @
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(asibha) — 3TO MHOXKUTEIb, CTVIAKUBAIOIINI BETUUUHY
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M3MEHEHUI BO M30€KaHHUEe MEPECKOKOB Yepe3 MUHUMYM. DTOT KO3(DPUIIMEHT 4acTo
Ha3bIBAIOT KOI(P(PUIIHEHTOM 00yUeHUSI.

JlanHoe BBIpaKeHUE MPUMEHSIETCS K BECOBBIM KOd(PUIIMEHTaM CBsI3€d HE TOJBKO
MEXAY CKPBITBIM U BBIXOJHBIM, HO U MEXIY BXOAHBIM U CKPBITBIM CIOSIMU. DTH /1B
cllydasi pa3jinyaroTcsl TpajueHTaMd (PYHKIMHM OLIMOKH, BBIPAXEHHS IJI KOTOPBIX
IIPUBOJIMIIUCH BBIIIIE.

[TocmoTpuM, Kak OyayT BBHITJISAETH T€ K€ BBIYMCICHUS B MATPUYHOM 3amucu. s
ATOrO CHEJAEM TO, YTO YXKE JeJIajJy PaHblle, — 3alUllIeM, YTO COOOM MPEACTABIISIET
KaXbI 2JIEMEHT MaTPHUILIbI U3MEHEHHUI BECOB.

f-\l aw, , Aw, ., Aw,, .. s\ / G f‘,,:‘

| aw,, Aw,, Aw,, .. | E,*s,(2-5) | i \
| ) - . ? — 1 " ( o: On o . )
Aw, , Aw Aw, / E.,*S, (1-5) '}

2.3

T IHAYEHUA U3

npedbidywezo cADS

SHAYEHUR U3 ras&:_;m-.qez»ﬂ CADH
Koadpdunuent odydenus o omnyIieH, HOCKOJIbKY 3TO BCErO JIMIIb KOHCTaHTa, KOTOpas
HUKAK HE BJIMIET Ha TO, KAK Mbl OPTaHU3YEM MaTPUYHOE YMHOKEHHUE.
Matpuiia M3MEHEHHMII BECOB COAEPKUT 3HAYEHHUS IONPABOK K BECOBBIM
Kod(ppULIMEHTaM W ji JIJISl CBSI3EH MEXTy Y3JIOM j OJTHOTO CJI0s1 U y3710M K ciienyroiiero
cios. Bel BUauTE, YTO B MEPBOM 4YAaCTU BBIPAXKEHHUs CIpaBa OT 3HAKA PABEHCTBA
UCIIOJIB3YIOTCSl 3HaueHus u3 cuenyromiero cios (ysen K) , a Bo BTOpoil — wu3
npeabIayero cios (y3edn j).
Bo3moxkHO, TiAI8 Ha TOpUBEACHHYIO Bbllle (OpMyTy, Bbl 3aMETHIIH, YTO
TrOpU30OHTAJbHAs ~ MaTpHIla, MpEJCTaBIeHHAas  OJHOM  CTPOKOW, —  3TO
TPaHCIIOHMPOBAHHAS MAaTPHUIA CUTHAJIOB 0j HA BBIXOJIE MPEIBIYIIETO CIIOS.
[[BeToBOE BBIJIEIEHUE DJIEMEHTOB MATPHUIl IIOMOXKET BaM IMOHATh, YTO CKAaJSPHOE
MIPOU3BEICHUE MATPUIl OTJIIMYHO pabOTAaeT U B 3TOM Cllydae.
Hcnonb3ysi CUMBOJIIMUECKYIO 3alIMCh MAaTpPUL, Mbl MOXKEM MPUBECTH 3Ty (HOPMYITYy K
CIIEIyIOEMY BUAY, XOPOIIO IPUCIOCOOJIEHHOMY /JIsi peal3aluy B MIPOrpaMMHOM
KOJI€ Ha sI3bIKe, o0ecneunBaoneM 3pPeKTuBHY0 padoTy ¢ MaTpHUIIAMHU.

.{ o |
| l
AW = &« » E, » 0(2-0) + oOrf |

/ ]
|

L -

DaKTUUYECKHU 3TO BBIPAKEHUE COBCEM HE CII0KHOE. CUTMOUIBI UCUYE3NIH U3 MOJIA
3pE€HUs, MOCKOIbKY OHM CKPBITHI B MAaTPHUIIAX BBIXOIHBIX CUTHAJIOB Ok Y3JI0B.
Pe3iome

» Ommobka HEUPOHHOM CeTH ABJISIETCS (DYHKITMEH BECOB BHYTPEHHUX CBSI3CH.

* VYiyuiieHre HEMPOHHOW CETH 0O3HAYaeT YMEHBIIIEHHUE STON OINOKU
MOCPEACTBOM U3MEHEHHUS YKA3aHHBIX BECOB.
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* HenocpeactBeHHblii 1moaOOp MOAXOISIIMX BECOB HATAJIKMBAETCS Ha
3HAYUTEIbHBIE TPYIHOCTH. AJBTEPHATUBHBIN MOAXO0/ 3aKIOYAETCS B UTEPATUBHOM
VIIYYIIEHUH BECOBBIX KOA((PHUIIMEHTOB MyTeM YMEHbIIECHUS (PYHKIUU OLIUOKU
HeOonbmuMu 1maramu. Kaxxaplid mar coBepliaeTcs B HAIPABJICHUU CKOPEHIIETO
CIyCKa M3 TEKyLIeH Mo3uluu. DTOT NOAXO0 ] Ha3bIBAECTCS TPAJAUEHTHBIM CITyCKOM.

* ['pagueHT OmMOKKM MOXHO 0€3 O0COOBIX TPYIHOCTEH pacCcUUTaTh,
UCHOJb3Ys 1udepeHalibHOe HCUUCIIEHUE.

IIpakTnyeckune 3a1aHus

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

1. Ha6op pykonucHbix tupp MNIST

Pacno3naBanue TEKCTa, HAMHMCAHHOTO OT PYKH, — 3TO HACTOSIIUK BBI3OB IS
WCIIBITAHUSI BO3MOXKHOCTEN MCKYCCTBEHHOTO MHTEJUIEKTA, MOCKOJBKY 3Ta mpoodiema
JICUCTBUTENBHO TPYAHA U pa3MbiTa. OHA HE CTOJIb SICHAS U YETKO OMpEJICIICHHAs1, KaK
MEPEMHOKEHHUE OJTHOTO MHOKECTBA YHUCEN Ha APYToe.

KoppexTHas knaccudukanus coiepKuMoro n300paxeHuil ¢ MoMOIIbI0 KOMITbIOTEPA,
KOTOPYK0 4acTO Ha3blBAalOT paclmo3HaBaHWeM 00pa3oB, JIECATUIETUSMHU
BBIJICP)KMBAJIa aTaKW, HAIPABJIEHHBIE HA €€ pa3pelleHue. B nociennee BpeMs B 3TOU
oOnacTu HaOmOMaeTcs 3HAYUTENbHBIA MPOrpecc, H PeHalollyl0 pojib B
HaMETUBILIEMCSI IPOPBIBE ChITPAJIM TEXHOJIOTUU HEUPOHHBIX CETEN.

O tpyaHocT TIpOOIEeMBbI MOKHO CYJIUTh XOTS OBI 1O TOMY, YTO JA)€ MBI, JIFOJIH,
WHOTJIa HE MOYKEM JOTOBOPUTHCS MEXAY CO00M O TOM, KAKO€ UMEHHO M300pakeHHE
Mbl BUJIUM. B 4acTHOCTH, mpeaMEeTOM CIOpa MOXKET MOCIYKUTh W HANUCAHHAA
HEpa300pYMBBIM OYEPKOM OYKBa.

CymiecTByeT KOJUIEKUHMSA H300paXEHHM pPYKONUCHBIX 1U(p, HCHOIb3YEMbIX
UCCIIeIOBATES MU UCKYCCTBEHHOT'O MHTEJIJIEKTA B KaU€CTBE MOIYJISIPHOTO Habopa Jist
TECTUPOBAHUS UJIEN U aITOPUTMOB.

OTUM TeCTOBBIM HAOOPOM sIBJIIETCS 0a3a TaHHBIX PYKOMUCHBIX UG MOJI Ha3BaHUEM
«MNIST», nmpenocraBisiemMasi aBTOPUTETHBIM HCCIIEOBATEIEM HEHPOHHBIX CETEH
Anom  Jlekynom i OecIuiaTHOTO — BCEOONIEro  JOCTyma 1O ajpecy
http://vann.lecun.com/exdb/mnist/. Tam e Bbl HaWgeTe CBEIACHUS OTHOCHUTEIHLHO
YCIEIIHOCTU MPEKHUX U HBIHEIIHUX MOMBITOK KOPPEKTHOIO PACHO3HABAHUS 3THUX
PYKOIMCHBIX CUMBOJIOB.

®opmar 6a3bl gaHHBIX MNIST He OTHOCHTCS K 4YHUCITY Te€X, C KOTOPBIMH JIETKO
paboTaTk, HO, K CYACTBIO, APYTHE CIICIIUATTUCTHI CO3/IaTH COOTBETCTBYIONNE (haliiIbl B
oonee mpoctoM gopmarte (cM., Harpumep, http://pjreddie.com/projects/mnist-in-csv/).
910 Tak Ha3zbiBaeMmble CSV(haiinbl, B KOTOPBIX OT/EIbHbIE 3HAUEHUS! NPEICTABIIAIOT
coO0OM OOBIUHBIA TEKCT W pa3feieHbl 3amaTbiMu. VX comaepXumMoe MOXKHO JIETKO
MpoCMaTpPUBaTh B JIIOOOM TEKCTOBOM PEIAKTOPE, U OOJBIIMHCTBO 3JICKTPOHHBIX
TaOJIMI] UM TIPOTPAMM,
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http://pjreddie.com/projects/mnist-in-csv/)
http://yann.lecun.com/exdb/mnist/

Habop

Ha ykazanHOM caiTe nIpeaoCTaBIICHbI
(http://www.pjreddie.com/media/files/mnist_train.csv);

dbopmar.

(V)

JIOBOJILHO ~ YHUBEPCAIbHBIN
cieayroue aBa (aiina:

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

()

¢ TCCTOBBIU

Habop

(http://www.pjreddie.com/media/files/mnist_test.csv).
TpennpoBounsiii Habop coxepxut 60 000 npomMapKHpPOBAaHHBIX HK3EMILIAPOB,

Cnoso

()

()

HCIIOJIB3YCMBIX JIA TODCHUPOBKHW HCUPOHHOU CCTHU.

yKa3zaH

JK3CMILIApa

KaxxJ01ro

JIIsA

qTo

O3Ha4acT,
COOTBCTCTBYIOIIMH ITPABUJIBHBIN OTBCT.

KIIPOMAPKHUPOBAHHBIC)

(V)

qTO0 C TCCTOBBIMHU JaHHBIMH HCHUPOHHAA CCTb PAHCC HC

CTaJIKuBanach. B IMPOTUBHOM CJIy4ac MOKHO OBIL10 OBl CXUTPHUTH U IIPOCTO 3alIOMHHUTD

o

(V)

34I'py’KCHHOI'O B TCKCTOBBIU PCAAKTODP.

JAaTh IIPpaBUJIbHBIN OTBCT.
TPCHHUPOBOYHLIX MW TCCTOBLIX IAAaHHBLIX PpacCHIpoCTpaHCHa CpEau CICHHUAIMCTOB II0

KOPPEKTHBIE MapKephl, TO3BOJISIONINE YBUIETh, CIIOCOOHA JIM Hallla HEHPOHHAS CETh
Hcnonp30BaHre HE3aBUCUMBIX JIPYT OT Apyra HaOOpPOB TPEHUPOBOUYHBIX U TECTOBBIX
TPEHUPOBOYHBIE JaHHBIE, YTOOBI MOJYYUTh HanbOomblue Oamnsl. Vnes pasaeneHus
MalIMHHOMY 00YYEHHUIO.

[Tpucmotpumces k 3tum (paitnam. Huxe nokaszana yacts TectoBoro Habopa MNIST,

Menbinii TecToBbIi Ha0Op, BKItouaronmii 10 000 sk3eMIUIsIpOB, HCHOJIB3YETCS IS
MPOBEPKH TMPABWILHOCTU PabOThl WaAed uiau anropuT™MoB. OH TaKkKe COACPKUT

JAHHBIX TapaHTUPYET,

1
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http://www.pjreddie.com/media/files/mnist_test.csv)
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pasaCiICHHBIC 3aIlsATBIMU. OTO JETrKO MOKHO YBUACTD. TekcToBbIC CTPOKHM TaKHue
JJIMHHBIC, IIOTOMY 4TO KaXKAasa N3 HUX 3aHUMACT HCCKOJIBKO CTPOK Ha 9KpPaHC.
COI[Cp}KI/IMOG OTHUX SaHHCGﬁ, T.C. CTPOK TCKCTA, JICTKO IIOHATD.

* [IlepBoe 3HaueHUE — 3TO MapKep, T.e. (hakTHUECcKass LUPpa, HaTpUMep «7»
Wik «9» , KOTOPYIO JTOJDKEH MPEACTABIIATh JAHHBIM PYKOMUCHBIA SK3EMIUISApP. DTO
OTBET, MPABUIILHOMY MOJIYUYEHUIO KOTOPOTO JIOJKHA 00YUYUTHCS HEHPOHHASI CETh.

* ITlocnepyromue 3HaAYEHHUs, pa3[eiCHHbIC 3aMSATBIMU, — OSTO 3HAYCHUS
nukcener pykonucHod nudpsel. [lukceapHbIM MaccUB UMeeT pa3MepHOCTh 28x28,
MO3TOMY 3a KaKJIbIM MapKepoOM CIEAYIOT 784 MUKCesl.

Taxum oOpa3omM, nepsas 3anuch npejacTaBisier Ludpy «7» , 0 4eM rOBOPUT MEPBOE
3HAYEHUE, TOT/a KaK OCTaJbHAas 4acTh TEKCTa B 3TOM CTPOKE — 3TO IHUKCEIBHBIE
3HAYEHUs HAMKMCAHHOW KEM-TO OT PYKHU IU(psl «7» . Bropas cTpoka mpeacTaBiisieT
PYKOTIHCHYIO TTU(DPY «2» , TpeThs — Udpy «4» , uerBepTas — uudpy « 1» u msras —
mudpy «9» . Moxere BeIOpath J100yt0 cTpoky u3 (aitnmoB manasix MNIST, u ee
MEPBOE YMCIIO YKAKET BaM MapKep IS MOCIEAYIOIIUX JaHHBIX H300paXKeHusl.
OpHako yBUIETh, KAKUM OOpa3oM JJIMHHBIN CIUCOK M3 784 3HaueHuil popMHUpYyeT
n300paxeHrne pyKonucHou mudpsl «7» , HE TaK-TO MPOCTO. MBI JOJKHBI BHIBECTH B
rpajuueckoM Buae 3TU LUGPHl U yOEIUTbCS B TOM, YTO OHM JE€HCTBUTEIHHO
MPEICTABIIAIOT IBETA MUKCENIEH PYKOMUCHON IU(PBHI.

[Tpexxne yem yriyOUTbCSI B paCCMOTPEHHE A€Tajlel U MPUCTYNUTh K HAIIMCAHUIO KO/,
3arpy3uM HEOOJIBIIIOE TMOJMHOXKECTBO HaOOpa NaHHBIX, CcCoJepKamuxcs B 0ase
MNIST. ®aiinst nanapix MNIST nMeroT odeHb 60JIbIION pa3Mep, TOr1a Kak paboTaTh
Cc HEOONBIIMMH HAa0OpaMH 3HAYUTEIBHO YAOOHEEe, MOCKOJBKY 3TO IMO3BOJIUT HaM
AKCMEPUMEHTHUPOBATh, pPa3pabaThiBaTh W HCHBITHIBATH CBOM KON, YTO ObUIO OBI
3aTPyIHUTEIBHO B Clly4ae [UIMTENbHBIX pacyeToB H3-3a OOJbIIOr0 00bema
oOpabarbiBaeMbIx JaHHbIX. Korga Mbl oTpaboTaemM anropuT™, MOXKHO Oyjaer
BEPHYTHCS K MOJIHOMY HaOOPY JaHHBIX.

[Ipexxne yeM C 3TUMH JaHHBIMA MOXHO OyAeT 4To-TubO caenarb, Hampumep,
MOCTPOUTh I'pa@uK WIK OOYyYUTh C MX MOMOUIBI0O HEHMPOHHYIO CE€Th, HEOOXOIUMO
o0ecreyuTh A0CTYN K HUM U3 KoJia Ha si3bike Python.

OTtkpeiTHE (HaliI0B U IOTYYEHHE UX coepkuMoro B Python He cocTaBisieT 60b110T0
Tpyna. Jlydme Bcero mokasaTh, Kak 3TO JEJAETCS, HAa KOHKPETHOM IIpUMEpE.
B3ristnute Ha ciieqyonmn Ko/,

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

3n1ech BCero Tpu CTpOoKH kojaa. OOCyIMM KaKIyl0 U3 HUX MO oTaenbHocTH. [lepas
CTpOKa OTKphIBaeT ¢aiii ¢ nomoubio pyHkuuu open (). Bol BunuTe,

4TO B Ka4eCTBE IIEPBOI0 U3 MapaMeTpoB el nepenaercs uMms Qaita. Ha camom nene
3TO HE mpocTo uMms ¢aina, a myTh JocTyna K Hemy. Bropoit mnapametp
HeoOs3aTeNbHBIN U coolmaeT Python, kak Mbl Xx0THM paboTtath ¢ aitiom. byksa

«» 03HAYAET, YTO MBI XOTHM OTKPBITH (hailsl TONBKO AJIS YTEHUS, a HE 7S 3arucu. Tem
caMbIM MBI ITPEIOTBpAIIaeM JIF000€ HEMPETHAMEPEHHOE U3MEHEHHE UITU
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yaanenue ¢aina. Eciu Mbl monbITaeMcs OCYLIECTBUThH 3alUCh B ATOT (ailia Wi
U3MEHUTH ero, Python He mo3BoauT 3TOrO CAENATh M BBHIAACT OMMOKY. A 9TO 3TO 3a
nepeMenHas data_file? ®ynkuus open () cosmaer aeckpunTop (ykasarelb),
UTPAIOIIMA  POJIb CCBUIKM Ha OTKpbIBaeMbld (aiijl, U Mbl MPUCBAUBAEM €TO
nepeMenHoi data file. Korma ¢aiin oTKpsIT, JIF0ObIE MOCIEIYIONINUE ICUCTBUS C HUM,
HaIMpUMEDP, YTEHUE, OCYIIECTBIIAIOTCS Yepe3 ITOT IECKPUIITOP.

Cnenyromast cTtpoka mpome. Mbl wucnoiasdyeM ¢yHknuo —readlines (),
aCCOIMMPOBAaHHYIO C jaeckpunTopom aiina data file, mnms uyTeHus BceX CTPOK
coaepxkumoro ¢aiina B nepemennyto data list. OTa nmepemeHHasi COIEPKUT CIUCOK,
KaXXJIbIH JIEMEHT KOTOPOTO SBJISIETCS CTPOKOM, MPEICTaBIISIIONIEH CTPOKY (aitina. ITo
OYEHb yJI00HO, TOCKOJIBKY MBI MOKEM NEPEXOAUTH K JII000H cTpoke (haiiya Tak ke,
KaK K KOHKPETHBIM 3anucsm B criucke. Takum oOpaszom, data list[0]

— 3TO MepBas 3anuchk, a data list [9] — necsatas u T.11.

['opazno s dexTrBHEE pabOTATh MOOUEPENIHO C KAKIOM CTPOKOM, a HE CUMTHIBATH B
namsaTh Bech (ain menukoM. OpHako Ham (ailibl HEBEIMKH, W HMCIOJNIb30BAHHE
¢ynkuuu readlines () 3HaUUTENBHO YNPOILIAET KO, a Il HAC IPOCTOTA U SICHOCTh Ha
JTAHHOM JTare O4YeHb BaXKHBI.

[locnenusas ctpoka 3akpbiBaeT (aitn. CuuTaeTcsi XOpollel MPaKTUKON 3aKpbIBaTh
daiinel U apyrue pecypebl MOCIEe WX HCIONb30BaHMA. Eciu ke OCTaBIsATh HMX
OTKPBITBIMH, TO 3TO MOXXET TMPUBOAWTH K BO3HHUKHOBEHHIO MpoOieM. Hekoropeie
POrpaMMbl MOTYT OTKA3bIBATHCSl OCYIIECTBIISITh 3aITUCh B (Pailsl, OTKPBITHINA B APYTOM
MeCTe, €CIU OSTO MPHUBOJAUT K HECOTIAaCOBAHHOCTU. B MpOTHMBHOM ciydae 3TO
HAallOMUHANIO OBl CHUTYyallMi0, KOTJa JBa YEJIOBEKAa MBITAIOTCS OJHOBPEMEHHO
3aMKChIBaTh pa3HbIe TEKCTHI HA OJTHOM U TOM e JUCcTe Oymaru. MlHOT1a KOMITbIOTEP
MOXXET 3a0JoKHMpoBaTh (aiin Bo u30ekaHHWE TaKoro poja KOHGIMKTOB. Eciu He
OCTaBUThH 3a COOOM MOPAJIOK IMOCJIE TOro, KaKk HEOOXOJWMOCTh B HCIIOJIb30BaHUH
daiina yxe oTnana, y BaC MOKET HAKOMUTLCS MHOTO 3a0JIOKMPOBaHHBIX (aiiios. [1o
KpailHeld Mepe, 3akpbiB (aili, Bbl MPEAOCTABUTE KOMIBIOTEPY BO3MOKHOCTh
OCBOOOJHTH MAMSTh, 3aHUMACMYIO YK€ HCHY)KHBIMU JTAHHBIMU.

