
Abstract. A theoretical and experimental investigation was
made of the temporal and spectral characteristics of a tun-
able LiF crystal laser with F ÿ2 colour centres. The temporal
profiles of the output pulses overlapped considerably the
pump laser pulses because of a large amplification cross
section. A study was made of the influence of a change in
the pump laser wavelength on the spectral and oscillation
characteristics of the LiF :F ÿ2 laser.

1. Introduction
Tunable lasers based on LiF crystals containing F ÿ2 colour
centres (CCs) are efficient and reliable sources of tunable near-
IR (1.08 ^1.29 mm) radiation [1, 2]. These CCs have large
(�7� 10ÿ17 cm2) absorption and luminescence cross sections
[3] with the band half-width in excess of 140 nm and a small
Stokes shift (�1500 cmÿ1). Consequently, at room temper-
ature these bands overlap strongly in the region of the zero-
phonon line (1.04 mm). One of the advantages of LiF :F ÿ2
lasers is that they can be excited by neodymium lasers
whose emission wavelength lies in the region of the overlap
of the absorption and luminescence bands of the F ÿ2 CCs.

We used kinetic equations in a theoretical investigation
and also studied experimentally the temporal and spectral
characteristics of an LiF : F ÿ2 laser. Broadening of the spec-
tral range and a strong rise of the lasing efficiency as a
result of pumping with short-wavelength radiation were pre-
dicted theoretically and confirmed experimentally. A
comparison was made of the oscillation characteristics of
the LiF :F ÿ2 laser pumped by Q-switched lasers emitting at
various wavelengths: 1.064 mm (Nd3� :YAG); 1.079 mm
(Nd3� : YAlO3); 1.047 mm (Nd3� : YLiF4).

2. Oscillation kinetics of the LiF :Fÿ2 laser
We shall consider kinetics of the buildup of oscillations in a
Q-switched LiF : F ÿ2 laser. We shall adopt a point model in
which the population inversion and the output and pump
radiation intensities in the active element are described by
quantities averaged over the cavity length and over a trans-
verse coordinate [4]. Excitation of the F ÿ2 CCs by pump
radiation can be described by the following model [1]. The
pump radiation absorbed in a wide spectral band transfers

CCs from the ground electronic state (1 ) to an excited
state (2 ). A strong electron ^ phonon interaction then indu-
ces rapid relaxation between vibrational sublevels in a time
interval of 10ÿ12 ^ 10ÿ13 s and this is followed by radiative
relaxation from the upper electronic state (2!1 ) as a result
of stimulated and spontaneous emission processes. The
room-temperature lifetime t2 of the F ÿ2 CCs in the excited
state is 55 ns. Since the nonradiative relaxation time is con-
siderably shorter than all the other characteristic time
constants, the distribution between the vibrational levels in
each of the electronic states can be regarded as steady.

It follows that the system can be described fully by the rate
equations for the CC concentration in the ground (N1) and
excited (N2) electronic states. Since the total concentration
of the active CCs remains constant, i.e.N1 �N2 � N, the las-
ing rate equations can be written as follows:

qN2

qt
� ÿ��s21�nL� � s12�nL��IL � �s21�np� � s12�np��Ip
� tÿ12

	
N2 � �s21�np�Ip � s12�nL�IL�N , (1)

qIL
qt
� tÿ1cav IL

�
2lN2�s21�nL� � s12�nL��

ÿ 2lNs12�nL� ÿ bact ÿ bpass
	
, (2)

where s12(np) and s12(nL) are the absorption cross sections at
the frequencies of the pump np and lasing (output) nL frequen-
cies; s21(np) and s21(nL) are the corresponding luminescence
cross sections; Ip and IL are the power densities (intensities) of
the pump and output radiations (photons cmÿ2 sÿ1) averaged
over the cavity; t2 is the excited-state lifetime; tcav is the
cavity round-trip time; l is the length of the active element;
bact � ln (1=R) are the distributed active losses; R is the
reflection coefficient of the output mirror; bpass � 2lkpass
are the passive losses in the cavity, governed primarily by
parasitic (passive) absorption (kpass) in the crystal.

Since the excited-state lifetime is considerably longer than
the duration (10 ^ 30 ns) of the pulses fromaQ-switchedpump
laser, spontaneous decay of the excited state can be ignored.
The solution of the system of equations (1), (2), valid for
pulsed nanosecond pumping, can be represented in the form
of three successive temporal stages of oscillation buildup. In
the first stage the large absorption cross section results in
bleaching of the active element at the pump laser wavelength;
in the second, the growth of oscillations is exponential; and in
the third, this growth is quasi-steady. We shall now consider
in greater detail kinetics of the growth of oscillations and the
time delay between the output and pump pulses, which is an
important characteristic of the operation of a CC laser in a
variety of applications and is governed by the total duration
of the first two oscillation-growth stages [5].
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Rapid bleaching of the operational channel of the active
element by the pump radiation occurs during the first stage.
During this stage there is as yet no growth of oscillations
and the intensity IL in Eqn (1) can be ignored. The solution
then gives the maximum saturated CC concentration in
the excited state:

N sat
2 �np� � x sat�np�N �

Ns12�np�
s21�np� � s12�np�

, (3)

where x sat(np) � s12(np)=�s21(np)� s12(np)� is the specific
concentration of the excited CCs, reached on saturation.
The parameters s12(np), s21(np), and x sat, calculated in
accordance with Refs [2, 6] for the F2-CCs in an LiF crystal,
are listed in Table 1 for several typical emission wavelengths
of pump lasers.We can see that when pumping is provided by
an Nd3� :YAP laser (lp � 1:079 mm), the fraction x sat of
the excited CCs is only 16% of the total CC concentration,
but it rises to 26% if pumping is by an Nd3� :YAG laser
(lp � 1:064 mm) and to 43% for an Nd3� :YLiF4 laser
(lp � 1:047 mm).

It follows that simple replacement of an Nd3� :YAP pump
laser with an Nd3� :YLiF4 laser, which shifts lp by just
32 nm, increases by a factor of 2.7 the saturated con-
centration of the CCs in the excited state. A further shift
of lp in the direction of shorter wavelengths towards the max-
imum absorption band (lp � 1:029 and 0.97 mm) increases
the effective concentration of the excited CCs to 62% and
97%, respectively. The pump laser wavelength thus plays
an important role in increasing the efficiency of lasers with
wide electronic ^ vibrational absorption and luminescence
bands characterised by a moderate Stokes shift.

Additional irradiation of LiF : F ÿ2 crystals does not result
in unlimited increase in the concentration of the active
centres, because when the maximum saturated F ÿ2 CC con-
centration is reached, further irradiation simply increases
the parasitic losses at the output wavelength as a result of
formation of colloidal CCs.

The duration t1 of the first stage can be estimated from the
energy and the time at which the number of the pump pho-
tons exceeds the number of the excited CCs in the
operating region of the active element under saturation con-
ditions. For a pump pulse of constant intensity Ip this time is
t1 � N sat

2 l=Ip.Growth of oscillations during the second stage
occurs at the maximum constant amplification, from the
spontaneous noise level I sp

L to an intensity IL at which the
probability of stimulated radiative transitions under the
action of the generated radiation becomes comparable with
the probability of excitation of the CCs by the pump radia-
tion. At this stage the output intensity can be found from
Eqn (2) on the assumption that N2 is constant and equal
to N sat

2 :

IL�nL, np� � I sp
L �RK 2�nL, np� exp�ÿ2lbpass��t2=tcav , (4)

where t2=tcav is the effective number of round trips through
the cavity;

K�nL, np� � expf�s21�nL� � s12�nL��N sat
2 �np�l ÿ s12�nL�Nl g

(5)

is the unsaturated gain in the active medium at the output
wavelength for a given np. It follows from expression (3) for
N sat

2 that

K�nL, np� � exp�seff�nL, np�Nl � , (6)

wheres eff (nL,np) � �s21(nL)s12(np)ÿs12(np)s21(np)�=�s21(np)�
s12(np)� is the effective lasing cross section governing the
small-signal gain at nL when the crystal is bleached by pump-
ing at np.

The spectral dependence of s eff (nL, np) on the lasing
wavelength is plotted in Fig. 1 for various pump wavelengths.
A shift of lp to shorter wavelengths increases strongly s eff

and the gain of the active medium, which makes it possible
to broaden the lasing range of LiF : F ÿ2 . At lp 9 980 nm
the value of s eff (nL, np) is extremely high, equal to s21(nL)
and independent of np. It follows from expressions (3) ^ (6)
that the oscillation-growth time during the second stage is

t2 � tcav
ln�IL�nL, np�� ÿ ln I sp

L

2Nls eff � lnRÿ bpass
. (7)

It is evident from the above formula that this time is
directly proportional to the optical length of the cavity.
An increase in the reflection coefficient of the output mirror

Table 1. Absorption and luminescence cross sections, specific concentration of excited Fÿ2 colour centres reached on saturation, and effective gain
cross section at the maximum of s eff

max of an LiF crystal pumped by lasers emitting at various wavelengths [1, 2, 6].

Pump laser l
�
mm 1017s12(np)

�
cm2 1017s12(np)

�
cm2 x sat(np) � N2

�
N 1017s eff

max(np)
�
cm2

Diode 0.95 ± 0.98 7.4 *0.2 *0.97 7.2

Yb3� : YAG 1.029 3.9 2.4 0.62 4.6

Nd3� : YLiF4 1.047 2.7 3.6 0.43 3.1

Nd3� : YAG 1.064 1.7 4.8 0.26 1.9

Nd3� : YAP 1.079 1.1 5.8 0.16 1.1
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Figure 1. Spectral dependences of the effective amplification cross sec-
tion of an LiF crystal containing F2 colour centres excited by InGaAs
(980 nm, 1 ), Yb3� :YAG (1.029 mm, 2 ), Nd3� :YLiF4 (1.047 mm, 3 ),
Nd3� :YAG (1.064 mm, 4 ), and Nd3� :YAP (1.079 mm, 5 ) pump lasers.
The horizontal dashed line represents the cavity losses assumed in the
calculations.
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increases feedback in the cavity and consequently reduces the
oscillation-growth time, whereas an increase in the passive
losses has the opposite effect.

During the third stage the oscillation process becomes
quasi-steady. Its efficiency is Z � (nL=np)�bact=(bact�
2lbpass)�(1ÿ Tp), where the first factor represents the Stokes
shift between the pump and output wavelengths, the second is
equal to the ratio of the output power to all the power emitted
at the lasing wavelength, and the third is the ratio of the
absorbed power at the pump wavelength to the pump power
incident on the active element, i.e. it determines the pump
absorption efficiency [7, 8].

This description of the quasi-steady stage ignores the
influence of the difference between the spontaneous relaxa-
tion and superradiance losses on the lasing efficiency. The
transmission Tp of the active element at the pump wavelength
can be found from the steady-state condition. The gain at the
lasing wavelength in one round trip through the cavity should
then be equal to the losses, i.e. RK 2 exp (ÿ 2bl ) � 1. The
steady-state condition and Eqn (2) can then be used to
find the average steady-state inversion in a longitudinally
pumped active element and, by substituting it in the above
expression for Z, to find the lasing efficiency during the
quasi-steady stage:

Z � nL
np

bact
bact � 2lbpass

�
1ÿ exp

�
ÿ 2Nls12�np�

� s12�np� � s21�np�
s12�nL� � s21�nL�

�bact � bpass � 2Nls12�nL��
��

. (8)

It is evident from the above expression that there are opti-
mal active losses corresponding to the maximum lasing
efficiency and that they depend on the passive losses and
on the pump absorption coefficient. Fig. 2 shows the calcu-
lated tuning curves of an LiF : F ÿ2 laser during the quasi-
steady stage, plotted for various reflection coefficients of
the output coupler when pumping was provided by an
Nd3� :YAG laser. The numerical values of the parameters
of the active element used in the calculations were those
found in real experiments (described in the following section).

It follows from Fig. 2 that there is an optimal range (10% ^
50%) of the reflection coefficient R of the output mirror
and the higher this coefficient, the wider the tuning range.
When this coefficient rises above 50%, there is a considerable
fall of the efficiency at the maximum and some broadening of
the tuning range.

Fig. 3 gives the theoretical tuning curves of an LiF : F ÿ2
laser with R � 20% excited by different pump lasers. We
can see that pumping at a shorter wavelength broadens sig-
nificantly the spectral range of lasing and increases the
efficiency. The use of an Nd3� : YLiF4 pump laser is optimal,
but it is possible that even shorter pump wavelengths would
broaden further the lasing spectrum, particularly in the direc-
tion of shorter wavelengths.

3. Results and discussion
The temporal and oscillation characteristics of an LiF : F ÿ2
laser were investigated in a selective cavity of the MALSAN-
203 laser [9], formed by a plane mirror and a diffraction
grating, the latter operating in the autocollimation regime.
In the lasing wavelength range (1.08 ^1.29 mm) a dichroic
input mirror had the reflection coefficient close to 100% and
the transmission at the pump wavelength was 90%. The
efficiency of diffraction by the grating (1200 lines mmÿ1)
in the autocollimation regime was about 20% and the zeroth
diffraction order was used to couple out radiation from the
cavity. The active element was an LiF :F ÿ2 crystal, 8 cm long
and cut at the Brewster angle. The absorption coefficient of
the F ÿ2 CCs was 0.51 cmÿ1 at the wavelength 1.064 mm. The
parasitic (passive) losses kpass at the luminescence band max-
imum were 0.024 cmÿ1. The total concentration of the F ÿ2
CCs, estimated from N � K(np)=s12(np), was 3� 1016 cmÿ3.
The pump sources were Q-switched Nd3� :YAG and
Nd3� : YLiF4 crystal lasers with an output energy up to
40 mJ per pulse of 20 ns duration. The output pulses were
detected with an LFD-2A photodiode and a Tektronix
TDS 350 oscilloscope. The temporal resolution of the system
was about 1 ns at the leading edge.

Fig. 4a shows typical pump (curve 1 ) and output (2 ^ 4 )
pulses of our tunable LiF : F ÿ2 laser pumped with the
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Figure 2. Calculated tuning curves of the lasing efficiency Z of a tuna-
ble LiF :F ÿ2 laser pumped with Nd3� :YAG laser radiation (1.064 mm),
plotted for output-coupler reflection coefficients 10% (1 ), 20% (2 ),
50% (3 ), 70% (4 ), and 90% (5 ).
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Figure 3. Calculated tuning curves of the lasing efficiency Z of an
LiF :F ÿ2 laser with an output coupler with R � 20%, pumped with
Nd3� : YLiF4 (1.047 mm, 1 ), Nd3� :YAG (1.064 mm, 2 ), and Nd3� :YAP
(1.079 mm, 3 ) lasers.
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Nd3� :YAG laser (Wp � 27 mJ). The pump radiation excited
the F ÿ2 CCs in a region of the active element with a transverse
cross section S � 0:1 cm2.The pump energy needed to bleach
the operating channel of the active element was estimated to
be 1.2 mJ. For a pump pulse shown in this figure, the first
stage of oscillation growth ended when the pump intensity
ratio was about 20% of its maximum, corresponding to about
5% of the total energy per pulse. This moment is identified by
a dashed line in Fig. 4a.

