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)

10 JMCHMILIMHE: Bgenenue B (pu3MKy TOKaMaKoB
10 HANPABJIEHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: ®Du3uKa MepPCIeKTUBHBIX TEXHOJIIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE

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

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hOpMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 15 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

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

[Iporpammy cocrasuin: B.J. [TycroButoB, A-p Qu3.-Mat. HAyK

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



AHHOTANMA

Kypc "Beenenue B pu3nKy ToKaMakoB" MpeaycMaTpUBaeT OCBOCHUE CTyIEHTaMH (YHIaMEHTAIbHBIX 3HAHUN
B o0nactu (HU3HKHM TEPMOSIIEPHOH IUIa3MBl B CHCTEMax C MarHUTHBIM yAEp)KaHUEM, M3YYEHHUE OCHOBHBIX
MOIXOJ0B K MX OIHCAHHIO.

3amaun Kypca:

* (dopmupoBanue 0a30BBIX 3HAHWI B 00JacTH (M3WKHU BHICOKOTEMIIEPATYpHOW IUIa3Mbl U YNPaBISIEMOTO
TEPMOSICPHOTO CHHTE3a, KaK AWUCIMIUIMHBI, MHTETPHUPYIOIIEH 00mepH3nIecKyl0 U OOIIETeOPETUIECKYIO
HOJATOTOBKY (PU3UKOB M 00ECIEUMBAIOIICH TEXHOJIOTHYECKHE OCHOBBI COBPEMEHHBIX MHHOBALMOHHBIX cdep
JeSTeIbHOCTH;

* o0yueHHE CTYJCHTOB yCTPOWCTBY, IPUHUHUIAM pabOThl, HH)XEHEPHOMY W anmnapaTHOMY O0ecIeueHHUIO
COBPEMEHHBIX YCTAHOBOK «TOKAMAK»;

* (¢dopMupoBaHUE MTOIXOA0B K BBHIIIOJIHEHHIO UCCIIEJOBAaHUN CTyA€HTaMU B 00JacT! (PU3UKK U XUMHU TIa3Mbl
B PaMKax BBIITYCKHBIX Pa0OT Ha CTENEHb MarucTpa.

OcHOBHOE COACPIKAHUC KypCa U3JIOKCHO B CICAYIOLIUX pa3aciax:
. AKCI/IaJ'IBHO—CI/IMMeTpI/ILIHaSI TOpOHJaJibHAA 1J1a3Ma.
. bamanc cun u BpalICHUC IJIa3MBbI.
. reOMCTpI/IH MAardmMTHOI'O I1OJISI B TOKaMakKe.
. KpaeBBIC MOJbI IIJTa3MbI TOKaMaka.

1

2

3

4

5. MI'JI-monenu yCTONYMBOCTH IJIa3MBl.

6. IIpobieMbl cTalIMOHAPHOTO TOKAMaKa.

7. PaBHOBecHeE TIIa3Mbl B TOKaMaKax M CTEJIapaTopax.

8. Topounanbubie 3h(HEKTH U 3aMBbIKAHUE TOKOB PABHOBECHS.
9. YnpaBneHue yCTOHYHMBOCTBIO IJIa3Mbl B TOKAMaKax.

1

0. YcTOHYMBOCTH paBHOBECHS IUIA3MBI.
1. leau u 3apauu

eap AUCUMNIMHBI

° OCBOCHUC CTYACHTAMU (bYHI[aMCHTaJ'ILHLIX 3HaHUI B oOnacTu (1)I/I3I/IKI/I TCpMOHI[epHOI\/’I IJ1a3MBI B
CUCTEMaX C MArHUTHBIM YACPKaHUEM, NU3YHYCHUEC OCHOBHBIX IMTOAXOA0B K UX OIIMCAHUIO.

