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AxHoTauus

[ononHena knaccnpukaumsa KAacCUyYeCKnX peXxXuMOB NpogosbHOMO
YOEPXKaHUS MAa3Mbl B OTKPbITOl JIOBYLUKE C rOPpUpPOBaHHbIM
MarHWTHbIM nosnem. [lony4yeHbl OLEHKMN BpeMeHU yaep>KaHus
naasMbl B MHOrONPObOOYHOW OTKPBLITON JIOBYLUKE B PEXMMAax C
4aCTUYHO ONYCTOLUEHHBIM KOHYCOM NOTEPb, KOTOPbIE pPeann3yoTCs
Ha cTaguu pacnaga nna3mbl B yctanoeke [OJ1-3 nocne okoHuaHus
NHXXEKLMN PeNsiTUBUCTCKOrO Ny4YKa 3/1EKTPOHOB.
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@ Classifications of Multiple Mirror Confinement Regimes
© Corner-stone: Small-Scale Mild Corrugation

© Weak Corrugation

@ Strong Corrugation

e Knaccnueckmne Bpemena yaepxanusi 8 [OJ1-3
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CornaweHnune 06 0bo3HaveHUsIX

@ Text typed in English is mainly borrowed from review paper
“Multiple Mirror Plasma Confinement” by A.J.Lichtenberg,
V.V.Mirnov, Preprint 91-116, Budker Institute of Nuclear
Physics, Novosibirsk, 1991;
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@ Text typed in English is mainly borrowed from review paper
“Multiple Mirror Plasma Confinement” by A.J.Lichtenberg,
V.V.Mirnov, Preprint 91-116, Budker Institute of Nuclear
Physics, Novosibirsk, 1991; Reviews of Plasma Physics, v.19,
p.53, 1996, ed. B.B.Kadomtsev (Consultant Bureau/Plenum
Press, New York).

@ TeKCT Ha pPYCCKOM SI3bIKE, @ TaKXKe TEKCT U hopMysbl,
BblAE/EHHbIE CUHUM LBETOM, COLEPXXAT HOBYHO MHOPMaLMIO.
@ KpacHbIM LBETOM BbI€NEHbI COMHUTEbHbIE UK OWNBOYHBIE

ceefeHns n hbopMynbi.

@ YucneHHble MHOXUNTENN Ha | 3€€HOM hboHe B hopmynax
noay4YeHbl B pamkax bonee TOYHONR Teopuu, HeXxenn
n3naraemast B AaHHOM JOKfage.
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Multiple Mirror Geometry

A dramatic improvement in longitudinal confinement can be
obtained with a corrugated magnetic field. The longitudinal
confinement problem is reduced to specifying initial density and
temperature distribution along a magnetic field line and then
describing the space and time plasma parameters evolution.
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General Classifications

To explore the complete parameter range, requires investigation of

the various limiting case:

< <
fSh w{Sh

The intermediate values are approached by extrapolation of the
limiting cases.
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General Classifications

To explore the complete parameter range, requires investigation of
the various limiting case:

< <
fSh w{Sh

The intermediate values are approached by extrapolation of the
limiting cases.

@ Regime of Small scale (Ss) corrugation: | < A.

@ Regime of Large scale (Ls) corrugation: /> \.

@ Regime of Weak Corrugation (WC): k —1 <« 1.

@ Regime of Strong Corrugation: (SC) k > 1.

These four possibilities are not of equal importance.

S



Characterization of Confinement Regimes

The axial confinement in the device can be characterized by the
local flow velocity u(z) or by the the local diffusion coefficient
D(z).

For the purposes of the qualitative examination it is sufficient to
express the local properties in terms of

Don D
U= ——— ~ —.
n 0z L
When presenting estimates by the order of magnitude, the

z-variation of the quantities will be omitted.

