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The theory of parametric amplification in the intense laser fields in
noncentrosymmetrical media in the presence of both quadratic and cubic polarization in the
constant-intensity approximation has been developed. This approximation takes into account
the reverse effect of an excited wave on exciting one and at the same time permits to take into
account the phase mismatch and damping of all the interacting waves. It is shown that the
changes of pump intensity through effects of self-phase and cross-phase influence upon
optimal phase relation between interacting waves. The conditions of compensation of
undesirable phase shifts between interacting waves have been determined, the analytical
expressions for calculation of optimal values of linear phase mismatch, lengths of
noncentrosymmetrical medium and threshold values of pump intensity are given. It is shown
that with increase of pump intensity the spatial beating period increases. Besides, at growth of
linear mismatch from zero there occurs an increase of spatial beating period first, and then
decay comes. The numerical analysis has been made of efficiency of parametric process for
KDP crystal.
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Parametric amplifiers and generators of light provide discovery and
amplification of weak optical signals. They are powerful devices for
generation of wave length tuneable of ultrashort pulses of high peak power in
a wide range. Presently, realization of this task in IR and visible ranges is
absolutely actual [1, 2]. Therefore the investigations of parametric process
accompanied by the interaction of intense laser fields present an interest. In
recent years the methods of generation and formation of light pulses of
intensities in the range of 10'*~10*° W/cm® have been elaborated what permits
to have a fresh look at the processes of interaction of laser radiation with a
substance. In particular, at spreading light waves in noncentrosymmetrical
medium at comparatively high values of pump radiation field, (beginning from

the values 10° — 10" W/cm?) effects connected with cubic nonlinearity y®
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become essential. Some authors experimentally observed an effect of cubic
nonlinearity on three frequency optical processes in noncentrosymmetrical
media [3, 4].

The principle of action of parametric transformers is based on the
regulated splitting pump frequency. With this, the condition of synchronism
being followed, pump wave energy transfers to two weak light waves which
intensify in nonlinear medium. The basic requirement for the efficient
conversion of pump frequency is fulfilment of an optimal phase relation
between waves interacting in nonlinear medium. The intensity of converted
radiation reaches maximum at coherent length of nonlinear interaction.
Therefore, for the purpose of increasing the efficiency of frequency
conversion, it is necessary to increase a coherent length. It is carried out by
compensation of undesirable phase shifts of interacting waves generated at
parametric interaction.

As it is known, the parametric processes are of threshold nature
determined by losses in a transformer. For this reason, it is expedient to
proceed such a process with account of dumping of all interacting waves in
dispersing medium. In connection with the mentioned, the task of obtaining
maximum conversion in nonlinear-optical converters of frequency and
clearing out the causes influencing its restriction, is actual [5].

The analysis of the case of phase mismatching between interacting
waves and at the same time of linear absorption existing in real optical media
can be made in the constant-intensity approximation [6]. In this
approximation, taking into account the reverse effect of excited wave on the
exciting one there are no restrictions to phases of interacting waves.

The present work developed a theory of parametric interaction of intense
pump wave with signal and idler waves in dissipative noncentrosymmetrical
media in the constant-intensity approximation. The investigation was carried
out at the different values of losses in media, phase mismatch, pump intensity
and nonlinear medium length. The threshold conditions for parametric
generation have been obtained. A comparison of the results received in the
constant-intensity approximation with the results of accurate calculation has
been carried out. The conditions of compensation of undesirable phase shifts
between interacting waves have been determined, in general case of arbitrary
noncentrosymmetrical medium there are given the analytical expressions for
the calculation of optimal values of linear phase mismatch and non-linear
medium length at which conversion efficiency in a medium with cubic
nonlinearity is maximum.

Thus, the effect of cubic polarization of medium on the efficiency of
parametric interaction of intense light waves with account for phase effects in
a medium has been considered. By the choice of optimal parameters of the
task it is possible to increase conversion efficiency. There has been carried out
the numerical calculation of nonlinear process for crystals with diverse cubic
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nonlinearity, in particular for KDP crystal and comparison of the obtained
results.

