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1. Mecto ¥ e JUcHMIUVIMHEBL B CTpyKType OITOIT

OuctyrvHa «[IpuoykeHnsl HeIMHEHOW NUHAMUMKM K 3aZiayaM Tepefaur, oOpaboTKu U
XpaHeHUs1 HGOPMALIMKU» OTHOCHUTCS K 00s13aTesIbHbIM JMCLIMTUIMHAM BapHUAaTUBHOW YacTH
(6ox B1.B.[IB5) ocHoBHOM mnpodeccroHanbHON obpa3oBaTenbHOM nporpammbl (OITOIT)
BbICIIEr0 oOpa3oBaHUsi TI0 HarmpaBieHuto TmoarotoBku 02.03.02 «®DyHpaMeHTa/ibHast
vHpopMaTMKa U HHGPOpPMALMOHHBIe TexHO/MoruM» (ypoBeHb OakanaBpuara) Ha
paguodusnueckoM akynerere HHI'Y. [QuciunnvHa usyuvaetcsi B 6-M, 7-M U 8-M
ceMecCTpax.

HEJ’IHMI/I 0CBOEHMA JUCIIMIIVIMHBI AB/IAKTCA:

- (GopmMupoBaHMe Yy CTyJeHTOB TIpeACTaB/leHW{ O TIpUMEHEHWH HEKOTOPbIX
(byHZaMeHTa/IbHBIX SIB/IEHWM, M3y4YaeMbIX MeTOJaMU Teopuu KosjeOaHMi, B YCTPOMCTBaX
repefiauy MHGOPMaLIK;

- yMeHHe HCII0/b30BaTh MeTO/bl TeOpHH KosieOaHWil [y pellleHHsi COBPeMEeHHBIX 3a/ay
MPOEKTUPOBAHUS CUCTeM Tepejauu nHpopMalvy;

- popMHpOBaHMeE y CTY/I€HTOB TPeCTaBIeHNi O IPUMEeHEeHUN MeTO/IOB TeOpUr KoebaHui
I UCCJleIoBaHMsl HeMPOHOMO00HBIX reHepaTopoB;

- (GopmHupoBaHMe yMeHHs HCIIO/b30BaTh aHATUTHYECKWe M UHNC/IeHHble MeTOAbI JiIs
WCCIe[JOBaHUsI JMHAMUKA HEeMPOHOMOA00HBIX T'eHepaTopoB, TIPOBOJS KOMIIbIOTEPHBIE
CUMY/SLUM C TIpUMeHeHHeM COBPEMEHHOro si3blka mporpammupoBaHusi Python c
nonynsipHeiMU 6ubmorekamu NumPy, Matplotlib.

2. TInanupyembie pe3y/bTarbl 00yUeHHs M0 JUCHMILIHHE COOTHECEHHbIEe C
IUIAaHNPYeMbIMH pe3y/IbTaTaMH 0CBOeHHsI 00pa3oBaTe/IbHOM POrpaMMbl
(KoMmeTeHI|USAMHU BBITYCKHUKOB)

dopmupyemMsbie
KOMIIeTeHL{H IlnaHupyemble  pe3y/bTarbl 0O0yueHHs] 10 /JUCLMILIHHE,
(Kop, KoMmeTeHuuu, Tamn XapaKTepH3yoL{ye 3Tanbl (OpMHUPOBaHUS KOMIIeTeHIHii
(¢opmupoBanmsn)

ITK-5 crioco6HOCTh Mcmonb3oBath | 31 (TIK-5) 3HaHMe TIPOrpaMMHBIX CpPEJCTB, TO3BOJISIFOLIMX
coBpeMeHHble WHCTpyMeHTasbHble | 3()(eKTUBHO OCYIeCTB/IATh MCC/Iel0BaHUe HelUHeHHOW AUHaMUKA
Y BbIUMCJ/IMTE/IbHBIE CPeJCTBA MaTeMaTHUeCKuX  Mojejiei  Ha  OCHOBE  OOBIKHOBEHHBIX

IuddepeHIaTBEHBIX YPaBHEHUM

Otan dhopMmypoBaHusi 6a30BbIT Y1 (IIK-5) YmeHue mo/b30BaThCsi COBPEMEHHBIMU MPOrPaMMHBIMU

CpeacCTBaMy YMC/IEHHOI'0 MOAe/IMPOBaHUA

nabopaTopHBIX paboT

3. CTpyKTypa U cofiep)XKaHue AMCLUIIMHBI «[IpuiokeHns HeJTMHEMHOH
AMHAMMKH K 3aJa4aM nepejaqyu, 00padoTKu U XpaHeHHs HH(GOpMaIUmn»

O0OBbeM AUCLMIIMHBI COCTaB/IsIeT 7 3aueTHBIX eAMHUII, BCero 252 yaca, U3 KOTOPbIX 92
YAaCOB COCTABJISIET KOHTAKTHas paboTa 00ydJaroierocs C mpernoziaBaresieM (71aboparopHbie
3aHATUSI) U 3 Yaca MepONpUSTUS TeKyllero KOHTpOJisg YycreBaeMOCTH, 157 uacoB
COCTaBJISIET CaMOCTOsITe/TbHast paboTa 00yyJaroIerocs.

