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Abstract. Objective. The topical issue of Ukrainian Antarctic Akademik Vernadsky Station infrastructure system modernization
was investigated to prevent accidents and failures of the infrastructure constituent elements, to Antarctica environmental
conservation, and to carrying out of Ukraine’ international obligations in Antarctica. Methods. The Antarctic Treaty Consultative
Meeting (ATCM-XXXIII) adopted Resolution 3 (2010) with the Check List A to verify by the international inspections,
particularly, the technical conditions of Antarctic stations infrastructures. The authors used both this Check List A and the
mathematical modelling of the hierarchies study (Saaty, 2008) to obtain the quantitative characteristics of priorities and costs of
Vernadsky station infrastructure modernization. Mathematical modelling was done in three stages: preparing of the two matrices
(for priorities and costs) with the list of the station infrastructure elements; filling the matrices by expert estimates of successive
pairwise comparison of importance (priorities and costs) of infrastructure each elements according to ranks from 0 to 9 (subject
to conditions, particularly, if a, = 1, then a, = l/aij); eigenvalues calculating of obtained matrices which after the normalization
procedures gave the necessary quantitative characteristics. Results. Quantitative results on the priorities and cost of Vernadsky
station infrastructure modernization were obtained. Conclusions. The obtained results will be used to the feasibility study
justification of the station infrastructure modernization, to the argumentation and decision-making by the executive authorities of
Ukraine, to inform the general public of Ukraine. In addition, the obtained results will contribute to the further development and
implementation of other approaches to assessing the priorities and costs of Vernadsky station infrastructure modernization.

Key words: Vernadsky station infrastructure, modernization, quantitative characteristics of priorities and costs, mathematical
modeling.

MATEMATHYHE MOAEJIIOBAHHS ITPIOPUTETIB I BAPTOCTI MOJJEPHI3AIIIT
IHOPACTPYKTYPU CTAHIII «<xAKAJJEMIK BEPHAJACBKHNUM»

0. B. Ky3bko, B. Jl. JIyk’smenko, M. A. JleoHoB

Heporcasna yemanosa Hayionanvuuii anmapkmuunuti Haykoeutl yenmp Minicmepcmea oceimu i nayku Yipainu,
m. Kuis, uackuzko@ubkr.net

Pedepar. Mera. JlocmipKeHHsS aKTyaJbHOTO IMTAHHS MOJEPHi3alli CHCTEMH iHQPAcTPYKTYp YKpaiHCBKOI aHTapKTHYHOI
craHlil «AkazeMik BepHaacbkuii» 3 METOIO MONEepeKeHHs aBapiil Ta BUXOLY 3 JIajly €IEMEHTIB iHppacTpyKTypH, 30epekeHHs
HABKOJIMIIHBOTO CEpPEeOBHINA B AHTApKTUIl Ta BUKOHAHHS YKpPaiHOIO MIKHAPOIHHUX 3000B’s3aHb B AHTapkTuui. Mertoa.
KoncyneraruHa Hapana 3 JloroBopy mpo AnTapkruky (KHIA-XXXII) npuitasina Resolution 3 (2010) 3 KontponsHuM
TepestikoM A Jutst epeBipKH MDKHAPOIHUMH 1HCIICKI[ISIMH, 30KpeMa, TEXHIYHOTO CTaHy iHGPaCTPyKTypH aHTapKTHYHNX CTAHIIIH.
ABTOpH BUKOpHCTaIH sK Liei KoHTponbHUit nepernik A, Tak i MaTeMaTHYHe MOJISIIIOBaHHSI IPH JIOCII/DKeHHIX iepapxii (Saaty,
2008), mo6 oTpuMaTH KUTbKICHI XapaKTepUCTUKH NPIOPUTETIB Ta BAPTOCTI MOAEpHi3auii iHhpacTpyKTypH cTaHIii. MaremarnyHe
MOJICTIFOBAHHS 3/IICHIOBAIOCS B TPH €TAIU: MiATOTOBKA JBOX MATPHIL (IUIS MPIOPUTETIB Ta BapTOCTi) 31 CHIHCKOM €JICMEHTIB
iH(pacTpyKTypu CTaHUIl 3aII0BHCHHS MaTPULb 33 CKCICPTHUMU OLIHKAMH [OC/I0BHOIO IONAPHOIO MOPIBHAHHS BaXJIMBOCT
(nplopnTeTus 1 BapTOCTI) iH(PACTPYKTYPH KOKHOIO €JIEMEHTa 3a paHroM Bin 0 1o 9 (3a ymosn, 30Kpema, AKIIO a, = =1,10a,

