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AHHOTANMA

B xypce «PaBHOBecwe W yCTOWYMBOCTH IIa3Mbl B TOKAMAaKe)» H3JIaralOTCS OCHOBBI (DU3UKH YIEp KaHUS
BBICOKOTEMIIEPATypHOU IJIa3Mbl B 3aMKHYTHIX (TOpOUJalbHBIX) cucTeMax. OObEM MaTepuana paccuntad Ha |
CEMECTp M BKJIIOYAeT B Ce0sl 3aKOHBI JIBIDKEHUS YACTHI] B 3JICKTPOMATHUTHOM IIOJIE, DJIIEMEHTH MarHUTHOMN
THAPOJUHAMUKH, KIFOUEBbIE 3aKOHOMEPHOCTH TOBEJIEHHUS IUIa3Mbl B TOPOUJIAJIBHBIX CHCTEMAax C MarHUTHBIM
yliep>kaHueM (TOKaMaku, creuiaparopbl). OCHOBHAsI 9acTh Kypca MOCBSIIEHa OCHOBAM TEOPHH PABHOBECHS U
YCTOHYMBOCTH IJIa3Mbl B TOKaMakax Kak Hauboliee TEpCIEKTHBHBIM Ha POJb TEPMOSJICPHOTO peakTopa
cuctemMaMm. PaccMarpuBarOTCS YCIOBUS PAaBHOBECHUS M KPYIMTHOMACIITA0OHBIE HEYCTOWYHUBOCTH IIIa3MBI,
MPECTABISIONINE COOON OJTHO M3 MIABHBIX MPEMSTCTBUN HA MYTH K YIIPABISEMOMY TEPMOSICPHOMY CHHTE3Y.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

- Ilomydenue crymeHTaMH 3HAHUM O (PU3MYECKUX NPHHLUMAX YACP)KaHHS BBICOKOTEMIIEpaTypHOM
IUIa3Mbl B MArHUTHOM TIOJIE;

- YCBOEHHME CTYIEHTaMH OCHOBHBIX 3aKOHOMEPHOCTEH IOBEICHUS IUIa3Mbl B TOKaMake, yCIOBUHN €€
paBHOBeCHs U KPYITHOMACIITA0HOW YCTOWYMBOCTH;

- TOATrOTOBKAa CTYIEHTOB K pabore Hajx MpoOneMol yNpaBisieMOro TEpMOSIEPHOTO CHHTE3a, B
YaCTHOCTH, B OOJIACTH TEOPETHYECKOM (PU3UKH IIIa3Mbl TOKAMaKa;

33]13‘[1/[ JAUCHUIIINHBI

- C(I)OpMI/IpOBaTB Y CTYACHTOB LCJIIOCTHBIC IMPCACTABIICHUA 00 OCHOBHBIX npo6neMax YACPKaHUA
TCpMOﬂZ[epHOP'I I1J1Ia3Mbl B MAarHuTHOM I10JIC,

- JaTh KIJIIOYEBBIC ONPEACICHUS, TEPMUHOJOTHIO, HCTOPUYECKYIO CHPAaBKy U KIACCUPHUKAIIHIO
bu3MUECKUX MOJelel, TO3BOJSIONINE CTyAeHTaM CBOOOIHO OPHUEHTHPOBATHCSI B OTPOMHOM MAacCHUBE
Hay4YHOU nH(pOpMaLMU IO TEOPUH PABHOBECHS U YCTOMYUBOCTH TJIA3MBI;

- Pa3BUThb BJIAACHUC allllapaToOM Mrﬂ—ypaBHeHI/Iﬁ KaK OCHOBHBIM HWHCTPYMCHTOM HCCJICAOBAHUS
paBHOBECUA U YCTOf/'I‘IHBOCTH IJIa3MbI B TOPOUAAJIBHBIX CUCTEMAX;

- AaTb CTPOro€¢ BBCACHUC B OCHOBHBIC Pa3aCiibl TCOPUH PABHOBECHUA U yCTOfI‘-IHBOCTPI IJIa3MBI B
TOKaMakKe.

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

YK-1 Cnocoben ocymectsnsaTs kputnueckuid | YK-1.1 Ananusupyer npoOineMHy0 CUTYalHIO KaK CUCTEMY,
aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

OIIK-1.1 UmeeT npeacTaBieHne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIbHON 1S TeTbHOCTH

OIIK-1.2 CnocobeH cocTaBisiTh OOLIMA MJIaH PabOTHI 1O
3aJJaHHOW TeMe, MpeAjararb METOAbl HCCIENOBaHUS U
OIIK-1 Criocoben ¢opmynupoBaTh 1enu 1 CH0CO0bI 00paboTku pE3yaBTaToB, IPOBOANTH
3aa4ll UCCIIEOBAHUS, BRIOUPATh KPUTEPUU HCCIIEJOBAaHMS 10 COINIACOBAHHOMY C PYKOBOJHMTEJIEM ILIaHY,
OLIEHKH, BBISBJIATH IPUOPUTETHI PELICHUS 33134 |[IPEACTABIATH MONyUYECHHBIE PE3yIbTaThI

OIIK-1.3 Biageer cHCTEMAarHYECKMMM 3HAHUAMH 110
HANPaBJICHUIO JCATEIbHOCTH; YIIyOICHHBIMUA 3HAHUSMHU I10
BBIOPAaHHOW  HAmNpPaBIEHHOCTH TIOJATOTOBKH, 0a30BBIMHU
HABBIKAMHU TMIPOBEICHUSI HAYYHO- MCCIIEOBATEILCKUX paboT
10 IPEAJIOKEHHON TeME

OIIK-2.1 Cnoco0eH NpUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH(pOpPMaIMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKJIaJHBIX IPOTrPAMMHBIX IIPOITYKTOB




OIIK-2 CriocobeH npuMeHSITh COBpEMEHHbBIE
METO/IbI UCCIIEIOBAaHUS, OLICHUBATD U
MIPEACTABIATH PE3YIbTAThl BEINTOIHEHHON
paboTbl