CozmaiiTe HOBBIM MyCTOM OJOKHOT, BBIMIOJIHUTE MPEICTABICHHBIM HUXKE KOJI H
MOCMOTPHUTE, YTO MMPOU30UIET, €CIH MOMBITATHCS BHIBECTH JIIEMEHTHI CITUCKA.

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

Inf12]: M  len{data_list)

o
m
2

[12]: &oooo

Inf13]: M data_list[o]

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

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

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
...................................................................
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
...................................................
..........................................
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

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

Bl Buaute, uto nnuHa cnucka paBHa 6000. @ynkuus Python len() cooOmiaer o
pa3mepe cnucka. Bel Takke MOKeTe BUAETh COAEPKUMOE IEPBO
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3anucu, data_list[0]. [lepBoe umcio, 5, — 3T0 Mapkep, Torjaa Kak octaiabHble 784 yucia
— 3TO UBETOBbIE KOJABI MUKCEJEH, U3 KOTOPBIX COCTOMT H300paxeHue. Eciu Bbl
BHUMATEJIbHO MNPUCMOTPUTECh, TO 3aMETUTE, YTO WX 3HAYCHUS HE BBIXOAAT 3a
npenensl auanazoHa 0 go 255. Bel MoxeTe B3IVIAHYTh Ha APYTHE 3aIllUCH, YTOOBI
IPOBEPUTD, BBIIIOJIHAETCS JIM ITO YCIOBUE U JUIs HUX. Bbl yOenurecs B TOM, YTO Tak
OHO M €CTh: 3HaYEHMsI KOJIOB BCEX LIBETOB MOMNAAat0T B 1uana3oH uucen ot 0 go 255.
Panee npuBoauincs npumep rpaduueckoro oToOpaxeHus: NpIMOYTroJIbHOT0 MaccuBa
yucell ¢ ucnosyibzoBanueM GyHkiuu imshow (). To e camoe Mbl XOTUM C/IeJIaTh U B
JAHHOM cCJly4ae, HO i1 3TOr0 HaM HYXHO IpeoOpa3oBaTh CIHCOK 4YHCEl,
pa3feNieHHBbIX 3alAThIMM, B TMOAXOAAIIMH MaccHUB. OTO MOXHO CJAelaTh B
COOTBETCTBUM CO CIICIYIOLIECH MTPOLIEAYPOI:

* pa30UTh JUIMHHYIO TEKCTOBYIO CTPOKY 3HAUEHUH, pa3/IeJICHHbIX 3aIAThIMHU,
Ha OT/EJIbHBIE 3HAUEHUS, UCII0JIb3Ysl CUMBOJI 3aIISITOM B KAUECTBE Pa3/IeIInTENs;

* IIPOUTHOPUPOBATH IMEPBOE 3HAUEHHUE, SABIISAIOIICECS MapKepOM, H3BJIEYb
ocrtapiuecs 28*28=784 3HaueHus u npeoOpazoBaTh UX B MACCUB, COCTOSIIMMA U3 28
CTPOK U 28 CTOOII0B;

* 0TOOpa3UTh MACCHUB.

W BHOBB, MpoIIIe BCETO MOKa3aTh COOTBETCTBYIONINH MPOCTOM Ko Ha Python u yxe

MIOCJIC ATOTO MOJPOOHO PACCMOTPETh, YTO B HEM MPOUCXOTHUT.

[Ipexkme Bcero, MBI HE JOJDKHBI 3a0bIBaTh O HEOOXOJMMOCTH HMMIIOPTHPOBATH

oubnuoreku pacmmperuit Python mist paboTel ¢ MaccuBamMu 1 rpaduKo.

[TocmoTtpuTe Ha ciemytomme Tpu CTPoku kojia. [lepeMeHHbIe OKpaIeHbl pa3InuYHbBIMU
M import numpy

import matplotlib.pyplot
%ematplotlib inline

OBCTaMH TaKUM O6p8.30M, YTOOBI OBLIO IMOHATHO, TAC U KAKUC HJAaHHBIC UCIIOJIb3YIOTCA.

B nepBoil crpoke nnuHHas nepsas 3anuch data list[0 ], KOTOpy¥O MbI TOJBKO YTO
BBIBOJIMIIH, Pa30MBacTCs Ha OT/ENbHBIC 3HAYCHHUS C HCIOJIB30BAHUEM 3aIsiTOW B
KauecTBE pasJeNuTeNia. ITO JenaeTcs ¢ nmomoinbio ¢yHkuuu split (), mapametp
KOTOPOM OMpeJessieT CUMBOJI-pa3ieiuTelb. Pe3ynbraT nomMenaercst B IepeMEeHHYIO
all values. MoeTe BbIBECTH 3TH 3HAYEHUSI HA DKpaH U yOEIUTHCS B TOM, YTO 3Ta
nepeMeHHas IEHCTBUTENLHO COACPKUT HYKHbIC 3HAYEHUS B BUJIE TTMHHOTO CITMCKA
Python.

Crnenyromasi CTpoka Kofa BBITJIAIUT 4yTh OOJiee CJOXKHOM, MOCKOJIbKY B HEH
MIPOUCXOJIUT Cpa3y HECKOJIbKO Bemie. HauneM ¢ cepenuHbl. 3anuch Crucka B BUC
all values [1: ] yka3bIBaeT Ha TO, YTO OEPYTCS BCE AIEMEHTHI CITUCKA 33 HCKIIOYECHUEM
nepBoro. TeM caMbIM MBI HTHOPUPYEM MEPBOE 3HAYEHUE, UTPAOIIIEE POJIb MapKepa, U
OepeM JIMIIb ocTajabHbIe 784 31eMeHTa,
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numpy.asfarray() — 3To ¢yHkIus 6UOIMOTEKH numpy, Mpeodpaszyroiias TEKCTOBBIC
CTPOKH B peaJIbHbIE YKCIIa U CO3/1al0llasi MacCUB 3TUX unces. Ho mouemy TekcToBbIe
CTpoKHu mpeoOpasyrorcss B uucia? Ecnu ¢aiin Obul mpouuTaH Kak TEKCTOBBIM, TO
KaXJas CTpOoKa WJIM 3allUCh BCE €IIE OCTaeTcsl TeKCTOM. l3BnedyeHune wu3 HUX
OTJEJIbHBIX 3JIEMEHTOB, Pa3/IeJICHHbIX 3aIIATHIMU, TAKXKE AAE€T TEKCTOBBIE 3JIEMEHTBI.
Hanpumep, 3TuM TEKCTOM MOTJIH OBl OBITH CJI0Ba « apple» ,

«orange123» uim «567» . TekcroBas cTpoka «567» —3TO HE TO K€ CaMO€, YTO YHUCIIO
567. IMEHHO MOATOMY MBI JOJHKHBI IPE0OPa30BbIBATh TEKCTOBBIE CTPOKU B YHUCIA,
JaXKe €CJIM 3TU CTPOKU BBINIIAAT Kak uucina. [locnenHuil pparMeHT MHCTPYKLIUU
— .reshape ((28,28)) — rapantupyer, 4yTo CHUCOK Oyner chHOpMHUpPOBAH B BHJIE
KBaJpaTHOM MaTpuubl pazMepoM 28x28. Pe3ynbTHpPYIOIIMI MAacCHB TaKOW Ke
pa3MepHOCTH MOJy4YaeT Ha3BaHUE image array.

Tpetbst cTpoka NpocTO BHIBOAUT HA HKPaH MAacCUB image _array ¢ moMoIIblo GyHKIHUN
imshow (), aHaJTIOTMYHO TOMY, C YEM BBI YKe CTAIKUBAINCH. Ha 3TOT pa3 Mbl BeIOpain
[[BETOBYIO MAJIUTPY OTTEHKOB CEPOro ¢ MOMOIIbI0 mapamerpa cmap = ' Greys' mis
Jy4lIed pa3INuMMOCTH PYKOIIMCHBIX CHMBOJIOB.

Pesynbrar paboThl K01 IPEICTABICH HUXKE.

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

Out[18]: <matplotlib.image. Axesimage at ox23a4agci3gqo>

0
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Brel Bunute rpaduyeckoe nzoopakeHue mupel «5» , Ha 4TO M yKa3bIBall Mapkep.
Ecnau mb1 BBIOEpeM ciienyromnyro 3anuch, data list [1] ¢ mapkepom 0, TO moaydum
IIOKAa3aHHOC HUXKE I/I306pa}KCHI/Ie.
In[agl: M all_values = data_list[1].5plit(",")
image_array = numpy.asfarray(all_valves[1:]).reshape((28,28))
matplotlib.pyplot.imshow(image_array, cmap='Greys’, interpolation="Ncns

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

2. IlloaroroBka TpeHupPoBOYHBLIX AaHHBLIX MNIST

Korma mMbI yke 3HaeM, Kak moiay4duTh nannbie u3 (aitioB MNIST u u3Bneus u3 HUX
HY>KHBI€ 3aMUCH, Mbl MOKEM BOCIIOJIB30BATHCS ATUM JUIsl BU3YAJIU3allMU JAHHBIX. Mbl
XOTHM UCIOJIB30BATh 3TH IAHHBIE JIJIs1 00yUEHUs HAIlle HEHPOHHOMN CeTH, HO CHavasa
MBI JIOJDKHBI IPOyMaTh, KaK UX CIEIYET MOArOTOBUTH, MPEXKIAEC YEM MPEIOCTABIISITh
CEeTH.

Bbl yxe Bujienu, 4To HEHPOHHBIE CETH PabOTalOT Jydllle, €CIM KaK BXOJIHbIC, TaK U
BBIXOJIHBIE JITAHHBIE KOH(PUTYPUPYIOTCS TaKUM 00pa3oM, YTOObI OHU OCTABAIHCH B
Jara3oHe 3HAYEHUW, ONMTHUMAaIbHOM JJid (YHKIUH aKTUBAIMU Y3J0B HEUPOHHOMU
CeTH.

ITepBoe, 4TO MBI JOJDKHBI CAEIATh, — 3TO MEPEBECTH 3HAYEHUS 1IBETOBBIX KOJIOB U3
Oonbliero auamna3oHa 3HadueHuii 0-255 B HaMHOIO MEHBIIHIH, OXBaThIBAIOIIMI
sHadeHus ot 0,01 go 1,0. Me1r HamepenHo BeiOpanu 3HaueHue 0,01 B kauecTBe HIDKHEH
TPaHUIIBI JMana3oHa, 4ToObl M30eXaTh YIOMSHYTHIX paHee MpoOJieM C HYJIEBBIMH
BXOJIHBIMH 3HAYCHUSIMH, TOCKOJBKY OHH MOTYT WCKYCCTBEHHO OJIOKHPOBATh
oOHoBiieHne BecoB. Ham HeoOs3artensHo BbIOMpaTh 3HaueHwe 0,99 B kadecTBe
BEpXHEU TPaHUIBl JIOMyCTUMOIO JUara3oHa, MOCKOJIbKY HET HYXIbl H30eraThb
3HaueHud 1,0 a1 BXOJHBIX CUTHANOB. JIMINIb BBIXOJAHBIE CHUTHAJIBI HE MOTYT
npeBblaTh 3HaueHue 1,0.

JleneHue UCXOHBIX BXOIHBIX 3HAUCHUM, U3MEHSIOIMXCS B Auamna3one 0- 255, na 255
npuBeneT ux K auanaszony 0-1,0. Ilocnmenyromiee yMHOXEHHME 3THUX 3HAUYCHUW Ha
koapunment 0,99 npusener ux k auanazony 0,0-0,99. /lanee Mbpl HHKpEMEHTUPYEM
nx Ha 0,01, uTOOBI BMECTUTH UX B »kejlaeMblii quana3oH 0,01- 1,0. Bee atu neiicTBus
peanu3yeT cleayromui koa Ha s3bike Python.

In[z£l: M | #npusecmu exodHeie 3HAYEKUA K duanazoHy 0,01 - 1,00
scaled_input = (numpy.asfarray(all_values[1:]) | 255.0 * 0.9g) + 0.01
print(scaled_input)

Lo R o B o R o o o Mo R+ o A s

001 001 001 001 001 001

001 ©001 001 001 001 001

001 ©001 001 001 001 001

0.01 0.208 062729412 0.99223529 0.62729412 0.20411765
00l 001 001 001 001 001

001 001 001 001 001 001

001 001 001 001 001 001

0.01 001 001 0.01 0196352040934

0.958835204 0.98830294 0.08835294 0.93011765 0,01 0.01

00l 001 001 001 001 001

00l 001 001 001 001 001

00l 001 001 001 001 001

0.01  ©0.21664706 0.85129412 0.99223529 0.98835294 0.93788235
0.91458824 0.9858352594 0.23129412 0.03320412 0.01  0.01

001 ©001 001 001 001 001

001 ©001 001 001 001 001

0.01 001 001 0.043823530.24294118 0 87954706
0.98835294 0.95223529 0.98835294 079423529 0.33611765 0.98835294
0.09223529 0.483647060.01 001 001 0.01

PesynbTupyromuii - BIBOA JAHHBIX IOJTBEPXKJIAeT, YTO OHHU JICUCTBUTEIHLHO
MpUHAJIeXKAT K nuana3ony 3HadeHui ot 0,01 mo 1,00.
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Wtak, MbI ocymiecTBuIM NoArotoBkKy AaHHbIX MNIST mytem ux macmrabupoBaHus U
CABUTa U TENEPh MOYKEM IIOJIABATh UX HA BXOJ HAILIE HEHPOHHOM CETH KaK C LIEJIBIO €€
TPEHUPOBKH, TaK U C LEIBIO OMpOca.

Ha sTom aTane HaMm Takke HyKHO IIPOYyMaTh, 4YTO JENaTh C BBIXOAHBIMHU 3HAYEHUAMU
HEWPOHHOM ceTH. PaHee BbI BUIIEIH, YTO BBIXOAHBIE 3HAUEHUS TOJKHBI YKIIAbIBATHCS
B IMara3oH 3HaueHui, o0ecneunBaeMblil pyHkuuen aktuBaun. Mcnonszyemas Hamu
Joructuyeckas QyHKIUs HE MOXKET BbIIaBaTh TaKue 3Ha4YeHHUs, Kak -2,0 unu 255. Ee
3HA4YEeHUSI 0XBaThIBAIOT auara3oH uucen ot 0,0 7o 1,0, a pakTuuecku Bbl HUKOTAa HE
nostyuute 3HadyeHuid 0,0 nmm 1,0, HOCKONbKY JIorucThudeckas PyHKIUs HE MOXKET UX
JIOCTUraTh U JIMIIb aCUMIITOTHYECKU NpuOImxaercs K HUM. Takum oOpas3om, mo-
BUJUMOMY, HaM IPUAETCA MaclITaOMpoBaTh BBIXOJHBIE 3HAYEHHUS B IIPOLECCE
TPEHUPOBKU CETH.

Ho 4T0 MIMEHHO MBI TOJKHBI TIOJyYHUTh HA BBIXOJ€ HEMPOHHOU ceTn? [0JKHO 1 3TO
ObITh M300pakeHue orBeTa? B TakoM ciiydae HaM HYKHO HUMeTh 28x28=784
BBIXOJIHBIX y3JIa.

Ecnu Mbl BepHEMC HA 1IAr Ha3aa U 3aAyMaeMcs HaJl TEM, YEro KIMEHHO Mbl XOTUM OT
HEUPOHHOU CETH, TO OMMEM, YTO MBI IPOCUM €€ KJIACCU(ULIMPOBATH U300PAKEHUE U
MPUCBOUTH €MY KOPPEKTHBIN Mapkep. TakuM MapKepoM MOKET ObITh OHO U3 IECATH
yucen B auana3oHe ot 0 10 9. 9To 03HavaeT, YTO BHIXOJJHOM CJIOM CETH JIOJKEH UMETh
10 y3710B, 110 OJHOMY Ha Ka)K[Ibli BO3MOKHBIA OTBET, Wiau mapkep. Eciu orBeTomM
aBisgercs «0» , TO aKTUBU3UPOBATHCS JOJDKEH IEPBBIM y3€l, TOIAA KaK OCTAIBHBIC
Y316l JOJDKHBI OCTAaBaTbCA NAaCCUBHbIMU. Eciaum orBeToM sBisercs «9» , TO
AKTUBU3UPOBATHCSA JOJDKEH IIOCIEIHUN Y3€l1 BBIXOJHOIO CJIOs IIPU ITACCUBHBIX
OCTaNbHBIX y3iax. Creayromas WITICTpauus MOSICHAET 3Ty CXEMY Ha HECKOJIBKUX
IIPUMEPaAX BBIXOIHBIX 3HAYCHUM.

BoixodHoii

choli | Mapkep npumep “s” npumep “0" npumep “9"
@ o .00 04s 0.02
@ 1 0.00 0.00 0.00
@ 2 0.01 0.01 0.01
@ 5 0.00 0.01 0.01
@ 4 o.01 0.02 0.40
@ s 0494 0.00 0.01
@ 6 0.00 0.00 o.01
@ 7 0.00 0.00 0.00
@ 8 0.02 0.00 0.01
@ a 0.01 0.02 0.86

IlepBpIil TpUMEpP COOTBETCTBYET CIIy4ar0, KOrJa C€Th pacno3Hajia BXOJAHbIE JaHHbIC
Kak 1udpy «5» . Bl BuauTe, 4T0 HAMOONBIINN U3 UCXOSIINX CUTHATIOB BBIXOIHOTO
CJI0s IPUHAJICKUT Y31y ¢ METKOU «5» . He 3a0biBaiiTe 0 TOM, YTO 3TO IECTOM IO
CYETY y3€JI, IOTOMY YTO HyMepalus y3JI0B HAUMHAETCA C HYJIs1. Bee
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JIOBOJIBHO MPOCTO. OCTalIbHbIE Y3JIbI MPOU3BOIAT CUTHAIBI HEOOIBIIONW BEIUYMHBI,
OJIM3KHME K HYJII0. BBIBO/ HyJeil MOT OKa3aTbes CAEACTBUEM OIMOOK OKPYTIEHUS, HO
B JCHCTBUTENBHOCTH, KaK Bbl IOMHUTE, PYHKIUS aKTUBAIIMM HUKOTJA HE JIOMYCTUT
(bakTHUeCcKoe HYJIEeBOE 3HAUCHHE.

Craenyrouuii mpuMep COOTBETCTBYET pykonucHoMy «0» . HanGompiiyro BennuuHy
3J1€Ch UMEET CUTHAJI IIEPBOT0 BBIXOJHOI'O Y3JI1a, ACCOLUUPYEMBII C METKOM «0» .
[Tocnennuii mpumep Oojiee MHTEpPECEH. 3[1eCh CaMblii OOJIBIION CUTHANI TEHEPUPYET
MOCJIETHUHN y3€Jl, COOTBETCTBYIOIIMM MeTKe «9» . OJIHaKO U y3€l C METKOH «4» naeT
CUTHAJI cpeiHel BenurHbl. OOBIYHO HEHPOHHAS CETh JIOJKHA MPUHUMATD PEIICHHE,
OCHOBBIBACh HAa HaWOOJIbIIIEM CHUTHAJIe, HO, KaK BUJUTE, B JIAaHHOM CJIy4ae OHa
OTYACTH CUMUTAET, YTO MPABWIBHBIM OTBETOM MOTJIO Obl OBITH U «4» . Bo3MoOxkKHO,
PYKONMCHOE HAdyepTaHWE CHMBOJIA 3aTPYJHWIO €ro HaJEeXKHOE paclo3HaBaHUE?
Takoro poxa HeonpeIeaeHHOCTH BCTPEYAOTCS B HEMPOHHBIX CETSIX, © BMECTO TOIO,
yTOOBl CUUTATh WX HEYyJauei, Mbl JOJKHBI PAacCMaTpUBaTh HX KaK IOJE3HYIO
MOJICKa3Ky O CYIECTBOBAHUH JPYTOro BO3MOXKHOT'O OTBETA.

Otnmnuno! Tenepb HaM HYXHO NPEBPATUTh 3TU HMJIEU B LEJIEBbIE MACCUBBI JUIS
TPEHUPOBKU HEHpOHHOUN ceTn. Kak Bbl MOriMm yOeaMThCs, €CIU TPEHUPOBOUYHBIN
IpUMEpP MOMEYEH MApKEPOM «5» , TO JJI BBIXOJHOTO y3ja CIEIyeT CO3/aTh TaKOU
1[EJI€BOM MacCUB, B KOTOPOM MaJibl BCE 3JIEMEHTBI, KPOME OJIHOTO, COOTBETCTBYIOIIETO
Mapkepy «5» . B gaHHOM cityyae 3TOT MaccuB MOT Obl BBITJISIIETh MPUMEPHO TaK:
[0,0,0,0,0,1,0,0,0,0].

