degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIUIIHHE: SIBneHuns mepeHoca B Iia3me
10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Qu3nka
npopuiIb NOArOTOBKHU: OO6was u npukiagHas Gusznka

OdusTex-mkona QUMK U ucciaeqoBannil uM. Jlanaay
kadeapa QU3MKU U XUMHU TUIA3MBI

Kypc: 1
KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON ATTECTAIMH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIi 3a4eT

2 (BeceHHMI) - DK3aMeH

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 60 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositenpHas pabora: 45 gac.
[ToaroroBka k sk3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocrtaBui: K.B. Yyxbap, a-p ¢us.-Mar. HayK, TOLEHT

[Iporpamma obcyxieHa Ha 3acefjanni Kadeapbl PU3UKK ¥ XUMHHX Tu1a3Mbl 29.05.2020



AHHOTANMA

Kypc "SBnenust nepeHoca B mia3me " mperycMaTpuBacT OCBOSHHE CTYJeHTaMU (pyH/IaMEHTAbHBIX 3HAHUIA B
oOnacTy (PM3KKH CIUIOIIHBIX CPel, U3yUCHHE OCHOBHBIX COBPEMEHHBIX MOAXOIO0B K OMHMCAaHUIO TPAHCIIOPTA B
pasnuuHbIX (QiIronax.

3amaun Kypca:

*  ¢opmupoBaHue 0a30BBIX 3HAHMH B OONMAcTH (HU3MKM IUIA3MBI KaK JUCHUILIMHBI, HHTETPUPYIOIICH
obnreu3nueckyro u OOIIETEOPETHUECKYIO TMOATOTOBKY (DM3MKOB M 00ECIeUMBAIONICH TEXHOJIOTUYCCKUE
OCHOBBI COBPEMEHHBIX HHHOBALIMOHHBIX C(ep NesTeTbHOCTH;

* o0ydeHue CTYICHTOB NPUHIMIIAM OIMCAaHUS U pacu€ra MepeHoca YacTHIl, SHEPIHH, IEKTPOMArHUTHOTO
HOJIS ¥ IPYTUX CyOCTaHIMH B 3KCIEPUMEHTAIBHBIX YCTAHOBKAX M MPUPOJHBIX O0BEKTAX;

* (dopMHpOBaHUE MTOIXOA0B K BBHIIIOJIHEHHIO UCCIIEJOBAaHUN CTyA€HTaMU B 00JacT! (PU3UKK U XUMHU TIa3MbI
B PaMKax BBIITYCKHBIX Pa0OT Ha CTETNIEHb MarucTpa.

OcHOBHOE COACPIKAHU KypCa U3JIOKCHO B CIICAYIOIINX pa3ciax:

. bazoBoe ypaBHeHHe A5eKTpOHHON MarHUTHOM ruapoanHamMuku (OMI)
. Beixox 3a npegenst audy3noHHOM Mapagurmsl

. Auccunanys B uaeagbHBIX TEUCHHUSIX

. Anddy3nonHsie MOAETH KOHBEKTHBHOTO TypOYJIEHTHOTO TPAHCIIOPTa

1

2

3

4

5. lonsitue 06 DMI -conpoTuBieHun

6. Ilyuku 3apsiKEHHBIX YACTHUI B IJIA3ME

7. Ponb nHepuunu 31eKTpoHoB B DOMI -siBneHuUsIX

8. Criennuka ruApOTMHAMUYECKOTO OTIMCAHUS CIIONTHBIX CPE
9. CrartucTuka 1 MOJIEIH Pa3BUTON TYpOyJIECHTHOCTH
10. ®ynaamMeHTaIbHOCTh 3aKOHA BMOPOXEHHOCTH
11. DBoJrOLMA MAarHUTHOTO OIS B Moaean DMIT

12. ba3oBoe ypaBHEHHE JIyUHCTOTO dHEPronepeHoca
1. leau u 3apauu

eap AUCUMNIMHBI

¢ OCBOCHHUC CTyACHTaMHU ®YHHaMCHTaHBHBIX 3HAHMH B 00nacTu (1)I/ISI/IKI/I CINIOIIHBIX CpCa, U3YUCHUC
OCHOBHBIX COBPEMCHHBIX MMOAXOA0B K OITMCAHUIO TPAHCIIOPTA B PA3JIMYHBIX (bmom[ax.

