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AHHOTANMA
[IpenmeroMm wuccnenoBaHus JAHHOTO Kypca SBISIOTCS TOTOKM IUTa3Mbl M WX TPUMEHEHHWE B HAy4YHBIX
rcciaenoBaHusAX U TexHonoruu. CylecTBeHHOE BHUMAHHE YIESETCS TAKKe CIEIMAbHBIM YCTPOUCTBAM TSt
MONMy4YeHHsT TIOTOKOB TUIa3Mbl — IUIa3MEHHBIM YCKOpHUTeNsiM. PaccmarpuBarorTcss (QU3MYECKHe OCHOBBI
IJIA3MEHHBIX YCKOPUTENEH, MEXaHU3Mbl YCKOPEHUS IIa3Mbl, JOCTUTHYTHIC MapaMeTpPhbl MIIa3MEHHBIX ITOTOKOB
Y TPOBOJIMMBIC B HACTOSIIIIEE MCCIICAOBAHUSI JJIsl YCOBEPIIEHCTBOBAHUS yckopuTenei. Jlaercs nundopmanus o
KJIacCU(DUKAINH TIIa3MEHHBIX YCKOPUTEJIeH 1 001acTSIX TPUMEHEHHS Pa3IUIHbBIX TUTIOB YCKOPUTENICH.
OOCyXmarTcsi BOMPOCHI B3aWMOJICUCTBHS ITUTA3MEHHBIX IIOTOKOB C MArHUTHBIMH TIONSIMU  Pa3sTUYHON
TEOMETPUH M CIOco0ax ympaBlIeHUs MapaMeTpaMu IIa3Mbl B TIpoIlecce TPAHCIOPTUPOBKU IOTOKa B
MarHUTHOM TIoJie. 3HAYUTEILHOE BHUMAaHUE YICNACTCS IMONYYSHUIO BBICOKOTEMIIEPAaTYypPHOU IIa3Mbl TpH
TOPMOKEHUS TIA3MEHHOTO IMOTOKa B pe3yjbTare MpeoOpa3oBaHWs JHEPTUU HAINPABICHHOTO JIBUKECHHUS B
TETIJIOBYIO SHEPTHIO «CTAIMOHAPHO TIIa3MBbI 3a cUeT (HOPMHUPOBAaHMS OECCTOIKHOBUTEIHHBIX YIAPHBIX BOJIH.
AHaNM3UPYIOTCS CIMOCOOBI TPUMEHEHHST BBICOKODHEPTETUYHBIX IJIA3MEHHBIX IIOTOKOB ISl 3aIlOJIHEHUS
MAarHUTHBIX TEPMOSACPHBIX JIOBYIIEK MOHHO-TOpsiued 1uia3moil. PaccmarpuBaroTcst JeWCTBYIOIIUE U
pa3pabarbIiBacMble CXEMbI MOIIHBIX HMCTOYHUKOB HEHTPOHHOTO M PEHTTEHOBCKOTO W3IYYCHHS HA OCHOBE
CTOJIKHOBEHUSI BCTPEUHBIX MTOTOKOB IJIa3Mbl, IPUBOJATCS JOCTUTHYTHIE PE3YJIbTATHI.
[IpencraBneHbl COBPEMEHHBIE CPEACTBA JUATHOCTUKU, IPUMEHSIEMBIC ISl U3MEPEHUS TapaMEeTPOB MJIa3Mbl U
HCCIIeIOBaHUS HHTEPECYIOIINX TUIAMEHHBIX MTPOLIECCOB.

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

@®opmupoBaHre 0a30BBIX 3HAHMH O CHoco0ax MONyYeHHs IOTOKOB IUIa3Mbl MU MX HPUMEHEHHH B
COBPEMEHHOM MPOMBIIUIEHHOCTH, HAYKE U TEXHOJIOTHH.

33)13‘11/[ JAUCHUIIINHBI
¢ OCBOCHHC CTYACHTAMU 0a30BEIX 3HAHHUI B 00IaCTH (I)I/IBI/IKI/I " TCXHUKH YCKOPCHUS IJIa3MBbI,

*  npuoOpeTeHHe 3HAHUKH O (PU3MUECKHX OCHOBAX YCKOPEHHs IUIa3Mbl, OTPabOTaHHBIX METOdaX
3 PEeKTUBHON TPAHCTIOPTUPOBKH ILIa3Mbl, B3aUMO/ICHCTBUHU NOTOKOB ILIa3Mbl ¢ MATHUTHBIMU TOJISIMU,
crocobax ympaBJIeHHS XapaKTEPUCTHKAMHU IUIa3Mbl, TEPMaIM3alM{ IUIa3MEHHBIX IOTOKOB IPH HX
TOPMOXKEHUY;

. npuoOpeTeHne 3HaHUM 00 KCIOJIb30BAaHUM YCKOPEHHBIX CTYCTKOB M IOTOKOB IUIa3Mbl B
COBPEMEHHOI MPOMBIIINIEHHOCTH, HAyKe U TEXHOJIOTHH;

*  npuoOpeTeHHe CBEICHUI O COBPEMEHHOM COCTOSHUM U IEPCIEKTHBAX Pa3BUTHS YCKOPHUTEJCH
IJ1a3MBbl;

*  MPUMEHCHHE CTYJACHTAMHU MOJYYCHHBIX 3HAHHH B CMEXKHBIX M MEXKIUCIUIUTMHAPHBIX HAyYHBIX
oOnacTax.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($9174:0)11170,€ KOMHGTGHL[I/Iﬁi

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

YK-1 Cnocoben ocymectBnsaTs 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 Cnocoben cocTaBisiTh OOLIMA TIaH PabOTHI 1O
3aJJaHHOW TeMe, MpeAjararb METOAbl HCCIENOBaHUS U
OIIK-1 Criocoben ¢opmynupoBaTh 1enu 1 CH0CO0bI 00paboTku pE3yaBTaToB, IPOBOANTH
3aa4l UCCIIEOBAHUS, BRIOUPATh KPUTEPUU HCCIIEJOBAHMS 110 COINIACOBAHHOMY C PYKOBOJHMTEJIEM ILIaHY,
OLIEHKH, BBISBJIATH IPUOPUTETHI PELICHUS 33134 |[IPEACTABISATH MOTyUYEeHHBIE PE3yIbTaThI




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

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

OIIK-2.1 CnocobeH NpUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(GOPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-2.2 Cnocoben 0000mare ¥ KPUTHYECKU OLIEHUBATH
ONBIT M PE3yJbTaThl HAayYHBIX MCCIECJOBaHUI B 00JacTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-3 CriocobeH opopMIISITh Pe3yIIbTaThI
Hay4YHO-HCCIICIOBATEILCKOM ACATEILHOCTH B
BUJIE CTAaTeH, JOKJIAI0B, HAYYHBIX OTYETOB U
MPE3eHTANUH C UCIIOIb30BAaHHEM CUCTEM
KOMITBIOTEPHOM BEPCTKH M AKETOB O(PUCHBIX
nporpaMm

OIIK-3.1 Bmageer npodeccHoHANBHON TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0afaeT HaBbIKAMU YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

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

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

[IK-1.2 Ymeer CO3/1aBaTh TEOPETUYECKHUE u
MareMaTH4ecKue MOJIeNId B OO0NacTH SIEpHON (GU3WKUA H
TEXHOJIOT Ui

[TK-2 T'0TOB NpUMEHSITH METO/IbI UCCIICTOBAHNUS
U pacyeTa MpoIeCCOB, MPOUCXOIAIIUX B
COBPEMEHHBIX (DM3MYECKUX YCTAaHOBKAaX U
yCTpocTBax B 001aCTH siIepHOH pU3HKH 1
TEXHOJIOTHH

[IK-2.1 3naeT MeToABI HCCIENOBAaHUS U pacueTa MpoLEecCoB,
MPOHUCXOASAIINX B COBPEMEHHBIX (DU3NYECKUX YCTAHOBKAX M
yCTpoicTBaxX B 00JIaCTH SIEPHOM (PU3MKH U TEXHOIOTHIA

[IK-2.2 YmMmeer paccuuThiBaTh M MPOBOJUTH HCCIEIOBAHHS
MPOLIECCOB, MPOTEKAIOIMX B COBPEMEHHBIX (DH3NYECKUX
YCTaHOBKaX M YCTPOMCTBaX B 00JacTu siiepHON (DU3MKH U
TEXHOJIOTUHI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHUILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb.

