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1. Illean ocBOEHMSI AN CIUIIJIMHBI

Lenpto 0CBOEHUS JUCHUIUIMHBI SBIISIETCS U3yUYEHHE METOJOB TEOPETUUECKOTO OMMCAHMS
U WCCIICIOBAaHUS KHHETHYECKOTO ypaBHEHHUs boybliMaHa BO BHENIHEH aKTHUBHOW cpeje B
Pa3IUYHBIX MPUONMKEHUSX; wu3ydyeHHue H(P(GEKTOB, BO3HUKAMOIIUX 33 CYET TOMPABOK K
ypaBHeHHUI0 bosbliMaHa B CHUIBHOM MarHUTHOM TIOJIE.

2. MecTO AUCHUILIMHBI B CTPYKTYpe NPOrpaMMbl ACIIMPAHTYPHI
JlaHHas TUCIUIIMHA SBJSETCS AUCLHUIUIMHON IO BBIOOPY.

3. IIlnanupyemMble pe3yJIbTAThl OCBOCHHUS AN CIMILIMHBI: -
B pesynbrare 0ocBOE€HUS AUCUUIUIMHBI ACIIMPAHT JOJIKEH:

3HATh:
— OCHOBHBIE MTPOIIECCHI, BIUSIONINE HA YCTAHOBJICHUE TETUIOBOTO PAaBHOBECHUS B
HE3aMarHM4YeHHOHU U 3aMarHM4YeHHOH IU1a3Me.

Ymern:

— BBIBOJIUTH ypaBHeHHE bonbimana B 1uddy3noHHOM MPUOIMKEHNN;
— BBIBOJUTH ypaBHeHHe KoMmnaHelina B HE3aMarHUUEHHON Cpelie;

— BBIBOAUTH YpaBHeHHe KomnaHela B 3aMarHU4€HHOM CpeJie;
-HaXOJIUTh PEJIATUBUCTCKUE NIONIPABKU K ypaBHeHHMIO Kommnanelna.

Baaners HaBbIKAMM:
— p€IH€HI/I$I 3aga4 q)OpMI/IPOBaHI/ISI CHGKTpOB I/I3J'Iy‘IeHI/I$I B yCJ'[OBI/II/I HGSaMaFHI/ILIeHHOI\/II CpCJII)I;
— peuieHus 3a1a4 GOPMUPOBAHUS CIIEKTPOB U3NyUEHUS B YCIOBUH 3aMarHUYCHHON CPEIbl.

4. O0bem, CTPYKTYpa U COAEPKaAHHE TUCHHUIINHBI
OO6miast TpyJ0€MKOCTh JUCIUIUIMHBI COCTABIISIET 3 3aueTHbIe eAuHUIL, 108 akaj. yacos.

Ne Tembl (pa3aesnbl) C Buapl yueOHBIX 3aHATHIA DopMbI TEKYILIETO
n/n AUCIHUNIHHBI, e H UX TPYI0E€MKOCTh KOHTPOJIsI
HX COJep:KaHue M (B akaieMHYeCKHUX 4acax) ycneBaeMocTHu
ec
T | nex | mpa | ma6 | xom | cam
P | iun | xru | opa | cyn | ocr ®opma 5
yec TOp bTa osTe MPOMEKYTOUYHOU
KHE HbIC uu JIbH aTTeCcralnmumu
ast
pab
oTa
1 |YpaBuenue bonprmana B| 2 2 1 0 23 3agaHns s
b Gy3MOHHOM CaMOCTOATEIbHON
MPUOTMKCHAN paborsl
2 |YpaBuenue Kommaneiina B| 2 2 1 23 3aganus s
HE3aMarHU4Ye€HHOU cpeie CaMOCTOATENEHON
paboTHI
3 |ducnepcuoHHsle cBoiicTBa| 2 2 2 23 3aganust st
4acTHI] B CUJIBHOM CaMOCTOSTEIhHON
MarHMTHOM I10JIe pabotet
4 |YpaBuenue Kommanetina B| 2 2 2 23 3ananus 1us
CUJIBHOM MarHUTHOM IOJIE CaMOCTOSATEIHHOMN
paboThI




| [Bcero 108 uac. | | 8 | 6 | | 2 | 92 |

Conep:xxanue pa3ie/ioB IUCHUNIHHBI:

Tema 1. YpaBuenne bonbumana B 1u(pQy3HOHHOM NPHOINKESHUT
VYpaBuenne ®okkepa-Ilinanka.

