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AHHOTaNUA

K padoueil mporpamMmme AucuuIIMHbI «MHKeHepHO-pu3ndeckue npodaemsr Y TC»
Hanpasnenue: 03.04.02 ®usuka
Hanpasaennocts (mpopuinb): O6mas u pyHaaMeHTajlbHas Gpusnka

[Iporpamma nuctumanasl «MHxeHepHo-pusnueckue npodiaemsl YTCy» cocraBieHa B COOT-
BercTBUM ¢ TpeboBaHnusMu CYOC K ypoBHIO MarucrpaTypbl 1O HAMpPaBICHUIO TMOATOTOBKH
03.04.02 ®u3nka, HanpaBJeHHOCTh «O0mas u pyHraMeHTadIbHasE GU3NKaA», a TAKXKE 3a/1a4a-
MU, cTosiiuMu tiepen HoBocuOMpCKUM rocynapcTBEHHBIM YHUBEPCUTETOM To peanuzanuu I[1po-
rpammbl pa3Butus HI'Y. uciumuimza peanusyetcst Ha ¢usndeckoMm (akynbrere denepanbHOro
roCy/IapCTBEHHOI'O0 aBTOHOMHOTO 00pa3oBaTeNbHOTO YUPEKJIEHHUS BBICIIETO Mpo(heccHoHaTbHOTO
obpa3zoBanusi HoBocnOMpCKuii HAIMOHAIBHBIN MCCIIE0BATEIBCKUNA TOCYIapCTBEHHBIN YHHUBEPCH-
tet (HI'Y) xadenpoii dusuku mia3mel, B Ka4eCTBE TUCIUILIMHBI 110 BRIOOPY. JluciumnianHa u3yda-
eTcs CTYACHTaMH IIEPBOT0 Kypca MarucTparypsl (u3nYeckoro ¢paxKyabTeTa B BECEHHEM CEMECTpe.

[lenp Kypca — 03HAKOMUTH CTYACHTOB C COCTOSIHUEM HCCIEAOBAaHUN HAa COBPEMEHHBIX TEp-
MOSIIEPHBIX YCTAHOBKAX pa3HbIX KJIACCOB.

JucuuninHa HareneHa Ha (OpMHUpPOBaHUE Yy BBIMYCKHHKA NPO(ECCHOHATBHBIX KOMIIETEH-
1107078

IIK-1 — cnoco0HOCTH CaMOCTOSAATEILHO CTABUTh KOHKPETHbIE 3a1a4i HAYYHBIX HMCCJIe-
A0BaHUII B 00J1acTH (PM3MKHN M PellIaTh UX ¢ MOMOIIbLI0 COBPEMEHHOM annaparypbl 4 HH(pOp-
MAIMOHHBIX TEXHOJOTHI ¢ UCMOJb30BAHUEM HOBEHILIEr0 POCCHIICKOT0 M 3apy0eKHOI0 OIbI-
Ta.

IIK-2 - cnocoOHOCTHL CBOOOAHO BJIajeTh pa3aenaMu (pU3MKH, HEOOXOAMMBIMHU JIA pe-
IIEHUsS] HAYYHO-UHHOBAIMOHHBIX 3324, 1 IPUMEHSATH Pe3y/JbTAaThl HAYYHbIX HCCIET0BAHUI
B HHHOBALIMOHHOM 1eATEeJIbHOCTH.

B pesynbrare ocBOGHUS TUCIUILTHHBI 00YYaIONIHIACS JOIKEH:

e 3HaTh: METOJBI U CIIOCOOBI ITOCTAHOBKU U PELICHUs 33a7a4u (PU3NYECKUX UCCIEI0BaHM B 007a-
CTHU (PU3MKH TIIA3MBbl, BO3MOKHOCTH, METOJIbI U CUCTEMbI KOMITBIOTEPHBIX TEXHOJIOTHH 111 H-
3MYECKHX TEOPETUUECKUX U IKCIIEPUMEHTAIBHBIX HCCIICIOBAHUI.

e YMeTb: yMETh IPUMEHATH U3YUYEHHBIC MOJICIIN U METOBI /Il HAXO0XKJICHHSI PEIICHUS] TPOCTHIX
3a/1a4 1o (U3MKE MIa3MBbl.

e Buaaern: HaBBIKAMH CaMOCTOSATEIBLHON PabOTHI C yueOHOM TUTEpaTypoi 1Mo (pu3nKe mia3Mbl U
VIIPaBISIEMOMY TEPMOSIZICPHOMY CHHTE3Yy; OCHOBHOW TEPMHHOJIOTUEH M TOHSATHITHBIM arnapa-
TOM (DM3MKH TUIa3Mbl; METOJAMH OTIPE/ICTICHUSI CBOMCTB IJIa3Mbl IO 33JaHHBIM OCHOBHBIM I1a-
pamerpam.

Kypc paccuuran Ha onun cemectp. IIpenonaBanue NMUCHUIUIMHBI MIPEIyCMaTPUBAET CIENy-
rorue (OpMBI OpraHu3aIy y4eOHOTO Tpoliecca: JeKIUH, IPAKTHUECKUE 3aHTH, KOHCYIIbTAIUH,
camocCTosITeNbHasl padoTa CTy/IeHTa, SK3aMeH.

[IporpaMMo¥ AUCHUIIIIMHBI IPELYCMOTPEHBI CIEAYIOLIUE BUIbI KOHTPOJIS:

TexkyImit KOHTPOJIb: KOHTPOJIb MTOCEIICHUS JICKITUH, TOATOTOBKA pedepara.

[IpomexxyTouHas aTTecTaius: SK3aMeH.

OO6mmast Tpy10eMKOCTh pabodeil mporpaMmbl TUCHUIUIHHBL cocTaBisgeT 108 akagemuueckux
yaca / 3 3a4eTHBIX €AMHULIBI.



1. IlepeyeHb MIAHUPYEMBbIX Pe3yJbTATOB 00y4YeHHUS MO JUCHUILIMHE, COOTHECEHHBIX C IJIa-
HHPYEeMbIMH Pe3yJIbTATAMH OCBOeHHS 00pa30BaTeJbHON MPOrPpaMMBbl.

[enssMu OCBOEHUS AUCHUILIINHBI SBIISIIOTCSA:
- 3HAKOMCTBO C COBPEMEHHBIMU MOTPEOHOCTSAMH YEIOBEUYECTBA B SHEPIETUYECKUX Pecypcax, Crocodax
W3BJICYCHUS SHEPTUH, IPEUMYILIECTBAMHU, HEIOCTATKaMH U PECYpPCaMH CYILIECTBYIOIINX CIIOCOOOB U3-
BJICYECHUS DHEPTUH, IKOJIOTUYECKON U COLIMAIBHON HAarpy3KOM SHEPreTUKY,
- U3y4YeHHE (PUINYECKUX OCHOB TEPMOSIEPHONW DHEPreTUKH, OCHOBHBIX pEaKUUN TEePMOSIEPHOIO
LIMKJIA B IPUPOJIE U B TEPMOSJIEPHON DHEPIETUKE, CTPYKTYPE TEPMOSIAEPHOIO PEAKTOpa, KPUTEPUU
JloycoHna, 5JKOHOMHYECKUX U 9KOJIOTHYECKHUX MTEPCIEKTUB TEPMOSIEPHON SHEPTETUKH;
- W3y4YEHHE OCHOBHBIX IOJXOJOB K JOCTH)KEHHIO YCIOBUH YIPaBJIIEMOIO TEPMOSAEPHOIO CHHTE3A,
BKJIIOYAs PA3HOBUAHOCTH TOPOUJAIBHBIX JIOBYHIEK, Pa3HOBUIHOCTH CXEM HHEpPUUAIbHOTO
TEPMOSIEPHOTIO CUHTE3a, HETPaAULIMOHHBIE oax0Abl K Y TC, mapameTpsl U JOCTUKEHUS KPYIHENIINX
IIJJA3MEHHBIX YCTAHOBOK, IIEPCIIEKTUBBI CTPOUTENBCTBA OMBITHOIO PEAKTOPA;
- 3HAKOMCTBO C HOBBIMH MpoOJIeMaMH M PEUICHUSMHU IUIa3MEHHBIX TEXHOJOTHH W (U3UKU
BBICOKOTEMITEPATYPHOU TJIa3Mbl, TATUYHBIMU JIs1 JAHHOW OTPaciiv 3HAHUI;

- 3HAKOMCTBO C MPUHATHIMM B HAy4yHOM cooOOIIecTBe crnoco0aMu MpeACTaBICHUS MOJYyUYEeHHBIX
pe3yJIbTaTOB.

JucuuninHa HareneHa Ha (OpMHUpPOBaHUE y BBINYCKHHKA MPO(ECCHOHATBHBIX KOMIIETEH-
UAHN:

IIK-1 — cnoco0HOCTH CaMOCTOSAITEJILHO CTABUTh KOHKPETHbIE 3a1a4i HAYYHBIX HMCCJIe-
A0BaHUII B 00J1acTH (PM3MKHM M PellIaTh UX ¢ MOMOIIbLI0 COBPEMEHHO annaparypbl 4 HH(pOp-
MAIMOHHBIX TEXHOJOTHI ¢ UCMOJb30BAHUEM HOBEHILIEr0 POCCUHIICKOr0 M 3apy0eKHOI0 OIbI-
TA.

IIK-2 - cmocoOHOCTH CBOOOAHO BJIajeTh pa3aenaMu (puU3MKH, HEOOXOAMMBIMHU IJIA pe-
IIeHUs] HAYYHO-UHHOBAIMOHHBIX 3224, 1 NIPUMEHSATH Pe3y/JbTAThl HAYYHbIX HCCIET0BAHUI
B HHHOBALIMOHHOM [1eATEJIbHOCTH.

B pe3ynbraTe 0cBOEHUS AUCUUIIIMHBI 00 yYaIOLIUICS TOJKEH:

e 3HaTh: METOJBI U CLIOCOOBI MOCTAHOBKH M PeIICHUs 3a7a4 (U3NIECKUX HCCIIeI0BaHuN B 007a-
CTH (PU3UKH TUIa3Mbl, BO3MOKHOCTH, METO/BI U CUCTEMBI KOMITBIOTEPHBIX TEXHOIOTHMA AJs (hu-
3UYECKUX TEOPETUICCKUX M KCTIEpUMEHTANBHBIX uccienoBannid (ITK 1.1).

e YMeThb: yMETh NIPUMEHATh U3yYCHHBIC MOJICIN U METOMBI JUISI HAXO0XKJICHUSI PEIICHUS MPOCTHIX
3anad o ¢usuke miazmel (11K 2.2).

e Buaajnerb: HaBBIKAMU CaMOCTOSITENHHOM paOOTHI ¢ Y4EOHOM JIUTEpaTypOl 1o (HU3UKE TUTa3Mbl U
YIOPaBIsiEMOMY TEpPMOSIIEPHOMY CHHTE3Yy; OCHOBHOW TEPMHUHOJOTHEH U TMOHATUHHBIM
anmapaToM (U3WKU IJ1a3MbI, METOJAMHU ONPEIEICHUS CBOWCTB IUTa3Mbl 1O 3aJaHHBIM
ocHoBHBIM mapametpam (11K 2.3).

2. MecTo AUCHHMILVIMHBI B CTPYKTYype 00pa30BaTe/IbHOM IPOrPaMMBbI.

JucuumuinHa «J{omoNMHUTENbHBIE TTIaBbl TEOPUHN IUIA3MbD» pealin3yeTcs B OCeHHeM cemectpe 1-
ro Kypca Jyisi MaruCTpaHTOB, oOy4aromuxcs no HampasieHuto moarotoBku 03.04.02 duszuka. Kypc
ABIISICTCA OJHOM M3 MPO(eCcCHOHANBHBIX IUCUUIUIMH O BBIOOpY, peann3yeMbix Kadeapoil (uzuku
wia3Mel.  Kypc mnpeanaraercss K HM3Y4EHHIO IIOCJIE€ TOTO, Kak CTYJCHTBI OCBOSIT OCHOBHBIC
TEOopeTUYEeCcKHe Kypchl 0 (PM3MKE TIa3Mbl U 110 TEXHUKE IJIA3MEHHOT0 3KCIepuMeHTa. B pesynbraTe
n3y4eHns Kypca o0ydaeMble JOJKHBI OBJIAIETh 3HAHUSAMH B 00JIaCTH COBPEMEHHBIX MCCIIEJOBAaHHUH 10
npobiemMe ynpaBiIsieMOro TEPMOSICPHOTO CHHTE3a, B TOM YHCIIE OBJIAJETh HOBOW TEPMUHOJOTHEH U
CHCTEeMOW TOHATHH. 3HaHWE MaTepHala JaHHOTO Kypca SBISETCS BAaXKHBIM JUIsI OOJIBIIMHCTBA
BbIMycKHUKOB Kadenpsr ¢usukun mnazmel HI'Y (a uMeHHO, Tex M3 HHX, KOTOpBIE IUIAHHPYIOT
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NPOJOIDKATh HAy4HYIO Kapbepy B 0a3zoBom uHcTuUTyTe Kadenper — UAD CO PAH wmm B onHOM H3
3apyOeKHBIX LIEHTPOB TEPMOSICPHBIX UCCIIEI0BaHMI), IOCKOJIBKY I103BOJIIET COOTHOCHUTD PE3YNbTaThl
COOCTBEHHOW Hay4HO-MCCIIEOBATENBCKOM PabOThl C OOIIEH JIOTUKOW, MOTPEOHOCTAMU U YPOBHEM
UCCIIEIOBAaHUM, BEAYIUXCSA B MUPE 10 OJM3KUM TEMaTHKaM.