3axayu QUCHUTNIHHBI

. ¢dopmupoBanue 0a30BbIX 3HaHWN B 0OMACTH (MBMKH BBICOKOTEMIIEPATYPHON IUIa3Mbl M
YIPaBISIEeMOTO TEPMOSICPHOTO CHHTE3a, KaK AWUCIMIUIMHBI, MHTETPHPYIOIIEH OO0mEePH3HIeCKyl0 U
OOIIETEOPETHYECKYIO TOATOTOBKY (M3UKOB W  O0ECIIEUMBAIONIEH TEXHOJOTHYECKHE OCHOBBI
COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeTLHOCTH;

. oOydeHHe CTYICHTOB YCTPOWCTBY, NpUHIMIAM pPaOOTHl, HWH)XCHEPHOMY H amllapaTHOMY
00ecreYeHHI0 COBPEMEHHBIX YCTAHOBOK «TOKaMaK»»;

* (opMUpOBaHKE MOIXOMOB K BBIOJIHEHUIO UCCIIEOBAHUN CTYACHTaMH B 001aCTH (DU3UKH M XUMUH
IUIa3MBl B paMKaXx BBIITYCKHBIX pa0O0T Ha CTENICHb MarucTpa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

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

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

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTh U 0000IIATH
uHpOpMaNNIO 00 aKTyalbHBIX Pe3ylbTaTaX MCCIIEIOBAHUHN B
paMKax TemaTHdeckoi o0macTu cBoed mnpodeccruoHaTbHON
[IK-1 CnocoGen craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemiarh 3a/1a4u, B ToM uncie pa3padarsiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHUH M MTPOIIECCOB, OLIEHNBATH KAY€CTBO pa3paboTaHHOMN
aHaJIM3UPOBATh HAy4YHbIE TPOOIEMBI, [TOJy4YaTh |MOJEIN




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKHue H (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:

] MecTO M poJib OOIIMX BOIPOCOB HAyKH B HAyUHBIX UCCIIEOBAHMSAX;

[J coBpeMeHHBIEC TPOOIEeMbl PU3UKH, XUMHH, MATEMAaTHKH;

[l Teoperuueckue MojenH (PyHIaMEHTAIbHBIX IPOIECCOB U SIBICHUN B (PU3HKE U ee MPUIIOKECHUSX;
[J TpUHLMIIBI CHMMETPUH U 3aKOHBI COXPaHEHUS;

[J HOBeHIINE OTKPHITHS €CTECTBO3HAHUS;

[J mocTaHOBKY IpoOieM (GU3NKO-XUMUYECKOTO MOJECIINPOBAHMS;

(] 0 B3aMMOCBA3SIX U (PyHIaMEHTAIbHOM E€JMHCTBE €CTECTBEHHBIX HayK.

[l a¢ddexTHBHO HCIONBH30BaTh HA MPAKTHKE TEOPETHUSCKIE KOMIIOHEHTHI HAYKH: TIOHSATHS, CY>KICHUS,
YMO3aKIIIOUEHHsI, 3aKOHBI;
[l mpeacTaBUTh NAaHOpaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHUS;
[J paboTarh HAa COBPEMEHHOM KCIIEPUMEHTAIEHOM 000PY/IOBaHHY;
[} aOcTparupoBarbCsi OT HECYNIECTBEHHBIX BIMSHUI NMPU MOICITUPOBAHHH PEATbHBIX (DU3UUECKUX
CUTYaLUiI;
[l WCHOJIb30BaTh BEPOSITHOCTHBIC MOJEIH ISl KOHKPETHBIX MPOLECCOB U MPOBOIUTH HEOOXOIMMBIC
pacdeTsl B paMKax MOCTPOSCHHOM MOJENH;
0 MOJICIUPOBATh MPOIECChl M aHAJIM3HPOBaTh MOJEIH C HCIIOIB30BaHHUEM HH(MOPMAIIOHHBIX
TEXHOJIOTHH.

BIIAJICTh!

[l Hay4YHBIM METOFOM KaK MCXOIHBIM IMPUHITUTIOM MTO3HAHUS 00hEKTUBHOTO MUPA;

[J  MeromoJoruell BhIOOpa aJeKBaTHBIX METONIOB WCCIIEAOBaHMS (HAOMIONECHUH, TEOPETUUYECKUX U
AKCIIEPUMEHTAIILHBIX METOJIOB HCCIIEIOBAHU );

[] CcHMCTEeMHBIM aHAJIU30M,;

[J Jmoruxoi B HAyYHOM TBOPYECTBE;

[J Hay4YHOU KapTUHOH MUpa;

[0 MaTeMaTu4ecKUM MOJEIHPOBAaHNEM (PU3NICCKUX 3ajad.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 110 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCIMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 AKcranbHO-CUMMETPUYHAS ) 1 )
TOPOUJAJIbHAS IIa3Ma.
2 bananc cun u BpaiieHue 1ia3mbl. 1 2 2
3 I'eomerpuss  mMarHuTHOro  mHoist B ) 1 )
TOKaMaKe.
4 KpaeBbie MozbI TI1a3MBI TOKamMaKa. 1 2 2
5 MIJI-Monenu yCTOHYMBOCTH IIJIa3MBl. 2 1 2
6 [Ipobnembl cTalnOHAPHOTO TOKaMaKa. 1 2 2
7 PaBHOBecne 1Ia3Mbl B TOKamakax u ) 5 )
cTeJulaparopax.




