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Abstract—Integrated transport systems are a perfect form of transportation organization, because they
allow integrated use of competing modes of transport, providing a high level of transportation service at
affordable prices and savings in transportation costs. With the increasing demand for such
transportation, the issue of transport safety assessment is becoming more important, particularly in
preservation of cargo and vehicles in each section of the transportation process. In the process of
technical progress, it becomes increasingly difficult to achieve a high enough level of transport safety,
which allows to ensure national security and interests in the field of transport activities. Unfortunately,
transport safety management today is mainly carried out at organizational level, which needs to be
supplemented with safety assessment of transport system’s objects. The development of methods for
transport safety assessment remains a complex scientific task, the solving of which depends on the
economic efficiency and safety of the transportation process. Since transport safety is the state of the
transport system, its assessment includes the safety assessments of various transport infrastructures.
Thus, there is some imaginary protection field of the object of transport infrastructure, which provides
counteraction to a set of existing or perceived threats. The proposed algorithm for safe freight
transportation routes development may be divided into two cyclical stages: optimal transport hub
determination from the alternatives; optimal transportation route choosing between selected transport
hubs. The method provides a comprehensive and rational framework for structuring a decision problem,
for representing and quantifying its elements, for relating those elements to overall goals, and for
evaluating alternative solutions. The practical use of the proposed approach allows at the designing
stage of multimodal transportation routes to evaluate their alternatives, according to the selected criteria
and take the necessary measures in order to improve transport safety.

Index Terms—Aviation freight transportation; integrated transportation; multimodal transportation;

safety management; transport safety.
I. INTRODUCTION

In world practice, the creation of integrated
transport systems in the form of intermodal and
multimodal transportations is an integral condition
for the foreign trade relations development. Such
systems are aimed to accelerate, reduce costs and
simplify operations with consolidated standard
freight units. The need for such systems was formed
due to the peculiarities of each mode of transport, its
technological and technical characteristics, which
restrain the ability to compete and promote transport
interaction. With the increasing demand for
multimodal transportation, the issue of transport
safety assessment is becoming more important,
particularly in preservation of cargo and vehicles in
each section of the transportation process [1], [2].

The concept of “transport safety” may be defined
as the state of protection of transport infrastructure
objects, which allows to ensure national security and
national interest in the field of transportation
activities, the sustainability of it, the ability to

prevent harm to the health and life of people, damage
to property and the environment, to minimize
economic damage in transport activity [3], [4].

Transport safety of integrated transportation
systems covers a number of safety areas: aviation
safety and safety of road, rail, sea and pipeline
modes of transport (Fig. 1).
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Fig. 1. Areas of transport safety

In this context, transport safety assessment
modelling is relevant and requires appropriate
scientific developments.

II. PROBLEM STATEMENT

Today, transport safety management is mainly
carried out at organizational level. This means that
every safety event is recorded, analyzed and
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investigated in order to manage the causes/factors of
future’s negative events. But the time factor in such
organizational management implementation has a
relative nature and not related to hazard identification
and elimination.

That is, transport safety ensuring on the basis of
organizational management needs to be supplemented
with safety assessment of transport system’s objects.
It should be noted that since events in this field are
quite rare, data analysis may not provide the
necessary effect. It is recommended to manage
transport safety with optimal transportation route
development from available design alternatives on the
basis of expert’s assessment.

III. PROBLEM SOLUTION AND RESULTS

T. Saaty analytic hierarchy process (AHP) is a
theory of relative measurement of intangible criteria.
With this approach to relative measurement, a scale
of priorities is derived from pairwise comparison
measurements only after the elements to be
measured are known.

Rather than prescribing a "correct" decision, the
AHP helps decision makers find one that best suits
their goal and their understanding of the problem. It
provides a comprehensive and rational framework
for structuring a decision problem, for representing
and quantifying its elements, for relating those
elements to overall goals, and for evaluating
alternative solutions. The method provides a
comprehensive and rational framework for
structuring a decision problem, for representing and
quantifying its elements, for relating those elements
to overall goals, and for evaluating alternative
solutions.

In general, AHP consist of 4 steps [5]: to
structure the problem in the form of a hierarchy or
network; to set criteria priorities and evaluate each
of the alternatives; to determine the weighing
coefficients in each level; to calculate combined
weighting factor and determine the best alternative.

The algorithm for safe freight transportation
routes development may be divided into two cyclical
stages: optimal transport hub determination from the
alternatives (TH); optimal transportation route
choosing between selected transport hubs (TR).

Step 1. In order determine the safest transport
hub, it is necessary to: set the evaluation system that
affects the level of safety; calculate its influence
using a pairwise comparison scale [6]:

F=[fisfornfi]:
where f,f,.... [,

assessments affecting the level of transport safety at
nodes.

