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CHARACTERISTICS OF WAVE FIELD GENERATED WHEN
WAVES PENETRATE HIGH-VELOCITY LAYERS NEAR
THE CRITICAL ANGLE

G. V. GOLIKOVA, M V. CHIZHOVA and Yu. A. SURKOV*

The results obtained from interpreting the wave field of a 1 km offset VSP recorded in a
well beneath a high-velocity layer are presented. It was proved that if the angle of incidence of
the direct wave was close to the critical angle, the direct wave splits into two components: a
ray-type direct wave, which penetrates the layer as a sliding wave, and a screened wave. The
screened wave was recorded together with the converted PSP-wave at some distance from the
first break. In the interpretation, polarization and dynamic features of the waves were used as
well as theoretical computations both for the ray-type and the non-ray-type parts of the field.
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1. Introduction

In seismic prospecting practice it was noticed that, when the angle of
incidence of the seismic waves arriving to thin, high-velocity layers exceeds the
critical angle, seismic energy penetrates the layer whereupon subscreen reflected
and refracted waves form in the deeper levels of the stratigraphic sequence
contrary to the laws of geometrical optics. Gamburtsev [1942] assumed that
with increasing offset one meets the phenomenon of screening — which is known
in other areas of physics as the ’tunnel effect’. Experimental studies of the
screening phenomenon and interpretation of real wave fields in numerous areas
of the USSR have resulted in the finding that when high-velocity carbonate rocks
are present in the upper levels of the stratigraphic sequence, strong subscreen
refracted and reflected waves are detectable. When observing such waves in the
immediate neighbourhood of thin layers during vertical seismic profiling one can
state that these waves are much more intense than waves which reach the same
observation point and propagate in accordance with the laws of geometrical
optics.

2. Investigation goals

Experimental vertical seismic profiling was carried out in a borehole —at
depths down to 2750 m — with a three-component sonde and a series of
shotpoints (SP) of various offsets [Golikova et al. 1982].

One of the tasks of the investigation consisted in studying the nature of the
waves in a wide range of offset (from standard CDP to refraction seismic offsets).
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Even while the work was carried out it became obvious that the solution is closely
connected with the conditions of the penetration of waves through high-velocity
layers.

When analysing and interpreting wave fields we noticed that the phenomena
of screening and sliding strongly influence the resulting wave field. In the further
discussion, screening will be understood as non-ray-type penetration of a wave
through a high-velocity layer when the angle of incidence exceeds the critical
angle. Sliding takes place if the angle of incidence is somewhat smaller than the
critical angle.

It is usually considered that screening appears at large-offset CDP technique
when the reflected wave field is registered in a 1.0-2.5 km range. This is,
however, not always true. By VSP it was shown that high-velocity layers in upper
levels of the stratigraphic sequence already behave as screens when the offset
reaches 0.5 km. With increasing offset, layers lying deeper and deeper turn into
screens. For example, high-velocity layers at 2-3 km depths start behaving as
screens from a 1.5 km offset. Moreover, it was noted that the offset at which
sliding and screening appear also depends on structural features of the sequence.
Consequently, sliding waves and screened waves in a seismic wave field are to
be expected not only at large-offsets but also at small-offset CDP as well as in
parameters of the stratigraphic sequence are highly variable.

In our example there are many high-velocity layers (Fig. L). The strongest
velocity- and density contrasts are observable on the boundaries of a limestone
layer between 360 and 460 m and of anhydrite layers from 2420 to 2460 m and
from 2525 to 2550 m depths. The first calculations for direct, refleted and
refracted waves for this sequence [Golikova and Chizhova 1981] were those on
screened wave fields in the borehole. In addition, the available published works
[Fayzulin 1971, Pogonyailo 1968] provided data on the screening effect both
for field experiments and modelling. In spite of this information, for a long time
there was no success in realizing and interpreting the characteristics of the wave
field which accompanies the penetration of high-velocity layers at angles close
to the critical angle. In the present paper it is described what we could reach in
establishing the conditions of screening.

3. Characteristics of the wave field. Interpretation

Let us consider the wave fields of 0.2 s duration after the first break from
645 to 1300 m depths obtained with 1 km (SP-1, Fig. 2) and 0.1 km offsets
(SP-0, Fig. 3), respectively. It can be seen that the wave fields were recorded

beneath the limestone layer.