B neficTBUTENEHOCTH 3TU YUCIIA HYKAAIOTCS B JOMOTHUTEIIbHOM MaclITaOMpOBaHUU,
IIOCKOJIBKY MBI YK€ BUJEJIH, YTO IOMNBITKH CO3JaHUs HA BBIXOJE HEHPOHHOW CETH
3HaueHud 0 W 1, HETOCTMKUMBIX B CHIIy HCIIONB30BaHUA (PYHKIIMU aKTHBAIUH,
IPUBOJAT K OOJBIINM BecaM U HachIleHUIo ceTH. Clie10BaTeIbHO, BMECTO 3TOTO MBI
Oynem wucnons3oBath 3HaueHus 0,01 u 0,99, m moTomMy IENEBBIM MacCUBOM IS
Mapkepa «5» nomxen ObiTh Maccus [0.01, 0.01, 0.01, 0.01, 0.01, 0.99, 0.01, 0.01, 0.01,
0.01].

A BOT Kak BBITJISIIUT KOJT Ha si3bike Python, co3patomuii iesieByro MaTpuiy.

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

[lepBas cTpoka mocjie KOMMEHTapHUs MPOCTO YCTAHABIUBAECT KOJUYECTBO BBIXOJIHBIX
y3JI0B paBHBIM 10, 4TO COOTBETCTBYET HAIlIEMY NMPUMEPY C JECAThIO MapKepaMHu.

Bo BTOpOI1 cTpoKe ¢ TOMOIIBIO yA00HOH (hYyHKITMK humpy.zeros () Co371aeTCs MacCHB,
3arnoJIHCHHBIM HyJsiMU. JKemaembie pa3Mep M KOHGUTyparusi MacCHUBa 3aJIal0TCs
napaMeTpoM mpu BbI3oBe (PyHKIMH. B maHHOM ciiyyae co3gaeTcs OJHOMEpHBIN
MacCuB, pazMep onodes KOTOPOTO paBEH KOJIMYECTBY Y3JI0B B KOHEUHOM BBIXOJIHOM
cioe. [IpoGiema HyIel, KOTOPYIO MBI TOJIBKO YTO OOCYKIAJIH, YCTPAHSIETCS MyTeM
no6asnenus 0,01 k kKakI0My 2JIEMEHTY MacCHBa.

Crnenyroliiiasi CTpoka BbIOMpAET MEPBbI 3JIEMEHT 3anucy u3 Habopa gaHHbIx MNIST,
SIBIISTFOTITMICS TICJIEBBIM MapKepOM TPEHUPOBOYHOTO HAbOpa, 1
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npeoOpa3yeT ero B IIeJ0€ 4YKciIo. BcroMHHUTE O TOM, YTO 3alUCh YUTACTCS U3
ucxoaHoro (paitia B BHJIE TEKCTOBOW CTpOKM, a He uucina. Kak Tombko
peoOpa3oBaHUE BBIMOIHEHO, MOJYYSHHBIHN 1IEIEBOM MapKep UCIIOIb3yeTCs JJIsl TOTO,
4TOOBI YCTAHOBUTH 3HAUYEHHE COOTBETCTBYIOIIETO dJeMEHTa MaccuBa paBHbIM 0,99.
31ech Bce OyIeT HOpMaIbHO paboTaTh, MOCKOJILKY Mapkep «0» OyaeT mpeodpa3oBaH B
nenoe uncio 0, sABISIONIEECS KOPPEKTHBIM MHAEKCOM JIAHHOTO MapKepa B MAacCHUBE
targets [ ]. Touno Tak >xe Mapkep «9» Oyner mpeoOpa3oBaH B IeJo€ 4uciIo 9, u
aJeMEeHT targets [9] nelcTBUTENBHO SABIISIETCA MOCIEIHUM 3JIEMEHTOM 3TOI'0 MacCHBA.
Bot npumep paGoThl 3TOro Koja.
In [23] M | # konuyecmao suixodHBIX Y308 - 10 (npuMep)
onodes =10

targets = numpy.zeros{onodes) + 0.01
targets[int(all_valves[ol)] =099

In[251: M | print{targets)

[0.090.010.010.010.010.010.010.010.010.01]

Tenepb MBI 3HACM, KaK IIOATI'OTOBUTb BXOJHBIC 3HAYCHUA AJIA TPCHHUPOBKH U OIIPOCa
HeﬁpOHHOﬁ CCTH, a BBIXOJHBIC 3HAYCHUA — JJIsI TDCHUPOBKH.
OOHOBUM Halll KOJI C YYETOM IpoJieTaHHON padboThl. Huxke mpeacTaBieHo COCTOSTHUE
KOJa Ha JaHHOM 3Tall€, BKJII04Yad IOCJICIHES OOHOBJICHHE.
In[1}: M import numpy
# Bubnuomeica scipy.special ¢ cuemoudod expit ()
import scipy.special
# 20paHmLpoeams pasmeujeHue zpaguxy e daHHom GrokHome,
#a He B oMOensHOM OKHE

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

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

# Koaghuyuenm ofyueHus

selfIr =learningrate

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

pass

# mpeHupaska Helipornoal cemu

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

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

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

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

# owufiku esxodHoeo CRoRA =

# (Yenesoe 3HaYeHUE - BOKMUYECKOE IHAYEHUE]

output_errors = targets - final_outputs

# QUWUGKU CKPRIMOE0 CAORA - 3Mo owubku output_errors,

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

hidden_errors = numpy dot(self who T, output_errors)

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

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

pass

# onpoc HelipoHHod cemu

def query(self, inputs_list):
# npeofpazosame cUCoK ex0dHLIX 3HaYeHU
# g deyxmepHeld Maccus
inputs = numpy.array(inputs_list, ndmin=2).T
# paccyumams exodAwUe CUzHANL! GAA CKPLIMO20 CN0R
hidden_inputs = numpy.dot(selfwih, inputs)
# paccyumams ucxodAwue cuzHaL! OAA CKPEIMOZ0 CA0R
hidden_outputs = self activation_function(hidden_inputs)
# paccuumams axodAwUe cUHANL! GAA BLIX00HO20 CAOA
final_inputs = numpy.dot(self who, hidden_outputs)
# paccyumams UcXodRWUE CueHans! dnA selxodHOZ0 CA0A
final_outputs = self activation_function(final_inputs)
return final_outputs
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In{3]: M input_nodes=734
hidden_nodes = 100
output_nodes =10
# kozgduyueHm ofyueHUs paser 0,3

learning_rate =03

# cozdams 3KIEMIARL H ou'_;\o..n..'uu cemu

n= E'uraIN:—:twork(lm::-..lt nodes, hidden_nodes, output_nodes, learning_rate)

In[5}: M | #30zpyzums 8¢
training_data ﬁ ; .csv
training_data_list = training_ da a_file readl ines ()
training_data_file.close()

# mperuposka HeldpoHHOU cemu

DEHUPOEOYHOM HaBope daHHslx

b 3anamoi (°, )

targets[int(all_valu
n.train{inputs, targets)
pass

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

[Touemy mbl BbIOpanu 784 BXOIHBIX y31a? BcmoMHHUTE O TOM, YTO 3TO YKCIIO PaBHO
MIPOU3BEACHUIO 28X28, MPEACTaBIAIOLIIEMY KOJMYECTBO IHMKCENEH, U3 KOTOPBIX
COCTOUT U300pa’keHHE PYKOMMCHOU HUDPHI.

Bb160p cTa CKPBITHIX y3710B HE UMEET CTOJIb K€ CTPOrOro HAy4YHOro 000CHOBaHMs. Mbl
HE BbIOpaJIN 3TO YMCII0 O0NbIINM, 4eM 784, U3 TeX cooOpakeHUM, YTO HEHPOHHAs CETh
JOJDKHA HaXOJAWTh BO BXOJHBIX 3HAUEHUSAX Takue OCOOEHHOCTH WM IIA0JIOHBI,
KOTOpbIE MOYKHO BBbIpa3UTh B Ooyiee KOPOTKOHM (opme, yeM camMH 3TH 3HAYCHHUS.
[ToaTomy, BbIOMpasi KOJIMYECTBO Y3JIOB MEHBUIMM, Y€M KOJMYECTBO BXOJHBIX
3HAYeHHM, MBI 3aCTaBJISIEM CETh MBITAThCS HAXOIUTh KIIOYEBbIE OCOOEHHOCTHU MyTeM
0000meHus nHbopmaru. B To jxe Bpemsi, eCu BRIOPATh KOJIHMYECTBO CKPBITHIX Y3JI0B
CJIMIIKOM MaJIbIM, OyAyT OTpaHHYEHbI BO3MOKHOCTH CETH B OTHOILICHUH OTIPEACTICHUS
JIOCTAaTOYHOTO  KOJMYECTBA OTJIMYMUTENIbHBIX MPU3HAKOB WM IIa0JOHOB B
n300pakeHnud. TeM camMblM Mbl JUIIWIA Obl CE€Th BO3MOYKHOCTH BBIHOCHUTD
coOCTBEHHbIE CYXJeHuss oTHocuTenbHO AaHHbIX MNIST. C ywerom Toro, 4ro
BBIXOJTHOM CJIOM TOJKEeH o0ecreunBath BoIBOI 10 MapkepoB, a 3HAYUT, JOJKEH UMETh
JIECSTh Y3JI0B, BBIOOp IMPOMEXYTOUHOro 3HadeHuss 100 it koaumdecTBa Y3JIOB
CKPBITOI'O CJI0sI PEJCTABIISAETCS BIIOJIHE PA3yMHBIM.

B cBsi3u ¢ 3TUM cieayeT cienaTh OJHO Ba)KHOE 3aMEYaHHe: WICAIbHOTO OOLIEro
MeToJa Uil BbIOOpa KOJMYECTBAa CKpPBITBIX y3J0B HE cymiectByer. B
JCHCTBUTEIPHOCTH HE CYIIECTBYeT M MJCAIbHOIO METO/a BbIOOpa KOJIMYECTBa
CKPBITBIX CJIOEB. B HacTosiee BpeMs HAaWIyYIIUM ITOAXO0O0M SIBIISIETCS
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MIPOBEICHUE SKCIEPUMEHTOB JI0 T€X NOp, OKa HE OyJET NodydyeHa KOH(DUrypalus CeTH,
ONTUMAaJbHAs IS 33141, KOTOPYIO BbI IIBITAETECH PELINTD.

KonTpoJibHbIE BONIPOCHI
1. B uem 3akitoyaeTcs METOJI TPaJAUEHTHOTO CITycKa?
2. Ha3zoBuTe npenMyniecTBa MeTo/1a rpaIMEHTHOTO CIIycKa?

3. Yro o3navaer pynkius omubku (ommuodka)? Kak mogacuntats ommoKy?
4. Yto npeactaBisitoT co00i ko3 huiimeHToM 00ydeHus: HEHPOHHOM CeTH?

5. Kakum 06pa3zom npoucxoauT oOHOBIEHUE BECOBBIX KOA(DPUIIMEHTOB B
npouecce 00y4eHusl HEHPOHHOM ceTn.
6. Uto npencrapisioT coboit Habop pykonucHbIX 1upp MNIST?

7. Uto Takoe pacno3HaBaHue o0pa3on?
8. UTo Takoe TpEeHUPOBOYHBII HAOOP?
9. Yrto Takoe TecToBbI HAOOp?
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IIpakTuyeckoe 3ausitue 7
TecTupoBaHne HEMPOHHOM CeTH VISl PACIIO3HABAHNUS PYKONMHUCHBIX

ungp MNIST.

Heas: MPOBECTH TECTUPOBAHUE pa3padOTaHHONW HEUPOHHOM CeTH IS
pacrnio3HaBaHus pyKonucHbIX 1udp MNIST.

3aganue:
1. U3yunTs TEOpETHUUECKOE BBEACHUE.

2. OTBeTUTh HA KOHTPOJBHBIE BOIPOCHI, TMPUBEACHHBIE B KOHIIE
nabopaTopHOil pabOTHI.
3. DBbInonHUTH NPaKTUUYECKUME 3aaHHUsl C  HCIOJIb30BAHUEM  SI3bIKA
nporpammupoBanus Python.
4. CocTaBUTh OTYET 1O JIabopaTOpHOU padote. Tpebosarnus k omuemy:
OT4eT npeaocTaBIseTcs B 3JIEKTPOHHOM BHJI€ B TEKCTOBOM pefakrope MS Word. B
OTUYETE YKa3bIBAKOTCA:
1) ®amunus cTyneHra.

2) [MopsiakoBBI HOMEP ¥ Ha3BaHKE TA0OPATOPHOMN paOOTHI.
3) Lenb paGoThI.
4) OTBeTHl Ha KOHTPOJbHBIE BOMPOCHI.

5) Onucanue penieHus BbIIOJHEHHBIX 3a1aHUI 1Ta00paTOPHOM padOTHI,
cojiepKallee: a) hopmyauposKy 3a0anusi, 8) CKPUHULOM BbINOJIHEHHO20 3A0AHUS,
cooeparcauuti pamuiuio cmyoeHma.

3amura J1a00paTOpHOM pPabOThl OCYIIECTBISETCS MO OTYCTY, MNPEICTABICHHOMY
CTYJIGHTOM U C IEMOHCTpAIIMEN 3aJaHus HA KOMIIBIOTEPE.

TecTupoBanue HEMPOHHOM CETH

B nmanHO# paboTe mpoBepuM, Kak paboTaeT, W CIellaeéM HEWpoceTh Ha TECTOBOM
Habope JaHHBIX.

[Ipexxne Bcero, HEOOXOAUMO TIOMYYUTh TECTOBBIC 3amucH. COOTBETCTBYIOMIUN KO
OUYEHb MOXO0X Ha TOT, KOTOPBIM MBI UCIIOJIB30BAIH JIJISl TIOJYHYCHHS] TPEHUPOBOYHBIX
JTAHHBIX.

e s T2 L PP Col Ann A s VAT Amne AAR
7 3AZ0YUIME 8 (NUCOK MeCMOogksil HADOP 0aHHLIX LS5 V-auna Hatopa i

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

LA

Mpg1 pacnakyem 3TH JaHHBIE TOYHO TaK ke, KaK W MPEJbIAYIIHUE, MOCKOJIbKY OHHU
MMEIOT aHAJIOTUYHYIO CTPYKTYpY.

[Ipexxe yeM co3maBaTh UK 171 ITepe0opa BCeX TECTOBBIX 3aMUCEH, TOCMOTPUM, UYTO
MPOU30MJIET, €CJIM Mbl BPYUHYIO BBIMOJHUM OJUHOYHBIN TecT. Huxke mpeacTaBieHbl
pe3yabTaThl Ompoca yxe OOy4eHHOM HEUPOHHOW CETH, BBINOJHEHHOIO C
MCIIOIb30BaHUEM MEPBOM 3aMKMCHU TECTOBOTO HAOOpa TaHHBIX.
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M | # zaepy=ume & cnucox mecmoekiil Habop daxHsix CSV-dalina HabGopa MNIST
test_data_file = open("mnist_test.csv*, )
test_data_list = test_data_filz readlines()
test_data_file close()

M | # nonysumes nepeyio mecmosyio 3anucs
all_values =test_data_list[o].split{’,")
# BLiBecmU MapKep

print(all_values[o])

7

M image_array = numpy.asfarray(all_values[1:]) reshape((25,28))
matplotlib.pyplot.imshow(image_array, cmap='Greys', interpolation="'"Nang")

20l <matplotlib.image. Axeslmage at oxz51210fLb20>

o

20

25

o 5 W 1B 2 5
Kaxk Bunute, B kauecTBe MapKepa nepBoi 3alucH TECTOBOr0 Habopa CeTh oIpeeania
cuMBOI “ 77 .
He 3a0yabTe noakaounth 0ubauorexry matplotlib.pyplot.
M import numpy

7 DUOAUCMEKA SCpy.spedial C CUaMouoou E'X.C'fnj:'

import scipy.special

# cADAaHMUposams pazMeleqHue EICQ:;'JC!'{C! &8 daHHOM E,f.o-'{.ucme._

# 0 HE 8 OMOEAEHOM OKHE

import matplotlib.pyplot

%matplotlib inline
B pe3ynbTaTe ompoca 00y4E€HHOW CETH MBI MOJIY4YaeM CIHUCOK YHCEN, SIBISIOIIUXCS
BBIXOJTHBIMH 3HAUYCHUSMH Ka)KJI0TO M3 BEIXOAHBIX y3J710B. Cpasy ke OpocaeTcs B riiasa,
YTO OJHO W3 BBIXOAHBIX 3HAYEHWW HAMHOTO MPEBBIIACT OCTAIBHBIE, U 3TOMY
3HAYEHHUIO COOTBETCTBYET Mapkep 7 . DTO BOCBMOW 3IEMEHT CIHUCKA, MTOCKOJIBbKY
IIEPBOMY DJIEMEHTY COOTBETCTBYET Mapkep “0” .
¥ Hac Bce cpaboTtano! Mbl 00yuniu Halry HEHPOHHYIO CETh U TOOMIIMCH TOTO, UTO OHA
CMOTJia OIpeeNuTh HU(PY, MPETOCTABICHHYIO € B BUI€ M300pakeHus. BeomuuTe,
YTO JI0 3TOr0 CETh HE CTAJIKUBAJACh C JAHHBIM U300pa’KEHHUEM, MOCKOJIbKY OHO HE
BXOJIUJIO B TPEHUPOBOYHBIM HaOOp naHHbIX. CrenoBaTeNbHO, HEHUpOHHAs CETh
OKa3aJlaCh B COCTOSIHUM KOPPEKTHO KIAacCHU(UIIMPOBATH HE3HAKOMBIN €il 1udpoBoit
CHUMBOJI.
Jlanmee HanumeM KO/, MO3BOJISIOIINAN TPOBEPUTH, HACKOJIBKO XOPOIIIO HEUPOHHAS CETh
CIPABJISIETCSI C OCTATLHOM YacThI0 HAOOpa TAHHBIX, ¥ POBECTH MOCYET MPABMUIHHBIX
pe3yabTaTOB, YTOOBI BIOCIEACTBUM Mbl MOIJIM OLEHHBAThH IJIOJOTBOPHOCTH CBOUX
OyIyIIuX UIEH MO COBEPIICHCTBOBAHUIO CITIOCOOHOCTH
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CCTHu O6yanBC$I, a TaKKC CpaBHHBATb HAIOKW PE3YyJabTaTbl C PE3yJIbTaTaMU,
MOJIYYCHHBIMH JIPYTUMU JIFOIbMU.
O3HaKOMbBTECH C IMPUBCACHHBIM HHKC KOJIOM.

M  # mecmuposarue HelporHod cemiu
# JeypHan oyeHok padomel cemu, NepEoHayaALHo Nycmot
scoracard =[]
# nepefpame BCe 3QNUCLL 8 MECMosoM Habope GaHHBIX
forrecord in test_data_list:
# NoAYYLIME CALICOK IHAYEHUL L3 3aNUCU, UCA0ALIYA CUMB0ILI
#zanamod (") 8 Kaue pazdeaumeneil
all_values = record.split(,")
# NpasuAsHLIl OMBem - NEDEOE 3HAUEHUE
correct_label = int(all_values[o])
print{correct_label, "MCTUHHEIA Mapkep™)
# Maclmadupoeams U CMECMUME 8X00HL =
inputs = (numpy.asfarray(all_values[1:1) / 255.0 * 0.9g) + 0.02
# onpoc cemu
outputs = n.query(inputs)
# UHOekC HauBoNLLLe20 IHOYEHUA ASNASITICA MADKEDHEIM 3HAYEHUEM
label = numpy.argmax{outputs)
print(label, "oTEeT CETH™)
# NpucoeduHUME CUEHKY OMBeema cemul K KOHUY cnucka
if {label == correct_label) -

# 8 CAYUEE NPABUALHO20 OMBema Cemu "i.Eu'CC'?-aLeH{.'I’TI:

1€ SHAYSHUR
e

3HAYEHLIE 1
scorecard.append(1)
else

#g Cayyae HeEnpasw/IbLHo20 OmMaema cemu npuco eduHLIMb

s 1
7r K CATLCRY

# K CNUCKY 3HAYEHUE O
scorecard. append(o)
pass

pass

Paz6epem manubIil kof. [Ipexae uem BOMTH B LUK, 00pabaThIBAIOIIUMA BCE 3aMUCU
TECTOBOT0 HabOpa JaHHBIX, Mbl CO3J]a€M IYCTOM CIMCOK Scorecard, KOTOpbIA OyaeT
CIIy’)KUTh HAaM YpPHAJOM OIICHOK pabOThl CETH, OOHOBJISIEMBIM IOCJIE 00pabOTKHU
Ka)KIIOU 3aHCH.

