degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))
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JupexTop pu3TEeX-IMIKOJIbI
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B.B. UBanoB
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o AMCHUIIJIMHE: MOI[CJ'II/IpOBaHI/Ie B TCPMOSAACPHLBIX UCCIICAOBAHUAX
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadenpa QU3NKU ¥ XUMHH TUIa3MbI

Kypc: 1
KBaJIMpUKALS: MarucTp
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Jekuuu: 15 gac.
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[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy coctaBui: K.B. Uyk06ap, a1-p ¢usz.-mar. HayK, JOLEHT

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl GU3UKU 1 XUMHHK Tu1a3Mel 29.05.2020



AHHOTANMA

Kypc "MopenupoBaHnue B TEPMOSJCPHBIX HCCIEAOBAaHMUIX" TMPELyCMaTpUBAaeT OCBOCHHE CTYICHTAMHU
(byHIaMEeHTaIbHBIX 3HAaHUH B 001aCTH (PU3UKH IIa3MBbl, H3y4Y€HHE OCHOBHBIX ITOJXO/I0B K UX OIUCAHUIO.

3amaun Kypca:

* (opmupoBanue 6a30BBIX MPEACTABICHUN O METOAAX MOJAEIMPOBAHUS IJIa3MEHHBIX MPOIIECCOB HA OCHOBE
Pa3IMYHBIX [TOJXOA0B U MPUOIHKEHU;

* (QopmupoBaHue 0a30BbIX 3HAHUK B 00NIACTH (U3UKHA MArHHTHOTO YJEPXKaHUS, PAaBHOBECHUS, YCTOHUYNBOCTH
U TIEPECHOCOB BBICOKOTEMIIEPATYpHOU IUIa3Mbl, OCHOBaX THIPOAMHAMHKH W JWHAMHKE DJICKTPOMArHHTHOTO
noJIst;

*  (QopMupoBaHHE TPAKTUYECKHX IOJIXOJOB K PEIICHUI0 OOMmEePU3NIecKrX 3ajlad Ha OCHOBE MOJCIH
MarHUTHOW TUAPOJANHAMUKHU M CTATUCTUIECKON (PU3HKH;

* (opMupoBaHHE MOJXOA0B K BBHIIOIHEHHUIO UCCIICAOBAHUNA CTYIEHTaMH B 001acTH (PU3UKU U XUMUH IL1a3MBbl
B paMKax BBIITYCKHBIX Pa0OT Ha CTENEHb MAarucTpa.

ITo pe3ynbTaram oCcBOEHHS Kypca CTYJCHT JIOJDKEH 3HATh!

[l ¢ynnamenranbHble 00uIepU3NIECKHE NPUHIUIBI, HA OCHOBE KOTOPBIX CTPOUTCS ONMUCAHUE AMHAMHMKH
paccMaTpuBaeMBbIX Cpef;

[ OCHOBHBIC TCOPCTUYCCKHUC IMOAXOAbI M KOHICHIMK B MOACIMPOBAHUU TCUCHUN U JUHAMHKH
SJICKTPOMArHuTHOI'O 1IOJIA B CUCTEMAX, JOITYCKAIOIINX OITUCAHUE CILIOIITHOM Cpeanbl;

[J OCHOBHBIE TEOPETUUECKHUE U IKCIIEPUMEHTAIIbHBIE PE3YNIbTaThl IPUIOKEHUHN paccMaTpuBaeMbIX TEOPUH K
KOHKPETHBIM CUCTEMAaM: ra3aM, )KHJIKOCTIM, IJIa3Me;

[ apeaciibl IpUMCHUMOCTU PACCMATPUBACMBIX TeOpI/Iﬁ U UX KOHKPCTHBIX HpHJ’IO)KeHPIﬁ, U XapaKTCPHBIC
YHCJICHHBIC 3HAYCHHA PACCMATPHUBACMbIX (I)I/I3I/I‘-IGCKI/IX BCIIMYHH,

[J coBpeMeHHbIC (U3NUECKUE U MaTeMaTHYeCcKUe MPOOIeMbl B paCCMaTPUBAaEMO 00JIACTH 3HAHUH;