3 TopounanbHbie dPPEKTHl W 3aMBIKAHHE 1 1 )
TOKOB PaBHOBECHS.

9 VrpaBieHHe YCTOHYMBOCTBIO ILIa3MbI B ) ) 12
TOKaMaKax.

10 |YcroitunBOCTh paBHOBECHS TIJIa3MBI. 1 1 2

Nroro yacos 15 15 30

ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue AUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennwii)
1. AKcHanbHO-CUMMETPUYHAS TOPOUAANIbHAS TI1a3Ma.

AKCHAIEHO-CUMMETpUYHAST TOpOHJIaibHas mazma. YpasHenue [pona-llladppanosa. MuTerpanbHbie
cieactBus. Tok Ipupma-Llmorepa. Cmemenne appanosa. Kpyrnas u nekpyrias mina3ma.

2. banaHc cui ¥ BpalleHUE TU1a3MBbl.

bananc cun u Bpamenue miasmbl. BpamartensHas crabuimszaums 1uiasMbl. MneanbHas miasma c
Heu/ieaabHbIMU IPAHUYHBIMU YCIOBUSMHU. 3anupanue MoJ. CpbIBbl.

3. 'eomeTpust MArHUTHOTO IIOJISI B TOKaMake.

leomeTpusi TOPOMAATBHOTO MArHUTHOTO TIOJs. MarHUTHBIE TIOBEPXHOCTH. BpaimarenbHoe
npeobpasoBanne. MarautHoe uddepeHansHoe ypaBHeHHe. O(PPEKTHl  TOPOUIATHHOCTH.
PacmenyieHne MarHUTHBIX MIOBEPXHOCTEH. MarHuTHBIE OCTPOBA. THPHHT-MOJIEBL.

4. KpaGBBIC MOJbI IIJTa3MbI TOKaMaka.

Mopnpl, nokanuzoBaHHble Ha Kpato miasmbl (Edge Localized Modes). Hepemennsie npoOiemsr
TOKaMaka-peakropa. AKTyabHbIe 33/1a4i GU3UKH T1a3Mbl Tokamaka U TOP.

5. MI'I-monenu yCTOHYUBOCTH I1J1a3MBl.

MI/I-mMonenu  ycroitumBocTd. MneanbHass 1uiasma. Ponb rpaHnuHbIX yennoBuil. Crabumuzaius
HIeanbHON CTEHKOM.

6. HpO6J'I€MBI CTAllMOHAPHOI'0O TOKaMaka.

[TpoGiembl  CTAIIMOHAPHOTO TOKaMaka. THPUHI-MOABI M  HEOKIACCHYECKHE THPHHI-MOJIBI.
Henuneiinsle >¢dexre. BuntoBoe paBHoBecue. BHemnue BuHTOBBIE MOAbl. Crabumuzanus
pE3UCTUBHOM cTeHkoH. JIluHamuueckas crabunuzaius. Pons nuccumanuu.

7. PaBHOBeCHE IUIa3Mbl B TOKAMaKax U CTEJUIapaTopax.

IIpenensl mo paBHOBecuio. PaBHOBecue Iuia3Mbl B TOKaMakax M cremiaparopax. Kondurypammmn,
HE3aBUCSIIME OT JaBJICHMUS.

8. TOpOI/I,I[aJ'IBHBIG 3(1)(1)6KTBI 1 3aMbIKAaHHC TOKOB PaABHOBCCHA.

Bananc cun B ToponganbHOi cucteme ¢ ropsdeit miuazmoi. MI'J] monens. Topounansusie 3¢ dexts u
3aMbIKaHHE TOKOB PaBHOBECHs. YiepsKuBatollee noie. J[pa oaxona — TokaMaku M CTEJIapaTophl.



