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ǸȖșșия. ǶșȕȖȊȕые Ȋехи.

Ɍɟɪɦɨɹɞ ɜ Ɋɨɫɫɢɢ.

Иɫɬɨɪɢɹ
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ɤɨɧɰɟɩɰɢя ɜɵɬяɧɭɬɨɝɨ ɫɟɱɟɧɢя ɫ ɩɨɥɨɢɞɚɥɶɧɵɦ ɞɢɜɟɪɬɨɪɨɦ. 
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JET

World’s largest facility

Fusion power record

16MW

JET fusion world records

200,000W/m3

200 million C

First DT fusion power record – 11MW was reached at TFTR in 1997



JET:

World’s largest facility
Fusion power record 16MW

copper coils

Not only a big step…a really big tokamak! 
ITER: Fusion power 500MW

superconducting coils



General Site Overview 
EU

ITER fusion technology platform



Progress of Machine Delivery, Installation and Assembly 

Central Column installation in the Pit TF Coils #12 and #13 in SSAT#2 VVTS #6: Insulation Test



Successful Installation of PF Coil #5 on 16 September



Progress on PF1 PBS 1.1.P3A.RF.01
ICT: Delivery PF Coil 01 by RF-DA to ITER Site, RAD - 13.06.23.     DWS – 31.05.22 

• Clamps and closing plates have been installed;

• Cryogenic strapping and diagnostic systems have been installed; 

• The results obtained correspond to the schedule, goals and objectives of the ITER Project;

• Delivery scheduled for early 2022.

PF1 Magnet Coil with clamps installed

Applying glass tape 



Two fingersFinger’s supporting arms

Manufacturing activities: Tokamak systems 

Blanket First Wall panels
First wall panel:

Thermal load (nomin./max.) : 2/5 MW/m2;

Number of thermal cycles :  30 000;

Panel dimensions : 2 х 1-1,5 х 0.35 m3;

Weight :  1000 kg;

Composition : SS-CuCrZr-Be (8 mm).

By March, 2019:

1. Beryllium armor tiles have been successfully brazed to the 

semiprototype fingers of the Enhanced Heat Flux First Wall panels

2. The FW fingers with the brazed Be armour is under High Heat Flux 

Testing at TSEFEY facility

3. Large scale mock-ups of FW panel beam have been manufactured 

successfully by use of special equipment for deep drilling

Manufacturing sector of HHF/PFC department in NIIEFA

9

ʿ̬о̛̏̚од̭т̏е̦̦о-те̵̦оло̸̛̐е̭к̛е ко̥плек̭̼ по ̛̐̚ото̏лѐ̛̦ ̾ле̥е̦то̏ пе̬̏о̜ ̭те̦к̛ ̛ д̛̏е̬то̬̌ ̭о̚д̦̼̌ ̏ ˀо̛̛̭̭ !



In-Vessel - Divertor Inner Vertical Target

Successful High Heat Flux testing
up to 20 MW/m2 at Efremov Institute (RF)

of the Test Assembly manufactured by 
RESEARCH INSTRUMENTS GmbH.

Delivery of the European Full-Scale prototype 
manufactured by ANSALDO NUCLEARE

to IO for assembly trials onto the 
Divertor Cassette Assembly Full Scale prototype

EU



58 (incl. 4 spares) Dome assemblies shall 
be manufactured and procured

Currently:
• The new Dome design reliable at full-tungsten 

divertor conditions is developed; 
• Several modifications of the design were done 

following the results of thermo-mechanical 
analysis of the previous version. Final structural 
verification of new design demonstrated its 
reliability for full-tungsten divertor criteria;

• CATIA model of improved Dome design has been 
developed and approved by IO;

• Manufacturing drawing of new Dome design have 
been developed and approved by IO;

• Manufacturing of full-scale prototype of Dome 
new design is in progress.

Progress on Divertor

Steel support structure mockup



*ˁледу̛̺̜̀ ̹̌̐*

Ж̛дко̥ет̌лл̸̛е̭к̌́
Л̛т̛е̏̌́ пе̬̏̌́ ̭те̦к̌

TFTR, T-11M, FTU,

EAST, T-10 and others

T-15ʺʪ ̭ 
̛̙дко̥ет̛̌л-

л̸̛е̭к̛̛̥ Li

пе̬̏о̜ ̭те̦ко̜ 
̛ д̛̏е̬то̬о̥

ˀ̬̌̌̍̚отк̌ ̛̙дко̥ет̌лл̸̛е̭ко̜ 
л̛т̛е̏о̜ пе̬̏о̜ ̭те̦к̛ ̏едёт̭́ ̏ 
ˀо̛̛̭̭ 
;АО ʧʻЦ ˀФ ˃ˀИʻИ˃И, АО «К̬̭̦̌̌́ ̚ ̏е̚д̌»Ϳ

ɉɟɪɜɚɹ ɫɬɟɧɤɚ ɢ ɞɢɜɟɪɬɨɪ ɬɟɪɦɨɹɞɟɪɧɨɝɨ ɪɟɚɤɬɨɪɚ

ʤО «К̬̭̦̌̌́ ̏̚е̚д̌»

http://www.iterrf.ru/
http://fusionforenergy.europa.eu/


Front Housing 

Module RF 

Grounding

Diagnostics

Transition 

Frame

Removable Vacuum 

Transmission line
Port Plug & 

Rear Flange 
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Interface Piece

Rear Bulkhead & 
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Shimming 

System

Faraday Screen

Rear Shield 

Cartridge

Straps & 4-Port 

Junction

ECRH

ICRH

NBH

ʧ̛̬от̬о̦̼ ̛̚о̬̍ете̦̼ ̛ 
у̭пе̹̦о ̛̐̚от̌̏л̛̏̌̀т̭́ 
̏ ˀо̛̛̭̭ 
;АО «ʧИКОʺ», ИʿФ ˀАʻͿ 

ɋɢɫɬɟɦɵ ɧɚɝɪɟɜɚ (heating) ɢ ɭɜɥɟɱɟɧɢɹ ɬɨɤɚ (current drive).

http://fusionforenergy.europa.eu/
http://fusionforenergy.europa.eu/
http://fusionforenergy.europa.eu/
http://www.iterrf.ru/


Manufacturing activities: Tokamak systems 

EC Gyrotrons

By March, 2019:

1. Three Gyrotron sets have been manufactured by the Institute of 

Applied Physics RAS and the GYCOM Ltd. (Nizhny Novgorod)

2. Facility Acceptance Test for Gyrotron three is scheduled for May, 2019 

3. Fourth Gyrotron set is being fabricated now

Facility Acceptance Tests. GYCOM, Nizhny Novgorod, 2015

Gyrotron set prototype. GYCOM, 

Nizhny Novgorod
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V-11: Power calorimetry in the 1MW/1000s pulse

VULKAN test facility. Kurchatov

Institute, Moscow
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ˁ̛̭те̥̌ ̛о̦̦о̐о ̶̛клот̬о̦̦о̐о ̦̬̌̐е̏̌ ̛ ̐е̦е̶̛̛̬̌ ток̌ 
ʧел̛ко̛̦̦̼̥ ̏ол̛̦̥̌ ̬̬̌̌̍̌̚т̼̏̌ет̭́ ̏ 
ʻИЦ «Ку̸̬̌то̭̏к̛̜ ̛̦̭т̛тут ̭о̥̏е̭т̦о ̭ ̍ел̛̜̭̽̐к̛̛̥ колле̛̥̐̌ ̛ ̏ Ф˃И ˀАʻ

*ˁледу̛̺̜̀ ̹̌̐*

ˀ̬̌̌̍̌̚т̼̏̌ет̭́ А̦те̦̦̌ ̍е̐у̺е̜ 
̏ол̦̼ ;TWA) дл́ ̦̏ео̭е̏о̜ ̐е̦е̶̛̛̬̌ 
ток̌ ʧел̛ко̛̦̥̌

ʻо̼̜̏ ̼̭̏око̴̴̾ект̛̦̼̜̏ ̥етод ̦̏ео̭е̏о̜
̐е̦е̶̛̛̬̌ ток̌ ̐ел̛ко̛̦̦̼̥ ̏ол̛̦̥̌ ̭о̚д̌ёт̭́ ̦̌ 
ток̥̌̌к̵̌: D-IIID  (1 MW, 476 MHz ̏ 2019Ϳ  ̛ KSTAR ( 

~500 Mʧ̶ ~4 MʦтͿ

ȼɧɟɨɫɟɜɚя ɝɟɧɟɪɚɰɢя ɬɨɤɚ ɝɟɥɢɤɨɧɧɵɦɢ ɜɨɥɧɚɦɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ Аɧɬɟɧɧɵ 
ɛɟɝɭщɟɣ ɜɨɥɧɵ ɧɚ ɬɨɤɚɦɚɤɚɯ D-IIID ɢ KSTAR ɩɪɟɞɥɨɠɟɧɚ ȼ.Ʌ.ȼɞɨɜɢɧɵɦ

http://fusionforenergy.europa.eu/


*ɋɥɟɞɭɸɳɢɣ ɲɚɝ* ɜ ɢɧɠɟɤɬɨɪɚх ɚɬɨɦɨɜ

И̦̙екто̬ ̛̥еет ̙̦̼̏̌е 
̛̦̦о̶̛̛̏̌:

- О̛̭ ̛о̦̦о̐о ̛̭то̸̛̦к̌ ̛ 
у̭ко̛̬тел́ п̬о̭т̬̦̭̌т̏е̦̦о
̬̌̏̚еде̦̼ ,

- ʿл̥̌̚е̦̦̼̜ ̛л̛ ̴ото̦̦̼̜ 
̦е̜т̬̌л̛̌̚то̬ ̛

- ˀекупе̶̛̬̌́ ̦̾е̛̛̬̐ 
о̭т̌то̸̵̦̼ ̛о̦о̏ дл́ 
о̍е̭пе̸е̛̦́ о̺̍е̜ 
̦̾е̬̐ет̸̛е̭ко̜ ̴̴̾ект̛̦̏о̭т̛ 
̛̭̭те̥̼ ̦̌ у̬о̦̏е 80%. 

И̦̙екто̬ ̌то̥о̏ ̭ п̬̥̌̌ет̛̬̥̌ 1000 keV, 5 MW, 1000 s cо̚д̦̌
̏ И̦̭т̛туте ́де̬̦о̜ ̴̛̛̚к̛ ˀАʻ по ̌̚к̌̚у Tri Alpha Energy, Inc. ;ˁШАͿ



ИТЭǸ.  ǷȖȘȚ - ȗлаȋи

ʿо̬т-пл̛̌̐ ̛ ˄̭т̦̌о̏к̛ дл́ ̵̛ ̛̭п̼т̛̦̜̌ 
̭о̚д̌̀т̭́ ̏ ˀо̛̛̭̭
;ИЯФ ˁО ˀАʻ ̛ АО «ʧКʺʿ»Ϳ !!!

УȕȖаȑȒȆȎа Ȉȏя ȌȕȓыȖаȑȌȍ
ȓȒȔȖ - ȓȏаȇȒȆАО «ʧКʺʿ»



Ⱦɢɚɝɧɨɫɬɢɤɢ ИɌЭɊ, ɫɨɡɞɚɜɚɟɦɵɟ ɜ Ɋɨɫɫɢɢ
ʻе̜т̬о̦̦̼е

Опт̸̛е̭к̛е

Reflectometryʿо̬т-пл̛̌̐

Ⱥɧɚɥɢɡɚɬɨɪɵ ɚɬɨɦɨɜ ɩɟɪɟɡɚɪɹɞɤɢ (NPA)

Ⱦɜɚ NPAs: 

HENPA (0.2 – 2 Mev) ,  

LENPA (10 – 200 keV)

ɢ Аɥɦɚɡɧɵɣ ɫɩɟɤɬɪɨɦɟɬɪ ɛɵɫɬɪɵɯ 
ɚɬɨɦɨɜ (0.04 – 8 MeV)

ɢ ɧɟɣɬɪɨɧɨɜ, ɝɚɦɦɚ-ɫɩɟɤɬɪɨɦɟɬɪ 

Ⱦɢɜɟɪɬɨɪɧɵɣ
Ɇɨɧɢɬɨɪ 
ɇɟɣɬɪɨɧɧɨɝɨ 
ɉɨɬɨɤɚ 

Аɥɦɚɡɧɵɣ 
ɫɩɟɤɬɪɨɦɟɬɪ 
ɧɟɣɬɪɨɧɨɜ ɢ 
ɛɵɫɬɪɵɯ 
ɚɬɨɦɨɜ

ȼɟɪɬɢɤɚɥɶɧɚя 
ɧɟɣɬɪɨɧɧɚя ɤɚɦɟɪɚ 
ɞɥя ɬɨɦɨɝɪɚɮɢɢ

Ɉɬ 12 ɞɨ 140 ȽȽɰ

Тɨɦɫɨɧɨɜɫɤɨɟ ɪɚɫɫɟяɧɢɟ & ɅИФ
ɜ ɞɢɜɟɪɬɨɪɟ

Spectroscopy equipment:

Polichromator 5-200 eV

Polichromator 0.3-200 eV

• Laser systems:

Nd:YAG 1.0645μm (2 J, 3 ns, 50Hz)

Nd:YLF laser 1.047 μm (2 J, 10 ns, 5Hz)

Nd:YAG laser 0.946μm (0.1J,10ns,100Hz)

Full scale prototype 

of in-vessel optics Laser  2J / 100Hz

CXRS

Ʉɚɦɟɪɵ ɞɟɥɟɧɢя 
U-235 ɢ U-238 

ȼɟɪɯɧɢɟ ɩɨɪɬɵ: 02, 08, 14

ɇɢɠɧɢɣ ɩɨɪɬ 08

Эɤɜɚɬɨɪɢɚɥɶɧɵɣ ɩɨɪɬ 11

H-ɚɥɶɮɚ ɫɩɟɤɬɪɨɫɤɨɩɢя

Ⱦɢɚɝɧɨɫɬɢɤɚ 
ɩɥɚɡɦɵ

13 ʪ̛̦̌̐о̭т̛к И˃Эˀ ̭о̚д̌ёт̭́ ̏ ˀо̛̛̭̭ !!!

