MuHHCTEPCTBO HAYKH U BbICIIEro oopazosanusi P@
DenepabHOE TOCYyIAPCTBEHHOE 0K0IKeTHOE 00pa3oBaTe/IbHOE YUPeKACHUe
BbICIIETr0 00pa30BaHUSA
«HaumoHaibHBIM HCCJIE0BATENbCKUN YHUBepcUuTeT «MIU»

Hanpagsienne noaroroBku/cnenuaibHoctsb: 14.03.01 SinepHasi 3HepreTuka u Temiopuznka
HaumenoBanue oOpa3zoBare/ibHOM nporpamMmmbl . TepMosinepHble peaKkTOPbI M IJIA3MeHHbIEe YCTAHOBKHU
YpoBeHb 00pa3oBaHus: BbiclIee 00pa3oBaHue - DaKkajlaBpuaT

®opma o0yuenusi: Ounas

OHCHO‘IHLIC MaTepuajabl
o IMCIOMIIJIMHE
MaraurHoe yYaepxkanue mjiasmMbl

MockBa
2023



OHNEHOYHBIE MATEPHAJIBI PA3PABOTAUJI:

MNopnucaHo 3NeKTPOHHOW Nnognuceio $TEOY BO «HHUY «M3U»

Ceefenua o Bragensue L3N M3aKn H B
Bnageney CaBpyxwH [1.B. "

Pa3pa6OTLH/IK WaeHtuduratop R11b3elec-SavrukhinPV-7f3acf3h CaprXI/IH
COI'JTACOBAHO:

MNognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3U»
PyKOBOI[HTeHB w CseneHva o snagensuye L3N M3K
o0OpazoBaresbHON g Cr— Tenos AB.
IPOrPaMMBI * MOl ¢ Waermaguratop R72c90141-DedovAV-d71cc7ia A.B. Jlenos

MNognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3U»

w CseneHva o snagensuye L3N M3K

3aBeHyIOH-IHH . o E; T % Bnageneyu Jenos A.B.
BLIHyCKaIOH_[eI/I Kaq)e[[pOI/I * Mol ¢ WaenTudmKaTop R72c90f41-DedovAV-d71cc7f4 A.B HCHOB




OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. I1IK-4 CnocoOeH npuHUMaTh Y4acTHE B pacyeTax XapaKTepPUCTHK IPOLIECCOB, IPOTEKAIOLINX B
KOHKPETHBIX TEXHUYECKHUX YCTPOMCTBAX U almaparax 3HEPreTu4eckoro 000pya0BaHusl, IAEPHbIX
Y IJIa3MEHHBIX YCTAaHOBOK
N/1-7 Biiageer HaBbIKaMM pacyeTa [apaMeTpoOB TEPMOSIAEPHBIX PEAKTOPOB C MATHUTHBIM
yJepKaHUEM IUIa3MbI

1 BKIIFOYACT:

JJIA TEKYIEro KOHTPOJIA YCIIEBA€MOCTH:

®Dopma peanuzanuu: buneTs! (MUCEMEHHBINA OMPOC)
1. KonTponbhas pabota 1. PaBHOBecHe U ycTONYMBOCTD IJIa3Mbl B MATHUTHOM T10J1€
(KontponpHas pabota)
2. KonTponbnas pabota 2. [Iponeccs! nepeHoca u MeTo bl HarpeBa mia3mMel (KonTponbHas
pabora)

dopma peanusanuu: BeimonHeHne 3a1aHust
1. PacueTHoe 3aanue. BeimonHenue pacuera sHeprodasanca B TEPMOSAEPHOM peakTope-
tokamake (PacueTHo-rpaduyeckas padbora)

dopma peanusanun: [TuceMeHHas padota
1. JlomamHee 3aganue. PamuanioHHbie MOTepy SHEPTUU U3 1ia3Mel (JlomannHee 3a1anue)

BPC nucuuminHbl

8 cemectp
Beca KOHTPOJIBHBIX MEPONIPUATHI, %o
Nunexc KM-1 | KM-2 | KM-3 | KM-4
Paszpen nucnurnimmHbl
KM:
Cpok KM: 4 8 12 14
[Tpo6nema YTC u moaxoasl K €e pelieHno
[Tpo6nema YTC u moaxoasl K €e pelieHno +
PaBHOBecue Tu1a3Mbl B MArHUTHOM I10J1€
PaBHOBecue 1u1a3Mbl B MArHUTHOM I10J1€ + + + +
Y CTONYMBOCTh PABHOBECHOM IIJIA3Mbl B MATHUTHOM T10JIE
Y CcTONYMBOCTh PABHOBECHOM IIJIA3Mbl B MATHUTHOM T10JIE + + + +