H1 (TIK-5) HaBrIK MCrOMb30BaHUSI BHIUMCIUTENBHBIX CPEACTB /s
aHa/aM3a  HelMWHEMHOW  JMHAaMMKM B XOJie  BbIIOJIHEHHUs
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Tekylii KOHTPOJIb YCIIEBA€EMOCTH TIPOXOAUT B (opme OMyCKOB K J1abOpaTOpHBIM
pabotam. WTOroBBIli KOHTPOJIb TMPOXOAWT B BHZE 3aueTa W BKJIIOUAET 3aC/IylIMBaHHe
OTYETOB TIO J/1abopaTOpHBIM paboTaM ¥ TPOBEPKY BOMPOCOB [jii CaMOCTOSITEILHOTO
W3yUeHusl.

4. Oo0pa3oBaTe/IbHbIE TEXHOIOTHU

B coorBercTBUM € paboueli MpOrpaMMoi ¥ TeMaTH4eCKHM TJIAaHOM M3y4eHHe AUCLUTITAHBI
TIPOXOZUT B BHJIe ayIUTOPHON U CaMOCTOSITe/IbHON PabOThI CTYAEHTOB. YueOHbBIH TpoLiecc
B ayZJUTOPUM OCYLLeCTB/IsIeTCs B (hOpMe CeMUHAPCKUX 3aHATHUM.

O6pasoBare/bHbIe TEXHOJIOTUH, CTIOCOOCTBYIOIMEe (HOPMUPOBAHKMIO KOMIIeTeHLIUMA

uCno/b3yeMble HA 3aHAMUSX CEMUHAPCKO20 Muna:
- IOK/IaJbl CTYZIEHTOB T10 TeMaTHKe 3aHSATHS C TTOC/IeYIOLIUM 00CyKIeHUEeM.

5. YueOHO-MeToAMUECKOE 00ecrieueHHe CaMOCTOATE/TbHOH PadoThI
00yUaroIUXCs

YyeOHO-MeTOZMUECKOe O00ecIiieueHre CaMOCTOSITe/TIbHOM paboTbl s mabopaTopHOi
paboTbl «/lMHAMMKa CIMHOBOIO TeHepaTtopa» — yuebHO-meToanyeckue mocobust [1],
Crieria/ibHOe TIpOrpaMMHOe obecrieueHre, OCHOBHass [1] W momosHUTeNbHast [2-12]
JUTeparypa.



Bormpocel, KoTopble [O/DKHBI OBITH MpOpabOoTaHbl B XO/e CAMOCTOSTebHON pabOThI IO
TeMe labopaTopHOM paboThl «/IMHAMUKA CITUHOBOTO reHepaTopax:

dusznueckue rnpoueccel B CIIMHOBOM B€HTW/IE TIpU TIIPOIMMyCKaHWKW Yepe3 Hero
3JIGKTPHUUECKOI'O TOKa.

Sq)Q)EKT TMIrdHTCKOT'O MarHeTOCOITPOTUBJ/IEHHS.

Hcnonb3oBaHue f-)Cl)CI)EKTa FMI'dHTCKOTO MdIrHeTOCOIIPOTHUB/IEHUA B CUCTeMdX
XpaHEHUA HH(bOpMaI_[I/II/I Ha MarHUTHBIX HOCHUTe/IAX.

MakpocnvHOBasi MojeJib  CITUHOBOTO TeHepaTtopa. YpaBHEHWs MOAeNd  [ijis
IUHAMUKY BEKTOPA HaMarHUUeHHOCTH.

Mogenb CTMHOBOTO reHeparopa AMHAMUKNA KOMIT/IEKCHOM aMIUTUTY/AbI.
CrnMHOBBIH reHepaTop Kak aBTOKosiebaTe/ibHasi CUCTeMa.

XapaKTepI/ICTI/IKH KoJie0aHui CITMHOBOTO reHepdaropd, BO3MOXHOCTH TIPpUK/IaJAHOTO
HCI10/Ib30BAHUA B CUCTEMAX Tlepeaddyn 1 O6pa6OTKI/I I/IH(l)OpMaL[I/II/I.

JlnHaMUKa CITUHOBOTO TeHepaTopa, orvcaHue OudypKaruii.
PasnnuHble CriocoObl BHEIITHEN CUHXPOHU3aI[UM CITUHOBOTO TeHepaTopa.
OddekT B3auMHON CUHXPOHU3ALIMX CITMHOBLIX reHepaTopoB.

