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ORIENTATION OF NATURAL TRIHEDRAL OF THE SPIRAL-HELIX
SUPPORTING TRAJECTORY OF SPATIAL VEHICLE MOVEMENT

Purpose. To improve both reliability and engineering accuracy of 3D modeling of a vehicle movement.

Methodology. Orts of natural trihedral of spiral-helix supporting trajectory are expressed vectorially by means of
time derivatives of a radius vector of a program movement. Quaternion matrices represent the complicated operations
of vector algebra. Spatial orientation or program rotation of a natural trihedral is described with the help of Gibbs
vector, Rodriguez-Hamilton vector, matrix of direction cosines depending upon kinematic parameters of the pro-
gram movement.

Findings. A hodograph of program transfer of a vehicle is represented in the class of spiral-helix supporting trajec-
tories in terms of earth reference. Unit vectors of a natural trihedral of the spiral-helix supporting trajectory have been
obtained depending on the time derivatives of the program motion hodograph.

Originality. The program transfer — radius vector hodograph and program rotation (orientation) — Gibbs vector
or quaternion on Rodriguez-Hamilton parameters are represented vectorially making it possible to model spatial
orientation problems and problems of control of dynamic systems (i.e. vehicles) in the form of quaternion matrices.

Practical value. Calculation formulas are represented in the ordered, compacted matrix form adapted directly to
computer technology. The algorithm helps solve a wide range of problems of dynamic design of vehicles.

Keywords: hodograph, spiral-helix trajectory, natural trihedral, orientation, Gibbs vector, Rodriguez-Hamilton pa-

rameters, quaternion matrices

Statement of the problem. It is required to develop
components of control, orientation, and stabilization
system within inertial space of dynamical frame of refer-
ence connected with a vehicle.

Analysis of the recent research and publications. De-
termination of accurate trajectory of a vehicle move-
ment is a topical problem [1, 2].

Traditionally, spatial orientation is determined with
the help of three independent rotations (i.e. Euler-Kry-
lov angles, aircraft angles, ship angles and others) to
which a number of matrices of directional cosines cor-
respond [3, 4].

Universalization of spatial rotation description re-
sults in the necessity to use Rodriguez-Hamilton param-
eters and Gibbs vector. Gibbs vector makes it possible to
apply mathematical apparatus of vector analysis for the
statement and solution of problems of orientation, angu-
lar stabilization, and control of dynamic systems [5].
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Natural trihedral rotation has been determined in
Rodriguez-Hamilton parameters and Gibbs vector
components expressed by means of time derivatives of a
vehicle program transfer of hodograph. Description of
the rotation and spatial transfer is performed on the ba-
sis of vector algebra; corresponding calculation algo-
rithms are developed in quaternion matrices [5].

Unsolved aspects of the problem. It is required to rep-
resent vectorially program transfer — radius-vector
hodograph, and program rotation (orientation) — Gibbs
vector or quaternion on Rodriguez-Hamilton parame-
ters. This makes it possible to model spatial problems of
orientation and control of dynamic systems in quater-
nion matrices.

Objective of the paper is to determine natural trihedral
of spiral-helix supporting trajectory of a program vehicle
movement within the inertial space of orientation.

Description of the method. A hodograph of a pro-
gram vehicle transfer according to spiral-helix support-
ing trajectories is proposed. Orts of natural trihedral
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spiral-helix supporting trajectory are expressed vectori-
ally by means of time derivatives of radius-vector of the
program movement. Quaternion matrices represent
complicated operations of vector algebra. Spatial orien-
tation or program rotation of natural trihedral is de-
scribed with the help of Gibbs vector, Rodriguez-Ham-
ilton parameters, and a matrix of directional cosines
depending upon kinematic parameters of program
movement. Rodriguez-Hamilton parameters and Gibbs
vector components are determined on the components
of a matrix of transformation of orts of the natural trihe-
dral of the supporting trajectory and earth reference
orts. From the viewpoint of the applied vector approach
to the description of program transfer and rotation, it
seems appropriate to model spatial problems of orienta-
tion and dynamic system (vehicle) control basing upon
mathematical apparatus of monomial (1, 0, -1) — matri-
ces (4 x4)[5].