= 1/a,); po3paxyHKy BIACHMX 3HAYCHb OTPMMAHMX MATPHLb, AKi IICIA MPOLCLYP HOpMANi3awii Jaim HEOOXi/HI KilbKiCH
XapaKTePUCTUKHL. Pesyaprarn. Otpumani KilbKicHI pe3yIbTaTH MO0 MPIOPHTETIB Ta BAPTOCTI MOACPHi3alii iHppacTpyKTypH
Vkpaiacekoi antapkriunoi cranmii (YAC) «Axagemik Bepuancekmity. BucHoBkH. Pesynbratn OymyTh BHKOPUCTaHI JUIS
MiArOTOBKH TeXHiIKO-€KOHOMIYHOTO OOIPYHTYBAaHHs 3 MOAEpHi3auii iHppacTpyKTypH CTaHIii, JUIsl apryMeHTalii Ta NpuitHATTSI
BI/IMOBI/IHUX pillleHb OpraHaMy BUKOHABYOI BIaan Ykpainu, 1yt inpopMyBaHHs rpomazckkocTi Yipainu. Kpim Toro, orpumani
pe3yNbTaTH COPUSATHMYTH MOAATBIIOMY PO3BUTKY Ta BIPOBA/DKCHHIO 1HIIMX IMiAXOAIB O OLIHKM TPIOPHUTETIB Ta BapTOCTI
MozepHi3anii iHppacTpykTypu cTaHmii «AkaneMik Bepranceknit».

KurouoBi ciioBa: indpactpykrypa cranuii « Akagemik BepHaacbkuiiy, MoepHi3allis, KiIbKiCHI XapaKTepHUCTHKU ITPIOPUTETIB Ta
BapTOCTi, MaTeMaTHIHE MOICIIOBAHHSL.
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MATEMATHYECKOE MOJAEJIUPOBAHUE TIPUOPUTETOB U CTOUMOCTHU .
MOJAEPHU3AIIUU UHOPACTPYKTYPbI CTAHUUU «c-AKAAEMHUK BEPHA ICKHUW»

A.B. Ky3sko, B.J1. JIykpsmenko, M.A. JleoHoB

Tocyoapcmsennoe yupescoenue Hayuonanouolii anmapkmuueckuii nayuuviii yenmp Munucmepcmea HayKu u o6pazosanus
Vioaunwi, 2. Kues; uackuzko@ukr.net