YuebHO-MeTOAMUECKOEe OOecrieueHre CaMOCTOsATebHOM paboThl Ajist 1abopaTopHO
paboTel «/lMHaAMMKa CIaliKOBOrO HEMpOHa» — yueOHO-MeToAuuYecKue mocobusi To
Kypcy [2-3], crenuanbHOe TiporpaMMHOe obecrieueHWe, OCHOBHas [2-3] u
pJononHutenbHas [1,12-14] nureparypa, UHTepHeT-pecypchi [1-8].

Borpockl, KOTOpbIe ZO/DKHBI ObITh TIPOpabOTaHbI B X0/le CaMOCTOSTELHON paboThI
110 TeMe 1abopaTopHO paboThl «/IMHaMKKA CITAafKOBOTO HEMPOHA»:

O6sikHOBeHHbIe g depeHIanbHbIe ypaBHeHUs. 3a1aua Korm.
Metop, Dtinepa.

Mertop, PyHre-KyTTsl.

Turel JaHHBIX B s13bIke Python.

Omnepanyy co CriMcKaMu U CJI0OBapsiMU B si3bike Python.

Oneparyy ¢ MHOrOMepHbIMUA MacCHBaMH B si3bike Python.

OnucaHue HEWPOHOB C TOUKU 3PeHUsI TEOPUM JHAMUYECKUX CHUCTEM.

du3nyeckyre Mporecckl, Jiexkaljie B 0CHOBE M3MeHeHHss MeMOpaHHOTO MoTeHIana
HelpoHa.

Mozesib IOpOroBOro UHTerpaTopa.
Mopens ®utxsto-Harymo.
Mogens V>xrkeBrua.

Mojeny cMHaNTUYeCKOM TJIaCTUUHOCTH.

6. @DoHJ OLEHOUHBIX CPe/CTB /i/Isl IPOME)KYTOUHOI arTecTaliu 1o
JUCHMIUIUHE,

BKJ/TIOUAIOIIHIA:

Hepequb KOMHQTEHL[I/II‘;I BBIITYCKHHUKOB O6p&30BaTEJIbHOI\/JI MpoOrpaMmsal C yKa3dHUEM

pe3ysnbTaToB 00yueHWs (3HaHWM, yMEHWM, HABBIKOB), XapaKTePU3YIOIIMUX 3Tarbl WX
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(hopmMupoBaHus, OMMCAaHWe TI0Ka3aTejieli M KpUTepUeB OlleHWBAaHUS KOMIIeTeHI[UN Ha
pa3/IMUHBIX 3Tarax ux (OpMUPOBaHUs, MPHBeieHbl B TIPUIOXKeHU! 1.