3-D ̛̦те̶̛̬̐̌́ ʻ-̌л̴̽̌ 
̭пект̬о̭коп̛̛ ̏ 11 по̬т-пл̌̐е



Цɟɧɬɪ ɭɞɚɥёɧɧɨɝɨ ɭɱɚɫɬɢя ɜ  
ɷɤɫɩɟɪɢɦɟɧɬɚɯ ИТЭɊ (RPC) ɢ 

ȿд̛̦ое И̴̦о̶̛̬̥̌о̦̦ое ʿ̬о̭т̬̦̭̌т̏о  
˄˃ˁ ̛̭̭ледо̛̦̜̏̌ ˀо̛̛̭̭

Осːˑвːыˈ ˊаˇачˋ
Remote Participation Centre (RPC) ˋ

ʫд̛̦о̐о И̴̦о̶̛̬̥̌о̦̦о̐о ʿ̬о̭т̬̦̭̌т̏̌  ˄˃ˁ ̛̭̭ледо̛̦̜̏̌ 
1. ˄д̌ле̦̦ое у̸̭̌т̛е ̦т̵̌.

2. О̍е̭пе̸е̛̦е уд̌лё̦̦о̐о ̥о̛̦то̛̬̦̐̌ ̬̌̍от̼ ̬о̛̭̭̜̭к̵̛ 
под̛̭̭те̥ И˃Э .ˀ

3. И̭̭ледо̛̦̏̌е ̭по̭о̍о̏ пе̬ед̸̛̌ ̍ол̵̛̹̽ о̻̍е̥о̏ 
т̬̦̭̌ко̦т̛̦е̦т̌л̦̽о̐о т̴̛̬̌к̌.

4. От̬̌̍отк̌ ̛̭̭те̥ уп̬̌̏ле̛̦я ̭ло̙̦̼̥ те̵̦оло̸̛̐е̭к̛̥ 
о̍о̬удо̛̦̏̌е̥ ̏ у̭ло̛̏я̵ ̛̭л̵̦̼̽ ̬̌д̶̛̛̌о̵̦̦̼ ̛ 
̾лект̬о̛̥̦̌̐т̵̦̼

5. ˁо̚д̛̦̌е ̬о̛̭̭̜̭ко̜ ̼̍̌̚ д̵̦̦̼̌ ̬̬̌̌̍̚оток ̛ те̵̦оло̛̜̐ 
И˃Эˀ для ̭оо̬у̙е̛̦я те̬̥ояде̬̦о̐о ̬е̌кто̬̌ ̏ ˀФ.

6. ʿод̐ото̏к̌ пе̬̭о̦̌л̌

RPC ̭оед̛̦ё̦ ̭:  ʺО И˃Э ,ˀ  JET (EC), EAST (К̛т̜̌Ϳ, ˁте̦до̥ «ʻʧ» 
;ˀо̛̭̭́Ϳ, ˀо̛̭̭̜̭к̛̛̥ по̭т̛̺̌̏к̛̥̌ И˃Э .ˀ
ʦ ̍л̵̛̛̙̜̹̌ пл̵̦̌̌ ̭оед̛̦е̛̦е ̭:  KSTAR ;Ко̬е́Ϳ, W-7X (ʧе̛̬̥̦̌́Ϳ ̛  
WEST (Ф̶̛̬̦̌́Ϳ д̬.
И˃ʿ «ʿ˃ˁ» о̻̍ед̛̦́ет: «И˃Эˀ-Це̦т̬», ʻИИЭФʤ, ˃ ˀИʻИ˃И, ʦʻʻИЭФ, 
ИʿФ ˀʤʻ, Ф˃И ˀʤʻ, ИЯФ ˁО ˀʤʻ, ̌̚пл̛̦̬̌о̦̏̌о подкл̸̀е̛̦е ʻИЦ КИ



ɉɪɨɝɪɟɫɫ ɜ ɉɪɨɝɪɚɦɦɟ Иɫɩɵɬɚɬɟɥɶɧɵɯ 
ɦɨɞɭɥɟɣ Ȼɥɚɧɤɟɬɚ (TBM Program)

 ȼ ɉɪɨɝɪɚɦɦɟ ɩɨ ɢɫɩɵɬɚɧɢɹɦ ɦɨɞɭɥɟɣ ɛɥɚɧɤɟɬɚ, ɧɚɪɚɛɚɬɵɜɚɸщɢɯ ɬɪɢɬɢɣ ɛɭɞɭɬ
ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɚ ɷɤɜɚɬɨɪɢɚɥɶɧɵɯ ɩɨɪɬɚ ИɌЭɊ (#16, #18).

 ȼ ɧɚɱɚɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɛɭɞɭɬ ɢɫɩɵɬɚɧɵ ɞɜɚ TBM, ɨɯɥɚɠɞɚɟɦɵɟ ɜɨɞɨɣ ɢ ɞɜɚ TBM,
ɨɯɥɚɠɞɚɟɦɵɟ ɝɟɥɢɟɦ

 Кɢɬɚɣ, Eɋ, əɩɨɧɢɹ, Kɨɪɟɹ ɭɱɚɫɬɜɭɸɬ ɜ ɉɪɨɝɪɚɦɦɟ 
TBM ɜ ɤɚɱɟɫɬɜɟ ɥɢɞɟɪɨɜ

 Ɋɨɫɫɢɹ ɩɥɚɧɢɪɭɟɬ ɩɪɨɜɟɞɟɧɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɣ: 

- Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫ ɧɚɪɚɛɨɬɤɨɣ 
ɬɪɢɬɢɹ ɧɚ TRT ɢ

- ɝɢɛɪɢɞɧɵɯ ɦɨɞɭɥɟɣ ɛɥɚɧɤɟɬɚ ɜ 
ɧɚɰɢɨɧɚɥɶɧɨɣ ɩɪɨɝɪɚɦɦɟ ɩɨ ɍɌɋ 
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РȖșșȐȑșȒая ȒȖȖȗеȘацȐя ИТЭР

State Corporation for Atomic 

Energy “Rosatom” (State Client)

National Research Centre

“Kurchatov Institute”

JSC “D.V. Efremov Institute of the 

Electrophysical Apparatus”

JSC “All-Russian Research and 

Development Design and Engineering and 

Technological Institute of Cable Industry”
JSC “N.A. Dollezhall Research and 

Development Institute of Power Engineering”

State Research Center of the Russian Federation 

Troitsk Institute for Innovative and 

Thermonuclear Research

Ioffe Physical Technical Institute

of the Russian Academy of Sciences

Institute of Applied Physics 

of the Russian Academy of Sciences

JSC "Cryogenmash"

Russia’s key contractors

Over 30 major Russian research institutions and industries participate in developing and fabricating ITER components

Budker Institute of Nuclear Physics of 

the Siberian Branch of the Russian 

Academy of Sciences

Joint-Stock Company “TVEL”

JSC “A.A. Bochvar High-Technological 

Research and Development Institute of 

Inorganic Materials ”
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Institution “Project Center ITER”

JSC “GCMP"

“Fusion Center”

JSC “GYKOM"

JSC “NIITFA“
“Luch”
JSC “VNIIA”

АɈ «ɉɋɁ»



ʰ˃Эˀ – те̵̦оло̸̛̐е̭к̌́ пл̌т̴о̬̥̌ те̬̥о́де̬̦о̜ ̦̾е̬̐ет̛к̛
ˀе̚ул̽т̌т̼ по ̭о̚д̛̦̌̀ те̵̦оло̛̜̐ ̛ п̬о̥̼̹ле̦̦о̭т̛ ̏ ˀо̛̛̭̭                          

( е˃̵̦оло̸̛̐е̭к̛е ̛̭̭те̥̼Ϳ 
ˁ̛̭те̥̼ ʰ˃Эˀ ˀе̚ул̽т̌т Коопе̶̛̬̌́
1.&2. Nb3Sn ̛ NbTi

ˁ̏е̵̬п̬о̏од̛̦к̛ 
ˁо̚д̦̌о п̬о̛̏̚од̭т̏о лу̸̵̛̹ ̏ ̛̥̬е ʻ˃ˁʿ Nb3Sn ̛ NbTi

̭̏е̵̬п̬о̏од̛̦ко̏ ;̛̐̚ото̏л. ϮϮϱ т)

ʦʻʰʰʻʺ, ˃ʦЭЛ, ʰФʦЭ, ʦʻʰʰКʿ,
ˋʺʯ, ʻʰЦ Кʰ

ϯ.   О̥̍отк̌  полơ-

д̌л̦̽о̐о пол́ PF-1

ˀ̬̌̌̍̚от̦̌̌ ̛ ̛̐̚от̌̏л̛̏̌ет̭́ ̭̏е̵̬п̬о̏од̺́̌́ 
поло̛д̌л̦̽̌́ к̌ту̹к̌ PF-1

ʻʰʰЭФʤ, ˁʻˁʯ

4.   ʦе̵̛̬̦е п̌т̬у̍к̛ ˀ̬̌̌̍̚от̦̌̌ ко̦̭т̬уќ̶̛ ̛ ̛̐̚от̌̏л̛̏̌̀т̭́ ̏е̵̛̬̦е 
п̌т̬у̍к̛ 

ʻʰʰЭФʤ, ʺAN Turbo Diesel

5.   ʿе̬̏̌́ ̭те̦к̌ ˀ̬̌̌̍̚от̦̌̌ ко̦̭т̬уќ̶̛ ̛ ̸̦̌̌то ̛̐̚ото̏ле̛̦е ̵̭̥̼̌ 
̦̾е̬̐о̦̌п̬̙́ё̵̦̦̼ ϰϬ% ʿˁ (ʦе до ϰ ʺʦт/̥2)

ʻʰʰЭФʤ,ʻʰКʰЭ ,˃ ʦʻʰʰʻʺ,
«ʥ̌̌̚л̽т», «Ко̥по̛̚т»

6.   ˁоед̛̛̦тел̛ ̥одуле̜ 
̍л̦̌кет̌

ˀ̬̌̌̍̚от̦̼̌ ̛ ̭о̚д̦̌о п̬о̛̏̚од̭т̏о ̥е̵̸̛̦̌е̭к̵̛ ̛ 
̾лект̸̛̬е̭к̵̛ ̭оед̛̛̦теле̜

ʻʰКʰЭ˃

7.   Це̦т̬̌л̦̽̌́ ̭̍о̬к̌
д̛̏е̬то̬̌

ˀ̬̌̌̍̚от̦̼̌ ̛ ̭о̚д̦̌о п̬о̛̏̚од̭т̏о ̥одуле̜ 
̶е̦т̬̌л̦̽о̜ ̭̍о̬к̛ д̛̏е̬то̬̌ (W до 10 ʺʦт/̥2)

ʻʰʰЭФʤ

ϴ. ʰ̭п̼т̛̦̌́ пе̬̏о̜ 
̭те̦к̛ ̛ д̛̏е̬то̬̌

ˁо̚д̦̼̌ ̭те̦д̼ ̛ ̸̦̌̌т̼ ̛̭п̼т̛̦̌́ ̾ле̥е̦то̏ 
д̛̏е̬то̬̌ ̛ пе̬̏о̜ ̭те̦к̛ ̛̚ ˀо̛̛̭̭, Япо̛̛̦ ̛ ʫˁ