3anauu QUCHUNIHHBI
* (opmupoBaHHe 0a30BBIX 3HAHUI B 007AaCTH (PU3MKM TUIA3MBl KaK AMCHUILTHHBI, HHTETPHPYIOIICH
obmiepu3nueckyro ¥ OOIIETEOPETHYECKYI0  MOATOTOBKY  (M3MKOB H  obecrieunBaromien
TEXHOJIOTUIECKUE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeILHOCTH;

. oOydeHHe CTyJICHTOB MpPHUHIMIIAM ONMCAaHUA M pacuéTa MepeHoca 4YacTHll, SHEPIHH,
SJIEKTPOMArHUTHOTO TOJIT M JIPYTUX CyOCTaHIMN B DKCIIEPUMEHTANBHBIX YCTAHOBKAX M MPHUPOIHBIX
00BEKTAX;

* (opmupoBaHKE MOIXOAOB K BHIIOIHEHHUIO UCCIEAOBAHNI CTyICHTaMH B 00acTu GU3NKU U XUMUHU
IUTa3Mbl B paMKax BBIITYCKHBIX pabOT Ha CTENeHb MarucTpa.

2. Ilepeyens opMupyeMbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON
IIK-1 CnocobeH cTtaBuTh, hOpPMaIU30BLIBATE U |ACATCIIBHOCTH




pemarh 3a/1auu, B ToM uncie pa3padarsiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJICA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOJyYaTh |MOJEIIN

HOBBIC HayIHBIC PE3YIIbTaThI [IK-1.3 CmocobeH mnpuMeHSATh TeopeThdeckne | (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pE3yNbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUsI N0 JUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI
3HAThb!

MECTO U POJIb OOIIMX BOIIPOCOB HAyKH B HAYYHBIX HCCIICIOBAHUSIX;

COBpPEMEHHBIE MTPOOTIeMbl PU3UKH, XUMHH, MATEMATHKH;

TEOpeTUIeCKUe MoJenH (PyHIaMEHTAIbHBIX MPOIECCOB U SABICHUN B (PU3KKE U €€ IPUIIOKCHUSX;
NPUHLUITEI CAMMETPUH U 3aKOHBI COXPAHECHUS,

HOBEHIIINE OTKPBITHS €CTECTBO3HAHMS,

MOCTaHOBKY MPOOeM (PU3HKO-XMMHUYECKOTO MOJICITHPOBAHUSI;

0 B3aUMOCBS35X U (PyHJaMEHTAJILHOM €IMHCTBE €CTECTBEHHBIX HayK.

Ooooooo

YMETb:
[0 2¢ddexTuBHO UCTIONL30BaTh HA MPAKTHKE TEOPETUICCKIE KOMITOHEHTHI HAYKH: TIOHSITHS, CYX/ICHUS,
YMO3AKIIOUECHUS, 3aKOHBI;
[l mpemcTaBUTh TAHOPAMy YHHUBEPCAIbHBIX METO/IOB M 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHMUS;
[J  abcTparupoBaThCs OT HECYIICCTBEHHBIX BIMSHUW MPU MOACIUPOBAHUU PEATBHBIX (PU3NIECKUX
CUTYaLUiI;
[J  WCIONB30BaTh BEPOSTHOCTHEIE MOJENH I KOHKPETHBIX MPOIECCOB W MPOBOIUTH HEOOXOIUMBIE
pacudeThl B paMKax OCTPOSHHOW MOJIEINH;
0 MOJISTMPOBATh IPOIECCHl U aHAIM3UPOBATh MOJEIH C HWCIIOJNIB30BaHUEM WH(HOPMAIMOHHBIX
TEXHOJIOTHH;
[J mmaHMpOBaTh ONTUMAIBHOE MPOBEICHUE SKCIEPUMEHTA.

BJIaJIETh:

[l Hay4HBIM METO/IOM KaK MCXOAHBIM IPUHILUIIOM [TO3HAHUs 00bEKTHBHOTO MHPA;

[J  Meromonorueil BbIOOpa alleKBaTHBIX METOMOB HCCIICAOBaHUs (HAONIOAEHUH, TEOPETUYECKUX H
IKCTIEPUMEHTAIBHBIX METOJI0B HCCIIEI0BaHUI);

[l CHCTEMHBIM aHAJIN30M;

JIOTUKO! B HayYHOM TBOPYECTBE;

Hay4YHOW KapTHHON MUDA;

MaTeMaTHYeCKUM MOAEIUPOBaHUEM (PU3NYIECKHX 3a1ad.