6.1. OrmucaHue LIKa/l OLleHWBaHUS



Wnpuka

OIIEHKN C®OPMUPOBAHHOCTHU KOMITETEHIIU

TOPBI
Heya0BJ/1eTB O0BJ/ICTBO O4YeHb
KomieTe /10X0 YA yA P X0pOIIo OTJIMYHO | MPEBOCXOHO
HIUH OpMTE/NbHO | WTEe/JILHO X0pOoILI0
OrtcytcTBHE YpoBeHb YpoBeHb
3HaHUI YpoBeHb YpoBeHL 3HaHUK B 3HaHUM B
TEOPETUUECKOT |3HAaHUH g/IHHHMam’H g%iléll:l/lﬂe B obbeme, ﬁ;;;gb B oObeme,
b
oMmarepvana. |HWXe norycTimst |coorsetcray|COOTBETCTBY |6 e, TIPEeBBIILIAFOLI]
HeBo3moxXHOCT MHHMMATE |& OBEHD | Formem 10ITIeEM coorsercTay|EM
IMonHora |b OLIEHUTBD |HBIX 3HaH};?171 I Hér avve |PorpamMme | Y nporpammy
3gaHmii  |TIOTHOTY TpeboBaHU : porp TIO/TOTOBKHL. | O TIO/ITOTOBKH.
y o JlomyIrieHo |TO/TOTOBKH. rporpaMme
3HaHUH n. Nwmenn HomnyieHo
MHOTO HomnyieHo TIOATOTOBKH,
BC/IeICTBHE MeCTO HECKOJTBKO
HerpyObIX —|HECKOJIBKO 6e3
OTKasa rpyObie OLLIHOKH HerpyGbix  |CCYIECTBE | ok
00yuaroIerocs |OmmoKH. : oml%ox HHBIX :
OT OTBeTa omboK
OrcyTcTBHE ITpomemonc (IIpogemoHC IIpomemoHCT
MUHUMATbHBIX TPUPOBaHbI |TPUPOBaHbI |[IPOJIEMOHC |pUPOBAHbBI
yMeHHHA . BCE BCE TPUPOBaHbI |BCE
HeBo3moxuocr ITpu ?q;m(;:’[a%ilc OCHOBHBIE |OCHOBHBIE |BCE OCHOBHBIE
b OLIEHUTB | peITIeHUH OEHEBHH o |yMeHus. YMeHWUS. OCHOBHbIE  |yMEHWUS,.
Ha/iuue CTAaHJAPTH | v oo Petuiens! Bce|PerieHsl Bce|ymenusi,petir| PemieHsl  Bce
yMeHU# BIX  3ajau %\é{m OHEL OCHOBHBIE |OCHOBHBIE |€HBI BCe|0CHOBHbBI®
BCJ/IE/ICTBHE He TinoBble | 38Aa4H C|3a/aumt .|ocHOBHBIE  |3amaum.
Hamume |0TK833 TPOJEMOHC |, s c|HerpyObivMu | BhinostHerbl| 3aauu c|BbIToTHEHBI
. |oOyuarorierocst |TppoBaHbI Hé(lﬁ" ey |CLIMOKami. |Bce OTJe/IbHBIM [BCE 3aJiaHMUs,
YMEHUM o7 grBeTa OCHOBHEIe OUJI%KaMH BrirosiHeHsl|3a4alnst, B|U B TI0/IHOM
YMEHMSL. g o o e [BCE TIO/THOM HecymiectBe |O6beme  0Oe3
Nmenu BCe 3asampy| 3AAaHM,  B|0ObeMe, HO|HHbIMHE/0Y |HE/,04eTOB
MeCTO HO aHAe | TTOTTHOM HEKOTOphIE |eTaMH,
rpyObie OJTHOM obbeme, Ho|C BBITIO/THEHBI
omMOKA. | e o HEeKOTOpbIe |He/J0UeTaMH |BCe 3a/laHus
) C . B TIOJTHOM
He/[0YeTaMu obbeme.
OrcyrctBue  |Ilpu Nwmeercs [Iponemonc IIpomemoHcT
B/IaJieHust PelleHnH  |MUHAMA/BH |IIpOJEMOHC |TPUPOBAHEI |0 o o - |PHPOBAH
MarepyasioM. |CTaHZAPTH |bId "épI/IPOBaHBI 0a3oBbie T %IAOBaHH TBOPYECKHUIA
HeBo3MOXHOCT|bIX  3a/1au|HabOP a30BbIe HaBBIKU HgBEIKH TOZIXO] K
Hammume |P OLIEHUTb [He HAaBBIKOB  |HaBBIKU TIpH i PeIIeHr0
HaBeKop |HA/IAUVE TIPOZIEMOHC | A/1sT TpH pelLIeHnH le)m ey |HECTAHAAPTH
HaBBIKOB ”épI/IpOBaHbI pellleHUst  |pelieHuyd  |CTaHAAPTHBI ge crannapr |PIX 3344
(B1apenue |peoncrppe a3OBble  |CTaHAAPTHBI |CTAHAAPTHBI (X 3ajau Ges| 3Aa paq
ONBITOM)  |oTKa3a HaBBIKM. |X 3afiad C|X 3ajau C|OmHOOK | 603 omngox
obyuatorierocs | imenu HEKOTOPBIM |HEKOTOPBIM |HE/IOUETOB. |-
OT OTBeTa MeCTO u U
HEe/I0YeTOB.
rpyObie HeJJoueTaMH |He/[0ueTaMu CAOUETO
OIINOKH.
TTonHoe YuebHas VueGHas YuebHas
OTCYTCTBHE VueGras YuebHasi  |aKTMBHOCTb AKTHBHOCTE |AKTABHOCTD 1
yueOHOM AKTHBHOCT aKTMBHOCTG |1 - MOTHBAIUS