Fig. 4b shows the temporal growth of output pulses
normalised to the pump pulse intensity.The second (exponen-
tial) and third (quasi-steady) stages can be seen clearly.
The differences between the gain at various output wave-
lengths altered slightly the slope of the curves in Fig. 4b
and consequently resulted in different oscillation delays.
The experimental results on lasing kinetics were thus in qual-
itative agreement with the model based on three independent
oscillation stages.

The dependence of the time delay (t2) of the second stage
on the lasing wavelength is plotted in Fig. 5. The duration of
this stage was measured from the moment of complete
bleaching of the operating channel (dashed line in Fig. 4a)
to the moment when the output intensity reached 10% of
its maximum. These moments are identified by asterisks in
Fig. 4a. The continuous curve in Fig. 5 is the result of calcu-
lations based on formula (7) with the parameters R � 20%
and IL=I

�0�
L � 1010, for the cavity round-trip time 1.6 ns.

The shortest delay, amounting to 4 ns at the centre of the tun-
ing range, exceeded 12 ns at its ends (for wavelengths shorter
than 1.1 mm and longer than 1.21 mm). However, it should be
pointed out that the important time for efficient nonlinear
mixing of various laser frequencies was not t2, but the time
overlap of the maxima of the output and pump pulses. The
experimentally determined delay between these maxima
(open circles) was 2 ^ 8 ns in the spectral range 1.1 ^
1.21 mm,which was less than the duration of the pump pulses,
and this delay corresponded to a good temporal overlap of
these pulses with tunable output pulses.

We investigated the dependence of the oscillation delay
time on the pump energy provided by an Nd3� : YLiF4 laser
characterised by a higher gain (as pointed out above). The
pump laser energy was 34 mJ and was reduced by neutral fil-
ters. Fig. 6 gives the dependences of the delay of the output
pulses at 0.1 of the maximum intensity (black dots on a con-
tinuous curve) and at the maximum (open circles, dashed
curve), and also of the lasing efficiency at 1.14 mm on the

pump energy. The experimental curves consisted of two
main parts: the first corresponding to low pump energies
(close to the lasing threshold) and the second corresponding
to a considerable excess above the threshold. In the first part
an increase in the pump energy reduced strongly the oscilla-
tion delay from 22 to 10 ns and increased the lasing efficiency
to 20%; the active element was then bleached only at the end
of a pump pulse. In the second part of these curves the lasing
efficiency reached saturation. A small reduction in the oscil-
lation delay time (at 0.1 level) was due to a reduction in the
bleaching time of the active medium with increase in the
pump energy. The delay between the maxima of the output
and pump pulses at pump energies in excess of 4 mJwas prac-
tically constant and amounted to about 2 ns.

As shown in Fig. 1, shortening the pump wavelength
increased the effective amplification cross section in the
long-wavelength wing of the absorption band. The dashed
line in Fig. 1 is the cross section at which the gain of the active
medium became equal to the cavity losses.The replacement of
Nd3� :YAG with Nd3� : YLiF4 as the pump laser should not
only increase the efficiency of the LiF : F ÿ2 laser, but also
widen the tuning range [10]. Fig. 7 shows the tuning curves
of the LiF : F ÿ2 laser excited by these pump sources. In
both cases the energies of the pump pulses and their dura-
tions were the same and amounted to 30 mJ and 20 ns,
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Figure 4. Oscillograms of the pump (1 ) and output (2 ^ 4 ) pulses of
our tunable LiF :F ÿ2 laser at wavelengths 1.15 mm (2 ), 1.19 mm (3 ), and
1.1 mm (4 ) (a), and intensities of the output pulses normalised to the
pump pulse intensity (b). The vertical dashed line identifies the moment
of bleaching of the active element.
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Figure 5. Theoretical (curve) and experimental (points) dependences of
the oscillation growth time t2 of our LiF :F ÿ2 laser during the second
stage on the output (lasing) wavelength. The open circles represent the
experimentally determined time delay between the maxima of the out-
put and pump pulses.
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Figure 6. Pump-energy dependences of the efficiency of our tunable
LiF :F ÿ2 laser at the 1.14 mm wavelength pumped with an Nd3� : YLiF4
laser (triangles), and also of the time delay t of the output relative to the
pump pulses at 0.1 of the maximum (black dots) and at the maximum
(open circles).
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respectively. The use of the Nd3� : YLiF4 laser increased the
oscillation efficiency from 20% to 39% and broadened
the emission spectrum from 1.09 ^1.27 mm to 1.065 ^
1.29 mm. The efficiency of the LiF : F ÿ2 laser was measured
in the MALSAN-203 commercial laser head; the observed
improvement in the parameters was in good agreement
with the above analysis and indicated that a further increase
in the efficiency and also broadening of the emission spec-
trum should result from pumping with shorter
wavelengths, for example with an Yb3� :YAG laser
(lp � 1:029 mm) or an InGaAs semiconductor laser
(lp � 0:98 mm).

4. Conclusions
A theoretical analysis was made of the kinetics of growth and
of the efficiency of oscillation of an LiF : F ÿ2 laser pumped by
neodymium lasers emitting at various wavelengths. The
results of these experiments showed that, because of the
large amplification cross section, the output pulses of the
tunable LiF : F ÿ2 laser were delayed by just 2 ^ 8 ns relative
to the pump pulses, which was considerably less than the
usual pump pulse duration. This ensured a good overlap of
the output and pump pulses and efficient mixing of the out-
put and pump frequencies resulting in broadening of the
spectral tuning range of the LiF : F ÿ2 laser in the visible
and IR ranges.

An analysis of the spectral dependences showed that
one of the ways of increasing the efficiency of the tunable
MALSAN-203 LiF : F ÿ2 laser and widening its spectral range
was the use of pump sources emitting at shorter wavelengths.
For example, an Nd3� : YLiF4 crystal laser emitting at
1.047 mm increased the efficiency of the LiF : F ÿ2 laser in a
dispersive system to 40% and broadened the tuning range
to 1.07 ^1.29 mm. The results indicated a possible improve-
ment in a number of parameters of the LiF : F ÿ2 laser by
the use of an Yb3� :YAG laser (lp � 1:029 mm) or an
InGaAs semiconductor laser (lp � 0:98 mm) as the pump
sources.
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´ÇÑÓÇÕËÚÇÔÍË Ë àÍÔÒÇÓËÏÇÐÕÂÎßÐÑ ËÔÔÎÇÆÑÄÂÐÞ ÄÓÇÏÇÐÐÞÇ Ë ÔÒÇÍÕÓÂÎßÐÞÇ ØÂÓÂÍÕÇÓËÔÕËÍË ÒÇÓÇÔÕÓÂËÄÂÇÏÑÅÑ ÎÂÊÇÓÂ
ÐÂ ÍÓËÔÕÂÎÎÇ LiF Ô F ÿ2 -ÙÇÐÕÓÂÏË ÑÍÓÂÔÍË. µÔÕÂÐÑÄÎÇÐÑ, ÚÕÑ ÄÔÎÇÆÔÕÄËÇ ÃÑÎßÛÑÅÑ ÔÇÚÇÐËâ ÖÔËÎÇÐËâ ËÏÒÖÎßÔÞ ÅÇÐÇÓÂ-
ÙËË ØÑÓÑÛÑ ÒÇÓÇÍÓÞÄÂáÕÔâ ÄÑ ÄÓÇÏÇÐË Ô ËÏÒÖÎßÔÂÏË ÎÂÊÇÓÂ ÐÂÍÂÚÍË. ªÔÔÎÇÆÑÄÂÐÑ ÄÎËâÐËÇ ËÊÏÇÐÇÐËâ ÆÎËÐÞ ÄÑÎÐÞ
ÎÂÊÇÓÂ ÐÂÍÂÚÍË ÐÂ ÔÒÇÍÕÓÂÎßÐÞÇ Ë ÅÇÐÇÓÂÙËÑÐÐÞÇ ØÂÓÂÍÕÇÓËÔÕËÍË LiF:F ÿ2 -ÎÂÊÇÓÂ.

¬ÎáÚÇÄÞÇ ÔÎÑÄÂ: ÄÞØÑÆÐÞÇ ØÂÓÂÍÕÇÓËÔÕËÍË, ÕÄÇÓÆÑÕÇÎßÐÞÌ ÎÂÊÇÓ, ÙÇÐÕÓÞ ÑÍÓÂÔÍË F ÿ2 .

£ÄÇÆÇÐËÇ

±ÇÓÇÔÕÓÂËÄÂÇÏÞÇ ÎÂÊÇÓÞ ÐÂ ÑÔÐÑÄÇ ÍÓËÔÕÂÎÎÑÄ LiF Ô
F ÿ2 -ÙÇÐÕÓÂÏË ÑÍÓÂÔÍË (¸°) âÄÎâáÕÔâ à××ÇÍÕËÄÐÞÏ Ë
ÐÂÆÇÉÐÞÏ ËÔÕÑÚÐËÍÑÏ ÒÇÓÇÔÕÓÂËÄÂÇÏÑÅÑ ËÊÎÖÚÇÐËâ Ä
ÃÎËÉÐÇÏ ª¬ ÆËÂÒÂÊÑÐÇ (1.08 ë 1.29 ÏÍÏ) [1, 2]. ¿ÕË ¸°
ËÏÇáÕ ÃÑÎßÛÑÇ ÔÇÚÇÐËÇ ÒÑÅÎÑÜÇÐËâ Ë ÎáÏËÐÇÔÙÇÐÙËË
(*7.10 ë 17 ÔÏ2) [3] Ô ÒÑÎÖÛËÓËÐÑÌ ÒÑÎÑÔ ÔÄÞÛÇ 140 ÐÏ Ë
ÐÇÃÑÎßÛËÏ ÔÕÑÍÔÑÄÞÏ ÔÆÄËÅÑÏ (*1500 ÔÏë 1). £ ÓÇÊÖÎß-
ÕÂÕÇ ÒÓË ÍÑÏÐÂÕÐÑÌ ÕÇÏÒÇÓÂÕÖÓÇ àÕË ÒÑÎÑÔÞ ÔËÎßÐÑ ÒÇ-
ÓÇÍÓÞÄÂáÕÔâ Ä ÑÃÎÂÔÕË ÃÇÔ×ÑÐÑÐÐÑÌ ÎËÐËË (1.04 ÏÍÏ).
°ÆÐËÏ ËÊ ÆÑÔÕÑËÐÔÕÄ LiF:F ÿ2 -ÎÂÊÇÓÂ âÄÎâÇÕÔâ ÄÑÊÏÑÉ-
ÐÑÔÕß ËÔÒÑÎßÊÑÄÂÕß ÆÎâ ÇÅÑ ÄÑÊÃÖÉÆÇÐËâ ÐÇÑÆËÏÑÄÞÇ Îa-
ÊÇÓÞ, ÆÎËÐÂ ÄÑÎÐÞ ÅÇÐÇÓÂÙËË ÍÑÕÑÓÞØ ÒÑÒÂÆÂÇÕ Ä ÑÃ-
ÎÂÔÕß ÒÇÓÇÍÓÞÕËâ ÒÑÎÑÔ ÒÑÅÎÑÜÇÐËâ Ë ÎáÏËÐÇÔÙÇÐÙËË
F ÿ2 -¸°.

£ ÐÂÔÕÑâÜÇÌ ÓÂÃÑÕÇ ÕÇÑÓÇÕËÚÇÔÍË Ä ÓÂÏÍÂØ ÍËÐÇÕËÚÇÔ-
ÍËØ ÖÓÂÄÐÇÐËÌ Ë àÍÔÒÇÓËÏÇÐÕÂÎßÐÑ ËÔÔÎÇÆÑÄÂÐÞ ÄÓÇÏÇÐ-
ÐÞÇ Ë ÔÒÇÍÕÓÂÎßÐÞÇ ØÂÓÂÍÕÇÓËÔÕËÍË LiF:F ÿ2 -ÎÂÊÇÓÂ. ´ÇÑ-
ÓÇÕËÚÇÔÍË ÒÓÇÆÔÍÂÊÂÐÞ Ë àÍÔÒÇÓËÏÇÐÕÂÎßÐÑ ÑÃÐÂÓÖÉÇÐÞ
ÓÂÔÛËÓÇÐËÇ ÔÒÇÍÕÓÂÎßÐÑÅÑ ÆËÂÒÂÊÑÐÂ Ë ÓÇÊÍËÌ ÓÑÔÕ à×-
×ÇÍÕËÄÐÑÔÕË ÅÇÐÇÓÂÙËË ÒÓË ÐÂÍÂÚÍÇ ÍÑÓÑÕÍÑÄÑÎÐÑÄÞÏ
ËÊÎÖÚÇÐËÇÏ. ±ÓÑÄÇÆÇÐÑ ÔÓÂÄÐÇÐËÇ ÅÇÐÇÓÂÙËÑÐÐÞØ ØÂÓÂÍ-
ÕÇÓËÔÕËÍ LiF:F ÿ2 -ÎÂÊÇÓÂ ÒÓË ÄÑÊÃÖÉÆÇÐËË ÎÂÊÇÓÂÏË, ÓÂ-
ÃÑÕÂáÜËÏË Ä ÓÇÉËÏÇ ÏÑÆÖÎâÙËË ÆÑÃÓÑÕÐÑÔÕË Ô ÓÂÊÎËÚ-
ÐÞÏË ÆÎËÐÂÏË ÄÑÎÐ ÅÇÐÇÓÂÙËË, ëYAG:Nd3+-(1.064 ÏÍÏ),
YAlO3:Nd3+-(1.079 ÏÍÏ) Ë YLiF4:Nd3+-ÎÂÊÇÓÂÏË (1.047
ÏÍÏ).

