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ʀʤʧʫʣʴʩʥʳʝ ʨʘʜʠʘʮʠʦʥʥʦï

ʤʘʛʥʠʪʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ (ʈʄɻɼ) ʩʠʩʪʝʤʳ

Å ʀʤʧʫʣʴʩʥʳʝʈʄɻɼʩʠʩʪʝʤʳïʚʳʩʦʢʦʷʨʢʦʩʪʥʳʝʧʣʘʟʤʝʥʥʳʝʠʩʪʦʯʥʠʢʠʠʟʣʫʯʝʥʠʷ

ʠʛʝʥʝʨʘʪʦʨʳʫʜʘʨʥʳʭʚʦʣʥ(ɸ.ʌ. ɸʣʝʢʩʘʥʜʨʦʚ,ɸ.ɸ. ʈʫʭʘʜʟʝ,1974), ʩʠʩʪʝʤʳ

ʤʘʛʥʠʪʥʦ-ʠʥʝʨʮʠʘʣʴʥʦʛʦʪʝʨʤʦʷʜʝʨʥʦʛʦʩʠʥʪʝʟʘ(ʄʀʊʉ)(I.R. Lindemuth, I.R.

Kirkpatrick, 1983; A. Hasegawaet al., 1983; ʉ.ʌ. ɻʘʨʘʥʠʥ,2012; ʕ.ɸ. ɸʟʠʟʦʚʠʜʨ.,

2001; ɺ.ɸ. ɻʘʩʠʣʦʚ,ʉ.ɺ. ɿʘʭʘʨʦʚ,ɺ.ʇ. ʉʤʠʨʥʦʚ,ʉ.ʖ. ɻʫʩʴʢʦʚ,ʅ.ɺ. ɿʤʠʪʨʝʥʢʦʠʜʨ.,

2018), ʧʣʘʟʤʝʥʥʳʝʫʩʢʦʨʠʪʝʣʠ(ʃ.ʗ. ʄʠʥʴʢʦ,1970; ɸ.ʀ. ʄʦʨʦʟʦʚ,2006; ɸ.ʀ. ɺʘʩʠʥ,

ɸ.ʉ. ʂʦʨʦʪʝʝʚ,ɸ.ʉ. ʃʦʚʮʦʚʠʜʨ., 2012), ʠʤʧʫʣʴʩʥʳʝʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʠʝʩʠʩʪʝʤʳ

ʫʧʨʘʚʣʝʥʠʷʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠʧʦʪʦʢʘʤʠʛʘʟʘ,ʘʪʘʢʞʝʩʠʩʪʝʤʳʧʣʘʟʤʝʥʥʦ-

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦʧʦʜʞʠʛʘʠʛʦʨʝʥʠʷʪʦʧʣʠʚʥʳʭʩʤʝʩʝʡʠʪ.ʜ.

Å ɺʘʞʥʳʡʚʢʣʘʜʚʠʟʫʯʝʥʠʝʬʠʟʠʯʝʩʢʠʭʧʨʦʮʝʩʩʦʚ,ʧʨʦʪʝʢʘʶʱʠʭʚʠʤʧʫʣʴʩʥʳʭʈʄɻɼ

ʩʠʩʪʝʤʘʭ,ʚʥʝʩʣʠʠʩʩʣʝʜʦʚʘʥʠʷ,ʚʳʧʦʣʥʝʥʥʳʝʖ.ʇ. ʈʘʡʟʝʨʦʤ,ɸ.ʀ. ʄʦʨʦʟʦʚʳʤ,ɸ.ʌ.

ɸʣʝʢʩʘʥʜʨʦʚʳʤ,ɸ.ɸ. ʈʫʭʘʜʟʝ,ɺ.ɽ. ʌʦʨʪʦʚʳʤ,ʉ.ʊ. ʉʫʨʞʠʢʦʚʳʤ,ɺ.ɹ., ʈʦʟʘʥʦʚʳʤ,

ɸ.ʄ. ɸʥʜʨʠʘʥʦʚʳʤ,ɺ.ʉ. ʂʘʤʝʣʴʢʦʚʳʤ,ʀ.ɹ. ʊʠʤʦʬʝʝʚʳʤ,ʃ.ʗ. ʄʠʥʴʢʦ,ʂ.ʃ.

ʉʪʝʧʘʥʦʚʳʤʠʜʨ.



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʣʘʟʤʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʠʤʧʫʣʴʩʥʳʭ ʈʄɻɼ ʩʠʩʪʝʤʘʭ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ

3

ʇʣʘʟʤʝʥʥʦ-ʣʘʟʝʨʥʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʛʦʨʝʥʠʷ 

ʀʟʫʯʝʥʠʝ ʬʠʟʠʢʠ ʜʦʣʛʦʞʠʚʫʱʠʭ, 
ʠʟʣʫʯʘʶʱʠʭ, ʧʣʘʟʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 
ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʤʘʛʥʠʪʥʦ-
ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ (ʄʀʊʉ) 

ʀʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʛʝʥʝʨʘʪʦʨʝ ʫʜʘʨʥʳʭ ʚʦʣʥ (ʋɺ) ʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ  ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 
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EXPERIMENTS on ɔ-RAY and NEUTRON SOURCES
Pitcher-Catcher scheme

L. Willingale, et al., Phys. Plasmas 18, 083106 (2011)

M. G¿nther, et al., Nature comm. 13, 170 (2022)

Direct laser acceleration (DLA)

in the presence of strong quasi-static electric 

and magnetic fields

(ultra-high power multi-petawatt lasers 

operating around 1023 W/cm2 intensities.)

Multi -MeV beams of photons more than 1012

ph/srand an ultra-high intense neutron source 

with greater than 6 Ĭ1010 neutrons per shot with 

a pre-ionized polymer foam with near-critical 

electron density (NCD) plasma at 1019 W/cm2

ʆʪʣʠʯʠʝʩʭʝʤʳ ñPitcher-Catcheròʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʭʝʤʳ -ʫʩʢʦʨʝʥʠʝ ʥʝʡʪʨʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪʩ ʜʨʫʛʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ. 

University of Michigan, Naval Research Laboratory

Darmstadt, Moscow, Düsseldorf

For laser intensities in the range of (1ς3) 1019 W/cm2, it was found that 
the bulk targets produced a high yield (5 104 neutrons per steradian) 
beamed preferentially in the laser propagation direction.