ʻʰʰЭФʤ, ʧʻЦ ˀФ ˃ˀʰʻʰ˃ʰ,
ʦʻʰʰʻʺ

ϵ. Ко̥̥ут̛̬у̺̀̌́ 
̌пп̬̌̌ту̬̌

ˀ̬̌̌̍̚от̦̼̌ ̛ ̸̦̌̌то ̛̐̚ото̏ле̛̦е ϭϬϬ% 
ко̥̥ут̛̬у̺̀е̜ ̌пп̬̌̌ту̬̼

ʻʰʰЭФʤ, Siemens

10. ʧ̛̬от̬о̦̼ ʰ̐̚ото̏ле̦̼ ̛ ̛̭п̼т̦̼̌ лу̸̛̹е ̏ ̛̥̬е ̛̬̐от̬о̦̼ (170 

ʧʧ̶, >ϭ ʺʦт, ϭϬϬϬ ̭екͿ
ʰʿФ ˀʤʻ, ʧ̛ко̥, ʻʰЦ
Ку̸̬̌то̭̏к̛̜ ̛̦̭т̛тут



ʰ˃Эˀ – те̵̦оло̸̛̐е̭к̌́ пл̌т̴о̬̥̌ те̬̥о́де̬̦о̜ ̦̾е̬̐ет̛к̛
ˀе̚ул̽т̌т̼ по ̭о̚д̛̦̌̀ те̵̦оло̛̜̐ ̛ п̬о̥̼̹ле̦̦о̭т̛ ̏ ˀо̛̛̭̭

( ʪ̛̦̌̐о̭т̸̛е̭к̛е ̛̭̭те̥̼Ϳ
ˁ̛̭те̥̼ ʰ˃Эˀ ˀе̚ул̽т̌т̼ Коопе̶̛̬̌́

11. Ɋɟɮɥɟɤɬɨɦɟɬɪɢɹ Ɋɚɡɪɚɛɨɬɚɧ ɪɟɮɥɟɤɬɨɦɟɬɪ / ɪɟɮɪɚɤɬɨɦɟɬɪ ɍɌɋ–Цɟɧɬɪ, ɇɂЦ «Ʉɂ»

12.  Аɧɚɥɢɡɚɬɨɪ ɚɬɨɦɨɜ 
ɩɟɪɟɡɚɪɹɞɤɢ

ɋɨɡɞɚɧɵ ɥɭɱɲɢɟ ɜ ɦɢɪɟ ɚɧɚɥɢɡɚɬɨɪɵ ɚɬɨɦɨɜ,
ɫɩɟɤɬɪɨɦɟɬɪɵ ɧɟɣɬɪɨɧɨɜ ɢ ɝɚɦɦɚ-ɤɜɚɧɬɨɜ

ɎɌɂ ɊАɇ, «Ɍɟɯɧɨɷɤɫɚɧ» 
ɂɌЭɊ-Цɟɧɬɪ, ɌɊɂɇɂɌɂ

13.  Ɇɨɧɢɬɨɪ ɩɨɬɨɤɚ ɧɟɣɬɪɨɧɨɜ Ɋɚɡɪɚɛɨɬɚɧɵ ɦɨɧɢɬɨɪɵ ɩɨɬɨɤɚ ɧɟɣɬɪɨɧɨɜ ɫ U-235 ɢ U-

238 ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɝɨɪɟɧɢɟɦ
ɂɌЭɊ-Цɟɧɬɪ, ɌɊɂɇɂɌɂ, 
ɇɂɂɌɎА, ɂəɎ ɋɈ ɊАɇ

14.  Ɍɨɦɫɨɧɨɜɫɤɨɟ ɪɚɫɫɟɹɧɢɟ ɋɨɡɞɚɧɵ ɭɧɢɤɚɥɶɧɵɟ ɥɚɡɟɪɵ, ɩɟɪɜɨɟ ɡɟɪɤɚɥɨ,
ɩɨɥɢɯɪɨɦɚɬɨɪɵ.

ɎɌɂ ɊАɇ, «Ɍɟɯɧɨɷɤɫɚɧ»

15.  ɋɩɟɤɬɪɨɫɤɨɩɢɹ ɜɨɞɨɪɨɞɧɵɯ 
ɥɢɧɢɣ 

ɋɨɡɞɚɧɨ ɭɧɢɤɚɥɶɧɨɟ ɩɟɪɜɨɟ ɡɟɪɤɚɥɨ ɢɡ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɦɨɥɢɛɞɟɧɚ

ɍɌɋ-Цɟɧɬɪ», «Ʌɭɱ» ɇɂЦ 
Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ 

16.  Аɤɬɢɜɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɋɨɡɞɚɧɵ ɭɧɢɤɚɥɶɧɵɟ ɫɩɟɤɬɪɨɦɟɬɪɵ, Ɇɨ ɩɟɪɜɨɟ
ɡɟɪɤɚɥɨ, ɨɩɬɨɜɨɥɨɤɨɧɧɵɟ ɠɝɭɬɵ

ɂɌЭɊ-Цɟɧɬɪ, «ɋɨɥɚɪ», 
ɌɊɂɇɂɌɂ, ȽɂɉɈ, «Ʌɭɱ»

17.  ȼɟɪɬɢɤɚɥɶɧɚɹ ɧɟɣɬɪɨɧɧɚɹ 
ɤɚɦɟɪɚ

ɋɨɡɞɚɧɵ ɥɭɱɲɢɟ ɚɥɦɚɡɧɵɟ ɫɩɟɤɬɪɨɦɟɬɪɵ ɧɟɣɬɪɨɧɨɜ,
U-238 ɤɚɦɟɪɵ ɞɟɥɟɧɢɹ, MI-ɤɚɛɟɥɢ.

ɂɌЭɊ-Цɟɧɬɪ, ɌɊɂɇɂɌɂ, ɂəɎ
ɋɈ ɊАɇ, ɇɂɂɌɎА

18. g-ɫɩɟɤɬɪɨɦɟɬɪɢɹ ɋɨɡɞɚɧɵ ɥɭɱɲɢɟ ɫɩɟɤɬɪɨɦɟɬɪɵ g-ɤɜɚɧɬɨɜ ɎɌɂ ɊАɇ, «Ɍɟɯɧɨɷɤɫɚɧ»

19. ɅɂɎ ɋɨɡɞɚɧɵ ɭɧɢɤɚɥɶɧɵɟ ɥɚɡɟɪɵ ɎɌɂ ɊАɇ, «Ɍɟɯɧɨɷɤɫɚɧ»

20. ɋɬɟɧɞɵ ɢɫɩɵɬɚɧɢɣ ɩɨɪɬ-ɩɥɚɝɨɜ Ɋɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɨɥɨɝɢɢ ɢɫɩɵɬɚɧɢɹ ɩɨɪɬ-ɩɥɚɝɨɜ «Ʉɪɢɨɝɟɧɦɚɲ»

21-25.    ɉɨɪɬ-ɩɥɚɝɢ
Е-11,  U- 2, 7, 8,  L-8  

Ɋɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɪɬ-ɩɥɚɝɨɜ,
ɧɚɱɚɬɚ ɢɧɬɟɝɪɚɰɢɹ ɞɢɚɝɧɨɫɬɢɤ

ɂəɎ ɋɈ ɊАɇ
«Ɍɟɯɧɨɷɤɫɚɧ»



ʻо! 
˃е̵̦оло̸̛̐е̭к̌́ пл̌т̴о̬̥̌ ITER ̦е ̭оде̛̬̙т ̭̏е ̦ео̵̍од̛̥̼е дл́ ̭о̚д̛̦̌́ те̬̥о́де̬̦о̐о ̬е̌кто̬̌ те̵̦оло̛̛̐ :
Li пе̬̏у̀ ̭те̦ку,   ʧе̦е̶̛̬̌̀ ̭т̶̛̌о̦̬̦̌о̐о ̦е̛̦дукт̛̦̏о̐о ток̌, ́де̬̦̼е ̍л̦̌кет̼, ʦ˃ˁʿ к̌ту̹к̛, у̭т̬о̜̭т̏̌ дл́ 

̬̌д̶̛̛̌о̵̦̦̼ ̛̭п̼т̛̦̜̌ ко̥по̦е̦то̏ ̬е̌кто̬̌ ̛ д̬. 

˃ок̥̌̌к ̭ ˀе̌кто̛̬̦̼̥ ˃е̵̦оло̛̛̥̐́ (TRT)            ʧ̛̛̬̍д̦̼̜ ʪʫʺО-˃ʰʻ

Кɚɬɭɲɤɢ ɬɨɪɨɢɞɚɥɶɧɨɝɨ 
ɩɨɥɹ(18)

Кɚɬɭɲɤɢ ɩɨɥɨɢɞɚɥɶɧɨɝɨ
ɩɨɥɹ (6)

Кɪɢɨɫɬɚɬ

Тɟɩɥɨɜɚɹ ɡɚɳɢɬɚ

Вɚɤɭɭɦɧɚɹ ɤɚɦɟɪɚ

Пɟɪɜɚɹ ɫɬɟɧɤɚ ɢ ɛɥɚɧɤɟɬ
Вɧɭɬɪɢɤɚɦɟɪɧɵɟ
ɤɚɬɭɲɤɢ

Тɨɤɨɜɜɨɞɵ (31)

ДɢɜɟɪɬɨɪМɨɞɭɥɢ ɰɟɧɬɪɚɥɶɧɨɝɨ 
ɫɨɥɟɧɨɢɞɚ (6)

Кɨɪɪɟɤɬɢɪɭɸɳɢɟ 
ɤɚɬɭɲɤɢ (18)

ITER - ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɥɚɬɮɨɪɦɚ ɞɥɹ ɜɫɟɦɢɪɧɨɣ 
Ɍɟɪɦɨɹɞɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ. ɇɨ !

ˀо̛̭̭́ полу̸̛т п̬̌̏о ̦̌ 
̍е̏̚о̥̚е̚д̦̼е л̶̛е̛̛̦̚ ̦̌ ̭̏е 
те̵̦оло̛̛̐, ̭о̚д̦̦̼̌е ̏ 
ʿ̬оекте ʰ˃Э ,ˀ дл́ 
̛̭пол̽̚о̛̦̏̌́ ̏ ̬̥̌к̵̌ 
̦̏ут̬е̦̦е̜ ʿ̬о̬̥̥̼̐̌ ˄˃ˁ,  
̌ т̌к̙е 
̴̛̦о̶̛̬̥̌̀ о ̛̥̬о̏о̜ 
те̬̥о́де̬̦о̜ п̬о̥̼̹ле̦̦о̭т̛



˃е̵̦оло̛̛̐ те̬̥о́де̬̦о̐о ̬е̌кто̬̌ ˃е̬̥о́де̬̦̼е те̵̦оло̛̛̐ ʰ˃Эˀ ˃е̵̦оло̛̛̐ *ˁледу̺̀е̐о ̹̌̐̌* 

ʦ̌куу̥̦̌́ к̥̌е̬̌ ʪ̏у̭те̦̦̌́ ̭ ̏од̦̼̥́ о̵л̙̌де̛̦е̥ - // -

Элект̬о̛̥̦̌̐т̦̌́ ̛̭̭те̥̌ Nb3Sn & NbTi Л˃ˁʿ CiC

ʦ˃ˁʿ – ˃око̏̏од̼
Nb3Sn – по̼̹̏е̛̦е плот̦о̭т̛ ток̌
ʦ˃ˁʿ - к̌ту̹к̛

ʿе̬̏̌́ ̭те̦к̌ Be ʮ̛дк̛̜ Li 

ʪ̛̏е̬то̬ W ʮ̛дк̛̜ Li

ʺодул̛ ̍л̦̌кет̌ TBM дл́ ̦̬̌̌̍отк̛ т̛̬т̛́ ʻ̬̌̌̍отк̌ т̛̬т̛́, 
239Pt ̛ 233U ̛̐̚ото̏ле̛̦е
ʪо̛̛̙̦̐̌е ̛̥̦о̵̬̦̼ ̌кт̛̛̦до̏
ʿ̬о̛̏̚од̭т̏о тепло̏о̜ ̦̾е̛̛̬̐

ʰ̦̙еќ̶̛ ̌то̥о̏ 1 M̾ʦ,1000̭,16 Mʦт, о̍д̛̬к̌ ̏ ̐̌̚е ʿ̬ото̦̦̌́ ̛ пл̥̌̚е̦̦̌́ о̍д̛̬к̛

Элект̬о̦. ̶̛клот̬о̦̦̼̜ ̦̬̌̐е̏ 170 ʧʧ̶, 1000 ̭, 1 Mʦт 230 ʧʧ̶, 1000 ̭, 1 Mʦт

ʰо̦̦̼̜ Ц̛клот̬о̦̦̼̜ ʻ̬̌̐е̏ 40-55 Mʧ̶, 10 Mʦт ʤ̦те̦̦̌ ̍е̐у̺е̜ ̏ол̦̼

ʧе̦е̶̛̬̌́ ̭т̶̛̌о̦̬̦̌о̐о ток̌ NBI, ECCD ̛̦̚к̌́ ̴̴̾ект̛̦̏о̭т̽ ʧел̛ко̦̼ (̛̭л̦̼̜̽ ̦̏ео̭е̏о̜ CD)

ʪ̛̦̌̐о̭т̛к̌ > 55 д̛̦̌̐о̭т̛к ʰ˃Эˀ ˁо̥̏е̭т̛̥о̭т̽ ̭ ̬е̌кто̬о̥

ʪ̛̭т̶̛̦̌о̦̦ое уп̬̌̏ле̛̦е ʪ̛̭т̶̛̦̌о̦̦̼е уп̬̌̏ле̛̦е ̛ ˁʤD ˀ̛̌̏̚т̛е уд̌лё̦̦о̐о у̸̭̌т̛́ ̏ ̬̌̍оте

ʰ̦те̬̐̌л̦̽ое уп̬̌̏ле̛̦е ʺ̛̦̌̐т̦ое ̛ к̛̦ет̸̛е̭кое - // - + ʧе̦е̶̛̬̌́ ток̌ ̛ д̬.