[Tporeccer mepeHoca B miazme

[Iponeccrl epeHoca B miazme + + +

PannannoHHbIe NOTEpU SHEPTUU U3 IIA3MbI

PannannoHHbIe NOTEpU SHEPTUU U3 IIA3MbI + +

MeTtonbl HarpeBa I1a3Mbl

MeTtonbl HarpeBa I1a3Mbl +

DHeprobaaHC B TEPMOSIIEPHOM PEAKTOPE C MATHUTHBIM

yIepKaHUEM

DHeprobaaHC B TEPMOSIIEPHOM PEAKTOPE C MATHUTHBIM +

yIaepKaHUEM

Buapl ycTaHOBOK ¢ MAarHUTHBIM yAEPKAHUEM

Buapl ycTaHOBOK ¢ MAarHUTHBIM yAEPKAHUEM +
Bec KM: 20 20 20 40

$O6m1as acts//1s1 MPOMEKYTOUHON arTecTanund




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETEHIIUH pe3ysbTaTel  00y4eHMsI IO
JUCIUILINHE
[1K-4 N-71ix-4 Bnaneer | 3nath: KonTponbHas padbora 1. PaBHOBecHe U yCTONYMBOCTD IJ1a3Mbl B MArHUTHOM
HaBbIKAMU pacuera | OCHOBHBIE 3aKOHBI (PU3UKH nosie (Kontponwshas pabota)

[1apaMEeTPOB TEPMOSACPHBIX
pPEaKTOPOB € MarHUTHBIM
YAEpKAHUEM I1JIa3MBbl

MarHMTHOI'O yJepKaHus
TEPMOSJICPHOM MJIa3MBl,
HCIIOJIb3YEMBIE JUIsl PEIICHUS
npo6iemsl YTC

METO/IbI TOTY4YEHHUS,
yllep>KaHUS U HarpeBa
IJ1a3Mbl B YCTaHOBKaX C
MarHUTHBIM YyAEp>KaHUEM
J1a3Mbl

YMers:

MIPUHUMATh 0OOCHOBaHHbIE
TEXHUUYECKUE PELIEHUS TIpU
MPOEKTUPOBAHUH U
9KCIUTyaTalH MIa3MEHHBIX
AKCIIEPUMEHTAIIbHBIX
YCTaHOBOK C MarHUTHBIM
yAepKaHUEM I11a3Mbl
BBINOJIHATH PAacyeThl
KOJIMYECTBEHHBIX
XapaKTEPUCTHK IPOLIECCOB,
MIPOTEKAIOIINX B
TEPMOSIZIEPHOM PEAKTOPE C
MarHUTHBIM yAep)KaHUEM

Kontponbnas padota 2. [Ipoieccsl nepeHoca U METObI HarpeBa Iia3Mbl
(KonTponbsHas pabora)

Jomamnee 3ananue. PagranimoHHbIe TOTEPU SHEPTUM U3 TIIa3MBbI
(TomamrHee 3a1aHue)

PacuerHoe 3a1anue. BeimonaHeHne pacueTa sHeprodaganca B TEPMOSICPHOM
peaktope-Tokamake (PacuerHo-rpaduueckas pabora)




IJ1a3Mbl, C IPUMEHEHUEM
CYIIECTBYIOIIHUX METO/IOB
MOJICJIMPOBAHUS




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. KontpoabHas padora 1. PaBHoBecHe M yCTOHYHMBOCTD IJIA3Mbl B MATHUTHOM
mnoJie

®opmbl peau3anum: buiersl (MMCbMEHHBIN OIPOC)

Tun kouTposbHoro Mmeponpusitus: KonrposbsHas padora

Bec koHTpobHOr0 Meponpustusi B BPC: 20

IIpouenypa npoBeaeHnss KOHTPOJAbHOro Meponpustusi: KM npoBoautcs B BUIE MMCbMEHHOIO
OTBETa Ha BOMPOCHI OujeTa

Kpatkoe conep:kanue 3aiaHusi:
OTtBeThTe Ha BOIIPOC OmiieTa

KoHTpoJibHbIE BOIPOCHI/3a/1aHUA:

3HaTh: OCHOBHBIE 3aKOHBI (PU3UKU 1.IIpeumymectBa YTC nepen saepHbIMU pEaKTOPAMHU.
MarHuTHOTO yaepKaHus Bbapreps! 6e3onacnoctu UTOP

TEPMOSACPHOI IJ1a3MBl, 2.Kakue peakuuu CHHTE3a MOT'YT OBITh UCIIOJIb30BaHbI HA
UCIOJB3YEMBIE  JUISl  PELIEHUs nepBoM atarne coopyxxeHus peakropa Y TC. CrocoOsl
npobsemsr YTC CHIDKeHUs noporoB TS peakuuii

3.PaccunTtarh AaBJiEHUE IJIa3Mbl, TapaMeTPbl KOTOPOM
MHHHMAJIBHO JOCTATOYHEI JJIs 3akuranus D-T
TEPMOSJIEPHON PEaKIIMU B CUCTEMAX C MATHUTHBIM
yAEpKaHUEM

4 IlpeumyiecTBa u HegocTaTku peakuu D-D u D-He3
o cpaBHeHuto ¢ D-T. Kakue emte TS peakuun
paccMaTpuBarOTCsl B COBPEMEHHBIX IKCIIEPUMEHTAX ?

