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Stanislav Levytskyi (Ukraine), Oleksandr Gneushev (Ukraine),
Vasyl Makhlinets (Ukraine)

THE APPROACH TO MODELING
THE VALUE OF STATISTICAL
LIFE USING AVERAGE PER
CAPITA INCOME

Abstract

The problem of determining the value of statistical life in Ukraine in order to find ways to improve
it is an urgent one now. The current level of value is analyzed, which is a direct consequence of the
poor quality of life of a citizen, hence his low level. The description of the basic theoretical and meth-
odological approaches to the estimation of the cost of human life is given. Based on the analysis, a
number of hypotheses have been advanced about the use of statistical calculations to achieve the
modeling objectives. Model calculations are based on the example of Zaporozhye Oblast statistics
for 2018-2019.

The article elaborates the approach to the estimation of the economic equivalent of the cost of living
on the basis of demographic indicators and average per capita income, and also analyzes the pos-
sibilities of their application in the realities of the national economy. Using Statistica, the regression
equation parameters were determined for statistical data of population distribution of Zaporizhzhia
region by age groups for 2018. The calculation parameters were also found using the Excel office
application, using the Solution Finder option to justify the quantitative range of metric values. It is
proved that the proposed approach to modeling and calculations are simpler and more efficient than
the calculation methods proposed earlier. The study concluded that the value of statistical life in
Ukraine is significantly undervalued.

Keywords economic equivalent of value of life, cost of statistical life, average
per capita income, modeling, demographic statistics
JEL Classification C19,J17

C. I. JTesunpkmii (Yxpaina), O. M. I'neymes (Ykpaina),
B. M. MaxnuHens (Ykpaina)

NiAXIA 40 MOAEIOBAHHS
BAPTOCTI CTATUCTMYHOIO
}MTTA 3 BUKOPUCTAHHAM
CEPEZIHbOAYLLIOBOIO 0OX0AY

AHoTaujiA

Y TemepiIHilt Yac aKTya/nbHOIO € MpO6/IeMa BUSHAYEHHs OLIHKM BapTOCTi CTATHCTUYHOTO SKUTTA
B YKpaiHi 3 METOI0 MOIIYKy IIIAXIB ii mifBuienns. [IpoananisopaHo MOTOYHMIT pPiBEHb BapTOCTI,
110 € IPAMUM HaC/IiIKOM He3aJOBi/IbHOI AKOCTi )XUTTA IPOMAZISIHMHA, OTXKe, 100 HU3bKOTO PiBHA.
HapeeHo XapaKkTepUCTUKY OCHOBHMX T€OPETMKO-METOMOOTIYHMX TiIXO/iB O OLIHKM BapTOCTi
xuTTA mopuHu. Ha 6asi mpoBefieHOro aHamisy BUCYHYTO HM3KY TilloTe3 IIPO BMKOPUCTAHHA
CTAaTUCTUYHUX PO3PAXYHKIB /1A JOCATHEHHA 1iijIell MOJieIoBaHHsA. Moyie/ibHi po3paxyHKy HaBeJIeHO
Ha IPUK/IAZi CTATUCTUYHMX JaHKX 3armopisbkoi obacti 3a 2018-2019 pp.

B craTTi pospobeHo minxif O OLIHKM €KOHOMIYHOTO eKBiBa/leHTy BapTOCTi >KMTTSA Ha OCHOBI
meMorpadiyHMX IOKasHMKIB Ta CEPeJHbOAYIIOBOTO [OXOAY, @ TaKOX IIPOBENEHO aHasi3
MOXX/IMBOCTe]! iX 3aCTOCYBaHHA B peaslifix HallioHa/lbHOI eKoHOMikM. 3a moromororo ITITIT «Statistica»
UL CTATUCTUYHUX JAHNUX PO3IOALTY HaceneHHA 3anopisbkoi 06/acTi 1o BikoBuM rpynam 3a 2018 pik
BM3HAYEHO IIapaMeTpy perpeciiiHoro piBHAHHA. TakoXk 3HaJJleHO PO3PaxyHKOBi mapaMeTpy 3a
moroMoroo odicHoro gogaTky Excel, sacrocosyroun omuifo «Ilomryk pimeHHs» A1 06IpyHTyBaHHI
MIPOIIO3NIIil IO/I0 KiNbKICHOTO Jiialla30Hy 3Ha4YeHb IOKa3HMKiB. JloBefieHo, 110 3alIpOIIOHOBAHMIA
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HiJXiZ 10 MOJIE/IIOBAHHS Ta PO3PAXYHKM € Oi/IbII IPOCTUMY Ta epeKTUBHUMM, HDK METOAMKI PO3PaXyHKIB, 3alIpOIIOHOBAHMX paHile. 3a
pe3y/ibTaTaMi HOC/iPKEHH: 3p00/IeHO BUCHOBOK, IO LIiHHICTh CTaTUCTUYHOTO XKUTTA B YKpaiHi icTOTHO HefooIiHeHa.

Kawo4uoBi cz10Ba €KOHOMIYHUI €KBiBaJIEHT BAPTOCTI XKUTTS, BAPTICTh CTATUCTUYHOTO XKUTTS, CEPENHbOMYIIOBIUII
IOXifl, MOIeTIOBAaHHS, feMorpadiuyHa CTaTUCTUKA
Knacudikauia JEL C19,]17

BCTYI

MarepianbHa BifNOBiJa/IbHICTD 33 >KWUTTA JIOAUHU - L€ CYTTEBUI BaXijllb CTUMYIIOBaHHA 3yCUIb 3
MofiepHi3anil cucreM 3abesnedeHHs Oe3IeKky el y pisHUX BUMIpaXx, 1[0, 0€3yMOBHO, Y KiHIIeBOMY paxyHKY
BeJie 10 MiIBUIEHHA AKOCTi )XUTTA BCbOro Hapojy. EKOHOMi4Ha OLjiHKa BapTOCTi CTaTMCTUYHOTO XWUTTH,
BiffoOpa’kaloun piBeHb JIOTO SIKOCTi € IOKa3HMKOM COIlia/IbHO-eKOHOMIYHOTO PO3BUTKY CYCIII/IBCTBA, & TAKOX
IHIMKAaTOpPOM [IiaTHOCTYKY BUHMKHEHHSA KPU30BUX ABKIL. HM3bKa BapTiCTh )XUTTA IPOMaJAHMHA € HACTiJKOM
JIOTO He3afIoBi/NIbHOI SIKOCTi, OT)Ke, HU3BKOTO PiBHA XXUTTS B KpaiHi. [Ilo o6cTaBuHy migTBepAKye Oi/bIIiCTD
HAayKOBUX JOCIIZ>)KeHb: YUM Oararia KpaiHa, TMM BMIIe BOHA OL[iHIOE )KUTTs CBOIX rpoMajsH. Tomy moni6Hi
JOCTi)KEHH I CIPUATUMYTh K [JIMOIIOMY PO3YMiHHIO IIPUPOJY COLiaTbHO-eKOHOMIYHYIX sIBYIL| B HAIliOHA/IbHI
eKOHOMIIli, TaK i IOIIyKy palioHa/JbHUX CIIOCOOIB MOKpAIleHHs XXUTTS HaceJleHHs, 10 € Y TelepilHiil Jac
0CO6/IMBO aKTya/IbHUM /ISl YKpaiHu, 30KpeMa, I/ 3anopisbkoi 06/macTi.

1. NITEPATYPHUW Ornaa

Ha Temepimnii 4ac icHy10Tbh pi3Hi IIOITIALM Ha PO3paXyHKM IIOKAa3HMKIB BapTOCTi XUTTA B YKpaiHi, 30KpeMa, Ha
PO3paxXyHOK BapTOCTi CTaTUCTUYHOIO XUTTA moauHu. lle MpusBoguTh O 3aCTOCYBaHHA PisHMX METOAVYHUX
HiIXOfliB Ta HEKOPEeKTHOro ix BukopuctaHHs [4, 15]. JKopeH 3 nux migXoniB He MoXKe BBa)KaTMCS abCOMIOTHO
tounuM. I1ig erigoto €Bporeiicbkoi o6cepBaTopii Mo cucTeMaM i HOMITUIi OXOPOHY 3TOPOB’ BUEHI ZOCTIIKyBan
XapaKTep 3a/leXXHOCTI MiX 3OpPOBAIM HaceleHHA i guHaMmikoio po3Butky BBII pmepkaBu [13]. Pesympratu nux
JOCTIif)KEeHb B Pi3HMUX KpaiHaX CBITY IEePEKOHIMBO CBif[4aTh, [0 CTaH 3[J0POB’sl HACETEHHS € IIOTY>KHUM (aKTOpOM
€KOHOMIYHOT0 3pOCTaHHSI, OCKi/IbKy npupict BBII 6e3nocepenHbo 3ane>XuTh Bijj piBHA CMepTHOCTI HaceneHH [12].
HeratuBHOIO TeHJIeHIIi€l0 € KaTacTpOQiIHO BUCOKMII PiBEHb CMEPTHOCTI JIIOfEN Ipalie3faTHOTO BiKYy, cepen
AKUX 617141 80% - Lje 4O/MOBiKN. A B LIi/IOMY CMEpPTHICTb HaceJIeHH:A B IIpalie3jaTHOMY Billi to YkpaiHi B 3.5 pasu
BHIIIE, HIXXK B €BPOINENICbKMUX KpaiHaX. BUCHOBKYM BKasaHUX JOCTiIHMKiIB TOBOPATD PO Te, 110 BUCOKNI PiBEHb
CMEPTHOCTI YJIEHIB CYCIIiZIbCTBA iCTOTHO Ta/IbMy€ EKOHOMiuHe 3pocTaHHA fep>kaBu. IlokasHuk «Brpadeni poku
HOTEHILITHOTO KUTTs» (B aHIVIOMOBHII1 jitepaTypi - Potential Years of Life Lost, PYLL) € ogHuM i3 cy4acHux
iHCTPYMEHTIB OLIiHKM BTPAT 3[J0POB’sI HACe/IEHH, 110 JO3BOJISIE OL[iHIOBATH 1Ii BTPAaTU B eKOHOMIYHOMY aCIIeKTi
Ta BIJHOCUTHCS [JO 4MC/IA MIMPOKO PO3IMOBCIOM>KEHNX B CBIiTi [/Is1 OL[iHKY 3[JOPOB’S i 6/1aronoyvy4si HaceeHH.
Hum kopucryiorbcs, 3okpema, CaitoBmit 6ank, OpraHizalisi eKOHOMIYHOTO CHiBPOOITHMI[TBA i PO3BUTKY,
BcecBiTHs opraHisalisi oxopoHu 3opoBs i €Bpocows [9]. IIpu po3paxyHKy BTpadyeHMX POKiB IOTEHIifIHOTO
xutts (BITP)K) BU3SHaYaeTbCs YMCIO POKIB, AKi He JOXKMBAE HMOMYJIALS [0 [AesIKOr0 HOPMAaTMBHOIO BiKy. 3a
Y3TOI>KEHOI0 Oi/IBIIICTIO eKCIIePTiB JYMKOI0, TaKVII HOPMAaTUBHMIL BiK fopiBHIOE 70 pokaMm, Xo4a B psAfi Kpain
BUKOPUCTOBYIOTbCA i iHIIi BikoBi Mexi, Hampukmag, 65 abo 75 pokis [11]. B Ykpaini Takmit HOpMaTUBHMI
Bik popiBHIO€E 65 pokaMm [5]. ITo cratuctmynuM pganuM 3amnopispkoi obmacti 3a 2017 pik i Mo po3paxyHKam
BITP)K cxmapmae 110,000 pokis, a Brpara BPII B obmacti cknana 8.6% [11]. TakuMm 4mHOM, OLjiHKAa BapTOCTi
CTQTUCTUYHOTO >KMUTTSA JTIOAVHU B YKpaiHi Mae BinOyBaTucs nmile 3 ypaxyBaHHAM IOTOYHOI eKOHOMi4HOI
CUTYyallil y HallioHaIbHill €eKOHOMIIIi.

Ha pannit yac B YkpaiHi HOKa3HUK 3[J0pOB’ HaceJIeHHA He BPaXOBYIOTb IIpM po3paxyHKy BBII B cuny Toro, mjo
3[J0POB’s He € PUHKOBYM TOBAapPOM, @ 3HAYNTh, He MA€ PUHKOBOI BApTOCTi. Bucoka 1jiHa eKOHOMIYHOTO eKBiBa/IeHTy
JIIOICBKOTO XKUTTA, 3aKpillJIeHa 3aKOHO/IaBYO0, CTUMYJIIOE [Iep>KaBHi 3aX0A1 y BXXMBAaHHI 3aX0[]iB I10 CKOPOYEHHIO
CMEePTHOCTI, MiJIBUIeHHS JOPOXKHBOI i BUpOoOHNYOI 6e31eK, Y BeieHH]i 6inbl e eKTUBHOI NOMITUKY B ranysi
OXOpPOHM 3[0POB’s, TOIIO [6-8]. SIKIO MPUIHATU AK eKBiBaJIeHT BapTOCTi POKY XKMTTS YKpaiHIs BeIMYMHY
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cepenHbOPiIYHOI 3apobiTHOI InaTu B 2013 polii, To 1iHa BTpayeHMX POKiB MOTEHIINIHOTO >XUTTS CTAaHOBUTD
118 mapp rpH [2]. ExoHOMiYHA OIiHKa BTpaT BHACIIIOK IepefyacHOI CMEPTHOCTI B YKpaiHi Mae BuUIIAf,
HaBeneHuit y Tabmuni 1 mo pospaxyHkax y [13].

Tao6auns 1. EKoHOMIYHA OIliHKa BTPAT BHACJIIZIOK IIepeIuacHOl CMEPTHOCTI B YKpaiHi
(2006, 2011, 2013 pp.)

[sxepeno: CknageHo asTopamu 3a [13].

Moka3Huk i 2006 2011 : 2013
KinbKicTb BTpaueHnX POKIB NOTEHUIAHOrO XUTTSA, MITH floAnHo-pokis 4165 & 3134 3.031
Ouijnka BTpaT y Burnagi Hegootpumadoro BBI, mnpg rpH o 479 T %04 971
YacrTka Big BBI, % i 88 ¢+ &7 6.7

OcHOBHI Iifxoay, AKi MOXXyTb Oy T BUKOPUCTaHI NP OLiHIIi BAPTOCTI JIIOACHKOTO KUTTSA B YKpaiHi, HaBefIeHO
y Tabmumi 2.

Ta6auns 2. OCHOBHI TEOPETUKO-METO/IOJIOTIUHI MiIX0U OIIHKYA BaPTOCTI JIIOJICHKOTO KUTTS

[skepeno: Po3pobka aBTopiB 3a axkepesom [12].