OOod

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| bazoBoe YpaBHEHHE 3IEKTPOHHOU 3
MarHuTHoOH ruapoguHaMuku (OMI)
) Brixon 3a mpemensl  nuddy3noHHON 3
napajurMsl
3 Juccunanms B uaeaabHBIX TSUCHUSIX 3 15
4 Juddy3noHHbie MOJIeN KOHBEKTUBHOTO 3
TypOyJI€HTHOTO TPaHCIOPTa
5 [Honsarue 06 OMI '-conporuBnennu 3




6 [Ty4xu 3apsKEHHBIX YacTHUIL B IJ1a3Me 3

7 Poinb WHEpLUH 3JIEKTPOHOB B 3
OMI -sBneHusIX

] Crenuduxa TUAPOIUHAMUYECKOTO 3
OITMCAHUS CIUIOIIHBIX CPeJl

9 Cratuctuka ¥ MOIEJM  Pa3BUTOMN ’
TypOyJEHTHOCTH

10 DyHAaMEHTAIBHOCTD 3aKOHa 5
BMOPO’KEHHOCTH

1 DBOJIONMS MarHUTHOTO MOJS B MOAEIH ’
OMI'

12 bazosoe ypaBHEHHE Jy4UCTOTO 3
JHEpronepeHoca

13 I'moGanpHOE  omMcaHWE  JIyYHCTOTO 3
TpaHcropTa

14 Uznyyenue/mornomenne B JUCKPETHOM 3
CIIEKTpe

15  |Hemuddysnuonnsie 6myxmaHusi KBAHTOB 3

16 Oco0eHHOCTH M3ITy4eHUs] B KOPOHATIBHOM 3
ia3me

17 [Tpubnuxenue Jy4UCTOH 3
TETUIONPOBOAHOCTH

18 Ponp  wm3mydyeHuss B TEpPMOSIECPHOM ’
TOpEHUH

19  |Cneuunduka onucanust GOTOHHOTO raza 3

20  |Topmo3HOE M3TydYEeHHE/TIOTIIOLICHNUE 3

71 DOTOPEeKOMOMHALIMOHHOE H3JIyuYeHHE U 5
doroaddexr

2 DyeMeHTapHbIe TPOLECCH B IUIa3Me C ’ 30
y4acTHEM JIEKTPOHOB U (POTOHOB

Hroro yacos 60 45

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.en.

4.2.

Coneprxanue JUCHUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

Cemectp: 1 (Ocennuii)

1. bazoBoe ypaBHEHHE 3NIEKTPOHHONH MarHUTHOM ruapoauHamuku (OMI)

JIBY>)KUJIKOCTHAsI THIPOIWHAMHKA W BMOPOXCHHOCTh POTOpa 0000IEHHOTO MMMynbca. ba3oBble
ypaBHeHus: DMI. OrpanuueHust Ha nmapaMeTpbl MOJENN. DHEPTUs, UMIYNbC U U BekTop [loiiHTHHTa
B 9TOM MPHUOJINKEHUHU. 3aBUCHMOCTH 3(P(HEKTOB OT TEOMETPHH.

2. Beixog 3a mpenensl 1udGy3noHHOM mapaurMbl

Oddexkr crkoppenupoBaHHOro cHoca. Crenuduka HecTalMOHapHOW  KOHBeKUuu. Pomb
MPOCTPAHCTBEHHON pa3MepHOCTH B  crtoxacTuke. [Ipumepsl Heauddy3MOHHBIX  PEXKHMOB,
HOMEHKJIATypa MpOLECCOB.

3. I[I/ICCI/IHHLII/UI B NACAJTBHBIX TCUCHUAX

CramnuoHapHbie TedeHus: «0e3 mpocsBeTa». [Ipobnembl ¢ Oe3nuiccunaTuBHBIM onucaHueM. Harpes
TUIa3MBl U JIBIDKCHHUE MOHOB. TE€H30p YIEeNbHOTO CONMPOTUBIICHHS IIa3Mbl: MarHETOCOIIPOTHUBIICHUE H
sddext Xomna. TpéXxkoMIOHEHTHAS cpefa.