Let’s consider parametric process with high frequency pump at
frequency w; (®,=0,+®,) in a medium with quadratic and cubic

polarization where ,, are the frequencies of signal and idler waves
(w, >w,). We consider that interacting waves are spreading in a positive

direction of axis z. In this case the reduced equations of nondegenerated three

-frequency interaction of waves in dissipative dispersing medium look as [3]:
dA : . . . 2 2 2

d_zl + 0,4, =iy, 4;4; exp(—iAz) — i4, (711|A1| + 712|A2| + 713|A3| )

dA . . .
d_22+52A2 =—iy,4; 4, exp(-iAz) —id, (7’21|Al|2 +7’22|A2|2 +7’23|A3|2) (1)

dA
d_;+53A3 =—iy; 4,4, exp(—iAz) — iA, (7/31|Al|2 "‘?’32|Az|2 +733|A3|2)

where 4,, 4,, A4, are complex amplitudes of waves at the corresponding
frequencies, y,,; are nonlinear coefficients connected with quadratic
nonlinearity of medium, &, ,; are the absorption coefficients for the waves at
the frequencies o, ,; respectively, A=k; —k, -k, is phase mismatch, y,, 7,

are the coefficients connected with cubic nonlinearity of the medium. The
members with y,,, 7,,, 7;; are responsible for self-phase modulations, and

those with 7,5, 75, 713,731> ¥23» 73, fOr cross-phase modulations.

From (1) it is seen that in the presence of cubic nonlinearity of medium
side by side with coherent interactions, there also take place noncoherent
nonlinear interactions. The latter lead to nonlinear corrections to dielectric
constant. The change of phase velocities of interacting waves and absorption
on the account of these correction can essentially influence on the process of
amplification.

We decide the task in a general case, supposing that at the entrance to
nonlinear medium (z=0) there exist pump wave, signal and idler waves

A(2)= Ay, Ay (2) = Ay, 4;(2) = 43 ()

Carrying out the standard procedure of solution of the system (1) in the
constant-intensity approximation [6] 7,(z)=1,(z=0)=1,,, L,(z)=1(z=0)=1,,,
for complex amplitude of signal wave with regard to boundary conditions (2)
we obtain

B +P .
Al(z)zAm(coshqlz— L smhqlz}:xp(—g j at  p’>4q,
q

B, +P
A, (z):AlO(cosqzz— L1 sinqzzJexp(—gzj at p’<dq, 3)

q>
where
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ql2 :(p2/4—q), q22 :(q—p2/4), p=0+06,+3 +i[a]10+b120+c]30+A],
a=yn+rn+rn b=ro+trm+rn, c=r3trstrs

q=T3 —r§ +(4 +id)[52 +0; +i(e+f+A)], r; =173l Fg =715,
d=ydo+72lo +73l50s €=Vadio + Vb +¥23l30, S =13k + 7o + 733ls05
I;=AA, B =iydyAyl4y, B=[6-06-0+i(d—e—f-A)]/2.

From the equation (3) it follows that the phase of intensified wave
depends on the intensities of interacting waves. In case of powerful pump
(I'>6, A) and long lengths of interaction (¢,z>1) we’ll determine threshold
amplitude of pump (6, =9, + ;)

2

thresh __
L =—X

83 (4)

A+gl,+g,1
X{7172 _%& _\/(7172)2 -17285(A+g 1, +g2120)—(F22 +512)g32}

where gy =73+ 7 =71 & =V tVn =2 & =V +Vsn—Ns
In case of pump intensity less than 7" parametric increase is not

possible. From expressions for 74" it follows that threshold intensity of

pump increases with growth of phase mismatch and losses in the medium, it
also changes due to the members cubic by field.