Presentation of the main research. Program transfer
of a vehicle as a material point within the inertial space
from the preset initial phase state to the final one is per-
formed according to radius-vector hodograph of the

type [5]
1 1

F(0)=[popipaps ttz (7 cosor+ Fsinor)+k [y h| ,tz ’
r r

where p;/; (i =0, 1, 2, 3) are running parameters deter-
mined on the given boundary conditions; o is the aver-

age angular rotational velocity; i,/,k are the basis of
Cartesian reference system, and ¢ is current time of the
vehicle movement (an independent variable).

The hodograph makes it possible to model the pro-
gram transfer of a material point as that being adequate
and implementable in the context of motion modes of
vehicles.

The method for developing a hodograph of a vehicle
program movement within the considered class of spi-
ral-helix path is to determine the introduced variable
parameters according to the required boundary condi-
tions. Auxiliary conditions also involve limitations on
technical operability of the path shape geometry and a
vehicle motion mode in the context of the path.

An example of the development of a hodograph of a
vehicle program movement in the context of spiral-helix
path. Boundary conditions within the considered path
section (Fig. 1) are assumed to be set as follows

t=0;
Ty, + ke
Vy=iVi+ Vo +kVy

t=t;
Ty = Jryp +kryp;
Vy=—iV,p+jVyp +kVyp.

. T, .
In this context r,, =0, ;=0 and of, ZE; i.e. the

rotation is performed at a right angle.
According to the set boundary conditions, we have
for A point (¢=0)
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Fig. 1. Boundary conditions in terms of ascending (de-
scending) motion while rotating

N4 (0)2905 ’EA(O)ZO; r3A(0):hO’
fia (O)ZP; oy (O)Z@Po§ Y (0):h1,
and for B point (=1,)

rip(t) =0;
hp (tk): Py +Pitx P17 +Patis
rSB(tk)ZhO +hty + 8+ it
g (1) ==0(Po +Piti + Pt} +pafi )
hp (tk) =Py +2pt +3psts
Fop (8, ) =My +2hot, + 30t}
This implies
ory=Vu, ho=ri hi =V

Po=ris P1=Via

Po+Pil + ol +Psty =rygs Ry It + Ity + It =1y
CO(po +Pity +Pal} +P3t1§) =Vigs b+ 2ht + 30t =V,
P +2pat +3pst; =V

It is quite obvious that

V. Vi .V r
o=—24 or w=-£ thatis 24 =-14
N hp 18 N
T T, Ty
and f, =— or t, =—*, t, =—".
20 234 2Vip

Thus, the following systems of equations are inde-
pendent

Ty
2V2A 5

tl%(P +P3tk):r23 —tia=Vi4

2
(2P, +3psty ) =V Vi

tlf(}‘z+}’3tk):"33_"3A_V
Iy <2hz +3h3tk):V3.B V4

And their solution is

38 T4 Vi +2Vy.
9

p2 = 2
tk tk
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Hhe—ha Vg +Via.

P3 =-2

3 2
Iy Iy
2B ha Vit 2V,
h=3 ;
2
Iy I

h, —_2hp~ha +V33+V3A
t} t?
k k
or while expressing the time required for a vehicle to
cross the set route section 7, through kinematic initial

data within the boundary points of the section in the
formulas, we obtain

2
12( V. 2V,
) :_z(ﬂj ("23 —h4 )_;%(st +2V, );

LNV 14
3 2
Ps :_i_f(%} ("23 _"1/4)“‘%(:2_:} (st +2I/1A);
h, :%(%Jz (”33 Y )_%%(Vw +2V3, )§
hy= _i_?([:;_j]} (’33 —I3y )+%[%jz (V33 +2V;, )

Thus, the hodograph of ascending (descending) ve-
hicle motion and its rotation at a right angle in terms of
spatial route is determined as follows

_ 2V, [ 6V,
"(t):{”m+V1At+;ﬁ(;ﬁ("23_’iA)_Vzﬂ_ZVMJﬂ‘*
2
+iz[@j [I/ZB+I/1A _i@(rw_"m)}3 x
T\ Ha T hy
x(fcos(@tj+7sin[l/2—"t}]+
ha ha
J{"M+V3A’+z@[§@(’33_”3,4)_[/33_2[/3A}2+
T ha \T Ty
2
V. V. —
+iz(ﬁ] [VsB*‘VM _iﬁ("w_rm)]ts k.
T\ N4 T hy

More specifically, when Vi, =0, V3, =0, Vy =0,
V35=10, we obtain

3
_g(@J ("23_’iA>t3 (TCOS{QI}—J_.SH{QZ‘J}_
A ia tia

2 3
12V, 16( V, —
e 2] (5,1 Bt (5,0 | B

R4

Further, while considering that r;,=0 and r;3=0, we
obtain a hodograph of a vehicle movement in terms of
straight angle rotation within the horizontal surface.
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Natural trihedral of the supporting trajectory. The set
program hodograph of a vehicle transfer should be used
to determine orientation of natural trihedral of spiral-
helix supporting trajectory in terms of earth reference.

