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AHHOTANMA
Kypc "Teopus u mpakTvika MAaIIMHHOTO OOY4YeHHMS W HEWPOCETEBHIX aJrOpUTMOB" TpeaycMaTpHBacT
(hopMHpOBaHUE y CTYACHTOB NMPEICTABICHUS M 3HAHUS O MaTeMaTHYECKUX OCHOBaX COBPEMEHHBIX METOAOB
MAaIIMHHOTO 00Y4eHUs, CyIECTBYIONIMX BUAAX HEHPOCETEBBIX aITOPUTMOB U OCOOCHHOCTIX UX MPUMEHEHHUS
JUIA Pa3IM4YHBIX KJaccoB 3aaady. B mporecce oOyueHHs CTYIEHTHl JOJDKHBI HAYYUThCA pa3padarhiBaTh H
INPUMEHATh HEHpOCeTeBble U TEeHETHYECKHE aJTOPUTMBI M YMETh OLICHMBATh TPEOOBAaHUS K HCIOIb3YyEeMbIM
MPOrpaMMHO - allIapaTHBIM CPEICTBAM.

3anaum Kypca:

ITpuoOpeTeHne 3HAHUM O MeTOJAaX M OCHOBHBIX IOAXOJaX COBPEMEHHOIO MAIIMHHOTO OOy4eHHus, o
MaTeMaTHYeCKuX OCHOBAaX HEHpPOCETEBBIX aJOIPUTMOB, BHJaX HEHPOHHBIX ceTell M OCOOEHHOCTAX HX
IIPUMEHEHUS U1 PELLCHUS] Pa3JInYHbIX KJIACCOB IPUKJIAJHBIX 3a/ad.

dopmupoBaHHe yMEHUIl pa3palarbiBaTh M HACTPaUBaTh HEHPOHHBIC CETH B COOTBETCTBUU C KOHKPETHBIMHU
MPUKIIAAHBIMH 3a/1a4aMH.

YMeHne aHalnu3upoBaTh 3aJadd, PEIIEHUE KOTOPBIX BO3MOXKHO Ha OCHOBE TI€HETHUYECKHX aJTOpPUTMOB M
pelaTh ux.

OuenuBarb TpeOoBaHus K IulaTGopme Uil peaau3allid HEHPOCETEBBIX QJITOPUTMOB M INPOBOIMTH
benchmarking nmst 0CHOBHBIX HEHPOCETEBBIX AITOPUTMOB.

Ilo pe3ysibTaTaM OCBOCHHA KypCa CTYACHT OOJIKCH:

3HaTh:
- BO3BMOXXHOCTH U C(hepbl IPUMEHEHHUS COBPEMEHHON TEOPUH MCKYCCTBEHHBIX HEHPOHHBIX CETEH;
- OCHOBHBIC TTOJIXO/IbI PEIICHHUS 33/1a4 Ha 0a3e HEHPOCETEBBIX TEXHOIOTHIA.

VYMeTs:
- YMETh TIOCTaBUTh U MPEICTABUTHh KOHKPETHYIO 33J/1ady B HEMPOCETEBOM JIOTHYECKOM Oa3ucCe;

- ¢dbopManu3oBaTe ANTOPUTMBI  OOpabOTKM HMHPOPMALUMU B NApaUIENbHBIX W  PaclpeaesIeHHBIX
[IPEICTABICHUSX;

- pemarb MHXCHEPHBIC 3aJa4d C TOMOIIbI0 HHCTPYMEHTANBHBIX CPEJCTB MCKYCCTBEHHBIX HEHPOHHBIX
ceTen.

Bnaners:
- METOJIaM{ MAIIMHHOTO O0YYCHHsI U CO3aHMsI HEUPOCETEBBIX aJITOPUTMOB.

OcHOBHOE cofepX)aHue Kypca H3JIOKEHO B CIEAYIOMINX pa3aesax:

. bazoBeie anemenTs! pazpaborku Ha Python

. OyHKIIUU

. Beenenune B OOII Ha s361ke Python

. OtnenbHble m1aBbl pa3padboTku Ha Python

. [Ipuemsbl hyHKIMOHATEHOTO IPOrPaMMHUPOBaHUs Ha si3bike Python
. Pabota ¢ xnaccamu Ha mpuMepe CTOPOHHUX OMOIMOTEK