HalimeHyBaHHA OCHOBHMX ‘
TEeopPeTUKO-MeTOL40NOr YHUX KopoTka xapakTepucTka OCHOBHUX TEOPETUKO-METOA0MNOrIYHNX

niaxoAiB A0 OLUiHKU BapTOCTi XUTTA : nigxoAiB A0 OUiHKM BapTOCTi XUTTA NIOAUHU
NIOOUHU :

Mipxig 3 no3nuin HopMaTUBHO
BCTAHOBNEHOrO BiALIKOAYBaHHSA Y 3B'A3KY i3 |
3arnGennio NoanHN | BUKOHaHHS PilleHHS

CyRy

{ TPYHTYETbCS Ha 3aKOHOAABYOMY PILLEHHI Cyay, Lo BU3HAYMB MAKCUMATbHUIA PpO3Mip
i KoMneHcauii o BiAWKOAYBaHHIO 36UTKY 340POB'I0 | XXNTTIO NOCTPaXaanoi NanHN Bif
: pii disnyHoi abo topnanyHoi ocobu B pedynbTati HagasmyarHoi cutyadii (HC)

: TPyHTYETbCA Ha Teopii KOPMCHOCTI | CNPSIMOBaHUIA Ha PO3paxyHOK eKOHOMIYHOT abo
Migxia 3 No3umuii KOPUCHOCTI NAWHN ANst | FPOMaACbKOi KOPUCHOCTI NIOAUHM NS CycninbCcTBa NpU HacTaHHi TMMYacoBoi abo
cycninbcTBa i CTiViKOI BTpaTy NI0ANHO Npaues3gaTHocTi abo noro nepeavacHoi CMepTi; BUpaXaeTbCst
i yepes nokasHuk HesupobneHoro BBl i3-3a 3arnbeni niognHmn B pesynerati HC

{ TpyHTYeTbCA Ha OiLiiHNX EKOHOMIKO-AeMorpadiuH1X NoKa3HUKaX i 403BONSAE
: BU3HAYMTU BapTICTb XUTTS SK Pi3HULII0 HAKOMUYEHNX | CMOXUTUX MIOANHO
: MaTepianbHux 6nar i nocnyr Ha nigcTasi Manby THLOrO MOXMMBOro 3apobiTKy NOANHM

Migxig 3 TO4KM 30py KOPUCHOCTI NIOANHN
Onst gjoMmorocnogapcTsa

{ TPYHTYETBCS Ha COLIIONONYHNX ONUTYBAHHSIX PI3HUX COLLIaNLHUX FPYN HAaCeNeHHs KpaiHu
i (perioHy, micTa) i LO3BOMSAE BU3HAYUTU EKOHOMIYHUI EKBIBANEHT «BAPTOCTI» XUTTS

i cepeHbOI NMIOAUHN AK BENTMYMHY «40CTaTHbOro» i «CNpaBeAnnBoro» BiALIKOAYBaHHS Y

: 3B'A3KY i3 3arnbennto noauHu B pesdynetati HC - Ha AyMKy pecrnoHAEeHTIB

CouionoriyHui nigxin

{ TPYHTYETLCS Ha eKOHOMIYHIi OLHLi PU3NKY HAaHECEHHS 36UTKY 3[10POB’I0 | KUTTIO

i noanHu B ymoBax HC 3a 4ONoMOroto BU3HayeHHsi po3mipy rpoLLOBOro eKBiBaneHTy,

i AKMI CyCNiNbCTBO rOTOBE 3annaTUTh 3a 3MeHLIEeHHS, YHUKHEHHSA abo BiaBepTaHHs aii
: HC abo BMkopucTaTh B AIKOCTi KOMMNEHcaLii NoAuHi 3a NOHeceHi BTpaTu

Migxia 3 No3uuii OUiHKKM pU3unKiB

Miaxia 3 No3uLii roToBHOCTI i3anyHMX 0Ci6  : [PYHTYETLCA Ha MNOTETUYHI FOTOBHOCTI (Di3UYHUX OCIB NNATUTU 3@ YCYHEHHSA PU3NKY
nNaTUTN 3a YCYHEHHS PU3UKY CMepTI i CMepTi Bi KOHKPETHNX KEPOBaHUX 30BHILLHIX YMHHUKIB HC

i [PYHTYETbCS Ha BU3HAYEHHI CTPaXOBMMM KOMMaHISIMU PO3MIpy CTPaxoBUX CyM
i CTPaxoBUX BHECKIB i KOMMNEHcaLii BapTOCTi XXMTTIO ANS OKPEMUX coLlianbHuUX i
i NpodeCinHNX rpyn HaceneHHs

Migxig 3 no3uuin cTtpaxyBaHHSA BapToOCTi
XKUTTS AN OKPEMUX TPy HACENEHHS

Migxia 3 no3nuii BapToCTi MEQUYHUX : I"pyHTyeTbcn Ha po3paxyHKax pearnbHUX i NPOrHO30BaHMX MakCUManbHUX BuTpaT
nocnyr, Wo 3a6e3neyyroTb 3HUKEHHS i CycninbCcTBa Ha HagaHHS MeAWYHUX NOCHYT, WO 3a6e3neyyoTb 3HUXKXEHHS PU3UKY
PU3NKy NepeayacHoi cMepTi i nepegyacHoi cmeptinognE - )
MeTtop ocobuctoro kanitany i [pyHTYeTbCA Ha oujiHLi 3apobiTkKy (CyKynHOro [0xoay) NOAVHU NPOTSTOM YCbOro XUTTS

Bennunna ekoHoMivHOTO ekBiBaneHTy Baprocti kuttsa (EEBXK) moguuu (Hanpuxmaz, koMmneHcanii 36UTKy B
HaasBu4danHux curyanisx (HC) y 3B’3Ky i3 3arubeiio Moa1HM) TOBMHHA BiiIOBiZaTI HACTYITHMM OCHOBHUM
BuMoram [12]:

1) BigNOBiZHICTH CYO€KTUBHIN BUMO3i «CIIpaBe[IMBOCTI» - 3HaUHA OiNBLIICTD ZOPOCTIOro HaCelTeHHs KpaiHu
HOBMHHA PO3IJIAAATY BiIIKOAYBaHHSA Y 3BSI3Ky i3 3armbemnto mopuuu npu HC pisHoro xapakrepy sk
JIOCTATHE /151 KOMIIEHCAL[ii [TOHeCeHOTo 30UTKY;

2) HOCTaTHICTh BifLIKOAYBaHHs [JIsi KOMIIEHCAllil CYMapHOTO MaTepiaJbHOrO 30MTKY, pealbHO IOHECEHOTO
JIOMOTOCIIOZIaPCTBOM Y 3BSI3KY i3 3arnbernito moauuu B pedynprari HC;

3) mocTaTHiCTh KOMIIEHCALil I BiJIIKOZyBaHHS MOPA/NbHOTO 30MTKY (MOpPaNbHUX CTPaKJaHb), IOHECEHUX
6n1M3pKMMU B pe3ynbTari 3arubeni mopunu i3-3a HC.

http://dx.doi.org/10.21511/dm.17(4).2019.01 3
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2. META AOC/NIAXKEHHA

Po3pobka mifXofiB /10 OLiHKM €KOHOMIYHOTO eKBiBaJIeHTy BapTOCTi >KUTTA Ha OCHOBi AemorpadidHmx
MIOKAa3HUKIB Ta CEPeIHbOAYIIOBOTO LOXOAY, a TAaKOXX aHa/i3 MOX/IMBOCTEN iX 3aCTOCYBaHHA B pealifax
HaIliOHa/IbHOI €KOHOMiKM 3 OOIPYHTYBaHHSM IIPONO3MUIIiil IOJO KibKICHOTO AiamasoHy 3Ha4YeHb I[bOTO
IOKa3HMKa Ha NpuKIazi 3anopisbkoi 06/1acTi € METOO CTATTi.

3. METOAM AOC/NIAMKEHHS

B pesynbrari ananisy 6y10 BCTaHOB/IEHO, 110 JTIOIJHA CBOEI0 eKOHOMIYHOIO i pi3nuHO HebesneyHoIo (6e31edHoI0)
118 CBOTO YKUTTA IOBELiHKOIO OL[iHIOE CBOE KUTTA TakKuM [1]:

E(T,) =22 0

y

Ie E(TM) - €KOHOMIYHMI €KBiBaJIeHT BapTOCTi XUTTA CEPEeSHbOCTATUCTUYHOI JIIOAVHN B CEPESHbOMY Billi,
[, - cepenHbOAYLIOBMII BUKOPUCTOBYBAaHMII TDOIIOBMIT MOXif| Y BUITIAAI 3apo6iTHOI maaTwu, OXOAiB Bif
HiATPUEMHNIIBKOI Ai/TBHOCTI, IEHCiTt, CTUIIEH A1, coLlianbHMX TPaHCcepTiB, JOXOAIB BiJl BTaCHOCTI, AUBi/ieH B,
IPOLIEHTIB Ta iHIIMX [JOXOXIiB 3a BMPaXyBaHHSIM OOOBA3KOBMX IUIATEXiB: IOAATKiB, KBapTIIATH, BapTOCTI
KOMYHa/IbHUX IIOC/IYT Ta iHWMX QiHAHCOBUX 3000B3aHb, P - GoHOBMIT pusuK cMepTi mofeli (IMOBIpHiCTD
HOMePTH Bifi OYAb-AKOI IpUUYMHYU CMePTi), y ZeMorpadii Iieit MOKa3HMK Ha3MBAETbCA KOeilliEHTOM CMepTHOCTI
K 3 ypaxyBaHHAM BCiX IPUYMH CMePTI mtofieit, T - cepefHiii BiK JIIOfIel, AKi IPOXKMBAKTH Y KpaiHi,

p =K =Jucio JIofeit, aKi moMepsau B KpaiHi 3a 1 pik 3i BCix NpUYUH @)
Y ¢ CepeIHbOPIUYHA YMCETBHICTh HAaCEIEHH KPaiHu

CepeHbOpiYHA YMCETbHICTD HACe/IeHHA — PO3paxOBaHa AK cepefHsA apupMeTIYHa 3 YMCeTbHOCT] Ha II0YaTOK
i KiHellb Ka/leH/IapHOTO POKY 3a JaHuUMM Jlep)KaBHOTO KOMITeTYy CTaTUCTMKM YKpainu. CepepnHill Bik mrogeit
T, Axi MpoXMBaOTh y KPaiHi, 00YMCIIOETbCA HA MifICTaBi Tab/MMI[b POSIOAiNY HACENEHHs KOXXHOI KpaiHu 10
BiKOBUM IrpyIaM, BKa3aHUX B CTATUCTUYHMX JAaHUX [5].

Posmozin oci6 3a ofHOpiYHMMY BIKOBUMU I'PyIIaMM € iHTepBaTbHIM, OCKi/IbKV HA MOMEHT CIIOCTEPE>KeHH I 0coba
IpPOXKVJIA He TiIbKY YMCTIO 3a3HAYEHMX POKIB, ajie il Ilie IeBHY Ki/IbKiCThb JHIB, MicALliB (Yac € Ge3nepepBHUM).
To6To0 3amuc «x poKiB» BifiloBifjae iHTepBany «3 X K0 X+ pokiB». ToMy pu po3paxyHKY CepefHbOTrO BiKY, 110
JKUBYTb, bepeTbCs cepefyHa iHTepBany [x ; x+I) pokiB:

- x+x+1

X = 5 3)

Takum unHOM cepepiHiit Bik mopeit T , 10 XUBYTb, 00UUCTIOETbCA 32 HOPMYIION0:
100 _
D (S, xx)

T,=*" )

2.5,
x=0

Jie S_- cepeqiHs YMCENbHICTh HACE/IEHHA BiKy X.

Cepenniit ik mozieit T , 10 )XUBYTb, MOXKe Oy Ty BUpaskeHMit yepes 3aKkoH f(t ) Beitbynna-I'Henenko minbHoOCTi
posmofiiny itMoBipHOCTEl BiKy ¢, miofieit, 1o XuBYyTh [1]:

TX:ftxf(tx)dt:a-r(l+%)+c, (5)
0
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b(t —c\" t —cY
me f(t)l():; = eXp| - =

, @ b, ¢ - mapameTpu miNbHOCTI posmopiny iiMOBipHOCTI BiKYy ¢,
JTIOfIelA, 110 XKMBYTbD, d - TapaMeTp MacuITaby, b - mapameTp GopM, ¢ - HapaMeTp 3CyBY, I - raMmma- pyHKIjis:
o0
I'(y)= j x* e dx. 6)
0
®yuxuis posnoginy F(x)=P(X<x) sHaxopuTbhcs 3a GOpMYIIOLH0:

b
F(t,)=1-exp|- b € 4, =2c,a,b>0, (7)
a

ne F(t, ) mput <c.

EEBJK HOBOHapO/>)KeHOI TIOAUHMN:
- E(T,)
o b
-c
exp| —

E 8

D S

a

EEBJX nropuumu Biky {, pokKis:
b
t,—¢
E(t,)=E, exp| —-| 22— | |- )
a

[Tapamerp c=0, Tax sIK BiKOBa CTPYKTYpa Hace/leHHs MOYNHAETbCA 3 ¢ =0.

[TapameTpu a, b MOXyTp 6yTu 004NMC/IeH]I 3a CTATUCTUYHVMM BAHUMM IIPO BIiKOBY CTPYKTYpPYy HacelTeHHs
3BefleHHsAM QYHKLIT po3mopiny fo niHiiHoI GyHKLii 3a fomoMoroo nopBiitHoro norapudmysanus [10]:

Y=AX+B, (10)
ne Y=In(-In)(1-F)), X=In x.
[Ipu upomy napametp b=A, a=exp(-B/b).

Ina BusnauenHa EEBJK Ha ocHOBiI Teopii KOpMCHOCTI 3a HOIOMOIOI0 CepeflHbOAYIIOBOTO PIiYHOTO HOXOMY
HalfyacTille 3aCTOCOBYIOTbCS HACTyNHI mipxopu [3, 9, 11, 14]: mis ouiHKM €KOHOMIYHOI KOPUCHOCTI MTIOfVHNI
BUKOPUCTOBYETbCS 3HAYEHHs CEPEJHbOJYLUIOBOTO PiYHOrO [OXOAY; IJIA OLIIHKM €KOHOMIYHOI KOPMCHOCTI
JIIOJVIHY BUKOPUCTOBYEThCA 3HAY€HHA IIOKa3HMKa BaJIOBOTO BHYTPIiIIHbOTO MPOAYKTY Ha YLy Hace/leHH.

[Ipu nepmoMy niixozi BBOGUTHCATINOTESA, BIJIIOBITHO O AKOI EKOHOMiYHa KOPYCHICTb IIOAVIHMA /1 CYCITi/IbCTBA
HOKJIaJIAETHCsI PIBHOIO TOXONY, sIKUII BiH 3abe3mneuye s cebe. [Ipu TakoMy migxozi cepeHpOpiuHMIT JOXi] Ha
TIOIVIHY € KiJIbKiCHAa XapaKTepUCTUKA IPOMaJICbKOI KOPUCHOCTI CepelHbOCTATUCTUYHOIL TIOMHL.

IIpu yMoOBi, 0 cepeHbOAYIIOBUI PIYHUI NOXif i CTaBKa AMCKOHTYBAaHHA 3a/MIIAIOTbCA MOCTITHUMY OLliHKa
€KOHOMIYHOI KOPMCHOCTi CEpeHbOCTAaTUCTUYHOI JIOAVHYN 3HAXOAUTbCA 4epe3 CyMy JUCKOHTHOTO AYLIOBOTO
JI0OXO7Y 3a Iepiof] 04iKyBaHOI TPUBAIOCTI MaitOy THHOTO )XUTTS 32 HACTYIHOI GOPMYIIOL0:

ly
EEBX =11, [e"dt (11)
0
_ 0
=6, —Ty . nepiof; O4iKyBaHOI
- cepejHs O4iKyBaHa TPUBAJIICTh

Ie ﬂcep - CepelHbOAYIIOBUI piuHMII HoXim, E — cTaBKa AMCKOHTYBaHHS,
TPUBANIOCTi MaitbyTHHOTO XUTTsA, T - CepeMHiit BiK /TOiel, 0 XUBYTb; eto
XK

JKUTTS IIPY HAPOJKEHHI.
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CraBKy AMCKOHTYBaHHS MOYXHA BUSHAUNTH 32 GaKTUIHOIO PIYHOI0 6aHKiBCHKOIO BiICOTKOBOIO CTABKOIO § TAKMM
Y HOM:

E=In(1+i). (12)

OuiHKy CTaTMCTUYHOI BapTOCTi >KUTTSA JMIOAMHM B YKpaiHi Moxe OyTu 3[1iiiCHEHO B MeXaX PO3paxXyHKiB 3a
poriomoroto BBIT Ha gyiry HaceseHH, 110 AAaCTb OibILI HAOMVKEH] JO peaIbHOCTI pe3y/IbTaT JOC/iI>KeHH Ha
MakpopiBHi. ['inmoresa npo 38’130k 30MTKy BHAC/IiTOK ITepefAyacHOi CMepTi TIOAMHM Ta cCepegHboAyoBoro BBII,
CKOPUT'OBAHOTO Ha CTaBKY JUCKOHTY, HiATBEPIKYETbCA Y mybikanisx [1, 2, 3].

