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Purpose. Reliability and engineering precision improvement of 3D-modelling for kinematics and dynamics of
ground transport vehicles. Criteria development for results verification.

Methodology. Equivalent motive force of a high-speed vehicle of ground transport is determined based on pro-
gram hodograph corresponding to spiral-screw trajectory. Motive force distribution is carried out for two supporting
points of a ground transport vehicle. The problem is solved based on Varignon’s theorem in a vector format, and it is
considered in moving frame of reference of true trajectory trihedral. The formulated statistically undetermined prob-
lem is solved by involving design variable considering reactivity or inactivity of the supporting point. The verification
of obtained analytical solution is carried out on the basis of kinetostatic invariants.

Findings. The formulae are suggested for determining analytic contact forces in programmed motion of a high-
speed vehicle of ground transport for tandem and parallel flow diagram of supporting points with respect to their re-
activity or inactivity. The obtained formulae for contact forces comply with the first static invariant for the problem
considered. The second static invariant enables determination of analytic dependences between the components of
unknown contact forces, equivalent motive force, and geometric parameters.

Originality. A method is suggested for statistically undetermined problem solution of equivalent motive force dis-
tribution for two contact points of a ground transport vehicle and the supportive surface. The method is based on the
classical results of mechanics use: Varignon’s theorem, static invariants, true trajectory trihedral of a ground transport
vehicle. The formulated problem becomes resolvable in corpora by means of involving technically reasonable hypoth-
esis of reactive—inactive links at the supporting point.

Practical value. The obtained analytical solutions of formulated problem are informational, clear and convenient
for analysis in engineering practice of dynamic development of high-speed ground transport vehicles. The calculation
formulae are provided as properly arranged and adapted for machine-assisted realization. The method enables widen-
ing of resolvable problems range for dynamic development of ground transport vehicles of complex flow diagrams and
any quantity of supporting points.

Keywords: hodograph, true trihedral, Varignon’s theorem, static invariants, contact forces, ground transport vehicle

Introduction. General problems of determining con-
straint forces in mechanical systems with two or more
supporting points belong to statistically undetermined
ones [1, 2]. High-speed vehicles of ground transport
moving under specified schedule on the determined
supporting surface are considered as such mechanical
systems [3, 4]. Constraint forces occurring in the con-
tact points of ground transport vehicles and supporting
surface enable control and stability of motion [5]. There-
fore, the improvement of methods for determining con-
tact motive forces of ground transport vehicles, as well
as improvement of results reliability and engineering
precision for dynamic process simulation is considered
as an urgent problem.

Analysis of the recent research and publications. Such
studies of dynamic systems are carried out based on in-
novative approaches to problem formulation and new
methods of mathematical description and simulation of
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dynamic processes [6, 7]. The following problems are
considered: dynamics of the road-tyre-automobile-
driver system, stability of wheelset motion of transport
machines, influence assessment of centrifugal, Coriolis,
gyroscopic, and tangential inertial forces on the dynam-
ic loading of high-speed vehicles of ground transport
and impact on road surface [4]. The studies in such
fields belong to the type of tasks of technical systems dy-
namic design to be solved on the base of complex ap-
proach with application of both computing and full-
scale experiment [8].

Unsolved aspects of the problem. The resulting mo-
tive force determined earlier and providing the deter-
mined motion of a high-speed vehicle of ground trans-
port along the spiral-screw trajectory with respect to
gravitation force and inertial and aerodynamic forces is
to be distributed equivalently over the contact points
with supportive surface. As for the single contact point,
the solution is simplistic. In case of two or more contact
points the problem is considered to be a statistically un-
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determined one and requires supplementary conditions
compliant with its initial formulation. The main part of
the problem under consideration is determined by reli-
ability substantiation of the method suggested for evalu-
ation of indeterminate forms in the problem of equiva-
lent distribution of motive force over the two contact
points of the vehicle and supportive surface.