OcHOBHOE coJiepkaHre Kypca U3JI0KEHO B CIEAYIONIUX pa3zenax:
. CynepKkoMnbIOTEPHOE MOAEIHMPOBAHUE TIa3MBI
. MogenvpoBaHre MarHUTHOTO OIS
. PaBHOBecue mia3mel
. MI'l ycroitunMBOCTh

1

2

3

4

5. Tpaexropun yacTuil
6. CTonKHOBEHUS

7. IlepeHochl

8. 3Mepenus mia3mbl

9. bosnb1ine TepMOsAEpHBIE YCTaHOBKU
1

0. AIMUHUCTpHUPOBaHHE

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

- OCBOCHHE CTyJCHTaMH (yHIaMEHTAJIbHBIX 3HAHWH B 00JacTH (PU3UKU IUIa3MBbl, H3yYCHHE OCHOBHBIX
ITOJIXOZIOB K UX OIUCAHUIO.

3agaum AUCUMIIUHBI
* ¢opmupoBaHue 0a30BbIX MPEACTABICHUA O METONAX MOJACIMPOBAHUS UIa3MEHHBIX MPOIECCOB Ha
OCHOBE Pa3JIMYHbIX ITOIXOA0B U MPUOINKEHHIA;
. ¢dopmupoBanue 0a30BbIX 3HAHMKH B 00JacTH (PU3MKKM MArHUTHOTO YAEp)KaHUs, paBHOBECHS,
YCTOHYMBOCTH M IEPEHOCOB BBICOKOTEMIIEPATYPHOM IUIa3Mbl, OCHOBaX TMAPOAMHAMUKU U JHHAMUKE
IEKTPOMATHUTHOTO OIS,
* ($opMHUpOBaHKE MPAKTUUYECKUX IOAXOIOB K PEHICHUIO 00IIeQHU3NUECKUX 3a/1ad Ha OCHOBE MOJEIIN
MarHMTHOW TUJPOTUHAMHUKH U CTATUCTUYECKON (PU3NKY;
* (opmMupoBaHHE MOIXOAOB K BHIIOIHEHHUIO UCCIEAOBAHNI CTyACHTaMH B 00JacT (U3NKU U XUMUHU
IUTa3Mbl B paMKax BBIITYCKHBIX pabOT Ha CTENeHb MarucTpa.



2. llepedyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTHdeckoi o0nacTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH craBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

peats 3a1a4y, B ToM uncie paspadareiBath 1 [[IK-1.2  CrocoGeH  BbIIBUTAaTh  THUIOTE3bl, CTPOHTH
UCCIIE0BaTh MaTeMaTHYECKUE MOJEIH MaTeMaTHYeCcKue MOAEIM Ul OIHUCAaHMA H3y4aeMbIX
M3y4YaeMbIX SABJICHHN U MPOLIECCOB, CACTEMHO  |SIBJICHHH M MPOLIECCOB, OLECHUBATH KAUE€CTBO pa3paboTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTb TEOpeTHUeCKHue H (WIIHN)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIBTaThl

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:

O (¢yHnameHTanbHble 00ImeQU3NUecKne NPUHIMIIBIL, Ha OCHOBE KOTOPBIX CTPOHUTCS ONHCAHHUE

JUHAMUKH paccMaTpUBaeMbIX CPE;

[l OCHOBHBIE TEOPETUYECKHE IOIXOAbI M KOHUENIMH B MOJECIHPOBAHMM TECUEHMH W JUHAMHUKU

3JIEKTPOMArHUTHOTO I10JIS1 B CUCTEMAX, JOMYCKAIOIUX ONMCAaHUE CIJIOUIHOMN cpelibl;

[l OCHOBHBIE TEOPETHYECKHE M DKCIIEPUMEHTAIbHBIE PE3YNIBTaThl MPHIIOKEHUN paccMaTpUBAEMBIX

TEOpUIl K KOHKPETHBIM CUCTEMaM: ra3aM, JKUAKOCTSAM, IJIa3Me;

O npenenasl TPUMEHMMOCTH PAacCMaTpUBAEMBIX TEOPHH W HMX KOHKPETHBIX IPWIOKEHUH, H

XapaKTepHbIE YUCICHHBIE 3HAYEHHUS PACCMATPUBAEMBIX (PU3UYECKUX BEIUYHH;