- MEXaHM3MbI YCKOPEHHUS CI'YCTKOB ILJIa3MBbl;

- OCHOBHBIE (PM3UUECKHE MPOLECCHI B KaHAJIE YCKOPUTEIIS;

- XapakTepHbIE ITapaMeTpPbl OTOKOB IIa3Mbl U CIIOCOOBI UX N3MEHEHHUS;

- TPUMEHEHHMsI TIOTOKOB IJIA3MbI B COBPEMEHHOM NMPOMBIIIJIEHHOCTH, HAYKE U TEXHOJIOTHH.

YMETB:

- OpOBOAUTL CAMOCTOSATCIBHO W B COCTABC KOJIJICKTHBA 3KCHepI/IMeHTaJ'ILHBIe/ TCOPCTUUCCKUC
HUCCIICOOBaHUs B obmactu IJIasMOAHAMHUKH,

- YMCTb BBI6I/IpaTB " OIPpUMCHSATH HAa IPAKTUKE aACKBATHBIC MCTOABI JIUATHOCTUKHU,

- I0Jy4daTb MaKCUMaJIbHO TOYHBIC 3HAYCHHA U3MEPACMBIX BEJIMYUH U IIPABUJIBHO OLICHUBATDH CTCIICHDb

HUX JOCTOBCPHOCTD,

- aHAJIN3UPOBATh U 0000IIATH PE3yIbTAThl IKCIIEPUMEHTATIbHBIX/TEOPETUIECKUX UCCIICIOBAHMIA;
- BBISIBJIAITh M OLIGHUBATh HMMEIOIIMECS TMPOOIEMBI/IPOTUBOPEUHST M CTAaBUTh HOBBIC 33434l

HCCIeIOBaHUM.
BJIAJIETD:

- 3KCIIEPUMEHTAJIbHBIMHU METOaMU MCCIIE0OBAaHUs IBUXKYLIEHCs IU1a3Mbl;

- HaBBIKAMH MPOBEICHUS MOJCIBHBIX PACUETOB;

- KyJIbTYPOH IpEeICTaBICHHs CBOUX PE3yJIbTaTOB HA CEMHHApax U KOH(EPEHIHAX;
- HaBBIKAMH HAITUCAHMS HAYYHBIX CTATEH.

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




pr,Z[OGMKOCTB 110 BUAaAM y‘le6HBIX 3aH$ITI/II\/’I, BKJIrO4as

CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora

1 IIpenmer mnasmoguHamuku. [loToku 1 1 2
m1a3mMbl. COTHEYHBIN BETEP.
@dusnyeckue  OCHOBBI  IJIa3MEHHBIX

2 yckopuTened.  MexaHW3MBl  pa3roHa 2 2 3
J1a3MBl.
O MHOT000pa3uu TIa3MEHHBIX

3 YCKOPHTEJEH. Knaccudukarus 2 2 3
YCKOPUTEIICH.

4 [Inmasmorponsl.  IIpuHuun — pecTBuUs. ) ’ 3
Jocturayteie napamerpsl. [lpumenenue.

5 [Ina3zMeHHBIE KOCMHYECKHE J[BUTATEIIH. ) 5 3
®opmyita [{lnonkoBcKoro.
NmMnynecHbIE  yCKOPUTENH  IUTa3MBL.

6 [Tymka Mapmamra. [Inasmenssil pokyc 2 2 3
Oununnosa u Meiizepa.

7 OcHOBHBIE (DU3WYECKUE TIPOIECCHI B ) 5 3
KaHaJle yCKOPUTETIS.

] CrocoObl  yBenWYEHHST CKOPOCTH U ) ) 3
SHEPTUU TUTa3MEHHBIX TOTOKOB.

9 B3aumopeiicTBue ABMKYILIEHUCS TIa3MBI € 2 > 2
MarHUTHBIMU TIOJISIMU.

10 Meronpl  OUMArHOCTUKHA  JIBHOXKYILEHCA ) ’ 3
TJ1a3MBl.

1 Tepmanu3zarusi TIJIa3MEHHBIX ITOTOKOB. ) 5 3
[TonyueHre HOHHO-TOPSIYEH IIa3MBl.

12 TypOyneHTHbIE MEXaHU3Mbl TOPMOXKCHUS ) ) 3
[OTOKOB.

13 Wmxeknysa moTOKOB IUIa3Mbl B TOKaMaK. 2 2 3
3anonHeHne T1a3MOM OTKPBITBIX
MarHUTHBIX JIOBYIIIEK.

14 |T'azomunammueckas josymka (IZUI). 2 2 3
JnvuaHas ~ aHTUNpoOOYHasl — JIOBYIIKA
(LATD).
I'eHepanuss MOUTHBIX TTOTOKOB ILTa3MbI

15 |mpxensix razoB (Ar, Kr, Xe). Co3ganue 2 2 3
MCTOYHUKOB PEHTTEHOBCKOTO U3ITyUEHUSI.
Coznanme HCTOYHHUKOB — HEUTPOHHOTO

16 M3IIy4eHUs Ha  0aze  IUTa3MEHHBIX 1 1 2
YCKOPHTEJICH.

Uroro yacos 30 30 45

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.ex.

4.2.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzeiam)

Cemectp: 1 (Ocennuii)

1. [Ipenmer turazmoguHamuky. [loroku mrasmel. CoOTHEYHEIH BETEP.




CriocoObl  yckopeHusi BemiecTBa. MexaHWYecKHe M Ta30KMHETUYECKHE YCTPOWCTBA, YCKOPUTEIH
3apsDKEHHBIX — YacTHL, IUIa3MOJAMHamMHueckue cucreMmbl. Kocmuueckas U jabopatopHas
wa3monuHamuka. ComHeuHbld BeTep. BoIOpoc m1a3mbl Ha CTEHKY TOKaMaka.

[Ina3MeHHBIE yCKOPUTEIN — YCTPONCTBA IS TEHEpAIK TOTOKOB IUIa3MbI. JJOCTUTHYTBIE TapaMeTpHI.
[Ipumeps! IpUMEHEHHUS IUIA3MEHHBIX YKOPUTEIEH B HAyUHBIX UCCIIENOBAHUSIX U TEXHOJIOTUU.

2. ®du3nyuecKre OCHOBBI MJIA3MEHHBIX yCKOpHUTeNel. MexaHu3Mbl pa3roHa mia3Mbl.