OIIK-2.2 Cnocoben 0000mmars ¥ KPUTHYECKH OICHUBATH
OIBIT WM PEe3yJIbTaThl HAYYHBIX HCCIICNOBaHUA B 00IaCTH
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2.3 CnocobeH apryMeHTHPOBAaHO BBIOMpAaTh CIOCOO
MPOBEJCHUS HAyYHOTO MCCIIEIOBAHUS, IPUMEHSITh 3HAHUS B
oOsactTi Mpo(eCCUOHANBHON NESTENbHOCTH HJISl PEIlCHUs

MOCTaBIICHHON 3aja4yu, (OPMYJIUPOBAHHUS BBIBOJIOB U
OIICHKH TIOTYYCHHBIX PE3YJIbTaTOB
OIIK-3 CriocobeH ohopMIIATh PEe3yIIBTaThI OIIK-3.1 Brnameer mpodeccHoOHATBHOW TEPMUHOIIOTHEH,

Hay4YHO-HCCIII0BATEILCKON AEATEIbHOCTH B
BUJIE CTATEH, TOKJIAIOB, HAYYHBIX OTUYETOB U
Ipe3eHTalui ¢ UCIIOIb30BAaHUEM CUCTEM
KOMITBIOTEPHON BEPCTKH M MAKETOB O(PHCHBIX
porpaMm

HCIIONb3yEMOM B  COBPEMEHHOW  HAy4YHO-TEXHUYECKOMN
nuTeparype, o0nagaer HaBbIKAMU YCTHOTO M HMHCBMEHHOTO
U3JI0KEHUS PEe3yJbTaTOB HayuyHOW AEATENBHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

[MK-1 Crioco0eH K cO31aHUI0 TEOPETHIECKUX U
MaTeMaTH4ecKuxX Mojeliell B 001acTu siAepHOi
(DUBMKH U TEXHOJIOTUH

[IK-1.1 3naet uzndeckoe onucaHue SBICHHUA U TPOIECCOB
B 00JIaCTH SJIEpHOM (PU3MKH U TEXHOIOTHIA

K-1.2 Ymeer CO3/1aBaTh TEOpEeTUYECKHE u
MaTeMaTHyeckKue MOJENM B o0NacTu siiepHOil (U3MKU U
TEXHOJIOTUHI

[IK-2 T'0TOB pUMEHSTh METO/IbI HCCIIETOBAHUS
U pacyeTa MpoLeccoB, IPOUCXOASIIUX B
COBPEMEHHBIX (PU3NYECKUX YCTAaHOBKAX U
yCTpoiicTBax B 001aCTH sIEPHOH PU3HKH U
TEXHOJIOTUHI

[TK-2.1 3HaeT METOABI HCCIENOBAHUS U pacueTa MpoIeCcCoB,
MPOUCXOASAIINX B COBPEMEHHBIX (PU3MYECKUX YCTAHOBKAX M
YCTPOWCTBAX B OOJIACTH SACPHON (PU3UKU U TEXHOJIOTUN

[IK-2.2 Ymeer paccuuThiBaTh W MPOBOAUTH HCCIIEIOBAHUSI
MPOLIECCOB, MPOTEKAIOIINX B COBPEMEHHBIX (PH3HUECKUX
YCTaHOBKaX W YCTpPOWMCTBaX B 00NacTd siepHON (U3HKH U
TEXHOJIOTUI

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)

B PE3YIBTATC OCBOCHUA JUCIUTIIIAHBI O6y‘{aIOH_II/I€C$I JOJI>KHBI

3HATB!
- OCHOBHbIE MOHATHUS TEOPUHU PABHOBECHS U YCTOMYMBOCTH IJIa3Mbl B MArHUTHOM TIOJIE;
- OTJIMYMUTENbHBIC YEPThl TOPOHIAIBHBIX CHCTEM (TOKamak, CTeJiaparop, HUHY C OOpamEéHHBIM
TI0JIEM);
- YCIIOBUSA PaBHOBECHS IJIa3Mbl, UX BhIBOJ U3 MI'JI-ypaBHEeHMI U npeebl IPUMEHUMOCTH;
- MOJIEJIM U METOMIbI TEOPETHUECKOTO MUCCIIEOBAHMS PAaBHOBECHS M YCTOMYMBOCTH IIJIa3Mbl B TOKaMake,
KJIacCU(PHMKALINIO MOJ HEYCTOWYMBOCTEH, KpUTEPUH CTAOMIU3ALIH;
- KJIFOUE€BbIE CIIOKHOCTH CO3J]aHUs TEPMOSIEPHOIO PeakTopa Ha OCHOBE TOKaMaka.
YMETh:
- Paznmmuare pa3nudHbIE TOPOWNANBHBIE CHUCTEMBI, THITBI PAaBHOBECHBIX KOH(MUTYyparui, MOJIbI
HEYCTOWUYMBOCTEM;
- abcTparupoBaTbcs OT HECYIIECTBEHHBIX SIBICHUH MTPU MOJACTUPOBAHUN (PU3NIECCKUX IPOIIECCOB;
- WCIOJIb30BaTh TOJNYYEHHBIE 3HAHHS JUIsl PEIIeHHs NPaKTHYEeCKUX 3a7lad TEOpUHM pPaBHOBECHS U
YCTONYUBOCTH;
- MPOU3BOJIUTH YHCIICHHBIE OIICHKH TI0 MOPSAIKY BEJIUYUHBL,
- IeJIaTh Ka4€CTBEHHBIC BBIBOJIBI ITPH MEPEXO/E K MPEEIbHBIM YCIOBHUIM B U3y4aeMbIX MIPOOIeMax.
BIIAJICTh:

- Anmapatom MIJI-ypaBHeHwMit 151 aHaTM3a paBHOBECHS TIa3Mbl B TOKAMAKe;
- MaTeMaTH4eCKUM (HOpMaTU3MOM TEOPHU YCTOWIMBOCTH;
- KYJIbTypOH IIOCTAaHOBKM M pEIICHHS MOJIETbHBIX (DM3MYECKUX 3a7ad B 0O0NacTH IUIa3MEHHOMH

OHCPICTUKU;

- HaBBIKAMH CaMOCTOSTEIHLHON paboThl ¢ y4eOHOH, HAydYHOW M CIPABOYHOHM JIMTEPaTypOH, MOHWCKA W
00pabOoTKK HAayYHOU M TEXHUYECKOH MH(OpMAIIHH.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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




TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAst
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 JIBi>keHME  3apsDKEHHBIX — YacTHIl B ) 5 3
MarHuTHOM I10JI€
2 ['eoMeTpust MAarHUTHOTO TOJI B TOKaMaKe 2 2 3
3 MI'JI-ypaBHEHUS 1 3aKOHBI COXPAHEHUS 2 2 3
4 JHuddysus 1mmasmMpl B TOPOUJATHEHOM ) ’ 3
MarHuTHOM TIOJIE
5 VYpaBuenue Ipona-llladpanoBa u ero 2 > 3
CJIEACTBUSA
6 VYcioBus paBHOBECHS TJIa3Mbl B TOKAMaKe 2 2 3
7 MarHuTHasi ~ JUarHocTUKa  IUIA3MBl ) ) 3
TOKaMaka
8 MI'JI-ycTOI4YMBOCTD paBHOBECHS IUIa3MBbl 2 2 3

HNneansupie MIJI-Moasl W MOJBI
9 PE3UCTUBHOTO KOXYyXa: BHHTOBBIE U 2 2 3
O0CECUMMETPHUYHBIC MOJIBI

10 }Keno61§om>1e u 0aJIOHHBIE 4 4 6
HEYCTOHYHUBOCTH

11 PesucTuBHBIE (TUPHUHT-) MOABI U CPBIBBI 4 4 6

12 Kondurypauun ¢ HEKpymisIM cedeHHeM ) ) 3
IUIa3MEHHOTO IIHYpa

13 AxTyanbHbIe npoOIeMbl bu3uKH ) ’ 3
TOKaMaKOB-PEaKTOPOB

Htoro gacos 30 30 45

[TonroToBka K 3K3aMeHy 30 gac.

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

4.2. Cogpep:kaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)
1. JIBu>keHHe 3apspKEHHBIX YacTUL B MATHUTHOM TI0JIE

3amaun W KpaTkuii 0030p comepkaHus Kypca. [IpoOnema MarHUTHOTO yAEp)KaHUS IUIA3MBI.
VpaBHEHHUS JIBYKCHUSI 3apsHKEHHBIX YacCTHUI[ B 3JIEKTPOMAarHUTHOM 1oje. JlapMopoBckoe BpalieHue,
JBIDKCHUE B CKPEIICHHBIX NOAX. JlpelipoBoe npuONMKeHHe, HEHTPOOCKHBIH M TpaavdCHTHBIH
nperdbl. AnrabdaTuvecKkuii ”HBAPUAHT, MATHUTHBIE TIPOOKH.

2. I'eomeTpusi MarHUTHOTO IOJISI B TOKAMaKe

VYpaBHenuss Makcgeiia. [IpencraBiieHne MarHuTHOTO IOJISL B aKCHAJIBHO-CUMMETPUYHON CUCTEME.
Hpeiid Benymero meHTpa B TOpOMAaIbHOM moiie. BpamarensHoe mpeoOpa3oBaHHe: TOKaMakd H
cremiaparopbl. llonoupanbHbBIE M TOPOMAANBHBIM MAarHUTHBIE IIOTOKH, 3alac YCTOMYMBOCTH.
CTpyKTypa MarHuTHOTO IOJISl, MATHUTHBIE MIOBEPXHOCTHU. Paciienienne MarHUTHBIX TTOBEPXHOCTEH.
MarHuTHbIE OCTPOBA.

3. MI'JI-ypaBHEHUS U 3aKOHBI COXPaHEHUS




Maruutorunponunamuueckoe (MIJ]) onucanme 1utasmel. [Ipenenst mpumeHumoctd. Mogens
3IIEKTPOHHO-MOHHOW JKUAKOCTH (AByxxkuakocTHas MIJ[). 3akoH BMopokeHHOCTH, AupPy3us
MAarHuTHOIO IOJS B IUIazMy. YpaBHeHHs opHOxuakoctHo MIJI. bamanc cun B miasme. Teopema
BHpHaJa.

4. Muddy3us mia3msl B TOPOUIATLHOM MAarHUTHOM T10JIE

CronkHoBuTeNnbHAs (Kiaccuueckas) nuddysus miaasmsl B TopoupaibHoMm mone. MIJ[-onmucanwue,
NpuOIMKEHUE OTHIENBHBIX 4acTull. IIponéTHble M 3ameprhle 4YacTHIbl, OAaHAHOBHIE TPACKTOPHH.
Heoxnaccuueckas nuddys3us mnasmel B Tokamake (auddysus [aneesa-CargeeBa). bomoBckas

TP Py3us.

5. VYpaBuenue ['pana-llladpanosa u ero cieacrsus

BriBog ypaBuenus ['pana-lladpanosa u3 ypaBaenus Oananca cui. BHyTpeHHss 1 BHEIIHSS 3a/1a4u
paBHOBECHS, TPAHUYHBIC YCIOBHs. YacTHbIE PEIIEHUs B OKPECTHOCTHM MAarHUTHOM OCH, MPOQHIH
Conosnépa. [IprHIMI BUPTYaTbHOTO KOXKYXa.

6. YcinoBus PaBHOBCCHA IJIa3Mbl B TOKaAMaKe

Pemenne BHeIIHEH 3ajaud paBHOBECHS Ul IUIa3Mbl C KPYIIBIM IIONEPEYHBIM ceueHueM (6e3
BbIBoAa). Ponb BHemHero yaepxwuBaromero nois. llagpanoBckoe cmemienue. Toku paBHOBecHUs B
mia3me, Tok [1pupma-1lnrorepa. PaBHOBeCHBIH mpeen JaBieHus MIa3Mbl.

7. MarautHas quarHoCTHKa Mja3Mbl TOKaMaKa

MarsuTHEIS 30HAbI (3OH):[I>I MI/IpHOBa). OHPGI[CIIGHI/IC CMCIICHHUA IIIIa3MBbI C IIOMOIIIBIO MArHUTHBIX
I/I3MepeHI/II\/'I. I[I/IaMaI‘HeTI/ISM j1asMbl U JUaMardivTHBIC IICTIIH. CBsI3b BEJIUYHHBI JUuaMarHuTHOI'O
CUTrHaJIa C JaBJICHUCM BHYTPHU IJIa3MCHHOI'O IIHYPA.

