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APPLYING THREE-COMPONENT RECORDS IN WAVE FIELD
SEPARATION

R. DAURES* and P. TARIEL*

In zero-offset Vertical Seismic Profiles, the wave field includes only upgoing and downgoing
R-waves having only vertical (Z) components. When the source is offset, the wave field becomes
complicated by the presence of converted P-SV-waves different from P-waves by their apparent
velocity and their direction of polarization. Seismic is no longer scalar but vectorial, and therefore

three-component records are needed.

On the first arrival, the hodograph gives the polarization direction of the P-wave. The
polarization direction of P-SL-waves is estimated by assuming a two-to-one P to S velocity ratio
The combined use of a set of axis-changes related to the directions of polarization, and the f-k
filtering associated with the apparent velocities allows the separation of the total wave field into the
four following types: downgoing P-, upgoing P-, downgoing P-SV- and upgoing P-SV-waves.

Keywords: vertical seismic profiles, offset VSP, P-waves, P-.ST-waves, velocity filtering, polarization,
wave field separation

1. Introduction

This paper addresses three-component recording (A, Y, Z) in a borehole,
assuming gently dipping sedimentation. In the case of zero-offset Vertical
Seismic Profiles (VSPs), the P-wave emitted from the surface reaches the reflec-
tors with normal incidence, which does not generate converted waves. The
recording of the vertical (Z) component provides full knowledge of the P-wave
field. There is only one polarization direction, this being vertical. Seismic is then
scalar, and up- and downgoing P-waves are differentiated by their apparent
velocities. Many separation algorithms have already been used.

When the source is offset, the wave field becomes more complex. The
P-wave emitted from the surface reaches the reflectors with far from normal
incidence, and converted waves are generated (P-reflected SV and P-transmitted
SV). Several types of waves appear, and each type is characterized by its own
polarization direction and its own apparent velocity. Seismic is no longer scalar
but vectorial. Complete knowledge of the wave field now requires three-
component recording.

The aim is to separate the different types of waves in the (Z, T) domain
limited by the times of the first P-arrival and the first S-arrival. We will assume
that there are only four significant types of waves:
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— downgoing P

— upgoing P

— downgoing P-SV (P-waves converted to SV mode through transmission)
— upgoing P-SV (P-waves converted to SV mode through reflection).

On the first arrival, the hodograph gives the polarization direction of the
P-wave. The polarization direction of P-ST-waves is estimated by assuming a
two-to-one P to S velocity ratio.

The combined use of a set of axis-changes related to the directions of
polarization, and the f-k filtering associated with the apparent velocities, allows
the total wave field to be separated into the four following types: downgoing
P-, upgoing P-, downgoing P-SV- and upgoing P-S F-waves.

There are four stages in this separation:

a) Vector composition of two horizontal components to represent the problem
in 2-D.

b) Change in the set of axes according to the polarization direction of downgo-
ing P-waves and to its orthogonal direction, with velocity filtering of the
P-waves on the first component.

HORIZONTAL COMPONENTS
(X, Y)
COMPOSITION
3D PROBLEM =7> 2D PROBLEM

Fig. 1 Schematic diagram of detector orientation using three-component geophone in a VVSP
recording survey

1 &bra. Detektor orientacié haromkomponenses geofonnal készitett VVSP felvétel esetén

Pue. 1 OpueHTtupoBka getektopa npu 3anucy BCI1 ¢ ncnonb3oBaHMeM TPEXKOMMOHEHTHbIX
CeiiCMOMPUEMHMKOB.
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c) Second change in the set of axes according to the polarization direction of
downgoing P-SV waves and to its orthogonal direction, with velocity filter-
ing of the P-SV waves on the first component.

d) Separation of upgoing T-waves and upgoing P-SF-waves by changing the
set of reference axes.

Each type of wave usually shows projections on the three-component axes
since the projection system is randomly oriented (see Fig. 1). The first operation
consists of selecting a reference system with one vertical plane containing the
source. We then face only a 2-D problem about the couple of components (Z
and H) belonging to that plane (Fig. 2). In order to perform this rotation, the
two horizontal components of the initial system are conventionally added so as
to maximize the energy of the direct wave. A very weak level of residual energy
appears along the perpendicular A direction (Fig. 3), which generally confirms
the existence of a measurement plane containing most of the energy of the P

and SF-waves.