ION, ELECTRON and NEUTRON SOURCES

Direct laser acceleration (DLA) works effectively in 

near-critical electron density (NCD) plasma and with a 

picosecond laser pulse duration. Unlike laser wakefield 

acceleration (LWFA), DLA does not generate very highï

energy electrons, but produces a sufficient number of 

electrons with Maxwell-Boltzmann like distribution. The 

interaction of a large number of accelerated DLA electrons 

with highïZ materials causes an ultrahigh energy density 

of MeV radiation, which can cause nuclear reactions 

leading to the formation of neutrons.

200 TW   LANL   Trident laser facility

High-energy short-pulse (HESP) lasers are 

more compact than accelerator systems, has 

been established to excite intense ion 

beams, mainly protons. A typical ion 

acceleration scheme using short-pulse lasers 

is the so-called target normal sheath 

acceleration mechanism (TNSA).

D. Jung, et al., Phys. Plasmas 20, 056706 (2013)

ʀʦʥʥʳʡ ʧʫʯʦʢ ʚ ʩʭʝʤʝ TNSA ʦʙʳʯʥʦ ʠʤʝʝʪ 

"ʛʘʫʩʩʦʚʦ" ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʧʠʢʦʤ ʵʥʝʨʛʠʠ ʠ 

ʧʦʪʦʢʘ ʚ ʮʝʥʪʨʝ ʧʫʯʢʘ, ʘ ʠʦʥʥʳʡ ʧʫʯʦʢ, 

ʛʝʥʝʨʠʨʫʝʤʳʡ ʚ ʨʝʞʠʤʝ ɺʆɸ (break-out 

afterburner), ʬʦʨʤʠʨʫʝʪʩʷ 2Dʠ 3D ʜʠʥʘʤʠʢʦʡ 

ʚʦ ʚʨʝʤʷ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʧʨʦʟʨʘʯʥʦʡ ʬʘʟʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʫʧʨʘʚʣʷʶʱʝʡ ʫʩʢʦʨʝʥʠʝʤ.

The emission of
neutrons is a superposition of an isotropic 

component into 4p and a forward directed, jet-like
contribution, with energies ranging up to 80 MeV.

A maximum flux of 4.4 109 neutrons/srhas
been observed and used for fast neutron 

radiography.



ʅʘʨʘʙʦʪʢʘ ʪʨʠʪʠʷ (breeder):

ʊʦʧʣʠʚʦDïD

aº2 ʤ, A = 2

Q = 0.2..0.25

hnet = 5

h* º0.12

Tritium burner:

ʊʦʧʣʠʚʦDïT
aº1 ʤ, A = 3

Q = 2..3

hnet = 5

h* º0.3

ʈʠʩ.ʉʭʝʤʘ ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʪʦʢʘʤʘʢʦʚ 
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ʈʝʘʢʮʠʠ ʩʠʥʪʝʟʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ

D + T ­ n (14.1 ʄʵɺ) + 4He (3.5ʄʵɺ),       (1)

D + D ­ n (2.45 ʄʵɺ) + 3He (0.817 ʄʵɺ),    (2)

D + D ­ p (3.02 ʄʵɺ) + T (1.01 ʄʵɺ),          (3)

D + 3He ­ p (14.68 ʄʵɺ) + 4He (3.67ʄʵɺ), (4)

p + 11B ­ 34He + 8.681 ʄʵɺ.                             (5)

3He + 3He ­ 2p + 4He + 12.86 ʄʵɺ. (6)

p + 6Li ­ 4He (1.7 ʄʵɺ) + 3He (2.3 ʄʵɺ). (7) 

ʉʝʯʝʥʠʷ ʨʝʘʢʮʠʡ ʩʠʥʪʝʟʘ

10 102

10ï1

103 104

10

10ï3

10ï5

1

10ï2

10ï4

E, ʢʵɺ

s, ʙʘʨʥ

1

2,3

4
5

ʊʦʧʣʠʚʥʳʡ 

ʮʠʢʣ

ʈʘʜʠʦʘʢʪ

ʠʚʥʦʝ 

ʪʦʧʣʠʚʦ

ʇʨʷʤʘʷ 

ʨʘʜʠʦʘʢʪʠʚ

ʥʦʩʪʴ

ʅʘʚʝʜʝʥʥʘʷ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩ

ʪʴ

D-T T n n, T 

D-D - n, T n 

D-3He - - n, T

3He -3He - - -

p-6Li - - n, T, 7Be, 11C

p-11B - - n, 14C

E ïɻ ʥʝʨʛʠʷ ʥʘʣʝʪʘʶʱʝʡ ʯʘʩʪʠʮʳ (T, D ʠ p)

ʄʘʣʦʨʘʜʠʦʘʢʪʠʚʥʳʝ

(ʙʝʟʥʝʡʪʨʦʥʥʳʝ) 

ʨʝʘʢʮʠʠ (5-7) 
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ʂʦʥʮʝʧʪʫʘʣʴʥʳʝ ʪʝʨʤʦʷʜʝʨʥʳʝ ʧʨʦʝʢʪʳ= 

ʥʝʡʪʨʦʥʥʳʡ ʠʩʪʦʯʥʠʢ +ʛʠʙʨʠʜʥʳʡ ʨʝʘʢʪʦʨ

R/a = 6.2 ʤ/2 ʤ,  ʚʳʪʷʥʫʪʦʩʪʴ17 ʤ Cʫʙʢʨʠʪʠʯʝʩʢʠʡ ʛʘʟʦʦʭʣʘʞʜʘʝʤʳʡ ʨʝʘʢʪʦʨ 

Gas-Cooled Fast Transmutation Reactor GCFTR-3

O. Agren. OS-2010 , FS&T 59 (2011)

Stacey W.M. et al. GA 30332-0425 (2006)

Straight field line mirror (SFLM)

ʊʝʨʤʦʷʜʝʨʥʳʡ ʠʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ɻɼʃï

ʩʫʙʢʨʠʪʠʯʝʩʢʠʡ ʜʦʞʠʛʘʪʝʣʴ ʤʠʥʦʨʥʳʭ ʘʢʪʠʥʠʜʦʚ

ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʘʷ ʣʦʚʫʰʢʘ (ɻɼʃ)