ˁ̛̭те̥̼ под̌̏л.̦еу̭то̸̛̜̏о̭те̜ ʰ̦̙еќ̶̛ к̬уп̛̦ок ˀ̬̌̌̍̚отк̌ п̬од̛̦̏ут̵̼ ̶̭е̛̦̬̌е̏

е˃̬̥о́де̬̦̼е те̵̦оло̛̛̐ ʰ˃Эˀ ̛ ˁледу̺̀е̐о ̹̌̐̌
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- ɪɚɡɪɚɛɨɬɤɟ ɢ ɢɧɬɟɝɪɚɰɢɢ ɜ ɨɞɧɨɣ ɭɫɬɚɧɨɜɤɟ ɤɥɸɱɟɜɵɯ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɬɟɪɦɨɹɞɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ
(ɫɨɡɞɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɤ ИɌЭɊ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɬɮɨɪɦɵ TRT):

-- ȼɌɋɉ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ, ɪɚɛɨɬɚɸɳɟɣ ɩɪɢ ɜɵɫɨɤɨɦ (8T ɧɚ ɨɫɢ ɩɥɚɡɦɵ) ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ;

-- ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɢ ɥɢɬɢɟɜɨɣ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɟɪɜɨɣ ɫɬɟɧɤɢ;

-- ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɞɢɜɟɪɬɨɪɚ;

-- ɫɢɫɬɟɦɵ ɢɧɠɟɤɰɢɢ ɚɬɨɦɨɜ ɫ ɷɧɟɪɝɢɟɣ 0.5 Мɷȼ ɢ ɦɨɳɧɨɫɬɶɸ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ Мȼɬ;

-- ɦɟɝɚɜɚɬɧɵɯ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɯ (t>100 c) ɝɢɪɨɬɪɨɧɨɜ ɫ ɱɚɫɬɨɬɨɣ 230 ȽȽɰ,

-- Иɐɇ ɧɚ ɱɚɫɬɨɬɚɯ 60-80 МȽɰ ɦɨɳɧɨɫɬɶɸ ɧɟɫɤɨɥɶɤɨ Мȼɬ;

-- ɫɢɫɬɟɦɵ ɧɟɢɧɞɭɤɬɢɜɧɨɣ ɝɟɧɟɪɚɰɢɢ ɬɨɤɚ;

-- ɬɪɢɬɢɟɜɨɝɨ ɤɨɦɩɥɟɤɫɚ;

-- ɬɟɯɧɨɥɨɝɢɢ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ;

-- ɫɨɜɦɟɫɬɢɦɵɯ ɫ ɬɟɪɦɨɹɞɟɪɧɵɦ ɪɟɚɤɬɨɪɨɦ ɞɢɚɝɧɨɫɬɢɤ;

-- ɬɟɯɧɨɥɨɝɢɢ ɩɨɞɞɟɪɠɚɧɢɹ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɯ ɪɚɡɪɹɞɨɜ ɜ ɩɥɚɡɦɟ ɫ ɬ/ɹ ɩɚɪɚɦɟɬɪɚɦɢ;

- ɩɢɨɧɟɪɫɤɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɛɨɬɵ ɬɨɤɚɦɚɤɚ ɜ ɪɟɠɢɦɟ ɝɨɪɟɧɢɹ ɬɟɪɦɨɹɞɟɪɧɨɣ ɩɥɚɡɦɵ (Q>1) ɫ
ɢɧɬɟɧɫɢɜɧɵɦ ɧɚɝɪɟɜɨɦ ɚɥɶɮɚ-ɱɚɫɬɢɰɚɦɢ ɜ ɰɟɧɬɪɟ ɩɥɚɡɦɟɧɧɨɝɨ ɲɧɭɪɚ ɜ ɞɟɣɬɟɪɢɣ-ɬɪɢɬɢɟɜɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ;

- ɢɧɬɟɝɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɪɚɛɨɬɨɤ ɂɌЭɊ ɜ ɪɨɫɫɢɣɫɤɭɸ ɩɪɨɝɪɚɦɦɭ ɍɌɋ.

TRT ̬̬̌̌̍̌̚т̼̏̌ет̭́ к̌к пл̥̌̚е̦̦̼̜ п̬отот̛п к̌к ̸̛̭то̐о т.́. ̬е̌кто̬̌, т̌к ̛ т.́. ̛̭то̸̛̦к̌ ̦е̜т̬о̦о̏
дл́ ̛̛̬̐̍д̦о̐о ;̛̭̦те̚-деле̛̦еͿ ̬е̌кто̬̌.



Ко̶̦епту̌л̦̼̜̽ п̬оект TRT 

̦̌ ко̦е̶ ϮϬϮϭ

О̭̦о̦̼̏е п̬̥̌̌ет̬̼ ̛ о̭о̍е̦̦о̭т̛ TRT

B (T) 8 ʦ̼̭окое поле, ʦ˃ˁʿ
R/a 2.15/0.57 Кл̸̛̭̭̌. ко̥п̌кт. ̶е̦̌
Δt (c) >100 К̛̭̏̌̚т̶̛̌о̦̬̦̼̜̌
Ip (MA) 4-5 ʦ̼̭ок̛̜ ток
ne(1020̥-3) 1-2 ʦ̼̭ок̌́ плот̦о̭т̽
Paux (ʺʦтͿ 30 ~ 40 ˀе̌кто̬о̭о̥̏е̭т̛̥̼̜

̦̬̌̐е̏ ̛ ̐е̦е̶̛̬̌́ ток̌
Q (DT) > 1 ˀе̌кто̬̦̌́ пл̥̌̌̚

Ʉɨɧɰɟɩɬɭɚɥɶɧɵɣ ɩɪɨɟɤɬ TRT ɪɚɡɪɚɛɨɬɚɧ ɑɚɫɬɧɵɦ ɭɱɪɟɠɞɟɧɢɟɦ ȽК Ɋɨɫɚɬɨɦ
«ɉɪɨɟɤɬɧɵɣ ɰɟɧɬɪ ИɌЭɊ» ɜ ɤɨɨɩɟɪɚɰɢɢ ɫ ɜɟɞɭɳɢɦɢ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ȺɈ ɇИИЭФȺ, ɇИɐ
«Кɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ» ɩɨ ɡɚɤɚɡɭ ȽК Ɋɨɫɚɬɨɦ ɜ 2019-2021 ɝɨɞɚɯ

ɢ ɨɩɭɛɥɢɤɨɜɚɧ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɧɨɦɟɪɚɯ (№11 ɢ №12) ɠɭɪɧɚɥɚ «Фɢɡɢɤɚ ɩɥɚɡɦɵ» ɜ 2021 ɝɨɞɭ.



TRT 2021 – Элект̬о̛̥̦̌̐т̦̌́ ̛̭̭те̥̌

TFC – 16 ʦ˃ˁʿ к̌ту̹ек ;О˃ʿͿ

PFC – 6 ʦ˃ˁʿ ;ʻ˃ˁʿ-?) ;О˄Ϳ,

CS – 4 ̭ек̶̛̛ ʦ˃ˁʿ ;ОʰͿ,

CC - 24 ʦ˃ˁʿ ;ʻ˃ˁʿ - ?) ;ОКB) 

ко̬̬ект̛̬у̵̛̺̀ к̌ту̹к̛ ̛
4 уп̬̌̏л̵̛̺́̀ к̌ту̹к̛ 
̐о̛̬̚о̦т̌л̦̽о̐о пол́.

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ – 0-16Ɍɥ Ɋɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ - 4,2–15К  (Tmax – 20К)

Ɋɚɛɨɱɢɣ ɬɨɤ ɩɪɨɜɨɞɧɢɤɨɜ – 60 ɤȺ Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ – ɞɨ 80 – 100 ɤȺ ɩɪɢ 4.2 К

Кɨɧɫɬɪɭɤɬɢɜɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ (ɩɨ ɦɟɬɚɥɥɭ) ɩɪɨɜɨɞɚ ɈɌɉ ɧɟ ɦɟɧɟɟ 113 Ⱥ/ɦɦ2

Кɨɧɫɬɪɭɤɬɢɜɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ (ɩɨ ɦɟɬɚɥɥɭ) ɩɪɨɜɨɞɚ ɐɋ ɧɟ ɦɟɧɟɟ 89 Ⱥ/ɦɦ2

Э.ʻ.ʥо̦д̸̬̌ук ̛ д̬. 
«Ф̛̛̚к̌ пл̥̼̌̚ №ϭϮ, 
2021)
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ˀ̭̭̥̌̌т̛̬̏̌е̥̼е ко̦̭т̬ук̶̛̛ п̬о̏од̛̦ко̏ дл́ TRT

(ʦ.ʫ.ˁ̼т̛̦ко̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϮ, ϮϬϮϭͿ

Пɨɬɪɟɛɧɨɫɬɶ ɜ ВɌɋП ɩɪɨɜɨɞɚх ɢ ɥɟɧɬɚх ɜ ɪɚɦɤɚх ɩɪɨɟɤɬɚ TRT

О̥̍отк̛ R, ̥̥ ʰ̦дуќ̶̛ 
пол́, ʦmax, T

ˀ̌̍о̸̛̜ 
ток, кʤ

ʿ̬о̏од, 
̥̥

ʪл̛̦̌ п̬о̏од̌ 
̏ к̌ту̹к̵̌, ̥

О˃ʿ 15 74 D 26 16800

Оʰ 600 14 60 26x26 3860

О˄ϭ 1500 6,5 45 28×28 1320

О˄ Ϯ 3000 2,5 45 28×28 380

О˄ ϯ 4300 5,0 45 28×28 2160

О˄ ϰ 4300 5,0 45 28×28 2920

О˄ ϱ 3000 5.0 45 28×28 940

О˄ ϲ 1500 6,0 45 28×28 1320

КК 30 25x25 1568

ˁу̥̥̌, ∑ 31268ʦ ̛̥̬е пок̌ ̦е ̭о̚д̦̼̌ п̬о̏од̛̦к̛ ̦̌ п̬̥̌̌ет̬̼ о̥̍оток О˃ʿ ̛ Оʰ
ʦ ϮϬϮϮ ̍удут ̬е̚ул̽т̌т̼ дл́ SPARC (MIT) ̛ ST-40 (Tokamak Energy) ̛ пе̬̼̏е ̬е̚ул̽т̌т̼ те̭то̏ ̵̛̦̹̌ о̶̬̍̌̚о̏ ϮͿ ̛ ϯͿ  

ʻ̌ о̭̦о̛̛̦̏̌ д̵̦̦̼̌ дл́ ʦ˃ˁʿ ле̦т ̛̛̹̬̦о̜ 4 ̥̥
п̬о̛̏̚од̭т̏̌ ко̥п̛̛̦̌ SuperOx п̛̬̦́т̼ у̭̬ед̦ё̦̦ое
̸̬̭̌ет̦ое ̸̦̌̚е̛̦е к̛̬т̸̛е̭ко̐о ток ле̦т дл́ п̬о̏одо̏
у̭т̦̌о̏к̛ ˃ˀ :˃

Ic(15 л˃, 4,2 КͿ= 600 ʤ - ̦е ̥е̦ее 150 ʤ/̥̥ ̛̛̹̬̦̼;

Ic(15 л˃, 20 КͿ = 300 ʤ - ̦е ̥е̦ее 75 ʤ/̥̥ ̛̛̹̬̦̼;

Ic(15 л˃, 15 КͿ  363 ʤ - ̦е ̥е̦ее 90,8 ʤ/̥̥ ̛̛̹̬̦̼.

ʪл́ ̭о̚д̛̦̌́ ̦ео̵̍од̛̥о̐о кол̸̛е̭т̏̌ п̬о̏од̛̦ко̏ 
пот̬е̍ует̭́ ϳ,0 – ϴ,Ϭ т̼̭. к̥ ʦ˃ˁʿ ле̦т̼ ̛̛̹̬̦о̜ ϰ̥̥ 
п̬о̛̏̚од̭т̏̌ ко̥п̛̛̦̌ SuperOx.