1. ¥ËÐÂÏËÍÂ ÅÇÐÇÓÂÙËË LiF:F ÿ2 -ÎÂÊÇÓÂ

²ÂÔÔÏÑÕÓËÏ ÆËÐÂÏËÍÖ ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË LiF:F ÿ2 -
ÎÂÊÇÓÂ, ÓÂÃÑÕÂáÜÇÅÑ Ä ÓÇÉËÏÇ ÏÑÆÖÎâÙËË ÆÑÃÓÑÕÐÑÔÕË.
£ÑÔÒÑÎßÊÖÇÏÔâ ÕÑÚÇÚÐÑÌ ÏÑÆÇÎßá, Ä ÓÂÏÍÂØ ÍÑÕÑÓÑÌ ËÐ-
ÄÇÓÔËâ ÐÂÔÇÎÇÐÐÑÔÕË Ë ËÐÕÇÐÔËÄÐÑÔÕß ËÊÎÖÚÇÐËâ ÅÇÐÇÓÂ-
ÙËË Ë ÐÂÍÂÚÍË Ä ÂÍÕËÄÐÑÏ àÎÇÏÇÐÕÇ ÑÒËÔÞÄÂáÕÔâ ÄÇÎË-
ÚËÐÂÏË, ÖÔÓÇÆÐÇÐÐÞÏË ÒÑ ÆÎËÐÇ ÓÇÊÑÐÂÕÑÓÂ Ë ÒÑÒÇÓÇÚ-
ÐÑÌ ÍÑÑÓÆËÐÂÕÇ [4]. £ÑÊÃÖÉÆÇÐËÇ F ÿ2 -¸° ÒÑÆ ÆÇÌÔÕÄËÇÏ
ËÊÎÖÚÇÐËâ ÐÂÍÂÚÍË ÏÑÉÐÑ ÑÒËÔÂÕß ËÔØÑÆâ ËÊ ÔÎÇÆÖáÜÇÌ

ÏÑÆÇÎË [1]. ªÊÎÖÚÇÐËÇ ÐÂÍÂÚÍË, ÒÑÅÎÑÜÂÇÏÑÇ Ä ÛËÓÑÍÑÌ
ÔÒÇÍÕÓÂÎßÐÑÌ ÒÑÎÑÔÇ, ÄÞÊÞÄÂÇÕ ÒÇÓÇØÑÆ ¸° ËÊ ÑÔÐÑÄ-
ÐÑÅÑ àÎÇÍÕÓÑÐÐÑÅÑ ÔÑÔÕÑâÐËâ 1 Ä ÄÑÊÃÖÉÆÇÐÐÑÇ ÔÑÔÕÑâ-
ÐËÇ 2. ©ÂÕÇÏ ÄÔÎÇÆÔÕÄËÇ ÔËÎßÐÑÅÑ àÎÇÍÕÓÑÐ-×ÑÐÑÐÐÑÅÑ
ÄÊÂËÏÑÆÇÌÔÕÄËâ ËÏÇÇÕ ÏÇÔÕÑ ÃÞÔÕÓÂâ ÓÇÎÂÍÔÂÙËâ ÒÑ ÍÑ-
ÎÇÃÂÕÇÎßÐÞÏ ÒÑÆÖÓÑÄÐâÏ ÊÂ ÄÓÇÏâ 10 ë 12 ë 10 ë 13 Ô Ë ÆÂÎÇÇ
ë ËÊÎÖÚÂÕÇÎßÐÂâ ÓÇÎÂÍÔÂÙËâ Ô ÄÇÓØÐÇÅÑ àÎÇÍÕÓÑÐÐÑÅÑ ÔÑ-
ÔÕÑâÐËâ (2? 1), ÒÓÑËÔØÑÆâÜÂâ ÄÔÎÇÆÔÕÄËÇ ÍÂÍ ÄÞÐÖÉÆÇÐ-
ÐÑÅÑ ËÔÒÖÔÍÂÐËâ, ÕÂÍ Ë ÔÒÑÐÕÂÐÐÞØ ÒÓÑÙÇÔÔÑÄ. £ÓÇÏâ
ÉËÊÐË F ÿ2 -¸° Ä ÄÑÊÃÖÉÆÇÐÐÑÏ ÔÑÔÕÑâÐËË t2 ÒÓË ÍÑÏÐÂÕ-
ÐÑÌ ÕÇÏÒÇÓÂÕÖÓÇ ÔÑÔÕÂÄÎâÇÕ 55 ÐÔ. ±ÑÔÍÑÎßÍÖ ÄÓÇÏâ ÃÇ-
ÊÞÊÎÖÚÂÕÇÎßÐÑÌ ÓÇÎÂÍÔÂÙËË ÊÐÂÚËÕÇÎßÐÑ ÏÇÐßÛÇ ÄÔÇØ ÑÔ-
ÕÂÎßÐÞØ ØÂÓÂÍÕÇÓÐÞØ ÄÓÇÏÇÐ, ÕÑ ÓÂÔÒÓÇÆÇÎÇÐËÇ ÒÑ ÍÑÎÇ-
ÃÂÕÇÎßÐÞÏ ÒÑÆÖÓÑÄÐâÏ Ä ÍÂÉÆÑÏ àÎÇÍÕÓÑÐÐÑÏ ÔÑÔÕÑ-
âÐËË ÏÑÉÐÑ ÔÚËÕÂÕß ÔÕÂÙËÑÐÂÓÐÞÏ.

´ÂÍËÏ ÑÃÓÂÊÑÏ, ÔËÔÕÇÏÂ ÒÑÎÐÑÔÕßá ÑÒËÔÞÄÂÇÕÔâ ÃÂ-
ÎÂÐÔÐÞÏË ÖÓÂÄÐÇÐËâÏË ÆÎâ ÍÑÐÙÇÐÕÓÂÙËË ¸° Ä ÑÔÐÑÄ-
ÐÑÏ (N1 ) Ë ÄÑÊÃÖÉÆÇÐÐÑÏ (N2 ) àÎÇÍÕÓÑÐÐÞØ ÔÑÔÕÑâÐËâØ.
³ ÖÚÇÕÑÏ ÕÑÅÑ, ÚÕÑ ÒÑÎÐÂâ ÍÑÐÙÇÐÕÓÂÙËâ ÂÍÕËÄÐÞØ ¸°
ÑÔÕÂÇÕÔâ ÐÇËÊÏÇÐÐÑÌ, Õ.Ç. N1 �N2 � N; ÃÂÎÂÐÔÐÞÇ ÖÓÂÄ-
ÐÇÐËâ ÆÎâ ÎÂÊÇÓÐÑÌ ÅÇÐÇÓÂÙËË ÏÑÉÐÑ ÊÂÒËÔÂÕß Ä ÔÎÇÆÖá-
ÜÇÏ ÄËÆÇ:

qN2

qt
� ÿf�s21�ng� � s12�ng��Ig � �s21�np� � s12�np��Ip

�tÿ12 gN2 � �s21�np�Ip � s12�ng�Ig�N; (1)

qIg
qt
� tÿ1cavIgf2lN2�s21�ng� � s12�ng��

ÿ2lNs12�ng� ÿ bact ÿ bpasg; (2)

ÅÆÇ s12�np� Ë s12�ng� ë ÔÇÚÇÐËâ ÒÑÅÎÑÜÇÐËâ ÐÂ ÚÂÔÕÑÕÂØ
ËÊÎÖÚÇÐËâ ÐÂÍÂÚÍË np Ë ÅÇÐÇÓÂÙËË ng; s21�np� Ë s21�ng� ë
ÔÑÑÕÄÇÕÔÕÄÖáÜËÇ ÔÇÚÇÐËâ ÎáÏËÐÇÔÙÇÐÙËË; Ip Ë Ig ë ÖÔ-
ÓÇÆÐÇÐÐÞÇ ÒÑ ÓÇÊÑÐÂÕÑÓÖ ÒÎÑÕÐÑÔÕË ÏÑÜÐÑÔÕË ËÊÎÖÚÇ-
ÐËÌ ÐÂÍÂÚÍË Ë ÅÇÐÇÓÂÙËË Ô ÓÂÊÏÇÓÐÑÔÕßá ×ÑÕÑÐ/ÔÏ2.Ô; t2
ë ÄÓÇÏâ ÉËÊÐË ÄÑÊÃÖÉÆÇÐÐÑÅÑ ÔÑÔÕÑâÐËâ; tcav ë ÄÓÇÏâ ÑÃ-
ØÑÆÂ ËÊÎÖÚÇÐËâ ÒÑ ÓÇÊÑÐÂÕÑÓÖ; l ë ÆÎËÐÂ ÂÍÕËÄÐÑÅÑ
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àÎÇÏÇÐÕÂ; bact= ln(1/R) ë ÓÂÔÒÓÇÆÇÎÇÐÐÞÇ ÂÍÕËÄÐÞÇ ÒÑ-
ÕÇÓË; R ë ÍÑà××ËÙËÇÐÕ ÑÕÓÂÉÇÐËâ ÄÞØÑÆÐÑÅÑ ÊÇÓÍÂÎÂ;
bpas=2lkpas ë ÒÂÔÔËÄÐÞÇ ÒÑÕÇÓË Ä ÓÇÊÑÐÂÕÑÓÇ, ÍÑÕÑÓÞÇ Ä
ÑÔÐÑÄÐÑÏ ÑÒÓÇÆÇÎâáÕÔâ ÒÂÓÂÊËÕÐÞÏ ÒÑÅÎÑÜÇÐËÇÏ Ä
ÍÓËÔÕÂÎÎÇ kpas.

±ÑÔÍÑÎßÍÖ ÄÓÇÏâ ÉËÊÐË ÄÑÊÃÖÉÆÇÐÐÑÅÑ ÔÑÔÕÑâÐËâ
ÊÐÂÚËÕÇÎßÐÑ ÃÑÎßÛÇ ØÂÓÂÍÕÇÓÐÑÌ ÆÎËÕÇÎßÐÑÔÕË ËÏÒÖÎß-
ÔÑÄ ÎÂÊÇÓÂ ÐÂÍÂÚÍË, ÓÂÃÑÕÂáÜÇÅÑ Ä ÓÇÉËÏÇ ÏÑÆÖÎËÓÑ-
ÄÂÐÐÑÌ ÆÑÃÓÑÕÐÑÔÕË (10 ë 30 ÐÔ), ÕÑ ÔÒÑÐÕÂÐÐÞÏ ÓÂÔÒÂ-
ÆÑÏ ÄÑÊÃÖÉÆÇÐÐÑÅÑ ÔÑÔÕÑâÐËâ ÏÑÉÐÑ ÒÓÇÐÇÃÓÇÚß. ²ÇÛÇ-
ÐËÇ ÔËÔÕÇÏÞ ÖÓÂÄÐÇÐËÌ (1), (2) ÒÓË ËÏÒÖÎßÔÐÑÏ ÐÂÐÑ-
ÔÇÍÖÐÆÐÑÏ ÄÑÊÃÖÉÆÇÐËËÏÑÉÇÕ ÃÞÕß ÒÓÇÆÔÕÂÄÎÇÐÑ Ä ÄËÆÇ
ÕÓÇØ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÞØ ÄÓÇÏÇÐÐÞØ àÕÂÒÑÄ ÓÂÊÄËÕËâ ÅÇÐÇ-
ÓÂÙËË. ¯Â ÒÇÓÄÑÏ àÕÂÒÇ ÄÔÎÇÆÔÕÄËÇ ÃÑÎßÛÑÅÑ ÔÇÚÇÐËâ ÒÑ-
ÅÎÑÜÇÐËâ ÒÓÑËÔØÑÆËÕ ÒÓÑÔÄÇÕÎÇÐËÇ ÂÍÕËÄÐÑÅÑ àÎÇÏÇÐÕÂ
ÐÂ ÆÎËÐÇ ÄÑÎÐÞ ÎÂÊÇÓÂ ÐÂÍÂÚÍË, ÐÂ ÄÕÑÓÑÏ ËÆÇÕ àÍÔÒÑÐÇÐ-
ÙËÂÎßÐÑÇ ÓÂÊÄËÕËÇ ÅÇÐÇÓÂÙËË, ÕÓÇÕËÌ àÕÂÒ ÔÑÑÕÄÇÕÔÕÄÖÇÕ
ÍÄÂÊËÔÕÂÙËÑÐÂÓÐÑÏÖ ÓÇÉËÏÖ ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË. ²ÂÔ-
ÔÏÑÕÓËÏ ÃÑÎÇÇ ÒÑÆÓÑÃÐÑ ÆËÐÂÏËÍÖ ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË,
Â ÕÂÍÉÇ ÄÓÇÏÇÐÐÖá ÊÂÆÇÓÉÍÖ ÏÇÉÆÖ ËÏÒÖÎßÔÂÏË ÅÇÐÇÓÂ-
ÙËË Ë ÐÂÍÂÚÍË, ÍÑÕÑÓÂâ âÄÎâÇÕÔâ ÄÂÉÐÑÌ ØÂÓÂÍÕÇÓËÔÕË-
ÍÑÌ ÓÂÃÑÕÞ ÎÂÊÇÓÂ ÐÂ ¸° ÆÎâ ÓÂÊÎËÚÐÞØ ÒÓËÎÑÉÇÐËÌ Ë
ÑÒÓÇÆÇÎâÇÕÔâ ÔÖÏÏÂÓÐÑÌ ÆÎËÕÇÎßÐÑÔÕßá ÒÇÓÄÞØ ÆÄÖØ
àÕÂÒÑÄ ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË [5].