B uukie mMbl 1enaeM To, 4TO yKe AeNalld paHblle: U3BJIEKAEM 3HaUYCHUS U3 TEKCTOBOM
3aluCH, B KOTOPOM OHHU pa3leieHbl 3ansThiMU. llepBoe 3HaueHue, yKasbIBarollee
MPaBWIbHBIA OTBET, COXPAHSETCS B OTACIbHON mepeMeHHOW. OcTanbHble 3HAUCHUS
MacIITabUPYyIOTCSA, YTOOBI WX MOXHO OBIJIO WMCIOJB30BaTh B KAYECTBE BXOIHBIX
JAHHBIX JJIs [epeJadyd 3amnpoca HEWpoHHOW ceTd. OTBEeT HEHUpOHHON ceTu
COXPAHSAETCS B IEPEMEHHOU outputs.

Hanee cienayer OBOJILHO MHTEpPECHAs 4acTh KoAa. Mbl 3HaeM, 4TO HauOOJIbIlIEE U3
3HAQYCHUN BBIXOAHBIX Y3JIOB PACCMATPUBACTCS CEThIO B KAadyeCTBE MPABUILHOTO
orBeTa. MIHIEKC 3TOro y3ia, T.e. ero Mo3ulus, COOTBETCTBYET MapKepy. JTta (paza
IIPOCTO O3HAYAET, YTO NEPBBIM 3JIEMEHT COOTBETCTBYET Mapkepy “0” , maThIl —
Mapkepy “4” u T.1. K cuacTero, cymecTByeT yao0Has QpyHKIHUs OMOIMOTEKH numpy,
KOTOpasi HAXOJUT CPEAM JIEMEHTOB MAacCCHMBa MaKCUMAJIbHOE 3HAYEHHE U COOOIIAET
ero uHaekc. 1o GyHKuus numpy.argmax (). Jyns nomydenust 6ojee MOAPOOHBIX
CBEICHUI 0 HEH MOKETE MOCETUTh BEO-CTPaHUILy 10 CIEAYIOLIEMY apecy:

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

B nocnegnem ¢parmenTe koja MoJIy4eHHBIH MapKep CPaBHUBAETCS C M3BECTHBIM
KOPPEKTHBIM MapkepoM. Ecnmu 00a Mapkepa OJIMHAKOBBI, B KypHaJ 3alUCHIBACTCS
“1”, B npoTuBHOM cityyae — “0” .

7 MCTHHHBIA MapKep
7 OTEET CeTh
2 MCTHHHBIA M3pKep
2 OTEET CETH
1 UCTHHHEIA MapKep
1 OTE&T CETH
O MCTHHHEIA M3pKep
0 OTEST CETH
& MCTHHHEIA Mapkep
4 OTEST CETH
1 UCTWMHHEIA MapKep
1 0TEST CETH
& MCTHHHEIA Mapkep
&4 OTEST CETH
O MCTHHHEIR Mapkep
G OTEET CETH
5 MCTHHHEIA MapKep
5 OTEET CETH

Kpome Toro, B HEKOTOPBIX MECTaX KOJia MOXKHO BKJTIOUUTH MOJIC3HYIO KOMaHIy print
(), 9TOOBI MBI CAaMU MOTJIM OTCIICKUBAThH TIPABUIIHLHBIC U TIPEICKa3bIBAEMbIC 3HAUCHUSI.
Hwxe npencTaBiaeHbl pe3yJIbTaThl BHITOJHEHHS 3TOTO KOJIa BMECTE C BBIBEICHHBIMHU
3aMUCsMHU HaAIIero pabouero xypHasia.

M | print (scorecard)

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

i4,11111111113213131131131311313131313231117311310111,11,1111111

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

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

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

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

JlonoaHuM KoJl (parMEeHTOM, KOTOpPbIA OyAeT BBIBOJAUTH OTHOCUTEIBHYIO OJIO
MPaBUJIbHBIX OTBETOB B BUE IPOOH.

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

3@ eKTUBHOCTE = 0.9456

DTa J0JIs1 pacCUUTHIBAECTCS KaK KOJIMYECTBO BCEX 3aIlMCEH B JKypHAaJe, COJIepKaIuX
“l1” , memeHHoe Ha oOIee KOJMYECTBO 3amuceil (pa3mep kypHaia). Bor kakum
MOJIy4aeTcsl pe3yJbTar.

B cootBercTBUM ¢ pe3yibTaraMd OOy4YEHHUs Hallell MpPOCTOM TPEXCIONHOM
HEWPOHHOM CETH C UCIOIb30BaHUEM IOJTHOTO Habopa, BKItoUaromiero 60 Toicsy
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MIPUMEPOB, M TOCIEIYIONIETO TecTupoBaHus Ha 10 ThIcsSYax 3amuceil MoKa3aTenb
obmeit 3pdpexkTuBHOCTH ceTr cocTaBisieT 0,9466.

OTOT moKa3zaTenb, paBHbIM MOYTH 95%, MOXHO CpaBHUTh C aHAJOTUYHBIMU
pe3yibTaTaMl  JITAJIOHHBIX TECTOB, KOTOpPbIE MOXXHO HAWTH 10  ajpecy
http://yann.lecun.com/exdb/mnist/. Bbl yBuanTe, 4TO0 B HEKOTOPBIX CIydasiX HaIlu
pE3yNbTAaThl JIaXKe Jy4llle ATAJOHHBIX M TOYTH CPAaBHUMBI C TPHUBEJACHHBIMH Ha
YKAa3aHHOM CaWTe pe3yJIbTaTaMu JUIsl IPOCTEUIIE HEMPOHHOU CETH.

DT0 BOBCE HE TakK IUIOX0. MBI JODKHBI OBITH JOBOJIBHBI TE€M, YTO HaIllla IMepBas
MOTIBITKA TIPOJACMOHCTpUpOBaia A(PPEKTUBHOCTH HAa YPOBHE HEHUPOHHON CETH
po(eCcCUOHANIBHBIX UCCIEA0BATENEH.

Kcratu, Bac He JODKHO yAMBIATH, YTO JaKe B CIy4ae COBPEMEHHBIX
OBICTPOACHUCTBYIONIMX JOMAIIHUX KOMIIBIOTEpOB o0paboTka Bcex 60 ThIcsAY
TPEHUPOBOYHBIX MPUMEPOB, ISl KAKIOTO M3 KOTOPHIX HEOOXOAMMO BBIUYHUCIUTH
pacnpocTpaHEeHUE CUTHAIOB OT 784 BXOJHBIX Y3JIOB Y€pe3 CTO CKPBITHIX Y3JI0B B
IPsIMOM HaIpaBJeHUH, a TaKKe 00paTHOE pacTPOCTPAHEHHUE OIMOOK U OOHOBJICHHUE
BECOB, 3aHUMAET OIIYTUMOE BPEMSI.

Yiayunienue pe3yabTaToB: HACTPOIiKa kK0dhdunuenTa ooyueHus

[ToneiTaeMcst ynydmmuTh pa3pabOTaHHBI K ATOMY MOMEHTY KOJ, BHECS B HETO
HEKOTOPBIE YCOBEPILICHCTBOBAHMS.

[Ipexxne Bcero, Mbl MOXEM IMOMBITATHCS HACTPOUTH Kod(huirenT o0yuenus. [lepen
STHM MBI 33/1aJ7Ti €0 paBHbIM 0,3, 1a)ke He TeCTUPYs APyTrre 3HAYCHHSI.

JlaBaiiTe yaBOMM 3TO 3HAUYCHUE A0 BeMYUHBI 0,6 1 TOCMOTPHUM, KaK 3TO CKa)KETCS Ha
CIIOCOOHOCTH HEHWPOHHOM ceTu o0ydaTbes. BhInoiHeHHe KoAa ¢ TaKUM 3HA4eHHEM
kod(pdunnenTa odyuenus aaet nokazarenb ddpdpexruBHoctr 0,9047. ITOT pe3ynabTarT
xyxe npexsero. [lo-Buaumomy, yBennueHue koddduimenTa o0yueHus HapyliaeTr
MOHOTOHHOCTH MPOIECCa MUHUMU3AIUU OIIMOOK METOIOM T'PaJUEHTHOTO CIIyCKa U
COIPOBOXK/IAETCS NEPECKOKAMU Yepe3 MUHHUMYM.

[ToBTOpUM BBIYUCIICHHS, YCTAHOBUB KO3 duiineHT ooyuenus: pasubim 0,1. Ha stor
pa3 mokazarensb d(dexkruBHOCTH yrayumuics n0 0,9523, uyro moutm coBmagaeT c
pe3yJIbTaTOM 3TaJOHHOTO TECTa, KOTOPBIA MPOBOJWICA C MUCHOIb30BAHUEM THICSUU
CKPBITHIX Y3JIOB.

Yro mpou3oiIeT, €cau Mbl TOWIeM elle Jalblie W YMEHbIIMM KO3 UIINEHT
oOyuenust 10 0,01? Oka3pIBaeTcs, 3TO TaK)Ke€ MPUBOJUT K YMEHBILIECHUIO MTOKa3aTels
addextuBHOCTH cetn a0 0,9241. Ilo-BUaAMMOMY, CIMIIKOM Majble 3HA4YCHUS
kod(pdunrenta oOydeHHs CHIKAIOT dA(PGEeKTUBHOCTh. DTO MPEJCTABISAETCS
JIOTUYHBIM, MTOCKOJIBKY MaJible IIard YMEHBIIAIOT CKOPOCTh IPAJIMEHTHOTO CITyCKA.
OnucanHble pe3yJIbTAThI IPEACTABICHBI HUXKE B BUJIE rpaduka. s nonyyenus 6onee
TOYHBIX HAYYHBIX PE3yJIbTATOB HaM CJE€I0BaJi0 Obl MPOBECTH TaKWE SKCIIEPUMEHTHI
MHO>XECTBO pa3, YTOObI MCKIIOYUTH (PAKTOP CIYYaMHOCTH U BIUSHUE HEYIavyHOTO
BBIOOpA MapIIPyTOB IPATUEHTHOTO CITyCKa, HO B II€JIOM OH
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MO3BOJIIET  MPOWJUIIOCTPUPOBATH OOIIYyI0 HACI0 O CYIIECTBOBAaHMH HEKOETO
ONITUMAJILHOTO 3HaUYCHUS Kod(Ppuimenta oOydeHus.

JasncHmocTs apdexkTHBHOCTH OT KOs PUUreHTa oByveHKUA
Habop aanHbix MNIST ¢ 3-cnofnol HeRpOHHORA CETBIO

0.98
0.96
0.94
| 0.92
0.9

0.88

IpDeHTHBEHOCTE

0.86
0.84
0.82

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

Koaddwument obywernmua

Bun rpaduka moackaspiBaeT HaM, YTO ONTUMAJIbHBIM MOXKET OBITh 3HAUEHUE B
unrepBaine ot 0,1 nmo 0,3, mostomy wucneitaem 3Hauenue 0,2. Iloka3zarenb
adpextruBHOCTH MOAYyurTCs paBHbIM 0,9537. Mbl BuAMM, YTO 3TOT pPE3yjbTaT
HEMHOTO JIy4llIe TeX, KOTOPbhI€ Mbl UMEJIU MPHU 3HAYCHUSIX KodPduimenta ooyyeHus,
paBHbix 0,1 unu 0,3.

Wtak, mMbl ocTaHOBMMCS Ha 3HadeHUM Koddduimenta oOyuenus 0,2, KoTOpoe
MPOSBIIIO ce0s1 Kak onTtuMaibsHoe 1 Habopa ganHbsix MNIST u Hamiel HelpoHHOM
CETH.

[Ipy BBIMOTHEHWH STOTO KOJA BaIlld OIEHKH OyAyT HEMHOTO OTJIMYaThCS OT
MPUBEJICHHBIX, TIOCKOJIBKY MPOLIECC B LIETIOM COJECPKUT IIEMEHTHI ClIydyallHOCTH. Baii
Clly4ailHblid BBIOOp HAYAJIBHBIX 3HAYEHHH BECOBBIX KO3(P(MUUMEHTOB HE OyAeT
COBIIAJIaTh C MPUBEACHHBIM, a OTOMY MapUIPyT I'PAJUEHTHOTO CIyCKa JJIsl BaIllero
KoJla OyAeT IPyTHUM.

YiyuieHue pe3yjabTaTOB: MHOTOKPATHOE INOBTOPEHHE TPEHUPOBOYHbIX
IIHUKJIOB

CrnenyoomuM YCOBEpIICHCTBOBAaHUEM Oy/leT MHOTOKPATHOE IOBTOPEHHE IIMKJIOB
TPEHUPOBKM C OJIHUM M TEM K€ HaO0OpOoM JaHHBIX. B OTHOIIEHHH OJIHOTO
TPEHUPOBOYHOTO IMKJIA HHOT/Ia KCHOJB3YIOT TEepMHUH »dmoxa. [loaTtomy ceaHc
TPEHUPOBKU W3 JIECSITH DJMOX O3HA4YaeT JECATUKPATHBI TPOTOH  BCETO
TPEHUPOBOYHOTO HAOOPA TAHHBIX. A 3a4eM HaM 3TO JieaTh?

OcoOeHHO ecnu aJist 3TOT0 KoMIbloTepy norpedyercst 10, 20 win naxke 30 MuHyT?
[TpuunHa 3aKir09aeTcss B TOM, YTO TEM CaMbIM MbI OO€CriedrMBaeM OOJIbIIIEE YUCIIO
MapuIpyTOB TPAJAUCHTHOTO CITYCKa, ONTUMHU3HPYIONINX BECOBBIC KO PHUITUCHTHI.
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HOCMOTpI/IM, qTO HaM AadyT ABC TPCHUPOBOYHBLIC 3IT10XH. I[J'I}I 3TOI'0 MbI JOJIKHBI
HCMHOI'O USMCHUTH KO, NMPECAYCMOTPEB B HEM I[OHOHHHTCHBHBIﬁ OUKJI BBIITOJIHEHUA
KOJa TPpCHUPOBKMU.

M # mpeHuposka HeldporHol cemu

VKO3LIBAEM, CKOMLKD DA3 MPeHUpoB0YHsI(
10Ab3YEmMcA CR MpeHUpoekU cemu

epochs=2
for e in range(epochs):
# nepedpams SCe 2aNuUcU 8 MPeHUpOe0YHOM HaGope GaHHEX
for record in training_data_list:
# NoAyyumes CNUCOK 3HaYeHUD U3 3anucy, UCNoIb3YA CLLMBOL!
# zanamoli ') 8 kavecmee pazdenumeneii
all_values = record.split(’,)
# Maclmabuposams L CMECTILME BX00HBIE 3HAUEHUR
inputs = (numpy.asfarray(all_values[1:]) f 255.0 * 0.90) + 0.01
# cozdame Yeneseie selXodHEIe 3HAYEHLA (BCE DABHEI 0,01, 20
# UCKAKYEHUEM HEeNaeMo20 MOPKEPHO20 SHOYEHUA, PASHO20 0,99)
targets = numpy.zeros(output_nodes) + o.01
# all_values[o] - yenesoe MapkepHoe 3HaYeHUe dnA
# daHHotll sanucu
targets[int(all_values[o])] =0.99
n_train(inputs, targets)
pass
pass

PesynpTupyromumii nokazarenb 3GPEeKTUBHOCTU sl ABYX 310X coctasisier 0,9579,
YTO HECKOJIBKO JIYYIIIE TIOKa3aTels AJIsl OJTHOM SIOXH.

[Tomro6HO TOMYy, Kak Mbl HacTpauBaiM Kod(QPuIMEeHT oO0ydeHus, IpoBeaeM
HKCIIEPUMEHT C UCTIOJIb30BAHUEM PA3IIMYHOTO KOJUYECTBA AIIOX U MOCTPOUM rpaduk
3aBUCUMOCTH Tokazarensi dddexktuBHOCTH OT dToro (akropa. HHTyurms
MOJICKa3bIBa€T HAM, YTO 4YeM OOJIbIlle TPEHUPOBOK, TeM BbIlIe 3hdHekTUBHOCTL. Ho
MOJKHO TPEATNONOKHUTh, YTO CIUIIKOM OOJBIIOE KOJIWYECTBO TPEHHUPOBOK YPEBATO
yXyameHueM 3(QQEeKTUBHOCTH H3-3a TaK Ha3bIBAEMOT0 MNepeody4yeHHsl CETH Ha
TPEHUPOBOYHBIX JAHHBIX, CHIDKAIOIIET0 3P PEKTUBHOCTH TPU pabOTE C HE3HAKOMBIMH
naHabpIMU. DakTopa nmepeoOyueHus caeayeT onacaTbes B JIOO0BIX BUJAX MAIIUHHOTO
oOyueHus1, a He TOJBKO B HEHPOHHBIX CETSX.

B nanHoM cityyae Mbl UMEEM CJIEAYIOIINUE PE3YIbTATHI.
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3aemcumocTb 3dGeKTUBHOCTH OT KONWYEeCTea 3nox

0,962

0,96

0,358

IpderTHEHOCTE

0,956

0,952
0 5 10 15 20

HahneecTao ¥ox

Teneps nukoBoe 3HaueHue >hdexkruBHOCTH cocTaBiser 0,9628, nmu 96,28%, npu
CEMHU 3MOXaxX.

Kak Bugute, pe3ysbTaThl OKa3ajuCh HE CTOJb MPEACKA3yEMbIMHU, KaK OKUIAIOCh.
OnTuManbHOE KOIMYECTBO 310X — 5 WK 7. [Tpu 6onbmmx 3HaueHusx 3pPeKTuBHOCTh
naJaeT, YTO MOXKET ObITh clieIcTBUEM nepeoOyuenus. [IpoBan npu 6 snoxax, mo Bceu
BEPOSITHOCTH, OOYCJIOBJIEH HEYyAAuHbIMU MapamMeTpaMmH ILHKJIa, KOTOPbIE MPUBEIU
I'PaJMEHTHBIN CIYCK K JIOKHOMY MUHUMYMY. Ha camom nene MoxkHO ObUIO 0XKUAAThH
Oonblllell Bapualuu pe3yJbTaTOB, IOCKOJIbKY MbI HE IPOBOJAWIM MHOXECTBA
AKCHEPUMEHTOB ISl KaXIO0M TOYKM JaHHBIX, YTOOBl YMEHBIIUTh BapUAIUIO,
BBI3BaHHYIO ClIy4yailHbIMU QakTopamMu. IMEHHO IO3TOMY MBI OCTaBHJIN 3Ty CTPAHHYIO
TOUYKY, COOTBETCTBYIOLIYIO HIECTH 3MOXaM, YTOObl HAIIOMHUTH BaM, 4TO 1O CaMOM
CBOECH CyTH 00yueHHe HEUPOHHOM CETH — 3TO CIIYYalHBIN MPOIIECC, KOTOPBIM HHOTAA
MOJKET paboTaTh HE OYEHb XOPOIIIO, a MHOT/IA U OYEHB TUI0XO.

Jpyroe BO3MOXHO€ OOBSICHEHHE — 3TO TO, YTO KOA(h(GUIMEHT 0O0ydeHHs OKa3ajcs
CJIIMILKOM OOJBIIMM JUIsi OOJIBLIEro KOJIMYECTBa 3M0X. [IOBTOpUM 3KCIIEPUMEHT,
yMeHbIUB K03 pureHT ooyuenusd ¢ 0,2 1o 0,1, 1 noOCMOTpUM, 4TO TPOU3OUJIET.
Ha cnenyromem rpaduke HOBbIe 3HaUeHHUS 3(DPEKTUBHOCTU MpHU Kod(hPUIMEHTe
oOyuenus 0,1 npeacTaBiaeHbl BMECTE C MPEABITYIIMMH PE3YIbTATAMU, YTOOBI KX OBLIO
JIerye CpaBHUTH MEXAY COOOM.

145



3aBMcMmocTs 3¢deKTUBHOCTH OT HONWYECTBa 3MoX
HaBop ganHbix MNIST ¢ 3-cnoWHOR HeRpOHHON CeThIo
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Kak HeTpymHO 3aMeTuTh, yMEHbIlleHHE K03 (duimeHTa oOy4eHHs JEeHCTBUTEIHHO
MIPUBENO K yIy4IIeHHIO 3PGEKTUBHOCTH MTPHU OOIBIIIOM KOIHYecTBe 310X. [IlnkoBoMy
3raueHnto 0,9689 cooTBEeTCTBYET BEPOATHOCTH OMTHUOOK, paBHas 3% , YTO CPaBHUMO C
OTAJOHHBIMM pe3yJIbTaTaMH, YyKa3aHHbIMM Ha caurte SHa JlekyHa mo anpecy
http://yann .lecun.com/exdb/mnist/.

WuTynnus mojcka3piBaeT HaM, YTO €CIIM Mbl IUTAHUPYEM HCIOJIb30BaTh METOJ
I'PaJMEHTHOTO CITyCKa MTPU 3HAYUTEIBHO OOJIbILIEM KOJIMYECTBE AMOX, TO YMEHBIIEHUE
koapuirenTa o0yuyeHust (0ojiee KOpPOTKHE IIarv) B LIEJIOM MPUBEIET K BBIOOPY
JYYIIUX MapuipyTOB MUHUMU3AIMHU OMUOO0K. BeposATHO, 5 310X — 3TO oNTUMAalIbHOE
KOJIMYECTBO JIsl TECTUPOBAHUS Halllel HeHpOHHOM ceTu ¢ HabopoM maHHbIX MNIST.