The objectives of the article. To provide the solution
method for statistically undetermined problem for
equivalent distribution of resulting motive force over the
two contact points of the ground transport high-speed
vehicle and supportive surface, to substantiate the reli-
ability of the obtained results.

Methods description. Equivalent motive force is dis-
tributed over two contact points. The problem is dis-
cussed in moving frame of reference (true trihedral
frame), where the resulting motive force (N,, N,, N,) is
considered to be determined by means of the program
hodograph of automobile carrying over a distance. The
contact point arrangement is set in the true trihedral
frame (osculating plane), it is shown in Fig. 1.

The (F},F,), system of static equivalent forces ap-
plied in two contact points is determined. The two pos-
sible arrangement frames for (0,, O,) supportive points
are considered for ground transport vehicles as follows:

- tandem;

- parallel,
where T stands for motion direction.

Presentation of the main research. The formulated
statistic problem is solved based on Varignon’s theorem

FxF 47 x By =7 x .

Herein:
- for the tandem frame

n=r+7l; n=r-1l,;

- for the parallel frame

R=r+nh; 7=r—Tl,.

The geometric parameters /,, /,, h,, h, are set in the
system of coordinates, connected with the transport ve-

0 j
a

hicle: /,, h, stand for distance between point mass M and
first supporting point O,; ,, h, stand for distance be-
tween point mass M and second supporting point O,.
In particular, combining O pole with the second sup-
porting point O, we obtain:
- for the tandem frame

r=1l; =0 71=(II+IZ)T;
- for the parallel frame
Ffihy; =0 T=(h+h)

In such a case, Varignon’s theorem is represented as
a true trihedral frame in the form of the determinants as
follows:

- for the tandem frame

T nob T 7 b
L+, 0 0|=[, 0 0
R F, F;| [N, N, N

a
=
>

- for the parallel frame

T n b| |T #n b
0 Am+h, 0|=|0 A O
Y R, FJ| I[N, N, N,
Whence it follows:
- for the tandem frame
/
FT is underdetermined; FF =—2—N,;
L +1,
/
T _ 2 N.:
1b b>
L+,

- for the parallel frame

F :ﬁNT; F}! is underdetermined;
1

I1 h’z Nb'

Ky hh

N E!

Fig. 1. Flow diagram of a transport vehicle with two contact points:

a — tandem; b — parallel
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Combining O pole with the first supporting point O,
we obtain:
- for the tandem frame

r=-lT, =0, = —(l1 +1, )?;
- for the parallel frame

F=—hni; F=0; B=—(h+h)n.

Herein Varignon’s theorem as a true trihedral frame
is represented as:
- for the tandem frame

T m b||T wm b
L+l, 0 0= 0 0}
F. B, F| [N, N, N,
- for the parallel frame
T n b| |T #n b
0 #m+h, 01|=|0 A& 0f
whence it follows:
- for the tandem frame
/
F isunderdetermined; Ff =—1—N ;
[ +1
114
/
Fl=—1_N,;
¥, !
- for the parallel frame
o :#N . FY is underdetermined;
n h
Ey=—"-—N,.
h+hy

Statistic invariants in the problem of contact forces
determination. The first and second statistic invariants
serve as a means of obtained results verification and pro-
vide the additional information for solving the statisti-
cally undetermined problem under consideration.

1. First statistic invariant. The first statistic invariant
of this problem is represented in the following vectorial
form

F+F=N.

For the tandem frame in the normal plane of true
trihedral the first statistic invariant has the following co-
ordinate representation

T _ pT _N - pFT L pT _
frln-l_F2n_Nn’ Fib+F2b_Nb’
or in expanded form using the obtained results

h

N, + N,=N,
L+1, L+1,
l] 12
N,+——N,=N,,
I +1, I +1,
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i.e. the abovementioned conditions are identically satis-
fied for the solutions obtained.