SOURCE: VIBRATOR
3 COMPONENT RECORDING :X,Y,Z
OFFSET: 1200M AZ:20M

SOURCE : VIBRATOR
3 COMPONENT RECORDING : X,Y,Z
OFFSET : 1200M -AZ: 20 M

VERTICAL COMPONENT HORIZONTAL COMPONENTS

" DEPTHM

TIVE (seconcs)

Fig. 2. Offset VSP raw data. Three-component well geophone recording: one vertical (left) and
two horizontal (right) components

2. dbra. Tavoli gerjesztésii VSP felvétel haromkomponens( lyukgeofonnal: egy fiigg6leges (bal
oldalon) és két vizszintes (jobb oldalon) komponens

Puc. 2. 3anuck BCI ¢ ganibHUM BO36Y)XEHNEM C UCMO/b30BaHUEM TPEXKOMMOHEHTHbIX
CKB@XUHHbIX CEACMONPUEMHUKOB: OAHa KOMMOHEHTa BepTMKaibHa (Ha /IeBOW CTOPOHE), a [iBe
[pyrue ropusoHTa/IbHbl (Ha NPaBoil CTOPOHE).
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H RESULTANT COMPUTATION FROM X AND Y
H =Hx + Hy

NEW COMPONENTS

Fig. 3. Horizontal resultant (H) and its perpendicular component from hodograph derived on
first P-arrival

3. dbra. Az els6dleges P beérkezésre meghatarozott hodografbol szamitott vizszintes eredd (#)
és az erre merdleges vizszintes komponens

Puc. 3. Fopr3oHTanbHas pesynbTupylolas (H), paccumtaHHas no roforpadyy, BbIBEAEHHOMY
AN5 NEePBUYHBIX BCTYMN/IEHUI  NPOAONLHBLIX BOJH, W NEPreHAVKYsSpHasl K Hell FopU3oHTaIbHas
KOMTMOHEHTA.

2. Estimation of polarization directions

Using the Z and H components, it is easy to define the polarization
direction of the direct P-arrival. First the time (n) of the direct travel path of
the P-wave from source to receiver is picked.

Then the construction of a hodograph yields the angle AG between the
polarization direction of the downgoing F-wave and the vertical (Fig. 4.) We
may infer from the first F-arrival the sketch of the propagation directions of the
four types of waves (Fig. 5) and the diagram of the polarization directions
(Fig. 6). Supposing that we have roughly WP = 2VS, the angle 3 of the direction
of propagation of S-wave is given by:

At time tl, if oH is the polarization angle of the downgoing P-wave measured
on the hodograph:
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— the polarization angle of the upgoing P-wave is (—at)
— the polarization angle of the converted downgoing P-SV is (n/2 +R"
— the polarization angle of the converted upgoing P-SV is (n/2-Bfi)

HODOGRAPHS SouRCE
Fom wertical (z) ad
horizontel () comporernts
r robon
TO 7S4HS
TF 796(15
A 787202
B8G 49*
S
N2 N 10
Z 2045(1 Z 1925(1
TO 751lIS TO 722(15
TF 793HS TF 764 MS
A 692695 8 731802
BO 42* BO 42*
/
N 3 N 11
z 20301 z 19100
TO 747HS TO 719(15
TF 789(15 TF 761(15
B 687743 B 688905
BG 44* B8G 51*
/
N 4 N 12
7 20151 Z 189511
TO 743HS TO 715(15
TF 785(1S TF 757(15
B 701503 A 736858
BG 50 8G 58*
/

Fig. 4. Hodographs derived from Z and H components
Z — depth; TO — time of first break; TF— time of last sample; AG — angle of polarization

4. dbra. A Z és H komponensekbdl levezetett hodografok
Z — mélység; TO — elsd beérkezés ideje; TF— utolsd mintavétel; AG — a polarizacids szog

Puc. 4. Foporpadsbl, BbiBeleHHbIE U3 KOMMOHEHT Z 1 H
Z — rnybuHa; TO — Haya/lbHbli MOMEHT BpeMeHW; TF— KOHeYHbIli MOMEHT BpemeHu; AG —
yron nonspusawmnu.
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5. dbra. A geofonhoz kozeli sugarutak vazlata a négy f6 hullamtipusra. Lefelé haladé hullamok:
P és konvertalt SV; felfelé haladd hullamok: P és SV

Puc. 5. Cxema nyueBbIx MyTell B6/M3N OT CeiCMONPUEMHIMKA /11 YETbIPEX OCHOBHbIX TWIMOB
BOJH: HUCXOAAWMX P 1 npeobpasoBaHHbIX SV, a Takke Bocxogsawmx P un S f.

