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Poccumckaa nporpamma ynpaBasgemoro
TepmoAagepHoro cnHtesa (YTC)

(JHanpasneHa Ha oBNageHMne TepmoaaepHOM
3HEepruemn.

B TeueHme banKanwmnx gecatuneTmi
NAaHUPYIOTCA NPOBECTM paboTbl NO
NPOEKTUPOBAHUNIO U COOPYKEHUID OMbITHO-
NPOMbILLNEHHbIX TEPMOAAEPHbIX PEAKTOPOB:
TEePMOAAEPHOro UCTOYHUKA HeNTpoHoB (TUH)
n rmbpmaHoOro peakrtopa.



Poccusa. TTnasmeHHbIe U TepmosaepHbIe UccnenoBaHUS

Tokamak T-15 (c megHbIMU
KQTYLKAMU U NONOUAATIBHBIM
AUBEPTOPOM
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ycTaHoeku B Poccum
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OnbITHO-NpoMbIlWeHHaa rubpuaHas yctaHoeka OTITY-500 (2035)

I'u6pup.b1ﬁ

Tokamak No3eonser Co3AaTh CTALMOHAPHLIN

UCTOYHUK HEUTPOHOB C UHTeHCUBHOCTbIO 1016-
1020 H/c

MMbpuaHbIe peakTopbl «CUHTe3-AesieHue»
npeanoxeHbl AN NOBbIWEHUS TeMMNOB BOBreYeHUs
ypaHa 238 u Topusa 232 B TONAUBHBLIU LIUKA U
€O3A4aHUSa 6e30MacHLIX peakTopoB

Knakoconesble TONNUBHBIE LUKNLI HG OCHOBE
rMbpuaHbIX HapaboTumkos Tonnuea byayTt
NCMNOMb30BAHBL A1 CHUXEHUS paAUNOAKTUBHOCTU
AQTOMHOM 3HepreTUKU CYMMApHOU MOLLHOCTbHO MeHee
10% ot obwen.

TTpoBeaeHHbIEe UCCNEfOBAHUSA NOKA3BIBAOT, YTO HEUTPOHHAs Harpyska P«1 MBT/m2 poctatouHa ans
CO3AAHUS S3KOHOMUYHOTO MMOPUAHOTO PeaKTopa-CUHTEe3a-AeNeHUs, B KOTOPOM Kamepa OKpyxeHa
61aHKeTOM, CofepXaluum «afepHoe cbipbe» — 238U (unu 232Th). [leno 8 Tom, uto 238U xopowwo aenutca
noa AecTeuemM HeUTpoHoB ¢ 3Hepruel 14,1 MaB, sosHuKarowmx B pesynbTtate D—T-peakumu.
TTockonbKy 3Heprus AeneHus Ha NOpSAOK BeSTMUMHLL NPeBOCX0AUT 3Hepruro D—T-peakumm, 238U
3HaUUTenbHO (NpUMepHO B 7 pas) yBesIMUMBAET MOLHOCTb peakTopa Npu HeU3MeHHLIX ero pasmepax, Yto
AesiaeT AONYCTUMOW YMepeHHYHO Harpy3Ky Ha nepByko cTeHKy. Elle 6osee BaXHO 3HauUTesIbHoe
pa3sMHOXeHWe HeUTPOHOB B YpaHe, NO3BONAOLLEe, KpOMEe BOCMPOU3BOACTBA CrOpeBLUero aApa TpUTuS,
nony4nTb Ha oaHy D—T-peakuuro 6onee 1,5 atomos 23%Pu.



3apaum rmbpuaHsIX ycTaHoBok B Poccum

CTauWOHapHbIe rMbpUuaHbIe YCTAHOBKU MOTYT peluaTb crieAyroliue 3aAa4u:

- Co3aaHue T.H. «3ef1eHOU SAepHOU 3HepreTUKu» Ha OCHose
XUAKOCOMEeBOro TONAMBA U XUAKOCOSEBbIX TeXHONOMUM HenpepbIBHOMOo
yAaneHUs BbICOKOAKTUBHBIX NMpoAykToB AeneHus. TTpu atom
NCKNFOUArOTCSA PeakTUBHOCTHbIE asapum (HepHobbLnb) u asapuu,
CBA3aHHbIE C NoTepel TennooTeoaa (Pykycuma).

- Tipouseoacteo U233 u3 Topus B xuakoconesom bnaHkere ¢
NOAABIIEHHbIM AefleHUeM B TONSIMBHOM LUKIe C NOHUXEeHHOU
PAAUNOAKTUBHOCTbHO.

- TpaHCMyTaUUA MUHOPHLIX GKTUHWUAOB U NOMYTHAs BLIpabOTKa
3/1eKTPO3HEPrUU C UCMONb3OBAHUEM XUAKOCONEBbIX TeXHONOMUM.

- BerpaboTka 3Heprum B cucTemax ¢ MOAKPUTUUECKOU KUAKOCOSIEBOU
aKTUBHOW 30HOMU B Th-U uukne.

- TecTpoBaHME CTAUMOHAPHLIX NNG3MOPUIMYECKUX,
3NeKTPOPU3IUYECKUX, SAepHOPUIUYECKUX TeXHOSIOrUIA U MaTepuanos,
Heobxoaumbix ana cospaHua OEMO u TITI.

TTpeactout 6onbwas pabora no BbI6Opy NpUOPUTETOB B PasBUTUU 3TOrO
HanpasneHus.



3apaum rmbpuaHLIX YcTaHOBOK B Poccum

MMbpUAHLIV peakTop MOMUMO MPOU3BOACTBA SHEPIUU MOXET NPOU3BOAUTD
3HaYUTesIbHbIe KONMYeCTBa S4epHOro roproYero AnS NUTAHUS peakTopoB AeneHus.
OH aact 8 4—10 pa3 6onblue U3bbITOUYHOro Pu, Yem 6bICTpbIN bpuaep TOU xe
MOLLHOCTU, U 0becnevmnT roproumMM YeTbIpe-lwecTb peakTOpPOB HA TensOBLIX
HeMTpOHAaX COBpeMeHHOro Tuna. 3T0 cO3Aasno 6bI HOBbIE BO3MOXHOCTU
TonnueBoobecneyeHUs 6onblwon aaepHOU 3HepreTuku byayLlero, B OCHOBe KOTOpOU
peakTopbI Ha 6bICTpbIX (KpynHble ASC u ATIOLL) U Ha TennoBLIX HEMTPOHAX
(cpeaHue ASC u AT3L, Nnpou3BOACTBO Tena HU3KOTO U BEICOKOrO NOTeHuuMana,
TPAHCMOPTHbIE YCTAHOBKM).

PaHee npeanonaranoch, YTO NepBbIM 3TANOM MPAKTUYECKOrO npumeHeHus YTC
6yayT rubpuaHbie peaktopbl. X 0cBOeHUe cTaHeT 0AHOBpPeMeHHO NMPAaKTUYECKUM
LWArOM K YUCTO TepMoaAepHbIM peakTopam, KOTOpbIe NO3BONAT Ha Creayroliem
3Tane 3HaYUTesIbHO-CHU3UTDL, a B npefernie — UCKIFOYUTb ONACHOCTU, CBA3AHHbIE C
PAAUNOAKTUBHOCTBHO NPU NPOU3BOACTBE SA4epHOU 3Hepruun. Ho YepHobbrnbckas
aBapua U HaACTOUYUBOCTb AMEPUKAHLIEB B HepacnpocTpaHeHuu Pu namerHunum

TeHAeHUUKo. Poccusa Bbibpana npyoputeTom yuyactme B MexayHapoaHOM npoeKkTe
NTIP.

BnocneaHue roast HALL «KypuaTOBCKUM UHCTUTYT» COBMECTHO C OpraHU3aumamm
'K P®@ «Pocatom» npepnaraet nporpammy HAOKP u aopoxHyro kapTy co3aaHus
nepsou B mmupe OTITY k 2035 roay, kotopas AONONHAET TepMOaAepHYHO
nporpammy Poccum, basupytrollyroca Ha mexayHapoaHom npoexkte M TIP



Cnepyrowimm war-4eMOHCTPaLUOHHbIN
TepmosagepHbiK peaktop (AEMO)

.........