£ ÕÇÚÇÐËÇ ÒÇÓÄÑÅÑ àÕÂÒÂ ÒÓÑËÔØÑÆËÕ ÃÞÔÕÓÑÇ ÒÓÑÔÄÇÕ-
ÎÇÐËÇ ÓÂÃÑÚÇÅÑ ÍÂÐÂÎÂ ÂÍÕËÄÐÑÅÑ àÎÇÏÇÐÕÂ ÒÑÆ ÆÇÌÔÕ-
ÄËÇÏ ËÊÎÖÚÇÐËâ ÐÂÍÂÚÍË. ±ÓË àÕÑÏ ÅÇÐÇÓÂÙËâ ÇÜe ÐÇ ÖÔÒÇ-
ÄÂÇÕ ÓÂÊÄËÕßÔâ Ë ËÐÕÇÐÔËÄÐÑÔÕßá Ig Ä ÖÓÂÄÐÇÐËË (1) ÏÑÉ-
ÐÑ ÒÓÇÐÇÃÓÇÚß. £ àÕÑÏ ÔÎÖÚÂÇ ÓÇÛÇÐËÇ ÆÂÇÕ ÏÂÍÔËÏÂÎß-
ÐÖá ÐÂÔÞÜÇÐÐÖá ÍÑÐÙÇÐÕÓÂÙËá¸° Ä ÄÑÊÃÖÉÆÇÐÐÑÏ ÔÑ-
ÔÕÑâÐËË

N sat
2 �np� � x sat�np�N � Ns12�np�

s21�np� � s12�np� ; (3)

ÅÆÇ x sat�np� � s12�np�=�s21�np� � s12�np�� ë ÖÆÇÎßÐÂâ ÍÑÐ-
ÙÇÐÕÓÂÙËâ ÄÑÊÃÖÉÆÇÐÐÞØ ¸°, ÆÑÔÕËÅÂÇÏÂâ ÒÓË ÐÂÔÞÜÇ-
ÐËË. ±ÂÓÂÏÇÕÓÞ s12�np�, s21�np� Ë x sat, ÄÞÚËÔÎÇÐÐÞÇ Ä ÔÑ-
ÑÕÄÇÕÔÕÄËË Ô [2, 6] ÆÎâ F ÿ2 -¸° Ä ÍÓËÔÕÂÎÎÇ LiF ÆÎâ ÐÇÍÑ-
ÕÑÓÞØ ØÂÓÂÍÕÇÓÐÞØ ÆÎËÐ ÄÑÎÐ ËÊÎÖÚÇÐËâ ÎÂÊÇÓÑÄ ÐÂÍÂÚ-
ÍË, ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÕÂÃÎËÙÇ. £ËÆÐÑ, ÚÕÑ Ä ÔÎÖÚÂÇ ÐÂÍÂÚÍË
YAP:Nd3+-ÎÂÊÇÓÑÏ (lp=1.079 ÏÍÏ) ÆÑÎâ ÄÑÊÃÖÉÆÇÐÐÞØ
¸° x sat ÏÑÉÇÕ ÔÑÔÕÂÄÎâÕß ÎËÛß 16% ÑÃÜÇÌ ÍÑÐÙÇÐÕÓÂ-
ÙËË ¸°, ÆÎâ ÐÂÍÂÚÍË YAG:Nd3+-ÎÂÊÇÓÑÏ (lp=1.064
ÏÍÏ) ÑÐÂ ÄÑÊÓÂÔÕÂÇÕ ÆÑ 26%, Â ÆÎâ YLiF4:Nd3+-ÎÂÊÇÓÂ
(lp=1.047 ÏÍÏ) ë ÆÑ 43%.

´ÂÍËÏ ÑÃÓÂÊÑÏ, ÒÓÑÔÕÂâ ÊÂÏÇÐÂ YAP:Nd3+-ÎÂÊÇÓÂ
ÐÂÍÂÚÍË ÎÂÊÇÓÑÏ ÐÂ YLiF4:Nd3+, ÒÓËÄÑÆâÜÂâ Í ÔÆÄËÅÖ
lp ÄÔÇÅÑ ÐÂ 32 ÐÏ, ÖÄÇÎËÚËÄÂÇÕ ÐÂÔÞÜÇÐÐÖá ÍÑÐÙÇÐÕÓÂ-

ÙËá ¸° Ä ÄÑÊÃÖÉÆÇÐÐÑÏ ÔÑÔÕÑâÐËË Ä 2.7 ÓÂÊÂ. ¥ÂÎßÐÇÌ-
ÛËÌ ÔÆÄËÅ lp Ä ÍÑÓÑÕÍÑÄÑÎÐÑÄÖá ÑÃÎÂÔÕß Í ÏÂÍÔËÏÖÏÖ
ÒÑÎÑÔÞ ÒÑÅÎÑÜÇÐËâ (lp=1.029 Ë 0.97 ÏÍÏ) ÖÄÇÎËÚËÄÂÇÕ
à××ÇÍÕËÄÐÖá ÍÑÐÙÇÐÕÓÂÙËá ÄÑÊÃÖÉÆÇÐÐÞØ ¸° ÆÑ 62 Ë
97% ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ. ´ÂÍËÏ ÑÃÓÂÊÑÏ, ÄËÆÐÑ, ÚÕÑ ÆÎËÐÂ
ÄÑÎÐÞ ÎÂÊÇÓÂ ÐÂÍÂÚÍË ËÅÓÂÇÕ ÄÂÉÐÖá ÓÑÎß Ä ÒÑÄÞÛÇÐËË
à××ÇÍÕËÄÐÑÔÕË ÅÇÐÇÓÂÙËË ÎÂÊÇÓÑÄ Ô ÛËÓÑÍËÏË àÎÇÍÕ-
ÓÑÐÐÑ-ÍÑÎÇÃÂÕÇÎßÐÞÏË ÒÑÎÑÔÂÏË ÒÑÅÎÑÜÇÐËâ Ë ÎáÏË-
ÐÇÔÙÇÐÙËË ÒÓË ÖÏÇÓÇÐÐÑÏ ÔÕÑÍÔÑÄÑÏ ÔÆÄËÅÇ.

¯ÇÑÃØÑÆËÏÑ ÑÕÏÇÕËÕß, ÚÕÑ ÆÑÒÑÎÐËÕÇÎßÐÑÇ ÑÃÎÖÚÇ-
ÐËÇ ÍÓËÔÕÂÎÎÑÄ LiF Ô F ÿ2 -¸° ÐÇ ÄÇÆÇÕ Í ÐÇÑÅÓÂÐËÚÇÐÐÑÏÖ
ÒÑÄÞÛÇÐËá ÍÑÐÙÇÐÕÓÂÙËË ËØ ÂÍÕËÄÐÞØ ÙÇÐÕÓÑÄ, ÒÑ-
ÔÍÑÎßÍÖ ÒÑÔÎÇ ÆÑÔÕËÉÇÐËâ ÏÂÍÔËÏÂÎßÐÑÌ ÐÂÔÞÜÇÐÐÑÌ
ÍÑÐÙÇÐÕÓÂÙËË F ÿ2 -¸° ÆÂÎßÐÇÌÛÇÇ ÑÃÎÖÚÇÐËÇ ÄÞÊÞÄÂÇÕ
ÕÑÎßÍÑ ÓÑÔÕ ÒÂÓÂÊËÕÐÞØ ÒÑÕÇÓß ÐÂ ÆÎËÐÇ ÄÑÎÐÞ ÅÇÐÇÓÂ-
ÙËË ÊÂ ÔÚÇÕ ÑÃÓÂÊÑÄÂÐËâ ÍÑÎÎÑËÆÐÞØ ¸°.

¥ÎËÕÇÎßÐÑÔÕß ÒÇÓÄÑÅÑ àÕÂÒÂ ÅÇÐÇÓÂÙËË t1 ÏÑÉÐÑ ÑÙÇ-
ÐËÕß ÒÑ àÐÇÓÅËË Ë ÄÓÇÏÇÐË, ÍÑÅÆÂ ÚËÔÎÑ ×ÑÕÑÐÑÄ ÐÂÍÂÚÍË
ÒÓÇÄÞÔËÕ ÚËÔÎÑ ÄÑÊÃÖÉÆÇÐÐÞØ ¸° Ä ÓÂÃÑÚÇÌ ÑÃÎÂÔÕË ÂÍ-
ÕËÄÐÑÅÑ àÎÇÏÇÐÕÂ ÒÓË ÐÂÔÞÜÇÐËË. ¥Îâ ËÏÒÖÎßÔÂ ÐÂÍÂÚÍË
Ô ÒÑÔÕÑâÐÐÑÌ ËÐÕÇÐÔËÄÐÑÔÕßá Ip ÄÓÇÏâ t1 � N sat

2 l=Ip. ¯Â
ÄÕÑÓÑÏ àÕÂÒÇ ÒÓÑËÔØÑÆËÕ ÓÂÊÄËÕËÇ ÅÇÐÇÓÂÙËË ÒÓË ÏÂÍÔË-
ÏÂÎßÐÑÏ ÒÑÔÕÑâÐÐÑÏ ÖÔËÎÇÐËË ÑÕ ÖÓÑÄÐâ ÔÒÑÐÕÂÐÐÞØ
ÛÖÏÑÄ I spg ÆÑ ÕÂÍÑÌ ËÐÕÇÐÔËÄÐÑÔÕË Ig, ÒÓË ÍÑÕÑÓÑÌ ÄÇ-
ÓÑâÕÐÑÔÕß ÄÞÐÖÉÆÇÐÐÞØ ËÊÎÖÚÂÕÇÎßÐÞØ ÒÇÓÇØÑÆÑÄ ÒÑÆ
ÆÇÌÔÕÄËÇÏ ËÊÎÖÚÇÐËâ ÅÇÐÇÓÂÙËË ÔÕÂÐÑÄËÕÔâ ÔÓÂÄÐËÏÑÌ Ô
ÄÇÓÑâÕÐÑÔÕßá ÄÑÊÃÖÉÆÇÐËâ¸°ÒÑÆ ÆÇÌÔÕÄËÇÏ ËÊÎÖÚÇÐËâ
ÐÂÍÂÚÍË. ¯Â àÕÑÏ àÕÂÒÇ ËÐÕÇÐÔËÄÐÑÔÕß ÅÇÐÇÓÂÙËË ÏÑÉÐÑ
ÒÑÎÖÚËÕß ËÊ ÖÓÂÄÐÇÐËâ (2), ÒÑÎÂÅÂâ ÍÑÐÙÇÐÕÓÂÙËá N2 ÒÑ-
ÔÕÑâÐÐÑÌ Ë ÓÂÄÐÑÌ N sat

2 :

Ig�ng; np� � I spg �RK 2�ng; np� exp�ÿ2lbpas��t2=tcav ; (4)

ÅÆÇ t2=tcav ë à××ÇÍÕËÄÐÑÇ ÚËÔÎÑ ÑÃØÑÆÑÄ ÓÇÊÑÐÂÕÑÓÂ;

K�ng; np� � expf�s21�ng� � s12�ng��N sat
2 �np�lÿ s12�ng�Nlg (5)

ë ÐÇÐÂÔÞÜÇÐÐÞÌ ÍÑà××ËÙËÇÐÕ ÖÔËÎÇÐËâ Ä ÂÍÕËÄÐÑÌ ÔÓÇÆÇ
ÐÂ ÆÎËÐÇ ÄÑÎÐÞ ÅÇÐÇÓÂÙËË ÒÓË ÊÂÆÂÐÐÑÏ np. ªÔÒÑÎßÊÖâ
ÄÞÓÂÉÇÐËÇ (3) ÆÎâ N sat

2 , ÒÑÎÖÚÂÇÏ

K�ng; np� � exp�sef�ng; np�Nl�; (6)

ÅÆÇ s ef�ng; np� � �s21�ng�s12�np� ÿ s12�ng�s21�np��=�s21�np��
s12�np�� ë à××ÇÍÕËÄÐÑÇ ÔÇÚÇÐËÇ ÅÇÐÇÓÂÙËË, ÑÒÓÇÆÇÎâáÜÇÇ
ÖÔËÎÇÐËÇ ÔÎÂÃÑÅÑ ÔËÅÐÂÎÂ ÐÂ ng ÒÓË ÒÓÑÔÄÇÕÎÇÐËË ÍÓË-
ÔÕÂÎÎÂ ÐÂÍÂÚÍÑÌ Ô np.

³ÒÇÍÕÓÂÎßÐÂâ ÊÂÄËÔËÏÑÔÕß s ef�ng; np� ÑÕ ÆÎËÐÞ ÄÑÎÐÞ
ÅÇÐÇÓÂÙËË ÆÎâ ÓÂÊÎËÚÐÞØ ÆÎËÐ ÄÑÎÐ ÐÂÍÂÚÍË ÒÑÍÂÊÂÐÂ ÐÂ
ÓËÔ.1. £ËÆÐÑ, ÚÕÑ ÔÆÄËÅ lp Ä ÍÑÓÑÕÍÑÄÑÎÐÑÄÖá ÑÃÎÂÔÕß
ÒÓËÄÑÆËÕ Í ÓÇÊÍÑÏÖ ÖÄÇÎËÚÇÐËá s ef Ë ÍÑà××ËÙËÇÐÕÂ ÖÔË-
ÎÇÐËâ ÂÍÕËÄÐÑÌ ÔÓÇÆÞ, ÑÃÇÔÒÇÚËÄÂâ ÄÑÊÏÑÉÐÑÔÕß ÓÂÔÛË-
ÓÇÐËâ ÆËÂÒÂÊÑÐÂ ÅÇÐÇÓÂÙËË LiF:F ÿ2 -ÎÂÊÇÓÂ. ¥Îâ lp9 980
ÐÏ ÊÐÂÚÇÐËÇ s ef�ng; np� ÑÍÂÊÞÄÂÇÕÔâ ÒÓÇÆÇÎßÐÑ ÄÞÔÑÍËÏ,
ÔÑÄÒÂÆÂáÜËÏ Ô s21�ng� Ë ÐÇ ÊÂÄËÔâÜËÏ ÑÕ np. ªÔØÑÆâ ËÊ
×ÑÓÏÖÎ (3) ë (6) ÄÓÇÏâ ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË ÐÂ ÄÕÑÓÑÏ
àÕÂÒÇ

t2 � tcav
ln�Ig�ng; np�� ÿ ln I spg
2Nls ef � lnRÿ bpas

: (7)

ªÊ ×ÑÓÏÖÎÞ (7) ÄËÆÐÑ, ÚÕÑ ÆÎËÕÇÎßÐÑÔÕß ÓÂÊÄËÕËâ ÅÇ-
ÐÇÓÂÙËË ÐÂ àÕÑÏ ÄÓÇÏÇÐÐÑÏ ÖÚÂÔÕÍÇ ÒÓâÏÑ ÒÓÑÒÑÓÙËÑ-
ÐÂÎßÐÂ ÑÒÕËÚÇÔÍÑÌ ÆÎËÐÇ ÓÇÊÑÐÂÕÑÓÂ. µÄÇÎËÚÇÐËÇ ÍÑà×-

³ÇÚÇÐËâ ÒÑÅÎÑÜÇÐËâ Ë ÎáÏËÐÇÔÙÇÐÙËË, ÖÆÇÎßÐÂâ ÍÑÐÙÇÐÕÓÂÙËâ ÄÑÊ-

ÃÖÉÆÇÐÐÞØ F ÿ2 -¸°, ÆÑÔÕËÅÂÇÏÂâ ÒÓË ÐÂÔÞÜÇÐËË, Ë à××ÇÍÕËÄÐÑÇ ÔÇ-

ÚÇÐËÇ ÖÔËÎÇÐËâ Ä ÏÂÍÔËÏÖÏÇ s ef
max Ä ÍÓËÔÕÂÎÎÇ LiF ÒÓË ÄÑÊÃÖÉÆÇÐËË

ÎÂÊÇÓÂÏË ÐÂÍÂÚÍË Ô ÓÂÊÐÞÏË ÆÎËÐÂÏË ÄÑÎÐ ÅÇÐÇÓÂÙËË [1, 2, 6].