1) 2) 3)



ВɌɋП-ɥɟɧɬɚ ɞɥя ɜɵɫɨɤɢх ɦɚɝɧɢɬɧɵх ɩɨɥɟɣ

 ʿ̌те̦т ̦̌ ̛̚о̬̍ете̛̦е RU2761855 от Ϯϭ.Ϭϳ.ϮϬϮϭ
 Ic (20К,20Tл) = Ic (77К, 0 л˃) = 130-200 ʤ/ϰ ̥̥
 ˁт̦̌д̬̌т̦̼̜ п̬одукт – Je (20К,20Tл) > ϲϬϬ ʤ/̥̥2

 ˀеко̬д̦̼е ̬е̚ул̽т̌т̼ – Je (20К,20Tл) > ϭϱϬϬ ʤ/̥̥2

 о˃л̛̺̦̌ подло̙к̛ ϯϱ ̥к̥
 ʿ̬одол̦̽̌́ ̬е̚к̌ ʦ˃ˁʿ-ле̦т̼ ̴е̥то̭еку̦д̦̼̥ л̌̚е̬о̥
 ˄к̦̦̼̜̌̌̚ ̛̛̥̦̥̌л̦̼̜̽ к̛̬тток - дл́ пе̬пе̦д̛кул̬̦́о̐о пол́
 ʦ п̬̌̌ллел̦̽о̥ поле к̛̬тток е̺ё ̼̹̏е, п̛̬̍л̛̛̚тел̦̽о ̏ 4-6 ̬̌̚
 О̺̍̌́ ̥о̺̦о̭т̽ п̬о̛̏̚од̭т̏̌ – ϭϬϬϬ к̥ ϭϮ ̥̥ ʦ˃ˁʿ-ле̦т̼ ̏ ̐од 
 ˀ̭̌п̬еделе̛̦е ̥о̺̦о̭те̜ ̭е̐од̦́: Ϯ/ϯ = ʺо̭к̏̌, ϭ/ϯ = о˃к̛о

 ʦ ϮϬϭϵ-ϮϬϮϭ ̐ .̐ ̥о̺̦о̭т̽ п̬о̛̏̚од̭т̏̌ ̼̍л̌ у̏ел̸̛е̦̌ ̏ ϱ ̬̌̚
 е˃ку̛̺̜ ̹т̌т ООО «ˁ-ʰ̦̦о̶̛̛̏̌» – ϴϬ ̸ело̏ек
 ʿло̺̌д̽ ̬̌е̦дуе̵̥̼ по̥е̺е̛̦̜  ϭϮϬϬ ̥2

European Strategy for Particle Physics Accelerator R&D Roadmap

CERN, 2022 https://arxiv.org/ftp/arxiv/papers/2201/2201.07895.pdf

https://arxiv.org/ftp/arxiv/papers/2201/2201.07895.pdf


12

Лɟɧɬɚ YBCO ɤɨɦɩɚɧɢɢ SuperOx

ˀе̚ул̽т̌т̼ ̦е̵̛̛̭̥̼̌̏̚ ̛̭̬̦̌̏тел̵̦̼̽ ̛̭п̼т̛̦̜̌ ле̦т ̬̌̚л̸̵̛̦̼
п̬о̛̏̚од̛теле̜, п̬о̏еде̵̦̦̼ ̏ лу̸̵̛̹ л̌̍о̬̌то̵̛̬́ ̛̥̬̌

К̛̬т̸̛е̭к̛̜ ток ле̦т̼ SuperOx п̛̬ ϰ,Ϯ ̛ ϮϬ К ̼̹̏е ̸е̥ у ̍л̵̛̛̙̜̹̌ ко̦ку̬е̦то̏ ̦̌ ϯϬ%

К̛̬т̸̛е̭к̛е ̵̬̌̌кте̛̬̭т̛к̛ ле̦т̼ ко̥п̛̛̦̌ SuperOx

п̛̬ 4,2 К ̛ 20 К, ̏ ̛̭л̵̦̼̽ ̛̥̦̌̐т̵̦̼ пол̵́,
̛̥̚е̬е̦̦̼е ̏ ̬̌̚л̸̵̛̦̼ л̌̍о̬̌то̵̛̬́ ̛ п̛̬̦́т̼е ̌̚
̍̌̚о̼̏е п̛̬ ̬̬̌̌̍̚отке п̬о̏од̛̦ко̏ дл́ к̌ту̹ек TRT.



TRT 2021  – ʦ̌куу̥̦̌́ к̥̌е̬̌ ̛ к̛̬о̭т̌т

ʪ.ʤ.ʤ̦т̬опо̏ ̛ д̬: «Ф̛̛̚к̌ 
пл̥̼̌̚ №ϭϮ, ϮϬϮϭ.



TRT 2021  – ʦ̌куу̥̦̌́ к̥̌е̬̌

ʪ̏у̭те̦̦̌́ ̏̌куу̥̦̌́ к̥̌е̬̌ TRT ;̌̚пол̦е̦̌ ̍о̛̬̬о̦̦̏̌о̜ ̏одо̜Ϳ
ʯ̛̺̌т̌ от DD ̦е̜т̬о̦о̏ ;̭̦̬̌у̛̙ W ̛ о̍о̺̐̌е̦̦̼̜ к̛̬̌̍д ̍о̬̌Ϳ. ʻ̌ 
̦̏ут̬е̦̦е̥ о̍̏оде – доп. ̛̺̌̚т̌
ʯ̛̺̌т̌ ʦК ʦ˃ˁʿ к̌ту̹ек ˃ʿ о̸̛̛̬̦̐̌̏̌ет дл̛тел̦̽о̭т̽ DT ̬е̛̙̥о̏ ;<ϭϬ̭Ϳ !
(ˀе̚ул̽т̌т̼ MCNP ̸̬̭̌ёто̏, ʪ.ʦ.ʿо̬т̦о̏ ̛ д̬. «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϮ, ϮϬϮϭͿ



Layout of the first wall and 

divertor at the beginning of TRT

Figure 5. Models of “traditional” (left) and

the optional with stainless steel tubes TRT

divertor with sweeping vertical plates (right).
ʪʰʦ#1 ̛ ʪʰʦ#2 –к̌ту̹к̛ 
дл́ к̸̛̦̌̌́ ̭еп̬̌̌т̛̬̭̭̼ ̦̌ +/- ϳϱ ̥̥ ̭ ̸̭̌тото̜ ϭ ʧ̶

ʰ.ʦ.ʺ̌̚ул̽
̛ д̬. «Ф̛̛̚к̌ 
пл̥̼̌̚ №ϭϮ, 
2021.



ˀе̛̙̥̼ ̬̌̍от̼ «т̬̌д̶̛̛о̦̦о̐о» д̛̏е̬то̬̌ TRT

ʺодел̛̬о̛̦̏̌́  SOLPSϰ.ϯ пок̌̌̚ло:

ʿ̛̬ пол̦о̜ п̬оект̦о̜ ̏ел̸̛̛̦е ток̌ ̏ пл̥̌̚е ~ ϱ ʺʤ 
̛ ̥о̺̦о̭т̛ ̦̬̌̐е̏̌ пл̥̼̌̚ Ϯϱ-ϰϬ ʺʦт ̦е ̭ледует 
о̛̙д̌т̽ ̛̹̬око̐о «ок̦̌» ̬̌̍о̸̵̛ п̬̥̌̌ет̬о̏ 
пл̥̼̌̚, ;̌̚п̬едел̦̽̌́ тепло̏̌́ ̦̬̌̐у̚к̌ ̦̌ 
д̛̏е̬то̬̦̼е пл̭̌т̛̦̼ ̛ ̦е ̭о̥̏е̭т̛̥о̭т̽ ̭ 
̦ео̵̍од̛̥̼̥ уде̛̬̙̦̌е̥ о̭̦о̦̏о̜ пл̥̼̌̚Ϳ.

ˀеко̥е̦д̶̛̛̌ – по̛̛̦̚т̽ ток ̛/̛л̛ плот̦о̭т̽ ̛/̛л̛ 
доп. ̦̬̌̐е̏ пл̥̼̌̚.

ˁ̛̦̙е̛̦е п̬̥̌̌ет̬о̏ до ne~ϭ∙ϭϬ20 ̥-3 ̛ Ip = 4 MA 

̛̬̭̹̬̌́ет опе̶̛̬̌о̦̦ое п̬о̭т̬̦̭̌т̏о ̬е̛̙̥о̏ 
̬̌̍от̼ ʰ˃Эˀо-подо̦̍о̐о д̛̏е̬то̬̌ TRT !

(ʤ.ˁ.Куку̹к̛̦ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϮ, ϮϬϮϭͿ 16



К̸̛̦̌̌е ̭еп̬̌̌т̛̬̭̼ (ʰ.ʦ.ʺ̌̚ул̽ ̛ д̬.Ϳ

ȼɟɬɜɢ ɫɟɩɚɪɚɬɪɢɫɵ ɞɥɹ ɛɚɡɨɜɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ (ɤɪɚɫɧɵɣ 
ɰɜɟɬ) ɢ ɜɟɬɜɢ ɫɟɩɚɪɚɬɪɢɫɵ (ɫɢɧɢɣ ɰɜɟɬ), ɫɦɟɳɟɧɧɵɟ ɧɚ 
ɜɟɥɢɱɢɧɵ dsep ≈ ±75 ɦɦ ɫ ɱɚɫɬɨɬɨɣ fsep = 1 Ƚɰ, g1, g2 –
ɭɩɪɚɜɥɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɤɚɱɚɧɢɹ ɜɟɬɜɟɣ.

Ɍɨɤɢ  ɜ ɨɛɦɨɬɤɚɯ Div#1 (ɫɢɧɹɹ ɥɢɧɢɹ), Div#2 (ɤɪɚɫɧɚɹ 
ɥɢɧɢɹ) ɜ ɩɪɨɰɟɫɫɟ ɤɚɱɚɧɢɹ ɫ ɱɚɫɬɨɬɨɣ fsep = 1 Ƚɰ.



ˁт̬̌те̸̛̐е̭кое ̦̌п̬̌̏ле̛̦е ̏ п̬о̍ле̥е ʿˁ: 
ʿо̭тепе̦̦ое у̏ел̸̛е̛̦е ̭оде̛̬̙̦̌́ Li

• Ко̶̦еп̶̛́, ̏кл̸̺̀̌̀̌́ ̭т̛̌̍л̶̛̛̌̀̚ по̏е̵̬̦о̭т̛ ̛̙дко̐о ̥ет̌лл̌ ̭ по̥о̺̽̀ Кʿˁ, ̛̥еет ̭у̺е̭т̏е̦̦̼е 
п̬е̛̥у̺е̭т̏̌ ̛ дол̙̦̌ ̼̍т̽ поло̙е̦̌ ̏ о̭̦о̏у ̍̌̚о̏о̜ ко̶̦еп̶̛̛ л̛т̛е̏о̜ пе̬̏о̜ ̭те̦к̛ ˃R˃. 

• Эле̥е̦т̼ пе̬̏о̜ ̭те̦к̛, ̛̭п̼т̛̼̺̏̌̀е ̏о̚де̜̭т̛̏е тепло̵̼̏ потоко̏ до ϭʺʦт/̥2 ̥о̐ут, ̼̍т̽ ̭о̚д̦̼̌ ̦̌ 
о̭̦о̏е ко̦̭т̬ук̶̛̛ ʰ˃Эˀ-подо̵̦̼̍ ̾ле̥е̦то̏ ̭ ̏од̦̼̥́ о̵л̙̌де̛̦е̥. Ко̦д̶̛̛о̛̦̬о̛̦̏̌е пе̬̏о̜ 
̭те̦к̛ путе̥ ̦̌п̼ле̛̦́ л̛т̛́ ̭ ̶ел̽̀ улу̸̹е̛̦́ п̬̥̌̌ет̬о̏ пл̥̌̚е̦̦о̐о ̬̬̌́̚д̌ ̥о̙ет ̼̍т̽ 
о̭у̺е̭т̏ле̦о ̭ по̥о̺̽̀ ̛̭п̛̬̌теле̜ ̛л̛/̛ ̛̥̾тте̬о̏. 