JInsi yCIeIIHOTO OCBOCHMS MaTepuana Kypca oOydaemble IOJDKHBI MOJIHOCTBIO OCBOUTH HE
TOJIKO OCHOBHBIE OOLIE(PU3NYECKHE M MaTeMaTHYeCKHE Kypchl (MEXAaHUKY, 3JIEKTPOAMHAMUKY,
aTOMHYIO (U3MKY, (HU3UKY CIUIOIIHBIX Cpel, CHEIHAJIbHYI0 TEOPHUI0O OTHOCHTEIBHOCTH, (DU3UKY
aTOMOB M MOJIEKYJI, OCHOBHBIE OIE€pallud BEKTOPHOI'O M TEH30PHOIO aHalIW3a B JIEKapTOBOM,
WINHAPUYECKON M ceprueckoll CUCTeMax KOOpAMHAT), HO M CIEUUAIbHBIE KYpChl 1O (HU3UKE
IUTa3Mbl, U3y4aeMble B paMKax BBIOpAaHHOHM crenuain3ainu (OCHOBBI (DM3UKU IUIA3Mbl, MarHUTHYIO
THJIPOAMHAMUKY, BOJIHBI U KOJ€OaHHWs B IUIa3Me, TEXHHKY IUIa3MEHHOTO SKCIIEPUMEHTa, METOJbI
JMArHOCTHKY I1J1a3MBbl).

Takum 00pa3zom, OIleHMBasE MECTO Kypca B CHCTeME NpOQeCcCHOHAIBHON MOJITOTOBKH, CIEIYET
CUMTATh JAaHHBIA y4EOHBIM KypCc OJHOW W3 TeX AWCIUIUIMH (Hapsay ¢ Kypcamu «llima3meHHbie
TexHosoruny, «Ilnasma B kocmoce», «OTKPBITHIE JIOBYIIKNY»), KOTOPbIE HHTETPUPYIOT HAKOTIJICHHBIH
3a BpeMsl 00y4eHHUs1 KOMIUIEKC (PU3MYECKHX M MAaTeMaTHMYeCKHX 3HAaHUI MO Pa3HbIM AUCLUIUIMHAM U
JOBOJAT 3HAHUS M YMEHHS BBITYCKHUKA MarucTpaTypbl 10 COCTOSHUS, MO3BOJISIOLIETO €My IOCIe
3alIUThl MAarMCTEPCKOM TUCCEPTALINU JIETKO BKIIIOYUTHCS B HAYYHO-UCCIIE0BATENILCKYIO 1€ATEIbHOCTh
M0 CHEHMATBHOCTH

3. TpynoéMkoCcTh TUCHMILIMHBI B 324€THBIX ¢IMHULAX € YKA3aHUEM KOJMYeCTBA aKaJdeMu-
YeCKHX YaCOB, BblJleJIEHHBIX HA KOHTAKTHYIO padoTy o0yuyaiouierocs ¢ npenogaBarejieM
(1m0 BUAAM y4eOHBIX 3aHATHI) U HA CAMOCTOSITEILHYIO PadoTYy.
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U3 HUX:
- KoHTaKTHas paboTa 52 Jaca
- B MIHTEpaKkTUBHON popme 16 qacoB
Kommerenupm T1K-1, TTK-2

[IpenoaBanye AUCHUILUIMHBI PEyCMaTPUBALT CleAyIole (OpMBbl OpraHU3aluu Y4eOHOTo Mpo-
1ecca: JICKIIUHY, MPaKTHIeCKUE 3aHATHS, KOHCYIbTAllUH, CAMOCTOSATEIbHAs padoTa CTy/IeHTa U €€ KOH-
TpOJII: HpGHOI[aBaTGHHMI/I C IIOMOIIIBIO 3aﬂaHHﬁ, 3K3aMCH.

[Tporpammoit AUCIUTUTMHBI TPEAYCMOTPEHBI CIAETYIOIINE BUIBI KOHTPOJIS:

- TeKYIIHA KOHTPOJIb YCIIEBAEMOCTH: KOHTPOJIb MOCEIICHUS JICKIIUH, ITOAT0TOBKA pedepara.

- MPOMEXYTOYHAs aTTECTAIUs: SK3aMEH.

OO01mas TpyI0eMKOCTh paboyeil mporpaMMbl JUCIUILTUHBI COCTABISET 3 3a4ETHBIE €IUHUIIBL.

° 3aHATHS JIEKIITMOHHOT'O THMA — 32 Jaca;

° CaMOCTOSITENIbHAsI paboTa 00yJaroIIerocss B TEYCHUE CEMECTPA, HE BKIIIOYAsi TIEPHOJT CECCUU —
38 gacos;



yaca;

MPOMEKYTOUHAs arTecTanus (MOAroTOBKA K cIadye SK3aMeHa, KOHCYJIbTAlluU U dK3aMeH) — 22

OO0BEM KOHTAKTHOH PabOTHI 00YYAIOIIErocs ¢ MpernogaBaTesieM (3aHATHS JIEKIIMOHHOTO TUTIA, TPAKTH-

YeCcKHUe 3aHATHS, TPYIIIOBbIE KOHCYJIbTAIMH, 9K3aMEH) COCTaBiseT 52 yaca.

4. ConepxkaHue TMCUUILIMHBI, CTPYKTYPHPOBAHHOE 10 TeMaM (pa3jiejiaM) ¢ yKa3aHueM OT-

BEIEHHOI0 HA HUX KOJIMYeCTBA aKaJleMHUYe€CKHX YaCOB U BH/I0B y‘lCﬁHLIX 3aHATHIL.

Hucrunmuaa «mxenepHo-pusnueckue mpodsembl Y TCy» mpeactaBisieT co00i MOIyroIoBOi Kypc,
yuTaeMblii Ha 1-M Kypce Maructparypsl ¢usndeckoro gaxyiabrera HI'Y Bo 2-m cemectpe. Obmas
TPYAOEMKOCTh IUCIHUIUIMHBI COCTABIISIET 3 3a4ETHBIC eAUHUIIBI, 108 akaeMUYeCKUX 4acoB.

Buanl yue6Hoi padoThl, BKIIOYAsl CAMOCTOATEIbHYIO PadoTy CTY-

IIpome-
- JAEHTOB U TPYA0EMKOCTD (B 4acax) Kon- AKYTOU-
= CyJib- Has
3 TauH aTTe-
Ne Pazgen § Cam nepen cTanus
n/n | JUCHMILIMHBI | x A 6 ’ Cam. IK3a- (B me-
= YAUTOPHEIC YaChl pabota
S B0 BpeM paboTa | meHoM puon
= | Beer samsrmin | DO BPEMA | (da- ceccun)
. - (He pOMEXY COB) (B
 — PAKTHYCCKUEC somonag | TOTHOT yacax)
3aHATHS aTTecTan
HepHos
ceccuu HH
1 2 3 4 5 6 7 8 9 10
1 Knaccuuecka | 1- 15 6 3 6
s DHepreTuka | 3
"
HE00X0IUMOC
Th
peanu3ainun
yIpaBisieMor
0
TEPMOSICPHO
T'0 CHHTE3a.
2 YTC Ha | 4- | 37 14 7 16
OCHOBE 10
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IIporpamma u ocHOBHOe coep:kanue Jekuui (32 yaca)

Kunaccnueckasi 3HepreTuka W HeO0OXOAMMOCTb peaM3allMd YNPAaBJIsieMOr0 TePMOSIEPHOTO
cuHTe3a. (6 yacoB)

BBenenue. [1na3ma B Hamied >ku3HU. TUNHYHBIE TTapaMeTpbl T1a3Mbl. PU3UYECKUE MPEANOCHUIKH IS
YTC. OcHoBHBIE EHTPHI T/5 uccrienoBanuil. [Inasma B actpodusuke. [lnazma B mpombiiieHHOCTH. Bo-
ennas masma. Hanpasnenus pa6ot o YTC. Conepskanue kypca. JIureparypa.

JHepPreTHKa M 3KOJI0TusA. YIIpaBIsIEMbll TEPMOSIEPHBIM CUHTE3. YPOBEHb KU3HU B Pa3HbIX CTpPaHaX.
3aBucumocts BHII ot sHepretnkn. MHuoro nu sHeprum notpebisiercs ceroans? VCTOYHUKH dHEPTUU.
VicTouHuKM 3arps3HeHUs U dHepro3aTpaThl. MupoBoe mnotpedneHue sHepruu. CTpyKTypa MEepBHYHOM
sHeprud. [{ost anbTepHATUBHON YHEPTeTUKU. MUPOBBIE pecypchl HePTH U Ta3a. Mi3MeHeHue rimodanbHOn
Temneparypsbl. JIokanbHO MOXET U moxononaTs! M3MeHeHue coctaBa arMocdepsl. XBaTHUT JIU albTEpHa-
THUBHOMW SHEPTETUKU?

SnepHas 3HepreTuka. MupoBas siiepHas 3Hepretuka. J{ons spepHol 3HepreTuku. ATOMHasi SHEPreTH-
ka Poccun. Crposimuecs: peaktopbl. OcHOBHI simepHoi U T/S sHepreTukn. @usnka paboThl peakTopa.
Ceuenue neneHus ypaHa HEUTpOHaMU. fliepHOE TOIIMBO, TOIJIMBHBIA LIMKII. Pecypchl sA€pHOTO TOIIIN-
Ba. Cxema BOCIIPOM3BOJCTBA TOILIMBA. PaqroaKkTUBHBIE OTXOABI SHEPreTHUKU. J[030Bas Harpys3ka Ha 4e-
noBeka. Puck aBapuii co cmeprenbHbIM ucxonoM. Ilkana sinepusix aBapuii INES (MAI'ATO). Onenka
crenenu pucka. Cyap0a paauoakTUBHBIX 0TX0/0B. [Ipupoaubie simepHbie peakTopsl. [IpuponHblii peak-
top Oxyo (I'abon). Ilomutuka mo orpaboranHOMy ToruuBy. Xpanwiumie Yukka Mountain (HeBana,
CIIA). IlosieHne 6€30MaCHOCTH PEAKTOPOB.

®uzuka TepMosaepHbIx peakumii. [IpeumymectBa YTC kak ncrounuka sHepruu. TepMmosinepHsle pe-
aKIMK — OTpeieSIieHne. DHEPrusl CBsI3U B siipax. Beibop moaxomstmumx peakuuid. [loTeHnansHas sHepTrust
B3auMoJeiicTBUs. OCHOBHBIE TEPMOSIEpHBbIE peakuuu. Peakuuu TtepMmosiiepHOW 3HepreTuku. Jpyrue
Ba)KHBIE peaKIMH. 3aBUCUMOCTh C€4eHUsI OT 3Hepruu. CKOPOCTh peakluy OT TeMIeparypbl. DPdeKTuB-
HOCTb Pa3IN4HbIX peakiuil. Peakuun Ha CosHIE - BOZOPOAHBIN LMKI. BoIOpoaHbII UK — IPOJOIDKE-
Hue. Peaknmu B 3Be31ax - yriepo bl muki. ['openue remus B 3Be3aax. OOpa3oBaHUE THKEIBIX siIEp B
3Be3ax. TommBo s TepMosaepHOW »HepreTuku. BocmpousBonactBo Tputus B Onankere. [louemy
uMmeHHo 1mnazma? Kpurtepuit Jloycona. bananc sHeprum B peakTtope. JHEPreTuuecKoe BpeMsl )KU3HU TE.
[Tpunnuns! ynepxkanus miasmel. Kputepuit Jloycona ms nneprumansHoro YTC. TumoBas cTpykTypa
TepMmosaepHoro peaktopa. Koadduument minazmenHoro ycunenus Q. AnbTepHaTUBHbIE TEPMOSIEPHBIC
tornusa. Peakuus D + *He — *He + p. Peakuus p + ''B — 3 “He. OtnocurensHas 2GheKTHBHOCTD pe-
aKIUi. DHEProBhIJEICHUE B 3apsHKEHHBIX YacTUIaX. MOIIHOCTh U3JIYYEHUS PUMECEN. DKOJIOTUYECKUE
acreKkThl T/s 3HepreTuku. CTOMMOCTh TepMosaepHoi sHepruu. CTpyKTypa CTOMMOCTH T/51 dHepruu. Pa-
JTIMOAKTUBHOCTH TEPMOSIICPHON CTAaHIIMK. 3a4€M HY)KHA TEPMOsIIEpHAsi SHEprus?