4. Nuddy3noHHBIE MOJIETH KOHBEKTHBHOTO TypOYJIEHTHOTO TPAaHCIIOPTa

Cneunguka TypOYJIEHTHOTO KOHBEKTHBHOTO IepeHoca. CTallMOHAPHBIA JBYMEpHBIH Cilydaid H
«3arpaBouHas» auddys3us. J[Be Teopembl W moHATHE dPdexTBHOH audPy3uu. Tpu TOUHO
pemaembie Moaenn. OOumil onHoMacIITaOHbIN ciyvaid, ppakTaibl.

5. lonsitue 06 DMI -conpoTuBieHun

OMI -noBelieHue quccunanui. «I(GheKTuBHAS TPOBOAUMOCTE» C (QOpPMaIbHON U TIOJNeBOE
npencrasnenne OMI-conporusienus. YHuBepcanbHas gopmyna 30 u/c Om. MenkomacmraOHbie
(uTyKTyalmu KOHIEHTPAIMKA U ME30CKOTIMUECKOe yepenHeHne. [ eomeTpudeckue d(heKTsl.

6. Ilyuku 3apsKEeHHBIX 4acTHI] B IIJ1a3Me

lenepanyss Ty4koB B IUOAax, pensTHBU3M. [lydkun B IU1a3Me, COOTHOIICHHE KWHETHYECKUX U
TIOJIEBBIX COCTABIIAIOIINX JHEPTUH M MMIYIbca dacTull. [[peiidoBoe NBHKEHHE B CHUIBHOTOYHOM
nyuke, kuHetuka. Juddy3Hpie ¥ CKUHUPOBAHHbBIE MyYKHU-TIMHYU. YCHUJICHHE B3aUMOJCHCTBUS CO
Cpenoi.

7. Ponb nHepumu 31eKTpoHOB B DOMI -siBeHUsIX

Pa3mep u ponb MHEpPLUMU TPU TeHEpanuu Maiblx MaciTaboB B OMI. HeTpuBHambHOCTh IByMEpHBIX
CTAI[MOHAPHBIX TEYECHHH INpH OOIEM 3aKOHE BMOPOKEHHOCTH. 3ajaya O CKHHE, KOHBEKTHBHBIC
BOJMHBI 1 DMI -compoTHBiIeHHE C Y4ETOM WHEPIHMH DJICKTPOHOB. MHKEKIHsS MyYKOB B ILIa3My:
JIOTIONTHUTEIbHA KOHBEKINS U 3P (HEeKT 00bEMHOTO «Pa3MOPAIKUBAHHS.

8. Cnennduka ruIpOIMHAMIYECKOTO OMUCAHHS CIUIOIIHBIX CPEJT

VYpaBHEHUs THAPOJUHAMUKU. 3aKOHBI COXpaHeHus. BMopoxeHHOCTh. MarHutHas rujponuHaMHuKa
3apsHKEHHON KUIKOCTH. CBsI3b C KHHETHUKOH.

9. CrarucTika ¥ MOAETH Pa3BUTON TypOYJIECHTHOCTH

TypOy/eHTHOCTh ¢ IIMPOKMM HHEPIMOHHBIM HMHTepBaJoM, 3akoH KommMoroposa-O0yxoBa.
OtnocutenbHas auddysus u 3akoH Puuapacona. YepenHenuwe mo peanuzanusMm. Crenuduxa
CTaTHCTHKH. Pa3melnBaHue J1larpaHKeBbIX HHBAPUAHTOB.

10. ®yHnamMeHTaIbHOCTh 3aKOHa BMOPOXEHHOCTH

MexaHnndeckas MoAoIUIEKa BMOPOKEHHOCTH. PU3NYECKHE MPUMEPBI, KIACCUYECKHE U KBaHTOBBIE.
JIByMepHBII ciydaii: mortokoBass ¢GyHkmus u ckoOka [lyaccona. besmuccumatuBHas OMIT B
JBYMEPHBIX T€OMETPUSAX: CTALIMOHAPHBIE TEUEHUS.

11. DBoJrOLMA MAarHUTHOTO OIS B Moaean DMIT

JlnHaMuKa MarHUTHOTO TIONSE B cpeie ¢ OObrYHbIM 3akoHOM Oma. HecranmonapHsbrii cHoc B OMI,
OTIpEeICTIAIONINE MapaMeTpbl U POJb AUCCUMANMU. 3a/aya O CKUHE: TOYHBIE pPElIeHHs U MPOCThIe
ananoruu. Bekrop IlofinTiHTa M 00mMii OanaHC SHeprud. 3aBUCHMOCTH OT T'€OMETPHUH — TOHKHE
MIEHKH.

