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AHHOTAIUM K Pa00YUM NMPOrpaMMaM U CIUTLINH.

AHaJINTHYECKAS TeOMeTPUs

Heab AMCHUNIMHBI:

- (popmupoBanue 0a30BBIX 3HAHHWW MO TEOMETPUU IS AAJBHEHUIIET0 MCIOIb30BaHUS B IPYTUX
00JacTsIX MaTEMaTUYECKOI0 3HaHUS U IUCLUUIUIMHAX €CTECTBEHHOHAYYHOI'O COJIEP/KaHuUs;

- (opMupoBaHHE MaTEMaTUYECKOW KYJIbTYpbI, UCCIEIOBATEIHCKUX HABBIKOB M CIOCOOHOCTH
IIPUMEHSATH 3HAHUS HA IPAKTUKE.

3agauyd AUCHUILINHBI:
- (hopmupoBaHue y 00ydarommxcsi 0a30BbIX 3HAHUI 110 AHATUTUYECKON TCOMETPHH;

- GopmupoBaHue 0O0IIEMAaTeMaTHUYECKONH KYJIbTYpbl: YMEHHME JIOTUYECKH MBICIUTH, [IPOBOJUTH
JI0Ka3aTeJIbCTBA OCHOBHBIX YTBEPKICHHUM, YCTAHABIMBATh JJOTUYECKUE CBA3U MEXKIY NOHATUSIMY;

- (bOpMI/IpOBaHI/Ie YMGHI/Iﬁ W HABBIKOB IMPUMCHATH IMOJYUYCHHBIC 3HaHUA UId PCIICHHUA
TCOMETPHUYICCKUX 3a/lad, CAMOCTOATCIIbHOTO aHAJIN3a ITOJTYUCHHBIX PE3YyJIbTATOB.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00y4YeHHS MO JUCHHUILINHE (MOAYJIIO)

B pe3ynbrare ocBOCHUS AUCITUTUTHHBI 00YYaIONIINECcs JOJKHBI

3HATh:

- OCHOBBI TEOpHUH I'paoOB, TEOPEMBI O BIOKUMOCTH, (hopMyIy Ditiepa, TEOpEMY O pacKpackax;

- TOTIIOJIOTUYECKHE CBOMCTBA ABYMEPHBIX IIOBEPXHOCTEH, TEOPEMBI KIacCU(PUKAIIMN KOMITAKTHBIX
JIBYMEPHBIX ITOBEPXHOCTEH;

- TCOPUIO KPHUBBIX HA IJIOCKOCTH U B ITPOCTPAHCTBE, (I)OpMy.TILI q)peHe;

- ONpeAeNIeHuE KPUBHU3HBI M KPYUYEHUs, TEOPEMY O BOCCTAHOBJIECHHHM KPHBON IO KPUBHU3HE U
KPYYEHHUIO; OCHOBBI TEOPUM ITOBEPXHOCTEW, OMPEAECICHUE W CBOWCTBA IEPBOM M BTOPOU
KBaJPaTUYHBIX (DOPM MOBEPXHOCTH, TeOpeMy MeHbe, OlpeIe/IeHHE TJIaBHBIX KPUBU3H U TJIaBHBIX
HarpaBieHu#, hopmyrny Ditnepa;

- OIPCACIICHUC KOBAPUAHTHBIX NPOU3BOJHBIX, IMPAaBUJIa BBIYUCIICHUA CHUMBOJIOB KpI/ICTO(I)(I)CJI}I,
YpaBHCHUS MApaJlJICJIbHOIO NMEPCHOCA U IT'COACINIYCCKUX Ha ITOBECPXHOCTAX;

- OCHOBBI c(hepuueckoil reomeTpun 1 reomeTpun Jlo6aueBckoro, TeOpeMbl CHHYCOB, KOCHHYCOB,
(bOpMYIIBI ISl CyMMBI YTJIOB TPEYTOJIbHUKA Ha cdepe u mockocTu JIoGaueBcKoro.



yMeThb:

- BBIYHCIISITh MHBAPUAHTHI TPadoB, ONPENEIATh TONOJIOITHYECKUI THIT IByMEPHOM MOBEPXHOCTH,
HaxOJWUTb KPUBM3HbI U KPYYEHHs KpPHBBIX, IJIABHbIC KPHUBHU3HBI M IJIABHBIC HaIPaBJICHUS
IIOBEPXHOCTEH;

- BBIYHUCJETh KOBAPUAHTHBIC ITPOU3BOAHBIC BEKTOPHBIX noJyiei Ha IMOBEPXHOCTAX, pC€HIATh 3aJavdy
napajaCiIbHOI'O ICPCHECCHUA

- HAXOJUTh M KCCJICIOBATh T'COJE3NYCCKHE, pEIllaTh I'€OMETPUYECKHE 3aaadud Ha cdepe u
iockocty JIobaueBCKoro.

BJIA/IETh:
- aIapaToM TEOPUU KPUBBIX U IIOBEPXHOCTEN U €0 IMPUIIOKECHUSAMU K MEXaHUKE;
- TEXHUKOW KOBAPUAHTHBIX IIPOU3BOIHBIX U €€ IIPUIOKCHUSIMH;

- anmapaTom Teopuu rpados.

TeMbI U pa3jeiibl Kypca:

1. 'eomeTpus KpUBBIX U IOBEPXHOCTEN B €BKJIMI0BOM IIPOCTPAHCTBE.

ITnockue kpusble. KacarenpHas u HopMmans. JnuHa kpusoil. HatypansHsiii napamerp.
Comnpukacaromasicsi oKpykHocTh. KpuBuzHa mockoit kpuoii. [Tnockue popmynsr @pene.
BoccranoBnenue mockoi KpUBO# M0 (GYHKLIUU KPUBU3HBI.

OBOJIIOTA ¥ BOJIHOBOW ()POHT IIIOCKOW KPUBOM.

Kpussie B mpoctpanctBe. Comnpukacaromiasicsi OKpyXHocTb. Penep ®pene, dopmyinsr Opene,
KpUBHU3HA U KPYYCHHE.

BoccraHoBieHre IpoCTpaHCTBEHHON KPUBOU 110 KPUBU3HE U KPYUYEHUIO.
[ToBepxHoctu. IlepBas kBanpatuuHas ¢popma. JJIUHBI U YIIIBIL.
KoBapraHTHBIE TPOU3BOIHBIE BEKTOPHBIX ITOJIEH U UX CBOMCTBA.
CumBonel Kpucroddens u ux BeluuciIeHUE.

[TapannenbHbIN IEPEHOC U F€0AE3UUYECKUE HA TOBEPXHOCTSX.
H3oMeTpun MOBEPXHOCTEN.

Bropas kBagpatuuHas popma noBepxHoctu. Teopema MeHsbe.

I'1taBHBIE KpUBHU3HBI U TTIaBHBIE HanpasiieHus. @opmyina Diniepa. ["ayccoBa U cpeiHsIsl KpUBHU3HBI.

OTKIIOHCHHE TOYKH TOBEPXHOCTU oT KacaTelIbHOU TIJIOCKOCTH. 3J'IJ'II/IHTI/IquKI/IC,
FI/IHep6OJII/I‘-ICCKI/IC n Hapa60JII/I‘-ICCKI/IC TOYKHU IlByMCpHOﬁ IMOBCPXHOCTH.



2. IIpocreiinime HEeBKINIOBbI TEOMETPHH.
['eomerpus Ha cepe. ['eoneznyeckne, H30METPUH, PACCTOSIHUE, OKPYKHOCTH.

Cdepuyeckue TpeyroapbHUKA. TeopemMbl KOCHMHYCOB W CHHYCOB. JIBoiicTBeHHas Teopema
KocuHycoB. Teopema o cymme yriioB cepuuecKoro TpeyrojibHUKa.

IIpoctpanctBo  MunkoBckoro.  [lommpocrpaHcTBa M OPTOTOHAIBHBIE  JOIOJHEHUS.
[IpeoOpazoBanust Jlopenna. HepaBenctBa Komu-byHsikoBckoro #  TpeyrojbHUKa s
BPEMEHUTIOJJOOHBIX BEKTOPOB.

MupoBbie JUHUM WHEPIUAIBHBIX HaOmogareneid.  OTHOCHTEIBHOCTh OJHOBPEMEHHOCTH,
3aMeIJIeHne BpeMEeHH, coKpalieHue aiauH. [lapamgokc 0au3HenoB.

Bekropnass mozens reomerpum JloGaueBckoro. ['eome3mueckue, W30METPUH, OKPYKHOCTH,
TPEYTrOJIbHUKHU.

Monens [Tyankape reomerpun JlobaueBckoro.
3. Tononorust rpad)oB U ABYMEPHBIX MOBEPXHOCTEH.
I'padsl. Teopema o unciae MapuIpyTOB. Y HUKypCalbHbIE TpadBbl.

Yucno bertu u siinepoBa xapakrepucTtrka rpada. MakcumanbHoe fepeBo. Teopema o cucreme
TOKOB.

[Tnanapusie rpadsl. HeruranapaocTs moHOTO rpada ¢ MAThI0 BEpIIMHAMHU U Tpada «TpU TIOMHUKA,
TPHU KOJIOJLA».

Packpacku kapt u rpados. Teopema o msiTu kpackax.

Tpuanrynupyembie AByMepHbIe ToBepxHOCTHU. [IpuMepsl. OpueHTupyembie 1 HEOPUECHTHPYEMbIE
MOBEPXHOCTH.

Ckuneliku U3 kBagpara. Onepanuu BeIpe3aHus AbIPKU U MPUKIICHKN PyUKH.
Teopema kinaccupuKay KOMIAKTHBIX ABYMEPHBIX OPUEHTHUPYEMBIX ITOBEPXHOCTEH 6e3 Kpasi.

Teopemsl 0 ki1accu(puKalMi HEOPUEHTUPYEMBIX IIOBEPXHOCTEN U TOBEPXHOCTEH C KpaeMm.



AHHOTAUMH K pa004YuM NPOrpaMMam I CIUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

AHaJIUTHYECKA MEXaHHKA

Heab AMCHUNIMHBI:

- OCBOCHHC CTYACHTaMH OCHOB aHAJTUTHUYECKON MEXaHUKH.

3agauu AMCHUINJINHBIL:

- (opmupoBaHue 0a30BBIX 3HAHWKH B OOJACTH AHATMTUYECKONH MEXaHWKH KakK IAMCIUIUINHBI,
UHTETpUpPYIOIeH 00medru3nIecKyo 1 MaTeMaTHIECKYIO TIOATOTOBKY CTY/ICHTOB;

- OBJIaAICHUC OCHOBHBIMH MCTOAAMH, IO3BOJIAOIIHMMU PpCHIATH YPAaBHCHUMA aHAIIMTUYECKOM
MCXAaHUKHU; pCIICHUC 3a/la4, OXBATbIBAOIIUX OCHOBHBLIC ITPUJIOKCHU A aHAJIMTUYECKOM MEXaHUKH.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbrare ocCBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI

3HATh:

- OCHOBBI JIArPAHKEBOW MEXAHHKHU;

- TCOPECTHUYCCKUC OCHOBBI JUHAMUKHU KOHCCPBATHUBHBLIX W JAJUCCUIIATHUBHBIX CUCTEM BOJIM3HU
paBHOBECHUA,

- TEOPETUYECKHE OCHOBBI JMHAMUKH TBEPAOIO TEJA;
- IPUHIIUIT HAUMEHBIIETO IEHCTBUS M OCHOBBI TAMUIIBTOHOBOM MEXaHUKU;
- METOJ] KAHOHMUYECKUX NpeoOpa3oBaHuil u anmapar ckobok Ilyaccona;

- MeTo1 'amunbTOHA-AKOOM M TEXHUKY pa3/ielieHUs IEPEMEHHBIX;

- METO NCPEMCHHBIX Z[eﬁCTBHe'YFOJI.

yMeTh:

- (I)OpMy.TII/IpOBaTB YpaBHCHUA Harpacha B O606H.ICHHBIX KOOpAUHAaTax, HAaXOAUTb HWHTCIPAJIbI
ABWIKCHUSA U C UX MOMOIIBIO PCIIATh YPABHCHUS JIBUKCHUA,

- BBIYUCIIATH IIEPUO] CbI/IHI/ITHOFO JABUXXCHUSA,

- BBIYUCIIATHh CCUCHUEC PACCEAHUA B JaHHOM LHCHTPAJIbHOM I10JIC;



- HaXOJHWTh COOCTBEHHBIE YaCTOTHI M HOpPMAaJIbHBIC KOJICOAHUS CHCTEM CO MHOTHMH CTCIIEHSIMHU
CBOOO/IBI,

- BBIYUCIIATh MOMCHTEI HHCPLIUH TBCPAOTO TCJIA,

- TEPEeXOAUTh OT JIarpaHkMaHa K TaMIJIBTOHHAHY W HA00OpPOT C IOMOIIBI0 MPeoOpa3oBaHUs
Jlexxanpa;

- OCYILECTBJIATH KAHOHUYECKHE MPEoOpa3oBaHMsI ¢ TOMOIIBIO JaHHOW POU3BOAAIIEH (PYHKIINY;
- BBIUMCIIATH ckoOKu Ilyaccona;

- pa3zenaTh IepeMeHHble B ypaBHeHUM [aMmibToHa-SIkoOM M pemath ¢ MOMOLIBIO METOJa
["amunpTOHA-KOOM KAHOHMUYECKNE YPAaBHEHUS JIBU)KEHUS;

- IEPCXOAUTh K ICPEMCHHBIM HCﬁCTBHG-erH;

- BBIYHUCJIATH aI[I/Ia6aTI/I‘IeCKI/IC HWHBApPUAHTLI.

BJIa/1eTh:
- OCHOBHBIMHU METOJIaMH aHAJIMTUUYCEKON MexaHuku — MeToaamu Jlarpamka [ u Il pona;
- METOJJaMU UHTETPUPOBAHUS YPABHEHUHN JBUIKEHUS, TPUHITUIIOM HAMMEHBIIETO JEHCTBUS,

- MCTOJOM KAaHOHHYCCKHX ypaBHeHI/Iﬁ raMI/IJ'ILTOHa, arapaTomMm CKOOOK HyaCCOHa, MCTOAOM
I'amunsToHa-SIKOOH PCHICHUA KAHOHUYCCKHX ypaBHeHHfI.

TeMbI U pa3jeiibl Kypca:
1. KaHoHnueckue npeodpazoBaHUs

Omnpenenenne kaHoHH4Yeckoro oroOpaxkeHus. Kanonnueckue npeodpazoBanus. [IpousBossmue
(GyHKIMY KAHOHHYECKOTO Mpeodpa3zoBanus. beckoHeuHO Malibie KaHOHHMYECKUE TpeoOpa3oBaHusl.

Kpurepun xanonuunoctu npeodpazoBanus. Cko0ku Jlarpanxa. CxkoOku Ilyaccona. CpoiicTBa
cko0ok Ilyaccona. Teopema Ilyaccona.

VpaBHenue ['amunbroHa-fAko6u. Mertox I'amunbroHa-SKOOM peleHUS KAaHOHUYECKHX
ypaBHEHUH. Y KOPOUEHHOE JEHCTBUE.

Pazgenenue INEpEMCHHBIX B MCTOJC I'amunbToHa-SIk00H. Pazgenenue IEpEMCHHBIX B
c@epnqecm/lx, Hapa6OJ'II/I‘-IeCKI/IX " SJUIMIITUYICCKUX KOOpAWHATAaX. I[BI/I)KCHI/IC YaCTHUIbI B IIOJIC
ABYX IIPUTATHUBAIOMIUX LICHTPOB.

ITonmxkeHnue mopsaka CHCTEMbl KAHOHWYECKMX YPAaBHEHHMH C IIOMOIIBI0 MHTErpajia dHEPTHUU.
[Tpunnun Moneptron-Jlarpanxa. OnNTHKO-MEXaHUYECKAs] AHAJIOTHSI.

HCpCMCHHHe ﬂeﬁCTBHe-yFOH B OTHOMCPHOM cCJrydac. AI[I/Ia6aTI/I‘-ICCKI/II71 HWHBApHUaHT.

2. OCHOBBI TaMWJIBTOHOBOIT MEXaHUKHA



[Tpuniun Hanmenbiero AevctBus ['amunbroHa. YpaBHenus Jlarpanxka Il pona kak ciencrBus
BapuanmonHoro npununa. [Ipeodpazosanus Jlexxanapa.

Oyukuua ['amunbroHa. KaHoHnueckue ypaBHeHus ['amuibrona. L{MKiIndeckue nepeMeHHBIE.
Oynukuuu Jlarpanka u 'aMHIIBTOHA 4aCTUIIBI B MATHUTHOM I10JIE.

JeiictBue kak QyHKIMs KoopAuHAaT U BpemeHH. da3oBoe mpocTpaHcTBO, (ha3oBas CKOPOCTb,
dazoBbiii moToK. Teopema JlmyBmns. Pacmupennoe ¢azoBoe mpocrpaHcTBO. Jlemma Ctokca.
WurerpanbHble KpUBbIC ypaBHeHHH [amMuiabTOHAa Kak JHMHUM portopa (opmbl pdq-Hdt.
Nurterpansubie uuBapuanthl [lyankape u [lyankape-Kaprana.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

AHrnuiickuii si3bIK (YpoBeHb B2)

Heab AMCHUNIMHBI:

- OCBOCHHUC CTyACHTaMU OCHOBHBIX JICKCUYCCKUX CANHUIL u HaBBIKOB BJIaACHUA
KOMMYHUKAaTUBHOM I'PaMMAaTHKOM Ha YPOBHE HE HUKE Pa3rOBOPHOIO.

3agauu AMCHMILIMHBI:

- IpUOOpEeTEeHNE HABBIKOB YCTHOW PEYH IO Pa3IMYHBIM KOMMYHUKAUBHBIM ()yHKIIHSM;
- IpUOOpETEeHNE HaBBIKOB MMCbMEHHOM peud JUIsl CO3/AaHUs PA3IMUHbIX TUIIOB TEKCTOB.
IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)

B pe3ynbrare ocBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI

3HATh:

- 3HaTh Jiekcuyeckuil MuHUMYM B o0beMe 10000 y4eOHBIX JIEKCHUYECKUX E€IMHHUIl OO0ILEro u
TEPMUHOJIOIMUYECKOT0 XapaKTepa.

yMeTb:

- AHAJIM3UPOBATh U OLICHUBATH COIUAJIBHYIO I/IH(l)OpMaIII/IIO; IJIAHUPOBATh U OCYHICCTBJIATE CBOIO
ACATCIIBHOCTE C YUCTOM PE3YJIbTATOB 3TOT'O aHAJIMN34a.

BJAJ€Th:

- THOCTPAHHBIM A3BIKOM B O6’beMe, HCO6XOI[I/IMOM IJIs1 BO3MOXKHOCTH IMOJIYYCHU I/IH(i)OpMaI_[I/II/I H3
3apy6e)KHHX HNCTOYHHUKOB.

TeMbl u pa3jaesibl Kypca:
1. Jlenbru.

I'paMMaTHUecKUil aclieKT — YCIIOBHBIE NPEUIOKEHUA. JIGKCUUECKUI aCIIeKT —IpUiIaraTeabHebIe,
onuchiBatole  OorarctBo/6enHOCTh.  KOMMYHHKAaTHBHBIM — acliekT —  CpaBHUTEIbHOE
ITIOBECTBOBAHHUE.

2. Jlom.



I'pammarnueckuit acmekT — questiontags (BOMPOCHI —TATH); BBOJHBIC TMPEIJIOKEHUS U
yTOUHSIOLIHE 000pOTHI. JIekcnueckuii acekT —(ppa3oBble IIaroisl, UAKOMbI. KOMMYHHKaTUBHBIHI
ACTEKT — MPOCKOBI, COrIacue/Hecoriacue, MpeI0KCHHUS-TIPEATIOI0KEHUSI.

3. Jloporu, KOTOpBIE MBI BEIOMpAEM.

['pammaTrueckuii aciekT — popMbl OyaylIero BpeMenu. Jlekcuueckuit acrekt — reorpaduyueckue
Ha3BaHUs U 0003HaYeHHs. KOMMYyHHUKATUBHBIN aCIIEKT — BBIPAYKEHUE COTJIACHS/HECOTIIacHsl.

4. Enuanis! uaMepenus, (Gu3ndecKrue BeINUMHBI, KIIAaCCHYecKas MeXxaHuKa, HpIOTOH.

CocararensHOe HAKJIOHCHUE, YCIOBHBIC NMPCAJIOXKCHNA, NHBCPCHUA B YCIIOBHBIX IMPCATIOKCHUAX,
MOJAJIBHBIC I'J1ar0JIbl, pa60Ta CO CTaTbsAMHU I10 TEMATHKCE, MM ChMEHHBIN 0630p CTaTeﬁ, AHHOTallu1
K CTaTbsiAM.

5. Vcropust OTKPBITHS aTOMa, CTPOSHHE aTOMa, POXKACHUE SIEPHON (PU3HKH.

['epynnuii, ero hopmsbl, cydan ynotpedieHus, 00paTHBIN MOPAIOK CIIOB, FPaMMaTHYECKHUI TECT;
paboTa ¢ JIEKCHKOU 1Mo TeMe; OOCY>KICHHE U YTeHUE CTaTed, aHHOTAIMH K CTaThsM, TOKJIAIbl U
oOCyXXJIeHHE KpYTJoro CTojla, BHJAEOMATepUalbl M BOMPOCHI K HUM, 3aKIIOYUTEIbHAs
KOHTpOJIbHAS paboTa.

6. Uctopus ¢pusuku. ["amuneii u Jlekapr.

I'pammatuka MapuauTHB U ero Gopmbl U ero (yHKIUU B MPENJIOKEHUU, IPaMMaTHYECKHE
yIpaXHEHHs; YTEHHUE, IEPEBOJI U OOCYXJACHHUE CTaTel 10 UCTOPUU (PU3MKHU, MUCEMEHHBIA 0030p
CTaTeii, COOTBETCTBYIOIIAsA TEME JIEKCUKA, BUJICO 110 TEME U TOCTaHOBKA BOIIPOCOB K BHUJIEO.

7. Hactpoenus.

FpaMMaTI/I‘leCKI/Iﬁ ACIICKT — MOJAJBbHBIC TIJ1aroJibl. JIekcHYecKui acleKT — IBET U CBET
(HpI/IJ'IaFaTeJ'IBHBIe), HAaCTPOCHUC (CymeCTBI/ITCJ'ILHLIe )51 rﬂaronm). KOMMYHI/IKaTI/IBHHﬁ aCIICKT -
BBIPAXKCHUC PA3JINYHBIX OTTCHKOB HACTPOCHHS C ITIOMOIIBIO MHTOHAIIUH.

8. O6pazoBaHue.

['pamMmaTuyeckuil acrekT — mpsiMas/KocBeHHas pedb. JIeKcHyeckuil acmeKT — TEpMHUHBI U
ab0peBHaTypHl, CBA3aHHBIE ¢ 0Opa3oBaHueM; (hpa3oBble Taaroisl. KOMMYHUKATUBHBINA acleKkT -
BEJICHUE JIUCKYCCUU O TpobiaeMax oOpa3oBaHuUs.

9. OTBeTHI HA HACYIIIHBIE BOIIPOCHI.

['pammaTHueckuii  acmeKT — cocllaraTeJbHOE€ HaKJIOHEHMe. JIekcuueckud  acmekr —
uauoMaTuieckue napbl. KOMMyHUKATHUBHBIN aClEKT — BhIpa)KEHHE HEJIOBOJIbCTBA, JKaJ00HbI.

10. OTKpBITHE 3JIEMEHTAPHBIX YACTUIL.

Urenue, mepeBOJ W MpaKTUKa MHUCBMEHHOTO W3JI0KEHUS Marephala; rpaMMaTHKa CiIydau
ynoTpeOIeHus TEPYHIMS; JIEKCHKA 110 TeMe; OeCe bl IO CTaThsIM 00 dJIEMEHTAPHBIX YaCTHUIIAX.

11. Otpaxenue ¢pakToB B CpeACTBAX MACCOBOM MH(OpMAIIH.

I'pammaTuyeckuit acnekT — (GOpMBI MpOUIEAIIEro BpeMeHU. JIeKCHMuecKuil acmekr —
CIIOBOCOYETAHMSI  «CYIIECTBUTEIbHOE-CYIIECTBUTEIbHOE». KOMMYHHMKAaTUBHBII acnmekT —
BbIpaK€HHE HEJJOBOJILCTBA.



12. [IpunatoyHble TPEIOKEHUS YCIOBUS U BPEMEHU.
Hamnucanue mucem/ paccka3zoB/0norpaduii/ 1okianoB/scce, ONMMCaHue JT0ACH/MeCT/ MHCHUH.
13. IIpoGaemMbI MOJIOICHKHU.

I'pammaTnueckuii aClieKT — MOJAJbHBIE TJ1Arojibl U UX CHUHOHHUMBI. JIEKCHMYECKHU acCHeKT —
cioBocoYeTaHMsl ¢ riaroioM ‘get’. KOMMYHMKaTUBHBIM aclieKT — BBIpAKEHUE YIUBJICHUS U
HEJIOBEpHUsI, OTCTAMBAHUE CBOEH TOYKH 3PEHHUS.

14. TTpomomkeHHOE BpeMs U €ro (DOPMBI.

['pammaTnueckue ymnpakHEHHs MO TeMe, IpaMMaTHKa B TEKCTaX, KOHTpOJbHAas pabdora,
obcyxnenue crareit mo teme Crpanbsl CoapyxkectBa BenmnkoOpuTaHuu, BHIEO W OTBETHI Ha
BOIIPOCHI, KPYIJIBIA CTOJI I10 9TOU TEME, ITOABEICHUE UTOTOB.

15. IlyremecTBus.

['pammaTrueckuii aCTeKT —  TJIarojbHbIC KOHCTPYKLUU «rJ1aroi/uHOUHUTUBY,
«rnaron/repyHanii». JIekcuueckuii aceKkT — MmpuiiararejabHble (CTENEHH CPaBHEHHUS), HApEeuusl.
KoMMyHHUKaTHBHBIN aCIIEKT — OMKCATEIbHOE TOBECTBOBAHNUE.

16. Paccka3 00 UCTOPHUUECKUX COOBITUSX.

['pammaTHyUecKuii aCEKT — MOJIaIbHbIE TJIAr0JIbl B 3HAYEHUU BEPOATHOCTH. JIeKCHUeCKUii aclieKT
— CHHOHHMMBI; YCTOWYHMBBIEC BBIPAXKEHUS C MOJAIbHBIMU Ii1aroiaMu. KOMMyHUKAaTUBHBIA acTeKT
— ¢opManbHBIN U HEPOPMATTLHBIN CTUIIM B Pa3TOBOPHON pPeyH.

17. PetieH3upoBaHUE KHUTH.

['pammaTHyUeCKHii aCIEKT — CTENIEHU CPaBHEHMsI, CPAaBHU TelIbHbIE 000POTHI. JIeKCHYEeCKHil acCTIeKT
— KHIDKHBIE  KaTeropuu  (CyIIECTBUTENbHBIC), ONHCAaHWE KHUT  (IpuUiaratejbHbIe).
KoMMyHUKaTUBHBIN aClIEKT — BEAEHUE AUCKYCCHUU O CTUJISAX U JKAHPaXx.

18. CBepXIpoBOAUMOCTb U CBEPXIPOBOIHUKH.

Urenue, nepeBoa u obcyxaenune crateit mo teme; rpammaruka The Complex Object with the
Infinitive; mpakTuka yrnoTpeOieHus 3TOW KOHCTPYKLIHHU B MPEATIOKEHUAX, JUCKYCCHUS.

19. CeMmps.

FpaMMaTI/I‘leCKI/Iﬁ aACIICKT — COCJarar€jibHOC HAKJIIOHCHUC, MacCUBHBIM 3anor. JIekcumdyeckuit
aCIIeKT — «CEeMEHHasI» JICKCHKA, (bpasoBHe TJ1aroJibl. KOMMyHI/IKaTI/IBHHﬁ ACIICKT — paCIUPCHHBIC
OIIMCaHMA YCJIOBCKA.

20. CummMmeTpus B PU3NUECKUX TEOPHSIX.

UreHue, nepeBoJl U o0CYKJE€HHE CTaTe; rpaMMaTHKa ciiydyau ynotpebieHus riarona “should”;
NPaKTHUKA Pa3HBIX BUAOB UTCHHS CTaTeH; JOKJIA/bI IO TEMAM.

21. CoBepliieHHOE BpeMst U €ro (OPMBI.



OOcyxenue, uTeHue, mepeBo] TeMarnueckux crareit [lomutudeckas cucrema Bennkoopuranum,
IpUMEpPbI TPaMMaTHYEeCKUX (DOPM B CTAThAX, HOBas JIEKCHKA B IpUMepax, pedepupoBaHue crareit
YCTHO ¥ MUCBbMEHHO, BUJICO 110 TEME U 00CYKIEHUE M MOATOTOBKA K JIOKJIaIaM.

22. CoBpeMEHHOE TEIEBUICHHUE.

['pammaTHyUeckuii aceKT — CHOCOObI BBIPAKEHUS NPUBBIYHBIX JEHCTBUM (B HACTOALIEM U
npouuioMm). Jlekcuueckuii acrmekT — OMOHUMBI U OMO(OHBL. KOMMyHHMKaTHBHBIA acHeKT —
BBIpaXCHHE CBOEH TOUYKU 3PEHUS B IUCKYCCHH.

23. CrpanatenbHblii 3a510T U ero (hopMbl. CpaBHEHHUE € ACHCTBUTEIBHBIM 3AJI0TOM.

OOcyxneHre rpaMMaTUKH B YIPaKHEHUSX W IMPUMEpax, rPaMMaTHYECKUil TECT, YTEHUE U
oOCy)XJIleHHE  HAy4YHO-TIOMYJISIPHBIX  CcTaTel 1o Teme o0O0pa3oBaHHWE, YHHUBEPCUTETHI
Benukobpurtanuu u Poccun, nekcuka cBsizaHa ¢ TeMOM 00pa3oBaHusl, BUICO3MU30/IbI IO TEME U
OTBETHI Ha BOIIPOCHL.

24. Tenora, HEPrHUs, CBET, TCOPUH CBETA.

VHOUHUTUB B COCTaBE CIIOKHOTO IOJUICXKAIIETO W B COCTaBE CJIOXHOTO JOMOJIHEHHS,
rpaMMaTHYCCKUH TECT; JIEKCUYCCKUE YIPaXKHECHHS 0 TEME; YTEHHUE, TIEPEBOJ U OOCYKICHUE
cTateid mo Teme, pedepupoBaHHME cTaTe W JOKIAABl MO TeMaM, BHJACOMATCpUAIBl U HUX
00CyXIeHHE.

25. duszndeckue OTKPBITHA PAAUOAKTUBHOCTD U PACHICIIIICHUC aTOMA.

I{TeHI/IC, nepeBoJa " 06CY)I(I[€HI/IG cTaTed 10 3TOH TEMC; I'paMMaTHUKa Q)YHKHI/II/I repynausa B
NpCJIOKCHNH, IIPUCTABKAa B CJ'IOBOO6p8.30BaHI/II/I; JCKCHUKa CBiaA3aHa C TCMOﬁ; IIpaKTHUKa
yrIOTpC6J'IeHI/I$I repyaansa B IMCbMCHHOM H3JIOKCHUH.

26. DKBUBAJIIEHTHI MOAAJIBHBIX TJ1arosioB. CTENeHu CpaBHEHUsT MpUilaraTesbHbIX U Hapeuuil.

OOBsicHEeHHe TpaMMAaTUKU C IPUMEpPAMHU U yNpakHEeHUsMH. UTeHue, nepeBoli, pedepupoBaHue
TEKCTOB U MX 00CYXJIEHHE, COOTBETCTBYIOIIAs TEKCTY JIEKCHKA B YIPAKHEHUSIX, ayJUpPOBaHNE U
yIpakHEHUs] Ha TIOHUMaHHUEe PEUH.

27. DKCTpeMaJIbHBIH OIBIT.

['paMMaTHUecKuil acleKT — OTHOCHUTEIbHBIE/BOIPOCUTEIbHBIE MECTOMMEHUS, NPUYACTHBIE U
JeenpuyacTHble  00opoThl. Jlekcuuec KWW — acmeKT —  HapeyHble  CIOBOCOYETAHMS.
KoMMyHHMKaTUBHBINA aCIEKT — OMUCAHUSI U KOMMEHTapHUH.

28. DNeKTpUYECTBO, MarHETU3M U UCTOPUS IIEKTPOHUKH.

[Tpuyactue u ero ¢Gopmbl, HE3aBUCHMBII MPUYACTHBIA OOOPOT, yHMpaKHEHHs; 0030p cTaTei,
pedepupoBaHue, HalMCaHUE aHHOTALIUH, TOKJIAJbI, OMIMCaHUe rPaUKOB.

29. IOMOp B aHIIOSI3BIYHOM JTUTEPATYPE.

FpaMMaTI/I‘{CCKI/Iﬁ ACIICKT — (I)OpMBI HACTOAIICTO BPECMCHU. JIekcruuecKui aceKkT — THIIBI roMopa.
KOMMYHHKaTHBHLIﬁ ACIICKT — SMOIMOHAJIbHBIC PCAKIIUU.

30. SlnepHbIE pEAKTOPBHI.



Urenue, mepeBoa W OOCYXKJEHHE CTaTeil; rpaMMaTHKa YHOTpeOJICHHE MECTOMMEHHUs “one” B
KaueCTBE MOJUICIKAILET0; JIGKCHKA [0 TEME; JOKJIAJIbI U BUIEO 10 TEME.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Be3onacHoCTb KHU3HEAEATEAbHOCTH

Heab AMCHUNIMHBI:

- (GopMHpOBaHHE y CTYACHTOB OOMICKYJIBTYpPHBIX M OOIIETTPO(ECCHOHATBHBIX HHTErPAIBbHBIX
KOMIIETEeHIMI OakajaBpa M KOHKPETHBIX 3HAHWW, YMEHHH M HABBIKOB B cepe 0e30macHOCTH
KHU3HEIEATEIILHOCTH, BKIIFOYasi, BOIIPOCHI 0€301TaCHOTO B3aMMOACHCTBUS YEJI0BEKa C MPHUPOTHON
U TEXHOTCHHOHM Cpenoil OOMTaHUS ¥ BOIPOCH 3aIUTHI YEIOBEKa OT HEraTUBHBIX (haKTOPOB
YPE3BBIYANHBIX CUTYAIUH.

3agauu AMCHUIINHBIL:

- 3HAKOMCTBO CTyI[eHTOB C TeOpeTI/I‘-ICCKI/IMI/I OCHOBaMH1 H HpaKTI/I'-ICCKI/IMI/I BOHpOC&MI/I
obOecreucHHs 0€30IIaCHOCTH JKH3HEACATCIILHOCTH;

- OCBOCHHUC CTYACHTAMHU IIOAXOA0B U MCTONOB CHCTCMHOI'O aHalin3a CJIOKHBIX, KOMIIJICKCHBIX,
MCXKAUCHUILIMHAPHBIX HpO6J’IGM, K KOTOPbBIM OTHOCHUTCHA obecrneyenne 0O€30MACHOCTH
KU3HCOACATCIIBHOCTH,

- OCBOCHHE CTYJCHTaMH 0a30BBIX 3HAHUU (TIOHATHUM, 3aKOHOMEPHOCTEH, KOHIICTIIINI, METO/IOB 1
Mmozeneit) B obmactu BXK/I;

- pa3BUTHC Yy CTYACHTOB Hpe,Z[CTaBJ'IeHI/II\/’I 0 CBA34X 1N BO3MOXKHOCTAX HCIIOJBb30BaHUA
TYMAaHUTApHbIX, COLIUAJIBHBIX, JYKOHOMHYCCKUX W CCTCCTBCHHOHAYYHBIX, KAYCCTBCHHBIX H
KOJMYCCTBCHHBIX IMMOAXOA0B U METOAOB IIPHU aHAJIN3C U PCIICHUHN 3a/1a4 obecneueHUs E)KI[,

- MPUOOPETEHNE TEOPETHUECKUX 3HAHUHN U TIPAKTUYECKUX YMEHUI U HaBBIKOB B obnactu BXK/I;

- (opmupoBaHUE MpeACTaBIEHUHN Y CTYIEHTOB O CBS3H CBOEH MPO(heCcCHOHATBHOM NeSTENbHOCTH
u 3aya4 obecrieuenus bX/I;

- ¢hopMUpOBaHUE Yy CTYACHTOB MPEACTABICHUI O 3HAYMMOCTU JTUYHON XKU3HEHHOW MO3UIIMU H
I/IHI[I/IBI/I)IyaHI)HOFO IIOBCICHUS JJIs O6€CHG‘~I€HI/I$[ I/IHJIHBH}IY&HI)HOﬁ )41 KOJ'IJ'ICKTI/IBHOﬁ
0€30I1aCHOCTH.

IlepeyeHb MuIaHUPYEMBbIX Pe3yJIbLTATOB 00YUYEHHS 10 JUCHHUILIMHE (MOAYJII0)
B pesynbrare 0CBOCHUS AUCIUILTUHBI 00YYatoNIecs JOKHBI
3HATh:

- C€CTCCTBCHHO-HAYYHLIC W COLUAIIBHO-9KOHOMHYCCKUC OCHOBLIL oOecrieueHHns: 0€30MMaCHOCTH
KHU3HCOACATCIIbHOCTH,



- OCHOBBI TEOPHUU PHUCKOB, YCTOMYHMBOTO Pa3BUTHUS, DSKOJIOTHYECKOH, TEXHOJIOTHYECKOM,
COLMATTbHO-9KOHOMHYECKOH B MEIMKO-IeMOrpaduieckoil 0e30MacHOCTH;

- IpaBujia MOBCACHUA B HOPMAJIbHBIX, 9KCTPEMAJIbHBIX U I-Ip63BI:I‘-IElI‘/JIHBIX CUTyalludX WU OKa3aHUsA
HepBOﬁ IMOMOIIH IMPU HECUACTHBIX ClIydasaX, aBapuix, I-Ip63BI:I‘-L’:H\/JIHBIX CUTYyalluAdX;

- TPUHLMIBI U OCHOBBI YINPAaBICHHUS TEXHOJIOTMYECKMMH U COLUUAIBHBIMU PHUCKaMH,
MPOTHO3UPOBAHUS, MPEAYNPEKICHHUS, YMEHbIICHUS U JIMKBUAALUU TOCIEACTBUI HECUACTHBIX
CJIy4aeB, YpE3BbIYAWHBIX CUTYAIIUH;

- TOCYZJapCTBEHHYIO [TOJINTUKY, TOCYIaPCTBEHHBIE CTPYKTYPhI U CUCTEMY MEPOIIPUATHI B 00J1aCTH
obecrieueHns 6€30MaCHOCTH KU3HEAEATEIbHOCTH.

yMeTb:

- aHaJIM3MPOBATh AHTPOIOTCHHYIO JEATEILHOCTh U €€ CBSI3b C JKOJIOT0-3KOHOMHUYCCKHMU
npobaemamu 1 ipobiaemamu obecrieuenust bXX/1;

- HaXOAUTb, aHAJIM3UPOBATH U O606I.[IaTB I/IH(bOpMaI_II/II-O 110 KOHKPETHBLIM BOIIpOCaM, CBA3aHHBIM C
HpO6J’ICM3.THKOI>i 0€e30IacHOCTH KU3BHCOACATCIIbHOCTH,

- HAXO/IUTh M AaHAJTM3UPOBATD CBA3b MEKIY 3aa4aMH CBOSH MPOo(eCcCHOHATBHOMN NeSITeILHOCTH 1
3amadamu obecrieueHust bXX/I;

- KCIIOJIb30BaTh 3HaHUA B cepe obecnieuenus: bXX/[ B cBoeil mpodeccronanbHON ASSITENbHOCTH;

- IIPUMEHATH OCHOBHBIE METOJBI 3aLIUThl IIPOU3BOACTBEHHOIO IEPCOHANIA M HACEJICHHUS OT
BO3MOYHBIX MTOCTICICTBHI aBapHii, KaTacTpod, CTHXUUHBIX O€JICTBUH;

BJIA/1eTh:

- CHUCTEMHBIM MOAXOJO0M K aHaJM3y COBpeMEHHbIX Ipobiem obecnieuenuss bXX]I u x Bompocam
3aIIUTHl MPOU3BOJICTBEHHOIO IIEPCOHANIA M HACENEHUs OT BO3MOXHBIX IOCIEICTBHU
Yype3BbIYAITHBIX CUTYAIWil: aBapuil, CTUXUIHBIX O€JCTBHI, KaTacTpod;

- IpUHOUIIaMU U OCHOBHBIMH HABBIKAMHA 0e30I1acHOro ITOBCICHHA B 6BITy U IIpH OCYHIECCTBJICHUU
HpO(i)eCCI/IOHaJ'IBHOI\/'I ACATCIIBHOCTH, B YACTHOCTH, IIPU HECUACTHBIX ClIydadX, aBapHsiIX,
qpe3BLI‘laI>iHBIX CUTYyalluAX;

- HaBBIKAMHM CAMOCTOSATEIBHOTO (U3UYECKOTO0 BOCIUTAHUS UM  YKPEIUIEHUS 3/I0pOBBA,
HEO0OXOIUMBIMH Il BEIEHUS 3J0POBOr0 00pa3a )KU3HU.

TeMbl u pa3jaesibl Kypca:
1. AxtyanbHble mpobaemsl obecriedenus bX/I.

CuctemHublii aHanu3 npoOnem obecriedenuss bXJ[ m pa3Butus denoBeyecTBa. YcCTOWYHMBOE
pa3BUTHE U 3KOJOrHyeckast 6€30MacHOCTb.

[TpoGnembl oOecnedyeHuss S3KOJOTUYECKOW U JIPYrMX BHAOB 0O€30IaCHOCTH U pa3BUTHS,
MEXIyHapOaHAas JeATeIbHOCTh, TOKYMEHTbI, KOHBEHIIMH U COrJalleHusi B 3Toil chepe. OmnbIT
MEXYHApOJAHOIO COTPYJHHUYECTBA U COBMECTHOTO aHaiM3a MpoOaeM pa3BUTHS U oOecreueHus



6e3onacHocTu. Kondepenmus mo okpyxatomeit cpene u pazsututo OOH (KOCP 92) B Puo-ne-
XKaneiipo: mpoGiembl, UX 00CYXIEHHE, TMO3UIUH CTOPOH. OCHOBHBICE UTOTU U JOKYMEHTBI.
YcToitunBoe—pa3BUTHE — ABa B3TJs1a HA OJHY IpodieMy. 3amuTa HHTEPECOB Pa3BUTHIX CTPaH
WIH HEOOXOIMMOCTh Mepexoaa K HoocepHOMY MbIIUICHHIO? [ocymapcTBEeHHAs MOTUTHKA
pa3IMYHBIX CTPaH U MEXIYHAPOJHOE COTPYIHUYCCTBO B 00JACTH OOECICUCHUS YCTONYHUBOTO
pa3BUTUSA M JKOJOrMueckor OesomacHoctu mocne Puo-ge-XKaneiipo (KOCP 92). CrobGomnas
DHEPrus KaK XapaKTePUCTUKA BO3MOKHOCTEH CHCTEMBI, B TOM YUCJIC BO3MOKHOCTEH €€ Pa3BUTHSL.
CBOOOTHO-PHEPTreTUICCKU aHAIU3 U IMITUPUIECKHE 000OIIECHUS MOBEACHUS Pa3BUBAIOIINXCS
cucteMm. Kputepun ontuMu3anuy WX SBONIONUH. Pa3BUBAIONIMECs SKOJIOTHYECKHE CUCTEMBI U
ouocdepa. [1oHATHS PKOJOTHMUYECKOW IIEHBI U €€ Pa3sHOBUIHOCTH — OHMOC(EepHOW IeHBI, HX
cBOiicTBa. basupyromasics Ha OCHOBE TIOHATHS SKOJOTHYECKON IEHBI KOHIICTIIHUS YCTOWYHUBOTO
pa3BUTHS M 0€30MacHOCTH (KOHIENIHs OnochepHOil (IKOJOTHYECKOM) IEHBI) KaK pean3alius
¢bu3znyecKoro Mmojaxona IJjs aHaldu3a Pa3BUTHSA SKOJOTUYECKHUX U COLHAIBHO-3KOHOMUYECKHX
cucteM. CBsi3p KoHIENUUH OHochepHON (IKOJOTHUECKON) LIEHBI C APYTMMU KOHUEHIUSIMU
0€30MacHOCTH U YCTOMYMBOIO Pa3BUTH U KPUTEPUSMHU COLIUATBHO-I)KOHOMUYECKOTO Pa3BUTHS.
PaccmoTpenne mOTOKOB BelecTBa, CBOOOJHON HSHEpruu HH(OpMAIMKM - OCHOBAa aHaIn3a
0e30MacHOCTH U YCTOWYUBOTro pa3BuTus. KoHuenmus 6uochepHoit (3K0I0rn4ecKoii) eHbl KaK
pUMep UCTHOIB30BaHUsl (U3UUYECKOTO MOAX0a sl aHaTu3a MPOo0JIeM YCTOHYMBOTO Pa3BUTHUS U
0€30MacCHOCTH. DMIIUPUUSCKHH, “OKOHOMUYCCKUN | “(DU3UICCKUN” TTOIXO0/IbI K MOJICTUPOBAHHUIO
Ooynymero. Ilosectka Ha XXI Bek M akTyanpHble MpoOIeMbl oOecreueHus: 0€30MacHOCTH Ha
J100aTbHOM U HAallMOHAIILHOM YPOBHSIX.

BrIsABiIeHME IPUOPUTETOB, TIOCTAHOBKA 3aAa4 U MozaenpoBanue B bXK/I.

[TpuponaHbie, TEXHOTEHHBIE, COIIMAIbHBIE  AKOJIOTUYECKUE PUCKHU, UX PAaHKHUPOBAHUE, BHISIBICHUE
MPUOPUTETOB M MOCTAHOBKA 3a/la4 WX CHIDKEHUs. MojaenupoBaHue pa3BuTHs coObiTHil. [lepeBo
coObITHii. MaTreMaTH4eckoe MOAEIUPOBAHUE: TETEPMUHUCTCKUE U BEPOSTHOCTHBIE MOIXOIbI K
MOCTPOCHUIO KOJIOTUYECKMX MOJeNeil, Mojesiell pa3BUTUs aBapuil, KaTacTpod M CTUXUHHBIX
OencTBuid, Mojienei pa3Butus oobmectBa. ClieHapUu U MOJIEIH Pa3BUTHs aBapuil, KaTacTpod u
CTUXUUHBIX OencTBuil. MoenupoBaHue U MOCTPOSHUE CLIEHAPHEB Pa3BUTHUS IIUBUIIM3AINU U €8
B3aUMOJICMCTBUSL C MPUPOJON KAaK METOJ BBISABICHHUS CHUCTEMHBIX OINACHOCTEH W yrpo3 IS
yesioBeKa M Mpupoabl. icTopus rinobalbHbIX U PETHOHAIBHBIX MOJENEH pa3BUTUA: CTPYKTypa U
ocobennoctu wmogueneit doppecrepa, MenoyzoB u ap. HayuHble ¥ NOTUTHYECKHE HUTOTH
MOZACIIMPOBAHUA PA3BUTHUA 3a UCTBCPTh BCK, KaK PE3YyJIbTAT HMCIIOJLB30BaHHUA MCTOAA BBIABJIICHUA
CHCTEMHBIX OMTACHOCTEH 1 YIpO3 U CIOCOOOB MX MPEIYIPEKICHUS U CHIDKCHHUS MTOCIIEACTBUH MPU
peanusaiuu 3TuX yrpos.

['moGanpHBIe U HAIIMOHANBHEIE MPOOIEMBI 00ecrieueHns 0€30MacHOCTH.

[ToBectka Ha XXI Bek, KoHuenuu HalnuoHanbHOM 0€30MaCHOCTU U aKTyajbHBIE MPOOIEMbI
oOecrnieueHrs OE€30MACHOCTH Ha I100aJbHOM M HAIlMOHAJIbHOM YPOBHSIX. [IpuMepsl akTyaabHBIX
npoOieM B chepe r1odabHOM, PErMOHATBFHON M HAIIMOHAILHON 0€301MaCHOCTH: MCTOPUUYECKHE,
reorpapuueckre, CTpaHOBBIE, COLIMATBLHO-3KOHOMHYECKHE M COIMOKYJIbTYPHBIE pazIuuMs U
AQHAJIOTUU, TYTU U TEPCIEKTUBBI UX PELICHUS.

2. be3onacHOCTh M €€ KOJMYECTBEHHAs OIeHKA, KOHIIENIUH M HHCTPYMEHTHI oOecreueHus
6e3omacHOCTH. Upe3BblyaliHble CUTYAIUH.

W3mepenue, BUIbI U yCIIOBUS 00ecrieueHus: 6€30MacHOCTH.



[Ty, 3amaunm M METOABI YNpaBiICHHS O€30MACHOCTHIO. ANTOPUTMBI OOECTICUEHHs JTHYHOM
0€30IaCHOCTH U aJITOPUTM OOIIEH cXeMbl IeHCTBUI TOCYAaPCTBEHHBIX CHCTEM O€3011aCHOCTH.

Kpurepuu, omnpexaensmoonye ypoBeHb O€30MACHOCTU: MOMYJISIUOHHBIN H 3IKOJIOTHYECKUN
noaXobl. Meauko-neMorpagueckue IMOKa3aTeld OMAaCHOCTH W O€30MacHOCTH: CpPeIHss
okKuJaeMasi MpOJIOJKUTEIBHOCTD MPECTOSAIEH KU3HU, UHIEKCHI 370pOBbsl Hacenenus, DALY,
QALY wu ap.

Konneninu odecrieueHnst 0€301aCHOCTH.

. Konnenmust abcomorHoii  GezomacHoctd  (ALAPA), wuHCTpyMEHTHI obecriedueHus
0€30IacHOCTH M OCOOEHHOCTH HOPMATHBHO-IIPABOBOM 0a3bl — CIIEACTBHS HUCIIOJIB30BAHUS
JAHHOW KOHLIENILMU: TNpeaenapHo aonyctuMble kKoHueHTpauuu (IT1K), npenensHo nomyctumbie
ypoau BoszaectBus (II1Y), mpexensro momyctumbie BeiOpocsl u cOpocel (IIJIB u ITIC),
TpeOOBaHUS 1O 0€30MaCHOCTH K OOBEKTaM XO3SMCTBEHHOM JesTeNbHOCTH. JlOCTOMHCTBA U
OrpaHUYEHUs KOHLENIMH a0COIFOTHON OE€30I1aCHOCTH.

. KoHuenmus  «3aTpaTel-BbIrOJAa» B TPAJULUOHHOM  J€HE)KHOM  PACCMOTPEHHUH:
JIOCTOMHCTBA, NPUHLUIHUAIBHBIE MPOOJeMbl M HelocTaTKu. MHCTpyMEHTBI M OCOOEHHOCTH
HOPMAaTUBHO-TIPAaBOBOW 0a3bl, yUUTHIBAIOIIEH JaHHYIO KOHLEIIUIO.

. Konnenmus mnpuemnemoro pucka (ALARA). Ilpouenypsl coriacoBaHus ypOBHS
IPUEMJIEMOTO0 PHUCKa U BO3MOXKHOCTU €ro0 3aKOHOJATEIBbHOr0 peryiupoBaHus. Onrumuzanus
HPOJIOJDKUTEIBHOCTH KHU3HU U YCTOMUMBOCTH 3KOJIOIMUYECKUX CHCTEM.

® KOHI_IGHI_[I/ISI YCTOIZQHBOFO Pa3sBUTHUA H JKOJIOTHYECKON O€30IacHOCTH M KOHIICIIIHH,
OCHOBAHHBIC Ha aHAJIMU3C IIOTOKOB BCIICCTBA, DOHCPIUU U I/IH(I)OpMaI_II/II/I. IToaxoapl K MOHUMaHUIO
IIPUOPUTCTOB H HYTeﬁ obecrneueHus YCTOP'I‘IHBOFO Pa3BUTHA: TCXHOKpPATHYECKAA, PECYPCHO-
TCXHOJIOTHUYCCKAA, SHCPTCTUUCCKAA, NPUPOJOOXpaHHaA, SKOJIOTrHYCCKad U KYJIIbTYPOJIOIrnuCCKasa
napajaurMal.

AHTpOTNIOTE€HHAs JIeATeTLHOCTh, TeXHOC(hepa U 6€30MacHOCTb.

Peakuust opranusma yenoBeka B TeXHOCepe Ha MOTOKU DIEKTPOMATHUTHBIX MOJEH, TyMOB,
paaualuu, UCKyCCTBEHHOTO OCBELEHUsA. MeTo bl 3aluThl. XUMUYECKUE YIpo3bl buonornyeckue
yrpo3bl: HH(GEKIMOHHBIE 3a00eBaHus1, MHBa3uU. KauecTBO Bo3ayXa U MUTHEBOU BOJIbI, TPUYUHBI
3arpsi3HEHUs, CHocoObl OYMCTKH. KaHIEepOreHHble BeIIeCTBa, MPEAeNbl JIOMyCTUMBIX
koHuentpanui (ITIJJK), meTonpr 3ammTel. DKOJOTUYECKHE OMACHOCTH aBAPUHHBIX, OBITOBBIX
OTXO0Z0B U BBIOpOCOB. COBpEeMEHHBIE TEXHOJIOTMHM YTUJIM3AIMU JKUJIKUX, Ta3000pa3HbIX U
TBEPJIBIX OTXOIOB.

[TpupoaHble U TeXHOTeHHbIE Ype3BbluaiiHbie cutyaruu (UC) u 6€30macHOCTb.

[Tpuponusie kaTtacTpodsl. TexHOreHHblE aBapUM: MPUUYUHBI M TOCIEACTBUSA. Upe3BblyaiiHble
curyauuu (YC): onpeneneHue, cxema MpoTeKaHMs, KIacCU(PHUKAIIMH, XapaKTEPUCTHKH, TUITOBbIE
¢asel.  [Ipupogusie u Texnorenusie YC B Poccun.

3. I'ocynapcTBeHHas! MOJIUTHKA, TOCYIaPCTBEHHBIE CTPYKTYPBI, CHCTEMbI 00ECIIEYeHHS U METO/IbI
yIpaByieHUs1 0€30MaCHOCTHIO.

['ocynapcTBeHHas MONUTHKA U cCUCTeEMa MeponpusiTuil B odnactu obecneuenus bXKJ| nacenenusi.



OCHOBHBIE TPUHIUIIBI TOCYIApCTBEHHOW MONMUTHKKA 10 oOecneuennio bXXJ[ Hacemenws.
3akoHogarenpHass ocHOoBa oOecmeueHuss bXK]J| wacenenuws. OpraHu3aiioHHass OCHOBA
obecnieuenus XX/ nacenenus. O0ecrnieueHre TEXHOJIOTMYECKOM 0€30IacHOCTH B 0€30IMaCHOCTH
Tpyna. ['ocymapcTBeHHBIC TPOrPaMMBbI B 001aCTH COLMATHLHO-9KOHOMHYECKOTO pa3BuTus Poccus
u obecnieuenue bXX/I.

['ocynapcTBeHHas cucteMa npeaynpexaeHus 1 JIMKBuaanuu nociueacteuit YC.

JeiictBus rocymapctBa M Ou3Heca MO MNPEAYNPEKICHUIO,  CHWXEHMIO U JIMKBHJALMU
nocneactsuii YC. OcHOBHBIE METOABI 3AIMTHI IPOU3BOACTBEHHOIO IIEPCOHANIA U HACEJIEHUS OT
BO3MOXHBIX MOCJEICTBHIA aBapuii, KaracTpod, cTuxuitHbix OexctBuil. VHauBHIyanbHbIE U
KOJUIEKTUBHBIE IEHCTBUS IPU HECYACTHBIX cinydasx u npu YC.

4. EcrecTtBeHHOHay4YHbIe OCHOBBI oOecrnedeHust bXK/I.

YcnoBus CYHICCTBOBAHUA JKHN3HMU. EcrecTtBennas u HCKYCCTBCHHAasd Cpcaa oOutauua u
0e30MacHOCTb KHU3HEeAeATeIbHOCTU. brocdepa.

BzaumopeiictBue OmocucTeM W UeJIOBEKa COBPEMEHHOI'O HMHIYCTPHUAIBHOIO OOIIECTBa C
KOMITOHGHTaMH Cpejibl 00uTaHus - onocdepoit, TexHochepoit u conmaibHON cpenoi. Yemonek,
OpupoJa M HKOHOMHKA. OKOJOTHMYECKMH TOAXO0J K aHalmu3y MNOTPEeOHOCTEe dYenoBeka.
YenoBeuecTBO M 4eNOBEK Kak Oompiive cucteMbl. Kiaccudukamus u uepapxus notpeOHocTen
yenoBeKa. JKoynorus, pusuka u 0e30MacHOCTh KU3IHEAEITEILHOCTH.

q)aKTOpr, BIMAKOIIHNEC HA 0e301acHOCTh KHU3HCACATCIIBHOCTH.

YcnoBust obecniedyeHus: O6e3onacHocT. ['omeocTas. J[mHaMHYECKOe COCTOSIHHE YeI0BEYECKOTO
OpraHu3Ma, XapaKTepHU3yHIleecs IMOITHONH TNCHMXO(PU3MYECKOW M COIMAIbHONH TapMOHUCH B
HOPMAJIBHBIX YCIIOBHSIX U IKCTPEMAlIbHBbIC YCJOBUS KH3HEICATSILHOCTH. KpuTepuu oleHKu
3I0pOBbSl HACEJECHMsI M CTaHIApThl KadyecTBa OKpYXKaromiel cpeipl. MexaHW3Mbl afanTaiuu
YeIOBEUYEeCKOro OpraHu3Ma K IMOTOKaM JHEPruH, BeUlecTBa M HHQPOpPMAIMU M TpEIeNbl ero
BbDKHMBaeMOCTH. Hecnenududeckue peakiiuu opraHu3Ma 4eloBeKa Ha BHEIIHUE BO3/CHCTBUSL.
Crpecc.

5. MGI[I/IKO'I[GMOFpaq)I/ILIeCKI/Ie XapaKTCPUCTHUKU 0e30IMaCHOCTH M CTEIICHU pa3BUTHUA O6I_I_I€CTBa.
BOCHpOI/ISBOI[CTBO HaCCJICHUA U ,HeMOFpa(I)I/I‘leCKaH 0e30IMacHOCTb.

Cpe)lem oxXugaemast HpO}IOJ'DKI/ITCHI)HOCTB HpeI[CTOﬂIHefI KHU3HU nu z[pyrI/Ie MCINUKO-
neMorpaduueckne IMoka3aTesld Kak XapaKTePUCTHKH OE30MacHOCTH W CTENCHW Pa3BUTHUS
oOrrecTBa.

MC,Z[I/IKO-IICMOFpa(bI/I‘{CCKI/IC IMMOKa3aTeCiin, XapakKTCPU3yrOIUueC ypOBCHb 0C30IMaCHOCTH U CTCICHb
Pa3BUTHA O6H.[CCTBaI OIPECACIICHUSA, IPUMCPbI, HUCTOPHUYCCKUC, CTPAHOBLIC, COIMaJIbHO-
9KOHOMHYCCKUC U COLIMOKYIIBTYPHBIC pa3JINuUA U aHAJIOTHHU.

MHTEHCUBHOCTh CMEPTHU U TUIIOTE3bI €€ MPUYNHHO-CIIEICTBEHHBIX 3aBUCHMOCTEH: reHeTHUeCcKas,
HKOJIOTMYECKasl, COIMOKYIbTYpHast (A7 4YeloBeKa) U aJanTalMOHHAas JIeTePMHHALINU.
BospacTtHasi 3aBHCMMOCTh MHTEHCHUBHOCTH CMEPTH M €€ KOJMYECTBEHHBbIE, B TOM YHUCIE U
napaMmerpuueckue, onucanus: npuOmkenus [ommepma, [ommepna—Meilikema U Ap.
MHTEHCUBHOCTh CMEPTH U €€ BHJIOBBIE, IOJOBbIE, reorpaguueckue U COUUOKYIbTYpHBIE (IS
YeJoBeKa) pa3nuuusa. MianeHueckass CMEpTHOCTh. lMcTopuueckoe H3MEHEHHE BO3PACTHOU



CMEPTHOCTM M NPOJODKUTENBHOCTH KM3HM B 4eJOBEeYeCKOM obmecTtBe. B3anmocsssb
MHTCHCUBHOCTH CMEPTH U BO3PACTHOW CTPYKTYPHI C OOIIUM KO3(pPULIMEHTOM CMEPTHOCTH U
CpeIHEN NPOAOJIKUTENBHOCTBIO KU3HU. CBSA3b XapaKTEPUCTHUK CMEPTHOCTU Ul YEJIOBEKa C
SKOHOMUYECKUMHU U COLUAIBHO-TIOJTUTHYECKUMH YCIOBUSAMH, C KYJIbTYPHBIM YPOBHEM HACEICHUS
Y YPOBHEM Pa3BUTHUS MEIULMHBI U CUCTEMBI 3IpaBOOXPAHEHHUS.

BOCHpOI/I3BO,Z[CTBO HaCCJICHUS. I[CMOFpa(i)I/ILIeCKaH W HallMOHAJIbHAasA 0€30IaCHOCTh MX CBS3b C
XapaKTEPUCTUKAMH CMEPTHOCTU U POKIAAEMOCTH.

BocnponsBozcTBo HaceneHus u geMorpaduueckas 6e30acCHOCTb Kak BaKHEHIIIask COCTaBIISIONIAs
HAIlMOHANBHON Oe3omacHoCTH. PoXIaeMoCTh B MONYISIMAX OWOJIOTUYECKUX BHJIOB U B
yesoBedeckoM obOmecTBe. CBs3b POXKIAEMOCTH U CMEPTHOCTH C JAPYTMMHU JAEMOTpapUIecKUMH,
COLMAIbHO-9KOHOMHYECKUMH U SKOJIOTMYECKUMHU XapakTepucTukamu. Jlemorpaduueckue
MOJICIM M CIEHApPUU K3MEHEHHs] YHMCICHHOCTHM HaceneHus. Jlemorpaduueckuii mepexos.
KoadduumeHt GpepTUabHOCTH U €ro CBsi3b C SKOHOMHUYECKUMH, KYJIbTYPHBIMH U COLHMAIIBHO-
MOJINTUYECKUMU YCIOBUSAMM M JKOJIOTMYECKUMHU XapakTepUCTUKaMH. BospacTHas CcTpykTypa
POXKITaeMOCTH W €€ HMCTOpHYEcKas HBOMIONUS. DepTHILHOCTh U JeMOrpaduyecKuil mepexo/.
LlenenanpaBieHHbIE MOMBITKH YIOPABICHHUS POXKAAEMOCTBIO. DKOHOMHUKO-IeMorpadudeckue
MOJIEIM BOCIIPOU3BOIcTBA HaceneHus. [Ipodiaemsl nenonynsiuuu HaceneHus Poccun.

HepCHeKTI/IBH U ITIYTHU IPOAJICHUS aKTHMBHOM JKM3HU YeJI0BeKa.

ConmanbHbIe acTIeKThl ¥ OMOJIOTHS TPOJIOJDKUTEIBHOCTH XKU3HH. beccmepTue u cnennpuveckue
XapakTEPUCTUKH  BO3PACTHOM  3aBHCHUMOCTH  HMHTEHCUBHOCTH  CMEPTH. CornuanbHo-
HYKOHOMHYECKHUE, SKOJIOTUYECKHEe M OMOJIOTHYECKHE ACTEPMUHAHTHI BO3PACTHON 3aBHCUMOCTH
MHTEHCUBHOCTU CMEPTHU U NPOJOHKUTEIBLHOCTH KU3HU. 3allpOrpaMMHUPOBAHHBIN IIPEEI KU3HU,
JeTaJbHbIE HAPYLIEHUS CUHXPOHU3aluu (PU3HOJOTMYECKUX IMPOLIECCOB KAK Pe3yJbTaT pocTa U
Pa3BUTHS WM OTKa3bl (PYHKIIMOHUPOBAHUS OpraHM3Ma KaK CIIEACTBUE HAKOIJICHHS Je(PEKTOB B
IpoLecce >KU3HEAEATeIbHOCTU. Moienn MHTeHCUBHOCTH cMmepTu. CoBpeMEeHHas MEIUILIMHA U
NEPCIEKTUBBI NMPOJUIEHUE KU3HHM. OXpaHa MaTEepUHCTBA M JIETCTBA U YBEIMUYEHUE CpPEIHEHN
IPOIOJKUTEIBHOCTH )KU3HU. BbI00p 3710p0oBOro 006pa3a »KU3HU — peaabHbII YTk K YBETUYEHUIO
IIPOIOJKATEIIBHOCTH JKU3HU.

6. OCHOBBI TEOPHH PUCKOB U cTpaTerndyeckue pucku Poccum.
[Tonsitue, hakTopsl, chepbl BO3HUKHOBEHUS U KIacCU(UKAIIUN OMACHOCTH.

OrnacHOCTh, KaK yrpo3a NMPHUPOIHOM, TEXHOTEHHOH, COLMATbHON, BOCHHOM, SKOHOMUYECKOU U
JIPYTrOM HAIpPaBJIEHHOCTH, OCYIIECTBICHUE KOTOPO MOKET MPHUBECTU K YXYIIICHUIO COCTOSHUS
3/10pOBbS MJIM CMEPTH YEJIOBEKa, a TAKXKE HAHECEHUIO ylep0a OKpy:Karollen cpese.

Knaccudukanuu onacHoCcTH:
. 0 MPOUCXOKJCHHUIO (PaKTOPOB: TPUPOIHBIC, COLIUATBHBIE, BOGHHBIE, TEXHOT€HHEIE,
JKOJIOTHYECKHE U CMEIIaHHEIE;

. 0 MEXaHM3MaM peanu3aluu: (QU3UYECKUe, XUMHUYECKue, OUOJIOTHYECKUue |
ncuxogusnonorndeckue (mo opunuansHomy cranaapry (FOCT 12.1.0.003-74));

. 1o ¢popMaM NPOSIBICHUS: CTUXUHHBIE O€CTBUS (3EMIIETPSICEHHUS], CEIH, YparaHbl, CMEpUn
U JIp.), IPOMBIIIJIEHHbIE U TPAHCIIOPTHBIE aBapyu, CllydaifHble OTPaBICHUS U JIp.



. [0 BUAAM: NPUPOAHAsA, IOXKApHAsA, XUMHUYECKas, paJualllOHHAas, MPOMBIIIJIECHHA,
neMorpaduueckasi, conuaibHas, acTepOUIHO-KOMETHAS U JIp.

. M0 JIOKAJIM3al[MK: OIMACHOCTH CBsI3aHHbIE ¢ JUTOC(Epoii, ruapocdepoii, armochepoit u
KOCMOCOM.

. 0 BHJIaM yiep0a: COLUaTbHBIM, TEXHUYECKHM, YKOJOTUUECKUM U JIp.

. 10 MacmTady pacpoCTpaHEeHUs U pa3Mepam yuepoa

Puck xak MEpa OITaCHOCTH.

Knaccugukanum puckoB u NOAXOAbI K ONPEIEICHUIO €r0 YPOBHS: WHKEHEPHBIM, MOJICJIbHBIMH,
JKCIIEPTHBIN, COLIMOJIOTHYECKHM. DaKTOPBI, ONIPEACIAIOIINE PAHKUPOBAHUE CTEIIEHHU OIIACHOCTU
(pucKa): KOHTPOJIIMPYEMbIe, HEKOHTPOJIUPYEMbIE, BUMMbIC, HEBUIUMBIC PUCKH, BBIOOPHI CHCTEM
paccMOTpeHHUs ISl OLIEHKU pUCKOB. J[0OpoBONIbHAS M IPUHYIUTEIbHAS ONTACHOCTD, MPUEMIIEMBIN
puck. Kiaccudukanuu puckoB: 1Mo IPOUCXOKACHHUIO; [0 BULy OIACHOCTH; 10 XapaKTePy U YUCITY
MCTOYHHKOB; TI0 PEIUIMEHTaM PHCKa; 10 MacIITa0y 30HbI MOPAKEHUS; TIO SAUHUIIAM U3MEPEHUS
pucka. TeXHOTeHHbI HHIUBUIYAIbHBINA U COLUATIbHBIN (TPYIIIOBOM) PUCKU. Y POBHHU ONACHOCTHU
(pucka) U uX KoJMuecTBEHHas oueHka. CTpyKTypa pUCKOB CMepTHU. XapaKTEPUCTUKH JUIsS
MU3MEPEHMS OIACHOCTH, CBA3aHHBIE C YIETOM Ka4yeCTBa KU3HU.

Crpaternyeckue pucku Poccun.

Cocrosnue Oe3zonacHocT coBpemMeHHoW Poccumn. Crparermueckue pucku Poccun: B
MOJIMTUYECKON cdepe; B SKOHOMUUECKOH cepe; B connanbHON cdepe; B HAyIHO-TEXHUIECKOM
cdepe; B NPUPOJHON U TEXHOreHHOH cdepax. IIporHo3 u3MEHEHHs] CTPATErHYECKUX PUCKOB
Poccun u Mepsbl 10 X CHUYKEHHUIO.

Hpo6neMa KOJMYECTBEHHOM OIIEHKU OITAaCHOCTH M CTAaTHCTHKA KaTaCTPO(i).

TpaauMOHHBIN MOAXOJ K OIEHKE pUCKAa M CTAaTHUCTHKA KaTacTpod. 3aKOHBI pacmpeiesieHus
BEpPOATHOCTH HACTYIUIEHUS aBapHii, karactpod u KpuszucoB. PacmpeneneHust ¢ TEKENBIMU
xBoctamu. [Ipumep pacrnpenenenus Ilapero u yceu€nnoro pacnpenenenus Ilapero. Ilpumepst
HEYCTOWYMBOCTU U Ci1a00i MHGOPMATHBHOCTH CpPEIHUX 3HAYCHHH ymiepba mpu karactpodax,
OLICHOK ITOBTOPSIEMOCTH U MaclITab0B «HAHOOJIBIINX» YIIEPOOB.

7. IloaroTOBKA K JIEKIIMOHHBIM KOHTPOJIbHBIM pa60TaM 1 UX BBIITOJITHCHHC.

8. CamocoxpaHuUTeNbHOE MOBeJIeHHe, 3/10poBbI 00pa3 »xu3Hu (30X), uHAMBHUIYyaNbHbIE
JEHCTBUS B CUTyalMsX MOBBILIEHHON OMACHOCTH.

MeTo/1p1 TOBBIIEHUS] YCTOMYMBOCTH K CTpECCy M 30pOBbIit 00pa3 xu3au (30XK).

HpO(I)I/IJ]aKTI/IKa M IIOBBIIICHUC YCTOIZQHBOCTH OopraHu3ma 4€JIOBCKa K BHCIITHUM BO3JCHCTBHUSIM.
CnocoObI HOBBIIICHUS yCTOﬁqHBOCTH OopraHu3Ma IpUu KPaTKOCPOUYHOM U XPOHUYCCKOM CTPECCE.

Posb akTHBHOTO 00pa3a ®U3HU U CAMOCOXPAHUTENIBHOTO MOBECHHS B (YOPMUPOBAHUH 3/10POBbS,
30X u bXX/I. Bpenubie mpuBbIUKU: OHOTOTHIECKHE, METUIIMHCKUE U COIIMATEHO-I)KOHOMUYECKHE
aCIIEKTBHI.



NunuBunyanpHble TEWCTBHS B OKCTPEMAJbHBIX CHUTYallUSX M OKa3aHWE IEPBOM IOMOIIU
MOCTPA/IaBILIUM.

OO0pa3 neicTBUil U CaMOCOXPAaHUTEIBHOE MMOBEJCHUE B AKCTPEMAIILHBIX U OMACHBIX CUTYAIIHSIX.
OxkazaHue caMOIIOMOIIY | TIEPBOM MTOMOIIIX TTOCTPAIaBIINM ITPU HECYACTHBIX CIIyYasiX, aBapusiX U
Karactpodax.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukaagabie MaTeMaTHKA U (PU3UKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Buoaorus

Heab AMCHUNIMHBI:

- cdopmHpoBaTh OOIIME MPEICTABICHHUS O YeNOBEKe KaK O YacTU MPHUPOJbI, O €IWHCTBE U
CaMOIICHHOCTH BCEr0 JXMBOTO M HEBO3MOXKHOCTH BBDKMBAHHS 4YEIOBEYECTBA 0€3 COXpaHEHHS
Oounocdepsl, a Takke 00yYUTh TPAMOTHOMY BOCHPHUATHIO MPAKTUYECKUX MPOOIJIEM, CBSI3aHHBIX C
Ouosorueii, B TOM Uuciie — 3J0pOBbs UEI0BEKA, OXPaHbl IPUPOIbI, IPEOI0JIEHUS IKOJIOTHIYECKOTIO
KpHU3HCA, IPUBUTH HABBIKU 3KOJOTUYECKON KYJIbTYPBHI.

3agauu AMCHUIINHBIL:

- M3y4uTh (YHIAMEHTAIBHBIE CBOWCTBA JKMBBIX CHUCTEM (CaMOOOHOBJICHHE, CaMOpPETYIILus,
CaMOBOCIIPOM3BOJCTBO) M aTpHOyThI KU3HH: OOMEH BEUIECTB M SHEPIHH, Pa3IPaXKHUMOCTh,
roOMeoCTas, pa3MHOKEHHE, HACIEACTBEHHOCTh U U3MEHUNBOCTb;

- 03HAaKOMHTBCS C YPOBHSIMU OpraHM3alllu HUBOT'O U MPOSBICHUEM (yHIAMEHTAJIbHBIX CBOWCTB
KMBOI'O HAa OCHOBHBIX 3BOJIIOLIMOHHO-OOYCIIOBJIIEHHBIX YPOBHSAX OpPraHMU3aLUMU: MOJIEKYJSPHO-
TeHETUYECKOM, KJIETOUYHOM, OHTOT€HETHYECKOM, HOMYJIALUOHHO-BUIOBOM,
OuoreoneHosoruyeckom, ouochepHom. M3yunts cTpoeHHe U MPUHLUUIBI (QYHKIIMOHUPOBAHUS
CTPYKTYPHBIX KOMIIOHEHTOB JJIEMEHTapHON €IMHHUIbI KUBOTO — KiIEeTKH. O3HaKOMHUTbCA C
OCHOBHBIMH METa0O0JINYECKHMH NPOLIECCaMU, POTEKAOIIMMHU B KIIETKE;

- OBHAKOMHUTLECA C BUJAMU PA3MHOKCHHA B KHMBBIX CUCTCMaX. I/ISy‘lI/ITB OCOOEHHOCTH IT0JIOBOTO
Pa3MHOKCHU, (1)OpMI/IpOBaHI/Ie IMMOJIOBBIX KIJICTOK, OINIOAOTBOPCHHUE, BHUIAOB U 0coOeHHOCTEH
WHAUBUAYAJIIbHOT'O PAa3BUTUA;

- U3YYUTh MOJIEKYJIIPHBIH YPOBEHb OpraHM3allUU KUBOTO: CTPYKTYPY M (DYHKIMM TJIaBHBIX
O6uonoauMepoB (OeNKH, KUPbI, YIIEBOJbL, HYKJICOTH]bI). O3HAKOMHUTCS C MOJIEKYJISPHBIM
MEXaHU3MOM HAaCJIEJCTBEHHOCTH M W3MEHUYMBOCTH JKUBBIX OpPraHU3MOB. M3yunTh OCHOBBI
IJIACTUYECKOTO M YHEPreTUUecKoro oOMeHa. M3yunTh OCHOBHbIE T€HETUUECKNE 3aKOHbI: 3aKOHbI
MeHnnens, HEMEHJENIEBCKOE pacIleIICHHe, TeHETHKA 10J1a. YMETh CBA3aTh 3aKOHBI T€HETUKH C
XPOMOCOMHOM Teopuel U ¢ MOJIEKYJISIPHBIMH OCHOBaMH HACJIEICTBEHHOCTH;

- O3HAaKOMHUTHCS C 3aKOHOMEPHOCTSAMU M MEXAHU3MaMM >KU3HEICATEIbHOCTH YEIIOBEKAa Ha
HBOJIOIMOHHO  OOYCJOBJIEHHBIX  YPOBHAX €ro  OpraHu3auuu. M3y4uTh  NOPUHIUIBI
(YHKIMOHUPOBAHUS pa3MYHBIX CHCTEM OpraHM3Ma 4eJOBeKa: OIOPHO-IBUTATEIbHOM,
KPOBEHOCHOM, bIXaTEJIbHOM, NMUIIEBAPUTEILHON, SHAOKPUHHON, HEPBHON. M3ydnTh NMPUHLIKIIBI
perysiuu QyHKIHMA OpraHu3ma.

IlepeyeHb MuIaHUPYEMBbIX Pe3yJIbTATOB 00YUYEHHS 10 JUCHHUILIMHE (MOYJII0)



B pe3ynbraTe 0CBOCHUS IUCHUIUIMHBI 00yYarOIecs JOIAKHbBI

3HATh.

- OCHOBHBIE 3aKOHBI OMOJIOTHH U 0OIIIEH KOJIOTUH;

- CYIIHOCTb JKU3HH, YPOBHH U MIPUHIIUITE OMOJIOTHYECKON OpraHu3allnu;

- IJIaBHEHIINE INOHATHA, 3aKOHOMCPHOCTHU U 3aKOHBI, KaCarOIUECA CTPOCHUA, )KU3HU U Pa3BUTHUA
PaCTUTCIBbHOI'0, )KUBOTHOI'O M YEJIOBECYCCKOI'0 OPraHu3MoOB, pa3BUTHUA JKUBOM IIPpHUPOAEI;

- 0COOEHHOCTH YC€JI0BCKa, KaK OMO0JI0rHYECKOI0 BHaA4, 0COOEHHOCTH (I)I/ISI/IOJ'IOFI/II/I, COMaATH4YECKOC,
IMCUXHUYECKOEC U COLMAJIBHOC Hadajla B IPpHUPOAC YCIIOBCKaA, (baKTOpBI 3J0pPOBbA U SKOJIOTHMYECKOT'O
pucka, MECTO 4CJIOBCKA B 3BOJIFOITUN 3CMHI/I;

- OCHOBBI JKOJIOTUH (KOJOTHsI 0coOei, NOomyisiuii, cooOmecTB, ydeHue o Ouocdepe,
B3aUMOJICHCTBUE MPUPOJIBI U OOIIECTBA, IKOJOTHYECKUE TPOOIEMbI COBPEMEHHOCTH ),

- OCHOBHBIE OMOJIOIHYECKUE OHATHUS U TCPMHUHBI;
- OCHOBBI CTPOCHHUA U KU3HCACATCIIBHOCTU YCIIOBCKA,
- OCHOBBI O6H_I€I‘/'I n OpFaHquCKOﬁ XHUMHU,

- TpeIMeT, LeNb, 3aJayd IUCHUIUIMHBI U ee 3HadeHue ans Oyaymei mpodeccnoHanbHOM
JESITENBLHOCTH;

- CTPYKTYPY ¥ QYHKIIMH OCJIKOB, YTIICBOJIOB, )KHPOB U HYKJIICMHOBBIX KHUCJIOT;

- OCHOBHBIE 3Tallbl JHEPTETHKH KIICTKH;

- CTpOCHUE OMOJIOTUIECKUX MEMOpaH; MEXaHU3MbI TPAHCIIOPTA BEUIECTB Yepe3 MEMOPaHBI;
- CTpOCHUE ¥ (DYHKIIMH OPTaHEIT KIICTKH;

- KJIacCU(UKAIIMIO KJIIETOK B 3aBUCUMOCTH OT UX CIIEeIMATH3aIUY;

- 3aKOHOMEPHOCTH CTPYKTYPHO-()YHKIIMOHAJIbHBIX B3aUMOCBS3€H B KIIETKAX;

- BUJIBI ME@XKKJIETOYHBIX KOHTAKTOB, CTPYKTYPY U (DYHKIIUU CHHAIICA;

- IPUHIMIT ¥ 3Tallbl IEpEaadn HaCJ'[e)ICTBeHHOI\/JI I/IH(l)OpMaIII/II/I B IIOKOJICHUAX OPraHU3MOB;
- 9Tarbl OMocuHTe3a Oelka Ha pudOCOMax, PeryJIAIus dTHX ITAINOB;

- IOHSTHE O TOMEOCTA3E;

- OCHOBHBIC IIPUHIUIIHAJIBHBIC ITOAXOAbI K PETYJIAIHU ACATCIbHOCTU KIICTKHU;

- MEXaHU3M O€CIIONIOro pa3MHOXKEHHS; CYIIIHOCTh MUTO34;

- CYIIHOCTb MOJIOBOTO Pa3MHOXKEHUS, TaMETOTeHe3a, Mei03a;

- 9Tallbl THANBUAYAJIbHOT'O Pa3BUTUSA OPraHU3Ma,

- IPOUCXOXKJICHHE CIICIUATN3UPOBAHHBIX YACTEH Tea U3 3apPOIBIIIEBBIX JINCTKOB;

- 3aKOHOMEPHOCTH PETeHepaIny;

- OTJIMYUTEIIbHbIE OCOOCHHOCTH TKAHEH KMBOTHOI'O OopraHu3ma,



- 3aKOHOMEPHOCTH B3aWMOCBSI3M OpPTraHW3Ma U CPEJbl C MO3UIIMU aJeKBAaTHOW M HeaIeKBAaTHOM
pPEaKIuu OpraHn3Ma, aeKBaTHBIX M HEAJEKBATHBIX YCIOBHUH CPEJIbI;

- OCHOBHBIC IMMOHATHUA I'CHCTUKHU U CCIICKIUN: JOMHUHAHTHOCTbL U PCUCCCUBHOCTH, XPOMOCOMHBIC
OCHOBBI PACHICIICHUSA U HE3aBUCUMOTI'O ICPECPpaACHPCACIICHUS I'CHOB,; MOJICKYJIAPHBIC MCXaHU3MbI
1 T€HETUYECKUI KOHTPOJIb peKOM6I/IHaHI/II/I; BSaHMO,Z[efICTBHe I'CHOB,

- OCHOBBI '€HETHKH I10J1a; HACJIEACTBEHHOCTD, CLEIUIEHHAS C ITOJIOM;
- OMOJIOrMYECKHE OCHOBBI HACJIEACTBEHHBIX OOJIE3HEH YeIOBEKA,
- COIlMAJIbHBIE aCIEKTHl OHMOJIOIMHU YeJIOBEKA;

- OCHOBHBIC ITOJIOKCHUA OKOJIOT'MH YCJIOBCKA.

yMeThb:

- FPAaMOTHO BOCIIPUHHUMATh TEOPETHUUECKUE U IPAKTUUECKUE MTPOOIIEMBI, CBSI3aHHBIE ¢ OMOJIOTHEH
U DKOJOTMEeW, B TOM 4YHMCIE — 3JI0pOBbS YEIOBEKA, OXPAHBI IPUPOJBI, IPEOJOIECHUS
HKOJIOTHYECKOT O KPU3HUCa;

- HCII0JIb30BAaTh I10Jy4YEHHBIE 3HAHUS HA IPAKTUKE;
- OTCTauBaTh CBOXO TOUKY 3pEHUS;

- OIICHMBATh TOCIEACTBHS CBOCH JEATCIBHOCTH IO OTHOIICHHIO K OKPYXAIOIIeH cpene H
CcOOCTBEHHOMY 3/I0POBBIO;

- HCIIOJIb30BAaThb 3HAHUA CTPOCHUSA H (I)YHKI_[I/II;'I 6I/IOMOJ'ICKYJ'I KIICTKH OJI1 IIOHHMMAaHHA
q)HSI/IOJ'IOFI/ILICCKI/IX H IaTOJIOTHYCCKUX ITPOLECCOB, IIPOTCKAOIUX B KIICTKE;

- 0XapaKTepU30BaTh OPraHOM/IbI KJIIETKH U UX POJIb B OCYIIECTBICHUY KU3HEAEATEIIBHOCTH KIIETKH
JUISL IOAJIEp>KaHUsl ONTUMAJIbHOW perynsunu QyHKIUN KIETKH;

- Ha OCHOBE 3HAHUs 3TAllOB CHHTE3a Oeinka W (aKTOPOB, OOYCIIOBJIMBAIOIIMX €ro, yYMETh
peryarpoBaTh MEXaHU3MBI JOJITOCPOYHOM aTanTauy KISTKH; peIaTh 3a/1a4d 10 MOJICKYIISIpHOU
OMOJIOTHH;

- OOBSICHUTh 3aKOHOMEPHOCTU CTPYKTYPHO-(YHKIIMOHAIBHBIX B3aUMOCBS3€H B KJIIETKAX U YMETb
IIOJIB30BaThCS STUMH 3HAHUSMU JUIsI BMELIATENIbCTBA B IIPOLIECC MTOBPEXKICHUS KIIETKH;

- ITOJIB30BATHCA MOHATHUAMU TOMCOCTA3a, adallTallud B IPUMCHCHUN K KOHKPETHBIM KNU3HCHHBIM
CUTYyallusIM,

- OMpCACIIATD IMYTU PETYIIAINUUN ACATCIIBHOCTU KIICTKU WU YIIPABJIATH ITOH JACATCIBHOCTBIO,

- YCTAaHOBUTH NPUHOUIIUATIBHBIC pa3jInuusa MCXKIY MHUTO30M U MEH030M AJI1 TIOHUMaHHuA pPOJIr
9TUX IMTPOLECCCOB B 3BOJIIOILUHA;

- HCIIOJIb30BAaTh 3HAHUS SaKOHOMCpHOCTCﬁ HaCJICAJOBAaHUs, YCTAaHOBJICHHBLIC F.MCH,Z[C.HCM, JUISL
peICHUS TCHCTUYCCKUX 3a/1ay,

- CaMOCTOSITEIPHO paboTaTh C JUTEPATYpPOM IO OWOJOTHM, a TakkKe C y4eOHOH, ydeOHO-
METOJMYECKON U CIPAaBOYHOM JIUTEPATYPOI MO MEAUKO-OMOJIOTUYECKUM IIPEIMETaM;



- pelaTh CHUTYallMOHHBIE 3aJladyd W TECTOBbIE 3aJaHus A (GOPMUPOBAHUS IBPUCTUYECKOTO
MBIIUICHHUS,

- OICHUBATb O6H.I€6I/IOJIOI‘I/I‘-I€CKI/I€ 3aKOHOMCPHOCTHU KU3HCACATCIIBHOCTH OpraHru3Ma 4YCJIOBCKaA,

- 000011aTh W OCMBICIMBATH JIaHHBIC PA3JIMYHBIX MEAUIIMHCKHUX, (papMalleBTUYECKUX HAYK H
0011e0MOJIOTMYECKUX TMO3HMIMK 11T TOro, 4TOOBI B JajbHEUIEM peIIaTh OHOJIOTHYECKUE
po0JIEMbI METOJJAMHU aHAJTU3A.

BJIAETh:
- METOJIaMU PEIICHHS KOJIOTMUYECKUX MPooIieM;
- HaBBIKaMU Pa0OTHI C TUTEPATYPHBIMUA UCTOUYHUKAMU;

- TMPEACTABIATh PE3yJbTaThl COOCTBEHHOW MACATEIBPHOCTH C MCIOJB30BAaHUEM COBPEMEHHBIX
CPEICTB, OpPUEHTHPYICh HA MOTPEOHOCTH ayaUTOPUU, B TOM uuciae B (opMe OTYETOB,
MIPE3CHTAIINM, JTIOKJIa/I0B;

- CIIOCOOHOCTBIO TPOBEIEHUS AKCIEPUMEHTAIBHBIX HCCIEI0BAaHUM, BBIOJHEHUS MPOCKTOB U
3a/laHuil 110 TeMaTHKe pa3padaTbIBa€MON Hay4yHOU NpoOIeMBbl;

- OMOJIOTHYECKON TEPMHHOJIOTHEH;

- TIOHMMaHUEM 3aKOHOMEPHOCTEM JKU3HENEATEIbHOCTH OpraHu3Ma 4YeJIOBEKa, CBSI3bIBATh
(GYHKIMU OpraHOB M CHUCTEM OPTraHOB OpraHu3Ma ¢ (PU3HOIOTHYECKUMU IIpOLIECCaMH,
IPOTEKAIOIMMU B HUX.

TeMbI U pa3jeiibl Kypca:
1. BBenenue B oOIIyIO IKOJIOTHIO.

DKOJIOrHs KaK HAYYHO-IIPAKTHYCCKOC HAIIPABJICHHUEC: ONIPCACIICHUEC, pa3CIIbl, OCHOBHBIC ITIOHATHUA.

buoreoneHo3 (skocucTemMa) Kak SKoJIoruueckas ssueiika: onpeaeneHue, oo1as XxapakTepucTuka u

JANHaMHUKa (3BOJ'IIOI_II/IH). BBenenue B 3KOJIOTHIO YEI0BEKA.

2. OOMeH BeLIECTB U dHEPruu B KJieTke. (OCHOBBI PHEPreTUUECKOr0 OOMEHa.

OO11ast xapakTepuCTHKa 0OMeHa BEeIEeCTB. ACCUMUIIALNA, AUCCUMMIIALMS. DOTO- M XEMOCUHTE3.
OcobenHoctu MeTabonm3Ma a’poboB U aHa’poOoB. CTaTuN IHEPTETHUECKOr0 OOMEHA B KIIETKE.
Bunsl  Opoxenus. I'nmkonmus3. DHepretnueckas 3((EKTUBHOCTh IPOLECCOB OpOXKEHHUS.
Mutoxonapun. CBs3b CTpYKTYpsl U pyHKIMH. KiieTrounoe pIxanue.

3. Tlapa3zutnueckuie >KUBOTHBIE — BO30YIUTENH O0Ie3HEH YeIOBEeKa.

OcHOBEI mapa3uToOJIOTUH. Kupoit OpraHu3M KakK Cpcla oOuTaHMs mapa3nuToB. OcobeHHOCTH
Oouonoruu Pa3HLIX T'PYIIII ITapa3nuTOB. HapaSI/ITI/BM KakK (bopMa OMOTUYECCKUX CBSI3CH.

4. Beenenue B Kypc OHOJIOTHH.



Beenenue. [Ipeamer u 3agaun obmeit 6uomorun. CymHoCTh Ku3HA. CBOMCTBA )KUBBIX CUCTEM.
YpoBHH opraHuzanuu Ku3HA. OCOOCHHOCTH CTPOCHHUS TPO- M DYKAPUOTHUECKUX KIIETOK.
OcobenHoctu cTpoeHus BUpycoB. Kimaccudukarysi KIeTok B 3aBUCUMOCTH OT UX CHIEIHATN3AIINH.

5. BuytpenHss cpena. OCHOBbI MMMYHUTETA.

BHyTpeHHss cpela 4esoBeKa: NOHATHE, KOMIIOHEHTHI, CBOMCTBA. [IpuHIMNIBI nogaepxKaHus
IIOCTOSIHCTBA BHYTpeHHeW cpezbl. KpoBb, muMda U MexKiIeTouHas KUAKOCTh — KOMIIOHEHTbI
BHYTPEHHEH Cpelbpl OpraHu3Ma 4YelloBeKa. B3auMocBA3p LUPKYIUPYIOUIMX KUAKOCTEH
BHyTpeHHel cpenbl. I'omeocta3 M romeokuHe3. bapbepHble (QyHKUIUM  OpraHusma.
['ncToremaruueckue 6apbephl; UX CTPOCHUE M PYHKUIMHU. IMMYHUTET KaK COCTOSIHUE OpTaHU3Ma
(ciermdrueckuii M Hecneun(PUUECKUH, KICTOYHBIM M TyMOpANbHBIN). 3aliuTHbIE (YHKIUU
kpoBu. ['emocras. Ummynodusmnonorus yenoeka. Opranbl IMMYHHOU cuctembl. IMMyHHBIE
npoueccsl. I'pynmsl kpoBu. HeliporymopanbsHas peryisuus IMMYHUTETA.

6. BBII[CJ'II/ITCJ'IBHaH " 110JI0BasA CUCTEMBI.

OyHKUMOHATIbHASA CUCTEMA MOLICPKAHUS OCMOTHYECKOIO JABJICHMS IUIa3Mbl KpoBHU. BogHo-
coneBoil OanmaHc. Okckpeuus. CTpoeHHE OpPraHoB MoO4YeoOpa3oBaHMsS M BBIBEJCHHUS MOYH.
[Tpomieccer oOpazoBanust Mouu, ux perymsnusa. OueHka aesTenbHOCTH moudek. OOpa3oBaHue U
BbIICNICHHE N0Ta. DyHKIMOHAIIbHASA CHUCTEMA MOAIEPKAHUS OCMOTHYECKOIO JABJIEHUS ILIA3Mbl
kpoBu. CTpoeHHE MOJOBOM CUCTEMBI, IIOJIOBOE IOBEACHHE uenoBeka. OHTOreHE3 4eIoBeKa:
Mop$o-(hyHKIMOHATIBHBIE KPUTEPUH NEpUOIU3alMK. PenponykTuBHas (QyHKIUS dYeloBeKa -
OCOOCHHOCTH y MY)XYMH W JKEHIIMH. MeHcTpyasibHbI UK. OBymsanus. OIuiogoTBOpEHUE.
PU3HOJOTNYECKHE OCHOBBI KOHTPALICTILIVN.

7. JleneHue KIETOK.

Amuto3. Mwuto3. Meito3. OcHOBHBIE CMOCOOBI JeNeHus siapa (MUTO3, MEH03, aMHUTO3,
sHA0MUTO3). UHAMBHUAYyaIbHOE pa3BUTHE OpraHU3Ma.

8. OOMeH BelecTB U YHEPTrUuu B KieTke. OCHOBBI IIACTUYECKOTO 0OMeHa: (POTOCUHTE3.

ABTOTpO(HBIE U TeTepoTpodHble KiIeTKH. OCOOEHHOCTH OOMEHa BEIIeCTB M JSHEpruu B
pacTuTenbHON KieTke. XyopomiaacTbl. CBs3b CTPYKTYpbl U (GyHKIMHU. DOTOCUHTE3: CBETOBAs U
temHoBas ¢a3bl (C3-, C4-, CAM —tunsl poTocuHTe3a). XeMOCHHTE3 Ha MpUMeEpe OaKTepHil.
B3anMoCBsI3b MPOLIECCOB SHEPreTUYECKOTO M IUIACTMYECKOI0 OOMEHOB B KJeTKe. A3poOHOe U
aHa’pOOHOE KJIETOYHOE JIbIXaHUeE.

9. OHTOreHes.

HCpI/IO,Z[BI OHTOI'CHE3a: 3M6pI/IOHaJIBHBII71, HOCT3M6pHOHaHBHLIﬁ Iepuona. HpOI/ICXO)K,Z[CHI/IC
CIICIUAJIN3UPOBAHHBIX yacTe Tella u3 3apOJAbIIICBBIX JIMCTKOB. OcobeHnocTu JACTCKOIO,
B3pPOCJIOTO U CTAPUYCCKOr'0 OPraHu3MoOB, NPCAOIPCACTIAIOMNC TAKTUKY MPUMCHCHUS JICKAPCTB.

10. OcHOBBI reHETUKH YeioBeka. HaciencrseHnbie 3a00JIEBaHMS.

XpoMocoMHOe ompenenienne nojia. HaciaegoBanwue, cuemieHHoe ¢ mnojioM. HacneacTBeHHbIe
0O0JIE3HU YEJIOBEKA.

11. OCHOBEI TCHETHKH. HacnencTteeHHas H3MEHUYMBOCTb.



OCHOBHBIE TOHATHS TEHETUKH. 3aK0oHbI ['. Menaens. Ananusupyroniee ckpemuanue. Henonnoe
I[OMI/IHI/IpOBaHI/Ie. CI.[CHJIGHHOG HaCJICIOBAHUEC I'CHOB. XpOMOCOMHaSI TeOpI/ISI HACJICACTBCHHOCTH.

12. OCHOBBI 3BOJIIOLITUOHHOTO YUEHHUS.

TeOpI/II/I BO3HUKHOBEHHUS XH3HM Ha 3eMiie. bumoxmmmudaeckas TEOpHs SBOJIIOIHU. I'nnoTe3sl
IMPOUCXOKACHUA BYKapHOTquCKOﬁ KiaeTkn. I['mmoTe3sl IMPOUCXOXKACHNUSA MHOI'OKJIECTOYHBIX
OpPraHnu3MoB. 33KOHOMepHOCTI/I B3aNUMOCBA3U OpraHnu3Ma U CpcAbl C MO3HULUKU aﬂeKBaTHOﬁ u
HeaﬂeKBaTHOﬁ p€aKkuuu opraHusma.

13. OCHOBBI 3HJOKPUHOJIOTHH.

['ymopanbHasi perynsius MnpoueccoB >kusHenesTenbHocTu. Kimaccudukanus Ouonoruyecku
aKTUBHBIX BelecTB. ['opMoHanbHas perynsuus gusnonorndeckux ¢pynkuuit. Knaccuduxanus u
MeTaboIM3M FTOPMOHOB, KJIETOYHBIE U CUCTEMHbIE MEXaHU3MBI UX JIeHCcTBUS. JKene3bl BHyTpeHHEN
cekpenuu. BHexene3ucTeie ropMOHNpoAyLUpYyIolue KieTku. [loHsTHEe O ’Kene3ax BHEIIHEH,
BHYTpPEHHEH U CMelIaHHo# cekpeunu. ['opMoHanbHas perynsuus GU3HoIorudeckux (GpyHKIUH.
MexaHu3Mbl AEUCTBUSI U PETYIISLUS BbIIEICHIS TOPMOHOB

14. TIumeBapuTenbHas CUCTEMA.

[IumeBapenue uenoBeka. CTpOEHHE OPraHOB NHULIEBAPUTENBHOrO TpakTa. (OCHOBBI 3Tallbl
nunieBapeHus. HepBHas v rymopanbHas peryislus MUIIEBapeHUs. Teopuu BO3HUKHOBEHUS
yyBCcTBa Tosiofa. l'onox u HaceliieHne. MoTopHas (QYHKIMS KeyJI0YHO-KUIIEYHOTO TpaKTa
(OKKT). Cexpeuusi depmentoB. [Ipeobpasoanue numieBbix BemecTB B JXKT. Cekpeuus u
BCAChIBaHME B MUILEBAPUTEILHOM TpakTe. Perynsaus numeBapenus. @yHKIMOHAIbHAS CHCTEMA
MOJJIEP>KaHUS ONITUMAIBHOTO YPOBHS MUTATEIbHBIX BEIIECTB.

15. IlonsiTHe 0 MeauaTOpax U MOAYNIATOpax. Buabl MequaTopoB, pelenTopbl K HUM, UX 3()PEKTHI.
Hapymenust pyHKIMOHUPOBaHUS MEAUATOPHBIX CUCTEM.

Menuaropsl, MOLYJIATOPEI U PELIENITOPHI HEPBHOW CHCTEMBL. Buabl MeauaTopoB, pelenTopsl K
HUM, uXx 3¢ dexTtsl. Hapyienns GyHKIHOHUPOBAHUS METUATOPHBIX CHCTEM.

16. HpOBe,[[eHI/Ie B036Y)K)16HI/IH 110 HCPBHBIM BOJIOKHAM. Tumnel CHHAIICOB. HpOBOI[SIH_[I/IC
MCKKJICTOYHBIC KOHTAKTEI.

[Torennman neiictus. [IpoBenenne Bo30yKIeHHUS IO HEPBHOMY BOJIOKHY U HEPBHOMY CTBOITY.
OcoOeHHOCTH (PU3MOJIOTUYECKUX CBOWCTB M (PYHKIIMOHUPOBAHUS BO30YAMMBIX KIIETOK.
Cunantuyeckas repenada Bo30yxaeHus. [IpoBoasiie MeXKIeTOUHbIe KOHTAKTHl. KileTouHble
MexaHu3Mbl TOpMokeHus. [lonnepkanume mnoteHuumana mnokos. Ilpomecc BO3OYXaeHUs.
IToTenuuman neucTBus.

17. Pa3MHOXk€EHHE OPTaHU3MOB.

Pa3mHOXeHHE JKUBBIX OpraHu3MoB. Tumbl pa3mMHokeHus. Kierounsii nuxia. OcoOeHHOCTH
MOJIOBOTO U OECTION0ro pa3sMHOKEHUS.



18. Perynsaumsi comarnueckux GyHKIIUN denoBeka. HepBHast perymsiys BereTaTuBHBIX (DYHKITHI
YeJI0BEKa.

[TpuHIHIBEI pabOTHI IIEHTPAIBHON HEPBHOUN CHCTEMbI. ABTOHOMHAsI (BeTreTaTHBHAs) HEPBHAs
cucreMa (AHC). Cumnaruyeckuii, napacuMiatuyeckuii, Meracumnaruueckuit ornenst AHC.

19. Cepaeuno - cocyaucras cucteMa. OCHOBBI FT€MOJIMHAMUKH.

Cepaue 4enoBeka: CTPOEHHE, OCHOBBI (DYHKIMOHAIBHON aKTHBHOCTH, PETYJSAIHS pPaOOTHI
CaoticTBa cepaedHoil MbIbl. Cepaeunbli UK. MeToibl uccienoBanus cepana. [lonsrue o6
OKTI'. KpoBeHocHBIE cocynbl uenoBeKa: MOpP(GOJIOTHYECKUNH W (DYHKIIMOHAIBHBIA MPUHIUIIBL
KjIaccupukanum, crpoeHne, (yHKuuu. TOHYC KPOBEHOCHBIX COCYJOB: IOHSTHE, HEpBHBIE U
ryMOpaJIbHbIe MEXaHU3MbI perymsaunu. OcoOEHHOCTH KPOBOTOKA B pa3HBIX OpraHax 4eloBeKa.
I'emonnuamuka  yenoseka.  IIpomeccsl  MukpouMpkymnsuuu.  Meroasl  HMcClIeqOBaHUS
KpOBOOOpaIieHus

20. CtpoeHue M XUMHUSI KIETKU.

Hctopuss co3gaHusi W OCHOBHbBIE IIOJIOKEHHS KJIETOYHOW Teopuu. CpaBHUTEIbHAs
XapaKTEPUCTHKA PA3TUYHBIX TUIOB KiIeTOK. CTpoeHne u pyHKIuK opraHent. Poias opranudeckux
¥ HEOPraHWYEeCKHX BemecTB B KieTke. [lonsatue o romeocraze CTpykTypa U QyHKIUH OEIKOB,
YTJIEBOJOB, )KUPOB, HYKJIEMHOBBIX KHCIIOT.

21. Ctpoenue 1 QyHKIIMOHUPOBAHUE HEPBHOM CHCTEMBI.

Crpoenne HepBHOH cuctemMbl. HepBHas perynsinus (pu3HoIorndeckux MpoueccoB U (pyHKITHIA.
Heiipon kak cTpykrypHas W (yHKIHOHAIbHAs €IMHMLIA HEPBHOH cucTeMbl. HelpoHbl u
rdanbHble  KIeTKu. lleHTpanbHbIE W nepudepuueckuili  OTAENbl HEPBHOW  CHUCTEMBI.
QOyHKIHUOHAIBHBIE CUCTEMBI OpraHn3mMa. Meauaropsl M pPELEnTOpbl HEPBHOW CHUCTEMBI.
Perynsauus comatnueckux (QyHkuui uenoBeka. HepBHas perynsuusi BereTaTMBHBIX (DyHKUMIN
yenoBeka. CTpoeHue 1 NpUHIUIBI pa00THl aBTOHOMHOM (BEreTaTUBHOM) HEPBHON CUCTEMBI.

22. Ctpoenue sapa.

Crpykrypa JJHK. Xpomarun. Cunre3 6enka. [IpuHImn u 3tamnsl nepenayu HaciaeACTBEHHON
uH(pOpMaliU B MOKOJIEHUSIX OpraHn3MoB. Peanusanus HacnencTseHHoi nuadopmanuu. CBoiicTBa
TFeHETU4ECKOro koja. OCHOBHBIE ATallbl OMOCHHTE3a OeKa.

23. CTpyKTypHbI€ KOMIIOHEHTHI KJIETOK U UX (QYHKLIUH.

OcoOeHHOCTH CTPOEHHMM KIETOK pacTeHMM, >KUBOTHBIX, I'puOoB. TpaHcropTa BElIECTB 4depes
MeMOpaHbl. BUJIbI MEXKKIIETOUHBIX KOHTAKTOB.

24. Txanu yenoBeka. DNeKTpoGU3NOIOTUS: TPUPOIA MOTEHIMANIa TOKOsI, TOTEHIIMaNa JeHCTBUS.

Mopdonoruueckue OCHOBBI KM3HEACATEIBHOCTH ueloBeka. Kiaccudukanus CTpyKTyp
opraHusma. YpOBHU CTPYKTYpPHOW OpraHU3allMM opraHu3ma yenoBeka. CTpOoeHHE U OCHOBHBIE
GYHKIIMM KIETOK W TKaHed. basucHble (u3MONOTHYECKHEe MPoLecchl KIeTOK. OcoOeHHOCTH
(U3HONIOTHYECKUX CBOMCTB BO30YIUMBIX KIETOK. MEXKKIETOUHbIE KOHTAKThl. TKaHU M OpPTaHBI.
Cexkpenust KJIETOK.

25. ®U3NoIoTH CKENETHBIX MBIIIIII.

Mellieynble TKaHU. MeXaHH3M MEIIIEYHOI 0 COKpaliCHus. DU3HOIOTNYECKUE OCOOCHHOCTHU
CKCJICTHBIX U T'IaAKHUX MBIIIIII.



26. Yenosek u 6uocdepa.
Yuyenwne o Ouocdepe: onpeesieHne 1 OCHOBHBIC KOHIENIHH 0noc(epbl; OCHOBHBIE TIOHSATHS;

cTpyktypa u (ynkmuu Ouocdepsl. Hoochepa mmm conmorexnocdepa, okpyxkaromias cpena
YeNoBeKa.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

buodusuka

Heab AMCHUNIMHBI:

- OCBOCHHUE CTYJCHTaMU OCHOB OMO(M3MKH — HAyKH O HamboJiee MPOCThIX M (yHIaMEHTAIBHBIX
B3aMMO/ICHCTBHSAX, JISKAIIUX B OCHOBE OMOJIOTHUECKUX MPOIIECCOB.

3agauu AMCUUIIINHBIL:

- popmupoBaHre 0a30BBIX TOHATHI 00 OCOOCHHOCTSAX CTPOCHUS U YCIOBUSIX (PYHKIIMOHUPOBAHUS
OMOIOTMYECKUX MOJIEKYII;

- 06yquHe CTYACHTOB IPUHOUIIAM IIOCTPOCHHUA TCOPECTUUYCCKUX MOHeHeﬁ pnu H3Yy4YCHUU
MEXaHU3MOB OHOIOTMYECKUX mponeccoB, HU3y4YCHUC IPUHIUIIOB PEryjlannun OMOJOrHYECKUX
MponecCcoOB HA PA3JIMYHOM YPOBHE OpraHU3alluu (MOJ'IGKYJ'IHpHOM, KJICTOYHOM, HOHYJ'IHI_II/IOHHOM);

- O03HAKOMJICHME C COBPEMEHHBIMH OJKCICPUMEHTAIBHBIMUA I[OJXOJAaMH M METOJUKaMHU
Ono(u3MIeCcKuX MUCCIICAOBAHUN.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)

B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- MECTO U POJIb OOLIMX BOIIPOCOB HAYKH B HAYYHBIX UCCIICAOBAHUIX;

- HOBEMIIINE OTKPBITHUS U IOCTHKEHUSI OMOJIOTUH, (GU3UKH, XUMUU, MATEMATHKH;

- 0 B3aUMOCBA34X U q)YHHaMCHTaJ'II)HOM CANHCTBC €CTCCTBCHHLIX HAYK;

- IPUHLUIBI OPraHU3aMK OMOJIOTHYECKUX CUCTEM U PEryJIsiLuu OMOIOTHYECKUX MPOLIECCOB;

- 3HaTb OCHOBHbBIE (PU3UKO-XMMHUYECKUX OCHOBBI ()YHKIIMOHUPOBAHMSI OMOJOTUYECKUX CHUCTEM
BCEX YPOBHEH OpraHH3aluu;

- 0COOGHHOCTH IOCTaHOBKU Hp06J'IeM TCOPCTUUCCKOTO U SKCIICPUMCHTAJIBHOI'O HCCIICAOBAHUA
(I)YH,Z[E[MCHTEUIBHBIX OMOJIOrHYECKHX MponecCcoB U SIBIICHUI METOJaMU 6I/IO(I)I/I3I/IKI/I;

- BO3MOXKHOCTH U TpaHHULBI O€30MacCHOCTH MPUMEHEHUs Ppe3yNbTaToB (yHIaMEHTAIbHbBIX
O61o(U3NUECKUX UCCIEAOBAHUN B MPUIIOKEHUAX (OMOTEXHOIOTHUSX).

yMeThb:



- 3 pexTuBHO HCMONB30BaTh Ha MPAKTUKE TEOPETUYECKHE KOMIIOHEHTHl HAYKU: IOHSTHS,
CYXKJICHHUSI, YMO3aKJIIOUEHUSI, 3aKOHBI;

- IPE/ICTaBUTh IAHOPAMy YHUBEPCAIbHBIX METOAOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHMUS;
- paboTaTh Ha COBPEMEHHOM HKCIIEPUMEHTAIBHOM 000y 1I0BaHUU;

- abCcTparupoBaThCs OT HECYIECTBEHHBIX BIUSHHUNA MPH MOJACIHPOBAHUYU PEANBbHBIX (PU3NYECKUX
CUTyalui;

- INTAaHUPOBATH OIITHUMAJIBHOC IIPOBCACHUE SOKCIICPUMEHTA.

BJIA/IETh:
- IUTAaHUPOBAHHEM, TIOCTAHOBKOM U 00pabOTKON pe3ynbTaToB OMO(U3NIECKOT0 IKCIIEPUMEHTA;
- HAy4YHOW KapTUHOW MHpA;

- HaBBIKAMH CaMOCTOSITCJIbHON paOoThl B J1a0OpaTOPUH HA COBPEMEHHOM 3KCIIEPUMEHTAILHOM
000py0BaHUY;

- MaTCMAaTH4YCCKUM MOJCIIMPOBAHUECM 3aa4 6I/IO(I)I/I3I/IKI/I.

TeMbI U pa3jeiibl Kypca:
1. buodusuka GpoToOHONTOTNIECKUX TPOLIECCOB.

B3aumoneiicTBue KBaHTOB C MOJIEKYJaMH. ODBOJIIOIUS BOJIHOBOTO IMAaKeTa M PE3yJIbTAThI
dbemTOCeKyHAHOU crieKTpockonuu. [lepBuyHbie POTOXUMHUYECKUE PEAKIIUH.

OcHOBHBIC CTaaun (1)0TO6I/IOJIOFI/I‘IGCKOFO Imponecca. MexaHnu3MbI (bOTO6I/IOJ'IOFI/ILIeCKI/IX u
q)OTOXI/IMI/I‘leCKI/IX CTaguil. Kuneruka CI)OTO6I/IOJIOFI/I‘ICCKI/IX IMponeccoB.

[IpoGnembl pa3aeneHus 3apsiioB U MEepeHoca dJIEKTPOHA B MEPBUYHOM (HOTOOHMOIOTHIECKOM
npoiiecce. Posb 251eKTpOHHO-KOH(OPMAITMOHHBIX B3aMOICHCTBHIA.

CrpykTypHas opraHu3anus ¥  (QYHKUHMOHUPOBAaHME (POTOCHHTETHUECKUX MeMOpaH.
doTtocuHTeTHUECKAas enMHuIa. J[Ba THMAa NUTMEHTHBIX CHCTEM M JBE CBETOBBIE PEAKIIMH.
Opranuzanus 1 QyHKIIMOHUpOBaHHE (POTOPEaKIMOHHBIX EHTPOB. [Ipo6iemMbl MEpBUYHOTO aKkTa
¢dorocuHTe3a. DNEKTPOHHO-KOH(OPMAIIMOHHBIE B3auMojeHcTBUs. DPoTOMH(DOPMAIIMOHHBIN
HEPEXO.

Kuneruka u gpusndeckrie MexaHU3Mbl IEPEHOCA AIEKTPOHA B JIEKTPOH-TPAHCIIOPTHBIX LEMIX
npu QorocuHTe3e. MexaHU3Mbl CONPSKEHUS OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUN C
TpaHCMEMOpPAaHHBIM MEPEHOCOM IPOTOHA. MeXaHu3Mbl (OTOMHTHONPOBAHUS.

OcoOeHHOCTH M MEXaHM3Mbl (OTOIHEPreTHYECKHX peakiuil OakTe-puopoJoNCcHuHa U
3pUTENBHOIO MUTMEHTA POAOIICHHA.

OcHoBHbIE TUIIBI (OTOPETYIATOPHBIX PEAKIUI PACTUTEIBHBIX U MUKPOOHBIX OPraHU3MOB:
dboTomopdorenes, pororponusm, poroTakcuc, GOTOMHIYITUPOBAHHBIN KapoTHHOTEHE3. CIIEKTPHI
neicTBus, npupoaa GoTOpeenTOPHBIX CUCTEM, MEXaHU3MbI IEPBUYHBIX (POTOPEAKIIMA.



duroxpoM — yHuUBepcalbHas (OTOPELENTOpHAas CHCTEeMa peryjsnuu MeTadoau3Ma
pacteHuii. MoJieKyJIsipHbIE CBOMCTBA U CIIEKTpaJIbHBIE XapaKTEPUCTUKU puToxpoma. MexaHusm
obOparumoii poTokoHBepcun AByX Gopm ¢utoxpoma. [ToHaTue o GOTOXPOMHBIX MOJIEKYIaX U
¢doToxpoMHOM MexaHH3Me (HOTOAKTUBAIIMU (DEPMEHTOB.

DoToXMMHUYECKHE peakluu B Oelikax, JMNUAaX W HyKIenHoBbIX kucinortax. JJHK kak
OCHOBHAasi BHYTPUKJIETOYHAs MHUIIEHb MpPH JIETAJIBHOM W  MYTareéHHOM  JIeHCTBUU
ynbTpaduoneToBoro cpera. POTOCEHCMOUIU3UPOBAHHBIE U JBYXKBAHTOBBIE PEAKIMH IpU
noBpexxaeann JIHK. Mexanusmel doTonnHamuueckux mporieccoB. 3ammura JJHK HekoTOphiMU
XUMHUYECKUMH COETMHEHUSIMHU.

O dexrsr poropenapanuu u dorozammurel. DepMEHTATUBHBIA XapaKTep U MOJICKYJISPHBIHI
MexaHu3M (ortopeakTuBau. Poib GOTOMHAYIMPOBAHHOTO CHHTE3a OMOJIOTUYECKH aKTUBHBIX
coeMHEeHUH B mpouecce Qoro3amuTel. MexaHu3M (OTOCHHEPTeTHUECKUX PpEeaKIuil Mpu
KOMOWHUPOBAHHOM JICHICTBUU PA3HBIX JJIMH BOJIH YIbTPa(QHOIETOBOIO CBETA.

2. MonekynsipHasi 6uohusuka.
Makpomorekyiia Kak OCHOBa opraHu3anuu OUocTpykTyp. IIpocTtpancTBEeHHas KOHPUTypanus
6uononaumepoB. CTaTuCTHUECKUI XapakTep KoHGOopMaluu OUOIOIUMEPOB.

YcinoBust cTabUIbHOCTH KOHGUTypanuu MakpoMmoiiekyn. dazoBeie mepexoxabl. [lepexoss
r1o0yna-kiryook. KoonepaTuBHbIe CBOWCTBA MAaKPOMOJIEKYII. THITBI OOBEMHBIX B3aUMOICHCTBHI
B OeNKOBBIX  MakKpoMmoJyieKynax. Bomopomueie  cBs3u:  cuibl  Ban-mep-Baanbca;
AIIEKTPOCTATUYECKUE B3aUMOJAEHUCTBUS; IMOBOPOTHAs HU30MEpPUS U DSHEPrUsl BHYTPEHHETO
BparnieHus. Pacuer o6mieit koHpopmaluu 3HEPruu OMOMOIUMEPOB.

CDaKTopBI CTa6I/IJ'II/I38HI/II/I MaKpOMOJICKYIJI, HAAMOJICKYJIAPHBIX CTPYKTYP U 6I/IOMeM6paH.

B3aumoneiictBue makpomonekyn c pactBopureneMm. CocrossHue BOJbI M TUIPO(OOHBIE
B3aMMOJIecTBUs B OnocTpykTypax. Ilepexoibl crinpaib-KiyOoK.

OcCo0eHHOCTH TPOCTPAHCTBEHHOM OpraHU3alMy OETKOB M HYKJICHMHOBBIX KUCIOT. Mozenu
GUOPHIUISIPHBIX U TI00YIISIpHBIX OenkoB, KonnuecTBeHHas CTpyKTypHasi Teopusi Oenka.

CTpyKTypHBIE U 3HEpreTuyeckue (akTopbl, ONPeAeAIoIne JUHAMUYECKYIO MTOBUKHOCTb
6enkoB. ['MnepnoBepXxHOCTH ypoBHEN KOH(POPMAITMOHHON YHEPTUH.

Jlunamuueckass CTpPYKTypa OJUIONENTHIOB M TJIOOYISPHBIX O€NKOB; KOH(GOpMallMOHHAS
MOJIBUKHOCTh. MeTo/bl HM3y4yeHUs KOH(GOPMAallMOHHOW MOJBMKHOCTHU: H3OTOIHBIM OOMEH,
moMuHeclieHTHble MeToabl, OIIP, ramma-pe3onancHas cnektpockonusi, AMP Bbicokoro
paspelieHus, HUMIyJbCcHble MeTonbl AMP, MeTonel MOJEKyNIsApHOW IUHAMHUKU. ABTO- H
KPOCCKOPPEISAILMOHHBIE (DYHKIIMM TOPCHOHHBIX YIJIOB M MEXAaTOMHBIX paccTosHui. Kaptsl
yYpOBHEW CBOOOHON SHEPTUU MENTH/IOB.

Pesynbprarhl HccnenoBaHus KOHGOPMAMOHHONW NMOABMXKHOCTU. OrpaHuueHHast qudQy3us.
Tunsl nBrxkeHus B Oenkax. Mepapxust amMIuidTyq M BpeMeH pejlakcallid KOH(OPMalMOHHBIX
nBrkeHui. CBsI3b  XapaKTEpUCTHUK KOHPOPMAIIMOHHOM MOJBMXKHOCTH O€IKOB €  MX
(GyHKIIMOHAJIBHBIMU CBOWCTBaMU. /IlnHAMUKa 3JI€KTPOHHO-KOH(POPMAIIMOHHBIX 1epexooB. Poib
BO/Abl B JAMHAMHMKE OenkoB. Poib KOHQOpPMAIMOHHON MOJBMKHOCTH B (DPYHKIHOHHUPOBAHUU
(epMEeHTOB U TPAHCHIOPTHBIX OEJIKOB.



ONeKTpoHHbIE YpOBHU B Ouononumepax. OCHOBHBIE THIBI MOJIEKYJISIPHBIX OpOUTased u
AIIEKTPOHHBIX COCTOSIHUM, T-3JIEKTPOHBI, SHEprus naenokanuzauuu. Cxema S6moHCKOTO ISt
ciokHBIX MoJiekya. [Ipuniun ®panka - Kongona u 3akons! ¢GuryopecreHnnu. JIFoMUHECIeHIUS
OMOJIOTMYECKH Ba)KHBIX MOJIEKYJ. MeXaHU3Mbl MUTpPALMU DHEPIMM: PE30HAHCHBIH MEXaHM3M,
CUHIVIET-CUHIJICTHBIA M TPUIUICT-TPUILIETHBIM IIEPEHOCHI, MHrpauus dSKcuToHa. IIpupona
THIIEPXPOMHOTO ¥ TUIIOXPOMHOTO 3((EKTOB.

Bo30yxkIeHHbIE COCTOSIHMS ¥ TpaHC(OpMalus SHEpruu B OHOCTpyKTypax. IlepeHoc
JJMIEKTpOHA B OWOCTpyKTypax. Pa3nmuuHbie QuU3MUECKME MOJENIN TEepPeHoca DIIEKTPOHA.
TynHenbHbIN D PEKT.

TyHHenmupoBaHHE C Yy4YaCTHEM BHPTYAIbHBIX YPOBHEH. OIEKTPOHHO-KOH(POpPMAIMOHHbIE
B3aMMO/ICHCTBHSA U PeIaKCAIIMOHHBIC TIPOLIECCH B OMOCTPYKTYypax.

CoBpeMeHHbIE TPEJCTaBICHUS O MeXaHM3Max (pepMEHTAaTHUBHOIO Karajau3a. DJIEKTPOHHO-
KOH(OpMallMOHHBIE B3aUMOACHUCTBUS B (epMeHT-cyOcTpaTHOM Komiuiekce. Dopmyna ams
KOHCTAHTBI CKOPOCTH 00pa30BaHUsl MHOTOLIEHTPOBOM aKTUBHOM KOH(UTypaIuu.

3. PapnanmonHast 6uogusuka.

Obmas ¢Qusnueckas XapaKTepUCTHKA HOHU3HUPYIOIIUX U HEHOHU3HPYIOIIUX H3ITyUYEHUH.
W3nyyeHnss Kak HMHCTPYMEHT MCCIIEOBAHUNA CTPYKTYpbl M CBOMCTB MOJeKyn. ['amma- u
PEHTI€HOBCKUE  JIy4d. PEHTreHOCTPYKTpHBIM  aHaiu3, JydeBass  YJIbTPAMHKPOMETPUS,
paaralMOHHO-XUMHUYECKUE METOIb. Y IbTpapHrOIETOBOE U BUIUMOE H3TydeHHsl. CIEeKTPOCKOMuUs
B Y® wu Bumumoi obOnactu. JlazepHas CHEKTPOCKONUS, HCCIICIOBAHUS dSJIEKTPOHHO-
BpalllaTeIbHBIX CIIEKTPOB, (POTOXMMHUYECKHE METOIbI HcchenoBanus. MudpakpacHoe usnyuenue,
uHppakpacHas crekrtpockonus. Pammouactorer: CBY, YBY, BU HY. MukpoBomaHOBas
criektpockonus, crekrpockonus OIIP, SMP, nusnextpuueckas CHEKTPOCKOIMS, METObI
AIEKTPOIPOBOJHOCTH.

