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* Refractive index and dispersion law for neutron
waves

* Neutron speed in matter

* Neutron microscopy

* Neutron waves in an accelerating matter
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Refractive index and
dispersion law for the neutron

waves
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~Ep : s :
Neutron optics and “potential” dispersion law

Dispersion law k’ = ki —4nxNbD b=b'+ib"  b'<<b’ b 1010~
=

k
Refraction index n = k_ k
0

k, <k, = (41cN |b|)1/2 ___, Totalreflection

k,|<k, = ucN

5 Optical properties of an object
k, =k, —4nNb (b =const)] —  practically not depend on the
longitudinal component of k

oph? — amh® . -

U = Nb = const « u=— —bs(r-r))

m
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Dispersion law zoo

, , J[ C = ;/ for light
kl Zko +4TENCf0 C = l—(4ﬂ: 3)N°" Lax, 1951
{C =1 (f,=-b) for neutrons
4nN ! H n ’ H n "
sl-—(ermien)(br-ibt) il <1010 C b = b" I.M.Frank, 1974
0
4N C'~1+2nNb'a’ 0
1- ﬂz (C'—ic")(b'~ ib") 3 a— V.F.Sears, 1982
k, C”~nNb'ka a — interatomic distance
4nNb ety N .
=t {“(‘”‘Nb I'nkg ) [ dxe”sin(nx)[g(x/ ko)_lJ} M. Warner & J.E Gubernatis,
’ 1985
| I NG b 2mm -
k, < 4nNba (superslow neutrons) n°= . u= r-r,)
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Unknown dispersion law and small corrections at the region of UCN. \/G.Nosov & A.l.Frank, 1991
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CEP - Specific feature of the potential dispersion law
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I.M.Frank, 1974
2 2 2 2y .
o=k -1 +8(k0)’ 2
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~rwP  First attempt of the testing the UCN dispersion law
with rotating interference filter

kK =k, —4nNb+g (k)

UCN

Interference filter >

ki =k, —4nNb+e(k,)

____________

If the case of deviation from the potential
dispersion law (e#0) the position of the

resonance and correspondently the spectrum of
\ transmitted neutrons will shifted when sample
would rotating
2nh?
U 1,2 = m ( N b )1,2
A.l.Frank, V.G.Nosov, 1995
23.10.2018
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~FLWP
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Unexpected result and possible explanation

In the resonant conditions the amplitude of
neutron scattering at roughness’s rises by

some orders of magnitude

Transmitted wave and forward scattered

wave are interferes.

The phase of the transmitted wave changes

its sign in the resonance
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~FvP  Test the UCN dispersion law with rotating sample
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m

G.V. Kulin et al, 2014
A.l. Frank, 2016
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Discussion |

1.The theory predicts that dispersion law have to differs

from the potential forms at least for the cold neutrons.

2.This prediction was not yet verified by experiment.

3.For the case of UCN only one experiment was

performed to confirm the model of effective potential.

4.Any data concerning the existence of the super slow

neutron still absent.

el A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna
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Neutron speed in

matter
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~FLNP First experimental demonstration of distinctions
between the neutron speed in matter and the speed in

vacuum
47 N
n= |[1- ”
I(0
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Fig. 2. Total cross-section of 2 gold foils versus neutron velocity in vacuo () and insi
the sample (v); at temperatures 80 and 299 °K
In experiment of A. Steyerl (1972) it was 1 1
o o T G € — o o€ —
shown that transmission of this film for very v but not to y
0
0

cold neutrons corresponds to the
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. —————

|.M.Frank's speech dedicated to F.L.Shapiro. Alushta, 6 April, 1974



~FLNP Concerning the neutron speed in a matter (1974-2008)

Over the long period of almost 40 years of
common research interests, starting from the
early days of ultracold neutrons at Dubna and
Garching, | remember just one incidence where I

«®oTOH B Cpee OUEeBHAHO He ABANETCHA CBOOOANOI

am afraid I did not understand Ilya yacTuuell. Pacnpocrpanenne BOJIHLI NOJY4AeTCH B
Mikhailovich. That is when he summarized our PEIYNLTATE KOTEPEHTHOIO CJAOKEHNH BOJIH

work at Garching as “confirmation of the 1/v OTAENLHLIX ATOMOB. TaxkuM 0Opa3zom, AJin

law”. This was surprising to us since we had BO3HMKHOBEHHS BOJIHLI CYIIECTBEHHO KOJLIEKTHBHOE
never doubted that the 1/v law for neutron ABHIKEHHE, NPOUCXOIALISE B ATOMAX CPelbl. ITO

reaction processes should be valid even at the
lowest energies, as long as a refractive correction
to neutron velocity inside the medium is applied. I
wish I had asked him what he meant.

