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6d909c49c1d203/H i pasiienifo ¢reiKoHBepreHTHbIE HAHO-, 0MO0-, HHGOPMAIMOHHbIE H KOTHUTHBHBIE

AHHOTAIUM K pad04YuM NMPOrpaMMaM M CIUIINH.

TEXHOJIOI'UMN

AHrnuiickuii si3bIK (YpoBeHb B2)

Heab AMCHUNIMHBI:

- (OopMHUPOBaHHE MEXKKYIBTYPHOU NPO(ECCHOHATHFHO OPUEHTHPOBAHHOW KOMMYHUKATHBHOMN
KOMIIETCHIIMM Ha MOPOTrOBOM ypoBHE Bl+ ¢ akileHTOM Ha ycTHOE OOIIEHHE, TOTOBHOCTH K
TOYHOMY IMOHUMAHHUIO CMBICTIA TEKCTa U K 3(PPEeKTUBHON (OPMYTUPOBKE COOCTBEHHOW YCTHOM
WHOSA3BIYHOM pEUH.

3agauu AMCHUIINHBIL:
- pacHIMpeHne akaJgeMUIeCKOT0 CIIOBAPHOTO 3araca;
- COBEpIICHCTBOBAHNE PEUYEBBIX U ayJUTHUBHBIX HABBIKOB U YMEHUI;

- (dbopMHupoBaHHE CHOCOOHOCTH HWCIIOJB30BATh SI3BIKOBBIE CPEACTBA IS JOCTHIKEHUS
KOMMYHHKATHBHBIX II€Jeld B KOHKPETHOH CHTyallud OOLICHHS B aKaJeMHUYecKoil cdepe Ha
M3y4a€MOM MHOCTPAHHOM S3BIKE;

- (I)OpMI/IpOBaHI/IC CIIOCOOHOCTH BBICTPANBATh CTPATCIUIO YCTHOI'O 06H_[eHI/I$I Ha U3y4acMOM
HHOCTPAHHOM A3bIKC B COOTBECTCTBUU C COIITMOKYJIBTYPHBIMU 0COOCHHOCTSMH HN3Yy4aceMOT'0O A3bIKa;

- (GbopMHpOBaHME HABBIKOB M YMEHMH KPUTUYECKOTO MBIIUIEHUS TPU PELICHUU
pOOJIEMHBIX KOMMYHHUKATUBHBIX 3a7ad.

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

3HATh:

— aKaJIeMU4eCKUi U (PyHKIIMOHAIBHBINA CIOBaph B paMKaxX U3y4aeMbIX TEM;
— OCHOBHBI€ ITPaBUJIa UHTOHAITMOHHOTO O(OPMIICHHSI BHICKa3bIBAHUS;

- 3aKOHOMCPHOCTHU OpraHrU3allvii BBICKA3bIBAHUS B TaAKUX (bopMax BBIPpAXKCHUA MBICJIN, KaK
06135[CHGHI/I6, IMMOJICMHUKA U apr'YMCHTUPOBAHHOC BBICKA3bIBAHHE,

- 0COOEHHOCTHU PEUYCBOro MOBCACHUS B PA3JIMYHBIX KOMMYHUKATUBHBIX CUTYallUAX;

— KyJIbTYpPHO-CIIELIU(PHUECKHE OCOOCHHOCTHM MEHTAJINTETa, MPEICTaBICHHUM, YCTaHOBOK,
LIEHHOCTEH NPEICTaBUTENIEH aHTJIOA3BIYHON KYJIBTYPHI,

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



- OTUYCCKHUE KW HPABCTBCHHLIC HOPMBI IMOBEACHHWA, MOACIN COLMAJIbHBIX CHTyaHHfI,
TUITNUYHBIC CLICHApUH B3aUMOICHCTBHA.

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, MPOILAHUE, T03IpaBIIEHNE, U3BUHEHHE, ITPOCH0a);

— 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 MPUYUHBI BOSHUKHOBEHUS U ITyTH PEaJIN3allny;
- JI0Ka3bIBaTh 11EJI€CO00PA3HOCTD MPEIOKEHHS,

— JI0Ka3bIBaTh CIIPABEUIMBOCTD MOCTYJIATa;

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

BJIa/1eTh:

- OCHOBHBIMHM JMCKYPCHBHBIMU CHOCOOaMU peanu3alii KOMMYHUKATHUBHBIX —Ilesieil
BBICKA3bIBAaHUSI MPUMEHUTEIBHO K OCOOEHHOCTAM TEKYIIEro KOMMYHHUKATHBHOTO KOHTEKCTa
(Bpemsi, MECTO, I€JTH U YCIIOBUSI B3aUMOJICHCTBUA);

— OCHOBHBIMH CTIOCOOAMU BBIPAXKEHUSI CEMaHTUYECKOW, KOMMYHUKAaTUBHON U CTPYKTYpPHOI
IIPEEMCTBEHHOCTH MEKJly YacTSAMHU BBICKA3bIBAHMS - KOMIIO3MIMOHHBIMH JJIEMEHTAMM TEKCTA
(BBeZleHHE, OCHOBHAS 4aCTh, 3aK/IIOUEHHE), CBEPX(PA30BBIMU €AMHCTBAMHU, IPEIOKEHUSIMM;

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

— Pa3IMYHBIMU KOMMYHUKATUBHBIMHU CTPATETUSIMH;

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

— CTpaTerusiMu pe(IeKCHu U CaMOOIICHKH;

- Z[HCKprHBHOﬁ KOMIIETEHIIUEH - YMETBH CTPOUTDH BBICKA3bIBAHNUEC C YUCTOM €I'0 JIOTUYHOCTH,
A0CTAaTOYHOCTHU, TOYHOCTH, BBIPASUTCIIbHOCTH, Y6CI[I/ITCJ'ILHOCTI/I.

TeMbl U pa3jaeiibl Kypca:



1. AMepukaHckass MeuTa

['paMMaTHYeCKUil aCMEeKT — IJIarojbHbIC KOHCTPYKLMH, TO3BOJISIONIME H30EKaTh IOBTOPOB.
Jlexcuueckuil acneKT — KOHTEKCTYaJbHbIE CHHOHMMBI, CTPaHbl W HAlMOHAJIbHOCTH.
KoMMyHHKaTHBHBIN acCEKT — AUCKYCCHUS TI0 HAIMOHAJIBHBIM MPOOJIeMaM; aMEPUKAHCKUN aKI[eHT
B QHIJIMHCKOM SI3BIKE.

2. I'nobGanuzanus 3JKOHOMUKHA

FpaMMaTI/I‘leCKI/Iﬁ ACIICKT — HapC€uus, HApCYHbIC CIOBOCOYCTAHUA. JlekcuyecKkui acmeKkT — Ou3Hec
JICKCHUKa JJIs1 OITMCaHUA S9KOHOMHWYCCKUX TeH,I[eHI.[Hﬁ. KOMMYHI/IKaTI/IBHHﬁ ACIICKT — INIaHUPOBAHUE
peKHaMHOﬁ KaMIIaHUH, CTAaTUCTHYECKHI OTYET.

3. XKu3Hb Ha Kparo cBeTa

['paMMaTHYeCKUi acleKT — YTOYHSIONIWE, IPHYACTHBIE U JICCIPUYACTHBIE OOOPOTHI.
JIekcHueCcKHi aclieKT — reorpaduueckas 1 KIimMaTudeckast JeKchka. KOMMyHUKAaTUBHBIN acIIeKT
—OBITOBBIC BBIpAXKEHHS CO clloBaMU «earth, ground, soil»

4. KyJbT 3HAMEHUTOCTH

['pammaTHueckuil aceKT — BBOJHBIE c€JOBa (MapKepbl AUCKypca). JIeKCMYecKuil acmekT —
CHHOHUMBI/aHTOHUMBI. KOMMYHUKAaTUBHBIH aCIEeKT — BBIPAKECHUE COTJIACHs/HEecoriacus ¢
IIOMOIIbIO BOIPOCOB U TOBTOPOB.

5. Mudps1 u ¢aktel B Ouorpadun 3HaMEHUTHIX JIFOICH

rpaMMaTI/I‘leCKI/Iﬁ ACIICKT — PCAJIbHOC U COCJIAraTCJIbHOC HAKJIIOHCHUA. Jlexkcuueckuii acrekT —
MeTa(l)OpBI n HUIHUOMEI. KOMMYHI/IKaTI/IBHHﬁ ACIICKT — B3IVIABI Ha HCKYCCTBO, «CMATYCHHCH
BBICKA3bIBaAHUA.

6. Hapoxnast MmyapocTthb

I'pammaTHuecknii acCeKT — MOJAJIbHBIE TJIAr0Jbl BO BCEX 3HAYCHMSAX. JIGKCHYECKUU acleKkT —
pudMa U pUTM B IOITUYECKOM CTUIIE peur. KOMMYHUKATUBHBIN aClIEKT — CHCTEMHBIE HAapyIICHUS
IIPABUJI AHTJIMKUCKOTO SA3bIKA B PA3rOBOPHOM IIPAKTHUKE.

7. Herpeononumoe Biie4eHHE

['pammaTHueckuii aciekT — 3M@aTHUYeCKWe CHHTAKCHYeCKHE KOHCTPYKIMH. Jlekcuueckuii
aCIIeKT — KpBUIAThIE BBIPAKEHMSI, ITOCJIOBMIBI M IMOrOBOPKH. KOMMYHHKAaTHUBHBIA ACIEKT —
OMOILIMOHAJIBHASL OKpacKa pPEeaKIMU Ha BbICKa3bIBAHUE.

8. Cnopt

I'paMMaTHUecKuil acleKT — YCHIIMTEIbHbIE HapeuMs. JIeKCMYecKni acnekT — 4acTh Tejia U
[J1aroJibl, UM COOTBETCTBYIOIME. KOMMYHUKAaTUBHBIN aCIIEKT — JUCKYCCUOHHBIE KIIHIIIE.

9. Cpencraa maccoBoii nHGpOpMaUu

I'paMMaTHUECKHI aCTIEKT — IACCUBHBIE KOHCTPYKIMH. JIEKCUUECKNI aClIEKT — CYILIECTBUTEIbHBIE,
obOpa3zoBaHHbIe OT (pa3oBbIX TJaroyioB. KOMMyHMKAaTHBHBIA acleKT —peakius Ha HOBOCTH,
JUCKYCCHS O TI0J1a4€ HOBOCTEM.



10. CTunu u xaHpbl XyJ0KECTBEHHOMN JIUTEPATypPhl

['pammaTHuecKkuil aclieKT — 0030p BUIOBPEMEHHBIX KaTEropuil riarosia (CpaBHEHHE BHJIOB).
Jlekcuueckuil acmekT — (pa3oBble TJIAaroibl B OyKBAIBHOM M MeTa(QOpUYECKOM 3HAYCHHU;
OMOHUMBI. KOMMYHHKATHUBHBIN aCIIEKT — HECOOTBETCTBUE (OHETUKH Opdorpaduu.

11. Ypoku uctopun

['paMMaTHYeCKUii acTeKT — TJarojibHble KOHCTPYKUMH (TJ1aroi/uH(GpUHUTHB, TIIaroil/TepyHIui).
JlekcuuyecKuil acrekT — OMOHUMBI, OMO(OHBI, oMorpadsl. KOMMYHUKAaTUBHBIA aCMEKT — OTYET
O4YEBU/ILIA; AHEKIOTBHI.

12. Yyneca cera

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



AHHOTAUMH K pa00o4ynM MPorpaMMam JMCUUIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

benkoBasi HH:KeHepUs

Heab AMCHUNIMHBI:

- IpUOOpETEHHE CTYICHTaMHU 3HAHU 00 OCHOBHBIX METOAMYECKUX MOIX 01X, UCIIOIH3yEeMbIX TPH
TEHETUYECKOM MaHUIYJUPOBAHUU, O MOJICKYJSPHBIX MEXaHU3MaX, JISKAIIUX B OCHOBE 3THUX
MOJXOJIOB U O BO3MOXKHOCTH WX NPUMEHEHHS Ui KOHCTPYMPOBAHHUS MOIH(PHUIMPOBAHHBIX
OCJIKOBBIX MOJICKYIL.

3agauu AMCHUIINHBIL:

- TIOJy4yeHUE 3HAHUW O TEHETUYECKOM KJIOHHPOBAHMH, (PYHKIMOHAIBHOM OpraHu3aluu
Pa3JIMYHBIX BEKTOPOB Il T€HETHYECKOrO0 KIIOHUPOBAHUSA, KOHCTPYMPOBAHUHM BEKTOPOB IS
JKCIIPECCUN YY’KEPOJIHBIX T€HOB B KJIIETKaX MUKPOOPTaHU3MOB;

- [IOJIy4YCHHC 3HAHUM 0 KOHCTPYHUPOBAHHUU U aHATIU3C€ 'CHCTHUYCCKUX 6I/I6JII/IOT6K;

- TIOJTyYeHHE 3HAHUK O OMocuHTE3e W (ONAMHTEe OCIKOBBIX MOJIEKYJ, YPOBHSIX CTPYKTYPHOMH
OpraHu3anuy 0elIKoB, OCOOEHHOCTSAX CTPYKTYPHO-()YHKIIMOHATILHON OpraHnu3ainuu OeIKoB;

- OCBOCHHE HABBIKOB pa0OTHI CO CTIEIMATBLHON JTUTEPATypOl B IPEIMETHON 00IacTH.
IlepeyeHb MIAHUPYEMBIX Pe3yJbTATOB 00YUYEeHHUs M0 TUCHHUIIMHE (MOIYJIIO)

B pe3ynbrare 0CBOCHUS AUCITUTUTMHBI 00YJarOITUECs JOIKHBI

3HATh:

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

- (huznyecKue sSBICHHUS, JISXKAIINE B OCHOBE OPraHU3alluU 3TUX MAaKPOMOJIEKYJ;
- OCHOBHBIE METO/Ibl UCCIIEIOBAaHMsI OEJIKOB M HYKJIEMHOBBIX KUCIIOT;
- METO/Ibl KOHCTPYHUPOBAaHUSI peKOMOMHAaHTHBIX Mojekyn JTHK;

- IPUHIUIIBI TTOJTYYCHUA pCKOMGI/IHaHTHBIX OCIIKOB.

yMeThb:

- IOPOBOJAUTH IOUCK U aHaJIU3 HaquO-TeXHHQCCKOﬁ I/IH(I)OpMaI_[I/II/I 10 3aJaHHON TeMaTHuKe B
obyactu HCCIeI0BaHUM 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:
- CHIeMaIbHON TEPMUHOJIOTHEH B 001aCTH OCJIKOBOM WHKCHEPHH;

- MCTOAaMH 06pa6OTKI/I, dHaJIu3a U CucreMaTru3aluuu Hay‘IHO-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
CeIMMEHTaLUU. Juddepennnansaoe LEHTpU(PYrupoBaHHe. 30HaIbHO-CKOPOCTHOE
neHTpudyrupopanre. PaBHOBecHOE (M30NMUKHHUYECKOE) MEeHTpUyrupoBanue. Paznenenue
ocaxneHnueM. M3037eKTpuyeckoe OCaXICHUE, BBHICAIMBAHHE, OCAXKICHUE OPraHUYECKUMHU
pactBoputensiMu. [lnanu3 u yapTpadmiibTpanus. XpoMaTorpapuueckue METOIbl pasesieHUs
BemecTB. OOmiee mpexacraBienne o xpomartorpaduu. OCHOBHBIC MOHATHUS W OCHOBBI TEOPUHU
xpomarorpaduu. YnepxkuBanue. Paspemenue. IloHsATHE © TEOpPETHYECKOH  Tapelnke.
Knaccudukanus xpomatorpaduueckux Meto10B. OcoOeHHOCTH paseneHus 0enkoB. MaTepuaisl
MaTpHI] COPOCHTOB 1 0OMEHHUKOB. MeToabl Xpomarorpadun. AacopOIroHHas XxpoMarorpadus.
PacnpenenurensHas xpomatorpadus. OOpamenno-dazoBas xpomartorpadus. MonooOMeHnHas
xpomarorpadus.  'emb-mpoHukaromass — xpomartorpadus. AddunHas  xpomarorpadus.
O6opynoBanue mns xpomarorpaduu. OcoOEHHOCTH TpenapaTuBHON W aHAJTUTHYECKON
xpomaTtorpaduu. ODIEKTPOMUTPALMOHHBIE METOIbl pa3ieNeHus BemecTB. Kiaccudukanus
3IEKTPOMUTPAIIMOHHBIX METOJIOB pa3zenieHus. DIeKTpodopes3 B arapo3HoM rejie. DiekTpodopes
B IoJinakpuiaMuiHoM resne. CtannoHapHsli anekrpodopes. Mzosnexkrpuyeckoe GoKycupoBaHHE.
N3otaxodopes. Kanmuuspaslid snekrpodopes. Dnekrpodopes 6enkoB. DaekTpodopeTndeckne
cBoiictBa OenkoB. Jluck-anekropodopes. Paznenenne OenkoB c¢ wucnoibzoBanuem Na-/IC.
OmnpeneneHne MOJIEKYJIIPHON Macchl OEIKOB ¢ MCIIOJIb30BaHUEM 3JekTpodope3a. OOHapyx eHHe
O6enxoB Ha anekrpodoperpammax. OxpamuBanue. OOHapykeHHEe 1O (epMEHTaTUBHOU
aKTUBHOCTH. BecTepH-010TTHHT. DIeKTpodope3 HYKIEHHOBBIX KHUCIOT. DIeKTpopopeTnyeckue
CBOWCTBAa HYKJICHHOBBIX KHCIOT. OJIEKTpo(ope3 HYKICHHOBBIX KHCIOT B arapo3HOM H
nonuakpuiamMugHoMm rensax. [lymechopes. Dnexkrpodope3 B J€HATYpUPYIOIIMX —YCIOBHSIX.
OOHapy)XeHHE HYKJIIEMHOBBIX KHCIIOT TMocie anekrpodopeza. VCTOYHMKH THTaHUS IS
anekTpodopesa. Cay3epH- U HO3EPH-OJIOTTHHT.

2. OCHOBBI T€HETHYECKOTO KOHCTPYHUPOBAHMUA.

KonctpynupoBanue OuOIMOTEK TeHOB. BekTophl A KIOHMPOBaHMS TEHOB. AMIUIM(UKALUA
¢parmentoB JIHK c¢ ucnonb3oBanueM nenHoil nomumepasHoi peakuuu (I1LIP). Onpenenenue
HykJeotuHod nocneaoBatenbHoct JIHK. HampaBneHHblli MyTareHe3 mociegoBaTEIbHOCTH
JHK. IlpuHumnsl cKkpuHUHra OMOIMOTEK TeHOB. Perymsuus akTUBHOCTH reHOB. Perymsnus
AKTMBHOCTM T€HOB Ha YPOBHE TpaHCKpUNIuu. (DyHKIMOHMPOBAHME JAKTO3HOI'O OIEPOHA.
Perymsius TpaHCKpUIIIMK F€HOB Ha ypOBHE TpaHCIAIUU. OYHKIIMOHUPOBAHUE TPUNITO(PAHOBOTO
orepoHa. BekTopsl /17151 SKCIIpeccun 4yKepoIHBIX reHoB. X cTpyKkTypa 1 ucnonb3oBaHue. Beidbop
IIPOMOTOPOB I  DKCIIPECCUOHHBIX BEKTOPOB. MHuImanus TpaHCIAIMM Yy TPOKAPHOT.
KonctpyupoBanue RBS mpu co3manum BEKTOPOB 3KCHPECCHOHHBIX BEKTOpoB. CompskeHue



IIPOLECCOB TPAHCKPUIILMK M TPAaHCIAUUM Yy MNpokapuoT. CTpykTypa TreHOB »ykapuoT. Hx
MOIUGBHUKALMS [T SKCIIPECCUU B KIIETKaX MPOKApHOT. MexaHu3Mbl cekperun 0esnkoB. CTpoeHue
U (QYHKUUU CUTHAJIBHBIX MEenTU0B. OCHOBHBIC 3Tanbl KOHCTPYHPOBAHHS T'€HHO-HMHKECHEPHBIX
IPOAYLIEHTOB. MHUKPOOPraHu3MBbl, HUCIOJIB3yEMbIE I CO3JaHUs T'€HHO-WH)KCHEPHBIX
npoayuenToB. Ilocrrpancnsaunonneie Moaupukanuu OenkoB. [IpuunMHBI HEUJAEHTHYHOCTH
OPUPOIHBIX OEJIKOB W WX TeHHO-MHXXCHEPHBIX aHAIoOroB. Jlerpamanusi 4yXepOAHBIX U
AQHOMAJIbHBIX OEITKOB MUKPOOHBIMH KiIeTKaMu. CTaOMIIBHOCTD YyKEPOTHBIX OEIKOB B MUKPOOHBIX
KJIETKaX.

3. OCHOBBI MOJICKYJISIPHOM OMOJIOTHH.

Crpyktypa HykienHOBBIX KucnoT. IlepBuunas crpykrypa HK. Crpykrypa pubo- wu
ne3okcupubdonykineotuio. Crupansnas crpykrypa JJHK. Yorcon-Kpukosckue mapsl. B-popma
JHK. AunbrepHaruBHble ¢opmbl aBoitHON crnupanun JHK. A-dbopma, Z-popma, npyrue
anbrepHatuBHble (opmbl HK. Ilapsr XyrctmHa u apyrue BO3MOXHOCTH B3aUMOJCHCTBUS
HyKJIeMHOBBIX ocHOBaHui. Konbresas u muneitHas [JHK. Cynepcnupanuzamnus JJHK. YnakoBka
JIHK B xpomocomax. PHK. Tunsl PHK u ux pacnpocrpanénnocts. Ctpykrypa PHK.

Permukarus JIHK. O6mras cxema perumkanuu JIHK. JIHK-momumepassl. Tuner JIHK-nonmmmepas,
aktuBHOCTH JIHK-nonumepas, nannumanus cunreza JHK, JJTHK-nonumepassl npo- u 3ykapuor.
JAHK-nura3zel. PackpyunBanue npoitnou cnupanu JJHK npu pernkanuu. JIHK-renukasel, benku,
JIeCTaOUIN3UPYIOLIEe CIupaib. Tormonoruyeckue MpoOJeMbl PACKpPYYUBAHUS U PEIUIUKAIMU
JHK. JHK-tonmouszomepasbl: TonmonzoMepassl Tumna I, Tonornomepassl Tumna II, rupaza. Touku
Havyaya perumkanuu. Maunuanus oOpasoBanus HoBbIX menei JIHK. Permmukamms JITHK —
YCOBEPILIEHCTBOBaHHAasi MoJenb. Perummkanus mno Tumy Katsaierocss kosbla. [loodepengnas
pemnkanus uenei. Tepmunanua perummkanuu. TepmuHanusa u pacxoxaeHue/JHK B kosbiieBbx
resomax. TepmunHanus u 3aBepuieHue perumkauuu JuHeWHslx JHK. Tenomepnas [HK u
TeIoMepasa.

Permukamuss PHK. Pemmukamus PHK ¢ obpaszoBanmem JIHK. Pemnukanus TeHOMOB
perpoBupycoB. OOpaTHas TpaHckpunTasza. 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. TepmuHanus Tpanckpunuuu v otaenenue neneid PHK. [poueccunr
PHK y npokapuor. I'pynnsl renos, kogupyromux pPHK u TPHK. Paspesanne pPHK-—TPHK-
koTpaHckpunToB. O6pa3oBanue 3penbix TPHK u3 Oonee kpynHbIX TPaHCKPUIITOB.

Tpancnsanus. I'enerndeckuii koj. OcHoBHble ocoOeHHOCTH cTpykTypel TPHK. Amwunoanmn-
TPHK-cunrerassl. Ctpoenue pudocom. Tpancisanus MPHK y npokapuot. YciaoBus nHULIMAIMA
TPaHCIALUU. DJIOHT ALK NOJUNENTUAHOM nenu. TepMuHanys 3710HralMy NOJUIENTHIHOMN LIETIH.
Tpancnsamus MPHK y sykapuor. Oco6sle Momucpukanum MPHK sykapuor. WMuunmanus
TPAHCIIALMY Ha 5'-K3MUPOBAHHBIX KOHLIAX MAJIbIMM PUOOCOMHBIMHU CyOUacTHLIaMU. DIIOHTAIMS U
TEPMUHALUA [TOJIUIEITUIHON LEIH.

4. CTpykTypHO-(DYHKIIMOHAIbHAS OpraHU3aIusl OETKOBBIX MOJIEKYIL.

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



donnuara OenkoBbIXx MoJekys. lllanmepoH-3aBUCHUMBIN U Mpo-3aBUCUMBIA (GoaauHT. CrocoOb!
cTabunn3anuu OenKoBbIX MOJIEKyI. Jlerpamanus O6eiaKoB.



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHBHbIE
TEXHOJIOTUH

buosiekTponuka

Heab AMCHUNIMHBI:

- OCBOCHHE CTYACHTaMH 0a30BBIX HaBBIKOB HEOOXOJMMBIX IJIsi IOHUMAHUS TPUHIMIIOB pabOThHI
UHTEP(ENCOB € JKUBBIMU CHUCTEMAMH U IOCIEAYIOIIEed 0O0padOTKH MOJYyYEHHBIX CUTHAJIOB, a
TaK)K€ HABBIKOB KOTOpbIE B OyaIyllleM MOMOTYT UM CO3/1aBaTh U 3KCILIyaTUPOBATH PA3JIMYHbIC
OHMORJIEKTPOHHBIE YCTPONCTBA.

3agauu AMCHUIINHBIL:

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

- q)OpMI/IpOBaHI/Ie 0a30BBIX 3HAHMH 00 OCHOBHBIX CXEMOTEXHHYECKMX M MAaTEMaTHYECKHX
IoAX040B AJId CO3AaHHA 6H03J’IeKTp0HHBIX YCTpOﬁCTB.

Ilepevenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YyYaIOIIMECs T0JIKHbBI
3HATh:

- (pyngameHTanbHBIE TMOHSTHS, 3aKOHBI, TEOPUU U (OPMYJIbI, OMMCHIBAIOLINE (PUINYECKUE
MMPONHECChI B JKMBBIX CUCTEMAX, KOTOPLIC MOKHO HMCIIOJB30BATh JJIA CO3JaHUA 6H03JI€KTp0HHBIX
YCTPOMCTB;

- 0a30BEBIC NMPUHOUIIBI X TOAXOABI K pa3pa60TI<e 6I/IO3J'ICKTpOHHbIX I/IHTep(l)eCOB;

- TCOPETUUCCKHUE OCHOBBI 6I/IO(1)I/I3I/I‘I6CKI/IX 1 OMOXUMHUYECKUX MponeccoB, UCHOJbB3YCMbBIX IJIA
nepe/laud CUTHaNA B OMODJICKTPOHHOE YCTPOICTBO;

- 0COOEHHOCTH MOAX0JI0B K 00pab0TKe OMOJIOrMYECKHX CUTHAJIOB;

- OCHOBHBIE CXEMOTCXHHUYCCKHUEC ITOAXO0AbI K CO3JaHHUIO 6I/IO3J'IGKTpOHHI)IX YCTpOfICTB.

yMeThb:

- aHaJu3MpOBaTh OMO(PHU3WYECKHE TPOIECCHl W BBHIOMPATh HEOOXOAUMBIC ISl TONYYCHUS
TpebyeMoi nH(pOpMAIUK OT )KUBOU CHUCTEMBI;

- IPUMEHITHh (PU3MYECKHe TEOPUH K OMUCAHHIO MPOIIECCOB MepeAadu CUTHajda B UHTepdeiice
JKMBOE/HEKHUBOE;



- IPOEKTUPOBATh CXEMOTEXHUUECKHE PEIICHUS U1 OMO3IEKTPOHHBIX YCTPOMHCTB;

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

BJIAJ1€Th:
- CHGHH&HBHOﬁ TCpMHHOJ’IOFHCﬁ B o0JIacTH 6I/IOBJ'ICKTpOHI/IKI/I;
- MCTOAUKAMH ITIOCTPOCHHUA Moz[eneﬁ 6I/IO3J'I€KTpOHHBIX CHCTEM,

- OCHOBHBIMH METOJAMH pacydCTa CXCMOTCXHUYCCKUX pemeHHﬁ JJIA 6H03JI€KTpOHHbIX CHUCTCM.

Tembl U pa3aennl Kypca:

1. DnexTpoxumusi B *KUBbIX cucTeMax. OCHOBHbIE OMOAIEKTPOXUMHUYECKUE Mporiecchl. OCHOBBI
610(U3MKN peLeniuy U FeHepalii CUTHAJIOB.

byner pacckazaHo mpo 0a30BbIe AJIEKTPOXUMHUYECKHE MPOIECCHl, MPOTEKAIONIIME B KUBBIX
cuctemax. [lokazaHo Kakyl0 pojib OHM MTPAlOT B Pa3IUYHBIX OHUONOrMYecKux mporeccax. [lan
0030p 10 OCHOBaM OMOJIOTMYECKOM peleniuu U Ipeodpa3oBaHNui0 HHPOPMAIIHH B PELIETITOPHBIX
CUCTEMaX.

2. O061mue NOHSTHS B 3JIEKTPOTEXHUKE.

TeOpeTI/I‘IeCKI/Ie OCHOBBI JJICKTPOTCXHUYCCKUX CUCTEM, UCIIOJIB3YIOIUX DJICMCHTBI y.]'IpraHI/I3KOI7I
MOIITHOCTH.

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

3. [IpoekTupoBaHUE CXEMOTEXHUYECKUX PEIICHUIA.

Haubonee pacmpocTpaHeHHbIE TOIXObI K MPOSKTHPOBAHUIO CXEMOTEXHHUYECKUX PEHICHUH IO
nepBUYHON 00paboTke curHasoB. OCHOBBI aHAJIOTOBOW HUK30MOIHOCTHOW SJIEKTPOHUKU IS
MMILIAaHTUPYEMBIX YCTPOMCTB.

4. IHK-HaHOTEXHOJIOTHH.

Han o0630p JIHK-nanorexnomoruii. Iloka3zanel meroabl cOopku paznuunbix JIHK-opuramm
CTPYKTYp M pazo0paHo uX (YHKIMOHHPOBAHME B PA3IMYHBIX cpefax. [lokazaHbl BOZMOXXHOCTH
ucnoinsizoBanus JJHK-cTpykTyp B OM03/IEKTPOHUKE.

5. IlepeHoc 3apsa B HEKOTOPBIX OeIKax.

[lepeHoc 3apsina B HEKOTOPBIX Oenkax. benkoBble muiM kKak HaHopoBoja. KoHaeHcaTopsl Ha
OCHOBE OUYHUIICHHBIX OCJIIKOB M CMECEH pa3IMuHbIX 0eKOB. Jlpyrue nepcrneKTUBHBIE pa3pabOTKH.

