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AHIIMACKHHA A3BIK

Heab AMCHUNIMHBI:

- (GOopMHUPOBAHHE MEXKKYIBTYPHOU MPOPECCHOHATHLHO OPUEHTHPOBAHHOW KOMMYHHUKATHBHOMN
KOMIIETEHIIMM Ha TMOPOroBOM ypoBHe Bl+ ¢ akiieHToM Ha ycTHOE OOIIEHHE, TOTOBHOCTH K
TOYHOMY IMOHUMAHHUIO CMBICTIA TEKCTa M K d(PPEeKTUBHON POPMYTUPOBKE COOCTBEHHOW YCTHOM
WHOSA3BIYHOM peUu.

3agauu AMCHUIINHBIL:
- pacuIMpeHre aKaJeMUIeCKOTo CJIOBAPHOIO 3araca;
- COBEpIICHCTBOBAHNE PEUEBBIX U ayJUTHUBHBIX HABBIKOB U YMEHUI;

- (dbopMHupoBaHHE CHOCOOHOCTH WCIIOJB30BATh SI3BIKOBBIE CPEACTBA I JOCTHIKEHUS
KOMMYHHKATHBHBIX II€Jeld B KOHKPETHOH CHTyallud OOLICHHS B aKaJeMHUYecKoil cdepe Ha
M3y4a€MOM MHOCTPAHHOM S3BIKE;

- (bOpMHpOBaHHe CIIOCOOHOCTH BBICTpanBaThb CTPATCIUIO YCTHOI'O O6H.[€HI/IH Ha U3y4acMOM
HHOCTPAHHOM A3bIKC B COOTBECTCTBUHU C COIITMOKYJIIBTYPHBIMU 0COOCHHOCTSIMH HU3Yy4aceMOT'O A3bIKa;

- (I)OpMI/IpOBaHI/Ie HaBBIKOB H YMGHI/Iﬁ KPUTHYCCKOI'O MBIIUICHUSA TIpU PCIICHUU
HpO6J’I€MHI>IX KOMMYHUKATHUBHBIX 3a7a4.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

— aKaJIeMU4eCKUi U (PyHKIIMOHAIBHBIN CIOBaph B paMKax U3y4aeMbIX TEM;
— OCHOBHBI€ ITPaBHJIa MHTOHAITMOHHOTO O(POPMIICHHS BbICKAa3bIBAaHUS;

- 3aKOHOMCPHOCTHU OpraHHU3allii BBICKA3bIBAHUSA B TAKHUX q)opMax BBIPAXKCHUSA MBICJIN, KaK
06’[35[CHGHI/I6, IMMOJICMHUKA U apryYMCHTUPOBAHHOC BBICKA3bIBAHHUE,

- 0COOEHHOCTHU PEUCBOro MOBCACHUS B PA3JIMYHBIX KOMMYHUKATUBHBIX CUTYallUAX;

— KyJIbTYpPHO-CIIELIU(PHUECKHE OCOOCHHOCTH MEHTAJINTeTa, MpPEJCTaBICHUN, YCTaHOBOK,
LIEHHOCTEHN NPEICTaBUTENIEH aHTJIOA3BIYHOM KYJIBTYPHI,

- OCHOBHBIC (I)aKTBI, pcajmu, HUMCHaA, AOCTOIIPHUMEYATCIIBHOCTH, Tpaauunu
HCMCUKOA3BIYHLIX CTPAH,



- OTUYCCKHUE KW HPABCTBCHHLIC HOPMBI IMOBEACHHWA, MOACIN COLMAJIbHBIX CHTyaHHfI,
TUTINYHBIC CLICHApHUU B3aUMOJCUCTBUS.

yMeThb:

- CBOOOJHO BBIpAXKaTh CBOM MBICIH, aJI€KBaTHO HCHOJB3Yysd PasHOOOpa3HbIE S3bIKOBHIC
CpPEeZCTBA C LIEJBIO BBIACTICHUS PEJICBAHTHON HH(POPMALINY;

— UCIIOJIb30BaTh 3TUKETHbIE (OPMYyNIbI B YCTHOM M MUCBMEHHOW KOMMYHHUKALUU
(mpuBeTCTBUE, MPOIIAHUE, T03[paBIIEHNE, U3BUHEHHE, TPOCHOa);

— y0enuTh cobeceqHuKa, CO3/1aTh Y HETO TOYHOE MPEJCTABICHNE O KaKOM-TTHOO MpeaMeTe
nin ABJICHUU,

- OGBHCHHTB PaHEC HCU3BCCTHOC ITOHATHUC,

- MPUBOINUTH APTYMEHTHI U KOHTPAPTYMEHTHI,

— UCCIIeIOBATh (PAKTHI U CBSI3H,

- OOBSICHATH IPUYMHBI BOBHUKHOBEHUS M ITyTH PEAIU3alNU;
- JI0Ka3bIBaTh 11EJI€CO00PA3HOCTD MPEIOKEHHS,

— JI0Ka3bIBaTh CIIPABEUIMBOCTD MOCTYJIATa;

— pa6OTaTB C DJJICKTPOHHBIMU CJIOBApSIMU U APYTIMMHU SJICKTPOHHBIMU PpECypCaMUu IJId
peUICHUA JIMHI'BUCTUYCCKUX 3aaa4.

BJIa/1eTh:

- OCHOBHBIMHM JMCKYPCHUBHBIMH CIOCO0aMH peanu3alii KOMMYHUKATHBHBIX IEJel
BBICKA3bIBAaHUSI MPUMEHUTEIBHO K OCOOEHHOCTAM TEKYIIEro KOMMYHHUKATHBHOTO KOHTEKCTa
(Bpemsi, MECTO, I€JTH U YCIIOBUSI B3aUMOJICHCTBUA);

— OCHOBHBIMH CTIOCOOAMU BBIPAXKEHUSI CEMaHTUYECKOW, KOMMYHUKAaTUBHON U CTPYKTYpPHOI
IIPEEMCTBEHHOCTH MEKly YacTSIMHU BBICKA3bIBAHMS - KOMIIO3MI[MOHHBIMH JJIEMEHTAMM TEKCTA
(BBeZleHHE, OCHOBHAS 4aCTh, 3aK/IIOUEHHE), CBEPX(PA30BBIMU €AMHCTBAMHU, IPEIOKEHUSIMM;

- COLIMOKYJIFTYPHOM KOMIIETEHLIMEN U1 YCHEIIHOTO B3aUMOINOHHMMAHHUS B YCJIOBUSX
OOIIEeHUS C MPEICTABUTEISIMU APYTON KYIbTYpHI;

— Pa3IMYHBIMU KOMMYHUKATUBHBIMHU CTPATETUSIMU;

- y4eOHBIMHU CTPATETHSIMH JIJIsI OPraHU3alliy CBOCH yueOHO! JesITeNbHOCTH;
- KOTHUTUBHBIMH CTPATErUsIMH;

— CTpaTerusiMu pe(IeKCHu U CaMOOIICHKH;

- Z[HCKprHBHOﬁ KOMIIETEHIIUEH - YMETh CTPOUTD BBICKA3bIBAHUEC C YUCTOM €TI0 JIOTUYHOCTH,
A0CTAaTOYHOCTHU, TOYHOCTH, BBIPASUTCIIbHOCTH, Y6CI[I/ITGHBHOCTI/I.

TeMbl U pa3jaeiibl Kypca:



1. KynbT 3HaMEHHUTOCTH.

I'pammaTHueckuil acleKT — BBOJHBIE C€JOBa (Mapkepbl AUCKypca). JIeKCMYecKuil acmekT —
CHHOHUMBI/aHTOHUMbI. KOMMYHUKAaTUBHBIH aCHEeKT — BBIPAKEHUE COIJIACHs/Hecoriacus ¢
IIOMOIUIbIO BOIIPOCOB U ITOBTOPOB.

2. I'noGanuzanys 3JKOHOMUKH.

FpaMMaTHq€CKHﬁ ACIICKT — HapC€uus, HApCYHbIC CIOBOCOYCTAHUA. JlekcuyecKkuii acmeKkT — Ou3Hec
JICKCHUKa JJIs1 OITMCaHUA SKOHOMHWYCCKUX TCHHGHHHﬁ. KOMMYHI/IKaTI/IBHHﬁ ACIICKT — INTAaHUPOBaHUC
peKHaMHOﬁ KaMIIaHUH, CTAaTHUCTHYECKHI OTYET.

3. Ctunu U %aHpbl Xy10°KECTBEHHOM JIUTEPATYypPHI.

I'pammaTHueckuil acnekT — 0030p BUIOBPEMEHHBIX KaTeropuil riarona (CpaBHEHHE BUJIOB).
Jlekcuueckuil acmnekT — (pa3oBble IJIarosibl B OyKBAIBHOM M MeETa(hOpUYECKOM 3HAYEHUU;
OMOHMMBI. KOMMYHUKaTHBHBIN aclIeKT — HECOOTBETCTBUE (OHETHKU opdorpaduu.

4. AMepuKaHCKas Meura.

['pamMMaTrueckuii acmeKkT — TIarojbHble KOHCTPYKIMHU, TO3BOJISIIONINE HU30€XKaTh MOBTOPOB.
Jlekcuyeckuii acmekT — KOHTEKCTyaJbHbIE CHHOHUMBI; CTPAaHbl M  HAallMOHAJIbHOCTH.
KoMMyHUKaTUBHBIN aClIEKT — AUCKYCCHS TI0 HAIIMOHAIBHBIM MPOOJIeMaM; aMEPUKAHCKUI aKIIEHT
B aHTJINIHCKOM SI3BIKE.

5. Cnopr.

rpaMMaTI/I‘leCKI/Iﬁ ACIICKT — YCHJIMTCJIbHBIC HapCUH. Jlekcuueckuil acleKkT — 4acTu Tejaa M
Tj1arojibl, UM COOTBCTCTBYIOLIHUEC. KOMMYHI/IKaTI/IBHHﬁ ACIICKT — JUCKYCCHUOHHBIC KJIUIIIC.

6. YpoKu ucTopuu.

['pamMmmaTHUeCKMi acleKT — I1arojibHble KOHCTPYKIMHU (I1aroj/uH(UHUTHUB, TJIArol/TepyHauil).
Jlexcuueckuil acieKT — OMOHUMBI, OMO(OHBI, oMorpadgsl. KOMMyHUKAaTUBHBIN aclieKT — OTYET
OUYEBU/I11A; AHEK/IOTBHI.

7. Muds! 1 paktsl B Guorpadun 3HaMEHUTHIX JTIOACH.

['paMmaTrueckuii acmeKkT — peaibHOe M cociaratelibHOe HakJIOHEHHSs. JIeKCcuueckuil acmekT —
Metadopsl U UAUOMBI. KOMMYHUKATUBHBIM aCMEKT — B3TJSABI Ha HCKYCCTBO; «CMSTUCHUEY
BBICKA3bIBaHUSI.

8. HaposHas MyapocTs.

I'pamMmaTHyecknii aCEKT — MOJAJIbHBIE TJIArOJbl BO BCEX 3HAYCHMSAX. JIGKCHUYECKUU acleKkT —
pud™Ma ¥ pUTM B MOATUIECKOM cTUJIe peur. KoOMMyHUKAaTUBHBIN aCTIEKT — CUCTEMHBIE HAPyIICHUS
IIPaBUJI AHTJIMHCKOTO SI3bIKA B PA3rOBOPHOM IIPAKTHUKE.

9. Henpeononumoe BiiedeHHeE.

FpaMMaTI/I‘-ICCKI/Iﬁ ACIICKT — 3M(I)3.TI/I‘-IeCKI/IC CHUHTAKCUYCCKUC KOHCTPYKIIUH. JIekcH4eCcKui acueKT
— KPBUIATBIC BBIPAXKCHUA, IIOCJIOBHUIIBI KW ITOTOBOPKH. KOMMYHI/IKaTI/IBHHﬁ aCIICKT —
SMOIHOHAJIbHAasA OKpacCKa p€aKIM1 Ha BbICKA3bIBAHHUC.



10. CpencTtBa MaccoBoit HH(GOPMAITHH.

I'paMMaTHYECKUH aCIIEKT — IACCUBHBIE KOHCTPYKUUU. JIEKCUUECKUH aCIIEKT — CYLIECTBUTEIIbHBIE,
oOpa3oBaHHbIe OT (ppa3oBbIX I1arojaoB. KOMMYHUKAaTHBHBIM acleKT —peakluss Ha HOBOCTH;
JUCKYCCHs O II0J1a4€ HOBOCTEM.

11. ’)Kuznp Ha Kparo cBera.

I'pammaTHueckuii  aclieKT — YTOYHSIONIME, IPUYACTHbIE M JIEENPUYACTHbIE OOOPOTHI.
Jlexcudeckuii actiekT — reorpaduyeckas ¥ KIMMaTHIecKas JeKcuka. KoMMyHUKaTHBHBINA aCIIEKT
—OBITOBBIE BBIpaKEHUS cO cioBamu «earth, ground, soil»

12. Yyneca cBera.

I'paMMaTHYeCKUl aCIEKT — CBA3YIOIIME KOHCTPYKUUHU. JIEKCMYECKUH AaCIeKT — CHHOHHUMBI,
aHTOHUMBI. KOMMYHUKATUBHBIN aCIIEKT — UCIIOJIb30BaHUE 3(PEMH3MOB B PEUCBOM MTPAKTHKE.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpagsaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

benkoBasi HH:KeHepUs

Heab AMCHUNIMHBI:

- IpUOOPETEHHE CTYICHTaMHU 3HAHUI 00 OCHOBHBIX METOAMYECKUX MOIX0/aX, UCIIOJIb3YEMBIX ITPH
FEHETUYECKOM MaHUIYJIUPOBAHUU, O MOJICKYJSPHBIX MEXaHU3MaX, JISKAIIUX B OCHOBE 3THUX
MOJXOJIOB U O BO3MOXXKHOCTH WX MPUMEHEHHS JUISI KOHCTPYMPOBAHHUS MOIH(PHUIIMPOBAHHBIX
OCIIKOBBIX MOJICKYIL.

3agauu AMCHUIINHBIL:

- TIOJy4YeHUE 3HAHUW O TEHETUYECKOM KJIOHUPOBAaHUH, (PYHKUMOHAJIBLHOM OpraHu3aluu
Pa3JIMYHBIX BEKTOPOB Il T€HETHYECKOrO0 KIOHUPOBAHUS, KOHCTPYMPOBAHUHM BEKTOPOB IS
JKCIIPECCUN YY’KEPOJHBIX T€HOB B KJIIETKaX MUKPOOPTaHU3MOB;

- [IOJIy4YCHHC 3HAHUM 0 KOHCTPYHUPOBAHHUU U aHAJIU3C€ 'CHCTHUYCCKUX 6I/I6JII/IOT6K;

- MIOJlyYeHHE 3HAHWUU O OMOCHHTE3e M (OJAMHTE OCNKOBBIX MOJIEKYJ, YPOBHSX CTPYKTYpPHOMH
OpraHu3ay OEJIKOB, OCOOCHHOCTAX CTPYKTYPHO-(YHKIIMOHATLHON OpraHU3aIiy OEIIKOB;

- OCBOEHHE HaBBIKOB pabOThI CO CHEUAIbHOM JTUTEpaTypoil B IpeAMETHOM 001acTH.
ITepedyenb miIaHMpPyeMbIX pPe3yJIbTATOB 00yYeHHS MO JTUCHHUILINHE (MOAYJIIO)

B pe3ynbrare oCBOCHUS AUCITUTUTMHBI 00YJarONTUEeCs JOJMKHBI

3HATh:

- CTPYKTYpHbIE OCOOEHHOCTH, OCHOBHbIE (DYHKLIMU M MPUHIUIBI (QYHKIUOHUPOBAHUS OEIKOB U
HYKJIEMHOBBIX KHCJIOT;

- (huznyecKue sSBICHHUS, JISKAIHE B OCHOBE OPraHU3aLMU 3TUX MaKPOMOJIEKYT,
- OCHOBHBIE METO/Ibl UCCIIEI0BAaHMI OCJIKOB U HYKJIIEMHOBBIX KUCIIOT;
- METO/Ibl KOHCTPYUPOBAaHUSI peKOMOUHaHTHBIX Mojekyn JTHK;

- IPUHIUIIBI TTOJTYYCHUA pCKOMGI/IHaHTHBIX OCIIKOB.

yMeTh:

- HOPOBOJUTH IOUCK U aHaJIU3 HaquO-TeXHHQCCKOﬁ I/IH(I)OpMaI_[I/II/I [0 3aJaHHON TeMaTHuKe B
obyactu HCCJIeI0BaHUM OCJIKOB U HYKJICMHOBBIX KHUCJIOT;



- UCIIOJIb30BaTh (PYHAAMEHTAJIbHBIX 3HAHUS B 00JaCTU MOJIEKYJISIPHON OHMONOrMM ISl pelIeHUS
NPaKTUYECKHX 3a/1a4 CBSA3aHHBIN C MOJIydeHHEeM U MoAu(uKanueit OenKoB.

BJIA/1€Th:
- CHeMaIbHON TEPMHUHOJIOTHEH B 001acTH OEIKOBOM HHKEHEPHH;

- MCTOAaMH 06pa6OTKI/I, aHaJIi3a 1 CUCTEMAaTU3allu HaquO-TeXHquCKOﬁ I/IH(l)OpMaI_[I/II/I.

Tembl u pa3aennl Kypca:
1. MeToabl OYMCTKY M aHAIM3a OEJIKOB.

Metoapl TOMOreHH3auu OMonornyecknx MatepuanoB. Llentpudyruposanue. OCHOBBI TEOPHH
CeMMEHTAIIUH. JuddepenunanpHoe neHTpudyrupoBaHue. 30HaAJIbHO-CKOPOCTHOE
neHTpudyrupopanre. PaBHOBecHOE (M30NMUKHHUYECKOE) MEeHTpUyrupoBanue. Paznenenue
ocaxneHnueM. M3037eKTpuyeckoe OCaXICHUE, BBHICAIMBAHHE, OCAXKICHUE OPraHUYECKUMHU
pactBoputersiMu. [lunanu3 u yapTpaduibTpanus. XpomarorpaguuecKkue METOABl pa3ieieHHS
BemecTB. OOmiee mpexacraBieHne o xpomarorpaduu. OCHOBHBIC MOHSTHS W OCHOBBI TEOPHUHU
xpomarorpaduu. YnepxkuBanue. Paspemenue. IloHsATHE © TEOpPETHYECKOH  Tapelnke.
Knaccudukanus xpomatorpaduaeckux Meto10B. OcoOeHHOCTH pasieneHus 0eakoB. MaTtepuabl
MaTpHI] COPOCHTOB 1 0OMEHHUKOB. MeToab! XpoMaTorpaduu. AIcopOIMOHHAs XpoMaTorpagusi.
PacnpenenurensHas xpomatorpadus. OOpamenno-dazoBas xpomartorpadus. MonooOMeHnHas
xpomarorpadus.  'emb-mpoHukaromass — xpomartorpadus. AddunHas  xpomarorpadus.
O6opynoBanue mns xpomarorpaguu. OcOOEHHOCTH TMpenapaTMBHOM U aHATUTHYECKOU
xpomaTtorpaduu. ODIEKTPOMUTPALMOHHBIE METOIbl pa3ieNeHus BemecTB. Kiaccudukanus
3IEKTPOMUTPAIIMOHHBIX METOJIOB pa3zenieHus. DIeKTpodopes3 B arapo3HoM rejie. DiekTpodopes
B IoJIMaKkpuiaMuiHoM resne. CtannoHapHblii asekTpodopes. M3oanexktpudeckoe GoKycUpoBaHUE.
N3otaxodopes. Kanmmuusapaslii snekrpodopes. Dnekrpodopes 6eakoB. DiaekTpoopeTndeckue
cBoiictBa OenkoB. Jluck-anekropodopes. Paznenenne OenkoB c¢ wucnoibzoBanuem Na-/IC.
Onpenenenne MOJIEKYJISIPHOI Macchl OEIKOB ¢ MCIIOJIb30BaHUEM neKkTpodopesa. OOHapyxeHue
O6enxoB Ha anekrpodoperpammax. OxpamumBanue. OOHapykeHHEe 1O (epMEHTaTUBHOU
aKTUBHOCTH. BecTepH-010TTHHT. DIeKTpodope3 HYKIEHHOBBIX KHUCIOT. DIeKTpopopeTnyeckue
CBOWCTBAa HYKJICMHOBBIX KHCJIOT. OIeKTpodope3 HYKICHMHOBBIX KHCIOT B arapo3HoM u
nonuakpwiaMugHoMm rensax. Ilymecdopes. Dnextpodope3 B J€HATYpUPYIOUIMX —YCIOBHSIX.
OOHapy)XeHHE HYKJIIEMHOBBIX KHCIIOT TMocie anekrpodopeza. VCTOYHMKH THTaHUS IS
anekTpodopesa. Cay3epH- U HO3EPH-OJIOTTHHT.

2. OCHOBBI T€HETHYECKOTO KOHCTPYHUPOBAHMUA.

KonctpyupoBanue OuOIMOTEK TeHOB. BeKTOpbl A KIOHUPOBAHHS TE€HOB. AMITH(pHUKAIM
¢parmentoB JIHK c¢ ucnonb3oBanueM nenHoil nomumepasHoi peakuuu (I1LIP). Onpenenenue
HykJeotuHod nocneaoBatenbHoct JIHK. HampaBneHHblli MyTareHe3 mociegoBaTEIbHOCTH
JHK. IlpuHumnsl ckpuHUHTra OMOIMOTEK TeHOB. Perynsuus akTUBHOCTH TreHOB. Perymsnus
AKTMBHOCTM T€HOB Ha YpOBHE TpaHCKpunuuu. (DyHKIMOHMpPOBAaHME JAKTO3HOIO OIEPOHA.
Perymsius TpaHCKpUIIIMK F€HOB Ha ypOBHE TpaHCIAIUU. OYHKIIMOHUPOBAHUE TPUNITO(PAHOBOTO
orepoHa. BekTopsl 17151 SKCIIpeccuu 4y>KepoJHbIX reHoB. VX cTpyKTypa u ncnonb3oBanue. Beioop
IIPOMOTOPOB  JUISI DKCIIPECCMOHHBIX BEKTOPOB. MHuIManus TpaHCIALMM Yy TPOKApHOT.
KonctpyupoBanue RBS mpu co3manum BEKTOPOB 3KCHPECCHOHHBIX BEKTOpoB. CompskeHue



IIPOLIECCOB TPAHCKPUILMM M TPaHCISAUMM Yy INpokapuoT. CTpyKTypa reHOB 3ykKapuoT. Mx
MOIUGBUKALMS UI SKCIPECCUN B KJIETKaX MPOKaproT. Mexanu3Mel cekpennu 0enkoB. CTpoeHue
U (QYHKUUU CUTHAJIBHBIX MEenTU0B. OCHOBHBIC 3Tanbl KOHCTPYHPOBAHHS T'€HHO-HMHKECHEPHBIX
IPOAYLIEHTOB. MHUKPOOPraHu3MBbl, HUCIOJIB3yEMbIE I CO3JaHUs T'€HHO-WH)KCHEPHBIX
npoayuenToB. Ilocrrpancnsaunonnsie Moaupukanuu OenkoB. IIpuyMHBI HEMICHTUYHOCTH
OPUPOIHBIX OEJIKOB W WX TeHHO-MHXXCHEPHBIX aHAIoOroB. Jlerpamanusi 4yXepOAHBIX U
AQHOMAJIbHBIX OEITKOB MUKPOOHBIMH KiIeTKaMu. CTaOMIIBHOCTD YyKEPOTHBIX OEIKOB B MUKPOOHBIX
KJIETKaX.

3. OCHOBBI MOJICKYJISIPHON OMOJIOTHH.

Crpyktypa HykienHOBBIX KucnoT. Ilepuunas crpykrypa HK. Crpykrypa pubo- u
ne3okcupubdonykineotuio. Crupansnas crpykrypa JJHK. Yorcon-Kpukosckue mapsl. B-popma
JHK. AnbrepnatuBuble Qopmbl nBoiinoit cnumpanmu JHK. A-dopma, Z-popma, nppyrue
anprepHatuBHble ¢opmbl HK. Ilapsr XyrctuHa u apyrue BO3MOXHOCTH B3aUMOJICHCTBUS
HyKJIeMHOBBIX ocHOBaHui. Konbresas u muneitHas [JHK. Cynepcnupanuzamnus JJHK. YnakoBka
JIHK B xpomocomax. PHK. Tunsl PHK u ux pacnpocrpanénnocts. Ctpykrypa PHK.

Permukarus JIHK. O6mras cxema perumkarnuu JIHK. JIHK-omumepassl. Tuner JIHK-monmmmepas,
aktuBHOCTH JIHK-nonumepas, nannmanus cunreza JHK, JTHK-nonumepassl npo- u 3ykapuor.
JAHK-nura3zel. PackpyunBanue npoitnou cnupanu JJHK npu pernkanuu. JIHK-renukasel, benku,
JNEeCTaOUIN3UPYIOLIUE CHUpaib. Tormonornyeckue MmpoOieMbl PacKpPyUUMBAHUS W PEIUIMKALUN
JHK. JJHK-tonouszomepasbl: TonmonzomMepassl Tumna I, Tonornomepassl Tumna I, rupaza. Touku
Havyaya perumkanuu. Maunuanus oOpasoBanus HoBbIX menei JIHK. Permmukamms JITHK —
YCOBEPILIEHCTBOBaHHAasi MoJenb. Perummkanus mno Tumy Katsaierocss kosbla. [loodepengnas
pemmkanus uened. Tepmunanus permkanuu. TepmuHanus u pacxoxaenne/[HK B konabLeBbix
resomax. TepmunHanus u 3aBepuieHue perumkauuu JuHeWHslx JHK. Tenomepnas [HK u
TeIoMepasa.

Permukamuss PHK. Pemmukamus PHK ¢ obpaszoBanmem JIHK. Pemnukanus TeHOMOB
perpoBupycoB. OOpaTHast TpaHckpunTasa. Permmkanus Hekotopsix JJHK-conepxkamniux Bupycos
C MCIoNIb30BaHneM oOpaTHo TpaHckpuniuu. Pernmukanus PHK ¢ o6pa3oBannem PHK.

Tpanckpunuusa. Cuntes PHK na JIHK-marpune. JIHK-3aBucumble PHK-nommmepassi.
Nuannmanus tpanckpuniuu. TepMmuHaius Tpanckpunuuu u otaenenue neneid PHK. [poueccunr
PHK y npokapuor. I'pynner renos, kogupyromux pPHK u TPHK. Paspeszanne pPHK-TPHK-
koTpaHckpunToB. O6pa3oBanue 3penbix TPHK u3 Oonee kpynHbIX TPaHCKPUIITOB.

Tpancnsanus. I'enerndeckuil koj. OcHoBHble ocoOeHHOCTH cTpykTyphl TPHK. Amunoarmn-
TPHK-cunrerassl. Ctpoenue pudocom. Tpancisauus MPHK y npokaprot. YcinoBus HHULIAAIIH
TPaHCIALUU. DJIOHT ALK NOJUNENTUAHOM nenu. TepMuHanys 3710HralMy NOJUIENTHIHOMN LIETIH.
Tpancnsamus MPHK y sykapuor. Oco6sle Momucpukanum MPHK sykapuor. WMuunmanus
TPAHCIIALMY Ha 5'-K3MHUPOBAHHBIX KOHIAX MAJIbLIMM pUOOCOMHBIMH CyOUacTULIAMU. DJIOHTAIMS U
TEPMUHALUA [TOJIUIEITUIHON LEIH.

4. CTpykTypHO-(DYHKIIMOHAIbHAS OpraHU3aIusl OETKOBBIX MOJIEKYIL.

CtpykTypHas opranuzaiius OenKoB. Y POBHH CTPYKTYPHOU OpraHu3anuu 0e’1KoB. AMUHOKHUCIIOTHI
Kak Onoku OenkoBoil CTpykTypel. CTpykTypa mnentugHoi cBsizu. Kapra Pamadannpana.
Bropuunsie cTpykTypbl B 6enkax. MoTuBEI B Oenkax. TpeTudHbie CTPYKTYphI B Oenkax. JloMeHbl
B Oenkax. CTpyKTypHO-(QYHKIIMOHAJIbHAS OpTraHW3alys OEIKOBBIX MOJIEKYJI. MeXaHUu3Mbl



donnuara 6enkoBbIXx MoJekys. lllamepoH-3aBUCHUMBIN U Mpo-3aBUCUMBIA (GoaauHT. CriocoObl
cTabunn3anuu OenKoBbIX MOJIEKyI. Jlerpamanus OeiaKoB.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

buossekTponuka

Heab AMCHUNIMHBI:

- OCBOCHHE CTYACHTaMH 0a30BBIX HaBBIKOB HEOOXOIMMBIX IJIsi IOHUMAHUS TPUHIMIIOB pabOThHI
UHTEPEICOB € KUBBIMH CHUCTEMaMH M TOCIEAYIoUIed 0O0paOOTKM MOJYYCHHBIX CHUTHAJIOB, a
TaK)Xe HaBBIKOB KOTOpBIE B OYAYIIEM IOMOTYT UM CO3aBaTh M AKCIUTyaTHPOBATh Pa3IMYHBIC
OMO03JIEKTPOHHBIE YCTPONUCTBA.

3agauu AMCHUIINHBIL:

- (hopmupoBaHue 0a30BBIX 3HAHUI 00 OCOOCHHOCTAX HHTEP(PEIHCOB C )KUBBIMU CHCTEMAaMHU, BHJIAX
OMOJIOTUYECKIX CUTHAJIOB M OOIIUX MOJIXO0JIOB K MX 00paboTKe.

- q)OpMI/IpOBaHI/Ie 0a30BBIX 3HAHMH 00 OCHOBHBIX CXEMOTEXHHYECKMX M MATEMAaTHYECKHUX
IoaAXo040B AJI1 CO34aHUA 6I/IOBJI€KTpOHHBIX YCTpOﬁCTB.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI 00YYaIOIINECs JT0JIKHbBI
3HATh:

- (pyngameHTanbHBIE MOHSTHS, 3aKOHBI, TEOPUU U (POPMYJIbL, OMMCHIBAIOLINE (PUINYECKUE
MMPONHECChI B JKMBBIX CUCTEMAX, KOTOPBIC MOKHO HMCIIOJB30BATh JIsA CO3JaHUSA 6I/IOBJI€KTpOHHI>IX
YCTPOMCTB;

- 0a30BEBIC NMPUHOUIIBI X TOAXOABI K pa3pa60TI<e 6H03HCKTpOHHBIX I/IHTep(I)eCOB;

- TCOPECTUUCCKHUEC OCHOBBI 6I/IO(1)I/IBI/ILICCKI/IX 1 OMOXUMHUYECKUX mponecCcoB, UCIOJIB3YEMBIX JIA
nepe/laud CUTHaNIA B OMOAJICKTPOHHOE YCTPOICTBO;

- 0COOEHHOCTHU TOJIXOJI0B K 00paboTKe OMOIOTUYECKUX CUTHAJIOB;

- OCHOBHBIC CXCEMOTCXHHUYCCKHUC IMOAXO0AbI K CO3JaHUIO 6H03JICKTpOHHBIX YCTpOﬁCTB.

yMeThb:

- aHaJIM3MpOBaTh OMO(PHU3WYECKHE TPOIECCHl W BBHIOMPATh HEOOXOAWMBIC I TOJIYYCHUS
TpedyeMoi nH(pOpMAIUX OT )KUBOU CUCTEMBI;

- TIIPUMEHSITHh (HU3MYECKHE TEOPHH K OMHCAHMIO MPOIIECCOB IMEpeIayd CUrHaia B MHTepdeiice
JKMBOE/HEKHUBOE;



- IPOEKTUPOBATh CXEMOTEXHUUECKHE PEIICHUs AJIsi OMOAIEKTPOHHBIX YCTPOMHCTB;

- 3¢(eKTUBHO UCIIOJIL30BAaTh COBPEMEHHbIE HH(POPMALIMOHHBIE TEXHOJIOTHH IIPY PEIICHUH 33124
B 0071aCTH OMO3JIEKTPOHUKH.

BJIA/IETh:
- ClleMaIbHON TePMUHOJIOTHEN B 001aCTU OMO3IEKTPOHUKY;
- METOJIMKaMH MOCTPOCHHS MOIeNiell OMOAIEKTPOHHBIX CUCTEM;

- OCHOBHBIMH METOJAMH pacudCTa CXCMOTCXHUYCCKUX pemeHHﬁ JUIA 6H03JI€KTp0HHBIX CHCTCM.