. [IpakTrka mporpaMMHUpOBaHUs

0 NN N bW~

. OcHOBBI Web TeXHOJIOTHi

9. bakenn Ha npumepe PpeitmBopka flask

10. TecTupoBaHHe MPOTPAMMHOTO 00ECIICUCHUS
11. Helipocetn

12. 'eHeTHYECKHE AITOPUTMBI

1. leau u 3apauu

eap AUCUMNIMHBI



- chOpMUpPOBATh y CTYJACHTOB NPEJCTABICHUS U 3HAHUS O MAaTEMAaTHYECKUX OCHOBAX COBPEMEHHBIX
METO/IOB MAIIMHHOTO 00y4YeHUsI, CYyLIECTBYIOMINX BHIAX HEHPOCETEBBIX aJrOPUTMOB M OCOOECHHOCTSIX
UX TMPUMEHEHNUs Ul pa3sInuHbIX KJIAacCoB 3a/1ady. B mporecce 00ydeHus CTyIEHTHI JOIKHBI HAyYUThCS
paspalarbiBaTh M NPHUMEHSATH HEHPOCETEBBIE M T'€HETUUYECKHE AITOPUTMBI M YMETb OLICHUBATh
TpeOOBaHMS K HCIIOIb3YEMbIM IPOTPAMMHO - alllIapaTHBIM CPEICTBAM.

3agauu AU CHUILIHHBI

- mpuoOpeTeHre 3HAaHUM O METOJaX W OCHOBHBIX IOIXOJaX COBPEMEHHOIO MAIIMHHOTO OOydYeHHs, O
MaTeMaTHYECKHX OCHOBaX HEWPOCETEBBIX aJIOTPUTMOB, BUIAaX HEHPOHHBIX CeTeil 1 0COOCHHOCTAX MX
MPUMEHEHUS IS PEILCHHSI Pa3IMYHbIX KJIACCOB MPUKJIAJAHBIX 33134,

- (1)OpMI/IpOBaHI/Ie YMGHI/Iﬁ pa3pa6aTBIBaTL U HaCTpauBaTb HeﬁpOHHBIe CE€TN B COOTBCTCTBHUU C
KOHKPCTHBIMHU MPUKIIAAHBIMU 3a/la4aMU;

- YMCHUC aHAJIM3UPOBATh 3a/]a4H, PCHICHHUEC KOTOPBIX BO3MOKHO Ha OCHOBE I'CHCTUYCCKUX aJITOPUTMOB
" pCLIaTh UX;

- OIICHMBATh TPeOOBaHUS K IUIAT(GopMe U peau3alid HEHpPOCETEBBIX AITOPUTMOB U IPOBOIHUTH
benchmarking amst 0CHOBHBIX HEHPOCETEBBIX AITOPUTMOB.

2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocobOeH oCyIecTBISTh ITOUCK, VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
KPUTHUYECKUI aHAN3 U CHHTE3 HHPOpMAInK,  |ACHCTBHSA 110 PENICHUIO 3a/1a4K

HPUMEHSATH CUCTEMHbIN MOAXO 1ist pemieHuss  |VK-1.3 PaccmarpuBaeT pasiu4HbIC BapHAHTHl PELICHUS
IMOCTABJICHHBIX 3a1a4 3a3/1a4d, OLICHMBACT UX NPECUMYIICCTBA U HEIOCTATKHU

I1IK-1.1 Bnameer  gyHIaMeHTanbHBIMH  TIOHSTHIMH,
3aKOHAMU M TEOPHUSIMU COBPEMEHHOU (DPU3UKH

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeIMETHOM 001acTH) U (MIIN) TEOPETUIECCKHUE

[IK-1.8 Brnageer HaBbikamMu pabOTBI C COBPEMEHHBIMHU
SI3bIKaMU [IPOIPaMMHMPOBAHUS U IPOrPAMMHBIMU ITaKETaMU
JUISl HAyYHBIX pacyeToB

(aHATMTHYECKIE M IMUTAIIMOHHEIC)

HCCIEOBAHNS [IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU IS

OmrucCaHvgd W HUCCICAOBaHHA MPOHCCCOB U SIBIICHUM B
COOTBCTCTBYIOIINX HAYYHBIX 00macTax

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HaTh:
- BO3MOXKHOCTH M cepbl IPUMEHEHHUS COBPEMEHHON TEOPUH HCKYCCTBEHHBIX HEHPOHHBIX CETEH;
- OCHOBHBIC TIOAIXO/IbI PEIICHUS 3a/1a4 Ha 0a3e HEWPOCETEBhIX TEXHOIOTHH.

YMETh:
- yYMETh MOCTaBUTh U IPEJCTABUTH KOHKPETHYIO 3a/1ady B HEHPOCETEBOM JIOTHYECKOM 0a3Huce;
- (dopmammzoBaTh anrOpuUTMBI 00pabOTKM WHGOPMAMKM B MapaJUICNBHBIX W PaCHpeIeIICHHBIX
MpeCTaBICHUIX;
- pellaTh UHXEHEPHBIE 33/1a4H C IOMOILIBI0 HMHCTPYMEHTAIBHBIX CPEIACTB UCKYCCTBEHHBIX HEMPOHHBIX
CeTe.

BJIAJETh:

- METOJaMHU MallMHHOTO o6yqu1/I>1 H CO3aaHUsA HGprOCETeBBIX AJITOPUTMOB.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHI

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.