Hcnons3oBaHue Ppa3JInYHbIX BUOOB I/IBJ'Iy‘leHI/Iﬁ B MCIUIIMHEC, TCXHUKEC U CCIIbCKOM XO3SICTBE.

Crienudurixa nepBUUHBIX ((PU3NYECKUX) MEXAHU3MOB JICHCTBUS PA3IMYHbBIX BUAOB U3ITy4EHHI
Ha Mousiekynbl. [lorymomenne um pasmeH sHepruu. KoHeunwlid Ouosiormdeckuil >pQext mnpu
JNEHCTBUM MOHM3MPYIOIIMX W HEHOHU3UPYIOUIMX W3IYy4eHHH Ha OHOJIOrMYecKue OOBEKTHl U
CUCTEMBI.

[TepBruHbIe 1 HaYaJIbHbIE OMOJIOTUYECKHE TIPOLECCHI TOTTIONIEHUS SHEPTUH HOHU3UPYIOIIUX
U3IydyeHUul. MeXaHu3Mbl TOIVIOIIEHHUS PEHTTEHOBCKUX M TaMMa-u3JIydeHUulH, HEUTPOHOB,
3apsOKEHHBIX 4YacTUL. OKCIO3ULUOHHBIE M IIOTJIOLIEHHBIE J03bl W3IydeHUH. EnuHuims
AKTUBHOCTH PaJIMOHYKIIEOTHI0B. EMMHUIIBI 103 HOHU3UPYIOIIMX U3IydeHU. PaKTOp N3MEHEHUS
710361 00JTy4eHHs. 3aBUCHUMOCTb OTHOCHUTEIBbHOM OHonornyeckoit 3pPpeKTUBHOCTH OT JIMHEHHBIX
NOTEPb SHEPTUU U3NydeHUl. IHIMBHyanbHbIE U CTallMOHAPHBIE TO3UMETPHI.

[Tonstust "mansie" u "Oosbiime" 10361 paguanuu. CTOXaCTHYECKHE M CTaTUCTUYECKHUE
3¢ dEeKThI.

WNuakTtuBanys MOJIEKYJd B pE3yJabTaTe MPSMOTO U HENPSAMOIO JEHCTBUS HOHU3HMPYIOIIUX
u3nydeHuit. JlozoBele 3aBucuMocTu. llpsimoe nelicTBue paguanuu Ha (EpMEHTHI, OeNKH,
HYKJIIEMHOBBIE KHCIJIOTHI, JIMIUABI, yriieBoAbl. IlepBuuHBIE mpolecchl, NPUBOAAILIUE K
MHAKTHBALIMM MAaKPOMOJIEKYN MpH NpSAMOM JAEHCTBUM pafuauuu. llepBuuHbIE MPOTYKTHI



paguonn3a W JaibHEInas cyapba OOJy4eHHBIX MaKpOMOJIEKYJ. PaauodyBCTBHUTEIBHOCTH
MoutekyJl. Pannonus Boasl U JIMNKUA0B. B3anmoaencTBre pacCTBOPEHHBIX MOJIEKYJ ¢ IPOAYKTaMU
pamguonmsa pactBoputeneid. Dddekr [eitna. OOpa3oBanre BO30YKICHHBIX MOJIEKYJ, HOHOB U
paaukanoB. KosMuecTBeHHass XapakTEPUCTHKA HENPSIMOrO IEWCTBUS pajuallMd B PACTBOpax.
Posnb MOMpHUKaTOPOB B painoiIn3e MOJICKYII.

Pagnanmonnas Ouodpusuka kietku. KonuuecTBEHHbIE  XapaKTEPUCTUKH  TUOenu
0o0Jy4eHHBIX KJIETOK. PemnpoaykTtuBHas u uHTepdazHas rudenb kieTok. Amnonrto3. [IpuHiun
MOMAaIaHusl, KOHILIECTIUS MUIICHHU. DBOIIOIUS 3TUX NOHATUH. CTOXaCTHUECKHUE MOJICIH.

OCHOBBI MUKPOJJO3MMETPUN MOHU3UPYIOMUX H3nydeHui. [lepBuunbie pu3nKo-XxuMHIecKue
npouecchl B OOMy4eHHOH KieTke. AHaau3 MEXaHHW3MOB JIyU4€BOIO NMOPaKCHUs KIETOK. Poib
MOJIEKYJISIpHBIX MexaHu3MoB penapaiun JIHK u penapanuoHHBIX (GEepMEHTOB B JIy4yeBOM
NOpaXeHUH KJIEeTKH. Ponb TOBpexAeHUs OHOJOTMYECKMX MeMOpaH B  paJMallMOHHBIX
HapyLICHUAX KIETKU. OKHUCINTENbHbIE MPOLECCHI B IMIUAAX U AHTUOKUCIUTEIbHBIE CUCTEMBI,
YYacTBYIOUIME B IEPBUYHBIX OMOPU3NYECKUX U NOCIEAYIOUINX JTYyYEBbIX PEAKIIMSIX.

BoccraHOBUTENIBHBIE IIPOLECCHI IIPU JTyYE€BOM ITOPAKEHUU KIICTKU.
Monudukariys 1y4eBoro NopakeHus KJIETKU.

Pamuanmonnas 6nou3nKa CIOKHBIX CHCTeM. BpeMeHHbIe u J1030BbIe 3PPEKTHI pagnuaIiu.
CpaBHUTEIBHAS PAIMOTYBCTBUTEIIBHOCTh OMOJIOTHYECKUX OOBEKTOB U CUCTEM. [[eiicTBHEe MaJTbIxX
1103 ¥ XpoHudeckoro obmyueHusi. OTnajaeHHble MOCIeICTBUS MaJbIX 103 PalMallii Ha OPraHU3M.
Oco0OeHHOCTH JEHCTBHS BHEIIHETO0 M MHKOPIOPUPOBAHHOTO, OOIIEro M JIOKAIbHOTO, OCTPOTO U
XPOHUYECKOT0, OTHOKPATHOTO M MHOTOKPATHOTO OOIy4eHUSI.

4. Teopernueckasi Onopu3uKa.

OcHOBHBIE OCOOEGHHOCTHM KHUHETHKHA OHMOJIOTMYECKHX TpoieccoB. OnucaHue ITUHAMHKH
OHMOJIOTMYECKHX MPOIIECCOB Ha S3bIKE XUMUYECKOH KMHETHKU. MaTeMaTHUeCKUe MOICIH. 3aauu
MaTeMaTHYECKOT0  MOJEIMpPOBaHUs B Owoyormu. OOmMEe NPHHIUIBI  TOCTPOCHUS
MaTeMaTHYECKUX MOjeliel Ononornueckux cucteM. [ToHATHE aIeKBaTHOCTH MOJIENIU PEaTbHOMY
00BEKTY.

JuHamMuueckre Mozieiar OMOJIOTMYECKUX MpoLeccoB. JIMHENHHbIE U HEIMHEWHBIE MPOLIECCHI.
Mertonbl KauecTBEHHOM Teopuu Aud@epeHIualbHbIX YpaBHEHHM B aHaIu3e JIMHAMUYECKHX
CBOICTB Oumosornuyeckux mnpoueccoB. Ilonarue o ¢as3oBoil miockocT U (pa3oBoM mHopTpere
CUCTEMBI.

Bpemennas wuepapxus M nOpuHIMI "y3Koro Mecta' B OMOJIOTMYECKMX CHCTEMaXx.
VYpasnsroomuye napaMmerpsl. beIcTpblie U MENTIEHHBIE IEPEMEHHBIE.

CrrocoOBI MATEMATHYECKOT0 OIUCAHUS MMPOCTPAHCTBCHHO HEOAHOPOAHBIX CUCTEM.

CranuoHapHbIe COCTOSHUSI OMOJIOTMYECKUX CHUCTEM. MHOXKECTBEHHOCTh CTAI[MOHAPHBIX
COCTOSIHUM. Y CTOMYMBOCTD CTALIMOHAPHBIX COCTOSHUM.

Mopenn TtpurrepHoro tuma. IIpumepsl. CuiioBoe M MapaMeTpUYECKOE MEPEKIIIOUYCHHE
Tpurrepa.

FI/ICTepCSI/ICHBIC saeiaenus. KoneOaTeabHbIe MponecCul B Oouosiorun. ABTOKOJIEOATEIbHEIC
PCKUMBI. Hpe,Z[CJ'IBHBIe IMUKIJIbI U UX yCTOfI‘IPIBOCTB. HpI/IMCpLI.



[IpeacraBnenuss O NPOCTPAHCTBEHHO-HEOJHOPOAHBIX  CTAlMOHAPHBIX  COCTOSTHUSX
(TMCCUTIaTUBHBIX CTPYKTYPAxX) U YCIOBUSAX UX 00pa30BaHUSs.

Kunernka ¢epMeHTaTuBHBIX mporeccoB. OCOOEHHOCTH MEXaHU3MOB (EpMEHTATUBHBIX
peakuuii. [lousitre o pusnke hepMEeHTATUBHOTO KaTaim3a.

Kunetnka  mpoctedimmx  (QEepMEHTAaTHBHBIX  peakmuil.  YCIOBUS  peau3aluH
CTallMOHAPHOCTU. YpaBHeHHEe Muxasnuca-MenteH. Bnusnue MoandukaTopoB Ha KHHETUKY
(bepMEHTAaTUBHBIX PEAKIIHIA.

[Ipumenenne Metoma rpadoB AN HUCCIENOBAaHMA  CTAl[MOHAPHOW  KUHETHKHU
(depmenTaTuBHBIX peakuuii. OOmUe NPUHIUNBI aHanu3a 0oJjiee CIOXKHBIX (PEPMEHTATUBHBIX
peaKuui.

Knaccudukanus repmoguHaMudeckux cucteM. [1epBoiii 1 BTOpOii 3aKOHBI TEPMOIUHAMUKN
B Ouonoruu. TemnoeMKocTh M CKHUMAEMOCTh OENKOBBIX TII00Yn. Pacuersl sHepreTMuecKux
3¢ dexToB peaknuil B OHOJIOTMYECKUX CHUCTEMaX. XapaKTepuCTHUecKHe (YHKIMH U HX
UCIIOJIb30BaHUE B aHAIM3€ OMOJOTUYECKUX MTPOIECCOB.

N3menenne  sHTponmuMM B OTKpBITBIX  cucreMax.  Iloctymar  IlpuroxuHa.
TepMoaMHaMHUYECKUE YCIOBHSI OCYILIECTBICHHUS CTAllMOHAPHOIO cOCTOsHUA. CBs3b MEXIy
BEJIMYMHAMU XUMHYECKOT0 CPOACTBA M CKOPOCTAMU peakuui. TepMOguHaMUYeCKOe CONPSIKEHNE
peaKIyii 1 TerIoBbie 3PPEKTH B OMOJIOTHIECKUX CUCTEMAX.

ITonsTue O606H.[CHHBIX cul M TMOTOKOB. JIMHEHHBIE COOTHONICHHS W COOTHOIICHHUS
B3aMMHOCTH OHaarepa. TepMOI[I/IHaMI/IKa TPAaHCIIOPTHBIX ITPOLECCOB. CTaI_[I/IOHapHOG COCTOsIHUEC U
YCJI0BUSI MUHUMYMaA CKOPOCTHU IIPUPOCTA DHTPOIIHNHU. TeopeMa HpI/IFO)KI/IHa.

[IpumeneHue JnMHEMHOM TepMOAMHAMHUKM B  Ouonoruu. TepmoauHamuueckue
XapaKTEPUCTUKU MOJICKYJISIPHO-OHEPTETUUECKUX TPOIeccoB B Ouocucremax. Henunelinas
TEPMOJNHAMHUKA.

O6H_[I/Ie KpUTCpUn YCTOﬁQHBOCTH CTallMOHAPHBIX COCTOSIHUM U nepexoaa K HUumM BOJIM3U U BJaJin
OT paBHOBECH.

CBs13b SHTpONMH U MH(GOPMALIUU B OMOJIOTMYECKUX CHCTEMAX.

Bnusiue TemnepaTypbl Ha CKOPOCTh PEaKIfii B OMOJIOTHYECKHUX cUcTeMax. B3anMocBs3b
KWHETUYECKUX M TEepMOAWHAMUYECKUX TapaMeTpoB. Ponb KOH(OpMAalMOHHBIX CBOWCTB
OMONOIMMEPOB.

5. Dkonoruyeckast Onopusuka.

AI[aHTaI_[I/IH, yCTOﬁ‘IHBOCTL n  HaAC)KHOCTb OMOJIOTHYECKUX CHCTEM pasHOTro YpPOBH:A
OpTraHH3alnu: KJICTOK, OpraHu3MoOB, HOHy.]'ISIL[PIfI. Pa3Hoo6pa3He OTBCTHBIX peaxunﬁ
WHIUBUIYYMOB B KJICTOYHBIX aHCcaMOJISIX | NOMyJIAIUAX. I[I/IHaMI/IKa OHEPro-mMacco oOMeHa.
HpOI‘HO3I/IpOBaHI/IC AUHAMHKHU YACJICHHOCTH IOITYJISALIUHA.

Knaccudpukanus BozneiictBuil. Crnabbie (poHoBbie) BozneicTBus. Kocmuueckue u
MepUOIUYECKHe BO3JeHCTBUS. EcTecTBeHHBIN pagualimoHHBIA (OH M YPOBEHBb pajJioHa B Cpee.
[IpobGnema 030HOBOU ABIPEL. DM-HU3TydeHUsT KOCMUYECKHX W 3€MHBIX UCTOYHHUKOB. MarHuTHbBIC
noist CosHIa, 3Be31, TaTaKTHK U APYrux o0bekToB Beenennoit. Lukiasr ComHeyHON aKTUBHOCTH,
ux BiausiHUE Ha 3emito.  CBeT u GMopuUTMBL. brojoruueckue 4achl.



HevictBue ontuueckoro wusimydeHus. dorocuHte3 B Mope. [IpuyuMHBI JTUMUTHPOBAHUS
nepBU4YHON mnpoxykuuu. PorounHrunOupoBanue u QortomecTpykuusi. PDoroperynsuus pocra
pactenusa. OnTHYeCKHe CBOMCTBA JIMCTHEB BHICIINX PACTEHUM U CIIEKTPAJIbHBIE METO/BI OLEHKU
(YHKIMOHAIBHOTO COCTOSHUS (POTOCHHTETUYECKOTO arnapara.

Jleiicteue Y®-uznydenus. MonekymsipHple MexaHu3mbl (oronospexaeHus JHK mnpu
JnercTBud Y@ u3iydeHus 3K0J0ruueckoro auana3zona. Knerounsie cuctemsl penapaunun JJHK.
®dotonoBpexacHue U (OTOPEAKTHBAIUMS MHUKPOOPraHU3MoB. KoMOMHUpOBaHHOE JCHCTBUE
W3JIYYCHHS Pa3HbIX JJIMH BOJH Ha KIeTKy. depMeHTaTHBHAs peakTUBaLMs. MOJEKyIsIpHBIS
MEXaHU3MBI JeHCTBUS (POTONTHA3ZHI.

OkucnutenbHbll  cTpecc. MONEeKyNIsipHbIE  MEXaHU3Mbl  MOBPEXKAAIONIETO  JACUCTBUS
kucinopona. Ilyrm cBeToBOM M TEMHOBOM aKTMBAUMHU MOJIEKYJSIPHOTO  KHCJIOpOAA.
DepMeHTAaTUBHBIE U HepEepMEHTATUBHBIE peakiuu. Poib CBOOOAHO-palMKaIbHBIX PEaKIHid U
CUHIVIETHOIO KHCIOpoAa. MeTonbl M3y4eHUs: OKHMCIMTENIBHBIX ACCTPYKTHBHBIX IIPOLIECCOB B
OMOJIOTUYECKUX CUCTEMaX. [Tpupoansie  ¢oToceHCHOMTHM3aTOPEl  (HOTOAECTPYKTUBHBIX
nporeccoB. [ToBpexxaeHust pacTeHU NpU ACHCTBUH TepOULIUAOB, 3arpsi3HUTENCH aTMoc(hepsl,
TOKCUYECKHX BEILECTB, 3a00JIEBaHUSIX. @arouuTo3 M CBEPXYYBCTBUTEIBHOCTh B CBS3U C
MMMYHHUTETOM >KMBOTHBIX M pACTUTEIbHBIX OpraHu3moB. CTapeHHe pacTeHUH, IPOIYKTbI
Jlerpajaliy JUIUI0B U IMTMEHTOB.

MorekyssipHbIe MEXaHU3MBI aJ[alTalliu )KUBBIX OPraHU3MOB K SKCTPEMalbHBIM (akTOpaM
BHEIIIHEH cpeibl (TeMIieparypam, OCBEIICHHUIO, 3aCOJICHHIO, JICHCTBHIO KCEHOOMOTHKOB, TUTIOKCUT
Y TUTIICPOKCHH ).

Ouenka cocrtosHud cpeabl ooOurtanud. [lpenenbHO  JONyCTUMBIE  KOHLEHTpAUUU U
OouorectupoBanue. Metogonorus OuorectupoBanus. JucraHuuonusle Metoabl. [IpakTuueckoe
UCII0JIb30BaHNE OMOTECTUPOBAHMS JIJIsl OLIEHKU KayecTBa CPE/Ibl.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

BBeaenue B 0a3b1 JaHHBIX

Heab AMCHUNIMHBI:

- U3y4CHHE U MTPAKTUYECKOE OCBOCHUE METOIOB co3/1anus 6a3 naHubiX (bJ]) n o0mux npuHImmnoB
X (YHKIIMOHUPOBAHMS, TEOPETHUECKUX U MPHKIATHBIX BOIPOCOB MPUMEHEHHUS COBPEMEHHBIX
cucreM ynpasieHus 6azamu naHubix (CYB/]) u aBToMaTu3mupoBaHHBIX HHPOPMALMOHHBIX CUCTEM
(AUC).

3agauu AMCHUIINHBIL:

- H3yYEHUE OCHOBHBIX MOJICJICH JTAHHBIX U S3BIKOBBIX CPEACTB Pa0OTHI C PEISIIUOHHBIME O0a3aMu
JTaHHBIX;

- U3y4eHHe IPUHLUIIOB OPraHU3alUHU CUCTEM 0a3 JaHHbIX;

- uzyuenue Bozmoxknocreit CYB/] Oracle;

- OCBOEHHME METO0JIOTUU IPOEKTUPOBAHUS 0a3 JaHHBIX.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00y4YeHHS MO JUCHHUILINHE (MOAYJIIO)
B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOMKHBI

3HATh:

- IMPUHIHIBI OPraHu3alu U apXUTCKTYPbl CUCTEM 0as JaHHBIX

- MOJACIN NAaHHBIX,

- MI0CJIeI0BATENbHOCTD U 3TAIbl IPOSKTUPOBAHUS 0a3 JaHHBIX;

- COBPCMCHHBIC METOJAUKH CUHTC3a U OIITUMH3ANHN CTPYKTYP 0as3 JaHHBIX;
- OCHOBHBIE KOHCTPYKIIMHU 53bIKa 00paboTku naHHbIX (SQL);

- METOAMKH ONTUMHU3ALUH ITPOLECCOB 00OPaOOTKH 3apOCOB;

- COBpEMEHHBIE METO/IbI 0OecTIeueHHs [IETOCTHOCTH JIaHHBIX;

- METOABI PU3NUECKOM opraHu3anuu 0a3 JaHHBIX;

- CTaHIapThI, METOJHUYECCKHUEC u HOPMAaTUBHBIC MaTCpHraibl, OIIPCACIAOIINEC
MMPOCKTUPOBAHUE, CO3JAHUEC U COITPOBOXKICHUC 0a3 JaHHBIX

- COBPCMCHHBIC MCTOABI U CPCACTBA CO3JaHUSA aBTOMATH3UPOBAHHBIX I/IH(I)OpMaLII/IOHHBIX
CHUCTEM, OCHOBAHHEBIX Ha 0azax JaHHBIX,



- 0 MHOTr0oOOpa3Wy COBPEMEHHBIX CHUCTEM YIpaBlIeHWs Oa3aMu MaHHBIX, UX OOJACTIX
PUMEHEHUS U OCOOCHHOCTSX;

- O TEHJCHIUAX WM TEPCIEKTUBAX Pa3BUTHSI COBPEMEHHBIX CHCTEM YIIPABJIICHUS Oa3zamMu
JTAHHBIX;

- 00 OCHOBHBIX HCPCHICHHBIX Ha CGFO,I[H?II_HHI/Iﬁ JCHb HpO6H€MaX, BO3HHUKAIOIIUX IIpH
CO31aHHMH N NCIIOJIb30BaHHUHN 0a3 JaHHBIX.

yMeThb:

- MPUMCHATH COBPECMCHHYIO METOAOJIOTUIO IJIA UCCIICAOBAHUA U CUHTE3a I/IH(bOpMaI_[I/IOHHBIX
mojeneit nmpenMeTHbIx oonacreit AUC;

- MIPUMEHATh COBPEMEHHYIO METOOJIOTHIO HA CTaJMH TEXHUYECKOI'O MPOEKTUPOBAHUS —
oOcienoBaHue, BBHIOOP U CUCTEMHOE OOOCHOBAaHHE TMPOEKTHBIX PEIICHUH IO CTPYKType
nH(pOpPMaAIMOHHBIX MOIeNIel U Oa3aM JTaHHBIX

- MPOEKTUPOBATh 0a3bl JaHHBIX (OT ATAla aHaJIU3 MPEAMETHOMN 00acTu HHHOPMALIMOHHON
CUCTEMBI JI0 peaiu3anuu GU3ndeckoil Moaenu 0a3bl JaHHBIX);

- MPUMEHATh METOJbl TPOCKTUPOBaHUS 0a3 JAaHHBIX W COCTaBJICHUA MPOrpPaMM
B3aMMOJICUCTBUS ¢ 02301 TAHHEIX;

- PCaIIM30BbIBATH U JOKYMCHTHUPOBATH aBTOMATH3UPOBAHHYIO I/IH(bOpMaI_H/IOHHYIO CUCTEMY,
OCHOBAHHYIO Ha baze JaHHBIX.

BJIa/1eTh:
- HaBbIKaMU pabOThI ¢ PeNAIUOHHBIMU 0a3aMU TaHHBIX Ha si3bIke SQL;

- OTBITOM PadOTHI IO MPOEKTUPOBAHUIO 0a3bl TaHHBIX: MPOBEIACHUS aHAIN3a MPEIMETHON
o0nacT HH(OPMALIMOHHON CUCTEMBI, COCTABIIEHUSI MHPOJOTUYECKOW MOJIENH U AaTaJIOrH4eCKON
(KOHLIENITYaJIbHOM) CcXeMbl 0a3bl NaHHBIX, ONPEAENIEHUS OrPAaHUYEHUN IIEJTOCTHOCTH M IIpaB
JIOCTYIIA K TaHHBIM, UCIIOJIb30BaHUs CPEACTB 3alllUThl JaHHBIX;

- METOMoJIOTHeH MpuMeHeHus: Meronaa "cymHocTh cBsa3p" (ER-method, method “entity-
relation") 11 mpoeKTUpOBaHUs 6a3 TaHHBIX.

Tembl U pa3ensl Kypca:
1. BBenenue B 361k 0a3 qanHbIX SQL.

O6mue cBenenus. Crangaptel. [IpaBuna Hanucanus komanj. Oneparopel. CozaHue 00bEKTOB
BJI. Cunrakcuc komauzbl create table. CunTakcuc xomann insert, update, delete. Cunrtakcuc
komanbl select. Omeparopsl. Ilpenukarsl. NULL-3HaueHue. ArperupoBaHHE pe3yiIbTaTOB.
[Tomzanpocel. Coenunenune Tabnuu. CamocoenuHeHune. CHHTakCHUC KOMaHJbI create view.
OO6HoBIIIEMBIE 1 HEOOHOBIISIEMbIE TPE/ICTABICHUSI.

2. Beegenne. Moaenu 1aHHBIX.



Nudopmanus, nanuble, 3HaAHUSA, TpeaAMeTHas oOnacth, 0a3a manHblx, CYBJ], OaHk naHHBIX.
ABToMaTu3upoBaHHas HH(opmarmonHas cucrema. llonsTtue, knaccuduxanus, Bunsl MC.
[Ipenmernas o6macte WHGOPMAIMOHHOM cucTeMbl. Ha3HaueHWe M OCHOBHBIE KOMITOHEHTHI
cuctembl 0a3 naHHbIX: 0a3za gaHHbX, CYBJl, nmpuiioxxeHus. YpOBHU IpPEICTaBICHUs JAaHHBIX:
BHEIIHHUE CXEMBI, KOHLIENTYaJIbHbIN YPOBEHb, CXeMa XpaHeHHUsd. [ToHsTre Mosenu nanHbIX. Turbl
CTPYKTYp AaHHbIX. Omnepauuu HaJl AaHHbIMU. OrpaHuueHus nenoctHoctd. CereBas MoJenb
nanHbix (CM/L): nmpuHIMIBI OpraHU3aluy, JOCTOMHCTBA, HepocTaTKu. Mepapxuueckas Mozaenb
nanHbeix (MM/I): mpuHLUMIBL OpraHM3aliy, AOCTOMHCTBA, HENOCTATKHU. PelsiiiMoHHas MOJelb
nauubix (PMJI): npuHOMNBL OpraHU3alMM, TMOHATHE OTHOIICHUS, CBOMCTBAa OTHOILCHUS,
peanu3anus cBsi3eil, JTOCTOMHCTBA U HEJOCTATKU Moieu. Onepauyy pessiiiuoHHON anreopbl

3. MexaHu3MEBI J0CTYyIIa K IaHHBIM. OHTI/IMI/I3aI_II/I${ 3aIIpOCOB.

MexaHn3M TpaH3aKLUI: ONPECIICHUE TPAH3aKI[MHU, CBOMCTBA TPAH3AKIIMK, HAYaJI0 U 3aBEPILCHHE
TpaH3aKLMN, KOMaHJbl YIPaBICHUSA TPAaH3aKUUAMU. B3auMOBIMsSHUE TpaH3aKUUM, YpPOBHU
W30JIUN TPaH3aKUMi. BIOKMPOBKM: ompereneHne, MEXaHW3M pabOTHI, THIBI OJOKHPOBOK,
TYIIUKOBBIE CUTyallud. BpeMeHHble OTMETKA. MHOroBapuaHTHOCTb. MeTOABI ONITUMM3ALIUN: 10
CTOMMOCTH, 10 cuHTaKcucy. HoBbie metoasl ontummsanuu B Oracle. Tlopsimox onTumu3anuu

BEITIOJTHEHMS 3anpoca. CrocoOsl Hamrcanus Oosee dddekTuBHBIX 3ampocoB. [loackazku Oracle
(hints).

4. O0GecrieueHHE 3aINUTHI JaHHBIX B B/I.

Obecnieuenne Oe30macHOCTU JaHHBIX. Buabl cOoeB: cOoi mpuiiokeHus, cOOil IMpeasokeHus
MOJIb30BaTeNs, OMIMOKa IMoJIb30Baredsi, OOl mporecca onepaluoOHHON CUCTEMBI, cO0i (POHOBOTO
nporecca CYB/]. Cpencra pu3nueckoi 3auThl JaHHBIX: )KypHAJ TPAH3aKIHiA, CETMEHT OTKaTa.
PezepBHOE KomupoBanue. BoccraHoBieHne 0as3bl JaHHBIX. 3alIUTa OT HECAHKIIMOHHPOBAHHOTO
nocryna. CuctemMHble M 00beKTHbIE puBUieruu. [IpaBa gqocTyna, KoMaHbl HA3HAUEHUS U OTbEMaA
npuswieruil. [Ipusunerun Bnagensua. Ponu. Onucanue orpaHUueHU HEIOCTHOCTH CPEACTBAMU
a3pika SQL. Peann3anys orpaHu4eHn ENOCTHOCTHU C IIOMOILBIO MPEACTABIEHUN U TPUITEPOB.

5. O630p coBpemennbix CYBJl n nepcnekTuBsl pa3Butus b1

O6nextHO-pensaunonnbie CYB/] (Ha mpumepe Oracle). CoctaBuble Tumbl JaHHbIX. HacnenoBanue
u nomumoppusM. OcobeHHocTH si3bika SQL ans 00bekTHO-penaunoHHoNn mMoaenu. OObeKTHO-
opuentupoBanHele CVYBJ[. Cranpapr ODMG 3.0. ApxuTekTypa XpaHWIUIIA JIaHHBIX.
Meragannple. IloTOKM JaHHBIX: BOCXOAAIIMK, HHUcXodmui. Cxempl Thma "3Be3ga" ©
"cuexxunka". [Ipobnembr mpumeHenuss X/[. OLAP-texuonorusi. IloTokoBbie 0a3bl JaHHBIX.
PaGota ¢ HerouHbiMH AaHHbIMH. HoBble moib30BaTenbckue wuHTepgeicsl.  [Ipobiemsl
ONTUMU3AIMU 3arpocoB. MHTerpauus pasHOPOAHBIX U €1a00 (opManu30BaHHBIX JIAHHBIX.
Opranuzanus goctyna kK 6a3zam aaHHbIx yepes Internet. Camoanantanusa. CoXpaHHOCTb JaHHBIX.
TexHonoruu pa3paboTKu TaHHBIX U 3HaHWiT (data mining u knowledge mining).

6. Opraau3zanusi MPUI0KEHU Ha OCHOBE 0a3 JaHHBIX.

OcobeHHoCTH apXHUTEKTYphI KiMeHT-cepBep 1ist b1, Texnonorun nocrymna k 6a3e nanusix (ADO,
BDE, ODBC). Andasur, Kiaro4eBble cI0Ba, YIPaBISIIOIINE KOHCTPYKIIMH. XpaHUMBbIE IPOIETYpPbI
u QYHKIMHU: cO3/laHue M HcIosb3oBanue. B3ammoneiicteue ¢ Oracle u3 PL/SQL. O6pabotka
OomMOOK  (MCKIIOUMTENbHBIX  cuTyanuii). IlpemompeneneHHble W TOJIb30BATENIbCKUE
UCKITIOUUTENbHBIE CUTyaluu. Tpurrepsl 0a3 JaHHBIX: OOBIYHBIE, TPUITEPHl YPOBHS CXEMBI U
tpurrepsl INSTEAD OF. Ha3nauenue, co3gaHue W OCOOEHHOCTH  HMCIIOJIb30BaHMUSL.



Huunamuuecknii SQL. Tlaker dbms sql m NDS (Native Dynamic SQL). CpaBHenue
BO3MOXHOCTeH. Opranuzanus uaTepdeiica k 6aze JTaHHBIX.

7. Cuctemsl ynpasienus 6azamu nanasix (CYB/I).

Knaccudukanmss CYB/l: mo creneHn yHHBEpCATbHOCTH, IO MOJEIH JAHHBIX, MO IPUHIUIIAM
xpaneHust nanHbiX. [IpaBuna Kogna aisa pensunonnoit CYBJ[ (PCYB/I). OcHoBHBIE GyHKIMH
pemsimuonHot CYBJI: Xpanenue, wusBieueHue u oOHOBIeHHe paHHBIX. Katamor (CCl),
JNOCTYMHBIA KOHEYHBIM Tojb3oBaTessiM. [loanepikka tTpanzakumid. Ciyx0a ympaBlieHUs
napajuiensHoi paboToi. CiyxObl BoccTaHoBiIeHUS. Ciy:KObl KOHTPOJISI JOCTyNa K JaHHBIM.
Cry>x0bl TOAIEPIKKHU TEIOCTHOCTH NaHHBIX. CITyKObI TOIICPKKA HE3aBUCUMOCTH OT JIaHHBIX.
AnmuHuCTpUpoBaHue  0a3pl  JAHHBIX:  QJMHHHUCTPHPOBAHHE  MPEAMETHOW  00JacTH,
aJIMIUHUCTPUPOBaHUE 0a3bl JAHHBIX, A[IMUHUCTPUPOBAHUE MPHIOKECHUH, aMHUHUCTPUPOBAHUE
oe3omacHocTH. ClioBapb-CIIPaBOYHUK JaHHBIX: ocoOeHHocTH Oracle.

8. Odusnueckas opraHu3anusga faHHBIX.

CrpyKTypa XpaHMMBbIX JaHHBIX: XpaHUMBbIE 3aITUCH PUKCHUPOBAHHON U IepeMeHHOM JuTnHbL. Kittou
0a3bl JaHHBIX. YIIpaBJICHHE IPOCTPAHCTBOM MAMATU U pa3MelIeHUeM JaHHbIX. Buasl agpecanuun
XpaHUMbIX 3anuceil. CTpyKTypa mamsaTH: TaOJMYHBIE OOJIACTH, CETMEHTBI, SKCTCHTHI, OJIOKH
namstu. [Tapamerpsl pactipenenenus mamsatu. Ctpykrypa popmara DBF. Mexanusmsl noctymna x
JaHHbIM. OnTUMH3aLMs 3apocoB. MHIekcupoBaHe JaHHBIX: HA3HAUYEHUE UHIEKCOB, IPUHIIUIIBI
OpraHM3aliy, THUIBl HMHJEKCOB (COCTaBHbIC, JMHEWHbIE W MHOTIOYPOBHEBBIE, IIJIOTHBIE U
HEIUIOTHBIE, C)KaTble M Hecxkarble). MHnekc B Buae B-nmepeBa: NmpuHIMIBI OpraHU3alllH,
JOCTOMHCTBA.  XEIIMPOBAaHUE: MNPHUHLMIIBI  OpPraHu3alM{, JOCTOMHCTBA,  HEIOCTaTKHU.
Hcnonp3oBanne xemmupoBanus B Oracle. Knacrepusanus AaHHBIX: NPUHLMIIBI OpraHU3aIM,
JIOCTOMHCTBA, HegocTaTku. Vcnone3oBanue kinacrepusamnuu B Oracle.

9. DnemMeHThI MPOEKTUPOBaHUS 0a3 TaHHBIX.

OcHoBHble 3Tansl npoektupoBanus MC: mpeanpoekTHas moArotoBka, npoektupoBanue b/,
peanu3anys MpoeKTa U COo3JaHue MPUIOKEHUH. MeToabl MHPOJOTHYECKOr0 MPOEKTUPOBAHMUS:
(GyHKIIMOHAIBHBIN, TPEIMETHBIN, METOA "CYITHOCTh-CBA3B". CyIIHOCTH, aTpHOyThI CYLTHOCTEH,
CBA3M MEXIYy CyIIHOCTSIMH. TepmuHbl U kinaccudukanus. OObeIWHEHUE JIOKAJIbHBIX
npencraBieHuid [lokazareny, Ha OCHOBE KOTOPBIX OINPEAETSIOTCS TPeOOBaHMS K ONEepalliOHHON
oOcraHoBKe: 00beM BJI, pexum paboTbl, XapakTep W MHTEHCHUBHOCTbH 3arpocoB. Ilapamerpsl,
KOTOpBIE cienyeT yuduThiBaThb mnpu BbeiOOpe CYBJl: Monens naHHBIX, (QYHKIMOHAJIbHBIE
BO3MOXXHOCTH, THIbl JaHHBIX, HaJEXKHOCTb, CTOMMOCTb, HaJIW4YHE KBaJTU(ULIUPOBAHHOTO
nepconana. [Ipeobpazoanue ER-nuarpammel B cxemy bJ1. BolsiBineHne Hepeann3yemMbIx CBsI3€H.
CocraBnenne orHomeHui. OmnpenencHue NEPBUUHBIX Kiroded. OnpeneneHue TUIIOB JaHHBIX
atpuOyToB. OmnMcaHue OrpaHUYEHUH IEIOCTHOCTH. AHOMAJIMM MOJU(UKAIUK JaHHbIX.
Hopmanusanusa otHomenui. [Ienopmanusanus otHolleHuil. IlpaBuna peanusanuu npoekTa Ha
sa3pike SQL. O6bextol B/1. [Topsanok co3nanus o6wexktoB bl mox ynpasnenusim CYB]] Oracle.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHBbIE U HEMTPOHHbIE METO/IbI UCCJIEI0BAHUI

BBenenue B MaTeMaTHYeCKHH aHAJIN3

Heab AMCHUNIMHBI:

- 00yueHre OCHOBaM MaTeMaTHIeCKOT0 aHau3a st GOPMUPOBAHUS Y CTYICHTOB MTPEICTABICHHUS
0 MaTeMaTHKe, Kak 0cOO0M METO/Ie TIO3HAHHUSI IPUPOBI, OCO3HAHUS OOITHOCTH MAaTEMATHYECKUX
MOHITHA M MOJEJCH, TPUOOPETCHHS] HABBIKOB JIOTHYECKOTO MBIIUICHUS M OICPUPOBAHUS
a0CTPaKTHBIMH MaTEeMaTHYECKUMH OOHEKTAMU;

- BOCIIMTaHUE BBICOKOM MaTeMaTHUYECKOM KYJbTYPBbI.

3agauyd IUCHUILINHBI:
- TOOUTBHCS YETKOT0, ICHOIO TOHUMAaHHUs OCHOBHBEIX 00BEKTOB MCCIIEIOBAHMUS U IIOHATHI aHAIN3a;

- IPOACMOHCTPUPOBATH BO3MOXKHOCTH MCTOJOB aHAIM3a IJIA PCUICHUA 3a1a4d q)YHHaMCHTaHBHOﬁ
nu HpHKHaHHOﬁ MaTE€MaTUuKH,

- IPUBUTHb TOYHOCTb U 00CTOATENLHOCTE APTrYMCHTAIIUNU B MATCMATHYCCKUX PACCYKACHUAX,

- C(i)OpMI/IpOBaTb BBICOKHI YPOBCHB MaTeMaTu4eCKOi KYJIbTYPHI, JOCTATOYHBIHN JJIs1 IOHUMAHUS U
YCBOCHUA NTOCIICAYIOIIUX KYPCOB 110 HerepLIBHOﬁ 151 I[PICKpCTHOfI MAaTCMAaTHKE,

- CITIOCOOCTBOBATH: MMOATOTOBKE K BEICHUIO UCCIIEI0BATENBCKOMN AEATEIbHOCTH (B YACTHOCTH, JUIS
HaIMCaHUsl KypCOBOM M BBIMYCKHOM KBaIM(PUKAMOHHON paboT) B 001ACTAX, UCHOJIb3YIOIINX
MaTeMaTUYeCKHUe METO/Ibl; CO3JaHUIO U MCIIOIb30BAHUIO MAaTEMAaTHYECKUX MO/IEJIEH MPOIIECCOB U
00beKTOB;  pa3paboTke J(PGEKTUBHBIX  MaTEeMaTHYECKUX  METOJOB  pEIIeHUs  3ajaad
€CTECTBO3HAHHUS, TEXHUKH, Y)KOHOMUKH U YIIPABJICHMUS;

- pa3BUBaTh YMEHHE CaMOCTOSITENbHON pabOThl ¢ YUeOHBIMU MOCOOUSMHU U IPYTON HAYYHOU H
MaTeMaTUYECKOU JINTEPATYPOH.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMECs T0JIKHbBI
3HATh:

- OCHOBHBIE CBOWCTBa TIPENEIOB MOCIEAOBATEIBLHOCTH M (QYHKIHUNA JEHCTBUTEIHLHOTO
NEPEMEHHOT0, TPOU3BOIHOM, AU depeHnnana, HeonpeaeIeHHOT0 HHTETpaa;

- CBOiicTBa (QYHKIIMI HAa OTPE3KE;



- OCHOBHBIC '3aMmedarelbHbIC  Tpeaenbl’, TaOuuuHble (HOPMYIBl IS TPOU3BOAHBIX U
HEOMPECNICHHBIX HMHTErpayioB, GopmMyisl TuGEpeHIIMPOBaHNs, OCHOBHBIC Pa3JIOKEHUS
aIIeMeHTapHbIX (QyHKIMA 1o popmysne Teitnopa;

- OCHOBHBIE (popMyIbI TudPepeHInaTbHON TeOMETPUH.

yMeTb:
- 3aIIUCBIBATh BBICKA3bIBAHUS IIPU TOMOIIM JIOTHUECKUX CUMBOJIOB;
- BBIUUCIIATH MpeAesbl OCIEI0BaTeIbHOCTEN U IEHCTBUTEILHOIO IEPEMEHHOT0;

- BBIYHUCIISTH TPOM3BOIHBIC JIEMEHTAPHBIX (PYHKIUH, paCKIIaAbIBaTh dJIEMEHTapHbIe (YHKIIUU 110
dbopmyne Teitnopa;

- mpuMeHATh Gopmyny Teillopa K HaXOXJICHHUIO TVIABHOM CTENEHHOW YacTH MPH BBIYUCICHUU
npenenoB (yHKIUT;

- mpuMeHATh Gpopmyny Teitnopa u npaBuio Jlonurans;

- cTpouTh rpaduku GyHKIUI ¢ TPUMEHEHHWEM MEepPBOM M BTOPOI MPOU3BOAHBIX; MCCIEIOBATH
(GYHKIIMY Ha JTOKAJBHBIM SKCTPEMYM, a TAK)KE HAXOAUTh UX HauOOJIbIlIee U HAUMEHBIIIEe 3HAYCHHUSI
Ha MPOMEKYTKAX; BBIYUCIATH KPUBU3HBI INIOCKUX U MPOCTPAHCTBEHHBIX KPUBBIX.

BJIAJ1€Th:
- IPpCAMCETHBIM A3BIKOM KJIACCHUYCCKOI'O MAaTCMATUYCCKOI'O aHaJIn34a,

- TPUMEHSAEMBbIM @pPU TIOCTPOEHUU TEOPUHU IMIPEJAEJIOB, ammapaToM TEOPUHU IPEEIIOB,
i depeHIMaTbHOT0 M MHTETPAJIBHOTO MCUUCICHHS I PELIeHUs pPasIMYHBIX 3aj]ad,
BO3HUKAIOIIKX B PU3UKE, TEXHUKE, SKOHOMUKE U JPYTUX MPUKIATHBIX TUCIUILINHAX.

TeMbl U pa3jaeiibl Kypca:

1. uddepenunpyeMocTb PyHKINH.

Haercs omnpeneneHue M pazOupaercss cmbici aupdepeHuupyeMocTd (GYHKLIHMU B TOYKE.
Jloka3bIBatoTcs cBoiicTBa AU PepeHIpYEMOCTH BhITEKAIOIIME U3 onpeeaeHns. Jloka3pIBaoTCs
anreOpanyeckue cBoicTBa nupHepeHInpyeMbIX B TOUKE QYHKIUI.

Joka3zpiBaercs TeopeMa o auddepeHpyemMoctd oopatHoil pyHkuuu. [TpuBoasrcs npumepsl
MO3BOJIAIOIINE HAXOAUTh TPOU3BOIHBIE 0OpPaTHBIX (PYHKIUU.

Haercs onpenenenue nuddepeHipana, paccMaTpuBalOTCs aaredpandyeckue CBOWCTBa, COCOOBI
BBIYUCIIEHUS TuddepeHIraa Mpyu pasInyHbIX crocodax 3aaanus GyHKINH.

Onpenensrorcs audpepeHnranbl 1 MPOU3BOIHBIE BRICITUX MOPSAIKOB. PazouparoTcst cnoco0b ux
BBIYHCIICHHSI TIPU PA3JIMYHBIX CITOCO0ax 3amanus (yHKITHA.

Jloka3bIBatoTCsl (pyHIaMEHTaJIbHBIE TEOPEMBbl OTpakarollue CcBoicTBa AuddepeHurnpyembIx
¢bynkuuii. PazoupatoTcst mpumepsl HCCIeI0BaHUS CBOMCTB (YHKIMH Ha OCHOBE JOKa3aHHBIX
TEOpEM.



JHoxazana reopema J[apOy 0 CBOHCTBE MPOU3BOIHON MPUHUMATH MPOMEKYTOUHBIC 3HAUCHHUS.

Jloka3plBaeTcss BakHasl Ul JAlbHEIIEro TeopeMa O JIOKAJbHOI 00paTMMOCTH, CBA3aHHAs C
HEIPEPBIBHOCTHIO IIPOU3BOJIHOM B TOUKE.

2. NnTerpupyemMocth QyHKIUU.
PaccmaTpuBaercs uaest UHTErpUpOBaHUs U ee peanu3aius no apoy.

Jloka3piBaeTcss KpUTEpPUIl MHTETPUPYEMOCTH (GYHKIUN M €ro MpUMEHEHHE K HCCIeI0BAaHUIO
MHTETPUPYEMOCTH HEMPEPHIBHBIX U MOHOTOHHBIX (QYHKITUH.

JlaeTcs omnpeneneHue CEMEWCTBA HMHTEIPAIBHBIX CYMM, IPEIEIbHOM TOYKM CEMEHCTBA
WHTErPAJIBHBIX CyMM. J[OKa3bIBa€TCsl TEOpPEMA O SKBUBAJICHTHOCTH MHTEIPUPYEMOCTH 110 PuMany
" CyHICCTBOBAHUA HpeHeHLHOﬁ TOYKH CEMEHCTBA HHTCIpaJIbHBIX CYMMM.

I[OK&SLIB&GTCSI TEOpEMa O HHTCIPpHUPYCMOCTU CJIOKHOM Q)YHKHI/II/I nus3 KOTOpOfI nojrydacm piana
Ba)KHBIX CJICACTBHU.

PaccmarpuBaroTcs aaiMTUBHBIE U JIMHEWHbBIE CBOWCTBA MHTerpana PumaHa, a Takke CBOMCTBA
MHOKECTBA HHTErPUPYEMbIX (PyHKIMM. B 4acTHOCTH T€OpeMBI O CpeIHEM 3HAYCHUH.

BreiBonuTcss gopmyna 3aMeHbl MEPEMEHHONW B HHTErpaine M (popMynupyroTcs YCIOBHUS IMPHU
KOTOpBIX hopMyIia BEpHa.

PaccmaTpuBaetcs 3aBUCHUMOCTbh 3HAUEHHUsI MHTErpaja OT MPOMEXKYTKa WHTEIPUPOBAHUS, U Kak
cieacteue Qopmyna Herotona — JleliOruna. PacmarpuBaroTcs mpuMepbl MPUMEHEHs IS
BBIYUCIICHHSI 3HAYCHUI UHTETPAJIOB OT MPOCTEHINNX ()YHKIIHIA.

I[aeTCH OIPCACIICHUEC, TAK HA3bIBACMOI'0, HCOIIPCACICHHOTO MHTCIPAJIa U YCTAHABJIIMBAKOTCA €TO
anre6pqueCKI/Ie CBOICTBa.

3. MuoxectBa. OTHOmEeHus. Onepanuu.

I[aI-OTCSI O6I_I_II/IC MNpEACTAaBJICHUA O HCYHUCIICHHUU BBICKA3bIBaHHU. Pa361/1pa10T05{ Ba’XHBIC I
JanbHEUIIEro IMPUMCPHI.

JaroTcs ompeneneHus onepanui HaJl MHOXECTBaAMHU, ONPEAECICHUS U CBOMCTBA OTHOLICHHH U
onepaunui.

N3yuatoTcst OCHOBHBIE BUbI alIT€OpandecKuX KOHCTPYKIIHUH.
W3y4aroTcst yncna Kak peain3anusi OCHOBHBIX aJlreOpandyeckuX KOHCTPYKLUH.

ﬂaeTCH OmnpeaACIICHUEC U TPUMEPLI METPHUICCKUX MPOCTPAHCTB, XIPEACTIAIOTCSA CBOMCTBA TOYCK U
MMOAMHOXECTB METPUUCCKOT'O ITPOCTPAHCTBA.

I/IBYLIaIOTC}I anre6pa1/1qec1<ﬂe U TOIIOJIOTMYECKHE CBOMCTBA OT06pa)I(CHHf/'I.

4. HenpepbIBHBIE (PYHKIIUH.



JlatoTcs onpenieneHnst orpaHMueHHOCTH, IPEIETbHOCTH U HEMPEPHIBHOCTH OTOOPAIeHUS B TOUKE,
BBITEKAIOUIME W3 CBOMCTB JEHCTBUTENBHBIX YHCEN M KaK YIOPAJOYEHHOTO MOJs, Tak U
METPUUYECKOT0 MPOCTpaHCTBA. V3y4aroTCsi OCHOBHBIE CIIOKAJIBHBIE CBOMCTBA.

Jloka3bIBaeTcs TeopeMa o HEempepbIBHOM 00pase oTpeska. /loka3siBeTcs TeopemMa 0 paBHOMEPHOIA
HENPEPHIBHOCTH HENPEphIBHOM Ha oTpe3ke ¢yHKIuH. Pa3buparoTcss cieacTBUS yKa3aHHBIX
CBOMCTB. PacMaTpuBarOTCA MPUMEPHI.

PaccmarupuBaioTcst cBoiicTBa OecKOHEYHOMANbIX (YHKIHUH, pa30uparoTcs 3aMedaTesbHbIC
npefenbl M pa30MparoTCs METOJAbl HAXOXKACHUS IIPE/IENOB OCHOBAaHHBIE HAa CBOWCTBAax
3aMeYaTeNbHBIX MPeAesIoB U 0.M QYHKIHIA.

JlokaspiBaeTcs mpoctas HO (yHAaMEHTalbHas TEOpeMa O CBOWMCTBE HENPEPBIBHOW (DyHKIMU
JIOCTUTaTh JIOKAJIBHOT'O AKCTPEMYyMa Ha OTPE3KE KaK KOMIIAKTE.

5. punoxxenus GyHKIUU TEHCTBUTEIBHOTO TIEPEMEHHOTO.

PaccmaTpuBaroTcsi MeTOABI aHaIM3a OJKCTPEMajbHBIX CBOWCTB (DYHKIUU JIEHCTBUTEIBHON
TIEPEMEHHOM.

PaccmaTtpuBaroTcst METO/IbI MCCIIEA0BAaHUS PA3IMYHbBIX CBOWCTB (DYHKLMN U METO/IbI IOCTPOEHUS
3CKM3a rpaduka Ha OCHOBE NPOBEAEHHOTO HCCIEIOBAHMS IUIS Pa3lINYHBIX CHOCOOOB 3aJaHU

(GyHKIMIA.

PaccmaTpuBaroTCst mpuiioKeHUsl CBOMCTB (QYHKIUI NEHCTBUTENLHON EPEMEHHOM Ui peleHus
(bu3NYECKUX U TEOMETPUUYECKUX 3a/1a4.

6. [Tpunoxxenus GyHKIIUHN TEHCTBUTEIBHOTO TIEPEMEHHOTO.

PaccmaTpuBaroTcs MeTOABI aHaIM3a OJKCTPEMajbHBIX CBOWCTB (DYHKIUU JIEHCTBUTEIBHON
IIEPEMEHHOM.

PaccmaTpuBaroTcst METOJIbI MCCIIEA0BAHUS PA3IMYHbBIX CBOWCTB (DYHKIIMN U METO/IbI IOCTPOEHUS
ACKHM3a rpauka Ha OCHOBE IPOBEIEHHOIO HCCIEIOBAHUSA IJI PA3IMYHBIX CIIOCOOOB 3aJaHUs

GyHKIHIA.

PaccmarpuBaroTcst MpUIIOKEHUsST CBOUCTB (PYHKIUI JeHCTBUTENLHON TEpeMEHHON JIJISl pelleHHs
(GU3NYECKUX U TEOMETPUUYECKHUX 3ajiay.

7. UncnoBBIE MTOCIIENOBATEILHOCTH.

I[aCTC}I OMNMpCACIICHUC YHUCIOBOM MOCIEIOBATEILHOCTH U HU3YYaroTCAa CBOMCTBaA clIeayromue mus3
OIIpCACIICHUA.

N3y4aroTcst OrpaHUYeHHBIE TIOCIEN0BATENBHOCTH, TA€TCsl ONPEACICHUE YaCTUYHOIO Mpeaena u
CBOMCTBA ITOCJIEI0BATEILHOCTEN UMETh BEPXHUM Y HY>KHUM ITPEEIbI.

I/ISYLIaIOTC}I CXooAmuecsa I1IoCIaCa0BaTCIbHOCTH C anre6pa1/1qec1<0ﬁ U TOIOJTHMYECKOM TOYEK
3pCHUA. HpI/IBOILSITCﬂ MNPpUMEPBI BaXXHbBIX YHUCIIOBBIX MOCJIEAOBATEILHOCTEM M METOMbI
J0Ka3aTCiabCTBAa CXOAUMMOCTH.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

BBenenue B puiiocopuro 1 MeTOI0JOTHI0 HAYKHU

Heab AMCHUNIMHBI:

- (hopMupoOBaHKE IPECTABICHUS O crierduke Gpriocodun, Kak criocode MO3HAHUS U TyXOBHOTO
OCBOCHMS MHpPa, OCHOBHBIX pazJieliax COBpeMeHHOro (uiocodckoro 3HaHUs, (QHIOCOPCKUX
npobiaemMax ¥ MeToJax X MCCIeIOBAHMUS;

- OBJIAACHUC 0a30BBIMH IIPpUHIUIIAMHA U IIpUCMaMHU (1)I/IJIOCOCI)CKOFO IIO3HAaHUA,

- BBEJICHHE B KPYT PHII0cOPCKUX MpobIieM, CBA3aHHBIX C 00JacThio Oyayiei npodeccruoHalbHOM
NeSITeIbHOCTH, BBIpAa0OTKAa HABBIKOB PAa0OThI C OPUTHMHAIBHBIMH U  aJallTUPOBAHHBIMU
bunocopCcKUMH TEKCTaMHU;

- U3Yy4YCHUC JUCHUIIIMHBI HAIIPABJICHO HAa PA3BUTHC HABBIKOB KPUTUYCCKOT'O BOCIIPHUATHUA U OLICHKHA
MCTOYHUKOB HMH(pOpMaLMU, YMEHHUS JOTMYHO (pOpMynIHpoBaTh, M3jaraTb U apryMEHTHUPOBAHO
OTCTauBaTh COOCTBEHHOE BUJIEHUE MPOOJIEM U CIIOCOOOB UX pa3pelIeHHUs;

- OBJIAZICHUC IIpUEMaMH BCACHUA JUCKYCCUH, IIOJICMUKH, AHUAJIOTa.

33}13‘11/[ AUCHUIIJINHBI

- PaCKpBITh BOBMOKHOCTH MCIONB30BaHUs (pUI0COPCKUX TOHATUN U KOHIEHINI B CTAHOBICHUH
H COBpPCMCHHOM pPA3BUTHUU HaquOfI MBICJIM, B TOM YHCJIC II0Ka3aTb PpoOJb H 3HAYCHUC
bunocockoil METOAONOTUM HAYKH JUIsl CIIEUATMCTa B 00JIaCTH (PU3HKO-MATEMATHUYECKOTO
€CTECTBO3HAHHS,

- BBISIBUTH MHUPOBO33PEHYECKOE W METOJOJOTUYECKOE COJEp)KaHHE OCHOBHBIX (DHUIOCOPCKUX
KaTeropyil U MPUHLMUIIOB JAJII COBPEMEHHOI'O €CTECTBO3HAHUS, X IPUMEHEHNE B TEOPETUUYECKOH,
HKCIIEPUMEHTAJIbHOW U TEXHUYECKON (hM3MKe, a TaKXkKe IPYTHX paszjenax eCTeCTBEHHOHAYYHOTO
LHKIIA;

- CII0COOCTBOBATh B BBIPAOOTKE MOTPEOHOCTH B OCO3HAHMU (PUIOCOPCKUO-METOA0IOTHUECKUX
UCCIICIOBAaHMI HAa COBPEMEHHOM dTare pa3BUTHS HAYKH;

- 03HAKOMUThH C COJIEpP’)KaHHEM OCHOBHBIX METOAOJOTMYECKHX M TEOPETUKO-TIO3HABATENbHbIX
KOHIIETIUI B HCTOpUU (PUIIOCO(DCKOM MBICIH;

- HAYYUTb OPUCHTHPOBATHCA B MHOP006paSI/II/I METOI0JIOTHYECKMX KOHIEIIINN Ha COBPCMCHHOM
9TallC pa3BUTHUA HUBUIU3AIUH.

IlepeyeHb MuIaHUPYEMBbIX Pe3yJIbTATOB 00YUYEHHS 10 JUCHHUILIMHE (MOAYJII0)

B PE3YIbTATC OCBOCHUA NUCHUIIJIMHBL 06yqaroumec;[ JOJIDKHBI



3HATH:

- COBPEMEHHBIC TCHICHITNH PAa3BUTUS HAYKH;

- puocodckre KOHIENITUN HAYKH;

- MECTO €CTECTBEHHBIX HAYK B BEIPAa0OTKE HAYIHOTO MUPOBO33PEHUS;

-  UCTOPHI0O M  METOJOJIOTHI0  (U3MYECKUX HAyK W MaTeMaTUKH, PaCHIMPSIOIINX
obuienpodeccruoHanbHyl0, (PyHIaMEHTAIbHYIO TOATOTOBKY.

yMeTb:

- CaMOCTOSITENILHO OIPEIEIIATh 3a/la4d CBSI3aHHBIC C JMYHOCTHBIM Pa3BUTHEM, MOBBIIICHHEM
CcOOCTBEHHOM 00Pa30BaHHOCTH;

- OCYIIECTBIISITh KOHIICTITYAJIbHBIM aHAU3 COBPEMEHHBIX MPOOJIEM METOAOJOTHU (U3UKH H
MaTEeMaTHKU,

- popMHUpPOBATH OHTOJIOTMYECKUIN 0A3UC NPU PEIICHUU HAYYHBIX U MPUKIAJAHBIX 33/1a4 B 00JaCTH
WH(OPMALIMOHHBIX TEXHOJIOTUH;

- IIPUHUMATb COOCTBEHHEIE pCUICHUA B paMKax cBOEH HpO(beCCHOHaHBHOﬁ KOMIICTCHIIMHU B
CTaHAAPTHBIX U HCCTAHAAPTHLIX CUTYyallUAX, OCHOBAHHBIX Ha OCO3HAHHOM JIMYHOM BI)I60p€;

- MOHUMATh MECTO CBOEH AEATEIIBHOCTH W aHAJIU3UPOBATh BO3MOKHBIE MOCIEICTBUSA TE€X WIIU
WHBIX TPUHATBIX PEIICHHA Ha OCHOBE C(HOPMHUPOBAHHBIX JTUCIUIUIMHOW IEHHOCTHBIX
OpHUEHTAIINI;

- KIacCH(HUIUPOBATh KOHBEPICHTHBIE TEXHOJIOTHH IO MOP(OIOrHYECKMM OCHOBaHHMSIM U
MarepHaiaM, OIpeaeIaTh HeOOXOMUMBIA MEXIUCIUIUIMHAPHBIA KOHTEKCT IS Ka)JI0ro HOWK-
OJIOKA.

BJIA/1€Th:

- OCHOBaMH METOA0JIOTMHU HAYYHOI'O IMTO3HAHUA ITPU U3YUCHUHN PASJINIHBIX ypOBHGI\/’I opraHnusanvun
MaTCpru, NpOCTpaHCTBA 1 BPCMCHU,

- Pa3JIMYHBIMH BapHaHTaMU IOAXOHOOB K PCIICHHUIO KOHKPCTHBIX HpO(i)eCCI/IOHaJ'ILHBIX 3aga4 Ha
OCHOBC 3HaHI/II\/’I, MOJIYYCHHBIX B XOAC H3YUCHUSA HUCTOPUH, (1)I/IJ'IOCO(1)I/II/I n MCTOAOJIOI'MH
CCTCCTBO3HAHMA.

TeMbl u pa3jaesibl Kypca:

1. I[I/IHaMI/IKa CCTCCTBO3HAHHUA B BaHaHHOeBpOHCﬁCKOf/'I KYJIbTYPC. PepomronimoHHBIE IMPpONCCChI
Hosoro BPECMCHHU U HayKa. Hp06JICMBI TCOpHUU INO3HAHUA U Haquoﬁ MCETOAOJIOTHH. HpI/IHI_[I/IH
CCHCYyAJIM3Ma B TCOPUH ITO3HAHUS.

®opmupoBanue coBpeMeHHoro obOpaza Hayku (H. Komepnuk, JIx. bpyno, W. Kemnep, T
[anuneii). KomepHukaHckass peBONIONMS W €€ 3HAYEHHE B pA3BUTUM €CTECTBO3HAHUS.
®unocodekoe ocmpicieHne HaydHod pesomtounn XVII B.  IIpobinema HayuHOro MeToja.
Kputuka cxonactuueckoit meromonornu @. boskonom m P. J[lekaprom. Owmmupusm u



parmoHanM3M — THoceosorudeckue npoodnemsl dunocopuu HoBoro Bpemenu. JlemykTuBHas u
UHIyKTUBHAs MeTofonorus. MuayktuBHeiil Mmeton @. bakona. “IlpaBuina st pykoBoacTBa yma”
P. Jlexapra. Panmonamusm I'. Jleitbnuna (“uctunsl gakra” u “UctuHbl pazyma’). IlpuHiun
CeHCyaJlu3Ma B TEOpHHM Mo3HaHMA. [IpoGieMa MEPBOMCTOYHHMKA YEIIOBEUECKOTO 3HAHUS:
o0ocHoBaHue nMpuHIKIOB ceHcyanu3ma Jlx. Jlokkom. Kputuka I'. JIeiitOan1IeM 0THOCTOPOHHOCTH
cencyamuzma Jlokka. I'. JleiiOuun o Hambonee oOmMX 3aKkoHAaX MHpa (IECTEPMHHHU3M,
MOCTENIEHHOCTh ~ M3MEHEHUH, MpodieMa TOXAECTBEHHOCTH MPEIMETOB, COBEPILIECHCTBO
Bcenennoii). Ilapamokcbl W MmpoOTUBOpEUHs OJHOCTOPOHHEIO CEHCyalu3Ma: CYyObEKTHBHBIN
uaeanusM Jx. bepkiu, arnoctuiusm 1. FOma.

2. Knaccuueckuii stan dunocodpun panuonHanusma. PasButHe wuuel panuoHaiM3Ma B
KJIACCHYECKOW HEeMeKou ¢unocopuu.

Pannme paboter M. Kanra: mpunuun passutust u ecrectBo3Hanue XVIII Beka. WM. Kant u
“KOTIEPHUKAHCKUN~ TepeBOpoT B Quiocoduu. TBOpuecTBO cyOBEKTa — HCXOIHAs OCHOBA
npouecca no3Hanus no Kanty. . KaHT o TBopueckoM XapakTepe HAay4YHOI'O MBIIUIEHUS U
METOJI0JIOTUYECKOM poiu kareropui. Kareropum kak yHUBEpCAJIbHbBIE JIOTUYECKHE (DOPMBI.
['paHuI1IBI paliMOHAIEHOTO KOHCTPYUPOBAaHUS. AHTUHOMHUM pa3syMa. Juanekruueckas Gpuiocopus
['erens: npuHLKI pa3BUTHS U CUCTEMHAas MeToAosorus. ['ereiaeBckas KOHLENIUS palliOHaIN3Ma!
BCEOOIMe 3aKOHBI MHpa M 3aKOHBI TUAIEKTUYECKON JTOTHUKH. TOXIAECTBO OBITHS M MBIIIJICHHUS.
OcHoBHbIE 3aKOHBI THANCKTUKU. [IpyHIMI pa3BUTHSA U CUCTEMHAsI METOLOJIOTUS B COBPEMEHHOM

HayKe.

3. KonuenryaneHas ucropus Haykd. BO3HMKHOBEHUE HAayKH M OCHOBHBIC JTallbl €€ Pa3BUTUS.
Wnen panuoHamu3Ma B aHTUYHOM KyiabType. (CTaHOBIEHHME HaydyHOM KapTHHBI MHpa.
CooTHoIIEHNE 3HaHUS U BEPHI B IyXOBHOM KYJIbTYPE €BPONENCKOr0 CPETHEBEKOBDSI.

CraHOBNICHHE  TPUHIMIIOB  PAlMOHAIBHOCTH B  rpedyeckod  Quimocopuu  (TIOHATHS
“mokazarenscTBO” M “‘UctuHa’). @unmocodus m maremaruka (Panec, [Mudarop). Jlormueckuit
merox B Gunocopuu Ilapmennna. Cokpart u [1natoH o HEOOXOIUMOCTH OIpeIesIeHUs] OOLINX
noHatuil. OOOCHOBaHHE NMPHHLMIOB PALMOHAIBHOCTU: KaK YEJIOBEYECKOE MBIIUIEHUE MOKET
BBIPa3UTh CYIIHOCTh Mupa? ['epakiaut u 3eHOH (MHUpP M 3aKOHBI JOTUKH). ['epakiaut u copucTsl
(peanmbHOCTH U s3bIK). ['epaknut, [Tapmennn, IlnaTon (cynHocTs U siBiieHue). [IBa ypoBHs 3HaHUS
(Jdemoxpur, [Tnaron). JlnanekTuka kak METOJ MOMCKA UCTUHBI B HAy4YHbIX JUcKyccusax (Cokpar,
[Tnaton). Pa3zButue Teopum nokazaTenscTBa (3€HOH, ApPUCTOTENb). 3apOXKJIE€HHE JIOTUKH Kak
Hayku. [IepBble mapaoKChl B pa3BUTHH TEOPETUYECKOTo MbluieHus. [Ipobiema no3HaBaemocTu
mupa. dunocodpcekuii ckentunusM (copuctsl, [Tuppon). Pannonanusm Cokpara: AuagekTHKa Kak
UCKYCCTBO HMCCJEIOBaHUs MOHATUN U MOUcKa UCTUHBL. [Ipobiiema camono3HaHus. MpoHuueckas
MmaifeBTka. CraHOBiIeHME HaydyHOW KapTuHbl Mupa. [loncku mepBoocHOBel mupa (Painec,
[Tapmenun, Hemoxput, Ilmaton, Apwucrorens). CraHOBIEHHE MNPUHLIMIA JIeTEPMHUHU3MA
(I'epaxnut, nudaropeiickas mkona, emokpur, Apuctorens). I[IpoGiema nBuxkenus. Mup kak
npoiiecc B punocoduu I'epaknuta. [IpodiieMa HCTOUYHUKOB ABUKEHUS U OPMUPOBAHUS BELIEH Yy
Apucrorens. Marepust u popma. MoHACTBIpU U YHUBEPCUTETHI KaK OYaru JyXOBHOU KYyJIbTYpHI,
o0pazoBaHMs, HAy4YHOH JEATEILHOCTH B mo3aHeM (CpeaHEeBEeKOBhBE. CxonacTtuka Kak
crienupUIecKuii BUJT MHTEIUICKTYyalIbHON JesiTebHOCTH. CYIIHOCTh U CYIIECTBOBaHUE. AHCEITHM
Kenrepbepuiickuii, ®oma AxBuHCKM. BapuaHTbl 1ornueckoro o00CHOBaHHUS CYIECTBOBAHUS
bora. [IIpo6rmema mpoTuBOpeums 3HaHUS W Bepbl. JlmamekTuka OOMIEro W OTAEIBHOTO:
HOMMHAJIU3M, PEaJN3M, KOHIIENTYaJIu3M.

4. Metononorus u ¢unocodus Hayku XX Beka. [Toctnosutusuzm



3aKOHOMEPHOCTH SBOJIIOLIMM HAy4YHOTro 3HaHus B (uiocoduu mnocrnosutuBu3Ma. Mojenu
sBostonnu Hayku K. ITonmepa, 1. Jlakaroca, T. Kyna. MupoBo33peHueckre 1 METO10I0THUECKHE
UTOTH pa3BUTUsl Hayku B XX Beke. MccnenoBanus GpuiaocodoB M ecTECTBOMCHBITATENEH IO
dunocopckuM mpodIeMaM O3HAHMS U TIO METOJI0JIOTHH HAYKH.

5. Hayka XIX- XX BB. 1 noctkiaccuueckas pusiocodust Hayku. Ounocodust HAyKd B TPaJIUIIIH
Mapkcu3Ma. [lo3utuBusm 1 npoOaemMbl METOJOJIOTUN HAYYHOT'O TO3HAHUSI.

Kputnuecknit anamuz K. Mapkcom u @. DnHrenbcom dunocodpckux B3rmsimoB I.lerens u
Jl.deitepbaxa. 3HaueHHWE €CTECTBEHHOHAYYHBIX OTKpHITHH XIX Beka M MOCISAYIOIUX
JnocTrkeHU Hayku XX BeKa 111 000CHOBaHMsI MaTEpUAIMCTUUECKON TuaneKTuku. [Ipumenenue
K. Mapkcom u @. DHrenbcoM MpUHIIMIA Pa3BUTH M CHCTEMHOTI'0 METO/Ia K aHainu3y oOIIecTBa,
JBIDKYIIUX CHJI M 3aKOHOMEpPHOCTEH ero pa3Butus. [loHarue o011ecTBEHHO-3KOHOMUYECKOM
dopmanuu,  crpykrypa  ¢dopmanuu.  JIMaJeKTHKO-MAaTEPUATUCTHYECKHH  MOAXON K
dbyHaaMeHTanbHONW MpoOiieMe Bce HCTOPHH (PHIOCOUM — TMPOUCXOXKICHHIO YEIOBEKa M
yesioBeyeckoro co3Hanus. O0mas reopust auanekTuku. [IpakTuueckas JesTENbHOCTh YeIOBEKa
Y KPUTEPUU UCTUHHOCTH 3HaHUsl. [{MaeKTHKO-MaTepruaIucTUIecKas TEOpUs IIO3HAHMUS.

Ortoct KoHT: 3Tambl pa3BUTHA YEIOBEYECKOIO 3HAHUSA M CYIIHOCTh MO3UTUBHON (uimocopuu.
[Tpunuun HaGmomaeMoctn B HayyHoM no3HaHuu. Krmaccudukamus nayk mo O. Konry.
PeBomronus B ¢pusuke u BTopoi mo3utuBusm (D. Max). Hayka kak onucaHue HalluX OIIYIIEHUN.
HccnenoBanue s3bplka HAyKH W JIOTMKM HAay4YHOTO T[O3HAaHUSA B (PMIOCO(DUH JIOTHYECKOTO
no3utuBu3Ma. [IpoGiemMa COOTHOIIEHUS TEOPETUYECKOTO0 M SMIUPHUYECKOTO YPOBHEH 3HAHUA.
Kpurepuii Bepudunupyemoctu. Kpusuc g0ruueckoro no3uTHBU3MA.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpasaenue: 03.03.01 IIpukiaagabie MaTeMAaTHKA U (PU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

BorunciauTeanbHas MaTeMaTHKA

Heab AMCHUNIMHBI:

- OCBOCHHME CTyAEHTaMH (yHJAMEHTAIbHBIX 3HAHUHW B 00JacCTH NPUOIMKEHHOTO PpEHICHUS
KpaeBbIX 3aJa4y M MAaTeMAaTU4EeCKOrO MOJEIMPOBAHUSA, H3Y4YCHHE COBPEMEHHBIX METOJOB
JTUcKpeTu3au AudQepeHnnatbHbIX ypaBHEHUH 1 001acTell NX MPAKTHYECKOTO MTPUMEHEHHS.

3agauu AMCHUIINHBIL:

- (hopmupoBaHme 6a30BBIX 3HAHUH B 001aCTH TUCKPETU3aLUH MU PepeHIaTbHBIX YPAaBHEHUN 1
MaTeMaTHYECKOTO MOACTUPOBAHMS KaK JUCIUIUINH, 00€CIICUNBAIOIICH TEXHOJIOTUIECKUE OCHOBBI
COBPEMEHHBIX HHHOBAIIMOHHBIX Cep AeATeIbHOCTH;

- 06yquI/Ie CTYACHTOB JIBYM KJIaCCaM COBPCMCHHBIX METOJOB JUCKPECTHU3ANH U O3HAKOMIICHUEC C
HX ITPHIIOKCHUAMU,

- (bOpMI/IpOBaHI/Ie IIOAXO040B K BBIIIOJTHCHUHIO I/ICCJICIIOBaHI/II\/JI CTyACHTAMHU 110 MAaTCMATUYCCKOMY
MOJICIIMPOBAHHIO B paMKaX BBIITYCKHBIX padOT Ha CTENEeHb OakaiaBpa.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00Y4eHHS MO JTUCHHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATb:

MECTO U pOJIb O6I_I_II/IX BOIIPOCOB HAYKHU B HAYUHBIX UCCIICAOBAHUAX

- COBPCMCHHBIC HpO6J’ICMI>I TCOPHHU AINIPOKCUMAIIUN U BBIYHCIIUTEIILHOM MaTCMaTHKU,
- MCETO/bI HpI/I6J'II/I)KCHHOFO peUICHud 3a1a4 MaTeMaTH4eCKOH (bHSHKPI;

- IMOCTAHOBKY HpO6J’ICM MOJCIINPOBAHUSA (I)I/IBI/ILICCKI/IX IMpOLECCCOB;

- O B3aMMOCBA3AX U q)yHI[aMeHTaJ'II)HOM CANHCTBC €CTCCTBCHHBIX HAYK.

yMeTh:

- 3(1)(1)6KTI/IBHO HCII0JIB30BAaTh HA MPAKTUKE TCOPCTUUCCKHUEC KOMIIOHCHTBI HAYKU: IMOHATUA,
CYXKACHUSA, YMO3AKIIOYCHU A, 3aKOHBI;

- NpeACTaBUTb IMMAHOpaMy  YHUBCPCAJIBbHBIX MCETOAOB W  3dKOHOB  COBPCMCHHOI'O
C€CTCCTBO3HAHMAA,

- paboTaTh Ha COBPEMEHHBIX KOMIIBIOTEPAX;



- a0CTparupoBaThCsl OT HECYIIECTBEHHBIX BIMSHUI TPH MOJAEIHPOBAHWU PEaTbHBIX
(bu3nUeCKUX CUTYaIuii;

- I0JIb30BaThCS CIIPABOYHOM JIUTEPATYPOH HAYYHOI'O U IIPUKJIIAJHOTO XapakTepa.

BJIA/IETh:
- IUTAHUPOBAHUEM, ITOCTAHOBKON M 00pabOTKON pe3yIbTaTOB YHCIEHHOTO SKCIIEPUMEHTA;
- HAay4YHOU KapTUHON MHUpa;

- HaBBIKAMHU CaMOCTOSITEJIbHOW paboThl B JIAOOPATOPUU HA COBPEMEHHOM KOMIIBIOTEPHOM
000py1I0BaHUU;

- HaBBIKAMH OCBOCHHUsI O0JIBIIOT0 00bEMa HHPOPMAIIHH;

- KYJIBTYpO/ TIOCTAHOBKH ¥ MOJICTTHPOBAHUS (PU3NIECKUX 3a]1aU.

TeMbI U pa3jaeibl Kypca:
1. UaterpupoBanue 0OBIKHOBEHHBIX TU(PepeHIINaTbHBIX YPaBHEHUH.

OpnHomiaroBele siBHble METOAbl: Oinepa, Pynre-Kyrrel; HesBHbIe Meroasl: OJilnepa, Kpanka-
Hukoscon. MHoromaroBssie, MHOro3Ha4Hble MeTOIbl: Antamca, I upa. Kpaesbie 3anaun. Kectkue
cucTeMbl. MeTo 1 IPOTOHKH.

2. lpubnmxenne nuddepeHIaTbHBIX 1 HHTETPAITBHBIX OMEPaTOPOB.

Koneunsle pasnoctu. Komnaktabie (Ilane-) mpubmxenus. Teopema @ununmnoa. Merton
alpUOpHBIX OLICHOK, HepaBeHCTBO IlyaHkape. YCTOMUMBOCTH SBHBIX U HESBHBIX CXEM.
CrexkTpanbHbli TOpu3HAaK ycroiumBocTW. IIpMHIMI — 3aMOpPOXEHHBIX KO3 (UIMEHTOB.
HccnenoBanye ycTOMYMBOCTU MPOCTEUIINX CXEM AJI1 YPaBHEHUS TEIJIONPOBOJHOCTH B HOpMax
C, . Komnokauus. Koneunsle snemeHTsl. IIpoekinoHHas TeopeMa, OLIEHKAa TOYHOCTH IS
KyCOYHO-TMHEWHoro Oas3uca. IIpoekunoHHas TeopemMa JUIsi KOMIIAKTHO BO3MYILEHHOI'O
oreparopa.

3. [Ipubnuxenue QyHKIMM.

[TpuHIMN MakcHMalbHOTO 00BEMa, TeOpeMa O BbIOOpe y3710B. IHTepHosAIMs MHOTOYIEHaMH Ha
otpeske, popma Jlarpanxka. O6ycioBieHHOCTh MaTpullbl Banaepmonaa. Pa3ienennslie pasHOCTH,
¢dopma HeroToHa, morpemnocts HHTEpnoasauu. bapurienrpuueckas Gpopma HHTEPHIOIALMOHHOTO
MHorowieHa. OueHkn koHcTaHT JleGera cBepxy u cHM3y. Oddekr 'mb6ca, MOHOTOHHas
UHTEpHoJsiuMa. BapuanmoHHOe CBONCTBO €CTECTBEHHBIX CIUIAWHOB, MOTPELIHOCTH CIUIAMH-
MHTEPHOJISIINY, KBa3WJIOKAJILHOCTH (Ha MpUMepe KyOndeckux criaitHoB). OcHOBHBIE CBOMcTBa B-
crutaitHoB.  Ilpumep @abepa. Kpusble mnocienoBarenbHoro jeneHus. OpToroHanbHBIE,
OMOpPTOroHaJIbHBIE BCILIECK-TIPEOOpa30BaHMs, aalTalMsl BCIJIECK-NIpeoOpa3oBaHui (JIM(THHT).

4. YucneHHoe HHTCTPUPOBAHUC.



WHTepnosiiMoHHbIE  KBaJgpaTypHble (OPMYNbl; (OPMYJbl MPSAMOYTOJbHUKOB, TpaIleui,
Cumncona. OpTOroHajJbHble MHOTOWIEHBI, TPEXUWICHHBIE COOTHOILIEHUS, MEXaHW4ecKas
kBazgparypa l'aycca-fkobu. Dxcrpamomsinust Pudapacona. ApamtuHble (GOpMyIbI, MPaBUIO
Pynre. MaterpupoBanue GyHKImii ¢ ocoOeHHOCTAMU. IHTEerpupoBaHue ObICTPOOCIHILIHP YIOIIUX
¢ynkuuit. Meronst Monte-Kapio. LientpansHas npeaenbHas Teopema. JInHeliHbie, THBEpCUBHBIE
KOHI'PY3HTHBIE reHepaTopsl, renepatop M.M. Cobos.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpagijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HUCCJIE0BAHUI

I'apmonuveckuii anaau3

Heab AMCHUNIMHBI:

- (dopmupoBaHue 0a30BBIX 3HAHWH 1O MATEeMATUYECKOMY aHAIW3y I JallbHEHIIero
UCIIOJIb30BaHUS B JPYrUX  O0JIACTSIX  MareMaTUYecKoro 3HaHUS W JIUCHMIUIMHAX
€CTECTBEHHOHAYYHOI'O COJICPKAHMUS;

- q)OpMI/IpOBaHI/IC MaTeMaTHYECKOM KYJbTYPbI, UCCICAOBATCIILCKUX HABBIKOB U CIIOCOOHOCTH
IMPUMCHATDb 3HAHHA HA IIPAKTHUKE.

3agauyd IUCHUILINHBI:
— ¢opMHpoBaHue Y 00yJaroIuXcst 0a30BbIX 3HAHUN 110 MATEMATHUYECKOMY aHAIH3Y;

— (opmupoBanue 00IIEMAaTEMATHYECKON KYIBTYPhl: YMEHHE JIOTUYECKU MBICIUTH, TPOBOIUTH
JI0Ka3aTeJIbCTBA OCHOBHBIX YTBEPKJICHHUM, YCTAHABIUBATD JIOTUYECKHUE CBSI3U MEXKIY OHATUSIMY;

— (1)OpMI/IpOBaHI/IC YMCHI/II‘/'I U HAaBBIKOB IPHUMCHATH IIOJYUYCHHBIC 3HAaHUA IS PCIICHUA
AHAJIMTUYCCKUX 3ala4, CAMOCTOATCIIbHOTO aHAJIN3a ITOJTYUYCHHBIX PC3YJIbTATOB.

ITepedyenb miIaHMPyeMbIX pPe3yJIbTATOB 00Y4eHHS MO JTUCHHUILINHE (MOAYJIIO)
B pe3ynbrare 0CBOCHUS AUCITUTUTMHBI 00YJarOITUECs JOMKHBI
3HATh:

- OTIpeJICIICHNE ¥ CBOMCTBA TEH30POB M BHENTHUX ()OPM, TCH30PHBIC OIepaIliy, TCH30PHBIN 3aKOH
npeoOpa3oBaHMs KOOPIUHAT;

- OmnpeeNeHHe U OCHOBHbIE CBOHCTBa A depeHInanbHbIX (OpM, KPUBOJIMHEHHBIX U
MOBEPXHOCTHBIX MHTErpajioB oT (opM, BHEUIHero auddepeHnuana GopMbl, oOLIyI0 Teopemy
Crokca;

- CBOICTBa pOTOpa M JUBEPreHLIMN BEKTOPHOTO MOJIs, Kilaccuueckue Gpopmyisl I'puna, CTokca u
Octporpaackoro — I'aycca; OCHOBHbIE CBOMCTBa ()YHKIIMOHAJIBHBIX PSIOB M HECOOCTBEHHBIX
HHTErpajIoB, 3aBUCAIIUX OT ITapaMETPOB, TCOPEMEI O paBHOMepHOfI CXOANUMOCTH U aHAJIUTUYECKHUEC
CBOMCTBA PAaBHOMEPHO CXOASIIMXCA PAJOB U UHTETPAJIOB;

- TEOpEMY O CXOOUMOCTH CTENEHHBIX psioB, Teopemy Komm — Anamapa, cBoiicTBa
AHAJTUTUYECKUX (PYHKLUI; TEOPEMBbI O CXOAMMOCTH M PAaBHOMEPHOM CXOJUMOCTH pAnoB Dyphe,
teopemy Deiiepa, Teopemsl Beliepmrpacca o npubiamkeHnH QyHKIMI MHOTOWIEHAMH; CBOMCTBa
npeobpaszoBanust Oypre;



- TeopeMy oOpaieHus npeodpazoanust Pypbe; onpereneHne, OCHOBHBIE CBOWCTBA U MPUMEPHI
0000IIeHHBIX (PYHKITHIA.

yMeThb:

- OCYHICCTBJIAATb OCHOBHBLIC OIICpalMu € TCH30paMW W BHCUIHHUMHU (1)0pMaMI/I, BBIYUCIIATh HX
KOOPJAMHATHI; HAXOAUTh KPUBOJIMHEHHBIC U TOBEPXHOCTHBIE HHTETPaJIbl OT AU depeHnnanbHbIX
¢dbopM, BEIUUCIIATH BHEIIHUH qudepeHnna, moas3oBarbes popmynoit CTokca;

- HaXOJUTh JUBCPICHIHUIO MU POTOP BEKTOPHOI'O IT0JIA; MCCICIOBATH (bYHKI_II/IOHaJ'II)HBIe pAdAbl 1
HECOOCTBEHHBIE HHTErpajibl, 3aBUCAIINUEC OT IIapaMETpOB, Ha IMOTOYCYHYHO W PABHOMCEPHYIO
CXOOUMOCTD,

- BBIYMCIISATH PAJUYC CXOIUMOCTH CTEIIEHHOTO psijga, pasnaraTh (QyHKIUio B psg Dypbe u
UCCJIEIOBAaTh €r0 CXOJMMOCTb, BBIYHCIATH NpeoOpazoBanue Dypbe, HAXOJUTh MPOU3BOHBIC
0000IIEHHBIX (PYHKITHIA.

BJIa/1eTh:

- TEH30PHOH anreOpoii U1 ee MPUMEHEHUS B aHau3e U pusuke, ammapaTroM auddepeHnantbHbIX
GopM, KPHUBOJMHEHHBIX W TOBEPXHOCTHBIX MHTETPAJOB M BHEIIHHX IPOU3BOAHBIX U €ro
NPUJIIOKECHUSAMH B TP HEpeHINATBFHBIX YPABHEHUSX M TEOPETUIECKON (PHU3HKE;

- TeopI/Ieﬁ (bYHKI_II/IOHaJ'ILHBIX PAOOB U HECOOCTBEHHBIX HHTCTPaJIOB, FrapMOHHUYCCKUM aHAJIN30M U
ICPBBIMU ITOHATUAMHA TCOPHUHU 0606H_IeHHBIX q)YHKHHﬁ, HX IMIPHIIOKCHUAMU.

Tembl U pa3ensl Kypca:
1. Ten3opHas anredpa U BEKTOPHBIN aHAIN3.

TeH30pHbIE MPON3BENCHUS INHEWHBIX IIPOCTPAHCTB. Y HUBEPCATBHOCTD TEH30PHOTO YMHOXKEHUS.
OO6mue TeH30pHBbIE omnepauuu. JIuHeilHble OTOOpa)keHUs M NOJWIMHEHHblE (YHKIUU Kak
IIPUMEPBI TEH30POB.

Tenzops! Tuna (p,q). Onepanuu Hajx TeH30paMu. TeH30pHBIN 3aKOH NTPeoOpa30oBaHUsl KOOPIUHAT.

Buewnue ¢popmel. BHeniHee ymHOkeHuE GOpM U €r0 CBOICTBA.

Buemune (1)0pr1 B €BKIIMJOBLIX ITPOCTPAHCTBAX. CKaJ’IHpHOe YMHOXCHUC TCH30POB U BHCIIHUX
q)OpM. I[eTepMI/IHaHT 1 00beM OPHUCHTHPOBAHHOTO IapaJlIeJICIUIICaA.

OrnepaTop Xo/aKa 1 €ro CBOKWCTBA.
TeH30psl B pU3MKE U MEXaHUKE.

KpuBosuHeiiHbIe ¥ TOBEPXHOCTHBIE MHTETPaJIbl KaK MHTErpaibl OT AU epeHInalIbHbIX (OopM.
Juddepennmansapie GOpMbI Ha KPUBBIX, IIOBEPXHOCTIX U B 00JIACTSIX TPEXMEPHOTO €BKJIMOBA
npoctpancTBa. OrpanudeHue Gopm.

WnTerpupoBanue u BHewHee nuddepenuuposanue popm. Gopmyna Crokca.



Ces3p quddepeHnnanbHbIX GOPM € BEKTOPHBIMU MOJIAMHU. JIMBEpPreHIMs U poOTOp, NOTOK U
mupkymsnus noist. Knaccnueckue ¢opmynsl ['puna, Ctokca u Octporpaackoro — ["aycca.

2. OyHKIMOHAJIbHBIE IPOCTPAHCTBA U 00OOIICHHbIE (PYHKIIUH.

HopmupoBanubie 0ecCKOHEYHOMEpPHBIE MPOCTpaHcTBa. CXxoauMocTh. JIMHEHHO HE3aBHCHUMBIEC U
IIOJIHBIE CUCTEMBI.

OyHKIMOHAIbHBIE TPOCTPAHCTBA M TOJHbIE cucTeMbl (GyHKiuA. [lonHble M HemoJHbIE
MIPOCTPAHCTBA.

EBxnnioBsl npoctpanctBa. Hopma B €BKIIMI0BOM MPOCTpaHCTBE. TOXIECTBO MapasuiesiorpaMma.

OpTtoroHanbHbie cucTeMbl. OpTOroHaIu3aIus.

Hawunyumee npubnmkeHrne BeKTopa eBKIN0Ba MPOCTPAHCTBA TMHEHHON KOMOMHAIIMEH BEKTOPOB
oproroHanbHOi cucrembl.  HepaBenctBo beccens.  [lonHOoTa OpTOrOHANBHON CHUCTEMBI.
PaBenctBo Ilapceais. 3aMKHYTbIE OPTOTOHANbHBIE cHUCTEMBbI. [loJHBIE EBKIIMIOBBI
MPOCTPAHCTBA M CBOMCTBA OPTOTOHANBHBIX CHUCTEM B HHUX. M30MOPQU3M EBKIHIOBBIX
IIPOCTPAHCTB.

ITonHOTa CHCTEMEI anre6pa1/1quKHx U TPUTOHOMCTPUYCCKHUX MHOT'OYJICHOB B IIPOCTPAHCTBC Q

[TpoctpanctBo D. O600mennsie pynkuuu. [Ipumepsl. PerynspHbie U CHHTYNIsIpHBIE 0000IIIEHHBIE
byHKIHH.

[TpousBoiHBIE 0000IIEHHBIX (YHKITHIA.

[IpoctpanctBo IlIBapma. O60o0menHble GyHKIMH yMepeHHoro pocta. [IpeoOpaszoanue Dypne
000011IeHHBIX (PYHKIIUI YMEPEHHOTO poCTa.

3. OyHKUMOHANbHBIE pPAIbl U HECOOCTBEHHBIE WHTETPANIbl, 3aBUCSIIME OT IapaMeTpOB.
Crenennsle psaabl, paasl Pypbe u npeodpasoanue Oypee.

CDYHKI_[I/IOHEUIBHLIC PAABI. IToToueunas u paBHOMCPHAA CXOAUMOCTD.

[Tpusnaku paBHOMEpHOH cxoaumocTu. CBOMCTBA PAaBHOMEPHO CXOAAIIMXCS (YHKIMOHAIBHBIX
PAIOB.

HecoOcTBeHHBIC HWHTCIpaibl, 3aBUCAINIUC OT IIapaMCTPOB. IloToueunas wu paBHOMCpPHAA
CXOAUMOCTB.

[Tpu3Haku paBHOMEPHON CXOAMMOCTH. AHAJIUTUYECKUE CBONCTBA PaBHOMEPHO CXOJSIIMXCS
uHTerpanoB. B- u I'- Gynkium.

Crenennsle psnabl. Pagnyc cxogumoctu. @opmyna Komm — Anamapa. AHanmuTHUecKue QyHKIUH.

Panst @ypee. Teopemsl 0 cxoaumoctu psaaoB Pypee. Teopema Deliepa.
Teopemsl Beliepmitpacca o npuOinKeHNN HEPEPHIBHBIX (QYHKINI MHOTOWJIEHAMHU.

[TpeoOpaszoBanue Oypne. Dopmyna obpamenus. CoiicTBa mpeodpazoBanus Oypoe.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

JAnddepennuaibubie ypaBHeHUs

Heab AMCHUNIMHBI:

- OCBOCHHME CTyAcHTaMH (YHIAMECHTAIbHBIX 3HAHUKW B 00JacTH  OOBIKHOBEHHBIX
muddepeHIMaTbHBIX  YPaBHEHHUH, HW3YYeHHE CIOCOOOB  HWCCICOBAHHMS W PEIICHUS
muddepeHIMATFHBIX YPAaBHEHUH, a TAKXKE UX MPAKTHYECKOTO TPUMEHEHUSI.

3agauu AMCHUIINHBIL:

- hopmupoBanue 0a30BBIX 3HAHUH B 001acTh MU (hepeHInabHBIX YPaBHEHHH KaK AUCIUTUINHBI,
oOecrieynBaroIIeli Hay4YHbIE OCHOBBI COBPEMEHHBIX MOJEIEH OKpYKAIOMIero MHUpa |
TEXHOJIOTUYECKUX IPOLIECCOB;

- o0y4yeHHe CTYACHTOB MeToJaM peuieHus AuQQepeHrnanbHbIX YPaBHEHUN U BBIIBICHUS UX
0COOCHHOCTEH U crienu(puIecKuX CBONCTB;

- (dopMHpOBaHHE TIOAXOJOB K BBHINOJHEHHIO CTYJACHTaMH HCCIEIOBaHUNH B oOJacTu
Qg depeHIraIbHbIX YPaBHEHUH B paMKaX BBITYCKHBIX paboT Ha CTENeHb OaKkaiaBpa.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00Y4eHHS MO JTUCHHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMECs T0JIKHbBI
3HATh:

- METO/bI TEOPUHU OOBIKHOBEHHBIX AU (HepeHInaBHBIX YPAaBHEHHUH.

yMeTb:

- IPUMCHATH Ha IIPAKTHUKE METOAbI TCOPUHN OOBIKHOBEHHBIX I[I/ICI)(I)CPCHLII/IEU'IBHHX ypaBHeHHﬁ.

BJAACTh:

- MGTOHOJ’IOFI/IGI\/II M HaBbIKaMHU PCUICHUA HAYUYHBIX U MMPAKTHYCCKUX 3a7a4d.

TeMbl U pa3jaeiibl Kypca:

1. JluHaMu4YecKue CUCTEMBI H TEOPHUSI YCTOMUYHUBOCTH.



IIepBble MHTETpaAJIBI ABTOHOMHBIX M HEABTOHOMHBIX CHCTEM. Y pPaBHEHHE B BapHalUsIX U TeopeMa
O TIaAKOM 3aBUCUMOCTH pELIEHUs OT IapaMeTpOB M HadalbHBIX YCIOBHHU. Teopemsl 0O
BBIIPSIMIICHUY 110JI HAIIPABJIECHUN U BEKTOPHOT'O TOJIA.

JlokasibHbIE TEOPEMBI O NIEPBBIX UHTETpasax. [loHsTHE HMHTErpUPYEMOCTH B KBajpaTypax. Teopus
[lyankape-benaukcona. ¥YcroiuuBocTh no JIsimyHoBy. OCHOBHbBIE ONIPEAEICHUS: YCTOMYMBOCTb,
ACUMIITOTUYECKAs YCTOMYMBOCTb, HEYCTOMYMBOCTb. Y CTOWYMBOCTH JIMHEWHBIX OJHOPOIHBIX
CHUCTEM: OCHOBHBIE OIpEJEIeHUS. Y CTOMUYMBOCTh CUCTEM C NOCTOSHHBIMU U MEPUOAUYECKUMU
KoddumeHTaMu. Y CTOMUYMBOCTh U CHIIbHAS YCTOWYMBOCTD JIMHEHHBIX TAMUIIBTOHOBBIX CUCTEM
C TMOCTOAHHBIMH Kod(duuuentamu. PacronoxkeHne u CTPYKTypa MHOKECTBA COOCTBEHHBIX
yucen. YCTOWYMBOCTh W CHJIbHAsE YCTOMYMBOCTh JIMHEHHBIX TaMUJIBTOHOBBIX CHCTEM C
nepuognueckuMu  Kodpduimenramu.  Pacmonoxenue < uM CTPYKTypa  MHOXKECTBa
MYJIBTUIUIMKATOPOB. [lapameTpuueckuil pe3oHaHc. XapakTepucTuieckue nokasarenu JlsmyHosa.
Cnektp JlsnyHoBa JIMHEHHOW CUCTEMbl C HEMPEPHIBHOW OrpaHU4eHHON Marpuied. DyHkuuu
JlsniynoBa. Teopema JlsamyHoBa 00 yctoiunBocTd. Teopema JIsmyHoBa 00 acMMOTOTHYECKOW
ycroiunBoctu. @Dynkuus YeraeBa. Teopema UYeraeBa o HeycroitunBoctu. Teopema 00
UCCIICIOBAaHUH PABHOBECHSI HA aCHMITTOTUYECKYIO YCTOWYHBOCTD I10 JINHEHHOMY TIPUOJINKESHUIO.

2. IuddepeHunanbable ypaBHEHHUS IEPBOTO MOPSIKA.

OObikHOBeHHBIE au(p(depeHIInabHbIe YPaBHEHUS W CHCTEMBI IEepBOro mopsiaka. I[loHsTtue
pemieHus. YpaBHEHHs C pa3AciBIIOIIMMUCSA IEpEMEHHbIMU. TeopeMbl CyllecTBOBaHUSA U
€IMHCTBEHHOCTU PEIICHMS I YPABHEHUS C pa3JeiAIOIIMMUCS NEPEMEHHBIMU. Y PaBHEHHS B
NOJHBIX AU depeHnnanax U UHTErpupyronme MHOXKuTeNIU. OQHOPOJHBIE U KBa3UOIHOPOAHbIE
ypaBHEeHUsA. YpaBHeHUs1 bepHynmnum um Pukkatu. YpaBHEHUs, HE pa3pelICHHbIE OTHOCHTEIBHO
IIPOU3BOJHON. YPaBHEHHUs, JOIYCKAIOIME TOHMKEHHUE MOPSIKA

3. JIuHeliHble ypaBHEHHUS U CUCTEMBI.

DKCIOHEHTa JUHEHWHOTO orepaTopa. OmnpenenuTeh SKCIOHEHTH. DKCIIOHEHTA >KOPIaHOBON
kJeTKd. CHUCTeMBbl JIMHEHHBIX OJHOPOJIHBIX YPAaBHEHHMHM C MOCTOSIHHBIMH KO3(h(HIIMEeHTaMu.
IIpoctpancTtBo  pemeHnii. @PyHaameHTanbHas CUCTEMa pPEMICHHMH. XapaKTepUCTUYECKOE
ypaBHeHue. PasnoxkeHune (a3oBoro rmpocTpaHcTBa B IPSAMYHO CYMMY HWHBapHaHTHBIX
noanpocrpancTs. OOmiee pemieHue. JIMHeHOE OAHOPOJHOE YypaBHEHHE N-Oro TMOpsAKa ¢
MOCTOSTHHBIMU KO3 (ULIMEHTaMH: MPOCTPAHCTBO PEILIEHUM, XapaKTEepUCTUYECKOE YpaBHEHUE,
obmee pemenue. Kinaccugukarus ocoObIX TOUEK TMHEHHBIX CUCTEM Ha TNIOCKOCTH U UX (pa30BbIe
nopTpeTsl. JInHeliHbIe HEOJHOPOAHBIE CUCTEMBl YPABHEHUH € MOCTOSIHHBIMH KO3 duiinenramu:
oO1ire cBOWCTBa, METOJ] BapHallMK IOCTOSHHBIX, YACTHOE PELIEHUE CUCTEMBI C PaBOH 4acThIO B
BUJE KBa3UMHOrowieHa. JINHEHOEe HEOJHOPOIHOE YpaBHEHHE N-Or0 MOPSAAKA C MOCTOSTHHBIMU
kodpduuuentamMu: oOImMe CBOWCTBA, METOJ BapHalMM IIOCTOSHHBIX, YaCTHOE pelIeHue
YPaBHEHHUs C IPAaBOM 4YacThIO B BHUJE KBa3MMHorowieHa. IIpocTpaHcTBO pelieHMil JTuHEHHON
OHOpOAHON cucTeMbl. DyHIaMeHTallbHAs CUCTeMa pelleHud, (yHIaMeHTalbHas MaTpuIla,
onpenenurens Bponckoro, ¢opmyna Jlnysumis—Octporpaackoro. JIuHeiiHble HEOAHOPOAHBIE
CHCTEMBl YpaBHEHHMH C NMEpEeMEHHbIMH KO3 UIMEHTaMH: OOIIMe CBOICTBA, METOJ BapHalluU
NOCTOSIHHBIX.  JIMHElWHOE OJHOPOAHOE YpaBHEHME N-TO MOpsSAKa C I[EepEMEHHBIMU
ko3 duureHTamMu: o0IIMe CBOWCTBA, NMPOCTPAHCTBO PpEIICHUH, JHMHEHHAas HE3aBHCUMOCTh U
3aBHCUMOCTh peIIeHUH, (yHIaMEeHTallbHas CHCTeMa peIlIeHuH, ompenenurteab BpoHckoro,
dbopmyna JlnmyBumis—OcTtporpaackoro. JInHelHOe HEOTHOPOAHOE YpaBHEHHE N-TO TOPSKa C



nepeMeHHbIMU Kod(dpurmeHTamu: o0mue CBOWCTBa, METOJ| BapHaIliy IMOCTOSIHHBIX, (Gopmyra
Kormmm myist o61iero pemieHust.

4. JIuneiiHbIe YpaBHEHUS C IEPEMEHHBIMH KO3 PHUIIMEHTAMH.

JluneitHOE OIHOPOAHOE ypaBHEHHUE 2-0T0 MOPsIIKa C IepeMEHHBIMU KO3 PHUIeHTaMu: TeopeMa
[lITypma o nepeMekaemocTu Hysel pemennil. Teopema cpaBHenus Lltypma, Teopema Kuesepa.
3anava lltypma—JInyBusis, cylecTBOBaHHE OECKOHEUHOH MOCIeI0BATENbHOCTH COOCTBEHHBIX
ymcen. JIuHeiiHble OJHOPOJIHBIE CHCTEMbl YPaBHEHUU C MEPUOAMYECKUMHU KOIPPHUIHEHTAMHU.
Onepatop MoHOApoMuH. MynbTuriukaTopel. Teopus @Dnoke—JIsmyHoBa: oOmMil  BH
(byHaaMeHTaTbHOW MaTPULbI JIMHEHHON MEepHOINYeCKONCUCTEMBI, IPUBOJAUMOCTh K CHCTEME C
NOCTOSTHHBIMU K03 punimenramu.

5. O6mas Teopus nudepeHImanbHbIX YpaBHCHUH.

VYpaBHEHHsI U CUCTEMBI IIOPAAKA BBILIE MEPBOTO U MX CBEACHHE K CHCTEMaM IEPBOTO MOPSAKA.
Teopema cCylecTBOBaHUS M €AMHCTBEHHOCTH pelieHus Iud@depeHIaTbHOr0 YypaBHEHHUS.
Teopembl 0 NPOAOKEHUH M HENPEPHIBHOW 3aBUCHUMOCTH PEILIEHUN OT HAYAJIBHOI'O YCIIOBUS.
MakcuManbHblii HMHTEpBaJl CYIIECTBOBAaHUSA. ABTOHOMHBIE W HEABTOHOMHBIE YpPaBHEHUS.
JluHaMuveckne CHCTEMBl. |'eoMeTpuyeckne MOHATHS, CBs3aHHbIE ¢ AudQepeHnrnanbHBIMA
ypaBHeHUAMU. Da30Boe NPOCTPAHCTBO U pacliupeHHoe (a3oBoe npocTpaHcTBo. [lose
HaNpaBJICHUH, HHTETpalIbHBIE KpHBBle. BekTopHOe mose, ¢a3oBbie KpuBble. Pa3oBbIi MOPTpET,
MIOJIOKEHHUS PABHOBECHS, TpeAeibHbIe IHUKIbL. [IpeoOpazoBanue caBUTa BIOJIb pPEUICHUN
ABTOHOMHOM ¥ HEABTOHOMHOM cucTeMbl. Da30BbIi IOTOK aBTOHOMHOM CHCTEMBI.

6. DJIEMEHTHI BapUallMOHHOT'O UCHHUCIICHUA.

OcCHOBHBIE TOHSTHUS. IPOCTEMIIAs 3a/1a4a BApHALIMOHHOTO HCUUCIIEeHH. 3a/1a4a 0 OpaXxHCTOXPOHE.
3agaga co CBOOOJHBIMM KOHLAMH. 33hada i (YHKIMOHAJIOB, 3aBHCAIIMX OT HECKOJIbKHX
HEM3BECTHBIX (DYHKIMH, ¥ 3amada uis (yHKIHOHAJIOB, COACPIKAIIMX IMPOU3BOJHBIC BBICIIMX
nopsakoB. M3onepumerprudeckas 3agaqa.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasieHHoCTh: CHHXPOTPOHHBbIE U HEMTPOHHbIE METO/IbI MCCJIEI0BAHUI

HNudopmaruka

Heab AMCHUNIMHBI:

- W3y4eHHUEe MPHUHIUIIOB aITOPUTMH3AINN U COBPEMEHHBIX METOZ0B 00paboTKKu MH(pOpMALUU C
UCIIOJIb30BAHUEM AJITOPUTMUYECKUX SA3BIKOB.

3agauu AUCHMILINHBI:

- OCBOEHHE CTYJCHTaMH 0a30BBIX 3HAHUH B 00JIACTH IPOTPAMMHPOBAHUS;

- U3y4eHHe sA3bIKa BbICOKOTO ypoBHA (CH);

- IpHOOpETEeHNE HABBIKOB PabOThI IPH CO3JJaHUH MPOTPAMMHOTO POAYKTA.
Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOSHHS IUCHUIUIMHBI O0yYaroIHecs JOIAKHbBI

3HATh:

- COBPEMEHHBIE METOIbI M CPEJICTBA Pa3pabOTKU aITOPUTMOB U IPOTPaMM;

- OCHOBHBI€ KOHCTPYKIMH S3bIKOB IIPOTPAMMHUPOBAHMS U CIIOCOOBI 3aIIMCH AITOPUTMOB Ha SI3bIKE
BBICOKOTO YpOBHS (Ha cTaHjapre si3pika Cn);

- MMETh NpEeJCTaBlI€HHE OO0 HCMOJIb30BAaHUHU JIOTOJIHUTEIBHBIX MAaKETOB W OMOIMOTEK MpH
IIPOrpaMMHUPOBAHUHU.

yMeTb:

- pa3pabaThiBaTh AJTOPUTMHUYECKHUE W TPOTPAMMHBIC PEIICHUS MPHUKIAIHOTO MPOrPaMMHOTO
obecreueHus;

- IPUMCHATDH PA3JIMYHBIC METOJABI OTJIAIKU ITPOTpaMM.

BJIAJIeTh:
- HaBbIKaMU OCBOEHUS O0JIBIIOT0 00beMa HH(OPMaLINK;

- HaBbIKaMU CaMOCTOSITENIbHOM paObOoThI IPU CO3/IaHUU MPOTPAMMHOI0 00eCIIeYeHHUS.



TeMbl U pa3jesibl Kypca:
1. JIlunamuueckue cTpyKTypsl. BuHapHbIe 1epeBbs. X31I-Ta0InIIbL.

HepeBbs. bunapnsie nepeBbsi (ocHOBHBIE MOHATHA). [locTpoeHne nepeBa. PexypcuBHBIN 00Xx0/1
nepesa. [louck snementa B gepese. Y janeHue 3JIeMEeHTOB U3 JiepeBa. [locTtpoenne Xaui-Ta0nuiibl.

2. lunamuueckue CTpyKTypbl. CIMCKH.

CBs13aHHBIE CITHCKH (O,Z[HOHaHpaBJ'IeHHBIe, JABYHAITPABJICHHEIC, HI/IKJ'II/ILICCKI/IC). OCHOBHBIE
onepanr Haa CIIMCKaMU.

3. Knaccel namaru. JluHaMuueckoe pacupeesieHue maMsTH.

OObsiBiIeHNE NEPEMEHHOM TUIA CTPYKTypa. JlocTynm K simemMeHTaMm CTPYKTypbl. BroxeHHbIE
CTPYKTYpBbI. YKa3aTenu Ha CTpYKTypbl. MaccuBbl cTpykTyp. BBoJ, BbIBOI cTpyKTYp. CTaTHueckoe
U JUHAMUYECKOE paclpeleeHue naMsaTtu noj cTpykrypsl. Kiacesl nmamsaru. /luHamuueckoe
BBIJICJICHUE NTaMSATH.

4. Maccussl. Mcnionp30Banue yka3areneil.

VYkazarenu. Onepanun Haj ykazareasiMu. O0paboTka MacCHBOB C HCIIOIB30BAaHUEM yKa3aTelleH.
MaccuBbl yKa3aTesen.

5. OCHOBEI AJITrOpUTMHU3AlUU. bazoBrie monsarus s3eika CU.

BBenenue B nporpammupoBanue. Tumbl anroputMoB. CHHTE3 aJrOPUTMOB Ha OCHOBE 0a30BBIX
koHCcTpyKuui. Crpykrypa CHU-nporpammbl. CTaHJapTHbIE THUIbI JaHHBIX. BbIpakeHus, TUIIbI
BBIpOKEHUH. YmpaBmsromue crpykTypsl. Lukmbl.  CrocoObl  xpaHeHHs HWH(OpPMAIHH.
OpnHoMepHbIE U IBYMEPHBIE MACCHBBI.

6. [ToOuTOBBIC ONIEpAITHH.
[ToOUTOBBIN JOCTYII K TaHHBIM.
7. CuMBOJIbHBIE CTPOKU. CBOOOHBIE MACCUBBI CTPOK.

CumBonbHbIe cTpoku. CTaHmgapTHble (QyHKUMU Iyig paboOThl CO cTpokamHu. MacCHBBI CTPOK.
CBoOonHble MaccuBbl. JIMHAMHUECKOE paclpeeNieHue maMsaTH MO CTPOKH He(UKCUPOBAHHOMN
JUIMHBL.

8. dyHKUMN.

Omnpenenenue u nucnoiab3oBanue Gpynkuuii. [lepegaya napamerpon. @opmasibHble U (pakTHYECKHE
napameTpsl. JIokabHbIe U 1100aIbHbIE TIEPEMEHHBIE.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

HUctopus kyabTypbl Poccun

Heab AMCHUNIMHBI:

- yrIyOJeHHOE W3Y4YeHHWE OCHOBHBIX HMCTOPUKO-KYJIBTYPHBIX IIPOLECCOB Ha TEPPUTOPUHU
OTeuecTBa B AMIOXM KAMEHHOTO, OPOH30BOT0 U KEJIE3HOTO BeKOB, B JlpeBHel 1 CpenHeBeKOBOM
Pycu u B Poccum HOBOro BpeMEHM BIUIOTH JIO COBPEMEHHOCTH B KOHTEKCTE HCTOPHH
COTpeCIBHBIX 3eMeJb (B OCHOBHOM OTHOCsIIMXCs K Teppuropuu ObiBmiero CCCP) Ha done
KpPaTKOH XapaKTEepUCTUKU COLIMATIBbHO-I3KOHOMHUYECKUX U MOJINTUYECKUX MTPOLIECCOB;

- q)OpMI/IpOBaHI/Ie npeacTaBJICHUA O prnHeﬁMHX JOCTHXKEHMSX OTCYECTBEHHOM KYJbTYPHI, 00
OCHOBHBIX TCHACHIHAX €€ Pa3BUTHA.

3aga4yd AUCHUILINHBI:

- Pa3BHUTHUC HABBIKOB CpPABHUTCIBbHO-UCTOPHUYCCKOI'O  adHaJIM34d, OBJIAaJACHUC OCHOBAMH
HCTOPHUYCCKOI'O MBIIIJICHHA,

- BBIpa0OTKa CIIOCOOHOCTM TPHMEHSATH MOJIyYeHHBIC 3HAHUA B cdepe ucrtopuu, B chepax
KYJIbTYpPOJIOTHU U UCKYCCTBO3HAHMS.

ITepedyens miIaHMpyeMbIX pe3yJIbTATOB 00YYeHHS MO TUCHHUILINHE (MOAYJIIO)
B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI
3HATh:

- BOXHEHIINE BEXU OCHOBHBIX HCTOPUKO-KYJIBTYPHBIX IPOLIECCOB Ha Teppuropun OTedecTsa B
AMOXM KaMEHHOro, OPOH30BOT0O M eJe3Horo BekoB, B JlpeBHel m CpenHeBekoBoil Pycu u B
Poccun HOBOro BpeMeHH BILIOTH JJO COBPEMEHHOCTH B KOHTEKCTE UCTOPHH COIIPENEIbHBIX 36MEIb
(B OCHOBHOM OTHOcALIMXCs K Tepputopuu 6s1Biero CCCP);

- OCHOBHBIE 3aKOHOMEPHOCTHU HCTOPHKO-KYJIbTYPHBIX IMPOILIECCOB Ha Teppuropun OTeuecTBa B
AMOXU KaMEHHOTro, OpOH30BOr0 U KeJe3HOro BekoB, B JlpeBHeil u CpenHeBekoBoil Pycu u B
Poccun HOBOTO BpeMeHH BIUIOTH 0 COBPEMEHHOCTH B KOHTEKCTE HCTOPUH CONPEIETbHBIX 3€MEIb
(B ocHOBHOM OTHOcsIIMXCS K Tepputopuu ObiBiiero CCCP);

- prHHeﬁume JOCTHKEHHS OTE€UECTBEHHOM KYJIbTYPbl, OCHOBHBLIC TCHACHIIUN CC PA3BUTHUA.

yMeThb:

- OCYHICCTBIIATH CpaBHI/ITeHLHO-I/ICTOpI/IquKI/Iﬁ aHaJIn3, OBJAACHUC OCHOBaAMH HCTOPHUYCCKOI'O
MBIINIJICHUS.



BJIAJ1€Th:

- OCHOBaMU HCTOPUYECKOTO MBIIIJICHHS], CHOCOOHOCTHIO MPUMEHSTH ITOJIyYeHHbIE 3HaHUA B chepe
UCTOPUU KYJIbTYPBI, KYJIbTYPOJIOTHH U UCKYCCTBO3HAHUSI.

TeMbl U pa3jesibl Kypca:
1. Uctopus u kynasTypa OteuectBa B 1917-2014 ronax.

CBoeobOpazue 1 mpoTuBopeunBocTh KynbTypHOro passurus CCCP B 20-50-e rr. Kynbrypa 1920-
x rT. [lonsTue "KynbpTypHOH peBomonuun”, ee peanusanus. HoBas oOpa3oBaTenbHas cucTema.
Hayka u texnuka B 1920-e rr. XynoxecTBeHHass KyjlbTypa AaHHOIO mepuona. Biusnue
peBosronnid 1917 r. u rpakJaHCKOI BOWHBI HA COCTOSIHUE KYJIBTYpHI.

Kynerypa 1930-x rr. Ilpomomxenue "KynbTypHOHl peBomonuu". Pa3BuTue cucCTEMbl
oOpazoBanus. Pa3BuThe ecrtecTBeHHbIX HayK. Curyauuss B cdepe TyMaHUTApHBIX HayK.
XynoxkecTBeHHass KynbTypa. Jlureparypa. W300pa3urenbHoe HCKYCCTBO. ApPXUTEKTYpA.
Kunemarorpad. MckyccTBo 1 Bi1acTh.

OCHOBHBIE IPOTUBOPEUHS U JOCTIKEHUS B o0macTu KylnbTypsl B 60-90-¢ rr. XX B. n Hauane XXI
B. B CCCP u Poccun. ['ocymapcTBeHHasi MoJIMTHKA B 00NacTH Hayku M oOpasoBanusi. HoBble
TEHJCHIIMU B pa3BUTUU OOIIECTBEHHBIX HayK. EcTecTBeHHbIE HayKu. Xy/10)KECTBEHHAs KYJIbTYpa.

[Tepexon ko BceoOmeMy cpenHeMy oOpa3oBaHuio. PazButue ectecTBeHHBIX Hayk. CuTyanus B
chepe rymaHutapHblx Hayk. OdwunuanbHoe U HeopUIMAIbHOE HCKYCCTBO (JIUTepaTypa,
YKUBOTHCh, CKYJBIITYpa, TEATp, MYy3bIKa).

"[konbHas pedopma". PanukanbHble W3MeHEHHs B cdepe B3aMMOOTHOILIEHHUS rocylapcTBa U
cdepsl KynbTyphl. JIuTepatypa U HCKYyCCTBO B HOBBIX YCIIOBUSIX. Pa3BUTHE r'yMaHUTapHBIX HAyK U
COCTOSTHUE €CTECTBEHHBIX HaYK.

HoBrie ycrmoBusi cyiecTBOBaHHUS KyIbTypHOH cdepbl. VM3MeHeHHs B cUCTeMe 00pa3oBaHUS.
Curyanust B 001acTU €CTECTBEHHBIX M TYMaHUTApHBIX HayK. XYIOXKECTBEHHas KyJIbTypa B
coBpeMeHHOM Poccun.

2. ObpasoBanue u pa3sutue Poccuiickoro rocynapcta B XIV-XVII BB. ctopus u kynbTypa.

BnusiHue Ha pa3BuTHE KyJIbTypbl Bo3BbIIeHUSI MockBbl U KynukoBckoi nodenbl. Bo3Bblienue
MockBbl. MOCKBa Kak LIEHTpP KYJIbTYpbl (POPMUPYIOIIEHCS BETUKOPYCCKOW HapOIHOCTH.

Bo3poxxnenne Tpaguinuii pycckoil mucbMeHHOCTH. Jleromucanue. Mcropuyeckue noBecTH
("Ckazanue o MamaeBom noboumie", "3agonmuna). XKutuitHas nureparypa.

Apxurekrypa. CTpoutenbcTBo co0opoB 1 MockoBckoro Kpemiis. Apucrorens @uopaBaHTH.
Kusonmcs. Deodan ['pex. Auapeit Py6nes.

OcHoBHbIE TeHJEHIIMH B pa3BuTuu KyaeTypel Poccun B XVI B. Kynbrypa ykazanHoro nepuoja
Kak OAMH U3 (aKTOPOB CKJIAJbIBAHUS BEJIMKOPYCCKOW HapoaHocTH. PopMHpoBaHUE
NOJUTUYECKOH  MJICOJIOTMHM  IEHTPAJU30BAaHHOrO TrocynaapcTBa. OOIIECTBEHHAs  MBICIb.



Konnenuuss "MockBa - Tperuit Pum". "CkazaHnnme o KkHI3bsiX Buagumupckux" kak
npornarasjucTckoe counHenue. Kpynueiimue neronucHsle cBoabl. "CreneHHas kaura'. "Yerbu-
muHen". JKurtuitnas nuteparypa. XpoHorpadsl. Mcropuueckue nosectH. [lyOnummcruueckue
npousBeaenus Meana IlepecBeroBa. Ilepenucka A.KypOckoro ¢ MBanom ['po3nsim. Hauano
kauroneyaranuss B Poccun. WBan @DenopoB. Apxutekrypa. lllatpoBoe CTpPOUTENHCTBO.
O6oponHoe 3o0m4ectBo. JKusonuch. J(nonucuilt u ero mkona. beit u Hpassl. "JlomocTpoil".
Haponnoe tBopuecTBo. BinsiHue onpuyHuHbI U JIMBOHCKON BOMHBI HA COCTOSIHUE KYJIBTYPBI.

Baxneiimue kynabTypHble noctwkenus B Poccum B XVII B. Hawano dhopmupoBanus pycckoi
Haruu. CMyTHOE BpeMsl U €ro OTpaKeHHE B KYJIbTYPHBIX Ipoleccax. YCHJIEHUE KyIbTYPHBIX
cBa3eil ¢ 3amamHod  EBpomoit.  OOmiecTBeHHas MbICIHb. TeopeTudeckoe 00OCHOBaHUE
camozepkaBusi. Amnosorus packona ("Xutue" mporomona ABBakyMma). YCHJICHHE CBETCKHX,
paIMOHATUCTUYECKUX U JAEMOKPATHUYECKHUX 3JIEMEHTOB B KynbType ("oOMupiieHue" KyabTypsl).
Pacnpoctpanenue rpamotHOCTH, pa3BuTHe npocBemieHus. [lkonbl. CnaBsHO-TpeKo-TaTHHCKAs
akajgemus. Hakoruienue u pacnpocTpaneHue HaydyHbIX 3HaHui. Jluteparypa. Jletonucu. HoBbie
JauTepaTypHbie KaHpbel. Catupudeckue U ObITOBbIE MOBeCTH. CHINIa0MYecKOe CTUXOCIIOXKEHHE.

Apxutekrypa. "luBHoe y3opoube". Cyap6a marpoBoro 3oa4ectBa. CBETCKUE 3[IaHUS U XPaMbl
Mockssl, Spocnasns, PoctoBa Bemmkoro. "Haperimkuackoe (MOCKOBCKOE) —Oapokko'.
JepeBsiHHOE 30/14€CTBO.

JKusomnuce. cheCKI/I U ukoHbl. [losBneHue PCATNCTUICCKUX TeH,Z[eHI_II/Iﬁ, Hadalio HOpreTHOﬁ
skuBonricu. CHUMOH YIIIakoB.

My3blka 1 HApOAHBIN TEaTp.

brITOBBIC HOBIIECTBA U TpaAUuIIUOHHBIC YCPTHI. HaPOI[HOG TBOPUYCCTBO.

3. O0Gpa3oBaHue KJIACCOB U TOCYAAPCTBA Y BOCTOUHBIX cliaBsiH. JlpeBHsis (MoMOHTrosIbCcKas) Pych.
KynbrypHo-ucropuueckoe pazsurue. Pycckue 3emnu u 3omnotas Oppa.

Bocrounble cnaBsiHe, MX HCTOKM U KyiubTypa. IIpo0GiemMa 3THOreHe3a BOCTOYHBIX CIABSH.
OcHOBHBIE 3Tallbl CTAHOBJIEHUS TOCYapCTBEHHOCTH. JlpeBHssa Pych n koueBHUKN. BuzanTHiicko-
npeBHepycckue cBsi3u. OCOOEHHOCTH colualnbHOro crposi JpeBHeit Pycu. DTHOKynbTypHBIE U
COLIMAJIbHO-TIOJIMTUYECKUE TIPOLIECCHl CTAHOBIIEHHUS PYCCKOM TOCYyAapCTBEHHOCTH. IIpunsartue
xpuctuancTBa. Pacnipoctpanenue ucnama. Hapoasl Bocrounoit EBponst Bo 2-if mon. I Teic. H.3.

Kynsrypa Kuesckoii Pycu Ha ¢pone cpeaneBexoBoii KyiabTypsl. KynbTypHOE Hacieue BOCTOYHBIX
CIaBsiH M pycckas KyuabTypa. DopMHUpOBaHME NPEBHEPYCCKOM HApOOHOCTH. ApPXUTEKTYpa,
KHUBOIIUCh, peMecia, JuTeparypa, ¢oibkiop. Cucrema pocnuceil JApeBHEPYCCKOro Xpama.
TexXHHUKHN IPEeBHEPYCCKOrO NMPHUKIAJAHOIO UCKyccTBa. Penurnosnele npencrasieHus B Kuesckon
Pycu: ot MHOro60kH1s K XpUCTHAHCTBY. J[BOeBepHe B pycCKoil KynbTypHOU Tpaauuuu. Kuesckas
Pych 1 packos MUpOBOI1 XpUCTUAHCKOU LIEpKBU. POk XpHUCTHAaHCTBA B pa3BUTUU APEBHEPYCCKOU
KYJIBbTYPBI.