XapaKTepHOe CBOICTEBO He YacTHIbl, 2
KBa3WYaACTHIL! (HanpuMep, aHAJOrHIHO oHOHAM)»

U.M.®pank, 1978
A.Steyerl, 2008

23.10.2018 . 16
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~ELNP  pirect measure of neutron speed in matter

Delay time in a M:L_Li{l‘”J
refractive sample Wo Yo Yol T
_ ic fi B
B — magnetic field S(P — A’[.(DL ®, = ZHT ) SUENE Seple
o
Precession (Larmor) S 0
frequency g 2
£ =
(pO (po + 8(p . -
- }\, :1885 A 2 4 6 8 10 12 14 16 1I8
Thickness of the sample (mm)
— g-» vU2iom /s
(Po -10
o 8t . =3.7x10 " SeC t x1.7x10"%sec

A.l. Frank et al, 2002
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\@P Neutron speed in matter and another feature of the
potential dispersion law

2

In general case dispersion law may be represent as k= F (k,)

h .
It was shown recently that in this case  |v= —(F') | and v = v, (?)
2m
X ik m , 1 @°E
k:nk():>mV=an0 V= —=nv, — m* = 2mkF — =
m * m m 6p2

. .. ) ) . Concerning the negative
Generally speaking neutron inside a refractive matter is not a particle . i on effective mass at T
diffraction see Zeilinger A. et al.

but a quasi particle
Phys. Rev.Lett. 57, 3089 (1986)

Putting v =nv we arrive immediatelyto [k =k, + z° m* = m

AL, Frank, 2018 Potential dispersion law k° =k, — 4zpb

23.10.2018 A.l. Frank. To the 110 anniversary of .M. Frank. Dubna 18



\@P Discussion Il

1.Neutron speed in a refractive matter differs from the speed in

vacuum

2.Direct measurement of neutron speed in matter was

performed, but only in one experiment.

3.The relation v=nV, is correct only in the case of the potential

dispersion law.

4.Deviation from the relation v=ny; in refractive media was not

yet observed

23.10.2018 A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna 19



Technical UCN optics and
the problem of neutron

microscopy

23.10.2018 A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna
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ELYP UCN and neutron microscopy

]

;;;;

2%73 (\/\ (?\”" ‘ Puc. 7. Hpocredwas crexa onuira 84%

ROAYUEHUS ONTUNECK020 USOGPANENUS
OTPANERUEM YALTPATOAOIRNT Nelrpo-. .

OTTHCK 13 Nt 9 K08 OT 80sKyTOZ0 8epxasa. Tepes ne-
Sossuioe oTeepcrue A ysvrpazorod-
oa 1972 ron Hbie ReUTpOR® nabaloT HO GOZRYTOE
& sepxaso. Ho sa cuer cusw TRmeECTH
o uz nyru uaLU6GIOTCR TAK, KoK LCAU Ob
onws wats no npasod us 0. Ho roll s
npuwure oy cofiepyrcs ne & onruue-
cxox gowyce B, a & nuneremoued

rouxe C. o

MHe agymaeTcs, YTo No/ly4eHne onNnTUYECKOro n3obpaskeHna ¢ MOMOLLbIO OTPaXKeHus
N NPEeNOMNEHNS O4YEHb MedJ/IeHHbIX HEMTPOHOB — OMbIT HACTO/IbKO CYLLLECTBEHHbIN,
4yTO ero o6A3aTe/IbHO HEOOXOAMMO BbINONHUTL. Beab B 0TAaNE€HHOM NepcnekTuae

MOXHO MeyTaTb O TOM, YTO ONTMKA OYEeHb MeA/IeHHbIX HEMTPOHOB KOraa-HMbyab
MO3BO/IUT CO34aTb HEUTPOHHbIM MUKPOCKOM.