ASSUMPTION : Vp/vs =2 => sinB=0.5sina
Fig. 6. Directions of polarization relating to the wave modes close to the first P-arrivals
6. abra. Polarizacios iranyok az els6 P beérkezésekhez kozeli hullamfajtakra

Puc. 6. HanpasneHus nonspusauuy gns BOMH, 6/M3KMX K NepPBbIM BCTYN/IEHNAM NMPOAO/NbHbLIX
BOJH.
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Third, the polarization angles are estimated as a function of time. In the
case of a constant velocity WP (reflection coefficients are then derived from
density variations), a simple relationship is found for both up- and downgoing
P-waves:

sind: = t—lsin a
which yields the value of the polarization direction versus time. Simple formulae
also lead to the estimation of polarization angles for P-S F-downwaves and
P-SF-upwaves.

To be realistic, we chose a model with a given WP velocity at the receiver
level and a low varying average velocity from the surface, still with VP = 2VS.
The estimates of the simplified model of constant velocity are still valid. The
study was made with the following source offset to depth ratios: 0.25, 0.5, 1.0
and 1.5, and the following interval velocity (at geophone depth) to RMS velocity
ratios: 0.5, 1.0, 1.5 and 2.0. Figure 7 illustrates the raypaths with an equal
dlstancci ggrl tr;le source offset and the geophone depth; the velocity ratio is 1.5

Fig. 7. Example of raytracing modelling for converted downgoing wave. Interval velocity at
geophone depth is 4200 m/s, average velocity is 2800 m/s

7. dbra. A sugarkdvetéses modellezés példaja konvertalt lefelé haladé hullamra. A geofon
mélységében az intervallum sebesség 4200 m/s, az atlagsebesség 2800 m/s

Puc. 7. Mpymep mMoAenvpoBaHWs NyTemM NPOCNEXWBaHWA Nlydeld ANS HUCXOAALLEN
npeo6pa3oBaHHoOi BOMHLI. Ha rnybuHe ceiicMONpUEMHMKa NHTepBa/bHas CKOPOCTb COCTaBMseT
4200 m/c, a cpegHsa ckopocTb — 2800 mic.
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giving 4200 m/s for the interval velocity at the geophone and 2800 m/s for the
average velocity. Figure 8 shows the graph of the estimates of polarization
directions plotted against time for the four types of waves.

ANGLES OF DIRECTIONS OF POLARIZATION
VERSUS TIME. ASSUMPTION VP/VS =2 =t> sin D,=0.5 sin a,

Fig. 8. Angles of wave polarization versus time for the different wave modes
8. dbra. Hutlampolarizécios szogek az id6 fliggvényében, kiillonb6z6 hullamfajtakra
Puc. 8. ¥r/bl nonspu3aumy BOMH B 3aBUCMMOCTW OT BPEMEHW A8 PasNvYHbIX TUMNOB BOSH.

3. Principle of wave separation

The coordinate system is changed so that a given type of wave is entirely
determined by one of the components of the new system. The orthogonal
component then only contains the projections of the other types of waves. For
instance, from the fixed (Z, H) system of coordinates, we may choose the time
variant system constituted by the P-downwave and its perpendicular direction.
Anf-k bandpass filter over the P down direction will provide the P down com-
ponent. An f -k rejection filter over the same direction will provide two time-
variant orthogonal components which only contain the other types of waves.
We may then proceed with time-variant changes of coordinates and f -k filtering
to isolate a new type of wave, and yield two other time-variant orthogonal
components which will only contain two types of waves.

In practice, the most energetic downgoing P and downgoing P-SV events
are progressively eliminated so as to recover two orthogonal components which
only include upgoing P- and P-SF-waves. These waves are then separated by
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a simple change of coordinates. The flowchart and the diagrams of the different
systems of coordinates illustrate all the successive stages of the algorithm (Fig.

9).

WAVE MODES SEPARATION

| DIRECTION OF POLARIZATION
i AND FK FILTERING

USING

INPUT
3 COMPONENTS
Z , Hl, H2
1
m * h2™> H5ISTcomp.