aKTUBHOCTH M| ilVaeGuas |4 MOTHBALMS [\ o [TIPOSIBIISFOTCS
MOTHUBAL[AU MOTHBALS lakTHBHOCTS |MOTHBALIHS |[POSIBIISIOTC | - osIanLll}OTc Ha OYEeHb
160 1 " TIPOSIBJISIFOTC |1 HA YPOBHE HP 12| BBICOKOM
o Ha|BbIILIe YPOBHE,
Mortusan BBIPAKEHDI gg‘ggsum cpegHeM CcpefHero, BblggggM JIeMOHCTPUPY
usA(TMYHO ’ ’ ypOBHe, J€eMOHCTPUD yp ; eTcs
TOTOBHOCT |c/1abo JIEMOHCTPHP
CTHOe JleMOHCTPUP|yeTcst TOTOBHOCTb
b  peIlaThb|BbIPa’KeHbI, yeTcst
OTHOILIeHH yeTcst TOTOBHOCTb BBIMOJTHSTD
TIOCTaB/IeH |CTpemiieHe TOTOBHOCTb
TOTOBHOCTb |BBITIO/THSITh HEeCTaHZAPTH
e) HbIe pelnarb BBITTOJTHSITh
BBITIOJTHSTE  |OOBIITHHCT 131
3afadn 3afadn TIOCTaBJ/IeHH |BO BCe JIOTIOJTHUATEJTb
E%quTBeH gaquTBeHH ble  3a/1auM|[TOCTaBIeHH Egcm;age;; HbIe  3ajjauu
OTCVTCTR Ha Cpe/iHEeM bIX 3aJad Ha BblchOM Ha BBICOKOM
foT yTCTBY ypPOBHe BBICOKOM OBHE ypOBHe
Kauectea  |ypOBHe iapq ecTpa  [KaUecTBa
KauecTBa
Xapakrep [Komnetennus |Komneren |Cgopmupos|Chopmupos|Chopmrpos |ChopMupos |ChopMuposa
ncruka B He | LyIst B|aHHOCTb aHHOCTb AHHOCTb aHHOCTb HHOCTb
copmupo chopMHpOBaHa |TOJTHOH  |KOMITETEHIH [KOMITETEHI[H [KOMIIeTEeHIIY | KOMITETEHI Y |[KOMITE TeHI[UU
. _OTCYTCTBYIOT|Mepe  Helu M B I1eJIOM|U B LIEJIOM|H TIPEBbIILIAET
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3HaHWS, COOTBETCTBY|COOTBETCTBY |COOTBETCTBY CTaHAAPTHBIE
yMeHwus, er er er TpeboBaHusI.
HaBbBIKH, MUHAMAJIBH |TpeboBaHus |TpeOoBaHMS Nmeromuxcst
HeoOXoAUMbIe BIM M, HO eCTh|M. HoMHOCTRIO | 3HAHAM,
I/ pelleHust TpeboBaHUs |HefoueThl.  |MIMerouxc coorBeTcrRy [YMEHAN,
TIPAKTMMECKHX |y iy (M- VIMEIOLLMXC |sf  3HAHHH, | Y| HaBbIKOB M
(mpodeccrona BaHap PO \Vimerormxc | 3HaHuii, |ymennit, TpeGoanys |MOTHBALMY B
JMIBHBIX)  3a/a9. |7 oo o | 3HAHVIA,| yMeHHid, HaBBIKOB HMP MOJTHOM Mepe
Tpebyetcs i 3HE{JI:III/H‘/JI YMEHHH, HABBIKOB  M|MOTHMBALH |pr oo o |AOCTATOUHO
TIOBTOPHOE oHuii. |HABBIKOB  B|MOTHBALH |B L{esIoM | 3HH;HHﬁ Iist
o0yueHHe KIEI/IBLIKO]’?’ L[eJIOM B L{e/IOM|JOCTAaTOYHO |G\ [IPUMEHEHH ST
HenocTato |ACCTATOUHO |I0CTAaTOUHO (Aist ﬁ];[BbIKO]’S 41| TBOPYECKOTO
BAHHOCTH qH'g sl ITst peireHus | oS [TOAXOAA K
KOMIIETeH emeHuﬁ pellleHys  (DElIeHusl  |CTaHAAPTHBI | noﬁHoﬁ peLIeHrt0
g akTHuec |MPAKTHYECK |PAKTHYeCK |X MeDe CJIOXKHBIX
nun p ux ux TIpaKTUUeCK P TpaKTHUYeCKU
KHX JIOCTaTOYHO
(npocbecci (mpodeccuo |(ripodeccro (ux s X
OHAMTBHEIX) Ha/lbHbIX) |HaJBHBIX) |(TIpodpeccro e (mpodeccrion
33734 3afla4, HO|33ajjay,  HO|HAJbHBIX) EJ'IO)KH])IX a/TbHBIX)
T'Zé6 TSt TpebyeTcsi |Tpebyercs |3azau. npaKkTrdeck |328ad:
peby JTOTIOJTHUATEJT | [IOTIO/THUTET p
TOBTOPHOe |¢* - o Has uX
obyuerue MpaKTUKa  |[paKTHKa I({l'é%(]))([l{)g&C)HO
1o 1o 30730
OOMBIIMHCT |HEKOTOPHIM anad.
BY ripocdheccro
MPAaKTHUECK |HaTbHBIM
WX 33iad.  |3a/|ayaM.
YpoBennb
chopmupo
o o Hwxe .~ |Bpime o Ouenb
BaHHOCTH Hynesou Huzkun Cpe/iHero Cpeanuit cpeHero Bricokuit BEICOKMIA
KOMIIeTeH
117171