From simple geometrical considerations it can be concluded that for waves
SP-1 the angle of incidence of the direct wave and its satellites exceeds 20°
whereas from SP-0 the layers are penetrated almost vertically.
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Fig. 1. Velocity sequence. Hatched layers
— screens; 1, 2, etc. — serial numbers of
high-velocity layers referred to in the paper

1. dbra. Lépcs6s sebesség menet. A vonalkazott
rétegek az arnyékoldk (1,2 stb. a cikkben
hasznalt hivatkozas az egyes arnyékolokra)

Puc. 1 CTynekuaTasi Kp1Basi CKOPOCTEiA.
3aLUITPUXOBAHHbIE CNOV - 9KpaHbl (1,2 - CCbINKM
B TEKCTe Ha HOMepa C/oeB)

In seismograms from SP-1 (Fig. 2) the direct wave exhibits some
peculiarities. In the 645-1000 m depth range it is of lower frequency than it is
when deeper. Its amplitude decreases with decreasing depth, i.e. the nearer the
observation points are to the screen, which means increasing angle of penetration
through the high-velocity layer. At the same time, in the zero-offset seismograms
(SP-0, Fig. 3.) the direct wave form is of high stability and decreasing amplitude
with increasing depth. Visual study of the seismograms reveals some other
differences as well. For example, in the zero-offset records the direct wave
sharply attenuates with time, while in the far-offset seismograms after the direct
wave arrival a field of nearly the same intensity was recorded. Another
peculiarity of the field from (SP-1) is the presence of in-phase axes (hatched
peaks) of higher apparent velocities than the direct wave.

In the 1 km offset VSP beneath the high-velocity layer of the above
seismograms, in addition to the direct wave and its satellites which originate in
the upper levels of the sequence, an intense interference field was recorded
consisting of the screened direct wave, E, and converted PSP-waves. Phis field
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Fig. 2. Records of the Z-component of the VSP

field from SP-1. Filled peaks — direct waves

and their satellites; hatched peaks — converted
PSP- and screened waves (E)

2. dbra. Az SP-1 robbantépontbél kapott VSP
hullamtér Z-komponense. Befeketitett
maximumok a direkt hullamok és szatellitaik, a
vonalkazott maximumok a konvertalt PSP- és az

FOINAG T arnyékolt hullam (E)
n L Ana “VA n.n Puc. 2. KomnoHeHTa Z nons BCI1, nonyyeHHoro
1/ o/ 13 B3pbIBMYHKTa SP-1. 3a4epHeHHbIe 3KCTPEMYMbI -
najiatoLLne Bo/HbI, 3aLTPUXOBAHHbIE 3KCTPEMYMbI -
® BO/IHbI PSP 1 akpaHupoBaHHble (3).
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is observable at depths between 500 and 1300 m. In Fig. 4 a sketch illustrates the
generation of the above-mentioned waves. In order to confirm the above
hypothesis experimental and theoretical characteristics of the suggested wave
types have been compared. Traveltime curves, amplitude curves of the total
displacement vector, and curves of the angle of incidence have been constructed
for the phases marked by filled peaks in the seismograms. In general, the
guantitative characteristics of the field confirmed its visually detectable features.
Let us consider these characteristics in detail.

The direct wave

In Fig. 5. amplitude curves for the total displacement vector J1(//) are
displayed. One of them corresponds to the direct wave in a vertical direction,
SP-0 while two others to records of shot points at a distance of 1 km from the
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peaks — direct waves and their
satellites; peaks with circles —
reflected waves

3. dhra. Az SP-0 robbantépontbél
kapott VSP hullamtér
Z-komponense. Befeketitett
maximumok a direkt hullamok és

ﬁon A gw v nyAU:l
szatellitaik, a korokkel jelolt

- H vV
maximumok reflektalt hullamok
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borehole: SP-1 and SP+1. On the first curve a continuous decrease of the direct
wave is observable with increasing depth of the observation points. The
behaviour of the curves from SP-1 and from SP+1 is completely different. An
interval of sharp increase of the amplitudes can be distinguished from the bottom
of the high-velocity limestone layer down to 700 m depth which is replaced by
an interval of a less sharp increase of the amplitude between 700 and 1000 m.
Further, down to 1500 m the direct wave diminishes a little. At the same time the
apparent frequency of the arrivals in the 500-1300 m depth range gradually
increases from 30 to 45 Hz.

