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Abstract–Methods for the formation of liquid, microdroplet, cluster, and gas targets in vacuum for use in
laser-plasma radiation sources are considered. The characteristics of the used target-formation systems and
gas-supply systems based on them are given. These systems form pulsed and static jets with low mass f low, on
the order of ~70 mL/h of liquid or 1500 cm3/h of gas, which allows pumping out the vacuum volume with one
turbomolecular pump with a capacity of 1000 L/s.
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INTRODUCTION

The formation of stable low-flow liquid and gas jets
f lowing into a vacuum is in itself a rather complex
technical problem. These systems are used in a variety
of laboratory devices, and one of the most popular
applications is the use as part of laser-plasma radiation
sources (LPS) [1].

This article presents the results obtained by the
authors of the development of systems for the forma-
tion of gaseous, cluster, microdroplet, and liquid tar-
get jets for use in LPS. For use as part of laboratory
LPSs, additional requirements are imposed on the
system for forming such jets, such as low flow rates,
high substance density, and stability of the jet charac-
teristics.

The low costs of the target-formation systems used
in the LPS are dictated by the use of pumping systems
with an acceptable power. If cryogenic pumps cooled
by liquid nitrogen, which are characterized by high
pumping speeds, can still be used for liquid systems,
then pumping should be carried out by turbomolecu-
lar pumps, the total productivity of which does not
exceed 1000 L/s, for gas-jet sources. The use of either
turbomolecular pumps with a capacity of more than
1000 L/s or groups of pumps leads to a sharp compli-
cation of the installation and its transfer from the cat-
egory of conventional laboratory equipment to the
category of special devices.

The density of the LPS gas jet is an important
parameter that determines the properties of the radia-
tion source itself. A high density of matter in the target
is necessary for the rapid development of laser break-
down and the formation of a heated plasma that effi-
ciently emits in the short-wavelength range.

The stability of the characteristics of the obtained
jets is the most important property of the target-for-
mation system. The presence of frequent failures or jet
density drift over time makes it impossible to use such
a source in any important laboratory measurements.
Achieving high technical readiness and stability of the
characteristics of the jet source is the longest and most
difficult stage in the development of the source. How-
ever, this stage of work is often neglected in favor of the
speed of project implementation.

The technical solutions used to create such jet tar-
gets can be divided into two options: constant f low
systems or pulsed systems.

When using constant f low systems, the require-
ment for low flow rates leads to the need to use small
nozzles. For liquid systems, in this case, the influence
of surface forces sharply increases in the process of jet
separation from the nozzle exit. These impacts can be
leveled by significantly increasing the f luid pressure at
the nozzle inlet. For gas-jet sources, the requirement
for a small f low rate also leads to the need to use small-
section nozzles and reduce the gas pressure at the noz-
zle inlet, which, in turn, leads to a sharp drop in the
702



METHODS FOR FORMING GAS, CLUSTER SPRAY 703

Fig. 1. Installation for studying the properties of atomic cluster beams. (1) Laser; (2) radiation power detector; (3) dividing plate;
(4) prism; (5) optical input; (6) lens; (7) nozzle; (8) heat exchanger; (9) vacuum lock; (10) diaphragm; (11) X-ray spectrometer
RSM-500; (12) turbomolecular pump; (13) cryocondensation pump; (14) cryosorption pump.

1

14

13

12

11
10

9

87

6

5

4

3

14

2

density of the formed gas jet. The way out of this situ-
ation is to use profiled gas nozzles. These nozzles
make it possible to create a directed gas jet, signifi-
cantly increasing the jet density in the zone of laser
spark formation. The best nozzles are Laval nozzles,
but technologically advanced cone nozzles have found
the greatest use.

The use of impulse systems makes it possible to
increase the cross-section of the nozzles but requires
the use of high-speed valves. A number of important
requirements are imposed on valves, such as fast jet
switching, low leakage in the closed position, reliabil-
ity, and long service life.

Below are the options for the technical appearance of
jet-formation systems in vacuum when pumping out with
a turbomolecular pump with a capacity of 1000 L/s:

1. A system for the formation of a constant liquid jet
[2–5]: a capillary of a very small diameter (~5 μm), at
the inlet to which large (up to 100 bar) liquid pressure
INSTRUMENTS AND EXPERIMENTAL TECHNIQUES 
is created; in addition, the nozzle can be subjected to
vibration [6] to form drops.