The projection of the tangential basis vector

Fi+F. =N,

contains uncertainty. To provide evaluation of indeter-
minate forms the following technically substantiated
conditions are introduced:

- the first and second contact points are reactive
(driving) i.e.

FT'>0, FI>0.
Then the design parameter k is introduced for all
wheel drive transport vehicle
kL

k= |
B

Considering the given design parameter k, we obtain
T _ L pT
Fir - kF'ZT ’
whence it follows
T T _
kFZt + FZT - Nr’
that is
1
271;:_N'r; E{:L T
1+k 1+k
In case of equal motive forces at the contact points

(K" = F') the design parameter k = 1 and accordingly

1 1
Fi=gNg Fi=oN.
Therefore, the first statistic invariant in the projec-
tion of tangential on the basis vector for the solution
suggested is also satisfied identically

BV S
1+k ° 1+k ° '

The following technically realized design frame is
considered:
- the first contact point is reactive (driving)

FT>0;
- the second contact point is inactive (driven)
Fr <0.

Design parameter & for a front wheel drive transport
vehicle is determined as

Ml
F

In the case, the technically substantiated condition is
k> 1, i.e. the motive force exceeds the resistant force at
the contact points (F! > F)"). Therefore, the first sta-
tistic invariant in the projection of tangential on the ba-
sis vector for true trihedral is expressed as
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Rl -F.=N,
where
RT =kFL,
or
kE = F =N,
i.e.
Ff —LN FT =LN .

2t T k—1 T It k—1 T

In case of a rear-wheel drive transport vehicle we
suggest that:

- the first contact point is inactive (driven)

A <0;
- the second contact point is reactive (driving)
FI>0.

Since automobile motive force exceeds the resistant
force at the contact points (F]Z < F;), then k < 1 and
also

T, pT _
_Fir + F'217 - Nr’
or
T 5T _
_kFVZ'r + FVZ'C =N ’

i.e.
1 k
F'2€ = N 'r; Fi']r- = N T°
1-k 1-k
In case of parallel arrangement of contact points the
first statistic invariant in the projections on the basis
vectors for true trihedral is expressed as

Fl+Bi =N Fi+By =Ny Fi+F, =N,

Here the solutions obtained in the projections of
tangential and binormal on the basis vectors are satisfied
equally

"Nt NN

h+hy b+,
LT VL T VY Vi
h+h " Bt

and in order to provide evaluation of indeterminate
forms in the projections on unit normal vector, the fol-
lowing technically substantiated conditions are intro-
duced

R >0, I >0,
or

Fl<0; F!<o0.

Moreover, the design parameter

A

Fy

l"l':

b

is considered as a given one.
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Then
Fl =uFy,.
Wherefrom,
why, +F, =N,
Consequently,
BN Ri-tn,
I+p 1+p

In particular, for a symmetric parallel frame it is giv-
en that

By = F,,
i.e.
p=1.
Then we obtain the evident result
El=in; R1=1iw,
2 2

Therefore, for the parallel frame of the contact
points arrangement the first statistic invariant in projec-
tion on unit normal vector is also satisfied equally to the
suggested solution

L VA S VAN VS
I+p I+p

2. Second statistic invariant. The second statistic in-
variant of this problem is represented in the following
vectorial form

]V(FIXE)+]V(T‘2><F2)=]V<F><]V),
or
N-(FIXFI)+]V-(7'2><FZ):0,
as
N ~(7>< N) =0.
In particular, for tandem frame combining O pole
with second supporting point O, we obtain