@uU3NYECKUE OCHOBBI IIA3MEHHBIX yckopuTeneil. MI/] ypaBHeHus1 ABUKEHUA ILIa3Mbl. MUKpPO- U
MaKpOCKOIIHYECKass KapTHHA YCKOPEHUS IUIa3Mbl. MEeXaHU3MBbI Pa3sroHa IJIa3Mbl: Ta30KMHETHYECKHH
MEXaHU3M, YCKOPEHUE <«DJIEKTPOHHBIM» BETPOM, YCKOPEHHE 3JIEKTPUYECKUM II0JIeM. YCIIOBUS
CYLIECTBOBaHHMSI AJIEKTPUUIECKOTO NoJjst B masme (ciydait Jlopentna, bonsiimana u Bekcnepa). Ponp
MarsuTHoro nosis. dusnueckue orpaHUuEHUsI Ha CKOPOCTh IIOTOKOB IUIa3MBI.

3. O MHOTO00Opa3MH MIa3MeHHbBIX yckopuTeneil. Kiaccudukanus yckopureneii.

O wmHorooOpasum TUIa3MEHHBIX yckoputenei. Kiaccupukamus yckopureneir. HmmynbcHble,
KBa3WUCTAllMOHAPHBIE W CTALIMOHAPHBIE IIJIA3MEHHBIE YCKOPHUTENW. YCKOPUTENN HHU3KO U BBICOKO
JHEPreTUYHBIX IOTOKOB IUIa3Mbl. TeIUIOBbIE U ANIEKTPOMArHUTHbIE yckopuTenu. Henszorepmuueckue
YCKOPUTENH TUIa3Mbl. YCKOPUTENN C BHEIIHUM M COOCTBEHHBIM MAarHUTHBIM IoyieM. «PenbcoTpony.
TopueBoii ycKopUTenb. YKOPUTENh C 3aMKHYTBIM JIPE(OM IEKTPOHOB.

4. ITnasmotponsl. [lpunuun neiicteus. Jocturnyrsie napamerpsl. [Ipumenenue.

CranuoHapHble HMCTOYHHMKH IUIa3MEHHBIX 1OTOKOB. Ilmasmorponsl. (IlpuHumn — geiicTBus.
VYeroitunBoCTh  pazpanga. IDpo3us ANEKTpoaoB. J(OCTUTHYTHIE MmapaMeTphl. TexXHOJOoTHYecKue
MPUMEHEHHSL. )

5. Ilna3menHble KocMudeckue apurarenu. @opmyna [{ronkoBckoro.

IIna3sMeHHBIE KOCMHYECKHE JABUTATCIIN. q)OpMYJIa LII/IOJ'IKOBCKOFO. BJIGKTpOCTaTI/ILIeCKI/Ie n
SJICKTPOMArHUTHBIC INIa3MCHHBIC [IBUTATCIIN. I[OCTI/IFHyTbIe napamMmeTphl.

6. NmmynbcHble yckopuTenu Iia3mbl. [lymka Mapmamna. [Inasmenssiii ¢pokyc ®unummnmosa u
Melizepa.

HmmynbcHBIE YCKOPUTEIH IUIa3Mbl. DJIEKTPOIHbIE U 0e33IeKTpoiHble yckopuTenu. KoakcuambHbIH
yckoputenb. [lymka Mapmamna. @®okycupoBka Imia3MeHHOro mnortoka. [lmasmenHsbiil ¢okyc
Oununnosa u Meiizepa.

7. OcHOBHBIE (PU3MUYECKHE TPOLECCH B KAHAJIE YCKOPUTEIISL.

OcHoBHBIE (PU3HUECKUE MPOLECCH B KaHaJIe YCKOpUTEs. Mozenb «CHeXHOro miayray». Ilonasnenue
TUTa3MEHHBIX HEYCTOMYMBOCTEH.

8. CrmocoObl YBCIUMYCHUA CKOPOCTHU U SHCPI'UHU IIJIA3MCHHBIX ITIOTOKOB.

Oco0eHHOCTH TeHepalMi MOIIHBIX MOTOKOB IuIa3Mbl. CoOITIacOBaHUE YCKOPUTENS C HAKOIHTEIEM
sHepruu. [eomerpusi yckopuTenbHOro kanajia. Jlocturryrtele mnapaMeTpsl Iuia3Mbl. CrocoObl
YBEJIMYEHUS CKOPOCTU U SHEPIUHU IUIA3MEHHBIX IOTOKOB. YCKOPUTENH IJIa3MEHHBIX TOPOUJIOB.

9. BzaumopeiicTBuE ABIKYIIENCA M1a3Mbl C MATHUTHBIMH TIOJISIMHU.



B3aumoneiicTBue ABMXKYLIEHCS IUIa3Mbl C MarHUTHBIM IIOJIEM. TpaHCIOPTHUPOBKA IUIa3MEHHBIX
MOTOKOB B MAarHUTHBIX MOJSX pa3ivuHBIX KoHpurypanuid. [logapnenne kpynmHomacmTaOHbIx MIJ]
HeycroiunBoctel. [loTepn 3HEpruM NpH TPaHCIOPTUPOBKE IUIA3MBbl B 3aBUCUMOCTH OT BEJIMUUHBI U
reOMETPUY MarHUTHOIO MOJIs. YIIpaBJICHHE IapaMeTpaMy IIa3Mbl B IIPOLECCE TPAHCIOPTUPOBKU.
Cxarue MoToKa, 3aMarHMYMBaHUE TUIa3Mbl, BO30YKJICHHE YIApPHBIX BOJIH, U3MEHEHHE IJIUTEIHHOCTH
IIOTOKA.

10. MeTo/bl TMAarHOCTHUKH BUKYIIEHCS TTa3MBbl.

Mertonbl IMArHOCTUKHM JABMXKYyIneica miaa3Mbel. CrocoObl HM3MEpEeHHUs CKOPOCTH, IUIOTHOCTH,
TEMIEepPaTypbl ¥ MOJIHON YHEPTUH TIa3Mbl. 30HIOBBIE METOABI U3MEPEHHH, CKOPOCTHAs (POTOCHEMKA,
KaJopuMeTpHsi, OoioMeTpusi, HHTEpPEepOMETpHsI, CIIEKTPOCKOIHUS onTrueckoro u BY® nuanazoHos,
TOMCOHOBCKOE JIa3€pHO€ paccesiHue, HEUTPOHHBIE M PEHTTEHOBCKHE AETEKTOPBI.

11. Tepmanu3zauus mIa3MeHHBIX NOTOKOB. [loaydyeHre HOHHO-TOPSYEH T1a3MBbl.

Tepmanu3zanus MOTOKOB IUIa3Mbl - MPeoOpa30BaHUE SHEPTUH HANPABICHHOTO JBHKEHHS MOTOKa B
TEIUIOBYK) DJHEPTUI0 «CTalMOHApHOW» 1uiazMbl. IlomyueHue ropsiueit masmbel. Tepmanuzanus
MOTOKOB IUIa3Mbl HA MarHUTHOM Oapbepe. YCIOBHSA TOPMOXKEHHUS IIa3Mbl. TepManu3anus MOTOKOB
IUIa3Mbl NIPY UX BCTPEUHOM B3auMoAeWCTBUU. [paHUIBI KyJIOHOBCKOIO TOPMOMKEHMSI IIIIa3MEHHBIX
ITOTOKOB.

