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.

PEDOEPAT

I'yxeBcbka JILA., JlutBua O.B. Omnpenenenune obnactu 3(Q(QEKTHBHOTO  HMCIIOIH30BaAHUS
KOHTPEHJIEPHOro COOOIIEHUS 110 CTOMMOCTHBIM Toka3zateisiMm. / JIio0oBb AHatonbeBHa ['ykeBckas, Enena
BuranseBna JIutBun / / YnpaBienne NpoeKTaMu, CHCTEMHBIN aHanmu3 U joructuka. — K.: HTY — 2012. —
Brim. 10.

B cratbe paccMOTpeHBI IEPCHEKTUBBI PA3BUTHS KOHTPEWIIEPHBIX IEPEBO30K, ONPENEIEHBl HX
HEJJOCTATKH MCIIONb30BaHUs B YKpauHe, MPEAI0KeHa METOIMKA JUTs OnpenesieHns: 00iactu 3¢ (GeKTUBHOTO
WCTIOJIb30BaHMST KOHTEHHEPHBIX ITIEPEBO30K T'PY30B B MEKIYHAPOTHOM COOOIIEHHH MO CTOMMOCTHOMY
kpureputo. Cosnmannast obmacth 3(O(EKTHBHOrO NPUMEHEHHsI KOHTPEHIIEPHOTrO0 COOOLIeHUsT JIaeT
BO3MO)KHOCTh BBIOOpA PAlMOHAJIBHONW CXEMbl JIOCTABKM HA OCHOBE TOJBKO Tapu(pOB Ha MEPEBO3KH H
JIMCIIOKAIIH TPY30I10TyYaTers.

OOBeKT wWccleoOBaHUS —  SIBISCTCS TEXHOJOTHS KOHTPEHJIEPHBIX IEPEBO30K TPY30B B
MEKAYHAPOJHOM COOOIICHUH.

Lenb paboTel — onpeaeneHre 00aacT 3G PEKTUBHOIO KCIOJIb30BAHUS KOHTPEHICPHOTO COOOIICHHS
10 CTOMMOCTHBIM MTOKa3aTeIsIM.

Meron uccnenoBaHus — 3aKOHBI T'€OMETPHH, MAaTEMAaTHYECKOE MOJCIMPOBAHUE, WMHUTAIIMOHHOE
MOJICIUPOBAHUE.

Pe3yJH)TaTBI, IOJTYy4YCHBIC B paGOTe, HUMCIOT IMPAKTHYCCKYI0O HEHHOCTb M MOI'YT HCIIOJIb30BaTLCA
MepeBO3YMKAaMU TIPU BBIOOpE BapHaHTa OPraHM3AlMU IEPEBO3KU. YJA00CTBO MCIIOIB30BAHMS IMOIO0OHBIX
MOJIeNIeil UMeeT MPEeUMYIIeCTBa HaJl BCEMH paHee MPEUIOKCSHHBIMH, TPEXK/IE BCEro, CBOCH HATJISITHOCTHIO.
[To pe3ynbraTaM IPOBENCHHBIX UCCIICAOBAHUN MOXKHO CKa3aTh, YTO 00J1aCTh 3(()EKTUBHOTO MCIIOJIb30BAHUS
KOHTPEHJICPHOro COOOIICHHsT 3aBUCHT HE TOJNIBKO OT PACCTOSIHUS JOCTAaBKH OT TEPMHHAIA, HO TJIABHBIM
00pa3oM OT yria MEeKAy HaIpaBlICHUSMH KOHTPEHJIEPHOrO MapuIpyTa W HalpaBlICHHEM aBTOMOOMIBbHON
MIEPEBO3KH.

[IporHo3Hbie MPEANOIOKEHUS O pPa3BUTUH OOBEKTa HCCICAOBAHHUS —  IIOMCK ONTHMAaJIbHOMN
TEXHOJIOTMM TOMJEPKKHA TPHUHITHS PENIeHWH TNpH BhIOOpPE BaphaHTa OpPTraHU3AIMK TEPEBO30K IS
Pa3IUYHbBIX YCIOBUH pa3MeNeHNs y4aCTHUKOB TPAHCIIOPTHOTO Mpoliecca.

KJIFOYEBBIE CJIOBA: KOHTPEMJIEPHBIE IIEPEBO3KU, CTOUMOCTH IIEPEBO3KH,
ABTOIIOE3JIA, PASMENIEHHWE I'PY30OTIIPABUTEJIEN n I'PY30IIOJIYUYATEJIEM,
PABHOILIEHHOE PACCTOAHUE JJOCTABK.