Cemecrtp: 2 (Becennuit)
12. bazoBoe ypaBHEHHE JIyUHCTOTO dHEPTornepeHoca

Otansl TPOXOXKIEHHUsSI CBETa CKBO3b cpeny. OCHOBHOE ypaBHEHHE JIYYHCTOrO INEpeHoca B o0uiem
cllyyae M B PAaBHOBECHOHW IUIa3Me. YCTaHOBJICHHE PABHOBECHS H3IydeHHs c BemecTBoM. OOmiee
peleHue 3a1a4u B 0a30BOM BapUaHTe.



13. T'mobansHOE onMcaHue TyYUCTOTO TPAHCTIOPTa

W3nydeHre OIHOPOIHOTO IUIOCKOTO ciiosi. [IpoOieMbl cnekTpa: HM3IydeHHE B y3KOM JHama3oHe,
HEOJIHOPONIHASI HArpeToCTh. YCpeAHEHHOe onucaHue oO0béMHOro wusnydenus. duddysus B
ONTUYECKH TOJICTOHM Cpelie.

14. N3nyueHune/mornomeHne B AUCKPETHOM CIIEKTPe

CeucHue MOMJIOMICHUSI B JIMHUSAX. MakKCHUMallbHO BO3MOXKHOE H3JIy4YCHUC H MUHHUMaJIbHBIN
pocceiianaoB Hp06er. L[I/IKJIOTpOHHOG HU3JTy4YCHUC, CTO 3allUpaHUC. Tox BpaFI/IHCKOFO—HI/I3a B 3aa1a4€ O
Z-IIMHYC.

15. Henuddysnonnsie 6y aaHusi KBAHTOB

Crneunduka OmyxIaHusd B JHMHHUSIX. YpaBHEHHMS B JAPOOHBIX NPOW3BOAHBIX. IIpuTsAruBaromas
aBTOMOJIEIBHOCTH U «3a0bIBaHne». OCOOEHHOCTH MPOLIECCa U €ro CBA3b C MaTCTaTHCTUKOM.

16. OcoOeHHOCTH U3ITyYeHHs B KOPOHAJILHOH IJ1a3Me

KoponanbHoe paBHOBecHe 10 BO30YKACHUSAM. MaKCHUMaIbHO BO3MOXKHOE M3ITyUeHHE JUIsl «O0TraThIxX»
3JIEKTPOHHBIX OCTOBOB. JlOIIEPOBCKOE YIIUPEHUE JTUHUN. J[pyrue MexaHu3Mbl YIIMPEHHUS.

17. TlpubnmxeHne JIy9ucToN TEeIIONPOBOIHOCTH

Henuneiinoe ypasHenue muddys3un. ABToMozenbHbIE pelieHus. BiusHue ruppoIuHaMHUYecKoro
nBrkeHus. «CKBO3HOE) ONMMCAHHUE JTYYHCTHIX OTEPh.

18. Poib u3ny4eHus B TEpMOSIEPHOM TOPEHNUN

Kputepuit Jloycona. YHuBepcanmbHOCTh napamerpa. [loHsTHe O AETOHAUMH Kak (PU3UIECKOM
SIBIICHUM, siIEpHasl U TepMosifiepHas 1eToHalus. Mcrnonb30BaHue 1y4ucTol SHEPIUu AJIs TEPMOsiA.

19. Cneuncduka onucanust GoToHHOTO raza

Kunernueckoe omnmcanue kBaHTOB. KuHeTHKa M TepMOAMHAMHKa 4EPHOrO M3inydeHHs. [IpudamHel
PaBHOBECHOCTH, BIUsHME TIUIa3Mbl. Kiaccupukanus NpOLECCOB H3NIYyUCHHS, IMONIOLICHUS |
paccesHusl.

20. TopmMo3HOE M3TyUYEHHE/TIOTIIOLICHHUE

Topmo3HOe n3iMydeHue, CTaHIapTHBIA BbIBOA. OTiINUus B (pU3MKE MPU MaNbIX U OONBIIMX YaCTOTaX.
CyMMapHasi ”HTEHCUBHOCTh M3JIy4eHHUsI M mpoOern. MakpocKonmn4yeckuii moaxox k 3agade. Csi3b
IIPOLIECCOB PACCESHUS JIEKTPOHOB C U3IYyUCHHUEM.