N3Menenne koHGUTYpAIIUH CETH

Opun u3 (pakTOpoB, BIUSHUE KOTOPBIX MBI €IlI€ HE MCCIEAOBAIN, — KOH(UTypaLus
HelpoHHoH ceTr. Heo6xoaumo nonpo0oBaTh U3BMEHUTh KOJIMYECTBO Y3JI0B CKPHITOIO
IIPOMEKYTOUHOTO cJ1osl. MbI ycraHoBuiM €ro paBHbiM 100.

IIpexne 4yem MpUCTynuTh K SKCIIEPUMEHTAM C Pa3IMYHbIMU KOJIMYECTBAMU CKPBITBIX
y3JI0B, JaBalTE MOAYMAEM, YTO ITPH ITOM MOXKET CIIyUUThCS. CKPBITBIH CII0M KaK pa3 U
SBIISIETCS TEM CJIOEM, B KOTOPOM IPOUCXOJUT 0OydeHue. BcrnomHMTE, UTO y37IbI
BXOZHOT'O CJIOSl IPUHUMAIOT BXOJHBIE CUTHAJBI, 4 y3Jbl BBIXOJHOI'O BBIJAIOT OTBET
cetd. CoOCTBEHHO, CKPBITHIN CJIOW (MM CJIOM) JOJDKEH HAY4YHTh CeTh IPEBpaIlaTh
BXOJIHbIE CUTHAJIBI B OTBET. IMEHHO B HEM MPOUCXOAUT 0OyUECHHUE.

Ecnu 651 y Hac OBLIO CIIMIIKOM MaJIO CKPBITBHIX Y3JI0B, CKQXKEeM, TPH, TO Mbl HE UMETN
Obl HUKAKWX IIAHCOB O0YYUTH CETh YeMY-JIHN00, HAYUUTh €€
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npeoOpa3oBbIBaTh BCE BXOJHBIE CHUTHAJbI B KOPPEKTHBIE BBIXOAHBIE CUTHAJIBI.
OrpaHudeHus TaKOro pojaa Ha3bIBAIOT CMOCOOHOCTHI0 K 00y4eHuro. HeBo3mMoxHO
00y4HTh OOJBIIEMY, YEM TTO3BOJISIET CIOCOOHOCTH K 00YYEHHIO, HO MOXKHO YBEJIMYUTh
CHOCOOHOCTb K O0YUYEHUIO, U3MEHUB KOH(PUTYPALHUIO CETH.

Yro, ecnmu Obl y Hac Obwio 10 ThicsS4 ckpbITHIX y310B? Hy na, B TakoM ciydae
CHOCOOHOCTH K OOYYEHHIO BIIOJIHE XBATWUJIO Obl, HO Mbl MOTJIM Obl CTOJKHYTBCS C
TPYAHOCTSAMU OOYYEHHS CETH, NMOCKOJBKY YMCIO MApHIPyTOB 0OydeHHs] ObUIO Obl
HeroMepHO OonpiuM. He wuckioueHo, YTO JUIsi TPEHUPOBKH TaKOW CETH
noHanoominock 0b1 10 ThICSY 3110X.

BbInoHUM 3KCIEPUMEHTBI U TOCMOTPUM, YTO TOJTYUYHUTCS.

33BMCHUMOCTb 3 PEKTHBHOCTH OT KONMYECTBA CKPbITbIX Yanos
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Kak BuautTe, mpu HEOOJBIIIOM KOJIMYECTBE Y3JIOB PE3YyJbTaThl XYyXKe, 4YeM IIpHU
OOJIBIIMX KOJIMYECTBAX. JTO COBIMAJACT C HAIMMU OXUAaHUAMU. OIHAKO Jaxke JUIs
BCETO JIUIIb MSITH CKPBITHIX Y3JI0B MoKa3atelb a3 dextuBHoctu cocrarui 0,7001. 1o
YAUBUTEIIBHO, TOCKOJBKY IPU CTOJIb MaJOM KOJIMYECTBE Y3JIOB, B KOTOPBIX
MIPOUCXOUT COOCTBEHHO OOyuYeHHE ceTd, OoHa Bce paBHO AaeT 70% mpaBUIBHBIX
OTBETOB. BCriOMHHTE, UTO 10 3TOr0 MBI BBIINOJIHSIN TECTHI, HCIOJIb3YSI CTO CKPBITHIX
y310B. Ho maxke necsiTb CKpBITHIX y3710B oOecreunBaroT TOUHOCTH 0,8998, mim 90%,
YTO TOXE BIICYATIISACT.

HeiiponHasi cethb cnocoOHa JaBaTh XOPOIIHUE PE3YyJbTaThl AaXe MpU HEOOIBIIOM
KOJIMYECTBE CKPBITBIX Y3JI0B, B KOTOPBIX W TMPOUCXOAUT OOy4Y€HHE, UTO
CBUJICTEJILCTBYET O €€ MOIIHBIX BO3MOXKHOCTSIX.

[Io Mepe nanbHEWIIEr0 YBEIMYEHHUS KOJHWYECTBA CKPBITBIX Y3JIOB pE3YJIbTAThI
MPOJOJIKAIOT YIYUYIIAThCsl, OAHAKO YK€ HE TaK pe3Ko. [Ipy 3TOM 3HaYUTENBbHO PaCTET
BpeMsi, 3aTpayMBaeMO€ Ha TPEHUPOBKY CETH, IOCKOJBKY J100aBICHHE KaXKIOTro
JIOTIOJIHUTEIIBHOTO CKPBITOIO y3Jia MPUBOAUT K YBEIUYEHUIO KOJUYECTBA CBA3EH
Y3JI0B CKPBITOTO CJIOS C Y3JIaMU MPEBIAYIIETO U CIEAYIOIIETO CIOEB, 8 BMECTE C 3TUM
u o0bema BeruncieHuil. [loatomy He0OX0IMMO TOCTUTATH
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KOMIIPOMHMCCA MEXJy KOJIMYECTBOM CKPBITBIX Y3J0B M JOMYCTHUMBIMU
3aTpaTaMy BPEMEHHU.

Mp1 Takke ycTaHOBUIM HOBBIA pekopx ToyHOCTH: 0,9751 mpu 200 ckphITBIX
y3nax. JlnurensHseiil pacuer ¢ 500 y3namu obecnieunst TouHOCTh 0,9762. D10
JEUCTBUTEIBHO HEMJIOXO MO0 CPABHEHUIO C PE3YJIbTaTaMH 3TAJIOHHBIX TECTOB,
oInnyOJMKOBAaHHBIMHU Ha caiite JlekyHa.

BoszBpamasicb k rpadukam, MOKHO 3aMETHTh, YTO HEIMOJAJAIOLIUIICS paHee
npenen To4HOCTH 97% ObUT MPEo0JIeH 3a CUET M3MEHEHHUs KOH(UTrypauuu
CETH.

HUrtorn

JlaBas oOmIyl0 OLIGHKY TMpOJENaHHOW HamMu paboThl, HEOOXOIUMO
MOAYEPKHYTh, YTO IMPHU CO3JaHUM HEHUPOHHOW CETH ¢ MOMOIIbI0 Python MbI
HCIIOJIB30BAJIM JIMIIb CAMBIE IPOCTHIE KOHIIEIILIHH.

N TteM He MeHee ¢ MOMOIIBI0 HEMPOHHOM CETH HaM, Jlake 0€3 HCTO0JIb30BaHUs
KaKUX-JIUOO JIOMOJIHUTEIBHBIX MaTEMaTHUYECKUX YXWIIPEHUM, YJaJoch
MOJYYUTh BIOJHE JOCTOMHBIE PE3YJIbTATHI.

Jlanee MOKHO IPOIOIKUTH SKCIIEPUMEHTHI C YK€ CO3JaHHOW HAMHU HEUPOHHOMN
CEThI0 — HCHOJIb3YHTe JAPyroe KOJMYECTBO CKPBITHIX Y3JIOB, 3ajJaBaiiTe
apyrue Ko3(Q(UIHUEHTbI MACIUTAOMPOBAHUA WJIM Jaxe 3aJdelcTByHTe
APYryl0 (PYHKOUI0 AKTHBAIMH W AHAJU3MPYHTE, 4YTO MNPH ITOM
NPOUCXOAMT.
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1. OO0mue moJI0KeHU s

CaMOCTOHTeHBHaH pa60Ta — nnaHpreMaﬂ yqe6Ha;1, yqe6HO-I/ICCHeI[0BaTeJIBCKa$I, HaquO-
HCCIIeIoBaTeNbCKas padoTa CTyIE€HTOB, BHINOIHSIEMasl BO BHEAY IMTOPHOE (ayAUTOPHOE) BPEMSI 1O
3aJaHUI0 U HpI/I METOANYCCKOM pYKOBO)ICTBe I'Ipel'IOIIaBaTeJ'I}I, HO 663 cro HGHOCpeZ[CTBeHHOFO
y4acTus (MpU YaCTUYHOM HETIOCPEICTBEHHOM yUacCTHH MPENoJaBaTelis, OCTABISIONIEM BEIYIIYIO
pOJIb 32 pabOTOM CTYACHTOB).

CamocTosrenbHas pabota cryaentoB (CPC) B BY3e sBnsieTcss BaXXHBIM BUIOM Y4eOHOI U
Haquoﬁ JCATCIIBHOCTHU CTy,[[eHTa.

K OCHOBHBIM BH/IaM CaMOCTOSITENIbHOIN pabOThI CTYI€HTOB OTHOCSTCS:

— opMHpPOBaHME M YCBOEHME COIEepPXaHMd KOHCIeKTa JEeKIHM Ha
6a3e DpPEeKOMEHJAOBAHHOM JEKTOPOM YUe6bHOHM JMTEepaTyphl, BKJwuasd
UHGOOPMAIIMOHHBIE 06pa30oBaTeJIbHEIE PECYDPCH! (DJIeKTPOHHBIE YUEOHHUKH,
BJIeKTPOHHEBIE 6UOJIUOTEKU U AD.);

— HaIucCaHUue HOKJamoB:

— HOOZTrOTOBKAa K CeMMHHapaM, OPaKTHUEeCKUM U Jab0opaTOpPHBIM
pa6oraM, ux opopmMmieHue:

- COCTaBJIeHUE AHHOTHMPOBAHHOT'O couckKa crTaTeHu us
COOTBETCTBYIOIMIMX XYDHAJOB II0 OTPACJIAM 3HAaHUM (Demaroruueckux,
IICUXOJIOTMUECKHX, METOLUUECKUX U ZD.);

— BEHIIOJIHEHMNE YUebHO—HCCJIeLoBaTeJIbCKMX paboT, IpoeKTHasd
LedTeJIbHOCTD:

— HOOZTI'OTOBKa IIPAaKTHUECKHX pPa3pabOTOK M pPEeKOMEeHJaIlUuM II0
peleHn0 IPO6JIEMHOM CUTYAI[NU:

— BBINOJIHEHME JIOMAlIHMX 3aaHUM B BUHJE DPEIeHUS OTHEeJbHBIX
3azau, IIPOBEIEHHUS THIOBBIX pPaAaCUETOB, PACUETHO—KOMIIBIOTEPHBIX U
UHIUBUIVAJBbHBIX pabo0T IO OTIAEeJBbHBIM pa3gejsilaM CoOIZepXaHud
TUCIIUIIJIVH U T.JI.;

- KOMOBIOTEPHBIH TeXyI i CaMOKOHTPOJb u KOHTPOJIb
YyCIIeBaeMOCTM Ha 6a3e DJEeKTPOHHBIX O06yUalMMX U aTTeCTYIIHX
TEeCTOB:

— BBINIOJIHEHHE KYDCOBHIX Pab0T (IPDOEKTOB) B paMKaxX SUCIUIJINH;

— BBIIIOJIHEHYE BBIIYCKHOM KBaJMUPUKAIIMOHHOM PAa60OTHL U ID.

MeTO,[[I/IKa OpFaHI/I3aLlI/II/I CaMOCTOﬂTeHBHOﬁ pa6OTBI CTy,Z[eHTOB 3aBUCUT OT CprKTprI,
XapakTepa U OCOOCHHOCTEH HM3ydaeMoW AUCIUIUIMHBI, 0O0bEMa YacoB Ha €€ M3ydYeHHe, BUIA
BaIIaHI/Iﬁ JJIA CaMOCTOHTeHLHOﬁ pa60TBI CTYI[GHTOB, I/IH,Z[I/IBI/IIIyaJ'ILHBIX Ka4ycCTB CTy,Z[eHTOB nu
YCJIOBHH y4eOHOU eATeTLHOCTH.

Hpouecc OpTaHI/ISaL[I/II/I CaMOCTOﬂTeHBHOﬁ pa6OTLI CTy,Z[eHTOB BKJIFOHACT B ce6;1
CJ'ICHYIOHH/IG OTaIllbl:

@ 110ATOTOBUTENBHBINA (OMpeaeeHre I1eNiel, COCTaBIICHUE MPOrpamMMbl, IMOATOTOBKA
METOJIMYECKOT0 0OecreyeH s, MOAroTOBKa 000PyJ0BaHHUS);
@ OCHOBHOM (peanu3alnys MpOorpaMMbl, UCIIOJIIb30BAHUE NTPUEMOB MTOMCKA MHPOpMAIIH,

YCBOGHHUS, MepepabOTKH, NpPHUMEHEHHus, TIepefauyd 3HaHuM, QUKCUPOBAHHE pPE3YJIbTATOB,
caMOOpraHu3alus npouecca padoThl);

@ 3aKIIIOYUTEIIbHBIN (OHeHKa SHAYUMOCTH W aHaAJIU3 PE3YJIbTATOB, UX CUCTEMATHU3alN,

orieHka 3¢ (heKTUBHOCTH MTPOTPAMMBI U IPUEMOB PAOOTHI, BEIBOJIBI O HATIPABIECHUSIX ONITUMHU3AIIAN
Tpynaa).

2. Ilessb W 321241 CAaMOCTOAATEIbHON PadoThI
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[Tpu opranuzanuu CPC BaXHBIM U HEOOXOIUMBIM YCIOBUEM CTAaHOBSTCS (OPMUPOBAHUE
YMEHHUS CaMOCTOATEIBLHON pabOThl UIsi TPHOOpPETEHUS 3HAHWW, HABBIKOB U BO3MOXKHOCTH
OpraHu3aIy y4eOHOM U Hay4YHOU NesTeNbHOCTH. L{enbio caMoCTOsATeNbHON pabOThI CTYICHTOB
SBISICTCSL OBNAaZcHUE (PYHIAMEHTAIbHBIMU 3HAHUSAMH, TPO(HECCHOHATHLHBIMU YMEHUSAMH U
HABBIKAMU JIEATEIILHOCTH TI0 MPOQUITIO, ONTBITOM TBOPUYECKOH, MCCIIEA0BATEIHCKON AEITETLHOCTH.
CamocrosiTennbHasi  paboTa  CTYJIEHTOB  CIOCOOCTBYET  Pa3BUTHIO  CaMOCTOSATEIHLHOCTH,
OTBETCTBEHHOCTH U OPTaHM30BAHHOCTH, TBOPUYECKOTO MOX0/1a K PEIICHHUI0 MTPOoOieM yueOHOro 1
po(hecCHOHANBHOTO YPOBHSL.

3agauamu CPC sgBusgroTcs:

@ cucremaTuzauus u 3aKPCIUICHUE ITOJTYYCHHBIX TCOPETUYCCKUX 3HAHUU U IMPaKTHYCCKUX

YMEHMM CTY/IEHTOB;

o er'IY6J'IeHI/IC " paClIupCHUC TCOPCTHUICCKUX 3HaHPII>i;

@ dopMupoBaHHME YMEHHMM MCIIONB30BaTh HOPMATHUBHYIO, IIPABOBYIO, CIIPABOYHYIO

JIOKYMEHTAIMIO U CIIEUAIIBHYIO JINTEPaTypy;

@ pa3BUTHE I103HABATEIbHBIX CIIOCOOHOCTEH M AKTUBHOCTU CTYJEHTOB: TBOPUYECKOMN

HHUIUATUBBI, CAMOCTOATCIIbHOCTU, OTBETCTBEHHOCTH U OPTraHWU30BAHHOCTH,

@ (dopmupoBaHuEe CaMOCTOATEIHLHOCTH MBIIUICHUS, CIIOCOOHOCTEM K CamMoOpa3BUTHIO,

CaMOCOBCPHICHCTBOBAHUIO U CaMOpPCaIn3aluun;

@ pa3BUTHE UCCIIEIOBATEIbCKUX YMEHUM;

@ 1UCII0IB30BAaHUE MaTtcpHraiia, C06paHHOFO H TOJYYCHHOI'O B XO0A€ CaAMOCTOATCIIbHBIX

3aHATHI Ha CEMHHApax, Ha MPaKTHUECKUX U Ja00paTOPHBIX 3aHATHUAX, IPU HAMCAHUU KYpPCOBBIX
Y BBIITYCKHOM KBaNMU(PUKAIIMOHHOM paboT, 1ist 3 (PeKTUBHON MOITOTOBKH K UTOTOBBIM 3a4eTaM U
AK3aMEHAM.

3. IlopsiioK BBINOJHEHUS] CAMOCTOATEIBLHOM padoThI
3.1. Memoouueckue pexomenoayuu no pabome ¢ yueOHou 1umepamypou

[Ipu pabGote ¢ KHUTOM HEOOXOIUMO MOA00paTh JIMTEPATYPY, HAYUYUTHCS MPABUIBHO €€
YUTaTh, BECTH 3amucu. [ mogbopa nureparypbl B OMOIMOTEKE UCIIONB3YIOTCS al(aBUTHBIN U
CHCTEMaTUYECKHI KaTaJIoTH.

BaxxHO MOMHUTE, 4TO pallMOHAIBHBIE HABBIKK Pa0OTHI C KHUTOW - 3TO BCEraa OOoJbIast
SKOHOMUS BPEMEHHU U CHJI.

[IpaBunbHBIE TONOOP YYEOHUKOB PEKOMEHAYETCS MpEeroAaBaTelieM, YHTAIOIIUM
JEKIMOHHBIN Kypc. HeoOxoammas nuteparypa MoOKeT OBITh TakKe yKa3zaHa B METOJIUYECKHX
pa3paboTKax Mo JaHHOMY Kypcy.

N3yuas marepuan mo yu4eOHUKY, CIAEAYeT MEPEXOUTh K CIAEAYIOIIEMY BOMPOCY TOJIBKO
MOCIIe MPaBUIIBHOTO YSICHEHUS MPEABIAYIIET0, OMUCHIBAs Ha OyMare BCe BBHIKIAAKU U BBIYUCIICHUS
(B TOM 4mcCIie Te, KOTOphIE B YUYCOHUKE OMYIIEHBI WM Ha JICKIIUU JaHbI JJII CAMOCTOSTEIHHOTO
BBIBOJIA).

[Tpu nzydeHuu 0001 MUCIUILTAHBI OOJBIIYIO U BAKHYIO POJIb UTPAET CAaMOCTOATEIbHAS
WHAWBHUAyalIbHAs paboTa.

Ocoboe BHUMaHWE CJIEAyeT OOpaTUTh Ha OMNpEJCICHHE OCHOBHBIX MOHSATHH Kypca.
CTyneHT noipKeH MmoApoOHO pa3dupaTh MPUMEpPBI, KOTOPHIE MOSICHSIOT TaKWe OMpeAeNieHus, U
YyMETh CTPOUTH aHAJOTHYHBIE MPUMEPBI CaMOCTOATENbHO. HyXHO JM00MBAaTBHCS TOYHOTO
MPEACTABJICHUS O TOM, YTO U3y4aelllb. [101e3H0 coCcTaBsATh ONOPHBIE KOHCTIEKTHI. [Ipu n3yuenun
Marepuaia mo y4eOHUKY TMOJIE3HO B TETpaau (Ha CHEIUATbHO OTBEJACHHBIX IMOJISIX) TOTOJHATH
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KOHCIEKT JieKUMid. TaM ke cleayeT OTMedaTb BOIIPOCHI, BBIIEICHHBIE CTYACHTOM JUIS
KOHCYJIBTAIIMH C MPENOAaBaTEIEM.

BbIBOABI, TONTy4YEHHBIE B PE3YJIBTATE U3YUEHUS, PEKOMEHIYETCS B KOHCIIEKTE BBIJEIIATS,
YyTOOBI OHH MPH MEPEUUTHIBAHUY 3aIIUCEH JTyUllle 3alIOMUHAINCH.

OneIT NMOKa3bIBAa€T, YTO MHOTMM CTYJAEHTaM IIOMOIAaeT COCTABJIEHUE JIMNCTA OMOPHBIX
CUTHAJIOB, COJIEpIKallero BaKHEHIIMe 1 Haubosee 4acto ynorpediasembie GOpMyJIIbl U MOHSATHS.
Taxkol JTUCT MOMOTraeT 3allOMHUTH (POPMYJIbI, OCHOBHBIE MOJIOXKEHHUS JIEKLIUHU, & TAKKE MOXKET
CIIyKHUTb ITOCTOSIHHBIM CIIPAaBOYHUKOM JJIsl CTYJICHTA.