2. A system for the formation of a constant gas and
cluster jet [7]: a conical nozzle of small critical section
(~150 μm), 5 mm long, at the inlet to which moderate
pressure is created (<5 bar).

3. A system for the formation of pulsed liquid and
microdroplet jets [8–10]: a cylindrical nozzle of aver-
age diameter (~200 μm), at the inlet to which moder-
ate pressure (~5 bar) is created;

4. A system for the formation of pulsed gas and
cluster jets [11–13]: a conical nozzle with a large criti-
cal section (~500 μm), at the inlet to which high pres-
sure is created (~25 bar).

RESEARCH FACILITY

We carried out studies that included the develop-
ment of all four options for the formation of liquid and
gas jets in vacuum that are used as targets in LPS. The
 Vol. 66  No. 4  2023
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research setup described in detail in [14] was used. The
installation diagram is shown in Fig. 1.

The installation is a vacuum chamber pumped out
by cryocondensation and cryosorption pumps. In the
volume of the chamber, the main gas f low is pumped
out by a cryogenic condensate pump 13 with very high
pumping speeds. The pump tailor-made for installa-
tion has a well-known design: two nested cylinders,
soldered at the ends, placed in a vacuum chamber. The
cryoagent, usually liquid nitrogen, is fed into the space
between the cylinders. When using liquid nitrogen as a
cryoagent, the pump can effectively pump out high-
boiling gases such as xenon, water, and freons. The use
of such a pump makes it possible to effectively encap-
sulate aggressive gases, such as f luorine, chlorine, bro-
mine, and oxygen, in the layer of frozen ice, which are
formed when molecular gases are excited by laser radi-
ation. Gases not condensed on the cryo-condensation
pump are efficiently pumped out by two cryo-adsorp-
tion pumps 14 brand KV 250-3.2 of less capacity
located in series behind the cryocondensation pump.
This system remains operational in the event of a sud-
den breakthrough of vacuum or destruction of the
nozzles.

The jet target-formation system under study is
fixed on a three-coordinate positioning system, which
allows it to be moved relative to the focal point of the
optical system. Flexible tubes of the gas- or liquid-
supply system are connected to this system.

Nozzle Power Case 7 gas operation of the system is
carried out as follows. The gas pressure at the inlet to
the nozzle is regulated by a reducer and a needle valve,
and the pressure is measured by a reference pressure
gauge. To measure the gas f low through the nozzle,
the needle valve is closed and the time of gas outflow
from a special measuring volume is measured. The
temperature of the gas supplied to the nozzle is con-
trolled by cooling with a gaseous cryoagent (nitrogen)
at a variable f low rate, which makes it possible to
smoothly control the temperature in the range of 140–
350 K. The gaseous cryoagent is formed by evaporat-
ing liquid nitrogen using an electric heater. The cryo-
agent is then fed through a heat-insulated pipeline to a
heat exchanger fixed in front of the nozzle. The gas
temperature is measured using a Pt1000 temperature
sensor attached directly to the nozzle.

Nozzle power case 7 liquid operation of the system
is carried out as follows. Compressed gas is fed
through a reducer into a container with liquid. Fur-
ther, the liquid under pressure is supplied to the noz-
zle, and the pressure is measured by a reference pres-
sure gauge. Fluid f low is measured by weighing the
mass of the working f luid before and after the experi-
ment.

When using impulse nozzles, a significant heating
of the switching valve occurs. For cooling, a copper
clamp was used, which was put on the impulse nozzle,
and a copper heat pipe, which was removed from the
INSTRUMENTS AND EX
vacuum part of the installation and cooled from the
outside.

STRUCTURES OF THE INVESTIGATED JET 
TARGET-FORMATION SYSTEMS

Static Liquid Jet

To form a static liquid jet, very small diameter cap-
illaries (~5 μm) were used, at the inlet to which a high
liquid pressure was created, up to 25 bar. We investi-
gated the possibility of using capillaries of various
designs to be able to work in this circuit.

Initially, G33 injection needles were studied,
which are characterized by a large inner diameter
(~100 μm) and, accordingly, high liquid f low rates
(0.2 cm3/s). It can be noted that the resulting liquid
jets are very stable in vacuum. Attempts were made to
roll or crimp both the needles themselves and the needles
with soldered bandages in order to reduce their inner
diameter. These attempts were unsuccessful.