N.M.®paHkK, 1972



Fermat principle in light and neutron optics

Mucoma ¢ XITD, mom 28, avin.8, emp. 559 — 560 20 oxmatipa 1978 1.
1/2 0 NPUMEHUMOCTH MPUHLUTIA $EPMA
[ 29z \ K QIITUKE YJbTPAX0JO/HHX HEATPOHOB
= — = H.M.Ppanx, AH.Ppanx
n(z)=|1 — | . Vo=V, _
\ \Y 0 ) Paccmorpen Bonpoc o IpuMeHHMOCTH npuuiiuna PepMa K onTHKe

YIBTPaxaAOTHEK KeHTpoas (VAL Koria Zamene rpasHTalms Cyilec-
TBEHHO UCKPMBAAET TPAEKTODUH HEATPOHOB. Mokasauo, uro npunuyn Pep-
Ma BNOJHE NPUMEHNM U B CIyuae HelTPOHHBIX BOJH

Fermat principle 3[kdl=0, or &jndl=0  Mjnimality or stationarity of phases A—B,

Optics Massive particle
B B B =
I= {ndl=|—dl=c[dt, 8I=0, Phase stationarity —— 8[Vvdl=0,
A AV A A
Minimality or stationarity of the Stationarity ofthe —— 57 —~-0
propagation time A—B propagation time AV

Achromatic imaging — isochronism + isophasality

23.10.2018 A.l. Frank. To the 110 anniversary of .M. Frank. Dubna 22



~FLNP

A.Steyerl et al, 1985

Neutron microscopes and UCN imaging

A.l.Frank and Kurchatov Inst. Group 1986- 90
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&P The problem of phase contrast and Neutron Spin Interferometry

Refractive indexes of certain amino-acid resides and phase shifts for 1 thick layer for
neutrons with two velocities

Amino acid Chemical Number of V=5m/c V=20m/c
Composition [exchanable Refractiv index Phase shift (radian) Refractiv index Phase shift
hydrogen atoms|Ordinary |Deuterated|Ordinar|Deuterate dOrdinary [Deuterated/Ordinarypeuterated

Glycine C2NOH3 1 0.692 0.408 24.4 47 0.984 0.974 5.08 8.25
Alanine C3NOHs 1 0.801 0.642 7.9 28.4 0.988 0.981 3.81 6.03
Valine CsNOHg 1 0.890 0.803 8.7 15.6 0.993 0.989 2.21 3.49
Leucine CeNOH 14 1 0.913 0.842 6.9 12.53 0.995 0.991 1.59 2.86
Phenilalanine  |CoNOHg 1 0.770 0.701 18.2 23.7 0.987 0.984 4.12 5.08
Tyrosine CyNO,Hg 2 0.733 0.577 21.2 33.6 0.985 0.979 4.76 6.66
Tryptophan C11N20H1g 2 0.702 0.563 23.6 49.6 0.984 0.978 5.08 6.98
Aspartic acid C4NO3H4 1 0.570 0.375 34.1 49.6 0.978 0.973 8.57 8.57
Glutamic acid |CsNO3Hg 1 0.738 0.564 20.8 34.6 0.986 0.978 4.44 6.98
Serine C3NOzHs5 2 0.743 0.363 20.4 50.5 0.986 0.972 4.44 8.88
Threonine C4NO,H; 2 0.806 0.557 15.4 35.14 0.989 0.978 3.49 6.98
Asparagine C4N202Hg 3 0.699 0.169 23.9 65.9 0.984 0.969 5.08 9.84
Glutanine CsN202Hs 3 0.812 0.441 14.9 44.3 0.989 0.974 3.49 8.25
Lysine CeN2O2H13 4 0.905 0.590 7.54 32.5 0.994 0.979 1.9 6.66
Arginine CsN4OH13 6 0.785 |imaginary | 17.06 |total reflec[ 0.988 0.966 3.8 10.8
Methionine CsNOSHg 1 0.891 0.820 8.6 14.3 0.993 0.984 2.21 5.08

( |kx\

_L

0. =k [l-n(k)]d A :mf—“\d_ —

)y —

3

AD oc A
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The problem of the UCN sources
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A.l. Frank, Phys. Uspechy, 1987

23.10.2018

A.P. Serebrov. Phys. Uspechy, 2015
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RO Discussion Il

1.Theoretical base for the neutron microscope was created in the
end of the last century

2.A number of schemes of the NM were proposed and analyzed

3.The activity was stopped due to weak progress of the UCN

sources

He nopa nn BepHyTbCA K 3TOU Npobaeme?
Is it the time to turn back to this problem ?