Kynerypa Hosropoackon, Bnamumupo-Cy3naneckoi u  ['anmunko-BonblHCKON — 3eMenb:
JIOKaJIbHbIE 0COOEHHOCTH apXUTEKTYPBbI, )KUBOITUCH, peMeCIIa, JIUTepaTypsl, (onbkiopa. [logpem
KyJIbTypbl B PYCCKHX 3eMysiX. Maes emuHCTBa pycckod 3emuin B OOphO€ C BHEITHUMHU
3axBaTtuukamu. "CioBo o nosiky Mropese".



KynbsTypa Pycu Bo BTopoii monosuHe XIII-XV BB. bopp0a pycckux 3eMernb ¢ MOHTOJIO-TaTapCKUM
3aBoeBaHueM U ¢ kpectoHocuamu B XIII B. 3onoras Oppaa.

ConmanbHO-TIONIUTHYECKUE U3MEHEHHS B pycckuXx 3emiisix B XIII-XV BB. Pycs u Opna: npoGiiemsl
B3aUMOBIUAHUA. TopMoO3dllee BIUSHUE 30J0TOOPABIHCKOIO UT'a HA PA3BUTHE PYCCKON KYJIBTYPBI.
Pasrpom u yHHUTOXKEHHE KyJIbTYpHBIX IEHHOCTEN. Pa3phIB 1 ocnabiieHne TpaJulIMOHHbIX CBSA3eH
C XpUCTHAHCKUM MHUPOM. YIIaJ0K peMeciia U UCKyCCTBa.

4. Poccuiickas umnepust B XVIII B. Ucropus u kynbTypa.

OcHOBHBIE TEHAECHLUMU B PA3BUTUU OOpa30BaHMUS U MPOCBEUICHMS, HAYKH, APXUTEKTYpBHI,
autepatypsl U uckycctBa B Poccun mepBoit uerBeptu XVIII B. Pedopmer Tletpa I B obmactu
KyIbTypbl M ObiTa. BBenenue rpaxaanckoro mpudra, apaGckux Hu@p, HOBOTO KaleHIAps.
IlepBas pycckas nedarHas razera. CBETCKHI XapakTep HOBOM KYJIbTYpPbI, €€ B3aUMOJICHCTBUE C
3aMaJIHOEBPONEHCKON KyJIbTypol. Akazemuss Hayk. (CBeTckas IIKoJa. BoeHHbIE HIKOJBI.
Ceerckue yueOHMKM M HaydHas nurteparypa. Hayka u TexHuka. OOIIEeCTBEHHO-TIOIUTUYECKAS
MbICJIb. CTaHOBJIEHUE TOPOACKON apXUTEKTYPhI: pEryjsipHas IJIAHUPOBKA, CBETCKUE U LIEPKOBHbIE
3manus. Co3naHuwe OOMIECTBECHHBIX, HAYYHBIX, MY3CHHBIX, OMOIMOTECUHBIX YUPEIHKICHUU.
Jluteparypa. XKusonuce. Ckynsnrtypa. Teatp.

OcHOBHBIE TOCTHXKEHUS B 00J1aCTH KYIbTYphl B Poccuiickoil umnepuun cepeauns - 2-i moa. X VIII
B.

"Bek mnpocemenus". CocloBHbI XapakTep oOpa3oBaHus. [lesTenbHOCTb AKaJeMHUH HayK.
O6cnenoBanue u usyuenue crpansl. M.B. JlomonocoB. OcHoBaHre MOCKOBCKOTO YHUBEPCUTETA,
AkanemMun xynoxkects, ['opHoro mHctutryta. @opmupoBaHue pycckoi uHteumreHnuu. A.H.
Panuines u craHoBNIEHUE OMIMTO3UIIMOHHON TPAUITUHU B PYCCKOM 00IIIeCTBEHHON MbICTH. PazButue
TEXHUYECKUX M €CTECTBEHHBIX HayK. Poccuiickue nzobperarenu. KomruiekcHsie reorpaduieckue
sKcnenuIuy. BonbHoe skoHOMUYeckoe 001ecTBO. Mcropuueckue TpyAbl M Hayano myOiauKanuu
UCTOPUYECKHX HCTOYHMKOB. JluTepatypa u myOiaumuctuka. Pycckoe NpOCBETUTENBCTBO.
Xypnansl 1 razeTsl. Bo3HuKHOBEHHE pyccKOro npodeccuoHaabHoro tearpa. Kpemnoctnoii teatp.
BBIT 1 HpaBbl: IEPEBHS U TOPOL.

ApPXHUTEKTYpa U )KMBOINCH: OAPOKKO U KIACCULIU3M.

5. Poccus B XIX - H. XX B. McTopus 1 KyneTypa.

OcCHOBHBIE BEXHW B Pa3BUTHUU KYJIbTYpPHI B TpenpedOpMeHHBIN U MOpedOpMEHHBIA MEPUOIBI B
Poccun XIX B.

Kynerypa Poccum B mepBoit monmoBuHe XIX B. OOpazoBanue u mnpocsemeHue. IIIkomsl.
YHuBepcutetsl. TexHuueckoe obpazoBaHue. YCUICHHE COCIOBHOCTH B oOpa3oBaHuu. Hayka u
TEeXHHMKa. XYJOXKECTBEHHas KyubTypa. Jluteparypa: cTuiieBble HampasieHus. (CTaHOBIIEHHE
PYCCKOTO JINTEPATypPHOTO si3bIKa. TeaTp 1 My3bIKanbHas KyiabTypa. M300pa3uTesibHOe HCKYCCTBO:
JKUBOIHCH, CKYJIBITYpa. APXUTEKTYpA.

Peanu3m u pomanTusM. CoLMaNbHBIE UAECH B ApXUTEKTYPE U JKUBOIIHCH.



Kynerypa Poccun Bo Bropoi nosnoBuHe XIX - Hagane XX B. CocTossHME MPOCBEUICHUS U TT€YATH.
Tunel HauanpHOU MIKOJIBL. CpemHee oOpazoBanue. Bricmiee oOpa3oBanme: pacmupeHue (hopM.
OcHoBaHME HapOAHBIX YHHMBEPCUTETOB. KHHIOM3IaTENbCKOE U JKYypHAJIbHO-TA3€THOE JIEJO.
KynbrypHO-ipocBeTUTENBCKHE YupeKaeHus. Pa3BuTre Hayku U TexHUKU. HoBble HanpaBiieHus B
Hayke. Co3jaHue HayyHbIX IIKoJ. Hauano npruMeHeHus TEXHHYECKUMX HOBLIECTB B OBITY.
XynoxecTBeHHas KynpTypa. Pacuser nurepartypsl. PazButue tearpa. MysbikanbHas KyJabTypa.
XKuormce M ckynbntypa. MonaepHH3M B JUTepaType U HM300pa3sHTENbHOM HCKYCCTBE.
Xy10’)KEeCTBEHHbIE 00BEINHEHHS.

Ctuns Mopeps. Cuntes uckyccts. CuMBosin3M Havasia XX B.

OcHoOBHbIE KyNbTypHbIE HocTHX)eHus B Poccun Hauana XX B. BiusHue nepBoil MUpOBOM BOWHBI,
pesomonii geBpanss u OKTAOps 1917 r. m rpaxknaHckod BOWHBI B Poccum Ha KyJabTYpHYIO
CUTYALUIO.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEHTPOHHbIE METOAbI UCCJIEI0BAHUI

HUctopus

Heab AMCHUNIMHBI:

- yrIIyOJIEHHOE M3yY€HUE OCHOBHBIX MCTOPUUYECKHX IPOLECCOB Ha TeppuTopuu OTeuecTBa B
AIOXM KaMEHHOTro, OpOH30BOr0 U JKEJE3HOro BekoB, B JlpeBHeil u CpenHeBexoBoil Pycu u B
Poccun HOBOro BpeMeHH, BIUIOTH JO COBPEMEHHOCTH B KOHTEKCTE MCTOPUU COINPEAEIbHBIX
3eMenb (B OCHOBHOM OTHoOcsmuxcs K tepputopun ObiBiiero CCCP) Ha ¢done kpartkoi
XapaKTEPUCTUKU COLUATbHO-IPKOHOMUYECKUX U MOJUTHYECKUX IIPOLIECCOB;

- q)OpMI/IpOBaHI/IC MpeaACTaBJICHUA O prnHeﬁ].HHX JOCTHIKCHUAX OTE€YECTBEHHOM KYJIbTYPbI U
OCHOBHBIX TCHACHIUAX €€ PA3BUTHA.

3aga4yd AUCHUILINHBI:

- Pa3BHUTHUC HABBIKOB CpPABHUTCIBbHO-UCTOPHUYCCKOI'O  adHaJIM34d, OBJIAaJACHUC OCHOBAMH
HCTOPHUYCCKOI'O MBIIIJICHHA,

- BBIpaOOTKa CIIOCOOHOCTH MPHUMEHSTH MOJIyYCHHBIE 3HAHUS B cepe UCTOPUU U MOIUTOJIOTHH,
VCTOPHUH HAYKH.

ITepedyens miIaHMPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO TUCHHUILINHE (MOAYJIIO)
B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI
3HATh:

- OCHOBHBIE 3aKOHOMEPHOCTH COLIMAJIbHO-3KOHOMUYECKUX M TOJIUTHYECKUX IIPOLIECCOB Ha
tepputopun OteuectBa B lpeBHeii u CpenneBexoBoit Pycu u B Poccun HOBOro BpeMeHH BIUIOTh
JI0 COBPEMEHHOCTU B KOHTEKCTE MCTOPUH CONpPENEIbHBIX 3eMeb (B OCHOBHOM OTHOCSIIUXCS K
tepputopuu ObiBiero CCCP);

- Ba)XHEHIIME BEXW OCHOBHBIX HCTOPHYECKMX TIporeccoB Ha Teppuropun OtedecTBa OT
JPEBHOCTH JI0 COBPEMEHHOCTH B KOHTEKCTE€ HMCTOPHH COMpPEICIBHBIX 3eMellb (B OCHOBHOM
oTHocsuxcs K Tepputopun ObiBiiero CCCP).

yMeTh:

- OCYHICCTBIIATH CpaBHI/ITCHLHO-I/ICTOpI/I‘-ICCKI/Iﬁ aHaJIn3, OBJAACHUC OCHOBaAMH HCTOPHUYCCKOI'O
MBIIIJICHUA.



BJaJ€Th:

- OCHOBAMH HCTOPHYECKOTO MBIIIJICHHS, CTIOCOOHOCTBIO TPUMEHSATH OJTY4YECHHBIE 3HAHUSA B cepe
VUCTOPHHM U ITOJIUTOJIOTUH, UCTOPUM HAYKH.

Tembl u pa3iennbl Kypca:

1. Antnunas kynsTypa B CeBepHoM [IpuyepHomopbe. AHTHUHOE Hacieaue B 31moxy Bennkoro
nepeceseH st HapoJI0B.

['peueckas xomonuzanusi CeBepHoro [IpruuepHoMOpbs: pakTOphl, HCTOKH, TEPBbIe KOJOHUU. Tpu
MOJIMTUKO-3KOHOMHUYECKHX LIeHTpa aHTuYHOro CeBepHoro [IpuuepHomopsbs.

[Tocenenusi. MOTWJIBHUKU. DKOHOMHKA TPEUYECKUX KOJOHMH. MecTHOEe IpeuecKkoe peMeciio u
uckycctBo. Cynpba anTruHbIX rocynapcts Cesepnoro [IpuuepHomMopbst.

2. KynbeTypa npaciaBsH, 6anToB U (HUHHO-YTPOB B IPEBHOCTH U PAHHEM CPETHEBEKOBbE.

Kynbrypa mnpacnaBsH, OantoB u (uHHO-yrpoB. BrusHue kenbTckod, (Qpakuiicko u
MparepMaHcKod KynbTyp. DTHOI€HE3 BOCTOYHBIX cCllaBsH. [IluchMeHHBIE U apXeoOTHYECKue
HCTOYHUKU O CIIaBsSHAX.

3. Kynbtypsbl ckugo-cHOUpCKOro U capMaro- F'YHHCKOTO KOYeBHHYECKOTo Mupa EBpazuu.

Ckudbl 1 pOJICTBEHHbIE UM HApOJbI, MX UCTOPHS U KyinbTypa. MckyccTBO CKH(pO-cHOMPCKOTO
3BEPUHOTO CTWJIS, €0 CTHIIMCTHKA M ceMaHTHKa. [Ipobiiema CKu(CKOro Hacienus: B HCKYyCCTBE
Poccun. KynbpTypa capmaro-ryHHckoii smoxu. KymbTypHas cuTyanuss B smoxy Bemmkoro
niepeceseHus HapoJIOB.

4. Mertoapl MU HMCTOYHUKH HU3y4yeHHMs] HCTOpUHU. XpoHousorus. CymHocTh, (opMbl, (YHKIHUU
HCTOPUYECKOIO 3HAHUS.

[TonstTe u knaccudukanuss UCTOPUUECKOrO MCTOYHUKA. VcTropmueckas M apxeoyiornyeckas
nepuoauzanuu. OTHOcUTENbHass U a0COJIOTHAs XPOHOJOTMU. BO3MOXXHOCTH HMCIOIB30BaHUS
JTAHHBIX MMCbMEHHBIX UCTOYHUKOB, IMHTBUCTHKH U aHTPOIIOJIOT Y [T OLIEHKH U HHTepIpeTaluu
apXeoJIOTHYECKUX MaTepuasioB. MeTObl €CTECTBEHHBIX HAayK B HCTOPHKO-apXEOJOTMYECKHX
HCCIIEIOBAHMSIX panuokapOOHHBIN aHanmu3, crnekTporpadus, meTtasuorpadus,
JEHAPOXPOHOJIOTHS U JP.

Merononorust u Teopus ucropuueckod Hayku. Kynprypa Poccum — HeoTbemiieMass 4acThb
KYJIbTYpbI UEJIOBEYECTBA.

5. OcHOBHBIE JOCTHIKCHHA B ITPOLECCE TEXHOJIOTHYSCKOM SBOIIOINH B DHEOJIUTE U 6p0H3OBOM
BCKC€. I/ICKYCCTBO 1 UACOJIOTrusA 3I10XHU BHGOHI/ITa-6p0H30BOl"0 Beka. OCHOBHEIC BEXH B OCBOCHUH
JKene3a. PaHHMI JKene3HbIM BEK: OCHOBHBIC YCPTHI KaK KYHLTypHO-TCXHOHOFquCKOﬁ OIIOXH.

Hauano merannyprun. 3HaueHHe MeTajula B Pa3BUTHUHU UYEJIOBEUYECKOM KyJIbTYyphl M OOIIECTBA.
OtkpbiTe Meau U OpoH3. OCHOBHBIE TOCTHKEHHUS B MPOLECCE TEXHOJIOTHYECKOW BOJIIOLUU B
JHEOJINTE U OpOH30BOM Beke. VICKycCcTBO M MAEONIOTHsS 3MOXH YHEONUTa-0poH30Boro Beka. Oc-
HOBHBIE BEXH B OCBOCHMHM ’Keje3a. PaHHWI jKelle3HbIM BEK: OCHOBHBIE UEPThI KAaK KYJbTYpHO-
TeXHoJornueckou snoxu. Juddepennuanus peruoHOB Ha OCHOBE pa3IUuMil B TEMIIaX Pa3BUTHUS
Y 3apOKJICHHE JIOKAJIbHBIX BAPUAHTOB B KYJIBTYypE.



6. OCHOBHBIE TEHAEHUUH KYyJbTypHO-UcTOpUueckoro pazsutus Pycu, Poccun, CCCP wu
noctcoBeTckoi Poccun B anoxy CpenneBexoBbsi, HoBoro u Hoseliiiero Bpemenu.

HcTOpUKO-KynbTypHBIE  TPOIECCHl B MEPHOALI  (eojanu3mMa, KamuTaliu3mMa © B
MOCTKAMUTAIMCTUYECKYIO A110XY. OCHOBHBIEC TEHCHIIUU U MEPCIIEKTUBBI KYJIbTYPHOTO PA3BUTHSI.

7. Hponcxo;xz[eHHe YCJIOBEKA M 3apOXKIACHUC KYJIBbTYPBI. [TousaTs KaMEHHBIN B€K, JHCOJIUT,
6p0H3OBBIfI M KeJIe3HbINH BeK. OCHOBHBIE YCPThl KAMECHHOI'O BE€Ka (HaJ'ICOJ'II/IT, ME30JIUT, HeOJ'II/IT)
Kak KyanypHO-TCXHOJ’IOFH‘ICCKOFI n aHTpOHOFCHeTquCKOﬁ JIIOXH.

OcHOBHBIE YE€pTHl KAMEHHOIO BeKa (MaJ€OJIUT, ME30JMT, HEOJMT) KaK KyJIbTypHO-
TEXHOJIOTMYECKOM M AHTPONOT€HETHUYECKON S3I0XU. DBOJIIOLMS TEXHOJOTMYECKHX HaBBIKOB B
IEPUOJI KAMEHHOI'O BeKa. 3apOoXkIeHUE MCKYyCCTBA. VICKyCCTBO ManeoiauTa: OCHOBHBIE CHOXKETBI,
¢dopmbl, pueMsl, GyHKIA. Me30JaUT: HOBBIE YepThl UCKYCCTBA. BO3HUKHOBEHHE PETUTHO3HO-
MHU(OJIOTHUECKUX, (PUIOCOPCKHMX M Marndeckux IpeJCTaBICHUI: OCHOBHbIE CBUIETEILCTBA
JAaHHOTO npoliecca. BaxHeliue Xo3siicTBEHHbIE CABUIM B KaMeHHOM Beke. Heonurtuueckas
PEBOJIIONMS U CBSI3aHHbIE C HEM M3MEHEHMs B MaTepHAIbHOM KYJIbTYpPEe, HCKYCCTBE U MJICOJIOTHH.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukaagapie MaTeMaTHKA U (PU3UKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

KBanrToBasi MexaHuka

Heab AMCHUNIMHBI:

- OCBOCHHC CTYACHTaMH OCHOB KBaHTOBOM MEXaHHUKHU.

3agauu AMCHUINJINHBIL:

- (opmupoBaHue 0a30BBIX 3HAHWK B 0O0JACTH AHATMTUYCCKOH MEXAHHWKH KaK TUCIUTUIAHBI,
UHTETpUpPYIOIeH 00medru3nIecKyo 1 MaTeMaTHIECKYIO TIOATOTOBKY CTY/ICHTOB;

- OBJIaAICHUC OCHOBHBIMH MCTOAAMH, IO3BOJIAOIIHMMU PpCHIATH YPAaBHCHUMA aHAIIMTUYECKOM
MCXAaHUKHU; pCIICHUC 3a/la4, OXBATbIBAOIINUX OCHOBHBLIC ITPUIOKCHU S aHAJIMTHYECKOM MEXaHUKH.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbrare ocCBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI

3HATh:

- OCHOBBI JIArPAHKEBOW MEXAHHKHU;

- TCOPECTHUYCCKUC OCHOBBI JUHAMUKHU KOHCCPBATHUBHBLIX W JAJUCCUIIATHUBHBIX CUCTEM BOJIM3HU
paBHOBECHUA,

- TEOPETUYECKHE OCHOBBI JMHAMUKH TBEPAOIO TEJA;
- IPUHIIUIT HAUMEHBIIETO IEHCTBUS M OCHOBBI TAMUIIBTOHOBOM MEXaHUKU;
- METO/] KAHOHMUYECKUX NpeoOpa3oBaHuil U anmapart ckoOok Ilyaccona;

- MeTo1 'amunbTOHA-AKOOM M TEXHUKY pa3/ielieHUs IEPEMEHHBIX;

- METO NCPEMCHHBIX Z[eﬁCTBHC'YFOJI.

yMeTh:

- (I)OpMy.TII/IpOBaTB YpaBHCHUA Harpacha B O606H.ICHHBIX KOOpAUHAaTax, HAaXOAUTb HWHTCIPAJIbI
ABWIKCHUSA U C UX MOMOIIBIO PCIIATh YPABHCHUS JIBUKCHUA,

- BBIYUCIIATH IEPUO] (l)I/IHI/ITHOl"O JABMIKCHUS,

- BBIYUCIIATHh CCUCHUEC PACCEAHUA B JaHHOM LHCHTPAJIbHOM I10JIC;



- HaXOAWTh COOCTBEHHBIE YaCTOTHI U HOPMAJIbHBIEC KOJIECOAHUS CHCTEM CO MHOTMMH CTEIIECHIMHU
CBOOO/IBI,

- BBIYUCIIATh MOMCHTEI HHCPLIUH TBCPAOTO TCJIA,

- TEPEeXOAUTh OT JIarpaHkMaHa K TaMHJIBTOHHAHY W HAaoO0OpOT C MOMOIIBIO MPpeoOpa3oBaHUs
Jlexxanpa;

- OCYILECTBJIATh KAHOHUYECKHE MPE0Opa30BaHMs C TOMOIIBIO JaHHOW MPOU3BOAALICH (DYHKIINH;
- BBIUMCIIATH ckoOKu Ilyaccona;

- pa3zenaTh IepeMeHHble B ypaBHeHUM [aMmibToHa-SIkoOM M pemath ¢ MOMOLIBIO METOJa
["amunpTOHA-IKOOM KAHOHUUYECKNE YPAaBHEHUS IBUKEHUS;

- IEPCXOAUTh K ICPEMCHHBIM HCﬁCTBHG-erH;

- BBIYHUCJIATH anna6aTquCKHe HHBApUAHTHI.

BJIa/1eTh:
- OCHOBHBIMHU METOJIaMH aHAJIMTUUYCEKON MexaHuku — MeToaamu Jlarpamka [ u Il pona;
- METOJJaMU UHTETPUPOBAHUS YPAaBHEHUN JBUKEHUS, IPUHIIUIIOM HAMMEHBIIETO JICHCTBUS,

- MCTOJOM KAaHOHHYCCKHX ypaBHeHI/Iﬁ raMI/IJ'ILTOHa, arapaTomMm CKOOOK HyaCCOHa, MCTOAOM
I'amunsToHa-SIKOOH PCHICHUA KAHOHUYCCKHX ypaBHeHHfI.

TeMbI U pa3jeiibl Kypca:
1. OcHOBBI JIarpaHXkeBON MEXaHUKU

CBs3u U ux KJ'IaCCI/I(bI/IKaHI/ISI. Bo3Moxxubie u BUPTYAJIbHBIC ICPEMCIICHM. MOI[CJ'II) NACaAJIbHBIX
cBs3eit. O01Iee ypaBHeHre JTUHAMUKH. Y paBHeHus Jlarpamxka [ pona.

O606menHble koopanHaThl. O000IIEeHHbIe cuiibl. YpaBHeHus Jlarpanxa Il pona. Jlarpanxuas.
Kunernueckas sHeprust B 0000IIEHHBIX KOOPIMHATAX.

[ToTenmmansHas sHeprus. CoxpaHeHue MOJHOM »Hepruu. HemoTteHnumansubie cuibl. CTpyKTypa
0000111eHHOT0 OTEeHIIMaNA. 3aKOHbI COXPAHEHUS 3HEPTHH, UMITYJIbCAa 1 MOMEHTAa UMITyJIbCa KaK
CJICZICTBUS OJTHOPOTHOCTH BPEMEHH, IIPOCTPAHCTBA U U30TPOITOHOCTH MPOCTPAHCTBA.

OI[HOMepHOG ABUXKXCHUC WU HHTCTPUPOBAHUC ypaBHeHI/Iﬁ ABWIKCHUS C IIOMOLIIBKO HWHTETPAJIOB
JBHXXCHUA. 321,[[8.‘18. ABYX TCII. I[BI/I)I(CHI/Ie B HCHTPAJIbHOM II0JIC.

2. ®du3nyecKre 3a/1a4y JarpaHXeBOM MEXaHUKN
Paccestnue yactui. Ceuenune paccesnusi. Dopmyna Pesepdopaa. Paccesnue Ha Masbie yIiibl.

PaBHOBecue. Y CTOMYMBOCTh U HEYCTOMYHBOCTH. JIMHEapu3amus u Maibie KoneOanus. JJunamMmka
KOHCEPBATUBHBIX W JUCCUIIATUBHBIX CHCTEM BOJIM3W paBHOBECHs. BBIHYXIeHHBIC KOJI€OAHUS U
pe3zonanc. COOCTBEHHBIE YaCTOTHI JIJISi CHCTEM CO MHOTHMH CTETICHSIMH CBOOO/IBI.



JIBukeHue TBEpIOTo Tena. YTIIoBask CKOPOCTh BpallleHUs, TEH30p UHEepIuu, MOMEHT UMITyJbca
TBEPJIOTO TeJa. Y paBHEHUS IBUKEHUS TBEPJIOTO Tea.

CB0oOOJIHOE BpalleHHE CUMMETPUYHOIO BOJIYKA. YTibl Oijepa. CUMMETpUYHBIA BOJIYOK C
3aKpeIICHHOM HIKHEHW TOUKOM B moJie TskecTu. Crisiiuii BOJTYOK.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasieHHoCTh: CHHXPOTPOHHBbIE U HEMTPOHHbIE METO/IbI MCCJIEI0BAHUI

KBanToBas Teopus

Heab AMCHUNIMHBI:

- 3HAKOMCTBO C HEOOBIYHBIMH CBOMCTBAMM KBAHTOBBIX CHUCTEM, 06y‘-I€HI/I€ criocobaM OIucaHus
HCPCIIATUBUCTCKUX KBAHTOBBIX CHUCTEM, 3HAKOMCTBO C OCHOBHBIMH MCTOJAMH OIMCAHUA
PCIATHBUCTCKUX YaCTHUIIL.

3agauu AMCHUIIINHBIL:

- 3HaKOMCTBO C 0a30BBIMH OJKCIIEPUMEHTAIBHBIMH (aKkTaMyd B OOJIACTH KBAaHTOBOW (DU3WKH,
ycBoeHue ypaBHeHuil Illpenunrepa, [laynu m J{upaka, OonuCHIBaIOIIMX KBAHTOBBIE SIBIICHHS,
OBJIaJICHUE MaTeMAaTUYECKUMU METOJIaMH, IO3BOJIAIOIIMMHU pEIlaTh KBAaHTOBBIE ypaBHEHUS,
peleHue 3aa4, OXBaThIBAIOIINX OCHOBHBIC TIPUIIOKEHUS! KBAHTOBOM (DU3HKH.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)
B pe3ynbrare ocBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI

3HATh:

- YUCJICHHBIE MTOPSAJIKH BEJIMYHH, XapaKTEPU3YIOIINE KBAHTOBBIC SIBJICHUS;

- OKCIICPUMCHTAJIbHBIC OCHOBLIL KBAHTOBOM (1)I/ISI/IKI/I,

- OCHOBHBIE IPUHIUIIBI KBAHTOBOM MEXaHUKU;

- METObI OITMCaHUA KBAHTOBBIX CHUCTEM,

- CBSA3b COOCTBEHHBIX BCKTOPOB U COOCTBEHHBIX 3HAYCHUM OIepaTopoB C Ha6J'IIOI[aeMI)IMI/I n
HU3MCPACMBIMHA (I)I/ISI/I‘IGCKI/IMI/I BCINYNHaAMMU,

- OCHOBHBIC TOYHO pCHIAEMbIC MOACIIN KBAHTOBLIX CUCTEM;

- OCHOBHbIE IPUOJIM>KEHHBIE METO/IbI PEILIEHUS 3a]]a4 KBAHTOBOM MEXaHMKH: KBa3UKJIACCUUECKOEe
npUOIMKEHNE, CTAIIMOHAPHYIO U HECTALMOHAPHYIO TEOPUIO BO3MYIIIEHUH, BApUALIMOHHBII METO/;

- MCTOJbI 1 CITIOCOOBI OMHUCAHUS CHCTEM TOXACCTBCHHBIX YaCTHII B KBaHTOBOM TCOpHUU,
- MCTOJBbI OITMCAaHHA PACCCAHUA YACTHUIL,

- OIIMCAaHUC BSaPIMOJIeﬁCTBPISI OJICKTPOMArHuTHOI0 M3JIYUYCHUSA C KBAHTOBBIMH CHUCTEMaMU
3apsAa0B;

- OCHOBBI peHHTHBHCTCKOf/'I KBaHTOBOM TCOpHHU.



yMeThb:

- HAXOAUTh Oe3pa3MepHbIe TapaMeTPhl, ONPEACISIONINE U3ydyaeMOe SIBIICHUE;

- IPOU3BOJIUThH YHCIICHHBIE OLIEHKH I10 MOPSAKY BEJIUYHHBI;

- HaXOJIUTh SHEPTETUYCCKUE CIICKTPHI U BOJTHOBBIC (DYHKIIMH B OJTHOMEPHBIX CITyJasiX;

- HaXOJIUTh KBAaHTOBOMEXaHUYECKHUE CPETHUE C IIOMOIIBIO0 U3BECTHBIX BOJTHOBBIX (DYHKIIUIA;

- IPUMCHATH KBa3UKJIaCCHUYCCKOE HpI/I6J'II/I}KCHI/Ie JJI1 OIEHKHU ypOBHeﬁ OHEPIrum u BCpOHTHOCTCﬁ
IMPOXOKACHUA CKBO3b ITOTCHIIMAJILHBIC 6apbepbl;

- NPUMEHATh CTAMOHAPHYIO TEOPUIO BO3MYILUECHMM I HAXOXKICHHS IONPABOK K YPOBHSAM
SHEPTUU U BOJHOBBIM (PYHKLIHUSIM;

- IPUMCHATH HECTAHUOHAPHYIO TCOPHUIO BOSMYI_HCHI/Iﬁ JJIs1 HAXOXKACHUA BepOHTHOCTCﬁ epexoa0os
MECXKAY COCTOSSHUSAMU,

- p€luaTth 3aa41 O HAXOXKIACHUU COCTOSIHUU U OHEPreTUYCCKOro CricKTpa CUCTEM MHOT'MX, B TOM
YUCJIC TOXKACCTBCHHBIX, HaCTHII,

- BBIYHUCJIATH I[I/I(i)(bepeHLII/IaJIBHBIC CCUCHU paCCCAHUA YaCTULl pA3JIMYHBIMHA ITIOTCHI X AJIAMU

- OIIPEACIATE BO3MOKHOCTb OIITHYCCKUX IICPEXOJ0B MCKAY COCTOSAHHUAMU CUCTEM 3apia0B U
OLICHUBATb BPEMCHA KU3HU B036}’)KI[6HHI)IX COCTOSIHUH.

BJIAJIeTh:
- KyJIbTYpOM ITOCTaHOBKH 33/1a4 KBAHTOBOM MEXAHUKHU;

- OCHOBHBIMHU MCTOAAMH PCIICHUA 3adaqd KBaHTOBOM MCXAaHHMKH, B 4aCTHOCTH, O HaXOXACHHNHU
COOCTBEHHBIX (I)YHKI_II/Iﬁ 1 COOCTBEHHBIX 3HAUCHUI OonepaTopoB (I)I/I3I/ILIGCKI/IX BCIIMYHUH,

- HaBBIKAMH TEOPETHUUECKOT0 aHaJIN3a, MOAEIUPOBAHUS U OLICHOK CBOIMCTB peasbHbIX (PU3NUECKUX
CUCTEM, 00J1a1AI0IINX KaK JUCKPETHBIM, TaK U HENPEPHIBHBIM CIIEKTPOM.

Tembl U pa3ensl Kypca:
1. BonHOBas MeXaHUKa NPOCTBIX CUCTEM U TEOPHS PACCESHHUS.

['nnore3a kBaHTOB ((hOTOHOB), ypaBHeHHe DifHIITENHHA A1 PoTodddexra. Mmmynsc GpoToHa U
apdext Komnrona. Bonusl ae bpoitnsa. {nuna BomHsl ne bpoina st snektpoHa. IInmotHocTh
BEPOSTHOCTH M aMIUIUTYyJa BEPOSATHOCTH OOHApPYKUTh YaCTHIy B 3aJlaHHOH TOYKe. YCIOBHUE
HOopMHpoBKH. Cymneprno3uiys BoiaH ae bpoiins (BoaHOBOM maker). AMIUIMTYa BEPOSTHOCTH U
IUIOTHOCTb BEPOSITHOCTH OOHAPYKUTh YACTUIlYy C 3aJlaHHBIM UMIYIbcOM. BomHOBas ¢GyHKUuS.
HopmupoBka BOMHOBBIX (DYHKIMI Ha €IUHMIY M Ha JenbTa-QyHKuuio. Bomna ne Bpoins u
onepatop wummynbca. YpaBHeHue IIpenunrepa. CranMoHapHbIE COCTOSHHA. YpaBHEHHE
HEIPEPBIBHOCTU JUIS TUIOTHOCTH BEPOSTHOCTH M INIOTHOCTH TOKA BEPOATHOCTU JUIS YACTHIIBL.
OnHomepHOEe (GUHUTHOE W WH(UHUTHOE JBW)KEHHE 4YacTULBL. [IpuHIMI Cyneprno3uIMH.
['aMunpTOHMAH JMHEWHOTO TAapMOHMYECKOTO ocuumuiAropa. Oneparopbl poOXIEHUS U
YHUYTOXEHHUS. DHEPTETUUECKHUI CIEKTp JMHEWHOTro ocumiuisiTopa. IlocTpoeHne coOCTBEHHBIX
GyHKIMI JTUHEMHOro OCHWIUIATOpa B KOOPAWHATHOM NpeiacTaBieHud. [loaumHOMBI DpmuTa.



Pa3neneHue nepeMeHHBIX B KBAHTOBOM 3aa4e AByX Tesl. CBEJCHUE 3aJa4t IBYX TEJI K JIBHYKEHUIO
YacTHUIBl C MPUBEAEHHOM Maccoil B LEeHTpaibHOM Tmoje. OmnepaTop OpOMTaIbHOIO MOMEHTA
YaCTHUIIBl B KOOPAMHATHOM MpeacTtaBieHnn. Chepruueckue TapMOHUKHU. | aMIIIBTOHNAH YaCTHIIBI
B chepuuecKuX KoopAuHATax. Pa3jienenue nepeMeHHBIX B HEHTPAILHOM I0JIE. Y paBHEHHUE IS
panuanbHoi QyHKIMH. ['aMUIBTOHMAH BOJOPOIONOAOOHOTO aToMa. ATOMHAs CHCTEMa eIMHUII.
DOHEepreTUYecKuii CIEeKTp W pagualbHble BOJHOBBIC (YHKIMH CTAallHOHAPHBIX COCTOSIHUH
BOJIOPOJONION00HOr0 atoMa. [y1laBHOe, paauanbHOE, OpOUTAIbHOE M MAarHUTHOE KBaHTOBBIE
yucna. [locranoBka 3amaun paccesHus. Yupyroe paccessHue. AMIIIUTYyAa paccesHus. CeueHue
paccesHus. PyHkuusa ['puHa 3amaum paccesHus. VHTerpaJbHOE YypaBHEHHME Ul 3aJadud
paccestaus. [Ipubnmxenne bopra. Meron mapruanbHeix BoiaH. Dasel paccesHus. PesonancHoe
paccesuue. Heynpyroe paccessaue. Onrtuueckas Tteopema. (OCOOCHHOCTH — pacCesiHUs
TOKJIECTBEHHBIX YaCTHULL.

2. MaTeMaTtn4ecKkue OCHOBBI KBAHTOBOW TEOPHH.

CocTosHus 1 HabOM0aeMble. DPMHUTOBBIE M JIMHEHHBIE onepaTopbl. PasnojkeHue BOJIHOBBIX
¢GyHKIMH 1O COOCTBEHHBIM (YHKLUSM oOmepaTopa (HU3UYECKOH BEIMYUHBI. AMIUTUTYABI
BEPOSITHOCTH. Y CIIOBUSI OPTOTOHAJIHOCTH JJIsi COOCTBEHHBIX (DYHKIIMIA ONIEpaTopoB (hPU3HUYECKIX
BEIMYUH. Bpruncnenue cpenHux 3HadeHuid. Teopus npencraBiieHHMi. BeKTopsl COCTOSHHN U
COMNpPSKEHHBIE BEKTOPbI COCTOSHUN. YCJIOBHE IOJHOTHI COOCTBEHHBIX BEKTOPOB OIIEpaTOpa
¢u3nueckoil BenmuuuHbl. OJHOBPEMEHHO HM3MEpHUMble (Qu3MuecKue BeJWYMHbI. KoMMyTaTOpbI.
[Tonubiit HaOOp (M3HYECKUX BEIWYMH, ONMCHIBAIOIIUX KBaHTOBYIO cucteMmy. COOTHOIIEHUS
HEOIPEACIEHHOCTH M KOTEpEeHTHbIE cocTosiHuA. MmmynscHoe mnpexacrasiienune. Matpuunsie
IpPEICTABICHUS: OINEepPaTOPbl-MaTPUIbl M BEKTOPHI-CTOJOLBI. YHHUTapHbIE IpeoOpa3zoBaHus
BEKTOPOB COCTOSIHUM U OomepaTopoB. MaTpuyHas MeXaHUKa. 3aBUCUMOCTh (PU3UUECKUX BETUUNH
oT BpeMeHU. OnepaTtop U3MEeHEeHUs! GU3NUECKOI BEeTMUMHBI BO BpeMeHU. MIHTerpaiibl 1BUKEHHUS.
Omneparopbl U3MEHEHUS BO BPEMEHU KOOPJAUHATHI M UMITYJIbCA YACTHULIBI B TOTCHIIMAIBLHOM II0JIE.
Kommytaropel u ckobku Ilyaccona. Omnepatop somouuu. IlpeacraBnenus Llpenunrepa u
[eiizenbepra.  YpaBHenue [I'eiizeHOepra jans  omepaTopoB  (U3MUECKUX  BEIUYHH.
ITpocTpaHCTBEHHBIE CABUTM W ONEPATOp UMIyibca. II0BOpOTHI B MPOCTpPaHCTBE M ONEPATOP
yII10BOro MoMeHTa. OpOUTaNbHBINA yIJIOBOW MOMEHT YacTHllbl. KoMMyTaliMoHHBIE COOTHOIICHUS
JUIsL ONIEPAaTOpOB YIIIOBOro MoMeHTa. Cucrema COOCTBEHHBIX BEKTOPOB OIEPATOPOB YIIIOBOIO
MomeHnTa. CrinH yactunibl. Marpunsl [aymnu.

3. OCHOBBI PENATUBUCTCKON KBAaHTOBOW TEOPHUH.

VYpaBuenue Kneitna-I'opaona. Ypasuenue [{upaka. I'paguentHas uHBapruanTHOCTh. CBOOOIHAS
penaTuBucTCKass 4dacTuia. COCTOSHUS € TOJOXHUTEIBHBIMM M OTPHULATEIbHBIMA JHEPTUSMHU.
Yactunel ¥ aHTHyacTUlbl. YpaBHeHue Ilaynu. VYpasHenue Illpeaunrepa BO BHELIHEM
3JIEKTpOMarHuTHOM moje. [lompaBku BTOporo mopsaka mo v/c: MONpaBKa K KHHETUYECKOH
SHepruu, nomnpaska /lapsuHa, cnuH-opOuTanbHOE B3auMoieicTBre. YacTrila B MAarHUTHOM IIOJIE.
VYposuu Jlannay. KBantoBanue cBOOOAHOIO 3IEKTPOMArHuTHOTO 1osist. OnepaTropsl poXkKAeHUs U
YHUUTOXXKEHUS (PoTOoHOB. ["amMmunbTOHMAH moid. ['aMUIbTOHMAH B3aMMOJEHCTBHUS aToMa U MOJIS.
DJIEKTPUYECKOE JMIOJIBHOE H3JIy4deHue. BepoATHOCTh m3nydeHus W noriomeHus. Ilpasuna
oTOOpa IS ANEKTPUUYECKOTO JUMOIBHOTO U3MydeHUsl. MarHuTHOE AMIONIBHOE U DJIEKTPHUUECKOe
KBaJIpymosibHOE u3inydeHus. Paccesnue GpoToHOB.

4, HpI/I6J'II/I)KCHHBIe METOJIbl KBAaHTOBOM MEXaHHMKH.

VYcnoBrue NpUMEHUMOCTH KBa3UKIAaCCUYECKOT0 MPUOIMKeHNs. By BOMHOBOM (QyHKIIMN YaCTHUIIbI
B KBa3HMKJIacCHUYECKOM MpuOmmkeHuu. Pemenus ypasnenus Lllpeannrepa B OKpECTHOCTH TOUKHU



MoBOpOTa. Y CiioBHs KBaHTOBaHUS bopa-3omMmepdensaa. BeposTHOCTh MPOHUKHOBEHHS YaCTHIIBI
yepe3 Oapbep B KBa3MKJIACCHUECKOM MpuOmmxeHuu. I[lepBoe u BTopoe NMpUOIMKEHUS TEOPUU
CTallMOHapHbIX Bo3MylleHui. Kpurepuil npuMmenuMoctu Tteopuu. CTallmOHApHOE BO3MYILIEHUE
BBIPOXKJICHHBIX YPOBHEH IHCKPETHOTO CHEKTpa. BomHOBBIE (YHKIHMU HYJIEBOTO MPHUOIMKEHUS.
Cekynsipoe ypaBuenue. Dddext Llrapka B arome Bogopoaa. HecranmonapHoe Bo3MylieHHE
JUCKpEeTHOro crekTpa. [lepexoasl moj BIMSHUEM BO3MYIIEHHMS, JAECUCTBYIOLUIETO B TEUYEHHUE
KOHEYHOT0 BpeMeHHU. AnnabaTuieckue W BHE3amHble Bo3MylueHus. Ilepexopl moa aelcTBreM
NEPUOANYECKOI0 BO3MYILEHUS B JUCKPETHOM M HENpepbIBHOM crekTpax. [IpaBuno Pepmu.
Pacnan kBasucranmoHapHbBIX cocTosHuM. CrnuH-opOuTanbHOEe B3aumozelicTBue. CliokeHue
mMomeHTOB. Koo uumentst Knebmra-I'opaana. [TomHsli yrioBoit MoMeHT. CHMMETPHH BOJTHOBOU
(GyHKIMU TOXAECTBEHHBIX yacTUll. bo3onsl U ¢epmuonsl. Jlerepmunant Cmdtepa. [IpuHnmn
[Taymu. Atom renus. KoopnHaTHBIE M CITMHOBBIC (DYHKIIMH JIBYX 3JEKTPOHOB. BapuanvoHHBIN
MPUHIINI, BBIYUCIIEHUE PHEPTHMH OCHOBHOTO cocTosHud. Merox Xaptpu-®@oka. [Ipubmmkenue
LHEHTPAJIbHOTO ToJis. MIHTerpaisl IBUKEHUS B CIOKHBIX aroMax. Tepmel. I[IpaBuna Xynnma. LS-
cBs3b. ToHKas cTpyktypa ypoBHel. [IpaBuino narepsano Jlanme. Dddexror 3eemana u [Tamena-
baka. [lapamarneTsm u 1uaMarHeTu3M aTOMOB.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

KoruurnBHas HelipoHayka

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

- 00CYOUTb TEOPETUYECKUH U DSKCHEPUMEHTAIbHBIA MaTepual MHPOBOH COBPEMEHHOM
HeHpOoHAYKH, HEHPOOMOJIOTUH B HeHPO(DHU3HOIOTHH;

- PacCMOTPETh HEepeIlIeHHBIE TPOOIEeMbl HEMPOHAYKH;

- IPUBCCTH OCHOBHBIC MCTOAbI IMOJTYUYCHUS SKCIICPUMCHTAJIbHBIX JaHHBIX.

3agauu AMCHMILINHBI:
- OCBOEHHE METOAMYECKON U METOIOJIOTHIECKOH 0a3bl KOTHUTHBHON HEHPOHAYKH;

- 3HAaKOMCTBO C OCHOBHBIMH PpC3yJIbTaTaMH OTCUYCCTBCHHBIX U SaPY6e)I(HI>IX pa60T I10
HCCIICOOBAHHUIO MO3TI'a, CBA3aHHBIX C pa3pa60TI<0171 HpO6JICM KOTHUTHUBHOM HeﬁpOHaYKH;

- (popMupOBaHUE IPEACTABICHUN O TPUKIATHOM 3HAYCHUH KOTHUTUBHON HEHPOHAYKH.
ITepedyenb miIaHMpPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO JTUCHHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIUECs T0JIKHbBI

3HATh:

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

- OCHOBHBIE MPUHIUIIBI CTPOEHUS M CUCTEMHOM OpraHU3aliy TOJI0BHOTO MO3Ta;

- OCHOBHBIE COBPEMEHHBIE METO/Ibl UCCIIEJOBAHNSI HEUPOKOTHUTUBHBIX MPOIIECCOB;

- OCHOBHBIE TEOPUH O HEPBHBIX OCHOBAX KOTHUTHBHBIX (DYHKIIMA;

- OCHOBHBIE PE3YyJIbTaThl COBPEMEHHBIX SKCIIEPUMEHTAIbHBIX pa3pad0TOK B 00J1aCTH KOTHUTUBHOM
HEHpPOHAYKH.

yMeTh:

- TOJIb30BAaThCSl CBOMMH 3HAHUSMHU JJIsl TIOCTAaHOBKM HOBBIX 3a/lad B 00JIACTH KOTHUTUBHOM
HEHPOHAYKH;

- COIIOCTABJISITh NJAHHBIC, ITOJTYYCHHBIC B PA3HBIX SKCIICPUMCHTAJIbHBIX UCCIICIOBAHUAX



- IPOBOJUTH METOA0JIOTHUECKYIO OLIEHKY 00CYKIaeMbIX PE3yIbTaTOB;
- QHAJIM3MPOBATh COBPEMEHHBIE pabOTHI B 00J1aCTH HEHPOKOTHUTUBHBIX HaYK;
- opMyIUPOBATH 3a/1a4U U UHTEPIIPETUPOBATH PE3YIbTAThl HEHPOKOTHUTUBHBIX SKCIIEPUMEHTOB;

- COOTHOCHUTDb HAYYHBIC U TCXHOJIOTUYCCKUC 3a1a4U B HCﬁpOKOFHHTHBHBIX HUCCIICAOBAHUAX.

BJIaJIeTh:

- OCHOBaMH KOMITBIOTEPHOTO aHAIH3a TIOBEJICHUSI 1 HEUPOKOTHUTHBHBIX MPOIIECCOB;

- HaBBIKAMHU OCBOCHHS OOJIBIIIOTr0 00beMa HHpopMaIuu;

- HaBBIKaMU HaXO0XKJICHUs HEOOX0 MO HelipoOronorndeckoi nHpopmanuu B IHTEpHETE;
- HaBBIKAMU pabOThI Ha HEHPOOUOIOTHIECKOM 000PYIOBaHUH;

- HaBBIKAMU Pa0OTHI C MIOBEJICHUEM KUBOTHBIX;

- HaBbIKaMHM aHaJIM3a SKCIICPUMCHTAJIbHBIX JaHHBIX.

TeMbI U pa3jeiibl Kypca:
1. Meroas! HelipOHaYK.

Mertonbl U3yyeHHsT aKTUBHOCTU OTJENbHBIX HEHpOHOB. Peructpaiust UMIyabCHON aKTUBHOCTH
HEHpPOHOB. MyNbTUAIEKTPOIHAS perucTpauus. Peructpanus MeTaboIuyeckoi U reHeTH4ecKoi
AKTUBHOCTH HEHpoHOB. CrTuMmyinsanus ydacTKoB Mo3ra. JIoKalbHbIE NOBpPEXAECHHS MO3ra.
['eHeTHuecKy M3MEHEHHbIE KMBOTHbIE. HenHBa3MBHbBIE METOABI W3Y4YEHUS aKTUBHOCTHU LIEJIOT0
MO3ra. OnextposHuedanorpadus. Cas13aHHBIE C COOBITUSIMU MTOTECHIIAAIB.
Marnutosnuedanorpagus. [lo3uTpoHHO-SMUCCHOHHAs ToMorpadus. SnepHas MarHUTHas
pe3oHaHCHass MHTpockonus. IIpuHIUN «BBIYUTaHUA» M300paXEHUH B KOMIBIOTEPHOU
ToMorpaduu.

2. KoHrekToM Mo3ra.

OCHOBHBIE OT/ENBI MO3ra 4YeJNOBEeKa: MPOJOJIrOBaThIM MO3r; 3aJHHMM MO3T; CPEIHHl MO3T;
IIPOMEXYTOUHBIM MO3I; KOHEUHBIM MO3I, MO3Ke4oK. Jlonum KoHedyHoro mosra. ['umnmoxami.
Heoxopteke. CTpykTypHO-(QYHKIIMOHANBHBINA MOAX0A. CTPYKTYpHBIE CBSI3U MEXKAY 30HAMH
Mo3ra. (DYHKIIMOHAIBHBIE CBA3M MEXAY 30HaMH MO3ra. KOHHEKTOM Ha KJIETOYHOM YpOBHE.
Konnektom Ha MakpoypoBHe. llonstue mnnactuunoctu. I[IpecuHanTthueckas NMIACTUYHOCTb.
[Toctcunantuueckas  minactudHocTh.  CeHcutuzamms. @acunuranusa.  JloaroBpeMeHHbIE
noTeHImanus u aenpeccusi. AktuBHocth NMDA -penienitopos.

3. HelipoH: CBOICTBA, CTpOEHNE, aKTUBHOCTb.

HeiipoH kak cTpykTypHast u QyHKIIMOHATBHAS €IMHULIA MO3Ta. DIEKTPUUECKHUE CBOMCTBA KUBBIX
KJIeToK. MeMOpaHHBIN MOoTeHIMal: MeMOpaHa, KaHaibl, HOHbL. [loTeHIan nedcTBus, aKCOHHBIN
xonmuk. Ilpomeccet obpatHoro pacmpoctpanenus. BIICIT u  TIICII. KonuyectBo
HelipomeanaropoB. CuHTE3 HelipoMenuatopoB. KBaHTOBas Teopus CMHANTHYECKOW NEpENadH.
Huszkomonekynspasie Menaropel. Heitponentuapel. PacTBopumble rasbl. Ilnomanbs KoHTakTa,
BEJIMYMHA AKTUBHOM 30HBI. COBMEILIEHNE HEMPOMEIMAaTOPOB. BapuaHThl KOMMYHUKAIUN MEXY



kinetkamu. Jluddysnas nepemaya curHama. Mogenu cnuioBepa. OCOOECHHOCTH TJHAIbHBIX
KJIETOK. THIBI ININaIbHBIX KJIETOK. ['OpMOHBI. DKcnpeccus reHoB. TpaHCKpuIus, TpaHCIsALuUs.
HccnenoBanust  AjuieHOBCKOro MHCTHTYyTa. @DyHKkumm OenkoB B HelpoHax. CuHTe3
HU3KOMOJIEKYJISIPHBIX ~ MeauaropoB. CuHTE3 HelponentuaoB. TpaHCIOpPT —MeAMaToOpOB.
AHTepOorpagHbIil U peTporpaaHslii Tpancnopt. BeicBoOoxaenne menuaropoB: SNARE rumotesa.
VY nanenue menuatopoB. Penientopsl Ha MeMOpaHe.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHbIE U HEHTPOHHbIE METOAbI HCCJIEIOBAHUM

KpaTHble MHTerpaJibl 4 TEOpHs MOJIA

Heab AMCHUNIMHBI:

- (dopmupoBaHue 0a30BBIX 3HAHWH 1O MATEeMATUYECKOMY aHAIW3y I JallbHEHIIero
UCIIOJIb30BaHUS B JPYrUX  O0JIACTSIX  MareMaTUYecKoro 3HaHUS W JIUCHMIUIMHAX
€CTECTBEHHOHAYYHOI'O COJICPKAHMUS;

- q)OpMI/IpOBaHI/IC MaTeMaTHYECKOM KYJIbTYpPbI, UCCIICAOBATCIILCKUX HABBIKOB U CIIOCOOHOCTH
IMPUMCHATDb 3HAHHA HA IIPAKTHUKE.

3agauyd IUCHUILINHBI:
— ¢opMHpoBaHue Y 00yJaroIuXcst 0a30BbIX 3HAHUN 110 MATEMATHUYECKOMY aHAIH3Y;

— (opmupoBanue 00IIEMAaTEMATHIECKON KYIBTYpPbl: YMEHHE JIOTHYECKU MBICIUTH, MTPOBOAUTH
JI0Ka3aTeJIbCTBA OCHOBHBIX YTBEPKJICHHUM, YCTAHABIUBATD JIOTUYECKHUE CBSI3U MEXKIY OHATUSIMY;

— (1)OpMI/IpOBaHI/IC YMCHI/II‘/'I U HAaBBIKOB IPHUMCHATH IIOJYUYCHHBIC 3HAaHUA IS PCIICHUA
AHAJIMTUYCCKUX 3ala4, CAMOCTOATCIIBHOTO aHAJIM3a ITOJTYUCHHBIX PE3YyJIbTATOB.

ITepedyenb miIaHMPyeMBbIX pPe3yJIbTATOB 00y4YeHHS MO JUCHUIINHE (MOAYJIIO)
B pe3ynbrare 0CBOCHUS AUCITUTUTMHBI 00YJarOITUECs JOMKHBI
3HATh:

- OTIpeJICIICHNE ¥ CBOMCTBA TEH30POB M BHENTHUX ()OPM, TCH30PHBIC OIepaIliy, TCH30PHBIN 3aKOH
npeoOpa3oBaHMs KOOPIUHAT;

- OmpeeleHHe U OCHOBHbIE CBOHCTBa JuddepeHnnanbHbIXx (opM, KPUBOJIMHEHHBIX U
MOBEPXHOCTHBIX MHTErpajioB oT (opM, BHEUIHero auddepeHnuana GopMbl, oOLIyI0 Teopemy
Crokca;

- CBOICTBa pOTOpa M JUBEPreHLIMN BEKTOPHOTO MOJIs, Kilaccuueckue Gpopmyisl I'puna, CTokca u
Octporpaackoro — I'aycca; oCHOBHbIE CBOMCTBa ()YHKIMOHAJIBHBIX PSAIOB U HECOOCTBEHHBIX
HHTErpajIoB, 3aBUCAIIUX OT ITapaMETPOB, TCOPEMEI O paBHOMepHOfI CXOANUMOCTH U aHAJIUTUYECKHUEC
CBOMCTBA PAaBHOMEPHO CXOASIIMXCA PAJOB U UHTETPAJIOB;

- TEOpEMY O CXOOUMOCTH CTENEHHBIX psioB, Teopemy Komm — Anamapa, cBoiicTBa
AHATUTUYECKUX (YHKLUH; TEOPEMBI O CXOAMMOCTH M PABHOMEPHON CXOJUMOCTH paoB Dyphbe,
teopemy Deiiepa, Teopemsl Beliepmrpacca o npubiamkeHnH QyHKIMI MHOTOWIEHAMH; CBOMCTBa
npeobpaszoBanust Oypre;



- TeopeMy oOpaieHus nmpeodpazoBanust Oypbe; onpenereHre, OCHOBHBIE CBOWCTBA U MIPUMEPHI
0000IIeHHBIX (PYHKITHIA.

yMeThb:

- OCYHICCTBJIAATb OCHOBHBLIC OIICpalMu € TCH30paMW W BHCUIHHUMHU (1)0pMaMI/I, BBIYUCIIATh HX
KOOPJAMHATHI; HAXOAUTh KPUBOJIMHEHHBIC U TOBEPXHOCTHBIE HHTETPaJIbl OT AU depeHnnanbHbIX
¢dbopM, BEIUUCIIATH BHEITHUM AuddepeHnnai, noap3oarses popmynoit Ctokca;

- HaXOJUTh JUBCPICHIHUIO MU POTOP BEKTOPHOI'O IT0JIA; MCCICIOBATH (bYHKI_II/IOHaJ'II)HBIe pAdAbl 1
HECOOCTBEHHBIE HHTErpajibl, 3aBUCAIINUEC OT IIapaMETpOB, Ha IMOTOYCYHYHO W PABHOMCEPHYIO
CXOOUMOCTD,

- BBIYMCIISATH PAJUYC CXOIUMOCTH CTEIIEHHOTO psja, pasnarath QyHKIHo0 B psin Dypbe u
UCCJIEIOBAaTh €ro CXOJMMOCTb, BBIYHCIATH NpeoOpazoBanne Dypbe, HAXOJUTh MPOU3BOIHBIC
0000IIEHHBIX (PYHKITHIA.

BJIa/1eTh:

- TEH30PHOH anreOpoii U1 ee MPUMEHEHUS B aHau3e U pusuke, ammapaTroM auddepeHnantbHbIX
GopM, KPHUBOJMHEHHBIX W TOBEPXHOCTHBIX WHTETPAJIOB W BHEUIHHX MPOU3BOAHBIX U €ro
NPUIOKEHUSAMH B TG PEpeHIINATBHBIX YPAaBHEHUAX H TEOPETUIECKON (PH3HKE,

- TeopI/Ieﬁ (bYHKI_II/IOHaJ'ILHBIX PAOOB U HECOOCTBEHHBIX HHTCTPaJIOB, FrapMOHHUYCCKUM aHAJIN30M U
ICPBBIMU ITOHATUAMHA TCOPHUHU 0606H_IeHHBIX q)YHKHHﬁ, HX IMIPHIIOKCHUAMU.

Tembl U pa3ensl Kypca:
1. TenszopHas anreOpa 1 BEKTOPHBIN aHAIIU3.

TeH30pHbIE MPON3BENCHUS INHEWHBIX IIPOCTPAHCTB. Y HUBEPCATBHOCTD TEH30PHOTO YMHOXKEHUS.
OO6mue TeH30pHBbIE omnepauuu. JIuHeilHble OTOOpa)keHUs M NOJWIMHEHHblE (YHKIUU Kak
IIPUMEPBI TEH30POB.

Tenzops! Tuna (p,q). Onepanuu Hajx TeH30paMu. TeH30pHBIM 3aKOH NpeoOpa3oBaHUs KOOPANUHAT.

Buewnue ¢popmel. BHeniHee ymHOkeHuE GOpM U €r0 CBOICTBA.

Buemune (1)0pr1 B €BKIIMJOBLIX ITPOCTPAHCTBAX. CKaJ’IHpHOe YMHOXCHUC TCH30POB U BHCIIHUX
q)OpM. I[eTepMI/IHaHT 1 00beM OPHUCHTHPOBAHHOI'O MapaJlJICJICIIUIICAA.

OmnepaTop Xoaka 1 €ro CBOKWCTBA.
TeH30psl B pU3MKE U MEXaHUKE.

KpuBosuHeiiHbIe ¥ TOBEPXHOCTHBIE MHTETPaJIbl KaK MHTErpaibl OT AU epeHInalIbHbIX (OopM.
Juddepennmansapie GOpMbI Ha KPUBBIX, IIOBEPXHOCTIX U B 00JIACTSIX TPEXMEPHOTO €BKJIMOBA
npoctpancTBa. OrpanudeHue Gopm.

WnTerpupoBanue u BHeuHee nuddepennupoBanue popm. Gopmyna Crokca.



Ces3p quddepeHnnanbHbIX GOPM € BEKTOPHBIMU MOJIAMHU. JIMBEpPreHIMs U poOTOp, NOTOK U
mupkymsnus noist. Knaccnueckue ¢opmynsl ['puna, Ctokca u Octporpaackoro — ["aycca.

2. OyHKIMOHAJIbHBIE IPOCTPAHCTBA U 0OOOIICHHbIE PYHKIIUH.

HopmupoBanubie 0ecCKOHEYHOMEpPHBIE MPOCTpaHcTBa. CXxoauMocTh. JIMHEHHO HE3aBHCHUMBIEC U
IIOJIHBIE CUCTEMBI.

OyHKIMOHAIbHBIE TPOCTPAHCTBA M TOJHbIE cucTeMbl (GyHKiuA. [lonHble M HemoJHbIE
MIPOCTPAHCTBA.

EBxnnioBsl npoctpanctBa. Hopma B €BKIIMI0BOM MPOCTpaHCTBE. T0XI€CTBO NapajiesiorpaMmma.

OpTtoroHanbHbie cucTeMbl. OpTOroHaIu3aIus.

Hawunyumee npubnmkeHrne BeKTopa eBKIN0Ba MPOCTPAHCTBA TMHEHHON KOMOMHAIIMEH BEKTOPOB
oproroHanbHOi cucrembl. HepaBenctBo beccens.  [lonHoTa OpTOrOHANBHON CHUCTEMBI.
PaBenctBo Ilapceans. 3aMKHYTbIE OpPTOTOHANIbHbIE CHCTEMbI. lloJHBIE EBKJIMIOBBI
MPOCTPAHCTBA M CBOMCTBA OPTOTOHANBHBIX CHUCTEM B HHUX. M30MOPQU3M EBKIHIOBBIX
IIPOCTPAHCTB.

ITonHOTa CHCTEMEI anre6pa1/1quKHx U TPUTOHOMCTPUYCCKHUX MHOT'OYJICHOB B IIPOCTPAHCTBC Q

[TpoctpanctBo D. O600mennsie pynkuuu. [Ipumepsl. PerymispHbie u cuHTynsipHbie 00001IEHHBIC
byHKIHH.

[TpousBoiHBIE 0000IIEHHBIX (YHKITHIA.

[IpoctpanctBo IlIBapma. O60o0menHble GyHKIMH yMepeHHoro pocta. [IpeoOpaszoanue Dypne
000011IeHHBIX (PYHKIIUI YMEPEHHOTO poCTa.

3. @OyHKUMOHANbHBIE pPAObl W HECOOCTBEHHBbIE HWHTETpaibl, 3aBUCAIINE OT I[apaMETPOB.
Crenennsle psaabl, paasl Pypbe u npeodpasoanue Oypee.

CDYHKI_[I/IOHEUIBHLIC PAABI. IToToueunas u paBHOMCPHAA CXOAUMOCTD.

[Tpusnaku paBHOMEpHOH cxoaumocTu. CBOMCTBA PAaBHOMEPHO CXOAAIIMXCS (YHKIMOHAIBHBIX
PAIOB.

HecoOcTBeHHBIC HWHTCIpaJibl, 3aBUCAINHUEC OT M[apaMCTPOB. IloToueunas wu PpaBHOMCpPHAA
CXOAUMOCTB.

[Tpu3Haku paBHOMEPHON CXOAMMOCTH. AHAJIUTUYECKUE CBONCTBA PaBHOMEPHO CXOJSIIMXCS
uHTerpanoB. B- u I'- Gynkium.

Crenennsle psnabl. Pagnyc cxogumoctu. @opmyna Komm — Anamapa. AHanmuTHUecKue QyHKIUH.

Panst @ypee. Teopemsl 0 cxoaumoctu psaaoB Pypee. Teopema Deliepa.
Teopemsl Beliepmitpacca o npuOinKeHNN HEPEPHIBHBIX (QYHKINI MHOTOWJIEHAMHU.

[TpeoOpaszoBanue Oypne. Dopmyna obpamenus. CoiicTBa mpeodpazoBanus Oypoe.



AHHOTAUMH K pa004YuM NPOrpaMMam I CIUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

JlabGopaTopHblil NPAKTUKYM 110 HAHO-, 0M0-, HH(POPMANUOHHBIM U KOTHUTHBHBIM
TeXHOJIOTUSIM

Heab AMCHUNIMHBI:

-03HaKOMUTb CTYJICHTOB C 3KCIIEPUMEHTAIbHBIMU METOJAMH UCCIENOBAHUS CTPYKTYPBI, COCTaBa
U CBOMCTB CJIOXHBIX (U3NYCCKUX W OMOJIOTHYECKHUX CHCTEM ITyTEeM IPOBEICHHS M3MEPCHUN Ha
coBpeMeHHOM oOopynoBannu PecypcHbix 1eHTpoB KypuaToBckoro komruiekca HBUKC-
TEXHOJOTHI HallMOHAJIBHOTO MCCIE0BATENIBCKOTO LIEHTpa «KypuaTOBCKUMI MHCTUTYTY.

3agauu AMCHMILINHBI:
- OCBOCHUE TEXHUKH ITPOBEACHUS U3MEPEHU;

- 00paboTKH Pe3yIbTaTOB U aHATU3a MOJYYCHHBIX JAHHBIX B CICAYIOMIMX IKCHEPUMEHTATbHBIX
METOJIaX: PEHTTeHOBCKas AU PAKIIHS, pEHTTeHO-(PIyOPECIEHTHBIN aHaIu3;

- TPOCBEYMBAIOUIAS DJCKTPOHHASs MHUKPOCKONHSA, PACTPOBasi DSJICKTPOHHAS MHUKPOCKOIHS,
muddepeHaIbHas  CKaHUPYOMAs KaJOPUMETPHsl, OIpelesieHue THIPOQWIBHOCTH U
ruApoPoOHOCTH MOBEPXHOCTH.

ITepedyens miIaHMPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO TUCHHUILINHE (MOAYJIIO)
B pe3ynbrare ocCBOCHUS AUCITUTUTHHBI 00YUYaIOIINeCcs JOJKHBI
3HATh:

- OCHOBHBIE MTOJIOKEHMS Pa3/IeNIoB 001IeH (PU3NKH — KIAaCCHYEeCKOM MEeXaHUKH, TEPMOIUHAMUKY U
MOJIEKYJISPHON (PUBHKH;

- KJIAaCCHYECKOM JIEKTPOAMHAMHUKU, ONTHUKU, AaTOMHOU U SJIEPHON (PU3UKHU;
- 0a30BbI€ MIPUHIIUITBI KBAHTOBOW MEXaHHKHU;

- OCHOBBI HeOpFaHH‘leCKOﬁ u 6I/IOOp1"aHI/I‘leCKOI71 XHUMUU.

yMeTh:
- IPOBOJUTH U3MEPEHUS U 00pabaThIBATh UX PE3YJIbTATHI;

- YCTAHABJIMBATb CBA3U MCKIY Ha6J'IIOIlaeMBIMI/I SABJICHUAMHN W MAaTEMAaTHYCCKHMHU MOJCIIAMU,
OIIMCBIBAIOIIIMMU OTH ABJICHUA.



BJaJ€Th:

- MaTEeMaTUYECKHUMH METOIaMU 00pabOTKH pPe3yabTaTOB U3MEPEHUH.

Tembl U pa3aennl Kypca:
1. PEHTreHOCTPYKTYpHBIH aHaIU3 MOJUKPUCTAIUIMYECKUX 00pa31oB.

Hudpakmus peHTreHoBCKUX Jydeid. @opmyna bparra. MuHuManbHas JyiMHa aTOMHOU PEIIETKH,
KOTOpasi MOXET OBITh pa3pelieHa MeToIoM Iudpakuuu mpu (GUKCUPOBAHHOMN IMHE BOJIHBI
PEHTreHOBCKOro u3nyueHus. Pedekcol, mopsanok peduiekca. TUIbI KPUCTAIIIMYECKUX PEIIETOK.
Posib TONIIIMHEBI KpUCTA/Ia B ONPEACIICHUU MMApAMETPa PELIETKH. Y CTPOMCTBO PEHTTE€HOBCKOTO
mudpakromerpa Bruker 8 Advance.

2. PeHTreHo-¢uryopeceHTHbIH aHau3.

[TpunuMnbl peHTreHo-(hayopecteHTHOro aHanu3a. CHeKTpbl U3JIy4eHUs U3BECTHBIX AJIEMEHTOB
(Mg, Al, Cu, W, Pb, Bi) u auarpammsl Mo3nu. OnpeeneHie HeM3BeCTHBIX AJIEMEHTOB B 00pa3iiax
(KauecTBEHHBIN aHaln3). YCTPONCTBO PEHTICHOBCKOTO (PIyopeclieHTHOro crekTpoMerpa S4
Pioneer ¢upmbr Bruker AXS, nmpennasHaueHHOro Ui OMpeAeNeHUs 3JIEMEHTHOIO COCTaBa
pa3IuYHBIX MaTepuanoB. KayecTBEHHbIA M KOJWYECTBEHHBIM D3JIEMEHTHBIM aHAIN3 BCEX
AJIEMEHTOB OT YTJIepojaa J0 ypaHa B Mpo0ax, HAXOMANIMXCS B IMOPOIIKOOOPAa3HOM, TBEPIOM U
JKUJKOM COCTOSTHUSIX.

3. HpOCBe‘lI/IBaIOH_[aH QJICKTPOHHAsA MUKPOCKOIIHA.

Hudpakumonnslii  npeaen. Judpakuus SIEKTPOHOB HAa  KPUCTAUIMYECKOM  pelleTke.
TeopeTnueckne OCHOBBI IIPOCBEUYMBAIOLICH JJEKTPOHHOM MMKpOCKOnMH. KoMIOHEHTHI
IIPOCBEUUBAIOIIETO 3JEKTPOHHOro Mukpockona (II9M). Metoabl moaAroToBkd o0pasloB s
m3mepennit Ha [IOM. MHWudpopmanuss 006 oOpasue, wu3BIeKaemas U3  TOJTYYCHHBIX
AKCIIEPUMEHTAJIbHBIX JaHHBIX. Pexxumbl pabotel [IOM, ¢popmupoBanue koHTpacta. MeTombl
BU3YalIM3alUH. Y CTPONCTBO IEKTPOHHO-NOHHOTO MUKpockomna Helios.

4. PactpoBast 371EKTpOHHAsI MUKPOCKOIIHSI.

Ha3nauenune pacTpoBoro aniekTpoHHoro Mukpockona (POM). IlpocTpaHcTBEHHOE paspelieHue,
nuanazoH yBenuueHud POM. Ilpunnumnsr paGotel m cxema POM. Bunel B3aumoneictBuii
3JIEKTPOHOB C BEIECTBOM, I'€HEPUPYIOIINE Pa3IMUHble CUTHAJIBI, coAepxkKalie HH(HOPMAIHIO O
toniorpadpun U marepuaie obpasua. Pexumsl paboTel M peructpanus nzodpaxeHuii B POM.
[ToaroroBka 00pa3ioB misg padoTel ¢ POM. YcTpoiCTBO M XapaKTEPUCTUKH COBPEMEHHOTO
MHUKPOCKOITa TPOCBEYMBAIONICTO PacTpOBOTro 3ekTpoHHoro Titan 80-300.

5. JduddepennmanbHas CKaHUpYOLIAs KaJOPUMETPHs: HCCIIEOBaHHE TEIIOBbIX 3(QeKToB,
COIIPOBOKIAIOMUX (Da30BbIE U peNlaKCallMOHHBIE TEPEXOIBI.

Bunsl Tepmuueckoro ananusza BemiecTBa: TuddepeHIHanbHblil TepMudeckuii ananuz (ATA),
muddepennmanbHas ckanupytomas kanopumerpus ([ICK), TepmorpaBumerpuueckuii aHamu3
(TT'A), Tepmomexannyeckuii ananu3 (TMA). XapakTepucTUKH BeUIECTBa, KOTOPbIE MOKHO
U3MEPSTh C MOMOUIBIO PA3JIMYHBIX BHJOB TEPMHUYECKOIO aHAIM3a. YCJIOBUSA, NMPU KOTOPBIX
peau3yloTcss BUIbl TEPMUUYECKOTO aHAIU3a. Y CTPOMCTBO AUPPEpEeHINaNTbHOIO CKaHUPYIOLIETO
kanopumetpa Perkin Elmer DSC 8500.

6. M3yuenue napameTpoB ruIpouIbHOCTU U THAPO(HOOHOCTH TOBEPXHOCTH.



I[Ipomecchl, mMpouCXoimIe Ha TOBEPXHOCTH TBEPIBIX Tel. [ mapodunbHble M TuApodOOHBIE
Martepuaibl. VIMMEpCHOHHOE M KOHTAKTHOE CMayMBaHHME IOBEpXHOCTH. IlloBepxHOCTHOE
HaTspKkeHne. KpaeBoii yron cMadyuBaHUs TOBEPXHOCTH, METOJBI ero m3MepeHus. OnpenencHue
KpaeBbIX YIJIOB CMAuMBaHUs C MOMOIIBIO cucTeMbl aHanu3a ¢opmbl kammn KRUSS DSA30E.
MeToap! OLIEHKH (POPMBI Kary.

7. CKBHU/I-marautomerp.

3HaAKOMCTBO C yCTporCcTBOM M npuHIHIoM padotel CKBU/[-MarautomeTpa
8. Cucrema u3MepeHust xapakrepucTuk nonynposoanukos Keithley 4200.
H3ydeHne cTaTHUECKUX XapaKTePUCTUK OUTOISIPHOTO TPAH3UCTOPA

9. Muddepennmansupiii ckanupyronmii kanopumerp Perkin Elmer DSC 8500.

Huddepennmanbaas CKaHUPYIOUIas KaJTOPUMETPUS: HCCIEJOBAHUE TEIUIOBBIX (P PEKTOB,
CONPOBOXKIAIONINX (a30BBIC U PEIAKCAIMOHHBIE TIEPEXOIbI

10. UK-®ypoe criekrpometp Nicolet iS5.
W3ydeHne cocTaBa U CTPYKTYPBI MMOJIMMEPHBIX MaTepuaioB MmetogoMm UK-criekTpockomnum
11. AMP cnektpomerp.

Ornpezenenre TMHAMUYECKOU CTPYKTYphI Oenka metoioM SAMP ciektpockonuun



AHHOTAUMH K pa004YuM MPOrpaMMam I CHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

JluHeiinas ajaredopa

Heab AMCHUNIMHBI:

- OCBOCHHE CTyJAeHTaMH (YHIAMECHTAIbHBIX 3HAHUN B O00JIACTH JIMHEHHOW anreOpbl H
AQHAJIMTUYECKON r€OMETPUH;

- M3yYCHHUE CIOCOOOB peIIeHUsl 3aJad METOJAaMH JIMHEWMHOW anreOphl U aHaTUTHYECKON
TEOMETPHUH.

3agauyd AUCHUILINHBI:

- (hopmupoBanre 6a30BBIX 3HAHUN B 00JIACTH JIMHEIHOW anreOphl U aHATUTUYECKON FeOMETPHH
KaK JUCIUIUIMHBI, HWHTETPUPYIOMICH oOIIeMaTeMaTUYecKyl0 TMOATOTOBKY  MPHKIAIHBIX
MaTeMaTUKOB M (U3MKOB M 00ECleyuBaIONIeii TEXHOJIOTUYECKHE OCHOBBI COBPEMEHHBIX
WHHOBAIIMOHHBIX C(ep AesITeNbHOCTH;

- 00y4yeHue CTYICHTOB MPUHIIUIIAM PUMEHEHHS OCHOBHBIX MOHATUI JTUHEHHOHN anreOpshl.
IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEeHHUS M0 JUCHHILIMHE (MOIYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- OCHOBBI TCOpHHU JIMHEMHBIX IMPOCTPAHCTB, OIPCACICHUA U CBOMCTBaA NoANPOCTPAHCTB, HUX
6aSI/ICOB, CYMMBI U TMEPECCUCHUA, MCETOJ Faycca peumieHuss CHUCTEM JIMHENHBIX ypaBHeHHfI,
CBOMCTBA CJIOKECHHS U YMHOKCEHHUA MaTpul, OIPCACICHUC U CBOMCTBA paHra U ONMpCACIIUTECIIA
MaTpulbl, CBOMCTBA KOMILIEKCHBIX YUCCII;

- ONpeeNIeHre IMHEHHOT0 0TOOpakeHNUsl, CBOMCTBA €ro sapa u o0pasa, onpezeseHue U CBONCTBA
COOCTBEHHBIX 3HAYEHHI, COOCTBEHHBIX U KOPHEBBIX BEKTOPOB, TEOPEMY O KOpPAAHOBOH (dopme
orepaTopa, OIpeeIeHUe U CBOMCTBA OMIIMHENHBIX M KBaJAPAaTUUYHBIX (hopM;

- TeopeMy O KAaHOHMYECKOM BHJE KBaJPaTHUYHOM (OpPMBI, 3aKOH HHEPLMHU, OINpe/eieHue
3HAKOOIIPEIeIICHHON U 3HaKOIIepeMeHHOM (opMbl, KpuTepuii CuibBecTpa;

- OIpENENIeHUE EBKIMI0BA IPOCTPAHCTBA, OCHOBbI MHOTOMEPHOW €BKINJIOBOM T'€OMETpHH,
CBOICTBa CaMOCOTPSKEHHBIX, YHUTAPHBIX M OPTOTOHAJIBHBIX ONEPATOPOB, CBOMCTBA OMIIMHEWHBIX
U KBaJPaTUYHBIX (JOPM B €BKJIMI0BBIX IPOCTPAHCTBAX.

yMeThb:



- peuaTh CUCTEMbI TUHEHHBIX YpaBHEHUH, HAXOAUTh OA3UCHl U pa3MEPHOCTU MOJIPOCTPAHCTB, UX
CYMM M TE€pPECEUYEHUH, BBINHCHIBATh MATPUIly JIMHEHHOTO OIepaTopa, HaXOAUTh COOCTBEHHBIE
3HAYeHUS U COOCTBEHHBIC BEKTOPHI;

- TPUBOAWTH MAaTpPUIly OIEparopa K MKOpAAaHOBOH ¢(opme, HAXOAUTH KAHOHUYECKUN BHI
KBaJIpaTUUHOM QOpMBI, Hcchen0BaTh (HOpMYy Ha 3HAKOOIPEIETICHHOCTh;

- ONpeleNsATh KaHOHWYECKUH BHJ] OPTOTOHAILHOTO, YHHTAapHOTO M CaMOCOIPSIKEHHOTO
oreparopa, MPUBOJUTH KBAJIPATUYHYID (GOpPMY K TJIaBHBIM OCSM  OPTOTOHAIBHBIM
npeoOpa3oBaHKUEM.

BJIa/1eTh:
- alapaToM MaTpPHUI] U JIMHEWHBIX YPABHEHUN U €r0 IIPUIIOKEHUAMY;

- METOJIaMU TEOPHUH JIMHEHHBIX OMEPaTOPOB U KBAAPATUYHBIX (POPM.

TeMbl U pa3jeiibl Kypca:
1. Ananutuyeckasi TeOMETpUs U BEKTOpHas anredpa.

OcHOBHBIC TOHATHS JIMHCHHOW alreOphl M aHATUTHUYECKOW reoMerpuu. CUcTeMa KOOPIMHAT,
KOOPJHMHATHOE IIPOCTPAHCTBO.

2. bunuHeiHbIe U TOTyTOpAIMHEHHBIE (POPMBL.

bununeitnple ¥ kBagpatuuHbie GopMbl. CHMMETPHUYHBIE, KOCOCUMMETPUYHBIE U 3PMUTOBBI
dbopMmbl. OpTOroHaNLHOCTH B cMbIce (OpM. SIApo U HEBBIPOXKIEHHOCTH (KOCO)CUMMETPHUHOM
dopMmbl. PaznoxkeHne mpocTpaHCTBA B MPAMYIO CyMMY MOIIPOCTPAHCTB, OPTOTOHAIBHBIX B
cmpicie ¢opMm. Merton Jlarpamxka mnpuBeneHUS K Ccymme KBaapaToB. Teopema SkoOwu.
[TonoxuTenpHO U OTPHUIIATENLHO onpeneneHHbie popmbl. Kputepuit CunbBecTpa.

3. bunuHelHbIe U NOTyTOpaIMHENHbIE (POPMBI B €BKIUAOBBIX IPOCTPAHCTBAX.

bununeiinpie u KBaApPAaTHUYHBIC q)OpMBI B CBKIIMJOBBIX IIPOCTPAHCTBAX. HpI/IBeI[eHI/Ie K
KaHOHHWYCCKOMY U HOPMAJIbLHOMY BUAAaM Iapbl (I)OpM, OHa U3 KOTOPBIX 3HaKOOHpe)IeJ'IéHHa.

['maBHBIE OCH U COOCTBEHHBIE YHUCIIA.
4. EBKIMIOBBI M YHUTApHbIE IPOCTPAHCTBA.

EBxnunossl npoctpancTBa. Onpenenenne u npumepsl. HepaBencra Komm--byHsikoBckoro n
TPEYTrOJbHUKA. OptonopmupoBanHbie  0azucel. Oproronanuzanus ['pama--IlImunra.
[TonmpocTpaHcTBa U OpPTOrOHaNbHBIE AOMOJHEHUS. M3oMopdu3M €BKIMIOBBIX HMPOCTPAHCTB.
Matpunia I'pama. OO0BEM $n$-mepHOrO mapamrenenumnena. YHHUTApHBICE MPOCTPAHCTBA.
bununeitnble, monyropajvHeRHbIe U S3PMUTOBBI (POPMBL. DPMUTOBO CKaJSIPHOE MPOU3BEACHHUE.
[ToanpocTpaHCcTBa M OPTOTOHAIBHBIE TONIOJIHEHHUS.

5. KpuBbie BTOpOro nopsijka Ha IJIOCKOCTH.

KBanparuunas ¢popma kpuBoii BToporo nopsaka. [Ipusenenue Gopmbl K KAHOHUYECKOMY BUTY.
Knaccudukanmst KpuBBIX BTOpPOrOo  TMOPSAKA. DJUIMNTHYECKUH, TUMEPOOTUYECKUNA U
napaboJIMYecKuil cirydau.



6. JIunelinbie 0TOOpaKEHUS TUHEHHBIX MPOCTPAHCTB.

JluHeiHbIe omepaTopsl, OmpeselieHue U CBoWcTBa. Snpo u obpas. Sxpo u obpas omeparopa.
Marpuria oneparopa, ee U3MEHEHHE P 3aMeHe 0a3ucoB. M30MophU3M TUHEWHBIX TPOCTPAHCTB.
JluHeiiHpIe omepanuy  HaJl OTOOPaXCHUSAMH, KOMIIO3UIUSA (IIPOU3BEIICHUE) OIEPaTOpPOB.
JluneiiHble onepaTopsl, 1eHCTBYIOIINE B OJTHOM MPOCTPAHCTBE.

XapakTepuCcTUYeCKUl MHOTOWIEH. XapaKTepUCTUYECKOe ypaBHEHHE, COOCTBEHHbIE 4YHCla U
COOCTBEHHBIE BEKTOpBI. YCIIOBUS MPUBEIACHHUS MaTpPUIIBI ONepaTopa K JUaroHaAIbHOMY BUY.
Annynupytroiue MHorodjeHsl. Teopema ["amunbrona--Kamnu.

7. JInHenHbIe IPOCTPAHCTBA.

JluneiiHble MOAMPOCTPAHCTBA, IPUMEPHI U cBolcTBA. [lepeceuenue u cymMMa nopoOCTPaHCTB, UX
cBoiictBa. Ilpsimas cymma mnoampoctpancTB. Teopema 0 pa3sMEepHOCTH CYMMBI JIBYX
MOJMPOCTPAHCTB.

8. Matpuiipl U CUCTEMBI JINHEHHBIX YPaBHEHUH.

Martpunpl 1 BekTOpbl. ClIO)KEHHME M YMHOXXEHHE Ha YHCIJIO, CBOMCTBA JIMHEMHBIX OIEpalui.
JluHeitHas 3aBUCUMOCTb MaTpHll. YMHOKEHHE MATpHI], €ro CBOMCTBa. MaTpuyHas 3aIluch
CHCTEMBI JINHENHBIX YPABHEHUU.

9. Oneparopbl B €BKJIMIOBBIX U YHUTAPHBIX IPOCTPAHCTBAX.

ComnpsbkeHHBI onepaTop M ero cpoiictBa. CamoconpsikéHHbIe omnepaTopbl. CoOcTBEHHBIE
3HA4YEHUs U COOCTBEHHbIE BEKTOPBI CAMOCOINPSKEHHBIX OIIEPAaTOPOB.

HpI/IBeI[eHI/Ie MaTpulbl CaMOCOHpH)KéHHOFO orneparopa K JuaroHaJilbHOMY BUOY.

OproroHanbHble W yHHUTapHbIE TpeoOpazoBaHus. CoOCTBEHHBIE 3HAYEHUS M COOCTBEHHBIC
BEKTOPBI OPTOTOHAIBHBIX ¥ YHUTAPHBIX MPE0Opa30BaHHA.

KanoHnveckuii Bui MaTpHIl OpTOTOHAIBHBIX M YHUTAPHBIX MPE00pa30BaHuil.
10. TToBepXHOCTH BTOPOTO MOPSAIKA B IPOCTPAHCTBE.

KBanparuunas ¢opma nosepxHoctu Broporo nopsijaka. [Ipusenenue Gpopmbl K KAHOHUYECKOMY
Buay. Knaccudukanus noBepxHocTeil BTOporo nopsaxa.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukaagabie MaTeMaTHKA U (PU3HUKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

MartemaTu4ecKue MoeJ I CHHXPOTPOHHOIO H3JIy4eHHs M Y3KHX NYYKOB

Heab AMCHUNIMHBI:

- ocsoerne Mmerona BKDB ¢ xommiekcHbIMH ()azaMu M €ro NPUMEHEHHsS Ui aHAJIUTHKO-
YUCJIICHHOT'O MOJEIMPOBAHUS TPAEKTOPHO-KOT€PETHBIX COCTOSHMIM, rayCCOBBIX IIyYKOB B 3a7a4ax
(GU3MKN KOHJCHCUPOBAHHOTO COCTOSHHS W (PM3MKH IUIa3Mbl U B TEOPUH CHHXPOTPOHHOTO
U3IIy4ECHHUS.

3agaum IMCHUILIMHBI:
- m3ydenne ocHoB MeTo1a BKb ¢ koMmmiekcHBIME (pazamMul (TEOpHH KOMITJICKCHOTO POCTKA);

- ocBoeHUE 3(PGEKTUBHOTO Crocoda MOCTPOCHUS JOKATM30BAHHBIX BOJM3HM TJIAJIKUX KPUBBIX
ACUMITTOTHYCCKUX PEIICHUH CTAIlMOHAPHBIX U HECTAIIMOHAPHBIX 33]1a4 (TPAEKTOPHO KOTEPETHBIX
cocTostHMi) ¢ momotbio MeTona BKB ¢ kommuiekcHbIME dazamu;

- U3ydeHHe 3a7ad (PU3UKHU IJIa3Mbl M KOHJACHCHPOBAHHOTO COCTOSIHHA (HaIlpuMep, ypaBHEHHUE
Hupaka s rpadena, ypaBHeHHE IJIa3Mbl B TOKaMake, CHHXOTPOHBI, OHAYISATOPHI W TIp.) B
KOTOPBIX MPUMEHUMO aHAJUTUKO-YUCIIEHHOE MOJECIIMPOBAHNE PACCMATPUBAEMBIM METOIOM.

ITepedyenb miIaHMPyeMBbIX Pe3yJIbTATOB 00y4YeHHS MO JUCHHUIINHE (MOAYJIIO)
B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI
3HATh:

- TEOpHIo aCUMIITOTUYECKUX  pEUIeHWH  JHMHEHHBIX  Jup¢epeHIualbHbIX |
ncepon(phepeHInaNBHBIX YPaBHEHUH ¢ KOMIUIEKCHON (ha30if, MMerolell HeoTpulaTeIbHyo
MHHUMYIO 4acTb, U CBSI3aHHBIE C HEH TEPMHUHOJIOTHIO U T€OMETPUUYECKHE OOBEKThI: U30TPOITHBIE
MHOTroo0Opas3usi ¢ KOMIUIEKCHBIM POCTKOM, (QyHKuuio neiictBusa (¢dasa), mepectpoiika ¢assl,
SKOOMAHBI U aMITJIUTYIbI;

- OCHOBBI TEOPHUHM KAaHOHHYECKOTo omepaTopa MaciioBa Ha H30TPOITHOM MHOTOO0Opa3uu ¢
KOMIUIEKCHBIM ~ POCTKOM, TIIpaBWJia KBAaHTOBaHWs, TOHSATHE WHJAEKCA, WHBAPHAHTHOCTh
U30TPOITHOTO MHOT000pa3Msl ¢ KOMIUIEKCHBIM POCTKOM;

- B3aMMOCBS3b MEXJY WHBAapUAHTHBIM KOMIUIEKCHBIM POCTKOM B TOYKE U OCHWJUISTOPHBIM
npUOIINKEHUEM;

- OCHOBBI KJIaCCUYECKOM ¥ KBAHTOBOM TEOPUH CHHXPOTPOHHOIO M3TyYEHUSI.

yMeTh:



- IPUMEHATh TEOPUI0 KOMIUIEKCHOTO pocTKa A 3()(EeKTHUBHOrO aHaINTHUKO-YUCIEHHOIO
MOJICJIMPOBAaHUS HECTAllMOHAPHBIX PEUIEHUM (raycCoBbl ITyYKH), CTAallMOHAPHBIX pPEILIEHUN
(rayccoBbl MaKeThl) U PEIICHUH, JTOKAIN30BaHHBIX BOJINM3M 3aMKHYTBHIX MHBAPUAHTHBIX KPUBBIX
(CBSI3aHHBIX COCTOSIHUIT) B Pa3NMYHBIX 33/1a4aX MaTeMaTU4ecKon (PU3UKH;

- HIPUMCHATH TCOPHIO KOMILUICKCHOI'O pPOCTKa JIA MOACIUPOBaHHA CBA3AHHBIX COCTOHHHﬁ,
OTBCHAIOIINUX CJ'Ia6OBO36Y)KI[eHHBIM YPOBHAM.

BJIAJ1€Th:

- YHCJIEHHO-aHAJIUTUYECKUMHU AJITOPUTMAMH TOCTPOCHHS TayCCOBBIX IYYKOB IS ypaBHEHUS
Hupaka nans rpadena, ypaBHEHHsI XOJOJHOW IJIa3Mbl B TOKaMake, YPaBHEHMs JBMXKECHUS
PENIATUBUCTCKOIO 3JIEKTPOHA B MATHUTHOM TI0JIE€ YCKOPUTEJIEeH;

- METOJAaMH CKaJAPU3aLMM, MCIIOJIb3yEeMbIE IPU IOCTPOCHUS I'dyCCOBBIX IIyYKOB I CHUCTEM
YpaBHEHUM.

TeMbl U pa3jaeibl Kypca:
1. Meton BKb ¢ koMriekcHbiME (ha3amu.

Meron BKb 115 HectaunonapHoro ypasHenus Llpenunrepa ¢ mansiM nmapamMeTpom. Y paBHEHUE
["amunpToHa-SK00U U nepeHoca. ['eomeTpuyeckiue aCUMOTOTUKY U JIarpaHKeBbl MHOr000pa3usl.
KomrmuiekcHbie periennst HecTallMoHapHOTo ypaBHeHus ['amunbToHa-SK00M ¢ HEOTpHUIIATETbHOU
MHUMOM 4acTbio. CTeNeHHbIE U SKCIIOHEHLIUANIbHBIE acCUMIITOTUKH. HepaBeHncTBo Tuna ['opausra.
Pasnoxxenue ¢a3bl u nrHEapu3alus KOMIUIEKCHBIX JIarpaH:KeBbIX MHOrooOpasuii. [lepectpoiika
KOMIUIEKCHOU (ha3bl. M30TpomHble MHOr000pa3us ¢ KOMIIEKCHBIM POCTKOM. DyHKIUS 1eHCTBUS
(daza), sxoOuaHbl U aMIUIATYABL. ['ayCCOBBI MAaKeThl M KOMIUJIEKCHBINH POCTOK B TOYKE. ['ayccoBBI
MYYKU U OJTHOMEPHBIE KPUBBIE C KOMIUIEKCHBIM pOCTKOM. O000IIIEHHBIE OTIepaTOPhl POKIACHUS U
YHUYTOXKEHUS.

2. AJ'IFOpI/ITM MOCTPOCHUS I'ayCCOBBIX ITAKETOB U ITYYKOB.
He3aMKHyTBIe TPACKTOPHUU U I'ayCCOBEI ITYYKH.

ANTOpPUTM MOCTPOEHUS TayCCOBBIX IMYYKOB JJII CUCTEM CTallMOHApHBIX ypaBHeHHH. DokanbHbIE
TOYKM U KaycTHKu. KaHoHMueckuii omepatop MacioBa Ha JarpaHKeBbIX MHOT0oOpasusix ¢
KOMIUIEKCHBIM POCTKOM. Bblunciienue aprymeHToB sikoonanoB. Muaekcsl MacnoBa u Mopca.

AJNTOPUTMBI MOCTPOEHHSI aCUMITOTUK PEIIEHUH C KOMIUIEKCHBIMU (Da3aMu HECTallMOHAPHBIX
nceionphepeHnaIbHBIX YpaBHEHHH U cucTeM TuddepeHIMaIbHbIX YpaBHEHUH.

[Tpunuun MonepTtion-Skobu u ckansgpuzanus cucreM ypaBHeHuMi. [Ipumepsl ans ypaBHeHUs
Hupaka, ypaBHenus [lupaka s rpadena, ypaBHeHuit MakcBesuia, Jla3epHBIX IYY4KOB U
ypaBHeHul minasmel B TOKAMAKe.

3. ACUMNTOTHKA TPAEKTOPHO-KOT'€PEHTHBIX CBSI3aHHBIX COCTOSIHHM.



O0600meHHbIe COOCTBEHHBIE (YHKIIUM U KOTEPEHTHBIE COCTOSIHUSI. VIHBapraHTHBIC U30TPOITHBIC
MHOT000pa3usi ¢ KOMIUIEKCHBIM POCTKOM. IlepeMeHHbIe IeHCTBHE yroid U HOpMaibHbIE (DOPMBIL.
3aMKHYTbIE TPAEKTOPUHU C KOMIUIEKCHBIM pocTKOM. OpOuTanbHas ycroitunBocts. COOCTBEHHBIE
byHKMM (kBazuMoabl) nuddepeHMaNIbHEIX U TiceBAOUG(EePCHIIMATBHBIX OMEePaTOPOB B
CKaJIIPHOM M BEKTOPHOM CiIy4asx. Y ciioBue kBaHTOBaHMs bopa-3ommepdernba.

HuBapraHTHBIN KOMIJIEKCHBIM POCTOK B TOUKE M OCHHUITOPHOE MPUOIHKEHIE B MHOTOMEPHOM
cioydae. CBs3p ¢ Teopuei ycroWuumBoCcTH. Ilepexos oT HMKHUX ypOBHEH K BO30Y>KIECHHBIM
CBSI3HBIM COCTOSIHHUSIM.

4. CrioHTaHHOE U3JIy4YeHHUE B KBa3UKIACCUIECKOM TPAEKTOPHO-KOT'€PEHTHOM MPUOIINKESHUH.

Kitaccnueckass u KBaHTOBass TEOpUs CUHXPOTPOHHOIO M3iIydeHUs. JIMHEWHBI M CHUPAJIBHBIN
oHIynATOp. CHEKTPaIbHO-YTII0BOE PACIPEACIIEHUE SHEPTUU CIIOHTAHHOTO M3JIy4eHUs 0030Ha U
JJIEKTPOHA.  YIBTPApEIsATUBUCTCKOE M  HEPEJIATUBUCTCKOE NpuOIMmKeHus. MOIIHOCTb
CIIOHTAHHOTO M3JIy4EHUs HEPEIATUBUCTCKOM YaCTHULBI, HAXOJAIIECHCA B HadalbHbII MOMEHT B
TPACKTOPHO-KOTE€PEHTHOM COCTOSIHUM /Il TIOCTOSIHHOIO ~ OJHOPOAHOIO WJIH AKCHAJIbHO
CUMMETPUYHOTO MarHUTHOTO I0JIsI. BEpOATHOCTD M3IIydeHus ¢ NEPEBOPOTOM ciuHa. M3nydyeHne
PENIATUBUCTCKOMN 3apsHKEHHON YaCTHULIBL.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

MeToabl MAIIMHHOTO 00y4YeHUs

Heab AMCHUNIMHBI:

- 3HAKOMCTBO CTYACHTOB C OCHOBOIIOJIArarOmuMM IMoAXOoJaMH, KOTOPBIC HNPUMCHAIOTCA IJId
IIOHCKa (I)YHKI_[I/IOHEUIBHBIX 3aKOHOMepHOCTeI>'I N3 SMITUPUYCCKUX TAHHBIX;

- 3HAKOMCTBO CTYACHTOB C IIWUPOKHWM CIICKTPOM HHCTPYMCHTOB IJId PCHICHUA 3aJad ITOHMCKa
3aKOHOMepHOCTeﬁ B JaHHBIX.

3agauyd AUCHUILINHBI:

- 3HAKOMCTBO C OCHOBHBIMH ITIOHATUAMH, IIPUMCHACMBIMH B MAallIMHHOM O6y‘IeHI/II/I. ITocTanoBka
3aJa4 MalllMHHOI'O 06y‘leHI/IH;

- 0030p METOIOB, MPUMEHSIEMBIX B 33/1a4axX KJIACTEPU3AINH, KJIacCU(DUKAIIIHN U PETPECCHH;
- [IOJIY4YCHHUEC HABBIKOB IPUMCHCHHA MCTOJ0B MALIMHHOT'O 06yquHs{ IJId pCUICHUA 3aaa4.
IlepeyeHb MUIaHUPYEMBIX Pe3yJIbTATOB 00YUYEHUS 1O JUCHHUILJIMHE (MOYJIIO)

B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI

3HATh:

- OCHOBHBIC MCTOJAbI U AJITOPHUTMbI, NPUMCHACMBIC IIPU IIOUCKE 3aKOHOMepHOCTeI>'I B
OMIIUPUYUCCKHUX JAHHBIX;

- IOAXOJAbI IJIsd OpraHu3anuu yupaBJICHUA 0O0JIBITUMHU MacCUBaMH JaHHBIX.

yMeThb:
- IPUMEHATh METO/Ibl U AJITOPUTMBI JIJIsl peIlIeHUs] TPUKIIAHBIX 3aa4y aHaIu3a JaHHbIX;

- pP€aJIn30BbBIBATH aJITOPUTMBI B BUJIC KOMITBIOTCPHBIX ITPOI'paAMM.

BJIAJeTh:
- CTICIHAIBHON TEPMHUHOJIOTHEN B 00JaCTH MAITMHHOTO OOYUCHHS;

- MGTOHOJ’IOFI/IGI\/’I W HaBbBIKaMM PCUHICHUA HAYYHBIX W IPAKTHYCCKHUX 3aaad C HCIIOJIb30BAHHUEM
MCETOA0B MAallIMHHOT'O O6y‘-IGHI/ISI.



Tembl U pa3aennbl Kypca:
1. OCHOBHBIE NOHATHS.

OCHOBHBIE TOHATHUS: IPAMEPHI TOCTAHOBKH 33/1a4 MAITMHHOTO 00y4YESHHSI, BU]IbI IPU3HAKOB, THIIBI
3a/1a4, METPUKH.

2. OCHOBHEIE METOIBI.

Meron makcumanibHOTO mpapaononodus. [lonarue ¢yHKIMOHATa TpaBAONOA00US B ciydae
3aBUCUMBIX WM HE3aBHUCHUMBIX HaOmtoneHuid. [Ipumepsl MOCTpPOEHHsI OIEHOK MAaKCUMaIbHOTO
MPaBIONOIO0US [Tl TAPAMETPOB Psiia PA3TUIHBIX PACTIPEICICHUN.

baiiecoBckuii moaxon. IIoHSATHE YCIOBHBIX BEpPOSATHOCTEM, AllOCTEPUOPHOTO paCIpPECICHHUS.
®opmyna barieca. [TpyHun MakcumMyMa aroCTEpUOPHON BEPOSITHOCTH.

MeToj CTOXaCTHYECKOIO rpaaucHTa.

Meton onopHbIx BekTOpoB. IloHsATHE 3a30pa MeXIy KilacCaMM, ONTUMAJIBHOW pa3feisioniei
TUIEPIIIOCKOCTH, OIMOPHBIX BEKTOpOB. VC-pazMmepHocTh. DYHKIMM s]pa, CHPSIMIILIOLIEE
IIPOCTPAHCTBO.

3. Perpeccun.

MHoromMepHasi TUHEWHas perpeccus. 3amgada perpeccun. IlocTpoeHne OIEHOK MaKCHMalIbHOTO
paBao0No00Us Ui TapaMeTPOB MHOTOMEPHOM JIMHEHHOUW PErpeccHm.

Jloructuueckas perpeccusi. CurmoiigHas (yHKIUS, TPUHLIUI MakKCUMyma MpaBIONOa00us,
norapudmuueckas QyHKIUS TOTEPb.

4, MeTtoapl KJIaCTepu3anuu.

MeTtobl K1acTepu3aluy. 3aaun KJacTepU3alii, OCHOBHbBIE THIIbI aJITOPUTMOB KJIACTEPU3ALINU.
Hepapxnueckas knacrepusanus, EM-anropurm, Metos K-cpetHuX, kKapTel KoxoHeHa.

5. Pemaromiue ACPECBb U KOMITIO3UIIUH AJITOPUTMOB.

Pemaromuye nepeBbs U KOMIIO3MLUHU aarOpUTMOB. Pemaromuii CIHMCOK, pelIarollee IepeBo,
Anroputmsl ID3, CART. BapuaHTbl TMHENHBIX U CTOXAaCTUYECKMX KOMIIO3UIIMH aJTOPUTMOB.

6. Heliponnsie cetu.

Heiiponnsie cetn. Mojens nepuentpoHa, GyHKLIUU aKTHBALMU, BOIPOCHI MOJHOTHI, TeOpeMa
Konmoropoa. Anroputm o0paTHOTO pacpOCTPaHEHUS OIINOOK.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHoCTh: CHHXPOTPOHHbIE U HEUTPOHHBbIE METOAbI HCCJIEI0BAHUI

MeTo/bl HEHTPOHHOTO PACCESIHUSA VISl HCCJIeIOBAHUI KOHAEHCUPOBAHHBIX Cpejl

Heab AMCHUNIMHBI:

- OCBOCHHE CTY/IeHTaMH 0a30BBIX MPEACTABICHUI O METOJUKAX PAaCCEsSHUS HEUTPOHOB M M3y4YEeHUE
OCHOB  COBPEMEHHBIX  OJKCIIEpUMEHTAJIbHBIX  TOAXOJOB K  HCCIEJOBAHMIO  CBOMCTB
KOHJEHCUPOBAHHBIX CPEJl C UX OMOUIBIO.

3agauu AMCHUIINHBIL:

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

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

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOLIHECs JOKHBI
3HATh:

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

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

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

yMeTh:

O pPacCUMTBIBATh NAPAMETPHI AJIEMEHTOB HKCIIEPUMEHTAIBHBIX YCTAHOBOK HEHUTPOHHOIO
paccesHus;

O OPUMEHSTh (U3NYECKUE TEOPUU K OINHUCAHUIO XapaKTEPUCTUK B3aUMOJEHCTBUS

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



O pelmarh OCHOBHBIE YpPaBHEHHUSI KJIACCHMUYECKOM W KBAaHTOBOM TEOPHUH HEUTPOHHOTO
paccesiHus;

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

BJIA/IETh:
0 CHelHabHOM TEPMUHOJIOTHEH B 00J1aCTH HEUTPOHHOTO PACCESHUS;

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

] OCHOBHBIMH MCTOAAMHU ITPUMCHCHUA HefITpOHHOFO pacceiaHus.

TeMbl U pa3jaeiibl Kypca:

1. CgoiictBa HelTpoHa. Jlyanusm BonHa-yacTuua. McrouHuku HelTpoHoB. HelTponsl A
M3Yy4YEHUs1 KOHJICHCUPOBAHHBIX CPEJ.

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

2. OCHOBBI TEOPUH pACCESTHUS HEUTPOHOB .

[Totok HeitftpoHoB. Ceuenue paccesHusi. Ceuenue nornoueHus. duddepennnansHoe ceueHue
paccestaus. J{Bax bl quddepennnanbHoe cedeHne paccessHus. OcnadieHne HeUTPOHHOTO MyYKa
3a CYET PacCestHUS U MOTJIOLIEHUS.

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

3. KBaHTOBO-MEXaHUYECKOE OIMMCAHUE npounecca pacCesaHus.

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

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

4. Ilomyuenne, popMuUpoBaHUE U TETEKTUPOBAHNE HEUTPOHHBIX MTYYKOB.

Komnmumatopel. HelitpoHoBoasl. MoHoxpomaropsl. [lpepbiBaTenn Iydka U CEJIEKTOPBI
ckopocreil.  Ilonmspusytommme  ¢uibtpel.  Ilonmspusyromme  3epkana.  [lomspusyromue
MOHOXpoMaTopbl. CriuH-¢uunnepsl. 'a30Bble U CHUHTUIUIALUOHHBIE 1ETEKTOPHI.

5. ManoyriioBoe paccesiHue.



CedeHue paccessHUS OT HAHOPA3MEPHBIX 00BEKTOB. CTpPYyKTypHBIH (akTtop. MamoyrioBoe
npubmkenne. ManoyrioBoe paccessuHue OT HaHo4yacTHil B pactBope. Dopm-dpakTop TBepAon
cdepsl u apyrux npocTsix hopm. [MomumucnepcHocTs. B3anmonononusemocts HeliTpoHos u CU.
®opmyna Jlebas. [Ipubnmxenue I'unne. 3akon I[lopona.

6. HelitponHnas pediexromeTpus.

Koadduuuent npenomnenus. KBaHtroBomMexaHn4eckoe pacCMOTpPEHHE MpoIecca OTPasKEeHUS.
OTtpaxkeHue OT IMAJKUX IUIOCKUX moBepxHocTel. [lonHoe oTpaxenue. OTpaxkeHHe Kak MPOLECC
paccestuusi. OTpaskeHue OT CIOUCTBIX HAHOCTPYKTYp. LllepoxoBaThie U BOJHUCTHIE TOBEPXHOCTH.

7. Audpakuust HBUTPOHOB HA KPUCTAILIAX.

OneMeHTapHble sueliku. OOpartHas pemierka. [lo3uIuu aTOMOB B DJEMEHTApHOW sUEHKeE.
3aceneHHOCTH TTO3ULKi. ['pymnmbl cummerpun. 3akon bparra. @akrop Jlebas-Bamnepa. Uaterpan
cedeHus paccesHus npu audpakuuu. MozamyHocts. DkctuHKuusA. udpakunus no Jlays.
Hudpaxus Ha nopomkax. Judpakiuus Ha HAHOYACTUIIAX.

8. Heynpyroe paccesinue. PaccessHue Ha (hoHOHAX.

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

9. MaruuTtHoOe paccesiHUe.

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

10. KBasuynpyroe paccesHue HEHTPOHOB.

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

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

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



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Metoabl onTUMH3ALNHA

Heab AMCHUNIMHBI:

- OCBOCGHHE CTyJACHTaMU (yHIAaMEHTAJIbHBIX 3HAHUKW B OO0JACTH METOJOB ONTHMH3ALUU
BBIUMCIIUTEIBHBIX IIPOLIECCOB, AITOPUTMOB KOHCTPYKTUBHOM allpoOKCUMAIMK B ipocTpaHcTBe C,
WU3y4YEHUE COBPEMEHHBIX YHUCJICHHBIX METOJOB PELICHUs JIMHEHHBIX M HEJIUHEHHBIX CUCTEM
YpaBHEHHIA, a TaKXKe 00JacTeil NX MPAKTUIECKOTO MTPUMEHEHHS.

3agauu AMCHUIINHBIL:

- (¢dopmupoBanue 0a30BBIX 3HAHMW B O0JIACTH ONTUMHU3AIMU YHUCJICHHBIX METOOB
MaTEeMaTUYeCKOr0 MOJICTUPOBAHUS KaK JUCHUIUIMHBI, OOCCIEYHBAIONIEH TEXHOJIOTHYECKUE
OCHOBBI COBPEMECHHBIX HHHOBAITMOHHBIX C(hep NeATeITbHOCTH;

- 06yquHe CTYACHTOB COBPCMCHHBIM METOAAM PCIICHUA OOIBIINX CUCTEM H O3HAKOMIJIEHHE C
HX ITPHIIOKCHUAMU,

- (hoMHpOBaHNE TOAXOMIOB K BBIIOJHEHUIO WCCICAOBAHUHA CTYJCHTAaMHU 110 MAaTeMaTHYECKOMY
MOJIEJTMPOBAHUIO B PaMKaX BBIITYCKHBIX padoT.

ITepedyenn miIaHMPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO JUCHUIINHE (MOAYJIIO)

B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI

3HATh:

- MECTO U POJIb OOLIMX BOIIPOCOB HAYKH B HAYYHBIX UCCIIETOBAHMSIX;

- COBpCMCHHBIC HpO6J’I€MI>I TCOPHHU AIIMIPOKCUMAIIUN U BBIYHCIIUTEIILHOM MaTEMATUKU,

- HOBEWIIIME YHUCIIEHHBIE METObI B(I)q)CKTI/IBHOFO pelIcHuA OOJIBIIIHX CUCTEM, NOPOKIACMBIX
3aJa4yaMi MaTeMaTH4eCKOn CI)I/I3I/IKI/I;

- IOCTAHOBKY HpO6J’ICM MOJCIIMPOBAHUS (I)I/ISI/ILIGCKI/IX IMponeCcCoOB;

- 0 B3aUMOCBA34IX U q)YH)IaMeHTa.]'H)HOM CANHCTBC €CTCCTBCHHBIX HAYK.

yMeTh:

- 3(1)(I)CKTI/IBHO HUCIIOJIb30BAaTh Ha MPAKTUKC TCOPCTUYCCKUC KOMIIOHCHTBI HAYKH: TIOHATHA,
CYKACHUSA, YMO3AKIOYCHU S, 3aKOHBI;

- IPEACTAaBUTH MMAaHOPaMy YHUBCPCAJIBbHBIX MECTOJJ0B 1 3aKOHOB COBPEMCHHOT O €CTCCTBO3HAHUS;



- paboTaTh Ha COBPEMEHHBIX KOMIIBIOTEPAX;

- abCcTparupoBaThCs OT HECYIECTBEHHBIX BIUSHHUNA MPH MOACIHPOBAHUYU PEANBbHBIX (PU3NYECKUX
CUTyalui;

- MOJIH30BAThCS CIIPABOYHOM JIMTEPATypOil HAYYHOIO U MPHUKIAIHOTO XapakTepa Juis ObICTPOro
MOKCKa HEOOXOAMMBIX MAaTEMATHUECKUX M PU3NUECKUX JaHHBIX U MOHITHH.

BJIAJ€ETh:
- IUTAHUPOBAHHEM, TIOCTAHOBKOM U 00pabOTKOM pe3ynbTaTOB YMCICHHOTO SKCIIEPUMEHTA;
- HAy4YHOM KapTUHOU MHpA;

- HaBBIKAMH CaMOCTOSITEJIbHOH pPa0bOThI B JIAOOpAaTOPHUH HAa COBPEMEHHOM KOMITBIOTEPHOM
000py1I0BaHUH;

- HaBBIKAMH OCBOCHHUS 00JIBIIOr0 00hEMa HHPOPMALINY;

- Ky.]'H:TypOﬁ IIOCTAaHOBKHU K MOJCIUPOBAHUA (bHSH‘leCKHX 3aaa4.

TeMbl U pa3jeiibl Kypca:
1. AnroputMmsbl Tumna Pemesa.

Anroputmel I, Il mpuOnmkeHuss HeNpepbBHOH (QYHKIUU OOOOIIEHHBIMH MHOTOYJICHAMH.
Paznuunbie mapamerpu3ali MHOTOWIEHOB. Acumrnrorndeckas (opmyna bepHureitna s
¢a3oBoit pyHKINH.

2. BapI/IaI_II/IOHHBIC MCTOJbI pCIICHUSA CUCTEM ypaBHeHI/Iﬁ N YaCTUYHBIX CIICKTPAJIbHBIX 3a14a4.

CBs3b MeToa (O1)-CONPSKEHHBIX TPATUEHTOB U (HeCUMMeTpudYHOro) meroaa Jlanmorra. Csi3b
METOJ]la MHUHHMAJIbHBIX HEBS30K U MeToJa ApPHONIbIU. DKCTpeMajbHbIC 3aJaud, PEUICHUSIMU
KOTOPBIX CIIY’KaT HEBA30YHBIC MHOT'OYJICHBI PACCMOTPCHHBIX METOIO0B. CH@KTpaJ'H)HI)Ie OLCHKU
CXOJIUMOCTH, XaycaophoBo MHOXKECTBO, (hopmyina Kenpiiia.

3. Beiuncnenue MaTpuuHbIX QyHKIUH. ParmonanbHble KPBUIOBCKUE MPUOIMKEHUS.

Caenenue 3a7auun pacueta exp(A) K HaWJIydlieMy paMoHaibHOMY (n-1,n) npubnukeHuto exp(z)
Ha crektpe A. BrpluncieHune 3HaueHHMH MAaTpUYHBIX (QYHKIUI Ha BEKTOpE MpU MOMOIIU
PalMOHATIBHBIX KPBIJIOBCKUX MPHUOIMKEHUH.

4, 3az[aqa 0 HauJIydyuem HpI/I6J'II/I)KeHI/II/I nus3 q)HKCHpOBaHHOFO MHOJKECTBa B 0OaHaXOBOM
MMPOCTPAHCTBE. AHHpOKCI/IMaHI/IH MHOT'O4JICHAMH Ha OTPE3KE.

CymiecTBOBaHHE U €AMHCTBEHHOCTh. CTPOro HOPMUPOBAHHBIE TPOCTPAHCTBA. ANIIMPOKCUMALIHS B
TMIIOEPTOBOM MPOCTPAHCTBE. XapaKTepu3alus HaWiIydllIUX OpUOIMKEHUNH U3 3aMKHYTOTO
BBIITYKJIOTO MHOXkecTBa. CBoiicTBa ompenenutened ['pama, HepaBeHcTBa Puiepa, Anamapa.
Teopema Bamne-Ilyccena, teopema YeOwimeBa 00 anmbrepHance. MHorowieHbl YeOwimeBa u
CBSI3aHHBIC C HUMHU 3KCTPEMAJIILHBIC 3a1a4u.



5. Meton Kapareonopu-deiiepa.

Ceenenue 3aaydl HAWIyYLIETO MOJMHOMHAIBHOTO MPUOIMKEHUS HAa OTPE3KE K BBIUYUCIICHHUIO
YaCTUYHOTO  CHHTYJISIPHOTO  pa3jOKEHUs TaHKEeNeBOW  MaTPHUIbl, COCTAaBICHHOW W3
ko3 PunmentoB Oypre.

6. Haunmyummme npubavxeHus B MpocTpaHcTBe L.

Teopema MapkoBa 0 HawiIydlieM npuOIKeHun HenpepbiBHOH ¢(ynkmuu B L. Teopema
Hukonbckoro o ABOMCTBEHHOCTH, CBSI3b C 3aJa4€d JIMHEWHOrO IMpOrpaMMHUpOBaHusd. JInHeHbIe
yciosus Kyna-Takkepa.

7. O6001IeHHbIE MHOTOWICHBI, CUCTeMBI UeOblleBa, TeopeMa Xaapa.

[Tpumepst u cBoiicTBa cuctem YebbimeBa. Teopema Xaapa 0 €TUHCTBEHHOCTH MPHOIMKCHHUS.
O606menne Konmoroposa TeopemMbl 00 ajgbTepHAHCE.

8. IlocTaHOBKA OCHOBHBIX OKCTPEMAJIbHBIX 3a1a4 TCOPHUH HpH6J’IH)KCHHI>i.

3anauu [ (o Hamnmy4emM npubinxeHuu u3 GUKCUpoBaHHOTrO MHOXecTBa), 11 (3amaya I s kinacca
npubmkaeMbix aieMenToB), I ( 3amawa II qns xknmacca nmpuOmmkaromux MHOXecTB), IV (o
(UKCUPOBAaHHOM METOJIe MPHUOMIKEeHN), V (0 HAmIydIIeM METOJe MPUOIIKEHUS U3 Kilacca).
[Tpumepsl MeronoB npubmmkenuit (Oypoe, Deiiep, Jlarpanxk, bepuureiin, Bamne-Ilyccen). N-
nornepeyHuK 1mo KoamoropoBy, e-3HTpomnus, 4eObIIEBCKUI IEHTP.

9. UeOblIIeBCKME CTAIIMOHAPHBIE METO/IBI. YTIOPSIIOUEHNE KOPHEH omepaTopa nepexoa.

UeObIIIeBCKH IBYWICHHBI METO/I, YIOPSAOUYCHIE KOPHEH orepaTopa nepexoaa. [Ipumepst ais
MOPsIZIKA MHOTOWICHA, SIBIISIOIIETOCS CTENEHBIO NBOMKH. UEOBIIIEBCKUI TPEXWICHHBIN METO/I.
CrnekTpaibHas OLIEHKa CXOUMOCTH.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

MHoromMepHblii aHAJIN3, UHTETPAJIbI U PAIBI

Heab AMCHUNIMHBI:

- 00yueHre OCHOBaM MaTeMaTHIeCKOT0 aHau3a st GOPMUPOBAHUS Y CTYICHTOB MTPEICTABICHHUS
0 MaTeMaTHKe, Kak 0c0O0M METO/Ie TIO3HAHMSI IPUPOIbI, OCO3HAHUS OOITHOCTH MAaTEMATHUYECKHUX
MOHITHA M MOJIETICH, TPUOOPETCHUS HABBIKOB JIOTUYECKOTO MBIIUICHUS ¥ OIEPUPOBAHUS
a0CTPaKTHBIMH MaTEeMaTHYECKUMH OOHEKTAMU;

- BOCIIMTaHUE BBICOKOM MaTeMaTHUYECKOM KYJbTYPBbI.

3agauyd IUCHUILINHBI:
- TOOMTBHCS YETKOT0, ICHOI'O IIOHUMAaHHUs OCHOBHBIX O0OBEKTOB MCCIIEI0BAHUS U ITOHATHI aHAIN3a;

- IPOACMOHCTPUPOBATH BO3MOKHOCTH MCTOJOB aHAIM3a IJId PCUICHUA 3aJa4d Q)YHHaMGHTaJII)HOI\;I
nu HpHKHaHHOﬁ MaTE€MaTUuKH,

- IPUBUTHb TOYHOCTb U 00CTOATENLHOCTE APTrYMCHTAIIUNU B MATCMATHYCCKUX PACCYKACHUAX,

- C(i)OpMI/IpOBaTb BBICOKHI YPOBCHB MaTeMaTu4eCKOi KYJbTYPHI, JOCTATOYHBIN JJISI TIOHUMAHUS U
YCBOCHUA NTOCIICAYIOIIUX KYPCOB 110 HerepLIBHOﬁ 151 I[PICKpCTHOfI MAaTCMAaTHKE,

- CITIOCOOCTBOBATH: MMOATOTOBKE K BEICHUIO UCCIIEI0BATENBCKOMN AEATEIbHOCTH (B YACTHOCTH, JUIS
HaIMCaHMsl KypCOBOM M BBIMNYCKHOM KBaIU(PUKAIMOHHON paboT) B 001acTAX, MCIONb3YIOINUX
MaTeMaTUYeCKHUe METO/Ibl; CO3JaHUIO U HCIIOIb30BAaHUIO MAaTEMAaTUYECKUX MO/IeJIel MPOIIECCOB U
00beKTOB;  pa3paboTke J(PGEKTUBHBIX  MaTEeMaTHYECKUX  METOJOB  pEIIeHUs  3ajaad
€CTECTBO3HAHHUS, TEXHUKH, Y)KOHOMUKH U YIIPABJICHMUS;

- pa3BUBaTh YMEHHE CaMOCTOSTEIbHON pabOThl ¢ yUeOHBIMU MOCOOUSMHU U JPYroil HaydHOU U
MaTeMaTUYECKOU JINTEPATYPOH.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMECs T0JIKHbBI
3HATh:

- OCHOBHBIE CBOWMCTBAa OTOOpa)KEHUH METPUUYECKUX IMMPOCTPAHCTB, JTUHEHHBIX HOPMHPOBAHHBIX
IIPOCTPAHCTB;

- IPU3HAKHU CXOAUMOCTHU YUCJIOBBIX PAOOB U HECOOCTBEHHBIX HHTCTPAJIOB;

- ycinoBus auddepeHIupyeMoCcTH (QYHKIIMA MHOTUX TIEPEMEHHBIX, CYIIECTBOBAaHUE |
nuddepeHIIpyeMoCcTh 00paTHOTO OTOOPAKEHNS,



- AOCTAaTOYHBIC YCIOBHUA CYHICCTBOBAHUA SKCTPEMYMA HA I'NTAAKHUX MMOBCPXHOCTAX

- YCJIOBHUA CYHICCTBOBAHHA KPATHOI'0O MHTCTpAJia, 3aMCHY IICPEMCHHLIX B KPATHOM HMHTCIPAJIC U
MCTOJbI CBCACHUA KPATHOI'O MHTCIPaJIa K IIOBTOPHOMY.

yMeThb:

- UCCIIEIOBATh CBOMCTBA OTOOPaKEHUI METPUIECKHUX MPOCTPAHCTB;

- mudepeHIpoBaTh PyHKIMIO MHOTHX IIEPEMEHHBIX;

- HCCIIEIOBATh CXOJAUMOCTH YHCIIOBBIX PSIOB U HECOOCTBEHHBIX HHTETPAJIOB;
- HAXOJIUTh KCTPEMYMbI (PYHKIIMU MHOTHX ITEPEMEHHBIX;

- BBIYUCJIATH KPATHBIC MHTCTPAJIbI.

BJIA/IETh:

- OCHOBHBIMH OIPEIEICHUSIMH CXOAMMOCTHU HHTETPAJIOB U PSAJIOB;
- mubdepeHIPYeMOCTH PYHKIIMM MHOTUX MIEPEMEHHBIX;

- HaBbIKaMu TpecTaBienus Gpynkuuu dpopmynoit Telnopa;

- METOJIaMU IIOMCKa dKCTpeMyMa (DYHKLIMKM MHOTUX II€PEMEHHBIX;

- HaBbIKaMU CBCACHUSA KPATHOI'O MHTETPaAJia K IOBTOPHOMY.

Tembl U pa3ensl Kypca:
1. Iuddepenuupyemoe 0ToOpaxkeHne KOHEYHOMEPHBIX HOPMUPOBAHHBIX IPOCTPAHCTB.