YTC Ha ocHOBe TOPOMIAJBbHBIX MATHUTHBIX cucTeM (14 yacoB)

MarnuTtHoe yaep:kanue mia3mbl. Tokamaku. Yaep:kaHue mia3Mbl B MATHUTHOM MOJI€. DJIEMEHTBI TO-
pounanbHON reomeTpun. Porb MarautHOTO oM. MicTopust paboT mo Tokamakam. KakoB mporpecc 3a 3Tu
ronpl? [Iporpecc B yaep:kanuu 1ia3Mbl (Tokamaku). Tokamaku Mupa — pacnoyioxkeHue. Pa3Butue muHuun
kiaccuuecknx TokamakoB. Tokamak JET (Culham, UK - EU go 1999). Tokamak TFTR (Princeton,
USA). Tokamak JT-60U (Naka, Japan). Tokamak D-IIID (General Atomics, San Diego, USA). Tokamax
Tore Supra (Cadarache, France). Tore Supra - nByxmunytHbIi paspsa. Toxamak T-15 (KypuaroBckuii
uHctutyT). Tokamak EAST (Kwurait, T-7 -> HT-7 -> EAST). Tokamak KSTAR (Daedjon, Kopes, c
2008). Tokamak SST1 (Muaus). [Iporpecc - B3rasg u3 Hadana 1980-x rogos. Uto Obu1o OB, ecinm... To-
KaMaK — OCHOBHBIC YaCTH. DJIEMEHTHI KOHCTpYKInK Tokamaka T-15. Tokamak TCV (Varenna, IlIBeiina-
pust). Yropasienue ¢popmoit mrazmel Ha TCV. JIBrkeHHe yacTuilbl B Tokamake. [ToHsITHe MarHUTHOM 1o-
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BEPXHOCTH. MarHuTHbIE MOBEPXHOCTH TOKaMakoB. MarHuTHble ocTpoBa. [loaroroBka MarHuTHOWU cH-
crembl. CrieHapuii npoBeneHus paspsna. Paszpl nmoabeMa M IpekpamieHuss Toka. OMHYECKM Harpes
maa3Mbl. PaguanbHbeiii mpoduis Mmia3Mbl. Y HUBEpCATbHBIN MPpoduib naBieHus. Mojens “Kydu recka”
(rokamak CASTOR). Tupunr-monst Ha JET. Tupunr-moast Ha TCV. ITunoo6pasusie konebanus. [Tumo-
oOpazHble konebanus — reometpus. [InnoodpasHbie kotedanus — 3Bostonus. [Tnmoob6pasHbie kKoneOaHus
— Tomorpadus. [Tunoobpasubie KonebaHUs - MarHATHBIE TOBEPXHOCTH. [InmooOpasHble KoneOaHUS —
MozenupoBanue. CpbIBbI B Tokamakax. bonbmoit cpsiB B T-10. bonbmoit cpeiB Ha JET. @unansHas daza
cpeiBa (Alcator-C).

Jlumutepsl U aAuBepTOpbI. [Iporiecchl Ha rpaHuIle MIa3Mbl CO CTEHKOW. PeanbHas mia3ma u peanbHas
crerka. KOHTaKT 11a3Mbl CO CTEHKON B TOPOMAANBHBIX cUcTeMax. PaboTta numutepa B 1uias3me. JuBep-
TOPHBI - HOBbIE TepMUHBI. [lepBblii AuBEpTOpP. MAarHUTHBIE CUCTEMBI TUBEPTOPOB. DBOIOLUS TUBEPTOPA
Ha JET. Ilpucrenounas miasma B auseprope. M3oTonsl Bogopoaa B NPUCTEHOUHON mazMme. CBeueHue
BoJIoposia B quBepTopHOoi 1asme. [Ipumecu B norpannuynom cioe. MARFE. Tononmorus MARFE. I'pa-
¢buT xKak MaTepuai nepBoil crenku. “LiBerenue rpadura” (carbon bloom). Opo3us rpadUTOBIX MIACTHH
Ha D-IIID. Ynpasnenue nonoxxennem SOL Ha miactunax. [Tapamerpsr nuBepTopHOi Tuta3mel. TpeboBa-
Hus K auBeptopy UTOP. Pexumbl paboTs! (11 TeruioBsix moTokoB UTOP). OTphIB 11a3Mbl OT AUBEPTO-
pa (detachment). OtpsiB mazmel ot quBepTopa Ha JET. M3nyuenue mnazmer SOL (ASDEX, Bopeick Ne).
Oproauueckuil nuBeptop - Tore-Supra. Dproauyeckuil AMBEPTOP — pe3ynbTaThl. JMHaMU4eCcKuil 3pro-
nuueckuid quseprop. Iproauueckuid quseptop — TEXTOR. DED TEXTOR — kaptusku. JlocTUTHYTBIE
NoTepu Ha nepeusnyyerue. Harpes u 3po3ust [UBepTOpHBIX MU1acTUH. Pusnueckue npodiemst aius UTOP
(KOHTPOJIb MOTOKOB MOIIHOCTH ¥ YacTull). KoncTpykuuu nuBepTopHbIx miactul. [Iporpecc TexHomaoruu
JUBEepTOPOB. I1yTH MOBBIIEHUS TEIJIOBOM HATPY3KH.

CucreMbl JONOJHUTEJIBHOI0 HarpeBa. 3a4eM HYXKEH JIONOJHUTENIbHBIM HarpeB? MeToabl JAOMOJIHU-
TEJIBHOTO HarpeBa. Bce MeTobl JOMOMHUTENBHOTO HarpeBa. Anuadarndeckuii Harpes - poekt TCII (T-
14). Tlepswie pesynasTathl o D[P HarpeBy - TM-3. Pesynbratel DIIP Ha T-10. 'upoTpons! (HmwxHUI
Hosropox). Moznosas cTpykTypa MomHbIX THpoTpoHOB. KoMmneke OLIP Harpesa Ha D-1IID. Orpanuue-
HHE MOIIHOCTH MPOYHOCTHIO OKHA. AJIMa3HOE€ OKHO rupoTpoHa. HarpeB Ha 3aJjaHHOW MarHUTHOM IO-
BepxHOCTH. [lemoHcTpanus noanepxkanus Toka ECCD. Hmknernbpuanslii pesonanc. [lornomenre BoJH
npu LHCD. O6opynoBanue misi LHCD. MonHo-nmkinorporHsiid HarpeB. ®usuka WIIP narpesa. MIIP:
koHBepcus moa. MIIP narpes Ha Tokamake PLT (CHIA). Mcrounuku nznyuenus ans ULP. NP narpes
Ha Tore-Supra. ULIP narpeB na JET. HarpeB nmyukamu HeWTpalbHbIX aTOMOB. Cxema HEHTpaIbHOW WH-
xkexkuuu. Monssli ucrounuk ycranoBku D-IIID. Harpes HelrtpansHbiMu nydkamu Ha JET. Harpes
HelTpabHbiMU Iydykamu Ha JT-60U. JT-60U: oTpuuarenbHbie MOHBI. MICTOYHUK € OTpULIATEIbHBIMU
nonamu - JT-60U. Orpunarenbusie nonsl Ha JT-60. lononuurenbublil Harpes 1ist UTOP.

PesxkuMmbl ¢ yJydlIeHHbIM yep:KaHueM B Tokamakax. CkeinHar mig L-monpl. CxenuHr aiist L-moabl
ToKamMakoB. H-Mofa - pexuM ¢ yinydieHHbIM yaepxanueM. HoBblil paguanbHblil pouiib mapaMeTpos.
ITepexon L-H na Toxamake DIII-D. JJnuunoumnynbcHbI paspsng ¢ H-momoit B DIII-D. L-H nepexon:
3BOJIOIUS Tpodus mnoTHocTH. Bo3HukHoBeHune 6aprepa npu H-moze. Dnexkrpudeckoe none u H-mona.
MexauusM u wmaunuammsgs H-moxpl. Cxenmuuar mig H-moapl ToxamakoB. Henwseiinple 3amaun C
oudypkarueit (monsitka 00bsicHuTh L-H mepexox). Tumst ELM (JET). 3aBucumocts sueprun ELM ot
WX 4acToThl. YmpaBinenue tunom ELM. Bnusame tpeyrompHoctn miasmel (JT-60). PBeposthblii
MexanusM (opmupoBanust ITB. Paspsa ¢ skBuBasienTHbIM Q=1.25 Ha JT-60. ITB u pasusiii npoduib
mupa. Supershot - ynydmennoe ynepkanue Ha TFTR. Vnuepxanue B pexxume “supershot” ma TFTR.
[Mpodunu q B TFTR. RI-mona Ha Tokamake TEXTOR (Hamyck HeoHa Ha niepudeputo). Uncto oMmudeckas
H-mopna ¢ ITB. [Ipo6nema pexxumon ¢ ITB.

IkcnepumenTsl ¢ D-T niasmoii. Kpartkas ucropus D-T skcniepumentos. Kparkas ucropusi npoexra
TFTR. Pa6ora ¢ Tputuem B pexxume “supershot”. IlepeHoc y ObICTpbIX yacTuil MeHbIe. HeycToitun-
BocTh anb(BeHoBCckHX Moa B TFTR. Bo30Oyxnenue TAE - teopus u sxciepument. MI'Jl-akTUBHOCTD U
anbda-gactunpl B TFTR. TFTR - ocHoBHBIE pe3ynbrarhl. Tputuesie Texnonoruu Ha JET. Ilpensapu-
tenpHbIe dkciepuMeHThl Ha JET. [Tna3zma ¢ 6ombmoit goneit Tputus. JET: 3aBucumocts MomuocTa L-H
nepexona oT A. CKEHUJIMHTHU JIJI SHEPreTHYEeCKOro BpeMeHu ku3Hu. Paspsael ¢ D-T: pexkopanas morii-
HOCTb. Paspsanel ¢ D-T: kBazucrauronapHoe ropenue. Harpes a-yactuniamu M 3aBUCHUMOCTB OT fosd T.
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Jlyamme D-T pesynbsrarsl JET u TFTR.

Coepuueckne Tokamaku. Bapuantsl TopounansHoit reomerpun. Uto Takoe “chepuueckuii Tokamak™?
Ocobennoctu chepruueckux TokamakoB. MaruutHbeie moBepxHOCTH (NSTX). Cdepuueckue ToxkaMaku
mupa. Tokamak START (Culham, UK). ITapamerpst TokamakoB START u MAST. START: pa3psiasi ¢
H-momoi. START - sneprerndeckoe Bpems xu3Hu. [Ipeaensrnoe napnenue miazmol — START. Cxema u
napamerppl NSTX. Buemnuit Bug NSTX. NSTX - paspsan ¢ H-mopoit. MI'/l-akTMBHOCTH B
chepudyeckom Tokamake. NSTX: HeMHAYKTHBHOE Havayio paspsaa. Mmxexkuws cnupanbHOocTH. BU
HarpeB U nojaepxanue Toka BY HarpeB mmasmel Ha NSTX. KonTpons npoduis Toka - yaep:kaHue
nyuire. [TapameTrpsl B pexkxume ¢ xopomum yaepxanuemM. NSTX - ocHoBHble pe3ynbrarbl. MAST -
ycTaHoBKa U mapameTrpbl. @opmupoBanue miazmel B MAST. Yopasnenue ¢opmoii mmasmer B MAST.
[Inazma B MAST — ynepxanne. TomconoBckoe paccesnue B MAST. [1nazma B MAST — nuarHocTukm.
H-mona u pexxumsl ¢ ITB B MAST. Crabunu3zanust nuiioo0pa3Hbix KojeOaHuil. BrisscHeHHE MPpHpOIbI
ELM B MAST. JIlunamuka ELM B MAST. I'JIOBYC-M (®THU um.Hodde, C-116). H-mona na I'mobyc-
M. HarpeB HeirpanbubiMu mydkamu Ha ['100yc-M. NP narpes Ha ['moGyc-M. I'mobyc-M - ocHOBHBIE
pE3yNIbTaTHI.