SuM HI=2Nomp

"zVT /\j R=1ST COMp.
SuMm IR 1=2 Neomp.

Pd FILTERED
ON 1ST COMPONENT

SET OF AXES CHANGE
I_k P/Sv down51st comp.
+}~" P/Sv down 1 =2 NDcomp.

P/Sv d FK FILTERING
ON ST COMPONENT

SET OF AXES CHANGE
P/Svd | k Pup
PSvdll'y Pupi

HODOGRAPHS
CHECK

HODOGRAPHS lincident!
CHECK V ongles )

BPFK FILTERING
on C omponent

SET OF AXES CHANGE
P/Svd jP/Sv up
P/Sv d1) P/Sv upi

Fig. 9. Processing flowchart for wave field separation

9 abra. A hullamtér szétvalasztas folyamatabraja

Puc. 9. Cxema npouecca pacy/ieHeHNs BOSIHOBOTO MoONS.

4. Examples

The first example shows the wave field separation applied to offset VVSP
data. The downhole tool housed a three-component orthogonal geophone and
the data were recorded from 1500 m to 960 m every 20 meters. A vibrator
located at 1200 m from the wellhead was used as a seismic source.

First, hodographs are derived from a small window a few tens of millisec-
onds wide near the f rst F-arrival and the angle a of the polarization direction
is calculated. This processing phase is important since the quality of the separ-
ation depends on the accuracy of determination of the angle a. It is very
interesting to compare the angle values with the velocities derived from the sonic
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log (Fig. 10). Their validity can then be estimated, and questionable measure-
ments can possibly be eliminated.

INTERVAL VELOCITY FROM SONIC LOG

2000 4000 5000

Fig. 10. Comparison of the incident angles
(thick line) obtained from hodographs (Z and
£ components) with the sonic log velocity (thin
line)

10. &bra. A hodografbol (Z és A komponens)
szamitott beesési szogek (vastag vonal)
6sszehasonlitasa a szénikus intervallum
sebességgel (vékony vonal)

Puc. 10. ConocTas/ieHve YrnoB BXOXAEHNUS
(KvpHast IUHKA), paccUUTaHHbIX Mo
rogorpaam (KOMMoHeHT Z un f),

C aKyCTWYECKON MHTEePBaNIbHO CKOPOCTbIO
(TOHKasA NnHKA).

The downgoing P- and P-SF-waves are separated after the process de-
scribed above. The first change in coordinates is performed from the fixed (Z, H)
system to the time-variant system constituted by the direction of the downgoing
P-wave (P) and its perpendicular direction to facilitate rejection of the downgo-
ing P-waves (Fig. 11). The second change in coordinates is performed from the
preceding system to the time-variant system constituted by the direction of
polarization of the downgoing P-SV-wave and its perpendicular direction, to
facilitate rejection of the downgoing P-SF-waves.

The results of the separation applied to the Z and H components (Fig. 2)
are shown in Figs. 12 and 13. We notice in Fig. 13/b a residual downgoing
P-SF-wave which is probably associated with elliptic polarization. Rejection
on one component only is not sufficient in this case. Figure 13 is displayed with
+ 9dB gain to improve visibility.
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ItoR

Fig. 11. New components after
rotation of axes, polarized in the
direction of the downgoing P-wave
and its perpendicular component

11. &bra. A tengelyek elforgatasaval
keletkezd Uj komponensek a lefelé
haladé /“hullam irdnyaba és az arra
| mer6leges iranyba polarizalva
11 sty Puc. 11. HoBble KOMMOHEHTbI, .
BO3HVKaIOLLME NPY MOBOPOTE OCEN,
f q » NoNApN30BaHHbIE B HAMpPaBieHNN
«M M HUCXOASALLEN NPOJOBLHOW BOMHBI
illiiiii 1 NepneHAnKYNAPHO K Heil.

il

DEPTH (m)
1500 960

Y il

¥ S Bl hliB.i

TSfTT e U fit-t
ipTjijf jiil-lifi

pyp fil!

1.5

Fig. 12. Wavefield separation: downgoing P- (left) and SK-waves (right) after rotation of axes
and f-k filtering

12. &bra. Hullamtér szétvalasztas: lefelé halado P- (bal oldalon) és SK-hulldm (jobb oldalon)
a tengelyek elforgatasa ésf-k sz(irés utan

Puc. 12. PacuneHeHve BO/IHOBOrO Mosis: HUCXogsLime BonHbI P (cneea) n SV (cnpasa) nocne
nosopoTa ocei nf-k dunbtpaymm.