DEMO
~ 1000 - 3500 ¥
~ 2000 - 4000 MW,




Tonnnso Aana TepmoAaepHONn
3NEKTPOCTaHLUNN

» Jletitepuii D: 88 kr/rog nns1000 MBT
3JIEKTPOCTAHIIH

e Tpuruil 1. KOPOTKOKUBYIIMK n30ToN (13 J1€eT)
TEHEPUPYETCS B PEAKIIUH

o Li®+n--->T+ He?
236 kr Li°/ rox mms 1000 MBT ai1ekTpocTaHIuu

Li+ n -->He (2.1 MeV) + T (2.7 MeV)
Li+n-->He+n-2.87 MeV



Pecypchbl Li
NOYTU HEOrpPaHMUYeHbl

| : MMHEepanbl U MOPCKaAa BOAA
Pe3epBbl: 4-6 MUNNUOHOB TOHH

Pecypchbl: 8- 21 MMANAMOHOB TOHH
Mopckas Boaa: 2 x 10! ToHH



> l1na macwmabHbsix 0bpa3zosamersbHbiX 30004
Kaodposo2o obecrieyeHUA pocculicKou rnpo2pammesil
YTC cmoum 3a0a4a uHMeHcugpuyuposams ycunus
10 N0020MoOBKe UHMeHEepPHbIX Kaopos Ha base
cywecmsyrowux Kageop seoyuiux BY3oe Poccuu.

> [pednazaemcsa donosnHuUMs obpazosameribHble
po2pamMmmeol Kypcamu neKyul eedyuux pocculickux
creyuanucmos npoekmyoz2o ueHmpa UTIP u HUL|
«KypyamoscKul UHCmumym», 808/1€4YeHHbIX 8
CO300HUEe cucmem MexOyHApPOOHO20 MOKAMAKA-
peakmopa UTIP.



[loaroToBKa Kagpos ANA
TepmosagepHOM sHepreTukn. BY3bi

JHNY «M3N»
JHNAY «MUNDON»
dAMDTU

AMry

AHIY

AMITY

dcnery

 ap.




[loAroToOBKa UHXXeHepoB

He Bce 3T Kadeapbl UMetoT 06pa3oBaTe/ibHble NPOrPamMmmbl C
NHXEeHEPHOM HanpPaB/IEHHOCTbIO A5 NOArOTOBKM  CMELMannCTOB,
CNOCOBHbIX 06CNYKNBATb N NPOEKTUPOBATb UHMKEHEPHbIE CUCTEMDbI
COBPEMEHHbIX TEPMOSIAEPHbIX YCTAHOBOK.

[ Takne obpasoBaTenbHble Nporpammbl c/ielyeT BBECTU Ha Kadegpax B

A0oMnoaHeHne K CywectByrowmm nporpammam.

[MMNOTHBLIN NPOEKT TaKoOM moaepHU3aumnm obpasoBaTesIbHOM NPOrpPaMmbl
B 0651acTn YTC MOXHO peann3oBaTb Ha Kadpeape obLien Gusnkm u
agepHoro cuHTesa «HNY «M3U»  (OPUAC).

Kadeapa OPUNAC «HNY «M3IN»  roTtoBuUT BaKanaBpoB U MarmMcTpoB no
cneymanbHOCTM «TepmoaaepHblie PpeakTopbl U NIa3MEHHbIE YCTAaHOBKU» B
PaMKax HanpaBaeHUs «AaepHan sHepreTuka u Tennodpursmka», no
npodunto 6akanaBpos “TepmosagepHble PEaKTOPbl U NAa3MeEHHbIe
YCTAaHOBKU” U marmctepckon nporpamme “lNMpuknaagHan ¢usmnka naasmbl u
ynpaBAAaemMbl TepMoAaEPHbIN cuHTe3”.



[1pob6neMbl TepMOSiAEpPHOro peakTopa

1. Mpobnema cTOMKOCTU NEePBOIA CTEHKH
®  3p03M1S 3/IEMEHTOB KaMepbl Npu 60MbLUMX YAENbHbIX HAarpy3Kax
® NnepernblyiIEHNE MaTeEpUaAia I'IepBOl‘/JI CTE€HKW, NOKPbITUA
e o0bpa3oBaHuMe CrIaBoB, COEANHEHUN U CTPYKTYP C HEOObIYHBIMX CBOMCTBAMM
2. DKOHOMMUYHOCTb U 6€30MacCHOCTb peaKkTopa
®  HaKOMNJIEHUEe TPUTMA B MNbIMU U HAHOCTPYKTYPUPOBAHHbIX NPOAYKTAX
3P03UM NEPBOMN CTEHKMN,
®*  XMMMYECKaA aKTUBHOCTb Nbinu (pa3noxKeHue Bogbl BOAGPOA) NpY NPOpbIBE BO3AyXa U
BOAbI B Kamepy
3. PaboTa B pa3IMuHbIX peXXUmax yaep:KaHua naasmbl
®  CpbIBbl N/1a3Mbl
J [eHepauuAa TOKa

4. TPUTUEBDBIN LUKA

TpebyloTca HXKXeHepbl —CneuranncTbl B 061actm matepmuanos, GU3MKU Nnasmbl,
3HEepreTUKU, 31IeKTPOHUKU, CBEPXNPOBOAMMOCTU U MHOTUE Apyrue




Tokamak UTIP

MexayHapoaHbIn TepMosiAepHbIU 3KCnepuMeHTanbHbIU peaktop (Poccus,
EBpona, CLUA, Anonua, Kutan, Kopes, Ungusa, ctpoutenscteo 2010-2024 rr. Bo
dpaHunn)

R/a =6.2/2.0 (m/m) , O6bem = 831 m3

B=53T, I=15MA, <n>=10°wm3,<T>=8.8 k3B, <T;> =8 3B




NTIP - mexayHapoaHoe cOTpyAHUYECTBO.

Cemb cTOpOH - EBponeuckun coros, CLUA, Poccua, Kutau, UHaua,
AnoHua u Kopesa, npeacrasnarowmx 6onee nonosuHLI HaceneHus
3emnun u 6onee 80% muposoro BBTT obveauHunu ceou ycunusa s
cospaHum UTIP. 2006 roa.

U
TTpoBaHc, aAepHbIU LeHTp

Kaaapaw

10/39



OcHoBHble 3agaum UTOPa

1. DocTmxeHne yctonumeoro DT ropeHna B pexxmme

WHAYKTUBHOIO nogaepxaHunsa Toka Ha npotsxeHnn 300-500cek
NpPU OTHOLLEHUN MOLLHOCTU CUHTE3a K MOLLHOCTU Harpesa
nnasmbel Q>10
2. [leMoHcTpauma ctaunoHapHoro DT ropeHunsa Ha yposHe Q>5 ¢
HEUHAYKTUBHBIM Nogaep)KaHnem TokKa
3. Bo3aMOXXHOCTb 3axkuraHua (Q=w) He UCKMYeHa

OnepauuOHHbIX Nepuoa peakTopa - NpPUMMEepHO
20ner.

