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c6d909c49c1d2034fa3a0 HratepaBsiémaoeTb: CMHXPOTPOHHBIE H HEHTPOHHbIE METOIbI HCCIIET0BAHMIT

MU K pa6oyuM NporpaMMam JuCIHIJIHH.

AHaquTHYecKas reomMeTpust

Measb AMCHUNIMHBI:

- (popmupoBanue 0a30BBIX 3HAHHWW MO TEOMETPUU IS AAJBHEHUIIET0 MCIOIb30BaHUS B IPYTUX
001acTsAX MaTEMaTUYECKOT0 3HAHUS U TUCLMILIMHAX €CTECTBEHHOHAYYHOI'O COACP KaHuU;

- (opMupoBaHHE MaTEMaTUYECKOW KYJIbTYpbI, UCCIEIOBATEIHCKUX HABBIKOB M CIOCOOHOCTH
MIPUMEHSTh 3HAHUS HA IPAKTHUKE.

3agaum IMCHUILIMHBI:
- hopmupoBaHue y 00ydaronmxcs 6a30BbIX 3HAHUH 110 AHATUTUICCKON T€OMETPHUN;

- GopmupoBaHue 0O0IIEMAaTeMaTHUYECKONH KYJIbTYpbl: YMEHHME JIOTUYECKH MBICIUTH, [IPOBOJUTH
JI0Ka3aTeNIbCTBA OCHOBHBIX YTBEP)KICHUH, YCTAaHABIMBATH JIOTUYECKHUE CBA3U MEKY NOHITHIMY;

- (bOpMI/IpOBaHI/Ie YMGHI/Iﬁ W HABBIKOB IMPUMCHATH IMOJYUYCHHBIC 3HaHUA UId PCIICHHUA
TCOMETPHUICCKUX 3aad, CAMOCTOATCIIBHOTIO aHAJIN3a ITOTYUCHHBIX PE3YJIbTATOB.

ITepeyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YJaroLIecs JOJKHBI

3HATh:

- OCHOBBI T€OpUH TpadoB, TEOPEMBI O BIOKHUMOCTH, hopMyity Diliepa, TeOpeMy 0 packpackax;

- TOTIOJIOTUYECKHE CBOMCTBA ABYMEPHBIX IIOBEPXHOCTEH, TEOPEMBI KIacCU(PUKAIIMN KOMITAKTHBIX
JBYMEPHBIX IOBEPXHOCTEM;

- TEOPHUIO KPUBBIX Ha IUIOCKOCTH U B IPOCTpaHCTBE, hopMyiibl DpeHe;

- ONpEJeNeHUEe KPUBU3HBI U KPYYEHUS, TEOPEMY O BOCCTAHOBICHMHM KPUBOW II0 KPUBU3HE U
KPYYEHHUIO; OCHOBBI TE€OPUU ITOBEPXHOCTEW, OMPEAETICHUE W CBOWCTBA IEPBOM M BTOPOU
KBaJIpaTUYHBIX (OPM MOBEPXHOCTH, TEOpEMY MeHbe, onpeieNieHUE IIaBHbIX KPUBU3H U TJIaBHBIX
HarpasieHui, Gopmyny Ditnepa;

- OIPCACIICHUC KOBAPUAHTHBIX NPOU3BOJHBIX, IMPAaBUJIa BBIYUCIICHUA CHUMBOJIOB KpI/ICTO(I)(I)CJI}I,
YpaBHCHUA MapalJICJIbHOIO MEPEHOCA U T'COACINICCKUX HAa IMOBEPXHOCTAX,

- OCHOBBI c(hepuueckoil reomeTpun 1 reomeTpun Jlo6aueBckoro, TeOpeMbl CHHYCOB, KOCHHYCOB,
(bopMyIbI JUIst CyMMBI YTJIOB TPEYroJbHUKA Ha cdepe U riockoctu JlobaueBckoro.



yMeThb:

- BBIYUCIISITh MHBAPHAHTHI TPa)OB, OMPEICIIATh TOMOJIOTUYSCKUN THUT TBYMEPHOH MOBEPXHOCTH,
HAaXOJIUTh KPUBHM3HBI U KPYUEHHUSI KPUBBIX, IJIaBHbIE KPHUBU3HBI M TJIABHbIC HaIpaBICHUS
MMOBEPXHOCTEM;

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

- HAXOIUTh W HCCIENOBAaTh TEOJIE3NYECKHEe, pellaTh I'eOMETpUYECKHEe 3a1aud Ha cdepe H
iockocT JlobaueBckoro.

BJAJETh:
- anmapaToM TEOPUHU KPUBBIX U TIOBEPXHOCTEH M €r0 MPHIIOKCHUSIMU K MEXaHUKE;
- TEXHUKOW KOBapPUAHTHBIX MPOU3BOIHBIX U €€ MPHIOKEHUSIMU;

- anmnaparom Teopuu rpados.

TeMbl U pa3jeiibl Kypca:

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

ITnockue xpussbie. KacarenbHas u HopMaib. [[nuHa kpuBoi. HatypanbHblil napamerp.
Conpukacaromascs oKpy>kHocTb. KpuBusna miockoit kpuBoil. [Tnockue popmynsr Opene.
Boccranosnenue miockoil KpuBoi Mo (yHKIUN KPUBU3HBL.

OBOJIIOTA U BOJIHOBOM ()POHT IJIOCKOW KPUBOM.

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

BoccranoBiieHre MPOCTPaHCTBEHHOM KPUBOM 110 KPUBHU3HE U KPYUEHHUIO.
[ToBepxnoctu. IlepBas kBagpaTuuHas popma. J[IHUHBI U YIIIBL
KoBapuaHTHBIE IPOU3BOIHBIE BEKTOPHBIX MOJIEH U UX CBOMCTBA.
Cumsonsl Kpuctoddens u ux BprauciaeHue.

ITapajutenpHBIN IEPEHOC U TEOAE3UUECKUE HA IIOBEPXHOCTAX.
N3omeTpun MOBEPXHOCTEN.

Bropas kBagpaTtuunas ¢popma nosepxHoctu. Teopema MeHse.

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

OTKIIOHEHHE TOYKM  TOBEPXHOCTHM  OT  KacaTeJIbHOM  IJIOCKOCTH.  OJIMITHYECKUE,
runepooauvyeckre U napadoanyeckue TOUKU IBYMEPHON TOBEPXHOCTH.



2. Ilpocreiimne HEEBKINIO0BBI T€OMETPUH.
I'eomerpus Ha cepe. ['eoneznyeckue, U30METPUH, PACCTOSIHUE, OKPYKHOCTH.

Cdepuyeckue TpeyroapbHUKA. TeopemMbl KOCHMHYCOB W CHHYCOB. JIBoiicTBeHHas Teopema
KocuHycoB. Teopema 0 cymMmme yriioB cepuieckoro TpeyroibHUKA.

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

MupoBble JHHMM HWHEPHHAIBHBIX HaOmonateneii.  OTHOCHUTEIBLHOCTh OJHOBPEMEHHOCTH,
3aMeJUICHUe BPEMEHH, COKpalieHue JuH. [lapagokce Oau3HEIoB.

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

Mopnens Ilyankape reomerpun JlobaueBckoro.
3. Tononorust rpadoB U ABYMEPHBIX IOBEPXHOCTEH.
I'padsl. Teopema o ymcie MapIpyToB. Y HUKYpCaibHbIE rpagbl.

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

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

Packpacku kapt u rpados. Teopema o ISTH KpacKax.

Tpuanrynupyemsle AByMepHbIe oBEpXHOCTU. [IpuMepsl. OpueHTupyemMble 1 HEOPUEHTUPYEMBIE
MOBEPXHOCTH.

Ckuneliku u3 kBagpara. Onepanuy BeIpE3aHUs AbIPKU U IPUKIIEHKN PYUKH.
Teopema knaccuuKay KOMIIAKTHBIX JIBYMEPHBIX OPUEHTUPYEMBIX IIOBEPXHOCTEN O€3 Kpasi.

TeopeMH 0 KJ'IaCCI/ICI)I/IKaI_[I/II/I HCOPUCHTHPYCMBbBIX HOBCpXHOCTeﬁ n HOBerHOCTCI\/’I C KpaceMm.



AHHOTAIIUM K pa004YuM NPOrpaMMam JUCHHUILIMH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

AHajuTHYecKass MeXaHUKa

Measb AMCHUNIMHBI:

- OCBOCHHE CTYACHTAaMH OCHOB aHAJTUTUYECKON MEXaHUKH.

3agauyu IUCHUILINHBI:

- (opmupoBanme 0a30BBIX 3HAHWU B OOJACTH AHAIUTUYCCKOW MEXAHHWKHM KaK JUCIUTLINHBI,
UHTETPUpYIONIeH 001edr3nuecKyo0 1 MaTeMaTHYECKYIO MMOATOTOBKY CTY/IEHTOB;

- OBJIaAICHUC OCHOBHBIMH MCTOAAMH, IO3BOJIAOIIHMMU PpCHIATH YPAaBHCHUMA aHAIIMTUYECKOM
MCXaHUKH, pCIICHUC 3a/la4, OXBATbIBAIOIINX OCHOBHBIC IIPUITIOKCHUA AHAJTUTHUYCCKOM MCXaHUKHU.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILJIMHE (MOYJII0)
B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI 00YYaIOIINECs JT0JIKHbBI

3HATh:

- OCHOBBI JIArPaHXEBOW MEXaHUKU;

- TEOPETUYECKHME OCHOBBI IMHAMHKH KOHCEPBATHUBHBIX M JUCCUMIATUBHBIX CHUCTEM BOJIM3H
paBHOBECHS;

- TCOPETUYCCKUEC OCHOBBI JUHAMUKHA TBEPAOTO TCJIA,

- IPUHLIUIT HAUMEHBUIETO JENCTBUSA U OCHOBBI TAMUIIBTOHOBOM MEXaHUKU;
- METOJ1 KAHOHMYECKUX IIpeoOpazoBaHuil U anmapat ckobok Ilyaccona;

- MetoA ["amuibTOHA-SIKOOM U TEXHUKY pa3/ieNeHUs] IEPEMEHHBIX;

- METOJ] IEPEMEHHBIX JECHCTBUE-YTOI.

yMeThb:

- (I)OpMy.TII/IpOBaTB YpaBHCHUA Harpacha B O606H.[CHHBIX KOOpAUHAaTax, HAaXOAUTb HWHTCIPAJIbI
JABVOKCHUSA U C UX IMTOMOIIBIO PCIIaTh YPABHCHUS JBUKCHUS,

- BBIYUCIIATH ICPUOJ (1)I/IHI/ITHOF O IBHIKXCHHA,

- BBIYUCIIATH CECUCHUC PACCCAHUA B JaHHOM LICHTPAJILHOM I10JIC;



- HaxOJUTh COOCTBEHHBIC YaCTOTHI U HOPMaJbHBIC KOJICOAHUS CUCTEM CO MHOTUMH CTCTICHSIMHM
CBOOOIBI;

- BBIYUCIIATh MOMEHTEI HHEPLIUH TBEPAOTO TCIIA,

- MepexXOoJuTh OT JarpaH)kuaHa K TaMUJIbTOHHAHYy M HAo0OpOT C MOMOIIBIO MpeoOpa3oBaHUS
Jlexannpa;

- OCYILIECTBIISATh KAHOHUYECKHE TPEOOpa30BaHsI C TIOMOIIBIO JaHHOW IPOM3BOIAIICH (QYHKIINY;
- BBIYHCIIATH CKOOKM [lyaccoHa;

- pasgcidaTb NMEPEMEHHBIC B YPABHCHUU I'amunbsToHa- k00N U pfmiate ¢ IMOMOLIBIO METOOa
I'amunbTOHA-SIKOOM KAHOHHYECKHE YpaBHCHUSA IBUKCHUA,

- IEPEXOIUTh K ICPEMECHHBIM ,HCfICTBHC-erJI;

- BBIYUCJIIATH a[II/Ia6aTI/I‘-IeCKI/IC HWHBApPUAHTHI.

BJa/leTh:
- OCHOBHBIMU METOJIaMH aHAJTUTUUYCEKON MexaHuku — merogamu Jlarpanxa [ u Il pona;
- METOJaMU UHTEIPUPOBAHUS YPABHEHUN JBUKEHUS, TPUHIUIIOM HAMMEHBIIETO JEHCTBUS;

- METOJIOM KaHOHMYECKHMX YypaBHeHMU ['amuibTOHa, ammaparoMm ckobok Ilyaccona, metomom
[MamunbToHa-SKOOM perieHusi KAHOHUYECKUX YpaBHEHUH.

TeMbl U pa3jaeiibl Kypca:
1. KanoHnueckue rnpeodpa3oBaHus

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

Kputepun xanonnuHoctu mnpeobpazoBanusi. CkoOku Jlarpanxka. CxoOku Ilyaccona. CBoiicTBa
cko0ok Ilyaccona. Teopema Ilyaccona.

VpaBHenue ['amunbroHa-fAko6u. Mertox I'amunbroHa-SKOOM peleHUS KAaHOHUYECKHX
YpaBHEHUN. YKOPOUYEHHOE IEUCTBHE.

Pazgenenue INEpEMCHHBIX B MCTOJC I'amunbToHa-SIk00H. Pazgenenue IEpEMCHHBIX B
C(bepnqecxnx, Hapa6om/1qec1<1/1x " SJUIMIITHYICCKUX KOOpAWHATAaX. I[BI/I)KCHI/IC YJaCTHUIbI B IIOJIC
JABYX IMPUTATHUBAIOIIUX LECHTPOB.

[Toumxenue nmopsAAgKa CHUCTEMBI KaHOHHYECCKHUX ypaBHeHI/Iﬁ C IIOMOIIBIO HMHTEIrpajia SHEPIruu.
HpI/IHI_II/IH MOHepTIOH-HanaH)I(a. OnTuko-MexaHndyecKas aHaJoTHus.

[TepemeHHbIe IeHCTBUE-YTOI B OJJHOMEPHOM cily4ae. AnuadaTndecKkuil MHBapUaHT.

2. OCHOBEI TaMMJILTOHOBOM MEXaHUKH



[Tpuniun Hanmenbiero AevctBus ['amunbroHa. YpaBHenus Jlarpanxka Il pona kak ciencrBus
BapualnoHHoro npuHiuna. [Ipeodbpazosanus Jlexanapa.

Oyukuua ['amunbroHa. KaHoHnueckue ypaBHeHus ['amuibrona. L{MKiIndeckue nepeMeHHBIE.
®ynkuuu Jlarpanxa n ['aMuabTOHA 4acTULBI B MATHUTHOM IIOJIE.

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.
Nurerpansusie nuBapuantel [lyankape u [lyankape-Kaprana.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

AHrniickuii a3bik (ypoBeHnb B2)

Meab AMCHUNIMHBI:

- OCBOGHHME CTYJEHTAMHU OCHOBHBIX JIGKCMYECKHUX €IUHHUI] ¥ HABBIKOB  BJIAJICHUS
KOMMYHHUKaTUBHOW IpaMMaTHKOI Ha YpOBHE HE HUXKE pa3rOBOPHOTO.

3agaum AMCUMIINHBI:

- IPUOOPETEHNE HABBIKOB YCTHOW PEYH IO Pa3IMYHBIM KOMMYHUKAUBHBIM () YHKIIHSIM;
- HpI/IO6pCTCHI/IC HAaBBIKOB HI/ICI)MCHHOI;'I peqH IJIA CO34aHUA paBJH/I‘-IHBIX THUIIOB TCKCTOB.
[lepeyeHb MJIAHUPYEMBIX Pe3yJILTATOB 00yUYeHHs MO TUCHUILINHE (MOIYJIIO)

B pe3ynbraTe 0CBOCHUS TUCIMILIHHBI 00YYaIOIIHECs JTOJIKHBI

3HATh:

- 3HaTh Jiekcuyeckuil MuHUMYM B o0beMe 10000 y4eOHBIX JIEKCMYECKUX €AMHHUIl OOIIero u
TEPMHHOJIOTMYECKOI0 XapakTepa.

yMeTb:

- AHAJIM3UPOBATh U OLICHUBATH COIUAJIBHYIO I/IH(bOpMaIII/IIO; IJIAHUPOBATh U OCYHICCTBJIATE CBOIO
ACATCIIBHOCTD C YUCTOM PE3YJIbTATOB 3TOI'O aHAJIN34.

BJIA/1€Th:

- UHOCTPAHHBIM SI3bIKOM B 00beMe, HEOOXOAMMOM JIJIsl BO3MOKHOCTH MOTY4YeHUS HHPOPMALIUU U3
3apyOEKHBIX HCTOYHUKOB.

TeMbl U pa3jeiibl Kypca:
1. lenbru.

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

2. Jlom.



I'pammarnueckuit acmekT — questiontags (BOMPOCHI —TATH); BBOJHBIC TMPEIJIOKEHUS U
yTOUHSIOLIHE 000pOTHI. JIekcnueckuii acekT —(ppa3oBble IIaroisl, UAKOMbI. KOMMYHHKaTUBHBIHI
acIIeKT — MPOCKOBI, Coracue/Hecoriaacue, NpeiokKeHNUs-IPeanoNI0KEeHUs.

3. loporu, KOTOpbIE MBI BEIOUpaAEM.

['pammaTrueckuii aciekT — popMbl OyaylIero BpeMenu. Jlekcuueckuit acrekt — reorpaduyueckue
Ha3BaHUs U 0003HaueHHsI. KOMMYHHKATUBHBIN aCIEKT — BBIPAKEHHE COTIIACHS/HECOTIIACHS.

4. EI[I/IHI/II_IBI HU3MCPCHUA, (bHBPI‘leCKI/IC BCJIIMYHHBI, KJIACCHUYCCKasl MCXaHHKa, Hrroton.

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

5. UcTopus OTKpBITHS aTOMa, CTPOEHUE aToMa, POKICHHE SIePHON (DUBUKH.

[epynauii, ero Gpopmsl, ciaydan ynotpeOieH s, 00paTHBIN MOPSIIOK CJIOB, IPAMMATHYECKHUIT TECT;
paboTa ¢ JIeKCUKOU M0 TeMe; 0OCYKICHUE M YTCHUE CTATei, aHHOTALMU K CTaThsSM, JOKJIAJIbl U
o0CyXJIeHHEe KpYIJOro CToja, BHUACOMATepHAlbl M BOMNPOCHI K HHM, 3aKIIOUYHTEIbHAS
KOHTpOJIbHAs padoTa.

6. Ucropus ¢usuku. ["amuneit 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
CTaTei, COOTBETCTBYIOIIAs TEME JIEKCHKA, BUJIEO 110 TEME U IOCTaHOBKA BOIIPOCOB K BHUJIEO.

7. Hactpoenus.

rpaMMaTI/I‘leCKI/Iﬁ ACIICKT — MOJAJBbHBIC TIJ1aroJibl. JIekcHYecKui acleKT — IBET U CBET
(HpI/IJ'IaFaTeJ'IBHBIe), HAaCTPOCHUC (CymeCTBI/ITCJ'ILHLIe )51 FJIaFOHLI). KOMMYHI/IKaTI/IBHHﬁ aCIICKT -
BBIPAXKCHUC PA3JINIHBIX OTTCHKOB HACTPOCHHA C TIOMOIIBIO MHTOHALIUH.

8. O6pazoBaHue.

['pammaTHueckuii acmekT — MpsiMas/KOCBEHHas pedb. JIekcHYeckuit acmekT — TEePMHUHBI U
ab0peBuaTyphl, CBsI3aHHBIE ¢ 00pa3oBaHKueM; (pa3oBbie riaaroybl. KOMMyHUKAaTUBHBINA acleKT -
BeJIEHHE TUCKYCCUU O MpodsieMax 00pa3oBaHUsI.

9. OTBeTHI Ha HACYIIHbIE BOMPOCHI.

['pammaTHueckuii  acmeKT — cocllaraTeJbHOE€ HaKJIOHEHMe. JIekcuueckud  acmekr —
uaroMaTudeckue nmapsl. KOMMyHUKATUBHBINA aCMIEKT — BRIPAKEHUE HEJIOBOJILCTBA, JKATOO0BI.

10. OTKpBITHE 3JIEMEHTAPHBIX YaCTHULL.

qTeHI/Ie, NEpEBOJ, M IIPAKTHKA NHCBMCHHOI'O H3JIOKCHHA MaTepuajia; IpaMMaTHKa Cliy4dau
yTIOTpC6J'ICHI/I$I repynaus; JICKCHUKaA 110 TEMC, 6CCCI[LI 10 CTaThsIM 00 OJICMCHTAPHBIX YaCTUIIAX.

11. Orpaxenue (HakToB B Cpe/ICTBAX MACCOBOM MH(OpPMAIIHH.

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



12. IlpuaaTo4yHsle NpeIOKEHHS YCIOBUS U BPEMEHH.
Hamnucanue nucem/ paccka3zo/Ouorpaduil/qokiianos/scce, onmMcaHue JIFAeH/MeCT/MHEHUM.
13. IIpoOaemMbl MOJIOJIEHKHU.

I'pammaTnueckuii aClieKT — MOJAJbHBIE TJ1Arojibl U UX CHUHOHHUMBI. JIEKCHMYECKHU acCHeKT —
cioBocoYeTaHMsl ¢ riaroioM ‘get’. KOMMYHMKaTUBHBIM aclieKT — BBIpAKEHUE YIUBJICHUS U
HEJIOBEpUsl, OTCTAMBAHUE CBOCH TOUYKH 3PEHUSI.

14. TIponomkeHHOE BpeMs U €r0 (POPMBL.

['pamMaTudeckue yHpakKHEHUs IO TeMe, IpaMMaTHKa B TEKCTaX, KOHTPOJIbHas paboTa,
obcyxnenue crareit mo teme Crpanbsl CoapyxkectBa BenmnkoOpuTaHuu, BHIEO W OTBETHI Ha
BOIIPOCHI, KPYTJIBIHA CTOJ IO 3TOW TeMe, IMOIBEICHIE UTOTOB.

15. ITyremecTBus.

I'pammaruueckuii acCIIeKT — [JIarojbHbIe KOHCTPYKLUHU «raroi/uHOUHUTHBY,
«rnaron/repyHanii». JIekcuueckuii aceKkT — MmpuiiararejabHble (CTENEHH CPaBHEHHUS), HApEeuusl.
KoMMyHUKaTHBHBIN aCIEKT — ONKUCATEIBLHOE TOBECTBOBAHMUE.

16. Paccka3 00 UCTOPHUYECKHUX COOBITUSX.

['paMMaTH4ecKuii aCleKT — MOJIAIBHBIE IJIAr0JIbl B 3HAYCHUH BEPOSTHOCTH. JIEKCHUECKHIA acTIeKT
— CHHOHHUMBI; YCTOHYMBBIC BBIPAKEHUS C MOAAIBHBIMHU IlarojaMu. KOMMYHUKaTUBHBIA aCIIEKT
— ¢opmanbHBIN 1 HePOPMATBLHBIN CTUIIA B PAa3TOBOPHOM peun.

17. PeneH3upoBaHue KHUTH.

rpaMMaTI/I‘leCKI/Iﬁ ACIICKT — CTCIICHH CPABHCHU S, CPABHU TCIIbHBIC O60pOTLI. Jlexcuueckui acIekT
- KHU>XHBIC KaTCropuu (CYH_IGCTBI/ITGJ'IBHBIG), OIIMCaHHuC KHUT (an/maraTeJIbeIe).
KOMMYHHKaTHBHBIﬁ ACIICKT — BEACHUEC NUCKYCCUHU O CTHIIAX U JKaHpax.

18. CBepXnpoBOAMMOCTD U CBEPXIIPOBOJIHUKH.

Urenue, nepeBoa u obcyxaenune crateit mo teme; rpammaruka The Complex Object with the
Infinitive; mpakTuka yrnoTpeOaeHus STOH KOHCTPYKIIUU B MPEATIOKEHUAX, JUCKYCCHUSI.

19. CeMmps.

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

20. CummeTpusi B GU3UUECKUX TEOPHSIX.

UreHue, nepeBoJl U o0CYKJE€HHE CTaTe; rpaMMaTHKa ciiydyau ynotpebieHus riarona “should”;
IMPAaKTHUKa pa3sHbIX BUJ0B YTCHUA CTaTeﬁ; JOKJIaabI ITO TEMAaM.

21. CosepiieHHOE BpeMsi U €ro (HOpMBI.



OOcyxenue, uTeHue, mepeBo] TeMarnueckux crareit [lomutudeckas cucrema Bennkoopuranum,
IpUMEpPbI TPaMMaTHYEeCKUX (DOPM B CTAThAX, HOBas JIEKCHKA B IpUMepax, pedepupoBaHue crareit
YCTHO ¥ MHUCbMEHHO, BUJIEO 110 TeMe U 00CYKIeHUE U MOATOTOBKA K JIOKJIa1aM.

22. COBpEMEHHOE TEJICBU/ICHHUE.

['pammaTHyUeckuii aceKT — CHOCOObI BBIPAKEHUS NPUBBIYHBIX JEHCTBUM (B HACTOALIEM U
npouuioMm). Jlekcuueckuii acrmekT — OMOHUMBI U OMO(OHBL. KOMMyHHMKaTHBHBIA acHeKT —
BBIPAKEHHE CBOCU TOUKHU 3PEHUSI B TUCKYCCHUH.

23. CtpanaTtenbHbIii 3a510T B €ro popMbl. CpaBHEHHE C JEHCTBUTEIBLHBIM 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 BOIIPOCHI.

24. Tennora, 3HEPTHUs, CBET, TCOPUU CBETA.

MH(UHUTHB B COCTaBE CJOXKHOTO ITOJICKAIIETO M B COCTAaBE CIIOXHOIO JOIOJIHEHHS,
rpaMMaTHYCCKUH TECT; JIEKCUYCCKUE YIPaXKHECHHS 0 TEME; YTEHHUE, TIEPEBOJ U OOCYKICHUE
cTateid mo Teme, pedepupoBaHHME cTaTe W JOKIAABl MO TeMaM, BHJACOMATCpUAIBl U HUX
oOcyxeHue.

25. dusnueckre OTKPBITUS PaJUOAKTUBHOCTD U PaCILEIJIEHUE aTOMA.

Urenue, mepeBo U OOCYyXACHHE CTaTed MO ATOW TeMme; rpaMMmarhka (pyHKUHUU TepyHIus B
NpeJIOKEHNH, TPUCTaBKa B CIOBOOOpPA30BaHUU; JIEKCHMKA CBf3aHA C TEMOM; MpaKTHKa
ynoTpeOIeHus TEPYHIHS B TUCEMEHHOM H3JI0KEHHUH.

26. DKBUBAJICHTHI MOJAJIBHBIX I'J1aroJioB. CreneHu CpaBHCHH NpUJIAraTCIbHBIX U Hapqu/HZ.

OObscHEHUE I'paMMAaTHKU C IpUMEpaAMU U YIIPAKHCHUSAMU. qTeHI/Ie, MepeBoOA, pe(l)epI/IpOBaHI/Ie
TCKCTOB U UX O6Cy>K,[[eHI/Ie, COOTBCTCTBYIOIIAA TCKCTY JICKCHUKA B YIIPA)KHCHUAX, ayAUPOBAHNUEC U
YIOpa)KHCHHA Ha TIOHUMAHUC PCYUH.

27. DKCTpeMaIbHBIN OIBIT.

['paMMaTHUecKuil acleKT — OTHOCHUTEIbHBIE/BOIPOCUTEIbHBIE MECTOMMEHUS, NPUYACTHBIE U
JeenpuyacTHble  00opoThl. Jlekcuuec KWW — acmeKT —  HapeyHble  CIOBOCOYETAHMS.
KoMMyHHKaTHBHBIN aclIeKT — ONMCAaHUS U KOMMEHTAapHUH.

28. SHCKTpI/I‘IeCTBO, Mara€TusM U UCTOPUS IJICKTPOHUKH.

[Tpuyactue u ero ¢Gopmbl, HE3aBUCHMBII MPUYACTHBIA OOOPOT, yHMpaKHEHHs; 0030p cTaTei,
pedepupoBaHue, HaTUCaHUE aHHOTAILIUU, JOKJIAbl, ONMCaHUE TPAPHUKOB.

29. FOMOp B aHITIOSI3BIYHON JTUTEPATYPE.

FpaMMaTI/I‘-ICCKI/Iﬁ ACIICKT — (I)OpMBI HACTOAIICTO BPECMCHU. JIekcruuecKui aceKkT — THIIBI roMopa.
KOMMyHHKaTHBHBIfI ACIICKT — SMOIIMOHAJIBHBIC PCAKIIUH.

30. SAnepHble pEaKTOPBHI.



Urenue, mepeBoa W OOCYXKJEHHE CTaTeil; rpaMMaTHKa YHOTpeOJICHHE MECTOMMEHHUs “one” B
KayecTBe MOJIeKAIIEr0; JIEKCHUKA [0 TeME; JOKJIaJbl U BUIEO MO TEME.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

be3onacHOCTD :KU3HEAEATEIbHOCTH

Measb AMCHUNIMHBI:

dbopMUpOBaHHE y CTYACHTOB OOIIEKYIbTYPHBIX W OOHIEIPOPECCHOHANBHBIX HHTETPATHHBIX
KOMIIETEHIIM ¥ KOHKPETHBIX 3HAHMHA YMEHM U HaBBIKOB B cdepe 0e30macHOoCTH
KHU3HEIEATEIILHOCTH, BKIIFOYasi, BOIIPOCHI 0€301TaCHOTO B3aMMOACHCTBUS YEJI0BEKa C MPHUPOTHON
U TEXHOTEHHOW cpenoil oOMTaHWsS W BOMPOCHI 3alIMTHI YEJIOBEKa OT HETAaTHBHBIX (PaKTOPOB
Ype3BBIYANHBIX CUTYAIIHA.

3agauyd IUCHUILINHBI:

- 3HAKOMCTBO CTYACHTOB C TCOPCTHUYCCKUMHU OCHOBAMU W IPAKTUYCCKMMHU BOIIpOCaMU
obecneyeHnss 6€30MaCHOCTH KHU3HCACATCIIbHOCTH,

- (I)OpMI/IpOBaHI/IC Y CTYACHTOB Hpe,I[CTaBJ'ICHI/Iﬁ 0 MCHUXOJOTHMYECKOM 6630HaCHOCTI/I,
IMCUXOJIOTHYCCKUX YI'PpO3aX U KOTHUTUBHBIX UCKAKCHUAX

- OCBOCHHUE CTYJEHTaMH TOJIX0JI0B K TPOTUBOICHCTBUIO MICUXOJIOTHYECKUM yrpo3aM, padoTe co
CTPEeCcCOM U KOMMYHHKATUBHBIMA MaHUTTYJISIIUSMU;

- OCBOGHHUE CTyJeHTaMH 0a30BbIX 3HaHUI B 00JaCTU (PU3MUECKOT0O 3J0POBBS U 310POBbS MO3Ta;

- pasBUTHC Yy CTYACHTOB HpeI[CTaBJIeHI/IfI O CBA34X MW BO3MOXHOCTAX HCIIOJb30BaHUA
TYMaHUTapHbIX, COIUAJIBHBIX, JSKOHOMHWYCCKUX W CCTCCTBCHHOHAYYHBIX, KAYCCTBCHHBLIX H
KOJIMYCCTBCHHBIX IMMOAXO0A0B U METOAOB IIPHU aHAJIN3C U PCIICHUN 3a1a4 obecneueHUs E)KI[

- (opmupoBaHUE MpeACTaBIEHUH Y CTYIEHTOB O CBS3H CBOEH MPOo(heCcCHOHATBHOM NeSTENbHOCTH
u 3aya4y obecrnieuenus bX/I;

- ¢hopMUpPOBaHUE Y CTYACHTOB MPEACTABICHUI O 3HAYMMOCTU JTUYHON XKU3HEHHOW TMO3UIIMU H
WHAVBUAYAIbHOTO TOBEACHHS Mg OOecCleueHuss WHIWBUAYalbHOW ¢  KOJUJICKTUBHOMN
0e30MmacHOCTH, B TOM 4YHCIE I oOecredeHus Oe30MacHOCTH COIMyMa, BKIOYAs TaKOH
aKTyaJIbHBIN acIeKT, KaK MPOTUBOJICHCTBIE KOPPYIIIUH, TEPPOPU3MY U IKCTPEMHU3MY.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00yYeHHs MO TUCHHUILINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YJarOIIIHECS JOKHBI
3HATh:

° NCUXOJIOTUYECKUE  OCHOBBI ~ OOecreueHuss  O€30MaCHOCTH  KHU3HEAEATEIbHOCTH,
BKJIIOYarole B ceds paboTy ¢ MCHXOJOTHUYECKUMH YIPO3aMH, CTPECCOBBIMH COCTOSHHSIMHU U
HOCTPOCHUIO 0€30MacCHON KOMMYHUKALIUU C COLIUYMOM;



° KJIIOUEBbIE aCIMEeKThl 370pOBOro o0Opa3a >KU3HH, IMOHATHUS O CHUCTEMaX OpraHu3Ma H
crocobax uX yKperieHUs! U pa3BUTHS,

° MIPaBOBbIE U YKOHOMHYECKHE MOHATUS 0OeCIeYeHUs: Oe30MaCHOCTH JKU3HEIEATeIbHOCTH
rpaxxaaH Poccuiickoit denepanuu, B TOM 4YUCIIE TOCYIapCTBEHHONM MOJIOAEKHOU IOJIUTHKUA U
IPaBOBBIX OTHOIICHUH B 007aCTH HAYKH M BHICOKHUX TEXHOJIOTHUH;

° rOCy/IapCTBEHHYIO MOJIMTUKY, TOCYIaPCTBEHHbIE CTPYKTYPhl U CUCTEMY MEpONPHUATUH B
oOnactu o0ecrieueHus: 0€30MaCHOCTH KU3HEIEATEIbHOCTH, IIPaBUJIIa MOBEACHUS B UpE3BbIUAHHBIX
CUTYyallMsIX M OKa3aHMs IMEpPBOW MOMOIIM MPU HECUACTHBIX CIy4yasX, aBapusiX, Ype3BbIUaiHBIX
CUTYalUAX U TEPPOPUCTUUECKUX AKTaX.

yMeTb:

® CaMOCTOATCIIbHO OLICHUBATh COOCTBEHHOEC IICUXOJIOTHYCCKOC COCTOsSHHC,
AUAarHoCTUPOBATb KOTHUTHUBHBIC HCKAXKCHUA U CTPECCOBBIC COCTOAHMA, BI)Ipa6aTI>IBaTI>
KOIIMHI'OBBIC CTPATCIUHU,

L] OCO3HAHHO MMOAXOJUTH K BOIIPOCaM HHAUBHUAYAJIBHOI'O 3O0POBOIO o6pa3a KHN3HU,
MMpoaAyMBIBATb Oe3oracHbIe HHAUBUAYAJIbHBIC TPCHUPOBOYHBIC PCIKMMBI U pallMOHBbI ITUTAHUS,

° aQHAIM3UPOBATH COIIMOIKOHOMUYECKHE MPOIECCHl C TOYKU 3PEHUsS TIPaB U 00sS3aHHOCTEH
rpaxxaanuHa PO u crynenra BY 3a;

° IIPUHUMATh 0OOCHOBAHHbIE YIPABICHYECKHE U OPTaHU3A[IOHHbIE PEIIEHUS U COBEPIIATh
UHbIE JCWCTBUS B TOUHOM COOTBETCTBUHU C 3aKOHOM, B TOM 4HCIe, B cepe NPOTHUBOJAEHCTBUSA
KOPPYILHH, TPOTUBOACHCTBUS TEPPOPUMY U IKCTPEMU3MY.

BJIa/1eTh:

° MPUHIMIIAMA ¥ OCHOBHBIMHM HaBBIKAMH TMOCTPOCHHUS TICHXOJIOTMYECKON 0€30MacHOCTH,
BeJCHUSI 0Ee30MacHOM  MEeXJIMYHOCTHOM KOMMYHHUKAIIMHM, pAaclo3HaBaHUS  COIHABbHBIX
MaHUNYJISIUN;

® CUCTCMHBIM ITOAXOJ0OM K (I)OpMI/I]I)OBaHI/IIO ACIICKTOB 3J0pOBOTO O6p333. KHU3HU,

® IIpaBOBbLIMU OCHOBaMH I/IH(i)OpMaI_IPIOHHOI‘;I 0e30IMacHOCTH u 0€30IMacHOCTH
HHTCJICKTYAJIbHO-TIPABOBBIX OTHOHleHI/II\/JI;

L] HaBbIKaMU MMPUHATHUA OCO3HAHHBIX 9KOHOMHUYCCKUX pGHIeHI/II\/JI, crocodamu COXpPaHCHUA U
TpaMOTHOTI'O UCIIOJIL30BAHUA KaIllUTAaJla,

° NPUHIMIIAMA M OCHOBHBIMM HaBbIKaMH 0€30MacHOrO TMOBeA€HHs B ObITY U MpuU
OCYILECTBICHUH NPO(PECCHOHANBHOM NeATeNTbHOCTH, B YaCTHOCTH, NMPH HECYACTHBIX CIIydyasx,
aBapUsIX, YPE3BbIYANHBIX CUTYALUAX, KOPPYIIIMOHHBIX HAPYIICHUSIX U TEPPOPUCTHUUECKUX AKTAX.

TeMbl U pa3jeiibl Kypca:

1. Benenue B 0€30MaCHOCTD KA3HEAESITEILHOCTH



OOue TepMHHBI O€30MACHOCTH >KU3HENESITEIbHOCTH. be30macHOCTh KU3HEACATEIbHOCTH B
KOMILJIEKCE: TICHXOJOTHYECKH, (PU3UOJIOTHUECKUI, MPaBOBOM, SKOHOMUYECKHH M COIMAIbHBIN
acriektbl. [Tomutuka M®TU B oOnactu obecrieueHus: 0€30MACHOCTH SKU3HEAEATEIBHOCTU
CTYAGHTOB U coTpynHukoB. Crtpykrypa opranoB ynpasienus MOPTU, ux dyskuum u
IIOJIHOMOYHS.

2. 1o6po noxanoBaTh Ha PuU3TEX

Uctopus cranoBnennss M®PTU kak Bemymiero TexHUYECKOro HHCTUTyTa Poccuu. OTibI-
ocHoBatenu Pu3rexa, pa3BuTHe 0a30BbIX Kadeap, MOIUTHKA PEKTOPOB UHCTUTYTA. OCOOEHHOCTH
cucreMbl du3Texa Kak KIYEBOTO aclekTa KoMIUIeKca oOpazoBanus 1 Hayku B MOTU.

3. Ilcuxoyioruyeckue yrpo3bl

[TonstTue mncuxonoruyecko Oe30MacHOCTH. THUIONOTHS TCUXOJOTUYECKUX YIPo3. YTPO3bl
oOuencuxosiornyeckoit npupozsl. Koruutusueie omuOku. OmmOky BHUMaHUS U HEBHUMAHUS:
JIOPO’KHO-TPAHCIIOPTHBIE ~ MPOUCIHIECTBHSI, aBHAKaTacTpOQbl, IOCTAHOBKA JHMar€Ho3a B
KIIMHUYECKOW MPAaKTHKE, YIUYHbIe Kpaku. OMIMOKU MaMsTH: JIOKHBIE CBUIETEILCTBA B CYIIE,
JOKHBIE  BOCcmOMUHAHUS. OMmMMOKKM  MBIIUIGHUS: TPOIECCHl MPUHSATUS  pElIeHHd B
cynonpou3BoacTBe. @DeHOMEH JIOKHBIX Koppemsiuuil. CamocObIBaroluecss IMpOopoOYECcTBa.
MeTakOTHUTHBHEIC OIMOKU: TpobiieMa OIEHKA COOCTBEHHOTO M UYXKOro npodeccrnoHam3Ma.
NunuBunyanbHble KOTHUTHUBHBIE MCKQXEHUS W HMX CBA3b C OOIIMM TCHUXOJIOTHYECKUM
OmaromosiyureM JUYHOCTH. IlpueMbl W TEXHMKH Ui CAMOHAONIOJNEHUS W HW3MEHEHUs
COOCTBEHHBIX aBTOMATUYECKUX OMIMOOUHBIX CYKICHHI.

4. Ilcuxomnorus crpecca

[TonsiTust «cTpeccy». TUlbl peakuil B OTBET HA TpaBMUpYollee Bo3aencTBre. CTpeccopbl U UX
cBs3b ¢ ananrtanuen. Cumnromsl ne3anantanud. DOeHOMEH BBIYYEHHOW O€CIOMOIIHOCTH.
Kputnueckue, u3MeHsIoNMEe KU3Hb COOBITHS (MakpocTpeccopsl). TpaBmMaTuueckue COOBITHS U
TpaBMaTuueckuil ctpecc. [loBceaHeBHbIE meperpy3sku (MHKPOCTPECCOpPbI) U MX BO3JAEHCTBHE.
XpoHHUYECKHE TIeperpy3ku M HUX Bo3ZeiicTBUEe  3allUTHbIE MEXaHU3Mbl  JIMYHOCTH.
[Icuxocomaruueckue mMposiBieHUs. J[MarHOCTHKa CTPEccoB, CTPECCOBBIX peakuuil. CrocoObl
coBiamanus co crpeccom (komuuru). Octpoe rope: OCHOBHBIE dTambl. [loMompb mpu ocTpoi
peakuuu Ha crpecc. PakTopbl, KOTOPbIE MOTYT MOBJIUATH HA TO, KaK Y€JIOBEK Oy/IeT CIPaBIsATHCS
¢ TpaBMO#. BHelIHNE U BHYTPEHHHE PECYPCHI.

5. Ilcuxomorus JOKH, Y6G)KI[6HI/I$I nu MaHI/IHYJ'ISIHI/II\/'I B Pa3JIMYHBIX BUAAX KOMMYHUKAIIUA

IlonssTne Manunysuuu. JIMyHOCTHAs  4Yepra  «MAKMaBEUIU3M» W XapaKTEPHCTHKA
MakuaBeuucToB. [loHsTue TEMHON Tpuaabl. OCHOBHBIE THIBI COLMAIBHBIX MAaHUIYJSALUM.
®enomeHn Beprepa. BnusHue Ttuna «rpynna-nuyHoctb». KoH(GOpPMHOCTP M NOTYMHEHHE
aproputeTy. PEHOMEH I'PYIIIOBOrO MbIIUICHM. Jlenepconanu3anus. BausHre TIa «JIM4HOCTh-
JUYHOCTHY. PaKTOPbI aTTPaKIKU. S3bIKOBbIe MaHUITYIIAIMU. OCHOBHBIE (POPMBI pacliO3HABAHUS
JOKM TI0 CJIOBaM, IO TOJIOCY, N0 Iactuke, no peakuusm BHC. BuktumHoCcTs. XapakTepucTuku
HEeBepOAJIbHOT'O IOBEJICHUS KEPTBBI, IICUXOJIOTUYECKUN TOPTPET KEPTBBI.

6. ConmaapHble MEXAHMU3MBI TICUXOJIOTHUYECKONU 0€30IIaCHOCTH

ConmanbHOE OKpYXEHHE KaK MOJEpaTop MCUXojorudeckor Oe3omacHoct. ConuanbHas CETh,
couualibHas MOAAEpKKa. BiusHHEe COIMaIbHOM TMOJJIEPKKH HA TCHUXMYECKOE 3J0pPOBbE.
HUcTouHUKN ¥ BO3MOXKHOCTHU IMOJIYYCHHA COHI/I&J’IBHOﬁ M TICHXOJOTHYeCKOH MNOAACPKKU B
06p330BaTeJ'II)HBIX 1 MYHHUOUIIAJIBHBIX CUCTEMaAX. COHI/IaJ'II)HaSI (baCI/IHI/ITaIII/IH 1 conuaJbHasi



aeHocTh. [IpoconmanpHoe moBeneHue. OOIIEeCTBEHHAss M BOJOHTEPCKAas ICATEIBHOCTh, Kak
CIoco0 caMopeaTr3aIii ¥ KOMITCHCAITUH.

7. KimroueBble acIieKThI 300POBOIO o6pa3a »ku3HH. OCHOBHEBIC NOHSTHS O CHCTEMAaX OopraHu3ma.

Konnenmus 310poBoro odpasa »u3HH - 0a3oBas TepMUHOIOTHSA. OCHOBHBIC CHCTEMBI OPTraHOB
yenoBeka (KpaTKoe omucaHue W (PyHKIMW) - TUIICBapUTENbHAS, JbIXaTelIbHAs, CEpIEeYHO-
COCyaucTas, YHAOKPHHHAS CHCTeMa, MMMYHHAs CHUCTeMa, HEpBHas, MOJOBas, JUMQaTHICCKas,
OTIOpHO-/IBUTATENIbHAsI, TOKPOBHAs, KPOBEHOCHAs, CHUCTEMa BBIICICHUS, (QYHKIIMOHAIbHAS
cucreMa. [laryOHbIe MPUBBIYKH (KypeHHUE, alKOT0JIb, HAPKOTUKH) - MPUYHHBI, MPOPHUIaKTHKA,
YpOBEHb MaryOHOTO BO3JICHCTBUS HA 3/I0POBbE M KA4eCTBO JKU3HH WHAMBHAyyMa. DakTopbl
BIIMSIHUA BpeaHbIX BemecTB Ha JJHK.

8. dusnueckas KylIbTypa M CHOPT KaK HEOTHEMIJIEMBIE COCTABISIONIUE IJIEMEHTHI 3J0POBOTO
o0pa3a Ku3HU

[Tonsitue 06 uneanpHo# KiteTke yenoseka. JIHK n PHK. Meimeunast cucrema. Mojiens HEpBHO-
MbIIIeYHOTO anmapara. OCHOBHbIE MEXAaHM3Mbl MBIIIEYHON JAesATeNbHOCTU. buosHepreruka
MBIIIEYHBIX BOJIOKOH. POJIb T€HETHKH B KOMIIO3MIIMH MBIIIICYHBLIX BOJIOKOH YelIOBeKa. buoricus.
['eneTndeckue MapKepsl U UX POJIb B CIIOPTUBHOM OTOOPE M MPOTHO3UPOBaHUH. ONITUMAIIbHBIC U
Oe3omacHble TPEHUPOBOYHBIE PEXKUMBI. 30HBI HMHTCHCHUBHOCTH PaOOThI 4YEIOBEYECKOTO
opranusma. @PeHomeH “oTkaza” B padore Mbiul. [loHsTHe “3akucieHus” opraHu3Ma.
dusnonornyeckoe 000CHOBaHHME YPOBHS (U3NYECKON HArpy3kd. A’pOOHBIA W aHA’POOHBIN
noporu. Cepalie, Kak TUMUTHPYIOIUN (HakTop PU3NUECKON AeSITETbHOCTH.

9. PanmonanpHO€ nMuTaHUE (JUETOIOTHUS, HYTPULIUOJIOTHS)

JlMeTonorust ¥ HyTPULIUOJIOTUS - OCHOBHBIE CXOJICTBA U Pa3iauyMs. belku, sKupbl, yrieBopl, Kak
OCHOBHBIE COSAMHEHUS I 00eCreueHus MPaBUILHOTO U Oecriepe0oiHOr0 (yHKIIMOHUPOBAHUS
BCeX cucTeM opranu3Ma. PakTopsl cuHTe3a Oenka. PU3MONIOTHUECKHE MPOOIEMBl OXKHUPEHUSL.
MexaHu3M U OCHOBHBIE YCIIOBHSI €CTECTBEHHOTO MoXyieHHs. Mudsl o nutanuu. [lone3nsie n
BpeIHBIE TPOAYKTH. HIOAHCHI CHUCTEMBl THWIIEBAPEHUS - TMIOCIEIHUE WCCIEAOBAaHUS U
pexoMmeHaanuu. ButamuHBl W MHKpodieMeHTHl. JlomomHuTenbHOoe mmraHue. O030p pHIHKA
JIOTIOJTHUTEIBHOTO ¥ CIOPTUBHOT'O MMUTAHMUSL.

10. JInunas rurneHa yeiaoBeKa

[TonsiTue nMYHOM M OOLIECTBEHHOW THUrMeHbl. OCHOBHBIE pa3/eibl JMYHOM TUTHEHBI:
TUTMEHUYECKOE COJIEp KaHueE Tema (KOKHU, BOJIOC, IOJIOCTH PTa, OPTraHOB CIIyXa, 3pEHUs], OJOBBIX
OpraHoB), TUTME€HA WHIUBUAYaIbHOIO MUTAHMS, TUTHEHA OJEXK/]bl U 00YBU, TUTHEHA JKUJIMILA.
['uruennyeckye NpUHLMIIBI U METOJIMKH MOBBILIEHUS 00111el Hecienn(puuecKoil pe3ucTeHTHOCTU
opranusMma. JIuuHas rurveHa B nepuoa HHQPEKUHOHHBIX 3a0ojeBaHuil. Pe3ncTeHTHOCTh K
AHTUMUKPOOHBIM IIpernaparam.

11. bezonacHOCTh coLManbHOW MOJIOJEKHOW aKTHBHOCTH. Be30macHOCTh B3aMMOJEHCTBUS C
opraHaMu rocyfapcTBeHHOM BiacTh. [IpoTuBoaelicTBue KOppynuuu

MosnoaexxHasi TIOJMTHKA TOCYAapcTBa. 3aKOHHBIE M HE3aKOHHBIE (DOPMBI  MOJIOJCKHON
akTHBHOCTH. Y4actue B AestenpbHocTH HKO kak hopma MonoexHOM akTHBHOCTH. [ parkmanckoe
y4acTM€ B MECTHOM caMoymnpaBieHuH. [IpaBoBble NOCIEACTBUS Yy4acThsl CTYIECHTOB B
HECAaHKITMOHUPOBAHHBIX MEPONPUATHIX M HE3aKOHHBIX NEUCTBUSAX B ceTH WHTepuer. OOmmias
XapaKTePUCTUKA CTPYKTYPhl W TIOJHOMOYMN TPABOOXPAHUTENBHBIX OpraHoB. (OCHOBBI
0€30MacHOT0 B3aUMOACHCTBUS IPAXKAAH C CUIIOBBIMH CTPYKTYPaMH.



12. TIpaBoBbIe OCHOBBI WH(MOpPMAIMOHHOW O€301acCHOCTH. be30MmacHOCTh HMHTEIICKTYaIbHO-
MPABOBBIX OTHOLIECHUM

[IpaBoBOE perynupoBaHie OTHOUICHUH, BOSHUKAIOIIUX B cepe nHpopMarmu, nHPOPMAMOHHBIX
TEXHOJIOTUH U 3amuThl nHopMaluu. ['ocyaapcTBeHHas OJIUTUKA B 001aCTH HH(POPMAITMOHHON
6e3omacHocTH. OCHOBBI IPAaBOBOH O€30MACHOCTH TPH OCYIIECTBICHUU MEKIYHAPOIHOTO
HaydHOro oOOMeHa M IyOJIMKAallMOHHOW aKTHUBHOCTU. [IpaBoBble OCHOBBI UM Hambolee
pacnpocTpaHeHHBIE MMPOOJIEMBbl OXpaHbl MHTEUICKTYyalbHOH coOcTtBeHHOCTH. [IpaBoBoii craTyc
aBTOpPOB KaK YYaCTHHKOB IIPAaBOOTHOUICHWH, CBA3aHHBIX C CO3/JaHHEM OOBEKTOB
MHTEJUICKTYaJIbHONH COOCTBEHHOCTH.

13. ®unaHcoBasi IPaMOTHOCThH KaK OCHOBA JIMYHOM SKOHOMUYECKON O€30MacCHOCTH

PanmonanbHOCTh M MEXaHU3M MPHUHATUS pemieHuil. bromker u (uHaHCcOBOE IUIaHUpOBaHHE:
JIOXOJIbl, PacXo/ibl, aKTUBbl M MACCHUBbI, (PMHAHCOBOE IJIAHUPOBAHUE: COEPEIKEHUs, KPEIUThl U
3aiiMpl. Pacuetsl M (uHaHCOBOE MOIIEHHUYECTBO. DOHAOBBIE M BATIOTHBIE PBIHKH: HX
IPUBJIEKATEIBLHOCTD U ONAacHOCTh. CTpaxoBaHUE U CHUKEHUE PUCKOB.

14. T'ocynmapctBenHas mnonutuka P® B cdepe obecneueHus O€30MaCHOCTH, TPakIAHCKOM
00OpPOHBI U 3aTUTHI HACENIEHUS 1 0ObEKTOB SKOHOMUKH B YCIIOBUSAX UYpPE3BbIYAWHBIX CUTYAIIUN

OcuoBusbie npuHIUIbl ooecrieuenus: XK/l nacenenns. OueHKH pUCKOB, OCHOBHBIC KOHIICIIIIHH,
IyTH, 3aJa4d U METOJbl YIpaBieHUs] OE30MaCHOCTbIO. AJNTOPUTMBI OOECHEUEHUs JUYHON
0€30I1aCHOCTH M aJITOPUTM OOLIEeH cXeMbl JeWCTBUN IOCYJapCTBEHHBIX CUCTEM O€30IacHOCTH.
Kputepuu, onpeaensioiiye ypoBeHb 0€30I1aCHOCTH.

UpesBblyaiiHble cuTyauu: Gpasbl pa3BUTHs, HOpaXxkarolue GakTopbl HCTOYHUKOB Ype3BbIUaiHBIX
CUTyallull TPUPOJHOrO, TEXHOTEHHOIO M BOEHHOIO XapakTepa M HX XapaKTEPUCTHKHU.
Knaccudukanust cTuxuifHpIx 0eICTBHI W IpUPOAHBIX KatacTpod. [IpupoaHpie 1 TeXHOTEHHBIE
YC B Poccun. YC BOEHHOTO BpeMEHH.

3akoHonarenbHas ocHoBa obOecnieueHuss bXK]J| nacenenus. OpraHu3allMOHHass OCHOBA
obecnieuenns bXX/| nacenenus. OOecrnieueHne TEXHOIOIHYECKON 0€30MMaCHOCTH U OXpaHbl TPYAA,
IpaXkJJaHCKOW 0O0POHBI U 3aLUTHI HACEJIEHUS U 00bEKTOB IKOHOMHKH B YCIOBUAX YPE3BbIUAHBIX
cutyanuid. OCHOBBI OPraHU3alMM U OCHOBHBIE METO/IbI U CITOCOOBI 3alIUTHI. IPOU3BOACTBEHHOTO
NepCOHaa U HACEJIEHUS OT BO3MOXKHBIX IOCIIEACTBUN aBapuil, kKaracTpod, CTUXUIHBIX OeACcTBUI
u YC BoeHHoro xapakrepa. CurHaibl ONOBEIIEHUS. 3allUTHBIE COOPYXEHUS M HX
kinaccupukanusa. OpraHu3anusi 3BaKkyalldd HaceleHHMsl M TepcoHana M3 30H 4Ype3BbIUaiiHBIX
cuTyauuid. Meponpuatuss MeIUIMHCKOM 3amuTbl. CpeacTBa HHIMBUAYAJIBHOW 3aIllUTHl U
HOPSIOK  MX HCIONIb30BaHMs. [ocynapcTBEHHBbIE CTPYKTYpbl M HporpaMMbl B o0jactu
obecrieueHns 6€30MaCHOCTH ¥ COLMAIIBHO-3KOHOMHYECKOTO0 pa3BuTus Poccuu.

15. l'ocynapctBennas nonutuka PO B chepe mpoTHUBOACHCTBUS SKCTPEMU3MY U TEPPOPU3MY

Teppopu3M Kak TOJUTHYECKOE, KaK COITHATHHO-DKOHOMHUYECKOE SIBJICHWE, KaK HHCTPYMEHT
JIOCTYDKCHHS OTPECIEHHBIX MOJUTUYSCKUX M SKOHOMUYECKHUX IEeH U TePPOPUCTHICCKUN aKT
KaK KOHKpEeTHOe mpectyruieHue. cropuueckue, UIe0I0rM4eckKue U OpraHu3allMOHHBIE aCIIEKThI
BO3HUKHOBEHHUSI U PA3BUTHUS TEPPOPU3MA KaK CepbE3HENIIEH YTPO3bl COBPEMEHHOMN LIMBUIIN3ALINH,
KCTpeMu3M U TeppopusM. ColHalibHble, SKOHOMUYECKHE, MOJUTUYECKHE U HJICOJOTHYECKUE
YepThl U OCOOEHHOCTH COBPEMEHHOI'O TEPPOPU3MA.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Bbuogornsa

Measb AMCHUNIMHBI:

- cdopMHpOBaTh OOIIME MPEICTABICHHUS O YEJIOBEKE KaK O YacTU MPHUPOJBI, O €IUHCTBE U
CaMOIICHHOCTH BCEr0 YXMBOTO M HEBO3MOYKHOCTH BBDKMBAHMS YEJIOBEUeCTBa 0€3 COXpaHEHHUs
Oounocdepsl, a Takke 00yYUTh TPAMOTHOMY BOCHPHUATHIO MPAKTUYECKUX MPOOIJIEM, CBSI3aHHBIX C
Ouosoruei, B TOM Uuciie — 3/J0pOBbs UEI0BEKa, OXPaHbl IPUPOIbI, IPEOJI0JIEHUS 3KOJIOTUYECKOTO
KPU3HCA, IPUBUTH HABBIKU 3KOJOTUYECKON KYJIBTYPBHI.

3agauyd IUCHUILINHBI:

- M3y4uTh (YHIAMEHTAIBHBIE CBOWCTBA JKMBBIX CHUCTEM (CaMOOOHOBJICHHE, CaMOpPETYIILus,
CaMOBOCIIPOM3BOJCTBO) M aTpHOyThI KU3HH: OOMEH BEUIECTB M SHEPIHH, Pa3IPaXKHUMOCTh,
rOMEO0CTa3, pa3MHO>KEHHE, HACJIEACTBEHHOCTh U U3MEHUYNBOCTD;

- 03HAaKOMHTBCS C YPOBHSIMU OpraHM3alliy KHUBOTO U NPOsIBIEHUEM (yHIAMEHTAIBHBIX CBOWCTB
KMBOI'O HAa OCHOBHBIX 3BOJIIOLIMOHHO-OOYCIIOBJIIEHHBIX YPOBHSX OpPraHMU3aLMU: MOJIEKYJSPHO-
TEHETUUYECKOM, KJIETOYHOM, OHTOT€HETUYECKOM, MOMYJISIIMOHHO-BUI0BOM,
OuoreoneHosoru4eckom, ouochepHom. M3yunte cTpoeHHe W NPUHIUINBI (HYHKIIMOHUPOBAHUS
CTPYKTYPHBIX KOMIIOHEHTOB JJIEMEHTapHON €IMHHUIbI KUBOTO — KiIEeTKH. O3HaKOMHUTbCA C
OCHOBHBIMH M€Ta00JIMYECKUMU MPOLIECCAMHU, POTEKAIOLINMHU B KIIETKE;

- OBHAKOMHUTLECA C BUJAMU PA3MHOKCHHA B )KMBBIX CUCTCMaX. I/I3y‘~II/ITB OCOOEHHOCTH II0JIOBOTO
Pa3MHOKCHU, (I)OpMHpOBaHI/IC IMMOJIOBBIX KIJIETOK, OINIOAOTBOPCHHE, BUIAOB U ocoOeHHOCTEH
HHIUBUIYAJIBLHOT'O Pa3BUTHUA,

- U3YYUTh MOJIEKYJIIPHBIH YPOBEHb OpraHM3allUU KUBOTO: CTPYKTYPY M (DYHKIMM TJIaBHBIX
O6uonoauMepoB (OenKH, XKUPBI, YIIEBOJbI, HYKJIEOTH[bI). O3HAKOMHUTCS C MOJIEKYJISPHBIM
MEXaHU3MOM HAaCJIEJCTBEHHOCTH M W3MEHUYMBOCTH JKUBBIX OpPraHU3MOB. M3yunTh OCHOBBI
IJTACTUYECKOTO M IHEPreTHuecKoro ooMeHa. M3ydnTh OCHOBHbIE T€HETHUECKHE 3aKOHbBI: 3aKOHbI
Menens, HEMEHIENEBCKOE paclielICHUe, TeHeTHKa 110J1a. YMETh CBSI3aTh 3aKOHbI T€HETUKH C
XPOMOCOMHOM T€OpUEl U ¢ MOJIEKYJISIPHBIMM OCHOBaMH HACJIEICTBEHHOCTH;

- O3HAaKOMHUTHCS C 3aKOHOMEPHOCTSAMU M MEXAHU3MaMM >KU3HEICATEIbHOCTH YEIIOBEKAa Ha
HBOJIOIMOHHO  OOYCJIOBJIEHHBIX  YPOBHAX €ro  opraHu3anuu. M3yuyuTb  NPUHIMIIEL
(YHKIMOHUPOBAHUS pa3NUYHBIX CHCTEM OpraHM3Ma 4eJOBeKa: OIOPHO-IBUTATEIIbHOM,
KPOBEHOCHOM, bIXaTEJIbHOM, NMUIIEBAPUTEILHON, SHAOKPUHHON, HEPBHON. M3ydnTh NMPUHLIKIIBI
perynauuu QyHKIUN opraHus3ma.

ITepedyenb miIaHMPyeMBbIX pe3yJIbTATOB 00yYeHHs MO JUCHHUILINHE (MOAYJIIO)



B pe3ynbrare ocBOSHUS TUCIUTUTHHBI 00yUYaIOITHECs TOIKHBI

3HATD:

- OCHOBHBIC 3aKOHBI OMOJIOMU U OOIIIEH YKOJIOTHH;

- CYIIHOCTb JKU3HH, YPOBHH M MIPUHIIMITEI OMOJIOTMYSCKON OpraHu3aliu;

- IJIaBHEHIINE IOHATHA, 3aKOHOMCPHOCTHU M 3aKOHBI, KaCarOIIMUECa CTPOCHU, )KU3HU U PA3BUTHA
PaCTUTCIIBHOTI' O, ) KUBOTHOT'O U YCJIOBECYCCKOI'0O OPraHu3MoOB, pa3BUTUSA JKHBOI IpUpOAbI;

- 0COOEHHOCTH YC€JI0BCKa, KaK OMO0JI0rHYECKOI0 BHaA4, 0COOEHHOCTH (I)I/ISI/IOJ'IOFI/II/I, COMaATH4YECKOC,
IMCUXHUYECKOEC U COLMAJIBHOC Hadajla B IPpHUPOAC YCIIOBCKaA, (baKTopBI 3A0POBbA U 9KOJIOTHYCCKOI'O
pucKa, MECTO Y€JIOBEKA B 3BOJIIOIIUHN 36MJ’II/I;

- OCHOBBI JKOJOTHH (IKOJIOTHUS OCO0ei, momynsuui, cooOmecTB, ydeHue o Ouocdepe,
B3aUMO/ICHCTBHE TIPUPOIBI K 00IIECTBA, SKOJIOTHIECKHE TIPOOJIEMBI COBPEMEHHOCTH );

- OCHOBHBIE OMOJIOTHYECKUE TIOHATHS U TEPMHHBI,
- OCHOBBI CTPOCHHUSI U KU3HEACITEIbHOCTH YEIIOBEKA;
- OCHOBBI O0IIIEH ¥ OpraHUYEeCKON XUMUH;

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

- CTPYKTYpPY ¥ (PyHKIIMM OEJIKOB, YTI€BOJOB, )KUPOB U HYKJIEHHOBBIX KHCJIOT;

- OCHOBHBIE 3Tallbl YHEPTETUKU KIIETKH;

- CTpOCHHE OMOJIOTUYECKUX MEMOpaH; MEXaHU3Mbl TPAHCIIOPTA BELIECTB Yepe3 MEMOPaHbI;
- CTpOeHue U (PYHKIIUK OpraHesul KJIETKH;

- KJIacCU(UKALIMIO KJIIETOK B 3aBUCHMOCTH OT UX CIIELMATN3alUY;

- 3aKOHOMEPHOCTH CTPYKTYPHO-(DYHKIIMOHAIBHBIX B3aUMOCBS3EH B KJIETKAX;

- BUJIbI MEXKKJIETOYHBIX KOHTAKTOB, CTPYKTYPY U (YHKIIUU CHHAIICA;

- IPUHLUI U 3TaIlbl Iepeaay HacleCTBEHHOM HH(POPMAILIUU B IIOKOJIEHUSIX OPTaHU3MOB;
- 9Tanbl OMOCUHTE3a Oenka Ha pudocomax, peryJsus 3TUX ITAIOB;

- IOHATHE O TOMEOCTA3E;

- OCHOBHBIC IIPUHIUIINAIBHBIE TOAXOABI K PErYISALUNA NEATEIbHOCTH KIETKU;

- ME€XaHU3M O€ecCII0JIOro pa3MHOXKEHHUS; CYIIIHOCTh MUTO34;

- CYLIHOCTH IOJIOBOT'O Pa3MHOKEHMS, TaMETOT€He3a, MeN03a;

- DTallbl UHAUBUIYaJIbHOIO Pa3BUTHS OpPraHU3Ma;

- IPOUCXOKIAEHUE CIENUATN3NPOBAHHBIX YAaCTEH TeJla U3 3aPO/IbIIIEBBIX JIUCTKOB;

- 3aKOHOMEPHOCTH PEreHEpaLny;

- OTVIMYUTENILHBIE 0COOCHHOCTH TKaHEH JKHBOTHOT'O opraHu3ma,



- 3aKOHOMEPHOCTH B3aWMOCBSI3M OpPTraHW3Ma U CPEJbl C MO3UIIMU aJeKBAaTHOW M HeaIeKBAaTHOM
pEeaKIMy OpraHu3Ma, aJICKBaTHBIX M HEQIEKBATHBIX YCIOBUH CPEIIbI;

- OCHOBHBIE IIOHATHUS I'€HETUKU U CEJIEKIMH: JOMUHAHTHOCTb U PELECCUBHOCTH; XPOMOCOMHBIE
OCHOBBI PaCLICIUICHUS U HE3aBUCUMOTO IIepepaclpeielieHUsl T€HOB; MOJIEKYJIIPHbIE MEXaHU3MbI
¥ TeHETUYECKHI KOHTPOJIb PEKOMOMHAIINY; B3aUMOJCHCTBUE TCHOB;

- OCHOBBI I'CHCTHKH 110J1a, HACJICACTBCHHOCTD, CLICIIJICHHAA C I1I0OJIOM,
- OHOJIOTHYECKHE OCHOBBI HaCJICACTBCHHBIX Oone3nen YECJI0BCKA,
- COOHMAJIBHBIC aCIICKThI Oouosoruu YCJIOBCKA,

- OCHOBHBIC ITOJIOKCHUS DKOJIOT'MH YCJIOBEKA.

yMeThb:

- FPAaMOTHO BOCIIPUHUMATh TEOPETHUUECKHUE U IPAKTHUECKHUE MTPOOJIEMBI, CBA3aHHbIE C OMOJIOTHEN
U DKOJOTMEH, B TOM 4YHMCI€ — 3JI0pOBbS YEJIOBEKA, OXPAHbI IPUPOJBI, IPEOJOICHUS
SKOJIOTHYECKOI0 KPU3HUCa;

- UCIIOJIB30BATh MMOJTYYCHHBIC 3HAHWA HAa IIPAKTUKE,
- OTCTanBaTb CBOKO TOUKY 3PCHUS;

- OLICHMBATh IOCIEACTBHSI CBOEH JEATEIBHOCTH IO OTHOLIEHHIO K OKpY’Karollell cpene u
COOCTBEHHOMY 3/10pOBBIO;

- HCIIOJIb30BAaThb 3HAHUA CTPOCHUSA H Q)YHKHHIZ 6I/IOMOJ'ICKy.TI KIICTKH OJI1 IIOHHMMAaHHA
q)HSI/IOJIOFI/I‘-ICCKI/IX M MAaTOJIOTMYCCKHX POUCCCOB, IMPOTCKAIOIINX B KICTKE;

- OXapaKTepU30BaTh OPTaHOUIbI KJIETKH U UX POJIb B OCYIIECTBICHUH KU3HEIEATCIIbHOCTH KIETKH
JUTSI TIO/JIEPKaHUsl ONTUMAJILHON Perynsaiuu (YHKIUI KIeTKH,

- Ha OCHOBE 3HAHUS DJTalloOB CHHTE3a Oenka U (HakTOpoB, OOYCIOBIMBAIOIIMX €ro, YMETh
PEryIupoBaTh MEXaHU3MBbI JOITOCPOYHON aJanTalluy KJIETKH; pelaTh 3a/1a4u 10 MOJEKYISIpHOU
OuoJIoruy;

- OOBSICHUTHh 3aKOHOMEPHOCTU CTPYKTYPHO-(YHKIIMOHAIBHBIX B3aUMOCBSA3€H B KJIIETKAX U YMETh
MI0JIB30BAThCA TUMHU 3HAHUSAMU JUIsl BMELIATENIbCTBA B IIPOLIECC MTOBPEXKIACHUS KIIETKH,

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

- ONpCACIIATD IMYTU PETyIIINUUN ACATCIIBHOCTU KIICTKU U YIIPABIIATH 3TOM ACATCIBHOCTBIO,

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

- HCIIOJIb30BAaTh 3HAHUS SaKOHOMCpHOCTCﬁ HaCJICAJOBAaHUs, YCTAaHOBJICHHBLIC F.MCH,Z[C.HCM, JUISL
pPEIICHUSA TCHECTUYCCKUX 3a/1a4,

- CaMOCTOSITEIPHO paboTaTh C JUTEPATYpPOM IO OWOJOTHM, a TakkKe C y4eOHOM, ydeOHO-
METOJUYECKON U CIIPABOYHOM JIUTEPATYPOH IO MEANKO-ONOIIOTUYECKUM TIPEeIMETaM;



- pelaTh CHUTYallMOHHBIE 3aJladyd W TECTOBbIE 3aJaHus A (GOPMUPOBAHUS IBPUCTUYECKOTO
MBIILUICHHUS;

- OICHUBATb 06I_HG6I/IOJ'IOFI/I‘ICCKI/IC 3aKOHOMEPHOCTH XKHU3HCACATCIIBHOCTU OpraHu3Ma Y€JIOBEKaA,

- 00001aTh U OCMBICIMBATH JJAHHBIC PA3JIUYHBIX MEIULIUHCKHUX, (papMaleBTHUECKUX HayK U
00111e0M0I0rMYecKMX MO3UIMM A TOro, yTtoObl B JajbHEHIIEM pelarb OHOJIIOTHYECKHe
Ipo0JIEMbI METO/IAMU AHAJIM3A.

BJIA/1€Th:
- MECTOJaMH PEIICHUS SKOJIOTMYCCKUX HpO6J'IeM;
- HaBbIKaMH pa6OTBI C JINTECpAaTypHbIMHU UCTOYHUKaMU,

- TPEICTaBIATh PE3yIbTaThl COOCTBEHHOW MAESITENLHOCTH C HCIOJIb30BAHUEM COBPEMEHHBIX
CPEICTB, OpPUEHTHPYSICh HA MOTPEOHOCTH ayaUTOPUU, B TOM uHciIe B (opmMe OTYETOB,
MPE3EHTALNM, TOKIA/I0B;

- CIIOCOOHOCTBIO IMPOBEICHUS SKCIICPUMEHTAIBHBIX HCCIEAOBAHUN, BBITIOJHEHUS MPOCKTOB H
3aJJaHUH 10 TeMaTUKe pa3padbaTbIBaeMON HAyUYHOU MPOOIEMBIL;

- OMOJIOTNYECKON TEPMHUHOJIOTHEN;

- TIOHMMaHUEM 3aKOHOMEPHOCTEM IKM3HEAEATEIbHOCTH OpraHu3Ma uYeJlOBEKa, CBSI3bIBATh
(YHKIIMM OpPraHoB M CHUCTEM OpraHOB OpraHu3sMa C (U3UOJOTHYECKUMU mpoueccamy,
IPOTEKAIOIMMH B HUX.

TeMbl U pa3jaeiibl Kypca:
1. BBenenue B 00IIYIO DKOJIOTHIO.

DKOJIOrHs KaK HAYYHO-IIPAKTHYCCKOC HAIIPABJICHUEC: ONIPCACIICHUEC, pa3aCIIbl, OCHOBHBIC ITOHATHUS.

buoreoneHo3 (skocucTeMa) Kak SKOJIOrHuecKkas siueiika: onpeaeneHue, oo1as XxapakTepucTuka u

JTUHaMKKa (3Boronus). BBeneHne B 9K0JIOTHIO YelloBeKa.

2. Oomen BCIICCTB U DHCPI'UH B KIICTKE. OCHOBBI OHEPICTUYCCKOT'O oOMeHa.

OO1ast xapakTepuCcTHKa 0OMEHa BeIeCTB. ACCUMMIIAIMSA, AUCCUMIIIALMS. DOTO- M XEMOCUHTE3.
OcobenHoctu MeTabonm3Ma a’poboB U aHa’poOoB. CTaTuN IHEPTETHUECKOr0 OOMEHA B KIIETKE.
Bunsl  Opoxenus. I'nmkonmus3. DHepretnueckas 3((EKTUBHOCTh IPOLECCOB OpOXKEHHUS.
MuTtoxonapun. CBsi3b CTpYKTYphl U pyHKIIMK. KiieTouHoe npIxaHue.

3. Hapa3I/ITI/ILICCKI/Ie JKHBOTHBIC — B036YI[I/ITCJ'II/I 0o0JIe3HEH YelIoBeKa.

OcHoBbl mapazutonoruu. JKuBoW opraHu3M Kak cpena oOurTaHus mapa3sutoB. OcoOEHHOCTH
OMOJIOTHH pa3HBIX TPy mapa3uToB. [lapasuTusm kak Gpopma OMOTUUYECKHUX CBSI3EH.

4. Beenenue B Kypc OMOJIOTHH.



Beenenue. [Ipeamer u 3agaun obmeit 6uomorun. CymHoCTh Ku3HA. CBOMCTBA )KUBBIX CUCTEM.
YpoBHH opraHuzanuu Ku3HA. OCOOCHHOCTH CTPOCHHUS TPO- M DYKAPUOTHUECKUX KIIETOK.
OcobGenHoctu cTpoeHus BUpycoB. Kiaccudukarus KIeToK B 3aBUCHMOCTH OT MX CIICIIUATU3AIIH.

5. Buyrpennss cpena. OCHOBbl UMMYHHTETA.

BHyTpeHHss cpela 4esoBeKa: NOHATHE, KOMIIOHEHTHI, CBOMCTBA. [IpuHIMNIBI nogaepxKaHus
IIOCTOSIHCTBA BHYTpeHHeW cpezbl. KpoBb, muMda U MexKiIeTouHas KUAKOCTh — KOMIIOHEHTbI
BHYTPEHHEH Cpelbpl OpraHu3Ma 4YelloBeKa. B3auMocBs3p LUPKYIUPYIOIUX KUIKOCTEH
BHyTpeHHel cpenbl. I'omeocta3 M romeokuHe3. bapbepHble (QyHKUIUM  OpraHusma.
['ncToremaruueckue 6apbephl; UX CTPOCHUE M PYHKUIMHU. IMMYHUTET KaK COCTOSIHUE OpTaHU3Ma
(criermdrueckuii M Hecneun(PUUECKUN, KICTOYHBIM M T'yMOpaJbHBINA). 3alUTHBIE (YHKIHA
kpoBu. ['emocras. Ummynodusmnonorus yenoeka. Opranbl IMMYHHOU cuctembl. IMMyHHBIE
npoueccsl. I'pynmsl kposu. HeliporymopaibHas peryssnus AIMMYHHUTETA.

6. BI)II[CJII/ITGJIBHaﬂ " 110JIOBasA CUCTEMBI.

OyHKIHMOHAIbHASA CUCTEMA MOLNCPKAHUS OCMOTHUYECKOIO NaBJICHMs ILIa3Mbl KpoBU. BoaHo-
coneBoil OanmaHc. Okckpeuus. CTpoeHHE OpPraHoB MoO4YeoOpa3oBaHMsS M BBIBEJCHHUS MOYH.
[Tpomieccer oOpazoBanust Mouu, ux perymsnusa. OueHka aesTenbHOCTH moudek. OOpa3oBaHue U
BbIICNICHHE N0Ta. DyHKIMOHANIBHAA CHCTEMA MOAJIEPKaHUS OCMOTHYECKOTO JABJICHUS IIJIa3Mbl
kpoBu. CTpoeHHE MOJOBOM CHUCTEMBI, IIOJIOBOE IOBEJEHHE uenoBeka. OHTOreHE3 4eIoBeKa:
Mop$o-(hyHKIMOHATIBHBIE KPUTEPUH NEpUOIU3alMK. PenponykTuBHas (QyHKIUS dYeloBeKa -
OCOOCHHOCTH y MY)XYMH W JKEHIIMH. MeHcTpyasibHbI UK. OBymsanus. OIuiogoTBOpEHUE.
DU3HOIOTNYECKUE OCHOBBI KOHTPALICTILIVY.

7. JleneHue KIJIETOK.

Amuto3. Mwuto3. Meito3. OcHOBHBIE CMOCOOBI JeNeHus siapa (MUTO3, MEH03, aMHUTO3,
’HAOMUTO3). UHANBUAYaIbHOE pa3BUTHE OpraHU3Ma.

8. OOmen BCIICCTB U SHECPI'UU B KIICTKE. OCHOBBI IUTACTHYECKOTO OOMEHa: (bOTOCI/IHTe3.

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 MpUMepe OaKTepHil.
B3anMoCBsI3b MPOLIECCOB SHEPreTUYECKOTO M IUIACTMYECKOI0 OOMEHOB B KjeTKe. A3poOHOe U
aHa’pOOHOE KJIETOYHOE JIbIXaHHE.

9. OHTOrEHE3.

[leprioapl oOHTOreHE3a: AMOPHUOHANBHBIN, MOCTIMOPHOHANBHBIN Tiepuoa. [IpoucxoxaeHue
CIEIUAIM3UPOBAHHBIX YacTel Tela W3 3apOJBIIIEBBIX JUCTKOB. (OCOOEHHOCTH JETCKOTO,
B3pPOCJIOTO M CTapUECKOr0 OPraHU3MOB, MIPEIONPEAEIIAIONINE TAKTUKY IPUMEHEHUS JIEKAPCTB.

10. OCHOBBI TCHETHKH YECIOBEKA. HacneacrBeHnHbie 3a00JIeBaHUs.

XpoMocoMHOe ompenenienne nojia. HaciaegoBanwue, cuemieHHoe ¢ mnojioM. HacneacTBeHHbIe
OO0JIE3HU UYEIOBEKA.

11. OcnoBsl reHeTuky. HacneacrsenHas H3MEHYUBOCTD.



OCHOBHBIE TOHATHS TEHETUKH. 3aK0oHbI ['. Menaens. Ananusupyroniee ckpemuanue. Henonnoe
nomuHupoBaHue. CIeNIeHHOE HacleJOBaHUE TEHOB. XPOMOCOMHAsI TEOPHS HACIICICTBEHHOCTH.

12. OCHOBBI 3BOJIIOLIMOHHOTO YUYEHMUSI.

TeopHH BO3HUKHOBEHHUS XH3HHM Ha 3eMiie. buoxmmmudeckas TEOpHs SBOJJIIOIHU. I'nnoTe3sl
IMPOUCXOKACHUA SYKapHOTquCKOﬁ KiaeTkn. I['mmoTe3sl IMPOUCXOXKACHNUSA MHOI'OKJIECTOYHBIX
OpPraHnu3MoB. 33KOHOMepHOCTI/I B3aNUMOCBA3U OpraHnu3Ma U CpcAbl C MO3HULUKU aﬂeKBaTHOﬁ u
HEaJICKBaTHOM pcaKkuuu opraHuima.

13. OCHOBBI SHAOKPUHOJIOTUH.

['ymopanbHasi perynsius MnpoueccoB >kusHenesTenbHocTu. Kimaccudukanus Ouonoruyecku
aKTUBHBIX BelecTB. ['opMoHanbHas perynsuus gusnonorndeckux ¢pynkuuit. Knaccuduxanus u
MeTaboIM3M FTOPMOHOB, KJIETOYHBIE U CUCTEMHbIE MEXaHU3MbI UX JIeHCcTBUS. JKene3bl BHyTpeHHE!
cekpenuu. BHexene3ucTeie ropMOHNpoAyLUpYyIolue KieTku. [loHsTHEe O ’Kene3ax BHEIIHEH,
BHYTpPEHHEH U CMelIaHHo# cekpeunu. ['opMoHanbHas perynsuus GU3HoIorudeckux (GpyHKIUH.
MexaHu3MbI JEHCTBUS U PETYJIISAIUS BBIJCICHUS TOPMOHOB

14. [TumeBapuTenbHas 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). Cexkpeuusi depmentoB. [IpeoOpasoanue nwumieBbix BemecTB B JXKKT. Cekpeuus u
BCAChIBaHME B MUILEBAPUTEILHOM TpakTe. Perynsaus numeBapenus. @yHKIMOHAIbHAS CHCTEMA
MO//IepKaHUSL ONTUMAIBHOTO YPOBHS TUTATEIbHBIX BEIIECTB.

15. IlonsiTHe 0 MeauaTOpax U MOAYNATOpax. Buabl MequaTopoB, pelienTopbl K HUM, UX 3(PPEKTHI.
Hapymenust QyHKIIMOHUPOBaHUS MEIUATOPHBIX CHCTEM.

Menuaropsl, MOLYJIATOPEI U PELIENITOPHI HEPBHOW CHCTEMBL. Buabl MeauaTopoB, pelenTopsl K
HUM, UX 3pdexTsl. Hapyienus QyHKIMOHUPOBAaHUS MEAUATOPHBIX CUCTEM.

16. HpOBe,[[eHI/Ie B036y')K)IeHI/IH N0 HCPBHBIM BOJIOKHAM. Tumnel CcUHAIICOB. HpOBOI[fIH_II/Ie
MCECXKKJICTOYHBIC KOHTAKTHI.

[Torennman neiictus. [IpoBenenne Bo30yKIeHHUS IO HEPBHOMY BOJIOKHY U HEPBHOMY CTBOITY.
OcoOeHHOCTH (PU3MOJIOTUYECKUX CBOWCTB U (PYHKIMOHUPOBAaHUS BO30YIUMBIX KIIETOK.
CunanTryeckas repenada Bo30yxaeHus. [IpoBosimue MeKKIETOUHbIe KOHTaKTHl. KierouHsle
MexaHu3Mbl TopMokeHus. [lomnepkanue mnoreHnumana mnokos. Ilpomecc BO3OYy)aeHUs.
ITorenmuan nelcTBHS.

17. Pa3mMHOXkEHNE OPTaHU3MOB.

Pa3mHOXeHHE KUBBIX OpraHu3MoB. Tumbl pasmHoxkeHHs. Kierounsii nuki. OcobGeHHOCTH
MIOJIOBOTO U OECIIONIOr0 Pa3sMHOKEHUSI.



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

[TpuHIHIBl PabOTHI IIEHTPAIBHONH HEPBHOW CHUCTEMBI. ABTOHOMHAs (BereTaTHBHAs) HEPBHAs
cucreMa (AHC). CumnaTuyeckuii, mapacuMIIaTUYECKUid, MeTacuMmnaruaeckuii ornenst AHC.

19. Cepaeuno - cocyaucrasi cucteMa. OCHOBBI T€MOJJUHAMUKH.

Cepame denoBeka: CTPOEHHE, OCHOBHI (DYHKIIMOHAIBHON aKTUBHOCTH, PETyJSIus paboThI.
CaoticTBa cepaeuHoil MbImbl. Cepaeunsnii UK. MeTosr uccienoanus cepana. [lonstue 06
OKTI'. KpoBeHocHBIE cocynbl uenoBeKa: MOpP(GOJIOTHYECKUNH W (DYHKIIMOHAIBHBIA MPUHIUIIBL
KjIaccupukanuy, crpoeHue, (QyHKIUA. TOHYC KPOBEHOCHBIX COCY/OB: INMOHATHE, HEPBHBIC H
ryMOpaJIbHbIe MEXaHU3MbI perysanuud. OCoOEHHOCTH KPOBOTOKA B pa3HBIX OpraHax 4eloBeKa.
I'emonnuamuka  yenoseka.  IIpomeccsl  MukpouMpkymnsuuu.  Meroasl  HMcClIeqOBaHUS
KpOBOOOpaIieHus

20. CtpoeHue ¥ XUMHUSI KICTKH.

Hctopuss co3gaHusi W OCHOBHbBIE IIOJIOKEHMSI KJIETOYHOW Teopuu. CpaBHUTEIbHAS
XapaKTEPUCTHKA PA3TUYHBIX TUIOB KiIeToK. CTpoeHue n GpyHKIuu opranesut. Pois opranmaeckux
¥ HEOPraHWYEeCKHX BemecTB B KieTke. [lonsatue o romeocraze CTpykTypa U QyHKIUH OEIKOB,
YIJIEBOJIOB, JKUPOB, HYKJIEMHOBBIX KHCJIIOT.

21. Ctpoenue u PyHKIIMOHUPOBAHNE HEPBHON CHCTEMBI.

Crpoenne HepBHOH cuctembl. HepBHas perymsanus Gu3noIorn4eckux MpoueccoB U (yHKIIHA.
Helipon kak cTpykTypHas W (yHKIMOHAJIbHAs CIWHUIA HEPBHOW CcUCTeMbl. HeWpoHBI u
rdanbHble  KIeTkd. lleHTpanbHbli M nepudepuyeckuii  OTAeNbl HEPBHOM  CHCTEMBI.
QyHKIHUOHAIBHBIE CUCTEMBI OpraHn3mMa. Meauaropsl M PELENTOpPbl HEPBHOM CHCTEMBI.
Perynsuus comatnueckux (QyHkuui uyenoBeka. HepBHas perynsuusi BereTaTMBHBIX (DyHKUMN
yenoBeka. CTpoeHHe ¥ MPUHLUIIBI Pa0OThl aBTOHOMHOM (BEreTaTUBHOI) HEPBHOW CUCTEMBI.

22. Ctpoenue sjpa.

Crpykrypa JJHK. Xpomatun. Cunte3 Oenka. [IpuHIun u 3tansl nepegadynd HacjaeICTBEHHOM
uH(pOpMaliU B MOKOJIEHUSIX OpraHn3MoB. Peanusanus HacnencTseHHoi nuadopmanuu. CBoiicTBa
reHeTH4ecKoro koja. OCHOBHBIE ATallbl OMOCHHTE3a OeKa.

23. CTpyKTypHBIE KOMIIOHEHTHI KJIETOK U UX (PYHKITUH.

Oco0OeHHOCTH CTPOEHMM KJIETOK pacTeHHM, JKUBOTHBIX, I'pubOB. TpaHcmopTra BelIeCTB uepe3
MeMOpaHbl. BUJIbl MEXKIETOUHBIX KOHTAKTOB.

24. TkaHH JelIoBeKa. 3J'ICKTpO(bI/IBI/IOJ'IOPI/IHZ mpupoJa nmOoTCHIala IMOoKos, IOTCHIAJla JIeHCTBUS.

Mopdonorudeckue OCHOBBI KU3HENEATENLHOCTH 4enoBeka. Kiaccupukamust CTPYKTYp
opraHu3Ma. YPOBHU CTPYKTYPHOW OpTaHU3alMKd OpTraHu3Ma denoBeka. CTpOeHHE U OCHOBHBIE
GYHKIIMM KIETOK W TKaHed. basucHble (u3MONOTHYECKHEe MPoLecchl KIeTOK. OcoOeHHOCTH
(U3HONIOTHYECKUX CBOMCTB BO30YIUMBIX KJIETOK. MeEXKIETOYHbIE KOHTAKThl. TKaHU U OpraHbl.
Cexpenusi KJIETOK.

25. ®U3NO0IOTUS CKENETHBIX MBIIIIII.

Mellieynble TKaHU. MeXaHH3M MEIIIEYHOI 0 COKpaliCHus. DU3HOIOTNYECKUE OCOOCHHOCTHU
CKCJICTHBIX U T'JIaAKHUX MBIIIII.



26. Yenosek u 6uochepa.
Vuenue o Ouochepe: onpenesieHre ¥ OCHOBHbBIC KOHIEIIIUU OHOC(Epbl; OCHOBHBIC TOHATHS;

ctpyktypa u (ynkmnuu Ouocdepsl. Hoocdepa mmm comumorexHocdepa, OKpykaromas cpeaa
4eJI0BeKa.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHbIe MeTObI UCCJIeOBAHUI

buopusuka

Measb AMCHUNIMHBI:

- OCBOCHHUE CTYJCHTaMU OCHOB OMO(M3MKH — HAyKH O HamboJiee MPOCThIX M (yHIaMEHTAIBHBIX
B3aUMO/ICHCTBHUSX, JISKAIINX B OCHOBE OMOJIOTMYECKHX IPOIECCOB.

3agayu IUCHUILINHBI:

- popmupoBaHre 0a30BBIX MOHATHI 00 OCOOCHHOCTSX CTPOCHUS U YCIOBUSIX (PYHKIIMOHUPOBAHUS
OMOJIOTMYECKUX MOJIEKYIT;

- oOydeHue CTYACHTOB MPUHIUIAM IOCTPOCHUS TEOPETHUUECKUX MOJAENEH MpU H3YYCHHH
MEXaHU3MOB OHOJOTHYECKHX IMPOIECCOB, M3YYCHHE MPUHLHUIOB PETYIAIMA OHOIOTHUECKUX
MIPOLIECCOB HA PA3JIMYHOM YPOBHE OpraHU3aluu (MOJICKYJISIPHOM, KJIETOUHOM, MOMYJISIIUOHHOM);

- O3HAKOMJICHHE C COBPEMCHHBIMH OKCIICPUMCHTAIBHBIMUA IOAXOJaMH W METOJUKAMH
OMopU3NIECKUX UCCICAOBAHUI.

IlepeyeHb MIAHUPYEMBIX Pe3yJbTATOB 00YUYeHUsI O JUCIHUIJIMHE (MOIYJII0)

B pe3ynbrare ocBOCHUS AUCITUTUTHHBI 00YUIAIONTUECs JOKHBI

3HATh:

- MECTO ¥ POJIb OOIIUX BOTIPOCOB HAYKH B HAYYHBIX UCCIICIOBAHUSIX;

- HOBEHIIINE OTKPBITUS M JOCTHIKEHUS OMOJIOTUH, GUBUKH, XUMHUH, MATEMATHKH;

- 0 B3aUMOCBSI3AX U (yHIAMEHTAILHOM €IUHCTBE €CTECTBEHHBIX HaYK;

- IPUHIUIIBI OpraHu3alun OMOJIOTMYECKUX CHCTEM U peryiaunun OHMOJIOTHYECKHUX IIponecCoB;

- 3HaTh OCHOBHBIC (PU3UKO-XUMHUYECKUX OCHOBBI (DYHKITMOHHUPOBAHHS OMOIOTHYECKUX CUCTEM
BCEX YPOBHEW OpraHu3aluu;

- 0COOEHHOCTH TOCTAaHOBKHM MPOOJIEM TEOPETHUYECKOTO M HKCHEPUMEHTAIBHOTO HCCIIEI0BAHUS
¢byHIaMeHTaIbHBIX OMOJIOTHYECKUX MPOLIECCOB U ABJIEHUI MeToAaMHu OMOPU3UKY;

- BO3MOXKHOCTH U TpaHHULbI O€30MacHOCTH MPUMEHEHUs pe3yNbTaToB (yHIaMEHTAIbHbBIX
0MO(U3NIECKUX UCCIIEOBAHUH B MPUIOKEHUAX (OMOTEXHOJIOTHSIX ).

yMeTh:



- 93(PexTUBHO HCMONB30BaTh HAa MPAKTUKE TEOPETUYECKHE KOMIIOHEHThl HAYyKU: TOHSTHS,
CYXKICHHUSI, YMO3aKIIOUEHHUS, 3aKOHBI;

- IPE/ICTaBUTh TAHOPAMy YHUBEPCAIbHBIX METOJOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHMUS;
- paboTaTh HA COBPEMEHHOM HKCIIEPUMEHTAILHOM 000PY/I0BAHUU;

- abCTparupoBaThCs OT HECYIICCTBCHHBIX BIMSIHHUNA MPU MOACIUPOBAHUN PEATbHBIX (PHU3MUECKHX
CUTYalIHii;

- INTAaHUPOBATh ONITUMAJIBHOC NPOBCACHUC SKCIICPUMCHTA.

BJIA/I€Th:
- IJTAHUPOBAHUEM, IOCTAHOBKOW M 00pa0OTKON Pe3yabTaTOB OMO(PHU3UIECKOTO IKCIIEPUMEHTA;
- HAy4YHOU KapTUHOU MHUPA;

- HaBBIKAMH CaMOCTOSITEIIbHOW pabOTHl B JJAOOPATOPHKM HA COBPEMEHHOM SKCIIEPUMEHTAIHLHOM
000py1I0BaHUN;

- MAaTCMAaTUYCCKHUM MOJCIMPOBAHHUEM 3a/ a1 61/10(1)I/I3I/IKI/I.

TeMbl U pa3jaeiibl Kypca:
1. buodusuka hoTOONOIOrHIECKUX MPOIECCOB.

B3aumoneiicTBue KBaHTOB C MOJIEKYJIaMM. OBOJIOLHUS BOJIHOBOIO IAaKETa U PE3YJbTaThbl
demToCceKyHAHOU crieKTpockonuu. [lepBuyuHble POTOXMMUYECKNE PEAKIIUH.

OcHoBHble cTanuu (HOTOOMOIOTHYECKOTO TMporecca. MexaHu3Mbl (HOTOOHOIOTHYECKUX U
doroxumuueckux craguil. Kunetnka gorodnonoruueckux nporeccos.

[IpoOGnembl pa3aeneHus 3apsioB U MepeHoca IIEKTPOHA B MEPBUYHOM (HOTOOHMOIOTHIECKOM
nporecce. Poib 31eKTpoHHO-KOH(DOPMAIIMOHHBIX B3aUMOIEHCTBUH.

CrpykTypHas opraHu3anus ¥  (QYHKUHMOHUPOBAaHME (POTOCHHTETHUECKUX MeMOpaH.
doTtocuHTeTHUECKAas enMHuIa. J[Ba THMAa NUTMEHTHBIX CHCTEM M JBE CBETOBBIE PEAKIIMH.
Opranuzanus 1 QyHKIIMOHUpPOBaHHUE (POTOPEAKIMOHHBIX LIEHTPOB. [Ipo6iemMbl MepBUYHOTO aKkTa
¢dorocuHTe3a. DNIEKTPOHHO-KOH(OPMAIMOHHBIE B3auMojeHcTBUs. PoTOMH(POPMAIIMOHHBIN
HEepexo.

Kuneruka u gpusndeckre MexaHU3Mbl IEPEHOCA AIEKTPOHA B JIEKTPOH-TPAHCIIOPTHBIX LEMSIX
npu QorocuHTe3e. MexaHU3Mbl CONPSIKEHUS OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX pPEAKIUN ¢
TpaHCMEeMOPaHHBIM IEPEHOCOM MPOTOHA. MeXaHu3Mbl (POTOMHTUOUPOBAHUSL.

OcoOeHHOCTH M MEXaHM3Mbl (OTOIHEPreTHYECKHX peakiuil OakTe-puopoJoNCcHuHa U
3pUTENIBHOTO MUTMEHTa POJIOIICHHA.

OcHoBHbIE TUIIBI (POTOPETYIATOPHBIX PEAKIUIl PACTUTEIBHBIX U MUKPOOHBIX OpPraHU3MOB:
dboTomopdorenes, pororponusm, poroTakcuc, GOTOMHIYIIUPOBAHHBINA KapoTUHOTEHE3. CIIEKTPHI
JIeicTBUS, pupoa POTOPEIENTOPHBIX CUCTEM, MEXaHU3MBI IEPBUYHBIX (POTOPEAKIIHIA.



®duroxpoM — yHUBepcalbHas (OTOPELENTOpHAas CcHCTeMa perysnuu  MeTadoau3Ma
pacteHuii. MoJieKyJIsipHbIe CBOMCTBA U CIIEKTPaJIbHbIE XapaKTEPUCTUKU (UTOXpomMa. MexaHusm
obOparumoii poTokoHBepcun AByX Gopm ¢utoxpoma. [ToHaTue o GOTOXPOMHBIX MOJIEKYIaX U
($oTOXpOMHOM MexaHu3Me (POTOAKTHBALUN (EPMEHTOB.

DoTOXMMHUYECKUE peakluu B Oelkax, JMNuAaxX W HyKIeuHoBbIX kucinotax. JIHK kak
OCHOBHAasi BHYTPUKJIETOYHAs MHUIIEHb MpPH JIETAJIBHOM W  MYTareéHHOM  JIeHCTBUU
ynbTpaduoneToBoro cpera. POTOCEHCMOUIU3UPOBAHHBIE U JBYXKBAHTOBBIE PEAKIMH IpU
noBpexxaeann JIHK. Mexanusmbl hotomunamudeckux mporeccos. 3ammra JJHK HekoTopbiMu
XUMUYECKUMH COCTUHECHUSIMH.

O dexrsr poropenapanuu u dorozammurel. DepMEHTATUBHBIA XapaKTep U MOJICKYJISPHBIHI
MexaHu3M (oropeakTuBayu. Posb GOTOMHAYIMPOBAHHOTO CHHTE3a OMOJIOTUYECKH aKTUBHBIX
coeMHEHUH B mpouecce ¢oro3amuTel. MexaHu3M (HOTOCHHEPTETHUECKUX peakuuil mnpu
KOMOMHHPOBAaHHOM JICHCTBUY Pa3HbIX JUIMH BOJIH YJIBTPa(HOIETOBOTO CBETA.

2. MonekynsipHasi onousuka.
Maxkpomorekysa Kak OCHOBa opranuszaiuu 0uoctpykryp. [IpoctpancrBennas koHpurypaius
ouononumMepoB. CTaTUCTUYECKUN XapakTep KOHGOpMALIMK OUOIOJIMMEPOB.

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 B3aWMOJACWUCTBUSA; IIOBOPOTHAsi M30MEpUsS W DHEPIrUsl BHYTPEHHETO
BpaiteHus. Pacuer oOmieit konpopmanmu sHEprur OUOMOINMEPOB.

®DakTOphI CTAOMIN3AIUA MAKPOMOJIEKYJI, HAMOJIEKYJISIPHBIX CTPYKTYp U OMOMeMOpaH.

B3aumonelictBue makpomonekyna c pactBopureneMm. CocTossHuE BOJbI U TuApodOOHBIE
B3auMoJIeiicTBUA B OMOCTpYyKTYypax. Ilepexoapl crimpanb-KiryOoK.

OcCo0eHHOCTH TPOCTPAHCTBEHHOM OpraHU3alMy OETKOB M HYKJICHMHOBBIX KUCIOT. Mozenu
(GuOpUILIAPHBIX U I00YISpHBIX 6enkoB, KonnuecTBeHHast CTpyKTypHasi Teopust Oenka.

CTpyKTypHBIE U 3HEpreTudeckre (akTOpbl, ONPENeIOmue JMHAMUYECKYIO MOJIBUKHOCTD
6enkoB. ['nnepnoBepXxHOCTH YpOBHEN KOH(OPMALlMOHHON YHEPTHUH.

JunaMuueckas CTpYKTypa OJIMTONENTHUIOB M TJIOOYIAPHBIX O€IKOB; KOH(OpMarmoHHas
MOJABUKHOCTb. METObI M3Y4YeHHUS KOH(POPMAIIMOHHOW TMOABUKHOCTH: HW30TOMHBIM OOMEH,
JMOMUHECHIEHTHbIE MeToabl, OIIP, ramma-pe3onancHas cnektpockonusi, AMP BbIcOKOro
paspenieHusi, UMNyJabCcHble MeTonbl SIMP, Meroasl MoJIeKyNnsipHON JWHAMHKUA. ABTO- M
KPOCCKOPPETSIIMOHHbIE (YHKIIMM TOPCUOHHBIX YTIOB M MEXKATOMHBIX paccTosHui. KapTsl
ypOBHEH CBOOOIHOM 3HEPTUU NENTH/IOB.

Pesynbprarhl HccnenoBaHus KOHGOPMAMOHHONW NMOABMXKHOCTU. OrpaHuueHHast qudQy3us.
Tunsl nBrxkeHus B Oenkax. Mepapxust amMIuidTyq M BpeMeH pejlakcallid KOH(OPMalMOHHBIX
nBrkeHu. CBsI3b  XapaKTEpUCTHUK KOH(POPMAIIMOHHOM MOJBMXKHOCTH O€IKOB € HX
(GyHKIIMOHAJIBHBIMU CBOWCTBaMHU. JIMHAMUKA 3JIEKTPOHHO-KOH(POPMAIIMOHHBIX MepexooB. Poib
BO/Abl B JAMHAMHMKE OenkoB. Poib KOHQOpPMAIMOHHON MOJBMKHOCTH B (DPYHKIHOHHUPOBAHUU
(epMEHTOB U TPAHCIOPTHBIX OEJIKOB.



ONeKTpoHHbIE YpOBHU B Ouononumepax. OCHOBHBIE THIIBI MOJIEKYJIIPHBIX OpOuTaneil u
AIIEKTPOHHBIX COCTOSIHUM, T-3JIEKTPOHBI, dHEprus naenokanuzauuu. Cxema S6moHCKOTO ISt
ciokHBIX MoJiekya. [Ipuniun ®panka - Kongona u 3akons! ¢GuryopecreHnnu. JIFoMUHECIeHIUS
OMOJIOTMYECKH Ba)KHBIX MOJIEKYJ. MeXaHU3Mbl MUTpPALMU DHEPIMM: PE30HAHCHBIH MEXaHM3M,
CUHIVIET-CUHIVICTHBIA M TPUIUIET-TPUILIETHBIM IIEPEHOCHI, MHrpauus dSKcuToHa. IIpupona
THIIEPXPOMHOI0 ¥ TUIIOXPOMHOTO 3((EKTOB.

Bo30yxkIeHHbIE COCTOSIHMS ¥ TpaHC(OpMalus SHEpruu B OHOCTpyKTypax. IlepeHoc
AJNIEKTpOHA B OWOCTpykTypax. PasnmuuHbie Qu3MYeckue MOJIENH IepeHoca JIIEKTPOHA.
TyHHenbHBIN YD PEKT.

TyHHenmupoBaHHE C Yy4YaCTHEM BHPTYAIbHBIX YPOBHEH. OIEKTPOHHO-KOH(POpPMAIMOHHbIE
B3aMMOJICHCTBHS U pellaKCallMOHHbIE TIPOIIECCH B OMOCTPYKTYpax.

CoBpeMeHHbIE TPEJCTaBICHUS O MeXaHM3Max (pepMEHTAaTHUBHOIO Karajau3a. DJIEKTPOHHO-
KOH(OpMAallMOHHBIE B3aUMOJACHUCTBUS B (epMeHT-cyOcTpaTHOM Komriuiekce. Dopmyna amis
KOHCTaHTBI CKOPOCTH 00pa30BaHUsI MHOTOLIEHTPOBOM aKTUBHOM KOH(UTryparuu.

3. Panmuanmonnas Ouodusuka.

Obmas ¢Qusnueckas XapaKTepUCTHKA HOHU3HUPYIOIIUX U HEHOHU3HPYIOIIUX H3ITyUYEHUH.
W3nyyeHnss Kak HHCTPYMEHT MCCIEJOBAHUM CTPYKTYpbl M CBOMCTB MOJeKyid. ['amMma- u
PEHTI€HOBCKUE  JIy4d. PEHTreHOCTPYKTpHBIM  aHaiu3, JydeBass  YJIbTPAMHKPOMETPUS,
paaralMOHHO-XUMHUYECKUE METOIb. Y IbTpapHrOIETOBOE U BUIUMOE H3TydeHHsl. CIEeKTPOCKOMuUs
B Y® wu BumuMoi oOnactu. JlazepHas CHEKTPOCKOMHS, WCCICIOBAHUS SJIEKTPOHHO-
BpalllaTeIbHBIX CIIEKTPOB, (POTOXMMHUYECKHE METOIbI HcchenoBanus. MudpakpacHoe usnyuenue,
uHppakpacHas crekrtpockonus. Pammouactorer: CBY, YBY, BU HY. MukpoBomaHOBas
criekTpockonus, crekrpockonus OIIP, SAMP, nusnextpuueckas CHEKTPOCKOMUS, METOJbI
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. [loryomenne u pasmen sHeprun. Koneunwlit Ouonormueckuit s3¢pdext npu
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 YacTUL. OKCIO3UMIMOHHBIE M IIOTJIOLIEHHBIE J03bl W3IydyeHUH. EnuHuims
AKTUBHOCTH PaJIMOHYKJIEOTHI0B. ETMHUIIBI 103 HOHU3UPYIOLINX U3TydyeHU. PakTop N3MEHEHUs
710361 00JTy4eHHsl. 3aBUCHUMOCTb OTHOCHTEIBbHOM OMOJI0rHuecKon 3(PeKTUBHOCTH OT JIMHEHHBIX
MOTEph PHEPIUH U3NydyeHul. IHIMBUIya IbHbIE U CTAllMOHAPHBIE I03UMETPHI.

[Tonstust "mansie" u "Oosbiime" 10361 paguanuu. CTOXaCTHYECKHE M CTaTUCTUYECKHUE
3P PEKTHI.

WNuakTtuBanys MOJIEKYJd B pE3yJabTaTe MPSMOTO U HENPSAMOIO JEHCTBUS HOHU3HMPYIOIIUX
u3nydeHuit. JlozoBele 3aBucuUMOCTU. [Ipsimoe pelicTBHe paauanuu Ha (EpMEHTHI, OCNKH,
HYKJIIEMHOBBIE KHCIJIOTHI, JIMIUABI, yriieBoAbl. IlepBuuHBIE mpolecchl, NPUBOAAILIUE K
MHAKTHBALIMM MAaKPOMOJIEKYN MpH NpSAMOM JAEHCTBUM pafuauuu. llepBuuHbIE MPOTYKTHI



paguonn3a W JaibHelIIas cyapba OOJyd4eHHBIX MaKpOMOJEKYl. PaanodyBCTBHTENLHOCTH
MoutekyJl. Pannonus Boasl U JIMNKUA0B. B3anmoaencTBre pacCTBOPEHHBIX MOJIEKYJ ¢ IPOAYKTaMU
pamguonmsa pactBoputeneid. Dddekr [eitna. OOpa3oBanre BO30YKICHHBIX MOJIEKYJ, HOHOB U
paaukanoB. KosmuecTBeHHass XapakTEpPUCTHKA HENPSIMOrO JIEWCTBUS pajualuyd B pacTBOpax.
Posb MOIH(HUKATOPOB B PaIHOIN3e MOJICKYJI.

Pagnanmonnas Ouodpusuka kietku. KonuuecTBEHHbIE  XapaKTEPUCTUKH  TUOenu
0o0Jy4eHHBIX KJIETOK. PemnpoaykTtuBHas u uHTepdazHas rudenb kieTok. Amnonrto3. [IpuHiun
nonagaHus, KOHIENIUS MUALIEHU. DBOJIOLMS 3TUX NOHATHH. CTOXaCTUYECKUE MOJIEIH.

OCHOBBI MUKPOJJO3MMETPUN MOHU3UPYIOMUX H3nydeHui. [lepBuunbie pu3nKo-XxuMHIecKue
npouecchl B OOMy4eHHOH KieTke. AHaau3 MEXaHHW3MOB JIyU4€BOIO NMOPaKCHUs KIETOK. Poib
MOJICKYJISIpHBIX MexaHuzMoB penapaiun JJHK u penmapannoHHBIX (QEepMEHTOB B JIy4eBOM
NOpaXeHUH KJIEeTKH. Ponb TOBpexaAeHHs OHOJOTMYECKMX MEMOpaH B  paJgMallMOHHBIX
HapyLICHUAX KIETKU. OKHUCINTENbHbIE MPOLECCHI B IMIUAAX U AHTUOKUCIUTEIbHBIE CUCTEMBI,
Yy4acTBYIOLIME B IEPBUYHBIX OMOPU3NUECKUX U TOCIEAYIOUIMX JIyUEBbIX peaKIUsX.

BoccranoButennHbIe MMPONLCCCHI ITPU JIYUYCBOM IMOPAKCHUUN KIICTKHU.
MOI[I/I(l)I/IKaI_[I/IH JIYYCBOI'O MOPAXKCHU KIICTKHU.

Pamuanmonnas 6nou3nKa CIOKHBIX CHCTeM. BpeMeHHbIe u J1030BbIe 3PPEKTHI pagnuaIiu.
CpaBHUTENIBHAS PAIMOTYBCTBUTEIIBHOCTH OMOJIOTHUECKUX OOBEKTOB U CUCTEM. JleiicTBHE MaIbIX
1103 ¥ XpoHUYeckoro obmyuenusi. OTnajaeHHble TOCIeICTBUS MaJbIX 103 Paluallii Ha OPraHU3M.
Oco0OeHHOCTH JEHCTBHS BHEIIHETO0 M MHKOPIOPUPOBAHHOTO, OOIIEro M JIOKAIbHOTO, OCTPOTO U
XPOHUYECKOT0, OAHOKPATHOTO U MHOTOKPATHOTO O0JIy4eHHUS.

4. Teoperuueckasi Onopu3uKa.

OcHOBHBIE OCOOCHHOCTHM KHHETUKH OHONOTHYEecKHX mpoieccoB. OnucaHue TUHAMUKA
OMOJOTUYECKHX MPOIECCOB Ha S3bIKE XMMUUYECKON KMHETUKU. MaTemMaTHueckue Moieu. 3a1auu
MaTeMaTHYeCKOr0  MOJETUpoBaHUs B  Owomoruu. OOmMe OPHUHIMIBI  TOCTPOSHUS
MaTeMaTHYECKUX Mojiesiel Ouonornueckux cucteM. [loHsATHE aIeKBATHOCTH MOJIETH PEaTbHOMY
00BEKTY.

JuHamMuueckre Mozieiar OMOJIOTMYECKUX MpoLeccoB. JIMHENHHbIE U HEIMHEWHBIE MPOLIECCHI.
Mertonbl KauecTBEHHOM Teopuu Aud@epeHIualbHbIX YpaBHEHHM B aHaIu3e JIMHAMUYECKHX
CBOICTB Oumosiornyeckux mnpoueccoB. [londarue o (a3oBoil miIockocT U (pa3oBOM mHOpTpeTe
CUCTEMBI.

Bpemennas wuepapxus M nOpuHIMI "y3Koro Mecta' B OHMOJIOTHYECKMX CHCTEMaXx.
VYrpasnsiomuye napaMerpsl. beicTpbie U MeIJIeHHbIE IEPEMEHHBIE.

CnocoObl MAaTEMaTUYECKOTO OIUCAHMS IPpOCTPAHCTBCHHO HCOAHOPOAHBIX CUCTCM.

CranoHapHble COCTOSHUSL OMOJOTMYECKHX CHUCTEM. MHOXECTBEHHOCTh CTallMOHAPHBIX
COCTOSIHMM. Y CTOMYMBOCTh CTAallMOHAPHBIX COCTOSTHUN.

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

['ucrepesucHsbie sBreHus. KonebarenbHble mporecchl B OMOJOTHH. ABTOKOJIEOATENbHbIE
pexumsl. [Ipeaenbable MUKIBI M UX YCTOMYHUBOCTD. [IpuMepsl.



[IpencraBneHnss O  MPOCTPAHCTBECHHO-HEOTHOPOIHBIX  CTAIIMOHAPHBIX  COCTOSTHHSIX
(IMCCUMATHBHBIX CTPYKTYpaX) U YCJIOBHIX UX 00pa30BaHMS.

Kunernka ¢epMeHTaTuBHBIX mporeccoB. OCOOEHHOCTH MEXaHU3MOB (EpMEHTATUBHBIX
peakuuii. [lonstue o Gpusnke pepMEHTAaTUBHOTO KaTaln3a.

Kunetnka  mpoctedimmx  (QEepMEHTAaTHBHBIX  peakmuil.  YCIOBUS  peau3aluH
CTallMOHAPHOCTU. YpaBHeHHe Muxasnuca-MenteH. Bnusnue Moau@ukaTopoB Ha KHHETUKY
(hepMEHTATUBHBIX PEAKITHIA.