4. PE3Y/IbTATU

Mlns 3anopispkoi obmacti mokasuuk JJ , (06upaBi crari) obumcnennit Takum umHOM. Y 2018 poui y ckmapi

TPOLIOBYX BUTPAT Hace/leHHsI 000B A3KOBI IIOJJaTKY Ha JOXOAM, MaiiHoO i iHui TpaHcdepTy ckmanu 12.702 MIH IpH
) , 12,702,000,000

IIpY YMCENbHOCTI HaceneHHA 1,713.715 4omoBiK, 10 Ha AyIly HaceleHHA CKIaflae: T 173715 =7.412 rpn.

Piyni oxomu Ha myury HaceneHHA cKaany 67.982 rpH. Tofi cepegHbONYIIOBMIT I'POLIOBUIT PiYHUIT HOXif, 11O

po3paxoByeTbCs, cKnanae: /[ ,=67.982-7.412=60.570 rpH.

QoHoBUIT pU3UK CMePTi Nrofei Pych (xoediljieHT CMepTHOCTI 3 YpaXyBaHHIM BCiX NMPUYMH CMepTi mrofei) i
O4iKyBaHa TPUBATICTD XUTTA A 3anopisbkoi obmacti 3a 2018 p. (06uaBi cTaTi) po3paxoBaHi 3a HOIOMOTOI0
TaO/INIb CMEPTHOCTI i cepeiHbOI 0UiKyBaHOI TPMBANIOCTI MailOy THHOTO XXUTTSL:

P =K = 27871 =0.016263. (13)
! 1,713.715

Takym unHOM, B 3anopispkiit obmacti (06mpaBi crari) 3a 2018 p. mo popmysi (4) BU3HaUYaEMO:

= 72,603.285 =42.4 poxis. (14)
1,713.715

[TifcraBnswoun y ¢opmyny (1) BipmosigHi gaHi, 06YMCITIOETHCS €KOHOMIUHMII €KBiBaleHT BapTOCTi XKUTTS
CepeTHbOCTATUCTUYHOI Mofuun y Binli T, =42.4 pokiB B 3anopisbkiit o6maci 3a 2018 p. (06uysi crari):

E(T. )= Do __60570
7K, 0.016263

=3,724.291 (rpH). (15)

Metronuxka oninku EEBXX (E(t,)) nnsa mosinbHoro BiKy ¢ mpoHOHYeTbcs B TakoMy BurnAfi: E(t,) 6yne 6imbiue
(MeHIIe) B CTiIIBKM pa3, B CKI/IbKM JIOTO OYiKyBaHa TPUBAJIICTb XXUTTS Oygme Oinblie (MeHIe) o4iKyBaHOI
TpuBanocTi xuttsa y Bini E(T).

E(t,) pns Biky ¢ 1O CTaTUCTUYHUM JJAHUM PO3PAXOBYETHCA 32 IOTIOMOT0I0 HOpMYyTIn:

et
E(t,)=—E(T),), (16)

e
T)K
fie €, - cepefiHsA OYiKyBaHa TPMBACTh JXUTTA [/ OCI0, AKMM BUTIOBHUIOCA ¢, POKiB, €, - CepefiHs ouiKyBaHa
i

TPUBAICTh XXUTTA 15 0Ci6, AkuM BunosHunocs T, pokis.

Cepenns o4ikyBaHa TPMBAMCTh XUTTA A 0Ci6 (06M/Bi CTaTi), AKMM BUMOBHUIOCSA ¢ _POKiB /111 3a1OpisbKoi
o6macri (2019 p.) B aBTOPCbKUX pO3paxyHKax mpeacrasieHo y Jomarky 1.

3rigHo TaONMYHMX JaHMX MAEMO: e, =¢,,, ~31.32, ¢, ~70.89.

E(t,=0)=E, = % 3,724.291 = 8,429.309 (rp). (17)

6 http://dx.doi.org/10.21511/dm.17(4).2019.01



Development Management, Volume 17, Issue 4, 2019

Ouinku EEBX pns Hacenenns 3anopisbkoi obmacti (06uasi crari, 2018 p.) no dopmysni (16) i cratucTuannm
naHuM nopani B Tabmmii 3.

Taoauns 3. EEBXK ns 3anopisbkoi obstacti (06uBi crari, 2018 p.)

[sxepeno: Po3pobka aBTopiB 3a axkepesom [12].

Bik  EEBX(rpw) (B¢  EEBXK(pn) B,  EEBXK(pH) = BIX.  EEBX(rph)

(pokiB) (pokiB) (pokiB) (pokiB)

0 8429309 26 5491784 51 2879661 76 1005007
1 8377488 27 5379827 52 2786770 77 952228
2 8260065 28 5268285 53 2695102 78 901257
3 8142740 29 . 5157180 54 2604697 79 852087
4 8025521 30 504653 55 2515504 80 804703
5 7908414 31 4936374 56 2427832 8 759.001
6 7791426 32 4826722 57 2341450 82 715231
7 7674565 33 4717603 . 58 2266486 83 673.099
8 7557838 34 4609046 59 2172976 84  632.668
9 7441253 35 4501077 60 2090957 8 593906
0 7324820 36 4393725 61 2010465 86 556779
RN 7208547 37 4287020 . 62 1931533 87  521.246
12 7092445 38 4180992 63 1854194 88 487.258
13 6976524 39 4075672 . 64 1778478 89 454762
14 6860794 40 3971093 65 1704416 90 423691
15 6745267 41 3867289 66 1632034 91 393.965
16 6620955 42 3764202 67 1561358 92 365477
7 6514870 43 3662138 68 1492411 93 338.087
18 6400027 . 44 3560862 69 1425213 94 311589
19 6285438 45 3460502 70 1350784 95 285674
20 6171120 46 3361093 71 1296138 96 250841
21 6057086 47 3262674 . 72 1234288 97  233.239
22 5943353 48 3165282 73 1174245 98 204330
23 5820938 49 3068957 74 . 1116015 99 170186
2 5716860 50 2973737 . 75 1059602 100 124.893
2 T : - ’ R

IlinbHicTh posmopiny #imoBipHOCTi f(t ) BiKy t,_miofieil, o XMBYTH 10 3aKoHy Beiibynna-I'nesenko BikoBux
TPYII HaceleHH: 3anopispKoi obmacti 3a 2018 pik mae Takuit Burysap (PucyHox 1).

3actocyBaBmn [ITIIT  «Statistica» /Mg CTaTUCTMYHMX [JaHMX PO3MOAINY HaceleHHA 3anopisbkoi
obmacti mo BikoBuM rpymam 3a 2018 pik piBHAHHA iHiHOI perpecii Y=AX+B Mae Bup:
Y=1,601.909-X-6.02867. (18)

[Tapamerpn sakomy: a=43.1, b=1,601.909. Cepenniit Bix miogeit, mo >xusyth T =38.6. Ilpm UUX maHMx

100
Z‘ F'(x)-F (x)‘ =5,3, me F'(x) - cratuctuyna pyHK1is posnofiny, a F(x) - Teoperndna QpyHKIis po3nofiny.
x=0

Hani mapameTpu g, b Mo)XHa 3HaJTH TaKOX 3a JjorroMoroio nporpamu Excel, 3actocoByroun onuiro «ITomryk
100
*
pillleHHA» MiHIMi3y0Un cymy Z‘F (x)— F(x)‘ .
x=0
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[skepeno: Po3pobka aBTopiB.
PucyHoOK 1. 3aK0H BeH6y]I]Ia—FHe,ILeHK(1 IIIJIBHOCTI po3nozixy iMoBipHOCTi f{t ) BiKy
JIIOAEH, 11O XKUBYTHb

3acrocyBaBum nporpamy Excel s cratmcTMyHMX HaHMX PO3MOfiNY HaceleHHs 3amopispkoi obmacti 1o
100
BikOoBMM rpymnam 3a 2018 pik 6y spobneni raki obumcnenns: a=49.5,b=2.04, T =43.8, Z |F (x)— F(x)| =2.54,
x=0
100
Bubnpaemo sHaueHHs apaMeTpis a i b tam e Z‘F "(x)-F (x)‘ MeHIIa.

O, 60.570 =0
== =3,724.291
K, 0.016263 (rpH), (18)

E(T,)=

BT, 3,724.291

" _(T)K—c)b o _(43.8]2'04
7 Pl 7495

EEBX pmnsa iHmmMX BiKOBMX Tpyn HaceleHHs 3amopispkoi o6macti 3a 2018 pik BUINARAIOTH TaKUM YMHOM
(Tabmuus 4).

=8,117.411 (rpmn). (19)

Taoauns 4. Ouinku EEBXK 1 3anopisbkoi o6s1acti (06uaBi cTaTi, 2018 p.)

[skepeno: Po3pobka aBTopiB 3a Axkepesom [12].

Bik

E(t,) (rpH)

Bik

E(t,) (rpH)

Bik

E(t,) (rpH)

Bik

E(t,) (rpH)

N
)

BICINIEICIS P e e

8,117.411 .26
8,114.577 27

8,105.764

69.620
8,042.196

e
e
iy

5,663.183

5,52'3.87.7.””‘
5383420 57

5,242.073

4,957.721

4’81,5.2:]‘4. .

6,203.638

B
B

T T

2,804.481

2,686.502
2571426
2450061

2,349.563

2,242.990
2139.389

2,038.797

1941242

1,846.744

1755314

76

737.804

77

691.504

78

647.538

79

605.835““”” o

80

566.314

81

528.905

82

493.532

83

460.118

84

428.58;/““““”. o

85

398.864

86

370.875 -
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Ta6aunst 4. (IPOJOBKEHH )

Bik E(t,) (rpH) : Bik E(t,) (rpH) : Bik E(t,) (rpH) . Bik E(t,) (rpH)
"o 7,748.598 . 37 . 4672806 62 . 1666955 . 87 344.544
12 7678831 38 . 4530731 63 1581660 88 319799
13 7603666 39 . 4389213 64 1499419 . 89 296.568
14 7522962 40 . 4248470 65 1420211 . 90 274781

15 7436990 41 . 4108712 66 1344010 . 91 254.369
16 7345934 42 . 3970137 67 1270785 . 92 235.265
17 7249990 43 3832938 68 1200496 93 217.402
18 7149366 44 3697.295 69 1133100 . 94 200.718
19 7044278 45 3563381 70 1068551 . 95 185.149
20 6934953 46 . 3431355 71 1006794 . 96 170.636
21 6821627 47 3301370 72 947774 . 9O 157121

22 6704540 48 . 3173566 73 891429 . 98 144,547
23 6583942 49 . 3048072 74 837697 . 99 132.862
24 eas00s6 50 2925007 75 7sest2 100 122.013
25 6333231 . - . — . — o =

ITo gauum Tabmmupb 4 i 5 criocrepiraemo, 110 pe3ynbraTi 00UNCIeHb MajiXKe CHiBIagalTh. ToMy
3aIpOIIOHOBaHa METOAMKA PO3paxyHKiB 110 popmyi (16) 6inblr mpocTa, HiXk MeTOAMKa pO3PaXyHKIB
3aIpoNOHOBaHMX aBTopamu [1]. [Ina nopiBHAHHA pe3ynbratiB HaBeieMo ouninky EEBJK no ananoriunnm
[IAaHUM 1 IeKUX KpaiH, mpeacTasieHiy Jopgarky 3 [12].

IHTerpanbHa BifjcoTKOBa cTaBKa OaHKIB 3a genosnramu ¢isuuHux ocié y 2018 poui B Ykpaini ckmana 8.59%.
Omninka EEBX pnis oci6, sxum sunosaunoch T, =42.4 pokiB cepefi HaceneHHA 3anopisbkoi obmacri 3a 2018 pix
(cepemHBPOAYLIOBMMY PiYHMMU JOXOflaMU), B pO3paxyHKax o Metoxuli [3, 9, 11, 14] mae Burmsp;

a4

CQP:6O.570 IPH,

E=In(1+i)=In(1+0.0859)=0.0824,

ty=¢ ~T, =70.89-42.4=28.49
28,49

EEBX =60.570- | ¢""*"dt = 664.744 (rpn). @1)
0

Ha rymMKy aBTOpiB Tlepiofs o4iKyBaHOI TpuBanocTi Maitby THbOTO XKUTTA 151 0Ci6 Biky T, =42.4 pOKiB KOpeKTHime
B3ATU 3 TAONUIIi CepeHbOT 04iKyBaHOI TPUBANOCTI KUTTA A7 0ci6 (06M/BI CTATi), AKMM BUTIOBHUIOCA ¢, POKiB
ns 3amnopispkoi o6macti (2019 p., JomaTtok 2).

3a 11i€10 METOMKOI0 MAEMO:

e =e,, 3132

31.32

EEBX =60.570- j ¢ "% gt = 679.357 (rpn). (22)
0
Skio 3acrocyBatu popmyny (11) st foBiIbHOTO BiKY i Tab/MuMIf0 cepeHbOI 04iKyBaHOI TPUBATIOCTI XUTTS I 0Ci6

(o6bumBi cTati), IKMM BUTIOBHUIOCSA 1, POKiB [t 3amopispkoi obmacti (2019 p., JogaTok 2), To 0fiep>KUMO Taki
pospaxynku (Tabmus 5).
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Tao6aunsa 5. EEBXK n1a 3anopispkoi o6s1acri (06uasi crati, 2018 p.)

[sxepeno: Po3pobka aBTopis 3a Axkepesom [12].

Bik E(t ) (rpH) Bik E(t) (rpH) Bik E(t ) (rpH) Bik E(t ) (rpH)

0 732.937 26 718.720 635.141 : 368.739
""""" 1 732850 717.401 628.496 355.003
2 732671 715.981 621.507 31432
R R i o PR T
........ P B R e
R e SR e P o L ..... e
e e L e 57 ..... P 82287273 ......
e e SR e T R 83 ..... o
e e L— T R D o T
R e R e S s o 247997 ......
........ O B O R T
........ 11730096376973886254230287222845
........ 12729679386945156353168988210638
........ 13729228396914446452073389198694
........ e
........ 15728212416846676649784091175614
........ R B P P
........ 17727025436769676847374093153527
........ 18726358446727426946128394142750
........ 19725638456682537044858495132017
........ e B P e
........ 21724020476584367242255597109702
........ S B e B e
........ 2372213649647426743958629981771
........ 24721081506414477538234010060942
........ 25719945______

e
SAxo sacrocysarn popmyny E(t, ) =—2-EEBX(T,) to pospaxyuxu maiors Takuit Bursy (Tabmiis 6).

ér

Ta6auna 6. EEBXK giia 3anopi31>1<o'”1'( obutacti (06uzBi cTaTi, 2018 p.)

[sxepeno: Po3pobka aBTopiB 3a axkepesom [12].