OnucaHue MKaJbI OlleHUBAHUS:

Oyenka: 5
Huorcnuii nopoe svinonnenus 3aoanus 6 npoyenmax. 90
Onucanue xapakmepucmuxu evlnoinenus 3Hanus: OleHKa "0TINYHO" BBICTaBISIETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJTHOM 00BEME HIIM BBIITOJTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 15
Onucanue xapaxmepucmuxu evinoaneHus shanus: OueHKa "XopoIo" BBICTABIIAETCS €CIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpPaBJICHUE JUIsl pEIIeHUs 3a/1a4

Oyenxa: 3
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu evinoineHus sHanus: OneHKa "yI0BIEeTBOPUTENILHO" BEICTABIISAETCS
€CITM 3aJ]aHue MPEUMYIIECTBEHHO BBITIOTHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenusi snanus: OTNeHKa "HeyTOBICTBOPUTEIILHO" BEICTABIIICTCS
€CJIM 3aJIaHUE BBIITOJIHEHO HEBEPHO UJTU MPEUMYIIECTBEHHO HE BBHIMOJTHEHO

KM-2. KoutpoabHas padora 2. [Iponecchl nepeHoca 1 MeTobl HarpeBa ImiasMbl

®opmbl peanuzanuu: buners! (M1cbMeHHBIH onpoc)




Tun KoHTpPoAbHOTr0 MeponpusitTus: KonrponsHas padora

Bec konTpoabHoro meponpusitusi B BPC: 20

IIpouenypa nmpoBeaeHuss KOHTPOJIbHOTO MeponpusaTusi: KM npoBoguTcst B BUIE MHUCHMEHHOTO
OTBETa Ha BOIIPOCHI OMIIeTa

KpaTlcoe coacpskaHMe 3aJaHUs:
OTBeThTE Ha BOIIPOC ouera

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

3HaTh: METO/IbI MIOJIy4EeHUS, 1.Moxno nu caenats TS peakrop, garommii

yaep)KaHHUsT U HarpeBa IUIa3Mbl B MOJIOKUTEIbHBINA BBIXO/1 YHEPTUH, HA OCHOBE YCKOPHUTEs
yYCTaHOBKax c MarHUTHBIM HMOHOB, HAaIIPAaBJICHHBIX HA TBEPAYIO MUILIEHH?
yAep>KaHUEM I1a3Mbl 2.MoxHo nu caenarb TS peakTop, Ha OCHOBE

CTOJIKHOBEHUSI JIBYX BCTPEUYHBIX MTYYKOB HOHOB?
3.Mcnonw3ys kpurepuii Kpyckana — [lladpanona,
OIICHUTH MPEJICTHHO JIOMYyCTUMBINM TOK B TOKaAMaKe ¢
OOJIBIIUM PAIUYCOM 5 M, MAJIBIM PAJANYCOM 2 M,
BBITSIHYTOCTBIO ceueHust k=1.6 1 ToponiaTbHBIM
MarHuTHbIM nosieM 12 Tn

4.Crioco0bl oIIepKaHMsI TOKA TIa3MbI B TOKaMaKe.
Cpasrenue 3(p(peKTHBHOCTH HEUTPATIBHBIX My4YKoB, BU n
CBU BonH ans nojepKaHus TOKA B IIa3Me.
[IpenmyiiecTBa 1 HEIOCTATKU

5.CpaBHEHHE TOKAMaKOB C HU3KUM U BBICOKUM
aCIEeKTHOM OTHoIIeHusX. [IpenmyiecTBa u HETOCTATKHU.
3aBHCUMOCTH OyTCTpEN-TOKa B TOKaMaKe OT aCIIEKTHOTO
OTHOIIICHUS

OnucaHue MKaJbI OlleHUBAHUS:

Oyenka: 5
Huorcnuii nopoe svinonnenus 3aoanus 6 npoyenmax. 90
Onucanue xapakmepucmuru evinonenus 3Hanus: O1eHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BHEME HJIM BBITIOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 15
Onucanue xapaxmepucmuxu ebinonneHus snanus: OueHkKa "Xopoo" BICTABISIETCS €CIH
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHUE JUIsl pEIIeHUs 3a/1a4

Oyenka: 3
Huodicnuii nopoe sevinonnenus 3adanus 6 npoyermax: 60
Onucanue xapakmepucmuxu ebinoaneHus snanus: OueHka "yJIoBIETBOPUTENBHO" BBICTABIISETCS
€CIIH 3a/IaHue MMPEUMYILIECTBEHHO BHITIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoaneHus sHanus: OTNeHKa "HeyIOBISTBOPUTENILHO" BEICTABIISCTCS
€CJIM 33JIaHUE BBITOJIHEHO HEBEPHO HJIU MPEUMYIIECTBEHHO HE BBITOJTHEHO