A. Ivanov et al. OS-2010, FS&T 59 (2011)

ʀʊʕʈ, ɼʝʤʦ NIF, LMJ, é 

ʃʠʥʝʡʥʘʷ ʤʘʛʥʠʪʥʘʷ ʣʦʚʫʰʢʘʜʣʷ ʫʥʠʯʪʦʞʝʥʠʷ 

ʷʜʝʨʥʳʭ ʦʪʭʦʜʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ



ʄʘʛʥʠʪʥʦ-ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ 

(ʄʀʊʉ): ʪʝʨʤʠʥʳ

MTF ïʦʙʱʠʡ ʪʝʨʤʠʥ, ʠʩʧʦʣʴ-

ʟʫʝʤʳʡ ʩ 1960-ʳʭ ʛ.ʛ. ʜʣʷ 

ʟʘʤʘʛʥʠʯʝʥʥʦʡ ʤʠʰʝʥʠ

ʧʨʦʚʦʜʷʱʠʤ ʣʘʡʥʝʨʦʤ

ʄɸɻʆ/MAGO: ʇʨʝʜʣʦʞʝʥʦ ʚ ʈʌʗʎ-ɺʅʀʀʕʌ. ɺ ʉʐɸ 

ʘʙʙʨʝʚʠʘʪʫʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʟʨʳʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ

I.R. Lindemuth, Nuclear Fusion 23 (1983)

ʄʀʊʉ ʩ ʚʥʝʰʥʠʤ ʧʦʣʝʤ

ʀʤʧʫʣʴʩʥʳʡ ʩʦʣʝʥʦʠʜ 

ʩʦʟʜʘʝʪ ʥʘʯʘʣʴʥʳʡ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ

ʇʦʩʣʝ ʥʘʚʦʜʢʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʇ) -

ʣʘʟʝʨʥʳʝ ʧʫʯʢʠ

ʄʇ ʩʞʠʤʘʝʪʩʷ ʠ 

ʩʦʟʜʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʥʘ ʤʠʰʝʥʴ 

ʠʟʥʫʪʨʠ, ʨʘʟʦʛʨʝʚʘʷ ʝʝ 

ʜʦ ʩʚʝʨʭʚʳʩʦʢʠʭ ʊ

ʇʣʦʪʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ, ʩʦʟʜʘʚʘʷ 

ʩʚʝʨʭʩʠʣʴʥʦʝ ʄʇɻʝʥʝʨʘʮʠʷ ʤʝʛʘʛʘʫʩʩʥʳʭ ʧʦʣʝʡ- ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʧʣʘʟʤʫ ʤʦʱʥʳʭ ʧʦʪʦʢʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʟʥʠʢʘʶʪ 

ʩʚʝʨʭʩʠʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷB > 100 ʊʣ

A.M. Buyko et al. Proc. IX IEEE International Pulsed Power Conf. (1993)

MICF/MIIF - ʦʜʠʥ ʠʟ ʬʦʨʤMIF/MTF. 

ʉʬʝʨʠʯʝʩʢʠʡ ʭʦʣʴʨʘʫʤʀʊʉ ʩ ʜʳʨʢʦʡ

ʧʦʟʚʦʣʷʝʪʫʙʝʛʘʶʱʠʤ e ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʩʠʣʴʥʦʝB ʧʦʣʝ 
A. Hasegawa et al. Phys. Rev. Lett. 56. (1986)

ʉʭʝʤʘ ʣʘʟʝʨʥʦʛʦ ʪʝʨʤʦʷʜʘ 

ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ

ʀʜʝʷ ʨʘʟʜʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʜʨʫʛʠʤ ʠʩʪʦʯʥʠʢʦʤ
ʃ.ʇ. ʌʝʦʢʪʠʩʪʦʚ. ɻʦʨʠʟʦʥʪʳ ʃʊʉ(1985)
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100-kT mf generation using paisley

targets by femtosecond laserï

plasma interactions

Scientific Reports, 10 (2020)

Zosa et al, Appl. Phys. Lett. 120 (2022)

S.A. Sorokin, Plasma Phys. Control. Fusion 64 (2022)

Magnetic implosion of thin 
aluminum foil liners

ʅʘ ʛʝʥʝʨʘʪʦʨʝʄʀɻ

(ʤʥʦʛʦʮʝʣʝʚʦʡ

ʠʤʧʫʣʴʩʥʳʡʛʝʥʝʨʘʪʦʨ)ʚʀʉʕ

ʉʆ ʈɸʅ ʜʘʞʝ ʧʨʠ

ʩʫʱʝʩʪʚʫʶʱʠʭʧʘʨʘʤʝʪʨʘʭ(2

ʄɸ) ʚʦʟʤʦʞʥʦʜʦʩʪʠʞʝʥʠʷ

ʪʝʨʤʦʷʜʝʨʥʦʛʦʩʠʥʪʝʟʘʧʨʠ

ʫʩʣʦʚʠʠʙʳʩʪʨʦʛʦ(Ḑ5 ʥʩ)

ʩʞʘʪʠʷDT ʤʠʰʝʥʠʪʷʞʝʣʳʤ

ʣʘʡʥʝʨʦʤ.

Up to 2 Ĭ106 fusion 

neutrons/J in DïD fusion

reactions
Curtis et al, Nature Commun. 9 (2018)

Micro-scale fusion in dense relativistic 
nanowire array plasmas



Fusion Neutron Source

ˤͤ ͊΄͔͚͔ͪ͊͋ͦͭ͒͊ͤ͊ͦͼ͔͙͙ͤ͊ͨ͊ͣͦ͒ͤ͊ͣ͘͟͡;͔͙ͫ͟ͻ
͔͍ͨ͊ͪ͊ͣͭͪͦͼ͙͙͙ͤ͒ͪ͡;͔͚͙ͫͦͣ͟΄͔͙ͤ˸ˮ́˿͒͡ Ύ

͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦͫ͟ͻ͔ͣ·͍͔͚͍͙ͦ͒ͫͭ͘Ύ͙͔͙͍ͤͭͤͫͤ·ͻ
͍ͨͦͭͦͦ͟Ή͔͎͙͙ͤͪ. ˽ ͍ͦ͊͊ͤ͊ͦͣͦ͗ͤͦͫͭ͘͘͟Έ͙ͫͦ͒͊ͤ͘Ύ

͎͔͔͍͔͚͍ͤͪ͊ͭͦͪͦͤͭͪͦͤͦͤ͊ͦ ͍͔ͫͤͦ
͙͙͍͚ͦͣ͋ͤͪͦ͊ͤͤͦͫ͟ͻ͔ͣ·͍͔͚͍͙ͦ͒ͫͭ͘Ύ(;͙ͫͦ͡

͔͚͍͔͙͙ͤͭͪͦͤͦͤ͊͒ͤͼ͙ͯ͒ͤ͡·Nfus 0.5 1015 /ͤͫͣ͟
͔͍͔͔͙ͣͦͣͤͭͯͪͣͤͦͦͤ͟;͙͊ͤΎ͍͔͚͍͙ͦ͒ͫͭ͘Ύ). ʕ