12. TypOyneHTHbIE MEXaHU3MbI TOPMOXKEHHSI TIOTOKOB.

BsaumopneiictBie 0eCCTONKHOBUTENIBHBIX IIOTOKOB. TypOyJeHTHbIE MEXaHH3MbBlI TOPMOXKEHUS
MOTOKOB. beccTonkHoBUTENbHBIE yaapHbIe BOIHBI. VIOHHO-3BYKOBasl M IIIJIAHTOBas HEYyCTOWYHMBOCTH.
Jocturnyteie napamMmeTpsl TEepMaIU30BaHHON T1a3MBbI (IOTHOCTS, TeMmIeparypa,
JHEProcoepKaHUE).

13. MmkeK1usa NOTOKOB IUIa3MbI B TOKaMaK.

[IpumeHeHue yckopuTeniell B TEPMOSIEPHBIX MCCIEIOBAHUAX. 3alIOJHEHNUE TUIa3MOM TEPMOSIEPHBIX
JoBymieKk. BBoa mima3MeHHBIX IMOTOKOB B TOKaMak M creiuiaparop. [lonmspusauus mia3MeHHOTO
notoka. J{petidoBoe ABMKEHHE MJIa3Mbl IONEPEK MarHUTHOTO Nosd. CriocoObl TOPMOXKEHHS T1Ia3MbI
Ha OCH CHCTEMBI. JJOCTUTHYTBIE TapAMETPHI.

Wnkekuns MOIIHBIX IMOTOKOB CHJIBHO M3Jydaromiei miasmel (Ne, Ar) B TokamMak Ui ociaOieHus
CpPbIBOB TOKA.

14. 3anonHeHWe TIa3MONM OTKPBITHIX MAarHUTHBIX JIOByHIEK. ['azonmuHamudeckas yoBymika (IJ1J).
JnuuHast antunpoOoyHas jgoBymka (JAJD).

3arnonHeHne OTKPBITHIX JIOBYIIEK. MHKEKIus IUia3Mbl B JIOBYLIKY 4Yepe3 TOPLEBbIE MarHUTHBIC
MPOOKHU. YCIIOBUS TPOXOXKICHHUS MAarHUTHBIX OapbepoB. [lomyueHuwe ropsiaedt 1asmel ¢ ~ 1
CTOJIKHOBEHHEM BCTpEeUYHBIX MOTOKOB. llomaBnenue kpymHomacmradubix MIJ[-HeycToitunBocTei.
[TonepeuHoe yaep)kaHue IUIa3Mbl, JOCTUTHYTble Kod(duimentsl mnepeHoca. Pesymbrars
uccieaoBaHuii razoguHamudeckoit JoBymku (I1JI) u nmuanOM anTHIpoOouHOM NoBy1KH (JAJ]).

15. T'enepauysi MOIIHBIX IMOTOKOB IUIa3Mbl TsokeNbIX Ta3oB (Ar, Kr, Xe). Co3nanue MCTOUHUKOB
PEHTITEHOBCKOI'O U3JIyUeHHUsL.

Co3maHue MOIIHBIX HCTOYHUKOB CBETOBOTO W3JIY4YEHHS HA OCHOBE IIJIa3MEHHBIX YCKOpHUTENEH.
Oco0eHHOCTH TeHepaIlui MOTOKOB HEBOJIOPOJHOH mia3mbl. [IpeoOpazoBaHne SHEPTUU JBUKYIICHCS
IJIa3Mbl B HW3IyYECHHE IPH TOPMOXKEHHMH. XapaKTEPUCTHKH M3IYYEHUS B 3aBUCUMOCTH OT
MapaMeTpoB IUIA3MEHHBIX MOTOKOB. PajguanmoHHbI Oaphep M yclOBHS €ro npeonosieHus. Pasron
Ia3Mbl Tspkenbix ra3oB (Ar, Kr, Xe) mo sneprun nonos Boime 100 x3B. Pa3zpaboTka nCTOUHUKOB
PEHTI€HOBCKOTO M3JIy4eHHs Ha Oa3e COBPEMEHHBIX IIa3MEHHBIX YCKOPHUTEIEH.

16. Coznanre MCTOYHUKOB HEMTPOHHOTO U3JTYUYCHHUs Ha 0a3e MIa3MEHHBIX YCKOPUTEIEH.



Co3naHne WCTOYHUKOB HEUTPOHHOTO W3MydeHHsA. [eHepanus HEUTPOHOB HPU CTOJIKHOBEHUH
[IOTOKOB ACUTEPUEBOM IJ1a3Mbl. BbIXO HEUTPOHOB IIPU OCTAHOBKE IOTOKOB U IPH UX IMPOJIETE APYT
CKBO3b Jpyra. 3alOJHEHUE TUIa3MOIl CHCTEM C JOMOJHHUTEIbHBIM HarpeBoM. Tera-muHY: cKaTtue U
HarpeB TEpMaJM30BaHHOM IUIa3Mbl C  BHEIIHMM MarHUTHBIM I0OJIEM. OHeprerudeckas

3¢ EKTUBHOCTh CHCTEMBI, HapaMETphl IJIa3Mbl, HEUTPOHHBIA BBIXOHA. TeTa-MMHY C JIafHEPOM:
cKaTHe T1a3Mbl ¢ <<l MeTammudeckoir 0001049Ko#. JIOCTUTHYTBIE CTETICHH CHKATHSI.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYylIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).
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8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYIIECTBJICHNH 00pa30BaTeIbHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0Yasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUN.

9. MeToauyeckue yKazaHus AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

B HacTosiee Bpems 3HAaHHUS O CIIOCOOAX IMOMYYEHUS MOTOKOB IUIa3MBbl, JOCTHTHYTBIX INapameTpax
MOTOKOB, @ TaKXe€ MX BO3MOXKHBIX NPUMEHEHHUAX HEOOXOAMMBI CIICHUAIMCTAM B CAMBIX Pa3IMYHBIX
00acTaX COBPEMEHHOM NPOMBIIIICHHOCTH, HAyKH 1 TeXHOoJoruu. [103TOMy CTyzneHT, n3yqaromuii Kype
"[lnasmonnHamMuKa", JOJKEH C OJHOW CTOPOHBI, B MOJHOH Mepe OBJIAACTh 0a30BBIMU 3HAHHUSIMH, & C
Jpyroil CTOPOHBI, JOJKEH HAaydUTbCs NMPUMEHATh TEOPETHUECKUE 3HAHUS HA IPAKTHKE, BKIHOUAs UX
MPUMEHEHHE B CMEXKHBIX U MEXIUCIUILTMHAPHBIX HAYYHBIX OOJIACTSIX.

B pesynbrare wn3ydyeHHs IUCHMIUIMHBI CTYICHT JO/DKEH TBEPAO YCBOUTH (U3HMUECKHE OCHOBBI
YCKOpPEHHS IIJIa3Mbl, pa30UpaThCs B MPHHIMIIAX PAOOTHI TUIA3MEHHBIX YCKOPHUTENIEH, OPHEHTHPOBATHCS
B MHOT000Opa3Hu CyIIECTBYIOLINX YCKOPUTEIEeH 1 00acTax ux npumMeHeHus. CTyAeHT JOIKEeH OCBOUTh
OOIIMPHBIE 00bEM 3HAHWH O B3aWMOACHCTBHU IUIa3MEHHBIX IIOTOKOB C MAarHUTHBIMH TIOJISIMHU
paznuuHOW KOoH(Urypanuu, OTpabOTaHHBIX CHOCO0AaX TPAHCHOPTHPOBKH TIOTOKOB TIUIA3MBI HA
3aJjaHHBIC PACCTOSHUS Oe3 TOTeph SHEPIruil, BO3MOKHOCTH HM3MEHEHHUS XapaKTEPUCTUK IUIa3Mbl B
npouecce TPAHCHOPTUPOBKHM, METOAAX TEepMalM3aldd IUIa3MEHHBIX IIOTOKOB U IIOJNyYCHHUH
MOHHO-TOPSTYeH «CTallMOHAPHOW» IIa3Mbl, IPUMEHEHUH TUIA3MEHHBIX YCKOPUTENCH JUIs 3arlOJHEHUS
TEPMOSIEPHBIX JIOBYIIEK W CO3JaHMSA HCTOYHHMKOB u3nydeHus. CTyIeHT HOJKEeH OBbITh TOTOB
MPUMEHSATH MTOJYYCHHBIC 3HAHUS ISl PEIICHUS KOHKPETHBIX MPAKTUYSCKUX 3a/1ad.