Ipoext UTIAP. Kak noctpouts 1/s1 peakrop? Ckeinuur st H-monsl TokamakoB. HoBble KpymHbIe
¢usnueckue yctaHoBkH. I[IpoekThl ycTaHOBOK cienytomiero mnokoneHus. Llean Tpex mnpoekToB
paznuuatored. Ilpoext IGNITOR. Ilpoekt FIRE. IIpoext UTOP. KpaTtkas xponosnorus npoekta UTOP.
Odunmanbasie nenu npoekta UTOP. Cuenapum paborst UTOP. Pacuernas nuHamMuka mapaMeTpos.
Pagnanbuble 3aBucumoctu mnapamerpoB. Oxupaemoe 3HaueHue Q. Osxkupmaemble napamerpsl ITER-
FEAT. Cranuonapnas pabora ¢ Q=5. [lpuniunel durancupoBanus npoekta. CTpyKTypa ympaBicHHUS
npoekToM. Packnanka croumoctu ITER-FEAT. Poccuiickuit Bkinag B UTOP. OtpaGoTka TEXHOIOTHIA
HUTOP. Karymku topounanpHoro mosnst UTOP. CeepxmpoBomauk it UTOP (Muct. bouapa).
IIporotun nentpansHOro conseHouja. Bakyymuas xkamepa UTOP. Kpuocrar UTOP. IlepBas crenka u
omankeT. Cuctema 3aMeHbl 3JeMeHTOB Oankera. Koncrpykius auBepropa. OTpaboTka TEXHOJIOTUH IS
nueptopa. [Ipobnemsr mquarHoctuk ITER. 3manme ans ITER (¢ TputueBbiM komriuiekcom). Pabouas
momanka UTOP. bezonacHocts u padota ¢ TputueMm. Mecto ctpoutensctBa UTOP (Kamapamr). Tore-
Supra u ITER. Texkymuii Bua muomanku WUTOP. I'paduk crpoutensctBa. I'paduk 3KCriepUMEHTOB.
UTOP u naneue: miansl. ITER u gpyrue.

Creanaparopsl. Unes cremnaparopa. Knaccuueckue cremnaparopsl. Topcarpon/I'ennotpon. I'enmak.
Crenmnaparop C (Ilpuncron, CIIIA). CtemnapaTtopsl U Tokamaku — kKonenr 1960x. Kak nenanvch nepBbie
tokamaku B CHIA. ITpoGrembl mepBbIX 3KkcriepuMeHToB. CpaBHeHHE ¢ Tokamakamu. OCHOBHBIE Hapa-
METpHBI CTeIIapaTopoB. MoayapHbIE KaTyiku cTeuiapatopoB. Ctemapatop W-7AS (I'epmanwmst, ¢ 1988
r.). Ilapamerpsl mnasmel Ha W-7AS. Ilpoektr W-7X. W-7X - cocrosaue pabor. Cremraparop LHD
(Naka, SfAmonust). Baytpu Bakyymuoi kamepsl LHD. Ilnasma LHD (Naka, SAAnonus). Jlyamume moctuke-
Hus cremnapatopoB. LHD: paspsast 6onbmioit gnurensHocTu. [lapamerpst miasmel Ha LHD. Ilpoekr
HSX (Wisc. Univ., USA). Ilytu pa3zButusi cremapatopHbix koHdurypamuid. [Ipoexkt NCSX (CILIA).
CKEeMWIHHT 11 TOKAMaKOB U CTeJIapaTopoB. TOKaMaKH U CTEJIAPaTOPbI: TOCTHIKEHUS.

JApyrue noaxoasl k YTC (12 yacoB)

Iuny ¢ oopaménubiM moJiem (Reversed Field Pinch). [Tuny ¢ o6paménnsim monem. Mctopus pabot
nmo RFP. Ilpenmpictopusi — actpodusmka. [lelicTByromue yctaHoBKU. OtpunatenbHbiii dG(exT -
croxactm3anus 1eHTpa. YcranoBka RFX ([lagys, Wramms). CamoopraHusamusi W TOAJEpKaHUE
koHduryparuu RFP. Otpunarenbasiii 3¢ ¢heKT - CHHXpOHU3aIus MoJl. Bpaienne cuHXpOHU30BaHHBIX
moj. Pulsed Poloidal Current Drive. Quasi Single Helicity states. AkTuBHasi cTa0MIM3aluUs IJIa3Mbl Ha
RFP. AxtuBHas crabunmzamusi — pesynbTaThl. YcraHoBka MST (U.Wisc., Madison, USA). MST -
BCIIBIIIKY TIA3MEHHOTO JAUHAMO. CTOXaCTHYHOCTh MarHUTHOTO ToJist. [louck «paBHILHOTO» MPOdus
toka. JIea mogxoma k RFP. YcranoBka EXTRAP T2 (Alfven Lab., IlIBenus). YcranoBka TPE-RX
(Anonus). Ckeitnunar ans RFP. CpaBuenne RFP u TokamakoB oHOro pasmepa. 3ajadd CileAyIOIIEro
stamna i1 RFP.

NHepunanbHbIil TePpMOSIAEPHBbIN CHHTe3. MHepuuanbHOe yaep:KaHHe IUIa3Mbl. Y CIOBHE 3a)KUTaHUs
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muiieHu. CTpyKTypa «HHEpLHATBHON» 3JIeKTpocTaHUMu. [lapamerpsl mnasmel g jazepHoro Y TC.
HpaiiBeps! ansa unepunanbHoro Y TC. I'eomerpus npsamoro cxatus MuiieHd. CTaauu cxaThsi MULIEHHU.
Cragusa yckopeHus u cxartusg mumeHd. Cragus TepMosaepHOro ropeHus. ONTUMalbHBIE PEKAMBI
cxatus mumeHel. [IpodunupoBanue moutHoCTH Harpesa. [lpumep BIusSHUS HeycTOUMBOCTH. MUIIEHH
JUIS. MTHEPIIMAJbHOrO cuHTe3a. CxeMa HEeNpsAMOro HarpeBa MHUILEHHU. TepMosiiepHoe opyxkue. BoeHHbIN
YTC. Mumienn juist NIF. ITpoekTs! ynydmenHsix Mutieneil. Unes konnenuuu Fast Ignition.

JlazepHblii TepMosiiepHblii cuHTe3. [loriomenue u3IydeHUsT MUIIEHBIO. Jla3epbl: BBHIOOp UTHHBI
BOJIHBL. Y CTaHOBKM Ja3epHoro tepmosiia. YcranoBka Omega (Rochester, USA). Mumenu ans Omega
(cxema mpsimoro oOxatusi). I[lpodunupoBanne MomHOCTH HarpeBa. UYrto maér mpoduaupoBaHUe
MourHocTH. M3meHeHue korepeHTHOCTH crnekTpa (Omega). BrnusiHMe KOrepeHTHOCTH Ha C)KaThe
vumenu. Jlazep Nike (NRL, Bammnarron, CIIA). Jlazep Nike — xonctpykums. Jlazep Nike —
noapobHoctu. Ycranoka «Mckpa-5» (BHUUT®, Capos). YcranoBka GEKKO-XII (Ocaka, SnoHus).
Cxema Hempsimoro HarpeBa mumieHu. Jlazep Nova (JluBepmop, CIIIA). National Ignition Facility
(JIuBepmop, CIIIA). NIF - ontuyeckas cxema onHoro kaHana. NIF - mumennas kamepa. NIF — Muinens
(xomepaym). NIF — dotorpaduu. Hauwamo paGorer NIF. Jlazepnas mporpamma @Ppanmuu. LMJ —
noapoOHoctu. YcranoBka Y®JI-2M (BHUUT®, Capos). [Inasmennas daszosas miactuHa. Konnenmus
Fast Ignition. [Tonyuenue ynpTpakopoTkux uMiynbcoB. [letaBarTherit nazep B UTID PAH. Fast Ignition
Ha Gekko-12 — mumens. Fast Ignition na Gekko-12. Peakropnsie nepcniektusbl nazepnoro Y TC. Jlazepsr
¢ uvacroroi moBtopeHus. IIpoekt Fusion Test Facility. Moayne ycranoBku Fusion Test Facility.
[Tpobnembl MUIIIEHHOH KaMepbl. MeTauinyeckre 3epKajia CKOJIb3SAIIero najaeHus. MumeHHas kamepa ¢
(bUHATTBHOHN ONTHKOMA.

CuHTe3 ¢ MYYKaMH TSKEJIbIX HOHOB. VHepiuanbHblil cuHTE3 ¢ TsHKENbIMU noHamu. [lornomenue Ts-
#ENbIX MOHOB B BemiecTBe. Y TC ¢ TAxENBIMU HOHAMU — MUIIEHB. Y TC ¢ TSOKEIbIMU HOHAMHU — PEAKTOP.
MHoroaneptypHblie yckopsitomue cTpykTypbl. YTC ¢ TsokensiMu nonamu — npo6aemsl. YTC ¢ Tsokemsl-
mu woHamu - npototunsl (CHIA). YTC ¢ tsoxensimu nonamu — UTO®. YTC ¢ TsokensIMu MOHAMH -
CIOA B 2015 r. YTC ¢ Tsoxensivu nonamu — GSI. YTC ¢ tsoxensimu nonamu - Fast Ignition. Tspkeno-
noHHbI YTC - Fast Ignition peakTop.

BbicTpble Z-nmuH4u. MHOTONMPOBOMIOYHBIE cUCTeMbl misi Z-nuHueil. [lome mapamerpoB BOIM3H
npoBosiodku. [losiBieHue mnpenniecTBeHHUKa Ha OCU. J[BOWHBIE MacCUBBI - BapUaHThl IOBEICHMUS.
PentrenoBckas meneBas pa3BépTka cBedeHMs. Kostarnc nBymepHoro maccusa. J[BOWHBIE MacCUBBI —
CTOJIKHOBEHHUE CIIOEB. Z — CpaBHEHHE JKcrnepuMeHTa W monenu. Kommieke «Anrapa-5-1» (Tpowuik,
Mock. 06:1.). [Ipyrue poccuiickue yctanoBku. Y cranoBka Z (OsiBmast PBFA-II, Sandia, USA). IIporpecc
B IMNTYJIbCHON MomHOCTH (Sandia). YcTaHoBka Z — pe3ynbrarsl. IMIynbe Z - He3aBepIIEHHBIE pa3psiabl
B BoJie. CxeMbl 00KaTusl MUILICHH W3NydeHueM nuH4a. Cxxathe TepMosaepHoil Mumienu Ha Z. [lepoie
skciepuMeHThl ¢ dynamic Hohlraum. IlepcnexktuBer u mmanel CIIA u Poccumn. MopepHuzarus
ycraHoBkH Z. ZR — BBegena B ctpoit 18.02.2008. Ilpoekt «baiikam». CTtaTyc U NepCHEKTUBBI Pa3BUTHS
YCTaHOBOK. bymaxkHbIil poeKT anekTpocTtaniu. Texnonoruu. CpaBHenue mumieHerd NIF u Z-nunya X-
1.

Herpaguuuonnsie moaxoabl k YTC. Hanpasnenuss pabor mo YTC. TopowpalbHble CHCTEMBI
marautHoro YTC. Cdepomak — tomonorus. Chepomak SSPX (LLNL, CHIA). Chepomak SSPX —
pesynbTaTtel. Kordurypanus ¢ oopaménnabm osieM. FRC — cxema u ycranoBku. Cuctemsl FRC - ctatyc
u nepcrnekTuBbl. CHHTE3 Ha CTAJKMBAIOIIMXCS IIyYKaX MOHOB. JIEBUTHUPYIOLIMI AMUIIOND - UAES METOAA.
JleBuTHpyromuii 1Mnoyib — yaep:kanue. JleButupyromuii aunosb - ycranoBka LDX. JleButupyromuii
aurnonb - nepsas 1uasma. [lnasmennsiii okye. ITnasmennsiii pokyc — I1dD-3 (PHL[ KM). Cunres c
3aMarHU4eHHON MuieHblo. CTeHouHOoe yaep)kaHue Ma3Mbl — ujes. CTeHO4YHOoe YIep)KaHUe -
skcriepuMeHT (CapoB). CteHouHoe yzaepxanue Iuasmel — CHIA. MHepunanbHbplii CHUHTE3 C JIETKUMU
MOHAMH.