͚͔͔͒͊ͤͤͦͪ͊͋ͦͭͤͯ ;͙ͭ·͍͔͊ͭͫΎ͍͙͡Ύ͙͔ͤ
͔͙͔͙͙͙ͤͫͣͣͭͪͨͪͪ͊ ͫ;͔͔͙ͭͫ͗͊ͭΎ͙ͣ΄͔͙ͤ, ;ͭͦ
͔͙͍͙ͣͦ͗ͭͨͪͦ͒ͭΈͪ͟ ͙͊͘͡;͙Ό͍ͤ ͊͋͡Ό͔͒͊ͣͦͣ

͍·ͻ͔͔͚͍ͦ͒ͤͭͪͦͤͦ(͍͒ ͍͊ͨͦ ͪΎ͒͊͟) ͔͙͚ͦͭͨͪ͒ͫ͊͊ͤ͘͟
͔ͦ͒ͤͦͣͪͤ·ͻͪ͊ͫ;͔͍ͭͦ. ˮ ͫ͘ ͎͔͊͊ͤͤͦͦͭ͊͗͘͟͟

͔͔ͫ͒ͯͭ͡, ;ͭͦͯ;͔͔͔͙ͭͤͦ͒ͤͦͣͪͤͦͫͭͺ͙͙͘;͔͙ͫ͟ͻ
ͨͪͦͼ͔͍͙͍ͫͫͦ ͍ͦͨͪͦͫͦ, ͍ͫΎ͊ͤͤ͘·ͻͫ

͎͙͙͙͒ͪͦ͒ͤ͊ͣ;͔͙͙͔͚ͫͣͤͯͫͭͦ͟;͙͍ͦͫͭΎ͙ͣ
(͍͙ͦͤ͊͘͟Ό΅͙͔͍ͨ ͪͦͼ͔͔͙ͫͫͫ͗͊ͭΎ͙ͣ΄͔͙ͤ), ͙ ͘
ͦͭͦͪ͟·ͻ͍ͦͫͤͦͤͯΌͪͦ͡Έ͙͎ ͪ͊Ό͔͚ͭͤͯͫͭͦ;͙͍͙ͦͫͭ
˾Ή͔͡Ύ-͔͚͙́ͦͪ͊͡˾ ͙ͻ͚͔ͭͣ͊ͪ͊-˸͔΄͍ͦ͊͟, ͭ ͔͔ͪ͋ͯͭ
͒͊͡Έ͔͚ͤ΄͔͎͔ͦͦͭ͒͡Έ͎͎͙ͤͦͦͨͦ͒ͪͦ͋ͤͦͦͯ͘;͔͙ͤΎ. 
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MIF/MTF experiments
The MTF approach is currently being studied primarily by the 

VNIIEF, LANL , AFRL , SNL, HyperV, Roch.U, UW, General fusion, etc.

O.V. Gotchev et al. JFE 27 (2008)

Knauer et al, Phys Plasmas, 056318 (2010)
Slutz et al, PoP 17, 056303 (2010)

Rochester Univ.-
Compressing

Magnetic Fields with 

High-Energy Lasers

Sandia Nat Lab.-
MagLIF concept - a 

blowup of the liner 

with preheated and 

magnetized fuel 

before implosion

LANL - PLX
First plasma

on Sept.13,2011

on thePlasma

Liner Experiment

OMEGA EP device ïD-3He reaction

F.D. Witherspoon, Plas Jet Workshop (2008)

HyperV Plasma Jet accelerator

ɺʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ ʜʠʘʤʝʪʨʦʤ 2,74 ʤ (ʅɸʉɸ)

13



1

4

ʄɸɻʆ(ʈʌʗʎ ïɺʅʀʀʕʌ), ʄʆʃ - ʊʈʀʅʀʊʀ(ʊʨʦʠʮʢ) + ʅʀʀʕʌɸ)

http://niiefa.spb.ru/res/stc/mit/RUS/Ass/Ass2.htm

ʉʭʝʤʘ ʧʣʘʟʤʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʄɸɻʆ. 

1, 2 ð ʧʣʘʟʤʝʥʥʘʷ ʢʘʤʝʨʘ; 3, 4 ðʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, 

ʚʟʨʳʚʦʤʘʛʥʠʪʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, 5 ðʜʘʪʯʠʢʠ, 6 ðʠʟʦʣʷʪʦʨʳ

1 - ʤʘʛʥʠʪʥʳʡ ʫʩʠʣʠʪʝʣʴ, 2 - ʠʥʜʫʢʪʠʚʥʳʡ ʥʘʢʦʧʠʪʝʣʴ, 

3 - ʧʫʣʴʪʦʚʘʷ,4 - ʚʘʢʫʫʤʥʘʷ ʩʠʩʪʝʤʘ, 

5 - ʧʣʘʟʤʝʥʥʳʡ ʧʨʝʨʳʚʘʪʝʣʴ ʪʦʢʘ,6 - ʧʦʚʳʰʘʶʱʠʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, 7 - ʤʘʛʥʠʪʥʳʡ ʢʦʤʧʨʝʩʩʦʨ,

8 - ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ, 9 - ʙʣʦʢ ʢʦʤʤʫʪʘʮʠʠ 2-ʦʡ ʩʪʫʧʝʥʠ 

ʀʩʢʨʘ5,6

ʀʊʉ ʩ ʚʟʨʳʚʦʤʘʛʥʠʪʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ

ʉ.ɻ.ɻʘʨʘʥʠʥʠ ʜʨ., ʌʠʟʠʢʘ ʧʣʘʟʤʳ48 (2022)



1

5

Sinars Dan_MagLIF plenary_ICOPS 2015



ʉʭʝʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʟʘʤʘʛʥʠʯʝʥʥʫʶ ʤʠʰʝʥʴ ʚ 

ʤʘʛʥʠʪʥʦ-ʠʥʝʨʮʠʘʣʴʥʦʤ ʪʝʨʤʦʷʜʝʨʥʦʤ ʩʠʥʪʝʟʝ (ʄʀʊʉ)

ʄʘʛʥʠʪʥʦ-ʠʥʝʨʮʠʘʣʴʥʳʡ ʩʠʥʪʝʟ ʩ 
ʣʘʟʝʨʥʳʤʠ ʧʫʯʢʘʤʠ

ʉʦʟʜʘʝʪʩʷʟʘʪʨʘʚʦʯʥʦʝʥʘʯʘʣʴʥʦʝʄʇ(ʜʝʨʞʘʚʢʘ
+ 2 ʦʪʜʝʣʴʥʳʭʚʠʪʢʘʧʦʢʘʞʜʦʤʫʠʟʢʦʪʦʨʳʭ
ʠʜʝʪʪʦʢ),ʩʞʘʪʠʝʤʠʰʝʥʠʣʘʟʝʨʥʳʤʠʧʫʯʢʘʤʠ
ʚʤʘʛʥʠʪʥʦʤʧʦʣʝʩʬʝʨʠʯʝʩʢʦʡʘʥʪʠʧʨʦʙʦʯʥʦʡ
ʢʦʥʬʠʛʫʨʘʮʠʠ.