Bik E(t,) (rpH) Bik E(t,) (rpH) Bik E(t,) (rpH) Bik E(t,) (rpH)

0 1,537.611 26 1,001.770 51 525.286 76 © 183.326
.......... 1152815827 R 508.34‘1“””?””“'7”7'”“mi“mﬁé.ééé”m
.......... 2””””‘i'”“1',50'6.‘7'39””:%‘”'2'8”””‘ S 491.62‘(‘)“"”:””.“'7'8”.“'..:.‘."1‘64.‘4.(.)'(‘)”“.
.......... S e e e Rt
.......... S T T T
.......... S e e T e
.......... e o e T o
.......... 7..,4...,”:.‘..‘1.’39.9.‘9.3.6..‘.?...‘,..3‘3‘,....‘ B 411.61‘1‘“””?'”“"ééwmiw'i'zé.‘fsé”m
.......... éwm‘i'”“1','3‘7'8'.6'44””:%‘”'34””“ S 396.37‘8””':'””“'3'4'”“W:W'ii's.éidé”m
.......... O I S R e B e
......... o e T e T T
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Ta6auns 6. (IpoIOBKEHHS)

Bik . E(t)(rpH) Bik . E(t)(rpH) Bik - E(t)(rpn) Bik - E(t) (rpH)
11 1314920 37 . 782006 62 . 352336 87 95082

12 1203750 38 762665 63 338228 88 88882

13 1272605 39 743453 64 34417 89 82954

t4 1251494 40 724377 65 310907 90 77.287

15 1230421 4 705442 66 207703 91 71864
16 1209386 42 686654 67 28481 92 66668

7 1188393 43 668020 68 27223 93 61671

18 1167445 44 649546 69 250977 94 56838

19 1146542 45 631239 70 248041 95 52110

20 1125689 46 613105 71 236432 96 47398

21 1104888 47 595152 72 225150 97 42546
22 1084142 48 57737 73 214197 98 37272

23 1063453 49 559816 74 203575 99 31044

24 1042826 50 542447 75 193285 100 22782

25 1022264 - - - : - ; - -

BanoBuit perioHanbHMiI MPOAYKT Ha ALy HaceleHHs B 3amopispkiil obmacti 3a 2018 pik (monepenHi jgaHi)
ckmagae npubmusno 91 tuc rpu. Ouinka EEBXK pans oci6 axum BunmoBnunoch T =42.4 pokiB HaceneHHA
3amnopisbkoi obmacti 3a 2018 pik (Ba/oBuMil perioHa/JbHMII IPOAYKT Ha JYLIY HACe/leHHs) B PO3PAaXyHKax Mae

BUTTIA:
31.32

EEBX =91.000- [ ¢**"dt=1,020.661 (rpm) 24)
0

SAxwmo 3acrocyBatu popmyny (11) i foBiIbHOrO BiKY i Tab/MuUII0 cepefHbOI OUiKYBaHOI TPUBAIOCTI KUTTA 1A
oci6 (o6uaBi cTaTi), AKMM BUIIOBHMIOCA K POKIB i1st 3anopisbkoi obmacti (2019 p., logaTok 2), TO ofep>KuMo
Taki po3paxyHku (Ta6muus 7).

Tao6aunsa 7. EEBXK s 3anopizpkoi o6s1acti (06uBi crari, 2018 p.)

[sxepeno: Po3pobka aBTopis 3a Axkepesom [12].

Bik . E(t)(rpH) Bik . E(t)(rpH) Bik - E(t) (rpH) Bik - E(t) (rpH)
0 1101160 26 . 1,079.800 51 954231 76 . 553.992

1 1101043 27 1077818 52 944249 77 533490
1000761 28 1075685 53 933748 78 512966
1100455 20 1073389 54 92717 79 492467
1100124 30 1070921 55 911148 80 472043
1099765 31 1068267 56 899033 81 451737
1009377 32 1065417 57 886.366 82 431507
1008955 33 1062358 58 873145 83 411666
1008499 34 1050075 59 850370 84 391984
1098005 35 1055557 60 845042 85 372500
1097471 36 1051787 61 830167 8 353519
1096892 37 1047752 62 814751 8 334801
1006.266 38 1043435 63 798806 88 316461
1095588 39 . 103882 64 782346 89 208517
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o
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-
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Y
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TabGauis 7. (IpOJOBKEHH 1)

Bik . E(t)(rpH) Bik = E(t)(rpH) Bik  E(t)(rpH) Bik  E(t)(rpH)

14 : 1,094.855 : 40 : 1,033.895 : 65 : 765.388 : 90 : 280.979
""""" 5 1004062 41 102863 66 74792 91 263842
""""" 16 . 1093204 42 1023037 67 730061 92 . 247084
""""" 7 1002277 43 1017071 . 68 711744 . 93 230657
""""" 18 1091276 44 1010724 . 69 693029 94 214466
""""" 19 . 1000194 45 1003980 70 673950 95 . 198341
""""" 20 1089025 46 996820 71 654542 96 181976
""""" 21 1087763 47 989230 72 634843 97 164815
""""" 22 1086402 48 981191 73 614896 98 145804
""""" 23 . 1084933 49 972688 74 504741 99 122853
""""" 24 1083348 50 963707 . 75 574425 100 91559
......... T e e : e e
sIkuo sacrocysaru popmyny E(f,) = el -EEBXK(T,), 10 pO3paxyHKM MaroTb Takuit BUIAL (Tabmums 8).

T)I(

Taoaunsa 8. EEBXK nuia 3anopisbkoi o6s1acTi (06uBi crati, 2018 p.)

[sxepeno: Po3pobka aBTopiB 3a Axkepesom [12].

Bik E(t,) (rpH) Bik E(t,) (rpH) . Bik E(t) (rpH) . Bik E(t) (rpH)

o 2,310.095 26 1,505.052 51 789.186 76 275.427
, , , e
T
e e
S G
o e
A oo
SO R aaes
SRS S e
e o
. e
e e
P e
O R s
O O
YR 107.968
S ooaen
O orons
RS S sones
T e
T
B e
| | | | | | 98“,,,% ......... oo
23 1,597.724 Co49 841.063 VO 305.850 99“”? """"" 46640
...... 24...,‘.....‘,..1.‘566535..“,........5.0..‘...,,,m..éﬁéé,é,m..........7.5..‘...,,,‘“290.38,9,“‘ 100",,,:....",,..34,.,2..25,,....‘,.
e 25 ............. ; 535842_ __ ,,,,,,,,,,,,, s - ,,,,,,,,,,,,,,,,,,,,,,, R
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BUCHOBKMUA

Ha TtemepimHiit 4ac B YKpaiHi [OCi HeMae YHOPMOBAaHOTO METOZHOJOTIYHOTO MifiXOAY HO OLIHKM BapTOCTi
CTaTUCTUYHOTO XXWUTTS, AKMUII OM CIIPMAB pO3paxXyHKaM COLiaIbHUX BUIUIAT y pasi HelacHMX BuUIafkis. ITpn
PO3paxyHKy 1IbOTO IIOKa3HMKAa Ba)K/IMBO BM3HAYMUTU IHCTUTYTU BifIIOBifaIbHOCTI, AKMMMU Ha JYMKYy aBTOPiB
pouinbHO 6yno 6 mpmaHaunTM MiHicTepcTBO confianbHOI HOmiTMKM YKpainyu, MiHicTepcTBO eKOHOMIYHOTO
po3BUTKY i Toprieni Ykpainu, a Takox [HcTuTyT memorpadii ta conjanbHux pocmimkens imeni IItyxu HAH
Vkpaian.

B €ppomi pexkoMeHJOBaHe 3HAYEHHA BApTOCTi >KUTTS MIONVHY 3HAXOAMTbCA B [fiamasoHi Big $ 0.9 MiuH mo
$ 16.2 MnH 3 cepepHiM 3HauYeHHAM $ 5.4 MyH [2]. PospaxyHku 3apy6iKHUX (axiBIiB JOBOAATD, LII0 YMM MOBHille
OL|iHIOETHCSI BaPTICTh TIOACHKOTO XKXUTTS TUM Oi/IbII 3HAYYIY BUTO[Yy Ma€ CIiNIBHOTA. 3a OLjiHKaMM IIBEAChKUX
BYEHMX, SAKIIO €KOHOMIYHMII €KBiBaJ€HT BPSATOBAHOTO XXUTTA CTAHOBUTDb B CEPeSHbOMY | MJIH €BpO, TO IIpK
yMOBi 306epexkeHHsI 45 TUC KUTTIB IPOTATOM LIECTM POKiB e(eKT HOpiBHIOE MPUOMM3HO 22.5 MIIPA €BpO, IpK
qoMy peMmorpadiuHa CKIajoBa 1boro eQekTy, 3riffHO 3 po3paxyHKaMM, JACTh IPUPICT HACETEHHS IO COTEHb
THCAY /rofeit 3a 10 pokis [2].

Amnaniz EEBJK saxigaux xpain nokasye, mo BigHomeHHs EEBJK o cepeHboAyIIIOBOrO HAsABHOTO TI'POLIOBOTO
piuHOro [10XOMly 3HAXOJAUTbHCA CepefHbO B Aiamasoni mpomnopuiit 50:1-100:1. Tomy B YKpaiHi /i1 BU3HauYeHHA
fiep>kKaBHUX a00 KOPIOPAaTMBHUX BUIUIAT CIMAM 3arnOnmx Ipy Ha/I3BUYAMHUX CUTYaL[ifAX Y CTPAXOBUX CYMax
CHCTeMM OCOOMCTOTO CTpaxXyBaHHA Ta CTPAaXyBaHHS BifJIIOBifla/IbHOCTI PEKOMEHAYETbCS BMKOPUCTOBYBATU
sHauenHs: EEBK 3rigHo gaHoro fianasony, To6To Bif 2.5 MJIH IpH [0 5 MJIH I'pH.

K/11040B111 BUCHOBOK HOCTIi/I>)KeHH 1 6a3Y€ThCs HAa TBEPA>KEHHI PO Te, 1[0 CTATUCTUYHA BaPTICTh XKUTTS IIOAVHY B
YkpaiHi HefloolLliHeHa y TenepiniHii yac. KpiM TpariyHMX ozl y T1I0ICbKOMY >KUTTi, Ile IPU3BOLUTD 10 iCTOTHUX
HaCNifKiB, AKi BIZIMBAIOTb HAa MAaKPOEKOHOMiYHi ITOKa3HMKM y HAl[iOHAJIbHil €KOHOMIIli: TIONCHKMIT KalliTas
3HIVDKYETBCS, 30MTKM Bijj HEIaCHMX BUIA/KiB Ta 3aXBOPIOBaHb He KOMIIEHCYIOTbCS y HOCTATHIN Mipi, pusukm
BTPAT BiJi JOPO>KHbO-TPAaHCIOPTHUX NPUTOJ, MifBUIIYIOTbCA, Toilo. EEBJK Mae BUKOPUCTOBYBaTUCH TaKOX
UL YOOCKOHA/IEHHS 3aXOfiB 3 MiJBUINeHHS Oe3leKky; [is MOKpalljeHHs QYHKIIOHYBaHHS IIPaBOOXOPOHHOI
CHUCTEMH, CHCTEMY OXOPOHM 3I0POB s, TIOIIePeI>KeHH I HaA3BUYalHUX CUTYaLlill; /IS MOJIIIIeHH PO3PaXyHKIB
y ctpaxoBoMmy 6i3Heci. Peanpai oniinky EEB)K Ta BpoBamykeHH: iX y HaljioHa/IbHe 3aKOHOJ,ABCTBO MA€ CTaT! He
TiZIbKM aKTya/IbHUM HayKOBMM 3aBJJAHHAM, aJle i BaXK/IMBO IIPAKTUYHOIO 33/jaYelo.

[Topanplui JOCTIKEHHs BapTO CIIPSIMyBAaTy Ha BCTAHOBJIEHHS KiNbKICHOTO B3a€MO3B$13KY MiXXK IOKa3HMKOM
EEBJ)X Ta po3BUTKOM TpPYy[OBOrO INOTEeHLiany B YKpaiHi Ta OOIpyHTYBaHHA CIIOCOOiB IifBMIIEHHS IIHOTO
HOTeHIia/Ty Ha OCHOBI TeOpii II0JCHKOTO KalliTany 3 BUKOPUCTaHHAM PO3paxyHKiB, AKi BiIITOBXyBanucs 6 Bif
piBHA piuHOI 3ap0OITHOI I/IATHI CePeTHbOCTATUCTUYHOI JTIOAVHMA.
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HomaTok 1

MogesibHI po3paxyHKH KoediIiEHTY AOKUTTA B 3amopi3bKii o6s1acti, 2018 pik

[xepeno: Po3pobKa aBTopis.

Yucno . Yucno Yucno @ Yucno

Bik  ocib ki  ocib, AKi : MmoBipHicTL | UMoBipHIcTb !

. ocib, AKi  vonoBiko-  CEPeAHs

I10Me T™ H O)KVITVI N H OYIK BaHa Koe igieHT
(poxin) Agximaiore. T s GaX Ao sliiGAXho MBTLY BONEEIA fuchiich. AowniTh
pokiB : Ao X+1 | crapwe
x [, SN SO . 9, P T8 P
0 ) 100 000” i 795 : 0.00795 0.99205 o 99.602 } ”7088 757 70.89 i 0.99592
1 99205” i 18 : 0.00018 0.99982 o 991967 7:”6989155”:7 70.45 0.99981
2 99.187 i 19 : 0.00019 0.99981 o 99177 } 6,889.959 1 69.46 o 0.99980
3 ) 99168 oz 0.00021 099979 99157 ¢ ”6,77790.7781 6848 : 0.99978
4 7997.1477 22 0.00023 . 099977 © 99136 : 6,691624 : 6749 : 0.99976
5 ”997.1275 o 24 o 0.00024 0.99976 o 991137 i 6592488 ”667.51” e 099975
6 7997.100 o 26 o 0.00026 0.99974 o 99 0877 i 6493375 ,,65:52,, e 099972
7 7997.074 o 28 o 0.00029 0.99971 o 99060 i ”6 394 288”:7 ”64.754” e 099970
8 99 046 o 31 o 0.00031 L 0.99969 o 99030 i ”6 295 228 e ”63.756” e 099968
9 99015” i 33 o 0.00034 099966 L 989987 7:”6196198”:7 ”62.758” 099965
10 98.982 i 36 : 0.00036 0.99964 o 98.964 7:”6097199”:7 6160 099962
1" 98.946 i 39 : 0.00039 0.99961 o 98.926 7:”5998236”:7 1 60.62 099959
12 98907 42 0.00042 . 099958 : 98.886 : 5,899.309 : 5965 0.9799576
13 ) 798.78675 45 0.00046 . 099954 : 98.842 : 5800423 :  58.67 . 0.99952
14 7978:8270 o 49 o 0.00050 0.99950 o 798.77957 i ”5701 581 ”57.770” e 0.9799478
15 98 770 o 53 o 0.00054 0.99946 o 798.77447 i ”5 602 786 ”56j73” e 0.99944
16 98 717 o 57 o 0.00058 099942 o 98689 i ”5 504 042 ”55:76” e 0.99939
17 98 660 o 62 o 0.00063 099937 o 98629 i 5405354 7754579” e 099934
18 ) 7978.75978 o 67 o 0.00068 099932 o 98564 i ”5 306 725 ”53.782” e 099929
19 798.75370 o 73 o 0.00074 0.99926 o 98494 i ”5 208161 ”52.786” e 099923
20 98.458 i I : 0.00080 0.99920 o 98.419 7:”5109667”:7 51.90 099917
21 98379 8 0.00086 i 099914 : 98337 : 5011248 : 5094 099910
22 9829 92 ¢ 0.00093 . 099907 : 98249 : 4912911 : 4998 . 0.99903
23 798.72073 99 0.00101 . 099899 : 98153 : 4814662 :  49.03 . 0.99895
24 98104 o 107” o 0.00109 099891 o 98 0507 i ”4 716 509 ”48.708” e 0.97988767
25 97996 o 116” o 0.00118 099882 o 979397 i ”4618459 ”4713” e 0.99877
26 97881 o 125” o 0.00128 0.99872 o 978187 i ”4 520 521 74618” e 0.99867
27 97756 o 1735” o 0.00138 0.99862 o 976887 i ”4 422 703 745 24” e 0.9798576
28 97620 . 146 : 0.00150 0.99850 o 97.547 Az 325 015 44.30 i 0.99844
29 ) ”97:474 o 17578” o 0.00162 0.99838 o 973957 i ”4 227467 ”43:37” e 0.99831
30 ) 797.7316 o 17770” o 0.00175 099825 e 7972317 i ”4130 072 742 44” G 0.79798178
31 ) 7971146 i 1784” o 0.00189 099811 e 970547 i 4032841 741 51” i 0.99803
32 7976:9672 i 1799” o 0.00205 i 0. 99795 e 96 8637 i 3935787 e 740 59” i 0.99787
33 ) 796:7673 o 215 o 0.00222 0.99778 o 96656 i 3838924 ”39j67” e 0.79976797
34 796.75479 o 232 o 0.00240 L 0.99760 o 96 4337 i 3742269 e ”38t76” e 0.79797570
35 7967.3177 o 250 o 0.00260 L 0.99740 o 961927 i 3645836 e ”37.785” e 099730
36 96 067 o 270 o 0.00281 099719 o 95 9327 i 3549644 ”36.795” e 099708
37 95 797 o 291 o 0.00304 L 099696 o 95652 i 3453712 e ”36.705” e 0. 99684
38 ) 95 506 . 314 : 0.00329 099671 s 95.349 } ~3,358.060 3516 i 0.9796578
39 ) 7957.1972 o338 0.00356 099644 95023 ¢ 3. 262 711 3427 ¢ 0.99630
40 94854 ¢ 365 0.00385 . 099615 : 94671 : 3167688 : 3340 : 0.99600
41 ) 7974.74879 o 393 o 0.00416 L 0. 99584 o 94 2927 i ”3 073 017 e ”32 52” e 0.99567
42 794.70976 o 424 o 0.00450 L 0. 99550 o 93 8847 i ”2 978 725 e 731 66” e 0.99531
43 93672” i 456 o 0.00487 0995137” L 934447 7:”2884841”:7 73080” 0.99493
44 93 216 o 491 o 0.00527 099473 o 92 9707 i ”2 791 398 ”29.795” e 0.99451
45 92 724 o 529 o 0.00570 0.99430 o 92 4607 i ”2 698 428 ”29710” e 0.99407
46 92196 o 569 o 0.00617 L 0.99383 o 791 9117 i ”2 605 968 e ”28:27” e 0.99358
47 91 627 . 611 : 0.00667 - 0.99333 o 91.321 } 2F 514 056 B 2744 i 0.99305
48 91 015 . 657 : 0.00722 0.99278 o 90 687 } ”2,4722.7735 26.62 o 099249
49 90 358 . 706 0.00781 . 099219 ¢ 90 006 : 2,332.048 : 2581 = 0. 99187
50 89653 ¢ 788 0.00845 . 099155 : 89274 : 2242043 : 2501 : 0.99121
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JlopaTok 1. (IpoIOBIKEHHS)