No Tema (pa3nen) TUCIUTUTMHBI
Jlekunu | CemuHapsl JlabGopar. paboTsl Camocr.
P pat-p pabora
1 bazoBble  AnMEeMEHTHl  pa3pabOTKH  Ha ) ) )
Python
2 OyHKIUN 2 2 2
3 Beenenne B OOII Ha s13bike Python 2 2 2
4 OtnenbHbIC T1aBbl pa3paboTku Ha Python 2 2 2
[Tpuemst (bYHKIIMOHATIBHOTO
5 2 2 2
porpaMMHUpOBaHus Ha si3bike Python
PaGora ¢ wmaccaMm Ha TpuMepe
6 2 2 2
CTOPOHHHX OUOIUOTEK
7 [IpakTuka mporpaMMHUpPOBaHUS 2 2 2
8 OcHOBBI Web TeXHOIOTHi 2 2 2
9 Bakeny Ha nmpumepe dperimBopka flask 2 2 2
10 TectupoBanue HPOTPaMMHOTO ) ’ )
o0ecrnieyeHus
11 Heiipocetn 8 8 8
12 |I'eHeTHueckue aarOpUTMbI 2 2 2
Hroro yacos 30 30 30

[ToaroroBka x sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

90 yac., 2 3au.ex.

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszeniam)

Cemectp: 7 (Ocennuii)

1. bazoBeie anemenThl pazpabotku Ha Python

Jlunamu4Has TUNu3anys. JeMOHCTpalysi MPUMEPOB BBITCKAIOUIMX W3 JAWHAMUYCCKOW THUITHM3AINH
ommymii  oT s3bika  Java. [lpeumymectBa w  MuHychl. [Ipounme OCOOCHHOCTH — SI3bIKA
nporpamMmmupoBanus Python Takue kak OTCyTCTBHE KOHCTAHT, YCIOBHOE pasjelieHue Ha reference u
value.

[Monnas xmaccudukamus ocHOBHbIX THIOB B Python. CTpoku, CHHCKH, MHOXECTBA, CIOBapH.
[lonsatne HeompeneneHHON mepeMeHHOW. MMMyTaOenbHbIE THITBI: KOPTEKH M 3aMOPOKECHHBIE
MHOKECTBa

OCHOBHBIE METO/BI CTPOK, CIUCKOB M cioBapedd. Cpesbl. Konkarenamust u myonupoBanue. CyTb
MMMYTa0EeITbHOCTH CTPOK

VYenosublii  oneparop if-else-elif. Mcmons3oBanne BbIpaKeHHH HEBO3BPAIAIONIUX JIOTHYECKUE
BBIPKCHHUS B KAYECTBE YCIOBHBIX BRIpAKCHUH. JIOTHUECKUE OmepaTopsl

Hukier while n do-while. Oneparopsr break u continue

Huka for. Omnuuue ot s3p1k0B C, Java. [lonarue ureparopa u reneparopa. I eneparop range
2. OyHKIUHU

Oo0bsiBnenue Qynknwmii. KimroueBoe cnoo def. Void u nonVoid ¢ynknun. Oneparop return. Tursr
BO3BpAIllaeMbIX 3HAUCHHI B paMKax JWHAMUYECKOW TUMHM3amuu. MIMMyTaOebHOCTh BO3BpAILIaeMOTO
3Ha4YeHUs PYHKIIUH.

Aprymentsl ¢QyHKkmmu. OmnuuoHanbHble apryMeHTbl (yHKuuu. MMMyTabeiabHOCTH apryMeHTOB
GyHKLIMH.

ApryMeHTHI (D)YHKIMH CITUCKOB M KIJIFOYEBBIE apTYMEHTBI CIIOBapEM.

3amycK IporpaMMbl ¢ apryMEHTaMu KOMaH/IHOW CTPOKH.



3. Beegenne B OOII Ha si3b1ke Python

Onpenenenne kinaccoB. KitoueBoe cioBo class. Tloms kmacca m Metombl kiaccbl. OOBEKTHI |
9K3EMIUISIPBI KJIACCOB. YCJIOBHASI MHKAICYIISILUS U NICEBAO-UHKaNCysinus B Python.

[Tonsitue self. Self B kauecTBe aprymenTa MeToza.

[Momumopdusm meTonoB. PexypcrBHBIN OTMMOP(GU3M B CIydae MHOXKECTBEHHOTO HACJICIOBAHMS.
Koncrpykropsr u nectpykropel. KoHcTpykrop "mo ymomyanwro". Ilpumepsr HeoOXomumMocTH B
JECTPYKTOpax.

HacnenoBanme. MuoxxectBeHHoe HacnenoBanue. [lonarue super "Marudeckue metoas!". MeToabl
_repr u str. [leperpy3ka 6a30BbIX OIIEpaTOPOB Yepe3 Marn4eckrue METOAbI Kiiacca.