8. MI'/l-ycTOMYNBOCTD paBHOBECHSI MJIA3MBbI

HeycroilunBocTh paBHOBeCHs IUIa3Mbl: KJFOUEBbIE NpHUYMHBEL [IpocTeiilne HEyCTONYMBOCTH
HWIMHAPUYECKOTO  LIHypa: HEYCTOMYMBOCTb IEPETSHKKM UM BHUHTOBas  HEYCTOHYMBOCTb.
Jluneapuzanuss MI'JI-ypaBHeHui 1o MajibIM BO3MYILICHHSIM paBHOBeCHs. 3ajada Ha COOCTBEHHBIC
3HA4Y€HUs, HHKPEMEHThI MOJl. DHEPreTHUECKUN IIPUHIIUIL.

9. Uneansasie MI'/I-MoABI 1 MOABI PE3UCTUBHOTO KOJKyXa: BUHTOBBIE M OCECUMMETPHYUHBIE MOJIBI

BuHTOBBIC BO3MYyIIEHHS T'paHMIBI IUIa3MEHHOro mHypa. Kmaccudukamus mon, BOJHOBBIE YHCTA.
Pezonancueie marHutHbie noBepxHocTd. Kputepuit Kpyckana-lllappanoBa. Bnusnue cTeHKH
BAKYYMHOH KaMephbl, poJib OMUYEeCKoN auccunauuu. Mneansupie MI/[-Mobl 1 MOABI PE3UCTUBHOTO
koxyxa (Resistive Wall Modes, RWMs).

10. XKenoOkoBbIe 1 OAJUIOHHBIE HEYCTOWYHBOCTH

VYeToiunBOCTh TpaHullbl 11a3Mbl. JKest00KoBbIE (TTepecTaHOBOYHBIC) BO3MYILEHH. MarHuTHas siMa u
MarHuTHBIA 1mup. Mobl, JOKanU30BaHHbIC BOJM3M PE3OHAHCHOM MAarHUTHOM IOBEPXHOCTH.
Kpurepnit Caitnema. banionHbsie MOABI.

11. Pe3ucTuBHBIE (TUPUHT-) MOJIBI U CPBIBBI

Yuér KOHEYHOM DIPOBOAUMMOCTH  IUIa3Mbl. MarHuTHOE  Iepe3aMmblKaHue. Pe3ncTuBHBbIE
HEYCTOMYMBOCTH (TUPHUHI-MOIBI) M TEHEpaLusi MarHuTHBIX OCTpoBOB. Ocumwmisiuu MupHOBa.
Byrcrpan-tok. Heoknaccumueckue TuUpHHT-MOBL. [IunooOpasHbie konebaHusi. CphIBBI:  Majblid
(BHYTpeHHHUi1) cpbIB, TerioBoi cpbiB (Thermal Quench, TQ) u cpeiB Toka (Current Quench, CQ).

12. Kondurypanuu ¢ HEKpyriIbIM CEYCHHEM TUIa3MEHHOTO IIHYypa



CriocoObl TIOBBIIIECHYSI JABJICHUS Ta3Mbl. [lepexon oT Kpymioi K BeITAHYTOM (D-00pasHoii) ¢popme
TpaHMIBl TUIa3Mbl. J{OTIONHHUTENBHBIE METOABI HarpeBa IUIa3Mbl. J{MBEpTOp ¥ JMBEPTOPHEIC
koHurypamuu. L- u H-momel. HeycToWumBOCTE BepTHKANIBHOTO ToOJOKeHUs rasmbl (Vertical
Displacement Events, VDE).

13. AkryanbHble TpoOsIeMbl (PU3UKHA TOKAMAKOB-PEaKTOPOB

Hepeménnpie 3amaun U3k TOKaMakoB. Mojbl, JOKain3oBaHHbIE Ha Tpanune rmia3mel (Edge
Localized Modes, ELMs). Topounansusie anbdsenoBckue monbl (Toroidal Alfven Eigenmodes,
TAE-modes). Tokamak UTOP. Hasenéunsie mons (Error fields). Cunbl, neficTByromue Ha CTEHKY
BAKYYMHOM KaMepbl IIPU CpbIBax. l'alieHue CphIBOB.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).
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8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIIOB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYasl IEMOHCTPALIHIO
MpEe3EHTAlNN.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0CBOCHMIO JTHUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CryneHT, M3y4arollui JTUCHUIUIMHY, JTOJDKEH, C OJHOW CTOPOHBI, OBIAJETh OOIIMM IOHSITUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJAKEH HAYUYUTHCS IPUMEHSTh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B peE3yabTaTe HU3YUCHUA AUCHUIIIMHBI CTYACHT MJOJIKCH 3HATb OCHOBHBLIC OIPCACIICHHUA W IOHATUSA,
YMETb NPUMEHATD IMOJTYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUE Kypca Tpelyer:

— MIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YU€OHBIM IJIAHOM IO AUCIMIUINHE,
— BEJICHUS KOHCIICKTa 3aHATHH;

— HaMpsDKEHHON CaMOCTOSTENLHOM Pa0OTHI CTY/ICHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOM JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepwana, IMOJATOTOBKY OTBETOB Ha BOIMPOCHI, MPEIHA3HAUYCHHBIX JUISI
CaMOCTOSITEIbHOTO U3yUCHUS;

— pelIeHue 3a/1a4, MPEeAIaraéMbIX CTYJICHTaM Ha 3aHATHUSIX;

— MOJATOTOBKY K BBIMOJIHEHUIO 3aJJaHUI TEKYLIEH U TPOMEKYTOUHOM arTecTaluu.

[Tokazarenem BiIaJieHUs MaTepuaIoM CITYy>KAT YyMeHHE Oe3 KOHCIIEKTa OTBEYaTh Ha BOIPOCHI 10 TeMaM
JUCIUTIIAHEL

BaxxHO m0OWTHCS MOHMMaHUS M3y4aeMOro Marepuana, a He MEXaHHYEeCKOTrO ero 3amoMuHaHus. [lpwm
3aTPYJHCHUH HM3YYCHHUS OTACIBHBIX TEM, BOIIPOCOB, CIEAyeT oOpaliarbcs 3a KOHCYIbTAUAMH K
MPEIoIaBaTeIIIo.