The presence of the member T'; in the expression (4) reflects the fact
that in the given approximation the reverse influence of the excited wave on
exciting pump wave is considered (7, #0). The more parameter of T, the

higher is the threshold intensity of pump.
From (3) we determine the amplification of signal wave n, =1,/1,

(0, =6, +6;)

n = (cosh2 gz + |Bl + P2|2 sinh q{z/q{z)exp(—2512) , (5)
NL Y ( NL!
—i\A+A
where quzznz_rzz_ﬁA%L, A" =g L+ 8,05 + 815, P = : ;_ '

Here A" is a nonlinear phase mismatch depending on intensities of
interacting waves.

Phase shifts caused by nonlinear phase mismatch A™ depend, as it is
seen from its expression, on the levels of intensity 7,,, /,, and 7;, whereas the
linear phase mismatch A does not depend on intensities of interacting waves,
its value is constant along the whole length of nonlinear medium. At initial
moment of parametric interaction when the amplitudes of idler and signal
waves are small, their contribution to nonlinear mismatch is not great. With
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increase of the amplitudes of these waves the value of nonlinear mismatch
grows what exerts an influence on optimum phase relation.

Thus, the changes of pump intensity through the effects of self-phase and
crossphase modulations influence on optimal phase relation between
interacting waves. Changing pump intensity and nonlinear medium length as
well as the linear phase mismatch it is possible to compensate undesirable
phase shifts of interacting waves and reach the high efficiencies of parametric
conversion in the media with cubic nonlinearity.

At 6;=0, y;=0, y;;=0, (j=1+3) from (5) the expression for the

coefficient of amplification 7, in the constant-field approximation is received.

From (5) we can determine the optimal value of the linear phase
mismatch. For this, differentiating the expression for 7, with respect to A and

equating the received expression to zero it is necessary numerically to solve
the next equation:
2,
tanhg;z _ |Bl+P2| +q;” (A+ANL)
gz |B +pfa+A")-2¢12|[B, + P,

As it is seen from the obtained equation, the value of linear mismatch at which
the conversion efficiency of pump wave energy into energy of signal wave is
maximum, depends on such parameters of the task as I,,, I,,, A" and z.

(6)

The received value A, compensates nonlinear mismatch AY . Deviations

opt

from full compensation are connected with the expression |Bl + P, 2 being

before parameter sinh’ ¢/z/(¢/z)* in the equation (5). The numerical analysis
(5) displays that this deviation is 0.01.
Now, let’s determine the optimal value of nonlinear medium length.

According to (5) z,, , at which the efficiency of the process of conversion is
maximum it is determined from condition szopt =zpl2, p=12,3,...

Hence, we have for optimal length

Zow =7 P/ 2T —T2 —(A+AY)? /4. (7)

For the spatial beating period of signal wave intensity (Az) . =z, —z,; we
have

(A2) ., =7/ 2T2 T2 —(A+A¥)? /4. (8)

As it is seen from the obtained expressions, the optimal values z,, and

(Az),,. depend on pump intensity on the account of the parameters I’y and

per
A | on intensity of signal and idler waves on the account of the parameters
I; and A" . With an increase in pump intensity the spatial beating period

decreases as contribution of pump intensity 7;, in I'? is more than in AM
30 3
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(71, ~107esu, 7,,,7,; ~107"esu). With growth of linear mismatch from zero

there first takes place an increase of spatial beating period, then decay comes.

The boundaries of applicability of the constant-intensity approximation
at parametric interaction of waves in quadratic medium were determined in the
work [7] what are briefly in Appendix. A similar approach was used in [6] for
the case of the second harmonic generation.

From (3) and (5) it follows that in the noncentrosymmetrical media the
cubic nonlinearity of the medium effects the nonlinear parametric interaction.
Effects of self-phase and cross-phase modulations lead to the change of
relationship, determining the conditions of the efficient transfer of pump wave
energy to the energy of signal and idler waves. The analysis of the given

expressions showed that due to nonlinear phase mismatch A | the efficiency

of conversion process is of oscillating nature. From the expression for ¢/* it is

seen that a period of oscillations of dependence 7, on parameters of the task
(length, linear mismatch) depends on pump intensity (through the expression
for I} and through parameter g,/,, in the expression for A™) and on

intensities of signal and idler waves (through the expression for F% and on the

account of the parameters g,1,,, g,1,, in the expression for A™).