Figures 14 to 16 illustrate the main steps of this method on another VSP
data set with greater offset. The vibrator was located 1775 metres from the
wellhead, and the geophone spacing was 30 meters from 2060 m to 1100 m.

Figure 14 shows the 3 components of the raw VSP data. We should note
that for the shallowest geophones, the first P-arrivals can only be seen on the
horizontal components (#1, A2) because of large angles of incidence. Figures
15 and 16 show the results of the separation.
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DOWNGOING WAVES
AFTER SEPARATION
- SET OF AXES ROTATING
- FK FILTERING ON DOWNGOING

WAVE KODE
px cowesiep P-SV
WAVE WAVE
TP 220 FL 20N i SHiti ST *«St?2tSS! =|
M
C
.0

Fig. 15. Downgoing P- and converted SK-waves after time variant wave field separation:
rotation of axes and f-k filtering

15. dbra. Lefelé haladd P- és konvertalt SL-hullamok, id6ben valtozd hullamtér-szétvalasztas
utan: tengelyek elforgatasa ésf-k sz(irés

Puc. 15. Hucxogswme BonHbl P 1 npeobpa3oBaHHbIe BOMHLI 5K nocne pacuyneHeHWs BOHOBOIO
Mons ¢ M3MeHeHVeM BO BPEMEHW: NOBOPOT ocelt uf-k dumnbTpaums.
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UPGOING WAVES
AFTER SEPARATION

f- SET OF AXES ROTATIONS
X - FK FILTERING ON OOWNGOING
L P AND P-SV WAVES

WAVE MODE4
P uw CONVERTED P-SV  Up

WAVE WAVE

Fig. 16. Upgoing P- and converted .SI7-waves after time-variant wave field separation

16. &bra. Felfelé halad6é P- és konvertalt SF-hullamok, id6ében valtozé hullamtér-szétvalasztas
utan

Pue. 16. Bocxopswme BosHbl P 1 npeobpasoBaHHble BOMHLI SV noc/e pacyneHeHns BOSIHOBOrO
nons ¢ U3MEeHeHVeM BO BPEMEHM.
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Comparison between two corridor stacks derived from zero-offset upgoing
/’-events and upgoing converted ST-events is illustrated in Fig. 17. SV-waves
have been separated as stated above then plotted versus P traveltime by using
the relationship between P and S times picked from zero-offset VSP data.

INVERSE POLARITY DIRECT POLARITY
CONVERTED CONVERTED
SV P P SV

B«

ot

P TRAVEL
TIME

Fig. 17. Application of converted upgoing shear wave by comparison with upgoing P-waves
with the same time-scale and related lithology

17. dbra. Konvertalt felfelé haladé nyiré hullam alkalmazasa felfelé haladd / -hullamokkal vald
Osszehasonlitasra, azonos id6lépték és a megfeleld rétegsor esetén

Puc. 17. ConocTasneHue npeo6pa303aHHb|x BOCXOAALKMX nonepeyHbIX BOJIH C BOCXOAAWLNMM
npoAo/ibHbIMX BO/IHaMW B Clly4ae TOXXAECTBEHHbLIX BPEMEHHbIX MacLiTabos u I'IO,ElXO,EI'HLLI,eVI
JUTONOTNYECKO KOMOHKM.

5. Conclusion

The algorithms we have described proved efficient and robust in industrial
applications as shown by many examples. The use of time-variant changes in
coordinates seems to bring an improvement with respect to tests carried out with
constant polarization angles plotted against time.

We may proceed separately for the processing of each type of wave. The
wave field separation and the processing of the upgoing converted ST-waves up
to the corridor stack provide a VSP log of P-ST-waves. This P~SV converted
wave log is particularly interesting as the converted wave surface recording
keeps developing and comparison between the “converted wave” section and
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the P -SV converted wave log should facilitate overall interpretation. However,

the main advantage is to improve the quality of later stages of the processing,

in the case of Vertical Seismic Profiles with large offsets. We will summarize our

experience as follows:

— for small offsets, seismic response is obtained from the Z-component only,

— for average offsets, the processing addresses the vertical component too, but
the total wave (R) is used to find the downgoing signal that is useful for
deconvolution,

— for large offsets, the energy of upgoing and downgoing S-waves becomes
very great. Processing then demands more accurate separation as described
above.