Pedepar. Lleas. VccnenoBanue akTyalbHOTO BOIPOCA MOJCPHHU3ALINH CUCTEMBI HHPPACTPYKTYPhl YKPaUHCKOM aHTapKTHYECKOM
CTaHIMU «AKageMHK BepHaJckuil» C LENBI0 NPEeIyNpexJIeHUs] aBapuid M BBIXOJA M3 CTPOSI 2JIEMEHTOB HH(PACTPYKTYPHI,
COXpaHEHHs OKPYXKAIOIIEH Cpe/bl B AHTAPKTHUKE U BHITTOIHEHHST YKPAaHHONH MEXTyHAPOIHBIX 00s13aTebCTB B AHTapKTHKe. MeTo/.
Koncynsrarusaoe cosemianue 1o Jloroopy 06 Anrapkruke (KCJIA-XXXIII) npunsito Resolution 3 (2010) ¢ KonTponasHeIM
mepedHeM A JUIS NMPOBEPKH MEXKIYHApPOJHBIMH HHCHEKIUSIMH, B YaCTHOCTH, TEXHHYECKOTO COCTOSHUS HH(PACTPYKTypHI
AQHTAapKTUYECKUX CTaHIMNA. ABTOPBI HCHOIB30BaIH Kak 3TOT KOHTpOIbHEII NepedeHb A, Tak U MaTEMaTHUECKOE MOAEINPOBAHNE
IIpU MccienoBaHmsIX nepapxuii (Saaty, 2008), 9TOOBI HOMYYINTH KOJHIECTBEHHBIE XapaKTEPUCTUKU IPHOPUTETOB ¥ CTOMMOCTH
MOJICPHM3AIH HHQPPACTPYKTYPbl YKPAaMHCKOH aHTAapKTUYECKOH CTaHIMH «AkageMuk Bepraackuit»y. Marematndeckoe
MOJICIIMPOBAHUE OCYIIECTBIANIOCh B TPH 3Tala: MOATOTOBKA JBYX Marpull (Ul IPUOPUTETOB U CTOMMOCTH) CO CIHCKOM
9MEMEHTOB HMH(PACTPYKTYPHl CTAHIWH; 3allONHEHHE MATpPUIl [0 SKCHEPTHBIM OIEHKAaM IIOCIEIOBATEIFHOTO MOMAPHOTO
CpaBHEHHsI BaKHOCTH (IIPHOPUTETOB M CTOMMOCTH) MH(PPACTPYKTYPBI KAXKIOTO 3MeMeHTa 1o panry ot 0 1o 9 (mpu ycinosuu,
B YAaCTHOCTH, €clu a, = 1, T0 a. = 1/a.); pacdeT COOCTBEHHBIX 3HAYECHMH MONYYEHHBIX MATpHII, KOTOpBIE IOCIE MPOLELyp
HOPMaJIM3aliu JAanu He0OXOAUMbIE KOINYECTBEHHBIE XapaKTePHCTUKNU. Pe3ysbTaThl. [loqyueHbl KONHUECTBEHHBIE PE3YIbTATHI
OTHOCHTEIIbHO NMPHOPUTETOB W CTOMMOCTH MOIEPHHU3AINH HH(PACTPYKTYphl YKpawmHCKOW aHTapkrnueckoi cranmuu (YAC)
«Axanemuk BepHanckuit». BeiBoabl. Pe3ynsrars! OyayT HCTIONB30BaHBI TS TIOATOTOBKU TEXHUKO-9KOHOMHYECKOTO 000CHOBAHUS 110
MOJIEPHU3ALINN HH(PPACTPYKTYPbI CTAHIINH, JULS QPrYMEHTALMH U IPUHSTHS COOTBETCTBYIOIINX PEILICHUH OpraHaMH UCITOIHUTEIbHOM
BJIACTH YKPAWHBI, [T HHPOPMHUPOBAHUS OOIIECTBEHHOCTH YKpanHbl. Kpome Toro, momydeHHbIe pe3yisTarTsl OyayT CriocoOCTBOBATh
JaTbHENIIIEMy Pa3BUTHIO M BHEIPEHHIO JIPYTHX MOAXOIOB K OLCHKE MPHOPUTETOB U CTOMMOCTH MOJEPHHU3ALNN HH(PACTPYKTYpPbI
CTaHIUU.

KuroueBble ciioBa: I/IH(i)paCprKTypa CTaHIIMA «AKaJIEMHK BepHaz[chﬁ», MOZCpHHU3alUs, KOJJMYECTBEHHBIC XapaKTCPUCTUKU
TIPUOPUTETOB U CTOMMOCTH, MATEMATUYECKOC MOACIINPOBAHUE.

1. Introduction

Vernadsky station has been operated by Ukraine since 1996. The problem of the system modernization of the
Station’s infrastructure is actual taking into account:

¢ the condition of the station infrastructure for 2016;

e in order to prevent accidents and breakdown of infrastructure elements;

* to preserve the environment in Antarctica;

« to fulfill Ukraine’s international obligations in Antarctica;

* to ensure the implementation of the State Special-Purpose Research Program in Antarctica for 2011-2020;

e in order to ensure the sustainable station development.