CTyneHTy HEOOXOIMMO OCBOMTH METOAMKY IPOBEACHUS NPHOIU3UTEIBHBIX OICHOK Ppa3InYHBIX
mapamMeTpoB ¥  XapaKTePHCTHK IUIa3Mbl Ha OCHOBE OrPaHMYCHHOro Habopa JOCTYIHBIX
HKCTIEPUMEHTANIbHBIX JIaHHBIX, KOTOpbIEé MOTYT MMETh 3HAYMTENIBHBIN pa3Opoc mo BenuuuHaMm. Jlis
ATOTO CTYIEHT JIOJDKEH XOPOIIO OPHEHTHPOBATHCS B (U3MUSCKUX MPHHIUIAX HPUMEHSIEMBIX
IMAarHOCTUYECKUX  METOIMK, MOHMMAaTh OIPAaHMYEHHS 3THUX METOAOB M HCTOYHHUKH BO3MOXKHBIX
MOTPEITHOCTeH W3MEPEHUH, a Takke 3HAaTh YHCJICHHBIC (OpMyNbl (HU3MKH TUIA3Mbl M 3HAYCHUS
OCHOBHBIX (PU3MYECKUX KOHCTAHT

VYenenrHoe 0cBoeHHE Kypca TpeOyeT HaNpsbKEHHOW caMOCTOSTEIbHOM paboTsl cTyeHTa. B mporpamme
Kypca NpUBEICHO MUHHMAJIbHO HeoOXoanmoe Bpemst s paldoThl CTyIeHTa Haj TEeMOM.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHUE U KOHCIICKTHPOBAHNE PEKOMEH/IOBAHHOM JIUTEPATYPHI,

— MpopaboTKy y4eOHOro MaTepuaia (TI0 KOHCIIEKTaM JISKIHiA, y4eOHOH 1 HaydHOU JInTeparype),

— MMOJTOTOBKY OTBETOB Ha BOIPOCHI, PeIHA3HAYCHHBIX JJIsI CAMOCTOSTEIBHOTO H3Y4YCHHS,



— pelleHue 3a/1a4, peAIaraéMblX CTyI€HTaM Ha JIEKLUAX U IPAKTUYECKUX 3aHATHSIX,

— MOArOTOBKY K IIPAKTHUUYECKUM 3aHATHUSAM, 3K3aMEHY.

Jlnst Toro, 4TOOBI CTYNEHTHI Jydllle yCBauBalIu y4eOHBIN MaTepuai, B Hayaje 3aHATHUS, KaK MPaBUIIO,
npoBoguTcs KopoTkuit (10-15 MuHYT) ompoc mo Marepuany NpOLIEALINX 3aHATUH B YCTHOH (opme.
PyKOBOZICTBO M KOHTPOJb 32 CAMOCTOSATENILHOM PabOTOH CTy/IeHTa OCYIIECTBISACTCS CUCTEMAaTHYeCKU
MyTEM OIpOoca B PeXUME JUCKYCCHH IO TEME, a TaKke B (OpME WHANBUIYATbHBIX KOHCYJIBTAIUH.
BaxxHOo 10OUTBHCS MOHMMAaHUS W3y4yaeMOro Marepuaja, a HE MEXaHHYECKOTO €ro 3alOMUHaHMA.
ITokazaTteneM BiaJieHUs] MaTepUaJOM CIYXXKHUT YMEHHUE pelarh 3agadd. g dbopMupoBaHus yMeHUs
MPUMEHSATh TEOPETUUECKUE 3HAHMS HA MPAKTHKE CTYACHTY HEOOXOAMMO pellaTh Kak MOXKHO OOoJibIIe
3amad. [lpm 3arpymHeHHMM W3y4eHHS OTHEIBbHBIX TEM, BOIPOCOB cleayeT oOpamarbes 3a
KOHCYJIBTAllUsIMU K JIEKTODY.



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 arTecTanuu: |1 (oceHHuil) - Dx3aMeH

Pa3paborunk: B.M. Cadponos, 1-p ¢hu3z.-Mat. Hayk, npodeccop



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 BHIIIOJTHEHHOM
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

OI1IK-3 CriocobeH opopMIISITh Pe3yIIbTaThI
Hay4YHO-HCCIICIOBATEILCKOM ACATEILHOCTH B
BUJIE CTAaTeH, JOKJIAI0B, HAYYHBIX OTYETOB U
MPE3eHTANUH C UCIIOIb30BAaHHEM CUCTEM
KOMITBIOTEPHOM BEPCTKH M AKETOB O(PUCHBIX
nporpamm

OIIK-3.1 Bmageer npodeccHOHANBHON TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
auTepatype, o0azaeT HaBbIKAMH YCTHOTO M IHCBMEHHOTO
U3JIOKEHUSI PE3yJbTaTOB HayYHOW AEATEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

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

[IK-1.1 3HaeT ¢pu3nuveckoe ONMUcaHue SBICHUA U MPOILECCOB
B 00J1aCTH SIEPHOM (PU3MKH U TEXHOIOTHIA

[IK-1.2 Ymeer CO3/1aBaTh TEOPETUYECKHUE u
MareMaTH4ecKue MOJIeNId B O0NacTH SIEPHON (GU3WKUA H
TEXHOJIOT U1

[TK-2 T'0TOB NpUMEHSITH METO/IbI UCCIICTOBAHUSA
U pacyeTa MpoIeCCOB, MPOUCXOIAIIUX B
COBPEMEHHBIX (DM3MYECKUX YCTAaHOBKAaX U
yCTpo#cTBaxX B 00IaCTH sIepHOH PU3HKH 1
TEXHOJIOTHH

[IK-2.1 3naeT MeToABI HCCIENOBAaHUS U pacueTa MpoLEecCoB,
MPOHUCXOASAIINX B COBPEMEHHBIX (DU3NYECKUX YCTAHOBKAX M
yCTpoiicTBaxX B 00IaCTH SJIEPHOM (PU3MKH U TEXHOIOTHIA

[IK-2.2 YmMmeer paccuuThIBaTh M MPOBOJUTH HCCIEIOBAHHS
MPOLIECCOB, MPOTEKAIOIUX B COBPEMEHHBIX (PHU3NYECKUX
YCTaHOBKaX M YCTPOMCTBaxX B 00JacTu siiepHON (DU3MKH U
TEXHOJIOTUHI

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEH U

B pesynbrare n3ydenus AuCIUIUIMHEL «[1nma3MoarHaMuKkay 00y4aroInuics TOJKeH:

3HATb:

- MEXaHM3MbI YCKOPEHHUs CI'YCTKOB ILJIa3MBbl;
- OCHOBHBIE (PM3UUECKHE MPOLECCHI B KaHAJIE YCKOPUTEIIS;