Haercs omnpenenenue nuddepeHIUpyeMbIX OTOOpa)K€HUM, BBOJIUTCS IOHSATHE IOJIHBIX
MIPOU3BOIHBIX, muddepernmana. PaccmatpuBatoTcst JIOCTaTOYHBIE yCIIOBHUs
b depeHIMPYeMOCTH, YCJIOBUS  CYILIECTBOBaHUS U AuddepeHupyeMoctd  00paTHOrO
OTOOpaXeHUsI, YCJIOBUS CYIIECTBOBAaHUS U AUPPEpPEHIUPYEMOCTH HESIBHOTO OTOOpa)KEeHUS.
BruiBoputcs popmyna Telinopa anst GyHKIIMU MHOTUX NepeMEeHHbIX. PaccMaTpuBaroTcsi BOpOCH!
KCTpeMyMa (YHKIMM Ha TJAJKUX TOBEPXHOCTSIX B KOHEYHOMEPHBIX HOPMHPOBAHHBIX
IIPOCTPAHCTBAX.

2. KpaTHble nHTETrpasl.

@opmynupyeTcsi HOHATHE n-Toro ooObeMa. Jlaercs ompeneneHue n-KpaTHOTO HMHTerpaia u
bopMynUpPYIOTCS TOCTATOUHbIE M HEOOXOJUMbIE YCIIOBUS MHTETPUPYEMOCTH 110 PuMany QpyHKImu
MHOTUX IepeMeHHbIX. PaccmaTpuBaloTcs CBOMCTBAa n-KpaTHOro uHTerpana. JlokasbiBaercs
TEOpEMa O CBEJIEHMM KPaTHOI'O MHTErpana K MOBTOPHOMY. JlOKa3bIBAaeTCs TeopemMa O 3aMeHe
NIEPEMEHHBIX B N-KPaTHOM MHTErpaje.

3. MeTpI/IquKI/IC W KOHCUYHOMCPHBIC JIMHEMHbBIE HOPMUPOBAHHBIC TPOCTPAHCTBA.



PaccmarpuBarorcss Takue (QyHIAMEHTAJIbHbIE MOHATUS KaK KOMIAKTHOCTb, ITOJIHOTA, HOPMA.
HenpepbIBHOCTB U paBHOMEpHAas HEIPEPHIBHOCTh OTOOPaYKEHHSI METPHUECKUX M HOPMUPOBAHHBIX
KOHEYHOMEPHBIX IIPOCTPAHCTB.

4. HecoOCTBEHHbIE UHTEIPAJIbI.

BBOI[I/ITCH MOHSATHE HECOOCTBEHHOIO HHTErpala, JacTCda  OoHnepACII€HHUEC  CXOAMMOTCHU
HECOOCTBEHHOI'O HHTErpajiia, pacCMaTpuBarOTCA HCO6XOI[I/IMI)IC U O0CTAaTOYHBIC YCIOBHUA
a0COJIFOTHOH U YCHOBHOﬁ CXOOUMOCTH UHTETPAJIOB.

5. Hucnosble psIbL.

PaCCManI/IBaI-OTCH IMOHATHUA YUCJIOBOI'O pAaad, CIIOCOOBI CYMMHPOBAHHA pAAOB, JOCTATOYHOC U
H606X0,I[I/IMOG YCIIOBHUE CXOAUMOCTHU PAIOB.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukaagapie MaTeMaTHKA U (PU3UKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Hayunas Buzyanu3anusi B pu3uKe KOHAEHCHUPOBAHHOTO COCTOSIHUSA

Heab AMCHUNIMHBI:

- OBJIaACHUC CTYACHTAMH HABbIKAMU PCUICHUA 3a1a4 KpI/ICTaJIJIO(bI/I3I/IKI/I IIyTEM KOMIIBIOTCPHOT'O
MOACIINPOBAHUA.

3agauu AMCHMILIMHBI:
- OBJIQIETh HaBBIKaMU 3-d MOJENMPOBAHUS KPUCTAIUIMIECKUX CTPYKTYP;

- IIOHUMAaTb OCHOBBEI ,Z[I/I(i)paKI_II/IOHHOl"O CTPYKTYPHOI'O aHaJIn3d, YMETb MOACIIMPOBATL U YUTATb
PECHTTCHOPAMMBI;

- TUCaTh IPOTPaMMBI [T BU3yallu3alliuK Ha si3pike Matlab.

IlepevyeHnb NJIAHUPYEMBIX Pe3yJbTATOB 00Y4YeHHS 1O TUCHUTLIHHE (MOTYJII0)
B pe3ynbTare 0CBOCHHS TUCHUILTHHBI 00YYaOIINeCs TOKHBI

3HATh:

- 3HaTh OCHOBBI KpHCTAJLIOTpadu;

- 3HaTh NPUHLIMIIBI I'padUUecKOro MpencTaBlIeHUs HH(OpPMAUMM MW METOJbl BHU3YyalHU3alUU
00BEKTOB KpHCTAIIOrpaduu.

yMeTb:

- CO3aaBaTb KOMIIBIOTCPHBIC MOJCIM KPUCTAJUIOB, JJICKTPOHHBIX 000JIOYeK M MAarHUTHBIX
MOMCHTOB B KpHUCTAJIJIC,

- MOACIIMPOBATD U YUTATb PCHTI'CHOI'PAMMEBI, ITUCATH MPOTrPaMMBbI Ha A3BIKEC Matlab.

BJAaJ€Th:

- KOMIIBIOTCPHBIMU MCTOJaMH PCUHICHUA 3a1av KpI/ICTaHHOI‘pa(I)I/II/I U PCHTTCHOCTPYKTYPHOTO
aHalIn3a,

- YMEHHEM IO MOATOTOBKE HAyYHOIO CTEHJa, a TaKKe OMBIT pabOThl ¢ HMHTEPAKTUBHBIMU
MPWIOKEHUSMU 0 (pU3HKE TBEPJOTro Tena.



TeMbl U pa3jesibl Kypca:
1. Brenenue.

Uro Takoe Hay4Has Buzyanuszanus. BiusHue BU3yalbHBIX NPEICTABICHUNH HAa MOMCK HOBBIX
pemienuii B Hayke. Mctopuueckue nmpumepsl Busyanu3anuu. CoBpeMEHHOE COCTOSTHUE HAYYHOMN
BU3YalIHM3alUH: JOCTUKEHHSI U OCHOBHBIE MeToIbl. Kputepuu kadectBa Buzyanusanuu. Jlydmiue
MpUMEphl HAYYHOU BU3yallM3allii B KpUCTAIIIOTpaduu.

2. CTpyKTypa KpUCTaJJIOB.

Tuns! kpuctanueckux siueek. CuHroHuu (popmbl KpUCTAILIMUECKUX siueek). Permerka u 6asuc.
[Tpoekuust KpucTaUIMYECKOM sTueiiku. MoenupoBanue NPOCTEUIINX KPUCTATTUYECKUX CTPYKTYP
B IIporpamme Vesta. 3anuch MOJIEKYJISIPHOU CTPYKTYpHI B popMaTe .XyZ.

3. Nnnekcsl Musepa.

AHu30oTponus. 3aBHUCHUMOCTh CBOICTB KPHUCTAJUIOB OT HampaBieHus. Muupekcsl Munepa.
[Toctpoenue kpuctamiorpapuueckux miIoCKoCcTel U HalpaBJeHHi B IporpaMMe Vesta

4. Ctepeorpaduueckue MpOeKIIHH.

[Toctpoenue crepeorpadudeckux mnpoekmmit. Cerka Bynbda. [locTpoeHne aHMMHUPOBAHHOUN
cTepeorpaduieckoi mpoeKkiuu Ha npumMepe nporpammel CrystalDifract. I[Toctpoenne mpoekiuit
Ha MHTEPaKTUBHOU ceTu Bynbda.

5. Touyeunsle rpynIbl CHMMETPHUMU.

ToueuHble Tpynmnbl CHUMMETPUM. OJIEMEHTbl CUMMETPUU KpUCTaUIOB. ToyeuHble TIpYMIIbI
CUMMETpHUH. MeXIyHapoaHble 0003HAYEHHUsl TPYII TOYEYHOH cuMMeTpuu. Busyammsanums 8
KJIACCOB TOYEYHON CUMMETPHUH HU3IIEH KaTErOpPHUH B IporpaMmMe Vesta.

ToueuHble Tpynmbl CUMMEPUM CpedHE Kareropuu. Busyanmsanus 19 kiaccoB TOYEHHOHN
CUMMETPUH CpEeIHEN KaTeropuu B mporpamme Vesta. IIpuMepsl CTpyKTyp U X CBOMCTBA.

Toueunble Tpynmel CUMMEPUHM BBICHIEH KaTreropu. Busyammsamus S5 KIaccoB TOYEYHOMH
CHMMETpPHH BBICIIEH KaTeropuu B mporpamme Vesta. [IpuMepsl cTpyKTyp 1 UX cBoiicTBa. Paccuer
4yuCia aTOMOB B STYEHKE.

6. dopma KpUCTAIIOB.

[Tpocteie popmbl kKpucTaiioB. MoaenupoBaHue B mporpaMMe Vesta mpocThiX pOpM KPUCTAIIIOB
HU3IIEH, CpelHEeW M BbICIIeW Kateropuu. Kpucramnsl-IBOWHHMKM. Busyanuzanus cBs3H MexIy
BHEIIHEN (popMOii U CTPYKTYpOl KpucCTaa.

7. IlpocTpaHCTBEHHAs! CUMMETPHUSL.

DJIEMEHTHI IPOCTPAHCTBEHHOM CUMMETpUM KpucTauioB. IIpoctpancTBenssie rpynnsl. [IpaBuiia
3aliCH TPOCTPAHCTBEHHBIX Tpymil. MHTepHanuoHanpHble KpucCTaiorpadguyeckue TaOIUIbL.
Crystallography Information File. ba3bl JaHHBIX KpUCTAIIIIMYECKUX CTPYKTYP.

8. IlnoTHeWIINE YTAaKOBKH.



Teopusi MIOTHEHIIMX YNAKOBOK. THIBI M XapaKTEPUCTUKU TUIOTHEHMIIMX ymakoBokK. [IpaBuiia
ITonmunara. Tumsl mycTOT B IIOTHEMIIMX YrakoBkax. [IpuMepsl M Bu3yanusaunus CTPYKTYp,
IIOCTPOEHHBIX HA OCHOBE INIOTHEUILINX YIIAKOBOK.

9. KoopanHanioHHbIE MHOTPaHHUKH.

OO61ue u yacTHbIE MOJ0XKeHUs aToMoB. [IpaBuiibHas cuctema Touek. KoopanHanmoHHbIE YUCa.
Koopaunanuonusie MHOrpaHHUKU. [TocTpoeHne KOOpIUHAIIMOOHBIX MHOTPAHHUKOB B IIpOrpaMme
Vesta Ha mpuMepe JTaHT'aCUTOB.

10. Cuukarsl.

CTpyKTypHBIE TUIIBI CHIIMKATOB. 3aBUCMOCTh 00JIMKA M CBOMCTB OT CTPYKTYpbl. MoienrpoBaHue
pa3IMYHbIX CUJIMKATOB B IporpaMme Vesta.

11. TenoBbie KoJeOaAHMS KPUCTAIUIMYECKHUX PEIICTOK.

d)aKTop [[e6a;1-BaJ1nepa. OCHOBEI TCH3O0PHOI'O aHaJIn3a. TemnnoBwie 3ATUIICOUIBI. BI/I3yaJ'II/ISaL[I/ISI
TCIIOBBIX JJUIMIICOUIOB B IIPOIrpaMMeE Vesta.

12. Ha"Ho4uacTHIIBL.

Hanorexnomoruu. anepoI[HbIe HaHOMAaTCPpUaJIbl. MGTOZ[BI CHUHTE3a U UCCJICAOBAHUS HAHOYACTHUII.
MoaenupoBanue QyiiepeHoB u rpadeHa B nporpamme Vesta.

13. IIepOBCKUTHI.

Ob6napyxenue. Gusnueckue cBoiicTBa. MoaenupoBaHue CTPyKTyp NEPOBCKUTOB.
14. Meran-oprannueckue kapkacHuole cTpykTypsl (MOF).

Crpykrypa. Cunrtes. [Ipumenenune. MoaenupoBanue MOF.

15. Beenenue B Matlab.

A3k mpopamMMupoBanust Matlab. DnementapHble MaTemMaTuueckue BolpakeHus. JlecTBUS Hax
BEKTOpaMH U MaTpuiaMu. [loctpoeHue 1ByMEpHBIX U TPEXMEPHBIX Tpa(UKOB.

16. Busyanuzarus nepuoIMuecKnx CTPYKTYp ¢ momolsio Matlab.
MogenupoBaHue MPOCTEUIINX KPUCTATUIMUECKUX CTPYKTYp cpeacTBamu Matlab.
17. O6paTHast pemeTka.

Ornpenenenne oOpaTHOM pemeTku. YcnoBue audpaxkiuu. JAudpaxiys MeIIeHHBIX JIEKTPOHOB.
MopnenupoBanue 1ByMepHOi oOpaTHOH perieTku B Matlab

18. Ilepronueckuii mOTEHIHAI.

Busyanmuzamusi Teopembl broxa B 0eCKOHEYHOM OJHOMEPHOM KpHCTamie. Busyanmsamms
MePUOIUYECKOT0 MOTEHIIMaja B IBYMEPHOM pelieTke cpencTBamu Matlab.

19. TpexMepHbIil NEPUOUUECKUNA TOTEHIUA.

O0630p mporpamMm AJis pacdyera TPEXMEPHOr0 KPUCTAJUIMUECKOTo IMOTeHIHansa. Busyanuszanus
AKBUTNIOTCHIIMAIBHBIX TIOBEPXHOCTEH KpUCTaJIa B Iporpamme Vesta.

20. IndpakinOHHBINA CTPYKTYPHBIA aHATU3.



OTtkpbITHE peHTreHOBCKON audpakiuu. Camas “HoOeneBckas’ 001acTh HayKu. PenTrenorpadusi,
HeltpoHorpadus, snekrponorpadus. IIporpamma s MoaenupoBaHHs AUPPaKIMU Ha
moHokpuctaie SingleCrystal.

21. dudpakuus 37eKTPOHOB.

DJeKTpoHHAas MUKpOCcKonHs. Buabl npubopos. MoaenupoBanue nudpaKkiiiy B IPOCBEUUBAIOIIEM
3JIeKTpOHHOM MHKpockorne B SingleCrystal.

22. HeiirpoHorpadus.

HetitporHoe uznyuenue. Mictrounnku HelTpoHoB. Judpakius aHeiitponos. Heynpyroe paccesiaue
HEUTpPOHOB. MaoyrioBoe pacesaue. Pednexkrpomerpus. HeHWTpoHHass MUKpPOCKOIIHS.
MopenupoBanue audpakinu HEUTpoHOB B porpamme SingleCrystal.

23. TopomrkoBast AUQPPAKITHUSL.

PentrenoBckas tpyOka. CriekTp peHTreHoBckoro musnydenus. udpakuus bperra. [TopomkoBas
pentreHoBkas audpakuus. International Centre for Diffraction Data. DHeproaucnepcroHnHas
peHTreHoBcKasi crekTpockonus. [lopomkoBas audpaknus HeHTpoHOB. CHEKTPOCKOMUs
HEHTPOHOB 1O BPEMEHU TpoJieTa. MoIeIMpoBaHKe MOPOIIKOBBIX JU(paKTorpam B MporpaMme
CrystalDyffract.

24. luppakuus Jlays.
Cdepa DBanpaa. Meton BpameHus kpucrayuia. Meton Jlaya:
- TEOMETpHSI;
- HHTEHCUBHOCTb PE(IIEKCOB;
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- “3anpernieHHbie’” pedIeKCHI;
- “ciermas 30Ha”;
- OTPaHUYEHUS METO/Ia.

MonenupoBanue naysrpamm B nporpamme SingleCrystal.

25. Ilpsimas u oOpaTHas 3aa4a pEeHTT€HOBCKOM TU(PAKIIHH.

OnpeneneHue TpaHCISIIMOHHOM U (e10pOBCKON MPOCTPAHCTBEHHOM IPYMIBI KpUCTaJIa METO0OM
Jlays. O630p mporpamm Juist MOJICIIMPOBAHUS U aHATIN3a PEHTTEHOTPaMM.

26. 3onb1 bpumiosHa.

Sueiixa Burnepa-3eiitiia. OCHOBBI 30HHOM TEOPUM TBEPIBIX Tel. XapaKTepHbIE TOYKH 30HBI
Bpwinrosna. MoaenupoBanue 300 bpuiuttosna Ha mpumepe IByMepHBIX pemieTok B Matlab.

30HbI bpriurosHa B TpEXMEPHBIX KpHUCTAJUIAX.

3oHb! bpriutiosHa B pa3nuuHBIX KPUCTAUIMYECKUX cUcTeMaX. MoJienupoBaHue TPEXMEPHBIX 30H
Bpwirosna B Matlab.

27. Buzyanuzanus 3J€KTPOHHBIX 000JI0UYEK aToma.



Chepuueckue pyakuun. Buzyanuzanus chepruuecknx rapMOHHK cpecTBamu Matlab.
MonenupoBaHue aTOMHBIX OpOHTATICH.

[TocTpoenue TpexMepHbIX Mojieneit s, p u d opouTaieii ¢ momoibio Matlab.

28. Agumarisa B Matlab.
Busyanuzamnus cheprudeckux rapMOHUK uepe3 KosebaHus Ha cdepe.
29. O6paboTKa SKCIIePHUMEHTAIBHBIX TaHHBIX B Matlab.

OTtkpeiTHe U 3aKpbiTHe (aitoB. Onepanuu Hajn dainamu. Busyanuzamus 0ogbmux 00HEMOB
JTAHHBIX HA IPUMEPE CHHXPOTPOHHBIX IKCIIEPUMEHTOB.

3akiroueHue.

[Mpunmunel - Tpaduueckoro mpejacTaBieHuss uHpopManuu. PacnpocTpaHeHHBIE —OIIMOKH.
Crernduika rpauyeckux 0ObEKTOB B HAYUHBIX JOKYMEHTAX: CTaThsX, IPE3CHTALUAX U CTEH 1aX.

30. Merannnyeckue KpuCTalbl

Buapl mMarHutTHOrO yropsaodeHus. [IOHATHE O MarHUTHOW CTPYKType. MarHuTHBIC TPYIIIIbI
CUMMETpHUH. Bu3yanu3anuss MarHUTHBIX MOMEHTOB KPUCTaJlla Ha MPUMEPE OKCHA MapraHiia.
MarauTHble MOMEHTHI aTOMOB B cif (aiire.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHBbIE U HEHTPOHHbIE METOAbI HCCJIEI0BAHUM

Ob0mas ¢pusuka: kBanroBas Gpusuka

Heab AMCHUNIMHBI:

- OCBOCHHE CTyJICHTaMH (PU3UKH OCHOB KBAaHTOBOU (PU3UKH.

3agauyu AMCHMILINHBI:

- YCBOSHHE OCHOBHBIX KOHIICTIINI KBAHTOBOU (DU3UKH;

- peleHne 3a1a4, OXBaThIBAIOLINX OCHOBHbIE IPUIIOKEHHSI KBAHTOBOM (DM3UKH.
IlepeyeHb MuIaHUPYEMBIX Pe3yJIbTATOB 00YUYEHUS 10 JUCHHUILIMHE (MOYJIIO)
B pe3synbrare ocBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI

3HATh:

- YUCJIEHHBIE MTOPAJIKY BEJIMUYMH, XapaKTEPU3YIOLIKE IBICHUSI MUKPOMUDA;

- OCHOBBI TEOPHUH TEIJIOBOTO U3IYUCHHUS;

- IBJICHUsI UHTEepepeHIMU BOJH Jie bpoitns;

- IOHSITHE CIIMHA 3JIEKTPOHA;

- OCHOBHBIE MOJIEJIH JIEKTPOHHON 00OJIOUKH aTOMa;

- s et 3eemana, JIIP, SIMP;

- BJIeMEHTapHbIE SAEpHBIE MOJIETH;

- 3aKOHBI PAJUOAKTUBHBIX PacaioB;

- IOHSATHE SIIEPHBIX PEaKLUi, CeUEHUS SACPHBIX PEaKIINA;

- DJIEMEHTapHbIE SACPHBIE MOJIEIIN;

- IIOHSTHE CHIIBHOTO U C1a0d0ro B3aHMMOJECHCTBUS.

yMeThb:

- abcTparupoBaThCsi OT  HECYUIECTBEHHOIO MpPH  MOJAEIUMPOBAHUU DPEaTbHBIX (UINUYECKUX
CUTYyaIui;

- ACJIaTh NPaBUJIBHBIC BBIBOABI U3 COMMOCTABJICHUA PE3YJIbTATOB TCOPHUU U SOKCIICPUMCHTA,



- HaxouTh Oe3pa3MepHbIe TapaMeTpbl, OMPeNESIONINe H3y4aeMOe SIBJICHUE;
- POU3BOJIUTH YUCJICHHBIE OIICHKHU 10 TOPAJIKY BETUYUHBI;

- JIeNaTh KA4YeCTBEHHBIC BBIBOJBI IPH IEPEX0Jie K MPEHCIbHBIM YCIOBHSAM B H3Y4aeMBIX
npoOsemax;

- 00ecreunTh JOCTOBEPHOCTD MOJIy4aeMbIX PE3YJIbTATOB;

- BUJICTh B TCXHHYCCKHX 3aJadax (1)I/I3I/I‘ICCKOG COACPKaAHUC.

BJIa/IeTh:

- METOJIaMU peleHus: GU3NYECKUX 3a/1a4 MO AIEKTPOINHAMUKE;

- HaBBIKaMU CaMOCTOSITEIIbHON pa0doThI B Taboparopun, bubianoreke u MaTepHere;
- HaBBIKAMH OCBOCHHUS 00JIBIIOr0 00BheMa HHPOPMALINY;

- Ky.]'H:TypOﬁ IIOCTAaHOBKHU K MOJCIIMPOBAHUA (bHSH‘leCKHX 3aaa4.

TeMbI U pa3jaeiibl Kypca:
1. ATOM B MAarauTHOM IIOJIE.

D ekt 3eemana (cnaboe M CHIIBHOE MarHUTHOE MoJie) Ha mpuMepe 3P-3S-nepexonos. SAnepHsbrii
Y DJIEKTPOHHBIN MarHUTHBIA PE30HAHC.

2. Bonnsl ne bpoitnsa. CooTHoIIEHHE HEONIPEIeTEHHOCTEM.

['uniore3a e Bpoiiis 0 BOIHOBBIX CBOMCTBAX YaCTHII, BOJHOBAS (PYHKIUS CBOOOIHOM YacTHIIBI
(BosHa nie bpoiinst). OnbiTel JleBrccona-/[xepmepa u Tomcona o qudpakiuu 31eKTpoHOB. CBsI3b
BOJIHOBBIX CBOMCTB YaCTHII C €€ MEXaHWYECKNUMH XapakTepucTukamu. /[nrHa BoaHbI ne bpoiis
HEPEJSITUBUCTCKON YacTULbl. KpuTepuii KBAaHTOBOCTH CHCTEMBI. BEpOSITHOCTHASI MHTEpIIpETALUs
BOJIHOBOU (DYHKIIMH.

3. 3aKoHBI PaaArOaKTUBHBIX paclajoB. H,I[epHLIe peaKkmuu.

PagnoaxkTBHOCT. 3aKOH paJiMOaKTUBHOTO paclajia, KOHCTaHTa paclaja, Nepuoj nojaypacnana,
cpenHee BpeMs KU3HHM, BEKOBOE ypaBHeHHE. Aunbda-pacman, 3akoH [eitrepa—H»atrona u ero
BBIBOJ ((opmyna 'amoBa). ["amma-uznydenne, uzomepus saep. bera-pacnan, sHepreTUYECKUin
cnektp Oera-pacrajga, THUIOTe3a HEUTPUHO. SnepHble peakuuu: OSK30TEpMUYECKHE U
OHIOTEPMUYECKUE pEaKLUH, IMOPOI pPEaKIMH, CEUeHUE peakuuu (MOJIHOE W MaplUalbHbIE
ceueHus). IloreHuuanbHOE paccesiHHe, aMIUIUTyaa W JuIMHa paccestHus. CocTaBHOE sJpo.
HepeszonaHcHas Teopusi — KIIACCUYECKOE CEYEHUE, NOMNPABKA HA BOJHOBOM XapaKTep YacTHIL,
KO3 (UIIMEHT MPOHWKHOBEHHUS 4YaCTUIBI B MPSAMOYroOJbHYIO MYy, 3aKoH bere. PezoHaHcHble
peakuuu — ¢opmyna bpeiita-Burnepa. Dddexr Meccbayspa. Peakuumm non aelcTBHeM
HelTponoB. Knaccugukanus HeHTpoHOB. 3ameyieHne OBICTPHIX HEWTPOHOB B Cpeje, AJIMHA
3ameieHus. KorepentHsle sBineHus (audpaxius HelTpoHoB). [lenenue saep moa AelcTBUEM
HEHUTPOHOB, MTHOBEHHBIE M 3alla3/IbIBAIOLINE HEUTPOHBI, LIENHAs peakuus naeiaeHus. Poib
3ara3/pIBAIONINX HEHTPOHOB B pabore saepHOro peakropa. Cxema peakTopa Ha TEIJIOBBIX
HeiiTponax. Moanas simMa. Bo3MOXHBIE CXeMBI PEaKTOPOB TEPMOSIEPHOTO CHHTE3A.



4. Onbitel HTepua—Iepnaxa, DWiHmreitna—ae ['aza. CiuH 31eKTpoHa.

MarHuTHbIi OpOUTANB-HBII MOMEHT OJJIEKTPOHOB, THMPOMAarHMTHOE OTHOILICHHE, g-(hakKTop,
marHeToH bopa. Omnbitel Iltepna—I'epraxa — neMOHCTpalus IUCKPETHOCTH MAarHUTHOTO
MOMEHTa, OOHapyKE€HHEe MarHUTHBIX AyOieroB. ['mmore3a YmenOeka m l'ayncmura o crimHe
9JICKTPOHA, CHUHOBBIM g-paktop. OmnbiTel DWHMTEHHA W ae [aa3a (cnuHOBas mpuUpoaa
MarHeTus3ma TBepbIX Tel). BekTopHas Mosiesnb c0KeHusl CIMHOBOTO U OPOUTaIbHOTO MOMEHTOB
aeKkTpoHa, paxtop Jlanze.

5. CTtpoenue aroma.

3aKOHOMEPHOCTH ONITHYECKUX CIEKTPOB aTOMOB, (hopmyiia bambmepa. OTKpbITHE AaTOMHOTO SIpa
U TUTaHeTapHasi MoJiesib aroma Pesepdopaa. [Toctymnarer bopa, 6opoBckuii paguyc, hopmyna s
JHEPTUH JICKTPOHOB aToMa BOJOPO/a. XapaKTePHUCTUUIECKOE PEHTIEHOBCKOE M3Iy4eHHUE (3aKOH
Mosznu). Knaccudukaius Bogopo0noJ00HbIX aTOMOB: TJIABHOE, PaJHabHOE M OpOHMTAILHOE
KBaHTOBBIC YHCIa. BbIpoXkIeHHE YpOBHEW B KyJOHOBCKOM I10Ji€ (KPATHOCTb BBIPOXKICHHS).
[MpaBuno Xynma. KauecTBeHHOE OOBSCHEHHE 3aKOHOMEpHOCTEH Tabmuibl MeHnpaeneeBa (110
aproHa), CIIEKTPOCKOIMYECKAs 3aluCh COCTOSIHHS aToMa, 3JCKTPOHHAs KOH(HTYpaIus
JJIEMEHTOB, IOCIIEOBATEILHOCTh 3allOJIHEHUSI cocTossHUUA. CKadykooOpa3HOe H3MEHEHHE
XUMHYECKHX CBOMCTB ITPU 3aII0JTHCHUU P-000JI0UKH, Marn4eckue yuciia (MHepTHbIe ra3el). CrivH-
OpOUTaTbHOE B3aUMOJICHCTBHE, TOHKAsK K CBEPXTOHKAsI CTPYKTYPa aTOMHBIX YPOBHEH.

6. Poroaddext. dpdexr Komnrona. TermoBoe uznydeHue.

OcHOBHBIE OKCIIEPUMEHTAJbHBIE pPE3yNbTaThl MO BHemHeMy (oTodddexty. VYpaBHeHHE
DWHIITeHA, TUIIOTe3a KBAaHTOB CBeTa. DKCcHepuMeHT KoMnToHa 1Mo paccesHuI0 peHTIe€HOBCKUX
Jy4ell Ha JIETKUX sApax, BBIBOJ U3MEHEHUS ITTMHBI BOJTHBI KBAHTOB IIPU pacCesTHUU Ha CBOOOIHBIX
JJIEKTPOHAX, KOMITOHOBCKAas [IMHA BOJHBL. YPaBHEHHUS, OIMCHIBAIONINE B3aUMOJEHCTBUE
¢dboToHA C MPOU3BOJIBHONW CHCTEMOU Kak OOMEH PHEeprueil M UMIYIbCOM IYTEM DPOXKACHUSA U
VHUUYTOXKEHHUS KBaHTOB. MHTeprpeTanusi IUIOTHOCTU SHEPTrUU 3JIEKTPOMATHUTHON BOJHBI Kak
BEPOATHOCTH OOHapykeHus (HOTOHA B 3aJaHHOM DJIEMEHTE MPOCTPAHCTBA.

[TnoTHOCTH coCTOSIHMM, (Da30BBIM 00BEM, TPUXOISAIITUICS HA OJJTHO KBAHTOBOE COCTOSTHUE. BBIBOT
¢dopmynsl Ilnanka A paBHOBECHOIO M3JIy4E€HMsI aOCOJIFOTHO YEPHOTO Tejla. 3aKOH CMEIICHUS
Buna. Ananus ¢popmynsl [lnanka B npeaenbHbIX cllydasx OOJbIINX 4acTOT (KBAHTOBBIN Ipees)
u Manbix yactoT (popmyna Panes—xunca). Kmaccuueckast unreprperaiust ¢popmynsl Panes—
Jlxunca. VHTerpanbHble XapaKTEpUCTUKU PAaBHOBECHOTO TEIUIOBOTO M3IYYEHHUS — IJIOTHOCTb
SHEPrUH PaBHOBECHOI'O U3JIY4YEHHUSI, THTEHCUBHOCTh U3JIy4€HHUs, CBETUMOCTh. 3aKkoHbl Kupxroda,
JlamGepra, Credana-bonpiimana. L{BeToBasi, sIpKOCTHAs U paJuallMOHHAs TeMIepaTypbl Teja.
JIByXypoBHEBasi KBaHTOBas CUCTEMA B IIOJE PABHOBECHOTO W3IY4YEHMsI, MPUHLMI IETaJIbHOIO
paBHOBECHsI, CIIOHTAHHBIE M WMHIYLMPOBAaHHbIE Iepexoibl. [IpoxoxkneHue H3IydyeHHs 4depes
cpeny, ycloBHe yCHIIeHUs (MHBEpCHAs 3aCeIEHHOCTh ypoBHEH ). [IpUHIMITBI CO3/1aHMs MHBEPCHON
3aCEJICHHOCTU B TPEXYPOBHEBOW U YETHIPEXPOBHEBOM CHCTEMAX.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukaagHbie MaTeMaTHKA U (PU3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Oo0mas ¢usuka: JJadOPATOPHBINA NPAKTHKYM I10 IKCIIEPUMEHTAIbHOH (PU3UKe

Heab AMCHUNIMHBI:

- (opmupoBanue 0a30BBIX 3HAHWHA MO (U3UKE U yMEHHUs paboTarh B JIAOOPATOPUM IS
JabHEHIIET0 UCIIOB30BAHUS B IPYTHX JAUCIHHUILIMHAX €CTECTBEHHOHAYYHOTO COJICPKAHUS;

- (GOopMHUPOBaHUE KYJIbTYphl JKCIEPUMEHTA, HCCIICIOBATCIILCKMX HABBIKOB M CIIOCOOHOCTH
IIPUMEHSATH 3HAHUS HA IPAKTHUKE.

3apaum IUCHUIIMHBI:
- (hopmupoBanue y odyuaronmxcs 6a30BbIX 3HAHUI 110 QUBKKE;

- (hopMHUpOBaHKE KYJIBTYPHI SKCIIEPUMEHTA: YMEHHE paboTaTh B JIAOOpATOPUH, 3HATH OCHOBHEIC
METO/IbI SKCIIEPUMEHTA, YCTAHABJIMBATH JIOTUYECKHUE CBA3U MEXKY TOHATUSIMU;

- (bOpMI/IpOBaHI/Ie yMCHI/Iﬁ W HABBIKOB IPHUMCHATH IIOJTYYCHHBLIC 3HAHUA IJId IMOCTAHOBKH
OKCIICPUMCEHTA, CAMOCTOATCIIbHOT'O aHaJIn3a IMOJIYYCHHBIX PC3YJIbTATOB.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00y4YeHHS MO JUCHHUILINHE (MOAYJIIO)
B pe3ynbrare ocBOE€HUS IUCHUIUIMHBI 00yYaIOIIHECs TOJIAKHBI

3HATh:

- METOIUKY NPOBEAEHUSA DKCIIEPUMEHTA;

- METOJIUKY 00paOOTKHU MOTYyYEHHBIX PE3yJIbTaTOB.

yMeThb:
- paboTaTh ¢ COBPEMEHHBIM H3MEPUTEIBHBIM 000pYI0BAHUEM;

- IPaBUJIBHO O6pa6aTLIBaTL MMOJIYYCHHBIC OKCIICPUMCHTAJIbHBIC TaHHBIC.

BJIA/IETh:
- HaBbIKaMU pabOTHI C COBPEMEHHBIM U3MEPUTEIHLHBIM 000PYA0BaHUEM;

- OCHOBHBIMH MATEMATHUYCCKUMHU NHCTPYMCHTAMM, XapaKTCPHBIMU IJId 3ala4 MCXaHUKU.



TeMbl U pa3jesibl Kypca:
1. Jlabopatopusbie 3anstus. KBantoBas ¢usuka.
Jlekuus 1 Kopmyckyisipabie CBOMCTBA 3JIEKTPOMArHUTHBIX BOJIH.

OCHOBHBIE FKCIIEPUMEHTAJIBLHBIE PE3yNIbTaThl 10 BHemHeMy Gotodddexry. I'mnoressr [lnanka u
OWHIITEiHA OTHOCUTEIIFHO JHEPTUU KBAHTOB CBeTa ((OTOHOB). YpaBHEHHME ODHHINTEHHA U
o0wsicaenue Gorodddexra. Ummynbce hoToHa.

OxcnepuMeHT KoMIITOHA MO paccesHUIO0 peHTIC€HOBCKUX JTy4yell Ha JNErkux sapax, hopmyna Juis
M3MEHEHUS IJIMHBI BOJHBI KBAHTOB IIPU PAaCCESHUU HAa CBOOOJHBIX 3JIEKTPOHAX, KOMIITOHOBCKAs
JUTMHA BOJIHBI.

Jlexuus 2. BoaHoBsie cBoiicTBa yacTull. COOTHOILIEHHUE HEONPEAEIEHHOCTEMH.

I'mnoresa ne bpoiisis 0 BOJIHOBBIX CBOMCTBaX MaTEPUAIIBHBIX YACTHUL] — KOPITYCKYJISIPHO-BOJIHOBOM
nyanu3M. Oneitel JleBuccona—/[xxepmepa u TomcoHa o audpakuuu 31eKTPoHOB. [[rHa BOJTHBI
ne bpoilnsg HepensTuBHCTCKOM 4acTtulbl. Kputepuil kBaHTOBOCTH cuUCTeMbl. COOTHOLIEHUS
HeomnpeaeneHHocTe! (KOOpInHaTa-UMITYJbC; SHeprus Bpems). BonHoBas ¢yHkius cBoOOAHOMN
yactulbl (BoaHa ae bpoitns). BepostHocTHas mHTEpnpeTanys BOJTHOBON (DYHKIIUHU, BBIIBUHYTAs
bopHom.

Jlexuus 3. @opmanu3m KBaHTOBOW MexaHUKH. [loTeHIManbHbIe Oapbephl.

[TonsiTue 06 oneparopax. Oneparopbl KOOPAUHATHI, UMITYJIbCA, TOTEHIIMATHHON U KWHETHYECKON
SHEpPruu CUCTeMbl, raMUIbTOHUAH. COOCTBEHHbIE (YHKLIMU U COOCTBEHHBIE 3HaueHus. Pe3ynbpTar
KBAaHTOBOI'O M3MepeHUs 3HaueHus (uznueckoi BenuuuHbl. YpaBHenue lllpeaunrepa. CBoiicTBa
BOJHOBOW (DYHKIIMM CTallMOHAPHBIX 33/1a4: HEMPEpHIBHOCTh, KOHEYHOCTH, OJHO3HAYHOCTH,
HENPEePbIBHOCTh MPOU3BOAHOM. 3aKOH COXpaHEHHs BEPOSITHOCTH, BEKTOP IJIOTHOCTH IOTOKA
BeposTHOCTH (0e3 BbIBo/a). PaccessHue yacTuIl Ha NOTEHIMATBHOM CTYIeHbKE KOHEYHOH BBICOTHI,
NPOXOXKJICHUE YacTUIBl HajJ siMaMHU U OapbepaMu KOHEUHOW mmupuHbl — 3¢pdekt Pamzayspa.
[TpoxoxxaeHre yacTULbl Yepe3 HPSMOYTOJIbHBIM MOTEHUHANbHbIH Oapbep KOHEUHOW NIMPUHBI
(TyHHENBHBIHN 3¢ (eKT), BEIBOJ GOPMYIIBI U IPO3paYyHOCTH Oapbepa MPOU3BOJIBLHON (POPMBI.

Jlexuus 4. Ilorennuansuelie siMbl. KBasukinaccuueckoe npudmmxkenne. Ocuuuisitop. CocTosHus
YaCTUIIbl B OJTHOMEPHOW CUMMETPUYHOUN MOTEHIMAIBHON sIME. YPOBHHM SHEPTUU OJHOMEPHOTO
rapMoHnueckoro ocimuiaropa (6e3 BriBoma). OmepaTop MOMEHTa uMITylibca. KBaHTOBaHuWe
IIPOCKIIMM MOMEHTAa M KBaJpaTa MOMEHTAa HMIyJbca. [[BHJKEHHE B LIEHTPAJIbHOM IIOJIE,
LEHTPOOEKHasl SHEPTHS, paJlalibHOE KBAHTOBOE YUCIIO, KPATHOCTh BBIPOKJIEHUS. S-COCTOSIHUS B
TpEXMEpHON cPepruyeckd CHMMETPUYHOM SIME€ KOHEYHOW TIIyOMHBI, YCJIOBUE CYIIECTBOBAaHUS
CBSI3aHHBIX COCTOSIHUM B TaKOU sIME.

Jlekius 5. BOI[OpOI[OHOI[O6HI>IC atombl. KonebaTenbHbIe U BpalaTCJIbHbIC CIICKTPBI MOJICKYJI.

3aKOHOMEPHOCTH ONTHYECKHUX CIIEKTPOB aTOMOB (KOMOMHAIIMOHHBIN npuHImn Purtna), hopmyb
cepuii. Mogenu aroma Tomcona u Pezepdopna. [locrynarsr bopa, 6opoBckuii paauyc, 3Heprus
aToma BoJopoja. /[BrkeHHe B KYJIOHOBOM IMOJE€, CIydalHOe BbIpOXkAcHHE. CHekTp aroma
Boziopoaa (06e3 BBIBOJA), TJIaBHOE KBAHTOBOE YHCIIO, KPATHOCThH BHIpOXACHHUS. KauecTBEHHBIN
XapakTep MOBENEHUs paJuaIbHOW U YIiIoBOM yacTei BoiaHOBOM (yHKIuU. BonHoBas (yHKIuUs
OCHOBHOT'O cOCTOsIHMSL. Bozopomonono0Hble aToMbl: BAMSHUE 3apsia siapa (Ha mpuMepe MOHa
relusl) U ero Macchl (M30TOMMUYECKUI CIIBUT), ME30aTOMBI. XapaKTEepUCTUYECKOE PEHTI€HOBCKOE
u3yyeHue (3akoH Mo3znn). BpaiarenbHble CIEKTPBI INIOCKOTO M IPOCTPAHCTBEHHOTO POTaTOPOB



(IByxaTtomHas MoJieKyIna). BpamarenbHbie 1 KoyiedaTebHbIe YPOBHU MOJIEKYII, SHEPTreTHUECKHI
MacimTad COOTBETCTBYIOLIMX BO3OYKICHUN (MepapXusi MOJEKYJISIPHBIX CIIEKTPOB).

Jlexuust 6. Maruuthbeiii MomeHT. CrniH. TOHKast M CBEpXTOHKas CTPYKTypa aToma BOJOPOJa.
MarauTHblii  OpOUTANBHBIE MOMEHT 3JEKTPOHOB, TUPOMArHMTHOE OTHOIICHHE, g-(hakTop,
MarHeToH bopa. OmbiT Illtepna—TIepnaxa. ['mmore3a VYnenOexka m [ayncmMura o cruHe
3JIEKTPOHA, CIIMHOBBINA g-paktop. OnbiT DitHIITEeliHa—e ["aaza. BekTopHas Moaensb CloKeHUs
CIIMHOBOI'O U OpOUTAJIHLHOIO MOMEHTOB 3JIEKTPOHA, MOJHBIM MOMEHT, ¢aktop Jlanne. Tonkas u
CBEpPXTOHKAsl CTPYKTYpPBI aTOMa BOAOPO/A.

Jlekuust 7. ToxknectBeHHOCTh uactull. OOMeHHOoe B3aumopeiicTBue. CHOXHBIE aTOMBI.
TOXIECTBEHHOCTh YaCTHUIl, CUMMETPUS BOJHOBOH (DYHKIIMHM OTHOCUTEIHHO TIEPECTAaHOBKHU
qacTull, 0030HBI U (epmuonsl, npuniun [laymu. Croxabie arombl. CaMOCOTIacOBaHHOE TOJIE.
DnekTpoHHas KOH(HUTyparust aroMa. ATOMHBIC TEPMBI, CIIEKTPOCKOIMMYECKAsT 3aITUCh COCTOSHUS
atoma. [IpaBmia Xynma. KadecTBeHHOE OOBSICHEHHE BO3HHKHOBCHHMS OOMEHHOW SHEPTUU U
npaBwI XyHJIa Ha MpUMEpe BO30YKIECHHOTO COCTOSIHHS 1s2s aroma renus W oOpa3oBaHUs
MOJIEKYJIbI BOJIOPOAA.

Jlexuusa 8. Atom B MarHuTtHOM mone. Dddext 3eemana. Msnyuenue, npasuna otdéopa. DIIP u
SAMP.

Oddexr 3eemana s ciydaeB ¢1aboro W CHIIBHOTO MarHWTHBIX IMOJIed Ha npumepe 3P—3S-
nepexonoB. Ilonarme cnuHa (cnupanbHOCTH) (OTOHA, TOJTHBIE MOMEHT U YETHOCTb
Knaccudukanust goronoB mo momHomy MomeHty u uétHoctd (E- m M-¢oToHBI), OTHOIIEHUE
BEPOSTHOCTEH W3IMy4eHUs (POTOHOB PA3IUYHON MYIbTUIOJIHHOCTH. BEposSTHOCTh AWUMOIBHOTO
U3NydyeHus. SnepHbli M DJIEKTPOHHBIM MAarHUTHBI pe30HaHC (KBAaHTOBOMEXaHUYECKas
TpakToBKa). CTporue U HeCTpOorue mnpaBuia 0TOOpa MpHU MOTJIOLIEHUU U UCIYCKaHUU (POTOHOB
atromamu (Ha ipumepe ¢ dexra 3eemana u IMP).

Jlexuus 9. SnepHbie Moenu.

OxcniepumenThl Pezepdopnaa u ['eitrepa mo paccesHuto o-gactuil B razax. OTKpbITHE HEHTpPOHA
YaaBukoM. DKCHepUMEHTAIbHAS 3aBUCUMOCTDH YIEIHHOW SHEPTUM CBSA3U fJipa OT MAacCOBOTO
yucia A. CBONCTBA SEPHBIX CHII: PAANYC IEUCTBUS, ITyOMHA MMOTEHIIMAJA, HACHITIICHUE SIIEPHBIX
CHJI, CIIMHOBAasl 3aBUCUMOCTh. [lpupoma simepHBIX CHI, OOMEHHBIM XapakTep SAEPHBIX CHII,
MEPEHOCYMKHU B3aUMOJEHUCTBUA. Moaenb KUAKON 3apsbkeHHOM karum. Popmynna Balinzekkepa
JUIsl dHEpruu cBsi3u siapa. OOoyiouedHass MOJENb W Marm4eckhe 4Yucia B OCHWIISTOPHOM
noTeHIane. OTHOYaCTUYHbBIE U KOJUIEKTUBHBIE BO30YKIEHHBIE COCTOSTHUSA sAJIpa.

Jlexuus 10. PanuoaktuBHOCTh. Asba, OeTa, ramma.

PannoakTBHOCTH. 3aKOH paJiMOAKTUBHOTO paclajia, KOHCTaHTa paclaja, Nepuoj mnojaypacnana,
cpelHee BpeMsl JKU3HM, BEKOBOE ypaBHEHHeE. Anb(a-pacnaj, 3akoH [eiirepa—H»aTrona u ero
BbIBOJ ((popmyna I'amoBa). bera-pacman, sHeprernueckuil coekTp OeTa-pacmajaa, TMIIOTE3a
HEUTPUHO U €ro ONBITHOE OOHApYKEHHE, BHYTPEHHSs1 KOHBEpCHUs IeKTpoHOB, K-3axBaT. ["Tamma-
u3nydeHne, uzomepus siiep. CroHTaHHOE JeNieHue sijaep, MexaHu3M (QopmupoBaHus Oaprepa
JIEJIEHNs — 3aBHCUMOCTb KYJIOHOBCKOM M IMOBEPXHOCTHOM PHEPIUU OT JedopMaiiuu, napamerp
JIETUMOCTH, SHEPT U, BhIJIENIseMast IPU JIeICHUH si7iep, peel CTaOuIbHOCTH sIiep OTHOCUTENBEHO
JIEJICHUS.

Jlexuus 11. Snepubie peakiuu. OnieHKa CEYEHUI.



SlnepHble peakuuu: dK30TEPMUYECKHE M DHIOTCPMUYECKUE PEAKIUH, IIOPOT PEAKLUH, CCUCHUE
peakuuu (IIOJIHOE W MapLUaJIbHbIE CEYEHHUs), KaHallbl peakluu, IUPHUHBI KaHainoB. CocTaBHOE
anpo. HepezonancHass Teopusi — KIIACCHYECKOE CEUEHHUE, IOIPABKM HAa BOJHOBOW XapakTep
qacTull, KO3()(PUIMEHT NPOHWKHOBEHHMS YACTHIBI B INPSMOYrOJbHYIO sMy, 3akoH bere (Ha
nprUMepe MPOHUKHOBEHHS YaCTHUIIBI B IPSIMOYTOJIBHYIO sIMY). Pe3oHancHbIEe peakiuu — Gopmyra
bpeiira-Burnepa. [lenenue saep nox ACMCTBUEM HEHTPOHOB, MTHOBEHHBIC M 3aIla3/bIBAOIINC
HEUTPOHBI, LenHas peakuus JaeieHus. Ponb 3ama3qplBaloliuX HEMTPOHOB B paboOTE sAEPHOTO
peakropa. CxeMa peakTopa Ha TEIJIOBBIX HEUTPOHAX.

Jlekuus 12. @ynnameHTalbHbIE B3AaUMOACHCTBUS. DJIEMEHTapHbIE YaCTHUIIBI.

OyHaMeHTaIbHBIE B3aMMOJACHCTBHS W (pyHIAMEHTaJbHBIE YaCTHIBI (JICTITOHBI, KBapKH U
NIEPEHOCUYUKH B3aUMOJEHCTBHUII). 3aKOHbI COXpaHEHMsI W BHYTPEHHHME KBAHTOBBIE 4MCIIA.
KBapkoBas cTpyKTypa aapoHOB — ME30HbI, 0apPHOHBI M pe30HaHCHl. KBaHTOBas XpOMOIMHAMHUKA,
acUMIIToTh4deckas cBoOonma. [mmoresa koH(pallHMEHTa KBapKOB U TJIFOOHOB, KBAapKOBBIN
noteHuuan. OLeHKa aJpOHHBIX CEYEHWH IpPU BBICOKMX DJHEPIUSIX Ha OCHOBE KBAapKOBOI
cTpykTypbl. OtkpbiTue W- u Z-0030HOB, t-KBapka, METOJbl PpErucTpalud HEUTPHUHO.
Hecoxpanenue u€rHoctu npu 6era-pacrnaje, onsit By.

Jlexuus 13. 3akonsl uznydenuss AUT. Iloncyer ymncna cocTostHUI Moyst B 3aJaHHOM OOBEME;
dazoBblii 00BEM, MPUXOIMALIUICS HAa OAHO KBAaHTOBOE COCTOSIHHME, IJIOTHOCTH COCTOSHUM.
®opmyna Panes—/[xunca u ynapTpaduoneroBas karactpoda, popmyna Buna. Pacnpenenenue
[Tnanka. 3akoH cMenienusi Buna. PaBHoBecHOe n3nyueHue Kak uaeanbHbli ra3 oTOHOB. 3aKOHbI
Kupxroda u Credana-bonbimana.

Jlexuus 14. CrioHTaHHOE U BBIHYKJICHHOE U3JIyYCHHE.

JIByxypoBHEBasi KBaHTOBasi CUCTEMa B TOJI€ PAaBHOBECHOTO M3IYYEHHUS, MPUHIUI JAETaTHHOTO
paBHOBECHsI, CIIOHTAHHBIE M WHIYIIMPOBAaHHBIC MEPEXOJIbl, COOTHOIICHUS ODWHINTEHHA U €ro
BbIBOJ pactipenenenus [lmanka. IIpoxoxneHue M3IydeHHs] 4yepe3 Cpeay, YCJIOBUE YCHUIICHUS
(uHBepcHas 3aceN€HHOCTh YpoBHel). [IpuHIun paboThl 1a3epa u ero ycTpoucTBo.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Oo6mas ¢pusuka: 1adbOPaTOPHBIA NPAKTHKYM

Heab AMCHUNIMHBI:

¢dopmupoBanne 0a30BbIX 3HAHUN TO (uU3MKEe W yMEHHS paboTarb B JIAOOPATOPUHM IS
JANBbHEHIIEr0 HCIONb30BaHUSA B JIPYIHX JAUCHUIUIMHAX €CTECTBEHHOHAYYHOTO COJCpPIKAHMUS;
dopMupoBaHHE KYJIBTYpPHl OKCHEPUMEHTa, HCCIENIOBATEIbCKMX HABBIKOB M CIOCOOHOCTH
NPUMEHSTH 3HAHUS Ha IPAKTUKE.

3agauM AUCUMIIUHBI:
- ¢dopmupoBaHue y o0ydaromuxcs 6a30BbIX 3HAHHUN 1O (HUBHKE;

- (dbopMupoBaHHE KYJIbTYPhl SKCIIEPUMEHTa: yMEeHHE paboTaTh B j1abOpaToOpuu, 3HATh
OCHOBHBIE METO/IbI 3KCTIEPUMEHTA, YCTAHABIIMBAThH JIOTUUYECKHUE CBSI3U MEXKY MOHATHIMMU;

- q)OpMI/II)OBaHI/Ie yMeHI/If/'I N HABBIKOB NPHUMCHATH IMOJYUCHHBIC 3HAHUA IJId IMOCTAHOBKHU
9KCIICPUMCHTA, CAMOCTOATCIIbBHOI'O aHAJIM3a MOJYUCHHBIX PE3YJIbTATOB.

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

3HATh:

- METOJIMKY MPOBEACHUS KCIIEPUMEHTA;

- METOJIMKY 00paOOTKH MOTYyYEHHBIX PE3YJIbTaTOB.

yMeThb:
- paboTaTh C COBPEMEHHBIM U3MEPUTEIBHBIM 000PYyI0BAaHUEM;

- IIpaBUJILHO O6pa6aTBIBaTB MOJIYYCHHBIC DKCIICPUMCHTAJIbHBIC TaHHBIC.

BJAaJ€Th:
- HaBBIKaMH pa6OTBI C COBPECMCHHBIM U3MCPUTCIIbHBIM O60py,ZLOBaHI/ICM;

- OCHOBHBIMH MaTEMAaTUYCCKUMH NHCTPYMCHTAMU, XapaKTCPHBIMU IJId 3a/1a4 MEXaHUKH.



TeMbl U pa3jesibl Kypca:
1. BBognsie pabots! 1

H3yuaroTcst cuctemMaTuueckue M ciaydailHble MOrpeurHOCTH MpUOOpOB Ha MpUMEpEe U3MEpPEHUS
YIEIbHOTO COMPOTUBICHUS HUXPOMOBOH TNpoBosoKU. Vccienyrores HHCTPYMEHTANbHBIC
MOTPEIIHOCTH AHAJIOTOBBIX M IU(POBBIX NPUOOPOB, 3aKOHBI CIOXKEHHS TOTPELIHOCTEH,
MOTPEIIHOCTD MPH MOTYYSHUH MPSIMONA METOIOM HaUMEHBIINX KBaJIpaToB

2. BBoguble paboThl 2

Ha mpumepe KOCMHYECKOrO M3IIy4€HHUS, PErUCTPUpPYyEeMOro cyerdyukom ['eifrepa, m3ydaroTcs
OCHOBHBIE METOJIbI CTAaTHCTUYECKON 00paboTku naHHBIX. M3y4aroTcsi OCHOBHBIE CBOMCTBA
HOpMaJbHOIO pachpezeneHuss u pacnpeaenenusi Ilyaccona. HMccnemyercss 3aBUCHMOCTD
CPEIHEKBAIPATUYHOTO OTKJIOHEHHUS JAaHHBIX OT YUCIIa U3MEPEHUI.

3. 3amuTa pador.

[TpoBepsieTcst 3HaHME CTYACHTaMHU OCHOB OOpa0OTKU pe3ylbTaTOB HKCIEPHUMEHTOB. 3alluTa
pabor.

4. 3y4yeHwue 31eKTPOHHOTo ocImiorpada

W3yuaercs yCTpOWCTBO W MPHHIUI Pa0OTHI 3JIEKTPOHHOTO ociniorpada. M3mepsiorcs
napaMeTpsl MPOCTEHINX KoJIeOaHWi --- aMIuuTyaa, (asa u gactorel. Mccnemyercst BIMSHUC
AMIUTMTYIHO-YaCTOTHONH H ()a30BO-4AaCTOTHON XapaKTePUCTHK HA pPE3ylIbTaT W3MEPCHHH C
MOMOIIBIO ocuuyuiorpada.

5. Onpez[eneHI/Ie MOMCHTOB HMHCPILHUHU TBCPABLIX TCJI C IIOMOIIBIO TpI/Iq)I/IJ'IHpHOI‘O moaBseEca.

C nomouplo TpUGUISIPHOTO TMOJBECAa H3MEPSIIOTCS NEPUOAbl KPYTUIIBHBIX KoJeOaHUM Ten
pa3JII/I‘~IHOI7I (1)OpMI)I. ITo HU3MCPCHHBIM IIEpHOAaM BEIYHUCIAOTCA MOMCHTBI MHEPIHUU TCJI, 3SHAYCHUA
KOTOPBIX CPaBHUBAIOTCA C IMOJYYCHHBIMU H3 PaCUYCTOB IIO HUX TCOMECTPUUCCKHM pasMeEpam.
3KCHepI/IM€HTaHBHO MMPOBEPACTCA aJAUTHBHOCTb MOMCHTOB HMHCPUOHWH WU TECOpEMa T'rofirenca—
[ITeinepa.

6. 3amuTa pabor.

[TpoBepsieTcst 3HaHHME CTYAEHTaMHU OCHOB OOpa0OTKH pE3yabTaTOB 3KCHEPUMEHTOB. 3alluTa
pabor.

7. DKCHepUMEHTaJIbHAs MPOBEpKAa 3aKOHA BPAIATEIbHOTO JIBMXKCHUS Ha KpPEeCTOOOpa3HOM
MmasiTHuke O6epoOexa.

C noMmo1pio KpecTooOpa3HOro MasTHHKA, K OCH KOTOPOTr'O MOABEIINBAIOTCS TPY3bl Pa3IN4HON
Macchl, HCCJIENYEeTCsI OCHOBHOM 3aKOH BpallaTeIbHOTO JIBUKEHUS. OKCIEPUMEHTAIbHO
MIPOBEPSIOTCS COOTHOILEHUS IS MOMEHTOB HWHEPLUUU LUIMHAPOB M 3aBUCHMOCTH MOMEHTA
MHEPLHU OT PACCTOSIHUS IO OCU BpallleHus. Vccneayercs BIUSHHUE CONPOTUBIIEHUS BO3AyXa Ha
HCKa)XEHUE Pe3yJIbTaTOB OIbITA.

8. Ompenenenue ycKOpeHUsT CBOOOJHOTO TaJACHUS MPU TIOMOIIA OOOPOTHOTO MAaSTHHUKA.
W3ydeHne HpU3HUecKOro MasiTHUKA.

C nomonpio pusmueckoro MasiTHuKa B (OpMe JUIMHHOTO CTEPXKHS M 0OOPOTHOTO MasiTHHKA C
MOJBWKHBIMH Tpy3aMH HCCIEAYIOTCS OCHOBHBIE 3aKOHBI KOJ€0aTeNbHOTO JBUKEHMSL.
U3mepsitorcss mepuoapl  KojeOaHWNH MasTHUKOB, HCCIEAYIOTCS 3aBUCHUMOCTh IEepHofa OT



aMILTUTY bl KoJieOaHu# u 3aTyxanus. [1o 3HaueHHIO meproaa u3MepseTcsi yCKOpEHHe CBOOOTHOTO
HaJcHUS C BBICOKON TOYHOCTBIO.

9. Onpenenennie moayisa FOura.

HccnenyroTess Manble ynpyrue aegopMaliil pacTshKEHUs/CKaTHs, M3ruba M KpydeHus s
pa3IMYHbIX MaTEPHUAJIOB (CTallb, JIATYHb, pa3IUYHbIC TOPOIbI AepeBa). [1o 3Hauenuto nedopmanuu
BBIUHCIISIETCSI MOAYJIb COOTBETCTBYIOIIETO MaTepuia pa3IMyHbIMU CIIOCO0aMHU.

10. 3amura pador.

[IpoBepsieTcst 3HaAHWE CTYACHTAMH OCHOB OOPaOOTKH pE3yJbTaTOB ASKCIEPUMEHTOB. 3aluTa
pabor.

11. UccnenoBanue npeneccu ypaBHOBEIIEHHOTO THPOCKOIIA.

HccnenyroTcst 3aKOHbI IBUJKEHUSI OBICTPOBPALIAIOLUIMXCS OCCUMMETPUUHBIX TeNl (TMPOCKOIIOB).
ITo ckopocTy mpeneccuu rupocKona Mo ACMCTBUEM IOCTOSHHOIO MOMEHTA CHUJI OIPEIEIAeTCS
CKOpOCTb BpAIllEHUs pOoTOpa. MOMEHT MHEpPLUU POTOpPA ONPEACIACTCS METOIOM KPYTHIIBHBIX
KOJIEOAHUH NPH CPaBHEHUHU C ATAJOHHBIM TejoM. [lo omyckaHMM ocM T'MpOCKONa M3Mepsercs
MOMEHT CHUJIBI TPEHHS B OCU THPOCKOIIA.

12. U3yuenue koaeOaHMid CTPYHBI.

HccnenyroTcest cTosune BOJIHBL, BO30YK/1aeMble HA HATAHYTON CTaIbHOM CTPYHE C 3aKpEIICHHBIMU
KoHIaMu. M3MepsIoTcsl pe30HaHCHBIE YAaCTOThI B 3aBUCUMOCTH OT CHUJIbI HATSDKEHUS. HUTH, U3 YETO
OIpesieNsIeTCsl CKOPOCTh PpAacIpOCTPaHEHUs BOJH Ha CTpyHEe M €€ JMHeHHas IUIOTHOCTb.
Peructpanus  konebaHui  NPOBOAUTCS €  IOMOILBIO  3JIEKTPOMArHUTHOIO  JIaT4MKA,
HOJKIIOYEHHOIO0 K 3JIEKTpOHHOMY ocuwuiorpagy. [lo mupuHe pe3oHaHca u3Mepsercs
JOOPOTHOCTH KOJIeOaTeIbHON CUCTEMBI.

13. Ompenenenne CKOPOCTH MOJIETa MYJIH.

CKOpOCTI) moJieTa MyJii U3 MHEBMATHUYCCKOI'O PYXKbIA U3MEPACTCA C ITIOMOIIBIO 0aJIIUCTUYSCKOTO
METOJa. CKOpOCTI/I BBIYUCIIAIOTCA 11O aMIINIUTYJA€ OTKIIOHCHHA OaJITUCTHYSCKOTO U KPYTUJIIBHOI'O
MasAsTHUKOB C UCITIOJIb30BAHUCM 3aKOHOB COXpPAHCHHU A UMITYJIbCA, SHECPIrUU U MOMCHTA UMITYJIbCA.

14. UccaenoBanue cBOOOIHBIX KOJIEOAHUI CBI3aHHBIX MASITHUKOB.

HccnenyroTcst 0cOOEHHOCTH KOJIEOAaHUI CHUCTEMBI U3 JABYX CBSI3aHHBIX MasATHUKOB. M3MepsitoTcs
cOOCTBEHHBIE YaCTOTHI KOJIEOAHUH U HCCIEIYIOTCSl COOCTBEHHbIE MO/IbI KoJiebanuil. Mccnenyercs
3aBUCHUMOCTB XapakTepa KojeOaHul OT KOHCTaHTHI CBSI3U MasiTHUKOB.

15. Cranmonapnoe teuenue (bepuymu, [Tyazeitns).

N3ydaroTcs CBOWCTBA CTAlMOHAPHBIX TEYEHUH JKUAKOCTEW M Ta3oB. Pacxon KUIKOCTH
n3mepsiercss pacxogomepamu Iluto m Bentypu. Ilo 3aBucumMocTn pacxona rasza or nepemnaja
JABJICHUSI Ha y4acTKe TpyObl u3MepsieTcs Bs3KOCTh rasza. Ilo oTkiaoHnenue ot 3akoHa Ilyaseiins
ONpeesaeTcss KpUTHYECKOe Ynciao PeilHobIca, COOTBETCTBYIOIIEE MEPEXOAY OT JJAMUHAPHOTO
TE€4YEeHUsI K TypOyJIIEHTHOMY.

16. Bs3kocTh KUIOKOCTHU, DHCPIUA aKTHBALIUH.

[To BepTuMKaTbHOMY MaJEHHIO MPOOHBIX IIAPUKOB B BEPTUKAIBHON KoOJIOE, 3aroIHEHHON
[JIMLEPUHOM, U3MepsieTcs] KO3PPUIIMEHT BA3KOCTH KHJIKOCTH B 3aBUCHMOCTH OT TE€MIEpaType.
[To ycraHoBuBIIEWCsS CKOpocTH maAeHuss mnposepsercs ¢Gopmyna Crokca s CHIIBI



COTPOTHUBIIEHUS B BA3KOM *kuakoctu. [lo TemnepaTypHoil 3aBUCUMOCTH BS3KOCTH OTIPEAEIAETCS
SHEPrUsl aKTUBALMM JJI MOJIEKYN >KMJIKOCTH. DHEPrus aKkTHUBAIUsl CPaBHUBAETCS C HHEpruei
CBSI3U, TEIUIOTOM UCHApEHHS U SHEPTUEH MOBEPXHOCTHOTO HATSHKEHUSI.

17. Bakyym.

W3y4aroTcst OCHOBHBIE METOIbI MOJTYUYCHHS U U3MEpPEHUs Bakyyma. Vccrenyercs 3aKkoH OTKauKu
B BSI3KOCTHOM PEKUME TP OTKauke (POpBaKyyMHBIM HACOCOM M 3aKOH OTKaYKH B KHYJCEHOBCKOM
peXUME TpU  BBICOKOM BakyyMe (C moOMOIIbI0 AU(PQPY3HOHHOTO MACIASHOTO MU
TypOOMOJIEKYJISIPHOTO HAacocoB). M3MmepeHHe HU3KOro BaKyymMa MPOBOJUTCS MACISHBIM,
TEPMOMNApHBIM U TEPMOPE3UCTOPHBIM BaKyyMMETpaMmH. BBICOKHMN BakyyM H3MepsTCs
MOHU3AIMOHHBIM U MAarHETPOHHBIM BaKyyMMETPaMH.

18. duddysus.

Hccnenyercs B3auMHas 1uddy3usi BO3AyXa U Tellusl Yepe3 TOHKYI0 TPYOKY, COSIUHSIONIYIO JBa
cocyna. KoHIEHTpaluu Tra30B U3MEPSIOTCS TEPMOPE3UCTOPHBIM JTAaTYUKOM IO Pa3HOCTH
TEIUIONPOBOAHOCTH cMecH. Mccenenyercss npUMEHUMOCTh 3akoHa ®Duka W 3aBUCHUMOCTD
koad¢uimenTa B3auMHoi 1uddy3uu ot AaBIeHUs

19. TernonpoBoAHOCTb.

I/ICCJ'IG,I[yeTCH 3aBUCHUMOCTH KOS(l)(bHHHCHTa TCIUIOIIPOBOAHOCTH BO3[yXa OT TEMIICpATypbl U
JaBJICHU. I/ISMCpCHI/IH MIPOBOAATCS IO HAI'PEBY IIPOBOJIOKH, 3aKJIIOYCHHOM B HUJIMHAPHUYCCKYHO
BO3YLIHYIO 060H0‘{Ky. TeMnepaTypa BHEIIHEH 000J0YKH KOHTPOJUIUPYECTCA TEPMOCTATOM,
TEMIICpATypa IMPOBOJIOKU OMPCACIIACTCA 110 3aBUCUMOCTH COIIPOTHUBIICHUS MaTCpHajia IIPOBOJIOKU
OT TCMIICPATYPBHI. HpI/I HU3KOM JaBJICHHUU UCCIICAYCTCA ABJICHUC TEMIICPATYPHOI'0 CKa4YKa BOJIM3HU
IMIPOBOJIOKHU.

20. MonexynsipHbl€ SBJICHUS.

I/ICCJ'ICI[YIOTC}I MOJICKYJIAPHBIC MPOLCCChI B CUJIIBHO PA3PCIKCHHBIX TIa3ax. I/I3y‘IaCTCH mnponecc
SJICKTPOOTKAYKH --- IMOITIOMCHUS YaCTUIl I'a3a aHOJAOM B PE3YJIbTATC MOHU3ALUHN 3JICKTPOHHBIM
yaapowMm. I/I3Mep$ICTC$I AaBJICHUC HACBIMICHHBIX ITAPOB TYTOINUIABKHUX MCETAJUJIOB IO H3MCHCHUIO
JAAaBJICHUS IPpHU HArp€BE TOKOM 06pa3ua B BaKyyM¢€.

21. 3amura pabot

[IpoBepsieTcst 3HaHWE CTYAEHTaMH OCHOB OOpaOOTKM pPE3yJbTaTOB SKCIEPUMEHTOB. 3alinTa
pador.

22. Onpenenenne CP/CV razos.

N3mepsieTcs nokazatenp aguadarsl merogamu Kinemana-JlesopMa U akyCTHUECKOIO PE30HAHCA.
Boluncnsiercss 3Hau€HHWE CKOPOCTH 3BYyKa. V3MepsitoTcs mapameTpbl U UX 3aBHCHUMOCTH OT
TEeMIIepaTyphl AJi1 BO3AyXa U YIJIEKUCIIOTO rasa.

23. ®a3oBble NEPEXOBI.

C mnomompl PTYTHOTO MaHOMETpa H TEPMOCTAaTa H3MEPSETCS 3aBUCHUMOCTh JaBJICHUS
HACBIIICHHBIX TApOB OT TEMIEPaTyphl IS BOABI M cnupTa. [lo momydyeHHOW 3aBUCHMOCTH
BBIYHCIISIETCS TETUIOTA TAPOOOPa30BaHUS COOTBETCTBYIOIINX JKUIKOCTEH.

24. 3ammura pabot



[IpoBepsieTcsi 3HaHME CTYICHTAMH OCHOB OOpaOOTKH pe3yJbTaTOB AIKCIICPUMEHTOB. 3aIlInTa
pador.

25. PeanpHble Ta3bl.

Uccnenyercsa apdext xoyns—Tomcona npocaunBaHus ra3a 4epe3 MopUCTyIO ePeropoaKy Ass
JIJEKUCIOro rasza. Pa3HOCTh Temmeparyp u3MepsieTcs TepMomnapoil.  Berawmcnstorcs
koaddurmenter JHxoyns—ToMcona u mapamerpsl ra3a Ban-nmep-Baanbsca. Ilo m3mepeHHBIM
napaMerpaM IMpPOU3BOJUTCS OLIEHKA KPUTHYECKHUX MapaMEeTpOB ra3za U TeMIlepaTypbl HHBEPCUU

ahdexra.

26. [loBepXxHOCTHOE HATSKEHUE.

Uzmepsiercs koG humeHT HOBEPXHOCTHOTO HATSHKEHUS Pa3IMUHbIX KUAKOCTEH (BOJIBI U CIUPTA)
B 3aBUCHUMOCTH OT TemIiepaTypsl MetoioM Pebunaepa. Onpenensercs noiaHas cBOOOIHAs SHEPTUs
MOBEPXHOCTHU U TEIJIOTa 00pa30BaHUsl €IUHUIIBI TOBEPXHOCTH.

27. TemnoeMKOCTb.

H3mepsieTcs TEMIOEMKOCTh TBEPBIX TE U TEIIOEMKOCTh ra30B MPU MOCTOSHHOM JIaBIICHUU IS
pa3IMYHBIX pacxoAoB. TeMieparypa TBepA0ro Tela u3MepseTcs M0 3aBUCUMOCTH COTIPOTUBIICHUS
HarpeBaTess OT TeMIiepatypsl. TeMieparypa raza u3MepsieTcsi TepMOIapou.

28. 3amura padbot

[TpoBepsieTcst 3HAaHWE CTYACHTAMH OCHOB OOpa0OTKH pE3yabTaTOB SKCIEPUMEHTOB. 3alIUTa
pabor.

29. MaruutoMeTp .AOGCOMIOTHBIN BOJIBTMETP. MoaenupoBaHue IEKTPUIECKHUX TOJIEH.

OrnpezenieHre TOPU3OHTAIBLHONW COCTABJISIONICH MAarHUTHOTO TOJISI 3€MJIM, M YCTAHOBJICHUE
KOJIMYCCTBCHHOI'O COOTHOIICHHA MCXKAY CAWHHULIAMU IBJICKTPUUYCCKOIO TOKAa W HAIPSIKCHUSA B
cucremax CH u CI'C. 3yuyeHue 51eKTpoCTaTUYECKUX MOJIEH MPSIMOYTOJIbHOTO Ka0est, TNIOCKOTO
KOHJIEHCATOpa, YEThIpeX 3apsyKEHHBIX [HJIMHAPOB Ha 3JIEKTPOIIPOBOIHON Oymare.

30. CHCKTpBI QJICKTPUYCCKUX CUTHAJIOB. Boanogoz. Cunres DJICKTPUYCCKUX CUTHAJIOB.

W3yueHne CHEeKTpaJbHOIO COCTaB MEPHOAMYECKUX dJIEKTPUUYECKUX CHUTHaloB. M3ydeHue
BO3MOXKHOCTH CHUHTE3WPOBAHUS MEPUOTUYECKUX HJIEKTPUUYECKHX CUTHAJIOB MPH OrPaHUYEHHOM
HaOOpe CHEeKTpaJbHBIX KOMIOHEHT. (O3HaKOMJIIEHHE C OCOOEHHOCTSMU pacHpOCTpaHEHUs
SJICKTPOMAaroHuTHLIX BOJIH B BOJIHOBO/JEC, annapaTypOI‘/'I H MCETOJaMH H3MCPCHUA OCHOBHBIX
XapaKTEPUCTHK MPOTEKAIOIINX TPH STOM IPOIIECCOB.

31. MarnetpoH (1 ¢poxycupoBka). 3akoH TpEX BTOpbIX. OnbIT MIIITHKEHA.

Omnpenenenne OTHOMICHUS 3apsijia IEKTPOHA K €r0 Macce METOJJOM MarHUTHOW (POKYCHPOBKH U
MeToioM MarHeTpoHa. OmpesereHne yaelbHOTO 3apsa dJCKTPOHAa Ha OCHOBE 3aKOHA «TPEX
BTOPBIX» U1 BAKYYMHOTO H0/1a. VI3MepeHune 2IIeMeHTapHOTO 3apsiia METOJ0M MAacCIISTHBIX Kareyb
10 WX JBIDKEHHUIO B BO3AyXE MO JEHCTBUEM CHJIBI TSHKECTH M BEPTHKAIBLHOTO JIEKTPUIECKOTO
TOJISL.



32. CnBur (a3 B 1ienu nepeMeHHoro Toka. Pesonanc HanpshkeHuil.Pesonanc TokoB.

I/I3yquI/Ie BJIMAHHA AKTUBHOT'O COIMPOTHUBJICHUSA, MHAYKTUBHOCTH U €MKOCTH Ha CABUT (1)33 MCXKOY
TOKOM M HaIIPsXXCHUEM B LECIIH IICPEMCHHOI'O TOKA. HCCJ’IC,I[OBaHI/Ie PE30HaHCOB HaprI)KCHI/Iﬁ u
TOKOB B IIOCJI€AOBATCIIBHOM H B IIapaJlICIIbHOM KoJie0aTeIbHOM KOHTYpax ¢ H3MEHSIEMOH
éMKOCTBI-O, IIOJIY4YCHHE aMIUIMTYJHO-4aCTOTHBIX U (1)330B0"13CTOTHBIX XapaKTCPUCTHK,
OonpeaAcICHNE OCHOBHEBIX ITapaMETPOB KOHTYPOB.

33. DddexT Xoma B moaynpoBogHukax . Iddext Xomra B MeTauiax. MarHeToconpoTHUBICHUE
MOJIYTIPOBOTHUKOB.

Uccnenosanue 3aucumoctu IJC Xosuia oT BeIMUMHBI MArHUTHOTO 11OJISI ITPU PA3IMYHbIX TOKaxX
yepe3 oOpasel 11 ollpeaeaeHus] KOHCTaHThl Xoiia. Mi3Mepenue noaBu»KHOCTU U KOHLEHTPALUU
HOCHUTEJIEH 3apsiaa B MOJYNPOBOAHUKAX U MeTaulax. M3MepeHne 3aBUCMMOCTH CONPOTUBIICHUS
MOJIYIIPOBOTHIUKOBBIX 00PA3I0B Pa3NIUIHOM (YOPMBI OT MHIYKIIMH MAarHUTHOTO TIOJIS.

34. CBobonnbie konebanus . Bemyxaennbsie konedanus . JIpobosoit mym . Koned. KoHTYyp ¢
HEJIMHEHHON EMKOCTBIO.

HCCHGI{OB&HI/IC CBO6OIIHI>IX U BBIHYXXICHHBIX KoJieOaHHi B SJICKTPUYICCKOM KoJIcOaTeIIEHOM
KOHTYPC. I/IBMepeHI/IC 3apsaa 3JICKTpPOHaA I10 ,Z[pO6OBOMy mymy. HSy‘lCHI/IC PE30HaHCHBIX CBOMCTB
HEJIMHEHHOT0 KOIe0aTeIbHOI0 KOHTYpa

35. Auna- u napamarueTuku. /lua- u mapamaraetuku. /ua- u mapamaraetuku. Ckua-3pQexr.

H3mepeHne MarHUTHOM BOCIHPHUHMYMBOCTH [Ua- W TapaMarHUTHOTO o0pasnoB. M3yuenue
TEMIEPAaTypHOIl 3aBUCHMOCTH MAarHUTHOW BOCHPUUMYHUBOCTH (peppOMarHeThka BBIIIE TOYKU
Kropu. HccnenoBanue NpOHUKHOBEHHUS MEPEMEHHOTO MArHUTHOTO MOJS B MEIHBIM MOJBIN
UTHHIP.

36. bannmucTryecknii ralbBaHOMETD.

W3zyuenue paboThI BBICOKOYYBCTBUTEIILHOTO 3epPKaJIbHOTO rajJbBaHOMETpa
Mal"HHTO:)J'IeKTpH‘-ICCKOﬁ CHUCTCMBI B PCKUMAX USMEPCHHA IMOCTOAHHOT'O TOKA U SJICKTPUUCCKOT'O
3apsia.

37. PenakcaunoHHbIi reHeparop. Tueromuii pa3psan . BeicokouacTOTHBIN pa3psa.

HccnenoBanue penakcallMOHHOTO I'eHepaTropa Ha CTa0MIUTpoHe. M3ydeHue BOJIbT-aMIEpHOU
XapaKTepUCTUKHM  HOPMAJIbHOTO  TJEIOIIero  paspsiaa.  V3yueHue  CBOWCTB  IUIa3Mbl
BBICOKOYACTOTHOT'O ra30BOT0 pa3psia B BO3JLyXe METOJIOM 30H/IOBBIX XapaKTEPUCTHUK.



38. Iletnsa rucrepesuca (auHamudeckuii meton) .Iletns rucrepesmca (CTaTUYECKUA METON).
ITapameTpoH./[BoiiHOE SIpMO .

W3yueHne nereib rucTepe3nca pa3inyHbiX (PeppOMarHuTHBIX MaTEPHAIOB B IEPEMEHHBIX MOJISX.
W3mepenue Ha4yalbHOW KPUBOW HaMarHMYMBAHHUS (PEPpOMArHETUKOB M TPEACIbHON IeTin
rucrepesuca Juis oO0pa3loB TOPOUAAIbHON (OPMBI, U3TOTOBICHHBIX W3 UUCTOIO Xeje3a WU
ctanu. M3ydyenune napaMmeTpuyeckux KojaeOaHuil B 2JIEKTPUUECKON LETIH.

39. 3amura pador

OOpaboTka TMOJYYEHHBIX SKCIEPUMEHTAJIbHBIX [aHHBIX. AHaJIW3 NPUYUH, MNPUBOISAIIUX K
omuOKaM H3MEPEHHUs, U pacyeT TMOrPEeUIHOCTeH HW3MEpEeHUsi HUCCIeyeMblX BEJIHYMH.
[IpencraBinenue mnpojenaHHoO pabOThl B BUAE HAYYHOrOo OTYeTa. 3alluTa MOJYyYEHHBIX
pe3ynbraToB. OOCYyXKAeHHE BOIIpOca MO BEIOODY.

40. Kompia Herotona. Matepdepomerp XKamena. Matepdpepomerp Penes.

HuTepdepeHiMoHHOe U3MEpPeHHe KPHUBHM3HBI CTEKISHHOM IMOBEPXHOCTH C IOMOIIBIO KOJIEI
Herorona. MHTEpdepeHIMOHHbIE M3MEpEHHs TOKa3aTesiell MPEIOMIICHUS Ta30B C MOMOIIBIO
untepdepomerpon Kamena u Pernes.

41. LlenTpupoBaHHbIC ONITUYECKUE CHCTEMBI. MonaenupoBanue OINITUYECKUX
npudopoB.Pedppakromerp A6Oe.

W3ydeHne MeTo10B onpezeseHus: (GOKYCHBIX paCCTOSHUN JIMH3 U CIOKHBIX ONTUYECKUX CHCTEM.
OrnpezenieHne XapaKTEPUCTUK ONTUYECKON CHCTEMbI, COCTABIIEHHON U3 TOHKUX JIMH3. M3ydueHue
ceprueckoil 1 XxpoMmatudeckoil abeppanuii. Mzyuenue mojaeneii 3putenbHbix Tpyo Kerepa u
["anunes u moaenu Mukpockomna. M3mepenue nokasarenei mpesomiieHus TBEPIbIX U KUIKUX TEJ
B MOHOXPOMAaTHYECKOM CBETE C OMOIIbI0 pedpakTomerpa AOOeE.

42. U3yudenue nasepa .

W3yueHre OCHOBHBIX MPHHLUUIOB pabOThl TelUH-HEOHOBOTO Jia3epa, CBOMCTB JIa3epHOTO
U3JIY4YEeHUsl U U3MEpPEeHHEe YCUIIEHUS JlazepHoil TpyOku. VccrienoBaHue COCTOSIHUS MOJSPU3ALUT
U3Iy4YeHus ja3epa Ha uccienyemoil TpyOke. HabGmromeHune MOIOBOH CTPYKTYpBI JIa3epHOTO
U3ITy4EHUS.

43. ludpakuus cera.

HccnenoBanue siBiaeHus audpaxmaun Openens u @paynrodepa Ha menu. M3yuenue BiausHuUsA
TUQPaKIUU Ha Pa3peIaonlylo ClIOCOOHOCTh ONTHYECKUX HHCTPYMEHTOB.

44. lonspuzauus.



O3HakOMIICHME C METOJaMH IIOJNyYEHHUS M aHajau3a IOJIIPU30BaHHOro csera. OnpexneneHue
mokaszaressi TIpeJoMiIeHust S00HMTAa uepe3 yroia bprocrepa. McciemoBanue —xapakrtepa
HOJSpU3alUU CBeTa B IPEJIOMIEHHOM M OTPak€HHOM OT cCTombl Jaydax. MccienoBaHue
UHTEepPEpEHIIMH TOIAPU30BAaHHBIX Jyded. OmpeneneHue HarpaBleHHUs BpAIIEHUS CBETOBOTO
BEKTOPA B AJUIMITUYECKH MOJISIPU30BAaHHOM BOJIHE.

45. Unrepdepennns Bomn CBY.

N3yuenne uHTEpPEPEHIIMH DIIEKTPOMArHUTHBIX BOJH MWJUIMMETPOBOTO JHara3oHa C
NPUMEHEHHEM JIBYX ONITUYECKUX HHTEP(PEPEHIIMOHHBIX CXeM. DKCIIEPHUMEHTAIBHOE OIpe/Ie/iCHIE
AJIMHBI BOJIHBI H3JIYYCHHA W IMOKA3aTClid IMPCIOMJICHUA JUDJICKTPHKA. BKCHepI/IMeHTaﬂbHaSI
IIpoBEpKa 3akoHa Maitoca.

46. ludpakuoHHbIE PEIIETKU (TOHUOMETD).

3HAKOMCTBO ¢ pabOTON U HACTPOHKON TOHHOMETPA U OTPeIeNIeHNE CIEKTPAILHBIX XapaKTEPUCTHK
aMIUTMTYAHOH peméTku. VMccnenoBanue criekTpa pTyTHOU aMiibl. OnpeeneHne CeKTpaaIbHbIX
XapakTepUCTUK (Pa3oBoil pemeTku (dIIenerra).

47. JIBoitHOE JTy4enpeIoMIICHHE.

I/I3y‘IeHI/IC 3aBUCUMOCTH I1OKA3aTCJIA IIPCIIOMIICHUA HEOOBIKHOBEHHOM BOJHEI OT HaIlpaBJICHUSA B
JABOAKOIIPCIIOMJIAIOIIEM KPpHUCTAJIIIC. OnpeﬂeneHI/Ie IJaBHBIX IOKa3aTeliel IIpCIIOMJICHUS B
KpucTaJlIC.

48. ludpakuus Ha yIbTPa3BYKOBBIX BOJTHAX.

W3ydyeHrne Audpakiuy cBeTa Ha CHUHYCOMAAIBHOM aKyCTHYECKOW peIETKe W HaOJoJIeHue
($a30Boii pEMIETKH METOI0M TEMHOTO TIOJIS.

49. Pazperi. cnocoOHOCTh MUKpOCKoTa (MeToa A66e).

Omnpenenenne AUQPPaKIMOHHOTO Mpejesa pa3pelieHnus o0beKTHBa MUKpOcKoma MeTogoM Ab0e.
Omnpenenenne mepuofa pPEmETOK MO UX MPOCTPAHCTBEHHOMY CIIEKTPY, MO H300pa)keHUIO,
YBEIMYCHHOMY C TIOMOIIBIO MOJEJIN MHKPOCKONA, a TakXke, IO OLEHKE pa3pelnaromeil
crocobHocTH MUKpockona. [IpocTpancTBeHHast pUIbTpays U MyJbTUIUTMIIMPOBAHHE.

50. 3amuTa pabot

OO0OpaboTKa TMOJYYCHHBIX JKCIEPUMEHTAIBHBIX JAHHBIX. AHAJIW3 MPUYUH, TPUBOAAIINX K
OmMOKaM M3MEpPEeHHs, W pacyeT MOTPEHIHOCTeH M3MEPEHHS HCCIICAYyEMBIX BEJINYHH.
[IpencraBieHue mnpojeNaHHOW pabOThl B BHAEC HAYYHOTO OTYETa. 3alluTa MOJYYCHHBIX
pe3yibTratoB. OOCYXICHHE BOIPOCA 110 BBIOOPY.



51. Dddexr [Tokkemnnca.

HccnenoBanne uHTEp(EpEeHIMU PacCcesHHOTO CBeTa, Mpoulenumero kpucrawl. HabmoneHue
M3MEHEHHUs XapaKTepa MOJISIpU3alliy CBETa MPU HAJIO)KEHUH Ha KPUCTAILT 3JIEKTPUUECKOTO TIOJIS.

52. 3amura pabor.

[TpoBepsieTcsi 3HaHHME CTYACHTaMH OCHOB OOpa0OTKHM pPe3yabTaTOB JKCIEPUMEHTOB. 3alluTa
pabor.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Oo0mas ¢pusnka: MexaHuKa

Heab AMCHUNIMHBI:

- UIBYUCHUC CTYACHTAaMH OCHOBHBIX 3aKOHOB KJIaCCHUYECKOH U pGHHTHBHCTCKOﬁ MCXaHUKH.

3agauu AMCHUINJINHBIL:
- 3HAKOMCTBO C 0a30BBIMH 3KCTICPUMEHTAIBHBIME (DaKTaMH B 00JIACTH MEXaHUYICCKUX SIBIICHUH;
- YCBOGHHE OCHOBHBIX KOHIEMIIHN, UCIOIB3YEMBIX AJIsi ONMMCAHUS MEXaHUYECKUX SIBICHUN;

- OBJIaACHHC HpOCTCﬁIHPIMH MAaTCMAaTUYCCKMMHU MCETOJaMM, ITO3BOJIAIOIIHMMH PCIIATh 3aJa4du
MCXAaHHUKH,

- pelleHue 3aa4, OXBaThIBAIOIINX OCHOBHBIE ITPUIIOKEHUS MEXAHUKH.
IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)

B pe3ynbrare ocCBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI

3HATh:

- YUCJICHHBIE MTOPAJIKH BEJIUYHH, XapaKTEPHbIE IS Pa3JINYHBIX MEXaHUYECKUX SIBJICHU;
- OCHOBHBIE 3aKOHBI KJJACCHYECKON U PEISITUBUCTKON MEXAHUKHU;

- IPUHLIUII OTHOCUTENBHOCTH [ anuies 1 NpUHIUI OTHOCUTENBHOCTH DNHIITEHHA;

- 3aKOHBI COXPAHEHUS YIHEPTHH, UMITYJIbCA U MOMEHTA UMITYJIbCA;

- 3aKOH BCEMUPHOTO TATOTEHUs U 3aKoHbI Kerepa;

- OCHOBBI IMHAMUKH BpaIlleHUs a0COIIOTHO TBEPAOTO TENa;

- OCHOBBI TEOPHH CBOOOHBIX, 3aTyXaIOIINX U BBIHYKJIECHHBIX KOJICOaHMUI;

- IPUHLIMIIBI ONTIMCAHUS MEXAHUYECKUX SBJICHUN B HEMHEPLHUAIBHBIX CUCTEMAX OTCUETA;
- OCHOBBI OIMCAHUS ABW)KEHUS UACATBHON U BA3KOM KUIKOCTH;

- OCHOBBI OITMCAaHUSI YIPYTUX CBOMCTB MaTE€PHAIIOB.

yMeTh:



- abcTparmpoBaTbCsi OT  HECYIIECTBEHHOTO IMPH  MOJICIUPOBAHUU PEATHHBIX (DU3UICCKUX
CUTYaLHi1;

- ACJIaTh NPaBUJIbHBIC BBIBOABI U3 COIIOCTABJICHUSA PE3YJILTATOB TCOPUHN U SKCIICPUMCHTA,
- HAaXOJAUTb 6e3pa3MepHLIe napaMeTphl, OMPEACIIAOIINE N3YIaEMOC SABJICHUC,
- IPOU3BOAUTDH YUCIICHHBIC OLICHKU I10 MOPAAKY BCIINYUHBI,

- JleNaTh KaueCTBCHHBIC BBIBOJBI NPU IEpPEeXoJlie K NPEACTbHBIM  YCIOBUSM B HM3Y4aeMbIX
npoOsemax;

- 00€ecIIeunTh AOCTOBCPHOCTD IMOJIYYa€CMBIX PE3YJIbTAaTOB;

- BUJICTh B TEXHUYECKUX 3aJ1a4ax (PU3HUECKOE COACPKAHHE.

BJIAJ1ETh:

- METOAaMU pelIeHus: GU3NYECKUX 3a]ad 10 MEXaHUKE;

- HaBBIKAMHU CaMOCTOSITeNIbHON paboThl B Oubinoreke u MHTepHeTe;
- HaBBIKAMH OCBOCHHUS 00JIBIIOr0 00BheMa HHPOPMALINY;

- Ky.]'H:TypOﬁ IIOCTAHOBKH U MOICIHUPOBAHHUA (1)I/IBH"ICCKI/IX 3ajJa4.

TeMbl U pa3jeiibl Kypca:
1. lunamuka BpalieHusi abCOIOTHO TBEPAOTO Tea.

OcHOBHOE ypaBHEHHE AMHAMUKH BpallleHUs aOCOJIIOTHO TBEPAOIO TeJa BOKPYT HEMOABUKHOMN
ocu. MomenT unepuuu. Teopema Ll teiinepa. Kunernueckast sHeprust abCot0THO TBEPAOTO Tea,
BPAILAIOLIEr0Cs BOKPYT HEMOABUKHON OCH.

CooTHo1IEHHE MEX1y MOMEHTaMU MHEPLHMHM OTHOCUTENIBHO TPEX B3aMMHO IEPIEHIUKYISIPHBIX
ocei. MOMEHT MHEpUHMH OTHOCUTEIBHO TOYKH. COOTHOLIEHME MEXIYy MOMEHTaMU HHEPLUU
IIOCKOW (pUTypbl. MOMEHTBI MHEPLIUU MPOCTEHIINX TEII.

JluHaMuKa MI0CKOTO JBMKEHUS a0COTIOTHO TBEPI0TO Tena. Kunernueckasi sHEPTUst IPH TUIOCKOM
nBiwkeHnn. CKaThIBaHUE TeJ BpallleHUs € HAKIOHHOW TuiockocTt. ['mpockom. I[lperneccus
TUPOCKOIIA oA JIGI\/’ICTBI/IeM CHUJIBI TAXKECTH.

2. MexaHuKa MaTepralbHOM TOUKH.

Cucrema ortcuéra. Panmyc-sexkTop dwactuubl. JlekapToBa, HLMIMHApPUYECKass U cdepuyeckas
cuctemMbl KoopAauHaTt. OCHOBHBIE MOHATHS KUHEMATHKU MaTepUaibHONM TOUKH: IepeMelleHue,
MT'HOBEHHAasi CKOPOCTh U yckopeHue. CpeqHui BEKTOp U CPEIHUI MOAYIIb CKOPOCTH.

Omnucanye IMJIOCKOTO JABHOKCHHA B HOHHpHOﬁ CUCTCMC KOOpAUHAT. I[yrosaﬂ KOOpAuHara.
Paznoxenue YCKOPCHUA HA TAHTCHIIUAJIIbHYIO 1 HOPMAJIBHYIO COCTABJISIFOIIHC.

KunemaTuka BparieHus abCoMOTHO TBEPAOTO TeJIa BOKPYT HETIOABHUKHOM OCH. YTIIOBast CKOPOCTh
U yriioBoe yckopeHue. CBsi3b yIIIOBbIX U IMHEHHBIX BenuduH. [1nockoe nBrkeHne TBEPAOro tena



KaK CyMMa IOCTYNaTeJIbHOIO0 U BpalllaTebHOro JBHXEeHHH. CBelleHHe IUIOCKOIO JIBUXKEHHUS K
BpallleHH0. MrHOBeHHas och BpalleHus. Cl0KeHue YriIOBbIX CKOPOCTEH.

3aKOH CIOXKEHUsS CKOpocTe M yckopeHui. 3akoHbl Hprotona. I[IpeoOpazoBanus [ anwies.
[IpuHimn otHocuTenbHOCTH ['anmuiesd. MMIynbC yacTUIbl U 3aKOH €ro u3MeHeHus. MMmynbc
CUJIbI. 3aKOH COXPAHEHUSI UMITYJIbCa.

Pabota u MOHIIHOCTb CHIJIBI. Kunernueckas OHEpIrus 4YaCTHIbl M 3aKOH e€ H3MEHEHUS.
KOHCGpBaTI/IBHBIe N HCKOHCCPBATUBHBIC CHIIBI, IMOTCHLIUAJIBHOC IIOJC CHJI, IIOTCHLOHUaJIbHAA
OHCPIHUs. Ilomxas OHEpIusa 4YaCTullbl B IOTCHHOMUAJIBHOM IIOJIE M 3aKOH e€ m3MeHeHHs. 3aKOH
COXpPaHCHUA SHCPIUH.

[ToreHManbHas SHEPrusl 4YacTULBI B LEHTPAIbHOM MoJje. [[puMeHenne K rpaBUTallMOHHOMY U
KYJIOHOBCKOMY IIOJISIM, K IIOJIF0 yIPYrod cuibl. [loTeHIManbHas SHEprusl YaCTULbI B I10JIE€ CUIIbI
TskecTu. OnpeesieHne CUilbl 10 BUY TIOTEHUHUAIbHON YHEPTUU.

3. MexaHuKa cucTeMbl YacTUll. 3aja4a JBYX Tell.

I_[eHTp MacCC CUCTEMbI 4aCTHII. ypaBHeHI/Ie JABHXXCHHA LICHTPA MacCC. I/IMHy.]'ILC CHUCTEMBbI 4aCTHII.
COXpaHeHI/IC HUMITYJIbCa SaMKHYTOﬁ cucrembl. Cucrema LHEHTpPa Macc.

JBr>KeHUE TOUKH C MEPEMEHHON Maccoil. YpaBHeHue Memepckoro. @opmyna [{1noakoBcKoro.

[TonHast MexaHUYeCcKas YHEPTUsi CUCTEMbl YaCTHUII, 3aKOH COXPAHEHHUS MEXaHWYECKOW SHEPTHH,
teopeMa Kénura.

38.,[[21‘121 ABYX TCJI: BBIACIICHUEC NBHUXKXCHUSA LCHTPA MACC, YPABHCHHUC OTHOCUTCIIbHOI'O JABUIKCHUS,
HpI/IBeI[éHHaH Macca. Kunernueckas SHEPTHA U UMITYJIBChI HaCTHUL B CUCTEME LICHTPA MACC.

Kunemaruka OMHapHBIX YNpYrux CTOJIKHOBEHUH. BekropHas nuarpamma umiyibcoB. CBA3b
YIJIOB paccesHus B CHCTEME LIEHTPa Macc U B JJabopaTopHoil cucteme. Heynpyrue cTOIIKHOBEHHUS.
ITopor peaknumu.

4. MomeHT uMItysibca. 3aKOH BCEMUPHOTO TAroTeHus. 3akoHbl Kemnepa.

MomMeHT HUMITYJIbCA YaCTUIBI K 3aKOH €TI0 U3SMCHCHUS. MoMeHT cuITBL. 3aKOH COXPAaHCHUS MOMCHTA
HMITYJIbCA. TeopeMa mromanaei. MoMeHT HUMITYJIbCa CUCTEMBI YaCTUIl U 3daKOH €TO U3MCHCHUS.
CoxpaHeHHe MOMCHTa HMITYJIbCa 3aMKHYTOﬁ cucteMbl. CBS3b MOMEHTOB HUMITyJIbCa B
na6opaTopH0171 CUCTEMC U B CUCTEMC LICHTpa MacC. MoMeHT HUMITYJIbCa B 3a1a4€ ABYX TCIJI.

3akoH BcemupHoro tarotenus. Teopema ['aycca. Ilpumenenue teopemsl ["aycca 11 HaX 0k 1eHUS
rPABUTALMOHHOTO MOJIS IPOCTEUILINX CUCTEM.

3akonsl Kemuepa, napametpsl opOoUThL, iepuo]] oopaienus. Kocmuueckue ckopocTu.

5. HemnepuuaibHbIe CUCTEMBI OTCUETA.

Heunepunansubie cucrembl orcuéta. Cuiibl MHEPLMH, BO3HHMKAIOIIME IPHU IMOCTYNATEIbHOM
JIBUKEHUH U TIpH BpaieHuu. [loTeHnmnanpHas SHEprusi YacTHUIIBl B TIOJIE IEHTPOOESKHON CHIIBI
WHEpUUU. 3aBUCHMOCTh Beca Tesia OT reorpaduieckoi mupoThl. OTKIOHEHNE MAAA0IIUX TEd OT
HamnpasieHus oteeca. Masatauk dyko.



6. CB0OOIHBIC, 3aTyXaIONINE U BRIHYK/ICHHBIE KOJI€OaHMsI, BOJTHBI.

OpHOMEpHBIE TapMOHWYECKHE KOJIeOaHHs: YpaBHEHHE IBIKEHHS M €ro oOIiee pelieHHe,
HayalbHbIE YCIOBUSA. AMIUMTyAa, (asza, vactota W mnepuoa konebanuil. Ilepmon mainbix
KOJICOAaHUH MaTEeMaTHYEeCKOTO MasiTHUKA M Tpy3a Ha npyxuHe. Maibie konebaHus (pu3n4eckoro
MasTHHUKA: TEepHoja KoiebaHuil, mpuBeAEHHAs JJIMHA, IeHTp kadaHus. Teopema [roiirenca o
B3aMMHOCTH TOYKH I10/IBECA M LIEHTPA Ka4aHHUsL.

3aryxarolmue OJHOMEpHbIE KoyeOaHHs B BA3KOW cpelie: ypaBHEHHUE ABMKEHHS U ero oouiee
peleHyre, HavyajibHble YCioBUs. Jlorapupmuueckuil JeKpeMeHT 3aTyxXaHusi U J1OOPOTHOCTb.
Arneproau4ecKoe ABUKEHHUE.

BrinyxeHHble KojeOaHUsI OJHOMEPHOTO TapMOHHYECKOTO OCHMIIISATOpA B BSI3KOH cpele Mo
JIeCTBUEM CHHYCOMAAJIbHOW BHEIIHEH CHIIBI: ypaBHEHHE JBM)KCHUS U €ro olliee pelieHue,
METO/ HeonpeAeaEHHbIX KO3 (UIMEHTOB, HaYallbHbIE YCIOBUA. Y CTAHOBUBIIMECS KOJIE€OaHUs,
aMIUTUTYZAA U (a3a yCTAaHOBUBILUXCS KOJIE€OaHUH, pE30HAHC.

Omnwncanue BOJIHOBOTO JBHMIXXCHUA, BOJTHOBOC 4YHMCIIO, (1)a30Ba51 CKOpPOCTb, 6ery1uHe Hn CTOA4YHUC
BOJIHBI.

7. Cneunaanaﬂ TCOPHUA OTHOCUTCIIbHOCTH.

HpI/IHLII/IH OTHOCHUTCIIBHOCTHU 9ﬁHIHTeI7[Ha, HE3aBUCUMOCTb CKOPOCTH CBE€Ta OT JABWIKCHUA
ucrounuka. Cucrema orcuéra B CTO. [IpeoOpazoBanus Jlopenna. MHBapuaHTHOCTH HHTEpBaIA,
ki1accudukamus uHTEepBanoB. CnenctBus npeoOpasoBaHuii  JlopeHIa: OTHOCHTENIBHOCTb
OJTHOBPEMEHHOCTH, COKpAaIlleHHEe MacIITaboB, 3aMe/IJICHHE BPEMEHHU. PelITUBUCTCKHN 3aKOH
cioxeHus ckopocreil. [IpeoOpa3zoBanue HanpaBiIeHNUsT CKOPOCTH.

Umnynsc u sueprusa yactunbl B CTO. IIpeoOpazoBanus Jlopenua ans umMmysiabca U SHEPTUU.
O¢pdexr [omnepa. Cucrema nentpa Macc B CTO. IloporoBas sHeprust mpu HeEyImpyrom
CTOJIKHOBEHUH JIBYX PEISATUBUCTCKUX YACTHLl. Y PaBHEHUE IBUKEHUS PEIATUBUCTCKON YaCTHIIBI.
JIBuKEeHME pESITUBUCTKON YacTHIBI B IIOCTOSHHOM OJHOPOJHOM MarHMTHOM IIOJIE; ABM)KEHHE
BJI0JIb CHJIOBBIX JIMHUN IIOCTOSIHHOTO OAHOPOJAHOTO MIEKTPUYECKOTO TTOJIS.

8. DIeMEeHTH MEXaHUKH CILUIOIIHOM Cpcabl.

Cxatue u pactsxkenue crepkHei. Koapouuuent Ilyaccona, 3akon I'yka, monyns HOwra.
BcecroponHee pacTspkeHMe W ckaThe. OHeprus ymnpyrou nedopmainuu. CkopocThb
pacnpocTpaHeHus IPOAOIbHBIX YIPYTUX Bo3MylleHuH. Jledhopmaniny caBura u KpydeHus..

[Tone ckopocteit, TMHUK U TPYOKH Toka. M neanbHas xuakoctsb. Y paBHenue bepuymim. ®opmyna
Toppuuennu. TpyOka IIuro. Pacxomomep Bentypu. Bszkocts, cuna Bsizkoro tpenus, Qopmyna
Ilya3zeiins, yucio PeliHonbaca.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Ob6mas ¢pusnka: onTuka

Heab AMCHUNIMHBI:

- OCBOCHHUC CTYyACHTaMU (1)I/I3I/IKI/I BOJHOBBIX SIBICHHUM M ONITHKHU.

3agauu AMCHUINJINHBIL:

- 3HAKOMCTBO C 0a30BBIMU IKCIEPUMEHTATBHBIMU (haKTaMd B OOJACTH BOJHOBBIX SIBIICHUH H
OIITHKHU;

- YCBOGHHE OCHOBHBIX KOHUEIIIH, BBIABUHYTBIX JJIsl OIMCAHUs BOJIHOBBIX SIBJICHU;

- OBJIaJICHUE MaTEMAaTUYECKUMU METOJaMH, IT03BOJISIFOIIMMHU PEIIATh BOJIHOBBIE YPABHEHHS;
- peleHne 3a1a4, 0XBaThIBAIOIINX OCHOBHBIEC MPHIIOKEHHS (DU3UKH BOJIH M OTITUKU.
IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)

B pe3ynbrare ocCBOCHUS AUCIUIUIMHBI 00YJarONIUecs JOIKHBI

3HATh:

- YUCJICHHBIE MTOPSAJIKH BEJINYMH, XapaKTEPU3YIOIINE ONTHYECKUE SBICHUS;

- OCHOBBI T€OMETPUYECKON ONTHUKHU;

- seneHus audpakuuu Openens u Opaynrodepa;

- T paKIMOHHBIN MpeeN pa3pelieHns ONTHYECKUX U CIIEKTPAIbHBIX TPHUOOPOB;

- IOHATHE NTPOCTPAHCTBEHHOW U BPEMEHHON KOTE€PEHTHOCTH;

- IPOCTpaHCTBEHHOE NIpeoOpa3oBanue Dypre B ONTHKE;

- OCHOBHBIE MPUHIUIIBI rojorpaduu;

- KJIACCUYECKYIO TEOPHUIO TUCIIEPCUN;

- OHATHUSA (a30BOM U IPYIIIOBON CKOPOCTH;

- (hopmyiny A mokazaress MpeIoMIIEHHSI BEIIECTBA B PEHTI€HOBCKOM JIMANa30He CIEKTPa;

- 9JICMCHTAPHBIC OCHOBBI KPUCTAJIJIOOIITUKH.

yMeTh:



- abcTparpoBaTbCsi OT  HECYIIECTBEHHOTO MPH  MOJACIUPOBAHUU PEATBHBIX (DU3UICCKUX
CUTYaLHi1;

- ACJIaTh NPaBUJIbHBIC BBIBOABI U3 COIIOCTABJICHUSA PE3YJILTATOB TCOPUHN U SKCIICPUMCHTA,
- HAaXOJAUTb 6e3pa3MepHLIe napaMeTphl, OMPEACIIAOIINE N3YIaEMOC SABJICHUC,
- IPOU3BOAUTDH YUCIICHHBIC OLICHKU I10 MOPAAKY BCIIMYNHBI,

- JleNaTh KaueCTBCHHBIC BBIBOJBI NPU IEpPEeXoJlie K NPEACTbHBIM  YCIOBUSM B HM3Y4aeMbIX
npoOsemax;

- 00€ecIIeunTh AOCTOBCPHOCTD IMOJIYYa€CMBIX PE3YJIbTAaTOB;

- BUJICTh B TEXHUYECKUX 3aJ1a4ax (PU3HUECKOE COACPKAHHE.

BJIaJIeTh:
- METOJIaMU pelieHust GU3NYECKUX 3a/1ad 1o IEKTPOIUHAMUKE;
- HaBBIKaMU CaMOCTOSITENIbHOM paboThl B 1aboparopuu, budianoreke u Muatepuere;

- HaBBIKaMU OCBOCHUS OOJIBIIIOTO 00beMa HH(DOPMAIIHH.

TeMbl U pa3jaeiibl Kypca:
1. 'eomeTpuueckast OnrTuka.

BonnoBoe YpaBHCHHEC KaK CJICACTBUC ypaBHeHI/Iﬁ Makcsenna. Ilmockue QJICKTPOMArauTHBIC
BOJIHBI. 3aKOHBI OTPAXXCHUA U ITPCIIOMIICHUA. HpeHOMHCHI/Ie CB€Ta Ha C(l)CpH‘lCCKOﬁ IMOBCPXHOCTH
pa3aciia AByX JUBJICKTPUUCCKUX CPCH. HapaKCI/IaJ'ILHOC HpI/I6J'II/I)KeHI/Ie. Tonkas u ToaCTasK IUH3EL.
OnTtuueckue HpI/I60pLIZ JIyna, TCJICCKOII, MUKPOCKOII. CaeToBOH INOTOK, CHUJIa CBCTA, SAPKOCTD,
CBCTHUMOCTD, OCBEIIIEHHOCTb.

2. T'omorpadwus.

BonHoBoe mone kak Cymepro3uiys IIOCKHUX BOJH Pa3HbIX HANpaBlIeHUH (IPOCTPaHCTBEHHOE
bypre--paznoxkenue). [IpocTpancTBeHHas 4acToTa, MPOCTPAHCTBEHHBIN criekTp. Judpakius Ha
CUHYCOMJANBHBIX pemeTkax. Teopuss A0Oe ¢opMuUpOBaHHS ONTUYECKOTO H300pakeHuUs
(mpuHIUN nBOMHON Audpakuun). SBiIeHne camopenpoaykuuu. Meroasl HaOIroAeHHS (Ha30BBIX
CTPYKTYp: MeToA TEMHOro moiisi u Metoi ¢a3oBoro koHtpacta. [IpeacraBnenue o ¢ypbe-
cnektpockonuu. [lpunnuner romorpaduu. ['omorpamma ['aGopa. 'omorpamma ¢ HakJIOHHBIM
OTIOPHBIM Ty4KOM. JleficTBUTENbHBIE W MHHUMBIC H300pakeHWs. Paspemraromas criocOOHOCTH
rojorpamMm. ITonstre 06 00bEMHBIX ToJ0rpaMmMax JleHucroka.

3. Hudpakuus Opayarodepa.

Kpurepuii nogobus audpaxinuoHHsx 3a1a4d. BonnoBoit napametp u uncino ®Openens. Paznuune
Mexay auppakmueit @penens u  gudpakuueit dpaynrodepa. ['paHUIBI NPUMEHUMOCTH
reomerpuueckoit ontuku. Audpaxmus dpaynrodepa Ha Kpyriiom oTBEpCTHH U Ha mienu. [lone B
(okanbHOMN MIOCKOCTH JIMH3BI. M pakIMOHHBIN Mpesien pa3pelieHus TeIeckona i MUKPOCKOTIa.

4. Nudpaxuus Openens.



[Tpuntun Troiirenca—®penens. ['pananunbie ycnoust Kupxroda. JudpakuuoHHeie 3amadu ¢
oceBoii cummMmerpueil. Crnimpans @penenst u 3086l PpeHensa. 3oHHbIE NMIACTUHKHU. JIMH3a Kak
mudpakunonnslii mpuodop. Audpakius Openens Ha menu. 3ous! Llycrepa. Materpansr @peneds.
Cnupans KopHro.

5. NHTepdepentius BoH.

[Tnockue u cepuueckue MOHOXPOMAaTHUYECKUE JIEKTPOMAarHuTHbIE BOJIHBI.
KBa3uMoHOXpOoMaTH4eCcKue BOJIHBI -- BOJIHOBbIE TaKeThl. J[IMHAa MPOCTPaHCTBEHHOU
KOT€PEHTHOCTH M BpeMsl KOI'€pEHTHOCTH KBAa3MMOHOXPOMAaTH4eCKOM BosiHbl. COOTHOIIEHHE
HeonpeaenéHHocTei "yacrora-Bpems’. Ctatuctudeckas npuposa "o0srgyHoro" ceera. Jlasepsr kak
UCTOYHHUKHA KOTE€PEHTHOTO CBETOBOTO M3iydeHHs. [IpuHImm cyneprno3unuu U uHTephepeHus
BOJIH. VHTepdepeHINOHHbIE ONBITHI U CcXeMbl. MHTepdepeHIrss MOHOXpOMAaTHYECKUX BOJIH,
MIUPUHA WHTEP(PEPEeHIMOHHBIX Mosioc. VHTepdepeHus KBa3MMOHOXPOMATHYECKUX BOJIH:
BpEMEHHasi KOTePEHTHOCTh U BUIHOCTh MHTEP(PEPEHIIMOHHBIX MOJ0C. MakcumanbHasi pa3HOCTh
XoJa B  MHTEP(EPEHIMOHHBIX  ONBITAX C  KBAa3UMOHOXPOMATUYECKHMMHU  BOJHAMH.
HHTepdepeHIIoHHbIe SIBICHUS JJs BOJH, HWCIYCKA€MBIX TPOTSHKEHHBIMA HCTOYHUKAMU:
IPOCTPAHCTBEHHAs] KOTEPEHTHOCTh M BHUAHOCTh HHTepdepeHunonHsx monoc. "lHupuna
("paaunyc") mpocTpaHCTBEHHON KOI'€pEHTHOCTH.

6. CriekTpanbHble TPUOOPHI.

Judpaknuonnas pemierka, wuHTepdepomerp Dadpu—Ilepo, mnpusma. XapakTepUCTUKU
CIIEKTPAJIbHBIX MPUOOPOB: paspemiaroniasi cnocoOHOCTh, 00JacTh Aucnepcuu. JudpakimoHHbii
npezen pa3pelieHusl CIEKTPaIbHBIX NPHOOpPOB. Jnupakuus pEeHTTEHOBCKUX BOJH, YCIOBHE
bparra--Bynbda.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukaagabie MaTeMaTHKA U (PU3UKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Oo0mas ¢pusnka: TepMOAUHAMHUKA U MOJIEKYJIAPHAsA Pu3uKa

Heab AMCHUNIMHBI:

- TEPMOJMHAMUKA 1 MOJIEKYJIsIpHas (prU3HKay ABISETCS N3yYSHHE CTYIEHTaMH OCHOBHBIX 3aKOHOB
TEPMOJIMHAMHUKH U MOJICKYJISIPHOU (DU3HKH.

3agauu AMCUUIIINHBIL:

- 3HAKOMCTBO C 0a30BBIMH OKCIICPUMCHTAJIbHBIMU q)aKTaMI/I B 00J1aCTH TEIUIOBLIX U MOJICKYJIAPHO-
KHHECTHYCCKHUX ﬂBJICHHfI;

- YCBOCHUC OCHOBHBIX KOHH@HHHﬁ, HCIOJIb3YEMbIX IJI OIMMCAHUSA TCIJIOBBIX U MOJICKYJISIPHO-
KHHCTHYCCKHX HBHeHHﬁ;

- OBJIQJICHHE IIPOCTEUIIMMH MATEMaTUYECKHMMM METOAAMHM, ITO3BOJSIOIIMMM DPEIIATh 3a1a4u
TEPMOJUHAMUKHU U MOJIEKYJISPHON (PU3UKHY;

- pelICHUE 3aJla4, OXBATHIBAIOIIUX OCHOBHBIC MPUIIOKEHUS TEPMOJMHAMHUKU U MOJICKYIISIPHOMN
bU3HKH.

ITepedyenb miIaHMpPyeMbIX pe3yJIbTATOB 00y4eHHS MO JUCHHUILINHE (MOAYJIIO)
B pe3ynbrare 0CBOCHUS AUCITUTUTMHBI 00YJarOITUECs JOMKHBI
3HATh:

- YHCJICHHBIC TIOPAAKHW BCIWYWH, XAPAKTCPHBLIC I Pa3JIMYHBIX TCIIJIOBBIX W MOJICKYJISIPHO-
KHHETHYCCKHUX ﬂBJ'ICHHfI;

- OCHOBHBIE 3aKOHbI TEPMOJANHAMHUKHI U MOJIEKYJISIPHOM (DU3HKH;

- IEpBOE, BTOPOE U TPEThE Hadyajla TEPMOJIUHAMUKY;

- YpaBHEHHUs COCTOSIHUSA UACAIBHOIO ra3a u raza Ban-nep-Baanbca;

- OCHOBHBIE TEPMOJIMHAMUYECKHUE TOTEHINAIIBI,

- CTATUCTUYECKUU CMBICIT OHTPOIINH,

- pacnpenenenus Makcgeina u bosbimana;

- 3aKOH PaBHOMEPHOTO paclpe/ieleHusl SHEPTUH 110 CTENEeHSIM CBOOOIbI;
- (pusmyeckyro cymHOCTh (Pa3zoBBIX MEPEXOOB MIEPBOTO U BTOPOTO POAa;

- 3aKOHOMEPHOCTH siBJIeHUH nepeHoca (auddy3uu, BAI3KOCTH, TEIUIONPOBOAHOCTH);



- 3aKOHBI OPOYHOBCKOTO JIBUYKEHUSI.

yMeThb:

- abcTparupoBaTbCs OT HECYIIECTBEHHOTO IIPH MOJICIUPOBAHUM PEAJbHBIX (PU3NUECKUX
CUTyalui;

- ACJIaTh IIPpaBUJIBHBIC BBIBOABI U3 COIMOCTABJICHUA PE3YJIbTAaTOB TCOPHUU U OKCIICPUMCHTA,
- HAaXOJAUTb 6e3pa3MepHLIe napaMeTphl, OMPEACIIAOIINE N3YIaEMOC SABJICHUC,
- IPOU3BOAUTDH YUCIICHHBIC OLICHKU 110 MOPAAKY BCIUYNHBI,;

- JIeNaTh KA4YeCTBEHHBIC BBIBOJBI IPH IEPEX0Jie K IMPEICIbHBIM YCIOBHSIM B HM3y4aeMbIX
npoOsemax;

- 00ecreunTh JOCTOBEPHOCTD M0JIy4aeMbIX PE3YJIbTATOB;

- BUACTh B TCXHUYCCKHUX 3aJadax (1)I/ISI/I‘ICCKO€ COACPIKAHUC.

BJIAJIETh:

- METOAaMH pelleHus GU3NYECKUX 3a/1a4 [10 TEPMOJANHAMUKE U MOJIEKYJISIPHON (hU3HKeE;
- HaBBIKAMHU CaAMOCTOSITENIHOM paboThl B Oubnmoreke u MHTEpHETE;

- HaBBIKAMH OCBOCHHUS 00JIBIIOr0 00heMa HHPOPMALIUH;

- Ky.]'H:TypOﬁ IIOCTAHOBKH U MOICIHUPOBAHHA (1)I/IBH"ICCKI/IX 3ajJa4.

Tembl U pa3ensl Kypca:
1. I'a3 Ban nep Banbca.

VpaBuenune Ban nep Baansca. M3otepmsl raza Ban nep Baansca. Kputnueckme nmapamerpsl.
[TpuBenénHOe ypaBHEHHE. 3aKOH COOTBETCTBEHHbIX cocTosiHui. Temneparypa boins. [Ipasuiio
Makcsemnna.

BHyTpeHHsis sHEpTUs, TEIIOEMKOCTH , U SHTpomus ra3a Ban nep Baannbca. Anunabatudeckuit u
MOJMTPONUYECKHH Tporiecchl uist Ta3a Ban nep Baanbsca. Aanabatudeckoe pacmupenue rasa Ban
nep Baanbca B BakyyMm.

Wnrerpanbubiit 3pdext Ixoyna-Tomcona nis raza Ban gep Baanbca. Kpuas uHBepcun
MHTETpaIbHOTO 3(dexTa B NpuBEAEHHBIX NepeMeHHbIX. Juddepentmanbubiii 3¢ dext Ixoymns-
Tomcona ans raza Ban nep Baanbca. KpuBas mnBepcun auddepenuunanbHoro sddexra B
MPUBEIEHHBIX MEPEMEHHBIX.

2. Kunetnueckue BJIEHUS.

[TpoxoxaeHue Mmydka 4acTUIl Yepe3 ra3 HEMOABHKHBIX paccenBaresiell (Mo1eb TBEPIBIX IIIapOB).
Pacnipenenenne mo mpoberam m ero cBoicTBa. ['azokmHeTrnyeckoe ceueHue. CpemHsisi niuHA
cB0OOOTHOTO TIpo0era YacTUIlbl B "CBOEM" Tra3e U B CMECH JIBYX T'a30B.



Bsizkocte raza. TemmonpoBogHoCTh,  3akoH Dypre. KoaddumnmeHT TenmionpoBoaHOCTH
0JIHOATOMHOTO Ta3a.

B3anmuas nuddysus aByx raszos, 3akoH Puka. Koapdumment muddysun. Jubdys3us kak
mpolecc ciy4aiiHoro Omyxnaanus. Dopmyna DWHIITEHHA Ui CpEIHETO KBaJpara CMEIICHUS
yacTULIbI 32 3a1aHHOe BpeMsl. [lonBukHOCTh. CBSA3b MOABUKHOCTH € KO3 dunmeHToM muddy3uu.
[TonBUKHOCTH OPOYHOBCKOM YaCTHUIIBI.

SIBnenust mepeHoca B paspexEHHbIX razax. Jddexr Kuyacena. Dddy3uonHoe pazneneHue
ra3oBbIX cMecell. TeueHue pa3peKeHHOro rasa uepes Tpyoy.

3. OcHOBHEBIE 3aKOHBI TEPMOANHAMUKHU.

['a3oBbie 3aKkOHBI. AOCOJIOTHAs TeMIeparypa. YpaBHEHHE COCTOSHHS HJEaJbHOrO Tasa.
ITocTostnHas bonbimana. [lepsoe Hagao TepMoguHaMuKU. PaBHOBECHBIE U KBa3UPAaBHOBECHBIE
nporeccel. OOmee BeIpakeHHe i pabOThl Ta3a MPU PaBHOBECHOM Imporiecce. Pabora mpu
M30TEPMUYECKOM PACLIIMPEHUH UJleanbHOro rasa. l{ukinuyeckue npoueccel. TenaoBoi qBUratess,
XOJIOJMIIbHASI MAIIMHA, TEIUIOBOW HACOC U XaPaKTEPUCTUKH UX I(P(PEKTUBHOCTH.

Temnoémkocts. He3aBUCHMOCTh BHYTPEHHEH dHEPIHH UACANBHOTO ra3a oT 00béMa. YpaBHEHUE
Maiiepa. Anuabatuueckuii ¥ TOJUTPONMYECKUN TPOIECCHl (UIOCaNbHBIN ra3). YpaBHEHUE
bepnymiu ans anmumabatuyeckoro TedeHWsl uieanbHOro raza. CKOpOCTh HCTEUEHHUS rasza u3
otBepcTHsi. CKOpOCTh 3ByKa B raszax.

Bropoe navano tepmonunamuku. IlepBas Teopema Kapno. PaBenctBo Kiaysuyca. DHTpornus.
OHTponusi uaeanbHOro Traza. OO0benMHEHHOE ypaBHEHHWE TMIEPBOIO W BTOPOro Hayval
tepmoauHamuku. HepaBenctBo  Kiaysuyca. Bospacranue »sHTponuu — aauabdaTuyecKu
M30JIMPOBAHHOMN CUCTEMBI. ArabaTudyecKoe paclIupeHre aealbHoro raza B BakyyM. Ilapagokc
['n606ca. HeBO3MOXXHOCTh CYIIIECTBOBAHMSI BEUHOTO JBUTATENsl BTOPOro poja. Bropas teopema
Kapro. Bepxnss rpannna KIIJ[ mpon3BoabsHOTO nUKIIA.

TepMoaMHAMUYECKHUE TOTEHIMANBI. DHTANBIUS, CBOOOJIHAS JHEPrus, MOTEHIHAN (dHEPIus)
['u66ca. CoorHomienuss MaxkcBemna.  CrencTBUs COOTHOIIEHHMN MakcBena: 3aBHCHUMOCTh
BHYTPEHHEN DHEPrUU U TEIIOEMKOCTH TOMOTEHHOW CHUCTEMBI OT 00BEMa, Pa3HOCTh
M30TEpMUYECKOe U afuabaTudyeckoe ckaTue Kuakocted. TepmomaumHamuka aedopMaruu
CTEpKHEM.

Tperbe HayaO TEPMOJUHAMUKHU U €TO CIEJCTBUSA: OOpalleHuEe B HYJb MPU  TEIJIOEMKOCTEH,
Koo duimenTa TEIUIOBOTO PACHIUPEHUS H  TEPMHUYECKOTO KOIPPUIIMEHTA JaBJICHUS;
HEJIOCTH)XHUMOCTh a0COIFOTHOTO HYIISL.