ÂÊÇÓ

ÐÂÍÂÚÍË
l (ÏÍÏ)

s12 (np)

(10 ë 17 ÔÏ2)

s21 (np)

(10 ë 17 ÔÏ2)

xsat (np)

=N2/N

s ef
max�np�

�10ÿ17 ÔÏ2)

¥ËÑÆ 0.95 ë 0.98 7.4 *0.2 *0.97 7.2

YAG:Yb3+ 1.029 3.9 2.4 0.62 4.6

YLiF4:Nd3+ 1.047 2.7 3.6 0.43 3.1

YAG:Nd3+ 1.064 1.7 4.8 0.26 1.9

YAP:Nd3+ 1.079 1.1 5.8 0.16 1.1

592 ä¬ÄÂÐÕÑÄÂâ àÎÇÍÕÓÑÐËÍÂã, 24, å 7 (1997) ´.´.¢ÂÔËÇÄ, ±.¤.©ÄÇÓÇÄ, ¡.¤.±ÂÒÂÛÄËÎË, £.£.¶ÇÆÑÓÑÄ



×ËÙËÇÐÕÂ ÑÕÓÂÉÇÐËâ ÄÞØÑÆÐÑÅÑ ÊÇÓÍÂÎÂ ÒÓËÄÑÆËÕ Í ÖÄÇ-
ÎËÚÇÐËá ÑÃÓÂÕÐÑÌ ÔÄâÊË Ä ÓÇÊÑÐÂÕÑÓÇ Ë, ÍÂÍ ÔÎÇÆÔÕÄËÇ, Í
ÖÏÇÐßÛÇÐËá ÄÓÇÏÇÐË ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË, ÕÑÅÆÂ ÍÂÍ ÓÑÔÕ
ÒÂÔÔËÄÐÞØ ÒÑÕÇÓß ÆÂÇÕ ÒÓÑÕËÄÑÒÑÎÑÉÐÞÌ ÓÇÊÖÎßÕÂÕ.

¯Â ÕÓÇÕßÇÏ àÕÂÒÇ ÅÇÐÇÓÂÙËâ ÄÞØÑÆËÕ ÐÂ ÍÄÂÊËÔÕÂÙËÑ-
ÐÂÓÐÞÌ ÓÇÉËÏ. ¦Ç à××ÇÍÕËÄÐÑÔÕß Z � �ng=np��bact=�bact�
2lbpas���1ÿ Tp�, ÅÆÇ ÒÇÓÄÞÌ ÏÐÑÉËÕÇÎß ØÂÓÂÍÕÇÓËÊÖÇÕ
cÕÑÍÔÑÄ ÔÆÄËÅ ÏÇÉÆÖ ÆÎËÐÑÌ ÄÑÎÐÞ ÐÂÍÂÚÍË Ë ÅÇÐÇÓÂÙËË,
ÄÕÑÓÑÌ ÓÂÄÐâÇÕÔâ ÑÕÐÑÛÇÐËá ÄÞØÑÆÐÑÌ ÏÑÜÐÑÔÕË ËÊÎÖ-
ÚÇÐËâ ÍÑ ÄÔÇÌ ËÊÎÖÚÇÐÐÑÌ ÏÑÜÐÑÔÕË ÐÂ ÆÎËÐÇ ÄÑÎÐÞ
ÅÇÐÇÓÂÙËË, a ÕÓÇÕËÌ ë ÑÕÐÑÛÇÐËá ÒÑÅÎÑÜÇÐÐÑÌ ÏÑÜÐÑ-
ÔÕË ÐÂ ÆÎËÐÇ ÄÑÎÐÞ ÐÂÍÂÚÍË, Í ÏÑÜÐÑÔÕË ÐÂÍÂÚÍË, ÒÂÆÂ-
áÜÇÌ ÐÂ ÂÍÕËÄÐÞÌ àÎÇÏÇÐÕ, Õ.Ç. ÑÒÓÇÆÇÎâÇÕ à××ÇÍÕËÄ-
ÐÑÔÕß ÒÑÅÎÑÜÇÐËâ ÐÂÍÂÚÍË [7, 8].

±ÓË ÆÂÐÐÑÏ ÓÂÔÔÏÑÕÓÇÐËË ÍÄÂÊËÔÕÂÙËÑÐÂÓÐÑÅÑ ÓÇ-
ÉËÏÂ ÅÇÐÇÓÂÙËË ÐÇ ÖÚËÕÞÄÂÎÑÔß ÄÎËâÐËÇ ÒÑÕÇÓß, ÔÄâÊÂÐ-
ÐÞØ Ô ÒÓÑÙÇÔÔÂÏË ÔÒÑÐÕÂÐÐÑÌ ÓÇÎÂÍÔÂÙËË Ë ÔÖÒÇÓÎáÏË-
ÐÇÔÙÇÐÙËË, ÐÂ à××ÇÍÕËÄÐÑÔÕß ÅÇÐÇÓÂÙËË. ±ÓÑÒÖÔÍÂÐËÇ
ÂÍÕËÄÐÑÅÑ àÎÇÏÇÐÕÂ Tp ÐÂ ÆÎËÐÇ ÄÑÎÐÞ ÐÂÍÂÚÍË ÏÑÉÐÑ
ÑÒÓÇÆÇÎËÕß ËÊ ÖÔÎÑÄËâ ÔÕÂÙËÑÐÂÓÐÑÔÕË. £ àÕÑÏ ÔÎÖÚÂÇ
ÖÔËÎÇÐËÇ ÐÂ ÆÎËÐÇ ÄÑÎÐÞ ÅÇÐÇÓÂÙËË ÊÂ ÑÃØÑÆ ÒÑ ÓÇÊÑÐÂ-
ÕÑÓÖ ÆÑÎÉÐÑ ÓÂÄÐâÕßÔâ ÒÑÕÇÓâÏ, Õ.Ç. RK 2 exp�ÿ2bl� � 1.
£ ÓÇÊÖÎßÕÂÕÇ ÆÎâ ÒÓÑÆÑÎßÐÑÌ ÐÂÍÂÚÍË, ÄÑÔÒÑÎßÊÑÄÂÄ-
ÛËÔß ÖÔÎÑÄËÇÏ ÔÕÂÙËÑÐÂÓÐÑÔÕË, ËÊ ÖÓÂÄÐÇÐËâ (2) ÏÑÉÐÑ
ÐÂÌÕË ÖÔÓÇÆÐÇÐÐÖá ÔÕÂÙËÑÐÂÓÐÖá ËÐÄÇÓÔËá Ä ÂÍÕËÄÐÑÏ
àÎÇÏÇÐÕÇ Ë, ÒÑÆÔÕÂÄËÄ ÇÇ Ä ÒÓËÄÇÆÇÐÐÑÇ ÄÞÛÇ ÄÞÓÂÉÇÐËÇ
ÆÎâ Z, ÑÒÓÇÆÇÎËÕß à××ÇÍÕËÄÐÑÔÕß ÅÇÐÇÓÂÙËË ÐÂ ÍÄÂÊËÔÕÂ-
ÙËÑÐÂÓÐÑÏ àÕÂÒÇ ÍÂÍ

Z � ng
np

bact
bact � 2lbpas

�
1ÿ exp

�
ÿ 2Nls12�np�

� s12�np� � s21�np�
s12�ng� � s21�ng� �bact � bpas � 2Nls12�ng��

��
: (8)

ªÊ (8) ÄËÆÐÑ, ÚÕÑ ÔÖÜÇÔÕÄÖáÕ ÑÒÕËÏÂÎßÐÞÇ ÂÍÕËÄÐÞÇ
ÒÑÕÇÓË, ÔÑÑÕÄÇÕÔÕÄÖáÜËÇ ÏÂÍÔËÏÂÎßÐÑÏÖ ¬±¥ ÎÂÊÇÓÂ,
ÍÑÕÑÓÞÇ ÊÂÄËÔâÕ ÑÕ ÒÂÔÔËÄÐÞØ ÒÑÕÇÓß Ë ÍÑà××ËÙËÇÐÕÂ
ÒÑÅÎÑÜÇÐËâ ËÊÎÖÚÇÐËâ ÐÂÍÂÚÍË. ¯Â ÓËÔ.2 ÒÓÇÆÔÕÂÄÎÇÐÞ
ÓÂÔÚÇÕÐÞÇ ÒÇÓÇÔÕÓÑÇÚÐÞÇ ÍÓËÄÞÇ ÅÇÐÇÓÂÙËËLiF:F ÿ2 -ÎÂÊÇ-
ÓÂ Ä ÍÄÂÊËÔÕÂÙËÑÐÂÓÐÑÏ ÓÇÉËÏÇ ÆÎâ ÓÂÊÐÞØ ÍÑà××ËÙËÇÐ-
ÕÑÄ ÑÕÓÂÉÇÐËâ ÄÞØÑÆÐÑÅÑ ÊÇÓÍÂÎÂ ÒÓË ÐÂÍÂÚÍÇ ËÊÎÖÚÇÐË-

ÇÏ YAG:Nd3+-ÎÂÊÇÓÂ. ¹ËÔÎÇÐÐÞÇ ÊÐÂÚÇÐËâ ÒÂÓÂÏÇÕÓÑÄ
ÂÍÕËÄÐÑÅÑ àÎÇÏÇÐÕÂ, ËÔÒÑÎßÊÑÄÂÐÐÞÇ Ä ÄÞÚËÔÎÇÐËâØ, ÔÑ-
ÑÕÄÇÕÔÕÄÑÄÂÎË ÓÇÂÎßÐÞÏ ÖÔÎÑÄËâÏ àÍÔÒÇÓËÏÇÐÕÂ (ÒÓÇÆ-
ÔÕÂÄÎÇÐÞ Ä ÔÎÇÆÖáÜÇÏ ÓÂÊÆÇÎÇ). ªÊ ÓËÔ.2 ÔÎÇÆÖÇÕ, ÚÕÑ
ÔÖÜÇÔÕÄÖÇÕ ËÐÕÇÓÄÂÎ ÑÒÕËÏÂÎßÐÞØ ÍÑà××ËÙËÇÐÕÑÄ ÑÕÓÂ-
ÉÇÐËâ ÄÞØÑÆÐÑÅÑ ÊÇÓÍÂÎÂ (10 ë 50%), ÒÓËÚÇÏ ÚÇÏ ÃÑÎßÛÇ
R, ÕÇÏ ÛËÓÇ ÑÃÎÂÔÕß ÒÇÓÇÔÕÓÑÌÍË ÅÇÐÇÓÂÙËË ÎÂÊÇÓÂ. ²ÑÔÕ
ÍÑà××ËÙËÇÐÕÂ ÑÕÓÂÉÇÐËâ ÔÄÞÛÇ 50% ÒÓËÄÑÆËÕ Í ÊÂÏÇÕ-
ÐÑÏÖ ÒÂÆÇÐËá ¬±¥ Ä ÏÂÍÔËÏÖÏÇ, ÒÓË ÐÇÍÑÕÑÓÑÏ ÓÂÔ-
ÛËÓÇÐËË ÑÃÎÂÔÕË ÒÇÓÇÔÕÓÂËÄÂÇÏÑÌ ÅÇÐÇÓÂÙËË.

¯Â ÓËÔ.3 ÒÓÇÆÔÕÂÄÎÇÐÞ ÕÇÑÓÇÕËÚÇÔÍËÇ ÒÇÓÇÔÕÓÑÇÚÐÞÇ
ÍÓËÄÞÇ ÆÎâ LiF:F ÿ2 -ÎÂÊÇÓÂ Ô R=20% ÒÓË ÄÑÊÃÖÉÆÇÐËË
ÓÂÊÐÞÏË ÎÂÊÇÓÂÏË ÐÂÍÂÚÍË. £ËÆÐÑ, ÚÕÑ ÒÓË ÐÂÍÂÚÍÇ Ô ÃÑ-
ÎÇÇ ÍÑÓÑÕÍÑÌ ÆÎËÐÑÌ ÄÑÎÐÞ ÊÂÏÇÕÐÑ ÓÂÔÛËÓâÇÕÔâ ÔÒÇÍÕ-
ÓÂÎßÐÞÌ ÆËÂÒÂÊÑÐ ÅÇÐÇÓÂÙËË Ë ÒÑÄÞÛÂÇÕÔâ ¬±¥. ªÔ-
ÒÑÎßÊÑÄÂÐËÇ YLiF4:Nd3+-ÎÂÊÇÓÂ ÑÍÂÊÞÄÂÇÕÔâ ÑÒÕËÏÂÎß-
ÐÞÏ, ØÑÕâ ÄÑÊÏÑÉÐÑ, ÚÕÑ ÒÓËÏÇÐÇÐËÇ ÇÜÇ ÃÑÎÇÇ ÍÑÓÑÕÍÑ-
ÄÑÎÐÑÄÞØ ÎÂÊÇÓÑÄ ÐÂÍÂÚÍË ÃÖÆÇÕ ÔÒÑÔÑÃÔÕÄÑÄÂÕß ÆÂÎß-
ÐÇÌÛÇÏÖ ÓÂÔÛËÓÇÐËá ÔÒÇÍÕÓÂ ÅÇÐÇÓÂÙËË, ÑÔÑÃÇÐÐÑ Ä ÍÑ-
ÓÑÕÍÑÄÑÎÐÑÄÖá ÑÃÎÂÔÕß.

s ef (10 ë 17 ÔÏ2)

6

4

2

0
1.0 1.1 1.2 l (ÏÍÏ)

1

2

3

4

5

²ËÔ.1. ³ÒÇÍÕÓÂÎßÐÂâ ÊÂÄËÔËÏÑÔÕß à××ÇÍÕËÄÐÑÅÑ ÔÇÚÇÐËâ ÖÔËÎÇÐËâ Ä
ÍÓËÔÕÂÎÎÇ LiF c F ÿ2 -¸° ÒÓË ÄÑÊÃÖÉÆÇÐËË InGaAs- (980 ÐÏ; 1),
YAG:Yb3+- (1.029 ÏÍÏ; 2), YLiF4:Nd3+- (1.047 ÏÍÏ; 3), YAG:Nd3+-
(1.064 ÏÍÏ; 4) Ë YAP:Nd3+-ÎÂÊÇÓÂÏË ÐÂÍÂÚÍË (1.079 ÏÍÏ; 5). ºÕÓË-
ØÑÄÂâ ÎËÐËâ ë ÒÑÕÇÓË Ä ÓÇÊÑÐÂÕÑÓÇ ÎÂÊÇÓÂ, ËÔÒÑÎßÊÑÄÂÐÐÞÇ Ä ÓÂÔ-
ÚÇÕÂØ.