- XapakTepHbIE IIapaMeTpPhl OTOKOB IIa3Mbl U CIIOCOOBI UX N3MEHEHHUS;

- TPUMEHEHHMsI IOTOKOB IJIA3MbI B COBPEMEHHOM NMPOMBIIIJIEHHOCTH, HAYKE U TEXHOJIOTHH.

yMeTh:




- MPOBOJNTE CAMOCTOATENBHO M B COCTaBE KOJUICKTHBA JSKCICPUMEHTaNbHbIE/ TEOPETHUYECKHE
HCCIEI0BaHUs B 00JaCTH IUIA3MOIMHAMUKY,
- YMETh BBIOMpATh U MPUMEHATH Ha MPAKTUKE a/ICKBaTHBIE METO/IbI IUATHOCTHKHY;
- MOJy4YaTh MAKCUMAJbHO TOYHBIC 3HAYEHUS U3MEPSEMbIX BEJIMYMH U IIPABUIBHO OLICHUBAThH CTETICHb
WX JIOCTOBEPHOCTH;
- aHaJIM3UPOBaTh M 000O0IIATH PE3YIBTAThI IKCIIEPUMEHTAILHBIX/TEOPETUISCKUX UCCIICAOBAHUN;
- BBISIBIIAITh M OIICHUBATh HMMEIOIIUECS TMPOOJIEMBI/IPOTUBOPEYHST W CTaBUTh HOBBIC 3a/1a4d
HCCIICTOBaHMH.
BJIaJeTh:
- DKCHEPUMEHTAIbHBIMU METOJIAMH UCCIICOBAHUS JBUKYIICHCS IIJ1a3MBbl;
- HaBbIKaMU MPOBEACHUS MOJIETBHBIX PACUETOB;
- KyJIBTYpOU IPECTABICHHS CBOUX PE3YJIbTaTOB HA CEMHHAPAX U KOH(PEPEHIINSAX;
- HaBbIKAMU HaIMCAHMS HAyYHBIX CTaTEH.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylIeMy KOHTPOJII0

C 1enbpro KOHTPOJISL OCBOCHUSI OOy4aroUIMMUCS y4eOHOro MaTepHaja MPOBOAUTCS YCTHBIH ONpoC B
HayaJe 3aHATUS WIK B KOHIIE 3aHATHUS 10 IPOUJEHHON TEME.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA NIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Arrecramust no aucuuiuinHe «Ilnmasmoamnammka» ocymectBiseTcss B ¢GopMe 3K3aMeHa. DK3aMeH
MPOBOOUTCS B YCTHOH (opMe C BKIIOYEHHWEM B OWJIeT 3aJayd, NOAOOHOHM pacCMOTPEHHBIM B
JEKIIMOHHOM Kypce. Kaxkaplii OuieT conepKuT 1Ba KOHTPOJIBbHBIX Bompoca. [1o xoxy oTBeTa CTyaeHTY
3aJal0TCsl JOTIOTHUTENIbHBIE BOIIPOCHI IO 00CYKIaeMOi TeMe.

Hepequb KOHTPOJIbHBIX BOIIPOCOB!

1. Kocmuueckas u nabopartopHas ruiasmonuHamuka. CoiHeuHbIl BeTep. BrIOpoC 11a3Mbl Ha CTEHKY
TOKaMaka.

Muxkpo- 1 MakpOoCKoIIM4ecKasi KApTHHA YCKOPEHUs I1a3Mbl. MeXaHu3Mbl pa3roHa 1ja3mbl.
VYcnoBusl CYLIECTBOBAHUS IEKTPUUECKOTO II0JIS B IIa3Me.

dusnyuecKue OrpaHuueHUs Ha CKOPOCTh IIOTOKOB ILIa3MBbI .

Knaccuduranus yckoputenei.

[Ima3smoTpoHsl. YCTpolcTBa U NPUMEHEHUE.

[ImasmenHbie Kocmudeckue apurarenu. @opmyna L{ronkosckoro

PN AP

HNmnynscHble yckopuTenu miasmsl. [Iymka Mapamia.

9. ®oxycupoBka mazMeHHoro notoka. [Inazmennsiii hokyc Oununmosa u Meiizepa.

10. OcHoBHBIE QHU3MUECKHE TPOIIECCHl B KAHAJIE YCKOPUTEIS. MOJIENb «CHEKHOTO TLTYTay.
11. ITonaBneHue MiIa3MEHHBIX HEYCTOMUHNBOCTEN B KaHaJle YCKOPUTEIS.

12. IlpuHUUIOBI COINIACOBAaHUE YCKOPUTEINS C HAKOIMTENEM 3HEprud. l'eoMerpusi yCKOPUTEIbHOIO
KaHaua.

13. CnocoObl yBeIMYEHUSI CKOPOCTH U DHEPTUU TNIA3MEHHBIX TOTOKOB.

14. BzaumogeiicTBue IBHKYLIEHCS I171a3Mbl C MATHUTHBIMU TOJIIMHU.

15. TpancnopTHpOBKa OTOKOB ILIA3MBI.

16. MeToibl AMArHOCTUKYU ABUXKYIIEHUCS T1a3MBbl.

17. Tepmanu3anus MOTOKOB IJIa3MBI. [lonydeHre HOHHO-TOPSYEN MIa3MBl.

18. TypOyneHTHbIE MEXaHU3MbI TOPMO>KEHHSI TIOTOKOB.

19. 3anonHenue m1a3Mol TEPMOSICPHBIX JIOBYLIEK. BBOA MI1a3MEHHBIX MIOTOKOB B TOKAMakK.

20. MHxekus 1 yiep)KaHre TU1a3Mbl B OTKPBITBIX MATHUTHBIX JIOBYIIKAaX.

21. Pesynbrarsl uccienoBaHui razoguHamudeckod nosymikd (IIJI) um nnuHHONW aHTHIIPOOOYHOM
noBymiku (JAJ).

22. Co31aHu€ MOIIIHBIX UCTOYHHUKOB CBETOBOT'O U3JIyYEHMS HA OCHOBE IIIa3MEHHBIX YCKOPUTEIIEH.
23. PannanuoHHbIi 6apbep U yCIOBHSI €r0 MPEOA0JICHUSL.

24. Pa3paboTKa HCTOYHUKOB HEHTPOHHOTO M3ITyUeHHs Ha 0a3e MIa3MEeHHBIX YCKOPHTEICH.

[IprMepbl KOHTPOJIBHBIX 33JaHUN:



1.

A) CpaBHUTh MHTEHCUBHOCTU HEHTPOHHOIO BBIXOZA VISl Clyyas MpOJEeTa BCTPEUYHBIX IJIa3MEHHBIX
ITOTOKOB JIPYT CKBO3b ApPYyTa U JJIS CIIydasl X MOJTHOW OCTaHOBKHU.

B) I1na3MeHHEIN ITIOTOK IIpu BBOAC €ro B LII/IJII/IH,Z[pI/I‘-IGCKI/Iﬁ M1a3MoIrpoBoa ¢ NpOAOJIbHBIM MAIrHUTHBIM
IMOJICM, BBITCCHACT II0JIC K CTCHKaM IIJIa3MOIIpOBOAA, YTO IMPUBOAWUT K YBCIWMYCHUIO OHEPIrUHU
MAardmMTHOI'O IIOJIA. OHpeILeJ'II/ITL MAaKCUMAJIbHYIO JOJIFO S3HCPIrruu, KOTOPYIO IUTQ3MEHHBIA OTOK MOXKET
pacxogoBaTh Ha YBCIIMYCHUC SHCPIUU MArHUTHOIO I10JIA.