[J coBpeMeHHBIE (PM3NYECKUE U MaTeMaTuIecKue MpodaeMbl B paccMaTpuBaeMoi 001acTH 3HAHUH.
YMETB:

[J 3¢ ¢exTUBHO UCIIOIB30BaTh HA MIPAKTUKE TEOPETUYECKUE KOMIIOHEHTHI HAYKH: MTOHSTHSA, CYKICHUS,

YMO3aKJIFOUEHUs], 3aKOHBI;

[l mpuUMEHATh MaTeMaTHMYECKHI ammapar paccMaTpUBacMOW TEOPUHM AJIs BBIBOJA MPAKTHUYECKHX

Ba)XHBIX CICJACTBUU M3 HEE;

[0  npumMeHsTh 0azoBbie oOImIEQHU3MUECKHE NPUHLUINBI JJIS PELICHUs 3ajad, BO3HUKAIOIIMX NPHU

OIMCAaHUM PacCMaTpUBAEMBbIX CPEL;

[J  abcTparupoBaThbcsi OT HECYIIECTBEHHBIX BIMSHHUNA IPU MOACIHPOBAHUU PEATBbHBIX (PU3UUECKHUX

CUTYAaLUI;

[J  Wcronb30Barh (U3UUECKHE MOAENH IJIi KOHKPETHBIX IMPOLECCOB M MPOBOAUTH HEOOXOIUMBIE

pacueThl B paMKax OCTPOCHHOW (DPU3NIECKOIN MOJIENH;

[J TIpUMEHSTH pacCMaTpuBaeMble TEOPETHUECKUE MOACTH WIH UX MOOU(HUKAIIMK B OOIIEM CIIydac;

0 MOJICTUPOBATh TPOIECChl W aHAJM3UPOBATH MOJIEIH C HCIOJIb30BaHUEM HWH(MOPMAIIMOHHBIX
TEXHOJIOTHH.
BJIAJETh:

[ ©a30BBIMU MIOAXO/IaMH K TIOCTAHOBKE U PEIICHUI0 001IepU3nuecKuX 3a1ad;
[]  OCHOBHBIMH MaT€MaTHYECKUMHU METOAAMH, XapaKTEPHBIMH Il TEOPUH CIUIOLTHBIX CPET;
[l mareMaTHYecKHM MOJEIMPOBaHHEM (PU3NUESCKHX 3a/1au.

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

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

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.



No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 CynepKoMIbIOTEpHOE  MOACITUPOBAHUE ) 5 3
TUIa3MBl
2 MogenupoBanre MarHUTHOTO TOJIS 2 2 3
3 PaBHOBecHe 11a3Mbl 2 2 3
4 MIJ] ycroitunBocTh 1 1 3
5 Tpaekropun yacTuil 2 2 3
6 CronkHOBeHUs 1 1 3
7 [Tepenocst 1 1 3
8 N3mepenus mia3msl 2 2 3
9 Bonbiive TepMosiiepHbIe YCTaHOBKU 1 1 3
10  |AgmMuHHCTpHpOBaHUE 1 1 3
Nroro yacos 15 15 30
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.
4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. CynepkoMnbIOTEPHOE MOJEIUPOBAHNE IIIa3MBI

CoBpeMeHHbIE BBIYMCIUTENbHBIE MamuHbL. OnepannonHsle cucteMsl. Komnwmsamus, Intel Fortran,
MatLab. [IpaBuna monenupoBanusi. TecroBbie 3aaaun u 6eHuMapk. [lorck ommnbok. CXoMuMOCTb.

2. MOI[CJ'II/IpOBaHI/Ie MAarauTHOI'O ITOJIA

MopaenupoBanue TOPOUAAILHOIO MarHUTHOTO mojisi. YpaBHeHue buo-Casapa-Jlannaca. Tokamaku ¢
KPYIJIBIM M BBITSHYTBIM cedeHHeM Iu1a3Mbl. [oppuposka. Cremnapatopsl 1 MOAYIbHbIE KaTyIIKH.