Polarization diagrams, constructed in the incidence plane by use of a
three-component record of the direct wave in the study interval of the sequence,
are elliptical with excentricity (K=\-b/a) of about 0.8-0.9 (« and b are the
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borehole
t,s

Fig. 4. Sketch of an offset VSP in a model containing a high-velocity layer
a) Sketch of raypaths
b) Traveltime curves
Thin continuous line — direct P-wave; dashed line — screened wave; bold dot-dash
line — converted PSP-wave; bold-face line — head wave; thin dot-dash line — reflected wave;
1, 2 ... — observation points in the borehole

4. abra. Tavoli gerjesztési VSP vazlata arnyékolot tartalmaz6 modell esetén
a) Sugarutak
b) Ut-id6 gorbék
folyamatos vonal — direkt hullam; szaggatott vonal — arnyékolt hullam; vastag pont-
vonal — konvertalt PSP hullam; vastag folytonos vonal — refraktalt hullam; vékony pont-
vonal — reflektalt hullam; 1, 2 ... — észlelési pontok a frasban
Puc. 4. Cxema BCI ¢ fanbHUM BO36Y)XXAEHWNEM AN MOAENN C 3KPaHOM,
a) Nnyyesast CXema,
B) rogorpagoi.
CnNOLUHBIE IMHUM - Y41 NPAMOWA BOSHbI; LUTPUXOBAHHbIE IHWW - Ny4un
9KPaHMPOBAHHOW BOJHbI; XXMUPHbIE IMHUM C TOYKaMU - lyun 0BMEHHOM
BO/IHbI PSP; XXMpHasa N1HWA - NyTb FONOBHON BOJHbI;
TOHKaA LWTPUX-MYHKTUPHASA SINHUA - N4 OTPaXKEHHON BOSHbI;
1,2...- TOYKM HabMOAEHNA B CKBaXKMHE.

lengths of the axes of the ellipse). It should be noted that in the deeper levels of
the sequence the excentricity of the first break is as much as 0.95 which means
near-linear polarization. In that the polarization is elliptical. 1t may support either
interference of the waves or the existence of a wave field which cannot be
described by zero-approximation of the ray-tracing method. For the wave above,
the angles and azimuths of incidence to the observation points have also been

computed.
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Fig. 5. Amplitude curves of the direct wave
5. abra. A direkt hullam amplitddé menete

Puc. 5. AMNAMTYHble KpUBble NPSMOIA BOSHbI.

Polarization processing of data of three-component VSPs is described by
Berdennikova et al. [1983]. It is known that the parameters of the ray at the
observation point can only be determined for the linearly polarized wave from its
amplitude. In spite of this, angles of arrival y for all waves studied have been
computed by considering the direction of the large axis of the ellipse as that of
the ray. The computed values contain large errors, which exceed 10°. In view of
the lack of accuracy in determining the angles of arrival in the interpretation, we
have used only a mean value of y for the whole depth interval under
consideration.

Based on computed values of y we have evaluated the mean angle of arrival
of the rays to the upper boundary of the layer. Computations revealed that the
angle of incidence of rays of the direct wave is close to the critical angle and that,
inside the layer, the wave propagates along sliding trajectories.
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It is known that if thin, high-velocity layers are penetrated by sliding waves
an interference wave field is generated. Its description is possible by first and
higher order approximations of the ray-tracing method. It is suggested that the
presence of low frequencies in the record of the direct wave is connected with the
mechanism of its penetration through the high-velocity layer and with the
existence of displacement components which can be described by the first
approximation of wave splitting.

Satellites of the direct wave

In the seismogram of Fig. 3 in the 0.2 s time interval after the first break of
the direct wave, a series of in-phase axes of waves parallel to the direct wave is
displayed, with an intensity of about 20-30% of that of the direct wave. These
waves were generated in the upper levels of the sequence. The relative intensities
of the satellites (Sj and S2 increase with increasing offset (compare Figs. 2
and 3).

The curves of the angle of incidence versus depth (Fig. 6) show a large
scatter of local values. The mean values of the angles of incidence lead us to
suppose that the satellites, as well as the direct wave, penetrate the high-velocity
layer as sliding waves.