[Ipumenenne Metoma rpadoB AN HUCCICNOBAaHMA  CTAl[MOHAPHOW  KUHETHKH
(depmenTaTuBHBIX peakuuii. OOmUe NPUHIUNBI aHanu3a 0oJjiee CIOXKHBIX (PEPMEHTATUBHBIX
peaKIui.

Knaccudukanus repmoguHamMudeckux cucteM. [lepBroiii 1 BTOpoii 3aKOHBI TEPMOIMHAMUKU
B Ouonoruu. TemnoeMKocTh M CKHUMAEMOCTh OENKOBBIX TII00Yn. Pacuersl sHepreTMuecKux
3¢ dexToB peaknuil B OHOJIOTMYECKUX CHUCTEMaX. XapaKTepuCTHUecKHe (YHKIMH U HX
UCIIOJIb30BaHUE B aHAJIM3€ OMOJOTUYECKUX ITPOLIECCOB.

N3menenne  sHTponmuMM B OTKpBITBIX  cucreMax.  Iloctymar  IlpuroxuHa.
TepMoaMHaMHUYECKUE YCIOBHSI OCYILIECTBICHHUS CTAllMOHAPHOIO cOCTOsHUA. CBs3b MEXIy
BEJIMYMHAMU XUMHYECKOT0 CPOACTBA M CKOPOCTAMU peakuui. TepMOguHaMUYeCKOe CONPSIKEHNE
peakuuii ¥ TeroBble 3PPEeKTh B OMOJOTMUECKUX CUCTEMAX.

[TonsTHe OOOOLIEHHBIX CHJI M IMOTOKOB. JIMHEHHBIE COOTHOLIEHHS U COOTHOLICHMS
B3auMHOCTH OH3arepa. TepmoanHaMuKa TpaHCIOPTHBIX ITpoueccoB. CTalMOHAPHOE COCTOSTHUE U
YCIIOBHMSI MUHMMYMa CKOPOCTH IpupocTta s3HTponuu. Teopema [Ipuroxuna.

[IpumeneHue JnMHEMHOM TepMOAMHAMHUKM B  Ouonoruu. TepmoauHamuueckue
XapaKTePUCTUKU MOJIEKYJISIPHO-IHEPTETUUECKUX TPOIeccoB B Ouocucremax. HenunelHas
TEPMOJMHAMMUKA.

OO01mue KpUuTepuH YCTOMYMBOCTH CTAIIMOHAPHBIX COCTOSHUN U Tiepexoja K HUM BOIU3U U BAAIU
OT PaBHOBECHSI.

CBs13b SHTPOIINU U I/IH(I)OpMaLII/II/I B OMOJIOTMYECKUX CHCTEMaX.

BnusiHue TemnepaTypsl Ha CKOPOCTh PEaKIfii B OMONIOTHUECKUX cucTeMax. B3anMocBs3b
KMHETUYECKUX W TEePMOJMHAMHYECKUX TapaMeTpoB. Ponb KOHPOPMAIIMOHHBIX CBOICTB
OUOTOTUMEPOB.

5. Dkonoruueckas 6nopu3uKa.

AaanTaum{, yCTOfI‘-IPIBOCTL n HaAC)KHOCTb OMOJIOTHYECKUX CHCTEM pPasHOTro YpPOBHA
OpTraHH3alnu: KJICTOK, OpraHu3MoOB, HOHy.]'ISIL[Hﬁ. Pa3Hoo6pa31/Ie OTBCTHBIX peaKLII/Iﬁ
WHIUBUIYYMOB B KJICTOYHBIX aHCcaMOJISIX | NOMyJIAIUAX. I[I/IHaMI/IKa OHEPro-mMacco oOMeHa.
HpOFHOSI/IpOBaHI/Ie JUHAMHKHW YUCJICHHOCTHU MOITYJIALIUHA.

Knaccudpukanus BozneiictBuil. Crnabbie (poHoBbie) BozneicTBus. Kocmuueckue u
MepUOIUYECKHe BO3JeHCTBUS. EcTecTBeHHBIN pagualimoHHBIA (OH M YPOBEHBb pajJioHa B Cpee.
[IpobGnema 030HOBOW ABIPEL. DM-HU3TydeHUsT KOCMUUYECKUX W 3€MHBIX UCTOYHUKOB. MarHuTHbBIC
noist CosHIa, 3Be31, TaTaKTHK U APYrux o0bekToB Beenennoit. Lukiasr ComHeyHON aKTUBHOCTH,
ux BiusHuE Ha 3emmo. Cetr u 6uopuT™bl. bronorudeckue yachl.



HevictBue ontuueckoro wusiydeHus. dorocuHte3 B Mope. [IpuunMHB JTUMUTHPOBAHUS
nepBU4YHON mnpoxykuuu. PorounHrunOupoBanue u QortomecTpykuusi. PDoroperynsuus pocra
pactenusa. OnTHYeCKHe CBOMCTBA JIMCTHEB BHICIINX PACTEHUM U CIIEKTPAJIbHBIE METO/BI OLEHKU
(GYHKIIMOHAIBHOTO COCTOSIHUSL (POTOCMHTETUYECKOTO armapara.

Jleiicteue Y®-uznydenus. Monekymsipaple MexaHu3mbl (oronospexaenus JHK mnpu
JnercTBud Y@ u3iydeHus 3K0J0ruueckoro auana3zona. Knerounsie cuctemsl penapaunun JJHK.
®dotonoBpexacHue U (OTOPEAKTHBAIUMS MHUKPOOPraHU3MoB. KoMOMHUpOBaHHOE JCHCTBUE
W3JIYYCHHS Pa3HbIX JJIMH BOJH Ha KIeTKy. dDepMeHTaTHUBHAs peakTUBalMs. MOJEKyIsIpHbIC
MEXaHHU3MBI JCUCTBHS (POTOTHAZEI.

OkucnutenbHbll  cTpecc. MONEeKyNIsipHbIE  MEXaHU3Mbl  MOBPEXKAAIONIETO  JACUCTBUS
kucinopona. Ilyrm cBeToBOM M TEMHOBOM aKTMBAUMHU MOJIEKYJSIPHOTO  KHCJIOpOAA.
depMeHTAaTUBHBIE U HEpEepMEHTATUBHBIE peakiuu. Poib cBOOOIHO-palMKaIbHBIX PEaKIHid U
CUHIVIETHOIO KHCIOpoAa. MeTonbl M3y4eHUs: OKHMCIMTENIBHBIX ACCTPYKTHBHBIX IIPOLIECCOB B
OMOJIOTUYECKUX CUCTEMaX. [Tpupoansie  ¢oToceHCHOMTHM3aTOPEl  (HOTOAECTPYKTUBHBIX
nporeccoB. [ToBpexxaeHust pacTeHU MpU ACUCTBUH T'epOMLIUIOB, 3arpsi3HUTENCH aTMOCQEpHI,
TOKCUYECKHX BEILECTB, 3a00JIEBaHUSIX. @arouuTo3 M CBEPXYYBCTBUTEIBHOCTh B CBS3U C
MMMYHHUTETOM >KMBOTHBIX M pACTUTEIbHBIX OpraHu3moB. CTapeHHe pacTeHUH, IPOIYKTbI
Jierpajaliy JUIUI0B U IUTMEHTOB.

MormnekynsipHble MEXaHU3MBI JIaNTAalU KUBBIX OPraHU3MOB K SKCTPEMaJbHBIM (haKTopam
BHEIITHEH cpeibl (TeMIeparypam, OCBEIICHHIO, 3aCOJICHHIO, ISUCTBHIO KCEHOOMOTHKOB, THIIOKCUH
Y TUIIEPOKCHH).

Ouenka cocrtosHud cpeabl ooOurtanud. [lpenenbHO  JONyCTUMBIE  KOHLEHTpAUUU U
OouorectupoBanue. Mertogonorus OuorectupoBanus. Jucranuuonusie Meronbl. [IpakTuueckoe
UCIOJIb30BaHUE OMOTECTUPOBAHUS JUIsl OLIEHKH KaueCTBa CPEJIbl.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

BBeaenue B 0a3bl JAHHBIX

Measb AMCHUNIMHBI:

- U3YYCHHUE U MMPAKTUIECKOE OCBOSHUE METOI0B co31anus 06a3 nanubix (b/]) n o0mmx mpuHIUIOB
X (YHKIIMOHUPOBAHHSI, TCOPETUUCCKUX U MPHUKIATHBIX BOIPOCOB MPUMEHEHUS COBPEMEHHBIX

cucreM ynpasieHus 6azamu naHubix (CYB/]) u aBToMaTn3upoBaHHBIX HHPOPMALMOHHBIX CUCTEM
(ANC).

3agauyd AUCHUILINHBI:

- U3Yy4CHUEC OCHOBHBIX MOIIGJIef/'I AAaHHBIX U A3BIKOBBIX CPCICTB pa60TI)I C pCIIAIUOHHBIMU OazamMu
JaHHBIX;

- U3y4YEeHHE IPUHIIMIIOB OpPraHU3alMi CUCTEM 0a3 TaHHBIX;

- nzyuenue sBozmoxkHocreit CYB/] Oracle;

- OCBOEGHHE METOJI0JIOTUH TPOEKTUPOBaHUS 0a3 JaHHbIX.

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

3HATh:

- MPUHIUIBI OPraHU3alMK U ApXUTEKTYPbI CUCTEM 0a3 1aHHBIX;

- MOJIETH J1aHHBIX;

- MOCJIEI0BATEIBHOCTD U 3TAIlbl IPOCKTUPOBAHUS 0a3 TaHHBIX;

- COBpPEMEHHBIE METOIMKH CUHTE3a U ONTHUMHU3ALUHU CTPYKTYp 0a3 JaHHBIX;
- OCHOBHBIE KOHCTPYKLUU s3bIKa 00paboTku gaHHbIX (SQL);

- METOAMKHA ONTUMHU3AINH IMPOIECCOB 00PaOOTKH 3aIIpOCOB;

- COBpPEMEHHBIE METO/IbI 00eCTIeUeHUs IeTTOCTHOCTH JaHHBIX;

- MeTOoAbI (pU3NUeCKOr opraHu3anuu 06a3 JTaHHBIX;

- CTaHIapThI, METOJHUYECCKHUEC u HOPMAaTUBHBIC MaTCpHraibl, OIIPCACIAOIINEC
MMPOCKTUPOBAHUEC, CO3JAHUC U COIIPOBOXKICHUC 0a3 JaHHBIX

- COBpEMEHHBIE METOJIbI U CPEJICTBA CO3/IaHWsI aBTOMATU3MPOBAHHBIX HH(OPMAIIMOHHBIX
CHCTEM, OCHOBAHHBIX Ha 0a3ax JaHHBIX;



- 0 MHOTr0oOOpa3Wy COBPEMEHHBIX CHUCTEM YIpaBlIeHWs Oa3aMu MaHHBIX, UX OOJACTIX
NPUMEHEHHS U OCOOCHHOCTSIX;

- 0 TCHACHHUUAX W HNCPCIICKTHBAX pPa3BUTHA COBPECMCHHBIX CHUCTCM YIHPABJICHUA 0azamu
JaHHBIX,

- 00 OCHOBHBIX HCPCHICHHBIX Ha CGFO,I[H?II_HHI/Iﬁ JCHb HpO6HCMaX, BO3HUKAOIIHUX IIPpU
CO3JaHHUH U UCII0JIb30BaHUHN 0a3 JaHHBIX.

yMeTb:

- MIPUMEHSITh COBPEMEHHYIO METOOJIOTHIO JIJIsl UCCIICIOBAHMSI M CHHTE3a WH(POPMAITMOHHBIX
Moenel nmpeamMeTHeix obnacteit AUC;

- MPUMEHATh COBPEMEHHYIO METOAOJIOTHI0 HA CTAaJUU TEXHHYECKOTO MPOECKTUPOBAHUS —
oOcienoBaHue, BBHIOOD M CUCTEMHOE OOOCHOBAaHUE TMPOEKTHBIX PEIICHUH IO CTPYKType
WH(OPMAIIMOHHBIX MOJICTICH 1 0a3aM JaHHBIX;

- MPOEKTUPOBATh 0a3bl JaHHBIX (OT ATAla aHaJIU3 MPEAMETHOMN 00acTu HHHOPMALIMOHHON
CUCTEMBI JIO peanu3anuu GU3NIeCKoil MoIeTu 0a3bl JaHHBIX );

- MPUMEHATh METOJbl TPOCKTUPOBaHUS 0a3 JJaHHBIX U COCTaBJICHUS IIPOrpPaMM
B3aMMOJIEHCTBHSA ¢ 0a30i TaHHBIX;

- peaTn30BbIBATh M JIOKYMEHTHPOBATH aBTOMATU3UPOBAHHYIO HHPOPMAIIMOHHYIO CUCTEMY,
OCHOBaHHYIO Ha 0a3e JaHHBIX.

BJIAJeTh:
- HaBBIKAMH pa0OTHI C PENISIIMOHHBIMU 0a3aMu JTaHHBIX Ha s3bIke 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 JIaHHBIM, UCIIOJIB30BAaHUS CPEACTB 3alUTh] JaHHBIX;

- METOMoJIOTHeH MpuMeHeHus: Meronaa "cymHocTh cBsa3p" (ER-method, method “entity-
relation") uist mpoekTHpoBaHUs 0a3 TaHHBIX.

TeMbl u pa3jaesibl Kypca:
1. Beeaenue B s13bIk 0a3 maHHBIX SQL.

O6mue cBenenus. Crangaptel. [IpaBuna Hanucanus komana. Oneparopsl. Co3aHue 0ObEKTOB
BJI. Cunrakcuc komauzbl create table. CunTakcuc xomann insert, update, delete. Cunrtakcuc
komanbl select. Omeparopsl. Ilpenukarsl. NULL-3HaueHue. ArperupoBaHHE pe3yiIbTaTOB.
[Tomzanpocel. Coenunenune Tabnuu. CamocoeauHenue. CHHTaKCHUC KOMaHJbI create view.
OO6HOBIIsIEMbIE U HEOOHOBJIIEMbIE MTPEICTABICHUS.

2. Beenenue. Moaenu n1aHHBIX.



Nudopmanus, nanuble, 3HaAHUSA, TpeaAMeTHas oOnacth, 0a3a manHblx, CYBJ], OaHk naHHBIX.
ABToMaTu3upoBaHHas HH(popmarmonHas cucrema. llonsTtue, kmaccuduxanus, Bugsl HC.
[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. Onepanuu Hajx JaHHbIMU. OrpaHuueHus uenoctHoctu. CereBas MonEb
nanHbix (CM/L): nmpuHIMIBI OpraHU3aluy, JOCTOMHCTBA, HepocTaTKu. Mepapxuueckas Mozaenb
nanHbeix (MM/I): mpuHLUMIBL OpraHM3aliy, AOCTOMHCTBA, HENOCTATKHU. PelsiiiMoHHas MOJelb
nauubix (PMJI): npuHOUMIBL OpraHU3alM, TMOHSTHE OTHOIICHUS, CBONCTBAa OTHOILICHMS,
peanu3anys CBA3el, J0CTOMHCTBA U HEAOCTaTKU Mojenu. Onepauuy pesssiuOHHON anreOpbl

3. MexaHu3MEbl A0CTYIIa K JaHHBIM. OHTI/IMI/ISaI_II/ISI 3aIpoCoOB.

MexaHu3M TpaH3aKIUK: OMPEIeIICHUE TPAH3aKIINH, CBOWCTBA TPAH3aKIIMH, HAYAJIO U 3aBEPIICHHE
TpaH3aKLMN, KOMaHJbl YIPaBICHUSA TPAaH3aKUUAMU. B3auMOBIMsSHUE TpaH3aKUUM, YpPOBHU
W30JIUN TPaH3aKUMi. BIOKMPOBKM: ompereneHne, MEXaHW3M pabOTHI, THIBI OJOKHPOBOK,
TYNHUKOBBIC CUTYyalluU. BpeMeHHbIe OTMCTKH. MHOFOBapI/IaHTHOCTI). MGTOI[I)I OIITUMMU3AIINU: T10
CTOUMOCTH, IIO CHMHTAKCHUCY. Hosrie MECTOAbI OIITUMHU3AIIUU B OI’&CIG. HOpﬂI{OK OIITUMHU3AIINU
BEITIOJTHEHMS 3anpoca. CrocoOsl Hamrcanus Oosee dddekTuBHBIX 3ampocoB. [loackazku Oracle

(hints).
4. Obecnieuenue 3amuThl JaHHBIX B B/I.

Obecnieuenne Oe30macHOCTU JaHHBIX. Buabl cOoeB: cOoM mpuiiokeHus, cOOMl NpeanoxeHus
MOJIb30BaTeNs, OMIMOKa IMoJIb30Baredsi, OOl mporecca onepaluoOHHON CUCTEMBI, cO0i (POHOBOTO
nporecca CYB/]. Cpencra pu3nueckoi 3auThl JaHHBIX: )KypHAJ TPAH3aKIHiA, CETMEHT OTKaTa.
PezepBHOE KOomupoBanue. BoccraHoBieHne 0as3pl JAHHBIX. 3allMTa OT HECAHKIIMOHHPOBAHHOTO
nocryna. CuctemMHble M 00beKTHbIE puBUieruu. [IpaBa gqocTyna, KoMaHbl HA3HAUEHUS U OTbEMaA
npuswieruil. [Ipusunerun Bnagensua. Ponu. Onucanue orpaHUueHU EIOCTHOCTH CPEACTBAMU
a3bika SQL. Peanuzanus orpaHu4eHN EIOCTHOCTHU C IIOMOIIBIO NPEICTABIICHUN U TPUITEPOB.

5. O630p coBpemennbix CYB/l u nepcniektuBbl pazsutus b/I.

O6nextHO-pensaunonnbie CYB/] (Ha mpumepe Oracle). CoctaBuble Tumbl JaHHbIX. HacnenoBanue
u nomumoppusM. OcobeHHocTH si3bika SQL ans 00bekTHO-penaunoHHoNn mMoaenu. OObeKTHO-
opuentupoBanHele CVYBJ[. Cranmapr ODMG 3.0. ApxuTekTypa XpaHWIMIIA JaHHBIX.
Meragannple. IloTOKM JaHHBIX: BOCXOAAIIMK, HHUcXodmui. Cxempl Thma "3Be3ga" ©
"cuexxunka". [Ipobnembr mpumeHenuss X/[. OLAP-texuonorusi. IloTokoBbie 0a3bl JaHHBIX.
PaGota ¢ HerouHbiMH pAaHHbIMH. HoBble moib3oBarenbckue uHTepdeics.  [IpoGiembl
ONTUMU3AIMU 3arpocoB. MHTerpauus pasHOPOAHBIX U €1a00 (opManu30BaHHBIX JIAHHBIX.
Opranuzanus goctyna kK 6a3zam aaHHbIx yepes Internet. Camoanantanusa. CoXpaHHOCTb JaHHBIX.
TexHonoruu pazpaOoTKu 1aHHBIX U 3HaHUI (data mining u knowledge mining).

6. Opranu3zanus IpUIOKEeHUH 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 QYHKIMH: CO3JlaHue W UcIoyib3oBaHue. BzaummopeiictBue ¢ 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.



Huuamuuecknii  SQL. Tlaker dbms sql m NDS (Native Dynamic SQL). CpaBHenue
BO3MOXKHOCTeH. Opranuzarnus uaTepdeiica kK 6a3e TaHHBIX.

7. Cuctemsl ynpasnenus: 6azamu qanubix (CYB/I).

Knaccudukanmss CYB/l: mo creneHn yHHBEpCATbHOCTH, IO MOJEIH JAHHBIX, MO IPUHIUIIAM
xpanenust nanubiX. [IpaBuna Kogna aisa pensunonnoit CYBJ[ (PCYB/I). OcHoBHble QyHKIIMN
pemsimuonHot CYBJI: Xpanenue, wusBieueHue u oOHOBIeHHe paHHBIX. Katamor (CCl),
JNOCTYMHBIA KOHEYHBIM Tojb3oBaTessiM. [loanepikka tTpanzakumid. Ciyx0a ympaBlieHUs
napajuiensHoi pabotoi. CiyxObl BoccTaHoBNeHUs. City>kObl KOHTPOJS JOCTyHa K JaHHBIM.
Cry>x0bl TOAIEPIKKHU TEIOCTHOCTH NaHHBIX. CITyKObI TOICPKKHA HE3aBUCUMOCTH OT JIaHHBIX.
AnvuHuCTpUpoBaHue  0a3pl  JAHHBIX:  QJMHHHUCTPHPOBAHUE  MPEAMETHOW  00JacTH,
aIMUHUCTPUPOBaHUE 0a3bl JAHHBIX, A[IMUHUCTPUPOBAHUE TPHIOKECHUH, aIMHHUCTPUPOBAHUE
6e3omacHocTH. ClioBapb-CIIPpaBOYHUK JaHHBIX: ocoOeHHocTH Oracle.

8. dusnueckas opraHu3alus TaHHbBIX.

CrpyKTypa XpaHMMBbIX JaHHBIX: XpaHUMBbIE 3aITUCH PUKCHUPOBAHHON U IepeMeHHOM JuTnHbL. Kittou
0a3bl JaHHBIX. YIIpaBJIeHHE IPOCTPAHCTBOM NaMATH U Pa3MELICHUEM JaHHbIX. Buabl agpecanuu
XpaHuUMbIX 3anuceid. CTpykTypa mamsTu: TaOau4yHbIE OOJACTH, CETMEHTHI, AKCTEHTHI, OJOKH
namstu. [Tapamerpsl pactipenenenus mamsatu. Ctpykrypa popmara DBF. Mexanusmsl noctymna x
naHHbIM. OnTUMH3aLMs 3apocoB. MHaekcupoBaHUe JaHHBIX: HA3HAUYEHUE UHJIEKCOB, IIPUHLIUIIBI
OpraHM3aly, THUIBl MHJEKCOB (COCTaBHbIE, JIMHEWHbIE M MHOTOYPOBHEBBIE, IUIOTHBIE U
HEIUIOTHBIE, C)KaTble M Hecxkarble). MHnekc B Buae B-nmepeBa: NmpuHIMIBI OpraHU3alllH,
JOCTOMHCTBA.  XEUIMPOBAHWE: IPUHUMUIIBI  OpPraHU3alMM, JOCTOMHCTBA,  HEIOCTaTKH.
Hcnonp3oBanne xemupoBanust B Oracle. Kmactepuszamust JaHHBIX: NPUHIUIB OPTaHU3AIMH,
JIOCTOMHCTBA, HelocTaTKuU. Mcnonb3oBanue Kiactepusanuu B Oracle.

9. DnemMeHThl NPOEKTUPOBaHUS 0a3 TaHHBIX.

OcHoBHble 3Tansl npoektupoBanus MC: mpeanpoekTHas moArotoBka, npoektupoBanue b/,
peanu3anys MpoeKTa U COo3JlaHue MPUIOKEHUH. MeToabl MHPOIOTHYECKOT0 MPOEKTUPOBAHUS:
(GyHKIIMOHAIBHBIN, TPEIMETHBIN, METOA "CYITHOCTh-CBA3B". CyIIHOCTH, aTpHOyThI CYLTHOCTEH,
CBA3M MEXIYy CyIIHOCTSIMH. TepmuHbl U kinaccudukanus. OObeIWHEHUE JIOKAJIbHBIX
npencraBieHui [lokazareny, Ha OCHOBE KOTOPBIX ONpPEAENstoTCs TpeOOBaHUS K ONEepaliuoOHHON
oOcraHoBKe: 00beM BJI, pexum paboTbl, XapakTep W MHTEHCHUBHOCTbH 3arpocoB. Ilapamerpsl,
KOTOpBIE cienyeT yuduThiBaThb mnpu BbeiOOpe CYBJl: Monens naHHBIX, (QYHKIMOHAJIbHBIE
BO3MOXXHOCTH, THIbl JaHHBIX, HAJEXKHOCTb, CTOMMOCTb, HAJIWYUE KBATU(PHUIMPOBAHHOIO
nepconana. [Ipeobpasoanue ER-nuarpammel B cxemy b/1. BolsiBineHne Hepeann3yembIx CBsI3€H.
CocraBnenne orHomeHui. OmnpenencHue NEPBUUHBIX Kiroded. OnpeneneHue TUIIOB JaHHBIX
atpuOyToB. OmnMcaHue OrpaHUYEHUH IEIOCTHOCTH. AHOMAJIMM MOJU(UKAIUK JaHHbIX.
Hopmanuszanusa orHomenuil. /JleHopmanusanus otHoueHuil. IlpaBuna peanusanuu npoekra Ha
s3pike SQL. O6wexThl B/, Tlopsimok coznanus oobexkToB b/l mon ynpasnenusim CYB]] Oracle.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTHKA U (PU3UKA

Hal'[paB.]'[eHHOCTb: CPIHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

BBenenne B MaTeMaTH4YeCKHIl aHAIN3

Measb AMCHUNIMHBI:

- 00y4eHne OCHOBaM MaTeMaTHYEeCKOTr0 aHAIN3a JUIst (JOPMHUPOBAHUS Y CTYICHTOB IPE/ICTaBICHUS
0 MaTeMaTuke, Kak 0coO0M METO/1e TIO3HAHUS PUPOAbI, OCO3HAHUS OOIIHOCTH MaTeMaTHYECKHX
NOHATUI M Mojenel, MpUOOpEeTEeHHs HABBIKOB JIOTUYECKOTO MBIIUICHUS W OIEPUPOBAHUS
a0CTPaKTHBIMU MaTeMaTHYECKUMH 0OBEKTaMH;

- BOCIIUTAHUE BBICOKOW MaT€MAaTHYECKOU KYJIbTYPBHI.

3agauu AMCHUININHBIL:
- TOOUTHCS YETKOT0, ICHOT'O IOHUMAaHNS OCHOBHBIX OOBEKTOB MCCJIEIOBAHUS U ITOHITHI aHaIN3a;

- IPOACMOHCTPUPOBATH BO3MOXKHOCTH MCTOJOB aHAIM3a IJIA PCUICHUA 3a1a4d Q)YHHaMCHTaJII)HOI\/JI
u HpHKHaHHOﬁ MAaTCMAaTHUKH,

- IPUBUTH TOYHOCTH U 00CTOSITENNLHOCTD APTYMCHTAIIU B MATEMATHYCCKUX PACCYKACHUAX

- c(OpMHPOBATH BHICOKHH YPOBEHb MaTEMaTUYECKON KYJIbTYPBbI, JOCTATOUHBIN /17151 IOHUMaHUS U
YCBOEHUS MOCIIEYIOIIMX KYPCOB 10 HENIPEPBIBHON U TUCKPETHOW MATEMATHKE;

- CITIOCOOCTBOBATH: MMOATOTOBKE K BEICHUIO UCCIIEI0BATENBCKOMN AEATEIbHOCTH (B YACTHOCTH, JUIS
HaIMCaHUsl KypCOBOW M BBIMYCKHOM KBaJU(UKALWOHHONW padOT) B 00JacCTSIX, UCHOJIB3YIOMIUX
MaTeMaTUYeCKHUe METO/Ibl; CO3JaHUIO U MCIIOIb30BAHUIO MAaTEMAaTHYECKUX MO/IEJIEH MPOIIECCOB U
00beKTOB;  pa3paboTke J(PGEKTUBHBIX  MaTEeMaTHYECKUX  METOJOB  pEIIeHUs  3ajaad
€CTECTBO3HAHMUS, TEXHUKH, SKOHOMUKH U YIIPaBICHUS;

- pa3BUBaTh YMEHUE CaMOCTOSTEIbHONU pabOThl ¢ yUeOHBIMU MOCOOUSMHU U APYTOM HAYYHOU H
MaTeMaTUYECKOU JINTEPATYpPOH.

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

- OCHOBHBIE CBOWCTBa TIPENEIOB MOCIEAOBATEILHOCTH M (QYHKIMHA JEHCTBUTEIHLHOTO
HEPEMEHHOT0, TPOU3BOAHON, AU depeHnnana, HeonpeAeIeHHOr0 NHTErpaa;

- CBOMCTBa (YHKIIMI Ha OTpE3Ke;



- OCHOBHBIC '3aMmedarelbHbIC  Tpeaenbl’, TaOuuuHble (HOPMYIBl IS TPOU3BOAHBIX U
HEOIpEACNEHHBIX HHTErpajoB, ¢GopMynbl nuddepeHIupoBaHus, OCHOBHBIE Pa3TIOKEHUS
ajeMeHTapHbIX GyHKIHH Mo hopmyne Teitnopa;

- OCHOBHBIE (opMyIIbl TuhPepeHIInaATIEHON TEOMETPHUH.

yMeThb:
- 3aIIMCHIBATh BBICKA3bIBAHUS MIPU TTOMOIIIH JIOTHUYECKUX CUMBOJIOB;
- BBIYUCJISTH TIPEIEIbl MOCIEA0BATEIbHOCTEN U ACHCTBUTEILHOTO IEPEMEHHOT0;

- BEIYUCIIATH POU3BOJIHBIC JIEMEHTAPHBIX (DYHKIUH, paCKIaIbIBaTh SJIEMEHTAPHBIC (PYHKIIHH T10
dbopmyne Teitnopa;

- IpuMeHsITh Gopmyiy Teilsopa K HaXOXIEHUIO INIABHOW CTENEHHOM 4acTH IpU BBIYHUCICHUU
npenenoB (QyHKIUMT;

- IpuMeHATh Gpopmyny Teitnopa u npasuiio Jlonurans;

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

BJIa/1eTh:
- IPEIMETHBIM SI3BIKOM KJIACCUYECKOT0 MaTeMaTHUYECKOTO aHAJIN3a;

- TPUMEHSEMBIM NpPU TIOCTPOEHUU TEOpPUHU IMIPEAEJIOB, ammapaToM TEOPUHM TPEEIIOB,
T depeHIMaTbHOr0 ¥ MHTETPAJbHOTO MCUUCIECHHS U1 PELeHUs pPa3jIMyHbIX 3ajad,
BO3HUKAIOIIKX B (PU3MKE, TEXHUKE, SKOHOMHUKE U APYTUX MPUKIIAJHBIX JUCIMUITIIMHAX.

Tembl U pa3ensl Kypca:

1. IuddepenuupyeMocTs QyHKIHH.

Haercs omnpeneneHue M pazOupaercss cmbici aupdepeHuupyeMocTd (GYHKLIHMU B TOYKE.
Jloka3bIBatoTcst cBoiicTBa AU PepeHIPYEMOCTH BBITEKAIOIINE U3 orpeaeneHus. Jloka3bIBatoTCs
anredpandeckue cBorcTBa AUPGEepeHINPYEMBIX B TOUKE (PYHKLINH.

Joka3biBaercs TeopeMa o auddepeHpyemMoctd oopatHoil pyHkuuu. [TpuBoasTcs nmpumepsl
MO3BOJISIOIINE HAXOUTh IPOU3BOIHBIE OOPAaTHBIX (DYHKIIHH.

Haercs onpenenenue quddepeHipana, paccMaTpUBalOTCs aNredpandeckue CBOWCTBA, CIOCOOBI
BbIunciaeHus nuddepenipana npyu pa3InuHbIX coco0ax 3aaaHus pyHKINH.

Onpenensrorcs audpepeHnranbl 1 MPOU3BOIHBIE BRICITUX MOPSAIKOB. PazouparoTcst cnocoObl ux
BBIUMCJICHHSI TIPU PA3IMYHBIX CIIOCO0aX 3a1aHus (QYyHKITUH.

Jloka3bIBatoTcsl (pyHIaMEHTaJbHBIE TEOPEMBbl OTpakaloliue CBoWcTBa AU epeHIupyeMbIX
¢bynkuuii. PazoupatoTcst mpumepsl HCCIeI0BaHUS CBOMCTB (YHKIMH Ha OCHOBE JOKa3aHHBIX
TEOpeM.



Jokasana Teopema JlapOy o cBoiicTBE MPOU3BOIHON MPUHUMATH IPOMEXKYTOYHBIC 3HAUCHHUSL.

I[OK&SBIB&CTCSI BaKHaA I OAJIBHCHICTO TEOpeMa O JIOKaJIbHOM O6paTI/IMOCTI/I, CBiA3aHHaA C
HEMIPEPBIBHOCTHIO HpOI/I3BOI[HOI71 B TOYKC.

2. UaTerpupyeMocTh (yHKITHH.
PaccmarpuBaetcs uaess HHTErpupoBaHUS U ee peanuzanus mo JapOy.

Jloka3piBaeTcss KpUTEPHl HHTETPUPYEMOCTH (GYHKIHMI M €ro NpUMEHEHHE K HCCIEI0BaHUIO
UHTETPUPYEMOCTH HEMPEPHIBHBIX 1 MOHOTOHHBIX ()YHKIIUH.

JlaeTcs omnpeneneHue CEMEWCTBA HMHTEIPAIBHBIX CYMM, IPEIEIbHOM TOYKM CEMEHCTBA
MHTETPAJIbHBIX CyMM. J[OKa3bIBAETCA TEOPEMA O IKBUBAICHTHOCTH UHTETPUPYEMOCTH IO Pumany
Y CyLIECTBOBAHHUS MTPENEIbHON TOUKH CEMENCTBA MHTETPAIBHBIX CYMMM.

Jloka3piBaeTcs TeopemMa O HMHTEIPUPYEMOCTH CIIOKHON (PYHKIIMU M3 KOTOPOHM MOJydaeM psij
BA)KHBIX CJIECTBUU.

PaccmarpuBaroTcs aaiMTUBHBIE U JIMHEWHbBIE CBOWCTBA MHTerpana PumaHa, a Takke CBOMCTBA
MHO>KECTBa MHTETPUPYEMbIX (PYHKIHIA. B 4acTHOCTH TeOopeMbl O CpelHEM 3HAYCHHH.

BeiBomutcs Qopmyna 3aMeHbl NMEpPEeMEHHOH B HHTErpayie U (OPMYIUPYIOTCS YCIOBHS TIPH
KOTOPBIX (hopMyIa BEpHa.

PaccmarpuBaeTcs 3aBUCUMOCTh 3HAQYEHMS MHTETPAIA OT IPOMEXKYTKAa MHTETPUPOBAHUSA, U Kak
cieacteue Qopmyna Herotona — JleliOauna. PacmarpuBaroTcs npuMepbl MPUMEHEHs IJis
BBIYHCIICHUS 3HAYCHUH UHTETPaJIOB OT MPOCTEHIINX (QYHKITHH.

Jlaetcs ompezeneHue, Tak Ha3bIBAEMOTO, HEOMIPEACIEHHOTO HHTETpaia M YCTAHABIMBAIOTCS €TI0
anreOpanvecKre CBOMCTBA.

3. MuoxectBa. OTHOWIEHUs. Onepanuu.

Jarotrcs o0imue mpejacTaBleHUs O HCYMCICHWU BBICKa3bIBaHMM. Pa3zbuparoTcs BaxkHble IS
JabHEHIIETO IPUMEPBI.

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

N3y4aroTcst OCHOBHBIE BUbI AIreOpandecKuX KOHCTPYKLUH.
N3yuatoTcst yncna Kak peannsanns OCHOBHBIX alreOpanyecknux KOHCTPYKIUI.

HaeTCH OmnpeaACIICHUEC U TPUMEPLI METPHUICCKUX MPOCTPAHCTB, XIPEACTIAIOTCSA CBOMCTBA TOYCK U
MMOAMHOKECTB MECTPUUCCKOTO ITPOCTPAHCTBA.

N3ydarorcst anredpandeckue U TOMOJIOTHUSCKHE CBOMCTBA OTOOPaKeHUI.

4. HenipepbiBHBIE QYHKIIUU.



JlatoTcs onpenenenust orpaHM4eHHOCTH, IPEIEIbHOCTH U HEMPEPHIBHOCTH OTOOPaICHUS B TOUKE,
BBITEKAIONINE M3 CBOMCTB JEHCTBUTENBHBIX YHUCEI M KakK YHOPSJIOYEHHOTO TMOJisi, Tak U
METPUYECKOTO MPOCTpaHCTBA. M3y4aroTCsi OCHOBHBIE CIIOKAJbHBIE CBOMCTBA.

Jloka3bIBaeTcsl TEOPEMa O HENIPEPBIBHOM 00pase oTpe3ka. Jloka3bIBeTCsl TeOpeMa O paBHOMEPHOM
HENPEPbIBHOCTH HENpPEpbIBHOM Ha oOTpe3ke (yHKuuu. Pa3Ouparorcs cineacTBUS YKa3aHHBIX
cBOMCTB. PacmarpuBaroTcs IpuMepsl.

PaccmaTupuBaioTcst cBOiiCTBa OeCKOHEUHOMANBIX (YHKIHM, pa30uparoTcs 3amedaTesibHbIe
npenenbl M pa30oMparoTCs METOAbl HaXOXKJIEHHUs TMpEeIesioB OCHOBaHHBIE Ha CBOMCTBax
3aMeyaTeNbHbIX IPeesioB U 0.M QyHKIUI.

JlokaspiBaeTcs mpoctas HO (yHAaMEHTalbHas TEOpeMa O CBOWMCTBE HENPEPBIBHOW (DyHKIMU
JIOCTUTaTh JIOKAJILHOI'O SKCTPEMyMa Ha OTPE3Ke KaK KOMIIAKTe.

5. Ilpunosxxenus GyHKIUHU IEHCTBUTEIHHOTO IEPEMEHHOTO.

PaccmarpuBaroTcss MeTOJbl aHalM3a SKCTPEMalbHBIX CBOWCTB (YHKIMM JEHCTBUTEIHHON
IIEPEMEHHOM.

PaccmaTtpuBaroTcst METO/IbI MCCIIEA0BAaHUS PA3IMYHbBIX CBOWCTB (DYHKLMN U METO/IbI IOCTPOEHUS
3CKM3a rpaduka Ha OCHOBE NPOBEAEHHOTO HCCIEIOBAHUS Ul Pa3IMYHBIX CIIOCOOOB 3adaHUs

byHKIHIA.

PaccmaTpuBaroTCst mpuiioKeHUsl CBOMCTB (QYHKIUI NEHCTBUTENLHON EPEMEHHOM Ui peleHus
($U3NYECKUX U TEOMETPUUYECKUX 3a/1a4.

6. Ilpunoxxenuss yHKIUHN T€HCTBUTENBHOTO IEPEMEHHOTO.

PaccmarpuBaroTcss MeETO/bl aHalU3a SKCTPEMaJbHBIX CBOWCTB (DYHKLIMHU JEHCTBUTENBLHON
IIEPEMEHHOM.

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

byHKLIU.

PaccmarpuBaroTcst MpUIIOKEHHsI CBOWCTB (PyHKIMI eCTBUTENILHON TEpEeMEHHON JUIsl peLIeHus
(bu3NYECKUX U TEOMETPUUYECKUX 3a/1a4.

7. UucnoBkle MOCIEI0BaTEIbHOCTH.

Jlaercst ompeeNeHre YKCIOBOM MOCIEIOBATEILHOCTH U U3Y4YarOTCsl CBOMCTBA CIICAYIONIME U3
OTpe/IeIIeHusI.

N3ydaroTcs orpaHMYeHHBIE TTOCIEA0BATEILHOCTH, TAETCS ONPEIEICHHEe YaCTUYHOIO Mpeaesa 1
CBOMCTBA MTOCIEA0BATEIBHOCTEN UMETh BEPXHUN U HUXKHUHM TIPEIEIIBL.

I/IBYLIaIOTC}I CXooAmuecsa I1IoCIaCa0BaTCIbHOCTH C anre6pa1/1qec1<0171 U TOIOJTHMYECKOM TOYEK
3pCHUA. HpI/IBOI[ﬂTCﬂ MNPpUMEPBI BaXXHbBIX YHUCIIOBBIX MOCJIEAOBATEILHOCTEM M METOMbI
JOoKa3aTeJIbCTBA CXOAUMOCTH.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

BolunciauTeabHasg MaTeMaTHKA

Measb AMCHUNIMHBI:

- OCBOCHHE CTyJeHTaMH (YHIAMEHTaIbHBIX 3HAHUK B OOJNACTH NPHUOIUKCHHOTO PEIICHUS
KpaeBbIX 3aJady M MAaTeMaTHYeCKOr0 MOJIETUPOBAHUS, H3YYEHHE COBPEMEHHBIX METOJIOB
quckperu3anuu 1uddepeHIanbHbIX ypaBHEHUH 1 00J1acTell MX IPAKTHYECKOTO MPUMEHEHUSI.

3agauyd AUCHUILINHBI:

- (hopmupoBaHme 6a30BBIX 3HAHUH B 007aCTH TUCKpEeTU3aUnH MU PEepeHINATBEHBIX YPAaBHEHHHA 1
MaTeMaTHYECKOTO MOACTHUPOBAHUS KaK JUCIUILINH, 00€CIEUNBAIONICH TEXHOIOTHIECKAE OCHOBBI
COBPEMEHHBIX HHHOBAIIMOHHBIX c(ep AeSTeIbHOCTH;

- 06yquI/Ie CTYACHTOB JIBYM KJIaCCaM COBPEMCHHBIX METOJO0B JUCKPECTHU3ALIUHU U O3HAKOMJICHUEC C
HX IPUIIOKCHUAMU

- (bOpMI/IpOBaHI/Ie IMOAXOJ0B K BBIIIOJIHCHUIO I/ICCJICIIOBaHI/Iﬁ CTyACHTAaMHU 110 MAaTCMATUYCCKOMY
MOZACIIMPOBAHUIO B paMKaX BBIITYCKHBIX pa60T Ha CTCIICHDb 6aKanaBpa.

IlepeueHb MIAHUPYEMBIX Pe3yJbTATOB 00YUYeHUsI MO JUCIHUIJINHE (MOIYJIIO)
B pe3ynbrare 0CBOCHUS AUCITUTUTHHBI 00YUIaIONTUECs JOKHBI

3HATb:

MECTO M POJIb OOIINX BOIPOCOB HAYKH B HAYUHBIX HCCIICIOBAHUSAX;

- COBpEMEHHBIE MTPOOJIEMbI TEOPHUH ANIMTPOKCUMAIIUY U BRIYUCIUTEIHHON MAaTEMATUKH;
- METO/IbI TPUOIMKEHHOTO PEIICHHS 33]]a4 MAaTEMaTHIeCKON (PU3UKY;

- MTOCTAaHOBKY MPOOJIEM MOJEIUPOBAHUS (PU3NUECKUX IIPOLIECCOB;

- O B3aMMOCBA3AX U (I)yH,Z[aMCHTaJIBHOM CAUHCTBC CCTCCTBCHHBIX HAYK.

yMeThb:

- 3(1)(1)6KTI/IBHO HCII0JIB30BAaTh HA MPAKTUKE TCOPCTUUCCKHUEC KOMIIOHCHTBI HAYKU: IMOHATUA,
CYKACHUSA, YMO3AKITOYCHU S, 3aKOHBI;

- NpeACTaBUTb IMAHOpaMy  YHUBCPCAJIBbHBIX MCETOAOB H  3dKOHOB COBPEMCHHOI'O
€CTCCTBO3HAHUA,

- pa6OTaTB Ha COBPEMCHHBIX KOMIIBKOTCPAX;



- a0CTparmpoBaThCsi OT HECYIICCTBCHHBIX BIMSHUN TpPHU MOACTHPOBAHUU PEATbHBIX
(UBUYECKUX CUTYaIIU;

- TIOJIb30BAThCS CIPABOYHOM JIUTEPATYPON HAYYHOTO U MPUKIIATHOTO XapaKTepa.

BJIAJ€ETh:
- TUTAHUPOBAHUEM, TIOCTAHOBKOM U 00pabOTKOM pe3yIbTaTOB YHUCICHHOTO SKCIIEPHMEHTA,
- Hay4HOU KapTUHOW MUpA;

- HaBBIKAMHU CaMOCTOSITEIILHON paboThl B 1a0OpPATOpHH HA COBPEMEHHOM KOMITBIOTEPHOM
000py1I0BaHUH;

- HaBBIKAMU OCBOCHHUS OOJIBIIOr0 00bEMa HHPOPMALINY;

- KYHBTypOﬁ IMIOCTAHOBKH K MOJCIIMPOBAHUA (bHSH‘IeCKHX 3aJa4.

TeMbl U pa3jeiibl Kypca:
1. UaTerpupoBanue 0OOBIKHOBEHHBIX TU((hepeHIIMaTbHBIX YPaBHEHHI.

OpnHomiaroBele siBHble METOAbl: Oinepa, Pynre-Kyrrel; HesBHbIe Meroasl: OJilnepa, Kpanka-
Huxoncon. MHoroiarossie, MHOIro3HauHble METOJIbI: Ajtlamca, ['upa. Kpaesbie 3amaun. XKectkue
cucTeMbl. MeTo | IPOrOHKHU.

2. [Mpubnmxenue auddepeHnnaibHbIX U HHTETPAIbHBIX ONEPaTOPOB.

Koneunsle pasnHoctu. Komnakthbie (Ilane-) mpubmmxenus. Teopema @ununmoa. Merton
anpHUOPHBIX OLEHOK, HepaBeHCTBO IlyaHkape. VYCTOMYMBOCTH SIBHBIX M HESBHBIX CXEM.
CrexTpanbHbIl  Opu3HAaK ycroiiumBocTW. IIpMHIMI  3aMOpOXEHHBIX KO3 PHUIIMEHTOB.
HccnenoBanye ycTOMYMBOCTU MPOCTEUIINX CXEM AJI1 YPaBHEHUS TEIJIONPOBOJHOCTH B HOpMax
C, . Komnokauus. Koneunsle snemeHTsl. IIpoekuuoHHas Teopema, OLEHKAa TOYHOCTH MJIS
KyCOYHO-TMHEWHoro Oas3uca. IIpoekunoHHas TeopemMa JUIsi KOMIIAKTHO BO3MYILEHHOI'O
oreparopa.

3. Ilpubnmxenue QyHKIUH.

[TpuHIMN MakcHMalbHOTO 00BEMa, TeOpeMa O BbIOOpe y3710B. IHTepHosAIMs MHOTOYIEHaMH Ha
otpeske, popma Jlarpanxka. O6ycioBieHHOCTh MaTpullbl Banaepmona. Pa3aenennslie pasHOCTH,
¢dopma HeroTOHa, HOrpeIHOCTh MHTEPIIONALMH. bapunienTpuueckas ¢popma HHTEPHIOIALMOHHOTO
MHorowieHa. OueHkn koHcTaHT JleGera cBepxy u cHuM3y. Oddexkr ['mb6ca, MOHOTOHHAs
UHTEpHosiuMa. BapuanmoHHOe CBONCTBO €CTECTBEHHBIX CIUIAWHOB, MOTPEIIHOCTh CIUIANH-
MHTEPHOJISIINY, KBa3WJIOKAJILHOCTH (Ha MpUMepe KyOndeckux criaitHoB). OcHOBHBIE cBoiicTBa B-
crutaitHoB.  Ilpumep @abepa. Kpusble mnocienoBarenbHoro jeneHus. OpToroHanbHBIE,
OMOPTOTrOHAJIBHBIE BCILIECK-IPE0Opa30BaHus, aanTanus BCILIECK-PeoOpa3oBaHuil (IU(PTHHT).

4. YuciieHHOE UHTErPUPOBAHUE.



WHTepnosiuMoHHble  KBaJIpaTypHble (GOpMynbl; (OPMYNIbl MPSMOYTOJbHUKOB, TpaIenui,
Cumncona. OpTOroHajJbHble MHOTOWIEHBI, TPEXUWICHHBIE COOTHOILIEHUS, MEXaHW4ecKas
kBazgparypa ['aycca-Skobu. Dxcrpamomnsinusi Pudapacona. AnantuBHble (GOpMYIBI, MPaBUIIO
Pynre. MaterpupoBanue QyHKImii ¢ ocobeHnocTssMu. MHTErpupoBanue ObICTPOOCHMILTHPYIOIIUX
¢ynkuuit. Meronst Monte-Kapio. LientpansHas npeaenbHas Teopema. JInHeliHbie, THBEpCUBHBIE
KOHT'PY?HTHBIE reHepaTopsbl, renepatop .M. Cobosi.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCHHUILINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

I'apmonunyeckuii anaIu3

Measb AMCHUNIMHBI:

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

- q)OpMI/IpOBaHI/Ie MaTeMaTU4eCKOn KYJbTYPbI, UCCICAOBATCIILCKUX HABBIKOB U CIIOCOOHOCTH
IMPUMCHATH 3HAHUS HA ITPAKTHUKE.

3agauM AUCHMIIMHBI:
— ¢opmMupoBaHue y 00yJaromuxcs 6a30BbIX 3HAHUN 110 MATEMaTHYECKOMY aHAIN3Y;

— (opmupoBanue 00IIEMAaTEMATHYECKON KYIBTYPbl: YMEHHE JIOTUYECKH MBICIUTH, TPOBOIUTH
JI0Ka3aTeNIbCTBA OCHOBHBIX YTBEP)K/ICHUH, YCTAHABIMBATH JJOTMUYECKHUE CBA3M MEXKAY MOHATUIMU;

- q)OpMI/IpOBaHI/IC YMCHI/Iﬁ N HABBIKOB TMPHUMCHATH IIOJIYYCHHBIC 3HAHUA Ui PCHICHUS
AHAIIUTUYCCKUX 3a1a4, CaMOCTOATCIIbHOTO aHAJIM3a NTOJTYUYCHHBIX PE3YJIbTATOB.

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

- OTIpe/ieNIeHNE U CBOMCTBA TEH30POB U BHEUIHUX ()OPM, TEH30pHBIE ONepalii, TEH30PHbIN 3aKOH
npeoOpa30BaHUs KOOPIUHAT;

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

- CBOIICTBa pOTOpa M JUBEPreHLIMN BEKTOPHOIO MOJIs, Kiiaccuueckue Gpopmyisl ['puna, CTokca u
Octporpaackoro — I'aycca; OCHOBHbIE CBOMCTBa ()YHKIIMOHAJIBHBIX PSIOB M HECOOCTBEHHBIX
HHTErpajIoB, 3aBUCAIIUX OT ITapaMETPOB, TCOPEMEI O paBHOMepHOfI CXOANUMOCTH U aHAJIUTUYECKHUEC
CBOICTBAa paBHOMEPHO CXOAALIUXCS PSAAOB U UHTETPAJIOB;

- TEOpEMY O CXOOUMOCTH CTENEHHBIX psioB, Teopemy Komm — Anamapa, cBoiicTBa
AHAJTUTUYECKUX (PYHKLUI; TEOPEMBbI O CXOAMMOCTH M PAaBHOMEPHOM CXOJUMOCTH pAnoB Dyphe,
teopemy Deiiepa, Teopemsl Belieprpacca o npubamkeHny GyHKIMA MHOTOYIEHAMH; CBOMCTBA
npeodpaszoBanus Oypoe;



- TeopeMy oOpamieHus npeoOpazoBanus Oyphbe; onpeereHne, OCHOBHBIE CBOMCTBA M IPUMEPHI
00001ICHHBIX (QYHKITHIA.

yMeTb:

- OCYHICCTBIIATh OCHOBHBIC OTEpAlliU C TEH30paMHU W BHEIIHUMHU (OPMaMH, BBIYUCIATH UX
KOOPJMHATHI; HAXOUTh KPUBOJIMHEHHBIC M TTIOBEPXHOCTHBIC HHTETPAIBI OT MU dHepeHITnaTbHBIX
dbopm, BEIYUCIIATH BHEITHUN Aud depennuar, noas3oathes hopmyroi CTokca;

- HaXOJIUTh JMBEPTEHIIUIO U POTOP BEKTOPHOTO TOJISA; UCCIEN0BATh (DYHKIIMOHAIBHBIE PSAIbI U
HECOOCTBEHHBIC WHTETPAIbI, 3aBUCAIIAE OT IapaMETPOB, HAa TMOTOYCYHYIO M PaBHOMEPHYIO
CXOJIUMOCTE;

- BBIYHCIATH PAANYC CXOAMMOCTH CTENEHHOrO psiia, pasziaraTth QyHKOuio B psg Dypse u
UCCIICIOBATh €r0 CXOAMMOCTh, BBIYHCIATH IpeoOpazoBanue Dypbe, HAXOAUTH MPOU3BOIHBIC
00001IEHHBIX (PYHKIIHA.

BJIAJ1€Th:

- TEH30pHO anreOpoit U1l ee MpUMEHEHUs B aHa3e U pusuke, anmaparoM auddepeHnnarbHbIX
¢opM, KpUBOJIMHEWHBIX M IIOBEPXHOCTHBIX HHTETPAJIOB WU BHEIIHUX IPOU3BOJIHBIX U €O
NPUIIOKEHUAMH B U PepeHIMaTbHBIX YPABHEHUSX U TEOPETUYECKON (PHU3HKE;

- Teoprel (YHKIIMOHATIBHBIX PSII0B U HECOOCTBEHHBIX MHTETPAJIOB, FApDMOHUYECKUM aHAJIU30M U
NEPBBIMH MOHATUSAMH TEOPHH 0000IMICHHBIX (QYHKIUH, X MPUIOKCHUSIMH.

TeMbl U pa3jaeiibl Kypca:
1. Ten3opHas anredpa U BEKTOPHBIN aHAIH3.

TeH30pHbIE MPON3BENCHUS INHEWHBIX IIPOCTPAHCTB. Y HUBEPCATBHOCTD TEH30PHOTO YMHOXKEHUS.
OO6mue TeH30pHBbIE omnepauuu. JIuHeilHble OTOOpakeHUs M NOJWIMHEWHbIE (YHKIUU Kak
IIPUMEPBI TEH30POB.

Tenzops! Tuna (p,q). Onepanuu Hajx TeH30paMu. TeH30pHBIN 3aKOH NMPeoOpa30oBaHusl KOOPIUHAT.

Buemnue ¢popmel. BHemHee ymMHOXkeHMe (JOpM M €ro CBOICTBA.

Bremnue GopMbl B €BKIMIOBBIX MpocTpaHCcTBaX. CKaIsIpHOE YMHOKEHHE TEH30POB U BHEITHHUX
dbopm. [leTepMuHaHT U 00BEM OPUEHTHPOBAHHOTO TApaJUIeIeUIe .

OnepaTtop X0/1Ka 1 €ro CBOKCTBA.
TeH30psl B pU3NKE U MEXAHUKE.

KpuBonuHeliHble U MOBEPXHOCTHBIE MHTErPaibl KaKk MHTErpajbl OT MuddepeHIHanbHbIX HOpM.
Huddepennnansabie GopMbl Ha KPUBBIX, TOBEPXHOCTAX U B 00JACTIX TPEXMEPHOTO €BKIUI0BA
npoctpancTBa. Orpanudenue Gopm.

WNurterpupoBanue u BHemHee quddepenuuposanue Gpopm. Gopmyna Ctokca.



Cs3p auddepeHumanbHbIX GOpM € BEKTOPHBIMU TOJSAMHU. [lUBepreHIuss U poTop, MOTOK U
nupkyssius nosst. Kimaccnueckue gpopmynsl ['puna, Ctokca u Octporpaackoro — ["aycca.

2. OyHKIIMOHAIBHBIE TPOCTPAHCTBA 1 0000IICHHBIE ()YHKIIHH.

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

OyHKIMOHANbHBIE IIPOCTPAHCTBA W MOJHbIE cUCTeMbl (yHKOMH. IlonHble W HenoyiHbIE
IIPOCTPAHCTBA.

EBxnnioBsl npoctpanctBa. Hopma B €BKIIMI0BOM MpOCTpaHCTBE. TOXIECTBO MapasuieiorpaMma.

OpTOFOHaJ'IBHBIe CHUCTCMBI. OpTOFOHaJII/I3aI_II/IH.

Haunyuiee npubnmkeHne BeKTopa eBKIN0Ba MPOCTPAHCTBA TMHEHHON KOMOMHAIMEH BEKTOPOB
oproroHanbHOi cucrembl. HepaBenctBo beccens.  [lonHoTa OpTOrOHANBHON CHUCTEMBI.
PaBenctBo Ilapceais. 3aMKHYTbIE OPTOTOHANbHBIE cHUCTEMBbI. [loJHBIE EBKIIMIOBBI
MPOCTPAHCTBA M CBOMCTBA OPTOTOHANBHBIX CHUCTEM B HHUX. M30MOPQU3M EBKIHIOBBIX
MIPOCTPAHCTB.

ITonHOTA CHCTEMBI anre6pa1/1qecxnx U TPUTOHOMECTPHUUYCCKUX MHOI'OYICHOB B IIPOCTPAHCTBC Q

IIpoctpancteo D. O606mennsie pynkuun. [Ipumepsl. PerynspHsie u cUHTyIsIpHBIE 0000IIEHHbIE
(GyHKIHH.

[TpousBoaHbIe 00001IEHHBIX (HYHKITHIA.

[TpoctpanctBo IIBapua. O606meHHbIe GyHKIMKU yMepeHHoro pocra. IIpeoGpasoBanne dypbe
000011IEHHBIX (PYHKIIMI YMEPEHHOTO pOCTa.

3. OyHKUMOHANbHBIE pAObl W HECOOCTBEHHbIE HWHTETpalibl, 3aBUCSIINE OT IapaMeTpOB.
Crenennsle psbl, psisl @ypbe u npeodpazoBanue Oypoe.

DyHKIHUOHAIBHBIE psAbl. [loTOUeyHas M paBHOMEPHASI CXOAUMOCTb.

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

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

IIpu3Haku paBHOMEpPHOM CXOJMMOCTH. AHAJIUTHYECKHE CBOWCTBA PAaBHOMEPHO CXOISAIINUXCS
uHTErpaioB. B- u I'- pyHkum.

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

Paawr @ypre. Teopemsbl o cxoaumocth psiioB Pypee. Teopema Deitepa.
Teopemsl BeliepmiTpacca 0 mpuOIMKeHUN HETPEPHIBHBIX (YHKITMI MHOTOYJICHAMH.

[IpeobpazoBanne ypne. Dopmyna obparenus. CpoiicTBa mpeodpazoBanus Dypee.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe u HeﬁTPOHHbIe MeTObI HCCJIeIOBAHUI

JlMHAMHKA CILUIOMIHBIX CPej

Measb AMCHUNIMHBI:

- OCBOGHHE CTyIeHTaMH (yHIAMEHTAIbHBIX 3HAaHUH B OO0JACTH TEOPHUH YIPYrocTH U
TUAPOJUHAMUKH;

- U3y4YCHHEC OCHOBHBLIX IMOJAXO0A0B K OITMCAHHUIO (1)I/I3I/I‘~IeCKI/IX SIBJICHUU B paMKax MOJCIN CIUIOIITHOM
Cpe/pbl.

3agauu AMCHUINJINHBIL:

- opmupoBanue 6a30BbIX 3HAHUH B 0071ACTH MAKPOCKOTTMYECKON MEXaHHKHU TBEPABIX, JKUJIKHX U
ra3oo0pa3HbIX  cpell, Kak JAWCHMIUIUHBL,  HHTETpUpYyIOmed  oOmedu3nueckyro U
OOIIETEOPETUYECKYIO TOJArOTOBKY (PH3MKOB W OOECHeuMBarOIIeld TEXHOJIOTHYECKHE OCHOBBI
COBPEMEHHBIX NHHOBAIIMOHHBIX cep ACSITETLHOCTH.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 10 JUCHHUILIMHE (MOYJIIO)

B pe3ynbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUEeCs JOMKHBI

3HATh:

- MECTO U POJIb OOLIMX BOIPOCOB HAYKH B HAYYHBIX UCCIIETOBAHMSIX;

- COBpEMEHHBIE TPOOTIEMbI PUZUKHU, XUMHH, MATEMATHKH;

- TeOpeTHUYECKUE MOJIeNU (DyHTaMEHTaIbHBIX IPOLIECCOB U SABJICHUN B (PU3UKE U €€ MPUIIOKCHUSIX;
- IPUHLIMIIBI CUMMETPUU U 3aKOHBI COXPAHEHUS;

- HOBeHIIHE OTKPBITHA €CTCCTBO3HAHUSA

- IOCTAHOBKY Mpo0ieM (GU3NYECKOT0 MOAETHPOBAHNUS;

- 0 B3aUMOCBA34X U CbYH)IaMeHTaHBHOM CANHCTBC €CTCCTBCHHBIX HAYK.

yMeThb:

- 9 PexTUBHO HCMONB30BaTh HAa MPAKTUKE TEOPETUYECKHE KOMIOHEHTHI HAYKU: IOHSTHS,
CYXKJICHHUSI, 3aKOHBI;

- IPCACTAaBUTH MMaHOPaMy YHUBCPCAJIBbHBIX MECTOJJO0B U 3aKOHOB COBPEMCHHOT O €CTCCTBO3HAHUS;

- paboTaTh Ha COBPEMEHHOM 3KCIEPUMEHTAIBHOM 000pYy10BaHUM;



- abCTparupoBaThCsl OT HECYIIECTBECHHBIX BIUSHUM TIPH MOJICITUPOBAHUHU PEATbHBIX (DU3UICCKUX
CUTYAalLIHil;

- UCTI0JIb30BAaTh BEPOATHOCTHBIC MOACIIN IS KOHKPCTHBIX ITPOLCCCOB U ITPOBOJUTH HGOGXOI[I/IMBIG
pacdeThl B paMKax HOCTpOCHHOﬁ MOJCIIN,

- MOJICIMPOBAThH TMPOIECCHl U AHAIM3UPOBATH MOJEIU C HCIOJIb30BaHHEM HH(OPMAIMOHHBIX
TEXHOJIOTUH.

BJIA/1€Th:
- HAY4YHBIM MC€TOJO0M KaK MCXOAHBIM ITPHUHIUIIOM IIO3HAHUA 00BEKTHBHOTO MHpa,

- METOJIOJIOTHEH BBIOOpA aJeKBATHBIX METOJIOB MCCIEIOBaHUs (HAOTIOACHHIA, TEOPETHICCKUX U
9KCIIEPUMEHTAIILHBIX METOJIOB UCCIIEeI0BaHUI);

- CHCTEMHBIM aHAJIM30M;
- JIOTUKO! B HAYYHOM TBOPYECTBE;
- HAy4YHOW KapTHHOW MHpA;

- MaTCMAaTU4ICCKHUM MOJACINPOBAHHUEM (bI/I?,I/I‘-IeCKI/IX 3aaa4.

TeMbl U pa3jaeiibl Kypca:
1. OcHOBHBIE TOHATUS MEXAHUKH JKUJIKOCTEW U ra3oB

MexaHnka XKUAKOCTEH M ra3oB, ypaBHEHUs Oijepa KaKk KOHTHHYaJIbHbIE 3aKOHBI COXPaHEHUS
MaccChl, HUMIIyJIbCA W DHEPrUU, TEH30p HaBIIEHUs, €ro cummerpus. JlUBepreHTHas u
HEe/IMBEpreHTHass (OpMBbl YpaBHEHHH, CyOCTaHIIMOHANbHAs IPOU3BOAHASA, IPEICTaBICHUSI
Jlarpanxa u Diinepa., ypaBHeHue ['pomexu-JIamba. Cuctema ypaBHEHUH THUAPOJUHAMUKU H
MaTepuallbHbIE YPABHEHUSA. Y PaBHEHUSA COCTOSHUsA, YCIIOBUE HECXKUMAEMOCTH, KaK IIpoCTenlIee
ypaBHEHHE cOcTOsIHMS. CONEHONAAIBHOCTD MOJII CKOPOCTH HEC)KMMAaeMOH KuakocTu. Ilonarue o
OpUOJIMKEHUH MJCabHOM JKUAKOCTH. bapoTpomHble TedeHus, TeopemMa O COXPaHEHHH
LUPKYJISALUH, TOTEHIUAIbHOE U BUXPEBOE TeUeHUs KUAKOCTH. HTerpan bepuymnu mis Tpyoku
TOKa.

2. OCHOBHBIEC HOHATHUS MECXAaHUKH TBép,I[LIX TCI

CucrtemMa MHOTMX YacTHMIl KaK KOHTMHYYM: HpPUOJIMKEHHE CIUIOIIHOW cpelbl JUIsl TBEPABIX,
XKHUJIKMX U Ta3000pa3HbIX Tel. [ paHuIbl IPUMEHUMOCTH MOAEIH, (PU3NIECKH OECKOHEUHO MaJIbIi
00BEM M MOJEKYyJsipHAs CTPYKTypa TeJl, MAaKpOCKOIIMYECKH OCPEIHEHHBIE BEIMYMHBI U
MOJIEKYJIsIpHAsi KUHETHKa. MexaHuka TBEPABIX TeJl, MJIACTUYECKHe W yHpyrue aedopMaluu.
TeH30pbl OTHOCUTENBHBIX Ae(opMaIuii 1 yIpyrux HanpspKeHUH B U30TPOMHBIX TBEPJBIX Telax,
KOPOTKOJEHCTBYIOIUI (TMIOBEPXHOCTHBIM) XapakTep YINPYruX CHJ, CHUMMETpUS TEH30pa
HanpsbkeHui. 3akoH ['yka B nuddepeHunansHoil popme Ui CKaTHS U PACTSDKEHUS CTEPKHEH,
moayab FOnra. O0mwmii Buz 3akoHa ['yka, koagduuuent I[lyaccona. Moynu Kpy4eHusi, CABUra U
ckartud, ux cBa3b ¢ MmoayneM lOnra u kosddunuentom [lyaccona. PaBHoBecue ynpyrux ten B
nose cun TsokecTH. KpaeBble ycnmoBusa. BonHOBoe ypaBHEHME, aKyCTHYECKHME BOJIHBI B
OJIHOPOJIHOM YIPYIOM Te€j€, IUIOCKHE MPOJOJBHBIE M IONEpPEYHbIE BOJHBI, NMPOAOIbHAS M
[IOIEPEYHast CKOPOCTH 3BYKA.



3. [TpubnvkeHus uACaITbHOM KUAKOCTH U Ta30BOM THHAMUKU

CxansipHblil moTeHIMaN ckopocTel u unrerpan Jlarpamxka-Komm, napagoxc Jlanambepa-Oitnepa,
IIpUCOEeIMHEHHAs Macca. [[0-, CBEpX- U TPAHC3BYKOBBIE TEUEHUS MICAIBHON KUIKOCTH, COIUIO
JlaBansg, kpuTH4ecKoe ceuyeHue. AKYCTUYECKUE BOJIHBI B WJCAIIBHOM >KMJIKOCTH, OTCYTCTBUE
MONEPEYHBIX BOJH B OJHOPOJHOM KUIAKOCTU. [ 'paBUTAUMOHHBIE BOJIHBI M HX IONEPEYHOCTD,
HeyctorunBocty Penes-Telnopa u KensBuna-I'ensmronsia. [pubnnxenue ra3oBoit JUHAMUKH,
ypaBHEHHUS ra30BOM JMHAMUKH U UX THIIEPOOIMYHOCTD, MHBapHaHThl Pumana. [1nockue pa3poiBbl
U UX Kiaccudukanus, yaapHble BOJHBI, ypaBHeHUs Penkuna-Itoronmo, anmabara ['roronuo,
TeopeMa YemIieHa, MPOU3BOACTBO SHTPOIMUU Ha (PPOHTE YAAPHOU BOJIHBL. YPaBHEHUS «MEIKON
BOJIBI.

4. YPaBHCHI/IH T'UAPOAUMHAMUKH BA3KOI'O I'a3d U JKUIAKOCTH. Ilonsarue o Typ6y.]'ICHTHOCTI/I

VpaBHEHUS] THIPOJMHAMHUKM BA3KOro rasa M xuakoctd (ypaBHenue Haswpe-Crokca).
[IpencraBnenne TEH30pa JaBICHUS, TEH30p BSI3KMX HANPSOUKCHUH, IepBas M BTOPas BSI3KOCTH.
Bsizkue HanpspkeHHs W IPOM3BOACTBO SHTponuu. JlaMuHapHOe TedeHHwe Mo Tpyde, Gopmyia
[Tyaseitnsa. @opmupoBanue napabOIMYECKOro MPOQUIIL, TMOTPAHCION M SAPO TOTOKA, YHCIIO
Peitnonbaca, ypaBHenust Ilpanntins. JlammnapHoe oOTekanue mapa OECKOHEYHBIM IOTOKOM
BSA3KOH Hec)KMMaeMoW xuiakoctd, ¢opmyna Crokca, nmapagokc Crokca. 3aTyxaHHe 3ByKa B
BSI3KOM, TETIJIONPOBOIHOM I'a3e, CBA3b C MPOU3BOJICTBOM SHTPOIUH. 3aTyXaHUE U30TEPMUUYECKUX
TPaBUTAIIMOHHBIX BOJH B BS3KOW JXKHJIKOCTH, KPHUTHYECKass JJIMHA BOJHBL. HeycToiumBOCTBH
JaMUHAPHOTO TEYeHUs NpH Oonblmux yucnax PeliHonbaca, moposkka Kapmana, monsTHe O
TypOyneHTHOCTH. Pa3Butas TypOyJaeHTHOCTh, WHEPIIMOHHBIA MHTEpBai, 3akoH Koiamoropoaa-
OO0yxoBa, ypaBHeHus PeliHoinb/ca, BSI3KUI TOTPaHCIION.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Ju¢ppepennnaibHbie YypaBHEHUS

Measb AMCHUNIMHBI:

- OCBOCHHE CTyAcHTaMH (YHAAMEHTaIbHBIX 3HAHUKW B  00JIACTH  OOBIKHOBEHHBIX
muddepeHIMaTbHBIX  YPaBHEHHUH, HW3YYeHHE CIOCOOOB  HWCCICOBAHHMS W PEIICHUS
QG GepeHIMaTbHBIX YPABHECHHUH, a TAKXKE WX MIPAKTUYECKOTO IPUMEHEHUSI.

3agauyd AUCHUILINHBI:

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

- o0y4eHue CTYIACHTOB METOJaM peuieHus: AupGepeHInalbHbIX YPaBHEHUH U BBIBICHHUS UX
0coOeHHOCTEeH 1 crienn(UIECKUX CBOMCTB;

- (opmupoBaHME TOAXOJOB K BBIIOJHEHHIO CTYAEHTaMU MCCIEJOBaHUM B 00JacTH
TuddepeHIManbHbIX YpaBHEHUH B paMKaX BBITYCKHBIX pa0OT Ha CTENEHb OakaliaBpa.

IlepeueHb MIAHUPYEMBIX Pe3yJbTATOB 00YUYeHUsI MO JUCIHUIJINHE (MOIYJIIO)
B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOMKHBI
3HATh:

- METO/Ibl TEOPUU OOBIKHOBEHHBIX (D PepeHINaIbHBIX YPaBHEHUH.

yMeThb:

- IPUMEHSTH Ha IPAKTHKE METObI TEOPHUH OOBIKHOBEHHBIX AU(PHEpEHIINATBHBIX YPaBHEHHH.

BJAaJ€Th:

- METOJ0JIOTHEN 1 HaBBIKaMH pCeHICHUS HAYYHBIX U MPAKTUYCCKUX 3aad.

TeMbl u pa3jaesibl Kypca:

1. I[I/IHaMI/ILICCKI/IG CHUCTCMBbI U TCOPHUA YCTOﬁQHBOCTH.



IIepBble MHTETpaAJIBI ABTOHOMHBIX M HEABTOHOMHBIX CHCTEM. Y pPaBHEHHE B BapHalUsIX U TeopeMa
O TIaAKOM 3aBUCUMOCTH pELIEHUs OT IapaMeTpOB M HadalbHBIX YCIOBHHU. Teopemsl 0O
BBINPSAMIICHUH 107151 HAIIPABJICHUH U BEKTOPHOT'O MOJIA.

JlokasibHbIE TEOPEMBI O NIEPBBIX UHTETpasax. [loHATHE UHTErpUpYyEMOCTH B KBajipaTypax. Teopus
[lyankape-benaukcona. ¥YcroiuuBocTh no JIsimyHoBy. OCHOBHbBIE ONIPEAEICHUS: YCTOMYMBOCTb,
ACUMIITOTUYECKAs YCTOMYMBOCTb, HEYCTOMYMBOCTb. Y CTOWYMBOCTH JIMHEWHBIX OJHOPOIHBIX
CHUCTEM: OCHOBHBIE OIpEJEIeHUs. Y CTOMUYMBOCTh CHUCTEM C MOCTOSHHBIMU M 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
JlsnynoBa. Teopema JlsamynoBa o6 ycroitunBoctu. Teopema JlsmyHoBa 00 acMMOTOTHYECKON
ycroiunBoctu. @Dynkuus YeraeBa. Teopema UYeraeBa o HeycroitunBoctu. Teopema 00
UCCIICIOBAaHUH PABHOBECHSI HA aCHMITTOTUYECKYIO YCTOWYHBOCTD I10 JINHEHHOMY TIPUOJINKESHUIO.

2. Muddepennnanbubie ypaBHEHHS IEPBOTO MOPSIKA.

OObIkHOBEeHHBIC MU (EepCHIMATBLHBIC ypaBHEHUS W CHCTEMBI IEepBOro mnopsaka. lloHstue
peuieHusl. YpaBHEHUs C Pa3ACISIIOIIUMUCA NEPEMEHHBIMH. Teopembl CyIIECTBOBaHUA U
€IMHCTBEHHOCTH PELICHUS Uil YPaBHEHUS C Pa3ACNSIOIIMMUCA MEPEMEHHBIMU. Y PaBHEHHS B
MOJIHBIX AU(depeHInanax U HHTErpUupyronme MHOKUTEH. OJHOPOIHBIC U KBAa3WOIHOPOIHBIE
ypaBHEeHUsA. YpaBHeHUs1 bepHynmnum um Pukkatu. YpaBHEHUs, HE pa3pelICHHbIE OTHOCHTEIBHO
MIPOU3BOAHON. YpaBHEHMS], JOIYCKAOIINE TOHUKEHNE MTOPAJIKA

3. JIuHeliHble ypaBHEHUS U CUCTEMBI.

DKCIOHEHTa JUHEHHOTO orepaTopa. OmnpenenuTenb SKCIOHEHTHI. DKCIIOHEHTA >KOPIaHOBOM
kJeTKd. CHUCTeMBbl JIMHEHHBIX OJHOPOJIHBIX YPAaBHEHHMHM C MOCTOSIHHBIMH KO3(h(HIIMEeHTaMu.
IIpoctpancTtBo  pemeHnii. @PyHaameHTanbHas CUCTEMa pPEMICHHMH. XapaKTepUCTUYECKOE
ypaBHeHue. Pasnoxkenune (a3oBoro rmpocTrpaHcTBa B IPSIMYHO CYMMY HHBapHaHTHBIX
noanpocrpancTs. OOmiee pemieHue. JIMHeHOE OAHOPOJHOE YypaBHEHHE N-Oro TMOpsAKa ¢
MOCTOSTHHBIMU KO3 (ULIMEHTaMH: MPOCTPAHCTBO PEILIEHUM, XapaKTEepUCTUYECKOE YpaBHEHUE,
oOmee pemenue. Kimaccugukaryst 0coObIX TOUEK JIMHEHHBIX CUCTEM Ha IJIOCKOCTH U UX (ha30BbIe
nopTpeTsl. JInHeliHbIe HEOJHOPOAHBIE CUCTEMBl YPABHEHUH € MOCTOSIHHBIMH KO3 duiinenramu:
oO1ire cBOWCTBa, METOJ] BapHallMK IOCTOSHHBIX, YACTHOE PELIEHUE CUCTEMBI C PaBOH 4acThIO B
BUJIE KBa3UMHOrowieHa. JINHEHOEe HEOJHOPOIHOE YpaBHEHHE N-O0r0 MOPSAAKA C NOCTOSTHHBIMU
kodpduuuenTamu: oOIIME CBOWCTBA, METOJ BapHalMM IIOCTOSHHBIX, YaCTHOE pEIIeHue
YPaBHEHHUs C IPAaBOM 4YacThIO B BHUJE KBa3MMHorowieHa. IIpocTpaHcTBO pelieHMil JTuHEHHON
OHOpOAHON cucTeMbl. DyHIaMeHTallbHAs CUCTeMa pelleHud, (yHIaMeHTalbHas MaTpuIla,
onpenenurens Bponckoro, ¢opmyna JlmyBumis—Octporpaackoro. JIuHeiiHble HEOAHOPOAHBIE
CHCTEMBl YpaBHEHHMH C NMEpEeMEHHbIMH KO3 UIMEHTaMH: OOIIMe CBOICTBA, METOJ BapHalluU
NOCTOSIHHBIX.  JIMHElWHOE OJHOPOAHOE YpaBHEHME N-TO MOpsSAKa C I[EepEMEHHBIMU
KodpduureHTamMu: o0IIMe CBOWCTBA, MPOCTPAHCTBO PpEIICHUH, JHWHEHHass HEe3aBUCHUMOCTb H
3aBHCUMOCTh peIIeHUH, (yHIaMEeHTallbHas CHCTeMa peIlIeHuH, ompenenurteab BpoHckoro,
dbopmyna JlnmyBumis—OcTtporpaackoro. JInHelHOe HEOTHOPOAHOE YpaBHEHHE N-TO TOPSKa C



nepeMeHHbIMU Kod(durpeHTamu: o0muye CBOKWCTBA, METOJ BapHaIlMd IMOCTOSHHBIX, (opmyra
Ko aiist o6miero pemieHusl.

4. JIuHeiiHbIe ypaBHEHUS C IEPEMEHHBIMU KO3 hHUIITUEHTaMH.

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
(byHaaMeHTaTIbHOW MaTPULbI JIMHEHHON NEepuoINYeCKONCHCTEMBI, TPUBOAUMOCTD K CHUCTEME C
MOCTOSTHHBIMH KO3 HUITIEHTaMH.

5. O6mas Teopus qudPepeHINATBHBIX YPaBHCHUM.

VYpaBHEHHsI U CUCTEMBI IIOPAAKA BBILIE MEPBOTO U MX CBEACHHE K CHCTEMaM IEPBOTO MOPSAKA.
Teopema cylecTBOBaHUSI M E€AMHCTBEHHOCTH pelleHus AudQepeHInanbHOro ypaBHEHHMS.
Teopembl 0 NPOAOKEHUH M HENPEPHIBHOW 3aBUCHUMOCTH PEILIEHUN OT HAYAJIBHOI'O YCIIOBUS.
MakcuManbHblii HMHTEpBaJl CYIIECTBOBAaHUSA. ABTOHOMHBIE W HEABTOHOMHBIE YpPaBHEHUS.
JluHaMuveckne CHCTEMBl. |'eoMeTpuyeckne MOHATHS, CBs3aHHbIE ¢ AudQepeHnrnanbHBIMA
ypaBHeHUsIMH. Da30Boe MPOCTPAHCTBO U pacuMpeHHoe (a3oBoe mpocTpaHcTBO. [lome
HaNpaBJICHUH, HHTETpalIbHBIE KpHBBle. BekTopHOe mose, ¢a3oBbie KpuBble. Pa3oBbIi MOPTpET,
MIOJIOKEHHUS PABHOBECHS, TpeAeibHbIe IHUKIbL. [IpeoOpazoBanue caBUTa BIOJIb pPEUICHUN
ABTOHOMHOM M HEaBTOHOMHOMW cucTeMBbl. Pa30BbIl TOTOK aBTOHOMHOM CHCTEMBI.

6. DJIEeMEHTHI BApUAIMOHHOTO UCUUCIICHHUS.

OcHoBHBIE TOHATHSL. IPOCTENIIIas 3a/]a4a BApUAlMOHHOTO HCYUCIIeHHUs. 3a1a4a 0 OpaxrucTOXpOHE.
3amaua co cBOOONHBIMH KOHIIAMH. 3afada JIsl (YHKIMOHAIOB, 3aBUCSIIMX OT HECKOJIBKHX
HEU3BECTHBIX (QYHKIMHI, M 3ahaya JUIs (PYHKIIMOHAJIOB, COAEPAIIMWX INPOU3BOJIHBIE BBICIINX
nopsakoB. M3onepumerpuueckas 3agaya.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTOoabl MCCJIeT0BAHNH

HNudpopmaruka

Measb AMCHUNIMHBI:

- W3y4eHHUEe MPHUHIUIIOB aITOPUTMH3AINN U COBPEMEHHBIX METOZ0B 00paboTKKu MH(pOpMALUU C
UCIIOJIb30BAaHUEM aJITOPUTMUYECKUX SA3BIKOB.

3agauu AMCHMILINHBI:

- OCBOCHHUE CTyJIeHTaMH 0a30BbIX 3HAHUN B 00JACTH MPOTrPAMMUPOBAHHS;

- U3y4€HHUE A3bIKa BEICOKOTO ypoBHA (CU);

- IpHOOpETEHNE HABBIKOB PabOThI IPU CO3JJaHUH ITPOTrPAMMHOI0 IIPOAYKTA.
IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 10 JUCHHUILIMHE (MOYJIIO)
B pe3synbrare ocBOCHUS AUCIUIUIMHBI 00YJarOIIUecs JOIKHBI

3HATh:

- COBPEMEHHBIE METO/IbI M CPEACTBA pa3pabOTKU aIrOPUTMOB U IIPOTPAMM;

- OCHOBHBI€ KOHCTPYKIMH S3bIKOB IIPOTPAMMHUPOBAHMS U CIIOCOOBI 3aIIMCH AITOPUTMOB Ha SI3bIKE
BBICOKOI'O YpOBHS (Ha cTanaapTe s3bika Cn);

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

yMeTb:

- pa3pabaThiBaTh AITOPUTMUYECKHUE U MPOTPAMMHBIE PEIICHUS MPUKIATHOTO MPOrPaMMHOTO
obecreyeHus;

- IPUMCHATH PA3JIMYHBIC METOJAbI OTJIAIKU ITPOrpaMM.

BJAaJ€Th:
- HaBBIKAMU OCBOEHHS OOJIBIIIOr0 00beMa I/IH(pOpMaI_II/II/I;

- HaBBIKAMH CaMOCTOSTEIIbHOM pa6OTLI Ipu CO3AaHUH NPOTrPaMMHOTO obecrneueHUs.



TeMbl U pa3jaeiibl Kypca:
1. lunaMuueckue CTpyKTypbl. buHapHbIe nepeBbsi. X31I-TaOJIHIIBI.

HepeBbs. bunapnsie nepeBbsi (ocHOBHBIE MOHATHA). [locTpoeHne nepeBa. PexypcuBHBIN 00Xx0/1
nepesa. [louck anmeMenTa B epeBe. Y ajgeHue 3JIeMEeHTOB U3 JiepeBa. [locTtpoenue Xaui-Tabauibl.

2. Jlunamuueckue CTpyKTyphl. CIIUCKHU.

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

3. Knaccsl namstu. JluHaMuueckoe pacupeieleHue aMsaTy.

OObsiBiIeHNE NEPEMEHHOM TUIA CTPyKTypa. JlocTym K 3jeMeHTaM CTPYKTypbl. BioxeHHbIe
CTPYKTYpBbI. YKa3aTenu Ha CTpYKTypbl. MaccuBbl cTpykTyp. BBoJ, BbIBOI cTpyKTYp. CTaTHueckoe
U JUHAMUYECKOE paclpeleeHue naMsaTtu noj cTpykrypsl. Kiacesl nmamsaru. /luHamuueckoe
BBIJICIICHUE ITAMSTH.

4. Maccussl. cnions30Banue yka3aTenei.

VYkazarenu. Onepanun Haj ykazareasiMu. O0paboTka MacCHBOB C HCIIOIB30BAaHUEM yKa3aTelleH.
MaccuBbl yka3aTenen.

5. OcHoBbl anroput™mu3anuu. bazoeie moustus si3pika CU.

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

6. [ToOuTOBBIE ONIEpAIIHH.
[ToOUTOBBIN JOCTYI K TaHHBIM.
7. CumBoJbHBIE CTPOKU. CBOOOIHBIE MAaCCUBBI CTPOK.

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

8. OYHKIHUH.

Onpenenenue u ucnoib3zoBanue Gpynkuuil. [lepegaua napamerpon. @opmainbHble U (haKTUUECKHE
napameTpsl. JIokaiabHbIE U TI100aNbHbIE IEPEMEHHBIE.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Hcropus kyastypsbl Poccuu

Measb AMCHUNIMHBI:

- yrIyOJeHHOE W3Y4YeHHWE OCHOBHBIX HMCTOPUKO-KYJIBTYPHBIX IIPOLECCOB Ha TEPPUTOPUHU
OTeuecTBa B AMIOXM KAMEHHOTO, OPOH30BOT0 U KEJIE3HOTO BeKOB, B JlpeBHel 1 CpenHeBeKOBOM
Pycu u B Poccuum HOBOro BpeMEHM BIUIOTh /0O COBPEMEHHOCTH B KOHTEKCTE MCTOPUU
COTpeCIBHBIX 3eMeJb (B OCHOBHOM OTHOCsIIMXCs K Teppuropuu ObiBmiero CCCP) Ha done
KpPaTKO# XapaKTepUCTUKU COLIMATbHO-9KOHOMHUYECKUX U MOJIUTUYECKUX MPOIIECCOB;

- q)OpMI/IpOBaHI/Ie npeacTaBJICHUA O prr[HeﬁH.IHX JOCTHIXCHUAX OTEYECTBECHHOM KYJbTYPHI, 00
OCHOBHBIX TCHACHIHAX €C Pa3BUTH.

3agauu AMCHHUIINHBIL:

- Pa3BHUTHUC HABBIKOB CpPABHUTCIBbHO-UCTOPHUYCCKOI'O  adHaJIM34d, OBJIAaJACHUC OCHOBAMH
HCTOPUUYCCKOI'O MBIIIJICHU A,

- BBIpA0OTKA CHOCOOHOCTH MPUMEHSTH TOJYYCHHBbIE 3HAHHUS B cdepe HCTOopuH, B chepax
KYJIbTYpPOJIOTHU U UCKYCCTBO3HAHMUSI.

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

- BOXHEHIINE BEXU OCHOBHBIX HCTOPUKO-KYJIBTYPHBIX IPOLIECCOB Ha Teppuropun OTedecTsa B
AMOXM KaMEHHOro, OPOH30BOr0 M ele3Horo BekoB, B JlpeBHeil u CpenHeBekoBoil Pycu u B
Poccun HOBOro BpeMeHH BILIOTH JJO COBPEMEHHOCTH B KOHTEKCTE UCTOPHH COIIPENEIbHBIX 36MEIb
(B ocHOBHOM OTHOcsiMXcs K Tepputopun Obisiiero CCCP);

- OCHOBHBIE 3aKOHOMEPHOCTH HCTOPHKO-KYJIbTYPHBIX IMpOIIECCOB Ha Teppuropun OTeuecTBa B
ATMIOXM KaMEHHOTro, OpOH30BOr0 W Kele3HOro BekoB, B JlpeBHeil u CpenHeBexoBoil Pycu u B
Poccun HOBOTO BpeMeHH BILUIOTH IO COBPEMEHHOCTH B KOHTEKCTE UCTOPUH COTIPEAETBbHBIX 3€MEllb
(B OCHOBHOM OTHOcAIMXCS K Tepputopun Os1Biero CCCP);

- prHHeI\/'IHH/Ie JOCTHIXXCHUA OTE€YeCTBEHHOM KYJIBbTYpPBbI, OCHOBHBIC TCHACHIINU €€ pa3BUTHA.

yMeTh:

- OCYHICCTBIIATH CpaBHI/ITeHLHO-I/ICTOpI/IquKI/Iﬁ aHaJIn3, OBJAACHHUC OCHOBaMH HCTOPHUYUCCKOTO
MBIIIJICHUA.



BJIAJETh:

- OCHOBaMH UCTOPHUYCCKOI'0O MBIIIJICHUA, CIIOCOOHOCTBIO IIPUMCHATH IIOJTYYCHHBIC 3HAHNS B cq)epe
HUCTOPUU KYJIBTYPhI, KYJbTYPOJIOTrud U HCKYCCTBO3HAHU.

Tembl 1 pa3aeJibl Kypcea:
1. Uctopus u kynpTypa OteuectBa B 1917-2014 ropax.

Coeobpa3zue u npoTuBopedrBoCcTh KynbTypHOTo pazsutus CCCP B 20-50-¢ rr. Kymbrypa 1920-
x rr. [lonsTue "KynpTypHO# peBomronmu”, ee peanusanus. HoBas oOpa3oBarenbHas cucrema.
Hayka u texnuka B 1920-e rr. XynoxecTBeHHass KyjlbTypa AaHHOIO mepuona. Biusnue
peBogonuid 1917 r. u rpask1aHCKON BOWHBI HA COCTOSHUE KYJIbTYPhI.

Kynerypa 1930-x rr. Ilpomomxenue "KynbTypHOHl peBomonuu". Pa3BuTue cucCTEMbl
oOpazoBanus. Pa3BuThe ecrecTBeHHbIX Hayk. Curyanuss B cdepe TIyMaHUTApHBIX HayK.
XynoxkecTBeHHass KynpTypa. Jlureparypa. WM300pa3uresnbHOe HCKYCCTBO. ApPXMUTEKTypa.
Kunemarorpad. MckyccTBo 1 B1acTh.

OCHOBHBIE IPOTUBOPEUHS U JOCTIKEHUS B o0macTu KylnbTypsl B 60-90-¢ rr. XX B. n Hauane XXI
B. B CCCP u Poccun. ['ocymapcTBeHHasi MoOJMTHKA B 00NacTH Hayku M oOpasoBanusi. HoBbie
TEHJCHIIUU B pa3BUTUU OOIIECTBEHHBIX HayK. EcTecTBeHHbIE HayKu. Xy/10KECTBEHHAS KYJIbTYpA.

[Tepexon ko BceoOmeMy cpenHeMy oOpa3oBaHuio. PazButue ectecTBeHHBIX Hayk. CuTyanus B
chepe rymaHutapHblx Hayk. OdunuanbHoe U HeopUIMAIbHOE HCKYCCTBO (JIUTepaTypa,
JKUBOIMNCb, CKYJIBIITYpa, TEATP, MY3bIKa).

"[konbHas pedopma". PanukanbHble U3MEHEHHs B cepe B3aMMOOTHOIIEHHUS IOCylapcTBa U
cdepsl KynbTyphl. JIuTepatypa 1 HCKYCCTBO B HOBBIX YCIIOBUSX. Pa3BUTHE T'yMaHUTapHBIX HAYK U
COCTOSTHUE €CTECTBEHHBIX HaYK.

HoBpie ycrmoBusi cyiecTBOBaHHS KyIbTypHOU cdepbl. M3MeHeHHs B cucTeMe O0Opa3OBaHMUS.
Curyanust B 001acTU €CTECTBEHHBIX M TYMaHUTApHBIX HayK. XYIOXKECTBEHHas KyJIbTypa B
coBpeMeHHOM Poccun.

2. O6pazoBanue u pazsutue Poccuiickoro rocynapcrsa B XIV-XVII BB. cTopus u KyibTypa.

Bnusinue Ha pazBuTHe KyJabTyphl Bo3BbiieHHs MockBel 1 KymnukoBckoil mo6enbl. Bo3Bblienue
MockBbl. MoCKBa Kak IIEHTP KyJIbTYpbl (POPMHUPYIOIIEHCS BETUKOPYCCKOM HapOAHOCTH.

Bozpoxnenue tpamumumii pycckoil muceMeHHocTH. Jlerommcanue. McTopuueckue IMoBeCTH
("Ckazanue o MamaeBom nobowunie", "3anonmuna"). XKutuitnas mutepatypa.

Apxurekrypa. CtpoutenbcTBo co0opoB 1 MockoBckoro Kpemiisa. Apucrotens @uopaBaHTH.
XKusomnuce. ®eodan I'pex. Anapeit Pydres.

OcHoBHbIE TEHJEHIIMH B pa3BuTuu KynabTypsl Poccun B XVI B. KynbTypa ykazanHoro nepuozaa
Kak OAMH U3 (aKTOPOB CKJIAJbIBAHUS BEJIMKOPYCCKOW HapoaHocTH. PopMHpoBaHUE
NOJUTUYECKOH  MJICOJIOTMHM  IEHTPAJU30BAaHHOrO TrocynaapcTBa. OOIIECTBEHHAs  MBICIb.



Konnenuuss "MockBa - Tperuit Pum". "Ckazanwme o KkHI3bsiX Buagumupckux" kak
npornarasjucTckoe counHenue. Kpynueiimue neronucHsle cBoabl. "CreneHHas kaura'. "Yerbu-
munen". JKurtuitnas nuteparypa. Xponorpadsl. Mcropuueckue nosectu. IlyOonmumucruyeckue
npousBeaenus Meana IlepecBeroBa. Ilepenucka A.KypOckoro ¢ MBanom ['po3nsim. Hauano
kauronevyaranusi B Poccuu. MBan @enopoB. Apxutekrypa. lllaTpoBoe CTpPOUTENHCTBO.
O6oponHoe 3o0q4ectBo. JKuonuchk. Jlnonucuil m ero mkona. beitr u Hpassl. "JlomocTpoil".
Haponnoe TBopuecTBO. BiusHue onpuyHuHbl U JINBOHCKOM BOMHBI HA COCTOSIHUE KYJIbTYPBI.

Baxneiimue kynabTypHble noctmkeHus B Poccun B XVII B. Havano dopmupoBanusi pycckoit
Haruu. CMyTHOE BpeMsi U ero OTpa)keHHe B KYJIbTYPHBIX Ipoleccax. YCHUJICHUE KYIbTYpPHBIX
cBa3eil ¢ 3amamHod  EBpomoit.  OOmiecTBeHHas MbICIHb. TeopeTudeckoe 00OCHOBaHUE
camozepkaBusi. Anosorus packona ("Xutue" mporomoma ABBakyma). YCHICHHE CBETCKHX,
paIMOHATUCTUYECKUX U JAEMOKPATHUYECKHUX 3JIEMEHTOB B KynbType ("oOMupiieHue" KyabTypsl).
Pacnpoctpanenue rpamoTHOCTH, pa3BuTHe npocsenieHus. [lkonbl. CrnaBsHO-TpeKo-TaTHHCKAs
akajgemus. Hakomuienue u pacnpocTpaneHue HayyHbIX 3HaHud. Jlutepatypa. Jleronucu. HoBbie
auTeparypHsbie )kaHpel. Catupuueckue u ObIToBbIC TOBEeCTH. CHIIIIaOMYEeCKOE CTUXOCIIOKEHHUE.

Apxutekrypa. "IuBHoe y3opoube". Cyap0a marpoBoro 3oq4ectBa. CBETCKUE 3/IaHUSI U XPaMbl
Mockssl, Spocnasns, PocroBa Bemmkoro. "HapeimkuHckoe (MOCKOBCKOE) Oapokko'.
JlepeBsTHHOE 30,T4€CTRBO.

JKuonmch. @pecku U MKOHBI. [losIBIICHHE PEATMCTUYECKUX TEHJICHIIUN, HAdajao MOPTPETHOU
sxkuBormic. CuMoH Y1IIakoB.

My3bika 1 HapOJHBIN TeaTp.

BrITOBBIE HOBIIECTBA U TPAIUIIMOHHBIE YepThl. HapogHoe TBOpUECTBO.

3. O0Gpa3oBaHue KJIACCOB U TOCY/IaPCTBA Y BOCTOUHBIX cliaBsiH. J[peBHsis (HoMoOHTONIbCKas) Pych.
KynbrypHo-uctopuueckoe pazsutue. Pycckue 3emnu u 3onotas Opna.

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

Kynsrypa Kuesckoii Pycu Ha ¢pone cpeaneBexoBoii KyiabTypsl. KynbTypHOE Hacieue BOCTOYHBIX
CIaBsiH M pycckas KyuabTypa. DOpMHUpOBaHME JIPEBHEPYCCKOM HApOOHOCTH. ApPXUTEKTYpa,
XKHUBOITUCh, peMecia, JuTeparypa, ¢onpkiop. Cucrema pocmnuceil JApeBHEPYCCKOTO Xpama.
TeXHUKHN PEeBHEPYCCKOrO MPHUKJIAJAHOIO UCKyccTBa. Penurnosnele npencrasieHus B Kuesckoi
Pycu: ot MHOr060kHsI K XpUCTHAHCTBY. J[BOeBepHe B pycCKOl KylnbTypHOU Tpaauuuu. Kuesckas
Pych 1 packos MUpOBOM XpUCTUAHCKOU LIEpKBU. POJIb XpUCTHAHCTBA B pa3BUTUU IPEBHEPYCCKON
KYJIbTYpBI.

Kynerypa Hosropoackon, Bnamumupo-Cy3naneckoi u  ['anmunko-BonblHCKON — 3eMenb:
JIOKaJIbHbIE 0COOEHHOCTH apXUTEKTYPBhI, )KUBOIIUCH, peMecia, JUTepaTypsl, honbkiopa. [logpem
KyJIbTypbl B PYCCKHX 3eMysiX. Maes emuHCTBa pycckod 3emuin B OOphO€ C BHEITHUMHU
3axBaTurkaMu. "CioBo o nosky Uropese".



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

ConuanbHo-nIoaUTHYECKHE U3MEHEHMS B pycckux 3eMisix B XIII-XV BB. Pyck u Opna: npoOiemsl
B3aMMOBIUSAHUA. TopMoO3slIee BIUSIHUE 30JI0TOOPABIHCKOIO UTa HA Pa3BUTUE PYCCKOM KYJbTYPBI.
Pasrpom u yHHUTOXKEHHE KyJIbTYpPHBIX IEHHOCTEH. Pa3phIB 1 ocnabiieHne TpaJuliMOHHbIX CBSA3EH
C XpUCTHAHCKUM MHUPOM. YTIaJI0K peMeciia U UCKYCCTBa.

4. Poccuiickas umnepust B X VIII B. Uctopus u kynbTypa.

OcHOBHBIE TEHAECHLUMU B PA3BUTUU OOpa30BaHMUS U MPOCBEUICHMS, HAYKH, APXUTEKTYpBHI,
autepatypsl U uckycctBa B Poccum mepBoit uerBeptu XVIII B. Pedopmer Tletpa I B obnactu
KyIbTypbl U ObiTa. BBenenue rpaxmanckoro mpudra, apaOCkux Iudp, HOBOro KaleHAaps.
IlepBas pycckas nedarHas razera. CBETCKHI XapakTep HOBOM KYJIbTYpPbI, €€ B3aUMOJICHCTBUE C
3aMaJlHOEBPONEHCKON KylIbTypol. Akaaemuss Hayk. (CBerckass MIKoja. BoeHHBbIE HIKOJBI.
Ceerckue yueOHMKM M HayudHas aurteparypa. Hayka u TexHuka. OOIEeCTBEHHO-TIOIUTUYECKAS
MbIcTTb. CTaHOBJIEHHE TOPOICKON apXUTEKTYPhI: PEryisipHasi JIaHUPOBKA, CBETCKHE U IEPKOBHBIE
3manus. Co3naHuwe OOMIECTBEHHBIX, HAYYHBIX, MY3CHHBIX, OHOIMOTCUHBIX YUPEHKICHHIA.
Jluteparypa. ’KuBonuce. Ckynbntypa. Teatp.

OcHoOBHBIE TOCTHXKEHUS B 00J1aCTH KYIbTYphl B Poccuiickoil umnepuu cepenunsl - 2-it mon. X VIII
B.

"Bek mnpocemenus". CocloBHbI xapakTep oOpa3oBaHus. [lesTenbHOCTh AKaJeMHUU Hayk.
O6cnenoBanue u usyuenue crpansl. M.B. JlomonocoB. OcHoBaHre MOCKOBCKOTO YHUBEPCUTETA,
Akanemun xynoxkects, ['opHoro mHctuTyTa. dOpMHpOoBaHUE pyccKol uHTeureHuuu. A.H.
Panuines u craHoBNIEHUE OMIMTO3UIIMOHHON TPAUITUHU B PYCCKOM 00IIIeCTBEHHON MbICTH. PazButue
TEXHUYECKUX M €CTECTBEHHBIX HayK. Poccuiickue nzobperarenu. KomruiekcHsie reorpaduueckue
sKcnenuIuy. BoibHoe skoHOMUYeckoe 001iecTBO. Mcropuueckue Tpy bl U Havyajiao MyOJIMKauu
UCTOPUYECKHX HCTOYHMKOB. JluTepatypa u myOiaumuctuka. Pycckoe NpOCBETUTENBCTBO.
XKypnansl v razeTsl. Bo3HuKHOBEHHE pyccKoro npodeccuoHanbHOro tearpa. Kpemnoctnoii Tearp.
BBIT 1 HpaBeI: 1€pEBHS U TOPOJ.

ApXI/ITCKTypa " )KUBOIIHUCH: 6ap01<1<0 M KJI1aCCUIIM3M.

5. Poccus B XIX - H. XX B. UcTopus u KynbTypa.

OCHOBHBIE BEXHM B Pa3BUTUU KYJIBTYpHI B TpenpedOpMeHHBIM U MOpedOpPMEHHBIA MEPHUOIBI B
Poccun XIX B.

Kynerypa Poccum B mepBoit monmoBuHe XIX B. OOpazoBanue u mnpocsemeHue. IIIkomsl.
YHuBepcutersl. TexHuueckoe obpa3zoBaHue. Y CUICHHUE COCIOBHOCTH B oOpa3oBanuu. Hayka u
TEeXHHMKA. XYJOXKECTBEHHas KyubTypa. Jluteparypa: cTuiieBble HamnpasieHusd. CTaHOBJIEHHE
PYCCKOTO JINTEPATypPHOTO si3bIKa. TeaTp 1 My3bIKanbHas KyiabTypa. M300pa3uTesibHOe HCKYCCTBO:
’KUBOIHCH, CKYJIBIITypa. ApXUTEKTYpa.

Peamuszm n POMAHTHU3M. COI_II/IaJIBHLIC HACHU B apXUTCKTYPC U KUBOIIHUCH.



Kynerypa Poccun Bo Bropoi nosnoBuHe XIX - Hagane XX B. CocTOSHME MPOCBEUIECHUS U IT€YATH.
Tunel HauanpHOU MIKOJIBL. CpemHee oOpazoBanue. Bricmiee oOpa3oBanme: pacmupeHue (hopM.
OcHoBaHME HapOAHBIX YHHUBEPCUTETOB. KHUIOM3IATENbCKOE M KYpPHAIbHO-TA3€THOE JIEJO.
KynbrypHO-ipocBeTHTENBCKHE YUpeKAeHMs. Pa3BuTHe Hayku 1 TeXHUKHU. HoBbIE HanpaBieHUs B
Hayke. Co3jaHue HayyHbIX IIKoJ. Hauano npruMeHeHus TEXHHYECKUMX HOBLIECTB B OBITY.
XynoxecTBeHHas KynapTypa. Pacuser nureparypsl. PazButue teatpa. MyssikanbHas KyJabTypa.
XKuormcey M ckynbnrypa. MonaepHH3M B JUTeparype U HM300pa3HTEIbHOM HCKYCCTBE.
XynoecTBeHHbIE 00bEIMHEHUSI.

Cruns MogepH. Cunte3 uckyccrs. CumBoau3M Havana XX B.

OcHOBHbIE KyJbTypHBbIE TocTHX)eHus B Poccun Hauana XX B. BinusiHue nepBoil MUpOBOM BOMHBI,
pesomonii geBpanss u OKTAOps 1917 r. m rpaxknaHckod BOWHBI B Poccum Ha KyJabTYpHYIO
CUTYALHIO.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

HUcrtopus

Measb AMCHUNIMHBI:

- yIIIyOJIEHHOE M3yY€HUE OCHOBHBIX HCTOPMUYECKHX IIPOLECCOB 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 HMCTOPUU CONPEAENIbHBIX
3eMenb (B OCHOBHOM OTHocsmuxcs K Ttepputopun ObBmiero CCCP) Ha ¢oHe KpaTkoi
XapaKTEePUCTUKH COLIMATbHO-3KOHOMUYECKUX U MOJIUTUYECKHUX IPOLIECCOB;

- q)OpMI/IpOBaHI/IC MpeaACTaBJICHUA O prnHeﬁme JOCTHIKCHUAX OTE€YECTBEHHOM KYJIbTYPbI U
OCHOBHBIX TCHACHIHAX €C pa3BUTHA.

3agauu AMCHHUIINHBIL:

- Pa3BHUTHUC HABBIKOB CPABHUTCIBbHO-UCTOPHUYCCKOI'O  adHal/IM34d, OBJIAaJACHUC OCHOBAMH
HCTOPUUYCCKOI'O MBIIIJICHU A,

- BbIpa0OTKa CIIOCOOHOCTH NMPUMEHSAThH MOJYyYEHHbIE 3HaHUS B cepe UCTOPUU U MOJIUTOJOTHUH,
UCTOPHUU HAYKH.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIUITIIMHBI 00YYaOLIHecs JOJKHBI
3HATh:

- OCHOBHBIE 3aKOHOMEPHOCTH COLIMAJIbHO-3KOHOMUYECKUX M TOJIUTHYECKUX IIPOLIECCOB Ha
tepputopun OteuectBa B {peBHeii u CpenneBekoBoit Pycu u B Poccun HOBOro BpeMeHH BILIOTh
JI0 COBPEMEHHOCTH B KOHTEKCTE MCTOPHH COINpPENENbHBIX 3eMellb (B OCHOBHOM OTHOCSIIUXCS K
tepputopuu ObiBiiero CCCP);

- Ba)XHEHIIME BEXW OCHOBHBIX HCTOPHYECKMX TIpoOIeccoB Ha Tepputopun OtedecTBa OT
JPEBHOCTU JI0 COBPEMEHHOCTH B KOHTEKCTE€ WCTOPHH CONPEACTBHBIX 3eMellb (B OCHOBHOM
oTHocsuwmxcs K Tepputopun 6siBIero CCCP).

yMeThb:

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



BJAACTh:

- OCHOBAMH HCTOPHYECKOTO MBIIIJICHHS, CTIOCOOHOCTHIO IPUMEHSTh MOIy4YeHHBIE 3HaHUS B chepe
UCTOPHUHU U IOJTUTOIOTUH, UCTOPUU HAYKH.

TeMbl U pa3jesibl Kypca:

1. Antnunas kynasTypa B CeBepHoM IIpuuepHomopbe. AHTHYHOE HacieAaue B 3moxy Bennkoro
nepeceIeH st HapoI0B.

['peueckas xomonuszamus Ceseproro [IpruuepHoMopbsi: pakTOphl, UCTOKH, IIEpBbIe KONOHUU. Tpu
MOJIMTUKO-3KOHOMHUYECKHX IIeHTpa aHTuuHOro CeBepHoro [IpuuepHomopss.

[Tocenenusi. MOTWJIBHUKU. DKOHOMHKA TPEUYECKUX KOJOHMH. MeCcTHOE IpeuecKkoe peMeciio u
uckycctBo. Cyap0a antuuHbIX rocynapcts CesepHoro [IpuuepHoMopbs.

2. Kynbrypa npacnasss, 6anToB 1 (UHHO-YIPOB B APEBHOCTH U PAHHEM CPEIHEBEKOBbE.

Kynbrypa mnpacnaBsH, OantoB u (QuUHHO-yrpoB. BiusHue kenbTcKOW, (Qpakuiickol u
MparepMaHcKod KynbTyp. DTHOI€HE3 BOCTOYHBIX cCllaBsH. [IluchMeHHBIE U apXeoOTHYECKue
WMCTOYHHKH O CJIaBsTHaX.

3. Kynbtypsl ckugo-cuOupckoro u capmMaro- F'yHHCKOTO KOUeBHHUECKOoro mupa EBpazuu.

Ckudbl 1 pOJICTBEHHbIE UM HApOJbI, MX UCTOPHS U KyinbTypa. MckyccTBo ckuo-cuOupckoro
3BEPUHOTO CTWJIS, €0 CTHIIMCTHKA M ceMaHTHKa. [Ipobiiema CKu(CKOro Hacienus: B HCKYyCCTBE
Poccun. KynbpTypa capmaro-ryHHckoii smoxu. KymbTypHas cuTyauuss B smoxy Bemmkoro
nepeceneHus HapoJI0B.

4. Metoapl MU HMCTOYHUKH H3ydeHHs] HCTOpUU. XpoHonorug. CymHocTb, (HOopMbl, (QyHKIHH
MCTOPUYECKOIO 3HAHUS.

[TonstTe u knaccudukanuss UCTOPUUECKOrO MCTOYHUKA. VcTropmueckas M apxeoyiornyeckas
nepuoausanu. OTHOCUTENbHAsE U aOCONIOTHAs XPOHOJIOTMU. BO3MOXKHOCTH HCHOIB30BAHUS
JTAHHBIX MMCbMEHHBIX UCTOYHUKOB, IMHIBUCTUKHU U aHTPOMOJIOIMHU JUIsl OLIEHKU U MHTEPIIPETALIUH
apXeoJIOTHYECKUX MaTepuasioB. MeTObl €CTECTBEHHBIX HAayK B HCTOPHKO-apXEOJOTMYECKHX
HCCIIEIOBAHMSIX panuokapOOHHBIN aHaJu3, crekrporpagus, MeTajuorpadus,
JEHJIPOXPOHOJIOTUS U JIP.

Merononorust u Teopus ucropuueckor Hayku. KynpTypa Poccum — HeoTbemiieMass 4acThb
KYJIbTYpbI UEJIOBEYECTBA.

5. OCHOBHBIE JOCTHKEHMSI B NPOLECCE TEXHOJIOTUYECKOM BOJIIOLUU B HEOJIUTE U OPOH30BOM
Beke. VICKyCCTBO M MJICOJIOTHSI ATIOXH HEOIUTa-OpoH30BOro Beka. OCHOBHBIE BEXH B OCBOCHUU
kKene3a. PaHHMI KeNne3HbIN BEK: OCHOBHBIE YEPThI KaK KYJbTYPHO-TEXHOJIOTMYECKOU JITOXH.

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. VICKycCTBO M MIE0JI0THs 3MOXH dHEOoIuTa-0poH30Boro Beka. Oc-
HOBHBIE BEXH B OCBOCHMHM ’Keje3a. PaHHWI jKelle3HbIM BEK: OCHOBHBIE UEPThI KAaK KYJbTYpHO-
TeXHOJorn4eckoi snoxu. Juddepenuanus pernoHOB Ha OCHOBE pazIMUMid B TEMIIaX Pa3BUTHUS
Y 3apOKJICHUE JIOKAJIbHBIX BAPUAHTOB B KYJIbTYpE.



6. OCHOBHBIE TEHAEHUUH KYyJbTypHO-UcTOpUueckoro pazsutus Pycu, Poccun, CCCP wu
nocrcoBerckor Poccun B snoxy CpeaneBekoBbsi, HoBoro u Hogeliiero BpeMeHu.

HcTOpUKO-KynbTypHBIE  TPOIECCHl B MEPHOALI  (eojanu3mMa, KamuTaliu3mMa © B
MOCTKAIUTAIMCTUYECKYIO 3110XY. OCHOBHBIE TEHJECHIIUN U IEPCIIEKTUBBI KYJIbTYPHOT'O Pa3BUTHUA.

7. 1IpoucxokIeHUE YeNoBeKa W 3apOXkICHUE KylabTypbl. IIOHATHS KaMEHHBI BEK, YHEOJIUT,
OpOH30BBIN U ese3HbI BeK. OCHOBHbBIE YePThl KAMEHHOI'O BeKa (MaJeOJIUT, ME30JIUT, HEOJIHT)
KaK KyJIbTYPHO-TEXHOJIOTMYECKON U aHTPOIIOI€HETUYECKOM IIOXHU.

OcHOBHBIE YE€pTHl KAMEHHOIO BeKa (MaJ€OJIUT, ME30JMT, HEOJMT) KaK KyJIbTypHO-
TEXHOJIOTMYECKOH M AHTPONOTE€HETHUYECKOM 3IM0XU. DBOJIIOLMS TEXHOJIOTMYECKMX HaBBIKOB B
IEPUOJI KAMEHHOI'O BeKa. 3apOoXkIeHUE MCKYyCCTBA. VICKyCCTBO ManeoiauTa: OCHOBHBIE CHOXKETBI,
dopmbl, pueMbl, QyHKIMA. Me30JaUT: HOBBIE YepThl UCKYCCTBA. BO3HUKHOBEHHE PETUTHO3HO-
MHU(OJIOrHUECKUX, (PUIOCOPCKMX M Maru4ecKux IpeICTaBICHUNI: OCHOBHBIE CBHUETENIHCTBA
JAaHHOTO mpoliecca. BaxHelue Xo3siiCTBEHHbIE CABUIM B KaMeHHOM Beke. Heomutuueckas
PEBOJIIOLIMSL U CBSI3aHHBIE C HEW M3MEHEHHUS B MaTEpUaIbHOU KYJIbTYpE, UCKYCCTBE U UJICOJIOTHH.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

KBanToBasi MexaHHKa

Measb AMCHUNIMHBI:

- OCBOCHHE CTYACHTAaMH OCHOB KBAaHTOBOM MEXaHHKH.

