Study methods — geometry laws, mathematical simulation, imitating modeling.

The results obtained in the paper have practical value and can be used by carriers while choosing
variant of transport organization. Ease of use of these models has advantages over all previously proposed,
primarily for its clarity. After the results of the research it can be said, that the effective use of piggyback
transportation depends not only on the delivery distance from the terminal, but mainly on the angle between
the direction of the route of automobile and piggyback carriage.

Forecast assumptions about the objects of study — the search for optimal decision support technology
choice for variant of transportation when placement of all transport process participant are different.

KEY WORDS: PIGGYBACK TRANSPORTATION, COST OF TRANSPORTATION,
ARTICULATED LORRY, PLACEMENT OF SHIPPER AND CONSIGNEE, TANTAMOUNT
DISTANCE OF DELIVERY.

PEDEPAT

I'yxxeBceka JLLA., JlutBun O.B. Omnpegenenne obmacti 3(Q(EKTUBHOrO HMCMOJIB30BaHUS
KOHTprIHGpHOFO COO6HI€HI/I$I 10 CTOMMOCTHBIM IIOKa3aTeiasaM. / JIro0oBL AHATOILEBHA Fy)KCBCKaH, Enena
BurannreBHa JlutBuH / / YipaBneHue mpoeKTaMu, CUCTEMHBIN aHanu3 u jJoructuka. — K.: HTY — 2012, —
Bem. 10.

B crarbe paccMOTpeHBI INEPCHEKTHBBI Pa3BUTHUs KOHTPEHJIEPHBIX IIEPEBO30K, OIPEICIIEHBl HX
HEJOCTaTKH HCIOJIF30BAaHUA B YKpauHe, MpeAsio’keHa METOIMKA JJIs OIpeieieHnst o0nacti 3¢ (heKTHBHOTO
WCTIONb30BaHMS KOHTEHHEPHBIX TEPEBO30K TPY30B B MEXKIYHAPOIHOM COOOIIEHWH TIO0 CTOMMOCTHOMY
kpureputo. Co3naHHas o0macTb SPGEKTUBHOTO MPUMEHEHUS KOHTPEHIEPHOTO COOOIICHUST JaeT
BO3MOXXHOCTb BLI60pa paHHOHaHBHOfI CXEMbI OOCTaBKM Ha OCHOBE TOJBKO TapI/I(I)OB Ha TICPCBO3KU U
JUCIIOKALIUU I'PY30I10JIy4aTes.

OOBEeKT WcCeOBaHUS — SIBISIETCS TEXHOJOTHSI KOHTPEHIEPHBIX TEpPeBO30K TPYy30B B
MEXyHApOIHOM COOOILICHHH.

Lens paboTel — ompenenenue oomacti 3pGEeKTHBHOTO UCTIONH30BAHNUA KOHTPEHIEPHOTO COOOIIEHUS
10 CTOUMOCTHBIM ITOKA3aTCIIsAM.

MeTOI[ HUCCICA0BaHUA — 3aKOHBI I'€OMCTPUH, MATCMATHYCCKOC MOJIACIMPOBAHUC, MMHUTAITMOHHOC
MOACIIUPOBAHHEC.

PGSYJ'ILTaTH, IMOJIYy4YCHBIC B pa60Te, HUMCIOT MPAKTHYCCKYHO HNCHHOCTb M MOTYT HCIIOJIB30BATHCA
MEPeBO3YMKAaMU TIPU BHIOOPE BapHaHTa OPraHU3alMU TEPEBO3KH. YJI00CTBO MCIIOJIB30BAHUS MMOIOOHBIX
MOILCJ'IGI\/'I HUMECT NMPEUMYIICCTBA Hal BCEMU paHEC MPCIAIOKCHHBIMU, MPEKIAC BCETO, cBoeit HaraIAagHOCThIO.
ITo pe3yiabTaTaM NPOBCACHHBIX I/ICCJ'IQZ[OB&HI/Iﬁ MOXXHO CKasaTrb, 4TO 00J1acTh 3(1)(1)6KTI/IBHOF0 HCITOJIb30BaHUA
KOHTprIJ'IGpHOFO COO6IJ.I€HI/I$I 3aBUCUT HC TOJIBKO OT PACCTOSAHHA ANOCTABKHW OT TEPMHHAJIA, HO TIJIaBHBIM
00pa3oM OT yriia MEXIy HaIllpaBICHUSIMH KOHTPEHIEpHOTO MaplipyTa W HallpaBJIeHHEM aBTOMOOWIBHOW
TNIEPCBO3KHU.