S



Limits of existing theory

T;=1000 eV, k=1.5,1=22 cm, L/I=55

_—
__—Mirnov
-

1 N &
) Lichtenber;
/ g
0.

0.01

u/vri

I nA

1.x 10" 1.x10" 1.x10' 1.x10"

n,,x:nf1
NmeroTcsa AONOJIHATENIbHbIE PEXUMDbI.
HeKOTOpre 13 HUX He Bbinn paHEe N3y4HeHbl TEOPETNHECKN.
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Small-Scale Mild Corrugation
XSs - Corner-stone case: | K A KL, k—1~1

In the regime A > [ it is reasonable
y to separate particles in each mirror cell
into particles trapped between mirrors
and transiting ones. Since the trapped
particles complete many bounces be-
tween mirrors during the time between
two successive collisions they make only
a small contribution to the transport,
i.e. the plasma flow along the axis z
is mostly carried out by the transiting
particles.




Small-Scale Mild Corrugation
XSs - Corner-stone case: | K A KL, k—1~1

Consequently the friction occurs be-
tween the transiting particles and the
trapped particles and the latter trans-
, mit the momentum received to the mag-
netic field. Therefore one can say that
the plasma undergoes friction with the
magnetic field.




Small-Scale Mild Corrugation
XSs - Corner-stone case: | K A KL, k—1~1

In the case k — 1 ~ 1 the friction force
on a particle can be estimated as

/
Fe = miu'vj;,

where m; is the mass of an ion, v;; is the
ion-ion collision frequency (this deter-
mines the time needed for transiting par-
ticles to scatter through an angle of the
order of unity and to become trapped,
i.e. lose its momentum), and v’ is the
directed velocity of transiting particles,
which at kK — 1 ~ 1 coincides in order
of magnitude with the macroscopic flow
velocity u of the plasma, v/ ~ u.

'



Small-Scale Mild Corrugation
XSs - Corner-stone case: | K A KL, k—1~1

Equating nFs., which is the friction force
acting on unity plasma volume, with
plasma pressure gradient

O;p~nT/L,
v-one finds the expansion rate:

u~vri(A/L),

where A = vy;/v;; is the mean free
path.
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Weak corrugation geometry

Schematics of the multiple mirror trap.
Number or individual mirror cells is much greater than shown.

The introduction of even relatively small corrugation (k — 1 < 1)
causes a marked reduction of u and a corresponding increase in the
plasma expansion time 7 = L/u compared with the case of a smooth
field.

X



Weak corrugation geometry

Schematics of the multiple mirror trap.
Number or individual mirror cells is much greater than shown.

In fact the very character of motion changes: inertial expansion
with a velocity u ~ vr; becomes diffusion of the plasma from one
magnetic mirror cell to another and the pressure gradient is coun-
terbalanced by the friction of the plasma with the magnetic field.
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Small Scale Weak Corrugation #1
XSs (853 (k= 1)” <A< L(k—1)"?

A reduction of the expansion velocity

occurs even with very weak corrugation

k —1 < 1. In this case those particles
v are trapped for which a pitch-angle 0 at
the minimum of magnetic field is close
enough to /2,

v 9= m)2 — 0] <y~ (k—1)Y2

so the time of transition from trapped
particles into transiting ones is

~ 292
Tir ~ 19tr/l/,','.



Small Scale Weak Corrugation #1
xss [Ss31 B N DA I K (k= 1)” <A< L(k—1)"?

The regime of small cell length, when
the transition time 7, exceeds the
bounce time of trapped particles in sin-
gle mirror trap

To = 1/ vTiDr,

exists when

< Ak —1)%2,



Small Scale Weak Corrugation #1
xss [Ss31 B N DA I K (k= 1)” <A< L(k—1)"?

The effect of a weak corrugation can be
found by introducing the frictional force
related to one particle that can be es-

“timated from reasoning quite similar to
that described above for the situation
k—1~1.




Small Scale Weak Corrugation #1
xss [Ss31 B N DA I K (k= 1)” <A< L(k—1)"?

The only difference is that now the char-
acteristic time for the transiting particle
to lose its momentum increases corre-

v spondingly to the decrease in probability
for it to find itself in narrow interval of
angles vy,.