KM-3. lomamuee 3axanue. PagnanmoHHble NOTEPU IHEPrUM U3 MJIA3MbI

®opmbl peanausanunu: [lucomMennas padora
Tun koHTpoILHOTrO MeponpuaTHs: J{omaiiHee 3aganue
Bec koHTpOBbHOrO Meponpusitusi B BPC: 20




IIpouenypa mpoBeeHHsI KOHTPOJbLHOro Meponpusatusi: CTyACHTHl MOJYYalOT U BBINOJHSIOT
WHAUBUAYaJIbHbIE TOMAIIHUE 3aJaHus

KpaTlcoe CodcpiKaHUuE 3alaHUA:
BrimonauTte IMOJIY4CHHOC 3a/IlaHUE

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

VYMeTb:  BBINOJHATH  PacyeThl 1.PaccunTarh BETMYMHY MOILIHOCTA TOPMO3HOTO
KOJIMYECTBEHHBIX  XapaKTEPUCTUK W3IIy4€HUS U3 TOPOUJATBHOM IIa3Mbl:
IIPOLIECCOB,  IPOTEKAKIIUX B Bonboit paguyc Topa R0=6.2m

TEPMOSIEPHOM peakTope Cc Maublii paguyc mia3mbl a=2m

MarHuTHBIM YACp>KaHUEM I1JIa3MBbl, Bertsayrocts k=1.7

C TPUMEHEHHUEM CYLIECTBYIOUIUX [TnotHOCTB AneKTpOoHOB ne= 0.87 10 20 m-3
METOA0B MOJEIUPOBAHUS Temneparypa 3ekTpoHoB Te = 4 k3B,

DddexTuBHbIM 3apsaa miasmel Zeff = 1.7

B pacuérax npennosaraercs OAHOPOIHOE
pacmpesenenre napaMeTpoB IJIa3Mbl 110 BCEMY 00beMY
Topa

2.PaccuuTaTh BETMYMHY MOIIHOCTA TOPMO3HOTO
U3JIy4EHUs U3 TOPOUIATIbHOMN TUIa3MBbl:

Bonwmioit paguyc Topa R0=8.1m

Manslii paguyc miaa3msl a=2.8M

Boitsanyrocts k=1.6

[TnotHOCTB 30eKTpOoHOB Ne= 1.0 10 20 m-3
Temnepatypa snextponoB Te = 10 k3B,
DddexTuBnslii 3apsan miazmel Zeff = 1.7

B pacuérax npennosaraercs OZHOPOIHOE
pacmpesenenre napaMeTpoB IJ1a3Mbl 110 BCeMY 00beMY
TOpa

Onucanue MKaJbI OLleHUBAHUS:

Oyenka: 5
Huorcnuii nopoe svinonnenus 3aoanus 6 npoyenmax. 90
Onucanue xapakmepucmuxu evlnoanenus 3Hanus: O1eHKa "0TINYHO" BBICTaBISETCS €CIIH 3aJaHue
BBITIOJIHEHO B MOJHOM 00BhEME HJIM BBITTOTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 15
Onucanue xapaxmepucmuxu ebinonneHus snanus: OueHka "Xopoo" BEICTaBISETCS €CIH
OOJIBIIIMHCTBO BOIPOCOB PACKPBITO. BBIOPAHO BEPHOE HANPABJICHUE JJIS pEIIeHUs 3a/1a4

Oyenka: 3
Huodicnuii nopoe sévinonnenus 3aoanus 6 npoyermax: 60
Onucanue xapakmepucmuku evinonnenus snanus: OneHka "ya0BIeTBOPUTEIHLHO" BBICTABIISCTCS
€CITH 3aJIaHUE MMPEUMYILIECTBEHHO BBITIOJHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoineHus sHanus: OTNeHKa "HeyI0BIETBOPUTENLHO" BEICTABIISCTCS
€CJIM 33JITaHUE BBITOJIHEHO HEBEPHO HJIU MIPEUMYIIECTBEHHO HE BBIITOJTHECHO

KM-4. PacueTHoe 3a1aHue. BolnojsiHeHne pacyeTa 3Heprodajianca B TepMOsIIEPHOM
peaKTope-ToOKaMake

®opmbl peaausannu: BeinogHeHue 3a1anus




Tun KOHTPOIbHOTO MeponpusiTusi: PacuetHo-rpaduueckas pabora

Bec konTpoabHoro meponpusitusi B BPC: 40

IIpouenypa mpoBeaeHHsi KOHTPOJIbHOro Meponpusitusi: CTyIeHTHl TOMY4YalOT M BBITIOIHSIOT
pacuéTHO-rpaduvecKue 3aaaHus