HpOFHOSHHC MIpEeAIOJIOXKCHNUA O pa3BUTHU o0BeKTa HUCCIICO0BaHUA — IIOMCK ONTHUMAIbLHOU
TEXHOJOTHH TOJAEPKKH MPHUHATUS pEHIeHWH TMpu BhIOOpE BapuaHTa OPraHM3alMU TEePEeBO30K JJIf
Pa3JIMYHBIX YCIOBUI Pa3MEILCHHs] YHACTHUKOB TPAHCIIOPTHOI'O IIPOLIECCa.

KJIIOYEBBIE CJIOBA: KOHTPEMJIEPHBIE ITEPEBO3KHM, CTOUMOCTH IIEPEBO3KH,
ABTOIIOE3JIA, PA3SMEILLIEHUE I'PY30O0OTIIPABUTEJIEN n FPYBOHOHY‘{ATEHEI}'I,
PABHOLEHHOE PACCTOAHUE JOCTABKMN.

UDC 681.3:629.122

THE TRAJECTORY OF THE VESSEL ANALYTICAL
EXPRESSION CONSTRUCTION BY THE EXPERIMENTAL DATA

Nosovskii A.M., Ph.D.

Analytical approximation describes the trajectory of the vessel. These data are taken from the
recording devices that are arranged on the vessel. Fragments of calculations were performed in the software
environment of Mathematica.

AHaJiTHYHA anpOKCHUMAIlis OMHCYE TPAEKTOPiI0 pyxy Terutoxomy. Lli maHi 3HATI 3 peecTPyrOUHX
MIPUITAIiB, SKI pO3TamIoBaHi Ha Terwtoxomi. @parMeHTH 00YHCIICHh BUKOHAHI Y TPOTPAMHOMY CEPEIOBHIIIL
cuctemMu Mathematica.
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Introduction. It is important to have real data on the fairway for accident-free vessel traffic on the
waterway. Modern GPS navigation devices allow you to record accurately the location coordinates of the
ship at a specific time [1].

Purpose of the work. The aim of this work is to develop analytical forms that enable to build a
trajectory with minimal errors on the basis of experimental data [2].

The main text.

Experimental data were taken June 3, 2011 on the Dnieper River. Vessel "Shturman" moved from
Kyiv downstream and up against the current. Length all the way (downstream and against) was about 4
hours. At the vessel along length were located some devices (Fig. 1). Data are recorded in computer files.
Automatic recorders, fixed location coordinates (latitude, longitude), altitude, and time for the solving
standard problems [1-4].

Processing of experimental data. The entire length of the waterway is divided into sections (from one
bridge to another):

1. Berth - River Station;

2. River Station - Pedestrian bridge;

3. Pedestrian bridge - Bridge Metro;

4. Metro Bridge - Paton’s Bridge;

5. Paton’s Bridge - Railway Bridge;

6. Railway Bridge - Southern Bridge.

The program to build analytical expression programmed in Mathematica system for one area is
demonstrated below. For example, there are data taken from GPS-receiver at the second section (River

Station - Pedestrian bridge), with number of points N = 140.
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Figure 1. - Location of registering devices on vessel’s board

Fore the beginning data are normalized: time is transferred to a seconds and convert to the interval
[0, 1], latitude and longitude converts to the interval [-1, 1]. The data given in a table, processing by the
method of least squares [3]. Latitude, longitude and time data are converted to the unit interval. Specify the
number of points and, using the computer, plot graphs of the latitude and longitude by the time (Fig. 2):

a b

Figure. 2. - Coordinate dependence on time: a - latitude b - longitude
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Plot the 2D trajectory of the section on the [-1; 1] interval (Fig. 3):

=10 )

Figure. 3. - Visualization of the section trajectory.