Fig. 2 demonstrates 7(f) hodograph of program

V)

motion AB of a vehicle in terms of the fixed earth refer-
ence and natural trihedral of the supporting trajectory
connected with variable material point M.

In this context, T,7,b are orts of the natural trihe-
dral of the supporting trajectory.

It is known that unit vectors of a natural trihedral of
the spatial curve are determined by the formulas

T=—1, N=—"—F;
ds K ds?
where s is arc the length of the spatial curve, and K is

the arc.
In this context, the arc is determined in the form of

dr
ds
Since the hodograph of a program motion is set as

the vector function of time 7(¥), it is expedient to recon-
struct the formulas of natural trihedral orts in such a way

K=

— 1 —_— —_— -
n=- . rx(rxr);
2

(77 )2 7]

g:_mw[n(w)}

where |7| =. l(7-7); 7, 7 are the first and second order

time derivatives of radius-vector (program hodograph)
respectively.

Let us note that owing to the identical equations we
have [5]

0 i 7

Fig. 2. Hodograph of program motion and reference system

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 3



GEOTECHNICAL AND MINING MECHANICAL ENGINEERING, MACHINE BUILDING

Let us represent the vector operations in the coordi-
nate form applying mathematical apparatus of quater-
nion matrices [5]

r |:7><(r;><i'):| (RO—RO)
8
where
0 A K A
> |10 0 - 5
%= - K 0 - ,
ro—hH 0
0 A K A
e _ || 7N 0 r3 —h
%= -, -y 0
K —h 0

Expansion of the equations helps find the following

0 0 0 ofo 0
Hk-me)r=ta| ) T R
200 5 0 AN AR AR
0, =/ #  O|A| ||Af -5
o 0o o of\]o
_1 0 0 - 5 Hll
(RO RO) - O i 0 AR B
03 - A 0 n

i (17 +r3r3) i (A + ik )|

. . . . b
s (R E) = (B )

(
(
(i + iy )= i (B + i)
0
0

0 0 0 0
s o3zl 0 — 5 K
AR -R)7==.2 -
8(R0 RO) 8 0 7 0 —A|||A
05 = 7 O]
0
_(FF) 2
hily = 15h
i i,

Thus, in terms of the inertial reference system, the
following column vectors correspond to the natural tri-
hedral orts
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_ 1 ("3"3“’2”2) ”1(”2”2“‘3’3)
= FE | () - () |

B (s + R )= s (2 + 155 )
0

b 1 |nr—nh

[ D . ee |19
[F x| 75— i
Fifs =i
or

?=|it|[r'17+r'27+r'3/€];

B B +RB|- | RE+RE| =
R P I R

1 h hhthn L hhthG .
|r||r><r| BORE R —
N 3
o hhtnh
b= LA r3’+r3 gl hohip
FxF|\f Bl AR R

Orientation of the natural trihedral on the matrix of
directional cosines. In the general case, the relative rota-
tion of two coordinate systems is determined with the
help of a matrix of directional cosines of the following
type

Oy G Oy
Ay Oy Oyl
O3 O3 Og

The following transformation matrix determines the

natural trihedral orientation within the inertial space for

random moment of movement along the program tra-
jectory

1. 1. 1.
=h ) =5
i i i
L |h Khh+RR 1L |h RR+5A 1L |5 AR+KEH
‘?HFXF""I ByFy + B ‘FHFW‘ K+ R, ‘ er?ig KE +FyFy
L |nn 1 %7 L nn
| | x|l A

Thus, putting together the matrices, we obtain

oy ==h
i
1.