23.10.2018 A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna 26
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Neutron waves in an

accelerating matter
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~rwp  Transmission of wave through a refractive
sample (sample in rest)

y = exp[i(nkox—mot)]

\|;=exp[i(k0x—mot)] P \|;=exp[i(k0x—m0t)+i<p]
—
¢ =nk L

'@
€

v

S
I
=~

o
—

After transmission through a stationary sample
wave number is exactly equal to the initial one

23.10.2018 A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna

28



Refraction of wave at the border of the moving matter

Massive particle (neutron)

(v
m v
= (e vy e

0

n=n(k))=n(k,-k,)

23.10.2018

Vv

o, =0,+(n-1)k Vv

Doppler shift
Light
0, (Y

c c

ph

c . 1)
=—+V|l-—
0 02 J Fresnel drag

A.l. Frank. To the 110 anniversary of .M. Frank. Dubna
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~FLNP Transmission of wave through the sample moving with

acceleration

io(t I(KeX—mgt
e'(P()e(f i t)

o
»

For the motion with acceleration, two frequencies shift do not
cancel because the velocity of the medium is not constant

A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna
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~EW¥P pifferential Doppler effect- Accelerating Medium Effect

Neutrons

AE = mawdi—"
T

F. V. Kowalski, 1993: V.G.Nosov,
A.l.Frank, 1998

Assumptions:

1) Model of effective optical is
also valid in the case of
accelerating matter

2) Quasi — classical approach is
correct

23.10.2018

Light

o wd

Ao = (n-1) K. Tanaka, Phys. Rev. A 25, 385 (1982).

2
C

The same results follows from the equivalence principle

1. In both cases the energy, measured by the detector, must be
the same due to the equivalence principle

@ AL i
IR - Sy
i O n =1
! e —
g w=g Detector
rlon - = —— -
‘

2. Introduction of the refracting slab does not change

l the energy due to the energy conservation law (see left fg.)
AE=mgH | 3. Delay time due to refraction is Azt
Detector During this delay time the detector T
will continue to accelerate
A.l. Frank, et al.,(2008)
31
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Idea of the experiment

Variation of the UCN energy
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2mh~

m

(pb),,

23.10.2018

AE = (2-5)x10-10 gV

Periodically variation of the neutron energy,

caused by the sample acceleration, leads to the periodical

oscillation of the count

rate

A.l. Frank. To the 110 anniversary of .M. Frank. Dubna
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~ELP Oscillation of the count rate and experimental result

14 Si 0.6 mm, f =40 Hz

!

1,10 H

T T T T T T
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o
EN
1

@ 1,054
@ (0]
= 2]
c
3 21,04
2 1,004 Q
g &
© =
£ os- % 8 08
S =
- Point 22.0 8
% Measured 21July o 0.6
0,90 - % % Count rate 7.26+ 0.08 L™
©
—
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 os
=}
(o]
O

o
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1

az=-AQ°’sinQt V =z AQ cosQt

o
o
1

I ! [ ! I ! I ! I

f(t)=1+Bsin(Qt- o) w16 18 20 22 24 26

Distance between filters (cm)
Frequency f = 40, 60 Hz
Oscillation period 0.025, 0.017
sec
Time of flight 0.11 sec

W =AQ°~60m/s’

max

K =0.94+0.06

(1 )
AE = —KmAQZLL——leith
n

A.I. Frank, P.Geltenbort, 6.V.Kulin, et al, Phys. At. Nuclei, 71 (2008) 1656.
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~FLWP
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Dispersion law in the
accelerating media:
qguestions, hypothesis

and possible experiments

A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna
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o Waves in accelerating matter
k® =k, -4npb (??)
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Matter in rest Matter is moving with acceleration.
Non-inertial system

It is naturally to suppose that usual dispersion law is not valid
in a non-inertial system

Where is the region of validity of the usual dispersion law?