3agauyu IUCHUILINHBI:

- (opmupoBanue 0a30BBIX 3HAHWUK B OOJIACTH AHAIUTUYCCKOW MEXAHWKH KaK JUCIUTUIMHBI,
UHTETPUpYIONIeH 001edr3nuecKyo0 1 MaTeMaTHYECKYIO MMOATOTOBKY CTY/IEHTOB;

- OBJIaAICHUC OCHOBHLBIMH MCTOAAMHU, ITO3BOJOINHWMU PCHIATh YPAaBHCHUA aHaJUTUYECKOM
MCXaHUKH, pCIICHUC 3a/la4, OXBAaTbIBAIOIINX OCHOBHBIC IIPHUJIOKCHHUA AHAJTUTHYCCKON MCXaHUKHU.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILJIMHE (MOYJII0)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YyYaOLIMecs JOIKHBI

3HATh:

- OCHOBBI JIArPaHXEBOW MEXaHUKU;

- TEOPETUYECKHME OCHOBBI IMHAMHKH KOHCEPBATHUBHBIX M JUCCUMIATUBHBIX CHUCTEM BOJIM3H
paBHOBECHS;

- TCOPETUYCCKUEC OCHOBBI JUHAMUKHA TBEPAOTO TCJIA,

- IPUHLIUIT HAUMEHBUIETO JENCTBUSA U OCHOBBI TAMUIIBTOHOBOM MEXaHUKU;
- METOJ1 KAHOHMYECKHX IpeoOpa3zoBaHuil U anmnapat ckobok [lyaccona;

- MetoA ["amuibTOHA-SIKOOM U TEXHUKY pa3/ieNeHUs] IEPEMEHHBIX;

- METOJ] IEPEMEHHBIX JECHCTBUE-YTOI.

yMeThb:

- (I)OpMy.TII/IpOBaTB YpaBHCHUA Harpacha B O606H.[CHHBIX KOOpAUHAaTax, HAaXOAUTb HWHTCIPAJIbI
JABVOKCHUSA U C UX IMTOMOIIBIO peIIaTh YPABHCHUSA IBUKCHUA,

- BBIYUCIIATH ICPUOJ (I)I/IHI/ITHOPO JABHIKCHHA

- BBIYUCIIATH CECUCHUC PACCCAHUA B JaHHOM LICHTPAJILHOM I10JIC;



- HaxOJUTh COOCTBEHHBIC YaCTOTHI U HOPMaJbHBIC KOJICOAHUS CUCTEM CO MHOTUMH CTCTICHSIMHM
CBOOOIBI;

- BBIYUCIIATh MOMEHTEI HHEPLIUH TBEPAOTO TCIA,

- MepexXoIuTh OT JarpaH)kuaHa K TaMUJIbTOHHAHY U HA00OPOT C MOMOIIBI0 MPeoOpa3oBaHMUs
Jlexannpa;

- OCYILIECTBIISATh KAHOHUYECKHE TPEOOpa30BaHsI C TIOMOIIBIO JaHHOW IPOM3BOIAIICH (QYHKIINY;
- BBIYHCIIATH CKOOKM [lyaccoHa;

- pasgcidaTb NMEPEMEHHBIC B YPABHCHUU I'amunbsToHa-SIk00H U pfiiath ¢ IMOMOMIBIO METOOa
I'amunbTOHA-SIKOOM KAHOHHYECKHUE YPaBHCHUS IBUKCHUS,

- IEPEXOIUTh K ICPEMECHHBIM ,HCfICTBHC-erJI;

- BBIYUCJIIATH a[II/Ia6aTI/I‘-IeCKI/IC HWHBApPUAHTHI.

BJa/leTh:
- OCHOBHBIMU METOJIaMH aHAJTUTUUYCEKON MexaHuku — merogamu Jlarpanxa [ u Il pona;
- METOJJaMU UHTEIPUPOBAHUS YPABHEHU JBUKEHUS, IPUHLIUIIOM HAUMEHBLIETO JEHCTBNUS;

- METOJIOM KaHOHMYECKHMX YypaBHeHMU ['amuibTOHa, ammaparoMm ckobok Ilyaccona, metomom
[MamunbToHa-SKOOM perieHusi KAHOHUYECKUX YpaBHEHUH.

TeMbl U pa3jaeiibl Kypca:
1. OCHOBBI JIarpaHXeBON MEXAHUKHU

Ces3u u ux knaccugukanus. Bo3sMoxHble U BUpTyalbHbIE NepeMenieHns. Moenb uaeaabHbIX
cBsizeit. OO1ee ypaBHeHue TuHAMUKH. Y paBHeHus Jlarpanxka I pona.

O606menHble koopanHaThl. O000IIEeHHbIe cuiibl. YpaBHeHus Jlarpanxa Il pona. Jlarpanxuas.
Kunernyeckas sHeprus B 000011I€HHBIX KOOpHATAX.

[ToTenmmansHas sHeprus. CoxpaHeHue MOJHOM »Hepruu. HemoTteHnumansubie cuibl. CTpyKTypa
0000111eHHOT0 MOTEeHIMaNA. 3aKOHbI COXPAHEHUS SHEPIUH, UMITYJIbCa 1 MOMEHTAa UMITyJIbca KaK
CJIEZICTBUS OJTHOPOJHOCTH BPEMEHH, IPOCTPAHCTBA U U30TPOIIOHOCTH IPOCTPAHCTBA.

OnHOMEpHOE JBUKEHHWE W UHTEIPUPOBAHUE YPABHEHUH JABWKEHHUS C MOMONIBIO HMHTETPAIOB
JBUKEHU. 3aaya AByX Tel. JBrKeHre B IIEHTPaIbHOM IOJIE.

2. ®u3NYECKUE 3a7a4l JIarpaHKEeBON MEXaHUKU
Paccesnue yactui. Ceuenue paccessnusi. @opmyna Pesepdopna. PaccestHue Ha manble yriibl.

PaBHOBecue. Y CTOMYMBOCTh U HEYCTOMYHBOCTH. JIMHEapu3amus u Maibie KoneOanus. JJunamMmka
KOHCEPBATUBHBIX M JUCCUNIATUBHBIX CHCTEM BOJIM3W paBHOBECHs. BBIHYXICHHBIC KOJIeOaHUs U
pe3onanc. COOCTBEHHBIE YaCTOTHI JIJIsl CHCTEM CO MHOTHMH CTEIIEHSIMU CBOOO/IBI.



JIBukeHue TBEpIOTo Tena. YTIJIoBasi CKOPOCTh BpAlIeHUs, TEH30p MHepUuU, MOMEHT UMITyJIbCca
TBEPJAOro Tela. YpaBHEHUS ABM)KEHUS TBEPIOTO Tena.

CB0OOJIHOE BpalleHHE CHUMMETPUYHOIO BOJIYKA. YTibl Oiiepa. CUMMETPUYHBIA BOJYOK C
3aKpEIICHHOW HY)KHEH TOYKOM B moJie TsokecTH. CIsiuil BOJTYOK.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

KBanToBas Teopus

Measb AMCHUNIMHBI:

- 3HAKOMCTBO C HEOOBIYHBIMH CBOMCTBAMM KBAaHTOBBIX CHUCTEM, 06yquHe criocobaM OIMCaHus
HCPCIIATUBUCTCKUX KBAHTOBBIX CHUCTEM, 3HAKOMCTBO C OCHOBHBIMH MCTOJAMH OIMCAHUA
PECIATUBUCTCKUX YaCTHLI.

3agauyd AUCHUILINHBI:

- 3HaKOMCTBO C 0a30BBIMH OJKCIIEPUMEHTAIBHBIMH (aKkTaMyd B OOJIACTH KBAaHTOBOW (DU3WKH,
ycBoeHue ypaBHeHuil Illpenunrepa, Ilaynu u Jlupaka, ONMCHIBaIOIIMX KBAHTOBBIE SIBIICHMS,
OBJIaJICHUE MaTeMAaTUYECKUMU METOJIaMH, IO3BOJIAIOIIMMHU pEIlaTh KBAaHTOBBIE ypaBHEHUS,
pelleHune 3aa4, OXBaThIBAIOIINX OCHOBHBIC MTPUIIOKEHUSI KBAHTOBOM (PU3UKU.

ITepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJII0)
B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI 00YYaIOIINECs JT0JIKHbBI

3HATh:

- YUCJIEHHBIE MTOPSJIKM BETMUHMH, XapaKTePU3YIOIINe KBAaHTOBBIE SIBJIICHUS;

- HKCIIEpUMEHTaIbHbIE OCHOBBI KBAHTOBOH (PU3HKH;

- OCHOBHBIE MPUHIUIIBI KBAHTOBOW MEXaHUKU;

- METO/IbI OITMCaHUS KBAHTOBBIX CHCTEM;

- CBSA3b COOCTBEHHBIX BCKTOPOB U COOCTBEHHBIX 3HAYCHUM OIepaTopoB C Ha6J'IIOI[aeMI)IMI/I n
HN3MCPACMBIMHA (1)I/ISI/ILIGCKI/IMI/I BEINYNHaAMU,

- OCHOBHBIC TOYHO pC€HIAEMBIC MOACTINU KBAHTOBBIX CUCTEM;

- OCHOBHBIC l'IpI/I6.]'II/I)KeHHI)Ie MCTOABI PCIICHHUA 3aaa4 KBAaHTOBOM MEXaHHKHU: KBA3HKIIACCHIECKOE
HpI/I6J'II/I)KCHI/IC, CTAlMOHAPHYIO 1 HCCTAITMOHAPHYIO TCOPUTIO BO3MyH_[eHPII>'I, BapHaHHOHHLIﬁ MCETOM;

- METObI U CITOCOOBI OIKMCAHMS CHCTEM TOXACCTBCHHBIX YaCTHI] B KBAHTOBOU TCOpHU,
- MCTOJbI OITMCaHUA PACCCAHUSA YACTHULL,

- OIIMCAaHUucC BSaI/IMO}IeﬁCTBHﬂ 3J'IeKTpOMaFHI/ITHOFO I/ISJ'IyquI/IH C KBAHTOBLIMHU CHCTCMaMHU
3apsI/IOB;

- OCHOBBI PEISTUBUCTCKON KBAHTOBOW TEOPHUU.



yMeThb:

- HaXO/AUTh Oe3pa3MepHBbIe apaMeTPhl, ONPEACIAIONINE U3y4aeMOe SIBIICHUE;

- IPOU3BOIUThH YUCIICHHBIE OLIEHKH 110 MOPSIKY BEIUYHHBI;

- HAXO/IUTh HEPreTUYECKHE CIIEKTPhI U BOJHOBbIE (DYHKIIMM B OTHOMEPHBIX CIIydasix;

- HAXO/IUTh KBAHTOBOMEXAHUYECKHE CPEIHHE C IIOMOIIBIO M3BECTHBIX BOJTHOBBIX (DYHKIIUH;

- IPUMCHATH KBa3UKJIaCCHUYCCKOE HpI/I6J'II/I}KCHI/Ie JJI1 OIEHKHU ypOBHCfI OHEPIrun U BGpOHTHOCTeﬁ
MMPOXOKACHUSA CKBO3b INTOTCHIUAJILHBIC 6apLepH;

- NPUMEHATh CTAlMOHAPHYIO TEOPUIO BO3MYILUCHMHM Ul HAXOXICHUSA IIONPABOK K YPOBHAIM
SHEPIUU U BOJIHOBBIM (QYHKIHAM;

- IPUMCHATH HECTAHUOHAPHYIO TCOPHUIO BOSMYHICHI/Iﬁ JJIs1 HAXOXKACHUA BepOﬂTHOCTCﬁ nepexoaoB
MCKAY COCTOSHUSMU,

- p€luaTth 3aa41 O HAXOXKIACHUU COCTOSIHUU U OHEPreTUYCCKOro CricKTpa CUCTEM MHOT'MX, B TOM
YHUCJIC TOXKIACCTBCHHBIX, YaCTHII,

- BBIYUCJIATH [II/I(l)(l)epeHHI/IaJII)HI)Ie CCUCHU PACCCAHMA YaCTHUL pa3JIMYHbIMU ITIOTCHINAJIaAMU

- OIIPEACIATE BO3MOKHOCTb OIITHYCCKUX IICPEXOAO0B MCKAY COCTOAHUAMHU CUCTEM 3apsiAOB U
OLOCHUBATL BPEMCHA JKU3HU BO36y>K,I[eHHI>IX COCTOSIHUH.

BJIAJ1€Th:
- Ky.]'H:TypOﬁ IIOCTAaHOBKH 3aJa4 KBaHTOBOM MCXAaHUKH,

- OCHOBHBIMHM METOJIaMH DPELIEHUS 3a7ad KBAHTOBOM MEXaHWKH, B YAaCTHOCTH, O HAaXOXKICHHUU
coOCTBEHHBIX (DYHKIMI U COOCTBEHHBIX 3HAYEHHUI 0NepaTopoB (GU3NUECKUX BEJIUYMH;

- HaBbIKaMU TCOPCTUYCCKOI'O aHalin3a, MOACIINPOBAHUA U OLICHOK CBOICTB PCaJIbHBIX (1)I/I3I/I‘IGCKI/IX
CHUCTEM, o6naz[a101u1/1x KaK JUCKPCTHBIM, TaK U HCIPCPBIBHBIM CIICKTPOM.

TeMbl U pa3jaeiibl Kypca:
1. BonHOBas MexaHUKa MPOCTBIX CUCTEM U TEOPHUS PACCESHUS.

['nnore3a kBaHTOB ((hOTOHOB), ypaBHeHHe DifHIITENHHA A1 PoTodddexra. Mmmynsc GpoToHa U
apdext Komnrona. Bonusl ae bpoitnsa. Inuna BonHbl ne bpoinsa st snektpoHa. [InmotHocTh
BEPOSTHOCTH M aMIUIMTYJa BEPOSATHOCTH OOHAPYXUTh YAaCTHIy B 3aJaHHON TOYKe. YCIOBHE
HopMupoBkH. Cynepro3uius BoiH A€ bpoiinsg (BoJHOBOW makeT). AMIUIUTYJa BEPOATHOCTH U
IUIOTHOCTh BEPOSITHOCTH OOHAPYXHUTh YACTHILy C 3aJlaHHBIM UMIyJIbcOM. BoyHoBas (QyHKUHS.
HopmupoBka BOMHOBBIX (DYHKIMI Ha €IUHMIY M Ha JenbTa-QyHKuuio. Bomna ne Bpoins u
onepatop wummynbca. YpaBHeHue IIpenunrepa. CranMoHapHBIE COCTOSHHA. YPpaBHEHHUE
HEIPEPBIBHOCTU YISl IUIOTHOCTH BEPOSITHOCTH U IUIOTHOCTH TOKA BEPOSITHOCTH IJIS YaCTHUIIBI.
OnHomepHOEe (GUHUTHOE W WH(UHUTHOE JBW)KEHHE 4YacTULBL. [IpuHIMI Cyneprno3uIMH.
['aMunpTOHMAH JMHEWHOTO TAapMOHMYECKOro ocumwuiAropa. OnepaTtopbl pOXISHUS U
YHUYTOXXEHHUS. JHEPTETUUECKHUI CIEeKTP JIMHEWHOTO ocumwusiTopa. IlocTtpoeHne coOCTBEHHBIX
GyHKIMI JTUHEMHOro OCHWIUIATOpa B KOOPAWHATHOM NpeiacTaBieHud. [loaumHOMBI DpmuTa.



Pa3nenenue nepeMeHHBIX B KBAHTOBOM 3aa4e 1ByX Tell. CBEACHHE 3aa4u IBYX Tell K JBUKCHHUIO
YacTHUIBl C MPUBEAEHHOM Maccoil B LEeHTpaibHOM Tmoje. OmnepaTop OpOMTaIbHOIO MOMEHTA
YaCTHUIIBl B KOOPAMHATHOM MpeacTtaBieHnn. Chepruueckue TapMOHUKHU. | aMIIIBTOHNAH YaCTHIIBI
B cepuuecKux KoopAuHaTax. Pa3yenenue nepeMeHHBIX B IEHTPAILHOM TOJ€. YpaBHEHHE /IS
panuanbHoi QyHKIMH. ['aMUIBTOHMAH BOJOPOIONOAOOHOTO aToMa. ATOMHAs CHCTEMa eIMHUII.
DOHEepreTUYecKHii CIEeKTp W pagualbHble BOJHOBBIC (YHKIMH CTAal[MOHAPHBIX COCTOSHUMN
BOJOPOJONIOA00HOr0 atoMa. [yaBHOE, paauanbHOE, OpOMTAIbHOE M MAarHUTHOE KBAaHTOBbBIE
yucna. [locranoBka 3amaun paccesHus. Yupyroe paccessHue. AMIIIUTYyAa paccesHus. CeueHue
paccesHus. @PyHkuusa ['puHa 3amaum paccesHus. VIHTerpasbHOE ypaBHEHME [UIS 3a7a4d
paccestaus. [Ipubnmxenne bopra. Meron mapruanbHeix BoiaH. Dasel paccesHus. PesonancHoe
paccesuue. Heynpyroe paccessaue. Onrtuueckas Tteopema. (OCOOCHHOCTH — pacCesHUs
TOIECTBEHHBIX YaCTHL.

2. Marematnuecke OCHOBBI KBAHTOBOU TEOPHH.

CocTosHus 1 HabOM0aeMble. DPMHUTOBBIE M JIMHEHHBIE onepaTopbl. PasnojkeHue BOJIHOBBIX
¢GyHKIMH 1O COOCTBEHHBIM (YHKLHUSAM oOmepaTopa (U3NYECKON BEIWYHHBI. AMILTUTY/IBI
BEPOSITHOCTH. Y CIIOBUSI OPTOTOHAJIHOCTH JJIsi COOCTBEHHBIX (DYHKIIMIA ONIEpaTopoB (hPU3HUYECKIX
BEIWYUH. Bpruncnenue cpenHux 3HadeHud. Teopus mpexncraBiieHHMil. BeKTOpsl COCTOSHMN U
COMNpPSKEHHBIE BEKTOPbl COCTOSHUN. YCJIOBHME IOJHOTHI COOCTBEHHBIX BEKTOPOB OI€paTopa
¢u3nueckoil BenmuuuHbl. OJHOBPEMEHHO HM3MEpHUMble (Qu3MuecKue BeJWYMHbI. KoMMyTaTOpbI.
[Tonubiii HaOOp (M3HYECKMX BEIMYUH, OMMCHIBAIOIIMX KBAaHTOBYIO cuctemMy. COOTHOLICHHUS
HEOIPEACIEHHOCTH M KOTEpEeHTHbIE cocTosiHuA. MmmynscHoe mnpexacrasiienune. Matpuunsie
IpPEICTABICHUS: OINEPaTOPhI-MaTPUIbl M BEKTOPHI-CTOJOLBI. YHHUTapHbIE IpeoOpa3oBaHus
BEKTOPOB COCTOSIHUM U omepaTopoB. MaTpuyHas MeXaHUKa. 3aBUCUMOCTh (PU3NYECKUX BEJINYMH
oT BpeMeHU. OnepaTtop U3MEeHEeHUs! GU3NUECKOI BEeTMUMHBI BO BpeMeHU. MIHTerpaiibl 1BUKEHHUS.
Oneparopbl U3MEHEHUS BO BPEMEHU KOOPAMHATHI M UMITYJIbCA YACTHUIIBI B IOTEHLIUAIBHOM II0JIE.
Kommytaropel u ckobku Ilyaccona. Omepatop sBomtonuu. IlpencraBnenust Illpeaunrepa u
[eiizenbepra.  YpaBHenue [I'eiizeHOepra jans  omepaTopoB  (U3MUECKUX  BEIUYHH.
ITpocTpaHCTBEHHBIE CABUTM U ONEPATOp MMIYylbca. 1I0BOPOTEI B IPOCTpAaHCTBE M ONEpaTOp
yII10BOro MoMeHTa. OpOUTaNbHBINA yIJIOBOW MOMEHT YacTHllbl. KoMMyTaliMoHHBIE COOTHOIICHUS
JUIs OIIEpaToOpOB YIJIOBOr0 MOMeHTa. CucTeMa COOCTBEHHBIX BEKTOPOB OINEPATOPOB YIVIOBOIO
MomeHTa. CrinH yactuuel. Matpuuel [Taynn.

3. OcHOBHI peHHTHBHCTCKOﬁ KBaHTOBOM TCOpHHU.

VYpaBuenue Kneitna-I'opaona. Ypasuenue [{upaka. I'paguentHas uHBapruanTHOCTh. CBOOOIHAS
penaTuBucTcKass 4dactuia. COCTOSHUSA € TOJOXHUTEIbHBIMM M OTPHULATEIbHBIMU JHEPTUSMHU.
Yactunel ¥ aHTHyacTUlbl. YpaBHeHue Ilaynu. VYpasHenue Illpeaunrepa BO BHELIHEM
3JIEKTpOMarHuTHOM moje. [lompaBku BTOporo mopsiaka mo v/c: MONpaBKa K KHHETUYECKOH
SHepruu, nomnpaska /lapBuna, cnuH-opOuTaNbHOE B3auMoaencTBre. YacTuiia B MAarHUTHOM II0JIE.
VYposuu Jlannay. KBantoBanue cBOOOAHOIO 3IEKTPOMArHuTHOTO 1osist. OnepaTropsl poxKAeHUs U
YHUUTOXXKEHUS (POTOHOB. ['aMuibTOHMAH Mo ['aMUIbTOHHMAH B3aMMOJEHCTBHS aToMa U MOJIS.
DJIEKTPUYECKOE JAMIOJIBHOE H3IydeHue. BepodaTHocTh m3nydeHus W noryomeHus. [Ipasuiia
oTOOpa IS ANEKTPUUYECKOTO JUMOIBHOTO U3MydeHUsl. MarHuTHOE AMIONIBHOE U DJIEKTPHUUECKOe
KBaJpynoybHOE n3nydeHus. Paccesnue GpoToHOB.

4. IlpubnuKeHHbIE METOIbI KBAHTOBON MEXaHHUKHU.

VYcnoBrue NprMEHUMOCTH KBa3UKIACCUYECKOT0 MpUOImkeHus. Buax BoJHOBOM pyHKIIMK YaCTHIIBI
B KBa3HMKJIacCHUYECKOM MpuOmmkeHuu. Pemenus ypasnenus Lllpeannrepa B OKpECTHOCTH TOUKHU



MoBOpOTa. Y CiioBHs KBaHTOBaHUS bopa-3ommepdensaa. BeposSTHOCTh MPOHUKHOBEHHS YaCTHIIBI
yepe3 Oapbep B KBAa3HKJIACCHUECKOM MpuOmmkeHuu. IlepBoe M BTOpoe MPHUOIMIKEHHUS TEOPHH
CTallMOHapHbIX Bo3MylleHui. Kpurepuil npuMmenuMoctu Tteopuu. CTallmOHApHOE BO3MYILIEHUE
BBIPOXKICHHBIX YPOBHEH IMCKPETHOTO CHEKTpa. BOMHOBBIE (QYHKIMU HYJIEBOTO MPHOIMKCHHUS.
Cekynsipoe ypaBuenue. Dddext Llrapka B arome Bogopona. HecrarmmonapHoe Bo3MyIIeHHE
JUCKpEeTHOro crekTpa. [lepexoasl moj BIMSHUEM BO3MYIIEHHMS, JAECUCTBYIOLUIETO B TEUYEHHUE
KOHEYHOTr0 BpeMeHHU. AnnabaTuueckue U BHE3alHble Bo3MyIleHus. [lepexonsl moa neiicTBuemM
NEPUOANYECKOI0 BO3MYILEHUS B JUCKPETHOM M HENpepbIBHOM crekTpax. [IpaBuno Pepmu.
Pacnan kBasucranmoHapHbIX cocTosHuM. CrnuH-opOHMTanbHOEe B3aumozelcTBue. ClioxeHue
mMomeHTOB. Koo uumentst Knebmra-I'opaana. [TomHsli yrioBoit MoMeHT. CHMMETPHH BOJTHOBOU
(GyHKIMU TOXAECTBEHHBIX yacTUll. bo3onsl U ¢epmuonsl. Jlerepmunant Cmdtepa. [IpuHnmn
[Taymu. Atom renus. KoopauHaTHbIe B CTMHOBBIC (DYHKIIMM JIBYX SJEKTPOHOB. BapuanvoHHbBIN
MPUHIINI, BBIYUCIIEHUE PHEPTHMH OCHOBHOTO cocTosHud. Merox Xaptpu-®@oka. [Ipubmmkenue
LHEHTpAJIbHOTO ToJis. IHTerpaisl IBMKEHUS B CIOXKHBIX aroMax. Tepmel. [IpaBuna Xynna. LS-
cBs3b. ToHKas cTpykTypa ypoBHel. [IpaBuno nnrepsanos Jlanae. Dpdextol 3eemana u [amena-
baka. [TapamarneTusm u quaMarHeTU3M aTOMOB.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

KoruurusHas HelipoHayKa

Measb AMCHUNIMHBI:
- TO3HAKOMUTH CTYJICHTOB C HEHPOHHBIMH OCHOBAMH KOTHUTHUBHOMU JIEATEILHOCTH;

- 00CYOUTb TEOPETUYECKUH M OSKCIEPUMEHTAJIbHBII MaTepuall MHUPOBOM COBPEMEHHOM
HelpoHaykH, HeiipoOuosoruu u Helipodusnonoruy;

- pacCMOTPETh HEpELIEHHbIE TPOOJIEMbl HEUPOHAYKU;

- IPUBECTH OCHOBHBIC METOABI ITOJTYUCHUS SKCIICPUMCHTAJIbHBIX NAHHBIX.

3agauyd AUCHUILINHBI:
- OCBOCHHME METOJMYECKON U METOJI0JIOTHYECKOM 0a3bl KOTHUTHBHOM HEHPOHAYKH;

- 3HAKOMCTBO C OCHOBHBIMU pE€3yJlbTaTaMHM OTEUYECTBEHHBIX M 3apyOeKHBIX paboT 1o
HCCJIEJOBAaHUIO MO3Ta, CBSI3aHHBIX C pa3padO0TKOM Mpo0dieM KOTHUTUBHOM HEHPOHAYKH;

- (hopmupoBaHue npeACTaBIECHUI O TPUKIATHOM 3HAYEHUN KOTHUTUBHOW HEHPOHAYKH.
IlepeyeHb MIAHUPYEMBIX Pe3yJbTATOB 00YUYEeHUSs MO TUCHUILIMHE (MOIYJIIO)

B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI

3HATh:

- OCHOBHBIC CTPYKTYPHEBIC U q)YHKHI/IOHa.HI)HI)IC XapaKTECPHUCTUKU HEPBHBIX KJICTOK;

- OCHOBHBIE MPUHIIMIIBI CTPOCHUSI 1 CHCTEMHOW OpraHu3alii TOJI0BHOTO MO3Ta;

- OCHOBHBIE COBPEMEHHbBIE METO/bl NCCIIEA0BAHUS HEHPOKOTHUTUBHBIX IIPOLIECCOB;

- OCHOBHBIE TEOPUU O HEPBHBIX OCHOBAaX KOTHUTUBHBIX (PYHKIIHIA;

- OCHOBHBIE PE3YyJIbTaThl COBPEMEHHBIX SKCIIEPUMEHTAIBHBIX pa3pab0TOK B 00J1aCTH KOTHUTUBHOM
HEHUPOHAYKHU.

yMeThb:

- TOJIb30BAaThCsl CBOMMH 3HAHUSMHU JJIs TOCTAHOBKM HOBBIX 33Jad B 00JacTH KOTHUTHBHOMN
HEHPOHAYKY;

- COITIOCTABJIATh AAHHBIC, ITOJTYYCHHBIC B PA3HBIX SKCIICPUMCHTAJIbHBIX NCCIICIOBAHUAX



- IPOBOJIUTH METOJOJIOTHUYECKYIO OIIEHKY 00CYKIaeMbIX PE3Yy/IbTaTOB;
- QHAJIM3MPOBATh COBPEMEHHbIE pabOTHI B 00JaCTH HEMPOKOTHUTUBHBIX HayK;
- popmynupoBaTh 3aa4M U HHTEPIPETUPOBATH PE3YIIBTATHl HEHPOKOTHUTUBHBIX SKCIIEPUMEHTOB;

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

BJIa/1eTh:

- OCHOBaMH KOMITBIOTEPHOT'O aHAJIN3a ITOBECHNS 1 HEHPOKOTHUTUBHBIX IIPOLIECCOB;

- HaBBIKAMU OCBOCHHUS 00JIBIIOr0 00beMa HHPOPMALIUY;

- HaBBIKAMH HaXO0XJICHUs HeoOXoanMon HelipoOuonorndeckoi napopmanuu B iHTEpHETE;
- HaBbIKaMH PabOTHI HAa HEHPOOMOIOTHIECKOM 000PYI0BaHUH;

- HaBBIKAMHU Pa0OTHI C IOBEICHUEM KUBOTHBIX;

- HaBbIKaAMH aHaJIn3a SKCIICPUMCHTAJIbHbBIX JaHHBIX.

TeMbl U pa3jaeiibl Kypca:
1. Meroas! HElipOHAYK.

Mertoapl M3y4eHUs] aKTHBHOCTH OT/ENBHBIX HEHPOHOB. Perucrpanus UMITyJIbCHOM aKTUBHOCTH
HEeWPOHOB. MynbTHAJIEKTPOIHAS perucTpanys. Perucrpanus MeTaboIMuecKOrd M TeHeTHYECKOM
aKTHBHOCTH HEHUpOHOB. CTUMYIALUS Y4acTKOB Mo3ra. JIokambHbIe TOBPEXICHHS MO3ra.
['eHeTHUeCKN M3MEHEHHbIE KMBOTHbIE. HeMHBa3MBHBIE METOABI M3YYEHUS! aKTUBHOCTHU LIEJIOT0
Mo3ra. OnextposHuedanorpadus. Cas3aHHBIE C COOBITUSIMU MOTEHINAIIBI.
Marnutosnuedanorpapus. [lo3uTpoHHO-SMUCCHOHHAss ToMmorpadus. SnepHas MarHuTHas
pe3oHaHCHass MHTpockonus. IIpuHIUN «BBIYUTaHUA» M300paXEHUH B KOMIBIOTEPHOU
TOMOTpaduu.

2. KoHuektoMm mo3ra.

OCHOBHBIE OT/ENBI MO3ra 4YeJNOBEeKa: MPOJOJIrOBaThIM MO3r; 3aJHHMM MO3T; CPEIHHl MO3T;
IIPOMEXYTOUHBIM MO3I; KOHEUHBIM MO3I, MO3Ke4oK. Jlonm kKoHeuHoro mosra. Iunmoxami.
Heoxopteke. CTpykTypHO-(QYHKIIMOHANBHBINA MOAX0A. CTPYKTYpHBIE CBSI3U MEXKAY 30HAMH
Mo3ra. (DYHKIIMOHAIBHBIE CBA3M MEXAY 30HaMH MO3ra. KOHHEKTOM Ha KJIETOYHOM YpOBHE.
Konnektom Ha MakpoypoBHe. llonstue mnnactuunoctu. [lpecuHanThyeckas IACTUYHOCTb.
[Tocrcunantrueckas  miactuuHocTh.  CeHcutmzanus. Dacunuranus.  JlonroBpeMeHHbIE
noTeHmanus u genpeccusi. AktuBHoctb NMDA -peuientopos.

3. HelipoH: cBoiiCTBa, CTpOEHUE, aKTUBHOCTb.

Heiipon kak cTpykTypHast u QyHKIIMOHAIBHAS €IMHUIIA MO3Ta. DJIEKTPUUECKHE CBOMCTBA JKUBBIX
KJIeToK. MeMOpaHHBIN MOoTeHIMal: MeMOpaHa, KaHaibl, HOHbL. [loTeHIan nedcTBus, aKCOHHBIN
xonmuk. Ilpomeccet obpatHoro pacmpoctpanenus. BIICIT u  TIICII. KonuyectBo
HelipomeanaropoB. CuHTe3 HelipoMenuaTopoB. KBaHTOBas Teopus CMHANTHUYECKON NEpeNayy.
Huszkomonekynsipasie Meaatopbl. Heliponentunbl. PacTBopumbie rasbl. [lnomans KOHTakTa,
BEJIMYMHA aKTUBHOW 30HBI. COBMeEIIEHNE HEHPOMEANaTopoB. BapraHThl KOMMYHUKAIIMI MEXIy



kinetkamu. Jluddysnas nepemaya curHama. Mogenu cnuioBepa. OCOOECHHOCTH TJHAIbHBIX
KJIeTOK. THIBI TTIHaNbHBIX KIETOK. [ opMOHBL. DKcnpeccusi TeHOB. TpaHCKPUIINS, TPAHCISAIIHSL.
HccnenoBanust  AjuieHOBCKOro MHCTHTYyTa. @DyHKkumm OenkoB B HelpoHax. CuHTe3
HU3KOMOJIEKYIApHBIX ~ MenuatopoB. CuHTe3 HeipomenTtuaoB. TpaHCopT —MeanaTopoB.
AHTepOorpagHbIil 1 peTporpaaHslii Tpancnopt. BeicBoOoxaenne meauaropoB: SNARE rumotesa.
VY nanenue meauaropos. Perentopsl Ha MeMOpaHe.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

KpaTHbIe HHTErpajibl U TEOPUS MMOJIsA

Measb AMCHUNIMHBI:

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

- q)OpMI/IpOBaHI/Ie MaTeMaTHYECKOM KYJbTYPbI, UCCICAOBATCIIbCKUX HABBIKOB U CIIOCOOHOCTH
IMPUMCHATH 3HAHUS HA ITPAKTHUKE.

3agauyu AMCHMILINHBI:
— opmMupoBaHue y 00yJaromuxcs 6a30BbIX 3HAHUN 110 MATEMAaTHYECKOMY aHAIH3Y;

— (opmupoBanue 00IIEMAaTEMATHYECKON KYIBTYPbl: YMEHHE JIOTUYECKH MBICIUTH, TPOBOIUTH
JI0Ka3aTeNIbCTBA OCHOBHBIX YTBEP)KICHUH, YCTAHABJIMBATH JJOTUYECKHUE CBA3U MEXKIY MOHATUSAMU;

- q)OpMI/IpOBaHI/IC YMCHI/Iﬁ U HABBIKOB TIIPUMCHATH IIOJYUYCHHBIC 3HAaHUA I PCIICHUA
AHAIIUTUYCCKUX 3a1a4, CaMOCTOATCIIbHOTO aHAJIM3a NTOJTYUYCHHBIX PE3YJIbTATOB.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUIINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YyYaIOIIMECs T0JIKHbBI
3HATh:

- OTIpe/IeNIEHNE U CBOMCTBA TEH30POB U BHEHIHUX ()OPM, TEH30PHBIE ONlepaliK, TEH30PHBIHN 3aKOH
npeoOpa30BaHUs KOOPIUHAT;

- ONpeelieHWe W OCHOBHBbIE CBOWCTBa Ju(pdepeHUualbHbIX (OpM, KPUBOJIMHEHHBIX U
MOBEPXHOCTHBIX MHTErpajioB oT (opM, BHEUIHero auddepeHnuana GopMbl, oOLIyI0 Teopemy
Crokca;

- CBOIICTBa pOTOpa U JUBEPreHLIMN BEKTOPHOTO MOJIs, Kiaccuueckue Gpopmyisl ['puna, CTokca u
Octporpaackoro — I'aycca; oCHOBHbIE CBOMCTBa ()YHKIIMOHAJIBHBIX PSAOB M HECOOCTBEHHBIX
HHTErpajIoB, 3aBUCAIIUX OT ITapaMETPOB, TCOPEMEI O paBHOMepHOfI CXOANUMOCTH U aHAJIUTUYECKHUEC
CBOICTBA paBHOMEPHO CXOJSAILIMXCS PSIIOB U UHTETPAJIOB;

- TEOpEMY O CXOOUMOCTH CTENEHHBIX psioB, Teopemy Komm — Anamapa, cBoiicTBa
AHATUTHYECKUX (YHKLUH; TEOPEMBI O CXOJUMOCTH U PAaBHOMEPHOU CXOJIUMOCTH psiioB Dypbe,
teopemy Deiiepa, Teopemsl Beliepmrpacca o npubiamkeHnH QyHKIMI MHOTOWIEHAMH; CBOMCTBa
npeodpaszoBanus Oypoe;



- TeopeMy oOpamieHus npeoOpazoBanus Oyphbe; onpeereHne, OCHOBHBIE CBOMCTBA M IPUMEPHI
00001ICHHBIX (QYHKITHIA.

yMeTb:

- OCYHICCTBIIATh OCHOBHBIC OTEpAlliU C TEH30paMHU W BHEIIHUMHU (OPMaMH, BBIYUCIATH UX
KOOPJMHATHI; HAXOUTh KPUBOJIMHEHHBIC M TIOBEPXHOCTHBIC HHTETPabl OT JU((epeHIIHATEHBIX
dbopm, BEIYUCIIATH BHEITHUN Aud depennuar, noas3oathes hopmyroi CTokca;

- HaxXOJIUTh JMBEPTEHIIUIO U POTOP BEKTOPHOTO MOJISI; UCCIAEAOBAaTh (DYHKITMOHAIBHBIC PSJIBI U
HECOOCTBEHHBIC MHTETPAJIbl, 3aBUCSAIIME OT IMAPaMETPOB, HA IOTOUYCYHYI0 M PAaBHOMEPHYIO
CXOJIUMOCTE;

- BBIYHCIATH PAANYC CXOAMMOCTH CTENEHHOrO psiia, pasziaraTth QyHKOuio B psg Dypse u
UCCIICZIOBATh €r0 CXOAMMOCTh, BBIYHCIATH IpeoOpazoBanue Dypbe, HAXOAUTH MPOU3BOIHBIC
00001IEHHBIX (PYHKIIHA.

BJIAJ1€Th:

- TEH30PHOH anreOpoii U1 ee MPUMEHEHUS B aHau3e U pusuke, ammapaTroM auddepeHnantbHbIX
¢opM, KpUBOJIMHEWHBIX M IIOBEPXHOCTHBIX HHTETPAJIOB WU BHEIIHUX IPOU3BOJIHBIX U €O
HNPUIOKEHUAMH B U PepeHINaTbHBIX YPAaBHEHUAX U TEOPETUYECKON PU3HKe,

- Teoprel (YHKIIMOHAJIBHBIX PSII0B M HECOOCTBEHHBIX MHTEIPAJIOB, FAPMOHUYECKUM aHAJIU30M U
NEPBBIMH MOHATUSAMH TEOPHH 0000IMICHHBIX (QYHKIUH, X MPUIOKCHUSIMH.

TeMbl U pa3jaeiibl Kypca:
1. Ten3opHas anredpa ¥ BEKTOPHBIN aHATH3.

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 MPeoOpa3oBaHMsl KOOPANUHAT.

Buemnue ¢popmel. BHemHee ymMHOXkeHMe (JOpM M €ro CBOICTBA.

Bremnue GopMbl B €BKIMIOBBIX MpocTpaHCTBax. CKaNISIpHOE YMHOKEHHE TEH30POB M BHEIITHUX
dbopm. [leTepMuHaHT U 00BEM OPUEHTHPOBAHHOTO TApaJUIeIeUIe .

OnepaTtop X0/1Ka 1 €ro CBOKCTBA.
TeH30psl B PU3NKE U MEXAHUKE.

KpuBonuHeliHble U MOBEPXHOCTHBIE MHTErPaibl KaKk MHTErpajbl OT MuddepeHIHanbHbIX HOpM.
Huddepennnansabie GopMbl Ha KPUBBIX, TOBEPXHOCTAX U B 00JACTSIX TPEXMEPHOTO €BKIUI0BA
npoctpancTBa. Orpanudenue Gopm.

WuterpupoBanue u BHeuHee quddepenipoanue popm. @opmyna Ctokca.



Cs3p auddepeHumanbHbIX GOpM € BEKTOPHBIMU TOJSAMHU. [lUBepreHIuss U poTop, MOTOK U
nupkyssius nosis. Kimaccnueckue gpopmynsl ['puna, Ctokca u Octporpaackoro — ["aycca.

2. OyHKIIMOHAIBHBIE TPOCTPAHCTBA 1 0000IICHHBIE ()YHKIIHH.

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

OyHKIMOHANbHBIE IPOCTPAaHCTBA M MOJIHbIE cUcTeMbl (QyHKUMHA. [losHbBle M HeEmoJHbIE
IIPOCTPAHCTBA.

EBxnnioBsl npoctpanctBa. Hopma B eBKIIMI0BOM MPOCTpaHCTBE. TOXIECTBO MapajiesiorpaMmma.

OpTOFOHaJ'IBHBIe CHUCTCMBI. OpTOFOHaJII/I3aI_II/IH.

Hawunyumee npubnmkeHrne BeKTopa eBKIN0Ba MPOCTPAHCTBA TMHEHHON KOMOMHAIIMEH BEKTOPOB
oproroHanbHOi cucrembl. HepaBenctBo beccens.  [lonHoTa OpTOrOHANBHON CHUCTEMBI.
PaBenctBo Ilapceais. 3aMKHYTbIE OPTOTOHAJbHBIE CHCTeMbI. [loNHBIE EBKIHMIOBBI
MPOCTPAHCTBA M CBOMCTBA OPTOTOHANBHBIX CHUCTEM B HHUX. M30MOPQU3M EBKIHIOBBIX
MIPOCTPAHCTB.

ITonHOTA CHCTEMBI anre6pa1/1qecxnx U TPUTOHOMECTPHUUYCCKUX MHOI'OYICHOB B IIPOCTPAHCTBC Q

IIpoctpancteo D. O606mennsbie pyHkuun. [Ipumepsl. PerynspHsie u cUHryssspHbIE 0000IIEHHbIE
(GyHKIHH.

[TpousBoaHbIe 00001IEHHBIX (HYHKITHIA.

[TpoctpanctBo IIBapua. O606meHHbIe GYHKIMK yMepeHHOro pocta. [IpeobpazoBanue dypre
000011IEHHBIX (PYHKIIMI YMEPEHHOTO pOCTa.

3. @OyHKUMOHANbHBIE pPAIbl U HECOOCTBEHHBIE HWHTETPAJbl, 3aBUCSIIME OT MapaMeTpOB.
Crenennsle psbl, psisl @ypbe u npeodpazoBanue Oypoe.

DyHKIHUOHAIBHBIE psAbl. [loTOUeyHas M paBHOMEPHASI CXOAUMOCTb.

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

HecoOcTBeHHBIC HWHTCrpaibl, 3aBUCAIINEC OT IApaMETpPOB. IloToueunas wu paBHOMCpHAA
CXOAUMOCTB.

IIpu3Haku paBHOMEpPHOM CXOJIMMOCTH. AHAJIUTHYECKHE CBOMCTBA PABHOMEPHO CXOJISAIIUXCS
uHTErpaioB. B- u I'- pyHkum.

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

Psaawr @ypre. Teopemsbl o cxoaumocth psioB @ypee. Teopema Deitepa.
Teopemsl Beliepmitpacca o mpuOIMKeHUN HETIPEPHIBHBIX (YHKITMI MHOTOYJICHAMH.

[IpeobpazoBanne ypne. Dopmyna obparenus. CpoiicTBa mpeodpazoBanus Dypee.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasiaenue: 03.03.01 IIpukiaaanbie MaTeMaTUKA U (PU3UKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

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

Measb AMCHUNIMHBI:

-03HaKOMUTb CTYJIEHTOB C 3KCIIEPUMEHTAJIbHBIMA METOJAMH UCCIEAO0BAHUS CTPYKTYPBI, COCTaBa
U CBOMCTB CJIOXHBIX (U3NYCCKUX W OMOJIOTHYECKHUX CHCTEM ITyTEeM IPOBEICHHS M3MEPCHUN Ha
coBpeMeHHOM oOopynoBannu PecypcHbix 1eHTpoB KypuaToBckoro komruiekca HBUKC-
TexHoJIoruil HanmoHaibHOTO HccneqoBaTesbeKoro neHTpa «KypyaToBCKUl HHCTUTYT.

3agauyd IUCHUILINHBI:
- OCBOCHHE TEXHHMKH MPOBEICHUS N3MEPEHUN;

- 00pabOTKM PE3yJIbTATOB M aHAJIM3a MOJTYYEHHBIX JaHHBIX B CIEIYIOIIUX 3KCIEPUMEHTAIbHBIX
METOJIaX: PEHTT€HOBCKask AUPPAKIIHS, pEHTTeHO-(PIyOPECLIEHTHBIN aHaIu3;

- IPOCBEUMBAIOIAS 3JIEKTPOHHAs MHUKPOCKOIMS, pacTpoBasi AJIEKTPOHHAs MHKPOCKOIUS,
mubdepeHManbHas  CKaHUpPYIOLas KaJOpPUMETpUs, OIpeaeieHHe TUAPOPHIbHOCTH U
ruipo(poOHOCTH MOBEPXHOCTH.

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

- OCHOBHBIE MTOJIOKEHMS Pa3/IeNIoB 001IeH (PU3UKH — KIAaCCHYEeCKOM MEeXaHUKH, TEPMOINHAMUKY U
MOJIEKYJISIpPHOU (PU3UKH;

- KJIaCCUYECKOM QJICKTPOAUHAMUKHU, OIITUKH, aTOMHOM U ;mepHoﬁ (I)I/ISI/IKI/I;
- 0a30BEIC MMPUHIUIIBI KBAHTOBOU MCEXaHUKU,

- OCHOBBI HEOPraHWYECKOM U OMOOPraHNYECKON XUMUU.

yMeTh:
- IPOBOJIUTH U3MEPEHHUS U 00pabaThIBaTh X PE3yJIbTaThI;

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



BJAACTh:

- MaTCMAaTN4YCCKUMHN MCTOJaMU O6pa6OTKI/I PE3YJIbTATOB HSMepeHHﬁ.

TeMbl U pa3jesibl Kypca:
1. PEHTreHOCTPYKTYpHBIN aHAIN3 NOJIUKPUCTAIUINYECKUX 00pa31oB.

Hudpakmus peHTreHoBCKUX Jydeid. @opmyna bparra. MuHuManbHas JyiMHa aTOMHOU PEIIETKH,
KOTOpasi MOXET OBITh pa3pelieHa MeTonoM audpakuud npu (UKCUPOBAHHOW JJIMHE BOJIHBI
PEHTTeHOBCKOT0 u3nyueHus. Pediekcol, mopsaok peduiekca. TUIBI KPUCTAIIIMYECKUX PEIIETOK.
Posib TONIIIMHEBI KpUCTA/Ia B ONPEACIICHUU MMApAMETPa PELIETKH. Y CTPOMCTBO PEHTTE€HOBCKOTO
nudpakromerpa Bruker 8 Advance.

2. PenTreno-¢ayopecieHTHBIN aHaIn3.

[TpunHuMIBl peHTreHO-(DayopeclieHTHOro aHanu3a. CHeKTphl U3JIy4YeHUs U3BECTHBIX JJIEMEHTOB
(Mg, Al, Cu, W, Pb, Bi) u auarpammsl Mo3nu. OnpeeneHie HeM3BeCTHBIX AJIEMEHTOB B 00pa3iiax
(KauecTBEHHBIN aHaln3). YCTPONCTBO PEHTICHOBCKOTO (PIyopeclieHTHOro crekTpoMerpa S4
Pioneer ¢upmbl Bruker AXS, mpennasHaueHHOro Ui ONpeAeNieHUs 3JEMEHTHOTO COCTaBa
pa3IuYHBIX MaTepuanoB. KayecTBEHHbIA M KOJWYECTBEHHBIM D3JIEMEHTHBIM aHAIN3 BCEX
AJIEMEHTOB OT YTJIepojaa J0 ypaHa B Mpo0ax, HAXOMANIMXCS B IMOPOIIKOOOPAa3HOM, TBEPIOM U
KUJKOM COCTOSIHUSX.

3. IIpocBeunBaromiast 3J€KTPOHHAsT MUKPOCKOIIHS.

Hudpakumonnslii  npeaen. Judpakuus SIEKTPOHOB HAa  KPUCTAUIMYECKOM  pelleTke.
TeopeTnueckne OCHOBBI IIPOCBEUYMBAIOLICH JJEKTPOHHOM MMKpOCKOnMH. KoMIOHEHTHI
IPOCBEUUBAIOIIETO 3JEKTPOHHOro Mukpockona (II9M). Metoabl MOAroTOBKH 00pasloB s
m3mepennit Ha [IOM. MUWudopmanus 00 oOpasume, wu3BiIekaemas U3  MOJTYYECHHBIX
AKCIIEPUMEHTAJIbHBIX JaHHBIX. Pexxumbl pabotel [IOM, ¢popmupoBanue koHTpacta. MeTombl
BU3YyaJIU3alK. Y CTPOUCTBO AJIEKTPOHHO-MOHHOTO MHUKpockomna Helios.

4. PactpoBast 371€KTpOHHAsI MUKPOCKOIIHSI.

Ha3nauenune pactpoBoro aniekTpoHHoro Mukpockona (POM). IlpoctpancTBeHHOE paspelieHue,
muana3on yBenmuueHuit POM. Ilpunnunsr pabotel u cxema POM. Buabl B3aumopelicTBuid
3JIEKTPOHOB C BEIECTBOM, I'€HEPUPYIOIINE Pa3IMUHble CUTHAJIBI, coAepxkKalie HH(HOPMAIHIO O
toniorpadun U marepuaie obpasua. Pexumbl paboTel M perucrpanus uzodopaxkeHuit B POM.
[ToaroroBka 00pa3ioB misg padoTel ¢ POM. YcTpoiCTBO M XapaKTEPUCTUKH COBPEMEHHOTO
MHUKPOCKOIIa IPOCBEUUBAIOIIET0 pacTpoBoro sekTpoHHoro Titan 80-300.

5. JduddepennmanbHas CKaHUPYOLIAs KaJOPUMETPHs: HCCIEAOBaHHE TEIIOBhIX 3(PQeKToB,
COIIPOBOKIAIOIUX (Da30BbIE M PEaKCALIMOHHBIE IEPEXOIBL.

Bunsl Tepmuueckoro ananusza BemiecTBa: TuddepeHIHanbHblil TepMudeckuii ananuz (ATA),
muddepennmanbHas ckanupytomas kanopumerpus ([ICK), TepmorpaBumerpuueckuii aHamu3
(TT'A), Tepmomexannyeckuit anamu3z (TMA). XapakTepucCTHKH BEIIECTBA, KOTOpPbIE 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. N3yuenune mapameTpoB ruipoPIbHOCTU U THAPOGHOOHOCTH MTOBEPXHOCTH.



I[Ipomecchl, mMpouCXoimIe Ha TOBEPXHOCTH TBEPIBIX Tel. [ mapodunbHble M TuApodOOHBIE
Martepuaibl. VIMMEpCHOHHOE M KOHTAKTHOE CMayMBaHHME IOBEpXHOCTH. IlloBepxHOCTHOE
HaTspKkeHune. KpaeBoii yron cMadnBaHUs MOBEPXHOCTH, METOJBI ero m3mepeHus. Ompenenenue
KpaeBbIX YIJIOB CMAuMBaHUs C MOMOIIBIO cucTeMbl aHanu3a ¢opmbl kammn KRUSS DSA30E.
Mertonp! O1ieHKH (OPMBI KaIuIu.

7. CKBUI-mMarHuTOMETD.

3HaKOMCTBO C yCTpOoHCTBOM U npuHIUIoM padorst CKBU/[-marautomeTpa
8. Cucrema u3MepeHus XapaKTepUCTHK morynpoBoaaukoB Keithley 4200.
M3yueHne CTaTUYeCKUX XapaKTePUCTUK OUITOJIIPHOTO TPAH3HCTOpa

9. Nuddepenumanbupiii ckanupyronmii kamopumerp Perkin Elmer DSC 8500.

Huddepennmanbaas CKaHUPYIOUIas KaJTOPUMETPUS: HCCIEJOBAHUE TEIUIOBBIX (P PEKTOB,
COIPOBOXKJAIONINX (a30BbIC U PENAKCAIIMOHHBIE TIEPEX OB

10. UK-®ypse cnextpometp Nicolet iS5.
H3y4enue coctaBa M CTPYKTYpBI HOJIUMEPHBIX MaTtepuanoB MetogoMm MK-criekrpockonmu
11. AMP cnextpomerp.

Omnpenenenue JMHAMHYECKON CTPYKTYphI Oenka MmetonoMm SIMP cniekTpockonuu



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Jluneiinas aaredpa

Measb AMCHUNIMHBI:

- OCBOCHHE CTyJAeHTaMH (YHIAMECHTAIbHBIX 3HAHUN B O00JIACTH JIMHEHHOW anreOpbl H
AHAJIUTUYECKON reOMETPHH;

- M3yYCHHUE CIOCOOOB peIIeHUsl 3aJad METOJAaMH JIMHEWMHOW anreOphl U aHaTUTHYECKON
T€OMETPUH.

3agauu AMCHUINJINHBIL:

- (hopmupoBanre 6a30BBIX 3HAHUN B 00JIACTH JIMHEIHOW anreOphl U aHATUTUYECKON FeOMETPHH
KaK JTUCIUIUIMHBI, UHTETPUPYIOMIEH OOIIeMaTeMaTHYeCKyl0 IMOATOTOBKY MPHUKIATHBIX
MaTeMaTUKOB M (U3MKOB M 00ECleyuBaIONIeii TEXHOJIOTUYECKHE OCHOBBI COBPEMEHHBIX
WHHOBAIIMOHHBIX c(pep nesATeTbHOCTH;

- 00y4eHHe CTYIEHTOB MPUHIUIIAM IPUMEHEHHSI OCHOBHBIX IMOHSATHI TUHEHHON anreOpsl.
IlepeyeHb MIAHUPYEMBIX Pe3yJbTATOB 00YUYeHUsI O JUCIHUIJIMHE (MOIYJII0)

B pe3synbrare oCBOCHUS AUCITUTUITMHBI 00YJarONTUecs JOMKHBI

3HATh:

- OCHOBBI TCOpHHU JIMHEMHBIX IMPOCTPAHCTB, OIPCACICHUA U CBOMCTBaA NoANPOCTPAHCTB, HUX
6aBI/ICOB, CYMMBI U TMEPECCUCHUA, MCETOJ Faycca peumieHuss CHUCTEM JIMHENHBIX ypaBHeHHfI,
CBOICTBA CJIOKEHUSA U YMHOXKXCEHUA MaTpul, OINPCACICHUC U CBOMCTBaA paHra v OIpPCACIIUTECIIA
MaTpulbl, CBOMCTBA KOMILIEKCHBIX YHUCCII,

- ONpeeNIeHre IMHEHHOT0 0TOOpakeHNUsl, CBOMCTBA €ro sapa u o0pasa, onpezeseHue U CBONCTBA
COOCTBEHHBIX 3HAYEHH, COOCTBEHHBIX U KOPHEBBIX BEKTOPOB, TEOPEMY O KOPAAHOBOU (popme
oreparopa, onpezesIeHue U CBOICTBa OMITMHEMHBIX U KBAaJPaTUUYHBIX (OpM;

- TeopeMy O KAaHOHMYECKOM BHJE KBaJPaTHUYHOW (OpPMBI, 3aKOH HHEPIHHU, OIpeeTeHUe
3HAKOOMPEEIECHHOM U 3HaKonepeMeHHON (opMbl, Kputepuil CUIIbBECTpa;

- OIpEJENeHUE EBKJIMI0BA IPOCTPAHCTBA, OCHOBBI MHOTOMEPHOW €BKJIMJIOBOM T'€OMETPUH,
CBOICTBa CaMOCOTPSKEHHBIX, YHUTAPHBIX M OPTOTOHAJIBHBIX ONEPATOPOB, CBOMCTBA OMIIMHEWHBIX
U KBaIpaTUYHBIX (DOPM B €BKJIMJOBBIX IPOCTPAHCTBAX.

yMeTh:



- peuaTh CUCTEMbI TUHEHHBIX YpaBHEHUHN, HAXOAUTh OA3UCHl U pa3MEPHOCTH MOJIPOCTPAHCTB, UX
CYMM M TIE€pPECEUCHHUH, BBIIMHCHIBATh MATPUIy JIMHEHHOTO OIEepaTopa, HaXOAUTh COOCTBEHHBIC
3HAYEHUS U COOCTBEHHBIE BEKTOPHI;

- TPUBOJIUTH MATPHUILy OIlepaTopa K >KOpJAHOBOW ¢GopMe, HAXOAUTh KAHOHMUYECKUN BUJ
KBaJpaTHIHOU (HOPMBI, Mccae10BaTh (JOpMy Ha 3HAKOOTPEACICHHOCTD;

- OmpenensiTh KAHOHWYECKUIl BHJ OPTOTOHAIBHOTO, YHHTAapHOTO M CaMOCOIPSKEHHOTO
orepaTopa, IPHUBOAUTH KB3ApPaTU4HYIO (GOpPMY K TJaBHBIM OCAM  OpPTOTOHAJIHHBIM
IpeoOpa3OBaHUEM.

BJIAJ1€Th:
- alirapaTroM MaTpul 1 JIMHEHHBIX ypaBHeHI/Iﬁ " €TI0 IIPHUIIOKCHUAMMU,

- METOZaMHU TEOPUH JIMHEHHBIX OTEPATOPOB M KBAAPATUIHBIX (POPM.

TeMbI U pa3jaeiibl Kypca:
1. AHanuTHYecKas TeOMETPUS U BEKTOPHAs anreopa.

OcHOBHBIC TOHATHS JIMHEHHOW alreOphl M aHATUTHYECKOW reoMerpuu. CUCTeMa KOOPIWHAT,
KOOPAMHATHOE IPOCTPAHCTBO.

2. bununeiiHble U NOTyTOpaTUHEHHBIE (POPMBIL.

bununeiinple U kBagpaTHuHble (opMbl. CHUMMETpPUYHBIE, KOCOCUMMETPUYHBIE U 3PMHUTOBBI
¢dopmbl. OpTOroHaNBHOCTH B CMbICHE (OpM. SIApO M HEBBIPOXKIEHHOCTh (KOCO)CUMMETPUYHOM
¢dopmbl. PaznoxeHune mpocTpaHcTBa B MPSIMYI0 CyMMY HOJIPOCTPAHCTB, OPTOrOHAJIBHBIX B
cmbiciie ¢opm. Meton Jlarpanxka mnpuBeneHUs K CymMMe KBaJaparoB. Teopema SIkoOw.
[TonoxuTensHO U OTpULIATENBHO onpeaeneHHble Gpopmbl. Kpurepuii Cusibsectpa.

3. bunnHeiHble U noayTOpanuHeHble GOPMBI B €BKIMIOBBIX IPOCTPAHCTBAX.

bununeitnple M KBaapaTuuHble (GOPMBI B E€BKIMIOBBIX IpocTpaHcTBax. llpuBeneHue k
KaHOHMYECKOMY U HOpMaJbHOMY BHAaM Mapbl GOpM, OJJHA U3 KOTOPBIX 3HAKOOIpeIeIEHHA.

['maBHBIE OCH U COOCTBEHHBIE YHCIIA.
4. EBKJIINJIOBBI U YHUTApHbIE POCTPAHCTBA.

EBxnunoBsl npoctpancTBa. Onpenenenne u npumepsl. HepasenctBa Komm--byHsikoBckoro n
TPEYTOJIbHUKA. OptonopmupoBanHbie  06asucel. Oproronanuzamusi [ 'pama--IlImunra.
[TonmpocTpaHcTBa U OpTOroHaNbHBIE AOMONHEHUs. M3omMophu3M €BKIMIOBBIX MPOCTPAHCTB.
Matpunia I'pama. OO0BEM $n$-mepHOrO mapamrenenumnena. YHHUTApHBIE MPOCTPAHCTBA.
bununeitnsle, monyropaqnHeiHble U S3PMUTOBBI (POPMBL. DPMUTOBO CKaJISIPHOE MPOU3BEICHHE.
IToampocTpaHCTBa U OPTOTOHAIBHBIE TOIIOJHEHHUS.

5. KpuBsle BTOpOro nopsiika Ha miIoCKOCTH.

KBanparnunas ¢popma kpuBoid BToporo nopsaka. [IpuBenenue Gopmpl K KAHOHUYECKOMY BULY.
Knaccudukanmst KpuBBIX BTOpPOrOo  TMOPSAKA. DJUIMNTHYECKUH, TUMEPOOTUYECKUNA U
napaboINYecKuil ciydau.



6. JIuneitnbie 0TOOpaskeHUS TUHEWHBIX IPOCTPAHCTB.

JluHeiHbIe omepaTopsl, OmpeselieHue U CBoWcTBa. Snpo u obpas. Sxpo u obpas omeparopa.
Marpura oneparopa, ee n3MEHEHHE Py 3aMeHe 0a3ucoB. M30Mop(hu3M TMHEHHBIX TPOCTPAHCTB.
JluneiiHble omnepanuu HaJX OTOOPAKEHUSMH, KOMIO3MLKSA (IIPOU3BENIECHUE) OIEPaTOPOB.
JInHeliHbIe OnepaToOpsbl, IEUCTBYIOIIKE B OJJHOM IIPOCTPAHCTBE.

XapakTepuCTUYECKUH MHOTOWIEH. XapaKTepUCTHYECKOE YpPABHEHHE, COOCTBEHHBbIE 4HClIa U
COOCTBEHHBIE BEKTOPBHI. YCIIOBHS NPUBEAECHUS MaTpPUIbl ONEpaTopa K AUArOHaIbHOMY BHIY.
AHHynupyroue MHOrowieHsl. Teopema ["'amunbroHa--Kanu.

7. Jlu"eitnbie TpOCTpAHCTBA.

JluneiiHble MOAMPOCTPAHCTBA, TPUMEpPHI U cBocTBA. [lepeceuenne u cymMma moMpOCTPAHCTB, UX
cBoiictBa. Ilpsimas cymma mnoampoctpancTB. Teopema 0 pa3sMEepHOCTH CYMMBI JIBYX
MOAMPOCTPAHCTB.

8. MaTpuIlbl ¥ CUCTEMBI JINHEUHBIX YPAaBHEHUM.

Matpuubl 1 BexkTopbl. Cl0K€HHME M YMHOXXECHHME HA YHUCIIO, CBOMCTBA JIMHEHHBIX OIEPALUAM.
JIuneiiHas 3aBUCUMOCTb MaTpULl. YMHOXXEHHE MATpHL], €ro cBOHCTBa. MarpuuHas 3aluch
CHUCTEMBI JINHEVHBIX YPABHEHUM.

9. OnepaTopLI B CBKIIMAOBBIX U YHUTAPHBIX IIPOCTPAHCTBAX.

ComnpsbkeHHBI onepaTop M ero cpoiictBa. CamoconpsikéHHbIe omnepaTopbl. CoOcTBEHHBIE
3HAuYEHUS U COOCTBEHHbBIE BEKTOPBI CAMOCOIPSKEHHBIX OIIEPAaTOPOB.

[IpuBeaeHre MaTpUIBl CAMOCONPSHKEHHOTO ONEPaTOpa K IHarOHAIbHOMY BULY.

OproroHanbHble M yHUTapHble npeoOpa3zoBaHus. (CoOCTBEHHbIE 3HAYEHHS] U COOCTBEHHbBIE
BEKTOPBI OPTOTOHAIBHBIX M YHUTAPHBIX MPeoOpa3oBaHU.

KaHoHuueckuii BT MaTpull OPTOTOHAJIBHBIX U YHUTAPHBIX MpeoOpa3oBaHUil.
10. IToBepXHOCTH BTOPOTO MOPSAIKA B IPOCTPAHCTBE.

KBanparuunas ¢opma nosepxHocTu BTOporo nopsijaka. [IpuBenenue Gpopmbl K KAHOHUYECKOMY
Buay. Knaccudukanus noBepxHoCTE BTOPOTo MOPSIKA.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTOAbI MCCJIeT0BAHNH

MarteMaTH4YeCKHE MO/IEIH CUHXPOTPOHHOI'O U3JIYYCHUS U Y3KHUX ITYYKOB

Measb AMCHUNIMHBI:

- ocsoerne Mmerona BKDB ¢ xommiekcHbIMH (pazaMu M €ro NPUMEHEHHsS Ui aHAJTUTHKO-
YUCJIICHHOT'O MOJEIMPOBAHUS TPAEKTOPHO-KOT€PETHBIX COCTOSHMIM, rayCCOBBIX IIyYKOB B 3a7a4ax
(GU3MKN KOHJCHCUPOBAHHOTO COCTOSHHS W (PM3MKH IUIa3Mbl U B TEOPUH CHHXPOTPOHHOTO
U3ITy4EHUS.

3agauyd AUCHUILINHBI:
- nuzyuenue ocHoB Merona BKbB ¢ kommiekcHbpiME (ha3amu (TEOPUU KOMIIEKCHOTO POCTKA);

- ocBOeHHE 3((HEKTUBHOrO Crnocoda MOCTPOCHHUS JIOKATU30BaHHBIX BOJIM3M TNAJKUX KPUBBIX
ACHUMIITOTUYECKHX PEIICHUI CTallMOHAPHBIX U HECTALMOHAPHBIX 33a4 (TPAEKTOPHO KOI'€PETHBIX
cocTosiHUi) ¢ momonrsio merona BKbB ¢ kommnekcHpiMu (azamu;

- U3y4deHue 3anay PU3MKU TJIa3Mbl U KOHACHCUPOBAHHOTO COCTOSIHUS (Hampumep, ypaBHEHHUE
Hupaka mnsa rpadenHa, ypaBHEHHE TUIa3Mbl B TOKaMaKe, CUHXOTPOHBI, OHAYJISTOPHI U TIp.) B
KOTOPBIX IPUMEHUMO aHATUTUKO-YUCIEHHOE MOJEIMPOBAHUE PACCMATPUBAEMBIM METOOM.

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

- TEOpHIo aCUMIITOTUYECKUX  pEUIeHWH  JHMHEHHBIX  Jup¢epeHIualbHbIX |
ncepon(phepeHInaNBHBIX YPaBHEHUH ¢ KOMIUIEKCHON (ha30if, MMerolell HeoTpulaTeIbHyo
MHHUMYIO 4acTb, U CBSI3aHHBIE C HEH TEPMHHOJIOTHIO U FeOMeTpUdeckre 00BEeKThI: U30TPOITHbIE
MHOTroo0Opa3usi ¢ KOMIUIEKCHBIM POCTKOM, (yHKuMIO0 nedctBus (Pasza), mepectpoiika ¢assbl,
SIKOOMAHBI U aMILJTUTY/IBI;

- OCHOBBI TEOpPHM KaHOHMYECKOTrOo oreparopa MacioBa Ha HW30TPOITHOM MHOT000Opasuu ¢
KOMIIJIEKCHBIM  POCTKOM, npaBujia KBaHTOBAaHMA, IIOHATHUC HHICKCA, HWHBapPUAaHTHOCTH
U30TPOITHOTO MHOTO00pa3us ¢ KOMIUIEKCHBIM POCTKOM;

- B3aUMOCBSI3b MEXJY HHBAPHUAHTHBIM KOMIUIEKCHBIM POCTKOM B TOUYKE M OCLHUJUIATOPHBIM
NpUOIHKEHUEM;

- OCHOBBI KJIACCUYECKOM M KBAaHTOBOM TCOPHUU CUHXPOTPOHHOI'O U3JTYYCHHA.

yMeThb:



- TNPUMEHSATh TEOPHUI0 KOMIUIEKCHOTO pOCTKa id A((PEKTUBHOrO aHATUTHKO-YMCICHHOTO
MOJICJIMPOBAaHUS HECTAllMOHAPHBIX PEUIEHUM (raycCoBbl IyYKH), CTAallMOHAPHBIX pPEILIECHUN
(rayccoBbl MaKeThl) U PEIICHUH, JTOKAIN30BaHHBIX BOJINM3M 3aMKHYTBHIX MHBAPUAHTHBIX KPUBBIX
(cBsI3aHHBIX COCTOSIHUI) B Pa3IMYHBIX 3a7jauaXx MaTeMaTH4eCKon (PU3HKY;

- INPHUMEHATh TEOPUI0 KOMIUIEKCHOI'O POCTKA JUIsl MOJAEIMPOBAHUS CBS3aHHBIX COCTOSHHA,
OTBEYAIOIIUX CI1a00BO30YKICHHBIM YPOBHSIM.

BJIA/IETh:

- YHCJIEHHO-aHATUTUYECKUMHU QJTOPUTMAMH IOCTPOCHMSI TayCCOBBIX ITYYKOB JUJIsl YpaBHEHHS
Hupaka nans rpadena, ypaBHEHHsI XOJOJHOW IJIa3Mbl B TOKaMake, YPaBHEHMs JBMXKECHUS
PEJSITUBUCTCKOTO 3JIEKTPOHA B MArHUTHOM T10JI€ YCKOPHUTENIEH;

- METOJAaMH CKaJAPU3aLUM, MCIOJIb3yEMBIE IIPU IOCTPOCHHUS T'ayCCOBBIX IYYKOB JJIsI CHCTEM
YpPaBHEHUU.

TeMbl U pa3jeiibl Kypca:
1. Merox BKb ¢ kommiekcHbpIMU (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 ¢ HEOTpHUIIATETFHOU
MHUMOM 4acTbio. CTeNeHHbIE U SKCIIOHEHIIMANIbHBIE acCUMIITOTUKH. HepaBeHncTBo Tuna ['opauxra.
Pasnoxxenue ¢a3bl u nrHEapu3alus KOMIUIEKCHBIX JIarpaH:KeBbIX MHOrooOpasuii. [lepectpoiika
KOMIUTIEKCHOM (ha3bl. M30TpomHbIe MHOT000pa3us ¢ KOMITJIEKCHBIM POCTKOM. DyHKIUS 1eHCTBUS
(daza), sxoOuanbl U aMIUIUTYABL. ['aycCOBBI MaKeThl M KOMILJIEKCHBIA POCTOK B TOUKE. ['ayccoBbI
MYYKU U OJTHOMEPHBIE KPUBBIE C KOMIUIEKCHBIM pOCTKOM. O000IIIEHHBIE OTIepaTOPhl POKIACHUS U
YHUUTOXKEHUS.

2. AATOpUTM NOCTPOEHHUS I'ayCCOBBIX IMAKETOB U IIYYKOB.
Hes3aMKkHYTBIE TPa€KTOPUHU U TayCCOBBI ITyYKH.

ANTOpPUTM MOCTPOEHUS TayCCOBBIX IMYYKOB JJII CUCTEM CTallMOHApHBIX ypaBHeHHH. DokanbHbIE
TOYKM U KaycTHKu. KaHoHMueckuii omepatop MacioBa Ha JarpaHKeBbIX MHOT0oOpasusix ¢
KOMIUIEKCHBIM POCTKOM. Bblumciienne aprymeHToB sikoonaHoB. Mupaekcsl MacimoBa u Mopca.

AJNTOPUTMBI MOCTPOEHHSI ACUMIITOTUK PEIIEHUH C KOMIUIEKCHBIMU (Da3aMu HeCTallMOHAPHBIX
nceBaoaubhepeHIaTbHBIX YpaBHEHUH U cucTeM nrddepeHnanbHbIX YpaBHEHUH.

[Tpunuun MonepTtion-Skobu u ckangpuzanus cucreM ypaBHeHui. [Ipumepsl A ypaBHEHUS
Hupaka, ypaBHenusi [upaka s rpadena, ypaBHeHMl MakcBeiia, Jia3epHBIX IMYYKOB U
ypaBHeHu# miasmel B TOKAMAKe.

3. AcuMmnroruka TPACKTOPHO-KOI'CPCHTHLIX CBA3AHHBIX COCTOSIHUM.



O0600meHHbIe COOCTBEHHBIE (YHKIIUM U KOTEPEHTHBIE COCTOSIHUSI. VIHBapraHTHBIC U30TPOITHBIC
MHOT000pa3usi ¢ KOMIUIEKCHBIM POCTKOM. IlepeMeHHbIe AeliCTBUE yroil U HOpMaJbHbIEe (POPMBI.
3aMKHYTbIE TPAEKTOPUHU C KOMIUIEKCHBIM pocTKOM. OpOuTanbHas ycroitunBocts. COOCTBEHHBIE
byHKMM (kBazuMoabl) nuddepeHMaNIbHEIX U TiceBAOUG(EePCHIIMATBHBIX OMEePaTOPOB B
CKaJIIPHOM M BEKTOPHOM ciy4asx. Y cioBue KBaHToBaHus bopa-3ommepdenbaa.

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

4. CnoHTaHHOE H3IY4YCHUC B KBA3UKIIACCUYECKOM TPACKTOPHO-KOI'CPEHTHOM HpI/I6J'II/I)KeHI/II/I.

Kitaccnueckass u KBaHTOBass TEOpUs CUHXPOTPOHHOIO M3iIydeHUs. JIMHEWHBI M CHUPAJIBHBIN
oHAyssATOp. CHEKTpalIbHO-YIJIOBOE paclpeiesieHue SHEPTUU CIIOHTAHHOTO M3yyeHus: 0030Ha U
JJIEKTPOHA.  YJIBTPApEIATUBUCTCKOE M HEPENATUBUCTCKOE NpuOMMKeHus. MOIIHOCTh
CIIOHTAHHOTO M3JIy4EHUs HEPEIATUBUCTCKOM YaCTHULIBI, HAXOAIIECHCA B HadalbHbIE MOMEHT B
TPACKTOPHO-KOTE€PEHTHOM COCTOSIHUM /Il TIOCTOSIHHOIO ~ OJHOPOAHOIO WJIH AKCHAJIbHO
CUMMETPUYHOTO0 MarHUTHOTO I0JIsI. BEpOATHOCTD M3IIydeHUs ¢ IEPEBOPOTOM cnuHA. M3imyuenue
PEIATUBUCTCKOM 3apsKEHHOW YaCTHUILIBI.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

MeToabl MAILIMHHOTO Oﬁy‘leHI/IH

Measb AMCHUNIMHBI:

- 3HAKOMCTBO CTYACHTOB C OCHOBOIIOJIArarOmyuMu MnoaxoJaMH, KOTOPBIC HNPUMCHAIOTCA IJid
IIOHUCKa Q)YHKHI/IOHEUIBHBIX 3aKOHOMepHOCTeﬁ N3 OMITUPUYCCKUX TaHHBIX;

- 3HAKOMCTBO CTYACHTOB C IIWUPOKHWM CIICKTPOM HHCTPYMCHTOB IJId PCHICHUA 3aJad ITOHMCKa
3aKOHOMEPHOCTEMN B JJAHHBIX.

3agauu AMCHUINJINHBIL:

- 3HAKOMCTBO C OCHOBHBIMH IOHATHSMM, IPUMEHAEMBIMU B MAalIMHHOM 00y4yeHuHu. [locraHOBKa
3a/1a4 MAalIMHHOTO 00Y4YEHMUS;

- 0030p METOI0B, MPUMEHSIEMBIX B 33/1a4ax KJIacTepU3aliH, KJacCu(PUKALUN U PErPECCUH;
- IOJy4YeHHE HAaBBIKOB IPUMEHEHUS METO/I0B MALLIMHHOTO 00yUeHHs U1 PEeLeHUs 3a/1ay.
ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

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

- IOAXOAbI UIs OpraHU3aluu ylIpaBJICHUS OOILIINMHU MacCHBaMH JaHHBIX.

yMeTb:
- IPUMEHSTh METO/bI M aJITOPUTMBI JIJIsl peLIeHHs] TPUKIIAJAHBIX 33/1a4 aHAIN3a IaHHBIX;

- pP€aIN30BEIBATH AJITOPUTMBI B BUJIC KOMIIBIOTCPHBIX IIPpOTpaMM.

BJAaJ€Th:
- CIIeLHaJIbHOM TCpMHHOHOPHeﬁ B 00J1aCTH MAIIIMHHOT'O O6y‘-ICHI/I}I;

- MGTOHOJ’IOFI/IGﬁ N HAaBbIKaMU PCIICHHA HAYYHBIX H IMPAKTHUYCCKHUX 3ada4d C HMCIIOJIb30BAHUCM
METOJ0B MAaIlIMHHOT'O 06y11eH1/1${.



TeMbl U pa3jesibl Kypca:
1. OcHOBHBIE TOHSTHA.

OCHOBHBIC IIOHSATHS: MMPUMCPLI MIOCTAHOBKHU 3aJa4 MAllIMHHOT' O 06yquI/1;1, BU/JbI IIPU3HAKOB, TUIIBI
3aga4, MCTPUKH.

2. OCHOBHBIE METOBI.

Meron makcumanibHOTO mpapaononodus. [lonarue ¢yHKIMOHATa TpaBAONOA00US B ciydae
3aBUCUMBIX WM HE3aBHUCHUMBIX HaOmtoneHuid. [Ipumepsl MOCTpPOEHHsI OIEHOK MAaKCUMaIbHOTO
MIPaBIONOI00MS IJIsl TApaMETPOB Psiia PA3IMUYHBIX PACIIPEICICHUI.

baiiecoBckuii moaxon. IIoHSATHE YCIOBHBIX BEPOATHOCTEM, arlOCTEPUOPHOIO PACHPEACIICHUS.
®opmyia baiieca. [IpuHuun MmakcuMyma arocTepuoOpHON BEPOSATHOCTH.

MeToa CTOXacTUIECKOTO rpaavcHra.

Merton onopHbIx BekTOpoB. [loHsATHE 3a30pa Mexay KiaccamH, ONTUMAIbHOW pasiessiolen
TUIEPITIOCKOCTH, OIMOPHBIX BEKTOpOB. VC-pazMepHocTh. DYHKIMM s]pa, CHPSIMIISIOIIEE
IIPOCTPAHCTBO.

3. Perpeccun.

MHuoromepHas JMHelHas perpeccus. 3ajgada perpeccuu. [loctpoeHue oneHOK MaKCHMaibHOIO
MPABIONOIO0US JUIS TApaMETPOB MHOTOMEPHOM JIMHEHHOW PETPECCHH.

Jloructuueckass perpeccus. CurmoiaHas (QyHKIUsS, MPUHLUI MaKCUMyMa IpaBIONoOA00Us,
norapudmuueckas QyHKIUS TOTEPb.

4. MeTo/1bl KJIacTEpU3ALIH.

MeTtobl K1acTepu3aluy. 3aaun KJacTepU3alii, OCHOBHbBIE THIIbI aJITOPUTMOB KJIACTEPU3ALINU.
Hepapxuueckas kinactepusanus, EM-anroputm, MeTon K-cpeIHux, kapTel KoxoHeHa.

5. Pemaromue 1epeBbs U KOMITO3UIMU aJITOPUTMOB.

Pemaromuye nepeBbs U KOMIIO3MLUHU aarOpUTMOB. Pemaromuii CIHMCOK, pelIarollee IepeBo,
Anroputmsl ID3, CART. BapruaHTbl TUHEHHBIX M CTOXAaCTUYECKUX KOMIIO3HUIIMM aJrOpUTMOB.

6. Heliponnsie cetu.

Hetiponnsie cetn. Mojenb meprienTpoHa, GyHKIMH aKTHBAIMH, BOMPOCHI MOJTHOTHI, TeOpeMa
Komamoroposa. AnroputM 00paTHOTO pacpOCTpaHEHHUs OMIMOOK.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHBIe MeTObI HCCJIe0BAHUM

MeToabl HeﬁTPOHHOFO paccessHust Qs HccaeI0BaHUH KOHACHCUPOBAHHBLIX Cpe€a

Measb AMCHUNIMHBI:

- OCBOCHHE CTY/IeHTaMH 0a30BBIX MPEACTABICHUI O METOJUKAX PAaCCEsSHUS HEUTPOHOB M M3y4YEeHUE
OCHOB  COBPEMEHHBIX  OJKCIIEPUMEHTAJIBHBIX  IOJAXOJOB K  HCCIECJOBAHMIO  CBOWCTB
KOHJICHCUPOBAHHBIX CpeJl C UX MOMOUIBIO.

3agauyd AUCHUILINHBI:

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

- (opmupoBaHue 0a30BBIX 3HAHUH O CBOMCTBAaX MaTepUaoB, IMOJIYYa€MbIX C HUCIOJIb30BAHUEM
paccessHusl HEUTPOHOB.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 10 JUCHHUILIMHE (MOYJIIO)
B pe3ynbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUEeCs JOMKHBI
3HATh:

[1 ¢ynnaMeHTaTbHBIE TOHSTUS, 3aKOHBI, TEOPUHU U (POPMYIIBI, ONHMCHIBAIOIIAE pacCesHUE
HEUTPOHOB B KOHJEHCUPOBAHHBIX CPEax;

[1 monmy4enue, popMupoBaHUe U AETEKTUPOBAHHE HEUTPOHHBIX ITyYKOB;
[] TeopeTHYECKHE OCHOBBI SIEPHOTO U MATHUTHOTO PacCesHUSI HEUTPOHOB;
[} METOJTMKH MTPOBENICHUS HIKCIEPUMEHTOB U 00paOOTKH TaHHBIX 10 HEHTPOHHOMY pacCesiHUIO;

[] OCHOBHBIE METOJIbI HCIOJIb30BAHUS HCﬁTpOHOB JJI1 U3YUCHUA CBOMCTB BEIIECTRBA.

yMeTh:

O pPacCUMTBIBATh MAPAMETPHI IIEMEHTOB HKCIIEPUMEHTAJIBHBIX YCTAHOBOK HEHUTPOHHOIO
paccesiHus;

O OPUMEHSTh (U3NYECKUE TEOPUU K OINHUCAHUIO XapaKTEPUCTUK B3aUMOJEHCTBUS

HCﬁTpOHOB C BCHICCTBOM, a TAKKC COOTBCTCTBYIOIINEC MECTOABI UCCIICAOBAHUA, OCHOBAHHBIC HAa UX
HCIIOJIb30BaHHUH,



O pelmarb OCHOBHBIE YpPaBHEHHSI KIACCHMUYECKOM W KBAHTOBOM TEOPUM HEHUTPOHHOTO
paccesiHus;

O 3¢ HEKTUBHO UCIIONIB30BAaTh COBPEMEHHbIE HHPOPMALIMOHHBIE TEXHOJIOTHU M PECYPCHI TS
MOJTy4YeHUs] HEOOXOJUMBIX 3HAHHM 110 HHTEPECYIOIEH HaydHO! pobiieme.

BJIAJ€ETh:
O CHELMAIbHON TEPMUHOJIOTUEN B 00J1aCTH HEUTPOHHOI'O PACCESHUS;

l MCTOAUKAMH TIOCTPOCHUA Moz[eneﬁ K OIIMCaHHIO B3aHMOI[CI>i€TBPIﬂ HeﬁTpOHOB C
BC€IICCTBOM,

l OCHOBHBIMH MCTOAaMHU ITPUMECHCHUA HCfITpOHHOFO paccesaHusl.

TeMbI U pa3jeiibl Kypca:

1. CgoiictBa HelTpoHa. Jlyanusm BoaHa-yacTuua. McrouHuku HelTpoHoB. HeiTponbr nms
M3y4EHUSI KOHJICHCUPOBAHHBIX CPEL.

XapakTepuCTUKU HEUTPOHA KaK 4acTULlbl. COOTHOLIEHUS MEXAY Pa3IMYHbIMU KUHEMATHYECKUMU
XapaKTEPUCTUKaMU HEUTPOHA KaK YacTHIbl M Kak BOJHBI. [lomydeHuwe HeWTpoHOB. Tumsl
UCCJIEIOBATEIbCKUX MCTOYHUKOB HEUTPOHOB. 3amemsieHue HeWTpoHOB. CrekTpaibHOe
pacripesielieHue 3aMeJICHHBIX HEHTpOHOB. OCOOCHHOCTH CBOWCTB HEUTPOHOB JISI M3YyUCHUS
CBOMCTB KOHJICHCUPOBAHHBIX Cpel.

2. OCHOBBI TEOPUH PACCESTHUS HEUTPOHOB .

[Torox HeliTpoHoB. Ceuenue paccessHus. Cedenue noryomenus. JuddepennuansHoe ceueHue
paccessHus. J[Baxpl quddepeHnmranbHoe ceueHne paccesnus. OcnabiaeHne HeHTPOHHOTO MyyKa
3a CYET PaCCESIHUS U MOTTIOLIEHUS.

BosiHOBOE omnmcaHue paccessHHs HEUTPOHOB siApamMu. HelTpoHHas BoJHA. YIIpyroe paccesHue
HEUTPOHOB OJMHOYHBIM sApoM. PaccesHMe HECKOJIBKUMHU SiApaMH — HHTEpQEpeHIHs.
KorepeHTHOE M HEKOrepeHTHOE ceueHHsl paccessHus. HekorepeHTHoe paccessHue 3a Cuer
OTHOCHUTEJIbHBIX OPUEHTALINM CIMHOB HEUTpPOHA U siep. HekorepeHTHOE paccesiHue Ha siapax 3a
CYET U30TOIMHOT0 Oecropsiika.

3. KBaHTOBO-MeXaHMUYECKOE ONKCAHUE MPOIIECCa PACCESIHUS.

Hauanpnoe u koHeuHble coctosiHus. [InoTHOCTE cocTosiHui. OCHOBHOE ypaBHEHUE PACCESHUS.
Yupyroe paccessHue Ha OTHOM M HECKOJIBKUX siipax. Heynpyroe paccesHre HEUTPOHOB.

[TonmHOE ceueHune paccessHUs OT CUCTEMBI ep. DKCIIEpUMEHTaIbHbIe cooOpakeHus. KorepeHTHOE
YIPYroe paccessHue OT MHOTHX sijiep. KBaHTOBOE omucaHue CEUeHHs pacCesTHHUS.

4. lonyuenue, GopMUPOBAHKE U AETEKTHPOBAHHE HEUTPOHHBIX MTyYKOB.

Komnmumatopel. HelitpoHoBoasl. MoHoxpomaropsl. [lpepbiBaTenn Iydka U CEJIEKTOPBI
ckopocreil.  Ilonmspusyromme  ¢uinbtpel.  Ilonspusyromme  3epkana.  Ilomspusyromue
MoHOXpoMmaTopsl. CrinH-¢uunnepsl. ['a30Bble U CHUHTUIUISLUOHHBIE 1€TEKTOPHI.

5. ManoyriioBoe paccesiHue.



CedeHue paccessHUS OT HAHOPA3MEPHBIX 00BEKTOB. CTpPYyKTypHBIH (akTtop. MamoyrioBoe
npubmkeHne. ManoyriioBoe paccessuHue OT HaHoyacTHil B pactBope. Dopm-pakrop TBepAon
cdepsl u apyrux npocteix Gopm. [TomuaucnepcHocTs. B3anmomononusemocts HeliTpoHoB 1 CH.
®opwmyna Jlebas. [Tpubmmkenne ['unbe. 3akon [lopona.

6. HelitpoHHast pediekroMeTpusi.

Koadduuuent npenomnenus. KBaHtroBomMexaHn4eckoe pacCMOTpPEHHE MpoIecca OTPasKEeHUS.
OTtpaxeHue OT IMaJKuX IJIOCKUX MoBepxHocTel. [TonHoe oTpaxenue. OTpaxxeHue Kak mpouece
paccestHusl. OTpaskeHUE OT CIIOUCTBIX HAHOCTPYKTYp. LllepoxoBaTeie U BOJIHUCTBIE TOBEPXHOCTH.

7. Mudpakuus HEHTPOHOB HA KPUCTAJIIAX.

OneMeHTapHble sueliku. OOpartHas pemietka. [lo3uIuu aToMOB B DJIEMEHTApHOW sYCHKe.
3aceneHHocTH o3unuid. I'pynmsl cummerpun. 3akon bparra. @akrop Jlebas-Bamnepa. Uaterpan
cedeHus paccesHus npu audpakuuu. MozamyHocts. DkctuHKuusA. udpakunus no Jlays.
Judpaxnus Ha nopomkax. Jludpakums Ha HAHOYACTULIAX.

8. Heynpyroe paccesnue. Paccesinue Ha (hooHOHaX.

Teopus paccesHus Ha konebanusx saep. Knaccuueckoe onucanue KosiebaTenbHOM AMHAMUKU
kpuctaioB. KBaHToBOMexaHumueckoe onucaHue. OAHODOHOHHOE CEUYEHUE PACCESHUS.
TpexocHblil ciekTpomeTp. CEKTPOMETPHI IO BpEMEHH MIPOJIETA.

9. MaruuTtHoOe paccesiHHe.

MarautHoe B3aUMOJEHCTBHME HEUTpOHA C aTOMOM. MAarHUTHBIA MaATPUYHBIA 3JEMEHT.
MaTpuyHbli 3IEMEHT IJI HEMOJSPU30BaHHBIX HEUTPOHOB. OCHOBHOE ypaBHEHHE MarHUTHOTO
paccessuusi. MarHuTHbl  popm-pakTop. MarnutHas gudpaknus. Heympyroe wmarHuTHoOe
paccesiHue.

10. KBasuynpyroe paccesHue HEHTPOHOB.

HenpepeiBras nuddysus. Moaens npeikkoBoil qud¢ysuu. Monens BpamarenbHol auddy3uu.
CriekTpoMeTpBI AJ1s1 KCCIEeI0BaHUS IPOLEcCOB TUGHY3UH.

11. HeliTpoHHOE CITMHOBOE 3XO.
O ekt cnrHoBoro sxa. CIMHOBOE 3X0 MPU HEYNIPYroM paccesHuM. CIIMH-3X0 CHEKTPOMETP.
12. Koppekuus 1 00paboTka S3KCIIEpUMEHTAIbHBIX JAHHBIX.

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



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

MeToabl ONTUMH3AUHU

Measb AMCHUNIMHBI:

- OCBOCHHUC CTYIACHTaMH q)yHl[aMeHTaJIBHBIX 3HAHUM B 00JacTH METOAOB OIITHUMH3AllHN
BBIYUCIUTCIIBHBIX MTPOLECCOB, AJITOPUTMOB KOHCprKTHBHOfI alMpoKCUMal v B IMIPOCTPAHCTBEC C,
HN3YUCHUC COBPCMCHHBIX YHCJICHHBIX METOJOB PCHICHUA JIMHEUHBIX W HEIWHEHHBIX CHCTEM
ypaBHeHPIﬁ, a TaKke o0jacTeil ux MMPAKTUYCCKOI'O IIPUMCHCHUS.

3agauyd AUCHUILINHBI:

- (¢dopmupoBanue 0a30BBIX 3HAHMW B O0JIACTH ONTUMHU3AIMU YHUCJICHHBIX METOOB
MaTEeMaTUYeCKOr0 MOJICTUPOBAHUS KaK JUCHUIUIMHBI, OOCCIEYHBAIONIEH TEXHOJIOTHYECKUE
OCHOBBI COBPEMEHHBIX MHHOBAIIMOHHBIX c(hep NeATeIbHOCTH;

- 06yquI/Ie CTYACHTOB COBPCMCHHBIM METOAAM PCIICHUSA OO/IBIINX CHCTEM U O3HAKOMJICHHE C
HX IPUIIOKCHUAMU

- (1)0MI/IpOBaHI/I€ IMOAXO0J0B K BBIITOJTHCHHIO I/ICCJ'IGIIOBaHI/If/'I CTYACHTaMH 110 MAaTCMAaTH4YCCKOMY
MOZACIIMPOBAHUIO B paMKaX BBIITYCKHBIX pa60T.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YJaOLIHecs JOJKHBI

3HATh:

- MECTO U POJIb OOIIKX BONPOCOB HAYKH B HAYUHBIX UCCIIEIOBAHUSIX;

- COBpEMEHHbIE ITPOOJIEMBI TEOPUH AMMPOKCUMAIMU U BBIYMCIUTEIbHON MaTeMAaTUKH;

- HOBeHIIMEe YHUCIIEHHbIE METOAbl 3()(HEKTUBHOIO perIeHus: OOJBIIUX CHCTEM, MOPOXKAAEMBIX
3a/layaMM MaTeMaTH4eCcKol (PH3HKY;

- IOCTAHOBKY MP0o0JIeM MOACITUPOBAHUS (PU3NUECKUX TTPOIIECCOB;

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

yMeThb:

- BCP(I)CKTI/IBHO HUCTIOJIb30BATh Ha MPAKTUKC TCOPCTUYCCKUC KOMIIOHCHTBI HAYKU:. TIOHATUA,
CYXKACHUSA, YMO3AKIIOYCHM S, 3aKOHBI;

- IPE/ICTaBUTh TAHOPAMy YHUBEPCAIbHBIX METOJOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHMS;



- paboTaTh Ha COBPEMEHHBIX KOMITBIOTEPAX;

- abCTparupoBaThCs OT HECYIICCTBEHHBIX BIMSHUN MPU MOJICTHPOBAHUH PEATbHBIX (U3UUECKUX
CUTYalIHii;

- MOJIb30BAThCS CIIPABOYHO JIMTEPATypOil HAYYHOTO U MPHUKJIAJHOTO XapakTepa Juisi ObICTPOro
MOMCKA HEOOXOAMMBIX MATEMATHUECKUX M (PU3UICCKUX JAaHHBIX U TOHITHH.

BJIA/IETh:
- IJTAHUPOBAHUEM, IOCTAHOBKOW M 00pa0OTKON Pe3yabTaTOB YMCICHHOTO SKCIICPUMEHTA;
- HAy4YHOU KapTUHOU MHPA;

- HaBBIKAMH CaMOCTOSITEJIbHOH pPa0OThI B JIAOOPAaTOPHUM HAa COBPEMEHHOM KOMITBIOTEPHOM
000py10BaHUN;

- HaBBIKAMHU OCBOEHHSI OOJILIIOr0 00BbEMaA I/IH(I)OpMaI_II/II/I;

- KyJIbTypO/ TIOCTAaHOBKH U MOZAETUPOBAHUS (PU3NIECKHUX 3a/1a4.

TeMbI U pa3jeiibl Kypca:
1. Anroput™msl Tumna Pemesa.

Anroputmbl I, II npubnukeHuss HenpepblBHOM (YyHKIUMM OOOOIIEHHBIMH MHOTOYJICHAMH.
Paznuunbie mapamerpu3ali MHOTOWIEHOB. Acumrnrorndeckas (opmyna bepHureitna s
dazoBoil PyHKIMH.

2. BapuanuoHHble METO/IbI PEIICHUs CUCTEM YpaBHEHUI U YaCTUYHBIX CIEKTPaJIbHBIX 3a/a4.

Cas3b MeTOJ1a (01)-CONpPSIKEHHBIX IPAJMEHTOB U (HECUMMETpUYHOro) Metoaa Jlannoma. CBs3b
METO/la MUHHMMAJbHBIX HEBSI30K U MeToja ApHOJbAU. DKCTpeMallbHble 33/a4M, PELICHUsSIMHU
KOTOPBIX CIYXaT HEBS30YHbIE MHOTOYJIEHBI PAaCCMOTPEHHBIX MeT0/10B. CIeKTpaibHbIE OLEHKU
CXO/AMMOCTH, Xayc1ophoBo MHOKECTBO, (popmyia Kenpima.

3. Beruncnenue MaTpuuHbIX QyHKIUHN. PalniioHanbHble KPHUIOBCKUE TPUOIUKEHHUS.

Caenenue 3a7auun pacueta exp(A) K HaWJIydlieMy paMoHaibHOMY (n-1,n) npubnukeHuto exp(z)
Ha crektpe A. BrluncieHue 3HaueHMH MaTpU4HbIX (YHKIUH Ha BEKTOpE IPHU IOMOIIU
PalMOHATIBHBIX KPBIJIOBCKUX MPHOIMKEHHH.

4. 3amaua o HaWydlleM NPUOTMKEHUH U3 (UKCUPOBAHHOTO MHOXXKECTBA B 0OaHAXOBOM
IPOCTpaHCTBE. ANIMPOKCUMAIUSI MHOTOYIEHAMHU Ha OTPE3Ke.

CymiecTBOBaHHE U €AMHCTBEHHOCTh. CTPOro HOPMUPOBAHHBIE IPOCTPAHCTBA. ANMPOKCUMAIUS B
TMIIBOEPTOBOM MPOCTPAHCTBE. XapaKTepu3alldsg HAWIY4IIUX NpUOIMKEHUH U3 3aMKHYTOTO
BBIITYKJIOTO MHOXkecTBa. CBoiicTBa ompenenutened ['pama, HepaBeHcTBa Puiepa, Anamapa.
Teopema Bamne-Ilyccena, teopema YeOwimeBa 00 anmbrepHance. MHorowieHbl YeOwimeBa u
CBSI3aHHBIE C HUMHU DYKCTPEMaJIbHBIC 3a/JauH.



5. Meroa Kapareonopu-®eiiepa.

CBenenue 3a7a4d HAWIY4IIEro MOJWHOMHAIBLHOTO MPUOJIMKEHHUS HA OTPE3KE K BBIYMCICHHIO
YaCTUYHOTO  CUHTYIISIPHOTO  Pa3jiOKEHHUS  TaHKEIeBOW  MATpPHUIbl, COCTaBICHHOW W3
ko3 urmenToB Oypre.

6. Hannyumme npuGmxeHus B mpocTpancTse L.

Teopema MapkoBa O HawiIydlieM NpuOIMKeHUH HenpepbiBHOW ¢(ynkmuum B L. Teopema
Hukonbckoro o ABOMCTBEHHOCTH, CBSI3b C 3aJa4€d JIMHEWHOrO IMpOrpaMMHUpOBaHusd. JInHeHbIe
ycnoBusa Kyna-Takkepa.

7. O6001IeHHBIE MHOTOWICHBI, CHCTeMbI YeObIIeBa, TeopeMa Xaapa.

[Tpumeps! u cBoiicTBa cuctem YebObimeBa. Teopema Xaapa 0 €IMHCTBEHHOCTH MPHUOIMKEHHUS.
O606mmenne Konmoroposa TeopeMbl 00 abTepHAHCE.

8. IlocTaHOBKA OCHOBHBIX IKCTPEMAJIbHBIX 337a4 TEOPUU MPUOIMKEHUH.

3anauu [ (o Hammy4eM npubIMKeHUH U3 GUKCUPOBAHHOTIO MHOKecTBa), I (3amaya I s kinacca
npubmkaeMbix aieMenToB), I ( 3amawa II mns xnacca mpuOmmkaromux MHOXxectB), IV (o
(UKCUPOBAaHHOM METOJIe MPHUOMIKEeHN), V (0 HAmIydIIeM METOJe MPUOIIKEHUS U3 Kilacca).
[Tpumepsl MeronoB npubmmkenuit (Oypoe, Deiiep, Jlarpanxk, bepuureiin, Bamne-Ilyccen). N-
nornepeyHuk 1no Koamoropoy, e-3HTpoIus, 4eObILIEBCKUI LIEHTD.

9. UeOBIIIIeBCKME CTAIIMOHAPHBIE METOIBI. Y TIOPSIOYCHNE KOPHEH orepaTopa rmepexoa.

UeObIIIeBCKH IBYWICHHBI METO/I, YIOPSAOUYCHIE KOPHEH orepaTopa nepexoaa. [Ipumepst ais
MOpsIZIKa MHOTOWICHA, SIBIISIOIIETOCS CTETEHBIO MBOWKH. UEOBIIEBCKUIM TPEXUJICHHBIN METOI.
CrnekTpanbHas OLIEHKa CXOJUMOCTH.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CPIHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

MHOFOMeprIﬁ AHAJIN3, HHTErpaJjbl 1 pAabl

Meab AMCHUNIMHBI:

- 00y4eHne OCHOBaM MaTeMaTHYEeCKOTr0 aHAIN3a JUIst (JOPMHUPOBAHUS Y CTYICHTOB IPE/ICTaBICHUS
0 MaTeMaTuke, Kak 0c0O0M METO/1e TIO3HAHUS IPUPO/IbI, OCO3HAHUS OOITHOCTH MaTEMaTUYECKHX
NOHATUH W Mojeneid, MpuoOpeTEeHHsT HAaBBHIKOB JIOTMYECKOTO MBIIUICHUS W OIEPHUPOBAHHUS
a0CTPaKTHBIMU MaTeMaTHYECKUMH 0OBEKTaMH;

- BOCIIUTAHUE BBICOKOW MaT€MAaTHYECKOU KYJIbTYPBHI.

3agauu AMCHUININHBIL:
- TOOUTHCS YETKOT0, ICHOTO IOHUMAaHUS OCHOBHBIX 00BEKTOB MCCIEI0OBAHUS U IOHATHI aHaIn3a;

- IPOACMOHCTPUPOBATH BO3MOXKHOCTH MCTOJIOB aHAJIM3a IJIA PCHICHUA 3aJa4 Q)YHHaMGHTaJII)HOI\;I
u HpHKHaHHOﬁ MAaTCMAaTHUKH,

- IPUBUTH TOYHOCTH U 00CTOSITENNLHOCTD APTYMCHTAIIU B MATEMATHYCCKUX PACCYKACHUAX

- c(OpMHPOBATH BHICOKHH YPOBEHb MaTEMaTUYECKON KYJIbTYPBbI, JOCTATOUYHBIN /7151 IOHUMAaHUS U
YCBOEHUS MTOCJIEAYIOINX KYPCOB 10 HENPEPBIBHOM U JUCKPETHON MaTeMaTHKE;

- CITIOCOOCTBOBATH: MMOATOTOBKE K BEICHUIO UCCIIEI0BATENBCKOMN AEATEIbHOCTH (B YACTHOCTH, JUIS
HaIMCaHMsl KypCOBOM M BBIMNYCKHOM KBaIU(PUKAIMOHHON paboT) B 001acTAX, MCIONb3YIOINUX
MaTeMaTUYeCKUEe METO/Ibl; CO3JaHUIO U HCIIOIb30BAHUIO MAaTEMAaTUYECKUX MOJIeJIel IPOLIECCOB U
00beKTOB;  pa3paboTke J(PGEKTUBHBIX  MaTEeMaTHYECKUX  METOJOB  pEIIeHUs  3ajaad
€CTECTBO3HAHMUS, TEXHUKH, SKOHOMUKH U YIIPABJICHMUS;

- pa3BUBaTh YMEHUE CaMOCTOSTEIbHONU pabOThl ¢ yUeOHBIMU MOCOOUSMHU U APYTOM HAYYHOU H
MaTeMaTUYECKOU JINTEPATYpPOH.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00yYeHHs MO0 JTUCHHUILINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YJarOIIHECs TOHKHBI
3HATh:

- OCHOBHBIE CBOMCTBAa OTOOpa)KEHUH METPUUYECKUX IMMPOCTPAHCTB, JTUHEHHBIX HOPMHPOBAHHBIX
IIPOCTPAHCTB;

- IPU3HAKH CXOAUMOCTHU YUCIIOBBIX PAA0B U HECOOCTBEHHBIX HHTETpaIOB;

- ycinoBus auddepeHIupyeMoCcTH (QYHKIIMA MHOTUX TIEPEMEHHBIX, CYIIECTBOBAaHUE |
TudhepeHIpyeMOoCcTh 00paTHOTO 0TOOpaXKeHMS;



- AOCTATOYHBIC YCIOBUA CYHICCTBOBAHUA SKCTPEMYMA HaA I'NTAAKUX MMOBCPXHOCTAX

- YCJIOBUA CYHICCTBOBAHHA KpPATHOI'O MHTCTpAJId, 3aMCHY IMECPCMCHHBIX B KPATHOM HHTCIpajIiC U
MCTOJbI CBCACHHA KPATHOI'O HHTCTpPAJIa K IIOBTOPHOMY.

yMeTh:

- HCCIIEIOBATh CBOWCTBA OTOOPAXKEHUH METPUIECKHIX TIPOCTPAHCTB;

- mudepeHIIPOoBaTh PYHKIIMIO MHOTHX TIEPEMEHHBIX;

- UCCIIEIOBATh CXOJMMOCTh YHCIIOBBIX PSIIOB U HECOOCTBEHHBIX HHTETPAJIOB;
- HaXOJIUTh KCTPEMyMbI ()YHKITUU MHOTHX IEPEMEHHBIX;

- BBIYUCIIATHh KPATHBIC HHTCTPAJIbI.

BJIaJIeTh:
- OCHOBHBIMH OTIPE/ICIICHUSIMU CXOAMMOCTH HHTETPAJIOB U PSJIOB;
- mudpepeHIpyeMoCcTH PYHKIIUH MHOTUX TIEPEMEHHBIX;

- HaBBIKaMu TipescTaBieHus Gpynakuuu dpopmynoit Telnopa;

- METOJIaMH TIOMCKa IKCTpeMyMa (QYHKIIMH MHOTUX IIEPEMEHHBIX;

- HaBbIKaMHM CBCACHUA KPATHOI'O MHTCTpajia K IOBTOPHOMY.

TeMbl U pa3jaeiibl Kypca:
1. Auddepenunpyemoe oToOpakeHne KOHEUHOMEPHBIX HOPMUPOBAHHBIX IPOCTPAHCTB.

Haetrcs omnpenenenue nuddepeHIUpPyeMbIX OTOOPa)KEHUH, BBOJIUTCS IOHSATHE IOJHBIX
MIPOU3BOIHBIX, muddepernmana. PaccmatpuBatoTcst JIOCTaTOYHBIE yCIIOBHUs
b depeHIMPYeMOCTH, YCJIOBUS  CYILIECTBOBaHUS U AuddepeHupyeMoctd  00paTHOrO
OTOOpaXeHUsI, YCJIOBUS CYIIECTBOBaHUSA U JUPGEpeHIUPYEMOCTH HESIBHOTO OTOOpa)KEeHUS.
BouiBoputcs popmyna Teiinopa ans GyHKIMKM MHOTUX NTepeMEHHBIX. PaccMaTpuBatoTCsi BOIPOCHI
KCTpeMyMa (YHKIMM Ha TJAJKUX TOBEPXHOCTSIX B KOHEYHOMEPHBIX HOPMHPOBAHHBIX
IIPOCTPAHCTBAX.

2. Kparnsle nHTErpaJIBI.

QopmynupyeTcsi HOHATHE n-Toro oobbeMma. Jlaercs ompeneneHrne n-KpaTHOTO HUHTerpajia u
bopMynUpPYIOTCS TOCTATOUHbBIE M HEOOXOJUMbIE YCIIOBUS HHTErpUpyeMOCTH 1o PuMany QpyHKIMI
MHOTUX IepeMeHHbIX. PaccmaTpuBaloTcs CBOMCTBAa n-KpaTHOro uHTerpana. JlokasbiBaercs
TEOpeMa O CBEJIEHMM KpaTHOI'O MHTErpana K MOBTOpHOMY. JlokasbIBaeTcs TeopemMa O 3aMeHe
MEPEMEHHBIX B N-KPaTHOM MHTErpaJe.

3. MeTrpuueckre 1 KOHEYHOMEPHBIE JIMHENHbIE HOPMUPOBAHHBIE TPOCTPAHCTBA.



PaccmarpuBarorcss Takue (QyHIAMEHTAJIbHbIE MOHATUS KaK KOMIAKTHOCTb, ITOJIHOTA, HOPMA.
HenpepbIBHOCTB 1 paBHOMEpHAas HEPEPHIBHOCTh OTOOPaYKEHHSI METPHUECKUX M HOPMUPOBAHHBIX
KOHEYHOMEPHBIX IIPOCTPAHCTB.

4. HecoOCTBEHHBIC HHTETPAJIBI.

BBoauTcs noHATHE HECOOCTBEHHOrO MHTErpajga, Jaercs OINepAeleHHE CXOAUMOTCU
HECOOCTBEHHOI'O MHTErpaja, pacCMaTpUBAIOTCS HEOOXOAMMBIE M JOCTATOYHBIE YCIIOBHS
a0COJIIOTHON U YCIOBHOM CXOAMMOCTH UHTErPAJIOB.

5. HucnoBsle psijbl.

PaCCManI/IBaI-OTCH IMOHATHUA YUCJIOBOI'O pAaad, CIIOCOOBI CYMMHPOBAHHA pAAOB, JOCTATOYHOC U
H€06XOI[I/IMOC YCJIOBUC CXOOAUMOCTHU PAOOB.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeIOBAHUI

HelipoKOrHMTUBHBIE TEXHOJIOTUH

Measb AMCHUNIMHBI:

- (¢GopMUpOBaHHE Y CTYJICHTOB CHUCTEMbl HAYyYHBIX TPEJCTABICHUH O BO3MOXKHOCTSIX
HEUPOKOTHUTUBHBIX TEXHOJIOTHH.

3agauu AMCHMILINHBI:
- npuoOpereHue 0a30BbIX 3HaHUI B 007aCTH HEHPOKOTHUTHBHBIX TEXHOJIOTHA;
- OCBOCHHUE METOJIMYECKON U METOJ0JIOTNYECKON 0a3bl HEHPOKOTHUTUBHBIX TEXHOJIOTHUI;

- 3HAaKOMCTBO € OCHOBHBIMH pEC3yJIbTaTaMH OTCUYCCTBCHHBIX U SaPY6e)I(HI>IX pa60T I10
HCCIICOOBAHHUIO MO3TI'a, CBA3aHHBIX C pa3pa60TK01“4 npo6neM HeﬁPOKOFHHTHBHLIX TEXHOJIOTHH.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)
B pe3synbrare ocBOCHUS AUCIUIUIMHBI 00YYarONIUecs JOIKHBI

3HATh:

- OCHOBHBIC COBPECMCHHBLIC METO/bI HGﬁpOKOFHHTHBHLIX TCXHOJ’IOFHﬁ;

- OCHOBHEIC 00JIaCTH MMPUMCHCHUA HGprOKOFHHTI/IBHI)IX TEXHOIOTHH.

yMeTb:

- MIOJIb30BAThCSI CRBOMMU 3HAHMSIMU JJISI TOCTAHOBKH HOBBIX 3371a4 B 00JIACTH HEHPOKOTHUTHUBHBIX
TEXHOJIOTHI;

- COIIOCTABJIATh AAHHBIC ITOJTYUCHHBIC B PA3HBIX OKCIICPUMCHTAJIBHBIX UCCIICAOBAHUAX
- IPOBOAUTE MECTOAOJOTMYCCKYIO OLICHKY O6CY)K,ZIaeMBIX PE3YIBTATOB;
- AHAJIM3UPOBATH COBPCMCHHBIC paGOTBI B o0nacTu HCﬁpOKOFHHTHBHBIX TCXHOJ’IOFHFI;

- COOTHOCHUTDb HAYYHBIC U TCXHOJOTMYCCKUC 3a1a4U B HeI\/'IpOKOFHI/ITI/IBHBIX HUCCIICAOBAaHUAX.

BJAACTh:
- OCHOBaMM KOMIIBIOTCPHOI'O aHAJIN3a B obnactu HeﬁpOKOFHHTHBHBIX TGXHOHOFHﬁ;

- HaBBIKAMU OCBOEHHS OOJIBIIOr0 00beMa I/IH(pOpMaI_II/II/I;



- HaBBIKAMH HaXOXJCHUs HeoOxomumoil uH(opmanuu B HWHTepHeTe B oOnacTu
HEUPOKOTHUTUBHBIX TEXHOJIOTHH;

- HaBbIKaMHM aHaJIM3a SKCIICPUMCEHTAJIbHBIX JaHHBIX.

TeMbl 1 pa3jesibl Kypca:
1. HeiiporuOpuasie 1 HEHPOMHTEIIIEKTYaIbHbIE CUCTEMBI.
Moenu HEMPOHAIBHBIX KYJIBTYD.

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

OO0y4eHue ¢ NOJIKPEIICHUEM.

[Tpumepsl Moaenel 00y4ueHus ¢ noAKpenaeHueM. JJoctonncTBa u HegocTaTku. MojenupoBaHue
o0ydeHus. VIcKycCTBeHHBIE HEWPOHHBIE CETH. OBOJIOIHOHHOE oOyueHue. CelleKIMOoHHOe
oOydeHue.

Teopus orOopa HelpoHHbIX Tpynn. TpeGoBaHus K cuCTeMHOM Mozaenu o0ydenus. KonkypeHus
HEHPOHOB.