This study aims are to determine the quantitative characteristics of the system modernization of the
Vernadsky station infrastructure, such as the priorities and the costs, which would provide the opportunities of:

» simulation of the infrastructure modernization process according to the priorities, costs, and time to
optimize the modernization process;

» preparation of the Feasibility Study, Request for Proposal and Working Project for the infrastructure
modernization;

» preparation of arguments and proposals for central executive authorities of Ukraine regarding financing
and implementation of the station infrastructure modernization;

 informing the general public about the activities of Ukraine in Antarctica.

2. Materials and methods

Antarctic Treaty Consultative Meeting (ATCM-XXXIII) adopted Resolution 3 (2010) with the Check List A
to verify by international inspections, particularly, technical condition of such compositions of Antarctic stations
infrastructure in that List:

. Living quarters, warehouses and scientific-technical buildings;
. Equipment and the scientific-technical research means;

. Communication means;

. Transport means;

. Fuel handling and storage means;

. Electricity supply means;

. Means of providing with the fresh and technical water;

. Means for the emergency situations;

. Means of the waste management.

In this study authors used the above-mentioned Check List A (Resolution 3, 2010) and the analytical
mathematical method of hierarchies investigation (Saaty T.L., 2008) to obtain quantitative characteristics of the
priorities and the costs of the Vernadsky Station infrastructure modernization.

It should be noted that the mentioned mathematical method was successfully used, particularly, for:

* the arms race study and for the disarmament control in the XX century (Saaty, 1968);

OO0~ Wb —
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» the quantitative analysis of the Antarctica values and the threats to Antarctica (Fedchuk et al., 2012),
(Kuzko et al., 2012);

» and the quantitative analysis of the Ukraine’ national interests in Antarctica (Kuzko et al., 2013);

According to the Saaty (2008) method in the first stage of study two special matrices were prepared for
experts judgments (both priorities and costs) with the list of station infrastructure components (means) conformity
with the Check List A (Table 1):

Model of matrices for experts judgments (both priorities and costs)

Table 1

Buil- Research | Communi- | Trans- Fuel Electri- Water
dings cation port city

Emer-
gency

‘Waste

Buildings

1

Research

Communi-cation

Transport

Fuel

Electricity

‘Water

Emergency

Waste

1

In the second stage of study the successive pairwise comparison of the values was carried out by importance ranking
(Table 2) and the filling the matrices elements by the appropriate expert’s judgements was carried out (Table 3, Table 4) under
circumstances that the matrixes are consistent, namely ¢, =1 and ajl,=l/aijv

Table 2
Ranks of objects importance
Rating Determination of importance ranking
0 The values are not comparable
1 The values are equally important
3 One value is a little bit more important than another one (weak superiority)
5 One value is considerably more important than another one (strong superiority)
7 One value is evidently more important than another one
9 One value is absolutely more important than another one
2,4,6,8 Meanings which are appointed for intermediate judgements
Table 3
Experts matrix of the modernization priorities
fll:;; Research COCI::;:::IM- T;z:ts- Fuel Elceict;ri- Water l;:;e:; Waste
1 2 3 4 5 6 7 9 10
Buildings 1 3 1/4 1/5 1/3 4 2
Research 12 1 173 173 1/5 1/4 3
Communi- 173 3 1 1/5 1/5 173 5 3 5
cation
Transport 4 3 5 1 1/5 1/3 5 3
Fuel 5 5 5 5 1 3 5 5 6
1 2 3 4 5 6 7 8 9 10
Electricity 3 4 3 3 1/3 1 4 4 5
Water 1/4 1/3 1/5 1/5 1/5 1/4 1 3 3
Emergency 12 173 173 1/3 1/5 1/4 173 1 3
Waste 1/4 1/4 1/5 1/6 1/6 1/5 1/3 1/3 1
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Table 4
Experts matrix of the modernization costs
cl‘;ll:lg; Research Cocl:g:) l:lni_ T;ﬁ:ts_ Fuel Elceictt;' i- Water ]é:::; Waste
Buildings 1 4 5 5 1/5 1 7 5 5
Research 1/4 1 3 4 1/4 1 5 1 2
Communi- 1/5 173 1 4 15 1 2 12 3
cation
Transport 1/5 1/4 1/4 1 1/7 1/5 1/5 172 172
Fuel 5 4 5 7 1 4 5 5 6
Electricity 1 1 1 5 1/4 1 3 1 3
Water 1/7 1/5 172 5 1/5 173 1 1/3 172
Emergency 1/5 1 2 2 1/5 1 3 1 2
Waste 1/5 12 173 2 1/6 1/3 2 172 1