NHXXeHepHble 3agavu U TecTbl (UCNbiTaHUA)
1.[deMOoHCcTpauma HageXXHOCTN U COBMECTUMOCTU OCHOBHbIX
TEXHOMOrMNU CUHTES3A.
2./AcnblTaHNA KOMNOHEHTOB OyAYLLUX PeaKTOpPOB
3.[poBepKa KoHUEeNnUMn TPUTUEBOro pasmHoXxeHna 14MaB
HENTPOHaMM CO cpeaHEN HarpysKkoW Ha NepByIO CTEHKY
>0.5MBT/M2 1 HeNTPOHHBbIM chritoeHcom >0.3MBT/m2 B roa



Tokamak UTIOP
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Kputmndeckaa cuctema Nel - njaowaaka TOokamaka u sgaHue

Tokamak UTIOP

ZMUIEERI X no.a.yumw ANWUTA HUKHErO ypoBHs “B2"
Bec kou-lcrpykumu TOKGMaKa. 3a.n.‘ 8Ka 6ETOHOM, NNIUTL

BHYTpeHHeM CTeHbI, ona.nyGKm yposl-m B1, ycu.neHue 6uosau4mb1

Y WHM f
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/ cnctem UTIP ¢ yHUKaNbHbIM
obopyaoBaHMEM

MarHutHas KaTyLlika

Radius 3.5 m
Height 2.8m
Brax=13 T
W =640 MJ

TOYHOCTb=x5mm

MaHunynaTtop ans
YCTaHOBKM y3510B BHYTpU

Mogynb 6naHkeTa

-
g

sette

T =

“".&

—
- ool Movor -
it

Attachment Tolerance = 2 mm

coneHong

E ,u,leepTop — ' v Wi
’T (
[£2]
—

Height 4 m
Width 3 m
Brax=7-8T
Imax = 8OKA 4 TOHHbI 6naHkeT
TouHocTb = 0.25 mm

TR LY LLID

Heat Flux >15 MW/m?2, CFC/W



Kputuueckasa cuctema Ne2 - sakyymHasa kamepa NTIP
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EraFgn 139 g
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CBapeHHbIe MNONOBUHKU BEpXHero y4acTka
BHYTpeHHen 4acTu BaKyyMHOU Kamepbl.

®opmoska komnoHeHT PSE 12 BepxHero natpybka. MAN, l'epmanns

WU3rotosneHuwe PSE 02, 06, 08,10, 12 ctaptoeano Ha MAN
Diesel & Turbo SE, [erreHaopp, MNepmaHus 21/39




BakyymHaa Kamepa UTIP

« Weighs about 25% less than
the Eiffel Tower (more with in-
vessel components included)

=1 e A —aAr
[ R ey TR S T o) R

7300 tonnes
324 m tall

21



MarHuTHaa cuctema ATIP

MarHuTtHaa cuctema UTIP - camasa 6onblias
CBEpXMNpPOBOAALLAS CUCTeMa, Koraa Nubo
co3aasaemas

— 18 Nb;Sn suTtkos TOpouaanbHOro nons
(TF),

— 6-T1 moaynbHeIA Nb3Sn LeHTpanbHbIU
coneHouga (CS),

— 6 Nb-Ti katywek nonouaansHoro (PF)
nonsa Coils,

(PF1)

CEEn

KaTywku

Mapa TF
BUTKOB




N3roToBeHME CBEPXNPOBOAHNMKOB TOPONAANbHOIO Moss

Poccus. Tokamak UTIP

Nb,Snh cBepxnpoBOAHUKM TOPOUAANLHOIO NONA

[Ons UTIOPoBckon MarHUTHOW CUCTEMbI ToporaarnbHoro nons Poccuiickas
®enepauus noctaensieT kabenb B obonoyke (CICC): 28 eAUHUYHBLIX ANKUH
unu 6onee 17 km Nb,Sn kabenen CICC ans BUTKOB TOponaansHoOro
nons.

CBepXxnpoBOAHUK TOPOMAANBLHOrO Nons
copepxatimn 900 Nb,Sn cTpeHIoB 1 522 MeaHbIX

CTPEHO0B

TeCTMposaHme yTeyek. HAL| «KM», Mocksa. E ﬂOCﬂe,ElHﬂﬂ nocraetRC MR
r— « »,
\‘l‘uld

S (80) L W

19 mioHa, 2015 roga — nocneaHsaa equHnyHas anvHa kabens Tl 6bina
3apxekeTuposaHa B UTID, [MpoTBuHO, 3aBepias CornalleHne 0 NOCTaBke.
28 ceHTa6ps 2015 roga Tpu KaTyLLUKWM CBEPXMNPOBOAHMKOB ObinK OTNPaBIeHbI B
UTATNIO. ltaly.

CI 3aBepeHo, 41,54 kIUA 3auteno MO UTIP. 23/47

MocnenHee mxeketuposaHue, UTI®, MpoTBIHO.
B | / . B ¥



Kputunyeckaa cuctema Ne3 - kaTywku NONOUAGNBHOIO NOJA.

B uHcTUTYTE
. ASIPP, Hefei,

[Ba ctona ans
| HOMOTKU

13 NOVEMBER 2015 HamoTka makeTa coeHHol katyuwku. CHC3, C-Metepbypr
=

Keanuopukaumsa 6s1na
nposeaeHa Ha CpeaHe-
Hesckom 3aBopae, C-
TTetepbypr. bbrn HamoTaH
MaKeT CABOEHHOW KATYLUKU
26/39



TToasoa anekTpo3aHeprum k MTIP (poccumickaa yacTb)

Poccusa

CS/PF SN and FDU ebIknH NG TF RDU
‘! T BbIKNFOYATENU
@ W (9 units, SIC)

Oéwaa anuHa wuH: 10 km
Max. TTonepeyuHoe ceyeHue: 420*280 mm 120 BbIKNFOYaTeNed Ha Tokm 70 kA

27/39



Cuctembl TOkaMaka — NepBas CTeHKa U AMBEPTOP

Blanket system Tokamak UTIP Poccus

MaHenu MNepBoil CTEHKKU |

e

Moaynb 6naHKeTa

CoepguHutenu

BakyymHasa Kamepa

Kynon ausepropa

Inner Vertical
Target [l Outer Vertical

Poccua oTBeTcTBEHHA 3a NocTaBky 40% Hanbonee HanpAKEHHbIX
naHenew MNepBoi cTeHKN ¢ 6epunnmesbiM NoKkpbiTHem, 100%

Kynona auseptopa u 100% coeanHutenen moaynen bnaHkera.

Cassette
3§ Body

26/47



Tennosble UCNBITAHUA 3N1eMeHTOB AUBepTOopa

Tennosbie UCNBLITAHUA 3/1EMeHTOB, OOpaleHHBIX K nasme Poccus
- Tokamak UTOP

IDTF (ITER Divertor Test
Facility), 800 kBT,
3NeKTPOHHBIN NYYOK.

_ po-20 MW/m2, .

5555555

Kynon auseptopa
1000 umknos npu 5 MBT/m? - Bbraepxan
500 umknoe npu 8 MBT/m? - Bbraepxan

326 umknoe npu 10 MBT/m? - npoTteuka
Haa nJaacTtuHa BOAbI

y I TTonHomacwTabHbIN
NPOTOTUN HAPYXHOU
i AueepTOpHOU

] MNNACTUHLI,
N3roTOBJIEHHOU B
AnoHuu n
ncnbITaHHoU Ha IDTF




[‘padpuk coopyxeHnsa NTIOP / nocnegHasa Bepcus (CeHTsa6pb 2016)

First Plasma

ITER Outline Operations Schedule

Four Stage Approach

Second Plasma Third Plasma

Full DT

| | | l |
2025(| 2026 2027 2028 ;2029 2030 2031 2032 2033 2034 2035, 2036
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Tokamak UTIP Expected Horizontal Support by 10-CT

The following horizontal support is expected by the project to the activities of
the INC Division. It is assumed hereinafter that the necessary support in those
areas is accounted, planned and ensured by the corresponding Divisions,
Offices and Departments, therefore it is NOT included in the present estimate.

e Quality Assurance Responsible Officer (QARO)

 PA /TBMA Responsible Officer (PARO/TBMA RO)

* Project Schedule Responsible Officer (PSRO) and required schedulers
* Design Integration

e Design Office (excl. CAD staff)

» Safety Responsible Officer (SRO)

* Finance and Procurement

* Science & Operations



Tokamak UTIP: nnaH wrtaTta cotpyaHukoB Overall Staffing Plan
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Tokamak UTIP: nnaH wrata cotpyaHukoB Overall Staffing during
CO n S t r u Ct I O n INC Division Resource Projection