Mopaenu HeMpoHHBIX ceTeil. [IpuMepbl Moaenelt HeMPOHHBIX ceTeil. JIOCTOMHCTBA U HEJOCTATKH.

IIpenuKkTOpHBIE CETH.
IIpuHIUIIBEI IPEIUKTOPHBIX ceTel. Moienp 1eneHanpaBIeHHOr0 aIallTHBHOTO MIOBE/ICHMUS.
M cKycCTBEHHBINM UHTEIICKT.

Tect Teropunra. Hcrtopus pa3BUTHUS HMCKYCCTBEHHOTO HWHTe/UIeKTa. (CHMBOJIbHBIE
WHTEIJIEKTyalbHble cHucTeMbl. HeiipoObuonoruueckue wmojenu. AHHMMATHL. IBONIOIHOHHAS
kubepHetuka. HelipomopdHble cHUCTEMBI  HCKYCCTBEHHOTO  WHTENJIEKTa. [ uOpuaHbIe
HEWPOAJTIEKTPOHHBIE CUCTEMBI.

2. HeﬁPOKOFHHTHBHBIG TCXHOJIOTHMH Ha OCHOBEC OIITOI'CHCTHUKH.

IIpunuuner  onroreHeTuku. Meronsl ontuku. Mertonsl reHeruku. HMcropus pasButus
ONTOreHETUKH. YIIydllIeHUs! KJIaCCUUECKOTo MeToa onToreHeTuku. Onroreneruku u ¢MPT.

[Tpomeccol oOyueHus u MaMsITH. MaHUTTYISIITUU ¢ TTaMaThio. Co3/1aHne UCKYCCTBEHHON MaMsITH.
HetiponereneparuBabie 3a00IeBaHUS.

Crioco0s!I yrmpaBiieHHs] aKTUBHOCTBIO HEHPOHOB.

[TocnenoBaTenbHOCTh AEUCTBUM [IJIs1 MPOBEACHUS ONTOI€HETHUYECKOTO 3KcrepumeHTa. [pyrue
(KpoMe OMNTOT€HETUKH) CHOCOOBI YIpaBICHHUS AaKTUBHOCTHIO HEUPOHOB. XEMOTEHETHKA.
MexaHnu3M paboOThl OTICHHOBBIX OEJIKOB.

3. OCcHOBBI HEHPOKOMIIBIOTEPHBIX HHTEP(HEHCOB.



HewnnBaszuBHbIe HElponHTEP(DEHCHI.
Mo3ro-MamHHbBIE U MO3T0-KOMITbIOTepHBIE HHTEp(deichl. TaTepdetickl Ha ocHoBe DI,
HetipounTtepdeiichl KIETOYHOTO YPOBHS.

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

TpaHCcreHHbIE KUBOTHBIE 111 HEUPOKOTHUTUBHBIX TEXHOJIOTUM.

[IpuMeHeHre TPaHCTeHHBIX XUBOTHBIX B HelpoOuosiorud. Meroapl TpaHCreHes3a: UHBEKIUS B
nponykieyc. IlpeumymiectBa u HemocTaTku. MeToabpl TpaHCTreHe3a: HHBEKIUS CTBOJIOBBIX
kieTok. [IpeumymectBa m HemocTaTku. HampaBiieHHBIM TpaHCreHE3 - CO3[JaHUE HOKayTOB.
VYnpasnsemoie Tpancrensl: Cre-cucteMa, TetO-cucrema.

Metona nByX(OTOHHONH MUKPOCKOITHH.

OcHoBHble npuHIUIB MeTona. [IpeumyiecTBa ABYX(OTOHHOW MHUKPOCKOIUU A in Vivo
BU3yaJIM3allii aKTUBHOCTU HEPBHBIX KJIETOK.

MeTobl ucciaeI0BaHUsI aKTUBHOCTH HeﬁpOHOB in vivo.

MeTOI[BI HCCICOOBAHNUA AKTHMBHOCTH H€I>'IpOHOB in vivo y 60I[pCTBYIOH_[I/IX JKUBOTHBIX WA Y
IIOABMXKHBIX KHMBOTHBIX. I'enernuecku KOOAUPYCMBIC KAJIbLIUCBBIC CCHCOPDI



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

OO0mas pusuka: KBaHTOBasi pU3NKa

Meab AMCHUNIMHBI:

- OCBOCHHEC CTYACHTAMU (1)I/IBI/IKI/I OCHOB KBAaHTOBOM (bI/I3I/IKI/I.

3amauu AU CHUIIMHBI:

- YCBOCHHE OCHOBHBIX KOHIEMIINI KBAHTOBOM (DU3UKH;

- peleHue 3a1a49, OXBaThIBAOIINX OCHOBHBIC MTPHIIOKCHUS KBAHTOBOH (DU3UKH.
IlepeyeHb MIIAHUPYEMBIX Pe3yJbTATOB 00YUYeHUsI O JUCHHUIJINHE (MO1YJIIO)
B pe3ynbraTe 0CBOSHHS IUCHUIUIMHBI O0yYaroIHecs JOIKHbBI

3HATh:

- YUCIIEHHBIE MOPSAIKA BETUYHMH, XapaKTePU3YIOIIKe SIBJICHUS MUKPOMUDA;

- OCHOBBI TEOPUH TEIUIOBOTO U3ITYUEHUS;

- ABJIeHUs1 UHTep(depeHIH BOJIH Jie bpoiiis;

- IOHATHE CIIMHA JIEKTPOHA;

- OCHOBHBIE MOJIEJTH JIEKTPOHHON 000JIOYKH aToOMa;

- apdpexr 3eemana, JIIP, AMP;

- 3JIEMEHTapHBIE AJI€PHBbIE MOJIEIH;

- 3aKOHBI PaJIMOAKTUBHBIX PACIIAJIOB;

- IOHATHE SJIEPHBIX PEaKUUN, CEUYCHUS AAEPHBIX PEAKIUH;

- DJIEMEHTapHBIC SAJIEPHBIC MOIEIIH;

- IIOHSATHE CHJIBHOTO M C1a00ro B3aMMOIEHCTBHA.

yMeTh:

- abcTparupoBaThCsi OT  HECYUIECTBEHHOIO MpPH  MOJAEIUMPOBAHUU DPEaTbHBIX (UINUYECKUX
CUTyalun;

- ACJIaTh NPABUJIbHBIC BBIBOABI U3 COIMMOCTABJICHUSA PC3YJIIbTATOB TCOPUU U DKCIICPUMCHTA,



- HaXO/AUTh Oe3pa3MepHbIe TapaMeTphl, ONPEACIAIONINE U3ydyaeMOe SIBIICHUE;
- IPOU3BOJIUTD YUCIICHHBIE OLICHKH I10 NIOPAIKY BEJIUYUHBI;

- JIeNaTh KA4YeCTBEHHBIC BBIBOJBI IPH IEPEX0Jie K MPEHCIbHBIM YCIOBHSAM B H3Y4aeMBIX
npoOiemax;

- 00ecIIeunTh AOCTOBCPHOCTH IMOJIYYa€MBIX PE3YJIbTAaTOB;

- BUJICTh B TEXHUYECKUX 3a/1a4ax (PU3HUECKOE COACPKAHHE.

BJIA/I€Th:

- METOJIaMH pelieHus: GU3NYECKUX 33124 TI0 AIEKTPOIUHAMUKE;

- HaBbIKaMU CaMOCTOSITeNIbHOM paboThl B 1aboparopuu, 6ubianoreke u Murtepuere;
- HaBBIKaMU OCBOEHUS O0JIBIIOT0 00beMa HH(OPMALIUK;

- KyJIbTypO/ TIOCTAaHOBKH ¥ MOZAETUPOBaHUS (PU3NIECKHUX 3a/1a4.

TeMbl U pa3jeiibl Kypca:
1. ATOM B MarHuTHOM TIOJIE.

D ekt 3eemana (cnaboe M CHIIBHOE MarHUTHOE MoJie) Ha mpuMepe 3P-3S-nepexonos. SAnepHsbrii
¥ JIEKTPOHHBI MarHUTHBIN PE30HAHC.

2. Bonnsl ge bpoitnsa. CooTHolIeHNE HEoIpeeaEHHOCTEN.

['unore3a ne bpoiisiss 0 BOJTHOBBIX CBOMCTBaX 4YacTHII, BOJIHOBAs (YHKIMS CBOOOIHOM YacCTHIIbI
(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 KBAHTOBOCTH CUCTEMBI. BEpOATHOCTHAs HHTEpIIpETalUs
BOJIHOBOHM (DYHKIIMH.

3. 3aKOHBI paJOAKTUBHBIX pacnaioB. SaepHble peakuu.

PagnoaxkTBHOCT. 3aKOH paJiMOaKTUBHOTO paclajia, KOHCTaHTa paclaja, Nepuoj nojaypacnana,
cpenHee BpeMs KU3HHM, BEKOBOE ypaBHeHHE. Aunbda-pacman, 3akoH [eitrepa—H»atrona u ero
BBIBOJ ((popmyna 'amoBa). ["amma-uznydenue, uzomepus saep. bera-pacnan, sHepreTUYECKUin
cnektp Oera-pacrajga, THUIOTe3a HEUTPUHO. SnepHble peakuuu: OSK30TEpMUYECKHE U
SHIOTEPMUYECKUE pEaKLUU, IMOPOr pPEaKIMH, CeUeHUEe peakuuu (MOJIHOE W MaplualbHbIE
ceuenus). IloreHuuanbHOE paccessHMe, aMIUIUTyda W JUIMHA paccessHus. CocTaBHOE SJIpo.
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. Peakuun mnon gelcTtBuem
HelTponoB. Knaccugukanus HeHTpoHOB. 3ameyieHne OBICTPHIX HEWTPOHOB B Cpeje, AJIMHA
3ameieHus. KorepentHsle sBineHus (audpaxius HelTpoHoB). [lenenue saep moa AelcTBUEM
HEHUTPOHOB, MTHOBEHHBbIE M 3alla3[bplBalOIlME€ HEUTPOHBI, LieNMHass peakuus JeneHusd. Poib
3ara3/pIBAIONINX HEHTPOHOB B pabore saepHOro peakropa. Cxema peakTopa Ha TEIJIOBBIX
HeiiTponax. MoaHas siMa. Bo3MOXHbIE CXeMbl PEAKTOPOB TEPMOSIEPHOTO CHHTE3A.



4. Onbrtel HTepua—I'epnaxa, OitHrelina—1ne ['a3a. CrivH a51eKTpoHa.

MarHuTHbIl OpOUTANB-HBII MOMEHT OJJIEKTPOHOB, THMPOMAarHWTHOE OTHOIICHHE, 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. OmnbiThl DiHmTEHHAa W ne [aaza (cmuHOBas mpupoaa
MarHeTus3ma TBepbIX Tel). BekTopHas Mosiesnb c0KeHusl CIMHOBOTO U OPOUTaIbHOTO MOMEHTOB
anekTpoHa, hakrop Jlanme.

5. Ctpoenue aToma.

3aKOHOMEPHOCTH ONITHYECKUX CIIEKTPOB aTOMOB, popmyiia baibmepa. OTKpbITHE AaTOMHOTO S/Ipa
W TUTaHeTapHasi MoJiesib aroma Pesepdopaa. [Toctynarel bopa, 6opoBckuii paauyc, popmyna ams
JHEPTUH JICKTPOHOB aToMa BOJOPO/a. XapaKTePHUCTUUIECKOE PEHTIEHOBCKOE M3Iy4eHHUE (3aKOH
Mosznu). Knaccudukaius Bogopo10noJ00HbIX aTOMOB: TJIaBHOE, PaJHalIbHOE M OPOUTAIBHOE
KBaHTOBBIC YHUCIA. BBIpOXIeHHE YpPOBHEW B KYJOHOBCKOM I0Jie (KPaTHOCTh BBIPOKIACHUS).
[MpaBuno Xynma. KauecTBeHHOE OOBSCHEHHE 3aKOHOMEpHOCTEH Tabmuibl MeHnpaeneeBa (110
aproHa), CIIEKTPOCKOIMYECKAs 3aluCh COCTOSIHHS aToMa, 3JCKTPOHHAs KOH(HTYpaIus
JJIEMEHTOB, IOCIIEIOBATEILHOCTh 3alOJIHEHHsST COCTOSHUH. CKauykooOpa3HOe M3MEHEHHE
XUMHYECKHX CBOMCTB ITPU 3aII0JTHCHUU P-000JI0UKH, Marn4eckue yuciia (MHepTHbIe ra3el). CrivH-
OpOUTAILHOE B3aUMOJICHCTBUE, TOHKAsA U CBEPXTOHKAs CTPYKTYpa aTOMHBIX YPOBHEH.

6. @ororddext. Ipdext Komnrona. TemnoBoe uznyueHue.

OcHOBHBIE OKCIIEPUMEHTAJbHBIE pe3yNbTaThl MO BHemHeMY (GoTodpdekty. YpaBHEHUE
DWHIITeHA, TUIIOTe3a KBAaHTOB CBeTa. DKCcHepuMeHT KoMnToHa 1Mo paccesHuI0 peHTIe€HOBCKUX
Jy4ell Ha JIETKUX sApax, BbIBOJ U3MEHEHUS IJTMHBI BOJTHBI KBAHTOB IIPU PACCESTHUU Ha CBOOOTHBIX
JJIEKTPOHAX, KOMITOHOBCKAas [JIMHA BOJHBL. YPaBHEHHUS, OIMKCHIBAIOIIUE B3aUMOJCHUCTBUE
(oTOHA ¢ MPOU3BOJILHOW CHUCTEMOI Kak OOMEH »Hepruedl M UMITYJIbCOM IyTEM POXIEHUS U
YHUUYTOXKEHHUs KBAaHTOB. MHTeprpeTanusi IUIOTHOCTU SHEPTUU SJIEKTPOMArHUTHON BOJHBI Kak
BEPOATHOCTh OOHapykeHus (POTOHA B 33JJaHHOM 3JIEMEHTE MPOCTPAHCTBA.

[TnoTHOCTH coCTOSIHMM, (Da30BBIM 00BEM, TPUXOISAIITUICS HA OJJTHO KBAHTOBOE COCTOSTHUE. BBIBOT
¢dopmynsl Ilnanka A paBHOBECHOIO M3JIy4E€HMsI aOCOJIFOTHO YEPHOTO Tejla. 3aKOH CMEIICHUS
Buna. Ananu3 ¢popmynsl [lnanka B npeaenbHbIX ciiydasx O0NbIINX 4acTOT (KBAaHTOBBIM Mpezen)
u Manbix yactoT (popmyna Panes—xunca). Kmaccuueckast unreprperaiust ¢popmynsl Panes—
Jlxunca. VHTerpanbHble XapaKTEpUCTUKU PAaBHOBECHOTO TEIUIOBOTO M3IYYEHHUS — IJIOTHOCTb
SHEPrUH PaBHOBECHOI'O U3JIy4YEHHUs, THTEHCUBHOCTh U3JIy4€HUs, CBETUMOCTb. 3aKkoHbI Kupxroda,
JlamGepra, Credana-bonpiimana. L{BeToBas, sIpKOCTHAs U paJuallMOHHAs TeMIIepaTypbl Teja.
JIByXypoBHEBasi KBaHTOBas CUCTEMA B IIOJE PABHOBECHOTO W3IY4YEHMsI, MPUHLMI IETaJIbHOIO
paBHOBECHsI, CIIOHTAHHBIE M MHIYLHMPOBAaHHbIE Iepexonabl. [IpoxokaeHue H3IydeHus uepes
cpeny, ycloBHe yCHIIeHUs (MHBepCHast 3aCeNIEHHOCTh ypoBHEN ). [[puHITUITBI CO3/1aHMs HHBEPCHOU
34CEJIEHHOCTH B TPEXYPOBHEBOM M YETHIPEXPOBHEBOM CUCTEMAX.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeIOBAHUI

O0mas ¢pusuka: 1a00paTOPHBINA MPAKTHKYM 10 3KCIIEPUMEHTAJIbHON (PU3HKe

Measb AMCHUNIMHBI:

- (opmupoBanue 0a30BBIX 3HAHWHA MO (U3UKE U yMEHHUs paboTarh B JIAOOPATOPUM IS
JaTIbHEHIIIET0 NCTIOIB30BAHUS B IPYTHX TUCHUIUIMHAX €CTECTBEHHOHAYYHOTO COCPIKAHMS;

- (GOopMHUPOBaHUE KYJIbTYphl JKCIEPUMEHTA, HCCIICIOBATCIILCKMX HABBIKOB M CIIOCOOHOCTH
MIPUMEHSTh 3HAHUS HA TPAKTHKE.

3agauM AUCHMIIMHBI:
- (hopmupoBanue y oOydarommxcsi 0a30BbIX 3HaHUH 10 (pH3HKeE;

- (hopMHpOBaHKE KYJIBTYPHI SKCIICpUMEHTA: YMEHHE paboTaTh B 1a00OpaTOpHuH, 3HATH OCHOBHBIC
METO/IbI IKCIIEPUMEHTA, YCTAHABJIMBATDH JIOTUYECKUE CBA3U MEXKY ITOHATUSIMU;

- (bOpMI/IpOBaHI/Ie yMCHI/Iﬁ W HABBIKOB IPHUMCHATH IIOJTYYCHHBLIC 3HAHUA IJId IMOCTAHOBKH
SKCIICPUMCHTA, CAMOCTOATCIIBHOIO aHAJIM3a MMOJYUCHHBIX PE3YJIbTATOB.

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

3HATh:

- METOJIMKY IIPOBEICHMSI DKCIIEPUMEHTA,

- MCTOJUKY O6pa6OTKI/I MOJTYYCHHBIX PC3YJIbTATOB.

yMeThb:
- paboTaTh ¢ COBPEMEHHBIM U3MEPUTEIHHBIM 000pPYI0BAaHUEM;

- IPpaBUJIBHO O6pa6aTI)IBaTI) IMMOJIYYCHHBIC OKCIICPUMCHTAJIbHBIC JaHHBIC.

BJAaJ€Th:
- HaBbIKaMH pa6OTBI C COBpCMCHHBIM U3MCPHUTCIIbHBIM O60py,ZLOBaHI/IeM;

- OCHOBHBIMH MATEMATUYCCKUMH NHCTPYMCHTAMH, XaPAKTCPHBIMU IJId 3aJa4Y MCXAHUKH.



TeMbl U pa3jaeiibl Kypca:
1. JJabopaTtopHsbie 3anatus. KBantoBas gusuka.
Jlexuus 1 KopryckyisipHbie CBOMCTBA JIEKTPOMATHUTHBIX BOJIH.

OCHOBHBIE FKCIIEPUMEHTAJIBLHBIE PE3yNIbTaThl 10 BHemHeMy Gotodddexry. I'mnoressr [lnanka u
OWHIITEiHA OTHOCUTENIFHO JHEPTrUM KBAHTOB cBeTa ((POTOHOB). YpaBHeHHE DWHIITEHHA U
obbsacaenue dporodrddexra. mmynbc GoToHa.

OxcnepuMeHT KoMIITOHA MO paccesHUIO0 peHTIC€HOBCKUX JTy4yell Ha JNErkux sapax, hopmyna Juis
M3MEHEHUS IJIMHBI BOJHBI KBAHTOB IIPU PAaCCESHUU HAa CBOOOJHBIX 3JIEKTPOHAX, KOMIITOHOBCKAs
JUTMHA BOJIHBI.

Jleknus 2. BomHoBbie cBoiicTBa yacTull. COOTHOIIEHUE HEONIPECTICHHOCTEM.

I'mnoresa ne bpoiisis 0 BOJIHOBBIX CBOMCTBaX MaTEPUAIIBHBIX YACTHUL] — KOPITYCKYJISIPHO-BOJIHOBOM
nyanu3M. Oneitel JleBuccona—/[xxepmepa u TomcoHa o audpakuuu 31eKTPoHOB. [[rHa BOJTHBI
ne bpoitnsg HepensTuBuCTCKOM uactunbl. Kpurepuil kBaHTOBOCTH cuUcTeMbl. COOTHOLIEHUS
HeomnpeaeneHHocTe! (KOOpInHaTa-UMITYJbC; SHeprus Bpems). BonHoBas ¢yHkius cBoOOAHOMN
yactulbl (BoaHa ae bpoitns). BepostHocTHas mHTEpnpeTanys BOJTHOBON (DYHKIIUHU, BBIIBUHYTAs
bopHoMm.

Jlexmms 3. @opmanu3m KBaHTOBOK MexaHUKH. [loTeHIIMaabHbIe Oaphephl.

[Tonsitue 06 onepaTopax. Oneparopbl KOOPAUHATHL, UMITYJIbCa, TOTEHIIMAILHON U KHHETUYECKON
SHEpPruu CUCTeMbl, raMUIbTOHUAH. COOCTBEHHbIE (YHKLIMU U COOCTBEHHBIE 3HaueHus. Pe3ynbpTar
KBAaHTOBOI'O M3MEpeHUs 3HaueHus (uznuyeckoil BenuuuHbl. YpasHenue Llpenunrepa. CoiicTBa
BOJIHOBOM (DYHKIIMM CTallMOHAPHBIX 3aj]ay: HENPEPhIBHOCTb, KOHEYHOCTb, OJHO3HAYHOCTb,
HENPEPBIBHOCTh IPOU3BOAHON. 3aKOH COXPAHEHHUs BEPOSATHOCTH, BEKTOP IUIOTHOCTH IIOTOKA
BeposATHOCTH (0e3 BbIBO/A). PaccessHue yacTHIl Ha HOTEHIMAIbHOMN CTYNEHbKE KOHEUHON BBICOTHI,
NPOXOXKJICHUE YacTUIBl HajJ siMaMHU M OapbepaMH KOHEYHOM mupuHbl — 3¢pdexkt Pamzayspa.
[TpoxoxxaeHre yacTULbl Yepe3 HPSMOYTOJIbHBIM MOTEHUHANbHbIH Oapbep KOHEUHOW NIMPUHBI
(TyHHENnbHBIN 3 exT), BbIBO (POPMYIIBI 17151 IPO3PAaYHOCTH Oapbepa MPOU3BOIbHON (OPMBI.

Jlexuus 4. Ilorennuaneuelie siMbl. KBazuknaccuueckoe npudamxenue. Ocummistop. CocTosHus
YaCTUIIbl B OJTHOMEPHOW CUMMETPUYHOUN MOTEHIMAIBHON sIME. YPOBHHM SHEPTUU OJHOMEPHOTO
rapMoHnueckoro ocimuiaropa (6e3 BriBoma). OmepaTop MOMEHTa uMITylibca. KBaHTOBaHuWe
IIPOGKIIMM MOMEHTAa M KBaJpaTa MOMEHTa HMIyJbca. [[BH)KEHHE B LEHTPAJIBHOM IIOJIE,
LEHTPOOEKHasl SHEPTHS, paJlalibHOE KBAHTOBOE YUCIIO, KPATHOCTh BBIPOKJIEHUS. S-COCTOSIHUS B
TpEXMEPHON CHEPUUECKH CHMMETPUYHON sIME KOHEUHOW TyOWHBI, YCJIOBHE CYIIECTBOBAHUS
CBSI3aHHBIX COCTOSIHUM B TaKOH sIME.

Jlexmms 5. Bogopononono0Oubie atombl. KonebarenbHbIe U BpalaTeabHbIE CIIEKTPHI MOJIEKYII.

3aKOHOMEPHOCTH ONTHYECKHUX CIIEKTPOB aTOMOB (KOMOMHAIIMOHHBIN npuHImn Purtna), hopmyb
cepuii. Mogenu aroma Tomcona u Pezepdopna. [locrynarsr bopa, 6opoBckuii paauyc, 3Heprus
aToma BoJoOpoja. /[BrkeHHe B KYJIOHOBOM MOJi€, CllydalHOe BbIpOXAeHue. CHeKkTp atoma
Boziopoaa (06e3 BBIBOJA), TJIaBHOE KBAHTOBOE YHCIIO, KPATHOCThH BHIpOXACHHUS. KauecTBEHHBIN
XapakTep MOBENEHUs paJuaIbHOW U YIiIoBOM yacTei BoiaHOBOM (yHKIuU. BonHoBas (yHKIuUs
OCHOBHOT'O cOCTOsIHMA. Bomopomonono0Hble aTOMBI: BIMSHUE 3apsjaa sjipa (Ha MpuMepe MOHa
relusl) U ero Macchl (M30TOMMUYECKUI CIIBUT), ME30aTOMBI. XapaKTEepUCTUYECKOE PEHTI€HOBCKOE
u3yyeHue (3akoH Mo3znn). BpaiarenbHble CIEKTPBI INIOCKOTO M IPOCTPAHCTBEHHOTO POTaTOPOB



(mByxaToMHasi MoJieKyia). BpamiarenbHbie 1 KoyiebaTenbHbIC YPOBHH MOJICKYJI, SHEPT€THICCKU I
MacmTad COOTBETCTBYIOIMINUX BO30YKICHUN (MepapXusi MOJIEKYIISIPHBIX CIICKTPOB).

Jlexuust 6. Maruuthbeiii MomeHT. CrniH. TOHKast M CBEpXTOHKas CTPYKTypa aToma BOJOPOJa.
MarauTHblii  OpOUTANBHBIE MOMEHT 3JEKTPOHOB, THPOMArHUTHOE OTHOIICHHE, g-(akTop,
MarHeToH bopa. OmpiT Illtepna—TIepnaxa. ['mmore3a VYnenOexka um [ayncmura 0 cruHe
3JIEKTPOHA, CIIMHOBBINA g-paktop. OnbiT DitHIITEeliHa—e ["aaza. BekTopHas Moaensb CloKeHUs
CIIMHOBOI'O U OpOUTAJIHLHOIO MOMEHTOB AJIEKTPOHA, MOJHBIM MOMeHT, ¢akrop Jlanne. Tonkas u
CBEPXTOHKAsl CTPYKTYpbl aTOMa BOAOPOJIA.

Jlekuust 7. ToxknectBeHHOCTh uactull. OOMeHHOoe B3aumopeiicTBue. CHOXHBIE aTOMBI.
TOXIECTBEHHOCTh YaCTHUIl, CUMMETPUS BOJHOBOH (DYHKIIMHM OTHOCUTEIHHO TIEPECTAaHOBKHU
qacTull, 0030HbI U (epmuonsl, npuniun Ilaymu. Croxueie aToMbl. CaMOCOTIaCOBAaHHOE TIOJIE.
DnekTpoHHas KoH(HTryparus aroMa. ATOMHBIC TEPMBI, CIIEKTPOCKOMMYECKAast 3aITUCh COCTOSHUS
atoma. [IpaBmia Xynma. KadecTBeHHOE OOBSICHEHHE BO3HHKHOBCHHMS OOMEHHOW SHEPTUU U
npaBwil XyHJIa Ha MpUMepe BO30YKIECHHOTO COCTOSHHS 1S2s aroma Tenus U 00pa3oBaHUS
MOJIEKYJIbI BOJIOPOAA.

Jlexuusa 8. Atom B MarHuTHOM Tone. Dddext 3eemana. Mznydenue, npasuna otoopa. DIIP u
SIMP.

Oddexr 3eemana s ciydaeB ¢1aboro W CHIIBHOTO MarHWTHBIX IMOJIed Ha npumepe 3P—3S-
nepexonoB. Ilonarme cnuHa (cnupanbHOCTH) (OTOHA, TIONHBIA MOMEHT M YETHOCTh
Knaccudukanust goronoB mo monmaomy momenty u 4étHoctd (E- u M-¢doToHsbI), OTHOIIEHUE
BEPOSTHOCTEH W3IMy4eHUs (POTOHOB PA3IUYHON MYIbTUIOJIHHOCTH. BEposSTHOCTh AWUMOIBHOTO
U3NydyeHus. SlpepHbpli M 3JIEKTPOHHBIM MAarHUTHBI pe30HaHC (KBAaHTOBOMEXaHWYECKas
TpakToBKa). CTpOrue U HEeCTpOrue npaBuia OTOOpa MpH MOIJIOUIEHUU U UCIYCKaHUU (POTOHOB
atomamu (Ha npumepe ¢ dekra 3eemana u AMP).

Jlexums 9. Snepubie Moaemny.

OxcniepumenThl Pezepdopnaa u ['eitrepa mo paccesHuto o-gactuil B razax. OTKpbITHE HEHTpPOHA
YaaBukoM. DKCHEpUMEHTAIbHAS 3aBUCUMOCTh YIEIHHOW SHEPTUM CBSA3U sJipa OT MAacCOBOTO
yucia A. CBONCTBA SEPHBIX CHII: PAANYC IEUCTBUS, ITyOMHA MMOTEHIIMAJA, HACHITIICHUE SIIEPHBIX
CHJI, CIIMHOBAasl 3aBUCUMOCTh. [lpupoma simepHBIX CHI, OOMEHHBIM XapakTep SAEPHBIX CHII,
MEPEHOCYMKHU B3aUMOJECHUCTBUA. Mogenb KUAKON 3apsbkeHHOM karmum. Popmyna Balinzekkepa
JUIsl dHEpruu cBsi3u siapa. OOoyiouedHass MOJENb W Marm4eckhe 4Yucia B OCHWIISTOPHOM
noteHnuaine. OJHOYaCTHYHBIE U KOJUIEKTUBHBIE BO30YKIEHHBIE COCTOSHUS SpA.

Jlexuus 10. PagnoaktuBHOCTE. Asb(a, 6eTa, ramma.

PannoakTBHOCTH. 3aKOH paJiMOAKTUBHOTO paclajia, KOHCTaHTa pacraja, epuoj rnoiypacrajia,
cpenHee BpeMsl JKU3HM, BEKOBOE ypaBHeHHe. Anb(a-pacmnaj, 3akoH [elirepa—H»aTTrona u ero
BbIBOJ (popmyna I'amoBa). bera-pacman, sHepreThuyeckuil coekTp OeTa-pacmajaa, TMIIOTE3a
HEUTPUHO U €ro OINbITHOE OOHApYKeHHE, BHYTPEHHSs1 KOHBEpcUs 1eKTpoHoB, K-3axBaT. ["amma-
u3nydeHne, uzomepus siiep. CroHTaHHOE JeNieHue sijaep, MexaHu3M (QopmupoBaHus Oaprepa
JIEJIEHNs — 3aBHCUMOCTb KYJIOHOBCKOM M IMOBEPXHOCTHOM PHEPIUU OT JedopMaiiuu, napamerp
JIETUMOCTH, SHEPT U, BhIJIeNIsIeMast IPU JIeJICHUH s7iep, Ipeie CTaOUIbHOCTH siAep OTHOCUTENIBHO
JIEJICHUS.

Jlexums 11. SAnepusie peakiun. OLleHKa CEUCHUM.



SlnepHble peakuuu: dK30TEPMUYECKHE M DHIOTCPMUYECKUE PEAKIUH, IIOPOT PEAKLUH, CCUCHUE
peakuuu (IIOJIHOE W TaplHalIbHbIE CEYEHHUs), KaHaJIbl PEaKklUH, MHUPUHBI KaHanoB. CocTaBHOE
anpo. HepezonancHas Teopuss — KIIACCHYECKOE CEUEHUE, IOIPABKM HAa BOJHOBOW XapakTep
qacTull, KO3()(PUIMEHT NPOHWKHOBEHHMS YACTHIBI B INPSMOYrOJbHYIO sMy, 3akoH bere (Ha
nprUMepe MPOHUKHOBEHHS YaCTHUIIBI B IPSIMOYTOJIBHYIO sIMY). Pe3oHancHBIE peakiun — Gopmyra
bpeiita-Burnepa. [lenenue saep nox ACHCTBUEM HEHTPOHOB, MIHOBEHHBIE U 3aIla3/IbIBAIOIINE
HEUTPOHBI, LenHas peakuus JaeieHus. Ponb 3ama3qplBaloliuX HEMTPOHOB B paboOTE sAEPHOTO
peakTopa. Cxema peakTopa Ha TEIUIOBBIX HEUTPOHAX.

Jlexuus 12. dyHnnameHTaabHbIe B3aUMOJICHCTBUSL. DIIEMEHTAPHBIE YaCTUIIBI.

OyHaMeHTaIbHBIE B3aMMOJACHCTBHS W (pyHIAMEHTaJbHBIE YaCTHIBI (JICTITOHBI, KBapKH U
NIEPEHOCUYUKH B3aUMOJEHCTBHUII). 3aKOHbI COXpaHEHMsI W BHYTPEHHHME KBAHTOBBIE 4MCIIA.
KBapkoBas cTpyKTypa agpoHOB — ME30HbI, 0ApPHOHBI M pe30HaHCHl. KBaHTOBasi XpOMOIMHAMUKA,
acuMIToTudeckas cBobonma. [mmoresa koH(pallHMEHTa KBAapKOB U TJIOOHOB, KBAapKOBBIN
noteHuuan. OLeHKa aJpOHHBIX CEYEHWH IpPU BBICOKMX DJHEPIUSIX Ha OCHOBE KBAapKOBOI
cTpykTypbl. OtkpbiTue W- u Z-0030HOB, t-KBapka, METOJbl PpErucTpalud HEUTPHUHO.
Hecoxpanenue uétHocTH rpu Oeta-pacmnaje, onbIT By.

Jlexuus 13. 3akonsl uznydenuss AUT. Iloncyer ymncna cocTostHUI Moyst B 3aJaHHOM OOBEME;
dazoBblii 00BEM, MPUXOIMALIUICS HAa OAHO KBAaHTOBOE COCTOSIHHME, IJIOTHOCTH COCTOSHUM.
®opmyna Panes—/Ixunca u ynpTpaduoneroBas karactpoda, hopmyna Buna. Pacnpenenenue
[Tnanka. 3akon cMmenieHus: Buna. PaBHoBecHOe n3nyueHune Kak ujeanbHblil ra3 GOTOHOB. 3aKOHBI
Kupxroga u Crepana-bonpumana.

Jlexuus 14. CrioHTaHHOE U BBIHYK/ICHHOE U3IIy4CHHE.

JIByXypoBHEBasi KBAaHTOBasi CHCTEMa B I10JI€ PABHOBECHOTO M3JIyY€HMsI, IPUHLUI JIE€TaIbHOIO
paBHOBECHsI, CIIOHTAHHBIE M WHIYLIMPOBAHHBIE INEPEXOJbI, COOTHOIIECHUS OWHINTEMHA U €ro
BbIBOJ pactpenencHus [lmanka. IIpoxoxneHne u3iaydeHHs] 4yepe3 Cpeny, YCIOBHUE YCHUIICHUS
(uHBepcHas 3aceN€HHOCTh ypoBHel). [IpuHIun paboThl 1a3epa U €ro ycTpoucTBO.



AHHOTAIIUM K pa004YuM NPOrpaMMam JUCHHUILIMH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

O0mas ¢pusuka: Ja60paATOPHBIH NPAKTHKYM

Measb AMCHUNIMHBI:

¢dopmupoBanue 0a30BbIX 3HAHUU O (u3MKe W yMeHHs paboTarb B JIAOOPATOPUHU s
JANBbHEHIIEr0 HCIONb30BaHUSA B JIPYIHX JAUCHUIUIMHAX €CTECTBEHHOHAYYHOTO COJCpPIKAHMUS;
dopMupoBaHHE KYJIBTYpPHl OKCHEPUMEHTa, HCCIENIOBATEIbCKMX HABBIKOB M CIOCOOHOCTH
NPUMEHSTH 3HaHHS Ha MIPAKTHKE.

3apaum IUCHUIIMHBI:
- dbopMupoBanue y 00ydaromuxcsi 6a30BbIX 3HAHUI MO0 PU3UKE;

- (dbopMupoBaHHE KYJIbTYPhl SKCIIEPUMEHTa: yMEeHHE paboTaTh B j1abOpaToOpuu, 3HATh
OCHOBHBI€ METO/IbI SKCIIEPUMEHTA, YCTAHABIUBATDH JIOTUUECKHUE CBSI3H MEXK]y MIOHATHIMU;

- q)OpMI/II)OBaHI/Ie yMeHI/If/'I N HABBIKOB INPHUMCHATH IMOJIYYCHHBIC 3HAHUA I IMOCTAHOBKU
OKCIICPUMCEHTA, CAMOCTOATCIIbHOI'O aHaJIn3a IMMOJIYYCHHBIX PE3YJIbTATOB.

ITepevyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbrare ocBOE€HUS UCHUIUIMHBI 00yYaIOIIHeCs TOIAKHBI

3HATh:

- METOIUKY IIPOBENCHUS DKCIIEPUMEHTA,

- METOAMKY 00paOOTKH MOJTYYEHHBIX Pe3yJIbTaTOB.

yMeTb:
- paboTaTh C COBPEMEHHBIM H3MEPUTEIBHBIM 000py10BaHUEM;

- IIpaBHUJIBHO O6pa6aTI)IBaTB IMMOJIYYCHHBIC OKCIICPUMCHTAJIBHBIC JaHHBIC.

BJIA/IETh:
- HaBbIKaMU pabOThI C COBPEMEHHBIM U3MEPUTEIHHBIM 000pPYI0BAaHUEM;

- OCHOBHBIMH MAaTECMAaTUYCCKUMH MHCTPYMCHTAMU, XapPAKTCPHBIMU IS 3a/la4 MCXaHUKH.



TeMbl U pa3jaeiibl Kypca:
1. BBoanbie paboTsr 1

H3yuaroTcst cuctemMaTuueckue M ciaydailHble MOrpeurHOCTH MpUOOpOB Ha MpUMEpEe U3MEpPEHUS
YIEIBHOTO COMPOTUBICHUS HUXPOMOBOH NpOBOJIOKU. MccnenyroTcss MHCTpyMEHTajIbHbIE
MOTPEIIHOCTH AHAJIOTOBBIX M IUGPOBBIX NPUOOPOB, 3aKOHBI CJOKEHUS MOTPEIIHOCTEH,
MOTPEUTHOCTD MPU MOJTYYSCHUHU IPSIMOM METOJJOM HAMMEHBIITUX KBAPaTOB

2. BBoansie paboThI 2

Ha mpumepe KOCMHYECKOrO M3IIy4€HHUS, PErUCTPUpPYyEeMOro cyerdyukom ['eifrepa, m3ydaroTcs
OCHOBHBIE METOJbl CTAaTHUCTUYECKOM 0O0pabOTKM NaHHBIX. M3y4aroTcsi OCHOBHBIE CBOMCTBA
HOpMaJbHOIO pachpezeneHuss u pacnpeaenenusi Ilyaccona. HMccnemyercss 3aBUCHMOCTD
CPEIHEKBAIPATUYHOT0 OTKJIOHEHUS JAHHBIX OT YKCIIAa U3MEPEHUMN.

3. 3ammTa pador.

[IpoBepsieTcst 3HaHME CTYACHTaMHU OCHOB OOpa0OTKH pe3yabTaTOB JKCHEPUMEHTOB. 3alluTa
pabor.

4. V3y4eHue 3JIeKTPOHHOTO OCIHuIorpada

W3yuaercs yCTpOWCTBO W MPHHIUI Pa0OTHI 3JIEKTPOHHOTO ociniorpada. M3mepsiorcs
napaMeTpsl MPOCTEHINX KoJIeOaHWi --- aMIuuTyaa, (asa u gactorel. Mccnemyercst BIMSHUC
aAMIUTMTYIHO-9aCTOTHOH H ()a30BO-4aCTOTHON XapaKTEPUCTHK HA PE3ylIbTaT H3MEPEHUH C
MOMOIIBIO ocIIIorpada.

5. Omnpezenenrie MOMEHTOB UHEPIIUU TBEPBIX TEJ C MOMOIIBIO TPUPHUIISIPHOTO MOIBECA.

C nomouplo TpUGMISIPHOTO TOJBECAa H3MEPSIIOTCS NEPUOAbl KPYTUIIBHBIX KoJeOaHWM Ten
paznuuHoi popmbl. [1o n3MepeHHBIM NTEPHO1aM BBIYUCISIOTCS MOMEHTBI MHEPIUHU TEJ, 3HAUCHUS
KOTOPBIX CPaBHHUBAIOTCA C IOJYYEHHBIMHM M3 pPacyeTOB II0 MX TI'€OMETPUYECKHM pa3Mepam.
OKCHEepUMEHTAIIbHO MPOBEPSETCS aAJAUTUBHOCTH MOMEHTOB MHEPIMH U Teopema ['toiireHca—
Irelinepa.

6. 3ammTa pador.

[TpoBepsieTcst 3HaHME CTYAEHTaMH OCHOB OOpaOOTKH pE3yJabTaTOB AIKCHEPUMEHTOB. 3alluTa
pador.

7. OkchepuMeHTalbHas MPOBEpKa 3aKOHA BpallaTeIbHOTO MABMXKEHHUS Ha KPECTOOOpa3HOM
MasTHuke OOepOeka.

C noMo1pio KpecTooOpa3HOro MasiTHUKA, K OCH KOTOPOTrO MOABEIIUBAIOTCS TPY3bl Pa3IN4HON
Macchl, HCCIEAYyeTCsl OCHOBHOM 3aKOH BpalllaTeJbHOIO JIB)KEHHUSA. OKCHEPUMEHTaIbHO
MIPOBEPSIOTCS COOTHOILEHUS IS MOMEHTOB HWHEPLUUU LUIMHAPOB M 3aBUCHMOCTH MOMEHTA
MHEPLHU OT PACCTOSIHUS IO OCU BpallleHus. Vccneayercs BIUSHHUE CONPOTUBIIEHUS BO3AyXa Ha
HCKaXEHUE PE3YJIbTATOB OIBITA.

8. Ompenenenue ycKopeHUss CBOOOJHOrO MAJACHHUS TPU TMOMOIIM OOOPOTHOTO MAsTHHKA.
N3yuenne pu3nIecKoro MasTHUKA.

C nomonpio pusmueckoro MasiTHuKa B (OpMe JUIMHHOTO CTEPXKHS M 0OOPOTHOTO MasiTHHKA C
NOJBWKHBIMM Tpy3aMH HCCIEAYIOTCS OCHOBHBIE 3aKOHBI KOJe0aTelIbHOrO JABMXKEHUS.
U3mepsitorcss mepuoabpl  KojeOaHWH MasSTHUKOB, HCCIEAYIOTCS 3aBUCHUMOCTh IE€pHofa OT



aMIUIMTYbI KosieOaHui u 3aTyxanus. [1o 3HaueHuto nepuoaa u3Mepsiercs yCKopeHue cB0OOOIHOTO
MaJICHUsI C BBICOKON TOYHOCTBIO.

9. Onpenenenune moayisa FOura.

HccnenyroTtess Manble ynpyrue aeQopMaiil pacTsKEeHUs/CxaTusi, M3ruda M KpydyeHus Ui
pa3IMYHbIX MaTEPHUAJIOB (CTallb, JIATYHb, pa3IUYHbIC TOPOIbI AepeBa). [1o 3Hauenuto nedopmanuu
BBIUUCIISETCSI MOAYJIh COOTBETCTBYIOIIETO MaTepuia Pa3INIHBIMH CIIOCO0aMHU.

10. 3amura pabor.

[IpoBepsieTcsi 3HaHWE CTYACHTAMH OCHOB OOpa0OTKH pE3yJbTaTOB AKCIEPUMEHTOB. 3alluTa
pabor.

11. MiccnenoBanue npeLeccuu ypaBHOBEIIEHHOTO THPOCKOIA.

HccnenyroTcst 3aKOHbI IBUJKEHUSI OBICTPOBPALIAIOLUIMXCS OCCUMMETPUUHBIX TeNl (TMPOCKOIIOB).
ITo ckopocTu mpeneccuu rupocKona Mmox ACHCTBUEM ITOCTOSHHOIO MOMEHTA CHUJI ONPEIEIACTCS
CKOpOCTb BpaIllEHUs poTOpa. MOMEHT MHEpPLUUU POTOPA OIPEACIACTCS METOIOM KPYTHIIBHBIX
KOJIEOAHUH NPH CPaBHEHUHU C ATAJOHHBIM TejoM. [lo omyckaHMM ocM T'MpOCKONa M3Mepsercs
MOMEHT CHJIBI TPEHUS B OCH THPOCKOIIA.

12. V3yuenue konebaHuii CTPyHHBI.

HccnenyroTest cTosiune BOJIHBI, BO30YK/IaeMbIe Ha HATSHYTON CTAJIbHOW CTPYHE C 3aKPEIJICHHBIMU
KOHIIaMH. I/I3Mep$[IOTCH PE30HAHCHBIC YaCTOThHI B 3aBUCUMOCTH OT CUJIbI HATSXKCHUA HUTHU, U3 YCTO
OIpEJICTISIETCS.  CKOPOCTh PACIpOCTPAHCHUS BOJH Ha CTPyHE W €€ IJMHEWHas IUIOTHOCTb.
Peructpanust  koneOaHWi  TPOBOAUTCS C  MOMOIIBIO  3JEKTPOMArHUTHOTO  JIaTYMKA,
HOJKJIIOYEHHOTO K 3JIEKTpOHHOMY ocimiutorpady. Ilo mmmpuHE pe3oHaHCa H3MEPSIeTCs
JTOOPOTHOCTH KOJIeOATEIPHON CUCTEMBI.

13. Onpenenenue CKOpOCTH MOJIETA ITYIIH.

CKOpOCTI) moJieta myJjii U3 MHEBMATUYCCKOI'O PYXKbA U3MEPACTCA C MOMOIIBIO 0aJIIUCTUYECKOTO
METOJa. CKOpOCTI/I BBIYUCIIAIOTCA IO aMIINIMTYAC OTKIIOHCHHA 0aJIIUCTHYECKOTO U KPYTHUJIIBHOI'O
MAasATHUKOB C MCITIOJIb30BAHUCM 3aKOHOB COXpPaHCHHA UMITYJIbCa, SQHCPIrMKu U MOMCHTA UMITYJIbCA.

14. UccnenoBanume CBOOOMHBIX KOJIEOAHUN CBA3AHHBIX MAasITHUKOB.

HccnenyroTcst 0cOOEHHOCTH KOJIEOaHUI CUCTEMBI U3 JIBYX CBSI3aHHBIX MasTHUKOB. M3Mepsiorcs
cOOCTBEHHBIE YaCTOTHI KOJIEOAHUH U HCCIEIYIOTCSl COOCTBEHHbIE MO/IbI KoJiebanuil. Mccnenyercs
3aBHCHUMOCTh XapakTepa KojeOaHui OT KOHCTAHTHI CBS3M MasiTHUKOB.

15. Craumonapuoe teuenue (bepuynnu, [lyazeitns).

N3ydaroTcss CBOWCTBA CTAlMOHAPHBIX TEYEHUM >KUIAKOCTEM U Tra3oB. Pacxon KHUIKOCTH
n3mepsiercss pacxogomepamu Iluto m Bentypu. Ilo 3aBucumMocTn pacxona rasza or nepemnaja
JABJICHUSI Ha y4acTKe TpyObl u3MepsieTcs Bs3KOCTh rasza. Ilo oTkiaoHnenue ot 3akoHa Ilyaseiins
ONpeesaeTcss KpUTHUECKOe Ynciao PeilHobIca, COOTBETCTBYIONIEE MEPEXOAY OT JIAMHUHAPHOIO
TEYEHUS K TYypOYJICHTHOMY.

16. BA3KOCTb )KUKOCTH, SHEPTUS AKTUBALIUN.

[To BepTuMKaTbHOMY MaJEHHIO MPOOHBIX IIAPUKOB B BEPTUKAIBHON KoOJIOE, 3aroIHEHHON
[JIMLEPUHOM, U3MepsieTcs] KOOPPUIIMEHT BS3KOCTH KHJIKOCTH B 3aBUCHMOCTH OT TEMIIEpAType.
[To ycraHoBuBIIEWCsS CKOpocTH maAeHuss mnposepsercs ¢Gopmyna Crokca s CHIIBI



COTPOTHUBIIEHUS B BA3KOM *kuakoctu. [lo TemnepaTypHoil 3aBUCUMOCTH BS3KOCTH OTIPEAEIAETCS
SHEPrUsl aKTUBALMM JJI MOJEKYN >KMIKOCTH. DHEPrusi aKTUBALMS CPaBHUBAETCS C dHEpruei
CBSI3H, TEIUIOTON MCIIAPEHUS U YHEPTHel MOBEPXHOCTHOTO HATSKEHUSI.

17. Bakyym.

W3y4aroTcst OCHOBHBIE METOIbI MOJTYUYCHHS U U3MEpPEHUs Bakyyma. Vccrenyercs 3aKkoH OTKauKu
B BSI3KOCTHOM PEKUME IIPH OTKauke (POpBaKYyMHBIM HACOCOM U 3aKOH OTKAaYKH B KHY/ICEHOBCKOM
peKUME TIpU  BBICOKOM BakyyMe (C moMomibio AU(PQY3HOHHOTO MACISHOTO WU
TypOOMOJIEKYJISIPHOTO HAacocoB). M3MmepeHHe HU3KOro BaKyymMa MPOBOJUTCS MACISHBIM,
TEPMOMNApHBIM U TEPMOPE3UCTOPHBIM BaKyyMMETpaMmH. BBICOKHMN BakyyM H3MepsTCs
MOHM3AIMOHHBIM U MarHETPOHHBIM BaKyyMMETPaMH.

18. Iuddyszus.

Hccnenyercs B3anMHas nuddy3ust BO3ayxa U Tesus 4epe3 TOHKYIO TPYyOKy, COSHHSIONIYIO B
cocyna. KoHueHTpammu ra3oB H3MEPSIOTCS TEPMOPE3UCTOPHBIM JAaTYMKOM II0 Pa3HOCTH
TEIUIONPOBOAHOCTH cMecH. Vccnenyercs mnpuMeHHMMOCTh 3akoHa @uka W 3aBUCHMOCTD
koo dunmenta B3anmMuon 1udy3uu oT naBiIeHUs

19. TemnonpoBOIHOCTb.

Hccnenyercs 3aBUCHMOCTh KOA(@UIMEHTa TEIJIONPOBOJHOCTH BO3AyXa OT TeMIepaTypbl U
nasiieHus. Vi3aMepeHus npoBOJATCS 110 HarpeBy MPOBOJIOKH, 3aKJIIOUECHHON B LIMIMHIPUYECKYIO
BO3AYIIHYIO 000y0uKy. Temmeparypa BHEUIHEH OOOJOYKM KOHTPOJUIMPYETCS TEPMOCTATOM,
TeMIIepaTypa IpOBOJIOKH ONPEAESIeTCs 10 3aBUCMOCTH CONIPOTUBIICHUS MaTepraa IpOBOJIOKH
oT Temrneparypsl. [Ipn HU3KOM J1aBlIeHUU HCCIeayeTCs ABJIEHHE TEMIIEPaTypHOro CKayka BOJIU3U
IIPOBOJIOKH.

20. MonexynspHbI€ SIBICHUS.

HccnenyroTcst MOJIEKYISIpHBIE TPOLIECCHl B CHJIBHO Pa3pe’KeHHBIX rasax. M3ydaercs mpouecc
JIEKTPOOTKAYKH --- MOTJIOLIEHHUS YacTHUIl Ta3a aHOAOM B PE3yJbTaTe NOHU3ALUU IEKTPOHHBIM
ynapoM. M3mepsercs NaBieHUE HACBILICHHBIX MAPOB TYTOIUIABKMX METAUIOB IO W3MEHEHUIO
JIaBJICHUS IIPH HarpeBe TOKOM 00pasiia B BaKyyMe.

21. 3ammura pabot

[TpoBepsieTcst 3HaHHME CTYACHTaMHU OCHOB OOpa0OTKH pe3yabTaTOB JKCIEPUMEHTOB. 3aluTa
pabor.

22. Omnpenenenue CP/CV ra3os.

WzmepsieTcs nokazatenp aguadbarsl merogamu Kiemana-JlesopMa U akyCTHUECKOTIO Pe30HAHCA.
Boruncnsiercss 3HadeHME CKOpPOCTH 3ByKa. M3Mepsirorcs mapaMmeTrpel M UX 3aBUCUMOCTH OT
TEMIEPATYPhI IS BO3AyXa U YIIIEKUCIIOTO rasa.

23. ®a3oBbIe NEPEXOBI.

C mnomompl PTYTHOTO MaHOMETpa H TEPMOCTAaTa H3MEPSETCS 3aBUCHUMOCTh JaBJICHUS
HACBIIICHHBIX TApPOB OT TeMIEpaTyphl g BOABl U cnupTta. [lo mogydueHHOW 3aBUCHUMOCTH
BBIUKCIISIETCS] TEIIOTa TApooOPa30BaHMs COOTBETCTBYIOIINX KUAKOCTEH.

24. 3amura padbot



[TpoBepsieTcsi 3HaAHWE CTYACHTAMH OCHOB OOpa0OTKH pEe3yabTaTOB AKCIHEPUMEHTOB. 3alIuTa
pabor.

25. PeanpHble raspl.

Uccnenyercsa apdext Jxoyns—Tomcona npocaunBanus ra3a uepe3 MopUCTyIo MePeropoaxy As
JIJEKUCIOro rasza. Pa3HOCTh Temmeparyp u3MepsieTcs TepMomnapoil.  Berawmcnstorcs
koaddurmenter JHxoyns—ToMcona u mapamerpsl ra3a Ban-nmep-Baanbsca. Ilo m3mepeHHBIM
napaMerpaM IpPOU3BOJUTCS OLIEHKa KPUTHYECKHUX MapaMeTpoB ra3a W TEeMIIEpaTypbl HHBEPCHU

addekra.

26. IloBepXHOCTHOE HATSKEHHUE.

Uzmepsiercs koG humeHT HOBEPXHOCTHOTO HATSHKEHUS Pa3IMUHbIX KUAKOCTEH (BOJIBI U CIUPTA)
B 3aBUCHUMOCTH OT TemIiepaTypsl MetoioM Pebunaepa. Onpenensercs noiaHas cBOOOIHAs SHEPTUs
MOBEPXHOCTH U TEIJIOTa 00PA30BAHMSI €TUHUIIBI TOBEPXHOCTH.

27. TermioeMKOCTb.

H3mepsieTcs TEMIOEMKOCTh TBEPBIX TE U TEIIOEMKOCTh ra30B MPU MOCTOSHHOM JIaBIICHUU IS
pa3IMYHBIX pacxoAoB. TeMieparypa TBepA0ro Tela u3MepseTcs M0 3aBUCUMOCTH COTIPOTUBIICHUS
HarpesaTelis OT TeMIieparypbl. TeMiieparypa raza u3MepsieTcsi TepMOIapou.

28. 3amura pabot

[TpoBepsieTcst 3HAaHWE CTYACHTAMH OCHOB OOpa0OTKH pE3yabTaTOB SKCIEPUMEHTOB. 3alIUTa
pabor.

29. Marautometp .AOCOTIOTHBIN BOJIBTMETP. MOCTMPOBAHNE ITEKTPUIECKUX TTOJICH.

OrnpeziesieHre TOPU3OHTAIIBHONW COCTABJISIONIEH MAarHUTHOTO TIOJIST 3€MJIM, M YCTaHOBJIEHUE
KOJIMYCCTBCHHOI'O COOTHOIICHUA MCEXKAY CAWHHUIAMU IBJICKTPUUYCCKOIO TOKAa W HANPSHKCHUSA B
cucremax CH u CI'C. 3yuyeHue 51eKTpoCTaTUYECKUX MOJIEH MPSIMOYTOJIbHOTO Ka0est, TNIOCKOTO
KOHJIEHCATOpa, YEThIPEX 3apsSKEHHBIX LIUIMHIPOB HA AJIEKTPOIPOBOIHON Oymare.

30. CrieKTphl ANEKTPUIECKUX CUTHANIOB. BoHOBO. CHHTE3 2JIEKTPUUYECKUX CUTHAJIOB.

W3yueHne CHEeKTpaJbHOIO COCTaB MEPHOAMYECKUX dJIEKTPUUYECKUX CHUTHaloB. M3ydeHue
BO3MOXKHOCTH CHHTE3UPOBAHMS MEPUOJUYECKUX DJIEKTPUYECKUX CUTHAJIOB MPHU OrpaHUYEHHOM
Habope CHEeKTpaJdbHBIX KOMIOHEHT. O3HakOMJIEHHE C OCOOEHHOCTSIMU pacCHpOCTpaHEHUs
SJICKTPOMAriuTHBIX BOJIH B BOJIHOBOJEC, annapaTypof/'I H METOJaMH H3MCPCHHUA OCHOBHBIX
XapaKTEPUCTHK MPOTEKAIOIIMX IPH 3TOM IPOILIECCOB.

31. Marnetpos (1 ¢pokxycupoBka). 3akoH TpéX BTOpbIX. OnbIT MuIIIMKEeHa.

OmnpeneneHne OTHOIICHUS 3apsijia SJIEKTPOHA K €ro Macce METOJIOM MarHUTHOH (POKYCHPOBKHU U
MeToioM MarHeTpoHa. OmpesereHne yaelbHOTO 3apsa dJCKTPOHAa Ha OCHOBE 3aKOHA «TPEX
BTOPBIX» Il BAKYYMHOTO IH0/1a. VI3MepeHue 2IIeMeHTapHOTO 3apsiia METOAOM MaCIISTHBIX Karellb
10 MX JBIDKEHHUIO B BO3/IyXE MO JCHCTBUEM CHIIBI TSDKECTH M BEPTHKAIBLHOTO JIEKTPUIECKOTO
HOJISL.



32. Cnpur (a3 B 1ienu nepeMeHHoro Toka. Pezonanc HanpspkeHuil. Pe3onanc TOKOB.

W3yueHue BIMSHNSA aKTUBHOT'O COIPOTUBIICHUS, MHIYKTUBHOCTU M EMKOCTH Ha CIIBUT (ha3 MEXTy
TOKOM U HAIIpsDKEHUEM B LIENH IepeMeHHOro Toka. MccnenoBanue pe3oHaHCOB HaNpsKEHUH U
TOKOB B IIOCJIEZIOBATEIbHOM M B IapajlJIeIbHOM KoOJeOaTeIbHOM KOHTYypax C H3MEHseMOn
€MKOCTBIO, TIOJY4YE€HHE AaMIUIMTYIHO-YaCTOTHBIX M  (Da30BO-YaCTOTHBIX XapaKTEPUCTHUK,
OIIpE/IeIEHUE OCHOBHBIX IApaMETPOB KOHTYPOB.

33. DddexT Xoma B moaynpoBogHukax . Iddext Xosmra B MeTauiax. MarHeToconpoTUBIICHUE
MOJIYITPOBOJTHUKOB.

Uccnenosanue 3aBucumocty I/{C Xosuia oT BEIMUMHBI MArHUTHOT'O 11OJISI ITPU PA3JIMYHbIX TOKaxX
yepes oOpaszel AJisl onpeeseHuss KOHCTaHThl Xoiia. Vi3Mepenue noABMKHOCTH U KOHLEHTpaLuu
HOCHUTEJIEH 3apsiaa B MOJYNPOBOAHUKAX U MeTaulax. M3MepeHne 3aBUCMMOCTH CONPOTUBIICHUS
HOJYIPOBOTHUKOBBIX 00Pa310B Pa3IU4HON (POPMBI OT MHIYKIIMM MAarHUTHOT'O MOJIS.

34. CBobGonnbie konebanus . BeiHyxneHnsie konebanus . Jpobosoit mym . Koned. koHTYp ¢
HEJIMHEHHON EMKOCTBIO.

HccnenoBanre CBOOOMHBIX W BBIHYKICHHBIX KOJICOAHWUH B AJIEKTPUICCKOM KOJIEOATCIHEHOM
KOHTYpe. VI3mMepeHue 3apsiaa 37eKTpoHa 1o ApoOoBoMy IyMy. VM3yueHue pe3oHaHCHBIX CBOMCTB
HEJIMHEWHOT0 K0JIe0aTeIbHOr0 KOHTYpa

35. ua- u napamarseTuku. /lua- u mapamaruetuku. /ua- u mapamaraetuku. CkKUH-3QQexT.

H3mepeHne MarHUTHOM BOCIHPHUHMYMBOCTH [Ua- W TapaMarHUTHOTO o0pasnoB. M3yuenue
TEMIEPAaTypHOIl 3aBUCHMOCTH MAarHUTHOW BOCHPUUMYHUBOCTH (peppOMarHeThka BBIIIE TOYKU
Kropu. HccnenoBanue NpOHUKHOBEHUS MEPEMEHHOTO MArHUTHOTO MOJS B MEIAHBIM MOJBIN
HWIAHJIP.

36. bannmucTuueckuii ralbBaHOMETP.

N3yuenne paboThI BBICOKOYYBCTBUTEIILHOTO 3€pKaJIbHOTO rajJlbBaHOMETpa
MarHUTORJIEKTPUYECKON CHCTEMBI B PEKHMMaX M3MEPEHUS MOCTOSIHHOIO TOKA U 3JIEKTPUUECKOTO
3apsja.

37. PenakcannoHHBIN TeHepaTop. Tneronmi paspsaa . BeIcOokoyacTOTHBIN pa3ps.

HccnenoBanue penakcallMOHHOTO I'eHepaTropa Ha CTa0MIUTpoHe. M3ydeHue BOJIbT-aMIEpHOU
XapaKTepUCTUKHM  HOPMAJIbHOTO  TJEIOIIero  paspsiaa.  V3yueHue  CBOWCTB  IUIa3Mbl
BBICOKOYACTOTHOT'O ra30BOr0 pa3psa B BO3yX€ METOJOM 30HJOBBIX XapAKTEPUCTHK.



38. Iletns ructepesuca (muHamuyeckuit meton) .Iletns rucrepesuca (CTaTUYECKUM METON).
[TapameTpoH./IBoitHOE SIPMO .

W3yueHne nereib rucTepe3nca pa3inyHbiX (PeppOMarHuTHBIX MaTEPHAIOB B IEPEMEHHBIX MOJISX.
W3mepenue HayanbHOW KPUBOW HAMarHMYMBAHHUS (PEPPOMArHETUKOB M TPEACIBHON METIH
rucrepesuca Juis oO0pa3loB TOPOUAAIbHON (OPMBI, U3TOTOBICHHBIX W3 UUCTOIO Xeje3a WU
ctanu. M3ydenune napaMeTpuyeckux KojJeOaHuil B 2JIEKTPHUECKON TICTIH.

39. 3amura pabot

OO0paboTKa MOJYYCHHBIX JKCHEPUMCHTAIBHBIX JAHHBIX. AHAJIW3 MPHYUH, TPUBOAAIINX K
OmMOKaM M3MEpPEeHHs, W pacyeT MOTPEIIHOCTeH H3MEPEHHS HCCICIYyEeMBbIX BEJINYHH.
[IpencraBieHue mnpojenaHHOW pabOTBl B BUAEC HAYYHOTO OTYETA. 3alUTa TOJYYEHHBIX
pe3ynbraToB. OOCYKACHIE BOIIPOCca IO BEIOODY.

40. Konsia Hetorona. MuaTepdepomerp XKamena. Unteppepomerp Penest.

HuTepdepeHIMoHHOe U3MEpPEHHE KPHUBHM3HBI CTEKISIHHOM IMOBEPXHOCTH C IOMOIIBIO KOJIEI
Herorona. MHTEpdepeHIMOHHbIE M3MEpEHHs TOKa3aTesiell MPEIOMIICHUS Ta30B C MOMOIIBIO
unreppepomerpoB JXKamena u Penes.

41. LlenTprpoBaHHbBIC ONTHYECKHUE CHCTEMBI. MopnenupoBatue ONTHYECKUX
npubopos.Pedpakromerp AGOe.

N3ydeHne MeTo10B onpezeneHus: GOKYCHBIX paCCTOSIHUN JIMH3 U CIOKHBIX ONTUYECKUX CHCTEM.
OrnpenenieHne XapakKTEPUCTUK ONTUYECKON CHCTEMbI, COCTABIIEHHON U3 TOHKMX JIMH3. M3ydeHue
ceprueckoil 1 XxpoMmarudeckoil abeppanuii. M3yuenne mojeneit 3putenbHbx Tpyo Kemnepa u
INanines n monenu Mukpockona. M3mepenne nokasaresnei npeaoMIIeHNs TBEPABIX U XKUAKUX Tell
B MOHOXPOMaTHYECKOM CBETE C IMOMOIIbIO pedpakromerpa A60e.

42. 3ydeHue nasepa .

W3yueHre OCHOBHBIX MPHHLUUIOB pabOThl TelUH-HEOHOBOTO Jia3epa, CBOMCTB JIa3epHOIO
U3JIY4YEeHUsl U U3MEpPEHHEe YCUIIEHUS JlazepHOl TpyOku. VccienoBaHue COCTOSIHUS MOJSPU3ALIUT
U3Iy4YeHus ja3epa Ha uccienyemoil TpyOke. HabGmromeHune MOIOBOH CTPYKTYpBI JIa3epHOTO
U3ITy4EHHUS.

43. Mudpakmaus ceta.

HccnenoBanue siBiaeHus audpaxuuu Ppenens u Opaynrodepa Ha menu. M3yuenue BIUSHUA
TupaKuy Ha pa3pearonyto cliocOOHOCTh ONTHYECKUX HHCTPYMEHTOB.

44. Ionstpuzanusi.



O3HakOMIICHME C METOJaMH IIOJNyYEHHUS M aHajau3a IOJIIPU30BaHHOro csera. OnpexneneHue
mokaszaressi TIpeJoMiIeHust S00HMTAa uepe3 yroia bprocrepa. McciemoBanue —xapakrtepa
HOJSpU3alUU CBeTa B IPEIOMIEHHOM M OTpPak€HHOM OT cTombl Jaydax. McciaenoBaHue
UHTEepEpEHIINH TOISPU30BAaHHBIX Jydel. OmnpeneneHue HarpaBieHHs BpAIIEHUS CBETOBOTO
BEKTOPA B JJUIMITUYECKH NTOJISIPU30BAHHOM BOJIHE.

45. Narepdepentus soaa CBY.

N3yuenne wuHTEpPEPEHIIMH HJIEKTPOMATHUTHBIX BOJH MWJUIMMETPOBOTO JHara3oHa ¢
IPUMEHEHHUEM JIBYX ONITUYECKUX MHTEPPEPEHIIMOHHBIX CXeM. DKCIIEPUMEHTAILHOE ONpeIeICHIE
JUIMHBl BOJIHBI W3JIy4€HHUS W IIOKAa3aTessl IPEIOMIIEHHS JUAJIEKTPUKA. ODKCIIEpUMEHTAIbHAs
IIPOBEpKa 3akoHa Maittoca.

46. ludpakiimoHHbIC PEIIETKH (TOHUOMETD).

3HaKOMCTBO ¢ pPabOTOI U HACTPOWKOIN TOHMOMETPA U OIIPEeNICHUE CIIEKTPATIbHBIX XapaKTEPUCTUK
aMIUTUTYAHOH pemérku. MccnenoBanue cnekTpa pTyTHOH iamibl. OrnpeeneHue CleKTpalbHbIX
XapaKTEPUCTHK (a30BOH PEIETKH (DIIEIETTA).

47. JIBoMiHOE JIy4enpeIOMIICHHE.

N3yueHne 3aBUCUMOCTH MOKa3aTessl MPeJOMIICHNs] HEOOBIKHOBEHHON BOJIHBI OT HAIpaBJCHUS B
JBOSKOIIpeoMIsiomeM Kpuctamie. OmnpeneneHue TIJaBHBIX IIOKa3aTesled MpPeJoOMIICHUs B
KpHCTaJlIe.

48. Mudpakmus Ha yIbTPa3BYKOBBIX BOJIHAX.

W3ydyenne audpakiuu CBeTa Ha CHUHYCOMAAIBHON aKyCTUYECKOM pemérke M HalrojeHue
¢$ha30Boil pemIETKH METOI0M TEMHOTO TOJISI.

49. Pazperi. crtocoOHOCTH MUKpOCKOTIa (MeTox AGOe).

Omnpenenenne AUQPPaKIMOHHOTO Mpejesa pa3pelieHnus o0beKTHBa MUKpOcKoma MeTogoM Ab0e.
Omnpenenenne meprofa pPEmETOK MO UX IMPOCTPAHCTBEHHOMY CIIEKTPY, MO0 H300pa)KeHHIo,
YBEIMYCHHOMY C TIOMOIIBIO MOJEJIN MHKPOCKONA, a TakXke, IO OLEHKE pa3pelnaromeil
crocoOHOCTH MUKpockona. [IpocTpancTBeHHas PUIBTpALUs U MYIbTUILTHIIIPOBAHUE.

50. 3ammura pador

OO0OpaboTka TMOJYYEHHBIX SKCIEPUMEHTAIbHBIX JaHHBIX. AHAIW3 MPUYMH, TPHUBOIANINX K
OomuOKaM W3MEPEHHUs, U pacyeT TMOTPEITHOCTEH W3MEepEeHUss HCCIEeNyeMbIX BEJIHYHMH.
[IpencraBinenune mpojenaHHO pabOThl B BUAE HAYYHOTO OTYETA. 3allUTa TOTYyYEHHBIX
pe3ynbTaToB. OOCYXKICHHE BOMPOCa IO BHIOODY.



51. Dddexr [Nokkenbca.

HccnenoBanne mHTEp(hEpEHIIMM PACCESHHOTO CBETa, MpoLIe/mero Kpucraul Habmoaenue
U3MEHEHHS XapaKTepa MOJIIPU3AIMK CBETA MTPHU HAIOKEHUH HA KPUCTAILT AIEKTPHUIECKOTO TTOJIS.

52. 3amura pabor.

[TpoBepsieTcsi 3HaHHME CTYACHTaMH OCHOB OOpa0OTKHM pPe3yabTaTOB JKCIEPUMEHTOB. 3alluTa
pabor.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

O0mas ¢pusuka: mexaHuka

Measb AMCHUNIMHBI:

- I3YUYCHUC CTYACHTAaMH OCHOBHBIX 3aKOHOB KJIaCCHUYECKOH U peHﬂTHBHCTCKOfI MCEXaHUKH.

3agauyu IUCHUILINHBI:
- 3HAKOMCTBO C 0a30BBIMH 3KCIICPUMEHTAIBHBIMHU (PaKTaMHU B 00JIACTH MEXaHUYCCKUX SBJICHUM;
- YCBOCHI/IG OCHOBHBIX KOHHGHHI/If/'I, I/ICHOJII)3y€MI>IX IJIA OIIMCAaHUA MCXAHUYCCKUX ﬂBJ’IeHI/If/'I;

- OBJAJICHUE NPOCTEUINIMMH MaTeMaTHUYECKUMHU METOJaMH, MO3BOJSIONIAMHU PENIATh 3aJaud
MCXaHUKHU;

- pelleHne 3a7a4, OXBaThIBAIOIINX OCHOBHBIE ITPHJIOKEHUS MEXaHUKH.

Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- YUCJIEHHBIE MTOPSAJIKM BEJIMUHMH, XapaKTepPHbIE JJIs Pa3JINYHBIX MEXaHUYECKUX SIBJICHU;
- OCHOBHBIE 3aKOHBI KJIACCUYECKON U PEISITUBUCTKON MEXaHUKU;

- IPUHIIUIT OTHOCUTENBHOCTH [ anusess 1 NpuHIUI OTHOCUTENbHOCTH DHHIITEHHA;

- 3aKOHBI COXPAHEHUS DHEPTUH, UMITYJIbCA 1 MOMEHTA UMITYJIbCA;

- 3aKOH BCEMHUPHOTO TATOTEHUs U 3akoHbI Kemnnepa;

- OCHOBBI INHAMUKH BpAIIeHUs aOCOIOTHO TBEPAOIO TEINA;

- OCHOBBI TEOPUU CBOOOTHBIX, 3aTyXAIOIIUX U BBIHYXIEHHBIX KOJeOaHMIA;

- IPUHIIUIIBI ONTMCAHUS MEXaHUYECKUX SBJIEHUH B HEMHEPIUAIbHBIX CUCTEMAX OTCUETA;
- OCHOBBI OIHMCAHUS ABM)KEHUS UACAbHON U BSA3KOM JKUJIKOCTH;

- OCHOBBI OITMCaHUA YIIPYTUX CBOMCTB MaTCpHraJIoB.

yMeThb:



- abcTparpoBaTbCsi OT  HECYIIECTBEHHOTO MPH  MOJACIUPOBAHUU PEATBHBIX (DU3UICCKUX
CUTYAalLIHil;

- ACJIaTh IpaBUJIBHBIC BBIBOABI U3 COIIOCTAaBJICHUA PE3YIBTATOB TCOPUU U DKCIICPUMEHTA,
- HAaXOJHUTb 6e3pa3MepHLIe napamMeTphbl, OMPCACIIAOIINEC N3YIaCMOC SABJICHUC,
- IPOU3BOAUTE YUCIICHHBIC OLICHKU I10 IMOPAAKY BECIUYNHBI,

- JleNaTh KaueCTBCHHBIC BBIBOJBI NPU IEpPEeXoJlie K NPEACTbHBIM  YCIOBUSM B HM3Y4aeMbIX
npoOemax;

- 00eceunTh JOCTOBEPHOCTD M0JIy4aeMbIX PE3YJIbTATOB;

- BUJCTh B TCXHHYCCKHUX 3aJadax (l)I/ISI/I‘ICCKOC COACpKaHUC.

BJIA/IETh:

- METOAAaMU pelIeHus GU3NIECKUX 3aJ]1a4 [0 MEXaHUKE;

- HaBBIKAMHU CaAMOCTOSITENIbHON paboThI B Onbimoreke u MHTEpHETE;
- HaBBIKAMU OCBOEHHUs 00JIb1IOr0 00beMa HH(POPMALIUY;

- KYJbTYPOH IOCTAaHOBKU U MOJIEIUPOBAHUS PU3NYECKUX 3a/1ay.

TeMbI U pa3jeiibl Kypca:
1. lunamuka BpaiieHust abCOIIOTHO TBEPIOTO Tea.

OcHOBHOE ypaBHEHHE AMHAMUKH BpallleHHs aOCOJIIOTHO TBEPAOIO Teja BOKPYT HEMOABHXKHOMN
ocu. MomenT unepuuu. Teopema Ll teiinepa. Kunernueckast sHeprust abCot0THO TBEPAOTO Tea,
BpalIAOLIErocs BOKPYT HEMOABUKHOU OCH.

CooTHo1IEHHE MEXTYy MOMEHTaMH MHEPLMHM OTHOCUTENBHO TPEX B3aMMHO NEPIEHIUKYIISIPHBIX
ocei. MOMEHT MHEpUHMH OTHOCUTEIBHO TOYKH. COOTHOLIEHME MEXIYy MOMEHTaMU HHEPLUU
IJI0CKOM GUrypbl. MOMEHTBI MHEPLIUU POCTEHIINX TEII.

JlnHaMuKa MI0CKOTO JBMKEHUS aOCOTIOTHO TBEPI0TO Tena. Kunetnueckast sHEpPTUst IPH TUIOCKOM
newkeHnn. CKaThIBaHWE TEJ BpaIeHUs C HAKIOHHOW TuiockocTu. [mpockom. Ilpereccus
TUPOCKOIA MOJ AECTBUEM CUIIBI TAKECTH.

2. MexaHnKa MaTepUAIbHON TOYKH.

Cucrema otcuéra. Panmyc-exkTop dwactuubl. JlekapToBa, HMUIUMHApPUYECKas M cdepuyeckas
cuctembl KoopAauHaT. OCHOBHBIE MOHATHS KUHEMAaTHKU MaTepualbHOW TOUYKH: NEepeMeIleHue,
MI'HOBEHHAsl CKOPOCTb U ycKkopeHue. CpeTHUI BEKTOP U CPEIHUI MOAYIb CKOPOCTH.

Omnucanye IMJIOCKOTO JABHOKCHHA B HOHHpHOﬁ CUCTCMC KOOpAUHAT. I[yFOBaSI KOOpJAuHarTa.
Paznoxenue YCKOPCHUA Ha TAHTCHIHUAJIIBHYIO 1 HOPMAJIBHYIO COCTABJIAIOIIHC.

KunemaTuka BpatieHus abCOMOTHO TBEPIOTO TeJIa BOKPYT HEMOABUKHOM OCH. YTIIOBast CKOPOCTh
U yriioBoe yckopeHue. CBs3b yIIIOBbIX U JUHEHHBIX Benu4MH. [l1ockoe quxeHne TBEPIOro Tena



KaK CymMMa IOCTYNaTeJIbHOTO M BpalllaTelbHOro JABMKEHUN. CBeACHHE IUIOCKOTO JIBUXKEHUS K
BpallleHH0. MrHOBeHHas OCh BpaiieHus. CII0)KEHHE YIIIOBBIX CKOPOCTE.

3aKOH CIOXKEHUsS CKOpocTe M yckopeHui. 3akoHbl Hprotona. I[IpeoOpazoBanus [ anwies.
[IpuHimn otHocuTenbHOCTH ['anmuied. MIMIynbec 4acTHUIBl M 3aKOH €ro u3MeHeHus. Mmmyibe
CUJIBI. 3aKOH COXPaHEHUS UMITYJIbCA.

Pabota u MOIIHOCTb CHJIBI. Kunernueckas OHCPrusA 4YaCTulbl H 3aKOH e€ H3MEHEHHS.
KOHCGpBaTI/IBHBIe N HCKOHCCPBATUBHBIC CHIIBI, IMOTCHLIUAJIBHOC IIOJC CHJI, IIOTCHLOHUaJIbHAA
OHCPIHUs. Ilomxas OHEPIrus YaCTulibl B IMOTCHLIMUAJIBHOM IIOJIE M 3aKOH e€ m3MeHeHMsA. 3aKOH
COXpPAaHCHUS SHECPIUu.

IloTeHumanpHas HEPrusl 4aCTULBI B LEHTPAJIBHOM moje. [I[puMeHeHne K rpaBUTallMOHHOMY U
KYJIOHOBCKOMY IIOJIIM, K ITOJIFO YIPYrou cuisl. lloTeHIuanbpHas sHeprus 4aCTULbI B 110JIE CUIIbI
TsoxecTH. OnpenieseHue Cuilbl 10 BUly TOTEHIIMAJILHON SHEPTUH.

3. MexaHuKa CUCTEMBI YacTHUII. 3aja4a JBYX Tell.

IlenTp Macc cucTemsbl YacTUll. YpaBHEHUE JBUKECHMs LIeHTpa Macc. MMmynbsc cucrtemMsl 4acTul.
CoxpaHeHue UMITyJbca 3aMKHYTOM cucteMbl. CrcTeMa [eHTpa Macc.

JBr>KEeHME TOUKM C IEPEMEHHON Maccoil. YpaBHeHue Memepckoro. @opmyna [{noakoBckoro.

ITomHas mMexaHudeckas OHEPIrusA CUCTCMbI 4aCTUIl, 3aKOH COXPaHCHUS MEXaHM4YeCKOH SHEPIruu,
teopema Kénnra.

33.,[[21‘121 ABYX TCJI: BBIACIICHUEC NBHUXKXCHUSA LCHTPA MACC, YPABHCHHUC OTHOCUTCIIbHOI'O JABUIKCHUS,
HpI/IBe[[éHHaH macca. Kuaernmueckas SHEPTIHA U UMITYJIbChI HaCTUIl B CUCTCME LICHTPA MaccC.

Kunemarnka OMHapHBIX YNPYrUX CTOJKHOBEHUH. BekropHas auarpamma ummyiabcoB. CBs3b
YIJIOB paccesHus B CHCTEME LIEHTPa Macc U B JJabopaTopHoil cucteme. Heynpyrue cTOIIKHOBEHHUS.
ITopor peaknumu.

4. MomeHT nMITysibca. 3aKOH BCEMUPHOIO TAToTeHHs. 3akoHbl Kemnepa.

MoOMEHT nMITyJbCca YaCTHIIbI U 3aKOH €r0 U3MEHEHUs1. MOMEHT CUJIbl. 3aKOH COXpaHEHUsI MOMEHTA
uMiynbca. Teopema miomaaeii. MOMEHT UMITyJIbCa CUCTEMBI YACTHUI] M 3aKOH €r0 M3MEHEHUSI.
CoxpaHeHMe MOMEHTa UMIIyJbCa 3aMKHYTOH cucTeMmbl. CBs3b MOMEHTOB HMIyJbCca B
1ab0paTOpHOM cUCTEME U B CHCTEME LIeHTpa Macc. MOMEHT MMITyJibca B 3aJa4€ JBYX Tell.

3akoH BceMupHOro tarorenus. Teopema ['aycca. [Ipumenenue reopemsl ['aycca s HaXOKAeHUS
IPABUTALMOHHOIO MOJIS IPOCTEUIIINX CUCTEM.

3akonsl Kerutepa, napametps! opOUTSL, Iepro] oopaieHus. Kocmuueckue ckopocTu.

5. HemHepunaibHble CUCTEMBI OTCYETA.

Heunnepunanenele cucrembl oTcuéra. Cuibl MHEPLUH, BO3HUKAIOIIME NPU IMOCTYNATEIbHOM
JBIDKEHUHM U TpU BpaieHuH. [loTeHnuanbHas SHeprus 4acTULBl B MOJIE IEHTPOOEKHON CHIIBI
UHepIH. 3aBUCUMOCTh Beca Teja OT reorpaduieckoit mupoTsl. OTKIIOHEHUE MaJaoIIuX Tel OT
HarpaBieHus orBeca. MastHuk dyko.



6. CBoOO/IHBIE, 3aTYyXaIOIME U BBIHYKACHHBIE KOJICOaHNUsI, BOJHBI.

OpHOMEpHBIE TapMOHMYECKHE KOJIeOaHWs: YpaBHEHHE MABIDKEHHS M €ro oOluee pemieHue,
HayalbHbIE YCIOBUSA. AMIUMTyAa, (asza, vactota W mnepuoa konebanuil. Ilepmon mainbix
KOJICOAaHUH MaTEeMaTHYEeCKOTO MasiTHUKA M Tpy3a Ha npyxuHe. Maibie kojaeOaHus (pu3nIecKoro
MasTHHUKA: TEepHoja KoiebaHuil, mpuBeAEHHAs JJIMHA, IeHTp kadaHus. Teopema [roiirenca o
B3aMMHOCTH TOYKH IOJIBECA U IICHTPA KaYaHUSI.

3aryxaroiire OJHOMEpHbIE KoJieOaHMsI B BSI3KOW Cpefie: ypaBHEHHE JIBHXKEHUS U ero ooiee
pelieHue, HavyanbHble ycioBus. Jlorapudmuyeckuil AeKpeMEHT 3aTyxaHHs U JOOPOTHOCTb.
Arnieproauieckoe ABMKECHUE.

BrinyxieHHble Koje0aHUsI OJHOMEPHOIO TapMOHHYECKOT0 OCLHMJUIATOpA B BSI3KOM cpele MoA
JEICTBUEM CHUHYCOMJAJIbHOM BHEIIHEW CHUJIBl: ypaBHEHHUE IBW)KEHMSI M €ro oOlllee pelleHuE,
METO/ HeonpeAeaEHHbIX KO3 (UIMEHTOB, HaYallbHbIE YCIOBUA. Y CTAHOBUBIIMECS KOJIE€OaHUs,
aMIUIMTYyJa U (a3a yCTaHOBUBIIMXCS KOJICOAHUH, pe30HAHC.

Omnwncanue BOJIHOBOTO JBHMIXXCHUA, BOJTHOBOC 4YHMCIIO, (1)a30Ba51 CKOpPOCTb, 661"}/']_]_[1/16 Hn CTOA4YHUC
BOJIHBI.

7. CriennanbHasi TeOpUs OTHOCUTEIIbHOCTH.

HpI/IHLII/IH OTHOCHUTCIIbHOCTHU 9ﬁHIHTeI7[Ha, HE3aBUCUMOCTb CKOPOCTH CBE€Ta OT JABWIKCHUA
uctounuka. Cucrema orcuéra B CTO. [IpeodpazoBanwus Jlopenma. MIHBapuaHTHOCTh HHTEPBAJIA,
knaccupukanus uHTEpBanoB. CrhenctBus mnpeoOpazoBaHwii JlopeHIa: OTHOCHUTEIBHOCTH
OJIHOBPEMEHHOCTH, COKpAIllCHHe MAacIITabOB, 3aMeUICHUE BpPEMEHH. PESITHBUCTCKHI 3aKOH
CJIOKEHUs ckopocTeid. [IpeoOpa3oBaHue HANIPABICHUsT CKOPOCTH.

Nmnynse u sHeprust yactuisl B CTO. IlpeoOpasoBanus JlopeHua ais uMIyiabca U SHEPIUU.
O¢pdexr [domnepa. Cucrema nentpa Macc B CTO. IloporoBas sHeprust mpu HEyImpyrom
CTOJIKHOBEHUH JIBYX PEISATUBUCTCKUX YACTHLl. Y PaBHEHUE IBUKEHUS PEIATUBUCTCKON YaCTHIIBI.
JIBuKEeHME PESITUBUCTKONW YacTHIBI B IIOCTOSHHOM OJHOPOJHOM MAarHMTHOM IIOJIE; JBH)KEHHE
BJ10JIb CHJIOBBIX JIMHUW OCTOSTHHOTO OJAHOPOHOTO JIEKTPUUYECKOTO TOJISL.

8. D1eMeHThl MEXaHUKHU CIUIOIIHON CPEIbl.

Cxatue u pactsxkenue crepkHei. Koapouuuent Ilyaccona, 3akon I'yka, monyns HOwra.
Bcecroponnee pacTspkeHMe W ckaTHe. OJHeprus ynpyroil nedopmanuu. CkopocThb
pacrpocTpaHeHHs IPOAOJIBHBIX YIPYTUX BO3MyLIeHUH. Jledopmannu ciBura u KpydeHusl.

[Tone ckopocteit, TMHUK U TPYOKH Toka. M neanbHas xxuakoctsb. YpaBHenue bepuymiu. ®opmyna
Toppuuennu. TpyOka IIuro. Pacxomomep Bentypu. BszkocTs, cuna BA3Koro TpeHus, Qgopmyrna
ITyazeins, uncno PeliHonbaca.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Oo0mas ¢pusuka: onTuka

Measb AMCHUNIMHBI:

- OCBOCHHEC CTYACHTAMU (1)I/IBI/IKI/I BOJIHOBBIX SBJICHHUM M OITHKU.

3agauyu IUCHUILINHBI:

- 3HAKOMCTBO C 0a30BBIMHU OKCIICPUMCHTAJIbHBIMU (i)aKTaMI/I B 00JIACTH BOJIHOBBIX SIBIICHHH U
OIITHKH,

- YCBOEHUE OCHOBHBIX KOHLEIIIIUM, BBIIBUHYTBIX JJII OIIMCAHNS BOJIHOBBIX SIBJICHU;

- OBJIQJICHUE MAaTEMAaTUYECKUMH METOJaMH, ITO3BOJISIOIMMHU pElIaTh BOJIHOBBIE YPABHEHHS;
- pelleHure 3a7a4, OXBaThIBAIOIINX OCHOBHBIE MPHIIOKEHUS (DU3UKU BOJH M ONTHKU.
Ilepeyenb miIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMeCcs T0JIKHbBI

3HATh:

- YUCJICHHBIE MMOPSAIKH BEJINYMH, XaPAKTEPU3YIOIINE ONITHYECKHUE SIBICHUS;

- OCHOBBI T€OMETPUYECKON OINTUKH;

- seenus audpakunu Openens u Opaynrodepa;

- TU(QPaKIMOHHBIN Npeies pa3pelIeHns ONTHUYECKUX U CIIEKTPAJIbHBIX TPHOOPOB;

- IIOHATHE NIPOCTPAHCTBEHHOW U BPEMEHHON KOTE€PEHTHOCTH;

- IPOCTpaHCTBEHHOE NpeolOpazoBaHne Dypbe B ONTHUKE;

- OCHOBHBIE MIPUHIIMIIBI TOIOTpaduH;

- KJIACCUYECKYIO TEOPHIO TUCIIEPCUU;

- IOHATHS (a30BOM U IPYNIIOBOI CKOPOCTH;

- (hopMymTy AJIs OKa3aTes MPEeJIOMIICHHUS BEIIECTBA B PEHTT€HOBCKOM JIHaIra30He CIEKTPa;

- OJICMCHTAPHBIC OCHOBBI KPUCTAJLJIOOIITUKH.

yMeThb:



- abcTparpoBaTbCsi OT  HECYIIECTBEHHOTO MPH  MOJACIUPOBAHUU PEATBHBIX (DU3UICCKUX
CUTYAalLIHil;

- ACJIaTh IpaBUJIBHBIC BBIBOABI U3 COIIOCTAaBJICHUA PE3YIBTATOB TCOPUU U DKCIICPUMEHTA,
- HAaXOJHUTb 6e3pa3Meprle napamMeTphbl, OMPECACIIAOIINEC N3YIaCMOC SABJICHUC,
- IPOU3BOAUTE YUCIICHHBIC OLICHKU I10 IMOPAAKY BECIUYNHBI,

- JleNaTh KaueCTBCHHBIC BBIBOJBI NPU IEpPEeXoJlie K NPEACTbHBIM  YCIOBUSM B HM3Y4aeMbIX
npoOemax;

- 00eceunTh JOCTOBEPHOCTD M0JIy4aeMbIX PE3YJIbTATOB;

- BUJCTh B TCXHHYCCKHX 3aJadax (1)I/I3I/I‘ICCKOG COACpKaHUC.

BJIAIETh:
- METOJIaMH pelieHusT GU3NUYECKUX 3aJ]1ad 110 JIEKTPOIUHAMUKE;
- HaBBIKaMU CaMOCTOSITEIILHON pa0doThI B Taboparopun, oubiaroreke n MaTepHere;

- HaBBIKAMHU OCBOEHHSI OOJILIIOr0 00beMa I/IH(bOpMaI_II/II/I.

TeMbI U pa3jaeibl Kypca:
1. 'eomerpuueckas OnTuka.

BonHoBoe ypaBHeHHME Kak cieACTBUE ypaBHeHUH Makcemna. Ilnockue snexkTpoMarHuTHbIE
BOJIHBI. 3aKOHBI OTpaKeHUs U npenomienus. [Ipenomnenue ceera Ha cheprudeckoii MOBEPXHOCTH
paszzena AByX IuasekTpudeckux cpel. [lapakcuansHoe nmpubmmkenue. ToHKast U TOJICTast TUH3HIL.
OnTuueckre mpuOOpHI: Jyma, TeNecKor, MUKpockor. CBETOBOM MOTOK, CHlia CBETa, SIPKOCTH,
CBETUMOCTbh, OCBCIIEHHOCTD.

2. Tonorpadusi.

BonHoBoe mone kak Cymepro3uiys IIOCKHUX BOJH Pa3HbIX HANpaBlIeHUH (IPOCTPaHCTBEHHOE
bypre--paznoxkenue). [IpocTpaHcTBeHHas 4acToTa, MPOCTPAHCTBEHHbIN criekTp. Judpakuus Ha
CUHYCOMJANbHBIX pemierkax. Teopuss A0Ge QopMHUpOBaHUS ONTHYECKOTO H300paKEHUS
(mpuHIUN nBOMHON Audpakuun). SBiIeHne camopenpoaykuuu. Meroasl HaOIroAeHHS (Ha30BBIX
CTPYKTYp: MeToA TEMHOro moiisi u Metoi (a3oBoro koHtpacta. [IpeacraBnenue o dypbe-
cnektpockonuu. [lpunnuner romorpaduu. ['omorpamma I'abopa. ['omorpamma ¢ HakJIOHHBIM
OTIOPHBIM TYYKOM. JIeHCTBUTENBHBIE W MHHMBIC H300pakeHHs. Paspemraromas CriocOOHOCTH
ronorpamm. [TorsTre 06 00BbEMHBIX TOJOTpaMMax J[eHucroka.

3. dudpakuus @paynrodepa.

Kpurepuii nogobus audpakiimoHHbIX 331a4. BomHoBOM napametp u uncio @penens. Paznuune
Mexay auppakmueit @penens u  gudpakuueit dpaynrodepa. ['paHUIBI NPUMEHUMOCTH
reomerpuueckoit ontuku. Audpaxmus dpaynrodepa Ha Kpyriiom oTBEpCTHH U Ha mienu. [lone B
(boxanbHOM MIOCKOCTH JIMH3BL. J(HpakiinoOHHBIN Mpeen pa3petieHus TeJIecKona i MUKPOCKOIa.

4. Nudpaxuus Openens.



[Tpuntun Troiirenca—®penens. ['pananunsie ycnoust Kupxroda. JudpakuuoHHbie 3amadu ¢
oceBoii cummMmerpueil. Crnimpans @penenst u 3086l PpeHensa. 3oHHbIE NMIACTUHKHU. JIMH3a Kak
mudpakunonnslii mpuodop. Audpakius Openens Ha menu. 3ous! Llycrepa. Materpansr @peneds.
Cnupans KopHio.

5. MaTepdepenius 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. VHTEepdepeHINOHHbIE ONBITHI U CXeMbl. MHTepdepeHIss MOHOXpPOMAaTHYECKUX BOJIH,
MIUpUHA HWHTepPEPEeHIMOHHBIX 1osioc. HMHTepdepeHus KBAa3UMOHOXPOMATUYECKHX BOJIH:
BpEMEHHasi KOTePEHTHOCTh U BUIHOCTh MHTEP(PEPEHIIMOHHBIX MOJ0C. MakcumanbHasi pa3HOCTh
XoJa B  MHTEP(EPEHIMOHHBIX  ONBITAX C  KBAa3MMOHOXPOMATHYECKMMH  BOJIHAMH.
WNnTepdepeHIMOHHbIE SBIEHUS [ BOJIH, HCIYCKA€MbIX HPOTSHKEHHBIMH HCTOYHHKAMU:
IPOCTPAHCTBEHHAs] KOTEPEHTHOCTh M BHUAHOCTh HHTepdepeHunonHsx monoc. "lHupuna
("paamnyc'") mpocTpaHCTBEHHONW KOI€pEHTHOCTH.

6. CnexTpaibHbIe TPHOOPHI.

Judpaknuonnas pemierka, wuHTepdepomerp Dadpu—Ilepo, mnpusma. XapakTepUCTUKU
CIIEKTPAJIbHBIX MPUOOPOB: paspemiaroniasi cnocoOHOCTh, 00JacTh Aucnepcuu. JudpakimoHHbii
npezen pa3pelieHusl CIEKTPaIbHBIX NPHOOpPOB. Jnupakuus pEeHTTEHOBCKUX BOJH, YCIOBHE
bparra--Bynbda.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

O0mas pu3uKa: TepMOAMHAMHMKA U MOJIeKYJIsipHasi puznka

Measb AMCHUNIMHBI:

- TepPMOIMHAMUKA U MOJICKYJISIpHAsl (PU3HUKaY SBISETCS U3YUCHHUE CTYJCHTAMH OCHOBHBIX 3aKOHOB
TEPMOJMHAMUKHU U MOJIEKYISIPHON (DU3UKH.

3agayu IUCHUILINHBI:

- 3HAKOMCTBO C 0a30BBIMH OKCIICPUMCHTAJIbHBIMU q)aKTaMI/I B 00JIaCTH TEIUIOBBIX U MOJICKYJIAPHO-
KHHCTHYCCKHX HBHCHHﬁ;

- YCBOCHHUC OCHOBHBIX KOHHeHHHﬁ, HCIIOJIb3YCMbBIX IJId OIMMCAHUSA TCIIJIOBBIX W MOJICKYJISAPHO-
KHMHECTHYCCKHX ﬂBJICHPIfI;

- OBJIQJICHHE MPOCTEUIIMMU MATEMAaTHYECKUMH METOJAaMH, IO3BOJSIOMIUMH pPEIIaTh 3aavu
TEPMOJUHAMUKHU ¥ MOJIEKYISPHOU (DU3HKHY;

- pelLIeHuE 3a]a4, OXBATHIBAIOIIUX OCHOBHBIE IPUIIOKEHUS TEPMOJUHAMUKU U MOJIEKYIIIPHON
bu3uku.

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

- YHCJICHHBIC TIOPAAKHW BCIWYWH, XAPAKTCPHBLIC I Pa3JIMYHBIX TCIIJIOBBIX W MOJICKYJISIPHO-
KHHCTHYCCKHX HBHCHHP’I;

- OCHOBHBIE 3aKOHBI TEPMOAMHAMUKHN U MOJIEKYJISIPHON (PU3UKH;

- IepBOE, BTOPOE U TPEThE Hadaia TEPMOJUHAMUKH;

- YpaBHEHHUs COCTOSIHUS UA€AJIBHOTO ra3a u raza Ban-nep-Baanbca;

- OCHOBHBIE TEPMOJMHAMUYECKHE ITOTEHIIAAIBI,

- CTAaTUCTUYECKUN CMBICII SHTPOIINH;

- pacnpenenenus Makcsesuia u bonbliMana;

- 3aKOH PaBHOMEPHOTO pacHpe/IesIeHUs] YHEPTUH 110 CTETIEHSIM CBOOO/IbI;
- (hU3MYECKYIO CYIIHOCTD (Da30BBIX MEPEX0JI0B MEPBOI0 M BTOPOTO POJIa;

- 3aKOHOMEPHOCTH sIBJIeHUI nepeHoca (auddy3uu, BI3KOCTH, TEIJIONPOBOTHOCTH);



- 3aKOHBI OPOYHOBCKOTO JIBHYKEHUSI.

yMeTb:

- abCcTparupoBaThCs OT HECYHMIECTBEHHOIO IMPH MOJCIMPOBAHUUA PEANBHBIX (U3HUECKUX
CUTYalLIHii;

- ACJIaTh NPaBUJIbHBIC BBIBOABI U3 COIMMOCTABJICHUA PC3YJIbTATOB TCOPHUU U SKCIICPUMCHTA,
- HAaXOJHTb 6e3pa3MepHHe napamMeTphl, OMPCACIIAOIINEC N3YIaCMOC SABJICHUC,
- IPONU3BOAUTH YHUCJICHHBIC OLICHKU I10 IMOPAAKY BECIUWYNHBI,

- JIeNlaTh KA4YeCTBEHHBIC BBIBOJBI IPH IEPEX0Jie K MPEHCbHBIM YCIOBHSAM B H3Y4aeMBIX
npoOemax;

- 00€ecIIeunTh AOCTOBCPHOCTD MMOJIYHYaCMbIX PE3YJIbTATOB;

- BUJICTh B TEXHMUECKHUX 3a/1auax (GU3HUECKOE COACpIKaHUE.

BJIA/IETh:

- METOAAaMH pelIeHus GU3NIECKHX 3a/1a4 [0 TEPMOJANHAMHKE U MOJICKYJISIPHOU (DU3HKE;
- HaBBIKAMU CaMOCTOSITeNIbHON paboThl B Oubiinoreke u MHTepHere;

- HaBBIKAMU OCBOEHHUs 00JIbIIOr0 00beMa HH(POPMALIUY;

- KyJbTYPOH IOCTAHOBKU U MOJEJIUPOBAHMS PU3NUECKUX 3a]1a4.

TeMbl U pa3jaeiibl Kypca:
1. T'a3 Ban nep Bannca.

VpaBuenne Ban nep Baanbca. M3otepMmsl raza Ban nep Baansca. Kpurnueckue mapamerpsl.
[TpuBenénHOe ypaBHEHHE. 3aKOH COOTBETCTBEHHbIX cocTosiHui. Temneparypa boins. [Ipasuiio
Makcsena.

BHyTpeHnHsis sHEprus, TEIIOEMKOCTA , U SHTpomnus ra3a Ban aep Baansca. Annabatnueckuii u
MOJUTPONUYECKHH TIporiecchl Juis Ta3a Ban nep Baannsca. AnnabaTtuueckoe pacuimpenue raza Ban
nep Baanbca B BakyyMm.

Wnrerpanbubiit 3¢pdext Ixoyna-Tomcona nis raza Ban gep Baanbca. KpuBas mHBepcuun
MHTETpaIbHOTO 3(dexTa B NpuBEeAEHHBIX nepeMeHHbIX. uddepenunanbabii apdext xoyms-
Tomcona ans raza Ban nep Baanbca. KpuBas unBepcun nuddepennmansaoro sgdexra B
IIPUBENEHHBIX MEPEMEHHBIX.

2. Ku"etunueckue aBieHms.

[TpoxoskaeHue myyKka 4acTHUIl Yepe3 ra3 HemoABMKHBIX paccenBaresnei (Moaenb TBEPIbIX 1apoB).
Pacnipenenenne mo mpoberam m ero cBoicTBa. 'azokmHeTnyeckoe ceuenue. CpemHsisi ainMHA
cBOOOIHOTO IIpobera yacTuIlsl B "cBOEM" ra3e M B CMECH JBYX ra3oB.



Bsizkocte raza. TemmonpoBogHoCTh,  3akoH Dypre. KoaddumnmeHT TenmionpoBoaHOCTH
OJIHOATOMHOTO Tra3a.

B3anmuas nuddysus nByx rasos, 3akoH Puka. Kospoumment muddysuu. duddysus kak
mpolecc ciry4daiiHoro Omyxknanus. @opmyna DiHIITEHHA Ui CpEIHETO KBajapara CMEIICHUS
yacTulbl 3a 3aaHHoe BpeMsl. [loaBukHOCTh. CBSA3b NOABUKHOCTH € KO3 HumeHToM 1updys3umn.
[ToaBuXHOCTH OPOYHOBCKOM YaCTHIIBI.

SBnenust mepeHoca B paspexEHHbIX razax. O¢pdexkr Kuyacena. Dddy3uonHoe pasaeneHue
ra3oBbIX cMecel. TeueHnue pa3peKeHHOro ra3a uepe3 Tpyoy.

3. OcHOBHBIE 3aKOHBI TEPMOAMHAMUKHU.

['a3oBble 3akOHBI. AOCONIOTHAs TeMIeparypa. YpaBHEHHE COCTOSHHUS HJICaJbHOTO rasa.
[Tocrosiunas bonpumana. IlepBoe Hayano TepMoaUHAMUKU. PAaBHOBECHBIE U KBa3MPABHOBECHbBIE
nporeccel. OOmee BeIpakeHHE i pabOTHl Ta3a MPU PaBHOBECHOM Iporiecce. Pabora mpu
M30TEPMUYECKOM PACIIMPEHUH UAEATBHOrO ra3a. [{luknnyeckue npoueccol. TennoBoi JBUraTelb,
XOJIOAMIIbHAS MalllHa, TETIOBOM HACOC U XapaKTEPUCTUKH UX 3(P(HEKTUBHOCTH.

Temnoémkocts. He3aBUCHMOCTh BHYTpEHHEH 3HEPTUU UACATBHOrO ra3a oT 00béMa. YpaBHEHUE
Maiiepa. Anuabatuueckuii ¥ TOJUTPONMYECKUN TPOIECCHl (UIOCaNbHBIN ra3). YpaBHEHUE
bepnymiu ans anmuabatuyeckoro TedeHHsl uieanbHOro ra3za. CKOpOCTh HCTEUEHHUs raza u3
orBepcTusi. CKOPOCTh 3ByKa B ra3ax.

Bropoe navano tepmonunamuku. IlepBas Teopema Kapno. PaBenctBo Kiaysuyca. DHTpornus.
OHTponusi uaeanbHOro Traza. OO0benMHEHHOE ypaBHEHHWE TMIEPBOIO W BTOPOro Hayval
tepmonuHamuki. HepaBenctBo  Kumaysmyca. Bospacranme oHTponmmm — aanabaTH4ecKu
M30JIUPOBAHHOM CHCTEMBI. ATMa0aTHYECKOE PACIIMPEHNE HICaTbHOTO raza B BakyyM. [Tapagokc
['n606ca. HeBO3MOXXHOCTh CYIIIECTBOBAHMSI BEUHOTO JBUTATENsl BTOPOro poja. Bropas teopema
Kapno. Bepxnsist rpannna KII/] npon3BonbsHOro nukia.

TepMoaMHaMHUYECKHE TOTEHIUANBI. DHTAIBIUS, CBOOOTHAS JHEPrus, MOTEHIHAN (SHEPTHUs)
['u66ca. CoorHomienuss MaxkcBemna.  CrencTBUs COOTHOIIEHHMN MakcBena: 3aBHCHUMOCTh
BHYTPEHHEN DHEPrUU U TEIIOEMKOCTH TOMOTEHHOW CHUCTEMBI OT 00BEMa, Pa3HOCTh
M30TEpMUYECKOe U aauabaThdeckoe ckaTue KuAKocTed. TepmoaumHamuka aedopMaiiuu
CTEpIKHEH.

Tperbe HayaIO0 TEPMOJUHAMUKHU U €TO CIEJCTBUSA: OOpalieHuEe B HYJb MPU  TEIJIOEMKOCTEH,
Koo duimenTa TEIUIOBOTO PACHIUPEHUS H  TEPMHUYECKOTO KOIPPUIIMEHTA JaBJICHUS;
HEJOCTHKMUMOCTh a0COJIFOTHOTO HYJISI.

4, HOBCpXHOCTHBIe SBJICHHA.

HOBCpXHOCTHOC HaTsAXKCHUC, (I)opMyna Jlammaca. TCpMOI{I/IHaMI/IKa MOBCPXHOCTHOT'O HATSXKCHUA.

3aBUCHUMOCTD JIaBJICHHSI HACBIIIEHHOTO Iapa OT KPUBU3HBI MOBEPXHOCTH KUAKOCTH. Kunenne.
Poutb 3apogpimieit mpu o6pazoBaHuK HOBOM (a3bl.



5. Cratuctuueckue pacnpeaenenus. Teopus TermnoéMkocTel. nykTyanuu.

Pacnpenenenne MaxkcBemna (pacmpeneneHue MoOJeKyd Mo (u3nyeckn OECKOHEYHO MallbIM
o0béMaM mpocTpaHcTBa ckopocteit). CpeaHeKkBaIpaTuiHas CKOpOCTh. Pacpenenenrne MoIeKy
110 KOMITOHEHTaM 1 a0COIIOTHBIM 3HaYeHUsM ckopocTH. Hanboee BeposiTHast CKOPOCTh, CPEIHHMA
MOy b CKOPOCTH.

Ywuciio CTOJIKHOBEHUH MOJICKYJ C €UHUIICH TIJIOMIAId CTEHKH 3a eauHUIly BpemMeHu. CpemaHss
SHEPTHUsl MOJIEKYJI, BHUICTAIOIIMX B BAKYyM Y€pe3 Mallo€ OTBEPCTHE.

PaBHOBecue rasza BO BHEIIHEM [OTeHIUaJbHOM 1one. Pacnpenenenune boabimana.
bapomMerpuueckoe pacripeseieHue.

Pacnipenenenne ['mG6ca. OKBUBAJICHTHOCTh CTaTUCTHYECKOW M  TEPMOJIUHAMUYECKOM
temriepatyp. Craructuueckuii cmbicin dSHTpornuu CTaTHCTHYecKas cymMMa W €€ CBS3b C
TEPMOJIMHAMUYECKUMU MOTEHI[UATaMHU.

DJIEMEHTHI KBAHTOBOU TEOPUHU TEIIOEMKOCTEH. CTaTUCTUYECKasi CyMMa, BHYTPEHHSISI JHEPTUS U
TEIVIOEMKOCTh ~ ABYXaTOMHOI'O  MJCAJBbHOrO0 ra3za. XapaKTEpUCTUUECKUE TEMIIEPATYPHI.
Knaccuueckuii 3akOH pPaBHOMEPHOTO pACIpPEEICHUsT HSHEPTUM IO CTENEHSM CBOOOJBI.
TennoéMkocTh KpucTauioB (3akoH [{romonra—IlTn).

QnyKTyallud 4HClia 4acTUIl B 3alaHHOM 00bEéMe uaeanbHOro rasza. @uykryauuu oobéMa u
TeMIepaTypbl. 3aBUCUMOCTh (IyKTyalluid OT 4YHcla 4YacTuil. TepMoaMHaMUYecKas Teopus
dnykryanuii. Biusaue GuykTyanuii Ha 9yBCTBUTEILHOCTh U3MEPUTEILHBIX TIPHOOPOB.

6. ®a30BbI€ IPEBPAILICHHUS.

OKcTpeManbHOE CBOMCTBO TepMOAMHAMHuUeckoro moreHnuana ['mb66ca. YcnoBus paBHOBecUs
IByX ¢a3. Xumuueckue noreHnuansl. Kpusas paBHoBecus. YpaBHenue Knaneiipona-Knaysuyca.
®da30BbIe IEPEXO/IBI IEPBOTO U BTOPOTO POAA.

JnarpaMma COCTOSHMH CHUCTEMBI KUAKOCTb-mlap. Kpurnueckas touka. IIpaBuno psryara.
3aBUCHMOCTb JIaBJICHMS HACBIIEHHOTO Iapa OT TeMIepaTypbl. TelI0o€MKOCTh HACBHIILIEHHOTO
napa. 3aBUCHUMOCTb TEIJIOTHI (Da30BOro mepexoaa OoT Temreparypsl (o0liee ypaBHEHHE U €ro
pelIeHne AJi CUCTEMBI )KUIKOCTh-TIap BAIHU OT KPUTUYECKOU TOUKH).

VYcroitunBocTh (ha3. MeTactabunbHble cocTOsHUS. JlnarpaMma cOCTOSTHUIM CUCTEMBI NEA—BOa—
nap. TpoitHas Touka.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe Hu HeﬁTp()HHLIe MeTObI HCCJIeI0OBAHMH

Oﬁmaﬂ (1)1/13]/11(3: AJICKTPHYECCTBO U MAIrHETU3M

Measb AMCHUNIMHBI:

- OCBOCHHC CTyACHTaMH OCHOB KJIaCCHUYECKOM QJICKTPOAUMHAMHUKU U 3HAKOMCTBO CTYICHTOB C
OJIEMCHTAMU OIITUKU U TCOPHUH IT1OJIA.

3agayu IUCHUILINHBI:

- 3HAKOMCTBO C 0a30BBIMU SKCIICPUMCHTAJIbHBIMU (PaKTaMI/I B o0Ojactu QJICKTpUYCCTBA U
Mara€Tusma,

- YCBOCHHC ypaBHeHHfI Makcaenna B BAKYYMC U B MATCPUAJIBHBIX CpCax, OIMNCHIBAIOIINUX BCC
SJICKTPOANMHAMHNYCCKUC SIBJICHUAA,

- OBJIQJICHUE MAaTeMaTUYECKUMH METOJlaMH, TIO3BOJIIOIMMHU pelaTh ypaBHEeHUs: MakcBellia;
- peleHue 3a7a4, 0XBAThIBAIOLINX OCHOBHBIC IPHIIOKEHHS 3IEKTPOJUHAMUKH.

ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- YUCJIEHHBIE MTOPSJIKM BETMYHMH, XapaKTEPU3YIOIIHUE AIEKTPUUECKUE U MAarHUTHBIE SIBJICHUS;
- OCHOBHBIE 3aKOHBI JIEKTPOJJUHAMUKH B BaKyyMe U BellecTBe (ypaBHeHUs MakcBeria);

- 3aKOHBI 3JIEKTPOCTATUKU U MarHUTOCTATUKU;

- IBJICHUE 3JIEKTPOMAarHUTHON WHAYKIHUH;

- BBIPKEHUE 3aKOHA COXPAHEHUS! 3HEPTUH JJIs AJIEKTPOMAarHUTHOTO I10JIS;

- KBa3WCTAl[MOHAPHBIE AJIEKTPOMATHUTHBIE SIBJICHMUS;

- QJIIEMEHTAPHYIO TEOPUIO BOJIHOBOJIOB U OOBEMHBIX PE30HATOPOB;

- OCHOBHBIC ITOHATHA O ITJIa3MCE.

yMeThb:

- abcTparupoBaTbCs OT HECYIIECTBEHHOTO IPU MOJICIUPOBAHUM pPEaTbHBIX (U3NYECKUX
CUTYyaIui;



- ACJIaTh NPAaBUJIbHBIC BBIBOABI U3 COIMMOCTABJICHUSA PC3YJILTATOB TCOPHUU U SKCIICPUMCHTA,
- HAaXOJAUTb 6e3pa3MepHLIe napaMeETphl, OMPECACIIAOIINE N3YIaEMOC SABJICHUC,
- IPOU3BOAUTDH YUCIICHHBIC OLICHKU 110 MOPAAKY BCINYNHBI,;

- JleJaTh Ka4eCTBCHHBIC BBIBOJBLI MPHU MEPEXOJe K TMPEICIbHBIM YCIOBHUSM B H3y4acMbIX
npoOsemax;

- 00eceunTh JOCTOBEPHOCTD M10JIy4aeMbIX PE3Y/IbTATOB;

- BUJICTh B TEXHUYECKUX 3a/1a4ax (PU3HUECKOE COACPKAHHE.