7 =0; 7,:(l, +12)T,

i.e.
N -(Tx _1) =0,
since
L+L#0,
or
F (]V x?) =0.
In the frame of true trihedral we are to note
ET En Flb
N. N, N,|=0,
1 0 0
or
F F
n i)
Nn Nb
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i.e. In case of the parallel framework combining 0 pole
F, N, and the second supportive point O,, the first supportive
F, = N, : point O,, and M point, we obtain respectively:
Combining 0 pole with the first supporting point O, L./=0; 7= (hl + h2)ﬁ’ F '(N X ’7) =0;
btai
we obtain ) ) ) F. E F, .
1'120, r2=—(11 +12)T, N N Nb_ Er Eb =0: ﬂ:Nr.
ie. OT 1 0 N T N b Fib N b
N-(TxF,)=0,
(<) 2.7 =0; B=—(h+h)n; F-(Nxn)=0;
or
_ F, F, F
E,-(Nx7)=0 2t b F,. F E, N
2( ) Nr Nn Nb =0; A;T ]\;b:O, %:NT‘
Wherefrom, 0 1 0 v Y 2 b
E. F, K Therefore,
NT Nn Nb :0’ F{n_F‘ZT_Nn
1 0 0 K, F, N,
or 3. F=hn; K=-hn, hlfl-(]Vxﬁ)zhziz-(]Vxﬁ);
P Byl F. FE, F F,. F, F
N NI et T 27 o Lo
! ’ thr Nn Nb:h’ZNr Nn Nb’
1.e. 0 1 0 0 1 0
IR/ E. F FE. F
FE, N, R A
N. N, N. N,
Therefore,
En an Nn FirNb_FibNT :ﬁ’ frlxhl_FZTh2 =£‘
E:sz:Nb. EN,-FE,N. h  Fh-Fh N,
Combining 0 pole with M point we obtain C(_)ncl_usiqns. The mc?thod was developed for equiva-
o _ lent distribution of resulting motive force over two contact
n=ht K=-L7, points of a ground transport vehicle and supportive sur-
ie face for program motion according to spiral-screw trajec-
— = R tory. The statistically undetermined problem was com-
LN (T x K )_l N '(T x 2) =0, pletely solved analytically by means of involving techni-
or cally reasonable hypothesis of reactive-inactive links at
= (T — = (T — contact points for tandem and parallel frames of a ground
hA .(N x T) =hh, '(N X T)’ transport vehicle. The verification of solution obtained
and further was carried out according to the first kinetostatic invari-
’ ant. Based on the second kinetostatic invariant the ana-
K. F, E, E. FE, FE, lytical dependences were determined linking the compo-
LIN, N, N,|=L|IN. N, N,| nents of contact forces, resulting motive force and geo-
| On 0 IT On 0 metric parameters of flow diagrams for a ground transport
vehicle in terms of frame of true trajectory trihedral. The
or obtained analytical solutions are informational, clear and
FF FEF convenient for application in engineering practice of dy-
I, In T1b| _ l, . T2b) namic development of high-speed ground transport ve-
N, N, N, N, hicles. The method suggested enables consistent general-
) izations in case of increasing quantity of supporting points
whence it follows and complications of vehicle flow diagrams.
EN -EN [
—ln b “brn 1—2, References.
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and also chenko, S., 2018. Stress-strain state of a flat tractive-
Fl_-F.l N bearing element of a lifting and transporting machine at
Anl 2632 ___n operational changes of its parameters. Solid State Phe-
E—=Fyl, N, nomena, 277, pp. 188—201.
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MeTton BU3HAYEHHS KOHTAKTHUX CHJI
HMIBUAKICHOTO €KilaXy HA3eMHOr0 TPAHCHOPTY
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Mera. [linBuiieHHS JOCTOBIPHOCTI Ta iHXKEHEPHOI
ToyHOoCTi 3D-MomemoBaHHsa KiHEMAaTUKA M TUHAMIKA
eKirnaxiB Ha3eMHOTro TpaHcropTy. Po3pobka kputepiiB
Bepudikalii pe3yabTaTiB.