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.

AHaniTHYHa ampoKCHUMAIliS ONHCYE TPAEKTOpilo pyxy Temioxony. Lli maHi 3HATI 3 peecTpyrOdYHx
MpHUIAJiB, SKI PO3TAIIOBaHI Ha Teruioxofi. dparMeHTH O0YMCIICHh BUKOHAHI Y MPOrPaMHOMY CEpe/IOBHUIII
cucremu 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;

River Station - Pedestrian bridge;
Pedestrian bridge - Bridge Metro;
Metro Bridge - Paton’s Bridge;
Paton’s Bridge - Railway Bridge;
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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4. Drozd 1075 8. Navatel DI-V3

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):

1 1
0.3 0.5
o2 0.2 o.€ 0.8 1 n.2 o.=2 0.8 1
-0.5 -0.5
-1 -1
a b

Figure. 2. - Coordinate dependence on time: a - latitude b - longitude

328



Plot the 2D trajectory of the section on the [-1; 1] interval (Fig. 3):
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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.

In(idl= m=7:ra=0;b=1:T=b-a:;
t-a,o1
T ] ’

In[12]:= 5 = Takle[s[t, n, T], {n, 1, m+1}]

m[1l= s[t_,n , T ] := (

oapiE {1, t, £, tF, £}, &°, &8, &1

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

Inf13]= w 1= Table[5[[p]] /. t= £L[[r]], {p, m+1}, {r, d}]

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

In[(14]:= gl 1= x;

n[1s]= g2 1= §:

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

polynomial:

In[16]:= X = PeeudoInverse [Transpose[w]] .qgl:
In[17]= ¥ = PeeudolInverse [Transpose [w]] .q2;
In[18]:= xa=X.5

ou[iE= 0.996517-1.9792¢t-2.49613t% = 9. 67561 ¢% - 20,8142 ¢+ 26.9583¢% - 18.034 ¢ -+ 4. 69155 ¢"
In[19]= ya=Y¥.5

owt[g= -1.00277 + 1.38087 t - 0.563612 t° - 4.96984 % + 27.8721 t* - 46.708 ¢* - 35.0038 ¢* - 10.0137 ¢F
Determining the error of approximation (Fig. 4)

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

n[z1]= yat=Table[ya /. t—= tE[[i]], {i, 1, d}]:

In[z2]:= xe=Xat-x;

In[23]l= ye=yat-y:

o-n0s . : 0.0075
g.o0zf . L L - 0 005
oo ! I'-\,I ' ' N '

g.ooip., . ' d . 0.0025

. o 3

20 ,'+a0 €0 BO o 100, 120 140 .20 . 40 - €@ WO 1007 120, 1%0

-0.001 o Lo oL -0.0025 .
-o.oozf . -0._005
- 7
-0.008 0.0075

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.

'\‘ 1
"
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o
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-0.5} 7 .
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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—12,1524¢ +1165,23¢* —28890,8¢° +370325¢* —2,85717%10°¢° +1,43753%107 ¢° —

—4,94463%107 t7 +1,19262%10%¢% —2,0350810%¢° +2,44235%10%¢'° —=2,01424%10%¢'! +

+1,08552+10%'2 ~3.44279%107 (" +486609%10°™* = 3" C /'
1= pe

y, =0,679242+13,2279¢ —1023,64t* +28504,9¢> —394616t* +3,21899%10°¢° —1,68112%107 ¢° +
+5,880921%107¢7 —1,42255%10%¢® +2,40041%10%¢° —2,82536%10%¢'° +2,27507%10%¢'! —

~1,19549%10%¢'? +3,69597%107 ¢'* —510144%10%¢"* =

Circulation:

14 i
C t
=0 Vi

x, =—0,997667 +7,63047t — 47,4887t +881,179> —6018,73¢* +18756,8¢° —

9 .
—31345:% +29290,7:7 —14482,3t% +2959,941° = Z C t/
]:Oxj

’

¥, =1,01684-6,99591¢ +42,1882¢* —335,977¢ +853,367¢* +180,01¢° —3648,53¢° +5667,99¢" —