BJIaJIeTh:

- METOAAMHU pelleHus GU3NYECKUX 3a]ad IO AJIEKTPOAUHAMUKE;

- HaBBIKAMU CaMOCTOSITENIbHOM paboThl B 1aboparopuu, Oubanorexe u uTepHere;
- HaBbIKaMU OCBOEHUS 00JIbIIOro 00beMa HHPOPMALINY;

- Ky.]'H:TypOﬁ IIOCTAHOBKH U MOICIHUPOBAHHUA (1)I/IBH"ICCKI/IX 3ajJad.

TeMbl U pa3jeiibl Kypca:
1. MarnuTocTaTHka.

3akoH AMmepa B3aMMOJEHCTBUS TOKOB. MarHUTHOE IMOJIE€ MOCTOSHHBIX TOKOB B BaKyyMe€ Kak
BekTOpHOE moine. Munykiws \ marautHOro nosisi. 3akoH buo-Casapa-Jlamnaca. Cusibl AMnepa u
Jlopenua. MarautHoe none npsmoro nposoja.. Enqununel CI'CO u CI'CM. OmnsiT Bebepa-
Konbpayma u 3neKTpoguHamMuueckas IOCTOSHHAs C.. MarHuTHoe IIoJIe BHUTKA € TOKOM.
MaruutHoe mone coneHonga. TeopemMa O LUPKYJISLMKM MarHUTHOTO IOJII B MHTETPAJbHOM U
muddepeHmanbHoi popmax. MarHUTHOE IMoJie MPOBOJHUKOB C TOKAaMH: TOJCTOTO MPOBOAA,
KOAKCHAJILHOTO KabeJis, COJIEHOUAa, TOPOUIa, IBIKYIIEHUCS 3apsKeHHON TUIOCKOCTH. MarHuTHOe
10JI€ CUCTEMbI TOKOB Ha OOJIBILIOM YAAJI€HUHU OT 3TOM cuUcTeMbl. MarHUTHBIN numnosnb. MoMeHT
CHWJI, IEHCTBYIONIMX Ha JIUII0JIb, U SHEPTUSI MAarHUTHOTO JMIIONS B MAarHUTHOM 10jie. MarHuTHbIE
MOMEHTBI aTOMOB U MouieKysd. KauecTBeHHBIE Ipe/CcTaBlIeHHUs] O MEXaHW3ME HaMarHWYMBaHUS
napaMarHeTMKOB M JHaMarHeTUKoB. BekTop HamarHudeHHOCTH BeriecTBa. CBOOOAHBIE TOKU U
TOKM HaMarHW4uBaHus. MarHuTHas BOCIPUUMYHMBOCTh U MarHUTHAs IPOHUIIAEMOCTDH BEILIECTBA.
HampspkeHHOCT, MarHUTHOTrO MoJisl. XapakTep M3MEHEHMsI HanpsHKEHHOCTH M MHAYKLHU
MarHMTHOTO TI0JIs1 Ha TPAHULIE Pa3zeiia IByX MarHETHUKOB.

2. IlepeMeHHBIE TOKHU.

Konebatenbublit KoHTYp. CBOOOIHBIE 3aTyXaroIle KoJeOaHus dJIeKTPUUECKOT0 TOKa B KOHTYpE.
Koaddunument 3aryxanus, gorapupmMuueckuil T1eKpeMeHT 3aTyXaHusi U JOOPOTHOCTh KOHTYpa.
DHeprusi, COCpeAOTOYCHHAs B KOJIeOATETbHOM KOHTYpE. DHEPreTUIECKUN CMBICT JOOPOTHOCTH.
BoeiyxaeHHble Koye6aHus 3JIEKTPUUECKOro TOKa MOJ AeHCTBUEM BHEIIHETO CHUHYCOUJAIBHOTO
HanpsDKeHUs. AMIUIMTYAHass ¥ (a3oBas XapakTepUCTUKU TOKa M HampshkeHuil. PesonaHc.
[Ipomiecc ycTaHOBIGHUSI CTAIMOHAPHBIX KOJeOaHW. YCIOBHE KBAa3HCTAIIMOHAPHOCTH TOKA.
["apmonnueckue (cuHycouaaabHble) TOKH. [Ipeacrapnenue KoiedaHuil IEKTPUIECKOro TOKa U
HanpsDKEHUH 4Yepe3 KOMIUJIEKCHbIE BeNUWYMHBI. BekTtopHble auarpammbl. KommiekcHoe



COTIPOTUBIICHHE (MMIIEIaHC) dJIEMEHTa IIeNu TmepeMeHHoro Toka. IIpaBuma Kupxroda mms
IEpEeMEHHBIX TOKOB. PaboTa M MOIIHOCTh MEPEMEHHOT0 TOKa. J[eficTByIoIIMe 3HAaUeHUsI TOKA U
HanpsDKCHUs. BBIHYXKIEHHBIE JJIEKTpHUECKUE KosiebaHus B KOHType. CBsi3p LIMPUHBI
PE30HAHCHOI'O IHKa C JOOPOTHOCTBIO KOHTypa. Pe30HaHC HampsyKeHUR UM PE30HAHC TOKOB.
Pe3onancusiii Tpanchopmarop Tecna. Muaterpupytomume u auddepeHIupyone aHaIoroBbie
cxemsbl. [Tapamerpudeckoe Bo30yxaeHue konedbanus. [lonstue o6 aBTokonebanusx. I eneparop
Ban-pnep-Ilonsa. ObpaTtHas cBs3b. PacnpocTpaHeHne epeMEHHOI0 TOKa M0 JJIMHHOMY IIPOBOAY
(kabem0). YpaBHEHHMS, CBS3BIBAIOIIME TOK UM HANpsDKEHHE Ha MaJIOM YdYacTKe Kabems
(TenerpadHble ypaBHEHHs). EMKOCTb, MHIYKTMBHOCTb, CONPOTUBJICHHE M yTEUKA HA EAUHHILY
JUIMHBL Kabems. YCIOBHE paclpoCTpaHEHHUs CUTHala 1o kabemo Oe3 3aryxaHus. YcCJIOBUE
pacrpoCTpaHeHHs CUTHaja C 3aTyxaHueM, HO 0e3 uckaxeHus. CKOpOCTh pacrnpoCTpaHEHHUs
CUTHaJa 1o kabeo. BonHoBoe conmpoTuBicHue Kabes.

3. IlocTOAHHBIE TOKH.

[TocTostHubIM TOK. CHila U IJIOTHOCTH TOKA. Y paBHEHHE HEMIPEPHIBHOCTHU AJIEKTPUUECKOTO 3apsiia.
3akon Oma B uHTETrpainbHON U nuddepeHnuansHoi hopmax. IneKTpoaBmKymas cuia. [Ipasuna
Kupxroga. Pabota u MouHocTh MoCTOSTHHOTO TOKa. 3akoH J[xoyns-Jlenna. OOBEMHBIE TOKH.
[TpoBoguMOCTh TMOJ1a, 3aKOH JIeHrMIopa.

4. DIeKTpOIMHAMHUKA.

I[BI/DKGHI/IG 3apsAKCHHBIX YaCTUL B DJICKTPUUCCKUX U MAIHUTHBIX ITOJIAX. HpeOGPaBOBaHI/ISI oaeH
npu nepexoaax M3 OAHHMX HHCPHHAIBHBIX CHCTCM oTrcuéra B Apyruc. SHGKTPOMaFHI/ITHaSI
WHAYKOHWA B ABWXXKYIIUXCA W HCIIOJABUKHBIX ITPOBOJHUKAX. BHGKTpOIIBI/DKYHIaSI CHJia MHAYKIHUH
(3akon ®apanes). [Ipasuio Jlenna. Buxpesoe snekrpuueckoe mose. HempepbIBHOCTh CHIIOBBIX
JuHUK MarHuTHOro nois. [lepsas nmapa ypaBHenun Makcsemia. Tok cmemienus. Bropas mapa
ypaBHeHul Makcpeiuia. [lonnas cucrema ypaBHeHuM MakcBemia B BakyyMe. BosHOBOE
YpaBHCHHE. BHCKTpOMaFHI/ITHBIe BOJIHBI B CBO6OI[HOM MMPOCTPAHCTBC, CKOpPOCTH ux
pacnpocTpaHeHHMs. OIEKTpOMarHuTHas Ipupoja CBeTa. YpaBHEHHs MakcBemna U
ANIEKTPOMArHUTHAs WHIAYKUWA. B3auMHas MHAYKTUBHOCTb KOHTYpPOB; TE€OpEMa B3aMMHOCTH.
KoadduuueHnt camomHAyKIMM KOHTYpa. MHIYKTHBHOCTH MAJMHHOTO COJICHOMAA. OHEprusd,
COCpENOTOUEHHAs! B UHAYKTUBHOCTU. [11O0THOCTE SHEprun MarHuTHOrO NoJis. "JHepreTndyeckue”
ornpeneneHuss K03()PUIMEHTOB B3aUMHOM HHIYKTHBHOCTH M KO3((UIMEHTAa CaMOMHIYKIIMH.
3H€pFeTH‘{eCKHI>'I METO/J BBIYUCIICHUA CUJI B MAIrHUTHOM IIOJIC. HOI[T)éMHafI CuJia SJICKTpOMarHuTa.

5. SJIGKTpOMaFHI/ITHHe BOJIHBI B Cpclax.

JusnexTpuueckue cpebl: MHAYKIUA 3JEKTPUYECKOTO MO U AUDIIEKTPUYECKAsi MPOHULIAEMOCTh
cpenbl. MarHuTHbIE Cpefbl: HANPSHKEHHOCTh MAarHUTHOTO MOJIE M MAarHUTHAasl MPOHUIIAEMOCTh
cpensl. [IMOTHOCTH TOKa cMelIeHUs (TOKa CBSI3aHHBIX 3apsA0B) B cpefe. Y paBHeHUs MakcBena
U MaTepHhalibHble YpaBHEHUs (ypaBHEHUs CBA3M) B M30TponHOM cpexe. [ImoTHOCTH sHeprum u
IUIOTHOCTh TOTOKA dHEepruu (BeKTop [[oMHTHHTA) 2IEKTPOMArHUTHOTO TOJIS B U30TPOITHOM cperie
(B wacTHOCTHU - B BakyyMme). [loHsTHE 00 MMIyIBCE U MOMEHTE UMMYJbCa (YIIIOBOM MOMEHTE)
ANeKTpoMarHuTHoro mojs. Ilmockas nMHEHO MNOJsIpU30BaHHAs SJIEKTPOMArHUTHAs BOJHA B
OJIHOPOJHOM TUAIIEKTPUUECKON cpefie (B YaCTHOCTH - B Bakyyme). YacToTa BOJHBI, BOTHOBOU
BekTop. @a3oBas ckopocTh BoJHEL. KoadduiueHT npenomiienus cpessl. [lonepedHocTs MiIocKoi
BOJHBI. Bekrop IloiiHTHHra 1u1s muiockoil BosiHbL. JlaBinenue usiydyeHus. [IpoBogsiuue cpemsl.
DKpaHUpOBKa, AcbaeBckuii paguyc. [Inazmennas yactora. [1nockas anekTpoMarHuTHas BOJIHA B
npoBomsmen cpene. CkuH-3¢dexT. PacnpocTpaneHmne 3JIeKTpPOMarHUTHBIX BOJIH B 'rasze"
ocuWuIATOpoB. [lucnepcuss u 3aTyxaHwe BOJIH. HopmanbHas W aHOMaibHas JUCIEPCHM.



BosHOBOI makeT KoHEYHOU mpoTshkeHHOCTH. [ pynnoBast ckopocts. @opmyina Panes. lucnepcust
DJIIGKTPOMArHUTHBIX BOJH B CpeJaX CO CBOOOJHBIMHU 3apsaamMul (METaJIbl, IUIa3Ma).
JlsnekTpudeckasi IPOHUIIAEMOCTD I1J1a3MBl.

6. DJIEeKTpOoCTaTHKA.

DnekTpuueckue 3apaabl. 3akoH Kynona. HanpsixkeHHOCTb 3nekTpudeckoro nojs. Eqununst CU u
I'C usmepenus snekTpudeckux BenuduH. [IpuHuun cynepno3unuulloTok BEKTOPHOTO MOJIA.
Teopema ["aycca uist aeKTpudecKoro moisi B BaKyyme. DJIEKTPUUECKOE IM0JIe 3apsKEHHBIX Tell:
chepbl, Mmapa, HUTH, LUIUHAPA, IUIOCKOCTH, clios. JIMHEHHBIH WHTErpal W UPKYISIHSL
BEKTOpHOro noJisl. [loTeHIManbHble U BUXPEBbIE BEKTOPHbIE MOJIs. [loTeHInan 3aeKTpuieckoro
noJisi. CBs3b HANPSHKEHHOCTH IOJI C TPAAMEHTOM IOTeHUMana. [[poBOAHUKM B NOCTOSHHOM
JIEKTpUYeCKOM Tosie. ['paHuyHBIE YCIOBHUSA I DJIEKTPUYECKOTO IO Ha 3apsKEHHOMN
MOBEPXHOCTU TMPOBOAHMKA JIEKTpUUECKUM Jumnoiib. [loTeHnman u HanpspKEHHOCTb MO
ayieKTpudeckoro aumnoss. YpasHeHnue [lyaccona juisi moTeHIMana OCTOSIHHOTO 3JIEKTPUUECKOTO
nons. OOmas 3amada d3JIEKTPOCTATHKH. MeTon H300pakeHud. OJIeKTpUYecKne EMKOCTH.
Konzgencaropbl. DHeprusi B3aMMOAECHCTBUS 3apsiioB. DHEPrus 3JIEKTPUYECKOTO IO U ee
Jokanu3auus B npoctpaHcTBe. Cuila, AeMCTBYIOLas Ha 3JE€MEHT MOBEPXHOCTH IMPOBOJHUKA
(1aBlIeHHE DJIEKTPUYECKOTO TOJIs1). DHEPrHsl TUMOJIS B DJIEKTPUUECKOM T0JIe ¥ MOMEHT CHII,
JNEHCTBYIOIMX HA JUIOIb. OJEKTpUUEcKas IMOJIIPU3yeMOCTh aTOMOB U MOJeKyl. Bekrtop
noJisipu3anuu BemecTBa (AudexTpuka). CBOOOIHBIE U CBsI3aHHBIC 3apsabl. JudnekTpuyeckas
BOCIPUUMYHMBOCTD U JIUAJIEKTpUYECKass MPOHUIIAEMOCTh BellecTBa. MHAYKINS JIEKTPUUECKOTO
10JIsl. DHEPrus AIEKTPUUECKOro MOJI B JUJIEKTPUUECKON Cpefe.

7. DIeMeHTHI OIITUKH.

berymue u cTrosune 31€KTpPOMarHUTHBIE BOJIHBI. DJIEKTPOMAarHUTHBIE BOJIHBI B MPSIMOYTOJbHBIX
BosIHOBO/ax. Kpurtuueckass yacrota BonHoBoaa. OObEMHBIM  pe3onHarop. Crosiume
AIIEKTPOMAarHUTHbIE BOJHBI (MOJBI 3JEKTPOMarHutHoro wusiydeHus). TE- u TM-BonHBIL
OtpakeHue u npenomicHue 31eKTpoMarHuTHbIX TE- m TM-BoimH Ha rpaHuie pasiena cpen.
3akoH CHemnuyca. @opmynsl Openens 11 K03()PUIHEHTOB OTpakeHUS U IPOXOXKICHUSA. YTOI
bprocrepa. IlonHoe BHyTpeHHee oTpaxkeHue. TyHHENbHBIH 3(deKT. monsgpuzanuu IIIOCKON
BOJIHBI. 3aTyxaHue BOJIHBI B cpenie. Ilonsaponasl. 3akoH Maimtoca. DIeKTpOMarHuTHEIE BOJIHBI B
aHU30TPONHBIX  cpenax. OIHOOCHBIE  KpUCTaIbl.  J[BOMHOE  JIydenpenoMyeHHe U
MOJIIPU3ALMOHHBIE NPU3MBL. [IIacTHHKM B 4eTBEpTh BOJHBI M B IOJIOBUHY BOJHBL [loBOpOT
IJIOCKOCTH MOJISIpU3alluy B MarHuTHOM noJsie (3¢ ekt Papajnes).



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 [Ipukiaaanbie MaTeMaTUKA U (PU3UKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

O0BbeKTHO-OPHEHTHPOBAHHOE IPOrPpaMMHUPOBaHHe

Measb AMCHUNIMHBI:

- U3y4eHHEe OOUIMX MPHHLMIOB MPOTPAMMHUPOBAHMS CIIOKHBIX CHCTEM, METOJIOB BbIOOpa THMA
IIPOrPaMMHOM MOJENM CUCTEMBI, IIOJIy4YCHHUE HABBIKOB IPOTPAaMMHUPOBAHUA IIPU CO3JaHUU
CJIO’KHBIX I€TEPOrE€HHBIX TPOrPaMMHBIX KOMIUIEKCOB.

3agauyd AUCHUILINHBI:
- U3y4EHHUE OCHOBHBIX IPUHIIUIIOB OPTaHU3alUHU CJIOXKHBIX IPOTPAMMHBIX CHCTEM;

- OCBOCHHUC paCHPOCTpaHéHHBIX MMpUEMOB U MCTOAOB IIPOIrpaMMHPOBAHH, @ TAKKEC MCTOA0B UX
COUCTaHMA U pCHICHUS BO3HUKAIOIINX IIPHU 3TOM HpO6H€M;

- W3YyYECHHE TEXHOJIOTMH CO3JaHus IIPOrpaMM Ha pPa3HbIX S3bIKax IIPOrPAMMHUPOBAHMS C
UCIIOJIb30BAaHUEM Pa3HbIX MPEICTABICHUNA IPEIMETHBIX 00JIacTel;

- TMOJy4EHHUE HABBIKOB PELICHUSA HAYYHBIX U MPAKTHUYECKUX 3aJa4 C UCIOJIb30BAHUEM METOJ0B
MMIIEPATUBHOTO, PYHKIIMOHAIBHOIO, 00BEKTHO-OPUEHTUPOBAHHOTO MPOTPaMMHPOBAHHUS.

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

- OCHOBHBIC ITPUHIUIIBI OPTaHU3alIUU CJIOKHBIX IIPOTPAMMHBIX CUCTEM.

yMeTb:
- IPUMEHSATH IPUEMbI U METO/IbI IPOIPAMMHPOBAHHUS B CBOEH NMPAKTUUECKON JesTeIbHOCTH;
- CO3/1aBaTh CJIOKHBIE IPOTPAMMHBIE CHCTEMBI;

- 000CHOBAaHHO BBHIOMPATh HAaMOOJIEe TOIXOISIINE THUITBI MOJIeTIEH pa3pabaThIBa€MbBIX CHCTEM.

BJAJ€Th:

- METO/OJIOTHEeH M HaBBIKAMU PEIICHUS HAayYHBIX U MPAKTUUYECKHX 3a/lad C HCIOJIb30BAaHHEM
IPOTPaMMHUPOBAHMUSL.



TeMbl U pa3jaeiibl Kypca:
1. Beenenue B OOIL.
enu u 3amaun kypca. O0mMe XapakKTePUCTHKH SI3bIKA TPOTPAMMHUPOBAHUSI.

2. OcHOBHEBIE MNPUHIUIIBI OPOrpaMMUPOBAHUA BBICOKOIIPOU3BOAWUTCIIBHBIX BbIYUCIIUTCIIBHBIX
CHCTEM.

Ucropust cozganuss C++. Ob6mue cBenenus o C-moamuoxkectBe C++. 3 Kiaccel u1 00BEKTHI.
VYnopasneHue pecypcamMu B oObekTax. VCkimrouuTenbHble CcUTyauud. JlMHaMu4yeckuit
nonumopdusm. HacnepoBanue. Jlucneryepusanusi BBI3OBOB, BHUPTyajbHble  (DYHKIIHH.
Crarnueckuit momumopdusm. Illabmonsl. KonreliHepsl cranmapTHoW OuOmmoreku. OOmue
MOJIXO/IbI K YIIPABJICHUIO pecypcamMu. Y MHbIe yka3atenu (Ha npumepe C++). COopka mycopa (Ha
npumepe Java). [lepegaua cooctBeHHOCTH (Ha mpumepe Rust).

3. OcHOBHBIE MPUHIUIIEI 00BEKTHO-OPUEHTUPOBAHHOTO TPOrPAMMHUPOBAHUS.

Hcropus co3naHust OOBEKTHO-OPMEHTUPOBAHHOI'O IporpaMMHpoBaHus M sA3blka Smalltalk.
Knaccsl. Ilepemennsie. CooOuienus. Mertakiaccsl. Ynpasisioniie KOHCTpyKIuu. KoHnTeitHepsl.

4. O0mmue moAaXoIsl K MPOrpaMMHUPOBAHUIO CIIOKHBIX CHCTEM.

LISP: 6a30BbIif CHHTaKCHC M CeMaHTHKA. AOCTPaKTHOE CHHTaKCHUYECKOE JIepeBO. | OMOTeHHOCTh
nporpaMM U JaHHBIX. CBsi3piBaHMe NepeMeHHbIX. @yHkuuu Bbicumx nopsakoB. PROLOG:
0a30BbIli cuHTakcuc M cemaHTuka. OOnacts nmpumeHeHus. FORTH: 6a3oBblii CHHTakcuUC U
cemaHTHka. O0JacTb IPUMEHEHHUS.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Onepanuonnbie cucrembl UNIX

Measb AMCHUNIMHBI:

- moiydyeHue O0a30BBIX 3HAHMU 00 OpraHmM3alUM OIEPAMOHHBIX CHCTEM, pa3JelIeHUuU
00s3aHHOCTEH MeXIy anmapaTHbIM O0ecreueHHEeM U SIPOM  ONEpPAllMOHHOW CHCTEMBI.
PaccMoTpenue KOHIENIMI COBPEMEHHBIX OINEPALlMOHHBIX CUCTEM IPOM3BOJAUTCS Ha IpHUMEpe
orepannoHHOM cuctembl Unix. PaccmaTtpuBaioTcsi monb3oBarenbckuii uHTEpdeiic  Unix,
nporpamMupoBanue Ha s3pike Unix  Shell, ucnonp3oBaHne CHCTEMHBIX BBI30BOB IS
B3aMMOJEHMCTBYS C AAPOM B IIporpammax Ha sizbike CH.

3agauu AMCHUIINHBIL:

- U3Y4YCHME OCHOBHBIX KOHLENUMH M NPHUHLIMIIOB IPOECKTUPOBAHMS ONEPALMOHHBIX CUCTEM.
PaccmoTpenue B3auMonaencTBUs s]ipa ONEPALlMOHHONW CHUCTEMBI C alllapaTHbIM OOeceueHueM
COBPEMEHHBIX KOMIIbIOTEPOB;

- paccMOTpEHHE pealu3allid OCHOBHBIX KoHIemnuuii coBpeMeHHbIXx OC Ha mpumepe Unix
(TOHSITHS TIPOIIeCC, TUTAHUPOBIIUK MPOIECCOB (haii u JIp.);

- 3HAKOMCTBO ¢ KOMaHJHOM 000noukoil Unix Shell Ha ypoBHe mosib30BaTenst U MPOrpaMMHUCTA.
Boinonnenue nadoparopHbix padot no Hanucanuto Shell-ckpunTos. Beinonnenne nabopaTopHbIX
paboT Ha IPYTruX CKPUNTOBBIX S3bIKAX, B TOM uncie, sed u AWK;

- H3YYCHUC OCHOBHBIX CHUCTCMHBIX BBI3OBOB Unix. HpOFpaMMI/IPOBaHI/Ie Ha sa3pike CH C
HUCITIOJIB30BaHHUECM CUCTEMHBIX BBI3OBOB.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00y4YeHHS MO JUCHHUILINHE (MOAYJIIO)

B pesynbrare oCBOCHUS AUCITUTUTMHBI 00YJarONTUeCs JOMKHBI

3HATh:

- ocHOBHBIE KOMITOHEHTHI OC 00111ero Ha3HaYeHUs, HEOOX0UMBbIE [T €€ (PYHKIIMOHUPOBAHMS,

- OCHOBHBIE KOMaH/bI, HeoOXonumble s yBepeHHOH paborbl B Unix Shell Ha ypoBHe
I0JTb30BATEII;

- YIOpaBISIOLIME OIepaTopsl M ympasisgwoomue KoHCTpykiuu Unix Shell, HeoOxomumelie s
Hanucanus shell-ckpunTos.

yMeTh:



- pabotatr B komaHaHou oOosouke Unix Shell, mucate ckpuntsl mist Unix Shell, mucats
nporpamMmsbl Ha si3bike CH ¢ HCTIOIb30BaHHEM CHCTeMHBIX BbI30BOB OC Unix.

BJIAJ1€Th:

- mpuéMaMHu MPOTPaMMHUPOBAHUS Ha CKPUNTOBBIX sA3bIkax Ha mpumepe Unix Shell, awk u sed.

Tembl U pa3aeibl Kypcea:
1. Opraauzanust OC Unix, komananas o6osouka OC Unix

OcnoBublie ocobennoct OC UNIX. Uctopus UNIX. Bepcun UNIX. MHoro3zamauynocTs. Pexum
paszaeneHus: BpeMeHu. BupryansHas nmamsate. MHuoronosb3oareibekas OC. UID u GID. Ilpasa
noctyna Kk (ainam. Ilpoueccel. Beimonnsemsbie ¢aitnbl. ATpuOythl mporeccoB. Daiiibl
/etc/passwd, /etc/group u /etc/master.passwd. Login Shell. [lomamasis qupekropus.

ABTOopu3anusi monb3oBareneil. Bunmbr Ttepmunano. Ilporpamma putty. Man. Ymnpasnenue
TEPMHHAJIOM C TIoMoIbio stty.@aiin termcap. ['opsume wmapumu. csh u sh. Ucropus. Bash.
[lepemennnpie. Omnepatopbl mpucBaWBaHUs. BcTpoeHHble W BHemHHE KomaHawl. Cren
kommeHnTapuii #!. PATH. Komanna echo. ITogcranoBku. [Topsigok moacTaHOBOK. DKpaHUPOBAHUE
CHUMBOJIOB. 3ammyck BHemHIX koMaua shell-om. [purnamenue. Marepakrusueiii shell. PS1 u PS2.
[Tepemennnie okpyskenus. Shell scripts. @aiin .profile. 3agaua “hello”.

[IpaBa nmocryna kx caiinam u gupektopusiMm. Komawasl chown, chmod, chgrp. SUID -ubie
nporammsbl. Sticky bit. @aitnoeie mabnonsl. [lepenanpasnenue BBoaa/BbiBOAA. Y cinoBus B shell.
Kox Bo3Bpara. Yopasnsomue koHcTpykinu. Komanaa test. 'pynnupoBka KOMaHj ¢ TOMOIIBIO
(GUrypHBIX M KpYIJbIX cKoOOK. UreHue (aiinoB ¢ momomisio komaHasl read. Ilepemennas IFS.
3amaua GUO.

®aiinoBsle cUCTEMBI. J[peBOBHIHAsA CTPYKTYpa oriiaBiieHnid. HazHaueHne OCHOBHBIX AUPEKTOPHUI.
Pabouas nupexTopus. OTHOCHUTENBHBIE U TIOJHBIE UMeHa (aiinoB. KoMaH el paboThI ¢ ¢aiinamu.
Hms nepemeHHONl B (UIYpHBIX CKOOKax. 3ajaHHMe 3HAYEHMs IEPEMEHHOW IO YMOIYaHUIO.
PenaktupoBanne 3HaueHMs nepeMeHHOU. JlocTymn K aprymeHTam KOMaHJIHO# cTpoku. Komanna
shift. Cnennansubie nepemennsie. OTiaaka mporpamm Ha shell.3amaua whichx.

Crpykrypa ¢aitnoBoii cuctemsl. Inodes. XXectkue u msrkue ccbliiku. Tumbsl (paidIoBbIX 0OBEKTOB.
OrnaBnenus . ¥ .. . KopueBas ¢aiinosas cucrema. MontupoBanue QaityioBsix cucteM. @oHOBbIE
npoliecchl. YnpanieHue (OHOBBIMH MpolieccaMu. 3ajiaua catslow.

CumBosbHBIC B O10uHBIE yeTpoiicTBa. Ornasnenue /dev. Co3nanue daitioB ycTpoicTB. Pazmensr
u cnaiicel. [loaroroska sxectkux auckoB Aiig ucnonb3oBanusa B OC UNIX. KsmupoBanue 1uckoB.
Komanma sync. Curnanbl. [IpuuuHbl BO3HUKHOBEHHS curHanoB. Jlamm mamsatu. OOGpaboTka
CHUTHAJIOB 110 YMOJTYaHUI0. Ypasistomuid TepmuHan. Ceancol. 3agada execbg.

[Tporpammel paboThl ¢ daitnamu: cp, mv, cat, split, head, tail, find, locate, xargs. ®ynkuuu B shell.
Komakna source. 3agaua addpath

[TaketHass o6pabotka 3amanmii. Cron. ®@opmar aiina crontab. I[lomp3oBarenbckue crontab.
Opranuzanus B3auMHOTO UCKITIOUEHHS TOCTyNa K ¢aitnaM. 3ajada «OTIAeN KaJIpoB»



Pipes. ®unbtpsel. [Ipumepsr nporpamm-dunbstpoB. Bpemennsie ¢aiinsl. Mktemp. OrnaBnenue
/tmp.M3MeHeHne HOMepoB inodes pu peaakKTUPOBAHUH, KOTUPOBAHUU U TIEPEMEIICHNN (aiiyioB.
3agaua overwrite.

Komasn el paboThI 4 mporieccamu: ps, top. Ormnasnenue /proc. [lpuoputerst nporeccoB. Komanma
nice. Perymnspuele BblpaxkeHnus. J{ManeKkTbl peryispHbIX BbIpakeHuid. IIporpammbl 00pabOTKH
TekcToB: ed, sed, grep, cut. 3agaua frame.

Opranmszanus Beruucienuii B shell. Komanga exec. Komanga env. Mcnonbs3oBanue exec aiis
nepeHanpasieHus BBoja/BeiBoga Komanma expr. Xom Tabnunpsl. Coznanue xa1r tadmwuil B shell.
3amgaua workers.

®opwmarsl daiinos. Komazga File. Magic file. bubanorexu. Komanza tar. PesepBHoe KonmupoBaHHe.
Komangsr dump u restore. MakpementHeiii backup. @aiin dumpdates. Anropurm XaHoickon
6amran. Komanma dd. Yuer pa6otsl nmonb3oBareneit B OC Unix. @aitnsl utmp u wtmp. Komanas
who, w, finger, last, ac. 3amaga ucounter.

Awk. Cenektopsl 1 ieiicTBUA. Yrpasistone koucTpykuud. [Tons. CrienuanbHble IepeMeHHbIE.
Berpoennbie pynkumn. Muaexcet maccuBoB B awk. Cenektopst BEGIN u END. 3apaua
«4aCTOTHBIN CJIIOBaph».

HuckoBbie kBoThl. Grace period. ulimits. Buasl moip30BaTeIbCKUX TUMHUTOB.

Perl. Cxansipbl, MmaccuBsl 1 x3mradaunbsl. OcHOBHBIE ynpasisitonue KoHCTpYKuun. Cyddukcs
koMan[. BBoa/BeiBoa. Berpoennbie dynkunu. Crerpanbabie nepeMeHHbie. Kiroun koMaHHON
ctpoku. O6paboTka aiiya Ha MecTe.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTOAbI MCCJIeT0BAHNH

OcCHOBBI BOTOPOAHOM JHEPIreTUKH

Measb AMCHUNIMHBI:

- mpuoOpeTeHue CTyACHTaMH 3HaHUH 00 OCHOBHBIX MHHOBAIIMOHHBIX METO/aX IMPOU3BOJICTBA,
nepeaayn ¥ mpeoOpa3oBaHUsl SHEPTHH; MEXAaHH3MOB 3JEMEHTApHBIX IMPOIECCOB, JIEKAIIUX B
OCHOBE 3THUX METOJIOB; POJI OMOTEXHOJIOTUH, HAHOTEXHOJIOTUH U HAHOCTPYKTYPBIX MaTepUaioB
B Pa3BUTHUU JAHHBIX METOJIOB.

3agauyd AUCHUILINHBI:

- OCBOCHHE OCHOBHBIX ITOHSTHM HpI/IpOIIOHOI[O6HI)IX SHECPIrCTUUCCKHUX TCXHOHOFHﬁ, a TaKXKe
OCHOBHBIX TCPMHHOB H onpeaeneHHﬁ B OTOH 00JaCTH B COOTBETCTBHH C MCKAYHAPOAHBIMUA
CTaHdapTaMu,

- OCBOCHHE HaBBIKOB Pa0OTHI CO CIEUATBHOM JTUTEPATypOil B IPEAMETHOM 00IacTH;
- IOJIy4eHHE 3HAaHUH 00 3JIEKTPOXUMHUYECKOM U BOJOPOTHON SHEPreTHKE.
ITepevyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbrare ocBOCHUS AUCITUTUTHHBI 00YYaIOIINecs JOJIKHBI

3HATh:

- TpUPOAY U MEXaHHW3M OCHOBHBIX (U3UKO-XMMHUYECKHUX IMPOILIECCOB TMOJYYECHUS U
npeoOpa3oBaHUsI SHEPTHUH;

- OCHOBHBIE TEXHOJOTMH IPOU3BOJCTBA W IMpPeoOpa3OBaHMSA DSHEPTUHM U MX allapaTypHOe
odopmieHue;

- BOTIPOCHKI SKOJIOTUU U TEXHOCPEPHOU OE30MaCHOCTH.

yMeThb:

- IPpOBOAUTDH NTOHUCK U aHAJIN3 HaquO-TCXHHqCCKOﬁ I/IH(I)OpMaI_II/II/I YU NaTEeHTHOM JIMTCPATYPHI 110
3aJJaHHON TeMaTHKe B o0actu HpI/IpO,Z[OHO,Z[O6HLIX OHCPTCTUYICCKUX TEXHOJIOTUM |
HAaHOMATCPUAIOB JJI UX pCain3alluu,

- HCIO0JIb30BaTh (yHIaMEHTAJIbHbIE 3HaHUSI B 00J1aCTH (POPMHUPOBAHUS HAHOCUCTEM ISl PEeILICHUs
MIPaKTHYECKUX 3a]a4, CBA3AHHBIX C MOJYYEHHEM HAHOCTPYKTYPUPOBAHHBIX HEOPraHUYECKUX U
THOPUIHBIX MAaTEPUAJIOB, OMOAIEKTPOHHBIX CUCTEM M UX KOMIIOHEHTOB;



- HCIIOJIb30BaTh MOJyYEeHHBIE 3HAHUS B 00JIACTU CUCTEM MOJyYEHUs U MPeoOpa3oBaHUs SHEPTHH
JUTS TIPAKTUYECKOTO MPUMEHEHHUS.

BJIA/IETh:
- CllellMaIbHON TEPMUHOJIOTHEN B 001aCTH HAHOTEXHOJIOTUH U METOI0B CUHTE3a HAHOCTPYKTYD;
- CHIeMAIbHON TEPMUHOJIOTHEH B 00J1aCTH MPHPOIOTIOT0OHBIX SJHEPTETUYECKUX TEXHOIOTHIA;

- MerogamMu 00paOOTKM, aHadM3a M CHCTEMAaTH3alUd HAyYHO-TEXHHYECKOH W IATeHTHOH
uHpOpMaLnu;

- HaBbIKaMU OCBOEHUS OOJIBIIOro 00bemMa HOBOM HH(pOopManuy;
- HaBBIKaMU CaMOCTOSITEIIbHOHN paboThl B Taboparopun u MHTEpHETE;

- HaBBIKAMHU TPAMOTHOW 00paOOTKU PE3YJIbTATOB ONBITA U COTMOCTABICHUS C TEOPETHUECCKUMU
JTaHHBIMH.

TeMbl U pa3jeiibl Kypca:
1. Bomoponnast sHEpreTuka.

BO,I[OpOI[HaH OHCPI'CTHKA. OCHOBHBIEC IOHITHS U HaIipaBJICHUS pa3BUTHA. Ponb HAaHOCTPYKTYPHBIX
CHCTEM B BOZ[OpOI[HOfI OHCPICTUKCE.

2. Karanus u KkaTajau3aTtopsl.

dusnueckue, XUMUYECKHEe U (PU3MKO-XMMHUYECKHE METO/bl IMOJyYeHMs KaTalu3aToOpoB JUIs
BOJIOPOJHON SHEPTETUKHU

3. Bomopon.

Bonopon. ®usuko-xumudeckue cBOMCTBA. LlenHble peakuuu ¢ ydactuem Bojaopoja. ['openue u
B3PbIB BOJOPOAOCOAEPKALLUX CMECEH.

4. OU3NKO-XUMHYECKUE IMPOUECCHI, JCKAIMHUE B OCHOBEC IMOJTYYCHHA BOJOPOJA.

DUu3NKO-XUMHICCKHE MpoHecCChl, JCKaAIMWEe B OCHOBC IIOJIYYCHHSA BOJA0OpOAA. OcHOBHBIE
TEXHOJIOTHH IMOJIYYCHHUA BOAOPOJAa U UX alllIapaTypHOC O(I)OpMJ'IeHI/IC.

5. ®U3UKO-XUMHUYECKHE MTPOIIECCHI, JIKAITUE B OCHOBE XPaHECHUSI U TPAHCTIOPTUPOBKHU BOJIOPO/IA.

OU3UKO-XMMHUYECKHE TIPOIIECCHI, JIEXKAIME B OCHOBE XPAHEHUS M TPAHCIIOPTHPOBKH BOIOPOJIA.
OCHOBHBIE TEXHOJOTHMM XpaHEHUs] W TPAHCHOPTUPOBKK BOAOPOJA, HUX amnmapaTypHOE
odopmIiIeHHE.

6. DOHU3NKO-XUMHYECKHUE IpOLECChI, JICKAIUEC B OCHOBC MHCIIOJIB30BaHUA BOJOpOAa IJId
IMPONU3BOJACTBA DHECPIUH.

OU3NKO-XMMUYECKHE MPOLECChl, JIeKallMe B OCHOBE HCIOIBb30BAHUSA BOJOPOAA UL
pOoU3BOJCTBA dHepruu. OCHOBHBIE TEXHOJOTMH HCIOJB30BaHUS BOAOPOAA Ui MPOU3BOJCTBA
SHEPIHUH, UX armnapaTypHoe opopMIIEHHE.



7. BonopoaHble TEXHOJIOTMH B AJIbTCPHATUBHOW SHEPTE€THKE.

BO,I[OpOI[HBIe TE€XHOJIOTHHU B aHBTepHaTHBHOﬁ OHEPICTUKCE. BOHpOCBI BOI[OpO,Z[HOI\/'I 0€30IaCHOCTH.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

OCHOBBI KOTHUTHBHBIX HayK

Measb AMCHUNIMHBI:

- W3Yy4YCHHE HAYYHBIX IPUHLMUIIOB M METOAOB HCCIEJOBAaHUS KOTHUTUBHBIX IIPOLECCOB,
MOJTrOTOBKA K AaJbHEHIIEMY Po(ecCHOHaTbHOMY HCIIOIB30BAHUIO 3THX 3HAHUH NP pa3paboTKe
NEPCIEKTUBHBIX KOHBEPICHTHBIX TEXHOJIOTHUMN.

3agauyd AUCHUILINHBI:

- O3HAaKOMJICHUC CTYIACHTOB C 0a30BBEIMU TCOPCTUYICCKMMU TMOHATUAMU W MCTOAUYCCKUMU
npoucaypamMmu B 00/1aCTH KOTHUTUBHBIX HayK U TeXHOHOFI/Iﬁ;

- ACMOHCTpalus MPaAKTUICCKOI'0 3HAYCHH A MCKINCHHUITIIMHAPHBIX I/ICCJ'IeI[OBaHI/II‘/'I, HallpaBJICHHBIX
Ha U3Yy4YCHHUEC KOTHUTHBHBIX IMPOLCCCOB Y YCIIOBCKA,

- BI)Ipa60TKa HaBBIKOB CaMOCTOATCIBHOIO IIOMCKa M OLCHKHU HH(i)OpMaIII/II/I B o0Onactu
KOTHUTHUBHBIX HAYK U TGXHOHOFI/Iﬁ;

- TIOJITOTOBKA K AKCIIEPUMEHTAIbHBIM HCCIEAOBAHUEM KOTHUTHUBHBIX IMPOIIECCOB y YENOBEKa B
KOOMEepalui C TMPEeACTaBUTEISIMH KOTHHUTHUBHBIX HAyK — aHTPOIOJIOTaMHU, TICHUXOJIOTaMH,
JUHTBHCTaMH, (pusmonoramu, pa3padOTYMKaMU CHUCTEM HMCKYCCTBEHHOTO WHTEIJIeKTa U
POOOTOTEXHHKH.

ITepedyenb miIaHMpPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO JTUCHHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCHMITIIMHBI 00YYaIOIIMECs T0JIKHbBI
3HATh:

- OCHOBHBLIC OTaIllbl HAYYHOTO HM3YUCHHUA CO3HAHUWA, BOCIIPUATHA, BHUMAHUA, MMTAaMATH U OPYTHUX
KOTHUTHUBHBIX ITPOLCCCOB;

- OCHOBHBIE MPOOJEMBI U €CTECTBEHHOHAYYHBIE METObl COBPEMEHHBIX MEXIUCIUTUTMHAPHBIX
WCCIIETOBAHNI KOTHUTHUBHBIX MTPOILIECCOB Y UEIIOBEKA;

- TCOPETHUICCKUEC MOACTIU U SMIIMPHUICCKUEC 3aKOHOMEPHOCTH Pa3BUTHA U pacliaga KOTHUTHUBHBIX
IPOLIECCOB Y YEIIOBEKA;

- OCHOBHBIC NOAXOAbI K MATEMATUYCCKOMY OIMMCAHUIO W TCXHUYCCKOMY MOJACIMPOBAHUIO
KOTHUTHUBHBIX IIPOLICCCOB;

-0 HCO6XOI[I/IMOCTI/I Y4€Ta KOTHUTHUBHBIX XapaKTCPUCTUK YCIIOBCKA ITPU pa3pa60TI<e TCXHHUYCCKHUX
CUCTEM, IMPAMO HJIM KOCBCHHO MPEAHA3HAYCHHBIX JJIA BSaHMOﬂeﬁCTBHH C YCJIIOBEKOM.



yMeTb:

- HCIIOJIB30BaTb Ha IPAKTHUKEC TCOPETUYCCKUEC TIOHATHUA W H3BECTHBIC OMIIMPHUYCCKUC
3aKOHOMCPHOCTH COBPCMCHHBIX KOTHUTHUBHBIX HAYK;

- BBLACTATH E€CTECTBCHHOHAYYHBIH AacCHEeKT 3ajaud, aOCTparupysach OT HECYIIECTBEHHBIX U
CyOBEKTHUBHBIX BIMSHUI HA MPOOIEMHYIO CUTYAIHIO;

- HAXOJUTh OOIIMIA METOIWYECKHM TMOJXOJl, HEOOXOAUMBIM JJIA pelieHus 3aaad B 00JacTh
KOTHUTUBHON 3PTOHOMUKHU ¥ HH)KEHEPHUHU YEeIIOBEUYECKOro (hakTopa;

- paboTath Ha COBPEMEHHOM 3KCIEPHMEHTAJILHOM O0OpYIOBaHMU, MpPEIHA3HAYCHHOM IS
KOTHUTHBHBIX UCCIIEIOBAaHUH.

BJIAJ1€Th:

- MHOFO(i)aKTOpHBIM ITAaHUPOBAHUCM OKCIICPUMCHTOB B KOIHUTHBHBIX MCCICHOBAHUAX U
MAaTCMAaTUKO-CTAaTUCTUYCCKUM aIlllapaTOM O6pa6OTKI/I HX PE3YJIbTATOB,

- HaBBIKAMU TICUXO(HU3HUYECKIX U3MEPEHHUIA;

- HaBBIKAMU OOIICHUS C MPEICTABUTEISIMA KOTHUTUBHBIX HAYK — aHTPOIIOJIOTAMH, TICHXOJIOTaMH,
JMHTBUCTAMHU, HEHPOPHU3UOIOTaMU, pa3padOTYMKAMHU CHCTEM HCKYCCTBEHHOTO HWHTEJUICKTa U
POOOTOTEXHUKH;

- HaBBIKaMH CaMOCTOATCIIBHOI'O INOMCKa JaHHBIX KOI'HMTHMBHBIX I/ICCJ'ICI[OBaHI/Iﬁ B XYPHAJIbHBIX
Hy6JII/IKaIII/I$IX u I/IHTepHeTe, a TaKXKE OICHKHU HaquOﬁ HaACKHOCTHU 5THUX JaHHBIX.

Tembl U pa3aensl Kypca:
1. ApxuTekTypa HHTEIJIEKTa YeI0BeKa.
OrpaHndeHHas palMOHAIbHOCTD YEJIOBEKA.

[Togxompl K ONMHMCAaHWIO WHTEIUIEKTa B HMCTOPUYECKON aAHTPOIIOJIIOTHH, TICHXOMETPHKE,
UCCIICIOBAaHUSAX Ppa3BUTHS, HMH(pOpMaTHKe U HelpouHpopmaTuke. Bpiciine KOrHUTHUBHBIE
IPOIECChl: KOHIENTYyalbHblE CTPYKTYPhl W METAKOTHUTHBHBIE KOOpPAMHAIMH. MeXaHU3MbI
BooOpakeHusi. OCOOEHHOCTH  peleHMs  MajblX  MBICIUTENBHBIX  33dad. [ unoresa
JUHTBUCTUYECKOH OTHOCUTENIHOCTHU: JaHHbIE, MOATBEP)KIAIOIIME 3Ty TUIOTE3y B BapHaHTE
«MpinuieHne s pedn». Teopun Iluaxke m Boirorckoro. MHauBuayanbHas TeOpusi MCUXUKU
(Theory of Mind). Kputuka npeactaBieHuil 0 pa3BUTUU MEHTAJIbHOM JIOTUKU B UCCIIETOBAaHHAX
IPOIIECCOB YMO3AK/IIOUEHH: 3a/aua cenekuuu Yaizena, Monty Hall Dilemma, npoGiemsr ¢
pelIeHHEeM 3a/1a4 B BEpOSITHOCTHOM (opmare TaHHbIX. OrpaHuYeHHas pallMOHAIbHOCTh YelloBeKa
no Kanemany. DBpPUCTHKM JOCTYMHOCTH M PENPE3CeHTAaTUBHOCTH. DPQPEKT 3MOLMOHATIBLHOTIO
oOpamiieHusi. MopaJibHble 3BPUCTHKHU.

BCpTI/IKaJ'ILHOC U TOPU3OHTAJIIBHOC U3MCPCHUA UHTCIIJICKTA.

KoruutuBHO-adpexTuBHbIE Tpolecchl. BepTukanbHOe uH3MepeHHe HHTeekTa mno b.M.
BennukoBCcKOMY: ypOBHM KOTHMTHMBHOW opranm3aumu or A 1o F, wux o¢yHkuun u
Helpodusnonornyeckuii cyocrpar. CHHIPOMBI BBINIAICHUS YpOBHEH. Bo3MOXkKHbBIE reHeTHUeCKue



MEXaHU3Mbl: CUHAPOM YWIbsIMCA U PACCTPOMCTBA ayTUCTUYECKOTO CHEKTpa. ['opu30HTaIbHOE
U3MEpEeHUE SMOIIMOHATILHO-MOTHBAIIMOHHOM cdepsl 1o [Tankcenmy: cuctemsr SEEKING, LUST,
CARE, PANIC, FEAR, RAGE, PLAY. Ponb neliporpancmutTepoB. Tunnunsie aucHyHKIMA U
HapymeHus. MccnenoBanus MEXaHU3MOB cTpecca B OMOJIOTUH U TICUXOJIOTHH. POITb KOTHUTUBHON
olieHKU cutyauuu. [IpoGiema HHAMBUYaTIbHON CTPECCOYCTOMYUBOCTH YEJIOBEKA.

2. Buumanue u npoGiieMa CO3HaHHMS.
Buumanue u nenctaue.

AKTHUBHOCTB TIO3HAHUS: HCCIICJIOBAaHUS aKTHBHOTO 3PEHUS M OCSI3aHUs. BUIbl MBUKEHUH T1a3, UX
MO3TOBBIE MeXaHH3Mbl. CIIOKHOCTH C OIPEICIICHUEM IOHATUS «BHHUMaHHWe». «BHemHee u
BHYTPCHHEE», «IIPOU3BOJBHOE U pedIeKTOpHOe» BHHMaHWe. BHHMaHue Kak QUIBTP.
DKCIEPUMEHTHI TI0 CEJICKTUBHOMY cliylaHuio. DhdekT Oecenpl 3a KokTeiieM. Dh(EKT OKTaBbl.
Buumanue kak ymcTBeHHoe ycuiwue. l[lpencraBieHue 00 OrpaHUYEHHOM IIyJe PECYpCOB
o0pabotku wuHpopmanuu. Ilo3utuBHbie U HeratuBHble d(pdexTsl BHUMaHus. Cremnora
HeBHUMaHUS. DQPQEKThl CIENoThl K M3MEHEHHEeM. BHUMaHUS Kak KOTHUTHBHBIA KOHTPOIIb.
Teopus Tpex cuctem BHuManus [1o3uepa. Juccouunariust 3h(hexToB CO3HAHUS U BHUMAaHUSI.

Mojenu u MEeTObI HU3YUCHUA CO3HAHU.

CriekynsTHUBHBIE TEOPHH CO3HaHUS B TcuxoaHanuse u ¢uinocoduu. [lonsarue xkapre3maHCKOro
TeaTpa JleHHeTa, «OpydIIJIOBCKas» U «CTAIMHCKas» Teopuu co3Hanus. Heiipoduznonorunueckue
TEOpUU YACTOTHOrO KoaupoBaHusi 3uHrepa, Kpuka u Koxa. I[loHSTHE KOTHUTHUBHBIX
aBTOMaTU3MOB. [10/1X0/IbI K OMIEpallMOHANBHOMY PA3IMYEHUIO CO3HATEIBHBIX U 0€CCO3HATENbHBIX
MPOLIECCOB: METOAMKA Mpourpseima-Beurpsia [losuepa-CHaiiepa, comocTaBieHne HAKJIOHOB
GYHKUMA TIOJIOKHUTENIBHBIX W OTPUIIATENIBHBIX OTBETOB B 3aJadax IIOMCKAa, METOJIHUKa
nauccormanuu nporeccoB JxokoOu. YpoBHeBbie dhdexTsl B peHomenax cienoro B3opa (blind
sight) 1 UTHOPUPOBAHUS MOJTYIPOCTPAHCTBA. MECTO CO3HAHUS B TEOPUHM YPOBHEH MOCTPOCHUS
JnBUKeHuN bepHiuTelina.

3. UcTopus 1 COBpEMEHHOE COCTOSIHUE KOTHUTHBHBIX UCCIIEJOBAaHHM.
dunocodckue U ecTeCTBEHHOHAYYHbIE OCHOBAHHSI KOTHUTUBHBIX UCCIIEOBAaHUI.

OMIUPU3M M palMoOHANU3M B TpakToBke mo3HaHus: [ekapt, Jlokk, FOMm, Jleitonun u Kanr.
[TonbiTka Hatypduiocodckoro cunrte3a. BozHuUKHOBEHHE (QHU3MOJOTMH, JUHTBUCTHKH U
HKCIepUMEHTaNbHOM ncuxoioruu: Bunbsrenasm ['ym6omasar, I'ensmronsi u Ceyenos. [lcuxonorus
co3HaHus ByHara u ee KpUTHKA: ICUXOAHAIM3, OMXEBHOPU3M U TEIITAILTIICUXOIOTHA.
KynbrypHo-ucropuueckue TeueHus. Hedporncuxonoruss Jhmm, X2066a u  Jlypus.
Bo3HUKHOBEHME KOTHUTHUBHOIO mnoaxona. Ponb «kapTe3MaHCKON JIMHTBUCTUKU» XOMCKOIO U
MaTeMaTn4ecKkor Teopur kommyHukanuu lllennona-Yusepa.

OcHoBHBIC noaXodbl U HpOGJ’ICMBI COBpeMeHHOf/'I KOTHUTHUBHOM HayKH.

TpI/I 0a3oBbIe TCOPCTUUCCKHUEC MOJCIIN: KOMIIBIOTCpHAs MeTa(bopa, MOAYJISIPHOCTh IMO3HAHUSA U
HUCPAPXHUYCCKUC MOICIIN. OnucareabHbIC HCCIICAOBAHHA B QAHTPOIIOJOTHUH, JIMHTBUCTHKE U
T'CHCTHUKC. 3KCHCpI/IMCHTaHLHLIC HCCICAOBAaHNA TMO3HABATCIBHBIX NPOLIECCOB B IMCUXOJIOTUH U,
OT4aCTHu, JTMHI'BUCTHUKE. PazButne HCﬁpOKOFHHTHBHBIX MCTOHNOB U TCOPCTUUYCCKUX MoOJeTIeH:
KOI'HUTHBHBIC HeﬁpOHaYKI/I. KoruutuBHas reHOMUKA. Hp06JICMBI HCKYCCTBCHHOI'O MHTCJIJICKTA U



BBIUUCIUTENbHBI  MOAXOJ. YCWIMBAaIOUleecs MPAKTUYECKOE 3HA4eHHWE  KOTHUTHUBHBIX
uccienoBanunii. KoruutuHas nayka u koHBepreHTHble (HBUK) Texnomorum. Ilpaktuueckoe
3HaYeHHE KOIHUTHUBHBIX MCCIIEJOBAHUI B SPrOHOMHUKE, WHKEHEPHUU YelloBeYeCcKoro (hakropa u
IIOBCEJHEBHOM KM3HM. KOrHuTHBHAs OSproHoMuKa M HeilposproHomuka. HcecnenoBanus
HeBepOaTbHON MaMATH U CO3JlaHue TpaduuecKkux uHTepdeiicoB monb3oBatens. «OrpaHnyeHHas
paloHaiIbHOCTEY» yenoBeka 1o Kanemany. IleprenTuBHble 1 KOTHUTUBHBIE WiLTI03UU. poHun
aBTOMAaTHU3alMK U BO3MOXKHOCTH UX IPEOJI0JICHHSI: KOTHUTUBHBIE MHTEP(ENCHI.

4. KoHuenTyanbHbIe CTPYKTYPHI, A3bIK U PEUEBOE OOIIIECHUE.
[IcuxocemaHTHKA.

[Togxonb! k npoOieMe 3HA4YEHUs B JIOTMKE, JMHIBUCTHUKE, NCUXOJOTHUM U HEHPOPHU3UOIOTHH.
CemaHTHYECKHE CETU U NMPOCTpaHCTBA. JIaTeHTHBINH cemaHTUUYeckui aHanu3. [Tonarus 6a3zoBoro
ypoBHs 1o Pour. Posib oTAenbHBIX MPUMEPOB UM CUTYaTUBHBIX (hakTOpoB. MexkareropuaibHas
OpraHu3ansi 3HaHMHA: OHTOJIOTMM M cXeMbl. PempeseHTanuss HeBepOalbHOTO 3HAHUA U
IIPOCTPAHCTBEHHOI'O OKPY)KEHUsS: KOTHUTHBHBIE KapThl W Koyulaxu. ClLieHapuu U rpaMMaTHKU
ucropuid. ' 106anbHBIe KOTHUTHBHBIE Mojean. HauBHBIE MoJenu Mupa: (pU3KMKa U MICUXOJIOTHUS
oObIIeHHOTO co3HaHusl. DyHnameHTanbHas ommoOka aTpuOyuu. KynbTypHas aHTpOMONOTUs 1
MEXKYJIbTYPHBIE UCCIIEIOBAHUS BEPHI B CBEPXbECTECTBEHHOE.

OT poHETHKH K TparMaTuKe peyH.

Pa3zHooOpa3ue s3bIKOB U UX 3BOJIOLMSA. BO3MOXKHBIE FeHETHUECKHUE MEXaHU3Mbl. SI3bIK M peub.
Bocnpuarue u nopoxaenue peun. doHonorus U npoconuka. Teopus pedyeBbIX NEHCTBU.
Pa3Butne HaBblkOB uTeHMs. Heliponcuxomormyeckue CHHIPOMBI M Mognend. KorHutusHble
uccienoBanus rpaMmmaTuki. Kputrnka tpancopMaiioHHONH Moiesin XOMCKOTO B TICUXOJIOTHA U
KOTHUTUBHOM JIMHTBUCTUKE. Teopusi TIJIyOMHHBIX CEMaHTHYECKUX poJiel, TIpaMMaTHKU
KOHCTpykuuid. [IparmaTnka KOMMYyHMKaTUBHBIX cuTyarui. [IpuHnun koonepatuBHocTH I 'patica.
HecoBnanenue 3HaueHNs U CMbICIIA: UCCIIEJOBaHHE MeTadoprudecKoi peuu. Teopusi MEHTATbHBIX
mozenerd  JlxoHcoH-Jdiipna.  IIpono3unmoHAIBHBIE  YCTAHOBKU. TeOpHs  MEHTaJIbHBIX
npocTpaHcTB POKOHBE.

5. Metonabl COBPCMCHHBIX KOTHUTHUBHBIX HCCJIeIOBaHUM.
O6H_[I/Ie IMPUHIHUIIBI 1 OCHOBBI INITAHUPOBAHU.

[Tpo6rieMbl BaNMIHOCTH U HAJEKHOCTH METOOB, SKOJIOTHYECKas BATUAHOCTh MUCCIEIOBAHUN B
KOTHUTUBHOM Hayke. Co3/jaHNE PEATMCTUYECKUX U OJJTHOBPEMEHHO KOHTPOIUPYEMBIX YCIOBUH C
MOMOIIBIO CHUCTEM BHPTYalbHOU peanmbHOoCcTH. Habmonenne, SKCIIepUMEeHT U KBa3UIKCIIEPUMEHT
B KOTHUTHUBHBIX HcclenoBaHusX. OCHOBBI (PAKTOPHOTO MIIAHUPOBAHUS IKCIEPUMEHTa. MeToabl
BUJICOPETUCTPALIMU U aHalIn3a noBeneHusi. COBpeMEHHbIE CUCTEMbI PETUCTpAIlU ABH>KEHUI ri1a3
(«aWTpeKUHI») W HW3MEHEHHMH JuaMeTpa 3padka. [lcuxodu3momornyeckre MeETOIbl aHallnu3a
KapJIMOBACKYJISIPHOM aKTUBHOCTHU U KOXKHO-TAJTbBAHUYECKHUX PEAKIIUM.

VHBa3uBHBIE M HEWHBA3WBHBIE METOJbl HEHPOKOTHUTHBHBIX HCCIEIOBAaHUN AKTUBHOCTH
TOJIOBHOIO MO3ra 4YeloBeKa. MHMKPOIJIEKTPOJIHOE OTBEIECHHE AKTHUBHOCTH HEHPOHOB.
Onekrposniedanorpamma (O3I) m  meroauka BbI3BaHHBIX mnoTeHmuanoB (BII/  ERP).
Maruurosnnedanorpamma (MOI). TosutponHo-smuccuonnas tomorpaduu (II9T). Metonsl,
ocHOBaHHble Ha 3(pdekre saepHOoro mMarHutHoro peszonanca: MPU, ATU, pMPU u MPC.



[TpoGnembl ¢ MEeTOIOM BhIYUTAHUA. MeTo TpaHCKpaHUAIbHOU MarHUTHON ctuMysisiiuu (TMC).
Hoseie mnoaxompl, takue kak HUPC, MUT u ABI — Analyzer-Based X-ray Imaging.
MonekyIapHblid UMAJKUHT. ['€HOMHBIE UCCIENOBaHHMS B KOTHUTUBHOW HAyKe: IMEpPCIIEKTUBbI
MOJIEKYJIIPHOM TICUXOJIOTUU.

6. HpI/IMepH 1 ICPCIICKTUBBI IIPAKTHUYCCKOI'0 IMIPUMEHCHUA KOTHUTHUBHOM HAaYKHU B KOHBCPI'CHTHBIX
TCXHOJIOTHUAX.

KorauTuBHBIC TEXHOJIOTHH.

[TonsiTne korHuTUBHBIX TexHOosorui kak yactu HBUK pa3zputus. Panane nprumepbl KOTHUTUBHBIX
TEXHOJIOTHIl Ha mepecedyeHnr ¢ MHGOPMATUKOI: rpaduueckue MHTEpGhENHCH MOIb30BaTENs U
CUCTEMbI BUPTYaJIbHOHN peanbHOCTH. [IpuMepbl BTOPOro moKoJeHUsI KOTHUTHUBHBIX TEXHOJIOTHI:
1). MWurepdeiicel, dYyBCTBUTENBHBIE K BHHMaHHIO mojib3oBarens (Mudo-Korno); 2).
HNutepmomanbaple MHTEpdeEiichl Ha 06aze HOBbIX HaHoMarepuaioB (Hano-UHpo-Korno); 3).
MeToapl SKCIUTMKAIMKA CO3HAHWS W JauarHocThku smonuid (buo-Mudo-Korno); 4). Merossr
pacnio3naBanue xectoB (MHpo-Korno); 5). AurponnomopdHsie arentsl / aBatapsl (Mudo-Korno);
6). Meroabl KOTHUTHBHOM T€HOMHMKUM U KOTHOTpomnHble cyOcranuuu (buo-Hano-Korno); 7).
HeilipomapkeTunr, HelposkoHOMHKa U HeWposproHomuka (buo-Koruo); 8). Mertozasl
MOJIEKYJISIPHOTO “peMoHTa” mamsTH uenoBeka (buo-Hano-Koruo).

HcKycCTBEHHBIN MHTEIJIEKT U YEJIOBEUECKUI pa3yM.

[TepcnekTHBBI MOJICIMPOBAHUS KOTHUTUBHBIX ITPOLECCOB U BO3HUKAIOIUE IIPU ITOM HPOOIEMBI.
Tect Trropunra. IIpobnema «3a3emieHus» CHMBOJIMYECKMX HpeoOpa3oBaHuil. Kwuraiickas
komHara Cépis. ['nnoresa tenecHocty no3nanus. IIpodnema FOma. IIpobnema nnenrudukanum
CyObeKTa NesTeTbHOCTH, MPHUHITHS PEIICHHH W KOHTPOJIA JEHCTBHI B HEWPOKOTHUTHUBHBIX
uccieIoBaHusX. MopasibHasi OTBETCTBEHHOCTh MCCIIE0BATEINS 32 UCCIENI0BaHUs U pa3pabOTKH,
BEJYILHE K SKCIIMKALMY COCTOSIHUN CO3HAHUS U KOHTPOJIIO MIOBEICHHUS.

7. CeHCOpHBIE CUCTEMBI U TPOLIECCHI BOCIPUATHS.
CeHcopHO-TIEpLIENTUBHAS OPTaHN3alNsl YEIOBEKA U €€ 3BOJIOLU.

[TnacTUuHOCTh U U3OBITOYHOCTh B OpraHU3allMi CEHCOPHO-NEPLENTUBHbBIX cucTeM. HelipoHHble
MexaHu3Mbl U Teopuss Dypre-paznoxenus. Mutepmonansuele 3¢ dekTsl 1 cuHecte3nu. Cxema
tena. PasHoBuaHOCTM OonM M mpobnema (aHTOMHBIX KOHEYHOCTeH. KoxKHO-TakTHIIbHAs
qyBCTBUTEIBHOCTb. ODKCIIEPUMEHTHl C PE3MHOBOM pPYKOW M CyOBEKTHBHOM CMEHOW Tea.
[Tpobnema 3pUTeNbHO-BECTHOYIAPHBIX B3aUMOJICHCTBUI B aBUallMi, KOCMOHABTHUKE M CHCTEMax
BUPTYaJIbHOH peallbHOCTU. 3puTenbHo-akycTudeckue s¢dexrsr: spdexr Mak-I'ypka B
IKCIEpUMEHTaxX ¢ BUAUMOMN peubto (visible speech). OrpanuueHHOCTh 3(P(PEKTOB «3PUTETHHOTO
ruieHay. Teopun KBaHTOBAaHHOTO M HEMPEPHIBHOTO MEPIIEITHBHOTO BPEMEHH.

BOCHpI/IHTI/IC MPOCTPAHCTBCHHBIX U ITUHAMHWYCCKUX XaPAKTCPUCTUK 00BEKTOB.

CoBpeMeHHBIN CTaTyC 3aKOHOB IEPLENTUBHOM OpraHM3alMM TelTaibTicuxosioruu. Ilonarue
CUCTEMBI OTCUETa M DJKCHEPUMEHTHl JlyHKepa ¢ HMHIYLHMPOBAHHBIM JABWXEHHMEM. Wiumo3uun
BOCTIpHATHS JIBUKEHUs. Bocnipusitue ynanennoctu u riyounsl. Crepeorpammsl FOnesa. Teopust
JBYX 3PUTEIBHBIX CUCTEM: BOCIIPUATHE «TAE» U BOCIPUATHE «4TO». JlOp3anbHBIN U BEHTPAJIbHBIN
MOTOKH TepepaboTKH CEHCOPHOW MH(OPMALUU B 3pUTEIBHOM, CIyXOBOW M COMaTOCEHCOPHOM



Kope. JlaHHbIE HEUPOTICUXOJIOTUHU U YTOUHEHHE (PYHKINNA JOP3aIbHOTO MOTOKA B SKCIIEPUMEHTAX
Ha BOCIIPUSATHUS KPYTHU3HBI XOJIMOB M ONTHKO-TEOMETPUYECKHUX HILTIO3HIA.

Bocnpusitue nHIMBUAYaNbHBIX XapaKTEPUCTUK IPEIMETOB U UX MIOBEPXHOCTENU. 3aBUCUMOCTh OT
IIPUBBIYHONM IIPOCTPAHCTBEHHOW OpPUEHTALlMM: JOKCIEpUMEHThI Poka ¢ OJHOBpEMEHHBIM
SAPKOCTHBIM KOHTpacToM U 3¢ ekt Tatuep. [IpodraeMbl «IpocTOro U Cl0XXHOT0», «JIOKAJIBHOTO U
17100a1bHOT0» B BOCHPUATUH (opMbl. D deKT mpeBocxocTBa 00beKTa. BKilaa 3aiHUX OTAEIO0B
JIEBOT'O M IIPABOro HoJymapuid. MoaymspHas opraHu3anusi MEXaHU3MOB BEHTPAJIbHOIO MOTOKA.
Bocnpusitue oOuiero cMeicia cuTyauuud. MexXaHM3Mbl COLMAIBHOTO BOCHPUATHS. DPQPEKThI
O6uonornyeckoro ABkeHus. Bocnpusatue nuna v smouuil. Poiab KOHTakTOB «Tja3a-B-IJiazay.
HeiipokorHUTHBHBIE SKCIIEPUMEHTHI C aHTPOITOMOP(HBIMU areHTaMH (aBaTapamu).

8. CTpyKTypa naMsITH U MPOIECChl 00yUeHUS.
CucTembl IaMsATH YEIOBEKA.

Pa3zHooOpa3ue MHecTHdeckux 3¢ (eKToB: IKCIUIMIMUTHAS U UMIUIMUUTHas namate. Crneuuduka
naMsTH 4YelloBeKa: pOJib «BHEHIHEH NamsaTu» (KyJIbTYPHBIX apTe(dakToB) W KOIHUTHUBHOIO
KOHTpoJsi. Bocnpoussenenue u y3naBanue. Kpusas 3a0biBanus D00uHraysa. Kiaccuueckue
3¢ dexThl Kpas U X UHTeprpeTanus. TpeXKOMIOHEHTHbIE MOEIIH: CEHCOPHAasi, KpaTKOBPEMEHHast
U J0JITOBPEMEHHAs aMATh. PoJlb IpOroBapuBaHus U CEMaHTUYECKOr0 KoaupoBaHus. [lamsaTe Ha
CJIO’KHBIN 3pUTEIBHBIN MaTepuan. Moandukanys MOAETH: MOHATHE padodeil MaMsITH.

CemaHTHYeCKast ¥ AMHU30AMYECKAs MaMITh. AMHE3Usl Ha UCTOYHHUK TOJIYYEHHOW MH(OpPMAIIHH.
Teopuss cneunpuyeckoro komupoBanus Tynsunra. Teopus ypoBHel oOpaboTku Kpoiika.
CoBpemeHHbIE MHOTOYpOBHEBbIE Mojenu. Heiponcuxonornueckue U HeMpopU3NOIOTUYECKUe
noaxoabl. Poie NMDA -cunancos. Oco6eHHOCTH HeHpOoreHe3a CTpYKTYp THITIOKaMIIa.

OO0yuenue u 00y4aeMoCTb.

MHosxecTBeHHOCTDH (hopM 00yUEeHHS y YesloBeKa: HacTpoiika (tuning) aBTOMaTU3MOB, HAKOILUIEHHE
u npeoOpazoBaHue 3HaHUU. Teopuu QopMuUpOBaHUS HABBIKOB. MHEMOTEXHHKAa. AMHE3HH B
KJIMHUKE U B 0OblieHHON *ku3HU. [locTTpaBmarnueckuit cunapom (PTSD). PasButne namsaru u
oOyudeHus B oHToreHese. Crnienuduka BO3pAaCTHBIX M3MEHEHUN MaMsITH B HOPME U IaTOJIOTHU.
['enernyeckue U HEHUPOPU3NOIOTHYECKNE MEXAHU3Mbl HEHPOJETeHEepaTUBHBIX 3a00JIEBaHUU.
Amnens APOE €4 u Oone3nbp Anbureiimepa. Pojgb KOrHUTHBHOIO KOHTPOJIS M COLIMATIBHOU
MOIEPHKKH.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

OcHoBBI 00111CH M HEOPraHNYeCKOH XUMHUH

Measb AMCHUNIMHBI:

TEOPETUYECKOE U MPAKTHUECKOE OCBOCHUE OCHOBHBIX Pa3/IesIOB 00IIEeH 1 HEOPraHUYECKONH XUMHUU
C Y4E€TOM COBPEMEHHBIX TEHACHIUN Pa3BUTUS XUMUUECKON HAyKHU. DTO IO3BOJIMT:

- IIOHATH JIOTUKY W BO3MOXHOCTHU XHWMMHHU, OCOOEHHOCTH XHUMHUYECKOTO nmoaxoJa K HM3y4YCHHUIO
OKPYXaIOIIEro MHUPAa;

- MOHUMATbh U UCTIONB30BaTh S3bIK XUMUYECKUX (OPMYIT M YpaBHEHHIA,

- TIpeACKa3bIBaTh CTPYKTYPY M CBOMCTBAa BEHIECTB, MX CHOCOOHOCTh B3aMMOJICHCTBOBAThH C
JIpYTrUMU BEILLECTBAMU;

- MOHATH JABWXKYIIME CHUJIbl XMMMUYECKHX PEaKIHi, OCOOCHHOCTH HX NPOTEKAHUS U CIOCOOBI
YIIPAaBJICHUS UMU.

3aga4yu AUCHUILINHBI:

- CO3JlaHhe y O0ydYaroluXxcs COBPEMEHHBIX MPEJCTABICHUH O CTPOSHHM BEILECTBa, O CBS3U
CTPOEHHUS U CBOMCTB BEIIECTB C XapaKTePOM XUMUYECKOH CBS3H U C MOJIOKEHUEM COCTaBIAIOIINX
WX 3JIEMEHTOB B [lepuoandeckoi cucreme;

- 3HAKOMCTBO C IIPpUHIUIIAMH, OIMMPCACIIAOIINUMU CBOMCTBA XUMHUYECKHX peaKHHﬁ;

- 3HAKOMCTBO C KMHCTHUYCCKUM H TCPMOJAWHAMHUYCCKUM IIOAXOJAMH K OIMMUCAHUIO XUMHYCCKUX
mponeccoB € LCJIbIO OIITUMU3AIUA yCJ'IOBI/II\/'I nx HpaKTH‘IeCKOfI pcan3anuu;

- OINHCAHME BAXHEHIIMX CBOMCTB HEOPraHWYECKHX COCAVMHEHUHW M 3aKOHOMEPHOCTEH HX
WU3MEHEHUSI B 3aBUCUMOCTH OT IOJIOKEHHS COCTAaBJISAIOIIMX HX 3J1eMeHTOB B llepuommyeckon
CUCTEME.

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

- OCHOBHBIC ITOHATHA XUMHUHU: BEIICCTBO, XUMHUYECKUM QJICMCHT, aTOM, MOJICKYJId, OTHOCUTCJIbHBIC
aTOMHad ©W MOJCKYJIdApHad MacCbl, HWOH, aJUIOTPOIIUSA, HU30TOIIbI, XWUMHNYCCKAAd CBA3b,
SJICKTPOOTPULATCIIbHOCTD, BAJICHTHOCTL, CTCIICHb OKHUCJICHHU, MOJIb, MOJIApHAasA Macca, MOHHpHLIf/'I
06’LCM, PacTBOPLI, IJICKTPOJIUT U HEIJICKTPOJIUT, IJICKTPOIUTUUCCKAA AUCCOLIMAlIUA, KUCIIOTA,
OCHOBAHHUEC, OKHCIICHUEC U BOCCTAHOBJICHHC, TEIJIOBOH 3(1)(I)CKT pCaKknun, CKOpPOCTh XHUMHYECKOM
PCaKknuu, KaTajin3, XUMUYCCKOC PAaBHOBCCHUC,



- OCHOBHBIE 3aKOHBl XMMHHM: 3aKOH COXPAHEHHS MAacChl M SHEPTrUH, KPATHBIX OTHOIIEHUI,
MOCTOSTHCTBA COCTaBa, OOBEMHBIX OTHOIICHWH; KMHETHMYECKUH W TEPMOAMHAMHYECKUN 3aKOH
JICUCTBYIOIIUX MAcCC;

- 06H_II/I€ CBCIACHHUSA O XUMHNYCCKOM JJIEMCHTC (Ha3BaHI/Ie, XUMHUYECKUHU CHMBOJI, OTHOCHUTCIIbHAasA
aTOMHas Macca);

- I10JIO’KEHHE XUMHUEecKoro ieMeHTa B [lepuoanyeckoit cucreme (OpsIKOBBIN HOMED, IEPUO,
rpynna, noArpymnmna);

- CTpPOGHHME aToMa JJIEMEHTa (3aps] sJpa; YUCIO IMPOTOHOB M HEUTPOHOB B AJpE; YHCIIO
3JIEKTPOHOB;

- DJIEKTpPOHHAs KOHQUIypalus, paclpelieieHHe 3JICKTPOHOB IO IHEPreTUYECKUM YPOBHSM,
MOIYPOBHSM U aTOMHBIM OPOUTAIISIM;

- CBOICTBa MpPOCTOrO BeHIECTBA, OOPa3yeMOro [JaHHBIM 3JIEMEHTOM (METajul, HeMeTalll,
arperaTHOE COCTOSTHHE ITPU OOBIYHBIX YCIOBUSAX, TUIl XUMUUYECKON CBSI3U B BEILIECTBE);

- BBICIIHM OKCHJ H COOTBGTCTBYI-OH_[I/Iﬁ EMYy TUAPOKCHI ((I)OpMy.]'ILI, BaJICHTHOCTb KU CTCIICHDb
OKHCJICHHSA JJICMCHTA B COCIII/IHCHI/II/I), X KHUCJIOTHO-OCHOBHBIC CBOﬁCTBa;

- BOAOpoAHOE coeauHeHHe ((opMyrna, BaJEHTHOCTb M CTENEHb OKHUCICHHS D3JeMEHTa B
COEIMHEHUN); IPYTHe COeNMHEHUs dieMeHTa ((popMyIibl, KAaTHOHHAS WM aHUOHHAS (popma).

yMeThb:
- Ha3bIBaTh HEOPraHMUYECKUE BELIECTBA 10 «TPUBHUAIBHOI WM MEKIYHAPOIHON HOMEHKJIIATYpE;

- OHIpCHACIATh: BAJICHTHOCTb U CTCIICHb OKUCJICHUA XUMHUUYCCKHUX 3JICMCHTOB, THIL XUMHYECKOMN
CBA3MU B COCAMHCHUAX, 3aps[] HOHA, XAPAKTCP CpCAbl B BOAHBLIX PACTBOPAX HCOPIraHUYCCKUX
COGI[I/IHCHI/II\/'I, OKHCJINTEIIFHBIE 1 BOCCTAHOBUTEIBHEIC CBOMCTBA COCIHMHCHUS,

- COCTaBJIATh CTPYKTYpPHbIE (hOPMYJIBI MOJIEKYJI M MIPEICKA3bIBATh UX T€OMETPHIO;

- ApaKTCpU30BaTh: JJICMCHTBI B IECPpUOJAX MW TIpyIIlax IO HX IMOJIOXKCHUIO B Hepnozmqecxoﬁ
CHUCTEMC I[I/I MeHneneeBa; 06H_[I/Ie XMMHYECKHE CBOMCTBA MCTAJIJIOB, HCMCTAJIJIOB, OCHOBHBIX
KJIaCCOB HCOPIraHUYCCKUX COC)II/IHGHI/II\/'I;

- OOBSICHSATH: 3aBUCHMOCTh CBOICTB BCIICCTB OT UX COCTaBa U CTPOCHUS, IIPUPOAY XUMHYIECKOMN
CBsA3HU (HOHHOﬁ, KOB&HCHTHOﬁ, MeTaHHquCKOﬁ), 3aBUCUMOCTb CKOPOCTHU XUMHYECKOU pCaKku nu
MOJIOKCHHUA XUMHUYCCKOTI'0O PaBHOBECHA OT Pa3JIMYHBIX (l)aKTOpOB;

- COCTaBJIsITb YpPaBHCHHUA U CXCMbl XHUMHWYCCKUX peaKI_[I/IfI U TIPOBOAWUTH II0 HHUM
CTCXUOMCTPUUCCKHUEC PACUCTHI,

- BBIIOJHATh XUMHUYECKUMN OKCIICPUMCHT I10 pPaCIiO3HABAHUIO BaKHEHIIINX HCOPTaHNUYCCKUX
BCIICCTB U ITOJTYUYCHUTIO HpOCTGﬁIHHX BC€IICCTB,

- IPOBOJIUTH CAMOCTOSITEJIbHBIA TOMCK XUMHUECKOU HH(POPMAIIUK C UCTIOTB30BAHUEM PA3TMYHBIX
MCTOYHUKOB (HAYYHBIX U3/IaHUH, KOMITBIOTEPHBIX 0a3 TaHHBIX, pecypcoB Internet).

BJAACTh:



- ME€ToaaMu OIMPCACIICHHUA BO3MOXHOCTH IIPOTECKAHUA XUMHUYCCKHUX npeBpameHHﬁ B Pa3JIMYHBIX
YCIIOBHUAX WU OLCHKU UX HOCHC,I[CTBHﬁ;

- TCOPCTUYCCKUMHU MCTOAaMHU OITMCAHHA CBOMCTB MMPOCTBIX W CJIOKHBIX BCHICCTB HAa OCHOBC
ITOJIOKCHHA COCTABIAKOINNX UX 3JICMCHTOB B HCpHOHquCKOfI CUCTEMEC XUMHNYCCKUX JJIEMCHTOB,

- crtocobamu 6e30macHOro 0OpaIIeHUs ¢ TOPIOYUMH U TOKCHYHBIMH BEIIECTBAMM;
- OCHOBHBIMH HaBBIKaMH PabOTHI ¢ JJaOOPaTOpHBIM 000PYI0BAHUEM;

- MCTOJaMH1 IPUT'OTOBJICHUA paCTBOPOB 3aﬂaHHOﬁ KOHILICHTPAaI1H.

TeMbl U pa3jeiibl Kypca:
1. Hpez[MeT H 3aJa4u XUMHUH, OCHOBHBIC IIOHATHUA U 3aKOHbI XUMHNHU

XvuMus Kak OJHa W3 ©eCTECTBEHHBIX HayK. B3amMocBs3b Xumud, (GU3UKA U OHOJIOTHH.
OcoOenHoctn xuMuM Kak Hayku. CTpykTypa M s3blk xumuu. BemectBo. Knaccudukanus
XUMHUYECKHUX BEIIECTB. X UMHUECKHUE 3JIEMEHTHI. ATOM, aTOMHBIM HOMEP, OTHOCUTEJIbHAS aTOMHAas
Macca, M30TOombl. PacmpocTpaHEHHOCTh XMMHYECKUX 3JIEMEHTOB B mpupoze. [lepmoamueckas
cucrteMa XuMu4eckux snemeHToB. Ctpykrypa Tabmuusl .M. Menneneesa, rpynmsl, nepuoasl 1
0sioku. MeTaiibl M1 HEMETaUIbl. XUMUYECKUE COCIUHEHUS] M UX XapaKTEPUCTUKHU: CTPOCHHUE,
coctaB, CBOMCTBO. IIpocThie u cioxuble coenuHeHus. CTEXHOMETPUYECKUE COOTHOILICHUS,
IMIOHUpHUYECKasT W  MOJCKYJsipHas (opMyina COSAMHCHHS. BaleHTHOCTh  JJICMCHTOB.
HecrexunomeTrpuueckue coeuHeHNs. AJIOTpOnHbIC U TosmMopdHbIe Moaudukanui. OCHOBHBIC
KJIACCHl HEOPTraHWYECKUX COCAMHEHHH: OKCHIbI, KHUCJIOTHI, OCHOBAaHMS, COJH, OWHApHbBIC
COEIUHCHHS. [IpeBpanienus XHUMHYECKHX COCTMHCHMH. VYpaBHeHus peaKIuid.
CrexuoMeTpuuecKue pacu€Thl [0 YpaBHEHUAM peakluuil. XuMuueckas nepemenHas. @opmanbHas
3alUCh U MEXAaHM3M pEeaklMHU. JHEepPreThuecKas KpuBash XMMUYECKON peakluu. DIeMeHTapHbIN
aKT XUMUYECKOUN pPEaKIIHH.

[TpakTuyeckas yacth: "TexHuka 6€30MaCHOCTH IpU pabOTe B XMMUYECKOH JIaOOpaTOpUH.

OcHOBHBIE BHJIBI XHUMHUYECKOH TMOCYAbl M Ja0OpaTOpHOTO 0O0OpYIAOBaHMS, OONACTH HX
npuMmeHeHus. Paborta ¢ Becamm, mpaBmiia B3BemnBaHusa. COOpKa MPOCTEHUIIUX yCTaHOBOK JIJIS
nonyueHust u coopa razon. COOp ra3oB METOAOM BHITECHEHHUS KHUAKOCTH U METOJIOM BBITECHEHUS
BO3/lyXa. YpaBHEHHE M CTEXHMOMETpUS XUMUYECKOW peaklMH, MOJSpHas Macca. YpaBHEHUE
MenneneeBa-Knaneiipona. OmnpeneneHre MOJISIPHON Macchl HEM3BECTHOTO MeTallia o 00beMy
BOJIOPO/ia, BBIIEIMBILETOCS B XOJI€ €r0 peaklMu ¢ KUCIoTol. OnpeneneHre MOJSIPHOM MaccChl
HEM3BECTHOTO METajlyla MO JABJIEHUIO BOJIOPOJA, BBIACIMBLIEIOCS B XOJI€ PEaklMH MeTaia ¢
kucnotoil. Onpesenenue cocraBa kapOOHATa MO 00bEMY YIIICKUCIIOTO ra3a, BBIICIUBIIETOCS B
XO0JIe €ro peakuuu ¢ Kuciorod. OmpeneneHre MOJISPHOW MacChbl HEM3BECTHOM OPraHUYecKOn
KHCJIOTHI 110 00BEMY IIETI0YH, TOIISANIEH Ha €€ HEHTPpATU3aIUIO.

2. DNEKTPOHHOE CTPOCHHE aToMa

BonoponomnonoOHpie aTOMbl M WOHBL. DJIEKTPOHHBIE YPOBHH JHEPTHH, BOJHOBBIC (YHKIIWH,
IIPOCTPAHCTBEHHOE pachpeiielieHne d3JEKTPOHHOM IJIOTHOCTH, pagualibHas U YIJjoBas
3aBUCUMOCTh BOJHOBBIX (pyHKIMNA. KBaHTOBBIE yucCiIa AJIEKTpOHA. MHOTO3JIEKTPOHHBIE aTOMBI.
OnuodnekTpoHHoe mpubOIMKeHne. D¢deKkTuBHbIE 3apsaasl. BomopomomnonobHbsie opoOuTany.
[Mpuntuner  3amonHEeHWs  opOuWTanei. [lmarpamMma dSHEpPreTMUEeCKMX YpOBHEW  aroma.



[lepuoanueckue CBOWCTBA 3JEMEHTOB: aTOMHBIE M HMOHHBIE PAaJWyChl, YHEPrUsl WOHHU3ALUN U
CPOACTBO K AJIEKTPOHY, 3JIEKTPOOTPULIATEIHLHOCTH 10 Malukeny.

[TpakTrueckast 4acTb: DIEKTPOHHOE CTpoeHHe aToMa. OKpallMBaHUE IJIAMEHM COEIMHEHUSIMU
aneMeHToB [A u IIA rpynmn, cnekTp u3iny4eHus aToMa, MEXaHU3M €ro BOSHUKHOBEHHS Ha [IpUMeEpe
aTOMOB WICJIOYHBIX METaJIOB. MI3MEHEHHE CBOMCTB aTOMOB 3JIEMEHTOB B IIEPUOJE U IpYIIIIE.
M3MeHeHHe CBOMCTB MPOCTHIX BEILECTB B NEpUOJIE U IpymIe (Ha npumepe MetamioB IA rpynmsl
u 3 nepuona). M3meHeHue CBOWCTB THUAPOKCHIOB B Iepuoae (Ha HpUMepe T'MIPOKCUI0B
3JIEMEHTOB 3 mepuona) u rpymme. M3MeHeHHe OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIX CBOMCTB
3JIEMEHTOB B MEpHO/ie (Ha IPUMEpE COEMHEHUH 27IEMEHTOB 3 Iepruoia) U Ipynne. Y paBHUBaHUE
OKHCIIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIMNA METOAOM JIEKTPOHHOIO OaslaHca.

3. Xumuueckast cBsi3b, 3JIEKTPOHHOE U IIPOCTPAHCTBEHHOE CTPOEHUE MOJIEKYII

OO0pa3zoBaHue XUMHUYECKOH CBsI3U Mexay aromamu. KoBanenTtHast cBs3b. Banentnocts. [1paBuio
okreta. CtpykTypel JIptouca. Pe3onHancHble CcTpykTypbl. (DOpManbHBIM 3aps] U CTCICHb
OKHUCJICHHS JJIEMEHTA B COCIMHEHUU. XapaKTEPUCTUKU XMMHYECKON CBS3H — IOPSANOK CBA3M,
JUIMHA, YHEPTHUsl, MOJAPHOCTh. I'eomeTpus mMoiseKyn. Mozenb OTTaJKMBaHUS JIEKTPOHHBIX Map
BAJICHTHBIX OpOUTANICll U ee orpaHuyeHHs. Teopusi THOPHIU3AIMH ¥ HAIPaBICHHOCTh CBS3EH.
DJEeKTPOHHBIE COCTOSIHUSL MOJEKYNIbl. MeToax MOJIEKYJISpHBIX opOuTaneil. DIeKTpoHHas
KoHpurypamnus monekynsl. Meron MO B npubmmxennn JIKAO. KoppensunonHsie 1uarpaMMsl,
CBS3BIBAIOIIIME, HECBS3BIBAIOIME U PA3PHIXJIAIOLIME OpOUTANIN, MOPSAJOK CBSI3U. DJIEKTPOHHOE
CTpOEHHE JIBYXaTOMHBIX MoJieKyi. [loHstre o nmocrpoennn MO reteposiiepHbIX JABYXaTOMHBIX
MOJIEKYJI. MeXMOJIeKyIIIpHbIE B3auMOAEHCTBUA. BonopoaHas cBA3b, €€ NMpHUpOAa, CBOMCTBA U
pOJIb B KUAKOCTAX, MOJIEKYJIIPHBIX KPUCTAJUIaX U MAaKpoMoOJIeKyJlax. Ban-nep-BaanbcoBa CBs3b,
pa3IM4YHbIE BUJIbI TUIIOJIb-AUIIONBHBIX B3aUMOICHCTBUI.

[TpakTuyeckas yacth: THUIBI XMMUYECKOH CBSI3M, MEXaHU3Mbl 00pa30BaHMs KOBAJIEHTHON CBSI3U
(oOMeHHBIH, TOHOpHO-aKLenTOpHbIH). Dopmyisl JIblonca, TeOpUst OTTATKUBAHUS 3JIEKTPOHHBIX
nap, BIMSHHE T€OMETPUM 4YacTUI[ Ha UX PEaKLUUOHHYI0 crnocoOHocTh. Bopopoanas cBsi3b,
MEXaHU3M ee o00pa3oBaHus, BIMSIHME Ha CBOICTBa BellecTBa (TemmepaTypa KUIEHHMS,
TEIIOEMKOCTb, BA3KOCTh). [ uapoduiabHOCTb, ruipodoOHOCTS. JuciepcuoHHOe B3auMOAEHCTBIE
(cunpl Jlonnmona). Tumbl KpUCTANIMYECKUX pPEIIETOK, CBOMCTBA BEIIECTB C pa3IMYHBIMHU
KPUCTAITIMYECKUMHU pelIeTKaMU (TeMIepaTyphl IJIaBICHUs, paCTBOPUMOCTD). J[BHIKYILIME CHIIBI
IIPOLIECCOB PACTBOPEHUS BEIIECTB B MOJIIPHBIX U HEMOJISIPHBIX PACTBOPUTENAX. DKCTPAKIIHS.

4. OCHOBBI XUMHUYECKON TEPMOJMHAMUKHI U KUHETUKH, PaBHOBECHE

Knaccudukanusa xumudeckux peaxkiuil. CTeXHOMETpUYECKOE ONMUCAaHNE XUMUYECKOW peakluu.
DHepreruyeckas KpuBasi JIeMEHTapHONM XuMmudeckoil peakiuu. IIpsimas u oOpaTHas peaxiuu.
IlepBbIil 3aKOH TEPMOAMHAMUKHM M €r0 NPHUMEHEHHE K XMUMHYECKUM DPEaKIHsIM. ODHTaJbIIUS.
TerioTa XMMHUYECKUX pEaKIMi NpU IMOCTOSHHOM OOBbEME M NpPU IOCTOSHHOM JaBJICHUU.
TepMmoxumuueckue ypaBHeHUs peakiuil. 3akoH ['ecca. DHTanbnuu oOpa3oBaHUs, CrOpaHus,
pacTBopeHMs. TepMOXMMHYECKHME IMKIbL. OHTpomnMs. BTopoil 3akoH B TNPUMEHEHMHM K
XUMHUYECKHM TpoueccaM. OHepruss ['mb0ca, SHTaJIBMUNHBIA M SHTPONHMMHBIA  (QaKTOPBHI.
OO6patumMble peakiui. XMMUYECKOE pPaBHOBECHE — ONpezieNieHre U obmue cBoiictBa. KoHcranra
paBHOBeCHs M €€ CBA3b C TepMoauHamudeckumu ¢GyHkiusmu. [Tpunmun Jle Hlatemnse.



TepmonuHaMuUecKre CIPaBOYHBIC JaHHBIE 00 WHIWBHIYAIBHBIX BEIIECTBAX W XUMHUUYECKHX
peaKImsX.

XapakTepHble BpeMEHa XMMHUUYECKUX PEaKLUi. DHEpPreTH4eckuili 0apbep XMMHUUYECKON peaklnu.
Crioco6b1 akTuBanuu peareHToB. lloHsATHE O MexaHM3Me XHUMHUYecKoW peakiuu. CKOpocTb
XUMHUYECKON peaklMM U €€ 3aBUCHUMOCTh OT Pa3JIMYHBIX (PaKTOpPOB. 3aKOH JEHCTBYIOIIMUX Macc.
Koncranta ckopoctu. YpaBHeHue AppeHuyca. JIMMUTHpYIOWIasi CTaausl CIOXHOW pPEaKIMH.
Karanus, ero pons B xumuu. OCHOBHbIE MeXaHU3MbI KaTanu3a. OO0IIre CBONCTBA KaTaJIU3aTOPOB.

IIpakTrnueckas yactb: Kunerndeckoe ypaBHeHue. Ilopsnok peakuuu, MOPSAOK IO BEILIECTBY,
MOJIEKYJISIPHOCTh peakuuu. OmpeneneHue MopsaKka peakiuu 13 SKCIEPUMEHTAIbHBIX JIaHHBIX.
@akTophl, BIUSIOLME HA CKOPOCTh XMMHYECKOM peakuuu (KOHLEHTpalMsl pearupyrommx
BEUIECTB, TEMIIEpaTypa, MNPUCYTCTBUE KaTalu3aTopa, IUIOLIa/Jb MOBEPXHOCTU PpPEarupyrolux
BEIIECTB, Tpupoja pearupyromux BemiectB). IlpaBuno Bant-I'odda, onpenenenue
TeMIIepaTypHOro Ko3QGUIMEHTa U3 SKCIIEPUMEHTAIbHbBIX JAHHBIX, ypaBHEHHE AppeHuyca.

XHMHYECKOE paBHOBECHE, KOHCTaHTa paBHOBecus. CrocoObl CMEIICHHS XHMHYECKOIrO
paBHOBecHsI (M3MCHEHHE KOHIICHTpAIIMK BEIIECTB, M3MEHEHHE TemiiepaTypsl). [lpuniun Jle
IIaTenne, ero 000CHOBAHME.

5. PaCTBOpH. CriocoOsbl BBIPAXXCHHUA KOHUOCHTPAIIUK, KOJIJIMTAaTUBHBIC CBOMCTBA pPacTBOpPOB

PactBopsl, ux knaccudukanus. CriocoObl BIpaKEHUSI COCTaBa PaCTBOpa — MOJIbHAsI M MaccoBast
JIOJTM, MOJIsIpHasi KoHIeHTpanus. [lonspHble 1 HEMOJsApHbIE pacTBOpUTEIN. PacTBOpUMOCTD U ee
3aBUCUMOCTb OT TeMIlepaTypbl M JaBieHus. OTinyue CBONCTB pPAacTBOPOB OT CBOMCTB
WHIUBUJyaJIbHBIX  BellecTB. KoJuMratuBHble CBOMCTBA PacTBOPOB  JIJIEKTPOJIUTOB U
HeanekTponuToB. OcmoTuyeckoe naBineHue. 3akoH Payms. M3otonuueckuit ko3d@uimeHt.
IloBbllIeHHE TeMmepaTypbl KUIEHUS W MOHM)KEHUE TEMIIEPATYphl 3amMep3aHusi PacTBOPOB C
MMO3UINH KOJJINTATUBHBEIX CBOMCTB.

[TpakTnueckass yactb: CrocoObl BbIpaXEHHs KOHILIEHTpAllMM pacTBOPOB (MaccoBas JoJst
pPacTBOPEHHOTO  BEIIECTBA, MOJISIpHAs  KOHLIEHTpAlMs), MEpeBOJ MEeXAY eAUHHUIaAMU
KOHLEHTpauuu. [IpurorosiieHne pacTBOpOB 3aJaHHOW KOHLEHTPALUH.

6. PaCTBOpLI, SJICKTPOJIUTHYCCKAA AUCCOLINAlNA

ONEeKTPOIUTHYECKAs JUCCOLMALMS, DSIEKTPOIUTHI W HEIEKTposuThl. CHIlbHBIE clla0ble
anekTponuTel. CTeneHb JUCCOLMANMHM, KOHCTaHTa JAMccoluanuu. Jluccoumanus KUCIOT,
OCHOBaHUH U conell. BzaumoaeicTBue Mexay HOHaAMU B PaCTBOPE, NOHHBIE YPAaBHEHUS PEAKIIUM.
CBsi3pIBaHNE HOHOB, HAIIPABJIEHUE PEAKIINI HOHHOTO OOMEHa.

[TpakTuyeckas yactb: CuibHBIE U ca0ble 2IEKTPOIUTHI. Peakiiuy HoHHOro oOMeHa, JBHKYIINe
CHWJIBI peaklnii HOHHOTO oOMeHa. IHIuKaTopsl.

7. KNCIIOTHO-OCHOBHBIE PABHOBECHS B PACTBOPAX

Kucnoter u ocHoBanus no Appenuycy. CunbHble U cliadble KUCIOTHl U ocHOBaHMsI. KoOHCTaHTBI
KHCJIOTHOCTH M OCHOBHOCTH. CTymneHuarasi Auccouuanusi Ha npumepe (pocopHON KHUCIOTHI.
KucnotHocts mo bpeHcreny, compsbKeHHbIE KHCIOTBI M OCHOBaHMsS. Bonxa kak kucinora u
OCHOBaHME. ABTOMOHM3aLMs BOJABI, MOH THApokcoHUA. pH pactBopoB. Pacuer pH pactBopos



cnabbIX KUCIOT U ocHOBaHUH. ['maponus coneit. bydepubie pactBopbl. KucioTsl 1 oOcCHOBaHUS 110
JIptoucy. [TponsBeaenre pacTBOPUMOCTH.

[Ipaktuueckass vactb: [loHSTHE KHUCIOTHI M OCHOBAaHMS C TO3ULUNA Teopuil AppeHuyca u
bpencrena-Jloypu. KuUCIOTHO-OCHOBHOE paBHOBECHE, COMNpsbKEHHas mapa. KoHCTaHThI
KHCIIOTHOCTH M OCHOBHOCTH. [loTeHnmomerpuueckoe uzmepenue pH, pacuer pH mns cunbHol
KHUCIIOTBI/CHJIBHOTO OCHOBaHUS, cl1ab0i KHUCIOThI/ciiaboro ocHoBauus. ['uaponus, onpeeneHue
KHCJIOTHOCTH CPeJIbl B pacTBOpax coseil. bydepusie pactBopsl, pacuet pH 6ydepHbIX pacTBOpPOB.
Brnusaue paz6aBnenuns Ha pH OydepHbix pacTBopoB. JleiicTBHe KHCIOT W Imenodeid Ha pH
Oy(epHBIX pacTBOPOB.

8. OKHCIUTEIEHO-BOCCTAHOBUTEILHBIC peaKnuu

[loHsATHA OKHCIEHUS W BOCCTAHOBJICHMS. THUIHWYHBIE BOCCTAHOBUTEINW U OKHUCIIMTEIIH.
CocraBiieHH€e ypaBHEHHI OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX PEAKLIUNA: METO/IbI 3JIEKTPOHHOTO U
3JIEKTPOHHO-HOHHOT'O Oananca. OKHCIIUTENbHO-BOCCTAHOBUTEIbHBIE ITOTEHLIUAJIBI.
CornpsiKeHHbIE OKHCIHUTENN M BOoccTaHoBUTeNU. YpaBHeHue Hepucera. Jluarpammel Jlatumepa.
Ce3p DJIC ¢ TepMOAMHAMUYECKHMMH CBOMCTBAMH. XHMHYECKHE HCTOYHUKH TOKa, WX
KJIaccu(uKanus. IIEKTPOJINU3 PaCTBOPOB U PACILIIABOB.

[IpakTuueckass 4acTh: YpaBHHBAHUE OKHCIHUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIMI METOJI0M
AIEKTPOHHO-MOHHOTO Oananca. CTaHIAPTHBIN AEKTPOAHBIN MoTeHuuan. YpaBHenue HepHera.
Bnusnue pH cpenpl Ha OKUCIUTENBHYIO CIIOCOOHOCTh M COCTaB MPOJYKTOB OKHCIMTEIHHO-
BOCCTAaHOBUTENBbHBIX peakiuu. MI3MeHeHHe OKUCIUTEIbHBIX CBOWCTB @30THON M CEPHON KUCTIOT B
3aBUCUMOCTHU OT KOHIICHTPAIIHMH.

9. Xumus BOAOpPOJa U Ir'aJIOTCHOB

[Tonoxenue BOAOpPOJa U I'aJIOTCHOB B HepHOﬂquCKOﬁ cucrteMe. TUIIMYHEBIE CBOMCTBA U CTEIICHHU
OKHCIIeHUs rajgoreHoB. OcoOeHHOCTh BOAOpOaA. H3oTombI BOAOpPOdA; IOJIYYCHHUC 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[OpO)IH.
BzaumogeiicTBHE TrajloT€HOB C BOJIOM. KI/ICJ'IOpO,I[HHe COCOAMHCHUS TaJIOTCHOB. HOJ'Iy‘ICHI/Ie u
XMMHYECKHE CBOMCTBA KHCJIOPOAOCOACPIKAIINUX COE€IUHEHMI TraJIOT€HOB.

[TpakTrueckast yacth: [lomydyeHue ranoreHoB (xjaopa, Opoma, ioga). OKUCITUTENbHBIE CBONCTBA
raJIOTEHOB, CPABHEHNE OKUCIIUTEIBHOW CIIOCOOHOCTH MPOCTHIX BEIIECTB-TaIoreHOB. CpaBHEHHE
BOCCTAHOBUTEJIBHOM  CIIOCOOHOCTH  TaJIOT€HUI-MOHOB, H3MEHEHHE BOCCTAaHOBUTEIBLHOU
CHOCOOHOCTH TaJIOTEHUJI-MOHOB B rpymnmne. KadyecTBeHHbIE peakIuM TajllOTeHH]I-HOHOB.
Kucnopoaconepxkamue coequHeHuss ranoreHoB. CpaBHEHHWE  OKHCIUTENBHBIX  CBOWCTB
KHCJIOPO/ICO/IEPKAIMX COCTUHEHUH ranoreHoB B rpymnmne. CpaBHEHHE OKHCIUTEIbHBIX CBOWCTB
KHCJIOPO/ICO/IEPKAIMX COSAMHEHUH T'aJOre€HOB ¢ pa3HbIMU CTEMEHSAMHU OKUCIIEHUS (Ha mpumepe
XJIOpa), BIUSIHUE TEOMETPUU NOHA Ha €r0 OKHCIUTENIbHBIE CBOUCTBA.

10. Xumug xajJpKOreHOB

O6H_[aﬂ XapaKTCPUCTHKA JJICMCHTOB 16 T'pyHIIbL HCpHOI{H‘-ICCKOﬁ CUCTCMBI JJICMCHTOB.
OTnnuuTelnbHEIE CBOWCTBA Kucjaopoga MU O30H. XHUMHYECKHE CBOMCTBA IMPOCTBIX BCHICCTB.



XanpKOTeHU B! — OTyYeHHE U XUMHUYECKHE CBOMCTBA. BomopogHbIe COeTMHEHNS XaIbKOTEHOB.
OKCI/I,Z[bI U KHUCJIOPOAHBLIC KHUCIOTBI CCpbl U CCJICHA. HonyquI/Ie M XUMHYCCKHE CBOMCTBA
KHCIIOPOJOCOAEPIKAIINX COSTUHEHNUI cephl, celieHa u Teiurypa.  \[IpakTudeckas YacTh:
OKHUCIUTENbHO-BOCCTAHOBUTENbHBIE ~ CBOIICTBA  IMEPOKCHAA  BOAOPOJAA.  AJUIOTPOIHbIE
MOIUGHUKAIMKA CEpbl, MOJy4YeHHE IIacTUYecKoi cephl. [lomydeHue u cBoiicTBa Cyab(pHUI0B
metasuioB. [lomydenue u cBoiicTBa okcuaa cepsl (IV). CBoiicTBa cepHOI KHUCIOTHI U CYIb(aToB.
KauecTBeHHBIE peakuy CEPOCOICPKALINX HOHOB.

11. Xumusg mnHUKTOreHoB ¥ HeMeTa/yioB 13 u 14 rpynn [leprnoandeckoi CUCTEMBI 2JIEMEHTOB

OO6m1as xapakTepucTUKa 3J1IeMeHTOB 15 rpynmel [lepuoanueckoii CUCTEMBI 2JIEMEHTOB. TUITUYHbBIE
CTETIEHU OKHCJICHUS COEAMHEHWH a3oTa, (ocdopa, MblIIbIKa U CypbMbl. BogopoaHbie
COCTMHEHUS! MHUKTOT€HOB — CIOCOOBI MOJIYYEHHs] M XUMHUYeckue cBoicTBa. Conu aMMOHUS.
Oxcuppl 15 rpynns! Ilepuoauueckoit cuctemsl 21eMeHTOB. 1lomyuenue u xumuueckue cBONCTBA
KHCJIOPOAHBIX KUCIOT a3oTa M (ocdopa, MbIIbIKA U CYpbMbl. YTIIEpoja, KpeMHUH U 0op.
OcobeHHOCTH CTpOeHMs, (PU3MYECKMX U XMMHUYECKHX CBOMCTB. OKCUABI yIiIepoAa, yrojibHas
KHca0Ta U KapOoHaTsl. OKCUAbl KpEMHUS U 00pa, CUIIMKAThI, OOpaThI.

[TpakTrueckas yacts: "IlonydyeHue u cBolicTBa aMMuaka u coyieil aMmMoHusi. CpaBHEHHE CBOMCTB
HUTPUTOB M HHUTPATOB. TepMuueckoe pasiokeHue HutpaTtoB. CBoiicTBa (ocdopa u ero
KHCJIOPOcoiepKaIuX coequHeHni. CBONWCTBAa HOPMAJIbHBIX M KHCIBIX (pocdaTos.

[Tomyuenue u cBoiicTBa okcuna yriepoaa (IV). CoiicTBa HOpMaANbHBIX U KUCIBIX KapOOHATOB.
CBoiicTBa CUJIMKATOB.

12. Xumus HICJIOYHBIX HICJIOYHO3CEMCIIBHBIX MCTAJJIOB U MCTAJUIOB I'NIaBHBIX MOATPYIIII

[Tonoxxenne w™etamnoB B Ilepuoguueckoir cucteme smeMeHToB. OOmme ¢usnueckue u
XMMHMYECKHE CBOWMCTBA METAJUIOB IVIABHBIX MOArpymnm. IlomydyeHne M XMMUYECKUE CBOMCTBA
MIEIIOYHBIX M IICIOYHO3eMEIbHBIX MeTauioB. Illenoun — xummyeckue cBoiicTBa. OCHOBHEBIE
CBOIicTBa p-MeTaioB. OCOOEHHOCTH XUMUH ATFOMUHUS: B3aUMOJICHCTBUE C BOJOM, IIEI0OUYaMU U
KHCJIOTaMH1, BOCCTAHOBUTEIbHBIE CBOMCTBA. XMMHUUECKHE CBOMCTBA OJIOBA M CBHHIIA.

[IpakTuueckas yacth: BoccTaHoBUTETBHBIE CBOMCTBA MPOCTHIX BEIIECTB AIFOMUHUSA U IIMHKA (Ha
MpUMEpe PEeakIuii C KUCIOTaMU U pacTBOpaMu mienoueii). CBONCTBA THIPOKCUIOB ATFOMUHUS U
[IUHKA, X aM(OTEPHOCTb.

13. XuMug KOMIUIEKCHBIX COEIMHEHUM

[Tonsitne komruiekcHOro coenuuenns. Koopaunanmonnas teopusi Bepuepa. Tumsl nmeHTpaabHBIX
aTOMOB M JIMTaHAOB. ['€OMeTpHYEeCKO€ CTPOEHHE, KOOPJAMHAIUMOHHBIE 4YHCIA U H30MEpHUs
KOMIUIEKCOB. Teopusi KpucTtalinueckoro mnosisi. CHekTpbl, OKpacka M MAarHUTHBIE CBOMCTBA
KOMIUIEKCOB. Y CTOMYMBOCTh KOMILUIEKCOB B pacTBOpax. YCIIOBUS OOpa30BaHUS U pazpyLICHUS
KOMIIUIEKCHBIX coennHeHnii. KoncTaHTa HECTOMHOCTH KOMIIIEKCHBIX COETWHEHUH. THITMYHBIE
KOMIUIEKCHBIE COSTUHEHHS XpOMa, jKeTie3a U KobabTa.

HpaKTI/IquKaSI 4acCThb: HonyquHe U CBOMCTBAa KOMILUIEKCHBIX COEIUHECHUM AJIIOMHMHMA, IITMHKA,
MCIH, XKCJIE3a U XpoMa.



14. Xumust nepexoqHbIX METAIIOB

[Tonoxenue d-metamioB B [lepuoandeckoii cucteme. DIeKTpOHHAS KOHPUTYpaLUs IEPEXOAHBIX
MeTaiioB. Tpu psiia nmepexoAHblx MeTauioB. OCOOEHHOCTH METaJlJIOB MEPBOrO MEPEXOTHOIO
psna. OCHOBHBIE XUMHUYECKHE CBOWMCTBA: B3aUMOJEHCTBUE C TallOT€HAMH, KHCIOPOIOM,
pacTBopeHHe B Kuciorax. Ilepexoanbie MeTaibl BTOPOro ¥ TPETHEro psiioB. TUIHMYHBIE CTEIIEHU
OKHCIEHMsT M XuUMHUYeckue cBoicTtBa. OCOOEHHOCTM XUMHM MOJIMO/AEHA: HW3MEHEHUE
OKHCIIUTEIbHO-BOCCTAHOBUTENbHBIX U KHUCIOTHO-OCHOBHBIX CBOMCTB NPH M3MEHEHUM CTEIEHU
okucineHus. Xumus f-anementoB. Jlantanuabl u aktuHUAbl. OCHOBHBIE CBOWCTBA M CTENEHU
OKHCIICHHUS.

[TpakTrdeckast 9acTh: "BoccTaHOBUTENBHBIE CBOMCTBA MPOCTOTO BemiecTBa Meau. [lonmyduenue u
cBoiictBa okcuaa menu (II). Ilomydyenune u cBoiictBa ruapokcuna meau (II). KommiexcHbie
coenuaenust meau (II). [Tonyuenue u cBoricTBa okcuna meau (I).

CpoiicTBa mpocToro BemiecTBa jkenes3a. Ilomyuenue u cBoiicTBa ruapokcuna sxenesa (II).
OKuCIUTENbHO-BOCCTAHOBUTENBbHBIE CBOICTBA coennHenui xenesa (I1). Ilonydyenue u cBoiicTBa
rugpokcuaa sxeneza (III). OxucnuTenbHO-BOCCTAaHOBUTENIBHBIE CBOMCTBAa COEIMHEHMH jKese3a
(III). KauectBennslie peakuuu noHoB xeine3a (I11) u (110).

Koppo3us. ®akTopsl, BAUSIONIME Ha CKOPOCTh KOPpo3un. CIOCOOBI 3alIUTHI OT KOPPO3HUHU.

OO1ee npeacTaBieHUe O KOJUIOMAHBIX CUCTEMAX, MOIydYeHue 30iel ruapokcua xenesa (I11I) u
ceppl. Oddexr Tunmans. Tunbsl KOMIOUIHBIX cUCTEM, (DaKTOpbl, OOyCIaBIMBAIOLIME HX
yCTOWUYMBOCTh. Koaryssnus 3051ei 1o 1eUCTBUEM 3IIEKTPOIUTOB.

[Tonyuenue coemunenuit xpoma (II) m (VI) u3 coenunenuit xpoma (III). OxucnurenspHO-
BOCCTAHOBUTEIIbHBIC CBOMCTBA COCOMHCHUH XpOMa B Pa3IMYHBIX CTCICHAX OKHCJICHHUS.
AmdotepHbie cBoMcTBa THApokcuaa xpoma (I11).