6.2. Kpurepuu u npoueaypsl OLeHUBAHHUA Pe3y/ILTATOB 00yUeHH M0 JUCLUIUIMHE,
XapaKTepHU3yIUX 3Tanbl (JOPMHUPOBAHUA KOMIIETEHIHI
[TpeaycMoTpeHa MporieAypa arTecTaliy 00yJaroiuxcs B hopMe 3aueTa C OLIeHKOH. 3auer
BKJ/TFOUAET 3all[UTy OTUYETOB I10 J1JabopaTopHbIM paboTaM M YCTHBIN OIPOC 10 KOHTPOJIBHBIM
Boripocam. OTBOJMMOE Ha TOATOTOBKY OTBETOB BpeMsi — OKOJIO 1 akaJeMHUueckoro uaca.
W TOroBbIli KOHTPO/Ib COPMHUPOBAHHOCTH KOMIIETEHIMH B BH/E 3HAHUK 00eCreuruBaeTCst
OTBETaMH Ha KOHTPOJIbHBIE BOTIPOCHI, B BH/E YMEHWH W HaBBIKOB — 3aIIIUTOH OTUETOB O
nabopatopHbIX paboTax.

6.3. TunoBbie KOHTPO/IbHbIE 3aflaHMsA WIM MHbIE MaTepHa/ibl, HeOOXoAUMBbIe s
OLIEHKH pe3y/IbTaTOB 00y4eHHUsl, XapaKTepU3yWInMX 3Tanbl ¢opMupoBaHus
KOMIeTeHUMH " (WIM) JAJAs HUTOrOBOr0 KOHTPOJIS

KOMIIeTeHIUM.

Bonpocs! g5 onjeHku popmupoBanusi KomreteHmu [1K-5:

1.

2.

>

Bormpocsl

CTIIMHOBOTO reHeparopa» [1].

3J/IEKTPHUYECKOI'O TOKA.

OddeKT ruraHTCKOro MarHeToCOIPOTHB/IeHHSI.
Wcnonb3oBaHue 3¢deKTa TMraHTCKOTO MarHeTOCOTNPOTUB/IEHUSI B CHCTeMax

IS KOHTpPOJII W3 y4yeOHO-MeTOAMYecKoro Iocobus

XpaHEHUA I/IH(bOpMaL[I/II/I Ha MalrHUTHBIX HOCHUTeE/IAX.

MakpocnvHOBasi MoOfe/ib CIIMHOBOTO TeHepaTopa.

AWHaMHWKHW BEKTOPd HAMdrHUYE€HHOCTH.

c()opMHPOBAHHOCTH

Mogenb CIMHOBOTO reHepaTopa AUHAMUKU KOMITJIEKCHOW aMIUIUTY/bI.
CriMHOBBIM reHepaTop Kak aBTOKose0aresibHast cucTeMa.

«/IlvHamuyKa

@dusnyeckue MpoLiecchl B CIOMHOBOM BeHTHW/IE TPU MPOMYCKAaHUM uepe3 Hero

YpaBHeHus1 Mofenu AJis




8.

9.

XapaKTepuCTUKH KojiebaHUM CITUHOBOTO TeHepaTopa, BO3MOXKHOCTh TIPUK/IAJIHOTO
HCTIO/Ib30BaHMs B CUCTEMaxX Tepefaun U 00paboTKu nHMOpMaLyu.
IlMHaMuKa CITUHOBOTO TeHepaTopa, orvcaHue OudypKaruii.

10. Pa3nuuHble CriocoObI BHEITHe CHHXPOHU3AIMK CITIMHOBOTO TeHeparopa.
11. DddeKT B3aMHOM CUHXPOHH3AI[MK CITUHOBBIX TeHepaTopOB.
TuroBbie KOHTPOJIbHBIE 3a/laHus 151 OlleHKH opMupoBaHus KomneteHiyu [TK-5:

1.

w o

6.4.

[TosyunTh 3aBUCUMOCTD YaCTOThI FeHepaliy CralikoB OT MPUJIO’KEHHOTO TOKa /IS
MO/IeJTH TIOPOTOBOTO HHTerparopa: a) 4McaeHHO, 0) aHamuThuecku. CpaBHUTH
pe3ysbrarhl. HapricoBats 5 peanu3aiiuii MeMOpaHHOTO TIOTeHIIMaa.

Uuc/ieHHO  TOAYyUYWTb  3aBUCMMOCTb  YaCTOThl  reHepaluu  CHalKkoB  OT
TIPUJIOXKEHHOTO TOKa /I MOJeIM KBaJpaTWYHOrO0 WHTerparopa MNpU 3HauyeHUuH
napaMmetpa. Crenate 2 mpoxoza IMo LUKy W3MEeHeHUs TapaMeTpa MPUIoKeHHOro
ToKa: oT -1 70 1 u Ha3azg ot +1 ;#o -1, mepenaBas Moc/eaHee 3HaUeHUs] BEKTOpa
repeMeHHbIX B Haya/lbHble YCI0BUS CJIeAYIOIei UTepaLvi.