ʄʠʰʝʥʴ ïʩʪʘʥʜʘʨʪʥʘʷ ʜʣʷ ʀʊʉ

~ 1 ʛ/ʩʤ3 (1030ʤ-3), r0 ~0.05 ʩʤ,ær0 ~20 ʤʢʤ,m = 70 
ʤʢʛ, B0 ~ 10 ʊʣ, ŰE~ 100 ʥʩ,

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʘʟʝʨʘ ~ 1016ɺʪ/cʤ2

~ 30 ʛ/ʩʤ3, T ~ 7 ʢʵɺ, B ~ 1000 ʊʣ

˽͔͊ͣͤͤ͊͘͡Ύ
ͨͯ΄͊͟

ʉʪʨʫʷ ʧʣʘʟʤʳ

ʂʘʤʝʨʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ
ʄʠʰʝʥʴ-FRC

ʂʊ

ʄʘʛʥʠʪʥʦ-ʠʥʝʨʮʠʘʣʴʥʳʡ ʩʠʥʪʝʟ ʩ 

ʧʣʘʟʤʝʥʥʳʤʠ ʩʪʨʫʷʤʠ

ʌʦʨʤʠʨʫʝʪʩʧ̫ʣʘʟʤʝʥʥʘʤ̫ʠʰʝʥʴ,

ʟʘʤʘʛʥʠʯʝʥʥʳʡʧʣʘʟʤʦʠʜʨʘʚʥʦʤʝʨʥʦ

ʦʙʞʠʤʘʝʪʩʷʧʣʘʟʤʝʥʥʳʤʠʩʪʨʫʷʤʠ(ʧʣʘʟʤʝʥʥʳʡ

ʣʘʡʥʝʨ).

ʄʠʰʝʥʴ ʥʘʯ. ïn ~ 1023ʤ-3, r0 ~ 0.1 ʤ, T ~ 10 ʵɺ, B0 ~ 

1 ʊʣ, m= 0.007 ʛ

ʉʞʘʪʠʝ ït ~ 10 ʤʢʩ, ~ 0.01-0.1 ʢʛ/ʤ3

ʉʢʦʨʦʩʪʴ ʩʪʨʫʡ ~100 ʢʤ/ʩ, r0 ~ 0.005ʤ, B ~ 300 ʊʣ

r

r

r
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ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʩʞʘʪʠʷ ʠ ʥʘʛʨʝʚʘ ʤʠʰʝʥʠ 

ʥʝʡʪʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ

ʉʭʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʘ) ʠ ʧʣʘʟʤʝʥʥʳʭ ʩʪʨʫʡ (ʙ):

a) 1   ʣʘʟʝʨʥʳʝ ʣʫʯʠ; 2    ʜʠʩʢʦʚʳʝ ʵʣʝʢʪʨʦʜʳ; 3    ʪʦʢʦʧʨʦʚʦʜ;

ʙ) 1  ʚʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ; 2   DT - ʛʘʟ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʠ; 3  ʚʥʫʪʨʝʥʥʷʷ ʦʙʦʣʦʯʢʘ ʚʳʧʦʣʥʝʥʥʘʷ ʠʟ 

ʟʦʣʦʪʘ; 4   DT - ʣʝʜ; 5  ʣʘʟʝʨʥʳʝ ʣʫʯʠ; 6  ʩʪʨʫʷ ʧʣʘʟʤʳ.

˴͙͙͍͔͍͔͚͍͙͔͙ͦͣ͋ͤͪͦ͊ͤͤͦͦ͒ͫͭͤ͊ͣ͘΄͔ͤΈ͙͔͙͍͎͔͎͙ͤͭͤͫͤͦͦ͊ͪͤͦͦͯ͘͘͡͡;͔͙ͤΎ͙
͍͔ͤ΄͔͚ͤ(ͨͦͦ ͭͤͦ΄͔͙ͤΌͣ͟ ͙΄͔͙ͤ), ͦ ͎͙ͪ͊ͤ;͙͍͊Ό΅͔͚ͪ͊ͫ΄͙͔͙͔ͪͤͨ͊ͣ͘͡·͙ͣ΄͔͙ͤ, 

͙͔ͫͫͭͣ·͙ͣͨͯ͡Έͫͤ·ͻ͚ͫͭͪͯ.

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʛʝʥʝʨʘʪʦʨʦʚ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ ʚʦʟʜʝʡʩʪʚʠʷ (ʯʠʩʣʦ ʥʝʡʪʨʦʥʦʚ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ 1015ʥ/ʩʤ 

ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ). 

[Kuzenov V., Ryzhkov S. Physica Scripta. 2021. V. 96] [Kuzenov V., Ryzhkov S.High Temp. 2022. V. 60]



ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʠʰʝʥʴ ʚ 

ʄʀʊʉ

1 ïɻ ʪʦ ʧʣʘʟʤʝʥʥʳʝ ʠʣʠ ʣʘʟʝʨʥʳʝ ʩʪʨʫʠ (ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ), 
ʧʦʩʪʫʧʘʶʱʠʝ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ, 
ʦʪʢʣʶʯʘʶʪʩʷ ʯʝʨʝʟ 10 ʥʩ (qlas0 = 1014ɺʪ/ʩʤ2) 

2 ïʢʦʥʫʩ,       3 ïʤʠʰʝʥʴ,

4 ïqlas1 = 1015ɺʪ/ʩʤ2 - ʵʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ,
ʚʚʦʜʠʤʦʛʦ ʯʝʨʝʟ ʪʦʨʮʝʚʫʶ ʯʘʩʪʴ ʤʠʰʝʥʠ ʄʀʊʉ (ʚʢʣʶʯʘʝʪʩʷ ʩ 10 ʥʩ) 



ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ
ʄʦʜʝʣʴ ʪʝʯʝʥʠʷ ʟʘʤʘʛʥʠʯʝʥʥʦʡʧʣʘʟʤʳ.