Kpatkoe conep:xanue 3aganus:
PaccuntaTh mapamerpsbl Ii1a3Mbl (TUIa3MEHHAS YaCTOTA, 1e0ACBCKUIN paauyc, JIEKTPOHHAS U
MOHHAs IIUKJIOTPOHHBIE YaCTOThI) M SHEPTETUYECKOE BPEMSI KHU3ZHH 111 OMUUYECKOTO HarpeBa
11a3Mbl (HEOATKATOPHBIM CKEMITMHT) U B PEXKUME C JOMOJIHUTEIbHBIM HAarpeBoM (CKeWauHr L-
moabl ITER-98 1P98-L) e H-moxs1 (ckeitmunr ITER-98 IPB(y,2)) mist Tokamakos.
O06s13aTeJIbHO IS BCeX: OJIMH TOKaMak 1o BeIOOpY + ouH pexkum MTOP 1o Beibopy

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

YMeTh: mpuHUMaTh 00OCHOBAaHHBIC 1.Tokamak KSTAR
TEXHUYECKHUE peueHus npu 2. Tokamaxk Tore-Supra
MPOEKTUPOBAHUN W DKCILTyaTalluu 3.Tokamak T-11M
TUIA3MEHHBIX JKCIEPUMEHTAIbHBIX 4. Tokamak JET
YCTaHOBOK Cc MarHUTHBIM 5. Toxamak T-15MJ]
yAepKaHUEM I1JIa3Mbl

OnucaHue MKAJbI OLleHUBAHUS

Oyenka: 5
Huoicnuii nopoe svinonnenus 3adanus 6 npoyenmax: 90
Onucanue xapakmepucmuku blnonenus 3nanus; OueHka "oTIMYHO" BBICTABIISETCS €CIIU 3aJJaHue
BBITIOJIHEHO B MOJIHOM 00BEME HJIM BBIITOJTHEHO MPEUMYIIIECTBEHHO BEPHO

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. (5
Onucanue xapaxmepucmuxu evinoaneHus snanus: OueHkKa "XopoIo" BbICTABIIAETCS ECIIN
OO0JIBIIMHCTBO BOIIPOCOB PACKPHITO. BBIOPAHO BEPHOE HANpaBJICHUE JUIsl pEIIeHUs 3a/1a4

Oyenka: 3
Huoicnuti nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuxu 6vinoaneHus snanus: OueHKa "y10BIETBOPUTEIBHO" BBICTABIIAETCS
€CJIM 3aJJaHue MPEUMYILIECTBEHHO BHIIIOJIHEHO

Oyenka: 2
Onucanue xapaxmepucmuxu evinoanenus shanus: OTNeHKa "HeyTOBICTBOPUTEIILHO" BEICTABIISICTCS
€CJIM 3aJIaHUE BBITIOJIHEHO HEBEPHO WUJTU MPEUMYIIECTBEHHO HE BBHIMOJIHEHO

10




COJIEP)KAHUE OLIEHOYHBIX CPEJICTB IPOMEXYTOYHOM ATTECTAIIUA

8 cemecTp
@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

1. Peakuyu TepMoAnepHOro CHHTe3a, npeacTaenatomue untepec ana Y 1C. Kpurepuit Jloycona.
Peax1im ¢ MOHIDKEHHBIM BBIXOJOM HENTPOHOE.

2.Crioco0s! co3naHud BpamaTenbHOr 0 MPeodpasoBaHia: TOKaMakH, CTe/UIapaTopsl.
Koadduument sanaca ycToiMMBOCTH B TOKaMaKe.

3 BrrumcanTs 1apMOpOoBCKHii panmyc noHa aefitepus mpu T=0.1 k3B u B=5 Ta.

IIpouenypa npoBeaenust

DK3aMeH IIPpOBOAUTCA B YCTHOﬁ (I)opMe o OMJIeTaM COIJIacCHO IIporpaMme 3K3aMCHa

L. Ilepeuenv Komnemenyuit/uHOUKAMOpPO8 u KOHMPOAbHBIX 60NPOCOB NPOGEPKU PE3YTbIANO8

0C60€HUA Oucuunﬂunbt

1. Komnerenunss/Muankarop: 1UJ1-7mx-4 Baaneer HaBpikamu pacuera napaMeTpoB TEPMOSIEPHBIX

PCAKTOPOB C MArHUTHBIM YACPKAHUEM I1JIa3MbI

Bomnpocel, 3axanus

1. Peakumu TepMOANIepHOro CHHTe3a, peacTasnaomue uHTepec ana Y 1C. Kpurepnit Jloycona.

Peakumy ¢ MOHIDKEHHBIM EBIXOIOM HEIITPOHOB

Z.CHOCOSLX CO3naHNd BpamaTtebHOr o npeoGpa:oBamu: TOKaMaxkH, CTeJuIaparopel.
KoapdpuinenT sanaca ycToiMMBOCTH B TOKaMaKe

1 3 BeIMUCINTS 1apMOPOBCKHI panuyc noHa aefitepus npu T=0.1 kB u B=5 Tu.