IIporpamma npakTudeckux 3ansatuii (16 yacos)
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Kunaccnueckasi 3HepreTuka W He0OXOAMMOCTb peaM3alld YNPAaBJsieMOro0 TePMOSIEPHOTO
cuHTe3a. (3 yaca)

Pusuka TepMosiiepHbIX peakuuii. OCHOBHbBIE TEPMOsIEpHBIE peakluu. Peakiuu TepMosiiepHoOn
SHEpreTuku. Jlpyrue BaXkHble peakUuu. 3aBUCHMOCTh C€YEHHUs OT 3Hepruu. CKOpOCTh PEAKLIUU OT
teMreparypbl. Dh(HeKTUBHOCTD pa3nuYHbIX peakiuil. Peaknun Ha ConHIE - BOJAOPOIHBINA IHKIL
Bonopoansiii nukin — npogosbkeHue. Peakuuu B 3Be37ax - yriaepoaHbld UK. ['opeHue remus B
3Be3gax. OOpa3oBaHue TSHKENBIX siIep B 3Be3Aax. TOITMBO ISl TEPMOSACPHON dHEepreThku. Boc-
MPOM3BOJCTBO TpUTHs B Onankere. [louemy nmenno trazma? Kpurepuii Jloycona. bananc snepruun
B peakTope. DHEpreTuuecKoe BpeMs Ku3HHU Te. [IpuHnune! yaepxanus miazMel. Kpurepuii Jloycona
st uaeprmansbHoro YTC. TumoBas cTpykrypa TepMmosiiepHoro peakropa. KoaddumueHT niazmen-
Horo ycunenus Q. AnbTepHaTHBHBIE TepMOsAepHbIe TommuBa. Peakuus D + *He — “He + p. Peak-
mms p + ''B — 3 *He. OtHOCHTENBHAS 2 )EKTUBHOCT PEaKIUiA. DHEProBbIIETICHUE B 3APAKEHHBIX
yacTuiax. MOIHOCTh U3y4EeHUs] IPUMECEN.

YTC Ha ocHOBe TOPOMIAJBLHBIX MATHUTHBIX cHCTEM (7 4acoB)

MarnuTHoe yaep:kaHue miasmbl. Tokamaku. MarautHoe nosie Topouna. [lonspusanus niaa3Mel.
[TosiBnenue paguansHOTO npeiida. Kak 6oporbes ¢ npeiidhom Hapyxy? Jlpetid B BUHTOBOM TOpOH-
nanpHOM mosie. Topoua ¢ miasMon ¢ Toukd 3peHuss MI'Jl. BBoguM MarHMUTHOE MOJE IUIA3MEHHOTO
Toka. JlobGaBisieM BepTuKanbHOEe MarHuTHoe moJie. [lognepxanue paBHOBecHs 1a3Mbl. [IpeaenbHbIi
TOK paspsaa. Y CTOMYMBOCTh BhicluMX MOJ. [IpenenbHas miotHocTh mia3mel. MI'J] npenen o gasie-
HUIO TUIa3Mbl. MATKUI U )KECTKUM Npeaen no gaBieHuto. [IponeTHsie n 3anepThie yacTuibl. JIBUxKe-
HHUE TPOJIETHBIX W 3amepThix vactuil. Heoknaccuueckas auddysus B Toxamakax. Kosdourment
HeokJlaccuueckon nuddysun. PeanpbHOCTh W HeOKsIaccuueckas teopusi. byrcrpan-tok. Heycroiuu-
BOCTH - SHepreTndyeckuii npunimn. Tearing-mode (nepecoegMHEHNE CUIOBBIX JIMHUH).

Jlnmurepsl U quBepTopbl. CHUXKEHHE MOTOKA 3HEPTUU HA JIUMUTEP IMyTeM nepeusnydeHus. CHu-
JKEHHE MMOTOKa TerJia nepensiydeHrem. JIMuTep u TMBepTop - CPaBHEHHE TEOMETPHH.

Cucrembl J0MOJTHHUTEILHOr0 Harpesa. Harpes snexTtpomarHuTHbIMM BonHaMHu. Ilokasartens mpe-
JIOMJICHMS IUIa3Mbl ¢ IosieM. Harpes Ha 3JIEKTPOHHOM LHMKJIOTPOHHOM 4acTore. Pacmpocrpanenue
OOBIKHOBEHHOW BOJHBI. PacmpocTpaneHne HeoObIKHOBEHHOW BOJHBL. Harpes anextponoB mpu D1IP.
I'enepanus Toka npu OLIP.

Pe:xxuMBI € yIy4YIICHHBIM Y/Aep:KaHHEeM B TOKamMakaX. PeXuMbl ¢ OTpHLATENbHBIM HIMPOM.
dopMmupoBaHUEe TpaHCHIOPTHOrO Oapbepa. JMUTENbHBIA pas3psiag € OTPHULATEIBHBIM  IIHPOM.
JUtnTenbHBIN pa3psal C HEBMHIYKTUBHBIM TOKOM.

Jdkcnepumentbl ¢ D-T nminasmoii. Mcrounuku HeWTpoHHOTO u3nydeHus. OmnpezesneHre BpeMeHU
*u3HU TpuToHOB B TFTR. M30TONMHAas 3aBUCHUMOCTD JUIsl BpeMeHH >ku3HU. OpOuTH anb(ha-4acTuil B
TFTR. Tlotepu anbda-gactun — kiaccuueckue. TopMmokeHHe anb(ha-yacThll Kiaccuueckoe. Bpems
YKU3HM Ieusl B yCTAaHOBKE.

JApyrue noaxoast k YTC (6 yacos)

IMunu ¢ oopaménnbiM moseM (Reversed Field Pinch). OcnoBubie uaeu. Ponp miiasmeHHOTO
nuHamo. CTaHAapTHBIA MEXaHU3M MOJIepKaHUsI TOKA - IJIa3MEHHOE TUHAMO.

NuepunanbHblii TepMosiiepHblii cuHTe3. MI'J[-HeycroitunBocTh cxatus. 3arpaBku a1 MIJI-
HEYCTOMYMBOCTHU. THUIIBI BO3MYIIEHHH (110 HOMEPY MOJIBI).

JlazepHblii TepMosiAepHbIi cuHTe3. [lornomnenue u3nydyeHus MUILICHBIO.

CuHTe3 ¢ myYykaMu TSKEJIBIX HOHOB. [lornomenne TsSykENbIX HOHOB B BEILIECTBE.

11



bouicTpble Z-nuHun. DopMupoBaHue IIaA3MEHHOTO cliod. 3D CTpyKTypa CXJIONBIBAIOLIEHCS
o0onouku. JlMHaAmMHMKa B3pbIBAa OTIEIBHOW IPOBOJOYKU. JIMHAMHUKA CXJIONMBIBAHUS MPOBOJIOYEK.
Junamuka cuctemsl ¢ N ~ 100.

CamocrosiTesibHass paboTa cTyaeHTOB (56 4acoB)

[Tepeuens 3anstuii Ha CPC O6newm,
qac
N3ydeHune TeopeTHYecKoro MaTepraia, He OCBEIIaeMOT0 Ha JIEKIUSIX 16
[Monroroska pedepara 22
[ToaroroBka Kk 3K3aMeHy 18

S.

1.

IlepedyeHnnb y4eOHOM JUTEPATYPHI.

5.1. OcHoBHas JauTEpaTypa

B.B. Iloctynaes, UnxenepHo-pusndeckue npodiemsl Y TC. DIeKTpOHHBIM KOHCIIEKT Kypca

nekmuii. HoBocubupck, 2013, 581 c.

5.2. lonotHMTEIBHAS JTUTEPATypPa

Apnumosuu JI. A. Yrpasisemsle TepMosiiepHble peakiuu. M.: @uzmatiur, 1961. 467 c.
Opank-Kamenenkwmii J[. A. Jlekiuu o ¢usuke mia3mel. 3-¢ u3a. M.: Uatemnekr, 2008. 280 c.

H. Kpoin, A. Tpaiisennuc. OcHoBsl ¢pusuku mwiasmel / [log pea. A. M. [sixae. M.: Mup, 1975.
527 c.

Apnumosnu JI. A., Cargees P. 3. ®usuka miasmsl aiis ¢puszukoB. M.: Atomusaar, 1979. 315 c.

JlykbsinoB C. 0., KoBanbckuii H. I'. ['opsyas minazma u yrpapisieMbld I€pHbIA CUHTE3. M.:
MU®U, 1997. 430 c.

Korenpaukos U.A., Jlekuuu o gusuke mwiazmel, M3narensctBo BUHOM, Mocksa, 2013, 384
c., ISBN 978-5-9963-1158-3

ITepedyenb yueOHO-METOAMYECKHX MATEPHAJIOB M0 CAMOCTOATEILHOMH padoTe 00y4aromuXx-
csl.

B nocnennue roasl HaOIr0Aa€TCS 3HAYUTEIBHBIN Mporpecc B 001acTu (PU3MKHU TIA3MbI, OTHOCS-

nielics K TeMaTUKe JaHHOTO Kypca. POCT Kak 3KCIIEpUMEHTaNbHBIX JOCTHKEHUH 110 YBEIUYECHHIO OC-
HOBHBIX [1APaMETPOB IUIA3MBbI, TAK U Pa3BUTHE TEOPETUUECKUX METOJOB OIMCAHMS U NPEICKA3aHUS
IIOBE/ICHUS BBICOKOTEMIIEPATYPHOH IIa3Mbl B PEAIbHBIX YCIOBHAX B OCHOBHOM CBS3aH C IIPOTPECCOM
TEXHUKHU TUIa3MEHHOTO SKCIIEPUMEHTA U YCIICIIHOM paboTOi 3HAUUTETFHOTO KOJTMYECTBA SKCIIEPHU-
MEHTAJIBHBIX YCTAHOBOK, B TOM YHCJIE KPYIIHBIX U CBEpXKPYIHBIX. K CcOXKaleHnI0, MPaKTUYECKH BCE
3TH pabOThI JeNAI0TCs 3a npenenaMu Poccun, Ha COBpeMEHHOM 3apy0eKHOM 3KCIIepUMEHTaIbHON 0a-
3e. IloaToMy OCHOBHBIE MaTepUallbl, B TOM YHCJI€ OPUTHHANIBHBIE UCCIIEI0BaHMs U oOo0Imatoniye (B
TOM YHCJIe Y4eOHbIC) MaTepHalibl B HACTOSILEE BPEMS BBIXOAT MO OOJIbILEH YacTH Ha aHTITUHCKOM

SA3BIKE.
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B nporecce 00y4ueHus no JaHHOMY KypCy PEKOMEHIYETCs HCIIOJIb30BaTh B KAUYECTBE OCHOBHBIX
JIBa UICTOYHHMKA HHPOpMaIK. Bo-nepBbIX, 3TO ANEKTPOHHBINA KOHCIIEKT aBTOPCKOTO Kypca JIEeKINH,
KOTOpBIH octyrneH maructpantaM Kadenpst ¢pusuku miazmel HI'Y BO BHYTPUHHCTUTYTCKON CeTH
NAD CO PAH B aupekTopuu ¢ yueOHBIMH MaTepruaiaMu kadeapsl. Ha MomeHT Havana yaeGHOTO To-
Jla CTY/ICHTaM JOCTYITHA BEPCHS SJEKTPOHHOTO KOHCIIEKTA, YUTABIIIETOCS B MPEAbIAYIIEM YIeOHOM
roxy. O6HOBNIEHHAs BepcHs KOHCIEKTA BBIKJIAIbIBACTCS HA TY K€ CTPAHMILY 10 3aBEpUICHUH LIUKJIA
nekuuit. [lToMrMo 3TOTO, TOCTYIHA ClienaIbHO OTGopMaTHpOBAHHAS BEpCHs Kypca, IpeTHa3HAYCH-
Hasl JJI UCIIOJIb30BaHUs B KaYECTBE 3aTOTOBKH JJIsl KOHCIIEKTUPOBaHUs 00ydyaeMbIMH MaTepHasa B
xoJie Jekuii (hopMat 1o 3 cnaiiia Ha JIUCT C MOJSIMU JIJIsl COOCTBEHHBIX 3aMeTOK). [locnenuss cytie-
ctBytomast Bepcus 2013 roga cocrout u3 581 cnaitga. JlanHbI Kype JEKIUE peryaspHO OOHOBISETCS
HOBEHIIMMHU MaTepUaIaMu, KOTOPhIC JIEKTOP MOTy4YaeT 1Mo KaHaiaM oOMeHa mpodhecCHOHATLHON HH-
dhopmaruei.

BTropbsiM pekoMeH1yeMbIM 00y4YarouM MaTepUAIOM SBIISICTCS YHUKATbHBIA aHTTIOSI3bIYHBIH
coopuuk «Fusion physics» 06bémMoM 1158 cTpanuil, HAMMCAHHBIA BETYIIIMU MUPOBBIMH SKCIIEPTAMH
Y OXBAaTHIBAIOIIHIA MMPAKTUYECKH MMOJTHOCTHIO TPOrpaMMy JaHHOTO Kypca. DTOT COOpHUK ObLT U31aH
MAT'ATD B 2012 roay, >7neKTpOHHAsI BEPCHUS paCIpOCTpaHIETCss OSCIUIATHO U HE UMEET OTpaHUYCHUH
I10 UCIIOJIb30BAHMUIO.