Cna0o MOHM30BaHHBIH ra3 B JIEKTPUYECKOM TIOJIE.

@dyKTyaluu B ¢j1a00 HOHU30BAHHOM HEPABHOBECHOM rase.
PexomOuHaIMst 1 MOHU3ALMSL.

Tema 2. YpaBuenne Komnaneiina B He3aMarHu4eHHOM cpee

Koadpdunument nornomenus ¢GoToHa 3a cueT KOMOTOHOBCKOTO PacCcesiHUsI B HEPEISITUBUCTCKOM
NpUOIMKEHUH.

VpaBnenus Kommaneiina. Bpemsi ycTaHOBJIEHHSA TEIUIOBOIO PaBHOBECHS. YUYET TOPMO3HOTO
uznyuenus. Ipdext CroHseBa-3eab10BUYA.

PenstuBrucTckue nonpaBku K ypaBHeHUI0O KoMmaHenna. Y4uer MaJioro OTKJIOHEHUS OT COCTOSTHUS
TEIUIOBOTO PaBHOBECUS I'a3a dJIEKTPOHOB.

Tema 3. JlucniepcoHHbIE CBOMCTBA YaCTHIl B CHJILHOM MATHUTHOM I10J1€
[Hongpuzannonuslii oneparop (OTOHA B CHUJIBHOM MarHUTHOM IIOJIE U €r0 aHaJUTHYECKUe
CBOMCTBA.

CoOcTBeHHbIE 3HAYEHMSI U COOCTBEHHBIE BEKTOPHI IMOJISIPU3ALIMOHHOIO omneparopa (oToHa B
CWJIBHOM MarHuTHoM nosie. HopManbHble MOJIBL.

3akoH aucnepcuu GoToHa B CUIIbHOM MarHUTHOM IIOJIE.

Tema 4. YpaBnuenne Komnaneiina B CHIbHOM MATHUTHOM 110J1€

Koapduuuents! nornomeHuss (HOTOHOB pa3iUYHBIX MOJIAPU3ALMHA 3a CUET KOMIITOHOBCKOTO
paccesHHs B CWUIBHOM MAarHUTHOM IIOJIE.

Cucrema ypaBHeHuii bonbiMaHa B CHJIBHO 3aMarHM4eHHOM IUIa3ME€ B HEPEIATHBHCTCKOM
npulnkeHuu. AHanor ypasHeHus: Komnaseiina.

Komnronusanus B CHIIbHOM MarHuTHOM nouie. [Ipunoskenue k Gpru3nke MarHuTapos.
KomnroHOBCKOE paccesHue B ciydae pe3oHaHca. [lompaBku kK ypaBHeHuro Kommaneina B
CHWJIBHOM MarHUTHOM IIOJIE.

VYder nmpoueccoB, U3MEHSIOMNX YHCIIO0 YacTull. Paciieruienus u cinusaie GOTOHOB.

5. O0pa3oBare/ibHbIe TEXHOJOTHH, B TOM 4YHCJ€ TEXHOJOrHM 3JIEKTPOHHOIO 00y4deHHMs W
AUCTAHIHMOHHBbIC 00pa3oBaTe/IbHbIe TEXHOJOIHMH, HCIOJb3yeMble IPH OCYLIeCTBJICHUH
00pa30BaTe/IbLHOIO MpoLecca 10 JHCHHUIIIMHE

B npouiecce o0yueHust UCHOIB3YIOTCS ClIeAyI0IIKe 00pa30BaTebHbIE TEXHOJIOTHU:

BBogHasi JileKuMs — Ja€T MEpBOE ILEJIOCTHOE MPEACTaBICHUE O JUCLHMIUIMHE U
OPUEHTUPYET CTYJCHTa B CHCTEME H3Yy4eHHUs JaHHOW aucuuruiuHbl. [laetcs kpatkuii 0030p
Kypca, UCTOPHS Pa3BUTHUS HAyKW M MPAKTUKH, JOCTHKEHHSI B 3TOM cdepe, UMEHa U3BECTHBIX
YYEHBIX, W3JIaraloTCsi IMEPCIEKTUBHBIC HAIpaBICHUs uccienoBaHuid. Ha »3Toi nexuum
BBICKA3bIBAIOTCS METOJIUYECKHE M OpraHU3allMOHHbIE 0COOEHHOCTH PabOThl B paMKax JaHHOU
JUCLUIIIMHBL, a TAK)KE AETCs aHAJIU3 PEKOMEHIyEMOM JINTepaTyphbl.

AxkageMu4ecKas JEKIHs ¢ JIeMEHTAMHU JeKIUN-0eceabl — I0CIEA0BATEIbHOE H3J10-
JKEHHE MaTepualla, OCYLIECTBISEMOE INPEUMYLIECTBEHHO B BHUJAEC MOHOJIOrA IIPENOAABaTEIs.
DneMeHThl JIeKIUH-0ece bl 00ecneunBalOT KOHTAKT TMpenojaBareist C ayIJUuTOpHEH, dYTo
NO3BOJISIET NPUBJIEKaTh BHUMAaHHME AaclMPAHTOB K HamOoiee BaXKHBIM TeMaM JIHCUUIUIMHBI,
AaKTUBHO BOBJIEKAaTh HUX B Y4YeOHBIN MpolecC, KOHTPOJIHPOBATH TEMI H3II0XKEHUS Y4eOHOTO
MaTepHuasa B 3aBUCUMOCTH OT YPOBHS €r0 BOCIIPUSATHS.



IIpakTHyeckoe 3aHsATHE — 3aHATHE, IOCBSILEHHOE OCBOECHUIO KOHKPETHBIX YMEHHUH U
HaBBIKOB 110 3aKPEIICHUIO MOTYUYCHHBIX Ha JEKIUN 3HAHH.

KoncyabTanum — BHJ yueOHBIX 3aHATUH, SBIAIOIUICS OZHOH U3 (GopM KOHTpOJIS
CaMOCTOSITENIbHOM  paboThl acnupaHToB. Ha KOHCynbTanmusx MO TPOChOE acHupaHTOB
paccMaTpuBalOTCsl HauboJiee CIIOXKHBIE pa3zelibl JUCHMIUIMHBI, NPEenoAaBaTelb OTBEYaeT Ha
BOIIPOCHI aCMIUPAHTOB, KOTOPHIE BO3HUKAIOT y HUX B MPOIIECCE CAMOCTOSITENIbHOM pabOTHI.

B npouecce 00ydeHus: HCNOIB3YIOTCA CIIEIYIOIUE TEXHOJIOIMH 3JIEKTPOHHOIO0 00y4YeHHUs
U IUCTaHIIMOHHBIE 00pa30BaTeNbHbIEC TEXHOIOTHUU:

DJIeKTPOHHBI y4eOHbII Kypc «KuHeTHMuyeckue ypaBHeHHUSI B 3aMarHW4YeHHOM
cpeae» B LMS DuexTponnslii yausepcuter Moodle SApI'Y, B koTopom:

- IpeACTaBIEHbl 3aJaHusl Ui CaMOCTOSITEIbHOM pabOoThl acCHUPAHTOB IO TeMaM

JCLUIIINHBL,

- IPEJCTABIIEH CIIMCOK JIUTEPATYPBI, PEKOMEHyEMOU Il OCBOCHMSI TUCLIUIUINHBL;

- mpeacTaBieHa uHQopManuss o (opMe M BpPEeMEHM MPOBEACHUS KOHCYJIbTALMH 110

AUCHUIUIMHE B ClIydac UX IMPOBCACHUA B JUCTAHIIMOHHOM q)opMaTe B PCIKUMC OHJIAMH.