UreHne Hay4HOIO TEKCTa SIBIISIETCS YacThIO MO3HABATEIbHOW neATenbHocTH. Ee nenp —
U3BJIEYCHHE U3 TEKCTa HeoOxoauMoi nHdopmanuu. OT TOro Ha CKOJIBKO OCO3HAHHA YUTAIOIINM
COOCTBEHHAsi BHYTPEHHsSI YCTaHOBKA INpH OOpallleHMHM K TEYaTHOMY CIOBY (HAlTH HY>XHbIE
CBEJICHUSI, YCBOUTh MH(POPMAIUIO MOJHOCTHIO WM YaCTUYHO, KPUTUYECKU MPOaHATIM3UPOBAThH
MaTepHal 1 T.II.) BO MHOI'OM 3aBUCHT 3(PEKTUBHOCTH OCYIIECTBISIEMOTO JCHCTBHUSI.

Beipenstor uemsipe ochogéHnbie ycmano6Ku 6 YUmeHuu HAy4HO20 MEKCMa:

UH(POPMALIMOHHO-TTIOUCKOBBIHN (3a/1a4a — HAUTH, BBICIUTH HCKOMYIO HH(POPMAIIHIO)

ycBauBarouias (yCWIns YUTaTessl HallpaBJIeHbl Ha TO, YTOOBI KaK MOKHO IIOJTHEE OCO3HATh
Y 3alIOMHHUTDH KaK CaMH CBEJICHUS U3J1araéMble aBTOPOM, TaK U BCIO JIOTUKY €0 pacCyXIACHHN)

AQHAIUTUKO-KPUTHYECKAsl (YUTATeNIb CTPEMUTCS KPUTUYECKH OCMBICIUTh MarepHall,
IIPOAHAIM3UPOBAB €T0, OIIPE/IEINB CBOE OTHOLIEHUE K HEMY )

TBOpUeCKas (CO3[aeT y YMUTaTeNsi TOTOBHOCTh B TOM HJIM MHOM BHJIE — KaK OTIPaBHOMN
MYHKT JJI CBOUX PacCyXJICHHUH, Kak o0pa3 i JeMCTBUS MO aHAJOTHM U T.II. — UCTIOJIb30BaTh
CY)KJIEHHUsI aBTOpa, XOJA €ro MbICIeH, pe3ynbTaT HaOoJIeHus, pa3pabOTaHHYI METOJHUKY,
JIOTIOJTHUTD UX, TIOJIBEPrHYTh HOBOW IPOBEPKE).

OcnogHule 6U0bl CUCEeMAMUUPOBAHHOU 3aNUCU NPOYUMAHHO2O!

AHHOTHpOBaHME — IMPENEIbHO KpPaTKOE CBA3HOE ONMCAHUE IPOCMOTPEHHOM WU
MIPOYUTAHHOMN KHUTHU (CTaTbU), €€ COEPIKaHUS, UCTOUYHUKOB, XapaKTepa U Ha3HAUCHUS;

[InannpoBaHue — KpaTKas JIOTHYECKasi OpraHU3alMsl TEKCTa, paCKphIBAaIOLIas COACpKaHHUE
U CTPYKTYpY M3y4aeMOro Marepuaa;

Te3upoBaHue — JIAaKOHMYHOE BOCIIPOU3BEJICHHE OCHOBHBIX YTBEP)KICHHMH aBTOpa 0€3
IpUBJICYEHUS (PAKTUUYECKOT0 MaTepuara;

uTtnpoBaHue — JOCIOBHOE BBIMUCHIBAHUE U3 TEKCTa BBIIEPKEK, U3BICUECHUH, HanOoee
CYIIECTBEHHO OTPAXKAKOIINX Ty WJIH HHYIO MBICIIb aBTOPA;

KoHcnektupoBaHue — KpaTKoe M IOCIENOBATEIbHOE H3JI0OKEHHUE COJEp/KaHUsA
MIPOYUTAHHOTO.

KoHcneKT — cliokHBIN cr1oco0 U3NI0KEHHS COIEPIKAaHUs KHUTH WIIM CTaTbU B JIOTHYECKOM
nocieaoBaTeabHOCTH. KOHCIIEKT akKyMyIupyeT B ce0e Mpeblaylue BUAbI 3alUCH, T03BOJISET
BCECTOPOHHE OXBATUTH COJIEP’)KaHNE KHUTH, cTaThbu. [103TOMy yMeHue coCcTaBiIATh IJIaH, TE3UCHI,
JleNaTh BBIMUCKY U APYTHE 3alMCH ONPEIEseT U TEXHOJIOTHIO COCTABIICHNS KOHCIIEKTA.

Memoouueckue pexomeHoayuu no cocmagieHuIo KOHCNeKma.:

1. BHUMaTenbHO MPOYMUTANTE TEKCT. Y TOYHUTE B CIPABOYHOM JIMTEPATyPE HETOHATHBIE
cioBa. [Ipu 3anmucu He 3a0yAbTe BBIHECTH CIPABOYHBIC IaHHBIC HA MOJIST KOHCIIEKTa,

2. Breimenute riiaBHOE, COCTaBbTE INIAH,

3. Kpatko cdopmynupyldTe OCHOBHBIC MOJOXKEHUS TEKCTa, OTMEThTE apryMEHTAlUIO
aBTOpa;

4. 3aKkoHCHEKTUPYITE MaTepHall, YETKO cleAys MyHKTaM IiaHa. [Ipu koHcnieKTupoBaHUM
CcTapalTech BBIPA3UTh MBICIIb CBOUMH CIIOBAMU. 3aIMCH CIIETYET BECTH YETKO, SCHO.

5. I'pamoTHO 3anuceiBaiiTe HUTaThl. LIUTHPYSI, yUUTHIBAalTE TAKOHUYHOCTH, 3HAYUMOCTb
MBICITH.

B Texcre KOHCIEKTa KeJlaTeNnbHO NPUBOAUTH HE TOJIBKO TE3UCHBIE MOJIOKEHUS, HO U UX
nokazatenbcTBa. [Ipu odopmieHHH KOHCIEKTa HEOOXOJUMO CTPEMUTHCS K €MKOCTH Ka)10To
npeuiokeHus. MBICIM aBTopa KHUTHM CIEAyeT u3jaraTb Kparko, 3a00TsICh O CTHIE U
BBIPA3UTEIHLHOCTH HAMMCAHHOTO. YHCIIO0 TONOJHUTENbHBIX 3JIEMEHTOB KOHCIEKTa JOJIKHO OBbIThH
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JOTMYECKH  OOOCHOBAaHHBIM,  3alMCH  JIOJDKHBI  paclpeleNarTbCss B OINpeleeHHOU
MOCIIE0BATEIbHOCTH, OTBEYAOIIEH JIOTUYECKON CTPYKType Mpou3BeneHus. s yTouHeHus u
JIOTIOJTHEHUSI HE0OX0IMMO OCTaBJIATh MOJIS.

OBnazneHre HaBbIKAMU KOHCIIEKTHPOBaHUS TPeOYyeT OT CTyJEHTa LEeJeyCTPEeMIICHHOCTH,
MOBCEIHEBHOM CaMOCTOATEIBbHOM padoThI.

Bonipocs! 1isi codece1oBaHUsI IO CAMOCTOSITEILHO H3YYeHHOI JTuTEpaType

l. KpaTtkass uctopus MckyccTBeHHOro MHresiekra (M), mMammHBI U MHTENIIEKT.
OcHoBHbIE HanpaBJeHHs ucciaenoBanuil B oomactu UU.
2. WHTeieKkTyanbHble  CHUCTEMBl  OOLIEHMSA: CHUCTEeMbl OOpabOTKH  TEKCTOB

€CTECCTBECHHOI'O sA3bIKa, CUCTCMbI 06yquH$[ ¢ Oasamu JAaHHBIX, TUAJIOrTOBBIC CUCTEMbI PCUHICHUA
3aaa4, CUCTCMBI pCUCBOI'0O O6H_ICHI/IH.

3. Pa3paboTka ecTecTBEHHO-SI3bIKOBBIX MHTEP(ECOB M MAIIMHHBIA TEpeBOj C
OJIHOTO SI3bIKA Ha JIPYTOM.

4. WuTennextyanbHble poOOTHI.

5. OOyuenue u caMoo0y4YeHHe, HICKYCCTBEHHbIE HEHPOHHBIE CETH.

6. 3aa4yn pacrio3HaBaHUs 00pa3oB.

7. WHTennexTyanbHbple UTPbl U MAIMHHOE TBOPYECTBO.

8. [IpeacraBnenne 3amad M CTpPATETMH IOMCKA HMX pPEHNIEHUS B MPOCTPAHCTBE

COCTOSIHUH (ITOUCK B TIYOMHY M IIMPHHY, CJIENOW U 3BPUCTUUYECKUN MOUCK, MOMCK HA MUIPOBBIX
JIEPEBbSIX, MUHUMAKCHBIN alropuTM™, aibda-6eTa aaroput™ u ap.).

9. [IpencraBnenue 3HaHMN - wLeHTpanbHas mpobnema WU. Ilpouenypuas wu
neknapatuBHas nHpopMmanus. [lepexom oT 00pabOTKM JaHHBIX K ONEPUPOBAHUIO CO 3HAHUSIMH.
10. OtnuuuTensHble  OCOOGHHOCTM ~ 3HAHUM  OT  JaHHBIX: BHYTpPEHHSS

MHTEPIPETUPYEMOCTh, CTPYKTYPHUPOBAHHOCTbD, CBA3HOCTh, aKTUBHOCTb. ba3sl 3HaHni. HeueTkue
Y HETOYHBIE 3HAHMUSL.

1. OTtkpeITOoCTh 3HAaHUHU B cucteMax M. OcHOBHBIE METOIBI TPUOOPETCHUS 3HAHUIA.
WHxeHepus 3HaHUM.

12. OCHOBHBIE MOJIENH TIPE/ICTABIICHNS] 3HAHUM.

13. @dopManbHble JIOTMYECKHE MOJENM mpeAcTaBieHus 3HaHuil. [Ipobiema
MOHMMAaHUS €CTECTBEHHOT'O S3bIKA.

14. CereBble MOJENU TIPEACTaBICHUS 3HAHUN (cemaHTHdeckue cetr). OToOpaskeHue

MHO’K€CTBa HH(OPMALIMOHHBIX €AMHUI] BO MHOXECTBO THUIIOB CBsI3€H Mexay HUMU. OTHOIIEHUS
TUIA «a0CTPAKTHOE-KOHKPETHOE» U «IIeJI0e-4acThy. Mepapxus Haclie0BaHUs.

15. OpeiiMoBbie MoJenu NpeacTaBieHus 3Hanuil. [lonstus ¢peiima, TepMUHAIBHOTO
cioTa, nporodpeiima. ms ppeiima u uMs coTta, 3HaYEHUE CII0Ta ¥ TUI AAHHBIX ci1oTa. OpeiiMbl-
AK3EMIUIAPBI. MexaHn3M HacleOBaHusl.

16. ITponyknuoHHas Mojenb NpeacraBieHus 3HaHWi. CucreMsl nponykuuil. basza
3HaHu# (0a3a paxkTOB U MpaBHII).

17. PabGouass mamsaTh. MexaHuU3M BbIBOJA: mpsAMas W oOpaTHas Iernovka
paccyKIeHH.

18. JlocToMHCTBa ¥ HEAOCTATKU NPOAYKIIMOHHONW MOJIEIH NPEACTABICHUS 3HAHUI.

19. WNHTerpupoBaHHble MOJENM NPEACTABICHUS 3HAHWM. SI3BIKM IpeicTaBICHUS
3HAHUM.

20. OOmras xapakKTepUCTHKaA MPOTPAMMHBIX CPEICTB i pa3pabOTKU U peaau3aluu
cucreM M. TpeboBanus k mporpaMMHOMY oOecriedenuto cucreM NUU.

21. HNHcTpymeHTannbHbIe cpeacTBa A co3aanus cucreMm UL

22. [Tonsitue skcnieptHOit cucteMbl (DC). HazHaueHue, NMPUHIUIBI MTOCTPOCHUS W
obmactu mpumenenus DC. Opranuzanus 3Hanuil B JC.

23. Buget O5C u Tunsl pemaeMblx MMM 3afad. VHCTpyMEHTalbHBIE CpENCTBa

paszpabotku IC. O607I09KOBBIE CPEeACTBA CO3AaHUS MTPOTOTHIIOB DC.
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24. I'ubpuanbie norudeckue u moaenupytomue OC, IC Ha 6a3e HEYETKOH JIOTHKH.
NuTtennexryanbupie nHbopmarmorasie JC.

25. CrpykTypHass cxema, OCHOBHBIE KOMIIOHEHTBI, apXWUTEKTypa U PEKHUMBI
ucrnonb3oBanng OC MPOTyKIIMOHHOIO THUIIA.

26. OcHoBuble 3Tanbl pazpadotku DC. Kuznennsiit nukia 9C.

27. S3p1KM TporpaMMUpOBaHus Uil pemenus 3aaad .

3.2. Memoouueckue pexkomeHOayuu nNO NOO20MOGKEe K NPAKMUYECKUM U 1AO0PAMOPHLIM
3AHAMUAM

Jlisg Toro yToOBl MpaKTHUECKHE U JTAOOpaTOpHbIE 3aHATHS MPUHOCHUIN MAaKCHUMAaJIbHYIO
M0JIb3Y, HEOOXOAMMO MOMHUTb, UTO YIPAXXHEHUE U PEIICHHE 3a/1a4 IPOBOJATCS 110 BHIUUTAHHOMY
Ha JIEKIUSAX MaTepually U CBsI3aHbl, KaK NMPaBUIIO, C JETAIbHBIM pa300pOM OTAEIbHBIX BOIIPOCOB
JEKIMOHHOrO Kypca. Cienyer NOAYEpPKHYTh, 4YTO TOJBKO IIOCIE€ YCBOEHHUS JIEKIMOHHOTO
Marepuana ¢ ONPEACICHHOW TOYKH 3peHUs (2 MMEHHO C TOH, C KOTOPOM OH M3jIaraercs Ha
JIEKIMSIX) OH Oy/IeT 3aKpeIUIAThCS Ha MPAKTHYECKUX 3aHATUAX KaK B pe3ysbTare 00CYXICHHUS U
aHaJIM3a JEKIMOHHOTO MaTepualla, Tak U C MOMOIIBIO PEelIeHUs] IPOOJIEMHBIX CUTYyaluil, 3a/1a4.
ITpu 3THUX yCIIOBUAX CTYAEHT HE TOJIBKO XOPOLIO YCBOUT MaTepUall, HO U HAYYUTCS IPUMEHSATH €r0
Ha MpPaKTHUKe, a TaKXKe MOITYYUT JOTOIHUTEIbHBIA CTUMYJ (M 3TO OYEHb BAXKHO) JJISl aKTUBHOM
pOpabOTKH JIEKIUH.

[Tpu camMOCTOSITETPHOM pEIICHUH 33/1a4 HY>KHO OOOCHOBBIBATh KaXKIbIH 3Tal peleHus,
UCXOJs U3 TEOPETUUECKUX IMOJIOKEHUH Kypca. Ecau cTyIeHT BUIUT HECKOJIBKO MyTEH peLICHUs
npo0sieMbl (3aaun), TO HY’KHO CPaBHUTh UX U BBIOpaTh camblii paunoHanbHbIA. [lonesno no
Hayaja BBIYMCIICHUI COCTaBUTh KpaTKUM IJIaH pemieHus npoOieMsl (3amgauum). Pernenue
poOJIEMHBIX 3ajlad WJIM IPUMEPOB CJEeNyeT M3Jlarath MoJpOOHO, BBIUMCICHUS pacroyiaraTh B
CTPOTOM TOPSIIKE, OTHENSAsl BCIIOMOTAaTENbHBbIE BBIUMCIECHHS OT OCHOBHBIX. PemieHust mpu
HEO0OXOIUMOCTH HY>KHO CONPOBOXKJIaTh KOMMEHTAPUSIMHU, CXEMaMH, YepTexXaMl U PUCYHKAMH.

Crnenyer MOMHUTB, YTO pPELICHHE KaxJ0M y4eOHOM 3aaud JOJDKHO JOBOJUTHCS 10
OKOHYATEJIbHOTO JIOTMYECKOTO OTBETa, KOTOPOro TpeOyeT YCIOBHE, U IO BO3MOXKHOCTH C
BbIBOZIOM. [loy4eHHBI OTBET cieayeT MPOBEPUTh CHOCOOaMM, BBITEKAIOIIUMH M3 CYIIECTBA
naHHou 3amauu. [Tone3Ho Taxoke (eciiv BO3MOKHO) peliaTh HECKOJIBKUMHU CIIOCO0aMH U CPABHUTD
MOJIy4YeHHBIE pe3yNbTaThl. Pemenne 3a1au JaHHOTO THIIAa HY>KHO MPOJODKATh 10 MPUOOPETEHUs
TBEP/bIX HABBIKOB B UX PEILICHUHU.

4.3. Memoouueckue pexomeHoayuu no camonposepke 3HaHuu

[Tocne u3y4yeHus omnpeneeHHOW TeMbl M0 3alHUCiIM B KOHCIIEKTEe M YYEOHMKY, a TaKxke
pELIEHNs] TOCTaTOYHOTO KOJMYECTBA COOTBETCTBYIOIIMX 33]a4 HAa MPAKTHUUECKHUX 3aHATUAX U
CaMOCTOSITENIbHO CTYACHTY PEKOMEHAYEeTCs, NMPOBECTH CaMOIPOBEPKY YCBOEHHBIX 3HAHUM,
OTBETHUB HAa KOHTPOJIbHBIE BONPOCHI 10 U3YUYEHHOH TEME.

B ciyyae He06X0IMMOCTH HY>KHO €llie pa3 BHUMATEIbHO pa300paThCsl B MaTepHalle.

WHorga HEROCTaTOYHOCTh YCBOEHUS TOTO WJIM MHOTO BONPOCA BBIACHAETCS TOJIBKO NP
M3Yy4YEeHUHU JajbHelero Marepuana. B aToM ciyyae Hajo BEpHYThCS Ha3aJ U MOBTOPUTH IJIOXO
YCBOCHHBIN MaTepuan. BakHbIil KpUTEpUNl yCBOEHHUS TEOPETHYECKOIO0 Marepuajga - YMEHHE
pemarh 3aJa4d Wi NPONTH TECTUPOBAHME IO MpoilieHHOMY Marepuany. OgHaKo clemyer
IIOMHHUTbH, YTO IPABWIBHOE PEIIECHUE 3a/aud MOXKET IOJYUYUThCS B PE3YJbTAaTe NMPUMEHEHHUS
MEXaHUYECKHU 3ay4eHHBIX (POpMyI1 6€3 TOHUMAaHHUS CYIIHOCTH TEOPETUUECKHUX TOJI0KEHUH.

3.4. Memoouueckue pexomeHOayuu nNO HANUCAHUIO HAVYHBLIX MEKCMO8 (O0KIA008,
pehepamos, scce, HAyUHLIX cmamell U m.o.)

[lepen Tem, Kak MPUCTYNUTH K HATUCAHUIO HAYYHOTO TEKCTa, BaXKHO pa3o0paThesi, KAaKOBa
MCTHHHAS 11eJIb BAlllero HAyYHOTO TEKCTa - 3TO IMOMOXKET BaM pa3yMHO PacHpeeIUTh CBOU CHIIbI
U BpEMs.

Bo-nepBbIX, cHayaia Hy»HO OIpPENEIUThCS C HJIeel HaydHOTOo TEKCTa, a ISl 3TOro
HE00XO0/IMMO HAYUUTHCS TMOO OTHOCUTHCS K PA3HBIM SIBIICHUSAM U (DaKTaM HECKOJIBKO KPUTUYECKH
(cBOs mzes — Kak MHas TOYKa 3pEHHs), TUOO HAYUUTHCS YBJIEKAThCS KAaKUMHU-TO MU3BECTHBIMU
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UACSIMH, KOTOpPBIE HYXXIAIOTCS B J0pa0oTke (Maess — KaK ONTUMHUCTHUYECKAs TO3ULUS U
HaIpaBJICHHOCTh Ha JaJIbHEWIIIee COBEPIICHCTBOBAHHUE yKE M3BECTHOTO). BO-BTOPBIX, HAYUUTHCS
OpPTraHU30BBIBATH CBOE BPEMs, BEb, KAaK M3BECTHO, CBOOOTHOE (OT BCSIKUX TIIYNOCTEH) BpeMs —
Ba)KHEHUIIIEE YCIOBUE HACTOSAIIETO TBOPUYECTBA, IS HETO HAKOHEII-TO MOsBIsieTcs BpeMs. MHorma
MMEHHO Ha OPTaHM3AIHMI0 TAKOTO BPEMEHHU YXOTUT HeMasas 4acTh CHJI U TaJlaHTOB.

