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JIOTHCTHYECKOH crcTembl ipeanpustus / Enena AnatonseBHa Kapnenko, Anapeit Bnagumuposuu [lerynnn
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B cratbe obocHOBaHa HEOOXOAWMOCTh HAJTHYMS CIYXKObI JOTMUCTHKH Ha TPEANPHUATHH KaK 3BEHA,
OCYIIECTRIIAIONIET0 MEK(YHKIIMOHATBHYIO KOOPIUHAIIMIO TIPH YIIPABICHUN MaTEPHAIbHBIMUA TTOTOKAMH.

OOBekT nccnenoBanus — GyHKIIMOHUPOBAHUE JIOTHCTHYECKONH CHCTEMBI MTPEIPUSITHS.

Lens paboThl — MpoOaHaIM3UPOBATH, KAKUE MPOTUBOPEUUS] BO3HUKAIOT B Tpe/enax JOTHCTHYECKON
CHCTEMbI NPENNPUATHS, U HAMETUTh OCHOBHBIE MEXaHU3MBI YIIPaBICHUS UMH.

Meroapl HcciaeJOBaHUSI — METOMIBI TEOPETHUECKOro 0OOOIICHUST U CpaBHEHUS, aHAllN3a U CHHTE3a,
WHIYKLIWW U AeAYKLIHH.

B cratee paccMOTpeHa M IpOaHAJIM3UPOBAHA TUIIMYHAS CTPYKTYPY YHIPABICHHS MaTepUAIBHBIMU
MMOTOKaMU Ha TPEANPHUSITHH, BBISBIECHBI €€ HEeIOCTaTKH, YCTaHOBJIEHBI NMPOTHBOPEUMS, BO3HUKAIOIINE B
JIOTHCTHYECKHX TocucTeMax. O003HavYeHa 1eb CO3IaHMs CITYKOBbI JIOTUCTUKU Ha MIPEANIPUITHH, €€ MECTO B
OpraHU3aIMOHHON CTPYKTYpe; 000CHOBaHA BO3MOYKHOCTH IMMOBBICUTH KOHKYPEHTOCIIOCOOHOCTD MPEIIPUSTHS
Onaronaps pealn3aniy NPUHIMIIOB HHTETPUPOBAHHON JIOTHCTUKH.

[IporHo3HbIe TPEANIONOKEHUSI O PA3BUTHH 00BEKTa UCCIIENOBAHNUS — KaK CBHJCTEILCTBYET MUPOBOI
OIBIT, BECOMOW TEHJAEHUMEH B Pa3sBUTUM MHUPOBOM SKOHOMMKHU SIBIISIETCS NPHUMEHEHHUE WHTEIPUPOBAHHOU
JIOTUCTUKHU HE TOJBKO B PAaMKax OTIEIBHOIO MPEANPHUATUS, HO U HA MAKpOYPOBHE IIyTEM IIPEOAOIECHUS
0apbepOoB W TMPOTHBOPEUUH MEXKAY KOMIIAHUSMH W JaXe OTPaCisIMH OTHOCHTEILHO TOCTPOSHHUS
WHTETPUPOBAHHBIX JIOTHCTUYECKUX IIeTIEH.

KIJIFOUEBBIE CJIOBA: JIOTUCTHUYECKASA TTIOJACUCTEMA, ITPOTUBOPEYMS, CIIYXXBA
JIOI'NCTHUKMU.
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Problem. One of the promising advanced technologies of railways and automobile transport is
piggyback transport. It’s expected to further increase and intensification [1, 2]. The European experience of
piggyback transport shows their absolute advantage and convenience delivering goods on a «door to door»
service. In addition, piggyback connection provides:

- High speed and guaranteed delivery of goods in accordance with the schedule of the train;

- Guaranteed security for the transportation of all weather conditions;

- Guaranteed security of vehicles and cargo while driving and parking a train;

- A significant time reduction passing the border and customs control;

- The safety of the vehicle, saving his resource;

- Saving of roads;

- Environment preservation;

- Saving fuel cost and cost of shipping documents setting.