Op =1
7]
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1 non
O3y === ..
FXF

=~
o

Components of the matrix of the directional cosines
have been identified by means of the first- and second-
time derivatives on the components of a radius vector of
the spiral-helix program trajectory

Mo | .
. 1 Ll
h :"Poplszs" 5[OS0 =0 [siner |
| 312 3 |
Mo | .
. 1. t
"2=||Poplpng|| 5 sinwf + ® R coswt |;
| 312 & |
0
1
i =[rommn]l I
312
o . .
. —0’t 1]
’”1:"90!319293" ol cosmf —2m o sinowf |;
|67 - w?t? 3¢2 |
o . J
. —0)2t . 1
rz:"PoPlpngu ol sinwf —2m >y cosmt |;
| 6t — w’t? 312 ]
0
0
i =[] |
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Orientation of the natural trihedral on Rodriguez-
Hamilton parameters. In terms of Rodriguez-Hamilton

54

parameters, spatial rotation is determined by means of
quaternion matrices in the form of [5]

A TA
In this context, the quaternion matrices

-a, o o, —o
p 1 0 3 2.
A - )

o, —0; 0O, 0o

R T T o BT

Oy —O; —0, —04

o, o o, —a

1At 1 0 3 2
A - )

follow Rodriguez-Hamilton parameters: a,, a;, a,, a;.
The required Rodriguez-Hamilton parameters deter-
mining the natural trihedral orientation on the pre-
scribed program motion hodograph may be identified
directly from the system of four independent algebraic
equations
al+ol+ol+al=1

of+of —o—ag = oy,

of —af+ad-al=a,,’

22 2,2
Op—0j —a; +03 =03
or in terms of a matrix form

L1 1fled] |
11—l

1 -1 1 —1fflled] fo,|

2
s [

-1 =1 12 o,

It should be noted that the matrix

—_ = = =
—_
|
—_
|
—_

-1 -1 1
is a symmetrical, nondegenerate matrix having the fol-
lowing property of orthogonality

1 1 1§ 1 1 1 1
1 -1 -3 1 -1 -1 0
-1 1 -1t -1 1 -1 0
-1 -1 1||p -1 -1 1 0

— = = =
S O = O
oS = O O
-0 O O

Thus, the inverse matrix is

11 1 1
M1 o-1 -1
4 -1 1 -1
1 -1 -1 1

Hence, the solution may be found in the following
matrix form
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7 | T W O [T

@ 1t 1 -1 —llay,
274 1 1 oy
o3 I -1 -1 1oy,

Natural trihedral orientation on Gibbs vector. Spatial
rotation is determined univalently according to Gibbs vec-
tor. Components of Gibbs vector are invariant and fixed in
terms of dynamical frame of reference and fixed one, i.e.

i
o, @ alli]
k

6 &

S S| ql

Components of Gibbs vector are connected with
Rodriguez-Hamilton parameters by means of the known
formulas

o
_ 9%,
G =—;
&

o
_9%.
G, =—=;
o)

o

_ Y%
G, =—.
&

Components of Gibbs vector are determined using
the components of matrices of directional cosines with
the help of the following identical forms

_Qp Oy O30y,

G, ;
O3 =03 Oy =0y
G. - Oy + 0y Olyy+03
2 - b
O3 —0O3p Oy =0y
G. =% T03; Oy +ads,
s = - = —=.
Q3 —Q3p Oy — Qg3

Conclusions. A hodograph of a vehicle program tran-
sition in terms of earth reference system has been pro-
posed in the class of spiral-helix supporting trajectories.
Unit vectors of the natural trihedral of spiral-helix sup-
porting trajectory have been obtained depending upon
the time derivatives of the program motion hodograph.
Calculation algorithms for complicated operations of
vector algebra in terms of quaternion matrices are dem-
onstrated. The components of Gibbs vector, Rodriguez-
Hamilton parameters, and a matrix of directional cosines
have been determined as the functions of kinematic pa-
rameters of the program motion. The program transition
— radius-vector hodograph and program rotation (orien-
tation) — Gibbs vector or a quaternion on Rodriguez-
Hamilton parameters has been represented vectorially.
This makes it possible to model spatial problems con-
cerning the orientation and control of dynamic systems
(vehicles) while using mathematical apparatus of quater-
nion matrices being practical for computer facilities.