Metomuka. ExBiBajieHTHa pylIiiiHa cuJia IBUIKiC-
HOTO eKimaxy Ha3eMHOTO TPaHCIIOPTY BU3HAYAETHCS
3a MporpaMHUM rogorpadom, 1110 BiAMOBigae cripaie-
TBUHTOBI Tpaci. [lpoBoauTbcs po3Mofia pylriiHOL
CWUJTU 32 IBOMA OITOPHUMU TOUKAMM €KillaxKy Ha3eMHO-
ro TpaHCIOPTYy. 3aBAaHHs BUPILIYETHCS Ha TTiACTaBi
Teopemu BapiHboHa y BEKTOpHili opMi i po3risiaa-
€TbCS B PYXOMili CUCTEMI BillJIiKy — HaTypaJIbHUM Tpi-
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enp Tpaekropii. [TocTaBneHa cTaTMYHO HEBM3HAYECHA
3a/maya BUPIIIYETHCS IUISIXOM YBEICHHS ITPOEKTHOTO
napameTpa, 110 BpPaxOBYE pPEaKTUBHICTb ab0O MacuB-
HicTb omOpHOi TouKu. Bepudikaliist orpyMaHux aHaJli-
TUYHMX DillleHb TIPOBOIMTLCS Ha OCHOBi iHBapiaHTIB
KiHETOCTaTUKM.

Pe3ynbTaTi. 3ampornoHoBaHi (opMynau aHaTiTUY-
HOTO BM3HAY€HHSI KOHTAKTHUX CUJ Y TMPOrpaMHOMY
pyci WIBUAKICHOTO €Kimaxy Ha3eMHOro TPaHCIOPTY
JIsI TAaHAEMHOI Ta TapajieJIbHOI CTPYKTYPHUX CXeM
pO3TalIyBaHHS OTIOPHUX TOYOK 3 YpaxXyBaHHSIM O3HAKU
peakTUBHOCTI—TTacuBHOCTI. OTpuMaHi (hopMyIn KOH-
TaKTHUX CWJI 33aJ0BOJIBHSIOTH IIEPIIOMY CTAaTUIHOMY
iHBapiaHTOBI IJIs1 JaHOoi 3agadvi. dpyruii ctTaTMYHUMI iH-
BapiaHT J03BOJISIE BCTAHOBUTU aHAJIITUYHI 3a71€3KHOCTI
MiXX KOMITOHEHTaMU KOHTAaKTHMX CHJ, III0 BM3HaYa-
IOTbCSI €KBiBaJICHTHOIO PYUIIfHOIO CHJIOI0 Ta TeoMme-
TPUYHUMMU MMapaMeTpamMu.

HaykoBa HOBH3HA. 3aITPOITIOHOBAHO METOJ PO3B’sI-
3aHHS CTATUYHO HEBU3HAYEHOI 3a/1a4i PO3MOAiTY eKBi-
BaJIEHTHOI PYLIiM{HOT CUJIM 3a JBOMA TOUYKAaMU KOHTaK-
Ty eKilaxy Ha3eMHOIO TPaHCHOPTY 3 OIMOPHOI0 TO-
BepxHelo. MeToj 3acHOBaHMI Ha BUKOPUCTAHHI KJia-
CUYHMX pe3yJbTaTiB MeXaHiku: TeopeMu BapiHboHa,
CTaTUYHMX iHBapiaHTIB, HATypaJbHOTO TpieApy Tpacu
eKilTaxxy Ha3eMHOTO TpaHCIIOpTy. BusasieHo, mo mo-
CTaBJIeHy 3a7a4y MOXXHa PO3B’SI3aTH B IOBHOMY 00CsI3i
LIUISIXOM YBEACHHSI TEeXHIYHO BUIIpaBIaHOI TiMOTe3U
IIOA0 PEAKTUBHOCTI—ITACUBHOCTI 3B’SI3Ky B OITOPHiii
TOYLI|.