An algorithm of obtaining the algebraic form contains the following parts [4]. Let’s form a system of
basic functions. In this paper we used a power system of basic functions.
nfiij= m=7;a=0;b=1:T=hb-a:
t-a,n1
)
In[iz]= §=Table[s[t, n, T], {n, 1, m+1}]

x

mi1)= s[t_,n_, T ]:= (

oapz= {1, t, £, t5, £}, &7, &8, £

Let’s form a operating of matrix approximating the range:

n[13= w := Table[5[[p]] /. t» tE[[r]], {p, m+ 1}, {r, d}]

At the next step we determine the operating range of the vector:

In[14]:= gl 1= xX;

In[15]= g2 1= ¥;

Than we determine the vector of coefficients approximating polynomial and build approximating
polynomial:

In[16]:= X = PeeundolInverse [Transpose[w]] .qgl:

In[17]:= ¥ = PseundoInverse [Transpose[w] ] .q2:;

In[18]:= ®xa =X.5

O[iE]= 0.998517-1.9792¢t-2.49813t 9. 875681¢* - 20,8142 ¢~ 26,9583 ¢% 12,034 ¢ + 4. 69155 ¢]
In[19]:= ya=Y¥.5

out[o}= —1.00277 + 1.38087t -0.563612 t° - 4.96984 £° + 27.8721 ¢ _46.708 ¢+ 35. 0038 ¢% - 10,0137 ¢7
Determining the error of approximation (Fig. 4)

niz0= xat = Table[xa /. t— tt[[1]1], {i, 1, d}]:

nizi= yat=Table[ya /. t= tE[[i]], {i, 1, d}]:

In[23]:= xe = xat - x;

In[z3]= ye=yat- ¥y

0.003 ' ) 0.0075
0.002 " o L . 0005
Ay . .'-.. ' , . '

o.oonf \ ‘ L . 0.0025

\ o .

20, ‘a0 €0 BO . 100, 120 140 : 20.. 40 - €@ WO 1007 120.. %0
A Co Lo o -1.0025 .
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a b

Figure. 4. - Error of approximation: a - latitude b — longitude
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At Fig. 5 the curves of approximating trajectory (Fig. 5, a) and approximation, combined with the

trajectory, based on experimental data (Fig. 5, b) were presented.
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Figure 5. - Visualization of the section. whole way trajectory:
a-approximation b-approximation combined with the experimental data.

At Fig. 6 the all the way trajectory (from first to sixth sections), plot with analytic expressions is

shows.

-10d ™

Figure 6. - Visualization of the whole way trajectory.

For sections where the vessel was moving and performing zigzags and circulation. The following

analytical expressions were obtained:
Zigzags:
X, =—0,915183-121524t +116523t* — 288908t +370325%* —2,85717+10°t° +1,43753+10"t° —

—4,94463+107t7 +1,19262+10%t® —2,03508+10%t° +2,44235+108t1° —2,01424%108t** +
+1,08552+10°%t12 —3,44279+107t13 1 4.86609+10°t14 — _1400 t
X1

i=
y, =0,679242+13,227% 102364t +285049t% —394616* +3,21899+10°t> —1,68112%107t° +

+5,88921x107t" —1,42255+10%t® +2,40041x10%t° —2,82536+10%t'° +2,27507+108t" —
119549+10°%t12 +3,69597+107 t1* —510144+10°t14 = i“ ct
£,

Circulation:
X, =—0,997667+7,63047 —47,4887% +881179%t> —601873t* +187568t° —

~31345° +292907t" ~144823t® +295994t° = jg(:) t ’

Sy
Ya =1,01684-6,99591 + 42,1887 —335977t° +853367t* +180,01t° —364853° +5667,99 " —
9 .
c t

—361314t% +859,072t° = C
=vy)
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Table 1 shows the analytical expressions approximating the latitude and longitude for each section
with different numbers N points of experimental way vessel measurements.
At Fig. 7 an approximation graphs are presented. Comparison with experimental data when vessel
moving zigzagging and by circulation trajectory were made.