Small Scale Weak Corrugation #1
XSs (853 (k= 1)” <A< L(k—1)"?

This time increases as ViIle?t_rl since the

v probability is evaluated as the ratio of

the spacial angle 27 x 29, corresponding

to trapped particles to the entire spacial

angle 47. Taking this into account one

v, can easily derive the following expression
for the friction force:

Fee = mjuv;ivy,.



Small Scale Weak Corrugation #1
xss [Ss31 B N DA I K (k= 1)” <A< L(k—1)"?

Equating nFs with the plasma pressure
gradient 0,p ~ nT /L, the expansion ve-
locity is estimated as:

! A

~ VT 1.6
un~ v, [(k—1)i/2 (1.6)




Small Scale Weak Corrugation #1
xss [Ss31 B N DA I K (k= 1)” <A< L(k—1)"?

Note that u < vy; provided that
A< (k—1)Y2L

It means that above formula for the
mass velocity is valid in the range

L k=132 <X < (k—1)Y2L

This range exists if

I < (k- 1)L,

T.e. ecnm k > 1.13 npu nosHOM yucne
sveek L/] = 55.



@ Classifications of Multiple Mirror Confinement Regimes
© Corner-stone: Small-Scale Mild Corrugation

© Weak Corrugation
@ Small Scale #1
@ Small Scale #2
@ Small Scale #3
@ Extra Small Scale
@ Summary for Weak Corrugation

@ Strong Corrugation
@ Small Scale
@ Medium Scale
@ Summary for Strong Corrugation

© Knaccuueckue spemena yaepxanus s F0J1-3
© Beuisoa

S

«O>» «Fr «E»r» «E>»

[y
N)



Small Scale Weak Corrugation #2
XSs (853 L(k=1)"? <A< L

-
}P/ﬁ
=)

éa

Mpu A ~ L x (k—1)'/2, korga maccosas
CKOPOCTb U NMpUBANKAETCA K CKOPOCTM
3BYyKa VTj, KOHYC NOTepb 3anosHeH. [eii-
CTBUTENBLHO, YIIOBOE YLIMPEHNE My4Ka
4aCTUL 3a BPeMs NponéTa Yepes BCHO
NOBYLUKY

TH ~ L/VT,',
OLUEHNBAEMOE KakK
9” ~ /V,','TH ~ v/ [_/)\,

Ha rpaHnue pexuma popManbHO PaBHO
(k —1)71/4, 1.e. 6onbuwe 90 rpagycos.



Small Scale Weak Corrugation #2
XSs (853 L(k=1)"? <A< L

[Mpu 3TOM KOHYC MOTEPbL MOJHOCTBLIO 3a-
NOJIHEH I'IpOﬂéTHbIMVI HYacTtuyammn, npu-
YEM [OJst 3aMepTbiX HaCTuL

kil
Secel | s

N Ngy 271 X 219tr
yuo n 47

\Z

////

~vk—-1

2P,

'Mana, NoCKONbKY Majia yrioBas Luupu-
Ha 30Hbl 3axBaTa B NPOCTPAHCTBE CKO-

pocTeii:
ﬁtr:\/k—l.

Ly
y N
//éa Q

‘:\



Small Scale Weak Corrugation #2
XSs (853 L(k=1)"? <A< L

KoHyc noTepb OCTaeTcs 3amnoJiHEHHbIM
npu JanbHeilemM yBEIWHEHUN AJIWHbI
nponéta BnaoTh 4o A ~ L. Bo Bcém gua-
nasoHe

Lk—1D? < <L

o

<

S22

'CUfla TPEHUS MNPOAETHBLIX 4acTuy O 3a-
nepTble He CyLIeCTBEHHa, Tak 4YTO Mac-
COBasi CKOPOCTb MJ1Ia3Mbl MO MOPSAKY Be-
JINYMHBI paBHA CKOPOCTU 3BYKa:

T~

u= vrj.
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Small Scale Weak Corrugation #3
xss [Ss3 LEA< L/ (k=1)"

<

Mpu A > L kKoHyC noTepb 4aCTUYHO ony-
CTOLIAETCA, HadmHas ¢ obnactn manbix
nuTY-yrioB. YacTb KoHyca notepsb, npu-
Neratowasl K rpaHuLe 3axBayeHHOR Ya-

'cTu pa30BOro NMPOCTPAHCTBA MOAMMUTHI-

BaeTCsl YaCTuULaMm, BbIBaIMNBAOLWMMANCS
13 obnacTm 3axBaTa BC/IEACTBME KYNO-
HOBCKUX CTOJIKHOBEHWIA.

S



Small Scale Weak Corrugation #3
xss [Ss3 LEA< L/ (k=1)"

Mycts ¥ < 1 ecTb rpaHuua obnactu, Ko-
Topasi onycTowleHa, npu4ém yron 14 oT-
CYNTBLIBAETCS OT HampaBJeHUs, NepreH-
OUKYJISIPHOrO MarHuTHomy nosto. Bpems
NponéTa 4Yepe3 BCHO JIOBYLUKY AN Ya-
" cTuy Ha 3TOli rpaHMLEe NPUMEPHO PaBHO




Small Scale Weak Corrugation #3
xss [Ss3 LEA< L/ (k=1)"

I"paHnuy obnactu ¢ Haiigem n3 ycnosus,
4TO 32 BPEMs NPOJETA T|| 4acTMLbl pac-
CEMBAlOTCA KaK pa3 Ha yroJs nopsigka v,
T. €.

U~ \ /I/,','TH.
v,

OTcroga




Small Scale Weak Corrugation #3
xss [5s3] B2 51 DA I K LEA< L/ (k=1)"

v Mpn
K=l 2 'lgtr < 19

/52 cel | s
=100 e e
10t 3anepTbiX 4acCTuny BCE eLe MEHbLUE, HEM
\ s <101 .
m TSN  NPOJIETHbLIX:
\ v

Nyr Uir
—~ — < 1L
n 9

/@
\\\



Small Scale Weak Corrugation #3
xss [Ss3 LEA< L/ (k=1)"

Y7106bl OUEHUTH CUNY TPEHUS, HYXKHO

NCXOOUTL WX TEX XK€ MNpefCcTaBIeHNii,

41O 1 B pexume [/93 < A < Ly, Tak
v. KaK BPEMS >XM3HW 3anepTbiX 4acTuy B
OTAENBHOM NpPObKOTpOHE

2
Ter & Uy, /Vii

Mo-MPEeXHeMy 3HauuTeNbHO bosblue,
4yeM Bpemsi ogHoro bayHc-konebaHus

o ~ 1/ vrit

(ycnosue //93 < )\ 3asegomo Bbinon-
HEHO).



Small Scale Weak Corrugation #3
xss [Ss3 LEA< L/ (k=1)"

MoaToMy NponéTHbie YacTuubl TepstoT
CBOI CpefHWUii HanpaBAEHHbIA NWMMYbC,
€CNu OHU 3axBaTbiBatOTCA. Bpems go 3a-
XBaTa pacTeT Kak

CnepoBaTenbHO, B pacyeTe Ha OAHY Ya-
CTUUY AeCTBYET Cnaa TPeHus
Vir

Fe = miuvji—-.

)

S



Small Scale Weak Corrugation #3
xss [Ss3 LEA< L/ (k=1)"

MpupasHueas nFy k O,p ~ nm,-v-%-i/L,
HaxO4MM MOTOKOBYH) CKOPOCTb MpPOJET-
HbIX YacTuy, (T. €. BCE nnasmbl, Tak Kak
NPOIETHbIE YaCTNLbl COCTABASAOT bosb-
LWMHCTBO):

" A Oy N2 1
U vri——— = VTi | + —.
T T\ L Uty

OTa cKopoCTb Tem bonee BonbLlie Tenno-
Boii (OHa bbina bosblue TennoBOI yxe B

npeablayLLEM PEXUME).