N IIIIIIIII
60 4

25 2026 2027 2028 2029 2030 2031 X

o
2015 2016 2017 2018 21 2022 2023 2024 20i 0! 02 02 0! 3. 032

23 21 Monitoring: 19 PAs/TBMAs, 11 fund packages

DH, SLs, clerical support

Design / project / BKT / TBM coord, documentation
CAD (see next slide for details)

Welding Eng, Be officer, PWI Eng, Plant Eng (TBM)
Analysts

N N B O U b
m O O 0 ~» BN

RH, logistics, Interfaces
40 33 TOTAL

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
P-Staff 23 30 33 37 39 40 40 40 40 40 40 43 53 53 53 53 53 53
G-Staff 13 14 14 22 32 33 33 33 33 33 33 30 20 20 20 20 20 20
TOTAL 36 44 47 59 71 73 73 73 73 73 73 73 73 73 73 73 73 73



Tokamak UTOP: nnaH wTtaTta COTpyAHMKOB "
Overall staffing during operation " 111 MI1t

Assumptions:

H/He Campaign 1: 2 plasma experimental shifts + 1 o
system commissioning shift (with or without plasma)
He/He Campaign 2 and all later operational campaigns:
3 plasma experimental shifts

INC Division Resource Projection

016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 031

3
0 1
BKT 0 0
3 2
3 0
DIV 0 0
3 2
1 1.5
TBB 0 0
24 3
2 0
1 0

2015 2016 2017
P-Staff 23 30 33
G-Staff 13 14 14
TOTAL 36 44 47

DH/SLs, clerical, design/project coord, Welding Eng
CAD

EHF and NHF FW design 2"d set (80 variants)
Operation of SB / FW / manifolds & connections (3 shifts)
BLK coord, Be officer, analyst, RH/maintenance

PFCs and CB & CA design 2"? set
Operation PFCs and CB & CA, instrumentation (3 shifts)
0.5 RH/maintenance, PWI, testing

TBM-set design 2" set (6 of them, 1 P per port, i.e. 1 P each 2 TBS)
Operation 6 TBM-sets (assuming 1 P per each of the 6 TBS x 3 shifts)
Maintenance operations, Plant Design analyst, Plant Engineer

TBM Coord

oOr OON B

P R, OW OON RPRON o w

o O O O

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
37 39 40 40 40 40 40 40 43 53 53 53 53 53 53
22 32 33 33 33 33 33 33 30 20 20 20 20 20 20
59 71 73 73 73 73 73 73 73 73 73 73 73 73 73




Tokamak UTIOP: nnaH 6rogxeTa no rogam
Overall Budget Profile per Year

INC Budget

£40,000,000

£35,000,000

£30,000,000

£25,000,000

HTBMS

£20,000,000 mov
M BKT

B INC - Transveral activities

£15,000,000

£10,000,000 -

£5,000,000 -

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

Note: It includes management contingency and travel costs




Tokamak UTIP: obObABNeHue o npueme
WH)XXeHepoB crneuvanucToB B WITAT

COTPYAHUKOB

To discover more about the region, please consult the tourist office websites of Aix-en-Provence, Manosque, and Marseille.

Available Jobs at ITER

Legal Officer - CAB-004

Hot Cell & Maintenance Nuclear Engineer - PED-046

http://www.iter.org/jobs

Detritiation System Engineer - PED-040

Coil Power Supply Control Engineer - PED-037

Occupational Safety Control Engineer - SCOD-013

Cable Engineer - PED-038 & -039

Tritium Plant Responsible Officer - PED-041

Vacuum Engineer - PED-043

Fusion Technologies Engineer - PED-044

Requirements Management Engineer - CIO-050

Process Engineer for Commissioning - PED-033

Electrical Engineer - PED-036

Nuclear Engineering Coordinator - CIO-054

Thermal Shield Manufacturing Engineer - TED-070

Vacuum Vessel Technician - TED-072

20/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
20/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
27/Mar/2016 More info...
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BakaHcua nHxxeHepa-anektpmka Ha Tokamake UTIOP: TpeboBaHuA K KaHaAnAaTy

Electrical Engineer - PED-078

Main job
Department
Division
Section

Job Family

Application Deadline
(MM/DD/YYYY)

Grade
Direct employment
Purpose

Main duties /
Responsibilities

Measures of
effectiveness

Electricity

PED / Plant Engineering Department

PED / Electrical Engineering Division

PED / EED / Cable Management Sub-Section
Engineer - 2

11/13/2016

G6
Required

-To support the Electrical Engineering Division in the lightning
protection, insulation requirements and earthing.

-To provide guidelines and assistance to the system design, to
be compatible with the lightning protection, insulation
requirements and earthing.

-Responsible to define the protection measures to reduce the
risk of permanent failures of electrical and electronic systems
due to lightning and earthing policy in the ITER plant;

-Defines the protection measures, and produces guidelines and
ITER specific rules to reduce the risk of permanent failures of
electrical and electronic systems, caused by lightning strikes
and overvoltage due to ground faults;

-Produces design documentation, engineering analyses and
technical specification related to lightning protection system for
civil structures, electrical and electronic systems, insulation
requirements and earthing;

-Performs the integrated Lightning Protection engineering
analysis for the full ITER facility (including buildings and
Systems) and produces the Lightning Risk Analysis document;
-Follows-up the implementation of the lightning protection and
earthing by buildings and systems;

-Produces the technical specifications and follows up the
procurement of the lightning protection devices;

-Tests of the lightning protection devices and earthing points
and participates in the integrated commissioning and tests with
the Systems;

-Performs other duties in support of the project schedule;

-May be requested to be part of any of the project teams and to
perform other duties;

-Maintains a strong commitment to the implementation and
perpetuation of the ITER Safety Program, values and ethics.

-Under the coordination of the Cable Management Sub-Section
Leader reports to the Electrical Engineering Division Head;
-Acts as an interface between all members of the Electrical
Engineering Division, ITER Design Office, Engineering Support
Companies contracted by the ITER Organization and the ITER
domestic Agencies;

-In response to requests from the Director-General and/or PED
Department Head, or proactively, informs the DG/ PED
Department Head of any important and urgent issues that
cannot be handled by the concerned line management and may
jeopardize the achievement of the Project’s objectives.

* Produces accurate and relevant Risk Analysis documents
associated to specific technologies;

« Develops the technical Study of Integrated Lightning
Protection for the full ITER facility (including buildings and
Systems).

Level of study
Diploma
Level of experience

Technical
experience/knowle
dge

Social skills

Specific skills

General skills

Others

Languages

Master or equivalent degree

Electrical Engineering
At least 5 years

— Extensive experience in similar jobs (involving similar
work responsibilities) and/or additional training
certificates in relevant domains may be considered a
reasonable substitute for the required educational
degree.

-At least 5 years’ experience in the design of lightning
protection of civil structures and electrical equipment.
-At least 2 years’ experience in the procurement,
installation and testing of lightning protection
components and systems for civil structures and
electrical equipment.

-Experience in technical integration/coordination for the
construction of large (science or industry) projects would
be an advantage;

Ability to work effectively in a multi-cultural
environment
Ability to work in a team and to promote team spirit

CATIA
MS Office standard (Word, Excel, PowerPoint, Outlook)

-Work experience in large scientific or industrial facility is
required;
-Basic Project Management experience is required.

-Software tools designed to accurately analyze problems
involving grounding/earthing electromagnetic fields,
electromagnetic interference (such as CDEGS) is
mandatory.

-MicroSoft Office suite

-Database knowledge would be an advantage

-CATIA V5, See System Design and/or AVEVA would be an
advantage

English (Fluent)



MoarotoBKka Kagpos ana UTIP

2010 2015 2020 2025 2030
1 ] 1 > DEMO

| ' L .
g ey » Construction phase

- Best way to support ITER is through the
Members facilities - PhD, postdocs, R&D

- Only a handful of physicists on the ITER team

- Staff cannot increase much more before end
of construction

- 5 *Monaco fellows” (postdocs) every 2 years

- Expect collaborative efforts with Members
academic institutes (e.g. Masters, Phd) =2 is
being developed slowly (political and
bureacratic issues)

3AMHCANCS
PABOTATb HA
' UTOP?