[Tucate cnemyeT SICHO ¥ IOHSATHO, CTApasiCh OCHOBHBIE TIOJIOKEHUST (POPMYITHPOBATH YETKO
Y HEJIBYCMBICTICHHO (YTOOBI M CAMOMY MOHSIITHO OBLII0), a TAK)KE CTPEMSICh CTPYKTYPUPOBAThH CBOU
TekcT. Kaxplii pa3 Hao MpeacTaBIsTh, YTO Ball TEKCT OyAET KTO-TO YUTATh M €My 3aX0YeTCs
COPUEHTHPOBATHCS B HEM, OBICTPO HAXOAWTHh OTBEThl HA HMHTEPECYIOUINE BOMPOCH! (320/IHO
IpeCTaBbTe ceOs Ha MECTEe TaKOro yesoBeka). [[oHsITHO, uTo paboTa, HalTMCaHHAs! «CTUIONTHBIM
TeKcTOM» (6€e3 3aroyloBKOB, 0e3 BhIACNIEHUS KPYIMHBIM HIpHU(TOM Hanbosee BaXKHBIM MECT H T, I1.),
y KYJIBTYPHOTO 4YHTATeNs JODKHA BBI3BIBATH OpE3rNIMBOCTh W JIaXKe KaJOCTh K aBTOPY
(MCKJIFOUEHUSI COCTABIISIIOT HEKOTOPBIE IPEBHHUE TEKCTHI, KOTJA U JKaHP ObLT WHOM U K TeKCTaM
OTHOCWJICh HMHAa4e, J]a M CaMHX TEKCTOB OBUIO TOpa3/l0 MEHbIIE — HE TO, YTO B DJIOXY
«MH()OPMAIIMOHHOTO B3PHIBa» U COOTBETCTBYIOMIETO «HH(POPMAITMOHHOTO MYCOPa» ).

O0bemM TekcTa W paznudHbie OPOPMHUTEIBCKHE TPEeOOBAaHUS BO MHOTOM 3aBUCAT OT
MPUHSTHIX B KOHKPETHOM y4eOHOM 3aBEJICHUU TOPSIKOB.

Pedepar (moxmam)- 9TO camMOCTOSATETHLHOE HCCIEIOBAHUE CTYJACHTOM OMPEIEICHHOMN
POOJIeMBbI, KOMITJIEKCA B3aUMOCBSI3aHHBIX BOTIPOCOB.

Pedepar He moimkHa cocTaBIATHCS U3 (PparMeHTOB cTaTei, MoHOTpaduii, mocobmii. Kpome
MIPOCTOTO U3JIOXKEHUS (DAKTOB M IIUTAT, B pedepare MOKHO MPOSBISATHCS aBTOPCKOE BHUJICHUE
po0OJIEMBI U €€ pPeLeHUs.

PaccMoTpuM OCHOBHBIE ATambl TOATOTOBKU pedepara CTYACHTOM.

Brimonnenue pedepara HauMHAETCs C BHIOOpA TEMBI.

3areM CTyJIEHT NPUXOJUT Ha TMEPBYI0 KOHCYIbTAIIMI0 K PYKOBOAMTENIO, KOTOpas
npeyCMaTPUBACT:

- 00CyXIeHHe IeNH U 33724 PaboThl, OCHOBHBIX MOMEHTOB H30paHHOU TEMBI,

- KOHCYJIbTHPOBaHUE IO BOIPOCAM NOJ00pa JINTepaTyphI;

- COCTaBJICHHE TIPEIBAPUTEIHHOTO IJIaHA.

Crnenyromum d3TaroM siBlisieTcss pabora ¢ juteparypoir. Heobxoammas nurepaTypa
no0upaeTcsi CTyAEHTOM CaMOCTOSITENIBHO.

[Toce mogbopa nmuTepaTyphl 1esiecoodpa3Ho cAenaTh pabounii BApUaHT TuTaHa padoTel. B
HEM HYKHO BBIICITUTH OCHOBHBIC BOIIPOCHI TEMBI U Taparpadbl, pacCKpbIBAIOIINE UX COACPIKAHNUE.

CoCTaBJICHHBIN CIUCOK JIMTEPATYPhl M MPEIBAPUTEIBHBIA BapHAHT IUIaHA YTOYHSIOTCS,
COIJIaCYIOTCSl Ha OUepEeTHON KOHCYJIBTAIlUU C PYKOBOJUTEIIEM.

3areM HauyMHAeTCs CIEAYIOIUNA dTanm paboThl - H3y4deHUE JuTepaTypbl. TOIBKO
BHUMATENBHO YHTas U KOHCIEKTUPYS JUTEPATypy, MOKHO pa3o0paThCs B OCHOBHBIX BOIIPOCAX
TEMBI ¥ TIOITOTOBUTHCS K CAMOCTOSITEIFHOMY (aBTOPCKOMY ) U3JIOKEHHUIO CoJiep)aHus pedepara.
KoHcnekTupys nepBOMCTOYHUKH, HEOOXO0AUMO OTPAa3UTh OCHOBHYIO UCIO aBTOPA U €0 MO3HIINIO
TI0 MCCIIElyEMOMY BOTIPOCY, BBISIBUTB IPOOJIEMBI 1 HAMETUTH 33]1a9M JUIS TaTbHEHIIIET0 H3YICHUS
JAHHBIX TPOOIEM.

Cucremaruzanisi ¥ aHAJIU3 W3YYCHHOW JUTEpPATypbl MO MpoOJieMe WCCIeTOBAHHUS
MO3BOJIAIOT CTYICHTY HAMUCcaTh padoTy.

Pabounii BapuaHT TeKcTa pedepaTa MPeIOCTaBIsAETCS PYKOBOIUTENO HA MpoBepKy. Ha
OCHOBe palouero BapuaHTa TEKCTa pPYKOBOJIUTEIb BMECTE CO CTYACHTOM OOCYXJaeT
BO3MOYKHOCTH JOpabOTKH TekcTa, ero odopmiienue. [locie mopaboTku pedepar cmaercs Ha
kadenpy I ero OlleHUBAHUS PYKOBOIUTEIIEM.

Tpebosanus k Hanucanuio pegpepama

Hamucanue 1 pedepara sBiseTcss 00s13aTeNbHBIM ycioBUeM BoinonHeHus miana CPC mo
0001 TUCIUTUIMHE TPOGECCHOHATHHOTO IHKJIA.

Tema pedepata MOkeT OBITh BBIOpaHAa CTYJACHTOM U3 TPEIOKEHHBIX B padoueit
nporpaMMe WM (OHIE OIEHOYHBIX CPEIICTB IUCIHMILINHEL, JTHOO ONpe/eleHa CaMOCTOsITEIBHO,
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UCXOAS M3 HWHTEPECOB CTyJeHTa (B paMKaX H3y4aeMol AWCUUILINHBI). BbeiOpaHHyl0 Temy
HEOOXOJIMMO COTJIACOBATHCS C MPETIO/IaBaTEIIEM.

Pedepat nomkeH ObITh HaMKMCaH HAYYHBIM SI3BIKOM.

O06nem pedepara momKeH cocTaBisaTs 20-25 crp.

Cmpyxmypa pegpepama:
@ Bgenenue (He Gonee 3-4 crpanun). Bo BBeneHHn HEOOX0IMMO 00OOCHOBATH BBIOOD

TEMBbI, €€ AKTYyaJIbHOCTb, OYCPTUTH 00J1acTh HUCCICI0BaHUs, 00BEKT HUCCICI0OBaHUsA, OCHOBHBIC
OeIn U 3aJa4i UCCICIOBaHU.

@ OcHoOBHasl 4aCTh COCTOMT U3 2-3 pa3zenioB. B HUX packpbIBaeTcs CyTh UCCIENyEMOU

po0JIeMbl, MPOBOAUTCS 0030p MUPOBOI JTUTEpaTypbl U UCTOUYHUKOB MHTEpHET MO mpeaMeTy
UCCIIC/IOBaHMsI, B KOTOPOM JAeTCsl XapaKTePUCTHKA CTENEeHHM pa3pabOTaHHOCTH MPOOJIEMBI U
AaBTOPCKAasl AHAJUTUYECKas OLEHKA OCHOBHBIX TEOPETUYECKHX IOJAXOJOB K €€ PpELICHHUIO.
W3noxxeHne Marepuana HE JOJDKHO OIPAHUYUBATBHCS JIMIIb ONMCATEIBHBIM IOAXOAOM K
pPacKpbITUIO BbIOpaHHOW TeMbl. OHO TakKe JOJDKHO COJep)KaTh COOCTBEHHOE BHJEHHUE
paccMaTpuBaeMoi IpoOIeMbl M M3JI0’KEHHE COOCTBEHHOM TOUKH 3PEHHUS Ha BOSMOXKHBIE ITyTH €€
penieHusl.

@ 3aximouenue (1-2 crpanuisl). B 3akitoueHun KpaTko M351araroTcsi JOCTUTHYTBIE MPU

M3Y4YEHUU MTPOOJIEMBI 1I€TH, TIEPCIIEKTUBBI PA3BUTHS UCCIIEyEMOro BoIpoca

@ Cnucok MCNoIb30BaHHOM JUTEpaTyphl (He MeHbIne 10 MCTOYHHMKOB), B andaBUTHOM

nopsiike, O(OPMIICHHBIN B COOTBETCTBUM C IPUHATHIMH MPABIIIAMH. B CIIMCOK MCTIOJIB30BAaHHOM
JTUTEpPaTyphl PEKOMEHIYETCs BKIIOYaTh PabOThl OTEYECTBEHHBIX U 3apyOEKHBIX aBTOPOB, B TOM
YHUCJIC CTAaThH, OHy6J'II/IKOBaHHI)Ie B HAYYHBIX )XYypHaJiaX B TCUHCHUC ITOCIICAHUX 3-X IeT ¥ CCBHIJIKH Ha
pecypcel cetu HTEpHET.

@ [Ipunoxenue (mpu HEOOXOIUMOCTH).

Tpebosanus k oghopmnenuro:

@ TCEKCT C OJHOM CTOPOHBI JINCTA;

@ wpudrt TimesNewRoman;

@ xerib mpudra 14;

@ MeXKCTpOUHOE paccrosiHue 1,5;

@ 1ot cBepxy 2,5 cM, cHU3y — 2,5 cM, cieBa - 3 M, cipasa 1,5 cm;

@ pedepat 1omKeH OBITH MPEACTABICH B COPOITIIOPOBAHHOM BHUJIC.

Tlopsoox 3awumol pechepama:

3amuTa pedepara MPOBOAUTCS HA MPAKTUUYECKHUX 3AHATHUSIX, TOCTIE OKOHYAHHUsS pabOThI
CTyJICHTa HaJ] HUM W WCIPABICHUS BCEX HEJIOYETOB, BBISABICHHBIX IPEIOABATEIIEM B XOJC
KoHCynbTanuil. Ha 3amury pedeparta orBogutcs 5-7 MUHYT BPEMEHH, B X0/I€ KOTOPOTO CTYJEHT
JIOJDKEH TTOKa3aTh CBOOOIHOE BIIaICHHE MaTEpUAIIOM 110 3asiBiieHHOH Teme. [Ipu 3ammte pedepara
MPUBETCTBYETCS MCIOIH30BAHUE MYJIbTUMEIUA-TIPE3CHTAITIH.

Oyenka pegpepama

Pedepat orienuBaeTCs Mo CIEAYIOMUM KPUTEPUSIM:

* coOmroeHue TpeOboBaHMiA K €ro 0POPMIICHHIO;

* HEOOXOJAMMOCTh M JIOCTATOYHOCTH JJSI PACKPBHITHS TEMbl TPUBEICHHOW B TEKCTE
pedepara nadopmaruu;

* YMEHHE CTyACHTa CBOOOHO U3JaraTh OCHOBHBIC UCH, OTPAKEHHBIE B pedepare;
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* CIIOCOOHOCTH CTY/IEHTa IMOHSATH CYTh 33/1aBa€MBIX IPENOAaBaTEIeM M COKYPCHUKAMU
BOIPOCOB U C(hOPMYJIUPOBATHh TOUHbIE OTBETHI HA HUX.

Kpumepuu oyenxu:

Oyenka «omauuHo» BBICTABISECTCA CTYACHTY, €CJIM B JTOKJIAJE CTYJAEHT MCUEPIIBIBAOIIE,
MOCJIEI0BATENbHO, YETKO U JIOTHUECKU CTPOMHO H3J1araeT MaTepuall; CBOOOJHO CIPaBIIAETCS C
3a/layaMy, BOIIPOCAMHM M JIPYTMMH BHJIaMHM NPUMEHEHHMs 3HAHWU; HCIIONB3YET I HaIMCAHMS
JIOKJIaJla COBPEMEHHbIE HAay4Hble MaTepUaIbl, AaHAJIU3UPYET MOJYYCHHYIO HWH(POPMAIIUIO;
MIPOSIBIISIET CAMOCTOSATEIBLHOCTh P HAIIMCAHUM JTOKJIAJa.

Oyenka «xopowio» BBICTABIAETCA CTYACHTY, €CIM KauyeCTBO BBINOJIHEHMS JAOKIada
JIOCTaTOYHO BBICOKOE. CTYZIEHT TBEPAO 3HAET MaTepraj, TPaMOTHO U M0 CYIIECTBY M3JIaraeT ero,
HE JIOIIyCKasl CYIECTBEHHBIX HETOYHOCTEM B OTBETE HA BOIIPOCHI 110 TEME JOKJIAJA.

Oyenka «yo0oenemeopumenbHoy BbBICTABISETCA CTYIEHTY, €CIM MaTepuayl JOKJIajaa
U3JaraeTcs 4acTUYHO, HO MPOOeNbl He HOCAT CYIIECTBEHHOTO XapakTepa, CTYJICHT JOIMYCKaeT
HETOYHOCTU M OLIMOKH IMPH 3alUTe AOKJIaja, AaeT HEJOCTaTOUYHO MpaBWIbHbIE (HOPMYIHPOBKH,
HaOJII01at0TCSl HAPYLICHHUS JIOTHYECKOM 1OCIIe0BAaTEIbHOCTH B U3JIOKEHUN MaTepHara.

Oyenka «Hey0061emeopumenbHoy BBICTABIAETCS CTYAEHTY, €CIIM OH HE MOJrOTOBUII
JOKJIaJl WJIM JIOMYCTUJI CyIIeCTBeHHble OMMOKU. CTyAEHT HEYBEpEeHHO H3JlaraeT MaTepHual
JTIOKJIa/1a, HE OTBEYAET Ha BOMPOCHI IPEMOAaBaTENS.

TemMbl 10KJI210B

1. MoaenupoBanue OMOJIOTHIECKUX CHCTEM.
. ABTOMaTHUYECKNI KOMIIBIOTEPHBIN CUHTE3 PEYH 10 TEKCTY. METO/IbI CHHTE3a PEYH.
. [Ipumeps! cucteM 00pabOTKU €CTECTBEHHOTO SI3bIKA.
. Knaccugukanus nactpymenTanbHbix cpeactB OC u opranuzanus 3Hanuii B 9C.
. Monienu npejicTaBieHus 3HaHUIL: lornyeckas, cereBas, ppeiiMoBas, IpOAyKIIMOHHAS.
. MeTopl 03By4YHBaHUSI PEYH.
. UcTopusi BO3HUKHOBEHUS 1 COBpPEMEHHbIE HalpaBJIeHUs ucciaeaoBanuil B odnactu UU.
. Knaccuguxkanus cuctem pacro3HaBaHUs peyH.
PacnioznaBanue cumBonoB. IllaGnonnbie cuctembl. CTpPYKTYpHBIE CHCTEMBI.
ITpu3HaKOBBIE CUCTEMBI.
10.PeueBoii BbIBO HHPOPMAIIUH.
11. MamnHHBIH UHTEIJIEKT U POOOTOTEXHUKA.
12. Tunsl 3axa4 pemaemsie B OC.
13. OcHOBHBIC HaNpPaBJICHUS HCCIEIOBAaHUN B 00JIACTH UCKYCCTBEHHOT'O MHTEIJICKTA.
14. IlpenmoceulkM BO3HUKHOBEHHSI CHCTEM IIOHMMAaHUS €CTECTBEHHOIO SI3BIKA.
ITonnmanue B quaiore.
15. Pacrio3HaBaHuE PyKOIHCHBIX TEKCTOB.

L0 hAWN

3.5. Memoouueckue pexomeHOayuu no 8bINOIHEHUIO UCCIE008AMENbCKUX NPOEKMO8

HccnenoBatensckasi mpoekTHas paboTa — 3TO TpymnmnoBas paboTa, A BBIOJIHEHUS
KOTOpO HeoOXoauM BBIOOp M TNPHIIOKEHHE HAydyHOM METOIMKH K IIOCTaBJIIEHHOM 3anaue,
MOJIy4eHHE COOCTBEHHOT'O TEOPETUUECKOT0 MITH SKCIIEPUMEHTAIBLHOIO MaTepuaia, Ha OCHOBAaHHH
KOTOPOrO HEOOXOIMMO IPOBECTH AaHAIM3 M CHeNaTh BBIBOABI 00 HCCIEAYEMOM SIBJICHHUU.
BeimonHeHnne mnpoekra — 3TO Bcerja KOJJICKTHBHAs, TBopueckas JlaGopaTtopHas palora,
IpelHa3HayeHHast Uil TOJIY4YEHHs] OIpEeNeJeHHOrO MPOAYKTa WM HAyYHO-TEXHUYECKOTO
pesyabrara. Takas paboTa moapa3zyMeBaeT 4eTKoe, OAHO3HAYHOE (POPMHUPOBAHUE TIOCTABICHHON
3aJjaud, OIPEJCIICHUE CpPOKOB BBINOJIHEHUS HAMEUEHHOIO, OIpelesieHHe TpeOoBaHUNH K
pa3pabaTbiBaeMOMY OOBEKTY.

BreimmonHenue 1 rpynmnoBoro mpoekTa SIBISETCS 00s13aTENbHBIM YCIOBHEM BBITIOJHEHUS
CaMOCTOATENIbHON paboThI 1O JTH000H AUCIUIITHHE MTPO(ECCHOHANBHOTO IIUKIIA. TeMa mpoeKTHOro
3aJJaHUs] MOKET ObITh BBIOpaHa CTYJIEHTOM U3 MPEAJIOKEHHBIX B pabouell mporpaMMe win pouze
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OLIGHOYHBIX CPEJCTB JAMCUUIUIMHBI, TUOO ONpe/eseHa CaMOCTOSTEIbHO, UCXO/AS U3 MHTEPECOB
CTyJleHTa (B paMKax U3y4yaeMoW JUCHUILINHBI). BeiOpaHHY0 TeMy HEOOXOIMMO COTJIaCOBAThCS C
IIpenoaaBaTeseM.

Tpebosanus no 6binoaHeHUIO U OPOPMIEHUIO NPOEKMAa

[Ipu BBIOTTHEHUH MPOEKTA MPUBETCTBYETCs padboTa B rpymnme (2-3 yenoseka). [Ipoekt —
3TO HCclenoBaTenbCckass paboTa, B XOJ€ KOTOPOM CTYJEHTHI JIOJIKHBI IPOJEMOHCTPUPOBATH
BJaJICHME HAaBBIKAMH HAy4YHOTO MCCJIEIOBAHUS, YMEHHS MPOBOAMTH aHaiIu3, 0000IIaTh
nH(bOpMallMIO, JeJaTh BBIBOJBI, MpeajaraTb CBOM pELIEeHHUs NMpoOJeMbl, paccMaTpUBaeMoOil B
IIPOEKTE.

[Ipy mnoaroToBke MaTepuajoB MPOEKTa CTYIAEHTBl JOJKHBI IMPOJEMOHCTPUPOBATH
BJIaJICHHE COBPEMEHHBIMU METOAAMHU KOMITbIOTEPHOM 00pabOTKH JaHHBIX.

Kpumepuu oyenxu pabomul yuacmuuxa npoekma.

JI1 Kask0oro U3 y4acTHUKOB ITPOEKTA OLICHUBAKOTCS:

* Ipo(heCCHOHANIbHBIE TEOPETUUECKUE 3HAHUS B COOTBETCTBYIOLIEH 00IacTy;

* yMeHHE paboTaTh CO CIPABOYHOH M HAYYHOM JUTEPaTypOi, OCYIIECTBIATH IMOUCK
HeoOxoaumoi nHpopmanuu B lHTEepHET;

* yMeHHue paboTaTh C TEXHUYECKUMHU CPEACTBAMU;

*  yMEHHE  TOJb30BaThCsl  COOTBETCTBYIOLIMMH
MH(POPMALIMOHHBIMU TEXHOJIOTHSAMU;

* YMEHUE FOTOBUThH MaTepuabl MPOEKTa JIsl MPE3EHTALUU: COCTABIIATh U PEAAKTUPOBAThH
TEKCTHI, POPMUPOBATH NMPE3CHTALIUIO MPOEKTA;

* yMeHHe paboTaTh B KOMaH/IE;

* YMEHHUE MyOJIUYHO MPEICTABIATH PE3yIbTaThl COOCTBEHHOM NEATEILHOCTH;

* KOMMYHUKa0€JIbHOCTh, UHUIIUATUBHOCTh, TBOPUYECKHE CIIOCOOHOCTH.