Z

0.6

0.4

0.2

0
1.0 1.1 1.2 lg (ÏÍÏ)

2

3

4
1

5

²ËÔ.2. ²ÂÔÚÇÕÐÞÇ ÒÇÓÇÔÕÓÑÇÚÐÞÇ ÍÓËÄÞÇ ¬±¥ ÅÇÐÇÓÂÙËË Z ÒÇÓÇ-
ÔÕÓÂËÄÂÇÏÑÅÑ LiF:F ÿ2 -ÎÂÊÇÓÂ ÒÓË ÐÂÍÂÚÍÇ ËÊÎÖÚÇÐËÇÏ YAG:Nd3+-
ÎÂÊÇÓÂ (1.064ÏÍÏ) ÆÎâ ÍÑà××ËÙËÇÐÕÑÄ ÑÕÓÂÉÇÐËâ ÄÞØÑÆÐÑÅÑ ÊÇÓÍÂÎÂ
10 (1), 20 (2), 50 (3), 70 (4) Ë 90% (5).

Z

0.6

0.4

0.2

0
1.0 1.1 1.2 lg (ÏÍÏ)

1

2

3

²ËÔ.3. ²ÂÔÚÇÕÐÞÇ ÒÇÓÇÔÕÓÑÇÚÐÞÇ ÍÓËÄÞÇ ¬±¥ ÅÇÐÇÓÂÙËË Z LiF:F ÿ2 -
ÎÂÊÇÓÂ Ô ÄÞØÑÆÐÞÏ ÊÇÓÍÂÎÑÏ Ô R=20% ÒÓË ÄÑÊÃÖÉÆÇÐËË
YLiF4:Nd3+- (1.047 ÏÍÏ; 1), YAG:Nd3+- (1.064 ÏÍÏ; 2) Ë YAP:Nd3+-
ÎÂÊÇÓÂÏË (1.079 ÏÍÏ; 3).

2 ¬ÄÂÐÕÑÄÂâ àÎÇÍÕÓÑÐËÍÂ, Õ.24, å7

£ÓÇÏÇÐÐÞÇ Ë ÔÒÇÍÕÓÂÎßÐÞÇ ØÂÓÂÍÕÇÓËÔÕËÍË ÒÇÓÇÔÕÓÂËÄÂÇÏÑÅÑ ÎÂÊÇÓÂ ÐÂ ÍÓËÔÕÂÎÎÇ LiF Ô F ÿ2 -ÙÇÐÕÓÂÏË ÑÍÓÂÔÍË 593



2. ²ÇÊÖÎßÕÂÕÞ Ë ËØ ÑÃÔÖÉÆÇÐËÇ

£ÓÇÏÇÐÐÞÇ Ë ÅÇÐÇÓÂÙËÑÐÐÞÇ ØÂÓÂÍÕÇÓËÔÕËÍË LiF:F ÿ2 -
ÎÂÊÇÓÂ ËÔÔÎÇÆÑÄÂÎËÔß Ä ÔÇÎÇÍÕËÄÐÑÏ ÓÇÊÑÐÂÕÑÓÇ ÎÂÊÇÓÂ
ä®¡³¡¯-203ã [9], ÑÃÓÂÊÑÄÂÐÐÑÏ ÒÎÑÔÍËÏ ÄØÑÆÐÞÏ
ÊÇÓÍÂÎÑÏ Ë ÆË×ÓÂÍÙËÑÐÐÑÌ ÓÇÛÇÕÍÑÌ, ÍÑÕÑÓÂâ ÓÂÃÑÕÂÎÂ
Ä ÂÄÕÑÍÑÎÎËÏÂÙËÑÐÐÑÏ ÓÇÉËÏÇ. £ØÑÆÐÑÇ ÆËØÓÑËÚÐÑÇ
ÊÇÓÍÂÎÑ ËÏÇÎÑ ÍÑà××ËÙËÇÐÕ ÑÕÓÂÉÇÐËâ Ä ÑÃÎÂÔÕË ÅÇÐÇÓÂ-
ÙËË (1.08 ë 1.29 ÏÍÏ), ÃÎËÊÍËÌ Í 100%, ÒÓÑÒÖÔÍÂÐËÇ ÐÂ
ÆÎËÐÇ ÄÑÎÐÞ ÐÂÍÂÚÍË ÔÑÔÕÂÄÎâÎÑ 90%. ¿××ÇÍÕËÄÐÑÔÕß
ÆË×ÓÂÍÙËË ÓÇÛÇÕÍË (1200 ÛÕÓ./ÏÏ) Ä ÂÄÕÑÍÑÎÎËÏÂÙËÑÐ-
ÐÑÏ ÓÇÉËÏÇ ÃÞÎÂ ÑÍÑÎÑ 20%, ÐÖÎÇÄÑÌ ÒÑÓâÆÑÍ ÆË×ÓÂÍ-
ÙËË ËÔÒÑÎßÊÑÄÂÎÔâ ÆÎâ ÄÞÄÑÆÂ ËÊÎÖÚÇÐËâ ËÊ ÓÇÊÑÐÂÕÑÓÂ.
¡ÍÕËÄÐÞÌ àÎÇÏÇÐÕ ÒÓÇÆÔÕÂÄÎâÎ ÔÑÃÑÌ ÍÓËÔÕÂÎÎLiF ÔF ÿ2 -
¸°ÆÎËÐÑÌ 8 ÔÏ, ÄÞÓÇÊÂÐÐÞÌ ÒÑÆ ÖÅÎÑÏ¢ÓáÔÕÇÓÂ. ¬Ñà×-
×ËÙËÇÐÕ ÒÑÅÎÑÜÇÐËâ F ÿ2 -¸° Ä ÐÇÏ ÐÂ ÆÎËÐÇ ÄÑÎÐÞ 1.064
ÏÍÏ ÓÂÄÐâÎÔâ 0.51 ÔÏë 1.

±ÂÓÂÊËÕÐÞÇ ÒÑÕÇÓË Ä ÏÂÍÔËÏÖÏÇ ÒÑÎÑÔÞ ÎáÏËÐÇÔ-
ÙÇÐÙËË kpas ÓÂÄÐâÎËÔß 0.024 ÔÏë 1. °ÃÜÂâ ÍÑÐÙÇÐÕÓÂÙËâ
F ÿ2 -¸°, ÑÙÇÐÇÐÐÂâ ÒÑ ×ÑÓÏÖÎÇ N � K�np�=s12�np�, ÔÑÔÕÂ-
ÄËÎÂ 3.1016 ÔÏ ë 3. £ ÍÂÚÇÔÕÄÇ ËÔÕÑÚÐËÍÑÄ ÐÂÍÂÚÍË ËÔÒÑÎß-
ÊÑÄÂÎËÔß ÎÂÊÇÓÞ Ô ÂÍÕËÄÐÞÏË àÎÇÏÇÐÕÂÏË ÐÂ ÑÔÐÑÄÇ
ÍÓËÔÕÂÎÎÑÄ YAG:Nd3+ Ë YLiF4:Nd3+, ÓÂÃÑÕÂáÜËÇ Ä ÓÇ-
ÉËÏÇ ÏÑÆÖÎâÙËË ÆÑÃÓÑÕÐÑÔÕË, Ô àÐÇÓÅËÇÌ Ä ËÏÒÖÎßÔÇ ÅÇ-
ÐÇÓÂÙËË ÆÑ 40 Ï¥É Ë ÆÎËÕÇÎßÐÑÔÕßá ËÏÒÖÎßÔÑÄ 20 ÐÔ.
ªÏÒÖÎßÔÞ ÓÇÅËÔÕÓËÓÑÄÂÎËÔß ÎÂÄËÐÐÞÏ ×ÑÕÑÆËÑÆÑÏ
¶¥-2¡ Ë ÑÔÙËÎÎÑÅÓÂ×ÑÏ TÇÍÕÓÑÐËÍÔ TDS 350. £ÓÇÏÇÐ-
ÐÑÇ ÓÂÊÓÇÛÇÐËÇ ÔËÔÕÇÏÞ ÓÇÅËÔÕÓÂÙËË ÒÑ ÒÇÓÇÆÐÇÏÖ
×ÓÑÐÕÖ ÃÞÎÑ ÑÍÑÎÑ 1 ÐÔ.

¯Â ÓËÔ.4,Â ÒÑÍÂÊÂÐÞ ÕËÒËÚÐÞÇ ËÏÒÖÎßÔÞ ÐÂÍÂÚÍË (ÍÓË-
ÄÂâ 1) Ë ÅÇÐÇÓÂÙËË (2 ë 4) ÒÇÓÇÔÕÓÂËÄÂÇÏÑÅÑ LiF:F ÿ2 -ÎÂÊÇÓÂ Ô
ÐÂÍÂÚÍÑÌ YAG:Nd3+-ÎÂÊÇÓÑÏ (Wp=27 Ï¥É). ªÊÎÖÚÇÐËÇ
ÐÂÍÂÚÍË ÄÑÊÃÖÉÆÂÎÑ F ÿ2 -¸° Ä ÑÃÎÂÔÕË ÂÍÕËÄÐÑÅÑ àÎÇÏÇÐÕÂ
Ô ÒÑÒÇÓÇÚÐÞÏ ÔÇÚÇÐËÇÏ S=0.1 ÔÏ2. ±Ñ ÑÙÇÐÍÂÏ, àÐÇÓÅËâ
ÐÂÍÂÚÍË, ÐÇÑÃØÑÆËÏÂâ ÆÎâ ÒÓÑÔÄÇÕÎÇÐËâ ÓÂÃÑÚÇÅÑ ÍÂÐÂÎÂ
ÂÍÕËÄÐÑÅÑ àÎÇÏÇÐÕÂ, ÔÑÔÕÂÄËÎÂ 1.2 Ï¥É. ¥Îâ ËÏÒÖÎßÔÂ
ÐÂÍÂÚÍË ÆÂÐÐÑÌ ×ÑÓÏÞ ÒÇÓÄÞÌ àÕÂÒ ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË
ÊÂÍÂÐÚËÄÂÇÕÔâ, ÍÑÅÆÂ ËÐÕÇÐÔËÄÐÑÔÕß ÐÂÍÂÚÍË ÆÑÔÕËÅÂÇÕ
ÒÓËÏÇÓÐÑ 20% ÇÇ ÏÂÍÔËÏÂÎßÐÑÌ ÄÇÎËÚËÐÞ, ÚÕÑ ÔÑÑÕÄÇÕ-
ÔÕÄÖÇÕ ÒÓËÏÇÓÐÑ 5% ÑÃÜÇÌ àÐÇÓÅËË Ä ËÏÒÖÎßÔÇ. ¿ÕÑÕ
ÏÑÏÇÐÕ ÑÕÏÇÚÇÐ ÛÕÓËØÑÄÑÌ ÎËÐËÇÌ ÐÂ ÓËÔ.4,Â.

£ÓÇÏÇÐÐÂâ ÍÂÓÕËÐÂ ÓÂÊÄËÕËâ ËÏÒÖÎßÔÑÄ ÅÇÐÇÓÂÙËË,
ÐÑÓÏËÓÑÄÂÐÐÞØ ÒÑ ËÐÕÇÐÔËÄÐÑÔÕË ÐÂ ËÏÒÖÎßÔ ÐÂÍÂÚÍË,
ÒÑÍÂÊÂÐÂ ÐÂ ÓËÔ.4,Ã. ·ÑÓÑÛÑ ÄËÆÐÞ ÄÕÑÓÂâ Ë ÕÓÇÕßâ ÔÕÂ-
ÆËË ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË ë ÔÕÂÆËâ àÍÔÒÑÐÇÐÙËÂÎßÐÑÅÑ ÓÑÔ-
ÕÂ Ë ÍÄÂÊËÔÕÂÙËÑÐÂÓÐÂâ. ²ÂÊÎËÚËâ Ä ÍÑà××ËÙËÇÐÕÂØ ÖÔË-
ÎÇÐËâ ÐÂ ÓÂÊÐÞØ ÆÎËÐÂØ ÄÑÎÐ ÅÇÐÇÓÂÙËË ÒÓËÄÑÆâÕ Í ÐÇ-
ÃÑÎßÛÑÏÖ ËÊÏÇÐÇÐËá ÐÂÍÎÑÐÂ ÍÓËÄÞØ ÐÂ ÓËÔ.4,Ã Ë, ÔÑÑÕ-

ÄÇÕÔÕÄÇÐÐÑ, Í ÓÂÊÐÞÏ ÊÂÆÇÓÉÍÂÏ Ä ÓÂÊÄËÕËË ÅÇÐÇÓÂÙËË.
´ÂÍËÏ ÑÃÓÂÊÑÏ, àÍÔÒÇÓËÏÇÐÕÂÎßÐÞÇ ÓÇÊÖÎßÕÂÕÞ ÒÑ ÆË-
ÐÂÏËÍÇ ÎÂÊÇÓÐÑÌ ÅÇÐÇÓÂÙËË ÍÂÚÇÔÕÄÇÐÐÑ ÔÑÑÕÄÇÕÔÕÄÖáÕ
ÏÑÆÇÎË, ÑÔÐÑÄÂÐÐÑÌ ÐÂ ÓÂÔÔÏÑÕÓÇÐËË ÕÓÇØ ÐÇÊÂÄËÔËÏÞØ
àÕÂÒÑÄ ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË.

©ÂÄËÔËÏÑÔÕß ÄÓÇÏÇÐÐÑÌ ÊÂÆÇÓÉÍË ÄÕÑÓÑÅÑ àÕÂÒÂ ÓÂÊ-
ÄËÕËâ ÅÇÐÇÓÂÙËË (t2) ÑÕ ÇÇ ÆÎËÐÞ ÄÑÎÐÞ ÆÂÐÂ ÐÂ ÓËÔ.5.
¥ÎËÕÇÎßÐÑÔÕß àÕÂÒÂ ËÊÏÇÓâÎÂÔß ÑÕ ÏÑÏÇÐÕÂ ÒÑÎÐÑÅÑ ÒÓÑ-
ÔÄÇÕÎÇÐËâ ÓÂÃÑÚÇÅÑ ÍÂÐÂÎÂ (ÛÕÓËØÑÄÂâ ÎËÐËâ ÐÂ ÓËÔ.4,Â)
ÆÑ ÏÑÏÇÐÕÂ ÆÑÔÕËÉÇÐËâ ËÐÕÇÐÔËÄÐÑÔÕßá ÅÇÐÇÓÂÙËË 10%
ÑÕ ÔÄÑÇÅÑ ÏÂÍÔËÏÖÏÂ. ¿ÕË ÏÑÏÇÐÕÞ ÑÕÏÇÚÇÐÞ ÊÄÇÊÆÑÚÍÂ-
ÏË ÐÂ ÓËÔ.4,Â. ³ÒÎÑÛÐÂâ ÍÓËÄÂâ ÐÂ ÓËÔ.5 âÄÎâÇÕÔâ ÓÇÊÖÎß-
ÕÂÕÑÏ ÄÞÚËÔÎÇÐËÌ ÒÑ ×ÑÓÏÖÎÇ (7) Ô ÒÂÓÂÏÇÕÓÂÏË R=
20%, Ig=I �0�g � 1010 Ë ÄÓÇÏÇÐÇÏ ÑÃØÑÆÂ ÓÇÊÑÐÂÕÑÓÂ 1.6 ÐÔ.
£ËÆÐÑ, ÚÕÑ ÏËÐËÏÂÎßÐÂâ ÊÂÆÇÓÉÍÂ, ÓÂÄÐÂâ 4 ÐÔ Ä ÙÇÐÕÓÇ
ÆËÂÒÂÊÑÐÂ ÒÇÓÇÔÕÓÑÌÍË, ÒÓÇÄÞÛÂÇÕ 12 ÐÔ ÐÂ ÇÅÑ ÍÓÂâØ
(ÆÎâ ÆÎËÐ ÄÑÎÐ ÍÑÓÑÚÇ 1.1 ÏÍÏ Ë ÆÎËÐÇÇ 1.21 ÏÍÏ).