1 1

N

a b

Fig.7. - An approximation visualization, combined with experimental data:

a - zigzag motion; b - circulation.

Table 1. - Analytical of expressions approximating the latitude and longitude of each section of

trajectory.
J\f"’ Analytical expression An approximation error
sections values
1 2 3
1 Xy =0,970778+ 2,38433% —57,7644t2 + 437,37t> —1564,31t* + 2927,48t5 + 0032002
&y =—0,03+0,
N=538 | +29052t° +131891t7 —62,724&° — 981342t
ya =-0,659131+3,29918 —135399t +195803t% —1245%* + 407423t° — o~ 006006
y ~ Y, ~ Y
—739995t® + 757005t — 408998t8 +90911t°
2 2 3 4 5
Xy =0,996517-1,9792t — 2,496132 +9,67561° — 20,8142t* + 26,9583t° —
a ; ; £y ~—0,003+0,003
N=140 ~18,034t5 + 4,69155
__ _ 2 _ 3 4 5
ya =—1,00277+1,38087 —0,5636122 — 4,96984> + 27,8721t* — 46,708t° + 5, ~0,0075+0,0075
+35,003&° —10,0137t’
3 Xy =0,998148— 218097 + 4,988212 —15,8644t° +16,8073* +0,161713° —
. , £y ~—0,003+0,003
N=562 ~11,0921% + 518202
_ 2 3 4 5
Va =-0997564+179138 +5,05192% ~22,2342t% + 471575 ~549881° + | 0oc 0 00a
+33,7187t% —8,49918’ !
4 Xg =0,9969-19107% —1,736152 +8,23547t% —17,434t* +18,7913%° —
&y ~—0,003+0,003
N=469 ~9,90976t° +1,96588 '
_ 2 3 4 5
y, =—0,997386+1,88996 +1,4088%% —8,75024> + 28874%* — 47,1141° + £, ~ 0,005+ 0,005
+36,764t% —11,078t’
5 Xy =1,0043-2,68117t +7,78347t2 — 461501> +128,998t* —180,906t° +
£y ~—0,003+0,003
N=328 +124,487t° — 335381’
_ 2 3 4 5
ya =—0,978641+1,08311 + 21,3434t% —100,209t> + 220851 * — 262,505t5 + 5, ~~0015+0015
+162,689t% — 412731’
6 Xa = 0,999639- 2,20443 + 0,9806722 +0,20282> —7,62432* +14,3788° —
; , £, ~—0,004+0,005
N=770 -10,6782t% + 2,88941
_ _ 2 3 _ 4 5
Ya =—104789+7,37585% — 47,4654 % + 298031t> —852,834t* +119381t £, ~-004+004
—819,444t° +221367t’
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Conclusions.

An analytical expressions according experimental data, namely, the location coordinates of the vessel
(latitude, longitude and time) were constructed. Using the method of least squares as a degrees system basic
functions, of an approximating polynomial optimal degree was received based on the error between the
experimental values and the obtained approximation. In sections that have a smoother character,
approximating polynomial has order equal to the 7 degrees. In sections where the vessel was moving and
performing zigzags and circulation, degree of approximating polynomial ranges from 9 to 14.
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PE®EPAT

Hocoscekmit A.M. [loOynoBa aHATITHIHOTO OMUCY TPAEKTOPIi PyXy CyQHA IO €KCIEPUMEHTAIEHUM
nannM / Aampiii MukomnaioBnd HocoBebkwii // YTpaBiiHHS MPOEKTAaMH, CHCTEMHHN aHATI3 i JIOTiCTHKA. —
K.: HTY —2012. — Bum. 10.