4. IToBepXHOCTHBIE SBJICHUS.

HOBCpXHOCTHOC HaTsAXKCHUC, (I)opMyna Jlammaca. TepMO,I[I/IHaMI/IKa MMOBCPXHOCTHOT'O HATSXKCHUS.

3aBHUCHUMOCTH JaBJICHUS HACBIIICHHOTO IMapa OT KPHUBU3HBI MOBEPXHOCTHU KUAKOCTH. Kunenue.
Pons 3apoapimeit mpu o6pa3zoBaHU HOBOM (pa3bl.



5. Cratuctudeckue pacnpenesieHus. Teopus TermnoéMkocTel. @IyKTyaluu.

Pacnpenenenne MaxkcBenna (pacmpeneneHue MOJEKya 1o (u3uyeckn OECKOHEYHO MallbIM
o0béMaM mpocTpaHcTBa ckopocteit). CpeaHeKkBaIpaTuiHas CKOpOCTh. Pacpenenenrne MoIeKy
110 KOMITOHEHTaM 1 a0COJIIOTHBIM 3HaYeHUsM cKopocTu. Haubonee BeposiTHast CKOPOCTh, CPEaHUN
MOJ1yJIb CKOPOCTH.

Ywuciio CTOJIKHOBEHUH MOJICKYJ ¢ €UHUIICH IIJIOIMAId CTEHKH 3a eauHUIly BpeMeHu. CpemaHsis
SHEPTHs MOJIEKYJI, BBUICTAIOIINX B BAKyYM 4epe3 Majoe OTBEPCTHE.

PaBHOBecme ra3a BO BHEIIHEM IOTeHIMaTbHOM moine. Pacnpenenenne bonpnmana.
bapomerpudeckoe pacnpeneneHue.

Pacnipenenenne ['mG6ca. OKBUBAJICHTHOCTh ~ CTaTUCTUYECKOW M  TEPMOJMHAMUYECKOMN
temriepatyp. Craructuueckuii cmbicin dSHTpornuu CTaTHCTHYecKas cymMMa W €€ CBS3b C
TEPMOJIMHAMUYECCKUMH TTOTCHITHATIAMH.

DneMeHTbl KBaHTOBOW TeopuH TerioéMkocTell. CTaTucTuyeckas cymMma, BHYTPEHHSS SHEPTHUS U
TEIUIOEMKOCTh ~ JIByXaTOMHOTO  HJ€aJbHOTO ra3za. XapaKTepUCTUYECKHE TEMIIEpaTyphl.
Knaccuueckuii 3akOH pPaBHOMEPHOTO pACIpPEEICHUsT HSHEPTUM IO CTENEHSM CBOOOJBI.
Temnoémkocts kpuctamion (3akoH [lrononra—IITn).

OnyKkTyallud 4Mcia 4acTULl B 3aJlaHHOM 00bEMe HjaeanbHOro rasza. Puykryauuu odbéMa H
TeMIreparypbl. 3aBUCUMOCTb (UIYKTYyallMii OT 4YMcia yacTUll. TepMoJuHamMHyecKas Teopus
duykTyanuil. Bausiaue guiykTyaruii Ha 4yBCTBUTEIBHOCTb U3MEPUTENIBHBIX TPHOOPOB.

6. ®a30BbIE IPEBPAIICHHUS.

OKcTpeManbHOE CBOMCTBO TepMOAMHAMHUYecKoro mnoreHiuana ['mG6ca. YcinoBus paBHOBecHs
IByX ¢a3. Xumuueckue noreHnuansl. Kpusas paBHoBecus. YpaBHenue Knaneiipona-Knaysuyca.
®da30BbIe EPEX0bl IEPBOrO U BTOPOTO PoJa.

JnarpaMma COCTOSHMHM CHUCTEMBI KUAKOCTb-mlap. Kpurnueckas touka. IIpaBuno psryara.
3aBUCHMOCTb JIaBJICHMS HACBIIIEHHOTO Iapa OT TemrepaTypbl. Temnmo€MKOCTh HACHIIIEHHOTO
napa. 3aBUCHUMOCTb TEIJIOTHI (Da30BOro mepexoaa OoT Temreparypsl (o0liee ypaBHEHHE U €ro
pelIeHne I CUCTEMBI J)KUJIKOCTh-TIap BAAJIN OT KpUTHUECKON TOUKN).

VYcroitunBocTh (ha3. MeTactabunbHble cocTOsSHUS. JlnarpaMma COCTOSTHUIM CHCTEMBI JIEA—BOa—
nap. TpoitHas Touka.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Oo0mas ¢pusuka: 3JIeKTPUIECTBO U MATHETU3M

Heab AMCHUNIMHBI:

- OCBOCHHC CTyACHTaMH OCHOB KJIaCCHUYECKOM QJICKTPOAUMHAMHUKU U 3HAKOMCTBO CTYICHTOB C
9JICMCHTAMH1 OIITUKH U TCOPHUH I10JIA.

3agauu AMCUUIIINHBIL:

- 3HAKOMCTBO C 0a30BBIMH 3KCICPUMEHTAIBHBIMU (DaKTaMH B OOJACTH DJICKTPUYECTBA H
Mar"HeTusMa;

- YCBOCHHC ypaBHeHI/Iﬁ Makcaennaa B BAKYYMC U B MATCPUAJIBHBIX Cp€aax, ONHNCHIBAOIINX BCC
QJICKTPOANMHAMUYCCKUC ABJICHH,

- OBJIAAICHUC MAaTEMATUICCKNMU MCTOAaMH, ITO3BOJIAIOIIMMHU pCIIaTh YPABHCHUSA MaKCBeJIJIa;
- pC€UICHUC 3aaa4, OXBAaThIBAIOIIUX OCHOBHBIC IIPHUIIOKCHHA SJICKTPOAUHAMUKU.

IlepeyeHb MuIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 110 JUCHHUILJIMHE (MOYJIIO)

B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI

3HATh:

- YUCJIEHHBIE MTOPAJIKH BEJINYHH, XapaKTEPU3YIOIHE NIEKTPUUECKUE U MArHUTHBIE SIBIICHNUS;
- OCHOBHBIE 3aKOHBI JJIEKTPOJMHAMUKH B BaKyyMe U BellecTBe (ypaBHeHUs1 MakcBea);

- 3aKOHBI DJIEKTPOCTATUKN U MAarHUTOCTATUKU;

- SIBJICHUE DJICKTPOMarHUTHOM WHIYKLIHH;

- BBIPAKEHUE 3aKOHA COXPAHEHUSI SHEPTUHU I JIEKTPOMArHUTHOTO IOJIS;

- KBa3UCTallMOHAPHBIE DJIEKTPOMATrHUTHBIE SIBJICHMS,

- SJIEMEHTapHYIO TEOPUIO BOJIHOBOJIOB M OOBEMHBIX PE30HATOPOB;

- OCHOBHBIC IIOHATHA O IINIa3MC€.

yMeTh:

- abcTparupoBaTbCs OT HECYIIECTBEHHOTO IPU MOJICIUPOBAHUM pPEaTbHBIX (U3NYECKUX
CUTyaLun;



- JIenaTh MPABUIIbHBIE BBIBOJIBI U3 COMOCTABICHUS PE3YIbTaTOB TEOPUH U SKCIIEPUMEHTA;
- HaXOAUTH Oe3pa3MepHbIe TapaMeTPhl, ONPEICISIONINE U3Y4aeMOe SIBICHUE;
- IPOU3BO/IUTh YUCIICHHbIE OLIEHKH 110 MOPAIKY BEIUYNHBI;

- JCJaTb Ka4YC€CTBCHHBLIC BBIBOJAbLI IIpHU MNEPCXOAC K MNMPCACIbHBIM YCIOBHAM B H3Y4YaCMbIX
npoOemax;

- 00€ecIIeunTh JOCTOBCPHOCTD IMOJIYYa€MBIX PE3YJIbTAaTOB;

- BUJCTh B TCXHHYCCKHX 3aJadax (1)I/I3I/ILIGCKOC COACpIKaHHUEC.

BJIA/I€Th:

- METOAAMHU pelIeHUs GPU3NYECKUX 3a]1ad MO AJIEKTPOAUHAMHUKE;

- HaBBIKAMHU CAMOCTOSITENIbHOM paboTHI B 1aboparopuu, oubanorexe u aTepHere;
- HaBBIKaMU OCBOEHHSI O0JIBIIOTO 00beMa HH(POPMAIHH;

- KyJbTYpPOH IOCTAaHOBKU U MOJIEIUPOBAHUS PU3NUYECKUX 3a/1a4.

TeMbI U pa3jeiibl Kypca:
1. MarauTocTaTHKa.

3akoH AmIiepa B3aUMOJEHCTBUSI TOKOB. MarHMTHOE IOJ€ MOCTOSHHBIX TOKOB B BAKyyMe€ Kak
BekTOpHOE moJie. Muaykiust \ MmarautHOrO mojisi. 3akon buo-CaBapa-Jlamiaca. Cuiisl AMmiiepa u
Jlopenma. MarnautHOoe mosie npsmoro npoojaa.. Exununbr CI'CD u CI'CM. OmnsiTr Bebepa-
Konppayma u »nekTpoauHaMuyeckas MOCTOSIHHasg .. MarHuTHOE I0J€ BUTKA C TOKOM.
MarnuTtHoe moisie coieHouaa. Teopema O HUPKYJISIIUM MAarHUTHOTO MOJS B MHTErPajbHON U
muddepeHnmansHoi popmax. MarHUTHOE MoOJie MPOBOJHUKOB C TOKAaMHU: TOJCTOTO IMPOBOJA,
KOAKCHAJILHOTO KabeJis, COJIEHOUAa, TOPOUIa, IBIKYIIEHUCS 3apsKeHHON TUIOCKOCTH. MarHuTHOe
10JI€ CUCTEMbI TOKOB Ha OOJIBILIOM YAAJI€HUHU OT 3TOM cuUcTeMbl. MarHUTHBIN numnosnb. MoMeHT
CHUJI, IEUCTBYIOIIMX HA IUTIOJb, U YHEPTUS MATHUTHOTO JIUIIOJIS B MATHUTHOM T0J1e. MarHuTHbIE
MOMEHTBHI aTOMOB W MOJIEKYyJl. KauecTBeHHBIE TPEACTABICHHUS O MEXaHW3ME HaMarHUYUBaHUS
napaMarHeTHKOB M JHaMarHeTMKoB. BexkTop HamarHM4eHHOCTH BemiecTBa. CBOOOIHBIE TOKU U
TOKM HaMarHW4uBaHUsl. MarHuTHas BOCIPUUMYUBOCTh U MarHWTHAs MPOHUIIAEMOCTh BEIIECTBA.
HamnpskeHHOCTh MarHUTHOTO TIOJIsl. XapakTep HM3MEHEHHsS] HANpsHKEHHOCTH W WHIYKIUU
MAarHUTHOTO TOJISI HA TPAHUIIE pa3/ielia IByX MarHeTHKOB.

2. IlepeMeHHBIE TOKH.

Koneb6arenbubiii KoHTYp. CBOOOIHBIE 3aTyXaIOIIHE KOJIEOaHUs JIEKTPUUECKOTO TOKAa B KOHTYpE.
KoaddumenT 3aryxanus, sorapu@MuUUeckuii J1eKpeMeHT 3aTyXaHus U JOOPOTHOCTh KOHTYpa.
DHeprusi, COCpeAOTOYCHHAs B KOJIeOATETbHOM KOHTYpE. DHEPreTUIECKUN CMBICT JOOPOTHOCTH.
BoeinyxaeHHble Koye0aHus 3JIEKTPHUUECKOro TOKa IMOJ IeHCTBUEM BHEIIHETO0 CHHYCOUAATbHOTO
HanpsDKeHUs. AMIUIMTYAHass M (a3oBasg XapakTEepUCTUKU TOKa M HampspkeHuil. Pesonanc.
[Ipomiecc ycTaHOBIGHUSI CTAIMOHAPHBIX KOJeOaHW. YCIOBHE KBAa3HCTAIIMOHAPHOCTH TOKA.
["apmonnueckue (cuHycouaaabHble) TOKH. [IpeacraBnenue KoneGaHuil IEKTPUUIECKOr0 TOKa U
HanpsDKEHUH 4Yepe3 KOMIUJIEKCHbIE BeNWYMHBL. BektopHble auarpammbl. KowmiuiekcHoe



COTIPOTUBIICHHE (MMIIEIaHC) dJIEMEHTa IIeNu TmepeMeHHoro Toka. IIpaBuma Kupxroda mms
IEpEeMEHHBIX TOKOB. PaboTa M MOIIHOCTh MEPEMEHHOT0 TOKa. J[eficTByIoIIMe 3HAaUeHUsI TOKA U
HanpsDKCHUs. BBIHYKIEHHBIE JJIGKTpHUECKHE KosiebaHus B KOHType. CBsi3p LIMPUHBI
PE30HAHCHOTO TNHKA C JOOPOTHOCTHIO KOHTYypa. Pe3oHaHC HampsyKeHWH U PE30HAHC TOKOB.
Pe3onancusiii Tpanchopmarop Tecna. Muaterpupytomume u auddepeHIupyone aHaIoroBbie
cxemsl. [Tapamerpudeckoe Bo30yxkaeHue koiebanus. [lonsarue o6 aBTokonebanusx. ['enepaTop
Ban-nep-Ilonsa. ObpaTtHas cBsi3b. PacnpocTpaHeHne epeMEHHOI0 TOKa MO JJIMHHOMY IIPOBOAY
(kabem0). YpaBHEHHMS, CBS3BIBAIOIIME TOK UM HANpsDKEHHE Ha MaJIOM YdYacTKe Kabems
(TenerpadHble ypaBHEHHs). EMKOCTb, MHIYKTMBHOCTb, CONPOTHBICHHE M yTEUKA HA €IUHMILY
JUIMHBL KaOess. YCIOBHE paclpOCTpaHEHUs CUTHajda o Kabenro Oe3 3aryxaHus. YcCIOBHE
pacrpoCTpaHeHHs CUTHaja C 3aTyxaHueM, HO 0e3 uckaxeHus. CKOpOCTh pacrnpoCTpaHEHHUs
curHaa mno kabemto. BoinHoBoe conpoTuBiieHue kabes.

3. IlocTOSAHHBIE TOKH.

[TocTostHubIM TOK. CHiia U TJIOTHOCTH TOKA. Y paBHEHHE HEMIPEPBHIBHOCTU AIEKTPUIECKOTO 3apsija.
3akon OMa B HHTETpaIbHOU U quddepeHIHanbHON Gopmax. DIeKTpoaABMKyIIas cuia. [IpaBmia
Kupxroga. Pabota u MOIHOCTh MOCTOSIHHOTO TOKa. 3akoH Jlxoyns-JIenna. OObEMHBIE TOKH.
IIpoBoauMOCTB 11OMA, 3aK0H JIeHrMIopa.

4. DIeKTpOAMHAMUKA.

I[BI/DKGHI/IG 3apsAKCHHBIX YaCTUI B DJICKTPUUCCKHUX U MAIrHUTHBIX IMOJIAX. Hpeo6pa3013aHI/m oJaeH
npu nepexoaax M3 OAHHMX HHCPHHAIBHBIX CHCTCM oTrcuéra B Apyruc. SHGKTPOMaFHI/ITHaSI
HHAYKOWA B ABVOKYIIUXCA U HCIMOABMIKHBIX ITPOBOJHUKAX. 3JI€KTp0I[BI/I)KYHIa$I CHJia UHAYKIUH
(3akon ®apages). [Ipasuio Jlenna. BuxpeBoe anekTpuueckoe mnosie. HempepbIBHOCTh CHUIOBBIX
JuHUK MarHuTHOro nois. [lepsas nmapa ypaBHenun Makcsemia. Tok cmemienus. Bropas mapa
ypaBHeHul MakcBemia. IlonHas cucrema ypaBHeHuld MakcBemia B BakyyMme. BosHOBOE
YpaBHCHHE. 3JICKTpOMaFHI/ITHI)IC BOJIHBI B CBO60I[HOM MMPOCTPAHCTBC, CKOpPOCTH ux
pacnpocTpaHeHHMs. OIEKTpOMarHuTHas Ipupoja CBeTa. YpaBHEHHs MakcBemna U
ANIEKTPOMArHUTHAs WHIAYKUWA. B3auMHas MHAYKTUBHOCTb KOHTYpPOB; TE€OpEMa B3aMMHOCTH.
KoadduumeHnt camomHAyKIMM KOHTYpa. MHIYKTHBHOCTH JJMHHOTO COJICHOUAA. ODHEprus,
COCpENOTOUEHHAs! B UHAYKTUBHOCTU. [11O0THOCTE SHEprun MarHuTHOrO NoJis. "JHepreTndyeckue”
ornpeneneHuss K03()PUIMEHTOB B3aUMHOM HHIYKTHBHOCTH M KO3((UIMEHTAa CaMOMHIYKIIMH.
DHepPreTUYeCKuii METO 1 BBIUUCIECHUS CUJI B MAarHUTHOM 1osie. [TonbE€MHast cuia 3JeKTpoMartura.

5. DIIeKTpOMarHUTHBIE BOJHBI B Cpe/iax.

JusnexTpuueckue cpebl: MHAYKIUA 3JEKTPUYECKOTO MO U AUDIIEKTPUYECKAsi MPOHULIAEMOCTh
cpenbl. MarHuTHbIE cpefbl: HANPsHKEHHOCTh MArHUTHOTO IMOJISI 1 MarHUTHasl IMPOHUILIAEMOCTh
cpensl. [IMOTHOCTH TOKa cMelIeHus (TOKa CBSI3aHHBIX 3apsAoB) B cpeae. Y paBHeHHs] MakcBenia
U MaTepHualilbHble ypaBHEHUs (YpaBHEHHs CBS3M) B M30TPOMHON cpere. IlnoTHOCTh aHEpruu u
TUIOTHOCTh OTOKA dHEepruu (BeKTop [oiHTHHTA) SIeKTPOMArHUTHOTO TOJIS B U30TPOITHON cpefie
(B yacTHOCTHU - B BakyyMme). [loHsTHE 00 MMIYyIBCE M MOMEHTE UMITyJbCa (YIIIOBOM MOMEHTE)
ANeKTpoMarHuTHoro mojs. Ilmockas nMHEHO MNOJsIpU30BaHHAs SJIEKTPOMArHUTHAs BOJHA B
OJTHOPOJHOM JTUAJIEKTPUUECKON cpefie (B YaCTHOCTH - B Bakyyme). YacToTa BOJIHBI, BOJTHOBOU
BekTop. Pa3oBas ckopocTh BoNHBL. KoadduimeHT npenomienus cpeasl. [lonepedHocTs MiIocKon
BOJHBI. Bekrop IloiiHTHHra 1u1s muiockoil BosiHbL. JlaBinenue usiydyeHus. [IpoBogsiuue cpemsl.
DKpaHUpOBKa, AcbaeBckuii paguyc. [Inazmennas yactora. [1nockas anekTpoMarHuTHas BOJIHA B
npoBomsmend cpene. CkuH-3ddexT. PacmpocTpaHeHne 5>7IeKTpOMarHUTHBIX BOJH B 'rasze"
ocuWuIATOpoB. [lucnepcuss u 3aTyxaHwe BOJIH. HopmanbHas W aHOMaibHas JUCIEPCHM.



BosHOBOI makeT KoHEYHOU mpoTshkeHHOCTH. [ pynnoBast ckopocts. @opmyina Panes. lucnepcust
QJICKTPOMArouTHBIX BOJIH B Cpcaax Co CBO6OI[HI:IMI/I 3apsaaaMu (MGTEUIHLI, HJIa3Ma).
JranekTpudeckass TpOHUIAEMOCTD IIaA3MBbl.

6. DIIeKTpOCTaTHKA.

DnekTpuueckue 3apaabl. 3akoH Kynona. HanpsixkeHHOCTb 3nekTpudeckoro nojs. Eqununst CU u
I'C usmepenus snektpuyeckux BenuyuH. [IpuHnun cyneprno3unuulloTok BEKTOPHOTrO MOJIS.
Teopema ["aycca muist a5eKTpudeckoro mojsi B Bakyyme. DJIEKTPUUECKOE IM0JIe 3apsKEHHBIX Tell:
chepbl, Mmapa, HUTH, LUIUHAPA, IUIOCKOCTH, clios. JIMHEHHBIH WHTErpal W UPKYISIHSL
BekTOpHOTO NoJIsl. [loTeHIManbHble U BUXPEBbIE BEKTOpHBIC MO, [loTeHIMan 3eKTpuyecKoro
nosist. CBsi3b HAMpPSKEHHOCTH TOJIA C TPaJMEHTOM MNoTeHIHana. [[pOBOJHUKM B MOCTOSHHOM
ANIEKTPUYECKOM TMoje. ['paHUYHbIC YCIOBUS ISl SJEKTPUYECKOrO IOJISI Ha 3apsKeHHOU
MOBEPXHOCTU TMPOBOAHMKA JIEKTpUUECKUM Jumnoiib. [loTeHnman u HanpspKEHHOCTb MO
anieKTpudeckoro aumnoss. YpasHenue [lyaccona juist moTeHIMana NOCTOSIHHOTO 3JIEKTPUYECKOTO
nmosst. OOmias 3amada d3JEKTPOCTATHKU. MeTon W300paKeHHH. DJIEKTPUYSCKUE EMKOCTH.
Konnencaropsl. DHeprusi B3auMOJICHCTBUS 3apsoB. DHEPrusl AJIEKTPUUYECKOTO TOJIsI U €€
Jokanu3anusi B TmpocTtpaHcTBe. Cuita, NEHUCTBYIOIIAs Ha 3JIEMEHT IMOBEPXHOCTH MPOBOJHUKA
(1aBlIeHHE DJIEKTPUYECKOTO IOJIs). DHEPrusl IUIONSI B JICKTPUUECKOM TOJIE M MOMEHT CHII,
JNEUCTBYIOIIMX HA JIUMNOJNb. JJEKTPUYECKas MOJAPU3YyeMOCTh aTOMOB W MOJeKyld. Bekrtop
noJisipu3anuu BemecTBa (AudnekTpruka). CBoOOIHbIE U CBS3aHHBIC 3apsabl. JuanekTpuyeckas
BOCIPUUMYHMBOCTD M JIUAJIEKTpUYECKasi MPOHUIIAEMOCTh BellecTBa. MHAYKIMS 31eKTpHIecKOro
MOJIsL. DHEPTUs JIEKTPUUYECKOTO MOJIA B JUIIIEKTPUIECKON Cpee.

7. DNEeMEHTHI ONTHKH.

beryime u cTosune 31€KTPOMarHUTHbBIE BOJIHBI. DJIEKTPOMATrHUTHBIE BOJHBI B MPSIMOYTOJIbHBIX
BoIHOBO/ax. Kputuueckas yacrota BoiHOBoga. OObEMHBIN  pe3onarop. Crosune
AJIEKTPOMAarHUTHbIE BOJHBI (MOJBI 3JIEKTPOMAarHutHoro wusiydenus). TE- u TM-BosHBIL
OtpakeHue u npenomicHue 31eKTpoMarHuTHbIX TE- m TM-BoimH Ha rpaHuie pasiena cpen.
3akoH CHemnmnyca. @opmyisl @penens 1t K03)GUIHMEHTOB OTpaskeHHUs M IPOXOXKACHUSA. YTOI
bprocrepa. IlonHoe BHyTpeHHee oTpaxkeHue. TyHHENbHBIH 3(deKT. monsgpuzanuu IIIOCKON
BOJIHBI. 3aTyxaHue BOJIHBI B cpenie. Ilonsaponasl. 3akoH Maimtoca. DIeKTpOMarHuTHEIE BOJIHBI B
aHU30TPONHBIX  cpenax. OOHOOCHBIE  KpUCTAUIBl.  J[BOMiHOE  JIydenpesnomyeHHEe U
NOJIIPU3AaLMOHHbBIE NpU3MBL. [InacTMHKM B 4eTBEpTh BOJIHBI M B IIOJIOBUHY BOJHBEL [loBOpOT
TUIOCKOCTH MOJISIpU3aliuy B MarHuTHOM mosie (3¢ ekt Papajes).



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHBbIE U HEHTPOHHbIE METO/IbI MCCJIEI0BAHUI

O0bEKTHO-OPMEHTHPOBAHHOE IPOTPAMMMPOBAHME

Heab AMCHUNIMHBI:

- U3y4eHHEe OOUIMX MPHHLMIOB MPOTPAMMHUPOBAHMS CIIOKHBIX CHCTEM, METOJIOB BbIOOpa THMA
IIPOrPaMMHOM MOJENM CUCTEMBI, IIOJIy4YEHUE HABBIKOB IIPOTPAMMHUPOBAHUS IIPU CO3JaHUU
CJIO’KHBIX I€TEPOTrE€HHBIX TPOrPAMMHBIX KOMIUIEKCOB.

3agauu AMCHUIINHBIL:
- U3y4Y€HHUE OCHOBHBIX MPUHIIMIIOB OPTraHU3AIMH CIIOKHBIX TPOTPAMMHBIX CUCTEM;

- OCBOCHHUC paCHPOCTpaHéHHBIX MMpUEMOB U MCTOAOB IIPpOIrpaMMHPOBAHUA, 4 TAKIKC MCTOAOB HUX
COYCTaHUA U PCIICHUS BOSHUKAIOIIUX ITPHU 3TOM npo6neM;

- W3YyYECHHE TEXHOJIOTMH CO3JaHus IIPOrpaMM Ha pPa3HbIX S3bIKax IIPOrPAMMHUPOBAHMS C
UCTIOJIB30BAHUEM Pa3HBIX MPEICTABICHUIA MPEIMETHBIX 00JIaCTeH;

- INOJIYYCHUC HABBIKOB PCHICHUS HAYYHBIX U MPAKTHUYCCKUX 3a/dad € HCIIOJIb30BaHHUEM MCTOIOB
HMIICPATUBHOIO, (bYHKI_II/IOHaJ'ILHOl"O, O6’LGKTHO'OpI/ICHTI/IpOBaHHOFO IMporpaMMupOBaHusl.

ITepedyenb miIaHMPyeMbIX pPe3yJIbTATOB 00Y4eHHS MO JTUCHHUILINHE (MOAYJIIO)
B pe3ynbrare 0CBOCHUS AUCITUTUTMHBI 00YJarOITUECs JOMKHBI
3HATh:

- OCHOBHBIC ITPUHIMIILI OPraHU3aluu CJIOKHBIX ITPOrpaMMHBIX CUCTEM.

yMeThb:
- IPUMEHSTH IPUEMBI U METO/IBI IPOrPAMMHUPOBAHUS B CBOEH IIPAKTUYECKOM AECATEIBHOCTH;
- CO3/1aBaTh CII0KHBIEC IPOTPAMMHBIE CUCTEMBI,

- 000CHOBaHHO BBI6I/IpaTL HanOoee MOAXOASIINE THIIBI MOJEIIEH paBpa6aTBIBaCMBIX CHUCTCM.

BJAACTh:

- METOJIOJIOTMEN M HAaBBIKAMHU DPEIICHMS HAyYHBIX M IMPAKTUYECKHUX 3a/1ad C HMCIOJb30BaHUEM
IIPOrpaMMHUPOBAHUS.



TeMbl U pa3jesibl Kypca:
1. Beegenue B OOII.
Henu u 3amaun kypca. O61mMe XapakTepUCTUKH SI3bIKa POrPaMMHUPOBAHUSI.

2. OcHOBHEBIE MNPUHIUIIBI OPOrpaMMUPOBAHUA BBICOKOIIPOU3BOJAUTCIIBHBIX BBIYUCIUTCIIBHBIX
CHUCTCM.

Ucropust cozganuss C++. Ob6mue cenenus o C-moamuoxkectBe C++. 3 Kiaccel M1 0OBEKTHI.
VYnopasneHue pecypcamMu B oObekTax. VCkimrouuTenbHble CcUTyauud. JlMHaMu4yeckuit
nonmumopdusm. HacnegoBanue. Jlucneryepusanusi BBI30BOB, BHPTyajbHble  (DYHKIIHU.
Crarnueckuii momumopdusm. Illabmonsl. KonreliHepsl cranmapTHOW Oubmmorexu. OOmme
MOJIXO/IbI K YIIPABJICHUIO pecypcamMu. Y MHbIe yka3atenu (Ha npumepe C++). COopka mycopa (Ha
npumepe Java). [lepenada cooctBeHHOCTH (Ha mpuMepe Rust).

3. OcHOBHBIE IPUHIUITEI 00BEKTHO-OPHEHTUPOBAHHOTO ITPOrPAMMHPOBAHUSI.

Hctopust co3nanus OOBEKTHO-OPHEHTHPOBAHHOTO MporpaMMHUpoBaHusi U s3bika Smalltalk.
Knaccel. [lepemennsie. CooOuienus. MeTtakiaccsl. Ypasisioniie KOHCTpYKIuu. KoHTeitHepsl.

4. O6H_[I/Ie IIOAXOJbI K IIPOIrpaMMUPOBAHUIO CIIOKHBIX CUCTCM.

LISP: 6a30BbIii CHHTaKCHC M CEMaHTHKa. AOCTPaKTHOE CHHTAaKCHYECKOE J1epeBO. | OMOT€HHOCTh
nporpaMM U JaHHBIX. CBsi3piBaHMe NepeMeHHbIX. @yHkuuu Bbicumx nopsakoB. PROLOG:
0a30BbIli cuHTakcuc M cemaHTuka. OOnacts nmpumeHeHus. FORTH: 6a3oBblii CHHTakcuUC U
cemaHnTuKa. O6acTh MPUMEHEHHUS.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukaagabie MaTeMaTHKA U (PU3HUKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Onepaunonnsie cucrtembl UNIX

Heab AMCHUNIMHBI:

- moiydyeHue O0a30BBIX 3HAHMH 00 OpraHu3alMM ONEPAMOHHBIX CHCTEM, pa3JIeIeHUuU
00s3aHHOCTEN MEXJy allllapaTHbIM OOECHEYEeHHEM U SAPOM OINEPALUOHHOW CUCTEMBI.
PaccMoTpenue KOHIENIMI COBPEMEHHBIX OINEPALlMOHHBIX CUCTEM IPOM3BOJAUTCS Ha IpHUMEpe
orepannoHHOM cuctemMbl Unix. PaccmaTtpuBaioTcsi monb3oBaTenbckuii uHTEpdeiic  Unix,
nporpamMupoBane Ha s3pike Unix  Shell, wucmonp3oBaHume CHCTEMHBIX BBI30BOB IS
B3aMMOJIEHCTBUS C ApOM B IIporpammax Ha sizbike CH.

3agauyd AUCHUILINHBI:

- U3Y4YCHME OCHOBHBIX KOHLENUMH M NPHUHLIMIIOB IPOECKTUPOBAHMS ONEPALMOHHBIX CUCTEM.
PaccmoTpenue B3anMozelcTBUs Aipa ONEPALlMOHHONW CUCTEMBI C allapaTHbIM OOeCIeuYeHHEM
COBPEMEHHBIX KOMIIBIOTEPOB;

- paccMOTpEHHME pealu3allid OCHOBHBIX KoHIenuuii coBpeMeHHbIX OC Ha mpumepe Unix
(TOHATHUS TpoIleCcC, TUTAHUPOBILKK MPoLIeccoB ¢ailn u ap.);

- 3HAKOMCTBO ¢ KoMaHJHOW 00onoukoil Unix Shell Ha ypoBHE mosibp30BaTens U IpOrpaMMUCTA.
Boinonnenue nadoparopHbix padot no Hanucanuto Shell-ckpunTos. Beinonnenne nabopaTopHbIX
paboT Ha IPYruX CKPUNTOBBIX sI3bIKaX, B TOM uncie, sed u AWK;

- H3YYCHUC OCHOBHBIX CHUCTCMHBIX BBI3OBOB Unix. HpOFp&MMHpOBaHHe Ha sa3pike CH C
HUCIIOJBb30BaHHUEM CUCTEMHBIX BBI3OBOB.

ITepeyenb niIaHMpyeMbIX pe3yJIbTATOB 00yYeHHs MO0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- ocHOBHbIE KOMIOHEHThI OC 00111er0 Ha3HAYEeHUS, HEOOXOAUMBbIE 115 €€ PYHKIIMOHUPOBAHUS;

- OCHOBHBIE KOMaH/bI, HeoOXonumble aisi yBepeHHOH pabotbl B Unix Shell Ha ypoBHe
M0JIb30BATEIS;

- YIOpaBISIOLIME OIepaTopsl M ympasisgwoomue KoHCTpykiuu Unix Shell, HeoOxomumelie s
HanucaHus shell-ckpunTos.

yMeThb:



- pabotath B komaHaHou oOosouke Unix Shell, mucate ckpuntel mist Unix Shell, mucats
nporpaMmsl Ha si3bike CH ¢ HCTI0JIb30BaHHEeM CUCTeMHBIX BbI30BOB OC Unix.

BJIA/IETh:

- mpuéMamu MporpaMMHUPOBAHUS Ha CKPUNTOBBIX s3bIkax Ha mpumepe Unix Shell, awk u sed.

TeMbl U pa3jesibl Kypca:
1. Opranuzanus OC Unix, komanaaast ooonouka OC Unix

OcnoBublie ocobennocTn OC UNIX. Uctopust UNIX. Bepcun UNIX. MHoro3amgadnocTts. Pexxum
paszaeneHus: BpeMeHu. BupryansHas nmamsate. MHuoronosb3oareibekas OC. UID u GID. Ilpasa
noctyna kK (aitmam. Ilpomeccel. Brmonnsembie daiinbl. ATpuOyThl mporeccoB. Daitibl
/etc/passwd, /etc/group u /etc/master.passwd. Login Shell. [fomamusis aupexkropus.

ABTopu3anusi mnonb3oBareneii. Bunmbl Ttepmunano. Ilporpamma putty. Man. Ymnpasnenue
TEPMHHAJIOM C TIoMoIbio stty.@aiin termcap. ['opsume wmapumu. csh u sh. Ucropus. Bash.
[lepemennsie. Omneparopbl mpucBauBaHUs. BcTpoeHHble W BHemHME KomaHzabl. Cren
kommeHnTapuii #!. PATH. Komanna echo. [TogcranoBku. [Topsiaok mocTaHOBOK. DKpaHUPOBAaHUE
CHUMBOJIOB. 3ammyck BHemHIX koMaua shell-om. [purnamenue. Marepakrusueiii shell. PS1 u PS2.
[Tepemennnie okpyxenus. Shell scripts. ®Daiin .profile. 3amaua “hello”.

IlpaBa nocryma k daiimam u gupekropusim. Komanaer chown, chmod, chgrp. SUID -ubie
nporammsbl. Sticky bit. @aitnoeie mabnonsl. [lepenanpasnenue BBoaa/BbiBOAA. Y cinoBus B shell.
Kox Bo3Bpara. Ympasnsomue koHCTpykiuu. Komanaa test. I'pynmupoBka KOMaH] ¢ TIOMOIIbIO
burypHbeIX u Kpyrieix ckoOok. Utenue ¢aitnoB ¢ momouisio komanasl read. [lepemennas IFS.
3agaua ©UO.

®aiinoBsle cUCTEMBI. J[peBOBHIHAsA CTPYKTYpa oriiaBiieHnid. HazHaueHne OCHOBHBIX AUPEKTOPHUI.
Pabouas nupexTopus. OTHOCUTEIBHBIE U MOJTHBIE UMeHa (ainoB. Komanael paboTsl ¢ (daitnamu.
Hms nepemeHHOl B (UIYpHBIX CKOOKax. 3ajaHMe 3HAYCHMs MEPEMEHHOH MO YMOIYaHMIO.
PenaktupoBanne 3HaueHMs nepeMeHHOU. JlocTymn K aprymeHTam KOMaHJIHO# cTpoku. Komanna
shift. Cnenmanbhble nepemenHsle. OTiaaka nporpamm Ha shell.3anaya whichx.

Crpyktypa ¢aitnoBoit cuctemsl. Inodes. XKectkue u Msrkue cchlikd. THIbI (haitIoBBIX 0OBEKTOB.
OrnaBnenus . ¥ .. . KopueBas ¢aiinosas cucrema. MontupoBanue QaityioBsix cucteM. @oHOBbIE
npouecchl. YnpasieHue pOHOBBIMHU ITpolieccaMu. 3aaaya catslow.

CumBosibHBIE M Os10uHBIE yeTpoiicTBa. Ornasnenue /dev. Co3ganue aitios ycrpoiict. Paznenst
u cnaiicel. [loaroroBka sxectkux auckoB A ucnonb3oBanusa B OC UNIX. KsmupoBanue 1uckoB.
Komanma sync. Curnanbl. [IpuuuHbl BO3HUKHOBEHHS curHanoB. Jlamm mamsatu. OOGpaboTka
CUTHAJIOB 110 YMOJTYaHUIO. YpaBistomuii TepmuHain. CeaHcsl. 3agada execbg.

[Tporpammel paboThl ¢ daitnamu: cp, mv, cat, split, head, tail, find, locate, xargs. ®ynkuuu B shell.
Komakma source. 3amaua addpath

[TaketHass o6pabotka 3amanmii. Cron. ®@opmar aiina crontab. I[lomp3oBarenbckue crontab.
Opraau3anys B3anMHOTO UCKJIFOUSHHS JJOCTyNa K (aiimaM. 3aada «OTAeN KaapoBy



Pipes. ®unbtpsl. [Ipumepsr nporpamm-dunbtpoB. Bpemennsie ¢aiinel. Mktemp. OrnaBnenue
/tmp.M3MeHeHne HOMepoB inodes pu peaakKTUPOBAHUH, KOTUPOBAHUU U TIEPEMEIICHNN (aiiyioB.
3angaua overwrite.

Komanaet paboTsl 4 mporieccamu: ps, top. Ornasnenue /proc. [Ipuopurerst npoueccos. Komanma
nice. PerymspHbie BeIpaxkeHHs. J{MaleKThl perysipHbIX BbIpakeHuH. [IporpamMmbl oOpaboOTKH
TekcToB: ed, sed, grep, cut. 3aiaua frame.

Opranmszanus BeruucieHuii B shell. Komanga exec. Komannga env. Mcnonb3oBanue exec s
nepeHanpasieHus BBoja/BeiBoga Komanma expr. Xom tabmumpl. Co3manue xam tTadmauir B shell.
3amaua workers.

®opwmarsl daiinos. Komazga File. Magic file. bubanorexu. Komanza tar. PesepBHoe KonmupoBaHHe.
Komangsr dump u restore. Makpementneiii backup. ®aiin dumpdates. Anroputm Xanoickoi
6amran. Komanma dd. Yuer pa6otsr nons3oBareneit B OC Unix. @aiinsl utmp u wtmp. Komasas
who, w, finger, last, ac. 3amaua ucounter.

Awk. Cenektopsl 1 ieiicTBUA. Yrpasistone koucTpykuud. [Tons. CrienuanbHble IepeMeHHbIE.
Berpoennbie pynkuun. Mugexcel mMaccuBoB B awk. Cenektopsl BEGIN u END. 3apaua
«YaCTOTHBIN CIIOBAph».

JuckoBbie kBoThL. Grace period. ulimits. Buibl mons30BaTeIbCKUX JIUMHUTOB.

Perl. Ckansipbl, MmaccuBbl U Xamtadnuibl. OCHOBHBIE ynpaBisitonue KOHCTPYKIUU. Cydukce
koMmaua. BBoa/BeiBoa. Betpoennsie pynkuuu. CrienuanbHble nepeMeHHbie. Kimroun koMmaHaHON
ctpoku. O6paboTka (aiina Ha MecTe.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

OcHOBBI BOJIOPOAHOI IHEPTeTUKHI

Heab AMCHUNIMHBI:

- mpuoOpeTeHue CTyACHTaMH 3HaHUH 00 OCHOBHBIX MHHOBAIIMOHHBIX METO/aX IMPOU3BOJICTBA,
nepeaayn ¥ mpeoOpa3oBaHUsl SHEPTHH; MEXAaHH3MOB 3JEMEHTApHBIX IMPOIECCOB, JIEKAIIUX B
OCHOBE 3THUX METOJIOB; POJIM OMOTEXHOJIOTHI, HAHOTEXHOJIOTUH U HAHOCTPYKTYPBIX MaTEpUaIoB
B Pa3BUTHUU JIaHHBIX METOJIOB.

3agauu AMCHUIINHBIL:

- OCBOCHHME OCHOBHBIX MOHSTHH MPHUPOIOMOJOOHBIX HHEPreTUYECKUX TEXHOJOTHH, a TaKkKe
OCHOBHBIX TEPMHMHOB U OIpPEACJICHUN B 3TOM 00JIACTHM B COOTBETCTBHH C MEXIYHAPOJHBIMU
CTaHJapTaMH.

- OCBOEHME HaBBIKOB pabOThI CO CHELUANIbHOM JTUTEpaTypoil B IpeIMeTHOM 001acTu.
- [IOJIy4€HHE 3HaHUN 00 3JIEKTPOXUMHUYECKON U BOJIOPOJAHOMN IHEPIETUKE.
IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)

B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- TpUPOAY W MEXaHHW3M OCHOBHBIX (U3UKO-XMMHUYECKHUX TMPOILIECCOB TMOJYYCHUS U
npeoOpa3oBaHus YHEPTUH;

- OCHOBHBIE TEXHOJOTMH IPOU3BOJCTBA W IMpPeoOpa3OBaHMSA DSHEPTUHM U MX allapaTypHOe
odopmIieHuE;

- BOIIPOCHI 9KOJIOTUH U TCXHOC(l)epHOﬁ 0C30ITacHOCTH.

yMeTb:

- IPpOBOAUTDH NTOHUCK U aHAJIN3 HaquO-TCXHHqCCKOﬁ I/IH(I)OpMaI_II/II/I U IaTEHTHOH JIMTCPATYPHBI 110
3aJJaHHON TeMaTHKe B o0actu HpI/IpO,Z[OHO,Z[O6HLIX OHCPTCTUYICCKUX TEXHOJIOTUM |
HAHOMATCPUAJIOB IJId UX pCaIn3allnuu,

- KCIOJIb30BaTh (yHIaMEHTAJIbHbIE 3HaHUS B 007acTH (YOPMUPOBAHHSI HAHOCUCTEM JIJISl PELICHUS
MIPaKTUYECKHUX 3aJa4, CBA3AHHBIX C MOJYYEHHMEM HAHOCTPYKTYPHUPOBAHHBIX HEOPraHUYECKUX U
TUOPUAHBIX MAaTEPHAIOB, OMO3JIEKTPOHHBIX CUCTEM U UX KOMIIOHEHTOB;



- HCIIOJIb30BaTh MOJyYEeHHBIE 3HAHUS B 00JIACTU CUCTEM MOJyYEHUs U MPeoOpa3oBaHUs SHEPTHH
JUTS] IPAKTUYECKOTO IPUMEHEHUS.

BJIA/1eTh:
- CHIeMaIbHON TEPMUHOJIOTHEH B 007aCTH HAHOTEXHOJIOTUH M METOJIOB CHHTE3a HAHOCTPYKTYD;
- CHlelMaIbHON TEPMUHOJIOTHEN B 001aCTH PUPOIONIOT0OHBIX S3HEPTETUUECKUX TEXHOIOTHA;

- MeTojaMu O0pabOTKH, aHalM3a M CUCTEMaTH3allMd HAayYHO-TEXHWYECKOH M TaTEHTHOMN
nHpopmanuu;

- HaBBIKAMU OCBOCHHUS OOJIBIIOr0 00beMa HOBOI HH(pOpMAIHH;
- HaBBIKAMH CaAMOCTOATENILHON paboThl B 1abopatopuu u MHTEepHETE;

- HaBBIKAMHU TPAMOTHOW 00paOOTKU PE3YJIbTATOB ONBITA U COTMOCTABICHUS C TEOPETHUECCKUMU
JTaHHBIMH.

TeMbI U pa3jeiibl Kypca:
1. BogopoaHas sHepreTuka.

BO,I[OpOI[HaH OHCPI'CTHKA. OCHOBHBIE IOHITHS K HaIIpaBJICHUS pa3BUTHA. Ponb HAaHOCTPYKTYPHBIX
CHCTCM B BO,Z[OpO,I[HOﬁ OHCPI'CTHKC.

2. Katanu3 u xaranu3aTopsl.

CDI/ISI/ILICCKI/IG, XUMHNYCCKHEC H (I)I/ISI/IKO-XI/IMI/I‘IGCKI/IG MCTOJbI IOJYUCHUA KATAJIU34ATOPOB IJId
BO,Z[OpOI[HOfI OHCPICTUKH

3. Bomopon.

Bonopon. ®usuko-xumudeckue cBoMcTBa. LlenHble peakiuu ¢ ygactuem Bojaopoja. I'openue u
B3PBIB BOJIOPOJOCOIEP/KALINX CMECEH.

4. OU3NKO-XUMHUYECKHE ITPOLECChI, JICKAIIUC B OCHOBE IIOJTYUCHUS BOJOPOAA.

OU3NKO-XUMHUECKUE TIPOIECChl, JIekKAIIMEe B OCHOBE TMONy4deHUs: Bojaopoja. OCHOBHbBIE
TEXHOJIOTHH MOJIY4YEeHHs BOJOPO/Ia U UX anmnapaTtypHoe opopMIICHHE.

5. OU3NKO-XUMHYECKHE ITPOLECCChI, JICIKAIIUEC B OCHOBC XPAHCHUS U TPAHCIIOPTUPOBKU BOJAOPOAA.

OU3NKO-XUMHYECKUE TIPOIIECCHI, JIeXKAIUe B OCHOBE XPAHECHUS W TPAHCIIOPTUPOBKHU BOJIOPOJIA.
OCHOBHBIE TEXHOJOTHMH XpaHEHUs] W TPAHCHOPTHPOBKHM BOJOPOJA, HX ammaparypHoe
odopmIteHue.

6. DOHU3NKO-XUMHYECKHUE IpOLECChI, JICKAIUEC B OCHOBC MHCIIOJIB30BaHUA BOJOpOAa IJId
IMMPONU3BOJACTBA SHCPI'UH.

OU3NKO-XMMUYECKHE MPOLECChl, JIeKAIllMe B OCHOBE HCIOJIb30BAHUS BOAOpOAA Ui
POU3BOJCTBA 3HEepruu. OCHOBHBIE TEXHOJOTMH HCIOJB30BaHMS BOJAOPOJA JUIsl MPOU3BOJCTBA
SHEPruH, UX anmnaparypHoe opopmiieHue.



7. BonopoaHble TEXHOJIOTUU B AJIbTEPHATUBHOM SHEPTETUKE.

BonopoiHbie TEXHOJIOTHH B alTbTEPHATHBHOM 3HEpreTuke. Bompockl BOAOPOIHON OE30MaCHOCTH.



AHHOTANUM K pa004YUM NMPOrpaMMaM JUCIHHUILIUH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

OcHOBBI 00111€/i M1 HEOPTAHNYECKO XUMUHU

Heab AMCHUNIMHBI:

TEOPETUYECKOE U MPAKTHYECKOE OCBOCHUE OCHOBHBIX Pa3/IesIOB 00IIel 1 HEOPTraHUYECKOW XUMHH
C YYETOM COBPEMEHHBIX TEHICHUUN Pa3BUTHS XUMUYECKONW HAyKH. DTO MIO3BOJIUT:

- IIOHATH JIOTUKY W BO3MOXHOCTHU XHWMMHHU, OCOOCHHOCTH XHMHYECKOTO nmoaxoJa K HM3y4YCHHUIO
OKPYZKaroumero Mmupa;

- IOHUMATh U UCIIOJIb30BATh A3BIK XUMHNYCCKHUX (I)OpMy.]'I u ypaBHeHI/Iﬁ;

- IpEeICKa3blBaTh CTPYKTYPY M CBOMCTBa BEIIECTB, UX CIOCOOHOCTb B3aMMOJEHCTBOBATH C
JIPYTMMH BEIIECTBAMM;

- HOHATH ABHUXYIIUC CHUJIBI XUMHYCCKUX peaKuHﬁ, O0COOEHHOCTH HX IIPOTCKAHUA U CII0COOBI
YHpaBJICHUA UMU.

3agauu AMCHUININHBIL:

- CO3JaHuc y 06yqa}om1/1xc51 COBPCMCHHBIX HpeZ[CTaBHeHHﬁ 0 CTpOCHHUU BCHICCTBA, O CBA3U
CTPOCHUA U CBOICTB BEILIECTB C XapaKTepoM XHUMHUYECKOH CBS3H U C IOJIOKEHUEM COCTABISIOIINX
X 3JICMCHTOB B Hepnoanqecxoﬁ CUCTCMC,

- 3HAKOMCTBO C MpUHIOHUIIAMH, OIIPCACIIAIOINMU CBOMCTBA XUMHYECKUX peaKuHﬁ;

- 3HAKOMCTBO C KMHCTUYCCKUM H TCPMOJUHAMUYCCKUM MOAXOAaMH K OIMHUCAHUIO XUMHUYCCKUX
MponeccoB € LCIIbIO OIITUMU3AIUU yCJ'IOBPIfI Hux HpaKTH‘{eCKOﬁ pcajm3anuu;

- OINHCAHME BAXHEHIIMX CBOWCTB HEOPTraHWYECKHX COCAMHEHUN W 3aKOHOMEPHOCTEH HX
WU3MEHEHUS B 3aBUCUMOCTH OT TIOJIOKEHMS COCTAaBJISIOIIMX HX J1eMEeHTOB B [lepnonnueckoi
CUCTEME.

ITepedyens miIaHMPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO TUCHHUILINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YJArOIIHECS JTOKHBI
3HATh:

- OCHOBHBIC ITOHATHA XUMHUU: BEIICCTBO, XUMHUYECKUM 9JICMCHT, aTOM, MOJICKYJIa, OTHOCUTCIIbHBIC
aTOMHad ©W MOJCKYJIIpHad MacChbl, HWOH, aJUIOTPOIIUA, HU30TOIIbl, XUMHYCCKAA CBA3b,
SJICKTPOOTPULATCIIbHOCTD, BAJICHTHOCTL, CTCIICHb OKHUCJICHHU, MOJIb, MOJIApHAasA Macca, MOHHpHLIﬁ
06’LCM, PacCTBOPLI, SJICKTPOJIUT U HEIJICKTPOJIUT, DJICKTPOJIUTHUUYCCKAA AUCCOLMalUA, KUCIIOTa,
OCHOBAHHUEC, OKHCIICHUEC U BOCCTAHOBJICHHC, TEILJIOBOI 3(I)(I)CKT pCaKkuun, CKOPOCTh XHUMHYECKOMN
PCaKnunu, KaTajin3, XUMUYCCKOC PAaBHOBECHC,



- OCHOBHBIE 3aKOHBbl XMMHH: 3aKOH COXPAHEHHMS MAacChl M JHEPTrUM, KpaTHBIX OTHOIIEHU,
MOCTOSTHCTBA COCTaBa, OOBEMHBIX OTHOIICHWH; KMHETHMYECKUH W TEPMOAMHAMHYECKUN 3aKOH
JICUCTBYIOLIUX MACC;

- 06H_II/I€ CBCIACHHUA O XUMHUYCCKOM BJICMCHTC (Ha3BaHI/Ie, XUMHUYCCKUM CHUMBOJI, OTHOCUTCJIbHAaA
aTOMHasd Macca);

- IOJIOKEHHE XUMUYecKoro 3emMenTa B [lepuonnueckoil cucreme (MOPSAKOBBIA HOMED, IEPUO,
rpynna, noArpymnmna);

- CTpPOGHHME aToMa JJIEMEHTa (3aps] sJpa; YUCIO MPOTOHOB W HEUTPOHOB B SIIPE; YUCIO
AJIEKTPOHOB;

- DJIEKTpPOHHAs KOHQUIypalus, paclpelieieHHe 3JICKTPOHOB IO IHEPreTUYECKUM YPOBHSM,
MOJIYPOBHSIM U aTOMHBIM OpOUTAIISIM;

- CBOWCTBAa IIPOCTOrO BEIIECTBA, OOpPa3yeMOro MIAaHHBIM 3JIEMEHTOM (METaij, HeMeTalll,
arperaTHOE COCTOSTHHE MPHU OOBIYHBIX YCIOBHUSAX, TUIl XUMHUECKOW CBSI3U B BEILIECTBE);

- BBICIIHM OKCHJ H COOTBCTCTBYIOH_[I/Iﬁ EMYy TUAPOKCHI ((I)OpMy.]'ILI, BaJICHTHOCTb KU CTCIICHDb
OKHUCJICHUA 3JICMCHTA B CO@I[I/IHCHI/II/I), HNX KHCJIOTHO-OCHOBHBIC CBOﬁCTBa;

- BOAOpOAHOE coenuHeHHe ((opMmyrna, BaJCHTHOCTh W CTENEHb OKHUCICHHS DJJEMEHTa B
COCIMHEHUHN ); IPyTUe COCTUHEHUS dieMeHTa ((POopMyITbl, KAaTHOHHAS WM aHMOHHAs (popma).

yMeThb:
- Ha3bIBaTh HEOPIAaHUYECKHUE BEIIECTBA 10 «TPUBUAIBHOW» UM MEXKTYHAPOIHON HOMEHKIIATYpE;

- OIIpCACIIATh: BAJICHTHOCTL M CTCIICHL OKHUCIICHUSA XUMHUUYCCKUX 3JICMCHTOB, THUII XUMHUYECKOM
CBA3MW B COCAMHCHUAX, 3aps[] HOHA, XAPAKTCP CpCAbl B BOAHLIX PACTBOPAX HCOPIraHUYCCKHUX
COCHHHGHHﬁ, OKHUCIIMTEIIbHBIE 1 BOCCTAHOBUTEIBHEIE CBOMCTBA COCAMHCHUA,

- COCTaBIISATh CTPYKTYpPHBIE (POPMYJIIBI MOJIEKYIT U MPEJICKA3bIBATH UX T€OMETPHIO;

- ApaKTCpU30BaTh: JJICMCHTBI B ICPUOJAX W TpyIIax IO HUX IMOJIOKCHUIO B Hepnogmqea(oﬁ
CHUCTEMC I[I/I MeH,Z[eJIeeBa; 06H_[I/Ie XMMHYECKHE CBOMCTBA MCTAJIJIOB, HCMCTAJIJIOB, OCHOBHBIX
KJIaCCOB HCOPIraHUYCCKUX COGI[I/IHCHI/II\/'I;

- OOBSICHATH: 3aBUCHMOCTb CBOMCTB BEILECTB OT UX COCTAaBa M CTPOEHUS; MPUPOAY XMMUYECKOH
CBSI3U (MOHHOM, KOBaJEHTHON, METAJIJIMUECKOH ), 3aBUCHMOCTh CKOPOCTH XUMHUYECKOH peakiuu u
MOJIO’KEHUSI XMMHUYECKOTO PaBHOBECUS OT PA3IMYHBIX (PaKTOPOB;

- COCTaBJIsAITb YpPaBHCHHUA U CXCMbl XHUMHWYCCKUX peaKIII/Iﬁ U TIMPOBOAWUTH II0 HHUM
CTCXUOMETPUUCCKHUEC PACUCTEI,

- BBIIOJHATh XHMHUYECKUM OKCIICPUMCHT II0 pPaCIIO3HABAHUIO BaKHEHIIINX HCOPTaHUYCCKUX
BCIICCTB U IMOJYUYCHUIO HpOCTCfIIJ.IHX BCIICCTB,

- IPOBOJIUTH CAMOCTOSTEIIbHBIA TOMCK XUMHUECKOU HH(OPMAITUH C UCTIOTH30BAHUEM PA3TUIHBIX
HMCTOYHHUKOB (HAyYHBIX W3IaHUI, KOMIBIOTEPHBIX 0a3 JaHHBIX, pecypcoB Internet).

BJAaJ€Th:



- ME€ToaaMu OIMPCACIICHHUA BO3MOXHOCTH IIPOTECKAHUA XUMHUYCCKHUX npeBpameHI/Iﬁ B Pa3JIMYHBIX
YCJIOBUAX U OLICHKHU UX HOCHeﬂCTBHﬁ;

- TCOPCTUYCCKUMHU MCTOJaMH OIIMCAaHUA CBOICTB IPOCTBIX W CJIOKHBIX BCHICCTB Ha OCHOBC
IOJIOKCHHUA COCTABIAOINNX UX 3JICMCHTOB B Hepnonnqecxoﬁ CHUCTCMEC XUMHUYCCKUX 3JICMCHTOB,

- crroco6amu 6e30MacHOro OOpAIEHHS C TOPIOYMMHU ¥ TOKCHYHBIMU BEIIECTBAMHU;
- OCHOBHBIMH HaBbIKaMH pabOTHI € JIaOOPaTOPHBIM 000PYJOBAHUEM;

- MCTOJaMH IIPUTI'OTOBJICHHUA paCTBOPOB Sa,Z[aHHOﬁ KOHICHTpAUU.

Tembl U pa3aennbl Kypca:
1. Ilpenmer u 3a1auv XUMHUH, OCHOBHbIE TIOHATHUS ¥ 3aKOHBI XUMHH

XuMHUsL Kak OJHAa W3 EeCTECTBEHHBIX HayK. B3auMocBs3b XUMUHM, (PU3UKH W OHOJIOTHH.
Ocobennoctn xumuH kKak Hayku. CTpykrypa um s3bIk xumud. BemiectBo. Knaccugukarus
XUMHYECKHX BEILECTB. X UMUYECKHUE AIEMEHThI. ATOM, aTOMHBI HOMEDP, OTHOCUTEIbHASI AaTOMHAs
Mmacca, M30Tombl. PacnpocTpaHEHHOCT XUMHYECKHX 3JIeMEHTOB B mpupoje. [lepumomuueckas
CUCTEMA XUMHUYECKHX 31eMeHTOB. CTpykTypa Tabmnuusl /[.1.Menneneesa, rpynmnsl, nepuoibl U
Osioku. MeTamibsl 1 HeMeTalulbl. XMMUYECKHE COEAMHEHUS U UX XApaKTEPUCTUKHU: CTPOECHHE,
cocraB, cBoicTBO. IIpocThie M cioxHble coequHeHHs. CTEXMOMETPUYECKHE COOTHOIIEHUS,
OIMIIUPUYECKAsT H  MOJIEKyJsipHas ¢GopMyia COCOUHEHHs. BaleHTHOCTh  AJIIEMEHTOB.
Hecrexnomerpuueckue coeiuHeHus. AlIOTponHbIe U noauMopdHbie Moaupukanu. OCHOBHbIE
KJIaCChl HEOPraHUYECKUX COCIUHEHUH: OKCHIbI, KHCIOThl, OCHOBAaHHUS, COJIM, OMHApHBIE
COEMHEHUS. [IpeBparenus XUMUYECKUX COeIMHEHUI. VYpaBHEeHUS peaKIMi.
CrexuoMeTpruecKue pacy€Thl 110 YpaBHEHUAM peakuuil. Xumudeckas nepemenHas. opmanpHas
3allACh U MEXAHU3M pEaKUUU. JHEepreTudeckas KpuBas XMMHUYECKON peakUuuu. JJIeMEHTapHbIN
aKT XMMHUYECKOHN peakLnu.

[IpakTuueckas yacthb: "TexHUKa 0€30MaCHOCTH IPU pabOTe B XUMUUYECKON J1ab0paTOpPHH.

OcCHOBHBIE BHJbl XUMHMUYECKOW TOCYAbl U J1a0OpaTOpHOro OOOpYAOBaHUS, OOJIACTH HX
npuMeHeHus. PaGora ¢ Becamu, mpaBuiia B3BemnBaHus. COOpKa MPOCTEWIIMX YCTaHOBOK JJIS
nojy4eHus u coopa razos. CO0p razoB METOJJOM BBITECHEHHUS )KUIKOCTU U METOJIOM BBITECHEHUS
BO3[yXa. YPaBHEHUE M CTEXMOMETPHS XUMHUYECKOW pEakUuu, MOJSpHAas Macca. YpaBHEHHUE
MenneneeBa-Kianeiipona. Onpeznenenre MOJIsipHOI MacChl HEM3BECTHOIO METaula Mo 00beMy
BOJIOPOJia, BBIIEIMBILErOCS B XOJI€ €0 peaklnu ¢ KuciaoTto. OmnpeneneHne MOJISPHOW Macchl
HEU3BECTHOIO METaJlIa IO JABJIECHUIO BOJOPOAA, BBIIEIMBILEIOCS B XOAE PEAKLUU METajula C
kucinoToi. Onpenenenue coctaBa kapOoHaTa 1Mo 00bEMY YIJIEKHCIIOrO ra3a, BbIJECIUBIIETOCs B
XO0JIe €ro peakuuu ¢ KucioToi. OmpeneneHue MOJIIPHOM MacChl HEM3BECTHOM OpPraHW4ecKOn
KHCJIOTHI IO 00bEeMY IIEJIOUH, OLIeIIeH Ha ee HeUTpaTH3alHIo.

2. DNEeKTpOHHOE CTPOEHUE aTOMa

BonoponononoOHpie aToMbl M WMOHBL. DJIEKTPOHHBIC YPOBHH SHEPTUH, BOJHOBBIE (DYHKIIHH,
IIPOCTPAHCTBEHHOE pachpeiielieHne d3JEKTPOHHOM IJIOTHOCTH, pagualibHas U YIJjoBas
3aBUCUMOCTh BOJHOBBIX (pyHKIMHA. KBaHTOBBIE ymCIa 35IeKTpOHA. MHOTO3JIEKTPOHHBIE aTOMBI.
OnnodnekTpoHHoe TpubIMKeHne. DGheKTuBHBIE 3apsaasl. Bomopoaomnono0Hbie OpOUTANH.
[Mpuntuner  3amonHEeHWs  opOuWTanei. [lmarpamMma dSHEpPreTMUEeCKMX YpOBHEW  aroma.



[lepuonuueckue CBOMCTBA JIEMEHTOB: aTOMHBbIE U MOHHBIE PAJMYChl, SHEPTUsS HOHM3ALUU U
CPOACTBO K 3JIEKTPOHY, 3JIEKTPOOTPULIATENBHOCT 10 MallIuKeHy.

[TpakTrueckast 4acTb: DIEKTPOHHOE cTpoeHue aroma. OKpallliBaHUE IUIAMEHU COEIMHEHUSMU
aneMeHToB [A u IIA rpynmn, cnekTp u3iny4eHus aToMa, MEXaHU3M €ro BOSHUKHOBEHHS Ha [IpUMeEpe
aTOMOB WICJIOYHBIX METaJIOB. VI3MEHEHME CBOMCTB aTOMOB JJIEMEHTOB B IIEPUOJE U TPYIIIE.
M3MeHeHne CBOMCTB NMPOCTBIX BEILECTB B NIEPUOJIE U IpymIie (Ha npumepe MeTauioB [A rpynmns
u 3 nepuona). M3meHeHue CBOWCTB THUAPOKCHIOB B Iepuoae (Ha HpUMepe T'MIPOKCUI0B
3JIEMEHTOB 3 mepuona) u rpymme. M3MeHeHHe OKHCIUTeNbHO-BOCCTAHOBUTEIbHBIX CBOMCTB
3JIEMEHTOB B MEpHO/E (Ha IPUMEpe COSAMHEHUH 2IeMEHTOB 3 epruojia) U rpynne. Y paBHUBaHHE
OKHCIIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIMIA METOA0M 3JIEKTPOHHOI0 OaslaHca.

3. XumMmmnueckas CBsI3b, DJICKTPOHHOC 1 IIPOCTPAHCTBEHHOC CTPOCHUC MOJICKYII

OO0pa3zoBaHue XUMHUYECKOH CBsI3U Mexay aromamu. KoBanenTtHast cBs3b. Banentnocts. [1paBuio
okreta. CtpykTypel JIptouca. Pe3onHaHcHble CTpykTypbl. (DOpManbHBIM 3apsl U CTCICHb
OKHUCJICHHS JJIEMEHTA B COCIMHEHUU. XapaKTEPUCTUKU XMMHYECKON CBS3H — IOPSANOK CBA3M,
JUIMHA, YHEPTHUs, NOJAPHOCTh. ['eoMeTpust mMoiseKyn. Mozenb OTTaJKUBaHUS JIEKTPOHHBIX Map
BAJICHTHBIX OpOUTANell U ee orpaHuyeHus. Teopusi THOPUIN3AIHN M HAIPABICHHOCTh CBS3CH.
DJEeKTPOHHBIE COCTOSIHUSL MOJEKYNIbl. MeToax MOJIEKYJISpHBIX opOuTaneil. DIeKTpoHHas
KoHurypamnus monekynsl. Meroq MO B npubnmxenuun JIKAO. KoppensiimonHsie quarpaMmsl,
CBS3BIBAIOIIIME, HECBSA3BIBAIOLIME U PA3PLIXJIAIOIINE OpOUTANIN, MOPAIOK CBA3H. DJIEKTPOHHOE
CTpOEHHE JIBYXaTOMHBIX MoJieKyi. [loHstre o nmocrpoennn MO reteposiiepHbIX JABYXaTOMHBIX
MOJIEKYJI. MeXMOJIEKyIIIpHbIE B3aUMOJEHCTBHsL. BomopoaHas CBA3b, €€ NMPUpPOAA, CBOMCTBA U
pOJIb B KUAKOCTSIX, MOJIEKYJISIPHBIX KPUCTAJUIaX U MAaKpOMOJIEKyJIax. BaH-nep-BaanbcoBa CBs3b,
Pa3JIMYHBIE BUBI JUIIOJIb-UIIOIBHBIX B3aUMOIECHCTBHIA.

[TpakTuyeckas yacth: TUIBI XMMUYECKOH CBSI3M, MEXaHU3Mbl 00Pa30BaHMs KOBAaJIEHTHON CBSI3U
(oOMeHHBI|, TOHOPHO-aKLenTOpHbIH). DopMynsl JIblonca, TeOpUst OTTATKUBAHUS 3JEKTPOHHBIX
nap, BJIMSHHE TI€OMETPUHM YacTUI[ Ha UX pPEAKLUOHHYI0O crnocoOHOcTh. Bojopoanas cBs3b,
MEXaHU3M ee o00pa3oBaHus, BIMSIHME Ha CBOICTBa BellecTBa (TemmepaTypa KUIEHHMS,
TEIIOEMKOCTb, BA3KOCTh). ['uapoduinbHOCTS, ruapodoOHOCTh. JJuciepcioHHOe B3aUMOIEHCTBIE
(cunpl Jlonnmona). Tumbl KpUCTaNIMYECKUX PEIIETOK, CBOICTBA BEIIECTB C pa3IUYHBIMU
KPUCTAITIMYECKUMHU pelIeTKaMU (TeMIepaTyphl IJIaBICHUs, paCTBOPUMOCTD). J[BHIKYILIME CHIIBI
IIPOLIECCOB PACTBOPEHUS BEIIECTB B MOJIIPHBIX M HEMOJIIPHBIX PAaCTBOPUTENSIX. DKCTPAKLUS.

4. OCHOBBI XUMUYECKOU TCPMOANHAMUKHU U KUHCTUKHU, PABHOBCCUC

Knaccudpukanusa xumuueckux peakiuil. CTeXHOMETPUYECKOE ONMUCAaHNE XUMUYECKOW peakluu.
OHepreruyeckasl KpuBasi 3JI€MEHTApHONW XuMudeckoi peakiuu. [Ipsimas m oOpaTHas peakuuu.
IlepBbIil 3aKOH TEPMOAMHAMUKHM M €r0 NPHUMEHEHHE K XMUMHYECKUM DPEaKIHsIM. ODHTaJbIIUS.
TerioTa XMMHUYECKUX pEaKIMi NpU IMOCTOSHHOM OOBbEME M NpPU IOCTOSHHOM JaBJICHUU.
TepmoxuMmuueckne ypaBHeHHS peakiuid. 3akoH ['ecca. DHTanbmuu 00pa3oBaHUs, CrOpaHUA,
pacTBopeHMs. TepMOXMMHYECKHE IMKJIbL. OHTpONMs. BTopoil 3akoH B INPUMEHEHMHM K
XUMHUYECKHM TpoleccaM. OHeprusi ['nb0ca, HSHTANBMUNHBIA M SHTPONUMHBIA (DaKTOPHI.
OO6patumMble peakiui. XMMUYECKOE pPaBHOBECHE — ONpezieNieHre U obmue cBoiictBa. KoHcranra
paBHOBeCHsI M €€ CBA3b C TepMoAuHaMuueckumu ¢GyHkiusmu. Ilpunmun Jle Hlatemnsbe.



TepmonuHaMuUeCcKUEe CIPaBOYHBIE JaHHBIE 00 WHIWBHUIYAIbHBIX BEIIECTBAX W XUMHUUYECKHX
peakuusX.

XapakTepHble BpeMEHa XMMHUUYECKUX PEaKLUi. DHEpPreTH4eckuili 0apbep XMMHUUYECKON peaklnu.
Crioco0Obl akTuBanuu peareHToB. lloHsATHE O MexaHH3Me XMMHUYecKoi peakiuu. CKOpOCTh
XUMHUYECKON peaklMM U €€ 3aBUCHUMOCTh OT Pa3JInYHBIX (PAKTOPOB. 3aKOH JEHCTBYIOIIMX Macc.
Koncranta ckopoctu. YpaBHeHue AppeHuyca. JIMMUTHpYIOWIasi CTaausl CIOXHOW pPEaKIMH.
Karanus, ero pons B xumMuu. OCHOBHbIE MeXaHH3MBbI KaTaiau3a. OOIire CBONCTBA KaTaIU3aTOPOB.

IIpakTnueckas yactb: Kunermueckoe ypaBHeHue. Ilopsaok peakuuu, MOpsAIOK IO BELIECTBY,
MOJIEKYJISIPHOCTh peakuuu. OmpeneneHue MopsaKka peakiuu 13 SKCIEPUMEHTAIbHBIX JIaHHBIX.
@akTophl, BIUAIOLIME HA CKOPOCTh XMMMUYECKOH peakuuu (KOHLEHTpalUs pearupyromnux
BEUIECTB, TEMIIEpaTypa, MNPUCYTCTBUE KaTalu3aTopa, IUIOLIa/Jb MOBEPXHOCTU PpPEarupyrolux
BEIIECTB, Tpupoja pearupyromux BemiectB). IlpaBuno Bant-I'odda, onpenenenue
TEMIIEPaTypHOTo KO PUIIMEHTA U3 SKCIIEPUMEHTAIbHBIX JaHHBIX, YpaBHEHHE AppeHHyca.

XHUMHYECKOE paBHOBECHE, KOHCTaHTa paBHoBecHs. CrmocoObl CMENIEHUS XUMHYECKOTO
paBHOBecHs (M3MEHEHHE KOHIICHTpAIlMM BEIIeCTB, M3MeHeHHe TemmepaTypsl). [lpunuun Jle
Illatense, ero 000CHOBAaHUE.

5. PactBopbl. CriocoObl BeIpaXeHUsT KOHIIEHTPAIIUH, KOJUTUTaTHBHBIE CBOIICTBA PACTBOPOB

PactBopsl, ux kinaccudukaius. CriocoObl BRIpaXKEHHsI COCTaBa pacTBOpa — MOJIbHAS U MaccoBast
JI07IU, MOJIsApHas KoHleHTpauus. [lonsipHbie U HEeNnospHbIE pacTBOpUTENU. PacTBopuMOCTh U ee
3aBHCHUMOCTh OT TeMIleparypbl H JaBieHus. OTinuue CBOWCTB pPAacTBOPOB OT CBOWCTB
WHAUBUAYalbHBIX  BemecTB. KomuratuBHble CBOICTBA pPacTBOPOB  IJIEKTPOJIMTOB U
HeanekTponuToB. OcMmoTuyeckoe AaBieHue. 3akoH Payms. M3otonuueckuit ko3 @uimeHt.
[ToBbilieHHEe TemmepaTypbl KUIEHUS W TOHIMKEHHWE TEMIIEpaTypbl 3aMep3aHusi pacTBOPOB C
MO3UIUI KOJUTUTaTUBHBIX CBOMCTB.

[TpakTnueckass yactb: CrocoObl BBIpaKEHMsI KOHLEHTPAllMM pPAcTBOPOB (MaccoBas MO
pacTBOPEHHOTO  BEIIECTBA, MOJISIpHAs KOHLIEHTpalMs), TIEpeBOJl MEeXAY eIUHHUIaMU
KOHIIeHTpauuu. [ [purorosienune pacTBOPOB 3aJaHHON KOHIIEHTPALUH.

6. PacTBOpBI, 27eKTpOIUTUYECKAS] TUCCOLTUALIMS

ONEeKTPOJIUTHYECKAs JUCCOLMALINSA, DJIEKTPOIUTBI M HEAIEKTpoJauThl. CuiibHble cladbie
anekTponuThl. CTeneHb JUCCOLMAlMU, KOHCTaHTa Auccouuanuu. Jlucconuanus KHCIOT,
OCHOBaHUH U conell. BzaumoaeicTBue Mexay HOHaAMU B PaCTBOPE, NOHHBIE YPAaBHEHUS PEAKIIUM.
Casi3pIBaHNE HOHOB, HAIIPaBJICHNUE pEeaKLUil HOHHOTO OOMEHa.

HpaKTI/IquKaﬂ yacTh: CUJIbHEIC B Cla0bIe QJICKTPOJIUTHI. Peaknuu noHHOTO 06MeHa, ABUIKYIITUC
CHIJIbI peammﬁ HOHHOT0 OOMEHa. I/IH,Z[I/IKaTopBI.

7. KHCI0THO-OCHOBHEIC paBHOBECHSA B paCTBOpax

Kucnotel u ocHoBanus no Appenunycy. CuibHbIe U ciiabble KUCIOTHl U ocHOBaHMs. KOHCTaHThI
KHCJIOTHOCTH M OCHOBHOCTH. CTymneHuarasi Auccouuanusi Ha npumepe (pocopHON KHUCIOTHI.
KucnorHocts mo bpeHcreny, compsskeHHbIE KHCIOTBI M OCHOBaHMS. Bonxa kak kucinora u
OCHOBaHME. ABTOMOHM3aLMs BOJABI, MOH THApokcoHUA. pH pactBopoB. Pacuer pH pactBopos



c1abbIX KUCIOT U OcHOBaHUU. ['uaponus coneit. Bydepnsie pactBopbl. KuciaoTsl 1 ocHOBaHHS IO
JIstoucy. IIpousseneHne pacCTBOPUMOCTH.

[Ipaktuueckass vactb: [loHSTHE KHUCIOTHI M OCHOBAaHMS C TO3ULUNA Teopuil AppeHuyca u
bpencrena-Jloypu. KHUCIOTHO-OCHOBHOE paBHOBECHE, CONpsbKEHHas 1mapa. KoOHCTaHThI
KHCIIOTHOCTH M OCHOBHOCTH. [loTeHnmomerpuueckoe uzmepenue pH, pacuer pH mns cunbHol
KHUCIIOTBI/CHJIBHOTO OCHOBaHUS, cl1ab0i KHUCIOThI/ciiaboro ocHoBauus. ['uaponus, onpeeneHue
KHCJIOTHOCTH CpeJibl B pacTBOpax coseil. bydepnsie pactBopsl, pacuetr pH OydepHbIX pacTBOpPOB.
Brnusaue paz6aBnenuns Ha pH OydepHbix pacTBopoB. JleiicTBHe KHCIOT W Imenodeid Ha pH
O0ydepHBIX pacTBOPOB.

8. OKUCIUTETBbHO-BOCCTAHOBUTEIbHBIE PEAKIIMU

[loHsATHA OKHCIEHUS W BOCCTAHOBJICHMS. THUIHWYHBIE BOCCTAHOBUTEINW U OKHUCIIMTEIIH.
CocraBiieHH€e ypaBHEHHI OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKLIUNA: METO/IbI 3JIEKTPOHHOTO U
3JIEKTPOHHO-HOHHOT'O Oananca. OKHCIUTENTbHO-BOCCTAHOBUTEIbHBIC ITOTEHLIUAJIBI.
CornpsiKeHHbIE OKHCIHUTENN M BOoccTaHoBUTeNU. YpaBHeHue Hepucera. Jluarpammel Jlatumepa.
Ce3p DJIC ¢ TEepMOAMHAMHYECKMMHU CBOMCTBAMHU. XHMHYECKHE MCTOYHUKH TOKA, HX
KJaccupukanus. DIEKTPOIIU3 PaCTBOPOB U PACILIABOB.

[IpakTuueckass 4acTh: YpaBHHUBAaHUE OKHCIHUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIMN METOJA0M
AIEKTPOHHO-MOHHOTO Oananca. CTaHIAPTHBIN AEKTPOAHBIN MoTeHuuan. YpaBHenue HepHera.
Bnusnue pH cpenpl Ha OKUCIHUTEIBHYIO CIOCOOHOCTH M COCTaB MPOAYKTOB OKHCIHUTEIHHO-
BOCCTaHOBUTEJBHBIX pEaKkuu. MI3MeHeHe OKUCIUTENbHBIX CBOMCTB a30THOW U CEPHOM KHUCIIOT B
3aBHCHUMOCTH OT KOHIICHTpAI[1H.

9. Xumus BOJIOPO/Ia U TAJIOTEHOB

[Tonoxenue BOAOpPOJa U I'aJIOTCHOB B HepHOﬂquCKOﬁ cucreMe. TUNHUYHBIE CBOMCTBA U CTEIICHU
OKHCIIeHUs rajgoreHoB. OcoOeHHOCTh BOAOpOaA. H3oTombI BOAOpPOAA, IOJYUCHUC U CBOICTBA.
Hon THAPOKCOHMUA. FI/I,Z[pI/II[BI. HpOMBIH_UIeHHBIe u J'Ia60paTOpHLIe CITOCOOBI MOJIY4YCHHA BOAOPOJa
U TaJOreHOB. XHMHYECKHE H (I)I/ISI/ILICCKI/IG CBOIMCTBA TaJOT€HOB. FaJ’IOFeHOBOI[OpOI[BI.
BzaumogeiicTBHE TrajloT€HOB C BOJIOM. KI/ICJ'IOpO,I[HHe COCOAMHCHUS TaJIOTCHOB. HonyquI/Ie n
XUMHYSCKHE CBOMCTBA KHUCJIO0POJOCOACpKAIINUX COCI[I/IHCHI/Iﬁ raJJIOr€HOB.

[Tpaktuueckas dactb: [lomyueHue ramoreHoB (xjopa, Opoma, iona). OKHCIUTETBHBIE CBOMCTBA
raJIOTEHOB, CPABHEHNE OKUCIIUTENBHOM CIIOCOOHOCTH MPOCTHIX BEIIECTB-TaIoreHOB. CpaBHEHHE
BOCCTAHOBUTEIBHONW  CMOCOOHOCTH  TaJOT€HUJ-MOHOB, HM3MEHEHHE BOCCTAHOBUTEIHHOU
CIIOCOOHOCTH TaJOreHUI-MOHOB B rpymnmne. KauecTBeHHbIE peakIMU TajJoreHHA-HOHOB.
Kucnoponconepkamme coeauHeHus ramoreHoB. CpaBHEHHE OKHCIUTENBHBIX  CBOMCTB
KHCTIOPOJICO/IEPKAIIUX COSIMHEHUH TajoreHoB B rpymnme. CpaBHEHHE OKUCIUTEIBHBIX CBOWCTB
KHCTIOPOJICO/ICPKAIIIUX COSTUHEHHUH TaIOTeHOB C PA3HBIMHU CTENEHSIMU OKUCICHHs (Ha IpuMepe
XJIOpa), BIUSIHUE TEOMETPUU NOHA HA €r0 OKHCIUTENbHBIE CBONCTRA.

10. XuMug XxanabKOreHOB

O6H_[aﬂ XapaKTCPUCTHKA JJICMCHTOB 16 T'pyHIIbL HCpHOI{H‘-IGCKOﬁ CUCTCMBI JJICMCHTOB.
OTnnuuTelnbHEIE CBOWCTBA Kucjaopoga MU O30H. XHUMHYECKHE CBOMCTBA IMPOCTBIX BCHICCTB.



XapKOTeHN B! — OTyYeHHE U XUMHUYECKHE CBOMcTBa. BomopogHble coeTMHEHNS XaIbKOTCHOB.
OKCI/I,Z[bI U KHUCJIOPOAHBLIC KHUCIOTBI CCpbl U CCJICHA. HonyquI/Ie M XUMHUYECKHE CBOMCTBA
KHCIIOPOJOCOAEPIKAIINX COSTUHEHNUI cephl, celieHa u Teiurypa.  \[IpakTudeckas YacTh:
OKHUCIUTENbHO-BOCCTAHOBUTENbHBIE ~ CBOIICTBA  IMEPOKCHAA  BOAOPOJAA.  AJUIOTPOIHbIE
MOIU(UKAIIMKA CEphl, MOJyYCHHE IIacTU4YecKoi cephl. [lomydeHue u cBoiicTBa Cynb(pUIOB
metasuioB. [lomydenue u cBoiictBa okcuna cepsl (IV). CoiicTBa cepHON KHCIOTHI U CYIb(HaTOB.
KauecTBeHHBIE pEaKLIUU CEPOCOIEPHKALINX HOHOB.

11. Xumust nHUKTOreHoB U HeMeTa/u1oB 13 u 14 rpynn Ileproanueckoil cucTeMbl 3J1EMEHTOB

OO6m1as xapakTepuCTHKA 3J1IeMeHTOB 15 rpynmsl [lepuoanueckoii CUCTEMBI 3JIEeMEHTOB. TUITHYHBIE
CTCTICHH OKHCIICHUS COCIUHEHHWH a3ora, ¢ocdopa, MbIIbIKA W CypbMBl. BoopoaHbie
COCTMHEHUS! MHUKTOT€HOB — CIOCOOBI MOJIYYEHHs] M XUMHUYeckue cBoicTBa. Conu aMMOHUS.
Oxkcunpl 15 rpynnsl [lepuoandeckoi cucteMsl 3eMeHTOB. [lonydeHne u XuMru4ecKue CBOMCTBA
KHCIIOPOJIHBIX KHCIOT a3oTa U (ochopa, MbIIbIKa U CypbMbl. YTIEpO, KpeMHHH U Oop.
OcoOeHHOCTU CTPOCHUS, (PU3NYECKUX M XUMHUYECKUX CBOMCTB. OKCHABI yIiaepoja, YrojbHas
KucnoTa u kapooHatsl. OKCUABI KpeMHHUS U O0pa, CUITMKAThI, OOPaTHI.

[TpakTnueckast yacth: "IloayyeHue u cBolicTBa aMMuaka U coseid aMMoHusi. CpaBHEHHE CBONCTB
HUTPUTOB M HHUTPATOB. TepMuueckoe pasiokeHue HutpaTtoB. CBoiicTBa (ocdopa u ero
KHCJIOPOJICOAepKaIX coeanHeHu. CBOWMCTBa HOPMAIBHBIX U KUCIBIX (pocdaTos.

[Tomryuenue u cBoiicTBa okcuna yriuepoaa (IV). CoiicTBa HOpMaNBbHBIX U KHCIBIX KapOOHATOB.
CBoiicTBa CUIIUKATOB.

12. Xumus MICJIOYHBIX HICJIOYHO3CMCIIbHBIX MCTAJJIOB U MCTAJUIOB I'NTaBHBIX MOATPYIIII

[TonoxxeHnue MeTamnoB B Hepnonnqecxoﬁ CHUCTEMEC DOJICMCHTOB. O6H_II/IC (I)I/BI/ILIGCKI/IC u
XMMHYECKHE CBOMCTBA METAJNIOB TJIAaBHBIX MOATPYIIIL. HonyquHe U XHMMHYECKHE CBOMCTBa
MICJIOYHBIX W MICIOYHO3CMCIIbHBIX MCTAJIJIOB. H_[eJ'IO‘H/I — XHMHUYeCKHe cBoiicTBa. OCHOBHBIC
CBOMCTBaA pP-MCTAJIIOB. OCOOEHHOCTH XMMUU aJTFOMUHHS: B3aUMOJECUCTBHUE C BO,HOfI, mejao4aMu 1
KHUCJI0TaMH1, BOCCTAaHOBHUTCIIbHBIC CBOMCTBA. XMMHUYECKHE CBOMCTBA OJIOBA M CBUHIIA.

[TpakTrueckas yacth: BoccTaHoBUTEIbHBIE CBOMCTBA MPOCTHIX BEIIECTB aIIOMUHUS U IUHKA (Ha
IpUMepe peakiuil ¢ KUCI0TaMU U pacTBOpaMu 1enoydei). CBolcTBa ruApOKCUIOB AIFOMUHUS U
[IMHKA, UX aM()OTEPHOCTD.

13. XrMHUg KOMILJIEKCHBIX COEINHEHUN

ITonsTe KOMILIEKCHOTO coennHeHns. KoopaunannonHas teopust Bepuepa. Tunsl neHTpanbHbIX
aTOMOB M JIMTAHJOB. ['€OMETpHYECKOe CTpOCHUE, KOOPAMHALMOHHBIE YHCIAa M H30MEpUs
KOMILIEKCOB. Teopus kpucrtammdeckoro noissg. CHIeKTpbl, OKpacka M MarHUTHBIE CBOMCTBA
KOMIUIEKCOB. Y CTOMYMBOCTh KOMIUIEKCOB B pacTBOpax. YcCiOBUsS 0Opa3oBaHHs U pa3pylICHUs
KOMIUIEKCHBIX coeuHeHuM. KOHCTaHTa HECTOMHOCTHM KOMIUIEKCHBIX COE€IWHEHHMH. TunudHbIe
KOMIUIEKCHBIE COETUHEHHS XpOMa, JKeJie3a U KoOasbTa.

HpaKTI/IquKaSI 4acCThb. HOJ’Iy‘-IeHI/IC U CBOMCTBAa KOMILIEKCHBIX COCAUHECHHUM AJIIOMHMHHA, IITMHKA,
MCIIH, KCJIC3a U XpoMa.



14. Xumus nepexoIHbIX METAJIOB

[Tonoxenue d-metamioB B [lepuoandeckoii cucteme. DIeKTpOHHAS KOHPUTYpaLUs IEPEXOAHBIX
MeTaiioB. Tpu psiia mepexoAHblx MeTauioB. OCOOEHHOCTH METaIOB MEPBOIO MEPEXOIHOIO
psna. OCHOBHBIE XUMHUYECKHE CBOWCTBA: B3aUMOJEHCTBUE C TallOT€HAMH, KHCIOPOIOM,
pacTBopeHHe B Kuciorax. Ilepexoanbie MeTaibl BTOPOro ¥ TPETHEro psiioB. TUIHMYHBIE CTEIIEHU
OKHCICHMsT M XuMHuueckue cBoicTtBa. OCOOEHHOCTH XUMMHM MOJIMOJIeHA: HW3MEHEHue
OKHCIIUTEIbHO-BOCCTAHOBUTENbHBIX U KHUCIOTHO-OCHOBHBIX CBOWCTB NPH M3MEHEHUM CTEICHU
okucineHus. Xumus f-anementoB. Jlantanuabl u aktuHUAbl. OCHOBHBIE CBOWCTBA M CTENEHU
OKHCIICHMS.

[TpakTrueckas gacTb: "BoccTaHOBUTENBHBIE CBOMCTBA IIPOCTOro BellecTBa Meau. [lonydyenue u
cBorictBa okcuaa meau (II). Ilomyuenune u cpoiictBa ruapokcuna meau (II). Komrmnekchbie
coenuHenus menu (I). [lonyuyenue u cBoiicTBa okcuna meau (1).

CaoiicTBa mpocToro BemiecTBa kenesa. [lomydenne u cBoiicTtBa ruupokcuaa xenesa (II).
OKHCIUTENbHO-BOCCTAHOBUTENBHBIE CBOWCTBA coeanHenuii xkenesa (I1). Ilomyuenue u cBoiicTBa
ruapokcuaa sxkenesa (III). OkucnuTeNnbHO-BOCCTAHOBUTENBHBIE CBOMCTBA COCAMHEHHM jKele3a
(IIT). KauectBeHnubie peakiuu noHoB xene3a (I11) u (I11).

Koppo3us. ®axkTopsl, BIUSIOMIME HA CKOPOCTh KOppo3uu. CriocoObl 3alIUThl OT KOPPO3HUHU.

OO1ee npeacTaBieHUe O KOJUIOMIHBIX CUCTEMaX, MOIy4YeHUe 30iiel ruapokeusa xenesa (1) u
ceppl. Oddexr Tunmans. Tunbsl KOMIOUIHBIX cUCTEM, (DaKTOpbl, OOyCIaBIMBAIOLIME HX
ycroitunBocTh. Koarynsauus 3omeit noa aeicTBUEM 3J1EKTPOIUTOB.

[Tonyuenue coemunenuit xpoma (II) m (VI) u3 coenunenuit xpoma (III). OxucnurenspHO-
BOCCTAHOBUTEJIbHBIE CBONCTBA COEIMHEHUN XpoMa B pPAa3IMYHBIX CTEMEHSAX OKHUCIICHUS.
Awmodortepusle cBoiicTBa ruapokrcuaa xpoma (II0).



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHBbIE U HEHTPOHHbIE METO/IbI MCCJIEI0BAHUI

OCHOBBI OPraHM4YecKO XUMHUM

Heab AMCHUNIMHBI:

Kypc opranndeckoit Xumuu npenHazHaveH Uit OPMHUPOBAHUS Y CTYACHTOB, O0YJarOIIUXCs 110
HaIpaBJICHHUIO ((HpI/IKJIaI[HbIe MaTE€MaTuKa U (1)I/I3I/IKa» NpeaAcCTaBJICHUA 00 OCHOBHBIX MOHATUIX U
3aKOHAax XWUMHHU, XHMHUUYCCKHX PpCAKOUAX U CBOMCTBaxX OpraHn4Y€CKuUX BCIICCTB. Kpr
MMpeaAcCTaBIACT c000lf OCHOBBI XHMHYECKOU T'paMOTHOCTH, IIOKa3bIlBaCT MECTO XWUMHH B
COBPEMEHHOM €CTECTBO3HAHUU, 0COOEHHOCTH XUMHUUYECKOr'0 IOJX0/1a K U3YYEHHIO OKPYKAIOIEro
MHpa, Ja€T NPCACTABICHUC O METOAOJIOIMH U TOAX0daX XUMHU K U3YUCHUTIO XUMHUYCCKHUX CBOMCTB
BEIIECTBA, AACT MOHSITh, YTO XUMUS, OYydr TECHO CBSI3aHHOHU ¢ PU3UKON 1 OMOIIOTHEH, SBIISIETCS
CaMOCTOATEJILHON HAyKOM.

Oco0eHHOCTh JAaHHOTO Kypca COCTOUT B TOM, YTO OH IPENOAAeTCs BO BTOPOM CEMECTpe U
OCHOBBIBAETCS TOJIbKO HA TEX 3HAHUIX, KOTOPBIC YydYalluecs IMOJIYUYWIH MPH TPOXOXKICHUU B
MIEPBOM CEeMeCTpe Kypca 0011l U HeopraHuueckoi XuMun. Kypc cOCTOUT U3 JIeKIUi, CeMUHAPOB
U 1a00paTOpHBIX paboT. ITO 1aeT BO3MOKHOCTH MOJTHOLIEHHOTO OCBOEHUS yUeOHON MPOrpaMMbl
U aKTUBHOT'O MCIIOJI30BaHUS TOJYYCHHBIX 3HAHWH JUIsl OCBOCHUS NPU JAIbHEHIIIEM O00Y4YCHUU
TaKUX JTUCHUILINH KaK XUMH4YecKas Gr3uKa, OMOXUMHUS U OMOPHU3HKA.

TeopeTudeckoe U MPAKTHUECKOE OCBOCHUSI OCHOBHBIX Pa3eiiOB OPTaHMYECKONH XHUMHHU C yYETOM
COBPEMEHHBIX TEHACHLIUN pa3BUTUS XMMUUYECKOIN HayKH, YTO HEOOXOAUMO /7S Ooiee r1yOOKOro
MOHMMaHHS BO3MOXKHOCTH XMMHYECKOTO IMOJIX0Aa K M3YYCHHIO OKPYXKAIOIIEro MHUpa, OOMIMX
3aKOHOMEPHOCTEN CTPOEHUS BEIIECTBA U €ro MPEBPAIIEHUI B IPUPOJIE.

3agauyu AUCHUILINHBI:

- 3HAKOMCTBO C BHYTpeHHeﬁ JIOTUKOM OpFaHquCKOﬁ XAMHU KaK HAYKH, q)OpMI/IpOBaHI/Ie
HpeI[CTaBJ'IeHI/Iﬁ 0 MEXaHU3Max OPraHn4CCKUxX peaKHHfI;

- U3y4€HUE OCHOBHBIX KJIACCOB OPraHMYECKUX COEAMHEHMI; (POpMUPOBAaHUE IMpPEACTABICHUI O
CBSI3M pPEaKLMOHHON CLIOCOOHOCTH OPraHUYECKUX MOJIEKYJI C UX CTPOEHUEM;

- U3YUYCHHC 3aKOHOMCpHOCTCI71 B3aHMOJCHCTBU PAa3JIMIHBIX OPraHUYCCKUX BCIICCTB C 00BbEKTaMU
Oprxca}omeﬁ Cpeanbl, UX (I)I/ISI/IOJ'IOFI/I‘{CCKOFO n (I)apMaKO.HOFI/I‘-ICCKOFO I[eﬁCTBHH, OMOJIOTHYCCKOM
poJin, IpUMCHCHUS B HpaKTHqCCKOﬁ ACATCIIBHOCTH YCJIOBCKaA, (I)OpMPIpOBaHI/IC Hpe,[[CTaBJ'ICHI/II‘/’I 00
9KOJOTHYCCKHUX HpOGJ’IeMaX, CBA3AaHHBIX C UCIIOJIb30BAHUEM OPraHNMYCCKUX BCIICCTB.

IlepeyeHb MIAHUPYEMBIX Pe3yJbTATOB 00YUYEHUsI 1O JUCIHUIJINHE (MOIYJII0)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YYArOIIHECS TOHKHBI

3HATb:



- OCHOBHBIE TIOHSITUSI OPTaHUYECKON XUMUU;

- OCHOBHBIE CBOMCTBA BAJKHEMIINX KJIACCOB OPraHUYECKUX COCAMHEHUN U UX IIPUMEHEHUE;

- OCHOBHBIE MEXaHWU3Mbl OPTaHUYECKUX PEAKIIUH;

- OCHOBHBIE METO/Ibl XHMHUYECKOH U CIIEKTPAITBHON HICHTU(UKALMN OPTAaHUYECKUX BEIIECTB;

- OCHOBHBIE MPUEMBbI pabOThI B 1a00paTOpUN OPraHUYECKON XUMUU.

yMeTb:

- 1/1306pa>1<aTL CTPOCHUEC TUIIMYHBIX HpeHCTaBHTeHeﬁ KJIaCCOB OpPTraHUYCCKUX COCI[I/IHCHI/Iﬁ 1o
Ha3BaHUIO W HA3bIBATb HX II0 CTPYKTYPHBIM (bOpMYJ'IaM Ha OCHOBC€ 3HAHUA IIPUHLOUIIOB
HOMCHKIJIATYpbl U U30MEPHU,

- BBLIEJSTH B MOJIEKYJIE€ PEAaKLMOHHBIE LIEHTPBI, IPOTHO3UPOBATH MOBEACHUE OPraHUYECKOTO
COCIMHEHUS B KOHKPETHBIX YCIOBHUSX, HCXOJS M3 €ro CTPYKTypbl M 3HAHUS TUIIHYHOU
PEaKIIMOHHON CIIOCOOHOCTH (DYHKIIMOHAIBHBIX TPYTIIT;

- TMPOBOJIUTH MPOCTOM XHUMHUYECKUH OHKCIHEPUMEHT II0 CHHTE3Yy, BBIACICHUIO, OUYUCTKE H
XUMHUYECKON UICHTU(UKAIIUN BEIIECTBA;

- 0(OPMIISITH OTYETHI JIAOOPATOPHBIX PAOOT.

BJIa/1eTh:

- METOJAaMH OIPCACIICHUA BO3MOXHOCTHU IMPOTCKAHUA XHMUUYCCKHX HpeBpaHIGHI/Iﬁ OCHOBHBbIX
KJIaCCOB OPraHUYCCKUX COGIII/IHGHI/If/'I B Pa3JIMYHLIX YCIIOBHUAX,

- criocobaMu 6e30MacHOro OOPAIIeHHUSI ¢ TOPIOYMMH U TOKCHYHBIMHU BEIECTBAMU;
- 1a0OpaTOPHBIM 000PYIOBAHUEM;

- MCTOJaMH NIPUTOTOBJICHUSA paCTBOPOB SaﬂaHHOﬁ KOHICHTpAalu.

TeMbl U pa3jaeiibl Kypca:
1. Obuue nmpencTaBiIeHHs O CTPOSHUU U PEAKIIMOHHOM CTOCOOHOCTH OpTraHNYECKUX COSTMHEHUH.

[IpenMeTr ¥ 3agauM OpraHMYECKONM XHMMHUHU. YTIJIEPOJ M OpPraHMYECKHE BEIIECTBA B IPUPOJIE.
Kpatkuii 3KkcKypc B CTpoeHHE 3JIEKTPOHHBIX 000JI0UeK aTOMa, Ha IpUMepe aToMa yriepoa. Tumsl
XUMHUYECKON CBS3M M CIIOCOObI UX rpaduyeckoro mpeacrapieHus. Konunenuus rudpuan3anum.
CnocoObl  M300pa)K€HUs] MOJIEKYJ OpraHMYeCKUX COEIUHEHUIl (CTpyKTypHble (OpMYIbI,
COKpAIlleHHbIE CTPYKTypHble (opmynbl, ¢Gopmynsl JIbionca, pe30HAHCHBIE CTPYKTYPHI).
CootHecenue rpaduyeckoil MOJENU ¢ PeaTbHOU CTPYKTYPOH («4epTOUKH U cTpenku»). [lonstue
(GYHKIIMOHAIBHOU TPYIIIBI, CBSA3b C XUMUYECKMMH CBOMCTBaMH, OCHOBHBIE KJIACCHI OPTaHUYECKUX
coequHeHU (CBSA3b C (PYHKUMOHAIBHBIMHM TPYNIIAMHU, OCHOBHBbIE (YHKIIMOHAIbHBIE TPYIIIIHI).
B3aumornpeBpaiiieHusi COeAMHEHUH C pPa3HbIMU (PYHKIHMOHAIbHBIMU rpynnamu. [IpuHummb
MOCTPOCHUS Ha3BaHUN OpPraHUYECKUX COEIWHEHUH, CUCTEeMAaTUYeCKue U TpUBUAJIbHbIE.
['omonorus. U3omepus (ckenerHas, nonoxenus ). [Ipocrpancrsennas uzomepus. Kondurypanus,
oTiIMYMe OT KOH(popManuu. ACHUMMETPHUYECKHH aTOM yIjepoja, OINTHYEeCKas aKTHUBHOCTb.



DOHaHTUOMEPBl U AuacTepeoMepnl. Pamemarbl. XupalbHOCTh. Pa3muyHble TUIBI XUPATBHOCTH.
[Mpunnun R, S-nomenknarypsl. CoelMHEHHS C IBYMsI aCUMMETPUUYECKUMHU aTOMaMu yTiepoJa.
ITocTpoenue npoexkuui Pumiepa.

2. IIpenenbHble yraeBoaopoabl. ['omosnorusi. U3omepsl, BUABI ©30MEpUU

[IpenensHbIE yrieBoaopoabl — ankaHbl. CTpoeHHe MOHATHE 0 KOH(OopMaIMsIX U KoHpopmepax
JIKaHOB. 3aCIOHEHHAsA, 3aTOPMOKEHHas, CKollleHHas: kKoHpopMmanyu. [IpoekunonHbie GopMyItbl
Heiomena. Kondopmanuu »stana, OyraHa, MX DHEPreTUYECKHE IHArpaMMbl. XHUMHUYECKHE
CBOMCTBAa QJIKAaHOB: TaJIOTEHUPOBAHUE (XJIOPUpOBaHME, OPOMHUPOBaHHE) C OOpa30BaHUEM
raJlOTeHAJIKaHOB. OJHEPreThKa IeMHBIX CBOOOAHOPAIMKAIBHBIX PEAKIHU TaJoreHUPOBAHUS.
Hutposanue. OTHOCUTENBHAS CTA0OMIIBHOCTD PA3IMYHbBIX AIKWIBHBIX PAIUKaIOB. TepMUUECKUN
KPEKHHT aJIKaHOB.

Knaccudukanus MexaHM3MOB XHMHUYECKHUX peakiuil B opraHudyeckod xumuu. IloHatus
Hykineopun, oanekrpodun. Krnaccudukanms XMMHUYECKMX — peakuuil 1o  pe3yibTary:
IPUCOEIUHEHUE, OTLICIUICHUE, 3aMelleHHe, MeperpynnupoBKa, Kiaccuukanus 1o xapakTepy
peareHTa W THUIy pa3pbiBa CBSA3H: T€TEPONUTHYECKHE (HYKICO(UIBbHBIE, JJEKTPOPHIbHBIC),
FOMOJIUTUYECKUE: (paAUKaIbHbIE), MOJIEKYIISIPHBIE.. DHEPreTUYECKUI MPOPHIIb peaKIiu.

3. HenpenenbHble yrineBoaoposl (AJIKEHb M alKuHbI). ['eomerpuueckas usoMmepusi (IOHATHS
1uc-, TpaHe- u Z-, E- HoMeHkiatypsr)

[Tpupona ABOIHOM cBsI3U B alkeHax. ['eoMeTpuueckas u3oMepus - ONpPEeTICHUS U OHATHUS 1IHC-
, TpaHc- u Z-, E- HoMeHkatypsl.

Karanutuueckoe ruapupoBaHuE alKeHOB. TepMoauHamMuuecKas CTaOMIBHOCTh AaJKEHOB Ha
OCHOBE TEIUIOT THIPUPOBAHUS.

OnexTpoduiabHOe mnpHucoenuHeHne 1o JBoWHOW cBs3u(AdE). Mexanusm peakuuif, m- u o-
KOMIIJIEKCBI, SHEPreTHYeCKU Mpoduib peakunu, OpoMoHHeBbie HOHBL. [IpaBuiio MapkoBHUKOBA.
I'anorenupoBanue, rugporasoreHnposanue. I'uapartanus. ConpsykeHHOE MNPUCOEAUHEHHUE.
OxucneHue ankeHOB J0 OKCUPAaHOB U JAHONOB. O30HOIM3 AJKEHOB, OKUCIMTEIBHOE U
BOCCTaHOBUTEJIBHOE PACUICIUICHUE 030HUIO0B. PaluKanbHble peakuy aJIKEHOB: IPUCOEIUHEHUE
HBr no Xapamry. Kap6ensl. Peakuinu npucoeanHeHust KapOEHOB K aJIKEHaM.

ONEKTPOHHOE CTPOEHUE TPOWHON CBSI3M B alKWHAX. OJJIEKTPOPUIBHOE NPUCOEIMHEHUE K
ankuHaMm. PeakiMoHHas CHOCOOHOCTh AJKMHOB. ['ajmoreHupoBaHue, TUAPOTraJoreHUpOBaHUE,
ruapatanus (Kyuepos). BocctanoBiieHne aqknHOB 10 1Mc- ¥ TpaHc-ankeHoB. C—H kucnotHocTh
aneTwIeHa. ALETWICHHIbl HATpUs, MarHvs W MU, UX IOJyYEeHHUE W HCIOJIb30BAaHUE B
OpPraHMYECKOM CHHTE3E.

4. OyHKIMOHAIBHBIE IPOU3BOIHBIC C MPOCTOit cBsi3bi0 C-Hal.

["anoreHankanbl, aTKEHWITATIOTEHHU Bl M apUIIralIoreHU bl BaskHeimue npuMepbl. OcobeHHoCcTH
anekTpoHHOro crpoenus cBsizu C-Hal. Munyktussbiil s¢¢exr. (I'paduueckue npencraBieHus
nepeHoca EKTPOHHON MIIOTHOCTH). OOIMe METO/Ibl MOJyYeHHsI TaJIoreHaKaHOB, -aJIKeHOB, -
QJIKUHOB.

HyxneodunbHoe 3aMenieHne y HachIIEHHOTo aToMma yriaepoza. [loHsTiHe 0 Hyki1eohuIbHOCTH,
Hykiaeodmibl. Knaccudukarus MexaHM3MOB peakinidi HykjieoGuibHOTro 3aMmernieHusi. OCHOBHBIE



xapakrepuctuku SN1 u SN2 peaknmii. Peakiiuu SN2-Tuma. DHepreTHIecKuid mpouiib peakifuii.
Kuneruka, crepeoxummus, BanbneHoBckoe oOpamieHue. BnusHue npupoabl 3amMecTUTeNns Hu
YXOMSIIEH TPYNIbL, MPUPOABl HYKICO(DHUILHOTO areHTa W pPacTBOPUTENS] HAa CKOpPOCTh SN2
peakuuii. Peaknum SNI1-tuma, 3aBUCMMOCTH OT NPUPOJBl pajuKala, YXOJSIIEW TPy,
pactBoputens. KapOokaTHOHBI, WX YCTOWYMBOCTb. Peakuuu 3IMMUHUPOBaHHSA, O- U f-
sanmumuHupoBanue. Knaccudukanus mexannsmos snumuaupoBanus: E1, E2. TIpasuo 3aiinesa.
CuH- ¥ aHTU- 3JIMMHMHHMpOBaHHE. BiusHue Npupoabl OCHOBAaHUS M YXOASILEH TPYIIbl Ha
HampasjieHue snaumuHupoBaHus. Koskypennus mnpomeccoB E2 wm SN2, EI u SNI.
["anoreHnpon3BOHbIE AJIKEHOB.

5. OyHKIMOHAIBHBIE IMPOM3BOJHBIC 0OOJiee YeM C OJHOM KpaTHOW CBS3bIO.  AJIKQJIMCHBI.
Me3zomMepHbIit 3¢ ekt

1,2-, 1,3- nmensl. byraamen-1,3, ocoOEHHOCTH CTPOCHHS, COMNPSDKEHUE BOMHBIX CBsI3EH.
["anorenupoBanue u ruaporajioreHupoBanue 1,3-aqueHos. 1,2- u 1,4- npucoeguHeHue.

JIneHOBbI CHHTE3 KaK MpUMEp NepuliuKiIndeckoi peakuuu. Peakuus Jlunsca-Anpaepa. Biusnue
CTPYKTYpHI JUeHa U TueHO(HIIa Ha PETHO- U CTEPEO-CEIEeKTUBHOCTH Ipoliecca. Vcnonb30Banue
JTUEHOBOTO CHHTE3a B CHHTETHYECKUX IeNax. Tepmuueckue U (HOTOXMMHYECKHE pEaKIUu
3aMbIKaHUS U PACKPBITHUS LUKIIOB B IUE€HAX U MOJIMEHAX.

6. lluxnoankanbl. DHeprus HanpspkeHus. Konpopmanuu nukiorekcaHa

Knaccudukanusa anuuukioB. DHeprusi HanpsbkeHus. CTpoeHHe LUKIONpONaHa, MUKIo0yTaHa,
IUKJIONIEHTaHa, IuKiIorekcana. Kondopmarnuu nukinorekcana. AKCHaIbHBIE U 9KBaTOPHAIbHbBIC
cBs3u B KoH(opMmanuu "kpeciao" mukiaorekcaHa. KoHdopmanumy MOHO- M AW3aMelIEHHBIX
MPOM3BOJHBIX ITUKIIOTeKCaHa M Oapbepbl KOH(POPMAIMOHHBIX IepexonoB. OcoOeHHOCTH
XUMHUYECKHX CBOMCTB COCAMHEHUH C TPEXWICHHBIM ITUKJIOM.

7. ApoMatuyeckue yrieBOAOPOAbl. ApOMAaTHYHOCTh. Peakuuu 3aMeieHus B apoOMaTHYECKOM
pAany.

Crpoenne Oenzona. @opmyna Kekyne. MonekynspHele opoutanu Oenzona. Kpyr ®Ppocra.
Konuemnius apoMaTHUHOCTH, SHEprus pe3oHaHca. [IpaBmio Xokkens. ApoMaTHuecKkue KaTHOHBI
U aHuOHBbl. KOHJEHCHpPOBaHHBIE apOMATHYECKHE YIJIEBOAOPOAbI: HadTaiauH, (eHaHTpeH,
aHTpalleH, a3yjieH u jap. ['ereporukinyeckre apoMaTu4eckue COeAMHEHUS.

Peakiuu 3amenieHust B apoMaTU4YecKOM psiay. DnekTpoduibHoe 3amerieHue Kiaccudukanus
peaKIuii  apoOMaTHYECKOTO ANIEKTPO(UIBHOTO 3amemeHus. [IpencraBieHuss o MexaHH3Me
peakuui, m- U o-KOMIUIeKcax. Pe3oHaHCHbIE CTPYKTYphl.DHEPreTUYeCKUuil Mpoduiab peaxiuu.
ApEHOHHEBBIE MOHBI B PEAKIHAX DJIEKTPOPHILHOTO 3aMelleHHs. BiusHHe 3aMecTHTeNns Ha
CKOPOCTh M HaIlpaBJIEHUE AEKTPOPUIBHOTO 3aMELIEHMS, CBSI3b C PACIPEEICHUEM AIEKTPOHHON
wioTHOCTH. OPUEHTAHTHI TIEPBOTO U BTOPOTO pona. HutpoBanue GeH3011a, MEXaHU3M PEaKIIHH.
[Tony4yenne monmHUTpOCOETUHEHNH. ["aoreHnpoBaHNe, MEXaHN3M PEAKIMU TAIOTEHUPOBAHHS
apeHoB, kaTtanu3 kucioramu Jlpronca. CynbdupoBaHue, MEXaHU3M PEaKIWW, KHHETHUECKUN U
TEPMOJIMHAMHYECKUI KOHTPOJIb B pEAKINK CyIb(upoBanus Ha npuMepe Hadranmaa. [Torstre 00
UIICO-aTaKe ®  UIICO-3aMelIeHnU. AJIKWInpoBaHue apeHoB 1o  Dpuupento-Kpadrcey,
NOJHAKWIMPOBAHUE, MOOOYHBIE TMPOLECCHl - HW30MEpHU3alMsl AJKWIMPYIOIIEro areHTa u
KOHEUYHBIX MPOAYKTOB. AlminpoBanue apeHoB o @punemo-Kpadptcy. Anunupyromune areHTsl.
MexaHu3M peaklMU. PerHoCeNeKTUBHOCTh auminpoBanus. @opMuiupoBanue no 'arrepmany-
Koxy 1 poscTBeHHBIE peaKIUHy.



HykneodunbHoe apomarmueckoe 3amermieHue. OOmue MpeaCTaBICHUS O MeXaHU3Me
HYKJICO(bI/IJIBHOFO 3aMCIICHUA. Mexanuzm OTIICTUICHUA-ITPUCOCIUHCHU AL Ha npumepe
IpeBpalieHuss TajoreHOeH300B B (EHOJABl M apoMaTW4yeckhue aMHUHBL. MeXaHu3M
npucoenuHeHus-ormervieHus. Kommnexke Melsenreiimepa.

Peakuuu ¢ paspyiiennem apomatudeckoil cucrteMbl. KaramuTuueckoe ruIpUpOBaHUE apeHOB,
BOCCTaHOBJIEHHE apeHoB 1o bepuy.

Peaknun He 3aTparuBaroliye apomaTtudeckyro cucremy. OKHUClIeHHE alKWIOEH30J0B 10
KapOOHOBBIX KHUCIIOT, ajlbJIeTUJI0B U KETOHOB. OKHUCIIEHNE KOHIEHCUPOBAaHHBIX apOMaTHYECKUX
YIJIEBOJOPOAOB. 3aMelIeHUE BOAOPO1a B OOKOBOMH LIENH aJIKHIOEH30JI0B Ha TajioreH. beH3mibHbIi
panuKat. AJUTMIIBHBINA pasinKai. AJUIMIbHOE TaloreHupoBanue. T-OpOuTaiy auTmIbHON CUCTEMBI.

8. MerTobl aHanu3a OpraHU4YCCKHUX COCJUHCHUM.

[IpencraBinenuss 0 (U3HKO-XMMHYCCKHX METOJAX aHalW3a OpPraHWYeCKHX COCAMHCHHU.
DNEKTPOHHBIC CIICKTPHI MOTJIONICHHSI OPraHUYECKUX coequHeHni B Y® obnactu. OCHOBHOE U
AIIEKTPOHHO-BO30YKICHHBIE COCTOSIHUSI MOJEKYNI. Pa3pemieHHble W 3amperieHHbIE MePEeXO/Ibl.
Xpomodopsl 1 ayKcOXpoMbI. CBSI3b MOJI0KEHUS MAKCHMYMOB TTOTJIONICHHUS 1 HHTGHCUBHOCTEH CO
CTPOCHHUEM OPTAaHMYECKUX COCIUHEHUH.

OcnoBel Merona WK-cnektpockonuu - konebarenbHas crnekrpockonus B HMK-oGmactu.
[Tpoucxoxaenue konebarenbHbIX crnekTpoB. IlpaBuna otbopa B UK-cnekrpockonum.
VIHTEeHCUBHOCTh CHUTHAJIOB MOTJIOUICHUs. XapaKTEepUCTHUYECKHE 4YacTOThl (PYHKLIHMOHAIbHBIX
Ipynnn B OpPraHMYecKUX Mousiekynax. OOHapyKeHHe COeIMHEHHM ¢  Pa3Iu4YHbIMU
(yHKIIMOHAJIBHBIMU TPYIIIAMU U CTPYKTYPHBIA aHAJIN3 OPraHUYECKUX COEIMHEHUHN C TOMOIIbIO
HK-cnexkrpockonuu.

[IpencraBnenuss o merone SAMP-cnexkTpockonuu, OCHOBBI METO/JAa W OO0JACTH MPUMEHEHHS,
OpUMEHEHHE [UId aHalM3a OpraHuyYecKux coeluHeHuid. OOlMe NPUHIMIBI YCTPOWCTBA
COBPEMEHHBIX HMIYIbCHBIX crekTpoMeTpoB SMP. VYcnoBus HabmoneHus cnektpoB SMP
BBICOKOT'O pa3pelleHHs B )KUIKOCTAX U T'a3ax W MpaBUja MOATOTOBKU 00pa3OB ISl U3MEPEHUI.
XVWMHYECKUE COBUTM U KOHCTAHTBHI CIIMH-CIIMHOBOTO B3amMojencTBus B crnekrpax 1H-SMP u
13C-SIMP oprannueckux coenuHeHui. CBs3p 3TUX NApaMETPOB CO CTPOEHHUEM MOJIEKYII.
Omnpenenenue CTpyKTypbl OPraHUYECKUX COEMHEHN MeTooM SIMP.

9. COG,[[I/IHGHI/IH CO CBA3BIO YIIICPOA-METAIIT (MeTaJ'IJ'IOOpFaHI/ILIeCKI/IC COGI[I/IHCHI/IH)

Jlutuii- 1 MarHMMOPraHUYECKUE COECIUHEHHUs, JICKTPOHHOE CTPOCHHUE CBS3HM YIIIEPOJ-METAILI.
[TosryueHune B3auMOIEHCTBUEM METAJlIA C AKUITAJIOTEHUAAMH, lepeMeTamupoBanue. CTpoeHne
peaktuBoB ['punbsipa B pactBope. PaBHoBecue Illnenka. Peakuuu c yraesogopomamu (C-H
kucinotamu). Mcnonbp3oBaHue NHUTHI- M MarHUHOpraHUYECKUE COEAMHEHHUS B CHHTE3€
YIJI€BOIOPOAOB, CIHUPTOB, albJETUIOB, KETOHOB, KapOOHOBBIX KHUCIOT. [[MaNKHIKyIpaThbl, UX
CUHTETHYECKOE MCIIOIb30BAHKE.

10. ®yHKIKMOHATBHBIE TPOU3BOAHBIE ¢ TPOCTOH cBsA3bt0 C-O. CrupThl ¥ poCcThie 3PUpHI

OIIHOE[TOMHBIC CIIUPTBI, THOJIBI. CBolicTBa CIIMPTOB, BOJAOpPOAHAs CBA3b. 3aMeH_[eHI/IC
I‘H,Z[pOKCPIJ'IBHOﬁ Tpymnmbl B CHHUPTAX Ha TaJIOTCH (HOI( JeicTBHEM raJilorcHoOBOJ0pOaOB,



rajioreHu10B ¢pocdopa, XJa0pucToro Thonuna). Jerunparauus cnuptoB. OKUCIEHUE TEPBUYHBIX
CIHMPTOB 0 albACTHIOB U KapOOHOBBIX KHCIOT, BTOPUYHBIX CHHPTOB J0 KETOHOB. PeareHTHI
OKHCIICHHSI HA OCHOBE XPOMOBOTO aHTHJpHUIA U JBYOKHCH Mapranina. /[ByXaTOMHbIE CIHPTHI.
OTUIEHTTUKONG U rimiepuH. [InnakonunoBas neperpynmupoBka. IIpocteie 3¢upsl. CBoiicTBa
OpOCThIX 3(UPOB: 00pa3oBaHME OKCOHUEBBIX COJIEH, PACIICIUICHHWE KHUCIOTaMH, 0Opa3oBaHue
ruaponepokcunoB.  OkcupaHbl.  PackpbpiTHe  OKCHpPAaHOBOTO — IIMKJIA  TMOJA  JICHCTBHEM
ANIEKTPOMMIBHBIX M HYKJICO(DUIbHBIX areHToB. L{ukmmdeckue mpocteie 3pupsl, KpayH-3(UpEHL.
OcHonbl. Denonbl kak OH-KHUCIOTHI, BIUSHUE 3aMECTHTENCH Ha KHUCIOTHOCTH (DEHOJIOB.
KymonbHbIif mporece. Peakium 35ekTpouiIbHOTo 3aMeIIeHUs] B apOMaTHYECKOM siApe (PeHOIIOB:
rajJloreHupoBaHue  (MexaHu3M), CylIb(QHUpOBaHWE, HHUTPOBAHUE, HUTPO3UPOBAHHE U
ankunupoBanue. KapOokcunupoBanue (EHOJATOB — IIENOYHBIX MeTauioB 1o Koub0e.
dopmunupoBanue penoso o Peiimepy-Tumany, n Bunscmaiiepy. [leperpynmupoka ®puca.
[TeperpynmupoBka auuiaoBeix 3¢upoB ¢enonon (Knaiizen). Okucnenue dhenonos. [lonsarue o6
aApOKCUJIBHBIX pajiKaiax.

11. ®yHKUMOHANBHBIE TPOU3BOJHBIE C OAHOU KpaTHOMU CBA3bI0 C=0. ANbIeruibl U KETOHBI.

DIIEKTPOHHOE CTPOCHHE KapOOHMIHHOU TPYIIIIBI, €€ MOJSIPHOCTD U MOJIAPU3yeMOoCTh. Baxkuelime
anpAeTUbl U KeTOHbI. Dopmanibieruy, aueTanbAeTh]l, aleTOH, apOMAaTUYECKUE aJIbICTUIbl U
KeToHbl. [IpeacraBnenusi o MexaHW3Me HYKJICO(WIBHOTO MPHUCOCTUHEHUS 1O KapOOHWILHOU
rpynme. KucinotHseiil 1 ocHOBHOH Katanu3. [Ipucoennuenue Boibl, CIUPTOB, TUOJIOB. ALIETalnu U
nosyaineraid, AuoKconaHbl. [lomyuenue OUCYNbOUTHBIX MPOU3BOAHBIX M ITUAHTUIPUHOB.
BzaumopeiictBue anbaeruioB U KeToHoB ¢ wiugamu ¢ocdopa (Burtur). BzaumopeiictBue
aNbJIETU/IOB U KETOHOB C a30TUCTHIMHU OCHOBaHHUSAMH. OKCHUMBI, TUAPA30HBI, (EHIITHAPAZOHBL
Ocnosanus [udda, yporponun. [leperpynnuposka bekmana. Peakiiu anbaeruioB 1 KETOHOB €
METaJUIOOPraHUYeCKUMH coeluHeHusIMU. KeTo-eHonbpHas Tayromepus. EHomM3aus anpaeruion
U KETOHOB B pEAKIUSAX TaJOreHUpOBaHHs. BiusHHEe CTPYKTYpHBIX (AKTOPOB U MPHUPOIbI
pPacTBOPUTEIIS HA MOJIOKEHUE KETO-€HOJIBHOTO PABHOBECHS U 3aBUCUMOCTD €0 OT COOTHOILICHUS
CH- u OH-kucnotHocTH KeToHa M eHoja. J[BoicTBEHHasl peakllMOHHAsl CIIOCOOHOCTb €HOJIAT-
MOHOB. AJBJIOJIBHO-KPOTOHOBAasl KOHICHCALUS albJAETUAOB U KETOHOB B KHCIIOM M IIEIOYHON
cpele, MEXaHu3M peakuuu. beH3onHoBass KOHACHCAaHs. AMUHOMETHWIMPOBAHUE ANIbIETUIOB U
KETOHOB, peakinsg MaHHHXaA.

Peakuuu BoccTaHOBIEHUS KapOOHUIIBHBIX CO€MHEHNN. BoccTaHOBIEHNE albAETHI0B U KETOHOB
JI0 CIIUPTOB, peareHThl BOCCTAHOBJIEHUS; BOCCTAHOBJIEHME KapOOHMIbHOW rpymnmnsl g0 CH2-
rpynnsl; peakuuu KmxHepa-Bonbdpa u  Kiemencena. BoccraHoBuTenbHas JuMepH3alius
aNbJIEruI0B U KETOHOB. OKHCIEHHE alIbJIETHJIOB, PEarcHTbl OKUCIEHMs. BocraHoBuTEnbHOE
aMHHHMpOBaHUE KapOOHWIBbHBIX cOelMHeHUH. B3aumoneiicTBue anbAerujioB M KETOHOB C
dopmuarom ammoHus (peakuus Jlelikapra). JlucmpomopuuOHHpOBAaHUE aJbAETHIOB IO
Kannunapo.