4. OtnenbHble MaBbl pa3padboTku Ha Python

[Toroxu. Pabora c .txt daitnamu. @yukuu open u close. OMacHOCTh NCIOIB30BAHUS IIOTOKOB.
BaiitoBrle cTpoku. Pabora ¢ GaiiToBbiMu (aiinamu.

Uckmiouenus. Omeparop try-except-finally. OO6nacte wucnonszoBanusa. Pa3bop mnpumepos
HENpaBUIBHOHN paboThI ¢ CKIIoUeHUIMH. [Ipourie criocoObl peanu3anun 00paboTKH OMIHOOK.

With-as. [Ipumep ucnons3oBanus oneparopa with-as Ha mpumMepe 6e30macHoi paboTsl ¢ (aliamu.
Perynsipubie Beipaxkenne. Monyib re. [Ipumepsl TUIIHYHBIX 3a4a4 C PELICHHUSIMU.

5. llpuemsbl HYHKIIMOHAILHOTO IPOTPaMMHUPOBaHUsI Ha si3bike Python

Lambda-¢ynkiuu. Ucnonp3oBanne aHOHUMHBIX GyHKIUH. COPTUPOBKA CIHCKA.
HUcnonp3oBanue unzip, map, filter, reduce.
I'eneparopsl CIIMCKOB U ClIOBapeil.

Hexoparopsl. IIpumeps! 1exopaTopoB Ha 3ajade JIOTHpOBaHMA. Pa3nuuHble mpuMepsl JEKOpaTopoB
ISl peIieHnst OOBIYHBIX 3a7a4. CTaTnueckue MeTobl. AOCTPaKTHBIC KIACCHI.

@DyHKUMH KaK IEPEMEHHBIE U apryMeHThl pyHKui. @yHKTOPHI Kitacca. MoHabI.
6. Pabora ¢ xiaccaMu Ha mpuMepe CTOPOHHUX OMOIMOTEK

[Naxetnerit menemkep PIP. BupryaneHoro okpyxkenusi. JleMoHcTpanmsi co3gaHus o0nIacTu ¢
BUPTYaJIbHOM OKpyXeHueM Python wu 3amyck mnporpaMM W3 TOA CO3IaHHOTO BHPTYaJIbHOTO
OKPY’KEHHSL.

Numpy. MaccuBbl 1 TOUHBIE YKcTIOBBIE TepeMenHbie. Matplotlib. [Ipumeps! moctpoenus rpagukoB
PyQt. Coznanune neckronnoro npunoxenus ¢ GUL. MaTterpanus B npunoxkenue Matplotlib.

7. IIpakTuKa IporpaMMHUpPOBaHUs

Crannapt PEPS. [Ipumepbl HenpaBUIHHO O(DOPMIIEHHBIX MPOTPAMM.

[puanun SOLID. Tlpu4mHBI HCIONB30BaHUS B TMPOMBINUIEHHONW pa3paboTke. JlemoHcTparus
UCTIONIb30BaHMsI IPUHIIMIIOB B pa3paboOTKe.

ABtonokymeHnTupoBanue. Kommenrapuu B koze. [Ipumeps! HepaBUiIbHOTO KOMMEHTHPOBAHHS KOAA.
Co3manue aBTOJJOKYMEHTAIUH MTPH pa3padoTKe MPUKIATHBIX OUOIHOTEK B IPOCKTE.

Apxurekrypa. [IoHATHS BepTUKAILHON M TOPU3OHTAIBHOM Mepapxun KiaccoB. COCTaBHBIE KIIACCHI.
[Ipobnema npocTpancTBa uMeH. BiokenHble kinaccel U pyHkiyn .IllabnoHbl mporpaMMupoOBaHHSL.
[Tpumeps! ucnions3oBanus madinoHoB singletone, builder, factory, observer.

[TpoGiiema cBS3M KOMIOHEHTOB MPOAYKTA Pa3sBepHYTHIX HA PA3IUUHBIX JIEMEHTaX MH(PPACTPYKTOPHI
npoekra. KimeHnr-cepBepHas apxutekrypa. Ponb OMHapHBIX W CTPOKOBBIX THIIOB TPH OOLICHUH
KOMIIOHEHTOB CHCTEMBI.

[TpoMbinieHHBIE cTaHAAPTH pa3paboTku. IIpocTpaHcTBO MMEH. YCIOBHOCTH M JJOTOBOPEHHOCTH B
KOMaHJIe IPOEKTA.

8. OcHOBBI web TexHOMOTMIA



HTTP 3anpocsi. 3aromoBku, metonbl, nanabie. RESTfull cepBucel. Obnactu mpumenenus. JSON,
Blob, Xml. ITapcunr. bubnunoreka request. ®ponrena. xml + js. lllabnoHuzaTopsl Ha mpUMepe
Jinja2.