Comparison scale may be presented as follows: 1
— equal importance; 3 — minor advantage of one over
the other; 5 — substantial or strong advantage; 7 — a
significant advantage; 9 — superiority of one object
over another; 2, 4, 6, 8 — intermediate values.

Thus, the matrix of pairwise comparisons:

1 p,=p(h/ 1) p,=p(/! 1)
P =1/ p, 1 P2 =05/ 1))

(1)

is the system of risk factor

Do =1/'p,  Pr=l/p, .. 1
2
A new matrix of risk factors comparison formed
by dividing each element (p,, p,,...,p,,.,) (by the
sum of the estimates of the corresponding column
(ZI,ZZ,...,Zn). The most important factor is with
the maximum average value in the row (equation 3).
Now the comparison of transport hub alternatives
for each risk factor should be conducted. The
algorithm of matrix transformations remains the
same (Tables 1 and 2).

Then matrixes of priority vectors and factor
weight coefficients of were formed (Table 3).

1/21 p2/22 pn/zn H1=(1/21+P2/Zz+---+Pn/Zn)/”
pn+]/zl 1/22 p2n/2n l"l2:(pnﬂ/Z]+1/z2+“’+p2n/2n)/n (3)
Donin ' 201 Panin ! 229 1/2,, Hn=(pzn+1/21+pzn+z/22+--~+1/2n)/n
TABLE 1. TRANSPORT HUB ALTERNATIVES COMPARISON FOR A SINGLE RISK FACTOR
D, /Z2 TH, TH, TH,
TH, 1 k2 =k(TH, /TH2 kn =k(TH, /THn)
TH, k., =1/k, 1 k,, =k(TH, /TH,)
TH, k. =1/k, ky,.,=1/k,, 1
> (@) du=k+k,  +...+k,, o=k, 1+, 4k, , . =k+k, +...+1




66 ISSN 1990-5548 Electronics and Control Systems 2022. N 2(72): 64-68

TABLE II. PRIORITY VECTORS BY RISK FACTORS

Transport hub | Priority vector
fi
TH, o =(/XD) +h /30, +..+k /D) ) /n
TH, o, =k /SO, +k/S0), 4tk /5D, ) /n
TH, 0, = Uy TS0, oy 10, 1 1750, I 7
1
TH, 1 =/S2) 42, /52), otz I52) )0
TH, Vs =G/ 22, +1/ 22 1ot 2, | 220
TH, Ve = o 13O 4 2 122, + o 1 S 1
Ju
TH, ¢, =1/Y(n), +m, /Y (n),+...+m, /D (n),)/ n
TH, 0y = (m,\ /30, +1/ S )y +obm, 3 (m), )
TH, 0, =y /S0, 1y, 130, + ot 1 X))

The optimal transport hub is evaluated by formula:  transportation routes were taken into account
(F2 :[kl,kz,...,kn]).
The cyclical repetition of the first and second steps
® i i i
TH, = TH| min T2 ?, o H2 (4 lead to the'forl.natlon of the optimal integrated cargo
P transportation in terms of transport safety (ITSt ):

O v - 9 K,

Q)
T P/ b ITS, =[TH,, ; TR, 1+ TH,, ; TR, |+...

opt; > opt, opt, >

+[TH,, ; TR, |-

opt, >

Step 2. The last step dedicated for choosing a safe ()
route (TRopt) to the established before safe

transport hub. This procedure is performed similarly Thus, the algorithm for safe integrated
to the first step, except the risk factors on the transportation may be presented as follows (Fig. 2).

[ Safe integrated transportation route development ]

STEP1-TH TR1,TRy,..., TR,

Optimal TR

Optimal TH

TH4,TH,,..., TH,

Fig. 2. Algorithm for safe integrated transportation route development

IV. CONCLUSIONS With the increasing demand for multimodal
transportation, the issue of transport safety
assessment is becoming more important, particularly
in preservation of cargo and vehicles in each section

STEP2-TR

—/

Today, new types of transport systems is formed
— integrated transport systems, which may be

defined as the result of the synthesis of several —of the transportation process The development of

transport systems, where different types of transport  methods for transport safety assessment remains a
are effectively interact. complex scientific task, the solving of which
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multimodal transportation routes to evaluate their [4] D. Wang, " Assessing road transport sustainability by
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K. B. Uepeaniuenko, O. €. Coxonoa. IlepcnekTuBH 3acTOCYBaHHS MeTOAYy aHAMI3y iepapXiil A1 ynpaBJaiHHS
0e31meKoI0 BAHTA;KHHUX NMepeBe3eHb B iIHTErpoBaHNX TPAHCMOPTHHUX CHCTEMAX