Tembl U pa3aennl Kypca:

1. DnexTpoxumus B *KUBbIX cucTeMax. OCHOBHbIE OMO3IEKTPOXUMHUYECKHE Tporiecchl. OCHOBBI
610(U3MKN peLeniuy U FeHepalii CUTHAJIOB.

byner pacckazaHo mpo 0a30BbIe AJIEKTPOXMMHUYECKHE MPOLECChl, MPOTEKAIIINE B >KUBBIX
cuctemax. [lokazaHo Kakyl0 pojib OHM MTPAlOT B Pa3IUYHBIX OHUONOrMYecKux mporeccax. [lan
0030p 10 0OCHOBaM OMOJIOTMYECKOM peleniuu U Ipeodpa3oBaHuio HHYOPMALIUK B PEENTOPHBIX
CUCTEMaX.

2. O061mue NOHSTHS B 3JIEKTPOTEXHUKE.

TeopeTqucm/Ie OCHOBBI JJICKTPOTCXHUYCCKUX CUCTEM, UCIIOJIB3YIOIUX DJICMCHTBI y.]'IpraHI/I3KOI71
MOIITHOCTH.

OCHOBBI CXEMOTEXHUKH. OIJIEKTPOHMKA HH3KHUX MOIIHOCTeH. OCHOBBI TeOpuH 0O0pabOTKH
CUTHAJIOB, METO/1bl (PHIIbTPALIMM CUTHAJIOB.

3. [IpoekTupoBaHUE CXEMOTEXHUYECKUX PEIICHUIA.

Haubonee pacmpocTpaHeHHbIE MOIXOMBI K MPOSKTHPOBAHUIO CXEMOTEXHHUYECKUX PEHICHUH IO
nepBUYHON 00paboTke curHasoB. OCHOBBI aHAJIOTOBOW HUK30MOIHOCTHOW SJIEKTPOHUKU IS
MMILIAHTUPYEMBIX YCTPOUCTB.

4. IHK-HaHOTEXHOJIOTHH.

Han o0630p JIHK-nanorexnosmoruii. Ilokazanel meroabl cOopku paznuunbix JIHK-opuramm
CTPYKTYp M pazo0paHo uX (YHKIMOHHPOBAHME B PA3IMYHBIX cpefax. [lokazaHbl BOZMOXXHOCTH
ucnoinsizoBanus JJHK-cTpykTyp B OM03/IEKTPOHUKE.

5. IlepeHoc 3apsia B HEKOTOPBIX OeKax.

[lepenoc 3apsina B HEKOTOPBIX Oenkax. benkoBble muian kak HaHonpoBoja. KoHaeHcaTtopsl Ha
OCHOBE OUYHUIICHHBIX OCJIIKOB M CMECEH pa3IMuHbIX 0eKOB. Jlpyrue nepcrneKTUBHBIE pa3pabOTKH.

6. LlutomopdHast FTEKTPOHUKA.

I[aHO IIOHATHC L[HTOMOp(I)HOf/'I 9JICKTPOHUKH, TPUYUHBI BO3ZHHUKHOBCHHA HJAHHOI'O0 MOAXOHa U
obiacTu ee MMPUMCHCHUA. HpeHCTaBHCHH OCHOBHBIC IIOAXOAbI K pa3pa60TI<e I_[I/ITOMOp(bHBIX



CXEMOTEXHUYECKUX pelleHuid. Pa3zoOpaHbl mpuMepsl Leneil UMHUTUPYIOIUX OHOIOTHYECcKUe
MPOLIECCHl HA TPUMEPE IKCIPECCUH T'€HOB B MMPOKAPUOTAX U IYKAPUOTaX.

7. I'nbpuiHbie OMO3IEKTPOHHBIE CUCTEMBI.

['uOpunHbie OMO3TIEKTPOHHBIE CUCTEMBI C PYHKIIMOHATBHBIMU OMOJIOTHYECKUMH KOMIIOHEHTAMHU.
8. buoceHcopsl.

buoceHcopsl, X pa3HOBUIHOCTH U 00JaCTH IPMEHEHHUS.

9. UHTepdeiichl )KMBOCS/HEKUBOE.

WuTepdeiick! )xuBoe/HEXUBOE, 001aCTH TPUMEHEHUS, UCTIOIB3YEMbIEe MaTePUAITbI

10. BHyTpHUKIIETOYHBIE TTPOLIECCHI.

BuyTpukierounble mpolecchl M UX JETEKTHUPOBAaHHE C MCIOJIb30BAaHHUEM OHO3JIEKTPOHHBIX
CUCTEM.

11. IlepcieKTUBBI B OMOAJICKTPOHHUKE.

HepeCHeKTI/IBHHe obnactu MMPAaKTUYCCKOI'o IIPUMCHCHUS B 6H03HCKTpOHHKC



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpagsaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U (PU3MKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

HUctopus, pustocodpusi 1 MeTOT0JI0THSI €CTECTBOZHAHUS

Heab AMCHUNIMHBI:
- oBJIaicHre 0a30BBIMU MPUHIMIIAMY U TTpreMaMu (pruiaoco(cKoro mo3HaHus;

- BBE/ICHUE B KpYT (priocodckux mpobdiem, CBsI3aHHbIX ¢ 00J1acThio Oynymei mpopeccuoHaIbHON
JICATEIbHOCTH, BBIPA0OTKA HABBIKOB pabOThl C OPHUIHMHAIBHBIMH W aJalTHPOBAHHBIMU
bunocopcKUMU TEKCTaMHU;

- OBJIAZICHUC IIpUEMaMH BCACHUA JUCKYCCUH, IIOJICMUKH, AHUAJIOTa.

3agauu AMCHUININHBIL:

- PaCKpBITh BO3MOKHOCTH UCTIOJB30BaHUS (PUI0COPCKUX TMOHITHIA U KOHIEIIUN B CTAHOBJICHUU
U COBPEMEHHOM pa3BUTHH HAy4YHOW MBICIM, B TOM YHCJIE€ TIOKa3aTb pOJib M 3HAYCHUE
¢mococroil METOMONOTHH HAayKH JJIsl CIEHUANINACTa B OONAaCTH (U3UKO-MATEMATHYECKOTO
€CTECTBO3HAHMUS;

- BBISIBUTH MHPOBO33PEHUYECKOE W METOJIOJOTHYECKOE COJIEp)KaHHWE OCHOBHBIX (hritocopckux
KaTeropHil U MPUHLMUIIOB JAJIsI COBPEMEHHOI'O €CTECTBO3HAHUS, X IPUMEHEHUE B TEOPETUUYECKOH,
HKCIIEPUMEHTAJIbHONW U TeXHUYECKON (hM3MKe, a TaKXkKe APYTHX paszjenax eCTeCTBEHHOHAYYHOTO
LHKIIA;

- CI0COOCTBOBATH B BBIPAOOTKE MOTPEOHOCTH B OCO3HAHMM (DUIOCOPCKHO-METOA0IOTHUECKUX
WCCIIEIOBAaHHIA HA COBPEMEHHOM JTare pa3BUTHS HAyKH,

- O03HAKOMHUTb C COJIEP’KAaHHEM OCHOBHBIX METOAOJOTMYECKMX M TEOPETUKO-IO3HABATEJIBHBIX
KOHIIETIUI B HCTOpUH (HUIIOCO(DCKOM MBICIH;

- HAYYUTb OPUCHTHPOBATHCA B MHOFOO6pa3I/II/I METOIOJIOTHYECKUX KOHIEIIINN Ha COBpPCMCHHOM
9TallC pa3BUTHA HUBUJIN3AIUH.

IlepeyeHb MJIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHHS 10 JUCIUILIMHE (MOIYJII0)
B pe3ysbTare 0OCBOCHUS AUCIUILTUHBI 00YYAIOIIHECS JOKHBI

3HATh:

- COBPEMCHHBIC TCHICHIIMH Pa3BUTHS HAYKU;

- punocodckre KOHIENIIUU €CTeCTBO3HAHUS;

- MECTO €CTECTBEHHBIX HaYK B BbIPa0OTKE HAyYHOT'O MUPOBO33PEHUS;



- JWUCTOPHI0O M METOJOJIOTHIO (HM3MYECKUX HAayK M  MaTEeMaTHKH, PaCHIAPSIOMINX
o0mienpogeccuoHanbHy10, GyHAAMEHTAIBHYIO TOITOTOBKY.

yMeThb:

- CaMOCTOSATCIBHO OIPCACIIATh 3aJa4yr CBA3aHHBIC C JIMYHOCTHBIM PAa3BUTHCM, IMOBBINICHUCM
COOCTBEHHOI 00pPa30BaHHOCTH;

- OCYHIECTBJIIATH KOHHCHTy&J’IBHBIfI aHAaJIN3 COBPEMCHHBIX HpO6JI€M MCTOAO0JIOTHNHN (bI/ISI/IKI/I u
MaTEMaTHKU,

- (hopMupoBaTH OHTOJIOTHYECKHI 0A3UC MPHU PEIICHUN HAYYHBIX M MPHKIAAHBIX 337a4 B 0071aCTH
UH(POPMALMOHHBIX TEXHOJIOTHUH;

- MPUHUMATh COOCTBEHHBIC PEIICHUS B PaMKax CBOEH MpPO(EecCHOHANBHON KOMIIETCHLIMU B
CTaHJAPTHBIX U HECTAHAAPTHBIX CUTYallUsX, OCHOBAHHBIX HA OCO3HAHHOM JINYHOM BBIOODE;

- MOHUMATh MECTO CBOEH JEATEIbHOCTH M aHAJIU3UPOBATh BO3MOXKHBIE MOCIEICTBUSA TE€X WIIH
WHBIX TIPUHATBIX pPEHICHMH Ha OCHOBE C(HOPMUPOBAHHBIX JAUCITUIUIMHOW IIEHHOCTHBIX
OpHUEHTAIINI;

- KJIaccu(UUUpPOBaTh KOHBEPIEHTHBIE TEXHOJOTMU IO MOP(OJIOTrHYECKHMM OCHOBAHUSIM MU
MaTepHraIaMm.

BJIAJ1€Th:

- OCHOBaMH1 METOAOJIOTMHU HAYYHOI'O TTIO3HAHUA ITPU U3YUCHUHN PA3JINIHBIX ypOBHeﬁ OpraHu3anuu
MaTCpHu, IMMPOCTPAHCTBA U BPCMCHU,

- pa3IMYHBIMU BapuUaHTaMU MOJIXOAOB K PEIIEHUI0 KOHKPETHBIX NMPO(eCCHOHAIBHBIX 3a7ay Ha
OCHOBE 3HAaHWM, MOIYYEHHBIX B XOJ€ H3Y4YEHHMsS] HCTOpPHM, (QmiIocopuu Hu METOJOJOTUU
€CTECTBO3HAHHS.

Tembl U pa3ensl Kypca:

1. /InHaMHKa €CTECTBO3HAHMS B 3aIaJHOEBPONEHCKON KyIbType. PEBOIIOIMOHHBIE IIPOLECCHI
HoBoro Bpemenu u Hayka. [Ipobnembl Teopun mo3HaHUS U HaydHOM Meroposnoruu. IlpunHnummn
CEHCyalau3Ma B TEOPHH ITO3HAHUS.

dopmupoBanue coBpeMeHHoro obpasa Hayku (H. Komepnuk, /x. bpyno, U. Kemuep, I'.
[anuneit). KonepHukaHckass peBOJIIOLMS M €€ 3HAYEHHE B Pa3BUTUU E€CTECTBO3HAHUA.
dunocodckoe ocmbicieHne HayyHoi peBosoumu  XVII B.  IIpoGiema HaydyHOro merona.
Kputnka cxomactuuecko meronmonorun @. bakonom u P. Jlekaprom. Omnupusm U
panroHaIu3M — rHoceosiornyeckue npoodnemsl ¢uiocopun Hooro Bpemenu. JlenykTuBHas u
WHIYKTUBHAs MeTojonorus. MuayktuBHeiil Mmetoa @. bakona. “IlpaBuina qist pykoBoacTBa yma”
P. Jlexapra. Panmonamusm I'. Jleitbnuna (“uctunsl dakra” u “uctuHsl pazyma”). IlpuHummn
CeHCcyainu3Ma B Teopuu no3HaHus. [IpoOnema mepBOMCTOUYHMKA YEIOBEYECKOTO 3HAHUS:
o0ocHoBaHue npuHIUNOB ceHcyanu3ma JIx. JlokkoM. Kputuka I'. JIeiitbHH1IEM OJHOCTOPOHHOCTH
ceHcyanu3zMa Jlokka. I'. JleliOnun o nHamOosee oOLmMX 3akOHaX MHpa (AETEPMHHH3M,
MOCTENIEHHOCTh ~M3MEHEHUH, TmpobdiieMa TOXAECTBEHHOCTH IPEAMETOB, COBEPIICHCTBO



Bcenennoit). [Tapagokchl W MNPOTHBOPEUYUs OJHOCTOPOHHETO CEHCYyaln3Ma: CYObEKTHBHBIN
uneanusM JIx. bepknu, arnoctunusm /1. FOma.

2. Kunaccuueckmii stan  ¢Quimocodpun panumoHanusma. PasButHe WuACH panHoHANIH3Ma B
KJIACCUYECKOH HeMelKoi (umocoduu.

Pannne paboter M. Kanra: mpunnun pa3sutust U ectectBo3Hanue XVIII Beka. WM. Kant u
“KOINEepHUKAHCKUN~ mepeBopoT B ¢unocodpun. TBOpuecTBO CcyOBEKTa — HCXOJHAs OCHOBA
npouecca no3Hanus no Kanty. UW. Kant o TBOpueckoM xapakTepe Hay4YHOTO MBIIUICHHUS U
METOJIOJIOTUYECKOM poiu kareropuil. Karteropuum kak yHUBEpCaJIbHbIE JIOTHYECKHE (DOPMBI.
['paHUIBI palMOHATEHOTO KOHCTPYUPOBaHUS. AHTHHOMUM padyma. Jnanektudeckas hpunocodust
['erensi: mpuHLMT pa3BUTUS U CUCTEMHAsi METOI0JI0THs. ['ereneBckas KOHLETIHS paliOHaIN3Ma!
BceoOIMe 3aKOHBI MHPA U 3aKOHBI TUATCKTHYECKON JTOTHKHU. TOXIECTBO OBITHS M MBIIUICHUS.
OcCHOBHbBIE 3aKOHBI TUANEKTUKHU. [IpUHIIUT pa3BUTHS U CUCTEMHAs METOJI0JIOTHSI B COBPEMEHHOM

HayKe.

3. KOHI_[CHTyaJIBHaH HUCTOPUS HAYKHU. Bos3nuknoBeHue HAaYKH U OCHOBHBIC 3TAallbl €€ pa3BUTHUSI.
Hnen pauoHaliu3Ma B AHTUYHOM KYJIbTYpC. CranoBiecHHE HaquOﬁ KapTUHbI MHpA.
CooTHoIlIeHUE 3HAaHUA U BCPEI B HYXOBHOﬁ KYJIbTYpC CBpOHeﬁCKOFO CPCAHCBCKOBLAI.

CraHOBNICHHE  TPUHIMIIOB  PAlMOHAIBHOCTH B  rpedeckod  Qumocodum  (mOHSTHA
“mokazarenscTBO” M “‘UctHa”). Ounmocodpus u maremaruka (Panec, [Mudarop). Jlormueckuit
meton B pumocodun Ilapmenuga.  Cokpar u [11aToH 0 HEOOXOAUMOCTH OTPECIICHUsT OOIIHNX
noHsTHiH. OOOCHOBAaHME NMPUHIUIIOB PALMOHAIBHOCTU: KaK YEJIOBEUYECKOE MBILIUIEHUE MOXKET
BBIPA3UTh CYIIHOCTh Mupa? ['epakiaut u 3eHOH (MHP M 3aKOHBI JIOTHKH). [ epakiuT u coducts
(peanbHOCTH U 53bIK). ['epaknuT, [lapmenun, [lnaTon (cymHocTh U siBlieHUE). J{Ba ypoBHS 3HAHUS
(demoxpur, [1naTton). JlnanexkTuka kak METOJ] MOMCKA UCTHHBI B Hay4HbIX Juckyccusx (Cokpar,
[Inaron). Pa3zButue Teopum aokasaTenbcTBa (3€HOH, ApUCTOTENb). 3apOXKIACHHUE JIOTMKU Kak
Hayku. [lepBbie mapa oKChl B pa3BUTHH TeOpeTHdecKoro MulnuieHus. [Ipobiema nozHaBaemocTu
mupa. dunocodpckuii ckenturusM (coductsl, [Tuppon). Pannonanusm Cokpara: AuagekTHKa Kak
UCKYCCTBO HMCCJEIOBaHUS MOHATHH U MOUCKa UCTHHBI. [IpobGnema camono3Hanus. Mponudeckas
MmaifeBTka. CraHOBiIeHME HaydyHOW KapTuHbl Mupa. [loncku mepBoocHOBel mupa (Painec,
[Tapmenun, Hemoxput, Ilmaton, Apwucrorens). CraHOBIEHHE MNPUHLIMIA JIeTEPMHUHU3MA
(I'epaknut, nugaropeiickas mkona, Jlemokput, Apucrorens). IlpobGiema nBuxenus. Mup kax
npoiiecc B punocoduu I'epakiura. [IpoGiema HCTOUHUKOB ABMKEHHS U POPMUPOBAHUS BELIeH y
Apucrortens. Marepust u popma. MOHACTBIPH U YHUBEPCUTETHI KaK O4aru JyXOBHOM KYJIbTYpHI,
o0pa3oBaHUs, HAy4yHOH JeATeNbHOCTH B Mo3aHeM CperHeBEeKOBbE. Cxomactuka Kak
cneunuyeckuii BU MHTEIUIEKTYalIbHOU JeaTenbHOCTH. CyIHOCTh U CYIIECTBOBAaHHE. AHCEIbM
KenTepb6epuiickuii, ®oma AKBUHCKMHA. BapuaHTbI TOrHuecKoro 060CHOBaHMs CYIIECTBOBAHUS
bora. IlpoGnema mpoTuBOpeuus 3HaHUS M Bepbl. JlMajekTHKa OOLIEro M OTAEIbHOrO:
HOMMHAJIIU3M, PEaIN3M, KOHIIETITYalIu3M.

4. MeTo10J10rM4ecKuil MHCTPYMEHTApUI COBPEMEHHOM HayKu. CTPYKTypa Hay4dHOI'O 3HaAHUSI.

[TonsTue Merononoruu u ee ypoHed. Crienuduka HayqHOH A€ATEIbHOCTH U HAYyYHOT'O 3HAHMUA.
Hayunoe u BHeHay4yHoe 3HaHue. CrenUanM3UPOBAaHHBIM S3BIK KaK CPEACTBO IOCTPOCHMS U
pasBUTH HAayKd. OMIMPUYECKUH M TEOPETHUYECKHH YpPOBHM MO3HAaHUsA. Metoabl M (opMbl
MO3HAHUSL SMIUPUYECKOTO YPOBHS: BBIWIEHEHHE M HCCIelI0BaHHE O0bekTa, o0paboTka U
cucTeMaTH3anus 3HaHWH. MeToJbl MOCTPOCHHUs HJICAIM3UPOBAHHOIO OOBEKTAa M OIpaBIaHUS
TeopeTudeckoro 3HaHus. [IpennochliouHblE METOAOJOTHYECKHE CTPYKTYphl B CHCTEME
TeopeTudeckoro 3HaHus . HayuHas kapTuHa MUpa U CTHJIb MBIIUIEHUS, ©X METO/I0JIOIHYECKHe



GyHKIIMM B TEOPETUYECKOM IO3HAHMU. MeTojooruyeckass pojib  MapajurMbl U
MCCJIEI0BATENHCKOM MPOTPaMMBbI B TEOPETUUECKOM MTO3HAHUH.

5. Metononorus u ¢pmiocodust Hayku XX Beka. [locTno3uTHBU3M.

3aKOHOMEPHOCTH HBOJIIOLIMM HAYYHOTO 3HAHUS B (uiocopuu MOCTIO3UTHUBU3MA. Moxaenu
sposironiuu Hayku K. [Tonmmepa, U. Jlakaroca, T. Kyna. MupoBo33peHYeCcKre U METO0JIOTHYECKUE
utoru paszputus Hayku B XX Beke. MccrnenoBanusi ¢uiaocopoB M e€cTeCTBOHCIBITATENEH IO
dunocopckuM npobdieMam MO3HAHUS U IO METO/I0JIOTMH HAyKH.

6. Hayka XIX- XX BB. 1 moctkiaccuyeckas gpuinocodus Hayku. Punocodus Hayku B TpaAuLUU
Mapkcu3Ma. [103uTHBU3M 1 ITPOOIEMBI METOI0JIOTUH HAYYHOTO MTO3HAHUS.

Kputnuecknit anamuz K. Mapkcom u @. DHrenbcom dunocodpckux 3o I.lerens u
Jl.deitepbaxa. 3HaueHHWE €CTECTBEHHOHAYYHBIX OTKpHITHH XIX Beka M MOCICAYIOIMUX
JTOCTHXKEHUH Hayku XX Beka Il 000CHOBaHHS MaTEPUATUCTHUECKON quanekTuku. [Ipumenenue
K. Mapkcom u ®@. DHreiabcoM MpUHIUIA Pa3BUTHS U CUCTEMHOTO METOJa K aHAJIM3Y OOIIEeCTBa,
JIBUKYIIUX CHJI U 3aKOHOMEPHOCTEH ero pa3Butus. lloHaTne oOIIEeCTBEHHO-?KOHOMUYECKOM
dopmaruu,  cTpykTypa  Qopmanuu.  J(ManeKTUKO-MaTepUANMCTUYECKUH  MOAXOA K
byHaaMeHTanbHONW MpoOsieMe BCe HMCTOpUM (MIOCOGUN — TMPOUCXOKICHHIO YEIOBEKa M
yesoBeueckoro co3Hanus. OOmast Teopusi auanekTuku. [IpakTuueckas neaTenbHOCTh YeOBEKa
Y KpUTEPUU UCTUHHOCTH 3HAHUs. JIMaIeKTHKO-MaTepHATMCTHYECKAs! TEOPHUS MO3HAHMSL.

Ortoct KoHT: 3Tanbl pa3BUTHS YENOBEUECKOrO 3HAHUSA U CYIIHOCTh MO3UTUBHON (uiocodpuu.
[Tpunuun HaGmomaeMoctn B HaydHoM mno3HaHuu. Krmaccudukamus nayk mo O. Konry.
PeBomronus B ¢pusuke u BTopoil mo3utuBusMm (D. Max). Hayka kak onucaHue HalluX OIIYIIEHUN.
HccnenoBanue s3bplka HAyKH W JIOTUKM HAy4yHOTO TMO3HaHUS B (QHIOCOGUH JOTHYECKOTO
no3uTtuBu3Ma. [IpoGiemMa COOTHOIIEHUS TEOPETUYECKOTO0 M SMIUPHUYECKOTO YPOBHEH 3HAHUA.
Kpurepuii Bepudunupyemoctu. Kpusuc g0ruaeckoro no3uTUBU3MA.

7. Hayka B cucTeMe COUMANIbHBIX LIeHHOCTEN. Hayka, TeXHUKa, 4enoBeK.

Hayka kak conuanabHbBIii MHCTUTYT: CTAHOBJIEHME HAayKH KaK COLUAIbHOTO HMHCTUTYTa U
npoecCHOHANBHON JEATeTbHOCTH; HayKa, TEXHHKA, MPOU3BOJCTBO, MPEBpAIlEHUE HAYKU B
HEIMOCPEICTBEHHYIO MPOU3BOJUTEIBHYIO CHILY; COLIMAIbHBIA 3aKa3, HayKa U €€ POJb B >KM3HU
oOIecTBa. HopMbl ¥ 1IeHHOCTHM HayKH: HOPMATHBHO-IIEHHOCTHAsi CHCTEMa HAay4YHOTO
COOOIIECTBA, JTOC HAayKH; Hayka M IIEHHOCTH oOmiecTBa. HpaBcTBeHHas u coluaibHas
OTBETCTBEHHOCTh YUEHBIX: OOBEKTUBHOCTH JAJIbHEHIIIETO Pa3BUTUSI HAYKH U OTBETCTBEHHOCTH
YYEHBIX 32 UCCIICOBAHUS U TTOMCK OTKPBITUI; COIMATBHBIE CHIIBI 1 OTBETCTBEHHOCTh YUEHOTO 3a
NpuUMEHEeHWe HayyHbIX 3HaHui. [IpoOmema mpexena pa3Butus Haykd.  CIMEHTU3M U
AHTUCLIHUEHTU3M KaK PriocodCKue MO3UIUNA B OCMBICIICHUH TOSBIICHHS TJIO0ABHBIX TTPOOJIEM U
JIeryMaHHU3allud COBPEMEHHOTO O0IIECTBA U MEPCIIEKTHB OYIyIIETO.

8. HayuHoe 3HaHuE ¥ NO3HABATENIbHAS IEATENbHOCKTD KaK COLIMAIbHO-UCTOPUUYECKOE SIBIEHUE U
DIIEMEHT KYJIBTYpHI.

[IpoGnema cormoKyIbTYPHOUW 00YCIIOBIEHHOCTH TTO3HaHUS B prstocoduu Hayku. ConnuaaibHOCTh
U TIpeanoceiiouHoe 3HaHuWe.. Karteropus meHHoctn B (uiiocodmn Hayku. [lo3HaBaTenbHBIE
1eHHOCTH U «(heHoMeH HrroToHa» [{eHHOCTHBIE OpUEeHTANK B HAYYHOM MTO3HAHUU M TIpo0jIemMa
BbIOOpa. VIHTepH&IM3M U SKCTepHAIM3M B TOHMMAaHHUU pa3BUTHA Hayku. CyIIHOCTb
WHTEPHAIMCTCKOM MPOrpaMMBbl: aKIIEHTUPOBAHUE BHYTPEHHUX 3aKOHOMEPHOCTEN U MEXAHU3MOB



(YHKIMOHUPOBAHUS HAY4YHOTO 3HAHUS KaK OCHOBHOHM MBIJKYLIEH CHJIBI pa3BUTHsS HayKH.
I'nnoTe3a EHHOCTHOM M COLMATIBHOM HEUTPAIbHOCTH HAyYHOIO 3HaHUs. KOHIenus «TpeThero
mupa» K. [lonnepa kak Teopernueckoe 000cHOBaHUE HHTEpHAIM3Ma. CyIIIHOCTb 3KCTEpHAIN3MA!
YTBEPKJICHUE CYLICCTBEHHOM DPOJIU COLMO-KYJIbTYPHOM IETEPMHMHALMU B PA3BUTUM HAYKH H
Hay4YHOI'O 3HaHWA. Makpo M MHMKpPO — COLMOKYJIbTYypHas JeTepMuHanMs Hayku. Ilonstue
«COLIMOKYIBTYPHOTO (DOHA» KaK IOCPEICTBYIOLIETO 3BE€HA MEXAY HAyKOW M COIHAJIbHON
crpykrypoil. Kputuka BynbrapHoro skcrepHanuszMa. . Hayka Kak  OTHOCUTENIBHO
CaMOCTOsTeNIbHAs TIOJICHCTEMAa O0IIEeCTBa, OPraHMUECKH CBSI3aHHAsI C IPYTHUMH €T0 MOICUCTEMaMHU
U KYJIBTYpOH KaK ONPEIEICHHON IENIOCTHOCTRIO. YPOBHU U CIOCOOBI BIMSHUS COLMOKYIBTYPHI
Ha pa3BUTHE HAyKu U HaydyHoro 3HaHud. KoomepaTuBHBIN («pE30HAHCHBINY») XapakTep
B3aMMOCBSI3M HAayKH W KyJbTYpbl B mporecce uX pazButusi. Ouiiocopus Kak BakHEHIIas
KOTHUTHBHAsI JETCPMUHAHTA INHAMUKHA HAy4YHOT'O 3HAHUS.

9. Owntonorusi Hayku. @uinocodckue acneKkThl KOHBEPICHLHUH TEXHOJIOTUH: HACTOAIIEe U
Oynymee. MexnucuuIuiMHapHble OCHOBaHUS U TapaaurMainbHas uaterpamus HBUK-kommekca.

«HBUK-kouBeprennus: crpararemMsl 1udGepeHIIPOBAaHHOTO U CHHTETHYECKOTO Pa3BUTHSI HAHO-
010-uH(pO- ¥ KOTHUTUBHBIX TEXHOJOrWi». BBeneHne B MeTOHOJOTHI0 HOUK-HMCCIIEIO0BAaHUM:
PeanbHOCTh, SKCIIEPUMEHT, U3MEPEHUE.

10. Hp06neMa HaJCXKXHOCTH 3HAaHMA. COBpeMCHHOC IIOHUMAHUE ITIO3HABACMOCTH MHPA.

CkenTuuM3M M TO3HABAaEMOCTh MHpA. OMUCTEMOJIOTMUECKUN PEISTUBU3M — HEOTHEMIIEMOE
CBOMCTBO HAy4yHOro0 3HAaHUS U I[O3HABATEJIbHON aedrenbHocTU. [Ipobiiema pensTuBH3Ma B
COBpEMEHHOM anucTemosnoruu. [Ipodiema HCTUHBI B SIUCTEMOJIOTUU U PUIIOCODUN HAYKH.

11. PeanwrHOCTH M ee BOCIIPpHATHC. OTHOLIEHUS «UCJIOBCK-IIpUpOaAa» OT QaAHTHUYHOCTHU 10
COBPCMCHHOCTH.

Peanmbnocte u ee Bocmpusitue. OTHOLICHUS] «YEJIIOBEK-TIPUPOAA» OT AaHTHYHOCTU [0
COBPEMEHHOCTH.

12. PepomroninoHHBIE H3MEHEHHS B HayYHOM 3HAaHUU U MMO3HABATEIbHON JIE€ATEILHOCTH.
OcoOeHHOCTH HAayYYHBIX peBOJ'IIOI_II/Iﬁ B CCTCCTBCHHBIX HaAYyKax. Kak couetaroTcs OBOJKOIHA U
PEBOJIFOINU B UICTOPUU HAYKHU.

JBwxynme ¢akTopsl U MOJENM pa3BUTHS Hayku. Mopgenu passutus Hayku K.Ilommepa u
T.Kyna.B3aumopelictBue Tpaauluii 1 BOSHUKHOBEHHE HOBOTO 3HaHUs. HayuHble peBOMIOLMU U
nepecTpoiika  OCHOBaHMW  Hayku. IIpoGiema  THUHOJIOTMM  HAYYHBIX  PEBOJIIOLIMM.
MexnucuuIIMHapHble  B3aUMOJEMCTBHUS U «I1apaJurMaibHble TNPUBUBKU» Kak (axkTop
PEBOJIIOLIMOHHBIX MpeolOpa3oBaHuii B Hayke. COLUMOKYIbTYpHBIE NPEANOCHUIKH TJ100aJIbHBIX
Hay4HbIX peBomtonui. IlepecTpoiika OCHOBaHMM HayKH W HW3MEHEHHE  CMBICIOB
MHUPOBO33PEHUYECKNX YHUBEPCAIUN KyJIbTYpbl. JIMAJIEKTHKA IMPEEMCTBEHHOCTH U OTPULAHUA B
Pa3BUTHUH HAYYHOTO 3HaHMs. HaydHble peBOIIOIMHU KaK TOUKHU OudypKalu B pa3BUTUN 3HAHUS.
HenunelinocTts pocta 3HaHui. CeneKkTUBHAS POJib KYJIbTYPHBIX TPAJHIM B BHIOOpE cTpaTeruit
Hay4HOro pa3BuTus. HaydHble peBOJIOLMHU M TUIBI HAYYHOW panuoHaIbHOCTH. McToprueckas
CMEHA TUIIOB HAyYHOH PALMOHAIIBHOCTH: KJIACCUYECKasl, HEKJIACCHYECKasi, IOCTHEKJIACCHYECKast
Hayka. [IpoGieMa 00bEKTUBHBIX KPUTEPHUEB IIPOTpecca B HayKe

13. CoBpemenHast (uiaocodusi MO3HAHHUA: OCHOBHBIE KaTeropuu W mpuHIunbl  CTpyKTypa
MIO3HABATENBHOM JIeSITeIbHOCTH, €€ 0COOEHHOCTH B HAYyYHOM O3HAHUH.