1. B.B. Ilocrynaes, Unxenepuo-pusznueckue nmpodaemsl Y TC. DneKTpoHHBINH KOHCIIEKT Kypca
nekmuii. HoBocubupck, 2013, 581 c.

2. Sheftield J. The physics of magnetic fusion reactors // Reviews of Modern Physics, 1994, v.66,

p-1015-1103.

Wrorn Hayku u Texuuku. Cep. @uzuka miazmel. M.: BUHUTH (wauunas ¢ 1979 r.)

Status Report on Controlled Thermonuclear Fusion // Nuclear Fusion, 1990, v.30.

ITER Physics Basis // Nuclear Fusion, 1999, v.39.

Ryutov D.D., Derzon M.S. and Matzen M.K. The physics of fast Z pinches // Reviews of Mod-

ern Physics, 2000, v.72, p.167.

7. Wesson J. The Science of JET. Culham, 2000. — a5iekTpoHHast BepCHsi KHUTH JIOCTYITHA 10 ajl-
pecy http://www .jet.efda.org/documents/wesson/scienceofjet.pdf

8. Wesson J., Tokamaks, 4th ed. (Oxford Univ. Press, Oxford, 2011).

SNk w

IIpumepsl Tem pedepaTon

. OcHOBHBIC JOCTIKEeHHS paboT Ha Tokamake JET 3a mociemanue nBa roaa.

. OcHoBHBIE HOCTIKEeHUS paboT Ha Tokamake JT-60U 3a mocneaHue aBa roja.

. OCHOBHBIE JOCTIKECHHSI padOT Ha Tokamake Tore Supra 3a mocieaHue ABa roja.

. OcHOBHBIE TOCTIKEHUS PabOT Ha Tokamake Asdex 3a MmoclieHIe Ba TOAa.

. OcHOBHBIE JOCTIKEeHHS paboT Ha Tokamake DIII-D 3a mocneqnue aBa rona.

. OcHoBHBIE HOCTIKEHUs paboT Ha Tokamake MAST 3a mocnennue aBa roja.

. OcHOBHBIC JOCTIKEHHS paboT Ha Tokamake NSTX 3a mocneaHue aBa roja.

. OcHOBHBIE TOCTIKEHUS paboT Ha Tokamake [ mo0yc 3a mocieqHue 1Ba roaa.

9. OcHOBHBIE JOCTH)KEHUS paboT Ha Tokamake Kstar 3a mocnegHue aBa roja.

10. OcHoBHEBIE nocTIKeHUs paboT Ha Tokamake EAST 3a mocnennue nBa roaa.

11. Cocrostue paboT 1o coopyxeHuto Tokamaka UTOP

12. OcHoBHBIE JOCTIXKEHUS paboT Ha cremaparope LHD 3a nmocnennue nBa roaa.

13. CocrostHue paboT 1o coopyKeHuto creiaparopa W-7X.

14. OcHoBHBIE NOCTIKEHUS paboT Ha sazepHoi yctanoBke NIF 3a mocnennue nBa roaa.
15. OcHOBHBIE TOCTHXKEHUS PaOOT Ha Ja3epHON ycTaHOBKe Omega 3a MocieHIe 1Ba roja.
16. OcHOBHBIE TOCTIXKEHUS padOT Ha J1azepHOi ycTanoBke Nike 3a mocneanue aBa roja.
17. OcHOBHBIE TOCTHKEHHUS pabOT Ha Ja3epHOM ycTaHOBKe Firex 3a mocnmeaHue aBa roja.
18. OcHOBHBIE TOCTHXKEHUS PA0OT Ha OBICTPOM MHUHYE AHTapa-5 3a MOoCIeIHNUE BA TO/1A.
19. OcHoBHBIE TOCTHXKEHHUS PpaObOT Ha ObICTpOM MUHYE ZR 3a mociieHre aBa roja.
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20. OcHOBHBIE NOCTIKEHUsI paboT Ha muH4Yax ¢ oOpaménnbM nojaem MST u RFX 3a nocnennue
JIBa roja.

7. IlepeuyeHb pecypcoB HHPOPMANMOHHO-TEJIEKOMMYHHUKANIMOHHOM ceTH « UHTEpHET», HEO0O0-
XOAMMBIX /115l 0CBOCHUS TUCIHHUILINHBI.

JI71st OCBOCHNS TMCIUIUINHBI HCHOIB3YIOTCS CIIETYIONINE PECYPCHI:
-3JIeKTpOHHas HHPOopMamoHHo-o0pa3oBarenpHas cpena HI'Y (OUOC);
-00pa3oBaTeIbHbIe HHTEPHET-TIOPTAIIBL;
-MH()OPMAITMOHHO-TEICKOMMYHHUKALIMOHHAs ceTh MIHTEepHeT.

7.1 CoBpeMeHHbIe IPodecCHOHATbHBIE 0a3bl JAHHBIX
He ucnons3yrorcs
7.2. UudopManinoHHble CIPABOYHbIE CHCTEMBI

He ucnons3yrorcs.

8. Ilepeyenb MHGOPMALMOHHBIX TEXHOJIOTHI, HCIIOIb3YeMBbIX IIPH OCYLIECTBJICHHH 00pa30-
BaTeJbHOI0 NpoLecca N0 AUCHHUILINHE.

Jliis obecrieueHus peann3anuy JUCITUILUIMHBI UCTIONb3YEeTCS CTAHIAPTHBINA KOMILJIEKT MPOTPaMM-
Horo obOecrnieuenust (I10), Bkmovarommii perymsipHo oOHoBisieMoe nuiieH3nonHoe 110 Windows u
MS Office.

Hcnonp30BaHne CHENMATU3UPOBAHHOTO MTPOrPAMMHOTO 00eCTICUeHUs [T U3yYCHHS TUCITUTLIN-
HBI HE TpeOyeTcsl.

9. MarepuajbHO-TeXHMYECKasi 0a3a, He00OX0AUMAS /IJIsl OCYlIeCTBIeHUs 00pa30BaTeJbLHOI0
npouecca no JAUCHUIINHE.

JIist peanu3anuy IUCUUILTAHBI UCIIONB3YIOTCS CIIEIUAIbHbIE TTOMEIECHUS:

1. YueOHbIe ayaAuTOpUH JUTsl POBEICHUS 3aHATHH JICKIIMOHHOTO TUTIA, TPAKTUICCKUX 3aHIATHH,
KYPCOBOTO MPOSKTUPOBAHUS (BBIMOTHEHHUS KYPCOBBIX PaboT), TPYNITOBBIX U WHAUBUIYAIbHBIX KOH-
CyJIbTallii, TEKYIIETO KOHTPOJISA, MPOMEKYTOUHOM M UTOTOBOM aTTECTAIlUH.

2. [TomerieHust 17151 CaMOCTOSITEBHON pabOTHl 00Y4aIOLTHXCS.

VY4eOHble ayAUTOPUM YKOMIUIEKTOBAaHbI CIEHHUATU3UPOBAHHON MeOeIbl0 U TEeXHUYECKUMU
CpeAcTBaMU O0YYEHUs, CIYXKAIUMHU JUIS IPECTaBIeHUs yueOHOM nHpopManuu 60IbIION ayAUTOPUH.

[Tomemenust s caMOCTOSTENbHOW PAaOOThI  OOYYArOIIMXCS OCHAIEHBI KOMITHIOTEPHOM
TEXHUKOH C BO3MOXXHOCTBIO TMOJKIIOYEeHUs K cetn "HHTepHer" u obOecneueHHMeM [OCTyNa B
AIIEKTPOHHYIO HH(POPMAIIMOHHO-00pa3oBarenbHyto cpeay HI'Y.

MarepuanbHO-TEXHHUECKOE obOecreueHrne 00pa30BaTeNbHOrO Mpolecca MO JAUCHUILIMHE IS
oOyyaroluxcsi W3 YWCIa JIML C OrPaHUYEHHBIMH BO3MOXKHOCTSMHU 3I0POBbSI OCYIIECTBISETCS
cornmacHo «[lopsaKky oOpraHuzanu M OCYIIECTBICHUS 00pa30BaTENbHOM JIEATENBHOCTH  I10
o0pa3oBaTeNbHbIM MIPOrpaMMaM JIJIsl MHBAJIMJOB U JIUI] C OTPAHUYEHHBIMU BO3MOKHOCTSIMH 3JI0POBBS
B HoBOCHOMPCKOM rocy1apcTBEHHOM YHUBEPCUTETE.
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10. OneHo4yHbIe CPEACTBA /ISl IPOBEICHUSI TEKYIIero KOHTPOJISI U IIPOMEKYTOYHOH arrecTa-
MM 110 U CHUILINHE.

10.1 ITopsinox npoBeeHNs TEKYILIEro KOHTPOJISI M IPOMEKYTOYHOM aTTeCTAlUH 110
AUCHMILINHE

Texyujuii KoHmpoino
Texymumii KOHTPOJIb OCYILECTBIISICTCS IIyTeM KOHTpOJIA moceuleHus jekiuidi. CTyaeHTaM HeoOXo-
MO MOATOTOBUTH pedepar 1o TeMaTrke MpoiIEHHOTo0 MaTepuarna.

Ilpomesrcymounasa ammecmavyus

OcBoeHMe KOMITETCHIIUN OIICHUBAETCS COTJIACHO IIKaJle OLIEHKU YPOBHS C(POPMHPOBAHHOCTU KOM-
neteHIy. [lonoxuTenpHas OlleHKa N0 JTUCHUIUIMHE BBHICTABISIETCS B TOM CJy4ae, €ClU 3asBJICHHBIC
komnereHuu [IK-1 u [1K-2 chopmupoBansl He HHUXKE MOPOTOBOIO YPOBHS B YaCTH, OTHOCAMIECHCS K
(OpMHPOBAHUIO CIIOCOOHOCTH HCMOJIB30BaTh CIELUAIN3UPOBAHHbBIE 3HAHUS B OOJACTH HWHKEHEPHO-
¢uznueckux npobdiem YTC B npodeccnoHaabHOM 1eSTeNbHOCTH.

OxoHuaTesabHas OLIEHKAa paboThl CTYACHTA B TE€UEHUE CEMECTpa MPOUCXOIUT Ha dK3aMeHe. JK3a-
MEH MPOBOJUTCS B KOHIIE CEMecTpa B AK3aMEHAIIMOHHYIO CECCHIO TI0 OuiieraM B YCTHOH (opme. Bo-
MPOCHI OMyIeTa MOIOUPAIOTCS TAKUM 00pa30M, 4TOOBI MTPOBEPHUTH YPOBEHb CPOPMUPOBAHHOCTH KOMIIE-
Terimi [1K-1 u I1K-2.

BriBog 006 ypoBHE cHhOpMHUPOBAHHOCTH KOMIIETCHIIMA MPUHHUMAETCS TpernonaaBareneM. Kaxmpri
Bonpoc Owmnera oueHuBaercs oT 0 mo 5 Oamnos. [lomokuTenpHas OLIEHKA CTaBUTCA, KOIJa BCe

KOMIIETCHIIUHN  OCBOCHBI

HE HHXC

MIOPOTOBOTO  YPOBHHI.

OneHkn

«OTJIHYHO»,

«XOpOILIOY,

«YHAOBJICTBOPUTCIIBHO» O3HAYAIOT YCIICIIHOC MMPOXOKIACHUC HpOMe)KyTO‘IHOI\/'I aTrTeCTaluu.

Onucanue KpUTEpPHEB U MIKAJ OLEHUBAHUS MHAUKATOPOB JOCTHKEHHUS Pe3yJbTATOB 00yUeHUsI
no qucuunnne « MuxxkeHepHo-pusndeckue npodaemnor Y TCy.