Bo3MoxxeH npoMeKyTOYHBIM KOHTPOJIb 3HAHUN CTYJEHTOB B BHUJE PEILICHUS 33/1a4 B COOTBETCTBUU C
TEMAaTUKON 3aHSITHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH

npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa mIa3MeHHON SHEPreTUKH

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: H.B. Yykames



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

OIIK-1 Criocoben ¢popMynupoBaTh LENH U
3a/1a4¥l UCCIIEI0BAaHMs1, BEIOMPATh KPUTECPHU
OLICHKH, BBISIBJIATH IPHOPUTETHI PEIICHHS 3a1a4

OIIK-1.1 Umeet npeacrapieHre 0 COBPEMEHHOM COCTOSTHUH
WCCIIC/IOBAaHWI B paMKax TeMaTW4YecKoil obmactu cBoei
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-1.2 CnocobeH cocTaBisiTh OOIIMA TIAaH PaOOTHI 1O
3aJaHHOW TeMe, Mpeajararb METOAbl HCCIICNOBAaHUS U
CHOCOOBI 00paboTku PE3YyNBTaTOB, MIPOBOJUTH
MCCIIEJOBAaHHS 110 COTNIACOBAHHOMY C PYKOBOJIMTEIIEM ILIaHY,
HPENCTABIISATH HOJNyYeHHbIC PE3YJIbTaThl

OIIK-1.3 Brnameer cHCTEeMaTHYeCKMUMH 3HAHUSMHU IO
HAIpaBJICHUIO JIESATEIBHOCTH; YIIyOIICHHBIMUA 3HAHUSMH 110
BBIODaHHON  HANPaBICHHOCTH  TOATOTOBKH, 0a30BBIMH
HaBBIKAMH MPOBEJICHHSI HAyYHO- HCCIIEHAOBATEILCKUX PadoOT
10 IPEIJIOKEHHON TEME

OIIK-2 CriocobeH npuMeHSTh COBPEMEHHbBIE
METO/Ibl HCCIICIOBAHUS, OLIEHUBATh U
MPECTABISATH PE3YIBTAThl BHIIOJTHEHHOM
paboThI

OIIK-2.1 CnocobeH NpUMEHATh 3HAHUST W HABBIKU TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-2.2 Cnocoben 0000mare ¥ KPUTHYECKH OLEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIEJOBaHUA B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-2.3 CnocobeH apryMEeHTHPOBAaHO BBIOMpATh CIOCOO
MPOBEICHUS] HAyYHOTO MCCIICIOBAHMS, IPUMEHSITH 3HAHUS B
obsacTi MPOo(eCCUOHANBHON JEeATENFHOCTH NSl PEIICHUS

MOCTABIICHHOM 3amaud, (OpMyTUpOBaHUS BBHIBOAOB U
OLICHKU IOJTyYCHHBIX PE3yJIbTaTOB
OIIK-3 CriocobeH opopMIISTh Pe3yIIbTaThI OIIK-3.1 Bmageer mnpodeccCHOHANBHON TEPMUHOIOTHEH,

Hay4YHO-HCCIIE0BATEIbCKON AESITEIEHOCTH B
BUJIE CTaTEH, IOK/IA10B, HAyUYHBIX OTYETOB U
MIPE3EHTALUH C UCIONb30BAHUEM CHCTEM
KOMITBIOTEPHON BEPCTKU M MTAKETOB O(PHUCHBIX
porpamMmm

HCIIONIB3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
auTepatype, o0azaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
W3JIOKEHUS PE3YNIBTaTOB HAYYHOW JESATENBHOCTH B PaMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

[IK-1 Crioco0eH K cO3AaHUI0 TEOPETUIECKUX U
MaTreMaTH4ecKuX Mojielieli B 001acT sIepHOH
(U3UKH U TEXHOJIOTUH

[IK-1.1 3HaeT ¢pu3nveckoe ONMUcaHue SBICHUA U MPOIECCOB
B 00J1aCTH SIEPHOH (PU3MKH U TEXHOJIOTHIA

[IK-1.2 Ymeer C03/1aBaTh TEOPETUYECKHUE u
MareMaTH4ecKue MOJIeNId B O0NacTH SIEpHON (GU3WKU H
TEXHOJIOT U1

[TK-2 T'0TOB NpUMEHSITH METO/IbI UCCIICTOBAHUSA
Y pacyeTa MpoIeCCOB, MPOUCXOIAIIUX B
COBPEMEHHBIX (DM3UYECKUX YCTAaHOBKAaX U
yCTpo#cTBaxX B 00IaCTH sIepHOH pHU3HKY U
TEXHOJIOTHH

[IK-2.1 3naeT MeToABI HCCIENOBAaHUS U pacueTa MpoLEecCoB,
MPOHUCXOASAIINX B COBPEMEHHBIX (DU3NYECKUX YCTAHOBKAX M
yCTpoicTBaxX B 00IaCTH SIEPHOH (PU3UKH U TEXHOIOTHIA

[IK-2.2 Ymeer paccuuThIBaTh M MPOBOJUTH HCCIEIOBAHHS
MPOLIECCOB, MPOTEKAIOIMX B COBPEMEHHBIX (PHU3NYECKUX
YCTaHOBKaX M YCTpPOMCTBaxX B 00JacTu siiepHON (DU3MKH U
TEXHOJIOTUHI

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare u3ydeHus MUCHUIUIMHBI «PaBHOBecHe W YCTOWYHMBOCTH IUIa3Mbl B TOKaMake» OOydaroImuics

JIOJKEH

3HAThb:




- OCHOBHBIE MTOHSATHS TEOPUH PABHOBECHS U YCTOMYMBOCTH TJIA3MbI B MATHUTHOM TI0JIE;
- ONINYUTENbHbIE YEepPThl TOPOMIANBHBIX CHCTEM (TOKaMaK, CTeIapaTrop, MUHY C OOpaIlEéHHBIM
MOJIEM);
- YCJIOBUS PaBHOBECUS ILJIa3Mbl, MX BbIBOJ U3 MI'Jl-ypaBHEHMII U peEbl IPUMEHUMOCTH;
- MOZIETIH ¥ METOJbI TEOPETUYECKOTO HCCIIEIOBAHUSI PABHOBECHSI M yCTOWYMBOCTH TUIa3Mbl B TOKaMake,
KJIacCH(PHUKALINIO MOJ] HEYCTOWIMBOCTEH, KpUTCPUH CTAOMITU3AIHH;
- KIJIIOYEBbIE CJIOKHOCTH CO3/IaHUS TEPMOSIIEPHOTO PEaKkTopa Ha OCHOBE TOKaMaka.
yMeThb:
- Pasnuuarh pasnuuHble TOPOMJANBHBIE CHCTEMBI, THUIIBl PABHOBECHBIX KOH(HIypauuii, MOIbI
HEYCTOMYMBOCTEM;
- abCTparupoBarThCs OT HECYIIECTBEHHBIX SBJICHHUH IPU MOJECITNPOBAHIH (HU3NUECKUX TPOLIECCOB;
- WUCHOJIb30BaTh IONYyYECHHBIC 3HAHWUA MAJSl PELICHHUsS NPAaKTHUYECKUX 3a1ad TEOpUU PAaBHOBECUS U
YCTOMYUBOCTH;
- IPOM3BOINTH YUCIICHHBIE OLEHKH T10 TOPSIIKY BETUYHHBL;
- ZIeTIaTh Ka4eCTBEHHBIE BHIBOABI ITPU MEPEXO/E K MPEAETbHBIM YCIOBHAM B H3y4aeMbIX MpoOIeMax.
BJIaJeTh:
- Anmaparom MI'JI-ypaBHeHMI 1Sl aHAIM3a PaBHOBECHS TUIa3Mbl B TOKAMAKE;
- MaTeMaTHYeCKUM (POPMaIU3MOM TEOPUH yCTOWUYNBOCTH;
- KyJAbTYpOH TIOCTAaHOBKM M PCEIICHHS MOACIBHBIX (U3NYECKUX 3a4ad B 00JacTH IJIa3MEHHOU
SHEPIeTUKU;
- HaBBIKAMU CaMOCTOSTEIBHON paboThl ¢ yueOHOH, HAyYHOW M CIPABOYHOHM JHUTEPaTypOH, MOUCKA H
00pabOTKN HAyYHOU U TEXHUYECKOH HH(OPMAIIHH.

3. IlepeyeHb THNOBBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1enbro KOHTPOJIS OCBOCHUS OOy4aroUIMMUCS y4eOHOro MaTepHaja MPOBOAUTCS YCTHBIN ONpoC B
HayaJje 3aHATUS WIH B KOHIIE 3aHATHS 10 IpoiAeHHON TeMe. [IpuMepsl KOHTPOIBHBIX BOIIPOCOB:

1. YpaBHeHHs IBIKCHHS 3apsDKCHHBIX YaCTHI[ B OJJIEKTPOMAarHUTHOM Nosie (B HEPEIATHBHCTKOM
cimydae). OCHOBHbIE THUIBI JpeH(OBOrO IBIKCHUS. YCIOBHS TNPUMEHUMOCTH Jpel(oBOro
MPHOIINKECHUSI.

2. HeoOxomuMoCTh BpallaTelIbHOTO MpeoOpa3oBaHMS B  TOPOMAAIBHBIX cHUCTeMax. Mepa
BpalareabHoro npeodpazoBanus. OTaMUMs TOKaMaka 1 CTejuiaparopa.

3. VYpaBHenus JAByxkuakoctHod MIJ]. I'paHMuIBl NPUMEHUMOCTH ONHOXKHUIAKOCTHOM MIJL,
JBYX>KUJIKOCTHBIE d(D(HEKTHI.

4. Tunel nuddy3un 1wiasmMel B Tokamake. OTIHYME CTONKHOBUTENbHOW IU(PQYy3HMH B TOKaMake OT
HEOKJIACCUUYECKOI B MPUOIMKEHUH OTACTBHBIX YaCTHII.

5. CKaJ’IprHOC YpaBHCHUC PABHOBCCUMA I.IPIHHHI[pH‘leCKOﬁ MIa3MCHHOI'O IIHYpA. YcnoBus PaBHOBCCHA
IJIa3MBI B Z- U TOTa-IIMHYC.

6. CiienicTBus M3 ypaBHeHH OanaHca cuil. [ paHUYHBIE YCIIOBHS 33/1a4U PaBHOBECHS.
7. MexaHu3M TOKOB PaBHOBECHS U UX BIMSIHHME Ha paBHOBECHUE IJIa3MBl.
8. Busibl MarHUTHOM JUAarHOCTUKHU, U3MEPSAEMbIE BEJIMUUHBI U OIIpeeIseMble TapaMeTphl I11a3Mbl.

9. VYcroitunBocTh Ia3mMbl B TokaMake. CraOwnm3upyrome © JIeCTaOUIM3Upyromue (akTopbl.
XapakTepHble BpeMeHa.

10. Knaccudukaiust MoJ| ¢ TOMOIIIBI0 BOJTHOBBIX uncen. Kpurepuii Kpyckana-Illagpanosa u ero ponb
B MPOEKTUPOBAHWM TOKAaMakoB. MyeanbHble MOIBI W POJIb OMHUYECKOM IOUCCHIIAMM B CTEHKE
BAKYYMHOH KaMEPBL.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

IlepeueHb KOHTPOJIBHBIX BOIIPOCOB

1. 3aKoH ABM>KEHUS 3apsKCHHOM YacTUIBI B APEiihOBOM MPHUOINKEHUH.

2. O0mue cBOMCTBa MAarHUTHOTO MOJIA. YpaBHEHHE CHIIOBOW JIMHUU (MarHUTHOE AUQQepeHInanb-Hoe
YpaBHEHHUE) U €r0 CIEACTBUSL.