1. 3aMKHYyThIe MarHUTHbIE TOBYMKH. ToponaansHelit apefid, MoTepH 4acTHL] B TOPOMIATHOM
Mar HUTHOM rosie. BpamarensHoe npeobpasoeanue

2. Mroxexunsa HeliTpanbHBIX 4acTULL B 1AMy TOKaMaKa.

3. Paccumnrats BEIMYHMHY MO HOCTH BY Bons Ha wacToTax Huxﬂ-lerm’)punuoro Ppe30HaHCca,

Heobx it 1A moamepK HEeMHIYKLMOHHOTr 0 ToKa les = 1 MA B Tokamake ¢ Gombmum
pammycom Ro=3,0m 1 notHocTsio mnasmst ne= 0,4 102° m-3 (3p pexmEHOCTS renepaumm Toka

2. 7=03 100 A w2BrY).
1. Pamuyc Jlebas, Jlenrmroporcrue konebanma, JlapMopos ckmit pagmyc.

2. Ipusigan min B — nokansseiit i “B cpeareM” I8 OTKPBITBIX I 3aMKHY TIX Mar HHTHBIX
NOEYI K.

3 3. Haittit ninasmensyso qacToTy npu ne = 10203

1. Opranmsaiua nnasmesHoro paspana B Tokamake. UHnykTnBHOe nognep:xanye Toka. Venosmna

HMHHIMIPOBAHMA Paspana B TOKamake

2. llnknoTpoHHOE My deHHe 13 [Ia3Mbl

3. Bermcants BenmuuMHY KoaddminieHTa 3amaca ycTOMMMBOCTM B TOKamake ¢ Oonsmim
pammycom 1.5 m, mamems pammycom 0.3 m, BerTaHyTOCTEIO cewenma k=16, TpeyromsHocTEIO

4 5=0.1, Toxom rurasmer Ip=0.7TMA n ToponnamsHemM Mar HUTHEIM rromem 4 T

1.Toxamaxy u cTe/naparopsl. TopomnansHelil npeiip. epamartensHoe npeobpasoeasue, zarac

YCTOMTIEOCTI, MarHHTHEIE M Ipeiid OBEIE [TOBEPXHOCTH.
2. Harpee nnasmsr CBY somsamm.

3 Bermcants napMopoBcKHii pamiyc snextporanpu T= 1xk3B u B= 1Tn.

5.

MarepuaJsl 1JIs1 NIPOBEPKHU OCTATOYHBIX 3HAHUN

1.Peakius TepMOSIICPHOTO CHHTE3a, MPECTaBIISIOMIAS

MEXyHapOJIHOM ToKaMmake-peakrope UTOP
OTBeThI:

1. MpoTtoH+60p P-B11
2. [dentepun+tputnin D-T

nHTepec aia peanuzanuu Y TC B
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'Keneso+Hukenb Fe-Ni
Oentepuii+aeritepnin D-D

Bepwnsriii otBet: Jleireputi+rputuii D-T
2.Kpurepuii JloycoHa, xapakTepu3yroIui JOCTUKEHUE CaMOIIOIep KUBatOIIecs
TEPMOSJEPHOHN pPEaKLIUK, PaCCMaTPUBAET JOCTUKEHHE ITapamMmeTpa

OTBeTHI:

KoHueHTpaunm nnasmbl

Temnepatypbl Naasmbl

MpounsseaeHMA KOHLEHTPAUMKN NAA3Mbl HA BpeMA yAEPHKAHNA SHEPTUKN B Naasme
BpemeHu yaepKaHuA aHeprum B nnasme

Bepnsiii otBeT: [IponsBeneHns KOHIIEHTPAIIMU TIJ1a3Mbl Ha BpeMsl yIepKaHuUsl YSHEPTUU B
IUIa3Me
3.Y nepxaHue mia3mMel B IEPCIEKTUBHOM TEPMOSIIEPHOM PEAKTOPE ISl MOJTYyUEHUS
TEPMOSIICPHON YHEPTUU OCYIIECTBISAETCA
OTBeTHI:

[paBUTALMOHHbLIM MOJIEM
DNeKTpruyeckmMm noaem
MarHuTHbIM Nnonem
MeTannaunyeckor Kamepoi

Bepnsiit orBeT: MarHUTHBIM TOJIEM
4.ITponeToTpoH SBIETCS MIa3MEHHON JOBYIIKON C
OTtBeTsI:

JInHelHO KOHPUIypauuen MarHUTHOro NonsA
TopouaanbHoOM KOHGUrypaL et MarHUTHOrO NosA
MynbTUNOAbHOM KOHUTYypaLMeh MarHUTHOIO NoA
INEKTPUYECKUM yaepKaHNEM

Bepuslit otet: JInHeitHON KOH(UTYpallueil MarHUTHOTO MOJIS
5.0TKpBITass MarHUTHAS JOBYIIIKA JIJIS1 yAEpKaHUS IUIa3Mbl 3TO
OtBeTsI:

MpobKoTpoH
PenbcoTpoH
beTtatpoH
OmeratpoH

Bepnpiii otet: [IpoOkoTpoH
6.3aMKHYyTbIe MarHUTHBIE JIOBYLIKH JUISl YI€p>KaHUS M1a3Mbl
OtBerTsI:

Tokamakum

TopouaanbHble MMHYM, TOKAMAKKU U CTeNNapaTopsbl
Crennapatopsl

TopouaanbHbie MTUHYK

Bepnsiit otBeT: ToponaanbHble TUHYH, TOKAMAKH U CTEJLIAPATOPBI
7.ToxamMak UMeeT CUCTEMBI IS CO3JaHUsI MAaTHUTHOTO T10JIS
OTBeThI:
12
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ToponaanbHOro 1 NOAOMAANLHOTO
MononganbHoro

ToponaganbHOro

NnHenHoro

Bepnsiit orBeT: ToponaaibHOTO U MOJOUAATBHOTO
8.MI'Jl HeyCTOMYMBOCTH IJIa3Mbl BEI3BaHbI
OTBETHI:

MarHuTHbIM nonem

DNeKTpruyeckmMm noaem

paBUTaAUMOHHBIM NONEM

B3anmogencTsmem naasmbl C annapatypoi ynpasaeHus

Bepnpiit orBeT: MarHUTHBIM MOJIEM
9. lpetichoBast HEYCTOMYMBOCTH TIA3MBI B TOKAMAKE BBI3BIBACT JIBFIKCHUS TIIa3MBbI
OTtBeTsI:

Monepek TOponAanbHOro MarHUTHOTO NoAA

BAo0/1b TOPONAANbHOFO MarHUTHOMO MOAA

MonepeKk cymmapHOro TopouAasbHOro U NoaonAanbHOrO MarHUTHOMO Nos
B HanpaBieHNKN rpaBUTaLMOHHOrO Nona

Bepnsiii otBet: Ilonepek cyMMapHOTro TOpOMJAIBHOTO U MOJOUAAIIBHOIO MarHUTHOTO
10JIA

10.ITorepu nna3mel U3 pa3psijia B TOKAMaKe BbI3BAHbI
OtBeTsl:

OpelipoBoi HEYCTONYMBOCTBIO

[paBUTALMOHHON HEYCTONYMBOCTbIO

MT [l HeycToMuYMBOCTAMM

Ml [, KnHeTu4ecKuMn u apeiidoBbIMMU HEYCTOMUYMBOCTAMM

Bepubriit otBet: MI'Jl, KNHETHUECKUMHU U APEHPOBBIMU HEYCTOHUYHUBOCTAMU
11.PaBHOBECHE TOPOUIAIBHOTO TJIA3MEHHOTO pa3psifia B TOKAMakKe JOCTUTAeTCs
OtBeTsI:

CnnbHbIM TOPOUAANbHBIM MAarHUTHbIM NOAEM
CunbHBbIM TOKOM B Ns1a3me

BepTUKanbHbIM MAarHUTHbIM MOJEM
BbICOKOYACTOTHbIMM BOJIHAMM

Bepusiit orBeT: CUIIBHBIM TOPOUAAIBHBIM MarHUTHBIM MOJIEM
12.MUKpOHEYCTONYMBOCTH TJIa3Mbl BbI3BAHBI
OTBeThI:

Opeidamu nnasmbl B 3NEKTPUUECKUX M MAarHUTHbIX NOAAX
Opeidamu nnasmbl B 31EKTPUUECKUX NONAX

Opeidamu nnasmbl B MarHUTHbIX NOJIAX

Opeidamu nnasmbl B rpaBUTaLMOHHbBIX NONAX

Bepwnsriit oteT: Jlperipamu mra3Mbl B 2JIEKTPUUECKUX U MAarHUTHBIX TTOJISIX
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13.HeycToiunBOCTH CphIBa B TOKAMAKE BBI3BAHBI
OtBeTsI:

Ml HeycToMuYMBOCTAMM
ApendoBbIMM HEYCTOMYMBOCTAMM
MEXaHNYECKMMM HEYCTOMUYMBOCTAMM
rPaBUTaLMOHHbIMM HEYCTOMYNBOCTAMM

Bepnwsiit orBer: MI'J] HeycTOYMBOCTIMU
14.HarpeB mia3Mbl B TOKaMaKe MOXET OCYILECTBISATHCS
OTtBeTsI:

ToKom Yyepes nnasmy

ToKOM Yepes nna3my, BbICOKOYACTOTHbIMM BOSIHAMM, HEUTPAIbHBIMM MyUYKaMU
BbICOKOYACTOTHLIMW BOJIHAMM

TpeHMem Nnasmbl O CTEHKY Kamepbl

Bepupiii otBeT: Tokom uepes miia3my, BBICOKOYaCTOTHBIMU BOJTHAMU, HEUTPATbHBIMH
My4KaMu

15.ITpumecHbIe HOHBI KUCTIOPO/Ia U YIIIEpoa B MIIA3MEHHOM pa3psiie TOKaMaKka MOTYT
OTBETHI:

YAy4luaTh XapaKTEPUCTUKM pa3paaa
YXyALaTb XapaKTePUCTMKM pa3psaga

He BAMAIOT Ha XapaKTepPUCTUKMN pa3pasa
BbI3bIBalOT TEPMOAAEPHYIO PEaKLMIO

BepHblii 0TBeT: YXyamaTh XapakTepUCTHKH pa3psaa
16.McTounrKkaMu IpuMeceit B TEPMOSIICPHBIX TUIA3MEHHBIX YCTAHOBKAX SIBIISIFOTCS
OTBETHI:

MoBepXHOCTb pa3pAgHOM Kamepbl

BaKyyMHble Hacocbl

Pabounii ras

MNMoBepxHOCTb pa3psagHOI Kamepbl U pabounii ras

Bepusliit otBet: [ToBepXHOCTD pa3psaHON kamepsl U pabouuii ra3
17.Crioco6b! MOArOTOBKU CTEHOK IJIA3MEHHBIX YCTaHOBOK
OtBeTsI:

06nyuyeHne ynbTpadMONETOBLIM U3YYEHME Kamepbl

MprYMeHeHMe 3aLNUTHBIX NOKPbLITUIA

OuunCTKa NOBEPXHOCTM Kamepbl TAEOLMM Pa3paaoM, MPUMEHEHME 3aLLMTHbIX NOKPbITUI
OuuMCTKa aLLeTOHOM, MPUMEHEHME 3aLLUTHbIX MOKPbITUIA

Bepusiit otBeT: OuncTKa MOBEPXHOCTU KaMEPhI TIICIOIIUM Pa3psiioM, TPUMEHEHUE
3alIUTHBIX TOKPBITUH

18.luBepTOp B TOKaMake mpeIHa3HAYeH s
OTBeTHI:

HabntogeHua 3a naasmomn
YaaneHua npumecen U3 naasmbl, BbICOKOYACTOTHOrO Harpesa naasmbl
YnpasneHua nnasmom
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4. YpaneHua npumecen U 3HepPrMm ns nNaasmbl, yaydleHUA XapaKTePUCTMK paspaaa

BepHblii oTBET: Y najleHus IPUMECEU U SHEPTUM U3 IJIa3MBbl, YIIy4LIEHUS XapaKTEPUCTUK

paspsaa
19.TepmosiiepHbIil HICTOYHUK HEUTPOHOB HA OCHOBE TOKaMaKa BhIPa0aThIBACT HEHTPOHBI €
SHeprueu
OTBeTHI:
1. 17,6 MaB
2. 14,1ksB
3. 2,513B
4. 14,1 MaB
Bepnsiii otBet: 14,1 MaB
20.B UTDP u3 cBepXIMpOBOJHNKA U3TOTOBJICHBI
OTBeTHI:
1. TopoupganbHaa v nononaanbHasA MarHUTHaA cMCTEMA
2. MoTopbl BaKYYMHOM CUCTEMbI
3. TopoupganbHaa MarHUTHaA cucTema
4. TpoBOAHMKMK CUCTEMbI YNIPaBAEHMUA

Bepnsiii orBeT: TopoumanbHas v Mojou1aIbHAs MarHUTHAsL CHCTEMa
II. Onucanue wkanvl oueHueanus

Oyenka: 5
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax: 90
Onucanue xapakxmepucmuxu 8vlnoiHeHus sHanus: PaboTa BbIIIONIHEHA B paMKaX "MPOJBHUHYTOTO'
ypoBHsi. OTBETHI JJaHbI BEPHO, YETKO CHOPMYITUPOBAHHBIE OCOOCHHOCTH MTPAKTUYECKUX PEIICHUMA

Oyenka: 4
Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax. 15
Onucanue xapakmepucmuku 6blnoneHus 3uanus: PaboTa BeIIoIHEHa B paMKax "06a30Boro"
ypOoBHsI. BOJIIBIIMHCTBO OTBETOB JTaHBI BEPHO. B yacTh Marepuana ecTb HE3HAUNUTEILHBIC
HE/I0CTaTKU

Oyenka: 3
Huodienuii nopoe sévinonnenus 3adanus 6 npoyermax: 60
OnucaHnue xapaxmepucmuxu evlnoinenus 3Hanus: PaboTa BeIMOIHEHA B paMKax "moporosoro”
ypoBHs. OCHOBHasl YacTb 3aJJaHHs BHINOJIHEHA BEPHO. HAa BONIPOCHI YTIIYOJIEHHOTIO YPOBHS

Oyenka: 2
Onucanue xapaxmepucmuxu vinoHeHus 3nanus: Pabora He BBIMIOJIHEHA WX BHITIOTHEHA
MIPEUMYIIICCTBEHHO HETPABUIHLHO

1I1. Ilpaguna évicmaenenusn umo20680i OYeHKU no Kypcy

Onenka ompenensieTcsi B COOTBETCTBUU ¢ [lomokeHneM O OalTbHO-PEUTHHTOBOW CHUCTEME ISt
crynentoB HUY «M3OW» Ha oCHOBaHUU CEMECTPOBOM U SK3aMEHALIMOHHON COCTaBIISIOIINX
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