6. LlutomopdHast FTEKTPOHUKA.

I[aHO IIOHATHC L[HTOMOp(I)HOf/'I 9JICKTPOHUKH, TPUYUHBI BO3ZHUKHOBCHUA HAHHOI'O IOAXOHda U
obiacTu ee MMPUMCHCHUA. HpeHCTaBHCHH OCHOBHBIC IIOAXOAbI K paspa60TKe I.[HTOMOp(I)HBIX



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

7. I'nbpuiHbie OMO3IEKTPOHHBIE CUCTEMBI.

['n6puaHble GMOIEKTPOHHBIE CUCTEMBI C (DYHKIIMOHAJIBHBIMU OMOJIOTHYECKUMHU KOMIIOHEHTaMH.
8. buoceHcopsl.

BbuoceHcopsl, UX pa3HOBUIHOCTH U 00J1aCTH IPMEHEHUS.

9. UHTepdeiichl )KMBOCS/HEKUBOE.

WuTtepdeiicsl )xuBoe/HeKUBOE, 007aCTH MPUMEHEHH S, HCIIOJIb3YEMbIe MaTepUAIIbI

10. BHyTpHUKIIETOYHBIE TTPOLIECCHI.

BHyTpukieTouHnsle mpoIecchl M UX JIETeKTHPOBAHUE C HCIIOJIB30BAaHHEM OHOAJIEKTPOHHBIX
CUCTEM.

11. IlepcieKTUBBI B OMOAJICKTPOHHUKE.

HepeCHeKTI/IBHHe obnactu MMPAaKTUYCCKOI'o IIPUMCHCHUS B 6H03HCKTpOHHKC



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

HUctopus, pustocodpusi 1 MeTOT0JI0THSI €CTECTBOZHAHUS

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

- BBeJICHUE B KpyT (prsocodckux mpobdiem, CBsI3aHHbIX ¢ 00J1acThio Oy mymieit mpodeccnoHaabHOM
JIeATEIFHOCTH, BBIPA0OTKAa HABBIKOB pabOThl C OPHUIHMHAIBHBIMH W aJalTHPOBAHHBIMU
bunocopcKUMU TEKCTaMHU;

- OBJIAZICHUC IIpUEMaMU BCACHUA JUCKYCCUH, ITOJICMUKH, AHUAJIOTA.

3agauu AMCHHUIINHBIL:

- PACKPBITb BO3MOKHOCTH HCII0JIb30BAHUA (1)I/IJIOCO(1)CKI/IX IIOHATHH U KOHH@HHI/Iﬁ B CTAHOBJICHUU
H COBpPCMCHHOM pPAa3BUTHU Haquoﬁ MBICJIM, B TOM YHCJIC II0Ka3aTb PpoOJb H 3HAYCHUC
GuI0COPCKON METONOJMOTUU HAYKH I CICHHUATNCTa B 00JacTH (PU3UKO-MATEMATHYECKOTO
€CTECTBO3HAHUS,

- BBISIBUTH MHUPOBO33PEHYECKOE U METOIOJOTHYECKOE COJIEp:KaHHE OCHOBHBIX (UIOCOPCKUX
KaTeropyil U MPUHLMUIIOB JAJIsI COBPEMEHHOI'O €CTECTBO3HAHUS, X IPUMEHEHNE B TEOPETUUYECKOH,
HKCIIEPUMEHTAJIbHONW U TeXHUYECKOU (hH3HKe, a TaKkKe IPYruX pa3fesiaX eCTECTBEHHOHAYYHOTO
LHKIIA;

- CIO0COOCTBOBATH B BBIPAOOTKE MOTPEOHOCTH B OCO3HAHMU (UIOCOPCKUO-METOA0IOTMUECKUX
WCCIIEIOBAaHHIA HA COBPEMEHHOM JTare pa3BUTHS HAyKH,

- O3HAKOMHUTb C COJIEP’KAaHHEM OCHOBHBIX METOAOJOTMYECKMX M TEOPETHUKO-IO3HABATEJIBHBIX
KOHIIETIUI B HCTOpUU (PUIIOCO(DCKOM MBICIH;

- HAYYUTb OPUCHTHPOBATHCA B MHOI‘OO6pa3I/II/I METOI0JIOTUYECKUX KOHIIECTIUM Ha COBpPECMCHHOM
9Talc pa3BUTHA HUBUIIU3AlUH.

IMepeyeHb MJIAHUPYEMBIX Pe3yJIbTATOB 00y4eHHS 110 JUCIUTLIMHE (MOIYJII0)
B pe3ysbTare 0OCBOCHUS AUCIUTUINHBI 00YYarOIIUECs TOKHBI

3HATh:

- COBPEMCHHBIC TCHICHIMH Pa3BUTHS HAYKU;

- punocodckre KOHIENIIUU €CTeCTBO3HAHUS;

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



- JWUCTOPHI0O M METOJOJIOTHIO (HM3MYECKUX HAayK M  MaTEeMaTHKH, PaCHIAPSIOMINX
o0menpogeccuoHanbHy10, GyHAAMEHTAIBHYIO TOJITOTOBKY.

yMeThb:

- CaMOCTOSATCIBHO OIPCACIIATh 3aa4yu CBA3AHHBIC C JIMYHOCTHBIM PAa3BUTUCM, IHNOBLINICHUCM
COOCTBEHHOI 00pPa30BaHHOCTH;

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

- (hopMupoBaTH OHTOJIOTMYECKHI 0a3UC NP PEIICHUN HAYYHBIX M MPHUKIAAHBIX 337a4 B 0071aCTH
UH(POPMALMOHHBIX TEXHOJIOTHUH;

- MPUHUMATh COOCTBEHHBIC pEIHICHUS B PaMKax CBOEH NpO(ecCHOHANTBHON KOMIIETCHLMH B
CTaHJAPTHBIX U HECTAHJAPTHBIX CUTYalLUsAX, OCHOBAHHBIX HA OCO3HAHHOM JINYHOM BHIOODE;

- MOHUMATh MECTO CBOEH JEATEIbHOCTH M aHAJIU3UPOBATh BO3MOXKHBIE MOCIEICTBUSA TE€X WIIH
WHBIX TIPUHATBIX pEHICHUH Ha OCHOBE C(HOPMUPOBAHHBIX AWCITUIUIMHOW 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, IMMPOCTPAaHCTBA U BPCMCHU,

- pa3IMYHBIMU BapuUaHTaMU MOJIXOAOB K PEIIEHUI0 KOHKPETHBIX NMPO(eCCHOHAIBHBIX 3a7ay Ha
OCHOBE 3HaHWM, MOIYYEHHBIX B XOJI€ H3YYEHHMsS] HCTOpUH, (UIOCOPUU U METOJO0JIOTHU
€CTECTBO3HAHHS.

Tembl U pa3ensl Kypca:

1. /InHaMHKa €CTECTBO3HAHMS B 3aIaJHOEBPONEHCKON KyIbType. PEBOIIOIMOHHBIE IIPOLECCHI
HoBoro Bpemenu u Hayka. [Ipobnembl Teopun mo3HaHUS U HaydHOM Meroposnoruu. IlpunHnummn
CEHCyalan3Ma B TEOPUH ITIO3HAHHUSA.

®opmupoBanue coBpeMeHHoro obpasa Hayku (H. Komepuuk, /[x. bpyno, M. Kemnep, I
[anuneit). KonepHukaHckass peBOJIIOLMS M €€ 3HAYEHHE B Pa3BUTUU E€CTECTBO3HAHUA.
dunocodckoe ocmbicieHne HayyHoi peBosoumu  XVII B.  IIpoGiema HaydyHOro merona.
Kputuka cxonactuueckoil meromonorun @. bskonom u P. [lekaprom. Owmnupusm u
panroHaIu3M — rHoceosiornyeckue npoodnemsl ¢uiocopun Hooro Bpemenu. JlenykTuBHas u
WHIYKTUBHAs MeTojonorus. MuayktuBHeiil Mmetoa @. bakona. “IlpaBuina qist pykoBoacTBa yma”
P. Jlexapra. Panmonamusm I'. Jleitbnuna (“nctunsl gakra” u “UctuHbl pazyma”). IlpuHiun
CeHCyaliu3Ma B TeopuH mMo3HaHus. [IpoGieMa mNepBOMCTOYHMKA YEIOBEYECKOTO 3HAHUS:
o0ocHoBaHue npuHIUNOB ceHcyanu3ma JIx. JlokkoM. Kputuka I'. JIeiitbHH1IEM OJHOCTOPOHHOCTH
ceHcyanu3zMa Jlokka. I'. JleiiOnun o HamOosee oOmMX 3aKoHAX MHpa (AETEPMUHU3M,
MOCTENIEHHOCTh ~ M3MEHEHUH, TMpodjieMa TOXAECTBEHHOCTH IPEAMETOB, COBEPILIEHCTBO



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

2. Kunaccuueckmii stan Qumocodpun panmonHanmsma. Pa3BuTHe wuaed panuoHann3Ma 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 Kauty. WM. Kant o TBopueckoM xapakTepe Hay4HOT'O MBIIIICHUS U
METOJIOJIOTUYECKOM poiu kareropuil. Kareropum kak yHUBEpCaJIbHbIE JIOTHYECKHE (DOPMBI.
['paHUIBI palMOHATEHOTO KOHCTPYUPOBaHUS. AHTHHOMUM padyma. Jnanektudeckas hpunocodust
['erensi: mpuHLMI Pa3BUTUS U CUCTEMHAsi METO10JI0TUs. ['ereneBckas KOHILIETIHS palioOHAIU3Ma:
BceoOIMe 3aKOHBI MUPA U 3aKOHBI TUATCKTHYECKON JTOTHKU. TOXKIeCTBO OBITHS M MBIIUICHUS.
OcCHOBHbBIE 3aKOHBI TUANEKTUKHU. [IpUHIIUT pa3BUTHS U CUCTEMHAs METOJI0JIOTHSI B COBPEMEHHOM

HayKe.

3. KOHI_[CHTyaJIBHaH HUCTOPUS HAYKHU. Bos3nuknoBeHue HAaYKH U OCHOBHBIC 3Tallbl €€ PA3BUTHUA.
Hnen pauoHaliu3Ma B AHTUYHOM KYJIbTYpC. CranoBiecHHE HaquOﬁ KapTUHbI MHpA.
CooTHoIlIeHUE 3HAaHUA U BCPEI B HYXOBHOﬁ KYJIbTYpC CBpOHeﬁCKOFO CPCAHCBCKOBLAI.

CraHOBNICHHE  TPUHIMIIOB  PAlMOHATBHOCTH B  rpedeckod  Quimocopuu  (TOHATHSA
“mokazarenscTBO” M “UctuHa’). @unmocodus m maremaruka (Panec, [Mudarop). Jlormueckuit
meton B pumocodun Ilapmenuga.  Cokpar u [11aToH 0 HEOOXOAUMOCTH OTPECIICHUsT OOIIHNX
noHsTuiH. OOOCHOBAaHME MPUHIUIOB PALMOHATIBHOCTU: KAK YEJIOBEYECKOE MBIIIIEHHE MOKET
BBIPA3UTh CYIIHOCTh Mupa? ['epakiaut u 3eHOH (MHUP M 3aKOHBI JIOTUKH). ['epakiauT u copucThl
(peanbHOCTH U 53bIK). ['epaknuT, [lapmenun, [lnaTon (cymHocTh U siBlieHUE). J{Ba ypoBHS 3HAHUS
(demoxpur, [1naton). JlnanekTuka kak METOJ] OUCKAa UCTUHBI B HAy4HbIX auckyccusx (Cokpar,
[Inaron). Pa3Butue Teopuu nokazaTesbcTBa (3€HOH, ApPUCTOTENb). 3apOXKIACHHUE JIOTMKU Kak
Hayku. [lepBbie mapa oKChl B pa3BUTHH TeOpeTHdecKoro MulnuieHus. [Ipobiema nozHaBaemocTu
mupa. dunocodcekuii ckentunusM (coductsl, [Tuppon). Panmnonanusm Cokpara: quanekTHKa Kak
UCKYCCTBO HMCCJEIOBaHUs MOHATUI U Moucka UCTUHBL. [Ipobiema camono3Hanus. MpoHuueckas
MmaifeBTka. CraHOBiIeHME HaydyHOW KapTuHbl Mupa. [loncku mepBoocHOBel mupa (Painec,
[Tapmenun, Hemoxput, Ilmaton, Apwucrorens). CraHOBIEHHE MNPHUHLKNA JETEPMHHHU3MA
(I'epaknut, nugaropeiickas mkomna, Jlemokput, Apucrorens). IIpoGiema amxeHus. Mup kak
npoiiecc B punocoduu I'epakiura. [IpoGiema HCTOUHUKOB ABMKEHHS U POPMUPOBAHUS BELIeH y
Apucrortens. Marepust u popma. MOHACTBIPH U YHUBEPCUTETHI KaK O4aru TyXOBHOM KyJIbTYpBI,
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 OOIIEro M OTAEIbHOrO:
HOMMHAJIIU3M, PEaJIN3M, KOHIIENTYaJIu3M.

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

[TousiTue Merononoruu u ee ypoHeil. Crienuduka HayqHOH AEATEIbHOCTH U HAYYHOTO 3HAHHUSL.
Hayunoe u BHeHay4yHoe 3HaHMe. CrenMaIM3UPOBAaHHBIM SI3BIK KaK CPEACTBO IOCTPOEHHUS U
pasBUTH HAayKd. OMIMPUYECKUH M TEOPETHUYECKHH YpPOBHM MO3HAaHUsA. Metoabl M (opMbl
MO3HAHUSL SMIUPUYECKOTO YPOBHS: BBIWIEHEHHE M HCCIelI0BaHHE O0bekTa, o0paboTka U
cucTeMaTu3alnus 3HaHUH. MeToJbl MOCTPOEHHUsS HJICAIM3UPOBAHHOIO OO0BEKTa M OIpaBJaHUsS
TeopeTudeckoro 3HaHus. [IpennochliouHblE METOAOJOTHYECKHE CTPYKTYphl B CHCTEME
TeopeTudeckoro 3HaHus . HayuHas kapTuHa MUpa U CTHJIb MBIIUIEHUS, ©X METO/I0JIOIHYECKHe



GyHKIIMM B TEOPETUYECKOM  TO3HaHMM. MeTrononoruyeckas poJjib  MapajurMbl |
M CCJIEI0BATEILCKOM IPOrpaMMbl B TEOPETUUECKOM ITO3HAHUH.

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

3aKOHOMEPHOCTH HBOJIIOLIMM HAYYHOTO 3HAHUS B (uiocopuu MOCTIO3UTHUBU3MA. Moxaenu
spositoniuu Hayku K. [Tonmepa, U. Jlakaroca, T. Kyna. MupoBo33peHUecKre U METOA0JIOTHYECKHUE
utoru paszputus Hayku B XX Beke. MccnenoBanusi ¢puiaocopoB M €CTECTBOHCIBITATENEH IO
dunocopckuM npobdieMam MO3HAHUS U IO METO/I0JIOTMH HAyKH.

6. Hayka XIX- XX BB. u nmocrkiaccudeckas punocodus Hayku. ®unocodus Hayku B TpaAuLUU
Mapkcu3Ma. [103uTHBU3M H TPOOIEMBI METOI0JIOTHH HAYYHOT'O TIO3HAHUSI.

Kputnuecknit anamuz K. Mapkcom u @. DHrenbcom dunocodpckux 3o I.lerens u
Jl.deitepbaxa. 3HaueHHWE €CTECTBEHHOHAYYHBIX OTKpHITHH XIX Beka M MOCICAYIOIMUX
JIOCTHXKEHUI Hayku XX BeKa JJi1 000CHOBaHUS MaTepPUATUCTUUECKON quanekTuku. [Ipumenenue
K. Mapkcom u @. DHrenbcoM MpUHIUIA Pa3BUTHS U CUCTEMHOTO METOJa K aHAJIU3y OOIEeCTBa,
JIBUKYIIUX CHJI U 3aKOHOMEPHOCTEH ero pa3Butus. lloHaTne oOIIEeCTBEHHO-?KOHOMUYECKOM
dopmaruu,  cTpykTypa  Qopmaruu.  J{ManeKTUKO-MaTepUATMCTUYECKUH  MOAXOA K
byHaaMeHTanbHOW MpoOJieMe BCe HMCTOPHH (QHIOCOUH — TMPOUCXOKICHHIO YEIOBEKa M
yesoBeueckoro co3Hanus. OOmast Teopusi auanekTuku. [IpakTuueckas neaTenbHOCTh YeOBEKa
Y KpUTEPUU UCTUHHOCTH 3HAHUs. JIMaJIeKTHKO-MaTepHATMCTHYECKasi TEOpHUS MO3HAHMS.

Ortoct KoHT: 3Tanbl pa3BUTHA YEIOBEUECKOrO 3HAHUS M CYIIHOCTh MO3UTUBHOU (pumocoduu.
[Tpunuun HaGmomaeMoctn B HaydHoM mno3HaHuu. Krmaccudukamus nayk mo O. Konry.
PeBomtonus B ¢pusuke u BTopoit mo3utuBusMm (J. Max). Hayka kak onucaHue HalluX OUIYIICHHA.
HccnenoBanue s3bplka HAyKH W JIOTUKM HAy4yHOTO IO3HaHUS B (QuiIocouu JIOTMYECKOTO
no3uTtuBu3Ma. [IpoGiemMa COOTHOIIEHUS TEOPETUYECKOTO0 M SMIUPHUYECKOTO YPOBHEH 3HAHUA.
Kpurepuii Bepudunupyemoctu. Kpusuc g0ruaeckoro no3uTUBU3MA.

7. Hayka B cucTeMe COLMAIbHBIX LIEHHOCTEW. Hayka, TexHuKa, 4eoBek.

Hayka kak conuandbHbIi HMHCTUTYT: CTAQHOBJIEHUE HAyKHM KAaK COLMAIBHOIO MHCTUTYTa M
npoecCHOHANBHON JEATeTbHOCTH; HayKa, TEXHHKA, MPOU3BOJCTBO, MPEBpAIlEHUE HAYKU B
HEIMOCPEICTBEHHYIO MPOU3BOJIUTEIbHYIO CHIIY; COLIMAJIbHBINA 3aKa3, HayKa U €€ POJib B KU3HU
oOIecTBa. HopMbl ¥ 11eHHOCTHM HayKH: HOPMATHBHO-IIEHHOCTHAsi CHCTEMa HAay4YHOTO
COOOIIECTBA, JTOC HAayKH; Hayka M IIEHHOCTH oOmiecTBa. HpaBcTBeHHas u coluaibHas
OTBETCTBEHHOCTh YUEHBIX: OOBEKTUBHOCTH JAJBHEHUIIETO pa3BUTHUS HAYKU U OTBETCTBEHHOCTH
YYEHBIX 32 UCCIIEOBAHUS U TTOMCK OTKPBITUI; COIMATBHBIE CHIIBI 1 OTBETCTBEHHOCTh YUEHOTO 32
NpuUMEHEeHWe HayyHbIX 3HaHui. [IpoOmema mpexena pa3Butus Haykd.  CIMEHTU3M U
AHTUCLIHUEHTU3M KaK PriocodCKue MO3UIUNA B OCMBICIICHUH TOSBIICHHS TJIO0ABHBIX TTPOOJIEM U
JIeryMaHHU3allud COBPEMEHHOTO 00IIIECTBA U MEPCIIEKTHB OYyIIEro.

8. HayuHoe 3HaHuE U NO3HABaTENIbHAS JEATEIBHOCKTD KaK COLIMAIbHO-UCTOPUUYECKOE SIBICHUE U
DIIEMEHT KYJIBTYpHI.

[IpoGnema cormoKyIbTYPHOUW 00YCIIOBIEHHOCTH TTO3HaHUS B prstocoduu Hayku. ConnuaaibHOCTh
U TpeanockiiouHoe 3HaHue.. Karteropus mneHHocTH B (urocodpun Hayku. [lo3HaBareiabHBIC
1eHHOCTH U «(heHoMeH HrroToHa» [{eHHOCTHBIE OpUeHTalK B HAYYHOM TTO3HAHUU M TIpodiema
BbIOOpa. VIHTepH&IM3M U SKCTepHAIM3M B TOHMMAaHHUU pa3BUTHA Hayku. CyIIHOCTb
WHTEPHAIMCTCKOM MTPOrpaMMBbl: aKIIEHTUPOBAHNE BHYTPEHHUX 3aKOHOMEPHOCTEN U MEXAHU3MOB



(YHKIMOHMPOBAHUS HAY4YHOTO 3HAaHUS KaK OCHOBHOHM JABMJXKYIIEH CHJIBbI pa3BUTHs HayKH.
I'nnoTe3a EHHOCTHOM M COLMATIBHOM HEUTPAIbHOCTH HAyYHOIO 3HaHUs. KOHIenus «TpeThero
mupa» K. Ilonnepa kak Teoperuueckoe 000cHOBaHHE HMHTEepHANU3MA. CyIHOCTh KCTEPHAIN3MA:
YTBEPKJICHUE CYLICCTBEHHOM POJIM COLMO-KYJIbTYPHOM ACTEPMHUHALIMM B PAa3BUTUHM HAyKU U
Hay4YHOI'O 3HaHWA. Makpo M MHMKpPO — COLMOKYJIbTYypHas JeTepMuHanMs Hayku. Ilonstue
«COLMOKYIBTYPHOTO (hOHA» KaK IOCPEACTBYIOLIETO 3BE€HA MEXIY HAyKOW M COIUAIBbHOU
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 HAayKu U HaydyHoro 3HaHMs. KoomepaTHBHBIM («pE30HAHCHBIN») XapakTep
B3aMMOCBSI3M HAayKH W KyJIbTYpbl B mporecce uX pa3Butus. DPuiiocopus Kak BaKHEHIIas
KOTHUTHBHAsI JETCPMUHAHTA INHAMUKHA HAy4YHOT'O 3HAHUS.

9. Owntonorusi Hayku. Duiocockue acneKkThl KOHBEPICHLIMM TEXHOJIOTW: HACTOsIIee U
Oynymee. MexnucuuIuiMHapHble OCHOBaHUS U TapaaurMainbHas uaterpanus 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. COBpCMeHHoe IMIOHMMAaHUC IIO3HABACMOCTH MHUPA.

CkenTuuM3M M TO3HABAaEMOCTh MHpA. OMUCTEMOJIOTMUECKUN PEISTUBU3M — HEOTHEMIIEMOE
CBOMCTBO Hay4yHOro 3HaHUS U I[I03HABaTENbHOM JesrenpbHOCTU. [Ipobnema pensituBuzMa B
COBpPEMEHHOM nrcTeMosorun. [IpodiemMa UCTUHBI B AMTUCTEMOJIOTHH U PUIOCOPHH HAYKH.

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

Peanmbnocte u ee Bocmpusitie. OTHOIICHHUS «YEJIOBEK-TIPUPOJA» OT AHTUYHOCTU 10
COBPEMEHHOCTH.

12. PepomroninoHHBIE H3MEHEHHS B HayYHOM 3HAaHUU U MMO3HABaTEIIbHOM OEATEIbHOCTH.
OcoOeHHOCTH HAayYYHBIX peBOJ'IIOI_II/Iﬁ B CCTCCTBCHHBIX HaAYyKax. Kak couetaroTcs OBOJKOIHA U
PEBOJIFOINU B UICTOPUU HAYKHU.

JBmkyne ¢akTopsl U MOJAENM pa3BUTUS Hayku. Mognenu paszButus Hayku K.Ilommepa u
T.Kyna.B3aumopeiictBue Tpaaulnii 1 BOSHUKHOBEHHE HOBOTO 3HaHUA. HayuHble peBOIIOLIUN U
nepecTpoiika  OCHOBaHMW  Hayku. IIpoGiema  THUHOJIOTMM  HAYYHBIX  PEBOJIIOLIMM.
MexnucuuIIMHapHble  B3aUMOJEMCTBHUS U «I1apaJurMaibHble TNPUBUBKU» Kak (axkTop
PEBOJIIOLIMOHHBIX MpeoOpa3oBaHuii B Hayke. COLMOKYJIbTYpHBIE NPEANOCHUIKH TIJ100aJbHBIX
Hay4HbIX peBomtonui. IlepecTpoiika OCHOBaHMM HayKH W HU3MEHEHHE  CMBICIOB
MHUPOBO33PEHUYECKNX YHUBEPCAIUN KyJIbTYpbl. JIMAJIEKTHKA IMPEEMCTBEHHOCTH U OTPULAHUA B
Pa3BUTHUU HAYYHOTO 3HaHMs. HaydHble peBOIOLNN KaK TOUYKH OU(]ypKaIluu B pa3BUTUU 3HAHMSL.
Henunelinocts pocta 3HaHui. CelekTUBHAS poJib KYJIbTYPHBIX TPAJAMLIMN B BbIOOpE cTpaTeruit
Hay4HOro pa3BuTus. HaydHble peBOJIOLMHU M TUIBI HAYYHOW panuoHaIbHOCTH. McToprueckas
CMEHAa TUIIOB HAyYHOM PALMOHAIIBHOCTH: KJIACCUYECKAs], HEKJIACCUYECKas, TOCTHEKIACCUYECKas
Hayka. [Ipo0iemMa 00bEKTUBHBIX KPUTEPHUEB IIPOTpecca B HaAyKe

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



3Ha4YeHHE SMHUCTEMOJIOTHM Il HAay4YHOro IO3HaHWA. e repMEeHEBTHMKH B COBPEMEHHOU
snucremonorun. [loHsiTHe cyOBekTa W OOBEKTAa HAyYHO- MO3HABATEIHHOW JCSITEIHLHOCTH.
UyBCTBEHHOE W JIOTUYECKOE IO3HAHHME. 3HAHME, €ro MPUpoAa M THUIOJOTHs. 3HAHHME B €ro
COOTHOIIECHUU pEATbHOCTHIO, CO3HAHUEM U THUIAMH JEATeIbHOCTU. 3HaHue u Bepa. HoBbie
MPEJCTABICHUSI O HAYYHOW PalMOHAJIbHOCTU. PallMoHanbHOE M HPPALUOHAIBHOE B HAYYHOM
no3HaHuu. VMHTEepIperanus Kak HaydHbIH MeTO] U 0a3oBas mpoieaypa no3Hanus. KonBeHIus —
YHUBEpPCaJIbHAs MPOLEIypa NO3HAHUS U KOMMYHUKALIUH, €€ POJIb B HAYYHOM ITO3HAHHH.

14. COBpeMeHHBIe MCTOHOJIOTHH: KOMIIBIOTCpU3alus, CHCTEMHBII moaxoa, CHHCPICTHKA,
MCKAUCHUIUIMHAPHOCTD, KOHBCPICHIMA.

Kommnbrotepuszanus Hayku: €e MpoOJeMbl M CIECACTBHSL. DMUCTEMOJIOTHS U KOTHUTHBHAS HayKa.
Kommnbrotepusanus 1 opMHUpPOBaHKE HOBOTO THUIIA MBIIUICHUS U TIO3HABATEILHON IEATEITBHOCTH.
CHCTEeMHOCTb, CHHEPreTHKa, MEXIUCIUIUIMHAPHOCT U KOHBEPI€HTHOCTh — HOBBIE IIApaIUrMbl
MeTooJIorud Hayku. CuHEpreTMka Kak HOBas IapaJurMa: caMOOpraHu3alus, OTKpBIThbIE
CUCTEMBI, HEIMHEHMHOCTh. CHHEpreTuka — napajurma HEJIMHEWHOCTH B COBPEMEHHOM HayKe.
CamMOoOpraHu3yronIMecs: CUCTEMBI, UX OCHOBHBIE CBOMCTBA. JleTepMUHUPOBAHHBIN Xa0C. Y CIIOBUS
BO3HMKHOBEHHUS TOpsAKa W3 Xaoca. budypkanms kak HEOOXOAMMBIA SJIEMEHT 3SBOJIIOLUU
OTKPBITHIX, HEPABHOBECHBIX CUCTEM. METO10JIOTMYECKUE BO3MOKHOCTH CUHEPTETUKH B U3yYEHUHN
IIPUPOJHBIX U COLIMAIBHBIX CUCTEM.



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

KoruutnBHas HelipoHayka

Heab AMCHUNIMHBI:
- IO3HAKOMUTH CTYJIEHTOB C HEUPOHHBIMH OCHOBAMU KOTHUTHUBHOMU JIEATEIHLHOCTH;

- 00CYOUTb TEOPETUYECKUH M SKCIEPUMEHTAJIbHBIII MaTepual MHUPOBOM COBPEMEHHOM
HelpoHaykH, HeiipoOuosoruu u Helipodusnonoruy;

- PacCCMOTPETh HEpelIeHHbIE MTPOOIEeMbl HEUPOHAYKH;

- IPUBCCTH OCHOBHBIC MCTOAbI IMOJTYUYCHUS SKCIICPUMCHTAJIbHBIX JaHHBIX.

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

- 3HAaKOMCTBO C OCHOBHBIMH pC3yJIbTaTaMH OTCUYCCTBCHHBIX U SaPY6e)I(HI>IX pa60T I10
HCCIICOOBAHHUIO MO3TI'a, CBA3aHHBIX C pa3pa60TI<0171 HpO6JICM KOTHUTHUBHOM HeﬁpOHaYKH;

- (popMupoOBaHUE TPEACTABICHUM O TPUKIATHOM 3HAYCHUH KOTHUTUBHOM HEUPOHAYKH.
ITepedyens miIaHMPyeMbIX pPe3yJIbTATOB 00y4YeHHS MO TUCHUIINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

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

- OCHOBHBIE MPUHIUIIBI CTPOEHHUS U CUCTEMHOW OpraHU3alii OJIOBHOTO MO3Ta;

- OCHOBHBIE COBPEMEHHBIE METOIbI NCCIIEJOBAHNS HEUPOKOTHUTHUBHBIX IPOLIECCOB;

- OCHOBHBIE TEOPUH O HEPBHBIX OCHOBAX KOTHUTHBHBIX (DYHKIIMA;

- OCHOBHBIE PE3yJIbTaThl COBPEMEHHBIX SKCIIEPUMEHTAIbHBIX pa3pad0TOK B 00J1aCTH KOTHUTHUBHOM
HEHPOHAYKH.

yMeTh:

- TOJIb30BAaThCsl CBOMMH 3HAHUSMHU JJIs TIOCTAHOBKM HOBBIX 33/a4 B 00JIACTH KOTHUTHBHOI
HEHUPOHAYKH;



- COMOCTABJIATh JaHHBIE, IOJyYEHHBIC B PA3HBIX KCIIEPUMEHTAJIBHBIX HCCIIEIOBAHMIX;

- IPOBOJIUTH METOOJIOTHUYECKYIO OIIEHKY 00CYK/IaeMbIX PE3Yy/IbTaTOB;

- AHAJIM3MPOBATh COBPEMEHHbIE pabOTHI B 00JaCTH HEHPOKOTHUTHUBHBIX HAYK;

- popmynupoBaTh 331a4M ¥ HHTEPIPETUPOBATH PE3YNIbTATHl HEHPOKOTHUTUBHBIX SKCIIEPUMEHTOB;

- COOTHOCHUTH HAYYHBIC U TEXHOJOI'MYCCKUC 3a1a4u B HeﬁpOKOFHHTHBHBIX HCCICOOBaHUMAX.