• ʯ̛̺̌т̌ пе̬̏о̜ ̭те̦к̛ ̦̌ ̸̦̌̌л̦̽о̜ ̭т̌д̛̛ ̶̛̛̛̛̦̬о̛̦̏̌́ ̬̬̌́̚д̌ ̛ ̦̌ ̭т̌д̛̛ е̐о ̹̐̌е̛̦́ ̥о̙ет 
о̭у̺е̭т̏л́т̭̽́ ̭ по̥о̺̽̀ о̵л̙̌д̌е̵̥̼ ̛̺̌̚т̵̦̼ л̛̛̥те̬о̏. Ко̦̭т̬уќ̶̛ т̌к̵̛ л̛̛̥те̬о̏ дол̙̦̌ 
̭т̬о̛т̭́ ̦̌ о̭̦о̏е ̛̭пол̽̚о̛̦̏̌́ л̛т̛е̏о̜ Кʿˁ

• ʿ̛̬ ̭оот̏ет̭т̏у̺̀е̥ ̼̏̍о̬е ко̦̭т̬ук̶̛о̵̦̦̼ ̥̌те̛̬̌ло̏, ̛̭̭те̥̼ о̵л̙̌де̛̦́ ̛ тепло̦о̛̭тел́ 
̏о̥̚о̙̦о о̍е̭пе̸̛т̽ ̭т̶̛̌о̦̬̦̼̜̌ ̬е̛̙̥ ̬̌̍от̼ п̛̬ тепло̵̼̏ поток̵̌ ϭϬʺʦт/̥2 ̛ ̍олее. ʻ̌ о̭̦о̏е 
т̌ко̐о под̵од̌ ̥о̐ут ̼̍т̽ ̭о̚д̦̼̌ ̛ п̛̬е̥̦̼е ̾ле̥е̦т̼ д̛̏е̬то̬̌.

Li  ̏ TRT – о̻̍ед̛̦е̛̦е ко̶̦еп̶̛̜ ̌п̬о̛̬̍о̵̦̦̼̏̌ ̦̌ ˃-ϭϭ, ˃-ϭϬ ̛ 
̌̚пл̛̦̬̌о̵̦̦̼̏̌ ̦̌ ˃ϭϱ-ʺʪ             (ʤ.ʦ.ʦе̬тко̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϮ, ϮϬϮϭͿ
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• Ко̶̦еп̶̛́ ̏ ̭т̌д̛̛ ̬̬̌̌̍̚отк̛
• ʻео̵̍од̛̥о п̬еду̭̥от̬ет̽ 

̏о̥̚о̙̦о̭т̽ пол̦о̜ ̥̌̚е̦̼ 
д̛̏е̬то̬̌

• ˁо̥̏е̭т̛̥о̭т̽ ̥̌те̛̬̌ло̏ ̛ 
̛̭̭те̥̼ о̵л̙̌де̛̦́ ̭ Li (Sn?)

• ʺ̛̦̌̐т̦̌́ ̛̭̭те̥̌: ̵-то̸к̌ ̼̹̏е ̦̌ 
Ϭ.ϱ ̥

• Цел̽: ̛̭̭ледо̏̌т̽ ̏о̥̚о̙̦о̭т̽ 
̭у̺е̭т̏е̦̦о̐о у̏ел̸̛е̛̦́ 
дл̛тел̦̽о̭т̛ ̬̬̌́̚д̌ ̌̚ ̸̭ёт 
̏о̚о̦̍о̏л́е̥о̐о пок̬̼т̛́ ̭те̦к̛

ʦ̶̛̛̬̌̌́ ̦̌ те̥у 

"Li box" [R. Goldston]

ˁледу̛̺̜̀ ̾т̌п: ̦̌̌л̛̚ ̛̙дко̥ет̌лл̸̛е̭ко̐о д̛̏е̬то̬̌
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C̛̭те̥̼ допол̛̦тел̦̽о̐о ̦̬̌̐е̏̌ ̛ ̐е̦е̶̛̛̬̌ ток̌ ˃R˃

˄̛̦к̌л̦̼̜̽ ̦̌̍о̬ ̛̭̭те̥ доп.

̦̬̌̐е̏̌ ˃R˃ о̍е̭пе̸̛т
̭̥̌о̭о̐л̭̌о̦̦̏̌ое уп̬̌̏ле̛̦е
п̬о̴̛л̛̥́ п̬̥̌̌ет̬о̏ пл̥̼̌̚,
̏кл̸̀̌́ Ip(r)

500 к̾ʦ D- NBI ̦̌ ˃R˃ ;п̬оект ʰЯФ ˁО ˀʤʻͿ
̥о̺̦о̭т̽ д̏у̵пу̸ко̏о̜ ̛̦̙ек̶̛̛ ̦е̜т̬̌ло̏ ̏ к̙̌д̼̜ по̬т 
~ ϳ ʺʦт ;HͿ ̛  ~ ϱ.ϳ ʺʦт ;D).

(Ю.ʰ.ʥел̸̽е̦ко ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϭ, ϮϬϮϭͿ

ϭϬʺʦт, >100 c ЭЦ ,ˀ ϮϯϬʧʧ̶
~12 ̛̬̐от̬о̦о̏ – ʰʿФ ˀʤʻ 

(ʦ.ʰ.ʥелоу̭о̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϮ, ϮϬϮϭͿ



ʰЦʻ ̛ ̐е̦е̶̛̬̌́ ток̌ ̐ел̛ко̛̦̥̌ 
* ʦ ̸̭̌тот̦о̥ д̛̌п̌̚о̦е 60 - ϴϬ ʺʧ̶  ̍удет ̬е̌л̛̚о̦̏̌о ̦е̭кол̽ко ̵̭е̥ ICRH

(3He2+, пл̥̌̚е̦̦̼е T+ ̛ пу̸ко̼̏е T+ ̦̌ ̸̭̌тоте ϴϬ Mʧ̶  ̛ пл̥̌̚е̦̦̼е D+

̛ 9Be4+ ̛ пу̸ко̼̏е D+ ̦̌ ̸̭̌тоте ϲϬ Mʧ̶  Ϳ 
- ̭ ̼̭̏ок̛̥ по̐ло̺е̛̦е̥ ̏ол̦ ̏ ̶е̦т̬̌л̦̽о̜ о̍л̭̌т̛ пл̥̌̚е̦̦о̐о ̹̦у̬̌, 
- ̵о̬о̹е̜ ̭̏́̽̀̚ ̦̌те̦̦̼ ̭ пл̥̌̚о̜ 
- ̛ ̭ п̛̬̥е̦е̛̦е̥ п̬оде̥о̦̭т̛̬̬о̵̦̦̼̏̌ к̌к ̴̴̾ект̛̦̼̏е ̬е̹е̛̦̜:
-- по уп̬̌̏лѐ̛̦ поток̛̥̌ п̛̬̥е̭е̜ 
-- ̛ ̛̦ду̶̛̬о̛̦̦̼̥̏̌ пе̴̛̬е̛̛̬̜̦̼̥ коле̛̛̦̥̍̌́ ;ELMͿ ̼̭̍т̛̬̼̥ 
̛̥̚е̦е̛̛̦̥́ ̦̬̌̐у̚к̛ ̦̌те̦̦̼. 

• ˃̌ к̙е ̬̭̭̥̌̌т̛̬̏̌ет̭́ ̏о̥̚о̙̦о̭т̽ п̛̬̥е̦е̛̦́ ̦е̭кол̽ко-̥е̐̌̏̌т̦о̜
̛̭̭те̥̼ ̐е̦е̶̛̛̬̌ ̦е̛̦дукт̛̦̏о̐о ток̌ ̭ ̛̭пол̽̚о̛̦̏̌е̥ ̐ел̛ко̦о̏, 
̛̚лу̸̌е̵̥̼ ̦̌те̦̦о̜ ̍е̐у̺е̜ ̏ол̦̼ ̏ д̛̌п̌̚о̦е ̸̭̌тот ~ ϭϬϬϬ-ϭϮϬϬ ʺʧ̶ .. 

(ʤ.ʦ.К̛̬̭̌л̛̦̽ко̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϭ, ϮϬϮϭͿ



 ʪ̛̦̌̐о̭т̸̛е̭к̌́ ко̴̦е̬е̶̛̦́ ˁо̸̛ -
ϮϬϮϭ. ʻ̸̌̌т̌ под̐ото̏к̌ ̭пе̶. 
ʦ̼пу̭к̌ Ф̛̛̚к̛ пл̥̼̌̚ по 
д̛̦̌̐о̭т̛ке TRT ̏ ϮϬϮϮ .

 ʿо ̬е̚ул̽т̌т̥̌ ̭о̏е̛̺̦̜̌ по 
д̛̦̌̐о̭т̛ке TRT ̥е̦́ет̭́ 
ко̦̭т̬уќ̶̛ ̏̌куу̥̦о̜ к̥̌е̬̼ ̛ 
Эʺˁ– ̾к̏̌то̛̬̌л̦̼̽е п̌т̬у̍к̛ 
̭̥е̺̌̀т̭́ ̏̏е̵̬ к ̶е̦т̬у пл̥̼̌̚, 
о̭̍у̙д̌ет̭́ ̏о̥̚о̙̦о̭т̽ 
«̼̏п̬̥́ле̛̦́» д̛̏е̬то̵̬̦̼
п̌т̬у̍ко̏

TRT ̦̌ ко̦е̶ ̦̬́̏̌́ ϮϬϮϮ



Ɋɚɡɦɟɳɟɧɢɟ TRT 

ɢ ɧɚɝɪɟɜɧɵɯ ɢɧɠɟɤɬɨɪɨɜ
ɜ ɡɚɥɟ ȽɇЦ ɊɎ ɌɊɂɇɂɌɂ 

confidential 23

1. ʪл́ ̛̦те̶̛̛̬̐̌ ̭ ̦̬̌̐е̛̦̼̥̏
̛̦̙екто̛̬̥̌ ̦̌̌л̛̛̬̚ует̭́ 
̏о̥̚о̙̦о̭т̽ ̭д̛̏̐̌ ток̥̌̌к̌ TRT 

̦̌ ~ 7 ̥ ̏дол̽ д̛̌̐о̦̌л̛ ̌̚л̌.

2. ʻ̬̌́ду ̭ ̾т̛̥ ̦̌̌л̛̛̬̚ует̭́   
̏о̥̚о̙̦о̭т̽ у̥е̦̹̽е̛̦́
̬̥̌̚е̬о̏ ̼̭̏око̏ол̽т̦о̜
пл̌т̴о̬̥̼ ̏дол̽ пу̸ко̏. 



Table 1.TRT main parameters in comparison with other machine and projects
* expected T-14 parameters after adiabatic compression, ** TRT with D + trace T plasma / D - T plasma.

C-Mod T-14 CIT Ignitor DTT SPARC TRT ITER

Ro m 0.67 0.42* 2.1 1.32 2.11 1.85 2.15 6.2

a m 0.22 0.12* 0.65 0.47 0.64 0.57 0.57 2.0

A 3.0 3.3 3.2 2.8 3.3 3.2 3.77 3.1

B0 T 8.0 12.5* 10.0 13.0 6.0 12.2 8 5.3

Ip A 2.0 1.2* 11.0 11.0 5.5 8.7 4 - 5 15.0

ksep 1.8 1 2.0 1.83 1.8 1.97 1.8 1.85

dsep 0.4 0.25 0.4 0.4 0.54 0.3 0.48

Dtflattop s 1 0.2 5 4 90 10 100/<10** 1000

Ftot Wb 8 75 33 33Vs 42 ~33 277

<ne> 1020 m3 2 - 8 8* 3 4.8 1.8 1.4 up to 2 1

te s ~ 0.1 0.06 0.62 0.43 0.77 0.33

Paux MW 6 3.5 20 24 45 25 up to 40 73

Pfus MW 0 3.5* 800 96 ~ 0.01 140 ~0.5/ 40** 500

Psep/R MW/m ~ 10 16 15 15.7 14  / 16** 15

Q 0 1 infinity 9 0 11 0.01/ >1** 10



Table 2. 