Involving the unified position of mathematical ap-
paratus of vector algebra, the vector approach to the de-
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scription of a program spatial transition and orientation
helps formulate and solve nonlinear problems of a ve-
hicle dynamics, find the required contact driving forces
providing the controllable program motion along the
supporting path. The estimation of program contact
(controlling) driving forces opens up the possibility for
the substantiated solution of problems of dynamic vehi-
cle design involving the required power supply capacity,
selection of inertial characteristics, geometry, structural
schemes, aerodynamic shapes, and others.
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OpienTania HaTypajJbHOro Tpieapa cmipajbHO-
IBUHTOBOI ONOPHOI TPAEKTOPii Pyxy
aBTOMOOIJIA y mpocTopi
B.I1. Caxno', B. B. Kpaseuw?, K. M. bac'?, B. B. Kpieda®
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Mera. ITinBuilieHHS JOCTOBIPHOCTI Ta iHXXEHEPHOI
TOYHOCTiI 3D-MoaemoBaHHS pyxXy aBTOMOOIIS.

Metoauka. OpTH HaTypajabHOIO Tpieapa Cripaib-
HO-TBUHTOBOI OMOPHOI TPA€EKTOPii HAAAIOTHCS Y BEK-
TOPHII popMi MOXiATHUMU 32 YACOM BiJI pajiiyca-BeKTO-
pa mporpamHoro pyxy. CkJiaaHi oneparii BEKTOPHOI
anreOpyu HABOASTHCST KBATEPHIOHHUMU MAaTPUILISIMU.
OpieHTallisg y mpocTopi ado mporpaMHUIii TOBOPOT Ha-
TypaJbHOIO Tpieapa onucyeThest BeKTopoM ['i060ca, ma-
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pametpamu Popapira-I'aminbsToHa, MaTpULICIO HATIPSIM-
HUX KOCUHYCIB y 3aJI€2KHOCTI Bill KiHEeMaTUYHUX Tapa-
METpiB IIPOTPAMHOIO PyXy.

Pe3yabTaTu. ['onmorpacd mporpaMHOTo MepeHeCeHHS
aBTOMOOIJISI PeICTaBICHO Y Kiaci CIipabHO-IBUHTO-
BUX OMOPHUX TPAEKTOPIil Y 3eMHili cucTeMi BiJTiKy.
OOVMHUYHI BEKTOPU HaTYpaJbHOIO Tpieapa CipalbHO-
TBUHTOBOI OMOPHOI TPAEKTOPil OTPUMaHI B 3aJIEXKHOCTI
BiJl MOXiTHMX 32 YacoM rojgorpada mporpaMHOro pyxy.

HaykoBa HoBusHa. [IporpamHe nepeHeceHHs — ro-
norpad pafaiyca-BeKTopa Ta MNpPOrpaMHUII MOBOPOT
(opieHrtatiisi) — BekTop ['i06ca abo KBaTepHiOH 3a Ma-
pamerpamu Ponpira-I'aminsToHa nmpeacTaBieHi y BeK-
TOPHil (popMmi, 1110 103BOJISIE MOAEIIOBATU MTPOCTOPOBI
3aBJaHHSI OpieHTAl]l 1 KepyBaHHS IMHAMIYHUMMU CUC-
TeMaMu (aBTOMOOIJISIMM) Y KBaTePHIOHHUX MaTPULISIX.

IIpakTuuna 3unaumMicTs. Po3paxyHKoBi dopmynn
HaBOMSTHCS B YIOPSIKOBAHOMY, KOMIIAKTHOMY Ma-
TPUYHOMY BUIJISAII, Oe3MOCepeqHbO afanTOBAHOMY 10
KOMIT'IOTEpPHUX TEXHOJIOTiil. AITOPUTM JT03BOJISIE BU-
PpilllyBaTH IMPOKE KOJIO 3aBAaHb TMHAMIYHOTO MPOEK-
TYBaHHS TPAaHCIIOPTHUX 3aCO0iB.