BJIa/1eTh:

- OCHOBaMH KOMITHIOTEPHOTO aHaJIK3a IMOBEICHUS U HEHPOKOTHUTUBHBIX IPOIIECCOB;

- HaBBIKAMU OCBOCHHUSA 00JIBIIOr0 00beMa HHPOPMALIUY;

- HaBBIKaMU HaXO0JICHUs HEOOX0 MO HelipoOronorndeckoi nHpopmauu B IHTEpHETE;
- HaBBIKAMHU Pa0OThI HA HEHPOOUOIIOTUIECKOM 000PYIOBAaHHH;

- HaBBIKAMHU PabOTHI C TOBEICHUEM KUBOTHBIX;

- HaBbIKaAMH aHaJIM3a SKCIICPUMCHTAJIbHBIX TAdHHBIX.

TeMbl U pa3jeiibl Kypca:
1. Meroas! HElipOHAYK.

Metonbl U3y4eHUs aKTUBHOCTH OTAEJIbHBIX HEHPOHOB. Perucrpanus MMITYJIbCHOW aKTUBHOCTH
HEUPOHOB. MyJIbTHANEKTPOIHASA perucTpamus. Peructpamus MeTaboInueckod U TeHeTUUECKOU
AKTUBHOCTH HEWpOHOB. CTUMyJsLMS y4acTKOB Mo3ra. JIoKajabHBIE TOBPEXKIACHHUS MO3Ta.
['eneTnvecku M3MEHEHHBIE )KMBOTHBIC. HEeMHBAa3UBHBIE METOJIbI MU3YyUEHUS] aKTUBHOCTH IIEJIOTO
Mo3ra. DnektposHedamorpadpus. CesizaHHbBIC c COOBITHUAMHU MTOTEHIUATBI.
Marunurtosnnedanorpadus. I[losutpoHHo-dMuUcCHOHHAsT ToMorpadus. SnepHas MarHUTHas
pe30HaHCHasT HMHTpPOCKONUsA. [IpUHIMN «BBIYUTAHUS» HW300pPAKEHHH B KOMIIBIOTEPHOM
ToMorpaduu.

2. KoHuektoMm mo3ra.

OCHOBHBIE OT/IENIBI MO3ra 4YeJOBEKa: TMPOJOJITOBATHIM MO3T; 3aJHUM MO3T; CPEIHH MO3T;
IIPOMEKYTOUHBI MO3T; KOHEYHBIH MO3r, MO3K€4OK. J[oaM KOHe4yHOro mosra. ['ummokamir.
Heokopreke. CTpykTypHO-QYHKIIMOHANBHBIM T0aXx04. CTPYKTYpPHBIE CBSI3H MEXIY 30HAMHU
Mo3ra. DYHKIHUOHAIBHBIE CBS3M MEXKIY 30HAMU MO3ra. KOHHEKTOM Ha KJIETOYHOM YpOBHE.
Konnekrom Ha wmakpoypoBHe. I[lonsitue mnnactuuHoctu. I[IpecmHanThueckas MJIaCTHYHOCTD.
[Tocrcunantrueckas  miactuuHocTh.  CeHcutmzanus. @Dacunurtanms.  JlonroBpeMeHHbIE
MoTeHIManuA u nenpeccusi. AKTuBHOCTh NMDA-penentopos.

3. HelipoH: cBoiicTBa, CTpOEHUE, aKTUBHOCTb.

Hetipon kak cTpykTypHas 1 QyHKIIMOHAIbHAS €IMHHUIIA MO3Ta. DIIEKTPUUECKHE CBONCTBA KUBBIX
KJIETOK. MeMOpaHHBIN MOTeHIMal: MeMOpaHa, KaHallbl, HOHBI. [loTeHIMan neicTBUs, aKCOHHBIN
xonmmuk. Ilpomeccst  oOparHoro pacnpoctpanenus. BIICIT wu  TIICII. KonmdaectBo
HelipomennatopoB. CuHTe3 HelpoMenuatopoB. KBaHTOBas T€OpHs CHHANITUYECKOM IEpeaadn.
Huszkomonekynsipasie Mematopbl. Heiponentunbl. PacTBopumbie rasbl. [lnomans KoHTakTa,



BEJIMYMHA AKTUBHOM 30HBI. COBMEILIEHHE HEMPOMeANaTOpOB. BapruaHThl KOMMYHHUKAIIMN MEXKIY
kinerkamu. JupdysHas nepenada curnHana. Moxenu crmioBepa. OcoOEHHOCTH TIIHAIbHBIX
KJIETOK. THIBI INIMaNbHBIX KJIETOK. 'opMOHBI. DKcnpeccus reHoB. TpaHCKpUIIus, TpaHCIALU.
HccnenoBanust  AjuieHOBCKOro MHCTHTYyTa. @DyHkumum OenkoB B HelpoHax. CuHTe3
HU3KOMOJIEKYJISIPHBIX ~ MeauaropoB. CuHTE3 HelponentuaoB. TpaHCIOpPT —MeAMaTOpOB.
AHTepOrpagHbIil U peTporpaaHblii TpaHcnopt. BeicBoOoxkaenne menuatopoB: SNARE rumotesa.
VY nanenue menuatopoB. Penientopsl Ha MeMOpaHe.



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

MaremaTu4ecKkue MeTOAbl COBpeMEeHHO (pusukmn

Heab AMCHUNIMHBI:

- Jlarp MHCTpyMEHTapuil Ay OOILNEro ONUCAaHUS pPa3IMYHbIX IIPOLIECCOB B TEPMHUHAX
croxactuueckux auddepeHnnanbHbX ypaBHeHUH. [l03HAKOMHUTH ¢ 0a30BBIMH CITyd9aifHBIMHU
IIpOLleCCAMM  — BHHEPOBCKHM, IIyacCOHOBCKMM u nponeccamu Jlesn. Ilo3Hakomute ¢
CyOOpIMHUPOBAHHBIMH CITy4ailHBIMH MPOIECCAMU KaK MOJEISIMA HEMapKOBCKHX IPOIECCOB.
II0o3HAaKOMUTH C HOBBIMH MATEMATHMYECKUMHU IOHATUSMH, BO3HMKAIOIIMMM IPU ONUCAHUU
0a30BBIX CIy4yallHBIX IPOLIECCOB, TAaKMMM KakK JpOOHBIE NPOU3BOJHBIE M HHTErpajbl, HX
CBOWCTBaMH, (pakTalbHBIMA OOBeKTaMH. [lO3HAKOMHTH C KBAHTOBBIMH CIIy9aifHBIMHU
IIPOLIECCAMM U POKJAFOIINM, YHUYTOKAIOIIKUM U CUATHIBAIOIIMM KOMIIOHEHTAMM.

3agauyd AUCHUILINHBI:

- HayuuTp CTyJeHTOB COCTaBJIATh M pellaTh croxacTuuyeckue auddepeHnnanbHble ypaBHEHUS
(CY), nonnMats 6a30Bble MOHATHS U IPEACTABICHNU, JIEXKAIUE B UX OCHOBE, HAYYUTh I10JIy4aTh
u3 CIY kuHeTHYecKue ypaBHEHMs, B TOM YHCIIE JIETEPMUHHMPOBaHHBIE TU(epeHIaIbHbIe
YPaBHEHMS 1151 OCHOBHBIX XapaKTEPUCTHK OTKPBITBIX CUCTEM, HAYYUTh MOJICIMPOBATh PELICHUS
JIETEPMUHUPOBAHHBIX ypaBHEHUH CIy4alHBIMM YpaBHEHUSMH, CTPOMTH ClydailHble MOJeNu
pPa3sHOOOPAa3HbBIX SBJICHUN U CUCTEM.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs 0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI
3HATh:

- OCHOBHEBIC TIIOHATHA W TMPEACTABICHHA NECHTPAJIbHBIX MNPCACIbHBIX TCOPEM, CBOMCTBa
XapaKTePUCTHUYCCKOM  (DYHKIMH, XapaKTePUCTHUECKYI  (QYHKIUIO JUIS  TayCCOBCKOTO
pacrpesiesieHusl, TEOpeMy O HENPEePBIBHOCTH; LEHTPAIbHYIO MPEICIbHYI0 TeopeMy JJist
OIMHAKOBO pPaCHpCACICHHBIX CﬂyqaﬁHBIX BCJIMYHMH, CBA3b C PCHOPM-TPYHIIOBBIM ITOAXOOAOM,
PEHOPM-TPYNIIOBOE  NpeoOpa3oBaHUE, HEMOABWKHYIO  TOYKY, aHajiW3 YCTOWYHBOCTH,
HEHTPAIBHYIO MPECIbHYIO TEOPEMY Uil OJMHAKOBO PacHpeAeiICHHBIX CIy4YalHBIX BEJIHYHH B
ciyyae 0ECKOHEUHOH TUCTIEPCHH;

- ypaBHenue Yemmnena-KommoropoBa-CmMoiayxoBckoro, o6o0meHHoe ypaBHeHHe Dokkepa-
[Tnanka, MaTeMaTU4YECKOE ONpeesIEHUE HEMPEPHIBHOIO MApPKOBCKOIO MPOIlecca, YaCTHBIE CIydau
00o0menHoro ypaBHeHusi Doxkepa-Ilnanka - ympasnsomee ypaBHeHHe, IUDPy3HOHHBIE
npoueccsl, ypaBHeHHe Dokkepa-IlnaHka; aeTepMUHMpPOBAHHBIE TIPOLECCHI W ypPaBHEHUE
JlmyBuiuis Kak dYacTHBIA ciay4dail o0OoOmeHHoro ypaBHeHUsi Dokkepa-Ilmanka; o6oOmeHHOE



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

- CTal[MOHAapHbIE MApKOBCKHE IPOLIECCHl - 3PrOJUYECKHE CBOICTBA CTAllMOHAPHOIO Ipoliecca,
U3MEpPEHUS CPEHEr0 3HAYCHUS, aBTOKOPPEISIIMOHHON (YHKIUH, CIEKTpa, TeopeMy BuHepa-
XvHuynHa, u3MepeHue (GYHKIUHU pacIpeleleHus; OJHOPOJHbIE MAapKOBCKHE IPOILECCHl M HX
bu3NYECKYI0 HHTEPIIPETALIUIO, aBTOKOPPEISIUOHHYIO () YHKIIUIO MAPKOBCKUX IIPOLIECCOB;

- OCHOBHBIE TMPEACTaBICHUS O BHHEPOBCKOM  IMpOLIECCE -  HEPEryJIspHOCTb U
HeaupdepeHIPyeMOCTh TPACKTOPUN, HE3aBUCUMOCTh MPHUPAIICHUM, aBTOKOPPEISIHUOHHbBIE

GyHKIUY;

- OCHOBHBIE TIpesicTaBieHus 0 npouecc OpHIITeiHa — YienOeka - KOppensiiuOHHbIe (DYHKIHH,
rayccoBOCTb, CTAllHOHAPHOE PELLIEHUE, 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 HPCHGHLHOﬁ TCOPECMBI, CBOMCTBO MapKOBOCTH HHTCIrpajia OT 0ejoro ryma,
OMnpeaACIICHUEC CTOXAaCTUYCCKOI'0 MHTETpajia, CBOMCTBA CTOXACTHYSCKOI'0 HHTCrpaia I/ITO;

- peticHHs ¥ TPeoOpa3OBaHUsI BUHEPOBCKUX CTOXACTHUYECKUX AU PEpeHIINATbHBIX YpaBHESHUH -
npubIKeHHoe perieHne metogom Komm — Diinepa, 3ameHa mepeMeHHBIX ((popmymna Hro),
npyroi noaxon k Gopmyne Uto, npasuio auddepenunpoanus Mto, cBI3b MeXAy ypaBHEHUEM
®oxkkepa - [lnanka u croxactuueckuMm auddepeHnuanbHbM ypaBHeHueM; pemienue CHY s
OCHMJUISITOPA C UIYMSIIEH YacTOTOl;

- ONpesesIeHNs U CBOWCTBA CTOXAaCTHUYECKUX AU(depeHnnanoB u UHTerpaioB B cMmbiciie UTo u
CrparanoBuya, nuddepeHnnanbHbx ypaBaenuit ito u CtparaHoBuya,

- C1Y, ynpaBnsieMble HE3aBUCUMBIMU CITy4aliHBIMU BUHEPOBCKUMHU mporeccamu, C/IY B ciydae
KOMILIEKCHOT'O BUHEPOBCKOI'O IIPOLIecca, KOMIUIEKCHBINM BUHEPOBCKUII ITpoLiece 00IIero BUaa;

- COCTaBHBIC ITYaCCOHOBCKHE ITPOLCCCHI, KOMHGHCI/IpOBaHHHﬁ HyaCCOHOBCKI/Iﬁ Imponecc,

- CIY HeBuHepoBckoro tuma, pemeHus npocreimux CIY HeBHHepoBckoro tumna (ypaBHEHHE
JUISL 3apsiia Ha aHOJle, YpaBHEHHWE JJi1 TOKa Ha aHoJe, JIMHEHHOE YpaBHEHHE, OCLUUIATOp C
IIYMSIIIIEH YaCTOTOW HEBUHEPOBCKOTO THIA, OCIUIUISTOP C IIYMSIIEH YaCTOTON OOIIEro TUIIa);

- TOUCYHBIC MTPOLECChI Ha TPOU3BOJIbHBIX MHOKECTBAX

- anb(a-ycToiiuMBBIE MPOLIECCHl - CBOMCTBO caMomogoOus (MacmTaOHOW MHBapHUaHTHOCTH),
Teopema JleBu-XuH4MHA, CBOMCTBA (PYHKIIMH IJIOTHOCTH paclpeenenus, pacnpeaenenus Komm
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 IIPOLIECCOM, C YPaBHEHHSIMHM THIA
®okkepa-Ilnanka ¢ JpoOHBIMEH MPOU3BOAHBIMM, JpOOHBIE HHTErpansl Pumana-JInyBusis,
JIpoOHBIE TIPOU3BOIHBIC HA TIPSAMOH, 1poOHBIe Tpon3BoAHBIe KamyTo u Mapio, mpeobpa3oBanus
Jlannaca ypaBHEHHH ¢ JpOOHBIMU IPOU3BOAHBIMU, (OPMYJIIBI HHTEIPUPOBAHHUS 10 YACTSIM;

- OTJIUYMS KBAHTOBOM BEPOATHOCTHU OT KHaCCquCKOﬁ;



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

- anreOpy Xancona-Ilapracaparu;

- KHHETUYECKOE YpaBHEHHE ISl MaTPUIIbI IUIOTHOCTH B popMme JIunadnaaa.

yMeThb:
- BBIYHCIISITH MPOCTEHIINE CTOXacTUYeCKue HHTerpalisl B cMbicie Mto u CtparanoBuya;

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

- nony4yats CIIY Uto u3 CIIY CrparanoBuua;

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

- [NOJy4aTb YHOPABIAOMNIME YPABHCHHUA THUIIA (DOKKepa-HHaHKa u3 Cﬂy BHHCPOBCKOI'O,
ITyaCCOBOBCKOI'O TUIIOB, a TAKKC CI[y A IPpOoLHeCCOB .HGBI/I;

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

- [oJIydaTb KHHCTHYCCKUC YPABHCHHA [UII MATpUILbl IUNIOTHOCTH B (I)OpMC .HI/IH,Z[6J'IaI[a u3
KBAaHTOBBIX Cﬂy BHHCPOBCKOI'O 1 HCBUMHCPOBCKOI'O THUIIOB.

BJIa/1eTh:

- OCHOBHBIMM METOAAMHU TEOPUH CTOXACTUYECKUX IPOLIECCOB — METOJ CTOXAaCTUYECKUX
mubdepeHIMaNbHbIX ~ YpaBHEHMM,  METOJ  KMHETUYECKOr0  ypaBHEHHUs,  allapaToM
XapaKTepUCTHUECKON (PYHKIMHU, LEHTPAJbHBIMU MPEAEbHBIMU TeOpeMaMH, alreOpandeckoi
TEOpHEN BO3MYILICHUIA.

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

Ocob6ennoctu coctaBieHuss CJIY B pe3oHAHCHBIX cuUcCTeMax. Ajredpanyeckas Teopus
BO3MYIIECHUH JJIs oJy4eHus 3¢ (HEeKTUBHOIO raMUIbTOHHAHA CUCTEMBI B YCIOBHSIX PE30HAHCOB.
KBantoBass BeposATHOCTh. KBaHTOBBIE CUMTBHIBAIOIIMN, POXKIAOLUMN W YHUYTOXKAIOIINN
nporneccel. KBantoBwlii uuTerpan Mro. Anrebpa Xancona-Ilapracaparu. KsantoBoe CIY
HEBUHEPOBCKOI'O THUIIA JUIS OIIEPATOPa HBOJIFOLUU CUCTEMBI. Y HUTAPHOCTD OIEPATOPa HBOJIIOLUN
u kBaHTOBas ¢opmyna Wrto. KuHernueckoe ypaBHEHHE ISl MaTpHIbI IJIOTHOCTH B (popme
Jlunn6nana.

2. Cnyyaitabie porieccsl JIeBn u cybOopAMHUPOBAHHBIE MTPOIIECCHI.



Anb(da-ycTounBbIe TPOLECCHl. XapakTepucTUKH TporeccoB JleBu. OCHOBBI  TeopuUH
CyOOpIMHUPOBAHHBIX Cclay4dailHbIX TporeccoB U CJlY 0000IIeHHOTO HEBHHEPOBCKOTO THIIA.
Hpyroii BeiBox ypaBHeHus Dokkepa-Ilnanka i ypaBHeHus JlaHkeBeHa B cilyyae Ipolecca
JleBu. Mojenb HENpepbIBHOIO BO BpEeMEHUM OpOYHOBCKOIO JBHKEHUS. BeposTHOCTHbBIE
XapaKTEepUCTUKU HaIpaBisAloLIero Impouecca. JlpoOHble NPOM3BOAHBIE B  YIPABISAIOLIEM
YPaBHEHUH I Ciaydasl IOAYNHEHHOTO CIy4aiiHOro mpolecca.

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

[Mapagurma CHAY. OTKpbITBIE CUCTEMBI U pellakcanmoHHbie mnponecchl. Ocodennoctu CHY u
CTOXAaCTUYECKUX HMHTErpasioB. AusreOpa HHKPEMEHTOB. PerynspHble pa3pbiBHbIE (YHKIHH H
croxactuueckass HemnpepbiBHOCTb. CJY u  kuHernueckue (ympaBIisSIONIME) ypaBHEHUSI.
Onementapusie onepauuu ¢ CAY. Pemenns C/1Y. MacmtaObl BpeMeH U3MEHEHUS TIEPEMEHHBIX
B CIIY. Ponp ueHTpasbHBIX IpeAenpHbBIX TeopeM. llepexon oT MHKpPO K MakpOCKOIUKE.
MacmrabHoe npeoOpazoBanue. YpaBHeHust JlamxeBeHa. OCHOBHBIE CIIy4ailHbIE MPOIECCHI.
[TyacconoBckuii mpouecc. CyMMa HE3aBUCHMBIX IyaCCOHOBCKHX TpoiieccoB. [lonmmHoMuanbHoe
pacnpenenenue. [Iponeccer Jlesn u CIIY obmiero Buna. CocTaBHOM ITyaCCOHOBCKUIN TPOIECC U
npoueccel JleBu. Kunernmueckoe ypaBuenwe miusa CIY, ympasiasiembiM mpoiieccoM Jlesu.
[Tpoueccol JleBu u3 BuHEpOBcKOro mnporecca. CBsA3b LEHTPAIBHBIX IPEAEIbHBIX TEOPEM C
PEHOPMTIPYIIOBBIM ITOAXOI0M.

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

CaoiictBa croxactuyeckoro wuHTerpaga Wro. OmnpeneneHus M CBOMCTBA CTOXaCTHYECKHUX
muddepeHaioB U uHHTErpasioB B cMmbicie Mro m CrparaHoBudya, audQepeHIraIbHbIX
ypaBHeHnii Wrto wu CrparanoBmua. 3ameHa mnepeMeHHbIX (dopmyna Wro), mnpaBuio
muddepentmpoBanust Uto. Ceszp mexxay unterpanamu 1 CIIY Urto u CtparanoBuya. Pemenus
CAY B cnyyasx, Korga K03()(UIUEHTH CTOXaCTHYECKOTO AU(PepeHIINaTbHOTO YpaBHEHUS HE
3aBHUCAT OT BPEMEHM, MYJIbTUIUIMKaTUBHOIO 1ITyMa; poriecca OpHiTelHa-YneHOeka. Y paBHEHUs
Ui cpenqHero U MoMeHToB. Pemenne C/IY g ocnmiuiAtopa ¢ HIyMsIIEM 4YacTOTOM.
KommnekcHblif BuHepoBckuid mpouecc obmero Buma u CAY, um ynpaBnsemsle. CHY
HEBUHEPOBCKOIo Tuma, pemeHus npocredmux C/IY HeBuHepoBckoro tuma (ypaBHEHHE AT
3apsiia Ha aHOJIe, ypaBHEHUE JIJIsl TOKA Ha aHOJIE, IMHEMHOE ypaBHEHUE, OCILIMIIIATOP C LIyMsIIEN
4acToTOM HeBUHEpoBcKoro Tumna). C/Y u kuHeTndyeckoe ypaBHeHHE JUIs TeerpadHoro npouecca.
OcimuiaTop ¢ IIyMOM BHHEPOBCKOTO M IyaccoHOBcKoro tumnoB. CJIY, ympasisembie
HE3aBUCHMBIMHM CIIy4aliHbIMU BHHEPOBCKMMHU mpoueccamu, CIY B ciayyae KOMILJIEKCHOTO
BUHEPOBCKOIO IMpoIecca, KOMILJIEKCHBI BHHEPOBCKMH Tmporecc oOmiero Buaa. I[Ipumepst
ucnonb3oBanuss CIY B onMcaHuM (QU3MUECKUX MPOLECCOB M PEIICHUHU JeTePMUHHPOBAHHBIX
T depeHIMaIbHbIX YpaBHEHUH B 4YaCTHBIX MPOU3BOAHBIX. CHOHTaHHOE H3JIyu€HHE aToMma,
KOJIJIATIC BOJTHOBOW (DYHKIIMH, KHHETUYECKOE YpaBHEHHUE U ero peuieHre Meroiom Monte-Kapio.
DnemMeHTapHas TeOpUs PUIIbTPAIUH.

5. TpanuuMOHHAsI TEOPUS CIIy4ailHBIX MTPOLIECCOB.

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



byuknun  pacnpeaeneHus. OOHOpPOIHBIE MAapKOBCKHE TpoIecChl U UX  (u3nyeckas
UHTEpIpeTalys, aBTOKOPPESIMOHHAA (QYHKIIMS MAPKOBCKUX MPOIECCOB.



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

HanpasisieHHocTh: KOHBepreHTHbIE HAHO-, 0M0-, THPOPMAIIMOHHbIE U KOTHUTHBHbIE
TEXHOJIOTUH

MammHHOe 00y4eHre M AaHAJIN3 00JIbIIMX JAaHHBIX

Heab AMCHUNIMHBI:

[lenbio peanu3anuy AUCIHUILTHHBI SBJISCTCS (POPMUPOBAHKE/COBEPIIICHCTBOBAHNE KOMITCTCHIIUM
ciymareneii B o0iacTi perieHuss npodeCCHOHAIbHBIX 3a/ad [0 MAIIHHHOMY OOYYEHHUIO M
aHaM3y OOJIBIINX MAaCCHBOB JAaHHBIX.

3agauu AMCHUIINHBIL:

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

- chopmupoBaTh yMeHHE pabOTaTh CO CTAaHAAPTHBIMU CTPYKTYpaMu JaHHbIX B Python, mucath
¢dbyukun Ha Python, mpumeHsTh GyHKIIMOHATBHBIE OCOOEHHOCTH sI3bIKa, paboTaTh ¢ (haimamu ¢
MOMOIIIBIO si3bIKa Python;

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

- copMHpOBaTh YMEHUE UCKATh M UCHPABIATH OMIMOKHU B Iporpamme Ha Python, TectupoBaTh
nporpamMmsl Ha Python;

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

- chopMHpOBaTh YMEHHE MOIB30BaThCs OnbnuoTekamu Python nmst paGoThl ¢ JaHHBIMU;

- chopMHpOBaTh YMEHHE pelIaTh ONTUMH3AIIMOHHBIC 3a/1a4K ¢ TOMOIIbI0 Python;

- chopMHpOBaATH YMEHUE HCIIOTH30BATh MATEMATHICCKHH arapar Jyisi paboThI C JJAHHBIMU;
- chopMHpOBATh HABBIKU MTOCTPOCHHUSI MPEACKA3BIBAIOIINX MOJIEIICIH;

- chopMHpOBaATH YMEHHUE OIEHUBATH KAYeCTBO MTOCTPOCHHBIX MOJICIICH;

- copmMupoBaTh yMEHHE NMPUMEHATh MHCTpyMeHTHl Python 1is pemeHus 3amad MammHHOTO
00yJeHUsI.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00yYeHHs MO TUCHHUILINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YYArOIIHECS JTOKHBI

3HATb:



- 0a30BbBIC CBENICHUS O SI3BIKE, 0OCOOCHHOCTH OpraHu3aIuu koaa Ha Python;
- CTaHJapTHBIC CTPYKTYPHI NaHHBIX B Python;

- MEXaHU3MBI HAacJIeJOBaHMs, KJIACChI;

- 0COOEHHOCTH 00BEKTHO-OPUEHTUPOBAHHOK MozaenH B Python;
- npouecchl 1 notoku OC;

- OCHOBHBIE ITOHATHS aHAJIN3a TaHHBIX;

- OCHOBHBIE MaTeMaTHYECKUE OOBEKTHI I PaOOTHI C TAHHBIMU;
- PUHIIUAIIBI CTATUCTUKHA U TEOPUH BEPOSTHOCTEH;

- OCHOBHBIE MOHSATHUS MAIIMHHOTO O0y4YCHHUS;

- TUIIBI MPU3HAKOB B MAIIIMHHOM OOYy4YEHUH;

- METPUKH Ka4eCTBa B 33/1a4ax PErpecCuu U KiIacCU(UKaIUH;

- coyictBa L1 u L2 perynspusanuu;

- METOJIbI Pe0OPa0OTKHU JaHHBIX;

- MCTPUYICCKHUEC MCTO/Ibl MAIIMHHOT'O 06yquI/m.

yMeThb:
- MCII0JIb30BaTh 0a30BbIE TUIIBI U KOHCTPYKIUU SI3bIKA;

- paboTaTh CO CTaHIAPTHBIMU CTPYKTypaMu aaHHBIX B Python, mucare ¢ynxnum na Python,
OPUMEHATh (PYHKIIMOHAIbHbIE OCOOEHHOCTH 53blKa, paboTaTh ¢ (QaillaMu ¢ MOMOIIBIO S3bIKA
Python;

- IPUMCHSATH MCXAHU3MBbI HACJICIOBAaHNUA, CO3/1aBATh KJIIACCHI U pa6OTaTB C HUMH, O6pa6aTBIBaTB
HUCKIIIOYCHH A,

- ICKATh U UCHPABIATH OLIMOKH B mporpamme Ha Python, TectupoBaTh nporpammsl Ha Python;

- IUcaTh MHOTONOTOYHBIA KoJ Ha Python, mucare acuHxpoHHBIN Ko7 Ha Python, paGorats ¢
CETBIO, CO3/1aTh CBOE CEPBEPHOE CETEBOE MPUIIOKEHUE;

- paboTaTh B KOMaHJIE.

- ACTIOJIb30BaTh MaTeMaTHUECKUI arnmapar i paboThl C TaHHBIMH;

- ACTIOJIb30BaTh OCHOBHBIE MHCTPYMEHTHI Python 117151 paGoThI ¢ JaHHBIMU;
- BBIOMpaTh TOAXOSIIIUA METO ] ONITUMH3AIIMHN JUISI KOHKPETHOM 3a/1a4u;

- OIICHUBATh IMapaMETPhbl MOJCIIH;

- IpuMeHATh OubinoTexku Python ans mocTpoeHHs Mojaenu JIMHEWHON perpeccuu, periaronux
JIEPEBbEB U KOMITO3ULIUH aJlTOPUTMOB;

- IpUMeHATh 6ubnuoreku Python ans oOyueHus MeTpuyeckux anroputMoB, SVM, 6aliecoBCKUX
MOJIETIEH.



BJIAJ1€Th:

- CTaHJApTHBIMH CTPYKTYpaMu IaHHbIX B Python, ymenmem mnucath (yHkumu Ha Python,
NPUMEHATh (PYHKIIMOHAIBHBIE OCOOCHHOCTH s3bIKa, paboTaTh C (paiijlaMu C TIOMOIIBIO S3bIKA
Python;

- MeXaHM3MaMH HacClleJIOBaHHS, CO3/laBaTh KJIAacChl W paboTaTh C HUMH, 00padaThHIBaTh
HCKJIIOYEHHS,

- HaBbIKaMH BBI60pa noaxoagsamero MEroga OorTUMHU3aluu AJ1A KOHerTHOﬁ 3aJa4u,

- HaBbIKaMH NpUMeHeHus1 Oubnmoreku Python miis moctpoeHust Moaenyu JTUHEHHON perpeccuw,
pemafoumx I[epeBBeB )41 KOMHO3HHI/II>1 aJII‘OpI/ITMOB, JJIA 06yquI/151 MeTpI/I‘-IeCKI/IX aJIFOpI/ITMOB,
SVM, 0aifeCOBCKHX MOJIEIICH.

TeMbI U pa3jaeiibl Kypca:
1. OcHoBsI porpamMMupoBanus Ha Python

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

2. Maremaruka u Python 11s ananm3a qaHHBIX

3HaKOMCTBO ¢ aHajau30M JaHHbIX. OcHOBHbIe OmbOmuorexku Python nns ananmsa naHHBIX —
NumPy, SciPy, Pandas, Matplotlib. MaTemaTnuecknue 0OBbEKTHI U1 U3yYEHUs aHAIM3a JaHHBIX.
MarpuuHsle pa3oKeHHsl. DIEMEHTbl TEOPUU BEPOSITHOCTU U CTAaTUCTUKU.