[Tnanupye- YpoBeHb OCBOCHHUS] KOMIIETCHIINH
MBIE pE3yIIb-
Kpurepiu TaThl 00yde-
HUS
orermpa- (moxaszarenu | He chopmupo- . basoBsrii ITponBHUHYTHIM
HUA pe- IToporoselit ypoBeHb
3y TBTATOB JOCTHKEHUS BaH (3 6anna) YPOBEHB YpPOBEHb
oGydenns 3a/1aHHOTO (0 6amoB) (4 6amna) (5 6anmoB)
YPOBHSI OCBO-
€HHS KOMIIE-
TEHIIHI)
1 2 3 4 5 6
VYpoBeHs 3Ha- MuHMMaNbHO I0MY- VYpoBeHb 3HaHUil co- | YpOBEHb 3HaHMH CO-
HUH HWKE MH- | CTUMBIH yPOBEHb OTBETCTBYET IPO- OTBETCTBYET IIPO-
HUMaJIbHBIX 3HaHMi. Jlomyckaercst | rpaMMe MOATOTOBKU | TpaMMe MOJTrOTOBKH
TpeOoBaHMIA. 3HAUUTEJIBHOE KOJM- | II0 TeMaM/paszenam 10 TeMaM/pasiesiam
[onuora K 1.1 Hmeror mMecto YECTBO HErpyObIX JucuIuinaeL.  Jlo- JucUInIuHbL. CBO-
3HaHUN ’ rpyOble ommob- | OUIMOOK. ITyCKAeTCsl HECKOJIBKO | OOJHO M apryMeHTH-
KH. HETrpyObIX/ pPOBaHHO OTBEYaET HA
HECYIIECTBECHHBIX JIOTIOJTHUTENbHBIE
omm6bok. He oTBewaeT | BOIIPOCHI.
Ha JIOIOJIHUTEIIbHBIE
BOIIPOCHI.
OrcyTcTBHE IIpogemonctpupoBa- | IIpomemonctpupoBa- | IIpoaemoHcTpupoBa-
MHUHHAMAJIbHBIX | HBI YACTHYHO OCHOB- | HBI BCE OCHOBHBIC HBI BCE OCHOBHBIE
Hannuue MK 2.2 YMEHHI. Hble yMeHusl. Pemre- ymeHus. Pemiensl Bce | ymeHus. PemieHsl Bce
yMEHHUH ’ He ymeer pe- HBI TUTIOBBIC 3aJ]a4d. | OCHOBHBIC 33/IaHHSI C | OCHOBHBIC 33aJJaHUS B
1I1aTh CTaH- JlonymieHs! HerpyOble | HerpyObIMH OoIMOKa- | MMOJHOM o0beMe Oe3
JIapTHBIC 33/1a- | OLIMOKH. MU WU C HeJlo4eTa- HEJI0YETOB U OIIH-
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yn. Umerot
MECTO TrpyOble
OIINOKH.

MH.

OOK.

OrcyTcTBHE
BJIAJICHUS Ma-
TEPUAJIOM T10
Te-

peuicHuun cTran-

Hmeercss MUHIMAITb-
HBI Ha0Op HABBIKOB
TP PEIICHUN CTaH-

JapTHBIX 3a/1a4 C He-

Nmeercst 6a30BbIi
Ha0Op HABBIKOB TP
pELICHHH CTaHIapT-
HBIX 33124 C HEKOTO-

Mmeercs 6a30BbIi

Ha0OpP HABBIKOB TIPH
peIlICHUH CTaHAPT-
HBIX 3a1a4 0e3 OIIH-

Hannawne

HABBLIKOB Mam/pa3ziesiaM | KOTOPBIMH HeJoue- PBIMU HEJJOYETaMHU. 00K U HEJIOYETOB.

T — K 2.3 JUCLUIUIMHEL. TaMHU. IIponemoncTpupona-
Her HaBBIKOB B HBI 3HaHMS M0 pelle-

OIIBITOM)

HUIO HECTaHAApPTHBIX

JApTHBIX 3a7au. 3a1ad.
Hanuuwue rpy-

OBIX OIINOOK.

Tunosble KOHTPOJIbHBIE 32[IaHUSA U MATEPHAJIbI, HEOOXOAUMBIE IJIsl OIIEeHKH Pe3yJIbTaToB
o0yueHust

Ilepeyens BONMpoOCoOB Ha IK3aMeH

Kaxxnprit 6miteT coepKuT 1o 0JJHOMY BOIpocy U3 pasnenoB 1, 2 u 3. Hymeparus BompocoB B IepevyHe
HE COBMAJIACT ¢ HyMepauueil Onieros.

Ha nposepky cghopmuposannocmu komnemenyuu I[1K-1:

Pasznen 1. ®usuka TOKaMaKoB

1.1. Y aepxanue miaa3Mbl B TOPOMJATFHOM MarHUTHOM ToJie. BpamatenpHoe npeodpazoBanue. Mar-
HUTHBIE TOBEPXHOCTU U MAarHUTHBIE OCTPOBA.

1.2. Tokamak. Y CcTpOMCTBO, OCHOBHBIC (PU3HUECKHUE TPUHITHIIHIL.

1.3. IIpenensHbIi TOK B TOKaMake. 3anac ycroitunBoctu no Kpyckany-Illadppanosy. [llup maruuTHOTO
noJis. PesoHaHcHBIE TOBEPXHOCTH.

1.4. Tlognep>kanue paBHOBECHS TIa3MbI B TOKaMake. BiusHue GopMbl 11a3Mel Ha yaepiKaHUE.

1.5. OMuyeckuii HarpeB M1a3Mbl B TokaMake. KaHoHn4eckne mpod iy miIoTHOCTH, TEMITEPATyphl U
JABJICHUSL.

1.6. [IpenenbHas NIOTHOCTH IJIA3MbI B TOKAMakKe.

1.7. Ilpenen o aBi€HUIO TUIa3Mbl B TOKaMake.

1.8. [IponeTHbIe U 3anepThie YACTUIBI B TOKamMake. THIIbI TPAaeKTOPHUH.

1.9. Heoknaccuueckas nud¢y3ust B Tokamakax. Poib TypOylIeHTHOCTH Ui IPOIIECCOB MEPEHOCA.

1.10. [IpoaoKUTENBHOCTh CYIIECTBOBAHUS IJIa3Mbl B TOKamake. bytcTpan-tok. HemHykTUBHEIE Me-

TOJbI OAICPHKAHUS TOKA.

. OCHOBHBIE TUITBI HEYCTOMYMBOCTEH B TJIa3Me TOKaMaKOB (00IIIast XapaKTepUCTUKA).

. [lunoobpazHbie KonebaHUs B TOKaMaKax.

. HeycTOoM4HMBOCTH CphIBa B TOKAMaKax.

. IIponieccel Ha cTeHKe. MeTobl ITOIy4YeHus: YUCTOU Iu1a3Mel. [IpucTtenounas miasma.

. JlumuTepsl (OCHOBHBIC TUIIBI, TPUHIIUIIBI PAOOTHI, PE3YJIbTATHI).

. luBepTOpPHI (OCHOBHBIE TUIIBI, IPUHIIUIBI paboThl, pe3yibTatel). [Tonstue SOL.

. HeycroitunBocts nepudepuitnoit minazmel (MARFE).

. Ilonstue ckeinunra. H-mona (monyuenue, ocobennoctu). L-H nepexoa. Ckernunru L- n H-

MO/IBI.

. Monb1, nokanu3oBaHHble Ha kpato (ELM).

1.20. TlonsiTHE BHYTPEHHUX TPAHCTIOPTHBIX OapbhepoB. PeKUMEI C yIydIlIEeHHBIM yIep)KaHUEM B TOKa-
Makax.
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Pa3nes 2. YTC ¢ MarHUTHBIM yAepKaHUEM IJIA3Mbl

2.1.

2.2.
2.3.

2.4.
2.5.

2.6.
2.7.
2.8.
2.9.

VYcnosus ocymecrBumoct Y TC. Kputepuii JloycoHna s cucTeM ¢ MAarHUTHBIM U MHEPLHAITb-
HbIM yaepxxanueM. [Tonsatue Q.

[ToHsiTHE TEPMOSIECPHOHN PEAKINH, XapaKTEepUCTHUKA OCHOBHBIX peakuuid 1ist Y TC.

"be3HeHTpOoHHbIE" TePMOSACPHBIE PEAKIIH, UX XapaKTePUCTHKA U 0COOCHHOCTH UCIIOIb30BAHUS
g YTC.

TepMosiiepHbIe peakuy B 3BE3/1aX.

MeTob1 JOTIOHUTEIBLHOTO HAarpeBa IIa3Mbl B CUCTEMaX C MarHUTHBIM ylep)kaHueM. AnnadaTu-
YECKUU Harpes.

Mertoapl BU HarpeBa mia3mbl. AHTEHHBI.

Harpes mna3zmbl myukamu yactuil. MHXEKTOPHI € MOJT0KUTEIbHBIMU U OTPULATEIBHBIMH HOHAMH.

OxkcnepumeHThl ¢ D-T mna3moit. OCHOBHBIE pe3yJIbTaThl.

dusnka anbda-yactul B mazme. Pons anspa-yactun. HeycroitunBoctu anbha-yacTuil.

2.10. IIpoeKThl YCTAaHOBOK CIeayroIero nokoneHus. dusznueckue 3agadm.

2.11

. Ceprueckue Tokamaky. PU3NUECKUE PUHLIUIIBL, TPEUMYIIECTBA U HEAOCTATKHA KOHIICTIIIUH.

2.12. JletictBytomue ceprudeckue Tokamaku. OCHOBHBIC YCTAHOBKHU U PE3YJIHTATHI.

2.13

. Crennapatopsl. OcHOBHBIE (pr3HUECKUe TPUHLIUIIBL. MarHuTHbIEe cucTeMbl. JleiicTBytomume
YCTaHOBKH H PE3YJIbTATHI.

2.14. TopounanbHbIi TUHY ¢ 0OpameHHbIM rosieM. OcHoBHBIE uzeu. Ilognepkanue KoHGUTyparuu

2.15

MarHMTHOI'O TOJIS.
. TopouaanbHbIi MUHY ¢ 00paIIeHHbIM HoJeM. J|efCTBYIOIHEe YyCTaHOBKH, OCHOBHBIE PE3YJIbTATHI.

2.16. Ilepenoc B TopouJaIbHBIX THHYAX ¢ 0OpameHHbIM TosieM. Texauka PPCD.
2.17. Chepomak. MaruuTHast KOHGUTypanus. Y CTpOUCTBO YyCTaHOBOK. Pe3ynbTaThl.
2.18. Cucremsl ¢ oopamenasiM rosieMm (FRC). MarautHas koHpuUrypamus. JKCepuMeHTaIbHBIE pe-

2.19

3YyJIbTAThI.
. Yepkanue B MAarHUTHOM T110J1€ TUTofs. [IpuHIUner paboTel. Pe3ynpTaThl.

2.20. IlmxeHepHbIe MPOOIEMBI PEAKTOPOB M CIIOCOOBI UX perieHus (1epBasi CTeHKa, TMBEPTOp, BOC-

MIPOU3BOJICTBO TPUTHSI, CTAIUOHAPHOE TOPEHHUE).

Paznen 3. Unepunansubiii YTC

3.1.
3.2
3.3.

3.4.
3.5.

TBL.
3.6.

3.7.

3.8.
3.9.
3.10
3.11

3.12.

3.13

OcHOBHBIE TpUHLMIBI HHEpIMaabHoro Y TC, nuamna3zon napametrpoB, kputepuii Jloycona. ®usu-
yeckue mpobiaeMbl. THIIBI IpaliBepoB, OlleHKA TPeOyeMOil SHEPTeTUKH.

VYcerpolictBo s1azepoB i uHepuuaibHoro Y TC. ITpuMepsl ycTaHOBOK C Jla3epaMu Ha CTEKJIE.
Br160p IHHBI BOJIHBL, JUTUTEILHOCTH, OJJHOPOTHOCTH.

Cxema nipsimoro o0skatusi mutieHu B y1azepHoM Y TC. Konctpykuus mumeneit. Pons MI'/] He-
YCTOMYUBOCTEH.

YMeHblIeHHe KOTePEHTHOCTH J1a3€pHOT0 U3MydeHus. [IpUHIUIBI U pe3yIbTaThl.

Cxema ¢ npouIMpoBaHUEM MOIIHOCTH Ja3€PHOT0 UMIyabca. OCHOBHBIC IPUHIIMIIBI H PE3YIIbTa-

I"azoBslie nazepsl 11 nHepuuansHoro Y TC. IlpuMeps! ycTaHOBOK, UX YCTPOHCTBO, XapaKTEPHBIE
apaMeTpBl.

Cxema HenpsiMoro o0xatust MuteHH B JazepHoM Y TC. Ousnueckue npuHuuibl. KoHcTpykius
MULICHEH.

Cxema "OpicTporo 3axxuranus". OCHOBHbIE IPUHIUIBI. MeTo bl peann3anuu. Pe3ynbraTsl.

[IpyHIIMITBI TOCTPOCHUST METAIKOYJIbHBIX J1a3epoB i uHepuaibHoro Y TC.

. YCTpOHCTBO KOPOTKOMMITYJIBCHBIX JIa3epoB A1 uHepuuaibHoro Y TC.

. BeicTpbie Z-nHYM Kak ApaiiBepbl Ayt nHepuuanbHoro Y TC. duznueckue NpUHIMIBL. JKCIe-

PUMEHTAIIbHBIE PE3YJIBTATHI.