3HauYeHHE SMHUCTEMOJIOTHH JUIi HAy4YHOIrO IMO3HaHWsA. laenm repMeHeBTHMKHM B COBPEMEHHOM
snucremonorun. [loHsiTHe CcyObekTa W O0OBEKTa HAyYHO- MO3HABATEIHHOW JCSITEIHLHOCTH.
UyBCTBEHHOE W JIOTUYECKOE IO3HAHHME. 3HAHME, €ro MPUpoAa M THUIOJOTHs. 3HAHHME B €ro
COOTHOUIIEHUU PEaTbHOCTHIO, CO3HAHUEM M THUIAMH JIE€ATEeIbHOCTU. 3HaHue u Bepa. HoBble
MPEJCTABICHUSI O HAYYHOW PalMOHAIBHOCTH. PalmoHanbHOE M MPpALMOHAIBHOE B HAyYHOM
no3HaHuu. VMHTEepIperanus Kak HaydHbIH MeTO] U 0a3oBas mpoieaypa no3Hanus. KonBeHIus —
YHUBEpPCaJIbHAA MMPOLEIypa NO3HAHUS U KOMMYHUKALMH, €€ POJIb B HAYYHOM ITO3HAHUH.

14. COBpeMeHHBIe MCTOHOJIOTHH: KOMIIBIOTCPpU3alKs, CHCTEMHBII moaxoa, CHHCPICTHKA,
MCKAUCHUIUIMHAPHOCTD, KOHBCPICHIMA.

Kommnbrotepuszanus Hayku: €e MpoOJeMbl M CIECACTBHSL. DMUCTEMOJIOTHS U KOTHUTHBHAS HayKa.
Kommnbrotepusanus 1 opMHpPOBaHKHE HOBOTO THIIA MBILIUICHUS U MO3HABATEIBHOMN JIESITEIHbHOCTH.
CHCTEeMHOCTb, CHHEPIeTUKA, MEXINCIUIUIMHAPHOCTh U KOHBEPI€HTHOCTh — HOBBIE I1ApaIUrMbl
MeTooJIorud Hayku. CuHEpreTMka Kak HOBas IapaJurMa: caMOOpraHu3alus, OTKpBIThbIE
CUCTEMBI, HEIMHEMHOCTh. CHHEpreTuka — napajgurma HEJIMHEWHOCTH B COBPEMEHHON HayKe.
CamMoopranu3yromnfecs: CUCTEMbI, KX OCHOBHBIE CBOMCTBA. JleTepMUHUPOBAHHBIN Xa0C. Y CJIOBUS
BO3HMKHOBEHHUS TOpsAKa W3 Xaoca. budypkanms kak HEOOXOAMMBIA SJIEMEHT 3SBOJIIOLUU
OTKPBITHIX, HEPABHOBECHBIX CUCTEM. METO10JIOrM4eCKHE BO3MOKHOCTH CUHEPTETUKH B U3yYEHUHN
IIPUPOJHBIX U COLIMAIBHBIX CUCTEM.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

KoruurnBHas HelipoHayka

Heab AMCHUNIMHBI:
- IO3HAKOMUTH CTYJIEHTOB C HEHPOHHBIMU OCHOBAMHU KOTHUTUBHOMU JI€ATEILHOCTH;

- 00CYOUTb TEOPETUYECKUH M SKCIEPUMEHTAJIbHBII MaTepual MHUPOBOM COBPEMEHHOMU
HeHpOoHAYKH, HEHPOOMOJIOTUH B HeHPO(DHU3HOIOTHH;

- pacCMOTPETh HEepelIeHHBIE TPOOIeMbl HEMPOHAYKH;

- IPUBCCTH OCHOBHBIC MCTOAbI IMOJTYUYCHUS SKCIICPUMCHTAJIbHBIX JaHHBIX.

3agauu AMCHMILINHBI:
- OCBOGHHE METOJMYECKON U METOJ0JIOTNYECKON Oa3bl KOTHUTUBHON HENPOHAYKH;

- 3HAaKOMCTBO € OCHOBHBIMH PpEC3yJIbTaTaMH OTCUYCCTBCHHBIX U SaPY6e)I(HI>IX pa60T I10
HCCIICOOBAHHUIO MO3TI'a, CBA3aHHBIX C pa3pa60TI<0171 HpO6JICM KOTHUTHUBHOM HeﬁpOHaYKH;

- popMupoOBaHUE TIPEACTABICHUIN O TPUKIATHOM 3HAYCHUH KOTHUTUBHOM HEUPOHAYKH.
ITepedyenb miIaHMpPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO JTUCHHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIUECs T0JIKHbBI

3HATh:

- OCHOBHBIE CTPYKTYpHbIE M (DYHKI[MOHAJIbHBIE XapaKTEPUCTUKHU HEPBHBIX KJIETOK;

- OCHOBHBIE MPUHIUIIBI CTPOEHHUS U CUCTEMHOW OpraHU3alii TOJIOBHOTO MO3Ta;

- OCHOBHBIE COBPEMEHHBIE METO/Ibl UCCIIEJOBAHNSI HEUPOKOTHUTUBHBIX MPOIIECCOB;

- OCHOBHBIE TEOPUH O HEPBHBIX OCHOBAX KOTHUTHBHBIX (DYHKIIM;

- OCHOBHBIE PE3YyJIbTaThl COBPEMEHHBIX IKCIIEPUMEHTAIbHBIX pa3paboTOK B 00J1aCTH KOTHUTUBHOM
HEHpPOHAYKH.

yMeTh:

- TOJIb30BAaThCsl CBOMMH 3HAHUSIMHU JJIsl TIOCTAaHOBKM HOBBIX 3a/lad B 00JIACTH KOTHUTUBHOM
HEHPOHAYKH;

- COIIOCTABJIAITh JAHHBIC, ITOJTYYCHHBIC B PA3HBIX SKCIICPUMCHTAJIbHBIX UCCIICTOBAHUAX



- IPOBOJUTH METOA0JIOTHYECKYIO OLIEHKY 00CYX/1aeMBbIX pe3yJIbTaTOB;
- aHAJIM3MPOBATh COBPEMEHHBIE pabOTHI B 00J1aCTH HEMPOKOTHUTUBHBIX HAYK;
- opMyIUPOBATH 3a/1a4M U UHTEPIIPETUPOBATH PE3YIbTAThl HEHPOKOTHUTUBHBIX SKCIIEPUMEHTOB;

- COOTHOCHUTDb HAYYHBIC U TCXHOJIOTUYCCKUC 3ala4U B HCﬁpOKOFHHTHBHBIX HUCCIICAOBAHUAX.

BJIaJIeTh:

- OCHOBaMH KOMITBIOTEPHOTO aHAIH3a MOBECHUS K HEHPOKOTHUTHBHBIX MPOIIECCOB;

- HaBBIKAMHU OCBOCHHS OOJIBIIIOr0 00beMa HHpOpMaIuu;

- HaBBIKaMU HaXO0XJICHUsI HEOOX0JMMON HelipoOronorndeckoi nHpopmanuu B IHTEpHETE;
- HaBBIKAMHU pabOThI HA HEHPOOUOIOTHIECKOM 000PYIOBAHHH;

- HaBBIKAMU Pa0OTHI C MIOBEJICHUEM KUBOTHBIX;

- HaBbIKaMHM aHaJIM3a SKCIICPHUMCHTAJIbHBIX JaHHBIX.

TeMbI U pa3jeiibl Kypca:
1. Meroas! HelipOHaYK.

Mertonbl U3yyeHHsT aKTUBHOCTU OTJENbHBIX HEHpOHOB. Peructpaiust UMIyabCHON aKTUBHOCTH
HEHpPOHOB. MyNbTHAJIEKTpOIHAS perucTpauus. Peructpanus Metaboinuyeckol U reHeTHYecKon
AKTUBHOCTH HEHpoHOB. CrTuMmyinsanus ydacTKoB Mo3ra. JIoKalbHbIE NOBpPEXAECHHS MO3ra.
['eHeTHuecKy M3MEHEHHbIE KMBOTHbIE. HenHBa3MBHbBIE METOABI W3Y4YEHUS aKTUBHOCTHU LIEJIOT0
MO3ra. OnextposHuedanorpadus. Cas13aHHBIE C COOBITUSIMU ITOTEHIIAAJIBI.
Marnutosnuedanorpapus. [1o3uTpoHHO-OSMUCCHOHHAs ToMorpadus. SnepHas MarHUTHas
pe3oHaHCHass MHTpockonus. IIpuHIUN «BBIYUTaHUA» M300paXEHUH B KOMIBIOTEPHOU
ToMorpaduu.

2. KoHrekToM Mo3ra.

OCHOBHBIE OT/ENBI MO3ra 4YeJlOBEeKa: MPOJOJITOBAaThIM MO3r; 3aJHUN MO3T; CPEOHUN MO3T;
IIPOMEXXYTOUHBIM MO3I; KOHEUHBIM MO3I, MO3Ke4oK. Jlomum KoHeuHoro mosra. I'unmoxami.
Heoxopteke. CTpykTypHO-QYHKIIMOHANBHBINA MOAX0A. CTPYKTYpHBIE CBSI3U MEXKAY 30HAMH
Mo3ra. DYHKIIMOHAIBHBIE CBA3M MEXAY 30HaMH Mo3ra. KOHHEKTOM Ha KJIETOYHOM YpOBHE.
Konnektom Ha MakpoypoBHe. llonstue mnnactuunoctu. [IpecuHanThyeckas IUIACTUYHOCTD.
[Toctcunantuueckas  minactudHocTh.  CeHcutuzamms. @acunuranusa.  JloaroBpeMeHHbIE
noTeHImanus u aenpeccusi. AktuBHocth NMDA -penienitopos.

3. HelipoH: CBOICTBA, CTpOEHNE, aKTUBHOCTb.

HetipoH kak cTpykTypHast u QyHKIIMOHATBHAS €IMHULIA MO3Ta. DJIEKTPUUECKUE CBOMCTBA KUBBIX
KJIeToK. MeMOpaHHBIN MOoTeHIMal: MeMOpaHa, KaHaibl, HOHbL. [loTeHIan nedcTBus, aKCOHHBIN
xonmuk. Ilpomeccet obpatHoro pacmpoctpanenus. BIICIT u  TIICII. KonuyectBo
HelipomeanaropoB. CuHTe3 HelipoMenuatopoB. KBaHTOBas Teopusi CMHANTHYECKON Mepenayu.
Huszkomonekynspasie Menaropel. Heitponentuapel. PacTBopumble rasbl. Ilnomanbs KoHTakTa,
BEJIMYMHA AKTUBHOM 30HBI. COBMEILIEHNE HEMPOMEIMAaTOPOB. BapuaHThl KOMMYHUKAIUN MEXY



kietkamu. Jluddysnas nepenaya curHama. Mogenu crnuioBepa. OCOOCHHOCTH TIHAIBHBIX
KJIETOK. THIBI INIMaNbHBIX KJIETOK. ['OpMOHBI. DKcnpeccus reHoB. TpaHCKpuIus, TpaHCIsALus.
HccnenoBanust  AjuieHOBCKOro MHCTHTYyTa. @DyHKkumm OenkoB B HelpoHax. CuHTe3
HU3KOMOJIEKYJISIPHBIX ~ MenuartopoB. CHHTE3 HeHponenTuaoB. TpaHCIOPT MeAUaTOpOB.
AHTepOorpagHblil U peTporpaanslii Tpancnopt. BeicBoOoxaenue menuatopoB: SNARE rumnotesa.
VY nanenue menuatopoB. Penientopsl Ha MeMOpaHe.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

MaremaTu4ecKkue MeTOAbl COBpeMeHHOH (pu3sukun

Heab AMCHUNIMHBI:

- Jlarp MHCTpyMEHTapuil Ay OOILNEro ONUCAaHUS pPa3IMYHBbIX IIPOLIECCOB B TEPMHUHAX
cToXacTu4eckux auddepeHnnanbHbX ypaBHeHUH. [lo3HaKOMUTH ¢ 0a30BBIMH CIyYaiHBIMH
IIpoLleCCAMM  — BHHEPOBCKHM, IIyacCCOHOBCKMM U Iponeccamu Jleu. Ilo3Hakomuts ¢
CyOOpIMHUPOBAHHBIMH CITy4ailHBIMH MPOIECCAMU KaK MOJEISIMA HEMapKOBCKHX IPOIECCOB.
II03HaKOMUTH C HOBBIMH MATEMATHMYECKUMHU IOHATUSMH, BO3HMKAIOIIMMM IPU ONHUCAHUU
0a30BbIX CIy4aiHBIX IPOLIECCOB, TAaKUMH KaK JPOOHbIE NPOM3BOIHBIE M HMHTErPANIbI, HMX
CBOWCTBaMH, (pakTalIbHBIMA OOBeKTaMH. [lO3HAKOMHTH C KBAHTOBBIMH CIIy9aifHBIMHU
IIPOLIECCAMM U POKJAFOIINM, YHUYTOKAIOIIKUM M CUATHIBAIOIIMM KOMIIOHEHTAMM.

3agauyd IUCHUILINHBI:

- HayuuTh cTyIEeHTOB COCTaBIATh M pellaTh croxacTudyeckue nuddepeHiranbHble YpaBHeHU
(CAY), nonnmath 6a30Bble HOHATUS U IPEICTABICHHUS, JISKAIIUE B UX OCHOBE, HAYYUTD MOJTYyYaTh
u3 CIY kuHeTHyecKkue ypaBHEHHS, B TOM UHCIE ACTEPMUHHUPOBaHHBbIC AuU(PepeHnanbHbIe
YpaBHEHHUS [l OCHOBHBIX XapaKTEPUCTUK OTKPBITHIX CHCTEM, HAyUYUTh MOJIETUPOBAThH PEIICHUS
JNETePMUHUPOBAHHBIX ypaBHEHUUN CIydyallHBIMU YypaBHEHUSIMHU, CTPOUTH CIy4ailHbIE MOZEIH
pa3HOOOpPAa3HBIX SIBICHUN U CHCTEM.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJII0)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00Yy4YaIOIHecs JOJKHBI
3HATh:

- OCHOBHEBIC TIIOHATHA W TMNPEACTABICHHA LNCHTPAJIbHBIX IMPCACIBHBIX TCOPEM, CBOMCTBA
XapaKTePUCTHUYCCKOM  (DYHKIMH, XapaKTePUCTHUECKYI  (GYHKIUIO Ui TayCCOBCKOTO
pacrpesiesieHusi, TEOpeMy O HENPEePHIBHOCTH; LEHTPAIbHYIO MPEICIbHYI0 TEopeMy ISt
OJIMHAKOBO DPACHPEEICHHBIX CIyY4alHBIX BEJIWUYMH, CBSI3b C PEHOPM-IPYIIIOBBIM ITOAXOIOM,
PEHOPM-TPYIINIOBOE  Tpeo0pa3oBaHUE, HEMOJABMWKHYIO  TOYKY, aHAJIU3  YCTOMYHMBOCTH,
HEHTPAIBHYIO MPECIbHYIO TEOPEMY Uil OJUHAKOBO PacHpeAeiICHHBIX CIy4YailHBIX BEJIHYHH B
ciyyae OECKOHEUHOH TUCTIEPCHH;

- ypaBHenue Yemmnena-KommoropoBa-CmMoiayxoBckoro, o0o0meHHoe ypaBHeHue Pokkepa-
[Tnanka, MaTeMaTHYECKOE OIpe/IesIeHIe HEPEPhIBHOTO MapKOBCKOT'0 MPOIIecca, YaCTHBIE CIIydan
00o0menHoro ypaBHeHusi Doxkepa-lIlnanka - ympasnsomee ypaBHeHHe, IUdPy3HOHHBIE
npoueccsl, ypaBHeHHe Dokkepa-IlinaHka; aeTepMHHMpPOBAHHBIE TIPOLECCHI M ypaBHEHUE
JlmyBuiuis Kak dYacTHBIA ciy4dail oOoOmeHHoro ypaBHeHHsi Dokkepa-Ilmanka; o6oOmeHHOE



ypaBHeHue Dokkepa-IlnaHka kak KMHETUYECKOE ypaBHEHHUE MPU KIACCHUECKOM M KBAaHTOBOM
ONUCaHUU;

- CTAl[MOHAapHbIE MAapKOBCKHE IPOLIECCHI - 3PrOAMYECKHE CBOICTBA CTAllMOHAPHOTO IpOLiEcca,
U3MEPEHUS CPETHEr0 3HAYCHHS, aBTOKOPPESIIMOHHON (YHKIUH, CIEKTpa, TeopemMy Bunepa-
XvHuynHa, u3MepeHue (GYHKIUHU pacIpeleleHus; OJHOPOJHbIE MAapKOBCKHE IPOILECCHl M HX
bu3nYECKyI0 HHTEPIPETALMIO, aBTOKOPPEISALUOHHYIO () YHKIIUIO MAPKOBCKUX MPOIIECCOB;

- OCHOBHBIE TMPEACTaBICHUS O BHHEPOBCKOM  IpOLECCe -  HEPEryIspHOCTb U
HeaupdepeHIPyeMOCTh TPACKTOPUN, HE3aBUCUMOCTh MPHUPAIICHUM, aBTOKOPPEISIHUOHHbBIE

GyHKIUY;

- OCHOBHBIE TIpesicTaBieHus 0 npouecc OpHIITeiHa — YienOeka - KOppensiiuOHHbIe (DYHKIHH,
rayccoBOCTb, CTAllHOHAPHOE PEILIEHUE, UCII0JIb30BaHUE B KAUECTBE MOJEIIN PEabHOIO IIIyMOBOI'O
CUTHAJa;

- OCHOBHBIC ITPCACTABJICHHUA BUHCPOBCKUX CTOXACTHYCCKHX I[I/I(i)(l)epeHI_II/IaHBHBIX ypaBHCHI/Iﬁ -
000CHOBaHHE ypaBHCHI/Iﬁ THUIIA .HaH)KCBeHa, Oenblit myM, amnipoKCuMaluu oeoro mryma, poJib
HeHTpaHBHOﬁ HpCHeHLHOﬁ TCOPECMBI, CBOMCTBO MAapKOBOCTH HHTCIrpajla OT 0ejoro mryma,
OMnpeaACIICHUEC CTOXAaCTUYCCKOI'0 MHTETpajia, CBOMCTBA CTOXACTHYSCKOI'0 HHTCrpaia I/ITO;

- peticHHs ¥ TPeoOpa3OBaHUsI BUHEPOBCKUX CTOXACTHUYECKUX AU PEpeHIINATbHBIX YpaBHESHUH -
npubIKkeHHoe pemeHne mMetogom Komm — Diinepa, 3ameHa nepemMeHHBIX (hopmyma UTo),
npyroi noaxon k Gopmyne Uto, npasuio auddepenunpoanus Mto, cBI3b MeXAy ypaBHEHUEM
®oxkkepa - [lnanka u croxactuueckuMm auddepeHnuanbHbM ypaBHeHueM; pemienue CHY s
OCHMJUISITOPA C UIYMSIIEH YacTOTOl;

- ONpe/EeHNs U CBOWCTBA CTOXAaCTHUYECKUX AU(QepeHInaIoB U UHTErpaioB B cMmbiciie UTo u
CrparanoBuya, nuddepeHnnanbHbx ypaBaenuit ito u CtparaHoBuya,

- C1Y, ynpaBnsieMble HE3aBUCUMBIMU CITy4aliHBIMU BUHEPOBCKUMHU mporeccamu, C/IY B ciydae
KOMILIEKCHOTO BUHEPOBCKOI'O IPOLIECCa, KOMIUIEKCHBI BUHEPOBCKHI ITpo1iece 00IEero BUAa;

- COCTaBHBIC ITYaCCOHOBCKHE ITPOLECCCHI, KOMHCHCI/IpOBaHHHﬁ HyaCCOHOBCKI/Iﬁ Imponecc,

- CIY HeBuHepoBckoro tuma, pemeHus npocreimux CIY HeBHHepoBckoro tumna (ypaBHEHHE
JUISL 3apsiia Ha aHoJe, YpaBHEHHE JJii TOKa Ha aHoJe, JIMHEHHOE ypaBHEHHE, OCLHUIUIATOp C
IIYMSIIIIEH YaCTOTOW HEBUHEPOBCKOTO THIA, OCHUJUISTOP C MIYMSIIEH YacTOTON OOIIEro TUa);

- TOUCYHBIC MTPOLECChI Ha TPOU3BOJIbHBIX MHOKECTBAX

- anb(a-ycToiiuMBBIE MPOLIECCHl - CBOMCTBO caMomogoOus (MacmTaOHOW MHBapHUaHTHOCTH),
TeopeMa JleBu-XuH4YMHA, CBONCTBA (YHKIIMH IJIOTHOCTH pacupeenenus, pacnpeaeneHus Komu
u JleBu-CMHpHOBA;

- HpOCTCfIH.IPIC CTOXAaCTUYCCKHUC YPABHCHUA C YUACTUCM yCTOfI‘-IPIBBIX IMponIecCcoB, Npouecc KOI_HI/I;
- TUHEHHOE CTOXAaCTHUYECKOE YpaBHCHHUC JIA IIPOLIECCOB HCBI/I;

- cBa3p CJ1Y, ympaBisieMbIX COCTaBHBIM ITyaCCOHOBCKMM IIPOILIECCOM, C YPaBHEHMSIMHU THUIA
®okkepa-Ilnanka ¢ JpoOHBIMEH MPOU3BOAHBIMM, JpOOHBIE HHTErpansl Pumana-JInyBusis,
JIpoOHBIE TIPOU3BOIHBIC HA TIPSAMOH, 1poOHBIe Tpon3BoAHBIe KamyTo u Mapio, mpeobpa3oBanus
Jlannaca ypaBHEHHH ¢ JPOOHBIMU POU3BOAHBIMU, (OPMYJIBI HHTEIPUPOBAHUS IO YACTSIM;

- OTJIUYMS KBAHTOBOM BEPOATHOCTHU OT KHaCCHQCCKOﬁ;



- CUMTHIBAIOIINKM, POXKIAOIMA M YHHYTOXKAIONIUKA KOMIIOHEHTHl KBAaHTOBOT'O CIYyYallHOTO
npoiiecca:

- anreOpy Xancona-Ilapracaparu;

- KHHETUYECKOe YpaBHEHHE I MAaTPUIIbI TUIOTHOCTH B popme Jlunadnazna.

yMeThb:
- BBIYHCIISITH IPOCTEHIINe cToXacTUYecKue HHTerpalsl B cMbicie Mto u CtparaHnoBuya;

- COCTaBIIAITh cTOoXacTuyeckue auddepeHnnanbHple YpaBHEHUS UI OCHMILIATOPA C HIyMsInei
YaCcTOTOM, JJII MEXaHHMYECKUX CHUCTeM CO CIy4YalHBIMH CHJIaMH, TejlerpadHoro mporuecca,
AIIEKTPUUYECKOTO TOKA B IETISIX, YpaBHEHUS (PUIbTpAIINH;

- nony4yats CIIY Uto u3 CILY CrparanoBuua;

- COCTaBJIATH CI[V, YIpaBIsi€MOC HE3aBUCUMBIMH BUHCPOBCKUMHU IPOLECCaAMH, COCTAaBHBIMUH
IMyaCCOHOBCKUMMU MPOLCCCaMU;

- [NOJy4aTb YHOPABIAOMNIME YPABHCHHUA THUIIA (DOKKepa-HHaHKa u3 Cﬂy BHUHCPOBCKOI'O,
ITyaCCOBOBCKOI'O TUIIOB, a TAKKC CI[y IJIA IPpOoLHEeCCOB .HCBI/I;

- monmy4atb u3 C1Y ypaBHEHHS /Ui KOPPESAIHMOHHBIX (QYHKIIMIA, MOMEHTOB H T.IL.;
- pemiate C/1Y, ynpaBisieMble BAHEPOBCKUM M IIyaCCOHOBCKUM IIPOLIECCAMU;

- [oJIydaTb KHHCTHYCCKUC YpAaBHCHUA MJIA MATpULbl IIJIOTHOCTU B (I)opMe .HI/IHI[6J'IaI[a nus3
KBAaHTOBBIX Cﬂy BHHCPOBCKOI'O U HCBUMHCPOBCKOI'O THUIIOB.

BJIa/1eTh:

- OCHOBHBIMM METOAAMHU TEOPUH CTOXACTUYECKUX IPOLIECCOB — METOJ CTOXAaCTUYECKUX
mubdepeHIMaNbHbIX ~ YpaBHEHMM,  METOJ  KMHETUYECKOr0  ypaBHEHHUs,  allapaToM
XapaKTepUCTUUECKON (PYHKLMHU, LEHTPAJbHBIMHM MPEICIbHBIMU TEOpeMaMH, alredpandeckoin
TEOpHEN BO3MYILICHUIA.

Tembl U pa3ensl Kypca:
1. BBenenue B kBanTOBBIC C/1Y.

Ocob6ennoctu coctaBieHuss CJIY B pe3oHAHCHBIX cuUcCTeMax. Ajredpanyeckas Teopus
BO3MYIICHUH 1151 oydeHus 3((HEeKTUBHOTO raMUIbTOHHMAHA CUCTEMBI B YCIIOBUSAX PE30HAHCOB.
KBantoBass BeposATHOCTh. KBaHTOBBIE CUMTBHIBAIOIIMN, PpOXKIAOUIMM W YHUYTOXKAIOIIUN
nporneccel. KBantoBwlii uuTerpan Mro. Anrebpa Xancona-Ilapracaparu. KsantoBoe CIY
HEBUHEPOBCKOI'O THUIIA JUIS OIIEPATOPa IBOJIIOLUU CUCTEMBI. Y HUTAPHOCTH OIEPATOPa IBOIIOLHUU
u kBaHTOBas ¢opmyna Wrto. Kunernueckoe ypaBHEHHE Jsl MaTpHULbl IJIOTHOCTH B (hopme
Jlunn6nana.

2. Cnyyaitabie porieccsl JIeBn u cybOopAMHUPOBAHHBIE MTPOIIECCHI.



Anb(da-ycTounBbIe TPOLECCHl. XapakTepucTUKH TporeccoB JleBu. OCHOBBI  TeopuUH
CyOOpIMHUPOBAHHBIX Cciay4daiHbIX TporeccoB U CJIY 0000IIeHHOTO HEBHHEPOBCKOTO THIIA.
Hpyroii BeiBox ypaBHeHus Dokkepa-Ilnanka s ypaBHeHus JlaHkeBeHa B Cilyyae Ipolecca
JleBu. Mojenb HENpepbIBHOIO BO BpEeMEHUM OpOYHOBCKOIO JBHKEHUS. BeposTHOCTHbBIE
XapaKTEepUCTUKU HaIpaBJsAIoLIEro Impouecca. JlpoOHble NPOM3BOAHBIE B  YIPaBIISIOLIEM
YPaBHEHHUH I CiIydasi IOAYUHEHHOTO CIy4ailHOro mporecca.

3. Croxactuyeckue auddepeHnuanbHble ypaBHEHUS U KHHETUUYECKHE YPAaBHEHHUSI 111 OTKPBITHIX
CHUCTEM.

[Mapagurma CHAY. OTKpbITBIE CUCTEMBI U pellakcanmoHHbie mnponecchl. Ocodennoctu CHY u
CTOXAaCTUYECKUX HMHTErpanioB. AnreOpa HHKpEMEHTOB. PerynspHble pa3pblBHbIE (YHKIUU WU
croxactuueckass HemnpepbiBHOCTb. CJY u  kuHernueckue (ympaBIisSIONIME) ypaBHEHUSI.
Onementapusie onepauuu ¢ CAY. Pemenns C/1Y. MacmtaObl BpeMeH U3MEHEHUS TIEPEMEHHBIX
B CIY. Ponp ueHTpaslbHBIX IpeaenbHbIX TeopeM. llepexon OT MHKpPO K MakpOCKOIUKE.
MacmrabHoe npeoOpasoBanue. YpaBHeHus JlamxkeBeHa. OCHOBHBIE CIIy4ailHbIE TPOIECCHI.
[TyacconoBckuii mpouecc. CyMMa HE3aBUCHMBIX IyaCCOHOBCKHX TpoiieccoB. [lonmmHoMuanbHoe
pacnpenenenue. [Iponeccer Jlesn u CIIY obmiero Buna. CocTaBHOM ITyaCCOHOBCKHM MPOIIECC H
npoueccel JleBu. Kunernmueckoe ypaBuenue nnsi CIY, ynpasmsembiM mporieccom Jlesu.
[Tpoueccol JleBu u3 BuHEpOBcKOro mnporecca. CBsA3b LEHTPAIBHBIX IPEAEIbHBIX TEOPEM C
PEHOPMTIPYIIOBBIM ITOAXOI0M.

4. Teopust C/1Y BUHEpOBCKOr0 M MyaCCOHOBCKOI'O THUIIOB.

CaoiicTBa croxactuyeckoro uHTerpasa HMro. OmnpeneneHuss M CBOMCTBA CTOXAaCTHUECKHUX
muddepeHaioB U uHHTErpasioB B cMmbicie Mro m CrparaHoBudya, audQepeHIraIbHbIX
ypaBHeHnii Wrto wu CrparanoBmua. 3ameHa mnepeMeHHbIX (dopmyna Wro), mnpaBuio
muddepermmpoanus Uto. Cesa3p mexay uatTerpanamu u CIAY Uto u CtparanoBuya. Pemenus
CAY B cnyyasx, Korga K03()(UIIMEHTHI CTOXaCTHYECKOTO TU(PEepeHIINaTILHOr0 ypaBHEHUS HE
3aBHUCAT OT BPEMEHM, MYJIbTUIUIMKaTUBHOIO 1ITyMa; poriecca OpHiTelHa-YneHOeka. Y paBHEHUs
Uit cpengHero U MoMeHToB. Pemenune C/IY g ocnmiuisitopa ¢ IOyMsIIEd YacTOTOM.
KommnekcHblif BuUHepoBckui mpouecc obmero Buga u CHAY, um ympasinsembie. CIY
HEBUHEPOBCKOIo Tuma, pemeHus npocredmux C/IY HeBuHepoBckoro tuma (ypaBHEHHE AT
3apsiia Ha aHOJle, ypaBHEHUE NI TOKA HA aHOJE, TMHEHHOE ypaBHEHHUE, OCLIWIIIATOP C IIyMsIIIEen
4yacToTO HeBUHEpoBcKoro Tuna). C/IY u kuHeTnyeckoe ypaBHeHUE AJ1s TesierpagpHoro mporecca.
OcimuiaTop ¢ IIyMOM BHHEPOBCKOTO M IyaccoHOBcKoro tumnoB. CJIY, ympasisembie
HE3aBUCHMBIMHM CIIy4aliHbIMU BHHEPOBCKMMHU mpoueccamu, CIY B ciayyae KOMILJIEKCHOTO
BUHEPOBCKOI'O IMpolecca, KOMIUJIEKCHBI BHHEPOBCKMH mporecc oOmero Buaa. IIpumepst
ucnonb3oBanuss CIY B onMcaHuM (QU3MUECKUX MPOLECCOB M PEIICHUHU JeTePMUHHPOBAHHBIX
T depeHIMaIbHbIX YpaBHEHUH B 4YaCTHBIX MPOU3BOAHBIX. CHOHTaHHOE H3JIyu€HHE aToMma,
KOJIJIATIC BOJTHOBOW (DYHKIIMH, KHHETUYECKOE YPAaBHEHUE U ero peieHue MerogoM Monte-Kapio.
DnemMeHTapHas TeOpHs PUIIbTPaIUH.

5. TpanuuMOHHAsI TEOPUS CIIy4ailHBIX MTPOLIECCOB.

OcHoBHBIE HEOOXOUMBIE TIPE/ICTABICHHS TeOpHH BeposTHOCTeH. CenapabenbHbIe MPOIecChl U
teopema KoamoropoBa. VYcioBue wmapkoBocTH. YpaBHeHue Uemnena-Koamoropona-
CmonyxoBckoro u ero uactHele ciydau. I[logxoner OiHimTeiiHa, JlamkeBena u baiensbe.
CranoHapHble MapKOBCKHE MPOLIECCHl, UX HProJMYE€CKHUE CBONCTBA, HU3MEPEHUSI CPEAHETO
3HA4YEeHUs, aBTOKOPPENALUOHHOW (QYHKIMH, CHEKTpa, Teopema Bunepa-XuHuMHaA, H3MEpeHUE



byuknun  pacnpeaeneHus. OOHOpPOOHBIE MAapKOBCKHME TMpolecchl W HUX  (usndeckas
UHTEpIpeTalys, aBTOKOPPESIMOHHAA (QYHKIIMS MAPKOBCKUX MPOIECCOB.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTb: CHHXPOTPOHHBbIE U HEMTPOHHbIE METOAbI HUCCJIEI0BAHUI

MeTo/bl HEHTPOHHOTO PACCESIHUSA VISl HCCJIeIOBAHUI KOHAEHCUPOBAHHBIX Cpejl

Heab AMCHUNIMHBI:

- OCBOGHHE CTy/IeHTaMH 0a30BBIX MPEACTABICHUI O METOJUKAX PAaCCEsSHUS HEUTPOHOB M M3y4YEeHUE
OCHOB  COBPEMEHHBIX  OJKCIIEPUMEHTAJIBHBIX  IOAXOJOB K  HCCIECJOBAHMIO  CBOMCTB
KOHJEHCUPOBAHHBIX CPEJl C UX OMOUIBIO.