3. O6yquI/Ie Ha PasMCYCHHLIX TAHHBIX

MamunaHoe oO0ydeHue u JTuHelHble Moaenu. bopb0a ¢ nepeodyueHneM U OlleHUBaHHE KauecTBa.
JInHeHbIe MOACIN: Knaccmi)nxaum{ U TPAKTHYCCKUC AaCIICKTHI. Pema}omne JACPEBbA H
KOMIO3UIMH anropuTMoB. HelipoHHsble ceTn u 0030p METO/I0B.



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

MeanunHcKas TeHeTHKA

Heab AMCHUNIMHBI:

- pacupeHue U yriayOJieHue 3HaHUM YJalIuxcsi O TEeHETHKE W HAcJeICTBEHHOCTH YeJOBeKa Ha
COBPEMEHHOM JTalle €€ U3y4EHUs C TOUKU 3pEHUs MeIULIMHbIL. IHTerpanus 3HaHui, JOCTUTHYTBIX
COBPEMEHHOM MEIMLUHCKON T'€HETUKOH, C LIEJIbI0 COBEPIIEHCTBOBAHUS METOJOB JAMATHOCTUKH,
JIeYeHUs1 ¥ NMPOPUIAKTUKY 3a00JI€BaHUN, YKPEIUIEHUSI 3/10pOBbs U YIYUILIEHUs KayecTBa KU3HU
HACEJICHUS Pa3HbIX BO3PACTHBIX TPYIII.

3agauyd AUCHUILINHBI:

O (dbopMHUpOBaHKE y CTYJCHTOB 3HAHUI O Pa3IMYHBIX KJIaccaX HACIIEACTBEHHBIX OONe3HEH
YeJIoBeKa, MEXaHU3Max MX Pa3BUTHS U XapaKTepa HacleZOBAHMSI, KIMHUYECKUX IPOSBICHUSIX,
0COOEHHOCTSIX TEUEHUs], METOAAX AUArHOCTUKH, JICYEHUS U MPODUIAKTUKH;

l OBJIAZICHUEC MCTOAAMHU U3YUCHUS HACICACTBCHHOCTHU, BKIIFOYAA KJIIMHUKO-T€HEaJIOTHYEeCKUI
aHaJIn3 JaHHBIX CCMCHHOI'O dHAMHC3a MW OIPCACICHHUC THIIA HACICAOBAHUA 6OJI€3HI/I,
OUTOTCHCTUYCCKUX, OMOXMMHUYCCKUX H MOJICKYJIIAPHO-TCHECTUUCCKUX METOAO0B NUCCICIOBAHUS;

O OCBOEHHE TEOPETUYECKUX 3HAHMU 00 opraHu3zauud M (QYHKIMOHMPOBAHUM T'€HOMa
YCJIOBEKa B HOPME UM IpU IMATOJOIHH, TeHEeTHYEeCKOM reTCPOrcHHOCTU U KIMHHUYECCKOM
nosmMmopdu3mMe HacneAcTBeHHbIX Oomne3Her, JIHK-momumopdusme wu ero BiusiHUM Ha
UH/IMBUyaJIbHbIe OCOOCHHOCTU OpraHM3Ma 4eJOBEKa Ha JEeWCTBUE BHEIIHUX (DPAKTOpOB, B TOM
quCJIe U Ha JIEKapCTBEHHBIE NIPENapaTsl;

O 03HAaKOMJICHHE C COBPEMEHHBIMH BO3MOXHOCTSIMM W METOJAaMH, HANpaBICHHbIMH Ha
BBISIBICHUE  HACJIEJCTBEHHOW MPEIPACHON0KEHHOCTH K  HIMPOKO  PacHpOCTPaHEHHBIM
(MynpTH(]AaKTOpUATIEHBIM) 3a00JIEBaHUSAM, C IEIBI0 Pa3pabOTKU Je4eOHO-TTPOPUIAKTUUECKUX
MEpONPUATHI TIO TPEAYNPEKICHUIO pa3BUTHS OOJIE3HW B paMKax MPEAUKTUBHOU
MEPCOHAIM3UPOBAHHON MEIUIIUHBI;

W O3HAKOMJICHUEC C HPABCTBCHHO-3TUYCCKUMU U MIPABOBBIMU HOPMaMH OKa3aHUA MCIUKO-
T€HETUYECKOM IIOMOIIH HACEICHUIO.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00YYeHHs MO JUCHHUILINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YJArOIIHECS TOHKHBI
3HATh:

— COBPEMCHHBIC NOCTHXXCHUS U IICPCIICKTUBEBI Pa3BUTUSA TCHOMHWKH KaK HAYKH,



— UCTOPHUIO I/ICCJ'IG,Z[OBaHI/Iﬁ I'CHCTHUKHU YCIIOBCKA,

— OCHOBHBIE METOJbl M3YyUYEHHUS TE€HETUKH YeNOBEKa (LIUTOrCHETHYECKUH METOM, KIMHHUKO-
IreHEeaJIOTHYCCKUIM METO I, OJTU3HEIIOBBIA METO/);

— THUIIBI HACJICJOBAHUA IIPU3HAKOB Y YCJIOBCKA,

— COBPEMEHHBIC JIOCTHMKEHUS B OOJACTH MEIUIIMHCKONM T€HETHKH MO paciu(poBKE IeHOMA
yenoBeka u ananmuzy JHK-nonmumopdusma;

— JAOCTHKXCHHA B obnactu MCECIUIIMHCKHUX 6PIOT€XHOJ'IOFPII>1, HAIIpaBJICHHBIX Ha YJIYYHICHUC
KadyeCcTBa AMarHOCTHUKHU, JICUCHUS U HpO(i)I/IJ'IaKTI/IKI/I Oone3nen YCJIOBCKA,

— TEHETHYECKHE OCHOBBI, ONPEACIAIOIIAEC WHIUBHUIYAIBHBIC PA3IMYMAs MEXKIY JIOJbMH B
OTHOILICHUH PEAKLIUU Ha BHEIIHUE (PAKTOPHI (T€HETHUECKUI MOIMMOPHHU3M);

— 3THOJIOTHIO U TTATOTeHEe3 HanboJiee pacipoCcTpaHeHHBIX (POPM HACIICICTBECHHBIX OOJIC3HEH;

— OTHOJIOTHUIO, IMATOICHC3 MW KIMHHYCCKUC IIPOABJICHHA HACICACTBCHHBIX Oone3Heli oOMeHa
BCIICCTB,

— OMOXMMHYECKHE METOIbI Ta00PATOPHON TUAarHOCTUKH HACIICCTBEHHON ATOJIOTHH;

— SIMUACMHOJIOTHYCCKUC n MCAHUKO-COLIMAJIBbHBIC HpO6H€MbI pacpoCTpaHCHHOCTH
HACJICACTBCHHLIX U BPOKACHHBIX 3360HeBaHHfI;

— POJIb TEHETUYECKUX M CPENIOBBIX (PAaKTOPOB B (hOPMUPOBAHUH Pa3IMYHBIX KJIACCOB OOJIE3HEH
YeJI0BEKa,

— COBpPCMCHHBIC MPCACTABJICHUA O TIPY3C HaCHG,Z[CTBeHHOﬁ naTrojJoruu B MCEIUIIMHCKOM H
COLIMAJIbHOM acCIICKTax,

— IMPUHOUIIBI W IIOAXOJAbl K JICUCHHIO H HpO(bI/IJ'IaKTI/IKe HaCJICACTBCHHBIX 60JI€3H€I71,
q)apMaKOFeHeTI/IquKI/IC NOoAXOAbI K JICYCHHIO OoJIe3HEH YeaoBeKa.

yMeTh:
— COCTaBJISITh U @aHAIM3UPOBATH POAOCIOBHYIO;

- HCIIOJIB30BaTh KIMHHKO-T€HEAJOTHMYECKUM METOH JJId JHarHOCTUKH HAacjaeICTBEHHOMH
MaTOJIOIun, YCTAHOBJICHUS TUIIA HACJICIOBAHUSA 6OJ'ICSHI/I;

— peuaTb rCHETUYCCKUC 3a/JaYH;

- OLNCHUBAThL U AHAIMU3UPOBATH SMUACMUOJIOTMYUCCKHUE IOAHHBIC IO PACHPOCTPAHCHHOCTHU
HACJICACTBCHHBIX WU BPOXKIACHHBIX 3a00JIEBaHUI B PA3JTMYHBIX HNOIMYJIAIUAX

— J1aBaTh OIICHKY BKJIaJla TCHETHYECKUX M CPEIOBBIX (PAKTOPOB B Pa3BUTHH PA3IMUHBIX KJIACCOB
0o0JIe3HEH YeIIOBEKa;

— TPAaKTOBAaTh pe3yJbTaTbl T'E€HETUYECKOIO TECTUPOBAHUSA IPENPACIIOIOKEHHOCTH K
pacnpocTpaHEHHBIM 3a00JIEBaHUSAM;

— TPpaKTOBATb PC3YJIbTAThI (I)apMaKOFCHCTI/I‘-ICCKI/IX HCCIIeI0BaHUM Ipru MHAUBUAYAIHU3ALUN U
OIITUMHU3AIIN N HeKapCTBeHHOﬁ TCPpaIMu K paCripoCTpaHCHHBIM 3a60JICBaHI/IHM;

— M0JIb30BaThCs MPOTpaMMaMHK CTATUCTUYECKONW 00pabOTKN HAYYHO-MEAUIIMHCKON HHPOpMAIIHH;



- aHAJIM3UPOBaTh M HWHTEPIPETHUPOBATh PE3YNIbTAaThl OTEUECTBEHHBIX M 3apyOeKHBIX
TEHETUYECKUX UCCIIEeI0BAHUI;

— HCIIOJIb30BaTh COBPEMEHHBIE T€HETUUECKHE pecypchl ceTh VIHTEpHET.

BJIAJ1€Th:

— MeTOHOHOFHeﬁ I10 UCIIOJIB30BAHUIO COBPEMCHHBIX I[OCTI/I)KGHI/Iﬁ MeHHHHHCKOﬁ TCHCTUKU IJIA
YIYUICHUA 310POBbS HACCIICHUA, KAUECTBA OKa3aHU A Me,Z[I/IL[HHCKOﬁ IIOMOIIIMN U HpO(bI/IJ'IaKTI/IKI/I
HACJICACTBCHHBIX W BPOXKIACHHBIX 3a60J'I€BaHHfI;

— COBPEMEHHBIMH KJIaCCH(PHUKAIUSIMU HACIEACTBCHHBIX 0OJIC3HEH YEeIIOBEKA;

- metoponorueit onenkn JHK-momumopdusma B reHome dYenoBeka M WHTEPHpETALUU
PE3yNbTAaTOB M'E€HETUYECKOI0 TECTUPOBAHUS [TALIUECHTOB;

— METOJI0JIOTHEH pacdyeTa rcHCTHYCCKOI0 puCKa pa3BUTHA HACJICACTBCHHBIX Oone3nen nuexoasa u3
THUIIOB UX HACJICOOBaHUA,

— IF€HETUYECKON TEPMHUHOJIOTHEH.

TeMbl U pa3jaeiibl Kypca:

1. Bone3nu ¢ HaACIENCTBEHHOW MPEApacloioKeHHOCThI0. [IpodriakTuka HacleACTBCHHOM.
[Taronorum.

Obwas XapaKTepUCTHKA Oone3neit c HACJIEe/ICTBEHHBIM MIPEAPACIIONOKEHUEM
(MynbTH(AKTOPUATBHBIX OonesHeil). [Toaxonsl K U3Y4YEHUIO HaCJIEJICTBEHHOMN
MPEIPACIIONOKEHHOCTH K O0JIe3HsIM YenoBeka. JlokazarenbcTBa posiu HacleACTBEHHbBIX (PaKTOPOB
B Pa3BUTHH MYJIbTU(DAKTOPHATIBHBIX O0sie3Hel. [ eHeTnueckas reTeporeHHOCTb F'eHHbIX 00JIe3HEH.
MoHoreHHbl€ U MOJUTeHHbIE (POPMBI HACIEACTBEHHOM NpeapacnoiokeHHocTu. HacnencrBeHHO
00yCIIOBJICHHBIE MTATOJOTUYECKUE PEAKIIUU Ha JIEUCTBUE BHEIIHUX (PAaKTOPOB. DKOT€HETHYECKasI
reHeTHKa U (papMaKOTreHETHKa — OCHOBHBIE MOHATHS U 3HAYEHHE Ui MeAUUMHBI. [IpuHIUIbBI
JICYEHUs1 HaclIeZICTBEHHbIX OoJie3HEeH. DTHOTPONHOE JIeYEHHUE: KJIETOYHAs M TeHHasl Tepamnusl.
['eHeTnyeckue OCHOBBI MPOQHUIAKTUKH HACIEACTBEHHON NaTONOrMH. MeauKo-reHeTH4ecKoe
KOHCYJIbTUPOBaHHE. XapaKTEPUCTUKA METOA0B IPEHATAIBHON TUAarHOCTUKU. MeTo1bl MaccoBOM
MPOCEUBAIOIIEH JTUATHOCTUKUA (CKPUHUHTH) HACJIEACTBEHHBIX OOJIE3HEH. DTUUYECKHE BOIPOCHI
MEAUIMHCKON F€HETUKH.

2. 'ennble 00E3HU.

Otnosiorust reHHbIX Oosne3Hel. IlaToreHe3 reHHbIX OOJ€3HEH Ha MOJIEKYJISPHOM, KJIETOYHOM,
OpraHHOM U OPraHU3MEHHOM YpOBHSX. Pa3HOBHIHOCTH FeHHBIX MyTalMil U UX (GEHOTUITNYECKUE
nposieneHus. Knaccuduxanuu reHHsix OonesHeil. OO0mias xapakTepUCTHKa T€HHBIX OOJIE3HEH.
[ToHsiTe O TE€HETUYECKOW TeTEePOT€HHOCTH U KIIMHUYECKOM MOJIUMOP(HU3ME T€HHBIX 0OJIe3HEH.
Knunuka u TeHeTMKa HEKOTOPhIX TEHHBIX Ooyie3HeW ((PEeHMSIKETOHYpHs, TaJaKTo3eMus,
MYKOBHCLIMJI03, CHHJIpoM Mapdana, romMouucTuHypusi, cHHIpoM Onepca—/lanioca,
HelipopubpomaTos). MeTo bl KITMHUYECKON U JIaOOopaTOPHOU AUAarHOCTUKH FeHHBIX OOJIe3HEH.

3. MeToasl Hcclea0BaHUN MEIUIIMHCKON TeHeTUKH. HacneacTBEeHHOCTh U IMaTOJI0THsl.

MeToabI UCCIIEAOBAaHNN MEIUIIMHCKON reHeTHKU. HacliecTBEHHOCTE U ITaTOJIOTHA.



[Tpeamer u 3amaun MeauIIMHCKON TeHeTukH. COBpeMEHHBIC MPEACTABICHUS 00 OpraHU3aIui 1
(GyHKIMOHUPOBAHUH TeHOMA YenoBeka. [ eHeTnueckuii monmumopdusm. XapakTepucTHKa METO10B
MEJIUIIMHCKOW TE€HETUKH (KIMHUKO-TeHEAIOrMYeCKUNH METOJ, MOMYJISIIMOHHO-CTaTUCTUYECKUMA
METOJI, IMTOTCHETUYECKUE METOMAbl, OMOXUMHUYECKHUE METOIbl, MOJEKYISIPHO-TCHETHUECKUE
METOJbI). PONIb HACIIEJCTBEHHBIX U CPEIOBBIX (AKTOPOB B (POPMUPOBAHUHU TMATOIOTHUECKUX
npoueccoB. I3MEHUMBOCTh HACJIEACTBEHHBIX ITPU3HAKOB KAK OCHOBA MMATOJOTMU. MyTanuu Kak
ATHOJIOTUYECKH (haKTOp HACIEACTBEHHBIX Oosie3Hel. CBs3b HACIECTBEHHOCTH C TTATOTCHE30M,
KIIMHUYECKOW KapTUHOW M MCXO0a0M Ooje3Hel. KimHuueckas u reHeTudeckasi Kiaccuukanum
HACIICICTBEHHBIX OoJie3Hel. ['eHeTHMYeCKHe OCHOBBI IOMEOCTa3a. 3HAUCHHUE TEHETHUKH IS
MEIUITUHEI.

4. CeMHOTHKA 1 DUAaTrHOCTUKA HACJIEACTBEHHON MAaTOJIOTHH.

OCOoOCHHOCTH KJIIMHMYECKUX IMPOSIBJICHUN HACIIEeICTBEHHONW maToyioru. OOIue NpPUHIIMITBI
KJIIMHWUYECKOW JMAarHOCTUKHM HACJICACTBEHHBIX Oo0je3He. BpokIeHHBIE TOPOKH pa3BUTHS.
['eHeTnyeckue MexaHU3Mbl AMOPHOHAIBLHOTO pa3BuTHA. Kiaccudukamus ¢ ITHOJIOTHS
BPOXKJICHHBIX TIOpOKOB. Ilpu3Hakm mgucmopdoreHesa B JIUArHOCTHKE HACIEACTBEHHOH U
BPOXKJICHHOW MAaToiorud. KIMHUKO-TeHeaTOrn4ecKuid MEeTO ] B JUArHOCTUKE HACJIECICTBEHHBIX
Oonezneit. CHHIPOMOJIOTMYECKHUN IMOAXOJ K JAHMArHOCTUKE HACICJICTBEHHBIX OOJIe3HEH.
['eHeaiornyeckuii aHaIM3 pa3IUYHBIX TUIIOB Haciea0BaHus. [lapakIMHUYECKHE CCISI0OBAaHUS B
KIIMHWUYECKOW  TeHerwke. JlabopaTopHas  JMAarHOCTHKA  HACJCACTBEHHBIX  OOJIC3HEH.
KoMrmbroTepHbIe TporpaMMBbl TMarHOCTUKH HACEACTBEHHBIX 0O0JIC3HEH.

5. XpoMoCcOMHBIE OOJIE3HH.

OTHOJOTHS U MAaTOreHe3 XPOMOCOMHBIX Oosie3Hel. DaKkTOphl MOBBIILIEHHOIO PUCKA POXKICHMS
JeTeil ¢ XPOMOCOMHBIMHM 0Oo0se3HAMU. D(PPEKTbl XPOMOCOMHBIX AHOMAJIUHW B OHTOIEHE3E.
Bpoxnennsie nopoku pa3sutus. Kinaccudukanus n xapakTepucTuka FeHOMHBIX U XPOMOCOMHBIX
myTtanuid. OOmias XapakTepUCTHKAa XPOMOCOMHBIX Oosie3Hel. KiMHUKO-IMTOreHeTHdecKue
XapaKTEepUCTUKN HauloJjiee pacHpOCTPaHEHHBIX XPOMOCOMHBIX OonesHel (Cunapom JlayHa,
cugapom Ilatay, cumHapom Opnapaca, cuszapoM Illepemesckoro—TepHepa, cuHIpPOM
Knaitndenrepa, Cunzapom nucoMuu no Y -XxpoMoCoMe, MOJIMCOMUU TI0 TIOJIOBBIM XpOMOCOMaM).



AHHOTAUMH K pa00o4ynM MPorpaMMam JMCUUIJIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

MoJgexyasipaasi 0Mo10rust

Heab AMCHUNIMHBI:

- OCBOCHHEC CTyJAeHTaMH (YHIAMECHTAIbHBIX 3HAHUH B 00JIACTH MOJIEKYJISIPHOW OHOJIOTHH,
W3YYCHHE MEXaHU3MOB IIEepelayd M pPeaju3allid HaCJICJICTBEHHOW HH(DOpPMAIMH B KUBBIX
CHUCTEMax, OCHOBHBIX METOJIOB IMPOBEICHUS MOJICKYISIPHO-OUOIOTUYECKUX MCCIEIOBAaHUM, a
TAKXE aCIEKTOB UX MPAKTUYECKOTO TPUMEHECHHUSI.

3agauu AMCHUIINHBIL:

- ¢opmupoBaHue 0a30BBIX 3HAHHWW B OOJIACTH MOJICKYJISIPHON OHMOJOTHH KaK JHCIUTLINHBI,
UHTCTPUPYIONICH OOIIyI0 OHOJOTHYECKYI0 ¥ XHMHYECKYI0 TOJTOTOBKY (DHM3UKOB U
o0ecreunBarONIe TEXHOJIOTUYECKUE OCHOBBI COBPEMEHHON WHHOBAIIMOHHOH ICSATCILHOCTH B
00Js1aCTH OMOTEXHOJIOTHH ¥ OMOUHIKEHEPHH;

- o0ydeHHe CTYIEHTOB MpHHLUUIAM (PYHKIMOHUPOBAHHUS OHOJOIMYECKHMX CHUCTEM Ha
MOJIEKYJISIPHOM YPOBHE, MCCJIEIOBAHUS U CO3JAaHUS MOJIEKYJISPHO-OMOJOIMUECKUX CUCTEM,
BBISIBJIEHHE OCOOEHHOCTEH UX CTPYKTYPHI M (DYHKIIMOHUPOBAHMS;

- (opmupoBaHME TOAXOAOB K BBHIIOJHEHUIO MCCIEAOBAaHUNH CTyJEeHTaMH B o0iacTu
MOJIEKYJISIPHOM OMOJIOTHH B paMKaX BBITYCKHBIX paOOT Ha CTENEHb MarucTpa.

ITepedyens miIaHMPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO TUCHHUILINHE (MOAYJIIO)

B pe3ynbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOMKHBI

3HATh:

- MECTO U POJIb OOLIMX BOIPOCOB MOJIEKYJISIPHOM OHMOJIOTHM B HAYYHBIX UCCIIEIOBAaHUSAX;

- COBPEMEHHbIE NMPOOIeMBbl OMOJIOTUH, TEHETUKH, KIIETOUHON U MOJIEKYJISIPHOI OMOJIOTHY;

- COBPEMEHHBIE MO/JIEJI OCHOBHBIX OMOJIOTMYECKHX MPOLIECCOB U SIBICHUH U UX MPUIIOKEHUS;
- IPUHIIMIIBI CTPOCHUS U QYHKIMOHUPOBAHUS KJIETKH Ha MOJIEKYJISIPHOM YPOBHE;

- COBpEMEHHBIE MOJIENIM U MPEACTaBIEHUS 00 OCHOBHBIX MPOIEccax U MEXaHHW3MaxX peanu3aliu
TeHEeTUYECKOM nH(pOpMaIMK B KJIETKaX MPOKAPHOT U DYKAPHOT;

- OCHOBHBIC ITPUHIMUIIBI PETYIIANUU pCain3allui TeHEeTUYECKOM I/IH(I)OpMaI_II/II/I B )KHMBbIX KJICTKAaX,
- MCXaHU3Mbl OCHOBHBIX '’CHETUYCCKUX IMPOLECCOB: PCINIMKAINHU, TPAHCKPHUIIIHUU U TPAHCIIAIHUU,

- HOBeHIIIIe OTKPBITHA 61/IOXI/IMI/II/I, T'CHCTUKHU U MOJ'ICKyJ'IprHOfI 6I/IOJ101"I/II/I;



- IOCTAaHOBKY IIPOOJIEM B 00JIaCTH MPOBEECHUS OMOXUMHUECKUX U MOJICKYJISIPHO-OMOIOTUUECKHUX
HCCIICJIOBAHUIA;

- 0 B3aUMOCBA3X U q)yHI[aMeHTaHBHOM CAUHCTBC CCTCCTBCHHBIX HAYK.

yMeTb:

- 3(1)(1)6KTI/IBHO HCIIOJIB30BAaTh Ha IIPAKTHUKE TCOPECTUUCCKHUE KOMIIOHCHTBI HAYKH: ITIOHATHA,
CYXKIACHUSA, YMO3AKIIOYCHM A, 3aKOHBI;

- TPEJICTaBUTh MAHOPAMy YHHUBEPCAJIbHBIX METOOB M IOJXOJI0OB COBPEMEHHON MOJICKYJISIPHOM
OuoJjoruu;

- paboTaTth C COBPEMEHHBIMH HCTOYHHKAMHU HH(POPMAIUH IO MOJEKYISPHO-OMOIOTHYECKON
po0JieMaTuKe;

- INIAaHUPOBATDb OIITUMAJIbHOC ITPOBCACHUC DKCIICPUMCHTA.

BJIaJeTh:
- aKTyaJIbHOM Hay4YHOW KapTHHOM MuUpa;

- OCHOBHBIMH TCOPCTUUCCKMMU KOHLCIUOUAMU W OKCIHCPUMCHTAJIbHBIMH IIO0AXOAdMU B
COBPEMEHHOM MOJIEKYJISIPHON OUOJIOTHY;

- HaBBIKAMH CaMOCTOSTEIILHOM pa6OTI>I 10 OCBOCHHUIO COBPCMCHHBIX HAYyYHBIX 3HaHUI B 00/1acTH
MOJ'IGKy.]'IHpHOﬁ 6I/IOJ'IOFI/II/I;

- CBCACHUAMU 00 AKTYaJIbHBIX OMOJIOTHYSCKUX HUCCICAOBAaHUAX.

Tembl U pa3ensl Kypca:
1. buocunres 6enka. PubocoMsl.

CrpykTypa pudocom. Jlokanu3zaius pudocom B kieTke. [IpokapuoTudeckuii 1 3yKapuoTHYeCKUN
tunsl pudbocoM; 70Su 80S pubdocomsl. Mopdomnorus pudocom. Ilogpaznenenue Ha cyOdacTUIbI
(cyObenuuunpl); auccounanus. ToHkas Mopdomoruss cybuactun. PubGocomuble Oenku:
pasHooOpasue, pasjielieHiue, HOMEHKIIaTypa, 0COOEHHOCTH CTPYKTYphl. Pazbopka («pa3neBaHue»)
cybuacTtui u camocOopka. Ctpykrypa pubocomubsix PHK. Bropuunas ctpykrypa: popmupoBanue
KOPOTKHMX JBOMHBIX CHHMpaJiell 3a cueT B3aUMOJEWCTBUS CMEXHBIX y4acTKOB BHYTpPH LenH. A-
dopma nBomHo# crnmpanu PHK. IlpuHmunm komIuieMEeHTapHOCTH W OTKJIOHEHUS OT HEro.
«/ledekTb» KOPOTKMX JBOMHBIX CIHUpalied M OTKJIOHEHHSI OT JBYCHUPAIBHOM CTPYKTYpBHI.
«Terpanyns». IlceBnoy3nsl. TpoitHele B3aumonencTBUs. TpeTHYHAs CTPYKTypa: KOMIAKTHOE
CBOpauMBaHHUE TOJMPUOOHYKICOTHIHOW IIETH, NAbHUE KOMIUIEMEHTApPHBIE B3aWMOJICHCTBHS,
CTIHpaTb-CITHPAIEHBIC B3aUMOJICHCTBHUS, JOPMHUPOBAHUE KPYITHBIX JJOMEHOB.

ONULKKI TPAHCISAIUU: UHUIMAINS, dJoHTaus U TepMmuHanus. [lomupubocoma. ConpspreHHas
TPAHCKPUIILIUA-TPAHCISAIUS Yy TPOKapuoT. Paboumii >MOHTaIMOHHBIN IHMKJI PHUOOCOMEBI; TpHU
OCHOBHBIE dTana 1ukia. Jlokanuzamus GyHKIIMOHATBHBIX IIEHTPOB pubocombl. A, P u E yuactku
ces3piBanus TPHK. [onsipaocTs cuntsiBanus matpuiibl (MPHK) B xone Tpancnsiuuu.



DnoHranus Tpancisauu: Yuactue ¢pakropos dnonranuu EF1 (EF-Tu) B cBsI3pIBaHMM aMHUHOAITUII-
TPHK ¢ pu6ocomoii. Crpykrypa EF1 (EF-Tu), ero B3aumoneiicteus ¢ ['T® u I'’I® u ero
CTPYKTYpHBIC TIEPEXOJIbI («3aKphITas» U «OTKPHITas» KoH(popMainn). CBs3bIBAHUE aMUHOAIIHII-
TPHK xommiiekcom EF1 (EF-Tu) ¢ I'T®, o6pa3oBanue tpoiictBerHoro komiuiekca. EF1 (EF-Tu)
Kak Karaiu3arop drama cBs3biBaHus amuHOoaumia-TPHK. Ponb rugponmmsza I'T® B mpouecce
ces3biBanus. Dakrop anmonranuu EF1B (EF-Ts), ero ¢pyHkmus, mociaenoBaTeIbHOCTh PEAKIUil ¢
€ro y4acCTHEM.

Tpancnentuganusa. Xumus peaknuu. [lentuami-rpancdepasHplii IEHTP OOIBIION pruOOCOMHOM
cyOyacTtuupl;  puOO3UMMHBIA  KaTtanu3.  TeTpasgpuyecKkuil  UHTEpMEAHaT  peakuuu
TpPaHCIENTU AU, CTEPEOXUMHUS ero 00pa3oBaHUs U pacmaja.

Tpancnokanus: Yuactue ¢axropa snonrauuu EF2 (EF-G) ¢ I'T®. Jlomennas ctpykrypa EF-G;
ocobeHHoctu gomeHa IV. «MonekynspHas mumukpus» (cxonctso EF-G ¢ kommiekcom EF-
Tu:Aa-tRNA. «OH3umarnueckas» W «HEdH3UMaTthueckas» (OechakTopHas) TpaHCIOKAIIUA.
OCHOBHBIE CIEICTBHUS OTKPHITHA Oec(PaKTOPHON TpaHCIOKALMHU: TPAHCIOKALWs KaK CBOHCTBO
puOOCOMBI, TEPMOJMHAMUYECKAsl CIOHTAHHOCTh TPaHCIIOKalUK, KataauTuueckas pynkuus EF-G,
3aBHCUMOCTH KOH(opMarmonHoro karanusa ot [ TO.

Nunnmanus TpaHcisiiuuu y npokapuoT: OyHKIMOHAIbHOE Ha3HAYCHHE MHUIMALUN TPAHCIISALUU.
VYyactHuku mporecca uHUIMANKMK. OCHOBHBIE ATallbl Mpoliecca WHUIMANUKU. WHunmanus
TPAHCISALUU y IPOKAPUOT: (aKTOPhI MHUIMALIMY, HHUIIUATOPHBIE KOJO0HBI, 3'-koHenr PHK manoit
pubocoMHO# cyOuacTuilbsl u ocnenoBarenbHocTh [laitna- Jlansrapno 8 MPHK; «cuna» MPHK.
HezaBucumMas uMHULMAIMS ¥ TPAHCISIMOHHOE COMpsDKEHUE (MHIYLMPOBAHHAS WHULUAIUS U
CKOJIbKEHHUEe-PEHHUITHAIS ) Ha oauiucTpoHHbix MPHK npokapuor.