6. IlepeyeHbr OCHOBHOW W JONMOJHHMTEJLHOH JIMTEPATYypPhbl, PecypcoB HHG(pOPMALHOHHO-
TeJIeKOMMYHUKAIMOHHON ceTH «MHTepHeT» (MpM He00XOAMMOCTH), pEKOMEHAYeMBbIX JJIsl
OCBOCHUSA THCUHILIMHBI

a) OCHOBHAsl JIMTepaTypa

1. Tanaka S.J., Asano K., Terasawa T., Avalanche Photon Cooling by Induced Compton
Scattering: Higher-Order Kompaneets Equation. PTEP, 2015, no. 7, P. 073EO0l;
arXiv:1505.06541 [astro-ph.HE].

2. Brown L.S., Preston D.L. Leading Relativistic Corrections to the Kompaneets Equation.
Astropart. Phys., 2012, V.35, P. 742-748; arXiv:1201.5606 [astro-ph.CO].

3. Chistyakov M.V., Rumyantsev D.A.. Electromagnetic Processes in Strongly Magnetized
Plasma; arXiv:0811.4530 [hep-ph].

0) 10MOTHUTEIbHASI JTUTEPATYpa

1. bukkun X. M., Jlssmunun U. U., HepaBHoBecHas TepMoiMHaMMKa U pU3NYeCKas KUHETHKA. —
ExarepunOypr : YpO PAH, 2009. 500 c.
http://eqworld.ipmnet.ru/ru/library/books/BikkinLyapilin2009ru.pdf

2. Chistyakov M.V., Rumyantsev D.A.. Compton effect in strong magnetic plasma. International
Journal of Modern Physics. 2009, Vol. 24, P. 3995; https:/arxiv.org/abs/hep-ph/0609192

3. Challinor A., Lasenby A.. Relativistic corrections to the Sunyaev-Zeldovich effect. The
Astrophysical Journal, 1998, V. 499, P. 1.
http://esoads.eso.org/cgi-bin/nph-data query?bibcode=1998Ap]J...499....1C&db_key=AST&link
_type=ABSTRACT&high=596¢a39¢8323977

4. JInpmun E.M., IluraeBckuii JL.II. Teopermueckas ¢usuka. B 10 Tomax. T. 10.
®usnueckas kuHeTuka. - M.: Hayka, 1979. 527 ¢

http://www.lib.uniyar.ac.ru/opac/bk cat card.php?rec id=752851&cat cd=YARSU

B) pecypcbl cetu «UHTepHeT» (MPH HEOOXOAUMOCTH)
ABToMaTu3upoBaHHas  OuOnmMoreyHo-uH(opmarmonHass cucrema «BYKHU-NEXT»
http://www.lib.uniyar.ac.ru/opac/bk cat find.php

7. MaTepuajibHO-TeXHHYecKasi 0a3a, HeoOXoAUMas /sl OCYLeCTBJIeHHs 00Pa30BaATEILHOIO
npouecca no AUCUUIINHE
MarepuanbHO-TeXHUYECKass 0aza, HeoOXoauMast ISl OCYIIECTBICHHST 00pa30BaTEILHOTO



npolecca 1o AUCUUIUIMHE BKJIIOYAET B CBOM COCTAB CIIELUAIbHBIE IOMELIEHUS:
- yueOHbI€ ayAUTOPUH IJI IPOBEACHUS 3aHATHI JIEKIIMOHHOTO TUIIA;
- y4eOHbIe ayIUTOPHH IS IPOBEICHUS MPAKTHUECKUX 3aHATHH (CEeMHHApPOB);
- yueOHbIe ayAUTOPUH JJIs TPOBEIEHUS TPYIIOBBIX U MHIUBUYAJTbHBIX KOHCYIbTAIIUM,
- y4eOHbIe ayIMTOPHHU ISl IPOBEICHHS TEKYILEro KOHTPOJISA U IPOMEXYTOYHOM aTTeCTalluy;
- IOMEIIEHUS JUIsl CAMOCTOSTEIbHON padOThI;
- IOMELICHHUS JJIs1 XpPaHEHUS M TPOPUIAKTHIECKOTO 00CTyKUBaHUS 000pyI0BaHHUS.
[Tomemienust 111 caMOCTOSITENBHON pabOThl 00YUYaIOUIMXCS OCHAILEHBl KOMITbIOTEPHOM
TEXHUKOW C BO3MOKHOCTBIO TIOJKIIOYEHMS K ceTH «HTepHETY.