( ) ( )1 1J V J Vd d u
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- ʧʣʦʩʢʦʝ,

1a=
ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʝ

ʪʝʯʝʥʠʝ

0a=
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(1)

ʋʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ

ʋʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ

Sr ʠ Szïʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʦʪʦʢʝ ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʚ ʥʝʤ ʩʠʣ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, Seïʦʙʲʝʤʥʦʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ, 

ʧʦʷʚʣʷʶʱʝʝʩʷ ʠʟ-ʟʘ ʨʘʙʦʪʳ ʩʠʣ ʪʨʝʥʠʷ(Dïʜʠʩʩʠʧʘʪʠʚʥʘʷ ʬʫʥʢʮʠʷ), ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʧʨʦʮʝʩʩʘʤʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷQL, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʧʣʘʟʤʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʘʨʦʚ ʤʘʪʝʨʠʘʣʘ ʜʨʘʡʚʝʨʘ.

( )2m m^
ä ä+D

,
,l
^
ä

å õ
è øæ öê ú

ç ÷
ä k k

k

div gradT

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʱʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʥʘ ʧʣʘʟʤʫ ʤʠʰʝʥʠ, ʪ.ʝ. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʤʦʤʝʥʪ ʢʦʥʪʘʢʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʷʚʣʝʥʠʷ: ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ, 

ʠʟʣʫʯʝʥʠʝ, ʦʤʠʯʝʩʢʠʡ ʥʘʛʨʝʚ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʦʙʤʝʥ ʵʥʝʨʛʠʝʡ ʩ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ.



ʋʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ
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(2)

(3)

ɺʧʦʜʚʠʞʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪʩ ʫʯʝʪʦʤ ʢʦʥʚʝʢʮʠʠ ʠ ʜʠʬʬʫʟʠʠ:, ,x h z
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.
ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ

ʋʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʫʧʨʦʱʝʥʥʦʡ ʬʦʨʤʝ ʩ ʫʯʝʪʦʤ 

ʜʚʠʞʝʥʠʷ ʩʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ:

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘʚ 
ʜʚʫʭʪʝʤʧʝʨʘʪʫʨʥʦʤʧʨʠʙʣʠʞʝʥʠʠ. ʊʝʯʝʥʠʝ ʛʘʟʘ ʚ ʤʠʰʝʥʠ ʷʚʣʷʝʪʩʷ ʚʷʟʢʠʤ.



ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʤʧʫʣʴʩʥʳʭ ʨʘʜʠʘʮʠʦʥʥʦ-

ʤʘʛʥʠʪʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʈʄɻɼ) ʩʠʩʪʝʤ
ʋʨʘʚʥʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʦʜʥʦʪʝʤʧʝʨʘʪʫʨʥʦʡ

ʨʘʜʠʘʮʠʦʥʥʦʡ ʧʣʘʟʤʦʜʠʥʘʤʠʢʠ

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʠ ʟʘʢʦʥʘ ʆʤʘ

ʋʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ ʚ ʤʥʦʛʦʛʨʫʧʧʦʚʦʤ 
ʜʠʬʬʫʟʠʦʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ

ʈʘʩʯʝʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʧʣʘʟʤʳ

ʈʘʩʯʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʧʣʘʟʤʳ

ʇʨʠʥʠʟʢʠʭʊ<100 kK - ʢʦʤʧʴʶʪʝʨʥʘʷʩʠʩʪʝʤʘASTEROID

(ʉ.ʊ. ʉʫʨʞʠʢʦʚ). ʇʨʠʚʳʩʦʢʠʭ- ʫʯʝʪʢʚʘʥʪʦʚʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ

ʤʦʜʝʣʠ ʊʦʤʘʩʘïʌʝʨʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭʩʚʦʡʩʪʚʛʘʟʘʠ ʧʣʘʟʤʳ. ʇʦʣʥʳʝ

ʢʦʵʬʬʠʮʠʝʥʪʳʧʦʛʣʦʱʝʥʠʷ:

ʉʝʯʝʥʠʝʪʦʨʤʦʟʥʦʛʦʧʦʛʣʦʱʝʥʠʷ- ʧʦʬʦʨʤʫʣʝʂʨʘʤʝʨʩʘʩ

ʤʥʦʞʠʪʝʣʝʤɻʘʫʥʪʘ. ʉʝʯʝʥʠʷʬʦʪʦʠʦʥʠʟʘʮʠʠʦʩʥʦʚʥʳʭʠ

ʧʝʨʚʳʭʚʦʟʙʫʞʜʝʥʥʳʭʩʦʩʪʦʷʥʠʡ- ʩ ʧʨʠʤʝʥʝʥʠʝʤ

ʨʝʟʫʣʴʪʘʪʦʚʢʚʘʥʪʦʤʝʭʘʥʠʯʝʩʢʠʭʨʘʩʯʝʪʦʚ. ʉʝʯʝʥʠʷ

ʬʦʪʦʠʦʥʠʟʘʮʠʠʙʦʣʝʝʚʳʩʦʢʠʭʚʦʟʙʫʞʜʝʥʥʳʭʩʦʩʪʦʷʥʠʡ(ʩ

ʫʯʝʪʦʤ~100 ʚʦʟʙʫʞʜʝʥʥʳʭʩʦʩʪʦʷʥʠʡʥʘʢʘʞʜʳʡʠʦʥ)- ʧʦ

ʤʝʪʦʜʫʢʚʘʥʪʦʚʦʛʦʜʝʬʝʢʪʘ. ɺʢʣʘʜʚʳʩʦʢʦʚʦʟʙʫʞʜʝʥʥʳʭ

ʩʦʩʪʦʷʥʠʡ- ʤʝʪʦʜʃ.ʄ. ɹʠʙʝʨʤʘʥʘʠɻ.ʕ. ʅʦʨʤʘʥʘ.

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (ʉʋ) ʩʚʝʪʦʵʨʦʟʠʦʥʥʦʛʦʠʩʧʘʨʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʜʥʦʛʦ ʫʟʣʘ

ʩʛʨʘʥʠʯʥʳʤʠʠʥʘʯʘʣʴʥʳʤʫʩʣʦʚʠʷʤʠ

ʜʦʧʦʣʥʝʥʘʉʋ - ʢʠʥʝʪʠʢʘʠʩʧʘʨʝʥʠʷʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ

ʚʝʱʝʩʪʚʘʚʨʘʤʢʘʭʤʦʜʝʣʠʩʢʥʫʜʩʝʥʦʚʩʢʠʤʩʣʦʝʤ.

ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʨʘʟʨʷʜʥʦʛʦ ʢʦʥʪʫʨʘ
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ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʘ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʘ ʠ 

ʠʤʧʫʣʴʩʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʩ ʟʘʤʘʛʥʠʯʝʥʥʦʡ ʤʠʰʝʥʴʶ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʨʘʚʥʝʥʠʷʭ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʧʣʘʟʤʦʜʠʥʘʤʠʢʠ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. 



ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʟʘʤʘʛʥʠʯʝʥʥʦʡ ʤʠʰʝʥʠ ʩ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ

ʂʠʥʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ ʠ 

ʧʝʨʝʩʪʨʦʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʢʠ

ʈʘʩʯʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭʠʪʨʘʥʩʧʦʨʪʥʳʭʩʚʦʡʩʪʚ

ʈʘʩʯʝʪ ʩʧʝʢʪʨʘʣʴʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ

ʈʝʰʝʥʠʝ ʤʘʛʥʠʪʦ-ʨʘʜʠʘʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ, 

ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʣʘʟʝʨʥʦʛʦ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʣʘʟʤʳ, ʘ ʪʘʢʞʝ  ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ

ʀʩʭʦʜʥʳʝ  ʜʘʥʥʳʝ:
ʛʝʦʤʝʪʨʠʷ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʝʪʢʠ, 

ʬʦʨʤʘ ʠ ʤʘʪʝʨʠʘʣʳ ʩʣʦʝʚ ʪʝʨʤʦʷʜʝʨʥʦʡ ʤʠʰʝʥʠ, 

ʟʥʘʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʤʘʛʥʠʪʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ

ɿʘʜʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʠʟ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ

ʇʨʦʚʝʨʢʘ ʢʨʠʪʝʨʠʷ

ʦʢʦʥʯʘʥʠʷ ʨʘʩʯʝʪʘ
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ʈʝʟʫʣʴʪʘʪʳ  ʨʘʩʯʝʪʘ:
ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʘʜʠʘʮʠʦʥʥʦʤʘʛʥʠʪʦʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ (p, T, ʧʣʦʪʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʄʇ),

ʤʦʱʥʦʩʪʴ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʩʪʝʧʝʥʴ ʚʳʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ



The interaction processes between magnetized targets and 

powerful radiation sources

Compressionof preheated magnetized 

targetplasma (compact toroid):

1 ïmagnetic coil, 2 ïplasma gun, 

3 ïlaser beam, 4 ïplasma jet.

Cryogenic IFE target:

1 ïlaser, 2 ïplasma jet, 

3 ïmagnetic field



The initial data of the air environment

and characteristics of the capillary discharge:

The unperturbed gas environment (Air ) 

P = 1 atm, ʊ= 300ʂ

Capacitive storage W=2,7 kJ

The characteristic time of energy input

The diameter of the capillaryd=10 mm

The length of the capillaryL=50 mm

The variation of the output of an unplanned capillary time

n=[5,140]

Computer simulation of the effect of external magnetic field on the 

plasma jet system

25 ʤʢʩxapt =

R

F

-20 -10 0 10 20
0

5

10

15

Computational grid

The capillary discharge with an evaporating

(due to radiation in the capillary channel) walls

Half-Scale Prototype

MiniRailgun Accelerator for Plasma Liner 

Driven HEDP and Magneto -Inertial 

Fusion Experiments

32 ablative capillaries (CH2)

~ 100 km/s, ~ 300 kA, yielded 100 g plasma

Plasma density 1018 cm-3, 

Density in the jet plume 1017 cm-3

Witherspoon et al, 36th ICOPS (2009)



ʆʮʝʥʢʠ ʦʙʲʝʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʤʠʰʝʥʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʠʤʧʫʣʴʩʥʦʡ ʩʪʨʫʠ V=40-100 ʢʤ/c, q=1011-12ɺʪ/ʩʤ2

r, ʩʤ

n, 1/(ʤ3Ŀʩ)

r, ʩʤ

n, 1/(ʤ3Ŀʩ)

r, ʩʤ

n, 1/(ʤ3Ŀʩ)

0.26 ʥʩ

ʀʤʧʫʣʴʩʥʘʷ ʩʪʨʫʷ 

V=100 ʢʤ/c, 

q=1012ɺʪ/ʩʤ2

5.97ʥʩ

ʀʤʧʫʣʴʩʥʘʷ ʩʪʨʫʷ 

V=100 ʢʤ/c, 

q=1012ɺʪ/ʩʤ2

ʀʤʧʫʣʴʩʥʘʷ 

ʩʪʨʫʷ V=40 ʢʤ/c, 

q=1011ɺʪ/ʩʤ2

3.11ʥʩ

ɺʳʭʦʜ ʥʝʡʪʨʦʥʦʚ ʚ 

ʠʤʧʫʣʴʩʝ: 

109-1010 ʥʝʡʪʨʦʥ/ʠʤʧ

25

ʀʤʧʫʣʴʩʥʳʝ ʩʪʨʫʠ



ʆʮʝʥʢʠ ʦʙʲʝʤʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʡʪʨʦʥʦʚ ʚ ʤʠʰʝʥʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʘ q=1015ɺʪ/ʩʤ2

r, ʩʤ

n, 1/(ʤ3Ŀʩ)

r, ʩʤ

n, 1/(ʤ3Ŀʩ)

0.18ʥʩ

ʃʘʟʝʨ

q=1015ɺʪ/ʩʤ2
0.48ʥʩʃʘʟʝʨ

q=1015ɺʪ/ʩʤ2

ɺʳʭʦʜ ʥʝʡʪʨʦʥʦʚ ʚ 

ʠʤʧʫʣʴʩʝ: 

1010-1011 ʥʝʡʪʨʦʥ/ʠʤʧ
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The number of neutrons leaving 

the computational domain by the 

time t
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Temperature spatial distribution 

for 1014 W/cm2, 3,08x1014 n/cm 

t=9.99 ʥs
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Spatial distribution of temperature T, density ɟ, magnetic Pmag and static 

pressure for number of neutrons per unit length 1015 n/cm, time t = 10.3 ns

The temperature of the central part of the target can reach T = 250 million K
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P, [͊ͭͣ]

r, [ͫ ]ͣ r, [ͫ ]ͣ

,́ [͟ ]˴

P͎ͣ͊, [͊ͭͣ]

r, [ͫ ]ͣ r, [ͫ ]ͣ

q, [˸ˤ/ͭͫ 2ͣ]