OO0’ €eKT JOCIIKEHHST — TPAEKTOPISI PyXy CyllHA Yy PeabHUX YMOBaX CYJAHOBOIIHHSI.

Meta po0OTHM — IUIaHYBaHHS Ta MPOBEIEHHS HATypHOTO EKCIIEPUMEHTY, OTPUMAaHHS 3allHCiB
HaBIral[ifHUX CUTHATIB TJIO0ANIBHUX HABITalliMHUX CYMYTHHUKOBUX CHCTEM, MOOYI0Ba aHAJITUYHOTO OIHUCY
TPa€EKTOPIl pyXy Cy/IHA 32 EKCIIEPUMEHTATLHUMH JTaHUMH.

Metomu AocmiKeHHS — HaTypHe (i3WYHE MOJISNIOBaHHs, OaraToKaHalbHE BHMIPIOBAHHSA,
HAKOMWYEHHS aHUX 4YacoBUX pAniB crocoBHO craHaapry GPS ta ['NIOHACC; matematnuHa oOpobOka y
cucremi Mathematica 3a METOZOM HaWMEHIIMX KBAJApaTIiB; OIIHKA TMOXMOOK anpoKCHMAIlii Ta TOYHOCTI
aHAITHYHUX onuCiB. HOBU3HA y CTaHIApTHUX aHANITUYHHUX OMUCAX PI3HUX PEXUMIB pyXy (3a KPUBHU3HOIO
TpaeKTOPii 1Mo Teuii, MPOTH Teuil, i1 4ac MUPKYIISIIi, i Yac pyxy 3ur3araMy 4d rajicaMu).

3HavymicTh pOOOTH — CIPHSHHS MiABHIICHHIO O€3MEeKH pyXy CYACH IiJ 4ac peiicy 3a mporpamHoO
33JIaHUM MapIIPyTOM Y BHUIJISI aHATITHYHUX BUCOKOTOYHHMX OMMCIB. ['ay3b 3aCTOCYBaHHS — HaBiraifis Ta
YIpaBIIiHHS PyXoM OyIb-IKHX TPAaHCHOPTHUX 3aco0iB 3 anapaTypoto tuy GPS.

KJIIOUYOBI CJIOBA: HABIT'ALA, VYIIPABJIIHHA, PYX, AHAJITUYHA TPAEKTOPIA,
TPAHCIIOPT.

ABSTRACT

Nosovskiy A.M. The trajectory of the vessel analytical expression construction by the experimental
data / Andrei Nosovskiy // Management of projects, system analysis and logistics. - K.: NTU - 2012. — Vol.
10.

Obiject of study - the trajectory of the vessel in real conditions of navigation.

Purpose — to plan and to carry out the experiment, to record navigation signals of global navigation
satellite systems, to construct an analytical expression of the trajectory of the vessel by the experimental
data.

Methods - full scale physical modeling; multichannel measurement; the accumulation of time series
data according to the GPS and GLONASS standards; mathematical processing in the software environment
of Mathematica using the method of least squares; estimation of approximation errors and accuracy of
analytical descriptions. The novelty of standard analytical descriptions of the various movement modes
(trajectory curvature with the current, against the current, during circulation, movement zigzags or jibes).

Importance — to promote traffic safety during the programmed course in the form of high-precision
analytical descriptions. Scope - navigation and traffic control of any vessel with equipment such as GPS.
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KEY WORDS: NAVIGATION, MANAGEMENT, MOVEMENT, ANALYTICAL TRAJECTORY,
TRANSPORT.

PE®EPAT

Hocosckuit A.H. IlocTpoeHrne aHaIMTHUYECKOIO OINMCAHMS TPACKTOPUM JABWXKEHHUS CydHA IO
SKCIEpUMEHTAIBHEIM NaHHbM / AHapeit Huxomaesna Hocosckuit // YipaBieHne MpOeKTaMH, CHCTEMHBIN
aHanm3 u oructuka. - K.: HTY - 2012.- Beim. 10.