Poccuinckmne BbinyCKHUKM MMEIOT peanbHYHO NepcrneKkTuBy nopabortaTtb Ha
UTIOP n BepHyTbCA BbICOKOKBaNnuuumpoBaHHbIMU KagpamMmu Ons
y4yacTtusi B CTPOUTENbCTBE POCCUNCKUX TEPMOSAEPHbIX PeakTopoB



AreHtcTBo MTIP / noarotoBka kaapos

'\ / 2012. First seven Russian

researchers to explore the
ITER world

ExeroaHas
JNekuun no npoexrty

NTIP 8 METH

KOHpepeHUuUs
CTYAEHTOB (PU3NYECKUX

BY30B B AreHTcTse
UTIP

TToarotoska cneunanucTos

B 2014 roay ocyuwecteneH sbre3n 12 craxepos so EpaHumto B MexayHapoaHyO
opraHusauuro UTIP npoponxurtensHoctbio ot 30 ao 90 aHeis.

Tematuyeckn Nporpammbl COOTBETCTBOBAMMU HanpasneHusm pabor no
POCCUMUCKUM 0693aTenbCTBAM: CBEpXNPOBOAHUKU, SHeproHanpsxeHHbIe
KOMMOHEHTLI peakTopa, Harpee NAAsMbI, AUArHOCTUYECKUE MPOrPAMMHLIE KOABI,
CUNOBAA 3NeKTPoPU3MYeckas annapatypa u ap.

B craxuposkax yuyactsosanu monoasie cneumanucter us OAO TB3J1, HUUIEA,
BHUUKTT, SrYTT «HL P& TPUHUTU»>, MUEA, WNOE PAH, W4E CO
PAH.
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AreHtcTBo MTIP / noarotoBka kaapos

2017 rop, — 65 HOBbIX BaKaHcuit Ha UTIP : http://so-
l.ru/news/show/glava_iter_v_2017 godu_u_nas_mozhet_otkritsya_65_n

Personnel

As of end 2010, the ITER Organization had a total of 69 staff 2016
members, comprising of 301 professional and 168 technical
support staff members.

Professional | Support China,
staff staff =l 5%
US, 8%
CN 16 4 20
Russia, 6%
EU 182 125 308
IN 12 16 28 Korea, 7% *{
JA 25 7 32
KO 22 5 27 Japan, 8%
RU 19 3 22 i
24 3 32 India, 4%
us o .
Total 301 168 469 Distribution of P staff by ITER members Staff by Member

» By end May 2016, the 10 had 684 staff members (including 24 staff for TCWS, 5 Post-doc Fellows, 2 staff for
Vacuum Auxiliary System (VAS)), comprising 407 P and 277 G staff;

» 10 is implementing the staffing levels agreed by the IC for 2016 (staff cap to 736). Between 1 January and 31
May 2016, 65 newcomers were appointed and the departures of 16 staff were decided. The 10 has advertised
102 positions; 2535 applications have been received through the DAs and 312 candidates were
shortlisted/interviewed;

» The first ITER Project Associates (IPA) contract is expected to begin in Summer. The discussion on 10 IPA

requests is ongoing. -



[1na3MeHHble TEXHOIOMMN:HOBble KOMMNO3UTHbIE HaHOMaTepwua/sibl

B3zanmopeincreue nnasmbl B TePMOAAEPHbIX YCTAHOBKAX CO CTEHKOM BegeT K
06pa3oBaHUIO HOBbIX HAHOPA3MEPHbIX MaTepPMaNoB C BbICOKOW NOPUCTOCTbIO

HaHOMNMNAEHKHA

o

0.4

MepcneKkTMBa: NPUMEHEHUEe HaHOCTPYKTYPHbIX MaTepuasioB B TEXHOJOIMM,
MmeauunHe U BUoTEXHONOorMu

Aopta
— w= CHHYCOBBIN y3en
MuTpanbHbIi KnanaH
‘ =1 ATpuo-
Fred i - BEHTPUKYNAPHBLIA
3N ysen
mm My4ok Muca

BepxHas nonas |
BeHa :

Mpasoe ¥
npencepave [amas

ny4ka lmca
1 BOJIOKHA
= MypkuHbe

JeBbIl
Kenynovek

1 BEeHTPUKYNAPHbIA
ysen

HukHAs
nonas BeHa

Bepxyuwka
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ANA NPOU3BOACTBA COBPEMEHHbIX KAPpAUOCTUMYIATOPOB



J CtouT 3apa4a obecneynTb OCHOBOM UHMEHEPHbIM LWTaT
KOMM/IeKCa ToOKamaKa T-15. Takue cneymanmnuctbl CTAaHYT KaAPOBbIM
pe3epBoM ana obecnevyeHNA POCCUMCKOrO y4acTUA B MPOEKTE
MeXKAyHapoaHoro Tokamaka UTIP. lanbHenwasa noarotoBKa (B
TeyeHue 3-5 net) Takoro Kagposoro pesepsa Ha base
Poccumnckoro areHTcTBa MTIP NO3BOAUT HAaNpaBAATb 3TUX
cneumanncToB Ha paboty B UTIP

J 311 Kagpbl B AanbHelLLeM COCTaBAT OCHOBY MHMKEHEPHOrOo LWTaTa
NPU COOPYKEHUN OTEYECTBEHHOIO TOKaMaKa-peaKkTopa no
HauMoHanbHOU nporpamme YTC.

J Cneagyet oTMeTUTb, YTO B HacTOsLLEe Bpemsa nNpeacTtaBMMOCTb
POCCUNCKMX cneumanuctos B UTIP HepocTaTouHa M 3TOT OCTPbIN
BONPOC HeobxoaMmo pewaTb B banKanime roapl.

J Ons obecneyeHmnsa notpebHOCTM poccuinckom nporpammbl YTC
NHXEHEPHO-PU3NYECKMMM Kagpammn TpebyeTca nogrotoBuTb B
6banxkanmwme 10 net 6onee 300 cneumanmcTos.



BbiBOAbI

> MMoparorosKa cneuuanncros no crneuuanbHoctn «TepmosgepHbie
peaKTopbl U N1Ia3MEHHbIEe YCTAHOBKN» OTHOCUTCA K NPUOPUTETHBLIM
3apa4am obpasoBaHuA ANA KagpoBoro obecneyeHmna oteyecTBEHHOMU
nporpammbl YTC.

» [Ana obecneyeHna noTpebHOCTU poccuiickoid nporpammbl YTC
WHXXEeHepHOo-Pun3nyecKknmm Kagpamm tpebyerca noarotoBuTtb B
6amxanwme 10 net 6onee 300 cneynanncros.

» CTouT 3aga4ya UHTeHCUPUKaL MM NOATrOTOBKU MHXKEHEPHDbIX
cneuuanuctos gna yyactua Poccun B mexkayHapogHom npoekte UTIP.
Ona TaknMx macwtabHbix obpasoBatenbHbIX 3a4a4 caepyer
UHTEeHCMPULUMPOBATb YCUIUA NO NOATOTOBKE UHXKEHEePHO-PU3nYecKmnx
Kagpos Ha 6ase cywecTByowmnx Kadeap seaywmx BY3os Poccum.

> MMpepnaraerca A0N0NHUTb 06pa3oBaTesibHble NPOrpaMmmbl Kypcamm
NeKuun BeayLmx pocCMMCKUX CNeLnasiucToB NPOEKTHOro ueHTpa UTIP
un HULU «KypuaTOBCKMIA MHCTUTYT», BOB/IEYEHHDIX B CO34aHUE CUCTEM
UTIP.