KmouoBi cioBa: eodoepag, cnipanrvHo-esunmosa
MpaeKmopis, HamyparvHuii mpiedp, opicHmayis, 6eKmop
Tiobca, napamempu Poopiea-Taminemona, keameprionHi
mampuyi

OpueHTanus HATYPAJIbHOTO TPUIApA
CIIMPAJIbHO-BUHTOBOW ONOPHOI TPAEKTOPUU
JBMKEHHS aBTOMOOMJISAA B MPOCTPAHCTBE

B. 1. Caxno', B. B. Kpasey?, K. M. bacc'?, B. B. Kpugoa?
1 — HanmoHaibHbBIM TpaHCTIOPTHBIN YHUBEpCUTET, I. Kues,
VkpauHa, e-mail: k.m.bas.69@gmail.com

2 — l'ocynapcTBeHHOE BhICIIIee yueOHOe 3aBeaeHue ,, Harmo-
HaJIbHBI TOpHBIA YyHuUBepcuter”, r. JHemnp, VYkpauHa,
e-mail: prof.w.kravets@ gmail.com;

Lenn. [ToBbilIEeHUE TOCTOBEPHOCTU U MHXKEHEPHOI
TouHOCTH 3D-MonenpoBaHysl ABUKEHMSI aBTOMOOMJIS.
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MeTtomuka. OpThI HATypaJIbHOTO TPUAAPA CITPAITh-
HO-BMHTOBOM OITOPHOI TPaeKTOPUU BBIPAKAIOTCS B
BEKTOPHOI (popMe IMPOU3BOIHBIMU 110 BpEMEHU OT pa-
INYC-BEKTOpa IPOrpaMMHOro nBvxkeHUs. CIoXHBIC
orepaly BEeKTOPHOI alireOpbl MPenCTaBIsSIIOTCS KBa-
TePHUOHHBIMU MaTpuliaMu. OpueHTalus B TPOCTPaH-
CTBE€ WJIU MPOTrPaMMHBII MOBOPOT HATYPaIbHOIO TPUI-
JIipa omnuckiBaeTcsi BeKTopoMm [ubOca, mapamerpamu
Ponpura-I'aMmuiabToHa, MaTpUleil HaMPaBSIOIIUX KO-
CUHYCOB B 3aBUCUMOCTHU OT KUHEMATUYECKUX TTapame-
TPOB MPOTPAMMHOTO JIBUXKEHMSI.

PesynbTatel. [onorpad mnporpamMmMHOro mnepeHoca
ABTOMOOMJIA TIPEACTAaBJICH B KJIacce CIMPAIbHO-BUH-
TOBBIX OITOPHBIX TPACKTOPHUIA B 36MHOM CCTEME OTCUE-
Ta. ETMHNYHBIE BEKTOPBI HATYPAJIBHOTO TPUAAPA CITH-
PajlbHO-BUHTOBOI OIIOPHOM TPA€KTOPUU IOJY4YEHBI B
3aBUCUMOCTU OT MPOM3BOIHBIX 110 BPEMEHU TOI0rpa-
¢a mporpaMMHOTIO IBUKEHMSI.

Hayunas HoBu3Ha. [IporpaMMHbI epeHOC — ToO-
norpad paauyc-BeKTOpa, M TMPOrpaMMHBII MTOBOPOT
(opueHTalusi) — BeKTop ['mb0ca miu KBaTepHUOH MO
napametrpam Ponpura-I'aMuiabToHa, TIpeacTaBieHbl B
BEKTOpHOU (opme, UTO MO3BOJSIET MOAEIMPOBATH
MMPOCTPAHCTBEHHBIC 3aaul OPUEHTALIMU U yIIpaBie-
HUS IMHAMUYECKUMU CUCTeMaMM (aBTOMOOWJISIMU) B
KBaTepHUOHHBIX MaTPUIIAX.

IIpakTHyecKas 3HaYMMOCTh. PacueTHBIE (hOPMYIIBI
MpEeACTaBICHBl B YIOPSIOYECHHOM, KOMIIAKTHOM Ma-
TPUYHOM BUE, HEMOCPEIACTBEHHO adarTUPOBAaHHOM K
KOMITBIOTEPHBIM TEXHOJIOTUSIM. AJITOPUTM IO3BOJISIET
pelarh UPOKUM KPYT 3a1a4y JUHAMUYECKOTO MPOEK-
TUPOBAHUS TPAHCIIOPTHBIX CPENCTB.

KimoueBble ciioBa: eodoepagh, cnupanrbHo-8uHmosas
mpaeKmopust, HAaMyparbHslil MpuIop, OPUEHMAUUSL, BEK -
mop Tubbca, napamempur Podpuea-Tamunvmona, keéa-
MepHUOHHbIe MAMPULbL

Pekomendosano 0o nybaikauii dokm. mexH. HaAyK
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