Tepmunanuuss TpaHcisauuu: TepMuHUpYIOIIME KOMOHBI. benmkoBbie (akTopsl TepMUHALNAN
NPOKAapUOT M DYKAPHOT; JBa Kiacca (H)akTOpOB TEPMHHAIMHU. Y3HaBaHHE TEPMUHHUPYIOIIETO
KO/IoHa (akTOpoM TepMUHAIMU 1-ro Kimacca B A-ydactke pubocombl. MHAYKIHMS THIpOIN3a
cinoxxHo3upHoit cBs3u nmentuauia-TPHK B mentunmn-tpancdepasHoMm ImeHTpe. DBakyauus
neaunnupoanHoil TPHK u3 P-ywactka m (akropoB TepMHHALUMU U3 A-ydacTKa C y4acTHEM
dakxTopoB TepmuHaiuu 2-ro knacca u I'TO/T JP. dakrop ocBoboxkaenus pubocom (RRF, RF4)
HPOKapHOT.

2. Benenune. OCHOBBI CTpOEHUS U (DYHKIIMOHUPOBAHUS JKUBBIX OPTaHU3MOB.

CBoliCcTBa KUBBIX Opartnu3moB. HpI/IHHI/IHH OpraHu3alun KJIICTOK. XHWMHUYECKHE OCHOBHI JKUBBIX
KJIETOK. I'€HEeTHUYEeCKHE OCHOBBI q)YHKI_[I/IOHI/IpOBaHI/IH KHUBBIX  CHCTCM. COBpeMeHHHe
NpeaACTaBJICHHUA O BO3HUKHOBCHHUH JKH3HU Ha 3emiie. Bo3moxxHOCTH CYIICCTBOBAHUA
HpeI[6I/IOJ'IOI‘I/ILICCKI/IX CHUCTCM U KHU3HU Ha APYTI'UX IUIAHCTaxX.

Buasl crmabpix B3aMMOJEHCTBHII B BOJHBIX  PAacTBOpax. AMHMHOKHCIOTBHI: CTpPOCHHE.
[IporenHOTEHHBIE aMUHOKIIJIOTHI. MoauduiupoBaHable aMUHOKUCIOTHL. KHCIOTHO-OCHOBHBIE
CBOMCTBAa aMMHOKHUCIIOT. benku u nentubl. Bropuyunas u TpeTH4Has CTPyKTypa OEIKOB.

3. Ilpoueccsl penapanuy TeHETUYECKUX OBPEKICHUM.

Mytauun u wmyrareHsl. Onpenenenus. MyrtaunonHas teopust . Jle ®pusa. Pasnuunble
KjJaccuukanuyu MyTauuu (1Mo ¢axkTopaM BbI3BIBAIOLIMM MYTAallMH, 10 pa3MepaM CErMEHTOB
MOJBEPraeMbIX MYTAIUsIM, IO BIMSHUIO HA SKCIIPECCUIO TeHOB). OCHOBHBIE HCTOUYHUKU MYyTallUl



— OLIMOKM peIuIMKalui U MyTareHHble BO3JeHCTBUS. MoHu3upyomnue H3ny4eHns, XUMHUUECKre
MyTareHsbl, IEPEKUCH U aKTUBHBIE (POPMBI KUCIIOPO/1a, aHAJIOTH HYKJICOTHI0B, HHTEPKAIUPYIOIINE
areHThbl. «CKpBIThIE MYTareHb» U UX META00IMUECKas aKTUBALMsL. DHJIOT€HHbIE MyTareHbl.

Knaccupukamuss  tunoB  pemapanuu.  Ilpsmas  pemapauus — TUMHUHOBBIX — JIUMEpPOB
(boTopeakTuBamusi) U METUIMPOBAHHOTO TyaHuHa. Henpsimas penaparusi. Base excision repair

(BER): Beipe3anue ocHoBaHui. [nuko3wmasel. Ypanuiarimko3wnasza. “BaecnupaiibHOE
y3HaBaHHe” ocHOBaHMH depmenTamMu penaparuu. Nucleotide excision repair (NER): Beipe3anue
(oKcLM3Ms) TOBPEXACHHBIX  HYKJIEOTHI0B. Kommiekc ¢GepMEeHTOB, OCYLIECTBISIOMINX
AKCUU3MOHHYIO pernapanuo. MexaHus3m penapaiuu, HalpaBiIeHHONM Ha HUCIPaBIEHUE aKTUBHO
TpaHCKpuOUpyemMbix reHoB. Mismatch repair (MMR): Mexanu3m penapanuu HeCHapeHHBIX
HyKi1eoTHn0B. Bei6op pemapupyemoii autu JIHK. IMoctpernukatiBHas (peKOMOMHAIIMOHHAS)
penapanus: Ctpykrypa Xoumaes, oOMEH OJHOLIETIOYEUYHBIMU YYacTKaMH, pojib Oenka RecA.
Pemapanuisi ABYXHUTEBBIX pPa3pblBOB: TOMOJOTHYHAS IMOCTPEIUIMKATHBHAS PEKOMOWHAIUS W
0o0beMHEHHE HEroMoJIoTHYHbIX KOHIOB Monekyiasl JIHK. Curnanbl, obecneuuBaroiiue
pernapanuio IByXHUTEBBIX Pa3pbIBOB U 3a1epkky permukamuu JJHK no 3aBeprienust penapamu.

SOS-penapanus. CpoiictBa JIHK nonumepas, yuactByromux B SOS-penapanuu (JJHK-myTassl) y
MIPOKApHUOT U dyKapuoT. [IpencraBnenue o0 “aganTUBHBIX MyTalUIX’ y OaKTEpU.

4. Perynsuus TpaHCKPUIIIUK y TpoKkapuoT. bakrepuodaru.

Perymsauus tpanckpunuuu y Oaktepuil. HeratmBHas W TO3WTHMBHAS PETYISIIHS HHULUAIAN
Tpanckpunuuu. JlakTo3usli omepoH. CAP-Oenok. Perynauus Ha ypoBHE TepMHMHALIUU
TPAHCKPUIILIUK - ATTEHIOALMS W aHTUTepMHUHalMs. Perynsmus skcnpeccuu TpUNITOPaHOBOIO
orepoHa. AHTUTepMHHAIUA Ha mpuMepe 6enkoB N u Q dara nam61a. Peryssums TpaHCKpUIIUu
B pa3BuTuM (ara iam6aa. [IpuHIMIBI ayTOreHHON Peryysluu U KOONEepaTUBHOCTH Ha MpUMepe
peryJsiMM dKCIpeccuu pernpeccopa (ara masmOaa. Perymsanus tpanckpunuuu Ha npumepe T-
YeTHBIX (haroB — MOJaBJIEHUE TPAHCKPUIILUHU KJIETOYHOTO T€HOMA, TPU IPYMIbI (DaroBbIX MEeHOB:
paHHue, cpeHue, no3auue. “Pudonepextoyarenn” u ux pasHoodpasue. [lonsarue 06 anramepax,
SELEX.

5. Penmukanusa JJHK.

Perumnkanus JIHK y OGaxtepuii. OCHOBHbIE MPUHLMUIBI PEIUIMKALUU: OJHOHANPaBIEHHOCTh
CUHTE3a, WCIIOIb30BAaHUE IIPAMMEPOB, IIOJYKOHCEPBATUBHOCTH IIPOLIECCA, IIPEPBIBUCTOCTH
CHUHTE3a — OTCTarolas U juaupyromas uenu. Ilonmmepassl, y4acTByroluMe B PEIUIMKALUU,
XapaKTepUCTHKa UX (hepMEHTATUBHBIX akTHBHOCTEH. TouHocTh BocmpousBenenus IHK. Posb
CTEpUYECKUX B3auMoencTBUI Mexay napamu ocHoBanui JIHK npu permkanuu. [Toanmepasbl
I, II u III E.coli. Cyobenunnunsbiii coctaB noaumepassl 1. Tlonstie o npouneccuHoctn JJHK
IIOJINMEPA3.

JHK-nura3er. Mexaausm pabothl. JIurasel, kak npumep (GepMEHTOB, UCIOJB3YIOIINX YHEPTHIO
ruaponuza ATP ans co3ganus Xum. cBs3eil.

FCJ’II/IKEBLI, KakK TIpUMEp (I)epMCHTOB, HUCIOJIB3YIOIIUX 3HEPTHUIO TUAPOJIN3a ATP JJI KaTalln3a
KOH(bOpMaL[I/IOHHBIX nepexoa0B.



JHK-tononzomepaszbl. Konbrieoie monekynsl JIHK u nonsitue o cBepxcrnmpanuzanun JIHK.
[TapameTpsl CBEpXCIUPATU30BaHHON U KOH(POPMALIMOHHBIE IEPEXObl B CBEPXCIUPATU30BAHHON
monekyne JIHK. Tomouzomepsr JHK. Tomousomepasbl u ux Tunbl. MexaHU3Mbl JIEUCTBUS
tononzomepas. JJHK-rupaza 6axrepuii.

[Tpaitmaspl. CTpyKTypa yyacTka ctapTa perumkaiuu (origin, ori). Ctpykrypasie epexoast JJHK
B pailoHe craprta pernkanuu. Perumukarop. [lonstue o perukone. Ponbs MetrinpoBanusa JJHK
B PEryJISLUU perTuKaluu. Perynsanus naunuanum perumkanuu y E.coli.

JvrHamuka periukanuu. PeruimkatuBHas BUIKa B 1EJIOM, “Benylias” W “OTCTarolias” HUTH MPHU
pernkanuu. @parmentsl Okazaku. Koopaunanuu cunre3a JJHK Ha xommiemMeHTapHBIX HUTSIX.
Kommiiekc 0enkoB B perUIMKallMOHHON BUJIKE.

Tepmunanuss perMkanuu y Oakrepuid. PacxokiaeHuwe ori XpoMOCOM IMepes] JIeICHHUEM
OaKTepHaIbHON KIETKH.

6. CozpeBanue MPHK B knetkax sykapuoT. CrutalicuHT.

[Ipoueccunr PHK. KenupoBanue, criaiiciHr M NOJUMAACHWIMPOBAHUE TPAHCKPUIITOB,
cuHTe3upyeMbix noiauMmepaszor II. Mexanusmsl crnaiicunra. Pons maneix saepusix PHK u
OenkoBbIX (hakTopoB. CrutaiicocomMa. ANBTEPHATUBHBIN CIUIAHCHHT, MPUMEPHI. DHXAHCEPbI
crutaiicunra. Kackajpl anbTepHAaTUBHOTO CIUTAMCHUHTA U PETYISIUS MMOJI0BOM AU(PEpEeHIUPOBKU
y apo3oduibl. buonornyeckas poib albTepHATUBHOTO CIUIAHCUHTA, MpUMephl. Poib Genkos,
ces3biBaromuxcsi ¢ PHK-monmumepaszoii Ha mnpomoTope, B OIpeneieHUH crneuu(GuuHOCTH
crutaiicunra. CrjiaiicCHHT U ero poJib B ofipeieieHnn cnerupuaHocty GyHkunonupoBanus MPHK
B nuromiazMe. “Kontponp kadectBa” mpe-MPHK B sape. ConpsixeHune TpaHCKPHIILINH,
crutaicunra u tpascnopra PHK u3 siapa B nurorutasmy. TpaHc-CIumaliCuHT, €ro paclpoCTpaHEeHHE.
“Camocmiaiicunr”. UuTponsl rpynn 1 u 2. IHTpoHs! Tpymibl 1 Kak pud0o3uMBI.

7. CTpoeHre U CBOWCTBA HYKJIIEMHOBBIX KHUCIIOT.

Hcropus nokazarenbctBa reHernueckoil ¢ynxiuu JIHK. Onbitel OBepu, Xepmu u Yeids.
[TpaBuna Yapradda. Pacmdposka crpykrypst JJHK.

Crpoenue JIHK. ®usnueckue cporictBa Mosiekynsl JJIHK. KoMnOHEHTE XUMUYECKON CTPYKTYpbI
JHK: a3otucteie OCHOBaHHWs, HYKICO3WIbl, HYKICOTHUAbl. M3omepus, TayToMepus,
KOH(pOopMallMOHHbIE TIepexo/ibl HykIeoTu10B. Konpopmanmonnsie ¢popmel JJHK A, B, u Z, ux
¢uznueckue napamerpsl. Hekanonnueckas H-popma JIHK. KommnementapHbie mapel OCHOBaHUI
Yorcona-Kpuka u Xyrcruna. Tpumekcbl. Terpactpykrypsl. IlanuHapoMsl M IINAIEYHBIE
CTpYKTypbI. [IoHATHSA BTOPUYHOH, TPETUUHON U 4YeTBEpTUYHOM CTpyKTYp s HK.

Jenarypauus n penarypauus JJHK, Hykneotunnsie nocnenosarensnoctu JJHK, onpenensromue
koHpopmanuio JIHK, ruékocTs MM KeCTKOCTh MOJIEKYJIBI.

[lenTpanpHas JorMa MOJICKYJISIPHON OMOJIOTHH.

8. Ctpykrypa u ¢pyukuuu tpancnoptHsix PHK. I'enetnueckuii ko.

Crpykrypa TPHK. AxTtuBanus amuHokuciaor u obpazoBanue amuHoaumi-TPHK. Xumuueckue
peaknuy, MPHUBOAIIME K OOpa3oBaHHIO MENTUIHON CBA3M B Ipoliecce OMOCHHTEe3a Oelika.
AKTuBanus aMUHOKUCIOTH B peakuuun ¢ AT®; obpasoBanue amuHoarmiaaenuwiara. [lepenoc



amuHoaruiabHoro octatka Ha TPHK. AMunoanmn-TPHK-cuHTeTa3pl. AKTUBHBIE IEHTPBI CHHTETA3
u wux crneuuduunocts. JIBa kiacca amuHoauun-TPHK-cuHTETa3, uX CTPYKTypHBIE U
(GyHKUMOHATIBHBIE pa3nuuus. YdacTku B3aumopeiictBust moiekyn TPHK ¢ amunoanmn-tPHK-
CHHTETa3aMH; pa3jiMuMs JABYX KJIAcCOB. Y3HAaBaHWE aMUHOKUCIOT amuHoauwi-TPHK-
CHHTETa3aMH, MEXaHU3M KOHTPOJIS MPAaBUIBHOCTH aMHUHOAMIIMPOBAHHS.

['enernyeckuii koa. OOImKe CBOWCTBA M€HETUYECKOTO KOJa: YHHUBEPCAIBHOCTh, TPUILJIETHOCTH,
OJIHO3HAYHOCTh U BBIPOXKIEHHOCTb. [ pyIIOBbIE CBOMCTBA T€HETUYECKOTO0 K0/1a, 0y(hepHOCTh Ko/1a
K MYTaIUsiIM 3aMEHbI OCHOBaHUH. [ UIIOTE3bI MPOUCXOKICHUS T€HETUYECKOro Ko1a. AlanTopHas
runote3a ®@. Kpuka (1955) u ee skcnepuMmeHTalbHOE J0Ka3zatenbcTBo (1962 -1963). Komon-
AHTUKOJIOHOBOE B3aumozeiicTBue. ['mmoreza @. Kpuka 0 HEOAHO3HAYHOM B3aWMOJICUCTBUU
MIEPBOTO TOJOKCHHUsI AHTUKOJIOHA C TPEThUM TOJOKeHHEM KkomoHa (1966). Tabmuma
B3aMMOJICHCTBUI TEpPBOr0 IMOJIOKEHUS AaHTUKOJOHA. OTKIOHEHHS OT YHHBEPCaIbHOCTU
FEHETUYECKOTO KO/Ia B MUTOXOHJIPHSIX U Y HEKOTOPBIX OaKTepuil ¥ MPOCTEHIINX IYKAPHUOT.

9. TpaHnckpunius y IpoKapuoT.

Tpanckpunuus y npokapuor. PHK-nonmumepasa mpokapuor, ee cyObeAMHMYHAs CTPYKTYypa.
OcoOeHHOCTH MPOCTPAHCTBEHHON CTPYKTyphl. Pa3HooOpasue curma-gaxropos. IIpomoTopsl
TEHOB IIPOKAPHOT, UX CTPYKTYpPHBIE 351eMeHThl. CTaiuy TPAaHCKPUILIIMOHHOTO IUKIa. MHNImnanus,
o0Opa3oBaHHE “OTKPBITOr0 KOMILIEKCA , JIOHTalusl U TEPMUHALMS TPAHCKPUILIMUA. MeXaHn3Mbl
TEPMHHALNS TPAHCKPUIILIUH.



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHBHbIE
TEXHOJIOTUH

MouJiekyJasipHasi 3J1eKTPOHUKA

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

- M3YYCHHE IIMPOKOTO KPyra BOIPOCOB, KACAIOMIMXCS MEXaHHM3MOB Iepenadyd HHPOpMAaIiH B
MOJICKYJISIPHBIX CUCTEMAX;

- O3HAKOMJIEHHE C MPUHLUUIAMM IOCTPOEHUS 3JIEMEHTHOH 0a3bl YCTPOWCTB MOJIEKYJISIPHOMN
JJIEKTPOHUKU U TEXHOJIOIMYECKMMH IIPUEMAaMU CHUHTE3a HAaHOCTPYKTYP, UCIOJIB3YEMBIX B TAKHX
YCTPOUCTBAX.

3agauu AMCHUIINHBIL:

- ¢opmupoBaHre 0a30BBIX 3HAHHN B 00JACTH MOJIEKYJSPHON AJIEKTPOHUKU KaK JUCIUTUIMHBL,
UHTETpUpYyIoOmed o0medru3ndeckylo W  OOIIETEOPETHYECKYI0 TIOATOTOBKY (HM3HKOB U
o0ecrieynBarOIIell  TEXHOJIOTMYECKHE OCHOBBI  COBPEMEHHBIX  HMHHOBALIMOHHBIX  cdep
JIeATEIbHOCTH;

- O6y‘{eHI/IC CTYACHTOB IIpHHOUIIAM W TCXHOJOI'MYCCKHUEC IMPUCMbI CHHTE3a HAHOCTPYKTYDP,
HCIIOJIB3YEMbIX B TAKUX YCTpOﬁCTBaX;

- (opMHUpPOBaHHE TOAXOJ0B K BBINOJHEHUIO HCCIEIOBAaHUI CTyJeHTaMH B 00JlacTH OHO U
MOJIEKYJISIPHOM 3JIEKTPOHUKU B paMKaX BBITYCKHBIX pa0dOT Ha CTENEHb MarucTpa.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00y4YeHHS MO JUCHHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- MECTO U POJIb OOLIMX BOIPOCOB HAYKH B HAYYHBIX UCCIIETOBAHMSIX;

- COBpCMCHHBIC HpO6J’IeMBI (1)I/IBI/IKI/I, XHUMHUHU, MATEMATHUKH,

- TEOpeTUYECKUE MOIeNU (PyHAaMEHTaJIbHBIX ITPOLIECCOB U SBJICHUH B (U3MKE U €€ MTPUII0KEHUSX;
- IPUHLIMIIBI CUMMETPUH U 3aKOHBI COXPAHEHUS;

- HOBeHIIEe OTKPBITHA €CTCCTBO3HAHUSA

- IOCTAHOBKY Mpo0sieM (PU3NKO-XUMHUYECKOTO MOJCIIMPOBAHMS;

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



yMeTb:

- 3(1)(1)6KTI/IBHO HCIIOJIB30BAaTh Ha IIPAKTHUKE TCOPCTUUCCKHE KOMIIOHCHTHI HAYyKWU: ITOHATHA,
CYXKIACHUSA, YMO3AKIIOYCHN A, 3aKOHBI;

- IPE/ICTaBUTh IAHOPAMy YHUBEPCAIbHBIX METOA0OB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHMS;

- abCcTparupoBaThCs OT HECYIIECTBEHHBIX BIUSHUN TIPH MOJICIUPOBAHUHU PEATbHBIX (DU3UICCKUX
CUTYalIHii;

- INTAHUPOBATH OIITUMAJIBHOC IIPOBEACHUE SOKCIICPUMEHTA.

BJIA/I€Th:
- IJTAHUPOBAHUEM, IIOCTAHOBKOW M 00pa0OTKON Pe3yabTaTOB (PU3UIECKOTO IKCIIEPUMEHTA;
- HAy4YHOU KapTUHOU MHUPA;

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

TeMbI U pa3jeiibl Kypca:
1. be3bI3myuaTenbHbIE POLIECCHI IEPEHOCA YHEPTUU JIEKTPOHHOTO BO30YKIEHUSI.

Mexanusm ®epcrepa. OCOOEHHOCTH MEPEHOCA SHEPTMHM B CUCTEME MOJIEKYJIbI-TBEPAOTENIbHAS
nooxkka. OOMEHHBIN MexaHu3M TiepeHoca sueprun. Teopus depcrepa-Jlekcrepa.

2. BBenenue.

TpagunuoHHas njaaHapHas MUKPO3JIEKTPOHUKA, MPUHIUMIHANIbHBIE (PU3HUECKHE OTPAaHUYEHUS ee
pazButus. MoJnekylnsapHble CUCTEMbl KaK »JJEMEHTHas 0a3a »JIJIEKTPOHHBIX YCTPOMCTB.
[lepcriekTHBBI pa3BUTUS MOJIEKYJISIpHOUN 37eKTpoHUKH. [IpoOnema Mcronb30BaHMS OTAEIBHBIX
aTOMOB, MOJIEKYJI M KX KOMIUIEKCOB B KAYECTBE JIOTHYECKUX DIEMEHTOB AIEKTPOHHBIX YCTPOUCTB.
XapakTepHUCTUKH TaKUX 3JIEMEHTOB: HaJIexHOCTh cpabareiBanus, KI1/] mpeoOpa3oBanus curnana,
OJIHO3HAYHOCTh PEAKIMH MOJIEKYJIbl NpU €€ BO30yKIeHUH. boibline opraHuyeckue u
OMOOpraHNYeCcKHe MOJIEKYJIbI KaK 3JI€MEHThI MOJIEKYIISIPHBIX YCTPOMCTB.

3. Z[BI/I)KGHI/IC HOCHUTENEH 3apsaa B MOJICKYJIAPHBIX KpHUCTAaJJIax.

Bunael nepenoca, MogenbHbIN ramMmuibToHUAH. [IepeHoc B Moaenu nepeckokoB. [lepeHoc B 30HHOM
MOJIEIIN.

4, 3aHOMI/IHaHI/Ie, XpaHCHHUEC N nepepa60TI<a I/IH(I)OpMaI_[I/II/I Ha MOJICKYJIIPHOM YPOBHC.

Coznanue mocTosHHBIX 3anomMuHatoumx ycrpoiicts (II3Y) ¢ ucnonb3oBaHMEM TPUILIETHBIX
COCTOSIHMI OpPTaHUYECKHX KpacUTENeH. DIEeKTpo- U (OTOXPOMHU3M aICOPOUPOBAHHBIX MOJIEKYII.
[Tpupona 31EKTPOHHBIX MPOIECCOB, OMPEAENAIOMIMX 3THU SABJIEHUSA. 3amuch WHGOpPMAalUU Ha
ocHOBe d(deKrTa IEKTPOHHO-KOH(DOPMAITMOHHOW TMEPErpyNIMUPOBKH. MeXaHU3M ONTHYECKOU
YaCTOTHO-CEJIEKTUBHONW 3amucy HMHGpOpMAlUM B IUJIEHKaX OpraHuyeckux Mmojekyn. Crocol
«BBDKUTAHUS [TPOBAJIA.



Brinpsmisitonii MOJIEKYJISIPHBIN 3JIEMEHT. Y IPABJISIIOIIUMN 3JIEMEHT PE30HAHCHOT'O TYHHEIBHOTO
[IEPEHOCA HOCUTENICH. YTIPABIIAIOIIME IPYNIUPOBKU. I IpUHIIUI COTUTOHHOTO MEPEKIIIOYECHMUS.

5. MoneKkynsapHbIe KPUCTAJLIBIL.

>KI/II[KI/IC KpucTtaljibl; HEMATHYCCKUC, CMCKTHYCCKHUEC HU  XOJICCTECPHUYCCKUC MeSO(bafﬂ:I.
HCpCl'IeKTI/IBBI HCIIOJBb30BaHHs B MOJ'IGKy.]'I?[pHOfI OJICKTPOHHUKE.

6. OCHOBHEIC SKCHCPUMCHTAJIBHBIC METOJAbI U3YYCHUA TOHKHUX MOJICKYJISIPHBIX CJIOCB.

MaJ'IOYFJ'IOBaﬂ PEHTICHOBCKAA CIICKTPOCKOIINS, SJ'ICKTpOHOFpa(l)I/IH, OJIITMIICOMETPHS, I'CHEPALUA
BTOpOﬁ TapMOHHUKH, CKaHUPYIOIlasd TYHHEJIbHasd 1 aTOMHas CUJIOBAasA MHUKPOCKOIIUA.

7. Inenku JIrarmiopa-bnomxkert (JIB).

Meroauka cuHTe3a IeHOK JIb 1 MX HaHEeCeHMsI Ha MOBEPXHOCTb TBEpAOro tena. Ilpumenenus
TOHKMX OpPraHMYECKUX IUICHOK B MOJIEKYJSIDHOM DJJIEKTPOHMKE. MeTon MOJEKYJIIpHOIO
HACJIaNBaHHUS.

8. Tlonmumepsl: CTPYKTYpa U AJIEKTPUUECKUE CBOWCTBA.

buononumepsl. [lepcnekTHBBI UCIOIB30BAaHUSI B MOJIEKYJISIPHOM SJIEKTPOHUKE OMoOMeMOpaH u
MMMOOMIN30BaHHBIX (PEPMEHTOB.

9. HpI/IHHI/IH caMOOpraHn3anuu OTACIIbHBIX MOJICKYIISIPHBIX KOMIIOHCHTOB HHTCI'PAJIBHBIX CXCM.

OcHoBHble unen cuHepretuku. Cunte3 Meppudunga. CamoopraHuzanus ITOBEPXHOCTHO-
aKTHBHBIX BeleCcTB. [lepecTpoiika CTpYKTYphI CII0€B OPraHUYECKUX MOJIEKYJ M IieHOK JIb npu
CaMOOPraHU3aLNH.

10. Cunrinetusie 3KcUTOHEI. COIUTOHBEI.

HOBerHOCTHHe 9KCUTOHBI. COJWUTOHHBIM MEXaHU3M nepcaaduu OSHCPrud MW 3apsaaa.
SJICKTpOCOJ'II/ITOHH " MPOTOCOJIMTOHEIL.

11. DnexkTpoHHAst MPOBOAUMOCTD IPOTSKEHHBIX MOJIEKYJISIPHBIX CUCTEM.

BHyTpUMOJIEKYISpHBIT ~ NIEPEHOC  DJIEKTPOHOB.  KBAaHTOBOMEXaHHYECKOE  pPE30HAHACHOE
TyHHenupoBaHue. «OqHOIIEKTPOHUKAY.

12. DneKkTpoHHO-BO30YK/IEHHbIE MOJIEKYJIbl OpPraHMUYECKUX KpacuTelell Ha MOBEpPXHOCTH
TIOJTYTIPOBOTHUKOB.

CriexTpanbHas CeHCHOMIM3anMs pasiuyHbX  (oTod(h(PeKToB B  MOTYNPOBOJHUKAX U
JTURJIeKTpUKax. J[Ba albTepHATUBHBIX MEXaHU3Ma CEHCUOMIN3ALMU: IEPEHOC YHEPTUU U MTEPEHOC
anekTpoHa. DOTOCEHCMOMIM3UpPOBAHHAS Mepe3apsi/ika pa3MYHBIX TPYMN TMOBEPXHOCTHBIX
COCTOSIHUH B THUIIMYHBIX F€TEPOCTPYKTYpPaAX, UCIOJIB3YEMBIX B MUKPO- U HAHOAJIEKTPOHUKE.

13. DaeKTpOHHBIE CIIEKTPHI MOTIIOMICHHS M JIIOMUHECIICHITUN aJCOPOMPOBAHHBIX MOJICKYJI.

OCHOBHBIE ITYTH JTUCCHUIIAIIMHN SHEPTHU BO30YKICHHBIX a/ICOPOMPOBAHHBIX MOJIEKYJI: TPOLIECCHI B
aJIcopOLIMOHHON (pa3e, B TBEpAOM Tesie. XapaKTepHble HHEPreTHUECKHE CXEMbl YpPOBHEH
BO30Y)KJICHHBIX MOJIEKYJl U DJEKTPOHHBIX IEPEeXOJ0B Mexay HuUMHU. DayopecieHnus.
KonebarenbHas penakcaiysi 3HEPrHHM 3JEKTPOHHOTO BO30YXKAECHUS B ajcopOIuoHHON (ase.
Hcnonb3oBanue 3TUX 3(HEKTOB IS CO3/1aHUS CEIEKTUBHBIX MOTYITPOBOIHUKOBBIX CEHCOPOB IS
ra3oBOro aHaJIMu3a.



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTH(POPMAIIMOHHbIE U KOTHUTHBHbIE
TEXHOJIOTUH

HelipoKOrHUTUBHBIE TEXHOJIOT UM

Heab AMCHUNIMHBI:

- (QopMupoBaHHE Yy CTYJCHTOB CHCTEMBl HAayYHBIX NPEACTABICHUNA O BO3MOXKHOCTAX
HEHPOKOTHUTUBHBIX TEXHOJIOTUH.

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

- 3HAKOMCTBO C OCHOBHBIMH pEC3yjibTaTaMH OTCUCCTBCHHBLIX U 3apy6€)KHI)IX pa60T I10
HCCIIIOBAaHHUIO MO3T'a, CBSI3aHHBIX C pa3paboTKoN MpoOIeM HEHPOKOTHUTUBHBIX TEXHOJIOTHH.

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

3HATh:

- OCHOBHBIE COBPEMEHHBIE METObI HEHPOKOTHUTHUBHBIX TEXHOJIOTHIA;

- OCHOBHBIC 00J1aCTH MMPUMCHCHUA HeﬁpOKOFHHTHBHBIX TEXHOJIOTHUH.

yMeTb:

- MIOJIb30BAThCSI CROMMU 3HAHMSIMU JJISI TOCTAHOBKH HOBBIX 3371a4 B 00JIACTH HEHPOKOTHUTHUBHBIX
TEXHOJIOTHIA;

- COIIOCTABJIATH JJTAaHHBIE ITOJYYEHHBIE B PA3HBIX dKCIIEPUMEHTAIBHBIX UCCIIEI0BaHUSAX;
- IPOBOJUTH METOI0JOTHUECKYIO OLIEHKY 00CYK/IaeMBIX pe3ybTaTOB;
- aHAJIM3UPOBATH COBPEMEHHBIE pa0OThI B 00JIACTH HEMPOKOTHUTHUBHBIX TEXHOJIOTHIA,

- COOTHOCHUTDb HAYYHBIC U TCXHOJIOTHUYCCKUC 3ala4U B HeﬁPOKOFHHTHBHLIX HCCICOOBAaHUAX.