AHHOTAIIUM K pa004YuM NPOrpaMMam JUCHHUILIMH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

OcHOBBI OpFaHI/I‘ICCKOﬁ XUMHUH

Measb AMCHUNIMHBI:

Kypc opranndeckoit Xumuu npenHazHaveH Uit OPMHUPOBAHUS Y CTYACHTOB, O0YJarOIIUXCs 110
HanpaBieHuio «lIpukianneie MaTeMaTHKa U (PU3HUKa» MPEICTABICHHUS 00 OCHOBHBIX MOHATHUSX U
3aKOHaX XHMMHHM, XMMHMYECKHUX pEakUMsAX M CBOWCTBaX opraHudeckux BemecTs. Kype
IpeACTaBIsieT COO0OW OCHOBBI XMMHUYECKOH TPAMOTHOCTH, IIOKa3bIBa€T MECTO XHMHHU B
COBPEMEHHOM €CTECTBO3HAHUU, 0COOEHHOCTH XUMHUYECKOr0 MOAX0/1a K M3YYEHUIO OKPYKAIOILEro
MHpa, JACT IPEACTABICHUE O METOI0JIOTUH U MIOIX01aX XMMUU K U3YUEHUIO XUMUYECKUX CBOMCTB
BEIIECTBA, AACT MOHSITh, YTO XUMUS, OYydr TECHO CBSI3aHHOHU ¢ PU3UKON 1 OMOIIOTHEH, SBIISIETCS
CaMOCTOATEIbHON HAYKOU.

Oco0eHHOCTh JAaHHOTO Kypca COCTOUT B TOM, YTO OH IPENOAAeTCs BO BTOPOM CEMECTpe U
OCHOBBIBAETCSI TOJBKO HA TEX 3HAHUSAX, KOTOPHIC yyalluecs MOJYYWIA MPU MPOXOKIACHUHU B
MIEPBOM CeMecTpe Kypca o01iel 1 Heopranndeckot xumuu. Kypc cocTouT U3 JeKiuii, ceMUHapoB
1 1a00paTOpHBIX paboT. ITO 1aeT BO3MOKHOCTH MOTHOLIEHHOTO OCBOEHUS yUeOHOU MPOrpaMMbl
¥ aKTUBHOTO HCIOJIb30BAaHUS MOJTYYEHHBIX 3HAHHUM AJIi OCBOCHHUA MPHU JallbHEHIIeM 00y4yeHUN
TaKUX JUCHUIUIMH KaK XuMuueckas Guszuka, OMoXuMus u Onopusnka.

Teoperndeckoe v MPaKTUIECKOE OCBOCHUSI OCHOBHBIX Pa3/IelIOB OPTaHMUECKOW XUMHH C YIETOM
COBPEMEHHBIX TEHACHLUN Pa3BUTUS XUMUUYECKON HAYKH, YTO HEOOXOAUMO i OoJiee Ti1y0oKoro
MOHMMaHHS BO3MOXKHOCTH XMMHYECKOTO IMOJIX0Aa K M3YYCHHIO OKPYXKAIOIIEro MHUpa, OOMIMX
3aKOHOMEPHOCTEW CTPOCHUS BEIIECTBA U €T0 MPEBPAIICHUI B IPHPOJIE.

33}13‘11/[ AUCHUIIJINHBI

- 3HAaKOMCTBO C BHYTPEHHEH JIOTMKOI OpraHMuecKkod XUMHM Kak HaykW; (OpMHpOBaHUE
IIPEACTABJICHUI O MEXaHU3MaX OPraHNYECKUX PEaKLINN;

- U3y4eHHE OCHOBHBIX KJIACCOB OPraHMYECKUX COEAMHEHMI; (OpMUPOBaHUE NpPEACTABICHUIN O
CBSI3U PEAKLIMOHHOM CITOCOOHOCTH OPraHMYECKUX MOJIEKYJ C UX CTPOCHUEM;

- U3YUYCHHC 38.KOHOM€pHOCTCI>i B3aHMOJCHCTBU Pa3JIMIHBIX OPTaHUYCCKUX BCUICCTB C 00BbEKTaMU
Oprxca}omeﬁ Cpeanbl, UX (I)I/IBI/IOHOFI/I‘{CCKOFO n (I)apMaKO.HOFI/I‘-ICCKOFO ﬂeﬁCTBHH, OMOJIOTHYCCKOM
poJin, IpUMCHCHUS B HpaKTquCKOﬁ ACATCIIBHOCTH YCJIOBEKA, (I)OpMI/IpOBaHI/IC HpCI[CTaBJ'ICHI/Iﬁ 00
OKOJIOTHYCCKHUX npo6neMax, CBA3aHHBIX C UCITIOJIb30BAHHUEM OPraHMYCCKHUX BCIICCTB.

ITepedyenb miIaHMpPyeMbIX pe3yJIbTATOB 00Y4YeHHs MO JUCHHUILINHE (MOAYJIIO)
B pesynbrare 0cBOCHUS AUCIUILTUHBI 00YYatoNrecs J0KHBI

3HATb:



- OCHOBHBIC IIOHATHA OpFaHquCKOﬁ XUMHU,

- OCHOBHBIC CBOMCTBA Ba)KHEHIIINX KJIACCOB OPraHu4YCCKux COC,Z[I/IHCHI/II‘/'I " UX IIPUMCHCHHC,

- OCHOBHBIC MCXaHU3MbI OPTraHNUYCCKUX peaKHHﬁ;

- OCHOBHBbIC METOAbI XHUMHYCCKOH 1 CHeKTpaHBHOﬁ I/II[eHTI/I(bI/IKaHI/II/I OpraHM4€CKuX BEIICCTB,

- OCHOBHBbIE NpUEMBbI pabOThI B 1a00paTOpUN OPraHUYECKON XUMHUU.

yMeThb:

- U300paxkaTh CTPOCHHME TUIMYHBIX IPEICTABUTENECH KIacCOB OPraHMYECKUX COEJAMHEHHH 1o
Ha3BaHUIO M Has3blBaTh WX [0 CTPYKTYPHbIM (hOopMyjaM Ha OCHOBE 3HAHUS NPUHIMIIOB
HOMEHKJIATypbl U U30MEPUH;

- BBLACATL B MOJICKYJIC PCAKIIMOHHLIC LCHTPLBI, IMPOrHO3MPOBATH MOBCACHUC OPraHUYCCKOIO
COCAMHCHUA B KOHKPCTHBIX YCJIOBUAX, HUCXOAA U3 €TI0 CTPYKTYpbl W 3HAHUA TUNAIHON
peaKHHOHHOﬁ CIIOCOOHOCTH (I)YHKL[I/IOHaJ'IbHBIX TpyIIIL;

- IIPpOBOAUTDH HpOCTOﬁ XUMHUYECKUI OKCIICPUMCHT II0 CHHTE3Yy, BBIACICHHIO, OYUCTKC U
XHUMHYCCKOM I/IZIGHTI/I(l)I/IKaIII/II/I BCIICCTBA,

- 0(hOpPMIISITH OTYETHI TAOOPATOPHBIX PadOT.

BJIAJ1€Th:

- METOJaMH ONPCACIICHUA BO3MOXHOCTU IMPOTCKAHHUA XHUMHUUYCCKHUX npeBpameHI/Iﬁ OCHOBHBIX
KJIaCCOB OPraHUYCCKUX COCI[I/IHCHI/Iﬁ B Pa3JINYHBIX YCIIOBUAX;

- crtocobamu 0e30nmacHOro 0OpaIleHus ¢ TOPIOYUMH U TOKCUYHBIMH BEILIECTBAMU;
- 1a0OpaTOPHBIM 000PYI0BAaHUEM;

- METOJaMH IPUT'OTOBJICHUA paCTBOPOB 3aJJlaHHOM KOHLCHTpPAInH.

Tembl U pa3aensl Kypca:
1. OOuue npencTaBiIeHMs O CTPOEHUH U PEaKIIMOHHOM CLIOCOOHOCTH OPraHNUYECKUX COETMHEHUH.

[IpenMer ¥ 3amauM OpraHUYECKONM XMMHHU. YTJIEPOX M OpraHMYECKHE BELIECTBA B IPHUPOJE.
Kpatkuii 5kcKypc B CTpoeHHE 3JIEKTPOHHBIX 000JI0UeK aTOMa, Ha IIpUMepe aToMa yriiepoza. TUIbl
XUMHUYECKON CBSI3M M CIIOCOOBI X rpaduyeckoro mpeacrapieHus. Konuenuus rudpuan3anum.
CnocoObl  M300pa)K€HUs] MOJIEKYJ OpraHMYeCKUX COEIMHEHUIl (CTpyKTypHble (OpMYIbI,
COKpallleHHbIe CTPYKTypHble (opmynbsl, ¢Gopmynsl Jlbionca, pe30HAHCHBIE CTPYKTYPHI).
CootHecenue rpaduyeckoil MOJENU ¢ PeaTbHOU CTPYKTYPOH («4epTOUKH U cTpenku»). [lonstue
(GyHKIIMOHAJIBHOU TPYIIIIbI, CBSA3b C XUMUYECKUMHU CBONCTBAMHU, OCHOBHBIE KJIaCChl OpraHUYEeCKHX
coequHeHU (CBSA3b C (PYHKUMOHAIBHBIMHM TPYNIIAMHU, OCHOBHBbIE (YHKIIMOHAIbHBIE TPYIIIIHI).
B3aumornpeBpaiieHusi COeIMHEHUH C pPa3HbIMU (PYHKIHMOHAIbHBIMU rpynnamu. [IpuHummb
MOCTPOCHUS Ha3BaHUN OpPraHUYECKUX COEIWHEHUH, CUCTEeMAaTUYeCKue U TpUBUAJIbHbIE.
['omonorus. M3omepus (ckenerHas, nonoxenus ). [Ipocrpancrsennast uzomepus. Kondurypanus,
oTIM4YMe OT KOH(popMauuu. ACHUMMETPUYECKHH aTOM YIJepoja, ONTHYeCcKas aKTUBHOCTb.



DOHaHTUOMEPBl U AuacTepeoMepnl. Pamemarbl. XupalbHOCTh. Pa3muyHble TUIBI XUPATBHOCTH.
[Mpunnun R, S-nomenknatypsl. CoelMHEHHS C ABYMsI aCUMMETPUUYECKUMHU aTOMaMu yTiepo/a.
IToctpoenue npoekuuii duiiepa.

2. llpenenbHbie yriieBoaopoasl. ['omomnorus. M3omepsl, BUabI n30Mepun

[IpenensHbIE yrieBoaopoabl — ankaHbl. CTpoeHHe MOHATHE 0 KOH(OopMaIMsIX U KoHpopmepax
JIKaHOB. 3aCJIOHEHHAsA, 3aTOPMOXKEHHas!, CKoIeHHass KoHpopmarun. [Ipoekunonubie hopMyIbl
Heiomena. Koudopmamuu »sTtana, OyraHa, MX DHEPreTHYECKUE aMarpaMMmbl. XHMHYECKHE
CBOMCTBAa QJIKAaHOB: TaJIOTEHUPOBAHUE (XJIOPUpOBaHME, OPOMHUPOBaHHE) C OOpa30BaHUEM
raJlOTeHAJIKAaHOB. OHEPreTuka IIeMHBIX CBOOOJAHOPATUKAIBHBIX PEAKIHMi TaJOreHUPOBAHMUS.
Hutposanue. OTHOCUTENBHAS CTAOMIBHOCTD PA3IMYHBIX AIKWIBHBIX PaJuKanoB. TepMUuecKuit
KPEKUHT aJIKaHOB.

Knaccudukanus MexaHM3MOB XHMHUYECKUX peakuuid B opraHudeckod xumuu. [loHsTHS
Hykieopwmn, onektpodun. Knaccudukanus XUMHYECKHMX  peakUMid 10  pe3yabTaTy:
MPUCOEANHEHNE, OTIICIUICHUE, 3aMellleHue, MeperpynnupoBKa, KiaccuuKamus 1Mo XapakTepy
peareHTa W THUIy pa3pbiBa CBSA3H: T€TEPONUTHYECKHE (HYKICO(UIBbHBIE, JJEKTPOPHIbHBIC),
TOMOJIUTUYECKHUE: (paJUKaIbHbIE), MOJIEKYJISIPHBIE.. DHEPreTUYeCKUi MPOoPIIb peakiuu.

3. HenpenenbHble yrineBoaoposl (AJIKEHb M alKuHbI). ['eomerpuueckas usoMmepusi (IOHATHS
uc-, TpaHe- u Z-, E- HomeHkiaTypsr)

[Tpupona ABOIHOM cBsI3U B alkeHax. ['eoMeTpuueckas u3oMepus - ONpPEeTICHUS U OHATHUS 1IHC-
, TpaHc- u Z-, E- HOMEHKIaTypBhl.

Kartanutiaeckoe ruapupoBaHHe alKeHOB. TepMOAMHAMUYecKas CTaOWIBHOCTh AajKEHOB Ha
OCHOBE TEIUIOT TUIAPUPOBAHUS.

OnexTpoduibHOe mNpHucoenuHeHne 1o JBoWHOW cBs3u(AdE). Mexanusm peakuuii, m- u o-
KOMIIJIEKCBI, SHEPreTUYEeCKU Mpoduib peakunu, OpoMoHreBbie HOHBI. [IpaBuiio MapkoBHUKOBA.
I'anorenupoBanue, rugporasoreHnposanue. I'uapartanus. ConpsykeHHOE MNPUCOEAUHEHHUE.
OxucneHue ankeHoB J0 OKCHUPaHOB M JAMOJIOB. O30HOIM3 QJIKEHOB, OKHUCIHUTEIBHOE U
BOCCTaHOBUTEJIBHOE PACUICIUICHUE 030HUIO0B. PaluKanbHble peakuy aJIKEHOB: IPUCOEIUHEHUE
HBr no Xapamy. KapGensl. Peakunu nprcoeanHeHns kKapOeHOB K aJIKeHaM.

ONEKTPOHHOE CTPOEHUE TPOWHON CBSI3U B aJKHWHAX. OJEKTPO(UIBLHOE NPUCOEIWHEHUE K
ankuHaMm. PeakiMoHHas CHOCOOHOCTh AJKMHOB. ['ajmoreHupoBaHue, TUAPOTraJoreHUpOBaHUE,
ruapatanus (Kyuepos). BocctanoBiieHne aaknHOB 10 1uc- ¥ TpaHc-ankeHoB. C—H kucnotHoCTh
aleTWIeHa. ALETWICHHIbl HATPUS, MarHvs W MeIHW, MX IOJYy4EeHHE M HCIOJIb30BAHUE B
OpPraHUYECKOM CHUHTE3E.

4. OyHKIMOHATBHBIE IPOU3BOIHEIE C IPOCTOH cBsi3bio C-Hal.

["anoreHankaHbl, aTKEHUWITAIOTEHHU/IBI ¥ apUIITaJIOTeHU Il BakHel e npumepsl. OcoOeHHOCTH
anekTpoHHOro crpoenus cBsizu C-Hal. Munyktussbiil s¢¢exr. (I'paduueckue npencraBieHus
nepeHoca EKTPOHHON MIOTHOCTH). OOIue METO/Ibl MOJyYeHHsI TaJIoTeHAKaHOB, -aJIKeHOB, -
AJIIKUHOB.

HyxneodpunbHoe 3aMenieHne y HachlleHHOro atoma yriepoza. [lonstue o HykiaeopuibHOCTH,
Hykiaeodmibl. Knaccudukarus MexaHM3MOB peakinidi HykjieoGuibHOTro 3aMmernieHusi. OCHOBHBIE



xapakrepuctuku SN1 u SN2 peakumii. Peakiiuu SN2-Tuma. DHepreTHIecKuid mpouiib peakifuii.
Kuneruka, crepeoxumus, BanbneHoBckoe oOpamieHue. BnusHue npupoabl 3aMecTUTENs U
YXOMSIIEH TPYNIbL, MPUPOABl HYKICO(DHUILHOTO areHTa W pPacTBOPUTENS] HAa CKOpPOCTh SN2
peakuuii. Peaknum SN1-Tuma, 3aBUCMMOCTH OT NPUPOJBl pajuKala, YXOJSIIEW TPy,
pactBoputens. KapOokaTHOHBI, WX YCTOWYMBOCTb. Peakuuu 3IMMUHUPOBaHHSA, O- U f-
sanumuHupoBanue. Knaccudukanus mexanusmos snumunupoBanus: E1, E2. TlpaBuno 3aiinesa.
CuH- ¥ aHTU- 2JIMMMHHUpOBaHME. BiusHME NpUpPOABI OCHOBAHMWS U YXOJAILIEH TIpynnbl Ha
HampasjieHue snaumuHupoBaHus. Koskypennus mnpomeccoB E2 wm SN2, EI u SNI.
["anoreHnpon3BoHbIE AJIKEHOB.

5. OyHKIMOHABHBIE TMPOM3BOJHBIC 0OOJiee 4YeM C OJHOM KpaTHOW CBSI3bIO.  AJIKQJIUCHBI.
MesomepHsbiit 3 dext

1,2-, 1,3- nuensl. byraamen-1,3, ocoOEHHOCTH CTPOCHHS, COMPSHKEHUE BOMHBIX CBsI3EH.
["anorennpoBanue u rugporagoreHupoBanue 1,3-gueHos. 1,2- u 1,4- npucoenrHeHue.

JIneHOoBbIl CHHTE3 KaK MpuMep Nepulukindeckon peakuuu. Peakuus unsca-Anpaepa. Biusnue
CTPYKTYpHI JUeHa U TueHO(HIIa Ha PETHO- U CTEPEO-CEIEKTUBHOCTH Ipoliecca. Vcnonb30Banue
JTUEHOBOTO CHHTE3a B CHHTETHYECKUX IeNax. Tepmuueckue U (HOTOXMMHYECKHE pEaKIUu
3aMBIKAHUS U PACKPBITHS [IUKIIOB B JUEHAX U MMOJIUCHAX.

6. [luxnoankanel. DHeprus HanpsbkeHus. Kondopmauu nukiorekcaHa

Knaccudukanusa anunuukioB. DHeprus HanpspkeHus. CTpoeHHe LUKIONpONaHa, IUKIo0yTaHa,
IUKJIONIEHTaHa, IuKiIorekcana. Kondopmarnuu nukinorekcana. AKCHaIbHBIE U 9KBaTOPHAIbHbBIC
cBs3u B KoH(opManuu "kpecimo" mukiaorekcaHa. KoHdopmanuu MOHO- M AW3aMENIEHHBIX
MPOM3BOJHBIX ITUKIOTeKCaHa M Oapbepbl KOH(POPMAIMOHHBIX IepexonoB. OcoOeHHOCTH
XUMHUYECKUX CBOMCTB COCAMHEHUM C TPEXWICHHBIM ITUKIIOM.

7. ApoMaTuyeckue yrieBOAOPOAbl. ApOMAaTHYHOCTh. Peaknuu 3aMerieHus B apOMaTHYECKOM
panay.

Crpoenne Oenzona. Popmyna Kekyne. Monekynspuele opOutanu Oenzona. Kpyr ®Ppocra.
Konuenmus apomarnyHocTy, 3Heprust pezoHanca. [Ipasuno Xrokkensa. ApomaTHuecKkrue KaTHOHbI
U aHuOoHBbl. KOHJEHCHpPOBaHHBIE apOMATHYECKHE YIJIEBOAOPOAbI: HadTaiauH, (eHaHTpeH,
aHTpalleH, a3yJjeH U Jp. ['erepounkinyeckue apoMaTuuecKue COeJUHEHMSI.

Peakuuu 3amenieHuss B apoMaTudeckoM psay. ODnekTtpoduibHoe 3amenienue Knaccudukanus
peaKIuii  apoOMaTHYECKOTO ANIEKTPO(UIBHOTO 3amemeHus. [IpencraBieHuss o MexaHH3Me
peakuuii, m- U o-KOMIUIeKcaxX. Pe3oHaHCHbIE CTPYKTYphl.DHEpreTUYecKuil Mpoduiib peakuu.
ApEHOHHEBBIE MOHBI B PEAKIHAX DIIEKTPOPWILHOTO 3aMelleHUs. BrusHue 3aMecTHTeNns Ha
CKOPOCTh M HaIlpaBJIEHUE AEKTPOPUIBHOTO 3aMELIEHMS, CBSI3b C PACIPEEICHUEM AIEKTPOHHON
wioTHOCTH. OPUEHTAHTHI TIEPBOTO U BTOPOTO pojaa. HurpoBanue GeH3071a, MEXaHU3M pEaKIUH.
[Tony4yeHne MOMMHUTPOCOCTUHEHNH. ['ajJoreHnpoBaHIe, MEXaHU3M pPEaKIUU TaJOTeHUPOBAHUS
apeHoB, kaTtanu3 kucioramu Jlpronca. CynbdupoBaHue, MEXaHU3M PEaKIWW, KHHETHUECKUN U
TEPMOJIMHAMHYECKUI KOHTPOJIb B pEaKIiu CyIb(pupoBaHus Ha mpuMepe HapTamuHa. [loHsTHE 00
UIICO-aTaKe ®  UIICO-3aMelIeHnU. AJIKWInpoBaHue apeHoB 1o  Dpuupento-Kpadrcey,
NOJHAKWIMPOBAHUE, MOOOYHBIE TMPOLECCHl - HW30MEpHU3alMsl AJKWIMPYIOIIEro areHTa u
KOHEUYHBIX IMPOAYKTOB. AlminpoBanue apeHoB o @punemo-Kpadprcy. Anunupyromune areHTsl.
MexaHu3M peaklMU. PerHoCeNeKTUBHOCTh auminpoBanus. @opMuiupoBanue no 'arrepmany-
Koxy 1 pojicTBEHHBIE pEaKITUH.



HykneopunsHoe apomartmueckoe 3amerieHue. OOmme TPEACTaBICHUs O MEXaHH3ME
HYKJICOWIHHOTO  3aMelieHus. MeXaHu3M  OTHICTUICHUS-TIPUCOSANHEHUST Ha  MpUMEpe
MpEBpaICHNs] TalOreHOCH30J10B B (EHOJIBI W apoMaTHYeCKWe aMUHBL. MexaHu3Mm
npucoenuueHus-otuersieHua. Kommnekc Melzenreitmepa.

Peakuuu ¢ paspymieHueM apoMaTH4YecKoil cucteMbl. KarammTuueckoe ruipupoBaHHE apeHOB,
BOCCTaHOBJICHHE apeHOB 10 bepuy.

Peakuun He 3arparmBaromye apomMaTtudeckyro cucremy. OKHCICHHE aJKHIOEH30JI0B JI0
KapOOHOBBIX KHCIIOT, ajJbJIETHI0B U KeTOHOB. OKHCIIeHNE KOHACHCHPOBAHHBIX apOMaTHYECKUX
YIJIEBOJOPOAOB. 3aMelIeHUE BOAOPO1a B OOKOBOMH LIENH aJIKHIOEH30JI0B Ha TajioreH. beH3mibHbIi
panuKat. AJUTMIIBHBINA pasinKai. AJUIMIbHOE TajloreHnpoBanue. T-OpOuTaiy auTmIbHON CUCTEMBI.

8. MeTtoabl aHalIM3a OPraHUYECKUX COCTUHEHHH.

[IpencraBinenuss 0 (U3HKO-XMMHYCCKHX METOJAX aHalW3a OpPraHWYeCKHX COCAMHCHHU.
DNEKTPOHHBIC CIICKTPHI MOTJIONICHHSI OPraHUYECKUX coequHeHni B Y® obnactu. OCHOBHOE U
AIIEKTPOHHO-BO30YKICHHBIE COCTOSIHUSI MOJIEKYN. Pa3pemieHHble W 3ampelieHHbIE MePEeXO/Ibl.
Xpomooph! 1 ayKcoXpoMbl. CBS3b MOJI0KEHUS MAKCHMYMOB ITOTJIONIECHUS 1 HHTCHCUBHOCTEH CO
CTPOEHHEM OPraHUYECKUX COeTMHEHUH.

OcnoBel Merona WK-cnektpockonuu - konebarenbHas crnekrpockonus B HMK-oGmactu.
[Tpoucxoxaenue KonebaTenbHbIX cHekTpoB. IlpaBuna otbopa B UHK-cnekrpockomuu.
VHTEHCUBHOCTh CUTHAJIOB TIOTJIOMICHMS. XapaKTEPUCTUYECKUE YaCTOThl (DYHKIMOHAIBHBIX
Ipynnn B OpPraHMYecKUX Mousiekynax. OOHapyKeHHe COeIMHEHHM ¢  Pa3Iu4YHbIMU
(GyHKIIMOHAJIBHBIMU TPYIIIAMU U CTPYKTYPHBIM aHAJIN3 OPraHUYECKUX COEMHEHUMN C IMOMOIIBIO
NK-cnekTpocKonuu.

[IpencraBnenuss o merone SAMP-cnexkTpockomnuu, OCHOBBI METO/NAa W OO0JACTH MPUMEHEHUS,
OpUMEHEHHE [UId aHalM3a OpraHuyYecKux coeluHeHuid. OOlMe NPUHIMIBI YCTPOWCTBA
COBPEMEHHBIX HMIYIbCHBIX crekTpoMeTpoB SAMP. Vcnosus nHaGmonenus crektpo SAMP
BBICOKOT'O pa3pelleHts B )KUIKOCTAX U I'a3ax M MpaBUia MOATOTOBKU 00Pa3loOB Ul U3MEPEHUH.
XHUMHUYECKUE CIABUTH U KOHCTAaHThI CIIMH-CIIMHOBOrO B3auMozeiicTBus B cnekrpax 1H-AMP u
13C-SIMP oprannueckux coenuHeHuid. CBs3p 3THUX NApPaMETPOB CO CTPOCHHEM MOJEKYIL
Omnpenenenue CTpyKTypbl OpraHUYECKUX coeMHEeHn MeToqoM SIMP.

9. CoenuHeHust co CBA3BIO yriiepoa-mMeTat (MeTamioopraHnueckiue COeTMHEHNUS )

Jlutuii- 1 MarHUMOPraHUYECKUE COECIUHEHHUsS, DJIEKTPOHHOE CTPOCHMUE CBS3HM YIIIEPOI-METAILI.
[TosryueHune B3auMOIEHCTBUEM METaAIlIA C AIKWIITAJIOTEHUAAMH, iepeMeTaupoBanue. CTpoeHne
peakTuBOB ['puHbspa B pactBope. PaBHoBecue lllnenka. Peakuuum c yriesomopomamu (C-H
kucinotamu). Mcnonbp3oBaHue NHUTHI- M MarHUHOpraHUYECKUE COEAMHEHHUS B CHHTE3€
YIJI€BOIOPOOB, CIUPTOB, ajbJAETUIOB, KETOHOB, KapOOHOBBIX KHUCIOT. JIMaNKHIKYIpaThbl, HX
CUHTETUYECKOE UCIIOJIb30BAHUE.

10. dyHKIMOHAIBHBIE TPOU3BOJIHBIE ¢ TPOCTON CBsA3bI0 C-O. CrnupThl U MPOCThIE F3UPHI

OIIHOE[TOMHBIC CIIUPTBI, THOJIBI. CBolicTBa CIIMPTOB, BOJAOpPOAHAs CBA3b. 38.M€H.[€HI/IC
FH,Z[pOKCPIJ'IBHOﬁ Tpynmbl B CHHUPTAX HaA TaJIOrCH (HO)I JIeicTBHEM TraJIOr€cHOBOAOPOJ0B,



rajioreHu10B pocdopa, XJ0pucToro TnoHuna). Jleruaparanus cnuptoB. OKUCIEHNE TEPBUYHBIX
CIHMPTOB 0 albACTHIOB U KapOOHOBBIX KHCIOT, BTOPUYHBIX CHHPTOB J0 KETOHOB. PeareHTHI
OKHCIICHHSI HA OCHOBE XPOMOBOTO aHTHJpHUIA U JABYOKHCH Mapranua. /[ByXxaTOMHbBIE CIUPTHL
OTUIEHTTUKONG U TimiepuH. [InnakonnHoBas neperpynmnupoBka. I[Ipoctsie 3¢upsl. CBoiicTBa
OpOCThIX 3(UPOB: 00pa3oBaHME OKCOHUEBBIX COJIEH, PACIICIUICHHWE KHUCIOTaMH, 0Opa3oBaHue
rugponepokcunoB.  Oxcupanbl.  PackpblTHe  OKCHpPaHOBOTO  IIMKJIA TOJA  JCHCTBHEM
ANEKTPOMMIBHBIX M HYKJICO(DUIbHBIX areHToB. Llukmndeckue mpocteie 3puphl, KpayH-3(UpBHL.
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 (EHONATOB —INENOYHBIX MerauioB 1o Komsoe.
dopmunupoBanue penoso o Peiimepy-Tumany, n Bunscmaiiepy. [leperpynmupoka ®puca.
[TeperpynmupoBka auuiaoBsix 3¢upoB ¢enonos (Kisiizen). Okucienue dhenonos. [lonsatue 00
APOKCWIIBHBIX pajIKajiax.

11. ®yHKIMOHAIBHBIE TPOU3BOIHBIE C OJIHOM KpaTHOU cBs3bi0 C=0. Anbaerubl U KETOHBI.

DIIEKTPOHHOE CTPOCHHE KapOOHMIHHOU TPYIIIIBI, €€ MOJSIPHOCTD U MOJIAPU3yeMOoCTh. Baxkuelime
aJIbACTUABI U KCTOHBI. CDOpMaJII)IIeFI/IIl, aneTajablACruj, auceToH, apoOMaTUYCCKHUEC AJIbACTUABI U
KeToHbI. [IpeacraBieHusi 0 MexaHW3Me HYKJICO(DWIBHOTO NPUCOCIMHEHUS MO KapOOHHIHLHON
rpynme. KucinotHseiil 1 ocHOBHOH Katanu3. [Ipucoennuenue Boibl, CIUPTOB, TUOJIOB. ALIETalnu U
nosyaineraid, AuoKconaHbl. [lomyuenue OUCYNbOUTHBIX MPOU3BOAHBIX M ITUAHTUIPUHOB.
BzaumopeiictBue anbaeruioB U KeToHoB ¢ wiugamu ¢docdopa (Buttur). BzaumoneiictBue
aNbJIETU/IOB U KETOHOB C a30TUCTHIMHU OCHOBaHHUSAMH. OKCHUMBI, TUAPA30HBI, (EHIITHAPAZOHBL
Ocnosanus [udda, yporponun. [leperpynnuposka bekmana. Peakiiuu anbaeruioB u KETOHOB €
METaJUIOOPraHUYeCKUMH coeluHeHusIMU. KeTo-eHonbpHas Tayromepus. EHonM3anus anpaeruioB
U KETOHOB B pEAKIUSAX TaJOreHUpOBaHHs. BiusHHEe CTPYKTYpHBIX (AKTOPOB U MPHUPOIbI
PaCTBOPHUTEIISL HA MOJIOKEHNUE KETO-CHOJIBHOIO PABHOBECHUS U 3aBUCUMOCTb €0 OT COOTHOILLICHUS
CH- u OH-kucnoTHoCcTH KeTOHA M eHouna. /[BoiicTBeHHas peakIMOHHAas CIIOCOOHOCTh EHOIST-
MOHOB. AJbJ0JIbHO-KPOTOHOBAs KOHJEHCALMs albJErHJI0B U KETOHOB B KHUCION M IIETIOYHOU
cpene, MEXaHU3M peakluu. beH3omHoBas KOHAEHcanus. AMUHOMETHIMPOBAHUE albJACTUIIOB U
KETOHOB, peakuuss MaHHuXa.

Peakuuu BoccTaHOBNIEHUS KapOOHUIIBHBIX COeIMHEHNI. BoccTaHOBIeHNE albAeTHA0B U KETOHOB
JI0 CIIUPTOB, peareHThl BOCCTAHOBJIEHUS; BOCCTAHOBJIEHME KapOOHMIbHOW rpymnmnsl g0 CH2-
rpynmnsl; peakuun Kuxnepa-Bonbdpa n  Kiemencena. BoccraHoBuTenbHas guMepH3alus
aNbJETUIOB U KETOHOB. OKHCIEHHE aJIbJIETHJIOB, PEarceHTbl OKHUCIEHHS. BocTraHoBUTENBHOE
aMHHHMpOBaHUE KapOOHWIBbHBIX cOelMHeHUH. B3aumoneiicTBue anbAerujioB M KETOHOB C
dopmuarom ammoHus (peakuus Jlelikapra). JlucmpomopuuOHHpOBAaHUE aJbAETHIOB IO
Kannumapo.

12. ®OyHKIMOHATIBHBIE COCIWHEHUSI C KapOOKCWIbHOW rpynmoi. KapOoHOBBIE KHCIOTHI.
[Tpon3BoHBIE KAPOOHOBBIX KUCIIOT — raJOT€HAHTHAPHUIBI, CIIOKHBIC d(DUPHI

OCOOEHHOCTH 3JEKTPOHHOTO CTPOEHUS KapOOKCHIIBHOW rpynmbl. BiusHue 3amecturerneil B
OpPraHMYecKOM pajJiuKajie Ha KUCIOTHOCTh KapOOHOBBIX KHCIOT. ['aloreHupoBaHue KHCIOT IO
['enmo-®onbrapay-3enunckomy. [luponuruyeckas keronuszanus, peakuun Komnsoe, boponuna-
XyHCOUKKeEpA.



[IponBoHBIE KapOOHOBBIX KHUCIOT. ['amoreHanruapuabl. CBOHCTBA: B3aMMOJCUCTBHE C
HyKICOQWIbHBIMU  peareHTamu  (BOAa,  CHOUPTHI,  aMMHaK,  aMUHBI,  THAPa3uH,
MeTaJUI0OpraHuyeckue coeauHenus). BoccraHoBnenue mno Po3eHMyHIy M KOMIUIEKCHBIMU
THAPUAAMH METAIIOB. B3auMopeiicTBue ama3oMeTaHa C TaJOreHaHTUIPHUIAMU 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), AaMMOHOIIM3, IepedTepuuKaIusl.
CrnoxnoadupHas konneHcanus (Kisiizena), B3auMoielicTBUE ¢ MAarHU - U IMTUHOPTaHUYECKUMU
COCTMHEHUSIMU, BOCCTAHOBJICHUE CJIOKHBIX 3(PHUPOB O CHUPTOB U AIBJETUIOB KOMIUICKCHBIMU
TUApPUIaMH METAJIOB, BOCCTaHOBIIeHUE 110 byBo-biany, anmionHoBas koHjeHcanus. Peakius
MOJTyYEHUsSI CJIOXKHBIX 3(UPOB C ydacThHeMm amaszomeraHa. CIoKHbIE 3(PUPBI MHOTOATOMHBIX
cnupToB. JKUpBL, TUIUJIBL., TPUTIULEPHUIBL, hochomunuabl. AMUIBL. ['Uaponau3, BoccTaHOBIIEHUE
J0 aMMHOB, Jerujapatauus amMugoB. [loHATHE O CEKCTETHBIX NEpErpynmnupoBKax.
[TeperpynmupoBku I'odpmana, Kypuumyca. Hutpunbl. ['maponn3, aMMOHOIHM3, BOCCTaHOBJICHUE
KOMIUIEKCHBIMM ~ THAPUJAMH METAIOB J0 aMHMHOB, B3aUMOJECHCTBUE C MArHUW- H
JUTUHOPraHUYECKUMH COoeAMHEHUsIMU. JIByxocHOBHbIEe KucnOThl. lllaBeneBasi, masioHOBas,
SHTapHasi KUCIOTHL. JlM3THiOKcanaT B cioxHOd(hUpHOM KoHaeHcannu. CUHTE3bl ¢ MAJIOHOBBIM
acupom, peakiuss Muxasisi, KOHIEHCAIIUH C allbJeTUIaMu U KeToHamH (peakius Kuésenarens).

13. Azorcoaepxkaiiue coenuuenus. HuTpoankanbl, aMUHbBI, JUA30COCTUHEHUS

Hutpoankanel. OnextpoHHoe crpoeHue NO2 - rpynnel. KuciaotHocts u  Tayromepust
HUTpoaJKkaHOB. KoHaeHcamust ¢  KapOOHWJIBHBIMH  COEAMHEHHSIMH. BoccTaHoBieHue
HUTPOCOEIUHEHUM B aMUHBI.

AMUHBI. AMHMHBI KaK OCHOBaHMs. AJKWIMPOBAaHHWE M alMIUPOBaHWE aMHUHOB. 3alUTa
aMUHOTpYyNnbl. Pa3noxkeHWe THUIPOKCHAOB TETPAAJKWIAMMOHUSA  (3MUMHUHHMPOBAHUE TIO
['opmany).

Apomarnyeckue amMuHbl. BoccTaHOBIEHHE apoOMaTHMUYECKUX HUTPOCOECIUHEHHH B KHUCIOW U
nienoyHol  cpene.. bensuauHoBas meperpynmnupoBka. CpaBHEHHME OCHOBHBIX CBOMCTB
anu@aTuyecKux U apoMaTHYEeCKHMX aMHUHOB. BiusHue Ha OCHOBHOCTh aMHUHOB 3aMECTUTENIEH B
apomatudyeckoM sape. Peakuumm 21eKTpouIbHOrO 3aMelieHuss B OCGH30JIBHOM  sipe
apoMaTH4ecKuX aMUHOB. OKHCIIEHUE U raJIOT€HHPOBAHNE AMUHOB.

JunazocoequHenns. ApoMaTHYECKUE IMA30COEANHEHN. Peakuy qua3oTHpOBaHMs NEPBUYHBIX
apoMaTHYeCKMX aMUHOB. MexaHu3M, IpupoAa HUTpo3upymomero areHTa. CTpoeHue u
YCTOMYMBOCTh COJEW AMAa30HMs. Peaklum IMa30COEIUHEHWI C BBIJEIIEHHEM a30Ta: 3aMeHa
JIAA30TPYNIBl  HAa THUIAPOKCWII-, TaJOreH-, IMaHO-, HUTPOrpymnmy u BoAopoA. Peakuumn
JIMa30COeIUHEHNI 0€3 BBIAETICHHS a30Ta: BOCCTAHOBIICHHE 10 apWITHIPA3MHOB, a30COYETAHUE.
A3ocodeTaHue Kak peakius 3JIEKTPOQWIBHOIO 3aMeleHHs. A30- U JUa30COCTaBIISIOIIUE,
YCIIOBUSL COYETaHUS C aMUHaMU U (eHosaMu. A30KpacuTeNd, IBETHOCTb Aa30KPaCUTHUIICH.
Anudarnyeckue AMA30COECAMHEHUS. DJEKTPOHHOE CTPOECHUE JAMAa30METaHa, €ro peakiuu ¢
KapOOHOBBIMHU KHCJIOTaMH, TMa30METaH Kak UCTOYHHK KapOeHa.



14. Terepouuknuyeckue coeAuHEHHs. [lATHUWICHHBIE W IIECTUYICHHBIE APOMATHYECKUE
TETEPOIUKIIBI C OJTHUM TePETOATOMOM.

DNEKTPOHHOE CTPOCHUE TETEPOIUKINYECKHX TSATH- M MIECTHWICHHBIX apOMaTHYEeCKHX
coenuHEeHUH (muppod, hypaH, THodEH, HHIO0JI, a30J1bl, TUPUIANH, XUHOJIUH).

[IsaTHYIeHHBIC APOMATHYECKUE TETEPOIMKIIBI C OJJTHIM T€TePOaTOMOM(TETePOLUKIIONICHTA TUCHBI ).
®ypan, tHODEH, TUPPOIL(DIEKTPOHOM3OBITOUHBIE). AnuaoGoOHOCTs (ypaHa W MHppoOIIA.
Peakiuu  25eKTpOWIBHOTO 3aMEIlleHHs] B IMATHWICHHBIX apOMATHUYECKUX TeTEPOIMKIIaxX
(aHasormst ¢ PEAKIMOHOCIOCOOHOCTHIO ~ O€H30ia);  HUTPOBAaHHWE,  CYJIb(UPOBAHUE,
raJloreHupoBanue, QGopMUWIHpOBaHWE, arumpoBanue. OpueHTaus  AICKTPOGUIHLHOTO
3amereHus. Magon. Peakiuu 251ekTporiIbHOTO 3aMEICHUS B TMPPOJIEHOM KOJIBIIE HHJIOJIA.

HlecTuusieHHBIE apOMATUYECKHE TeTEPOLUKIIBI C OAHUM rerepoaToMoM. [IupuauH ¥ XUHOJMH,
JJIEKTPOHHOE CTPOCHHME, CPaBHEHHE C TeTepouukioneHtagueHamu. OCHOBHOCTh NHPHIMHA.
Peakiun nupuanza ¢ ankuwiranoreHuamu. OKUcIeHre U BOCCTAaHOBJICHUE NMUupUanHa. Peakuun
NIEKTPOPUIBHOTO 3aMEUIeHUs] B MUPHUIMHE W XHHOJHMHE: HUTPOBaHWE, CYyJIb(QHUPOBaHHE,
rajoreHupoBanue. N-OKkcuabl NHPUAMHA M XUHOJIMHA M MX MCIOJIB30BAaHHE B pEaKIUU
HUTpoBaHus. HykieoduinpHoe 3aMenienne aToMoB BOJOPO/ia B MUPUINHE B PEAKIUAX C aMUIOM
Hatpus (UnunbabuH) u GEeHIWUTUTHEM.

15. [onmudyHKIMOHATBHBIE, B TOM YHCJIE TPUPOIHBIE (OHMOIOTUYECKH BaXKHBIE) COCIHMHEHUSI.

I'napokco- ¥ OKCO- KUCIIOTHI, BXKHENIIINE IPUMEPHI, 0- - HOMEHKJIaTypa. ALIeTOYKCYCHBIH 3hup
U ero wucnoinb3oBaHue B cuHTe3e. Kero-eHonbHas TayTomepuss 3(GUpPOB [-KETOKUCIOT,
aMOUJIEHTHBIA XapakTep eHoyAT-uoHa. KonpeHcauus Jl[MKMaHa Kak BapuaHT KOHJEHCAllUU
Knsitzena. AuunonHoBasi KOHJAeHCAUs QUPOB TUKApOOHOBBIX KHUCJIOT B CHHTE3€ CPEIHUX U
MaKpOLMKIIOB. 0- - HenaceieHHsle kucaoTsl. @ymapoBas 1 MajleMHOBAsi KUCIOTHI, UX 3(QUPHI,
MaJICMHOBBIM aHTUAPU, UCIIOJIB30BaHNE B OPTAHUYECKOM CHHTE3E.

AMuHOKHCHOTEL. CTpO€HHE U CBOMCTBAa aMHHOKHCIIOT. O-aMHHOKHCIIOTHI, [3-aMUHOKHUCIOTHI ([3-
alaHWH, acmaparuH). BaxHeWlmne aMHUHOKUCIOTHI, CTEPEOXUMHUS aMUHOKHUCIOT, D- L-
HoMmeHknarypa. Cunre3 amuHokucioT ["abpuens, llltpekep. Pasnenenne paemMuyeckux cmeceit
amuHOKUCIOT. [lentuaer u Genku. [lentunnas cBssb. [Ipumepst nu- u Tpu- nentuaoB. CuHTE3
nentu0B. CTpyKTypa OEJIKOB.

VYrneBoasl. Knaccudukanys m HOMEHKIATypa YIJIeBOAOB. MoHOcaxapuibl U TOJIHCAXapUIbl.
Bunel MoHoOcaxapumoB: TpHO3bI, TETPO3bl, NEHTO3bl, TE€KCO3bl (adbJO3Bl U KETO3bI).
[IpocTpaHCTBEHHOE CTPOEHME MOHOCAaXapuJ0B, IPUMEp MNIMIEpUHOBOrO anmpaeruga. L- m D-
yraeBoabl. @opmynsl Oumepa u Xeyopca. I'mokonupanossl U ratokopypanos3sl. Konpuato-
HenHas TayroMepus MoHocaxapunoB. I[IpeBpamienue anpgo3 B 2-KETO3bl (MyTapoTarusi).
Baxneiimue peaknun MoHocaxapuaoB. CHHTE3 MPOCTHIX U CIOXKHBIX 2(UPOB MOHOCAXAPHJIOB.
Oxkucnenne anbao3 10 albJOHOBBIX KHCIOT. OKHUCIHUTEIBHOE paclierjieHhe. Y AJUHEHHEe U
yKOpoueHue yriaeBoaHou memu. Jlucaxapuasl (OMO3bI): MalbTO3a, IEUI00MO03a, JAKTO3a,
caxaposa. o-H, B-aucaxapusl. OCOOEHHOCTH CTPOSHUS MPUPOIHBIX MOJIMCAXAPUIOB HA IpUMeEpe
LEJUTIONO03bI U Kpaxmasa.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Ioaxoabl 3JIEKTPOHHOM ¥ 30HA0BOH MUKPOCKOIUM /IJIsl MCCJIEIOBAHUS OMOTEXHUYECKUX
CHCTEM

Measb AMCHUNIMHBI:

- OCBOGHHME CTYJCHTAMH 3JIEKTPOHHO-MHKPOCKOIMUYECKHX METOJIOB HCCIICIOBAHUS CTPYKTYPHI
OCITKOBBIX MAaKPOMOJICKYJI, BUPYCOB, IOJUMEPHBIX, OMOJIOTUYECKUX U MEAUIIMHCKIX MaTCPHUAIIOB.
Byayr nmpeacraBieHbl METOJUKH TOJTOTOBKA  OOpa3IOB, METOJBI HUCCIICJOBAHHHA C
UCIIOJIb30BAHUEM PACTPOBBIX M IMPOCBEUMBAIONINX KPHUOTEHHBIX 3JIEKTPOHHBIX MHKPOCKOIIOB,
(OKYyCHPOBAHHBIX MOHHBIX ITyYKOB, MHKPOCKOIIMH B YCIIOBHSX €CTCCTBCHHOH CpENbI, a TaKXKe
HOBBIC METOJIbI 00pabOTKM H300PAKEHUH, B YACTHOCTH TPEXMEPHYIO PEKOHCTPYKITHIO H3y4aeMbIX
00BEKTOB.

3agauu AMCHUININHBIL:

- (opmupoBaHue 0a30BBIX 3HAHUM O METOJAX OINpPENEICHUU MHUKPOCTPYKTYPbl OOBEKTOB C
UCIIOJb30BAaHUEM KPHOI€HHOM 3JEKTPOHHOM MHUKPOCKONHMH, MHUKPOCKOIIMM B  PEXHUME
€CTECTBEHHOM CPEJIbl;

- (opmupoBanue 0a30BBIX 3HAHMM O METOAAX MOJATOTOBKM 00pa3loB Ul MCCIEJOBAHUMN
METOJAMH KPHOTE€HHOM 3JEKTPOHHOW MHUKPOCKOIIMHM, MUKPOCKOIIMHA B PEKUME E€CTECTBEHHOMH
Cpelbl;

- (hopMupoBaHue Oa30BBIX 3HAHUM 0 MeTO/1aX 00pabOTKU M HHTEPIPETALIUHN SKCIIEPUMEHTAIBHBIX
JTAHHBIX, [TOJIy4aeMbIX B IIPOIECCE UCCIECTOBAHUM.

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

3HATh:

- YCTPOMCTBO IPOCBEYMBAIOLIETO KPHOTE€HHOIO AJIEKTPOHHOI'O MUKPOCKOIIA,

- YCIIOBUS TIOTY4eHUs ¥ (POPMUPOBAHHS N300paKEHH, BIUSIHUE NePOKYCHPOBOK, TIEpeIaTOIHOM
¢yHkuuu npudopa, KOPpPeKTOpoB cheprudeckoit adbeppanuu;

- METOJIUKH TTOJITOTOBKH 00Pa3110B sl KPHOTEHHOM 3JIEKTPOHHON MUKPOCKOIINH;

- METOAMKM O0OpabOTKM [aHHBIX Ui BOCCTAHOBIIEHUS TPEXMEPHBIX CTPYKTYp H3y4aeMbIX
00BEKTOB;

- BO3MOXHOCTH OLEHKH IIPOCTPAHCTBEHHOI'O pa3pellIeHUs IIOJIYyYEHHBIX TPEXMEPHBIX
PEKOHCTPYKIUH;



- YCTPOMCTBO PACTPOBBIX IJIEKTPOHHO-NOHHBIX MUKPOCKOIIOB, BKJIIOUasi KpUOTEHHBIE;

- BO3MOXKHOCTH OIIPEJACICHHSI CTPYKTYPbl OMOMAaTepuaioB W TMOJUMEPOB C HCIOIb30BAHUEM
PAaCTPOBBIX IEKTPOHHO-UOHHBIX MUKPOCKOIIOB.

yMeThb:

- OIpENEeNATh CTPYKTYPY OCIKOB, BUPYCOB W MAKPOMOJIEKYJ METOJAMH OAWHOYHBIX YAaCTHIl U
KPHO-3JIEKTPOHHOH ToMOTpaduu;

- TOTOBUTH 00pa3LIbl I UCCIEIOBAaHUNA METOAaMU KPHO 3JIEKTPOHHON MUKPOCKOIIHH;

- UCIOJB30BaTh (OKYCHPOBAHHBIE HOHHBIC IYYKH TIOATOTOBKH OOpa3lOoB M IOJTYYCHHUS
TPEeXMEpPHON PEKOHCTPYKIIMU MAaTEPUAJIOB, BKIIIOUAsk KPUOTEHHBIA PEKUM

- HCIIOJB30BATH IIPOTIPpaMMHOC obecneyeHue JJ11 BOCCTAHOBJICHHC TpeXMepHOﬁ CTPYKTYPhI
MaTCpHraJioB, BKIIIOYaA MOJIUMEPHI.

BJIA/IETD!
- CIIeMaIbHON TEPMUHOJIOTHEN B 001aCTH JIEKTPOHHON MUKPOCKOIIUY;
- METOJIMKaMHM ITIOCTPOEHMSI MOZEIIEH K ONIMCAHUIO B3aUMOJEHCTBUS 3JIEKTPOHOB C BEILIECTBOM;

- OCHOBHBIMM METOJIaMU NPUMEHEHHUS! KPUOT€HHOU JIEKTPOHHON MMKPOCKOIIMH U 3JIEKTPOHHOU
MHUKPOCKOIIMH B PEKUME €CTECTBEHHOU CPEBI.

TeMbl U pa3jaeiibl Kypca:
1. Kpno-351ekTpoHHass MUKPOCKOIIHSI.

[lepenaTounas GpyHkuus, 1epOKyCHpPOBKa, KOPPEKIHs abeppaiuil, sHepreTuieckas GuibTpauus.
TexHuKa MajbIX 103.

2. I[loaroroBka 00pa31oB AJisl KPUO-3IEKTPOHHOW MUKPOCKOIIUH.

[Tpoueaypsl HETaTUBHOTO KOHTPACTUPOBAHUS, BUTPU(PUKALIUH, CYILIKH 1101 BLICOKUM JaBJICHUEM,
IPUTOTOBJICHUSI KPUO-CKOJIOB, mnpuMeHeHUs Kpuo-OUIIl, kpuorenHoit ¢ayopecueHTHON
MUKPOCKOIIUH U JP.

3. Omnpezenenre CTPYKTYphl OSJIKOB, BUPYCOB U MAaKPOMOJIEKYJT METOI0M OJAMHOYHBIX YACTHII.

TexHuka monydeHus M300pakeHUH, 3HAKOMCTBO C OCHOBHBIMH IPOTPAMMHBIMM MaKeTaMu U
BBIUMCIUTENbHBIMA METO/1aMU 00paOOTKM JAHHBIX JUIS TOJIYYE€HUS TPEXMEPHBIX PEKOHCTPYKIUI
C BBICOKUM IIPOCTPAHCTBEHHBIM Pa3peIICHUEM.

4. Kpuo->nexTpoHHas ToMorpadus.

[Tonyuenne u 00pabOTKa IKCIIEPUMEHTANBHBIX JAHHBIX KPUO-3JIEKTPOHHOI Tomorpaduu. Cyo-
TOMOTrpauecKoe YCpeAHEHHE, 3HAKOMCTBO C OCHOBHBIMH IPOTPAMMHBIMH TaKETaMH |
BBIYHCIIUTENILHBIMA ~ METOJIaMH, TIOJIyYeHHE TPEXMEpHBIX peKOHCTpyKuuid. [IpumeHeHue
KPHOTEHHOM PacTPOBOiA ANIEKTPOHHON MUKpocokmuu, kpuo-PUIT u metona Slice-and-view.



5. KomriieMeHTapHbIE METO/IBI.
CBeToBasi MUKPOCKOIIHS, KOH()OKaTbHAS MUKPOCKOTIHS.
6. DNeKTpOHHAs: MUKPOCKOIIUS B PEKUME €CTECTBEHHOM Cpebl.

[ToaroroBka 0Opa3IOB AJIsE PACTPOBOM AIEKTPOHHONH MHUKPOCKOITHH MOJIUMEPOB H OHMOTOTHIECKHX
00BeKkTOB. Mcnonb3oBaHue pekuMa eCTECTBEHHON CPEeIbl.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CPIHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

IIpaBoBenenue

Measb AMCHUNIMHBI:

- OBJIAACHUC CTYACHTaAMH TCOPCTUYCCKUMHU 3HAHUSMU B obnactu TCOpHUU rocyJapCTBa U IipaBa,
KOHCTUTYIIMOHHOT'O, I'pa’kKAaHCKOr 0, CeMeﬁHOFO, TPpyAOBOro, aAIMUHUCTPATUBHOI'O, YTOJIOBHOI'O U
OKOJIOTHYCCKOT'O IIpaBa,

- (hopMupoBaHHE HABBIKOB IIPUMEHEHHUSI HOPM IIPpaBa B MPO(PECCHOHATBHOM eI TeTHHOCTH.

3agauu AMCHUINJINHBIL:

- peanu3anus TpeOOBaHMIA, YCTAaHOBJICHHBIX ['OCYIapCTBEHHBIM 00Opa30BaTEIbHBIM CTAaHAAPTOM
BBICIIIETO TPO(HECCHOHAILHOTO 00Pa30BaHUS K IMOATOTOBKE 0aKaIaBpoOB;

- (opMupoBaHHE y CTYACHTOB IMOHUMaHUA OCOOCHHOCTEH IpaBOBON cucTeMbl Poccuiickoit
Oenepanyy, 3Ha4eHUs] U (QYHKIMNA TpaBa B CO3JAaHWH IPABOBOTO TOCYAApPCTBA, YKPCILUICHUU
3aKOHHOCTH U MPABOIOPsJIKA B CTPAHE.

IlepeyeHb MIAHUPYEMBIX Pe3yJbTATOB 00YUYeHUsI O JUCIHUIJIMHE (MOIYJII0)
B pe3ynbrare oCBOCHUS AUCITUTUTMHBI 00YJarONTUECs JOMKHBI

3HATh:

- TEOPETHUYECKUE OCHOBBI TPaBOBOM cUCTeMbI Poccun 1 3apyOeKHBIX CTpaH;

- OCHOBBI TEOPUH TOCYIapCTBA U MPaBa;

- OCHOBBI JIEUCTBYIOLLETO 3aKOHOAaTenbcTBa PD;

- 0cOOeHHOCTH TPaBOBOil cucteMbl PD;

- ICPCHCKTUBLI PA3BUTHA 3aKOHOAATCIILCTBA P®D.

yMeTh:

- TI0JIb30BAaThCS HOPMATHBHBIMU NPaBOBbIMH akTamMu Poccun B Xoie ydyeOHBIX 3aHATHH U
BBITMOJHATH 33/1aHUs IpernojaaBaresss Ha ocHOBe (alyi U OTIENbHBIX MPOOJIEMHBIX CUTYalluH,
CBS3aHHBIX C [IPAaBOBBIMU HOMAaMH 4e€JI0OBEKA U rpakaanuHa Poccnn;

- pa3OupaThCs B 3aKOHAX M MOJ3aKOHHBIX aKTaX;

- obecrieunBaTh COOJIOJEHHE 3aKOHOJATENbCTBA, NPUHUMATh YIPaBICHUECKHUE pPEIICHUs B
COOTBETCTBUH C 3aKOHOM;



- aHAJIM3UPOBATh 3aKOHOJIATEIHCTBO U MPAKTUKY €r0 IPUMEHEHHUS B PA3IMYHBIX OTPACIIAX TIpaBa
Poccun.

BJIAJ1€Th:

- TCOPCTHYCCKUMH 3HAHUIMU y‘~I€6H0ﬁ JUCIHHUITIINHBI ((HpaBOBCI[eHI/Ie» BO B3aMMOCBA3H C
APYruMu U3y4a€MbIMU JUCHUITIIIMHAMU,

- TCOPECTUYCCKUMU IMOJIOKCHUSAMU Ha IMPEAMCT 3aKOHOB B UCPAPXUH HOPMATUBHLBIX aKTOB,

- TEOPETUYECKMMHU 3HAHHUAMHU Ha MpeAMET TeKylled mnoiauTuku Poccuu 1o HampaBlIeHHIO
COBEPIICHCTBOBAHMS MTPaBOBOM cucteMbl PD;

- UIMETh MIPEJICTABIICHNE O  B3aMMOCBs3M  aucuuIuiMHbl  «IIpaBoBeneHue» € OpyruMu
U3y4aeMbIMHU AUCLUIUIMHAMU; POJIM 3aKOHA B H€PAPXUHU HOPMATUBHBIX aKTOB; 3HAYECHHH IIpaBa B
CTAaHOBJIEHUM M  CTaOWIM3allMM HOBBIX SKOHOMHYECKHMX OTHOIIEHUH; HampaBICHUIX
COBEPIICHCTBOBAHUS IIPaBOBOM cucTeMbl PD.

TeMbI U pa3jeiibl Kypca:
1. BBegenue B KOHCTUTYIIMOHHOE TPABO.

IIpeamer kKOHCTUTYHMOHHOTO IpaBa Poccuun. KoHcTUTyIMOHHBIE XapakTepUCTUKU Poccuiickoro
rocynapctBa. Kouctutyuuss P® 1993 r. DkoHOMHYECKHE U TOJUTHYECKHE OCHOBBI
KOHCTUTYLMOHHOTO cTposi PD. IIpaBa u cB000bI UenoBeKka U rpakjaHuHa. OCHOBHbIE TPUHIUIIBI
u3oupatenbHoit cuctembl PO. [Ipuaninns! GpenepatuBHoro ycrpoiictsa Poccun. Buabl cy0ObpekToB
dbenepanuu. PasrpannyeHue MpeaMETOB BEIEHUsS M TOJHOMOYMM Mexay denepanuend u ee
cyobekTtamu. OCHOBBI OpraHu3anuy U GyHKIIMOHUPOBAHUS 3aKOHOIATEIbHOM, HCIIOTHUTENBHOM
u cyneOHou Biacteit Ha Tepputopuu PO. Cynebnas cuctema PO®. [TonsiTHe aAMUHUCTPATUBHOTO
npaBa M ero HUCTOYHUKU. CyObeKTbl aJIMUHUCTPATUBHOTO IIpaBa. AJMHUHUCTPATHUBHOE
IIpaBOHApYUIEHUE W AJMUHUCTPAaTHUBHAs OTBETCTBEHHOCTh. lcmonHuTenbHas BIacTe U
rocyapcTBeHHOE yrpanieHue. [IoHsATHe U TPUHIIUIIBI TOCYAAPCTBEHHOM CITyXKOBbI.

2. Beenenue B MeKIyHApOIHOE MPABO.

[TonsiTe MeEXIyHApOJHOTO MYOJMYHOro mpaBa. VMCTOUHMKM MeEXIyHapoJHOro MyOIMYHOTO
npaBa. OTpaciu MEXIyHapoaHOTO TyOnau4yHOro mpasa. COOTHOIIEHHUE MEXIYHAPOIHOTO U
BHYTPUTOCYIapCTBEHHOTO MpaBa. [IoHATHE U NCTOYHUKU MEXITYHAPOIHOTO YaCTHOTO MpaBa.

3. I'ocynapcTBo: €ro TUIBI U POPMBI.

®opmbl rocyaapcTBa: (opmbl TpaBiieHUs, (OPMbI TOCYJApPCTBEHHOI'O YCTPOWCTBA, (HOPMBI
HOJUTUYECKOTO pexxumMa. PazButre THIIOB U (pOpM OTE€UEeCTBEHHOI rocy1apCTBEHHOCTH.

4. I'paxx1aHCcKO€ MPaBO KaK oTpacib npaBa. OCHOBBI BEIIHOIO MTPaBa.

Fpaxc;[aHCKoe MpaBO KakK OTpacCiib pOCCHfICKOl"O IpasBa. Hcrounuku Tpa’)XAaHCKOI'0 IIpaBa.
CY6’LCKTBI rpaxIaHCKOro Ipasna. C,Z[CJ'IKI/I. Bugsl caenok. YciaoBus OeMCTBUTEIBHOCTH CACIOK.
HpaBo COOCTBEHHOCTH YW HWHBIE BCIIHBIC IIpaBa: COACPKAaHHUEC, OCHOBaAHWSA BO3HHUKHOBCHHA U
MMPCKpalICHUA. CnocoObl 3allIWTHI IIpaBa COOCTBEHHOCTH.

5. HacnenctBennoe npaso. CeMbs U IpaBo.



[TonssTe HacienoBaHus. Bpems OTKpbITHMS HaciaencTtsa. MeCTO OTKpBITHS HACIECACTBA.
HacnenoBanue mno 3asemanuto. Hacnenoanue mno 3akony. Hacnenoanue no mpaBy
npexactasieHus. [IpaBo Ha o0s3aTenbHyI0 1010 B HacneAcTse. [Ipunsatue Hacnencrsa. OTkas ot
HaciencTBa. OTBETCTBEHHOCTh HACIIEIHUKOB 110 00s13aTeIbCTBaM HacJe101aTels.

[Ipenmer cemeliHoro npasa. MCTOUHUKM ceMEHHOro mpaBa. YCJIOBUA U MOPSAIOK 3aKIFOYCHUS
Opaka. Pacropxenne Opaka. [IpaBa u o06s3anHOCTH CynpyroB. [IpaBa u 00s13aHHOCTH poaUTENEH
u aeteil. Dopmbl BOCIUTAHUS I€TEH, OCTABIIMXCS 0€3 MONeUeHUs poAUTENCH.

6. OOIIECTBO M TOCYIaPCTBO.

[TonsiTve 1 OCHOBHBIC YepThl 0O1IecTBA. POt BiacTu B o01iecTBe. Buapl 0011IeCTBEHHOM BIACTH.
OCOOCHHOCTH  COBPEMEHHOT'O POCCHMCKOTO oOmiecTBa. I[Ipenrnochuiku  BO3HUKHOBEHUS
rocynapcrBa. IloHsTne w oOcHOBHBIE uepThl rocymapctBa. DyHkiuu rocymapcrta. I[lytu
BO3HUKHOBEHHUSI TOCYIapCTBa. Teopuu mMpouCX0xkICHHs TOCy1apCcTBa.

7. OCHOBEI 00513aTEILCTBEHHOIO IIpaBa.

[Tonstue oOs3arenbeTBa. OcoOEHHOCTH 0053aTENbCTBEHHBIX IMpaBooTHOIIeHUH. Cucrema
o0s3arenbeTB. OCHOBAaHUS BO3HUKHOBEHUS 00s13aTenbeTB. CriocoObl oOecrieueHus 00s3aTebCTB.
[ToHsATHE TIpakIaHCKO-IIPABOBOI'O JIOTOBOPA. 3aKIIOUYEHUE U PACTOPXKEHHUE T'PaxIaHCKO-
IPaBOBBIX JOTOBOPOB. BHIbl TIpa’kgaHCKO-NPaBOBBIX JOrOBOPOB. ['pa’kaaHCKO-IIpaBOBbIE
JIOTOBOPHI BO BHEIIHEAKOHOMHUECKOI1 cepe. OCHOBBI MEXIyHAPOIHOT'O YACTHOTO TIpPaBa.

8. OCHOBBI TPYIOBOTI'O IIpaBa.

[Tpenmert TpynoBoro npasa. ctounuku TpyaoBoro npaa. OCHOBHBIE IPUHIUIIBI PETYTHPOBAHUS
TPYIOBBIX OTHOLICHUH. MHANBUAYaIbHBIN TPYJOBOW AOTOBOP: MOHATHE, COJACPIKAHUE, MOPATOK
3akitoueHns. OCHOBaHUS MPEKPaALEHUs UHAUBUAYATbHOTO TPY10BOTO 1oroBopa. KonmnexkTuBHbIN
TPYZIOBOM IOTOBOP: MOHATHE, COAEPKAHNE, IPOLIECC 3aKIIOUEeHHS U M3MEeHEeHMs. OCHOBHBIE ITpaBa
1 00s13aHHOCTH pabOTHHKA U paboToaress. Buabl TpyJ0BBIX CIIOPOB U CITOCOOBI UX Pa3peIICHUS.

9. OCHOBBI YroJIOBHOTO ITpaBa.

IIpenmer yronmosHoro mpasa. lMcrounuku yrojmoBHoro nmpasa. lIlpectymienue: noHsATuHe,
npu3HaKu, cocTaB. Buasl npectymnenuil. [Ipectynnenus B chepe IKOHOMUYECKOM eI TETbHOCTH.
[IpecTynnenust npoTUB MoOpsiaKa yrpaieHus. JJomkHOCTHRIE npecTyruieHus. Cuctema U BUABI
YTOJIOBHBIX HAKa3aHUM.

10. HpaBo B CUCTEMC COLIUAJIBHBIX HOPM. Cucrema IpaBa.

[IpaBa kak perymnsTop OOIIECTBEHHBIX OTHOIICHWH. BHUIBI conuanbHBIX HOpM. XapaKTepHbBIC
4epThl MpaBoOBbIX HOpM. CTpyKTypa HOpMBI IpaBa. Buasl npaBoBbix HOpM. McTOuHMKHN TpaBa.
Buasl HOpMmaTHBHO-NpaBOBBIX akTOB B Poccum. J[lelicTBMe HOPMaTUBHO-TIPaBOBBIX AaKTOB.
Cucrema npasa. Otpacnu npaBa. MaTepuaibHOE U IPOLECCYATBbHOE MPABO.

11. Peanu3anus npasa v FOpuaNYECKasi OTBETCTBEHHOCTb.

®opwmel peanmzaius npasa. [IpaBooTHOmeHne: moHATHE U cOocTaB. CyOBEKThI MPABOOTHOIICHUH.
OO0BeKTH MPaBOOTHOIICHUH. Buapl mpaBoOTHOIIEHUH B chepe BHENTHETOPTOBOT'O MEHEKMEHTA.
Opunnueckne daxtel n ux wimaccudukanus. [IpaBoHapymieHue: MOHATHE W cocTaB Buabl
IIpaBOHAPYLIECHU M.



[ToHsiTHE TOpUIUYECKON OTBETCTBEHHOCTH. BUABI IOPUANYECKONW OTBETCTBEHHOCTH: YrOJIOBHAs
OTBCTCTBCHHOCTS, aI[MI/IHI/ICTpaTI/IBHaH OTBCTCTBCHHOCTS, I‘pa)K,Z[aHCKO-HpaBOBaSI
OTBETCTBEHHOCTh, MaTEPHAIbHAS OTBETCTBEHHOCTb, IUCIUILIMHAPHAS OTBETCTBEHHOCTD.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Ipukaagnas ¢pusnyeckas KyJbTypa (BHIbI CIIOPTA M0 BHIOOPY)

Measb AMCHUNIMHBI:

CdopmupoBaTh MHUPOBO33PEHUECKYIO CUCTEMY HAYyYHO-TIPAKTUYCCKUX 3HAHWUW M OTHOIICHHE K
buznuecKoil KyabType.

3agayu IUCHUILINHBI:

Jns  nocTWKEHUsT IOCTaBICHHOW  LEIM  NpeAycMaTpUBaeTCs  pelIeHHe  CIEeNYHOLIMX
BOCIIUTATEIbHBIX, 00pPa30BaTEIbHBIX, PA3BUBAIOIIUX U 03/J0POBUTENBHBIX 3a/au:

- IOHUMaHHE COIUAILHOU POJIN (PU3HUECKON KYJIbTYPHI B Pa3BUTHU JIMYHOCTU U MOJITOTOBKE €€ K
poeCCUOHAIBHON JESATEIHHOCTH;

- 3HAHUE HAYYHO- OMOJIOTHYECKUX M MPAKTHYCCKUX OCHOB (PU3UYECCKOU KYJIBTYpPhI U 3JOPOBOTO
o0pasa K13HH;

- (hpopMupoBaHNE MOTHBALIMOHHO-1IEHHOCTHOT'O OTHOLICHUS K (PU3MUECKON KYJIbType, YCTAaHOBKU
Ha 3/I0pOBBIH CTWIb KHM3HHM, (U3NYECKOE CAMOCOBEPIIEHCTBOBAHWE M CAaMOBOCIHUTAHHE,
NOTPEOHOCTH B PETYISIPHBIX 3aHATUAX QU3NYECKUMH YIPA)KHEHUSMU U CIIOPTOM.

ITepeyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUYeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YyYaIOIIUECs T0JIKHbBI
3HATh:

Marepuan pazaena npeaycMaTpuBaeT OBJIAJICHUE CTYIEHTaAMH CUCTEMON Hay4HO-TIPAKTUYECKUX
U CHEIUATBHBIX 3HAHWUN, HEOOXOIUMBIX ISl TOHUMAHUS TPUPOIHBIX U COITUATBHBIX MPOIECCOB
GYHKIMOHUPOBAHUS (U3HUECKOM KYIBTYphl O0IIECTBA U JIMYHOCTH, YMEHHUS UX aJalNTHBHOTO,
TBOPYECKOTO  MCIOJB30BAHHUS  JJII  JUYHOCTHOTO UM MPO(ECCHOHAIBHOTO  Pa3BHUTHS,
CaMOCOBEPIIICHCTBOBAHUS, OPraHU3alMKA 3J0POBOTO CTHUJIS KU3HH TPU BHITIOJIHEHUH Y4eOHOH,
poeCCHOHAIBHON U COIIMOKYIBTYPHOH JAesITeNbHOCTU. [IoHMMaTh poiib (U3UIECKOMN KYIbTYpPBI
B Pa3BUTHH YEJIIOBEKA U MOJATOTOBKE CIIELUAIIUCTA.

yMeThb:

Hcnonb3oBaTth  (PU3KYIBTYPHO-CIIOPTHUBHYIO  JEATENBHOCTh  JJS  IOBBIIIEHUS  CBOUX
(YHKLIMOHATIBHBIX U JABUTAaTENbHBIX BO3MOXKHOCTEH, JUISI TOCTMIKEHUS JIMYHBIX JKU3HEHHBIX U
npo(hecCHOHATIBHBIX IIeJIeH.



BJAACTh:

CucreMoil TpaKTHYECKUX YMEHUW W HABBIKOB, OOCCTICUMBAIONINX COXPAHEHUE W YKPEIUICHUE
3/I0POBbSI, Pa3BUTHE U COBEPIICHCTBOBAHWE TMCUXO(U3MUECKUX CIOCOOHOCTEH W KadecTB (C
BBINTOJIHEHHEM YCTaHOBJIEHHBIX HOPMAaTHUBOB MO 00IIEH (PU3NYECKON U CIIOPTHBHO-TEXHUYECKOM
MIOJTOTOBKE).

TeMbl U pa3jesibl Kypca:
1. ODII (obmras pusmueckas 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 CIIOCOOHOCTEH JTI0eH 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
MPOUCXOANTh B E€IUHCTBE C Pa3BUTHEM CHJIbI, BBIHOCIMBOCTH, JIOBKOCTH. VIMEHHO Takas
CIaKEHHOCTb U MPUBOAUT K OBJIAJICHUIO )KM3HEHHO HEOOXOIUMBIMU HAaBBIKAMH.

@®uznyeckue KayecTBa M JBUTATEIbHbIE HABBIKM, IIOJIyUEHHBIE B peE3yJbTaTe (U3MUECKUX
3aHATHH, MOTYT OBITh JIETKO IEPEHECEHbl YEJIOBEKOM B IpYrue OO0JACTH €ro IeATEIbHOCTH, U
CHOCOOCTBOBATh OBICTPOMY HPUCIOCOOJICHUIO YETOBEKa K HM3MEHSIOIIMMCS YCIOBHSM Tpyna
ObITa, 4YTO OYEHb BAXKHO B COBPEMEHHBIX )KU3HEHHBIX YCIOBHSIX.

Mex(z[y pa3sBUTHEM CI)I/ISI/I‘IGCKI/IX Ka4yCCTB H CI)OpMHpOBaHI/IeM ABUI'aTCIbHBIX HAaBBIKOB
CYHICCTBYCT TCCHAA B3aMMOCBS3b.

JlBurarenbHble KadecTBa (OPMHUPYIOTCSI HEpPaBHOMEPHO M HEOAHOBpeMeHHO. HauBbicuine
JOCTH)KEHUS B cuJle, ObICTPOTE, BHIHOCIMBOCTH JOCTUTAIOTCSA B Pa3HOM BO3pacTe.

IToHsiTHE O CHJIE U CHJIOBBIX Ka4eCTBaX.
.HIO]:[I/I BCeraa CTPEMUIINCH OBITH CUJILHBIMH U BCCTZla YyBaXaJil 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 cuIOBasi BBIHOCIMBOCTb OMNPENENSETCS MO YHUCIy MOBTOPEHHM CHUIOBOTO
YIIPA)KHEHMS 10 KpallHEH yCTaJIOCTH.

Jlnis pa3BUTUSL MAKCUMAJIbHOM CHIIBI BBIpAOOTaH METOJI MaKCUMAJIbHBIX YCHUJIMH, paCCUMTAHHBIN
Ha pa3BUTHE MBIIICYHONW CHJIBI 332 CUET MOBTOPEHUS C MAKCUMAIBHBIM yCUJIMEM HE00XO0AUMOTro
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 1uatdopme, GpopmupyeTcss ckopocTHast. s
pa3BUTHS CHJIOBOW BBIHOCIHMBOCTH IPHUMEHSIETCS METOJ <10 OTKa3a», 3aKJIIoYarouiuiics B
HENPEPBIBHOM YIIPa)KHEHUH CO CPEHUM YCHIIMEM J10 MOJIHON yCTaIOCTH MBIIILI.

YToObl pa3BUTH CHITY, HYKHO:

1. YKkpenuTs MbIII€YHBIE TPYIIIBI BCETO JBUTATENBHOIO anmnapara.



2. Pa3BuTh CIIOCOOHOCTH BBIACPKUBATh Pa3InYHbIC YCUIUS (AMHAMUYECKUE, CTATUUECKUE U JIp.)

3. [Ipuobpectu yMeHuE palliOHAIBLHO UCIIOJIB30BAaTh CBOIO CHITY.

Jns OwicTporo pocra CHIIBI HEOOXOAMMO TIOCTENEHHO, HO HEYKIOHHO YBEJIMYUBATH BEC
OTSTOIEHUN U OBICTPOTY IBMKEHHM ¢ 3TUM BecoM. Cuiia 0coOeHHO 3(PPEKTUBHO 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 yromsenus. s mnosbiieHus 3(Q(HEKTUBHOCTH 3aHATUN
PEKOMEHJIyeTCsl BKJIIOYaTh B HHUX BCJEI 32 CHJIOBBIMU YIPAKHEHHUSIMHU YIPAKHEHUS
JUHAMUAYECKHE, CIOCOOCTBYIOIINE PACCIIa0ICHUIO MBIIII] U MPOOYKIAIOIINE TTOJ0KUTEIbHBIC
SMOIIMH — UTPBl, IJIABaHUE U T.II.

YpoBeHb CHIIBI XapaKTepU3yeT orpeaeacHHoe MOp(hOPYHKIIMOHATBHOE COCTOSHUE MBIIICYHON
CHCTEMBI, 00ECTIEUNBAIOIICH IBUTATEIBHYIO, KOPCETHYIO, HACOCHYIO H OOMEHHYIO ()yHKIIHH.

KopcerHass ¢yHkius oOecrneyrBaeT IMpH OMPEICICHHOM MBIIICYHOM TOHYCE HOPMAabHYIO
OCaHKy, a Takke (QYHKIMH T[I03BOHOYHMKA W CIUHHOTO MO3Ta, NpPEAyNpexIas TaKue
pacnpocTpaHEeHHBIC HApylmieHUS W  3a00JIeBaHUS Kak Je(QeKThl OCaHKH, CKOJIHO3HI,
ocTeoXxoHApo3bl. KopceTHass (YHKIUS KHMBOTA WTPACT BAKHYIO POJIb B (DYHKIMOHUPOBAHUU
MIEYCHH, JKETyKa, KAIICUHNKA, TI0UeK, TPEAYIPEeKIas Takue 3a00IeBaHUs KaK TaCTPUT, KOJIUT,
XOJICIUCTHT M JIp. HEIOCTATOYHBIM TOHYC MBIIII] HOT BEIET K PAa3BUTHUIO ILIOCKOCTOIIHSI,
pacIIMpeHuIo BeH U TpoMOodiedury.

HC,I[OCTaTOLIHOS KOJINYCCTBO MBINICYHBIX BOJOKOH, 4@ 3HAYUT, CHUXKCHUC OOMEHHBIX IMpouccCCcoOB B
MbIIIax BCACT K O)KUPCHHUIO, ATCPOCKIICPO3Y U APYT'UM HGI/IH(l)eKIII/IOHHI)IM 3a00JI€BaHUSIM.

HacocHast ¢yHKums MbImI («MBIIIEYHBIH HACOC») COCTOMT B TOM, YTO COKpAIIeHHE JHO0
CTaTUYCCKOC HANPSIKCHUC  MBIIIL] CHOCO6CTByeT MEPECABUKCHUTIO BEHO3HOUI KpOBHU TII0
HaIPaBJIECHUIO K CEPIILy, YTO UMEET OOJBINOE 3HAYCHUE NMPU 00ECTIEeYeHUH 00I1Ier0 KPOBOTOKA U
auMGoTOoKa. «MBIIIEYHBIH HACOC)» PAa3BUBAET CHITY, IPEBBIIIAIONIYI0 PA0OTY CEpACYHON MBIIIIbI
U o0ecrieyrBaeT HAIOJHEHUE MPABOT0 KEIyJ0YKa HEOOXOIUMBIM KOJIMYEeCTBOM KpoBH. Kpome
TOro, OH Urpact 6OJ'IBHIYIO POJib B ICPECABUKCHUN J'II/IM(l)I)I U TKaHEBOU KHUIOKOCTHU, BJIUAA TEM
CaMbIM Ha TPOIIECCHl BOCCTAHOBJICHUS M yJaJIeHUs MPOAYKTOB oOMeHa. Hepocrarounas pabora
«MBIIIEYHOTO HACOCA» CIOCOOCTBYET Pa3BUTHIO BOCHAIUTEIBHBIX IMPOIECCOB U 00Pa30BaHUIO
TPOMOOB.

Takum o6pa30M HOPMaJIbHOC COCTOSAHHC MBIIIIEYHOM CHCTEMBI SBISETCS Ba)KHBIM MU YKHM3HEHHO
H€06XOI[I/IMBIM YCJIOBUEM .

YPOBCHB COCTOSIHUS MBIIIIEYHOM CHCTEMEI OTPAXKACTCA MMOKA3aTCIIEM MBIIIIEYHON CHUJIBL.

N3 storo CJICOAYCT, YTO IJIA 300POBbA HCO6XOILI/IM OHpGI{CJ’ICHHHﬁ YPOBCHb pPa3BUTHA MBIIII B
LIEJIOM U B KaXKJI0M OCHOBHOI MBIIIEYHOM rpymnme — MbIax CIrHbI, I'PyIu, 6pIOIJ_IH01"O mnpecca,

HOT, PYK.

Pa3BuTHe MBI MPOUCXOJUT HEPABHOMEPHO KaK IO BO3PACTHBIM IOKa3aTelsiM , 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 HA HOPMATUBHBIN YPOBEHb CUIIBI M MOAIEPKUBATH ero 10 40 ser.



Heo6x01uMo NOMHUTB, 4TO MEXKTy YPOBHEM OT/ACIHHBIX MBIIICYHBIX TPYIII CBSI3b OTHOCUTEILHO
cimabasi ¥ T0O3TOMY HOPMATHUBBI CHIIBI JIOJDKHBI OBITh KOMIUIEKCHBIMU U OTHOCHTEIFHO MPOCTHIMU
Ipy BBIOTHEHWH. JIydiue TeCThl — 3TO YNPaXHEHHS C MPEOJIOJICHHEM MacChl COOCTBEHHOTO
TeJa, KOTJa YYUTHIBAeTCs HEe aOCONIOTHAsl Cujla, a OTHOCHTEIbHAs, YTO MO3BOJSET CIIIATUThH
pasHHIly B aOCONMIOTHOW cuiie, 00yCIOBICHHYIO BO3PAaCTHO-TIOJIOBBIMU M (YHKIHOHAIBHBIMU
dbakTopamu.

HopMmanbHblii ypoBeHb CUJIBI — HEOOXOIMMBIM (akTop UIsl XOPOLIEro 310pOBBS, OBITOBOIA,
npodeCcCHOHATBLHON TPYJ0CIOCOOHOCTH.

JlanbHeliiee MOBBINICHUE YPOBHS CHJIBI BBIIIE HOPMATHBHOTO HE BIUSET HA YCTOHYHMBOCTH K
3a00JIeBaHUSAM U POCT MPO(GECCHOHATBHONW TPYAOCIOCOOHOCTH, TAe TpeOyercs 3HauuTeIbHas
dbu3ndeckas cuia.

['nOKoCTh ¥ METO/IMKA €€ Pa3BUTHSL.

HOI[ rHOKOCTBIO IMOHHMMAIOT CIIOCOOHOCTH K max II0 AMIUIMTYC JABHXKXCHUSAM B CYyCTaBax.
I'nbxoctsb - MOpq)O(bYHKI_[I/IOHaJIBHOG JABUIaTCIIBbHOC Ka4CCTBO. Omna 3aBHUCHUT:

- OT CTPOEHUSA CyCTaBOB;

- OT 3JIACTUYHOCTH MBILIII U CBI304YHOIO aIlllapara;

- OT MEXaHU3MOB HEPBHOM PEryJISLUU TOHYCA MBIIILI.
PaznnyatoT akTUBHYIO U TACCUBHYIO THOKOCTb.

AKTHUBHAsI THOKOCTh - CIIOCOOHOCTBH BBIMOJHATH JBMXKCHHUS C OOJBIIONW aMIUIMTYAOW 3a CUeT
COOCTBEHHBIX MBIIICYHBIX YCUTHI.

[TaccuBHast THOKOCTH - CIIOCOOHOCTH BBIMONHSTH IBUMKEHHS C OONBIION aMIUIUTYION 3a cueT
NEHCTBUS BHEUIHMX cui (MapTHepa, TsSkKecTh). BenuunHa mMacCMBHOM THOKOCTH BBIIIE
OKa3arejied akTUBHOM TMOKOCTH.

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 rHOKOCTHIO”, B TAKOM CITy4yae, IOHUMAeTCsl THOKOCTh B HauboJjiee KpyIHbIX CycTaBax U B
pa3IMYHBIX HANPaBICHUSIX.

KpoMme mnepeuncieHHbIX BHYTPEHHUX (aKkTOpPOB Ha TMOKOCTh BIUSIOT U BHEUIHHE (aKTOPHI:
BO3pPACT, IOJI, TEJIOCIOXKEHHE, BpeMsl CYTOK, yTomiieHHe, pa3MHuHKa. [loka3zaTenu rubGkocTH B
MITJIIINX U CPETHUX KJlaccax (B CpeiHeM) BhIIIE MTOKa3aTesIel CTaplIeKIaCCHUKOB; HauOOIbIINN
MPUPOCT aKTUBHOM THOKOCTH OTMEUYAETCs B CPEIHUX KJlaccax.

[TonoBeie paznuyusi OMpPEesioT OHOJOTHYECKYI0 THOKOCTh y neBouek Ha 20-30% BbImie mo
CpaBHEHHUIO ¢ Malbuukamu. JIydiie oHa COXpaHAeTCs y )KSHIIMH U B TTOCIICYIOIIEH BO3pacTHON
MEePUOJIUKE.

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
qacCoB.



YToMiIeHHE OKa3bIBACT CYIIECTBEHHOE U IBOMCTBEHHOE BIMSHUE Ha THOKOCTD. C OJTHOM CTOPOHHI,
K KOHI_[y paGOTLI CHMXKAIOTCA IMOKa3aTCIn CHJIbI MBIIII, B pe3yﬂLTaTe YCro akKTuBHaAsA FI/I6KOCTB
ymenbiiaercss 10 11%. C apyroil cropoHbl, CHMKEHUE BO30Y)KIEHHUS CHJIBI CIOCOOCTBYET
BOCCTAaHOBJICHUIO 3JIACTHYHOCTHU MBIIIIII, OI‘p&HH‘IHB&IOH.[PIX aMHJII/ITy,Z[y JABUXKCHUA. TCM CaMbIM
MOBBIIIAETCS MACCHBHASI THOKOCTH, MOJIBH)KHOCTD yBeIMUnUBaeTcs 10 14%.

HebnaronpustHsle TeMnepaTypHble YCIOBUS (HU3Kas TEMIEpaTypa) OTPULATENIbHO BIMSIOT Ha
BCE PAa3HOBHJHOCTH THOKOCTU. Pa3zorpeBaHue MblIIIll B MOATOTOBUTENBHOM YacTH ydeOHO-
TPEHUPOBOYHOTO  3aHSATHsSI IEpe]  BHIIOJHEHHEM OCHOBHBIX  YIPaKHEHUH  MOBBIIIAET
MOJABUKHOCTh B CYCTaBaXx.

Mepuinom THOKOCTH SIBISAETCS aMIUIUTyAa ABMOKEHUH. [l moiydeHus TOYHBIX JAHHBIX 00
aMIUIUTy€ JABWOKCHUM  MCHOJIB3YFOT METOJbl CBETOBOM  PETUCTpPALMU: KUHOCBEMKY,
UKJIOrpaduio, peHTTEHO-TEICBU3UOHHYIO ChEMKY H JIp. AMIUIMTYA JIBW)KCHUH H3MepseTcs B
YIJIOBBIX I'pasycax WA B CAHTUMETPAX.

CpencTBa 1 METOJIBI:

Cpe,[[CTBOM Pa3BUTHA THOKOCTH SIBIISIFOTCS YIIPA’)KHCHUS HA pACTATUBAHU. Hx pgenat Ha 2 IpYIIIbI:
aKTUBHEIC U ITACCUBHBIC. AKTHBHBIC YIIPpA)KHCHUS:

- oHO(ha3HbIE U MPYKUHUCTHIE (CIBOCHHBIE, CTPOCHHBIE) HAKIIOHBI;

- MaxoBbI€ ¥ (PUKCUPOBAHHEIC,

- CTAaTUYECKHE YIPaXHEHUS (COXpaHEHHE HETOABHKHOTO MOJIOKEHHS C
MaKCUMaJIbHON aMIUTUTYIOM ).

[TaccuBHBIE yrpa)KHEHUS: 11032 COXPAHICTCS 3a CUYET BHEMIHUX CHII. [IpuMeHss uX, JOCTUTAIOT
HauOONBIIMX TOKa3aTened TruOKocTH. [y pa3BUTHS aKTMBHOM THOKOCTH 3((HEKTUBHBI
yIpakHEHUs Ha PacCTATMBaHUE B TUHAMUYECKOM pEXHME.

OO6miee Meroanueckoe TpeOOBaHME /I Pa3BUTUS THOKOCTH - 00s3aTE€NbHBIN pa3orpeB (10
MOTOOT/IEIICHUS ) TIEpe]] BHIMOJIHEHUEM YIIPaXKHEHUN Ha pacTSATHBaHHE.

B3anMHOe cONMpOTUBIEHHE MBI, OKPYXKAIOIIUX CYCTaBbl, UMEET OXpaHUTEIbHbIN 3(deKT.
VIMeHHO NO3TOMY BOCHHMTaHHE TMOKOCTH JOJDKHO C 3armacoM o0OecrednBaTh TpeOyeMyr Max
aMIUIMTYy IBUKEHUHN U HE CTPEMUTHCA K IIPEJEIBHO BO3MOKHOM cTeneHu. B nocnenneM cirydae
3TO BEJET K TPAaBMUPOBAHUIO (PACTSKEHUIO CYCTaBHBIX CBSI30K, IPUBBIYHBIM BHIBUXAM CYCTaBOB),
HapyLIEHUIO TPaBUJILHON OCAHKH.

MpBinel  MaIOPACTSKUMBL, [TOTOMY OCHOBHOM METOJ BBINIOJIHEHUS YNPAXHEHWW HaA
pacTsruBaHue - IOBTOPHBIN. Pa3oBoe BhiNoHEeHNE yIpakHeHUH He 3P peKkTuBHO. MHOrOpa3zoBsie
BBIIIOJIHEHUS BEAYT K CYMMHPOBAHUIO CIIEJOB YIPAXXKHEHUS U YBEIMYECHHE AaMIUIATYbI
CTAHOBUTCS 3aMETHBIM. PEKOMEHIyeTCsl BBINOIHATD YIIPAKHEHUS HA PACTATMBAHUE CEPUIMU 110
6-12 pa3, yBenruuBas aMIUIUTY1y IBHKEHUN OT CEpUU K cepuu. Mex 1y cepHsiMU 11eJIecoo0pa3Ho
BBITNOJIHATH YIPaKHEHUS Ha pacciiabyieHue.

Cepuu ynpa>xHEHHUI BBITOJIHSAIOTCS B ONPEEICHHON MOCIEe10BATEIbHOCTH:
- AU pYK;
- T4 TYJIOBUILIA;

- IUIS HOT.



bBonee ycremHo mporMCXOAUT BOCIUTAHHE TMOKOCTH TPH €XKETHEBHBIX 3aHATHSAX WM 2 pas3a B
JeHb (B BUE 3a1aHuil Ha 1oM). Hanbonee 3¢ (hekTHBHO KOMIUIEKCHOE TPUMEHEHHE YITPaKHEHUN
Ha pacTaruBaHue B cienyronieM coudetanuu: 40% ynpakHeHUM akTUBHOro xapakrtepa, 40%
yhnpaxxHeHU naccuBHOro xapaxrtepa U 20% - cratmyeckoro. YNpakHEHHs Ha pacTsATMBaHUE
MOXKHO BKJIIOYaTh B JIIOOYIO 4acTh 3aHATHH, OCOOEHHO B MHTEpBAJIAX MEXKIY CHUIOBBIMU M
CKOPOCTHBIMH YIIPa)KHEHUSMH.

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
JeT.

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
BOCIIUTaHUIO (PU3MYECKUX KAYECTB Y IIKOJIBbHUKOB.

3HauyMTeIbHbIE MHBOJIIOIMOHHBIC U3MEHEHUSI HACTYIAIOT B MTOKUJIOM U CTap4YecKOM Bo3pacte (B
CBSA3U C M3MEHEHUEM COCTaBa MBIIIL U YXYALICHUEM YIPYrO-3J1aCTUYECKUX CBOMCTB MBI U
cBsA30K). HyXHO HpOTHBOAEHCTBOBATH PErpecCUBHBIM HM3MEHEHUSM IyTEM HCIOJIb30BaHUS
CHeLHaIbHbIX YIPAKHEHUH ¢ TeM, YTOOBI OJAEPKUBATh THOKOCTh Ha YPOBHE, OJIM3KOM K paHee
JIOCTUTHYTOMY.

BrIHOCIMBOCTE.

BriHOCTHMBOCTH OMpPEaCIIICT BO3MOKHOCTD BBITIOJIHE



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

HpnMeHeHne MPpOrpaMMHBIX KOMIIJIEKCOB K PCIICHUIO 3a/1aY

Measb AMCHUNIMHBI:

- HAy4YuTb CTYACHTOB aHAJIMU3UPOBATHL BXOJHBIC JAHHBIC, IIOJYUCHHBIC U3 Ha6JIIO,I[€HI/Iﬁ u
HCCIICAOBATh IMOJIYYCHHOC YHCJICHHOC PCHICHUC HAa KOMIIBIOTCPEC Ha NPCIMET aJCKBATHOCTU
pE€ajlbHbIM Ha6J'IIOI[eHI/I$IM 1 COBIIAACHUS C SKCIICPUMCHTAMMU.

3agauyd AUCHUILINHBI:

- HAy4YWTh CTYACHTOB, MCXOAS W3 3HAHUH O (U3UYECKON IMOCTAaHOBKE 3a]laud, TOJB3YSACh
YHUCICHHBIMUA METOIaMH, METOJJaMH MAaTEMAaTUYECKOI0 aHaIM3a U JINHEHHOH anredpsl;

- Hay4YuTh OOOCHOBBIBATH aJEKBATHOCTb MOJENM (PU3MUECKOro Mpolecca U Ha OCHOBE
MOJICIIMPOBAHMS CTPOUTH BBIBOJIBI 00 3TOM (PU3MUYECKOM TPOIIECCe.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILJIMHE (MOYJII0)

B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUeCs JOMKHBI

3HATh:

- MeTobl UHTEPIIONALMH (PYHKIMH, 33/1aHHBIX HA CETKE;

- MeTo1bl YMCIIEHHOTO PEeIIEHUs CUCTEM JIMHEHHBIX allreOpandyeckux ypaBHEHUM;

- Metob! TpUOAMKEHHOTO BBIYMCICHUS HHTETPAJIOB;

- MeTobl YUCIIEHHOT O pelIeHus] OOBIKHOBEHHBIX AU (epeHInalbHBIX YpaBHEHHIA;

- MeToabl YMCIIEHHOTO PEIeHUsI yPaBHEHUI MaTeMaTHYECKON (DM3UKU TIEPBOTO MOPSJIKA;

- MeToabl YHMCIEHHOTO peaicHu-d ypaBHeHI/Iﬁ MaTeMaTH4YeCKOMN (1)I/I3I/IKI/I BTOPOTO ITOPAJKA.

YMeTh:

- OueHuBaTh BXOJHBIE TapaMEeTPhI 3a7a4u;

- Bri6upaThs onTUMabHBIA YUCICHHBIA METO/ IJIs1 PEIICHUSI ITOCTABIICHHOM 3a/1a4H;

- [TpubnmkeHHO OLIEHUBAThH CIIEKTP MATPHIIBI JIMHEHHBIX alreOpandeckux ypaBHEHU;
- AHaM3upoBaTh YCTOMYMBOCTH MOJYUYEHHOI'O BHIYUCIUTEIBHOIO METO/IA;

- OHGHI/IB&TB MOPAIOK alllIpOKCUMallun l'IOJ'Iy‘—IGHHOﬁ YHCJICHHOM CXEMHEI.



BJIAJ€ETh:
- [IpssMBIMU METOAMM PELIEHUS CUCTEM JIMHEHHBIX YPABHEHUN;

- MGTOI[aMI/I HaXO0XJICHUA HpI/I6JII/I)KeHI/I$I K CICKTpaM MaTpullbl MU €€ COOCTBEHHBIM
BCKTOpaM;

- MeTtoaaMu HHTEPIIONALUY CETOYHON (PYHKINHU Pa3IMYHOTO MOPSAKA IIIAKOCTH;

- MertofnaMu  pa3HOCTHOW  amMpoKCHMaluM  OOBIKHOBEHHbIX  AuddepeHInanbHbIX
YPaBHEHUN;

- MeTonamMu pa3HOCTHOM anpOKCUMAllMK ypaBHEHUN MaTeMaTudeckoil (pu3mku.

TeMbI U pa3jeiibl Kypca:
1. AHanu3 anropuTMa X31UpPOBaHUS.

[IpuBOANTCS KOHKPETHBIA aITOPUTM X3UIMPOBAHMS U MPOBOJUTCSA €r0 MAaTEMaTUUYECKUN aHAIN3
JUTSL BBIYHCIICHUST HEOOXOAMMOTO YHCIIa ONEPAIHA ¢ TTIOMOIIBIO TIPOU3BOISIINX ()YHKITHHA.

2. AHanu3 4uciia IepeBbEB.

Ha psnge npumepoB AeMOHCTpuUpyeTcs crmoco0 MojcyeTa 4Yuciia JIepPeBhEB, MOJYMHEHHBIX
pa3JIMYHBIM YCIOBUAM. JIeMOHCTpUpyETCs METOJ aHajly3a YHCIA JEPEBBEB C IOMOLIBIO
MIPOU3BOIAIIHNX ()YHKITHHA.

3. 3agauu JUCKPETHON MaTeMaTUKH.

HccnenyroTest 3aaun 0 pa3pelieHud PeKyppeHTHBIX (GopMyl. ACHMOTOTHYECKOE MOBEICHHE
Takux pemeHuid. PaccMatpuBaroTcs 3amava o XaHoucko Oamine, 3ana4a OBuaus Onasus, 3a1a4a
o npenene uncen Gudonayum.

4. YucneHHbIe MCTOJbI 3a1a49 UHTCPIIOJIAINH.

AJ'IFOpI/ITMI)I HHTCPIIOJIANNN: ITOCTPOCHUEC Ky6I/I‘-I€CKI/IX CIIaiHOB B OAHOMCPHOM U JBYMCPHOM
ClIyvasx. HpI/IMeHeHI/Ie HUHTCPIOJIINNUU K YUCIICHHOMY HHTCTPUPOBAHUIO.

5. YucneHHble METO/bI JINHEHHOU anreOpsl.

IIporpammupoBaHue MPSMBIX M UTEPALMOHHBIX BBIYHACIUTEIBHBIX METOAOB, MCIIOJb3yEMBIX B
auHelHo anreOpe. PacnapanienuBaHue anropuTMoB.

6. UucnenHnble MeTObI petieHus 1uddepeHanbHbIX ypaBHEHUI.

Peanuzanus 4YHCIEHHBIX CXeM Ui pemeHus AuddepeHlInanbHbIX YypaBHEHUH U CUCTEM
g depeHManbHbIX ypaBHeHUH. [IpreMbl BU3yanuas3lnu MoJTy4eHHOTO PELIeHHUS.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

HpHpOHOHOHOﬁHLIe IHEPIreTUIECCKUEC TEXHOJIOIMA U BO300HOBJIsIeMAas JHEPIreTUKa

Measb AMCHUNIMHBI:

- mpuoOpeTeHue CTyACHTaMH 3HaHUH 00 OCHOBHBIX MHHOBAIIMOHHBIX METO/aX IMPOU3BOJICTBA,
nepeaayn ¥ mpeoOpa3oBaHUsl SHEPTHH; MEXAaHH3MOB 3JEMEHTApHBIX IMPOIECCOB, JIEKAIIUX B
OCHOBE 3TUX METOJIOB; POJIH OMOTEXHOJIOIUI, HAHOTEXHOJIOTUN U HAHOCTPYKTYPBIX MaTEpHUaJIOB
B Pa3BUTHUU JAHHBIX METOJIOB.

3agauyd AUCHUILINHBI:

- OCBOCHHE OCHOBHBIX ITOHSTHM HpI/IpOIIOHOI[O6HI)IX SHECPIrCTUUCCKHUX TCXHOHOFHﬁ, a TaKXKe
OCHOBHBIX TCPMHHOB H onpeaeneHHﬁ B OTOH 00JaCTH B COOTBETCTBHHU C MCKAYHAPOAHBIMU
CTaHdapTaMu,

- OCBOCHHE HaBBIKOB Pa0OTHI CO CIEUATBHOM JTUTEPATypOil B IPEAMETHOM 00IacTH;
- POJIM HAaHOPa3MEPHBIX (PAaKTOPOB.

ITepevyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbrare ocBOCHUS AUCITUTUTHHBI 00YUIaIONTUECs TOJKHBI

3HATh:

- OCHOBBI (PM3MYECKOI XUMUU TTOBEPXHOCTH KOHJIEHCUPOBAHHOTO COCTOSIHUS BEIECTBA, 0a30BbIE
pa3MepHble U CTPYKTypHbIe J((deKTbl B HAaHOCHCTEMaxX, XapaKTepHbIE OCOOEHHOCTHU
HAaHOOOBEKTOB;

- OCHOBHBIC KOHKPCTHBIC TCXHOJIOTMM MW MCTOJAbl CHHTC3a HAHOCTPYKTYp H FI/I6pI/II[HBIX
HaHOCHCTCM, CIIOCOOBI MX anr[apaTHoﬁ pcajm3aliui B BUAC PA3JIMYHBIX YCTAHOBOK U HpI/I60p0B;

- OCHOBHBIC ITYTH B3aUMOJEHCTBHUI OJICKTPOXUMHUYCCKUX CUCTEM C JKHMBBIMU OpraHU3MaMH U
KJICTKaMH.

yMeThb:

- 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 |
HAaHOMATCPUAIOB JJI UX pCaIn3allinuu,



- UCMOJIb30BaTh (yHIaMEHTAJIbHbIE 3HaHUS B 007acTH (YOPMUPOBAHUS HAHOCUCTEM JJISl pELICHUS
IIPAKTUYECKHUX 3a/lay, CBSA3AHHBIX C IOJYYEHHUEM HAHOCTPYKTYPHUPOBAHHBIX HEOPraHMYECKHUX U
TUOPUAHBIX MaTEPHATIOB, OMO3JIEKTPOHHBIX CUCTEM U UX KOMIIOHEHTOB;

- UCIIOJIb30BATh IMOJTYYCHHBIC 3HAHHA B 00JIaCTH CHCTEM MOJIY4YCHHA U Hpeo6pa30BaHH;1 OHCPIUuun
AJId ITPAKTUYCCKOro MpUMCHCHUA.

BJIa/1eTh:
- CHIeMaIbHON TEPMUHOJIOTHEH B 001aCTH HAHOTEXHOJIOTUH M METOJIOB CHHTE3a HAHOCTPYKTYD;
- CHlellMaIbHON TEPMUHOJIOTHEN B 001aCTH PUPOIONIOL00HBIX S3HEPrETUUECKUX TEXHOIOTHA;

- MeronaMu OoOpaOOTKH, aHanM3a M CHCTEMATH3allMd HAYYHO-TEXHUYCCKOW W TATCHTHOMN
nHpopmanuu;

- HaBBIKAMU OCBOCHHS OOJIBIIOT0 00beMa HOBOI HH(pOpMAIHH;
- HaBBIKAMU CAMOCTOSITENIbHON paboThl B 1aboparopuu u HTEepHETE;

- HaBBIKaMH FpaMOTHOﬁ O6pa6OTKI/I PE3YyIbTATOB OIIbITA U COIIOCTABJICHUA C TCOPECTUYCCKUMU
JaHHBIMU.

TeMbI U pa3jeiibl Kypca:
1. ITpupoiono100HbIE SHEPTETUUECKUE TEXHOIOTHH.

OcHoBHble TOHATHUA U omnpezaeneHus. lloTeHIUaNbHBIE BO3MOXHOCTH HPUPOAONOI00HBIX
DHEPreTUYECKUX TEXHOJOTHH C YYETOM HMEIOIIMXCS PECYpCOB IS NPUPOJHON SHEPIrEeTHKHU.
OcHoBHbIE cHCTEMBI BO300OHOBISIEMON SHEPT€TUKH, KOHBEPTEHIIHS TEXHOJIOTMI U NCIIOJIb30BaHNE
BOJIOPOJHBIX U 3JEKTPOXMMHUUYECKUX TEXHOJIOTMH JJii BO30OHOBIIIEMOI 3HEpreTuku. Bompocsl
skosiornd. OCHOBHbIE HampaBiIeHUs HCCIEAOBaHUNA U pa3paborok B Mmupe u B Poccun,
NIEPCIIEKTUBBI PA3BUTHS JTaHHOTO HAIIPABJICHHUS.

[TonsaTuss HaHOTeXHOJIOTMI W HaHoMaTepuanoB. Knaccupukanuss HaHO0OBeKTOB. OCHOBHBIE
TEPMHHBI M ONIPEIEIECHHS B COOTBETCTBUM C MEXIYHApOAHBIMU CTaHJapTaMU. 3HA4YECHHE
HAHOTEXHOJIOTUI M MaTepHUaJIOB JUJIsl pa3BUTHSI IPUPOAOIIOI00HON SHEPTETUKH.

2. buorexHonorumu.

buoTrexHonorun u 3KOTEXHOJIOTUU U1 3AIIUTHI OKPYXKAKOIIEH CPEAbl U PallMOHAIBHOTO
MIPUPOAOIIOIB30BAHHUS.

buotexHosoruu n okpy:karomas cpeaa.

DKO ¥ OMOTEXHOJIOTHH KaK BaKHBIN CETMEHT TeXHOCc(epHOi 0€30MacHOCTH.

[{ukse! yriaeposaa u BiAUsiHUE OMOTEXHOJOTUI Ha HUX.

3. DHeprus coJIHLA U BETpA.



Oneprus conHna. CriocoObl HCHOIB30BAaHUS M MPEOOPa30BaHMs SHEPTHU COJIHIIA, COBPEMEHHBIC
¢dorobaTapen, HMX XapaKTEPUCTHUKH W MPUHIUNB UX (yHKIHOHMpoBaHUS. [Ipobiembl
AKKyMYJIMPOBAaHUS SHEPrUU CONHIA. VIHTEHCHBHOCTH COJHEYHOW pajualiid Ha TEPPUTOPUU
Poccuu B 3aBHCcHMOCTH OT BpeMeHH rofa. [lepcrieKTHBBI pa3BUTHS COTHEYHOH SHEPTETHKH.

Oueprusa Berpa. CrocoObl mpeobpa3oBaHus W aKKyMYyJIHpOBaaHUs SHepruu Berpa. OCHOBHbBIC
TUIIBI BETPOTE€HEPATOPOB, MX XapakTepucTUKHU. [IpolneMbl akKyMyIupOBaHUS SHEPTrUU BETpA.
HMHTEHCUBHOCTh BETPOBBIX MOTOKOB Ha TeppUTOpHH Poccuu B 3aBUCMMOCTH OT BPEMEHH rojia.
Bomnpoce! skonornyeckoii 6€30nacHOCTH.

4. AToMHas ¥ TepMOsIepHast SHEPreTHKa.

ATOMHas U TEpMOsIIEpHasi JHEPreTUKa U UX POJIb B COBPEMEHHOM MHpe. OCHOBHBIE IPOLIECCHI U
THUIIBI 3JIEKTPOCTAaHIMH. Bornpockl 6e301acHOCTH U NePCHIEKTUBBI Pa3BUTHUS

5. I'maposnepreruka.

['maposHepreTnka, TPWIMBHAS W BOJHOBasg »HHepretuka. llpuHIMNBI mpeoOpazoBaHus U
aKKyMyJIpoBaHus. ['mapopecypcsl 1 BOBMOKHOCTH IIPOU3BOJCTBA SHEPIUU C MCIOJIB30BAaHUEM
IIPWIMBHBIX WM BOJHOBBIX JIEKTPOCTaHIMKM Ha Tepputopun Poccnu. Borpocsl skomornueckon
0€30I1aCHOCTH U MEPCIEKTUBBI PA3BUTHUS STUX HAIpPaBIICHUI SHEPreTUKH.

6. [Ipon3BoCTBO M yTUIU3AIMS OMOMACCHI.

[TpousBoacTBO U yrunuzanus ounomaccsl. OCHOBHBIE IIPOLIECCHI U UX allllapaTypHOe 0QOpMIIEHHUE.
[ToTeHmanbHbie pecypcehl A MPOU3BOJICTBA OMOMAcCChI, BKJIOYas Boaopociu, B Poccuu u B
mupe. Bonpocs! skonorunyeckoit 6e30macHOCTH.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

IIporpammuble nHTEpPeiichl onepannoHHon cucrembl UNIX

Measb AMCHUNIMHBI:

- [oslyueHuHe O0a30BBIX 3HAHUM 00 OpraHu3aluu OINEpPallMOHHBIX CHCTEM, pa3/IeICHUU
00s3aHHOCTEH MeXIy anmapaTHbIM O0ecreueHHEeM U SIPOM  ONEpPAllMOHHOW CHCTEMBI.
PaccMoTpenue KOHIENIMI COBPEMEHHBIX OINEPALlMOHHBIX CUCTEM IPOM3BOJAUTCS Ha IpHUMEpe
ornepannoHHoil cucrtembl Unix. PaccmarpuBaroTcsi monb3oBaTtenbckuii uHTEpdeiic  Unix,
nporpamMupoBanue Ha s3pike Unix  Shell, ucnonp3oBaHne CHCTEMHBIX BBI30BOB IS
B3aMMOJEHMCTBYS C AAPOM B IIporpammax Ha sizbike CH.

3agauu AMCHUIINHBIL:

- M3YyYECHHE OCHOBHBIX KOHLIENIMWA M MPUHIMIOB MPOCKTUPOBAHMS OINEPALMOHHBIX CHUCTEM.
Paccmotpenune B3auMOACMCTBUS sipa ONEPAIMOHHON CHCTEMBI C ammapaTHBIM oOecredeHueM
COBPEMEHHBIX KOMITBIOTEPOB;

- paccMOTpEHHE pealu3allid OCHOBHBIX KoHIemnuuii coBpeMeHHbIXx OC Ha mpumepe Unix
(TOHSITHS TIPOIIeCC, TUTAHUPOBIIUK MPOIECCOB (haii u JIp.);

- 3HAKOMCTBO ¢ KOMaHJHOM 06010ukoil Unix Shell Ha ypoBHe mosb30BatTenst U NpOrpaMMHUCTA.
Boinonnenue nadoparopHbix padot no Hanucanuto Shell-ckpunTos. Beinonnenne nabopaTopHbIX
paboT Ha IPYTruX CKPUNTOBBIX S3bIKAX, B TOM uncie, sed u AWK;

- H3YYCHUC OCHOBHBIX CHUCTCMHBIX BBI3OBOB Unix. HpOFpaMMI/IPOBaHI/IC Ha sa3pike CH C
HUCITIOJIB30BaHHUECM CUCTEMHBIX BBI3OBOB.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00y4YeHHS MO JUCHHUILINHE (MOAYJIIO)

B pesynbrare oCBOCHUS AUCITUTUTMHBI 00YJarONTUeCs JOMKHBI

3HATh:

- ocHOBHbIE KOMITOHEeHTHI OC 00111ero Ha3HaYeHUs, HEOOXOJUMBbIe [T €€ (PYHKIIMOHUPOBAHUS;

- OCHOBHBIE KOMaH/bI, HeoOXonumble aisi yBepeHHOH pabotbl B Unix Shell Ha ypoBHe
I0JTb30BATEII;

- YIOpaBISIOLIME OIepaTopsl M ympasisgwoomue KoHCTpykiuu Unix Shell, HeoOxomumelie s
Hanucanus shell-ckpunTos.

yMeTh:



- pabotatr B komaHaHou oOosouke Unix Shell, mucate ckpuntel mias Unix Shell, mucats
nporpamMmsbl Ha si3bike CH ¢ HCTIOIb30BaHHEM CHCTeMHBIX BbI30BOB OC Unix.

BJIAJ1€Th:

- mpuéMaMHu MPOTPaMMHUPOBAHUS Ha CKPUNTOBBIX sA3bIkax Ha mpumepe Unix Shell, awk u sed.

Tembl U pa3aennbl Kypca:
1. Cuctemusie Be3oBel OC Unix, cucremHoe nporpammupoBanue Ha Cu B OC Unix.

Snpo oneparuonHoii cucreMbl. OCHOBHBIE KOMITOHEHTHI siipa. OTIHYNE CHCTEMHBIX BBI30BOB OT
00bruHbIX (yHKIMI. CHCTEMHBIC BBI30BBI open, creat, close. Komanma umask. CucreMHbIC
BBI30OBEI read u write.

Oransl )ku3HM TIporieccoB. [Iponeccri-3oMou. Cuctemuriq Bei3oB fork. KonupoBanue npu 3anmucy.
3aBepiienne mporecca. Exit m _exit. CucreMHBIC BBI30BBI Wait m waitpid. Makpocsl st
00paboTKu cTaTyca 3aBepiueHus mporecca. 3anaya fork.

dopmaT JBOMYHBIX BBINONHAEMbIX (aiinoB. Junamuueckue Oubmuoteku. Sbrk. Cucremubie
BBI30BHI JUIS 3arPy3KHU BBINONHAEMBIX (paiinoB. 3amaga echo hello.

CrangapTHble TIOTOKM BBOJa/BbIBoma. Cuctemuble BbI3oBBI dup u dup2. IlepenampaBiieHue
BBO/J1a/BbIBOJIA ¢ moMolisto dup2. 3amaya echo hello> file.

Opranmzanus pipe-oB u3 C. Curnan SIGPIPE. NmenoBannsie kaHansl. 3agada echo hello | cat.

O6pabotka curHanoB u3 sizpika C. [IpepriBanus u uckiodeHus. PeentepabenbHble (yHKIMU.
Hcnonp3oBaHue cTaHIapTHOM OnbnnoTeku B 00paboTunke curuana. 3agada timeout.

Yrenue ornasnenuit uz C. O6padotka Inodes [Iporpamma myls.