23.10.2018 A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna 36



~FLNP To the estimation of the region of validity of the usual dispersion law

The hypothesis is that the usual dispersion law is valid when the phase distortion due

to acceleration 2¢. appeared at the interatomic distance d is much less than the

phase shift kb due to scattering at the nuclei

Adp << 8 =Kkb
w
mwx’ . o AE b
A, =k for x = interatomic distance d W << ;
A4E m d
W_ . =E(ev)-8 x10"cm /s?
For UCN E = 100nev (UCN), b = 5x103cm, d=5x10%m
W = 8x107cm/s?=10° g A.l. Frank. (2014)

This hypothesis is not contradicts any experimental results

A.l. Frank. To the 110 anniversary of |.M. Frank. Dubna 37
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~FLNP

A theory of the neutron waves dispersion in
accelerating media is absent

A possible strategy:

to perform experiment with accelerating matter
and compare result with theoretical predictions
based on the model of effective potential

23.10.2018 A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna
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PP possible experiments in geometry of transmission

1. Transmission through barrier A. Pimpale, S. Holloway, R.J.Smith (1991)

E
U .
Observable effects are only when neutron energy is very
close to the height of barrier (E~ U)
>
2. Transmission through oscillating NIF T

NIF — monochromator
(narrow transmission line)

$| //' | J L ‘J/L

il 2 |i3 s Oscillating NIF

i beveorer Berfiribiingd NIF in rest — transmission Oscillating NIF. In it reference
wide transmission line) . . . .
of the initial quasi- the energy of the incoming
monochromatic beam beam is oscillating due to the

Doppler effect. Transmitted
beam is modulated in time
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~FLNP Proposed experiment. Oscillating Fabry-Perot
(scheme of the experiment and quantum calculation )

time scanning

UCN

Fabry-Perot Interferometer

o

|

Analysis of the transmission state

| [ ||\IHI\IlleHllHITHHII

f=2.2 MHz
Amp =5-6 nm

Acceleration w = 105 g~ W Simulation of the wave packet transmission
cC onws= 8~ Weri through the vibrating Fabry-Perot Interferometer

f =100 kHz (a) and 5 MHz (b)

The project is in a progress
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COOBWEHWA
OBBbEAMHEHHOTIO
NMHCTUTYTA
AAEPHDIX

WCCAEAOBAHWN
AYBHA

P4 - 8851

U.M.®pank

O BO3MOXHO!M MPUYMHE AHOMAJIMMA
BO BPEMEHU XPAHEHUS
YJIbTPAXOJIOZIHHX HEWTPOHOB

| 1925

23.10.2018

=i

Neutron diffraction by surface wave

K 100-NETHIO H.M.DPAHKA

06 ogHou pabome U.M.ddpaHka

A M. ®dpank,

AQOKMOp PUIUKO-MAMEMAMUYECKUX HAVK
O0Bedune bl HUHCIMUMYM AOePHUX HCCALOBANUT

Ayena

K CIYYHJIOCH, YTO KPYT MOHX

| ayi HHTEPECOB, € TOAa-
MH CYIIECTBCHHO MEHABIIHIA-

Cfl, CO BPEMEHEM OKa3aAcA TecHO
CBA3AHHEIM ¢ OGMACTBIO HAYKH,
Pa3BUTHE KOTOPOM B 3HAYHTEND-
HOM CTCNECHH CBA3AHO ¢ HMCHEM
H.M.®pa A umeio B BUSY HeR-
TPOHHYIO ONITHKY BOOGILE H ONTH-
KY OHEHb MEICHHBIX, TAK HA3hIBA-
€MBIX YABTPAXONOAHBIX HEATPO-
HOB, B 4acTHOCTH. Kakue-1o ua pa-

nadopatopuu yke B 1962 r. Bro-
pHM BAKHEANIAM OOGCTOATENBCT-
BOM GBUIO OTKPHITHE TaK Ha3BIBaC-
MBEIX VALTPAXONOAHBIX I[C"i-lTpOIIOII
(VXH), cKOpPOCTh KOTOPBIX CTONb
M1a, 4TO OHH CNOCOOHKL HCTIRITH-
BATH MOJIHOC OTPAKCHHE OT MO-
BEPXHOCTH BEIE 1 1pH BCEX yT-

B0 ¥YXH 610 npej
bAoBHYeM B 1959 1. [1],
a yepes 10 aer ®JLIIanupo ¢ co-

A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna

TATAMM. 3/1€Ch OH YBHJEN 061aCTh,
TAE COYMETAIOTCHA HEATPOHHAA
AnepHas PHU3MKA, KOTOPOH OH OT-
JIa7 CTOBKO JET KHIHH, H TAK 10~
Gumas UM ontuka. B anpene
1970 r. on cpenan Goanmod ao-
KA, NOCBANLEHHBIA npobieMam
HEATPOHHOR ONTHKH, Ha OfIEeM
cobpanun OTACACHHS SACPHOMA
GusHkn AKajileMHH H Yepes
ABa rojia Ha KoHdepeHuun B By-
Aanemre oH I.i].nlLl‘yllIU[ ¢ KopoTt-