In the third stage of study the task solution was carried out of the eigenvalues obtaining of the prepared ma-

trices (Table

5):

Normalized values of the eigenvalues of the prepared matrices

Table 5

Components of
Infrastructure (means)

Quantitative characteristics of
modernization priorities

Quantitative characteristics
of modernization costs

Buildings 0.0908 0.2075
Research 0.0578 0.0982
Communication 0.0831 0.0645
Transport 0.1597 0.0243
Fuel 0.3238 0.3495
Electricity 0.1873 0.0996
Water 0.0399 0.0391
Emergency 0.0357 0.0763
Waste 0.0211 0.0410
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3. Results and discussion

For convenience in Table 6 the quantitative characteristics of the modernization priorities from Table 5 are
given in descending order:

Table 6
Quantitative characteristics of modernization priorities in descending order
Components of infrastructure (means) 2:;':;2?;:;?;:;c:i::isttii:ss
Fuel 0.3238
Electricity 0.1873
Transport 0.1597
Buildings 0.0908
Communication 0.0831
Research 0.0578
Water 0.0399
Emergency 0.0357
Waste 0.0211

For convenience in Table 7 the quantitative characteristics of modernization costs from Table 5 are given in
descending order:

Table 7
Quantitative characteristics of modernization costs in descending order
Components of infrastructure (means) Qu;nﬁgz:i:iég?;::tfgizzics
Fuel 0.3495
Buildings 0.2075
Electricity 0.0996
Research 0.0982
Emergency 0.0763
Communication 0.0645
Waste 0.0410
Water 0.0391
Transport 0.0243

To begin the costs are considered of the modernization of both individual components of the infrastructure
and the entire station infrastructure. For simplicity the option is considered, for example, when the cost of
communication means modernizing (in particular, providing the station with the internet modern means) can be
estimated at $ US 150,000 (which in the normalized form of the quantitative characteristics of the costs in Table 7
corresponds to 0.0645).

Then calculated from the Table 7 data the costs of the other components modernization of the station
infrastructure will have the values which are given in Table 8:

Table 8
Modernization costs of station infrastructure components
Components of station Modernization costs
infrastructure (means) (in $ USA)
1 2
Fuel 812 791
Buildings 482 558
Electricity 231 628
Research 228372
Emergency 177 442
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Table 8
1 2
Communication 150 000
Waste 95 349
Water 90 930
Transport 56512

Then from Table 8§ the total cost of modernization of the all infrastructure components of the Station is
2325581 US $or 62790 698 UAH (by 1 US $ =27 UAH).

It should be noted that the value shown in Table 8 can be specified by other methods, if the cost of modernization
of another (other) component of the Station infrastructure will be obtained by other methods, and using Table 7 to
recalculate the costs of modernization of the rest of the infrastructure components.

Using data from Tables 6 and 8 the possible options can be simulated for both the Station modernization
funding and the possible schedules for modernization of the Station infrastructure.

The option was considered for the modernization of the all Station infrastructure components one by one
within one year for each component in accordance with Table 6. The appropriate schedule for the modernization of
the Station’s infrastructure components by years and the corresponding costs of modernization by years are given in
Table 9:

Table 9
Option of station infrastructure modernization within 9 years
Components of Station Quantitative characteristics Number order of Modernization costs

infrastructure (means) of modernization priorities modernization years (in $ USA)
Fuel 0.3238 1 812 791
Electricity 0.1873 2 231628
Transport 0.1597 3 56 512
Buildings 0.0908 4 482558
Communication 0.0831 5 150 000
Research 0.0578 6 228372
Water 0.0399 7 90930
Emergency 0.0357 8 177 442
Waste 0.0211 9 95 349

The disadvantage of such modernization option is the long interval of modernization time during which at the
station both priorities and the cost of the infrastructure components modernization can change.