CI/IHXpOHI/BaI_II/II/I MpoLeCCoOB. Bzaumnuas 6J'IOKI/IpOBKa mponeccoB € NMOMOUIBIO flock. 3aﬂaqa
myshell.

BSD Coxketsl. Moaens knuent/cepsep. UNIX u Internet cokersl. IlocnenoBarenbHblil cepBep u
kiaueHT Ha UNIX cokerax. 3agauda «maii daitm.

ITporoxoinel. YpoBau nportokonoB. MAC anpec. ARP 3ampocsl. IP agpec. Mapmpyruzanus.
[Tpotokoner TCP u UDP. Komanna telnetCepsep nHa IP cokerax. HTTP nporokon. 3amaua
VYupouiennsiit http cepsep u ynporennsiii [E.

[Tpomec init.ITporteccer nemonsl. Hauanenas packpytka B BSD m System V. Syslog cepsep.
Kongurypanusi, BpamieHue j10roB. 3aj1aga «IpoTOKOI pabOTHI B cepBEpe»

Cymnepcepsep. Konduryparnus inetd. Getsockname u getpeername. 3agada KIueHT o inetd.

DNS. Jlomensl o01miero Ha3HaueHUs U reorpaduueckue 1oMeHbl. TepaTuBHbIE U PEKYPCHBHBIS
3ampocel. Komanna nslookup. Tumbl 3anuceit B 30ne. [Ipsmas u oOparHas 30HbI. OyHKINUU
gethostbyname u gethostbyaddr. 3amaua

[TapannensHsiii cepBep. O6padotka curnana SIGCHILD. 3anaua



System V IPC. Tunsr 06bexToB. KoManapl mpocMoTpa U ynaieHuss 00beKTOB. 3ajada KJIUEHT U
cepBep Ha o4epesiX COOOIIeHHH

Conporpammsl. [lotoku. [lomnepxkka mortokoB B sipe. bubmmoreka pthreads. Co3manue u
3aBeplieHre MOTOKOB. Mcnonp3oBanue o0mux nepeMeHHbx. CHHXpOHU3AIMs TOTOKOB. 3a/1a4a
«mapaJUIeIbHBIA CEpBEP HA TIOTOKAX).

Joctyn kx ¢aiyiaMm ¢ HCIOJIB30BaHHEM CHCTEMHOTrO Bbi30Ba mmap. OToOpakeHHWe NaMsTd Ha
ycTpoiictBo /dev/zero. Ucnonb3zoBanue tmpfs s opraHu3anuy OOIIETO OCTYyNMa K MaMSTH.
Hcnonb3oBanue ycrpoiicTBa /dev/mem niist oroOpaxeHus pu3ndeckoi nmamatu. KorepeHTHOCTh
namsata. POSIX cemadopsl. Hcnonb3oBanre MBOMYHBIX ceMadoOpoB IJisl JOCTyNa K OOUIIUM
nepeMeHHbIM. Mcnonbs3oBanue ceMadopoB JUIsl COBMECTHOTO JOCTyna K OydepHOMy Imyiy.
Jlea/utoKu TpU MCIIOJIb30BAHUH C JIBYX ceMa(OpOB.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeIOBAHUI

CHHXpOTpOHHLIe METOAbI HCCJICTOBAHUA CTPYKTYPHI U CBOMCTB BellecTBa

Measb AMCHUNIMHBI:

- OCBOCHHME CTYJCHTAMH IPUHIMIIOB TI'€HEpPAUUH M CBOMCTB CHHXPOTPOHHOTO H3IIYyYECHUS,
KOHCTPYKIIMOHHBIX OCOOCHHOCTEH SKCHEPUMEHTAIbHBIX CTAHIUM M OCHOB CHHXPOTPOHHBIX
METO/IOB CTPYKTYPHOH JMarHOCTHKH, O3HAaKOMJIEHHE ¢ mpumepamu npumenenuss CU nmms
penieHus GyHIaMEHTANbHBIX U MIPUKIAIHBIX 3a7a4.

3agauyd AUCHUILINHBI:

- (opmupoBaHue 0a30BbIX 3HAHUM O CBOMCTBAX CHUHXPOTPOHHOIO M3JIY4EHHMs, METOJAaX €ro
IIOJIy4€eHUs, TUMIax UCTOYHKOB CU;

- ¢opmupoBaHrue 0a30BBIX 3HAHUNW O METOJAX MPUMEHEHUS CHHXPOTPOHHOTO H3IIyYCHUS B
COBPEMEHHOM HayKe, ammapaTHBIX CIOCO0aX MX pealM3allid, MOJTY4aeMbIX C MOMOIIbI0 HUX
pe3ynbTaThl B MHTEpecax (PyHAAMEHTaJbHOW M MPUKIATHOW HAYKH, MEPCHEKTUBAX Pa3BUTHS
CHHXPOTPOHHBIX MCCIIEIOBAHUN U UCCIIEA0BATEIbCKON HHPpAcTpyKTyphl B Poccun u B mupe.

ITepedyenb miIaHMpPyeMbIX pe3yJIbTATOB 00Y4YeHHS MO JTUCHHUILINHE (MOAYJIIO)
B pe3ynbrare oCBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI
3HATh:

O (yH1laMeHTaJIbHbIE TOHATHS, 3aKOHBI, TEOPUU U (OPMYJIbI, ONHKCHIBAIOIINE IE€HEPALUIO
CUHXPOTPOHHOT'O U3I1y4YEHUS;

[] cBoOicTBa CHHXPOTPOHHOT'O U3JIyUYEHUS;
[] TmOpsIKY YMCIEHHBIX BEJIMYMH, XapaKTepHBIE /LISl TapaMeTPOB CUHXPOTPOHHOTO U3JIY4EHUS;
0 TIPUHITUIIBI pa0OTHI COBPEMEHHBIX HCTOYHHUKOB CHHXPOTPOHHOTO U3ITYUCHUS;

] OCHOBHBIC  MCTOJbI INMPUMCHCHHA CHUHXPOTPOHHOI'O H3JIYUCHHA JId HU3YUYCHUA CBOMCTB
BCIIECTBA U CTPYKTYPHBIC XapaKTCPUCTUKHU, KOTOPBIC MOT'YT OBITE OMpEacCIICHBI C MOMOMIBIO 3TUX
MCTOI0B.

yMeTh:

O paccuuThIBATh MapaMeTpbl CUXPOTPOHHOTO M3JTy4eHUsl, IPUMEHATh (PrU3HUecKue TEOpUU
K OIMCAaHUIO XapaKTEPUCTUK CUHXPOTPOHHOT'O U3IIy4EHHUS,;



0 MPUMEHSTh CUHXPOTPOHHBIE METOAMKH JI U3BJICUEHHUS HE0OX0auMo MHOpMAIUK O
CTPYKTYypE UCCIIEyeMOT0 O0BEKTa;

O 3¢ HEKTUBHO UCIIONIB30BATh COBPEMEHHbIE HH(POPMALIMOHHBIE TEXHOJIOTHH U PECYPCHI IS
NOJYyYeHUsT HEOOXOJMMBIX 3HAHMH IO MHTEpECylIeil HaydyHOW mpobiemMe B paMKax
CUHXPOTPOHHBIX UCCIICIOBAHUMN.

BJIa/1eTh:

O CIELMAIbHOM TEPMUHOJIOTHEN B 00JIACTH CUHXPOTPOHHOT'O U3JIyYEHUS;

0 METOJMKAMHU ITOCTPOCHMS MOZEIIEH K OIIMCAHUIO CBOMCTB CUHXPOTPOHHOI'O U3JIy4CHHUS;

O OCHOBHBIMH METO/IaMU MPHUMEHEHUsS] CHHXPOTPOHHOTO M3IY4YEeHHUsI U 00pabOTKU JaHHBIX,

IMOJIYYCHHBIX B PE3YIbTATC CUHXPOTPOHHOI'O SKCIIEPHUMEHTA.

TeMbI U pa3jeiibl Kypca:

1. Beenenwue. Ilpuponma cunxporpoHHoro wuznydeHus. Bunabl uctounukoB CHU. OcHoBHbIE
HarpaBieHus npumenenus CU

HcTOuyHUKH pEHTI€HOBCKOT0 U3ilyueHus. M3iyduenne NBUxKyIerocs 3apsaaa. Y CKOpUTEIN YacTHULL.
[TonsiTve aMUTTaHCA 3JEKTPOHHOTO Iyuka. CHHXpOTPOHHOE U3ityueHue. [IokoneHust uCTOUHMKOB
CH. Mupossie uctounuku CH. Jlazepsl Ha cBOOOAHBIX 31ekTpoHaX. OCHOBHBIE HAIpaBJICHUS
npumeHenus CU.

2. B3aumojeiicTBuE CHHXPOTPOHHOT'O U3JIy4Y€HUS C BEIIECTBOM.

Cnektp CU. Teopernueckue ocHoBbI B3auMozeiictBuss CU ¢ BemectBoM. Bunbl B3aumoaeictus
CH c BemectBoM. ['pynmbl MeTo10B, ocHOBaHHBIX Ha mpuMeHeHnn CU. Hccrnenyembie 00bEKTHI.
CtpyKTypHBIE TapaMeTpPhl, U3BJIEKAaEMbIE C HcToab30BaHueM CH.

3. KOHCTPYKI_II/IH N OCHOBHBIC 3JIEMCHTBI CUHXPOTPOHHBIX 3KCIICPUMCHTAJIbHBIX CTaHIUH.

KOHCTPYKI_II/IH BKCHepHMCHTaHBHOﬁ CTaHIIMH. CTaHI[apTHBIe OIITHYCCKHEC 9JICMCHTBI
CUHXPOTPOHHBIX CTaHI_II/II\/'I. PaCHPOCTpaHéHHHe OIITUYCCKHUC CXCMBbI. Cucremsbl
MO3UIMOHUPOBAHUSA U YIIPABJIICHUS JIBUKCHHUECM. ILCTCKTI/IpyIOHII/Ie CHCTCMBI.

4. CunxpotpoHHass JudpPAKTOMETpPUS JUIsl HCCIENOBAHUS OCOOCHHOCTEH  CTPYKTYpBI
MOHOKPHUCTAJLJIOB.

3amaun BhICOKOpa3pelaromieil CMHHXPOTPOHHOH audpakToMeTpuu. BeIOOp onTHYECKON CXEMBI.
Hucnepcusi ontudeckoil cxembl. CTpyKTypHBIH (akTop. BrnusHME pa3nuyHBIX CTPYKTYPHBIX
UCKa)XEeHUN Ha (opMy KpHBOH AU(GPAKIMOHHOTO OTpa)keHUs - JaedopMaliusi, HECOOTBETCTBHE
pEIIETOK, OJIMH U JBa 3MHUTAKCHAJIBHBIX CJIOS HA KPUCTAJUIMUECKON IOJUIOXKKE, IEPUOANYECKAs
cBepxperierka. OnpeneneHue CTpyKTypHBIX TapaMeTpPOB.

5. PeHTreHoBCKas CIICKTPOCKOIIHUS MMOTJIOMICHUA U OMUCCUOHHASA CIICKTPOCKOIIHS.

OHepreTu4ecKue YpoBHHU NIEKTPOHOB U NEPEX0Abl Mex Ay HUMH. IIpoueccel MOTJIOLIEHUS
(OTOHOB M MX W3ITYYEHUs aTOMHBIMU cUcTeMaMH. MexanuszM (opMupoBaHusi GOpMBbI CHEKTpa
NOIJIOUIEHUS.  DKCIIEPUMEHTaJbHblE METOAMKHM. IIpakTHueckoe nNpUMEHEHHE METOJI0B
CHEKTPOCKOIUH MOTJIOMICHHUS.



6. @OTO3IEKTPOHHAS CLIEKTPOCKOIIUSI.

DJIeKTpOHHAsA CTPYKTypa MaTepuajioB: OT Mojenu bopa k 30HHOU cTpykType. DPuszmueckue
OCHOBBI (DOTOIJIEKTPOHHOU CHEKTPOCKOMUHU. DIIEKTPOHHAS CHEKTPOCKOMUS ISl XUMHYECKOTO
aHamm3a ©  (POTOINEKTPOHHAS CIEKTPOCKONMHUS C YIJIOBBIM pazpemeHueM. I[IpubopHo-
IKCIIepUMEHTaIbHas 6a3a. O0IacTH MPUMEHEHUS U PUMEPHI PE3YJIbTAaTOB.

7. CUHXpOTpOHHAs BU3yaJld3allusl.

[Tornomenne pPEHTTEHOBCKOTO H3JIyuyeHHUs. ODHEpPreTHueckass 3aBUCUMOCTh Kod(dduuumeHra
nornomenus. Ilokasarens npenomiieHUs. OKCIEPUMEHTAIbHBIE CXEMbl BU3YyalU3allul C
abcopOumoHHBIM U (pa3oBBIM KOHTpacToM. Tomorpadus, cmocoObl TOMOrpaduyecKkoro
BoccTaHoBJeHus. [IporpamMmel it paboTel ¢ n3o0paxenusmu. Obxactu npumenenus. [Ipumeps
HUCCIIEIOBAHUMN.

8. PentrenoBckas Tonorpadus 1 BU3yaau3amus 1eQeKToB.
JleheKxThl KpUCTaIITNUECKON CTPYKTYyphl. KnHemaTndeckas 1 AuHaMUYecKas TUPPaKIHsL.

O ekt anomanpHOrO Npornyckanus. Buael koHTpacrta B ronorpaguu. Cxemsl Tonorpaduyeckoi
cbeMKHU. [IpenmMyIecTBa CHHXpPOTPOHHOTO M3IydeHus B Tonorpaduu. Tonorpadus ¢ yrioBoi
pa3BEPTKOM.

9. PeHTreHOCTpYKTYpHBI aHANKU3 U OeJIKOBasi KpucTauiorpadusi.

OcHOBBI M€TOJ1a PEHTI€HOCTPYKTYPHOI'O aHAJIU3a KpUcTauioB. CTpyKTypa O€lIKOBOW MOJIEKYJIBIL.
[Tonydyenune kpuctayuia Oenka, OT I'e€Ha J0 BbIPAIMBAHUS KPUCTAUIA. DKCIEPUMEHTAIbHOE
oOopynoBanue. Panuanmonnoe mnoBpexzaeHue. das3oBas mpobieMa W METOJbl €€ pPELICHHUs.
YTouHeHue MOJENN CTPYKTYpHL. SIpKue pe3ybTaThl, HOBIUSABIINE HA BECH MUP.

10. TTopouikoBasi peHTreHOBCKast u(paKTOMETPHSI.
Teopetnueckne 0CHOBBI MeTOAA. Paznmnunst METOI0B OPOIIKA U MOHOKPHUCTAJLIA.

VYcnosust Jlays, 3akoH bparra-Bynbda, chepa DOBanpaa. OcHOBHBIE 3ajlaud MOPOIIKOBOM
mudpakuuu. CTpyKTypHbI M ¢a3oBblii aHanmu3. [IpuHnMnManbHas cxemMa CHHXPOTPOHHOU
CTaHLUU JUI NOPOIIKOBOM qudpakiun (Ha npumepe craniuu PCA). I[TopomikoBblil SKkcepuMeHT
Ha CHHXpPOTPOHE — OCOOEHHOCTH, OTJIMYMS OT JAaObOpaTOPHBIX HMCTOUYHUKOB. AHAIU3
TU(QPAaKUMOHHBIX ~ KapTuH, moiuydaemas  uHpopmamus.  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 Purdenvaa. Ananu3 nonHonpoduibHoil gyHkunu. CTpyKTYpHBIH (dakTop,
daktopa Jlebas-Bamnepa. [lopomkoBast qudpakiusi ¢ TOMOIIBI0 PEHTICHOBCKOTO M3JIYYCHUS U
HEUTPOHOB, CXOJCTBA U pa3inuuusd. lccienyemble Marepualbl, pellaeMbl 3aladyd, sSpKue
pE3yJIBTaTHI.

11. ManoyrioBoe paccesiHue.

Teopust manoyrioBoro paccessHusi — bopHoBCkoe MpUOIMKEHUE, BEKTOP paccesiHus, NpsIMoe U
o0paTHOE MPOCTPAHCTBO, PAJANYC HHEPLHMH U ero pU3ndeckuil cMbIci, QYyHKIUS pacipeesieHus
[0 PAacCTOSHUSIM, MOJEIMPOBAHUE CTPYKTYphl MOHOJUCHEPCHBIX CHCTEM U HHTEpIpeTanus
pe3ynbraToB. CxeMa MajloyIrJIOBOTO SKCIIEPUMEHTA - OCHOBHBIE 3JIEMEHThI U OCOOEHHOCTH
YCTaHOBKH, MOHOXpOMAaTH3alus U (POKYCUPOBKA U3IYUEHHsI, KOJTTUMAIIHS TyYKa, BO3MOXHOCTH
MOJICPHH3AIINHN IKCIIEPUMEHTATBLHOM 0a3bl. OOBEKTHI HCCIICIOBAHUS U UX OCOOCHHOCTH, BIUSHUE



paauaIMOHHBIX TIOBPEKJIEHUN Ha Ouonormdeckne oOBeKThl. HekoTopble mpumepbl paboT Ha
ucrounnkax CH.

12. MeTo1bI MCCIIeTIOBaHUSI TIOBEPXHOCTEH 1 MHTEP(DEHCOB.

OcHOBHBIE TEOpPETUYECKHE MOAXOAbl K XapaKTepHu3ally MoBepxHocTel u unrepdeiicos. Meton
peduiekToMeTpun. Meton nudpakinuy B CKOJIb3SIIEH reoMeTprl. MeTo ] CTOSYUX PEHTI€HOBCKHUX
BOJH. McciienoBaHus Ha IOBEPXHOCTU KUAKOCTU. IlapameTpbl, M3BIIEKaeMple C MOMOIIBIO
CUHXpPOTpOHHOTO u3nydeHusi. lccnegoBarenbckas uH(pacTpykTypa Uis HCCIeIOBaHUMN
noBepxHocTed u uHTepdeiico. [Ipumeps! nccienoBaHUi.

13. PentrenodnyopeceHTHBIN aHalu3 U (pa30qyBCTBUTEIIBHBIC METOIBI.

PentrenodnyopecuentHsiii ananus. Hccnenyembie oOpasubl 1 o0nacTh npumeHeHus. OCHOBBI
Teopuu: PoTrodPPeKT, XapaKTepUCTUUECKUNA PEHTTCHOBCKUN CIEKTP aToma, KadyeCTBEHHbIH U
KOJIMYECTBEHHBIA SJEMEHTHBIM aHanmu3. OKCHepuMEeHTanbHas cxema. llpumepsl sApKUX
pe3ynbraToB.Da3ouyBcTBUTEIbHBIE METO bl Pa30Bast MpobdieMa PeHTT€HOBCKUX UCCIIEIOBAHMIA.
MeTo/ cTOSYMX PEHTIC€HOBCKHX BOJIH B O0JIACTH MOJHOTO BHEUIHETO OTPAXKEHUS M B YCIOBHUSAX
OparroBckoil audpakuuu. Mccnenyempie o0pasibl U 0o6snacts npuMeHeHus. OCHOBBI TEOPUH U
JKCIIEpUMEHTajIbHas cxeMma. [IpumMepsl spkux pe3ysbTaToB. MeTo1 MHOTOBOJIHOBOM AU(PAKIINU.
Hccnenyemble 00pasnbl 1 00s1acTh MpuMeHeHnss. OCHOBBI TEOPUH U AKCIIEPUMEHTAIbHAS CXeMa.
[Tpumeps! ApKUX pe3yIbTATOB.

14. CoBpeMeHHBIE [TOAXO0/IbI K BpEMSpa3pEILAIOLIUM UCCIEA0BAHUSM.

AKTYalnbHOCTh PEHTTEHOBCKUX HCCIIEOBAaHUN C BpEMEHHBIM paspelieHrueM. PasHbie BpeMeHHbIe
MacImiTadbl — pasIUYHbIE MPUMEHHUMbIE METOJBI. Oco0eHHOCTH  BpeMspa3peIIalonnux
TU(GPAKIUOHHBIX, CIEKTPOCKONMUYECKUX U  (ayopecueHTHhIX u3MepeHuil. [lomxomer K
WCCJICIOBAHUIO MEJUICHHBIX MporeccoB. [1oaxombl K HCCIEAOBAHUIO OBICTPHIX TIPOICCCOB.
[Togxoasl Kk wuccienoBaHuiO CBEpXOBICTPBIX mporeccoB (Pump-probe, JICD). Ocobennoctu
pealu3auuy  BPEMSAPA3PEIIAIINX  METOJ0B, MPUMEPbl IKCHEPUMEHTAIBHBIX  CTaHIMI
(crienManbHbIE ONITUYECKUE DJIEMEHTHI, ClIeUaIbHbIE AETEKTOPHI U T.1). [IpuMepsl mpoBeaeHHBIX
HCCIIEIOBAHU M.

15. KorepeHTHOCTh CHHXPOTPOHHOTO U3J1yYEHUSI U KOTEPEHTHBIE METO/IBI.

[TonsiTe KorrepeHTHOCTH M3MydeHMs. [lonHas u yacTMYHAs KOrepeHTHOCTh. KorepeHTHOCTh U
CIIEKTpajbHas SAPKOCTh HCTOYHMKA CHHXPOTPOHHOTO W3y4yeHUs. JUIMHBI TPOJOJBHONW U
MOTIEPEYHON KOTE€PEHTHOCTH. ABTOKOPPENSLMOHHbIE (YHKIIMM MEPBOIO M BTOPOrO MOPSAJIKA.
Crnexubl. YIJIOBOM pa3Mep CIEKJIOB M CTaTUCTHMKA MHTEHCUBHOCTH CIIEKJIOB. PeHTreHoBcKas
doToH-KOppenALoHHas — cnekTpockonus. KorepeHTHas nudpakuvoHHass BHU3yalu3alus.
[TTuxorpadus. I[Ipumepsl HayYHBIX PE3yJIbTaTOB KOT€PEHTHBIX METOJIOB.

16. IlepciekTHBBI pa3BUTHS CUHXPOTPOHHBIX HccaenoBaHuil B Poccun u B mupe.

[TepcnekTHBBI Pa3BUTHS SKCIEPUMEHTAIBHON HHPPACTPYKTYPHI CHHXPOTPOHHBIX M HEHTPOHHBIX
uccienoBanuil. OCHOBHBIE TPEH/IbI PA3BUTHS CUHXPOTPOHHBIX U HEUTPOHHBIX MCCIEAOBAHUHN B
mupe. IlepcnexktuBbl pa3Butusa nanamadra megascience. denepalibHas HayYHO-TEXHHUYECKas
porpaMMa pa3BUTHUSL CUHXPOTPOHHBIX M HEUTPOHHBIX HCCIEIOBAaHUM M MHPPACTPYKTyphl Ha

2019-2027 roasl.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

HaﬂpaBJ’[eHHOCTL: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCIe0BaAHUM

CraTtucruyeckas ¢pusnka

Measb AMCHUNIMHBI:

- MO3HAKOMUTH CTYACHTOB C 3aKOHOMEPHOCTSIMU, UMEIOIIMMUCS B MAKPOCKOITUYECKUX CUCTEMAX
¢ OOJIBIITUM YHUCJIOM YACTHII, KaK KJIIACCUYECKHX, TaK U KBAHTOBBIX, & TAK)XKE C METOJIaMH, KOTOPHIS
MPUMEHSIOTCS B CTAaTHCTHYECKOW (DU3WKE JUIsl OMMCAaHUSI CBOWCTB Takux cucreM. IIpu stom
CUCTEMBI U3 OOJIBIIIOTO YKCIIA YaCTHII OYIYT pacCMAaTPUBATHCS, TJIABHBIM 00pa3oM, B COCTOSTHUU
CTaTHCTUYECKOro paBHoOBecusa. HeOosblias yacth Kypca OyneT MOCBSLIEHA M3YYEHUIO OCHOB
HEPAaBHOBECHOM CTaTUCTUYECKONH MEXaHUKH.

3agauu AMCHUIINHBIL:

- HAY4YUTb CTYACHTOB, UCXOAS U3 MI/IKPOCKOHI/I‘-IGCKOI\/JI MOACIIN CTPOCHUA BCIICCTBA, IMOJIb3YACH
METOJaMH CTaTUCTUYCCKON (1)I/I3I/IKI/I, pacCuUUThIBATh CBOMCTBaA MAaKpPOCKOIMUYCCKHUX CUCTCM, TAKHC
KaK YpaBHCHHC COCTOAHUSA, TCINIOEMKOCTb, MArHUTHAA U JUBJICKTPUUCCKHUEC BOCIIPUUMYNBOCTHU U

JIpyTHe.

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

- OCHOBHBEIC paCHpCHeHCHI/IH B CT&TI/ICTI/I‘IGCKOﬁ TepMOZ[I/IHaMI/IKeKJ'IaCCI/I‘-ICCKI/IX N KBAHTOBBIX
CUCTEM, COJCpXAIIUX OOJBIIOE YHCIIO YACTHIl: MHKPOKAHOHUYECKOE pacrpeselieHue,
KaHOHMYEeCKoe pacnpenenenne ['m60ca ¢ MOCTOSHHBIM YHCIIOM YacTHUIl U pacnpeneneHue ['md0ca
C HepeMeHHBIM YHUCJIOM YacCTull, a TaKXeE YCJ'IOBI/ISI, HpI/I KOTOpLIX peaJ'II/I?)y}OTCﬂ JTAHHBIC
pacrpeeneHus;

- CTaTUCTUYECKUE OIPEACICHUS DSHTPOIUU I MHMKPOKAHOHMYECKOTO M KaHOHHYECKOIO
pacrpeeneHui;

- OCHOBHBIC TCPMOANHAMHWYCCKUC HCPABCHCTBA,

- OIIpPCACIICHUA XUMHUYCCKOr'o IOTCHHOHAJTIA B CHUCTEMAX C NCPEMCHHBIM YHUCIIOM YaCTUIl IJIA
Pa3IUYHBIX TCPMOAUHAMHUYCCKUX IMOTCHIIUAIIOB,

- KpUTEPHUH BBIPOXKACHUS U HI€aIbHOCTH (hepMU-Ta3a,
- OCHOBHBIE OCOOCHHOCTH SIBJICHUS 003€-KOHICHCALIMH B UealIbHOMOO03e-Ta3e;

- YCIIOBUSI, TIPH KOTOPBIX epMH- U 003€-CTATUCTUKH MIEPEXOIIT B OOJIBIIMAHOBCKYIO CTATHCTHKY;



- CHMMETPHIHBIE CBOMCTBA BOJHOBBIX (DYHKIIMIA CHCTEM TOXIECTBCHHBIX YaCTHII, OTIMCHIBAEMBIX
dbepmu- u 003e-CTaTUCTUKAMU;

- 0COOEHHOCTH moJaxoaa K OIMMCaHuro CBOMCTB KBaHTOBBIX CHCTEM B3aUMOJCCTBYIOIINX HaCTHUI] C
IIOMOIIBIO A3BIKA KBA3HMYAaCTHII,

- 00Iue mpeacTaBIeHUs 0 MUKPOCKOIIMYECKOM Teopuu cBepxmpoBoaumocTrbapauna-Kymepa-
Mpuddepa;

- OCHOBHbBIE TIOJOXKEHUs Teopuu (azoBeix mnepexonoB llpoma Jlammay ©Ha mnpumepe
(heHOMEHOIOrHYeCcKOl Teopuu cBepxnpoBoanMoctu I'un3dypra-Jlannay;

- 0o0lIue MpeiCcTaBlieHUs O CTAalMOHApHOM M HecTauuoHapHoM 3(ddexrax/[xo3edcoHa u ux
NPUMEHEHHH ISl CO3JJaHUs CBEPXIPOBOISAIINX KBAHTOBBIX HHTEP(HEPOMETPOB;

- 0COOCHHOCTU noaxoJa K OIMCAaHHUIKO HCPABHOBCCHBIX MPOHCCCOB C MOMOMIBIO KMHCTHYCCKOI'O
YpaBHCHHA bonpuMana u YpaBHCHUA KUHECTUYCCKOT'O banaHca Hame.

yMeThb:

- HaxoAuTb CPCAHHEC 3HAUYCHUA (1)I/I3I/I‘I€CKI/IX HU3MCPACMBIX BCJIMYUH C IIOMOIIBIO (bYHKIlI/II/I
pacrpeaciiCHiA B KJIACCHYECKOI CTaTHUCTHUKE U C IMOMOIIBIO MaTpHIbI IMJIIOTHOCTU B KBaHTOBOM
CTaTUCTHUKCE,

- BBIYUCIIATH CTATUCTUYECKUE CYMMBI I UACAIbHOIO OJHOATOMHOIO ra3a, ra3a JByXaTOMHBIX
MOJIEKYJI, HACaTbHBIX KBAHTOBBIX (hepMHu- 1 003€-Ta30B;

- HaxXOJuTh TEMIIEPATYpPHYIO 3aBUCHMOCTb KOJeOaTeIbHOW U BpaLIaTEIbHOM TEIIOEMKOCTEH
JIByXaTOMHOT'O Ta3a MOJIEKYJI, COCTOAIIMX KaK U3 Pa3HbIX, TAK U U3 OJIMHAKOBBIX aTOMOB;

- BBIBOAUTH TCPMOJUHAMHUYCCKUE COOTHOIICHHUA MJIA IBYXYPOBHCBBLIX CUCTCM,

- BBIYUCIATH (DIYKTyaluu (PU3MUYECKUX H3MEPSEMBIX BEJIWYHH B TEPMOJAWHAMHUYECKOW TEOPUHU
baykTyanmii;

- HaxoAWThb BBIpAXEHUsS Ui CBOOOJHOM SHEPruu, XUMHYECKOro IOTEHIMala, SHEpruu,
TEIIOEMKOCTH, YPaBHEHHUS COCTOSIHMS HMJI€AIBHOTO KJIACCHYECKOTO OOJBIIMAHOBCKOIO rasza U
U7ealbHbIX KBAaHTOBBIX (hepMU- U 003€-Ta30B;

- HaXOAUThb TCMIICPATYPHYIO 3aBUCUMOCTb HAMAIrHUYCHHOCTHU U MarHUTHOM BOCIIPUUMYNBOCTU
KJAaCCHYECKOT0 HICATLHOTO ra3a MarHUTHBIX JUMOJEH M KBAaHTOBOI'O rasa aTOMOB, HMCHOIIKUX
Op6HT8.J'ILHHfI 1 CIIMHOBBIN MOMCHTHI,

- BBIYHCIIATH MAPAMATHUTHYIO U JIMAMAarHUTHYI BOCIPUHUMYHBOCTU HIICATHLHOTO 3JIEKTPOHHOTO
bepmu-rasa;

- HaXOJUTh TEMIIEPATYPHYIO 3aBUCHMOCTh HAMAarHMYE€HHOCTH U MATrHUTHOW BOCHPHUMYUBOCTH
dbeppoMarneTuka B Mojienu M3uHra B MpuOIMKEHUH METOIa CAaMOCOTJIACOBAHHOTO TTOJIS;

- HAXOJUTh TEMIIEPATYPHYIO 3aBHUCHUMOCTH KOJeOaTeIbHOW TEIIOEMKOCTH KPHCTAJUITMYECKOM
pewetku B Mosienu Jlebas;

- ONUCHIBaTh TEPMOJUHAMUYECKHE CBOWCTBA CBEPXIPOBOJAIIEIO COCTOSHHUS B MOJEIH
I'un30ypra-Jlannay;



- HaxOQUTh BEJIWYHHBl TEPMOJMHAMUYECKOTO KPUTHYECKOTO MArHUTHOTO MO  JUIS
CBEPXIIPOBOJHUKOB | po/ia ¥ BEIMYMHBI HUKHETO M BEPXHETO KPUTUUYECKUX MAarHUTHBIX MOJIEH B
cBepxnpoBoHukax Il pona;

- BBIYHUCIATH BL]-IpUOMIDKEHNH KUHETHYeCKHe KO3()(UIMEHTHI BBIPOKACHHOTO 3JIEKTPOHHOTO
rasa B MeTaJule;

- pewmaThb ypaBHEHHE KUHeTHueckoro Oamanca Ilaynmu ans ABYyXypOBHEBOM U n-ypOBHEBOM
CHUCTEMBI.

BJIAJ€Th:

- OCHOBHBIMH METOJIaMH CTaTUCTUUYECKOU (pr3uku — MeToaoM aHcambOmel [ mb0oca;
- METOJIOM BBIUMCJICHUS CPETHUX BEIIMYMH C TIOMOIIBI0 MATPHUIIBI TUIOTHOCTH;

- METOJIOM BTOPUYHOTO KBAaHTOBAHUS;

- MetonoM (pyaknmoHana I'mu3Oypra-Jlanmgay nns (GeHOMEHOJIOTHYECKOTO OMUCAHUST (a30BBIX
NePEeX0I0B BTOPOTO poJia Ha MIPUMEPE CBEPXIPOBO/IAIIETO MIEPEX0/1a;

- MCTOJOM CaMOCOTJIaCOBAHHOTO IT0JIA JJIsI CUCTEM B33HMO[[€IZCTBYIOHIHX qaCTHIl,

- HpOCTGI\/JIIHI/IMI/I MCTOdaMH OIIMCAaHUs HCPABHOBCCHBIX SIBIICHHH C IIOMOIIBKO KHMHCTHYCCKOI'O
YpaBHCHHUA BOJ'IBI_IMaHa " YpaBHCHHS KUHCTUYCCKOTO banaHca Hame.

TeMbl U pa3jeiibl Kypca:
1. UneanbHble ra3bl.

WNneanbHblii onHOaTOMHBIN Ta3. Pacnpenenenue Makcsemna—bonsimana. TepMoguHaMuiecKkue
CBOMCTBA JIBYXypPOBHEBBIX CUCTEM. BHyTpeHHHE cTeneHr CBOOO bl aTOMOB ¥ MOJIEKYJI.

BpamarensHas u kosebarenpHas TEIUIOEMKOCTh ra3a W3 JBYXaTOMHBIX MoOJeKkys. Brushue
CIIMHOB sI/Iep Ha TEeMIEepaTypHYIO 3aBUCUMOCTb TEIUIOEMKOCTH OPTO- M IMapaBoJOpOja. 3aKOH
paBHOpACIPEEIICHNUS.

Bonbmioit craructuueckuit ancam6nb ais pepmu- u 0o3ze-raza. Pacnpenenenne @epmu—/Iupaka
u boze-Ditnmreitna. [lepexon k pacnipenenennio bonbiimana.

CuMMeTpHs BOTHOBBIX (DYHKIIMI CUCTEM, COCTOSIINX U3 OOJBIIOr0 KOJIMYECTBA TOXKIECTBEHHBIX
yacTull. MeTo BTOPHYHOTO KBaHTOBaHMsI. BRIpOXKICHHBIN HeanbHbIN (epMu-ra3. XUMHUUECKUN
MOTEHIMAN, MIOTHOCTh COCTOSIHUM Ha MOBEPXHOCTH DepMH, TEIIOEMKOCTh 3JIEKTPOHOB B
MeTallie. Y paBHEHUE COCTOSIHUS, CIIydall HU3KUX TEMIEPATyp, BBICOKUX IIIOTHOCTENW M BBICOKHX
TeMneparyp, Majiblx wioTHocTel. [lapamaruerusm [laynu u nnamarsernsm Jlangay.

Konnencauust boze-DitHmreitHa. XUMHUYECKHII TOTEHIMAN, TEIUIOEMKOCTh W YpaBHEHUE
COCTOSTHHS UcalIbHOTO 003e-Ta3za. ®OoHOHBI U Mojienh Jlebas.

2. HenneanpHbIe KBAHTOBEIE Ta3bl.



['mnotesa kBa3uyacTuil. DJIEMEHTapHbIC BO30YKICHHS B HaeaabHOM (pepmu-raze. HemaeanbHbIi
depMmu-ra3 co cnabbIM 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 TEPMOAMHAMUYECKOE KPUTHUYECKOE Ioyie B (DEHOMEHOJIOTHYECKOH TeopHH
cBepxnpoBoaumoctu I ua3dypra—Jlangay. [lapamerp nopsiaka, GurykTyanuu napameTpa nopsiika.
OrpannyeHus Ha TPUMEHHUMOCTh Teopuu ¢a3oBbix nepexonoB Il poxa Jlangay. KBantoBanue
MarHMTHOIO MOTOKa B cBepxmnpoBoaHukax. CeepxnpoBoguuku I u Il poga. CraumonapHslil u
HecTalMoHapHbIi 3pdexTs! [xo3edcona. CBepXnpoBoIsIINe KBAaHTOBbIE HHTEP(HEPOMETPBHI.

3. OCHOBBI KHUHETUYECKON TEOPHUH.

Kuneruka OombiMaHOBCKOro rasa. @DyHKHMS  paclpelelceHus. YpaBHEHUE MEpeHoca
Bonbumana u o6nacts ero npumernMoctu. H-teopema bonbiimana, mapanokcs "odpatumoct" u
"Bo3Bpara". YpaBHeHue bonbimana B [I-pubamkeHun 1 6e3 ydera CTOJIKHOBEHUH. YpaBHEHUE
BrnacoBa—Jlannay. Kunernueckue ko3 duuuents: Mmerania.

(DEeHOMEHOJIOTHYECKOE ~ ONMCAaHUE HEPaBHOBECHBIX  IpoueccoB. [IpuHumunm cummerpuu
KrHeTHYeCKuX KodduumentoB OHcarepa. Y paBHeHUE KHHETHYECKOTO Oananca [laymm.

4. OCHOBBI CTATUCTUUECKON TEPMOJANHAMUKH.

BeposiTHOCTHOE OnmMcaHue TUHAMUYECKOIO COCTOSIHUS CHUCTEM, COAEpXKAIIUX OOJbIIOE YUCIIO
yactull. Meton ancamOnei. DyHKIUs pacnpeiesieHuss U pPaBHOBECHAs MaTpHIla TUIOTHOCTH.
MukpokaHoHuueckoe pacnpenesnenue. CTaTUCTHUECKOE OIpeAeeHUue SHTponuu. BriBon
TEPMOJIMHAMUYECKUX COOTHOIIEHU B MUKPOKAHOHUYECKOM PacCIpeesICHHUH.

Kanonmuueckoe pacnpenenenue ['n66ca. Cratuctudeckas cymMMma. BprdmcieHHE OCHOBHBIX
TEPMOJMHAMHYECKUX BETUYHMH, TEPMOJUHAMUYECKHE TMOTeHIHa bl. DIyKkTyaluu O>HEPruu B
KaHOHUYECKOM paclpefeieHud. OKBHBAJIEHTHOCTh KAHOHHYECKOTO M MHUKPOKaHOHHYECKOTO
aHcaMOJIei.

CucreMbl ¢ MEPEMEHHBIM YHCIIOM YacTHIll, OOJIbIIOW KaHOHMYECKUH aHcamOib. DiaykTyauuu
YyHhClla YacTULl, JKBHUBAJEHTHOCTh OOJBIIOrO KaHOHMYECKOro aHCamOiIs M KaHOHHYECKOTO
ancam0iis1. TepMoarHaMuUeckre HepaBeHCTBa. TepMoAnHaMUUecKas Teopust QIIyKTyaruil.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTHKA U (PU3UKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Teopus BeposiTHOCTEH

Measb AMCHUNIMHBI:

- UI3Yy4YCHUC MCTOAOB TCOPHUU BCpOSITHOCTGfI 1 MaTeMaTHYECKOM CTATUCTHKHU U UX HpI/IMeHeHI/If/’I JJIs
O6pa6OTKI/I OKCIICPUMCHTAJIBHBIX JAaHHBIX U CTATUCTHUYCCKOI0O MOJACINPOBAHM.

3agayu IUCHUILINHBI:

- 3HAKOMCTBO C aKCMOMAaTHKOM KoJIMOropoBa ¥ OCHOBHBIMM IOHATHUAMH TEOPUH BEPOSTHOCTEM:
COOBITUSI COBMECTHBIE U HECOBMECTHBIC, 3aBUCHMbIE U HE3aBUCHMBbIE, CXOIAUMOCTbH I10
pacIpeneiIeHNIO, 110 BEPOSITHOCTH, ITIOYTH HABEPHOE, IOBEPUTEIIBHBIE BEPOSTHOCTH U UHTEPBAJIBI,
CTaTUCTHYECKUE OUIMOKM MEPBOrO W BTOPOTO Poja, (HYHKIMH MPaBAONOA0OHS ¥ HH(POpMAIUI
®duiepa, CBONCTBA MAPKOBOCTH U IPrOJIUYHOCTH;

- M3y4YCHHE CBOWCTB OCHOBHBIX PACHpPEEICHUN, UCIOJIB3YEMBIX B TEOPUU BEPOSATHOCTEH H
MaTeMaTHUYeCKOM CTaTUCTHKE, X XapaKkTepucTuueckux ¢GyHkiui (teopema boxnepa-XuHunHa) u
MOMEHTOB (Teopema bepHuITeliHa), NpeAerabHbIX TEOpeM [uId ClydyallHbIX BBIOOPOK U
HKCTPEMAaNIbHBIX COOBITUH, MapaMeTpUUYECKHMX U HENapaMeTpUYeCKUX METOJI0B IPOBEPKU
CTaTUCTHUYECKUX THUIOTE3, OIpelesieH!s] TMapaMeTpoB pacnpeneieHuit u  o0paboTku
OKCIEPUMEHTAJbHBIX JIaHHBIX, BKIt0o4ass Meroa KoamoropoBa—CwMupHOBa U METOJ
HauOOJIBIIEr0 NPaBIONOI00MS, H3YUEHIE KPUTEPUEB 3PTOANYHOCTH JJIs 1eneit MapkoBa;

- IPAKTUYECKOE N3YUYEHHE CIIOCOOOB MOIYUYEHHS U MpeoOpa3oBaHus CydallHbIX BEJUYMH, LIeTel
MapxkoBa, MOIETUPOBaHUS CKaYKOOOpa3HbIX U T (y3nOHHBIX ciayyailHbix npoueccoB Ha [1K.

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

- KJIACCMYECKOE OIPENEIICHHE BEpPOSTHOCTH, IIOHATHE BEPOATHOCTHOTO IPOCTPAHCTBA
(axcuomatuka KonmoropoBa), MOHATHE HE3aBUCUMBIX COOBITUH; ONpeAeNeHUEe YCIOBHOM
BEPOSTHOCTH; (OpMYITy TIOJIHOW BeposiTHocTH, ¢dopmyny baiteca, cxemMy HE3aBHCHUMBIX
UCIBITaHUH bepHyIIn; NOHATUS ClIy4allHON BEIMYHHBIL;

- GYHKIIUU pacrpeaeNieHus] U TUIOTHOCTH paclpeAeNieHus; MOHSATHS TUCKPETHON U aOCOIIOTHO
HENIPEPBIBHOW  CIIy4alHBIX BEJIWYMUH; OIPEHECICHUE CpPEJHEr0 3HAYECHHUS U JUCIICPCHUH;
ONPEAEIEHUsT MHOIOMEPHOM CIIy4YalHOW BEJIMYMHBI, HE3aBUCUMOMW CIIyYallHOW BEJIMYMHBI,
Koa¢duImeHTa KOppesiuy; HopMalbHOE pacipeaenenye u pacmpeaenenue [lyaccona;



- TIpeenbHbIe TeopeMbl MyaBpa-Jlamaca u IlyaccoHa; 3akOH OOJBIIUX YHCEIT;, IEHTPATHHYIO
OpeIeNbHYI0 TEOpeMy; OMNpEACTICHHUS XapaKTepUCTUYECKOW M MPOU3BOAALICH (YHKIMHA, HX
CBOWCTBA; OCHOBHBIC MTOHATHUS MATEMAaTHUYECKOM CTATUCTHKH, METOJI MAKCUMYyMa MPaBI0I0 00,
JIOBEPUTEIIbHBIE NHTEPBAJIbL; METObI IPOBEPKU CTATUCTUYECKUX THIIOTE3;

- IICIIN MapKOBa, UX CTATHCTHYSCKHHI U (1)I/ISI/I‘ICCKI/II71 CMBEICJI, MAPKOBCKHUE IIPOUECCHI, KOHCYHBIC
OJHOPOJHBIC LCIIU MapKOBa, NpeaAcibHOC W CTAalMOHApPHOC PACHpCACICHUA, 3PTOAUYHOCTD,
OnmpeaACIICHUE CTOXAaCTHYECKOI'O IIponecca, 3aJaHUC CTOXACTHYECKHUX IIPOLECCOB C IMOMOIIBIO
KOHCYHOMCPHBIX pacnpeﬂeneHm‘/’I, CTOXAaCTUYCCKYIO S5KBUBAJICHTHOCTD.

YMeTh:

- IPUMEHATH CBOMCTBA BEPOSITHOCTH;

- BBIYMCJIITH YUCIIOBBIE XapAKTEPUCTUKA OCHOBHBIX 3aKOHOB PACIPEICIICHUS;

- HAXO/IUTh pacrpeeseHne GyHKINN OT CIyYaiHbIX BEJIMYHH C 33IaHHBIMHU PaCTIpE/ICICHUSIMHU;
- HAXO/IUTh XapaKTEPUCTUIECKUE U MTPOU3BOAAIINE ()YHKIINH;

- BBIBJISITH IPEJIEIBHOE paclpeaesIeHue ISl TOCIEJ0BATEIbHOCTH CIyYalHbIX BEIUYHH,;

- CTPOUTH U MCCIIEIOBATh MOJEIIN MTPOCTHIX CIIYYaHBIX IKCIIEPUMEHTOB;

- BBIYHUCJIITH YUCIIOBBIE XapAKTEPUCTUKA OCHOBHBIX 3aKOHOB PACIPEICIICHUS;

- IPUMCHATDb CTATUCTUYCCKHEC Ta6J'II/II_[LI.

BJIA/1eTh:

- anmapatoM TEOpUM  BEPOSATHOCTEH; OCHOBHBIMH OJHOMEPHBIMH  paclpe/ieleHUus MU
(paBHOMEpHOE JUCKpeTHOe, bepHymiM, OMHOMMHAIbHOE, OTpHUIATEIbHOE OWHOMHHAJIBHOE,
rurnepreoMerpuyeckoe, reomerpuueckoe, Ilyaccona, Ilapero, paBHOMepHOe, MOKa3aTelbHOE,
HOpPMaJIbHOE);

- HaBBIKAMHU YCTaHOBJICHUS B3aUMOCBS3€H MEXAY Pa3IMYHBIMH TE€OPETUYECKUMH IMOHATHIMHU U
pe3ynbTaTaMu CIy4alHbIX AKCHEPUMEHTOB (COOTHOUIEHMSIMM Pa3HBIX BUIOB CXOAMMOCTH);
METOJAMH TOYEYHBIX U UHTEPBAJIbHBIX OLICHOK I1ApaMETPOB PACIIPEACIICHHUS.

TeMbl U pa3jaeiibl Kypca:
1. BeposiTHOCTHBIE MPOCTPAHCTBA M OCHOBHBIE PACTIPEICICHUSI.

1. BepositHOocTHOE TmpocTpaHCcTBO. HecoBMecTHbIE W HE3aBUCHUMBIE COOBITHS. Y CIIOBHAs
BeposATHOCTH. @opmyna baiteca.

2. Ciy4aiiHble BEIMYMHBI, X CPEIHHE 3HAYEHUS, QMCIEPCHH U MOMEHTHI BBICIIUX IOPSIKOB.
Pacnipenenenre cymMmm M IpOW3BEINEHUM HE3aBUCHMBIX CIydalHbIX BenuduH. [Ipumepsr mis
¢uHUTPBIX 1.c.B. Pactipenenenue GyHKIMK OT CTydaifHON BEJIMYHMHBI.

3. XapakTepuCTHUECKHME M TPOU3BOIAIINE (QYHKIUH CIy4alHbIX BeMMYUH. X.(. CyMMBI
HE3aBUCHMBIX CIydallHbIX BelnM4YMH. [losokuTenbHas ONpEeneNeHHOCTh W paBHOMEpHas



HETPEPBIBHOCTD. [IpuMephI X.¢. Ui OCHOBHBIX pacnpeaeacHuii. MOMEHTHI U KOMMYJISTHTBI, HX
CBSI3b C X.(.

4. KoppensuMoHHbIE M KOBAapHALlMOHHbIE (YHKUUHU. PeKyppeHTHBIE COOTHOILICHHS.
[TapameTpu3anyss MHOTOMEPHBIX HOPMAJIBHBIX PAaCHpENCIICHUM M HUX XapaKTepUCTUYECKUX
(GYHKLIUH C TOMOIIBIO KaBAPALIMOHHBIX MATPHII.

5. JlaTuMKy TIceBAOCTYYaiHBIX YHCIIE B ccTeMe MaremaTuka JUisi OCHOBHBIX PacIpeesICHHMH:
OMHOMHANTBHOE, ITyaCCOHOBCKOE M HOPMaJIbHOE 3acIpeieieHue, raMMa-pacnpenenenne. Onuun
rpaduueckoro BeiBoja. IHTepaKTUBHBIC (QYHKIIUH.

2. Kpurepuii Konmoroposga.
1. PanroBble 1 KyMyJIATHBHBIE pacupenenenus. Teopema ['nuBenko--Kanremn.

2. C-xputepuii KommMoropoBa mansi OIEHKM IapaMeTpPOB BBIOOPOYHBIX KYMYJISTHBHBIX
pacupenenenuid. Teopema CMupHOBa.

3. ®opmynsl  Kpamepa--bon Mmuzeca u Amnxgepcona--/lapnunra.OueHkn mokazaTenei
MOJIMHOMUAJIBHO YOBIBAIOIIIUX XBOCTOB.

4. TlpocThle W CIIOXKHBIE CTATUCTHYECKHE THUMOTE3bl.IIOHATHE MOIIHOCTH CTATUCTHYECKHUX
KPUTEPUEB.

3. Kpurepuii [Tupcona.

1. Meton Ilupcona yist mpoBepKU FMIIOTE3bI O 3aKOHE PAaCHPEIEICHUS ¢ IOMOIIbIO KPUTEPHUS XU~
kBagpaT. OLeHKa Yynciia cTerneHei cBo0obI.

2. IlpumeHeHne KpUTepust XU-KBaapaT JUIs MPOBEPKU TMIIOTE3bI 00 OJHOPOJHOCTH C HOMOIBIO
kpurepus [Iupcona

3. [IpuMeHeHne KpuTepus XU-KBaJpatT Ui MPOBEPKU TMIOTE3bl O HE3aBUCUMOCTH C IOMOIIBIO
kpurepus Ilupcona

4. OueHKa CTaTUCTUYECKOW JOCTOBEPHOCTH 3aKoHa Xa00Jia, KOHTPOJIh KadyecTBa JTaTYHKOB
HCGB)IOCHy‘{afIHI)IX YUCCII N npOBepKa HC3aBUCHUMOCTHU HpI/ISHaKOB.

4. JIuHeiHbIl METO] HAMMEHBIINX KBAJAPATOB.
1. Anrebpanyeckoe ¥ TeOMETPUUECKOE COAEepKAaHNE METO/1a HAUMEHBIIINX KBaPaTOB

2. OreHka M CTAaTUCTUYECKUN aHAIM3 OCTAaTOYHOW CyMMBI KBaaparoB. Koaddwumment
nerepmuHanuu [lupcona

3. OneHKH JOBEPUTENBHBIX HMHTEPBAIOB UId KOd()PUIMEHTOB JIMHEWHON perpeccuu ¢
IIOMOIIBIO pacnipeneneHnii CThIOICHTA.

4. CerouHblE OPTOHOPMHUPOBaHHbIE MOJIMHOMBL. Merox @opcaiiTa I OLEHKH NOpsIKa
perpeccuu ¢ noMmouiesto pacupenenennid Pumepa. I[Ipouenypa Regress B cucreme. Maremartuka
JUISL OLIEHKH IOpsiIKa perpeccuy. YHUCIEeHHbIE PUMEPHI alllPOKCUMALIMM JKCIIEPUMEHTAIBHBIX
JAHHBIX



5. MapkoBcKHe€ LENH U Cly4daiiHble OIy>KIaHusl.

1. MapxkoBckue nenu

2. CnyuaiiHoe OIy>KIaHUE U €ro CBOMCTBA, 3aKOH apKCHUHYCa

3. Kimaccudukanus cocrossuuii nieneid Mapkosa. HenmpuBoaumbie MapKOBCKHE T1ETTH

4. Teopema Ileppona—®pobennyca ajisi HENIPUBOIUMBIX Iiereid. Bo3BpaTHbIe, HEBO3BpaTHBIC U
anepuoIMYeCKUe COCTOSTHUS MAPKOBCKUX IIETEH.

6. MeTo MakCUMaJIbHOTO IIPaBIONOA00uS.
1. UnenTuduxanus napaMeTpoB METOA0M HaUOOJIbILEr0 NPaBaoIo 00Hs.
2. Undopmanus @umepa u HepaBeHCTBO Pao--Kpamepa.

3. IIpumepsl 3 PeKTUBHBIX cTaTUCTUK. Peanu3anuu Meroaa HauOOIbIIEro MPaBIOOA00US IS
OIICHOK IapaMeTpoB pacmpenencHuii (HopmaiasHoro, ['amma-pacrnpeaenenus, Kommu, [Tyaccona,
bepnymnu, [1apero). [Ipumepsl oNTUMAaNBHBIX CTATUCTUK

4. Ilpumepsl TpUMEHEHHUs MeTOoAa HauOOJbIIEro MpaBaonoao0us B (QH3MKe MO MarepuaiaMm
HayYHBIX MyOIHKAIIANA

7. Meton Monte-Kapno u anroputm Metpormnosuca.

1. Metoasl oTOopa W mpeoOpa3zoBaHus Cily4daiHbIX BenuunH. Metox ¢on Heiimana. Meton
Momnrte-Kapio.

2. Croxactudeckoe npeicTaBileHue penieHus 3anaun Komwm quia ypaBHeHus Ilpenunrepa.
CerouHas anmpoKCUMalUs peleHUH U MolydeHre HH(GOpMalluu O CEKTPe raMHUIbTOHUAHA.

3. Anroputmsl Mertpomnonuca, ['maybepa m XacTuHrca Juisi MOJEIMPOBAHUS JIUCKPETHBIX
pacnpeneneHuil. YcinoBue aeranbHoro Oamanca. Ciydail MapKOBCKHX LI€NEH ¢ HENPEPBIBHBIM
MHOECTBOM COCTOSIHUM. MOJENnMpoBaHUE IyaCCOHOBCHUX CIIY4aWHBIX MPOLECCOB. AITOPUTM
XacTuHrca Uit HECUMMETPUYHBIX Lieneil. [IpuMmenenus.

8. Ilpobnema MoMeHTOB U TeopeMa bepHiuTeiiHa.

1. locTatouHbI€ YCIOBHS aHAIUTUYHOCTH XapakTepuctuueckux GyHkuuii. Ycnosue Kapiemana.
[Tpumep HapyIIeHHUS OJTHO3HAYHOTO COOTBETCTBHS MEXKITY HAOOPOM MOMEHTOB U BEPOSITHOCTHBIX
pacipeeneHUEM.

2. Ilonunomel bepHmTeitHa. TeopeMa O PEKOHCTPYKIMU BEPOSTHOCTHOTO paclpeieseHus 1Mo
MomeHTaM. DopMyIia peKOHCTPYKIIUU pacipeieTICHUH.

3. Pacnipenenenne Burnepa u ero cBsi3b €O CHEKTPAJIbHBIMM CBOWCTBAMH CIYYalHBIX MAaTpPHUIl U
yuciaamu Karanana.

4. Kpussle [Iupcona. Knaccel pacrpenenennii, TO4HO BOCIPOU3BOAMMBIX IO 4-M MOMEHTaM.
IIporpammuas peanuzanus merona Ilupcona B cucreme Maremarnka

9. Ckaukoobpa3Hblie U Ju((y3UOHHBIE TPOLIECCHI.

1. IlyacconoBckuii mporiecc u ypaBHenne Konmoropopa--Demiepa. UncieHHOE MOJAETMPOBAHUE
IIyacCOHOBCKOTO Ipolecca

2. CXOIMMOCTH CITy4alHBIX OyXIaHU K BHHEPOBCKOMY ITPOIIECCY.



3. IlpeacrtaBneHne CTaHIAPTHOIO BHHEPOBCKOro mpoiecca psgoM Dypbe €O ciaydailHbIMU
koopduuuentamu. [lpuHiun otpaskeHUs AHAPI M JAPYrHe OLEHKH paclpenesieHUs] BpeMEHU
MEPBOrO JOCTUKEHUSI.

4. ®opmyna Deiinmana--Kama u ee 0000meHus. AGCOIIOTHO HENpPEPHIBHBIE MPEOOpa30BaHUS
BEpOATHOCTHBIX Mep. Dopmyia ['upcanosa.

10. Cratuctuyeckast 00paboTka IKCHEPUMEHTAIBHBIX JaHHBIX.

1. OOpaboTka OKCIEPUMEHTAIbHBIX JAaHHBIX W 33Ja4d MaTEeMATHYECKOW CTATUCTHKH.
BribopouHoe cpemHee u BbIOOpOYHas nucriepcusi. HecMemeHHbIe U COCTOSITENBHBIE OIEHKU
apamMeTpoB.

2. Kpurepuii Ctpronenrta. BeiBoa dopmynbsl aiis pacnpeneneHus ¢ N CTENEHSIMH CBOOOJBI.
[Tpenen nmpu Gonprmx N.

3. OneHka JOBEpPUTEIHLHOTO HMHTEPBANA, CTATHCTUYECKAsh 3HAYMMOCTh, ONIMOKH IIEPBOTO H
BTOPOTI'0O poja

4. Ilpumenenue pacnpenesneHusi CTbIOIEHTa 1JI1 MPOBEPKH TUIOTE3bl O PAaBEHCTBE CPEAHUX
3HAYEHUH.

5. CpaBHeHue BBIOOPOUYHBIX AMCIEPCHIl ¢ mMoMolIpl0 pachpeneneHus Pumepa. OueHka
JIOBEPUTEIBHOIO MHTEPBaja B cucTeMe MaremaTuka

6. ['mmoreza 00 OAHOPOJHOCTH MHOTOKOMIIOHEHTHOW TI€HEepaJbHOW COBOKYMHOCTH. [Ipumep
IMPOBEPKHU I'MITIOTE3bL 00 OOJHOPOJAHOCTHU HA PCAJIbHBIX JAHHBIX

11. CXO,I[I/IMOCTB CHy‘I&ﬁHLIX BCJIMYHMH U MMPEACIILHBIC TCOPCMBI.

1. HepaBeHCTBO YeOnImena. CXOI[I/IMOCTB 10 BEPpOATHOCTHU. 3aKOH OOJIBIINX YHCEIL. I[OCT&TO‘IHOG
YCJI0OBHUE CXOAUMOCTHU C BEPOATHOCTHIO CAMHUIIA.

2. CxomuMocTh OWHOMHUAIBHOTO paclpelesieHuss K IyaCCOHOBCKOMY W HOPMaJIbHOMY.
CXoauMoCTh MO BEPOSITHOCTH U 10 PACTIPEETICHUIO.

3. okazarencbBo Teopembl MyaBpa--Jlamnaca. Uucnennsie nmpuMepsl B cucteme Maremaruka.

4. IlpenenpHas Teopema JUIsl SKCTpeMalbHbIX coObITHH. Pacnpenenenus Beitbymnna, ['ymOens u
®duiepa.

12. Teopema boxHepa—XuHYMHA U LIEHTpaJIbHAA MPEETbHAs TEOpEMa.

1. TlonoxuTenbHas ONpeneIeHHOCTh XapakTepucTuiueckux Gynkuuii u semma lypa. [Ipumepst
MOJIOKHUTETBHO ONPEeNCHHBIX (QYHKINH.

2. Teopema boxnepa--XuHunHa. [LIOTHOCTE M OTHOCUTENBHAS KOMIIAKTHOCTh CEMENCTBA MEP.

3. IlnoTHBIE W OTHOCUTENIBHO CJIA00 KOMIIaKTHBIE ceMelcTBa Mep. JlocTarouHoe ycioBue
OTHOCUTENbHOW cnaboit kommakTHOcTH.Teopema Ilpoxoposa. LleHTpanbHas mnpenenbHas
TeopeMa.

4. LIIIT B hopme JIsnynoBa u JIunaeGepra.



5. besrpann4HO A€TMMBIE U YCTOMYMBBIC 3aKOHBI M CTPYKTYPa UX XapaKTEPUCTUUCCKUX (PYHKITUH.

6. Monens Xonpumapka. Pacnipenenenus Jlesu. IlpenenpHble TeopeMbl Aisl paclpeaeaceHuil ¢
TSDKEJIBIMU XBOCTAMHU



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaanbie MaTeMaTUKA U (pU3UKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Teopus nmoJis

Measb AMCHUNIMHBI:

- OCBOCHUC CTyACHTAMU TCOPHUH BJICKTPOMATHUTHOI'O IOJIA, MATCMATHYCCKUX MCTOJ0B O6IJ_[€I‘O
OIMuCaHusA KIIACCHYCCKHX HOHCﬁ, OCBOCHHUE OCHOB CHeHHaHBHOﬁ TCOPHU OTHOCUTEIIBHOCTH.

3agayu IUCHUILINHBI:

- 3HAaKOMCTBO ¢ 0a30BBIMH OKCIIEPUMEHTAJIBHBIMH  ()akTaMH B  OOJIACTH  TEOpUH
3JIEKTPOMAarHUTHOIO I10JIS;

- YCBOCHHUC OCHOBHBIX KOHH@HHHﬁ, BBIZIBUHYTBIX JIsI OIIMCAaHUA KIIACCHUYCCKUX roJieit H, B
YaCTHOCTH, KJIIACCUYCCKOTO BJICKTPOMAIrHuTHOTI'O I10JIA;

- OBJIQJICHUE MaTeMaTUYECKUMH METOJaMH, MO3BOJIIOMMHU pelaTh 3a1a4u 110 TEOPUH TOJI;
- peleHue 3a1a4, OXBAaThIBAIOLINX OCHOBHbIE IPUIIOKEHHS TEOPHH JIEKTPOMArHUTHOI'O MOJIS.
ITepevenb niIaHMpyeMbIX pe3yJIbTATOB 00yUeHHs M0 JUCHUILINHE (MOAYJIIO)

B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI 00YYaOLIHecs JOJKHBI

3HATh:

- IPUHIIMUIIBI M1 OCHOBHBIE PE3YNbTAThI CIIEUAIbHON TEOPUU OTHOCUTEIHHOCTH;

- MCTOAbI OIIMCaHUs BSaHMOHeﬁCTBHﬁ KJIIaCCUYCCKUX CHUCTEM 3apsKCHHBIX 4YaCTHIl C IOJISAMU
MeEXy COOO0H;

- MCTOJbI OITMCAaHUA KIIACCUYCCKOTO SJICKTPOMArHuTHOI'O I10JIA;
- OIMMCAHUEC DJICKTPOMATrHUTHOT'O ITIOJIA, CO31aBAEMOI'0 CUCTEMAMU 3apA 0B,
- U3ITYUYCHHUC DJICKTPOMArouTHOI'O I10JIA;

- 0COOEHHOCTHU U3MYUYEHHs! PEISITUBUCTCKUX YacTUL (CHHXPOTPOHHOE U3JTyUYeHUE, OHAYISITOPbI).

yMeTh:
- pemarb KUHEeMaTU4YeCKHe 33aJJaui O ABWKEHUH PEISTUBUCTCKUX 00BEKTOB;
- pemaTh 3aa4M O JBUYKEHUU 3aPsKEHHBIX YaCTHUL B 3JIEKTPOMArHUTHOM I10JIE;

- ONpECACIIATh BSaHMO)IefICTBI/Ie CHUCTEM 3apsaa0B C BHCITHHUMU I1OJISAMU;



- MYJIbTHIIOJIbHBIC MOMCHTBI;

- ompeacidaTb COCTOAHUSA CHUCTCMbBI 3apia0B, IIPH KOTOPBIX Ha6JIIOl[a€TCSI H3JTYy4YCHUC
QJICKTPOMAarauTHOIO I1OJIsI, © HAXOJUTb HHTCHCUBHOCTDL U3JIYUCHUA.

BJIAIETh:
- METOJJaMHU OMHUCAHUs KJIACCUYECKOT0 AJIEKTPOMArHUTHOTO TOJIS;

- OCHOBHBIMHM ME€TOAaMM PEIICHHA 3adad4 O ABMIKCHHUH 3apsKCHHBIX 4YacTUI, B TOM YHCIIC
PCIATUBUCTCKUX, B PA3JIMYHBIX SJICKTPOMATrHUTHBIX ITOJIAX;

- HaBBIKAMH TCOPCTHYCCKOI'0 aHaJIM3a PpCajibHbIX 3a1a4, CBA3AHHBIX C BSaHMO,HeﬁCTBI/ICM
3apPsAKCHHBIX YaCTHUI[ U 9JICKTPOMAIrHUTHOTO I1OJIA.

TeMbI U pa3jeiibl Kypca:
1. M3myyeHue 31eKTpPOMarHUTHBIX BOJIH.

3ama3AbIBAOIMI M ONEPEKAIOUMil noTeHuuaubl. V3ilydeHne 3IIEKTPOMAarHUTHBIX BOJH
MEIJICHHO JIBMKYIIUMUCS (HEPEISITUBUCTCKUMH ) 3apsiiaMu. JIUmoibHoe IpruOInKeHue.

MarautoaunoabHOe U KBaJIPYIOJbHOE MPUOIMKEHNUS B TEOPUU U3IYUEHUS IEKTPOMArHUTHBIX
BOJIH MEJJICHHO JIBHXKYIIMMUCS 3apsaaMu. M3mydenne ObICcTpO IBHKYIIEHCS (PETSITHBHCTCKOM)
yacTullbl. PaccesiHue 351eKTpOMarHuTHBIX BOJIH Ha CBOOOIHOM 3apsizie. PanuanuonHoe TpeHue.

2. VHBapMaHTHOCTb W KOBApUAHTHOCTb YPABHEHHWM AIIEKTPOJAMHAMUKH U PENIATUBUCTCKON
MEXaHUKH.

KoHnTpaBapuaHTHble M KOBAapUaHTHBIE 4-BEKTOPHl M 4-TEH30pbl B CHELUAJIBHON TEOpHUHU
OTHOCHUTEJIBHOCTH. VHBapHMaHTHOCT M KOBAapHMAHTHOCTb YPAaBHEHMM JJIEKTPOAMHAMHUKH U
PENATUBUCTCKOM MexaHUKH. JleificTBre 1 pyHKIMS TarpaHika uis CBOOOAHOMN YaCTHIIBI U YACTUIIbI
B JIEKTPOMAarHUTHOM IoJie. JIBM>KEHNE PENITUBUCTCKOM YaCTUIBI B TIOCTOSHHBIX U OJHOPOIHBIX
ANIEKTPUYECKOM M MarHuTHoM mnoisix. [IpeoOpazoBanue moneit. MHBapuanTel nois. Oddekr
Jomnnepa u abeppanus cBeTa Al peaSITUBUCTCKUX UCTOUHHUKOB.

3. YPaBHeHI/IH Makcgeia. QHGKTPOCTaTI/IKa. MarsuTocTaTHkKa.

VYpaBHeHuss MakcBemia Uisi HANpsOKEHHOCTEW DJIEKTPUYECKOTO M MAarHUTHOIO ITOJIEM Kak
pe3ynbTaT 0000IIEeHUSI ONBITHBIX (PAKTOB. DJNEKTPUYECKOE TIOJE HEMOJBIKHBIX 3apsIOB.
MynpTUIONIBHOE PA3JIOKEHUE TNOTEHUHANA. MAarHuTHOE TMOJIE CHUCTEMBI CTAl[MOHAPHBIX
ANEKTPUYECKUX TOKOB. MarHMTHBIN AUTIOJIBHBIA MOMEHT.

4, SHCKTpOMaFHI/ITHLIC BOJIHBI. HpI/IHI_II/Il'I OTHOCHUTCIIBHOCTHU 1 HpCO6pa30BaHI/I}I HopeHua.

DneKTpOMarHUTHbHIE BOJIHBI B Bakyyme. [IpuHIMnI oTHOCUTEIbHOCTH U TpeoOpa3oBanust JIopeHia.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CPIHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

TCOPI/IH CUHXPOTPOHHOI'0 U3JIYYCHUHA

Measb AMCHUNIMHBI:

- OCBOCHUC CTYACHTAMH NPUHIUIIOB I'CHCPALIUN U CBOMCTB CHUHXPOTPOHHOI'O U OHAYJIATOPHOI'O
HSHyHCHHﬁ, H3JTydYCHUA Jia3€pa Ha CB06OI[HBIX 9JICKTPOHAX, a TaKKC HUX TCOPECTHUYCCKOI'O
(KHaCCI/IquKOFO, KBaHTOBOFO) OIIMCaHM.

3agauyd AUCHUILINHBI:

- (opmupoBaHue 0a30BbIX 3HAHUI O CBOMCTBAX CMHXPOTPOHHOI'O M3JIY4YEHMs], OJY4EHHOIO Ha
YCTaHOBKaX Kiiacca ""MeracaiieHc", n3ydeHre 0COOCHHOCTEH U3TyICHHUS, IIOTYICHHOTO Ha Jlazepax
Ha CBOOOJIHBIX JICKTPOHAX;

- (bOpMI/IpOBaHI/Ie 0a30BBIX 3HAHUH O KJIACCHYECKUX U COBPEMCHHBIX MCTOAAX OIIMCAHHA CBOMCTB
CUHXPOTPOHHOI'O U3JIYYCHUA.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 10 JUCHHUILIMHE (MOYJIIO)
B pe3ynbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUEeCs JOMKHBI
3HATh:

- (yHnaMeHTalbHbIE TOHATHSA, 3aKOHBI, TEOPHUH U (OPMYJIbI, OMMCHIBAIOLIME TE€HEPALNIO
CUHXPOTPOHHOT'O U OHAYJISATOPHOI'O U3ITYyYEHUN;

- CBOMCTBA CHHXPOTPOHHOTO ¥ OHIYJIATOPHOTO U3Jy4EHUH;
- IOPAJKYA YUCIICHHBIX BEJIUYMH, XapaKTEPHBIE IS IapaMETPOB CUHXPOTPOHHOIO U3IIYyYCHUS;
- IPUHIUIBI pabOThI COBPEMEHHBIX HCTOUHUKOB CHHXPOTPOHHOT'O U3IY4YEHHUS,;

- OCHOBHBIC MCTOJAbI HCIIOJB30BAHUA CHHXPOTPOHHOI'O HIJIIYYCHHA I HU3YUCHUS CBOICTB
BE€IICCTBA.

yMeTh:
- pacCYUTHIBATh MAPAMETPBI CUXPOTPOHHOI'O U3JIy4YEHHUS,;

- IPUMCHATDH (1)I/ISI/I‘-IGCKI/I€ TCOPHUU K OMMMCAHUIO XaPAKTCPUCTUK CHHXPOTPOHHOI'O HU3JIYYCHUSA, a
TAaKXE COOTBCTCTBYIOIIUE METOABI UCCIICAOBAHNUA, OCHOBAHHBLIC HAa €0 WUCITIOJIb30BAHUH,

- p€IIaTh OCHOBHBIC YPABHCHUA KJIaCCUYECKOHN ¥ KBAHTOBOM TCOPHUU CUHXPOTPOHHOTO U3TTYUCHUS,;



- 3((PeKTUBHO HCIIONB30BATH COBPEMEHHbIE MH()OPMAIIMOHHBIE TEXHOJIOTUU U PECYpPChl IS
MOJTY4eHHST HEOOXOMMBIX 3HAHUM 110 MHTEPECYIOIICH HayqYHOU IpobiiemMe.

BJIAJ1€Th:
- CHGHI/IaHBHOﬁ TepMI/IHOHOFHefl B o0J1acTu CHUHXPOTPOHHOI'O U3JIYYCHUA,
- MCTOAUKAMH ITOCTPOCHUA MOI[CJIGI\/JI K OIIMCAHUIO CBOMCTB CUHXPOTPOHHOI'O U3JIYUYCHUS,

- OCHOBHBIMH MCTOAAaMU MPUMCHCHUS CUHXPOTPOHHOI'O U3TYUCHUS.

Tembl U pa3aennl Kypca:
1. Knnaccuueckast MoieNib TEOPUM CUHXPOTPOHHOTO HU3JTy4EHUSI.

3amauya O JBIDKCHHHM PEIIATHUBUCTCKOTO JJIGKTPOHA B TOCTOSIHHOM JJIEKTPUUYECKOM TIOJIE.
Knaccuueckoe ypaBHeHHE JBHKEHUS M3NTydarouleil pensiTUBUCTCKOM yacTuiibl. OT 4ero 3aBUCUT
MOIIHOCTh MU3ITyYEHUS 3apsjia, IBUKYIIETOCs MO OKPYKHOCTH MOCTOSIHHOTO paaunyca. @opmyna
JUISL  CIIEKTPajbHO-yII0BOro pacnpenenenus wmomHoctd (Dopmymna [lorra). O606meHHas
dopmyna Illorra. [Monmspu3anuoHHbIE CBOICTBA CHHXPOTPOHHOTO u3iydeHus. OcoOEHHOCTHU
VIJIOBOTO  pAcHpeleNieHuss CHHXPOTPOHHOTO u3nydeHHs. (OCOOEHHOCTH  CIEKTPaIbHOTO
pacrpeieieHusT MOIIHOCTA CHHXPOTPOHHOTO u3Ny4deHHs. KorepeHTHOCTh CHHXPOTPOHHOIO
U3ITyYEHHUS.

2. KBantoBas TCOpHUA CUHXPOTPOHHOT'O U3JIYUCHUA.

Kpurepuii npuMeHMMOCTH Kiaccuueckoro mnoaxona. Beipaxenus mis E1/2 m E1/5 m mx
dbuznueckuit cMpicn. YpaBHeHue Jlupaka s SIEKTPOHA, IBUTAIOIIETOCS B IMOCTOSHHOM H
OJIHOPOJIHOM MAarHMTHOM T0Jie. 3aBHUCHUMOCTH IMOJHOM 3HEPrUU CUHXPOTPOHHOIO U3IYUYEHUS C
Y4€TOM KBAaHTOBBIX MOMpaBoK. KBaHTOBBIE (DIIyKTyaluu ABMKEHHUS dJIEKTPOHA TI0 opOuTe.

3. Jlunennbiii onnynarop. Knaccudeckast 3aiada o IBHXKEHHH DJIEKTPOHA B CUCTEME MarHUTOB,
CO3AIOIINX MEPUOJANYECKOE TTOJIE.

3amaqya O JBWKCHMM PEISATUBUCTCKOTO JJIEKTPOHA B IIOCTOSSHHOM MAarHUTHOM IIOJIE.
[TuknoTpoHHas yactoTa. 3ajada O ABM)KECHMM HEPEISTUBUCTCKOIO JIEKTPOHA B MOCTOSIHHBIX U
OJIHOPOJAHBIX IEKTPUUYECKOM U MarHUTHOM NoJsiX. Kiaccnueckas 3a1ada o ABMYKEHNUH DJIEKTPOHA
B CHCTEME€ MAarHuUTOB, CO3JAIOIINX NEPUOANYECKOe noe. JInHenHplii oHaynsaTop. CekTpaibHO-
YIJIOBOE PpACIPENECICHUE CpEeJHEH MOIIHOCTH H3JIy4eHUS B DJIEMEHT TEJIECHOIO YIJia.
CrniekTpaibHbIi COCTaB U MOJSPU3ALMOHHBIE CBONCTBA U3TYUEHUSI TUHEITHOTO OHYNIATOPA.

4. CnupanbHbIid OHIYJIATOP.

3ajaya O ABMIKEHUHU DIIEKTPOHA B ABYMEPHOM NEPUOJMYECKOM MArHUTHOM IMosie. MOIIHOCTb,
4acToTa W3JIY4YEHUs, TMOJSIPU3ALMOHHBIE CBOICTBA H3JIYYEHUS CIUPATBLHOTO OHIYJISATOPA.
CpaBHeHHE CBOWCTB CHHXPOTPOHHOTO HW3JIYYEHUS, HM3IYyYEHUN JIMHEMHOrO0 W CHHUPAIBLHOIO
OHJIYJIITOPOB.

5. JIazep Ha CBOOOHBIX AJIEKTPOHAX.

[Tpunnun nericteus, cxema. [lonydeHne peHTI€HOBCKOTO Ja3epHOro m3inydeHus. [Ipumenenue.
IlepcriekTHUBBI.



6. ITokoneHnss ICTOYHUKOB CUHXPOTPOHHOTO U3ITyYEHUS.
OMHUTTAHC I1y4Ka, CPABHEHUE XapAKTEPUCTUK FEHEPUPYEMOTO U3JIyUCHUS.
7. KOHKYpEHTBbI CHHXPOTPOHHOI'O U3JIy4ECHHUS.

OnTuueckuii 1a3ep, peHTreHOBCKas TpyOKa, HeMMHeHOe TpeoOpa30BaHuEe Ja3epHOTO U3ITYIEeHUS
(MeTo/1 reHepaluu TapMOHUK BBICOKOTO MOPSIIKA).

8. IlpuMeHeHue CUHXpOTPOHHOTrO U3itydeHus. O0630p METOIOB.

Merton peHTreHocTpykTypHoro ananu3a. Cootnomenus Jlays, ycinoBust bperra-Bynbda. XAFS —
CHEKTPOCKOMUS ISl CTPYKTYPHOTO aHanu3a. MeTolnka U3MEpPEeHUs U HCCIEI0BaHUs CIIEKTPOB
norjouieHusi. MeToJ1 CTOSYMX PEHTTeHOBCKUX BOJIH. MeTo/ bl (ha30BOro KOHTpacTa.

9. Crannuu Kyp4aToBCKOro HCTOYHKKA CUHXpOTpOoHHOTO M3nydeHus «KMCHU - KypuaTosy.

O0630p cranmuii 1 HanboIee SIPKUX Pe3yIbTATOB, MOTYUCHHBIX HA CTAHIIHIX.



AHHOTAIIUM K pa004YuM NPOrpaMMam JUCHHUILINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Teopust pyHKUMI KOMILIEKCHOTO IEPEMEHHOI0

Measb AMCHUNIMHBI:

- IO3HAKOMUTH CTYACHTOB C OCHOBAMHU TEOPHH (PYHKIUH KOMILJIEKCHOTO MEPEMEHHOT0, HAY4YUTh
CTYACHTOB HCIOJb30BAaTh MOIIHBIM anmapar TeOpuH (YHKIHUNA KOMILJIEKCHOTO MEPEMEHHOI0 B
aHaju3e MOCTaBICHHBIX IIepe] HUMHU 3a1a4.

3agauyd AUCHUILINHBI:
- HAYYHTh CTYACHTOB, MOJb3YSICh METOAAMHU TCOPUU QYHKIIUN KOMILJICKCHOTO IEPEMEHHOTO;

- TPOBOJIUTH BBIYMCICHHS, CBSA3aHHBIE C HMHTCTPAIBHBIM HCYMCICHHEM W YpaBHEHUSIMHU
MaTeMaTHYECKOW (U3UKH.

IlepeyeHb MUIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOYJII0)

B pe3ynbraTe 0CBOGHUS TUCHMITIMHBI 00YYaIOIIMECs T0JIKHbBI

3HATh:

- OCHOBHBIE IIPEJICTABICHUS KOMIUIEKCHBIX YHCEIL.

- Yenosusa Komn-Pumana.

- [IpencraBnenune aHaaUTHUECKUX (QYHKIMM C TOMOIIbIO CTETIEHHBIX PSI/I0B.

- Teopemy Ko 00 MHTErpupoBaHUM aHATUTHYECKON (DYHKIIMHU O 3aMKHYTOMY KOHTYPY.
- Teopemy Kommu o BeiueTax.

- [Tonarue oco6oit Touku. OnpeeneHue BbueTa QyHKIHH.

- [IpencraBnenne pyHKIMHU B OKPECTHOCTH OCOOBIX TOUEK C TIOMOIIbIO CTEIIEHHBIX PSIJIOB.
- CBoiicTBa IpOOHO-TMHEWHOTO OTOOpAKEHUSI.

- Kondpopmuoe oToOpaxkeHne ¢ MoOMOIIbIO 2JIEMEHTAPHBIX (QYHKIIUH.

- Jlorapudmudeckuii BeIYET.

- Teopemy Pymie o npupaiieHun aprymeHra.

yMeTh:

- Beruncnsats (I)YHKI_II/II/I OT KOMIIJICKCHOI'O YHCJia.



- IuddeperunpoBath GyHKIIUN KOMIUIEKCHOTO apryMeHTa.
- CTpOUTH 10 33JJaHHOM NCUCTBUTEIHLHOM MM MHUMOM YaCTH aHATMTUYECKYIO (DYHKITHIO.

- BeruucasaTe uaTerpan ot GyHKIMN KOMIUIEKCHOTO apryMeHTa 10 KPUBOW HIIM 110 3aMKHYTOMY
KOHTYDY.

- PacknagpiBath hyHKuuMIO B psig JlopaHa B OKpeCTHOCTH OCOOBIX TOUEK.

- C momo1st0 KOH(QOPMHBIX OTOOPAKEHUH MEPEBOAUTH OJIHY 3aIaHHYIO 00J1aCTh B JPYTYIO.

BJIA/I€Th:

- DJIEeMEHTapHBIMU OTNIEPALIUSAMU C KOMILJIEKCHBIMU YU CIIAMH.

- Metonamu nuddepenunpoBanus GyHKINNH KOMIUIEKCHOTO apryMEeHTa.

- OCHOBHBIMU METOJIaMU BBIUMCIICHHUSI UHTETPAIoB OT (PYHKIUN KOMIUIEKCHOTO TEPEMEHHOTO.

- OCHOBHBIMHU CTIOCOOaMH KOH(POMHBIX OTOOpaKEHHIA.

TeMbl U pa3jeiibl Kypca:
1. IuddepenuupyeMocts GyHKIINNA KOMIUIEKCHOTO TiepeMeHHOoTo. Y cioBust Komu-Pumana.

JeiictButenpHas u komiuiekcHas auddepenuupyemoctu. Y cnoBus Kommn-Pumana.

2. NnTerpan 1o myTH oT GyHKIIMH KOMILIEKCHOTO IIEPEMEHHOTO.

[Tyte Ha KOMIUIEKCHOW miockocTu. OmpeneneHue MHTerpaia, cymMmsl JlapOy, MHTerpaabHble
cyMMbl. IHTerpasi oT CTeneHHON pyHKIMH.

3. Kommiekcuble uncna. Chepa Pumana.

Omnpenenenre KOMIIEKCHOTO Yncia. OCHOBHBIE CIIOCOOBI MPEACTABIECHUS KOMIUIEKCHOTO YHUCIA.
®opmyna Diinepa. [IpencraBieHne KOMIUIEKCHOW TUIOCKOCTH C TMOMOIIbI0 cdepbl Pumana.
3aMbIKaHHUE KOMIUIEKCHON IJIOCKOCTH, OECKOHEUHO y/ajeHHas TOUKa.

4. KonpopmHbIE OTOOPAKEHUS C TOMOILBIO HJIEMEHTAPHBIX (DYHKITHIA.

Kondopmubsle oToOpaskeHHsI € TOMOUIbIO 3JI€MEHTApHBIX (YHKIMA M OOpaTHBIX K HUM —
CTeTIeHHasl, YKCIIOHEHTA.

5. KondpomHoe oToOpaskeHue ¢ MOMOIIBI0 JPOOHO-TUHEWHON QYHKIINU.

CaoiicTBa J1poOHO-TMHENHOrO oTOoOpaxkeHus. KpyroBoe cBOWCTBO JIpOOHO-TUHEHHOTO
oToOpakeHHsl. DJIeMeHTapHble 0TOOPAXKEHHS C TTOMOIIBIO IPOOHO-IMHEHHOTO OTOOpaKEHUSI.

6. MHoronucTHble QYHKIUH.
BerBu ananutuyeckoit pyHKiuu. Touka BETBICHHUS.

7. OcoOble TOUKH aHATUTHUYECKON (pyHKIMH. Boryersl.



Omnpenenenue u KiaccuGuKaus H30IMPOBAaHHBIX 0COObIX TOUeK. Omnpeenenune Bpuera G yHKIuN
B TOUKE.

8. Psan Jlopana aHanMTHYECKOW (QYHKIIMH B OKPECTHOCTH 0COOOM TOUKH.

Teopema o paBHOMepHOU cxoauMocTH psnaa Jlopana. Knaccudukanus ocoObIX TOYEK C TOUKHU
3penus psana Jlopana. Teopema Komn o Beruerax. Jlemma XKopaana.

9. Psin Tetinopa /u1si aHATUTUYECKOU (DYHKITHH.

Onpenenenue pana Telsopa, TeopeMa 0 paBHOMEPHON cX0AUMOCTH psifa Teiniopa. beckoneunas
QG epeHIPyeMOCTh aHATUTUYECKUX (GYHKINH. EAMHCTBEHHOCTh aHAIMTHYECKUX (DYHKIIUHA.

10. Teopema Komu 06 aHanmuTH4yecKol (yHKIIMH 110 3aMKHYTOMY KOHTYPY.

XKopnanos xoutyp. Jlemma ['ypca. HTErpupOoBaHue 31€MEHTApHBIX (QYHKUUH MO 3aMKHYTOMY
KOHTYDY.

11. Teopema Pyme. [lpunnun aprymenra.

Jlorapudmuueckuii BeraetT ¢pyHkiun. Teopema Pyme. OcHoBHas Teopema anreOpsbl.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

YpaBHeHusi MAaTeMaTHYeCKON PU3NKHU

Measb AMCHUNIMHBI:

- ¢QopmupoBanue 0a30BBIX 3HAHUH 1O MaTeMaTHYeCKOH (U3WKE M JallbHEHIIero
UCIIONIB30BAaHUsI B JPYIHMX  OONAacTAX  MareMaTH4eCKOro 3HAaHUS W JAUCIHILTHHAX
€CTECTBEHHOHAYYHOT'O COJICPIKaHUS;

- q)OpMI/IpOBaHI/Ie MaTeMaTHYECKOM KYJbTYPbI, UCCICAOBATCIILCKUX HABBIKOB U CIIOCOOHOCTH
IMPUMCHATH 3HAHUS HA ITPAKTHUKE.

3agauM AUCHMIIMHBI:
- (hopmupoBaHue y 00ydarommxcsi 0a30BBIX 3HAHUH 110 MaTEMaTHYECKON (PHU3HUKE;

- GopmupoBaHue 0O0IIEMAaTeMaTHUYECKONW KYJIbTYpbl: YMEHHME JIOTUYECKH MBICIUTH, [IPOBOJUTH
JI0Ka3aTeJIbCTBA OCHOBHBIX YTBEP)KICHUM, YCTAHABIUBATH JIOTUYECKHUE CBS3U MEXKY IIOHATUSIMY;

- ¢opMHpOBaHHE YMEHMH M HaBBIKOB NPHUMEHSAThH IOJIyYEHHbIC 3HAHUS JUIsl pelleHus 3aaay
MaTeMaTU4eCKON (PU3NKH, CAMOCTOSITEIbHOTO aHAJIN3a MOJyYEHHBIX PE3YyIbTaTOB.

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

- ONpEIEICHUE U CBOMCTBA JIMHEWHBIX, KBa3WIMHEHWHBIX U HEIMHEHHBIX YPAaBHEHHUH IIEPBOTO
MOPsIIKA, TEOPEMBI CYIIECTBOBAHMS M E€AUHCTBEHHOCTH pemleHus 3anauun Komm i HUX,
OIpEEICHNE CUMIUIEKTUYECKOM U KOHTAKTHOM CTPYKTYPBI, BUJ XapaKTEPUCTHUK IS YPABHEHUN
IIEPBOT0 NOPsAJIKA;

- q)OpMy.]'Iy HyaCCOHa peuICHUud 3aJavu Kommmu IJIT YpaBHCHHA TCIUIOIPOBOAHOCTU, TCOPEMBIL
CYHICCTBOBAHUA U CAUHCTBCHHOCTHU PCHICHUA 3adavu KOH_II/I, IIPUHIUIT MAaKCUMYyMa, (I)OpMley
Hrrotona peUICHUd YpPaBHCHUSA HyaCCOHa, TCOPCMbI CYHICCTBOBAHUA W CIAWHCTBCHHOCTH,
MMPUHIMUIT MAKCUMYMa,

- dopmynsr 1’ Anambepa, Kupxroda u Ilyaccona pemeHus 3agadud KOIIM JJISI BOJIHOBOTO
YpaBHCHHA, TCOPEMBI CYIICCTBOBAHHMA W CAWHCTBCHHOCTH, 3aKOH COXpPAaHCHUA OHCPIUH,
onpejiefieHue W CBOWCTBAa OOOOIIEHHBIX (YHKIMM, MpocTpaHCTBa OO0OOIIEHHBIX (DYHKIUH,
IPOM3BOJIHBIE, TEH30PHOE IPOM3BEICHUE U CBEPTKA 00OOIIEHHBIX (PYHKITHIA;

- olpeieNnieHne 0000IEHHBIX pelIeHuui qudepeHInaIbHbIX ONEepaTopoB U (PyHIaMEHTAIHLHOTO
pemeHuus AuQpepeHnnaibHOro onepaTopa ¢ MoCTOSHHBIMU K03 puineHTamu;



- TeopeMy XepMmaHaepa, KOHCTPYKIHMIO (YHIAMEHTAJbHOTO pEIICHHS OOBIKHOBEHHOTO
g depeHIaIbHoro  oneparopa, GopMmyssl Uis (QyHIaMEHTAIbHBIX PpEIIEHUI OrepaTopoB
TETIONPOBOAHOCTH, Jlaruiaca 1 BOJIHOBOTO;

- IIOCTAHOBKM KpaeBbIX 3aja4 sl ypaBHeHui Jlammaca u [lyaccoHa, TeOpeMbl € IMHCTBEHHOCTH
pEelIeHUI KpaeBbIX 3a]ay, ONpPEACIICHHE U CBOMCTBA MOTEHIMAIOB IIPOCTOTO U JBOMHOTO €04,
TEOpPEMBbl CYILECTBOBAHUS PELIECHWHA BHYTPEHHMX M BHeWHUX 3axad Jlupuxine u Helimana,
orpernenenue u cBoiicta pynkuuu ['puna 3anau Aupuxie u Heiimana,

- CBOilcTBa COOCTBEHHBIX 3HAa4eHMH U COOCTBEHHBIX (QyHKUuMIl onepatopa Jlammaca B
OTpaHUYEHHOW 00JacTH; CBOWCTBA pPEUICHUN ypaBHEHHS | elbMroiblia, yCIOBUS W3IyYCHUS
3ommepdenbaa, TPUHLUI MPEIEIbHOTO MOIJIOMIEHNUS, IPUHLIUI NPEAEIbHON aMIUIUTY/IbI;

- (ynmameHTanpHOE pelieHue omneparopa Jlammaca Ha MUIOCKOCTH, TEOPEMBI CYIIECTBOBAHUS U
€MHCTBEHHOCTH pEILEeHUsI JBYMEPHBIX KpaeBbIX 3amad, (Gopmyisl mig ¢GyHKuuu ['puHa u
pamieHus 3ana4uu J{upuxie B OJHOCBS3HON 00JacTH;

- onpenenenue ncesaoaudGhepeHInaILHOro OnnepaTopa, OrpaHuYeHHOCTh I1..0. B IPOCTPAHCTBAX
CoboneBa, TeOpeMbl O KOMIO3HUIMH U TCEBIOJIOKATBHOCTH I1.7.0., CBOMCTBA AITUNTHYECKUX
1.71.0., TEOPEMY O IMapaMeTpUKCe, CBOICTBA UHTETPaJIbHBIX OnepaTopoB Oypre.

yMeThb:

- pemath KBa3WJIMHCWHBIC YpPaBHEHHS MEPBOTO TOpsAKa, ypaBHeHHE [ amunbroHa — Skobu u
olmiee HEMMHEHHOE ypaBHCHHE, HAXOAWTh HMX XapaKTePHCTHKH; pemarh 3agadn Kommwm s
YPaBHCHHUU TEIUIONMPOBOAHOCTH M BOJHOBOTO;, BBIYUCIATH IMOTCHIMAN HBIOTOHA; HAXOAWUTh
MIPOU3BOJIHBIC, CBEPTKH U ITpeoOpazoBanusa Oypbe 0000IICHHBIX (PYHKINT;

- HaxoIuTh (PyHIaMEHTalbHbIE pemieHus AuQQEepeHInaIbHbIX ONepaTopoB € MOCTOSHHBIMU
Koa(purmenTamu;

- pemaTh KpaeBble 3a/1aud METOJOM pa3/IeJeHUs MEPEMEHHBIX M MPU MOMOIIX ITOTEHINAJIOB,
peliaTh CMEIIaHHbIe 3a/1a4k, HaXoauTh pyHKuuto ['puHa 3axay Jupuxie u Heiimana, npuMeHsTh
MeTOJT KOHQOPMHBIX OTOOpaKEHMM JUIsl pelIeHHs IBYMEPHBIX 3aJ1ad, HaXOJUThb COOCTBEHHbIE
¢byHKLIMU 1 cOOCTBEHHbIE 3HaYeHUs oneparopa Jlamaca;

- IPUMEHSTh TEXHUKY IceBAOAM(depeHInanbHbIX ONepaTopoB K HCCIEIOBAaHUIO ypaBHEHUH
MaTeMaTU4eCKON (PU3HKHU.

BJAACTh:

- anmapaToM YpPaBHEHUH B YaCTHBIX MPOM3BOJHBIX MEPBOTO MOPSAJKA IS €ro MPUMEHEHHUs B
bu3nKe U reoOMeTpHH;

- TEXHUKOHN peIIeHHs] OCHOBHBIX YPaBHEHUH MaTeMaTH4yeckoi (PM3HKH BO BCEM IPOCTPAHCTBE U
ee MPUJIOKEHUSIMU K (PU3NUECKUM 3ajlauam;

- ammaparoM Teopun  O0OOMIEHHBIX  (QYHKIMA W GyHIAMEHTAIBHBIX  PEIIeHUN
nudepeHIraIbHBIX OMepaTOpPOB;

- afrnapaTom TCOprUU NMOTCHIUAIIOB IJId €TO0 IPUMCHCHHS B (I)I/I3I/IK6;



- TEXHUKOM pelIeHns KpaeBbIX U CMEIIaHHBIX 3a/1a4 JIJIsl OCHOBHBIX ypaBHEHUN MaTeMaTHYECKOM
(bU3KKY U ee TPUII0KEHUSIMHU;

- afnmnapaTroM TeopuH rncesaoaudepeHuanbHbIX OIepaTOPOB.

TeMbl U pa3jesibl Kypca:

1. KpaeBbie 3anauu.

ITocranoBka kpaeBbIxX 3a1a4 115 ypaBHeHui Jlamnaca u [lyaccoHa.
ITorennumaabl JBOMHOIO CI0SI U UX CBOMCTBA.

[ToTeHmanbl MPOCTOro CI0si U X CBOMCTBA.

TeopeMbl equHCTBEHHOCTH pemieHus 3anad Jupuxne u Heimana juist ypaBHenus Jlammaca.
CymectBoBanue pemienuii 3aaa4 Jupuxie u Helimana. [lotenuuan PoGena.

Oyukuus ['puna 3agaun Jupuxie 1 oneparopa Jlamnaca B TpexMepHON 00J1aCTH U €€ CBOWCTBA.

Oyuknusa ['puna 3anaun Helimana.

Oynkuust ['puna 3amaum  [upuxne B jaBymepHoMm ciydae. CBs3b ¢ KOH(OPMHBIMH
otoOpakenussMu. @opmyiia 11 pereHus 3anaun Jupuxie.

2. O600IeHHBIE pelIeHUs ypaBHEHUI MaTeMaTHueckoi (pusnku. OyHIaMeHTaIbHBIC PeIICHHS.

O606mennbie ¢ynkuuu. IlpomsBogubie 0000meHHBIX ¢GyHKIUKA. OO000mEHHBIE (YHKINN
YMEPEHHOTO POCTa U 00001IeHHBIC PYHKIIMH C KOMITAKTHBIM HOcuTeleM. [IpeoOpazoBanne Oypre
0000meHHbIx (QyHKIMNA. TeH3opHOe mNpou3BeACHHE U CBEepPTKa OOOOIMICHHBIX (YHKIIUH.
OO000111eHHbIE pelIeHNs JTUHEHHBIX yYpaBHEHUI B YaCTHBIX NPOM3BOJHBIX. DyHIaMEHTalIbHbIE
pemieHus audQepeHInanbHbIX ONEepaTOpoB C MOCTOSHHBIMU Ko3dduiuentamu.  Teopema
CylllecTBOBaHUSl (pyHIaMeHTalbHOTO pemieHus. JlectHura Xepmanaepa. Merton cmycka st
0000meHHBIX ~ pemieHui.  DyHAaAMEHTAJIBHOE  pEeHIeHHE  JIMHEHMHOr0  OOBIKHOBEHHOTO
muddepeHManbHoro ypapHeHus. OyHnaMeHTaNbHOE pelIeHUe orepaTopa TEMIONPOBOIHOCTH.
dyHIaMeHTalIbHOE pellleHne onepaTopa Jlamnaca.

CDYHI[aMCHTaJ'IBHOG 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 YypaBHCHUS TCIIJIOIMIPOBOAHOCTH.

3. OcHOBHBIE YpaBHEHUS MaTeMaTUYeCKOl (PU3UKU.

VYpasnenue temnonpoBoaHoctu. opmyna Ilyaccona. Teopema cyniecTBoBaHus pelIEHUs 3a0a41
Komm. [IpuHuun makcumyma Juisi ypaBHEHHUsS! TEIJIONPOBOAHOCTH. Teopema €IuHCTBEHHOCTHU
pemienuss 3amaun Komm. YpaBuenue IlyaccoHa B TpexmepHOM mnpocTpaHcTBe. HpIOTOHOB
MMOTEHITHA.

®opmynsl ['puna. Teopema cymecTtBoBaHMs pemeHus ypaBHeHMs Ilyaccona. IlpuHuumm
MakcuMmyMma qia ypaBHeHus Jlammaca. EpuHcTBeHHOCTH pemieHus ypaBHeHus Ilyaccona.
OnxnomepHoe BoTHOBOE ypaBHeHue. Popmyna n'Anambepa. TpexmepHOe BOJTHOBOE ypaBHEHHE.
VpaBuenne apOy. @opmyna Kupxroda. 3anazapiBarommii moteHmai. JIByMepHOe BOJHOBOE



ypaBHeHue. Merop cnycka. @opmyina [lyaccona. 3akoH COXpaHEHHUS] SHEPTHM JJIsI BOJHOBOTO
ypaBHeHUsA. EquHCTBEHHOCTD pemenns 3aaaun Komm.

4. CpoticTBa riceBaoaudGpepeHIMaIBHBIX OIEPaTOPOB.
[TpoctpanctBa CoboneBa. TeopeMa BIOKEHHUS.

[IceBnomud dhepeHnmanbHbie  ONEPaTopbl W WX CHMBOJBL. OrpaHWYeHHOCTh I.J.0. B
npoctpancTBax CoboseBa.

TeopeMa 0 KOMIIO3ULUH I1.4.0. U CIEACTBUSA U3 HEE.
Jlemma Xepmanaepa. DIIIMOTHYECKHE I1.1.0.

[TapameTrpukce smaunTH4Yeckoro m.7.0. CylliecTBOBaHHME W CBOMCTBA PEHICHUM SUIMIITUYECKUX
nceBao UG hepeHINaTbHBIX YPaBHEHUH.

OcobenHoctu pemieHust 3azaud  Komm Ui BOJHOBOTO ypaBHEHHMs C IE€PEMEHHBIMU
ko3 unmentamu. MaTErpansubie onepatopsl Oypoe.

HapaMeTpHKc 3aJa4uu Komm AJIs1 BOJIHOBOI'O YPABHCHMU. XapaKTepI/ICTI/IKI/I.

Hocutens CHHTYISIpHOCTH pelieHus 3anayn Kol /i BOJHOBOTO ypaBHEHHS B Cllydae, KOraa
HAYaJIbHOE YCIIOBUE — JCIIbTa-()yHKITHS.

OcoOenHoctu pemeHuss 3agaud  Komwm a8  BOJIHOBOTO YpaBHEHHUS C  IOCTOSIHHBIMHU
K03 uLreHTaMu B cllyyae, KOTJja HayajJbHOe YCIOBUE — JIeibTa-(QyHKIKS Ha mapadoJe.

5. CrekTpanbHble U CMELIAHHBIE 3aa4H.
CoOcTBeHHbBIE 3HAUCHUS U COOCTBEHHBIE PYHKIMU 3a1aun Jupuxie as oneparopa Jlamaca.

YPaBHeHI/Ie I'enemronsia. YcnoBus 30MMep(1)enbz[a. HpI/IHI_II/IHBI OpeACIIbHOTO TIOTJIOIICHUA U
HpeHCHLHOﬁ AMIUIMTYBI.

CMenaHHbIE 3aga4u. O6ma${ CXCMa pas3acyICHUA IIEPCMCHHBIX.

6. YpaBHEHHUs IEPBOTO MOPSIKA.
Helinble ypaBHEeHMS nIepBOro nopsiaka. Xapakrepuctuku. Pemenne 3agaun Komm.

VHBapraHTHBIE TOBEPXHOCTH BEKTOPHOro mouisd. 3ajada Komwu MocTpoeHHsT WHBapUAHTHOU
MIOBEPXHOCTH.

KBa3zunuHeliHble ypaBHEHUS MEPBOTO MOpsAKa. XapakTepucTuku. IlocTpoeHne MHBapUaHTHOM
noBepxHoctu. Pemenue 3agaun Komm.

VYpaBHenne I'amunbToHa — SkoOu. JlarpaHkeBbl TOBEPXHOCTHM B CHUMIUIEKTHYECKOM
IIPOCTPAHCTBE.
JIuneiinoe CUMILIIEKTUYECKOE IIPOCTPAHCTBO. KocooproronansHusie JIOTIOJIHEHHS.

Cummiexktudeckuii 6aszuc. M30TponHbie, KOM30TPOIHBIEC U JIATPAHKEBBI TOAMPOCTPAHCTRA.



XapakTepUCTUKH Ha TUNEPIIOBEPXHOCTH B CHUMILIEKTUYECKOM MPOCTPAHCTBE. [ aMUIBTOHOBBI
cucteMbl. VIHBapraHTHBIC JarpaHKeBbl MHOTO00Opasus. Jlarpamkesa 3agava Komm.

Pemenue 3amaun Ko s ypapaenus ['amunbTona — SIK00OH.

O611ee ypaBHEHHE NTEPBOTO MOpsAIKa. JIexkaH IpOBbI TOBEPXHOCTH, COOTBETCTBYIOIINE PEIICHUSIM.

KoHnTakTHas cTpykTypa. XapakTepUCTUKU HA TUIIEPIIOBEPXHOCTH B IPOCTPAHCTBE C KOHTAKTHOMN
CTpyKTypoil. UHBapuaHTHbIE JIeXKaHIPOBBI TOBEPXHOCTH.

Pemenue 3amaun Komm asis o0miero ypaBHEHHsI IIEPBOTO MOPSIKA.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

duszuka MmoJIYIIPOBOAHUKOB

Measb AMCHUNIMHBI:

- osTyyeHne (PyHIaMEeHTaIbHbBIX 3HAaHUH B 00JacTH (PU3MKU TOTYIPOBOIHUKOB U TPUOOpPETEHUE
HEOOXOIMMBIX HaBBIKOB ISl MX MCIOJIb30BaHUS B HAYYHO-HUCCIIEIOBATEILCKON AATEILHOCTH.

3agayu IUCHUILINHBI:

- OBJIaICHHUEC q)yHHaMeHTaJII)HI)IMI/I IIOHATUSAMU, 3aKOHaMH n TCOpUIAMU (I)I/I3I/IKI/I
MOJIYIIPOBOAHUKOB;

- OBJIaACHUEC OCHOBHBIMHU MECTOJaMH HMCCJIICAOBAHUA (1)I/I3I/I'~I€CKI/IX CBOICTB TIIOJIYITPOBOAHUKOB;

- (bopmupoBaHUE MPUEMOB M METOJIOB PEHICHUS KOHKPETHBIX 3aJlad M3 Pa3IUYHBIX 00JacTei
(bU3HUKH TOTYIIPOBOAHHUKOB.

IlepeyeHb MuIaHUPYEMBIX Pe3yJbTATOB 00YUYEHUS 1O JUCHHUILIMHE (MOIYJIIO)
B pe3ynbrare oCBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOIKHBI
3HATh:

- OCHOBHBIC ITOHATHUA WU 3aKOHBI (1)I/I3I/IKI/I TOJIYITIPOBOAHUKOB, a TAKKE€ HUCIIOJIb3YCMBIC B (1)I/IBI/IKG
MMOJIYIIPOBOJHUKOB OCHOBOITIOJIAraromue MOoA€JiM U TCOPUH.

yMeThb:
- pelaTh 3aJa4y 10 OCHOBHBIM pa3jienaM (PU3UKU MOIYIPOBOIHUKOB;

- HUCIOJIB30BAaTh IIOJYYCHHBLIC 3HAHUA [JIA ONPCACICHUSA TMMapaMCTPOB W HMHTCPIPETAINU
q)HSH‘ICCKI/IX CBONCTB MOJIYITPOBOAHUKOB.

BJAaJ€Th:

- METOAaMMU MOCTPOCHUA MATEMATHYCCKUX H q)HBI/I‘IeCKI/IX MOI[GJ'IGﬁ THIIOBBIX 3aJa4 (1)I/ISI/IKI/I
MMOJIYITPOBOJHUKOB;

- UMCTH OIBIT ACATCIBHOCTH B HNPHUMCHCHUHU TCOPCTHYCCKUX MOI[GHCIZ AJI1 UHTCpIpCTAllun
SKCIICPUMCHTAJIBHBIX JAaHHBIX 1O CbI/ISI/I'—IeCKI/IM CBOMCTBaM IMMOJIYITPOBOAHHKOB.



TeMbl U pa3jaeiibl Kypca:
1. Kpucrannsl Bo BHEIIHUX N0JIAX. HeneanbHble KpUCTauIbl.

Cpennsisi cKOpOCTh ABM)KEHHS AJIEKTpPOHA B KpHUCTajie. YpaBHEHHUE [IBIKEHUS JJIEKTPOHA B
KpUCTAJIJIEe BO BHEIIHMX IOJIAX. 3alOJHEHHE 30H M BBEICHHUE ABIPOYHOrO omnucaHus. Metoj
s dexTrBHON Macchl. KapTiHa Mi1aBHOTO MCKPHUBIICHUS SHEPTETUUYECKUX 30H. MeKrue ypoBHH B
TOMEONOJISIPHBIX ~ KpUCTa/UIaX  (BOAOPOJONOAOOHBIE  NMPUMECHBIE  LIEHTPBI). Y CJIOBUSA
MPUMEHUMOCTH BOJI0poaonoio0Hoil monenu. [Ipumenenne merona 3¢dEeKTUBHOW Macchl IS
HAaXOXJICHUS DHEPreTUYECKOro  CHEKTpa  IOJYNPOBOJHUKOBBIX CHCTEM  IOHUKEHHON
pa3MEepHOCTH. DHEPreTUYEeCKUil CreKTp cBepxpemieTok. Kiaccupukamus moayrnpoBOIHIKOBBIX
CBEPXPEIIETOK. DHEPTETUUECKHUI CIIEKTP MEIKUX MPUMECHBIX COCTOSIHUH B MOIYITPOBOIHUKOBBIX
KBAHTOBBIX SIMax.

2. HepaBHOBECHBIE 3JIEKTPOHBI M JbIPKH. CTaTUCTHKA PEKOMOMHAIIMH JIEKTPOHOB U JBIPOK.

BoO3HMKHOBEHHE HEPaBHOBECHBIX HOCUTENIEH 3apsja B IOJYNPOBOAHMKAaX. Onrudeckas
reHepauus. Temmbl TeHepaluud U pEeKOoMOMHAIUM;, BpeMs KU3HU. COOTHOIICHUS MEXITY
BPEMEHAMH pEJlaKCallud 2HEPTMM M HMIyJbca M BpeMeHeM Xu3HU. KBaszupaBHOBecue u
kBa3uypoBHu depmu. YpaBHEeHUE KUHETUKH PEKOMOUHAIIMU B IPOCTPAHCTBEHHO OJJHOPOJIHBIX U
HEOJIHOPOJHBIX CHUCTeMax. MexaHu3Mbl pekoMOuHanuu. BpeMms >XU3HM @pU MEX30HHOMU
pexomOuHanmu. PexomOuHanms yepe3 mnpumecn U aedextsl. Kosddumument 3axBata Ha
JIOKaJIbHbIE YpOBHU. LIeHTpBI IpUIMNaHUs U LEHTPbl peKOMOMHALINU. J[eMapKallMOHHbIE YPOBHHU.
Bpemena >xu3HM B cioydyae peKOMOMHALMM 4Yepe3 OJWH TINIyOOKHMH NIPUMECHBI YpOBEHbD.
Cratuctuka Hloxmu-Puna.

3. OcHoBHBbIE NpeCTaBIICHUS (PU3UKU HEYTOPSA0OUEHHBIX ITOITYIIPOBOIHUKOB.

OrnpezenieHne HEYHOPSAIOYCHHOW cucTeMbl. [IpuMepsl HEyHMOpsAI0YEHHBIX IMOTYNPOBOJIHUKOB.
OO0mme O0COOEHHOCTU HEYMOPSAOUYCHHBIX cucteM. CrydailHpld moTeHIMan. [ImoTHOCTH
COCTOSTHHM. XBOCTHI INIOTHOCTH COCTOSIHUU U JIOKau3anus. [I[poBoAMMOCTE 1O TOKAJTM30BaHHBIM
COCTOSIHMSIM, 3aKOH MoTTa Uisi TPBDKKOBOM TPOBOAMMOCTH. ONTHYECKHE TEePeXOobl B
HEYIOPSI0YEHHBIX MOTYMPOBOIHUKAX. XBOCTHI ONTHYECKOTO MOMIONIeHUs (TipaBuiio Ypbaxa).

4. OCHOBHBIE CBOICTBA MOJIYITPOBOJHUKOB.

OTnuuuTENbHBIE YePTHI MONYIPOBOIHUKOB. [IprMeps! momynpoBoHUKOB. CTpoeHHE HEKOTOPBIX
MIOJTYIIPOBOTHUKOBBIX KpUCTALIOB. [IpencraBneHue o 3anpemeHHol 30He B TOJTYIPOBOTHUKAX.
HpI/IMeCHBIG LHCHTPEI B TOJTYITPOBOJAHUKAX. HpeHCTaBHGHI/Ie O JbIpKax. 3HeKTpOHHa$[ " AbIpOYHasa
MPOBOJIUMOCTE.  DIEKTPONPOBOAHOCTE. Dpdext Xomma. H3mMeHeHUE CONMPOTUBICHUS B
MarHuTHOM moJje. Tepmosac. @OTOMPOBOIUMOCTD.

5. OCHOBBI 30HHOM TEOPUU KPUCTATUINYECKUX TBEPABIX TEII.

OcHoBHBIE TPUOIMKEHNS 30HHOU Teopuu. Y paBHeHue [lIpeannrepa asst 31€KTPOHOB B KpUCTAILIE
B OJHOJIEKTpOHHOM npubnmxenuu. Teopema bnoxa. Keasummmynsc u 30Ha bpumtosna.
ITousTHe 00 OHCPIrETHYCCKUX 30Hax. OcHOBHEBIE pasinuuAa MCXKOY METaJlJIaMHU,
MMOJIYITPOBOJHUKAMU MW OUBJICKTPUKAMH C TOYKH 3PCHHA 30HHOM TCOpHHU. MGTOH CHJIBHO
CBSI3aHHBIX 3JIEKTPOHOB. OOCYyKAEHNE 0COOEHHOCTEH IEKTPOHHOIO HEPreTHUECKOro CHEKTpa
Ha OCHOBE METO/Ia CUJIbHO CBSI3aHHBIX 3JIEKTPOHOB. MeTo1 ci1abo CBsI3aHHBIX (MIOYTH CBOOO/IHBIX)
3I1eKTPOHOB. OOCYXk/IeHuEe 0COOEHHOCTEH 3JIEKTPOHHOIO YHEPreTUYECKOro CIEKTpa Ha OCHOBE
MeToJia ci1abo CBsI3aHHBIX AMEKTpoHOB. [loHsTHE 00 3ddexkTuBHON Macce. TeH30p 0OpaTHBIX
s dekTuBHBIX Macc. M3o03Heprernyeckne MOBEpPXHOCTU. MHOIOJOJUMHHBIE MOTYIPOBOIHUKH.