3agauu AMCHUIINHBIL:

- ¢opmupoBaHne 0a30BbIX 3HAHUW O CBOWCTBAaX HEUTPOHOB [UIsI  MCCIEAOBAHHI
KOHJEHCUPOBAHHBIX Cp€J, IOJy4yaeMbIX Ha YCTaHOBKax Kiacca '"MeracaiieHc", H3yuyeHUE
0COOEHHOCTEN METOAMK HEUTPOHHOI'O PacCesHUS;

- ¢opmupoBaHre 0a30BbIX 3HAHHMI O CBOMCTBAaX MAaTEpPUANIOB, MOJIy4a€MbIX C MCIOJIb30BAaHUEM
paccestHHsI HEUTPOHOB.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI 00YYaIOIINECs JT0JIKHbBI
3HATh:

[] ¢yHIaMeHTaJlbHbIE MOHATHS, 3aKOHBI, TEOPUU M (OPMYJIbI, OMMCHIBAIOLINE pACCESIHHE
HEHUTPOHOB B KOH/JCHCUPOBAHHBIX Cpelax;

[ mony4enue, popMupoBaHHe U AETEKTUPOBAHUE HEUTPOHHBIX MTyYKOB;
[] TeopeTHYeCKre OCHOBBHI SIIEPHOTO U MAarHUTHOT'O paccesiHusl HEHTPOHOB;
[] METOAMKH MPOBEAECHUS SKCIIEPUMEHTOB U 00pabOTKHU TaHHBIX IO HEUTPOHHOMY pacCesHUIO;

[] OCHOBHBIE METOJIbI UCIIOJIb30BAHUS HeﬁTPOHOB IJIL NU3YYCHU S CBOICTB BEIIIECTRBA.

yMeTh:

O PacCUMTBIBATh NAPAMETPHI IJIEMEHTOB HKCIIEPUMEHTAIBHBIX YCTAaHOBOK HEHUTPOHHOI'O
paccesHus;

O OPUMEHSTh (U3NYECKUE TEOPUU K OINHUCAHUIO XapaKTEPUCTUK B3aUMOJEHCTBUS

HCﬁTpOHOB C BCHICCTBOM, a TAKKC COOTBCTCTBYIOIINEC MECTOABI UCCIICAOBAHUA, OCHOBAHHBIC HAa UX
HCIIOJIBb30BaHUH;



O pelmarh OCHOBHBIE YpPaBHEHHUSI KJIACCHMUYECKOM W KBAHTOBOM TEOPHUH HEUTPOHHOTO
paccesiHus;

O 3¢ HEKTUBHO UCIIONIB30BAaTh COBPEMEHHbIE HHPOPMALIMOHHBIE TEXHOJIOTHU M PECYPCHI TS
NOJy4YEeHHUsI HEOOXOIMMBIX 3HAHUH 110 MHTEPECYIOIIEH HayYyHOH mpolieme.

BJIA/IETh:
0 CHelHabHON TEPMUHOJIOTHEHN B 00JIaCTH HEUTPOHHOTO PACCESHUS;

O METOAMKAMH TIOCTPOCHUS MOJCICH K ONUCAHWUI0 B3aUMOJCHCTBUS HEHUTPOHOB C
BCII[CCTBOM,;

] OCHOBHBIMH MCTOAAMHU ITPUMCHCHUA HefITpOHHOFO pacceiaHus.

TeMbl U pa3jaeiibl Kypca:

1. CgoiictBa HeuTpoHa. Jlyanusm BonHa-yactuua. McrouHuku HeiTpoHoB. HelTponbsl aiis
M3Yy4YEHUs1 KOHJICHCUPOBAHHBIX CPEJ.

XapakTepuCTUKU HEUTPOHA KaK 4acTULlbl. COOTHOLIEHUS MEXAY Pa3IMYHbIMU KUHEMATHYECKUMU
XapaKTEPUCTUKaMU HEUTPOHA KaK YacTHIbl M Kak BOJHBI. [lomydeHuwe HeWTpoHOB. Tumsl
UCCJIEIOBATEIbCKUX HMCTOYHUKOB HEUTPOHOB. 3ameasieHue HEWTpoHOB. CrekTpaibHOe
pacnpenelieHne 3aMeJICHHBIX HEeHTpoHOB. OCOOEGHHOCTH CBOWCTB HEUTPOHOB IS U3YYCHUS
CBOMCTB KOHJICHCUPOBAHHBIX CPEJ.

2. OCHOBBI TEOPUH pACCESTHUS HEUTPOHOB .

[Totok HeitiTpoHoB. Ceuenue paccessHusi. Ceuenue normoueHus. uddepenunanbHoe cedyeHue
paccestaus. J{Bax bl quddepennnanbHoe cedeHne paccessHus. OcnadieHne HeUTPOHHOTO MyYKa
3a CYET PacCestHUS U MOTJIOLIEHUS.

BosiHOBOE omnmcaHue paccessHHs HEUTPOHOB siApamMu. HelTpoHHas BoJHA. YIIpyroe paccesHue
HEUTPOHOB OJMHOYHBIM SAPOM. PaccessHMe HECKOJBKUMH SiIpaMH — HMHTEepQEepeHIts..
KorepeHTHOe M HEKOrepeHTHOE ceueHus paccedHus. HekorepeHTHoe paccestHue 3a Cyer
OTHOCHUTEJIbHBIX OPUEHTALINM CIMHOB HEUTpPOHA U siep. HekorepeHTHOE paccesiHue Ha siapax 3a
CYeT U30TOIMHOTO OeCropsIKa.

3. KBaHTOBO-MEXaHUYECKOE OIMMCAHUE npounecca paccesiHus.

Hauanpnoe u koHeuHble cocTtosiHus. [1noTHOCTE cocTostHu. OCHOBHOE ypaBHEHHUE pacCEsHUSA.
VYrpyroe paccessHUE Ha OJJHOM U HECKOJIBKUX sAApax. Heynpyroe paccessHue HEUTPOHOB.

[TonHoe ceuenue pacceiaHusd OT CUCTEMBI ACP. 3KCHepI/IMCHTaHBHBIC coo6pa>1<eH1/151. KOI‘CpCHTHOe
yapyroe pacCeaHue OT MHOTHUX AACP. KBanToBoe onmcanue ceueHus paccesaHus.

4. Ilomyuenne, popMuUpoBaHUE U TETEKTUPOBAHNE HEUTPOHHBIX MTYYKOB.

Komnmumatopel. HelitpoHoBoasl. MoHoxpomaropsl. [lpepbiBaTenn Iydka U CEJIEKTOPBI
ckopocreil.  Ilonmsgpusyromme  ¢uibtpel.  Ilonmspusyromme  3epkana.  I[lonmspusyromue
MOHOXpoMaTopbl. CriuH-(uunmnepsl. 'a30Bble U CHUHTUIUIALUOHHBIE 1€TEKTOPHI.

5. ManoyriioBoe paccesiHue.



CedeHue paccessHUS OT HAHOPA3MEPHBIX 00BEKTOB. CTpPYyKTypHBIH (akTtop. MamoyrioBoe
npubmkeHne. ManoyriioBoe paccessuHue OT HaHo4YacTHIl B pactBope. DopMm-pakTop TBepAOn
cdepsl u apyrux npocTsix hopm. [MomumucnepcHocTs. B3anmonononusemocts HeliTpoHos u CU.
®opmyna Jlebas. [Ipubnmxenue I'unne. 3akon I[lopona.

6. HelitponHnas pediexromeTpus.

Koaddunuent npenomnenus. KBaHToBoMeXaHHYECKOE PACCMOTPEHHE MpoIlecca OTPaKEHUS.
OTtpaxkeHue OT IMAJKUX IUIOCKUX moBepxHocTel. [lonHoe oTpaxenue. OTpaxkeHHe Kak MPOLECC
paccestuusi. OTpaskeHue OT CIOUCTBIX HAHOCTPYKTYp. LllepoxoBaThie U BOJHUCTHIE TOBEPXHOCTH.

7. Audpakuust HBUTPOHOB HA KPUCTAILIAX.

OneMeHTapHble sueriku. OOpaTtHas pemierka. [lo3uiuu aTOMOB B 3JIEMEHTapHOU sUYCHKeE.
3aceneHHOCTH TTO3uKi. ['pymnmbl cummerpun. 3akon bparra. @akrop Jlebas-Bamnepa. Uaterpan
cedeHus paccesHus npu audpakuuu. MozamyHocts. DkctuHKuusA. udpakunus no Jlays.
Hudpaxus Ha nopomkax. Judpakiuus Ha HAHOYACTUIIAX.

8. Heynpyroe paccesinue. Paccesinue Ha (hoHOHAX.

Teopust paccessHus: Ha KonebaHusax sigep. Kimaccuueckoe ommcanve Kone0aTenbHON JUHAMHKU
kpuctaisioB. KBanToBoMexanuueckoe omnucanue. OAHODOHOHHOE CEUEHHE pacCesHUs.
TpexocHslil ciekTpomeTp. CeKTpOMETPHI IO BpEMEHH MPOJIeTa.

9. MaruuTtHoOe paccesiHue.

MarautHoe B3aUMOJEUCTBHME HEHUTpOHAa C aTOMOM. MArHUTHBIA MaTPUYHBIA 3JIEMEHT.
MaTpuyHbli 3IEMEHT IJI HEMOJSPU30BaHHBIX HEUTPOHOB. OCHOBHOE ypaBHEHHE MarHUTHOTO
paccessHusi. MarHuTHbl  popm-pakTop. MarnutHas gudpaknus. Heympyroe wmarHuTHOe
paccesiHue.

10. KBasuynpyroe paccesHue HEHTPOHOB.

HenpepsiBras nud¢ysus. Moaens npeikkoBoil quddysun. Monens BpamarenbHol nuddysuu.
CrniekTpoMeTphl ISl UccieI0BaHus IPOLeCCOB AU Py3UH.

11. HeliTpoHHOE CIMHOBOE 9XO.
OddexT cnrHoBOrO 3xa. CIMHOBOE 3X0 NMPHU HEYNPYroM paccesHuH. CIIMH-2X0 CIEKTPOMETP.
12. Koppekius 1 00paboTka SIKCIIEpUMEHTAIbHBIX TaHHBIX.

DKCTepUMEHTAIbHOE M3MEPEeHUEe ABAXIbI MU (epeHIINalIbHOTO CeUeHUsl paccesHus. Y4eT He
3aBucAmero or oOpasma ¢ona. CaMOd’KpaHUPOBKAa W OCIAa0JEHUE HEUTPOHHOrO IMydYKa.
MHorokpatHoe paccesiuue. KannOpoBka HEHTPOHHOTO CIIEKTPOMETpa.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

MouJiekyJasipHasi 3J1eKTPOHUKA

Heab AMCHUNIMHBI:
- OCBOCHHE CTyJICHTaMH (PyHIaMEHTAILHBIX 3HAHUH B 001aCTH MOJICKYJISIPHOU SJICKTPOHUKH;

- M3YYCHHE IIMPOKOTO KPyra BOIPOCOB, KACAIOMIMXCS MEXaHHM3MOB Iepenadyd MHPOpMAaIi B
MOJIEKYJIIPHBIX CUCTEMAX;

- O3HAKOMJIEHHE C MPUHLUIAMU IOCTPOEHHUS 3JIEMEHTHOH 0a3bl YCTPOWCTB MOJIEKYJISIPHOH
JJIEKTPOHUKU U TEXHOJIOIMYECKMMH IIPUEMAaMU CHUHTE3a HAaHOCTPYKTYP, UCIOJIB3YEMBIX B TAKHX
YCTPOMCTBAX.

3agauu AMCHHUIINHBIL:

- ¢opmupoBaHre 0a30BBIX 3HAHHWW B 00JACTH MOJIEKYJISPHOM DIIEKTPOHUKH KaK AUCIUTUINHBI,
UHTETpUpylomeld oO0medru3nyeckylo U OOIIETEOPETUYECKYI0 IOATOTOBKY (H3UKOB U
o0ecrieynBarOIIell  TEXHOJIOTMYECKHE OCHOBBI  COBPEMEHHBIX  HMHHOBALIMOHHBIX  cdep
JIeSATEIbHOCTH;

- O6y‘{eHI/IC CTYACHTOB IIpHUHOUIIAM W TCEXHOJOI'MYCCKUC IPUCMbI CHHTE3a HAHOCTPYKTYP,
HCIIOJIB3YEMbIX B TAKUX YCTpOﬁCTBaX;

- (GopMHUPOBaHHE TOAXOJ0B K BBINOJHEHUIO MCCIEIOBAHUN CTyJIeHTaMH B oOnactu Ouo u
MOJIEKYJISIPHOM 3JIEKTPOHUKU B paMKaX BBITYCKHBIX pa0dOT Ha CTENEHb MarucTpa.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- MECTO U POJIb OOLIMX BONPOCOB HAYKH B HAYYHBIX UCCIICAOBAHUSIX;

- COBpEMEHHbIE TPOOIeMbl GU3UKU, XUMHH, MATEMaTHKH;

- TEOpeTUYECKUE MOIeNU (PyHAaMEHTaIbHBIX ITPOLIECCOB U SBJICHUHN B PU3UKE U €€ MTPUIIOKEHUSX;
- IPUHLIMIIBI CAMMETPUH U 3aKOHBI COXPAHEHUS;

- HOBEHIIINE OTKPBITUS €CTECTBO3HAHUS;

- IOCTAHOBKY Mpo0sieM (PU3NKO-XUMHUYECKOTO MOJECIIMPOBAHMS;

- 0 B3aUMOCBA34IX U (I)yH,Z[aMeHTaJ'ILHOM CANHCTBC CCTCCTBCHHBIX HAYK.



yMeThb:

- 3(1)(1)CKTI/IBHO HCIIOJIb30BaTh Ha IMPAKTUKC TCOPCTUYCCKUC KOMIIOHCHTBI HAYKWU:. ITOHATHUA,
CYKACHUSA, YMO3AKIIOYCHU A, 3aKOHBI;

- IPCACTAaBUTH IIaHOPaMy YHUBCPCAJIbHBIX ME€TOJ0B U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHMUS

- abcTparupoBaThCs OT HECYIIECTBEHHBIX BIUSHHUNA MTPH MOJACIHPOBAHUYU PEANBHBIX (PU3NYECKUX
CUTyalui;

- INTAHUPOBATH OIITUMAJIBHOC IIPOBCACHUE SKCIICPUMEHTA.

BJIA/IETh:
- IUTAHUPOBAHHEM, IIOCTAHOBKOM M 00pabOTKOM pe3ynbTaToB (PU3MUECKOI0 SKCIIEPUMEHTA;
- HAy4HOW KapTUHOW MHpA;

- MaTCMAaTH4YCCKUM MOJCIIMPOBAHUEM (1)I/I3I/I‘IeCKI/IX 3aJa4.

TeMbl U pa3jeiibl Kypca:
1. be3bI3nyuaTenbHbIe POLIECCHI IEPEHOCA IHEPTUH IJIEKTPOHHOTO BO30OYKICHUS.

Mexanusm ®epcrepa. OCOOEHHOCTH MEPEHOCAa IHEPIHMH B CUCTEME MOJIEKYJIbI-TBEPAOTENIbHAS
noiokka. OOMEHHBIN MexaHu3M TepeHoca sueprun. Teopus depcrepa-Jlekcrepa.

2. BBenenue.

TpaauunoHHas MIaHapHAs MUKPORJIEKTPOHHUKA, IPUHLIUITHAIBHBIE (PU3NYECKHE OTPAHUYEHUS €€
pa3BUTHs. MONEKyIApHbIE CHUCTEMbl KaK »JJeMEHTHas 0a3a JJIEKTPOHHBIX YCTPOMCTB.
[TepcnekTHBBI Pa3BUTHS MOJEKYJISPHOM 31eKTpoHUKHU. [IpobieMa MCIONb30BaHUS OTAEIBHBIX
aTOMOB, MOJIEKYJI M KX KOMIUIEKCOB B KAYECTBE JIOTHYECKHUX DJIEMEHTOB JIEKTPOHHBIX YCTPONCTB.
XapakTepHUCTUKH TaKUX 3JIEMEHTOB: HaJlexHOCTh cpabareiBanus, KI1/] mpeoOpa3oBanus curnana,
OJIHO3HAYHOCTh PEAKIMM MOJIEKYJIbl NpU ee BO30yKIeHUH. boibline opraHuyeckue u
OMoOpraHNYEeCcKre MOJIEKYIIbl KaK 3JIEMEHTBI MOJIEKYJIIPHBIX YCTPOUCTB.

3. Z[BI/I)KGHI/IC HOCHUTENEH 3apsaa B MOJICKYJIIPHBIX KpHUCTAJJIaX.

Bunpr IepeHoca, MOJEIbHBIN FraMUJILTOHUAH. HepeHoc B MOJCIIN IIEPECKOKOB. HepeHoc B 30HHOM
MOACIIHN.

4. 3anoMuHaHue, XpaHEHUE U nepepadoTka MHPOpPMAaIMK Ha MOJIEKYJIIPHOM YPOBHE.

Co3naHue MOCTOSIHHBIX 3anmoMuHaromux yctpoiictB (I13Y) ¢ ucmonp3oBaHMEM TPUIJIETHBIX
COCTOSIHUH OpraHWYeCKHX KpacuTenen. DIeKTpo- U (POTOXPOMHU3M aJCOPOUPOBAHHBIX MOJIEKYIL.
[Tpupona 31EKTPOHHBIX MPOLIECCOB, ONPENENAIONMX 3TH SABICHMA. 3anuch MH(OpMAIM Ha
ocHOBe 3(PdeKTa MEKTPOHHO-KOH()OPMAIIMOHHON MEeperpyninupoBKU. MexXaHu3M ONTHYECKOU
YaCTOTHO-CEJIEKTUBHON 3amucu MH(POpPMAlUMU B IUIEHKAX OpraHuyeckux Mojekya. Crocol
«BBDKUTAHUS TIPOBAJIAY.

BrITpAMISOIINAN MOJIEKYIISIPHBIN 3JIEMEHT. Y IPABISIOIIMM 3JIEMEHT PE30HAHCHOTIO TYHHEJIBHOTO
[IEpEeHOCa HOCUTENEH. Y TIPaBIAIOIMIME IPYNIUPOBKH. [[pHHIMI COTUTOHHOTO MEPEKIIFOUYEHHUS.



5. MonekynsapHble KpUCTAJIbI.

Kunkue KpucTaUlbl; HEMAaTUYECKHE, CMEKTHYECKME U  XOJIEeCTepUYecKue Me30(a3bl.
IlepcnieKTUBBI HCIIOIB30BAHUS B MOJIEKYJIIPHOU 2JIEKTPOHUKE.

6. OcHOBHBIE OKCIICPUMEHTAJIIBHBIC MECTOAbI NU3YUYCHUS TOHKUX MOJICKYJIAPHBIX CIIOCB.

MaioyrnoBasi peHTI€HOBCKasl CIIEKTPOCKOIHS, JIEKTPOHOTpa(Usi, JUITUIICOMETPHUs, TeHEepaIHs
BTOPOIl TapMOHUKH, CKaHUPYIOLIAasi TYHHENIbHAsI U @TOMHAsl CUJI0Basi MUKPOCKOIIHSL.

7. Ilnenku JI»armiopa-biaomkert (JIB).

MeTOI[I/IKa cuHTe3a IuieHoK JIb u ux HaHeceHus Ha IMOBEPXHOCTh TBEPAOIo TEia. HpI/IMeHeHI/IH
TOHKHUX OpraHu4YCCKUX IIJICHOK B MOJIGKyJISIpHOﬁ OJICKTPOHUKCE. Meton MOJICKYJIAPHOTO
HaCJlauBaHUs.

8. Ilonumepsl: CTPYKTypa U JIEKTPUUECKUE CBONCTBA.

buomnonumepsbl. [lepcrieKTUBBI UCIOIB30BAHUS B MOJCKYJISPHOH 3JCKTPOHHKE OMOMEMOpaH U
MMMOOMIM30BaHHBIX (PEPMEHTOB.

0. HpI/IHIII/IH caMooOprann3anuu OTACIIbHBIX MOJICKYJIAPHBIX KOMIIOHCHTOB MHTCIPAJIbHBIX CXCM.

OcHoBHble unen cunepretuku. Cuntes Meppudunga. CamoopraHuzanus MTOBEPXHOCTHO-
aKTUBHBIX BemiecTB. [lepecTpoiika CTPYKTYphI CII0€B OPraHUYECKUX MOJIeKYN U mieHok JIb mpu
CaMOOpPraHU3alIUU.

10. Cuurnerubie 3kcUTOHBI. COJIUTOHBI.

HOBerHOCTHHe 9KCUTOHBI. COJWUTOHHBIM MEXaHU3M nepcaaduu OSHCPrud MW 3apsaaa.
QHGKTpOCOHI/ITOHH H IIPOTOCOJIUTOHBI.

11. 9HeKTp0HHaH MMPOBOAUMOCTD NPOTAKCHHBIX MOJICKYJIAPHBIX CUCTCM.

BuyTpuMonexkynspHblii  [EpeHOC  AJIEeKTpPOHOB. KBaHTOBOMEXaHMUYECKOE  pE30HaHACHOE
TyHHeJInpoBaHUe. «OTHOIIEKTPOHUKAY.

12. 9HeKTp0HHO—B036y>KI[eHHBIe MOJICKYJIBI OPraHUYCCKHUX KpaCI/ITeHeﬁ Ha TIIOBCPXHOCTHU
MOJIYIIPOBOIHUKOB.

CnekTpanbHasi CEHCHOWIM3alMsl pa3auyHbIX  (HOTO3(PPEKTOB B  MOIYNPOBOAHMKAX U
JIURJIEKTpUKax. /IBa anbTepHATUBHBIX MEXaHU3Ma CEHCUOMIIN3allMN: IEPEHOC SHEPTUHU U EPEHOC
anekTpoHa. DoToceHCMOUTM3UpPOBaHHASL TMepe3apsaka pa3IMUHBIX TIPYNN TOBEPXHOCTHBIX
COCTOSTHUH B TUIIMYHBIX F€TEPOCTPYKTYpPaX, UCMOJIb3YEMBIX B MUKPO- U HAHOAJIEKTPOHUKE.

13. 9J'IeKTpOHHBIe CIICKTPBI NOTJIOMICHUSA U JIOMUHCCICHIINN aI[COp6I/Ip0BaHHLIX MOJICKYIIL.

OcHOBHBIE IIYTH JAUCCUTIALIMN SHEPTUH BO30YKIEHHBIX aICOPOMPOBAHHBIX MOJIEKYJI: TIPOLIECCHI B
ancopOIoHHOM (aze, B TBepAOM Tene. XapaKTepHbIC JHEPreTHYECKHE CXEMbl YpPOBHEH
B036Y)K}16HHI)IX MOJICKYJI MW OJCKTPOHHBIX IIEPEXOJOB MEKAY HHUMU. d)nyopecueHuI/m.
KonebatenbHas penakcanusi SHEPruM 3JIEKTPOHHOTO BO30OYKIEHHUS B aJICOPOIIMOHHON (a3e.
Hcnoap3oBaHme dTHX Sq)(l)eKTOB JJI1 CO3J1aHUS CCJICKTUBHBIX MOJIYIIPOBOAHHUKOBBIX CECHCOPOB IJIA
ra30BOT0 aHAIN3A.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

HelipoKOrHUTUBHBbIE TEXHOJIOTUH

Heab AMCHUNIMHBI:

- (QopMupoBaHHE Yy CTYJICHTOB CHCTEMBl HAayYHBIX TNPEACTABICHUNH O BO3MOXKHOCTAX
HEHPOKOTHUTUBHBIX TEXHOJIOTUH.

3agaum IMCHUILIMHBI:
- MproOpeTeHne 0a30BbIX 3HAHUN B 00JIACTH HEUPOKOTHUTHUBHBIX TEXHOJIOTHIA;
- OCBOCHHE METOJIUYECKON U METOOIOTUYECKOM 0a3bl HEHPOKOTHUTUBHBIX TEXHOJIOTHUH;

- 3HAKOMCTBO C OCHOBHBIMHU pe€3yJbTaTaMH OTEUECTBEHHBIX M 3apyOeKHBIX paboT 1o
MCCJIEJOBAaHUIO MO3Ta, CBSI3aHHBIX C pa3padO0TKOM Npo0deM HEMPOKOTHUTUBHBIX TEXHOJIOTUH.

Ilepevenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaOLIHECs JOJKHBI

3HATh:

- OCHOBHBIE COBPEMEHHBIE METOIbI HEHPOKOTHUTHBHBIX TEXHOJIOTHIA;

- OCHOBHBIC 00J1aCTH MMPUMCHCHUA HeﬁpOKOFHHTHBHLIX TEXHOJIOTHIA.

yMeTb:

- MIOJTL30BAThCSI CRBOMMU 3HAHMSIMU JJISI TOCTAHOBKH HOBBIX 3371a4 B 00JIACTH HEHPOKOTHUTHUBHBIX
TEXHOJIOTHIA;

- COIIOCTABJIATH JJTAHHBIE MOJIYYEHHBIE B PA3HBIX dKCIIEPUMEHTAIBHbBIX UCCIIEN0BAHUSIX;
- IPOBOJUTH METOI0JOTHUECKYIO OLIEHKY 00CYKIaeMBIX Pe3yIbTaTOB;
- aHAJIM3UPOBATH COBPEMEHHBIE pa0OThI B 00JIACTH HEMPOKOTHUTHUBHBIX TEXHOJIOTHIA,

- COOTHOCHUTDb HAYYHBIC U TCXHOJIOTUYCCKUC 3ala4U B HeﬁPOKOFHHTHBHLIX HUCCICIOBAHUAX.

BJAaJ€Th:
- OCHOBaMH KOMIIBIOTCPHOI'O aHAJIM3a B obiactu HCﬁpOKOFHHTHBHBIX TCXHOHOFHﬁ;

- HaBbIKaMU OCBOEHUS O0JIBIIOT0 00beMa HH(OPMaLINK;



- HaBBIKAMH HaXOXJCHUs HeoOxomumoil uHpopmanuu B HWHTepHeTe B oOnacTu
HEUPOKOTHUTUBHBIX TEXHOJIOTUH;

- HaBbIKaMU aHaJIM3a SKCIICPUMCHTAJIbHBIX JaHHBIX.

Tembl u pa3iennbl Kypca:
1. HeliporuOpuaHbie 1 HEHPOMHTEILIEKTYAIbHBIE CUCTEMBI.
Mojenu HelpOHaIbHBIX KYJIbTYP.

Mopenu u3ydeHuss Mo3ra in vivo ® in vitro. Mojenu HEWpoHanbHBIX KynbTyp. OOydeHHE B
KYJIbType HEMPOHOB. l]ayedHass akTUBHOCTB B KYJIbTYPE HEUPOHOB. /J[MHaMMKa CTPYKTYpBI CETH
HEHPOHOB.

OO0ydeHue ¢ TOJIKPEIICHUEM.

[Tpumepsl Moaenel 00yueHus ¢ noAKpenaeHueM. JJocTonHcTBa U HelocTaTku. MojenupoBaHue
oOyueHns. VMcKyccTBeHHBIE HEHPOHHBIE CETH. OJBOMIONHOHHOE oOO0y4deHue. CeJeKIHOHHOEe
oOydeHwue.

Teopust or0opa HeHpoHHBIX Ipymi. TpeboBaHUs K cCUCTEeMHOU Mojenu o0y4deHus. KoHkypeHIus
HEUPOHOB.

Mopaenu HeipoHHBIX ceTeil. [IpuMepbl Moaenel HEMPOHHBIX ceTel. JJoOCTOMHCTBA U HEIOCTATKMU.

[TpenukTOpHBIE CETH.
[TpyHLIMIIBI TPEAUKTOPHBIX ceTel. Moeb LieneHalpaBIeHHOT0 alallTUBHOTO MIOBEACHUS.
W cKyccTBEHHBIN HHTEIIEKT.

Tect Teropunra. HMcropust pa3BUTHS HCKYCCTBEHHOrOo HHTeIeKTa. CHUMBOJIBHBIE
UHTEJUIeKTyaJbHblEe cHcTeMbl. HeipoOuonornueckue wmojaenu. AHMMATBhl. ODBOJIIOLMOHHAS
kubepHeTuka. HelipomopdHBle  CHUCTEMBI  HCKYCCTBEHHOIO  MHTe/UIeKTa.  ['mOpuHBIE
HENPORIIEKTPOHHBIE CUCTEMBI.

2. HeﬁPOKOFHHTHBHBIC TCXHOJIOTHMH Ha OCHOBC OIITOI'CHCTUKH.

HpI/IHI_II/IHH ONTOTC€HETUKHU. MeTonpl ONTHKUA. METOAbl T'€HETHKH. I/ICTOpI/ISI Pa3BUTHUA
OIITOICHCTHUKH. yﬂy"IH_ICHI/IH KJIaCCHYCCKOI'0O MCTOAa OIITOICHCTUKMH. OnToreHeTUKU 1 (I)MPT

[Tpotiecchl oOyueHus u naMsTi. MaHUMTYISIITUU ¢ TTaMaThio. Co3/jaHne UCKYCCTBEHHON MaMSsITH.
HetiponerenepatuBHbie 3a00JI€BaHMS.

CnocoObl YIIpaBJICHUA daKTUBHOCTBIO HeﬁpOHOB.

[TocnenoBaTenbHOCTh AEUCTBUM [IJIs1 MPOBEACHUS ONTOI€HETHUYECKOTO 3KcrepumeHTa. [pyrue
(KpoMe OMNTOT€HETUKH) CHOCOObI YIPaBICHHUS AKTUBHOCTHIO HEWPOHOB. XEMOIEHETHKA.
MexaHu3m paboThl OTICHHOBBIX OEJIKOB.

3. OcHOBBI HEHPOKOMIIBIOTEPHBIX HHTEPPENCOB.



HewvnBa3uBHBIC HEHPOUHTEP(DEHCHI.
Mo3ro-MamvHHbIE 1 MO3TO-KOMITbIOTEpHBIE HHTEpdeiichl. MHTepdeiics! Ha ocHoe D1
HetiponnTepdeiicel KIIETOYHOTO YPOBHSI.

Peructpanusa  akTUBHOCTH  OTHENIBHBIX  HEHpPOHOB. Buael  aktuBHOCTH.  [IpHMHIMIIBI
HelipouHTepdericoB.

TpaHCFGHHBIe JKHUBOTHBIC IJIA HeﬁpOKOFHHTI/IBHBIX TEXHOJIOTHH.

[IprMeHeHHe TpaHCIeHHBIX JKUBOTHBIX B HeilpoOuoioruu. MeroJsl TpaHCreHe3a: UHBEKLUS B
nponykieyc. IlpeumymiectBa M HelocTaTKU. MeTolbl TpaHCI€HE3a: HMHBEKIUS CTBOJIOBBIX
knerok. IIpenmmymecrBa m Henocrarku. HampaBiieHHBIM TpaHCIeHE3 - CO3JAHHE HOKAyTOB.
VYupasnsemble TpaHcrensl: Cre-cucrema, TetO-cuctema.

MeTton AByX(OTOHHOM MUKPOCKOIIHH.

OcHoBHble npuHLUIB MeTona. [IpeumyiiecTBa ABYX(OTOHHOW MHKPOCKOIUHU A in Vivo
BU3YaIM3aI[ii aKTUBHOCTU HEPBHBIX KIIETOK.

MeTo/1bl HCcCIIeTIOBAaHUSI aKTUBHOCTH HEHPOHOB in Vivo.