3. PaBHOBecHE IL1a3MBI

PaBHoBecue miasmel. YpaBHenue [ poana-IllagpanoBa. Marnutusie nmosepxuoct. @opmar EQDSK.
Konst DINA, EFIT, SPIDER, CAXE, VMEC. Cwmenienne 1uia3Mbl W mapamerp . MarnurtHeie
usMepenus. Orpannuenus moaeneit. OOparHbie 3a1a4n.

4. MI'l ycToiuMBOCTb

MI]] ycroitunBocts mna3Mbel. Komsr KINX, MISHKA, CAS3D, TERPSICHORE. Bugst
HEYCTOMYMBOCTE W KPUTEPUH yCTOMUMBOCTH. ONTHMHU3aLMs MarHUTHBIX KOH(UTYypauui.
HckyccTBeHHBIN MHTEIUIEKT M IIaxMarHas nporpamma “Kenrtasp”. Anb()BEHOBCKHI KOHTHHYYM.

5. Tpaexropun yacTuil

Tpaekropun 3apspKeHHBIX YacTull B riasMme. JlpetidhoBoe mpubnmxenve. IHBapuaHTBI JBUKCHUS.
Komet ORBIT, VENUS, HAGIS. Pe3zonancHoe B3auMOJEHCTBHE HYaCTHI[ C BOJIHAMH. 3aTyXaHue
Jlangay u Anb()BEeHOBCKHE COOCTBEHHBIE MOJIBI.

6. CTOJIKHOBEHHUS




Heoknaccuueckne CTONKHOBEHMsI B TiazMme. YpaBHeHue BracoBa. Metonwsr 6f, Monrte-Kapio u
re’epanus ciaydaiHsix yucen. byrctpan tok. Knacrepsr, MPI u certn.

7. IlepeHochl

MonenmupoBaare  mepeHocoB B miasme. Koxg  ASTRA.  Voerarommue — 3J€KTPOHBL
DNeKTPOHHO-IIUKIIOTPOHHBIN Harpes, THpoTpoHbl 1 koJ OGRAY. TypOynentaocts u kog GENE.

8. 3Mepenus mna3mbl

MopenupoBaHue SKCHEPUMEHTANbHBIX W3MEPEHUH JIEKTPUUYECKOro IOTEHLuala IUIa3Mbl C
MOMOILBIO MTyYKa TSKEJBIX MOHOB. PediekTomeTpust 1 MofeImpoBaHue TypOyIeHTHOCTH.

9. bonbne TepMOosIIEpHBIE YCTAHOBKH

Oco0CHHOCTH MOJAETUPOBAHUS TUIA3MBI JIISl TEpMOsJIepHbIX ycTanoBok - UTOP, JET, T-10, T-15,
LHD, W7X. CoBpeMeHHbIE YHCIICHHBIE 33a41 110 MaTeprajaM COBEIIaHUH MEXIyHapOAHBIX TPy
o ¢uzuke Tokamakos ITPA.

10. AaMuHHCTpUpPOBaHUE

Teopuss m MoAenMpoBaHHWE IUIa3Mbl B pa3HbIX cTpaHax. Crucok skcneproB. Kondepenunmu u
BakaHcuu. OuHAHCOBBIE, MOpalbHBIE M IOPUAMYECKHE OCOOCHHOCTH MoOJeNnHpoBaHusd. Tom
CYNIEPKOMITBIOTEPOB. Pacnipenenenue pecypcos.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0X0XMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yudeOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIBTUMEAUHHBIM 000py/10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. KMusimoTo. OcHOBBI (PM3UKH TJIA3MBI M YIIPABIISIEMOT0 TEPMOSIIEPHOTO cuHTe3a. M.: dusMariur,
2007.
2. ITER Physics Basis, Nuclear Fusion, 2007.
3. b.A. Tpy6nukoB. Teopus ruasmel. M.: DHeproatomusaar, 1996.
4.T. Kopn, T. Kopn. CiipaBounuk no maremaruke. M.: Hayka, 1974.
5. A.A. CxoBopogia. MarHUTHBIE JIOBYIIIKU IS yAepkaHus mia3mel. M.: @uzmariut, 2009.
6. FO.H. dnecrposckuit, I.I1. Koctomapos. Maremarnueckoe MOIEIMPOBAaHUE MJ1a3Mbl. M.
@usmaraut. 1993.