9. YmpaBneHne ycTONYUBOCTHIO MJIa3Mbl B TOKAMaKax.

VYnpaBieHne yCcTOMYMBOCTBIO IIa3Mbl B TOKaMakaxX. 3aMblKaHHE Lenu oOparHO# cBsa3u. beicTpas u
MEJUIEHHAs] 3BOJIIOLMS PABHOBECHOM IIa3Mbl. Ponb pacCesHHBIX IOJNEH. YCHIEHUE PE30HAHCHOIO

nosisi. MarHuTHasi TMarHOCTHKA.
10. YcToiunBOCTH PAaBHOBECHS IJIA3MBI.

VYeroitunBoCTh paBHOBeCHs IUTa3Mbl. OCHOBHBIE KPYMHOMACIITaOHBbIC HEyCTOWYMBOCTU IUIa3MBl B
CTAallMOHAPHBIX TOKAaMakax. XapaKTepHble WHKpeMeHThl u mnpenensl. Kpurepuit TpoiioHa.
HeycToiunBoCTh 110 BEpTUKANH. YIIPABICHUE PABHOBECUEM.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPaTyPbI

OcHoBHas 1uTEparypa
1. K. MusimMoto. OcHOBBI (JM3UKH IJIa3Mbl ¥ yIpasisieMoro cuate3a. M.: ®usmarmut, 2007.
2. Hender T.C., Wesley J.C., Bialek J. et al. Progress in the ITER Physics Basis, Chapter 3: MHD
stability, operational limits and disruptions // Nucl. Fusion. 2007. V. 47. P. S128.
3. beitrman I. MI'J] meyctoitunBocTr. M.: DHeprousnar, 1982.

JononauTtensHas IuTEparypa
1. Hadpanos B./I. PaBHoBecue mna3msl B MarHUTHOM Tosie // Bonpocs! Teopuu miasmel / [og pen.

JleontoBnua M.A. M.: I'ocaromuznar, 1963. Bem. 2. C. 92.
2. Kagomues b.b. ['mapomarautHas ycToitunBoCTb mia3msl // Borpock! Teopun miasmel / [lon pex.

JleontoBnua M.A. M.: T'ocaromuznar, 1963. Bem. 2. C. 132.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

He HCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasi epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

HE NPeNyCMOTPEHBI.
9. MeTonuyeckne yKkazaHus JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO AU CHUILIHHBI (MOXYJIs)

CTyneHT, W3ydYarolmMi JUCIUIUINHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

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

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 PEKOMEH0BAaHHOM JINTEPaTyphl;
— TpopaboTKy y4deOHOro MarepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSITENBHOTO U3yUEHUS;



— pelleHue 3a/1a4, IpeiIaracMblx CTyIEHTaM Ha 3aHATHSAX;
— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCTaluu.

ITokazarenem BnageHus MarepuaioM CIIYXXUT YMCHUC 0e3 KOHCIIEKTa OTBEYaTh Ha BOIIPOCHI IO TEMaM
JAUCIUITIIIMHBI.

Baxno I[O6I/ITLC}I IOHMMaHUs MU3y4acMOIro Marepuajia, a HE MEXaHHNYCCKOTO €ro 3alilOMHHAHUA. HpI/I
3aTPYAHCHUN HU3YUYCHUSA OTACIBbHBIX TEM, BOIIPOCOB, CJICAYCT OGpaH_[aTBCSI 3a KOHCYJIbTALlUAMU K
IpernoaaBareiito.

Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad B COOTBETCTBUH C
TEMAaTUKOU 3aHATHIL.



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 MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH

Pa3zpatGoTunk: B.J1. IlycroBuTOB, 1-p (p13.-MaT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pelath 3a1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CrnocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOMTH
KCCJIeIOBAaTh MaTEMAaTHYECKUE MOICTH MareMaTH4ecKue MOJAETH JUISl  OMUCAHHWS H3y4aeMBIX
M3yYaeMbIX SBJICHUH U MPOILIECCOB, CHCTEMHO  |SIBJICHHI M MPOIIECCOB, OICHUBATH KAUECTBO pa3paboTaHHOU
aHAIIM3UPOBATh HAYYHbIC TPOOJIEMBI, TONyYaTh |MOJEIH

HOBBIC HAayYHBIC PE3YJIbTaThI [MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)