OOBeKT ucCIIeIOBaHUS - TPACKTOPHS ABIKEHUS Cy/THA B PEATbHBIX YCIOBUSAX CYTOBOKICHHUS.

Lenp paboThl - TUIAHUPOBAaHWE W TPOBEIEHHE HATYPHOTO SKCIIEPHMEHTA, IMOJYyYeHHE 3aImnceit
HAaBUTALMOHHBIX  CHUTHAIOB  TJO0AaNbHBIX  HABUTAMOHHBIX  CIyTHUKOBBIX  CHUCTEM, MOCTPOCHHUE
AHAJIMTUYECKOTO OMUCAHMS TPACKTOPHUHU ABMKEHUS CYAHA MO SKCIIEPUMEHTAIbHBIM JaHHBIM.

MeTtoapl wccnenoBaHUs - HATypHOE (pU3MUeckoe MOIEIMpPOBAHHE; MHOTOKAaHATBHOE H3MEpEHHE,
HaKOIJICHUE JaHHBIX BpeMeHHBIX psanoB mo crannapty GPS u ['JIOHACC; matemarnueckas o0paboTka B
cucreMe Mathematica mo MeToqy HaWMEHBIIMX KBaJpaTOB; OLEHKH MOTPEIIHOCTEH amnmpoKCUMalud H
TOYHOCTH aHAIUTHYECKUX omnucaHui. HoBM3HA B CTaHIAPTHBIX AaHATWTHYECKAX OMUCAHHUAX Pa3TUIHBIX
PEXUMOB JBMKEHUS (32 KPUBU3HOM TPAEKTOPUH IO TEUSHHIO, IIPOTUB TEUCHHS, BO BPeMsI IIUPKYISIIHN, TIPH
JBM)KEHUU 3UT3araMu WM TajcaMu).

3HauYNMOCTh paOOTHI - COACHCTBHE MOBBIMIEHUIO OS30ITACHOCTH JIBIKEHHS CYJIOB BO BpeMsl peiica 1mo
MPOrpaMMHO 33JaHHOMY MapIIpyTy B BHJAE AaHATUTHYECKUX BBICOKOTOUYHBIX onucanuid. OOmacts
MPUMEHEHUS - HaBUTALUS U YIPaBJICHUE TBM)KEHUEM JIFOOBIX TPAHCIIOPTHBIX CPEJACTB C amllapaTypod Tuma
GPS.

KJIFOUEBBIE CJIOBA: HABUTI'ALIMA, YIIPABJIEHUE, JABWXEHWE, AHAJIMTUYECKAA
TPAEKTOPUS, TPAHCIIOPT.

UDC 656.13
DEFINING THE DIRECTIONS OF ENHANCING VEHICLE SAFETY IN UKRAINE

Gusev O.V., Ph.D.
Khmelyov L.V., Ph.D.

Introduction. Year after year the road accident statistics and lack of consolidated and efficient
measures to fight high number of deaths and injuries in Ukraine show the need for further research in that
field. Also it confirms the need to develop concepts for securing road traffic safety, introduce up-to-date
technologies in the relevant field and to promote the “safety” notion to the general public, local and state
officials, heads of universities and other institutions [1].

The general formulation of the problem. One of the directions of research is the improvement of
vehicle safety.

The following types of accident are being considered:

. Collisions.

. Vehicle turning-over.

o Collisions with stationary obstacles.

o Collisions with pedestrians.

o Collisions with cyclists.

o Collisions with stationary transport vehicle.

o Collisions with cartage.

. Collisions with animals.

o Accidents related to VDFRW [2,4].

o Other accidents (those not included above).

It’s known that the problem of securing the road traffic safety (including the safety of the most
vulnerable participant of the road traffic — the pedestrian) is multi-factor and very complex.

The process of accident occurrence is influenced by the following factors:

° human factor (driver psychophysiology, driver perception errors, in particular, errors of
vehicle’s velocity perception, the levels of driver proficiency and skills, methods of driver education and
training [1 etc.], drunken driving, influence of drugs etc.);
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