Yucno i Yucno

Bik i ocib6,saki | ocib, ki
| BOXUBaKOTh | BMUPAIOTh |
(poxiB) ~ po Biky X |y BiLi BiA
pokiB H [o X+1 : . po X+1 crapuwe

51 88895 813 000914 099086 88489 = 2152769 . 2422  0.99049
52 88082 871 000989 099011 87647 2064280 2344  0.98971
53 87211 . 933 001070 098930  86.745  1,976.633 = 2266  0.98886
54 86278 999 001158 098842 85779  1889.888 2190  0.98795
55 85279 1068 001252 098748 84745 1804110 2116  0.98697
56 84211 . 1141 001355 098645 83641  1719.364 2042  0.98590
57 . 83070 1218 . 0.01466 098534 82462 1635723 1969  0.98475
58 81853 1298 001586 098414 81204 = 1553262 1898  0.98350
50 80555 1382 001716 098284  79.864 1472058 1827 098215
60 79473 . 1469 001856 098144  78.438 1392194 17.58  0.98069
61 77703 1560 . 002008 097992 76923 1313756 1691 097911
62 76143 . 1654 002172 097828 75316 = 1236.832 . 16.24 . 0.97740
63 74489 1751 002350 097650 73614 1161516 1559 0.97555
64 72738 1849 002543 097457 71814 1087903 1496  0.97355
65 70889 1950 002751  0.97249 = 69.914 1016089 1433  0.97138
66 68939 . 2052 002976 097024 67913 946175 1372  0.96904
67 66887 2154 . 003220 096780 65811 878262 1313  0.96651
68 64734 . 2255 003483 096517  63.606 = 812452 1255  0.96377
69 62479 2354 003768 096232 = 61302 748845 1199  0.96080
70 60125 . 2451 004077 095923  58.899 687543 1144  0.95760
71 57673 . 2544 004411 095589 56402 = 628644 1090 . 0.95413
72 55130 . 2631 004772 095228 53814 = 572243 1038 0.95038
73 52499 . 2710 005162 094838 51144 518428 987  0.94632
74 49789 2781 005585 094415 48399 467284 939 094193
75 47008 . 2840 006042 093958 45588 = 418886 = 891  0.93718
76 44168 2887 006537  0.93463 42724 373298 845  0.93205
77 41281 . 2919 007072 092928 39821 330573 801  0.92649
78 38362 2935 007651 092349 36894 290752 758  0.92048
79 35427 2932 008277 091723 33960 = 253.858 747 = 0.91399
80 32494 = 2910 008955 091045 31039 = 219898 677  0.90696
81 . 29584 2866 009688 090312 28151  188.858 6.38  0.89936
82 26718 2800 010481 089519 = 25318 160707 601  0.89114
83 23918 . 2712 041339 088661 22562 135389 566  0.88225
84 21206 2601 012267 087733  19.905  112.827 532  0.87263
85 18605 2469 013272 086728  17.370 92921 499  0.86224
86 16435 . 2317 014358 085642 14977 75551 468 . 0.85100
87 13819 2147 015533  0.84467 12745 60574 438  0.83884
88 11672 . 1962 016805 0.83195 10691 = 47829 410 = 0.82570
89 9711 . 1765 018181 081819 8828 37437 382  0.81149
90 7945 1563 019669 0.80331 7164 28309 356 . 0.79613
91 . 6382 1358 021279 078721 5703 21146 331 077953
92 5024 1457 023022 076978 . 4446 15442 307  0.76159
93 3868 963 024906 075094 3.386 10.996 284 074219
94 2904 783 026945 073055 = 2513 7610 262 072124
95 2422 619 020151 070849 = 1812 5097 240  0.69859
96 1503 . 474 031538 068462 1266  3.285 219  0.67413
97 1029 351 . 034119 065881 854 2019 196  0.64771
98 678 250 036913 063087 553 1165 172 061918
99 428 171 039934 060066 . 342 612 143 078827
100 257 111 043204 056796 . 270 270 105  1.00353
' - : - N : - : -

iy - iy - i Yucno : Yucno
i UmoBipHicTb | UMOBIpHIcTDb : ; . .. CepepgHsna
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Pospaxynoxk EEBXK ny14 pisHUX KpaiH CBITY

[xkepeno: CknageHo 3a [1].

MapameTpm KpaiHa, pik
YMOBHe Hay Pocis, HimeuuuHa, 6BenVlK9- ®paHuin, @ Higepnangu, | CLUA, | LBeuisn, = MopTtyranuis,
NO3HAYEHHs ANMEHYBANHA 2006 2005 P05 2005 2005 2004 2005 2005
I CepeaHbOoAYLLIOBUi HASIBHUIA FPOLLOBHIA 104.832 21.329 24.715 22.790 24.486 34.675 23.942 13.881
° : prannn oXIA . pybnis €BpO €BpO €BpO €Bpo aon €BpO €BpO
DOHOBUI PU3NK CMEPTI Ntoaen H
P, . (3aranbHui koediLieHT cMepTHOCTi Kc) 0.0152 0.0099 0.0097 0.0084 0.0084 0.0084 0.0101 0.0097
T, CepefHin Bik ntogen, Lo XNBYTb (POKM) 38.46 41.2 36.79 38.89 38.46 35.83 40.42 39.6
[MapameTpu WinbHOCTI po3noainy MMOBIPHOCTEN BiKY
XKUBYTb Mogen:
a MapameTp macwTaby 43.31 46.4 40.97 43.65 43.26 39.82 45.47 44.55
b MapameTp hopmu 1.86 1.91 1.58 1.73 1.79 1.55 1.78 1.82
c MapameTp 3cyBsy 0 0 0 0 0 0 0 : 0
{ EKOHOMIYHMIT eKBIBANEHT XUTTA
cepefHbOCTaTUCTUYHOI MOANHN 6.90 413
E(T) : Biky T (B HaUiOHaNbHUX rPOLLIOBUX 215 2.55 2.7 2.92 2.37 1.43
: 0QMHULAX (MITH) B €BPO (MITH) 3a 0.20 3.33
0B6MiHHUM Kypcom)
{ EKOHOMIYHWI eKBIBANEHT XUTTSA
E(t) i cepeHbOCTaTUCTUYHOI NIOONHU Y Billi - - — - — — — -
it pOKiB (MITH HaL,. rpOLLIOBUX OOMHULb)
E, 0 pokiB 15.38
E, 10 pokiB 14.4
E,, 20 pokiB 1212
E,, 30 pokis 9.28
E, 40 pokiB 6.49
E,, 50 pokiB 416
E,, 60 pokis 2.46
E,, 70 pokis 1.34
E,, 80 pokiB 0.67
E,y, . 90 pokiB 0.31
E.p 100 pokis 0.13
{ OuikyBaHa TpUBaniCTL XUTTS Npu 65.6
i HAPOZKEHHiI (POKW) :
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Ivan Burtnyak (Ukraine), Anna Malytska (Ukraine)

FINDING THE DERIVATIVE PRICE
USING THE VASICEK MODEL WITH
MULTIDIMENSIONAL STOCHASTIC
VOLATILITY

Abstract

Methods of calculating the approximate price of options using instruments of spectral analysis,
singular and regular wave theory in the context of influence of fast and slow acting factors are
developed. By combining methods from the spectral theory of singular and regular disturbances,
one can approximate the price of derivative financial instruments as a schedule of its own functions.
The article uses the theory of spectral analysis and the singular and regular theory of perturbations,
which are applied to the short-term interest rates described by the Vasicek model with
multidimensional stochastic volatility. The approximate price of derivatives and their profitability
are calculated. Applying the Sturm-Liouville theory, the Fredholm alternative, and the analysis of
singular and regular disturbances in different time scales, explicit formulas were obtained for the
approximation of bond prices and yields based on the development of their own functions and
eigenvalues of self-adjoint operators using boundary value problems for singular and regular
perturbations. The theorem for estimating the accuracy of derivatives price approximation is
established. Such a technique, in contrast to existing ones, makes it possible to study the stock
market dynamics and to monitor the financial flows in the market. This greatly facilitates the
statistical evaluation of their parameters in the process of monitoring the derivatives pricing and the
study of volatility behavior for the profitability analysis and taking strategic management decisions
on the stock market transactions.

Keywords stock market, Vasicek model, spectral theory, singular wave theory,
regular wave theory, stochastic volatility, implied volatility
JEL Classification C65, G11, G13

I. B. ByprHak (Ykpaina), I'. II. Manunbka (Ykpaina)

3HAXOAXXEHHA WIHNA AEPUBATUBY 3A
A0MNOMOIroro MOAEI BACIHEKA

3 BATATOBMMIPHOKO CTOXACTHUYHOIO
BOJIATUNBHICTIO

AHoOTaUiA

Pospo6neHo MeTomu o04YMC/IEHHS HaOMOKeHOI LiHM OIIIOHIB 3a MOIOMOTOK IHCTPYMEHTIB
CIIEKTPa/IbHOTO aHa/Ii3y, CUHIYIAPHOI Ta Pery/IApHOL XBU/IbOBOL T€OPii Y BUIIA[Ky BIUIMBY LIBUJKO-
Ta TNOBiIIPHOAIOYMX 4MHHMKIB. KoMOiHyI0uM MeTOAM 3 CHeKTpanbHOI Teopii CMHIYIApHMX i
perynapHux 30ypeHb, MOXKHA HaO/IVDKEHO 0OYMC/IUTY 1iHY IOXifHMUX (piHaHCOBUX IHCTPYMEHTIB, K
PO3K/Iaj 3a BIACHMMY GYHKIIAMIL. B cTaTTi 3a JOIIOMOT0I0 MeTOAIB TeOpii CIIeKTPaIbHOrO aHaTIi3y
Ta CUHTY/ISIPHOI i pery/sipHoi Teopii 36ypeHb, AKi 3aCTOCOBaHi 10 KOPOTKOCTPOKOBMX BiICOTKOBMX
CTaBOK, 1[0 ONMCYIOTbCA MOZE/UII0 Bacideka 3 6araTOBMMipPHOI CTOXAaCTMYHOK BOJIATM/IBHICTIO.
O6uncneno HabmDKeHy IiHY AepuMBaTUBIB Ta iX HoXifHicThb. 3acTocyBaBmm Teopito ITypma-
JliyBinns, anprepHatuBy OpenrosbMa, a TAKOX aHaJIi3 CHHTY/IAPHMX i pery/IApHIUX 30y peHb B Pi3HUX
YaCcOBJX IIKa/IaX, OTPUMAHO ABHI GOpMYy/M 1 HabMKeHb 1LiH 06iranii Ta JOXifHOCTI Ha OCHOBI
PO3BMHEHHs 3a BAACHMMM (YHKLIAMIU Ta BIACHMMIM 3HAYEHHAMH CaMOCIIPDKEHUX OIepaTopis 3
BYKOPMCTaHHAM KpailOBVX 3ajiad JI CYHTY/IAPHUX i PeryIApHMX 30ypeHb. BcTaHOBNIEHO TeopeMy
OLI{HKM TOYHOCTi HaO/VDKeHHA LiH fepuBaTubiB. Taka MeTonmka, Ha BiIMiHy Bif icHyH4YuX fae
MOX/IMBICTb MPOBOAUTY HOCTIMIKeHHs AMHAMIKY (QOHZOBOTO PUHKY i 3[i/ICHIOBATY MOHITOPHMHT
(iHaHCOBUX NOTOKiB Ha puHKY. lle 3HAYHO MOJIETHIYE CTATUCTUYHY OL[iHKY IXHIX IapaMeTpiB B
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IIpOLleCi MOHITOPUHIY 1IiHOYTBOPEHH [NEePUBATUBIB Ta JOC/IIIPKEHHA NOBENIHKM BOMATU/IBHOCTI JI/IA aHA/Ii3y IOXiIHOCTI Ta NPUIMHATTA
CTpaTeriyHMX yIpPaBIiHCbKMX PillleHb OO0 3/i/ICHEHHA ollepallill Ha (POH/IOBOMY PUHKY.

KarwouoBi ¢cs10Ba (hoH/I0BUIT PUHOK, MOJIeNb Baciyeka, crieKTpabHa Teopis, CUHTY/LAPHA XBU/IbOBA T€OPisd, peryIapHa
XBUTbOBA TEOPIisl, CTOXaCTUYHA BOMATU/IbHICTD, iIMIIJIIKOBaHA BOTATU/IbHICTh
Knacudikauia JEL C65, G11, G13

BCTYI

CrekTpanbHi MeTony, € e(peKTMBHMM IHCTPYMEHTOM JyIsi LiHOYTBOpeHHs [epuBatuBiB. EdexTnsHe
3HAXOJ)KEeHH MIBU/IKOCTI 3MiHU pOCTy OPTQe aK1liil, Bemn4nHM GiHaHCOBOTO ITOTOKY, @ TAKOXK JOCTiKeHH A
TEMIIiB 3pOCTaHHS PUHKOBOTO MOPTdes, 10 3abesredye BUMip BHYTPIilIHbOI BOTATUIPHOCTI HA PUHKY B OY/ib-
AKUI MOMEHT 4acCy peajli3yeThCs 3a JOIOMOT 00 3aCTOCY BAHHA CIIEKTPAJIbHOI TEOPil CMHTYIAPHUX i pEryIApHUX
36ypeHb. BuntaTu 3a fepuBaTiuBaMy MOXKYTb Oy T IUISX03a/I€KHUMY, a IIPOLIEC, 110 IEKUTD B IX OCHOBI MO>Xe
HPOSIBIIATU CTPUOOK, IHTEHCUBHICTD SIKOTO 3a/IeKNUTD Bij 6araTroBuMipHOI BomatuiabHOCTI. LliHa fepuBaTuBiB
3a/IeXUTD Bifl CTOXaCTMYHOI BOATU/IBHOCTI, KA ONMCYETHCA MIIAX03a/IeKHUM NPOLeCOM. JHAXO/>)KEHHA LiHN
JlepMBaTUBiB 3BOAUTHCS 10 PO3BA3aHHA 3a/1a4i 3HAXOJI>)KEHH A B/IACHVX 3HAYeHb i BTACHNUX QYHKI[iil KOHKPETHOTO
PiBHAHHS, 1O BifNOBifjae maHiil Mopesni. Y 3arajbHiil Teopil po3I/AZAIOTHCA OLMBLI MIMPINI NPUIYIIEHHS
Ha CTOXaCTMYHI Ipolecy, 30KpeMa TaKi AK MapTUHTA/IbHI, ajle He 3aBXAM iCHye aHaIiTM4YHa GopMyrna [t
300pa)keHHs PO3B’I3KY TOMY MM IPUITYCKAEMO 1[0 ITPOLiecy MapKiBChbKi. AHamiTn4yHa popMa po3B 3Ky 3ajiadi
ITypma-JliyBinisa mae MOXIMBICTD OOYMCITIOBATY IiHY JAepUBATUBY, UIBUAKICTb pocTy mopTdens akiiil Ta
JOCTiI>KYBaTy BOTATWIbHICTb Ha PUHKY B OY/Ib-AKIII MOMEHT 4acy.