~FLWP

(a)
k

il

+1 orders

Neutron diffraction by surface acoustic waves

ke
ko
k.,

W.A.Hamilton et al, 1987

f =60 MHz

23.10.2018

Acceleration of surface ~ 5x101°

Cold neutrons: W

crit

®reflected (Deg)

o
N

o S
o
I

o o
() ©
1 1

N
~
A

V=3490 m/s
Towards v,

o
=)

0,2 0,4 0,6 0,8 1,0
®incident (Deg)

~ 3-1012

G. Kulin at al. ISINN 25 & ICNS2017
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~ELNP UCN — SAW experiment

Cold Neutrons W,,;, ~ 3 x10*2
\ Nif;/ uen: W, ~ 108

= - :I SAW 30 MHz at LiNiO, surface

. - acceleration of surface ~ 2x 10 10
Sample with SAW detector
AE ~ 100 neV

The experiment is in progress just now.
The beam time at PF2 @ILL allocated for 5-27 October 2018
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Conclusion

W3syuenne 1udy3ni HeiTpoHOB B OepULTHY, TpaduTe M BOLE MMIYAbCHBIM METOLOM 281
WmnyabcHbIil peakTop Ha OBICTPBIX HEHTPOHAX w..cvvervieiveiiies e 300

Anepno-dusnueckne uccaeropaust Ha peaktope UBP ... 311

M M QPAHK WmnyabcHblil peakTop ¢ HHKEKTOPOM MBP-2 ..o 325
o 7 36

Paseuthe n MPUMCHCHHNE B HAYYHBIX HCCICI0BAHUAX HMITYJIBCHOTO peakTopa NBP

& WBP-2 — umnyabcHbiii peakTop neproauueckoro AeiicTBUS 111 HEHTPOHHBIX HCCe-

TOBAHUIT 11 evveris st 389
Hayqnue prnbl PeakTop MIBP-2 COTOMHS ......ovvoieiriiei s 416
HexoTopbie pesyabTaThl nycka nceenopatenbekoro peaktopa MBP-2......oooiine. 425

DHepretrueckuii myck peaktopa UbP-2 1 nepBbie Gu3nueckne HCCnenoBaHNs Ha ero
TIVUKAX oottt sttt es e se bbb bbb oot b bbb s 429

HeiiTpoHHas onTHKA W YIBTPAXO10HbIE HEATPOHDI

HekoTopble HOBBIC ACMECKTBI HCHTPOHHOM OTITHKH ......voveveie e 445
HeiitponHast onTHKA H YABTPAXOAOIHBIE HEFTPOHD vvveveveeresesseeesseseesesesesssessesessesees 458
O npumeHnMocTi npruHumia Gepma K oNTHKE YIBTPaX0I0AHBIX HEHTPOHOB ............... 476

PacmpocTtpaHeHne YIbTpaxomoaHbIX HEHTPOHOB MO LMIMHAPUUECKOMY HeHTpoHoBoTy 478
O BO3MOXKHOIT IPHUHHE AHOMAINH BO BPEMEHH XPAHCHHUSI Y/IBTPAX0I0IHbIX HEHTPOHOB 483

0030pbl, 10K1a/Ibl, HAYUHO-TIOMY.IS PHbIE CTATHH
Hopelit Bra smepHelX peakumit (denenue facp ypaHa W TOpHS HOA ACHCTBHEM

HEHTPOHOB) .ottt ettt st sb s 492
WM3amepenne pasHOCTCHHOCTH TPYD ¢ MNOMOMIbIO TaMMa-Jvueil palHoakTHBHBIX

TIPETIAPATOB ..vovvovevareiesiaesssesss sttt ss b s e ss b ss st b s ssss 501
Ouzuaeckuii nuetutyt umenn [1.H. JleGenesa Akagemun Hayk uCCCP.........c......... 518
Mirsnrsrrn aman 15 amAssrram nrsnmmrre I lal
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~FLNP .
Conclusion 2

Ham ecme ymo dename @ 0bnacmu
¢pyHOameHmManbHoOU HeUmpOoHHOU ONMUKU

There is something to do in neutron optics

23.10.2018 A.l. Frank. To the 110 anniversary of I.M. Frank. Dubna
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