Basic ɌRɌ (2020, HTS)
with Paux/CD = up to 40 MW 

and 

ne = 2.1020 m-3 (code PART, 

ɇ-mode)

R0  / a, m 2.15 / 0.57

A 3.77

Bt / Btc, T 8 / 15

IP, MA 4.0 - 5.0

k95 / d95 1.8 / 0.3

Plasma configuration SN (option DN)

VPL, / Plasma surface S//,           m
3 / m2 25 / 70

dripple, % 0.5

NTF 16

<jTFi>,                                              ʺʤ/m2 ? 30

Inner size of TFC ( RTFii, RTFie),        m                                                                          0.77 , 1.17

Plasma – TFC distance DPL-TF,         m 0.4

D»ext,                                                  Vs 33

Fuel D D + 1%T D + T

Dtpulse, s 100 - 150 ~ 100 <10

Paux/CD, (NBI+ECRH+ICRH)            ʺW 40 (25+10+5) 40 

(25+10+5)

40 (25+10+5)

ne, 1020 m-3 2 2 2

T, keV 6 – 8 6 - 8 7 – 8

Hy,2 1.0 – 1.2 1.0 – 1.2 1.0 – 1.3

bN 1.4 1.4 1.6

q95 3.3 3.3 3.3

tE,                                                         s 0.3 0.3 0.3

Maximum neutron yield Yn,             1018 n/s 0.5 1 up to 20

Pfus MW 0.3 0.6 up to 50

Psep/R                                               MW/m 14 14 16

Q 0.01 0.02 > 1



ˁ̶е̛̛̦̬̌  ̬̬̌́̚д̌ ˃R˃ – 5MA ̏ D ̛ DT

Эʺˁ ̛ доп. ̛̭̭те̥̼ ˃ˀ˃ ̭по̭о̦̼̍ о̍е̭пе̸̛т̽  ̬̬̌́̚д̼ п̬оект̦о̜ дл̛тел̦̽о̭т̛ ̏ пл̥̌̚е ̭ ̬е̌кто̛̬̦̼̥ ;̛̛̬̐̍дͿ п̬̥̌̌ет̛̬̥̌ 
п̛̬ плот̦о̭т̛ `1*1020̥-3.  Од̦о̬̏е̥е̦̦ое до̭т̛̙е̛̦е «т̌̍л̸̵̛̦̼» ̵̬̌̌кте̛̬̭т̛к – ток, плот̦о̭т̽, дл̛тел̦̽о̭т̽ – ̏о̥̚о̙̦̌ ̌̚ 
̸̭ет опт̶̛̛̛̛̥̌̚ ̭т̌д̛̛ под̻е̥̌ ток̌. ʻо! ʿ̬о̍ле̥̌ д̛̏е̬то̬

(ʦ.ʺ.Лео̦о̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϭ, ϮϬϮϭͿ
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D/D: Dt = 102c Pddth ~ Ϯ.Ϯ∙ϭϬ17 1/s,             

Pddf ~ 1.0∙ϭϬ18 1/s
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B0=8T, Ip=5MA, <ne> = ϭ∙ϭϬ20̥-3, PNB=ϮϬʺʦт, PEC=ϭϬʺʦт, HH=1.2,  Dψ = ϰ ʦ ̭ек

D/˃: Dt = 157.3c Pdt =33.8ʺʦт, Q=1.13

Pdtf=37.3ʺʦт, Qf =1.24 
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NBI CD in TRT

ʿ̌т̬у̍к̛ дл́ ̏̏од̌ пу̸ко̏ о̍е̭пе̸̛̏̌̀т опт̛̥̌л̦̼̜̽ дл́ ̐е̦е̶̛̛̬̌ ток̌ п̶̛̬ел̦̼̜̽ ̬̌д̛у̭ Rtg=R0-a/2

Э̴̴ект̛̦̏̌́ ̐е̦е̶̛̬̌́ ток̌ ̏о̥̚о̙̦̌ п̛̬ плот̦о̭т̛ пл̥̼̌̚  ϱ - 10 * 1019 m-3.

(ʦ.ʺ.Лео̦о̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϭ, ϮϬϮϭͿ
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ʯ̛̛̭̥̌̏о̭т̽ ̴̴̾ект̛̦̏о̭т̛ ̵̌̏̌̚т̌ пу̸ко̏ ̛ ̐е̦е̶̛̛̬̌ пу̸ко̏о̐о 
ток̌ ̏ ˃ˀ˃ от плот̦о̭т̛ пл̥̼̌̚ ̛ ̦̾е̛̛̬̐ пу̸ко̏ NBI, 

Pbeam=20MW



ЭЦˀ ʻ̬̌̐е̏ ̛ ʧе̦е̶̛̬̌́ о˃к̌

ʦ̼̍о̬ ̸̭̌тот ̏ д̛̌п̌̚о̦е ϭϳϬ < f < 230 ʧʧ̶ ̛ у̐ло̏ ̏̏од̌ по̏̚ол́ет о̭у̺е̭т̏л́т̽ ̐е̦е̶̛̬̌̀ 
ток̌ к̌к ̦̌ о̛̭, т̌к ̛ ̦̌ пе̴̛̬е̛̛̬.

(ʦ.ʺ.Лео̦о̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϭ, ϮϬϮϭͿ

ʦ̏од ̏ Z=0 под у̐ло̥ β, ρmax – ̶е̦т̬ 
о̍л̭̌т̛ лок̌л̶̛̛̛̌̚ по̐ло̺е̦̦о̜ 

̥о̺̦о̭т̛

β

ʿо̐ло̺е̛̦е ̏ о ̦̏ут̬е̵̛̦̦ о̍л̭̌т̵́ 
̍олее ̴̴̾ект̛̦̏о дл́ CD – ̦ет 
̌̚пе̬т̵̼, ̬̐ее̥ «токо̦е̭у̛̺е»

ʺодел̛̬о̛̦̏̌е OGRAY. 

PEC=10ʺʦт, O-mode
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О̛̙д̌е̥̼е ̬е̛̙̥̼ ̬̬̌́̚д̌
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ʦ DT пл̥̌̚е у̏е̬е̦̦о полу̸̌̀т̭́ ʺʧʪ у̭то̸̛̜̼̏е 
пол̦о̭т̽̀ ̍е̼̦̚дук̶̛о̦̦̼е ̬е̛̙̥̼ ̭ токо̥ пл̥̼̌̚ 
ϰ ʺʤ п̛̬ ̬̌̚л̸̵̛̦̼ ̸̦̌̚е̵̛̦́ плот̦о̭т̛ пл̥̼̌̚. 

Q ~ ϭ п̛̬̥е̬̦о ̏о ̭̏е̥ ̬̭̭̥̌от̬е̦̦о̥ д̛̌п̌̚о̦е 
плот̦о̭т̛ Ϭ.ϱ < ne20 < Ϯ.ϱ ̛ ̥о̺̦о̭т̛ допол̛̦тел̦̽о̐о 
̦̬̌̐е̏̌ 
ϭϱ ʺʦт < Paux < ϲϬ ʺʦт. 

ʪ̙̌е ̦̌ ̛̦̙̦е̜ ̶̛̬̦̐̌е ̬̭̭̥̌от̬е̦̦о̐о д̛̌п̌̚о̦̌ 
̥о̺̦о̭т̽ те̬̥о́де̵̬̦̼ ̬е̌к̶̛̜ >ϭϱ ʺʦт, ̸то 
о̍е̭пе̸̛̏̌ет ~ Ϭ.Ϯ ʺʦт/̥2 ̦е̜т̬о̦̦о̐о поток̌ ̦̌ 
̭те̦ку, т.е. удо̏лет̏о̬́ет пот̬е̦̍о̭т̛ ̦е̜т̬о̦̦о̐о 
̛̭то̸̛̦к̌ ̏ ̛̛̬̐̍д̦о̜ ̵̭е̥е.

(ʦ.ʺ.Лео̦о̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϭ, ϮϬϮϭͿ



ʦо̥̚о̙̦о̭т̛ по ̬̦̌̏о̏е̭̦̼̥ ко̴̛̦̐у̶̛̬̥̌́ TRT
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Дɥɹ ɚɧɚɥɢɡɚ 
ɩɪɨɰɟɫɫɨɜ ɜ SOL 

(ɨɛɥɚɫɬɶ SOL ≥ 5 
ɫɦ)

2-ɯ ɧɭɥɟɜɨɣ ɞɢɜɟɪɬɨɪ Вɟɪɯɧɹɹ 
ɨɬɪɢɰɚɬɟɥɶɧɚɹ 
ɬɪɟɭɝɨɥɶɧɨɫɬɶ (-
0.16)

(ˁ.Ю.ʺед̏еде̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϭ, ϮϬϮϭͿ



Ɉɫɧɨɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɌRɌ, ɤɨɬɨɪɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɨɝɭɬ 
ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ ɤɨɨɩɟɪɚɰɢɟɣ ɪɨɫɫɢɣɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ 

Ко̥по̦е̦т п̬оект̌ О̭о̍е̦̦о̭т̛ Коопе̶̛̬̌́ ̭о̚д̌теле̜ ʺе̙д. ̭от̬уд̦.

ʿ̬оект ;ˀ̥̌̚е̬̼,
̛̥̦̌̐т̦ое поле, ток)

R0 ~ 2.15 ̥,     ̌ ~ 0.57 ̥
ʦт = ~ ϴ ˃л, Ip ~ 4 – 5 MA

«ʰ˃Эˀ-Це̦т̬», ʻʰЦ «Кʰ», ʻʰʰЭФʤ, ˃ ˀʰʻʰ˃ʰ, ʻʰКʰЭ˃

ʦ̌куу̥̦̌́ к̥̌е̬̌, 
к̛̬о̭т̌т

ʦК–д̏у̭те̦̦̌́ о̵л̙̌д̌е̥̌́ ̏одо̜ ʻʰʰЭФʤ, ʥ̬̦̭́к

К̛̬о̐е̦̦̌́ ̛̭̭те̥̌ ʮ̛дк̛̜ ̐ел̛̜ ʤО ʧел̛̜̥̹̌, ʤО К̛̬о̐е̦̥̹̌

Элект̬о̛̥̦̌̐т̦̌́ 
̛̭̭те̥̌

ˁ̏е̵̬п̬о̏од̺́̌́: ʦ˃ˁʿ ʤО «˃ʦЭЛ», ʤО «ˋʺʯ», ʦʻʰʰКʿ, ʦʻʰʰʻʺ, ʻʰЦ «Кʰ», ʤО  
˃ˀʰʻʰ˃ʰ, AO ʻʰʰЭФʤ

ʦел̛ко̛̬̍т̛̦̌́ 
ʫˁ, ˁˌʤ

ʿе̬̏̌́ ̭те̦к̌ ʦе / Li ʻʰʰЭФʤ, ʻʰКʰЭ˃ / ˃ˀʰʻʰ˃ʰ, «К̬̭̦̌̌́ ̏̚е̚д̌»

ʪ̛̏е̬то̬ W / Li ʻʰʰЭФʤ, ʻʰКʰЭ˃ / ˃ˀʰʻʰ˃ʰ, «К̬̭̦̌̌́ ̏̚е̚д̌»

ʪопол̛̦тел̦̼̜̽ 
̦̬̌̐е̏ пл̥̼̌̚

~40 Ɇȼɬ. (>100 sec)

(ɂɧɠɟɤɰ. ɚɬɨɦɨɜ ~500keV, 20Mȼɬ,
ЭЦɇ 230 ȽȽɰ, ~10 Ɇȼɬ, 
ɂЦɇ 60-80 ɆȽɰ, ~5 Ɇȼɬ))

«ʰ˃Эˀ-Це̦т̬», ʰЯФ ˁО ˀʤʻ, ʰʿФ ˀʤʻ, Ф˃ʰ ˀʤʻ ʰЦʻ - ʫˁ

ʧе̦е̶̛̬̌́ 
̭т̶̛̌о̦̬̦̌о̐о ток̌

~ 20-30  ʺʦт ;ʰʻ, ʧел̛ко̦̼Ϳ «ʰ˃Эˀ-Це̦т̬», ʰЯФ ˁО ˀʤʻ, ʻʰЦ «Кʰ», ʰОФ ˀʤʻ, Ф˃ʰ ˀʤʻ ʧел̛ко̦̼ –
Ко̬е́, ʫˁ, ˁˌʤ

ʪ̛̦̌̐о̭т̛к̌ пл̥̼̌̚ ˁо̥̏е̭т̛̥. ̭ те̬̥о́д. ̬е̌кто̬о̥ «ʰ˃Эˀ-Це̦т̬», ʻʰЦ«Кʰ», Ф˃ʰ ˀʤʻ, ˃ˀʰʻʰ˃ʰ, ʰЯФ ˁОˀʤʻ ̛ д̬ ʫˁ

ʪ̛̭т̶̛̦̌о̦̦ое 
о̭̍лу̛̛̙̦̏̌е

ʯ̥̌е̦̌ пе̬̏о̜ ̭те̦к̛, ̍л̦̌кет̌, 

д̛̏е̬то̬̌
«ʰ˃Эˀ-Це̦т̬» + ? ʫˁ

Эк̭пе̛̬̥е̦т̌л̦̼̜̽
̛̬̍де̬̦̼̜ ̍л̦̌кет

TBR ~ 1 (ɫɥɟɞɭɸɳɚɹ ɫɬɚɞɢɹ) ʻʰЦ «Ку̸̬̌то̭̏к̛̜ ̛̦̭т̛тут», 
ʤО ʻʰʰЭФʤ, ʤО ʻʰКʰЭ˃



ʯ̌кл̸̀е̛̦е - ̛̛̛̥̭̭
* TRT о̍е̭пе̸̛̏̌ет ̬е̌л̶̛̛̌̀̚ ̭̏е̵ т̬ё̵ ̛̛̥̭̭̜ :
- ʤд̌пт̶̛̌́ ̏ ̬о̛̭̭̜̭ку̀ п̬о̬̥̥̐̌у ˄˃ˁ те̵̦оло̛̜̐ ̛ ̬̬̌̌̍̚оток ʰ˃Эˀ
- ʪопол̛̦тел̦̽̌́ к ʰ˃Эˀ те̵̦оло̸̛̐е̭к̌́ пл̌т̴о̬̥̌ 
- ˀе̌л̶̛̛̌́̚ Q>1 ̏ ʪ˃ ̬̬̌́̚д̵̌

• ʿ̬о̬̥̥̐̌̌ ̛̭̭ледо̛̦̜̏̌ TRT о̍е̭пе̸̛̏̌ет ̬̬̌̌̍̚отку те̵̦оло̛̜̐ т/́ ̛ 
̛̛̬̐̍д̦о̐о ̬е̌кто̬о̏ :