Small Scale Weak Corrugation #3
xss [Ss3 LEA< L/ (k=1)"

[Nostomy cumna TpeHust NPONETHBIX 4a-
CTWL, O 3anepTble He CyLleCTBEHHa, a
MaCcCoBasi CKOPOCTb MJia3Mbl MO NOPALKY
BEJINYNHbI PaBHa NPOAOJILHOW CKOPOCTU
4acTuy, C NUTY-yraamm nopsigka v:

[N\ 1/3
u vl = vy <>\> .

CoOTBETCTBEHHO BPEMSI XXU3HN HEMHOMO
nogpacTaeT No Mepe YMeHbLUEHNS MAOT-
HOCTW:

L L /A3
TR ~— (= .
vrid vy <L>

S
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Extra Small Scale Weak Corrugation
xss [Ss3 A< L/ (k—1)"?

Mpu A > L/(k—1)3/2 onycTowénnas 30-
v. Ha B KOHyCe NOTepb AOCTWraeT ero rpa-
HULbI, T.e. POPManbHO

9 = (L/N)Y? < Oy,

a 4YNCO0 MPOJIETHBIX YacCTWL, CTAHOBUT-
CSl MEHbLLIE YNCAA 3aXBAYEHHbIX. Tenepb
) MMEeT CMbICN Yr0BOMA LUNPUHbI 30HbI
BOAIM3M rpaHuLbl KOHYCa MOTEpb, B KO-
TOPOW MMEKTCA NPONETHbIE YacCTULbI.

S



Extra Small Scale Weak Corrugation
xss [Ss3 A< L/ (k—1)"?

Mpu oueHke BpemeHW BbINEeTa NPONET-

HOUW YacTuubl U3 JIOBYLUKN Tenepb HyX-

v HO Y4MTbIBaTb, YTO YaCTULA OYEHb MeS-

JIEHHO [BUXXETCS B HEKOTOPbIX y4YacTKax

JIOBYLUKYW, NOCKOJIbKY HaxoguTcst Bbin3u

cenapatpucel (ecnn npenebpeub snek-

Y. TPUYECKUM aMOUMONAPHBIM MOJIEM, TO
3TO PaiioH MarHMTHbIX NPOBOK):

L LN
= vme T vn \L '

S



Extra Small Scale Weak Corrugation
xss [Ss3 A< L/ (k—1)"?

DTO BPEMSI MEHbLUE BPEMEHU PACCESHUS
Ha yrosn obnacTtu 3axBaTa
92 L AR
v. Ta X — = ——
vivri L
Tak Kak (L/A\)Y3 = 9 < V. Moato-
MY MMEHHO BPEMS XXIU3HU 4acCTuLbl B OT-
' AeNbHOM NPOBKOTOpOHE Ty, ONpeaensieT
BPEMS XXNU3HU NNa3Mbl B JIOBYLUKE B Lie-
nom. PopmanbHO BBEAEM CKOPOCTbL UC-
TeYeHus:

L L
U — X Vyi——> .

7| )\19t2,

S
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Summary for Weak Corrugation

XLs Ms Ss1 Ss2 Ss3 XSs
a0 wE 1 {5 {1, 55} | {55 L6} [ (L6, I} | (L, 55} | (53 )
1 3 1 2 L1/ L
w 1 Wb |3 iy | Tk 1 ($)'? T
Est u] (1.9) (1.7) (1.6) u} u} u]
Exact (3.10) (3.27) (2.38)
L 22 (k-1)2 12 (k-1)° 12 (k- L 123 13 (k-1)
T B 2y v T i Tm Vi
Note | Free Jif Pl at eau Jif Free Partially | Enpty
expansion| L > %, Lz Tl, expansi on | Enpty LC Loss Cone

Yucnoebie koapduunenTsl Ha 3en1éHoM hOHE 3aMMCTBOBaHbI U3 0b30pa
MupHoga un JluxteHbepra. Homepa cooTseTCTByOWMX POPMYS TaKXKe JaHbl HA
senéHom dome. B pexxume Ls Bmecto 3.3/ , BO3MOXHO, AOMKEH BbiTb
KkoabbuLmenT 2/,

S
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Strong corrugation geometry

Plasma column in a multiple mirror trap with k = 3.
Number or individual mirror cells is much greater than shown.