BBIIIOJIHSIEMOMY IIPOEKTY

Kpumepuu 6blCMABIIEHUA OYEHKU YUACMHUKAM npoekma

WNub1e
Komnerenmnm,
YHUBEpCaIbHbIC
CBSI3aHHBIE C
KOMIIETEHIIUH
HCIIOJIb30BaHUEM
(KOMMYyHUKa0EIb
COOTBETCTBYIOIIUX HOCTE
[Ipodeccuonanbubie BBITIOJIHAEMOMY ’ OT4eTHOCTD
Onenka WHULIUATUBHOCTb,
KOMIETEHIINH MPOEKTY
yMeHue paboTaTth
TEXHUYECKUX
B «KOMaHJIE»,
CPEICTB U
yIpaBlieHYeCKHe
MH(POPMAIIMOHHBIX
. HaBBIKU U T.1.)
TEXHOJIOT Ui
«Otnmuuno» | Pabota BemonHeHa Ha | TexHUYecKue Crynent nposiui | [Ipoekt
BBICOKOM CpelcTBa U | UHUIMATUBY, npeCTaBIeH
npoecCHoHaTEHOM MH(OPMAIIMOHHBIE | TBOPYECKHIA MOJIHOCTBIO U
YpOBHE. TEXHOJIOTHH MOJIXO/, B CPOK.
[IpencraBneHHbII OCBOEHBI U | CHOCOOHOCTh K
MaTepuaa B OCHOBHOM | HCIIOJb30BaHbl JJISl | BHIIOJTHEHHUIO
(dakTUYeCKu  BEpeH, | peanu3aluu CJIOKHBIX
JIOITYCKAIOTCS MIPOEKTa 3a/laHull, HaBBIKU
HerpyOsbie MOJIHOCTBIO paboThI B
(bakTuyeckue KOJIJIEKTHBE,
HeToYHOCTU. CTyaeHT OpraHU3alMOHHBI
CcBOOOJHO OTBEYaAET Ha € CIIOCOOHOCTH.
BOIIPOCHI, CBSI3AHHBIE C
MIPOEKTOM.
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Nubie

MaTCpHrajIC IMMPOCKTA.

Komnerenmumn,
yHHUBEpCcaIbHbIE
CBSI3aHHBIE C
KOMIIETCHIINH
HCIOJIb30BaHNEM
(koMMyHUKa0ETh
COOTBETCTBYIOIINX HOCTE
[Tpodeccrnonanbubie BBITIOJTHSIEMOMY ’ OT4eTHOCTh
Onenka WHUIIMATUBHOCTD,
KOMIICTCHITHH MIPOEKTY
yMeH#e paboTaTh
TEXHUUYECKUX
B «KOMaHJIe»,
CPEIICTB U
yIpaBIeHUYECKUE
MH(GOPMaIIMOHHBIX
o HABBIKH U T.]I.)
TEXHOJIOTHI
«Xopomio» | Pabora Beimonnena Ha | OOHapyxuBatotcs | CTyneHT [IpoekTt
JIOCTaTOYHO BBICOKOM | HEKOTOPbIE JIOCTAaTOYHO IIpe/ICTaBJIEH
npodeccuoHanTbHOM OLIMOKHU B | IOJIHO, HO 0€3 | J0CTaTOYHO
ypoBHe. [/lomyI1eHo 10 | UCTI0Ib30BaHUU WHUIMATHBBL W | IOTHO W B
4-5 (haKTUYECKUX | COOTBETCTBYIOLIUX | TBOPUYECKUX CpPOK, HO ¢
OIINOOK. CTyIeHT | TeXHUYECKUX HaXOJI0K HEKOTOPBIMH
OTBEYAET Ha BOIPOCHI, | CPEACTB U | BBIMOJIHUII HeopaboTKa
CBSI3aHHBIE ¢ | ”HOPMAITMOHHBIX | BO3JIO)KCHHBIC Ha | MHU.
MIPOEKTOM, HO | TEXHOJIOTUI HEro 3aJjayuu.
HEJ0CTAaTOYHO IOJIHO.
«YoBieTBo | YpoBeHb Obnapy>xuBaer CryneHt [Ipoekt cpan
PUTEIBHO» | HEIOCTATOYHO BBICOK. | HEJJOCTATOYHOE BBITIOJTHUII co
Homymeno  go 8 | BnageHue OOJIBIIYI0 YacTh | 3HAYUTEIHHBI
(hakTUIeCKUX HaBBIKAMHU palOTHI | BO3JIOKEHHON Ha | M
OIIMOOK. CTyeHT | ¢ TeXHHYECKUMH | HErO paboTHI. OTIO3/IaHUEM
MO>KET OTBETUTH JIUIIb | CPEACTBAMU U (Oonee
Ha  HEKOTOpble U3 | COOTBETCTBYIOLIUM HE/eNu) U He
3a/IaHHBIX  BOIIPOCOB, | U HOJIHOCTBIO
CBSI3aHHBIX ¢ | uHpOPMAIMOHHBIM
MIPOCKTOM. Y TEXHOJIOTUSIMU
«Heynosnet | PaGora He BbimonHeHa | HaBpikoB paboTsl ¢ | CTyaeHT [Ipoektr  He
BOPHUTEJILHO» | WJIM BBITIOJIHEHA HAa | TEXHUYECKUMU MPaKTUYECKH HE | CHIaH.
HU3KOM YpOBHE. | CpeJICTBaMH  HET, | paboTail, HE
Homymieno ©Oosiee 8 | HHPOPMAIIMOHHBIC | BBITIOIHIII  CBOU
(bakTHyecKux TEXHOJIOTHH HE | 3a/1a4u WIH
omuOoK. OTBETHl Ha | OCBOEHBI BBITIOJTHWT JTUIIIb
CBSI3aHHBIE c OT/IEbHbBIE HE
MMPOEKTOM  BOTPOCHI CYyIlIECTBEHHBIC
00HAPYKUBAIOT MOpy4YEHUs B
HETTOHMMAaHHE TPyIIIOBOM
npeaMera u MIPOEKTE.
OTCYTCTBHE
OpHUEHTAINH B

Cmyoenmobl 001#CHbL: 3AIIUTUTH IPOEKT B PEKUME IMPE3EHTALMH, MPEIbBUTH (Halibl
BBIIIOJIHEHHOT'O MPOEKTa, YMETh paccKa3aTb O TEXHOJOTMAX, MCIOJIb30BAHHBIX HMH IpHU
BBIIIOJTHEHUH MIPOEKTA, aTh OLEHKY pabOThl KaXKJ0T0 WIeHa IPYIIBI (eciu npoeKm epynnosoll).

IIpumepHbIe TEMbI HHANBUAYAJBHBIX TBOPYECKHUX POEKTOB
1. IIpoexT «DJIeKTpOHHBIH CII0Baphby;
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ITpoekt «3OkcnepTHas cucTeMa Ajisl AMATHOCTUKH 310POBbS»;
[IpoexT «JIMHrBHCTHYECKAs SKCIIEPTHAS CUCTEMAY,;

ITpoekt «3OKkcnepTHas cucTeMa sl AUarHOCTUKH yCTPOMCTBA;
[TpoekT «OOyy9aromas sKCIepTHAS CUCTEMAY.

Nk

3.6. Memoouueckue pexomenoayuu no no020Mo6Ke K IK3AMEeHAM U 3a4emam

N3yyenne MHOTUX OOMIETPOPECCHOHANBHBIX U CHEIUATBHBIX JAUCHUIUIMH 3aBEpIIaeTCs
sk3amMeHOM. [loroToBKa K 3K3aMeHY CIOCOOCTBYET 3aKPETUICHHIO, YIUIYOJICHHIO U 0000IIEeHNTO
3HAaHUW, TONy4aeMblX, B TIpolecce OOY4YeHHs, a TaKkKe MNPUMEHEHHI0 WX K PEIICHHIO
MPAKTHYECKHUX 3aJad. [0TOBACH K JK3aMEHY, CTYJCHT JIMKBUAMPYET MMEIOIIHECsS MpoOessl B
3HAHUAX, YIIIyOIIsIeT, CUCTEMATU3UPYET U YIOPSAI0UMBaeT CBOM 3HaHUsA. Ha sk3ameHe CTyJeHT
JIEMOHCTPHUPYET TO, YTO OH TMpuobOpen B Tpoiecce OO0ydeHHUs MO KOHKPETHOW y4eOHOU
JTUCITUTLITHE.

DK3aMEeHaI[MOHHAsl CECCHsl - 3TO CepUs IK3AMEHOB, YCTAHOBJIEHHBIX Y4€OHBIM IUIAHOM.
Mexny sk3amenamu wHTepBan 3-4 aus. He cnemyer mymath, 4uto 3-4 QHS TOCTaTOYHO IS
YCIICIITHOM IMOATOTOBKH K SK3aMEHaM.

B 5T 3-4 nHS HyKHO CUCTEeMaTH3HPOBATh YK€ MUMEIoIIrecs 3HaHusl. Ha koHcynpTanmm
nepe]1 9K3aMEHOM CTYICHTOB MTO3HAKOMST C OCHOBHBIMH TPEOOBAHHSIMH, OTBETAT HA BOSHHUKIIIHAC Y
HUX Bompockl. [ToaTomMy mocelieHne KOHCYIbTaluid 0053aTeIbHO.

TpeOoBaHMsI K OpPraHMU3AIMH IMOJATOTOBKHM K 3K3aMEHaM Te JKe, YTO W TPU 3aHATHAX B
TEYEHUE CEeMecTpa, HO COOJIOAAThCS OHU JOJDKHBI Oojiee cTporo. Bo-mepBbIX, O4eHb Ba)XKHO
COOJTIO/IEHHE peKrMa JIHS; COH HEe MeHee § 4acoB B CYTKH, 3aHITHS 3aKaHUYMBAIOTCS HE MO3/IHEE,
gyeMm 3a 2-3 yaca 70 cHa. OnTuManbHOe BpeMs 3aHATHI, 0COOCHHO M0 MaTeMaTUKE - YTPCHHHUE U
JTHEBHBIC Yachl. B mepepbIBax Mex 1y 3aHATHAMH PEKOMEHIYIOTCS ITPOTYJIKM Ha CBEKEM BO3IyXeE,
HEYTOMUTEILHBIC 3aHITHS CIIOPTOM. BO-BTOPBIX, HATUYHME XOPOUINX COOCTBEHHBIX KOHCIIEKTOB
neknuid. [{axe B ToM cirydae, eciu Oblia MpomyIieHa Kakas-Tu00 JEKIHsI, HE0OX0IUMO BO BpEeMst
€e BOCCTaHOBUTH (Iepenucarh ee Ha Kadeape), 00ayMaTh, CHITh BOSHHUKIIIHE BOIIPOCHI JIJISl TOTO,
YTOOBI 3aIIOMUHAHUE MaTepralia ObUIO OCO3HAHHBIM. B-TpeThUX, MPHU MOJATOTOBKE K 3K3aMEHaM Y
CTyJIeHTa JOJKEH OBITh XOPOIIMA yYeOHHK WM KOHCIEKT JUTEepPaTyphbl, MPOYUTAHHOU IO
YKa3aHUIO MPEIoAaBaTeNsl B TCUCHHE ceMeCTpa. 31€Ch MOXKHO 3(P(HEKTHBHO HCTIOIB30BaTh JIUCTHI
OTIOPHBIX CUTHAJIOB.

BHauaje ciieyeT mpocMOTpeTh BECh MaTepHall 10 CAaBaeMOU IUCIUILTUHE, OTMETUTD IS
cebs TpyaHele Bompochl. OO0s3aTenbHO B HUX pa3oOpaTthes. B 3awimoueHue eme pas
1es1Iecoo0pa3Ho MOBTOPUTH OCHOBHBIC IOJIOKEHHSI, WCIONB3YsS IMPH STOM JIMCTHI OIOPHBIX
CUTHAJIOB.

Cucremaruveckast MoArOTOBKA K 3aHATHUSM B TEUEHUE CEMECTpPa MO3BOJUT HCIIOB30BATh
BpeMSl DK3aMEHAIIMOHHOM CecCUU AJIs CUCTEeMATH3aIlK 3HAHUA.

IIpasuna noo2omosku K 3auemam u IK3AMEeHAM.:

* Jlyure cpa3y COpUEHTHUPOBATHLCS BO BCEM MaTepHale i 00s13aTeIbHO PACIONOKUTh BECh
MaTepuall COTJIaCHO OJK3aMEHAllMOHHBIM BOMpocaM (MM BOMpocaM, OOCYXJaeMbIM Ha
ceMUHapax), 3Ta paboTa MOXKET 3aHATH MHOTO BpEMEHH, HO BCE OCTATBHOE — ATO YK€ TEXHUIECKHE
JeTanu (T1aBHOE — 3TO OPUESHTUPOBKA B MaTepuaie!).

 Cama mOATOTOBKAa CBsi3aHA HE TOJBKO C «3amoMuHaHuem». [loaroroBka Takxke
NpeoiaraeT u MepeocMbICIIEHUEe MaTepralia, H Jake paCCMOTPEHHE aTbTEPHATUBHBIX UICH.

* ['OTOBUTH «IIIMAPTATKKW» MOJIE3HO, HO MOJIb30BAThCS UMHU PUCKOBAHHO. [ JIaBHBIN CMBICTT
MTOJITOTOBKH IIITAPTATIOK» — 3TO CUCTEMATHU3AIHS ¥ OTITUMHU3AIINS 3HAHHUH 110 JAHHOMY ITPEIMETY,
4TO camo Mo ce0e MpPeKpacHO — 3TO OYECHb CIOXKHAS M BaKHAs Ui CTyJAeHTa pabota, Gonee
CJIOKHASl M Ba)KHAas, Ye€M IPOCTOE TIOTJIONICHHE MacChl yueOHo mHpopmanuu. Ecim crymeHT
CaMOCTOSITENILHO TIOJITOTOBMII TaKHE «IIMAprajKi», TO, CKOpee BCEro, OH U AK3aMEHbI CIAaBaTh
Oynet OoJiee yBEpeHHO, TaK KakK y HEro yxe chopMupoBaHa OO0Ias OpUEHTUPOBKA B CIIOKHOM
MaTepuarne.
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* Kak 3TO HM mapagoKCalbHO, HO WCIOJB30BAHUE «IIMAPTaIOK» YaCTO IO3BOJISIET
OTBEUAIOIIEMY CTYJAEHTY JIydllle IEMOHCTPUPOBATh CBOM MO3HAHUSA (TOYHEE — OPUEHTUPOBKY B
3HAHUAX, YTO HAMHOTO Ba)KHEE 3HAHHS «3alIOMHEHHOTO» U «TYT K€ 3a0BITOr0» TOCTE CAa4d
9K3aMeHa).

» CHayana CTyJIeHT JOJKEeH MPOJAEMOHCTPUPOBATh, YTO OH «YCBOWID» BCE, YTO TpeOyeTCs
IO MporpaMMe 00yUIeHHS (WITH IO MPOTpaMMe JTAHHOTO MPETIOaBaTEIIs ), ¥ JIUIIb ITOCJIe ITOT0 OH
BIIPaBE BBICKA3aTh MHBIE, JKEIATeIbHO apryMEHTHPOBAHHBIE TOYKH 3PCHHSL.

4. KoHTpoab caMOCTOATENbHOI PadoThI

KoHTponb caMocTosTeNbHON pabOThI MPOBOIUTCS MPEINOIaBATEIEM B ayAUTOPUH.

[IpeaycMoTpeHsI ciiemytonue BUIbl KOHTPOJISI: coOece10BaHme, OlleHKa pedepaTa, OIleHKa
MPE3EHTAlINN, OLIEHKA Y4acTHs B KPYTJIOM CTOJI€, OLIEHKA BBIMIOJHEHUS MPOEKTA.

[TogpoGHBIE KpUTEPUU OICHWBAHMS KOMIIETCHIIMK TpuBeJAeHB B (DOHIE OIEHOYHBIX
CPEACTB [ POBEICHUS TEKYIIEH U IPOMEKYTOUYHOM aTTECTALUU.

5. Cnucok aureparypsl A5 BbinoaHenns CPC

Pexomenayemas aureparypa:

l. [TanemoB, C.B.<BR>&nbsp;&nbsp;&nbsp; HHTennekTyanbHble CHCTEMBI U
TEXHOJIOTHH DJIEKTPOHHBIN pecypc : yaeoHoe nocodue / C.B. Ilanbpmos. - Camapa : [ToBomkckuid
rOCYJJapCTBEHHBIM YHUBEPCUTET TEIeKOMMYHUKaIMi u uHdopmatuku, 2017. - 195 c. - Kuaura
Haxonutcs B 6a3oBoii Bepcun DbC IPRbooks.

2. CeicoeB, /I. B. BBenenue B TeOpHIO HCKYCCTBEHHOI'O HHTEUIEKTa @ ydeOHOE
noco6ue / /1. B. Cricoes, O. B. Kypurnra, /1. K. IIpockypun. — Mocksa : Aii [1u Ap Menua, 2021.
— 170 c. — ISBN 978-5-4497-1092-5. — TekcT : anekTpoHHsbIi // Lludposoit 06pazoBaTeabHbIHI
pecypce IPR SMART : [caiiT]. — URL: https://www.iprbookshop.ru/108282.html

8.1.2. IlepedeHb NOMOIHNUTENBHOM JIUTEPATYPHI:

1. AsepuenkoB, B. . Cucrema c¢opmupoBanus 3HaHuil B cpene WHTepHer :
Momnorpadus / AepuenkoB B. WM. - bpsHck : BpsHCKuiI rocyqapCTBEHHBIH TeXHUUECKUH
yHuBepcureT, 2012. - 181 c. - Kuura Haxogutcs B 6azoBoii Bepcun ObC [PRbooks. - ISBN 5-
89838-328-X

2. [TaBnoB, C. M. Cucrembl HCKYCCTBEHHOTO0 HHTEJUIEKTa : ydyeOHOe mocobue :
[16+]/C. W. [TaBnoB. — Tomck : ToMCKHii roCyJapCTBEHHBIH YHUBEPCUTET CUCTEM YIIPABICHUS U
panuosnexktponuku, 2011. — Yacte 1. — 175 c. — Pexxum goctyna: mo moamucke. — URL:
https://biblioclub.ru/index.php?page=book&id=208933

3. [TaBnoB, C. 1. Cuctembl HCKYCCTBEHHOTO MHTEJUIEKTa : ydyeOHoe nocobue / C. U.
ITaBmoB. — Tomck : TOMCKHH TIOCYyIapCTBEHHBIH YHUBEPCUTET CHCTEM YIIPABICHUA U
panuosnexktponuku, 2011. — Yacte 2. — 194 c. — Pexxum goctyna: mo moamucke. — URL:
https://biblioclub.ru/index.php?page=book&id=208939

4. Ceprees, H. E. Cuctembl HCKyCCTBEHHOTO WHTEIUICKTA : yueOHOe mocoowue : [16+]
/ H. E. Ceprees. — Taraunpor : FOxHblIii ¢penepanbubiii yausepcurer, 2016. — Hacts 1. — 123 ¢. :
cXeM., Wi., Tabn. — Pexum nocryna: mo momamucke. — URL: https://biblioclub.ru/index.php?
page=book&id=493307

5. Cotauk, C. JI. IlpoexkTupoBaHue CUCTEM UCKYCCTBEHHOI'O MHTEJUIEKTa : yuyeOHOe
nocobue / C. JI. Cotnuk. — 3-e u3a. — Mocksa : UnTepHeT-YHuBepcuteT MHDOpMaImOHHBIX
Texnonoruit (MHTYUT), Aii [Tu Ap Menua, 2021. — 228 c¢. — ISBN 978-5-4497-0868-7. —
Texcrt : anexktponHslit / Ludposoit oopazoBarensublii pecypc IPR SMART : [caiiT]. — URL:
https://www.iprbookshop.ru/102054.html.

HNuTepHeT-pecypcebl:

1. Bopoiickuii ®@. C. UudopmaTuka. DHIMKIONEANUECKHI CIIOBAPh-CIIPABOYHHUK:
BBEJICHHE B COBPEMEHHbIC HH(POPMALMOHHBIE M TEIEKOMMYHUKAIIMOHHBIE TEXHOJOTHH B
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tepmuHax u (akrax. - M.: OUIMATIIUT, 2006. - 768 c. — HoctymnHo: http://physics-for-
students.ru/bookpc/informatika/slovar.zip

2. MBaHOB B. OcHOBBI HCKYCCTBEHHOT'O MHTEJUIeKTa —
https://libtime.ru/expertsystems/osnovy-iskusstvennogo-intellekta.html

3. Pomanos I1.C. OCHOBBI HCKYCCTBEHHOTO MHTEIUIEKTa; YUeOHO-METO/I. ITocooHe. —
http://www.studfiles.ru/preview/2264160/

4. Caiir OcHOBBI nn —
https://sites.google.com/site/osnovyiskusstvennogointellekta/

5. Co6onp b.B. Undopmaruka: yueOnux/ b.B. Coboins [u np.] — U3a. 3-e, nonons.
u nepepab. — PocroB w//l: ®enmxc, 2007. - 446 c. — JlocrymHo:

http://physics-for-students.ru/bookpc/informatika/Sobol.rar
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