°ÆÐÂÍÑ ÐÇÑÃØÑÆËÏÑ ÑÕÏÇÕËÕß, ÚÕÑ ÆÎâ à××ÇÍÕËÄÐÑÅÑ
ÐÇÎËÐÇÌÐÑÅÑ ÔÏÇÛÇÐËâ ÓÂÊÎËÚÐÞØ ÎÂÊÇÓÐÞØ ÚÂÔÕÑÕ ÔÖ-
ÜÇÔÕÄÇÐÐÑ ÐÇ ÄÓÇÏâ t2, Â ÄÓÇÏÇÐÐÑÇ ÒÇÓÇÍÓÞÕËÇ ÏÂÍÔË-
ÏÖÏÑÄ ËÏÒÖÎßÔÑÄ ÅÇÐÇÓÂÙËË Ë ÐÂÍÂÚÍË. ¿ÍÔÒÇÓËÏÇÐ-
ÕÂÎßÐÑ ËÊÏÇÓÇÐÐÂâ ÊÂÆÇÓÉÍÂ ÏÇÉÆÖ àÕËÏË ÏÂÍÔËÏÖÏÂÏË
(ÔÄÇÕÎÞÇ ÕÑÚÍË) ÆÎâ ÔÒÇÍÕÓÂÎßÐÑÅÑ ÆËÂÒÂÊÑÐÂ 1.1 ë 1.21
ÏÍÏ ÐÂØÑÆËÕÔâ Ä ËÐÕÇÓÄÂÎÇ 2 ë 8 ÐÔ, ÚÕÑ ÏÇÐßÛÇ ÆÎËÕÇÎß-
ÐÑÔÕË ËÏÒÖÎßÔÂ ÐÂÍÂÚÍË Ë ÔÑÑÕÄÇÕÔÕÄÖÇÕ ÇÅÑ ØÑÓÑÛÇÏÖ
ÄÓÇÏÇÐÐÑÏÖ ÒÇÓÇÍÓÞÕËá Ô ËÏÒÖÎßÔÂÏË ÒÇÓÇÔÕÓÂËÄÂÇÏÑÌ
ÅÇÐÇÓÂÙËË.

®Þ ËÔÔÎÇÆÑÄÂÎË ÊÂÄËÔËÏÑÔÕß ÄÓÇÏÇÐË ÊÂÆÇÓÉÍË ÅÇÐÇ-
ÓÂÙËË ÑÕ àÐÇÓÅËË ÐÂÍÂÚÍË ÒÓË ÄÑÊÃÖÉÆÇÐËË YLiF4:Nd3+-
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²ËÔ.4. °ÔÙËÎÎÑÅÓÂÏÏÞ ËÏÒÖÎßÔÑÄ ÐÂÍÂÚÍË (1) Ë ÅÇÐÇÓÂÙËË (2 ë 4) ÒÇ-
ÓÇÔÕÓÂËÄÂÇÏÑÅÑ LiF:F ÿ2 -ÎÂÊÇÓÂ ÐÂ ÆÎËÐÂØ ÄÑÎÐ 1.15 (2), 1.19 (3) Ë 1.1
ÏÍÏ (4) (Â), Â ÕÂÍÉÇ ËÐÕÇÐÔËÄÐÑÔÕË ËÏÒÖÎßÔÑÄ ÅÇÐÇÓÂÙËË, ÐÑÓÏËÓÑ-
ÄÂÐÐÞÇ ÐÂ ËÐÕÇÐÔËÄÐÑÔÕß ËÏÒÖÎßÔÂ ÐÂÍÂÚÍË (Ã); ÛÕÓËØÑÄÑÌ ÎËÐËÇÌ
ÑÕÏÇÚÇÐ ÏÑÏÇÐÕ ÒÓÑÔÄÇÕÎÇÐËâ ÂÍÕËÄÐÑÅÑ àÎÇÏÇÐÕÂ.
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²ËÔ.5. ´ÇÑÓÇÕËÚÇÔÍÂâ (ÍÓËÄÂâ) Ë àÍÔÒÇÓËÏÇÐÕÂÎßÐÂâ (ÕÑÚÍË) ÊÂÄËÔË-
ÏÑÔÕË ÄÓÇÏÇÐË t2 ÓÂÊÄËÕËâ ÅÇÐÇÓÂÙËË LiF:F ÿ2 -ÎÂÊÇÓÂ ÐÂ ÄÕÑÓÑÏ àÕÂÒÇ
ÑÕ ÆÎËÐÞ ÄÑÎÐÞ ÅÇÐÇÓÂÙËË; ÔÄÇÕÎÞÇ ÕÑÚÍË ë àÍÔÒÇÓËÏÇÐÕÂÎßÐÑ
ËÊÏÇÓÇÐÐÞÇ ÄÓÇÏÇÐÐÞÇ ÊÂÆÇÓÉÍË ÏÇÉÆÖ ÏÂÍÔËÏÖÏÂÏË ËÏÒÖÎßÔÑÄ
ÅÇÐÇÓÂÙËË Ë ÐÂÍÂÚÍË.
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²ËÔ.6. ¿ÐÇÓÅÇÕËÚÇÔÍËÇ ÊÂÄËÔËÏÑÔÕË ¬±¥ ÒÇÓÇÔÕÓÂËÄÂÇÏÑÌ ÅÇÐÇÓÂ-
ÙËËLiF:F ÿ2 -ÎÂÊÇÓÂ ÐÂ ÆÎËÐÇ ÄÑÎÐÞ1.14ÏÍÏÒÓËÐÂÍÂÚÍÇYLiF4:Nd3+-
ÎÂÊÇÓÑÏ (ÕÓÇÖÅÑÎßÐËÍË), Â ÕÂÍÉÇ ÄÓÇÏÇÐÐÑÌ ÊÂÆÇÓÉÍË t ËÏÒÖÎßÔÂ
ÅÇÐÇÓÂÙËË ÒÑ ÑÕÐÑÛÇÐËá Í ÐÂÍÂÚÍÇ ÒÑ ÖÓÑÄÐá 0.1 (ÕÇÏÐÞÇ ÍÓÖÉÍË) Ë
ÒÑ ÏÂÍÔËÏÖÏÖ (ÔÄÇÕÎÞÇ ÍÓÖÉÍË).

594 ä¬ÄÂÐÕÑÄÂâ àÎÇÍÕÓÑÐËÍÂã, 24, å 7 (1997) ´.´.¢ÂÔËÇÄ, ±.¤.©ÄÇÓÇÄ, ¡.¤.±ÂÒÂÛÄËÎË, £.£.¶ÇÆÑÓÑÄ



ÎÂÊÇÓÑÏ ÐÂÍÂÚÍË, ÑÃÇÔÒÇÚËÄÂáÜËÏ, ÍÂÍ ÑÕÏÇÚÇÐÑ ÄÞÛÇ,
ÃÑÎÇÇ ÄÞÔÑÍËÌ ÍÑà××ËÙËÇÐÕ ÖÔËÎÇÐËâ. ¿ÐÇÓÅËâ ÎÂÊÇÓÂ
ÐÂÍÂÚÍË ÔÑÔÕÂÄÎâÎÂ 34 Ï¥É Ë ÑÔÎÂÃÎâÎÂÔß Ô ÒÑÏÑÜßá
ÐÇÌÕÓÂÎßÐÞØ ×ËÎßÕÓÑÄ. ¯Â ÓËÔ.6 ÒÑÍÂÊÂÐÞ ÊÂÄËÔËÏÑÔÕË
ÊÂÆÇÓÉÍË ËÏÒÖÎßÔÂ ÅÇÐÇÓÂÙËË ÒÑ ÖÓÑÄÐá 0.1 (ÕÇÏÐÞÇ
ÍÓÖÉÍË, ÔÒÎÑÛÐÂâ ÍÓËÄÂâ) Ë ÒÑ ÏÂÍÔËÏÖÏÖ (ÔÄÇÕÎÞÇ
ÍÓÖÉÍË, ÛÕÓËØÑÄÂâ ÎËÐËâ), Â ÕÂÍÉÇ à××ÇÍÕËÄÐÑÔÕË ÅÇÐÇ-
ÓÂÙËË ÐÂ ÆÎËÐÇ ÄÑÎÐÞ 1.14 ÏÍÏ ÑÕ àÐÇÓÅËË ÐÂÍÂÚÍË.

¯Â àÍÔÒÇÓËÏÇÐÕÂÎßÐÞØ ÍÓËÄÞØ ÏÑÉÐÑ ÄÞÆÇÎËÕß ÆÄÂ
ÑÔÐÑÄÐÞØ ÖÚÂÔÕÍÂ: ÒÇÓÄÞÌ ÔÑÑÕÄÇÕÔÕÄÖÇÕ ÏÂÎÑÌ àÐÇÓÅËË
ÐÂÍÂÚÍË, ÃÎËÊÍÑÌ Í ÒÑÓÑÅÖ ÅÇÐÇÓÂÙËË, ÄÕÑÓÑÌ ë ÊÐÂÚË-
ÕÇÎßÐÑÏÖ ÒÓÇÄÞÛÇÐËá ÒÑÓÑÅÂ. ¯Â ÒÇÓÄÑÏ ÖÚÂÔÕÍÇ Ô ÓÑÔ-
ÕÑÏ àÐÇÓÅËË ÐÂÍÂÚÍË ÊÂÆÇÓÉÍÂ ÅÇÐÇÓÂÙËË ÃÞÔÕÓÑ ÖÏÇÐß-
ÛÂÇÕÔâ ÑÕ 22 ÆÑ 10 ÐÔ Ë à××ÇÍÕËÄÐÑÔÕß ÅÇÐÇÓÂÙËË ÖÄÇ-
ÎËÚËÄÂÇÕÔâ ÆÑ 20%, Â ÒÓÑÔÄÇÕÎÇÐËÇ ÂÍÕËÄÐÑÌ ÔÓÇÆÞ ÒÓÑ-
ËÔØÑÆËÕ ÕÑÎßÍÑ Í ÍÑÐÙÖ ÄÑÊÃÖÉÆÂáÜÇÅÑ ËÏÒÖÎßÔÂ. ¯Â
ÄÕÑÓÑÏ ÖÚÂÔÕÍÇ ÍÓËÄÂâ à××ÇÍÕËÄÐÑÔÕË ÅÇÐÇÓÂÙËË ÄÞØÑ-
ÆËÕ ÐÂ ÐÂÔÞÜÇÐËÇ. ¯ÇÃÑÎßÛÑÇ ÖÏÇÐßÛÇÐËÇ ÄÓÇÏÇÐË ÊÂ-
ÆÇÓÉÍË ÅÇÐÇÓÂÙËË (ÒÑ ÖÓÑÄÐá 0.1) ÔÄâÊÂÐÑ Ô ÖÏÇÐßÛÇ-
ÐËÇÏ ÄÓÇÏÇÐË ÒÓÑÔÄÇÕÎÇÐËâ ÂÍÕËÄÐÑÌ ÔÓÇÆÞ Ô ÖÄÇÎËÚÇ-
ÐËÇÏ àÐÇÓÅËË ÐÂÍÂÚÍË. ±ÓË àÕÑÏ ÊÂÆÇÓÉÍÂ ÏÇÉÆÖ
ÏÂÍÔËÏÖÏÂÏË ËÏÒÖÎßÔÑÄ ÅÇÐÇÓÂÙËË Ë ÐÂÍÂÚÍË ÒÓË àÐÇÓ-
ÅËË ÐÂÍÂÚÍË ÔÄÞÛÇ 4 Ï¥É ÑÔÕÂÇÕÔâ ÒÓÂÍÕËÚÇÔÍË ÒÑÔÕÑâÐ-
ÐÑÌ Ë ÔÑÔÕÂÄÎâÇÕ ÑÍÑÎÑ 2 ÐÔ.

¬ÂÍ ÒÑÍÂÊÂÐÑ ÐÂ ÓËÔ.1, ÖÍÑÓÑÚÇÐËÇ ÆÎËÐÞ ÄÑÎÐÞ ÐÂ-
ÍÂÚÍË ÐÂ ÆÎËÐÐÑÄÑÎÐÑÄÑÏ ÍÓÞÎÇ ÎËÐËË ÒÑÅÎÑÜÇÐËâ ÒÓË-
ÄÑÆËÕ Í ÖÄÇÎËÚÇÐËá à××ÇÍÕËÄÐÑÅÑ ÔÇÚÇÐËâ ÖÔËÎÇÐËâ.
ºÕÓËØÑÄÑÌ ÎËÐËÇÌ ÒÑÍÂÊÂÐÑ ÔÇÚÇÐËÇ, ÒÓË ÍÑÕÑÓÑÏ ÍÑ-
à××ËÙËÇÐÕ ÖÔËÎÇÐËâ Ä ÂÍÕËÄÐÑÌ ÔÓÇÆÇ ÔÕÂÐÑÄËÕÔâ ÓÂÄ-
ÐÞÏ ÒÑÕÇÓâÏ ËÔÒÑÎßÊÑÄÂÐÐÑÅÑ ÓÇÊÑÐÂÕÑÓÂ. £ËÆÐÑ, ÚÕÑ
ÊÂÏÇÐÂ YAG:Nd3+-ÎÂÊÇÓÂ ÐÂÍÂÚÍË ÐÂ YLiF4:Nd3+-ÎÂÊÇÓ
ÆÑÎÉÐÂ ÒÓËÄÑÆËÕß ÐÇ ÕÑÎßÍÑ Í ÖÄÇÎËÚÇÐËá à××ÇÍÕËÄÐÑ-
ÔÕË LiF:F ÿ2 -ÎÂÊÇÓÂ, ÐÑ Ë Í ÓÂÔÛËÓÇÐËá ÆËÂÒÂÊÑÐÂ ÒÇÓÇÔÕ-
ÓÑÌÍË [10].