In Ukraine, all attempts to revive this type of intermodal transport, unfortunately failed. The reason is
imperfect legislation and low carriers motivation. While on the other hand use contrailer connection of
delivering goods in international transportation in Ukraine could solve some current problems:

- The problem of roads congestion,

- A limited number of permits for transportation, including transit,

- Reducing accidents and violations of traffic rules

- The problem of transportation of heavy and dangerous goods

- Low cost transit potential increasing of the country.

Also, potential of Ukraine in piggyback transport is really extensive. Firstly, it is movement direction.
Although opportunities are limited by the railroad 1520 mm, country you can transport to, are very
promising: it is Russia, Kazakhstan, Poland and the Baltic states.

322



Therefore, the field definition efficiency use of piggyback transportation for cost parameter is a
perspective direction of practical research.

Analysis the recent publications on the topic of research. Piggyback transport is devoted a small
part of the publications by local scientists, including them: N.A. Nefedov [1] T. V. Kharchenko, N.V.
Ponomarev, L.N. Matyushin [5] B. N. Strekalov, J.A. Silanteva.

An important issue is the study of the interaction between different transport types, especially rail and
road. Approaches to defining service areas in the study transport modes interaction and simulation for
example piggyback transport are given in [1]. Most research works on the subject are either outdated or very
abstract, most of all is descriptive and does not contain any scientific novelty.

In particular, in J.A. Silanteva’s works [3] defined the minimum distance of effective implementation
contrailer transportation, which is 300 km. A. M. Kotenko [4] to determine the feasibility of using contrailer
combination gives pretty abstract formula, graph states and differential equations, the calculation of which
for the average carrier is too cumbersome. Only in a few published studies on this subject can be found
actual justify the expediency of using contrailer or road traffic. For example, the authors R.V. Zinko and
G.M. Kirpa determine the threshold of using contrailer connections within to 1800-2000 km. rail
transportation and the distance by road between the points of departure and destination 50 kilometers [8]. But
if you look at the considered problem on the other hand, it is become clear the importance of consignor and
consignee dislocation, because at different placing options of last mentioned researchers determined the
distance of effective implementation contrailer transportation is not actual. Some works have the beginnings
of research in this area, so for example, R.V. Zinko [7] suggests a graph model piggyback transportation,
calculates the optimal conditions of their effectiveness for international traffic, depending on the problem
geometry and traffic speed. But it still remains unresolved lack of complex mathematical models selection
conveying option for different placing conditions members of transport process in intelligent decision
support systems. So we note the insufficiency of the existing models and the need to create new effective
methods for research in this direction.

The main material of the study. To determine contrailer connection field of efficient use should
identify the factors are govern by the carriers. First of all, the delivery time — if the train schedule does not
meet the requirements of the carrier, the cost parameters especially won’t interest him. Cost figures, or
rather, the cost of transportation is one of the factors to determine the benefits of a particular connection
type. But the important role played by placing shipper and consignee. Let's create a graphical model of
transportation. This not only provides correct input data, but also identifies equivalent delivery distance for
road and contrailer connections.

There is a graphic representation of the carriage (Fig. 1). A, B — railway terminals between which it is
performed the carriage of piggyback trains. Let’s consider the simplest case, when the B — terminal of
departure, which coincides with the shipper i.e. transport distance from the shipper to the terminal is so small
that could be negligible. Angle a shows deviations automobile route from contrailer i.e. consignee is on the
line r. Expediency of using one of the proposed connections types can be defined by finding equivalent
delivery distance for the angle o, i.e., the distance where the cost of transportation for both types of
connections are equal.

Figure 1. - The process of finding an equivalent delivery distance
To determine the equivalent delivery distance (Fig.1) need to:
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On the ray r defer point C, taking into account that segment BC — is the automobile transport
maximum possible distance. In other words, this is the maximum distance will drive the car (camion) for the
same amount paid for vehicle transportation (camion) between points A by piggyback train.