21. doTtopekoMOMHAITMOHHOE U3NyUueHHe U PoTodIPdeKT

doTtopekoMOMHaIMOHHOE u3inydeHue VS topmosHoro. Cedenue ¢oroddpdekra. 3HaueHUs Hu
pasnuuus. Manble mapameTrpsl  (OTOPEeKOMOMHAIMM ¥ KOPOHAJIbHOE paBHOBecue. Poib
JM3JICKTPOHHON PEeKOMOWHAIIHH.

22. SHCMGHTapHBIe MMPOLCCCHI B INIA3ME C YUACTUCM DJICKTPOHOB U (bOTOHOB

DyeMeHTapHbBIe TPOLECChl BO30OYXKICHUS W W3IydeHUs. Pa3luuHble THITBI HMOHU3AIMOHHOTO
paBHOBecHsi. «[lomaBIeHHOCTb» OOpaTHBIX MPOLECCOB B IUIa3Me. JMdIEeKTpOHHAs PEeKOMOHMHALMSL.
AnmpoKcUMaoHHbIe (GOPMYIIBI U Z U «3(PPEKTUBHBIC» IMOKa3arenu aanadarel. TOMCOBHOBCKOE
paccesiaue, 3G HeKThl KOTEPEHTHOCTH.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

yueOHast ayTuTOpHsl, IEPCOHAIbHbBIE KOMITBIOTEPHl U MYJIBTUMEANHHOE 000pynoBaHue (IPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPaATyPbI

OcHoBHas nuTeparypa
1. Jleknuu 1o SIBIEHUSIM TepeHoca B miazme: YuebHnoe nmocooue/ Uykdap K.B., Honronpyansrii: U]
«WHuTtemnek, 2008. — 256 c.
2. DnexrponHas MmarauTHas rugponnHamuika/ Kuarcen A.C., Uyk6ap K.B., SIupkoB B.B. B ¢6.
Bormpocs Teopun minasmel, B 16/ mon pen. Kagomiesa b.b., M: DHeproatomusznar, 1987, ¢.209.

JomnonHurensHas auTeparypa

1. I'enepanus 1 hOKyCHPOBKA CHIIBHOTOYHBIX PEIITHBUCTCKUX NEKTPOHHBIX Myukos/ Pynakos JIL.U. u
np. M: Dueproaromusaart, 1990. — 234 c.
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7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

HNudopmanmonnsie pecypebl: XKypHaisl o ¢usuke ruia3mel (Ouszuka minasmsl, XKOTO, [Tucsma B
KOTD, KT, I[Tucema B XKTD, Physics of Plasmas, Physical Review E, Physical Review Letters u
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KOHCTICK-THI JICKIHIA, Y4eOHbIe TOCOOMs 1 COOPHHUKHM 3a/1a4, pa3paOboTaHHbIE ISl JaHHOTO Kypca.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJII0Yasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HE NPEeNyCMOTPEHBI.
9. MeTonuyeckne yKkazaHusi JUIsl 00y4AIOIIMXCH 110 OCBOCHUIO AU CHUILTHHBI (MOXYJIs)

CTyneHT, W3ydYarolmui JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTATC U3YUYCHUA AUCHUIUIAHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
YMETb NPUMCHATD IMOJYUYCHHBIC 3HAHUSA IJIA PCIICHUA pa3IMYHbIX 3aa4v.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTy/IEHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOM JINTEPaTyphl;



— TpopaboTKy y4eOHOro MaTepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOATENBHOTO U3yUEHUS;

— peUICHUC 3a1a4, npcajraraCMbiX CTyACHTAM Ha 3aHATUAX,
— INOATOTOBKY K BBIITIOJIHCHUIO 3a,[[aHPII7[ TeKyu[efI n HpOMe)KyTO‘lHOﬁ aTTCCTalum.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLIAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSMU K
MIpenoAaBaTesio.