Next, we studied a number of nozzles obtained
using various technologies. Thus, glass capillaries were
made by melting and stretching a glass tube and filing
the end with a grinder. The required f low rate of the
liquid was provided by grinding the end face of the
capillary. When grinding, it is necessary to ensure that
the plane of the cut is perpendicular to the axis of the
capillary. The manufacturing technology of such noz-
zles is quite simple and can be implemented in any
laboratory. This technology made it possible to obtain
nozzles of small diameter (~5 μm) with a f low rate of
~75 mL/h (stable operation for >10 h was observed at
flow rates of >180 mL/h). In air, these capillaries
operated stably, but the jet of the formed liquid f lew
out at an inclination to the nozzle axis (up to 10°).
During operation, significant problems were caused
by the method of fastening the glass nozzle in the
holder. Soldering requires the use of special glasses
and junctions; mechanical clamping when exposed to
aggressive solvents under high pressure (~20 bar) is
not entirely reliable. Glass nozzles proved to be unre-
liable due to the brittleness of the material and rapid
destruction under the influence of laser radiation.
An accidental hit of a focused laser beam almost
instantly destroyed the capillary, which led to a volley
ejection of a large amount of liquid into the installa-
tion volume.

Attempts were made to manufacture f luoroplastic
capillaries. The production was carried out by piercing
a f luoroplastic cylinder with a metal needle. These
capillaries leaked when the f luid pressure at their inlet
increased and, accordingly, showed unstable f low
characteristics. Also, rather serious problems were
caused by the fastening of the f luoroplastic capillary to
the liquid supply system. In general, it can be stated
that the f luoroplastic nozzles turned out to be unsuit-
able for work.
PERIMENTAL TECHNIQUES  Vol. 66  No. 4  2023
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Fig 2. Design of the cone nozzle with a critical section of
230 μm.
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Metal capillaries were also made. To do this, the
copper capillary tube was crimped on a press with the
help of figured punches in such a way that a conical
cavity was formed when the metal was deformed.
Next, sawing of the capillary from the end was carried
out until the opening of the conical cavity. This tech-
nology made it possible to obtain capillaries of small diam-
eter (~5 μm) with a flow rate of ~75 mL/h (stable opera-
tion >10 h also at flow rates of more than ~180 mL/h).
In air, these capillaries worked stably. The jet of the
formed liquid f lew out at an inclination to the axis of
the capillary up to 10°. Metal capillaries were easily
soldered into fasteners and proved to be reliable and
quite convenient to use. Accidental exposure to the
laser beam did not lead to the destruction of the capil-
lary.
INSTRUMENTS AND EXPERIMENTAL TECHNIQUES 

Fig 3. Design of the cone nozzle
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A big problem in the operation of all types of capil-
laries was the presence of solid inclusions in the work-
ing f luid. Clogging of the capillary with solid inclu-
sions leads to its irreversible damage. In practice, the
operation of such capillaries is possible only in combi-
nation with ~1 μm filters and using a preliminarily
purified liquid.

The outflow of a liquid jet into a vacuum differs
significantly from its outflow into air, namely, the liq-
uid jet sticks to the end of the nozzle. This phenome-
non significantly and uncontrollably changes the
direction of the liquid jet, up to the liquid spreading
over the nozzle end. In practice, there is an uncon-
trolled change in the direction (with a period of up to
20 min) of the ejection of a liquid jet. The phenome-
non is observed on nozzles made of materials such as
metal, glass, and even fluoroplastic. This phenome-
non can be combated by increasing the pressure at the
nozzle inlet, which, however, increases the liquid f low
rate. In practice, we have not been able to permanently
eliminate this problem.

Also, when a liquid f lows into a vacuum, it boils
and freezes. This phenomenon is dangerous because,
at low flow rates, the liquid begins to freeze around the
capillary cut, clogging the hole, which makes it impos-
sible to restart the capillary in a vacuum. Attempts
have been made to use heated capillaries or to heat the
capillary end with a tungsten coil. As a result, it was
found that a more or less stable liquid outflow can be
obtained for a carefully selected combination of “liq-
uid pressure–capillary cross section–heater power.”

Having assessed the whole complex of problems, it
can be noted that the use of such thin capillaries for
LPS is technically very difficult and practically unjus-
tified.
 Vol. 66  No. 4  2023

 with a critical section of 145 μm.