Using the Cosine Rule we find equivalent delivery distance for points A and C. Found point R is a
point of equivalent distance for both types of connections for beam r.

If the place of destination which is on the line r, lies on the segment BR — it’s better to use the
motorway connection, if the place of destination is on the line r behind point R then — piggyback
connections.

To determine area of effective use selected connections types is needed to find the value of an
equivalent delivery distance for different values of the angle a.

For example, were considered two schemes  deliveries using part of the route contrailer Train
«Yaroslav» with direction of movement Kyiv (Ukraine) — Slawkow (Poland):

- Carrying automobile vehicle by piggyback train, followed by independent motion of vehicle
to the destination place;

- Independent movement of vehicle from point of origin to destination.

Original data:

Distance contrailer route (AB) — 800 km.;

Contrailer transportation cost — 565 USD;

The rate of carriage 1 km. by automobile transport — 1.3 U.S. Dollars;

Calculations performed for angles a=0°,5°, 15°, 30 °, 35 °.

Using a general theorem of cosines, we find the formula to determine the equivalent distance of cargo
delivery (1).

al 2kscosa—ki-1)3 a
o= 4+ (1)

2{1-k.cozm)

Where: a — the maximum distance that the camion will pass for the same amount paid for vehicle
(lorry) transportation by piggyback train between points A and B, and is 435 km.;

k; — coefficient which is equal the rates ratio of transportation by road and rail, is numerically equal to
1.86;

k, — coefficient which takes into account the uneven of road network, in calculations we take 1.2;

o — the angle between straight line connecting rail terminals and line of automobile route.

Let’s find for different values of angle o value of equivalent delivery distance. The calculation results
are listed in the Table. 1.

Table 1. - Equivalent distance of cargo delivery for different values of the angle o

o 0 5 15 30 35

a 435 435 435 435 435

k 1,86 1,86 1,86 1,86 1,86
Equivalent distance, km 518,375 522,6706 559,6498 729,9144 851,236

Graphic representation of problem solution is shown in Fig. 2, where Ri — equivalent delivery
distance for selected schemes for different values of the angle a. Curves R4, R3, R2, R1, RO, R5, R6, R7, R8
define boundaries of using the chosen delivery schemes.
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Figure 2. — Graphic representation solution of problem

Area of effective use contrailer connection graphically has the form of expanded parabola, peaks of
which is on the line of contrailer route. Let’s apply obtained values on the map the for the considered route

(Fig. 3).

Figure 3. — Region efficiency contrailer connection after train «Yaroslav»

Conclusions. Results obtained in the paper have primarily practical value. Convenience of use such
models has advantages over all previously proposed especially for its clarity. Formed area effective
application contrailer connection enables to choose the rational delivery schemes based only on tariffs for
transportation and placement of consignee. Thus, after the research results 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. The model isn’t perfect
and has some flaws, work on which is on the basis for further research.
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PEDEPAT

I'yxeBcbka JILA., Jluteun O.B. BusHnaueHHs 007acTi eeKTMBHOIO BUKOPHUCTAHHS KOHTPCHIEPHOTO
CIIOJIYYCHHS 3a BapTiCHUMH Moka3Hukamu. / JIro0oBs AnartoniiBHa ['yxkeBchka, Onena Biraniiena Jluteus //
YnpaBiniHHS IPOEKTaMHU, CHCTEMHU# aHani3 1 norictuka. — K.: HTY — 2012. — Bun. 10.