9. bakenn Ha npumepe PppeiimBopka flask

Hammucanue npocreiimiero REST cepBuca ¢ momomisio ¢peiimBopka flask.

Paytunr u metonst POST u GET d flask. [lonyuenus napameTpoB u3 aprymeHToB url ajsi MeTomoB
GET. Ilonyuenus aprymenToB anst merogoB POST. Ilepenaua u nomyuenust undopmanuu depes html
form.

Hanwucanune npocreiimero Be6 MpuiokeHUs: KCoNb3ys html+js+jinja2 nHa flask.

SQL. ba3bl gaHHBIX M CHCTEMBI ympaBieHus: 0a3bl gaHHbIX. Sqlite3 uepes sqlite3-shell. TIpobnemsr
NPOEKTUPOBaHUs 0a3 TaHHBIX.

Ucnonb3oBanne Oubnmmotexn sqlite3. Hamucanme content u context MeHEIXepoB aiis PabOTHI C
JokanpHOH sqlite3.

10. TecTupoBaHue MPOrPaMMHOTO 00ECIIEUCHHUS

[Honsitue TtectoB. HOHMT, MonmynpHble W WHTerpanuoHHble TecThl. Ul TectupoBanme. I[lonsarue
nokpbitusa koaa. [lpunnun TDD. Hammcanue Unit rectos cpenctBamu Python.

bubmuoreka Selenium. Mcmons3oBanue ans tectupoBanne Web mpunoxeHuid. JlomoTHUTENBHEIE
BO3MOXKHOCTH UCTIONB30BaHus Selenium st coopa nHpopmaIiu u3 cetu nHTepHeT. Hamncanue BeO
0O0TOB.

TectupoBanue BeO-cepBUCOB. lcmonb3oBanwe yTuiauThl curl W TporpaMMbel  postman Juis
TecTpoBaHus paborocnocodHocTrn REST-Api.

11. Helipocetn

Ucropus neiipocereil. Jlornctuueckad perpeccus. IlocTpoHue 2-cioilHOW HEMpPOCETH CBOMMH
pykamMu. MeTtpuku B TiyOuHHOM oOyueHuH. [locTpoeHue miyOokod HedpoceTd. MHOTOCIOWHBIN
NepUenTpoH. AJNTOpuTM OOpaTHOTO pAcIpPOCTPAHEHUS! OMMOKUA. AJTOPUTMBI ONTHMH3ALNH,
UCTIONb3yeMble B NTyOMHHOM 00yueHuu. Perymsipusanus u mogdop rumneprapamMmeTpos.

Otnanka Heiipocerell. MeTon TIIaBHBIX KOMIIOHEHT. Ammpokcumanus JaHHbIX. [lowmck
OPTOTOHANILHBIX TPOEKIMH ¢ HauOONBIIMM paccesHUeM. JluaroHanmu3zarusi KOBapHaIlMOHHOM
MaTpHILIBI.

CuHrynspHoe pa3jioKeHHe MaTpuLbl JaHHBIX. Marpuna npeoOpa3oBaHus K INIABHBIM KOMIIOHEHTaM.
Ocrarounas aucniepcus. OTOOp MIaBHBIX KOMIIOHEHT 1o npaBuiny Kaitzepa. Hopmuposka.
CaeprouHble HelipoceTu. Beenenue B cBeprodHbie HeHpoHHBIE ceTr. Onepanus CBEPTKU.

[IpocToit cBepTOUHBIHN cOW. YCIOKHEHHE CBEpTOYHOro ciosi. [lyauHr cimoil. ApXuTekTypa mnepBoit
cBepTouHoil cetn. O030p apxuTekTyp cBepTouHbix Hedpocereir. LeNet, VGG, ResNet, UNet
AlexNet, ZFNet, GooglLeNet CNN.

12. T'eHeTnyeckue ajaropuTMBbI

OBomoronHble  MetoAsl.  [IpocToit  renermueckuit  amroputM.  KpoccoBep.  Myrauuu.
[lepeynopsanouenue reHoB. CeneKiys B FeHETHUYECKHUX alropuTMax. Teopema mabioHOB.

Meton KOMOMHHMPOBaHUSI 3BPUCTUK. DPQPEKTHBHOCTh TE€HETHUYECKHX aiIroputMmoB. [Ipumepst

MPUMCHCHHNA TCHECTHUICCKHUX METOOB.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMO¥ AJIl OCYlIeCTBJIECHHS 00pa30BaTEILHOTO
npouecca 1no JUCHUILInHE (MOIYJII0)

ayIUTOpHSsl, OCHAILIEHHAs! IEPCOHAILHBIMU KOMIIBIOTEPaMH C BBIXOJIOM B ceTh "MHTepHeT".
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
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2. YoccepmeH @. HelipokoMIbroTEpHAs TEXHUKA: TEOPHUS U NMpakTUKa. - M.: Mup, 1992.