12. ®OyHKIMOHATIBHBIE COCIWHEHUSI C KapOOKCWIbHOW rpynmoi. KapOoHOBBIE KHCIOTHI.
[TpousBoHBIE KAPOOHOBBIX KUCIOT — FAJIOT€HAHTHIPHUIBI, CIIOKHBIE d(UPBHI

OCOOEHHOCTH 3JEKTPOHHOTO CTPOEHUS KapOOKCHIIBHOW rpynmbl. BiusHue 3amecturerneil B
OpPraHMYecKOM pajJiuKajie Ha KUCIOTHOCTh KapOOHOBBIX KHCIOT. ['aloreHupoBaHue KHCIOT IO
['enmo-®onbrapay-3enunckomy. [luponuruyeckas keronusanus, peakuuu Konsoe, boponuna-
XyHCOUKKEpA.



[IponBoHBIE KapOOHOBBIX KHUCIOT. ['amoreHanruapuabl. CBOHCTBA: B3aMMOJCUCTBHE C
HyKICOQWIbHBIMU  peareHTamu  (BOAa,  CHOUPTHI,  aMMHaK,  aMUHBI,  THAPa3uH,
METaJUI0OpraHuyeckue coeauHeHus). BoccranoBinenue mno Po3eHMyHAYy W KOMIUIEKCHBIMU
THAPUAAMH METAIIOB. B3amMopeiicTBue ama3oMeTaHa C TajJOreHaHTHUAPUIAMHU KapOOHOBBIX
KUCIIOT (peakuusi Apuara-Diicrepra). AHrUApuabl. Peakuuu anruapunoB kucioT. Kerensi,
cBoiicTBa. CliokHBIE PUPHI, peaKkuus dTepUPHUKAIUUA. Peakuu CI0XHBIX 3(PHPOB: THAPOIH3
(MexaHU3M KHCIOTHOTO M OCHOBHOTO KaTalli3a), aMMOHOIM3, TepedTepudurarms.
CrnoxnoadupHas konneHcanus (Kisiizena), B3auMoielicTBUE ¢ MAarHU - U IMTUHOPTaHUYECKUMU
COCTMHEHUSIMU, BOCCTAHOBJICHUE CJIOKHBIX 3(PHUPOB O CHUPTOB U AIBJETUIOB KOMIUICKCHBIMU
TUAPUIaMHU METAJIOB, BOCCTaHOBIIeHHE 10 byBo-bnany, ammionHnoBas konjeHcanus. Peakuus
MOJTyYEHUsSI CJIOXKHBIX 3(UPOB C ydacThHeMm amaszomeraHa. CIoKHbIE 3(PUPBI MHOTOATOMHBIX
cnupToB. JKUpBL, TUIUJIBL., TPUTIULEPHUIBL, hochomunuabl. AMUIBL. ['Uaponau3, BoccTaHOBIIEHUE
0 aMMHOB, Jerujapatauus amMugoB. [IoHATHE O CEKCTETHBIX NEperpynnupoBKax.
[TeperpynmupoBku ['odpmana, Kypumyca. Hutpunbl. ['maponns3, aMMOHOJIM3, BOCCTaHOBJICHUE
KOMIUIEKCHBIMM ~ THAPUJAMH METAUIOB J0 AaMHMHOB, B3aUMOJEHCTBHE C MArHUW- H
JUTUHOPTraHUYECKUMH COeAMHEHUsIMUA. JIByxocHOBHbIE KuCiIOTHL. ll[aBeneBas, manoHoBas,
SHTapHasi KUCIOTHL. JlMdTHioKcanaT B cinoxHOd(UpHOU KoHAeHcanud. CHUHTE3bl ¢ MAJIOHOBBIM
acupom, peakiuss Muxasisi, KOHIEHCAIIUH C allbJeTUIaMu U KeToHamH (peakius Kuésenarens).

13. Azorcoaepikaniue coenuHeHus. HuTpoankaHbl, aMHHBI, JUA30COCTUHCHHS

Hutpoankanel. OnextpoHHoe crpoeHue NO2 - rpynnel. KucnotHocts u  Tayromepus
HUTpoaJKkaHOB. KoHaeHcamust ¢  KapOOHWJIBHBIMH  COEAMHEHHSIMH. BoccTaHoBieHue
HUTPOCOEIUHEHUI B aMUHBI.

AMUHBI. AMHMHBI KaK OCHOBaHMs. AJKWIMPOBAaHHWE M alMIUPOBaHWE aMHUHOB. 3alUTa
aMHHOTpynnbl. Pa3joxkeHne THUIPOKCHAOB TETPAAJKWIAMMOHHUSA (3MUMHHHUPOBAHUE IO
I'odpmany).

Apomarnyeckue amMuHbl. BoccTaHOBIEHHE apoOMaTHMUYECKUX HUTPOCOECIUHEHHH B KHUCIOW U
nienoyHol  cpene.. bensuauHoBas meperpynmnupoBka. CpaBHEHHME OCHOBHBIX CBOMCTB
anu@aTUyecKux U apoMaTUYECKHMX aMHMHOB. BiMsHHE Ha OCHOBHOCTh aMHUHOB 3aMECTUTEJEH B
apomatudyeckoM sape. Peakuumm 2neKTpouIBHOrO 3aMelleHuss B OCGH30JIBHOM  sipe
apoMaTH4eCKNX aMUHOB. OKHCIIEHUE U FaJIOTEHHPOBAHUE AMUHOB.

JunazocoequHenns. ApoMaTHUECKHE IMAa30COeINHEHUs. Peakuy Aua3oTHPOBAaHUS NEPBUYHBIX
apoMaTHYECKMX aMUHOB. MexaHM3M, Ipupoja HUTpo3upyromero areHta. CTpoeHue u
YCTOMYMBOCTb COJEW AMAa30HMs. Peakuuum IMa30COEIUMHEHUI ¢ BBIJCIIEHHEM a30Ta: 3aMeHa
JVA30TPyIIIbl  HAa TUAPOKCWI-, TaJOreH-, IMaHO-, HUTPOrpynmy | Bojopoxa. Peakuun
JIMa30COETUHEHNI 0€3 BBIAEICHHS a30Ta: BOCCTAHOBIIEHHE 10 apWITHIPA3UHOB, a30COYETAHUE.
A3ocodeTaHue Kak peakius 3JIEKTPOQWIBHOIO 3aMeleHHs. A30- U JUa30COCTaBIISIOIIUE,
YCIIOBUSL COYETaHUS C aMUHaMU U (eHosaMu. A30KpacuTeNd, IBETHOCTb Aa30KPaCUTHUIICH.
Anudarnyeckue AMA30COEIUHEHUS. ODJIEKTPOHHOE CTPOCHHME IMA30METaHa, €ro peakluu C
Kap6OHOBBIMI/I KHCJIOTaMH, THAa30METaH KaK HCTOYHHK Kap6eHa.



14. Terepouuknuyeckue coeAuHEHHs. [lATHUWICHHBIE W IIECTUYICHHBIE APOMATHYECKUE
FeTepOHI/IKHBI C OIHUM FepeToaTOMOM.

ONEKTPOHHOE CTPOEHUE TIETEPOLUKINYECKMX MATH- M LIECTUWIEHHBIX apOMaTHYECKHX
coeauHeHu (muppodi, ¢pypan, THO(EH, UHIOM, a30JIbl, TUPUANH, XUHOJIKH).

[IsaTHYIeHHBIC APOMATHYECKUE TETEPOIMKIIBI C OJJTHIM T€TePOaTOMOM(TETePOLUKIIONICHTA TUCHBI ).
®dypaH, tHODEeH, TUPPOIL.(DIEKTPOHOU3OBITOUHBIE). AnuaopoOHOCTE (ypaHa W mHpPpoIIA.
Peakiun  35eKTpOQWIBHOTO 3aMElIeHHs] B IMATHWICHHBIX apOMaTHYECKHX TIeTepPOLUKIIax
(aHasormst ¢ PEAKIMOHOCIOCOOHOCTHIO ~ O€H30ia);  HUTPOBAaHHWE,  CYJIb(UPOBAHUE,
raJloreHupoBanue, QGopMUWIHpOBaHWE, arumpoBanue. OpueHTaus  AICKTPOGUIHLHOTO
3amenneHus. Mamon. Peakuuu 351eKTpoIIbHOTO 3aMENICHUS B TUPPOJIBHOM KOJIbIIE UH/IOJA.

[lecTuuiieHHBIC APOMATUYECKUE TETEPOIMKIIBI C OAHUM TeTepoaToMoM. [TupuanH U XWHOIMH,
AJIEKTPOHHOE CTPOCHHE, CPaBHEHUE C TeTepouuKIoneHTaqueHaMu. OCHOBHOCTh MHPHINHA.
Peakiuy nupuanHa ¢ ankwiranoreHunamu. OKUCICHHE W BOCCTAaHOBIICHHE MUPHIUHA. Peakimn
MEeKTPOQUIBHOTO 3aMEIICHUS B MUPUIUHE M XHHOJIMHE: HUTPOBAHHE, CYJIb(OUPOBAHHE,
rajiorenupoBanre. N-OKcuUIpl MHUPUAMHA U XUHOJIMHA M UX MHCIOJB30BAHME B PEaKIUU
HUTpoBaHus. HykineopuibHOE 3aMeleHHe aTOMOB BOJIOPO/Ia B TUPUIMHE B PEAKIHAX C aMHUJIOM
HaTpus (UnunbabuH) 1 GeHUIITUTHEM.

15. TlonndyHKIHOHATBHBIE, B TOM YKCIE MPUPOAHBIE (OMOIOTUYECKU BAXKHbBIE) COSTUHEHUS.

I'napokco- ¥ OKCO- KUCIIOTHI, BXKHENIIINE IPUMEPHI, 0- - HOMEHKJIaTypa. ALIeTOYKCYCHBIH 3hup
U ero wucnonb3oBaHue B cuHTe3e. Kero-eHonbHas TayToMepuss 3(UPOB [-KETOKUCIOT,
aMOUJIEHTHBIA XapakTep eHoyAT-uoHa. KonpeHcauus Jl[MKMaHa Kak BapuaHT KOHJEHCAlUu
Knsitzena. AuunonHoBasi KOHJAeHCAUs QUPOB TUKApOOHOBBIX KHUCJIOT B CHHTE3€ CPEIHUX U
MaKpOIHKIOB. - - HeHnaceimenusie KuciaoTel. @ymapoBasi 1 MaJCMHOBAsI KUCIOTHI, UX d(UPEI,
MaJICMHOBBIM aHTHIPU, UCIIOJIB30BaHUE B OPIraHUYECKOM CHHTE3E.

AmuHOkHCH0THL. CTpoeHHEe U CBOMCTBA aMUHOKHCIIOT. 0.-aMUHOKUCIIOTHI, 3-aMUHOKUCIOTHI (-
QJaHUH, acraparuH). BaxHeiline aMHUHOKHUCIOTBI, CTEPEOXUMHMsI aMHHOKucior, D- L-
HoMeHKJatypa. Cunte3 amuHokuciaoT ['abpuens, Lltpekep. Paznenenue pamnemuueckux cmeceit
amuHokucnoT. [lentunel n 6enku. Ilentuanas csa3p. [Ipumeps! au- u Tpu- nentuaoB. CUHTE3
nentuoB. CTpyKkTypa OenKoB.

VYrneBogsl. Knaccudukanus u HOMEHKIIATypa YriieBOJOB. MOHOCaXapHuIbl M TOJHCAXapUIbL.
Bungsr MoHOCaxapuaoB: TpPHO3BI, TETPO3bI, TEHTO3bI, TEKCO3bl (ATBAO3BI W  KETO3BI).
[TpocTpaHCcTBEHHOE CTPOSHHE MOHOCAXapHJIOB, MPUMEpP TIIHIEPUHOBOTO anpaeruga. L- u D-
yraeBoabl. @opmynsl Oumepa u Xeyopca. I'mokonupanossl U ratokopypanos3sl. Konpuato-
IeMHass TayToMepusi MoHocaxapuaoB. [IpeBpaimieHue anbao3 B 2-KETO3BI (MyTapoTarus).
Baxwneiimue peakiun MoHOcaxapuaoB. CHHTE3 MPOCTHIX M CIOXKHBIX A(PHUPOB MOHOCAXAPHJIOB.
Oxkucnenne anbao3 10 albJOHOBBIX KHCIOT. OKHUCIHUTEIBHOE paclierjieHhe. Y AJUHEHHEe U
YKOpOUYeHHEe yriaeBoaHOW 1enu. Jlucaxapuasl (OMO3BI): MaibTO3a, IEUI00M03a, JIAKTO3a,
caxaposa. o-H, B-aucaxapuabl. OCOOCHHOCTH CTPOCHUS PUPOIHBIX TOJIHCAXapPHUIOB Ha TIpUMepe
LEJUTIOJIO3B] U Kpaxmara.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHoCTh: CHHXPOTPOHHbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUI

IIpaBoBenenue

Heab AMCHUNIMHBI:

- OBJIAACHUC CTYACHTAMH TCOPCTUYCCKHUMU 3HAHUSAMU B o0actu TCOpHUH TroCcydapCTBa U IIpaBa,
KOHCTUTYIIMOHHOT'O, I'pa’kKAaHCKOr 0, CeMeﬁHOFO, TPpyAOBOro, aAIMUHUCTPATUBHOT'O, YTOJIOBHOI'O U
9KOJIOTMYCCKOI'0O IIpaBa,

- (hopmupoBaHNEe HABBIKOB MPUMEHEHHUS HOPM TpaBa B MpodheccnoHaNbHOM e TeIbHOCTH.

3agauyd AUCHUILINHBI:

- pcaiu3anus Tpe60BaHI/II71, YCTAHOBJICHHBIX FOCY,HapCTBCHHBIM O6pa30BaTeJ'ILHHM CTaHIapToOM
BBICHICTO HpO(beCCI/IOHaJIbHOFO O6paSOBaHI/I$I K IIOAI'OTOBKEC 6aKaJ'IaBp0B;

- (opMupoBaHHE y CTYACHTOB IMOHUMaHUA OCOOCHHOCTEH IpaBOBON cucTeMbl Poccuiickoit
Oenepany, 3HaYCHUSI U (QYHKIMN TpaBa B CO3JAHHH TPABOBOTO T'OCYAAPCTBA, YKPEILICHUU
3aKOHHOCTH M IIPaBOIIOPSJKA B CTPAHE.

IlepeyeHb MUIaHUPYEMBIX Pe3yJIbTATOB 00YUYEeHHUS 10 JUCHHUILIMHE (MOLYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- TEOPETUYECKHE OCHOBBI IIPABOBOM cUcTeMBbI Poccuu U 3apyOexHBIX CTpaH;

- OCHOBBI TEOPHUH I'OCY/IapCTBa U MPaBa;

- OCHOBBI JICWCTBYIOILIETO 3aKOHOJaTenbCcTBa PD;

- 0cOOEHHOCTH MpaBoBoil cuctembl PD;

- IEPCIEKTUBBI Pa3BUTHS 3aKOHOIATENIbCTBA PD.

yMeThb:

- T0JIb30BAaThCS HOPMATHBHBIMU TNPaBOBbIMH akTaMu Poccun B Xoze Y4eOHBIX 3aHATUH H
BBITMOJHATH 33/1aHUs IpernojaaBaresss Ha ocHOBe (alyi U OTIENbHBIX MPOOJIEMHBIX CUTYalluH,
CBSI3aHHBIX C IIPAaBOBBIMM HOMaMH 4eJIOBEKa U rpaxkaanuHa Poccnu;

- p8.36I/IpaTBC${ B 3aKOHax M INIOJ3aKOHHBIX aKTaXx,

- obecrieunBaTh COOJIOJIEHUE 3aKOHOJATENbCTBA, NMPUHUMATh YIPABICHUECKHUE PEIIECHUs B
COOTBETCTBUU C 3aKOHOM;



- AaHAJIM3UPOBATh 3aKOHOJIATEIHCTBO M MPAKTUKY €T0 IPUMEHEHUS B PAa3JIMYHBIX OTPACIISAX MpaBa
Poccun.

BJIA/IETh:

- TCOPCTHYCCKUMH 3HAHUIMU y‘IG6HOﬁ JUCITUITIINHBI ((HpaBOBeI[eHI/Ie» BO B3aMMOCBA3U C
APYruMHu U3y4aCMbIMU JUCHUIIIIMHAMUA

- TCOPECTUYCCKUMU IMOJIOKCHUAMH Ha IIPEAMET 3aKOHOB B UCPAPXUH HOPMATUBHEBIX aKTOB,

- TEOPETUYECKMMHU 3HAHMAMHM Ha MNpeAMeT TeKylled noauTuku Poccuu 1o HampapiIeHHIO
COBEPIICHCTBOBAHUS IIPaBOBOM cuctemsl PD;

- UMETh MPEJICTABIEHUE O  B3aUMOCBSI3M  AUcCUUIUIMHBL  «lIpaBoBeneHue» ¢ Ipyrumu
M3y4aeMbIMU JUCLHUIUIMHAMU; POJIY 3aKOHA B MEPAPXUU HOPMATUBHBIX aKTOB; 3HAUEHUU IIpaBa B
CTAHOBJICHUU W CTaOWIM3allMK HOBBIX SKOHOMHMYECKHX OTHOIICHHWH; HaINpaBJIECHUIX
COBEPIICHCTBOBAHMS MTPaBOBOM cucTeMbl PD.

TeMbl U pa3jaeiibl Kypca:
1. BBegeHue B KOHCTUTYLIMOHHOE TIPaBO.

IIpeamer kKOHCTUTYHMOHHOTO IpaBa Poccuun. KoHcTUTyIMOHHBIE XapakTepUCTUKU Poccuiickoro
rocynapctBa. Kouctutymuss P® 1993 1. DkoHOMHUYECKHE U TOJUTHYECKHE OCHOBBI
KOHCTUTYLMOHHOTO cTposi PD. IIpaBa u cB0OOAbI yesioBeka v rpaxkianuHa. OCHOBHbBIE IPUHIIUIIBI
u3oupatenbHoit cuctembl PO. [Ipuaninns! GpenepatuBHoro ycrpoiictsa Poccun. Buabl cy0ObpekToB
denepanmuu. PasrpaHndcHHE NPEAMETOB BEICHUS W IMOJHOMOYMN Mexay denepanueil u ee
cyobekramu. OCHOBBI OpraHU3aIy ¥ (YHKIMOHUPOBAHUS 3aKOHOJIATEIBHOM, HCTIOIHUTEILHON
u cyneOHou Binacteit Ha Tepputopuu PO. CyneOnas cuctema PO. [TonsiTne agMUHUCTPAaTHUBHOTO
npaBa M ero HUCTOYHUKU. CyObEeKTbl aJIMUHUCTPATUBHOTO IpaBa. AJIMHUHHCTPAaTHUBHOE
IIpaBOHApYUIEHUE W AJMUHUCTPAaTHUBHAs OTBETCTBEHHOCTh. lcmonHuTenbHas BIacTe U
rocyJapcTBEHHOE yrpaBieHue. [IoHsTHe U IPUHLIUIIBI TOCYAAPCTBEHHOM CITYKOBI.

2. BBeneHue B MEKIyHApOIHOE MPABO.

[TonsiTe MeXIyHApOAHOTO MYOJWYHOro NpaBa. VCTOYHMKH MEXIyHApOJHOTO ITYOJUYHOIO
npaBa. OTpaciu MEXIyHapoaHOTO TyOnau4yHOro mpasa. COOTHOIIEHHUE MEXIYHAPOIHOTO U
BHYTPUTOCYAAPCTBCHHOI'O IIpaBa. TlousTie u UCTOYHUKU MCKAYHAPOAHOI'O YaCTHOT'O ITpaBa.

3. T'ocynapcTBo: €ro TUIbI U (POPMBI.

®opmbl rocyaapcTBa: (opmbl mpaBiieHUs, (OPMbI TOCYJApPCTBEHHOI'O YCTPOMCTBa, (POpMbI
MOJIMTUYECKOT0 pekuMa. PazButre THIOB U (hOPM OTEUECTBEHHON TOCY1apCTBEHHOCTH.

4, Fpa)K,Z[aHCKOC IMpaBoO KaK OTpacjib IIpaBa. OcHOBEI BCIIIHOT'O ITIpaBa.

['paxknanckoe mpaBO Kak OTPacib POCCHICKOro mpaBa. VICTOYHWUKH TPaKTAHCKOTO TIpaBa.
Cy0ObekThl Tpaxaanckoro npasa. Caenku. Buabl cienok. YcnoBusi AeMCTBUTETLHOCTH CCIOK.
HpaBo COOCTBEHHOCTH M HWHBIE BCIIHBIC ITpaBa: COACPIKAHUC, OCHOBAHMA BO3HUKHOBCHUSA U
npekparieHus. CriocoObl 3aluThI MpaBa COOCTBEHHOCTH.

5. HacneactBennoe npaBo. Cembsi U TIpaBo.



[TonssTe HacienoBanus. Bpems OTKpbITHS HaciaencTtsa. MeCTO OTKPBITHS HACIECACTBA.
HacnenoBanue mno 3asemanuto. Hacnenoanue mno 3akoHy. Hacimenosanue 1o mpaBy
npexactasieHus. [IpaBo Ha o0s3aTenbHyI0 1010 B HacneAcTse. [Ipunsatue Hacnencrsa. OTkas ot
HacinencTBa. OTBETCTBEHHOCTDh HACIEIHUKOB 110 0013aTEIbCTBAM HACIIEI0AATEIs.

[Ipenmer cemeliHoro npasa. MICTOYHUMKM CEMEWHOrO mpaBa. YCJIOBUS U MOPSAIOK 3aKIHOYCHUS
Opaka. Pacropxenne Opaka. [IpaBa u o06s3anHOCTH CynpyroB. [IpaBa u 00s13aHHOCTH poaUTENEH
u aeteil. @opMbl BOCIUTAHMSI I€TEH, OCTABIIMXCS 0€3 MOMEeUYCeHUs POAUTEIICH.

6. O0111EeCTBO U rOCYAAPCTBO.

[TonsiTrie 1 ocHOBHBIE YepThl 001IecTBa. Posb BiacTu B o6miectBe. Bubl o011ecTBEHHOM BIACTH.
Oco0OeHHOCTH  COBpEMEHHOro poccuiickoro oomectBa. [Ipennochiiku BO3HUKHOBEHHS
rocynapctBa. lloHstue u oOCHOBHbIE 4epThl rocyaapctBa. @yHkuuu rocynapcra. llytu
BO3HUKHOBEHHS rocyapcTBa. Teopuu MpoucXoKIeHUs TOCYIapCTBa.

7. OCHOBBI 005I3aTEIbCTBEHHOTO TIPaBa.

ITonstne o06s3aTenbpcTBa. OCOOEHHOCTH 00513aTEIbCTBEHHBIX HpaBOOTHomeHHﬁ. Cucrema
00s3arennscTB. OCHOBAaHHUSA BO3HUKHOBEHUS 00s13aTenbCTB. CrIocoObI 0OeceyeHusT 003aTeNhLCTB.
ITonsTue IpaXXaaHCKO-IIPpaBOBOI0  JOIOBOpA. 3aKJIfouyeHue u PaCTOPKCHHUEC TI'paAXKIAAHCKO-
IIpaBOBLIX OOI'OBOPOB. Bupbl IrpaXXaaHCKO-IIPaBOBBIX JTOT'OBOPOB. Fpa)I(,I[aHCKO'HpaBOBBIC
J0IroBOPLI BO BHEIIHEYKOHOMUYECKOMH C(pepe. OCHOBEI MCKAYHAPOAHOI'O YaCTHOI'O IIpaBa.

8. OCHOBBI TPYIOBOTO TIpaBa.

[Tpenmert TpynoBoro npasa. ctounuku TpyaoBoro npaa. OCHOBHBIE IPUHIUIIBI PETYTHPOBAHUS
TPYIOBBIX OTHOLICHUH. MHANBUAYaIbHBIN TPYJOBOW AOTOBOP: MOHATHE, COJACPIKAHUE, MOPATOK
3axmoueHus. OCHOBaHUS PEKpaIeHIs MHANBUAYAIBHOTO TPYAOBOTo 10ToBOpa. KomiekTuBHBIN
TPYZIOBOM IOTOBOP: MOHATHE, COAEPKAHNE, IPOLIECC 3aKIIOUEeHHS U M3MEeHEeHMs. OCHOBHBIE ITpaBa
U 00513aHHOCTH pabOTHUKA U paboToaaTens. Buabl Tpy10BBIX CIIOPOB U CLIOCOOBI UX pa3pelieHusl.

9. OCHOBBI YrOJIOBHOI'O ITpaBa.

ITpenmer yromoBHoro mnpasa. Mcrounuku yrosnoBHoro mnpasa. IIpecrymieHue: mnossTHE,
npU3HaKH, coctaB. Buasl npectymnenuii. [Ipectynnenus B cepe 5KOHOMUYECKOH e TeTbHOCTH.
ITpectymuieHns npoTuB nopsiika ynpasieHus. [JomkHOCTHBIE npecTyruieHus. CucTeMa U BUJIbI
YTOJIOBHBIX HaKa3aHUi.

10. ITpaBo B cucteme conraibHbIX HOpM. CHCcTeMa mpaBa.

[IpaBa Kkak perysnsTop OOIIECTBEHHBIX OTHOIICHWH. BUIBI conuaibHBIX HOpM. XapaKTepHbBIC
4epThl MpaBOBbIX HOpM. CTpyKTypa HOpMBI IpaBa. Buasl npaBoBbIX HOpM. McTOUHMKHM TpaBa.
Buael HOpMaTMBHO-IPAaBOBBIX aKTOB B Poccuu. /[lelicTBME€ HOPMATHBHO-IIPABOBBIX AKTOB.
Cucrema npasa. Otpaciu npaBa. MarepuanbHOE U IPOLECCYAIbHOE MTPaBo.

11. Peamuzanus npaBa U OpUINYCCKad OTBETCTBCHHOCTD.

®opwmel peanmzaius npasa. [IpaBooTHOmeHne: moHATHE U cOocTaB. CyOBEKThI MPABOOTHOIICHUH.
OOBeKTH MPaBOOTHOIICHUH. Buapl mpaBoOTHOIIEHUH B Chepe BHEITHETOPTOBOTO MEHEIPKMEHTA.
Opunnueckne daxtel n ux wimaccudukanus. [IpaBoHapymieHue: MOHATHE W cocTaB Buabl
MPaBOHAPYLIECHUM.



[ToHsiTHE TOpUIUYECKON OTBETCTBEHHOCTH. BUABI IOPUANYECKONW OTBETCTBEHHOCTH: YrOJIOBHAs
OTBCTCTBCHHOCTS, aI[MI/IHI/ICTpaTI/IBHaH OTBCTCTBCHHOCTBD, Fpa)KIIaHCKO-HpaBOBaSI
OTBCTCTBCHHOCTB, MaTepI/IaJIbHaSI OTBCTCTBCHHOCTD, zmcunmmﬂapﬁas{ OTBCTCTBCHHOCTD.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHbIE U HEHTPOHHbIE METO/IbI UCCJIEI0BAHUI

Hpuxkaagnas ¢puzndeckas KyJbTypa (BUAbI CIIOPTA 10 BLIOOPY)

Heab AMCHUNIMHBI:

CdopmupoBaTh MHUPOBO33PEHUECKYIO CUCTEMY HAYyYHO-TIPAKTUYCCKUX 3HAHWUW M OTHOIICHHE K
(bu3HYECKOI KyIbTYpE.

3agauu AMCUUIIINHBIL:

Jns  nocTWKeHusT INOCTaBICHHOW  LEAM  NpeAyCMaTpUBaeTCs  pelIeHHE  CIEeNYHOIIMX
BOCIMTATEIbHBIX, 00pa30BaTENbHbBIX, PA3BUBAIOIINX U 03[JOPOBUTEIBHBIX 3a/1a4:

- IIOHUMAaHME COLMAJILHOMN poJin (I)HSHHGCKOﬁ KYJBbTYPBI B pa3BUTHU JIMYHOCTU U IIOATOTOBKE €€ K
HpO(l)CCCI/IOHaJIbHOI;’I JCATCIIBHOCTH,

- 3HAHUE HAYYHO- OMOJIOTHUECKUX M MPAKTHYCCKHX OCHOB (PU3NYCCKOU KYJIBTYPHI H 3I0POBOTO
o0Opa3a XKu3HH;

- (hpopMupoBaHME MOTUBALIMOHHO-LIEHHOCTHOI'O OTHOLIEHUS K (PU3HUECKON KYJIbTYpe, YCTaHOBKU
Ha 3JI0pOBBIH CTWIb KHM3HHM, (U3NYECKOE CAMOCOBEPIICHCTBOBAHWE M CaMOBOCIIHUTAHHE,
HOTPEOHOCTH B PETYJISPHBIX 3aHATUAX (PU3MUECKUMH YIIPAKHEHUSIMH U CIIOPTOM.

ITepedyenb miIaHMpPyeMbIX pPe3yJIbTATOB 00yYeHHS MO JTUCHHUILINHE (MOAYJIIO)
B pe3ynbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOMKHBI
3HATh:

Marepuan paszgena npeayCcMaTpyUBaeT OBIAJACHAE CTYACHTaMU CUCTEMOW HayYHO-TIPAKTUYECKUX
U ClIelUalIbHBIX 3HAHUN, HEOOXOAUMBIX /ISl TOHUMAaHMs IPUPOJIHBIX U COLIMATIBHBIX MPOLIECCOB
(GyHKIIMOHUPOBaHUS (PU3UYECKOM KYJIbTYpbl OOIECTBA U JIMYHOCTH, YMEHMS UX aJalTUBHOTO,
TBOPYECKOTO  HMCIOJB30BAaHUS JUIsl  JIMYHOCTHOTO M NPO(ECCHOHAIBHOTO  Pa3BUTHUS,
CaMOCOBEPILIEHCTBOBAHMS, OpraHU3alluy 370POBOIO CTHJIA KU3HU MPU BBINOJIHEHUH y4EOHOM,
pohecCHOHANBHOM U COLMOKYJIBTYPHOU nesTebHOCTH. [IoHMMAaTh posib pU3ndYecKol KyJIbTypbl
B Pa3BUTHUH YEJIOBEKA U NMOATOTOBKE CIIEIIMAIINCTA.

yMeTh:

Hcnonb3oBaTte  (QU3KYIBTYPHO-CIIOPTUBHYIO  JAEATENBHOCTh  JJIS  TOBBIIIEHHS  CBOHUX
(YHKLIMOHAJIBHBIX U JABUTATENbHBIX BO3MOXKHOCTEH, JUISl TOCTMIKEHUS JIMYHBIX JKU3HEHHBIX U
npodeCCHOHATBHBIX LENEH.



BJaJ€Th:

CucreMoil TpaKTHYECKUX YMEHUW W HABBIKOB, OOCCTICUMBAIONINX COXPAHEHUE W YKPEIUICHUE
3JI0POBbSI, Pa3BUTHE U COBEPIICHCTBOBAHWE TMCUXO(U3MUECKUX CIOCOOHOCTEW M KayecTB (C
BBITIOJTHEHHEM YCTAHOBJICHHBIX HOPMATHBOB TIO O0IIeH (PU3NIECKONM M CIOPTUBHO-TEXHUIECKON
MOATOTOBKE).

Tembl 1 pa3aeibl Kypcea:
1. O®DII (obmas pusnyeckas MoAroToBKA)

dusnueckas MMOATOTOBJICHHOCTh 4YCJIOBCKA XapPAKTCPU3ZYCTCA CTCIICHBIO PA3BUTUSA OCHOBHBIX
(I)I/I3I/I‘-I€CKI/IX Ka4d€CTB — CHJIbl, BBIHOCJIMBOCTHU, I‘I/I6KOCTI/I, 6BICTpOTLI, JIOBKOCTH U KOOpAWHAIINU.

W nest KOMIUIEKCHON MOATOTOBKH (PU3HUECKUX CIIOCOOHOCTEH TI0AeH HET ¢ ITyOOKOM IPEBHOCTH.
Tak myuyiie pa3BUBaIOTCS OCHOBHbBIE (DU3MUECKHE KaueCTBa YEIOBEKa, HE HAPYIIAETCS TapMOHHUS
B JICSTENILHOCTH BCEX CHCTEM U OPraHOB YenoBeka. Tak, K mpuMepy, pa3BUTHE CKOPOCTHU JOKHO
MPOUCXOANTh B E€IUHCTBE C PA3BUTHEM CHJIbI, BBIHOCIHMBOCTH, JIOBKOCTH. MMeHHO Takas
CIXKEHHOCTb U MPUBOIUT K OBJIAJICHUIO )KM3HEHHO HEOOXOIMMBIMU HaBBIKAMH.

OusnuecKkue KavyecTBa M JIBUraTelbHBIC HABBIKM, IOJYYEHHBIE B pe3yiabTare (DU3HMUYECKUX
3aHATUH, MOTYT OBITH JIETKO NMEPEHECEHBI YEJIOBEKOM B JIPYTHe OOJIACTH €r0 AEATENbHOCTH, U
CHOCOOCTBOBATh OBICTPOMY HPUCIOCOOJICHUIO YETOBEKa K HM3MEHSIOIIMMCS YCIOBHSM Tpyna
ObITa, YTO OYEHb BAXKHO B COBPEMEHHBIX KU3HEHHBIX YCIOBUSIX.

Mex(z[y pa3sBUTHEM CI)I/ISI/I‘IGCKI/IX Ka4yCCTB H CI)OpMHpOBaHI/IeM ABUI'aTCIbHBIX HAaBBIKOB
CYHICCTBYCT TCCHAA B3aUMOCBS3b.

JlBurarenbHble KadecTBa (OPMHUPYIOTCSI HEpPaBHOMEPHO M HEOAHOBpeMeHHO. HauBbicuine
JIOCTUKEHUS B CUJIE, OBICTPOTE, BEBIHOCIMBOCTHU JOCTUTAIOTCS B Pa3HOM BO3pacTe.

ITousTHE O CHIIE ¥ CHJIOBBIX KaUeCTBaX.
.HIOI[I/I BCEeTrAa CTPEMUIINCH OBITh CUJILHBIMH H BCCTZIa YBaXXaJiu CUITY.

Paznnyaror MakcuMaibHy0 (a0COIOTHYIO) CHITY, CKOPOCTHYIO CHJTY M CHUJIOBYIO BBIHOCIIUBOCTb.
MakcumManbHasi CHJIa 3aBUCUT OT BEJIMYUHBI MTONEPEYHOr0 ce4eHUs MbIIbl. CKOpocTHas cuia
OTIPENIETISIETCS CKOPOCThIO, C KOTOPOM MOKET OBITh BBIMOJHEHO CHJIOBOE YIPAXKHEHUE WIIU
CWJIOBOH mpueM. A cuioBasi BBIHOCIMBOCTb OMNPENENSETCS MO YHUCIY HMOBTOPEHHM CHUIOBOTO
YIPA)KHEHMS 10 KpallHEW yCTaJIOCTH.

Jlnis pa3BUTHSL MAaKCUMAJIbHOM CHIIBI BBIpAOOTaH METOA MaKCUMAaJIbHBIX YCUJIMM, pacCUMTaHHbIN
Ha pa3BUTHE MBIIIEYHONW CHUJIBI 332 CUET NMOBTOPEHHUS C MAKCUMAJIbHBIM YCHJIMEM HEOOXOJMMOro
yIpaKHEHUs. ISl Pa3BUTHS CKOPOCTHOU CHJIBI HEOOXOAUMO CTPEMHUThCS HAapalluBaTh CKOPOCTh
BBITIOJIHEHUS YIIPAKHEHUH WIIM TMPH TOW K€ CKOPOCTH MpHUOaBIATh Harpy3ky. OZHOBpPEMEHHO
pacTeT U MakCMMallbHas CWJIa, a Ha Hel, Kak Ha ruiatdopme, Gpopmupyercs ckopocTHas. s
pa3BUTHS CHJIOBOW BBIHOCIHMBOCTH IPHUMEHSIETCS METOJ <10 OTKa3a», 3aKJIIoYarouiuiics B
HENPEPHIBHOM YIPAXKHEHUU CO CPETHUM YCUITUEM JI0 MOJTHON yCTaIOCTH MBILIII.

UtoOBI pa3BUTh CUITY, HY)KHO:

1. prCHI/ITL MBIIICYHBIC I'PYIIIILI BCET'O ABUTATCIIBHOTO allliapara.



2. Pa3BuTh CIIOCOOHOCTH BBIIEPKUBATh Pa3IMYHbIC YCUIIUS (AMHAMUYECKUE, CTATUYECKUE U Jp.)

3. IIpuoOpecTu yMeHHE pallMOHATIBHO UCIIOJIb30BATh CBOIO CHUILY.

Jns OwicTporo pocra CHIIbI HEOOXOAMMO IIOCTENEHHO, HO HEYKJIOHHO YBEJIMYHMBATH BeC
OTSTOIIEHUN U OBICTPOTY JIBMKEHHM ¢ 3TUM BecoM. Cuiia 0cobeHHO 3(hPEeKTUBHO pacTeT HEe OT
paboThl OOJIBIION CYMMapHOW BEJIMYUHBI, @ OT KPAaTKOBPEMEHHBIX, HO MHOTOKPAaTHO HHTEHCUBHO
BBITMIOJIHAEMBIX yrpaxxHeHH. Pemraromee 3HaueHue 1uist GOpMUPOBAHMSI CHIIBI UMEIOT TIOCTIEIHNE
MOTBITKY, BBINONHSAEMble Ha ¢oHe yromienus. Jlyisg mnoBbimeHus 3()(PEKTUBHOCTH 3aHATUI
PEKOMEHJIyeTCsl BKJIIOYaTh B HHUX BCJEI 32 CHJIOBBIMU YIPAKHEHHUSIMHU YIPAKHEHUS
JTUHAMUYECKHE, CIOCOOCTBYIOIINE PACCIA0ICHUIO MBIIII] U MPOOYKIAIOIINE TIOJI0KHUTEIbHbIE
SMOIIUU — UTPBI, TUTABAHUE U T.II.

YpoBeHb CHIIBI XapaKTepU3yeT omnpeaeacHHoe Mop(hopyHKIIMOHATBHOE COCTOSIHUE MBIIICYHON
CUCTEMbI, 00eCTIeunBaloIeH ABUTaTEIbHYIO, KOPCETHYIO, HACOCHYIO U OOMEHHYIO (DYHKIIMH.

KopcetHass ¢yHkius oOecreynBaeT MpH ONPEACICHHOM MBIIICYHOM TOHYCE HOPMAaJIbHYIO
OCaHKy, a Takke (QYHKIMH T[I03BOHOYHMKA W CIUHHOTO MO3Ta, NpPEAyNpexIas TaKue
pacnpocTpaHEeHHBIC HapylmieHUS W 3a00JIeBaHUS KaKk JeQeKThl OCaHKH, CKOJHO3bI,
ocTeoXxoHApo3bl. KopceTHass (YHKIUS KHMBOTA WTPACT BAKHYIO POJIb B (DYHKIMOHUPOBAHUU
MIEYCHH, JKETyKa, KAIICUHNKA, TIOUeK, TPEayIpPekKas Takue 3a00IeBaHus KaK TaCTPUT, KOJIUT,
XOJISIIUCTHT M JIp. HEIOCTATOYHBIM TOHYC MBI HOT BEACT K PA3BUTHIO IUIOCKOCTOIIHS,
pacuImpeHuio BeH u TpoMoodieouTy.

HenocraTounoe KOJIWMYECTBO MBIIICUHBIX BOJIOKOH, a4 3HA4YUT, CHHXKCHUC OOMEHHBIX IIpOLECCCOB B
MbIHIax BCACT K O KUPCHUIO, ATCPOCKIICPO3Y U APYI'UM HCI/IH(I)CKI_II/IOHHLIM 3a00J1€BaHUSIM.

Hacocnast ¢yHKIUsT MBI («MBIIIEYHBIH HACOC») COCTOMT B TOM, YTO COKpAIlICHHUE 0O
CTaTHYECKOE HAIPSHKCHHE MBIII] CIIOCOOCTBYET TICPEABM)KCHHIO BEHO3HOH KpPOBH  II0
HaIpaBJIEHUIO K CEPIIly, YTO UMEET OOJBIII0E 3HAYEHUE NMPU 00ECIIEYCHUH 00IIEer0 KPOBOTOKA U
TuMGpOTOKA. «MBIIIEYHBIA HACOC» PA3BUBACT CHITY, MPEBBIMAIONTYI0 pa00Ty CepACUHON MBITIIIHI
U o0ecrieyrBaeT HAIOJHEHUE MPABOT0 KEIyJ0YKa HEOOXOIUMBIM KOJIMYEeCTBOM KpoBH. Kpome
TOTO, OH UTPAET OOJBIIYIO POJIb B MEPEABIKCHUN JIMM(MBI U TKAaHEBOW >KHUJKOCTH, BIHSS TEM
CaMbIM Ha TPOIIECCHl BOCCTAHOBIICHUS M yJaJIeHUs MPOAyKToB oOMeHa. HemocraTounas pabora
«MBIIIEYHOTO HACOCA» CIOCOOCTBYET Pa3BUTHIO BOCHAIUTEIBHBIX IMPOIECCOB U 00Pa30BaHUIO
TPOMOOB.

Takum o6pa30M HOPMaJIbHOC COCTOSAHHC MBIIIIEYHON CHCTEMBI SBISETCS Ba)KHBIM WU YKM3HEHHO
HCO6XO,I[I/IMI>IM YCJIOBUEM .

ypOBeHI) COCTOSIHUS MBIIIICYHOM CHCTEMEI OTpaXacTCd MOKa3aTCjIEM MBIIIICYHOM CHUJIHL.

N3 atoro CJICOAYCT, YTO I 300POBbA HCO6XOI[I/IM OHpCI{CJ’IeHHHI\/’I YPOBCHb Pa3BUTHA MBLIIII B
LIEJIOM U B KaXKJI0M OCHOBHOI MBIIIEYHOM Tpynrie — MbIlnax CIrHbI, I'Pyau, 6pIOIJ_IH01"O mnpecca,

HOT, PYK.

Pa3BuTHe MBI MPOUCXOJUT HEPAaBHOMEPHO KakK I10 BO3PACTHBIM IIOKa3aTensiM , Tak U
uHAMBUAYalbHO. [loaTOMY He cnenyer popcrupoBaTh BIXOJ Ha JIOJDKHBIM YpOBeHb y aetel 7-11
net. B Bo3pacre 12-15 net HaOmroqaeTcst 3SHAYUTENIBHOE YBEIUYEHUE CUIIbl © HOPMATUBBI CHITBI Ha
nopsI0K Bo3pacratoT. B Bo3pacte 19-29 net npoucxoaut oTHOCUTENbHAsA cTabunuzanus, a B 30-
39 et — TeHIEHIUS K CHIDKEeHUIO. [TpH yrpaBisieMoM BOCIIUTAHHH CHITHI TieJiecooOpaszHo B 16-18
JIeT BBINTH Ha HOPMATUBHBIN YpOBEHb CHIIBI M MOAIEPKUBATH ero A0 40 ser.



Heo0X0iM0 ITOMHUTB, YTO MEXK/Y YPOBHEM OTIEIBHBIX MBIIICYHBIX IPYIIIT CBSI3b OTHOCUTEIHEHO
cinabas u MMO3TOMY HOPMATHUBBI CUJIBI JOJIZKHBL OBITH KOMIIJIEKCHBIMH M OTHOCHUTEILHO MMPpOCTBIMU
IpU BBINOJHEHUH. JIydIie TeCTbl — 3TO yHpa)KHEHHsI C MPEOJI0JICHUEM MacChl COOCTBEHHOTO
Tella, KOrJa YYUTHIBAaeTCs He aOCONIOTHAs CHila, a OTHOCHTENbHAs, YTO IO3BOJISET CIVIAAUTH
pasHuIy B aOCONIOTHOW cuie, OOYCIOBICHHYIO BO3PAacTHO-TIOJIOBBIMH M ()YHKIIMOHAJIBHBIMH
daxTopamu.

HopMmanbHblii ypoBeHb CHJIBI — HEOOXOAMMBIM (akTop ISl XOPOLIETO 3/10pOBbs, OBITOBOIA,
npoecCuoHaNBHOM TPYJ0CIIOCOOHOCTH.

JlanpHenniee MOBBIIEHUE YPOBHS CHJIBI BBIIIE HOPMATHMBHOI'O HE BIHUSAET HAa YCTOMYMBOCTH K
3a00/1€BaHUAM U POCT MPOQPECCHOHATBHON TPYAOCIOCOOHOCTH, Iie TpeOyeTcsl 3HauUTEIbHas
¢dusnueckas cuna.

I'nbxocth U MCTOJHKaA €€ Pa3BUTUSI.

HOI[ THOKOCTBIO IOHHUMAIOT CIIOCOOHOCTH K Mmax IIO AMIUIMTYC JABHXKXCHUSAM B CYyCTaBax.
['n6xocTh - MOphHOPYHKITMOHATBHOE JBUTATENIbHOE KauecTBO. OHA 3aBUCHUT:

- OT CTPOEHHUs CYCTaBOB;

- OT JIACTUYHOCTH MBIIIIL U CBSI3049HOIO aIapara;

- OT MEXaHU3MOB HEPBHOM PETYJISILIUU TOHYCA MBIIIIII.
PaznuuatoT akTUBHYIO U NACCUBHYIO TMOKOCTb.

AKTHBHas THOKOCTh - CIIOCOOHOCTBH BBITIOJNHSATH JBMKCHHS C OOJBIION aMIUITMTYIOH 3a CUeT
COOCTBEHHBIX MBIIICUYHBIX YCUIIH.

[TaccuBHas THOKOCTH - CIIOCOOHOCTH BBIMOJNHSTH JBUKEHHS ¢ OONBINON aMIUTUTYJOW 3a cueT
NEHCTBUS BHEUIHMX cui (MapTHepa, TsSkKecTh). BenuunHa mMacCMBHOM THOKOCTH BBIIIE
[oKasarejieil akTUBHOU THOKOCTH.

B nocnemnee Bpemsi MmojydaeT paclpoCTpaHEHHWE B CIOPTHBHOM JIMTEpaType TEPMHUH
“crienianbHas THOKOCTH” - CIHOCOOHOCTH BBITIOJIHSTH JABUKEHHUS C OOJBIION aMITUTYION B
CyCcTaBaxX W HAMpaBIICHUSIX, XapaKTEPHBIX i1 M30paHHOW CHOPTHUBHOW crnernuanu3anuu. [lon
“o011ei rHOKOCTHIO”, B TAKOM CITy4yae, IOHUMAeTCsl THOKOCTh B HauboJjiee KPyMHbIX CycTaBax U B
Pa3INYHBIX HANpPaBICHUSX.

KpOMe MNEPCUUCIICHHBIX BHYTPCHHUX (1)aKTOp0B Ha THOKOCTh BJIUSIOT U BHEIIHHUE (b&KTOpBII
BO3pPacT, IOJ, TCJIOCIIOKCHHUEC, BpPEMs CYTOK, YTOMIICHUC, PA3MHUHKA. [Toka3arenn THOKOCTH B
MIIaIINX U CPCAHUX KJIacCax (B CpeI[HeM) BBIIIIE MTOKa3aTene CTAapUICKIIACCHUKOB, HaMOOJIbIINH
pupocT AKTUBHOU T'MOKOCTH OTMEYACTCS B CpCAHUX KJIaCcCax.

[TonoBele paznudust OMpPEnesioT OHOJOTHYECKYI0 THOKOCTh y neBouek Ha 20-30% BeImie mo
CpaBHEHHUIO ¢ MalTbuukamu. JIydiie oHa COXpaHsAETCs y JKEHIIUH U B TIOCIEAYIOIICH BO3paCTHOM
MePUOJIUKE.

BpCMH CYTOK TaK3’KC BJIUMSACT Ha FI/I6KOCTB, C BO3pAaCTOM 3TO BJIIMSAHUC YMCHBIIACTCA. B YTPCHHUC
4yachl THOKOCTh 3HAYUTEILHO CHHUIKCHA, JIYUIIHNC IMOKa3aTCJIn THOKOCTH OTMeUaroTces ¢ 12 A0 17
qacoB.



YToMiIeHHE OKa3bIBACT CYIIECTBEHHOE M IBOMCTBEHHOE BIMsIHUE Ha THOKOCTh. C OJTHOM CTOPOHHI,
K KOHIIy pa0OThl CHIDKAIOTCS MOKA3aTey CHJIbI MBIIII, B PE3yJIbTaTe Yer0 aKTHUBHAS THOKOCTh
ymenbiiaercss 10 11%. C apyroil cropoHbl, CHMKEHUE BO30Y)KIEHHUS CHJIBI CIOCOOCTBYET
BOCCTAHOBJICHHIO JIACTHYHOCTH MBI, OTPAHUYUBAIONINX aMIUTUTYAY JABMKCHUS. TemM caMbIiM
MOBBIIIACTCS MMACCUBHASI THOKOCTD, MMOABMKHOCTH YBeIrnauBaercs 10 14%.

HebnaronpustHble TeMnepaTypHble yCIOBHs (HU3Kas TEMIIEpaTypa) OTPULATENILHO BIUSIOT Ha
BCE PAa3HOBHJHOCTH THOKOCTU. Pa3zorpeBaHue MblIIIll B MOATOTOBUTEIHHOW YacTh y4eOHO-
TPEHUPOBOYHOTO  3aHSATHsSI IEpe]  BHIIOJHEHHEM OCHOBHBIX  YIPaKHEHUH  MOBBIIIAET
MOJIBUJKHOCTD B CyCTaBax.

Mepuinom THOKOCTH SIBISAETCS aMIUTUTYyAa IBWOKEHUH. [[ng moimydeHHs TOYHBIX JNAHHBIX 00
aMIUIUTy€ JABWOKCHUM  MCIOJB3YIOT METOAbl CBETOBOM  PETUCTpPAlUU: KHHOCBEMKY,
UKJIOrpaduio, peHTTEHO-TEICBU3UOHHYIO ChEMKY H JIp. AMIUIMTYA JIBW)KCHUH H3MepseTcs B
YIJIOBBIX I'pajsycax WIA B CAHTUMETPAX.

CpencrTBa 1 METOJIBI:

Cpe,[[CTBOM Pa3BUTHA THOKOCTH SIBIISIFOTCS YIIPA’)KHCHUS HA pACTATUBAHU. Hx ACJAT Ha 2 IpYIIIbI:
AKTHBHBIC M IIACCUBHLIC. AKTHBHEIC YIIpa)KHCHUA:

- onHO(a3HBIE U MPYKUHUCTHIE (CIIBOCHHBIE, CTPOCHHBIC) HAKJIOHBI,

- MaxoBbI€ U (PUKCUPOBAHHBIE;

- CTaTUYECKHE YIPAXKHEHUS (COXpAaHEHHE HETIOABHKHOTO TIOJIOKEHUS C
MaKCUMAaJIbHOW aMILTUTYAOM).

[TaccuBHBIC yIpakHEHUS: 11032 COXPAHSICTCS 332 CUET BHEIIHUX CWI. [IpUMEHsISI X, TOCTUTAIOT
HauOOJIBIIMX T[MOKa3areiaed TruOKocTu. /[l pa3BUTHA aKTUBHOM THOKOCTH A()(PEKTUBHBI
VIIPaXHCHWS Ha PACTATUBAHUE B JTHHAMUYECKOM PEKHIME.

OO6miee Meroanueckoe TpeOOBaHME /I Pa3BUTUS THOKOCTH - 00s3aTE€NbHBIN pa3orpeB (10
HOTOOTI[GJ'IGHI/I?[) nepezl BBITIOJITHCHUCM ynpa)KHeHI/II\/’I Ha paCTSIFI/IBaHI/IC.

B3anMHOe cONMpOTUBIEHHE MBI, OKPYXKAIOIIUX CYCTaBbl, UMEET OXpaHUTEIbHbIN 3(deKT.
VMIMeHHO TO3TOMY BOCHHUTaHHME TMOKOCTH JOJDKHO C 3amacoM obOecreduBaTh TpeOyeMyro Max
aMIUIUTYy IBUKCHHUI U HE CTPEMHUTHCS K NIPEJEIbHO BO3MOKHOM CTENEHU. B rocnennem ciydae
3TO BEJET K TPAaBMUPOBAHUIO (PACTSKEHUIO CYCTaBHBIX CBSI30K, IPUBBIYHBIM BHIBUXAM CYCTaBOB),
HapyILIEHUIO MPAaBWIBHONW OCaHKH.

MpInel  MaOPACTSKMMBL, [TOTOMY OCHOBHOM METOJ BBIIIOJIHEHUS YNPAXHEHWW Ha
pacTsruBaHue - TOBTOPHBIN. Pa3oBoe BhINOIHEHHE yIIpakHEHUH He 3 dekTuBHO. MHOrOpazoBbie
BBIIIOJIHEHUS BEAYT K CYMMHPOBAHUIO CIE€NOB YIPAXXKHEHUS U YBEIMYEHHE aMIUIUTYHbI
CTAHOBUTCS 3aMETHBIM. PEKOMEHIyeTCsl BBINIOIHATD YIIPAXKHEHUS HA PACTATMBAHUE CEPUIMHU 110
6-12 pa3, yBenuuuBas aMIUIUTY1y ABHKEHHUN OT CepUU K cepuu. Mexy cepHsiMU 1eJIecoo0pa3Ho
BBITOJIHATH YIPAXKHEHUS HA pacciablieHue.

Cepuu ynpa)kHEHUW BBIMOJHSIIOTCS B ONPEAEICHHON MOCIEA0BATEIbHOCTH
- VI PYK,
- UI TYJIOBUILA;

- JUIA HOT.



Boree ycnenmHo mpoMCXOAUT BOCIMTAHUE THOKOCTH TPU €XKETHEBHBIX 3aHATHSIX WM 2 pa3a B
JeHb (B BUE 3a1aHuil Ha 7oM). Haunbonee 3¢ (hekTHBHO KOMIUIEKCHOE TPUMEHEHHE YIPaKHEHUN
Ha pacTaruBaHue B cienyromniem coudetanuu: 40% ynpaxHeHul akTuBHOro xapakrtepa, 40%
YOpaKHEHU maccuBHOro xapakrtepa u 20% - cTaTU4ecKoro. YIpaKHEHUsI Ha pacTATMBAHHE
MOYKHO BKJIIOYATh B JIIOOYIO 4acTh 3aHSATHI, OCOOEHHO B MHTEpBAJaX MEXIy CHJIOBBIMH H
CKOPOCTHBIMHU YIPAXHEHUSIMHU.

B mnazmeM mIkoibHOM BO3pacTe MPEUMYIIECTBEHHO HCIOIb3YIOTCS YIPaXXHEHHUs] B aKTUBHOM
JTUHAMHYECKOM pEKHMME, B CPEJHEM M CTapllieM Bo3pacTe - Bce BapuaHThl. llpuuem, ecnu B
MJIQJIIINX U CPEIHUX KJaccax pa3BHBAaeTcs TMOKOCTh (pPa3BUBAIOLIUN PEXHUM), TO B CTAPIIUX
KJIaccax CTaparoTCsa COXPAHUTh JOCTUTHYTHIM YPOBEHB €€ pa3BUTUS (IOACPKUBAIOLIUI PEKUM).
Hawmnyumme noka3arenu ruOKOCTH B KPYIHBIX 3BEHbAX Tella HabIto1aloTes B Bo3pacte 10 13-14
JIeT.

3akaHuyMBas PACCMOTPEHHE pa3BUTUS (U3MYECKHX KayecTB B IHporecce (U3NIECKOTO
BOCIIMTAHUS, CIEAYET aKLEHTUPOBATh BHUMAaHHE HAa B3aMMOCBS3M MX PA3BUTHUSI B LIKOJIBHOM
Bo3pacte. Tak, pa3BUTHE OJHOI0 Ka4eCTBa CIIOCOOCTBYET POCTY ITOKa3aTeNed APYruxX (PU3nIecKux
kadecTB. VIMEHHO 3Ta B3aUMOCBS3b 00YCIOBIMBAET HEOOXOIUMOCTh KOMIUIEKCHOIO HOAXOa K
BOCIIUTaHHIO (PU3MYECKMX KAYECTB Y IIKOJIBHUKOB.

3Ha4yMTeNbHbIE MHBOJIIOLMOHHBIE U3MEHEHUSI HACTYNAOT B MOXKUJIOM U CTapyecKoM Bo3pacte (B
CBSI3U C M3MEHEHUEM COCTaBa MBI M YXY/IIEHUEM YIPYro-3JacTUYeCKHX CBOMCTB MBIIIL U
cBsA30K). HyXHO HpOTHBOAEHCTBOBATH PErpecCUBHBIM HM3MEHEHUSM IyTEM HCIOJIb30BaHUS
CHeLHaIbHBIX YIPAKHEHUN ¢ TeM, 4TOOBI OJAEPKUBATH THOKOCTh HAa YPOBHE, OJIM3KOM K paHee
JOCTUTHYTOMY.

BriHOCIMBOCTE.

BriHOCIMBOCTD OonpeacisiCT BO3MOKHOCTD BBITIOJIHE



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHBbIE U HEHTPOHHbIE METO/IbI UCCJIEI0BAHUI

I[IpuMeHeHne MPOrpaMMHBIX KOMILJIEKCOB K PelIEHHIO 32124

Heab AMCHUNIMHBI:

- HAy4YuTb CTYACHTOB QaHAJIMU3UPOBATL BXOJHBIC JAHHBIC, IIOJYYCHHBIC U3 Ha6JIIOI[eHPII>'I u
HCCIICAOBATh IMOJIYYCHHOC YHCJICHHOC PCHICHUC HAa KOMIIBIOTCPEC Ha NPCIMET aJCKBATHOCTU
PCaJIbHBIM Ha6JIIOII€HI/I$IM M COBIIAJICHUSA C OKCIICPUMCHTAMM.

3agauu AMCHUIINHBIL:

- HAy4YWTh CTYACHTOB, MCXOAS W3 3HAaHUK O (PU3MUECKOW NOCTAHOBKE 3aJadyd, IOJIb3YSCh
YHUCJIEHHBIMHM METO/IaMHU, METOJaMH MaTeMaTU4YECKOr0 aHAIN3a U JIMHEHHOH alreOphl;

- HayduTb 00OCHOBBIBATH aCKBATHOCTb MOACIHN (bHSI/I‘ICCKOI"O npooecca M Ha OCHOBC
MOJCIHUPOBAHUA CTPOUTH BBIBOAbI 00 >TOM (1)I/ISI/I‘ICCKOM ponecce.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI 00YYaIOIIUECs JT0JIKHbBI

3HATh:

- MeToapl UHTEPNOIAINY PYHKUINN, 3aJaHHBIX HA CETKE;

- MeTo1bl YUCIIEHHOTO PeIIEHUs] CUCTEM JIMHEWHBIX ajareOpandyecKux ypaBHEHMIH;

- MeTobl TPUOTMKEHHOTO BBIYMCIICHNS HHTErPaioB;

- MeTo bl YMCIIEHHOTO pelIeHNs] OObIKHOBEHHBIX U pepeHInaIbHbIX YPaBHEHUI;

- MeTobl YUCIIEHHOTO PelIeHUs] YpaBHEHUI MaTeMaTH4ecKoi (PU3UKU MEPBOro MOPS/IKa;

- MeToabl YUCIIEHHOTO PEIICHUsI YPAaBHEHU MaTeMaTHYECKON (PU3HKH BTOPOTO MOPSAKA.

yMeThb:

- OneHnBaTh BXOJHBIE TapaMEeTPhI 3a4a4H;

- Bri0upaths onTUManbHbIN YMCIEHHBIA METO/ JJIsl peIIeHUs IOCTABICHHOM 3a/1auH;

- [TpuOamxeHHO OLIEHNBATh CIIEKTP MATPHIIbI TMHEHHBIX alreOpandeckiux ypaBHEHU;
- AHanmM3UpOBaTh YCTOMYHUBOCTD MOJTYYEHHOTO BEIYMCIUTEIBHOIO METO/A;

- OI_ICHI/IBaTB MOPpAIOK alllIpOKCUMaUN l'[OJ'Iy‘ICHHOfI YHUCICHHON CXEMBI.



BJIA/IETh:
- [IpssMbIMU METOJJAMU pELICHHS CUCTEM JIMHEWHBIX ypaBHEHUM;

- MeTtonaMu HaxOXAEHHUS NPHOMMKEHHS K CIEKTpaM MaTpHUIbl U €€ COOCTBEHHBIM
BEKTOPAM;

- MeTO,Z[aMI/I HHTCPIOIAINN CETOYHOM (bYHKHI/II/I Pa3IMIHOIO IIOPAAKa I'NIaAKOCTHU,

- MeTtogamMu  pa3HOCTHOW  alpOKCUMAalUd  OOBIKHOBEHHBIX U depeHInanIbHbIX
ypaBHEHUH;

- MeTtoaaMu pa3HOCTHOM alIpPOKCHUMALMN YpaBHEHUH MaTeMaTHIeCKON (PU3UKH.

TeMbl U pa3jaeiibl Kypca:
1. Ananu3 anropuTMa X>3IIMPOBaHUS.

[TpuBOAMTCS KOHKPETHBIA aIrOPUTM XAIIUPOBAHMS U IIPOBOJIUTCS €r0 MaTEMaTHUYCCKUN aHAIHN3
JUTSL BBIYMCIIEHUSI HEOOXOAMMOTO YHCIIa ONepalyii ¢ TOMOIIbIO MPOU3BOASIINX (PYHKIIUHA.

2. AHanu3 4ucia JAepeBbEeB.

Ha psnge npumepoB AeMOHCTpuUpyeTcs crmoco0 MojcyeTa 4Yuciia JIepPeBhEB, MOJYMHEHHBIX
pa3’IMYHBIM yCJOBHsIM. J[eMOHCTpuUpyeTCss METOJ aHajiu3a 4YHUCla JIEPEBbEB C MMOMOIIBIO
MPOU3BOIAIIMX (YHKITHIA.

3. 3ajauu TUCKPETHON MaTEMaTHKH.

HccnenyroTest 3ajaud O pa3pelieHud PeKyppPeHTHBIX (OpMyI. ACHMIITOTMYECKOE MOBEIECHUE
Takux pemieHuid. PaccMatpuBaroTes 3amaua o XaHolckoit 6amine, 3anada OBuaus Onasus, 3aqada
o npeaene uyncen GuboHayuu.

4. YucieHHEIE MCTOJBI 3a1a4 UHTCPIIOJIAIHHN.

ANTOpPUTMBI UHTEPIOJISALUU: TOCTPOCHUE KyOMYECKUX CIIaifHOB B OJJHOMEPHOM U JABYMEPHOM
cinyyasx. [I[pumeHeHne MHTEPIOIAIUN K YUCIEHHOMY UHTEIPUPOBAHUIO.

5. UucneHHbIe METOBI JIMHEHHOU anreOpsl.

HpOl’”paMMI/IpOBaHI/Ie MNpAMBIX U UTCPAIUOHHBIX BBIYUCIIUTCIIBHBIX METOAOB, HMCIIOJB3YCMbBIX B
nuHenHou anredpe. PacmapaienuBanue alropuTMoB.

6. UucneHHble METO/Ibl pelieHus AuddepeHnnanbHbIX ypaBHEHUH.

Peanuszanusi 4uCIEHHBIX CXeM Ui pemeHus AudQepeHlnaTbHbIX ypaBHEHUH U CHUCTEM
muddepeHIMaNbHBIX ypaBHEeHU. [IpremMbl BU3yanuasiuu noxy4eHHOTO peleHusl.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukaagabie MaTeMaTHKA U PU3UKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

IIpupononogoOHbIe IJHEPreTHYECKHe TEXHOJOIMHM U BO300OHOBJIeMasi JHEPreTUKA

Heab AMCHUNIMHBI:

- mpuoOpeTeHue CTyACHTaMHU 3HAHWH 00 OCHOBHBIX MHHOBAIIMOHHBIX METOJaX MPOHM3BOJCTBA,
nepeaayn ¥ mpeoOpa3oBaHUsl SHEPTHH; MEXAaHH3MOB 3JEMEHTApHBIX IMPOIECCOB, JIEKAIIUX B
OCHOBE 3THUX METOJIOB; POJIM OMOTEXHOJIOTHI, HAHOTEXHOJIOTUH U HAHOCTPYKTYPBIX MaTEpUaIoB
B Pa3BUTHUU JIaHHBIX METOJIOB.

3agauu AMCHUIINHBIL:

- OCBOEHHE OCHOBHBIX IOHSATUN NPUPOJONOJOOHBIX SHEPreTHUYECKUX TEXHOJOTHH, a TaKxke
OCHOBHBIX TEPMUHOB U ONPEIEIICHUN B ATOH 0OOJACTH B COOTBETCTBUM C MEXIYHAPOJHBIMU
CTaH/apTaMy;

- OCBOEHME HaBBIKOB Pa0OThI CO CHELUaTbHOM JTUTEpaTypoil B IpeIMETHOM 00acTy;
- pOJI HAaHOPa3MEPHBIX (PaKTOPOB.

IlepeyeHb MUIaHUPYEMBIX Pe3yJIbTATOB 00YUYEHUS 1O JUCHHUILJIMHE (MOAYJII0)

B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- OCHOBBI (PM3MYECKOI XUMUU TTOBEPXHOCTH KOHJIEHCUPOBAHHOTO COCTOSIHUS BEIECTBA, 0a30BbIE
pa3MepHble U CTPYKTypHbIe J(PdeKThl B HAHOCHCTEMaX, XapaKTepHble OCOOEHHOCTU
HaHOOOBEKTOB;

- OCHOBHBIE KOHKpPETHBbIE€ TEXHOJOTMHM M METOJbl CHHTE3a HAHOCTPYKTYp U THOPUAHBIX
HAHOCHCTEM; CIIOCOOBI X anmnapaTHOM pean3aliy B BUJIE Pa3JIMYHBIX YCTAHOBOK U PUOOPOB;

- OCHOBHBIC ITYTH B3aUMOJEHCTBHUI OJICKTPOXUMHUYCCKUX CUCTEM C JKHMBBIMHU OpraHU3MaMu H
KIJIICTKaMMH.

yMeTh:

- IPpOBOAUTDH NTOHUCK U aHAJIN3 HaquO-TCXHHqCCKOﬁ I/IH(I)OpMaI_II/II/I YU HNaTEeHTHOM JIMTCPATYPHI 110
3aJJaHHON TeMaTHuKe B obactu HpI/IpO,Z[OHO,Z[O6HLIX OHCPTCTUYICCKUX TEXHOJIOTUM |
HAHOMATCPUAJIOB IJId UX pCaIn3allnuu,



- UCMOJIb30BaTh (yHIaMEHTAJIbHbIE 3HaHUsI B 00J1acTH (POPMHUPOBAHUS HAHOCUCTEM JJIsl PELICHUS
IIPAKTUYECKHUX 3a/lay, CBA3AHHBIX C IOJYYEHHUEM HAHOCTPYKTYPHUPOBAHHBIX HEOPIaHUUYECKUX U
rHOPHUIHBIX MAaTEPUAJIOB, OMOAIEKTPOHHBIX CUCTEM M UX KOMIIOHEHTOB;

- UCIIOJIb30BATh IMOJTYYCHHBIC 3HAHHA B 00JIaCTH CHCTEM MOJIYyYCHUS U Hpe06pa303aHH;1 SHECPruu
U IPAKTHYCCKOT'O IPUMCHCHHUA.

BJIA/IETh:
- CliellMaIbHON TEPMUHOJIOTHEN B 001aCTH HAHOTEXHOJIOTUIM U METOI0B CUHTE3a HAHOCTPYKTYP;
- CHIeMAIbHON TEPMUHOJIOTHEH B 00J1aCTH MPUPOIOTIOT0OHBIX SHEPTETUYECKUX TEXHOIOTHIA;

- MeTojaMu O0pabOTKH, aHaIM3a M CUCTEMaTH3allMd HAay4YHO-TEXHWYECKOH M MaTeHTHOH
uHpOpMaLnu;

- HaBBIKaMU OCBOEHUS OOJIBIIOr0 00bemMa HOBOM HH(popManuy;
- HaBBIKaMU CaMOCTOSITEIIbHON pa0oThI B Taboparopun u MHTEpHETE;

- HaBBIKaMH FpaMOTHOﬁ O6pa6OTKI/I PE3YyIbTATOB OIIbITA U COIIOCTABJICHUA C TCOPCTUUCCKUMU
JaHHBIMH.

TeMbl U pa3jeiibl Kypca:
1. I[Tpuponono100HbIe SHEPTETHUECKUE TEXHOIOTHH.

OcHoBHble TOHATHUA U omnpeaeneHus. I[loTeHIMaNbHbIE BO3MOXHOCTU IPUPOIONOJO0OHBIX
DHEPreTUYECKUX TEXHOJOTMH C YYETOM HMEIOLIMXCS PECYpCOB I NPUPOJHOM SHEPIrEeTHKHU.
OcHoBHbIE cHCTEMBI BO30OHOBISIEMON SHEPT€TUKH, KOHBEPTEHIIHS TEXHOJIOTMI U NCII0JIb30BaHNE
BOJIOPOJHBIX U 3JIEKTPOXMMHUUYECKUX TEXHOJIOTMH N1 BO3OOHOBIISIEMON 3HepreTuku. Bompockl
skosiornd. OCHOBHbIE HampaBiIeHUs HCCIEAOBaHUNA U pa3paborok B Mmupe u B Poccun,
NEPCIEKTUBBI PA3BUTHS TaHHOTO HAIPaBJICHMUS.

[ToHaTHS HAHOTEXHOJOTHM U HaHOMATCPUAJIOB. KJ'IaCCI/I(I)I/IKaI_[I/I}I HaHOOOBEKTOB. (OCHOBHBIE
TCPMHUHBI U OHNPCACICHHUA B COOTBETCTBUU C MCKAYHAPOJAHBIMH CTaHAAPTaMHU. 3HadeHue
HAHOTEXHOJIOTHH U MaTCpUualioB AJId pa3BUTHUS HpHpO,Z[OHOI[O6HOI>i OHCEPICTUKHU.

2. buorexHonorumu.

BHOTEeXHOIOTHH W YKOTEXHOJIOTHH JIJIS 3alUTHI OKPYKAFOIIEH CPebl U PallMOHAILHOTO
TIPUPOJIOTIOIH30BAHUS.

buoTtexHonoruu u oKpyXxaroras cpesa.

DKO0 ¥ OMOTEXHOJOTUN KaK Ba)KHBIN CETMEHT TeXHOC(HEpHOU 0€301MacHOCTH.

I_[I/IKJ'ILI yriepoda U BJIIMAHUC OMOTEXHOJIOT Uil HA HUX.

3. DHeprus CoJHIA U BETpA.



Oneprus conHia. CrocoObl UCIIONIB30BaHUS U IPEO0OPA30BAHUS SHEPTUU COJIHIIA, COBPEMEHHbBIE
¢dorobaTapen, HMX XapaKTEPUCTHKH W MPUHIUNB WX (yHKIHOHHpoBaHUS. [Ipobiembl
AKKyMYJINPOBAHMsI DHEPIMM COJHIA. VIHTEHCHBHOCTH COJHEYHOH paJualuu Ha TEPPUTOPUU
Poccun B 3aBucHMOCTH OT BpeMeHM roaa. [IepcrieKTuBbI pa3BUTHS COJIHEUHON YJHEPTETUKH.

Oueprus Berpa. Criocobbl mpeodpazoBaHusi U aKKyMyJIUpOBaaHUs SHEpruu BeTpa. OCHOBHbBIE
TUIIBI BETPOTE€HEPATOPOB, MX XapakTepucTUKHU. [IpolneMbl akKyMyIupOBaHUS SHEPTrUU BETpA.
HMHTEHCUBHOCTD BETPOBBIX NOTOKOB Ha TeppUTOpHHM Poccuu B 3aBUCMMOCTH OT BPEMEHH roja.
Bonpocsl sxonoruueckoit 6e301macHOCTH.

4. AToMHas U TepMOsIepHasl SHEPreTHKA.

ATOMHas U TEpMOsIIEpHasi JHEPreTUKa U UX POJIb B COBPEMEHHOM MHpe. OCHOBHBIE IPOLIECCHI U
THUIIBI DJIEKTPOCTAHINI. Bompockl 6€30macHOCTH U EPCIEKTUBBI PA3BUTHUS

5. I'maposHepreTuka.

['unposHepreTuka, NpuWIMBHAs W BOJIHOBas »HHepreTuka. IlpuHuunel npeoOpa3zoBaHUs U
aKKyMyJIpoBaHus. ['mapopecypcsl 1 BOBMOKHOCTH IIPOU3BOJCTBA SHEPIUU C MCIOJIB30BAaHUEM
IIPWIMBHBIX U BOJHOBBIX AJIEKTPOCTaHIMKW Ha TeppuTopun Poccnu. Borpocs! skonornueckon
0€30MacCHOCTH U NEPCIIEKTUBBI Pa3BUTHUS ITUX HAIPABICHUM SHEPreTUKU.

6. HpOI/IBBOI[CTBO U yThJiIm3anuus OHOMAaCCHI.

[TpousBoacTBO U yrunuzanus ounomaccsl. OCHOBHBIE IIPOLIECCHI U UX allllapaTypHOe 0QOpMIIEHHUE.
[ToreHnmanbHBIE peCypChl Ul MPOM3BOJICTBA OMOMAcCCHI, BKIItOYas Bojopociu, B Poccun u B
mupe. Bonpocs! skosnornyeckoit 0e30macHOCTH.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHBbIE U HEHTPOHHbIE METO/IbI MCCJIEI0BAHU

IIporpammubie uHTEep(eiichl onepanuonHoi cucrembl UNIX

Heab AMCHUNIMHBI:

- moiydyeHue O0a30BBIX 3HAHMH 00 OpraHu3alMM ONEPAMOHHBIX CHCTEM, pa3JIeIeHUuU
00s3aHHOCTEH MeXIy anmapaTHbIM O0ecreueHHEeM U SIPOM  ONEpPAllMOHHOW CHCTEMBI.
PaccMoTpenue KOHIENIMIT COBPEMEHHBIX OINEPAIMOHHBIX CUCTEM MPOM3BOAMTCS HA MpPUMEpE
orepannoHHOM cuctemMbl Unix. PaccmaTtpuBaioTcsi monb3oBaTenbckuii uHTEpdeiic  Unix,
nporpamMupoBanue Ha s3pike Unix  Shell, ucnonp3oBaHne CHCTEMHBIX BBI30BOB IS
B3aMMOJIEHCTBUS C ApOM B IIporpammax Ha sizbike CH.

3agayu IUCHUILIMHBI:

- U3Y4YCHME OCHOBHBIX KOHLENUMH M NPHUHLIMIIOB IPOECKTUPOBAHMS ONEPALMOHHBIX CUCTEM.
PaccmoTpenue B3anMozelcTBUs Aipa ONEPALlMOHHONW CUCTEMBI C allapaTHbIM OOeCIeuYeHHEM
COBPEMEHHBIX KOMIIBIOTEPOB;

- paccMOTpEHHE pealu3allid OCHOBHBIX KoHIenmuii coBpemeHHbIXx OC Ha mpumepe Unix
(TOHATHUS TpoIleCcC, TUTAHUPOBILKK MPoLIeccoB ¢ailn u ap.);

- 3HAKOMCTBO ¢ KoMaHJHOW 00onoukoil Unix Shell Ha ypoBHE mosibp30BaTens U IpOrpaMMUCTA.
Boinonnenue nadoparopHbix padot no Hanucanuto Shell-ckpunTos. Beinonnenne nabopaTopHbIX
paboT Ha IPYruX CKPUNITOBBIX sI3bIKaX, B TOM yucie, sed u AWK;

- H3YYCHUC OCHOBHBIX CHUCTCMHBIX BBI3OBOB Unix. HpOFp&MMHpOBaHHe Ha sa3pike CH C
HUCIIOJBb30BaHHUEM CUCTEMHBIX BBI3OBOB.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs 0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00y4JaroLIiecs JOIKHBI

3HATh:

- ocHOBHbIE KOMIOHEHThI OC 00111er0 Ha3HAYEeHUS, HEOOXOAUMBbIE 115 €€ PYHKIIMOHUPOBAHUS;

- OCHOBHBIE KOMaH/bI, HeoOXonumble aisi yBepeHHOH pabotbl B Unix Shell Ha ypoBHe
M0JIb30BATEIS;

- yHOpaBJsIOLIME OlepaTopsl U ympasisomue KoHcTpykuuu Unix Shell, HeoOxoaumble ams
HanucaHus shell-ckpunTos.

yMeThb:



- pabotath B komaHaHou oOosouke Unix Shell, mucate ckpuntel mist Unix Shell, mucats
nporpaMMsl Ha si3bike CH ¢ HCTI0JIb30BaHHEM CUCTeMHBIX BbI30BOB OC Unix.

BJIA/IETh:

- mpuéMamMu MPOrpaMMHUPOBAHUS Ha CKPUNTOBBIX A3bIKax Ha mpuMmepe Unix Shell, awk u sed.

TeMbl U pa3jesibl Kypca:
1. Cuctemnsie Bb13oBbl OC Unix, cuctemuoe nporpammuposanue Ha Cu B OC Unix.

SAnpo oneparnmoHHo cucteMbl. OCHOBHBIC KOMITOHSHTHI sijipa. OTIIMYNE CHCTEMHBIX BBI30BOB OT
00bIuHbIX (GyHkmiA. CucTeMHBbIC BBI30BBI open, creat, close. Komanaa umask. Cucremnbie
BBI3OBEI read u write.

Oransl )ku3HM TIporieccoB. [Iponecchi-3omMou. Cuctemuriq Bei3oB fork. KonnpoBanue npu 3amnmcu.
3aBepiienne mporecca. Exit m _exit. CucreMHBIC BBI30BBI Wait m waitpid. Makpocsl st
00paboTKH cTaryca 3aBepiieHus nporecca. 3amada fork.

@dopmaT JBOMYHBIX BBINONHIEMBbIX (aitnoB. Junamudeckue Oubmmuotexu. Sbrk. Cucrtemubie
BBI30BBI JUIS 3arpy3KH BBIMONIHIEMbIX (aitnos. 3agaya echo hello.

CrangapTHble TIOTOKM BBOJa/BbIBoma. Cuctemuble BbI3oBBI dup u dup2. IlepenampaBiieHue
BBO/Ia/BBIBOIa ¢ ToMoInsio dup2. 3amaua echo hello> file.

Opranuzanus pipe-o u3 C. Curnan SIGPIPE. ImenoBannblie kananbl. 3agaya echo hello | cat.

OO6pabotka curnanos u3 sizpika C. [IpeppiBanus u uckimoyeHus. PeentepabenbHbie QyHKINU.
Hcnonb3oBaHKue cTaHIAPTHOM OMOIMOTEKH B 00paboTyMKe curHajia. 3agava timeout.

Urenue ornasienuit u3z C. O6pabotka Inodes [Iporpamma myls.

CI/IHXpOHI/IBaI_[I/II/I MponeccoB. Bzaumnuas 6JIOKI/IpOBKa nponeccoB € IMOMOLIBIO flock. 33.,[[3‘{3

myshell.

BSD Coxketsl. Moaens knuent/cepsep. UNIX u Internet cokersl. IlocnenoBarenbHblil cepBep u
kiueHt Ha UNIX cokerax. 3amaya «mai daidmy.

ITporoxoinel. YpoBHu nportokonoB. MAC angpec. ARP 3ampocsl. IP agpec. Mapmpyruzanus.
[Tpotokoner TCP u UDP. Komanna telnetCepsep nHa IP cokerax. HTTP nporokon. 3amaua
VYnpoiennstit http cepsep u ynporiennslii IE.

[Tpouiec init.ITpoueccr nemonsl. Hauanenas packpytka B BSD u System V. Syslog cepsep.
Koudurypamus, Bpaiienue J0roB. 3a1aua «ImmpoTOKOJI pabOTHI B CEPBEPE

Cymnepcepsep. Konguryparnus inetd. Getsockname u getpeername. 3agaya KIueHT o inetd.

DNS. Jlomensl o01miero Ha3HaueHUs U reorpaduueckue N1oMeHbl. MTepaTuBHBIC U PEKYPCUBHBIC
3anpocel. Komanna nslookup. Twumsl 3amuceit B 3one. [Ipsimas u oOparnas 3oHbl. OyHKINUK
gethostbyname u gethostbyaddr. 3agaua

[TapannensHslii cepBep. O6padoTka curnana SIGCHILD. 3anaga



System V IPC. Tunsl 06bekToB. KoManapl mpocMoTpa U yaaieHus: 00bEKTOB. 3ajava KIUCHT U
cepBep Ha o4epesiX COOOIICHHMIA

Conporpammel. [lotoku. [lomnepxka morokoB B supe. bubmmoreka pthreads. Co3manue u
3aBeplieHre MOTOKOB. Mcnonp3oBanue o0mux nepeMeHHbx. CHHXpOHU3AIMs TOTOKOB. 3a/1a4a
«HapaJuIeNbHbINA CepBep Ha IOTOKAX.

Joctyn kx ¢aiyiaM ¢ HCIOJIb30BaHUEM CHCTEMHOTO BbI30Ba mmap. OToOpakeHUe MaMsTH Ha
ycTpoiictBo /dev/zero. Ucnonb3zoBanue tmpfs s opraHu3anuy OOIIETO OCTYyNMa K MaMSTH.
Hcnonp3oBanue ycrpoiicTBa /dev/mem st oToOpaxkeHus: ¢puzndeckoit mamsatu. KorepeHTHOCTh
namsata. POSIX cemadopsl. Hcnonb3oBanre MBOMYHBIX ceMadoOpoB IJisl JOCTyNa K OOUIIUM
nepeMeHHbIM. Mcnonbs3oBanue ceMadopoB JUIsl COBMECTHOTO JOCTyna K OydepHOMy Imyiy.
Jleautoku pu MCTIONIB30BAHUU C JIBYX ceMa(OpOB.



AHHOTAUMH K pa004YuM NPOrpaMMam I CHUIINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

CHHXPOTPOHHBbIE METO/IbI HCCJIEOBAHNS CTPYKTYPbI U CBOICTB BelllecTBa

Heab AMCHUNIMHBI:

- OCBOCHHME CTYJCHTAaMU IMPUHIMIIOB T'€HEpPAUMU U CBOMCTB CHHXPOTPOHHOTO M3IIYyYEHUS,
KOHCTPYKIIMOHHBIX OCOOCHHOCTEH SKCHEPUMEHTAIbHBIX CTAHIMWA U OCHOB CHHXPOTPOHHBIX
METO/IOB CTPYKTYPHOH JMarHOCTHKH, O3HAaKOMJIEHHE ¢ mpumepamu npumenenuss CU nmms
peteHust GyHAAMEHTAIBHBIX U TPUKJIAIHBIX 3a7a4.

3agauu AMCHUIINHBIL:

- (opmupoBaHue 0a30BbIX 3HAHHM O CBOMCTBAX CHUHXPOTPOHHOIO M3JIY4EHMs, METOJaX €ro
[oJIyuyeHus1, TuMnax ucrounkon CU;

- q)OpMI/IpOBaHI/Ie 0a30BBIX 3HAHUH O MECTOAaX MNPHUMCHCHUSA CHUHXPOTPOHHOI'O H3JIYUCHUA B
COBpeMeHHOﬁ HayKe, allllapaTHbIX crocobax Hux peajmm3anuun, 1MoJIydacMbIX € IMOMOIIBIO HHUX
pPE3yibTaThl B MHTEPECAX q)YHZ[aMCHTaJIbHOﬁ u HpI/IKHa,Z[HOﬁ HAayKH, IICPCICKTUBAX PA3BUTHUA
CUHXPOTPOHHBIX HCCIIEIOBAHUN U HCCHGﬂOBﬂTCHLCKOﬁ I/IH(i)paCTPYKTprI B Poccum u B MHUpCE.

ITepeyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUYeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YJaOLIHeCs JOJKHBI
3HATh:

O (yH1laMeHTaJIbHbIE TOHATHS, 3aKOHbI, TEOPUU U (HOPMYIbI, ONUCHIBAIOIINE T€HEPALNIO
CUHXPOTPOHHOT'O U3JIy4YEHUS;

[] cBOMCTBAa CHHXPOTPOHHOT'O U3IIy4EHHUS;
[] HOpPSIAKY YHMCIICHHBIX BEJIMYMH, XapaKTEPHbIE I IAPAMETPOB CUHXPOTPOHHOTO U3JIy4YEHHS;
O IPUHIUIBI paOOTHl COBPEMEHHBIX HCTOUHHKOB CHHXPOTPOHHOT'O M3JTyUEHHUS;

0 OCHOBHBIC  MCTOJAbI MMPUMCHCHUA CHHXPOTPOHHOI'O M3JIYUYCHUA I H3YUCHUA CBOICTB
BCIIECCTBA U CTPYKTYPHBIC XapaKTCPUCTHKU, KOTOPBIC MOTYT OBITH OIMPEACIICHBI C TOMOIIBIO OTUX
METOJ0B.

yMeThb:

O paccuuThIBATh MapaMeTpbl CUXPOTPOHHOTO M3JTy4eHUsl, IPUMEHATh (PrU3HUecKue TEOpUU
K OIMCAaHUIO XapaKTEPUCTUK CUHXPOTPOHHOTO U3ITy4EHHUS;



0 MPUMEHSTh CUHXPOTPOHHBIE METOAMKH JI U3BJICUEHUST HEOOX0IMMOIl MHpOopMauu o
CTPYKTYpE UCCIIeyeMOT0 00bEKTa;

O 3¢ HEKTUBHO UCIIONIB30BAaTh COBPEMEHHbIE HHPOPMALIMOHHBIE TEXHOJIOTHU M PECYPCHI TS
NOJYyYeHUsT HEOOXOJMMBIX 3HAHMH IO MHTEpECylIeil HaydyHOW mpobiemMe B paMKax
CUHXPOTPOHHBIX UCCIIEIOBAaHUM.

BJIA/IETh:

O CIeLUaIbHOM TEPMUHOJIOIHEN B 00JIACTH CHHXPOTPOHHOI'O M3JIy4EHMS;

O METOAMKAMHU IIOCTPOCHMSI MOJIEJIEH K OIIMCAHUIO CBOMCTB CHHXPOTPOHHOT'O U3J1y4EHUS,

O OCHOBHBIMH METO/IaMU MPHUMEHEHUsS] CHHXPOTPOHHOTO M3IY4YEeHHUsI U 00pabOTKU JaHHBIX,

MOJIYYCHHBIX B PE3YJIbTATC CUHXPOTPOHHOI'O S3KCIICPUMCHTA.

TeMbl U pa3jaeiibl Kypca:

1. Beenenwue. Ilpuponma cunxporpoHHoro wusnydeHus. Bumsl uctounukoB CH. OcHOBHBIE
HanpasieHus: npumenenus CU

HcTOuyHUKH pEHTI€HOBCKOT0 U3ilyueHus. M3iyduenne NBUxKyIerocs 3apsaaa. Y CKOpUTEIN YacTHULL.
[TonsiTve SMUTTaHCA 3JEKTPOHHOTO Iydka. CHHXpOTPOHHOE U3inydeHue. IIokoaeHust HCTOUHUKOB
CHU. Mupossie ucrounnku CH. Jlazepbr Ha cBOOOIHBIX 3nmekTpoHax. OCHOBHBIE HalpaBJICHUS
npumenenus CU.

2. B3aHMOHCﬁCTBHC CUHXPOTPOHHOT'O U3JIYYCHHA C BEICCTBOM.

Cnextp CU. Teopernueckue ocHoBbI B3aumozeiictsust CH ¢ BemectsoM. Buael B3anmonenctus
CH c BemecTBOM. ['pynmbsl MeT010B, OCHOBaHHBIX Ha mpuMeHeHnn CH. Hccnenyembie 0OBEKTHI.
CtpyKTypHBIE TapaMeTpbl, U3BJIEKaeMble ¢ Hcnonb3oBanuem CH.

3. KOHCTPYKHI/ISI N OCHOBHBIC 3JIEMCHTBI CUHXPOTPOHHBIX 3KCIICPUMCHTAJIbHBIX CTaHHI/II\/JI.

KOHCTPYKI_II/IH 3KCHepI/IMCHTaJ'H>HOI71 CTaHIIMH. CTaHI[apTHBIe OIITUYCCKHUEC OJICMCHTBI
CUHXPOTPOHHBIX CTaHIIUMN. PaCHpOCTpaHéHHHe OIITUYCCKUC CXCMBI. CucreMsl
MO3UIIUOHUPOBAHUSA U YIIPABJIICHUS IBUKCHHUCM. ILCTCKTI/IPYIOH_II/IG CHUCTCMBEI.

4. CunxpotpoHHass JudpaKTOMETpPUs [UIsI HCCIENOBAHUS OCOOCHHOCTEH  CTPYKTYpHI
MOHOKPHUCTAJIJIOB.

3amaun BBICOKOpa3pelaroneld CHHXpOTPOHHON AudpakToMeTpun. BbiOop onTHdecKkoi CXeMBl.
Hucnepcusi ontudeckoil cxembl. CTpyKTypHBIH (akTop. BiusHME pasnuyHbIX CTPYKTYPHBIX
UCKa)XEeHUN Ha (opMy KpHBOH AU(GPAKIMOHHOTO OTpa)keHUs - JaedopMaliusi, HECOOTBETCTBHE
pEIIETOK, OJIMH U JBa 3MHUTAKCHAJIBHBIX CJIOS HA KPUCTAJUIMUECKON IOJUIOXKKE, IEPUOANYECKAs
cBepxpemierka. OnpeneneHne CTpyKTypHBIX TapaMeTpOB.

5. PentrenoBcKkas CIICKTPOCKOITHUS MMOTJTIOICHUA U OMUCCUOHHAA CIICKTPOCKOIIHA.

OHepreTu4ecKue YpoBHHU NIEKTPOHOB U NEPEX0Ibl Mex Ay HUMH. IIpoueccel MOTJIOLIEHUS
(OTOHOB M MX W3ITYYEHUs aTOMHBIMU cUcTeMaMH. MexaHusM (opMupoBaHHs (GOpPMBI CIIEKTpa
NOIJIOUIEHUS.  DKCIIEPUMEHTaJbHblE METOAMKHM. IIpakTHueckoe nNpUMEHEHHE METOJI0B
CIEKTPOCKOINY TOTJIOLICHHUS.



6. DOTORIEKTPOHHAS CIEKTPOCKOMHA.

DJNIeKTpOHHAsA CTPYKTypa MaTepualioB: OT Mojenu bopa k 30HHOU cTpykType. Dusmyeckue
OCHOBBI (DOTOIJICKTPOHHOM CHEKTPOCKONMUH. DIEKTPOHHAS CIEKTPOCKOMHS ISl XHMHYECKOTO
aHamu3a ©  (OTODJIEKTPOHHAS CIEKTPOCKONMS C YIJIOBBIM paspemeHueM. [IpubopHo-
JKCIepuMeHTalbHas 6a3a. O6iacTu NIPUMEHEHUS U IPUMEPHI PE3yIbTaTOB.

7. CHHXpOTpOHHAsI BU3yaIu3alus.

[Tornomenne pPEHTTEHOBCKOTO H3JIyYeHHs. DHEPreTHYecKass 3aBUCHUMOCTh Ko3(dduuumenra
nornomenus. Ilokasarens npenomiieHUs. OKCIEPUMEHTAIbHBIE CXEMbl BU3YyalU3allul C
abcopOuMoHHBIM U (pa3oBBIM KOHTpacToM. Tomorpadus, cmocodsl TOMOTpaguuecKoro
BoccTaHoBJeHus. [IporpaMmer it paboTel ¢ n3o0paxenusmu. O6mactu npumenenus. [Ipumepst
UCCIICJOBAHUM.

8. PentrenoBckas Tonorpadus U BU3yaau3anus 1eQeKToB.
JedexTsl kpuctamnyeckon cTpykTypbl. KuHemaruueckas u AMHaMUYeCcKask AUPPaKIIUSL.

OddexT anomanbHOrO Npomyckanus. Buasl kountpacta B Tonorpaduu. Cxemsl Tonorpaduueckoi
cheMKku. [IpenmyliecTBa CHHXPOTPOHHOTO H3Iy4eHHsl B Tonorpaduu. Tomorpadus ¢ yrioBoit
Pa3BEPTKOM.

9. PEHTreHOCTPYKTYPHBIN aHAIHM3 B OSJIKOBAasi KpUCTaLIOrpadusi.

OCHOBBI METO/Ia PEHTTEHOCTPYKTYPHOTO aHaIN3a KpUCTALIOB. CTpyKTypa OEIKOBOI MOJICKYJIbI.
[Tonydyenune kpuctayuia Oeska, OT I'eHa [0 BbIpallluBaHHUs KpHCTaia. DKCIEpPUMEHTAIbHOE
oOopynoBanue. Panuanmonnoe mnoBpexzaeHue. das3oBas mpobieMa W METOJbl €€ pPELICHHUs.
YTO4YHEHUE MOJIENH CTPYKTYpBI. SIpKue pe3ysbTaThl, IOBIMUABIINE HA BECh MUD.

10. TToporukoBasi peHTreHOBCKast TU(PaKTOMETPHSI.
Teopetnueckre 0CHOBBI MeTO/1a. Paznmuunsi METO/10B OPOILIKA U MOHOKpHUCTAJLIA.

VYcnosust Jlays, 3akoH bparra-Bynbda, chepa DOBanpaa. OcHOBHBIE 3ajlaud MOPOIIKOBOM
mudpakuuu. CTpyKTypHbI M ¢a3oBblii aHanu3. [IpuHIMOMaNbHAs cXeMa CHHXPOTPOHHOM
CTaHLUU JUI NOPOIIKOBOM audpakiuu (Ha npumepe ctaHiuu PCA). ITopomKoBbIif SKCIEpUMEHT
Ha CHHXpPOTPOHE — OCOOEHHOCTH, OTJIMYMS OT JAaObOpaTOPHBIX HMCTOUYHUKOB. AHAIU3
TUQPAaKIMOHHBIX  KapTuH, mnonydaemas  uHopmanus.  OmpeneneHue  mapameTpoB
MHUKPOCTPYKTYpbI. AmnmapatHoe U (usnueckoe ymupenue. @opmynsl Kanvortu, Hleppepa u
Crokca-Yuicona. Merog Yumibsmcona-Xosia. MHIuuupoBaHue W peleHue CTPYKTYpPHI IO
NopoIKy. MeToJ cHMyJIHpOBaHHOTO OTkura. IlomHompo@mibHBI aHAINW3 AUPpPAKTOrpaMM.
Mertonst Jle benst u Purdenpaa. Ananu3 nonHonpoduiibHoil gyHkunu. CTpYKTYpHBIH (akTop,
daktopa Jlebas-Bamnepa. [lopomkoBast qudpakiiusi ¢ MOMOIIBI0 PEHTICHOBCKOTO M3JIYYCHHS U
HEUTPOHOB, CXOJCTBA U pa3inuuusd. Mccienyemble Marepuanbl, peliaeMbl 3aladyd, sSpKue
pE3yJIbTaTHI.

11. ManoyrnoBoe paccesHue.

Teopust manoyriaoBoro paccesiHusi — bopHoBckoe mpHUOIMKEHNE, BEKTOP paccesiHusl, IpsMoe U
o0paTHOE MPOCTPAHCTBO, PAJANYC HHEPLHMH U ero pU3ndeckuil cMbIci, QYyHKIUS pacipeesieHus
[0 PAacCTOSHUSIM, MOJEIMPOBAHUE CTPYKTYphl MOHOJUCHEPCHBIX CHCTEM U HHTEpIpeTanus
pe3ynbraToB. CxeMa MajloOyIrJIOBOTO SKCIIEPUMEHTA - OCHOBHBIE 3JIEMEHTHI U OCOOEHHOCTH
YCTaHOBKH, MOHOXpOMAaTH3alMs U (POKYCHUPOBKA M3ITYUEHHSI, KOJTTUMAIIHS ITyYKa, BO3MOXHOCTH
MOJICPHH3AIINHN IKCIIEPUMEHTATBLHOM 0a3bl. OOBEKTHI HCCIICIOBAHUS U UX OCOOCHHOCTH, BIUSHUE



paguaIMOHHBIX TIOBPEXKIECHUN Ha Ouosjornyeckue oObeKThl. Hekoropele mpumepbl paboT Ha
ucroununkax CHU.

12. Meroap! ucclie0BaHUS TOBEPXHOCTEH U HHTEP(EICOB.

OcHOBHBIE TEOpPETUYECKHE MOAXOAbl K XapaKTepHu3ally MoBepxHocTel u unrepdeiicos. Meton
peduekToMeTpun. Meton nudpakiuy B CKONb3SIICH reoMeTpuu. MeTo ] CTOSIYNX PEHTI€HOBCKUX
BosiH. MccrenoBanuss Ha TOBEPXHOCTH JKUAKOCTH. [lapamerpbl, H3BIEKaeMble C MOMOIIbIO
CUHXpPOTpOHHOTO u3nydeHusi. lccnegoBarenbckas uH(pacTpykTypa Uis HCCIeIOBaHUMN
MoBepXHOCTeH U nHTepdericoB. [Ipumeps! uccinenoBanmii.

13. PentrenoayopecueHTHBIN aHaau3 U (ha304yBCTBUTEIBHBIE METOIBI.

PentrenogayopecuentHsiii ananu3. Mccnenyemble o0pasubl U 06aacTh npuMeHeHus. OCHOBBI
Teopuu: (oTod(h(HEKT, XapaKTepUCTUUECKHIH PEHTTEHOBCKUH CIIEKTP aTOMa, KaYeCTBEHHBIH U
KOJIMYECTBEHHBIM DJJIEMEHTHBIM aHamu3. OKCIepUMEHTanbHass cxeMa. IIpumepsl spkux
pe3yibraroB.Pa3zouyBcTBUTENbHBIE MeTOABI. Pa3oBas MpobiaeMa PEHTI€HOBCKUX UCCIIEA0BAHHM.
Merton cTOSUMX PEHTTEHOBCKUX BOJIH B 00JIACTU MOJHOTO BHEIIHErO OTPAXXEHUS U B YCIOBUAX
Oparroeekoil audpaxuuu. Mccnenyemsle o0pasisl U o0nacte npuMeHeHus. OCHOBBI TEOPUU U
IKCIIepUMEHTaIbHas cxema. [IpuMepsl SspKux pe3yabTaToB. MeTol MHOTOBOJIHOBOHM THU(PaKIIHH.
Hccnenyemble 00pasnbl 1 00s1acTh MpuMeHeHnss. OCHOBBI TEOPUH U AKCIIEPUMEHTAIbHAS CXeMa.
IIpumepsl IpKUX PE3YIIBTATOB.

14. COBpeMeHHHe MMOAXOJbI K BpEMAPA3pCIIatOIMUM UCCIICI0OBAHUAM.

AKTyaJTbHOCTh PEHTI'CHOBCKHX MCCIICJIOBAaHHI C BPEMEHHBIM pa3pelicHreM. Pa3Hbie BpeMEHHbBIC
MacmTaObl — pa3InYHbIC TPUMEHHMBIC METOJIBI. OcoOeHHOCTH  BpeMspa3peliaroux
TU(PPAKIMOHHBIX, CIIEKTPOCKOMHMUYECKUX U  (iayopecieHTHhIX u3MepeHuit. [loaxonsl K
UCCIIC/IOBAaHUIO MEUICHHBIX MPOIecCOB. [lOAXOabI K HCCICIOBAHHIO OBICTPHIX IPOIECCOB.
[Toxxomel K HCCIEIOBaHUIO CBEpXOBICTPBIX mporeccoB (Pump-probe, JICD). OcobGennoctn
pealu3auuy  BPEMSAPA3PEIIAIINX  METOJ0B, MPUMEPbl IKCHEPUMEHTAIBHBIX  CTaHIMI
(crienManbHbIE ONITUYECKUE DJIEMEHTHI, CIIEIMATIbHBIE AETEKTOPHI U T.1). [IprMepsl poBe1eHHBIX
WCCIIEIOBAHUM.

15. KOFepeHTHOCTB CHUHXPOTPOHHOI'O U3JTYYCHUS U KOTCPCHTHBIC MCTO/BI.

[TonsiTe KorrepeHTHOCTH M3MydeHMs. [lonHas u yacTMYHAs KOrepeHTHOCTh. KorepeHTHOCTh U
CIIEKTpajibHasl SAPKOCTh HCTOYHMKA CHUHXPOTPOHHOIO W3iaydeHus. JUIMHBI IPOJOJBHOW U
MOTIEPEYHON KOTE€PEHTHOCTH. ABTOKOPPENSLMOHHbIE (YHKIIMHM MEPBOrO M BTOPOTO MOPSIKA.
Crnexubl. YIJIOBOM pa3Mep CIEKJIOB M CTaTUCTHMKA MHTEHCUBHOCTH CIIEKJIOB. PeHTreHoBcKas
doToH-KOppenALnoHHas — cnekTpockonus. KorepeHTHas nudpakuMoHHas BU3yaJIU3alusl.
[ITuxorpadus. [Ipumepsl HayuHBIX PE3yIbTATOB KOT€PEHTHBIX METOIOB.

16. IlepcniekTUBBI pa3BUTHsI CHHXPOTPOHHBIX HCcienoBaHui B Poccnn u B Mupe.

[TepcnekTHBBI Pa3BUTHS SKCIEPUMEHTAIBHON HHPPACTPYKTYPHI CHHXPOTPOHHBIX M HEHTPOHHBIX
uccienoBanuil. OCHOBHBIE TPEH/bI PA3BUTHS CUHXPOTPOHHBIX U HEUTPOHHBIX MCCIENOBAHUMI B
mupe. IlepcnexktuBbl pa3zButus nanamadra megascience. denepanbHas Hay4HO-TEXHHUYECKas

porpaMMa pPa3BUTHS CHHXPOTPOHHBIX M HEUTPOHHBIX HCCIICIOBAHWN M HH(PPACTPYKTYpPHI Ha
2019-2027 roppil.



AHHOTAUMH K pad04YuM NPOrpaMMam M CHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

ConunoJiorust

Heab AMCHUNIMHBI:

- ¢opmupoBaHrue y OYIAyIUX CHICIHATUCTOB IIEIIOCTHOTO TMpeAcTaBiIeHUss 00 o0O0IIecTse,
TEHJICHLUAX €r0 Pa3BUTHUA, JAMHAMHUKE COLMAIbHBIX SIBJICHUH M MPOILIECCOB, MECTa U POJIHU
YeJIOBeKa B COBPEMEHHOM OOIIECTBE. 3HAKOMCTBO C Pa3IUYHBIMU KOHIEMIUSAMHA COBPEMEHHOM
00IIECTBOBETYECKOM MBICII MO3BOJIUT CHOPMUPOBATH KOHCTPYKTUBHBIM MOAXO] K OCBOCHHIO
OKPY’KaIOIIIeT0 MUPA, YMEHHUE OTBEUATh Ha HEMPOCTHIC BBI3OBBI COLIMAIIBHOW CpPEJbl, HAKOMUTh
MO3UTUBHBIA COLMATBHBIA OMBIT, KOTOPBIA IOMOXET B Oyaymed mpodecCHOHATBHON
JIeSATeTLHOCTH.

3agauyd AUCHUILINHBI:

- IOHUMATh POJIb HAYKHW B Pa3BUTHU HUBUJIIU3AllUH, COOTHOICHUC HAYKHU U TCXHUKH U CBA3aHHBIC
C HUMH COBPCMCHHBIC COINAJIbHBIC 1 9TUYCCKUC HpO6HeMLI;

- BBIIBUTH MUPOBO33PCHYCCKOC U MCTOAOJIOIrHYCCKOC COACPIKAHUEC OCHOBHBIX COIMMOJIOTHYCCKUX
KaTel"OpI/Iﬁ W IIPUHOUIIOB;

- IOHUMAThb 3aKOHOMEPHOCTH pa3BUTUA O6HI€CTBa " pOJIb JIMYHOCTH B PAa3BUTHUHN 06HI€CTBGHHI)IX
mponecCoB;

- BJIaJIETh IPUEMaMU BEJICHUSI IUCKYCCUH, TTOJIEMUKHU, JUAJIOra.

IlepeueHb MIAHUPYEMBIX Pe3yJbTATOB 00YUYeHUsI O JUCHUIJIMHE (MOYJIIO)
B pe3ynbraTe 0CBOSHHS IUCHUTUTHHBI 00yYarorecs JOIKHBI

3HATh:

- OCHOBHBIC COITMOJOINYECKUEC ITOHATH A,

- CTPYKTYPY COLIMOJIOTMUECKOTO 3HAHNUS;

- OCHOBBI CbYHKHI/IOHI/IPOBaHI/If{ 06HI€CTBa M €T0 CONMUAJIbHBIX HHCTUTYTOB,

- CUCTEMY POJIEH U CTaTyCOB;

- TUTIBI U BUJIbI COLMAIBHBIX TPYII U OpraHU3alINii;

- TEOPUIO U MPAKTUKY COIMAIbHBIX KOH(QIUKTOB;

- TEOPUIO JUYHOCTU U MPAKTUKY COIIMANM3ALIUU, CYIIIHOCTh BJIACTH U TOCY1apCTBA;

- TCHACHI WU pa3BUTHUA MUPOBBIX IIPOLCCCOB;



- OCHOBHBIC TCHACHIHMU PAa3BUTUA MUPOBEIX IIPOLECCOB.

yMeThb:

- MPUHUMATh COOCTBEHHBIC PEIICHUS B PaMKax CBOEH NpO(ecCHOHATBHON KOMIIETCHLMU B
CTaHJAPTHBIX U HECTAHAAPTHBIX CHUTYallUsX, OCHOBAHHBIX HA OCO3HAHHOM JINYHOM BBIOODE;

- HOPaKTHYCCKHU IPUMCHATH IIOJIYUYCHHBIC COLHUOJIOTHUYCCKUC 3HAHUA B HpO(beCCHOHaHBHOfI
JCATCIIBHOCTH, B MC)KIIMYHOCTHBIX OTHOIICHUAX

- IOHNMAaTh 3aKOHOMCPHOCTH Pa3BUTUMA O6H.[€CTB3, rocygapcCrtBa, JUYHOCTH, MECTO YCIIOBCKA B
HCTOPUYCCKOM IIPOLCCCEC,

- aHAIM3UPOBATH U OLIEHUBAThH COLMATBHYIO HH(DOPMAIIHIO;

- INTAaHUPOBATh U OCYHIECTBJIATE CBOIO ACATCIIBHOCTD C YYETOM PE3YJIbTAaTOB 3TOI'0 aHAJIM3a.

BJIa/1eTh:
- HaBbIKAaMHU aHaJIM3a U CUCTEMATHU3AI[MH COIIMAIbHON PEAIbHOCTH;

- HaBblKAMM KOMIIETEHTHOM OLIEHKM YPOBHS IOJy4aeMOH COLMaJIbHO-TIOJUTHYECKON
uH(popMaLuu;

- HaBbIKaMH CaAMOKOHTPOJIA U CaMOOLCHKHU CcOOCTBEHHOI KOMIICTCHIINH, O6IJ_[CHI/I$I.

TeMbI U pa3jeiibl Kypca:
1. Kynbrypa.

[Tonsitue kynbTypbl. CuMBoOJMYecKass npupoia KyiabTypbl. CTpykTypa KyiabTypbl. uHamuka
KynbTypbl. CollMaiabHO-UCTOpUYECKasl TUIIONOTHUS KynbTyp. ConuanbHble QYHKIMHU KYIbTYpHI.
S3bIK, uaeanbl, BEpOBAHMS, 3HAHUS, HOPMBI, LIEHHOCTH — COLIMOKYJBTYPHBIE DETYJSATUBbI
COLIMAJILHBIX B3aUMOZEHcTBUIM. MecTo U poJib KyJIbTYphl B CTAHOBJIEHUH, (DYHKIIMOHUPOBAHUHU U
Pa3BUTUU UCTOPUYECKU KOHKPETHBIX 0011ecTB. [ToHsTHE COLManbHOrO pa3BUTHS, €TO OCHOBHBIE
¢dakTopsl. Teopuu pa3BuTHs oOuiecTBa: (OPMALMOHHBIA W IMBUIM3ALMOHHBIN IOIXOIBI.
ConmanbHblil iporpecc u ero kpurepuu. [lonsrue monepHusauuu. CBoeoOpasue MpOLECCOB
monepHuzauuu B Poccun. TpamguunoHHOe, WHAYCTpHUAIbHOE W IMOCTHHIYCTPHAIBHOE
(uH(popMaloHHOE) 001IecTBO. [ T06anu3aus COBpEMEHHOM KU3HU: TPOOIEMBI, TPOTUBOPEUHS
U MepcreKkTuBbl. B3 B Oynyiiee.

2. JINYHOCTS.

[Tonsitue nuynoctu. OcBOeHUE KYNbTYPbl — MEpa YeIoBeYecKoro B yenoneke. Camopeanuzanus,
CaMOYTBEP)KIEHHUE M CaMOACITENbHOCTh — 0a30Bble uepThl JWYHOCTH. (coOeHHOCTH
COIIMOJIOTMYECKOTO MOAXO0/Ja K JUYHOCTU. Makpo M MHUKPOCOLMOJOTUYECKHE KOHUEMIUN
auaHoCcTH. CTPYKTypa JIMYHOCTH M TICUXUKa. B3anMooTHOIIeHNs TUYHOCTH 1 o01iecTBa. PoneBas
TUCTaHIUS W TpobOiieMa UACHTUYHOCTU. COIMONOTHYECKHE M TICMXOJOTMYECKHUE THUIOJIIOTUU
JUYHOCTH.

3. Hayka.



[TousitTue Hayku. OCHOBHbBIEC YEPTHI M MPU3HAKU HayKu. OyHKIMU Hayku. CTpyKTypa HayqYHOTO
[MO3HAHUSA. DTalbl CTAHOBJICHUS U PAa3BUTHA HAYYHBIX 3HAHUH. COLII/IOJIOFI/ISI HAayKH.

4. O01IEecTBO KaKk CUCTEMA.

[Tousitue counanbHoro aerctBusa. Teopust T.Ilapconca. @akTopsl, TOPOKIAIOIINE COLHATBHOE
neiicteue. ConuanbHble B3aUMOJICHCTBUS U COI[UANIbHBIC OTHOILICHUS: Pa3INiUs, B3aUMOCBSI3U U
B3aumornepexonbl. CTpyKTypHbI (yHKIMOHATU3M 00 OOIIeCTBE KaK IEIOCTHOW CHUCTEME.
[TousitTue couuanbHOM cuctembl. [Ipu3HaKU W CTPYKTypa COLMAIBHOW CHUCTEMbl. THIIBI
COLIMATILHBIX CHCTEeM. ['ocyapcTBO U 00ILIECTBO.

5. CoBpeMeHHast COLUOIIOrHS KaK HayKa.

COI_[I/IOJ'IOFI/I‘ICCKOG 3HaHHUC U ((3,I[paBBII>'I cMbICT». OOBEKT U npeaAMET COLMOJIOTHH. KiroueBble
IHOHATHUA COLIMOJIOTHH. ypOBHI/I U CTPYKTYpa COOUOJIOTHUUCCKOI'O 3HAHUSI. MI/IKpOCOHI/IOHOFI/IH u
MaKpOCOIHOJIOT'rA. TeopHH «CPEAHETO YPOBHAN. ((OTpaCJ'ICBBIe» COLMOJIOTHYCCKHUE NUCHHUITIINHBI.
SMHI/IpI/ILIeCKoe COIIMOJIOTHYCCKOC HCCIICAJOBAHUC. COHI/IOHOFI/I‘IGCKaﬂ HayKa W coluajibHasA
IIpaKTHUKa. CBs3p COHOJIOTHHN C APYI'UMH HAyYKaMH 00 O6H.I€CTBC Hn YCJIOBCKC. COI_[I/IOJ'IOFI/IH n
OKOHOMHYCCKUEC HAYKH.

6. Conmann3arus.

IlonsTHE colManu3aluu. OCHOBHBIE (baKTOpH Pa3BUTHUA JINYHOCTH. CranoBlicHHE COIIMaJIbHOI'O
«SI». Counanmaunﬂ N )KU3HCHHBIC HUKJIbI: ACTCTBO, TOHOCTDL, 3PCJIOCTb U CTAPOCTD. HepBI/I‘{Haﬂ n
BTOPpHYHAsd COLUAIMN3AIHA. ATeHTH " HHCTUTYTBI COLlMAJIM3allnH. MexaHu3Mel coluaan3alyu.
Mecto u POJIb CEMbH, HIKOJIbI U CPCACTB MacCOBOM I/IH(bOpMaI_H/II/I B IIponeccc Conuain3alnuu.
O6mee Pa3BUTUC U HpO(beCCI/IOHaJ'II/ISaI_II/IH B BBICIICH IIKOJIE. Counanmaunﬂ WU UHKYJIbTYpalus.
I[ecounanmauml H peconram3anusi. KpOCC'Ky.]'IBTypHOG HU3MCPCHUC COLlMAIU3alluu.

7. CommaiibHas ctpatudukamnysi © MOOUIBHOCTb.

IToHsTHE colMaIbHO-KIACCOBOM CTPYKTYPHhI. FeTepOFCHHOCTB U CONUAJIBHOC HCPABCHCTBO KakK
0a3oBbIC XapaKTCPUCTHUKU 06H_IeCTBa. I/ICTOpI/IquKI/IC THUIIBI COOUAJIBHOT'O PACCIIOCHUS — pa6CTBO,
KacCThbI, COCJIIOBHA, KJIACCHI. IlonsTue connanbHOM CTpaTI/I(I)I/IKaI_[I/II/I, €€ MOJCJIU U TUIIbI, OCHOBAHHC
U HU3MCPCHHA. BJ'IaCTBYIOH_[aH OJINTA. CTa6HnH3pr10u1a;1 POJib CpCAHCIO KJIacca. bennocts n
HUIICTA. COI_II/IaHLHO'KJIaCCOBaH CTPYKTypa COBPEMCHHOI'O pOCCHfICKOI‘O OGH.[CCTBa. IlonsaTtue
COIIMATLHOM MO6I/IJ'ILHOCTI/I, €€ PasHOBUIHOCTHU U CIIOCOOBI OCYHICCTBJICHU.

8. ConnanbHble HHCTUTYTHI M COLUATIBHBIE OOIITHOCTH.

NucTuTynmanusanus couuanbHOW XKu3HU. [IOHATHME COLMAJIBbHOIO HWHCTUTYTA. THUIOJIOrUs
COLMAIIbHBIX MHCTUTYTOB. (DyHIaMEHTaJIbHbIE COLIMAIBHBIE UHCTUTYTHI. fIBHBIE U JIATEHTHBIC
GYHKIIMHM COLMaIbHBIX MHCTUTYTOB. Teopusi P.Meprona. /{uanextudeckas B3aMOCBA3aHHOCTh
COLIMANIFHBIX MHCTUTYTOB B TPaHUIAX COIHAIBHOTO 1menoro. Cembs Kak 0a30BBIH WHCTHTYT
obmiectBa. [loHsTHE M TUMONOTHS colMalbHBIX oOmHOCTe. Teopus @.Tennuca. MaccoBbie
obmmHocTu. OcoOeHHOCTH ATHHYECKUX oOnHocTel. [ToHaTue counanbHoi rpynmnsl. [lepBuunble 1
BTOPUYHBIE TPYIIIbI. Masble TPYIIbI U UX XapaKTePUCTHKA.

9. ConmanbHble OpraHu3aluy ¥ NpodiemMa BIacTH.

ConmanbHble OpraHU3aluy U UX pa3HOBUIHOCTH. Llenu, cpeacTBa 1 criocoObl CTPYKTYPHUPOBAHUS
opranuzaimii. dopmanbHas u HedopMmalbHas CTPYKTYpbl B opraHuzanuud. OcoOeHHOCTH
00pa30oBaTeNbHBIX U HCCIENOBAaTEIbCKUX OpraHu3anuii BrmacTe kak  (QEeHOMEH COIMaIbHON
KHU3HH, €€ paciipesiesienue B o0riecTBe. «Bouis K BlIacTH» U camopeanu3alus JH4HoCTU. Bracte



U COIMaIbHOE HEPaBEHCTBO. B3amMoKoHBepTamms BiacTd, OOraTtcTBa M INpecTka. BiacTte u
CONHUAJIBHOC YHPAaBJICHUC. IlonmuTka W mOoJIUTHYECKass BIACTh. IIOBBIINICHHBIN JUHaAaMU3M
COLMANIBHBIX MPOLIECCOB — XapaKTepHasi YepTa COBPEMEHHOCTH, €T0 MCTOKH U BeAyIIue (HaKTOpHI.
BI/II[BI COLIMaJIBHBIX N3MCHCHHUM. COI_II/IaJILHBIe JABIMDKCHUA, HMX THIIbBI M XHM3HCHHBIC IIHUKIIBI.
[TonsTue, mpu4YMHBI U QYHKIMKA COMUATBHBIX KOHPIUKTOB. CrocoObl pa3pemeHus ConruatbHbIX
KOH(IMKTOB. KOH(JIMKTHI B TOCTCOBETCKOM OOIIIECTBE.

10. CormuanbHble CTaTyChl U POJIHU.

YenoBeuecknii MHANBU KaK CYObEKT U 00OBEKT COITMATBHBIX OTHOMIECHUH. OCHOBAHUS U KPUTEPUHN
pa3MyeHusl COLUAIBHBIX MO3UIMK MHAMBUAOB. COIMAIbHBIA CTATyC, €ro Pa3HOBUIHOCTH.
[ToHsTHE COLMANbHOM POJIU, €€ TPAKTOBKA B MAaKpO MU MHUKPOCOILMOJIOTMU. B3anMOCBsA3aHHOCTD
cTaryca u ponu. PoneBoe moBeneHHE, pPOJeBOE HAmpsbKeHHWE U posieBod KOHGIUMKT. [loHsThe
anomun. KoHpOpMHU3M U ICBHAHTHOE.

11. CraHOBIIEHHE COLIMOJIOTHH.

[Ipenmocbuiku 1 (akTopsl yTBepkIeHUs conuonorud B XIX cronerun. Bo3HukHOBeHHE
counonoruueckoro 3HaHus (O. Kont, I'. Cnencep). Comuonoruueckue B3rsiabl K. Mapkcea.
Commonorust  D.[lropkreiima.  «llonumaromass  coumonorus»  M.Bebepa. Ocobennoctu
¢opmupoBanus couuosorun B Poccum, ee ocHoBHble HampaieHus. I1.CopokuH.
Conmonornyeckass Mbiciib B XX croseruu. Ilpomecc mpeBpaiieHuss COLMONIOTMH B
aKaJEMHUUYECKYI0 HayKy. YTBEpXKIECHUE AMIUPUUYECKUX METOAOB. [IpuMeHeHHe SMIUPUUECKUX
METO/IOB B 3KOHOMHKE U YIIPABJICHUU.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

CrarucTuyeckasi puzuka

Heab AMCHUNIMHBI:

- IO3HAKOMHUTH CTYJIEHTOB C 3aKOHOMEPHOCTSIMH, UMEIOLTUMHUCS B MAKPOCKOITMYECKUX CUCTEMAX
¢ OOJIBIITUM YHUCJIOM YACTHII, KaK KJIACCHYECKHX, TAK U KBAHTOBBIX, & TAK)KE C METO/IaMHU, KOTOPHIE
MPUMEHSIOTCS B CTAaTHCTHYECKOW (DU3WKE JUIsl OMMCAaHUSI CBOWCTB Takux cucreM. IIpu stom
CUCTEMBI U3 OOJIBIIIOTO YKCIIA YaCTHI] OYAYT paccCMaTpUBATKLCS, TJIABHBIM 00pa3oM, B COCTOSTHUU
CTaTHCTUYECKOro paBHoOBecusa. HeOosblias yacth Kypca OyneT MOCBSLIEHA M3YYEHUIO OCHOB
HEPABHOBECHOW CTATUCTUYECKON MEXAHUKHU.