2.

A) OueHUTh PaBHOBECHYIO TEMIIEpaTypy 3JIEKTPOHOB, KOTOpas ONpeneisieTcs Nepeaayeid Hepruu
JNEKTPOHAM OT Oojiee TOPSYMX MOHOB M OXJAKACHHEM JJIEKTPOHOB 3a CYET NPOAOJIBHOMN
TEIUIONPOBOAHOCTH.

B) Onenuts mmHY TOPMOXKEHUS BCTPEYHBIX IUIA3MEHHBIX IIOTOKOB JUISl CiIy4as KYJIOHOBCKOTO
B3anMMOJICHCTBHS YaCTHII.

[Tpumeps! SK3aMEHAIMOHHBIX OMJIETOB (3aJaHMH, TECTOB M Jp. MAaTE€pPUAIOB, HCIOIb3YEMbIX IS
MPOBEICHUS 3a4eTa, IK3aMeHa):

buier 1

1 IlnasMeHHbIE YCKOPUTEIM — YCTPOMCTBA Ul I€HEpaluy IOTOKOB IIa3Mbl. PU3NUECKUE OCHOBBI
IJIa3MeHHBIX yckopurened. MIJl ypaBHeHUs IBHXKEHHUS IUIasMbl. MHKpPO- M MaKpOCKOIHMYECKas
KapTHHa yCKOPEHMs IU1a3Mbl. MeXaHU3Mbl pa3roHa IJIa3Mbl: Fa30KMHETUYECKUM MEXaHU3M, YCKOPEHHUE
«QJEKTPOHHBIM»  BETPOM, YCKOPEHHE  DJIEKTPUYECKMM  TIOJIEM. YCIOBHSA  CYIIECTBOBAHHSA
AIIEKTPHUYECKOTO MoJisl B 1iazme (ciy4vaid Jlopenma, bonsiimana u Bekciepa). Poinb MarHuTHOTO OIS
Puznyeckne OrpaHMYEHNS HA CKOPOCTh MTOTOKOB IJIA3MBI.

2 llpuMeHeHHWE TMOTOKOB IUIA3MBI JUIsl 3alOJIHCHUS TEPMOSICPHBIX JIOBYIIEK. BBOJ TMi1a3MEHHBIX
MOTOKOB B TOKamMak H creiuiaparop. [lomspuszarusi Mia3MeHHOTO MOTOKA W JApei(oBoe JBUKECHHE
IJ1a3Mbl TIOTIEPEK MarHUTHOTO 1oisd. CriocoOBl TOPMOXKEHHS IIIa3Mbl HAa OCH CHUCTEMBI. MHKeKius
MOTOKOB CHJIBHO W3ny4varomeid mia3mbel (Ne, Ar) B TOKamak JJisi TTOJaBJICHUSI U OCIa0JIeHUs] CPHIBOB
TOKa.

Buier 2
1

Knaccudukanmst mia3MeHHBIX yckopuTenei. MMmynbCcHBIE, KBa3HCTAllMOHAPHBIE W CTAI[MOHAPHBIC
MJIa3MEHHBIE YCKOPUTENN. YCKOPUTEIN HU3KO- U BEICOKO-IHEPTreTHYHBIX MOTOKOB TIa3Mbl. TerioBbie U
AJIEKTPOMATHUTHBIC YCKOPUTEIH. YCKOPHUTEIH C BHEIIHMM W COOCTBEHHBIM MATrHUTHBIM TIOJIEM.
«Penbcorpony. Il1a3sMeHHbIE KOCMUYECKUE IBUTATEIIN.

2 3amosHEHHE OTKPBITHIX JIOByLIEK. VHXKeKIMs IU1a3Mbl B JIOBYILIKY 4€pe3 TOPLIEBble MAarHUTHBIE
npoOKHU. YCIIOBHSI TPOXOXACHUS MarHUTHBIX OapbepoB. [lomyueHuwe ropsueil mmasmel ¢ ~ 1
CTOJIKHOBEHHEM BCTPEYHbIX TOTOKOB. [lomaBnenue kpymHomacmtaOHbix MI/I-HeycTolunBOCTEH.
[lomepeuHoe ynepaHue TUIa3Mbl, KOA(QQHUUUEHTH mepeHoca. PesyabraTel  HccieqOBaHUM
razopuHamuyeckoit oBymiku (IJ1JI) u nmuHHOM anTHIpOO6OUHOM noBymiku (JIAJT).

buner 3.

1 TlomydeHne BBICOKOTEMIIEPATypHOM IMIa3Mbl IPU TOPMOKEHUH IIJIa3MEHHOIO NOTOKa. TopMoykeHue
MIOTOKOB IUIa3Mbl HA MarHUTHOM Oapbepe, YCIOBHUSA TOPMOXKEHHs. TOpMOXKEHHE MMOTOKOB ILIa3Mbl IPU
WX BCTPEYHOM B3aUMOAECUCTBHH. ['paHMIBI KyJOHOBCKOTO TOPMOMKEHHMS NOTOKOB. B3ammoneictsue
0€CCTOIKHOBUTENBHBIX  ITOTOKOB. TypOynentHsle MEXaHU3Mbl ~ TOPMOXEHHUS  IIOTOKOB.
beccTonkHoBUTENBHBIE  yaapHble BONHBL. OHHO-3ByKOBas W IIJJAHIOBas HEYCTOWYMBOCTH.
JloCTUrHYThIe TapaMeTphbl TEPMATN30BaHHOM I11a3MBbl (MIJIOTHOCTB, TEMIIEPATYPa, SHEPrOCOEPKAHNUE).

2 HmmynbcHble yckopuTenu miasmbl. KoakcuanbHblil yckopurens. Ilymka Mapmania. OcHOBHBIE
¢du3nuecKue mpoueccs B KaHaue yckopuTess. Monens «CHeXHOro mryra». @oKycnpoBKa I1a3MEHHOTO
noroka. [lnasmenusiii poxyc Oununmnosa u Melizepa.

buier 4.



1  BzaumopnelicTBHe NBWXKYIIEWCSA IIa3Mbl C MAarHUTHBIM TOJeM. TpaHCIOPTHPOBKA IJIA3MEHHBIX
MOTOKOB B MarHWTHBIX TOJISIX PA3JIMUHBIX KOHQUTypauuil. YcioBus 3(pQeKTUBHON TpaHCTIOPTUPOBKU
0e3 morepu wyactui. [lomaBienue kpymHoMacmTabHbix MIJ] HeycrolumBocTell. YmpasieHue
napaMeTpaMu IUIa3Mbl B Ipollecce TPaHCHOPTUPOBKH. (CKaTue IMOTOKAa, 3aMarHUYMBAHUE IIA3MBI,
BO30YKJICHNE yJapHbIX BOJIH, U3MEHEHUE [UINTEIbHOCTH OTOKA.