IIpakTryna 3HauyumicTs. OTpUMaHi aHAJIITUYHI PO3-
B’SI3KM MOCTaBJICHOI 3amavi iHGOpMaTUBHi, MPOCTi Ta
3pYYHi JAJIS aHai3y B iHXXKEHEPHiil MpaKTUlli AMHaAMiu-
HOTO MPOEKTYBAHHS IIBUIKICHUX €KillaXKiB Ha3eMHOTO
TpaHcniopTy. Po3paxyHKoOBi (hopMyau HaBEEeHi B yIIO-
PSIKOBaHOMY, KOMITAKTHOMY BUTJISII, O€3II0CepeTHBO
aganToBaHOMY IO KOMIT'IOTepHOI peanizauii. Mertop
TTIO3BOJISIE PO3IIMPUTH KOJIO BUPIIITyBaHUX 3a1a4 TMHA-
MIYHOTO IPOEKTYBaHHSI €KiMaxiB Ha3eMHOro TpaH-
CIIOPTY CKJIAJHUX CTPYKTYPHUX CXEM IIpU AOBUIbHIil
KiJIbKOCTi OIMTOPHUX TOYOK.

KmouoBi cioBa: eodoepagp, nHamypanvhuii mpiedp,
meopema Bapinvona, cmamuuni ineapianmu, KOHMAaKmMHi
cunu, eKinaxic Ha3emMHo20 MPaHCHNoOpmy

Meton onpeaeeHuss KOHTAKTHBIX CHJI
CKOpPOCTHOI'0 3KHIIA2Ka HA3€MHOI'0 TPAHCIIOPTA

I T ITuensx', B. Il. Caxno?, B. B. Kpasey', K. M. Bacc'?

1 — HanmoHanbHBIM TEXHUYECKUI YHUBEPCUTET ,,JIHETTpOB-
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prof.w.kravets@ gmail.com

2 — HanuoHanbHBIN TPaHCIOPTHBIN YHUBEPCUTET, I. Kues,
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Ienn. [ToBbIIIEHNE TOCTOBEPHOCTH Y MHKEHEPHO
TouHocTH 3D-MomeaMpoBaHusl KWHEMATUKA M JWHA-
MMKM SKHUITaXei Ha3eMHOTo TpaHcrnopra. Paspaborka
KpUTEpHeEB Bepru(UKALINKU Pe3yIbTaTOB.