MeTtoabl MCCIEIOBAHUS AKTUBHOCTU HeﬁpOHOB in vivo y 60,I[pCTBYIOH_[I/IX JKUBOTHBIX WA Y
MOJBMKHBIX KMBOTHBIX. I eHeTHUECKH KOAUPYCMBIC KaJIbIIUEBBIC CCHCOPHIL



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpagsaenue: 03.04.01 Ilpukaagabie MaTeMaTHKA U (PU3UKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

OcCHOBBI OHOTEXHOJIOTHHU

Heab AMCHUNIMHBI:

[locBoeHME CTyAeHTaMH (hyHJAMEHTAIbHBIX OCHOB COBPEMEHHON OMOTEXHOJIOTMH, OCHOBAaHHOM
Ha METOJIOJIOTHUSIX TEHETUYECKOH U METab0IMUYEeCKON MHKEHEPUH MUKPOOPTraHU3MOB, PACTEHUH,
JKUBOTHBIX U PACTUTENbHBIX KIIETOK;

[103HAKOMJICHHE C OCHOBHBIMHU JOCTHXKCHHSIMU OMOAKOHOMHKH, BKJIFOUYAsh MPOM3BOJICTBO W3
BO300HOBIISIEMOTO CHIPbSi OMOTOILIMBA, XUMHUKATOB, OMOIUIACTHKOB, TEPANleBTUYECKUX OECJIKOB,
reHoMoaudurpoBaHHbix pacteHuit ('MO);

[103HaKOMJIEHME C HOBBIMM TE€HACHLIUSIMHU B Pa3BUTUHU 6I/IOT6XHOJ'IOFI/II/I, TaKMMHU KaK MI/IKpO6HBIe
TOIIJIMBHBIC 3JICMCHTHI, OMOCHHTE3 Ha OCHOBE CHHTE3 rasa, 3H€KTpO6I/IOCI/IHT63.

3agauu AMCHUIINHBIL:

O dbopMupoBaHue 0a30BBIX 3HAHWW B O00JIACTH OHOTEXHOJOTHMH — JUCITUIUIMHEI,
WHTETPUPYIONICH TOCTHXKEHUS COBPEMEHHOW MOJICKYJSIPHOW OMOJIOTHH, OHMOMH(POPMATHKU U
XUMHUYECKON TEXHOJIOTUH;

0 YCBOCHUC TIPUHOHUIIOB CO3AaHUA TI'CHHO-HHXXCHCPHBIX OpPraHU3MOB C TIIOJIC3HBIMHA
CBOMCTBAMH H OCYIICCTBJICHHUC OMOTEXHOJIOTHYECKHIX MponeccoB IIpU KYJIbTUBUPOBAHUU
MHUKPOOPTaHHU3MOB, KYJIBTYP KJICTOK ) XUBOTHBIX U paCTeHHﬁ;

O MOJIyueHUEe 3HaHUM B o0sacTu OHMOPKOHOMHUKH, IO3BOJISIONINX OPHEHTHPOBATHCS B
COBPEMEHHBIX NTHHOBAIIMOHHBIX TEXHOJOTUSAX UCIIOJIb3YIOIIUX KUBbIE CHCTEMBI.

ITepedyens miIaHMpPyeMbIX pe3yJIbTATOB 00y4eHHS MO TUCHHUILINHE (MOAYJIIO)

B PE3YIbTATC OCBOCHUA TUCHUIIIIMHBL 06yt1a}oumec;1 JOJIDKHBI

3HATh:
O OCHOBHBIE TIPUHIIMIIBI, HA KOTOPBIX OCHOBAHO (PYHKIIMOHUPOBAHHE OMOTEXHOIOTHYECKUX
CHUCTEM;

O MPUHLIMIBL paboThl OMOXHMMHUYECKHX peakTopoB ((hepMeHTEPOB) mpuU a’poOHBIX H

aH33pO6HBIX YCIIOBUSIX, MI/IKpO6HBIX TOIINIMBHBIX 3JICMECHTOB, a3p0- U MCTAHOTCHKOB.

yMeThb:



O OIICHUBATh OMOTEXHOJOTUYECKHE MPOIECCH ¢ YIKOHOMHUYECKON M IKOJIOTMUECKOW TOYEK
3peHUs.

BJIAJ€ETh:

O OMOXMMHUYECKOH TePMUHOJIOTHEH;

O IPUHLIUIIAMHU KJIacCU(UKAUK OMOJIOIMYECKUX MOJIEKYIT;

O HaBbIKAMHU aJICKBaTHOM OLIEHKH MPEACTaBIECHHON B JINTEpaType HHPOpMALUH;

0 CIOCOOHOCTBIO  OIICHMBATh PE3YNbTAThl, IMOJYYCHHbIE C TOMOIIBIO  PA3THYHBIX

OMOXMMHYECKHX  TEXHOJOTMH  (TonmuMmepasHas  IemHas — peakius, JJeKTpodope3 B
MOJIMAKPUIIAMUTHOM Telie, pa3InIHbIe BUABI XpOMATOTpadUu U MACCIIEKTPOMETPHH ).

TeMbl U pa3jeiibl Kypca:

1. bruoTexHOIOTHS OXpaHbl OKPYKAIOIIEH CPEbL.

MertaHoTeHKH, a3poTeHKH. buonerpananus nonoranToB (HedTH).

2. buortonnuso.

buostanon I nokosnenus. Lenmtono3usii aTanon. byranon u uso0yranoin. buonusens.
3. 'eHHas uHXEHepUsi MUKPOOPTraHU3MOB, PaCTEHH, )KUBOTHBIX. METO/IbI U LEJIH.
Bekropst u meroasl nocraBku JIHK B kietky. PCR- peaknusi. PekomOunarus.

4. I'MO pacteHusl.

[lepuoanueckoe U HempepbIBHOE KyIbTUBHpOBaHUE (xemocTaT). Cpelpl U peakTopbl. MeToabl
KOHTPOJI U PETYIISILUU POCTA.

5. KOHCTPYI/IpOBaHI/IC MTaMMOB — MUKPOOPIraHU3MOB CBEPXIPOAYHCHTOB MeTa0O0JIUTOB.

Krnaccuueckast cenexius: myrareHe3 u otoop. Merabonuueckas uHxeHepus. Pegokc-6amaHc.
CrexHomerpuueckue mozenu. IIpumepsl: mnpoayrneHTsl aMUHOKUCIOT L-tpeonnna u 1,4-
OyTaHauona.

6. KYJ'IBTI/IBI/IpOBaHI/Ie MHKPOOPTaHHU3MOB U KJIICTOK 3YKAPUOT.

HepI/IOI[I/ILIeCKOG U HCHPEPBIBHOC KYJIBTUBUPOBAHUC (XeMOCTaT). Cpe,[[BI U PCAKTOPHL. Metoasl
KOHTPOJIA U pETYyJISALIUA POCTa.

7. MUKpOOHBIE TOTIJIUBHBIE AIEMEHTHI. DJIEKTPOOMOCUHTES.

SJICKTpOFCHBI. CnocoObl nepcaadn JJICKTPOHOB Ha MNOBCPXHOCTH KIICTKU. KOHCTPYKIHA H
3(b(I)CKTI/IBHOCTL MI/IKp06HLIX TOIIJIMBHBIX 3JICMCHTOB. HpI/IMepBI 3HeKTp06I/IOCI/IHTC3a.

8. Hedoroxmmiaeckoe BOCCTAaHOBIICHUE YTIIEKHCIIOTO ra3a MUKPOOPTraHU3MaMH.
Buoxumus nponecca. Anierorensl. Poct opranu3moB Ha cuHTe3-ra3e. KoHCTpyKIus peakTopos.

9. Onpenenenne MOHITHI OMOTEXHOJIOTHUS M OMOIKOHOMHUKA.



Hctopus Bompoca. ObnacTu mMpUMEHEHHUsS OMOTEXHOJOTHMH B CEJIbCKOM XO3SICTBE, MEIULIMHE,
OXpaHe OKPYXKAIOIIEeH Cpe/ibl B MPOM3BOACTBE OMOTOIUIMBA U XMMHKAIHEB.

10. Pa3BuTtne 6morexnonoruu B Poccutickori denepamnu.
Ucropusi, coBpeMenHoe coctosiHre. ChIpbeBOM PECYpCHBIN MOTEHITUA.
11. PerenepatuBHas MEIUIIMHA.

CTBOJIOBBIE KIJIETKH. Marepuainbl Ui MOAJNEPKAHHUs KICTOK: MOJUI(PHPHI; KOJUIATCH; XUTO3aH;
PEKOMOMHAHTHBIE OCJIKY IMayTHHEI.

12. Perymsiuus metaboau3Ma MUKpPOOHOU KIETKH.

AJIOCTepUYECKOE PEryJUpOBaHHE aKTHUBHOCTH (epMEHTOB; perpeccus, ctabunbHocTh PHK,
ayutapmoH ppGpp, CTPECCOBBIN OTBET.

13. PekoMOuHaHTHBIE OCJIKHU, UCIIOJIb3yEeMbI€ B MEIUIIUHE.

WucynuH, TOPMOH pocTa, UHTEP(EPOHBI, IPUTPOIOAITUH, (PAKTOPHI CBEPTHIBAHUS KPOBHU.
MonoknonansHbie aHTUTENA. [IpoIyKIus B KyJIbType KIETOK, B PACTCHHUSIX U )KUBOTHBIX.

14. depmeHTaTUBHBIE MPOIECCH B BUOTEXHOIOTHY.

lempona%l: o-aMuJiasa, I''IrOKoaMuiiasa, oCaxapuBaHUC Kpaxmajad, HCJIIKOJIO3bI: OCaXapHBaAHUC
LCJUIIOJIO3bI; ITPOTCA3bI, JIUIIA3bl B CTUPAJIBHBIX ITOPOIIKAax.

15. XumukaTsl Ha 6a3e BO30OHOBIISIEMOTO ChIPbSI.

W3onpes; MOJIOYHAs, SIHTapHast u UTaKOHOBAsI KHUCJIOTHI. buononumepst:
noJsuruapoxkcuankoHatsl: nonunakrat (PLA), nonubyrunencykuunar (PBS).



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpagijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HUCCJIE0BAHUI

OCHOBBI MAIIIUHHOTO U TJIy0OKOr0 00y4eHust

Heab AMCHUNIMHBI:

- COBEpILICHCTBOBAHNE KOMIIETEHIIMI CTY/IGHTOB B 00JIACTH PELICHUs MPO(ECCHOHATBHBIX 3a7a4
110 MAIIMHHOMY U TIIyOOKOMY O0y4YECHHIO.

3agauu AMCUUIIINHBIL:

- chopMupoBaTh yMEHHE UCIONB30BaTh 0a30BbIE THUIMBI H  KOHCTPYKIHH  SI3bIKA
nporpammupoBanus Python;

- chopmMupoBaTh yMeHHE pabOTaTh CO CTAHAAPTHBIMU CTPYKTYpaMu JaHHbIX B Python, mucath
¢dbyskun Ha Python, mpumeHsTh GyHKIIMOHATBHBIE OCOOEHHOCTH s3bIKa, paboTaTh ¢ (aitnamu ¢
MOMOIIIBIO si3bIKa Python;

- copMHUPOBATh YMEHHUE IPUMEHSATh MEXaHU3MBI HACJICIOBAHUS, CO3/IaBaTh KJIACCHI U paboTaTh C
HUMH, 00pabaThIBaTh UCKITIOYCHHSI,

- chopMHpOBaTh YMEHUE MCKATh M UCIPABIATH OMIMOKH B mporpamme Ha Python, TectupoBath
nporpammel Ha Python;

- chopMupoBaTh yMEHHUE THCATh MHOTOIIOTOYHBIN KO Ha Python, nmucath acCHHXpPOHHBIN KOJ| Ha
Python, paboTath ¢ ceThI0, CO3/1aTh CBOE CEPBEPHOE CETEBOE MPUIIOKEHHE;

- chopMupoBaTH yMEHHUE TOJIb30BaThCs OnMbIMoTekamu Python st paboThl ¢ JaHHBIMUE;

- chopMHpOBaTh YMEHHUE pelIaTh ONTHMH3AIMOHHBIE 33/1a4H ¢ ToMolIsio Python;

- chopMupOBaTH YMEHHUE UCTIOJIB30BaTh MATEMATHUECKUN armapart AJist padOThl C TaHHBIMU;
- chopMHpOBATh HABBIKU MTOCTPOCHHUSI MPEACKA3BIBAIOIINX MOJIEIICIH;

- chopMHpOBaTh YMEHHUE OIEHUBATH KAYECTBO MOCTPOSHHBIX MOJIETIEH;

- copMHUpOBaTh YMEHHE NMPUMEHATh MHCTpyMEeHTHl Python nns pemeHus 3amad MammHHOTO
00yJeHUsI.

ITepedyenb miIaHMPyeMbIX pPe3yJIbTATOB 00y4YeHHs MO JUCHHUILINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YJarOIIHECs TOKHBI

3HATh:

— YCIIOBUSI IPUMEHEHUS JIMHENHBIX MOJIETIEH;

- OCHOBHBIC ITOAXO/bI Fpa)IHeHTHOf/’I OIITUMM3AI NN,



(hopMabHYIO MOCTAHOBKY 33J]a4l MAIIMHHOTO O0yUYEHUS C YUUTEIIEM;
(dhopMaIbHYIO MOCTAHOBKY 33J1a4d JTUHEHHON KIacCH(PUKAIUY;
OCHOBHBIE apXUTEKTYpHI;

OCHOBHBIE [TOHATHS JIMHEHHON anredpsl;

OCHOBHBI€ ITOHATUS TEOPUH BEPOSATHOCTEH;

OCHOBHbIE HEJTMHEHHbIC (PYHKIINH aKTHBAIIHH;

cnienn(uIecKre CBOWCTBA JIEPEBbEB;

(dbopMabHYIO MOCTAHOBKY 3aJ1aui 00pabOTKU €CTECTBEHHOT'O SI3bIKA;
untepodeiic SK-learn;

OCHOBHBIE TEXHUKHU PETYJISIPU3AINH B INTyOOKOM O0yYEeHUH;
noustus Padding, Strides, Pooling;

OCHOBHBIE MTOHITHS MAIIUHHOTO O0YYCHUS;

HauBHBIN baiiecoBckuii Kiraccudukarop;

JTUHEIHBIE MO MAIIMHHOTO 00yUeHUS;

Kakue QyHKIUU TIOTePh MPUMEHHUMBI JUTS 33149 KJIACCH(PHUKAIINN;
TeopeMy baiieca;

teopeMy ["aycca-MapkoBa;

Teopemy DKapTa-SIHra;

IIPUHLIMIIBI OPTaHU3ALNAN KOAQ;

MOHATHS KoJuleKuil u pyHkuuit B Python;

Ha3zHauyeHue (PyHKIUH B A3bIKAX MPOrPaMMHUPOBAHUS;

CeTeBbIe TEPMUHBI (COKETHI, KIIUEHT, CEPBEP);

6a3oBble TUIBI U KOHCTpYKIMK Python;

POJIb KOJUTeKIMi U (yHKIMHA B MporpaMMupoBaHuu Ha Python;
MPUHLMI PaOOThl KIIMEHT-CEPBEPHOIN apXUTEKTYPHI;

MOHATUS KJ1acCOB U 0OBKTOB B Python, moHnMaeT ux B3aMOCBSI3b;
MIOHATHE HACJIEIOBaHMS;

MEeXaHU3Mbl HAaCJIeIOBaHMs U €ro pojib B MporpamMmmupoBaHuu Ha Python;
6ubnuorexku Python st 06paboTKM TaHHBIX;

rJie HaXOOUTCS KaTajor ONOJINOTEK;

MOHSTHS TECTUPOBAHUS U OTJIA/IKH;

CITIOCOOBI CUHXPOHU3alIHUU ITOTOKOB;



— 0COOEHHOCTH pabOTHI ¢ TII00ABHBIM 1LTF030M GIL;

— HECKOJIbKO BCTPOCHHBIX (PyHKIHUH si3b1ka Python;

- MOHATUE OCOOBIX METOJIOB KIIACCOB;

— POJIH 0COOBIX KJIACCOB B MporpaMMupoBannu Ha Python;

- MPUHIUI PabOThl ACHHXPOHHOT'O B3aUMOJICHCTBHUS;

— 0COOEHHOCTH 00BEKTHO-OPUEHTHPOBAHHOK Moienu B Python;
— MeXaHu3M (OPMHUPOBAHUS UCKITIOUCHH;

- KOHCTPYKIIMU si3bika Python amst coznanus moToKoB;

— MIPUMEPHI ACHHXPOHHOTO POTPaMMHUPOBAHHS;

— npuHIUn pabotsl cuctemsl Git;

— IIOHATHA IIPOLECCCOB H IIOTOKOB,

yMeThb:

- BBINOJIHATH MPAKTUUECKUE 3a/1a41 U IIPOEKTHI B KOMaH/IE;

— pemaTh 3a/1a41 KiIacCu(UKAIUHI U PErPECCHU METOI0M OIKANIINX COCeIeH;

- HaXO/UTh NPOU3BOAHYIO (PYHKILIMH, SKCTPEMYMBI U BBITYKJIOCTU (DYHKIIMU, TPATUCHT;
- MPOU3BOIUTH ONTHMHU3ALUIO TIaIKUX (DYHKIMIA U YCIOBHYIO ONTUMHU3AIHUIO;

- yiaydymaTtb KadcCTBO HpeILCKaSaHI/Iﬁ C MOMOIIBIO OCHOBHBIX W MPOABHHYTBIX TCXHUK
chaM6HI/IpOBaHI/I${;

— HaXOJUTh BEPOSITHOCTD U YCIIOBHYIO BEPOSTHOCTD;
— OLIEHMBATh KAYECTBO MOJIEIH JJIsl pEeLICHU 3aauu KilaccupUKaIuy;
- BBINOJIHATH 0a30BbIE ONEPALlMU C BEKTOPAMH U MaTpUIIAMU;

- pelaTth 3aJa4u JUMHEWHOW pErpeccuy;

— MIPOU3BOIUTH MaTpUUHOE paznoxkenue SVD;

— pemaTh 3a/1aud OMHAPHOM U MYJIBTUKIIACCOBOM KilaccU(UKALIUY;

- CTPOMUTH MOJIENb ¢ peryispusanueit B PyTorch;

- paboTaTh C BEKTOpaMH U MaTpUIlaMHU ¢ momoltbio NumPy;

- CHI>KATh Pa3MEPHOCTh MPU3HAKOBOI'O IPOCTPAHCTBA;

— OILICHHMBATh MOJIBHIOOPKY C TOMOIIBIO KPUTEPHUS MHCKJIAcCU(UKALMU, SHTPOINUUHOTO
Kputepus u Kkputepus JKuHHY;

- Hpe[[06pa6aTBIBaTB TCKCTOBBIC JaHHLIC U U3BJICKATh U3 HUX IIPHU3HAKU,

— 3arpy’karthb JJaHHbIE ¢ moMoIIsio Pandas;



— peanu3oBbiBaTh ML-pipeline;

- CTPOHUTH EPEBO PELICHUN;

- OIICHUBATh 3HAYMMOCTH MPU3HAKOB C TTOMOIIKI0 1Toax0A0B Information gain, LIME, Shap;
— pelaTh MPaKTHIEeCKHUE 3a/Ja4H ¢ TIOMOIIbI0 HAaMBHOTO baliecoOBCKOTO KiaccuukaTopa;
— MIPOU3BOJIUTH HAYUHBIE BBIYUCIICHHUS C TIOMOIIBIO SciPy;

— ctpouth rpaduku ¢ Matplotlib;

— peaM30BBIBATH JIOTHCTUYCUKYIO perpeccuro ¢ momoiisio PyTorch;

— pelaTth 3a1a4n KiacCu(UKalUy U PErpecCuu C MOMOIIBIO PEIIAIONINX EPEBHEB;

- pea30BBIBaTh TPAJAUCHTHBIN OycTUHT ¢ momotbio CatBoost;

— OMUCHIBATh JINHEWHBIC U HEJIMHEHHBIE 3aBUCUMOCTHU C TOMOIIIbIO HEMpoceTel;

- CTPOMTH MpocTeinyto HelpoceTs Ha PyTorch;

— CTPOUTDH PEKYPPEHTHYIO HEUPOHHYIO CETh;

— 00poTbcs ¢ mpoOIEeMON 3aTyXarOMIMXCS TPATUCHTOB M MPOOJIEMOH B3pPBHIBAIOIIMXCS
IpaaucHTOB;

MPUMEHSATHh CBEPTOYHBIC CJIOM JIJIs1 00paOOTKH N300paKEeHUI;

- peniaTh 3a1a4n KJIacCU(PUKAINN U PETPECCUU C IIOMOIIBLIO TPATUCHTHOTO OYCTHHTA;

- cTpouTh Mojienu ¢ momoniso LSTM u GRU;

- 00pOThCs ¢ IepeoOydeHneM HEHPOCETH ¢ TTIOMOIIBIO PETyJIspH3aIiy;

- CTpOUTH UHPOPMATHBHBIE BEKTOPHBIE MPEACTABICHUS CIIOB;

- MCIOJIb30BaTh 0a30BbIe TUIBI M KOHCTPYKIMHU Python /uis HanmrcaHus IPOCTHIX MTPOTPaMM;

- COMOCTaBUTh M BBIOpaTh HEOOXOAMMYIO CTPYKTYpY JMAAaHHBIX JUISI KOHKPETHOMN
MPAKTUYECKOW 3a7a4H;

- COCTaBUTh MEPAPXUI0 KJIACCOB M OMMCATh MX METOJbI IJii KOHKPETHOW MPAKTHUYECKOU
3a7a4u;

- BBIICIIATL B 3aJa4y€ Ha CCTCCTBCHHOM  SA3BIKC H€O6XOI[I/IMOCTI) IMPHUMCHCHUSA
MHOT'OITIOTOYHOCTH,

— BBIJICNIATh B 3a/lade Ha €CTECTBEHHOM f3bIKE HEOOXOAMMOCTb NPHUMEHEHHs 0a30BBbIX
KOHCTPYKLIUH SI3bIKA;

- OTIPEACTUTH U CIIPOSKTUPOBATH HEOOXOAUMBIE KIJIACCHI M METO/IbI KJIACCOB ISl KOHKPETHON
MpeAMETHON 00J1acTH;

— CO3JaTh IPOrpamMMy, HCIIOJIB3YIOIIYK) HECKOJBKO IIOTOKOB, I KOHKPETHOU
MPAKTUYECKOU 3a7a4H;

- Hanucath Npoctoii koa Ha Python;

— HamucaTbh COOCTBEHHYIO (DyHKIMIO Ha si3bike Python;



— HCIOJIb30BaTh Marnueckrue MEeTO bl B HAaTMCAaHUH COOCTBEHHBIX MporpaMM Ha Python;
— MMcaTh MHOTOITOTOYHBIX KOJT Ha Python;

- co37aTh MPOTPaMMY IO OIMMCAHUIO 33/1a4d Ha €CTECTBEHHOM SI3BIKE C HCIIOJIb30BaHUEM
KOJUICKIIUH si3bIKa Python;

— MCTOJIb30BaTh KOHCTPYKIIUH [T TeHEepaluu UCKiItodeHnid Ha Python;

- ycraHoBUTh UHTenperaTop Python ceGe Ha komnbroTEp;

- yCTaHOBUTH cpeny pazpabotku PyCharm;

— YUTATh U 3alIMCHIBATh JIAaHHBIE U3 (haiina;

— yCTaHaBIIMBATh BHENIHUE Oubanoreku B Python;

— ucnoib3oBath Git U1 OTCISKUBAHHS UCTOPUH U3MEHEHUN BEpCUl KOJIa;

— poTeCTUpOBaTh KoJ Ha Python;

- BPYYHYIO CO3/1aBaTh UM yCTaHABJINBATh OUOJINOTEKH;

— IIpoaHaIu3upoBaTh koA Ha Python u ucnpaBuTk ommbKu B mporpamme;

- UCIOJIb30BaTh BO3MOXKHOCTH OMOIMOTEKH asyncio i pean3alui aCHHXPOHHOCTH;
- UCIOJIb30BaTh KOJUIEKIMU M (QYHKIMH JUIs HanucaHus rnporpamm Ha Python;
— CO3J1aBaTh KJIACCHI M UCIIOIB30BATh METOBI KIIACCOB;

— CO3/1aBaTh MporpaMMmy st 00paboTku uckioyeHnit Ha Python B ycinoBusx KOHKpeTHOM
MPAKTHUYECKOH 3a7auu;

- nUcaTh KOJ JJIs aCHHXPOHHBIX MPHIIOKEHUH Ha Python;
- BBI3BIBATh U MOJIy4aTh Pe3y/IbTaT BHIIOJHEHNUS BCTPOCHHBIX (yHKUui Python;

— co3J1aTh MPOTrpaMMy IO OMMCAHUIO 33Jaud Ha €CTECTBEHHOM S3bIKE C HCIOJIb30BAHUEM
¢ynkuuit s3eika Python;

- Hamucath Tporpammy Ha Python ¢ mnpumeneHuem OMOIHOTEK IS KOHKPETHOM
MPAKTUYECKOM 3a7a4H;

- HUCIIOJIb30BaTh OCHOBHBIC (I)YHKI_II/II/I n MCTOJbI PythOIl JJId HalTMCaHUA COOCTBEHHBIX
KIIMCHTCKUX U CCPBCPHBIX HpI/IJ'IO)I(eHI/II\/'I;

— OTIPEIENATh, TPEOYETCS JIM B MPUIIOKEHHUH MHOTOTIOTOYHOCTb.

BJAACTh:

- CTaHJapTHBIMU CTPyKTypamHu JaHHbBIX B Python, ymenuem mnucars ¢ynkuumu Ha Python,
MPUMEHSTh (PYHKIIMOHAIbHBIE OCOOCHHOCTH si3bIKa, paboTaTh ¢ (aillaMHu C MOMOIIBIO SI3bIKa
Python;

- MCXaHU3MaMHM HaCJICJOBaHUA, CO3JaBaTb KJIAaCCbl H paGOTaTB C HHMHU, 06pa6aTBIBaTB
HNCKIIIOYCHHAA,

- HaBbIKaMH BLI60pa noaxoasamero MErtoga OIITHMHU3aluM A4 KOHerTHOﬁ 3aJa4u,



- HaBBIKAMU MpuUMeHeHus 6ubnamoreku Python s moctpoeHus Monenu JIMHEHHOM perpeccuw,
peIIaomuX IePeBhEB U KOMIIO3UIIMA aaTOPUTMOB, IJIsi OOyUEHHUS METPUUYECKUX alTOPUTMOB,

SVM, 0aifeCOBCKHX MOJIEIICH.

TeMbl U pa3jeiibl Kypca:

1. OcHoBsl porpamMupoBanus Ha Python

1. Bengenue B mporpammupoBanue Ha Python:
Jlekusa

BBoaHoe BHIEO K KypCy

Beenenue B nporpammupoBanue Ha Python

O s3pike Python

YcranoBka unrepnperatopa Python na Windows
YcranoBka unrepnperatopa Python na Linux
Pa6ora B IDE PyCharm. IlepBast mporpamMmma
Beenenue B Python

BBoa u BBIBOJ JaHHBIX

IIpuMepsl MPOCTEUIINX IPOrPaAMM

Wroru 3ansatus

[IpakTuyeckas pabora

BrlinonHenue 3ajaHuii Ha IPOrpaMMHUPOBAHUE 110 TEME JIEKIIUU
CamocTtosTenbpHas paboTta

CaMOCTOSITEeIIbHOE BBHIOJHEHUE 3a)1aH1/1171 nmo TEME JICKIIMU, H3YUYCHUC
MaTcpHraioB, TCCTUPOBAHUC

2. Tunbl ganHbIX. KOHCTpYKIMY SI3bIKA:
Jlexims

Bronnoe BHzCO

YucrioBble TUIIBI, ONIEpaIU
CTpOKOBBIN THIT TAaHHBIX

Jlornueckuil TN JaHHBIX

VYcnoBHBIM oniepaTop

Unctpykuus if-elif-else

uka while

[uxn for

JOITIOJIHUTCIIbHBIX



OmnepaTop continue

Omneparop break

ITpakTnyeckas pabora

BrinonHenue 3ajaHuii Ha IPOrpaMMUPOBAHUE 110 TEME JIEKIIUU
CamocrosrenbHas pabora

CaMOCTOSTENILHOE BBIIIOJHCHIE SaI[aHI/Iﬁ mo TEME JICKIMHU, H3YUYCHUC JOINOJTHHUTCIBbHBIX
MaTc€pHralioB, TCCTUPOBAHUEC

3. Konnekuuu:

Jlekusa

[ToHsITHE CTPYKTYPHI TaHHBIX
MHoxecTBa

WNHunekcamus cTpoku (psmas, oopaTHas)
Ctpoxka, cpe3bl CTPOK

Cnucku

Cpe3bl CIIUCKOB

Koprexu

CnoBapu

[IpakTuyeckas pabora

BrimonHenue 3a1anuii Ha MPOrpaMMHUPOBAHUE 110 TEME JIEKIIUU
CamocTtosTenpHas paboTta

CaMOCTOSITEIIbHOE BBHIOJHEHUE 3a)1aH1/1171 nmo TEME JICKIMHU, H3YUYCHUC JOMOJTHUTCIbHBIX
MaTcpHraioB, TCCTUPOBAHUC

4. ®ynkuuu. Pabora ¢ ¢aitnamu:

Jlexums

Wmennsle pyHkuu, vHCTpYyKuus def

OyHKIUU, APryMeHThl (GYHKLIUU
JIambOna-pyHkus

OyHKIUS KaK apryMeHT. JlekopaTopsl
Hckmouenus B python. Konctpykuus try — except
Pabora c ¢aitnamu: urenue u3 daiina

Pabora c ¢aitnamu: 3anuce B daiin

[TpaBuna 3anucu koga, PEP8



[TpakTuueckas pabota
BrinonHenue 3ajaHuii Ha IPOrpaMMUPOBAHUE 110 TEME JIEKIIUU
CamocrostenbHas pabora

CaMOCTOSTEIIPHOE BBHIIOJHCHHUE 3a;[aH1/1ﬁ nmo TEMEC JICKIMHU, H3YUYCHUC JOIMOJIHUTCIBbHBIX
MaTcpHraJioB, TCCTUPOBAHUC

5. Knaccel 1 00BEKTHI:

Jlekusa

BBenenue B 00beKTHO-OPUEHTUPOBAHHOE MTPOTPAMMHUPOBAHUE
Kiaccel 1 3K3eMILISAphI KI1acCOB

Metonsl

[Tpumep Ha KiTacchl (MHKATCYIISANS, TTOTUMOPHU3M)
[IpakTrueckas padota

Brinonnenue 3aanuii Ha TPOrpaMMHUPOBAHHE TIO0 TEME JICKIIUH
CamocrosiTenpHas padoTta

CaMOCTOSTENILHOE BBINTOJHECHUE SaﬂaHI/Iﬁ mo TEMeE JICKOUHU, HU3YUYCHHUC JOIOJIHUTCIIbHBIX
MaTcpHraioB, TCCTUPOBAHUC

6. Hacnenosanue:

Jlexnusa

Hacnenosanue B Python

Kommno3zuius kinaccos, npumep

[Tpumep ucnonbp30BaHUs HACTIEIOBAHUS

[TpakTnueckas pabora

Beinonnenue 3aanuii Ha MpoOrpaMMHPOBAHUE 110 TEME JIEKLIUU
CamocTosTenbHas pabora

CaMOCTOSTEIIbHOE BBHIOJHEHUE 3a)1aH1/1171 nmo TEME JICKIMHU, H3YUYCHUC JOMOJTHUTCIbHBIX
MaTepHraJioB, TCCTUPOBAHNUC

7. Ocobble MeTo/IbI KIaccoB. MexaHu3M paboThl KIacCoB:
Jlexums

Oco0ble MeTOo/1bI KJTacCOB. MexaHu3M paboThl KIIacCOB
Maruueckue (crennaibHble) METObI

[Teperpy3ka onepaTopoB

HrepaTopsl

KonTtexcTable MCHCIKCPBI



Jeckpuntopsl

[TpakTuyeckas pabora

BrimonHenue 3aganuii Ha MPOrpaMMHUPOBAHKE IO TEME JIEKIINU
CamocrosTenpHas pabora

CaMOCTOSTENILHOE BBIIIOJHECHIE SaI[aHI/Iﬁ mo TEME JICKIMHU, H3YUYCHHUE OJOIIOJTHHUTCIBHBIX
MaT€pHralioB, TCCTUPOBAHUC

8. Pabota ¢ omubkamu.

Jlekuus

Kiacch uckmouenuii u ux oopadboTka

I'enepanust UCKIIFOUEHUIA

Uckmrouenus B requests, mpumep

[TpakTrueckas pabota

BrimonHenue 3aanuii Ha IPOTPAMMHUPOBAHUE TI0 TEME JICKITUN
CamocTtosaTrenbHas padora

CaMOCTOSTENILHOE BBINTOJHECHUE 3aJaHui II0 TeMe JICKOIUH, MU3YUYCHUC HOOIIOJHUTCIBHBIX
MaTcpHraioB, TCCTUPOBAHUC

9. YcranoBka BHemHux 6nbiamnorek. Padora ¢ Git.

Jlexnusa

[ToaxroueHue MOy M3 CTAHAAPTHON OMOITMOTEKH
YcranoBka BHemHUX 6ubimorek Python

Hcnonb3oBanue nceBoHUMoB. MHCTpyKIus from

Coznanue cBoero Mmoaysst Ha Python

VYcranaBka python-nakeToB ¢ MOMOIIBIO pip

OTtimagka

TectupoBanue

Git, paboTa ¢ pacnpeieIEHHBIMUA CUCTEMaMH YIIPABJIEHUS BEPCUSIMU
[TpakTrueckas pabota

BrinonHenue 3a1anuii Ha MPOrpaMMHUPOBAHKE IO TEME JIEKIIUU
CamocrosTenbHas pabora

CaMOCTOSTEIFHOE BBIIIOJHCHIE 3anaH1/1171 mo TEME JICKOHUH, HW3Y4YCHHUC JOIOJHUTCIIBHBIX
MaTCpHraioB, TCCTUPOBAHUC

10. ITpouecchl U TOTOKH.

Jlexuusa



IIpouecchl U MOTOKK

IIpouecc u ero xapakTepuCTUKU

Co3aHue mpoieccoB

Cozianue noToKoB

CuHXpOHU3AIUS TOTOKOB

Hcnonp3oBanue motokoB threading

Mmuoromnporneccoprost 06padboTka multiprocessing
[IpakTuyeckas padora

BrinonHenue 3ajaHuii Ha IPOrpaMMUPOBAHUE 110 TEME JIEKIIUU
CamocrosTenpHas pabora

CaMOCTOSTENILHOE BBINTOJHECHUE 3aJaHui 110 TeMe JCKIIMH,
MaTCpHruaJIOB, TCCTUPOBAHUC

11. Pabota ¢ cetbro. COKeThl.

Jlexnusa

Pabora c ceTbto, COKETHI

CoxeTsl, mporpamma KIMEHT-CEPBEp

TaiimayTsl 1 00paboTKa CETEBBIX OMIHOOK

OpnHoBpeMeHHast 00pabOTKa HECKOIBKUX COSIMHEHUN
[TpakTiueckas pabota

Beinonnenue 3aanuii Ha MporpaMMHUPOBAHKE IO TEME JIEKIIUU
CamocrositensHas paboTta

CaMOCTOSTEIIbHOE BBHINIOJHEHHE 3aJJaHuMl 110 TeMme JICKIINH,
MaTepHraJioB, TCCTUPOBAHUC

12. AcUHXpOHHOE MTPOrPaMMHUPOBAHHUE.

Jlekuust

ACHHXpOHHOE POrpaMMHUpPOBaHHE

O06paboTka 3anpocoB B OJAMH MTOTOK, MOAYJIb select
HTepaTopbl U TeHepaTophl, B UeM pazHuia?