HAROMKOMPONENSU FELVETELEK ALKALMAZASA HULLAMTEREK
SZETVALASZTASARA

R DAURES és P. TARIEL

A lyukszdji gerjesztésii VSP méréseknél a hullamtér csak felfelé és lefelé halad6d .P-hullamokat
tartalmaz, melyek csak vertikalis (Z) komponensekbdl allnak. Ha a gerjesztés tavolabb van, a
hulldamtér bonyolultabba valik a konvertalt P-SU-hullamok jelenléte miatt, melyek a P-hullamoktol
eltérnek mind latszolagos sebességiikben, mind polarizaltsagi iranyukban. A szeizmika ett6l fogva
nem skalaris, hanem vektorialis jelleg(i, és emiatt harom komponensii felvételekre van sziikség.

Az els6 beérkezésekre a hodograf megadja a P-hullam polarizacids iranyat. A P-SK-hullamok
polarizacios iranyat 2.1 aranyl P-S sebességhanyados feltételezésével becsiljiik. A tengelyeknek a
polarizacios iranyokhoz viszonyitott valtoztatasai és a latszolagos sebességekhez kapcsoltak sziirés
egyuttes alkalmazasa lehet6vé teszi a teljes hullamtér felosztasat az alabbi négy hullamtipusra: lefelé
halad6 P, felfelé haladd P, lefelé haladd P-SV, és felfelé haladé P-SK-hullamok.

MPUMEHEHUE TPEXKOMMOHEHTHOW 3AINMMCIN B PACHJTIEHEHK BOJIHOBbIX
MNONEN

P. IOP n M. TAPLEN

Mpn n3MepeHnsX METOAOM BEPTMKa/IbHOTO ceiicMmnyeckoro npogmnuposaHus (BCI) ¢ Bo3-
6Y>XeHMeM BOJSIH Ha YCTbe CKBaXKMHbI BO/THOBOE MOf1e COCTOUT UCK/IOUUTENBHO M3 BOCXOAALLMX
N HUCXOJALMX NPOAOSMbHBLIX BOSH, COAEPXALLMX OAHU BEpPTUKANbHbIE KOMMOHEHTbI (Z). [Mpu
nepemeLLeHNN TOUKM BO36YXKAEHMA Ha HEKOTOPOE PacCTOsiHWE OT CKBaXXMHbI BOTHOBOE MOJ1e CTaHO-
BUTCS 60J1ee CMIOXKHBbIM B CBA3Y C MOsABMEHWEM Npeo6pa3oBaHHbIX P-SV BOMH, 0TAnYaloWmxes ot
NPOAOMbHBIX (/>) BOMH Kak B KaXXyLLEcs CpeaHeli CKOPOCTH, Tak 1 B HanpaBneHWy NoaspusaLyu.
C 3TOro MOMeHTa ceiicMopa3Befika BMECTO CKaJIbPHOI CTaHOBUTCS BEKTOPHOIA, NO3TOMY BO3HU-
KaeT HeO6X0AMMOCTb B TPEXKOMMOHEHTHbIX 3arucax.

B OTHOLLEHMM MepBbIX BCTYMN/IEHUI MO roforpady onpeaenseTcs HanpaseHye noaapusaLmum
NPOLO0/bHbIX BOMH. HarpasneHve nonsapusaumm BosiH P -SV OLEHNBAETCA Ha OCHOBE MpPeAnonoxe-
HUS, YTO OTHOLLEHME CKOpoCTei BomH P-SV coctasnsieT 2:1. VI3meHeHve oceli MO OTHOLLEHMIO
K Hanpas/feHUAM MonspusaLmny, a Takke COBMeCTHOe npuMeHeHue f-k unbTpaumm B cBs3M C Ka-
XKYLLMMUCS CKOPOCTAMU eNat0T BO3MOXHbIM pacysieHeHWe MoHOIo BO/IHOBOIO MOAS Ha HUXKecne-
Jylolme YeTbipe TMNa BOMH: HUCXOAALLME NPOAOSbHBbIE, BOCXOAALLME NPOLO/bHbIE, HUCXOAALLME
P-SV u Bocxogawme P-SV.