VY cTarTi pO3TISAHYTO MEPCIEKTHBH PO3BHTKY KOHTPEUJIEPHUX TEepeBe3eHb, BUBHAYCHO iX HENOTIKH
BHUKOpPHUCTaHHS B YKpaiHi, 3aIIPONOHOBAHO METOAUKY JIJIsl BU3HAUCHHS 00J1acTi e(EeKTHBHOrO BUKOPHCTAHHS
KOHTpEWJIEPHUX TIepeBe3eHb BAHTAXKIB Y MDKHAPOJIHOMY CIIONYYEHHI 3a BapTICHUM KpUTepieM. YTBOpeHa
005acTb epeKTHBHOTO 3aCTOCYBaHHS KOHTPEHIIEPHOTO CIONYYEHHS A€ MOXIIMBICTH BHOOPY parioHaIbHOT
CXEMH JIOCTaBKH Ha OCHOBI TapH(]iB Ha MepeBe3eHHs 1 TUCIIOKaIlii BAHTaK00Iep KyBaya.

OO'eXT MOCHIDKEHHS — € TEXHOJOTis KOHTPEHIEPHHX TIEepPEBE3eHh BaHTAXIB y MDKHApPOIAHOMY
CIOJTYYCHHI.

Mera poboTu — BH3HAUEHHS 00acTi epeKTUBHOIO BUKOPUCTAHHS KOHTPEHIIEPHOTO CHOMYYEHHS 3a
BapTICHUMH TTOKa3HUKaAMH.

Mertoa J0CaiIKEHHS — 3aKOHU TeOMEeTpii, MaTeMaTHYHE MOJICITIOBAHHS, IMITAI[IiTHE MOICITIOBaHHS.

Pesynprati orpuMani y poO0Ti MaroTh NMPaKTHYHY IIHHICTH i MOXKYTh 3aCTOCOBYBATHCH TIEPEBI3SHUMHU
npu BUOOpI BapiaHTy opraHizaiii nepeBe3eHHs. 3pYYHICTh KOPHCTYBAaHHS TOAIOHMMH MOJEISIMH MAae
nepeBary HaJ yciMa pasillie 3ampornoHOBaHUMHE TEpII 3a Bce, 3aBASKH CBOI HAOYHOCTI. 3a pe3yibTaTaMu
MPOBEJCHUX IOCIIDKCHh MOKHA  CKa3aTd, 110 001acTh ©()EeKTUBHOTO BUKOPUCTAHHS KOHTPEHUIECPHOTO
CIOJYYCHHS 3aJIOKUTh HE JIMIIC BiJ BICTaHI JOCTaBKU BiJl TEpPMiHAIY, a i TOJIOBHUM YHMHOM BiJ KyTa MiX
HaNpsAMKaMH KOHTPEHJIEPHOTO MapIIpyTy Ta HAMPSIMKOM aBTOMOOLIHHOTO IepeBe3eHHS.

[IporHo3Hi MpUMyIICHHS 1100 PO3BUTKY 00’€KTa IOCIIIPKEHHS — IOIIYK ONTHMAaJbHOI TEXHOIOril
MiATPUMKA TPUUAHATTS pillieHh BUOOpPY BapiaHTy opraHizaiii repeBe3eHb Ui PI3HUX YMOB PO3MIICHHS
YYaCHHKIB TPAHCIOPTHOTO MPOIIECy.

KJIKOUOBI CJIOBA: KOHTPEWJIEPHI TIEPEBE3EHHS, BAPTICTH IIEPEBE3EHHS,
ABTOIIOI3/], PO3MIIIEHHSA BAHTAXOBIJAIIPABHUKA 1 BAHTAXOOJEP)XXYBAUA,
PIBHOIIHHA BIJICTAHb JOCTABKMN.

ABSTRACT

Huzhevska L., Lytvyn O. Efficiency uses of piggyback transportation for cost parameter the field
definition. / Lyubov Huzhevska, Olena Lytvyn // Management of projects, systems analysis and logistics. —
K.: NTU. -2012. — Vol. 10.

The paper considers the piggyback transport prospects, defined their disadvantages of use in Ukraine,
the method for determination piggyback effective area of usage in international traffic for the cost parameter
have been proposed. Formed piggyback effective area of usage gives possibility to choose the rational
delivery schemes based only on transportation tariffs and consignee placement.

Object of study— is a piggyback transportation technology in international link.

Purpose — piggyback effective area of usage determination in international traffic by using cost
parameters.
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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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