ABTOD:

ITpodeccop kadenpsl TeopeTnyeckoit GU3UKH, 1.¢.-M.H. J.A. PymsiH1ieB




IIpuioxenne Nel k paboueil nporpaMme AUCHHUIINHBI
«KuHeTH4YecKHe ypaBHeHHsl B 3aMarHU4YEHHOM cpeae»

OneHoYHBIC MATEPHAJIBI
AJIs1 IPOBe/IeHUsl TeKyllell W/MJIH IPOMeKYTOYHOM aTTecTaluu
ACMHMPAHTOB 1O AMCUHHUILINHE

1. KonTpoubHble 3a1aHuA U (WJIN) HHbIE MATEPHUAJIbI,
HCIoJIb3yeMble B NpoLecce TeKylero KOHTPoJIs ycreBaeMOCTH

3agaHus A9 caMoCTOosITe/IbHOI padoThl K Teme 1:

1. HaliTu noTeHIMan >JEKTPUYECKOro TMOJs, CO34aBA€MOro IMOKOAIIMMCA B IUIa3Me
CTOPOHHUM 3apsIOM e.

3agaHus A8 caMoOCTOSITeIbHOI padoThl K TeMe 2:

1. OnpenenuTs KOpPPEAATOp IJIOTHOCTU B PABHOBECHOM OJHOAaTOMHOM Ta3e B
MPEHEOPEIKEHNN CTOJIKHOBEHHUSIMH.

3anaHus 1718 CaMOCTOAITeJIbHOM PadoThl K Teme 3:
1. Onpenenuth kodpdunueHT auddy3un Uit OPUMECH TDHKEJIOro rasa B JIETKOM,
npeanosarasi CKOpOCTH TSDKENbIX YacTHI] MalbIMU [0 CPaBHEHHIO CO CKOPOCTSIMHU
JIETKUX.

2. C nomompto ypaBHeHus: Dokkepa-Ilnanka onpeaenuTs MOIBMKHOCTD TSKEION YaCTHIIBI
B JIETKOM rase.

3aganus 1015 CAaMOCTOAITE/IbHOM PadoThI K Teme 4: o
1. Haiitu ckopocTh nepegauu SHEPIUH OT JIEKTPOHOB C TeMIepaTypoi T.T>> me™me”
HOHaM ¢ Temmeparypoit 1ili>> Mc™Me®
2. HaiTu 31eKTponpoBOAHOCTD PEISTUBUCTKON JJOPESHIIEBCKOH TLTa3MBbl.

2. Cnmcok BONpocoB M (WJIK) 3aJaHUil 1J151 IPOBeIeHUs POMEKYTOYHOM aTTeCTAMHU
Cnucok BONPOCOB K 3a4eTy:

1. YpaBuenue ®okkepa-Ilnanka.

2. Ci1abo MOHM30BAHHBIHN T'a3 B AJICKTPHUECKOM TIOJIE.

3. ®nykTyanuu B c1ab0 HOHU30BaHHOM HEPaBHOBECHOM Tase.

4. PexoMOWHAITIS 1 HOHU3AITHSI.

5. Kosdpduument mnornomenus ¢oToHa 3a CYET KOMIITOHOBCKOTO paccesHus B
HEPEJISITUBUCTCKOM MPUOJIMKEHUH.

6. YpaBuenus Kommnaneiina. Bpemsi ycTaHOBIIEHHS! TEIJIOBOIO PAaBHOBECHS. YUET TOPMO3HOTO
uznydeHus. D ekt CroHsieBa-3eap10BUYA.