["'enepaTopsl ¥ COMPOrpaMMbl

[TpakTrueckas padota

BrinonHenue 3a1anuii Ha MPOrpaMMHUpPOBaHKE IO TEME JIEKIIUU

CamocTosrenbHas pabora

HN3YUCHHUC JOIOJIHUTCIIbHBIX

N3YUCHUC OOMOJIHUTCIBbHBIX



CamocrosTenbHOE BBINOJHEHWE 33JaHUN 1O TEMEe JIEKIMH, HU3y4eHHE JOINOJHHUTEIbHBIX
MaTepUasoB, TECTUPOBAHUE

13. 3auer

2. OCHOBBI MAIIMHHOTO O0YYCHHS

1. Moayns 1. Marematndeckue OCHOBBI MAIITMHHOTO OOYYECHHS
1.1. JIuneitnas anre6pa. bubmuoreka NumPy

Jlekuus

Ienu u mu1an 3aHATUA

Beenenne. Chepbl npuMEeHEHUS] MATMHHOTO 00y4eHUs
BexTopsl. OCHOBHBIE Ollepaliy HaJl BEKTOpaMu
Matpuiel. OCHOBHBIE ONIEpallUK HAJl MaTpULAMU
NHCTpyKIMA 10 HACTPOUKE JTOKATBHOW MaIlIMHbI
bu6nunorexa NumPy. Jluneitnas anredpa B NumPy
[TpakTrueckas pabota

Boinonnenue 3aganusi Ha TpOrpaMMUPOBaHKE
CamocTtosTenbHas pabora

CaMocCTOATEIbHOE BBINOJHEHUE 33JaHUM 10 TEME JIEKIMHM, H3Y4YEHHME JOMOIHUTEIbHBIX
MaTepHalIoB.

1.2. Meton Ommkaimx cocenei

Jlexms

Ienu u m1aH 3aHATHS

OcCHOBHBIE TOHATHSI MAITUHHOTO O0YYEeHHS
dopmanbHas 3a1a4a

Meton k Ommkaimmx coceaei

Peammuzanus kNN B Python

[TpakTudeckas pabota

Brinmonnenue 3aganusi Ha TPOrpaMMUPOBaHKE
CamocTosrenbHas paborta

CaMOCTOSTEIIPHOE BBHIIOJHCHUE 3aJJaHuMl 110 TeMme JICKOUH, U3YYCHUC HOOIIOJHUTCIBHBIX
MaTCpHraJIoB.



1.3. Cnyuaiinocts. HauHebI# baiiecoBckuii kiaccudukaTop
Jlekuus

[lenu u ru1an 3aHATHA

BepositHocTh. CBOICTBa BEPOSITHOCTH

VYcnoBHas BeposiTHOCTh. Teopema baiieca

Haupnblii baiiecoBckuii kiraccudukarop

Peanuzanus HauBHOTO OaiiecoBCKOro Kiaccudukaropa
OMnupuieckre pyHKINUU pacrpeneaeHus

[TpakTuyeckas pabora

BoinonHenue 3agaun Ha NPOrpaMMHPOBAHUE 110 TEME YPOKA, TECTUPOBAHUE
CamocTtosTenbHas paboTta

CaMoCTOATEIbHOE BBINOJHEHUE 3aJaHU 10 TEME YPOKa, HW3YYEHHE JIOMOJIHMUTEIbHBIX
MaTepUasoB

1.4. OntuMmusanus

Jlekms

Lenu u r1ad 3aHATHS

[Ipou3BoHas U ee TpUMEHEHUS

['pagueHTHas onTUMU3ALIMS

YcaoBHAs ONMTUMU3ALUS

Pemenue 3agaun onTUMU3AIMKN TPAJUEHTHBIME METOIaMU
[TpakTrdeckas pabota

BrimonHenune 3amanuii o TeEMeE JIEKIIUHA

CamocTosTenbHas pabora

CaMOCTOSTEIIbHOE BBHIIOJHEHUE 3aJJaHuil 110 TeMme JICKOUH, U3YYCHUC HOOIOJHUTCIBHBIX
MaTcpHraJioB

1.5. 3anaya perpeccun. JIuneitnas perpeccust
Jlexuus

Llenw v r1ad 3aHATHS

JluHeiHbIe MOJIENIN MAIITMHHOTO 00yUeHUs

JIunelinas perpeccus



Teopema ['aycca-MapkoBa

L1 u L2 perynspuzanus

Pelienue TMHEHHOM perpeccuy U aHAJIM3 YCTOMYMBOCTU PELICHUS
[TpakTuyeckas pabora

BrimonHeHue 3a1auu Ha IPOrpaMMHUPOBAHHE 110 TEME YPOKa, TECTUPOBAHUE
CamocTosTenbHas paborta

CaMoCTOATEIbHOE BBIIOJHEHUE 33JaHUM 110 TEME YpOKa, H3YYEHHE JIOMOJHUTEIbHBIX
MaTepUajoB

1.6. O6paboTka 1 BU3yaau3alys JaHHBIX. MaTpUYHbIE Pa3JI0KEHUS]
Jlekuus

Llenu u naH 3aHATUS

3amaua CHIKEHHS Pa3MEPHOCTH

Merto/ r1aBHBIX KOMITOHEHT

Busyanuzanus B Python Ha nmprmepe BEeKTOPHBIX IPEICTABICHUI CIIOB
[IpakTuyeckas pabora

BrimonHenue 3a1aun Ha MPOrpaMMHUPOBAHKE IO TEME YPOKa, TECTHPOBAHHE
CamocrositenpHas padora

CaMOCTOSTEeIbHOE BEHIIIOJHEHUE 3aJJaHdil 110 TeMe YpOKa, MH3YUCHUC JOIIOJIHUTCIBbHBIX
MaTcpHraJioB

1.7. 3anaya xknaccuduxanuu. Jloructuueckas perpeccus
Jlexuns

[lenu u r1ad 3aHATUS

3amaua TMHEHHOM Ki1accupuKaum

[TpaBnomnonobue

Jloructnueckas perpeccust

MynbTHKIIacCOBas KiIaccupuKaus

Metpuku Ki1accupuKau

bazosoe BBenenue B PyTorch

[TpakTuyeckas pabora

BrimotHeHME 3312491 Ha MPOTPaMMHUPOBAHUE 110 TEME YPOKa



CamocrositensHas padoTta

CaMoCTOATEIbHOE BBIIOJHEHUE 33JaHUM 110 TEME YPOKa, H3YYEHHE JIOMOJHUTEIbHBIX
MaTepUajoB

2. Mogyns 2. MamumHHOe 00y4eHne

2.1. Meton onopHbIX BekTOpoB. OleHKa KayecTBa Kiaccudukanuu. MeToIbl KpoCC-BaIUIalluN

Jlekusa

[lenu u r1ad 3aHATUS

Meton onopHBIX BEKTOPOB

HenuHelHbII METO ONIOPHBIX BEKTOPOB

OneHka kauecTBa Kiaccu(uKaluu

Mertoabl kpocc-Baugauu

Cross-validation riddle

ITpakTuyeckas padora

Boinonnenue 3agaun Ha NpOrpaMMHPOBAHUE 110 TEME YPOKa, TECTUPOBAHUE
CamocrosiTenpHas pabora

CaMOCTOSTENNLHOE  BBINOJIHEHUE 3aJaHUl 110 TeMe YpOKa, H3YUCHUC JOIIOJIHUTCIBbHBIX
MaTCpHraIoB

2.2. Pemaroiue 1epeBbsi U TEXHUKU aHCAMOITUPOBaHUS
Jlexuus

[lenu u r1ad 3aHATHS

Pemaromue nepesbs

[Iporienypa mocTpoeHus aepeBa perieHui
Kputepun undopMaTuBHOCTU: DHTPONHUS
Kpurepnii [xuan

Kpurepuu B 3amaue perpeccuu. YcedueHne 1epeBbEB
Crneuuduueckue CBOMCTBa 1epPEeBhEB

[TpakTrueckas padota

BrimosHEeHME 3a1aHuii IO TEME JIEKITNH

CaMocTosTenpHas pa60Ta



CamocrosTenbHOE BBIIOJIHEHNWE 33JaHUN 1O TeMe JIEKIMH, W3Y4YEHHE JOIOJIHUTENIBbHBIX
MaTepUajoB

2.3. Seaborn u mpaKkTUKa M0 ACPEBHIM

Jlekuus

Llenu v ru1aH 3aHATUS

Seaborn u npakTuka 1o 1epeBbsIM

[TpakTuyeckas pabora

BrimonHenue 3a1aun Ha MPOrpaMMHUPOBAHKE 110 TEME YpOKa
CamocrosTenpHas pabora

CaMoCTOATEIbHOE BBIIOJHEHUE 33JaHUM [0 TEME YPOKa, HW3YYEHHE JIOTOJIHUTEIbHBIX
MaTepHaoB

2.4. Cnyuainpii nec. [IponBuHyThie TEXHUKH aHcaMOupoBaHus. JluimemMMa cMelieHus-
JTUCTIEPCHUH.

Jlexnusa

Ilenu u r1ad 3aHATUS

TexHuKa aHcaMOJIMPOBAHUS

RSM

JunneMmMa cMeleHus

CwmennBaHue

CTekuHr

[TpakTrueckas pabora

BrinonHenue 3agaun Ha MPOrpaMMHUPOBAHUE 110 TEME YPOKa, TECTUPOBAHUE
CamocTosTenbHas pabora

CaMOCTOSTEeIbHOE BEHIIIOJHEHUE 3aJJaHdil 110 TeMme YpOKa, MH3YUCHUC JOIOJIHUTCIBbHBIX
MaTcpHraJioB

2.5. I'pagueHTHBIN OYCTHHT.
Jlexius

Llenw v 1ad 3aHATHS
byctuHr

['panueHTHBIH OyCTHHT.



Busyanmzanus rpaiueHTHOro OyCTUHTa
CatBoost

[TpakTrueckas padota

BrinonHenue 3agaHuil o TEME JIEKIIUHA
CamocrosiTenpHas padoTta

CaMOCTOSTENILHOE BBIIIOJHCHIE Sa,HaHI/Iﬁ 10 TEME JICKIHH,
MaTCpHrajIoB

2.6. 'pagueHTHBIN OYCTHUHT Ha MPAKTHKE

Jlekuus

Ilenu u r1ad 3aHATUS

I'paguentHslii Oyctunr. [Ipumepst

['panuentnsiii Oyctunr. [Ipumenenue B Python
[TpakTrueckas pabota

BelnonHenue 3agaun Ha MPOrpaMMHUPOBAaHUE 110 TEME ypOKa
CamocrosiTenpHas pabora

CaMOCTOSTENILHOE BBINIOJHECHUE 3aJaHui 110 TeMe JCKIIMH,
MaTCpHraIoB

2.7. OueHKa 3Ha4MMOCTH ITPU3HAKOB.

Jlexuus

[lenu v r1ad 3aHATUS

Information gain u npoune MOAXO/bI AJIs 1€PEBHEB
LIME

Shap

[TpakTnyeckas pabora

HU3YUYCHUC OOIOJHUTCIBbHBIX

HN3YUCHUC OOIOJHUTCIIBbHBIX

Bremonuenue 3ala4i Ha MPpOrpaMMHpPOBAHUC IO TEMC YpOKa, TCCTUPOBAHUC

CamMocTosTenpHas pa60Ta

CamocTosITeTbHOE BBINOJIHEHHE 3aJaHUN 10 TeMe JIEeKIIUH,
MaTepuasoB

2.8. Beenenue B riayookoe oOydeHue.

Jlexuusa

HN3YUCHUC OOMOJIHUTCIBbHBIX



enu u m1ad 3aHATHS

Hcropust HICKYCCTBEHHBIX HEMPOHHBIX CeTer
Heiipounsie cetn

MexaHnu3Mm 00paTHOTO pacpOCTPAHEHUS OIINOKH
DyHKINUN aKTUBALUU

HNHTepakTUBHOE 1EMO

Heitponnsie cetu. Utorn

[Ipocreiimas HelipoceTs Ha PyTorch
[TpakTuyeckas pabora

BrinonHenue 3amaHuil o TEME JIEKIIUHA
CamocTtosTenbHas paboTta

CamocTosiTeIbHOE BBIMIOJIHEHUE 3aJaHUN 110 TeMe
MaTepUasoB

3. Monayns 3. 'myGokoe oOydeHue
3.1. SGD nmopabotku

Jlexnusa

Ilenu u r1ad 3aHATUS

SGD nopabotku

Perynsapuzauus 8 DL

[TpobGnema nepeoOyueHus
AyrMeHTanus 1 UTOTH

PyTorch: Mmozaens ¢ perynsipuzanueit

[TpakTrueckas pabota

JICKIIUH,

Brinonsenue 3agaud Ha nporpaMMHupOBaHuC 110 TEMC YpPOKa

CamocTosTenbHas pabora

CaMOCTOSTEIIPHOE BBHIIOJHCHUE 3aJJaHuMl 110 TeMme
MaTcpHraJioB

3.2. BeKTOpHBIE NPEACTABIEHUS CIIOB.
Jlekuuns

Ilenu u r1ad 3aHATHS

JIEKIUH,

U3y4eHUe

HN3YUYCHUC

JOITIOJIHUTCIIbHBIX

JOITOJIHUTCIIbHBIX



BBenenune B NLP

[TpenBaputenpHas 06paboTka TeKcTa

M3BneueHne mpu3HaKoB

Bekropnoe npencrasnenne cinoB (Word Embeddings)

BekTopHblie ipencrabienus cioB. Busyanuzamus. (Word embeddings visualization)
Busyanmzanus B Python

[TpakTuyeckas pabora

BeinosHeHue 3a1aun Ha MPOrpaMMHPOBAHUE 110 TEME YPOKa

CamocrostenpHas pabora

CamocTosiITeTbHOE BBINIOJIHEHHE 33JaHUN 10 TEME€ JIeKI[UU, HU3YYCHUE JOMOJHUTEIbHBIX
MaTepuasoB

3.3. PexyppeHTHbIe HelipoHHbIe ceTu. [IpoOiaema 3aTyxaromero rpajineHTa.
Jlexnusa

[lenu n nu1aH 3aHATHA

S13pIKOBOE MOJIETTUPOBAHUE

PexyppeHTHBIE HEHPOHHBIE CETH

RNN

LSTM

[Tpobnema 3aTyxaromux rpaieHToB

[TpoGiiema B3pbIBAIOLINXCS TPAJUEHTOB

SI3pIKOBOE MOJIeIMpOBaHue: peanu3anus B Python
PexyppeHTHBIE HelipoHHBIE ceTH: peanu3anus B Python
[TpakTrueckas pabota

BrimonHenue 3a1aun Ha IpOrpaMMHUpPOBAaHME 110 TEME YpOKa
CamocrositensHas paboTta

CaMOCTOSTEIIPHOE BBHIIOJHCHUE 3aJJaHuMl 110 TeMme JICKOIUH, U3YYCHUC HOOIOJIHUTCIBHBIX
MaTcpHraJioB

3.4. O6paboTtka nzobpakennii. CBepTouHbIe HEMpoHHbIE ceTH. YacTs 1.
Jlexuus

Ilenu u r1ad 3aHATHS



CBepTOoYHBIE CIIOU

WuTepakTHBHAS IEMOHCTpAIIHS
Padding, Strides, Pooling
[TpakTuyeckas pabora

Brimonnenue 3aganuii o TeMe JIEKIIAN
CamocrositenpHas padoTta

CamocTosiITeIbHOE BBIMIOJIHEHHE 33JaHUM 10 TeMe JIeKIIMH, HW3Y4YeHHE JIOMOJIHUTEIbHBIX
MaTepUajoB

3.5. O6paboTtka m3o0pakenuii. CBepTOYHBIC HEHPOHHBIE ceTH. YacTh 2.
Jlekuus

Llenu v T1aH 3aHATUS

0O0630p apXUTEKTYp

Caeptku i n300paxkeHuii. bazoBsiit 0030p, MpUMEpPHI

[TpakTrueckas pabota

BrimonHenue 3aa4u Ha MPOTrpaMMHUPOBAHUE 110 TEME YPOKa
CamocTtosTenbHas paboTta

CamocTosiTeTbHOE BBHITIOJIHEHWE 3aJaHUNA 1O TeMe JIEKI[UU, HU3YYCHUE JTOTMOJHUTEIbHBIX
MaTepUajoB

4. 3ayer.

5. ToroBslii IpOEKT



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

HapaJIJIeJIbeIe BbIYHMCJICHUA

Heab AMCHUNIMHBI:

- oOyueHme CTyJJCHTOB TEOPUH M MPAKTHYECKUM HABBIKaM MapajlIeIbHOTO MPOrPaMMHUPOBAHUS U
pemieHus pyHIaMEHTAIbHBIX U MPUKIIAJHBIX 33724 HAYKH M TEXHUKH C TIOMOIIBI0 COBPEMEHHBIX
CYNEPKOMIIBIOTEPHBIX CHCTEM.

3agauu AMCHUIINHBIL:

- (¢opMmupoBaHue 0a30BbIX 3HaHUH B 00JacTU TEOPUHM M TPAKTUKH MAPAJUIEIBHOTO
IIPOrPaMMUPOBAHUS JUIsl COBPEMEHHBIX KOMIIBIOTEPHBIX U CYIIEPKOMIIBIOTEPHBIX CHCTEM;

- 06yquI/Ie CTYACHTOB IIPUHIHUIIAM CO3AaHU: IMapaJlUICJIbHBIX aJITOPUTMOB U IIPpOIpaMM JIF000Tr0
YPOBH: CIIOKHOCTH, OPUCHTHPOBAHHBIX HA HAYUYHO-TCXHUYUCCKHUEC ITPUIIOKCHUS,

- MPAKTUYECKOE MPUMEHEHUE CTYJCHTAMHU ITOJYyYEHHBIX 3HAHUU IIPU BBIIOJHEHUH KYPCOBBIX U
BBIITYCKHBIX pa0OT Ha CTENEHh MAarucTpa.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI
3HATh:

0 O6H.IYIO IMOCTAHOBKY HpO6JI€M KOMIIBIOTCPHOI'O MOJCIUPOBAHUA B Pa3JIMIHBIX o0acTsax
HAayYKU U TCXHUKU;

O CTPYKTYPY U MOCJIEIOBATENBHOCTh BBIYUCIUTEIBHOTO YKCIIEPUMEHTA;

O OCHOBBl TE€OPUM MAPAJIEIBHOIO NPOrPaMMHUPOBAHUS U CYNEPKOMIIBIOTEPHBIX
BBIYHCIICHUI;

O COBPEMEHHBIE TEHICHIIUU Pa3BUTHUS KOMIIBIOTEPHBIX U CYIIEPKOMIIBIOTEPHBIX apPXUTEKTYP;
O COBPEMEHHBIE MOAXO0/Ibl K MHOTOIIOTOYHOMY ITPOTPaMMHUPOBAHHUIO;

O COBPEMEHHBIE MOJXO/bI K TPOTPAMMUPOBAHUIO PACIIPEAEIEHHBIX BEIUUCIICHUN;

O COBpPEMEHHBIE TOAXOJBl K pa3padoTKe OOJBIIUX TMPOTPaMM M KOMILIEKCOB IS

BBIYHMCIIUTEILHBIX CUCTEM C THOPUTHON apXUTEKTYPOI;

W COBPCMCHHBIC MapaJlJICJIbHBIC MCTOABI PCIICHU 3a/1a4 JIMHEHOM aﬂre6pbl N YU CJIICHHOT'O
aHaliu3a.



yMeThb:

O 3G (HEKTUBHO MCIOIB30BATh HAa MPAKTHKE TEOPETHUECKUE KOMIIOHEHTHI Kypca: MOHATHS,
CYKJICHHUsI, YMO3aKJIIOUCHM S, 3aKOHBI, TCH/ICHLIUH;

l NpEACTAaBIATE IMaHOpPaAMy YHHBEPCAJIbHBIX METOJAOB H AJITOPUTMOB B obnacTu
napaaiCIbHbBIX BBI‘iPICJ'IGHPIfI;

0 paboTaTh Ha COBPEMEHHOM KOMITBIOTEPHOM OOOpPYIOBaHHMHU, YIPABISEMOM Pa3TUYHBIMU
OIEPALMOHHBIMU CUCTEMAaMHU;

0 abcTparupoBaTbcs OT HECYIIECTBEHHBIX BIMSHUN TMPOTPAMMHON Cpelbl U CO3[aBaTh
NepPEeHOCUMbIE TTapajlieIbHble TPUIIOKEHUS;

O IJIAHUPOBATh  ONTUMAJIBHOE IPOBEACHUE  BBIYUCIMUTEIBHOIO  OJKCIEPUMEHTA  Ha
KOMITBIOTEPHBIX U CYIIEPKOMIIBIOTEPHBIX CUCTEMAX.

BJIa/1eTh:
0 MaTeMaTUYeCKUM MOJICTTUPOBAHUEM HAYUYHO-TEXHUYECKUX 3a7a4;
0 IUIAHUPOBaHWEM,  IOCTAaHOBKOW,  peanu3anued ©  00pabOTKON  pe3ysibTaToB

BBIYHUCIIUTCIIBHOI'O SKCIICPUMCHTA,

O HaBBIKAMH  CaMOCTOATENbHOM  pabOThl HAa  COBPEMEHHOM  KOMIIBIOTEPHOM |
CyNEePKOMIBIOTEPHOM 000PYIOBAHUHU.

TeMbI U pa3jaeiibl Kypca:
1. BBGJIGHI/I@ B IMapalJICJIbHBIC BBIYUCIICHUS

YcTpoiicTBO  OOBIKHOBEHHOTO  KOMITBIOTEpa. MeEToAbl MOBBILICHUS MPOU3BOJAUTEIBHOCTH
kommnbloTepa. IlapannensHas  oOpaGoTka  gaHHBIX  (mpuMep).  MHOrompoueccopHsle
BBIYUCIIUTENbHBIE CUCTEMBI U X NpuMeHeHue. [1pobiemsl ucnonszoBanus MBC. Hapamusanue
amnmapaTHbIX CpeICTB — HcTopuueckuil mpumep. [lapamnenbHas o0paOoTka JaHHBIX Kak
3 PEKTUBHBIN METO OBBILIEHUS IPOU3BOJUTEIBHOCTH BBIYMCIUTEIbHBIX CUCTEM. ATIIapaTHbIE
pEIIEHNUs, HCHOJB3YIOUIME MApPAJUIENN3M. YBEJINYEHUE WHTEIUIEKTYaJIbHOCTH —amnmnapaTHo-
IpOrpaMMHOM  cpenpl.OLeHKa peaJbHOM MPOU3BOJUTEIBHOCTH BBIYMCINUTEIBHON CUCTEMBI.
VYckopenne U 3(PQPEeKTUBHOCTh HCMOIb30BAHUS MApaUIEIbHON BBIYMCIUTEIBHOM CHUCTEMBI.
3akonbl Ampana. Ilpumeprl. BrusiHHMEe apXUTEKTypbl BBIYMCIUTENIBHOW CHCTEMBI Ha
3¢ ¢deKkTUBHOCTh pemieHus 3anau. Krnaccuduxanuss apXuUTEKTyp BBIYMCIUTENBHBIX CHCTEM.
Oco0eHHOCTH COBPEMEHHBIX BBIUUCIUTEIbHBIX CUCTEM. | MOpUIHBIE apXUTEKTYPHI.

2. Maremaruueckoe MOZICIIMPOBAHUC U TAPAJJICITIBHBIC BEIYUCIICHUA

BoruncnuTenbHas v pukiaaHas MareMaTuka. MeTogomorus MaTeMaTH4ecKoro MOIeIMpOBaHus
U TapajuleJbHble BBIYMCICHUS. 3aaul, TpeOyIole MPUMEHEHHs apauieIbHbIX BIYMCICHUMN.
Oransl BHIYUCIUTEIBHOTO SKCIIEPUMEHTA IPUMEHUTEIBHO K 33JjauaM MaTeMaTH4eCKON (PU3HKH.
Pemenue anredpanyeckux ypasHenuil. Pemenne O/Y.

3. INapanienbHble aarOpUTMBI PEIICHUS THIIEPOOTMYECKUX YPaBHEHUH



[TocTaHOBKa HAYaIPHO-KPAEBOM 3a/1auu I ypaBHEHUs nepeHoca. PasHocTHbie cxeMbl. OOmuit
ciydail. MHOroMepHoOe ypaBHEHHE IepeHoca. Y paBHEeHUe KojieOaHuid cTpyHbl. OOmmii cirydaid.
MHoromepHo€e ypaBHEHHE FMIEPOOINIECKOTO TUIIA.

4. INapannenbHble AITOPUTMBI PEIICHHS TapadOIMUECKUX YpaBHEHUN

ITocTaHOBKA MO/IENIBHOM TPEXMEPHOI HaYaIbHO-KPAeBOM 3a1aun. MeTO1bl YUCIEHHOTO pEelIeHUs
ypaBHEHUs1  TemonpoBoAgHocTH.  [lapamienbHble  aNropuTMbl  pPEUIEHUS  YpaBHEHUS
TEIJIONPOBOAHOCTH. Pe3ynbrarsl TECTOBBIX pacueToB. BeiBobl. [locTaHOBKM HauyaabHO-KpPAaEBbIX
3agad. YncrneHHble METObI U MapaienbHas peanu3anus. [IpobiieMsl pemieHus peanbHbIX 3a1a4
Ha  cymnepkomnbroTepax. HawanpHo-kpaeBas  3agaya Uil JIMHEWHOTO — ypaBHEHHUS
TEIUIONPOBOAHOCTH B JBYMEPHOH KPUBOJIMHEHHON 001acTH. MeTOoabl KOHEYHBIX OOBEMOB U
KOHEUYHBIX AJIEMEHTOB. [TapannenvHas peanu3anus. Ananuz 3¢ HeKTUBHOCTH
pacnapajlieIMBaHus.

5. HapaﬂneanLIe AJITOPUTMBI PCIICHUA ITPOCTPAHCTBECHHO OJHOMEPHBIX 3a1a4

[ToctaHOBKHM KpaeBbIX 3a1av. ba3oBblii 4YMCICHHBIH anropuTM. CHcTema anreOpanyecKux
YpaBHEHUH ¥ CKaSIPHBIC aJrOPUTMbI MPOTOHKH. IlapaljienbHBI aJrOpUTM PEHICHHUS
anredpandeckoit 3aaun. CiieICTBUS U 000OIICHNS.

6. HapaHHeJ'IBHHe AJITOPUTMBI PCHICHHUSA CIICKTPAJIbHBIX H OKCTPCMAJIBHBIX 3a1a4

JlunHeilHble crieKTpaibHbIE 337a4d B KOHEUHOMEPHBIX IpocTpaHcTBax. OO0OIIEHHbIE IMHEHHBIE
CIICKTPAJIBHBIC 3aJa4d B KOHCYHOMCPHBLIX HPOCTPaHCTBAX. Henmuneineie mo CIICKTpaJIbHOMY
napamerpy 3agauu. CriekTpanbHble 33a4u B OECKOHEYHOMEPHBIX MpocTpaHcTBax. [locTaHOBKU
3amaun. UncIeHHbIE METOJbl PEIICHUs U UX IapaulesbHble peanuszanuu. O0o0meHne merona
oucexuun. Meron kpusbix Ileano. Merox Monte-Kapsio.

7. IlapajuienpHbIe AITOPUTMBI PELICHUS] JUTMITHYECKUX YPAaBHEHUN

[TocraHoBKa MOJENbHON KpaeBoW 3amgaud. UMCIEHHBIH alroputM Ha 0aze MeTO/Ja KOHEYHBIX
pasHocTeil. [IpsimMble MeToabl pelleHus JTUHEHHOH anreGpamdeckoil 3amauu. MrepannoHHbIE
METO/IbI pelIeHUs TUHEHHON anredpanyeckoil 3aaauu. [loctaHoBKa MOIEBHOM KpaeBoil 3aauu.
UucneHHble anropuTMbl U UX TApajulesIbHbIE pean3auuu. MeToasl peleHus KBa3UIMHEMHON
anredpanveckoil 3a/1aum.

8. IlpuHuumnel pa3paboTKu NapaiedbHbIX AITOPUTMOB U IPOTpamMM

[TapanienpHble BBIUMCIEHHUS] KaK B3aUMOJICHCTBUE TIOCIENOBATEIbHBIX MpOIeccOB. Buabl
napamenusma. [Ipumepsl. Yckopenue u 3¢ (eKTUBHOCTh MapajuleIbHbIX alropuT™MoB. [Ipumepst
OLIEHKH YCKOPEHHUs U 3((HEKTUBHOCTH MapajUIeTbHBIX aNropuTMoB.OpraHu3anus napauieabHbIX
npoueccoB. Co3jaHne HECKOIBKUX IOCIIE0BATENIbHBIX MTpo1ieccoB. OCHOBHBIE CIIOCOOBI OOMEHa
JaHHBIMM Mexay HUMH. CHHXpOHM3alus paboThl MOCIENOBaTENbHBIX MporeccoB. OOmme
pasfenseMble pecypcbl M METOJbl HMX COBMECTHOIO HCIOJIb30BaHUA.SI3BIKM U CpPENCTBA
napajjielbHOro  mporpamMmmupoBaHus. OOIIuMe HampaBieHUs pa3padOTKU  MapauleIbHbBIX
nporpamM. [lapaniensHblii anropuT™M M CTPYKTypa mporpammbl. KaHanbl CBSI3U M TOMOJIOTUU
oOmenoB. O6mas naMate. BBoa-BbIBoa naHHBIX. Komnumsiuus u 3amyck nporpamm. OTnaaka u
npoTokosnupoBanue. [Ipodiaembl OaaHCUPOBKY 3arpy3KH.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

IpukaagHasi aHAJIUTHKA TaHHBIX

Heab AMCHUNIMHBI:

- (opMUPOBaHKE/COBEPIICHCTBOBAHNE KOMIETCHIIMI B 00JacTH cOopa, 00pabOTKM, aHAIM3a U
BU3YyaJIM3alluU JaHHBIX.