Further, there are cited the results of the numerical account of the
analytical expression (5) obtained in the constant-intensity approximation for
the coefficient of amplification 7, in a general case of arbitrary

noncentrosymmetrical medium with and without the account of cubic
nonlinearity. The influence of cubic nonlinearity on maximum efficiency of
conversion rises a great practical interest. Therefore, the curves were
calculated according to (5) at optimal parameters of the task.

The case of e-oe interaction is considered. An analysis of the parametric
process for crystal KDP in the constant-intensity approximation and
comparison of the obtained results with corresponding results of the accurate
calculation obtained at the same conditions for the given crystals [3] have been
conducted. Below, at numerical calculation of pump intensity in the absolute
electrostatic units there was taken into account the coefficient of recounting
87/ cny (ny =n(wy))

In Fig. 1 there is shown one period of oscillations for dependences of
relative value of the coefficient of amplification 7, /7, on length z of KDP

crystal calculated according (5), for the various values of pump intensity 7;,

(for 10"*W/cm? solid and dotted curves 1 are, for 2-10"°W/cm® solid and
dotted curves 2 are). The data on KDP crystal for the coefficients y,,;,

Vs 7n are taken from the work [3]. Hence g/ =2.657-10""esu,
2, =28.604-10" esu, gi”" =-26.074-10""" esu. The obtained curves have
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marked maximum that testifies to the existence of optimal length of nonlinear
medium z,, . The latter can be determined according to analytical formula (7)

got in the constant-intensity approximation, substituting the respective
parameters of the task. The optimal values of linear phase mismatch at the
given parameters correspond to all the curves. From comparison of solid

curves 1 and 2 we observe that z,, decreases with an increase in pump

intensity that agrees with formula (7). As it was expected [3], the existence of
cubic nonlinear medium leading to the nonlinear phase mismatch influences
on optimal conditions, providing the maximum efficiency of conversion. From
comparison of solid and dotted curves 1 and 2 we observe the following: In
the absence of A" the optimal value of linear phase mismatch compensates

the expression I'; —T;. For the dotted curves 1 and 2 A/T; =2.002. In the

presence of A" the optimal value of linear mismatch increases as it is
necessary to compensate emerged undesirable phase shift. For solid curve 1
the value A/T; =3.904, but for the solid curve 2 the value A/T; =4.692. This

increase in the value of optimal linear mismatch is connected with a growth of
pump intensity at transfer from curve 1 to curve 2. Thus, by changing a value of
linear mismatch it is possible to choose its optimal value that will compensate
AM . Tt will allow to obtain the high amplification of the same value what was in

absence of cubic nonlinearity.
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Fig. 1. Dependencies of amplifying coefficient 77, /7, ... (in relative units) on length z of
KDP crystal calculated in the constant-intensity approximation (curves 1-4) at
gl =2.657-10""esu, giP" =28.604-10" esu, g€’ =-26.074-107" esu,

I, =10 W/em® and &, /T; =0, calculated with taking into account(solid curves 1
and 2) and without taking into account (dotted curves 1 and 2) cubic nonlinearity of
medium for I,y /Iy, =107, 1,5 /1,y =107, A/T; =3.904 (solid curve 1), 2.002
(dotted curves 1 and 2) and 4.692 (solid curve 2).

Such dependences for KDP crystal were obtained by the authors in the

work [3] from a numerical account of the system of the reduced equations (1)
for parametric interaction in a medium with quadratic and cubic nonlinearities.
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The dependences of amplification (in relative units) 7, /7,,,., from the
given linear phase mismatch A/T are offered in Fig. 2.