Bo3MoxxeH mpOMEKYyTOUHBIM KOHTPOJb 3HAHUN CTYACHTOB B BUJIC PELICHHUS 33a/1a4 B COOTBETCTBUU C
TEeMAaTHUKOU 3aHATHI.
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npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
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kBaTuuKkanus: MarucTp
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2 (BeceHHMH) - DK3aMeH

PaszpatGoTunk: K.B. Yyxbap, a-p ¢us.-Mar. HayK, TOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TTOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh THIIOTE3bl, CTPOHUTH
MaTeMaTHYeCcKue MOAEIM Ul OIHUCaHMA H3ydaeMbIX
SIBICHUH U MPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «SIBmenus MEepeHOCAa B IIa3ME» O6y‘IaIOH_H/II\/’IC$I JOJIDKCH:

3HAThb:

Oooooooo

yMeThb:

MECTO U pOJib OOIINX BONIPOCOB HAyKH B HAYYHBIX MCCIICTOBAHUAX;

COBpPEMEHHBIE MPOOTIeMbl PU3UKH, XUMHUH, MATEMaTHUKU;

TeopeTUYecKue MoJenH (PyHAaMEHTaIbHBIX NIPOIIECCOB U SIBICHUN B (PU3NKE U €€ MPUIIOKECHUSX;
MPUHLUIIBI CAMMETPHH U 3aKOHBI COXPAaHEHHUS;

HOBEWIIINE OTKPBITUS €CTECTBO3HAHUS;

MOCTAHOBKY MPO0JIeM (PU3UKO-XMMHUYECKOTO MOJICIMPOBAHUS;

0 B3aUMOCBS35X U (PyHaMEHTAJIbHOM €IMHCTBE €CTECTBEHHBIX HayK.

[ 3(1)(1)6KTI/IBHO HCIIOJIb30BATh HA MPAKTUKC TCOPCTUICCKUC KOMIIOHCHTBI HAYKU: TOHATUSA, CYXKICHUA,

YMO3aKITFOUCHUS, 3aKOHBI;

[l mpencTaBUTh MAHOPaMy YHHUBEPCAIBHBIX METOJIOB M 3aKOHOB COBPEMEHHOTI'O €CTECTBO3HAHMS;
[l abcTparupoBaThCsi OT HECYIIECTBEHHBIX BIMSHUM MPU MOJCIUPOBAHUM PEATBHBIX (PU3MIECKUX

CUTYALIUii;

0 HCIIOJIB30BATb BEPOATHOCTHBIC MOACIIN ]I KOHKPETHBIX IMPOUECCOB U MPOBOAUTH HeO6XOIII/IMBIe

PAacCUYCThI B paMKax HOCTpOCHHOf/'I MOACIIH,

O MOJZIEIUPOBATh TPOIECCHl M aHAJIU3UPOBATh MOJAEIHM C HCIOIb30BaHHMEM HH(OPMAIIMOHHBIX

TCXHOJIOT U,

[J maHMpOBATh ONTHUMAJIBLHOE IPOBEIEHUE IKCIIEPUMEHTA.

BJIAA€Th:

[l Hay4YHBIM METOFOM KaK MCXOIHBIM IMPUHITUTIOM MTO3HAHUS 00HEKTUBHOTO MUPA;
0 METOJIONIOTHEN BBIOOpa aJIeKBaTHBIX METOJIOB WCCIIeoBaHMs (HAOMIOIEHUH, TEOPETUYECKUX M
AKCIIEPUMEHTAIILHBIX METOJIOB HCCIIEIOBAHUH );

[] CcHMCTEeMHBIM aHAJIU30M,;
JIOTUKOW B HAyYHOM TBOPUYECTBE;
Hay4YHOH KapTUHON MUDa;

[

MAaTCMaTu4CCKUM MOACIIUNPOBAHUCM (1)I/I3I/ILICCKI/IX 3aaad.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marcepurajia npoOBOAUTCH YCTHBII\/’I OorpocC B

Ha4aJIC 3aHATHA.

4. IlepeyeHb THNOBBIX (IIPMMEPHBIX) BONPOCOB M TeM /1J1l IPOBeJAeHHs MPOME:KYTOUHOIH aTTecTaluu

o0yuaruuxcst

[lepeueHb KOHTPOJIBHBIX BOIIPOCOB IS cAaYH AU PepeHIIMPOBAHHOTO 3auéTa:




1) CuibHOTOYHBIN &IWOJ, MyYKH U alb(BeHOBCKWil TOK. [loHATHE O paBHOBecwsix beHHera u
Xammepa-Poctokepa.

OCOOEHHOCTH KOHBEKTHBHOIO IMEKpCHOCA anMeceﬁ B JBYMCPHBLIX CTAlIMOHAPHBIX TCUYCHUAX
CEMECTpC:

2) VYpasaenus OMI u npuesns! e€ NpUMEHUMOCTH.