Fig. 6. Angles of arrival versus depth of waves arriving to the observation points from SP-1

6. abra. A hullamok beérkezési szdgei a mélység fiiggvényében
(getjesztés SP-1-ben)

Puc. 6. Yrnbl noaxofa BO/H K TOUKaM HabntofieHUs Kak (yHKLUUS Ty6OuHbI
(B036yXxpaeHune B SP-1.).
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At large offsets an interference field of unknown origin was recorded
between the direct wave and satellites Si and S2. Calculations for the wave
kinematics have shown that within this time interval the waves penetrated the
high-velocity layer as PSP- and screened direct S-waves. The behaviour of the
computed traveltime curves is in agreement with recorded kinematic data
(Fig. 7). Figure 8 presents the amplitude versus depth curves of this field down
to about 1100 m depth. The field intensity sharply decreases below this depth;
this sharp decrease is possibly linked with the disappearance of the screened
wave and a decrease in the PSP-wave intensity. Mean values of angles of arrival
of the same phase are of about 55-60° (Fig. 6) and show that, in the wave field,
waves are present which were generated at the incidence of the direct wave to the
high-velocity layer at angles larger than the critical angle. When considering
kinematic and polarization-dynamic characteristics of the wave field originating
from SP-1 and recorded beneath the high-velocity layer, we can draw
conclusions as follows:

Fig. 7. Traveltime curves of satellite waves of Fig. 2. Lines with dots — recorded peaks; lines with
crosses — computed; circles — computed travel time curve of the screened wave

7. abra. A 2. abra hullamainak at-id6 gorbéi. Pontozott vonal — észlelt maximumok; x-el jeldlt
vonal — szamitott gorbe; korokkel jeldlt vonal — az arnyékolt hullam szamitott Gt-id6 gorbéje

Puc. 7. Fogorpagbl BOMH, PErMcTpUpyeMbiX B6/IM3M NPSMOA BOMHbBI pyC. 2.
JIVHAM C TOUKAMU - HaBNOfiEHHbIE MAKCUMYMbI,
JIMHUM C KPECTUKAMMU - PacUeTHble KPUBbIE,
KPY)KOUKM - TEOPETMYECKMIA rogorpad) SKpaHUPOBAHHOMN BOMHBI.
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1 If the angle of incidence of the direct wave arriving to the high-velocity
layer is close to the critical angle the wave field splits into two parts. One of them
is of ray type and consists of the direct wave proper and its satellites which
penetrate the high-velocity layer along sliding rays. The other part propagates
through the layer in a non-ray way as a screened wave. Among these waves a
converted PSP-wave has also been recorded, its role in the wave field increasing
if the angle of incidence of the direct wave exceeds the critical.

2) Immediately below the high-velocity layer the whole wave field is of low
intensity. With increasing distance from the layer the field intensity sharply
increases, with the maximum amplitudes being recorded in the 700-1200 m depth
range.
3) Beneath the high-velocity layer the frequency of some waves is
decreased.

Fig. 8. Experimental amplitude curves for shotpoints SP-1 (a) and SP+1 (b). Continuous
line — direct P-wave; dashed line — PSP- and screened waves; line with crosses — Si; line with
circles— Sz

8. abra. Az SP-I-hez (a) és az SP+I-hez (b) tartoz6 kisérleti amplitadé gorbék. Folytonos
vonal — direkt P-hullam; szaggatott vonal — PSP- és arnyékolt hullam; x-el jeldlt vonal — Sp,
korokkel jelzett vonal — Sz

Puc. 8. 9kcnepumeHTasbHble aMNANTYAHbIE KPYBble, OTHOCALWMecs K SP-1 (a) n SP+1 (b).
CnowHas MMHus - npsmas BosiHa P; wtpuxosas NMHWS - BosHbIe PSP 1 3;
JIMHWA C KPECTUKaMU - S,, INHUA C KPYXKKamu - S2
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4. Theoretical wave calculations

In order to confirm the interpretation, those results of theoretical
calculations were used which are based on formulae of the zero-approximation of
the ray-tracing method. In computations of the screened wave it was taken into
account [Voronin 1959] that the wave attenuation is of exponential type with a
factor pk where p = frequency of the recorded wave and k = screening
coefficient.

where h = thickness of screening layer, V =velocity in the layer above the screen,
0 = angle of incidence of the ray to the upper boundary of the layer, 0 = angle of
total reflection.

In order to compute the wave fields the velocity model of the medium
(Fig. 1) was applied. For the main screen, i.e. limestone in the upper level of the
sequence, several versions of seismic models were considered. In each model
fields of the direct wave, of the screened wave and of the PSP-wave were
computed and compared.