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʤʘʛʥʠʪʥʦʛʦ ʜʘʚʣʝʥʠʷ Pʤʘʛ, ʪʝʤʧʝʨʘʪʫʨʳ  ʠ 

ʧʦʪʦʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=8,5 ʥʩ

ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ

14

2
2 10  Laz

ɺʪ
q

ʩʤ
= ³

ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʣʘʟʝʨʘ 

[ ]0,10  Lazt ʥʩÍ

ʃʘʟʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘʟʘʤʘʛʥʠʯʝʥʥʫʶʤʠʰʝʥʴ

ʚ ʤʘʛʥʠʪʥʦ-ʠʥʝʨʮʠʘʣʴʥʦʤ ʩʠʥʪʝʟʝ

29



30

ʀʤʧʫʣʴʩʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʝʡʪʨʦʥʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ (ʄʇʂ)

1ïʫʜʘʨʥʘʷʚʦʣʥʘ(ʋɺ)ʚʛʘʟʝ; 2ïʫʜʘʨʥʦ-ʩʞʘʪʳʡ ʛʘʟ; 3ïʢʦʥʪʘʢʪʥʘʷʛʨʘʥʠʮʘ;

4 ïʦʙʣʘʩʪʴʫʩʢʦʨʝʥʥʦʡʧʣʘʟʤʳʧʘʨʦʚʤʝʞʵʣʝʢʪʨʦʜʥʦʡʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡʚʩʪʘʚʢʠ(ʄɼɺ); 5 ïʦʙʣʘʩʪʴʫʜʘʨʥʦ-ʩʞʘʪʦʡ

ʧʣʘʟʤʳʧʘʨʦʚʄɼɺ; 6ïʧʣʘʟʤʘʧʘʨʦʚʮʝʥʪʨʘʣʴʥʦʛʦʵʣʝʢʪʨʦʜʘ; 7ïʛʨʘʥʠʮʘʦʙʣʘʩʪʠʨʘʜʠʘʮʠʦʥʥʦʛʦʚʦʟʜʝʡʩʪʚʠʷ;

9ïʄɼɺ; 8, 10ïʮʝʥʪʨʘʣʴʥʳʡʠʥʘʨʫʞʥʳʡʵʣʝʢʪʨʦʜʳ; 11ïʩʪʝʥʢʠʢʘʤʝʨʳ(ʠʣʠʛʨʘʥʠʮʘʨʘʩʯʝʪʥʦʡʦʙʣʘʩʪʠɻ).

ʉʭʝʤʘ                        ʠʤʧʫʣʴʩʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ

ʊʝʤʧʝʨʘʪʫʨʘ, ʢʂ

r, ʤʤ

z, ʤʤ

ʄʇʂʩʉ=750ʤʢʌ, U=10ʢɺʚʘʨʛʦʥʝʩ
ʜʘʚʣʝʥʠʝʤP=1 ʢʇʘʤʦʤʝʥʪʚʨʝʤʝʥʠ
t=6,5ʤʢʩʧʨʠʨʘʟʨʷʜʥʦʤʪʦʢʝJ=353ʢɸ

ʧʣʘʟʤʝʥʥʳʡ ʬʦʢʫʩ

~1010-1012ʥʝʡʪʨʦʥʦʚ/ʠʤʧ

Å ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʄʇʂ ʨʘʟʨʷʜʘ:

Â ʆʧʪʠʯʝʩʢʘʷ ʥʘʢʘʯʢʘ ʤʦʱʥʳʭ ʬʦʪʦʜʠʩʩʦʮʠʦʥʥʳʭʛʘʟʦʚʳʭ ʣʘʟʝʨʦʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ (ʚʠʜʠʤʦʛʦ ʠ 
ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ) ʜʠʘʧʘʟʦʥʦʚ

Â ʈʝʰʝʥʠʝ ʨʷʜʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʬʦʪʦʣʠʟʥʘʷʦʯʠʩʪʢʘ ʧʨʠʨʦʜʥʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ ʦʪ 
ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ

Â ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʄʇʂ-ʨʘʟʨʷʜʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ (ʚ ʩʠʩʪʝʤʝ ʵʢʩʪʨʝʥʥʦʛʦ 
ʧʦʜʞʠʛʘʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ, ʪ.ʢ. ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ (1-3 ʤʢʩ) ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʟʤʝʥʥʦʛʦ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʣʫʙʠʥʝ ʧʦʪʦʢʘ ʪʦʧʣʠʚʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ). 



ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ:

3131

ʇʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʢʘʧʠʣʣʷʨʥʳʭ ʨʘʟʨʷʜʘʭ 

ʩ ʠʩʧʘʨʷʶʱʝʡʩʷ ʩʪʝʥʢʦʡ (ʂʈʀʉ)

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʊ[ʂ] ʠ ʯʠʩʣʘ ʄʘʭʘ ʚ ʩʪʨʫʝ ʧʣʘʟʤʳ ʧʨʠ W=2,7 ʢɼʞ 

1 - ʦʙʣʘʩʪʴ ʨʘʟʛʦʥʥʦʛʦ ʚʠʭʨʷ, 2 -ʢʦʩʘʷ (ʧʝʨʝʜʥʷʷ) ʋɺ

3 ïñʚʠʩʷʯʘʷò ʋɺ,   4 ïʦʪʨʘʞʝʥʥʘʷ ʋɺ, 

5 ïʮʝʥʪʨʘʣʴʥʘʷ ʋɺ (ʜʠʩʢ ʄʘʭʘ)

3

4

5
1

2

z, cʤ z, cʤ 

z, cʤ 

r, cʤ r, cʤ 

r, cʤ 
Xʄ=2,88cʤ -ʵʢʩʧʝʨʠʤʝʥʪXʄ=3,1cʤ-ʨʘʩʯʝʪ

- ʨʘʩʯʝʪ

Xʄ - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ 

ʜʦ ʜʠʩʢʘ ʄʘʭʘ;

D - ʜʠʘʤʝʪʨ ʢʘʧʠʣʣʷʨʘ

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʨʘʥʠʮʳ ʨʘʟʨʷʜʘ ʚʜʦʣʴ ʦʩʠ Z

- ʵʢʩʧʝʨʠʤʝʥʪ

ʇʦʣʦʞʝʥʠʝ ʜʠʩʢʘ ʄʘʭʘ ʥʘ ʦʩʠ Z