3HaueHue TlTapaMeTpa IoTeHIMaaa cobpoca -0.5.

3HaueHHe MapameTpa NoTeHIMana copoca +0.5.

[ns mopenu [BYX CHHaNTUUeCKU CBsI3aHHBIX HeWpoHOB ®urtixbto-Harymo,
MEepBbI U3 KOTOPBIX HAXOJUTCS B KojebaTeslbHOM peXWMe, a BTOPOH B
BO30yZIMOM, TIOCTPOUTD

3 peamu3ali  MeMOpaHHBIX TIOTEHIMAJIOB i1 pa3/IMUHbIX  3HAYEHUH
CHUHANTHUYeCKOW TIPOBOAUMOCTH, (Jsn: OT O [0 3HAUEHUS Jsyn = Grh, TIPU KOTOPOM
BTOPOM HEMPOH OTBeYaeT CIIAaWKOM Ha KaX[blM CIIaMK IepBOr0 HEWpOHA. Jm
OIpe/ie/IUTh CaMOCTOSITE/IBHO.

3 peanu3alyu 415 Gsyn > grh C TAKKUM JKe I1aTOM U3MEHeHUs [IPOBOAMMOCTU KakK U B
c/yyae a). gy OTpe/leJIuTh CaMOCTOSITE/BHO.

Metoyueckye Matepuarisl, ONpeZesisolye IpoLefypbl OLleHUBaHUS

bonxosckas O.B. u ap. Metoauueckre marepuassl 110 OIpefe/leHUI0 IpoLeAyp
OlLleHMBaHUsl  C(hOpMUPOBAaHHOCTU  KoMmmeTeHuuid // Hwkuuit  Hosropog:
Hwxeropopackuit rocynuBepcuret, 2017. 26 c.

I[Tpuka3 Munob6pHayku ot 12.03.2015 Ne224.

7. YueGHO-MeToAMUYECKOe U HH()OPMALIMOHHOE 00ecreyeHHe JUCHUIUTHHBI (

a) OCHOBHas /MTeparypa:

1.

2.

Muarvs K.I.,  TlonoBunkuH A.B., Anemwmn K.H.  [IuHamuka  CIIMHOBOIO
re”eparopa // Hwxuauii Hosropoa: Hwkeropogckuii rocynusepcutert, 2013. 18 c.
[Tpokun U.C., CumonoB A.FO., Ka3anues B.b. Marematnueckoe mo/e/MpOBaHue
HeMpOJMHAMUYECKUX CHUCTeM. OJIeKTPOHHOe MeToAndeckoe rocobue // Hipkauit
Hogropog, 2012. 42 c.

BapkanoB K.A. OGpasoBarenbHelii  KomiuiekC — «[laparsiesibHble  UKMCIeHHbBIE
MeTozbl». JlekuMoHHble Marepuansl // Hwkuuii Hosropog: Hwkeropopckuii
rocyHusepcuret, 2011. 23 c.

0) Jomo/IHUTeIbHAsA JIMTepaTypa:

1.

CumonoB A.IO. BBeseHue B [AMHaMUKy CUTHa/bHBIX IPOLIECCOB B HEHMPOHHBIX
ceTsx Mo3ra (bJsioK nekiuii mo acrekTamM BbICOKOTIPOU3BOUTE/bHBIX BbIYUCIEHUI//
HHI'Y. 2014 SnekTpoHHOE MeToAWYeCKoe TTocobue
Slonczewski J. Current-driven excitation of magnetic multilayers // J. Magn. Magn.
Mater. 1996. V. 159. P. L1.
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10.

11.

12.

13.

14.

Berger L. Emission of spin waves by a magnetic multilayer traversed by a current //
Phys. Rev. B. 1996. V. 54. P. 9353.

Katine J.A., et al Current-Driven Magnetization Reversal and Spin-Wave Excita-
tions in Co/Cu/Co Pillars // Phys. Rev. Lett. 2000. V. 84. P. 3149.

Kiselev S.I., et al Microwave oscillations of a nanomagnet driven by a spin-polar-
ized current // Nature (London). 2003. V. 425. P. 380.

Tsoi M., et al Excitation of a Magnetic Multilayer by an Electric Current // Phys.
Rev. Lett. 1998. V. 80. P. 4281.

Hoefer M.A., et al Theory of Magnetodynamics Induced by Spin Torque in Perpen-
dicularly Magnetized Thin Films // Phys. Rev. Lett. 2005. V. 95. P. 267206.
Kopuees B.M., TlonkoB A.®., UuHenkoB M.FO. CraumoHapHble COCTOSIHUS
HaMarHUUeHHOCTH TOHKOTO MAarHMTHOTO CJIos HAHOCTO0UaToOM MHOTOCIOMHOM
CTPYKTYpbl INpU JeWCTBUM CIIUH-TIOISIPU30BaHHOIO TOKA M MarHUTHOro moss //
®usuka tBepgoro tesna. 2009. T. 51. B. 1. C. 118.