I"|1r|11rr|l:(

Fig. 2. Dependencies of 77, /7, ... on a given linear mismatch for KDP crystal calculated in

the constant-intensity approximation taking into account (curves 1-4) and without
taking into account (curve 5) cubic nonlinearity of medium at

gl =2.657-10"esu,  giP" =28.604-10"esu,  gi”"=-26074-10""esu,
1,0/ 1,,=10°, L,/ 1, =107, I,, =10"> W/cm® (curve 4), 10°*W/cm® (curves 3 and
5), 10"*W/cm’ (curves 1 and 2), &, /T; =0 (curves 2-4) and 0.03 (curve 1).

The dependences are plotted for KDP crystal in the presence and absence
of cubic nonlinearity for the various pump intensities. The analysis of
behaviour of the curves at the various intensities 130 showed that at parametric
interaction the effect of cubic nonlinearity is revealed, beginning at 7, >

1012W/cm” (curves 1-4). This fact was earlier noted in the work [3] as well,
where the authors made the numerical account of the system (1). With growth
of pump intensity the optimal value of linear mismatch increases. It is
connected with the fact that increasing 7, leads to an increase in contribution

of cubic nonlinearity, i.e. A" . Hence, the value of linear mismatch A,

required for compensation of undesirable phase shifts A" increases. From
comparison of the curves 3 and 5 it is seen that in the absence of cubic

nonlinearity (curve 5) optimal phase mismatch A, ,= 0, as A in this case is

equal to zero. For each value of pump intensity it is possible to find out the

corresponding value A, by substituting in (6) the parameters of the task and

deciding numerically this equation.

Curve 1 in comparison with Curve 2 shows that the efficiency of
conversion process decreases with an increase in the given losses in the
medium from 0 to 0.03.

The case of the different noncentrosymmetrical crystals at constant
quadratic but diverse cubic nonlinearities in the medium is considered in Fig.
3.
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Fig. 3. Dependencies of 77, /7, on a given linear phase mismatch &, /I for diverse

noncentrosymmetrical crystals at 15, =10" W/em?, I,y /15, =107, I,y /1, =107",

g7 =2.657-107" esu, g&P’ =28.604-10" esu, gi”" =-26.074-107"" esu, in

case g, /gl.KDP =1 (curve 5), 10 (curve 4), 20 (curve 3), 30 (curve 2) and 40 (curve 1).

The increase of cubic nonlinearity (from curve 5 to curve 1) on the
account of pump intensity leads to the growth of optimal value of linear

mismatch A, , required for compensation of increasing A™ .

The further analysis showed that a marked maximum is observed also at
investigation of conversion efficiency on the given pump intensity. This
permits to considerably increase conversion efficiency by the choice of

optimal value of pump intensity /5, -

The threshold character of parametric interaction is clearly seen in Fig. 4.
TI 1’1] Tmax

0 0.1 02 03 04
8, /T,

Fig. 4. Dependencies of 77, /17, .., on a given losses o, /I’y for KDP crystal calculated in the
constant-intensity approximation at glK PP=2657-10"esu, gZK PP ~28604-10"esu,
2P’ =-26.074-10"  esu, 15, =10° Wiem?, I,y /15, =107, I, /15, =107"",
A/T5=3,904, I';z=8 (curve 1), 6 (curve 2) and 4 (curve 3).
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Here, the dependences of amplification 7, /#n,,,, (in relative units) on
given losses in the medium &, /T’ are provided. It is seen from behaviour of

the curves 1-3 that with an increase in the losses the efficiency of amplifier
decreases. At the values more than some critical value amplifying does not
occur, i.e. threshold regime of amplifying comes.

From comparison of the curves obtained in the present work in the
constant intensity approximation with the results of a numerical account, [3] it
follows that by choice of optimal values of the length of nonlinear medium
(see equation (7)), pump intensity, linear mismatch (see equation (6)) and with
the account of the an influence of linear losses in a medium, it is possible to
reach increasing conversion efficiency at parametric interaction in
noncentrosymmetrical media.