The second hypothetical option of all components modernization of station infrastructure within one year was
considered. The appropriate schedule for modernization of the station infrastructure and the corresponding cost of
modernization are given in Table 10:

Table 10

Option of station infrastructure modernization within 1 year

Components of station Quantitative characteristics Number order of Modernization costs
infrastructure (means) of modernization priorities modernization years (in $ USA)
Fuel+Electricity+
+Transport+Buildings+
+Communication+ 1 1 2 325581

+Research +
+Water+Emergency+ Waste
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This version of the modernization of all components of the infrastructure physically impossible to implement
due to a limited time of modernization.

The third intermediate option of the modernization of the station infrastructure was considered where the
period of modernization was defined within 5 years and the conditions for more even funding for modernization by
years were created due to the merger of the modernization of the relevant infrastructure components.

This option is presented in Table 11 with the corresponding changes in the priorities of modernization and
changes in the financing of modernization by years.

Table 11
Option of station infrastructure modernization within 5 years
Components of Station Quantitative characteristics Number order of Modernization costs (in $
infrastructure (means) of modernization priorities modernization years USA)
Electricity + Transport | 0.1873 +0.1597 = 0,3470 1 231628+ 15460512 =288
Fuel 0.3238 2 812 791
Communication + 0.0831 +0.0578 = 3 150 000 + 228 372 =378
+ Research 0,1409 372
0.0399 + 0.0357 + 90 930 + 177 442 +
Water® Emergency +0.0211= 4 + 95349 =
0,0967 363 721
Buildings 0.0908 5 482 558

It should be emphasized that this option of modernization changes the priorities of modernization, which are

given in Table 6.

One more, the fourth option of the modernization of the station infrastructure was simulated in which the

period of modernization was reduced up to 3 years at the expense of combining the modernization of the infrastructure
components in their order in Table 7.

Such possible option is given in Table 12 with the corresponding changes in financing modernization by years

Option of station infrastructure modernization within 3 years

Table 12

Components of Station Quantitative characteristics of Number order of Modernization costs
infrastructure (means) modernization priorities modernization years (8 $ USA)
.. 0.3238 +0.1873 + 812 791 + 231 628 +
Fuel ¥ Llectricity+ +0.1597 = 1 +56512=
P 0,6708 1100931
482 558 + 150 000 +
Buildings + Communication + 0.0908 0'08_31 * +228 372 =
+ Research 00578 = 2 860 930
0,2317
0.0399 + 0.0357 + 90930 + 177442 +
Water® Emergency +0.0211 = 3 +95349 =
0,0967 363 721

The given option of the modernization seems more optimal as a result of both the implementation period and
the preservation of the modernization priorities which are given in Table 6. The disadvantage of this option is the
uneven modernization funding within the years which can be achieved only with the violation of modernization
priorities which are given in Table 6.

4. Conclusions

The method of quantitative characteristics of priorities and cost of modernization of infrastructure of the
Ukrainian Antarctic Akademik Vernadsky station infrastructure was applied the first time. The quantitative
characteristics obtained in the study provide the opportunities of:

¢ simulation of the infrastructure modernization process according to the priorities, costs, and time to optimize
the modernization process in conditions both of the limited funding and the limited time for the modernization of
Vernadsky station infrastructure;

¢ preparation of the Feasibility Study, Request for Proposal and Working Project for the infrastructure
modernization;

e preparation of arguments and proposals for central executive authorities of Ukraine regarding financing and
implementation of the station infrastructure modernization;

¢ informing the general public about the Ukraine activities in Antarctica.
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Based on the obtained quantitative characteristics, in the study for example four specific options have been
simulated of the modernization of Vernadsky station infrastructure which provide a solid foundation for choosing,
maneuvering and making decisions with limited resources in funding and in time.

The proposed method does not require a large number of experts, effectively utilizes the experience of the
involved specialists, and can be used to specify the cost and priorities of the modernization at any stage of the
modernization.

The quantitative characteristics obtained in the study can be made more exact by attracting other experts and
specialists, and by clarifying the cost and priorities of modernizing the individual components of the Station
infrastructure by other methods.
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