[Ipumepsl 30HHBIX CTPYKTYp IIOJYIPOBOJHHUKOB: 30HBI HPOBOAMMOCTH ITOJYHPOBOJHUKOB
AIIIBV, Si, Ge. BripoxkaeHue 30H 1 roprpoBKa M303HEPTeTHUECKUX MOBEPXHOCTEN BOIM3H
IOTOJIKA BAJIEHTHOH 30HBL. [IpsIMO30HHBIC M HETIPSIMO30HHBIE MTOIYIPOBOIHUKH.

6. PaBHOBECHAs CTaTHCTHKA SJICKTPOHOB U JBIPOK B ITOJYIIPOBOAHHKAX.

[110THOCTH COCTOSHUM M (YHKLHS paclpeleNeHusl JIEKTPOHOB IO KBAaHTOBBIM COCTOSIHUSM.
KoHueHTpanum 3J1eKTpOHOB U IBIPOK B 30HAX. D(P(HEKTUBHBIE INIOTHOCTH COCTOSIHUN 3JIEKTPOHOB
U JIBIPOK B 30HAaX. HEBBIPOXKIEHHBIN JIEKTPOHHBIN (IBIPOUHBIN) ra3. Beruncienne nosnoxeHus
ypoBHst depmu B COOCTBEHHOM MOITYNPOBOAHUKE. CTaTUCTHUKA 3aII0IHEHUS IPUMECHBIX YPOBHEH.
Ypoeenp @epMH B MOITYNPOBOAHUKE C MPUMECAMHU OJHOTO THma. CTaTUCTHKA JIEKTPOHOB U
JIBIPOK B KOMIICHCUPOBAaHHBIX IIOJYIIPOBOJHUKAX. MHOro3apsaHble IPUMECHBIE LEHTPBI.
II1OTHOCTB COCTOSIHMI B CUCTEMAX IIOHMKEHHON pa3MEPHOCTU. BrIuncieHne 0JI0KEHU YPOBHS
®epmu B 2 D-cucteMax.

7. SIBiieHUs B KOHTAKTax. P-n MEPEXO/I.

[Torenuuanbabie 6aprepbl. [ImoTHOCTH TOKa. CooTHOIIEHNE DHHINTEHHA. Y CIOBUS PaBHOBECHS
KOHTakTUpyromux Tei. KOHTakTHas pa3HOCTh MOTEHUMANOB. JlIMHA SKpaHUpOBAHUS.
UcromienHplii KOHTaKTHBIA ciiod. (OOorameHHbld KOHTAaKTHBIA CJIOW. OKpaHUpPOBaHUE
ANEKTPUUECKOTO 1o B 2 D-cuctemax. BeinpsimiieHre B KOHTaKTE METAJUI-MIOTYIPOBOAHUK. P-N
nepexo. CtaTrudeckasi BOJIbTaMIIEpHAs XapaKTEPUCTUKA P-n mepexoaa. TyHHeIbHBIA d3PPEeKT B
p-n nepexonax. TyHHENbHBIM 1MOA. BUNIOJISIPHBIN TPAH3UCTOP.



AHHOTAIIUM K pa004YuM NPOrpaMMam JUCHHUILIMH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

dusnyeckas KyJbTypa

Measb AMCHUNIMHBI:

CdopmupoBaTh MHUPOBO33PEHUECKYIO CUCTEMY HAYyYHO-TIPAKTUYCCKUX 3HAHWUW M OTHOIICHHE K
buznuecKoil KyabType.

3agayu IUCHUILINHBI:

Jns  nocTWKEHUsT IOCTaBICHHOW  LEIM  NpeAycMaTpUBaeTCs  pelIeHHe  CIEeNYHOLIMX
BOCIIUTATEIbHBIX, 00pa30BaTEIbHbIX, PA3BUBAIOIIUX U 03JOPOBUTENIBHBIX 33/1a4:

- IOHUMaHHE COIUAILHOU POJIN (PU3HUUECKON KYJIbTYPhl B PA3BUTHH JIMYHOCTH U MOJATOTOBKE €€ K
poeCCUOHAIBHON JESATEIHHOCTH;

- 3HAHUE HAYYHO- OMOJIOTHYECKUX M MPAKTHYCCKUX OCHOB (PU3UYECCKOU KYJIBTYpPhI U 3JOPOBOTO
o0pasa K13HH;

- (hpopMupoBaHNE MOTHBALIMOHHO-1IEHHOCTHOI'O OTHOLIEHUS K (PU3HUECKON KYJIbTYpe, YCTaHOBKH
Ha 3JI0pOBBIA CTWIb KHM3HHM, (U3NUYECKOE CAMOCOBEPIICHCTBOBAHWE M CaMOBOCIHTAHHE,
NOTPEOHOCTH B PETYISIPHBIX 3aHATUAX QU3NYECKUMH YIPA)KHEHUSMU U CIIOPTOM.

ITepeyenb niIaHMpyeMbIX pe3yJIbTATOB 00yUYeHHs M0 JUCHUILINHE (MOAYJIIO)
B pe3ynbraTe 0CBOGHUS TUCIMITIIMHBI 00YyYaIOIIUECs T0JIKHbBI
3HATh:

Marepuan paszgena npeaycMaTpUBAET OBIAJACHUE CTYACHTAMU CUCTEMOM Hay4HO-TIPAKTUYECKUX
U ClIelUalIbHBIX 3HaHUN, HEOOXOIUMBIX JUIsl MIOHUMAHUS IPUPOJHBIX U COLUAIBHBIX MPOLIECCOB
(GyHKIIMOHUPOBaHUS (PU3UYECKOM KYJIbTYpbl OOIECTBA U JIMYHOCTH, YMEHMS UX aJalTUBHOTO,
TBOPYECKOTO  HMCIOJB30BaHUS Uil JIMYHOCTHOTO UM NIPO(ECCHOHATIBLHOTO  pPa3BUTHSL,
CaMOCOBEPILEHCTBOBaHMS, OpraHU3alliy 370POBOrO CTHJIS KM3HU NPHU BBINOJIHEHUH y4eOHOM,
npoecCuoHaNBHOM U COLMOKYIBTYPHOU nesTenbHOCTH. [IoHMMaTh posb pU3ndeckoi KyJIbTypbl
B Pa3BUTHUH YEIIOBEKA U ITOATOTOBKE CIICLIMAIINACTA.

yMeTb:

Hcnonb3oBaTth  (PU3KYIBTYPHO-CIIOPTHUBHYIO  JEATENBHOCTh  JJS  IOBBIIIEHUS  CBOUX
(YHKLIMOHATIBHBIX U JABUTAaTENbHBIX BO3MOXKHOCTEH, JUISI TOCTMIKEHUS JIMYHBIX JKU3HEHHBIX U
npo(hecCHOHATIBHBIX IIeJIeH.



BJAACTh:

CucreMoil MPakKTHYECKUX YMEHUH W HABBIKOB, OOCCIICUMBAIONIUX COXPAaHEHUE U YKPEIUICHUE
3/I0POBbSI, Pa3BUTHE U COBEPIICHCTBOBAHWE TMCUXO(U3MUECKUX CIOCOOHOCTEH W KadecTB (C
BBINTOJIHEHHEM YCTaHOBJIEHHBIX HOPMAaTHUBOB MO 00IIEH (PU3NYECKON U CIIOPTHBHO-TEXHUYECKOM
MIOJITOTOBKE).

TeMbl U pa3jesibl Kypca:
1. ODII (obmras pusmueckas MOArOTOBKA)

dusnueckas MMOATOTOBJICHHOCTL YCJIOBEKA XApPaKTCPU3YCTCA CTCICHBIO PA3BUTHUA 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 (DU3MYECKHE KAUeCTBA YEIOBEKa, HE HAPYIIAETCS TapMOHUS
B JICSITENIbHOCTH BCEX CHCTEM U OPraHOB 4enoBeka. Tak, K mpuMepy, pa3BUTHE CKOPOCTHU JOHKHO
MPOUCXOANTh B E€IUHCTBE C PA3BUTHEM CHJIbI, BBIHOCIHMBOCTH, JIOBKOCTH. MMeHHO Takas
CIaKEHHOCTb U MPUBOAUT K OBJIAICHUIO KU3HEHHO HEOOXOIMMBIMU HaBBIKAMH.

@®uznyeckue KayecTBa M JBUTATEIbHbIE HABBIKM, IIOJIyUEHHBIE B peE3yJbTaTe (U3MUECKUX
3aHATUH, MOTYT OBITH JIETKO NMEPEHECEHBI YEJIOBEKOM B JIPYTHe OOJIACTH €r0 AEATENbHOCTH, U
CHOCOOCTBOBATh OBICTPOMY HPUCIOCOOICHUIO YEJIOBEKa K H3MEHSIOMIMMCS YCIIOBHSM TPy
ObITa, 4YTO OYEHb BAXKHO B COBPEMEHHBIX )KU3HEHHBIX YCIOBHSIX.

Mex(z[y pa3sBUTHEM CI)I/ISI/I‘IGCKI/IX Ka4yCCTB H CI)OpMHpOBaHI/IeM ABUI'aTCIbHBIX HAaBBIKOB
CYHICCTBYCT TCCHAA B3aMMOCBA3b.

JlBurarenbHble KadecTBa (POPMHUPYIOTCS HEpPaBHOMEPHO M HEOAHOBpeMeHHO. HawuBsbiciine
JOCTH)KEHUS B cuJle, ObICTPOTE, BHIHOCIMBOCTH JOCTUTAIOTCSA B Pa3HOM BO3pacTe.

IToHsiTHE O CHJIE U CHJIOBBIX Ka4eCTBaX.
.HIO]:[I/I BCeraa CTPEMUIINCH OBITH CUJILHBIMH U BCCTZa yBaKaJiu CUITY.

Paznnuaror MakcumanbHy0 (a0COTIOTHYIO) CHITY, CKOPOCTHYIO CHITY M CHJIOBYIO BEIHOCJTHBOCTb.
MakcumManbHas CHJIa 3aBUCUT OT BEJIMYMHBI MONEPEYHOT0 ceueHus: MbImbl. CKOpocTHas cuiia
OTIPENIETISIETCS CKOPOCThIO, C KOTOPOM MOKET OBITh BBIMOJHEHO CHJIOBOE YIPAXKHEHUE WIIU
CWJIOBOH mpueM. A cuioBasi BBIHOCIMBOCTb OMNPENENSETCS MO YHUCIY HMOBTOPEHHM CHUIOBOTO
YIIPA)KHEHUS 10 KpallHEH yCTaJIOCTH.

Jlnis pa3BUTUSL MAKCUMAJIbHOM CHIIBI BBIpAOOTaH METOJI MaKCUMAJIbHBIX YCHUJIMH, paCCUMTAHHBIN
Ha pa3BUTHE MBIIIEYHONW CHUJIBI 332 CUET MOBTOPEHUS C MAKCUMAJIbHBIM YCHJIMEM HEOOXOJMMOro
yIpaKHEHUs. JJIs1 Pa3BUTHsI CKOPOCTHOW CHUJIBI HEOOXOAMMO CTPEMHUTHCS HapalluBaTh CKOPOCTh
BBITIOJIHEHUS YIIPAKHEHUH WM TPH TOW K€ CKOPOCTH MpUOaBiIATh Harpy3Ky. OIHOBpEMEHHO
pacTeT U MakCMMallbHas CWJIa, a Ha Hel, Kak Ha ruiatdopme, Gpopmupyercs ckopocTHas. s
pa3BUTHS CHJIOBOW BBIHOCIHMBOCTH IPHUMEHSIETCS METOJ <10 OTKa3a», 3aKJIIoYarouiuiics B
HENPEPBIBHOM YIIPa)KHEHUH CO CPEHUM YCHIIMEM J10 MOJIHON yCTaIOCTH MBIIILI.

YToObl pa3BUTH CHITY, HYKHO:

1. YKkpenuTs MbIII€YHBIE TPYIIIBI BCETO JBUTATENBHOIO anmnapara.



2. Pa3BuTh CIIOCOOHOCTH BBIIEPKUBATh Pa3IMYHbIC YCUIIUS (AMHAMUYECKUE, CTATUYECKUE U Jp.)

3. [Ipuobpectu yMeHue pallioOHAIbHO UCIIOJIb30BaTh CBOIO CHITY.

Jns OwicTporo pocra CHIIBI HEOOXOAMMO TIOCTENEHHO, HO HEYKIOHHO YBEJIMYUBATH BEC
OTSTOIIEHUN U OBICTPOTY JIBMKEHHM ¢ 3TUM BecoM. Cuiia 0cobeHHO 3(hPEeKTUBHO pacTeT HEe OT
paboThl OOJIBIION CyMMapHOU BEJIMUYMHBI, @ OT KPAaTKOBPEMEHHBIX, HO MHOTOKPAaTHO HHTEHCUBHO
BBITNOJHAEMBIX yrpaxxHeHH. Pemaromee 3HaueHue A1 GOpMUPOBAHUS CHIIBI UMEIOT IOCIIETHUE
MOTBITKY, BBINONHSAEMble Ha ¢oHe yromienus. Jlyisg mnoBbimeHus 3()(PEKTUBHOCTH 3aHATUI
PEKOMEHJIyeTCsl BKJIOYaTh B HHUX BCIEI 3a CHIOBBIMU YIPAKHEHUSIMHU YIPaKHEHUS
JUHAMUAYECKHE, CIOCOOCTBYIOIINE PACCIIa0ICHUIO MBIIII] U MPOOYKIAIOIINE TTOJ0KUTEIbHBIC
SMOIIMH — UTPBl, IJIABaHUE U T.II.

YpoBeHb CHIIBI XapaKTepU3yeT omnpeaeacHHoe Mop(hopyHKIIMOHATBHOE COCTOSIHUE MBIIICYHON
CHCTEMBI, 00ECTICUNBAIOIIECH TBUTATEIBbHYIO, KOPCETHYIO, HACOCHYIO H OOMEHHYIO ()yHKIIHH.

KopcerHass ¢yHkius oOecrneyrBaeT IMpH OMPEICICHHOM MBIIICYHOM TOHYCE HOPMAabHYIO
OCaHKy, a Takke (QYHKIMH T[I03BOHOYHMKA W CIUHHOTO MO3Ta, NpPEAyNpexIas TaKue
pacnpocTpaHEeHHBIC HapylmieHUS W 3a00JIeBaHUS KaKk JeQeKThl OCaHKH, CKOJHO3bI,
ocTeoXoHApo3bl. KopceTHas (DyHKIUS KMBOTA UTPACT BAKHYIO POJIb B (DYHKIIMOHUPOBAHUU
MIEYCHH, JKETyKa, KAIICUHNKA, TI0UeK, TPEAYIPEeKIas Takue 3a00IeBaHUs KaK TaCTPUT, KOJIUT,
XOJISIIUCTHT M JIp. HEIOCTATOYHBIM TOHYC MBI HOT BEACT K PA3BUTHIO IUIOCKOCTOIIHS,
pacIIMpeHuIo BeH U TpoMOodiedury.

HC,I[OCTaTOLIHOS KOJINYCCTBO MBINICYHBIX BOJOKOH, 4@ 3HAYUT, CHUXKCHUC OOMEHHBIX IMpouccCCcoOB B
MbIIIax BCACT K O)KUPCHHUIO, ATCPOCKIICPO3Y U APYT'UM HGI/IH(l)eKIII/IOHHI)IM 3a00JI€BaHUSIM.

Hacocnast ¢yHKums MpImn («MBIIIEYHBIA HACOC») COCTOMT B TOM, YTO COKpAIleHHE JHOO
CTaTUYCCKOC HANPsSIKCHUE MBI CHOCO6CTBy€T NEPCABUIKCHHUIO BE€HO3HOU KpOBHU 110
HaIPaBJIECHUIO K CEPIILy, YTO UMEET OOJBINOE 3HAYCHUE NMPU 00ECTIEeYeHUH 00I1Ier0 KPOBOTOKA U
auMGoToKa. «MBIIIEYHBIH HACOC)» PA3BUBAET CHITY, IPEBBIIIAIOLIYI0 paOOTy CEpACUHON MBIIIIIBI
U o0ecrieyrBaeT HAIOJHEHUE MPABOT0 KETyJ0UKa HEOOXOAUMBIM KOINYeCTBOM KpoBH. Kpome
TOro, OH Urpact 6OJ'IBHIYIO POJib B ICPECABUKCHUN J'II/IM(l)I)I U TKaHEBOU KHUIOKOCTHU, BJIUAA TEM
CaMbIM Ha TPOIIECCHl BOCCTAHOBIICHUS M yJaJIeHUs MPOAyKToB oOMeHa. HemocraTounas pabora
«MBIIIEYHOTO HACOCA» CIOCOOCTBYET Pa3BUTHIO BOCHAIUTEIBHBIX IPOILECCOB M 0OpPa30BAHUIO
TPOMOOB.

Takum o6pa30M HOPMaJIbHOC COCTOSAHHC MBIIIIEYHOM CHCTEMBI SBISETCS Ba)KHBIM MU YKHM3HEHHO
H€06XOI[I/IMBIM YCJIOBUEM .

YPOBCHB COCTOSIHUS MBIIIIEYHOM CHCTEMEI OTPAXKACTCA MMOKA3aTCIIEM MBIIIIEYHON CHJIEL.

N3 storo CJICOAYCT, YTO IJIA 300POBbA HCO6XOILI/IM OHpCZ[eJIeHHBIﬁ YPOBCHb pPa3BUTHA MBIIII B
LIEJIOM U B KaXKJI0M OCHOBHOI MBIIIEYHOM rpymnme — MbIax CIrHbI, I'PyIu, 6pIOIJ_IH01"O mnpecca,

HOT, PYK.

Pa3BuTHe MBI MPOUCXOJUT HEPAaBHOMEPHO KakK I10 BO3PACTHBIM IIOKa3aTensiM , Tak U
uHAMBUAYalbHO. [loaTOMY He cnenyer popcupoBaTh BHIXOJ] Ha AOJKHBIN YpoBeHb y Aeteit 7-11
net. B Bo3pacre 12-15 net HaOmroaeTcs 3HaYMTENbHOE YBEIMYEHUE CUIIBI U HOPMATHBBI CHIIBI Ha
nopsI0K Bo3pacratoT. B Bo3pacte 19-29 net npoucxoaut oTHOCUTENbHAsA cTabunuzanus, a B 30-
39 et — TeHIEHIUS K CHIDKEeHUIO. [TpH yrpaBisieMoM BOCITUTAHHUH CHITBI TIellecoo0pa3Ho B 16-18
JIET BBINTH HA HOPMATUBHBIN YPOBEHb CUIIBI M MOAIEPKUBATH ero 10 40 ser.



Heo6x01uMo NOMHUTB, YTO MEXy YPOBHEM OTACIHHBIX MBIIICYHBIX TPYII CBSI3b OTHOCHUTEIHHO
cimabasi ¥ T0O3TOMY HOPMATUBBI CHIIBI JIOJKHBI ObITh KOMIUIEKCHBIMU M OTHOCUTEIIEHO TIPOCTHIMU
Ipy BBIOTHEHWH. JIydiue TeCThl — 3TO YNPaXHEHHS C MPEOJIOJICHHEM MacChl COOCTBEHHOTO
TeJa, KOTJa YYUTHIBaeTCs He abCONIOTHas CHjia, a OTHOCHTEIbHAs, YTO IMO3BOJSET CIIIAIHUThH
pasHuIly B aOCONMIOTHOW cuiie, 0OyCIOBJICHHYIO BO3PACTHO-TIOJIOBBIMH U (YHKIMOHAIHHBIMH
dbakTopamu.

HopMmanbHblii ypoBeHb CUJIBI — HEOOXOIMMBIM (akTop UIsl XOPOLIEro 310pOBBS, OBITOBOIA,
npodeCcCHOHATBLHON TPYJ0CIOCOOHOCTH.

JlanbHelIee MOBBINICHUE YPOBHS CHJIBI BBIIIE HOPMATHBHOTO HE BIHMSET HA yCTOMYMBOCTH K
3a00JI€BaHUAM U POCT MPOPECCHOHATBHON TPYAOCIOCOOHOCTH, TAe TpedyeTcs 3HauuTeIbHAas
dbu3ndeckas cuia.

['nOKoCTh ¥ METO/IMKA €€ Pa3BUTHSL.

HOI[ rHOKOCTBIO IMOHHMMAIOT CIIOCOOHOCTH K max II0 AMIUIMTYC JABHXKXCHUSAM B CYyCTaBax.
I'nbxoctsb - MOpq)O(bYHKI_[I/IOHaJIBHOG JABUIaTCIIBbHOC Ka4CCTBO. Omna 3aBHUCHUT:

- OT CTPOEHUSA CyCTaBOB;

- OT 3JIACTUYHOCTH MBILIII U CBI304YHOIO aIlllapara;

- OT MEXaHU3MOB HEPBHOM PEryJISLUU TOHYCA MBIIILI.
PaznnyatoT akTUBHYIO U TACCUBHYIO THOKOCTb.

AKTHBHas THOKOCTh - CIIOCOOHOCTBH BBITIOJNHSATH JBMKCHHS C OOJBIION aMIUITMTYIOH 3a CUeT
COOCTBEHHBIX MBIIICYHBIX YCUTHI.

[TaccuBHast THOKOCTH - CIIOCOOHOCTH BBIMONHSTH IBUMKEHHS C OONBIION aMIUIUTYION 3a cueT
NEHCTBUS BHEUIHMX cui (MapTHepa, TsSkKecTh). BenuunHa mMacCMBHOM THOKOCTH BBIIIE
OKa3areljied akTUBHON TMOKOCTH.

B nmnocnemnee Bpems moiydaeT pacnpoCTpaHEHHWE B CIIOPTUBHOM JIMTEpaType TEPMHH
“crienanbHas TMHOKOCTH” - CIMOCOOHOCThH BBITIOJNHATH JABWXKEHUS C OOJIBIION aMILTUTYION B
CyCcTaBaxX W HAMpaBIICHUSIX, XapaKTEPHBIX i1 M30paHHOW CHOPTHUBHOW crnernuanu3anuu. [lon
“o011ei rHOKOCTHIO”, B TAKOM CITy4yae, IOHUMAeTCsl THOKOCTh B HauboJjiee KPyMHbIX CycTaBax U B
pa3IMYHBIX HANPaBIECHUSIX.

KpoMme mnepeuncieHHbIX BHYTPEHHUX (aKkTOpPOB Ha TMOKOCTh BIUSIOT U BHEUIHHE (aKTOPHI:
BO3pPACT, IOJI, TEJIOCIOXKEHHE, BpeMsl CYTOK, yromJieHHe, pa3MuHKa. [Toka3arenn rubkoctu B
MITAJIIINX U CPETHUX Kilaccax (B CpeHEM) BhIIIE MOKa3aTeNel CTaplIeKIaCCHUKOB; HanOOIbIIHA
MPUPOCT aKTUBHOM THOKOCTH OTMEUYAETCs B CPEIHUX KJlaccax.

[TonoBeie paznuyusi OMpPEesioT OHOJOTHYECKYI0 THOKOCTh y neBouek Ha 20-30% BbImie mo
CpaBHEHHUIO ¢ MalTbuukamu. JIydiie oHa COXpaHsAETCs y JKEHIIUH U B TIOCIEAYIOIICH BO3paCTHOM
MEePUOJIUKE.

BpCMH CYTOK TaK’KC BJIMACT Ha TI/I6KOCTB, C BO3paCTOM 3TO BJIMAHUC YMCHBIIIACTCA. B YTPCHHUC
4yachl THOKOCTh 3HAYUTEILHO CHHUIKCHA, JIYUIIHNC IMOKa3aTCJIn THOKOCTH OTMeUaroTces ¢ 12 A0 17
qacCoB.



YToMiIeHHE OKa3bIBACT CYIIECTBEHHOE M IBOMCTBEHHOE BIMsIHUE Ha THOKOCTh. C OJTHOM CTOPOHHI,
K KOHI_[y paGOTBI CHHMKAIKOTCA II0Ka3aTCJInu CUJIbl MBIIII, B pe?)y.HbTaTe Yero akKTuBHas FI/IGKOCTB
ymenbiiaercss 10 11%. C apyroil cropoHbl, CHMKEHUE BO30Y)KIEHHUS CHJIBI CIOCOOCTBYET
BOCCTaHOBJICHUIO 3JIACTHYHOCTHU MBIIIIII, OFpaHI/I‘-II/IBaIOH_[I/IX aMHHI/ITYI[y JOBUXKCHUS. TeM CaMbIM
MOBBIIIAETCS MTACCHBHAS THOKOCTHD, TIOJIBH)KHOCTD yBeHunBaeTcs 10 14%.

HebnaronpustHsle TeMnepaTypHble YCIOBUS (HU3Kas TEMIEpaTypa) OTPULATENIbHO BIMSIOT Ha
BCE PAa3HOBHJHOCTH THOKOCTU. Pa3zorpeBaHue MblIIIll B MOATOTOBUTEIHHOW YacTh y4eOHO-
TPEHUPOBOYHOTO  3aHATHS IEpeJ  BHIIOJHEHHEM OCHOBHBIX YIPAKHEHUN  MOBBILIACT
MOJABUKHOCTh B CYCTaBaXx.

Mepuinom THOKOCTH SIBISAETCS aMIUIUTyAa ABMOKEHUH. [l moiydeHus TOYHBIX JAHHBIX 00
aMIUIUTy€ JABWOKCHUM  MCIOJB3YIOT METOAbl CBETOBOM  PETUCTpPAlUU: KHHOCBEMKY,
UKJIOrpaduio, peHTTeHO-TEICBU3UOHHYIO CheMKY H JIp. AMIUIMTYA JBMKCHUU HM3MEpsIeTCs B
YIJIOBBIX I'pasycax WA B CAHTUMETPAX.

CpencTBa 1 METOJIBI:

Cpe,[[CTBOM Pa3BUTHA THOKOCTH SIBIISIFOTCS YIIPA’)KHCHUS HA pACTATUBAHU. Hx pgenat Ha 2 IpYIIIbI:
aKTUBHEIC U ITACCUBHBIC. AKTUBHBIE YIIPAKHCHUA:

- ogHO(a3HbIE U MPYKUHUCTHIE (CIBOCHHBIE, CTPOCHHbIE) HAKJIOHBI

- MaxoBbI€ ¥ (PUKCUPOBAHHEIC,

- CTAaTUYECKHE YIPaXHEHUS (COXpaHEHHE HETOABHKHOTO MOJIOKEHHS C
MaKCUMaJIbHON aMIUTUTYIOM ).

[TaccuBHBIC yrpa)KHEHUS: 11032 COXPAHIETCS 3a CUYET BHEMIHUX cuil. [IpumeHss ux, 1OoCTHrarot
HauOoONBIIMX TOKa3aTened ruOkocTH. [l pa3BUTHS aKTUBHOW THOKOCTH 3()(EKTHBHBI
yIpakHEHUs Ha PacCTATMBaHUE B TUHAMUYECKOM pEXHME.

OO6miee Meroanueckoe TpeOOBaHME /I Pa3BUTUS THOKOCTH - 00s3aTE€NbHBIN pa3orpeB (10
MOTOOT/IEIICHUS ) TIEpE]] BHIIIOJIHEHUEM YIIPaKHEHUN Ha pacTATUBAHHE.

B3anMHOe cONpOTUBIEHUE MBI, OKPYKAIOIIMX CYCTaBbl, UMEET OXPAaHUTEIbHBIA >PPEKT.
VIMeHHO NO3TOMY BOCHHMTaHHE TMOKOCTH JOJDKHO C 3armacoM o0OecrednBaTh TpeOyeMyr Max
aMIUIMTYy IBUKEHUHN U HE CTPEMUTHCA K IIPEJEIIBHO BO3MOKHON CTENEHU. B nocnennem ciyyae
3TO BEJET K TPAaBMUPOBAHUIO (PACTSKEHUIO CYCTaBHBIX CBSI30K, IPUBBIYHBIM BHIBUXAM CYCTaBOB),
HapyLIEHUIO TPaBUJILHON OCAHKH.

MpBinel  MaIOPACTSKUMBL, [TOTOMY OCHOBHOM METOJ BBINIOJIHEHUS YNPAXHEHWW HaA
pacTsruBaHue - IOBTOPHBIN. Pa3oBoe BhionHeHHEe ynpakHeHU# He 3pPpexTuBHO. MHOTOpa3oBbie
BBIIIOJIHEHUS BEAYT K CYMMHPOBAHUIO CIEIOB YIPAXHEHUS U YBEIUYECHHE AaMILIATYAbI
CTAHOBUTCS 3aMETHBIM. PEKOMEHIyeTCsl BBINOIHATD YIIPAKHEHUS HA PACTATMBAHUE CEPUIMU 110
6-12 pa3, yBenuuuBas aMIUIUTY1y ABHKEHHUN OT CepUU K cepuu. Mexy cepHsiMU 1eJIecoo0pa3Ho
BBITNOJIHATH YIPaKHEHUS Ha pacciiabyieHue.

Cepuu ynpa>xHeHHI BBIMOJIHSAIOTCS B ONPEIEICHHON MOCIEe10BATENbHOCTH:
- AU pYK;
- T4 TYJIOBUILIA;

- IUIS HOT.



bBonee ycremHo mporMCXOAUT BOCIUTAHHE TMOKOCTH TPH €XKETHEBHBIX 3aHATHSAX WM 2 pas3a B
neHb (B BUE 3a1aHui Ha 1oM). Haunbonee 3¢ (hekTHBHO KOMIUIEKCHOE TPUMEHEHHE YITPAXKHEHHUH
Ha pacTaruBaHue B cienyronieM coudetanuu: 40% ynpakHeHUM akTUBHOro xapakrtepa, 40%
yhnpaxxHeHU naccuBHOro xapaxrtepa U 20% - cratmyeckoro. YNpakHEHHs Ha pacTsATMBaHUE
MOYKHO BKJIIOYATh B JIIOOYIO 4acTh 3aHSATHI, OCOOEHHO B MHTEpBAJaX MEXIy CHJIOBBIMH H
CKOPOCTHBIMH YTIPA)KHCHUSMH.

B miazameM mIkoibHOM BO3pacTe MPEUMYIIECTBEHHO HCIOIb3YIOTCS YINPAKHEHUS 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 CTaparoTCs COXPAHUTh JOCTUTHYTHIA YPOBEHB €€ pa3BUTUA (IOJACPKUBAIOUINI PEXKIM).
Hawmnyumme noka3arenu ruOKOCTH B KPYIHBIX 3BEHbAX Tella HabIto1aloTes B Bo3pacte 10 13-14
JeT.

3akaHuyMBas PACCMOTPEHHE pa3BUTUS (U3MYECKHX KayecTB B IHporecce (U3NIECKOTO
BOCIIMTAHHUS, CIEAYeT aKLEHTUPOBATh BHUMAaHHE HAa B3aWMOCBS3M MX Pa3BUTHUSI B LIKOJIBHOM
Bo3pacte. Tak, pa3BUTHE OJHOI0 Ka4eCTBa CIIOCOOCTBYET POCTY ITOKa3aTeNed APYruxX (PU3nIecKux
kadecTB. VIMEHHO 3Ta B3aUMOCBS3b 00YCIOBIMBAET HEOOXOIUMOCTh KOMIUIEKCHOIO HOAXOa K
BOCIIUTaHUIO (PU3MYECKUX KAYECTB Y IIKOJIBbHUKOB.

3HauyMTeIbHbIE MHBOJIIOIMOHHBIC U3MEHEHUSI HACTYIAIOT B MTOKUJIOM U CTap4YecKOM Bo3pacte (B
CBSA3M C M3MEHEHMEM COCTaBa MBI M YXYALIEHUEM YIPYTrO-3JIACTUYECKUX CBOMCTB MBI U
cBs30K). HyXHO HpOTHBOJEHCTBOBATh PErpecCUBHBIM HM3MEHEHUSAM IIyTEM MHCIOJIb30BaHUS
CHeLHaIbHbIX YIPAKHEHUH ¢ TeM, YTOOBI OJAEPKUBATh THOKOCTh Ha YPOBHE, OJIM3KOM K paHee
JIOCTUTHYTOMY.

BrIHOCIMBOCTE.

BriHOCAMBOCTE OmpenensieT BO3MOKHOCTh BBITIOTHEHUS JUTUTEILHONW paObOThI, TPOTUBOCTOSHUS
YTOMJICHHUIO. BRIHOCTUBOCTH pemIaommmM 00pa3oM OINpeesIsieT yCIeX B TAKUX BUIaX CIOPTa, Kak
JBDKU, KOHBKH, MJIaBaHUe, Oer, BeIOCnopT, rpeds.

B CIiopTe 1104 CJIOBOM  «BBIHOCIHMBOCTB» IOAPA3YyMCBACTCSA CIIOCOOHOCTH  BBIIOJIHSATH
HWHTCHCHUBHYIO MBIIICYHYTO pa60Ty B YCJIOBHAX HEAOCTAaTKa KHCJIIOpOJA. Pa3npie moau 1o-
pa3HOMY CIIPABJIAOTCA CO CIIOPTUBHBIMHU HArpy3KaMu. KOMy-TO OHU JOCTAIOTCH JICTKO, KOMY-TO
C HAIpsAXKCHUCM, TAaK KaK BCC€ 3aBUCUT OT HHI[HBHHyaHLHOﬁ YCTOﬁQHBOCTH YCJIO0BCKa K
KI/ICJ'IOpOHHOI\/'I HEAOCTATOYHOCTH.

Kucnoponnas HemoCTaTOYHOCTh BO3HUKAECT NPHU 3HAYUTENBHOW (u3mueckoil Harpyske. He
ycrieBas MOJIydUTh U3 aTMOC(EPHOTro BO3/IyXa HEOOXOIUMBIN KUCIOPOI, OPraHU3M CIIOPTCMEHA
BBIPa0aTHIBAET PHEPTHUIO 32 CUET aHAIPOOHBIX PEAKITUHA, ITPH STOM 00pa3yeTcss MOJIOYHAs KUCIIOTA.
st BOCCTaHOBJICHHS HAPYIICHHOTO PAaBHOBECHUS U MCIOJIb3YETCS MOIydaeMbli 1ocie GuHuIIa
«KUCJIOPOJHBIA JOAT». YUEHbIE YCTAaHOBWJIM, YTO, YE€M BBIIIE KHUCJIOPOJIHBIA JIONT TIOCIe
npeaeabHON paboThl, TEM OH 00J1a7aeT OOJIBIIMMH BO3MOXKHOCTSIMU pab0TaTh B OECKUCIOPOIHBIX
YCIIOBHSIX.

CerCT BBIHOCJIIMBOCTH — B HaHpaBHCHHOﬁ MNOoATrOTOBKC OpraHuU3Ma. I[JBI Pa3BUTHA 061116171
BBIHOCIIMBOCTH HCO6XOI{I/IMBI YIIpa)KHCHUSA CpC,Z[HCfI HHTCHCUBHOCTHU, NJIUTCIIBHLIC 110 BPCMCHU,
BBITIOJIHACMBIC B PABHOMCPHOM TCMIIC. C IMPOTrpE€CCUBHBIM BO3PACTAHUCM HAIPY3KHU IO MCPE
YCUJICHUA ITOATOTOBKH.



B 3HauuTenbHOW Mepe BBIHOCIMBOCTH 3aBUCUT OT JACSATEIBHOCTH CEPACYHO-COCYAUCTOM,
JBIXATEIIbHBIX CHUCTEM, O3KOHOMHBIM pacxojoBaHueM »Hepruu. OHa 3aBHUCHUT OT 3amaca
IHEPreTHUECKOTO cyOcTpaTa (MBIIIEYHOTO TIIMKOTEeHA). 3amachl IITMKOTeHA B CKEJIETHBIX MBITIIIIAX
y HETPEHMPOBAHHBIX JIIOJEH cocTaBisieT okoio 1,4%, a y copremenoB — 2,2%. B npouecce
TPEHUPOBKU HA BBIHOCIMBOCTH 3amlachl IIIMKOr€Ha 3HAYUTENBHO yBennuuBaoTcs. C Bo3pacToM
BBIHOCJIMBOCTH 3aMETHO MOBBIIIAETCA HA MIPU 3TOM CJIEIYET YUUTHIBATH HE TOJIBKO KaJICHJAPHBIH,
HO U OMOJIOTHYECKHI BO3PAaCT.

YeM BbllIE YPOBEHb a9POOHBIX BO3MOKHOCTEH, TO €CTh BBIHOCIMBOCTb, TEM JIyUllle I0Ka3aTeIH
apTepUanbHOTO JaBJICHHs, XOJIECTEPUHOBOTO OOMEHA, YyBCTBUTEIBHOCTH K cTpeccaM. I[Ipum
HNOHMKEHUU BBIHOCIMBOCTH IOBBIIIAETCS PUCK MINEMHYECKMX OOJIe3HEH cepala, MOsBIECHUS
3JI0Ka4E€CTBEHHBIX HOBOOOPa30BaHU.

JIOBKOCTh U MCTOABI €€ BOCIIMTAHN .

Ilox 710BKOCTBIO noApa3yMeBacTCA CIIOCOOHOCTh YEJI0BEKa K 6BICTpOMy OBJIAJJICHUIO HOBBIMH
JBHMOXCHHUAMU HIIM K 6LICTpOI>i HGPGCTpOﬁKe JBUTATEIBHOM JIEATECILHOCTH B COOTBETCTBUU C
Tpe6OBaHI/I${MI/I BHE3AITHO MU3MEHUBIIIEHCS CUTyalluu.

Bocnuranue OBKOCTH CBSI3aHO C TOBBIIIEHUEM CIHOCOOHOCTH K BBIMIOJHEHUIO CIIOKHBIX 10
KOOPAUHAILIMH JIB)KEHUM, OBICTPOMY TIEPEKITIOUEHHUIO OT OJIHUX JIBUTATEIbHBIX aKTOB K IPYTUM U
C BBIpaOOTKON yMeHHUs JeWCTBOBaTh HauOoliee IeecO00pa3HO B COOTBETCTBHHM C BHE3AITHO
M3MEHUBIIUMUCS YCIOBUSAMH WM 33Ja4aMu (T.e. CIIOCOOHOCTH OBICTPO, TOYHO M HKOHOMHO
pelaTh CI0XKHYIO IBUraTENIbHYIO 3aa4y).

Koopaunupyromme cnocoOHOCTH:
1) cnocoOHOCTH KOOPAMHUPOBATH JBUKEHHSI IPU MIOCTPOSHUU IEHCTBUS;

2) criocOOHOCTh NEPECTPOUTH UX UI U3MEHEHUS MapaMeTpoB NEHCTBUS WU MEPEKII0YeHre Ha
JIpyroe IeWCTBUE NPU U3MEHEHUH YCIOBUM.

JIOBKOCTB XapakTepHu3yeTcs KOOpIUHAIIMEN U TOYHOCThIO ABWKEeHUI. KoopanHauus ABUKEHH -
OCHOBHOIl KOMIIOHEHT JIOBKOCTH: CIIOCOOHOCTh K OJHOBPEMEHHOMY U IOCIIEOBATEIHLHOMY
COTIACOBaHHOMY COYETaHUIO IBUKeHUI. OHa 3aBUCUT OT YETKOU U COpa3MepHOI pabOTOM MBI,
B KOTOPOM CTPOTO COIIaCOBAHbI Pa3IMYHBIE 110 CUJIE U BPEMEHU MBILICUHBIE HAIPSKECHHUS.

HekoTtopsie aBTOpBI ONPEAENsitOT KOOPANHAIIUIO IBH>)KEHHUI NTO-pa3HOMY, aKIIEHTUPYSl BHUMaHUE
Ha onHOM u3 ee cropoH. H.A. bepHumTeilH, nmpuHHMass BO BHMMaHHUE BHEIIHIOI CTOPOHY
KOOpJMHAIINK JIBI)KEHUH, OMpeNeNsieT ee Kak MPeoJoJieHue M30BITOUHBIX CTyMEeHeH CBOOOIbI
JBIKYIIETOCS! OpraHa, T.€. IPEBPAILEHUE €ro B YIPABISIEMYIO CUCTEMY. 3BE€HO TeJla ABUKETCS 110
paBHOJICHCTBYIOIIEH BHYTPEHHUX, BHEIIHUX U PEAKTUBHBIX CUII. L[eHTpanbHas HEpBHAS cucTeMa
MOJTy4aeT OT MPOMPHUOPELENITOPOB JABIIKYILETOCS OpraHa HWHQPOpPMAIMI0 00 OTKIOHEHHH €ro
TPACKTOPHUH OT “HaJJIeXkalleil” ¥ BHOCUT COOTBETCTBYIOIIUE MOMPABKHU B 3 (HEeKTOPHBIH Mmpoiiecc.
JlaHHBII NpUHLIMI KOOPAUHUPOBAHUS OH Ha3BaJ MPUHIIMIIOM CEHCOPHOU KOPPEKIIUH.

Benymee mecto npunamiexut [ITHC. Co3nanne cloHEHIINX KOOPAHMHAINN, HEOOXOAMMBIX JJIS
OCYIIECTBIIEHUS TPYIHBIX 3a7a4, MPOMCXOAUT 3a CUET BBICOKOW TUTACTUYHOCTH HEPBHBIX
MPOIIECCOB, 00YCIOBIMBAIIINUX OBICTPOE MEPEKITIOYCHHE C OJTHUX PEAKIINI Ha APYTHE U CO3/IaHne
HOBBIX BpeMeHHbIX cBszert (H.B. 3umkun, 1970).



JIOBKOCTH B 3HAYMTENBHON CTENEHHU 3aBMCHUT OT MMEIOILIErOCs JBUTaTeIbHOIO OnbITa. Brianenne
pa3sHOOOpa3HBIMU JABUraTEIbHBIMH YMEHHUSMH M HaBBIKAMHU MOJOXHUTEIBHO CKa3bIBAaeTCAd Ha
(YHKIMOHAJIBHBIX BO3MOXHOCTSIX JBHUTaTeIbHOTO aHanu3aropa. CremnoBaTenbHO, JIOBKOCTh
MOXXHO CUUTAaTh NPOSBICHUEM JEeCOCOOHOCTH (PYHKIMOHATBHBIX CHCTEM YIpPaBJICHUS
JBHKEHHUEM U pacIpeielIeHUs SHepro3arpar.

K ocHOBHBIM (akTOpaM, OnpeaeNsitolIuM JIOBKOCTh, OTHOCATCS: AesitenbHocTh LIHC, GorarcTBo
JTUHAMHYECKUX CTEPEOTUIIOB, CTENEHb PAa3BUTHS CHUCTEM, YMEHHUE YIIPABISATh MBIIICYHBIM
TOHYCOM, TOJHOLIEHHOCTh BOCHPHUATHS COOCTBEHHBIX IBIKEHHI M OKpY’Karoleil 00CTaHOBKHU.
Bce 3T GakTopsl TECHO B3aMMOCBSI3aHBI.

JIOBKOCTH MOKET U3MEPATHCS BPEMEHEM OBJIAICHUS UM BBIOJIHEHUS JBUTATEIHLHOTO JEHCTBUSA
(MUH, C), KOOPJAMHAIIMOHHOW CJIOKHOCTBIO BBIMOJHSEMOI0 JACHCTBUSL (OLIEHKA 3JEMEHTOB B
ruMHacTuke u3 8,9 u 10 6anmoB), TOYHOCTHIO BBIMOJIHAEMOIO JICUCTBUS (CIIaJIOM - KOJIMYECTBO
cOUTHIX ()TAKKOB, aKpOOATHKA - BHICOTA, TPYINITUPOBKA, TPAAYCHI B IOBOPOTAX, YCTOWIMBOCTH B
MPU3EMIICHUN ), PE3YJIbTaTOM (IIPBIKKHU B BBICOTY C IIECTOM-M, CM).

CpencTBa pa3BUTHS JIOBKOCTH.

Haunbonee 3¢ (hekTHBHBIM CpPEICTBOM CUMTAIOT CIEAYIOUINE YIPaKHEHHs: TMMHACTHYECKHE,
aKpoOaTu4ecKue, JIErKOATIETHIECKUE, CIIOPTUBHO-UTPOBBIC, €INHOOOPCTBA, TOPHOJIBDKHBIE. Y
aKpoOaToOB M TMMHACTOB BBICOKAa TOYHOCTH ABIIKEHHH, W 3aBHCHT OHA OT YPOBHSI CIIOPTHBHOMN
MOJArOTOBJIEHHOCTH. JTa 3aBUCHUMOCTb IPOSBISETCS B TOYHOCTH OLIEHKH MPOCTPAHCTBEHHO-
BPEMEHHBIX HWHTEPBAJIOB W  JO3MPOBAHUS MBIMIEYHBIX ycWwiIMid. [ HWMHacTHUeckue U
aKpoOaTHYeCcKue yIpaKHEHUS Pa3BUBAIOT aHAJTM3AaTOPHBIE CHCTEMBI, TOBBIIIAIOT BECTHOYIISIPHYIO
yctoitunBocTh (ocobenno TCO: monuHr, Kadenu, 6aTyT, THMHACTHYECKOE KOJIECO ),y ydlIaloT
KOOpJMHAIIMOHHBIE BO3MOXKHOCTH 3aHuMarouuxca. CpoenuanbHo mnonodpanHsle OPY  Ha
COTJIACOBAHWE M TOYHOCTHh JIBM)KCHUH OCOOCHHO 3()()EeKTHUBHBI JJIi BOCHUTAHUS KOOPIUHALIUU
JBHKEHUU PYK.

TpoiiHO# MPBIKOK, MPBIKKH C ILIECTOM, B JUTMHY U BBICOTY CIIOCOOCTBYIOT Pa3BUTHIO ITPEXKIE BCETO
KOOpJIMHAIMK JIBUKEHUH 3aHuMaromuxcsa. Hanbonee »3ppexkTUBHBIM U JOCTYIHBIM CPEICTBOM
BOCIIMTAHUS JIOBKOCTH Yy 3aHHMAIOLIUXCS SABIIAIOTCS IMOJABMIKHBIE U CHOPTHBHBIE UIphl. OHU
pa3BHUBAIOT KOOPJAMHALIMIO, TOUHOCTb M COPAa3MEPHOCTD JBM)KEHUH, aHAIM3aTOPHbIE CUCTEMBI. B
CIIOPTUBHO-UTPOBBIX YNPAKHEHUAX MPUOOPETAIOTCS HABBIKU OBICTPBIX U 3(PPEKTUBHBIX
JBUKEHUM B HEO’)KUJJAHHO CIIOKUBIIEHCS CUTYalLlUN.

VYrpaxHeHuss B eAMHOOOPCTBaX pa3BUBAIOT JOBKOCTh. bokc, Oopb0a, GexToBaHME pa3BUBAIOT
TOYHOCTh U OBICTPOTY peakiuu. OHU (QOPMUPYIOT TaKHe€ TOHKHE OIIYIIEHHUS, KaK ‘‘UyBCTBO
JUCTAaHUMU, “AyBCTBO BPEMEHU~, pACHIUPSIS TEM CAMBIM JIBUTATEIIbHBIE BO3MOKHOCTHU YEIIOBEKA.
BappupoBanue TakTUYECKUX YCJIOBUU B CIIOPTHBHBIX HTpax M €IWHOOOPCTBAX CHOCOOCTBYET

CBOEBPEMEHHOW MEPECTPOUKE JBUTATEIIBHON €SI TENBHOCTH.

CKOpPOCTHBIE CITYCKH, CJIAJIOM BBITIOJIHSIOTCS B HEMPEPHIBHO MEHSIOMIMUXCS YCIOBUSX W TaKkKe
CIOCOOCTBYIOT Pa3BUTHUIO JTOBKOCTH.

MeTtoauka BOCIIMTaHUS JOBKOCTH.

OO0umMH  METOIMYECKUMH TpeOOBaHMAMU B Tpolecce OOy4deHHs sBIseTCs “HOBHU3HA”
YIPaXHEHUM W TOCTENEHHOE IOBBIIIEHWE MX KOOPAMHALMOHHOM CIOKHOCTH. [[ns pa3BuTHSA
JIOBKOCTH MO>KHO HCIIOJIb30BaTh JIIOObIE HOBBIE YMPAXXHEHUS WIM HW3YUYEHHbIE YINPaKHEHUS C
3JIEMEHTaMU HOBM3HBI. DTO 00ydeHHe HOBOMY JOJDKHO OCYLIECTBIATHCS MOCTOsiHHO. [IpocToe
MOBTOPEHHE U3YUEHHBIX YIPAXXHEHUI HE BEJIET K Pa3BUTHIO JOBKOCTH, a JUIUTEIbHbIE IEPEPHIBBI



OPUBOJAT K IMOTEpPE CHOCOOHOCTH 00ydaTbes (MpHU JUIMTEIBHBIX IEpephiBaX MacTepa Cropra
NpOUrphIBalOT [-pa3psaHMKaM MO BPEMEHU OCBOCHMSI HOBOIO JJIEMEHTa). ABTOMaTH3alus
JTUHAMHYECKOTO CTEPEOTHIIa aHAJIOTMYHA, B U3BECTHOW CTENEHU, CKOPOCTHOMY Oapbepy W He
CIOCOOCTBYET Pa3BUTHIO JIOBKOCTH.

[TocTenenHoe MOBBIIEHHE KOOPAWHAMOHHON TPYJHOCTH YIPaKHEHUS MOXKET 3aKI0YaThCs B
MOBBIIIIEHUH TPeOOBAHUI:

1) K TOYHOCTH ABMIKCHHUIA;
2) K MX B3aUMHOH COTJIaCOBaHHOCTH,
3) K BHE3AIMHOCTH U3MCHEHHUSI 00CTaHOBKH.

MCTOZ[I/I‘-IGCKI/IC IMPUCMBI, C ITIOMOIIBIO KOTOPLIX PCAIIM3YIOTCA O6H.[I/Ie MCTOAUYCCKUC ITOJTOKCHUA:

- BbIMOJIHEHHE | pa3 moka3aHHBIX KOMIUIEKCOB OPY WM HECIOXXHBIX THMHACTUYECKUX U
aKpoOaTUIECKHX AJIEMEHTOB;

- BBINIOJIHEHUE YIPAXXHEHUH OPUTHHAIBHBIM (HEOOBIUHBIM) CIIOCOOOM (BBIIIOJHEHHE ITOABEMA HE
CUJIOH, a MaxoM; IIPEOI0JICHUE NPENATCTBUI HETPAIULIMOHHBIM CIIOCOOOM);

- 3€pKaJbHOE BBIIIOJIHEHUE YIPAXKHEHUS (COCKOK B “Uy)XyK~ CTOPOHY, METaHHE WM IPbIKOK
“qyKO0i” HOTOM WUJIM TOTYOK “‘UyKOil” pyKoOif);

- IPUMEHEHUE HEOObIYHBIX MCXO/HBIX MOJ0XKEHUH (IPBDKKU WK Oer ciuHoM Brepen). Ilpuembl
HEOOBIYHBIX JIBUraTEIbHBIX 3aJaHUN PA3BUBAIOT CIIOCOOHOCTH OBICTPO 00y4YaTbCsl HOBBIM
JBUKEHUSM, T.€. “TpEeHUPYIOT TpeHupoBaHHocTh [IHC”;

- IBMCHCHHUEC CKOPOCTH UJIN TCMIIA HBHH(GHHﬁ;

- U3MEHEHHE IMPOCTPAHCTBEHHBIX I'paHUl] (YBEIMUYEHHE Pa3MEpOB MPEMSITCTBUNH WM BBICOTHI
CHapsJla, YMEHbIIEHHE IIJIOLIAA0K JUISl UTPHI);

- BBCACHUC NONOJHHUTCIBHBIX )IBI/DKGHI/II\/JI (OHOpHBIfI IMPBDKOK C MOCICAYIOIIUM KYBBIPKOM HJIN
MOBOPOTOM B BO3/IyX€);

- I3MEHEHHE MOCIIE0BATEILHOCTH BBIMOIHIEMbIX IBUKEHHUH (3]IEMEHTOB B KOMOMHALINN);
- KOMIUJIEKCUPOBaHUE BUOB JEATEIBHOCTH (X0p0a U MPBIKKH, OET U JIOBIIA);
- BBIMOJIHEHUE JBM)KEHUI 0€3 3pUTEeIbHOT0 aHAINU3aTopa.

JlaHHBIE METOAMYECKHME NPUEMBbl MOBBIIAIOT KOOPAWHALMOHHYIO CIIOKHOCTH YIIPAKHEHMM.
Koopaunanusi ABM>KEHUH 3aBHCHT OT TOYHOCTH JBUKCHHM, YCTOWYMBOCTH BECTHUOYISIPHOTO
armapara, yMEHUS pacciabisaTh MBITIITBL.

TouyHOCTP M COpPa3MEPHOCTh ABUKEHHUH - 3TO CHOCOOHOCTH BBHINOJHATH MX B MaKCHMalbHOM
COOTBETCTBUU C TpeOyeMoit ¢hopmoii u coaepkanueM. OHHM MPEANOJIaraloT HATMIUE HE TOJIBKO
TOYHO COTJIACOBAHHOM MBIIIEYHOHN JESITEIBHOCTH, HO U TOHKMX KHHECTE3MYECKUX, 3PUTEIBbHBIX
OIYLIEHUH M XOpOILIeH ABUTATeNbHOW MaMsaTH. COOTBETCTBUE NMPOCTPAHCTBEHHBIX MapaMeTpPOB
JIEMCTBHS 3aJaHHOMY 3TaJIOHY JOCTHIAETCSl B3aMMOCBS3bIO0 ITPOCTPAHCTBEHHOW, BPEMEHHOM W
JUHAMHUYECKON TOYHOCTH JABM)KEHUI B PA3JIMUHBIX JIBUTATENIbHBIX JEHCTBUSX.



Bocnuranue TOYHOCTH 0OOecreunMBaeTCsl CUCTEMATUYECKMM DAa3BUBAIOILUM BO3/EHCTBHEM Ha
BOCIIPDUATUE M AHAJINA3 IIPOCTPAHCTBEHHBIX YCIOBUW, a OJHOBPEMEHHO M Ha YIIpaBJICHUE
IIPOCTPAHCTBEHHBIMU I1ApaMETPaMU JIBHKECHUN.

PekoMeHyeMble METOIMYECKUE PUEMBI U MTOIXO/IBI:

- OPY Ha TOYHOCTH IBWKEHHH 10 KOMaHIaM;

- pa3MeTKa AUCTAHILIUU, TOCTAHOBKA JOMOJHUTENIbHBIX OPUEHTHPOB B MPbDKKAX UM COCKOKaX;
- METaHHeE 110 1eIHU (Ha YKa3aHHOE PAaCcCTOSIHUE, B KOP3UHY, IO MUILICHH);

- IPBDKKU U COCKOKU Ha TouHOCTh mpu3emienus (0,5 x 0,5 m);

- 0er ¢ pa3IMYHOM BEIMYMHON 1 YaCTOTOM I1ara;

- COYeTaHHWE KOHTPACTHBIX 3aJaHUM (METaHHE Ha pa3Hble PACCTOSHUS WIH IPEIMETOB Pa3HOTO
BEca Ha OIHO PAacCTOsIHUE, yAapsl 1o BoporaM ¢ 10 u 20 m);

- YIIYUHICHUC MTPOCTPAHCTBECHH



AHHOTAIIUM K pa004YuM NPOrpaMMam JUCIHUIJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

Puitocopus

Measb AMCHUNIMHBI:

- pa3BUTHE y CTYAEHTOB HMHTEpeca K (yHIAMEHTAIbHBIM 3HAHUSAM, NOHUMAHHS COACPIKAHUS
OCHOBHBIX MHPOBO33PEHUECKUX M METOAOJIOTMYECKHX MpoOiieM coBpeMeHHOW Hayku. Kypc
NpU3BaH CTUMYJIHPOBATh TIOTPEOHOCTH CTYJACHTOB K (HIOCOPCKUM oOleHKaM (HakToB
JeMCTBUTEIILHOCTH, K BEIPAOOTKE HABBIKOB HEMPEAB3SATONH, MHOTOMEPHOW OIEHKH (PHIIOCOPCKUX
Y HAay4YHBIX TCUCHUMN, HAIIPABICHUH U ILIKOJL

3agauyd IUCHUILINHBI:

- IOHUMATh POJIb HAYKU B Pa3BUTUM LIMBUIN3ALUN, COOTHOIICHUE HAYKH U TEXHUKH U CBSI3aHHBIE
C HUMHU COBPEMEHHBIE COLMAJIbHbIE U 3TUYECKUE MPOOJIEMBl, pa3iauune HCTOPUUYECKUX THUIIOB
HAYYHOH pallMOHAILHOCTH, 3HATH CTPYKTYpPY, (OPMBI W METOAbl HAay4yHOTO MO3HAHUS, HX
HBOJIIOLIMIO;

- BBISIBUTb MHPOBO33PEHUYECKOE U METO/0JIOTHYECKOE COJEp)KaHHEe OCHOBHBIX (huiocodcekux
KAaTerOpyuil ¥ MPUHLUIIOB;

- 3HaTh BO3MOXXHOCTH WM I'PAaHULIbI IPUMEHEHUS (PUI0co(CKOro 3HaHUS AJII OCMBICIIEHUSI CBOEH
CrielUaIu3aluuy;

- BJIaACTDb MpUEMaMH BCACHUA JUCKYCCUU, ITOJICMUKH, AUAJIOra.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00Y4eHHS MO JTUCHHUILINHE (MOAYJIIO)
B pesynbrare oCBOCHUS AUCITUTUITMHBI 00YJarONTUECs JOMKHBI

3HATh:

- MECTO U pOJIb CBOEH Oyyliel npodeccuu B cucTeMe 00IIeCTBEHHON )KU3HH;

- QHAJTU3UPOBATh MOJUTHUECKUE, COLMUAIbHBIC, KYJIbTYPHBIC MPOIECCHI, MPOUCXOMAIINE B
roCy/apcCTBe;

- CaMOCTOSITENIbHO ONPENENATh 33aJa4d CBSA3aHHbBIE C JIMYHOCTHBIM PAa3BUTHEM, IMOBBIIIEHUEM
COOCTBEHHOI 00pa30BaHHOCTH;

- CMBICJI OTHOLICHUS YCIIOBCKA K IIPUPOJC, HpOTI/IBOpeLII/Iﬁ " KPpU3UCHBIX SIBIICHUI COBpeMCHHOﬁ
SIOXH TEXHUYCCKOT'O Pa3BUTHUA.

yMeThb:



- NpPUHUMATh COOCTBEHHBIE DPEIIEHUS B paMKax CBOEW NpoQecCHOHAIbHONM KOMIETCHIIUU B
CTaHJAPTHBIX U HECTAHJAPTHBIX CUTYalUsIX, OCHOBAaHHBIX HA OCO3HAHHOM JINYHOM BBIOODE;

- IIOHUMAaTh MCCTO CBOGfI JCATCIIBHOCTU U aHaJII/ISI/IpOBaTL BO3MOXXHBIC ITOCIICACTBHUA TCX HIIN
UHBIX TPUHATBIX PpEHICHWH Ha OCHOBE C(HOPMHUPOBAHHBIX JUCIHMILIMHON EHHOCTHBIX
OPUEHTALIMI;

- IOHNMMAaTh 3aKOHOMCPHOCTH pPa3BUTUMA O6H.[€CTB3, rocygapcCrBa, JUYHOCTH, MECTO YCIIOBCKA B
HCTOPUYCCKOM IIPOLCCCEC,

- OCHUBATH Pa3JIMYHBIC (bI/IJIOCO(l)CKI/Ie KOHOCHIIHWHU IMOoA YTIJIOM 3pCHUA UX CBA3HW C PAa3BUTUCM
TEOPCTUUCCKOT'O U IMMPUKIAAHOI'O €CTCCTBO3HAHUA.

BJIAETh:

- pa3IMYHBIMU BapuUaHTaMU MOJXOAOB K PEIIEHUI0 KOHKPETHBIX NMPO(eCCHOHAIBHBIX 3a7ay Ha
OCHOBE 3HAHUHU, MOJYYEHHBIX B XOJle M3ydeHHMs (PUIOCO(PCKUX KOHLEMIMM pa3HBbIX 310X B
YCIIOBHSAX YaCTOH CMEHBI TEXHOJIOTHH B TPO(PECCHOHATLHON IEATEIIEHOCTH.

TeMbI U pa3jeiibl Kypca:

1. BosuuknoBenue ¢punocopun u Hayku. Ounocodus u Hayka, obiiee u pasnuuHoe. [lepBbie
buI0cOPCKUE KO

[Tpenmet punocoduu. Ounocodus u mud. Omrocodus u Hayka. PuocoPpust 1 MEPOBO33PCHHE.
CoBpemenHast 1yxoBHas cutyarus u ¢guiocodus. IlepBeie pumocodckue mronsr (Muerckas
mkosa: nudaropensm, l'epaknurt, smearsl, aToMHucTbl). [locTaHOBKAa M pelieHHE MPOOIEMbI
HEPBOOCHOBHI MHpA.

2. 3amagHoeBponeiickass ¢uiocopuss HOBOIO BPEMEHHU: CTAHOBJIIEHHE METO/J0B HAy4HOIO
no3Hanus. IlpoGrema noctoBepHoctn 3HaHud. OmnupusM(d.bskon) u paumonammusm (P.
Hexapt).Kpuzuc smnupusma. O00ocHOBaHME HOBOM KapTUHBI MUpa U ee AuHamuka. (M.HeroToH,
I'.JletiOuum).

Hayunas peBosntoniust 178. u ee BiIUsiHIE HA 0COOEHHOCTH pacCMOTPEHUSI OCHOBHBIX (PUII0CO(CKHUX
npobsneM. (Mexanunusm). Ilpuopurter rHoceosmorun u Metojonoruu. [IpobGrema wmertona
(®.bokon u P.Jlexapt). CBA3b T'HOCEOJOTMM M OHTOJIOTMH: MOHHM3M, AYalu3M, ILIIOPAIHU3M.
[Ipupona BocHpuATHS W aHaIU3 NPUUYMHHOCTH: CYOBEKTHUBHBIM wuaeanusMm JIx.bepxmu u
arHoctuim3aM  /[.}JOma. BsaumoBnusiHue u  B3aUMOOOYCIIOBJIEHHOCTh METOJIOB  HAayKH,
ectecTBO3HaHus W (Quwiocopun. CoUMATbHO-UCTOPUYECKHN  aHAIW3 B KOHICIIIHSX
IIPOCBETUTEIICH.

3. Knaccuueckuit Hemeukuit uaeanmusm: anpuopusMm (M.Kant) — oOGocHoBaHue BceoOIero
XapakTepa Hay4HOro 3HaHus. J{unanextudeckas noruka ['erens. Kpusuc tpaaunnonHoit GpopMel
¢mwiocopckoro  3HaHUS W (OPMHPOBAHME  HOBBIX  THUIOB  (HIOCO(PCTBOBAHUS:
MaTepHaTuCcTUYecKas JUAJeKTHKA U MaTepHATUCTUIECKOE TOHUMaHNE UCTOPHUH.

KpI/I3I/IC nJIC0JIOTUHN HpOCBeH_[eHI/ISI KaK IpEAIoChlJIKa BOSHUKHOBCHUSA KJIACCUYCCKOI'0 HEMEIIKOT'O
uaeanu3ma. OCHOBHBIE MPOOJIEMBbI HEMELKOIO KJIACCUYECKOW (UIOCOPUU: IEIOCTHOCTh M
CTPYKTYPUPOBAHHOCTh OBITHSA, €ro MO3HAaBa€MOCTh, AKTMBHOCTb CO3HAHHUS, CBSI3b CO3HAHUSA U
MO3HAHUS, IPUHLIUIBI Pa3BUTHUS, CYIIHOCTh YEJIOBEKa, YHUBEPCAILHOCTh M BCEOOIIHOCTh (hopM



HpaBcTBeHHOCTH. M.KaHT: pokputhueckwii mepuon — TpoOJIEeMbl TPAaHWUII U BO3MOXKHOCTH
€CTECTBEHHOHAyYyHOro no3HaHus. «KpuTuka 4ucToro pasyma» - MpPOCTPAHCTBO M BpeMs Kak
anpuopHble (OPMBI UYYBCTBEHHOCTH. AHAJIM3 KAaTEropuid M aHTHHOMHHM YHCTOTO pasyMa.
«KpuTHka mTpaKTUYECKOro pa3symMa» aBTOHOMHS HPABCTBEHHOM OOJACTH 4YeJIOBEYECKOM
JESITeTbHOCTH («KAaTerOPUYECKU HMIepaTHB»), 0OOCHOBAaHHE MOpaiH, mpolieMa CBOOOIBI,
J0JIra U1 JIN4YHOCTH. HpI/IHLII/IH TOXICCTBA OBITHSA U MBIIIJICHUA, €TI0 TpaHC(I)OpMaLII/II/I B HCMGHKOI\/JI
kiaccudeckoit punocodun. I'.I'erens: «Hayka morukm» - yuenue o ObITUH, CYIIHOCTH M IOHSATHH,
KaTCropuu JIOTUKH, HpOGHGMa IMPOTUBOPCUUA U NUATICKTHUKA; JUAJICKTUKA U TCOPUA MO3HAHUA,
«DeHOMEHOIOT U ayxay - HpO6JI€MbI THOCCOJIOTMU U UCTOPUU TTO3HAHUA. HcTuna kak mponecc,
00BEKTHUBHOCTh UCTHHBI. DUIOCO(PHS UCTOPUU: UCTOPUYECKAsT TUTIOJIOTHS Pa3BUTHS KYJIbTYpHI,
rpaXkJIaHCKOE 00IIECTBO M TOCYAaPCTBO, MOPAJIh M HPABCTBEHHOCTD, ITpodieMa THuHOCTH. KpHsuc
HEMEIIKOTO KJIACCHUYECKOro uieanu3ma. MaTepuaaucTHuecKoe MOHWMaHUuEe UCTOPUH, MPUpoJa
00LIECTBEHHON 3aKOHOMEPHOCTH, (POPMAIIMOHHBIN MOAXO0J, MAaTepUAIUCTUYECKAsI TUAJICKTUKA,
OTUYXKJCHHE — KaK COLUaIbHO-dKOHOMHUYecKuil (eHomeH. BocxoxaeHue or abCTpaKTHOrO K
KOHKPETHOMY — 3aKOH pa3BUTHs HaydyHOro no3HaHus. [IpotuBopeune o611ecTBEHHOTO Mporpecca
U UX OTpakeHue B o0mecTBo3HaHuu 198. CoBpeMEHHOE HayKOBEICHHUE — TUCKYCCUU O CYIITHOCTH
TCXHHUKU. Haqume PEBOJIIOLIUN K CMC€HA THUIIOB PAllUOHAJIBHOCTH.

4. Ilpo6nemsr ObiTHs. OTKpBITHE YenoBeka — coductel u Cokpar. AHTHYHAS JAMATEKTHKA Kak
¢dopma Meicau. Bonpock! ob1iecTBa 1 rocynapcraa.

W3menenue mpenacraBieHuit o cytu ¢uiocodpuu (coductsl). CymHOCTh yenoBeka u bmara —
Cokpar. [lmanexktuka Coxpara, ¢unocopuss mopamu. Kraccuueckuit mepuon ¢unocobuu
aHTUYHOCTH. OTKpBITHE HJCATbHON pealbHOCTH, COOTHECEHHWE €€ C I[03HABaTEIbHBIMU
BO3MOXKHOCTSIMU 4eJIOBEKa U uaeabHbIM corimyMoM (Ilnaton). DHimknoneanueckas dpuinocodus
Apucrorenst («puzukay u «Mmetaduzmkay). Jlormka — Kareropum W CyXJICHUS. Buibl
MPUYUHHOCTY U aHAIIU3 OBITHS.

5. Panexpucrtuanckas ¢unocopuss maTpucTUKa U cxojacTuka. HomuHanmu3smM u peanusm.
I'ymanu3M u counanbHsle Teopun Peneccanca.

OcHoBHBIE  (uinocockue  mpoOJIeMbl  CpeAHEBEKOBOM  guimocopuu:  O0KECTBEHHOE
npezonpeaeneHue 1 cBo0oia 4eaoBeKa, TeoAUIes, pa3yM U BOJIA, Iylla W TeNO, CyUIHOCTb U
CyIIIeCTBOBaHME COTBOpeHHOe U BeuHoe. [IpoOnema mnokaszarenbctBa ObiTuss bora. Cmop o
Opupojie OOIMX TMOHATUH — HOMHUHATU3M U peanu3M. [lepexol OT HEOMIaTOHHYECKUX
no3HaBarenbHbIX nporpamMm (H.Ky3anckwuii) k rymanuctuueckum (d.Ilerpapka), yrBepxkaeHue
Hatypdunocodcekoit opuentauuu B 3HaHuM (H.Komepnuk, I'.I'amuneit). YTonum kak paHHue
¢dopmbl HeHayuHoro mnporHo3upoBaHus (T.Mop, T.Kamnanemna), «OTKpBITOCTB» HCTOPUHU
(H.Maxkkuasenn).

6. Pycckas ¢unocodus: GopMupoBaHre U OCHOBHBIE TIEPUOJIBI pa3BUTHs. Pycckast penurnosznas
¢dunocodus u ee ocHoBHble HanpasieHus (B.Conosbes, H.bepnses, H.denopos). [IpobnemaTrka
pycckoit GuI0coPCKOi MBICIH.

Pycckas ¢uminocodus B koHTekcTe MUpoBOH (hunocodcekoit Mpican. opMupoBaHHe U OCHOBHBIE
nepuoJibl  pa3BUTHS pycckod ¢umocoduu. IIpocBeturenbckas Mbicib PoccuM M MONBITKH
¢dmocopckoro ocozHaHus ee pa3BUTUA (pyccKas ujesl, 3alaAHUKU U CIIaBIHO(HIIBI, TOYBEHHUKU
U eBpasmiiubl). Pycckas penurnosnas ¢uinocodus u ee ocHoBHble HanpasieHust (B.ConoBbes,
H.bepnases, K.JIleontse, @.J/[octoeBckuii u npyrue). «dunocodus ecrectBozHanus» B Poccun —
OCHOBHbI€ HanpaBJieHUs (IO3UTUBUCTCKHE, COIIMOJIOrHUecKHe, kocMucTckue). [lpobnema 3anana-
Boctoka-Poccun B Hayke u ¢unocoduu. IIpuemcTBeHHOCT, U camMoObITHOCTH. IIpoGiema



IyXOBHOCTH. [lmanmor KynbTyp. [7o0OampHble mpoOJEMBI COBPEMEHHOCTH U Oyayiiee
YeJIOBEUECKON ITMBIITU3AIIHH.

7. CoBpemenHas 3amagHas ¢unocopus. Punocodus mnosutuBuzma (O.Kont). I[Ipobrema
MCTOYHMKA MMO3HAHUS B aMnupuokputunmsme (3.Max, A. ABenapuyc). Uppaunonanuctuieckas
HANPaBIEHHOCThH (hunocopuu: IK3UCTCHIHATU3M. «DUITOCOPUS KUZHIY.

[TosutuBusm O.Konta u smmupuokputuiusMm (3.Max u P.ABeapuyc) — mpobiema merona u
uctoyHuka no3HaHus. [losutuBucrckue unocodckue HampasieHus: ¢uinocodus HayKu
(K.ITonmep), noctrnozutuusMm (T.Kyn, W.JIakaToc). Ok3ucrenuuanusm. [Ipobdiaematuka «boitus
u Bpemenn» M.Xaiigerrepa: ¢unocodus kak (yHIaMEeHTalbHAS OHTOJIOTHA, ObITHE M CYIIEE,
AK3UCTEHIUANBI. SI3bIK Kak oM ObiTusi. CBOOOAA M MOTpaHUYHAs CUTYalHs, TPAHCLUECHACHIUS U
sk3ucteHnus B ¢unocopun K.Scmepca. Cymuocts u cymiectBoBanue B ¢uinocopun XK.-
[1.Captpa. IlpobGnematuka wmeradusuyeckoro adbcypaa B sk3ucreHnmammme A.Kawmio.
OduminocoderBoBanne O Hume kak koHer Mmetadu3uku. PasMpinuieHus 00 aHTUYHON TPaUIUN:
JIBa Hayalla €BPONEHCKON KyIbTYpbl; MpoOjeMa HUTHIN3MA: MEpeoleHKa MEHHOCTEH, BEYHOE
BO3BpallleHUe, BOJIsl K BIIACTH, cBepxuenoBek. Hurmeanctso B Poccuu.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTOAbI MCCJIeT0BAHNH

DOYHKUMOHAJIbHBIN AHAJIU3

Measb AMCHUNIMHBI:

- OCBOCHME CTyAEHTaMH (yHIAMEHTAIbHBIX 3HAHUKA B 00JacTH (PYHKIIMOHAIBHOTO aHAIIN3a,
U3y4yeHue crioco0O0B peleHus 3a/1a4 MeToAaMu (GYyHKIMOHAIBHOIO aHaJIu3a.

3agayu IUCHUILINHBI:

- (opmupoBanue 0a30BBIX 3HAHHWHA B 00JIACTH (PYHKIIMOHAIBHOTO aHaIM3a KaK JHCIUTUIMHBL,
UHTETpUpPYIOMIeH 00IIeMaTeMaTHYeCKyI0 MOArOTOBKY NMPUKJIAJHBIX MaTeMaTHKOB U (DU3UKOB U
o0ecrieynBarOIIell  TEXHOJIOTMYECKHE OCHOBBI  COBPEMEHHBIX  HMHHOBALIMOHHBIX  cdep
JESATEIILHOCTH;

- 06yquHe CTYACHTOB IIPpUHLUIIAM IIPUMCHCHUSA OCHOBHBIX MMOHSATHH q)YHKIII/IOHaJII)HOFO aHaJInu3a.
IlepeyeHb MuIaHUPYEMBIX Pe3yJbTATOB 00YUYEHHS 1O JUCHHUILJIMHE (MOYJII0)

B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUeCs JOMKHBI

3HATh:

- MECTO U POJIb OOLIMX BOIPOCOB HAYKH B HAYYHBIX UCCIIETOBAHMSIX;

- COBpPEMEHHbIE MPoOIeMbl (HU3UKU, XUMUHU, MATEMAaTUKU U POJb (PYHKIIMOHATIHHOTO aHAIHU3a B
HUX;

- TCOPCTUUCCKHUE MOACIN q)yHKIlI/IOHaHI)HOFO aHaIu3a B MaT€MaTUKC M B q)YHI[aMeHTaJ'[BHBIX
nponeccax u SIBIICHUH B (I)I/ISI/IKG " €€ NIPUIIOKCHUAX

- IPUHIUIIBI CHMMCTPHUHU U 3aKOHBI COXPAHCHU A,
- HOBEHIIIIE OTKPBITHA €CTCCTBO3HAHUA
- IOCTAHOBKY HpO6J’ICM (bYHKHHOHaHBHOFO aHaJIki3a ,

- 0 B3aUMOCBA34IX U q)YH)IaMeHTa.]'H)HOM CANHCTBC €CTCCTBCHHBIX HAYK.

yMeThb:

- 9 QexTUBHO HCMONB30BaTh HA MPAKTUKE TEOPETUYECKHE KOMIOHEHTHI HAYKU: TOHSTHS,
CY)XJI€HUS, YMO3AKIIOUECHUS, 3aKOHBI;

- IPEACTAaBUTH MMAaHOPaMy YHUBCPCAJIBbHBIX MECTOJ0B U 3aKOHOB COBPECMCHHOT'O €CTCCTBO3HAHUS ;



- paboTaTh Ha COBPEMEHHOM HKCIIEPUMEHTATBHOM 000pYyI0BaHUH;

- abCTparupoBaThCs OT HECYIICCTBEHHBIX BIMSHUN MPU MOJICTHPOBAHUH PEATbHBIX (U3UUECKUX
CUTYalIHii;

- INTAaHUPOBATh OITUMAJIBHOC NPOBCACHUC SKCIICPUMCHTA.

BJIAJ1€Th:

- IUTAaHUPOBAHHUEM, IIOCTAHOBKOW M OOpabOTKOW pe3ynbTaToB (PU3NYECKOr0 HSKCIEPUMEHTa
MeTo1aMu (PYHKIIMOHAIBHOTO aHAIN34;

- HAy4YHOU KapTUHOU MHPA;

- HaBBIKAMH CaMOCTOSITENIbHOW paboThl B TaOOPATOPHH HA COBPEMEHHOM IKCIEPUMEHTAIHHOM
000pyI0BaHUU.

TeMbl U pa3jeiibl Kypca:
1. MeTrpuueckue 1 HOpMUPOBAHHBIE TIPOCTPAHCTBRA.

Mertpuueckue mnpocrpaHcTBa. HopmupoBanHble U 0OaHaxoBbl IpoCTpaHCTBa. Teopema o
HOIOJIHEHUH METPUUECKUX MpocTpaHcTB. CenapabenbHOCTb.

CBolicTBa IOJIHBIX METPUYECKMX INPOCTPAaHCTB. Teopema O BIIOKEHHBIX LIapax, TEOpeMa O
CKMMAIOIINX OTOOPaKEHUSX.

2. ChekTp omneparopa.

Teopema banaxa. OOpatumocTs omnepaTopa Onu3koro k oOpatumomy. IlpencraBnenue
pe30sIbBEHTHl B Bue pspa. CnekrpanbHblii paguyc. CHEKTp U pe30JIbBEHTHOE MHOXKECTBO
orpaHu4eHHoro omneparopa. CBoiicTBa crmekTpa (OrpaHUYEHHOCTh, 3aMKHYTOCTb, HEIYCTOTa).
HemnpepsIBHBINA, TOYEYHBIH, OCTATOYHBIM CIEKTPHI. Conpspkennblii - oneparop. CnekTp
COMpsKEHHOro oneparopa. CBONMCTBA CIEKTPAa CaMOCOIPSDKEHHOTO omneparopa. Keagparnunas
bopma camoconpskeHHOro oneparopa. CreKTpalibHbINH panyc caMOCOIIPSHKEHHOTO oIepaTopa u
HOpMa CaMOCOMNpPsKEHHOro oneparopa. CHeKTpalbHBIM paguyC MHTErPAIBLHOIO OIEpAaTopa C
TPEYroJbHbIM SIpOM. YHUTapHble omnepaTopbl. CrekTp yHUTapHoro omnepatopa. [lomoOHble
orepaTopsl. CBsI3b CIIEKTPOB MOI0OHBIX onepatopoB. [Tonobubie onepatops B 12(Z) u L2(0,27).
YHutapHo-nogo6Hsie onepatopsl B L2(R).

3. I'unb0OepToBBI MPOCTPAHCTBA.

TeopeMa 00 OpTOrOHAaJIbHOM JOIIOJTHCHUHU. OpTOHOpMHpOBaHHLIC CUCTCMBEI. HOJIHLIC,
3aMKHYTBIC CUCTEMBI.

Teopema 0O CyIIECTBOBAHMM OPTOHOPMHUPOBAHHOTO 0Oa3uca B cemapabelbHOM THUILOEPTOBOM
npoctpanctBe. M3oMopdusm cenapabenbHbIX THIBOEPTOBBIX MPOCTPAHCTB. DKBUBAJIEHTHOCTh
mopeneit [lpenunrepa u I'eitzentdepra.

4. KoMImakTHbIE MHO>KECTBA B MCTPUYICCKUX MMPOCTPAHCTBAX.

[TpeaxommakTHeIe M1 KOMIAKTHBIE MHOXKeCTBa. Kpurepuii Xaycaopda npejkoMmnakTHOCTH.



Teopema Apiena u npU3HaKy IPEJKOMIAKTHOCTH B PA3JIMUHBIX POCTPAHCTBAX.

OKBUBaJIEHTHOCTh HOPM B KOHEUHOMEPHOM IIpocTpaHcTBEe. HEKOMIIAKTHOCTh €JMHUYHOTO 11apa
B OECKOHEYHOMEPHOM 0aHaXOBOM IPOCTPAHCTBE.

5. KommnaxktHsbie onepatopsl. Teopus @penroabma.

KomnaktHbeie omeparopsl. Omnepanuu HaJa ONEparopaMy, HE HapyMIAIONINEe KOMIAKTHOCTb.
CBolicTBa KOMIIAKTHBIX  ONEPaTOpoB. KOMIIAKTHOCTh HMHTETPaJbHBIX  ONEPATOPOB B
npoctpanctBax C[a,b] u Lp(a,b).

Teopema I'mnpbepta-llIMuara o moaHOTE MHOXKECTBAa COOCTBEHHBIX BEKTOPOB KOMITAKTHOIO
caMOCONPsKEHHOTOo ornepaTopa. [IpuMep TMHEHHOTro HEMPEPHIBHOTO OMEPaToOpa ¢ HE3AMKHYTHIM
obpazoM. 3aMKHYTOCTh OoOpa3a omepatopa [-A, rae A - KOMHIakTHBIA omepatop. Teopemsl
Openronbma. Teopema O CBSI3M KOMIIAKTHOCTH OIEPAaTOpa ¢ KOMIAKTHOCTBIO COIPSHKEHHOTO
oreparopa (B THIbOEPTOBOM ITPOCTPAHCTBE).

6. JIuneiinpie onepatopsl U (PyHKIMOHAIIBI B HOPMUPOBAHHBIX MMPOCTPAHCTBAX.

Jluneitnple ortoOpaxkenus. Hopma omeparopa. IIpocTpaHCTBO JHMHEHHBIX OTpPaHUYCHHBIX
onepatopos. [lonnora npoctpancrsa B(X,Y), rae Y -- 0anaxoso.

7. HeorpaHn4eHHBbIE OIEPATOPHI.

[Tpumeprl HeorpaHUUYEHHBIX ornepaTtopoB. [loHsATue obnacTu onpenenenus omneparopa. Teopema
Xennunarepa-Termmuia. Oneparop rapMOHUYECKOTO ociuiaTopa kak oneparop u3 HI(R) B H-
1(R). Ero cniextp.

8. O000mEnHBIC QYHKIIUU U TICUCTBUS C HUMH.

Oynkuun u3 L1,]loc(R) n ux npoussogusie no Codosney. [IponsBoanas 00001meHHON QyHKIINH,
YMHOXEHHE Ha I1a/IKyo QyHKIMI0, 3aMeHa nnepeMeHHbIX. [IpocTpancTBa 00001IEHHBIX PYHKINN
D'm S".

9. OcHoBHbIe NOHATHUS TeopuHu Mepbl. UHuTerpan JleOera.

OcHOBHBIE MTOHATHS TEOPUU MEPBI: MOIYKOJIbIIO, KOJIBIIO, anredpa, c-anredpa MHoOxkecTB. Mepa,
CYeTHO-aJAuTHBHAs mepa. M3mepumbie mo Jlebery mMHOXkecTBa, uaMepumble QyHkiuu. Mepa
Jlebera--Ctuntheca, TUCKpETHAS Mepa.

Konctpykuuss unrterpana Jlebera. OcHoBHble cBoiicTBa uHTerpana Jlebera. Teopembl o
npeensHOM nepexose noj 3HakoM uHrerpana: b.JIesu, Jlebera, dary. [Ipoctpanctsa Lp(a,b).
HepasenctBo ['énbaepa, HepaBeHCTBO MUHKOBCKOTO.

10. [IpeobpazoBanue Dypre.

[IpeobpazoBanne Pypre B mpoctpanctBe B L1(R) u ero cBoiictBa. [IpeoOpazoBanne dypre B
npoctpanctBax S u L2(R). Teopema [Inanmepens. [IpeobpazoBanue ®@ypoe B S'.

11. CxoaumocTi B HOpMHPOBAHHBIX MpocTpaHcTBax. Teopema banaxa IllTeitnraysa.

Cnabo cxopmsmuecs: mocienoBarenbHocTH. [Ipumepsl. Teopema banaxa-lllTeitnrayza. Cna6o
OTpaHUYEHHbIE MHOXKECTBA.

Cnabast koMnakTHOCTh. Teopema o ciiaboif KOMIAKTHOCTH €IMHUYHOTO IIapa B cemapadeTbHOM
THIIBOEPTOBOM TMPOCTpPAHCTBE. [IpuMep MmocieqoBaTeNnbHOCTH SJIEMEHTOB €AMHUYHOU cdepsl,
c1abo CXOAIIEHCs K HYITIO.



12. Teopema Xana-banaxa u ciencTBus u3 Hee.

ComnpsioxeHHble mpocTpaHcTBa. Teopema Xana-banaxa o mpoJomKeHUH JIMHEMHOTO (DyHKIIMOHATIA.

CnencrBusi u3 TeopeMbl XaHa-banaxa. V30MeTpHYHOCTD BJIOXKEHHS MPOCTPAHCTBAa BO BTOPOE
comnpspkeHHoe. PednexcuBnbie npoctpancTsa. Conpsikennoe nmpoctpanctso k C (a,b).

OO0t BU TMHEHHOTO HEMPEPBIBHOTO (PyHKITMOHAA B mpocTpancTBax Lp(a,b) u lp, mpu 1< p<oo.

N3omopdusm ruipbepToBa MPOCTPAHCTBA CBOEMY CONpspDKeHHOMY. OOmmid BUA JIMHEHHOTO
¢yHKIIMOHAA B THIILOEPTOBOM ITPOCTPAHCTBE.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTOAbI HCCIe0BAHNH

YucaeHHoe MoAeIMpPOBaHNe (PU3NYECKUX MPOIECCOB

Measb AMCHUNIMHBI:

- HAy4YuTb CTYACHTOB QaHAJIMU3UPOBATL BXOJHBIC JAHHBIC, IIOJYYCHHBIC U3 Ha6JIIOI[eHPII>'I u
HCCIICAOBATh IMOJIYYCHHOC YHCJICHHOC PCHICHUC HAa KOMIIBIOTCPEC Ha NPCIMET aJCKBATHOCTU
pE€ajlbHbIM Ha6J'IIOI[eHI/I$IM M COBIIAACHUS C OKCIICPUMCHTAMMU.

3agauyd AUCHUILINHBI:

- HAy4YWTh CTYACHTOB, MCXOAS W3 3HAaHUK O (PU3MUECKOW NOCTAHOBKE 3aJadyd, IOJIb3YSCh
YHUCICHHBIMUA METOIaMH, METOJJaMH MAaTEMAaTUYECKOI0 aHaIM3a U JINHEHHOH anredpsl;

- Hay4YuTh OOOCHOBBIBATH aJ€KBATHOCTb MOJENU (hU3MUYECKOro Ipouecca U Ha OCHOBE
MOJICIIMPOBAHMS CTPOUTH BBIBOJIBI 00 3TOM (PU3MUYECKOM TPOIIECCe.

IlepeyeHb MuIaHUPYEMBIX Pe3yJbTATOB 00YUYEHHS 1O JUCHHUILJIMHE (MOYJII0)

B pe3synbrare 0CBOCHUS AUCITUTUITMHBI 00YJarONTUeCs JOMKHBI

3HATh:

- METO/bl HHTEPIOJIALUY (PYHKIUH, 3aJJaHHBIX HA CETKE;

- MCTOABI YUCJICHHOT'O PCIHICHUA CUCTEM JIMHEHMHBIX anre6panquKHx ypaBHeHHﬁ;

- METO/bI MPUOIMKEHHOTO BBIYMCIICHNS HHTETPAJIOB;

- METO/bI YUCIIEHHOTO PElIeHNs] OOBIKHOBEHHBIX AU epeHInanbHbIX ypaBHEHUH;

- METO/Ibl YUCJIICHHOTO PEIICHUsI YPaBHEHUN MaTEMaTHYECKON (DM3UKU TTEPBOTO MOPSJIKA;

- MCTOAbI YACJICHHOTO PCIICHU ypaBHeHI/Iﬁ MaTeMaTH4YeCKOMI (1)I/I3I/IKI/I BTOPOTO ITOPAJAKA.

YMeTh:

- OLICHHUBATh BXOJHBIE ITApaMETPhI 3a/1a4u;

- BBIOMPATh ONTUMAJIbHBIN YHCIICHHBINA METOJI JJIsl pEIIEHHUs IOCTAaBICHHOM 3a1a4H;

- MPUOTIHKEHHO OIEHUBATh CIIEKTP MATPHUIIBI JIMHEHHBIX anreOpandecKiuX ypaBHEHUMH;
- AQHAJIM3UPOBATh YCTOMYUBOCTH MOJYYEHHOI'O BBIYMCIUTEIBHOIO METO/IA;

- OIICHUBATH MOPAOO0K allllpOKCUMAIUH HOJ'Iy’—IGHHOfI YHCICHHOM CXEMHEI.



BJIa/IeTh:

- IIPSIMBIMU METOJAMM PELIEHUS] CUCTEM JIMHEHHBIX YPABHEHUN;

- METOAAMHU HaXO0XIEHUS IPUOJIMKEHUS K CIEKTPbl MAaTPULIbl U €€ COOCTBEHHBIM BEKTOPaM;
- METOAAMU MHTEPIIOJISALNN CETOUYHON (DYHKIIMU Pa3IMYHOrO MOPSIIKA TTIaJAKOCTH;

- METOAAMU  Pa3HOCTHOW  allIPOKCUMAlMU  OOBIKHOBEHHBIX A depeHnanbHbIX
YPaBHEHUN;

- METOJIaMHU Pa3HOCTHOM alpOKCUMAlIMK ypaBHEHUN MaTeMaTu4eckoi (pu3mku.

TeMbl U pa3jesibl Kypca:
1. UnaTeprionsiuust pyHKUIUH.

Wutepnonsiuvonsubie noinHoMbl. [lonnHoM Jlarpanxka v OapuLleHTpUYECKask WHTEPHOJIALMSL
Wntepnomsiuus crutaitHamu. IlpuMeHeHne HMHTEpHoNsUUM K NPUOIMIKEHHOMY BBIUHCIICHUIO
MHTErPAJIOB.

2. O6bikHOBEHHBIE MU PepeHITnalIbHbIE YPAaBHEHHUS.

@opmyIbl AJ11 Pa3HOCTHBIX TPOU3BOAHBIX, MOPSAAOK ANIPOKCUMAIMU. SIBHbIE U HEABHBIE METO/IbI
Oitnepa. Meron npeaukrop-koppekrop u Meroasl PyHre-KyTTel. YcTOHYMBOCTH pa3HOCTHOM
CXeMbl i1 OOBIKHOBEHHOro v depeHnalbHOT0 ypaBHEHHUS NEpBOro mnopsanka. JKectkue
CHCTEMBI.

3. YpaBHeHHUsI MaTeMaTHUECKON (PUBHKH.

[ITabm0H pa3HOCTHON cxeMbl. Pa3HOCTHBIE CXEMBI JUIsl ypaBHEHUS TETJIONPOBOIHOCTH, MOPSI0K
anmnpoKCUMAIUHU U YCTOMUUBOCTD. [ nnepOonnyeckue ypaBHEHHs IEPBOTO MOPSIIKa, MOHOTOHHBIE
cxeMbl. Pa3HOCTHBIE CXEMBI [UIsi BOJHOBOTO YPaBHEHHA. OJUIMNTHYECKHE YpPaBHEHUS,
KaHOHMYecKas (hopMa 3alucu pa3sHOCTHOM cxeMbl. CBA3HOCTb CETKH, MPUHIMIT MaKCUMyMa JJIs
pasHOCTHOM cxeMmbl. beicTpoe mnpeoOpazoBanne dDypne, coOCTBEHHbIE uucia U (YHKIHUU
oneparopa Jlamunaca 1 ero pa3HOCTHOM aNIPOKCHMALIMK B IPSIMOYT OJIbHUKE.

4. YucneHHble METOIbI TUHEHHON anreOpsl.

Onpenenutens MaTPUIbl, HOPMa BEKTOPa M HOpMa MaTPHIIbl, YUCIO 00YCIOBICHHOCTH MAaTPUIIBIL.
[TpsiMble METOIBI pelIEHUs] CUCTEM JIMHEHHBIX aaredpanyeckux ypaBHeHHH. TpexanaroHaabHble
MaTpUIlbl W METOJ NpPOroHKH. MTepanvoHHbIE METONIbl PpEHICHUsS CUCTEM JIMHEMHBIX
anredpanvyeckux ypaBHEHUH.



AHHOTAIUM K pa004YuM NPOrpaMMam JUCIHUINJINH.
Hanpasienue: 03.03.01 IIpukiaaaabie MaTeMaTUKA U (PU3NKA

Hal'[paB.]'[eHHOCTb: CHHXpOTpOHHLIe H HeﬁTPOHHLIe MeTObI HCCJIeI0BAHUM

IKOHOMHUKA

Measb AMCHUNIMHBI:

- OBJIaJICHUE TEOPETHUYECKUMHU OCHOBAMH M IPHOOpETEHNE MPAKTUIECKUX HABBIKOB MIPU U3yYECHUU
dopM (HYHKIMOHMPOBAHUS PBIHOYHBIX CTPYKTYP M MEXaHU3MOB B3aUMOJICHCTBHSA CYOBEKTOB
9KOHOMHUYECKOM JesITeIbHOCTH 00IIEeCTBA.

3agauyd AUCHUILINHBI:
- U3yYEHHUE PHIHOYHOTO XO3SHUCTBA U TIPUHIIMIIOB €r0 ()yHKIIMOHUPOBAHHS;

- H3YYCHUC OPraHUu3alMOHHO-IIPABOBBIX (bOpM HpeI[HpI/IHTI/Iﬁ WU HOPMATUBHBLIX aKTOB,
PEMIIAaMCHTUPYIOIIHX UX ACATCIIbHOCTD,

- UI3YUCHUC NPCANPUATUA KAK CY6’LGKTa PBIHOYHOTI'O XO3HﬁCTBa;

- U3y4YEHHE BHYTPEHHEM W BHELIHEH Ccpeabl MPEeANpHUsiTHs, €ro KOHKYPEHTOCIOCOOHOCTH,
OpraHU3alMOHHON CTPYKTYpPbl 1 MEXaHU3Ma yIIPABIICHHUS;

- U3y4YEeHHE COCTaBa OCHOBHBIX CPEICTB, MaTEpUAIbHBIX PECYPCOB, IEPCOHANIA MPEATIPUATHUS;
- pacCCMOTPEHHE BOIIPOCOB CTPATETMYECKOT0, TEKYIIIETO U ONIEPATUBHOIO IJIAHUPOBAHUS;

- HU3YYCHHC (I)OpMI/IpOBaHI/IH 3aTpaT Ha MIPOU3BOACTBO IIPOAYKIINH, pa60T, yCiayr, OCHOB
H€H006pa3OBaHI/I$I 1 uX ONTUMH3AllUH,

- UI3YUCHUC WHHOBAIIMOHHON M HHBECTUIIMOHHOM AEATEIbHOCTH MNPpCaANpUuATUS,
- UI3YUCHUC MCTOAWKU aHAJIN3a U YIIPABJIICHUA PUCKAMH Ha MMPCATIPUATUHA,

- OBJIaACHHUC CTYACHTaAMU CHCTEMOM TCOPCTUICCKUX 3HaHUM H MPaKTUYCCKHUX HABBIKOB IIO
HCIIOJIb30BAHHUIO HHCTPYMCHTOB MOACTIUPOBAHUA IJIsA BBI60pa ONTUMAJIBHOI'O PCHICHUA.

ITepedyenb miIaHMPyeMbIX pe3yJIbTATOB 00yYeHHs MO JUCHHUILINHE (MOAYJIIO)
B pesynbpTaTe 0CBOCHMS TUCIUIUIMHBI 00 YJarOIIIHECs JTOKHBI

3HATh:

- OpraHU3allMOHHbBIE OCHOBBI IPEINPUATHS U €r0 CIEUAIN3alNIo;

- paloHaIbHOE UCIIOJIB30BAaHUE PECYPCOB;

- 3aKOHOJIATEJIbHO 3aKPEeTJICHHbIE TUIIBI OPraHU3allMOHHO-TIPABOBBIX (HOpM;

- (hakTOpBI BHYTpEHHEH U BHELIHEHN Cpebl IPEeaIpUITHS;



- CTPYKTYPY LIECHOOOpa30BaHMs MPEIIPUATHS;
- 0COOEHHOCTH BHEJIPEHUS CUCTEMbI COATaHCUPOBAHHBIX IIOKa3aTesIel Ha PeIpUATHH;
- OCHOBHBIE CTaJIUU )KU3HEHHOI'O IIUKJIa TOBapa;

- 0COOCGHHOCTH OILICHKM BHYTPCHHEW M BHEIIHECW CpeAbl OpraHu3aldd IMPH TOMOIIM TaKUX
nactpyMeHToB kKak SWOT u PEST ananus;

- 0COOCHHOCTU BHEIPEHHUS MHHOBALIHIA;

- BUJIbl CTPATETUl KOMIIAHUM.

yMeTb:
- QHAJIM3MPOBATh OPraHU3ALMOHHYIO IEATEIbHOCTh NPEAIIPUATUI U €ro MoApa3AeIeHUH;

- POBOIMTH CPABHUTEIIBHYIO OICHKY Pa3IHYHBIX HHBECTUIMOHHBIX MIPOCKTOB U OMPEACIATh HX
3¢ (HEeKTHUBHOCTH;

- pa3pabaThIBaTh NEPCICKTUBHBIC, TEKYIIINE U ONEPATUBHbBIC TIJIAHbI;

- OIPEIENATh pa3Mepbl TPYIOBBIX KOJIEKTUBOB;

- IaBaTh SKOHOMHUYECKYIO OLIEHKY OM3HEC-TIPOIECCOB HA MIPEANPHUATHH;
- OLICHUBATh KOHKYPEHTOCIIOCOOHOCTh MPEINPUSITUS IIPU ITOMOIIIH:

1. Marpunpi-BCG;

2. Matpuni-General Electric/McKinsey & Co;

3. OnepanmoHHOTO METO/1a OIIEHKH;

- 00OCHOBAaHHO BBIOMpPATh METOJ CHCTEMHOI'O aHaliM3a MpPU MOCTPOEHHM M HPOEKTHMPOBAHUHU
CTPYKTYpbI OPTaHU3aLlHH;

- oboraiaTh NepeoBOM OIBIT U BHEAPSTH €0 B IPOU3BOJICTBO.

BJAJ€Th:
- HaBbIKaMH OpFaHI/BaTOpCKOﬁ u YHpaBHCHqCCKOﬁ ACATCIIBHOCTH,

- TOYHBIM TPE/CTaBIEHUEM O B3aMMOOOYCIOBIEHHOCTH BCEX CTOPOH IMPOM3BOJCTBA TEXHUKH,
nH(pOpPMallUU U OPTaHU3AlINY;

- THCTPYMEHTaMH OLICHKH BHYTPEHHEN U BHEIIHEN Cpe/ibl KOMITAHHH.

TeMbl u pa3jaesibl Kypca:
1. UHHOBalIMOHHASI 1 UHBECTUIIMOHHAS JCSITEIIbHOCTh MPEANPUSITUHSL.

I/IHBGCTI/II_[I/IOHHaSI JACATCIBbHOCTD MPCAIIPUATHSA. LIGJ'II/I HHB@CTI/IHPIOHHOf/i JACATCIIBHOCTH, OOBEKTEI.
MCTO,Z[I/IKE[ pa3p3.60TKI/I HHBCCTUIIMOHHOI'O IIPOCKTA, €ro pcajinu3anus. IIokazarenu OLCHKHU
HHBCCTUIHUOHHBIX IMMPOCKTOB: CPOK OKYIMAECMOCTHU, YUCTAAd TCKYyLIasad CTOMMOCTb HOXOIAOB, CTaBKa



JOXOJHOCTH NPOEKTa, MOAM(DULMPOBAHHAS CTaBKa JOXOAHOCTH IIPOEKTAa, BHYTPEHHsSI CTaBKa
JNOXOOHOCTH TpoekTa. OneHka >(QQPEeKTUBHOCTH MHBECTHLIMOHHOTO TmipoekTa (1 ak.4.).
WMHHOBalMOHHAs ACSITEIBHOCTD NpeaAnpusaTus (opranuzanun). [lonstue nHHoBanuu. BeHuypHbie
¢onapl. MHHOBAIMOHHOE HpPEANpPUHUMATENBCTBO. KoMmMMepumanu3anus HayYHO-TEXHHUYECKUX
paspaboTok. TpaHcdep TEXHOIOIMH, CO3JaHHe MaJIbIX HMHHOBAllMOHHBIX KoMmmnaHuii (1 ak.4.).

Peinok IPO: kmaccudukanus (PPO, SPO), nenu, stansl. [Tpunmun nposenenust IPO(0,5 ak.4.).
Pemenue curyannonHoit 3amaun (keiica) (1 ak.4.). BeimojsHeHHE TECTOBBIX M IPAKTUYECKHUX
3aganuii o Temaruke gekuuu (0,5 ak.4.). 3aganue s caMOCTOSITEIbHON paboTHI.

2. Opranuzanus 6u3Hec-IpoIeccoB U GOPMUPOBAHUE CTPATETUH MPEATIPUSTHS.

busnec-npoueccsl npeanpusatus (opranuzanuu). [IpuHIUMIBL TOCTpOeHHUS KapThl Ou3HEC-
IPOLIECCOB NPEANpUATHS. PEeMHKMHUPHUHT OM3HEC-TIPOLECCOB: CYIIHOCTh, LIEIH, HMPUHIUIHL,
MeToibl. DaKTOpBl, MHCTPYMEHTHI, CTPYKTYpPa W 3Tallbl mporecca peurwkuaupuHra (1,5 ak.a.).
Crparerus IesSTeNbHOCTH NpeAnpusTus (opraHuzanuu). Tumsl crpaTtervii, OCHOBHbIE YPOBHH
pa3paboTku crpareruu. DaKTOpbl, ONpPECIAIOUINEe BBIOOP CTpaTerMM NPEANPHUATHSA. OTalbl
pa3pabotku ctpareruu (1 ak.u.). Pemenue cutyarmonnoii 3anauu (keiica) (1 ak.4.). Beimonnenue
TECTOBBIX M MpPaKTUYECKUX 3aJaHuil 1o Tematuke Jjexkuumu (0,5 ak.u.). 3amanue s
CaMOCTOSATENILHON pabOTHI.

3. Opranu3zanus yrnpasjieHHs U IUIAHUPOBAHUSI Ha IPEIIPUSITUH.

VYnpasieHue npeAnpusATHeM (OpraHu3anveii): OpraHMW3alMOHHAs CTPYKTypa M MEXaHU3M
yIpaBIIeHUS, YIpaBJIeHICCKUE Kaaphl. [IpuHIUIBI 1 GOPMBI yIIpaBIeHUS MPEANPUITAEM Ha BCEX
ypoBHsX (1 ak.u.). [lmanupoBaHuWe HA TPEINPHUATHU: BUIBI IUIAHUPOBAHUS (CTPATETUYECKOE,
TEKyIlee, OTEPaTUBHOE), LIETH, PUHIIUITEI U METO/BI. DTanbl CTPATETHYECKOTO TUTAHUPOBAHUSL.
WHCTpYMEHTBI CTpaTerudeckoro ruiaHupoBaHus. llokazarenn 3(deKTHBHOCTH AESATENBHOCTH
npennpustust (opranuzanuu) (1,5 ax.u.). Pemenue cutyanmonHoi 3amaum (keiica) (1 ak.d.).
BrimonHeHne TeCTOBBIX U MPAKTHYECKUX 3aJaHuil o TeMaTtuke jekiuu (0,5 ak.4.). 3aganue st
CaMOCTOSITENIbHOM pabOThI.

4, OpraHI/BauI/m,ee BHYTPCHHAA U BHCUIHAA CpCa.

Beenenue: Tennmennuum paszButus OusHeca B coBpeMeHHOW skoHoMmuke (0,5 ak.u.). Ilonsarue
npeanpustus (opranuzaiyn). OCHOBBI OpraHu3auy. Turel opraHuzanuy, GopMbl perucTparyy.
CBoOoHbIe 5KOHOMUYEckue 30HbI. OduropHsbIii 6uzHec (0,5 ak.4.). Muccust ¥ 1eNb AeITeTbHOCTH
opranuzaiuu (npeanpusatus). lloHATue BHYTpeHHEH Cpelabl OpraHu3aluy (IIPEIIPUITHS).
KntoueBble (akTopbsl BHYTpEeHHEH cpelibl (IPOU3BOJCTBO, NIEPCOHAN, OpraHU3alusl YIPaBICHHUS,
MapKeTUHT, KyJabTypa W HMMHIK npeanpusitusi). IloHsTHe BHeImHEeH cpenbl OpraHu3aluu
(mpeanpusitus). KitoueBble (axTopsl BHEUIHEH cpenabl (MOCTABIIMKH PECYpCOB, MOTPEOUTENH,
KOHKYPEHTBI, TpPYAOBbIE pPECYpChl, TMOJUTHYECKHE, DSKOHOMHUYECKHE, COLUaJIbHbIE U
TexHoJornueckue Qaxtopsl). CTEHKXONAEpbl NPEeANPUITUS, UX UHTepechl U uenu. M3yuenue
WHCTPYMEHTOB OLIEHKHU BHYTPEHHEW M BHEIIHEN cpenbl mpennpustus (opranuzanun) (1,5 ak.4.).
Pemenne curyannonHoil 3amaum (kxeiica)(l ax.d.). BpimonHeHHe TECTOBBIX M MPAKTHUECKUX
3agaHuii o temaruke jekuuu (0,5 ak.4.). 3aganue A1 caMOCTOSTEIbHON paboTHI.



5. IIpon3BOACTBO HA IIPEANIPUATHH.

ITponykroBas nuHeWKa npeanpusaTus (opraHusanuu). IloHATHE )KU3HEHHOIO IMKJIA MPOIYKTa,
MOHSITHE U KJIFOUEBHIE MMOKA3aTeNu KaueCcTBa MpoayKiuu. KOHKypeHTOCITOCOOHOCTh TPOAYKIIUU U
ee oreHka. KOHKYypeHTOCIOCOOHOCTh MpennpusTHs (OpraHu3anuu) Ha pbiHKE. l[lemouka
ctoumocT (uenHoctu) npeanpustus (1 ak.4.). [IpousBoacTBEeHHBIE pPeCypChl MPEINPUSATHUS:
OCHOBHBIE CPE/ICTBA U MaTepHUAIbHBIE PECYPChl MPENNPHUATHS, 0OOPOTHBIE CPEICTBA, TPYAOBHIE
pecypcbl. MeToasl oneHkd 3()PEeKTUBHOCTH MPOU3BOJICTBEHHBIX PECYPCOB MPEANPUATHUS
(opranmzanuun) (0,5 ak.u.). OpraHuzanusi NPOU3BOJACTBA: IPOU3BOJCTBEHHBIN MpolLECC U
OPUHLIMIIBI €T0 OpraHu3anuu. Tunbl, (GOpMbI U METOJAbl OpPraHU3alMH IMPOU3BOJCTBA.
[Tpon3BOACTBEHHBIH LUK M €ro 3KoHoMmMHYeckas (yHkuus. [IpousBojcTBEeHHas CTPyKTypa
npeanpustus (opranuzanuu) (1 ak.u.). Pemenue curyanmonHoi 3amaum (ketica) (1 ak.d.).
BrImmotHEHNE TECTOBBIX U NMPAKTHYECKUX 3aJlaHui 1Mo TeMartuke jekiuu (0,5 ak.4.). 3amanue ajs
CaMOCTOSITENIbHON PaOOTHI.

6. Cucrema cOalaHCHPOBAHHBIX TIOKA3aTeNel MPEATPHUSITHS.

Cuctema coOanancupoBanubix nokazatenei (CCII). Lemu u 3amaun BHeapenus CCII. Drambl
paspadotku CCII, crpykrypa CCII. CBa3p CCII u ctpateruu npeanpusitusi. OCHOBBI TEXHOJIOTHU
CCII. Merononorua peanuzauuu CCII. Ilonstue crpaTernyeckol KapThl HNPEIIPUSTHS.
KiroueBbie moxazatenu s¢dexkruBnoctn KPI(2 ak.4.). Ynpaenenue nepconairom. Motuamus
NepcoHasa: MPUHIMUIIBI U MeToAsl ynpasienus (0,5 ak.u.). Permenue cuTyallMoHHOW 3amayu
(xetica) (1 ax.4.). BeimomHeHre TECTOBBIX M MPaKTUUYECKHUX 3aJaHuil o TemaTtuke Jyekiuu (0,5
ak.d4.). 3ajaHue Jisi CaMOCTOATEIbHOM PaboThlI.

7. YHpaBHCHI/Ie pUCKaMU U BEACHUC MCKIAYHAPOIHOT'O OusHeca.

VYrpaBiieHre pUCKaMH JIEATEIBHOCTH NPEINpUITHs (OpraHu3anuu). PHCK-MEHEDKMEHT: IeIH,
byukun, Gaxropsl. [ToHsTure, BUabI puckoB. KapTa pucKOB: NPUHIIUIIBI aHAIA3a U MIOCTPOCHHUS.
Metonsl U cucrteMa ympaBieHHs puckamu (2 ak.4.). Bemenue MexayHaponHOro Ou3Heca.
KpocckynbTypHBIE ~ MEHEI)KMEHT:  KOHIIENTyalbHbIE  OCHOBBL. ~ Mojenb  ympaBlieHUs
NPEINpUITHEM B KPOCCKYIbTYypHOU cpene. IIpakTHKu KpocCKynbTypHOTO B3aummozecTaus (1
ak.4.). Pemenue curyannonHoil 3amaun (keiica) (2 ak.4.). BbIMoOTHEHHWE TECTOBBIX U
MPAKTUYECKUX 3a/laHui 1Mo TeMaTuke Jekuuu (1 ak.4.). 3amanue 1isi CaMOCTOSTENbHON paboThI.

8. OUHAHCOBO-XO03MCTBEHHAS JEATEIBHOCTD MPEITPUATH.

DUHAHCOBO-XO03HCTBEHHAs EATEIbHOCTh Npeanpuatus. OUHaHCOBBIE PECYPChl NMPEANIPUATHUS
(opranuzanumn): coOCTBeHHbIE U 3aeMHble. Kitaccudukanus 10X0/10B U pacxoJ0B MPEANPUATHSI.
CebectouMocth  mpoAykiuu. IlpuOpine  npeanpusTUs:  CYIIHOCTb, (GYHKIUH, BUIBIL,
pacnpenenenue. lleHooOpa3zoBaHuWe: 1iefM, OIpeAeJeHHe CIpoca, OLIEHKa M3AEepKeK
MPOM3BOJICTBA, aHAIM3 II€H KOHKYPEHTOB, BBIOOp MeToza 1eHooOpazoBanus (1 ak.d.). OueHka
3G (HEKTUBHOCTH XO3AWCTBEHHOM NeATeNbHOCTH mNpeAnpuatus. BeipaboTtka. TpymoemkocTs,
dbongooTaaua, GOHIOEMKOCTh, (HOHIOBOOPYKEHHOCTh, 000PAYMBAEMOCTh OOOPOTHBIX CPE/ICTB,
MaTepuaIoeMKOCTh, MaTepuanooTaada. PeHTa0enbHOCTh MPOU3BOJCTBA, MPOAAK, MUMYIIECTBA,
coOcTBeHHOro kanurtaia. Kpurepuum QuHancoBoro coctosiHus npeanpusatus. [lokazaTtenu



(DMHAHCOBOTO COCTOSIHUSI TPEANPHATHS: ITOKa3aTeNId IUIATEeKECITOCOOHOCTH, (HUHAHCOBOMH
YCTOMYUBOCTH, AETIOBOI aKTUBHOCTH, peHTabenbHocTH. PacueT n ananus nokasarenei (1,5 ak.4.).
Pemienne cutyanunonno 3amaum (keiica) (1 ax.4.). BellmojiHeHHE TECTOBBIX M MPAKTUUYECKUX
3amanuii o Tematuke Jeknuu (0,5 ak.d.). 3aganue Juisi CaMOCTOSATEILHON paboTHI.