S
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Small Scale Strong Corrugation

XSs Ik < X\ < Lk/In(k)

A larger mirror ratio further limits the
expansion rate by reducing
(i) the number of transiting particles,
v Npass ~ n/k, and
(i) their effective free path
Aeff = A/ k.




Small Scale Strong Corrugation

XSs

Ik < A < Lk/In(k)

The first effect results from the fact that

since the trapped particles, the number

of which is k times greater than of the

transit ones, on average are not in mo-

tion, the mass velocity u as a whole is
" smaller than the velocity u’ by a factor

k:

u=u/k.



Small Scale Strong Corrugation

XSs Ik < X\ < Lk/In(k)

The second effect results from the fact
that, when k > 1, for capture in a cell
to occur it is sufficient for a transiting
particle to be scattered through a small
angle Ox ~ 1/vk. Therefore effective
collision frequency, that determine the
time of the momentum loss of the tran-
siting particles, become of the order of
Veff = Vijk. For this reason “smallness”
of a magnetic mirror trap must be taken
to mean

I < N k.



Small Scale Strong Corrugation

XSs Ik < X\ < Lk/In(k)

As a result of these two effects the
expansion velocity decreases with high
mirror ration by a factor k?:

A
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Medium Scale Strong Corrugation
xss |1 [ M E < A< Ik

The classification given above is related
to the geometry of a magnetic force line
with a single scale, that is, when ar-
eas with weak and strong magnetic field
have approximately the same length. A
better geometry from a practical point
of view has narrow mirrors, i.e. a scale
length /, < /. In this case of two-
scale field geometry there is an inter-
___— , mediate range of mean free path /,, <
A < ki, when the plasma flow inside
he individual mirror cells is pure gas dy-
namic but particles move without colli-
sions through the mirrors.

S



Medium Scale Strong Corrugation

XSs

Im K XL Ik

Let us consider an individual mirror cell
with [, < [. The rate of plasma losses
through a mirror throat can be esti-
mated as

nvT;i Smins

where Syin = S/k is the plasma cross
section it the throat. Dividing the total
amount of ions in the mirror cell nlS by
the loss rate, one obtains an estimate
of the particle lifetime in the individual

mirror cell
kl/vri.



Medium Scale Strong Corrugation

XSs

Im K XL Ik

After this time the ion leaves one of
the mirror traps in a random direction
and becomes trapped in an adjacent cell
such that the space step of this random
motion is equal to / and time interval
is equal to k//vr;. The diffusion coeffi-
cient then can be estimated as

D ~ VT,'//k.

An estimation of plasma expansion ve-
locity is then

D /
N — RV
u TlLk

; (1.10)
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Summary for Strong Corrugation

XLs Ls
Ao {5 1)
u 2 5 212
o x 6Nkl L1k
Est O (1.9
Exact (3.10)
Lk 2 Ak 2 k 2 K2 Log(k e/2
T T Faa— 2 ivn ESyia ~ealiersl
Not e cD Vi scous Pl at eau a Enpty
expans. Friction Loss Cone

Yucnoeble koapduLneHTH Ha 3eéHOM hOHE 3aMMCTBOBaHbI U3 0b630pa
MupHoga un JluxteHbepra. Homepa cooTseTCTByOWMX POPMYS TaKXKe JaHbl HA
3enénom cbore. B pexnme Ls koapdbument 5/6In k Bbivmncnen ans
abcTpakTHOro Npoduasi MarHUTHOrO NoJsist BOAIN3M MarHUTHBIX NPODOOK 1
AosxeH BbiTh 3amener Ha 25/12. KpacHbim LiBeTOM nokasaHbl
KO3(PPULMEHTBI, UCMONB30BaHHbIE Jasiee MpU pacyeTe 3aBUCMMOCTU BPEMEHN
yaepxanus nnasmel B [0J1-3 BMecTO TOYHBbIX .