_3613,14¢% +859,072° =S C ¢
=0 yj



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

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.
Ng Analytical expression An approximation error
sections values
1 2 3
1 x, =0,970778+ 2,384331 — 57,7644t + 437,371> —1564,31t* +2927,48:° + 0.03.20.02
g, #=0,03+0,
N=538 |  +2905,2¢° +131891:7 —62,7248:* 98,1342’
Va = —0,659131+3,299187 —135,3991% +1958,03¢° ~12459* +40742,3° — o~ 0.06-0.06
y ~ =Y, Y
—73999,5:% +75700,5:" —40899,8:% +9091,17°
2 2 3 4 5
= 0,996517 —1,9792¢ — 2,496131% +9,67561r> —20,8142* + 26,9583 —
ta £, ~—0,003 +0,003
N=140 | —18,0341° +4,69155/
_ _ 2 3 4 5
ya =—1,00277 +1380871 — 0,5636121% — 4,96984¢> +27,8721r* — 46,708 + ¢, = —0.0075+0,0075
+35,0038:5 —10,0137¢”
3 2 3 4 5
= 0,998148 —2,180971 + 4,98821r% —15,86441> +16,80731* +0,161713¢° —
¥a =5 : i £, ~—0,003+ 0,003
N=s562 | —11,0921% +5,18203
o 2 3 4 5
yg =—0,997564+1,79135¢ +5,05192¢2 — 22,2342 + 47,1575t* —54.9881° + ¢, ~—0,0025+0,0035
+33,7187:% —8,49918¢7
4 2 3 4 5
=0,9969 —1,91079¢ —1,73615% +8,235471> —17,434* +18,7913¢° —
ta £, ~—0,003 +0,003
N=469 ~9,90976¢% +1,96588’
_ 2 3 4 5
ya =—0,997386 +1,889967 + 1,40889r% —8,750241> + 28,8749r* — 47,1141 + ¢, ~ 0,005 0,005
+36,7645 —11,078:”
5 2 3 4 5
=1,0043 - 2,68117¢ + 7,78347t% — 46,15017> +128,998:* —180,906° +
¥a =1 : o £, ~—0,003+ 0,003
N=328 +124,487¢° -33,5381¢7
__ 2 3 4 5
v, =—0978641+1,08311¢ + 2134342 —100,2097° + 220,8511* —262,505¢° + ¢, ~ 00150015
+162,689:° —41,2731¢7
6 2 3 4 5
= 0,999639 — 2,20443 +0,980672¢> +0,202821> — 7,624321* +14,3788¢° —
Xa &, =—0,004-+0,005
N=770 ~10,6782¢ +2,88941¢7
_ _ 2 3 4 5
v, =—1,04789 +7,37585 — 47,4654t +298,031¢° —852,834:% +1193,81¢ ) ~~0,04+0,04
—819,4441% + 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

HocoBcrkuit A.M. IToOynoBa aHaITHYHOTO OMKCY TPAEKTOPIl PyXy CyIHA MO EKCIIepPUMEHTaIbHUM
naauM / Auppiit MukonaiioBuu HocoBebkuit // YripaBniHHs MPOEKTaMH, CHCTEMHUI aHaIi3 1 JIOTiCTHKA. —
K.: HTY —-2012. — Bun. 10.

OO0’ €eKT AOCTiPKEHHS — TPAEKTOPIst pyXy CyJIHA Y peaJbHUX YMOBaX CYIHOBOJIHHSI.

Mera poGoTH — TUIaHYBaHHS Ta MPOBENCHHS HATYPHOTO EKCIEPUMEHTY, OTPHMAaHHS 3alucCiB
HaBIraliifHUX CHTHAJIB TI00aJbHUX HABIrallitHUX CYMYTHUKOBUX CHUCTEM, MOOYZ0Ba aHANITHYHOTO OMKCY
TPA€EKTOPIl pyXy Cy/HA 32 eKCIIEPUMEHTAILHIMH JTaHUMH.

Meroau JAOCHIDKEHHS — HaTypHe (i3UWYHe MOJCIIOBaHHS, OaraToKaHajdbHE BHMIPIOBAHHS,
HaKOIMMYCHHS JaHUX 4YacoBUX psmiB crocoBHO craHmapty GPS ta ['NNIOHACC,; maremaTtnuna oOpoOka y
cucreMi Mathematica 3a MeTomOM HaWMEHINIMX KBaJApaTiB; OI[IHKK MOXMOOK ampoKCHUMAIlil Ta TOYHOCTI
aQHATITHYHUX onuciB. HOBM3HA y CTaHIAPTHUX aHATITHYHHMX OMHKCAX PI3HUX PEKHUMIB pyXy (3a KPUBU3HOIO
TPa€eKTOPIi 1O Tewii, MPOTH Tewii, MiJ] Yac MUPKYIAIL, il Yac pyxXy 3UTr3araMy Yd rajicaMu).