3. TapxoB JI. A. Heitponnsie cetu. Monenu u anroput™mel. — Pagnorexnuka, 2005

4. Komapnona JI.I'., MakcumoB A.B. HelipokoMnbrotepsl. - 2-¢ u3a. — MI'TY nm. baymana, 2004

JomnonHurensHas auTeparypa

1. Kagypun A., Apxanrensckas E. B., Hukonenxo C. U. I'my6okoe oOy4uenue. [lorpyxenue B Mup
HEHpOHHBIX ceTel. - [Tutep, 2017. - 481 c.
2. Kannan P. OcHoBHBIE KOHIIETIIMY HEHPOHHBIX ceTeil. —Bunbsamc, 2002

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIB3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYIIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

- Tpekepsl 3agad TRELLO u JIRA;

- cucreMy okyMeHTHpoBaHus npoekros Confluence;

- penosutopwuii Git;

- 00aKo [T pa3paboTKu TexXHUUECKOH JokyMeHTanmu B Latex url {http://overleaf.com;
- o0naxo i pa3pabotku peniennit B oonactu Al IBM Cloud.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CtyneHT, NPOCIYHIABIIMA Kypc, JOJKEH OBJaJeTh TEOpeTHUeCKod ©a30ii KBAaHTOBOH XWUMHH.
YeneniHoe ocBoeHHE Kypca TpeOyeT caMOCTOATENbHOM paboThl CTyIEHTA.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— ipopaboTKy ydeOHOTO MaTepurana (110 KOHCIIEKTaM JICKITUH, Y4eOHO! 1 HaydyHOU TUTepaType);

— YTEHHE U KOHCIIEKTHPOBAHUE JOTIOIHUTEIHHON JTUTEPATYPHI;

— TIOZITOTOBKY OTBETOB HA BOIMPOCHI, MPEAHAZHAYECHHBIX JIJISI CAMOCTOSTEIIFHOTO U3yUCHUS;

— peleHue 3a1a4, MpeiaraéMbpIX CTYJICHTaM Ha JICKIUSX;

— TIOATOTOBKY K AP PEPESHIIUPOBAHHOMY 3a4ETY.

PykoBOACTBO ¥ KOHTPOJIb CaMOCTOSTENHHOW pabOThl CTyJAEHTa OCYIISCTBIsSeTCS B (dopMme
WH/IMBHU]yaJIbHBIX KOHCYJIBTAIINN.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHH4YECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YCHHS OTICNIBHBIX TEM, BOIPOCOB, ClEIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
Kageapa MEeKTPOHUKU

Kypc: 4

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 7 (oceHHuil) - JluddepeHpoBanHblii 3a4eT

Pa3paborunk: A.B. XensBac



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 Criocoben oCymiecTBIsTh [TOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapUaHTHl PELICHUS
3a[1auy, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

I1IK-1.1 Bnameer  yHmameHTambHBIMH
3aKOHAMU M TEOPHUSIMU COBPEMEHHOU (DPU3UKH

IIOHATUSAMU,

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (MIIN) TEOPETUIECCKHUE
(aHaTMTHYECKHUE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.8 Brnageer HaBbikamMu pabOTBI C COBPEMEHHBIMHU
SI3bIKaMU [IPOIPaMMHUPOBAHUS U IPOrPaMMHBIMU ITaKETaMU
JUISl HAyYHBIX pacyeToB

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU IS
ONMCAaHUSI W HCCIEIOBAaHUS MPOLECCOB M SBICHUH B
COOTBETCTBYIOIINX HayYHBIX 00JaCTIX

2. Iloka3areim OLleHUBAHUS KOMIIEeTeHITHH

B pesynbrare n3ydenuss aucumiuiiHbl «Teopus M IpakTHKa
AJITOPUTMOBY» 00yUarOIIUICS TOJDKEH:

MAaImMuHHOTO O6yLICHI/I$I n HeﬁpOCGTeBLIX

3HATh:
- BO3MOXHOCTH M c(hepbl IPUMEHEHHs COBPEMEHHOI TEOPUU HUCKYCCTBEHHBIX HEHPOHHBIX CETEH;
- OCHOBHBIE TIOIXO/IbI PEIICHNUS 3a/1a4 Ha 0a3e HeHPOCETEBBIX TEXHOIOTHIA.
yMeThb:
- YMETb IIOCTaBHUTh M MPEACTABUTH KOHKPETHYIO 33]a4y B HEHPOCETEBOM JIOTMYeCcKOoM Oasuce;
- ¢opmann3oBaTh AITOPUTMBI 00PaOOTKM WHPOPMAIMU B Mapajule]bHBIX W paclpeieleHHbBIX
MPE/ICTaBICHHUSX;
- peuath MHXEHEPHbIE 3a/1a4M C IOMOIIBI0 MHCTPYMEHTAJIBHBIX CPEICTB UCKYCCTBEHHBIX HEHPOHHBIX
ceTel.
BJIA/IETh:

- METOAaMHU MAIIMHHOTO 00yUYeHHsI U CO3JaHHsI HEHPOCETEBBIX aJITOPUTMOB.
3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbr0 KOHTPOJS OCBOSHHUS O0ydJaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIUION JICKIUH UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Bonpocs! ass noarotoBku K AudQepeHIMPOBaHHOMY 3a4ETy:

1. buonoruueckuii M NCKyCCTBEHHBIH HEHMPOH. OCHOBHBIE (PYHKIIUN aKTUBALIMH HEHPOHOB.
[IpenmymecTBa HelipoHHBIX ceTeil. ConocTaBieHne TpaauMOHHBIX OBM 1 HEHpOKOMIIBIOTEPOB.
2. Knaccudukaunm HEHpOHHBIX ceTel, 00JacTh NMpPUMEHEHUs: U pemraeMble 3agaud. OCHOBHBIE
HaIpaBJIEHUs Pa3BUTUS HEMPOKOMIIBIOTHHT .

3. Ilepcentpon PozenbOnara. Anroputm oOydeHHUsl mepcenTpoHa M mnpaBuio Xeb6ba. Teopema o
CXOIMMOCTH aNropuT™Ma OOyuYeHHs HepCenTpoHa I JIMHEHHO-pa3fenuMbIXx MHoxecTB. [IpobGnema
HCKITIOYAIOIIETO «HIIH».
4. MmHorocnoiinbiii nepcentpoH. Ilpencrasnenue Oynesbix (yHkumid. IIpeomonenue orpaHuyeHHS
JMHEHHOM pa3aeNTuMOCTH U pelIeHNe POOIEMbl HCKITIOUAIOIIETO «HIH».
5. 13-as npobnema ['unsbepra, Teopema Konmoroposa-ApHoinbaa U €€ cBs3b ¢ HEHPOHHBIMU CETSIMH.
Teopema Xext-Hunbcena.
6. Heiiponnble ceTn Kak yHUBepcajbHble anmpokcumaropbl. Teopema CroyHa-Beiepurpacca u
Teopema L{piOenko.




7. OOmas wuges TpaJuCHTHBIX METOJOB pEIICHMs 3ajad Oe3yCIIOBHOM onTuUMHu3anuu. Mertonq
HAaNCKOPEHIIIETO CITyCKa.

8. OOmas wuzes TpaauEHTHBIX METOIOB pEIIEeHUs 3aaad Oe3yCIIOBHOH ONTHUMH3alMd. MeTtox
Herorona-Padcona.

9. ®ynknuu norepb, cetr Tunia ADALINE u nensra-npasuio Bunpoy-Xomnda.

10. Anroput™M 0OpaTHOTO pacmpocTpaHeHHsi OMHOKH. JOCTOMHCTBA M HEAOCTAaTKH ajrOpUTMA.
[lonaTue mapanuya ceT U NPUYUHBI €70 BOSHUKHOBEHHUSL.

11. TIpobnema OBpa)KHOCTH TOBEPXHOCTH (DYHKIIMOHANA OMIMOKH M €€ YacTHYHOE IMPEOIOJICHHE C
MOMOILBIO  BBEJCHHSI MOMEHTa (MHEpUUAIbHOW monpaBku). @OuU3HYECKUH CMBICT MOMEHTA.
O0001IeHHOE JIeTBTa-TIPABHIIO.

12.  DBpuCTHYECKHE TPHEMBl YIYYIIEHHS CXOAMMOCTH M KadecTBa TI'PAJUCHTHOrO OOydeHHs
(mopManuzauus, BbIOOp (YHKIMM aKTUBALMH, BHIOOP HadaJbHBIX 3HAYCHUH BECOB, IOPSIOK
HpeabsaBIeHU 00y4aroyX IPUMEPOB, BEIOOP BEIMUYHMHBI IIara, COKpalleHne Yicia BECOB, BHIOMBaHNE
U3 JIOKaJbHBIX MUHUMYMOB, Ipo0OiiemMa rnepeoOyueHus U pas3zaeieHrue BRIOOpKH). MeTonbl ynpoIeHus
CTPYKTYpbI HeiipoHHOH ceTu. OO11e NPUHIUIIBI 00yUYeHus.

13. Dransl HeiflpoceTeBoro aHanu3a. MeTobpl KOAUPOBAaHUS KaTerOpUabHbIX U OPJUHAIBHBIX JaHHbIX.
MerTonsl HOpMaTU3aum.

14. Meroasl BOCCTaHOBJIECHHUSI MPOIYCKOB B AAHHBIX M BO3MOXKHBIE NPUYHMHBI MX BO3HUKHOBEHHUSI.
O0paboTtka qyOTMKaTOB U IPOTUBOPEUUH.