[HTerpoBaHi TPAaHCHOPTHI CHCTEMH € JOCKOHAJIOK (OPMOIO OpraHizaiii IMepeBe3eHb, OCKIJIBKH JO3BOJISIOTH
KOMIUIEKCHO BHKOPUCTOBYBAaTH KOHKYPYIOUI BHUIM TPaHCIOPTY, 3a0e3Nedyyloud BUCOKUHA pPIBEHb TPAHCIOPTHOTO
00CITyroByBaHHSI 3a JOCTYITHHUMH I[IHAMH Ta E€KOHOMIIO TPAHCHOPTHHX BUTpAT. 31 3pOCTaHHAM IIONMHTY HAa Taki
TepeBe3eHHsI Bce OUTBINOI aKTyalbHOCTI HAOyBa€ IMUTAHHS OLIHKK O€3IEeKH IepeBe3eHb, 30KpeMa MI0A0 30epeKeHHs
BaHTaXIB 1 TPAHCIIOPTHHUX 3aCcO0IB HA KOXHIHM MIJIHIN TPAHCIIOPTHOTO IpoIiecy. Y MPOIeCi TEXHIYHOTO MPOrPecy CTae
BCE BakKue JOCSTTH JOCTATHBO BHCOKOTO PIiBHS TPAHCIOPTHOI OE€3MeKH, IO J03BOJsSE 3a0e3NEYUTH HalliOHAJIbHY
Oesmeky Ta iHTepecu y cepi TpaHCHOPTHOI MisuTbHOCTI. Ha »aib, ChOrOMHI YIpaBiliHHSI OC3IEKOI0 HA TPAHCIIOPTI
3IIHCHIOETBCS TIEPEBAXKHO Ha OpTraHi3allifHOMY piBHI, SIKMHA HEOOXIJAHO JOIOBHIOBATH OLIHKOI O€3NeKH 00’ €KTiB
TPaHCTIOPTHOI cucTeMu. Po3poOka MeToiB OIIHKH O€3MeKH TPAHCIOPTY 3aIMIIAETHCS CKIIAJHOI HAYKOBOIO 33a1auero,
BiJl BUPINICHHS SKOI 3aJIC)KUTh CKOHOMIYHA ¢EKTUBHICTD i Oe3Meka TPaHCIIOPTHOro mporiecy. OCKiIbKH TPaHCIOPTHA
Oe3rieka — e CTaH TPaHCIIOPTHOI CUCTEMH, i1 OI[iHKa BKIIIOYAE OI[IHKK OE3IEeKU Pi3HUX TPAHCHOPTHHX iH(pacTpyKTyp.
TakuM 4MHOM, iCHYE JAesKe ysSBHE IOJIE 3aXHCTy 00'€KTa TPaHCHOPTHOI iHPpacTpYKTypH, sike 3a0e3nedye MpOoTHIII0
KOMIUIEKCY iCHyIoUHMX a0o mepeabadyBaHMX 3arpo3. 3alporOHOBAHUH alrOPUTM PO3POOKH OE3MeYHUX MapIIpyTiB
BaHT)XHUX IIEPEBE3EHh MOXKHA PO3/IUINTH Ha J1BA IUKJIIUHI €Talny: BU3HAYSHHS ONTUMAILHOTO TPaHCIIOPTHOI'O BY3JIa 3
aJbTEepHATUB; BHOIP ONTUMAJIBHOIO MAapIIPYTy TPAHCHOPTYBAaHHS MiX OOpaHMMH TPaHCIIOPTHUMH By3idaMu. Meron
3a0e3rneuye KOMIUIEKCHY Ta pallioHaJbHY OCHOBY JUIS CTPYKTYPYBaHHsS NPOOJIEMH MPUHHATTS pIIIeHHS, [UIs
MIPE/ICTaBJICHHS Ta KUJIbKICHOrO BH3HA4YEHHS ii €IeMEHTIB, JUIs 3B’SI3Ky IMX €JIEMEHTIB 13 3araJlbHUMU IJISIMH Ta JUIs
OLIHKM aJbTEepHATUBHUX pilieHb. [IpakTHYHe BHUKOPUCTAHHS 3alpPONOHOBAHOTO MiAXOMy MO3BOJsIE Ha erami
MPOEKTYBAaHHS MYJITHMOJAIbHUX MAapIIPYTiB MEpPEeBE3CHb OLIHUTU iX aNbTEPHATHBH, BIIMOBIIHO A0 OOpaHHX
KPHTEPIiB, 1 BXXUTH HEOOXiTHUX 3aXO/iB IS MiIBUIICHHS O€3MeKH TIepeBe3eHb.
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K. B. Yepenunuenko, E. E. CokonoBa. IlepcrnieKTUBBI IPUMEHEHHS] METOIA AaHAJIM3A MepapxXuii A ynpaBJaeHus
0e30MacHOCTHIO I'PY30BBIX NEPEBO30K B HHTErPHPOBAHHBIX TPAHCIOPTHBIX CHCTEMAX