3HauyHIiCTh POOOTH — CHPHSHHS MiABHINCHHIO OE3MEKH PyXy CYJACH IIiJ 4ac peiicy 3a mporpaMmHO
3aJJaHUM MapIIPyTOM y BUIJISAI aHATITHYHMX BUCOKOTOYHHMX OMHUCIB. ['aly3b 3aCTOCYBaHHsS — HaBiraifis ta
VIIPaBITiHHS PYXOM OyIb-IKHX TPaHCIOPTHUX 3ac00iB 3 anapatypoto tuiry GPS.

KJIFOUYOBI CJIOBA: HABITALIA, VYIIPABJIHHA, PYX, AHAJIITUMHA 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.

Object 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.

PEDEPAT

HocoBckuii A.H. IlocTpoeHme aHAJIMTHYECKOTO OIMCAHUSI TPACKTOPHUH JBIDKCHHSI CyJHA II0
JKCIIEPUMEHTAIbHBIM JaHHbIM / AHnpedt HukomaeBnu HocoBckuii // YnpapieHue MpoeKTaMu, CHCTEMHBIN
a”anu3 ¥ joructuka. - K.: HTY -2012.- Bein. 10.

OOBEKT UCCIIeIOBaHUS - TPACKTOPHUS ABMKCHHUS CYJHA B PEalIbHBIX YCIOBHUSIX CYIOBOMKICHUS.

Lenp pa®oThl - MJIAHUPOBAaHUE M MPOBEICHHE HATYPHOI'O AKCICPHUMEHTA, IMOIYy4YCHUE 3aIluCce
HaBUTAIIMOHHBIX ~ CHUTHAJOB  TIJIOOAJBHBIX  HABUTAIMOHHBIX  CIIYTHUKOBBIX  CHCTEM, IIOCTPOCHHUE
AHATTUTHYECKOTO OMKCAHUS TPACKTOPHUH JBIDKCHUSI CYIHA 11O IKCIIEPUMEHTAILHBIM JaHHBIM.

Meroapl HcCIeIOBaHMS - HaTypHOE (DU3MYECKOE MOJICIUPOBAHME; MHOTOKaHAJIBHOEC H3MEpPEHHE,
HAKOIJICHUE JTAaHHBIX BpeMeHHBIX psfoB mo cranmapty GPS m 'NIOHACC; marematudeckas oopaboTka B
cucreMe Mathematica Mo MeToJy HaMMEHBIIUX KBaJAPATOB, OICHKH IOIPEIIHOCTEH AalMpPOKCUMAIlUUd M
TOYHOCTH AHAJUTHYECKUX omucaHuil. HOBM3HA B CTaHMAPTHBIX AHAJIMTHYCCKUX OIMCAHHSIX Pa3TAYHBIX
PEKHMOB JABMKEHUS (32 KPUBU3HON TPACKTOPUH 10 TCUCHHIO, TPOTUB TEUCHUS, BO BpEeMs ITUPKYJISAIIUH, TIPU
JBIDKEHUH 3UT3araMH WA TaJICAMH).

3HaYMMOCTh PadOTHI - COACHCTBUE MOBBIIICHUIO OS30ITaCHOCTH JIBUYKCHHS CYIOB BO BpeMs pefica 1Mo
MPOrpaMMHO  3aJaHHOMY MapIIpyTy B BHJC AaHAJUTHYECKUX BBICOKOTOYHBIX onucanuid. OO0nacTh
MPUMEHEHHS - HABUTALMS U YIPABJICHUE IBMKCHUEM JIIOOBIX TPAHCIIOPTHBIX CPEACTB C ammapaTypoi ThIia
GPS.

KJIFOUEBBIE CJIOBA: HABUI'ALIMS, VYIIPABJIEHUE, JABWXXEHUE, AHAJIMTUYECKASA
TPAEKTOPU, TPAHCIIOPT.

UDC 656.13
DEFINING THE DIRECTIONS OF ENHANCING VEHICLE SAFETY IN UKRAINE

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

Collisions with stationary obstacles.
Collisions with pedestrians.

Collisions with cyclists.

Collisions with stationary transport vehicle.
Collisions with cartage.

Collisions with animals.

Accidents related to VDFRW [2,4].

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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