- ʧе̦е̶̛̬̌́ к̛̭̏̌̚т̶̛̌о̦̬̦̌о̐о ток̌ ;ʻʰ, ЭЦ, ʧел̛ко̦̼, ̍ут̭т̬еп)

- ˀ̬̌̌̍̚отк̌ к̛̭̏̌̚т̶̛̌о̵̦̬̦̼̌ ̬е̌кто̵̬̦̼ ̬е̛̙̥о̏ ̛̥̏̌̚оде̜̭т̛̏́ пл̥̌̌̚ – ̭те̦к̌
- ˀ̬̌̌̍̚отк̌ ̛̦̦о̶̛̏̌о̦̦о̐о п̬отот̛по̏ к̛̭̏̌̚т̶̛̌о̦̬̦̌о̐о д̛̏е̬то̬̌
- ʰ̭̭ледо̛̦̏̌́ п̬отот̛по̏ ̾к̭пе̛̬̥е̦т̌л̵̦̼̽ ̥одуле̜ ̍л̦̌кет̌
- ˀ̬̌̌̍̚отк̌ те̵̦оло̛̜̐ т̛̬т̛е̏о̐о топл̛̦̏о̐о ̶̛кл̌
- ˀ̬̌̌̍̚отк̌ д̛̭т̶̛̦̌о̦̦о̐о уп̬̌̏ле̛̦́ т/́ ̬е̌кто̬о̥ ̛ ̬о̍от̶̛̛̌́̚
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ʯ̌кл̸̀е̛̦е - ̬е̛̙̥̼ 

 Bt = 8T – о̍е̭пе̸̛̏̌ет ̦ео̵̍од̛̥̼̜ ̌̚п̭̌ по q ̛ beta – ʺʧʪ у̭то̸̛̜̼̏е ̛, ̭ледо̏̌тел̦̽о, 
поте̶̛̦̌л̦̽о уп̬̌̏л́е̥̼е ̭т̶̛̌о̦̬̦̼̌е ̬е̛̙̥̼ ;ток ̛ п̬о̴̛л̛Ϳ

 Эʺˁ по̏̚ол́ет ̬̌̍оту ~100̭ ̭ Ip=5MA. ˀе̛̙̥̼ п̛̬  ϰʺʤ – о̍е̭пе̸̛̏̌̀т ̌̚п̭̌ по ̦е̜т̬о̦̦о̥у 
̵̼̏оду ̛ дл̛тел̦̽о̭т̛ ̬̬̌́̚д̌ – п̬̥́о̜ п̬отот̛п ˃ʰʻ дл́ ̛̛̬̐̍д̌

 ʿлот̦о̭т̽ Ϯ*ϭϬ20̥-3 – ̬е̌л̦̽̌, ̦о  ̛̏д̵̛̥̼ п̬е̛̥у̺е̭т̏ дл́ Pfus ̦е ̭о̚д̌ет, п̬о̍ле̥̌ -д̛̏е̬то̬. 

ˀ̌̍от̌ п̛̬ ϭ*ϭϬ20̥-3 – ̬е̛̙̥̼ ̭ ̍е̼̦̚дук̶̛о̦̦о̜ ̐е̦е̶̛̬̌е̜ ток̌ – пол̦о̶е̦̦̼̜ ̛̭то̸̛̦к 
̦е̜т̬о̦о̏ дл́ ̛̛̬̐̍д̌!!!

 ˁ̛̭те̥̼ доп̦̬̌̐е̏̌ дол̙̦̼ о̍е̭пе̸̛т̽ ̦̬̌̐е̏ ̛ ̐е̦е̶̛̬̌̀ ток̌ ̏ ̬е̌кто̵̬̦̼ у̭ло̵̛̏́, ̌ т̌к̙е 
̏о̥̚о̙̦о̭т̽ уп̬̌̏ле̛̦́ п̬о̴̛л̛̥́ ;̭о̥̏е̭т̦о ̭ ̛̭̭те̛̥̥̌ подп̛тк̛ топл̛̏о̥ - ̍ут̭т̬еп)

 ʺʧʪ п̬едел̼ по ̵̬̌̌кте̛̬̭т̛к̥̌ п̽еде̭т̌л̌ (ELM) – е̭т̽ ̛̹̬окое опе̶̛̬̌о̦̦ое ок̦о дл́ ̛̛̬̐̍д̌
(ˁ.Ю.ʺед̏еде̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϭ, ϮϬϮϭͿ

 ʤл̴̽̏е̦о̭̏к̛е ̦еу̭то̸̛̜̏о̭т̛ – ̭е̬̽е̦̌́̚ у̬̐о̌̚ ̬̭̌к̸̌к̛ ̦̌ пу̸ке. ʻе т̌к ̭т̬̹̦̼̌ 
̦еу̭то̸̛̜̏о̭т̛ к̌к ̭̭̌о̶̛̛̬о̦̦̼̏̌е ̭ ̵̛ ̬̭̌к̸̌ко̜ поте̛̬ ̼̭̍т̵̬̼ ̛о̦о̏ – ̦у̙е̦ доп. ̦̌̌л̛̚

(ʺ.Ю.ʰ̭̌е̏ ̛ д̬: «Ф̛̛̚к̌ пл̥̼̌̚ №ϭϭ, ϮϬϮϭͿ

 DT ̬е̛̙̥̼ – ̏пол̦е ̬е̌л̦̼̽. От̬̌̍отк̌ ̍̌̚о̵̼̏ т̛̬т̛е̵̼̏ те̵̦оло̛̜̐, те̵̦оло̛̜̐ топл̛̦̏о̐о 
̶̛кл̌ – ̏п̛̭̼̏̌ет̭́ ̏ к̬у̐ ̌̚д̸̌ TRT.
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Ɉɫɧɨɜɧɵɟ ɩɥɚɧɢɪɭɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ TRT ɜ 2022–24 ɝɝ. :
ɉɪɨɝɪɚɦɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɌRɌ. ИɌЭɊ-ɐɟɧɬɪ, ɇИɐ КИ
Эɫɤɢɡɧɵɣ ɩɪɨɟɤɬ TRT ɜɧɭɬɪɢ ɤɪɢɨɫɬɚɬɚ ȺɈ ɇИИЭФȺ
Кɨɧɰɟɩɬɭɚɥɶɧɵɣ ɩɪɨɟɤɬ ɫɢɫɬɟɦɵ ɧɟɣɬɪɚɥɶɧɨɣ ɢɧɠɟɤɰɢɢ TRT. ИəФ ɋɈ ɊȺɇ

Кɨɧɰɟɩɬɭɚɥɶɧɵɣ ɩɪɨɟɤɬ ɫɢɫɬɟɦɵ ɢɨɧɧɨɝɨ ɰɢɤɥɨɬɪɨɧɧɨɝɨ ɧɚɝɪɟɜɚ TRT Кɨɧɤɭɪɫ

Кɨɧɰɟɩɬɭɚɥɶɧɵɣ ɩɪɨɟɤɬ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɰɢɤɥɨɬɪɨɧɧɨɝɨ ɧɚɝɪɟɜɚ
TRT

ИɉФ ɊȺɇ

Кɨɧɰɟɩɬɭɚɥɶɧɵɣ ɩɪɨɟɤɬ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɌRɌ ИɌЭɊ-ɐɟɧɬɪ, ɇИɐ КИ,
ФɌИ ɊȺɇ, ИəФ ɋɈ ɊȺɇ

Ɋɚɡɪɚɛɨɬɚɧɚ ɤɨɧɰɟɩɰɢɹ ɫɢɫɬɟɦɵ ɫɛɨɪɚ ɞɚɧɧɵɯ ɢ ɭɩɪɚɜɥɟɧɢɹ
ɭɫɬɚɧɨɜɤɨɣ ɌRɌ.

ИɌЭɊ-ɐɟɧɬɪ

Ɋɚɡɪɚɛɨɬɚɧ Кɨɧɰɟɩɬɭɚɥɶɧɵɣ ɩɪɨɟɤɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɨɞɭɥɹ 
ɛɥɚɧɤɟɬɚ TRT.

ȺɈ ɇИКИЭɌ

ɇИɈКɊ ɩɨ ɫɨɡɞаɧɢɸ ВɌɋɉ ɫвɟɪхɩɪɨвɨɞɧɢɤɨв ɞɥɹ TRT. Кɨɧɤɭɪɫ

Ȼɭɞɟɬ ɫɨɡɞɚɧɚ ɤɨɨɩɟɪɚɰɢɹ ɩɪɟɞɩɪɢɹɬɢɣ – ɪɚɡɪɚɛɨɬɱɢɤɨɜ,
ɢɡɝɨɬɨɜɢɬɟɥɟɣ ɢ ɩɨɫɬɚɜɳɢɤɨɜ ɨɫɧɨɜɧɵɯ ɫɢɫɬɟɦ ɉɪɨɟɤɬɚ

ȼɫɟ
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Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ TRT ɜ 2025–2030 ɝɝ. 

ɉɪɨɝɪɚɦɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɌRɌ. ИɌЭɊ-ɐɟɧɬɪ, ɇИɐ КИ

Ɍɟɯɧɢɱɟɫɤɢɣ ɩɪɨɟɤɬ ɜɵɩɨɥɧɹɟɬɫɹ ɜ 2025 - 2026 ɝɨɞɚɯ. ɇИИЭФȺ, ɌɊИɇИɌИ

Иɡɝɨɬɨɜɥɟɧɵ ɫɦɨɧɬɢɪɨɜɚɧɵ ɢ ɢɫɩɵɬɚɧɵ ɜ ɪɚɦɤɚɯ ɤɨɦɩɥɟɤɫɚ TRT ɢ ɧɚ ɫɨɡɞɚɧɧɵɯ ɫɬɟɧɞɚɯ ɤɨɦɩɨɧɟɧɬɵ 
ɭɫɬɚɧɨɜɤɢ TRT– ɩɪɨɬɨɬɢɩɵ ɞɥɹ ɬ/ɹ ɢ ɝɢɛɪɢɞɧɨɝɨ ɪɟɚɤɬɨɪɨɜ :

ȼɌɋɉ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɢɫɬɟɦɚ, ȼɚɤɭɭɦɧɚɹ ɤɚɦɟɪɚ Кɨɧɤɭɪɫ

ɉɟɪɜɚɹ ɫɬɟɧɤɚ ɢ ɞɢɜɟɪɬɨɪ ȺɈ ɇИИЭФȺ

ɋɢɫɬɟɦɚ ɧɟɣɬɪɚɥɶɧɨɣ ɢɧɠɟɤɰɢɢ TRT (1 ɷɬɚɩ). ИəФ ɋɈ ɊȺɇ

ɋɢɫɬɟɦɚ ɢɨɧɧɨɝɨ ɰɢɤɥɨɬɪɨɧɧɨɝɨ ɧɚɝɪɟɜɚ TRT (1 ɷɬɚɩ) Кɨɧɤɭɪɫ

ɋɢɫɬɟɦɚ ɷɥɟɤɬɪɨɧɧɨɝɨ ɰɢɤɥɨɬɪɨɧɧɨɝɨ ɧɚɝɪɟɜɚ TRT (1 ɷɬɚɩ) ИɉФ ɊȺɇ

ɉɭɫɤɨɜɚɹ ɱɚɫɬɶ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɌRɌ ИɌЭɊ-ɐɟɧɬɪ, ɇИɐ КИ,
ФɌИ ɊȺɇ, ИəФ ɋɈ ɊȺɇ

ɋɢɫɬɟɦɚ ɫɛɨɪɚ ɞɚɧɧɵɯ ɢ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɚɧɨɜɤɨɣ ɌRɌ. ИɌЭɊ-ɐɟɧɬɪ

ɉɪɨɬɨɬɢɩ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɨɞɭɥɹ ɛɥɚɧɤɟɬɚ TRT. ȺɈ ɇИКИЭɌ

ȼ Ɋɨɫɚɬɨɦɟ ɫɨɡɞɚɧɚ ɩɨɞɨɬɪɚɫɥɶ ɩɨ ɢɡɝɨɬɨɜɥɟɧɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɫɢɫɬɟɦ ɢɡ ȼɌɋɉ (REBCO).

ȼ Ɋɨɫɫɢɢ ɫɨɡɞɚɧɚ ɤɨɨɩɟɪɚɰɢɹ ɧɚɭɱɧɵɯ ɰɟɧɬɪɨɜ, ɭɧɢɜɟɪɫɢɬɟɬɨɜ ɢ ɩɪɟɞɩɪɢɹɬɢɣ
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨ ɫɨɡɞɚɧɢɸ ɬɟɪɦɨɹɞɟɪɧɨɝɨ ɢ ɝɢɛɪɢɞɧɨɝɨ ɪɟɚɤɬɨɪɨɜ
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