3. VYpaBuenus MIJ] B momenu ABYyX >KHAKOCTEH. YCIOBUS NPUMEHUMOCTH THIAPOAMHAMHYECKOTO
ONMCaHMS MIa3Mbl. BMOpOKEHHOCTh MAarHUTHOTO TIOJIA B IUIA3MY.

4. IlponérHble U 3anepThle YacTUIBI B TOKAMaKe, UX TpaeKTopuu. Biusaue Ha 1uddy3uro mia3mel.



5. VYpaBuenue [pana-llladpanoBa u ero Gpu3N4IeCcKUil CMBICI.

6. BHYTpeHHsS M BHEIIHAA 3ajadu paBHOBecus. Meronsl penienusi. llladpanoBckoe cmerieHue,
paBHOBecHeE IO OOJIBLIOMY PaguyCy TOpa.

7. Tok [lpupma-Illntorepa. PaBHOBeCHBIN Npeaes NaBIeHUS T1a3MBl.
8. JlmamarseTusM 1uia3msl. MarHuTHas AMArHOCTHKA TJIa3Mbl TOKaMaka.

9. HccnenoBaHue yCTOMYMBOCTH IUIa3Mbl B MarHMTHOM Iojie. 3ajgada Ha COOCTBEHHBIC 3HAYCHUS.
DHepreTn4ecKui MPUHIIUIIL

10. Wpeanmpubie MIJI-HEeyCcTOMYMBOCTH ¥  MOHOBI  PE3UCTUBHOTO KOXKyXa: BHHTOBbIE U
OCECUMMETPUYHBIE MOPBI.

[Ipumeps! KOHTPOIBHBIX 3aJaHUM
1. Ionyuuts 3akoH Apeiida 3apsKEHHON YaCTUIBI B CKPELCHHBIX MOJISIX U3 YPABHEHUHN IBHKCHHUS.

2. Iony4uTh CMELIAHHOE MPEACTABICHUE MATHUTHOIO IOJISI B aKCHAJIbHO-CUMMETPUYHOU T€OMETPUU
(uepe3 Mmoo IaNbHbIC TOK U TIOTOK).

3. BeiBectn ypaBHeHUs onHOoXUAKOCTHON MIJ] n3 nByxxkunkoctHoit. [Tonyunts ypaBHeHue quddysnn
MarHUTHOTO TOJIS B IIA3My.

4. Haiitu ko3¢ QUIMEHTH KIAaCCHYECKOM M HeokjJaccuyeckod au¢@y3uM Iula3Mbl B TOKaMake B
THAPOIMHAMHYECKOM PUOINKEHUH.

5. BeiBectu ypaBHenue [pana-1llappanosa 3 ypaBHEHHUs! CHIIOBOTO OaiaHca.

6. OG0CcHOBaTh NPUHINI BUPTYaJIbHOTO KOXKYXa JJIsl TOPOUAATbHON PAaBHOBECHOH IJIa3MBbl.
7. BeiBecTH ypaBHEHHUE ISl TOKA paBHOBECHS B TOKAMAKE.

8. B munuHapriyeckoM NpHOIMKEHUN OLICHUTh BEIMYMHY AMAMarHUTHOTO CUTHAJIA TIJIa3MBl.

9. Tlomyuuts cucremy JmuHeapu3oBaHHbIX MIJI-ypaBHeHHI (OTHOCHUTEIBHO MAaJjioTO CMEIICHUS
11a3Mbl). BeiBecTn 3akoH coxpaHenus sHepruu B MI'/L.

10. /Ins koHCepBaTUBHOW CHCTEMBI (0€3 OMHUYECKOH TMCCHUITAIIMU B CTEHKE TOKamMaka) c(hopMyIupoBaTh
SHepreTU4ecKuil mpuHUun. 3anucarh kputepuii Kpyckana-IllagpanoBa anst mia3Mel ¢ IpOU3BOIBHON
(dhopmoii TpanuIibl (6e3 BHIBOA).

[Tpumeps! 3K3aMEHAMOHHBIX OUIIETOB:

buner 1.
1. 3aKoH JBMKEHUS 3apsSHKCHHON YacTUIBI B APEH(POBOM MPHUOINKESHUH
2. [IponérHble 1 3amepThie YacTUIBI B TOKAMaKe, X TpaeKTopuu. BrusHue Ha muddy3Hro 1mia3mebl.

buner 2.

1. HOHy‘-II/ITb CMCIIaHHOC NPEACTABJICHUEC MATHUTHOI'O IIOJIA B aKCHaHBHO-CHMMCTpI/I‘IHOﬁ reoMeTpun
(qepes IIOJIOMAAJIBHBIC TOK U HOTOK).

2. YpaBuenue ['pana-llladpanoBa u ero puznyeckuii cMbICI.

buier 3.

1. VYpaBuenuss MIJI B Momenu ABYX >KHAKOCTEH. YCIOBHUSI MPUMEHUMOCTH THUIAPOAMHAMUYECKOIO
OMHCaHMs M1a3Mbl. BMOpOK€HHOCTh MAarHUTHOTO TIOJIS B TLIa3MY.

2. Haiitu ko3 QUIMEHTH KIACCHYECKOH M HeokJIaccuueckod nud@dy3ud Iula3Mbl B TOKaMake B
THIPOJMHAMHYECKOM PUOINKESHHUH.

buier 4.

1. BHyTpeHHAs M BHEWHAA 3afadu paBHOBecus. Meronsl pemenusi. llladpanoBckoe cmerienue,
paBHOBECHE 110 OOJIBLIOMY pasuycy Topa.

2. O00CHOBATh MPUHIIMIT BUPTYAJIBHOTO KOXKyXa IJIs1 TOPOUAATIBHON PaBHOBECHOH IJIa3MBbI.

buer 5.

1. VYpaBuenus MIJ] B momenu ABYyX KHUAKOCTEH. YCIOBUS NPUMEHUMOCTH THIAPOIMHAMHYECKOTO
ONKCaHMS MIa3Mbl. BMOpOKEHHOCTh MAarHUTHOTO TIOJIA B IUIA3MY.

2. llomyuuts cucteMmy mauHeapu3oBaHHBIX MIJ[-ypaBHeHHH (OTHOCHTEIBHO MAJOT0 CMELICHHS
1a3Mel). BeiBecTr 3akoH coxpaHenus sHeprun B MIJ.