3) Cranumonapusie Teuenust B OMI.

4) KoHBEKTHBHbIE BOJIHBI MArHUTHOTO TOJIst. CKHH-3QPekT B DMI.

5) Ionsitue o MarHeToCcONpoTUBIeHUH U DMI -CONPOTUBICHUH.

6) Ydér uHepuuu 3EeKTpoHOB B DOMI' U BIHUAHNE «CTOPOHHUX) TOKOB Ha KOHBEKIIMIO ITOJISL.

7)  Ponp pa3smepHOCTH, HECTAallMOHAPHOCTH W «3arpaBodyHoi» auddysun B TypOyleHTHOM
pa3MelIvBaHHN.

8) TypOyneHTHOCTh C MIMPOKMM HMHEPLUHMOHHBIM HHTEpBasioM. OTHOcHuTenbHas Iupdy3us U 3aKOH
Puuapacona.

[TepeueHb KOHTPOIBHBIX BOMPOCOB VIS CIaYH SK3aMEHa!

1) OcHOBHOE ypaBHEHHE JTYYHUCTOIO IHEPrOMEpPeHOca.

2) OObEMHOE H3ITyUeHHE.

3) Jlyuncras TerionpoBOAHOCTb.

4) TlonsiTHe 0 TEPMOINHAMUYECKOM U KOPOHAJILHOM PaBHOBECHSX.
5) TopmosHoe uznydeHue.

6) doropekoMOMHAITMOHHOE U3TYUYCHHE U ceueHne GoTodrddekra.
7) U3nydenue B IMHUAX U IUKIOTPOHHOE U3JIyYEHHE B TEPMOAMHAMUYECKH PABHOBECHOM IIIa3Me.
8) INonsitue 0 GOIBIIMAHOBCKOM M KOPOHAILHOM H3JTydaTelsX.

9) KoHTypbI CIeKTpadbHBIX JIMHUN B MIJIa3Me.

10)Murparus u3ayyeHUs] B KOPOHAIBHOM I1a3Me.

11)Kpurepuii JloycoHa u neToHamus TEPMOSIEPHOTO TOPIOYETO.

[Tpumpeps! SK3aMEHAILIMOHHBIX OMIIETOB.

[Ipumep 1.
1. OcHOBHOE ypaBHEHHE JTyUYHCTOTO SHEPToNepeHoca.
2.KoHTypBI CIIEKTpaIbHBIX IMHUHN B TUIa3Me.

[Ipumep 2.
1. ITonsiTHe 0 TEPMOANHAMUYIECKOM M KOPOHAJIBHOM PABHOBECHUSIX.
2.M3nydeHue B IMHUAX U IUKIOTPOHHOE U3JIyYeHHE B TEPMOAMHAMUYECKH PABHOBECHOH IIIa3Me.

Kpurepun onennBanus

Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBIAIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommmMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0Ka3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh X Ha NPAaKTHKE NPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.

Onenka ommmyHO 8§ OamioB - BBICTaBJIIETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.

Onenka xopomio 7 0aioB - BEICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMmMeer IPUMEHTh I0Jlyu€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.



OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYIACHTY, €CII OH TBEPIO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaraeT ero, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka xopo1o 5 6ajuIoB - BBICTABISACTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIY B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamiga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILCHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOI0O MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NalbHEHWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OJIyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTeIbHOCTH B M3JIOKCHHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JeliaMi yu4eOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJy4YCHHbIC 3HaHHS IAKE B CTAaHIAPTHON CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIECH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaxX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYIOBJICTBOPUTENBHO | Oayunr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[Ipy npoBeneHUM YCTHOrO 3K3aMeHa oOydaromemycst mpepocrasisiercss 30 MUHYT Ha IOITOTOBKY.
Ompoc oOyuaromerocs 1o Owjery Ha YCTHOM OJK3aMEHE HE JIOJDKEH IMPEeBBIMIaTh OIHOTO
aCTPOHOMHMYECKOT'O Yaca.

[Tpu npoBenennu yctHoOro auddepeHnpoBaHHOro 3aueTa o0y4aronemMycs npenocrasisiercst 30 MUHYT
Ha moarotoBky. Ompoc oOydvaromierocss mo Owiery Ha ycTHOM auddepeHmHpoBaHHOM 3aveTe He
JOJDKEH TPEBHIATh OHOTO aCTPOHOMHYECKOTO Jaca.