30

22

�
5

�
14

 ±
 0

.2
15



706 GUSEVA et al.

Fig. 4. Consumption of various gases when flowing into vac-
uum from a cone nozzle with a critical section of 145 μm.
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For the system of formation of a static gas jet, con-
ical supersonic nozzles of small diameter (<250 μm)
were used, at the inlet to which a moderate pressure is
created (<5 bar). This system makes it possible to
INSTRUMENTS AND EX

Fig. 5. Temperature field during the outflow of a jet of krypton 
and p0 = 5 bar from conical nozzle to vacuum.
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obtain gas and cluster jets by cooling the gas at the
nozzle inlet. The small diameter of the nozzles and,
accordingly, the significant friction of the gas against
the walls of the nozzle suppress the formation of clus-
ters; therefore, operation in the cluster mode is carried
out upon cooling to temperatures very close to the gas
condensation temperature at a given pressure.

In our work, we explored conical supersonic gas noz-
zles with two critical sections: 145 and 230 μm, 5 mm
long.

A gas nozzle with a critical section of 230 μm was
made by drilling a copper cylinder. The design of the
nozzle is shown in Fig. 2. The nozzle has a thread for
fastening the skimmer and a protective groove. The
nozzle was soldered into a CF16 flange attached to the
gas-supply system and positioning system. When
manufacturing, it is necessary to take into account the
operating conditions of the nozzle: overheating and
desoldering of the nozzle are possible when using tin
solders and powerful gas jet excitation systems (elec-
tron beam). The drilling of the nozzles was carried out
with specially made conical drills. A batch of nozzles
was made from which ~10% of nozzles suitable for
operation were selected. The complexity of the appli-
cation of drilling technology is due to the uniqueness
of the nozzles: their diameters and surface quality are
individual. We used the following nozzles: critical sec-
tion 230 μm, length 5 mm, opening angle 9°. In case of
clogging, the nozzles were cleaned well mechanically.
A nozzle with a critical section of 230 μm proved to be
PERIMENTAL TECHNIQUES  Vol. 66  No. 4  2023
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Fig. 6. Concentration field at the outflow of a jet of krypton at gas parameters at the inlet to the nozzle T0 = 300 K and p0 = 5 bar
from conical nozzle to vacuum.
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reliable in operation but showed complete unsuitabil-
ity when working with low-capacity pumping systems.

A gas nozzle with a critical section of 145 μm was
produced by electrochemical deposition of copper on
an aluminum cone shape to form a copper cylinder
with an aluminum cone inside. Further, aluminum
was dissolved and the resulting copper cylinder with a
conical channel was pressed into the nozzle body. The
nozzle body, in turn, was soldered into the CF16
flange, which was attached to the gas-supply system
and to the positioning system. The design of the noz-
zle is shown in Fig. 3. A thread is cut on the nozzle
body for attaching the skimmer and carrying out
adjustment work.

This nozzle-manufacturing technology provides
satisfactory serial production and is quite simple to
master within a single laboratory. The disadvantage of
the technology is the duration of the copper deposi-
tion process (~1–2 months) and the increased rough-
ness of the nozzle walls. In the event of clogging, these
nozzles are satisfactorily mechanically cleaned but
they may be damaged. It is more preferable to blow the
nozzles in the opposite direction with compressed gas.
This nozzle has shown reliable operation but limited
suitability (operating only at low pressure) when work-
ing with low-capacity pumping systems.

Flow characteristics when using various gases for a
conical nozzle with critical section 145 μm, length
5 mm, and opening angle 10° are shown in Fig. 4.
The gas temperature was 300 K, and the pressure is
INSTRUMENTS AND EXPERIMENTAL TECHNIQUES 
given in absolute units. The use of such nozzles makes
it possible to cool the gas and operate in a cluster
mode; upon cooling to ~150 K, the gas f low rate
increases by ~20%.

The calculation of the gas parameters was carried
out during the outflow of krypton from a conical noz-
zle with critical section 145 μm, length 5 mm, and
opening angle 10° into vacuum without condensation
at a temperature of 300 K for a pressure of 5 bar. The
calculation was carried out for a viscous heat-con-
ducting compressible gas in accordance with the
mathematical model presented in [15]. The results of
calculations of the field of temperatures and concen-
trations of krypton atoms are shown in Figs. 5 and 6.
Axis X coincides with the axis of the nozzle, and coor-
dinate R corresponds to the distance from the jet axis.