BJAaJ€Th:

- OCHOBaMH KOMIILIOTCPHOI'O aHAJIM3a B obiactu HCﬁpOKOFHHTHBHBIX TCXHOHOTHﬁ;



- HaBBIKAMHU OCBOCHHS OOJIBIIIOT0 00beMa nHpopmaIuu;

- HaBBIKAMHU HAaxOXICHHUS HeoOXxoaumol wuHpopmarmuu B HMHTepHere B obOnactu
HEUPOKOTHUTHBHBIX TEXHOJIOTUH;

- HaBbIKaMHM aHaJIM3a SKCIICPUMEHTAJIbHBIX JaHHBIX.

TeMbl U pa3jesibl Kypca:
1. HeiiporuOpuHbie 1 HEHPOMHTEILICKTYaIbHBIE CUCTEMBI.
Moenu HEMPOHAIBHBIX KYJIBTYD.

Mopenu w3ydeHuss Mo3ra in vivo u in vitro. Mojenu HEeWpOHAIBHBIX KynbTyp. OOydeHHne B
KyJIbType HeilpoHoB. [laueuHas akTUBHOCTH B KyJIbType HEUPOHOB. J[MHAMUKA CTPYKTYpBI CETH
HEUPOHOB.

OO0y4eHue ¢ NOJIKPEIICHUEM.

[Tpumeps! Mozeneilr 00ydeHus ¢ oAKpeIuieHHeM. JIoCTOMHCTBa M HEZOCTaTKU. MoienupoBaHue
oOyueHust. MckyccTBeHHbIE HEHPOHHbBIE CETH. OBOMIOLMOHHOE oO0ydeHue. CeleKIHOHHOe
oOy4eHue.

Teopust orOopa HeipoHHbIX rpymm. TpedoBaHus K cucTeMHON Mozenu oOydenus. KonkypeHus
HEHPOHOB.

Mopaenu HeMpoHHBIX ceTeil. [IpuMepbl Moaenel HeMpOHHBIX ceTeil. JIOCTOMHCTBA U HEJOCTATKH.

[TpenukTopHBIE CETH.
[IpuHIMITBI IPETMKTOPHBIX ceTel. Moienp 1eneHanpaBIeHHOro aJallTUBHOIO ITOBEICHHUS.
M cKycCTBEHHBINM UHTEIICKT.

Tect Teropunra. Mcrtopust pa3BUTHS HMCKYCCTBEHHOro HHTe/UIeKTa. CHMBOJIbHBIE
MHTEJJIEKTyalbHble cucTeMbl. HeilpoOuonornueckue wmojenu. AHHMMAThl. OBOJIIOIMOHHAS
kubepHetnka. HeipoMopdHbiE CcHCTEMBI HMCKYCCTBEHHOTO  HWHTEUIEKTa. | HOpuaHbIE
HEWPOIJTIEKTPOHHBIE CUCTEMBI.

2. HeﬁPOKOFHHTHBHBIC TCXHOJIOTHMH Ha OCHOBEC OIITOI'CHCTHUKH.

[IpuHiMner  onToreHeTHkW. Meroasl onTtuku. MeTtoabsl TreHeThkH. Fcropust pa3BuTHs
ONTOreHETUKH. YIIydllIeHUs! KJIaCCUUECKOTo MeToa onToreHeTuku. Onroreneruku u GMPT.

[Tponieccrl oOyueHus u naMsatu. MaHunynsiuu ¢ namsaTeio. Co3aaHne UCKYCCTBEHHOM MaMsTH.
HetiponereneparuBHbie 3a00IeBaHUS.

CriocoOs!I yrnpaBiIeHHs] aKTUBHOCTBIO HEHPOHOB.

ITocaenoBaTeIbHOCTh IEHCTBUI M1 NPOBCACHUA OINTOTCHCTUUCCKOTO 3KCIICPUMCHTA. I[pyFI/IC
(KpOMe OHTOFGHCTI/IKI/I) CIIOCOOBI YIIpaBJICHHUA AKTUBHOCTBIO HeﬁpOHOB. XeMOoreHeTHKa.
Mexanuzm pa6OTBI OIICHMHOBBIX OCJIKOB.



3. OCHOBBI HEHPOKOMITBIOTEPHBIX HHTEPHEHCOB.

HewnnBazuBHbIC HEHPOUHTEP(DEUCHI.

Mo3ro-ManHHbBIE U MO3T0-KOMITbIOTepHBIE HHTEp(heichl. TaTepdeticel Ha ocHoBe DI,
HetipounTtepdeiichl KJIETOYHOTO YPOBHSL.

Peructpanusi  akTHBHOCTM  OTHAENBHBIX  HEWpPOHOB. Buabl  aktuBHOCTH.  [IpwHIMITEI
HelpouHTepPEiicoB.

TpaHCFGHHBIe JKHUBOTHBIC IJIA HeﬁpOKOFHHTI/IBHBIX TEXHOJIOTHH.

HpI/IMeHeHI/Ie TPAHCI'CHHBIX KHUBOTHBIX B HCﬁpO6HOJ’IOI‘HH. MCTOHBI TPAHCI'CHE3a: UHBCKIUA B
nponykieyc. IlpenMymiectBa u HemocTaTku. MeToabl TpaHCreHe3a: MHBEKIMS CTBOJIOBBIX
knerok. IIpenmymecrBa m Hepgocratku. HampaBiieHHBI TpaHCreHE3 - CO3JAHHE HOKAyTOB.
VYupasnsemble TpaHcrensl: Cre-cucrema, TetO-cuctema.

MeTtoa n1ByX(OTOHHOM MUKPOCKOIIHH.

OcHOBHBIC TPUHIMIIEI MeToaa. [IpenmMyiecTBa OBYX(OTOHHON MHKPOCKONHMH IS in Vivo
BHU3yaJIN3alluy aKTUBHOCTH HEPBHBIX KJIETOK.

MeTobl ucciaeI0BaHUs aKTUBHOCTH HeﬁpOHOB in vivo.

Metoapl MCClIeAOBaHUS aKTUBHOCTH HEHPOHOB in Vivo y OOAPCTBYIOUIMX >KUBOTHBIX WIH Y
ITOABMIKHBIX KUBOTHBIX. | €eHETUUECKH KOIUPYEMBIE KAJIBIIUEBBIE CEHCOPBI



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

OcHOBBI OHOTEXHOJIOTHHU

Heab AMCHUNIMHBI:

[locBoeHME CTyAeHTaMH (hyHIAMEHTAIbHBIX OCHOB COBPEMEHHOW OMOTEXHOJOIMH, OCHOBAHHON
Ha METOJIOJIOTHSIX TEHETUYECKONH 1 MeTabOIMUECKON NHKEHEPUU MUKPOOPraHU3MOB, PACTEHUH,
JKUBOTHBIX U PACTUTENBbHBIX KIIETOK;

[l0O3HAKOMJICHHE C OCHOBHBIMHU JOCTHXKCHHSIMU OMOAKOHOMHKH, BKJIFOUYAs MPOM3BOJICTBO W3
BO300HOBIISIEMOTO CHIPbsSi OMOTOIUIMBA, XUMHUKATOB, OMOIUIACTHKOB, TEPANICBTUYECKUX OECJIKOB,
reHomoudumpoBanabix pacrenuit (MO);

[JO3HAKOMJICHHE C HOBBIMHU TCHACHIASIMHU B Pa3BUTHU 6I/IOTCXHOJIOFI/II/I, TaKHUMHU KakK MI/IKpO6HI)Ie
TOIIJIMBHBIC 3JICMCHTHI, OMOCHHTE3 Ha OCHOBE CHHTE3 rasa, 3HeKTp06I/IOCI/IHTe3.

3agauu AMCHUIINHBIL:

O dbopMupoBaHre 0a30BBIX 3HAHWKW B O00JIACTH OHOTEXHOJOTHMH — JUCITUIUIMHBI,
WHTETPHUPYIONIEH JTOCTHKEHHSI COBPEMEHHOM MOJIEKYISIpHOW Ouojoruu, OMomH(GOpPMATHKU U
XUMHUYECKON TEXHOJIOTUH;

0 YCBOCHUC TIPUHOHUIIOB CO3AaHUA TI'CHHO-HHXXCHCPHBIX OpPraHU3MOB C TIIOJIC3HBIMHA
CBOMCTBAMH H OCYIICCTBJICHHUC OMOTEXHOJIOTHYCCKUX nponeccoB IpUu  KYJIbTHBUPOBAHHUU
MHUKPOOPTaHHU3MOB, KYJIBTYP KJICTOK ) XUBOTHBIX U paCTeHHﬁ;

O MOJIyueHUEe 3HaHUM B o0sacTu OHMOPKOHOMHUKH, IO3BOJISIONINX OPHEHTUPOBATHCS B
COBPEMEHHBIX NTHHOBALIMOHHBIX TEXHOJOTUSAX UCIIOJIb3YIOLIUX KUBBIE CHCTEMBI.

ITepedyenb miIaHMPyeMBbIX pPe3yJIbTATOB 00Y4YeHHS MO TUCHHUILINHE (MOAYJIIO)

B PE3YIbTATC OCBOCHUA TUCHUIIIIMHBL 06yt1a}oumec;1 JOJIDKHBI

3HATh:
O OCHOBHBIE TIPUHIIMIIBI, HA KOTOPBIX OCHOBAHO (PYHKIMOHUPOBAHHE OMOTEXHOJIOTHYECKUX
CHUCTEM;

O NPUHLIMIBL pabOThl OMOXMMHUYECKHX peakTopoB ((hepMeHTEPOB) NHpU a’poOHBIX H

aH33pO6HBIX YCIOBUSIX, MI/IKpO6HBIX TOIINIMBHBIX 3JICMCHTOB, a9p0O- 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 MPE/ICTaBIEHHON B INTEpaType HHPOPMALIUY;

0 CIOCOOHOCTBIO  OIICHMBATh PE3YNbTAThl, IMOJYYCHHbIE C TOMOIIBIO  PA3THYHBIX

OMOXMMHYECKHX  TEXHOJOTMi  (monmuMmepasHas  IemHas  peakmusi, JJeKTpodope3 B
MOJIMAKPUIIAMUTHOM Telie, pa3InIHbIe BUABI XpOMATOTpadUu U MACCIIEKTPOMETPHH ).

TeMbl U pa3jaeiibl Kypca:

1. bruoTexHOIOTHS OXpaHbl OKPYKAIOIIEH CPEbL.

MertaHoTeHKH, a3poTeHKH. buonerpananus nonoranToB (HedTH).

2. buortonnuso.

buostanon I nokonenus. Lenmtono3usiii 3tanon. byranon u uzo0yranon. buoausens.
3. 'eHHas uHXEeHepusi MUKPOOPTraHU3MOB, PAaCTEHHM, )KUBOTHBIX. METO/IbI U 11EMH.
Bekropst u meroasl nocraBku JIHK B kietky. PCR- peaknusi. PekomOunarus.

4. I'MO pacteHusl.

[Tepuoanueckoe U HempepbIBHOE KyJIbTUBHpOBaHUE (xemocTar). Cpelbl U peakTopbl. MeToasl
KOHTPOJI U PETYIISILUU POCTA.

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

Krnaccuueckast cenexius: myrareHe3 u otoop. Merabonuueckas uHxeHepus. Pegokc-6amaHc.
CrexHomerpuueckue mozenu. IIpumepsl: npoayneHTsl aMuHOKUCHOT L-tpeonuna u 1,4-
OyTaHauona.

6. KYJ'IBTI/IBI/IpOBaHI/Ie MHKPOOPTaHHU3MOB U KIJIICTOK DYKApPUOT.

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

7. MUKpOOHBIE TOTIJIUBHBIE AIEMEHTHI. DIIEKTPOONOCUHTES.

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

8. Hedoroxmmiaeckoe BOCCTAaHOBIICHUE YTIIEKHCIIOTO ra3a MUKPOOPTraHU3MaMH.
Buoxumus nponecca. Anierorensl. Poct opranu3zmoB Ha cuHTe3-ra3e. KoHCTpyKIus peakTopos.

9. Onpenenenre MOHITUNA OMOTEXHOIOTHS U OMOIKOHOMHUKA.



Hctopus Bompoca. ObnacTu mMpUMEHEHHUsS OMOTEXHOJOTHMH B CEJIbCKOM XO3SICTBE, MEIULIMHE,
OXpaHe OKPYXKAIOIIeH cpe/bl B MPOU3BOACTBE OMOTOIINBA U XUMUKAIIEB.

10. Pa3BuTtne 6morexnonoruu B Poccutickori denepamnu.
Ucropusi, coBpeMenHoe coctosiHre. ChIpbeBON PECYPCHBIN MOTEHITHA.
11. PerenepatuBHas MEIUIIMHA.

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

12. Perymsiuus metaboau3Ma MUKpPOOHOU KIETKH.

AJlocTepudeckoe perysvpoBaHHe aKTUBHOCTH (epMeHTOB; pempeccus, ctabuibHocTh 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 PACTEHUSX U )KUBOTHBIX.

14. depmenTaTUBHBIE MpOIecCH B bruoTexHOMIOTHN.

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

15. XumukaTsl Ha 6a3e BO3OOHOBIISIEMOTO CHIPbSL.

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



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

HapaJIJIeJIbeIe BbIYMCJICHUA

Heab AMCHUNIMHBI:

- oOyueHme CTyJJCHTOB TEOPUH M MPAKTHYECKUM HABBIKaM MapajieIbHOTO MPOrPaMMHUPOBAHUS U
pemeHus GyHaaMEeHTATbHBIX U MPUKIIAAHBIX 3374 HAYKA U TEXHUKH C IIOMOIIBIO COBPEMEHHBIX
CYNEPKOMIIBIOTEPHBIX CHCTEM.

3agauu AMCUHHUIIINHBIL:

- (¢opMmupoBaHue 0a30BbIX 3HaHMI B 00JacTU TEOPUHM M NPAKTUKH MAPAJUIEIBHOTO
IIPOrPaMMUPOBAHHUS JUIsl COBPEMEHHBIX KOMIIBIOTEPHBIX U CYIIEPKOMIIBIOTEPHBIX CUCTEM;

- 06yquI/Ie CTYACHTOB IIPUHIHUIIAM CO3AaHU: IMapaJlUICJIbHBIX aJITOPUTMOB U IIPpOI'paMM JIF000Tr0
YPOBH: CIIOKHOCTH, OPUCHTHUPOBAHHBIX Had HAYUHO-TCXHUYCCKHUEC ITPUIIOKCHU,

- MPAKTUYECKOE NMPUMEHEHUE CTYJIECHTAMHU ITOJYyYEHHBIX 3HAHUU IIPU BBIIOJHEHUH KYPCOBBIX U
BBIITYCKHBIX pa0OT HA CTENIEHh MAarucTpa.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00Y4eHHS MO JTUCHHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIUIIIMHBI 00YJaOLIHecs JOJKHBI
3HATh:

0 O6H.IYIO IMOCTAaHOBKY HpO6JI€M KOMIIBIOTCPHOI'O MOJCIUPOBAHUA B PaA3JIMIHBIX o0acTsax
HAayYKHU U TCXHUKU;

O CTPYKTYPY U MOCIIEI0OBATEIBHOCTh BBIYUCIUTEIBHOTO YKCIIEPUMEHTA;

O OCHOBBl TE€OPUM  [APAJIEIBHOIO NPOrPaMMHUPOBAHUS U CYNEPKOMIIBIOTEPHBIX
BBIYHCIICHUI;

O COBPEMEHHBIE TEHICHIIUU Pa3BUTHUS KOMITBIOTEPHBIX U CYIIEPKOMIIBIOTEPHBIX apPXUTEKTYP;
O COBPEMEHHBIE MOAXO0/Ibl K MHOTOITOTOYHOMY MPOTPAMMHUPOBAHHUIO;

O COBPEMEHHBIE MOAXO/bI K TPOTPAMMUPOBAHUIO PACIIPEAEIEHHBIX BEIUUCIICHUN;

O COBpPEMEHHBIE TOAXOJBl K pa3paboTKe OOJBIINX MPOrpaMM U KOMIUIEKCOB JIst

BBIYHMCIIUTEILHBIX CUCTEM C THOPUTHON apXUTEKTYPOI;

] COBPCMCHHBIC MapaJlJICJIbHBIC MCTOABI PCIICHU 3a/1a4 JIMHEHHOM aﬂre6pbl 1 YUCJIICHHOI'O
aHaliu3a.



yMeTb:

l 3(1)(1)CKTI/IBHO HCIIOJIB30BAaTh HA IPAKTHUKE TCOPETHUYCCKHUE KOMIIOHCHTBI KypcCa: IIOHATHA,
CYXKIACHUA, YMO3AKIIOYCHM, 3aKOHbI, TCHACHIIUH,

O NPEJCTaBIATh [aHOpaMy YHUBEPCAIbHBIX METOJOB M alNrOpUTMOB B 00jacTu
[apaJuIeIbHbIX BBIYUCIICHUM;

0 paboTaTh Ha COBPEMEHHOM KOMIIBIOTEPHOM O00OpPYAOBAaHUU, YIPABISIEMOM Pa3IMYHBIMU
OTIepaIllMOHHBIMH CHUCTEMaMU;

O abCTparupoBaThCsi OT HECYIIECTBEHHBIX BIHMSHUNA MPOrPaMMHOM Cpeabl M CO3/1aBaTh
[IEPEHOCUMBIE ITapAJLICIIbHBIEC IPUIIOKECHHUS;

il IJIaHUPOBATH OIITUMAJIbHOC IMPOBCACHUC BBIYHUCIIUTCIBHOI'O SKCIICpUMCHTA Ha
KOMIIBIOTCPHBIX U CYIICPKOMIIBIOTECPHBIX CUCTEMAX.

BJIaJIeTh:
0 MaTeMaTHYECKUM MOJICITUPOBAaHHEM HAYYHO-TEXHHUYCCKUX 3a71ay;
0 [JITAaHUPOBaHUEM,  IMOCTAHOBKOW,  peanu3zanved W o0pabOTKOW  pe3ysibTaToB

BBIYUCIIUTCIIBHOT'O SKCIICPUMCHTA,

O HaBBIKAMH  CaMOCTOATEJIbHOW  pabOThl HAa  COBPEMEHHOM  KOMIIBIOTEPHOM |
CYNEPKOMIIBIOTEPHOM 000PYI0BAHUHU.

TeMbl U pa3jaeiibl Kypca:
1. BBegenue B napajuieiabHbIe BEIUUCIECHUS

YCTpolCTBO OOBIKHOBEHHOTO KOMITbIOTEpa. MeETOo[bl MOBBILIEHUS MPOU3BOAUTEIHLHOCTU
koMmmbioTepa. [lapanmnenpHass  00paboTka  maHHBIX  (mpuMep).  MHOTOMpPOIECCOPHBIE
BBIUMCIIUTENbHBIE CUCTEMBI U UX NIpuMeHeHue. [Ipobnemsl ucnonb3oBanuss MBC. HapanuBanue
anmapaTHbIX CpeACTB — HcTopuueckuil mnpumep. IllapamnenbHas o0paboTka JaHHBIX Kak
3¢ (EeKTUBHBIN METO/1 OBBIIIEHUS IPOU3BOAUTEILHOCTH BHIYMCIUTENBHBIX CUCTEM. ATITapaTHbIE
pelIeHUs, WCIOJIb3YIOIUE TNapauieInu3M. YBEIMUEHUE HWHTEIJIEKTYaJIbHOCTH —allapaTHO-
nporpaMMHOi  cpebl.OleHKa pealbHON IPOU3BOAUTENIBHOCTH BBIYUCIUTEIBHON CHUCTEMBI.
VYckopenne u 3¢G(EKTUBHOCTh HCHOJIb30BAHUS MapajlyIeIbHON BBIUUCIUTEIBHOW CHUCTEMBI.
3akonbsl Ampjana. Ilpumepsl. BnusiHMe apXWUTEKTypbl BBIYMCIUTEIBHONM CHCTEMBI Ha
3¢ ¢deKkTUBHOCTh pemieHust 3anauu. Knaccuduxauuss apXuUTEKTyp BBIUUCIUTENBHBIX CHCTEM.
Oco0eHHOCTH COBPEMEHHBIX BBIYMCIUTEIbHBIX CHCTeM. [ MOpHUIHBIE apXUTEKTYPHI.

2. Maremaruueckoe MOZICIIMPOBAHUC U TAPAJJICITIBHBIC BEIYUCIICHUA

BbruncnutenpHas v MpUKiIagHas MaTeMaTHKa. MeToA0I0T|sl MaTeEMaTUYECKOTO MOJIETTUPOBAHUS
U TapajuieJbHble BbIUMCICHMS. 3a/1a4yu, TpeOyIoue NpUMEeHEHUs NapauleIbHbIX BBIUYUCICHUN.
OTanbl BEIUMCIUTENBHOTO SKCIIEPUMEHTA MPUMEHUTENBHO K 3a/ladaM MaTeMaTHu4ecKoi (pu3uku.
Pemenue anredpanyeckux ypaBHenuil. Pemmenne O/Y.



3. [TapannensHbIe ATOPUTMBI PEIICHUS TUTIEPOOTUICCKUX YPAaBHCHHUM

[TocTaHOBKa HaYaIBLHO-KPAEBOU 3a/1a4uu JUIsl ypaBHEHUS NiepeHoca. PasHocTHbIe cxembl. OOmuit
ciydail. MHOroMepHOe ypaBHEHHE IepeHoca. Y paBHEeHUe KojieOaHuid cTpyHbl. OOumii cirydaid.
MHoromepHo€e ypaBHEHHE FMIEPOOINIECKOrO TUIIA.

4. [TapaisenbHble aNTOPUTMbI PEeLICHHS MapaboIMUYeCKUX YpaBHEHHH

ITocTaHOBKA MOAEIBHON TPEXMEPHOM HaYaIbHO-KPACBOU 3a1a4un. MeTOIbI YUCIIEHHOTO pELICHUS
YpaBHEHUs  TEILIONPOBOAHOCTH.  [lapayuiesnlbHblE  aNrOpUTMBI  pPELICHUS  YpaBHEHUSA
TEIJIONPOBOAHOCTH. Pe3ynbTarsl TECTOBBIX pacueToB. BoiBobl. [10cTaHOBKYM Ha4aabHO-KPAEBbIX
3a1a4d. YucieHHble METOIbl U MapajuieNbHas peanu3anus. [I[poGneMsl pemeHus peatbHbIX 3a/1a4
Ha  cynepkoMmbrorepax. HawanbHo-KpaeBas  3ajgaya Uil JIMHEWHOIO  ypaBHEHUS
TEIUIONPOBOAHOCTH B JBYMEPHOW KPUBOJIMHEWHOW 0OiacTv. MeToapl KOHEYHBIX O0OBEMOB U
KOHEUYHBIX 3JIEMEHTOB. [TapamnensHas peanu3anus. AHanu3 s dexTuBHOCTH
pacnapajiieIMBaHusA.

5. HapaHHeJ'IBHHe AJITOPUTMBI PCHICHHUA IIPOCTPAHCTBCHHO OJHOMCPHLIX 3aaa4

[ToctanoBKM KpaeBbIX 3amad. ba3oBblii umcieHHBI anroputMm. Cucrema anreOpandecKux
YpPaBHEHUH W CKASPHBIE aIrOPUTMbI MNPOTrOHKHW. [lapamnenbHblli  anropuTM pemeHus
anrebpandeckoit 3aaun. CiieICTBUS M 000OIICHHUS.

6. HapaJIJIeJH)HBIG AJIT'OPUTMBI PCHICHU A CIICKTPAJIbHBIX U SKCTPEMAJIbHBIX 3a1a4

JluHeliHble CIIEKTpaJbHBIE 3a/1a4l B KOHEYHOMEPHBIX MpocTpaHcTBax. OO00IEHHbIE TMHEHHBIE
CIEKTpAJIbHBIE 3a/ladyd B KOHEYHOMEPHBIX MpPOCTpaHCTBax. HenuHelHbIe IO CIEKTPaIbHOMY
napamerpy 3afaud. CriekTpajibpHble 3a/1a4d B 0ECKOHEUHOMEPHBIX MpocTpaHcTBax. [locTaHoBKM
3a7aui. YuciieHHble METO/bl PEIIeHUs] U MX MapajuienbHble peanu3auuu. O6001eHe MeToaa
6ucexkunu. Metoz kpuBsix [leano. Meron MonTe-Kapio.

7. HapaJ'IJ'IeJ'IBHBIe AJITOPUTMBI PCHICHUS SJTTUIITUYICCKUX ypaBHeHI/Iﬁ

[TocraHoBKa MOJENbHON KpaeBoW 3amgaud. UMCIEHHBIH alroputM Ha 0aze MeTo/Ja KOHEYHBIX
pasHocteid. [IpsiMble MeTOIbl pelieHus JHUHEeWHOW anrebpamveckod 3amauu. MTepannoHHBIE
METOJIbI pelIeHUs TUHEHHON anredpanyeckoil 3aaaun. [loctaHOBKa MOJIETHHON KpaeBoil 3a/1auH.
YucnenHsle alrOpUTMBl U UX IMapauIeNbHBIE peanu3anuu. MeToapl peleHns] KBa3WIMHEHHON
anreOpanvecKoi 3a1aum.

8. IlpuHuumnel pa3paboTKu NapaiielbHbIX aITOPUTMOB U MPOTpamMm

[TapamienpHble BBIUMCIEHMS] KaK B3aUMOJIEHCTBUE IIOCIENOBATEIBHBIX IPOLECCOB. Buabl
napaenusma. [Ipumepsl. Yckopenue u 3(h(eKTUBHOCTh MapauleIbHbIX alropuT™MOB. [Iprumepsl
OLIEHKH YCKOPEHHUs U 3(P(EKTUBHOCTH MapaUIeIbHBIX aaropuTMoB.Opranu3anus napauieabHbIX
nporieccoB. Co3/laHNe HECKOJIBKUX MOCIE0BaTENbHBIX MpoleccoB. OCHOBHBIE crTOcOObI 0OMEHa
JaHHBIMU MeXAy HUMH. CUHXpOHHM3aIUs paboOThl IOCIENOBATENbHBIX MpoleccoB. Obmue
pazfienseMble pecypchl M METOJbl HMX COBMECTHOIO HCIOJIb30BaHUS.SI3BIKM U CpENCTBa
napajuleIbHOTO  MporpaMMupoBanus. OOlue HampaBieHHs pa3padOTKH  MapauledbHbIX
nporpamM. [lapamiensHplii adroput™M U CTPYKTypa mporpammsbl. KaHanbl cBsi3U U TOIOJIOTUU
oOMeHoB. O6miast mamsaTh. BBoa-BbIBO AaHHbIX. Komnusinus u 3amyck nporpamm. OTiaaka u
npotokoaupoBanue. [IpobieMpl OalaHCUPOBKH 3arPy3KH.



AHHOTAUMH K pa004YnM NPorpaMMam JHCUMIJIMH.
Hanpagsaenue: 03.04.01 IIpukiaagabie MaTeMaTHKA U (PU3HKA

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

IpukaagHasi aHAJIUTHKA TaHHBIX

Heab AMCHUNIMHBI:

HCHBIO pcajmsanun JAOUCHUITIINHBI ((HpI/IKJIaI[Haﬁ AdHAJIMTHUKA JaHHBIX» ABJISACTCSA
(dbopMUpOBaHKE/COBEPIICHCTBOBAHNE KOMIIECTCHIIMIA B oOnactu cOopa, oOpabOTKH, aHAM3a U
BU3yalIM3alluu JaHHBIX.

3agaum IMCHUILIMHBI:

- ChopmupoBaTh TOHUMAHUE POJTH aHATTMTHKA B KOMaHJIE M €0 HHCTPYMEHTOB;
- chopmupoBaTh yMEHHE paboTaTh B KOMaH/IE U C MOAPSATINKAMH;

- chopMupOBaTh YMEHHUE MPE3EHTOBATH PE3YJIbTATHI;

- chopMupOBaTh YMEHHUE paOOTHI C OCHOBHBIMH THUIIAMHU OH3HEC-METPHK;

- chopMHpOBATh HABBIK O MOCTPOCHUIO METPHK;

- chopmupoBath ymeHue pacuera Unit 5KOHOMUKY;

- C(bOpMHpOBaTB ITOHHUMAaHHueC O6IJ.I€I71 OopraHuzann HCCHCHOB&HHﬁ, c60pa 1 OIOCHKHU AAHHBIX IJIA
HUCCICOOBAaHUA,

- chopMupoBaTh yMeHHE aHanau3a pbiHKa digital-mpoJyKTOB Ha OTKPBITHIX JaHHBIX;

- c(opMHpPOBATh YMEHHUE MPOBEJCHNE KOHKYPEHTHOTO aHaJN3a;

- chopmupoBath ymeHue padbotsl ¢ Google Analytics u Snaexc MeTpukoii;

- chopmupoBaTh yMeHHUE cocTaBiieHus T3/kapThl COOBITHI;

- chopmupoBaTh ymeHue padbotsl ¢ Firebase u atpulyimeii;

- chopMHpOBaTh YMEHHUE MHUCATh TUIIOBBIE 3aIIPOCHI I BHIOOPKHU Pa3NIUYHBIX TaHHBIX;

- c(opMHpPOBATh YMEHHUE CO3/aBaTh KOPPEKTHYIO CTPYKTYPY Oa3bl JaHHBIX;

- chopMupoBaTh 3HAHKE OCHOB MporpaMMupoBanws Ha Python;

- chopMHpOBaTh YMEHHUE MPUMEHATH CHHTAKCHC Python J1st HamMcaHUs TPOCTHIX TPOTPaMM;
- chopMHpOBATh 3HAHUE OCHOBHBIX MHCTPYMEHTOB Python 1yt ananm3a naHHBIX;

- copMHUpoOBaTh yMeHUE NPUMEHATh Python st c6opa 1 06paboTKH TaHHBIX;



- chopmupoBaTh ymMeHHe npuMeHATh Python nis Bu3yanusanuu 1aHHBIX;

- chopMHpOBaATh YMEHHUE PEIIaTh MPAKTUICCKHE 3a/1a4H aHATN3a JaHHBIX ¢ TOMOIIbI0 Python;
- chopMHpOBaTh YMEHHE OPraHU30BbIBaTh U MIPOBOAUTH A/b-TecTupoBanue;

- chopMupoOBaTh YMEHHE JIeNaTh BEIBOJKI 1O pe3yiabTaTaMm A/b-tectupoBanus;

- chopmupoBaTh ymeHue npuMeHsaTh A/b-TecTrupoBanue s perieHus 3a/1a4 aHajan3a JaHHbIX;
- chopMHpOBaTh 3HAaHHE OCHOBHBIX MIPUHIIMIIOB BU3YaJIU3AIlMH JAHHBIX;

- chopMHpOBaATh YMEHUE HATIISIIHO MPECTABIIATh PE3yabTaThl aHAIN3A JAHHBIX;

- chopMHpOBaTh YMEHHE UCTIONB30BAaTh HHCTPYMEHTHI BU3YyaIH3aI[1H.