2 Co3pzaHue MOUIHBIX MCTOYHHKOB CBETOBOIO HM3JIyUYE€HHS HA OCHOBE IJIA3MEHHBIX YCKOPHTENEH.
[TpeoGpazoBanue SHEPTUM IJIa3Mbl TSDKEINIBIX Ta30B B U3JIyY€HHE IPU TOPMOKCHHHU. XapaKTEePUCTUKU
U3IyYCHHS B 3aBUCHUMOCTH OT IIapaMeTPOB IJIa3MEHHBIX OTOKOB. PagnannonHblil Oapbep AJs M1a3Mbl
nerkux smemMeHToB (N, C, O ¥ T.I1.) U yCIIOBHSA €r0 MpeoiofieHusl. Pa3roH miua3mbl TSKeIbIX Ta3oB (AT,
Kr, Xe) no suepruu nonos Beime 100 k3B. Pa3paborka ncTOYHUKOB H3ITyueHHs Ha 0a3e COBPEMEHHBIX
IJIA3MEHHBIX YCKOPUTEIIEH.

buier 5

1 MeTonbl AMAarHOCTUKW JBWXKYyIIeHCs ria3mbl. CrocoObl M3MEPEHHS CKOPOCTH, JJITMTEIBHOCTH,
IJIOTHOCTH, TEMIIEPATYPHI U IOJIHOM SHEPTUU MMOTOKA IIa3MBbl.

2 Co3ngaHue MCTOYHUKOB HEHTPOHHOIrO M3Iy4eHHUs. [eHepauusi HEHTPOHOB IpPH CTOJIKHOBEHHUU
IIOTOKOB JIEUTEpUEBOM I1a3Mbl. IHTErpalIbHbINA BBIXOA HEUTPOHOB IIPU OCTAHOBKE IIOTOKOB M IIPU UX
MpoJIeTe IPYr CKBO3b Apyra. 3amoyIHeHHE I1a3MOM OTKPBITHIX CUCTEM C JAONOJIHHUTEIBHBIM HAIPEBOM.
Tera-nuHY: cXaTMe U HArpeB TEPMaJM30BaHHOM IUIa3Mbl BHEIIHMM MarHUTHBIM  II0JIEM,
sHepreTudeckas 3pPEeKTUBHOCTb CUCTEMBI, TOCTUTHYTHIE TAPAMETPHI I11a3MBbl.

Kputepun onennBanus

Onenka «ommyHO (10)» BeIcTaBiusieTcss OOydYalOLIEMycCs, €CIM OH I[OKa3aJl BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPU PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
MPUHATHIX PEIIEHUN;

omleHka «oTmmu4HO (9)» BBICTaBNIAETCS OOydaromieMycsi, €clid OH TI0Ka3all BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpPOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE MPH PEIICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH, HO TPU 3TOM OBUIM JOIYIIEHbl HEOONbIINE HETOYHOCTH, KOTOpblEe ObUIN
CaMOCTOSATEJIEHO OOHAPYKEHbI U HCIIPABIICHBI;

olleHKa «oTIM4YHO (8)» BBICTaBNIAETCS OOydaromieMycsi, €clid OH TI0Ka3all BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MNPUHATHIX PEHICHWH, HO NPU 3TOM ObUIM JOMYIIEHBI HEeOONbIIME HETOYHOCTH, KOTOpBIE IOCIIe
yKa3aHus 3K3aMeHaTopa ObUTH CaMOCTOSTEIbHO UCIIPABIICHBI;

OLIEHKa «X0po1o (7)» BBICTABIAETCS 00y4alOIEeMyCsl, €CJIM OH TBEPAO 3HACT MaTepHall, TPaMOTHO H 110
CYLIECTBY H3JIaraeT €ro, yMmeeT IPUMEHATh IIOJIyY€HHbIE 3HAHHUA Ha IPAKTUKE, HO JOIIyCKaeT
HETOYHOCTH B OTBETE MJIH JIEJIaeT HECYIECTBEHHbBIE OIIMOKHM NP PELICHUH 3a/1a4;

OLICHKA «XOpowIOo (6)» BBICTABIISIETCS 00yYaIOIEMYCsl, €CJIM OH TBEPIO 3HAET MaTepHaj, IPaMOTHO U I10
CYIIECTBY H3JIaraeT ero, yMeeT IpPHUMEHATh IOJY4YCHHbIC 3HAHHWS Ha IPAKTUKE, HO JOIMYCKaeT
HeOOoJIbIINE OIMOKK B OTBETE U (WJIN) TIPH PEIICHUY 3a]1a4;

OLIEHKa «XOpOIO (5)» BHICTABIAETCS 00y4alOIEeMyCsl, €CJIM OH TBEPAO 3HACT MaTepHall, TPaMOTHO H 110
CYLIECTBY H3/1araeT €ro, yMeeT IPHUMEHATh IIOJIYYEHHbIE 3HAHMsS Ha IPAKTUKE, HO OTBEYAET
HEYBEPEHHO U (MJIM) JOITycKaeT OMMOKY IPY PEeLICHUH 3a7ad;

OLICHKA «YIOBJIETBOPHUTENBHO (4)» BBICTABISIETCS OOydaloleMycsi, MOKa3aBIIeMy (pparMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWH, HETOYHble (OPMYIUPOBKH O0a30BBIX TOHSATHH, HApPYyIICHUS
JIOTUYECKON MOCIIEN0BATEILHOCTH B H3JIOKEHUU IPOIPAMMHOTO MaTEPHAIIa, €CJIHA MIPH 3TOM OH BJIAJIEET
OCHOBHBIMU pa3jiellaMu y4eOHOW IporpaMMbl, HEOOXOAMMBIMH JUIS AaJbHEHIIEr0 00y4eHHs U MOXKET
MPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3ly B CTAHJAPTHON CUTYyallny;

OLIGHKA «YIOBJIETBOPHUTENBHO (3)» BBICTABISICTCS OOydarolIeMycs, MOKa3aBIIeMy (pparMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWH, HETOYHble (OPMYIMPOBKH 0a30BBIX TIOHSATHH, HapPYyIICHUS
JIOTUYECKOW TOCIEN0BAaTEIbHOCTH B M3JOKEHUHM IPOrPaMMHOIO Marepuana, HE BIAJICIOLEMY
HEKOTOPBIMH pasieslaMi y4yeOHOH MporpamMMbl, HO YMEIOIIEMY NPHMEHSTh HNONyYeHHbIE 3HAHHS IO
00pa3iy B CTaHIapTHON CHTYyalluy;

OLICHKA «HEYIOBJIECTBOPUTENHHO (2)» BBICTABIAETCS OOyyaromeMycs, KOTOPBIH HE 3HaeT OoJbliei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX MOHSATHI JUCHUIUIMHBI K HE YMEET UCII0JIb30BaTh NOJIYYCHHbIC 3HAHUS IPU
pEILIEHUH TUIIOBBIX IPAKTUYECKUX 3a7a4;



OLICHKA «HEYJOBJIETBOPHUTENbHO (1)» BBICTaBIseTCs 00ydaromeMycs, OKa3aBLIeMy [IOJHOE HE3HAHHE
y4eOHON NPOrpaMMbl JUCLUILIMHEI.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1M) oNbITA AESITEJILHOCTH

[Ipu mpoBegeHNM YCTHOTO 3K3aMeHa CTYICHTY MpeaocTaBiisieTcs 45 MUHYT Ha moAarotoBky. Ompoc
oOydJarorerocsi Mo OWJIETY Ha yCTHOM JK3aMeHe, KaK MPaBWIIO, JUIUTCS OKOJO | acTpOHOMHYECKOTO
yaca, HO He 0oJjiee 2-X 4acoB.

Bo Bpemsi mpoBeneHusi 3K3aMeHa 0O0yyarommecs MOTYT IIOJIb30BaTbCsi MPOrPaMMON TUCLMILIMHEI,
CIIPABOYHOM JIUTEPATYPOM, BEIYUCIUTEIIBHOU TEXHUKOM U CBOUMU KOHCIIEKTAMU.