1. NITEPATYPHUW Ornaa

Mopeni AMHaMiKM KOPOTKOCTPOKOBMX BiICOTKOBMX CTaBOK poO3I/IAfanuch B pob6oTi Baciveka [16] pmis
IIiHOYTBOPEHHS JAepUBaTUBiB. S3HAUHNUIT BHECOK y TEOPil0 BifICOTKOBUX CTaBOK 3pobunu bpennan, lIBapr (3],
Xaj, Baiit [9], Kokc, Inrepcorn, Pocc [7], MopToH [15], a came: 3HaXOf)KeHHsI KPeJUTHOTO CIIPefly iIHCTPYMEHTIB
KPEIMTHOTO PUHKY, BUSHAYEHH A 1]iH OILIiOHiB Ha BiZICOTKOBY CTaBKY, BUSHAYEHH A pUSVKY i JOXOJHOCTI NOXiZHMUX
¢diHaHCOBUX iHCTpYMeHTIB (oHIOBOrO pMHKY. Po3pobieHi umu BUeHMMU MOJei MAalOTh CBOI IepeBaru Ta
HeZOJIiKM, ajle KO>KHA 3 HUX 3aCTOCOBYETHCS IS NiIBUILIEHH I TiKBiTHOCTI piHaHCOBUX pUHKiB. Bukopucranus
CK/IQIHIIINX MOJieTell, He3Ba)Xkalou Ha CBOI0 TEOPETUYHY OOIPYHTOBAHICTh, 3yMOB/IIOE OTPUMAHHS CKTaJHUX
6araronmapaMeTpMIHNX QYHKIiil KpUBOI IPUOYTKOBOCTI, a Ije CIIPUYMHSE 3HAUHI TOXMOKM B 004MC/IEHHSX.

BukopucroByloun crekrpanbuuii aHami3 JliHenpkuit [12] 3acTocyBaB CIEKTpaJbHY TeOpPil0 CaMOCIHPSKEHUX
omepatopiB [0 pi3HMX Mogfenei, a 30Kkpema g0 Mopeni Baciueka. B pob6ori Jlopira [14] posriagamucs
KOPOTKOCTPOKOBI BifICOTKOBi CTaBKM, OIMCaHi MOZE/UII0 Bacidueka 3 CTOXaCTMYHOK BOIATU/IbHICTIO, 3a/IEXKHOIO Bif,
ABOX (aKTOPiB, OfVH 3 AKX IIBUJKO, @ APYTUIT NOBIIbHO MiH/MMBI. B HamIiil cTaTTi CIeKTpanbHa Teopis Ta Teopis
CUHTY/IAPHUX i pery/IsAapHuX 36ypeHb 3aCTOCOBAHA /IO CAMOCIIPSDKEHNX OLIepPaTOpiB Y ribOepTOBUX MPOCTOPAX, AKi
OIINCYIOTD HpOLiecK 3 6araTOBUMIPHOI0 CTOXAaCTMYHOI BOMATM/IBHICTIO, 1[0 Ma€ [-IIBU/IKO MiHNMBYX, r-IIOBiTBHO
MinmmBux ¢akropis 21, r2l, IEN, r&N. 3okpema gaHa Teopis 3aCTOCOBaHA 10 KOPOTKOCTPOKOBMX BiICOTKOBMX
CTaBOK, IO ONMNCYIOTbCS Mofe/viio Bacideka. O6umcneHo HaOmkeHy ILiHy o6miramii Ta iX HOXigHICTB.
3actocyBaBmin Teopito Illtypma-Jliysinna, anbprepHatuBu Ppenronbpma, a TaKoX aHali3 CHHTYIAPHUX i
peryspHMX 30ypeHb B Pi3HMX YacOBMX IIKajIaX, MU OTPUMAa/M SABHi GOpPMyIM A/ HaOMDKeHDb LiiH obiramiit ta
poxifHocTi. A oTpuMaHHA ABHMX GopMy HOTpibHO poss’sazaTu 2l piBHAHb [lyaccoHa.

2. META AOC/NIAXKEHHA

Pospobka 3py4YHOro MifXORy BCTAQHOBJIEHHs OPI€HTOBHOI IiHM [lepMBAaTUBIB Ta iX JOXiZHOCTI MeTomaMmu
CIIEKTPaJIbHOI Teopil Ta XBUIbOBOI TeOpil 30ypeHb € MeTOI0 HOCif>KeHHs. Taki MigXoxy MaroTh 3aCTOCYBaHHS
IpM PO3B’SI3yBaHHI eKOHOMIYHMX 3aJja4 Ha 3HAXOJKEHHs KOPOTKOCTPOKOBUX BifICOTKOBMX CTaBOK, KPEAUTHNUX
CIIPENiB Ta CTOXaCTUYHOI BOJTATU/IbHOCTI IepUBaTUBIB.
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3. METOAM AOC/IAMKEHHS

Hexait (Q, F, P) € mpocTopoM IMOBIpHOCTi, AKMII HMiJTPUMYE KOpelTbOBaHMII OpOYHIBCBKMIT pPyX
(We, W, L, WL, WEL L, W) | ekclOHeHIia/ibHa BUITaikoBa 3MiHHa e~Exp(l), sika € He3a/Ie>XXHOIO Bif
(W, W, L, WL WAL L, W), Mu 6ypieMo BBakaty, 1o ekoHoMika 3 (l+7+1) dakTopamu, onmcana
OJIHOPi/fHNM YacoM Ta HemepepBHMM Mapkiscbknm npouecom ¥ =(X,Y,,...Y,Z,,...,Z ), axuit Busnauennii
B JiesaKoMy npocropi cranis E=IR'R’, ge (Y,,...,Y)eR', (Z,,...,Z,)€R", I - intepBan B R 3 Toukamu € Ta
€, TakuMy, mo —0 < ¢ < e, <0 . My npunyckaemo, mo X Mae o4arok B E i MUTTEBO 3HUKAE, AK TinbKkyu X
BUXOIUTb 32 MeXi I. 30kpeMa, frHaMika X 3 Gpisu4HO0 Mipolo P, € HaCTYITHOI:

(X,.Y,,..Y.,Z
Zt:{ 1 1t X

w2 ;
UH ”)}’ r,>t, 7, =inf(t>0:X, ¢1),

7, <1,

ne(X,Y,...Y,Z

s Z), 3a/]al0ThCA

dXt = U(Xt)dt + a(Xt)f(Ylt, ...,Y]t, th, aasy Zrt)thx,
1 1 Yi . 7
dyj, = e—jaj(th)dt + J—e_jﬁ,(yjt)dm =1L

AZy = 8;;(Zi)dt +\/8:9:(Zi)dW,", i =1r.

dW*,Wi) = pyy dt, j=1L

. dA(W*, W), = py,.dt, i=1r.
AW, W), = py dt,
AW, W), = pyydt,  j=11 s=1]1
AW, W), = p,., dt, i=1n k=1r.

(X0, Y10) e+o» Y10) Z10s «+» Zrg) = (%, V105 - Y10 Z10» -» Zro) € E.

<1

ne Py, = 0, j=#r, p.. = 0,i#k, Pry,»PxzsPy 2> 33JOBONBHAIOTE  YMOBY ‘nyj 2| Puz, > » a

pyjzl-

KOpeALiiHi MaTpuLi BUAY:

Lpy P
py/x 1 IOy/z,-
pz‘c pz,-y] 1

. . 2 ) 2 . .
HaIBI0JaTHO BU3HAYeHi, TOOTO 1+2 Py, PPy =Py =P =Py 2 0, j=1L1 i=1,r.
I[Tpouec X Moxe perpe3eHTyBaT! 6araTo eKOHOMIUHUX SIBUIII, TA IIPOLIECIB.

Hanpuknapn, Benum4YMHy 3amaciB, LiHY iHAEKCY, HaJililHMII KOpOTKMI Bifcorok i T1.j. lle mmpme, X e
30BHIiIIHIN (AKTOp, KMl XapaKTepusye BapTicTh OyAb-sAKuX i3 sraganmux Buiie npouecis. Ilix ¢isuunoro
mipoto IP mpouecy X, posymitorb mporec X, axkuit mae mutTeBuit apeiid v(X) i cToxacTMyHy BONATUIbHICTD
aX)f Y,..Y, Z,.,Z) > 0, akuit MicTuTh O06UJBI KOMIIOHeHTM: JNOKanbHy a(X) i HemokambHy
fY oYy Z,.. 2, ). 3ayBaXUMO, 10 HECKiHYeHHO Masi reneparopu (indinirisemansui) s Y, Ta Z, MaioTh
BUTJISAN Vi’j.
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s 11, 2 5, 1, 2
Ly :g_(gﬂf (yf)ay‘,-y‘,- +aj(yj)8yj L7, =9, 58 (z)02, +c(z)0, |,
J
1
XapaKTepU3yIOTbCs BeINYMHAMMI Z/ Ta 81, BigmoBigHo. TakuM 4MHOM, Y,..,Y Ta ZI, oo Zn MAalOTb BHYTPILIHIO

mKanay dacy & > 0i 1/6. > 0. Mu BBaxkaemo & << 1 i §. << 1, mo6 BHYTpilIHA IIKaa yacy Y, 6yaa Masomw, a
j i j i j

BHYTPIlIHA IKa/a 9acy Z Bemkow. OTxe, Y. ,j= 1,/, ue mBuaxo sminui pakropu, a Z, , i =1,n nosinbHO

3MiHHi akTOpK. 3ayBaXKUMO, 1110 28;/. Ta 2lsz MaloTb GpopMy BULY:
1
L zzaz (x)0% +b(x)0, —k(x), xe (e.e,), 3 k(x)=0,

s Bcix X1 e 3aBxam camocupsbkeHumn B linbbeproBomy mpoctop H=L*(I, m), ne IER intepBan 3
KiHISIMM €, 1 e, Ta M - WBUIKICTD II/IBHOCTI nugysii.

Dom(L){f e *(I,m): f,0.f € AC,.(I),&/T (I,m),BCs Ha ¢, Ta ¢,},

ne AC,. (I ) € IPOCTOpOM PYHKIIii1, abCOMIOTHO HellepepPBHMX Ha KOXKHOMY KOMITAKTHOMY Iifj-inTepBai I [13].
J10Bi YMOBU H T HaKII ThCSA I BUXITHUX, BXITHUX i peryIapHUX MeX.
Kpaitosi ymo ae, Ta e, HAK/TAJIAKThC i i ipe exX

Ouinnmo noxigHuil HiHHKMII Manip, 3 BUIIATOIO B Yac £ > 0, ska MOyKe 3a7IeXKaTu Bif TpaekTopii X. 3o0kpeMa, M1
po3rIsAHeMO (pOpMU BUILIATH:

Bumnara=H(X,)l

(r>t),
Iie T — BUITQIKOBUII MOMEHT 4Yacy, IIPOTATOM AKOTO € HeBUIIJIaTa IIpeMil IOXiJHOTO aKTUBY. /1 3HaXO[ KE€HHA

OLIiHKM IOXiJHMX aKTVBiB MM IOBMHHI BM3HA4UTM [OMHAMIiKy X, YL,..Yl, Z1,..,Zr) BigHOCHO Mipu npu
HeliTpanbHOMY pusKKy [P. Maemo Taky AMHaMiKy:
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(dX, = (b(X) — a(X)f V1o s Yo Zag oor Ze) R (Yag, oo, Yie Zago s Zye) ) A
+a(Xo) f Yae oo Yo Zyy oos Ze) AW,

1 1 1 ~ Y
= (E_] a’j(}?t) - \/_E—jﬁj(yjt)Aj(Ylt: s Y1ty Lt ---:Zrt)) dt + Eﬁj(}’jt)th ',

dzy = (5iCi (Zi) — \/gigi (Zi);Yies oo Yie Zats ---»Zrt)) dt + \/Eigi (Z;)dW,™,

) d(W*, WYi), = Pry,dL, j=1,1

d(W*, W), = py,,dt, =1r.

AT, 0=y, 1T, (=T,

W1, W), = pyydt, j=11 s=1.1.

d(W2, W), = ppzdt, i=Tn, k=1n.
\ (Xo, Y105 s Y10, Z10s -1 Zro) = (X, Y105+ Y10 2105 -5 Zr0) € E,
e
i = thx+( v(X,)-b(X) +Q(Y,,, .. Y 2y, Zn)}”’

a(Xt)f(Ylt, .. Ylt,Z“,...,Zm)

AW =dw” +A (Y, ... Y. 2y, 2, ) dt,
AW =dW*+T (Y, ... Y\ 2. 2, ) dt,

Pyy =0, j#s, p.. =0, i#k.

Mu HakagaeMo Taki yMoBHu 1106 cucrema (1) Maja €MHMIT CUTBHUI PO3BSA30K.

BumanxoBuit yac T 4acoM IOXiZHOTO akTUBY. Y HAIIOMy BUIAAKY, AedonT Moxe BifOyTucsa ogHMUM i3 IBOX

CcIoco6iB:

1. Konu X Buxonutsb 3a intepnar I.
2. Y BUIaJKOBUII Yac T,, AKMM Kepye piBeHb PU3uKy /1 (Xt) >0.

e MO>XHa BUPA3SUTH HACTYITHUM YMHOM:

— A
t=1,"1,

T, =inf{t>0:X, 1},

_mf{z>0 [r(x,)ds=e(X.Y,, ... Y, Zl,...,Zn)},

e~Exp(1)]l .

3Ba’KMMo, 1110 BUNATKOBA 3MiHHA € He3a/Ie)XKHa Bifl (X, Y1 b ey Yl, Zl yeens Zn ) .
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IITo6 BimcTexxyBatyu 7, MM BUKOPUCTAEMO iHAMKATOP MPOLIECY: D, = H{,Z,h B

ne D= {@t, t> O} - ¢imetp  mopomxenwmit D Ta = {&,t >0} -  dirprp reneparopa

(Wanyl s WL ) Bukopucraemo dinprpariio G= {ant 2 0}, Ie 6, =35VD,. 3ayBa>kumo,
0 (Xan ""YI’ZI""’Zn) npucrocosanifo G i T - wac synuuknu ({{T Sl}} €®, s BCIX ¢ > 0).

OuinyMMO MoXiHmit akTUB AeAKOTO BUTPAIY (BUIITATH), BUKOPUCTOBYIOYM HeMTPaTbHII PU3UK 11iHOYTBOPEHH A

. . . . 5 R . .
i Mapkiscpkmii nmanmior X, nina y° (t,x, Vigeo y,,zl,...,zr) [eSKUX MOXiJIHUX AKTUBIB B IMOYATKOBUIL
MOMEHT Yacy Ma€ BUTJIAJ;:

o N t
u (6,5, 9.9 215002, ) = B, R exp{ _[r dsj ( ]I{m}) ,
0

e 82(8],...,6‘/), 5':(5],...,6;), a (x,yl,...y,,zl,...,z,.)eE € I[0YaTKoBa TOYKa IIPOLECY

(X’Yla "'DYI’ZI""’ZT)-

3a gonomoroio popmynu Peitnmana-Kana [2], MoxkHa mokasary, 1110 u® (t X, Visees y,,zl,...,zr) 3a7I0BOJIbHAE
HacTymnHii 3agaydi Komi [13]:

(—8,+£2"?)ug’§:0, (yl,...y,,zl,...,zr)eE,te]R*, )
ugg(O,x,yl,...y,,zl,...,zr)zH(x), 3)

-5
ne omeparop £° Mae BurmAz:

P =, —L e

j=1

+ 1 \/7WI§I[ +z \lel +ZI a‘lmzl

__'B( ) yy,+aj yj)

£,=8,(y)p, a(x)f

Visew Vs Zroeens 2, )0 =N (Vs 22100002, ))0,

1
£y, =—a’ (x)fz(yl,...y],z,,...,Z}_)@ix;l-

2
( (x)—a(x)Q(y,.. y,,zl,...,zr)f(yl,...yl,zl,...,z,))ﬁx—k(x),
M, =p. B ()8 (2)0.,
Zl)(pxza f (- y,,zl,...,zr)ax—Fl.(yl,...y,,zl,...,zr))ﬁzi,
gf(z,)a +¢,(2)0., k(x)=r(x)+h(x), £,=2,.