IlepeyeHb MUIAHUPYEMBIX Pe3yJbTATOB 00YUYeHUsI 1O JUCHHUIJIMHE (MOIYJII0)

B pe3ynbrare ocBOSHUS TUCIUTUTHHBI 00yUYaIOITHECsT TOKHBI

3HATh:

- Monens Lean Canvas;

- HADI-1inkisr;

- OCHOBHbIE OM3HEC-METPUKH (aHAIH3 MPOAYKTOBBIX METPHUK);

- matpunibl BCG, ABC, XYZ (opranusanus u nNpoBeACHUE UCCIICTOBAHUN);

- SWOT-ananu3, marpuiia McKinsey, PESTELI-ananus, cuTyalinoHHbIN aHanu3 (OpraHu3anus u
MIPOBE/ICHUE MCCIICIOBAHUN);

- uactpymeHT Google Analytics;

- ”HCTpyMeHT Yandex Metrica;

- uHcTpyMeHT Google Tag Manager;

- MaTeMaTHUYECKHE TEPMHUHBI U MIOHATUS, UCIIONb3yEMbIe JIsl aHaIn3a JaHHbIX;
- METO/IbI CTaTUCTUYECKOIO aHAJIN3a;

- CHHTaKCHC si3bIKa 3arpocoB SQL;

- KOMaH [l MOJTU(UKAIIH;

- IPUHLUIBI pabOTHI MPEACTABICHUH, XPaHUMBIX MTPOLEYP, TPUTTEPOB;
- IPUHIMIIBI pa0OThI OKOHHBIX (PYHKIIMIA;

- MeTo bl onTuMmu3anuu SQL-3anpocos;

- BO3MOXHOCTH s3bIka Python u ero oco6ennocty;

- cunTakcuc Python;

- 6a30BbIe KOHCTPYKIMH si3bIKa Python;

- OCHOBHBIE OMOTMOTEKH JJ11 paOOTHI C TAHHBIMU,

- CTIOCOOBI BU3yaJTU3aI[iHU JaAHHBIX;



- METOJIbI cOOpa 00pabOTKH JTAHHBIX;

- IPAKTUKU MTPOBEPKHU THITOTES;

- criocoOb! ipoBeieHus A/b-tecra;

- OCHOBHBIE MPUHITUIIBI BU3YATH3AI[UH TaHHBIX;

- MHCTPYMCHTBI JJIs1 BU3yalIu3allui JaHHBIX.

yMeTh:
- PaboTaTk B KOMaH 1€ U C IOAPSATINKAMH,
- IPE3EHTOBATh PE3yJIbTaThI;

- BBIOMpPATh M PACCUUTHIBATH IMPOJIYKTOBBIE METPHUKHM W OW3HEC-METPHKH IpHU pealnu3aluu
IIPOEKTOB (aHAJIU3 MIPOJYKTOBBIX METPHUK);

- pacCUYMTHIBATh UNit-3KOHOMHUKY (@HAJIN3 MPOAYKTOBBIX METPHUK);
- paboTaTh B KOMaH/IE;

- CTPOHUTb MOJCIU U Q)OpMYJ'II/IpOBaTB TUIIOTE3bI IJId YJIYUHICHUSA MMPOAYKTAa U PETYJIUPOBAHUA
mponeccoB aHajini3a IMpOAYKTOBBIX MECTPHK;

- IPUMEHSTH AJITOPUTMBI CO3/1aHus 3arpocoB B SQL;

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

- BbIOpaTh HanboJiee ONTUMANbHBIN crioco0 Hanucanus SQL-3anpocoB Juist U3BJICUEHUS TaHHBIX;
- UCTIOJIB30BATh Cpeay MporpammupoBanus Ha Python;

- IUcaTh NpocCThle MporpamMmMsl Ha Python;

- BBIOMPATh MHCTPYMEHTHI JUIs pabOThI C JaHHBIMU B 3aBUCUMOCTHU OT YCJIOBUH 3a/1a4H;
- pelaTh 3aJa4y aHaIKu3a JaHHBIX ¢ moMoieio Python;

- HarJIAJHO NIPEICTABIATh PE3YNIbTAaThl aHAIN3a JAHHBIX;

- aHaIM3UpPOBaTh pe3yibTaThl A/b-Tecra;

- IpuMeHsTh A/Bb-TecTupoBaHue AJis peleHus! TUIOBbIX 33/1aY;

- BBIOMPATH CIOCO0 BU3YyalM3alliy B 3aBUCUMOCTH OT YCJIOBUH 3a/1auu;

- HarJis1AHO MPCACTABIATE PE3YyIbTaThbl aHAJIN3a JaHHBIX.

BJIAJIeTh:
- MeTtosiamu ucciieIoOBaHUS U aHAJIW3a PHIHKA,
- MHCTpYMEHTaMu web 1 app aHaJTUTHKH;

- python nns pemeHus 3a7ay aHaIM3a JaHHBIX;



- postgreSQL;

- yandex Datal.ens 111 BU3yanu3annu J1aHHBIX.

Tembl U pa3aennl Kypca:
1. BBenenue B NpOayKTOBYIO aHATTUTUKY

Ponp 1 MecTo aHanMTHKA B IPOYKTOBOM KOoMaHAe. OCHOBHBIC HHCTPYMEHTHI aHAIMTHKA. PaboTa
C KOMaH/I0M W mojApsaIIruKaMu. PereHue OusHec-3a1a4 B komanzae. [Ipe3eHTanus pe3yabTaToB
KOMaH/IE.

2. Ananu3 npoayKTOBBIX MeTpHUK 1 Unit SKOHOMHKA

OcHoBHble TUIBI OM3HEC-MeTpuK. HaBbiku mocTpoenust MeTpuk. Unit-skoHoMuKa. JlekoMo3uius
METPUK U (PaKTOPHBIN aHAIIU3.

3. Opranu3zanus 1 NpoBEACHUE UCCIIEIOBAHUM

BBenenue B opranuzanuio uccienoBanuii. COop M oleHka JaHHBIX. AHanu3 pbiHKa digital-
MPOJYKTOB HAa OTKPBITHIX AaHHBIX. CpaBHEHHE ¢ KOHKypeHTaMu. CriocoObl aHalIM3a IPOAYKTa U
MPOJYKTOBBIX MaTpull. MHCTpYMEHThI KOMIUIEKCHOTO aHalu3a pbIiHKa. OLEeHKa eMKOCTH PhIHKA.
KonkypenTtusiif ananu3. OcCOOEHHOCTH MPOBEACHUS UCCIIEI0BAHUIN KIMEHTOB.

4. Web u app aHanuTHhka

Beenenne B BeO-ananmuTuky/mHCTpyMeHTHI. Google Analytics u SIlnnexc Merpuka. Benenue B
app-aHanuTuKy/uHcTpyMeHThl. CoctaBnenue T3/kapta coObituii. Firebase u atpulyums.

5. SQL mi1s aHanm3a JaHHBIX

Benenue B SQL. Pabota ¢ komannamu. @yHKIIMN QUIbTpaly U BeIYKMcasieMble oss. OyHKIuu
anamutuku. llog3zanpocel u oOwveauHeHue Tabmui. Komanasl momudpuxamum s3eika DML,
Coznanue u moaudukanuu Tadmun. [IpeacraBnenus um xpanumble npouenypsl. [lepemeHHble.
Tpurrepsl. Pacmmpennsie Bo3moxHocTH SQL M OCHOBHBIE OrpaHMYEHHs. AHAJIUTUYECKUE
¢yukun. OcHoBHbIE 0cobeHHOCTH PostgreSQL. OxoHHbIE PYHKINU.

6. Beenenue B Python

Beenenune. Tunbl nanabix. YcmoBus. [uknel. Monynu m makersl. Koiutekuum: MHOXECTBa,
CTPOKH, CIIUCKHU, KopTexku. Dyakuun. CinoBapu.

7. Python a1 aBTOMaTH3a1Iuu aHATK3a JaHHBIX

bubnuoteka Pandas nist pabotsl ¢ nanasiMu. bubnunorexka NumPy. O6paboTka u Buzyanuzamnusi ¢
Matplotlib u Seaborn. bubnuoreka SciPy.

8. A/b-TectupoBanue

Beenenne B A/b-tecthl. Matemaruueckass craTucTuka. IlapameTpuueckue KpUTEpHUH.
Henapamerpuueckue kputepuu. A/b-rectupoBanue 1 pelieHUs TUOBBIX 33/1a4.

9. Buzyanu3zauus JaHHBIX

OCHOBBI BU3YyaJIM3alluU. HpI/IHLII/IHBI BU3yaJINU3allUuH. I[I/Ial“paMMBI. HpI/IKHaI[HLIC HHCTPYMCHTBI
BU3YyaJIU3all1H.



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

IporpammupoBanue Ha Python

Heab AMCHUNIMHBI:

Lenpto  peanmuszaumu  gucumiuimabl  «[IporpammupoBanue Ha  Python»  sBisercs
(dopMHIpOBaHNE/COBEPIICHCTBOBAHNE KOMIIETCHIIMH B OOJIACTH pemIeHust MpodecCHOHAIBHBIX
3aJa4 1O MPOTPAMMHUPOBAHHUIO C HCIOJNB30BaHUEM s3blka Python, mpumeHeHuss maGioHOB
npoekTupoBanuss Ha Python, paGorsl ¢ Python Oubnamorexamm, mnpuMeHEeHHS OOBEKTHO-
OPUEHTHPOBAHHOTO ¥ (PYHKIIMOHAIEHOTO ITPOrPaMMHUPOBAHUSI.

3agauyd AUCHUILINHBI:

- CdopmupoBaTe yMEHHE HCIIOIB30BaTh 0a30Bble THUIBI W KOHCTPYKLIMHU  SI3BIKA
nporpammupoBanus Python;

- chopmupoBaTh yMeHHE pabOTaTh CO CTAaHAAPTHBIMU CTPYKTYpaMu JaHHbIX B Python, mucath
¢dbyukun Ha Python, mpumeHsTh GyHKIIMOHATIBHBIE OCOOEHHOCTH SI3bIKa, paboTaTh ¢ (haimamu ¢
MOMOIIIBIO si3bIKa Python;

- chopmMupoBaTh YMEHHUE TPUMEHSATh MEXaHU3MbI HACJIEIOBAHUSI, CO3/IaBaTh KJIACCHI H pabOTaTh C
HUMH, 00pabaThIBaTh UCKITIOUCHNUS,

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

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

- copMHpOBaTh YMEHME IOJIb30BAThCS CTPYKTYPHBIM HPOTPaMMHUPOBAHUEM, MCIIOJIB30BATh
6ubnIMoTEKy unittest;

- chopMHpPOBaTH YMEHHE CO37aBaTh KOPPEKTHYIO HEPAPXUIO Ki1accoB, HHTeprpeTupoBath UML-
JIMarpaMMBbl, BBITIOJHSTH pe(aKkTOPUHT CYIIECTBYIOMIETO KOA;

- copmupoBath yMeHHe co3aaBaTh JlekopaTop Kiacca, co3aaBaTh ajantep s uHTepderica,
HECOBMECTHMOTO C CHCTEMOM, peaJIn30BbIBaTh NaTTepH Habnronatens;

- copMHpOBaTh YMEHHUE CO3/1aBaTh LIEMOYKY 00s13aHHOCTEH. cO3aBaTh a0CTpakTHYIO (hadbpuKky,
co3naBaTh 00paboTunk YAML ¢aiina;

- chopmMupoBaTh yMeHHE paboTaTh C OMOIMOTEKOM requests;



- chopmupoBaTh yMeHUE paboTaTh C PEryNSIpHBIMH BbIpakeHUssMH U3 Python, BBITOIHATH
CJIOHBIN IIOUCK U 3aMEHY IPU IIOMOIIM PETYJIPHBIX BBIPAXKECHU;

- chopMHpOBaTh YMEHHE W3BJICKATh U U3MEHATH JaHHBIC TIpU oMot Moayis Beautiful Soup,
ucnosabp3oBath API 1 mony4eHus JaHHBIX CO CTOPOHHUX CAlTOB;

- copMHUPOBaTh YMEHHE CO3/IaBaTh M U3MEHATH 0a3bl JaHHBIX U Ta0auIBl B MySQL, monxy4ars
JIaHHble u3 0a3 u Tabymi B MySQL;

- cdopMupoBaTh yMEHHE CO3[aBaTh MpHiIokeHHe Ha Django, pabotarb ¢ Django-
1a0JIOHU3aTOPOM, paboTaTh ¢ 6a30i naHHBIX pu oMoy Django ORM;

- chopMupoBaTh yYMEHHE OTHpABIATH JaHHBIE M3 Opay3epa, BaJIMIUPOBATh JaHHBIE Ha
KIIMEHTCKOM  CTOpOHE, BalUAMPOBATH JIaHHbIE Ha CEPBEPHONl CTOpPOHE, MPOBOJIUTH
ayTeHTU(UKALMIO U aBTOPU3ALIMIO MpU noMolnu Django;

- copmupoBaTh yMEHHE co37aBaTh 4ar-0ora Ha 0aze Telegram, paGorath ¢ cucremoit Git,
packiiagpIBaTh MPOEKT Ha 00IauHblid XocTuHT Heroku;

- chopMupoBaTh yMEHHE MPUMEHATH WHCTPYMEHTBI OuOmuoreku NumPy, mnpuUMeEHSTH
MHCTPpYMEHTHI 0ubnuoteku SciPy, mpuMeHaTs mHCTpyMeHThl 6nbauoreku Pandas nmst paboThl ¢
JTAHHBIMH;

- chopMupoBaTh YMEHHE BH3YAJIM3MPOBATH TaHHBIE IpPH IOMOIIM HHCTpyMeHTOB Python,
NPUMEHHUTD Ha MPAKTHKE HHCTPYyMEHTHI Python mist paboThl CO CTAaTHCTUYECKUM aHATIM30M;

- C(l)OpMI/IpOBaTB YMCHHUC NPHUMCHATH HaA IPAKTUKCE HHHCﬁHYIO perpecCuro, MNpUMCHATL Ha
IMPAKTHUKEC KPOCC-BAIINAAIIHNIO, OLICHUBATb KAY€CTBA MO,I[GJ'IGI‘/‘I, o6yanb Ha ITPaKTHKEC aHcaMOJIeBbIE
MOJCIIN,

- C(i)OpMI/IpOBaTb YMCHHUEC MPUMCHATH HA HNPAKTUKEC METOAbI KJIACTCpU3alluH, NMPHUMCHATH HA
MPAKTHUKE METOJAbI IOHMKCHUA PAa3MCPHOCTU. CO3/1aBaTh PCKOMCHAATCIbHYIO CCTh,

- chopMHUpOBaTh YMEHHE PEAIN30BbIBATh NEPLENITPOH, PEATU30BbIBATH CBOK0 HEHPOHHYIO CETh.
ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO TUCHHUILINHE (MOAYJIIO)

B pe3ynbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOMKHBI

3HATh:

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

- CTaHJAapTHBIE CTPYKTYpHI TaHHBIX B Python;

- MEXaHU3MbI HACJIEI0BaHUs, KJI1ACChI;

- 0COOEHHOCTU 00BEKTHO-OPUEHTUPOBAHHOM Mozenu B Python;

- nponeccel U notokn OC;

- MOAYJBHOC TCCTUPOBAHUC M Cro MNPCUMYHICCTBA, MCTOIAUKY TDD, e€ OCOOCHHOCTIX U
MNpeuMynieCTBax, KOHTPAKTHOC MPOTrpaMMUPOBAHUC,

- ocHOBHbIE napaaurmel 1 npuHIunsl OOIL, Tepmunonoruro OOIT;
- BU/JIbI ITATTEPHOB IPOEKTUPOBAHUsL, OCHOBHBIC IIATTEPHBI U 337a4M, KOTOPbIE OHU PEILIAIOT;

- martepH Chain of responsibility, marrepn Abstract Factory;



- TPUHOUNB (PYHKIIMOHUPOBAHKS COBPEMEHHOTO WHTEPHETa, OCHOBHBIC IMPOTOKOJHI B web-
B3aUMOJCHCTBUS;

- IPUYMHBI HEOOXOJMMOCTH cOOpa JaHHBIX CO CTOPOHHUX CANTOB;
- YIOOHBIE CIIOCOOBI MOJTYYCHHS TAHHBIX
- peNAIUOHHBIC 0a3bl TAaHHBIX, HEPEISLIMOHHBIC 0a3bl JAHHBIX, MHCTPYMEHTHI Redis;

- apXUTEKTYPY web-ppeiitMBOpKOB, onyssipHbie web-dpeliMmBopku B Python, ycTpoiicTBo view B
Django, ocaoBst HTML u CSS;

- HOHATHA ayTeHTH()UKAIMK U aBTOPHU3ALIUH;
- orinuust Development u Production;
- 6a30BBIC MOHATHUS MATEMaTUYECKOTO aHAIM3a, 0A30BbIC OHATHS JIMHEHHON anreOpsl;

- TIOHSITHS MaTEeMaTHYECKON CTaTUCTHKH.

yMeThb:
- Ucnionp3oBath 0a30BbI€ TUIIBI M KOHCTPYKIIMH SI3bIKA;

- paboTaTh CO CTaHAApPTHBIMH CTPYKTypamu JaHHbBIX B Python, mucare ¢ynkumm Ha Python,
NPUMEHATh (PYHKIIMOHAIBHBIE OCOOCHHOCTH f3bIKa, paboTaTh C (haillaMHu C TOMOIIBIO S3bIKA
Python;

- IPUMEHSATh MEXaHU3MbI HACJICIOBAHUs, CO3/IaBaTh KJIACCHl U paboTaTh C HUMH, 00pabaThIBaTh
HUCKIIIOYCHMS,

- ICKaTh U UCMPABIATH OIMOKH B mporpamme Ha Python, TectupoBaTh nporpammsl Ha Python;

- IUcaTh MHOTONOTOYHBIA KoJ Ha Python, mucate acuHxponHbI kox Ha Python, paGotath c
CETBI0, CO3/1aTh CBOE CEPBEPHOE CETEBOE MPUIIOKEHUE;

- CO3J1aBaTh KOPPEKTHYIO UEPAPXUIO KIACCOB, HHTEpHpeTupoBaTh UML-anarpammel, BBITTOTHATH
pedaKkTOpHUHT CYIIECTBYIONIEr0 KOAA;

- CO3JdaBaTb HGKOpaTOp KJIacCa, CO34aBaTb aAanTep I I/IHTep(I)eI\/’ICEl, HCCOBMECTUMOT'O C
CPICTGMOIZ, pCaIN30BbIBATH ITATTCPH Ha6J’IIOI[aTCJ'IB;

- co3/1aBaTh LIEMOYKY O0S3aHHOCTEH, co3/1aBaTh abCcTpakTHYIO (habpuKy, co3aaBaTh 00pabOTUHUK
YAML d¢aiina;

- paboTaTh € peryJIpHbBIMHU BbIpaXEeHUAMHU U3 Python, BBINOIHAT CIIOKHBINA OUCK U 3aMEHY NPU
MOMOIIM PETyJISPHBIX BBIPaKEHUI;

- U3BJIEKaTh U U3MEHSATH JIaHHbIe MpH nomoiu Moayis Beautiful Soup, ucnons3oBats API mst
MIOJIy4EeHUS JaHHBIX CO CTOPOHHMX CalTOB;

- CO3/1aBaTh M U3MEHATH 0a3bl JaHHBIX U Tabmuibl B MySQL, noiy4ars gaHHble u3 6a3 ¥ TabIuIg
B MySQL;

- co3aaBathk nmpuioxeHue Ha Django, pabotate ¢ Django-mabnonusaropom, padorars ¢ 6a30i
JaHHbIX Tpu nomouy Django ORM;



- OTHpaBIATh JaHHbIE W3 Opay3epa, BaIMIUPOBAaTh [TaHHBIE HA KIHEHTCKOH CTOpOHE,
BAJIMUPOBATh JTAaHHBIC HA CEPBEPHON CTOPOHE, MPOBOANTH ayTEHTH(PHUKAIINIO U aBTOPU3ALUIO TIPU
nomotu Django;

- co3gaBarh yaT-0ota Ha Oaze Telegram, pabortaTth ¢ cucremoi Git, packiaabIBaTh MPOEKT HA
o0naunbIii xocTuHr Heroku;

- BHU3yaJlU3UPOBATh JaHHBIC MPU TMOMOIIM HHCTpyMeHTOB Python, mpuMeHuTh Ha MHpakTHKe
uHCTpyMeHThI Python A paboThl CO CTATUCTUYECKUM aHATU30M.

BJIAJIeTh:

- CTpyKTypHBIM ITPOrpaMMHUPOBaHUEM, OHOTHMOTEKOH unittest;
- OuOIMOTEKOM requests;

- Django-ma6nonuzatopom;

- cucremoii Git;

- uHcTpyMeHTaMu Oubnuoreku NumPy, nnctpymentamu 6ubnuoreku SciPy, MHCTpyMeHTaMu
oubmoteku Pandas s paGoThl ¢ JaHHBIMH.

TeMbl U pa3jeiibl Kypca:
1. OcHoBbl mporpamMmmupoBanus Ha Python

OcHoBbl mporpammupoBanuss Ha Python. Crpykrypsl maHHbix U QyHKIuH. OOBEKTHO-
OpPUEHTHPOBAaHHOE MporpaMMHupoBanue. Yriyonennsiii Python. MHOronorouHoe u aCHHXpOHHOE
IPOrpaMMHUPOBAHHUE.

2. O0beKTHO-0prueHTHpoBaHHOE porpammupoBanue (OOII), rpaduueckuit uHTEphEic 1 OCHOBBI
paboTsl ¢ 6a3aMu 1aHHBIX B Python

TectupoBanue u oTiajaka nporpaMMm. OObEKTHO-OPUEHTUPOBAHHOE NMPOEKTHpoBaHuE. [laTTepHbI
npoektupoBanus. ['paduyeckuii uuTepdeiic.

3. Co3nanue web-npunoxenuit B Python

Obmee npencrasnenre 0 WEB. COop nanHBIX co cTopoHHUX caiiToB. Beautiful Soup u pabora ¢
APIL. Xpanenue mannubix. SQL / NoSQL. Be6 untepdeiicet ¢ Django u Bootstrap. Pabora ¢
JAHHBIMU M0JIb30BaTeNs. JlONOIHUTENbHBIN HHCTPYMEHTApHil.

4. Ananu3 gansbix B Python

Marematuka u Python nns ananusa nanasix. Busyanu3zaius JaHHBIX U CTATHCTHKA.



AHHOTAUMH K pad0o4ynM NporpamMmMam JHCUMIIIMH.
Hanpasaenue: 03.04.01 IIpukaagabie MaTeMaTHKA U QU3HKA

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

CoBpeMeHHbBIE CpecTBAa pa3padoTKu

Heab AMCHUNIMHBI:

[lenbto  peanuzanuu  aucuMIIuHbl  «COBpPEMEHHBIE  SI3BIKM  IIPOIPaMMUPOBAHUSY:
(dopMHpOBaHNE/COBEPIICHCTBOBAHNE  KOMIIETEHIIMA  CTYIEHTOB B  00JacTH  pemieHus
npodeccuoHaNbHBIX 3ajad MO MPOrpaMMUPOBAHUIO C HCIONb30BaHUEM s3bIKOB Python u 1C,
OPUMEHEHHS OCHOB TIPOTPAaMMHPOBAaHHUS, B TOM 4YHCIE€ acHHXpoHHOro, Ha Python,
IIPOEKTUPOBAHUS IPOTPAMMHOI0 0OECIIEUEHUS C IIOMOILBIO BCTPOEHHOTO si3bika 1C.

3agauyd AUCHUILINHBI:

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

- chopmupoBaTh yMeHHE pabOTaTh CO CTAHIAPTHBIMU CTPYKTypaMu AaHHBIX B Python, mucars
¢dbyukun Ha Python, mpumeHsaTh GyHKIIMOHATBHBIE OCOOEHHOCTH fA3bIKa, paboTaTh ¢ (ailnamu ¢
MOMOIIIBIO si3bIKa Python;

- chopmMupoBaTh YMEHHUE TPUMEHSATh MEXaHU3MbI HACJIEIOBAHUSI, CO3/IaBaTh KJIACCHI H pabOTaTh C
HUMH, 00pabaThIBaTh UCKITIOUCHNUS,

- copMHpOBaTh YMEHUE MCKATh M UCHPABIATH OIIMOKHU B rporpamme Ha Python, TectupoBaTh
nporpamMmsl Ha Python;

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

- U3YYUTh OCHOBHBIC MPUHIIMIIBI, MOJXOABI M MEXaHU3MbI pa3pabOTKH OU3HEC-NPHIIOKEHUN Ha
miatpopme 1C:Ilpennpusitue;

- U3Y4YUTh BO3MOXHOCTH OBICTPON Kpocc-TaThopMeHHON pa3paboTku Ha rmiatdopme
1C:IIpennpustue;

- U3YYUTh BO3MOXKHOCTH CO3JaHUs BeO W MOOWJIBHBIX NPWIOKEHUH Ha 1aTdhopme
1C:Ilpennpustue.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00yYeHHs MO JUCHHUILINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YJarOIIHECs TOHKHBI
3HATh:

- Oa30BbIE CBEICHNUS O s3bIKE, OCOOCHHOCTH OpraHu3anuu koaa Ha Python;



- CTaHAApTHBIE CTPYKTYPHI JaHHBIX B Python;

- MCXaHU3MbI HACJICAOBAaHUA, KIIACCHhI,

- 0COOCHHOCTH 00BEKTHO-OPHEHTHPOBAHHOM MozienH B Python;
- npoueccel U notoku OC;

- OCHOBHBI€ IIPUHIIUIIBI, IOJIXO/bI 1 MEXaHU3MBI pa3pabO0TKHU OU3HEC-NPUIIOKEHHH Ha MIaThopme
1C:IIpeanpusitue;

- BO3MOYKHOCTH OBICTPO#l Kpocc-maThopMeHHOM pa3padoTku Ha matdopme 1 C:Ilpennpusrtue;

- BO3MOYKHOCTH CO3/aHus1 BeO M MOOMIBHBIX NpuiioxeHuid Ha argopme 1C:IIpennpusrtue.

yMeTb:
- HCII0JIb30BaTh 0a30BbIE TUIIBI U KOHCTPYKIUU SI3bIKA;

- paboTaTh CO CTaHAApPTHBIMH CTPYKTypamu JaHHbBIX B Python, mucare ¢ynkumm Ha Python,
NPUMEHATh (DYHKIIMOHAIBHBIE OCOOCHHOCTH f3bIKa, paboTaTh C (haillaMH C TOMOIIBIO S3bIKA
Python;

- IPUMEHATh MEXaHU3MbI HACJICIOBAaHUs, CO3/]aBaTh KJIACCHI U paboOTaTh ¢ HUMH, 00padaTHIBATh
HUCKIIIOYCHMS,

- ICKaTh U UCHPABIATH OIMOKHU B mporpamme Ha Python, TectupoBaTh nporpammsl Ha Python;

- TIUcaTh MHOTONOTOYHBIA KoJ Ha Python, mucare acuHxponHbIi Kox Ha Python, paGotats c
CETBIO, CO3/1aTh CBOE CEPBEPHOE CETEBOE IPUIIOKCHHUE;

- paboTaTh B KOMaHJIE;
- co3/1aBaTh Kpocc-uatopMeHHble mpuioxkenus Ha miaardopme 1C:Ilpennpusrtue;
- pa3zpabaTeiBaTh BeO 1 MOOMIIbHBIE NpuiioxkeHus Ha matgopme 1C:Ilpeanpusrue;

- CAMOCTOATCIIbHO IMPUMCHSACT A3BIKU IMPOTrpaMMHUPOBAHUA (B T.4. CKpI/IHTBI) U HaCTpanBaCMBbIC
NporpaMMHbBIC  HHCTPYMCHTBI IJId  ABTOMAaTU3allUKM  IPOLECCOB B HpO(l)eCCHOHaHBHOﬁ
ACATCIIBHOCTH.

BJIA/1€Th:
- HaBBIKaMH pa3pabOTKH alTOPUTMOB U IPOTPAMM, IPUTOTHBIX JIJIsl TPAKTHUECKOTO MPUMEHEHUS;

- HaBbIKaMHW OCBOCHHA MCTOAUK HCIOJB30BaAHUA TIPOTpaMMHBIX CPEACTB IJId PCIICHHUA
MPAKTUYCCKUX 3aaa4,

- HaBbIKaMU HAIIUCAHUS TPOTPAMMHOIO KOJa € HUCIOJB30BAHUCM A3BIKOB MPOTpaMMHUPOBAHUA,
O(I)OpMJ'ICHI/ISI KOZa B COOTBCTCTBHUU C YCTAHOBJICHHBIMU Tpe60BaHPIHMPI.

TeMbl U pa3jeiibl Kypca:

1. OcHoBbI porpaMMupoBanus Ha Python



OcHoBbl mporpammupoBanusi Ha Python. Crpykrypel gaHHbIX u (QyHKIUHA. OOBEKTHO-
OpPUEHTHPOBAaHHOE NMporpaMMHUpoBaHue. YTiyonennsli Python. MHOronorounoe u aCHHXpOHHOE
IIPOrpaMMHUPOBAHHUE.

2. Pa3pabotka Ha utardopme 1C:IIpennpusitue

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

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



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

HanpasisienHocTh: KoHBepreHTHBIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

Cynpamoseky/asipHasi XuMHsl

Heab AMCHUNIMHBI:

- OOy4HTh CTYJCHTOB OCHOBHBIM NPHUHIUIIAM HHXCHEPHH CIOXKHBIX CYIPaMOJICKYISPHBIX
CTPYKTYp, KaK COeAMHEHUH BKIIFOUEHUS], TAK M YACTUYHO YIOPSI0YEHHBIX CAMOOPTraHU3YIOIINXCS
Me30MOpP(pHBIX CHUCTEM, a Takke CGOPMUPOBATH Yy YYaIUXCS IEJIOCTHOE IIOHMMAaHUE
MYJIbTHIUCIHUIUIMHAPHOTO XapakTepa CYMpPaMOJCKYISIpHOW XHMHH, BKIIOYAOMEH B cels
OpPraHWYeCKyI0, HEOPraHWMYeCKyl0, KOOPAMHALMOHHYIO, KOJUIOWJHYIO XHMHIO, (PHU3HKY
KOHJICHCUPOBAHHOI'O COCTOSIHUS, SH3UMOJIOTHIO, BUPYCOJIOTUIO U APYTHE pa3Jieibl COBPEMEHHON
(GyHIaMEeHTaJIbHON HaYyKH.