WHTterpupoBaHHbIE TPAHCIIOPTHBIE CHUCTEMBI SBIISIFOTCS COBEPILEHHOW (OPMOW OpraHM3alMy NEPEeBO30K, MOCKOIBKY
MO3BOJISIIOT  KOMIUIEKCHO HCIIONIb30BaTh KOHKYPHPYIOIIME BUABI TPAHCIOpPTAa, OOECHe4YnBas BBICOKHN YpPOBEHb
TPAHCIIOPTHOT'O OOCTYKUBAHHSI MPH JOCTYITHBIX IIEHaX U SKOHOMHIO TPAHCIOPTHBIX pacxoaoB. C pocToM MOTpeOHOCTH
B TaKHX IIEPEBO3Kax Bce OoJiee aKTyalbHbIM CTAHOBHTCS BOIPOC OLIEHKU TPAHCIIOPTHOH O€30IaCHOCTH, OCOOEHHO NPH
COXpaHEHMH TPY30B M TPAHCIOPTHBIX CPEICTB HAa KaKAOM YJacTKe IIEpeBO30YHOro Iponecca. B mpormecce
TEXHHYECKOr0 Nporpecca CTAaHOBUTCS BCE€ TpYyAHEE JOCTHYh JOCTAaTOYHO BBICOKOTO YPOBHS TPAHCIOPTHOH
0€30I1aCHOCTH, MO3BOJIAIOIIETO O0ECHeYUTh OE30IIaCHOCTh M HHTEPECHl TocyAapcTBa B cdepe TpaHCIOPTHON
neatenbHocTH. K coxkaneHuto, ynpaBieHHe TPaHCIOPTHOH 0€30I1aCHOCTBIO CETOAHS B OCHOBHOM OCYIIECTBIISIETCSA Ha
OpraHU3alMOHHOM YPOBHE, YTO HEOOXOIUMO JOIOIHHUTH OLEHKOH O€30MacHOCTH OOBEKTOB TPAHCIIOPTHOM CHCTEMBI.
Pa3paboTka METOOB OLIEHKHU TPaHCIIOPTHON OE30IIaCHOCTH OCTAETCS CIIOKHOIM HaydHOH 3amadeif, OT peleHus KOTopon
3aBUCUT 3KOHOMHYECKass 3(PQeKTHBHOCT, M O€30IaCHOCTH IEPEBO30YHOro Ipolecca. [IoCKONbKY TpaHCIOpTHAs
0€30I1aCHOCTh — 3TO COCTOSIHUE TPAHCIOPTHON CHCTEMBI, €€ OIEHKAa BKJIIOYAET OLEHKY O€30MacHOCTH Pa3IM4HBIX
TPAHCIIOPTHBIX MHPPACTPYKTYp. Takum 00pa3oM, BOSHHMKAET HEKOE MHHMOE 3al[UTHOE I0Jie OOBEKTa TPaHCIIOPTHOW
nH}ppacTpyKTyphl, 0OecrednBaroliee MPOTHBOIEHCTBIE COBOKYIMHOCTH CYIIECTBYIOUIMX HJIM MPEAIOaraeMbix yrpos.
[IpennaraeMplii anropuT™M IOCTPOSHHS MAapIIPYyTOB OE30MACHBIX TPY30IEPEBO30K MOXKHO pasJeliTh Ha JBa
LIUKJIMYECKUX JTama: ONpEeAEiCHUE OINTHMAIBHOIO TPAaHCIIOPTHOI'O Y3j1a W3 ajbTEPHATUB; BBHIOOP ONTHMAJIBHOIO
Mapuipyra IepeBO3KH MEXAY BBIOPaHHBIMH TPAaHCIOPTHBIMU y3idaMu. MeTon oOecrieunBaeT BCEOOBEMIIONIYIO U
pallMOHAJIBHYI0 OCHOBY JJIsl CTPYKTYPUPOBaHHUS IPOOJEMBI TNPUHATHS PEIICHUs, JUIsi TPENCTABICHUS U
KOJIMYECTBEHHOW OLIEHKH €€ AIIEMEHTOB, JUIS CBSI3U ATHX AJIEMEHTOB C OOIIMMU LENSIMH U JUTSl OLIEHKH aJIbTEPHATHBHBIX
pemennii. [IpakTudyeckoe UCIONB30BaHUE MPEITIOKEHHOIO TOAX0/a TO3BOMISET Ha dTale MPOEKTUPOBAHUS MapIIPyTOB
MYJIBTUMOJAIBHBIX TIEPEBO30K OLIEHUBATh MX aJbTEPHATUBBHI 10 BHIOPAHHBIM KPUTEPHSM U MPHUHUMATH HEOOXOAUMBIE
MepBI ISl TOBBIIIEHHS TPAaHCIIOPTHOM 0€3011aCHOCTH.
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