3agauu AUCHMILINHBI:

- chopMHpOBATH MIOHUMAHHUE POJIM AHAIMTUKA B KOMAHJIC U €r0 HHCTPYMEHTOB;
- chopMHUpOBaTh yMeHUE paboTaTh B KOMAHJIE U C MOAPSTYMKAMH,

- c(OpMHUPOBATh YMEHUE MPE3CHTOBATh PE3yJIbTATHL;

- chopMupoBaTh YMEHHUE paOOTHI C OCHOBHBIMH THUIIAMHU OH3HEC-METPHK;

- ¢(OpMHUPOBATH HABBIK MO MOCTPOSHUIO METPUK;

- chopmupoBath ymeHue pacuera Unit SJKOHOMUKH;

- C(bOpMHpOBaTB ITOHHUMAaHHueC O6IJ.I€I71 OopraHuzaln HCCHCHOB&HHﬁ, c60pa 1 OIOCHKHW HJaHHBIX IJIA
HUCCICO0OBAaHUA,

- copMHpOBaTh YMEHHUE aHaNN3a pbIHKA digital-mpoayKTOB HA OTKPBITHIX JaHHBIX;

- c(opMHpPOBATh YMEHHUE MPOBEJCHNE KOHKYPEHTHOTO aHaJN3a;

- copmupoBath ymeHue padbotsl ¢ Google Analytics u SIHaexc MeTpukoii;

- chopmupoBaTh yMeHHE cocTaBiieHus T3/kapThl COOBITHI;

- chopmupoBaTh ymeHue padoTsl ¢ Firebase u atpubynuei;

- c(opMHPOBATh YMEHHUE NMUCATh TUIIOBBIE 3aIIPOCHI AJIS1 BBIOOPKH pa3IMYHbIX JaHHBIX;
- copMHUpPOBATh YMEHHUE CO3aBaTh KOPPEKTHYIO CTPYKTYpY 0a3bl JaHHBIX;

- copMHpOBATh 3HAHUE OCHOB MporpaMMupoBaHus Ha Python;

- copMHpOBaTh YMEHUE PUMEHATh CUHTaKcuC Python ais HanmucaHus MpOCTHIX MPOTpaMM;
- chopMHpOBATh 3HAHUE OCHOBHBIX HHCTPYMEHTOB Python 1yt ananm3a naHHBIX;

- chopmupoBaTh ymMmeHHe npuMeHsATh Python ams c6opa u 06paboTKu JaHHBIX;

- chopMupoBaTh yMeHHE TPUMEHATH Python 11 Bu3yanm3anum JaHHBIX;



- chopMHpOBaTh YMEHHUE pelIaTh MPaKTUYECKHE 3a/1a4ll aHaIu3a JaHHBIX ¢ ToMoIibio Python;
- chopMHpOBaTh YMEHUE OPraHU30BLIBATh U MIPOBOAUTH A/b-TecTupoBanue;

- chopMHpoBaTh YMEHHE JIe1aTh BHIBOBI 1O pe3yiabTaTaMm A/b-tectupoBanus;

- chopmupoBaTh yMeHHUE PUMEHATh A/b-TecTrpoBaHue sl pEIICHHS 3a/1a4 aHaIN3a JaHHbIX;
- chopMHpOBaTh 3HAaHHE OCHOBHBIX MIPUHIIMIIOB BU3YaJIU3AllMH JAHHBIX;

- chopMHpOBaTh YMEHHUE HATIJISIIHO MPECTABIATh PE3yIbTaThl aHAIN3A JaHHBIX;

- chopMHpOBaATh YMEHHUE HCIIOIH30BATh HHCTPYMEHTHI BU3yaIH3aI[iu.

IlepedyeHb MIAHMPYEMBbIX Pe3yJIbTATOB 00YUYEeHHUS 0 JUCHUILIMHE (MOTYJII0)

B pe3ynbrare ocBOSHUS TUCIUTUTHHBI 00yUYaIOITHECsT TOKHBI

3HATh:

- mogensb Lean Canvas;

- HADI-1inkibl;

- OCHOBHBIE OM3HEC-METPUKH (aHAIHU3 MPOAYKTOBBIX METPHUK);

- Mmatpuibl BCG, ABC, XYZ (opranuzaius u mpoBeJeHUE UCCIEI0BaHUN);

- SWOT-anamu3, marpunia McKinsey, PESTELI-ananu3, cuTyaliioHHBIN aHanu3 (OpraHu3anus u
MIPOBEICHUE MCCIICIOBAHUN);

- uHcTpyMeHT Google Analytics;

- uHCTpYMeHT Yandex Metrica;

- uHcTpyMeHT Google Tag Manager;

- MaTeMaTH4eCKHe TEPMHUHBI U IOHATUS, UCIIOIb3yEMbIE JIJIs aHAIN3a JaHHbIX;
- METOBI CTATUCTUYECKOTO aHAJIN3a;

- CHHTaKCHUC s13bIKa 3arpocoB SQL;

- KOMaH [l MOJTU(UKAIIH;

- IPUHIUIIBI paOOTHI TIPEACTABICHUH, XPaHUMBIX MTPOIIETYpP, TPUTTEPOB;
- IPUHIUIBI paOOTHl OKOHHBIX (DYHKIIMIA;

- ME€TObI onTuMu3aIuu SQL-3ampocos;

- BO3MOXHOCTH s3bIka Python u ero oco6ennocty;

- cu"Takcuc Python;

- 6a30BbIe KOHCTPYKLUU si3bIKa Python;

- OCHOBHBIE OMOTMOTEKH /7151 pabOThI C JAHHBIMU;

- CIIOCOOBI BU3yaJTM3aI[UH JaHHBIX;

- MeToJ1bl cOopa 0OpabOTKHU JTaHHBIX;



- IPAKTHKH IPOBEPKH THITOTE3;
- cnocoOsI ipoBeienust A/b-tecra;
- OCHOBHBIC TIPHHIUITBI BU3YaIH3aluH JaHHBIX;

- MHCTPYMCHTBI JJIs1 BU3yaJIM3allui JaHHbIX.

yMeThb:
- paboTaTh B KOMAH/E U C MOAPSAYUKAMU;
- IPE3EHTOBATh PE3YJIbTATHI;

- BBIOMpPATh M PACCUUTHIBATH IMPOJYKTOBBIE METPHUKH W OW3HEC-METPHKH IpHU pealnu3aluu
IIPOEKTOB (aHAJIU3 IPOIYKTOBBIX METPHUK);

- pacCUMTHIBATH UNit-DKOHOMHUKY (@HAJIN3 MPOAYKTOBBIX METPHK);
- paboTaTh B KOMaHJIE;

- CTPOUTh MOJAEIU U (HOPMYIHPOBATh MIIOTE3bI JUISl YJIYUIIEHUS MPOAYKTAa U PETyIUPOBAHUS
IIPOLIECCOB aHAIM3a NPOAYKTOBBIX METPHK;

- IPUMEHSTH aJITOPUTMbI CO31aHus 3anpocoB B SQL;

- 3arpyxarthb nansabie u3 b/l ¢ momompio SQL;

- BBIOpaTh HauboJee OoNTUMaNIbHBIN cr1ocod Hanucanust SQL-3arpocoB /171st U3BJICUEHUS IAHHBIX;
- HCTIOJIb30BAaTh Ccpely nmporpammupoBanus Ha Python;

- IACaTh TPOCTHIE TIporpamMmbl Ha Python;

- BBIOMpATh MHCTPYMEHTHI JIJIsl paOOTHI ¢ JAHHBIMU B 3aBUCHMOCTH OT YCIIOBUH 3a/1a4u;
- pelaTh 3aa4M aHaIKu3a JaHHBIX ¢ moMotbsio Python;

- HarJISIIHO MPEJICTABISATh PE3YNIbTAaThl aHAIN3a JAHHBIX;

- aHAIM3UPOBaTh pe3yibTaThl A/b-Tecra;

- npuMeHsITh A/b-TecTupoBaHue I pEIICHUs] TUTIOBBIX 33]1a4;

- BBIOMpaTh CIIOCO0 BU3Yyalu3allli B 3aBUCUMOCTH OT yCIIOBUH 3a/1auu;

- HarIAHO TPCACTABJIATE PE3YJIbTAThI dHAJIN3ad JaHHBIX.

BJIA/IETh:

- METOJaMU UCCIIEIOBAHNS U aHAJIN3a PBIHKA,
- HHCTpYMEHTaMH Web 1 app aHaJIUTHKHY;

- python asist pereHus 3aay aHaiau3a JaHHbIX;

- postgreSQL;



- yandex Datalens j1s BU3yanu3anuu JaHHBIX.

TeMbl U pa3jesibl Kypca:
1. BBeneHue B IpoAYKTOBYIO aHAJTUTUKY

Pons n MecTo aHanuTHKA B HpOI[y1(TOBOI71 KOMaHJE. OcHOBHEBIE HHCTPYMCHTLI aHAJIMTHKA. Pa6oTa
C KOMaHI[OfI U noApAaaYruKaMu. Pemrenne 6PI3H€C-3&I[3‘-I B KOMaHJC. Hpe3eHTaI_[I/IH PE3YIbTAaTOB
KOMaH/JC.

2. AHanmu3 IpoayKTOBBIX MeTpHK U Unit SKOHOMHUKA

OcHoBHBIE TUTIBI OM3HEC-MeTpUK. HaBbiku moctpoenus Mmetpuk. Unit-3xkoHOMHKA. JIeKOMITO3UIHSA
METPHUK U (PaKTOPHBIN aHAIU3.

3. Opranu3anus u NpoBEJCHUE UCCIIeI0BaHUI

Beenenne B opranusanuio uccienoBanuii. COOp m omeHKa NaHHBIX. AHanm3 peiHKa digital-
IPOJYKTOB HAa OTKPBITHIX AaHHBIX. CpaBHEHHE ¢ KOHKypeHTaMu. CriocoObl aHa/IM3a IPOAYKTa U
IPOAYKTOBBIX MaTpull. IHCTpYMEHThI KOMIUIEKCHOT'O aHalu3a pblHKA. OLEHKa eMKOCTHU PbIHKA.
KonkypenTHbIi aHanu3. OCOOEHHOCTH NPOBEACHUS UCCIIEI0OBAaHUI KIMEHTOB.

4. Web u app ananuTuka

Beenenne B BeO-ananmuTuKy/mHCTpyMeHTHL. Google Analytics u SIlnnexc Merpuka. Benenue B
app-aHanmuTHKY/mHCTpyMeHTHI. CocraBnenue T3/kapra coObitrii. Firebase u atpuOyims.

5. SQL miis aHanm3a JaHHBIX

Beenenue B SQL. Pabota ¢ komannamu. @yHKIuu GUIbTpanuy 1 BeraucisieMpie nois. OyHKIuu
ananutuku. l[log3zanpocel m oObeauHeHue Tabmmn. Komanawsl momudukanuu s3eika DML.
Coznanue u momudukanuu Tadbmuin. [IpeacraBneHus u xpanumble nporenypsl. [lepemeHHble.
Tpurrepsl. Pacmmpennsie Bo3moxHOCTH SQL M OCHOBHBIE OrpaHMYEHUs. AHAIUTUYECKUE
¢dbyakuun. OcHoBHBIE 0cO0eHHOCTH PostgreSQL. OkoHHbIE PYHKITUN.

6. Beenenue B Python

Beenenune. Tunbl nansbix. YcnoBusa. Huxnsl. Moaynu u makersl. Komieknuu: MHOXECTBA,
CTPOKH, CIUCKHU, KOpTexxkH. Dynkuun. CinoBapu.

7. Python ayis aBTOMaTH3aiuy aHamu3a JaHHBIX

bubnuoreka Pandas aiist paboTsl ¢ nanHbiMu. bubnnoreka NumPy. O6paboTka 1 Bu3yaau3arus ¢
Matplotlib u Seaborn. buénuoreka SciPy.

8. A/b-TectupoBanue

Beenenne B A/b-recthl. Marematuueckas cTaTHCTHKA. l[lapameTpudeckue KpUTEPHH.
Henapamerpuueckue kpurepun. A/b-recTupoBanue 1 penieHus TUTIOBBIX 3a/ad.

9. Busyanuzaius 1aHHBIX

OcHoBbl Bu3yanu3anuu. [IpuHiunel Buzyanusanuu. /[narpamwmsl. [IpukiiagHble MHCTPYMEHTHI
BHU3yaAJIN3aLUN.



AHHOTAUMH K pa00o4ynM NPOorpamMMam AU CHUIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

IporpammupoBanue Ha Python

Heab AMCHUNIMHBI:

Llenpto  peanmuszaumu  gucumiuimebl  «[IporpammupoBanue Ha  Python»  sBisercs
(dbopMHpOBaHKE/COBEPILICHCTBOBAHNE KOMIIETCHIIMI B 00JIACTH pemieHHst Mpo(hecCHOHAIBHBIX
3aJa4 1O MPOTPAMMHUPOBAHHUIO C HCIOJNB30BaHUEM s3bika Python, mpuMeHeHus malGioHOB
npoekTupoBanuss Ha Python, paGorsr ¢ Python Oubnamorexamm, mnpuMeHEeHHS OOBEKTHO-
OPUEHTHPOBAHHOTO M (PYHKIIMOHAIBHOTO MTPOrPAaMMHUPOBAHUSI.

3agauu AMCHUIINHBIL:

- CdopmupoBaTe yMEHHE HCIIOJIB30BaTh 0a30Bble THUIBI W KOHCTPYKLIMHU  SI3BIKA
nporpammupoBanus Python;

- chopmMupoBaTh yMeHHE pabOTaTh CO CTAaHAAPTHBIMU CTPYKTYpaMu JaHHbIX B Python, mucath
¢dbynkun Ha Python, mpumeHsTh GyHKIIMOHATBEHBIE OCOOEHHOCTH fA3bIKa, paboTaTh ¢ (ailnamu ¢
MOMOIIIBIO si3bIKa Python;

- chopmMupoBaTh YMEHHUE TPUMEHSATH MEXaHU3MbI HACJIEIOBaHUSI, CO3/IaBaTh KJIACCHI U pabOoTaTh C
HUMH, 00pabaThIBaTh UCKITIOUCHNUS,

- copMHpOBATh YMEHUE UCKATh M UCHPABIATH OMMOKHU B Iporpamme Ha Python, TectupoBath
nporpamMmsl Ha Python;

- c¢hopMHUpPOBATh YMEHHUE MHUCATh MHOTOMOTOYHBIN KO Ha Python, mucaTe acMHXpOHHBIN KO Ha
Python, paGoTats ¢ ceTbIo, CO3/1aTh CBOE CEPBEPHOE CETEBOE MPUIIOKEHUE;

- copMHpOBaTh YMEHME IOJIb30BAThCS CTPYKTYPHBIM HPOTpaMMUPOBAHUEM, HCIIOJIb30BaTh
6ubnIMoTEKy unittest;

- chopMupoBaTh YMEHHE CO3/aBaTh KOPPEKTHYIO HEPAPXUIO KIIAacCOB, MHTepIipeTupoBaTh UML-
JarpaMMBbl, BBIOIHATH pe()aKTOPUHT CYIIECTBYIONIEr0 KOAA;

- chopmupoBaTh yMeHHE co3/1aBaTh JlekopaTop Kiacca, co3maBaTh amamnTtep s uHTepdeiica,
HECOBMECTHUMOT'O C CHCTEMOM, peaTn30BbIBaTh narrepH HabmrogaTens;

- copMHpOBaTh YMEHHUE CO3/1aBaTh LIEMOYKY 00s13aHHOCTEH. cO3AaBaTh a0CTpakTHYIO (hadbpuky,
co3naBaTh 00pabotunk YAML ¢aiina;

- chopmMupoBaTh yMeHHE paboTaTh C OMOIMOTEKOM requests;

- copMupoBaTh yMeHHE pPabOTaThb C PEryISIpHBIMU BblpakeHusIMH U3 Python, BbIMoOnHATH
CJIO’KHBIN TOUCK U 3aMEHY ITPH MTOMOILHU PETrYJISIPHBIX BIPAXKEHUH;



- chopmupoBaTh yMEHHE U3BIEKATh U U3MEHATH JaHHBIC TIpH rmoMoIm Moayis Beautiful Soup,
ucnosab3oBaTh API 11151 mony4eHus JaHHBIX CO CTOPOHHMX CalTOB;

- copMHPOBATH YMEHHE CO3AaBATh U U3MEHATH 0a3bl JaHHBIX W Tabmuibl B MySQL, momyyaTs
naHHble u3 6a3 u Tabaun B MySQL,;

- chopmupoBaTh yMEHHE CO3/JaBaTh NpwiIokeHHWe Ha Django, paborate ¢ Django-
mabJI0HU3aTopoM, paboTaTh ¢ 6a30i AaHHBIX TpH oMol Django ORM;

- copMupoBaTh yMEHHE OTHpPABIATH JaHHBIE W3 Opay3epa, BalMIUPOBATh JaHHBIE Ha
KJIMEHTCKOM CTOpOHE, BalMIUPOBAaTh JaHHBIE Ha CEPBEPHOH CTOPOHE, MPOBOAUTH
ayTeHTU(UKALMIO U aBTOPU3AIMIO pH romoiu Django;

- chopmupoBaTh yMEHHE cO3/1aBaTh 4yaT-O00Ta Ha Oasze Telegram, pabotarh ¢ cuctemoi Git,
pacKIabIBaTh MPOEKT Ha 00maunbIit xoctuHr Heroku,

- chopMupoBaTh yMEHHE TPUMEHATH HWHCTPYMEHTHI Oubmmoreku NumPy, mnpuMeHsTh
UHCTPYMEHTHI OnbnmnoTeku SciPy, mpuMeHsTh HHCTpYMeHTHI OnbamnoTexn Pandas asst paboTel ¢
JTaHHBIMU;

- copMupoBaTh yMEHHE BU3YAJIU3UPOBATh HAHHBIE TpPHU TMOMOIIM HHCTpyMeHTOB Python,
MPUMEHUTH Ha MPAaKTUKEe HHCTPYMEHTHI Python st paboThl CO CTATUCTHUECKUM aHATH30M;

- chopMHpOBATh yMEHWE TNPUMEHATh HAa MPAKTUKE JIMHEHHYIO pErpeccuro, NPUMEHSTHh Ha
IIPAKTHKE KPOCC-BAIMJAIMIO, OLIEHUBATh KaueCTBa MoJIelel, 00yuaTh Ha IpaKTHUKE aHCaMOJIeBbIe
MOJIEIIH;

- C(i)OpMI/IpOBaTb YMCHHUEC IMPUMCHATH HA IHPAKTUKEC METOAbI KJIACTCpU3alluH, NMPHUMCHATH HA
MMPAKTUKE METOJAbI IOHMKCHUA PAa3MCPHOCTU. CO3/1aBaTh PCKOMCHAATCIIbHYIO CCTh;

- cOpMHUPOBATH YMEHUE PEATH30BBIBATH MEPLENITPOH, PEATM30BHIBATH CBOIO HEHPOHHYIO CETh.
IlepeyeHns NJIAHUPYEMBIX Pe3yJaIbTATOB 00y4eHHs MO JUCIHUILIMHE (MOIYJII0)

B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIUECs T0JIKHbBI

3HATh:

- bazoBble cBeieHus 0 A3bIKe, 0COOEHHOCTH OpraHu3anuu kojaa Ha Python;

- CTaHJapTHBIE CTPYKTYpHI JaHHbIX B Python;

- MEXaHU3MBbI HACJICIOBAHMSI, KIIACCHI;

- 0COOEHHOCTH 00BEKTHO-OPUEHTUPOBAaHHOM MozenH B Python;

- mpoueccel U notoku OC;

- MOIYJIBHOE TECTUPOBAHHE W €ro ImpeumyinecTBa, mMetoauky TDD, e€ ocoOGeHHOCTIX u
MPENMYIIECTBAX, KOHTPAKTHOE MPOTrPaMMHUPOBAHUE;

- ocHOBHbIE napaaurMel U npuHIMnsl OOII, repmunonoruto OOIT;
- BUJIBI TIATTEPHOB MPOSKTUPOBAHMSI, OCHOBHBIE TTATTEPHBI M 33/1a4H, KOTOPHIE OHU PEIIAOT;
- mattepH Chain of responsibility, marrepn Abstract Factory;

- MPUHIUNBI (PYHKIMOHUPOBAHUS COBPEMEHHOTO HMHTEPHETA, OCHOBHBIE MPOTOKOJIBI B web-
B3aMMO/ICUCTBUS,



- IPUYMHBI HEOOXOIUMOCTH cOOpa JaHHBIX CO CTOPOHHHX CalTOB;
- y1oOHBIE CIIOCOOBI OTYYEHHUS JaHHBIX;
- penAuuoHHbIe 0a3bl JaHHBIX, HEPEJAIMOHHbBIE 0a3bl JAHHBIX, HHCTPYMEHTHI Redis;

- apXUTEKTYpy web-(dpeiiMBopKoB, nomyssipaeie web-¢ppelimBopku B Python, yctpoiicTBo view B
Django, ocaoBst HTML u CSS;

- IOHATUS AYTCHTU(DUKAIMH U aBTOPU3ALINY;
- otiimamst Development u Production;
- 0a30BBIC MTOHATHS MATEMAaTHIECKOTO aHAIH3a, 0A30BbIC MMOHSATHS JIMHEHHOW anreOpsl;

- TIOHSATHUS MaTEMaTHYECKOM CTaTUCTUKH.

yMeThb:
- Mcnonb3oBath 6a30Bble TUIBI U KOHCTPYKLIUU SI3bIKA;

- paboTaTh CO CTaHIAPTHBIMU CTPYKTypaMu JaHHBIX B Python, mucare ¢ynknum na Python,
OPUMEHATh (PYHKIIMOHAIBHBIE OCOOCHHOCTH $53bIKa, padoTaTh C (paiijjaMu ¢ TOMOIIBIO SI3BIKA
Python;

- IPUMCHATb MCXAaHU3MbI HACJICAOBaHUs, CO3AaBaTh KJIACChI U pa6OTaTb C HMMH, 06pa6aTBIBaTB
HCKIIIOYCHMUA,

- ICKaTh U UCTIPABJIATH OMHOKK B porpamMme Ha Python, TectupoBars nporpammer Ha Python;

- MKcaTh MHOTONMOTOYHBIA koA Ha Python, mucars acuuxponssiii koa Ha Python, paGorath c
CEThI0, CO3JIaTh CBOE CEPBEPHOE CETEBOEC MPHUIIOKCHHCE;

- cO3/1aBaTh KOPPEKTHYIO HEPAPXUIO KIIACCOB, HHTepHpeTupoBaTh UML-nuarpaMmel, BEITOTHSTh
pedaKkTOPUHT CYIIECTBYIOLIETO KOIA;

- co3maBaTh JlekopaTtop Kiacca, CO3/1aBaTh amanTep IS HWHTepdeica, HECOBMECTHMOTO C
CUCTEMOM, pean30BbIBaTh aTTepH HabmomaTers;

- co3JlaBaTh LEMOYKY 00s3aHHOCTEH, co3aBaTh adCTpakTHYO (abpHuKy, co3aBaTh 00pabOTUMK
YAML daiina;

- paboTaTh ¢ peryasipHbIMU BbIpaKeHUAMHU U3 Python, BBIMONMHATH CI0XKHBINA OKUCK U 3aMEHY IIPU
ITOMOIIX PETYISAPHBIX BBIPAKECHU;

- U3BJIEKaTh U MU3MEHATH JlaHHBIE NpH oMoy Moxyns Beautiful Soup, nucnons3zoBars API s
MIOJIyYEHUS JAHHBIX CO CTOPOHHHUX CalTOB;

- co3J1aBaTh U U3MEHATH 0a3bl JaHHBIX U TaOiuubl B MySQL, nomyuyaTh gaHHbIe U3 6a3 U Ta0IHIL
B MySQL;

- co3aaBath nmpuioxeHue Ha Django, pabotate ¢ Django-mabnonusaropom, padborars ¢ 6a30i
JaHHbIX Tpu nomouy Django ORM;

- OTHNpaBJIATh JaHHblE W3 Opay3epa, BaJIUWAUPOBATH JaHHbIE HA KIHMEHTCKOM CTOpOHE,
BAJIUJIUPOBATh JAaHHBIE HA CEPBEPHON CTOPOHE, MPOBOAUTH ayTEHTH(PHUKAIINIO U aBTOPU3ALIUIO TIPU
nomouu Django;



- co3maBarh 4ar-0ota Ha 0aze Telegram, pabortate ¢ cucremoi Git, packiiagbiBaTh MPOEKT Ha
o0maunblii xoctuur Heroku;

- BHU3YQJIM3MPOBAThH JAaHHBIE NPU MOMOIIM HHCTPYMEHTOB Python, mpuMeHHTH Ha TpaKTHUKE
UHCTPYMEHTHI Python 11t paGoThI CO CTATUCTHUECKUM aHATHU30M.

BJIa/IeTh:
- CTpyKTYpHBIM MMPOTPpaMMHPOBaHUEM, OMOIMOTEKON unittest;
- OubMoTeKoi requests;

- Django-ma6monu3atopom;

- cucremoii Git;

- uHCTpyMeHTamMu Oubnmmorekn NumPy, nHcTpymentamu O6ubimmoteku SciPy, mHCTpymMeHTaMu
o6ubmotexku Pandas nst paboThl ¢ JaHHBIMU.

TeMbI U pa3jeiibl Kypca:
1. OcHoBsI porpamMMupoBanus Ha Python

OcHoBbl mporpammupoBanusi Ha Python. Ctpykrypbl maHHbiX u  (yHKUIMH. OOBEKTHO-
OpPUEHTUPOBAHHOE MTPOrpaMMUpOBaHue. YTiayonenusiit Python. MHOronoTo4uHoe u aCHHXpOHHOE
POrpaMMHUPOBAHHUE.

2. O6bexTHO-0prueHTHpoBaHHOE MporpammupoBanne (OOII), rpaduuecknii uHTEpdHECc U OCHOBBI
paboTel ¢ 6a3amu 1aHHbIX B Python

TectupoBanue u otaanka nporpaMm. OObEKTHO-OPUEHTUPOBAHHOE MPOEKTHpOBaHKeE. [1aTTepHBbI
npoekTHpoBaHus. ['paduueckuit uHTEpdEiic.

3. Coznanue web-npunoxenuii B Python

O6mee npencrasinenue o WEB. Coop manHbix co croponHux caitoB. Beautiful Soup u pabora ¢
API. Xpanenue nanubix. SQL / NoSQL. Be6 unrtepdeiicet ¢ Django u Bootstrap. Pabora ¢
JTAaHHBIMU TIOJIb30BaTeNs. JIOMOIHUTENBHBI HHCTPYMEHTAPHIA.

4. Ananu3 ganHbeix B Python

Marematuka u Python nns ananuza nanasix. Busyanu3zanus JaHHBIX U CTaTUCTHKA.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

CoBpeMeHHbBIE CpeIcTBAa Pa3padoTKu

Heab AMCHUNIMHBI:

- (opMHpPOBaHNE/COBEPIICHCTBOBAHNE KOMIIETEHIIM CTYIEHTOB B 00JacTH  peIIeHus
npodeCCHOHATBHBIX 33Jay M0 MPOTrPAMMHUPOBAHHIO C HCIOJIb30BaHUEM s3bIKOB Python u 1C,
NPUMEHEHHS OCHOB TMPOTPaMMHPOBAaHHWsA, B TOM YHCIE€ acWHXpoHHoro, Ha Python,
IIPOEKTUPOBAHUS IPOTPAMMHOTI0 0OECIIEUEHUs C TIOMOIIBIO BCTPOEHHOT O si3bika 1C.

3agauu AMCHUIINHBIL:

- chopMupoBaTh yMEHHE UCIIONB30BaTh 0a30BbIE THUIBI M  KOHCTPYKIHH  SI3bIKA
nporpammupoBanus Python;

- chopmupoBaTh yMeHHE pabOTaTh CO CTAaHAAPTHBIMU CTPYKTYpaMu JaHHbIX B Python, mucath
¢byukun Ha Python, mpumeHsaTh QyHKIIMOHATBEHBIE OCOOEHHOCTH fA3bIKa, paboTaTh ¢ (ailnamu ¢
MOMOIIIBIO si3bIKa Python;

- copMHUPOBATh YMEHHUE IPUMEHSATh MEXaHU3MBI HACJICIOBAHUS, CO3/IaBaTh KJIACCHI U paboTaTh C
HUMH, 00pabaThIBaTh UCKITIOUCHNUS,

- copMHpOBaTh YMEHUE UCKATh M UCHPABIATH OMIMOKHU B Mporpamme Ha Python, TectupoBath
nporpamMmsl Ha Python;

- chopMHUpPOBATh YMEHHUE MHUCATh MHOTOMOTOYHBIN KO Ha Python, mucaTe acMHXpOHHBIN KO Ha
Python, paGoTath ¢ ceTbio, CO3/1aTh CBOE CEPBEPHOE CETEBOE MPUITIOKEHUE;

- U3YYUTh OCHOBHBIC NMPHUHIIMIIBI, MTOJXOABI M MEXaHU3MbI pa3pabOTKU OU3HEC-NPHIIOKEHUH Ha
miatpopme 1C:Ilpennpusitue;

- HU3YYUThb BO3MOXXHOCTH OBICTpOH Kpocc-Tu1aTGopMeHHON pa3paboTku Ha Iuiatdopme
1C:ITpennpustue;

- U3YYUTh BO3MOXKHOCTH CO3JaHUsI BeO M MOOWIBHBIX NPWIOKEHUH Ha 1aTdhopme
1C:IIpennpustue.

ITepedyenb miIaHMpPyeMbIX pPe3yJIbTATOB 00y4YeHHs MO TUCHUIINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YJarOIIHECs TOHKHBI

3HATh:

- 6a30BbIe CBEICHUS O SI3bIKE, OCOOCHHOCTH OpraHu3aiuu koaa Ha Python;

- CTaHJapTHBIE CTPYKTYpHI TaHHBIX B Python;



- MEXaHU3Mbl HaclleI0BaHMsl, KJIacChl;
- 0COOEHHOCTH 00BEKTHO-OPUEHTUPOBAHHOM MozenH B Python;
- npouecchl 1 motoku OC;

- OCHOBHbI€ TIPUHIIHIIBI, TIOJXO0/IbI 1 MEXaHU3MBI pa3paboTKu OM3HEC-IPUIIOKEHUH Ha maTdopme
1C:ITpennpusrtue;

- BO3MOYKHOCTH OBICTPO# Kpocc-TiaThopMeHHOM pa3paboTku Ha miardopme 1C:IIpennpusitue;

- BOBMOXHOCTH CO3/1aHus BeO 1 MOOMIIBbHBIX NpuiioxkeHuil Ha ardopme 1C:IIpeanpustue.

yMeThb:
- ACTIOJIB30BaTh 0a30BBIC TUIIBI U KOHCTPYKITUH SI3IKA;

- paboTaTh CO CTaHOAPTHBIMU CTPYKTypaMu aaHHBIX B Python, mucare ¢ynxnum na Python,
NPUMEHATh (DYHKIIMOHAIBHBIE OCOOCHHOCTH $3bIKa, paboTaTh ¢ (aiiaMu ¢ MOMOLIBIO SI3bIKA
Python;

- IPUMCHATb MCXAaHU3MbI HACJICAOBaHUs, CO3AaBaTh KJIACChbl U pa6OTaTb C HUMH, O6pa6aTBIBaTB
HCKIIIOYCHMHA,

- ICKaTh U UCTIPABJIATH OMHOKK B porpamMme Ha Python, TectupoBars nporpammer Ha Python;

- MMcaTh MHOTOMOTOYHBIA koA Ha Python, mucare acuuxponssiii koa Ha Python, paGorath c
CEThI0, CO3JIaTh CBOE CEPBEPHOE CETEBOEC MPHUIIOKCHHUC;

- paboTaTh B KOMaH/IE;
- co3/1aBaTh Kpocc-utathopMeHHbIe puiioxenus Ha miardopme 1C:IIpeanpustue;
- pa3pabaTsiBaTh BeO U MOOMIBbHBIE puiioxkeHus Ha matgopme 1C:Ilpennpustue;

- CaMOCTOSITENIbHO IMPHUMEHSET SI3bIKM MPOTrPAMMUPOBAHMS (B T.4. CKPUIITHI) U HACTpauBaeMble
IpPOrpaMMHbIE MHCTPYMEHTBI Il aBTOMAaTU3allMM MPOLECCOB B  NMPOQPEeCcCCHOHANbHON
JIEATEIbHOCTH.