3agauyd IUCHUILINHBI:

- hopMupOBaHUE OOIIUX MPEACTABICHHUI 0 ME30MOP(HBIX cUcTeMax (TpeXMepHbIE MUIIEIISIPHbBIE
U OMKOHTHHIOANbHBIE Me30(a3bl, IIACTUYECKUE KPUCTAIUIBI, POTAIMOHHO-KPHCTAJUIMYECKas
Me30(ha3bl, KOHAMC-KPUCTAILIBI,  KUAKOKpPUCTANIMYeCKHe  Me30(a3bl  HEMaTHYeCKOro,
CMEKTHUYECKOT0, XOJIECTEPUIECKOTO THTIA);

- OIIPENEIICHUE B3aMMOCBS3H MEKy XUMUYECKON CTPYKTYPOU UM T€OMETpPUEN MOJIEKYJI C OJHOU
CTOPOHBI, U CTPOEHUEM CYINPaMOJIEKYJIIPHBIX arperatoB U ()a30BbIM MOBEJIEHUEM CHCTEMBI — C

JpyTOH;

- IpUOOpETEeHUE YYalIUMHUCS CHEIUAIbHBIX 3HAaHWH 00 OCHOBHBIX METOJaX XapaKTepH3allhu
Me30MOp(hHBIX cucTeM (IUGPAKIUOHHBIE, ONTHYECKHE U  TeIIoQU3NMUYEeCKHe METOIbI
MCCIIEI0BAHUS);

- 06yquI/Ie CTYJACHTOB 0a30BBIM InprueMaM CHUHTE3a CO€OUHEHUI BKIIIOUYCHUA,

- OIPENEICHUE B3aUMOCBI3H MEXAY XUMUYECKOW CTPYKTYpPOl MAKPOLHMKIMYECKUX COCTUHEHUN
U UX CEJIEKTHBHOCTBIO M0 OTHOIIEHUIO K TEM WJIM MHBIM AK30pELeNnTOpaM (aHUOHBI, KaTHOHBI,
HEeUTpaIbHbIe MOJIEKYJIbI, OMOJIOTUYECKU aKTUBHBIE KOMIIOHEHTHI);

- HpI/IO6pCTCHI/IC yqamuMucs HpC,Z[CTaBJ'IeHI/Iﬁ 00 OCHOBHBIX 00JIACTSIX MNPUMCHCHUA
CYIIpaMOJICKYJIAPHBIX CUCTEM U MC3OM0p(I)HLIX COCTOSIHUM.

IlepeyeHb MuIaHUPYEMBbIX Pe3yJIbLTATOB 00YUYEHHS 10 JUCHHUILIMHE (MOAYJII0)
B pesynbrare 0CBOCHUS AUCIUILTUHBI 00YYaOLIHecs JOKHBI

3HATb:



- mpeaMeT W OOBEKTHl  CYNpaMoOJeKyJIApHOM  XUMHH, COBPEMEHHbIE  KOHLEMIUHU
CyNpPaMOJIEKYJISIPHON XUMUU;

- IPOILIECCHI MOJIEKYJISIPHOTO pacIiO3HABAHMSL, aAalTAllMK U PEOOpa30BaHMS;
- (pu3MKO-XUMHUYECKHE OCHOBBI TOMOTEHHOTO U T€TEPOTreHHOr0 3apO/IbIIIe00pa30BaHusl;

- CTPYKTYpHbIE OCOOCHHOCTH OCHOBHBIX KIJIACCOB YaCTUYHO-YIOPSIOUEHHBIX Me30da3
(mIacTu4yeckue KpPUCTAJUIBI, JBYMEPHBIE KOJIOHYAThIe, POTALMOHHO-KpUCTaJUIMUYecKas (hasa,
KHUJIKOKPHCTAIIMYECKUE HEMAaTHUECKasl, CMEKTHUECKasi, XoJiecTepuyeckasiMe3ohasbl);

- OCHOBBI (PM3NYECKON HEOPTaHMYECKOW M KOJUIOMIHOW XUMHH, OCHOBBI OOIIEH U OpraHuYeCKOn
XUMUH;

- CTPYKTYpY, HOMEHKJIATYPY U (PU3UKO-XMMHUUYECKHUE CBONCTBA MPOCTEHINNX OPTaHHYECKUX U
HEOPraHWYECKUX COCIMHEHUM: KUCJIOT U OCHOBaHUM JIbHIOCa, COJIeH, IEN0UYed; MOJUMEPOB U
COTOJIMMEPOB, JICHIPUMEPOB;

- CTPYKTYPY, HOMCHKJIATYPY U (bHSHKO-XI/IMPIquKI/Ie CBOMCTBAaKOMIIJIEKCHBIX COCI[HH@HPIFI, B TOM
YUCJIC MOCTPOCHHBIX IO MPUHOUITY TI'OCTb-XO34HH: C(l)epaHI[OB, FCMI/IC(I)epaHI[OB, KpPUIITAaHIOB,
T'CJIIMKATOB, KATCHAHOB, POTAKCAaHOB;

- CTPYKTYpy, HOMEHKIATypy W (HU3HKO-XMMHUYECKHE CBOMCTBa OCHOBHBIX KJIACCOB
MaKpOIUKINYECKHX MOJIEKYJ, B TOM YHUCIIe, KpayH-3(UPOB, IHUKIIOIEKCTPUHOB, KaJMKCAPEHOB,
¢dTasonuaHHOB U Jp.;

- MNPUHOUIBI HUX MOACIUPOBAHUA, KOHCTPYUPOBAHHA, CO3JaHHUA U HU3MCHCHUA CTPYKTYPLI
pas3In4HbIMHA (bHSHKO—XI/IMI/I‘leCKI/IMI/I MCTOAdaMU,

- TCXHUKY 0€e301acHOCTH pa60TbI B XUMHYECKOM na60paT0pHH.

yMeTb:

- UCIIOJIB30BAaTh (1)I/I3I/I‘IGCKI/IC 3aKOHBI JJI BBIITOJHCHUS KAUECCTBCHHBIX U KOJIMYECTBEHHBIX OILICHOK
HN3MCPACMBIX (1)I/I3I/I‘-ICCKI/IX " BCJINYHUH,

- IOJIb30BATHCA MOAXOAaMU U METOAaMH TCOPUHU KOHACHCUPOBAHHOT'O COCTOSHHA BEIICCTBA,

- yCTaHaBIUBATh CBS3b MEXIY CTPYKTYpOH COCAMHEHUN M WX (PU3NYECKUMH U XUMUYECKUMU
CBOMCTBaMH.

BJIA/1€Th:

- METOJaMM aHajiu3a U MOJEJIMPOBAHUS (PU3NYECKUX IMPOLIECCOB B CHCTEMAaX,B TOM YHUCIE U
HaHOpa3MEpHbIX;

- HaBBIKAMHU IUIAHUPOBAHHUA W BCACHHUA CaMOCTOSTEIbHOMI pa60TBI B Haquoﬁ 6H6JII/IOTCKC,
JIa6opaTop1/n/1 " UHTCPHCTC.

- MCTOAMKaMH pa3p3.60TKI/I, MOZACIIMPOBAHUA, CHUHTE3d, aHAJIM3a W HCCICAOBAHUSA OCHOBHBIX
KJIaCCOB CYIIPAMOJICKYJIAPHBIX CUCTCM.



TeMbl U pa3jesibl Kypca:

1. buoxumuueckue acmeKkTbl CYNPaMOJIEKyJIspHOW  camoopraHuzauuu. I[IpumeHeHust
CaMOOPraHU3aLUH.

XuMUsg U OMOXMMHSI MaKpOLMKIMYECKUX JUraHaoB. CTpykTypa JunujoB. Jlunuaxele ciou u
aunuaHbie MeMOpanbl. Jlunocomel. TpexmepHbie cTpYKTYpbI. [10aM31eKTPOITUTHI.

HpI/IMeHeHI/ISI caMOOpranu3anmnu.

CaMOOpFaHI/I3YIOIHI/IeCH CJION AJIA SJICKTPOHUKHU U OIITO3JICKTPOHHKH. MOHeKYHHpHBIe mpoBoaa —
HOHHBIE KaHalbl. MOH-CEeNeKTUBHBIC M€M6paHH. HaTTepHI/IpOBaHI/IC JJIA MHKpOKOHTaKTHOﬁ
rneyatd. DOTOHHEIE KpuUCTaJlJIbI. HaHOHOpI/ICTBIe MaTCpHUaJIbI. Cucremsl TOYCUHOM JOCTaBKH
JICKApCTB.

2. BBenenue u MmoTuBanus Kypca.

CynpamornekynsipHas XuMUsl, Kak 4aCTh HAYYHOTO 3HAaHUS U CaMOCTOsTeNbHas Hayka. PaGoTer Y.
Ilenepcena, JI. Kpama, X.-M. Jlena. Tunel cOCTaBHBIX €IUHULL CYIPAMOJIEKYJISIPHBIX arperaTos.
®daxTopsl, BIUAOLIUE Ha (POPMY CyNpaMONIEKyISIpHbIX arperatoB. CoelMHEHUs BKIIIOUEHUS U X
KJIaCCU(PUKAITUS: KaBUTAH/bI, KJIaTpaHbL. MonexkyisipHoe pacro3HaBaHue.
KomnimMeHTapHOCTD.

3. KonnouniHast XuMus CynpamMoJIeKyJISIpHbIX YacTHUII.

OcHOBBl  KOJUIOMIHOW  xuMuU. YpaBHeHue [ubO06ca. Kpurtuueckas  KOHIUEHTpanus
MUIeI000pa3oBanus. BzaumoneictBus Mexay aMuUIbHBIMUA MOJIEKYJIaMHu U THIPO(OOHBII
s¢dexr. BnusHue pacTtBopuTenss Ha  CTPYKTYpPY  CYNPaMOJIEKYJISIPHBIX  arperaros.
Camoopranmzanuss TudUIbHBIX MOJIEKYJI Ha TpaHule paszznena (a3 KUAKOCTb-BO3IYX
(JIeHrMIOpOBCKUIMOHOCIIOH ). DOPMUPOBAHUE U UCCIICIOBAHUE ABYMEPHBIX MJICHOK TU(PMIBHBIX
BEIIECTB Ha IpaHUlIe pa3zena (a3 )KUIKOCTb-BO3AYX B PEXKHUME CKaTHUE-PACTHKEHHE: U3MEPEHNE
MOBEPXHOCTHOTO JaBJICHMSI U IOBEPXHOCTHOIO MOTeHIMaIa. Buzyanuzauus Mmop¢dosioruu mieHoK
HENOCPEJICTBEHHO Ha MOBEPXHOCTH BOJBI MPHU MOMOIIM OpPIOCTEPOBCKOIO0 MHKpockomna. Metoj
Jlenrmropa-biao/KeTT: 0OAHO- U MHOTIOCTAIUNHBIN NEPEHOC MOHO- WIH ITOJMCIOEBON IIJIEHKH,
c(hOpMHPOBAHHOMN Ha MOBEPXHOCTH KUAKOCTH, HA TBEPAYIO MOJIIOKKY.

4. KoopanHaoHHast XUMHUsS CYIIPaMOJIEKyJIIPHBIX arperaTos.

KomniekcoobpazoBanue, KoopIuHaIMoHHbIe coennHenus. Jluranael. KoopannaunonHas teopust
Bepnepa. bunapubeie cmecu — criiaBbl METaJIOB, NMOJIMMEpHBIEe MIeHKU. [locTynarel Dpnuxa u
Oumepa.Knaccudukanusi KOMIJIEKCHBIX COEJUHEHMH: aKBaKOMIUIEKCHI, AHHWOHIAJOTEHAaTBhl,
KaTHOHTaJIOTEHBI, IT-KOMIUIEKCBI, METAJUIOLEHBI, XEIaThl.

5. Kpucrannoxumus 00beKTOB CYNpaMOJIEKYyIIPHON XUMHUU. PEHTT€HOCTPYKTYpHBIN aHAJH3.

YnopsanouenHoe cocrosiHue. Teopust kpucraummdeckoro mois.KoopanHannoHHoe — 9HCIIO.
Koopnunammonssiii momusap. Koopaunanuonnas cdepa. Me3omopdHOe COCTOSHUE BEIIecTBa:
KHUJIKUE KpUCTAJUIbl, IUIaCTUYeCKue KpucTauibl. JKujakue KpUCTaJUIbl: KJacCH(pHUKaIuUs
(HEeMaTUKH, CMEKTHKH, XOJIECTEPUKH), XapaKTepHbIE TEKCTYphl, TepMOTPONHBIE U JIMOTPOIHBIE
CTpyKTyphl. ['moOynsapHeie kpuctayuibl. [InoTHelmme ymakoBKH M KJIaJKd. ANEpuoaUYEcKue
KpUCTaJUIbl. XapaKTEepHbIE BUIBl TEKCTYp KUIKHX KPHUCTAJUIOB. Teopus CcynpamoJaeKyIspHBIX
KUJKUX KpUCTAIOB BiusiHre BHEITHUX ycloBHUI Ha (Da30BOe MOBEIEHUE.



PeHTreHOCTpYKTYpHBIN aHAIH3.

OCHOBBI IPUHLHUIBI TU(PPAKLIUN PEHTTEHOBCKHX JIyuell U HeUTpoHOB. PaccesHue o0bekTamu ¢
pa3IMYHON YNOPSIOYEHHOCTbIO — MOHOKPUCTAJUIbI, OJHOMEPHO-IIEPUOANYECKUE CHCTEMBI,
WIMHAPHUYECKU-CUMMETPUYHBIE 00BEKTHI, U30TPOITHBIE CUCTEMBI. IHTEHCHBHOCTD KaK (hyHKIIUS
Dypbe INMEKTPOHHOU IIIOTHOCTU. AcumnToTuku I'mHbe u Ilopoma. DyHKUMS TApHBIX
Koppessnuii. ManoyrioBoe paccessHue AUCHEPCHBIMU CUCTEMaMHU — PACTBOPHI YaCTULL, IOHATHE
KOHTpacTa, MOHOJUCIIEPCHBIE U MOJUAUCIEPCHBIE pacTBOpbl.BoccTaHOBIEHUE pacnpeneneHus
3JIEKTPOHHOW IJIOTHOCTH W3 OTHOCUTEIBHOM HMHTEHCHUBHOCTH MAJIOYIJIOBBIX PEHTTEHOBCKHUX
pedaekcoB.

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

DNEKTPOHHOE CTPOCHHE aToMa. OJEeKTpOHHble KoHurypauuu, ypaBHenue Llpenunrepa.
KBaHntoBble ymucna: riiaBHOE, MATHUTHOE, CIMHOBOE, OpOUTAIbHOE. DNEKTPOOTPUIATEILHOCTD,
CPOACTBO K OJJIEKTPOHY. MeToa MOJIEKYISpHBIX opOuTaneil.MeTon BaJIeHTHBIX CBS3EH.
Ornpenenenne XuMHUeCKOr cBsi3U. [loHATHE BaJIGHTHOCTH M KOOPAMHALMOHHOIO yucia. [nuHa
CBSI3U, BAJCHTHBIM YTOJ, MOJSPHOCTh, dHEPTUs CBsi3u. [mOpuausanust u onpenenacHue Gopmbl
MHOTOATOMHBIX 4YacTHIL. TUIBI CBsI3eH, XHMHUYECKHE W (PHU3MYECKHe CBS3U. XHUMHUYCCKUE
JIIBYX3JIEKTPOHHBIC CBSI3M: KOBAJIEHTHBIC (MOJSpHAsi, HE TOJIApHAs OHOPHO-aKIIENTOpHAas),
WOHHASI. XMMHUYECKHE COCTUHEHUS C NCPUIIMTHBIMHA CTPYKTypaMu (apOMaTHYCCKUE CTPYKTYPHI,
0GOpOBOAOPOIBI). Merannuaeckas CBSI3b. MeXMONeKyIsIpHbIE B3aUMO/ICUCTBHUS:
ANIEKTPOCTATUUECKOE  (OpPUEHTAIMOHHOE, HMHAYKIMOHHOE, JHCIEPCHOHHOE);  JOHOPHO-
aKLENTOPHOE B3aumoeicTBue. BogopoaHas cBs3b. THIBI XMMHYECKOW CBS3M B KPHCTAJIAX:
WOHHBIC, aTOMHbIE (KOBaJICHTHAs, METAJUIMYECKas) MU MOJEKYJIspHbIe. J[BIKyIIHEe CHIIBI
camoopranuszanuu. Bogopoasble  cBs3u.  MOH-IWNONBHBIE,  AUNONb-AUNOJBHBIE,  T-T
B3auMoencTBus. Ban-nep-BaanbCcoBsl chbI.

7. CynpaMosieKkynspHasi XUMHsI TOJTUMEPOB.

[Tomumepsl. OnpeneneHue, KeCTKOIeHbIe U THOKomenHble. CTaTUCTUYECKass TEPMOIMHAMHKA
cMmeceill 1 criaBoB noiauMepoB. CMecH KpUCTAIIIMYECKUX MOJIMMEPOB, UX CTpyKTypa. CMecu u3
JKECTKOLIETIHBIX MonnMepoB. Pemerounas monens Piaopu A1 TEPMOTPONHBIX M JIMOTPOITHBIX
cmeceil. @a3oBasi cTaOMIBHOCTh. PoTannoHHO-KpucTanueckas ¢aza B moiumepax. [ 'nbkue
JMHEHHbIE MAaKPOMOJIEKYJIbl. [ MOKOIENTHbIE TOTIUMEPHI C ITTMHHBIMUA OOKOBBIMH 3aMECTUTEINSIMHU.
Kectkre MakpoMmoniekyiabl ¢ TMOKMMH OOKOBBIMU 3amecTuTensiMu. Jluckotuku. CekTopo- H
KOHycoOOpa3Hble JIeHAPOHBL. JleHApuMepsl — YacTHULBI-MOJIEKYJbl. PacTBopuMocTh U
COBMECTUMOCTH MOJMMEPOB. TepMOIMHAMUYECKHE KPUTEPUH B3aUMOPACTBOPUMOCTH. CHCTEMBI
C BOZOPOAHOM cBA3bI0. brok-comonumepsl. Teopus (a3oBbIX MEPEX0J0B B OJIOK-COMOIUMEPAX.
Tepmoaunamuyeckuil noaxoxa Wzpaunamsuinn.0630p mozaeneit SAFT, PRISM, LCT. Cnydaun
cuibHOW M cnaboil cerperaumu. OOmas Tteopuss Martcena-boiitca. BnmsHue BHemHux
reOMEeTPUYECKUX OTpaHUYeHUi Ha (ha30BbIe pEeBpaleHUs B OJIOK-COMOIMMEPAX.

8. dusznueckast XUMUs CyIpaMoIeKyIIpHBIX aHCaMOJIEH.

da3oBble MepexoJbl MepBOro W BTOPOro pojaa. TepMmocTuMynupoBaHHOE pasfeneHue (a3 u
¢dazoBas CTaOMIBHOCTh. XHUMHMUYECKHH TOTEHIMad. OHTpONUs KOH(QUTYypalOHHAas U
KoHpopmanuonHas. Mogens @nopu-Xarruaca.OnpeaeneHue TeMIEpaTypbl CTEKJIOBaHUS
MeToaMu JU(PepeHIHaTbHOT0 TEPMUUECKOr0 aHanu3a U 1udepeHIuaTIbHON CKaHUpYroIei
KaJIOpuMeTpuu. Bpems penakcanuu, pesiakcallioHHbIE IEPEXOIBI.



9. XuMus OpraHu4eCKuX CYNMpPaMOJICKYJISIPHBIX COCTUHEHUH.

B3aumoneilictBuss  Tuma  kimod-3aMok.  CenekTuBHOCTh.  KpayH-3¢upel W XHpaibHas
CEJIEKTUBHOCTb. Makpouuknnueckue mnoauamunbl. Lukmonexkctpunsl. Kanukcapensl —
COEIMHEHUS C PETYIUPYEMOM CEIEKTUBHOCTBIO. JIM3ailH TOYEK MOJIEKYIISIPHOIO PacliO3HABaHMS.
JlecTHUYHBIE CTPYKTYpBI, CETKH, pelIeTKU. JINHEITHbIE KOMIIOHEHTHI CYITPaMOJIEKYJIIPHBIX CETOK:
FMOKHE KOMIIOHEHTBI, JECTKHEe KOMIOHEHThl — ocHoBaHus Iludda, rubkue TpUNONHL.
[{uknuyeckre CHUHTOHBI, IJIOCKHE MaKpOUMKIbI — (ranonuaHuHbl. JuHamepbl. PoTakcaHbl.
Karenansl 1 MoseKyJIsIpHbIE Karicyibl. JleHapuMepsl — 4aCTUIbI-MOJIEKYJIBI.



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

HanpasisienHocTh: KOHBepreHTHbIE HAHO-, 0M0-, MTHPOPMAIIMOHHbIE U KOTHUTHUBHbIE
TEXHOJIOTUH

Du3uKa HAHOCTPYKTYP

Heab AMCHUNIMHBI:

- TIIy0OKO€ N3yueHHe OCHOBHBIX MIOHATHI U SIBICHUH B (PU3UKE HAHOCTPYKTYP, HANOO0JIee BaKHBIX
KaK C KOHLUENTYAJIbHOW, TaK U C IPUKIIATHON TOYEK 3PEHUS.

3agauu AMCHUIINHBIL:

- 3HAKOMCTBO C TOCJIEJHUMH HamOoJiee MHTEPECHBIMU U TIEPCIEKTHBHBIMH JOCTIDKCHUSIMH B
HaHO(U3WKE; B HACTOSIIEE BPEMs 3TO, HAPUMEp, - OTKPHITHE M CBOMCTBA rpadeHa u coBceM
HEeJIaBHEE OTKPBITUE U U3YUEHHE 3aMEUaTEIbHBIX CBOMCTB TOMOJIOIMUYECKUX U30JITOPOB.

IlepeyeHb MuIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)
B pe3synbrare ocBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI
3HATh:

- (yHIaMEHTaJbHbIE TOHATHUSA, 3aKOHbBI, COBPEMEHHOW (U3UKH HAHOCTPYKTYpP, (QHU3UKU
HU3KOPa3MEPHBIX 2JIEKTPOHHBIX CUCTEM;

- IOPSJIKM YMCIIEHHBIX BEIMYMH, XapaKTepHbIE JUIsl pa3IMYHbIX pa3AesioB PU3NKU HAHOCTPYKTYD;
- COBpEMEHHbIE TPOOIeMBbl PU3UKU HAHOCTPYKTYpP, XUMHUH, MAaTEMaTHKH;

- OCHOBHBIE SIBJIEHUS B (PU3HKE HAHOCTPYKTYP, SKCIIEPUMEHTAIIbHBIE METPOJIOTHYECKUE METO/IbI,
pa3paboTaHHbIC Ha UX 0a3e;

- OKCIICPUMCHTAJIbHBIC OCHOBLIL (I)I/I3I/IKI/I HAHOCTPYKTYpP U €€ IIPUMCHCHUA.

yMeTb:

- abcTparupoBaTbCs OT HECYIIECTBEHHOTO IPU MOJEIUPOBAHUHM pPEaTbHBIX (U3NYECKUX
CUTyaLul;

- IOJIb30BAaTHCA CBOMMHU 3HAHUAMH JIA PCUHICHUA q)yH}IaMeHTaJ'IBHI)IX W MPUKIAJHBIX 3aga4 H
TCXHOJIOTHMYCCKHX 3a1a4,

- ACJIaTh NPABUJIbHBIC BBIBOABI U3 COIMMOCTABJICHUSA PC3YJIIbTATOB TCOPHUU U SKCIICPUMCHTA,

- IPOU3BOAUTDH YUCIICHHBIC OLICHKU I10 IMMOPAAKY BCINYNUHBI;



- Je7aTh KauyeCTBEHHBIC BBIBOABI INPH IEPEX0/ie K MPENEIbHBIM YCIOBHAM B H3y4aeMbIX
npobiemax;

- BUJICTh B TCOPETHUECKUX 3a7adax (pU3ndecKkoe cojepKaHue;
- OCBauBaTh HOBBIE MPEAMETHBIE 00JIaCTH, TEOPETUYECKUE MTOIXOAbl M aHATN3 IKCIIEPUMEHTOB;
- MOJIy4aTh TEOPETUYECKHUE OLIEHKH BEIMYHMH U NMPABUIILHO OLICHUTH CTETIEHb UX JJOCTOBEPHOCTH;

- paboTaTh C HCIHOJB30BAHHEM COBPEMEHHOI'O TEOPETHYECKOro armapara, MPUMEHSIeMOro B
TEOPUU TBEPJIOTO TeJIa U TEOPUHU TBEPIOTEIbHBIX HAHOCTPYKTYP;

- B(b(l)eKTI/IBHO HCIIOJIB30BAaTH I/IH(l)OpMaHI/IOHHBIe TEXHOJIOTHUU W KOMIIBIOTCPHYIO TCXHUKY IJId
JOCTHIXCHUA HCO6XOI[I/IMBIX TCOPCTUUCCKUX PC3YJIbTATOB.

BJIA/1€Th:

- HaBBIKAMH OCBOCHHS 00JIBIIOr0 00BbeMa HHPOPMALINH;

- HaBBIKAMH CaAMOCTOSTENILHON paboThI ¢ uTepaTypoii U B IHTEpHETE;

- KyJIbTYpOW TIOCTAaHOBKH U MOJICIMPOBAHUS (PU3MIECKUX 337134,

- HAaBBIKAMHU TPAMOTHOT'O COIIOCTABJICHUS] TEOPETHUECKUX OIICHOK C JAHHBIMU YKCIIEPUMEHTA;

- IPAaKTHKOHN IIOCTAaHOBKHU M PELICHU 3a/ay;

- HAaBBIKAMHU TEOPETUYECKOTO aHAIN3a PEATbHBIX 337a4 TEOPUHU TBEPAOTEIBHBIX HAHOCTPYKTYD;

- DJBpUCTHKOW Tpu pabore c (QyHIAMEHTAIbHBIMH 3a7adaMi  (DU3UKH TBEPJOTEIBHBIX
HaHOCTPYKTYP.

TeMbl U pa3jaeiibl Kypca:
1. ApoOHbIii KBaHTOBBIN 3P dexT Xoia.

Hecxumaemble KBaHTOBbIE JKUAKOCTH. [IpOOHBIN 3apsia KBa3M4yacTHIl. ODKCHEPUMEHTAIbHOE
JI0Ka3aTeNbCTBO APOOHOTO 3apsiia KBa3U4acTUIl 10 cekTpy mryMoB. Komno3utHeie pepMuOHbBI —
HOBBIM Tun KkBasuuactull. Teopust tuna Yepna-Caitmonca. KommnosuTHble (epMHOHBI Hpu
JIpOOHBIX 3aIllOJIHEHUSAX YpoBHs JlaHgay ¢ YEeTHBIMM 3HaMEHAaTeNsIMU. OKCIEepUMEHTaJIbHbIE
MPOSIBJICHUS] KOMITO3UTHBIX (DEPMHOHOB: MarHUTHasi JOKYCHPOBKA U PE30HAHCHOE IMOTJIOIIEHUE
yIbTpa3BykKa B CHCTEME AaHTUTOYEK. JIByClIOIiHbIE CHCTEMBl KOMIIO3UTHBIX (PEPMUOHOB.
CnapuBanue KOMITO3UTHBIX (epmMuoHOB. CBepxTekydecTh M 3(¢ekTbl yBieueHus. Hobie
3arajKu.

2. HanotpyOku, NOISIpOHBI, (POTOHHBIE KPUCTAIIIBI.

Knaccudukanus # 2/eKTpOHHbIE CBOMCTBA HaHOTPYOOK. [IpumeHeHHss HaHOTPYOOK B
HaHOAJIEKTpoHUKe. HaHoaekTpoMexaHnyeckre CUCTEMbl Ha OCHOBE HAaHOTPYOOK. [TossspuToHbl
B ONTHYECKOW MHKpPOIOJIOCTH C TOTPY)KEHHOW KBAaHTOBOM sAMOW. bo3e-koHaeHcanus
MOJIIPUTOHOB MUKPOIIOJIOCTH ¥ O€3MHBEPCUOHHBIN MO PUTOHHBIN J1a3ep. DOTOHHBIE KPUCTAILIIBI
- MatepHalibl ¢ GOTOHHBIMU IIEISIMHU: CBOMCTBA, aHAJIOTUH, TpUMeHeHUsl. DOTOHHbIE KBAHTOBBIE
MBI, "KBAaHTOBBIE IPOBOJA" U "KBAaHTOBBIE TOUKHU'.



3. OcHOBHBIE CBOICTBA TpadeHa.

AnnorponHbie ¢opmbl yriepoga. [Ipobiema yCcTOWYMBOCTH IBYMEPHBIX MeMOpaH. MeTojs
nony4yeHus: rpadena. CUMMeTpusi U SIEKTPOHHBIN CHEKTp rpadeHa. AHaIOTUs ¢ ypaBHEHUEM
Hupaka nnst  sedtpuno. KupamsHocts. ['paden u  mapamoxc KieliHa B KBaHTOBOM
anekTpoarnHaMuke. OTCYTCTBUE OTpa)KeHHsI Ha3aJ] U OTCYTCTBUE c1aboii Jokanu3anuu B rpadene.
Oddext Llydonukona-ne ['aza u 3xciepuMeHTaIbHOE J0KA3aTEIbCTBO JTUHEHHOCTH AIEKTPOHHOTO
crieKTpa. AHOMaIbHBIM KBaHTOBBIN 3¢ ekt Xosta 11 rpadena. Bo3mokHbIe HAHOYCTPOICTBA
Ha ocHoBe rpadena. Hepemennsie mpobiaemMsl B rpadeHe.

4. ®azoBble NEPEXObl B CUCTEME NIEKTPOHOB U ABIPOK.

dazoBbIC Nnepexoabl B CUCTCME JJICKTPOHOB M JBIPOK B IOJYIIPOBOAHHUKOBBIX KBAHTOBLIX SMaX.
EO3G-KOHH€HC3.I_II/I$I N CBCPXTCKYUYCCTh OKCUTOHOB.