[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 PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI <(BBC,I[€HI/I€ B (I)I/IBI/IKy TOKaMaKOB» OGy‘iaIOH.IHfICSI JOJIDKCH:

] MecTO M poJib OOIIMX BOIPOCOB HAyKU B HAyYHBIX UCCIIEOBAHMSAX;

[J coBpeMeHHBIC IPOOIEeMbl (PU3UKH, XUMUU, MaTEMaTHKH;

[l Teoperuueckue MojenH (PyHIaMEHTAIbHBIX NPOLECCOB U SIBICHUN B (PU3MKE U ee MPUIIOKEHUSX;
[J TpUHLMIIBI CHMMETPUH U 3aKOHBI COXPaHEHUS;

[J HOBeHIINE OTKPHITHS €CTECTBO3HAHUS;

[J mocTaHOBKY IpoOieM QU3NKO-XMMHUYECKOTO MOJCIINPOBAHMS;

(] 0 B3aMMOCBA3SIX U (DyHIaMEHTAIBHOM E€JMHCTBE €CTECTBEHHBIX HayK.

yMeThb:

[l a¢ddexTHBHO HCIONTB30BaTh HA MPAKTHKE TEOPETHYSCKIE KOMIIOHEHTHI HAYKH: TIOHSATHS, CY)KICHUS,
YMO3aKIIIOUEHHsI, 3aKOHBI;

[l mpeacTaBUTh NaHOpaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHUS;

[J paboTarh HAa COBPEMEHHOM KCIIEPHUMEHTAIEHOM 000PY/IOBaHHY;

[]  aOcTparupoBarbCsi OT HECYHIECTBEHHBIX BIHMSHUI NMpPU MOICITUPOBAHHH PEATBbHBIX (DU3UUECKUX
CUTYaLUiI;

[l WCHOJIb30BaTh BEPOSITHOCTHBIC MOJENIH ISl KOHKPETHBIX MPOLECCOB U MPOBOIUTH HEOOXOIMMBIC
pacdeTsl B paMKax MOCTPOSCHHOM MOJENH;

O MOJIEIMPOBATh MPOLECCHl W aHaJU3WPOBaTh MOJEIH C HCIIOJIB30BaHHEM HWH(HOPMAIMOHHBIX
TEeXHOJIOTHH.
BJIAJETh:

[l Hay4YHBIM METOFOM KaK MCXOIHBIM IMPUHITUTIOM MTO3HAHUS 00HEKTUBHOTO MUPA;

[J  MeromoJoruell BHIOOpa aJeKBaTHBIX METONIOB WCCIIEAOBaHMS (HAOMIONECHUHN, TEOPETUUYECKUX U
AKCIIEPUMEHTAIILHBIX METOJIOB HCCIIEIOBAHUH );

[] CcHMCTEeMHBIM aHAJIU30M,;

JIOTUKOW B HAyYHOM TBOPUYECTBE;

Hay4YHOH KapTUHON MUDa;

MaTeMaTUYeCKUM MOJICTTUPOBaHUEM (DU3MUECKUX 3a]1ad.

[

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

C 1enbr0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIUION JICKIIUU UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

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

BOHpOCLI K 3K3aMCHY:



1) IlonyunTh cKansipHOE YpaBHEHUE PABHOBECHS LIMIIMHAPUYECKOM I11a3MBbl.

2) B mwmHapUdYeckoM NPpHOIMKEHUN OLCHUTh BEJIMYMHY JHaMarHUTHOTO CUTHAJIa B TOKAMake.

3) Ilpusectu ypaBHenue MI'J[ paBHOBecus Tu1a3Mbl K TEH30PHOMY BH]TY.

4) BriBecTu ypaBHEHHE U1 TOKA PABHOBECHS B TOKaMake.

5) IlokasaTb, 4TO B TOKaMaKe HEBO3MOKHO MOIYYUTh KOH(PUTYpaLNIO, HE3aBUCSIIYIO OT JaBICHHUS.
6) 13 ypaBHEHUs CUIOBOM JMHUM HOJIYYUTh BbIpAXKEHUE JUIS 3a11aca YCTOMYMBOCTH B TOKAMAKe.

7) IlonyunTh BBIpasKe€HHE AJI1 MArHUTHOTO I10JIs1 B TOKaMaKe 4epe3 I0JI0UAaIbHbIE TOK U ITOTOK.