J

Mu npunyckaemo, mo audysis 3 iniHiTiseMaTpHUM reHepaTopoM E;lyf Mae iHBapianTHMII posnopin II 3

minbHicTio 7(y;):
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W 2a (0 —
ﬂ.i(yj):ﬁexp I;’—(;))dﬁ , Vi=11

Kpim noyarkoBoi ymoBu (3) dyukuis u® (t X, Visee y,,zl,...,zr) IIOBMHHA 3anOBonbg%?M Ha KiHIIAX € Ta
€ inreppany I xpaitosi ymosu. Kpaitosi yMoBu B TOuKax € Ta €, Hamexarb obmacti £° i6yayTb sanexxaru
Bifl mpupoay npouecy Ha kingax { rta k1acuikyoTbcs K OPUPOAHI, BUXifHI, BXifHI abo perynspHi
. . >
[2]. 3agaua Komi (2)-(3) gnsa (f,_al,...a,, [31,...,[3,, ALMAI, CprnsCp 8pone&p r,.. Fr) He MAa€ aHAJIITUYHOTO PO3BSI3KY.
Opnax pna  dikcoBaHoro §’, yMOBHM, fAKi MICTATD o Ta BiXUIAOTbCA AK 3aBrOJHO MaJjio
B £ -OKOJIi, 10 3yMOBJIIO€ CHHTY/IAPHI 30ypenHst. [Ins1 dikcoBaHOro €; yMOBH, SIKi MiCTATb O, € MaUMM [
JIESIKOTO MAJIOTO §' -OKOJY, IO CIIPUYMHSIE PErYIAPHi 30y peHHs. TAKMM YMHOM, £ -OKIZITa O -OKiJ Ja€ MoYaToK
00’€[HAHOMY  CHMHIYIAPHO- perynApHOMY sb6ypennio  (J(1) omepaTopa L. Onsa  Toro mo6
3HAITY ACUMIITOTUYIHUI PO3BA30K 3amaui Komi (2) (3) possunemo ;%% 3a crenensamm g , T /

TR S 35 30 SN BN ERON ERNN T N

i>0 205,20 ;>0

I 3 30 00 3 2SN RN AN £

i20 (2020 />0

m >0m,+1 =20

hmz Z Z(ﬂ \/7][\/7 \/j U iy

;=0 >0 ;20

m, = 0,...,m,,, —> o.

Hab6mxeHa niHa 064NCI0eThCA:
! r
U5+ 2% Uyt PINCUAS
Jj=1 i=1 !
1)

Bu6ip po3BMHEHHA B HANiBLI/INX CTEIEHAX €ira%e IIPUPOJHIM [ £

[IpoBomAYM aHa/Mi3 CUHTY/IAPHUX 30ypeHb HA Bif[OBIIHUX PiBHAX MM OTPUMAEMO, o HUg5» ”L,& > uﬁf He
3a71eXxaThb Bifl Vi,--- V.

4. PE3Y/IbTATU

OCHOBHI pe3ynbTaTy aCUMIITOTUYHOTO aHaJIi3y HaBeJleHi 3a JOIIOMOT 00 HaCTYITHUX popMyIt:

O( ) Z £01u2 7 (_a;+<£z>)“5@ =0, u636(0,x,zl,...,zr):H(x),

O(\/E):so,uwm ty g +(=0,+(EN ) 5+ Ly g+ L=

k#j i#j (4)

Au

770,00

U a(O,JC,ZI,...,Zn):O,
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e 1,=]0,..1,0,1,0,....0 |.
k J
3 aHami3y perynIsapHux 30ypeHb MaeMo:

O(& ) (=0, +(L))u, - =B uggo - (0.3%,200.0,2,) = i = L7 (5)
Oneparopu %27, A; B 1a 0. susmaueni sa dopmymamu:
<sp:%ahw¢m;+@4@_7§4x»@_k@y xe(g.e).

A, = v, a(x)0.a* (x) 2 —vy @ (x) 0% — Uy a(x).a(x)2, - Uy a(x)..

B =-v,a(x)0,-v, ma 0, =0, 00; f_ Vi = 8P () Vo= 8410, Vi =1,n Ta HOpMOIO

1

Xy, =X (v (,)dy, Vi=L1,
X =[ X3y (1) 7, () vy,
<X>14,1:J. X(yl,...y,)ﬂl(yl)...ﬂ,(yl)dyl...dy,’
<X>1_1,1:X’fQI=f_Q’f2:52

3HaliieMo po3B’A3KM PiBHAHD (4)-(5) Ha OCHOBI BracHuX (yHKIIili, BTACHUX 3HaueHb orepaTtopa {L,) , KoxHe 3
SIKMX 3aJ0BOJIbHSIE BifinoBiHe piBHAHHA [lyaccona [5]:

L@ :f2 _<f2>1 Ln®, :<f2>1 _<f2>1,2’ L@ = <f )i 2,1 <f )i .

Lo = fQ=(fQ), ,. 0177] <fQ>j—2,j—l _<fQ>j—l,j""’ Lol
= <fQ>z—2,1—1 _<fQ>l—1,l,

Teopema 1: mpumycTMO, 110 MY MO>KEMO PO3B’A3aTV HACTYIIHE PiBHAHHSA /1A 3HAXOJ)KEHH BTACHOTO 3HAUeHH A:

e, =AY, v, cdom((L,)), ©

atakox mwo H € H . Topi possasox 46,7 mae purman:

wy=Yew T, o =(v.H), T,=e™.

Teopema 2: mexait €, V¥, , T, OINCYIOTbCA 3a foromoroio Teopemu 1. Busnauumo:

Ajk,n = (Wk’AjWn), Upn= Al .

N
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Topi poss’asok ¥

ZZC A/k MU, k. ZC Am WtT

n k#n

1,0 piBHAHHA (4) Mae BUTIAL:

3ayBaxxumo, mo Yy 0 € MHIHIM y IpyIIi mapaMeTpiB (& S 2j,u2j,ulj).
Teopema 3: mexait ¢, , ¥/, i 1, BusHaueni 3 Teopemu 1,a U 4., 3 TEOPEMMU 2 TO MaTUMEMO:
~ T -T tT
— — Tk
B = (vB0.). By =y By), vy =Ty 1T

5 .
(/7, -1 ) A =4
k n n
Topni posB’sI30k uﬁj MA€ BUTJIAL

u*7 —ZZC knl//k ZC in, aWn tT +ZZ(8 ¢ ) knl//k Z(a (& ) in, nl//ntT

n k#n n k#n

+ZZC ¥k (8 4, ) View = chlgin,nl//n (az,. 4, )%tsz

n k#n

u7 — . .o g | ! g | A
3BepHemo yBary Ha e, mo Y57 e mimiitamm B (V0 v, fQ,v,0v,, fQ)
OTprMaBIIN HAOMVKEHUIT PO3BA30K

s’ . 1 _ I
uf ~ uBJOJ + Zj:l \/E_juleof + Z?:]_ 6[% 1!

JUIA IiHM TIOXi/HOTO aKTUBY. [I/151 6i/bIIl TOYHOTO pe3y/NbTATy MPUITYCTUMO, 10 QYHKILiA Bummatu H (x) Ta Ii
TOXi/IHa IT0 Yacy € IMIafKMMU i oOMerxeHrMM PpyHKITisMu, TaKMM YMHOM, MY 0OMe>Ky€EMO Halll aHaTi3 lepUBaTUBIB
IJIAZIKOI0 i 0OMeXXKeHO0 BUTIIATOI0, B IbOMY BUIIA/IKY TOYHICTD OLIIHKM I'PYHTY€ETbCS Ha TaKill TeopeMmi:

Teopema 4: ms pikcoBaHUX (l‘, Xy Viseros VisZyse .,Zr) icuye crama C Taka, 10 A1 6yab-AKOTO g <1, 61, <1
MaEeMo:

A n 1 T
T U (S — , .
u U+ z Jejul—j'o, + z 6‘]’[511’5- = C(z €+ Z 8;).
j=1 i—1 j=1 i-1
Teopema 4 mae Ham iHdopMaIiito Ipo Te, K HaOMOKeHa 1IiHa Befie cebe mpn £>0 i0->0.
Hexait X saBnsioTh c06010 KOPOTKi BificoTKoBi cTaBKu. OffHi€I0 3 HAITOI/TBII HIMPOKO BiTOMUX MOfie/iell KOPOTKUX

KypciB BiZICOTKOBUX CTAaBOK € Mopenb Baciueka, B skiit X MopentoeTbcs Ak npouec OpHIITeliHa-YeHOeKa 3
6araToBUMipPHOK CTOXaCTUYHOK BONATU/IBHICTIO. 30KpeMa, [P nuHamiku X 3amaHi

ax, =(x(0-X,)-f (Y. ..Y.Z,,...2)Q(Y,, ., Y 2, L Z, ) )dt +
+f (Y, .Y, Z, . Z )+ dW, (X)) = X, h(X,)=0,

ne Y1> ---,Yp Ta Zla-"azr € WBUIKO i MOBIIbHO 3MiHHMMMU (GaKTOpaMu BOTATUIBHOCTI, SK OIMMCAHO.
O6uncmMo HabmKeny LiHy o6iranii 3 HyJTbOBMM KYIIOHOM.

3anuiiemMo omnepaTop <£2> i OB’s13aHi 3 HMM MI/IBHOCTI 31 MIBHUAKICTIO m(X)

1 _
(£,) :5028; +K(t9—x)8x—x, (7)
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IlTo6 3uaiiTm uiHy obmiranii 3 BuUIUIaTaMu H(X[)=]I{T>,} =1, notpibHo posBssatu piBHAHHA (7) Ha
3HaXO/)KEHHs BJIACHMUX 3HA4YeHb Ha Bifpi3ky I :(— @0, 00) s (£2) . Ockinpkn obuaBa KiHIi — 0 i © ¢

HPUPOSHMMIY TPAaHUILIMM, TO PO3BSI30K Ma€ BUrAL [11].

N2
l//n=Nnexp(—A§—1A2an(§+A), N =£\/EL]
2 " 7 2" n!
G Ji &

A=, §=?(x—§),/1n =5 =0

+xn, n=0,12.,

me H, - EpmitoBi noninomu.

3anuuieMo BMpasu s olepaTopis Aj Ta Bj :

A ==8,0,~(9,+1,)0, - 4,0,, B, = 9,0, -9,

Omneparopu Ajk,n > Bjk,n ) iBjk,n 3aIMCYIOThCSA HA OCHOBI PEKYPEHTHUX CIIiBBiTHOIIEHb:

aan = 2an—1’ 2XHn = Hn+1 +aan7 Ajk,n = _19J3
(3 S (2de )N, (B8
=m)\ Kk G ) (n-m)N,, " e

3 2](__1)2"” W) N,

m)\ k (n-m)\N,_, "

o
-4 i1 (__1)51« + 2{; n!.N‘n 5k -
U A W PR Y

-1 Nk nlN,
Bjk,n = _‘91 {(?j 5k,n +{ 5 J(n_l)!an 5k,nl}_9j05k,;19

B, :_95{(%][215%%)}% . (%j 4 J{%](L_i_ﬁj

— |l A= 3 =
c N\N20 Kk o©
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— I 1 —4 n' N 4 n!N
_'9ilfQ' 3 6k,n + " 5k,n—1 + — —né‘k,n—Z
K’ EK% (n=1)IN,, ) (n=2)IN,_,
— [r- !
3,70 1 5, 2 n'\N,

K2

o
,n+ E\/; (n—l)!j\/”Fl k,n—1

PospaxyHOK ¢, MOXXHa 3HaiiTH B [8]:

cn = (l//n b 1) = %\/%NnAneAZM'

Hab6numxeHa 1jiHa o6iranii Terep Moke OyTu po3paxoBaHa 3 BUKOPUCTaHHAM TeopeM 1-3.

[l o6iranii 3 HyTbOBYM KYIIOHOM, 4aCTO PO3IJIAIAI0Th KpMBY HIpUOYTKOBOCTI, @ He caMy 1IiHy obiramnii. loxip
R?%? B obrniranii 3 HyIbOBUM KYTIOHOM, 32 SIKOI0 BUIUIAYYETHCS OfMH JIO/IAD B MOMEHT 4acy BU3HAYAETHCA
4yepes CHiBBiJHOLIEHH:

u™’ = exp(—RE’Et).

. . . w60
OTpuMaeMo HaGMVOKEHHs i OOmiranii 3 HyJIbOBMM KyTIOHOM, PO3BMBAIO4M B PAJ, AK WiHu obmiranii, u”

TakuM i goxin R°° 3a cremeHsmu /g/ i85, :

! r ( i n
—|R_—=+XL_, JeR_—+FT ﬁRf—,)t

0,0 J 1,0 L0l

Jj=1 i=1 '

Rt Rt~ Rt
—e Y e R e S SR e
J71,,0 R
j=1 i=1

‘/8. .o
3rpymyBaBuin 1o crernenax V /i S, OTPUMAEMO:

3ayBa)kuMo, 110 PUCYHKY OYyIOThCs IIOKOMIIOHEHTHO B KOXKHIll BiiMOBifHII YacOBill IKasli, aHA/TOT{YHO 5K
[ IBOX KOMITOHEHT fIK B poborax [6] Ta [14].

5. OBrOBOPEHHA

B kiHIli MMHY/IOrO CTOMITTS yBary BueHMX (iHAHCUCTIB NpUBepHY/Ia npobieMa 3B5I3Ky MiXK L{iHOI0 aKTUBY Ta
jioro BojatmibHicTIO [10]. BcTaHOB/EHO, 1110 I1iHAa aKTUBY Befie cebe sIK BOMATUIBHICTD. Y Bigomilt Mopeni breka-
[IToynsa BomaTunbHICTDb € ctanoo [1]. Ile 3yMoBMIO HU3KY Ipallb A/ yTOUHeHHS Ljiel Mofeni. EMnipuunumn
JOCTi/[)KEHHSIMY BCTAHOBJIEHO, I10 BOMATM/IBHICTD € BMUIIAJKOBOKI BeIMYNMHOK 3ajIe)KHOI0 Bif 4acy [8, 12]. B
[5] 3ampoONOHOBAaHO aHAMITMYHI MOJENi, IJ0 MalOTh CTOXAaCTUYHY BOJATMIBbHICTh. [IOpiBHIOIOUM 3 MOJeIAMMN
reOMeTPUYHOTO0 OpOYHIBCBKOTO pyXy IepeBaru Mopeni Bacideka monsAraiorpe y ToMmy, w0 KoedilieHT
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HeCcTabi/IbHOCTI CIiBBiJHOCUTBCS 3 1IiHOIO PM3MKOBAaHMX aKTUBIB i MOXKe MMOSICHUTY eMITipUYHI yIepemKeHH,
TaKi SIK HeCTabiIbHICTh MOCMIIIKY BOMAaTU/IbHOCTI. Mopenb Baciueka 3a3Bu4ait 3aCTOCOBYETbCSA /1L PO3PAXYHKY
TEOpeTUYHOI IIiHY, Yy T/IMBOCTI Ta IepefbdadyBaHol BOMATUIBHOCTI fepuBaTusiB [16]. IIpoTsarom octaHHiX pokiB
npo6iemMa iHBeCTUIiil s IEHCITHOTO QOHAY € [Jy>Ke BaXK/IMBOIO, BUSABUIOCH, 110 PO3IIAHYTa MOJETb MOXKe
YCIIiNIHO 3aCTOCOBYBATUCA 11 BUBYEHH ONTYMAJIbHOI iHBECTULIIHOI CTparTerii.