7. PenstuBucTCKHE NONpPaBKU K ypaBHeHHMIO Kommaneilna. Yd4er Manoro OTKIOHEHHS OT
COCTOSIHMSI TETUIOBOT'O PAaBHOBECHUS Ta3a 3JIEKTPOHOB.

8. INonapuzanmonuslii onepatop (HOTOHA B CHIBHOM MAarHUTHOM TOJI€ U €r0 aHAIUTUYECKUE
CBOMCTBA.

9. CoOcTBeHHbIE 3HAYEHUSI U COOCTBEHHBIE BEKTOPHI MOJIIPU3ALMOHHOIO orneparopa GoTroHa B
CHUJILHOM MarHuTHOM 1osie. HopmanbHbie MOJIBI.

10. 3akoH nucniepcuu (poTOHA B CHIIBHOM MarHUTHOM ITOJIE.

11. Koaddurments! noriomienrs GOTOHOB Pa3IUYHBIX MOJSIPU3ANNN 32 CIET KOMITOHOBCKOTO
paccesiHUs B CHJIbHOM MarHUTHOM TIOJIE.



12. Cucrema ypaBHeHMI1 boibpiMaHa B CHJIBHO 3aMarHM4eHHOM IUIa3ME€ B HEPENSATUBUCTCKOM
npubmmkeHnu. AHanor ypasHenus Komnaneiina.

13. KomnToHu3anus B CWIIbHOM MarHuTHOM nosie. [punokenue Kk pu3nke MarHuTapos.

14. KomnToHOBCKOE paccessHue B ciydae pe3oHaHca. [lonmpaBku k ypaBHeHuto Kommanelina B
CHWJIBHOM MarHUTHOM IIOJIE.

15.Y4eT nporeccoB, M3MEHSIOITUX YHUCIIO YaCTHUIl. Paciierienus u cimsiaie (OTOHOB.

2.1 Onucanue npoueaypbl BICTABJICHUS OLEHKH

3adeT BBICTABIIACTCS MO PE3yJIbTaTaM BBIMOJHEHUS TEKYLIeH CaMOCTOSATELHOM paboThI 1
co0eceZI0BaHUS [0 BOIPOCAM K 3a4eTy.

OreHKa «3a4€Ty» BBICTABISETCA CTYACHTY, KOTOPBIN BIIaJIEET OCHOBHBIM 00hEMOM 3HAHUH
10 TIpOrpaMM€e NUCLMIUIMHBL;, 3Ha€T OCHOBHYIO TEPMHHOJIOTMH AaHHOW 00JAacTH 3HAHWM; JTOTHYECKH
IIPaBWIBHO M3JIaraeT Marepuall; OTBEYaeT Ha BONPOCHI 0€3 CyLIEeCTBEHHbIX OIIMOOK; Biajeer
WHCTPYMEHTapHeM JUCHMILUINHBI, YMEET ero HCIOJIb30BaTh B PEIIEHUH CTaHIApTHBIX (THUIIOBBIX) 3a/1ad;
CIOCOOEH CaMOCTOSITENbHO IPUMEHATH TUIIOBBIE PELICHUSI.

OrneHka «He3auTeHO» BBICTABIIAETCS CTYJIEHTY, KOTOPBINA HE Bia/leeT OCHOBHBIM 00bEMOM
3HAHUW 1O NMPOTrpaMME JUCLMIUIMHBI, HE 3HACT OCHOBHYIO TEPMHHOJIOIMHU JAQHHOW O0JIACTH 3HAHHU;
JIOTMYECKH HENPaBWJIbHO H3J1araeT MaTepuall; OTBEYAaeT Ha BOIPOCHI C CYIIECTBEHHBIMU OLIMOKaMH; HE
BJaieeT WHCTPYMEHTapHeM [UCIHUIUIMHBI, HE yMEeT ero HCIOIb30BaThb B PEIICHHH CTaHIAPTHBIX
(TUNIOBBIX) 3a7a4; HE CIIOCOOEH CAMOCTOATENEHO IPUMEHAThH TUIIOBBIE PELICHUSI.