3agauyd AUCHUILINHBI:

- HAY4YUTb CTYACHTOB, UCXOAS U3 MI/IKPOCKOHI/I‘-IGCKOI\/JI MOACIN CTPOCHUA BCHICCTBA, ITOJIb3YACH
METOJaMH CTaTUCTUYCCKON (1)I/I3I/IKI/I, pacCuUUThIBATh CBOMCTBaA MAaKpPOCKOIMUYCCKHUX CUCTCM, TAKHC
KaK YpaBHCHHC COCTOAHUSA, TCINIOEMKOCTb, MArHUTHAA U JUBJICKTPUICCKUEC BOCIIPUUMYNBOCTH U

IpyTHe.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILJIMHE (MOIYJIIO)
B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUeCs JOMKHBI
3HATh:

- OCHOBHBLIC pacCnpCaciICHUus B CTAaTUCTUYECKOM TEPMOANHAMHUKEKIIACCHYCCKUX M KBAHTOBBIX
CHCTEM, COAEpKalMX OOJIPIIOE YHCIO YacTUI[. MHUKPOKAaHOHHYECKOE paclpelelieHue,
KaHOHH4YECKoe pactpeneneHue ['nb0ca ¢ mocTOSHHBIM YKCIOM YacTull U pacrpeaeneHue ['mudoca
C NCPEMCHHBIM YHCJIIOM 4YaCTUl, a TaKXKXC YCIOBHUA, MNPU KOTOPLIX PCAIM3YIOTCA JaHHBIC
pacrpeneneHus;

- CTaTUCTUYECKHUE OIPENEICHUs ODHTPOIHUU Ul MHUKPOKAHOHMYECKOTO Y KaHOHMYECKOIO
pacipeneneHun;

- OCHOBHBIC TCPMOANHAMHWYCCKUC HCPABCHCTBA,

- OIIpPCACIICHUA XUMHUYCCKOr'o IOTCHHOHAJTIA B CHUCTEMAX C NCPEMCHHBIM YHUCIIOM YaCTUIl IJIA
Pa3JIMIHBIX TCPMOANHAMHUYCCKUX IMOTCHIINAIIOB,

- KpUTEPHH BBIPOXKIACHUS U HI€aTbHOCTH (epMU-Ta3a,
- OCHOBHbBIE OCOOEHHOCTH SIBIECHHUS 003€-KOHIECHCALIUN B UACAILHOMOO3€e-Tase;

- YCJIOBHA, ITPU KOTOPBIX (bepMI/I- u 003e-CTaTHCTUKHU MEepexo 4T B 60J'IBI_[M8.HOBCKy}0 CTAaTUCTHUKY,



- CHMMETPHITHBIC CBOMCTBA BOJHOBBIX (D)YHKIIUI CHCTEM TOXKICCTBEHHBIX YAaCTHII, OMTMChIBAEMbBIX
dbepmu- u 603e-CTAaTHCTUKAMH,

- 0COOEHHOCTH moJaxoaa K OIMMCaHuro CBOMCTB KBaHTOBBIX CHUCTEM B3aUMOJCCTBYIOIIHX HaCTHUI] C
IIOMOIIBIO A3BIKA KBA3MYaCTHIL,

- o0Imue mpencTaBieHuss 0 MUKPOCKOIIMYECKOW Teopuu cBepxmpoBoauMoctubapnuna-Kymepa-
Ipuddepa;

- OCHOBHbBIE TIOJOXKEHUs Teopuu (azoBeix mnepexonoB llpoma Jlammay ©Ha mnpumepe
(heHOMEHOIOTHYECKOl Teoprn cBepXxmnpoBoaumMoctu [ ma30ypra-Jlannay;

- o01ue mpeicTaBleHUsT O CTAlMOHApHOM M HectauumoHapHoM 3ddexrax/xozedpcona u ux
MPUMEHEHUU JJI CO3JaHUsI CBEPXIIPOBOISAIINX KBAHTOBBIX HHTEP(HEPOMETPOB;

- 0COOCHHOCTU IOJXO/a K OIMCAHUI0 HEPABHOBECHBIX IIPOLIECCOB C MOMOILBIO KMHETUYECKOIO
ypaBHeHHs bonbliMaHa 1 ypaBHEHUs1 KWHeTHYecKoro Oananca [laynu.

yMeThb:

- HAXOIWTh CPEIHUE 3HAYCHUS (U3MUSCKUX H3MEPSEMBIX BEIMYUH C TOMOIIBIO (PYHKIIHH
pacnpenesieHusl B KIIACCUYECKOW CTaTUCTUKE M C MOMOLIBI0 MATPHUIIbI IUIOTHOCTH B KBAHTOBOM
CTaTHUCTHKE;

- BBIYUCIIATE CTATUCTUUCCKHUEC CYMMBI U UACAJIBHOI'O OAHOATOMHOI'O I'a3a, ra3a IABYXaTOMHBIX
MOJICKYJI, HACAJIbHBIX KBAHTOBBIX q)epMI/I' u 603€-F830B;

- HaxXOJuTh TEMIIEPATYpPHYIO 3aBUCHMOCTb KOJeOaTeIbHOW U BpaLIaTEIbHOM TEIIOEMKOCTEH
JIBYXaTOMHOTI'O T'a3a MOJIEKYJI, COCTOSAIIUX KaK U3 Pa3HbIX, TAK U U3 OJUHAKOBBIX aTOMOB;

- BBIBOAUTH TCPMOJUHAMUYCCKUE COOTHOIICHUSA UIA ABYXYPOBHCBBIX CUCTCM,

- BBIYUCIATH (DIYKTyaluu (PU3MUYECKUX H3MEPSEMBIX BEJIWYHH B TEPMOJAWHAMHUYECKOW TEOPUHU
GykTyanmii;

- HaxXOJWUTb BBIPAXKCHUA JIA CBO60}1HOI>'I OHEpIrur, XHMHUUYCCKOTO IOTCHIHMAJIA, OSHCPTHUH,
TCIINIOEMKOCTHU, YpaBHCHHA COCTOSHUSA HACAIBHOI'O KJIACCHYCECKOI'O 6OJILL[M8.HOBCKOFO rasa u
nacaJIbHbIX KBAHTOBBIX (bepMI/I' n 603e-ra303;

- HaxXOJUTh TEMIIEPATYPHYIO 3aBUCUMOCTh HAMArHWYEHHOCTH U MAarHUTHOW BOCIPUAMYMBOCTH
KJIACCUYECKOT0 MJICAIBHOTO I'a3a MATHUTHBIX JUIIOJEH M KBAaHTOBOI'O ra3a aTOMOB, MMEOIIMX
OpOUTATBHBIN M CIIMHOBBIA MOMEHTHI,

- BBIYUCIIATh NapaMariuTHYIO 1 JUAMAarHuTHYHO BOCIIPUHMMYUBOCTU UACAIBHOTO 3JICKTPOHHOI'O
bepmu-rasa;
- HAXOJWUTh TEMIIEPATYPHYIO 3aBUCUMOCTh HAMarHMYEHHOCTH U MArHUTHON BOCHPHUMMYUBOCTH

(I)eppOMaFHeTI/IKa B Mojienu M3unra B HpI/I6J'II/I)KeHI/II/I METOJa CaMOCOTJIaCOBaAHHOI'O ITOJIA,

- HAXOJHTh TEMIICPATYPHYIO 3aBHCHMOCTH KOJeOATEIhbHOW TEIIIOEMKOCTH KPHUCTALTUYCCKON
pemieTky B Mojienu [lebast;

- ONHUCHIBaTh TEPMOJUHAMUYECKHE CBOMCTBA CBEpPXIPOBOMASIIETO COCTOSHUS B MOJETH
['mu36ypra-Jlannay;



- HaxOJUTb BEIWYMHBI TEPMOJMHAMUYECKOTO KPUTHYECKOTO MArHUTHOTO MO UL
CBEPXIIPOBOJHUKOB | po/ia ¥ BEIMYHMHBI HUYKHETO U BEPXHETO KPUTUYECKUX MAarHUTHBIX I10JIEN B
ceepxnpoBogHukax Il pona;

- BBIYUCIATH Bl]-IpUOMIDKEHNH KUHETHYeCKHe KO3()(DUIMEHTHI BBIPOKACHHOTO 3JIEKTPOHHOTO
rasa B METallic;

- pewmaTh ypaBHEHUE KUHeTHueckoro Oamanca Ilaynu ans ABYyXypOBHEBOM M N-YpPOBHEBOM
CUCTEMBI.

BJIA/IETh:
- OCHOBHBIMHU METOJAMH CTaTUCTHUECKON PU3NKH — MeTOA0M aHcambieit ['nboca;
- MECTOAOM BBIYUCJICHUA CpeI[HI/IX BCJIIMYHH C ITIOMOIIBIO ManI/II_ILI IIJIOTHOCTH,

- METOZOM BTOPHYHOI'O KBAHTOBAHUS;

- MetonoM (pyaknmoHana I'mu3Oypra-Jlanmgay nns (GeHOMEHOJIOTHYECKOTO OMUCAHUST (a30BBIX
NepexoJ0B BTOPOTO po/ia Ha MPUMEpE CBEPXIPOBO/IAIIETO IIEPEX0/1a;

- MCTOOOM CaMOCOIJIaCOBAHHOTI'O ITOJIA OJ1d CUCTEM B3aHMOﬂeﬁCTBy10HIHX HaCTull,

- IPOCTEUIIMMH METOJAMM OIMCAaHUs HEPABHOBECHBIX SBJICHUN C NOMOIIBIO KMHETHYECKOTO
ypaBHeHuUs bosbiiMaHa v ypaBHEeHUs1 KUHeTH4eckoro Oananca [aymu.

TeMbI U pa3jeiibl Kypca:
1. UneanbHbIe rasbl.

WNneanbHblii onHOaTOMHBIN Ta3. Pacnpenenenue Makcsemna—bonsimana. TepMoguHaMuiecKkue
CBOICTBa IBYXYPOBHEBHIX CUCTEeM. BHyTpeHHHE cTeneH! cBOOOIbI aTOMOB U MOJIEKYII.

BpamarensHas u kosebarenbHas TEIUIOEMKOCTh Ta3a W3 JBYXaTOMHBIX MoOJeKyd. BnusHue
CIIMHOB sI/Iep Ha TEeMIEepaTypHYIO 3aBUCUMOCTb TEIUIOEMKOCTH OPTO- M IMapaBoJOpOja. 3aKOH
paBHOpacIpeleIeHHUS.

Bonbmioit craructuueckuit ancam6inp a1 pepmu- u 0o3ze-raza. Pacnpenenenne @epmu—/Iupaka
u boze—-Onnmrelina. [lepexon k pacnpenenenuto boapmMana.

CuMMeTpHs BOTHOBBIX (DYHKIIMI CUCTEM, COCTOSIINX U3 OOJBIIOr0 KOJIMYECTBA TOXKIECTBEHHBIX
yacTull. MeTo BTOPHYHOTO KBaHTOBaHMsI. BRIpOXKICHHBIN HeanbHbIN (epMu-ra3. XUMHUUECKUN
MOTEHIMAJ, TJIOTHOCTh COCTOSIHUM Ha TOBEPXHOCTH DepMH, TEIIOEMKOCTh JJIEKTPOHOB B
MeTaJljie. Y paBHEHUE COCTOSIHUS, CIIydall HU3KUX TEMIIEPATYpP, BBICOKUX INIOTHOCTENW M BBICOKHX
TeMIlepaTyp, MajibIx IioTHocTel. [Tapamarnernsm [laynu n nnamarnerusm Jlangay.

Konnencauust boze-DitHmreitHa. XUMHUYECKHI TOTEHIMAN, TEIUIOEMKOCTh W YpaBHEHUE
COCTOSTHHS UAcaIbHOr0 003e-ra3za. oHOHBI U MOeIb JleOast.

2. HewnpneanbHble KBAHTOBBIC T'a3kl.



['mnotesa kBa3uyacTuil. DJIEMEHTapHbIC BO30YKICHHS B HaeaabHOM (pepmu-raze. HemaeanbHbIi
bepMmu-ra3 co cnabbM npuTsHKeHHEM. 3a1a4da Kynepa o CBsI3aHHOM COCTOSHUM JIBYX 3JIEKTPOHOB
Haja (epMu-noBepxHocThio. ['amMunbronnan moxenu bapnmna—Kynepa—Illpuddepa u cnexrp
BO30Y)XJICHHI B CBEPXMPOBOAHUKAX. DYHKIUS pacHpeeNIeH s YaCTHII IO cOCTOSHUAM. CKauok
TEIVIOEMKOCTH W TEPMOJAMHAMHYECKOE KPUTHYECKOE IoJie B (DEHOMEHOJIOTHYECKOW TeopHuu
cBepxnpoBoaumoctu I ua3dypra—Jlangay. [lapamerp nopsiaka, GurykTyanuu napameTpa nopsiika.
OrpannyeHus Ha TPUMEHHUMOCTh Teopuu ¢a3oBbix nepexonoB Il poxa Jlangay. KBantoBanue
MarHUTHOTO MOTOKa B cBepxmnpoBojaHukax. CepxnpoBoguuku I u Il poma. CranumonapHslii u
HecTauoHapHbIi 3ppexTs! [xo3edcona. CBepXIpoBoAsIIEe KBAHTOBBIE HHTEP(HEPOMETPHI.

3. OCHOBBI KHHETUYECKOU TEOPUH.

Kunetnka OonblMaHOBCKOTO Ta3za. DyHKuus pacnpezeneHus. YpaBHEHUE IepeHoca
Bonbeimana u o6macts ero npumenumoctd. H-reopema bonpiimana, napagokcs! "oopatumoctu" u
"Bo3Bpara". YpaBuenue bonbiimana B [1-pubnmkeHun 1 6€3 ydera CTOJIKHOBEHUH. YpaBHEHUE
BnacoBa—Jlanmay. Kunernueckue ko3 hUIIMEHTHI METaILIA.

DEeHOMEHOJIOTUYECKOEe  ONMMCAaHWE HEPaBHOBECHBIX MporeccoB. llpuHmum cummerpuu
KuHeTndeckux kodpduumentos OHcarepa. YpaBHeHHE KHHETHUYeCcKoro Oananca [laymu.

4. OCHOBBI CTATUCTHYECKOMN TCPMOAUHAMUKHU.

BeposiTHOCTHOE OnMMcaHWe TUHAMHUYECKOTO COCTOSHHUSI CHCTEM, COJEpKAIIUX OOJBIIOE YUCIIO
yactull. Meton ancamOnei. DyHKIUs pacnpelesieHUss W pPaBHOBECHAs MaTpUIla IJIOTHOCTH.
MukpokaHoHuueckoe pacnpenesnenue. CTaTUCTHUECKOE OIpeAeeHUue SHTponuu. BriBon
TCPMOANHAMHWYCCKUX COOTHOIIECHHUH B MHUKPOKAaHOHHWYCCKOM pacpCcACICHUU.

Kanonuueckoe pacnpenenenue ['n66ca. Crartuctuueckas cyMMma. BbIluncieHHE OCHOBHBIX
TEPMOJMHAMHYECKUX BETUYHMH, TEPMOJUHAMUYECKHE TMOTeHIHa bl. DIyKkTyaluu O>HEPruu B
KaHOHUYECKOM pacrpeeieHud. OJKBHUBAJIEHTHOCTh KAaHOHWYECKOTO M MHUKPOKAHOHUYECKOTO
aHcaMOJIei.

CucreMbl ¢ NMEpPEeMEHHBIM YHCIOM YacTHll, OOJIbIION KAaHOHWYECKUH aHcamOib. DIyKTyaruu
YyHhClla YacTULl, JKBHUBAJEHTHOCTh OOJBIIOrO KaHOHMYECKOro aHCamOiIs M KaHOHHYECKOTO
aHcamb6ms. TepmomHaMuuecke HepaBeHCTBa. TepMoauHaMuuecKas Teopus GIyKTyalui.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Teopusi aArOpuTMOB

Heab AMCHUNIMHBI:

- U3yYCHHE OCHOBHBIX aJTOPUTMOB M MHCTPYMEHTAIBHBIX CPEJCTB Ui YMCIEHHOTO pEIICHUS
du3nueckux 3amad.

3agauu AMCUUIIINHBIL:

- UI3YUCHHUC OCHOBHBIX MCTOJO0B U AJITOPUTMOB IIPOBCACHUSA YUCIICHHBIX PAaCUCTOB, HCO6XOIII/IMI)IX
A1 MaTeMaTH4Y€CKOIro MOACIUPOBAHUA (1)I/I3I/I'-ICCKI/IX mponeccoB, H3YUCHUC CTAaHAAPTHBIX
OMOINOTEK MAaTEMATUUECKUX noamnporpamMm Ui MpOBCACHUA YU CICHHBIX PACUCTOB,

- Pa3BHUTHC HAaBBLIKOB BbI60pa U TPHUMCHCHHA aACKBATHBIX YHCJICHHBIX MCTOIOB JJIA
MAaTCMAaTUYCCKOTI'O MOJCINPOBAHUA (1)I/I3I/I‘leCKI/IX MpouecCCoOB, pa3BUTUC HABBIKOB HMCIIOJIb30BAHHA
CTaHAapTHBIX OMOJIMOTEK MAaTEMaTUIECKUX IIporpamm;

- NpPUMEHEHUE 3HAHUHW M HaBBIKOB B OOJACTH YMCIEHHBIX METOJOB Ul MaTeMaTH4YECKOro
MOJICITUPOBAHMS (PHU3UUECKUX MPOIECCOB U CO3/IaHMs 3aKOHYSHHBIX MPOTpaMM U OMOIHOTEK st
pelIeHNs] KOHKPETHBIX (PU3NYECKUX 3a/1a4.

ITepedyens miIaHMPyeMbIX pPe3yJIbTATOB 00yYeHHS MO JTUCHHUILINHE (MOAYJII0)
B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI
3HATh:

3HaTh AITOPUTMBI YUCIIEHHOTO PEIIEHHs] OCHOBHBIX 33]]a4 MaTEMAaTHUYECKOT 0 aHaIn3a (UUCIIEHHOE
T epeHIMpOBaHNEe U HHTETPUPOBAHUE, MHTEPIOJNALMS, pEIIEHHE CHCTEM OOBIKHOBEHHBIX
TuddepeHManbHbIX ypaBHEHHM) U JIMHEHHON anreOpbl (pelieHue CHUCTeM JIMHEHHBIX
anreOpanyecKuX ypaBHEHUH, HaXOXJIEHHUE COOCTBEHHBIX 3HAYEHHUH M COOCTBEHHBIX BEKTOPOB
MaTpHIl), OCHOBBl OJHOTO HWJIM HECKOJIbKHX QJITOPUTMHUYECKHUX S3bIKOB MPOrpaMMHUpPOBAHMUSA,
nepevyeHb M (YHKIHOHAIBHOCTh COBPEMEHHBIX OMOIMOTEK MporpamMM s MaTeMaTHYECKUX
pacdeTos.

yMeThb:

YMeTs pa3pabaThiBaTh 3aKOHUEHHBIE MPOTrpamMMbl HAa OJHOM U3 SI3BIKOB BBICOKOTO  YPOBHS;
UCIIOJIb30BaTh CYILIECTBYIOIIME OHOIMOTEKH MOANPOTrpaMM JUIsi MaTeMaTUYeCKUX pacyeToB;
IPUMEHSTh BCE IEPEUYHCIEHHbIE HABBIKM JJIS UYUCICHHOIO MOJEIMPOBAHUS (PU3NYECKUX
IIPOLIECCOB; BU3YaIH3UPOBATh PE3YNbTATHI PACUETOB C IOCTPOECHUEM JIBYXMEPHBIX U TPEXMEPHBIX



rpauKOB; YUTaTh U TOHUMATh TEXHUYECKYIO IOKYMEHTAIIUIO K TPOTPAaMMHBIM ITPOIYKTaM, B TOM
YHCJIE Ha aHTJIMHMCKOM S3BIKE.

BJIA/IETh:

Brnaners 0HUM WM HECKOJIBKMMHU COBPEMEHHBIMU SI3BIKAMH IPOTPAMMHUPOBAHMS U METOIAMU
CO3JIaHUsI IPOTPAMM C TIOMOIIBIO COBPEMEHHBIX CPEACTB UX HAMMCAHUS U OTIAJKH, B TOM YHUCIIE
C UCTIOJIb30BaHUEM CTOPOHHUX OMOIMOTEK; KaKOK-IMOO0 MPOTrpaMMOii 17151 HAYy4IHOM BH3yaIn3aluu
JTAHHBIX; HABBIKAMH YCTAHOBKH MPHKJIAHOTO POTPAMMHOI0 00€CIeueHus I MaTeMaTHUECKUX
pacyeToB, BKJIIOYas KOMIWISLMIO U3 MCXOTHOTO KOJa, B ONEPAIMOHHBIX CHCTEMaxX ceMeicTBa
UNIX.

Tembl U pa3aennbl Kypca:
1. MeToab! BEIYUCIIEHUI.

1.1 IlpencraBieHue NeHCTBUTENBHBIX uucen B KommbioTepe. Tumbl float, double u omuOku
okpyrieHus. [Ipumepsl HEyCTONYMBBIX aITOPUTMOB U YUYBCTBUTEIBHOCTH 33Ja4 K HaualbHBIM
yCIIOBUSAM. Bpluncienus 3HaueHuN QyHKIHM.

1.2 Pemenuss HenuHEHHBIX ypaBHeHM. Metonbl Ouceknuu, HpIOTOHA, CEKyIIUX.
JleiicTBUTENBHBIE U KOMIUIEKCHBIE KOPHU. OIIEHKa CXOAUMOCTH.

1.3 Nurepnonauus. Mutepnonsuus noanHoMamu. MHTepnonsuuoHHbId nouHOM Jlarpanska.
[Tpo6iieMa anmpokcUMAaIy P I00ATBEHON MOJTMHOMHAIIEHOW UHTepHoAuud. MHTepnonsus
cruiaiiHamMu. ['paHUYHBIE YCIIOBHSI, €CTECTBEHHBIE CILJIANHBI.

1.4 Yucnennoe muddepennupoanne. Cummerpuansie Gopmynbl. OeHKa ONTHMAIBHOTO [ara
JUISL YUCJIEHHOTO HddepeHupoBaHusl.

1.5 YucneHHoe pelieHHe CUCTEM OOBIKHOBEHHBIX UG (depeHIralbHbIX ypaBHEHUNH. MeTossl
Pynre-Kyrtel um Apnamca, cxema npeaukTop-koppekTop. OIleHKa JIOKalbHOM OIIMOKH
NpUOJIMKEHHOTO PELICHHUS.

1.6 YucnenHoe wuHTerpupoBaHue. MeToapl NPSAMOYrOJIbHUKOB, Tpaneuud u CHUMIICOHA.
WNurerpuposanne Mmeronom ["aycca.

1.7 Pemienne cucteM HENMHEWHBIX ypaBHEHUN. ONITUMHU3ALHNS.

1.8 KpaeBas 3amaua 1yisi cucteM OOBIKHOBEHHBIX JU((depeHIManbHbIX YypaBHEeHHH. Meton
CTPEIbOBI.

1.9 Meroap! renepannu cinydaiiHbix uyuces. Meroast Monrte-Kapio. Beruncienne MHOroMepHBIX
UHTErPAJIOB.

1.10 BeicTpoe mpeobpazoBanue Dypre.

1.11 JuddepenumanpHble ypaBHEHUS B YAaCTHBIX MPOU3BOAHBIX 3JUIMIITHYECKOro Tuma. Metop
KOHEYHBIX pazHocTel. Pemenne ypasuenuii [lyaccona u Jlannaca.

2. llpunio>keHns YUCIIEHHBIX AJITOPUTMOB K PELICHUIO PU3NYECKUX 3a]1a4.



2.1  Omnpenenenue  XapakTepHbIX  MacIITabOB  M3MEHEHHS  (DU3WYECKUX  BEIIMYMH.
«O06e3pazMepuBaHue)» YPaBHEHUMN, OMUCHIBAIOMINX (PU3MUECKHE 3aKOHOMEPHOCTH.

2.2 Henuneiinple konebanus. OmnpeneneHHe 3aBUCUMOCTH IEPHOAA OT aMIUIUTYABI JUIs
AQHrapMOHHUYECKOT0 OCLMIIIATOPA.

2.3 JIBmkeHue 3apsHKEHHON YaCTHIIBI B CIA00HEOTHOPOIHOM MarHUTHOM mojie. [{peid Beaymiero
IIEHTpa OPOUTHI.

2.4 Onpenenenue 3gdexkTuBHON Temiepatypsl Jlebast B kpucTasie.
2.5 CoOcTBEHHBIE KOJIEOaHUs B CUCTEMAX C HECKOJIBKUMU CTEIICHSIMU CBOOO/IBI.
2.6 MonenupoBanue (ppakTaabHBIX CTPYKTYp. PocT KpucTamios.

2.7 MojenupoBaHUE pPE30HAHCA B CUCTEME JIBYX OCLWUIATOPOB C HEIMHEMHON CBS3bIO Ha
IpUMepe NPYKUHHOTO MasiTHUKA.

2.8 3anaua Tpex Ten B HproToHOBOM MexaHuke. MojienupoBaHue HUKIMYECKHX OpOUT.
2.9 Anroputm Metpononuca, moaens M3unra.

2.10 Cxarue uzobpaxkenuit no anroputmy JPEG ¢ ucnonb3oBanueM ObicTporo npeoOpa3zoBaHus
Dypse.

3. IlporpaMmsbl 1 OMOIMOTEKN AJIsi HAYYHBIX M MH)KEHEPHBIX PacueTOB.
3.1 Busyanu3zanus pe3ynsTatoB MouiupoBanus. [Iporpamma Gnuplot.
3.2 ABromarm3anus pa3zpadotku nporpamMM. Komanma make. Coznanne Makefile.

3.3. buOnmorekn MaTeMaTHYeCKUX M cratucthyeckux mnoamnporpamm NAG, IMSL, GSL,
Numerical Recipes, 6ubnmnotexu 11 3a1au uHeiHo# anredpsl BLAS u LAPACK

3.4 bubnuoteka 1S mapaienbHbIX BerancaeHnit MPL

4. YucneHHble METOIbI TMHEHHOMN anreOphl.

4.1 Pemenue cucteMbl JUHEHHBIX ypaBHeHUU 1o [ayccy. BwiOop rimaBHOro sieMeHTa st
MOBBIIECHUS] YCTOWYUBOCTH aJIrOpUTMA.

4.2 LU paznoxkeHue MaTpuipl. PerieHne cUCTeM JMHEWHBIX ypaBHEHHUH ¢ momombio LU
pa3JIoKEHUs, BBIYMCIIEHUE 00paTHOM MaTpHUIIbl U ONpeenuTeNneil.

4.3 CoOCTBeHHBIC 3HAYEHUS U COOCTBCHHEIC BCKTOPBI MAaTpHL. CsoiicTBa CUMMCTPUYHBIX,
SPMHUTOBBIX, OPTOrOHAJIBHBIX U YHUTAPHBIX MAaTPHII.

4.4 HaxoxneHue cOOCTBEHHBIX 3HAUEHUN U COOCTBEHHBIX BEKTOPOB CUMMETPUYHOW MaTpHUIIBI
METOJIOM BparieHus Skoou.

4.5 Marpuusl  BpameHus. IlpuBeneHne MaTpunmbl K TpeXIUMAaroHAIbHOMY  BHUAY
M0CJIEI0BATEIbHOCTHIO IPe0o0pa3oBaHmii ¢ MaTpullaMH BpallleHus. Bparienue no Xaycxonaepy u
BpauieHue 1o ['usency.

4.6 QL u QR anroput™msl.



4.7 Pemenune o0000mIeHHOW 3amayn Ha CcOOCTBEHHBLIE 3HA4YeHUs. PasznoxeHue XOJEIKOro
CUMMETPUYHOU MOJIOKUTEIIBLHO ONPEAEICHHOW MaTPULIBIL.

4.8 Pemenne cucteM JIMHEHHBIX OOBIKHOBEHHBIX AU (epeHInanbHbIX YpaBHEHUI.

4.9 SVD paznoxenne Matpuilpl. MeToa HauMeHbIIMX KBaipaToB. [locTpoeHne opToroHaabHOrO
Oa3uca.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Teopus BeposiTHOCTEI

Heab AMCHUNIMHBI:

- U3yYEHHE METOJ0B TEOPUH BEPOATHOCTEN U MATEMATUUYECKOM CTATUCTUKU U UX IPUMEHEHUIN IS
00pabOTKH IKCIIEPUMEHTAIBHBIX TAHHBIX M CTATUCTHYECKOTO MOJICITUPOBAHMUSL.

3agauu AMCUUIIINHBIL:

- 3HAKOMCTBO C aKCMOMAaTHKOM KoJIMOropoBa ¥ OCHOBHBIMM IOHATHUAMH TEOPUH BEPOSTHOCTEM:
COOBITUSI COBMECTHBIE U HECOBMECTHBIE, 3aBHCHMbIE W HE3aBUCHUMBIC, CXOJUMOCTb IO
PpacIpeneiIeHHIO, 110 BEPOSITHOCTH, ITIOYTH HABEPHOE, IOBEPUTEIbHBIE BEPOSTHOCTH Y HHTEPBAJIBI,
CTaTUCTHYECKUE OUIMOKM MEPBOrO W BTOPOTO Poja, (HYHKIMH MPaBAONOA0OHS ¥ HH(POpMAIUI
®duniepa, CBONCTBA MAPKOBOCTH U 3PTOAUYHOCTH;

- M3y4YCHHE CBOWCTB OCHOBHBIX PACHpPEEICHUN, UCIOJIB3YEMBIX B TEOPUU BEPOSATHOCTEH H
MaTeMaTHUYeCKOM CTaTUCTHKE, X XapakTepucTuueckux GyHkiui (teopema boxnepa-XuHurHa) u
MOMEHTOB (Teopema bepHIuTeiiHa), TpenelbHBIX TEOpeM sl CIy4alHbIX BBIOOPOK U
9KCTPEMAJIbHBIX COOBITHI, MapaMeTpUYeCKUX M HelapaMeTPUUYeCKHMX METOJIO0B IPOBEPKU
CTAaTHUCTUYECKUX THIIOTE3, ONpENCNIeHUs TMapaMeTpoOB  pacmlpeleneHuid u  o0paboTKu
OKCIEPUMEHTAJbHBIX JIaHHBIX, BKIt0o4ass Meroa KoamoropoBa—CwMupHOBa U METOJ
HauOO0JIbIIEro MpaBaono 1001, U3ydeHne KPUTEPUEB IProIMYHOCTH AJis 1ene MapkoBa;

- IPAKTUYECKOE N3YUEHHE CIIOCOOOB MOIYUYEHHs U MpeoOpa30oBaHUsl CIydyalHbIX BEJIUYMH, [enei
MapxkoBa, MOJIeTMpPOBaHUS CKauKOOOPa3HbIX U TU(GY3MOHHBIX CiIydaiHbIX nporeccoB Ha [1TK.

IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00YYEHHS MO TUCHUTIHHE (MOIYJIIO)
B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarOITUECs JOMKHBI
3HATh:

- KJIACCHUYECKOE OIpeNeJeHHe BEPOATHOCTH, IOHSITHE BEPOATHOCTHOIO MPOCTPAHCTBA
(axcuomatuka KonmoropoBa), MOHATHE HE3aBUCUMBIX COOBITUH; ONpEAENeHUE YCIOBHOM
BEPOSTHOCTH; (OpMYyITy TIOJIHOM BeposTHOcTH, Gopmyny baiteca, cxemMy HE3aBHCHUMBIX
WCIIBITAaHU bepHyIu; NOHATUS ClIy4allHON BEIUYHHBL;

- GYHKIIUU pacrpeAeNieHus] U TIOTHOCTH PAclpeaeNeHus; MOHATHS JUCKPETHON U aOCOIIOTHO
HENIPEPBIBHOW  CIIy4alHBIX BEJIWYMUH; OIPEHECICHUE CpPEJHEr0 3HAYECHHUS U JUCIICPCHUH;
ONPEACIEHUST MHOIOMEPHOM CIIy4YalHOW BEJIMYMHBI, HE3aBUCUMOM CIIy4YalHOW BEJIMYHHBI
Kod(duUIMeHTa KOPPEsSIuy; HOpMaJIbHOE pacipeaenenue u pacnpenenenne [lyaccona;



- TIpeenbHbIe TeopeMbl MyaBpa-Jlamaca u IlyaccoHa; 3akOH OOJBIIUX YHCEIT;, IEHTPATHHYIO
IpeIeNbHYI0 TEOpPEMY; OMNpEACTCHHUS XapaKTePUCTHUECKOW M TMPOU3BOAAIICH (YHKIHMHA, HX
CBOWCTBA; OCHOBHBIC MTOHATHUS MATEMAaTHUYECKOM CTATUCTUKH, METOJI MAKCUMYMa MIPaBIONI0100us,
JIOBEPUTENIbHBIE UHTEPBAJIbl; METO/IbI IPOBEPKU CTATUCTUYECKUX TUIIOTES;

- IICIIN MapKOBa, UX CTATHCTHYSCKHHI U (1)I/ISI/I‘IGCKI/II71 CMBEICJI, MAPKOBCKHUE IIPOLUECCHI, KOHCUYHEBIC
OJHOPOJHBIC LCIIU MapKOBa, NpeaAcibHOC W CTAalMOHApPHOC PACHpCACICHUA, 3PTOAUYHOCTD,
OnmpeaACIICHUE CTOXAaCTHYECKOI'O IIponecca, 3aJaHUC CTOXACTHYCCKHUX ITPOLECCOB C IMOMOIINBIO
KOHCYHOMCPHBIX pacnpez[eﬂeHHﬁ, CTOXAaCTUYCCKYIO OKBUBAJICHTHOCTD.

yMeTb:

- IPUMEHSATh CBOMCTBA BEPOSTHOCTH;

- BBIYHCIIATH YHCIIOBBIE XapaKTEPUCTUKHU OCHOBHBIX 3aKOHOB paclpeieIeHus;

- HAXO/IUTh pacrpeseraeHne GyHKIUN OT CIy4alHbIX BEJIMYMH C 3alaHHBIMU paclpeieleHUsIMY;
- HAXO/IUTh XapaKTePUCTUUECKUE U ITPOU3BOAALINE (YHKIINH;

- BBISIBJISITH MPEJEIIbHOE pAaCIpeeIeHHE AJIs TOCIEA0BATEIbHOCTH CIIyYallHbIX BEJIHYNH;

- CTPOMTD U MCCIIEJ0BATh MOJEIH MPOCTHIX CIYy4alHBIX 3KCIIEPUMEHTOB;

- BBIYUCIISATh YUCIIOBBIE XapaKTEPUCTUKH OCHOBHBIX 3aKOHOB paclpeieeHus;

- IPUMCHATH CTATUCTUYCCKHUC T3,6JH/IIH)I.

BJIAJ1€Th:

- anmapaToM TEOPUH BEPOSTHOCTEH; OCHOBHBIMH OJHOMEPHBIMH  pacIpeeiCHUSIMH
(paBHOMepHOE amcKpeTHOe, bepHymin, OMHOMHMHAIBHOE, OTpPHLATEIbHOE OMHOMHHAJIBHOE,
THIIepreoMeTpuieckoe, reomerpudeckoe, Ilyaccona, Ilapero, paBHOMepHOe, MOKa3aTelIbHOE,
HOpMaJIbHOE);

- HaBBIKAMHU YCTaHOBJICHUS B3aUMOCBS3E€H MEXAY Pa3IMYHBIMU TEOPETUYECKUMH MOHATHIMU U
pe3ynbTaTaMu ClIy4YailHbIX AKCHEPUMEHTOB (COOTHOLIEHUSIMH pa3HBIX BHUIOB CXOAUMOCTH);
METOJAMH TOYEYHBIX U MHTEPBAJIBHBIX OLICHOK ITAPaMETPOB PACIIPEACIICHMUS.

Tembl U pa3aensl Kypca:
1. BeposATHOCTHBIE MPOCTPAHCTBA U OCHOBHBIE PACTIPEICICHUS.

1. BeposTHOCTHOE mpocTpaHCTBO. HecoBMecTHble W He3aBUCHMbIE COOBITHS. Y CJIOBHAs
BeposTHOCTB. Dopmyina baiieca.

2. Ciy4aiiHble BEIMYMHBI, X CPEIHHE 3HAYEHUS, QMCIEPCHH U MOMEHTHI BBICIIUX IOPSIKOB.
Pacnipenenenrie cymMm W NpOW3BEACHUN HE3aBUCHMBIX CIy4YalHbBIX BeauduH. [Ipumepsr ms
¢buHUTpLIX 1.c.B. Pacnpenenenne GyHKIUU OT CIIydaiiHON BEJIUMYHHBI.

3. XapakTepuCTHUECKHE M TPOU3BOASIINE (QYHKIUH CIy4alHbIX BeIMYUH. X.(. CYMMBI
HE3aBUCHUMBIX CIy4yallHbIX BelIM4YuH. [lookuTenbHas ONpENeNeHHOCTh W paBHOMEpHas



HEMPEePBIBHOCTD. [IprMepbl X.(. Isi OCHOBHBIX pacrpeeieHiii. MOMEHTbI U KOMMYJISIHTBI, UX
CBsI3b C X.(.

4. KoppensuMoHHbIE ¢  KOBAapHAlMOHHbIE (QYHKUUU. PeKyppeHTHBIE COOTHOILICHHS.
[TapameTpu3anyss MHOTOMEPHBIX HOPMAJIBHBIX PACHpENCIICHUM M HUX XapaKTepUCTUYECKHUX
(GyHKLUH C TOMOIIBIO KaBaPAlMOHHBIX MATPHII.

5. JlaTuuku mceBIOCIIydYallHbIX YHUClie B cucTeMe MaTemaTuka JJii OCHOBHBIX pacIpeleleHHIA:
OMHOMHUAIBHOE, ITyaCCOHOBCKOE M HOpMaJIbHOE 3aclpesiefieHue, raMMa-pacnpesenenue. Onuuu
rpaduueckoro BeiBoga. HTepakTUBHBIE (DYHKIIUU.

2. Kpurepuii Koiamoroposa.
1. PanroBelie U KyMyJsTUBHBIE pacnpeaeneHusd. Teopema [ nmuBenko--Kanrtemm.

2. C-xputepuit KommMoropoBa nansi OLEHKM IapaMeTpPOB BBIOOPOYHBIX KyMYJISTHBHBIX
pacupenenenuii. Teopema CMupHOBa.

3. ®opmynel Kpamepa--pon Muzeca u Amnpepcona--lapnunra.OueHku mokaszaTenen
MOJIMHOMHAIILHO YOBIBAIOIIIUX XBOCTOB.

4. IlpocTble U CJIOXHBIE CTaTUCTHYECKUE TIHNOTe3bl.IIOHATHE MOLIHOCTH CTaTUCTHYECKUX
KPUTEPUEB.

3. Kputepuii [Iupcona.

1. Meron Ilupcona st MPOBEPKH TUIOTE3BI O 3aKOHE PACTIPENICIICHUS C TOMOIIBIO KPUTEPHSI XH-
kBazpar. OLeHKa 4yucia cTerneHei cBo0oabl.

2. IlpumeHeHne KpuTepust XU-KBaapaT Ui MPOBEPKU T'MIIOTE3bl 00 OJHOPOJHOCTH C HOMOIBIO
kputepus [Tupcona

3. [IpuMeHeHre KpuTepus XU-KBaJpatT Ui MPOBEPKU TMIOTE3bl O HE3aBUCUMOCTH C IOMOILBIO
kpurepus [upcona

4. OueHKa CTaTUCTUYECKOW JOCTOBEPHOCTH 3aKOoHa Xal0yia, KOHTPOJh KadecTBa JAaTYMKOB
MICEBAOCTYYAHBIX YUCEN U IPOBEPKA HE3aBUCUMOCTH MTPU3HAKOB.

4. JIuHeHBIA METO/] HAMMEHBIITNX KBAJPATOB.
1. Anrebpanyeckoe U TEOMETPUUECKOE COAepKaHNEe METO/1a HAUMEHBIIINX KBapaToOB

2. OneHka M CTAaTUCTUYECKUMU aHAIM3 OCTATOYHOM CyMMBbI KBajaparoB. KoaddwummeHt
nerepmunanuu [upcona

3. OneHKH JOBEpUTENBbHBIX HMHTEPBAIOB Ui KO3(DPUIMEHTOB JIMHEMHON perpeccuu ¢
oMOoUIbI0 pactpeneiacHuii CTbrOICHTA.

4. CerouHblE OPTOHOPMHUPOBaHHbIE MOJIMHOMBL. Merox @opcaiiTa I OLEHKH NOpsIKa
perpeccuu ¢ oMmoleto pacupenenennii Pumepa. Ipouenypa Regress B cucreme. Marematuka
JUIsL OLIEHKH IOpsiIKAa perpeccuy. YHUCIEHHBIE NIPUMEPBI alllPOKCUMALUUA JKCIIEPUMEHTAIbHBIX
JaHHBIX



5. MapkoBcKue 1IeNH U CIIy9aiiHbIe Oy KTaHMS.

1. MapkoBckue 1emnu

2. CnyyaitHoe Oy’>KJIJaHH€ U €ro CBOMCTBA, 3aKOH apKCUHYyCa

3. Kimaccuduxkanus cocrostauii rieneid MapkoBa. HenpuBogumbie MApKOBCKHE LIETTH

4. Teopema Ileppona—®pobennyca ajisi HENIPUBOIUMBIX Iierieid. Bo3BpaTHbIe, HEBO3BpAaTHBIC U
anepuoANYECcKre COCTOSIHUS MapKOBCKHX IEMEH.

6. MeTo MakCUMaJIbHOTO TIPaBIONO 00U
1. UnenTrdukanus napaMeTpoB METOAOM HaUOOJBILET0 MPaBaONIO00HS.
2. Uadpopmanms duirepa u HepaBeHCTBO Pao--Kpamepa.

3. IIpumepsl 3pPeKTUBHBIX cTaTUCTUK. Peanu3anuu MeToaa HaubOIbIIEro MPaBIOOA00HS [Tt
OIICHOK IapaMeTpoB pacmpenenecHuii (HopmaasHoro, ['amma-pacrnpenenenus, Kommu, [Tyaccona,
bepnysu, I1apero). [Tpumepsl onTUMaNbHBIX CTATUCTUK

4. Ilpumepsl TpPUMEHEHHUS MeTOoAa HAauOOJbIIEro MpaBIONOa00Us B (pU3MKe MO MarephaiaM
HAYYHBIX MYyOJIMKAIIHiA

7. Meton Monte-Kapio u anroputm MeTpornosuca.

1. Meroasl oTbopa u npeoOpa3oBaHus ciydailHbix BenuuuH. Merox ¢on Helimana. Meton
Mownre-Kapino.

2. CroxacTtuyeckoe MNpCACTABJICHHUC PCHICHUA 3ada4dHr Komm AJIs1 YpaBHCHUA Hlpez[I/IHrepa.
Cerounas alllIpOKCUMalusAa pCIJ_IeHI/Iﬁ U ITOJIYUCHUC I/IH(bOpMaI_II/II/I O CIICKTPC raMUJIbTOHHAHA.

3. Auroputmsl Metpononuca, ['maybepa u XactuHrca Jisi MOJAEIMPOBAHUS JUCKPETHBIX
pacnpeneneHuil. YcinoBue aeranbHoro Oamanca. Ciydail MapKOBCKHX LI€NEH ¢ HENPEPBIBHBIM
MHOECTBOM COCTOSIHUM. MOJENMpOBaHUE IyaCCOHOBCHUX CIIY4aWHBIX MPOLECCOB. AITOPUTM
XacTuHrca Juisi HECUMMETPUYHBIX 1eneil. [Ipumenenus.

8. [Ipo6iiema MOMeHTOB 1 TeopeMa bepHiTeiina.

1. locTatouHbI€ YCIOBHS aHAIUTUYHOCTH XapakTepuctuueckux GyHkuuii. Ycnosue Kapiemana.
[Tpumep HapyIIeHHUS OJJHO3HAYHOTO COOTBETCTBHS MEXKITY HAOOPOM MOMEHTOB U BEPOSITHOCTHBIX
pacnpeesieHueM.

2. TlonuaoMmel bepHinTeitHa. TeopeMa 0 pPEKOHCTPYKLHMH BEPOSTHOCTHOIO PAaCHpENEieHHs IO
MoMmeHTaM. DopMysia pEeKOHCTPYKLIUHU PACIPENEICHHUMN.

3. Pacnpenenenue Burnepa u ero cBsi3b CO CIIEKTpaIbHBIMU CBOMCTBAMHU CIIy4allHBIX MaTpUIl U
yuciiamMu Kartanasa.

4. Kpussle [Iupcona. Knaccel pacrpenesneHnii, TO4HO BOCIPOU3BOAMMBIX IO 4-M MOMEHTaM.
IIporpammuas peanusauus meroga Ilupcona B cucreme Maremaruka

9. Cxaukoobpa3zHble 1 TP Py3nOHHBIE TPOIIECCHI.

1. IlyacconoBckuii mporiecc u ypaBHeHne Konmoropopa--Demiepa. UncieHHOE MOJAETUPOBAHUE
IyacCOHOBCKOTO Ipoliecca

2. CX0auMOCTb CITy4aifHbIX Oy)KJaHUH K BUHEPOBCKOMY IIPOLIECCY.



3. IlpeacrtaBneHne CTaHIAPTHOIO BHHEPOBCKOro mpoiecca psgoM Dypbe €O ciaydailHbIMU
koopduuuentamu. [lpuHiun otpaskeHUs AHAPI M JAPYrHe OLEHKH paclpenesieHUs] BpeMEHU
MEPBOTO JOCTHUKEHUS.

4. ®opmyna Deiinmana--Kama u ee 0000meHus. AGCOIIOTHO HENMPEPHIBHBIE MPEOOPa3OBAHUS
BEpOSATHOCTHBIX Mep. Popmyna ['mpcanosa.

10. Cratuctuueckas o0paboTKa 3KCIEpUMEHTAIbHBIX JaHHbBIX.

1. OOpaboTka OKCIEPUMEHTAIbHBIX JAaHHBIX W 33Ja4d MaTEeMATHYECKOW CTATUCTHKH.
Bribopounoe cpemHee w BbIOOpOYHas nucriepcus. HecMeleHHbIe U COCTOSITENbHBIC OLEHKH
napaMeTpoB.

2. Kpurepuii Ctpronenrta. BeiBoa dopmynbsl aiis pacnpeneneHus ¢ N CTENEHSIMH CBOOOJBI.
[Tpenen mpu 60X N.

3. OneHka JOBEpPUTEIHLHOTO HHTEPBANIA, CTATHCTUYECKAsh 3HAYMMOCTh, ONIMOKH IEPBOTO H
BTOPOTO poja

4. Tlpumenenne pacnpenencHus CThrOACHTAa IS MPOBEPKHU THIOTE3bI O PABEHCTBE CPEIHHMX
3HAYEHUI.

5. CpaBHeHue BBIOOPOUYHBIX AMCIEPCHIl ¢ mMoMolIpl0 pachpeneneHus Pumepa. OueHka
AOBCPUTCIBHOI'O MHTEPBAJIa B CUCTEMC Maremarnka

6. ['mmoreza 00 OAHOPOJHOCTH MHOTOKOMIIOHEHTHOHM T€HepallbHOM CcOBOKymHOCTH. lIpumep
IPOBEPKU I'MIIOTE3bl 00 OTHOPOIHOCTH HA PEaIbHbIX JAHHBIX

11. CxoauMoOCTh ClTydallHBIX BEIHMYHMH U MPEACIIbHBIC TEOPEMBI.

1. HepaBeHCTBO YeOnImena. CXOI[I/IMOCTB 10 BEPpOATHOCTHU. 3aKOH OOJIBIINX YHCEIL. I[OCT&TO‘IHOG
YCJI0OBHUC CXOAUMOCTHU C BEPOATHOCTHIO CIMHHUIIA.

2. CxomumocTh OWHOMHAIBHOTO pacHpelesieHUuss K IIyaCCOHOBCKOMY W HOPMaJIbHOMY.
CX01MMOCTb 110 BEPOSTHOCTH U MO PACIIPEIETICHHUIO.

3. loka3arenceBo TeopeMbl MyaBpa--Jlamtaca. UucienHble IpUMepsl B cucteMe MareMaTuka.

4. IlpenenpHas Teopema JUIsl SKCTpeMalbHbIX coObITHH. Pacnpenenenus Beitbymnna, ['ymbens u
®dumiepa.

12. Teopema boxnepa—XH1HUMHA U LIEHTPAJIbHAS NIPEJENIbHAS TEOpEMA.

1. TlonoxuTenbHas ONpeneIeHHOCTh XapakTepucTuiyeckux Gynkuuid u nemma Ilypa. I[Tpumepsr
MOJIOKUTEIBHO ONPEEIEHHBIX (QYHKITHIA.

2. TeopeMa BOXHCpa--XI/IHqI/IHa. I110THOCTE M OTHOCUTEIbHAs KOMIIAKTHOCTh CEMENCTBA MCEp.

3. IlnoTHBIE W OTHOCUTENIBHO CJIA00 KOMIIaKTHBIE ceMelcTBa Mep. JlocTarouHoe ycioBue
OTHOCUTENbHOW cnaboit kommakTHOcTH.Teopema Ilpoxoposa. LleHTpanbHas mnpenenbHas
TeopeMa.

4. LIIT B dopme JIsmynosa u Jlmaaedepra.



5. besrpaHn4HO A€TMMBIE U YCTOWYUBBIC 3aKOHBI M CTPYKTYPa UX XapaKTEPUCTUUECKUX (PYHKITUH.

6. Monens Xonpumapka. Pacnipenenenus Jlesu. IlpenenpHble TeopeMbl Aisl paclpeaeaceHuil ¢
TAXKECIIBIMU XBOCTaMU



AHHOTAUMH K pa004YuM NPOrpaMMam I CIUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Teopus nmoJst

Heab AMCHUNIMHBI:

- OCBOCHUC CTyACHTAMU TCOPHUH BJICKTPOMATHUTHOI'O IOJIA, MATCMATHYCCKUX MCTOJ0B O6H.I€I‘O
OIIMCaHMA KJIACCUYCCKUX HOHCﬁ, OCBOCHHEC OCHOB CHGHH&HBHOﬁ TCOPHUU OTHOCUTCIILHOCTH.

3agauu AMCUUIIINHBIL:

- 3HAaKOMCTBO ¢ 0a30BBIMH OKCIIEPUMEHTAJIBHBIMH  ()akTaMH B  OOJIACTH  TEOpUH
AJIEKTPOMATrHUTHOTO I10JIA;

- YCBOCHHUC OCHOBHBIX KOHH@HHHﬁ, BBIZIBUHYTBIX JIsI OIIMCAaHUA KIIACCHUYCCKUX roJieit H, B
YaCTHOCTH, KIIACCHUYCCKOI'O SJICKTPOMAIrHUTHOI'O IT0JIA;

- OBJIAICHUC MAaTEMATUICCKNMU MCTOAaMU, TTO3BOJIAIOIIMMU pCUIATDh 3aAa4U 110 TCOPHUH I10JIA;
- pCUICHUC 3aaa4, OXBAaTbIBAIOIIMX OCHOBHBIC IIPHUJIOKCHHA TCOPUHN SJICKTPOMATrHUTHOTO ITOJIA.
IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEeHHUS 10 JUCHHILIMHE (MOIYJIIO)

B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI

3HATh:

- IPUHLIMIIBI 1 OCHOBHBIE PE3YJIbTATHI CIIELUATIbHON TEOPUU OTHOCUTEIBHOCTH;

- METOJObI OIIMCAHUA BSaHMOHeﬁCTBHﬁ KJIIACCUYCCKHUX CHUCTCM 3ap5[)K€HHBIX qacTul C IIoJIsIMnu
MEXIy COOOM;

- METOJbI OITMCaHUA KITACCUYICCKOT'O 3JICKTPOMATrHUTHOI'O I10JIA;
- OIMMUCAHUEC DJICKTPOMArHUTHOI'O ITOJIA, CO3JaBA€EMOI'0 CUCTEMAaMU 3apsAa 0B,
- U3JTYUYCHHUC DJICKTPOMATrHUTHOI'O I10JIS;

- 0OCOOCHHOCTH N3ITYUCHUSA PCIITUBUCTCKUX YaCTHUIL] (CI/IHXpOTpOHHOG HU3JTy4YCHUC, OH,[[yJ'ISITOpBI).

yMeThb:
- pemaTh KUHEMaTH4YeCcKHe 3a/1a4H O ABM)KEHUU PENIITUBUCTCKUX OOBEKTOB;
- pelaTh 3aJa4y O IBHKEHUH 3apsKEHHBIX YaCTHUI B 3JIEKTPOMAarHUTHOM TIOJIE;

- ONIPCACIIATh B3aUMOJCUCTBUE CUCTEM 3apsA 0B ¢ BHCIITHUMU IOJIAMU;



- MYJBbTHIIOJIbHBIC MOMCHTBI;

- ompeacidaTb COCTOAHUA CHUCTCMbBI 3apda0B, IIPU KOTOPBIX Ha6J'IIOZ[a€TC$I H3ITYy4YCHUC
SJICKTPOMAruuTHOI'O MOJIA, U HAXOJAUTh HHTCHCUBHOCTD U3JTYy4YCHUS.

BJIAJ1€Th:
- MECTOJaMH OIIKCaHUsA KIIACCHYCCKOI'O SJICKTPOMAriuTHOI'O I10JIsA;

- OCHOBHBIMHM ME€TOAaMM PEIICHHA 3adad4 O ABMIKCHHUH 3apsKCHHBIX 4YacTUI, B TOM YHCIIC
PEIATUBUCTCKUX, B PA3JIMYHBIX 3JICKTPOMArHUTHBIX ITOJIAX,

- HaBBIKAMH TCOPCTHYCCKOI'0 aHaJIM3a pCaJiIbHbBIX 3a/ad, CBA3aHHBIX C BBaHMOHCﬁCTBHeM
3APsKCHHBIX YaCTUI U JICKTPOMATHUTHOI'O ITOJIA.

TeMbl U pa3jaeiibl Kypca:
1. 3ny4yeHue 351€KTpPOMarHUTHBIX BOJIH.

38.H8.3,I[BIB310H.[PII>1 n onepexca}omﬂﬁ IIOTCHI KAJIBI. MSJ’IY‘IGHI/Ie QJICKTPOMAarauTHBIX BOJIH
MCIJICHHO ABHUXYLIUMUCS (HepCJIHTI/IBI/ICTCKI/IMI/I) 3apsgaMu. I[I/IHOJ'IBHOG HpI/I6J'II/I)I(eHI/Ie.

MarautoaunoabHOe U KBaJIPYIOJbHOE MPUOIMKEHNUS B TEOPUU U3IYUEHUS IEKTPOMArHUTHBIX
BOJIH MEJICHHO JIBHXKYIIUMUCS 3apsaaMu. M3mydenne ObICTpO MBUIKYIIEHCS (PEIsSITHBUCTCKOM)
yacTullbl. PaccesHue 351eKTpOMarHuTHBIX BOJIH Ha CBOOOIHOM 3apsje. PanuanuonHoe Tpenue.

2. VHBapMaHTHOCTb W KOBApUAHTHOCTb YPABHEHUM AJIEKTPOJAMHAMUKHU U PEJIATUBUCTCKON
MEXaHUKH.

KoHTpaBapuaHTHblE ¥ KOBapHaHTHbIE 4-BEKTOpPbl M 4-TEH30pbl B CIELMAIbHON TEOpHUH
OTHOCHUTEJIbHOCTU. VIHBapMAaHTHOCTb U KOBAapUAaHTHOCTb YpPaBHEHHUH DSJIEKTPOJWHAMHKH U
PENATUBUCTCKOM MexaHUKH. JleificTBre 1 pyHKIMS TarpaHika uis CBOOOAHOMN YaCTHIIBI U YACTUIIbI
B JIEKTPOMAarHUTHOM IoJie. JIBM>KEHNE PEITUBUCTCKOM YaCTUIBI B TIOCTOSHHBIX U OJHOPOIHBIX
AIIEKTPUYECKOM M MarHuTHoM mnossix. [IpeoOpazoBanue moneil. MuBapuanTthl moms. D¢dekt
Jonuepa n aGeppauus cBeTa Ui peIsITUBUCTCKUX HCTOYHHUKOB.

3. YpaBHeHnus MakcBesuia. DneKkTpocTaTika. MarHuTocTaTuka.

YPaBHeHI/ISI MakcBenna ajist HaHpH)KéHHOCTCﬁ QJICKTPUYCECKOI0 W MArHuTHOI'O mojen Kak
pe3yibTar O606IJ.I€HI/I$I OIIBITHBIX (I)aKTOB. QHGKTpI/I‘leCKOC moJi€ HCIIOABUIKHBIX 3apsAH0B.
MYJ'IBTI/IHOJ'IBHOC Pa3JIOKCHUC TMOTCHIMAIA. MarauTHoe TMOJ€ CHCTEMBI CTallUOHApHBIX
SJICKTPUYCCKUX TOKOB. MarHuTHbBIN JUIOJIbHBIA MOMEHT.

4. DnekTpoMarHuTHbIE BOJIHBI. [IpUHINIT OTHOCHTENBHOCTH U NpeoOpa3oBanus JlopeHna.

SHCKTPOMBIHI/ITHBIC BOJIHBI B BAKYyM¢€. HpI/IHL[I/Il'I OTHOCHUTCIIBHOCTH U npeo6pa30BaHI/15{ HopeHua.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHBbIE U HEMTPOHHbIE METO/IbI MCCJIEI0BAHUI

Teopusi CHHXPOTPOHHOI'O U3JTyYeHHSA

Heab AMCHUNIMHBI:

- OCBOECHME CTYJIEHTaMH MPUHLUIIOB I€HEPALUN U CBOWCTB CUHXPOTPOHHOI'O U OHIYJSTOPHOTO
U3IYYCHUH, HM3JIy4eHHs Jiazepa Ha CBOOOJHBIX JJIEKTPOHAX, a TaKXKE HMX TEOPETUYECKOTO
(KJIaCCMUYECKOTr0, KBAHTOBOTI'0) ONUCAHMS.

3agauu AMCHUIINHBIL:

- (hopmupoBaHre 0a30BBIX 3HAHUI O CBOMCTBaX CHHXPOTPOHHOTO M3IYYECHHS, MOITYYEHHOTO Ha
YCTaHOBKaX Kiiacca ""MeracaiieHc", n3ydeHre 0COOCHHOCTEH U3TyICHHUS, IIOTYICHHOTO Ha Jlazepax
Ha CBOOOJIHBIX JIEKTPOHAX;

- q)OpMI/IpOBaHI/IC 0a30BBIX 3HAHUN O KJIACCHYECKUX U COBPCMCHHBIX MCTOJAaX OIIMCAHUs CBOMCTB
CUHXPOTPOHHOI'O U3JIYYCHUA.

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

- (yHnaMeHTalbHbIE TOHATHSA, 3aKOHBI, TEOPHUH U (OPMYJIbI, OMMCHIBAIOLIME TE€HEPALNIO
CUHXPOTPOHHOT'O U OHAYJISATOPHOTO U3Iy4EHUH;

- CBOMCTBa CUHXPOTPOHHOT'O U OHAYIISITOPHOT'O HSHy‘lCHHﬁ;
- IOPAAKH YU CJICHHBIX BECINYNH, XapaKTCPHBIC JIA MMapaMCTPOB CUHXPOTPOHHOI'O NU3JTYUYCHUS
- IPUHIUIIBI pa6OTBI COBPCMCHHBIX UCTOYHUKOB CUHXPOTPOHHOI'O U3JTYUCHUI;

- OCHOBHBIC MCTOJAbI HCIIOJB30BAHUA CHHXPOTPOHHOI'O HIJIIYYCHHA I HU3YUCHUS CBOICTB
BCIICCTBA.

yMeThb:
- paccUuTHIBaTh NapaMeTPbl CUXPOTPOHHOTO U3ITyUEHUS;

- IPUMCHATDH q)HBI/I‘—IeCKI/Ie TCOPHU K OIMMMCAHUIO XAPAKTECPUCTUK CUHXPOTPOHHOTO HU3JIYUYCHUS, a
TAKKC COOTBCTCTBYIOIUEC MCTOABI UCCIICAOBAHUA, OCHOBAHHBIC HAa €TI0 UCIIOJIb30BAHUH,

- p€IIaTh OCHOBHBIC YPABHCHUA KJIaCCUYECKOI M KBAaHTOBOM TCOPHUU CUHXPOTPOHHOI'O U3JTYYCHUA,



- 3((peKTUBHO HCIIONIB30BATH COBPEMEHHbIE MH()OPMAIIMOHHBIE TEXHOJOTHMH M PECcypchl Uis
MOJTyYeHUsI HEOOXOMMBIX 3HAHHH 110 HHTEPECYIOIIEH HAyYHO! TIpobieme.

BJIA/1eTh:
- CHIeMaIbHON TEPMUHOJIOTHEH B 00JIACTH CHHXPOTPOHHOTO H3ITy4CHHS;
- METOJIMKAMHM ITIOCTPOCHMSI MOZEIIEH K OIIMCAHUIO CBOMCTB CHHXPOTPOHHOI'O U3JIYy4CHHS;

- OCHOBHBIMH METOJaMU IMMIPUMEHCHUSA CUHXPOTPOHHOI'O U3 IYUCHUA.

TeMbl U pa3jesibl Kypca:
1. Knnaccuueckast Moiesib TEOPUM CUHXPOTPOHHOTO HU3JIy4EHUSI.

3ajmaya O JBMDKCHHHM PEIIATHBUCTCKOTO JJICKTPOHA B IIOCTOSIHHOM 3JIEKTPUYECKOM IIOJIE.
Knaccuueckoe ypaBHeHHE IBHKEHUS U3ITy4aroUeil pensTUBUCTCKOM YacTulibl. OT Yero 3aBUCUT
MOIIHOCTh MU3ITyYEHUS 3apsjia, IBUKYIIETOCs MO OKPYKHOCTH MOCTOSIHHOTO paaunyca. @opmyna
JUISL  CIIEKTPalbHO-YII0BOro pacnpenenenus wmomHoctd (Popmyna Ilorra). O6061eHHas
dopmyna Illorra. IMonspu3anuoHHbIE CBOMCTBA CHHXPOTPOHHOTO u3NydeHus. OcoOeHHOCTH
VIJIOBOTO  pAcHpeleNieHuss CHHXPOTPOHHOTO u3nydeHHs. (OCOOEHHOCTH  CIEKTPaIbHOTO
pacrpeieieHusT MOIIHOCTA CHHXPOTPOHHOTO u3Ny4deHHs. KorepeHTHOCTh CHHXPOTPOHHOIO
U3ITy4YeHHUS.

2. KBanToBas Teopusi CHHXpPOTPOHHOT'O U3J1yUYEHHUS.

Kpurepuii npuMeHMMOCTH Kiaccuueckoro mnojaxoaa. Beipaxkenus mns E1/2 m E1/5 m wux
dbuznueckuit cMpici. YpaBHeHue Jlupaka uis 3JIEKTPOHA, IBUTAIOIIETOCS B MOCTOSSHHOM H
OJIHOPOJIHOM MAarHUTHOM T0Jie. 3aBUCHUMOCTH IMTOJHOW SHEPIMM CUHXPOTPOHHOTO M3IYUYEHUS C
y4eTOM KBAaHTOBBIX MOMpPaBoK. KBaHTOBBIE uIyKTyalnu JBUKEHHS SJEKTPOHA IO OpOUTE.

3. Jlunennbiii onnynarop. Knaccudeckast 3aiada o IBHXKEHHH DJIEKTPOHA B CUCTEME MarHUTOB,
CO3/IAI0IINX MEePUOINYECKOE TTOJIE.

3az[aqa 0 [JIBHKCHHH PCIATUBUCTCKOIO JJICKTPOHA B IIOCTOSIHHOM MArHuTHOM  IIOJIC.
L[I/IKJIOTpOHHaH qacToTa. 33,&8.‘{3. 0 ABUKCHHUU HEPCIIATUBHUCTCKOI'O JJICKTPOHA B ITOCTOSIHHBIX U
OIHOPOJHBIX DJICKTPHUYCCKOM U MAIrHUTHOM ITIOJIAX. Knaccuueckas 3ala4a O ABUKCHUHU DJICKTPOHA
B CUCTEMEC MArnuToOB, CO3Jar0IUX MMEPUOANICCKOC T10JIC. JInHenHbIi OHAYIIATOP. CHGKTpaHBHO'
YIrJI0BOC PpacCIpCaACIICHUC cpez[Heﬁ MOIOHOCTU HM3JIYUYCHHUA B JJICMCHT TCJICCHOI'0 Yyriia.
CHCKTpaHBHHﬁ COCTaB U MOJIAPU3ALITUOHHBIC CBOMCTBa N3JITYyUCHUS JIMHEHHOTO OHAYJIATOpPA.

4. CnupanabHbIA OHIYJSATOP.

3amaya 0 JBMKEHMM JIEKTPOHA B JABYMEPHOM MEPUOJAMYECKOM MArHUTHOM Iojie. MOIIHOCTS,
4acToTa W3JIY4YEHHs, IOJISIPU3ALMOHHBIE CBOMCTBA M3JIY4YEHHs] CIIMPAJIBHOIO OHIYJATOpA.
CpaBHEHUE CBOICTB CHHXPOTPOHHOI'O W3JIY4YEHMsI, HM3IYy4EHMH JIMHEHHOTO W CIHPAJIBbHOTO
OHZ1YJIATOPOB.

5. Jlazep Ha CBOOOHBIX AJIEKTPOHAX.

[Tpunnun nericteus, cxema. [lonydeHne peHTI€HOBCKOTO Ja3epHOro m3inydeHus. [Ipumenenue.
[TepcriekTUBEI.



6. [TokoneHus: NICTOYHUKOB CUHXPOTPOHHOI'O U3JIy4YEHHUS.
OMUTTAHC MIy4Ka, CPAaBHEHUE XapaKTEPUCTUK FEHEPUPYEMOTO U3JIyUEHUS.
7. KOHKYpEHTbI CHHXPOTPOHHOI'O U3JIy4YEHHUS.

Onrtuyeckuii nazep, peHTT€HOBCKas TPYOKa, HEIMHEHHOE IPeoOpa3oBaHKe JIA3€pPHOT0 N3ITY4YEHHS
(MeTox reHepaluy rapMOHUK BBICOKOTO MOPSIIKA).

8. IlpuMenenue CHHXpPOTPOHHOTO U3iydeHus. O630p METOOB.

Merton peHTreHocTpykTypHoro ananu3a. Coornomenus Jlays, yenosus bperra-Byneda. XAFS —
CHEKTPOCKOMUS ISl CTPYKTYPHOTO aHanu3a. MeTolnka U3MEpPEeHUs U HCCIEI0BaHUs CIIEKTPOB
norjonieHus. MeTo1 CTOSTYUX PEHTTEHOBCKUX BOJH. MeTobl (pa30BOro KOHTpAcTa.

9. Cranuuu KypuaroBckoro nctounuka cuHxpotrpoHHoro usnyuenust «kKMCH - Kypuatosy.

0O0630p cTanmmii 1 HauboIee IPKUX Pe3yNNbTaTOB, MOTYYCHHBIX Ha CTAHIIHSIX.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasieHHoCTh: CHHXPOTPOHHBbIE U HEHTPOHHbIE METOAbI HCCJIEI0BAHUM

Teopust pyHKUMIH KOMILUIEKCHOTO IIEPEeMEHHOTI0

Heab AMCHUNIMHBI:

- IO3HAKOMUTH CTYJCHTOB C OCHOBAMHU TEOPUH (PYHKIMU KOMILIEKCHOTO MEPEMEHHOT0, HAYYUTh
CTYACHTOB HCIOJb30BAaTh MOIIHBIM anmapar TeOpuH (YHKIHUNA KOMILJIEKCHOTO MEPEMEHHOI0 B
aHaJM3e MMOCTABJICHHBIX IIEpe/l HUMU 3a/1a4.

3agauu AMCHMILINHBI:
- Hay4uTh CTYJEHTOB, IOJIb3YSACh METOJAMH TEOPUH (PYHKLNN KOMIUIEKCHOT'O IEPEMEHHOT0;

- TPOBOAHWTH BBIYMCICHHS, CBS3aHHBIE C WHTETPAIBHBIM HMCUUCICHUEM U YPaBHEHUSIMHU
MaTeMaTU4eCKON (PU3UKU.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUIINHE (MOAYJIIO)

B pe3synbrare ocCBOCHUS AUCIUIUIMHBI 00YYarONIUecs JOMKHBI

3HATh:

- OCHOBHBIE IIPEJICTABIECHUS KOMIJIEKCHBIX YHCEI.

- Ycenosua Komm-Pumana.

- [IpencraBnenne aHAMUTHYECKUX (DYHKIMH C TOMOIIBIO CTENIEHHBIX PSAIOB.

- Teopemy Ko 06 uHTErprpOBaHUM aHATUTUUECKON (PYHKIIMH 10 3aMKHYTOMY KOHTYpY.
- Teopemy Koiu o Beiuerax.

- [lonsiTre ocoboit Touku. OnpeneneHue BblyeTa GyHKIUH.

- [IpencraBnenne GyHKIMK B OKPECTHOCTU OCOOBIX TOUYEK C TIOMOIIBIO CTENEHHBIX PSJIOB.
- CBoiicTBa JpOoOHO-TMHEHHOTO 0TOOpaKEHHSL.

- Kondopmuoe otobpaxkeHne ¢ HOMOIIbIO 3JIEMEHTApHBIX (YHKIUI.

- JlorapumMuuecKuii BoIYET.

- Teopemy Pymie o npupaiiennu aprymeHra.

yMeThb:

- Boruncnsate GyHKIUU OT KOMIUIEKCHOTO YHCIIA.



- IuddepenmpoBars GyHKIIMN KOMITIEKCHOTO apryMEHTA.
- CTpouTh 10 33JaHHOU IeHCTBUTEIBHON MM MHUMOW YaCTH aHATUTHYECKYIO ()YHKITHIO.

- BeruucasaTe uaTerpan ot GyHKIMN KOMIUIEKCHOTO apryMeHTa 10 KPUBOW HIIM 110 3aMKHYTOMY
KOHTYDY.

- PacknanpiBate hyHKIIMIO B psig JIopaHa B OKPECTHOCTH OCOOBIX TOYEK.

- C nomo1ipto KOH(GOPMHBIX 0TOOPaKEHUI MepEeBOAUTH OJIHY 3a/IaHHYIO 00J1acTh B IPYTYIO.

BJIa/IeTh:

- DNeMeHTapHBIMH OTIEPALUSIMH C KOMIUICKCHBIMU YUCIIaMU.

- Meronamu nuddepenuupoBanmst GyHKIHH KOMILUIEKCHOTO apryMEHTa.

- OCHOBHBIMU METO/IaMH BBIYHCIICHUS WHTETPAJIOB OT (YHKINUN KOMILJIEKCHOTO TIEPEMEHHOTO.

- OCHOBHBIMHU CIIOCOOaMH KOH(PPOMHBIX OTOOPaKEHUH.

TeMbI U pa3jeiibl Kypca:
1. AuddepenuupyeMocts PyHKINUNA KOMIUIEKCHOTO IepeMeHHoro. Y cioBus Komu-Pumana.

JleiicTBuTenpHas U KOMILIEKCHas auddepeHnupyemoctu. Y cious Komm-Pumana.

2. MHTerpan no myTy oT GyHKLIUU KOMITJIEKCHOTO IEPEMEHHOTO.

[Tyte Ha KOMIUIEKCHOW miockocTH. OrmpeneneHue MHTErpana, cymMmsl JlapOy, MHTerpajibHble
cyMMBl. IHTerpain ot cTeneHHol (QyHKIHH.

3. Komnuiekcusle uncina. Cpepa Pumana.

Onpenenenne KOMIUIEKCHOTO yrciaa. OCHOBHBIE CITOCOOBI MPEICTaBIEHUS KOMITJIEKCHOTO YHCIIA.
®opmyna Oitnepa. [IpencraBneHne KOMIIEKCHON IJIOCKOCTH C ToMollbio chepsl Pumana.
3aMblKaHHE KOMIIJIEKCHOM IJIOCKOCTH, OECKOHEUHO yaJIeHHast TOUKa.

4. Kondopmuble 0TOOpaKeHUS ¢ TOMOIIbIO 3JIEMEHTAPHBIX (YHKIUI.

Kondopmuble oToOpaskeHHsI € TOMOULIbIO 3J€MEHTApHBIX (YHKIMA M OOpaTHBIX K HUM —
CTETeHHasl, YKCIIOHEHTA.

5. KondpomHoe otodpaskeHue ¢ mMOMOLIbIO TPOOHO-TUHEHHON (DyHKITHH.

CaoiicTBa J1poOHO-TMHEHHOrO oTOoOpaxkeHus. KpyroBoe CcBOWCTBO JIpOOHO-TUHEHHOIO
0TOOpaXeHHS. DJIeMEHTapHBIC OTOOPAXKEHHS C TIOMOIIBIO0 IPOOHO-THHEHHOTO OTOOpaKEHHS.

6. MHOTOJIUCTHBIE (PYHKITUH.
BerBu ananutnueckoit pynkuuu. Touka BeTBIEHHUS.

7. Ocobble TOUKM aHATUTUYECKON (PYHKIMHU. BIyeTsl.



Omnpenenenue u KiaaccuGuKanus H30IMPOBAHHBIX 0COObIX TOUEK. OmpeneneHue BerueTa G yHKIUU
B TOUKE.

8. Psin Jlopana ananmuTu4eckoi ()yHKIIUU B OKPECTHOCTH 0COOOH TOUKH.

Teopema o paBHOMepHOU cxoaumocTH psaa Jlopana. Knaccudukanus ocoObIx TOYEK ¢ TOYKU
3penus psaga Jlopana. Teopema Komu o Beruerax. Jlemma XXopaana.

9. Psin Teiinopa 11 aHATUTHYECKON (DYHKIIMU.

Onpenenenue pana Telsopa, TeopeMa 0 paBHOMEPHON cX0AUMOCTH psifa Teiniopa. beckoneunas
mubdepeHIMPYyeMOCTh aHATMTHYECKUX (QyHKIUN. EMUHCTBEHHOCTh aHAIMTUYECKUX (DYHKITUH.

10. Teopema Kormmm 06 aHanuTHueCKON PYHKIIMH IO 3aMKHYTOMY KOHTYPY.

XKopnanoB xoutyp. Jlemma I'ypca. MHTErprpOoBaHue 37eMEHTApHBIX (PYHKIUN MO 3aMKHYTOMY
KOHTYDY.

11. Teopema Pymie. Ilpunuun aprymenra.

Jlorapudmuueckuii Beraet pyHkiuu. Teopema Pyme. OcHOBHas Teopema anreOpsi.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

YpaBHeHusi MaTeMaTu4eckoi Gusnkmn

Heab AMCHUNIMHBI:

- ¢QopmupoBanue 0a30BBIX 3HAHUH 1O MaTeMaTHYeCKOH (U3WKE M JallbHEHIIero
UCIIONIB30BAaHUSI B JPYrHX  OO0JIACTAX  MaTreMaTHYeCKOro 3HAaHUS W JIMCHUTUIMHAX
€CTECTBCHHOHAYYHOTO COZCPKAHMS;

- q)OpMI/IpOBaHI/IC MaTeMaTHYECKOM KYJbTYPbI, UCCJICHOBATCIIbCKUX HABBIKOB U CIIOCOOHOCTH
IMPUMCHATDb 3HAHHA HA IIPAKTHUKE.

3agauyd IUCHUILINHBI:
- (hopmupoBaHue y 00ydarommxcsi 0a30BbIX 3HAHUI 110 MATEMAaTUYECKOH (pH3HKeE;

- GopmupoBaHue 0O0IIEMAaTeMaTHUYECKONW KYJIbTYpbl: YMEHHME JIOTUYECKH MBICIUTH, [IPOBOJUTH
JI0Ka3aTeJIbCTBA OCHOBHBIX YTBEPKJICHHUM, YCTAHABIMBATh JIOTUYECKUE CBI3U MEXAY IOHATUSIMU;

- q)OpMI/IpOBaHI/IC y'MeHI/Iﬁ W HABBIKOB NPHUMCHATH IIOJYUYCHHBIC 3HAHUA JIA PCIICHUA 3aJda4
MaTeMaTH4YeCKOM (1)I/ISI/IKI/I, CaMOCTOATCIIBHOTO aHAJIM3a NOJIYUCHHBIX PE3YJIbTATOB.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00y4YeHHS MO TUCHUIINHE (MOAYJIIO)
B pe3ynbrare 0CBOCHUS AUCITUTUTMHBI 00YJarOITUECs JOMKHBI
3HATh:

- ONpEIEICHUE U CBOWMCTBA JIMHEWHBIX, KBa3WIMHEHHBIX M HEJIMHEHHBIX YPaBHEHHU IIEPBOrO
MOPsIIKA, TEOPEMBI CYIIECTBOBAHMS M E€AUHCTBEHHOCTH pemleHus 3anauun Komm i HUX,
OIpEEICHNE CUMINUIEKTUYECKON U KOHTAKTHOM CTPYKTYPBI, BUJ XapAKTEPUCTHUK JJIs1 YPABHEHUN
IIEPBOTO NOPSJIKA;

- q)OpMy.]'Iy HyaCCOHa peuICHUud 3aJavu Kommmu IJIL YpaBHCHUS TCTIJIOIIPOBOAHOCTU, TCOPCMBI
CYHICCTBOBAHUA U CAUHCTBCHHOCTHU PCHICHUA 3aaadu KOI_HI/I, IMPUHIUIT MAaKCUMYyMa, (I)OpMyJ'Iy
HrrotoHa peuieHusd YpPaBHCHUA HyaCCOHa, TCOPEMbI CYHIECTBOBAHUA W CIAWHCTBCHHOCTH,
MMPUHIUIT MAKCUMYMa,

- dopmynsr 1’ Anambepa, Kupxroda um Ilyaccona perieHust 3ajadd KOIIA JJIi BOJTHOBOTO
YpaBHEHHsI, TEOPEMBbI CYIIECTBOBAHUS ¥ EIUHCTBEHHOCTH, 3aKOH COXPaHEHHS JHEPIHH;
onpejeNieHue W CBOWCTBAa OOOOIIEHHBIX (YHKIMM, MpPOCTpaHCTBA OOOOIIEHHBIX (QYHKIINMH,
MIPOM3BOHBIE, TEH30PHOE MTPOU3BEICHNE U CBEPTKAa 0000IEHHBIX (PYHKIIHIA;

- olpeieNnieHne 0000IEHHBIX pelIeHuui qudepeHInaIbHbIX ONEepaTopoB U (PyHIaMEHTAIHLHOTO
peueHnus AuQQepeHInanbHOro onepaTopa ¢ MoCTOSHHBIMU K03 (QUIIEHTaMH;



- TeopeMy XepMmaHaepa, KOHCTPYKIHMIO (YHIAMEHTAJbHOTO pEIICHHS OOBIKHOBEHHOTO
g depeHnaIbLHOro  oneparopa, Gopmynbl s (QyHIaMEHTaIbHBIX PEIICHHH ONepaTopoB
TEIJIONPOBOAHOCTH, JIaruiaca 1 BOJIHOBOTO;

- IIOCTAHOBKM KpaeBbIX 3a1a4 sl ypaBHeHui Jlammaca u [lyaccona, TeopeMbl €IMHCTBEHHOCTH
pEelIeHUI KpaeBbIX 3a]ay, ONpPEACIICHHE U CBOMCTBA MOTEHIMAIOB IIPOCTOTO U JBOMHOTO €04,
TEOpPEMBbl CYIIECTBOBAHUS PELICHWH BHYTPEHHMX M BHeWHUX 3aaad Jlupuxine u Helimana,
omnpeneneHue u cBoiicTBa pynkuuu ['puna 3anau Jupuxie n Helimana;

- CBOilcTBa COOCTBEHHBIX 3HAa4eHMH U COOCTBEHHBIX (QyHKUuMIl onepatopa Jlammaca B
OTpaHUYEHHOW 00JacTH; CBOWCTBA pPEUICHWH ypaBHEHHs | enpMroiiblia, YCIOBHUS HM3ITy4EHUS
3ommepdenbaa, TPUHLIUI MPEIETBHOTO MOTIOMICHNUS, IPHHLIUI MPEACTbHON aMIUIUTY/IbI;

- ynmameHTanpHOE pelieHue omneparopa Jlammaca Ha MIIOCKOCTH, TEOPEMBI CYILIECTBOBAHUS U
€MHCTBEHHOCTH pEILEeHUsI JBYMEPHBIX KpaeBbIX 3amad, (Gopmyisl mig ¢GyHKuuu ['puHa u
patenus 3agaun Jlupuxiie B 0HOCBSI3HOM 00nacTu;

- onpeziesieHue neeBAoAupGepeHINaIbHOI0 ONepaTopa, OrpaHUuYEeHHOCTh 11.J1.0. B IPOCTPAHCTBAX
CobosieBa, TEOpeMbl O KOMIIO3UIMHM M IICEBIOJOKAIBHOCTH II.J.0., CBOMCTBA 3JUIMITHUYECKHX
I1.71.0., TEOpEMY O IapaMeTPUKCE, CBOICTBA UHTErPaIbHBIX oneparopoB Dypre.

yMeThb:

- pemarh KBa3WJIMHEHHbIC YpaBHEHHs MEPBOTO MOpsKa, ypaBHeHue ['amuibToHa — SK0OHM n
o0miee HeMMHEWHOE ypaBHEHHE, HAaXOAWUTh MX XapaKTePUCTUKH; pemarb 3amaun Komm ams
YpaBHEHHI TEIUIONPOBOJAHOCTH W BOJHOBOTO; BBIYMCIATH MOTEHIMaN HbIOTOHA; HAXOIUThH
IIPOM3BOJIHBIC, CBEPTKH U IIpeoOpazoBaHus Dypre 0000MEHHBIX (YHKINNT;

- HAXOOUTh (yHJaMEHTAJIbHBIC pemeHus AUPQPEpeHINATFHBIX ONEPaTOPOB C MOCTOSHHBIMU
Ko unreHTamu;

- pemaTh KpaeBble 3a/1aud METOJOM pa3/IeJeHUs MEPEMEHHBIX M MPU MOMOIIX ITOTEHINAJIOB,
pelaTh CMEIIaHHbIe 3a/1a4k, HaXouTh pyHkuuto ['puna 3agau Jupuxine u Heiimana, npuMeHsITh
MeTOJT KOHQOPMHBIX OTOOpaKEHWH JUIsl pelIeHHs IBYMEPHBIX 3aJad, HaXOJUTh COOCTBEHHbIE
¢GbyHKIIMM 1 cOOCTBEHHBIE 3HauUeHus onepaTtopa Jlamnaca;

- IPUMEHSTh TEXHUKY IceBAOAM(depeHInanbHbIX ONepaTopoB K HCCIEIOBAaHUIO ypaBHEHUH
MaTeMaTH4ecKo pu3nkH.

BJAJ€Th:

- allraparom ypaBHeHI/Iﬁ B YACTHLBIX ITPOU3BOAHLBIX IICPBOI0 IOPsSAAKa AJId €ro IMpUMCHCHHUS B
(I)I/I3I/IKC " TCOMCTPHU,

- TEXHUKOHN peIIeHHs] OCHOBHBIX YPaBHEHUH MaTeMaTH4yeckoi (PM3HKH BO BCEM IPOCTPAHCTBE U
ee MPUIOKEHUSAMH K GU3NYECKUM 337a4aMm;

- anmaparoM  TeOpuM  OO0OOIIEHHBIX  (GYHKUMH W (QyHIAaMEHTAJIbHBIX  pEHICHUH
Qg depeHIaIbHbIX OIIEpPaToOpPOB;

- afmnapaTomM TECOpHU MOTCHIUAIOB JJI €T0 IPUMCHCHHS B (1)1431/H<e;



- TEXHUKOHN PEIICHNs KPAeBBIX U CMEIIAHHBIX 33/1a4 JUI1 OCHOBHBIX YPaBHEHUH MaTeMaTH4ecKOn
(GU3UKU U ee PUIIOKEHUSIMH;

- anmapaTroM TeopuH rnceBaoaudGepeHInaNIbHBIX OIEPaTOPOB.

Tembl u pa3iennbl Kypca:

1. KpaeBble 3agaum.

ITocraHnoBKa KpaeBbIX 3a1a4 st ypaBHenui Jlamnaca u [lyaccona.
[ToreHManbl IBOMHOTO CIOSI M UX CBOMCTBA.

IToTeHumanbl MPOCTOro CI0si U X CBOKCTBA.

TeopeMbl equHCTBEHHOCTH pelieHus 3anad Jupuxne u Heitmana juis ypaBHenus Jlamaca.
CymectBoBanue pemenuit 3agau Jupuxie u Helimana. [Torennuan Pobena.

Oyukuus ['puna 3agaun Jupuxie 1 oneparopa Jlamnaca B TpexMepHON 00J1aCTH U €€ CBOWCTBA.

Oynkuus ['puna 3agaun Helimana.

Oynkuust ['puna 3agaum  [Qupuxne B aBymepHoMm ciydae. CBs3b ¢ KOH(GOPMHBIMHU
otoOpaxeHussmMu. Popmyiia i pemieHus 3agadu upuxie.

2. O6001IeHHbIE pelIeHNs YpaBHEHUN MaTeMaThuueckoil pusnku. OyHIaMeHTalbHbIE PEIICHUS.

O6o06mennbie QynHkuuu. IlpomsBogusie 0000meHHBIX ¢GyHKIUKA. OO000mEeHHBIE (YHKINA
YMEPEHHOT0 pocTa 1 000011eHHbIe PYHKIIMU C KOMIIAKTHBIM HOocuTeseM. [IpeoOpa3zoBanne Oypre
0000meHHbIx (yHKIMHA. TeH30pHOE TPOM3BENCHWE M CBEPTKA OOOOMICHHBIX (DYHKITHH.
OO000111eHHbIE pelIeHNs JTUHEHHBIX yYpaBHEHUI B YaCTHBIX NPOM3BOJHBIX. DyHIaMEHTalIbHbIE
pemieHus au@@epeHInanbHbIX ONEepaTOpoB C MOCTOSHHBIMH KodpdunueHntramu. Teopema
CylllecTBOBaHUSl (pyHIaMeHTalbHOTO pemieHus. JlectHura Xepmanaepa. Merton cmycka st
0000meHHBIX ~ pemieHui.  DyHAaAMEHTAJIBHOE  pEeHIeHHE  JIMHEHMHOr0  OOBIKHOBEHHOTO
muddepeHManbHOoro ypaBHeHus. OyHnaMeHTanbHOE pelleHre onepaTopa TeIONPOBOIHOCTH.
dyHIaMEHTAIIBHOE pellIeHKe onepaTopa Jlamnaca.

CDYHI[aMeHTaJ'IBHOC pemieHue BOJIHOBOI'O OIICpaTopa. IloctanoBka u peaiceHue O606H.ICHHOI>1
3agaun Komn AJIs1 BOJTHOBOT'O YPAaBHCHUA. ITocTtaHoBKa U peuieHuce O606H.I€HHOI>1 3agavdu Kommu
AJId YpaBHCHUS TCTIJIOIIPOBOAHOCTH.

3. OCHOBHBIE YPAaBHEHHSI MaTEMATHUYECKON (DU3UKH.

YPaBHeHI/Ie TCIIOMIPOBOJAHOCTH. (DopMyna HyaCCOHa. TeopeMa CYHICCTBOBAaHUA pCIICHUS 3a1a4n
Komm. HpI/IHI_II/IH MakKCUMyMa IJid YpaBHCHUS TCILJIOIIPOBOAHOCTH. TeopeMa CANHCTBCHHOCTHU
peliCHUusA 3aaavyu Ko, ypaBHeHI/IC HyaCCOHa B TPEXMCPHOM HPOCTPAHCTBC. HrrotoHoB
INOTCHIHUAJIL.

®opmynsl ['puna. Teopema cymecTtBoBaHMs pemeHus ypaBHeHMs Ilyaccona. IlpuHuumm
MakcuMmyMma qia ypaBHeHus Jlammaca. EpuHcTBeHHOCTH pemieHus ypaBHeHus Ilyaccona.
OnnomepHOe BoTHOBOE ypaBHeHue. Dopmyna n'Anambepa. TpexmepHoe BOJHOBOE YpaBHEHHE.
VpaBuenne [apOy. @opmyna Kupxroda. 3anazapiBarommii moteHmai. JIByMepHOe BOJHOBOE



ypaBHeHue. Merop cnycka. @opmyina [lyaccona. 3akoH COXpaHEHHUS] SHEPTHM JJIsI BOJHOBOTO
ypaBHeHUd. EnnHCTBEHHOCTD pemenus 3agaun Komm.

4. CoiictBa niceBnoupGepeHInaIbHBIX OIepaTOPOB.
IIpoctpanctBa Cobonesa. Teopema BIOKEHHS.

[IceBnomud dhepeHnmanbHbie  ONEPaTopbl W WX CHMBOJBL. OrpaHWYeHHOCTh I.J.0. B
npoctpanctBax Cobosesa.

TeopeMa 0 KOMITO3UIIMH I1.71.0. U CJICJACTBUS U3 HEe.
Jlemma XepManaepa. DJUIMOTAYECKHUE T1.11.0.

[Tapametpukc >maunTU4eckoro m.7.0. CymiecTBOBaHHE M CBOMCTBA PEIICHHH SUTUNTHUYECKHX
niceBoan(HepeHInANTBHBIX YpaBHEHUI.

OcoOennoctu pemeHust 3afgaud  KommM Juisi BOJHOBOTO YpaBHEHHS C IEPEMEHHBIMU
koadunmentamu. Unrerpanbueie oneparopsl Oypobe.

ITapamerpukc 3anaun Komu 111 BOJTHOBOTO ypaBHEHMS. XapaKTEPUCTUKHU.

Hocutens CHUHI'YJIIPHOCTU PCHICHUS 3aJavU Komm AJIs1 BOJIHOBOI'O YPAaBHCHUSA B ClIydac, KOTAa
Ha4YaJIbHOC yCJIOBHUC — ,HeJ'IBTa'(i)YHKI_II/IH.

OcoOenHoctu pemeHuss 3agaud  Komwm a8  BOJIHOBOTO YpaBHEHHUS C  IOCTOSIHHBIMHU
K03 unreHTamMu B cirydae, KOrJa Ha4ajbHOE YCIOBUE — JIeIbTa-pyHKINS Ha mapadore.

5. CriekTpanbHble U CMELIaHHbIE 3a/]auH.
CoOcTBeHHbIE 3HAUCHMSI U COOCTBEHHBIE (QYHKIMU 3a1aun Jlupuxie s oneparopa Jlamnaca.

VYpasuenue I'enpmronsia. Ycnosus 3ommepdenbaa. [IpuHIUNBI IpeenbHOro MOriomeHus 1
IIpEeAEIbHON aMILIUTY/IbI.

Cwmemannsle 3agaun. O011as cxema pas3aeseHus IepeMEeHHbBIX.

6. YpaBHEHHUs IEPBOTO MOPSIKA.
Helinble ypaBHEHUs nepBOro nopsaka. Xapakrepuctuku. Pemenue 3agaun Kommn.

WHBapraHTHBIE MOBEPXHOCTH BEKTOPHOTo moiisd. 3agada Ko nocTpoeHus: MHBapuaHTHOU
MTOBEPXHOCTH.

KBasunuHeliHble ypaBHEHMS IEPBOTO MOpsAaKa. XapakTepucTuku. IlocTpoeHne nHBapuaHTHON
nosBepxHocTu. Pemenne 3agaun Komm.

VYpaBHenne I'amunbToHa — SkoOu. JlarpaHkeBbl TOBEPXHOCTHM B CHUMIUIEKTHYECKOM
IIPOCTPAHCTBE.
JIuneiinoe CUMILIIEKTUYECKOE IIPOCTPAHCTBO. KocooproronansHsie JIOTIOJIHEHUS.

CUMILIEKTUYECKHUI Oa3mcC. I/I30TpOHHBIe, KOU3OTPOITHBIC U JIArPAHXKCBBI TOAIIPOCTPAHCTBA.



XapakTeprUCTUKU HAa TUIEPHOBEPXHOCTH B CHUMIUIEKTHYECKOM IMPOCTPAHCTBE. ['aMUIBTOHOBBI
cucTeMbl. MHBapHaHTHBIE IarpaHkeBbl MHOT000pa3us. Jlarpanxkesa 3agaua Komm.

Pemenue 3anaun Komn as ypaBHenus I'amuinbToHa — SAko0u.

O611ee ypaBHEHHE NTEPBOTO MOpsAIKa. JIexkaH IpOBbI TOBEPXHOCTH, COOTBETCTBYIOIINE PEIICHUSIM.

KoHTtakTHas cTpykTypa. XapakKTepUCTUKU HA TUIIEPIIOBEPXHOCTU B IIPOCTPAHCTBE C KOHTAKTHOU
CTPYKTYpoii. IHBapraHTHBIE JIEKaHAPOBHI IIOBEPXHOCTH.

Pemenue 3amaun Kot a1 001ero ypaBHEeHUS IEPBOTO MOPSIIKA.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasiieHHOCTh: CHHXPOTPOHHbIE U HEHTPOHHbIE METO/IbI UCCJIEI0BAHUI

dusuka KOHACHCHPOBAHHOI'0 COCTOAHUSA

Heab AMCHUNIMHBI:

- OCBOCHHUE CTyACHTaMH (yHJaMEHTAJIbHBIX 3HAHUWA B 00NacTH (PU3MKH KOHJEHCHPOBAHHOTO
COCTOSIHUS, U3yYeHUe opOUTanel, ux ruOpUIN3alud, KPUCTAJUINYECKUX PEIIeTOK, (POHOHOB U
DIIEKTPOHOB, WX 3aKOHOB [HCIIEPCHU, TUIOTHOCTH COCTOSHUM, KBAaHTOBBIX 3((PEKTOB,
IIPAKTUYECKOI0 IPUMEHEHHUSI KPUCTAILIIOB.

3agauu AMCHUIINHBIL:

- o6yquHe CTYACHTOB OCHOBHBIM INIOHATHAM B (1)I/I3I/IKC KOHACHCUPOBAHHOI'O COCTOAHUSA, TIOHATUIO
SJICMCHTApPHBIX BO36y‘)KI[eHI/II71 1 KOHICIIIIWMHU KBAa3W4aCTHUII,

- q)OpMI/IpOBaHI/IC IoaAXoA40B K BBIIIOJHCHHUIO CaMOCTOATCIIbHBIX I/ICCJ'IGI[OBaHI/Iﬁ CTYACHTaMH B
obnactu (1)I/ISI/IKI/I KOHACHCHUPOBAHHOI'O COCTOSAHUSA B paMKaX BbIITYCKHBIX pa60T Ha CTCIICHb
MarucTpa.

Ilepevenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCIUITIIMHBI 00YYaOLIHeCcs JOJKHBI

3HATh:

- MECTO U POJIb OOIIKX BONPOCOB HAYKH B HAYUHBIX UCCIIEIOBAHUSIX;

- COBpEMEHHbIE TPOOIeMBbl GU3UKU, XUMHH, MATEMaTHUKH;

- TEOpETUYECKHE MOJIENU (PYyHAaMEHTaIbHBIX [TPOLIECCOB U SBJICHUH B (U3UKE U €€ IPUII0KEHUSX;
- IPUHLIMUIIBI CAMMETPHUU U 3aKOHBI COXPAHEHHS;

- HOBEHIIINE OTKPBITUS €CTECTBO3HAHUS;

- IOCTAaHOBKY IIpo0JieM (U3HKO-XMMHUECKOTI0 MOJIETUPOBAHUS;

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

yMeTh:

- 3(1)(I)CKTI/IBHO HCIIOJIb30BATh Ha MPAKTUKC TCOPCTUYCCKUC KOMIIOHCHTBI HAYKU: IIOHATHA,
CYKACHUSA, YMO3AKIOYCHU S, 3aKOHBI;

- IPE/ICTaBUTh TAHOPaAMy YHUBEPCAIbHBIX METOJOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHMS;



- paboTaTh Ha COBPEMEHHOM SKCIIEPUMEHTAIEHOM 000PYI0BaHUH;

- abCTparupoBaThCs OT HECYIIECTBEHHBIX BIUSHUN MPH MOJCIMPOBAHUHU PEATbHBIX (PU3MUYECKUX
CUTyalui;

- INTAaHUPOBATH ONITUMAJIBHOC IIPOBCACHUE SKCIICPUMEHTA.

BJIAJ€ETh:
- IUTAaHUPOBAHUEM, TIOCTAHOBKOM U 00pabOTKOM pe3ynbTaToB (PU3MUECKOr0 IKCIIEPUMEHTA;
- HAy4YHOM KapTUHOW MHpA;

- HaBBIKAMH CaMOCTOSITEIILHOW paboThl B JTAOOPATOPHH HA COBPEMEHHOM ASKCIEPHMEHTAILHOM
000py1I0BaHUH;

- MaTCMAaTU4ICCKHUM MOJCINPOBAHHUEM (bI/I?,I/I‘-IeCKI/IX 3aja4.

TeMbI U pa3jaeiibl Kypca:
1. KBa3u4acTuupl 4 UX XapaKTEpUCTHKU.

KBaSI/I‘laCTI/IHBI, OCHOBHEBIE XApPaKTCPUCTUKU KBAa3WYACTHII. OCHOBHOE COCTOSIHHE KpucrTaluia.
Hy.]'IeBLIe KoJIEOaHHSL. MeToapl ONMMCAHUS TEMJIOBBIX KoJIeOaHHHI KpI/ICTaHHH‘leCKOﬁ PCUICTOK.
®ononrpl. CToslUME BOJIHEL. BGFYH_II/IG BOJHBI. 3aKOH AUCIICPCUN AKYCTHUUCCKHX (I)OHOHOB B
OHHOMepHOﬁ LCIIOYKE aTOMOB IIpH Y4YCTC B3aMMOJICHCTBUS aToMa C ABYMA OmKanIINMU
COCCOsAMMU.

2. Kpucrannuueckue pemeTku.

Kpucrannuueckass CTpykTypa U ee omnucaHue. J[ByMepHbIE M TPEXMEpHBIE KPHCTaUINYECKUE
pemetkn bpaBe. DneMEHTHI CUMMETPUN KPUCTAUIMYECKHX peELETOK bpase. DHeprus cBs3u
peleTkd, KoHcTaHTa Manenynra u ee pacuer. Sdelika Burnepa-3eiiTia, €€ IMOCTpOCHHE.
ObparHas pemrerka. [loctpoeHne oOpaTHBIX PEeLIETOK I TPEXMEPHBIX perieTok bpase.

3. Cwibl B3aUMOOEHCTBUS.

BzaumogeiictBus BaH ACp Baansca. MOJ'ICKy.TISIpHI)Ie KpHuCTalJlbl. HonHbie CBsA3U, HOHHBIC
KpHuCTaJlJIbI. KoBanenTHrie cBsa3u. MeTamnndeckas CBA3b. Boz[opolea;I CBA3b.

4. CTpyKTypHBIEC €AMHHIIBI BEIIECTBA, OPOUTAIH.

[TonsTue wactuil B KBaHTOBOM MexaHuke. CTpyKTypHbIE €IMHHIIBI BellecTBa. Poinb szep,
AIIEKTPOHHBIX 00OJIOYEK, CHJI B3aUMOJICHCTBUS, CTAaTUCTUKM CTPYKTYPHBIX €IUHUI] B
(bopMUPOBAHNUU CBOICTB KOHJIEHCUPOBAHHBIX CPE.

DNEeKTPOH B MoJje chepuiueck CUMMETPUYHOTO MOTEHIIMAaNa, €ro YHEPTHUsl, BOJHOBAs (DYHKLHS.
AtoMm Bojoposia. 'eomeTpust BOIHOBBIX GYHKIH S, p, d, f cocTostHuil. ATOMHBIE OpOUTATIH.

Cxema PHEpreTHYECKUX YpOBHEH B aTOME, 3allOJIHEHUE UX JJIEKTPOHaMH. 1-oe u 2-oe mpasuia
XyHza.



['ubpugabie opouTanu. Ycnosus rudpuausanuu. [locrpoenne rubpuaabix opoutaneii. OCHOBHbBIC
TUIBI THOPUIHBIX opOuTanei, p, s u d cBsi3u. MoJekyaspHble OpOUTaIU: CBS3BIBAIOLINE,
Pa3pBIXJISIOIIME U HECBSI3BIBAIOIIIE, MHOTOLIEHTPOBEIE U ABYXLIEHTPOBBIEC OpOUTAIIH.

5. @epMHUEBCKUE IIEKTPOHBI B MATHUTHOM I10JI€.

KBaHtoBaHue sHEpreTH4ecKoro CreKkTpa CBOOOJHBIX 3JEKTPOHOB B MarHUTHOM IoJie. YPOBHU
Jlanmay. KBasukinaccuueckoe mnpubamxenue. KBaHTOBaHME HSHEPreTHMYECKOTO  CIIEKTpa
3JIEKTPOHOB B MAarHUTHOM IIOJIE B peajbHbIX MeTaiax. CIMHOBOE pacllelIeHHe YpOBHEH
Jlanpay. TpaekTopusi IBH>KEHHS JIEKTPOHA B KPUCTAVIE B MarHUTHOM II0JIE B IPOCTPAHCTBE
MMITYyJIbCOB M B PEaJbHOM NpPOCTpaHCTBE. PacmpeneneHue KBAaHTOBAHHBIX MArHUTHBIM I10JIEM
AJIEKTPOHOB B MPOCTPAHCTBE MMITYJIHCOB. CHEKTpaibHasi IUIOTHOCTh COCTOSIHUN AJICKTPOHOB B
MarHUTHOM TIOJIE.

KBanrtoBbie ocrmmsinmonnbsie 3Qdextol. Dpdext [lydbnukopa-ne ['aaza, addexr ne ['aaza-pan
Anbdpena. Cps3p wyactoThl ociuisinuil  [lyOnukoBa-ne ['aaza ¢ osneprueit Depmu,
KOHIICHTPAIIUEH AJIGKTPOHOB M JKCTPEMAIbHBIM ceueHHeM moBepxHoctd PDepmu. PaszmepHoe
KBAaHTOBaHUE JIBVDKCHUS DJICKTPOHOB.

6. @epMuUEBCKHE IEKTPOHBI.

Hes3anMmoznecTByrOIME IEKTPOHBI B NOTCHIMAIBLHOM SIIMKE. DHEprus U umnyiabc Depmu.
OCHOBHOE  COCTOSIHME  JJIEKTPOHHOH  (epMU-KHUIKOCTH. Mozaenb  GpepMHU-KUAKOCTH.
OneMeHTapHble BO30YXAEHUS W HX 3aKOH JAUCHEPCUH. DJIEKTPOH B IOJIE MEPUOANYECKOrO
NOTEHIMAaJa KPUCTAUIMYECKON pemieTkd. O¢ddexkTuBHbIH noTeHuuan. BomHoBas QyHKIusS
anekTpoHa. OHORIEKTPOHHOE pubIKeHue, arnadbatudeckoe npubdamkenue. Teopema bioxa.
KBaszuumnynbsc ayiekTpoHa. 3aKOH AMCIIEPCUH DJIEKTPOHA B pEUIETKE. DHEPreTU4YEeCKUE 30HBI.
3onbl bpuimiosna. [loctpoenne 300 bpuiuirosHa ais 1ByMEpHOM KBaJpaTHOM pEIIETKU. 30HbI
bpunrosHa 11 pa3InyHbIX TPEXMEPHBIX KPUCTAUIMYECKUX PEIIETOK.

3anonHeHue 30H bpuiumtoosHa snextpoHaMu. Merton I'apprcoHa NMOCTPOEHMsI MOBEPXHOCTEN
®epmu. Ilosepxnoctn depmMu MeTaa ¢ IUIOCKOW KBAaJApPaTHOM PEIIETKOM IIPU Pa3Iu4yHOU
BaJICHTHOCTH.

[ToBepxHoctn ®depmu menounbix MmeramioB. IToBepxnoctu depmu 61aropoaHBIX METANIIOB.
IToBepxHocTn PepMHU METAUIOB ¢ MPOCTOM rekcaroHalbHOU pemerkor. [losepxHoctn depmu
METaJUIOB ¢ T'€KCaroHaJIbHOM IIOTHOYMAaKOBaHHOM pemeTkoil. Knaccuukanus nosepxHocTen
Depmu.

[I10THOCTD DJIEKTPOHHBIX COCTOSIHUM B TPEXMEPHOM Cilydae. OJEKTPOHHBIE CHCTEMBI C
KBaJpaTUYHBIM 3aKOHOM aucrnepcud. CucTreMbl C NIPOU3BOJIBHBIM 3aKOHOM JIUCIEPCHH.
[11OTHOCTD 3MEKTPOHHBIX COCTOSHHI B JIBYMEPHOM U OJTHOMEpHOM ciy4ae. OcoOenHocTn Ban
Xo0Ba B IJIOTHOCTH COCTOSIHUNA. DPPeKkTHBHAs Macca IeKTpoHa. D deKkTuBHAsS Macca INIOTHOCTH
cocrosaHuil. L{ukinoTpoHHas Macca 3nekTpoHa. DEepMU-KUIKOCTHAS U DICKTPOH-(HOHOHHAS
nepeHopMHUpOBKa 3(h(HEKTUBHON MacChl ANEKTPOHOB B METaLIAX.



DNEeKTPOHHAs TEMIOEMKOCTb. DJIEKTPOIPOBOAHOCTh METAJIOB. DEHOMEHOIOTHYECKOE ONHMCAaHNE
AIIEKTPONPOBOTHOCTH. DJIEKTPOIPOBOIHOCTh B MOJAEIH (EPMHUEBCKUX 3JIEKTPOHOB. Dopmyrna
JIudmuma. TemmneparypHasi 3aBUCUMOCTh AJIEKTPOIPOBOJHOCTH METAIIOB. TemIonpoBOAHOCTD
JURJIEKTPUKOB, METAJUIOB U CILIABOB.

7. DOHOHBI.

3aKOH JHUCIEPCHH aKyCTHYSCKHX (OHOHOB B OJHOMEPHOH IIEMOYKEe aTOMOB TPH yueTe
B3aUMOJICHCTBUSL aTroMa C 4YeThIPbMs OJIKAWIIMMHU COCENAMH. DHEPreTHYeCKUH CIHEKTp
aKycTHYeckux (oHOHOB. CTaTHCTHKA aKyCTUYECKHX (OHOHOB, CPEAHssA SHEpPrusi (HOHOHOB.
Cpennee 9uciio OHOHOB.

Temneparypa [lebas. Temmoemkocts pemetku. Mogens Jle6as. CrexkTpayibHas IJIOTHOCTh
(OHOHOB B TPEXMEPHOM, JABYMEPHOM M OJJHOMEPHOM citydasix. OcOOEHHOCTH paclpOCTPaHEHUS
3BYKOBBIX BOJIH B TPEXMEPHBIX KpHcTajiaXx. 30Hbl bpuiuitosHa. [loBepxHOCTH NOCTOSHHOMN
4acTOTHI (HOHOHOB.

OnTuueckre (OHOHBI. 3aKOH AUCIIEPCHH ONTUYECKUX (DOHOHOB ISl TMHEWHON LEMOYKH ABYX
YepeAyIOIUXCsl COPTOB aTOMOB C OJIHOM CTENEHbIO CBOOOJBI. 3aKOH TUCHEPCUU OMTHYECKUX
(OHOHOB AJI1 NTUHEHHOW LEMOYKH JIBYX UYEPEIyIOIIMXCS COPTOB aTOMOB C TpPEeMs CTEIECHSIMHU
cBoOoabl. OnTtuueckne (QOHOHBI B TpeXMepHBIX KpucTtamiax. CrekTpanbHas IIOTHOCTh
ontuyeckux (QoHoHOB. OOmIas KapTHHA CIEKTpa KOJIEOAHHH KpPUCTAINTUYECKOW PEelIeTKH.
BzaumopeiictBue poHoHOB. TemnoBoe paciupeHue.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

@u3uKa NOJYNpPOBOJIHUKOB

Heab AMCHUNIMHBI:

- osTyyeHne (PyHIaMEeHTaIbHbBIX 3HAaHUH B 00JacTH (PU3MKU TOTYIPOBOIHUKOB U TPUOOpPETEHUE
HEOOXOIMMBIX HAaBBIKOB JUISl X UCTOJIb30BAHUS B HAYYHO-UCCIIEI0BATEIBCKON A TEIHHOCTH.

3agauu AMCUUIIINHBIL:

- oBiazeHue (yHJAMECHTAIBHBIMH  TOHSATHSAMH, 3aKOHAMH W TEOpHsIMH  (U3UKH
MOJIYTIPOBOTHUKOB;

- OBJIaACHHUC OCHOBHBIMH MCTOAAMHU UCCICA0OBAaHUA Q)HSHHGCKI/IX CBOMCTB MOJIYIIPOBOAHUKOB;

- (hopMUpOBaHHE NPUEMOB W METOJOB PEIICHUS KOHKPETHBIX 3aJad M3 pa3jIHMyHBbIX objacteit
(U3UKH TOTYIPOBOAHUKOB.

Ilepevyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI
3HATh:

- OCHOBHBIC ITOHATHUA WU 3aKOHBI (1)I/ISI/II(I/I MOJIYIIPOBOAHUKOB, a TAKKE HUCIIOJIb3YCMBIC B (1)I/I3I/IKC
MMOJIYITPOBOAHUKOB OCHOBOIIOJIAraromue MOJACIN U TCOPUH.

yMeTb:
- pelarth 3aJa4u 10 OCHOBHBIM pa3jienaM (PU3UKU NOIYIPOBOIHUKOB;

- HCHOJIb30BaTh IOJIYYECHHBIE 3HAHHS IS OINPEIEICHHUS NapaMeTpoB W HHTEpHpEeTaluu
(U3UYECKUX CBOMCTB MOJYIPOBOTHUKOB.

BJAACTh:

- METOJaMH TOCTPOEHHUS] MaTeMaTHYeCKHX M (PU3MYEeCKHX MOJesied THUIOBBIX 3a7aud (U3UKU
MOJIYTIPOBOTHUKOB;

- UMCTH OIBIT ACATCIBHOCTH B NPHUMCHCHUHU TCOPCTUYUYCCKUX Mozenaen mis HHTCpIIpETAllNN
SKCHICPUMCHTAJIbHBIX JJAHHBIX I1O (1)I/IBI/I‘ICCKI/IM CBOMCTBaM MOJIYIIPOBOOAHUKOB.



TeMbl U pa3jesibl Kypca:
1. KpI/ICTaJIJIBI BO BHCHIHUX ITO0JIAX. HeH;[eaanble KpucTaJlJibl.

Cpennsisi cKOPOCTh ABM)KEHUS AJIEKTPOHA B KpUCTAIe. YpaBHEHHE IBUKEHHUS 3JEKTPOHA B
KpUCTAJIJIE BO BHEIIHMX MOJIAX. 3allOJHEHHE 30H M BBEJCHHE JABIPOYHOrO omnucaHus. Merton
s dexTrBHON Macchl. KapTiHa Mi1aBHOTO MCKPHUBIICHUS SHEPTETUUYECKUX 30H. MeKrue ypoBHH B
TOMEONOJISIPHBIX ~ KpUCTaJUIaX  (BOAOPOJONOAOOHBIE  NMPUMECHBIE  LIEHTPHI). Y CIIOBUS
MPUMEHUMOCTH BOJI0poaonoio0Hoil monenu. [Ipumenenne merona 3¢dEeKTUBHOW Macchl IS
HAXOXJICHUS DHEPreTUYECKOro  CHEKTpa  MOJIYPOBOJHUKOBBIX  CHCTEM  MOHHKEHHOU
pa3MEepHOCTH. DHEPreTUYEeCKUil CreKTp cBepxpemieTok. Kiaccupukamus moayrnpoBOIHIKOBBIX
CBEPXPEIIETOK. JHEPTETUUECKUI CIIEKTP MEIKUX MPUMECHBIX COCTOSIHUH B MOIYITPOBOIHUKOBBIX
KBAaHTOBBIX SIMaX.

2. HepaBHOBecCHBIE 37€KTPOHBI U JbIpKU. CTaTUCTHKA PEKOMOMHAIIMY IEKTPOHOB U JABIPOK.

BoO3HMKHOBEHHE HEPaBHOBECHBIX HOCUTENIEH 3apsja B IOJYNPOBOAHMKAaX. Onrudeckas
reHepauus. Temmbl TeHepauuud U peKoMOMHAnuM; BpeMs XKU3HU. COOTHOIIEHUS MEXITY
BPEMEHAMM DEJIaKCallud SHEPTMM M HMIyJbca M BpeMeHeM JKu3HM. KBasupaBHOBecue u
kBa3uypoBHu depmu. YpaBHEeHUE KUHETUKH PEKOMOUHAIIMU B IPOCTPAHCTBEHHO OJJHOPOJIHBIX U
HEOJIHOPOJHBIX CHUCTeMax. MexaHu3Mbl pekoMOuHanuu. Bpems >Xu3HM 1Opu MEXK30HHON
pexomOuHanmu. PexomOuHanms yepe3 mnpumecn U aedextsl. Kosddumument 3axBata Ha
JIOKaJIbHbIE YpOBHU. LIeHTpBI IpUIMNaHUs U LEHTPbl peKOMOMHALINU. J[eMapKallMOHHbIE YPOBHHU.
Bpemena >xu3HM B cioyyae peKOMOMHAlMM 4Yepe3 OAUH INIyOOKHH NIPUMECHBI YPOBEHb.
Craructuka Hloxnu-Puna.

3. OcHOBHEIE npeaAcCTaBJICHUA CI)I/I3I/IKI/I HCYIIOPSAAOYCHHBIX IMOJIYIIPOBOJHUKOB.

OrnpezenieHne HEYHOPSAIOYCHHOW cucTeMbl. [IpuMepsl HEYyHOpsAI0YEHHBIX IOTYNPOBOJIHUKOB.
OO6mme O0COOCHHOCTH HEYNMOPSAOUYeHHBIX cucteM. CiydailHpld moTeHIuan. [lmoTHOCTh
COCTOSTHHM. XBOCTBI INIOTHOCTH COCTOSIHUU W JIOKaHU3anus. [I[poBoAMMOCTS 1O TOKAJTM30BaHHBIM
COCTOSIHMSIM, 3aKOH MoTTa Uisi TPBDKKOBOM MPOBOAUMOCTH. ONTHYECKHE TEePEeXoabl B
HEYIOPSAI0YEHHBIX MOJYPOBOIHUKAX. XBOCTHI ONTHYECKOT0 MOIJIONIeHUs (TIpaBuiio Ypoaxa).

4. OCHOBHBIE CBOMCTBA MOJIYITPOBOJHUKOB.

OTnuuuTENbHBIE YePTHI MONYIPOBOIHUKOB. [IprMeps! momynpoBoHUKOB. CTpoeHHE HEKOTOPBIX
MIOJTYIIPOBOTHUKOBBIX KpUCTALIOB. [IpencTaBieHue o 3anpemeHHol 30He B TOTYIPOBOTHIKAX.
HpI/IMeCHBIG LHCHTPEI B TOJTYITPOBOJAHUKAX. HpeHCTaBHGHI/Ie O JbIpKax. 3HeKTpOHHa$[ " AbIpOYHad
MPOBOJIUMOCTE.  DIEKTPONPOBOAHOCTE. Dpdext Xomma. H3mMeHeHUE CONMPOTUBICHUS B
MarHuTHOM 1oJje. Tepmosac. POTOmpPOBOIUMOCTb.

5. OCHOBBI 30HHOH TCOpHUU KPUCTAININYCCKUX TBCPABIX TCII.

OcHoBHBIE TPUOIMKEHNs 30HHON Teopuu. Y paBHeHue Llpennnrepa 11st 37€KTPOHOB B KpUCTAJLIe
B OJHOJIEKTpOHHOM npubnmxenuu. Teopema bnoxa. Keasummmynsc u 30Ha bpumtosna.
ITousTHe 00 OHCPIrETHYCCKUX 30Hax. OcHOBHEBIE pasinuuAa MCXKOY METaJlJIaMHU,
MMOJIYIIPOBOJHUKAMU MW AUBJICKTPUKAMH C TOYKHU 3pPCHUA 30HHOH TCOpHH. MCTO}I CHJIBHO
CBSI3aHHBIX 3JIEKTPOHOB. OOCYykAeHNE 0COOEHHOCTEH 3JEKTPOHHOIO 3HEPreTUYECKOrO CHEKTpa
Ha OCHOBE METO/Ia CUJIbHO CBSI3aHHBIX 3JIEKTPOHOB. MeTo1 ci1abo CBsI3aHHBIX (MIOYTH CBOOO/IHBIX)
3I1eKTPOHOB. OOCYXk/IeHuEe 0COOEHHOCTEH 3JIEKTPOHHOIO SHEPreTUYECKOro CIEKTpa Ha OCHOBE
MeToJia CcJ1abo CBsI3aHHBIX AMEKTpoHOB. [loHsTHE 00 >PdexTuBHOI Macce. TeH30p 0OpaTHBIX
s dekTuBHBIX Macc. M3o03Heprernyeckne MOBEpPXHOCTU. MHOIOJOJUMHHBIE MOTYIPOBOIHUKH.



[Ipumepsl 30HHBIX CTPYKTYp IIOJYIIPOBOJHHMKOB: 30HBI HPOBOIAMMOCTH ITOJYIPOBOAHUKOB
AIIIBYV, Si, Ge. BripoxkzaeHnue 30H ¥ ro)pupoBKa M309HEPreTHUECKUX TMOBEPXHOCTEH BOIM3U
MOTOJIKA BAJIEHTHOM 30HBL. [IpsMO30HHBIE U HEMTPSIMO30HHBIE MOTYITPOBOIHUKH.

6. PaBHOBeCHasi CTaTUCTUKA JIEKTPOHOB U ABIPOK B MOJIYIIPOBOIHUKAX.

[TnoTHOCTh COCTOSHUI M (QYHKLHS paclpeleNeHuss 3JIEKTPOHOB IO KBAaHTOBBIM COCTOSIHUSM.
KoHueHTpaum 3J1eKTpOHOB U IBIPOK B 30HaX. D((EeKTUBHBIE ITIOTHOCTH COCTOSIHUN 3JIEKTPOHOB
U JIBIPOK B 30HAaX. HEBBIPOXKIEHHBIN JIEKTPOHHBIN (IBIPOUHBIN) ra3. Beruncienne nosnoxeHus
ypoBHst depmu B COOCTBEHHOM NOTYNPOBOAHUKE. CTaTUCTHKA 3aII0JHEHUS IPUMECHBIX YPOBHEH.
Ypoeenp depmu B MOITYHPOBOAHHUKE C MPUMECAMHU OJHOrO THUna. CTaTUCTHKA AJIEKTPOHOB U
JIBIPOK B KOMIICHCUPOBAaHHBIX IIOJYIIPOBOJHUKAX. MHOro3apsaHble IPUMECHBIE LEHTPBI.
II10THOCTB COCTOSIHMI B CUCTEMAX IIOHUKEHHON pa3MEPHOCTH. BBIYKMCIIEHHE ITOJIOKEHUS YPOBHS
®epmu B 2 D-cuctemax.

7. SIBrieHMst B KOHTAKTax. p-n MEPexXo/I.

[Torenuuanbabie 6aprepbl. [ImoTHOCTH TOKa. CooTHOIIEHNE DHHINTEHHA. Y CIOBUS PaBHOBECHS
KOHTakTUpyromux Tei. KOHTakTHas pa3HOCTh MOTEHUMANOB. JlIMHA SKpaHUpOBAHUS.
UcromienHplii KOHTaKTHBIA ciiod. (OOorameHHbld KOHTAaKTHBIA CJIOW. OKpaHUpPOBaHUE
anieKTpudeckoro nois B 2 D-cucremax. BoinpsmieHue B KOHTaKTe METaLI-NIONYIIPOBOJHUK. P-N
nepexoa. CtaTudyeckast BOJIbTaMIIEpHasi XapaKTEepUCTHKA p-n nepexoaa. TyHHenbHbIN 3¢ dext B
p-n nepexonax. TyHHEIbHBIA JUOA. BUNOISAPHBIN TPAaH3UCTOP.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

du3nyeckasi KyJabTypa

Heab AMCHUNIMHBI:

CdopmupoBaTh MHUPOBO33PCHUECKYIO CHCTEMY HAyYHO-TIPAKTUYCCKUX 3HAHWUW M OTHOIICHUE K
(bu3HYECKOI KyIbTYpE.

3agauu AMCUUIIINHBIL:

Jns  nocTWKEHUsT IOCTaBICHHOW  LEIM  NpeAycMaTpUBaeTCs  pelIeHHe  CIEeNYHOLIMX
BOCIMTATEIbHBIX, 00pa30BaTENbHbBIX, PA3BUBAIOIINX U 03[JOPOBUTEIBHBIX 3a/1a4:

- IIOHUMAaHME COLMAJILHOMN poJin (I)HSHHGCKOﬁ KYJBbTYPBI B pa3BUTHU JIMYHOCTU U IOATOTOBKE €€ K
HpO(l)CCCI/IOHaJIbHOI;’I JCATCIIBHOCTH,

- 3HAHUE HAYYHO- OMOJIOTHYECKUX M MPAKTHYCCKUX OCHOB (PU3UYECCKOU KYJIBTYpPhI U 3JOPOBOTO
o0Opa3a XKu3HH;

- (hpopMupoBaHME MOTHBALIMOHHO-LIEHHOCTHOI'O OTHOLIEHUS K (PU3MUECKON KYJIbType, YCTAaHOBKU
Ha 3JI0pOBBIH CTWIb KHM3HHM, (U3NYECKOE CAMOCOBEPIICHCTBOBAHWE M CaMOBOCIIHUTAHHE,
HOTPEOHOCTH B PETYIISPHBIX 3aHATUAX (PU3MUECKUMHU YIIPAKHEHUSIMU U CTIOPTOM.

ITepedyenb miIaHMpPyeMbIX pPe3yJIbTATOB 00yYeHHS MO JTUCHHUILINHE (MOAYJIIO)
B pe3synbrare oCBOCHUS AUCITUTUTMHBI 00YJarONTUEeCs JOJKHBI
3HATh:

Marepuan paszgena npeayCcMaTpyUBaeT OBIAJACHAE CTYACHTaMU CUCTEMOW HayYHO-TIPAKTUYECKUX
U ClIelUalIbHBIX 3HaHUN, HEOOXOIUMBIX JUIsl MIOHUMAHUS IPUPOJHBIX U COLUAIBHBIX MPOLIECCOB
(GyHKIIMOHUPOBaHUS (PU3NYECKON KyJIbTYypbl OOIECTBA U JIMYHOCTH, YMEHHS UX aJalTHBHOTO,
TBOPYECKOTO  HMCIOJB30BAaHUS JUIsl  JIMYHOCTHOTO M NPO(ECCHOHAIBHOTO  Pa3BUTHUS,
CaMOCOBEPILIEHCTBOBAHMS, OpraHU3alliy 370POBOr0 CTHJIS JKM3HU NPU BBINOJIHEHUH Y4eOHOM,
npodeccuoHaNbHOM U COLIMOKYJIBTYPHOU nesTenbHOCTH. [loHMMaTh posib Gu3NYecKoil KyabTyphbl
B Pa3BUTHUH YEJIOBEKA U NMOATOTOBKE CIIEIIMAIINCTA.

yMeTh:

Hcnonb3oBaTte  (QU3KYIBTYPHO-CIIOPTUBHYIO  JAEATENBHOCTh  JJIS  TOBBIIIEHHS  CBOHUX
(YHKLIMOHATIBHBIX U JABUTAaTENbHBIX BO3MOXKHOCTEH, JUISI TOCTMIKEHUS JIMYHBIX JKU3HEHHBIX U
npodeCCHOHATBHBIX LENEH.