Thus, under nonlinear optical parametric interaction in the intensive light
waves it i1s necessary to take into consideration self-phase and cross-phase
modulations directly effecting phase relationship between interacting waves.
Investigation of parametric process in the noncentrosymmetrical media in the
constant-intensity approximation enables one to obtain the analytical
expressions of optimal parameters of the task. The threshold conditions of
amplifier have been analysed and the analytical expressions for threshold
pump intensity have been obtained.

Appendix

To determine the conditions of applicability of the constant-intensity
approximation at parametric interaction in the quadratic medium [7] the
differential equation for complex amplitude of signal wave 4,(z) should be
solved with more accuracy then it was in used constant-intensity
approximation. If in the given approximation there are no any restrictions to
the phases of interacting waves, then intensities of idler and pump waves are
considered to be constant (/,(z)=1,(z=0)=1,,, I;(z)=1;(z=0)=1;,). To
take into account the reverse reaction of excited wave to exiting one at strong
consideration, one has to pay attention to the changes of intensities 7,; from

z. For this purpose, it is necessary to take into account the following member
differing from zero in expanding intensities /,, in a Taylor’s series in the

area z=0. By solving the differential equation for 4,(z) with an account of
the subsequent members in expanding, it is possible to obtain the solution
corresponding to the second, third etc. approximations.

The solution obtained in the second approximation is expressed by the
Whittaker’s function. Using the relation between the Whittaker’s function and
degenerated hypergeometrical function it is possible to receive the final
expression for complex amplitude 4,(z) in the second approximation. The

boundaries of applicability of the constant-intensity approximation are
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determined by the comparison of the obtained solution with a solution got in
the constantintensity approximation.

Thus, at parametric amplification of waves in the quadratic nonlinearity
[4], the following applicability conditions of the constant-intensity
approximation were obtained

I} >4-2"2 .\, + A% /4. )

Where, T} =y,7,1,,. It should be noted that this condition is just at any
lengths of nonlinear medium.

In (9) by substituting A for (A+A") one can roughly estimate the

boundaries of applicability of the constant-intensity approximation in the case
considered in the present work.

In conclusion we’ll note that the developed approach can be applied also
for the other category of the nonlinear optical tasks, in particular,
nonstationary processes of spreading ultrashort light pulses [6].
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MORKOZiSIMMETRIK OLMAYAN MUHITLORDOKI INTENSIV iSIQ
SAHOLORINDO PARAMETRIK QARSILIQLI TOSIR ZAMANI FAZA
EFFEKTLORI

R.C.QASIMOVA, L.S.HACIYEVA, G.9.SOFOROVA
XULASO

Intensiv lazer saholorinde morkozisimmetrik olmayan miihitlords, verilmis intensivlik
yaxinlagmasinda, miihitdo kvadratik vo kubik polyarizasiyani nazors almaqla parametrik giic-
londirmonin nazariyyasi inkigaf etdirilmisdir. Verilmis intensivlik yaxinlagsmasi hayacanlanan
dalganin hoyacanlandiran dalgaya oks tosirini nozors alir, faza pozulmasini vo biitiin qarsiliqlt
tosirdo olan dalgalarin sénmasini eyni zamanda nazora almaga imkan verir. Gostorilmisdir ki,
0z-0ziina tosir vo carpaz qarsiliqh tosir hesabina nakacka intensivliyinin doyismasi qarsiliglt
tosirdo olan dalgalar arasinda olan optimal faza miinasibatloring tosir edir. Qarsiliqlt tosirdo
olan dalgalar arasinda arzuolunmaz faza siirligmelorinin kompensasiya sortlori miioyyen
olunmus xotti faza pozulmasinin, morkszisimmetrik olmayan miihitin uzunlugunun, nakagka
intensivliyinin astana qiymatinin optimal qiymatlorini hesablamaq ii¢iin analitik ifadslor
verilmisdir. Gostorilmisdir ki, nakagka intensivliyinin artmasi ilo faza ddyiinmalorinin periodu
artir. Xotti pozuntunun sifirdan artmasi ilo avvalca foza ddyiinmelarinin periodu artir, sonra isa
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azalir. KDP kristali {i¢iin parametrik prosesin effektivliyi odadi tohlil edilmisdir.