Theoretical calculations revealed the high-degree of sensitivity of the
screened wave intensity to variations in the screen thickness and to the contrast
in P-wave velocity on its boundaries. For instance, in screen models which
consist of a 100 m thick layer the screened wave had insignificant intensity
compared with other waves. The best correspondence of theoretical results to
experimental data has been achieved for a two-layer screen model having the
following parameters, with the 40 m thick layer acting as screen:

/g=55m, 17=2600 m/s, F51=900 m/s, p{=23 g/cm3
;2240 m, "~=3800 mvs, Y"=2000 /s, p2=2.5g/cm3

Theoretical amplitude curves of principal waves are displayed in Fig. 9, and
the corresponding seismograms of the total field in Fig. 10. It should be noted
that theoretical curves manifest the same type of changes with depth as the
experimental curves (Fig. 8). In both of them, the field intensity increases with
the distance from the bottom of the screen and with approaching the spot of
recording the direct wave at 1000-1200 m depth. Immediately below the screen
layer the PSP-wave is the most intense. In the model, the intensity of the screened
wave is close to that of the direct sliding wave somewhere in the 900-1200 m
interval. Precisely in this interval, screened wave kinematics does not differ from
that of the direct wave, and together they generate an intense field. At short
distances from the layer, the screened wave is of insignificant intensity.
Consequently the characteristics of this wave do not allow its independent
detection in a seismogram.
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Fig. 9. Theoretical amplitude curves. Continuous line — direct P-wave; dashed line — PSP-wave;
line with circles — screened wave

9. abra. Elméleti amplitido6 gorbék. Folytonos vonal — direkt P-hullam; szaggatott vonal — PSP-
hullam; korokkel jeldlt vonal — arnyékolt hullam

Puc. 9. TeopeTunueckue aMmnauTyaHble BOJH.
CnnocHas MHUA - NpAMas BojHa P, LUTPUX0Bast IMHUA - BOHA PSP;
JINHUSA C KPY>KOUKAMU - 9KPaHMPOBaHHasi BOJHA.

The principal characteristics of the (theoretical and experimental)
seismograms are in agreement with each other. A difference, however, can be
noted which consists in different depth positions of maximum amplitudes.
Attemps to eliminate this lack of agreement by varying the parameters of the
high-velocity layer model have not given results. The disagreement between the
seismograms is probably connected with the existence of high-velocity layers at
depths of 600 and 800 m in the real sequence which are absent in the model.
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t.s

700

800

Fig. 10. Theoretical seismogram, a — wavelet used for direct wave
10. dbra. Elméleti szcizmogram. a — a direkt hulldmhoz hasznalt elemi jel
Puc. 10. CymmapHas TeopeTnyeckas ceiicMorpamma, a- hopma npsiMoit BOMHbI.
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These layers may provide additional refraction. The real wave fields are
generated by several screens. Moreover, screening and sliding are observable in
the fields not only of down-going waves but also of reflected and refracted waves.
It is suggested that near the critical angle the field of reflected waves — like that
of the direct wave — splits into two parts during penetration through the
high-velocity layer, viz. into a ray-type (PSP-wave) and a non-ray type part
(screened wave). On the surface at a certain offset, one can observe that the
reflected wave splits into two waves. The corresponding traveltime curve of the
first break of the reflected wave has a higher apparent velocity than that of the
second part. Using the model of the study area we calculated traveltime curves of
reflected waves taking into account sliding and screening. The results of these
calculations allow one to assess the distances at which the splitting into branches
of the traveltime curves takes place and the degree of difference between the
effective velocities determined from the branches.

Calculations for modelling conventional reflection seismology in a
horizontally layered model have also been carried out. As an example, in Fig. 11
traveltime curves of waves (i) reflected from the boundary of layer 2 in the
middle of the sequence (Fig. 1) and (ii) reflected from a deep boundary (layer 5
in Fig. 1) are given. In this case, for one of the reflected waves the limestone
layer, 1, is the screen while the corresponding screened wave is generated 1.5 km
from the source. The deep reflected wave penetrates anhydrite layers 3 and 4
(Fig. 1) at angles which exceed the critical angle. On the surface, the
accompanying screened wave is observable at a distance of 3 km from the source.
The traveltime curve of this wave at a distance of 4 km deviates from the first
breaks by 40 ms. Thus, in a simple form we can say that the second branch of the
traveltime curve appeared. From VSP data, it seems that near the critical angle
the intensity of the satellites, the PSP-waves and the screened waves brighten up
and may generate additional branches of the traveltime curves. The location of
this phenomemon may be displaced along the axis depending on the structure.