15. Merozap! BbISBICHHS AHOMAJIBHBIX 3HAYEHUH B JAHHBIX (aHAIM3 TpaguUKOB M THCTOIPaMM,
SIIIUKOBBIE TUArpaMMBbl, CTaTUCTHUECKUI TeCT, KpuTepuil TutbeHa-Mypa, KpuTepuil Xu-KBaapar i
MHOTOMEPHBIX JJaHHbIX, BBIYUCIEHUE PACCTOSHUI B MHOIOMEPHOM IPOCTPAHCTBE IIPU3HAKOB, METOJbI
BBISIBJICHUS] aHOMAJIbHBIX 3HaUCHUH [JIS1 BDEMEHHBIX PSIOB).

16. Ilpumepsl BO3HUKHOBEHHS Xaoca B JUHaAMUYecKuXx cuctemax. [lokazarenu JIsmyHoBa u UxX CBSI3b C
MaKCUMaJIbHbIM T'OPU30HTOM IporHosa. IlorpykeHue BpEeMEHHOIo psiia B JIarOBOE IPOCTPAHCTBO.
Cromnp3smiee okHo. Teopema TakeHca. @pakranbHas pazMepHOCTh Xaycnopga-besnkoBuua u e€ cBs3b
c teopemoiri Takenca. Wudopmannonnsiii mogxon IlleHHOHA K BBIYMCICHHIO MAaKCUMAalbHOTO
rOpU30HTA MIPOTHO3A.

17. ApnutvBHAs ¥ MYNBTUIUIMKAaTUBHAS MOJEIH BPEMEHHBIX PsiioB. KOMIOHEHTH BpeMEHHOTO psiza.
HccnenoBanne BpeMEHHBIX PsAJIOB HA OCHOBE KOPPEIOrpaMMbl

18. Cneunduka MporHo3upoBaHUsl (PUHAHCOBBIX BPEMEHHBIX PSIOB (BBHIOOP BXOAHBIX CHTHAJIOB,
METOJ] MCKYCCTBEHHBIX IPHUMEPOB, BBIOOp (yHKIMOHAna OmMMOKM M OLEHKAa BEIMYMHBI KamuTajia
UTPOKA).

19. HepasenctBo Komm-bynsxosckoro. HepaBeHCTBO Mexay cpeaHUM apu(pMETHUYECKUM U CPEIHUM
KBagparnyeckuM. IIpenmMyniecTsa UCIOIb30BaHNsI KOMUTETOB HEUPOHHBIX CETEH.

20. 3amaum, pemaemble 0e3 yumrens. Mmes Merofa TIaBHBIX KOMIIOHEHT. 3ajiada KIlacTepU3aIiu
naHHbIX. OCHOBHBIE METPHUKH JIJIsI KOIMYECTBEHHBIX U HEKOJINYECTBEHHBIX IEPEMECHHBIX.

21. Ceru KoxoHeHa, mpaBuia >KeCTKOW, CIPABEITUBON U MATKONH KOHKYPEHIIUH. AJTOPUTM OOy4eHUSI.
3amaua KBaHTOBaHMS AAHHBIX. 3a/laya MHOTOMEPHOH BHM3yall3allid U CaMOOPIaHU3YIOIIUECS KapThl
Koxonena.

Keticol nst paboThl

1. Pacrio3HaBaHMe IPOAYKTOB Ha MOJHOCE

2. Knaccudukarnus sxectoB

3. VKiajaka CKIaJCKOH MaJuIeThl.

4. Knaccudukanus Jiroeid Ha BHJICO 10 BEKTOPY PU3HAKOB

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U IPaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.



Ouenka ommyHO 8§ 0OamioB - BBICTABIISICTCS  CTYACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xopomuo 7 6ajuioB - BHICTABISETCS CTYJCHTY, €CJIM OH TBEPAO 3HAET Marepuaj, IPaMOTHO H IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OueHka Xopoio 6 0ajioB - BBICTABISETCS CTYIACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, IPaMOTHO H I10
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka XopoIo 5 6ajuIoB - BBICTABISCTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIEeH YacTH
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEYIOBJICTBOPUTENBHO | Oayunr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBenennu yctHoro auddepeHupoBaHHOro 3aueTa odyyaromemycs npenocrasiusercs 30 MUHYT
Ha moxarotoBky. Ompoc oOyuatomierocss mo Oujery Ha yCTHOM Iud@epeHIUpOBAaHHOM 3a4yeTe He
JIOJKEH IMIPEBBIIIATH OJIHOTO aCTPOHOMHMUYECKOI0 yaca.