Mumarva K.I., Anemmin K.H. /[lMHaMuKa COWHOBOTO HaHOTeHepaTtopa Tpu
VM3MeHeHWM  HarpaBjeHWsi  BHELHero MarHuTHoro Tons //  BecTHUK
Hwxkeropogckoro yHuBepcutera uM. H.U. JlobaueBckoro. Pa3men «Pagrodusmkar.
2011. T. 5. N. 3. C. 263-267.

Tabor P. et al Hysteretic synchronization of nonlinear spin-torque oscillators //
Phys. Rev. B. 2010. V. 82. P. 020407(R).

Kim J.-V. Generation Linewidth of an Auto-Oscillator with a Nonlinear Frequency
Shift: Spin-Torque Nano-Oscillator // Phys. Rev. Lett. 2008. V. 100. P. 017207.
MatpocoB B.B. [IuHamMuKa HelMHEMHBIX cucTeM. [IporpaMMHBIN KOMILIEKC [/1s
WCC/Ie/IoBaHUsl HeMHeHHbIX [JUHAMUYeCKUX CHCTeM C HelpepbiBHbIM BpeMeHeM.
H. Hosropog. HHI'Y. 2002.

MotoBa M.U. UccnenoBaHve AUHaMUKKA CUCTeM C pa3pbIBHBIMU KosiebGaHUsMU//
HHI'Y. 2010

Hexkopkun B.U. Jlekimu 1o ocHOBaM TeopuH kKosiebanuii// HHI'Y. 2012

B) IHTepHeT-pecypchI:

1.

2.

VHTepaKTHBHBIN KypC W3yueHHsI OCHOB MPOTrpaMMMPOBaHUs Ha si3bike Python Ha
pycckoM si3bike http://pythontutor.ru/

VHTepaKTHBHBIN KypC W3yueHHsI OCHOB MPOTrPpaMMMPOBaHUs Ha si3bike Python Ha
aHTTIMMCKOM SI3bIKe

https://www.datacamp.com/courses/intro-to-python-for-data-science

3.

XN A

[Topran “Python gy HaunHaromwx” https://pythonworld.ru/
https://ru.wikibooks.org/wiki/Python/Yue6nuk_Python_2.6
https://ru.wikibooks.org/wiki/Python/Yue6nuk_Python_3.1
http://www.russianlutheran.org/python/hinsen/hinsen.htm
https://dou.ua/lenta/articles/python-for-science/
https://ru.wikiversity.org/wiki/IIlporpaMmmMrpoBaHrie ¥ HayuyHble BBIUKMCAEHUS Ha
a3bike Python



https://ru.wikiversity.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B8_%D0%BD%D0%B0%D1%83%D1%87%D0%BD%D1%8B%D0%B5_%D0%B2%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F_%D0%BD%D0%B0_%D1%8F%D0%B7%D1%8B%D0%BA%D0%B5_Python
https://ru.wikiversity.org/wiki/%D0%9F%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B8_%D0%BD%D0%B0%D1%83%D1%87%D0%BD%D1%8B%D0%B5_%D0%B2%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F_%D0%BD%D0%B0_%D1%8F%D0%B7%D1%8B%D0%BA%D0%B5_Python
https://dou.ua/lenta/articles/python-for-science/
http://www.russianlutheran.org/python/hinsen/hinsen.htm
https://ru.wikibooks.org/wiki/Python/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D0%B8%D0%BA_Python_3.1
https://ru.wikibooks.org/wiki/Python/%D0%A3%D1%87%D0%B5%D0%B1%D0%BD%D0%B8%D0%BA_Python_2.6
https://pythonworld.ru/
https://www.datacamp.com/courses/intro-to-python-for-data-science

8. MarepHuaibHO-TeXHHUYECKOe o0ecrieueHne JUCIUIUTHHBI

KOMI'H:I-OTepHaH dyJUTOPHA.

[Tporpamma cocTaB/ieHa B cooTBeTcTBUM C TpeboBanussMu OC HHI'Y c yuetom
pekomeHgaumii u  OIIOIT BIIO mno HampaBnenuto 02.03.02 «®PyHAameHTanbHast
vH(popMaThKa U UHGOPMAaLIMOHHbIE TEXHOIOTHUU».

ABTOpBI Muiarux K.TI.

CrmoHoB A.HO.
PerieH3ent Ocuros I''B.
3aBeayrolyi Kadeapoit Marpocos B.B.

[Tporpamma ofobpeHa Ha 3acefjlaHWU METOLUUECKOM KOMUCCHU Pafivio(r3ryecKoro
¢akynbTeTa ot 25 Mas 2023, npotokon Ne 04/23.
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