According to Figs. 5 and 6, the particle concentra-
tions reach ~10 × 1018 pieces/cm3 at a jet temperature
of ~60 K in the laser spark formation zone located at a
distance of ~0.5 mm from the nozzle exit. At the spec-
ified particle concentrations and gas temperatures,
homogeneous condensation can be observed but at a
distance of ~0.5 mm from the nozzle exit; this hardly
affects the gas-dynamic parameters of the jet.

Such nozzles are often used to create cluster beams
by condensing a gas jet as it f lows into a vacuum vol-
ume. The average size of clusters formed in such jets,
as well as some other parameters, have been studied in
many works, for example, [16–18].
 Vol. 66  No. 4  2023



708 GUSEVA et al.

Fig. 7. Schematic design of the Bosch 0 280 158 017 nozzle.
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This system for the formation of gas jets is relatively
difficult to manufacture but quite reliable in opera-
tion; it can be recommended for use in systems with a
high frequency of exciting pulses or for the formation
of cluster beams.

Pulse Liquid and Microdroplet Jets

For the system for forming a pulsed liquid jet, a
fast-acting valve was used, at the inlet of which liquid
was supplied under low pressure (~5 bar), and a baffle
with a hole of average diameter (225 μm) or a capillary
was fixed at the outlet.

Drop-liquid jets formed in the process of outflow
from a liquid through a hole (capillary) into a vacuum
generally have a complex spatial structure determined
by the thermodynamic properties and parameters of
the supplied liquid. Separately, it should be noted that
the parameters of the liquid jet also change signifi-
cantly when the jet f lows into vacuum with different
residual pressures. During the outflow, a number of
processes occur simultaneously, such as the fragmen-
tation of the liquid jet, the boiling up of the liquid in a
vacuum, and its freezing. The calculation of the struc-
ture of such a jet is very laborious and has not been
carried out. If it is necessary to carry out such calcula-
tions, one can refer to the literature on the design of
automotive injectors. Nevertheless, it can be argued
that, when a liquid jet f lows out of a hole in the baffle,
there are drops (crystals) of liquid with a density of
~1024 molecules/cm3 in the laser spark formation
zone. In the case of the outflow of a jet from capillaries
of different diameters and lengths, various liquid jets
can be obtained, up to continuous ones.

We used a Bosch 0 280 158 017 nozzle as a liquid
valve with a profiled outlet, which has four outlets with
a diameter of 225 μm. Schematically, the design of the
nozzle is shown in Fig. 7. The nozzle was controlled by
a pulse power supply with a voltage of 300 V (working
12 V). In this case, the following parameters of the
nozzle operation were determined:

1. injector opening time ~100 μs;
INSTRUMENTS AND EX
2. working pressure up to 25 bar;

3. minimum operating temperature > –20°С;

4. in the nominal mode of operation, when the gas
jet f lows into vacuum, the nozzle temperature is
~55°C and it is ~75°C when the liquid jet f lows into
vacuum.

To form a jet of liquid, one of the holes in the noz-
zle itself was used, the other three holes were sealed
with tin solder. For liquid f low measurement, distilled
water was used, and the nozzle response frequency was
10 Hz. The consumption characteristics of the nozzle
are shown in Fig. 8.

For various liquids at a pressure of 4 bar at the noz-
zle inlet, a temperature of 300 K, a frequency of 10 Hz,
and the following f low rates were obtained:
PERIMENTAL TECHNIQUES  Vol. 66  No. 4  2023
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Fig. 9. Design of the system for the formation of a pulsed gas jet.
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1. for water at the nozzle opening time of 0.9 ms,
the f low rate was 65 mL/h;

2. for isopropyl alcohol with a nozzle opening time
of 0.9 ms, the f low rate was 71 mL/h;

3. for hexane with the nozzle opening time of
0.6 ms, the f low rate was 58 mL/h;

4. for dichloromethane with a nozzle opening time
of 0.5 ms, the f low rate was 51 mL/h.

The liquid f low rate remained constant for a long
time. Changes in the f low rate with a frequency of 10–
20 min, which are so characteristic of constant liquid
jets, were not observed. In the closed state, these
valves are gas-tight, and there is practically no leakage
into the installation during the day.
INSTRUMENTS AND EXPERIMENTAL TECHNIQUES 

Fig. 10. CO2 consumption through the high-pressure inlet
system depending on the pressure at different nozzle open-
ing times.
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In the case of using extended capillaries, the latter
are soldered to the end of the nozzle. If it is necessary
to use a hole of a different diameter, all nozzle holes
are soldered, and a new hole of the required diameter
is cut in the front part of the nozzle by electroerosion.