JleB AHppeeBuy
ApunmoBuy
1909-1973

«Bpag nv ectb Kakme-nmbo COMHEHUA B TOM, YTO B KOHEYHOM CYETEe npobnema
yNpaB/IAeMoro cMHTe3a byaeT peleHa. MNpupoaa MmoxKeT pacnoNoKUTb Ha
NyTU peweHna 3Tom npobsiembl NMb OrPaHUYEHHOE YMUC/I0 TPYAHOCTEN, U
nocse Toro, KaKk YyesioBeky, baarogapa HenpepbiBHOMY NPOSBIEHULO
TBOPYECKOM aKTUBHOCTU, YAACTCA UX NPEOAONETb, OHA Y}Ke He B COCTOAHWUM
bynet n3obpectmn HoBbie.

«TepmonaaepHan sHepreTnKka NosABUTCA Toraa, KOraa oHa ctaHeT
NeNCcTBUTENIbHO HEODOX0AMMA YeNnoBeYeCcTBY ».
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MBaH AMBA30BCKUM
“Xaoc. CorBopeHne mupa”

1841

Cnacubo 3a
BHMMaAHue!







paduk pabot (Level 0) oT Hayana cbopKku Ao Hayana paboTbl Ha DT

- TlpeanonaraeTcsa nonHas obecneyeHHOCTb pecypcamm
(Base Scenario assuming no leaks in Cryostat)

RFE 1B
RFE 1A St. 2 »* »*
| 2017 | 2018 | 7019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2029 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 |
Tokamak Complex Constructlon | | | | | | | ' ' ' '
1 | Lower‘ Cryostat Assembly
. . | 'Sector Sub Assembly
| | Sector Assembly Nuclear i
RFE1BSt 1 C ' !n—Vesse:I Phase 1 Qperat'of‘s
| Start of , | ,‘Ex—Ve<seI Phasel
Machin:e | REFE 1c§ | [ | 2nd Assembly part 1 - -
Assemb:)ly : Sectoir 05 in PE;t _ Integrated Commlssmn:ing In Cr‘yostat + Magnets phase 1
! | Regulitory Start |:| 2nd Assembly part 2, '
: : s - Commlssmnmg of In V Comp + Magnets phase 2
Sectar06 ! of Machine : - .
Delivered Assembly . |:|Operatlons '
, j Crybstat | ' M LTm : i i
'sector 06 Closure H+He Operatlons :l
Lo ; ; : , : ; Trace T 5
tin Pit Std ; ; ' Pre Nuclear Shutdown ,
: tart outer; Fitst ! . . .
welding of: Plasma 5 Early Nuclear Operatlons ;
Installation | triplets | 5 5 | .Planhed Shutdown -
of Cryostat | - Request to ASN for T Auth.;From AsN for DT Operatlons I::|
: : on site and nuclear T on-site ' . | | |
Base operation ;
2017 2018 | 2019 2020 [, 2021 2022 2023 2024 | 2025 2026 202 2028\{’ 2029 2030 [ 2031 2032 2033 2034
v 4 \’ 4
Request to ASN Authorization Request to HFPS Authorization for AMS from
for Be on site for Be on-site for T handling handling T from ASN for DT
d H-H HFPS
an ¢ 45/47
plasma




Heucuyepnaemoctb Tonnuea ana TSP

Heobxoaumsie pecypcbr ans oaHoro roaa pabotsr peakropa Ha 1000 MBr
Ha D-T Ttonnusee:

Oevitepuii D, ~ 100 kr (B okeaHe ~ 5*10% kr) (250 py6/r)
Tputum ~ 150 kr (HeobxoamMmo HapabaTbiBaTh B peakTope)

BpuauvHr Ha nUTUM > SLi + n = 3T + 4He + 4,8 M3B (Heobxoammo 300 kr/rop, oLi
(s 3emne nutua okono 101 kr, B okeaHe - okono 104 kr)

be3onacHOCTb U 3Kkonorusa:
-HEeBO3MOXHOCTb B3pbIBA peaKTopa
-OTCYyTCTBUE BbIOPOCOB, Bosneﬁcwywmmx Ha KNUumart

-OTCYTCTBUE NPOAYKTOB AeslieHUa TAXernbIX a40ep
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Cucrembl MHPPACTPYKTYpPbl - TPAHCHOPMATOP
CLA

Installation of First Large Scale Components

—

T

o

YcTtaHoBKa nepsoro 400 KB tpaHchopmartopa (4 us 7 yxe

nocTaB/ieHbl). OTBETCTBEHHOCTb 3a NOCTaBKY - CLUA, n3rotossieHo B
KO>xHoun Kopee, yctaHoBieHo EUDA. 47/44




Poccua. OcHoBHbIEe BeXW.

1951 - 1960

TOKAMAK (TOpouaanbHas KAmepa MArHUTHas Katywwka)

1971 - 1990

1972 ropny I1.A.Apummosuuem u B.[].lLlappaHosbIim
npeasioxeHa KOHLenLuus BLITAHYTOrO ceveHUus ¢

NONOUAANbHLIM AUBEPTOPOM.
BbITaHyTOR

— T-\?/ nonepeyHoe ceveHue
, T-12 TTonowaansHbrii
\

|
f==

TVD Auseptop

y

- Y N.A.Apummosuy B.Ll.LLIaqopaHos

N.E.Tamm  A.[l.Caxapos

N OTP (P®,1988)
Tepmosin B Poccum.
Hcropus _
1961 — 1995 - N

INTOR (1980)

ITER

— .

| )'\
h

Tokamak TMII -

1953 . /
TEPMOSAEPHBII )
peaxtop (1978) ./)’

HanpaeneHwe Tokamakos | | \\ )




TToctasku B HatypanbHom Buge (In-kind Contribution)

= 1
Feeders (31) —
o - Cryostat
- o A
i
PF Coils (6) Tilll 7 s Thermal Shield
Bl = |IE O
CcC CiIs (18) L Vacuum Vessel
: - B
i e i
TF Coils (18) = L N\
H "
! | o—— Blanket
Feeders (31) CS Coils (6) Divertor - ‘e; mmm
—— HE—

«  KpynHenwu mexayHapoAHLIM NpoekT in-kind koonepaumu, peanmsyrowmim
YHUKaNbHbIE MHHOBALIMOHHBIE TeXHONOrmu

« EPC(Engineering, Procurement and Construction) npoekrt, 6asupyrowmmnca Ha HUOKP

* COBMeCTUMOCTb OAHOTUMHBIX CUCTEM, U3TOTOBMEHHBIX Pa3sINYHBIMU TTOCTABLUMKAMM.

*  CUCTeMbI AOSKHBI COOTBETCTBOBATH TpeboraHuam SaepHoro Perynatopa @paHumm

(Installation Nucléaire de Base - INB)
11/39



TTpowno 10 net - MOXHO NpPOAHANU3UPOBATH

TTpoeKkT No mepe pasBUTUS: BUAOU3IMEHSETCS - YHUKANbHOCTb NpOeKTa
yCrnoxHsetca - rnybuHa npopaboTkum

O RF
9.0% m A

o us 17.5%

3aknaabIBanoCh: |
- MexnpaeutenbcTBeHHOe cornaleHue

- In kind / nocTaeka B HaTypanbHOM BUAe A

m OEU

- VIHHOBAUWOHHbIE pelleHus

B CN
9.7%

| KO
9.4%

\

B IN

- CucTtema KayecTea

- ny6buHa npopaboTku npoekTta - nocteneHHocTb paccmoTpeHus (Rolling wave)
- Bo3moxHocTb 3aka3bIBaTh paboOThI U MaTepUansl NO BCEMY MUPY

- YyacTBYHOT U NONYYAHOT UH(POPMALIMIO TONbKO YreHbI NpoeKTa.