BJAJ€Th:
- HaBBIKaMH pa3pa60TKH AJITOPUTMOB U IIpOTrpaMMm, IMMPUT'OAHBIX JJISI HPAKTUYECKOTO IPUMCHCHU

- HaBbIKaMHU OCBOCHHA MCTOAUK HUCIIOJIB30BAHUA TIPOTPAMMHBIX CPEACTB [JId PCIICHUA
MPAKTUYCCKUX 3a1a4;

- HaBBIKAMM HAIMCAHMS MPOTPAMMHOIO KOJA C MCIOJB30BAaHUEM S3BIKOB IIPOrPAMMHUPOBAHMS,
0o opMIIEHHS KOJ]a B COOTBETCTBUHU C YCTAaHOBJIEHHBIMHU TPEOOBAHUSAMHU.

TeMbl u pa3jaesibl Kypca:

1. OcHoBbI porpaMMupoBanus Ha Python



OcHoBbl mporpammupoBanusi Ha Python. Crpykrypel gaHHbIX u (QyHKIUHA. OOBEKTHO-
OpPUEHTHPOBAaHHOE NMporpaMMHUpoBanue. Yrinyonennsiii Python. MHOronorouHoe u aCHHXpOHHOE
IIPOrpaMMHUPOBAHHUE.

2. Pa3pabotka Ha utaropme 1C:IIpeanpusitue

[Tnardpopmennslit moaxon K pa3paboTke OuzHec-npuiaoKeHUil. OCHOBHBIE THUIBI U DJIEMEHTHI
wiatopmbl. OCHOBHBIE MEXaHU3MBI PETHCTPAllMM M XpaHEHUs IOoKaszareseil. Yipasisemble
dopmbl. BpiBojg  gaHHBIX.  MexaHuU3Mbl MHTErpanuu. MexaHu3Mbl —KoJulabopauuu |
KOMMYHHUKAIHH

MobGwuibHas 1iardpopma. Beb-kmuent. OOcmyKuBaHHE M AKCIUTyaTalust MHPOPMALMOHHOM
CUCTEMBI.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasiieHHOCTh: CHHXPOTPOHHbIE U HEUTPOHHbIE METOAbI HCCJIEI0BAHUM

Cynpamoseky/asipHasi XuMHsl

Heab AMCHUNIMHBI:

- OOy4HTh CTYJCHTOB OCHOBHBIM HPHUHIUIIAM HHXCHEPHH CIOXKHBIX CYIPaMOJICKYISPHBIX
CTPYKTYp, KaK COEIMHEHUI BKJIIOUEHUS, TAK M YACTUYHO YIIOPSIOYEHHBIX CAMOOPTaHU3YIOILIUXCS
MEe30MOpP(HBIX CHUCTEM, a TakXke CQPOPMUPOBATH Yy Yy4YaIIMXCS ILEJIOCTHOE IIOHMMAaHUE
MYJIbTHIUCIHUIUIMHAPHOTO XapakTepa CYMpPaMOJCKYISIpHOW XHMHH, BKIIOYAOMEH B cels
OpPraHWYeCKyI0, HEOPraHWMYeCKyl0, KOOPAMHALMOHHYIO, KOJUIOWJHYIO XHMHIO, (PHU3HKY
KOHJIEHCUPOBAHHOI'O COCTOSIHUS, SH3UMOJIOTHIO, BUPYCOJIOTUIO U APYTHE pa3Jieiibl COBPEMEHHOM
(GyHIaMeHTaJIbHON HayKH.

3agauyd AUCHUILINHBI:

- hopMUpOBaHKE OOIIKX MTPEACTABICHUHN 0 ME30MOP(HBIX cUcTeMax (TpeXMEpHbIE MULIEIISIPHbBIE
U OUKOHTHMHIOAJbHbIE Me30(ha3bl, IUIACTHUECKUE KPUCTAIUIbI, POTALMOHHO-KpUCTAIINYECKas
Me30(a3bl,  KOHIUC-KPUCTAUIBL,  KMJIKOKPUCTAIMUECKHE  Me30(a3bl  HEMaTHUYeCKOro,
CMEKTHUYECKOT0, XOJIECTEPHUUECKOr0 TUIIA);

- OIIPCACIICHUC B3aNMOCBA3U MCIKAY XHUMHYECKOMN CTPYKTypOﬁ u FCOMeTpHeﬁ MOIJICKYI C OHHOﬁ
CTOPOHBI, U CTPOCHUEM CYHNPAMOJICKYJIIAPHBIX arpe€raroB n q)aSOBBIM IIOBCACHHUEM CHCTEMBI — C

JpyTOH;

- HpI/I06pCTCHI/IC ydyamuMucsa CreruaJIbHBIX 3HaHUH 00 OCHOBHBIX MECTOAax XapaKTepusalnuu
Me30MOp(hHBIX cHucTeM (IUGPAKIUOHHBIE, ONTHYECKHE U  TerIoQU3NYecKhue METOIbI
MCCIIEI0BAHUS);

- 06yquI/Ie CTYACHTOB 0a30BBIM InprueMaM CHUHTEC3a COEeTMHEHUI BKJIIOUCHUA,

- OIPEEICHUE B3aUMOCBI3H MEXAY XUMUYECKON CTPYKTYPOH MaKpOLMKINYECKUX COCOUHEHUN
U UX CEJIEKTHBHOCTBIO M0 OTHOIIEHUIO K TEM WJIM MHBIM AK30pELeNnTOpaM (aHUOHBI, KaTHOHBI,
HEeUTpaIbHbIE MOJIEKYJIbI, OMOJIOTUYECKU aKTUBHBIE KOMIIOHEHTHI);

- HpI/IO6pCTCHI/IC yqaluMucs Hpe,Z[CTaBJ'IeHI/Iﬁ 00 OCHOBHBIX 00JIACTSIX MPUMCHCHUA
CYIIpaMOJICKYJIAPHBIX CUCTEM U MCSOMOP(I)HLIX COCTOSIHUM.

IlepeyeHb MuIaHUPYEMBbIX Pe3yJIbTATOB 00YUYEHHS 10 JUCHHUILIMHE (MOYJIIO)
B pesynbrare 0CBOCHUS AUCIUILTUHBI 00YYatONHecs JOKHBI
3HATh:

- mpeaMeT M OOBEKTHl  CYNpaMOJeKyJIsSIpHOW  XHMHHM, COBPEMEHHBbIE€  KOHLEHIMH
CyNpaMOJEKYISIPHON XUMUH;



- IPOLIECCHI MOJIEKYJISIPHOTO PACIIO3HABAHNS, a/IallTalliU U IPEoOpa30BaHMUs;
- (PUBUKO-XUMHUYECKHE OCHOBBI TOMOTEHHOTO M T€TEPOr€HHOT0 3apO/IbIIIe00pa30BaHNUS;

- CTPYKTYpPHBIC OCOOEHHOCTH OCHOBHBIX KJIACCOB YaCTHYHO-YIIOPAOAOYCHHBIX M€30(1)33
(HJ'IaCTI/ILIeCKI/Ie KpucTaljlbl, ABYMCPHBIC KOJOHYATBIC, POTANMOHHO-KpHUCTAIINYCCKasd (1)333,
KUAKOKPUCTAIIIMYCCKUEC HEMATHYCCKasd, CMEKTHYCCKasl, XOHCCTCpI/I‘IeCKaﬂMe30(1)3351);

- OCHOBBI (PpM3UYECKON HEOPTaHMYECKON M KOJUIOMIHON XHUMHU, OCHOBHI OOIICH ¥ OPTaHUYECKOM
XUMUU;

- CTPYKTYPY, HOMEHKJIATypy ¥ (PU3UKO-XHUMHUUYECKHE CBOMCTBA MPOCTEHIIUX OPTraHUYECKUX W
HEOPraHWYECKUX COCIMHEHUH: KUCJIOT U OCHOBaHUM JIbMIOCA, COJIel, 1ienoueii; MoJUuMEPOB U
COTIOJIMMEPOB, JICHIPUMEPOB;

- CTPYKTYpY, HOMEHKJIATYPY ¥ (PU3UKO-XUMHUYECKHE CBOHCTBAKOMIUIEKCHBIX COSAMHEHUI, B TOM
YHCJIEe MOCTPOSHHBIX 0 MPUHIMITY TOCTh-XO3MUH: C(epaHioB, reMuc(epanioB, KpUITAH/IOB,
reJIMKaTOB, KATEHAHOB, POTAKCaHOB;

- CIPYKTypy, HOMEHKJIAaTypy U (QHU3UKO-XMMHYECKHE CBOWCTBA OCHOBHBIX KJIACCOB
MaKpPOLMKJINYECKUX MOJIEKYJ, B TOM 4YHKCIe, KpayH-3(HUPOB, [MUKIOJEKCTPUHOB, KaTUKCAPEHOB,
(dTagonMaHuHOB | JIp.;

- NPUHLHUIBI UX MOJACIMPOBAHUSA, KOHCTPYMPOBAHUS, CO3LAHUSA M W3MEHEHHs CTPYKTYpbI
pa3TMYHBIMU (PU3UKO-XUMUYECKHUMHU METO/IaMHU;

- TCXHUKY 0€e30IacHOCTH pa60TbI B XUMHYECKOM na60paT0pHH.

yMeTb:

- UCIIOJIb30BAaTh (1)H3I/I‘IGCKI/IC 3aKOHBbI IJIA BBIITOJTHCHHUA KAYCCTBCHHBIX U KOJIMYCCTBCHHBIX OIICHOK
N3MCPACMBIX (I)I/BI/I‘-ICCKI/IX 1 BCIINYHH,

- IMOJIB30BATHCA MOAX0AaMU U ME€TOJaMH TCOPUHU KOHACHCUPOBAHHOI'O COCTOSAHHA BEIICCTBA,

- YCTaHABJIWBATh CBSI3b MEXAY CTPYKTYPOW COEAUHEHUN M MX (U3HMUYECKUMU M XUMHUYECKHUMH
CBOMCTBaMH.

BJAJ€Th:

- MCTOJaMHU aHAJIM3a U MOACIUPOBAHUA (1)I/I3I/I‘IGCKI/IX nmponeccoB B CUCTEMAX,B TOM YHCIIC U
HAaHOPa3MEPHDBIX;

- HABBIKAMH TUIAHUPOBAHMS W BEJCHHUS CaMOCTOSITENIbHOW pabOThl B HAaydyHOM OWOIMOTEKE,
1abopaTOpUN U UHTEPHETE.

- MCTOAMKaMH pa3p3.60TKI/I, MOZACIIMPOBAHUA, CHUHTE3d, aHAaJIM3a W HUCCICAOBaHHA OCHOBHBIX
KJIaCCOB CYITPAMOJICKYJIAPHBIX CUCTCM.

TeMbl U pa3jaesibl Kypca:



. buoxumuyeckue acmeKkTbl CynpaMOJIEKYJISIpHOM  camoopraHuzauuu. IIpuMeHeHus
caMOOpraHu3aluu.

XuMus 1 OMOXMMHSI MAKPOIMKIHYECKUX JIMTaHaoB. CTpyKTypa JUnuaoB. JIMMUAHbIE clion U
TUNHUIHbIE MeMOpaHbl. JIlunocomel. TpexmepHbie cTPYKTYpBI. [[0MM3IeKTPOTUTHL.

HpI/IMeHeHI/IH caMOOpraHmu3anunu.

CamMoopranusyroumecs cjiaou Ui 3JEKTPOHUKH U ONTONIEKTPOHUKHU. MoeKysipHbIE IPOBOA —
HMOHHBIe KaHanbl. VoH-cenekTuBHBIe MeMOpanbl. IlaTTepHMpoBaHue s MHUKPOKOHTaKTHOM
nevyatu. PotoHHble KpucTawibl. Hanonopuctele Marepuaibl. CUCTEMBI TOUYEYHOW J1OCTABKU
JICKapCTB.

2. Beenenue u MOTUBaLIUS Kypca.

CynpamornekynspHas XuMUsl, Kak 4aCTh HAYYHOTO 3HAHUS U caMOCTosITeNbHas Hayka. PaGotsr Y.
[lenepcena, JI. Kpama, X.-M. Jlena. Tunsl cOCTaBHBIX €IUHULL CYIPaAMOJIEKYJIIPHBIX arperaTros.
®daxTopsl, BIUAOLIUE Ha (POPMY CyNIpaMONEKyISIpHbIX arperaroB. CoelMHEHUs BKIIIOUEHUS U X
KJIacCU(pUKaIUS: KaBUTaH/bI, KJIaTpaHbl. MonexkynspHoe pacro3HaBaHue.
KoMIIMMeHTapHOCTb.

3. KonnouiHast XuMus CynpamMoJIeKyJSIpHbIX YacTHUII.

OcHOBBl  KOJUIOMJHOW  XuMuHU. YpaBHeHue [ub6ca. Kpuruueckas  KOHUEHTpauus
MUIe1000pa3oBanus. BzaumoneictBus Mexay aMbuUIbHBIMA MOJIEKYJIaMu U THIPO(OOHBII
a¢dexr. BrnusHue pacTtBopuTenss Ha  CTPYKTYpPY  CYNPaMOJEKYJSIPHBIX — arperaros.
Camoopranmzanusi JudUIbHBIX MOJIEKYJI Ha TpaHule pasznena (a3  KUIKOCTb-BO3IYX
(JIeHrMIOPOBCKUIMOHOCTIOM). DOpMUPOBAHKE U HCCIEAOBAHNE IBYMEPHBIX IIICHOK TUMUIbHBIX
BEIIECTB HA rpaHulle pa3zena (a3 )KUIKOCTh-BO3AYX B PEXKHME CXKaTHUE-PACTSHKEHHE: U3MEPEHUE
MOBEPXHOCTHOTO JJAaBJICHUS U MOBEPXHOCTHOTO MOTeHIMana. Busyanuzanus MophoIoruu mieHoK
HEMOCPEJICTBEHHO Ha MOBEPXHOCTH BOJBI MPH MOMOIIHU OPIOCTEPOBCKOIO0 MHUKpOCKoma. MeToj
JlenrMropa-bioKeTT: 0JHO- U MHOTOCTAaAUMUHBIA MEPEHOC MOHO- WM IOJUCIOEBOM IICHKH,
c(hOpMUPOBAHHOMN Ha MOBEPXHOCTH KUAKOCTH, HA TBEPAYIO MOJTIOKKY.

4. KoopmHanmoHHas XMMHUSI CYTIPaMOJIEKYJISIPHBIX arperaTos.

KOMHJ’IGKCOO6p330BaHI/Ie, KOOPpAUHAITMOHHBIC COCAUHCHU . JIuranasl. KOOpI[I/IHaI_II/IOHHa}I TCOpHUA
BepHepa. BI/IHapHBIe CMCCHU — CIIJIaBbl MCTAJIJIOB, MOJIMMEPHLIC IJICHKHU. HOCTy.]'IaTLI 9pJ’II/IXa n
CDI/H_Hepa.KJ'IaCCI/I(l)I/IKaI_II/IH KOMIIJIEKCHBIX COSIMHECHUM: AKBAKOMIIJICKCBI, aHHWOHTAJIOT'CHAThI,
KaTHOHT aJIOI'CHEI, II-KOMIIJIICKCHI, MCTAJIJIOOCHBI, XCJIaThI.

5. Kpucranioxumusi 00bEKTOB CyNpaMoJIEKYIISIPHON XUMUHU. PEHTTeHOCTPYKTYpHBIN aHalIu3.

VYnopsanouenHoe cocrosiHue. Teopust kpucramumdeckoro mnoss.KoopanHanmoHHoe —4wucio.
Koopnunammonssiit monmusap. Koopaunanuonnas cepa. MesoMophHOe COCTOSIHUE BEIIEeCTBa:
KHUJIKME KPUCTAJIBI, IUTACTHYECKUE KpucTauibl. JKHIKHE KpUCTAJUIBL:  KJIACCH(PHUKAIUA
(HEeMaTHKH, CMEKTUKHU, XOJIECTEPUKH), XapaKTepHble TEKCTYpPbI, TepMOTPONHbIE U JTHOTPOIHbIE
CTPYKTYpbl. ['00yssipHble KpucTayuibl. [lnoTHeWmMe ynakoBKM M KJIaJKH. ANEpHOAUYECKHE
KpHUCTaJUIbl. XapaKTepHbIe BUIBI TEKCTYp XKHJIKUX KpUCTAJUIOB. Teopusi cynmpaMoJeKyIspHbIX
KHUJIKMX KPUCTAJUIOB BiMsHUEe BHEITHUX YCIOBUl Ha (ha30BOE MOBEACHUE.

PeHTreHOoCTpYyKTYpHBIN aHAIU3.



OCHOBBI TIPUHITUTIBI AUPPAKIIAA PEHTICHOBCKUX Jyded W HEUTpoHOB. PaccessHue obbekTamu ¢
pa3aMyYHON YNOPSIOYEHHOCTHI0 — MOHOKPUCTAJUIBI, OJHOMEPHO-NIEPHUOANYECKUE CHCTEMBI,
WIMHAPHUYECKU-CUMMETPUYHBIE 00BEKTHI, U30TPOITHBIE CUCTEMBI. IHTEHCHBHOCTD KaK (DyHKIIUS
@ypbe 31eKTpoHHOM IUIoTHOCTU. AcuMntoTuku [mHbe u Iloponma. @yHKIMS NapHBIX
Koppersiiuii. ManoyrioBoe paccessHue JUCIEPCHBIMU CUCTEMAaMU — PACTBOPBI YACTHIL, TIOHATHE
KOHTpPacTa, MOHOJAMCIIEPCHBIE M MOJIUAUCIEPCHBIE pacTBOpbl.BoccTaHoBIEHNE paclipenencHus
AJIEKTPOHHOM IUIOTHOCTH M3 OTHOCHUTEIBHONW HMHTEHCHBHOCTH MAaJOYIJIOBBIX PEHTI€HOBCKHUX
pedIieKcoB.

6. O0m1as u HeopraHuyecKast XUMUS IPUMEHHUTEIBHO K 00bEKTaM CyNpaMOJIeKyISIPHON XUMUU.

DNEKTPOHHOE CTPOCHHME aToMa. OJEKTpPOHHBbIE KoHpurypamnwu, ypaBHenue Llpemunrepa.
KBanrtoBble umcia: riiaBHOE, MAarHUTHOE, CIIMHOBOE, OpOUTAIIbHOE. DJIEKTPOOTPHULIATEIHHOCTD,
CPOACTBO K OJJIEKTPOHY. MeToa MOJIEKYJISpHBIX opOuTaneil.MeTos BaJIeHTHBIX CBS3EH.
Omnpenenenne XuMu4eckoi cBs3u. [loHATHE BaJIGHTHOCTH W KOOPAMHAIIMOHHOTO yucia. J{nmuHa
CBSI3M, BaJICHTHBIN YTOJ, MOJSPHOCTh, SHEPTUs CBs3H. [uOpunmzanus u omnpenencHue (Hopmbl
MHOTOATOMHBIX 4YacTHIl. TUIBl CBsI3ed, XUMHUECKHEe U (QHU3UYECKHE CBS3U. XHUMUYECKUE
JIBYXOJIEKTPOHHBIE CBSI3M: KOBaJIEHTHBbIC (TOJSpHAs, HE TMOJspHAas JOHOPHO-aKLENTOpHas),
MOHHAsI. XMMHYECKHE COCTUHEHUS C AePUIMTHBIMHA CTPYKTYpaMu (apOMaTUYECKUE CTPYKTYPBI,
©OOpPOBOZOPO/IBI). Mertannuueckast CBSI3b. MexmonexkynsipHbie B3aMMO/ICHCTBUS:
JNEKTPOCTaTUYECKOe  (OpUEHTAIIMOHHOE, HWHAYKIMOHHOE, JUCIEPCUOHHOE);  JIOHOPHO-
aKlenTopHoe B3auMojelcTBue. BogopoaHas cBs3b. TUIBI XMMHUYECKOW CBSI3M B KpHCTaslIax:
WOHHbBIE, aTOMHBbIC (KOBAJEHTHAas, MeETAJUIMYecKas) U MOJICKYJSpHbIe. JIBIKyIue CHIIbI
camoopranuzauuu. Bopopognsie  cBa3u.  MoH-gunosibHblEe,  AUNONb-TUIOJBHBIE, — TT-T
B3auMoencTBus. Ban-nep-BaanbCcoBsl ChIbI.

7. CymipaMoJIeKyJIipHas XUMHUS IMOJTHUMEPOB.

[Tonmumepsl. OmnpeneneHue, KECTKOLCTIHbIE U THOKoIenHble. CTaTucTUYecKasi TePMOJMHAMIKA
cMecell U criaBoB MojauMepoB. CMecH KPUCTAIUYECKUX MOJUMEPOB, UX CTpyKTypa. CMecu u3
JKECTKOIICTIHBIX TMoNuMepoB. Pemerouynas moaens Dnopu s TEPMOTPOMHBIX U JTHOTPOIMHBIX
cmeceil. @a3oBasi cTaOMIBHOCTH. PoTannoHHO-KpucTanmudeckas (a3a B moimumepax. ['nOkue
JTUHEHHBIE MAaKPOMOJICKYJIbI. [ MOKOIIEITHBIC TTOJTUMEPHI C JUTMHHBIMA OOKOBBIMU 3aMECTUTEIISIMH.
KecTkre MakpOMOJEKYJbl ¢ THOKUMH OOKOBBIMH 3amecTUTEISIMH. JluckoTuku. CeKTopo- |
KOHycOOOpa3Hble JIEHAPOHBL. JleHApUMEpsl — YacTHIBI-MOJIEKYJBl. PacTBOpUMOCTh H
COBMECTHMOCTbH IMOJIMMEPOB. TepMOIMHAMUYECKUE KPUTEPHH B3aMOpPacTBOPUMOCTH. CHCTEMBI
C BOJIOPOHOM CBA3bI0. briok-comomumepsl. Teopust (ha3oBbIX MEpexoa0B B OJOK-COTOIUMEpaX.
Tepmonuuamuueckuit moaxon Mzpawmnamsuiu.O630p moneneir SAFT, PRISM, LCT. Cnyyan
CWIbHOM u cnaboit cerperamuu. OOmas Tteopus Marcena-baiitca. BrausHue BHEIIHHX
TeOMETPUYECKUX OTPaHWYCHUH Ha (Da30BbIe IPEBPAICHHS B OJIOK-COTIOIMMEPAX.

8. dusnyeckas XUMHUs CyIIPaMOJICKYJIIPHBIX aHCaMOJIei.

®a30BbIe MEPEXO/bl MEPBOrO0 M BTOpPOro pona. TepMocTuMynHpoBaHHOE paszzaeiieHue ¢a3 u
¢dazoBass CcTaOMIBHOCTh. XHUMHUYECKHH MOTEHIHAI. OHTPONHs KOH(UTrypalMOHHas U
koH(popmanmonHas. Monens ®nopu-Xarruaca.OnpeneneHne TeMIEpaTypbl CTEKJIOBaHUS
MeToaamMu audPepeHInaTbHOr0 TEPMUUECKOT0 aHamm3a U AuddepeHITnaTbHON CKaHUPYIOIIEH
KaJIopuMeTpuH. Bpemst penakcannuu, penakcaluoOHHbIE IEPEXO0/IbI.

9. XuMmus oOpraHuYECKUX CyNpaMOJIEKYJISIPHBIX COEANHEHUN.



B3aumopeiictBus Tuma  kimou-3amMok.  CenexktuBHOCTh.  KpayH-3dupbl W XupanbHas
CEJIEKTUBHOCTh. Makpouuxindyeckue nonauamunbl. [ukionekctpunel. Kamukcapenst —
COEIMHEHUS C PETYIUPYEMOM CEIEKTUBHOCTHIO. JIM3ailH TOYEK MOJIEKYIISIPHOIO PacliO3HABaHMUSL.
JlecTHUYHBIE CTPYKTYpPBI, CETKHU, pelIeTKH. JINHEHbIE KOMIIOHEHTBI CYIIPAMOJIEKYJIIPHBIX CETOK:
ruOKre KOMIIOHEHTBI, J>KECTKME KOMIIOHEHThl — ocHoBaHus Iludda, rubkme Ttpumoas.
[uknuyeckrue CHUHTOHBI, IUIOCKME MAaKPOLUKIBI — (rajmouuanunbl. J{nHamepsl. PoTakcassbl.
Karenansl 1 MoJsieKyJIIpHBIE Karcybl. JleHapuMepsl — 4aCTUIIbI-MOJIEKYJIBI.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

JKCNepUMeHTAJIbHbIE METOAbl B HEHTPOHHOU (PU3UKe

Heab AMCHUNIMHBI:

- HAY4YUTb CTyACHTAa OPUCHTUPOBATLCA B BO3MOXHOCTAX PA3JIMYHBIX MCTOIOB HeﬁTpOHHOF (6}
paccessHUS U qU(paKIUm.

3agauu AMCUUIIINHBIL:

- II0Ka3aTh OCOOEHHOCTHU Pa3JIMYHBIX MCTOAWK IPHUMCHACMBIX B obOnactu I/ICCJICIIOBaHI/Iﬁ
KOHACHCHUPOBAHHBIX CPC, MATCPHUAJIOBCACHUSA, HAYK O )KXU3HU, TCXHOJIOTHHU, MCAUIIUHBI;

- q)OpMI/IpOBaHI/IC 0a30BBIX 3HAHHUI 00 OKCIICPUMCHTAJIbHBIX YCTAHOBKAX U IIPUMCHACMBIX Ha HUX
MCTOAHKAX HeﬁTpOHHOFO pacceiaHus.

IlepeyeHb MUIAHUPYEMBIX Pe3yJbTATOB 00YUYeHUsI 1O JUCHUIJIMHE (MOYJII0)
B pe3ynbrare ocBOCHUS AUCIUIUIMHBI 00YYaIONIUECs JOJKHBI
3HATh:

- (yHIaMEHTAJbHbIE TOHATHUS, 3AaKOHbBI, TEOPUM M (POPMYJbl, ONUCHIBAIOIINE PACCESTHUE
HEHUTPOHOB;

- OCHOBHBIC MCTOAUKH UCCIICAOBAHHNA C NCIIOJIB30BAHUCM HeﬁTPOHOB;

- UMeTh oO0lee MpeAcTaBieHUE 00 OCHOBHBIX TEHACHUUSAX W HalpaBICHUSIX pPa3BUTH
WCCIIEIOBAHUM C IPUMEHEHUEM HEMTPOHHOIO PACCEsTHUS;

- IPUHIUIIBI pabOTHI COBPEMEHHBIX HCTOUHUKOB HEHTPOHOB;

- IPUHIUIIBI pa6OTBI SKCIICPUMCHTAJIbHBIX CTaHLMH C UCHOJIb30BaHUEM HeﬁTPOHOB.

yMeTb:

- IPUMEHSATh HEUTPOHHBIE METOJIMKH JJIs U3BICUCHUs HEOOXOAUMON HH(OPMAILIUU O CTPYKTYpE
HCCIIETyeMOTO 00BEKTa;

- 3((PeKTUBHO HCIIOIB30BATH COBPEMEHHbIE MH()OPMAIIMOHHBIE TEXHOJOTHMH M PECcypChl IUIs
MOJlyueHUs: HEoOXOJUMBIX 3HAaHMW N0 MHTEpecylollell HaydHOW mpobieMe B pamKax
UCCJIE0BAHUM IIPOBOJUMBIX C UCIIOJIB30BAHUEM HEUTPOHOB.

BJAaJ€Th:



- CTICIMAIBHON TEPMHUHOJIOTHEH B 00J1aCTH HEHTPOHHOTO PaCCESTHUS,
- MCTOAUKAMH ITOCTPOCHUA MOILCJICI\/JI K OIIMCAHUIO CBOMCTB CUHXPOTPOHHOI'O U3JIYUCHUS,

OCHOBHBIMH MCTOAaMHU ITPUMCHCHUA HeﬁTpOHHOFO pacceiaHus.

TeMbl U pa3jesibl Kypca:
1. Beenenue.

OcHOBHBIE OHATUS: CTPOCHUE aTOMa U aTOMHOTO $]Ipa, UCTOPUS OTKPBITUS HEUTPOHA, OCHOBHbBIE
CBOWCTBa HEUTPOHA, BO3MOYKHOCTH MCIIOJIB30BaHUSA HEHTpOHA B (PM3UYECKUX HCCIEIOBAHUSX,
PagOAKTUBHOCTb.

OtkpbiTHe HeWTpoHa. OCOOCHHOCTH CTpoeHHus sApa ¢ ydérom HeurtpoHorpaduu. I[lepswie
peaktopel. CoBpeMeHHBI Hay4yHblid ganamadr. Honusupyromee wusnydenue. I[lpupona
HEUTPOHHOTO U3ny4eHus1. OCHOBHBIE HANPABJICHUS IPUMEHEHUS! HEUTPOHOB.

2. Busibl HICTOYHHUKOB HEUTPOHOB.

MupoBble MCTOYHUKH HEHTPOHOB. Buapl MCTOYHMKOB HEeWTpoHOB: - (alpha, n), (d,n), (p,n)
peaKIyn; HeUTPOHHBIE ICTOYHUKH Ha OCHOBE MCIIAPUTEIIbHO-CKaJIbIBAIONIeH peakiun (spallation)
Y MULIEHEH U3 TSKENbIX si/Iep; peakuu (gamma, n); iAepHble peakTopbl; 3aMeJIEHHE HEUTPOHOB.

3. OCHOBHBIE COBPEMEHHBIE METAYCTAHOBKH ISl UCCIICIOBAHUN C HEUTPOHAMH.
Peaktop NI, peakrop 111K, umnynscusie ncrounuku HeutponoB SNS, SINQ, ESS, UBP-2.
4. HeliTpOoHHBIE METO/IbI UCCIIEIOBAaHUM.

Tumel SKCIEPUMEHTAIBHBIX YCTAHOBOK I MCCIECNOBAHMS METAMATEPUANIOB. YCTaHOBKaA
MaJIOYIJIOBOM  JU(PAKLUUU HEHTPOHOB; yCTAaHOBKA pe(IEKTOMETPUH  MOJISIPU30BAHHBIX
HEUTPOHOB.

5. Meroa nudpakiust HEUTPOHOB B MPUMEHEHUHU K UCCIIEIOBAHUIO BEIIECTBA.

OcHoBbl audpakius HeUTpoHoB. lccienoBaHue MeramaTepuargoB METOAOM MallOyTJIOBOM
Tudpakiuu HEWTpoHOB. llodspu3zoBaHHbIE M HEMOISIPU30BaHHbIE HEHTpOHBI. OcoOeHHOCTH
WCCJIEIOBAHMSI MAarHUTHBIX HAHOCTPYKTYyp. TpHM BKjJaza B HMHTEHCUBHOCTb HEWTPOHHOTO
paccesHUs: sIePHbIM, MarHUTHBIH, s7lepHO-MarHuTHas uHTepdepenuus. [Ipumepsr.

6. Meton pe(l)HeKTOMeTpI/II/I HeﬁTpOHOB B IPUMCHCHUU K UCCJIICIOBAHUIO BCIICCTBA.

Hccnenoanue mieHOYHBIX HAHOKOMIIO3UTOB HA OCHOBAHUHM MarHUTHBIX, TOJYITPOBOJHUKOBBIX U
JTMaMarHUTHBIX METaMaTepuajoB METoJlaMH pedIeKTOMETpUU HEUTpPOHOB. PeduiekTomeTpust Ha
HEMarHUTHBIX cucTteMax. [Ipumepsl.

7. Meton MaJIOyTJIOBOT'O PaCCCAHUA HCfITpOHOB B IPpUMCHCHHUHU K UCCIICAOBAHHUIO BCIICCTBA.

[Tpuauunsr MYPH. MYPH Ha MarHuTHBIX MaTepuaiax, OMOIOrHuecKuX 00beKTax U (pakraax.
IIpumepsl.

8. Merton HeﬁTPOHHOﬁ CIIMH-3XO0 CIICKTPOCKOIIMA B KOHJACHCHUPOBAHHBIX CpCaax.



Urepdepentus HelTpoHOB. PexkxM  MHOTOBOJTHOBOM  WMHTEphEpPEHIIMM HEUTPOHOB €
HUCIIOJIB30BaHUECM METO4a CIIMHOBOTI'O 3XO0. Pexxumebl HeﬁTpOHHOFO CIIMHOBOT'O 3XO0:
"knaccuueckuil" u "pesonancHbIi". [Ipumepsl.

9. SlnepHas MeauUIMHA.
OcHoBHbIe TpUHIUTBL. [IpOM3BOACTBO N30TOMOB I MEAUIMHCKUX 1eneil. [Iporonnas Tepanmus.
10. Pabora ¢ ganHBIMU: 00paOOTKa M UHTEPIIPETALIHSL.

3HAKOMCTBO C THIIOBBIMH ImporpaMmmamMu O6pa6OTKI/I OKCIICPUMCHTAJIBHBIX JaHHBIX.