JomnonHurensHas aureparypa

@.C. 3aiinieB. MaremaTndeckoe MOJEIUPOBAHKE SBONIOIMK TOPOUAATBHOM Ma3Mel. 2-e u3l, M.: Makc
IIpecc. 2011.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

KypuaroBckuii CynepKoMIbIOTEPHBIH LIEHTP computing.kiae.ru

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)



HE IIPEAYCMOTPEHO.
9. MeTonuueckHe yKa3aHus 151 00y4alomMXCsi 10 OCBOCHHMIO TUCHUILIMHBI (MOLYJIs)

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

B pesynbrare M3ydeHUs IUCLHUIUIMHBI CTYAEHT JOJDKEH 3HATHh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIy4YEHHbIE 3HAHUA JJIs PELICHUS Pa3IM4HbIX 3a/ad.

VYenenrHoe ocBoeHUE Kypca Tpelyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITENIEHOM PaboThI CTY/IEHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4deOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelueHue 3aaad, peAgaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIeW U MPOMEXYTOUYHON aTTECTALUH.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, CleIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpENoAaBaTelto.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHUM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU ¥ XUMHU TUIa3MbI

Kypc: 1

KBau(pukanus: MarucTp

CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: K.B. Uyk0ap, 1-p ¢us.-mar. HayK, JOIEHT



1. Kom

nereHunu, popMupyemMblie B npouecce u3y4eHus AUCHUNINHBI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH
pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN MareMaTHueCKHe MOAENM JUIsi  OIMCAHUS  W3Y4aeMbIX

M3y4YaeMbIX SABJICHHN U MPOLIECCOB, CACTEMHO  |SIBJICHHH M MPOLIECCOB, OLEHUBATH KAU€CTBO pa3paboTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN
HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)

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

9KCIIEPUMEHTAJIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOM 3amade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YIbTATC U3YUCHUSA AUCHHUILIJIMHBI «MO):[GJ'H/IpOBaHI/Ie B TCPMOAACPHBIX HUCCIICAOBAHUAX) O6y‘laIOH.[HI71CH
JOJIKCH:

3HATb:

yMeTh

0 ¢yHnameHnTanbHbple 00Imedu3nUYecKue MPUHIMIB, HA OCHOBE KOTOPBIX CTPOHUTCS OMNHMCAHHE
JMHAMHKH PacCMaTPUBAEMBIX CPEL;

[l OCHOBHBIE TEOPETHYECKHE IMOAXOIbl M KOHIENIUH B MOJAEIMPOBAHUU TEUCHUH WM AMHAMHUKU
3JIEKTPOMArHUTHOTO IOJISl B CUCTEMAX, JOIYCKAIOIINX OMMCAaHUE CIIOLIHOMN Cpellbl;

[l OCHOBHBIE TECOPETHUECKHE U SKCIECPHUMEHTAJIbHbIC PE3ybTaThl MPHIIOKEHUH paccMaTpuUBaeMbIX
TEOpHH K KOHKPETHBIM CHCTEMaM: ra3am, KUAKOCTSIM, TUIa3Me;

0 npesenbl NPUMEHUMOCTH PAacCMaTPUBAEMBIX TEOPUH M MX KOHKPETHBIX MPUWIOXKEHUH, |
XapaKTepHbIC YUCICHHBIC 3HAYCHUS PACCMATPUBACMBIX (PH3MYECKUX BEITHYHH;

[J coBpeMeHHbIC (PU3NYCCKUE U MAaTeMaTHIECKUE MPOOJIEMBbI B paccMaTprBaeMoi 001acTi 3HAHU.