8) Berisectn ypaBHenue ['pana-llladpanoBa u3 ypaBHEHHI paBHOBECHSI.

9) OGocHOBaTh IPUHITUI BUPTYAILHOTO KOXKYXa JIJIsl TOPOHUJIATBHON PAaBHOBECHOM TLTa3MBI.

10)[TonyunTs BBIpaXEHHE MJISI TOPOWIANBHONW KOMIIOHEHTHI CHJIBI, JEHCTBYIOIIEH Ha IUIa3My B
«HECUMMETPHYHOM» TOKAMaKe.

1 D)IHonyuuts ycnoBue pa3pyeHUs] MATHUTHBIX TIOBEPXHOCTEH MO/ AEHCTBUEM MaJIbIX BO3MYLICHUH.
12)OueHuTh U3MEHEHHE MAarHUTHOW SHEPIHH B PACIIUPSIOLICicS PaBHOBECHOW HICalbHOW IUIa3Me B
TOKaMake.

13)[omayunTh ycnoBue pa3pemnMOCTH MarHUTHOTO Ju(QepeHINalIbHOTO yPaBHEHUS B TOKaMaKe /s
MEPUOIUYECKUX (PYHKIUH.

14)OueHnTh OTHOLIECHUE TOJIOUAATIBLHON U TOPOHIATBHON KOMIIOHEHT JJIMHHOBOJIHOBBIX BO3MYIICHUI
B TOKaMake.

15)MeTonoM pa3znoxeHus pelinTh YpaBHEHUE JUIsl MArHUTHBIX IOBEPXHOCTEH B cTelIaparope.

ITpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.
1. IToka3are, 4YTO B TOKAMaKe HEBO3MOXKHO MOIYYUTh KOH(DUTYPAIHIO, HE3aBUCSAIILYIO OT AaBJICHUSL.

2. OLIeHUTh OTHOIIICHHE MOJIOUAATBHON U TOPOUAATBHON KOMIOHEHT JUIMHHOBOJIHOBBIX BO3MYIIIEHHU B
TOKaMakKe.

[Ipumep 2.
1. BeiBecTn ypaBHEHHE J151 TOKA PABHOBECHSI B TOKAMake.
2. O60cHOBATh MPUHIIMIT BUPTYAJIbHOTO KOXKYXa U TOPOUAAIEHON PaBHOBECHOH IIa3MBl.

Kpurepun oneHuBaHus
Onenka ommuno 10 OGamnoB - BBICTABJISIETCSL  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIEHUM.
Onenka oOmMYHO 9 Oa/uloB -  BBICTaBISCTCS  CTYIEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 00OCHOBAaHHE
HPUHATHIX PELICHAMN.
Ouenka ommyHO 8§ OGamwioB - BBICTAaBJIAETCS CTYHCHTY, IIOKa3aBIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopoio 7 6ajioB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTHh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.
Onenka xopomio 6 0aioB - BEICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHual, IPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHATh II0JIy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIYCKaeT B OTBETE
WJIM B PEUIEHUH 331349 HEKOTOPBIE HETOYHOCTH.
OueHka XOpoIo 5 6ayuIoB - BHICTABIIAETCS CTY/IEHTY, €CIM OH B OCHOBHOM 3HAeT MaTepuall, rpaMOTHO
U TI0 CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYEHHbIC 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAeT B
OTBETE WJIH B PEIICHUH 331a4 JOCTATOYHO OOJIBIIOE KOIUYECTBO HETOYHOCTEH.



OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHIbHBIE (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILICHUS JIOTUUECKOW MOCIIEeA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NaJlbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILICHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaia, ciiabo
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTH
OCHOBHOTO COJCp)KaHUsl y4eOHOH MporpaMMbl JUCIHMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYIOBJICTBOPUTENBHO | 0aiulr - BBICTABIACTCS CTYICHTY, KOTOPBHIH HE 3HA€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3aj1au.

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

ITpu mpoBeneHMH YCTHOTO 3K3aMeHa oOywaromemycst npepoctasisercss 30 MUHYT Ha IHOATOTOBKY.
Onpoc ofydaromierocst 1Mo OwjeTy Ha YCTHOM 5K3aMEHE HE JIOJDKCH IMPEBBIIATh OFHOTO
aCTPOHOMMUYECKOI'O yaca.