- PeweHusa npuHumaroTca koHceHcycom (kak B CoseTe besonacHocTun)

Butropaa: nnatum 9.8% ot ctoumoctu, nonyyaem 100% uHgpopmauumm.

nony4yaem - peanibHbIA TOKGMAK + BUPTYASIbHLIA TOKAMAK
passuBaem Haykoemkue npoussoactea B Poccum

TTpocyertsr: TTepeaa nnasma = 2016 > 2019(20) > 2025
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C6opka PF

3an c6bopku UTIP

OpPKa Kpuocra

7

CeHTsiBpL 2015 o




MEXXOYHAPOOHbI 3KCNEPUMEHTAINbHbLIN
TEPMOSAOEPHbLIN PEAKTOP
NTOP

[octnxkeHne 500 MBT TepmoagepHom
mouHocTtu npu Q=10 npwu
WHAYKTUBHOM NOA4epXKaHMU TOKa B
TeyeHune 400 c

BO3MOKHOCTb NMOCTOAHHOIO PEeXKNUMaA
(t=3000c)cQ~5npwu
6e3bIHAYKTUBHOM NOAAEPKaHUM TOKA

UcnbiTaHne CyweCTBEHHDbIX TEXHO/1I0TUM
N KOMIMOHEHT PeakKToOpPa

NcnbiTaHne moaynen bnhaHkeTa ans
HapPaboTKM TPUTUA

CpoK coopyxeHua ~ 2024 roa

IlepBblii SKCIIEPUMEHT 1O (PU3MKEe TEPMOSIEPHOI0 TOPEeHMS 22



Tokamak UTIP —
UCnosib3oBaHMe pPa3fIMyYHbIX KOHCTPYKLUUOHHbIX MaTepuanoB

Shielding Blanket
Modules
Be - S/Steel

Central Solenoid
Nb,Sn-SC

i /e

: a", 3 Illl|l|

‘ ’ | :
il Il | Port Plug:

Poloidal Field Coil H&CD, Diagnostics

NbTi-SC

Internal coils:
ELM & RWM control,

Toroidal Field Coil Vertical stability

Nb,Sn-SC

mn"mm ﬂmmamwtq?m"‘ ﬂ

Cryostat —
/ I "
S/Stee T m‘” =-i

Fis

Vacuum Vessel Divertor
S/Steel CFC - W - S/Steel

b |

.‘\ﬁ
T
-1‘

: :

Torus Cryopump
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nnowaaka TokaMaka /aexkabpb 2015
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HoBble TeXHOJIOTUU: TEPMOSIICPHBIM UCTOYHUK HelTponoB (TUH) —

HapaOoT4yuk TommBa AJC

10m

A

v

OcHOBHBIE MapaMeTPbI MJIA3MbI

MomnocTh cuaTesa D+T 5 MBr  llenTpamerii
COJICHOMY \
Mounocth aejqenus U238, Th232 145 MBT
Hapa6orka Pu 85 kr/ron eryuke — &8 |
TOPOUTAJIBHOI'O
Iorpednenne T 275  r/rom  noas
DileKTpUUYEeCKasi MOIIIHOCTh 50 MBrT
Bakyymnast
JHeprusi TEPMOSIIEPHOTO0 HEMTPOHA 14,06 M»>B Kamepa
i 2
Heilitponnas Harpy3ska (14 MaB) 0,1 MBt/m — /
NHTEeHCHBHOCTh HCTOYHUKA HEHTPOHOB 1,810 1/c
. ||
boaboi paaunyc 2,34 ™ s
MauJbiii paauyc 0,75 m Kpuocrat
BblTﬂHyToc’Tb 2 KaTy[mm MOoJIOMAAJbHOI'0 IMOJIA

THUH o0ecneyuT 1eMOHCTPALIUIO HOBBIX TEXHOJIOTHM:
'HﬂpﬂﬁOTKI/I SACPHOI0 TOIJIMBA HA MIPOMBIINJICHHOM YPOBHE
*BbIPA00TKH JHEPrUU CUHTE3-JAe/ICHUE
*TPAHCMYTAlMHU HYKJIHUTIOB 00JIy4EeHHOI0 SACPHOI0 TOILIMBA

*BOCIIPOM3BOACTBA TPUTUSA
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Poccun yyacTByeT B NPOEKTUPOBAHMM U COOPYKEHUU MEKAYHAPOLHOMO 3KCNEPUMEHTANIbHOTO TeEpMOoAAEePHOro peakTopa MUTIP. ObecneyeHne 3TUX oTe4ecTBEHHbIX paboT B obnactn YTC
Kagpamu ABAAETCA NPUOPUTETHOM 3aga4elt cucTembl 06pasosaHusa PO.

AKTYAJIbHbIE 3AAAY4YN KAOPOBOIO OBECMNEYEHUA

B HacTosLee BpeMa sKCnepumeHTaibHble ucciegoBaHmus B 061actm YTC NnpoBoAATCA B HAy4HbIX LieHTpax MockBbl, CaHKT-MNeTepbypra, HoBocubupcka n ap. B Mockse
3KcnepumeHTasibHble paboTbl NpoBoAATCA Ha ToKamaKax T-10 (HUL, «KypyaToBcKuit MHCTUTYT»), T-11M (TPUHUTW), ctennapatope /1-2 (MOD PAH), nccnepgoBaHusa B obecneyeHune
TEXHO/I0TUW TEPMOALEPHBIX MAaTEPUAIOB NPOBOAATCA HA Na3MeHHbIX ycTaHoBKax KCMY-T (TPUHUTU), NEHTA (HULL «KypyaTOBCKMI MHCTUTYT») U APYTUX SKCMIEPUMEHTA/IbHBIX CTEHAAX.

3HaunTeNIbHOE NPOABUMKEHME SKCNEPUMEHTAJIbHbIX UCCEL0BaHUI OXKMAaeTcsa nocae naaHnpyemoro B 2018 r. 3anycka B aKcnayaTaluMio ToKamaka T-15, coopykaemoro 8 HALL
«KypyaToBCKMI MHCTUTYT». KagpoBblIii COCTaB CyLLECTBYHOLMUX N1abopaTOpPUii HayYHbIX LEHTPOB, 3aHUMAOLLMXCA UCCNEA0BAHMAMM B 06/1acTM YTC, xapaKTepu3yeTcs BbICOKUM CPeaHUM
BO3PACTOM COTPYAHMKOB U HEOCTAaTOUYHbIM NepcoHanom ansa obecneyeHuns paboT No NPOEKTUPOBAHMIO U COOPYKEHUIO PEAKTOPHBIX CUCTEM C/IeflyOLero nokoneHus. Kadposoe
obecneyeHue npodonxceHusa pabom e Poccuu no npobneme YTC Ha HacmoAwuii MOMeHmM MOMCHO cHUmamsos Hey006/s1emeopumesibHbIM. ITO CBA3AHO KaK C U3BECTHbIMM
3KOHOMUYECKUMUN npo6nerv|aMV| npownblX NeT, Tak U C USMeHeHUemM 3a4ay U YPOBHA CI0XKHOCTU BbICOKOTEXHO/IOTMYHbLIX CUCTEM COBPEMEHHbIX TOKAaMaKO0B, YTO AeMOHCTpUpyeTCca
yposHem cuctem UTIP. Hanbonee ocTpo cTOMT BONPOC MNOArOTOBKM CMNELMANNCTOB UHKEHEPHOM HANPABNEHHOCTU A1 MTPOEKTUPOBAHUA, CTPOUTENBLCTBA U 0O6CYKMBAHUA CUCTEM
TOKaMaKa-peaKTopa, TaKUX KaK CUCTEMbI ANArHOCTUKU NNa3Mbl, HarpeBa Na1a3mMbl, MarHMTHaA U BaKyyMHasnA, aNeKTpnuyeCkne n MHxeHepHble ceTu.

MopgroTtoBka cneunanucTos aaa pabotbl no nporpamme YTC Begetca Ha Kadegpax HNY «MUDU», HUY «M3IU», MOTU, MIY, MITY, CN6TY, HIY w gp. He Bce 3T Kadeapbl umetoT
06pa3oBaTe/bHbIE NPOTPaMMbl C UHKEHEPHOW HanpaBeHHOCTLIO A5 NOAFOTOBKM  CMELMAUCTOB, CNOCOBHbIX 0BCNYKMBATh U MPOEKTUPOBATL MHKEHEPHbIE CUCTEMbI COBPEMEHHbIX
TEPMOAAEPHBIX YCTAHOBOK. Takue ob6pasoBaTesibHble NPorpaMmmbl CledyeT BBECTU Ha Kadegpax B AOMONHEHUE K CYLLECTBYHOWMM Nporpammam. MUAoTHbIN NPOEKT Takown
MoaepHu3aunmn obpasosaTtenbHoM Nporpammbl B 061acti YTC MOXKHO peann3oBaTh Ha Kadeape obuieint GU3nKkn n agepHoro cuHtesa «HUY «M3U»  (ODUAC).