[l a¢pdexTHBHO HCIONB30BATh HA MPAKTHKE TEOPETHUECKHE KOMIIOHEHTHI HAyKH: OHATHS, CYKICHUS,
YMO3aKIIOUEHUS, 3aKOHBI;

[l IpUMEHATh MaTeMAaTHYECKHH ammapar paccMaTpHUBAeMOW TEOPHM ISl BBIBOJA MPAKTHUECKUX
BaXXHBIX CIICACTBUHU M3 HEE;

[]  npuMeHATH 0a30Bble 00LIEPU3MUECKHE NPUHLIMIBI IS PELICHUS 3a/ad, BO3ZHHMKAIOMIMX IIPU
OITMCAaHUH PacCMaTPUBACMBIX CPEL;

[l abcTparnpoBarhCsi OT HECYIIECTBEHHBIX BIMSHUM NPU MOJEIMPOBAHHM PEAbHBIX (PU3NUECKUX
CUTYALIUii;

[]  ucrnonb30BaTh (U3MUECKUE MOIENIU JUIi KOHKPETHBIX IPOLIECCOB U IPOBOAUTH HEOOXOANMBIE
pacyeTsl B paMKaxX OCTPOCHHON (PU3NIECKOI MOJIeNH;

[l NIpUMEHSTh pacCMaTpUBAEMble TEOPETUUECKUE MOJEIH WM MX MOAU(UKAIINK B OOIIEM Cllydae;

O MOJIETMPOBATh MPOLECCHl M aHaJU3WPOBaTh MOJEIH C HWCIIOJIB30BaHHEM WH(HOPMAIMOHHBIX
TEeXHOJIOTHH.
BJIAJETh:

[J 0a30BBIMU noaxoaaMu K IMOCTAHOBKC U PCHICHUIO 06Lue(1)1/131/1qec1<nx 3aaa4,
[l OCHOBHBIMH MaT€MaTU4€CKUMU METOAaMU, XapaKTCPHbIMU JIsI TEOPHUU CIVIOIIHBIX CPCA;
[] mMareMaTu4eCKUM MOACIIUPOBAHUCM (1)I/I3I/I"ICCKI/IX 3aaad.

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

C 1enbr0 KOHTPOJS OCBOSHHUS O0ydYaromMMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIION JICKIUH UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst



Bomnpocs! k 3k3aMeHy:

1. CoBpeMeHHbIE BBIYMCIUTENbHBIE MaMHBL. Onepannonnbie cuctembl. Kommuisiius, Intel Fortran,
MatLab. [IpaBuna monenupoBanusi. TecroBbie 3aaun u 6eHuMapk. [lorck ommbok. CXomuMOCTb.

2. MogaenupoBaHie TOPOUIAIBHOTO MarHUTHOTO mouisl. YpaBHeHue buo-Caapa-Jlamnaca. Tokamaku ¢
KPYIJIBIM M BBITSHYTBIM cedeHHeM Iu1a3Mbl. [oppuposka. CremnapaTopsl 1 MOAYIbHBIE KaTyIIKH.

3. PaBHoBecue minasmel. Ypasaenue [pana-Illagpanosa. Marnutasie nosepxHoctu. @opmar EQDSK.
Konst DINA, EFIT, SPIDER, CAXE, VMEC. Cwmemenue miasMbl U mnapamerp . MarHuTHbIC
usMepenus. Orpannuenus mogeneit. OOparHbie 3a1a4n.

4. MIA ycroitunBocte mnasmbl. Komer KINX, MISHKA, CAS3D, TERPSICHORE. Bunas
HEYCTOMYMBOCTEH M KPUTEPUH YyCTOWYMBOCTH. ONTHMHU3aLMs MAarHUTHBIX KOH(UTYypauui.
HckyccTBeHHBINM MHTEIEKT U IIaxMarHas rnporpamma “Kenrasp”.

5. TpaexTopun 3apspkeHHBIX yacTwil B miasme. [petidoBoe npubnmkenue. IHBapraHThl JBUKCHUSL.
Koast ORBIT, VENUS, HAGIS. Pe3oHancHOE B3aNMOJICHCTBHE YaCTHI[ C BOJTHAMH.

6. Heokmaccuueckue CTOJIKHOBEHHs B IiazMme. YpaBHeHue Bracoa. Meronwl 6f, Monre-Kapio u
re’epanus ciaydaasix yucen. byrctpan tok. Kmacrepsr, MPI u certn.