¯Â ÓËÔ.7 ÆÂÐÞ ÒÇÓÇÔÕÓÑÇÚÐÞÇ ÍÓËÄÞÇ LiF:F ÿ2 -ÎÂÊÇÓÂ
ÒÓË ÄÑÊÃÖÉÆÇÐËË àÕËÏË ËÔÕÑÚÐËÍÂÏË ÐÂÍÂÚÍË. £ ÑÃÑËØ
ÔÎÖÚÂâØ àÐÇÓÅËË ËÏÒÖÎßÔÑÄ ÐÂÍÂÚÍË Ë ËØ ÆÎËÕÇÎßÐÑÔÕË
ÃÞÎË ÑÆËÐÂÍÑÄÞÏË Ë ÔÑÔÕÂÄÎâÎË 30 Ï¥É Ë 20 ÐÔ ÔÑÑÕÄÇÕ-
ÔÕÄÇÐÐÑ. £ËÆÐÑ, ÚÕÑ ÒÇÓÇØÑÆ Í YLiF4:Nd3+-ÎÂÊÇÓÖ ÐÂÍÂÚ-
ÍË ÒÓËÄÑÆËÕ Í ÖÄÇÎËÚÇÐËá à××ÇÍÕËÄÐÑÔÕË ÅÇÐÇÓÂÙËË ÑÕ
20 ÆÑ 39% Ë Í ÓÂÔÛËÓÇÐËá ÔÒÇÍÕÓÂ ÅÇÐÇÓÂÙËË ÑÕ 1.09 ë
1.27 ÏÍÏ ÆÑ 1.065 ë 1.29 ÏÍÏ. ¥Îâ ËÊÏÇÓÇÐËâ à××ÇÍÕËÄ-
ÐÑÔÕË ÅÇÐÇÓÂÙËË LiF:F ÿ2 -ÎÂÊÇÓÂ ËÔÒÑÎßÊÑÄÂÎÂÔß ÔØÇÏÂ
ÍÑÏÏÇÓÚÇÔÍÑÅÑ ÎÂÊÇÓÂ ä®¡³¡¯-203ã; ÒÑÎÖÚÇÐÐÑÇ
ÖÎÖÚÛÇÐËÇ ÒÂÓÂÏÇÕÓÑÄ ØÑÓÑÛÑ ÔÑÑÕÄÇÕÔÕÄÖÇÕ ÒÓÑÄÇÆÇÐ-
ÐÑÏÖ ÄÞÛÇ ÂÐÂÎËÊÖ Ë ÒÑÊÄÑÎâÇÕ ÒÓÇÆÔÍÂÊÂÕß ÆÂÎßÐÇÌÛÇÇ
ÒÑÄÞÛÇÐËÇ ¬±¥ Ë ÓÂÔÛËÓÇÐËÇ ÔÒÇÍÕÓÂ ÅÇÐÇÓÂÙËË ÒÓË
ÒÇÓÇØÑÆÇ Í ÃÑÎÇÇ ÍÑÓÑÕÍÑÄÑÎÐÑÄÑÌ ÐÂÍÂÚÍÇ, ÐÂÒÓËÏÇÓ Ô
ËÔÒÑÎßÊÑÄÂÐËÇÏ YAG:Yb3+-ÎÂÊÇÓÂ (lg= 1.029 ÏÍÏ) ËÎË
ÒÑÎÖÒÓÑÄÑÆÐËÍÑÄÑÅÑ InGaAs-ÎÂÊÇÓÂ (lg=0.98 ÏÍÏ ).

£ÞÄÑÆÞ

´ÇÑÓÇÕËÚÇÔÍË ÓÂÔÔÏÑÕÓÇÐÂ ÆËÐÂÏËÍÂ ÓÂÊÄËÕËâ Ë à×-
×ÇÍÕËÄÐÑÔÕß ÅÇÐÇÓÂÙËË LiF:F ÿ2 -ÎÂÊÇÓÂ ÒÑÆ ÆÇÌÔÕÄËÇÏ
ÐÂÍÂÚÍË ÐÇÑÆËÏÑÄÞÏË ÎÂÊÇÓÂÏË Ô ÓÂÊÎËÚÐÞÏË ÆÎËÐÂÏË
ÄÑÎÐ ÅÇÐÇÓÂÙËË. ²ÇÊÖÎßÕÂÕÞ ÒÓÑÄÇÆÇÐÐÞØ àÍÔÒÇÓËÏÇÐÕÑÄ
ÒÑÍÂÊÂÎË, ÚÕÑ ÃÎÂÅÑÆÂÓâ ÃÑÎßÛÑÏÖ ÔÇÚÇÐËá ÖÔËÎÇÐËâ
ËÏÒÖÎßÔÞ ÅÇÐÇÓÂÙËË ÒÇÓÇÔÕÓÂËÄÂÇÏÑÅÑ LiF:F ÿ2 -ÎÂÊÇÓÂ
ÊÂÆÇÓÉËÄÂáÕÔâ ÑÕÐÑÔËÕÇÎßÐÑ ËÏÒÖÎßÔÑÄ ÐÂÍÂÚÍË ÕÑÎßÍÑ
ÐÂ 2 ë 8 ÐÔ, ÚÕÑ ÊÐÂÚËÕÇÎßÐÑ ÏÇÐßÛÇ ÑÃÞÚÐÞØ ÆÎËÕÇÎß-
ÐÑÔÕÇÌ ËÏÒÖÎßÔÑÄ ÐÂÍÂÚÍË. ¿ÕÑ ÑÃÇÔÒÇÚËÄÂÇÕ ËØ ØÑÓÑÛÇÇ
ÄÓÇÏÇÐÐÑÇ ÒÇÓÇÍÓÞÕËÇ Ë ÒÑÊÄÑÎâÇÕ ÒÑÎÖÚÂÕß à××ÇÍÕËÄ-
ÐÑÇ ÔÏÇÛÇÐËÇ ÚÂÔÕÑÕ ÅÇÐÇÓÂÙËË Ë ÐÂÍÂÚÍË Ô ÙÇÎßá ÓÂÔ-
ÛËÓÇÐËâ ÔÒÇÍÕÓÂÎßÐÑÌ ÒÇÓÇÔÕÓÑÌÍË LiF:F ÿ2 -ÎÂÊÇÓÂ Ä ÄË-
ÆËÏÑÏ Ë ª¬ ÆËÂÒÂÊÑÐÂØ ÔÒÇÍÕÓÂ.

¡ÐÂÎËÊ ÔÒÇÍÕÓÂÎßÐÞØ ÊÂÄËÔËÏÑÔÕÇÌ ÒÑÍÂÊÂÎ, ÚÕÑ ÑÆ-
ÐËÏ ËÊ ÒÖÕÇÌ ÒÑÄÞÛÇÐËâ à××ÇÍÕËÄÐÑÔÕË ÅÇÐÇÓÂÙËË ÒÇÓÇ-
ÔÕÓÂËÄÂÇÏÑÅÑ LiF:F ÿ2 -ÎÂÊÇÓÂ ä®¡³¡¯-203ã Ë ÓÂÔÛË-
ÓÇÐËâ ÇÅÑ ÔÒÇÍÕÓÂÎßÐÑÅÑ ÆËÂÒÂÊÑÐÂ âÄÎâÇÕÔâ ËÔÒÑÎßÊÑ-
ÄÂÐËÇ ÃÑÎÇÇ ÍÑÓÑÕÍÑÄÑÎÐÑÄÞØ ËÔÕÑÚÐËÍÑÄ ÐÂÍÂÚÍË. ´ÂÍ,
ÐÂÒÓËÏÇÓ, ÎÂÊÇÓ ÐÂ ÍÓËÔÕÂÎÎÇ YLiF4:Nd3+, ÓÂÃÑÕÂáÜËÌ
ÐÂ ÆÎËÐÇ ÄÑÎÐÞ 1.047 ÏÍÏ, ÒÑÊÄÑÎâÇÕ ÖÄÇÎËÚËÕß à××ÇÍ-
ÕËÄÐÑÔÕß ÅÇÐÇÓÂÙËË LiF:F ÿ2 -ÎÂÊÇÓÂ Ä ÆËÔÒÇÓÔËÑÐÐÑÌ ÔØÇ-
ÏÇ ÆÑ 40% Ë ÓÂÔÛËÓËÕß ÆËÂÒÂÊÑÐ ÒÇÓÇÔÕÓÂËÄÂÇÏÞØ ÆÎËÐ
ÄÑÎÐ ÆÑ 1.07 ë 1.29 ÏÍÏ. ±ÑÎÖÚÇÐÐÞÇ ÓÇÊÖÎßÕÂÕÞ ÒÑÊÄÑ-
ÎâáÕ ÓÂÔÔÚËÕÞÄÂÕß ÐÂ ÖÎÖÚÛÇÐËÇ ÓâÆÂ ÒÂÓÂÏÇÕÓÑÄ
LiF:F ÿ2 -ÎÂÊÇÓÂ ÒÓË ËÔÒÑÎßÊÑÄÂÐËË YAG:Yb3+-ÎÂÊÇÓÂ (lg
=1.029 ÏÍÏ) ËÎË ÒÑÎÖÒÓÑÄÑÆÐËÍÑÄÑÅÑ InGaAs-ÎÂÊÇÓÂ
(l=0.98 ÏÍÏ) Ä ÍÂÚÇÔÕÄÇ ËÔÕÑÚÐËÍÂ ÐÂÍÂÚÍË.

²ÂÃÑÕÂ ÄÞÒÑÎÐÇÐÂ ÒÓË ÚÂÔÕËÚÐÑÌ ×ËÐÂÐÔÑÄÑÌ ÒÑÆ-
ÆÇÓÉÍÇ ¤¬¯´± ²¶ Ä ÓÂÏÍÂØ ÒÓÑÅÓÂÏÏ ä°ÒÕËÍÂ. ÂÊÇÓ-
ÐÂâ ×ËÊËÍÂã Ë ä´ÄÇÓÆÑÕÇÎßÐÞÇ ÎÂÊÇÓÞã, Â ÕÂÍÉÇ ÃÎÂÅÑ-
ÆÂÓâ ×ËÐÂÐÔËÓÑÄÂÐËá ÒÑ ÅÓÂÐÕÂÏ EPSCOR-NSF OSR-
9450570 Ë OSR-9550480).

1. Basiev T.T., Mirov S.B. Room temperature tunable color center lasers.
Laser science and technology books series (Gordon and Breach Science
Publishers/Harwood Academic Publishers, v.16, 1993).

2. GellermannW.,Muller A.,Wandt D.,Wilk S., Luty F. J. Appl. Phys.,
61, 1297 (1987).

3. ¤ÓËÅÑÓÑÄ £.¡., ®ÂÓÕÞÐÑÄËÚ ¦.¶. ±ËÔßÏÂ Ä ¨´¶, 8, 341 (1982).
4. ¹ÇÓÇÆÐËÚÇÐÍÑ °.¢., ÞÔÑÌ ¢.¤., ®ËØÂÌÎÑÄ .¬., ¬ÑÒÞÎÑÄ ³.¢.

±ÇÓÇÔÕÓÂËÄÂÇÏÞÇ ÎÂÊÇÓÞ ÐÂ ÍÓÂÔËÕÇÎâØ Ë ËØ ÒÓËÏÇÐÇÐËÇ (®.,
²ÂÆËÑ Ë ÔÄâÊß, 1991).

5. ®ÇÕÑÆÞ ÓÂÔÚÇÕÂ ÑÒÕËÚÇÔÍËØ ÍÄÂÐÕÑÄÞØ ÅÇÐÇÓÂÕÑÓÑÄ. ±ÑÆ ÓÇÆ.
¢.ª.³ÕÇÒÂÐÑÄÂ (®ËÐÔÍ, ¯ÂÖÍÂ Ë ÕÇØÐËÍÂ, 1966).

6. Lupei A., Florea V., Dascalu T., Lupei V. Optics Comms, 79, 309
(1990).

7. ¡ÐÂÐßÇÄ À.¡. °ÒÕËÚÇÔÍËÇ ÓÇÊÑÐÂÕÑÓÞ Ë ÒÓÑÃÎÇÏÞ ÓÂÔØÑÆËÏÑ-
ÔÕË ÎÂÊÇÓÐÑÅÑ ËÊÎÖÚÇÐËâ (®., ¯ÂÖÍÂ, 1979).

8. ®ÂÓÕÞÐÑÄËÚ ¦.¶., ¤ÓËÅÑÓÑÄ £.¡., ¤ÓÑÃÑÄÔÍËÌ £.¦., ®ÞÔÑÄÔÍËÌ
³.¯.¨±³, 39, å 3, 419 (1983).

9. ¢ÂÔËÇÄ ´.´., ©ÄÇÓÇÄ ±.¤., ¬ÂÓÒÖÛÍÑ ¶.£. Ë ÆÓ. ªÊÄ. ¡¯ ³³³².
CÇÓ. ×ËÊËÚ., 54, 1450 (1990).

10. ¢ÂÔËÇÄ ´.´., ©ÄÇÓÇÄ ±.¤., ®ËÓÑÄ ³.¢., ±ÂÒÂÛÄËÎË ¡.¤., ¶ÇÆÑÓÑÄ
£.£. ±ÂÕÇÐÕ ²¶ RU2023333. ¢ª,å 21, 160 (1994).

T.T.Basiev, P.G.Zverev, A.G.Papashvili, V.V.Fedorov. Temporal and
spectral characteristics of a tunable LiF : F ÿ2 colour-centre crystal laser.

A theoretical and experimental investigation was made of the
temporal and spectral characteristics of a tunable LiF crystal laser
with F ÿ2 colour centres. The temporal profiles of the output pulses
overlapped considerably the pump laser pulses because of a large
amplification cross section. A study was made of the influence of a
change in the pump laser wavelength on the spectral and oscillation
characteristics of the LiF :F ÿ2 laser.
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²ËÔ.7. ¿ÍÔÒÇÓËÏÇÐÕÂÎßÐÞÇ ÒÇÓÇÔÕÓÑÇÚÐÞÇ ÍÓËÄÞÇ LiF:F ÿ2 -ÎÂÊÇÓÂ Ä
ÑÒÕËÚÇÔÍÑÌ ÔØÇÏÇ ÎÂÊÇÓÂ ä®¡³¡¯-203ã ÒÓË ÄÑÊÃÖÉÆÇÐËË YAG:
Nd3+- (1) Ë YLiF4:Nd3+-ÎÂÊÇÓÂÏË (2).
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