MeTtoauka. DKBUBaJIeHTHAsI IBVKYIIas CUJIa CKO-
POCTHOIO SKMIaXkKa Ha3eMHOI0 TpaHCITOPTa OIpPeaeIIs -
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€TCSI TI0 TIPOTPaMMHOMY Tomorpady, COOTBETCTBYIOIIE-
My CIIMpajie-BUHTOBOM Tpacce. [IpoBomuTcst pacmpe-
NeJeHNe OBVDKYIIE CHIIBI IO ABYM OIIOPHBIM TOYKAM
AKMIIaXa HA3eMHOT'0 TpaHCIOpTa. 3amaya periaeTcs Ha
OCHOBe TeopeMbl BaprnHbOHa B BEKTOpHOI (popMme U
paccMaTpuBaeTcsl B MOIBUXKHOW CUCTEME OoTcyeTa —
HaTypaJbHbIi Tpuaap TpaekTtopuu. IlocTtaBieHHas
CTaTUYECKU HeolpeaearMasi 3ajada pa3peniaeTcs my-
TeM BBEJEHMS MPOEKTHOIO MapaMeTpa, yUuThIBaloIe-
ro peakTUBHOCTh WJIM MACCUBHOCTh OMOPHOI TOYKMU.
Bepudukanuus noaydeHHbIX aHAIUTUYECKUX PEIIeHU I
TIPOBOIUTCS HA OCHOBE MHBAPUAHTOB KMHETOCTATUKU.
Pesyabrarel. [IpemmoxeHsl (popMyIbl aHATUTHYC-
CKOTO OITpeeIeHNs] KOHTAaKTHBIX CHJI B TIPOTPAMMHOM
IBIDKEHUN CKOPOCTHOTO 3KHWIIakKa Ha3eMHOTO TpaHC-
nopTa Ui TAHIAEMHOM M IapajuleJIbHON CTPYKTYPHBIX
CXEM PaCIIOJI0KEHMSI OTIOPHBIX TOUEK C YIYETOM MPU3HA-
Ka peakKTUBHOCTU—TIacCUBHOCTHU. [lomydyeHHbIe (op-
MYJIbI KOHTaKTHBIX CWJI YAOBJIETBOPSIIOT TIEPBOMY CTa-
TUYECKOMY MHBApUaHTY JIsl pacCMaTpUBaeMoli 3a1aumn.
Bropoit cratmyeckuii MHBapUaHT IO3BOJISIET YCTaHO-
BUTH aHAJTUTUYECKUE 3aBUCUMOCTH MEXIY KOMITOHEH-
TaMU UCKOMBIX KOHTAaKTHBIX CUJI, 9KBUBaJIEHTHOM ABU-
KYIIEH CUJION ¥ TeOMETPUIECKUMU TTapaMeTpaMH.
Hayuynasa noBusna. IlpenyoxeH MmeTon pelieHUs
CTaTUYCCKM HEONPENeMMON 3amaur pacrpeaeacHMs
SKBUBAJICHTHOM NBMXXYIIEH CWJIBI IIO0 ABYM TOYKaM
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KOHTAKTa dKMIIaXa Ha3eMHOTO TPAHCIIOPTA C OIIOPHOI
[MOBEPXHOCThIO. MeTo OCHOBAaH Ha MCIIOJIb30BAaHUU
KJIACCUMYECKUX Pe3yJbTaTOB MEXaHUKU: TeopeMbl Ba-
PUHbOHA, CTATUYECKUX MHBAPUAHTOB, HATYPaJbHOI'O
TPUBApPA TPACcChl 3KUIIaXKa HA3EMHOTO TPaHCIIOPTA.
IMocraBiaeHHas 3agada OKa3bIBaeTCs pPa3pellrMOil B
ITOJTHOM 00beMe ITyTeM BBEICHUST TEXHUYECKU OIpaB-
JMAHHOM TUIIOTE3bl O pPEeaKTMBHOCTU—TIACCUBHOCTU
CBSI3M B OTIOPHOI TOYKE.

IIpakTnyeckas 3HayuMocThb. [losydeHHBIE aHaIU-
TUYECKUE PellleHusT TTOCTaBJIeHHOM 3a1aun nHbopma-
TUBHBI, IIPOCTHI U YIOOHBI [IJI51 aHAIM3A B MHKEHEPHOMI
MpaKTUKe TMHAMUYECKOIO IIPOEKTUPOBAHMUS CKOPOCT-
HBIX 9KUIIAXeil Ha3eMHOro TpaHcrmopTa. PacueTHble
(bopMyJibl MpeACTaBlIEHbl B YIOPSIIOYEHHOM, KOM-
IMaKTHOM BMJE, HEIIOCPEICTBEHHO afanTUPOBAHHOM K
KOMIIBIOTEPHOI peanu3auuu. MeToa mo3BoJIsIeT pac-
LUAPUTH KPYT pelIaeMbIX 3a4a4 JUHAMUYECKOTO MPO-
€KTUPOBAHUS SKUITaKeil Ha3eMHOTO TPAHCIIOPT CJIOXK-
HBIX CTPYKTYPHBIX CXEM MPH ITPOM3BOJIHLHOM KOJINYE-
CTBE OITOPHBIX TOYEK.

KimoueBble cioBa: codoepagh, namypanvHsiit mpusdp,
meopema Bapunvona, cmamuveckue uneapuanmel, KoH-
MaKmHwle CUAbl, IKUNANC HAZEMHORO MPAHCNOPMA
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