7. MopnenupoBanne mepeHocoB B 1uasmMe. Koag  ASTRA.  Voerawomuye  91€KTPOHEI.
DNEeKTPOHHO-UMKIIOTPOHHBIN HarpeB, rTupoTpoHsl 1 kog OGRAY.

8. MogenupoBaHue SKCHEPUMEHTAIBHBIX HW3MEPEHUI DIEKTPUYECKOrO IOTEHIHAajda IUIa3Mbl C
MOMOIIBIO IyYKa TSDKEIBIX HOHOB. PedrexromeTpust n MoziempoBanue TypOyJIeHTHOCTH.

9. OcobeHHOCTH MOACTUPOBAHUSA TUIa3Mbl JUIsl TepMOsIIepHbIX yctaHOBOK - UTOP, JET, T-10, T-15,
LHD, W7X. CoBpeMeHHbIE YHCIEHHBIEC 3aJa4Hl M0 MaTrepHalaM COBEIIAHUN MEXIYHAapOAHBIX TPy
o ¢usuke TokamakoB [TPA.

10. Teopuss U MomenMpOBaHME IIa3Mbl B pa3HbIX crpaHax. Coucok skcrneptoB. Kondepenuuwu,
BaKaHCUH U (PMHAHCOBBIC TPYAHOCTH.

ITpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.

1. CoBpeMeHHbIE BBIYMCITUTENbHBIE MaMHBL. Onepannonnbie cuctembl. Kommusiius, Intel Fortran,
MatLab. [IpaBuna monenupoBanusi. TecroBbie 3aaaun u 6eHuMapk. [lorck ommbok. CXoMuMOCTb.

2. MogenupoBaHue SKCIEPUMEHTAIBHBIX HM3MEPEHHH 3JIEKTPUYECKOrO IMOTEHIHMala IUIa3Mbl C
MOMOIIBIO MyYKa TSDKEIBIX HOHOB. PedexromeTpust n MoziempoBanue TypOyJIeHTHOCTH.

[Ipumep 2.

1. PaBHOBecue mna3mbl. YpasHenue ['pana-lllagpanoBa. Marautaeie noBepxnoctu. @opmar EQDSK.
Konst DINA, EFIT, SPIDER, CAXE, VMEC. Cwmemenue miasMel U mnapamerp . MarHuTHbIC
u3Mepenus. Orpannuenus: moaeneit. OOparHble 3a1a4n.

2. Teopust 1 MOETMPOBAaHKE TIa3MBI B pa3HbIX cTpaHax. Cnucok 3xcnepToB. Kondepenunu, Bakancun
U (UHAHCOBBIE TPYAHOCTH.

Kpurepun onennBanus

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

Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka ommyHO § OamioB - BBICTAaBJIIETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbHOE 00OCHOBAHME MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.



OHGHKa XOpouIo 7 0alI0B - BEICTABISACTCS CTYACHTY, €CJIKM OH TBCPAO 3HACT MATCPpHAJI, TPAMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, yMeCcT NPUMCHATH IIOJIYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPO 3HAET MaTepHaj, IPaMOTHO H I10
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpo1Io 5 0aIoB - BEICTABISAETCS CTYACHTY, €CJIK OH B OCHOBHOM 3HACT MaTCpuall, rpaMOTHO
" IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IIPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

Onenka ynoBIEeTBOpUTENbHO 4 Oamja - BBICTABISACTCS CTYHCHTY, IOKa3aBlIeMy (parMeHTapHBII,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yHIOBIECTBOPUTENBHO 3 Oajula - BBICTABISETCS CTYACHTY, HOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMmbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1rieHKa HEYIOBIECTBOPUTENBHO 2 0aluia - BHICTABISCTCS CTYACHTY, KOTOPBIA HE 3HAET OOJIBIICH YacTh
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

OreHKa HEYJIOBJIETBOPUTENILHO | 0ajul - BBICTABIISICTCS CTYICHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MMECT HAaBBIKOB PEIICHHS THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

VYerHbli 3k3aMeH npoBoxuTcs 1o Omneram. Ompoc CTyAeHTa Ha SK3aMEeHe He JIOJDKEH IPEeBbImaTh |
aCTPOHOMMYECKOTO yaca