BJaJ€Th:

CucreMoil TpaKTHYECKUX YMEHUW W HABBIKOB, OOCCTICUMBAIONINX COXPAHEHUE W YKPEIUICHUE
3/I0POBbSI, Pa3BUTHE U COBEPIICHCTBOBAHWE TMCUXO(U3MUECKUX CIOCOOHOCTEH W KadecTB (C
BBITIOJTHEHHEM YCTAHOBJICHHBIX HOPMATHBOB TIO O0IIeH (PU3NIECKONM M CIOPTUBHO-TEXHUIECKON
MOATOTOBKE).

Tembl 1 pa3aeibl Kypcea:
1. O®DII (obmas pusnyeckas MoAroToBKA)

dusnueckas MMOATOTOBJICHHOCTh 4YCJIOBCKA XapPAKTCPU3ZYCTCA CTCIICHBIO PA3BUTUSA OCHOBHBIX
(I)I/I3I/I‘-I€CKI/IX Ka4d€CTB — CHJIbl, BBIHOCJIMBOCTHU, I‘I/I6KOCTI/I, 6BICTpOTLI, JIOBKOCTH U KOOpAWHAIINU.

W nest KOMIUIEKCHON MOATOTOBKYU (PU3MUECKHUX CITIOCOOHOCTEH IO UAET ¢ IITy0O0KOi IPEBHOCTH.
Tak myuyiie pa3BUBaIOTCS OCHOBHbBIE (DU3MUECKHE KaueCTBa YEIOBEKa, HE HAPYIIAETCS TapMOHHUS
B JICSITENIbHOCTH BCEX CHCTEM U OPraHOB 4enoBeka. Tak, K mpuMepy, pa3BUTHE CKOPOCTHU JOHKHO
MPOMCXOANTh B E€IUHCTBE C Pa3BUTHEM CHJIbI, BBIHOCIMBOCTH, JIOBKOCTH. VIMEHHO Takas
CIXKEHHOCTb U MPUBOIUT K OBJIAJICHUIO )KM3HEHHO HEOOXOIMMBIMU HaBBIKAMH.

@®uznyeckue KayecTBa M JBUTATEIbHbIE HABBIKM, IIOJIyUEHHBIE B peE3yJbTaTe (U3MUECKUX
3aHSTHH, MOTYT OBITh JIETKO IEPEHECEHbl YEJIOBEKOM B IPYrue OOJACTH €ro JIeATEIbHOCTH, U
CHOCOOCTBOBATh OBICTPOMY HPUCIOCOOJICHUIO YETOBEKa K HM3MEHSIOIIMMCS YCIOBHSM Tpyna
ObITa, YTO OYEHb BaXKHO B COBPEMEHHBIX KU3HEHHBIX YCIOBHUSX.

Mex(z[y pa3sBUTHEM CI)I/ISI/I‘IGCKI/IX Ka4yCCTB H CI)OpMHpOBaHI/IeM ABUI'aTCIbHBIX HAaBBIKOB
CYHICCTBYCT TCCHAA B3aMMOCBSI3b.

JlBurarenbHble KadecTBa (OPMHUPYIOTCSI HEpPaBHOMEPHO M HEOAHOBpeMeHHO. HauBbicuine
JOCTUKEHUS B CUJIE, OBICTPOTE, BBIHOCIMBOCTH JOCTUTAIOTCSA B Pa3HOM BO3pacTe.

ITousTHE O CHIIE ¥ CHJIOBBIX KaUeCTBaX.
.HIOI[I/I BCEeTrAa CTPEMUIINCH OBITh CUJILHBIMH H BCCTJa YBaXaJiu CUITY.

Paznnyaror MakcuMaibHy0 (a0COIOTHYIO) CHITY, CKOPOCTHYIO CHJTY M CHUJIOBYIO BBIHOCIIUBOCTb.
MakcumManbHas CHJIa 3aBUCUT OT BEJIMYMHBI MONEPEYHOT0 ceueHus: MbImbl. CKOpocTHas cuiia
OTIPENIETISIETCS CKOPOCThIO, C KOTOPOM MOKET OBITh BBIMOJHEHO CHJIOBOE YIPAXKHEHUE WIIU
CWJIOBOH mpueM. A cujioBasi BBIHOCIMBOCTb OMNPENENSIETCS MO YHUCIy MOBTOPEHHI CHUIOBOTO
YIPA)KHEHMS 10 KpallHEW yCTaJIOCTH.

JUnis pa3BUTUS MAaKCHUMAJIbHOM CHIIBI BBIpAOOTaH METOJl MAaKCUMAaJIbHBIX YCHUIIMH, paCCUMTAHHBIN
Ha pa3BUTHE MBILIEUYHONW CHJIBI 332 CUET NMOBTOPEHUS C MAaKCUMAJIbHBIM YCHIMEM HE0O0XOAUMOTO
yIpaKHEHUs. ISl Pa3BUTHS CKOPOCTHOU CHJIBI HEOOXOAUMO CTPEMHUThCS HAapalluBaTh CKOPOCTh
BBITIOJIHEHUS YIIPAKHEHUH WM TPH TOW K€ CKOPOCTH MpUOaBiIATh Harpy3Ky. OIHOBpEMEHHO
pacTeT U MakCMMallbHas CWJIa, a Ha HeH, Kak Ha ruatdopme, GpopMmupyercsi ckopocTHas. s
pa3BUTHS CHJIOBOW BBIHOCIHMBOCTH IPHUMEHSIETCS METOJ <10 OTKa3a», 3aKJIIoYarouiuiics B
HENPEPHIBHOM YIPAXKHEHUU CO CPETHUM YCUITUEM JI0 MOJTHON yCTaIOCTH MBILIII.

UtoOBI pa3BUTh CUITY, HY)KHO:

1. prCHI/ITL MBIIICYHBIC I'PYIIIILI BCET'O ABUTATCIIBHOTO allliapara.



2. Pa3BuTh CIOCOOHOCTH BBIACPKUBATh Pa3InYHbIC YCUIUS (AMHAMUYECKUE, CTATUUECKUE U JIp.)

3. IIpuoOpecTu yMeHHE pallMOHATIBHO UCIIOJIb30BATh CBOIO CHUILY.

Jns OwicTporo pocra CHIIBI HEOOXOAMMO TIOCTENEHHO, HO HEYKIOHHO YBEJIMYUBATH BEC
OTSTOIEHUN U OBICTPOTY JABMKEHHM ¢ 3TUM BecoM. Cuila 0co0eHHO 3(PEeKTUBHO pacTeT HE OT
paboThl OOJIBIION CYMMapHOW BEJIMYUHBI, @ OT KPAaTKOBPEMEHHBIX, HO MHOTOKPAaTHO HHTEHCUBHO
BBITNOJHAEMBIX yrpaxxHeHH. Pemaromee 3HaueHue A1 GOpMUPOBAHUS CHIIBI UMEIOT IOCIIETHUE
MOTBITKY, BBINOJNHAEMble Ha ¢oHe yromienus. s mnosbiieHus 3(Q(HEKTUBHOCTH 3aHATUN
PEKOMEHJIyeTCsl BKJIIOYaTh B HHUX BCJEI 32 CHJIOBBIMU YIPAKHEHHUSIMHU YIPAKHEHUS
JUHAMUAYECKHE, CIOCOOCTBYIOIINE PACCIIa0ICHUIO MBIIII] U MPOOYKIAIOIINE TTOJ0KUTEIbHBIC
SMOIIUU — UTPBI, TUTABAHUE U T.II.

YpoBeHb CHIIbI XapaKTepHU3yeT orpeaeacHHoe MOp(hOPYHKIIMOHATBHOE COCTOSHUE MBIIICYHON
CUCTEMbI, 00eCTIeunBaloIeH ABUTaTEIbHYIO, KOPCETHYIO, HACOCHYIO U OOMEHHYIO (DYHKIIMH.

KopcerHass ¢yHkius oOecrneyrBaeT IMpH OMPEICICHHOM MBIIICYHOM TOHYCE HOPMAabHYIO
OCaHKy, a Takke (QYHKIMH T[I03BOHOYHMKA W CIUHHOTO MO3Ta, NpPEAyNpexIas TaKue
pacnpocTpaHEeHHBIC HApylmieHUS W  3a00JIeBaHUS KaKk Je(QeKThl OCaHKH, CKOJIHO3HI,
ocTeoXxoHApo3bl. KopceTHass (YHKIUS KHMBOTA WTPACT BAKHYIO POJIb B (DYHKIMOHUPOBAHUU
MIEYCHH, JKETyKa, KAIICUHNKA, TI0UeK, TPEAYIPEeKIas Takue 3a00IeBaHUs KaK TaCTPUT, KOJIUT,
XOJICIIUCTHT M JIp. HEIOCTATOYHBIM TOHYC MBIIII] HOT BEIET K PAa3BUTHUIO ILJIOCKOCTOIIHSI,
pacuImpeHuio BeH u TpoMoodieouTy.

HenocraTounoe KOJIWMYECTBO MBIIICUHBIX BOJIOKOH, a4 3HA4YUT, CHHXKCHUC OOMEHHBIX IMpouccCCcoOB B
MbIHIax BCACT K O KUPCHUIO, ATCPOCKIICPO3Y U APYI'UM HCI/IH(I)CKI_II/IOHHLIM 3a00J1€BaHUSIM.

Hacocnast ¢yHKIUsT MBI («MBIIIEYHBIA HACOC») COCTOMT B TOM, YTO COKpAIICHHE JMOO
CTaTHYECKOE HAIPSHKCHHE MBIII] CIIOCOOCTBYET TICPEABM)KCHHIO BEHO3HOH KpPOBH  II0
HaIPaBJIECHUIO K CEPIILy, YTO UMEET OOJBINOE 3HAYCHUE NMPU 00ECTIEeYeHUH 00I1Ier0 KPOBOTOKA U
TuMGpOTOKA. «MBIIIEYHBIA HACOC)» PA3BUBACT CHITY, MPEBHINIAIONIYIO PA0OTY CEPCYHON MBIIIITBI
U o0ecrieyrBaeT HAIOJHEHUE MPABOT0 KEIyJ0YKa HEOOXOIUMBIM KOJIMYEeCTBOM KpoBH. Kpome
TOTO, OH UTPAET OOJBIIYIO POJIb B MEPEABIKCHUN JIMM(BI U TKAaHEBOW >KHUJIKOCTH, BIIHSS TEM
CaMbIM Ha TPOIIECCHl BOCCTAHOBIICHUS M yJaJIeHUs MPOAYKTOB oOMeHa. Hemocrarounas pabora
«MBIIIEYHOTO HACOCA» CIOCOOCTBYET Pa3BUTHIO BOCHAIUTEIBHBIX IMPOIECCOB U 00Pa30BaHUIO
TPOMOOB.

Takum o6pa30M HOPMaJIbHOC COCTOSAHHC MBIIIIEYHOM CHCTEMBI SBISETCS Ba)KHBIM MU YKHM3HEHHO
HCO6XO,I[I/IMI>IM YCJIOBUEM .

ypOBeHI) COCTOSIHUS MBIIIICYHOM CHCTEMEI OTpaXKACTCA MMOKA3aTCIIEM MBIIIICYHOM CHJIBL.

N3 atoro CJICOAYCT, YTO I 300POBbA HCO6XOI[I/IM OHpCI{CJ’IeHHHI\/’I YPOBCHb Pa3BUTHA MBLIIII B
LIEJIOM U B KaXKJI0M OCHOBHOI MBIIIEYHOM rpymnme — MbIax CIrHbI, I'PyIu, 6pIOIJ_IH01"O mnpecca,

HOT, PYK.

Pa3BuTHe MBI MPOUCXOAUT HEPABHOMEPHO KaK IO BO3PACTHBIM IIOKa3aTelsiM , TaKk U
uHAMBUAYalbHO. [loaTOMY He cnenyer popcrupoBaTh BIXOJ Ha JIOJDKHBIM YpOBeHb y aetel 7-11
net. B Bo3pacre 12-15 net HaOmroaeTcs 3HaYMTENbHOE YBEIMYEHUE CUIIBI U HOPMATHBBI CHIIBI Ha
nopsI0K Bo3pacratoT. B Bo3pacte 19-29 net npoucxoaut oTHOcUTENbHAs cTabmin3anus, a B 30-
39 et — TeHIEHIUS K CHIDKEeHUIO. [TpH yrpaBisieMoM BOCIIUTAHHH CHITHI TieJiecooOpaszHo B 16-18
JIET BBINTH HAa HOPMATUBHBIN YPOBEHb CHIIBI M MOAIEPKUBATh ero 10 40 ser.



Heo0X01M0 ITOMHUTB, YTO MEXK/Y YPOBHEM OTICIBHBIX MBIILICYHBIX IPYIII CBSI3b OTHOCHTEIBHO
cinabas u MMO3TOMY HOPMATHUBBI CUJIBI JOJIZKHBL OBITH KOMIIJIEKCHBIMH M OTHOCHUTEILHO MMPpOCTBIMU
IpU BBINOJIHEHUH. JIydIie TecThl — 3TO YINPaXHEHUsS! C MPEOJOJICHUEM MAacChl COOCTBEHHOTO
Tela, KOrJa YYUTHIBaeTCs He aOCONIOTHAs CHiIa, a OTHOCHTENbHAs, YTO IIO3BOJISIET CIJIAJNTh
pasHuIy B aOCONIOTHOW cuie, OOYCIOBICHHYIO BO3PAacTHO-TIOJIOBBIMH M ()YHKIIMOHAJIBHBIMH
daxTopamu.

HopMmanbHblii ypoBeHb CUJIBI — HEOOXOIMMBIM (akTop UIsl XOPOLIEro 310pOBBS, OBITOBOIA,
npoecCuoHaNBHOM TPYJ0CIIOCOOHOCTH.

JlanpHenniee MOBBIIEHUE YPOBHS CHJIBI BBIIIE HOPMATHUBHOI'O HE BIIMAET HA YCTOWYMBOCTH K
3a00/1€BaHUAM U POCT MPOQPECCHOHATBHON TPYAOCIOCOOHOCTH, Iie TpeOyeTcsl 3HauUTEIbHas
¢dusnueckas cuna.

I'nbxocth U MCTO/JHKa €€ Pa3BUTHUSI.

HOI[ THOKOCTBIO IOHHUMAIOT CIIOCOOHOCTH K Mmax IIO AMIUIMTYC JABHXKXCHUSAM B CYyCTaBax.
['n6xocTh - MOphHOPYHKITMOHATBHOE JBUTATENIbHOE KauecTBO. OHA 3aBUCHUT:

- OT CTPOEHHUs CYCTaBOB;

- OT JIACTUYHOCTH MBIIIIL U CBSI3049HOIO aIapara;

- OT MEXaHU3MOB HEPBHOM PETYJISILIUU TOHYCA MBIIIIII.
PaznuuatoT akTUBHYIO U NACCUBHYIO TMOKOCTb.

AKTHUBHAsI THOKOCTh - CIIOCOOHOCTBH BBINOJHATH JBMXKCHHUS ¢ OOJNBIIONW aMIUIMTYAOW 3a CUET
COOCTBEHHBIX MBIIICUYHBIX YCUIIH.

[TaccuBHast THOKOCTH - CIIOCOOHOCTH BBIMONHSTH IBUMKEHHS C OONBIION aMIUIUTYION 3a cueT
NEHCTBUS BHEUIHMX cui (MapTHepa, TsSkKecTh). BenuunHa mMacCMBHOM THOKOCTH BBIIIE
[oKasarejieil akTUBHOU THOKOCTH.

B nocnemnee Bpemsi MmojydaeT paclpoCTpaHEHHWE B CIOPTHBHOM JIMTEpaType TEPMHUH
“crienanbHas TMHOKOCTH” - CIMOCOOHOCThH BBITIOJNHATH JABWXKEHUS C OOJIBIION aMILTUTYION B
CyCcTaBaxX W HAMpaBIICHUSIX, XapaKTEPHBIX i1 M30paHHOW CHOPTHUBHOW crnernuanu3anuu. [lon
“o011ei ruOKOCTHIO”, B TAKOM Cllydae, IOHUMAETCsl THOKOCTh B HanboJjee KpyIHbIX CycTaBax U B
Pa3INYHBIX HANpPaBICHUSX.

KpOMe MNEPCUUCIICHHBIX BHYTPCHHUX (1)aKTOp0B Ha THOKOCTHh BJIMSIIOT M BHEIIHHE q)aKTOpBIZ
BO3pPacT, IOJ, TCJIOCIIOKCHHUEC, BpPEMs CYTOK, YTOMIICHUC, PA3MHUHKA. [Toka3arenn THOKOCTH B
MIIaIIUX U CPCAHUX KJIacCax (B CpeI[HeM) BBIIIIE MTOKa3aTene CTAapUICKIIACCHUKOB, HaMOOJIbIINH
pupocT AKTUBHOU T'MOKOCTH OTMEYACTCS B CpCAHUX KJIaCcCax.

[TonoBeie paznuyusi OMpPEesioT OHOJOTHYECKYI0 THOKOCTh y neBouek Ha 20-30% BbImie mo
CpaBHEHHUIO ¢ MalTbuukamu. JIydiie oHa COXpaHsSeTCs y )KSHIIMH U B TTOCIIEIYIOIEH BO3pacTHOU
MePUOJIUKE.

BpCMH CYTOK TaK3’KC BJIUMSACT Ha FI/I6KOCTB, C BO3pAaCTOM 3TO BJIIMSAHUC YMCHBIIACTCA. B YTPCHHUC
4yachl THOKOCTh 3HAYUTEILHO CHHUIKCHA, JIYUIIHNC IMOKa3aTCJIn THOKOCTH OTMeUaroTces ¢ 12 A0 17
qacoB.



YToMieHHE OKa3bIBACT CYIIECTBEHHOE U IBOMCTBEHHOE BIMSHUE Ha THOKOCTD. C OJTHOM CTOPOHHI,
K KOHIIy pa0OThl CHIKAIOTCS MOKA3aTeN CHJIbI MBIIIII, B PE3yJIbTaTe Yer0 aKTUBHAS TMOKOCTh
ymenbiiaercss 10 11%. C apyroil cropoHbl, CHMKEHUE BO30Y)KIEHHUS CHJIBI CIOCOOCTBYET
BOCCTAHOBJICHHIO JIACTHYHOCTH MBI, OTPAHMYUBAIONIUX aMIUTUTYAy ABMKCHHS. TeM caMbIM
MOBBIIIACTCS MMACCUBHASI THOKOCTD, MMOABMKHOCTH YBeIrnauBaercs 10 14%.

HebnaronpustHsle TeMnepaTypHble YCIOBUS (HU3Kas TEMIEpaTypa) OTPULATENIbHO BIMSIOT Ha
BCE PAa3HOBHJHOCTH THMOKOCTU. Pa3zorpeBaHue MbIIIll B MOATOTOBUTEIBHOM YacTH ydeOHO-
TPEHUPOBOYHOTO  3aHSATHsSI IEpe]  BHIIOJHEHHEM OCHOBHBIX  YIPaKHEHUH  MOBBIIIAET
MOJIBUJKHOCTD B CyCTaBax.

Mepuinom THOKOCTH SIBISAETCS aMIUIUTyAa ABMOKEHUH. [l moiydeHus TOYHBIX JAHHBIX 00
aMIUIUTy€ JABWOKECHUM  MCHOJIB3YIOT METOJbl CBETOBOM  PETHUCTpPALMU: KHUHOCBEMKY,
UKJIOrpaduio, peHTTEHO-TEICBU3UOHHYIO ChEMKY H JIp. AMIUIMTYA JIBW)KCHUH H3MepseTcs B
YIJIOBBIX I'pajsycax WIA B CAHTUMETPAX.

CpencrTBa 1 METOJIBI:

Cpe,[[CTBOM Pa3BUTHA THOKOCTH SIBIISIFOTCS YIIPA’)KHCHUS HA pACTATUBAHU. Hx ACJAT Ha 2 IpYIIIbI:
AKTHBHBIC M IACCUBHBIC. AKTUBHEIC YIIpa)KHCHUSA:

- onHO(a3HBIE U MPYKUHUCTHIE (CIIBOCHHBIE, CTPOCHHBIC) HAKJIOHBI,

- MaxoBbI€ U (PUKCUPOBAHHBIE;

- CTaTUYECKHE YIPAXXKHEHUS (COXPAaHEHHE HEMOABUKHOTO MOJIOKEHUS C
MaKCUMAaJIbHOW aMILTUTYAOM).

[TaccuBHBIC yIpakHEHUS: 11033 COXPAHSIETCS 332 CYET BHEIIHUX CWII. [IpuMeHss MX, JOCTUTarOT
HauOOJIBIIMX T[MOKa3areiaed TruOKocTu. /[l pa3BUTHA aKTUBHOM THOKOCTH A()(PEKTUBHBI
VIIPaXHEHUS Ha PaCTATUBAHUE B JHHAMHUYECKOM PEKIME.

OO6miee Meroanueckoe TpeOOBaHME /I Pa3BUTUS THOKOCTH - 00s3aTE€NbHBIN pa3orpeB (10
HOTOOTI[GJ'IGHI/I?[) nepezl BBITIOJIHCHUECM ynpa>KHeH1/H71 Ha paCTleI/IBaHI/IC.

B3anMHOe cONMpOTUBIEHHE MBI, OKPYXKAIOIIUX CYCTaBbl, UMEET OXpaHUTEIbHbIN 3(deKT.
VIMeHHO NO3TOMY BOCHHMTaHHE TMOKOCTH JOJDKHO C 3armacoM o0OecrednBaTh TpeOyeMyr Max
aMIUIUTYy IBUKEHHUI U HE CTPEMUTHC K IIPEAEIBHO BO3MOKHOM CTENEHU. B rocnennem ciydae
3TO BEJET K TPAaBMUPOBAHUIO (PACTSKEHUIO CYCTaBHBIX CBSI30K, IPUBBIYHBIM BHIBUXAM CYCTaBOB),
HapyILIEHUIO MPAaBWIBHONW OCaHKH.

MpBinel  MaIOPACTSKUMBL, [TOTOMY OCHOBHOM METOJ BBINIOJIHEHUS YNPAXHEHWW HaA
pacTsruBaHue - TOBTOPHBIN. Pa3oBoe BhINOIHEHHNE yIpakHEHUH He 3¢ (eKTHBHO. MHOrOpa3oBble
BBIIIOJIHEHUS BEAYT K CYMMHPOBAHUIO CIE€NOB YIPAXXKHEHUS U YBEIMYEHHE aMIUIUTYHbI
CTAHOBUTCS 3aMETHBIM. PEKOMEHIyeTCsl BBINOIHATD YIIPAKHEHUS HA PACTATMBAHUE CEPUIMU 110
6-12 pa3, yBenruuBas aMIUIUTY1y IBHKEHUN OT CEpUU K cepuu. Mex 1y cepHsiMU 11eJIecoo0pa3Ho
BBITOJIHATH YIPAXKHEHUS HA pacciablieHue.

Cepuu ynpa)kHEHUW BBIMOJHSIIOTCS B ONPEAEICHHON MOCIEA0BATEIbHOCTH
- VI PYK,
- UI TYJIOBUILA;

- JUIA HOT.



Boree ycnenmHo mpoMCXOAUT BOCIMTAHUE THOKOCTH TPU €XKETHEBHBIX 3aHATHSIX WM 2 pa3a B
JeHb (B BUE 3a1aHuil Ha 1oM). Hanbonee 3¢ (hekTHBHO KOMIUIEKCHOE TPUMEHEHHE YITPaKHEHUN
Ha pacTaruBaHue B cienyronieM coudetanuu: 40% ynpakHeHUM akTUBHOro xapakrtepa, 40%
YOpaKHEHU maccuBHOro xapakrtepa u 20% - cTaTU4ecKoro. YIpaKHEHUsI Ha pacTATMBAHHE
MOXKHO BKJIIOYaTh B JIIOOYIO 4acTh 3aHATHH, OCOOEHHO B MHTEpBAJIAX MEXKIY CHUIOBBIMU M
CKOPOCTHBIMHU YIPAXHEHUSIMHU.

B miazameM mIkoibHOM BO3pacTe MPEUMYIIECTBEHHO HCIOIb3YIOTCS YINPAKHEHUS B aKTUBHOM
JTUHAMHYECKOM pEKHMME, B CPEJHEM M CTapllieM Bo3pacTe - Bce BapuaHThl. llpuuem, ecnu B
MJIQJIIINX W CPEIHUX KJaccaxX pa3BHBAaeTCs TMOKOCTh (Pa3BUBAIOLIUN PEXHUM), TO B CTApIIUX
KJIaccax CTaparoTCsa COXPAHUTh JOCTUTHYTHIM YpOBEHB €€ pa3BUTHS (IIOCPIKUBAIOLIUI PEXKIM).
Hawmnyumme noka3arenu ruOKOCTH B KPYIHBIX 3BEHbAX Tella HabIto1aloTes B Bo3pacte 10 13-14
JIeT.

3akaHuyMBas PACCMOTPEHHE pa3BUTUS (PU3MYECKHX KayecTB B IHporecce (U3NIECKOro
BOCIIMTAHUS, CIEAYET aKLEHTUPOBATh BHUMAaHHE HAa B3aMMOCBS3M MX PA3BUTHUSI B LIKOJIBHOM
Bo3pacte. Tak, pa3BUTHE OJHOI0 Ka4eCTBa CIIOCOOCTBYET POCTY ITOKa3aTeNed APYruxX (PU3nIecKux
kadecTB. VIMEHHO 3Ta B3aMMOCBS3b O0YCIOBIMBAET HEOOXOAUMOCTh KOMIIJIEKCHOIO HOAXO0a K
BOCIIUTaHHIO (PU3MYECKMX KAYECTB Y IIKOJIBHUKOB.

3HauyMTeIbHbIE MHBOJIIOIMOHHBIC U3MEHEHUSI HACTYIAIOT B MTOKUJIOM U CTap4YecKOM Bo3pacte (B
CBSI3U C M3MEHEHUEM COCTaBa MBILII M yXYJIIEHUEM YIPYTro-3JacTUYECKHX CBOMCTB MBIIIL U
cBsA30K). HyXHO HpOTHBOAEHCTBOBATH PErpecCUBHBIM HM3MEHEHUSM IyTEM HCIOJIb30BaHUS
CHeLHaIbHbIX YIPAKHEHUH ¢ TeM, YTOOBI OJAEPKUBATh THOKOCTh Ha YPOBHE, OJIM3KOM K paHee
JOCTUTHYTOMY.

BriHOCIMBOCTE.

BriHOCAMBOCTE OmpenesnsieT BO3MOKHOCTh BBITIOTHEHUS ITUTEIHLHOW padOThI, TPOTUBOCTOSHUS
YTOMJICHHUIO. BRIHOCTTUBOCTE pelIalommumM 00pa3oM OMpeiesisaeT yCeX B TAKMX BUJIaX CIOPTa, Kak
JBDKU, KOHBKH, TUTABaHUE, 0T, BEJIOCIIOPT, TPeOIIs.

B CIiopTe 1104 CJIOBOM  «BBIHOCIHMBOCTB» IOAPA3YyMCBACTCSA CIIOCOOHOCTH  BBIIOJIHSATH
WHTCHCHUBHYIKO MBIIICYHYIO pa60Ty B YCIOBHAX HEAOCTATKA KHUCIIOpOIA. Paznpie moau 1o-
pa3sHOMY CIIPABJIAOTCA CO CIIOPTUBHBIMH HAI'PY3KaMMU. KOMy-TO OHU JOCTAIOTCH JICTKO, KOMY-TO
C HAIpsAXKCHUCM, TAaK KaK BCC€ 3aBUCUT OT HHI[HBHHyaHLHOﬁ YCTOIZQHBOCTH YCJIO0BCKa K
KHCJ’IOpOI[HOfI HCOOCTATOYHOCTH.

Kucnoponnas HemoCTaTOYHOCTh BO3HUKACT NPH 3HAYMTEIBHOW (hu3muecko Harpyske. He
ycrieBas MOJIydUTh U3 aTMOC(EPHOTro BO3/IyXa HEOOXOIUMBIN KUCIOPOI, OPraHU3M CIIOPTCMEHA
BBIpa0aTHIBAET PHEPTHUIO 32 CUET aHAIPOOHBIX PEAKIIUii, TPH STOM 00pa3yeTcs MOJIOYHAs KUCIIOTA.
Jnst BOCCTaHOBJICHHS] HAPYIIEHHOTO PAaBHOBECHUS U MCIOJIb3YETCS MOydaeMblil mocie GuHuIIa
«KUCJIOPOJHBIA JONT». YUEHbIE YCTAHOBWJIHM, YTO, YE€M BBIIIE KHUCJIOPOJIHBINA JIONT TIOCIe
npeaeabHON paboThl, TEM OH 00J1a7aeT OOJIBIIMMH BO3MOXKHOCTSIMU pab0TaTh B OECKUCIOPOIHBIX
YCIIOBHSIX.

CerCT BBIHOCIIMBOCTH — B HaHpaBHCHHOﬁ MNOoATrOTOBKC OpraHuU3Ma. I[JBI Pa3BUTHA 061116171
BBIHOCJIMBOCTH HCOGXOI[I/IMBI YIIpa)KHCHUSA CpC,[[HCﬁ HHTCHCUBHOCTHU, MJIUTCIBHLIC 110 BPCMCHU,
BBITIOJIHACMBIC B PABHOMCPHOM TCMIIC. C IMPOTrpE€CCUBHBIM BO3PACTAHUCM HAIPY3KHU IO MCPE
YCUIICHUA TTIOATOTOBKH.



B 3HauuTenbHOW Mepe BBIHOCIMBOCTh 3aBUCUT OT JACSATEIBHOCTH CEPACYHO-COCYAUCTOM,
IBIXATENbHBIX CHUCTEM, O3KOHOMHBIM pacxojoBaHueM »Hepruu. OHa 3aBHUCHUT OT 3amaca
IHEPreTHUECKOTO cyOcTpaTa (MBIIIEYHOTO TIIMKOTEeHA). 3amachl IITMKOTeHA B CKEJIETHBIX MBITIIIIAX
y HETPEeHMPOBAHHBIX JIIOJEH cocTaBisger okoso 1,4%, a y cnoprcmeHoB — 2,2%. B npouecce
TPEHUPOBKU HA BBIHOCIMBOCTH 3amachl MIMKOT€HA 3HAYUTENBHO yBenuuuBatoTcs. C Bo3pacToM
BBIHOCJIMBOCTH 3aMETHO MOBBIIIAETCA HA MIPU 3TOM CJIEIYET YUUTHIBATH HE TOJIBKO KaJICHJAPHBIH,
HO ¥ OMOJIOTUYECKUM BO3PACT.

Yewm BoIIIC YPOBCHb aBpO6HI)IX BO3MO)I(HOCTCI>'I, TO €CTb BBIHOCIIMBOCTH, TEM JIYHYIIC IIOKA3aTCIINU
ApTEPHUAIBHOI0 HaBJICHUA, XOJCCTCPUHOBOI'O 06MeHa, YYBCTBUTCIIBHOCTH K CTpECCaM. HpI/I
IMMOHMXKXCHHUHU BBIHOCIMBOCTH ITOBBIIACTCA PHUCK HIICMHUYCCKHX Oone3Hen cepanua, ITOABJICHUA
3JIOKaQYCCTBCHHBIX HOBOO6pa3OBaHI/II>'I.

JIOBKOCTh U MCETOABI €€ BOCIIMTaHU .

Ilox 710BKOCTBIO noaApa3yMeBacTCAd CIIOCOOHOCTh YeJI0OBEKA K 6LICTpOMy OBJIaICHUKO HOBBIMH
JBHMOXCHHUAMU HIIM K 6LICTpOI>'I HGPGCTpOﬁKe JBUTATEIBHOM JIEATECILHOCTH B COOTBETCTBUU C
Tp€6OBaHI/IHMI/I BHE3aIIHO M3MCHHUBIIICHCS CUTYyalluH.

Bocmuranue J0BKOCTH CBS3aHO C IIOBBIINICHHEM CIIOCOOHOCTH K BBIIOJHCHHIO CIIOKHBIX IIO
KOoopAuHanuu HBHH(CHHﬁ, 6I)ICTpOMy NEPCKIOYCHUTIO OT OJJHUX JABUTATCIIBHBIX aKTOB K JPYIr'UM U
C BBIpa6OTKOI>'I YMCHU HeﬁCTBOBaTb Hauboee I_ICJ'ICCOO6p33HO B COOTBCTCTBHHM C BHC3AIIHO
HU3MCHUBIIMMUCS YCIOBUSAMU HJIKM 3aja4YaMU (T.e. CIIOCOOHOCTD 6LICTpO, TOYHO M 3KOHOMHO
pemiaTh CIOKHYIO ABUTI'ATCIIbHYIO sanaqy).

Koopaunupyromiye criocoOHoCTH:
1) cnocoOHOCTH KOOPAMHUPOBATH JBUKEHUSI IPU IIOCTPOSHUU JIEHCTBUS;

2) criocOOHOCTh MEPECTPOUTH UX I U3MEHEHUS MapaMeTpoB JIEHCTBUS WM MEPEKII0YeHNe Ha
JIpyroe IelCTBUE IPU U3MEHEHNUHN YCIIOBHIA.

JIOBKOCTB XapakTepHu3yeTcs KOOpJAUHAIIMEN U TOYHOCThIO ABMKEHUI. KoopanHauus ABUKEHH -
OCHOBHOIl KOMIIOHEHT JIOBKOCTH: CIIOCOOHOCTh K OJHOBPEMEHHOMY U IOCIIEOBATEIHLHOMY
COTIACOBaHHOMY COYETaHUIO IBMKEHUH. OHa 3aBUCUT OT YETKOW U cOpa3MepHOI pabOTON MBIIIIIL,
B KOTOPOM CTPOI0 COrIacOBaHbl Pa3jIMyYHbIE 110 CUJIE U BPEMEHU MbILIEUHbIE HAIIPSKEHHUS.

HekoTtopsie aBTOpBI ONPEAENA0T KOOPANHALIUIO IBUKEHHUM II0-pasHOMY, aKLICHTUPYS BHUMaHUE
Ha onHoW u3 ee cTopoH. H.A. bepHIuTeliH, npuHUMas BO BHUMAHHUE BHEUIHIOI CTOPOHY
KOOPJIMHAIMK JIBMDKEHUM, ONpeserseT ee Kak NpeojlojieHHe M30BITOUHBIX CTyNEHEeH cBOOOAbI
JBUKYILIETOCS OPraHa, T.€. IPEBPALLEHUE €T0 B YIIPABISAEMYIO CUCTEMY. 3BEHO TeJla IBUIKETCS 110
PaBHOJCHCTBYIOLIEH BHYTPEHHUX, BHEIIIHUX U PEAKTUBHBIX CUII. LleHTpanbHas HepBHas cUCTEMa
HOJy4aeT OT MPONPHOPELENTOPOB JBHUXKYIIErocs opraHa HMH(popMmanuio 00 OTKIOHEHHH €ro
TPAaEeKTOPUH OT “HaJyIexkaleil” 1 BHOCUT COOTBETCTBYIOIINE MONPAaBKU B 3()(heKTOPHBIN Mporecc.
JlaHHBII NpUHIMI KOOPAMHUPOBAHUS OH Ha3BaJ MPHUHIMIIOM CEHCOPHOW KOPPEKIIMH.

Benymee mecto npunamiexut [ITHC. Co3nanne clnoxHEHIIIX KOOPAUMHAINN, HEOOXOIUMBIX IS
OCYIIECTBIIEHUS TPYIHBIX 3a7a4, MPOMCXOAUT 3a CUET BBICOKOW TUTACTUYHOCTH HEPBHBIX
MPOIIECCOB, 00YCIOBIMBAIIINUX OBICTPOE MEPEKITIOYCHHE C OJTHUX PEAKIINI Ha APYTHE U CO3/IaHne
HOBBIX BpeMeHHbIX cBsa3eil (H.B. 3umkun, 1970).



JIOBKOCTH B 3HAYUTENBHON CTENEHHU 3aBUCHUT OT UMEIOIErOCs JBUTaTeIbHOIO OnbITa. Bianenne
pa3sHOOOpa3HBIMU JABUraTEIbHBIMH YMEHHUSMH M HaBBIKAMHU MOJOXHUTEIBHO CKa3bIBAaeTCAd Ha
(YHKIMOHATIBHBIX BO3MOXKHOCTSX JIBUTATEIbHOTO aHanmu3zaropa. CrempoBaTenbHO, JIOBKOCTh
MOXKHO CUUTAaTh NPOSIBICHHUEM JEeeCHOCOOHOCTH (PYHKIIMOHAIBHBIX CHUCTEM YIpaBJICHUS
JBUKEHHUEM U pacIpe/ielICHUs JHepro3arpar.

K ocHOBHBIM (baKTOpaM, OImpeACIIAOIINM JIOBKOCTh, OTHOCATCA: ACATCIIBHOCTD ]_[HC, 0oraTcTBO
JUHAMHUYCCKUX CTCPCOTHUIIOB, CTCIICHb pPa3sBUTUA CHCTEM, YMCHHC YIPABJIATH MbIIICYHBIM
TOHYCOM, INOJIHOOCHHOCTb BOCIIPUATHA COOCTBEHHBIX ,Z[BI/I)KCHI/Iﬁ n Oprmanmeﬁ 00CTaHOBKH.
Bce 3t (baKTOpBI TCCHO B3aMMOCBs3aHBEI.

JIOBKOCTb MOXET U3MEPSTHCSI BDEMEHEM OBJIA/ICHUSI WM BBIIIOJHEHUS JBUTATEIbHOIO 1EHCTBUS
(MUH, C), KOOPJAMHAIIMOHHOW CJIOKHOCTBIO BBIMOJHSEMOI0 JACHCTBUSL (OLIEHKA 3JEMEHTOB B
rumHactuke u3 8,9 u 10 6amioB), TOUHOCTHIO BBIOIHSAEMOTO JACHCTBUA (CIAJIOM - KOJUYECTBO
cOUTBIX (hIaKKOB, aKPOOATHKA - BHICOTA, TPYIITUPOBKA, I'PAJYCHl B TIOBOPOTAX, YCTOWYUBOCTH B
IPU3EMIIEHUN ), PE3YJIbTaTOM (IIPBIKKU B BBICOTY € IIECTOM-M, CM).

Cpe,[[CTBa Pa3BUTHA JTOBKOCTH.

Haunbonee 3¢ (ekTHBHBIM CpPEICTBOM CUMTAIOT CIEAYIOUINE YIPaKHEHHs: TMMHACTHYECKHE,
aKpoOaTu4ecKue, JIErKOATIETHIECKUE, CIIOPTUBHO-UTPOBBIC, €INHOOOPCTBA, TOPHOJIBDKHBIE. Y
aKpoOaTOB M TMMHACTOB BBICOKAa TOYHOCTH IBIIKEHHUH, M 3aBHCHT OHA OT YPOBHSI CIIOPTHBHOMN
MOJTrOTOBJICHHOCTH. JTa 3aBUCHMOCTH IPOSBISETCS B TOYHOCTH OLIEHKH IMPOCTPAHCTBEHHO-
BPEMEHHBIX HWHTEPBAJIOB W  JO3MPOBAHUS MBIMIEYHBIX ycWwiIMid. [ HWMHacTHUeckue U
aKpoOaTHYeCKHe YIpaKHEHUS Pa3BUBAIOT aHAJTM3aTOPHBIE CHCTEMBI, TOBBIIAIOT BECTHOYIISPHYIO
ycroiunBocTh (ocobenno TCO: monwHr, Kavenu, 0aTyT, TMMHACTUYECKOE KOJIECO), Y IyqIIaloT
KOOpJMHAIIMOHHBIE BO3MOXKHOCTH 3aHuMarouuxca. CpoenuanbHo mnonodpanHsle OPY  Ha
COTJIACOBAHWE M TOYHOCTH JBMIKCHUH OCOOCHHO 3()()EKTUBHBI I BOCIIUTAHHUS KOOPAWHAIMH
JIBUKEHUU PYK.

TpoiiHO# MPBIKOK, MPBIKKH C IECTOM, B ITTMHY U BBICOTY CIIOCOOCTBYIOT Pa3BUTHIO ITPEXKIE BCETO
KOOpJIMHAIMK JIBUKEHUH 3aHuMaromuxcsa. Hanbonee »3ppexkTUBHBIM U JOCTYIHBIM CPEICTBOM
BOCIIMTAHUS JIOBKOCTH Yy 3aHHMMAIOLIUXCS SBIIIOTCS IMOJABM)KHBIE M CIHOPTUBHBIE WUrpbl. OHHU
pa3BHUBAIOT KOOPJAMHALIMIO, TOYHOCTb M COPAa3MEPHOCTh JIBJKEHUH, aHAIIM3aTOPHbBIE CUCTEMBIL. B
CIIOPTUBHO-UTPOBBIX YNPAKHEHUAX MPUOOPETAIOTCS HABBIKU OBICTPBIX U 3(PPEKTUBHBIX
JBKCHUU B HEOXKUJAHHO CIIOKUBLICHCS CUTYALNH.

VYrpaxHeHuss B €eAMHOOOPCTBaX Pa3BUBAIOT JIOBKOCTh. bokc, 60pnba, dexToBaHHE pa3BUBAIOT
TOYHOCTh U OBICTpOTY peakiuu. OHu (QOpPMHUPYIOT TaKWe TOHKHE OIIYIIEHHS, KaK “dyBCTBO
JUCTAaHUMU, “AyBCTBO BPEMEHU~, pACHIUPSIS TEM CAMBIM JIBUTATEIIbHBIE BO3MOKHOCTHU YEIIOBEKA.
BappupoBanue TaKTUYECKUX YCIOBUU B CIOPTHUBHBIX UTpax M €IMHOOOPCTBAX CIOCOOCTBYET

CBOEBPEMEHHOW NEPECTPOUKE JBUTATEIBLHOMN NEATENBHOCTH.

CKOpOCTHBIe CITYCKH, CJIQJIOM BBIIIOJHAKTCA B HEIIPEPBIBHO MCHAIOMIUXCA YCIOBUAX M TAKKC
CIOCOOCTBYIOT Pa3BUTHIO JTIOBKOCTH.

MGTOHI/IKa BOCIIUTAaHUS JIOBKOCTH.

OO0umMH  METOJMYECKUMH TpeOoBaHMAMU B Tmpolecce OOydeHHs sBIsSeTcad “HOBM3HA™
YIPaXHEHUM U MOCTENEHHOE IOBBIINIEHUE MX KOOPAMHALMOHHOM CIOXKHOCTH. [[ns pa3BuTHs
JIOBKOCTH MO>KHO HCIIOJIb30BaTh JIIOObIE HOBBIE YMPAXXHEHUS WIM HW3YUYEHHbIE YINPaKHEHUS C
3JIEMEHTaMU HOBM3HBI. JTO 00ydeHHEe HOBOMY JOJDKHO OCYILECTBISATHCS MOCTOsiHHO. [IpocTtoe
MOBTOPEHHE U3YUEHHBIX YIPAXXKHEHUI HE BEJIET K Pa3BUTHIO JIOBKOCTH, a JUIUTEIbHBIE TIEPEPHIBHI



OPUBOJAT K IMOTEpPE CHOCOOHOCTH 00ydaTbes (MpHU JUIMTEIBHBIX IEpephiBaX MacTepa Cropra
NpOUrphIBaOT [-pa3psHUKaM MO BPEMEHU OCBOCHHMS HOBOIO JJIEMEHTA). ABTOMAaTH3aLUA
JTUHAMHYECKOTO CTEPEOTHIa aHAJOTHYHA, B U3BECTHOUM CTENEHU, CKOPOCTHOMY Oapbepy U He
CIOCOOCTBYET Pa3BUTHIO JIOBKOCTH.

[TocTeneHHOE MOBBIICHHE KOOPAMHAIIMOHHOW TPYIHOCTH YIMPAXKHEHUS MOXKET 3aKJII0YaThCs B
MOBBILICHUH TPeOOBaHUI:

1) K TOYHOCTH JIBHIKCHHUIA,
2) K MX B3aUMHOU COTJIaCOBaHHOCTH;
3) K BHE3aIMHOCTH U3MEHEHUST 0OCTaHOBKH.

MCTOZ[I/I‘-IGCKI/IC IMPUCMBI, C ITIOMOIIBIO KOTOPLIX PCAIIM3YIOTCA O6H.[I/Ie MCTOAUYCCKUC ITOJTOKCHUA:

- BbINOJHEHHUE I pa3 IIOKa3aHHBbIX KOMIIICKCOB OPY uiM HECHOXHBIX TUMHACTHYECKHX H
aKpO6aTI/I‘leCKI/IX 3JICMCHTOB,

- BBIIIOJIHCHUC yr[pa)KHeHI/Iﬁ OpUTHMHAJIbHBIM (H606BI‘IHLIM) crmocodbom (BLIHOJ'IHCHI/IG nmoar€Ma HE
CHHOﬁ, a MaxoMm; IIpCOJ0JICHUC HpCHHTCTBI/Iﬁ HCTPpaJULIMOHHBIM CHOCO6OM);

- 3€pKaJbHOE BBIIIOJIHEHUE YIPAXKHEHUS (COCKOK B “Uy)XyK~ CTOPOHY, METaHHE WM IPbIKOK
“qyK0l” HOTOM MJIM TOTYOK “‘UyK0i™ pyKoOii);

- IpUMEHEHUE HEOOBIUHBIX UCXOTHBIX MOJIOKEHUN (MIPBIKKU WM Oer crimHoM Brepen). [Ipuemsr
HEOOBIUHBIX JBUTATEIbHBIX 33JaHUN PA3BUBAIOT CIHOCOOHOCTH OBICTPO OO0Yy4YaThCS HOBBIM
JBUKEHUSIM, T.€. “TpeHUpYIOT TpeHupoBaHHocTh [THC”;

- KBMCHCHHUEC CKOPOCTH WJIM TEMIIA I[BH)KCHHﬁ;

- U3MCHCHUC IMPOCTPAHCTBCHHBIX TI'PAHUI] (YBCJII/I‘IGHI/IG pa3sMepoB HperITCTBI/Iﬁ NI BBICOTHI
CHapsaa, YMCHBUICHUC IIJIOMAaI0K JJId I/Irpbl);

- BBEJICHHC JIOTOJIHUTEIBHBIX JBYKCHUH (OTIOPHBIN MPBDKOK C MOCICIYIOIIHNM KYBBIPKOM HITH
MMOBOPOTOM B BO3/IyX€);

- I3MEHEHHE MOCIIEI0BATEILHOCTH BBIMOIHIEMBIX TBUKEHUH (3JIEMEHTOB B KOMOMHAIINN );
- KOMIUJIEKCUPOBaHUE BUAOB JEATENBHOCTH (X002 U IPBIKKH, O€r U JOBIIs);
- BBITIOJTHEHUE JIBUKEHUH 0€3 3pUTEIHLHOTO aHAIU3aTopa.

I[aHHBIe MCTOAUYCCKUC IIPUCMBI IMOBBIIAOT KOOPAMHAIWOHHYIO CJIOXKHOCTDH YHpa)KHeHHﬁ.
KOOp,Z[I/IHaI_II/IH JBIDKEHMH 3aBUCHT OT TOYHOCTH ﬂBH)KeHHﬁ, YCTOI\/‘ILII/IBOCTI/I BeCTI/I6y.]'IHpHOFO
alrrapara, yMCHHUA paccna6n51TL MBIIIIBI.

TouyHOCTP M COpPa3MEPHOCTh ABUKEHHUH - 3TO CHOCOOHOCTH BBHINOJHATH MX B MaKCHMalbHOM
COOTBETCTBUU C TpeOyemoil ¢opmoit u copepxanreM. OHU MPEANONATral0T HATHYUE HE TOJIBKO
TOYHO COTJIACOBAHHOM MBIIIEYHOMN JIESITEIBHOCTH, HO U TOHKMX KMHECTE3WYECKHX, 3pUTEIbHBIX
OIYLIEHUH M XOpOILIeH ABUTATeNbHOW MaMsaTH. COOTBETCTBUE NMPOCTPAHCTBEHHBIX MapaMeTpPOB
JIEMCTBHS 3aJaHHOMY 3TAJIOHY JTOCTHIAETCS B3aMMOCBS3bI0 MPOCTPAHCTBEHHOM, BPEMEHHOU M
JTUHAMHYECKON TOYHOCTH JABMXKEHUHN B PA3JIMYHBIX IBUTATENIbHBIX JEHCTBUSIX.



Bocnuranue TOYHOCTH 0OOecreunMBaeTCsl CUCTEMATUYECKMM DAa3BUBAIOILUM BO3/EHCTBHEM Ha
BOCIIPDUATUE M AHAJINA3 IIPOCTPAHCTBEHHBIX YCIOBUW, a OJHOBPEMEHHO M Ha YIIpaBJICHUE
IIPOCTPAHCTBEHHBIMHU ITApaMeTPaMu JABUKCHUM.

Pexomenayembie METOAMYECKUE TPUEMBI U TTOJAXO/IbI:

- OPY Ha TOYHOCTH JIBMKEHHI 110 KOMaHIaM;

- pa3MeTKa JUCTaHIMHU, TOCTAHOBKA JOMIOJTHUTEIIbHBIX OPUEHTUPOB B MPBIKKAX UM COCKOKAX;
- METaHHeE 110 1eNU (Ha YKa3aHHOE PacCTOSIHUE, B KOP3UHY, IO MULICHH);

- MPBDKKU U COCKOKU Ha TouHOCTH mipu3emieHus (0,5 x 0,5 m);

- Oer ¢ pa3JIMyHON BEJIMYMHOMN U YaCTOTOM 11ara;

- cOUYeTaHHWEe KOHTPACTHBIX 3a/laHuil (MEeTaHHWEe Ha Pa3Hble PACCTOSHUS WIHM MPEAMETOB Pa3HOTO
Beca Ha OJIHO PAcCTOSIHHE, yAapbl 1o BopoTam ¢ 10 u 20 m);

- YIIy4IIeHUE IPOCTPAaHCTBEHH



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

dunocodpust

Heab AMCHUNIMHBI:

- pa3BUTHE y CTYAEHTOB HMHTEpeca K (yHIAMEHTAIbHBIM 3HAHUSM, NOHUMAaHHS COACPIKAHUS
OCHOBHBIX MHUPOBO33PEHUYECKUX M METOAOJOTHYECKUX MpodsieM coBpeMeHHOM Hayku. Kypc
NpU3BaH CTUMYJIHPOBATh TIOTPEOHOCTH CTYJACHTOB K (HIOCOPCKUM oOleHKaM (HakToB
NeMCTBUTENILHOCTH, K BEIPAOOTKE HAaBBIKOB HEMPEAB3ATON, MHOTOMEPHOH OLEHKH (HMII0CO(CKUX
Y HAay4YHBIX TEUCHUW, HAIIPABJICHUH U IIKOJL.

3agauu AMCHUIINHBIL:

- IOHUMATh POJIb HAYKU B Pa3BUTUM LIMBUIN3ALUN, COOTHOIICHUE HAYKH U TEXHUKH U CBSI3aHHBIE
C HUMHU COBPEMEHHBIE COIMAJIbHbIE U 3TUYECKUE MPOOJEMBl, pa3ivune MCTOPUUYECKUX THUIIOB
HAYYHOH palMOHAIFHOCTH, 3HATH CTPYKTYpPY, (OPMBI W METOAbl HAay4yHOTO MO3HAHUS, HX
3BOJIIOLHUIO;

- BBIIBUTb MHPOBO33PCHUCCKOC M MCETOHOJIOTHMYCCKOC COACPIKAHUC OCHOBHBIX (1)I/IJ'IOCO(1)CKI/IX
KaTel"OpI/Iﬁ W IIPUHOUIIOB;

- 3HaTh BO3MOXXHOCTH UM I'PAaHULIbI IPUMEHEHUS (PUIOCO(CKOrO 3HaHUS ISl OCMBICIEHUS CBOEH
CIIEHHATIN3aLIH;

- BIIAJIETh IPUEMaMH BEeJIEHUS AUCKYCCUH, TIOJIEMHUKH, THAJIOTa.
IMepeyeHb MIAHMPYEMbIX Pe3yJbLTATOB 00YUYeHHsI MO TUCHUILINHE (MOXYJIIO)
B pe3ynbraTe 0CBOSHHS IUCHUTUTHHBI 00yYarorecs JOIKHBI

3HATh:

- MECTO U POJIb CBOEH Oyaymiel npodeccuu B CUCTeMe 00IIeCTBEHHOM KU3HHU;

- aHaIM3HUPOBATh TOJUTHYECKHE, COLHUAIbHBIC, KYJIbTYpHBIE NPOLECCH], IPOUCXOIAIINE B
rocyIapcTBe;

- CaMOCTOSATCIBHO OIPEACIIATE 3aJa4yr CBA3AHHBLIC C JIMYHOCTHBIM PAa3BUTUCM, IMOBBIIICHUEM
coOCTBEHHOM 00pa30BaHHOCTH;

- CMBICJI OTHOLICHUS YCJIOBCKA K IIPUPOIC, HpOTI/IBope‘-II/Iﬁ " KPpHU3UCHBIX SIBIICHUI COBpCMeHHOﬁ
SIOXH TCXHUYCCKOT'O Pa3BUTUA.

yMeTh:



- NpPUHUMATh COOCTBEHHBIE DPEIIEHUS B paMKax CBOEW NpoQecCHOHAIbHONM KOMIETCHIIUU B
CTaHJAPTHBIX U HECTaHJAAPTHBIX CUTYAIIHsIX, OCHOBAHHBIX HA OCO3HAHHOM JINYHOM BBIOODE;

- MOHUMATh MECTO CBOEH JESTEIIbHOCTH U aHAIM3UPOBATh BO3MOXKHBIC IMOCIEACTBUS T€X WIIU
WHBIX TPUHATBIX PEIICHWH Ha OCHOBE CGHOPMUPOBAHHBIX JUCIHUILUIUHOW I[EHHOCTHBIX
OpUEHTALIMI;

- IOHNMMAaTh 3aKOHOMCPHOCTH pPa3BUTUMA 06H_IGCTB3, rocygapcCrBa, JUYHOCTH, MECTO YCIIOBCKA B
HCTOPUYCCKOM IIPOLECCE;

- OCHUBATH Pa3JIMYHBIC (bl/IJIOCO(bCKI/Ie KOHICHIIHWHU TTOA YIJIOM 3pCHUA HUX CBA3U C PASBUTHEM
TCOPCTUUCCKOTO U MMPUKITIAAHOI'O CCTCCTBO3HAHUA.

BJIAJ1€Th:

- Pa3iiIM4YHbIMH BapHaHTaAMH IIOAXOAO0B K PCHICHHIO KOHKPCTHBIX HpO(i)CCCI/IOHaJ'ILHBIX 3aJa4 Ha
OCHOBC 3HaHHI>i, IOJIYYCHHBIX B XOJAC H3YUYCHHA (I)I/IJ'IOCO(I)CKI/IX KOHH@HHI/Iﬁ Pa3HBIX 3IIOX B
YCII0BUAX YacTOM CMEHBI TEXHOJIOTHH B HpO(beCCHOHaHBHOﬁ ACATCIIBHOCTH.

TeMbl U pa3jeiibl Kypca:

1. BosuukHoBeHue ¢uiocopun u Hayku. Ounocodusi u Hayka, obuiee U pasnuunoe. [lepBbie
bunocodckre NIKoMIbI.

[Tpenmet punocoduu. Ounocodus u mud. Omrocodus u Hayka. PuocoPpust 1 MEPOBO33PCHHE.
CoBpemenHast 1yxoBHas cutyarust u guiocodus. IlepBeie pumocodckue mronsr (Muerckas
mKoja: mudaropensM, [epakiaur, saearsl, aroMucThl). [locTaHoBKa M pemieHue MpPoOIEMBI
IIEPBOOCHOBBI MUPA.

2. 3amagHoeBponeiickass ¢uiocopuss HOBOIO BPEMEHHU: CTAHOBJIIEHHE METO/J0B HAy4HOIO
no3Hanus. IlpobGiema noctoBepHoctn 3HaHui. OmnupusM(d.bskon) m paumonamusm (P.
Hexapt).Kpuzuc smnupusma. O00ocHOBaHME HOBOM KapTUHBI MUpa U ee AuHamuka. (M.HeroToH,
I'.JIetiOHu).

Hayunas peBostoniust 178. u ee BiaUsiHIE HA 0COOEHHOCTH pacCMOTPEHUSI OCHOBHBIX (PUITOCO(CKHUX
npobsneM. (Mexanunusm). Ilpuopurter rHoceosmorun u Metojosoruu. [IpobGnema mertona
(®.bokon u P.Jlexapt). CBA3b T'HOCEOJOTMM M OHTOJIOTMH: MOHHM3M, AYalu3M, ILIIOPAIHU3M.
[Tpupona BocHpUSTHS M aHAIW3 NPUUMHHOCTH: CYOBEKTHUBHBIM wuneanusm JIx.bepkmun u
arHoctui3aM  /[.}JOma. B3saumoBnusiHue u  B3aMMOOOYCIIOBJIEHHOCThH METOJIOB  HAayKH,
ectecTBO3HaHusT W Quiocopun. CoUMATBHO-UCTOPUYECKUM  aHAIM3 B KOHIEMIHIX
IIPOCBETUTEIIEN.

3. Knaccuueckuit Hemeukuii uaeanmusm: anpuopusMm (M.Kant) — oOGocHoBanue BceoOIero
XapakTepa Hay4yHoro 3HaHus. J[unanextuueckas noruka ['erens. Kpusuc tpanunumonHol ¢popmbl
¢mwiocopckoro  3HaHUS W (OPMHPOBAHME  HOBBIX  THUIOB  (HIOCO(PCTBOBAHUS:
MaTepHaTuCTUYeCKast JHAJCKTHKA H MAaTEPHATUCTUIECKOE IIOHMMAaHNE HCTOPHH.

KpI/ISI/IC HIaCO0JIOTUHN HpOCBeH_[eHI/Iﬂ KaK IMpEAIoChlJIKa BOSBHUKHOBCHUSA KJIAaCCHUYCCKOI'0 HEMEIIKOT'O
uaeanu3ma. OCHOBHBIE MPOOJIEMBbI HEMELKOIO KJIACCHYECKOW (UIOCOPUU: IEIOCTHOCTh M
CTPYKTYPUPOBAHHOCTh OBITHSA, €ro MO3HAaBa€MOCTh, AKTMBHOCTb CO3HAHHUS, CBSI3b CO3HAHUSA U
MO3HAHUS, IPUHLIUIIBI PA3BUTHS, CYIIIHOCTh Y€JIOBEKa, YHUBEPCAIBHOCTh M BCEOOIIHOCTh (hopM



HpaBcTBeHHOCTH. M.KaHT: nokputhueckwii mepuon — TpoOJEeMbl TPAaHHUII U BO3MOXKHOCTH
€CTECTBEHHOHAyYyHOro no3HaHus. «KpuTuka 4ucToro pasyma» - MpPOCTPAHCTBO M BpeMs Kak
anpuopHble (OPMBI UYBCTBEHHOCTH. AHAIM3 KAaT€rOpUA M AHTUHOMHHM YHCTOTO pa3yMa.
«Kputruka mpakTH4EeCKOro pa3yMa» aBTOHOMHS HPABCTBEHHOM O00JIaCTHM  UEIOBEUYECKOU
JESITeTbHOCTH («KAaTerOPUYECKU HMIepaTHB»), 0OOCHOBAaHHE MOpaiH, mpolieMa CBOOOIBI,
J0JIra U1 JIN4YHOCTH. HpI/IHLII/IH TOXICCTBA OBITHSA U MBIIJICHUA, €T0 TpaHC(bOpMaLII/II/I B HGMGHKOﬁ
kiaccudeckoit punocodun. I'.I'erens: «Hayka morukm» - yuenue o ObITUH, CYIIHOCTH M TIOHSATHH,
KaTCropuu JIOTUKH, HpOGHGMa IMPOTUBOPCUUA U NUATICKTHUKA; JUAJICKTUKA U TCOPUA MO3HAHUA,
«DeHOMEHOIOT U ayxay - HpO6JI€MbI THOCCOJIOTMU U UCTOPUU ITO3HAHUA. Hctuna xax mnpounecc,
00BEKTUBHOCTh MCTHHBI. DUIOCO(PHS UCTOPUH: UCTOPUUYECKAsT TUTIOJIOTHS Pa3BUTHS KYJIbTYpPHI,
rpaXkJIaHCKOE 00IIECTBO M TOCYAaPCTBO, MOPAJIh M HPABCTBEHHOCTD, ITpodieMa THuHOCTH. KpHsuc
HEMEIIKOTO KJIACCHYECKOro uieanu3ma. MaTepuaaucTHueckoe MOHMMaHHME HCTOpPUHU, MPHUpOja
OOIIECTBEHHON 3aKOHOMEPHOCTH, (POPMAIIMOHHBIM MOAXO0J, MAaTepUAIUCTUYECKAs] TUATECKTHKA,
OTUYXKJCHHE — KaK COLUaIbHO-dKOHOMHUYecKuil (eHomeH. BocxoxaeHue or abCTpaKTHOrO K
KOHKPETHOMY — 3aKOH Pa3BUTHUs Hay4HOro no3HaHus. [IpoTuBopeune o01ecTBEHHOTO Iporpecca
U UX OTpakeHue B o0mecTBo3HaHuu 198. CoBpeMEeHHOE HayKOBEICHHUE — JUCKYCCUU O CYLITHOCTH
TeXHUKHU. HaydHble peBOMIONMH U CMEHA TUIIOB PAllMOHAIHOCTH.

4. Ilpo6aemsr ObiTHs. OTKpBITHE YenoBeka — coductel u Cokpar. AHTHYHAS JAHATICKTHKA Kak
¢dbopma mbicaH. Borpock! o01iecTBa U rocy1apcTaa.

W3menenue mpenacraBieHuit o cytu Quiocodpuu (coductsl). CymHocTh yenoBeka u bmara —
Cokpar. [lmanexktuka Coxpara, ¢unocopuss mopamu. Kraccuueckuit mepuon ¢unocobuu
aHTUYHOCTH. OTKpBITHE UJCaTbHON peallbHOCTH, COOTHECEHHWE €€ C MO3HABaTEeIbHBIMU
BO3MOXKHOCTSIMU YeJIOBEKa U ueabHbIM colinyMoM (Ilnaron). Dunuknonenuueckas puiaocodus
Apucrorenst («puzukay u «Mmetaduzmkay). Jlormka — Kareropum W CyXJICHUS. Buibl
NPUYUHHOCTHU M aHAJIU3 OBITHSL.

5. Panmexpuctmanckas ¢wiocoduss TaTpUCTHKA W CXOJacTWKa. HoMuHamm3M W peanus3m.
I'ymannsM u conmnanbHble Teopun Peneccanca.

OcHoBHBIE  ¢uinocockue  mpodiIeMbl  CpeAHEeBEKOBOW  dunocoduu:  GoxkecTBEHHOE
npezonpeaeneHue 1 cBo0oia 4eaoBeKa, TeoAUIes, pa3yM U BOJIA, Iylla W TeNO, CyUIHOCTb U
CyIIEeCTBOBaHME COTBOpeHHOe W BeuHoe. [IpoOiiema nokaszarenbcrBa ObiTus bora. Cmop o
npupojie OOIMX MOHATUH — HOMHUHAIU3M U peanu3M. [lepexoq OT HEOoNmIaTOHMYECKUX
no3HaBarenbHbIX nporpamMm (H.Ky3anckwuii) k rymanuctuueckum (d.Ilerpapka), yrBepxkaeHue
Hatypdunocodcekoit opuentauuu B 3HaHuM (H.Konepnuk, I'.['amuneit). Yronun kak paHHuUe
¢dopmbl HeHayuHoro mnporHo3upoBaHus (T.Mop, T.Kamnanemna), «OTKpBITOCTB» HCTOPUHU
(H.MaxkkuaBennm).

6. Pycckas ¢unocodus: GopmMupoBaHre U OCHOBHBIE TIEPUOIBI pa3BUTHs. Pycckast penurnosznas
¢unocodus u ee ocHoBHble HanpaBieHus (B.Conosbes, H.bepases, H.®enopos). [IpodbnemaTrka
pycckoit puinocodCKoi MBICITH.

Pycckas ¢uinocodust B koHTeKcTe MUPOBOH (hrstocodckoit mpician. opMUpoBaHKUE U OCHOBHBIE
nepuoJibl  pa3BUTHS pycckod ¢umocoduu. IIpocBeturenbckas Mbicib PoccuM M MONBITKH
¢dmocopckoro ocozHaHMs ee Pa3BUTHSA (pyccKas Uesl, 3aaJHUKU U CIIaBIHO(UIIBI, TOYBEHHUKU
U eBpasmiinbl). Pycckas penuruosnas ¢unocodus u ee ocHoBHble HampasieHus (B.ConoBses,
H.bepnases, K.JIleontse, @.J/[octoeBckuii u npyrue). «dunocodus ecrectBozHanus» B Poccun —
OCHOBHbI€ HanpaBJieHUs (IO3UTUBUCTCKHE, COIIMOJIOTHYecKHe, kocMucTckue). [Ipobnema 3anana-
Boctoka-Poccun B Hayke u ¢unocopuu. IlpuemcTBeHHOCT, M caMOOBITHOCTh. [Ipobiema



IyXOBHOCTH. [lmanmor KynbTyp. [7o0OampHble mpoOJEMBI COBPEMEHHOCTH U Oyayiiee
yeJJ0BEYECCKOU MUBMIIN3AIIUN.

7. CoBpemenHas 3amagHas (umocopus. Punocodpus mnoszutuBuzma (O.Kowt). Ilpobiema
MCTOYHMKA MMO3HaHUS B amnupuokputuimsme (3.Max, A. ABenapuyc). Uppannonanucruaeckas
HaANpaBIEHHOCTD (husocopuu: DK3UCTCHIUATN3M. «DUITOCOPUS KUZHIY.

[TosutuBusm O.Konta u smmupuokputuiusMm (3.Max u P.ABeapuyc) — mpobiema merona u
uctoyHuka no3HaHus. [losutuBucrckue Qunocodckue HampapieHus: ¢uinocodus Hayku
(K.ITonmep), noctrnozutuusm (T.Kyn, W.JIakaToc). Dk3ucrenuuanusm. [IpodiaemaTuka «boitus
u Bpemenn» M.Xaiigerrepa: ¢unocodus kak (yHIaMEeHTalbHAS OHTOJIOTHA, ObITHE M CYIIEE,
AK3UCTEHIHUANBI. SI3bIK Kak oM ObiThs. CBOOOa M OTpaHUYHAS CUTYAIMsl, TPAHCICHIACHIUS U
sk3ucteHnus B ¢unocopun K.Scnepca. Cymnocte u cymectBoBanue B ¢unocopun XK.-
[1.Captpa. IlpobGnematuka wmeradusuyeckoro adbcypaa B sk3ucreHnmammme A.Kawmio.
OdwmnocoderBoBanne ®.Hume kak koHer Mmetadu3uku. Pa3mpinuieHns 00 aHTUYHOM TPaJUIINK:
JIBa Hayalla €BPONEHCKON KyIbTYpbl; MpoOJjeMa HUTHIN3MA: TEepeoleHKa IIEHHOCTEH, BEUHOE
BO3BpallEHUE, BOJIS K BJIACTH, CBepXuesioBeK. Huimeancrso B Poccun.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukaagabie MaTeMaTHKA U (PU3UKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

DOYHKIUMOHAIBbHBIN AaHAJIU3

Heab AMCHUNIMHBI:

- OCBOCHME CTyAEHTaMH (yHIAMEHTAIbHBIX 3HAHUKA B 00JacTH (PYHKIIMOHAIBHOTO aHAIIN3a,
U3y4EeHUE CIOCOO0B pelIeHns 3a1a4 METoAaMH (PyHKIIMOHAJIBHOTO aHAJIN3a.

3agauu AMCUUIIINHBIL:

- (opmupoBanue 0a30BBIX 3HAHWH B 00JAaCTH (PYHKIMOHAIBHOTO aHANM3a KaK JAUCIUIUINHBL,
UHTETpUpPYIOMIeH 00IIeMaTeMaTHYeCKyI0 MOArOTOBKY NMPUKJIAJHBIX MaTeMaTHKOB U (DU3UKOB U
o0ecreynBarOIIell  TEXHOJIOTMYECKHE OCHOBBI  COBPEMEHHBIX  MHHOBAIIMOHHBIX  cdep
JIeSATEIbHOCTH;

- 00y4eHue CTYACHTOB IPUHIMIIaM IPUMEHEHHSI OCHOBHBIX MOHATUH ()YHKIIMOHAIBHOIO aHAJIN3A.
Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI 00YYaIOIIUECs JT0JIKHbBI

3HATh:

- MECTO U POJIb OOIIKX BONPOCOB HAYKH B HAYUHBIX UCCIIEIOBAHUSIX;

- COBpPEMEHHbIE MPoOIeMbl (HU3UKU, XUMUHU, MATEMAaTUKUA U POJIb (PYHKIIMOHAIBHOTO aHAlIM3a B
HUX;

- TEOpeTUYECKHuEe MOJeNu (PyHKUIMOHAIBHOTO aHaliW3a B MaTeMaTHKe U B (yHIaMEHTalbHbBIX
npoleccax U sIBJICHUH B (pU3MKE U ee MPUI0KEHUSIX;

- IPUHLIMUIIBI CUMMETPUH U 3aKOHBI COXPAHEHUS;
- HOBEHIIINE OTKPBITUS €CTECTBO3HAHUS;
- IOCTAaHOBKY Ipo6JieM (yHKIIMOHAJILHOTO aHAIN3a ;

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

yMeTh:

- 3(1)(I)CKTI/IBHO HUCIIOJIb30BAaTh Ha MPAKTUKC TCOPCTUYCCKUC KOMIIOHCHTBI HAYKH: TIOHATHA,
CYKACHUSA, YMO3AKIOYCHU S, 3aKOHBI;

- IPE/ICTaBUTh TAHOPaAMy YHUBEPCAIbHBIX METOJOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHMS;



- paboTaTh Ha COBPEMEHHOM SKCIIEPUMEHTAIEHOM 000PYI0BaHUH;

- abCTparupoBaThCs OT HECYIECTBEHHBIX BIUSHUN MPH MOJACTUPOBAHNUN PEATbHBIX (PU3MUECKIX
CUTyalui;

- INTAaHUPOBATH ONITUMAJIBHOC IIPOBCACHUE SKCIICPUMEHTA.

BJAJETh:

- IUTAaHUPOBAHHUEM, IIOCTAHOBKOW M OOpabOTKOW pe3ynbTaToB (PU3NYECKOr0 HSKCIEPUMEHTa
MeToaMH (PYHKIIMOHAJIHHOTO aHAJIN3a;

- HAY4YHOM KapTUHOWU MHpA;

- HaBBIKAMH CaMOCTOSITEIILHOW pabOThl B JTAOOPATOPHHM HA COBPEMEHHOM SKCIEPUMEHTAIHLHOM
000pyI0BaHUMU.

TeMbI U pa3jeiibl Kypca:
1. MeTrpuuecknue 1 HOpMUPOBAHHBIE IPOCTPAHCTBA.

Mertpuueckne mnpoctpancTBa. HopmupoBanHble u 0OaHaxoBbl NpocTpaHcTBa. Teopema o
MOTIOJIHEHUH METPUUYECKUX NpocTpaHCTB. CenapabesbHOCTb.

CBolicTBa MHOJHBIX MCTPHUUCCKUX IIPOCTPAHCTB. TeopeMa O BJIOKCHHBIX IIapax, T€opcma O
CXKHMAaromux 0T06pa)KeHI/I${X.

2. Cnextp omeparopa.

Teopema banaxa. OOpatumocTh omeparopa Onu3koro k obOpatumomy. IIpencraBneHue
pe30sbBEHTHl B Buie pspa. CnexrpanbHblii paanyc. CHEeKTp M pe30JbBEHTHOE MHOXKECTBO
orpaHudeHHoro omeparopa. CBoiicTBa crekTpa (OrpaHUYEHHOCTb, 3aMKHYTOCTb, HENYCTOTA).
HemnpepsIBHBINA, TOYEYHBIH, OCTATOYHBIM CIEKTPHI. Conpspkennblii - oneparop. CnekTp
COMpsDKEHHOro orneparopa. CBONMCTBAa CHEKTPAa CaMOCOIPSDKEHHOIO omnepartopa. KBanpatuuHas
dopma camoconpskeHHOro onepatopa. CeKTpabHbIM paiyc caMOCONPsHKEHHOTO oIlepaTopa u
HOpMa CaMOCOMNpPsKEHHOro oneparopa. CHeKTpalbHBIM paguyC MHTErPAIBLHOIO OIEpAaTopa C
TPEYroJbHBIM SJIpOM. YHUTapHble omnepaTopbl. CrekTp yHUTapHOro omeparopa. IlogoOHble
onepaTopsl. CBsI3b CIIEKTPOB MOI0OHBIX onepatopoB. [Tonobusie onepatopsl B 12(Z) u L2(0,27).
YuutapHo-nogo0HsIe onepaTopsl B L2(R).

3. 'uip0epTOBBI MPOCTPAHCTBA.

TeopeMa 00 OpTOrOHAJIbHOM JOIIOJIHCHUHU. OpTOHOpMHpOBaHHLIe CUCTCMEI. HOJIHBIC,
3aMKHYTBIC CUCTCMBI.

Teopema 0 cCyIIeCTBOBAaHUM OPTOHOPMHUPOBAHHOTO 0Oa3uca B cemapabelbHOM THIHLOEPTOBOM
npoctpancTBe. M3oMopdusm cenapabenbHBIX THIBOEPTOBBIX MPOCTPAHCTB. DKBUBAICHTHOCTH
moaenel llIpenunrepa u I'eitzenbepra.

4. KoMnakTHbIE MHOKECTBA B METPUYECKUX MPOCTPAHCTBAX.

[IpeaxomMnakTHBIC U KOMITAKTHBIE MHOXeCTBa. Kputepuit Xaycnopda npe1KoMIakTHOCTH.



Teopema Apriena u npu3HaKy IPEIKOMIAKTHOCTH B PA3IMYHBIX MPOCTPAHCTBAX.

OKBUBaJIEHTHOCTh HOPM B KOHEUHOMEPHOM IIpocTpaHcTBEe. HEKOMIIAKTHOCTh €JMHUYHOTO 11apa
B 0ECKOHEYHOMEPHOM 0aHaXOBOM IPOCTPAHCTBE.

5. KomnakTtHbie onepaTopsl. Teopust @pearonabma.

Kommaktheie onepatopbl. Omepanuu Haja onepaTopaMy, HE HapyMIAroIIUe KOMITAKTHOCTb.
CBolicTBa KOMIIAKTHBIX  ONEPATOpoB. KOMIAKTHOCTP  HMHTErpajbHBIX  ONEPATOPOB B
npoctpanctBax Cla,b] u Lp(a,b).

Teopema I'mnpbepra-llIMuara o moaHOTE MHOXKECTBAa COOCTBEHHBIX BEKTOPOB KOMITAKTHOTO
caMOCONPsKEHHOTo ornepatopa. [IpuMep TMHEHHOro HENPEPHIBHOTO ONEPaTOpa ¢ HE3aMKHYTHIM
obpazoM. 3aMKHYTOCTh oOpa3a omepatopa [-A, rae A - KOMOakTHBIA omepatop. Teopemsl
Openronbma. Teopema O CBSI3M KOMITAKTHOCTH OIEepaTopa ¢ KOMIAKTHOCTHIO COIPSIKEHHOTO
omneparopa (B rijb0OEpPTOBOM ITPOCTPAHCTBE).

6. JIuneiinpie onepaTtopsl U GYHKIIMOHAIBI B HOPMHUPOBAHHBIX MTPOCTPAHCTBAX.

Jluneitnple otoOpaxenus. Hopma omeparopa. IIpocTpaHCTBO JMHEMHBIX OTrpaHUYCHHBIX
oneparopos. [ToaHoTa mpoctpancTBa B(X,Y), roe Y -- 6aHaxoBo.

7. HeorpaHu4yeHHBIE OIIEpaTOPHI.

[Tpumepsl HeorpaHUUYEHHBIX ornepatopoB. [loHsATHEe obmacTH onpenenenus oneparopa. Teopema
Xennunarepa-Termmuia. Oneparop rapMOHUYECKOTO ociuiaTopa kak oneparop u3 HI(R) B H-
I(R). Ero criektp.

8. O6006mEHHBIE QYHKIIUU U IEUCTBUS C HUMH.

Oynkuuu u3 L1,loc(R) n ux npoussoausie mo Cobonery. [IponsBonnas 0600menHoN GyHKIAH,
YMHO)KEHHUE Ha IIaJKyI0 (QYHKIHIO, 3aMeHa IlepeMeHHbIX. [IpocTpancTBa 0000IICHHBIX (YHKITHIA
D'm S".

9. OcHoBHbI€ MOHATHS Teopun Mepbl. MHTerpan JleGera.

OcHOBHBIE MTOHATHS TEOPUU MEPBI: MOITYKOJIbIIO, KOJIBIIO, anredpa, c-anredpa MHoxkecTB. Mepa,
CUYETHO-aJAUTUBHAs Mepa. M3mepumbie mo Jlebery MHOkecTBa, u3mMepumbie QyHKIUU. Mepa
Jle6era--Ctunrtbeca, JUCKpETHAs Mepa.

Konctpykuuss unrterpana Jlebera. OcHoBHble cBoiicTBa uHTerpana Jlebera. Teopembl o
npeaensHOM Iepexoe noj 3HakoM uHrerpana: b.JIesu, JleOera, ®daty. IlpoctpanctBa Lp(a,b).
Hepasenctso I'€nbuepa, HepaBeHCTBO MUHKOBCKOTO.

10. ITpeoGpazoBanue Dypnoe.

[IpeobpazoBanne Pypre B npoctpancTBe B L1(R) u ero cBoiictBa. [IpeoOpa3zoBanne dypre B
npoctpanctBax S u L2(R). Teopema [Tnanmepens. [IpeobpazoBanue @ypoe B S'.

11. CxogumocTy B HOpMUPOBaHHBIX IpocTpaHcTBax. Teopema banaxa [lteiinraysa.

Cnabo cxomsmuecs: mocienoBarenbHocTu. [Ipumepsl. Teopema banaxa-IllTeitnrayza. Cna6o
OrpaHUYCHHBIC MHOXCCTBA.

Cnabast KOMIakTHOCTh. Teopema o cl1aboii KOMIAKTHOCTH €IMHUYHOTO Iapa B cenapadeIbHOM
THJILOEPTOBOM MPOCTpaHCTBE. [IpuMep mMoCiIeoBaTEeIbHOCTH AJIEMEHTOB CIMHUYHON cepshl,
c1abo CXOJIAIICHCS K HYIIO.



12. Teopema Xana-banaxa u cieacTBUs U3 HEE.

ComnpsioxeHHble mpocTpaHcTBa. Teopema Xana-banaxa o mpoJomKeHUH JIMHEMHOTO (DyHKIIMOHATIA.

CnenctBust u3 Teopembl XaHa-banaxa. M30MeTpUUHOCTH BJIOKEHUS MPOCTPAHCTBA BO BTOPOE
comnpsixeHHoe. PedekcuBHbie mpoctpanctsa. ConpsbkeHHoe mpoctpancTBo K C (a,b).

OO0t BU TMHEHHOTO HEMPEPBIBHOTO (PyHKITMOHAA B mpocTpancTBax Lp(a,b) u lp, mpu 1< p<oo.

Hzomopdu3m runbbeproBa MPOCTPAHCTBA CBOEMY compspkeHHOMY. OOImMii BUJ JTHMHEHHOTO
¢dbyHKIMOHaIa B THIHOEPTOBOM MPOCTPAHCTBE.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

Yucaennoe MoaeiupoBanue Gu3nyecKnx Mpoueccon

Heab AMCHUNIMHBI:

- HAy4YuTb CTYACHTOB QaHAJIMU3UPOBATL BXOJHBIC JAHHBIC, IIOJYYCHHBIC U3 Ha6JIIOI[eHPII>'I u
HCCIICAOBATh IMOJIYYCHHOC YHCJICHHOC PCHICHUC HAa KOMIIBIOTCPEC Ha NPCIMET aJCKBATHOCTU
PCaJIbHBIM Ha6JIIOII€HI/I$IM M COBIIAJICHUSA C OKCIICPUMECHTAMM.

3agauu AMCHUIINHBIL:

- HAy4YWThb CTYACHTOB, MCXOAS W3 3HAHUU O (U3UYECKOW IMOCTAHOBKE 3aJaud, IIOJB3YSICh
YHUCJIEHHBIMHM METO/IaMHU, METOJaMH MaTeMaTU4YECKOr0 aHAIN3a U JIMHEHHOH alreOphl;

- HayduTb 00OCHOBBIBATH aCKBATHOCTh MOJICIN (I)I/I?»I/I‘IGCKOFO nmponecca M Ha OCHOBEC
MOJCIHUPOBAHUA CTPOUTH BBIBOAbI 00 >TOM (1)I/ISI/I‘ICCKOM ponecce.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI 00YYaIOIIUECs JT0JIKHbBI

3HATh:

- METO/]Ibl UHTEPHNOIAIMHN (PYHKINN, 3a]JaHHBIX HA CETKE;

- METObI YUCIIEHHOT'O PELICHUsI CUCTEM JIMHEHHBIX alre0pandeckux ypaBHEHU;

- METO/Ibl TPUOINKEHHOTO BEIUMCIICHNUS UHTErPaJIOB;

- METO/Ibl YUCIIEHHOTO PEIIeHHsI OObIKHOBEHHBIX U] pepeHInaNIbHbIX YPaBHEHUH;

- METO/bl YUUCIIEHHOTO PEICHUs] ypaBHEHUH MaTeMaTuyecKoi (PM3UKU MEPBOro MOPS/IKa;

- METO/Ibl YUCJIICHHOTO PEIICHUsI YPaBHEHU MaTeMaTHYECKON (PM3UKU BTOPOTO MOPS KA.

yMeThb:

- OLICHUBATh BXO/HBIC ITAPAMETPHI 3a1a4H;

- BBIOMPATH ONTHUMAJILHBIN YUCICHHBIN METOJI ISl pellIeHHsI TOCTAaBICHHOM 3a/1auu;

- MPUOIMKEHHO OLEHUBATh CIIEKTP MaTPHUILIbI IMHEHHBIX alNreOpanuecKux ypaBHEHHUI;
- AHAJIM3UPOBATh YCTOMYMBOCTH MOJIYYEHHOTO BBIUYHMCIUTEIBHOTO METO/IA;

- OICHUBATH MOPAAOK alllIpOKCUMAIUU HOJ'Iy‘-ICHHOI\/'I YHCICHHOU CXEMBI.



BJIAJ1€Th:

- MIpAMBIMA METOAAMU PCHICHUSA CUCTEM JIMHEHHBIX ypaBHeHHﬁ;

- METOJaMM HaXO0XKIACHHUA HpI/I6HI/I)K€HI/I5I K CIICKTPBI MaTPULIbI U €€ COOCTBEHHBIM BCKTOpPaM;
- METOAaMU MHTCPIIOJIIIHNU CETOYHOM (bYHKHI/II/I Pa3IUYIHOIO IMOPsSaKa I''TaAKOCTHU,

- METOJIaMU  PA3HOCTHOW  amNmpOKCUMAaluu  OOBIKHOBEHHBIX  JIu(depeHInanibHbIX
ypaBHEHUM;

- METOAAaMH{ Pa3HOCTHOM alpOKCUMAalUU YPaBHEHUI MaTeMaTH4eCKON (PU3UKH.

Tembl U pa3aeibl Kypcea:
1. MaTeprionsiiyst pyHKIINAN.

I/IHTepHOHHHI/IOHHHe nonuHomel. IloauHoMm Harpaana n 6apI/IHeHTpI/I‘IeCKaH HUHTCPIIOJIAIMA.
I/IHTepHOHSII_II/IH CIUIaiHaMH. HpI/IMeHeHI/Ie HHTCPIIOJIOHUU K HpI/I6J'II/I)KCHHOMy BBIYHMCIICHUIO
HHTCI'pajioB.

2. O6bIkHOBEHHBIE MU PepeHInaNbHbIE yPaBHEHHUS.

@opMyIbl 411 Pa3HOCTHBIX TPOU3BOAHBIX, MOPSAOK aANPOKCUMAIMU. SIBHbIE U HEABHBIE METO/IbI
Oitnepa. Meron npeaukrop-koppektop u Meroasl PyHre-KyTTel. YcTOHYMBOCTH pa3HOCTHOM
CXeMbl i1 OOBIKHOBEHHOro v depeHnalbHOT0 ypaBHEHHUS NEpBOro mnopsanka. JKectkue
CHUCTEMBI.

3. YpaBHEHUs MaTEMaTUYECKON (PU3UKH.

[ITabs0H pa3HOCTHON cxeMbl. Pa3HOCTHBIE CXeMBbI /ISl ypaBHEHUS TEIIONPOBOAHOCTH, MOPSIOK
anmnpoKCUMAIUHU U YCTOMUUBOCTD. [ nnepOonnyeckue ypaBHEHHs IEPBOTO MOPSIIKa, MOHOTOHHBIE
cxeMmbl. Pa3HOCTHBIE CXE€MBI Ul BOJIHOBOTO YpPaBHEHHA. OJUIMNTHYECKHE ypaBHEHUS,
KaHOHMYecKas (hopMa 3alucH pa3sHOCTHOHN cxeMbl. CBA3HOCTb CETKH, MPUHIMIT MAKCUMyMa IS
pasHOCTHOM cxeMmbl. beicTpoe mnpeoOpazoBanne dDypne, coOCTBEHHbIE uucia U (YHKIHUU
onepaTopa Jlamnaca u ero pa3HOCTHON aNIPOKCUMALUU B IIPSIMOYTOJIbHUKE.

4. YucneHHble METO/IbI TMHEHHOMN areOphl.

OHpeI[eJ'II/ITeJ'IL MaTpulbl, HOpMa BEKTOpa U HOpMa MaTpHUIlbl, YUCJIIO O6yCJIOBJIeHHOCTI/I MaTpulbl.
HpHMLIe MCTOJbI PECIICHUA CUCTCM JIMHENHBIX anre6pa1/1quKI/Ix ypaBHeHPIﬁ. TpeX,Z[I/IaFOHaJ'ILHBIe
Matpunbl W MCTOHA IPOTOHKH. I/ITepaI_II/IOHHBIC MCTOAbl PCHICHUSA CUCTEM JIMHEHHBIX
anre6pque0KI/IX ypaBHeHPIfI.



AHHOTAUMH K pa004YuM NPOrpaMMam IUCHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

IKOHOMHKA

Heab AMCHUNIMHBI:

- OBJIaJICHHE TEOPETHUYECKUMHU OCHOBAMH M IPUOOPETEHHE MPAKTUIECKUX HABBIKOB IPU U3YYEHUHT
¢dopM (HYHKIMOHHPOBAHUS PHIHOYHBIX CTPYKTYP M MEXAaHH3MOB B3aMMOJCHCTBHS CyOBEKTOB
HKOHOMMUECKON AEATENBHOCTU OOILECTBA.

3agauu AMCHMILINHBI:
- U3y4eHHE PHIHOYHOTO XO3HUCTBA U IPUHIIUIIOB €T0 ()YHKIIMOHHUPOBAHUS;

- H3YYCHUC OPraHUu3alMOHHO-IIPABOBBIX (bOpM HpeI[HpI/IHTI/Iﬁ WU HOPMATUBHBLIX aKTOB,
PCriIaMCHTHUPYIOIUX UX NCATCIbHOCTD,

- U3y4YEHHE MPEANPUATUS KaK CyObEKTa PHIHOYHOTO XO035HCTBA;

- U3y4YEHHE BHYTPEHHEM W BHELIHEH Ccpeabl MPEeANpHUsiTHs, €ro KOHKYPEHTOCIOCOOHOCTH,
OpraHU3alMOHHOU CTPYKTYPbl U MEXaHU3Ma YIIPABIICHHUS;

- UI3YUCHHUC COCTaBa OCHOBHLIX CPEACTB, MATCPUAIIbHBIX PECYPCOB, IIEPCOHATIA IPCAIIPUATHS,
- paCcCMOTPEHUC BOIIPOCOB CTPATCTUICCKOI'0, TCKYIIETO U ONCPAaTUBHOI'O INIAHUPOBAHMA

- HU3YYCHHC (I)OpMI/IpOBaHI/IH 3aTpaT Ha MIpPOU3BOACTBO IMPOAYKIIHH, pa60T, yCiayr, OCHOB
LIGHOO6pa3OBaHI/I$I H UX OIITHMH3AllMU,

- UI3YUCHUC HHHOB&HHOHHOﬁ n HHBGCTHHHOHHOﬁ ACATCIIBHOCTH NMPCANIPUATUSA
- UI3YUCHUEC MCTOAWKU aHAIN3a U YIIPABJICHUA PUCKAMH Ha MPCATIPUATUH,

- OBJIaACHHUC CTYACHTaAMU CHCTEMOM TCOPCTUICCKUX 3HaHUM H MPaKTUYCCKUX HABBIKOB IIO
HCIOJIb30BAHNUIO HHCTPYMCHTOB MOACITIUPOBAHUS IJISA BH60pa ONTUMAJIBHOI'O PCIICHUH.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs 0 JUCHUILINHE (MOAYJIIO)
B pesynbrare 0cCBOCHUS AUCIUILTUHBI 00YYatoNIHecs J0KHBI

3HATh:

- OpraHU3alMOHHbIE OCHOBBI IPEINPUITHS U €r0 CHelHATN3aLIIO;

- pallMOHAJIbHOE UCIIOJIB30BAHUE PECYPCOB;

- 3aKOHOJATENIbHO 3aKPEIJIEHHbIE TUITBI OpraHU3alMOHHO-TIPABOBBIX (HOPM;

- (hakTOpBI BHYTPEHHEH U BHEIIHEH Cpeibl PeIpUsTHS;



- CTPYKTYPY LIECHOOOpa30BaHUsl IPEAIPUATHS;
- 0COOEHHOCTH BHEJPEHUS CUCTEMBI COATaHCUPOBAHHBIX TIOKa3aTelel Ha MPEIpUsATHH;
- OCHOBHBIE CTaJIMH )KM3HEHHOT'0 LIUKJIa TOBApa,

- OCOOCHHOCTH OIICHKM BHYTPEHHEH M BHELIHEW Cpelbl OpraHu3allMyd IMPH TOMOLIM TaKUX
uHcTpymMeHTOB kKak SWOT u PEST ananus;

- 0COOEHHOCTH BHCOPCHUA HHHOBaHHﬁ;

- BUJIbI CTpATEruii KOMIaHUM.

yMeThb:
- aHAJIM3UPOBATH OPTAHU3AIMOHHYIO JIEATEIbHOCTh MPEANPUIATHIA U €T0 MOAPA3ACICHHUH;

- TIPOBOJIUTH CPABHUTEIIBHYIO OIICHKY Pa3IMYHBIX WHBECTUIIMOHHBIX ITPOCKTOB M ONPEACTATh UX
3 PEKTUBHOCTD;

- pa3pabaThiBaTh NEPCICKTUBHBIC, TEKYIUE U ONIEPATUBHBIC TUIAHBL;

- OIIPENEIATE Pa3MePEl TPYAOBBIX KOJUIEKTUBOB;

- 1aBaTh YKOHOMHYECKYIO OIICHKY OM3HEC-TPOIIECCOB Ha MPEANIPHUSITUY;
- OOCHHUBAThH KOHKprHTOCHOCO6HOCTB npeanpusaTus Npyu IOMOIIN:

1. Marpuusi-BCG;

2. Marpunsi-General Electric/McKinsey & Co;

3. OnepanmoHHOTO METO/1a OIICHKH;

- 000CHOBaHHO BBI6I/IpaTI:> METOJ CUCTCMHOI'0 aHAJIM3a IIPpU TOCTPOCHUHU U IMPOCKTHPOBAHUU
CTPYKTYPbI OpraHU3aluu;

- O6OFaH_IaTI> HepeHOBOﬁ OIIBIT U BHEAPATH €TI0 B IPOU3BOJACTBO.

BJIA/IETh:
- HaBbIKaMU OPraHU3aTOPCKOM U YIIPABIECHYECKOMN JAEATEIbHOCTH;

- TOYHBIM TIPE/ICTaBIEHUEM O B3aMMOOOYCIIOBIEHHOCTH BCEX CTOPOH IPOM3BOJICTBA TEXHUKH,
UH(POPMALIMU U OpraHU3alUY;

- HHCTPYMCHTAMU OIICHKU BHYTpeHHeﬁ U BHEIIHEH CpCAbl KOMITAHUH.

TeMbl U pa3jeiibl Kypca:
1. I/IHHOBaI_[I/IOHHaSI N MHBCCTHULOHUOHHAA ACATCIIbHOCTh MPCAIIPUATHUA.

I/IHBGCTI/II_[I/IOHHaSI JACATCIBbHOCTD MPCAIIPUATHSA. LIGJ'II/I HHB@CTI/IHPIOHHOf/i JACATCIIBHOCTH, OOBEKTEI.
MCTO,Z[I/IKE[ pa3p3.60TKI/I HHBCCTHULIMOHHOI'O IIPOCKTA, €ro pcajanusanus. Ilokazarenu OLICHKHU
HHBCCTUIHUOHHBIX IMMPOCKTOB: CPOK OKYIMAECMOCTHU, YUCTAAd TCKYyLIasad CTOMMOCTb HOXOIAOB, CTaBKa



JOXOJHOCTH TNPOEKTa, MOAM(DUIMPOBAHHASA CTaBKa JOXOAHOCTH IPOEKTAa, BHYTPEHHsSI CTaBKa
JNOXOOHOCTH TmpoekTa. OrneHka 53(QQEeKTUBHOCTH WHBECTHIMOHHOTO TnpoekTa (1 ak.4.).
WMHHOBalMOHHAs ACSITEIBHOCTD NpeaAnpusaTus (opranuzanun). [lonstue nHHoBanuu. BeHuypHbie
¢donapl. MHHOBAIMOHHOE NTpPEANPUHUMATENbCTBO. KoMMepuuanuzanus HaydHO-TEXHHYECKHX
pazpaboTok. TpaHcdep TEXHOIOTHA, CO3JaHNE MaJIbIX MHHOBAIIMOHHBIX KoMMaHuii (1 ak.d.).

Peinok IPO: kmaccudukanus (PPO, SPO), nenu, stansl. [Tpunmun nposenenust IPO(0,5 ak.4.).
Pemenue curyanmnonHoi 3amaum (keiica) (1 ak.4.). BeimogHeHHWE TECTOBBIX M IPAKTUYECKHUX
3aanuii o Tematuke Jekuu (0,5 ak.d.). 3aganue JUisi CaMOCTOSATEILHON paboThI.

2. Opranu3anus OU3HeC-POLEcCOB U POPMHUPOBAHUE CTPATETUU TPEATIPHUATHSA.

busnec-npoueccsl npeanpusatus (opraHuzanuu). [IpUHIUIBI TOCTPOSHHMS KapThl OH3HEC-
IPOLIECCOB NPEANpUATHS. PEeMHKMHUPHUHT OM3HEC-TIPOLECCOB: CYIIHOCTh, LIEIH, HMPUHIUIHL,
MeToibl. DaKTOpBl, MHCTPYMEHTHI, CTPYKTYpa M 3Tarbl mporecca peuwkuaupunra (1,5 ak.d.).
Crparerus IesSTeIbHOCTH MpeAnpustus (opraHuzanuu). TuUIlbl cTpaTeruid, OCHOBHBIE YPOBHHU
pa3paboTku crpareruu. DaKTOpbl, ONpPECIAIOUINEe BBIOOP CTpaTerMM NPEANPHUATHSA. OTalbl
pa3pabotku crpareruu (1 ak.u.). Pemenne curyanmonHoit 3aaaun (ketica) (1 ak.u.). Beimonnenue
TECTOBBIX M MpPaKTUYECKUX 3aJaHuil 1o Tematuke Jjexkuumu (0,5 ak.u.). 3amanue s
CaMOCTOSITENIbHOIN paOOThI.

3. OpFaHI/ISaHI/IH YIIpaBJICHHUS U IIJIAHUPOBAHUA Ha IIPEANIPUATHH.

VYnpasieHue npeAnpusATHeM (OpraHM3anyeii): OpraHM3allMOHHAs CTPYKTypa W MEXaHH3M
yIIpaBJICHUS, yIIpaBiIeH4YecKre Kaaphl. [IpuHIMne! 1 GOpMBI yripaBieHUs PEATIPUITHEM Ha BCEX
ypoBHsX (1 ak.u.). [lmaHupoBaHue Ha NPEIUPUATUN: BUABI INIAHUPOBAHUS (CTPATETHYECKOE,
TEKYyIee, OTEPAaTUBHOE), LIEJTH, TIPUHIIMITEI 1 METOMbI. JTambl CTPATETHYECKOTO IJIAHUPOBAHUSL.
WHCTpYMEHTBI CTpaTerudeckoro ruiaHupoBaHus. llokazarenn 3(deKTHBHOCTH AESATENBHOCTH
npennpustust (opranuzanmu) (1,5 ax.u.). Pemenue cutyanmonHoil 3amaum (keiica) (1 ax.d.).
BeinonHeHne TeCTOBBIX U MPAaKTUYECKUX 3a1aHuil o Temaruke gekuuu (0,5 ak.u.). 3aganue s
CaMOCTOSITENIbHON PabOTHI.

4. OpraHu3zaiysi,ee BHyTPEHHSS U BHEIIHSIS cpejia.

Beenenue: Tennmennum pa3Butus OusHeca B coBpeMeHHOH skoHomuke (0,5 ak.u.). Ilonstue
npeanpustus (opranuzanun). OCHOBBI OpraHu3auy. TUIlbl OpraHu3anuy, GOPMbl PETUCTPALIUH.
CBoboanble 3xoHOMUYeckHe 30Hbl. OduiopHslii 6usnec (0,5 ak.u.). Muccus 1 1iesb AeITeNbHOCTH
opranuzaiuu (npeanpustust). IloHsTHe BHyTpeHHEW cpeabl OpraHu3anuu  (MpeIIpusTHs).
KnroueBblie (hakTopbl BHYTpEeHHEH cpelibl (IPOU3BOJCTBO, IEPCOHAN, OpraHU3alusl YIPaBICHHUS,
MapKeTUHT, KyJabTypa W HMMHIK npeanpusitusi). IloHsTHe BHeImHEeH cpenbl OpraHu3aluu
(mpeanpusitus). KiroueBbie GaxTopsl BHEUIHEH cpeabl (MOCTaBIIMKH PECypCoOB, MOTpEOUTENH,
KOHKYPEHTBI, TpPYAOBbIE pPECYpChl, TMOJUTHYECKHE, DSKOHOMHUYECKHE, COLUaJIbHbIE U
TexHoJornueckue Qaxtopsl). CTeHKkxonaepbl NpeanpusITHs, UX UHTepechl U 1enu. M3ydeHue
WHCTPYMEHTOB OLIEHKHU BHYTPEHHEW M BHEIIHEN cpenbl npennpustus (opranuzanun) (1,5 ak.4.).
Pemenne curyannonHoil 3amaum (kxeiica)(l ax.d.). BpimonHeHHe TECTOBBIX M MPAKTHUECKUX
3amannii mo Tematuke Jekuu (0,5 ak.4.). 3aanue JyIsi CaMOCTOATEILHON paOOTHI.



5. IIpou3BOCTBO HA MPEANPUATHH.

[TponykroBas nuHelka npeanpusaTus (opranuszanuu). IIoHATHE )KU3HEHHOTO LMKIIA MPOAYKTA,
MOHSATHE U KJIIOUYEBBIE MOKA3ATENIN KauecTBa MPOAYKIMH. KOHKYpeHTOCTIOCOOHOCTh IPOAYKIIMH U
ee omeHka. KOHKYpeHTOCIOCOOHOCTh MpeAnpHsATHs (OpraHu3anvu) Ha pbiHKe. Llemouka
croumoctd (ueHHoctH) mpeanpusatus (1 ax.u.). IIpousBoacTBEHHbIE pecypchbl MPEeaIpUATHS:
OCHOBHBIE CPEJICTBA U MaTepUalIbHbIE PECYPCHl NPEANPUATHS, 00OPOTHBIE CPEACTBA, TPYIOBbIE
pecypcbl. Metoabl OLEHKH 3(PQPEKTUBHOCTH IPOU3BOACTBEHHBIX PECYpPCOB HPEAIPUATHS
(opranmzauuun) (0,5 ak.y.). OpraHuszainus IOPOU3BOJCTBA: IPOM3BOJCTBEHHBIM IHpolecc u
OPUHIUIBL  €r0 OopraHu3auuu. Tunbsl, (GOpMBl M METOAbl OpraHU3allMd IPOU3BOJCTBA.
[Tpon3BOACTBEHHBI LUKI M €ro 3KoHoMuyeckas (QyHkuus. IIpon3BOACTBEHHas CTPYKTypa
npeanpustus (opranuzanuu) (1 ak.u.). Pemenue curyanmonHoi 3amaum (ketica) (1 ak.d.).
BeinosnHeHne TeCTOBBIX U NPAaKTUYECKUX 3aaHuil no Tematuke jekuuu (0,5 ak.4.). 3aganue amis
CaMOCTOSITEJIbHON PaOOTHI.

6. Cucrema cOanaHCUPOBaHHBIX MMOKA3aTeNel MpeanpUsTUs.

Cuctema coOanancupoBanubix nokazatenei (CCII). Lemu u 3amaun BHeapenus CCII. Drambl
paszpadotku CCII, crpykrypa CCII. Csa3p CCII u ctpareruu npeanpusarus. OCHOBBI TEXHOJIOTHH
CCII. Merononorua peanuzauuu CCII. Ilonstue crpaTernyeckol KapThl HNPEIIPUSTHS.
KiroueBbie moxazatenu s¢dexkruBnoctn KPI(2 ak.4.). Ynpaenenue nepconairom. Motuamus
nepcoHaa: MPUHIMUIIBI U MeToAsl ynpasieHus (0,5 ak.u.). Pemenue cuTyanlMoHHOM 3ana4yu
(xetica) (1 ax.4.). BeimomHeHre TECTOBBIX M MPaKTUUYECKHUX 3aJaHuil o TemaTtuke Jyekiuu (0,5
ak.u.). 3aJjaHue JJisg CaMOCTOSITEILHON paboTHI.

7. YrpaBieHue puCKaMu U BEJICHUE MEXIyHAPOAHOTO OU3HEca.

VYrpaBiieHre pUCKaMH JIEATEIBHOCTH NPeanpusTus (OpraHu3amuu). PUCK-MEHEDKMEHT: eI,
dbyukun, Gaxropsl. [TonsTre, BUIbI puckoB. KapTa pucKOB: MPUHIIMIIBI aHAIM3a U MTOCTPOCHUSI.
Metonsl U cucrteMa ympaBieHHs puckamu (2 ak.4.). Bemenue MexayHaponHOro Ou3Heca.
KpocckynbTypHBIH ~ MEHEXKMEHT:  KOHIIENTyaJlbHBIE  OCHOBBL. ~ MoJenb  yrmpaBlIeHHS
NPEINpUITHEM B KPOCCKYIbTYypHOU cpene. IIpakTHKu KpocCKynbTypHOTO B3aummozecTaus (1
ak.4.). Pemenume curyanmonHoil 3amaum (keiica) (2 ax.4.). BrpImomHeHWE TECTOBBIX U
MPAKTUYECKHX 3a/laHui 1Mo TeMaTuke Jekuuu (1 ak.4.). 3amanue 1jisi CaMOCTOSITENIbHON paboThlI.

8. duHaHCOBO-X035UCTBEHHAS ACATCIIbHOCTDb MPCAIIPUATHUS.

DUHAHCOBO-XO03MUCTBEHHAs JEATENbHOCTh Npeanpusatusi. GruHaHCOBBIE pecypChl NPEANPUATUS
(opranuzanumn): coOCTBeHHbIE U 3aeMHble. Kitaccudukanus 10X0/10B U pacxoJ0B MPEANPUATHSI.
CebectouMocth  mpoAykiuu. IlpuObpiiep  mpeanpusTHs: CyIIHOCTb, (QYHKIHMH, BUABI,
pacnpenenenue. lleHooOpa3zoBaHuWe: 1iefM, OIpeAeJeHHe CIpoca, OLIEHKa M3AEepKeK
MPOM3BOJICTBA, aHAIIM3 1I€H KOHKYPEHTOB, BHIOOp MeToza eHooOpazoBanus (1 ak.d.). OueHka
3G (HEKTUBHOCTH XO3AWCTBEHHOM NeATENbHOCTH MNpeAnpusatus. BeipaboTka. TpyaoeMKOCTb,
dbongooTaaua, GOHIOEMKOCTh, (HOHIOBOOPYKEHHOCTh, 000PAYMBAEMOCTh OOOPOTHBIX CPE/ICTB,
MaTepuaIoeMKOCTh, MaTepuanooTaada. PeHTa0enbHOCTh MPOU3BOJCTBA, MPOAAK, UMYILIECTBA,
coOcTBeHHOro Kanwutaia. Kpurtepuum QuHaHcoBOro cocrosiHus mnpeanpuarus. I[lokasartenu



(DMHAHCOBOTO COCTOSIHUSI TPEANPHATHS: ITOKa3aTeNId IUIATEeKECITOCOOHOCTH, (HUHAHCOBOMH
YCTOMYUBOCTH, AETIOBOI aKTUBHOCTH, peHTabenbHOoCTU. Pacuer n ananus nokasarenei (1,5 ak.4.).
Pemienne cutyanuronnoi 3amaum (keiica) (1 ax.4.). BeimojHeHHE TECTOBBIX U MPAKTUYECKHUX
3aganuii o Temaruke gekuuu (0,5 ak.4.). 3aganue s caMOCTOSITEIbHON paboTHI.



AHHOTAUMH K pa004YuM NPOrpaMMam I CHUIJINH.
Hanpagsaenue: 03.03.01 IIpukiaagabie MaTeMaTHKA U (U3HKA

HanpasijieHHOCTh: CHHXPOTPOHHBbIE U HEUTPOHHBbIE METOAbI HCCJIE0BAHUIM

DJIEKTPOHHASI U 30HI0Basi MUKPOCKOIHS

Heab AMCHUNIMHBI:

- OCBOCHHUE CTYyJICHTaMHU (yHJIaMEHTAIbHBIX 3HAaHUI B 00J1aCTH METOJIOB UCCIIECOBAHUS peabHON
CTPYKTYpPbl M JJIEMEHTHOIO COCTaBa M CBOMCTB HAHOCHUCTEM, BO3MOYKHOCTEH 3JIEKTPOHHO-
30HJI0OBBIX METO/OB, (PU3MUYECKUX OCHOB METOJOB HUCCJIEI0BAHUS HAHOCHCTEM M BO3MOKHOCTEU
UX MPAKTUYECKOTO IPUMEHEHUS.

3agauu AMCHUIINHBIL:

- (¢opmupoBaHrue 0a30BBIX 3HAHWK B 00JACTH (U3HUYECKOTO MATEPUATOBEICHUS W OCHOB
B3aUMO/ICHCTBUS U3IIYYCHHS C BEIICCTBOM;

- O6y‘{eHI/IC CTYACHTOB TCOPCTUUYCCKMM OCHOBaM MCETOAOB HCCICAOBAHUSA HAHOCHUCTCM U
[IpUHIHUIIAM HCIIOJIB30BAHHUA YCTAHOBOK, HCIIOJIB3YIOLINUX (l)I/ISI/ILICCKI/Ie MCTOABI HMCCICAOBAaHMA
CTPYKTYPHBIX CBOMCTB HAHOCHUCTECM,

- (opMHUpOBaHUE TOIXOJOB K IMPOBEIACHUIO CTYJIECHTAMHU COOCTBEHHBIX SKCHEPHUMEHTAIBHBIX
UCCIIEIOBaHUM B 00JacTH HCCIEeIOBAaHUN HaHO- U OMO- MarepuanoB, 0OpabOTKE JAHHBIX C
HCIIOJIb30BAHUEM COBPEMCHHLBIX KOMIIBIOTCPHBIX TGXHOHOFHﬁ, pacucty U MOACIUPOBAHUIO
SKCIICPUMCHTA C HCIIOJIB30BaHHUEM COBPCMCHHBIX Imporpamm, CpCacCTB n METOA0B
BBIYHCIIMTETLHOMN MAaTE€MaTUuKH, KOMIIBIOTCPHBIX U I/IH(i)OpMaHI/IOHHI)IX TEXHOJIOTHIA.

ITepedyens miIaHMPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO TUCHHUILINHE (MOAYJIIO)

B pe3ynbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOMKHBI

3HATh:

- COBpEMEHHbIE TPOoOIeMBbl PU3UKU, XUMHUU, ONOJIOTHH;

- MECTO U POJIb OOIIKX BONPOCOB HAYKH B HAYUHBIX UCCIIEIOBAHUSIX;

- TeOpeTHUYECKUE MOJIeNU (DyHTaMEHTaIbHBIX IPOLIECCOB U SABJICHUN B (PU3UKE U €€ MPUIIOKCHUSIX;
- OCHOBBI KpUCTaILTOTpaduu, KpUCTATIOPU3UKN M KPUCTALIOXUMHH;

- (u3mueckue MeETONBI HCCIEOBAaHUS MATEepPHaJOB W OKCIEPUMEHTAJIbHBIE METOJUKH,
pa3paboTaHHbIe Ha UX 0aze;

- TCOPCTUYUCCKHUEC U SKCIICPUMCHTAJILHBIC OCHOBBI HpOCBe‘-II/IBaIOH_Ieﬁ u paCTpOBOﬁ 3J'ICKTp0HH0171
MHKPOCKOIIMU U MUKPOAHAJIN34,

- BOBMOXHOCTH, METOJbI U OTPAaHNYCHHUA MOACITINPOBAHUA SKCIICPUMCHTA,



- B3aUMOCBA3b U q)YH,Z[aMCHTaJ'ILHOG CANHCTBO €CTCCTBCHHBIX HAYK.

yMeThb:

- 2(QQeKTUBHO  HCHOJB30BATh TEOPETHUYECKHME KOMIIOHEHTHI HAyK IS pelIeHHs
byHaaMEeHTaTBbHBIX U IPUKIIAJIHBIX 33/1a4;

- UCII0JIB30BATh PA3JIMYHbBIC METOAbI UCCICAOBAHUS IIPU PCIICHUM 3aaa4;
- pa6OTaTb Ha COBPEMCHHOM 3KCIICPUMCHTAJIbHOM 060py,I[OBaHI/II/I;

- abCcTparupoBaThCs OT HECYIIECTBEHHBIX BIMSHUN MPU MOJEIMPOBAHUY PEATbHBIX (PU3NUECKUX
CUTyalui;

- INTAaHUPOBATh OIITUMAJIBHOEC IIPOBCACHUE DKCIICPUMEHTA,

- ACJIaTh NPaBUJIbHBIC BBIBOABI U3 COIMMOCTABJIICHUA PE3YJIbTATOB TCOPHUU U SKCIICPUMCHTA,
- IPOU3BOJAUTDH YUCIICHHBIC OLICHKU I10 IMOPAAKY BECIINYNHBI;

- BUJACTh B TCXHUYCCKHUX 3aJadax q)HSI/I‘leCKOS COACPIKAHUC,

- OCBaMBaTh HOBBIE IMPEIMETHBIE O00JACTH, TEOPETHYECKUE MOAXOAbl U IKCICPUMEHTAIIbHbBIC
METOINKH,

- 3(1)(1)CKTI/IBHO HUCIIOJIB30BAaTh HHQ)OpMaHI/IOHHBIe TCXHOJIOTUNM N KOMIIBIOTCPHYIO TCXHUKY IJIA
JOCTHIXCHUA HCO6XO,Z[I/IMBIX TCOPCTUUCCKHUX U IIPUKIIAJHBIX PE3YJILTATOB.

BJIa/1eTh:

- HaBblKaMU TCOPCTUYCCKOI'O aHajliu3a pCaJIbHBIX 3aJad, CBA3daHHBIX C HWCCICAOBAHHUEM
HaHOCHUCTCM,

- INTAHUPOBAHUEM, TTOCTAHOBKOHM M 00pabOTKON pe3ybTaToB (PU3UUECKOTO IKCIIEPUMEHTA;

- HaBBIKAMH CaMOCTOSITENIbHOW pabOThl B JTAOOPATOPHH HA COBPEMEHHOM JKCIEPUMEHTAIBHOM
000pyIOBaHUY;

- MaTCMAaTUYCCKHUM MOJCINPOBAHUEM (1)I/ISI/I‘~ICCKI/IX 3aaa4,
- HaBBIKAMU OCBOCHHS OOJIBIIIOr0 00beMa HOBOM I/IH(I)OpMaI_[I/II/I;
- HaBBIKaMH CaMOCTOSITEILHOMU pa6OTLI B J'Ia60paTOpI/II/I )51 I/IHTepHCTC;

- HaBBIKAMHU TPAMOTHOW 0O0paOOTKU PE3YNIHTATOB OMBITA U COMOCTABJICHHS C TEOPETHUYECCKUMU
JTaHHBIMH.

TeMbl u pa3jaesibl Kypca:
1. AMmuutyasbii 1 Ga3oBbiil KOHTpacT. M300paxkenue n1eekToB, nouei HanpsHKeHUsI.

AMIUTUTYHBIH KOHTpacT. MaccoBBbI U TOJIIIMHHBIM KOHTPACT. Z-KOHTpacT. J{udpakunoHHbIH
KoHTpacT. Ilomydyenue u300pakeHU Kpuctasumueckod pemerkd. Kaptuasl Myapa.
OpeneneBckuit KoHTpacT. bunpusmsl. TonmMHHBIE 1 U3TUOHBIE KOHTYPHI.



N3o0pakenne nedexkToB ymakoBKH. TpaHchsuuoHHBIE nedexTbl. AHTH(A3HBIC TPAHMIIBL.
MonenupoBanue H300paKEHUI M KOJWYECTBEHHBIN aHaNM3 M300paKEHUH KPUCTAILTHYECKOU
pemetku. Jucnokanuu. AHanu3 auciokanuil. I'panuns! pasaena. Iloxydyenue mzobpakeHuil B
CJ1a0BIX IyYKax.

2. [lndpakuus 3JIeKTPOHOB HA KPUCTAIUTMYECKUX 00beKkTax. OCHOBBI KpHCcTauiorpaduu.

Paccesnne kpucramyeckod pemerkoi. [[unamuueckme dddextei.  MHAekcupoBaHue
nudpakimonHon kaptuHbl. Cdepa DBanbna. YpaBHeHue XoBH-YaiaHa. BoimHoBas amrumaryza.
KononkoBoe mnpubnmxenue. Cpepxpeuierku. Jledektsl. Mcnonp3oBaHue MeEXITyHApOIHBIX
tabnun kpuctauiorpaduu. Konbuesas qudpaxius. OpueHTallMOHHBIE KapTh.

BonHoBOe ypaBHEHHE B MPOCBEUMBAIOIICH 3JIEKTPOHHONH MUKPOCKONHH. bioxoBckue QyHKIUH.
Vpasnenue lpenunrepa s baoxoBckux BoH. AMIUTATYAbI biioxoBckux BoJH. Micnionb3oBaHue
metona ALCHEMI. Ilpupona Kuxyuu-nunuit. Kaptel Kukyun. OmnpeneneHue BelIUYUHBL Sg.
Hcnonp3oBanne Tudpakiuy B CXOIAIIeMcs Mydke. DHepretndeckas GuiabTpanus. Jlay?-30HbL
Hcnonp30Banne TEXHUKHA AU(PPAKIINH B CXOASIIEMCS ITyUKe.

3. MeTobl ucCcaen0BaHUS HAHOCHUCTEM. :‘)HGKTpOHHaH MHUKPOCKOIIUA B MaTCPpHUAJIOBCICHUN.

MeTOI[BI HCCIICAOBAHHUA HAHOCHCTEM. QHGKTpOHHaﬂ MHUKPOCKOIIUA B MAaTCpHAJIOBCIACHHMH.
OCHOBHBIE MCTOABI HCCIICAOBAHHUA HAHOCHUCTCM. Hpeﬂeﬂbl IMPOCTPAHCTBCHHOI'O PAa3pCHICHUA
MCTOAOB. AHanuTuyeckue METOAbI U IPCACIIbI UYYBCTBUTCIIbBHOCTH. B3aHMOﬂeﬁCTBHe H3Ty4CHUS
C BCHIICCTBOM. I[I/I(i)paKHI/IS{. Ol”paHI/I‘IeHI/ISI B HCIIOJIB30BAHWMN DJICKTPOHHBIX MHKPOCKOIIOB.
Paznuanbie THITBD SJICKTPOHHBLIX MUKPOCKOITIOB.

4. IlpuroroBiieHne oOpasIoB.

[MpuroroBneHne 00pa3lOB W3  MAacCHBHBIX  00pa3moB. MexaHuveckas o0paboTKa,
DIIEKTPONIOJIMPOBKA, MOHHOE YTOHEHHWE. YIIbTPAaTOMHUPOBAaHUE, CKAIBIBAHHE, METOJl PEIUIUK W
HEraTUBHOE KOHTpacTupoBaHue. Mcrnonb3oBaHre POKYCHPOBAHHBIX HOHHBIX MyYKOB. XpaHCHUE
00pasIoB.

5. Paccestnue u qudpaxuus.

Paccessnue Ha uHAMBHIyadbHOM atome W Kpuctamie. Judpakuus Ppenens u dpaynrodepa.
Kaptunel snekrponHoit audpakuun. Yopyroe paccesnue. CTpykTypHbiii ¢akrop. Heympyras
Tudpakiuus. DMUCCUST PEHTTCHOBCKUX KBAaHTOB, BTOPUYHBIX JJIEKTPOHOB, Oe-3JEKTPOHOB.
['eHepanust SJ1E€KTPOH - JABIPOYHBIX TMap, KaTOJOTIOMHHUCHEHIHMA. [Ima3MoHBI W (OHOHBIL
[ToBpexxaenus oOpasia B 3JIEKTPOHHBIX MUKPOCKOMAX.

6. PactpoBast nOHHAass MUKPOCKOIIHSL.



VYcerporictBo noHHBIX HCTOUYHMKOB DUIIL. Ilpumenenne @UII B ucciaeqoBaHHUsIX MaTepHANIOB.
TpexMmepHast peKOHCTPYKLHUS.

7. PacTpoBasi 2JIeKTpOHHASE MUKPOCKOTIHSI.

[TpunIMnBl paboThl PacTpOBOro MHUKpOcKoma. CHCTEMBI PacTpOBOTO MHKPOCKOMA. Pexumbl
NOJy4YeHUs: Wu300pakeHWid. BnusHue 5SHEpPruM SIEKTPOHOB Ha u300paxkeHue. BnusHue
ocoOeHHOcTe oOpasuma Ha paspemieHue. OOpaTHOpaccesHHBIC 3JIEKTPOHBL. BTopuuHble
anekTpoHbl. llomydyenue wuzoOpaxeHuid W WX HHTEpHperanus. Hu3koBakyymHBIE NPHOOPHI.
MukpoaHanus B paCTpOBOM MUKPOCKOIIMH.

8. PactpoBas snexrponHast Oxe MuUKpockomnusi.

OcnoBbl Oxe Mukpockonuu. [IpuHnumner pabotsl. MeToabl.

9. CnexTpoMeTpusi PEHTI€HOBCKOIO  M3JIYy4EHHUS M XapaKTEPUCTUYECKUX IOTEPb HSHEPIUU
JJIEKTPOHOB.

DHeproANCIepCUOHHbIN criekTpomeTp. BomHoBoii crektpomerp. Jlerexkropsl. Kapruposanue.
KomuuectBennsiii ananus. ZAF koppekuus. [IpoctpanctBenHoe pazpemenue. CrekTp moTrepb
sHepruu dnekTpoHoB. Cnektpomerp. Paspemenne. HabGop cmektpa. MOHOXpOMaTOPBHI.
KonunuectBennsiii ananus. Kapruposanue. ToHkas CTpyKkTypa CeKTpa.

10. CtepeoMHKpPOCKOTIHS M TOMOTpadusl.

MaruutHble O6p33HI>I U MAarHuTHBIC JOMCHBI. OTpa)KaTeJ'II)HaSI MUKPOCKOIIHUA. 3J'I€KTpOHHa$[
rojorpadusi.

11. ®usuueckue u HHCTPYMCHTAJIbHBIC OCHOBBLI 3JICKTPOHHBIX MUKPOCKOIIOB.

dwus3nuecKkue OCHOBBI Pa0OTHI MCTOYHHKOB AJIEKTPOHOB. XapaKTEPHCTUKU IMy4YKa DIIEKTPOHOB.
DJNeKTpOHHbIE TYIIKH. JIMH3BI ONTHYECKHE, JIEKTPOMArHUTHBIE W AJIEKTPOCTATHYECKHE.
AOGeppamnn  nuH3.  [uadparmer.  Paspematomas crnocoOHOCTh JMH3BI M CBSI3b €
IIPOCTPAHCTBEHHBIM pa3pelieHneM MUKpockorna. ['myouHa ¢okyca.

[TonynpoBOTHUKOBBIE JAETEKTOPBI, CHUHTWLIATOpB, CCD kamepsl, Apyrue YCTpOWCTBa
pETUCTpAIMH JIEKTPOHOB U PEHTTEHOBCKOTO M3JIydeHHs. BakyyM B 3JICKTPOHHBIX MUKPOCKOIIAX.
Tumbl BaKyyMHBIX HACOCOB. YTeuka BakyyMma. 3arpsi3HeHHss o0pa3ioB. THIIBI TOHHOMETPOB U
neprkateneit oopas3ioB. OUucTKa 00pasIoB.

OcBemaromas cuctema. Pabora Ha 3JIEKTPOHHOM MHKPOCKOIE, FOCTHUPOBKAa M KaJUOpPOBKA.
IIpoBenenue ucCCienoOBaHMI B CBETIOM M TeMHOM nose. [lodydeHue pas3inuyHBIX BHJIOB
nupakuuy, CIMHHUHT U TOJIbIM KoHyc. PaboTta B pacTpoBoM pexume Ha mpocBeT. CBeTno- u
TEMHO-TI0JIbHBIE H300paKEHUS B PACTPOBOM PEKUME.