This system for the formation of pulsed liquid and
microdroplet jets is easy to manufacture, very reliable
in operation, and can be recommended for use in lab-
oratory equipment.

Pulsed Gas and Cluster Jets

For the system for forming a pulsed gas jet, a pulse
valve was used, at the inlet to which a high gas pressure
was created (~25 bar), and conical nozzles of a large
critical section (~500 μm) were fixed at the outlet.
At such gas pressures, developed condensation is
observed at the nozzle inlet, which opens up the pos-
sibility of obtaining clusters of various sizes.

We also used a Bosch 0 280 158 017 nozzle as a gas
valve. A hole with a diameter of 1 mm was cut in the
end of the nozzle by the electroerosion method. A clip
was soldered onto the surface of the nozzle, to which,
in turn, a nozzle was soldered. To measure the f low
rates, we used a conical supersonic nozzle with a crit-
ical section of 450 μm, a length of 5 mm, and an open-
ing angle of 11°. The design of this system is shown in
Fig. 9.

We have studied the consumption of carbon diox-
ide through the system of formation of a pulsed gas jet.
CO2 consumption measurement results at room tem-
perature depending on the pressure at different nozzle
opening times are shown in Fig. 10. It can be seen that
the obtained dependences are almost linear. At high
pressures, up to 25 bar, the gas f low through the nozzle
was not measured. Additionally, the installation was
pumped out with one turbomolecular pump with a
capacity of 1000 L/s for some gases (CO2, CHF3, Kr)
at gas pressures up to 25 bar at the nozzle inlet. The
 Vol. 66  No. 4  2023
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Fig. 11. Temperature field during the outflow of a jet of krypton with gas parameters at the nozzle inlet T0 = 300 K and p0 = 25 bar
from conical nozzle to vacuum.
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Fig. 12. Field of particle concentrations during the outflow of a jet of krypton at gas parameters at the inlet to the nozzle T0 = 300 K
and p0 = 25 bar from conical nozzle to vacuum.
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level of residual pressure in the chamber during these
experiments was ~10–2 Pa.

In the closed state, these valves demonstrate a very
high gas density, and there is practically no leakage
into the installation during the day.

The calculation of the gas parameters was carried
out during the outf low of krypton from a conical noz-
zle with critical section 500 μm, length 5 mm, and
INSTRUMENTS AND EX
opening angle 8° into vacuum, taking into account
condensation at a temperature of 300 K for a pressure
of 25 bar. The calculation was carried out in accor-
dance with the mathematical model presented in [15].
The results of calculations of the field of temperatures
and concentrations of krypton atoms are shown in
Figs. 11 and 12. Axis X coincides with the axis of the
nozzle, and coordinate R corresponds to the distance
from the jet axis.
PERIMENTAL TECHNIQUES  Vol. 66  No. 4  2023
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According to Figs. 11 and 12, a particle concentra-
tion of ~5.0 × 1019 pieces/cm3 at a temperature of
~80 K is observed in the zone of laser spark formation
at a distance of ~0.5 mm from the nozzle exit. With the
above gas parameters, developed condensation will be
observed at the nozzle inlet, which leads to a local
increase in temperature at the nozzle outlet and sig-
nificantly changes the gas-dynamic parameters of the
jet. However, the effect of condensation has not yet
been sufficiently studied, and thus this calculation can
only be used as a guideline.

The described formation system of a pulsed gas jet
is easily manufactured, very reliable in operation, and
can be recommended for use in laboratory equipment.

CONCLUSIONS

Various low-flow gas and liquid jet-formation sys-
tems have been developed, manufactured and tested
for use in LPS. The costs of the proposed target-for-
mation systems have been studied and the features of
various systems have been studied.

For use in laboratory practice, it is possible to rec-
ommend the use of pulsed liquid and gas systems as
the most simple, technological, and convenient.
In the case of using LPS with continuous laser pump-
ing or upon excitation by particle beams, it is possible
to use sources of a continuous gas jet using nozzles
with a small critical section, but the manufacture of
these nozzles is quite laborious. The use of sources
with a continuous liquid jet is almost impossible.
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