ITpocTeie MHOTOIIPOBOJIOYHBIE CUCTEMBI. XapPAKTEPHBIEC TapaMeTPhl YCTAHOBOK, IIPUMEPHI PEaIIU-

3alMH.

. JlnHamuKa nia3Mel B IPOCTOM MHOTOINPOBOJIOYHOM cucteMe. [lepeTexkanue BeuiecTBa, mpeKkyp-
cop.
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3.14. JIBoliHbIE MHOTOIIPOBOJIOYHBIE cucTeMBI. [IpenmymiecTBa. /luHamuka miasmsel B JBOMHBIX CH-
creMax. [Ipumepsl peanuzanuu.

3.15. Unepunanshbiii YTC ¢ Tsxkensimu noHamu. Gusndeckue npuHumnbsl. KoHCTpyKuys MULIEHEH.

3.16. CxembI MOCTpOCHHSI YCKOpHUTENeH Tspkenbix noHoB st Y TC. TpeGyembie mapaMeTpsl. DKCIIe-
PUMEHTAJIbHBIE AOCTIDKEHHsI. DU3HUECKUE POOIIEMBI.

3.17. Cxema "OwicTporo 3akuranus" s Tsokenornonnoro Y TC.

3.18. Cxema CTEHOYHOT 0 yJepKaHus 3aMarHU4E€HHOM MII0THOH 1m1a3Mbl. dusnueckue npuHUMILL. Pe-
3yJBTATHI.

3.19. Cucremsl "mna3mMeHHbli pokyc". Ouzndeckrne NpUHIMILL. Pe3ynbTaTsl.

3.20. MeToapl IMarHOCTUKHM CBEPXIUJIOTHOM MIa3Mbl B AKCIIEpUMEHTax 1o nHepuuanbHomy Y TC.

Ha nposepxy cghopmuposarnnocmu xomnemenyuu I1K-2:

IIpumepsl 32124 HA IK3aMeH

1. Toukas mIMHHAS HUTH U3 TBEPIOTO BOJOPOIa IOMEIIEHA B IMPOJI0JIbHOE MarHuTHoe mosie B (o1-
HOpOoAHOE U OeckoHeuHoe). B MomeHT £ = () uepe3 HUTh MPOIYyCKAETCsl UMITYJIbC TOKa TakK, 4TO
HUTh MTHOBEHHO IIPEBPAIACTCS B TOPSAUYIO Ma3My. HaganbHOE SHEPTOBBIICTICHHE ¢ 3PT/CM.
Haiitu paBHOBECHBIN U MaKCUMAJIbHBIN PanyChl IIa3Mbl. UeM onpenenseTcs: BpeMsl 3aTyXaHUs
KoJeOaHui TUTa3MEHHOM TPaHUIIBI (1aTh KAYECTBEHHBINH OTBET)?

2. Kakoe MarHuTHOE 1oJie TpeOyeTcst cO3AaTh B YCTAHOBKE ISl TOTO, YTOOBI YAEP)KUBATH TJIA3MY C
motHOCTBIO 7 = 10" em™ 1 Temnepatypoit T = 100 k3B, ecu mapamerp p = 0.01 ? Uemy paBHO
JaBJICHUE TAaKOTO MarHUTHOTO 1ouis (B atMochepax)?

3. ITyuox aToMOB Bozopoaa ¢ sHeprueil 20 k3B oT yckopstoleil CTpyKTypbl HHKEKTOPA IPOXOIAUT
qyepes rnepe3apsaJHyro KIOBETY JUIMHOM 1 M, 3alI0JJHEHHYIO HEHTpaJbHBIM BOJIOPOJIOM C 1aBJICHUEM
1 I1a, x koTopoii npuiioxeno Hanpspkenue U = 1000 B. Haiitu cpeaHioro sHEpruto, KOTOpyro IpH-
00peTyT aTOMBbI BOJOPO/a MOCIIe MPOXOXKACHUS yepe3 KioBeTy. [IpuHATh ceueHue nepezapsiku
Gep= 6-1071% M2, MOHM3AIUH Gyon = 2-10716 cm™2.,

4. Tlonepék TOHKOTO IHypa Aeiirepuesoii mwiasmel ¢ T= 10 k3B u n = 10'* e umkexTupyercs my-

10, 10715 _
: T+D—n+'He ; <ov>,
1 106 f  cm’/c af
_ 107 D+D—p+He 10-17 AL
é" ] D+D—n+T % g
¢ 107 1018
N ‘He+D—p+'He I ;
1 é 10_19 / D-He®
E /
T e e 10w
1 T, xoB 100

W, xoB
4OK OBICTPHIX aTOMOB TPHUTHs ¢ 3Heprueii 100 k3B u mnotHocThI0 MomuocTu 10 kB1/cM?. Kakue
peaknuu OyayT UATH B TaKoW cucTteMe? BBIUUCINTE MOIIHOCTD KaXKI0M PEeaKIuy U3 €IUHUIIBI
o0béMa. /laHHbIE 10 CeUeHUSIM peakluil MpuBeIeHbl Ha rpaduKax.

5. PaBHokomnonentHas D-T mia3ma ynepskuBaercs B MarHuTHOM nosie 50 kI'c, mpu atom B = 0.05.
Brruncnurs MakCUMalIbHY0 MOIIHOCTB D-T peakuuu, KOTOpYr0 MOKHO IIOJIyYUTh B TAKOM CUCTE-
Me. [Ipu kakoil Temrieparype mia3msl OHa Jocturaercs? B ogHol peakiuu Boiaensiercs 17.6 MaB,
cuutarb T, = T;. JlaHHBIE IO CEYCHUIO PEaKIMH IPUBECHBI Ha TpaduKe.
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10.

11.

12.

Haiitu nioTHOCTH TOKa, HEOOXOIUMYIO ISl TOAIEPKaHMsI TEIUIOBOTO OajaHca B BOJOPOIHOM
nIa3Me ¢ TIoTHOCThIo 1 = 10 e u Temmepartypoit T = 1 k3B, UMeromeii sHepreTHUecKoe BpeMs
XKHU3HU TE = 1 MC.

[T10THOCTB MIa3MBbl B HEKOH JIOBYIIIKE OMPEAEISIeTCS MO CIEAYIOUIeMY CIoco0y: 30HANPYIOIINN
CBY-uMIyibC mpOXOIUT CKBO3b IIJIA3MY, OTPaXKaeTCsl Hazal OT pediekTopa Ha IPOTHUBOIIOIOK-
HOM CTEHKE KaMepbl U yJIaBIUBACTCS AHTCHHOM, PaCIIOIOKEHHOU psAIOM C u3inydarenem. M3meps-
€TCsl BpeMs IIPOJIETa UMITYJIbCA OT MU3JIydaTelis 10 aHTeHHBL. [1nasma nuimmHapudeckas ¢ [uameT-
pom 90 cM, uametp kameps 120 cm, yactora f= 90 I'Tw. Haiitu Bpems nponéra as n = 5-10"
cM> u

— .10 o3 9
n=2-10" cm™. Kakas I10THOCTb ONpeeseTcs, SEKTPOHHAs WX HOHHAs !

B HekoTOpo# ycTaHOBKE ¢ BOJOPOIHOM IUIA3MOM ITPY MOMOIIM BHEITHETO HCTOYHHUKA MMOJIEPKHU-
BaeTcsl TemnepaTtypa noHoB 7i= 10 k3B. HaliTu yaeiapHy0 MOIIHOCTh HarpeBa U TEMIEPaTypy
3JIEKTPOHOB (MJIM PA3HUILY MEXKy TEMIIEpaTypaMu 3J1€KTPOHOB U HOHOB), €CIIU U3BECTHO, YTO
IJ1a3Ma OXJIAKJAETCS TOJIBKO 3a CUET U3inydeHUs. [IOTHOCTh miazMbl

n=10"cm>.

BayTtps TopongansHoro coneHonna (R=1wm,a=0.1 m, B =10 kI'c) B BakyyMe IMOMECTHIIN JJICK-
TpoH ¢ 3Heprueit 1 kaB. Uro, kak 1 Korjga OyJaeT MPOUCXOAUTh C THM JIEKTPOHOM? 3aBUCHUT JH (U
€CII 113, TO KaK) Cyp0a 3JIEKTPOHA OT HaYaJIbHOT'O HAlPaBJIEHUS] BEKTOPA CKOPOCTU U OT TOUKH, B
KOTOPYIO IIOMECTHUIIH 3JIEKTPOH?

®dusnkam nMoTpedoBaoCh MOJYYHUTD TUIA3MY CO CISAYIOIIUMHU CBOMCTBaMHU. [ITOTHOCTD T1a3MBI
10' cm. dyHKIUs pacnipesieseHns MeKTPOHOB OIM3Ka K MAKCBEILIOBCKOI ¢ TeMIepaTypoii 40
Kk3B. OyHKIMs pacnpeneneHrs HOHOB OJIM3Ka K MaKCBEIOBCKOH ¢ TemnepaTypoit 10 kaB. MoxHo
JIM TIOJTy4UTh Takyto nmiasmy? Eciu na, To 00bsicHUTE (GU3UKY ITpoLecca U BBIYUCIUTE BpeMs (B
CEKYH/IaX ), B TEYEHNE KOTOPOTO TaKas IJa3Ma MOXKET CYIIECTBOBATb.

Haiitu paBHOBECHYIO J10J110 OBICTPBIX HEUTPATIOB IPU MPOXOXKICHUH ITy4YKa HOHOB C SHEpruen
20 k3B yepes nepe3apsAHYI0 BOJIOPOIHYIO MUIIIEHD OOJIBIIION TOMIIMHEL. [IpuHATE ceuenue nepe-
3APATKU Grep = 6-1071° cm™, ceuenne noHM3AIMH Gyon = 2107 cm™2.

B marautaoMm none 10 xI'c yaepsxkuBaeTcs mra3MmeHHbIN cToi0 ¢ mapamerpamu: T = 1 koB u
n= 10" cm. HaifTu cka4yok MarHUTHOTO TOJS HA rpa”ulLle IUIa3MEHHOI0 LIHYa.

IIpumep HK3aMeHANIMOHHOTO OUJIETA

buner 1.
1. [IposieTHBIE U 3aMepTHIC YACTUIIBI B TOKaMake. THUITbl TpaeKTOpHid. (Ha IPOBEPKY cHOPMUPOBAHHO-

ctu komrerenuuu [1K-1)

2. ®usuka anbda-yactur B mazme. Pois anbda-gactui. HeycroitunBoctu anbda-gactuil. (Ha mpo-

BepKy copmupoBanHocTr KommeTeHnwid [TK-1 u [TK-2)

3. Cxema npsimoro oOxkatust mutiieHH B sazepHoM Y TC. Konctpykuus mumeneit. Ponrs MI'/] He-

ycTOMYMBOCTEH. (Ha MPOBEpKY chopMupoBaHHOCTH KomrieTeHnu [1K-2)

®opma IK3aMEeHALHOHHOTO ONJIeTa MPeICTABIEHA HA PHCYHKE

MHHOBPHAYKH POCCHH

Deodepanvroe 20cyoapcmeeHHOe AGMOHOMHOE 00pa306amebHoe yupercoeHue
evicuiezo 00pazoeanus
«Hoeocubupckuii HaYUOHALHBLIL UCCTIE008AM EIbCKUTL 20CY0APCMEEHHBLIL YHUGEPCUM e )
(Hosocuobupckuii cocyoapcmeennwtit ynusepcumem, HI'Y)
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QDu3uueckuil haxynomem

3K3AMEHAIIMOHHBIN BUJIET N2

CocraButenb /®.M.0. npenonaBatens/
(nmoamnucek)

« » 20 1.

OneHouHble MaTepuanbl IO IMPOMEXYTOUYHOM aTTecTaluM, IpelHa3HAuYeHHbIE I IPOBEPKU
COOTBETCTBHUSl YPOBHS MOATOTOBKM 10 muctmiuinHe TpeboBanusm CYOC, xpansaTcs Ha Kadeape-
paspaborunke PI1/] B meyaTHOM M 3JI€KTPOHHOM BHJIE.
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Jlucr akryasm3anuu GoHIa OLEHOYHBIX CPEICTB
no qucuuniaune « AnxkenepHo-gpusnyeckne npodaemsr Y TC»
1o HanpapJjeHuo noaroroBku 03.04.02 duszuka
poduas «O0mas u pynaamenraabHass UMK

Jara u Ne
XapakTeprucTUKa BHECEHHBIX , [Monamnuck
W3MEHEHUH (C yKa3aHWEM ITyHKTOB JJOKYMEHTA) MPOTOKOIA YuCHOTO OTBETCTBEHHOT'O
K i M copera ®® HI'Y
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