5. Conclusions

Investigations carried out have shown that if the angle of incidence of the
direct wave and its satellites is close to the critical angle, an intense field of
secondary waves arises below the high-velocity layer. It has been established that
the origin of this field is connected with sliding and screening effects. The
principal kinematic and dynamic characteristics of the waves composing the field
were investigated. Although the major part of the study is based on VSP data we
also used the same velocity model to calculate the moveout of reflected waves in
the conventional CDP-technique.
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Fig. 11. Modelling of the conventional reflection method: calculated traveltime curves of reflected
waves from layer 2 (a) and from layer 5 (b). Line with dots — reflected wave; dashed
line — screened wave; line with triangles — PSP-wave

11. abra. J1 hagyomanyos reflexiés modszer modellezése: a 2. rétegrél reflektalt hullamok
szamitott (t-idd gorbéi (a) és ugyanezek az 5. rétegrél (b). Pontokkal jel6lt vonal — reflektalt
hullam; szaggatott vonal — arnyékolt hulldm; haromszogekkel jeldlt vonal — PSP-hullam

Pite. 11. MogenunpoBaHue TPaANLMOHHOTO METO/A OTPAXKEHHbIX BOSH,
a) roforpagbl OTPAXKEHHbIX BOMH OT €08 2; b) - TO Xe, 0T €Nos 5.
JIMHWS € TOYKaMK - NydeBast OTPOXKEHHas BOSHA;
LUTPUXOBast - 3KPaHMPOBaHHas BOMHA; IMHUSA C TPEYTO/bHIUKaMU - BONMHA PSP.
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ARNYEKOLO RETEG ALATTI HULLAMTER VIZSGALATA
G. V. GOLIKOVA, M. V. CS1ZSOVA és Ju. A. SZURKOV

1 km robbantasi tavolsagi VSP soran, nagy sebességli vékony réteg alatt észlelt hullamtér
értelmezését ismertetjilk. Bebizonyosodott, hogy ha a direkt hullam beesési szdge a nagy
sebességl rétegen a kritikus széghdz kdzeli, a direkt hullam két komponensre bomlik: egy sugar
tipust direkt hullamra, amely ,,csisz6” hullamként hatol be a rétegbe, és egy ,arnyékolt”
hullamra. Ez utdbbit a konvertalt PSP hullammal egyiitt észleljik az els6é beérkezés utan. Az
értelmezésben felhasznaltuk a hullamok polarizaciés és dinamikus tulajdonsagait, valamint
elméleti szamitasokat végeztiink a hullamtér sugar-tipusu, és nem-sugar-tipusu dsszetevdire.

OCOBEHHOCTW BOJIHOIO MNosnd, BOSHNKAKOLWNWE MPU MPOXOXAEHNN
BbICOKOCKOPOCTHbIX CJ/IOEB B OBJIACTWU TMPEAE/IbHOIO YT /A.

. B. TONINKOBA. M. B. YAXXOBA, 0. A. CYPKOB

MpuBoaATCA pe3ynbTaTbl MHTEPNpPeTaLUy BOIHOBOMO MOJS, 3aperucTprpoBaHHOTO B CKBXKMHE
nof CNOeM BbICOKOW CKOPOCTU MpY BO3GYXKAEHWN U3 UCTOUHMKA, Y/aNEeHHOTO OT YCTbSl CKBXKMHbI Ha
OfMH KUNomeTp. [loKasaHo, YTO B YCNIOBMAX SKCMEpUMEHTa NpsimMasn BOMHA NaAaeT Ha Cov Mo Yr/ioMm
6NM3KUM K npeaenbHoMy. [Mpy 3TOM OHa paclUennseTcs Ha fBe YacTu: /yuyeByto MPSAMYIO BOJHY,
CKOMb3ALLMM 06pa30oM NPOLLEALLYIO Yepes C/OiA 1 IKPaHMPOBaHHYH. SKpaHMpOBaHHas BOHA PerucT-
pupyeTcs COBMECTHO C OB6MEHHOM BOJIHOW, BOMHOW PSP Ha HEKOTOPOM YAaneHun OT NepBbiX
BCTYNNEHWIA. [N UHTEPNPETALIMM GbIIN UCMO/b30BaHbI NOMAPU3ALIMOHHO-AMHAMUYECKIE XapaKTepuc-
TUKU BOMH, a TaKXXe TeopeTMYecKue pacueTbl, MPOBOAMBLUMECS KaK AN Ny4eBOi YacTu Mons, Tak 1
He/y4eBoii.