Kadeppa OPUAC «HNY «M3U»  roToBMT HaKanaBpOB M MarucTpoB No crnewumanbHoCcTM «TepmoagepHble peakTopbl U NaasMeHHbIe YCTAHOBKUY» B paMKax Hanpas/ieHus «faepHas
3HepreTunka u Tennodpusnka». no npodunto 6akanaspos “TepmoasepHble PeakTopbl U NaasMeHHbIe YCTaHOBKU” 1 maructepckon nporpamme “MNpuknagHas ¢pmsmKa naasmbl 1
ynpaBasemblvi TepMmoAaepHbI cHTe3”. 3aHATUA cornacHo obpa3oBaTesibHbIM Mporpammam u y4ebHbIM NaaHaMm NPOBOAAT KaK Npenoaasateny Kapeapbl — WTaTHble COTPYAHUKKU HUY
«M3MW», Tak n coTpyaHnkn punmana kadeapol 8 HUL, «KypuaToBCKUA MHCTUTYT». CTyAEHTbI HaYMHAOT NpaKTUYeckne 3aHATMA B nabopatopuax HUL «KypyaToBCKUI MHCTUTYT» Ha
npodunanpylollein nNpakTuKe B KOHLe 4-ro cemectpa obyyeHuns, fanee NpoaoNKAETCA NPOM3BOACTBEHHAA NPAKTUKA B KOHLLe 6-ro cemecTpa obyyeHuns B 6akanaspuare, Hay4yHo-
nccnepnoBartenbckan paboTa U HayYHO-NPOU3BOACTBEHHAA NPAKTUKA B MarncTpaTtype. BoinoaHeHWe CTyAeHTaMM NPaKTUKM U AnnaomHon paboTbl B HULL «KypuaToBCKUIA MHCTUTYT»
obecneyrBaeT BOSMOXKHOCTb NPOUTU rNyBOKYI0 NOAroTOBKY ANs paboTbl HA ANATHOCTUYECKUX U UHIKEHEPHBIX CUCTEMAX COOPYKaeMoro Tokamaka T-15.

CTouT 33ga4a, YTobbl TaKMe CneLmanmncTbl CTaIM OCHOBOWM MHXKEHEPHOrO  LUTaTa KOMMAEeKca Tokamaka T-15. Takme cneumanmcTbl CTaHyT KaApoBbIM pe3epBom AnA obecneyeHuns
POCCUICKOro y4acTMa B MPOEKTE MeXAYyHapoAHOro Tokamaka MTIP. [lanbHelwan noArotoska (B TedeHme 3-5 f1eT) Takoro KagpoBoro pesepsa Ha 6ase Poccuiickoro areHTcTea UTIP
NO3BOJIUT HAaNPABAATb 3TUX CMELMAINCTOB Ha paboTy B UTIP (cm. nndbopmaumtio B [1]), yunTtbiBas KBOTUPOBaHMeE y4acTua Poccum B CTpouTeNbCTBE U aKcnayaTauum UTIP. 3Tu Kagpbl B
AanbHeNLeM COCTaBAT OCHOBY MHXEHEPHOTO LITATa NPY COOPYKEHUN OTEYECTBEHHOTO TOKaMaKa-peakTopa no HauuoHanbHol nporpamme YTC. CneflyeT OTMETUTb, YTO B HacToALLee
BpPEMA NPeACcTaBMMOCTb POCCUMCKMX CeunanmcToB B UTIP HegoCTaTOuHa M 3TOT OCTPbIN BONPOC Heobxoaumo pelaTtb B 6aukanwme rogpl.  [na obecneyeHuns noTpebHoCTH
poccuiickon nporpammbl YTC MHKeHepHO-PpU3NYEeCKMMU Kagpamum TpebyeTca noarotosuTb B 6amkanwme 10 net 6onee 300 cneumanmcros.

Mcxoasa us aToro npejJiaraetca AonoHUTb 06pa3oBaTe/IbHY0 NPOrPaMmmy MHMKEHEPHBIMM AUCUMUMIMHAMM, BOCTPE6OBAHHbBIMM NPU BbINOIHEHUM NPOEKTHbIX M SKCMIyaTaLMOHHbIX paboT
NP1 COOPY>KEHMMN TOKaMaKa-peakTopa. OCHOBOM NoAxo4a K Takoi nporpamme ByaeT U3ydyeHne CUCTEM COOPY>KaemMoro TOKamaka-peaktopa MTIP, KoTopble Ha HacTOALLMIA MOMEHT
NpeacTaBatoT cob0it BbICOKOTEXHONOMMYECKME CUCTEMbI CAMOTO0 NepeaoBOro MMPOBOro YPOBHSA (BK/HOHAsA CBEPXNPOBOAALLME MarHUTHbIE CUCTEMbI, MaTepuasibl HOBOTO NMOKOJIEHUS,
MOLLLHbIE BbICOKOYACTOTHbIE HAarpeBHble CUCTEMBI U T.4,.). OCHOBOM AONONHUTENbHBIX MPOrpaMm ByayT KypCbl NEKLMIA BEAYLLMX POCCUIACKMX CNELMANNCTOB NPOEKTHOTO LeHTpa UTIP u
HUL, «KypyaTOBCKUI MHCTUTYT», BOBJIEYEHHBIX B CO34aHUNe cucTem MTIP. 3aHATUA cneayeT NpoBOAUTL C MPUB/IEYEHNEM TEXHUYECKUX CPEACTB yAaeHHOro AocTyna K 6asam faHHbIX
WUTIP 1 c LeMOHCTpaLmen HaTypHbIX MakeTos cuctem UTIP, nsrotasansaembix B Poccun. Cnegyet obecneunts AUCTaHLMOHHDBIV AOCTYN K TAKMM NEKLMAM CTYAEHTOB Apyrix BY3os.
TaKkune BO3MOMKHOCTH, CYLLECTBYHOLLME B HACTOALLMIN MOMEHT B poccuiickom areHTcTBe MTIP, obecneyaT noAroToBKy CNeLmUannucToB MMPOBOro YPOBHS.

3AK/TIOMEHME.

MoAroToBKa cneunanncToB No cneLmanbHoCcTU « TepMosaepHble PEaKTOPbl U N1a3MeHHbIe YCTAaHOBKM» OTHOCUTCA K NPUOPUTETHBIM 3aZ,a4am 06pa3oBaHnA /1A KaApoBOro obecneyeHus
oTeuyecTBeHHoW nporpammsbl YTC. ina obecneveHnsa noTpebHOCTM poccuiickoi nporpammel YTC MHXKeHepHO-PU3MUecKuMM Kagpamm TpebyeTtca noarotosuTs B 6ankawme 10 net
60nee 300 cneunanuctos. CTOMT 3aa4a UHTEHCUUKALLMM NOATOTOBKM MHKEHEPHbIX CNELMANNCTOB A1A y4acTua Poccumn B mexxayHapogHom npoekte UTIP. Jna Taknx macluTabHbIx
obpasoBaTesibHbIX 3334 cnefyeT MHTEHCUULMPOBATL YCUAMA NO NOATOTOBKE UHKEHEPHO-bU3NYECKUX KagpoB Ha base cywecTByoWwmx Kadeap Beaywmx BY3os Poccuu.
MpeanaraeTca 4ONOAHUTL 06pa3oBaTe/ibHble NPOrPaMMbl  KYPCamu NeKL M BeAYLLMX POCCUMCKMX CNeLnanmncToB NpoekTHoro ueHTpa UTIP n HUL, «KypyaToBCKUIA MHCTUTYTY,
BOBJ/IEYEHHbIX B cO3aaHue cuctem UTIP.
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