Kpurepun onennBanus

Onenka «ommmyHo (10)» BBICTaBIsieTCSl OOyYalOIIEMyCsi, €CIM OH I[OKa3aJl BCECTOPOHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PEIICHUH;

oueHka «omm4HO (9)» BhIcTaBIAETCS O0OyyaromeMycs, €cld OH II0Ka3all BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HOPUHATBIX PELICHUH, HO MPHU 3TOM OBUIM JOMYIIEHBl HEOOJbIINE HETOYHOCTH, KOTOPHIE OBLIH
CaMOCTOATEIBHO OOHAPY>KEHBI U HCIIPABIICHBL;

oueHka «omim4yHO (8)» BhICTaBiIAETCS O0OyyaromeMycs, €clid OH IIOKa3all BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAaHHE
HOPUHATHIX PEIIeHUH, HO IMpPHU 3TOM OBIIM JOMYIIEHbl HEOONbIIME HETOYHOCTH, KOTOPbIE MOCie
yKa3aHUs 3K3aMEeHATopa ObUIM CaMOCTOSTEIbHO UCIPABIICHBI;

OLIeHKa «xopomIo (7)» BBICTABISIETCS 00y4aromeMycs, €CJIM OH TBEPJO 3HAET MaTepHuall, IPaMOTHO U MO
CYIIECTBY H3JIaraeT ero, yMeeT IpPHUMEHATh IOJY4YCHHbIC 3HAHHWS Ha IPAKTUKE, HO JOIMYCKaeT
HETOYHOCTH B OTBETE MJIM JETIAaeT HECYIIECTBEHHbIE OUIMOKY MPH PEIICHUH 3a/1a4;

OLIEHKa «XOpOILO (6)» BHICTABIAETCS 00y4alOIEeMyCsl, €CJIM OH TBEPAO 3HACT MaTepHall, TPaMOTHO H 110
CYIIECTBY H3JaraeT €ero, ymMeeT IPHUMEHATh IOJy4YECHHBIC 3HAHWA Ha IPAKTUKE, HO [OIYCKaeT
HeOoJIbIIMe OMMOKH B OTBETE U (WJIM) IPH PEILICHUH 3a]1ay;

OLICHKA «XOpomIo (5)» BBICTABISIETCS 00yUaromeMycsl, €CJIM OH TBEPJO 3HAET MaTepHuall, IPaMOTHO U IO
CYLIECTBY H3JIaraeT €ro, yMeeT MPHUMEHATh MOJYYCHHbIC 3HAHHWS Ha TNPAKTHUKE, HO OTBEYAET
HEYBEPEHHO U (WJIH) JI0TycKaeT OMMOKY TIpU PEelIeHUH 3a71ad;

OLICHKA «YJIOBJETBOPHUTENBHO (4)» BhICTaBIseTCs OOydaromeMycs, MOKa3aBIleMy (parMeHTapHbIH,
pa3po3HEHHBI XapakTep 3HaHWM, HETOuHble (OPMYIUPOBKH O0a30BbIX MOHATHH, HapyIICHUS
JIOTUYECKON IIOCIIe10BATEIbHOCTH B U3JI0KEHUH IIPOIPaMMHOI0 MaTepuaa, €Clid IIpy 3TOM OH BIIaJeeT
OCHOBHBIMH pa3fesiaMu y4eOHOW NMporpamMMbl, HEOOXOAMMBIMH JUI AalbHEHIIEro o0yueH!s] 1 MOXKET
MPUMEHSATH MOIYYECHHBIC 3HaHU 110 00pasily B CTAaHAAPTHON CUTYallly;

OLICHKA «YJIOBJIETBOPHUTENBHO (3)» BhICTaBiIseTCS OOydaromeMycs, MOKa3aBIleMy (parMeHTapHBbIH,
pPa3po3HEHHBIA XapakTep 3HaHWM, HETOuHble (OPMYIUPOBKH Oa30BbIX MOHATHH, HapyIICHHS
JIOTUYECKOH I10CJIEOBATEIbHOCTY B W3JIOKEHUU IPOrpaMMHOIO MaTepualla, He BIAACHOLIEMY
HEKOTOPBIMH pasfefiaMu y4eOHOH HpOrpaMMbl, HO YMEIOIIEMY MPHUMEHAThH MOJyYE€HHBbIC 3HAHUS T10
o0pasily B CTaHAAapTHOM CUTyallny;

OIICHKA «HEYJIOBJICTBOPUTEIHHO (2)» BBICTABISAETCS OOydarolmeMycs, KOTOPBI HE 3HaeT OOJbIIeH
YacTH OCHOBHOTO COJEPXKaHUS Y4eOHOW MpOrpamMMbl JHCUUILIMHBL, JOIyCKAaeT IpyOble OMHMOKU B
(bOpMyIHPOBKaX OCHOBHBIX NOHSTHH AUCIUIUIMHBI M HE YMEET UCIIOIb30BATh MOIYyYCHHBIC 3HAHUS [IPU
PELICHNH TUTIOBBIX MPAKTUYECKUX 337134,

OLICHKA «HEYIOBIETBOPUTENHHO (1)» BbICTaBIsieTcs 00yyaromeMycs, MoKa3aBIlIeMy MOJIHOE HE3HaHUE
y4eOHOM porpaMMbl JUCLUTLTHHEI.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUI, YMEHNH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

[Tpu mpoBeneHUH YCTHOTO JK3aMEHa CTYIACHTY HpeNoCTaBisercss 45 MUHYT Ha MOArotoBKy. Ompoc
o0ydJarorerocsi Mo OWJIETY Ha YCTHOM 3K3aMeHe, KakK MPaBWIIO, JUIUTCSA OKOJO | acTpOHOMHYECKOTO
yaca, HO He 0ojee 2-X 9acoB.

Bo Bpems mpoBeneHHs 5k3aMeHa OOydYaroIIMecs MOTYT IOJb30BaThCs MPOTPaMMOM AWCIMIUIMHBL,
CIIPABOYHOM JINTEPATYyPOH, BBIYUCIUTEIbHOW TEXHUKON 1 CBOUMHU KOHCIIEKTAMH.