Acar sozlar: parametrik ¢evrilma, sabit intensivlik yaxinlagmasi, morkozi simmetrik
olmayan maddalar, giiclii sahalar.

®A30BBIE Y®PDEKTHI [IPU IAPAMETPUYECKOM B3AUMOJIEMCTBUM B
MHTEHCHUBHbBIX CBETOBBIX ITOJISIX
B HEHEHTPOCUMMETPUYHBIX CPEJAX

P.Jx. KACYMOBA, JI.C.I'AJIZKUEBA, I'' A.CA®APOBA
PE3IOME

Pa3BuTa Teopus napamMeTpuuecKoro yCHJIEHUS B MHTCHCHUBHBIX JIA3€PHBIX IIOJISIX B HeE-
LEHTPOCUMMETPUYHBIX CPEAbIX MPU HAIMYMU B Cpelie Kak KBaApaTHUYHOM, TaKk U KyOHMUHOU
MOJISIPU3AIUHN B IPUOIMKEHUH 33JaHHON WHTEHCUBHOCTH. J[aHHOE MPUOJKEHHE YIUTHIBACT
oOpaTHOE BIMSHUE BO30YXJaeMOW BOJHBI Ha BO30YXKIAIOIIYIO M TIO3BOJISIET OJTHOBPEMEHHO
yuecTh (a30BYIO0 PacCTpPOMKY M 3aTyXaHHE BCEX B3aMMOJICHCTBYIOIIMX BOJH. [loka3aHo, 4TO
M3MEHEHHs] MHTCHCHBHOCTH HakKauykd 4epe3 3(PQeKThl CaMOBO3JEHCTBUS U IEPEKPECTHOIO
B3aUMO/ICHCTBYSI BIMSIOT Ha ONTHMaJIbHOE ()a30BOE COOTHOIICHHE MEXIY B3aUMOAEHCTBYIO-
muMA BoiHaMu. OTpenerneHbl yCIOBHS KOMIICHCAIIMK HEXKEeNaTeNbHBIX (Pa30BBIX CIBUTOB
MEX1y B3aUMOJICHCTBYIOIIMMH BOJIHAMH, J1aHbl AHAJIUTUYECKUE BBIPAXKEHUS JJISl pacyeTa Oll-
THMAJIbHBIX 3HAYCHHH JTUHEHHOW (a30BOM pacCTPONKH, JITHHBI HEIIEHTPOCHMMETPUIHOM Cpe-
IIbl, TOPOrOBOrO 3HAYEHUS HMHTEHCUBHOCTH Hakauku. [loka3aHo, 4TO ¢ pOCTOM HHTEH-
CHUBHOCTH HAaKadKH MEPHOJ MPOCTPAHCTBEHHBIX OWEHUH yBENMUYMBaeTcA. Takxke C pOCTOM
JIMHEHHOW PacCTPOMKM OT HYJISl CliepBa IMPOUCXOAUT POCT MEPUOAA NPOCTPAHCTBEHHBIX Oue-
HU#, a 3ateM craf. [IpoBefeH YKCICHHBIA aHAU3 3()GEKTUBHOCTH MapaMeTPUIECKOro Ipo-
uecca s kpucramia KDP.

KiioueBble ciioBa: napaMeTpuIeCcroe npeo6pa3OBaHHe, HpI/I6J'II/I>K€HI/I€ 3aﬂaHHOI>i HUH-
TCHCUBHOCTU, HCUCHTPOCUMMETPHUYHBIC CPC/Ibl, UTHTCHCHUBHBIC ITOJIA.

Hocmynuna 6 peoakyuro 03.12.2010 e.
IHpunsamo xk neuamu 10.03.2011 2.
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