'



@ Classifications of Multiple Mirror Confinement Regimes
© Corner-stone: Small-Scale Mild Corrugation

© Weak Corrugation

@ Strong Corrugation

e Knaccnueckmne Bpemena yaepxanusi 8 [OJ1-3

© Beuisoae

S

«O>» «Fr o«

it
v
N
it
v
[y



[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3

Ti=1000 eV, k=1.2,1=22 cm, L/I=55
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3

Ti=1000 eV, k=15, I=22 cm, L/I=55 Ti=1000eV, k=15, I=22 cm, L/I=55
10
// 5000
1 2000
1000
£ g
S o1 Y 500
//
/ 200
001
/ 100
1.x10% 1.x10% 1.x10% 1.x10% 1.x10% 1.x10% 1.x10% 1.x10%
n, cm™3 n, cm®



[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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[MpogonsHoe yaepxarue nnasmoel 8 [OJ1-3
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BbiBoabl

@ Boigenenbl HOBblE peXKuMbl MPOJOJILHOIO yAEPXKaHUS Maa3mbl
B MHOronpoboYHOii JOBYLLKE, paHEe He U3YYEHHbIE B TEOPUN.
[MnoTeTnyeckn 3T pexxuMbl AOKHBI HAbNOAATLCS Ha
yctanoeke [OJ1-3 B pexume pacnaga nnaasmel nocne
NpeKpaLLeHNs NHXXEKLNN PEASITUBUCTKOrO My4YkKa 3/E€KTPOHOB.
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BbiBoabl

@ Bbigenenbl HOBblE peXKuMbl NPOJOJILHOIO YAEPXKaHUS MJa3Mmbl
B MHOronpobo4YHOii JIOBYLUKE, paHEe He U3YYeEHHbIe B TEOPUN.
MnoTeTnyeckn 3T peXxxnMbl AOSKHBI HAbNOAATLCS Ha
yctanoeke [OJ1-3 B pexume pacnaga nnasmel nocne
NPeKpPaLLEHNS NHXXEKLNN PEASITUBUCTKOrO Ny4Ka 3EKTPOHOB.

@ [lnsa Gonblueil [OCTOBEPHOCTU MOJTYHEHHBIE OLEHKU BPEMEHN

yLEpXKaHUs Maa3mbl BO BHOBb OOHapY>KEHHbBIX PeXMMax
cnepyeT NOATBEpPAUTL DOosee TOUYHBIM PacHeToOM.
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BbiBoabl

@ Bbigenenbl HOBblE peXKuMbl NPOJOJILHOIO YAEPXKaHUS MJa3Mmbl
B MHOronpobo4YHOii JIOBYLUKE, paHEe He U3YYeEHHbIe B TEOPUN.
MnoTeTnyeckn 3T peXxxnMbl AOSKHBI HAbNOAATLCS Ha
yctanoeke [OJ1-3 B pexume pacnaga nnasmel nocne
NPeKpPaLLEHNS NHXXEKLNN PEASITUBUCTKOrO Ny4Ka 3EKTPOHOB.

o [lnsa Gonblueii [OCTOBEPHOCTU MOJTYHEHHBIE OLEHKU BPEMEHN
yLEpXKaHUs MAa3mbl BO BHOBb OBHapY>XEHHbBIX peXXMMax
cnepyeT NOATBEPAUTL DOosee TOUYHBIM pPacyeToOM.

@ BeposTHo, Takoii pacyeT MoxeT ObITh caenaH B
AaHAIMTNHECKOM WIN MOJIyaHANNTUHECKOM BUAE.
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Cnacubo 3a BHUMaHne!
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