Po3po6neno MeToay 064McIeHHs HaOMV>KeHO]I LjiHM [epUBaTIUBIB 3a JOIIOMOTOI0 iHCTPYMEHTIB CLIEKTPATTbHOTO
aHaJIi3y, CUHTYIIAPHOI Ta PeryasApHOl XBMJIbOBOI T€OPil y BUIIAAKY BIUIMBY HIBUJKO Ta IIOBiIbHO HAilOYMX
4 HHMKIB. KOMOiIHY 0491 METO/Y 3 CIIEKTPa/IbHOI TEOPil CMHTY/IAPHUX i peTyIpHUX 30y peHb, MO>KHA HAOTVKEHO
00YMCIIUTY LiHY MOXifHMX (PiHAHCOBMX iIHCTPYMEHTIB, K PO3KJIaj 32 BIACHUMMU QYHKLisIMIU.

Po3mmpeHo MeTOMKY 3HAXOH)KEHHs OpPI€EHTOBHOI LiHM [ IIMPOKOrO KJIacy IMOXigHMX (GiHaAHCOBMX
iHCTpyMeHTiB. BUKOpPUCTOBYI0UM CIIEKTPA/IBHY TEOPil0 CAaMOCIIPSKEHNX OIIepaToOPiB y riibbepToBOMY IIpocTopi
Ta XBWIBOBY TEOPil0 CUHTY/ISPHUX 1 peryasipHUX 30ypeHb BCTAHOB/IEHO aHAMITUYHY GOpMyny HabmmKeHoi
L[iHM aKTUBIB, SIKi ONMCYIOTHCS MOJE/IAMHI 3 CTOXaCTUYHOIO BOJIATH/IBHICTIO 3aJ/Ie>KHOI0 Biff [-IIBMAKO 3MIHHMX
Ta r-IOBI/IbHO 3MiHHMX UMHHMKIB, [ > 1,7 >1, [ € N,r € N inokanpHoi 3MiHHOI.

BUCHOBKMU

TakyuM 4MHOM y po6OOTi 3aCTOCOBAHO CIIEKTPATIbHY TEOPil0 Ta TEOPil0 CMHTYIAPHUX i perynsapHux 30ypeHb 1o
KOPOTKOCTPOKOBUX BiJICOTKOBMX CTaBOK, II[O OINCYIOThCS Mope/no Bacidyeka. O64mcieHo HabMVDKeHY LiHY
obmiraniit Ta ix goximHicTe. 3acrocyBasmnu Teopito Illrypma-JliyBinns, ansrepHaruyu Ppenronpma, a TaKoX
aHaJIi3 CUHTYIAPHUX i peTy/IApHUX 30ypeHb B Pi3HNX YaCOBMX IIIKA/IaX, MY MA€MO ABHi GOPMY/IN /1 HAOMMKEHb
1iH obmirani Ta goxigHocti. Ins oTpuMaHHA ABHUX GOpMYI OTPiObHO po3B’sizaTu 21 piBHsAHB [lyaccoHa.

OCHOBHOIO IIepeBarol0 Halloi MeTOAOJIOTii LIHOYTBOPEHHS € Te, 10, KOMOIHYI0OYM METOAM 3 CIEeKTPanbHOI
Teopii, perynspHoi Teopii 306ypeHb i Teopii CMHTYIApHUX 30ypeHb 3BOAMMO BCe [0 PO3BSI3aHHs PiBHAHb Ha
3HAXOJ)KeHHs BIaCHMUX (QYHKIill Ta BTAaCHUX 3HAYEHb.
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Alina Mordovets (Ukraine)

METHODOLOGICAL APPROACH TO
DETERMINING THE LEVEL OF BUSINESS
ENTITIES’ FINANCIAL POTENTIAL

Abstract

Trends in the development of Ukrainian mining companies have shown that it is important to in-
crease their financial potential. This necessitates an assessment of the financial capacity of business
entities to determine the directions, methods for attracting additional and optimizing existing finan-
cial resources.

The aim of this research is to determine a methodological approach to determining the level of finan-
cial potential of economic entities through the use of mathematical and statistical methods to identify
the current financial status of economic entities and financial reserves of development. General sci-
entific and special research methods, analysis and synthesis, graphical analysis, taxonomic analysis,
cluster analysis, as well as abstract and logical methods were used to achieve the goal.

Theoretical approaches to defining the essence of the concepts of “potential”, “financial potential of
economic entities” were systematized to specify the boundaries of each of the concepts, its compo-
nents. Definition of the essence of the “financial potential of economic entities” concept was proposed.
A set of financial indicators to assess the level of financial potential through a priori ranking based on
the analysis of literature sources was developed. The selected financial indicators were grouped ac-
cording to the financial potential components; the integral indicators for each group were calculated.
Business entities in the mining industry in Ukraine were grouped into clusters according to calcu-
lated taxonomic indicators. Besides, the level of financial potential for each cluster was determined.
The methodological approach to the diagnosis of the level of financial potential of economic entities
was developed using mathematical and statistical methods. This made it possible to identify trends in
the development of financial potential, which allows forming measures to increase it.

Keyword S financial potential of business entities, sphere of extractive industry
of Ukraine, integral indicator, financial capacity, potential, financial
capacity

JEL Classification L72,N5, G17

A. B. Mopposenp (Ykpaina)

METOZNYHMI MIAXIA A0 BUIHAYEH-
HS PIBHS| ®IHAHCOBOIO MOTEHLIANY
CYB’EKTIB FOCMOAAPHOBAHHS

AHoOTAaLiA

TenpeHuii po3BUTKY Cy0’€KTiB rocrmopapioBaHHA B cdepi [006yBHOI IPOMMCIOBOCTI YkpaiHu
3aCBiAYNIIN, 110 BOYK/IMBIUM € HapOILeHHA IX (DiHAHCOBOTO IIOTEHIia Ny, 1[0 00YMOBIIIOE HeOOXiAHICTD
OIiHKM (PiHAHCOBUMX MOXKIMBOCTENl CyO €KTiB TOCIOJAPIOBAHHA 3 METOI0 BM3HAYEHHS HAIPAMIB,
croco6iB, METOZIB 3aTy4eHH JOLATKOBMX Ta ONTUMi3alil icHylounx ¢iHaHCOBUX pecypciB.

MeTol0 FAHOTO NOCTIMKEHHs € PO3POOTeHHs METOFMYHOTO IIAXOAY O BU3HAYEHHs piBHSA
(inaHcoBoro noreHmiany cy6’ekTiB rocrozaproBaHHs B cdepi F0OYBHOI IPOMICIOBOCTI 3a PAXYHOK
BUKOPUCTAHHA MAaTeMaTUKO-CTaTUCTUYHUX METOMIB. JI/If JOCATHEHHA IIOCTaB/IeHOl B po60Ti MeTu
BMKOPNMCTAHO 3ara/lbHOHAYKOBi Ta CIiellia/ibHi MeTOAM [IOCHTi/[)KEHH:, a caMe MEeTOAM aHajlisy Ta
CHHTe3Y, rpadidHNMIl, TAKCOHOMIYHIIT aHaIi3, KITACTEPHUIT aHaJIi3, abCTPAKTHO-TIOTIYHIIT METOJ.
CucreMaTn30BaHO TEOPETMYHI IMIAXOAM IOAO0 BM3HAYEHHSA CYTHOCTI MOHATH «IOTEHINam»,
«iHaHCOBMIT IOTEHIIiasI (Y6 €KTiB FOCIIONAPIOBAHHS» 3 METOIO BI3HAYEHHSI MEK KOXXHOTO i3 TOHATb,
CK/IQJIOBMX Ta 3aIPOIIOHOBAHO BYM3HAYEHHs CYTHOCTI IHOHATTA «(piHaHCOBMIT IOTEHIIia Cy0 eKTiB
rOCIIOflapIOBaHHA».

CdopmoBaHO CYKyIHICTh HiHAHCOBUX MOKA3HMKIB [/ OLIHKM PiBHA (BiHAHCOBOTO MOTEHIiany 3a
JIOTIOMOT0I0 METOJy alIPiOPHOTO PaHXXYBaHH:A Ha 0asi pe3ynbTaTiB aHayi3y JIiTepaTypHUX JKepel.
O6paHi ¢iHaHCOBI TOKa3HMKM 3TPYIIOBAHO 3a CKIaOBUMM (piHAHCOBOTO IOTEHIIiaTy, PO3PaXOBaHO
iHTerpasbHi MOKAa3HMKM 3a KOXHOK rpymo. Cy0’ekT rocrmomapioBaHHsA B cdepi Ho6YyBHOI
IIPOMMCIOBOCTI YKpaiH! 06’ €HAHO y KJIACTEPY 33 PO3PAXOBAHMMI TAKCOHOMIYHMMY TOKa3HUKAMU
Ta BM3HAYEHO PiBeHb (DiHAHCOBOTO MOTEHIIaMy /I KO>KHOTO K/IacTepa.

http://dx.doi.org/10.21511/dm.17(4).2019.03 3 ’l



Development Management, Volume 17, Issue 4, 2019

Po3pobeHnit MeTOAVYHMII MifXi[ KO AiarHOCTMKM pPiBHS (piHAHCOBOrO IIOTEHIjiany Cy6’€KTiB TOCIOJAPIOBAHHSA 3 BUKOPUCTAHHIM
MAaTeMaTUKO-CTATUCTUYHUX METOJiB HO3BO/MMB BUABUTHU TEHJIEHINI PO3SBUTKY (piHAHCOBOTO MOTEHIaNy, M0 CHpUATIME (OPMYBaHHIO
3aXO0JiB O[O MiJBUIIEHHA JI0T0O piBHA.

KarouoBi c/10Ba (inaHCcOBUIT MOTeHIias, Cy6’eKTH TOCIIofapoBaHHs, cdepa JoOYBHOI IPOMMCIOBOCTI YKpaiHu,
iHTerpaIbHUIT TIOKA3HUK, (piHaHCOBA CIIPOMOXKHICTD
Knacudikauia JEL L72,N5, G17

BCTYN

OpHi€ro 3 HalBaXXTMBIIIMX YMOB BiZTHOB/IEHH s HAl[iOHATbHOI eKOHOMIK, sIKa IIepeOyBa€ y CTaHi HecTabi/IbHOCT,
€ po3pobka eeKTMBHMX 3aXOAIB Ji/Is MiABUILEeHH 1i (GiHAHCOBOTO IOTEHI[iaNny Ta MOJOAHHS AMUCIPOIOPILiL.
Ile, y cBOW uepry, mepenbadae OLiHKY Ta MOHITOPMHI CTaHy COIia/IbHO-eKOHOMIYHMX HpoleciB B cdepax
HalliOHa/IbHOI €KOHOMIKJ, 30KpeMa y TaKiil CTpaTeriyHo Ba)kK/IMBiii, AK JOOYBHA IPOMMUC/IOBICTb.

[ns 6inpiioi yacTMHYU Cy6O'€KTiB TOCIIOZApPIOBaHHS B HOOYBHIM IPOMUCIOBOCTI XapaKTepHUMU TeHJeHLisIMU
€: cmabka MO3MIlisA Ha PUHKY, BUKOPMCTaHHS 3acCTapiiMX TEXHOJIOTiil BMPOOHMITBA Ta TEXHIYHOTO CKJIAfY,
HepallioHa/IbHe BUKOPUCTaHHAM HasIBHUX BUPOOHMYMX IIOTYXKHOCTE, HeCTiikuii piHaHcoBmit ctaH. [lepeBakHa
YJaCTVHA Mi/JIIPUEMCTB B JOOYBHIl IPOMMCIIOBOCTI Ta po3p0o6/IeHHi Kap'epiB € 30MTKOBMMM, HepeHTabeIbHUMY,
1110 00YMOB/TIOE HEOOXiJHICTD IX piHAHCOBOTO O3OPOBIICHHS.

Pe3ynpraTy KOMIIEKCHOTO aHaji3y CTaHy Ta TeHJAEHIiI BOOYBHOI IPOMUCIOBOCTI YKpaiHM CBif4aTh Ipo
icHyBaHHS TaKMX OCHOBHUX IIpo0seM y w1iit cdepi sk cynepedHocTi Mixk GOpMyBaHHAM KiHIIEBOTO IOMIUTY i
MOYX/TMBOCTSIMU JIOTO IOKPUTTSI 32 paXyHOK BiTUM3HTHOT 0 BUPOOHMIITBA; HajMipHaIibepanisaliss BHy TPillIHbOTO
PUHKY; HEBMKOPUCTaHMIT HAyKOBO-TE€XHIYHMIT Ta BUPOOHMYMII moTeHIjan. SIK pesynbraT 36i/1bIIyeThCs
cob6iBapTicTh MPOAYKIii, 110 B CBOI Yepry YCKJIQJHIOE INpOLeC MiABUIEHHS KOHKYPEHTOCHPOMOXHOCTI
npopyKuii ta moripurye ¢iHaHCOBMII CTaH CYO€KTiB rOCIOZApPIOBAaHHS; 3HVOKYE IHHOBALiIHY aKTMBHICTb;
CIpUYMHSAE HAA3BUYANHO BUCOKMIT KoedillieHT 3HOCY oCHOBHUX (OHAIB y cdepi foOyBaHHSA, KMl Mae
TEeHJIEeHIiI0 [0 30inpmenHa Tomo [1].

3 ornAfy Ha BUILe3asHaueHe N/IA CyO'€KTiB rocrmofapiBaHHA AOOYBHOI IPOMUCTIOBOCTI IPIOPUTETHUMU €
¢diHaHCYBaHHSA IXHBOI AiSANBHOCTI Ta PO3BUTKY, IMOLIYK ONTUMANbHUX POpM 3abesledeHHs KaIiTaJlbHUX Ta
HOTOYHVX BUTPAT, 1[0 00YMOBJ/II0€ HEOOXiIHICTh Ki/IbKICHOTO OLIiHIOBaHH S PeanbHMX (GiHAHCOBMX MOXX/TMBOCTEN
HiATpMEMCTBA Ta OOIPYHTOBAHOI MOXK/IVBOCTI 3a/y4eHH: (PiHAaHCOBMX pecypciB, TOOTO BMHMKA€E moTpeba y
BUKOPVCTAHHI IIeBHOI CCTeMM iHAMKATOPIB, sfika 6 MoIIa BifoOpakaTy HasABHUIT QpiHAHCOBMUII CTaH Cy0’€KTiB
rOCIIOJAPIOBAHH A, MiCTUTK iHPOpMalifo Ipo GpiHAHCOBI pe3epByU Ta MOXK/IMBOCTI PO3BUTKY, @ TAKOXK pearyBaru
Ha BUHVKHEHH KPU3OBUX CUTYalill y piHaHCOBI cdepi, BYACHO BUABIIATYU 3aTpo3y OaHKPYTCTBa. [liarHocTuka
(iHaHCOBOTO MOTEHIIiay B CUCTEMi COLIiaTbHO-eKOHOMIYHOTO PO3BUTKY € aKTyaJbHUM IUTAHHAM, OCKilbKM
napamMeTpy (piHAaHCOBOTO IOTeHIlia/ly BU3HAYaIOTb MOXKJIMBOCTI Ta iHTEHCMBHICTb NOJAJIBIIOTO PO3BUTKY
BUPOOHNYOI, TEXHOJIOTIYHOI, TeXHIUHOI, COIlia/IbHOI Ta IHINX cdep CyO’eKTiB TOCIOLAPIOBAHHS.

[Ins po3spo6neHHs METORMYHOTO MiAXOAY A0 OLIHKM (PiHAHCOBOTO IOTEHIliany Cy0€KTiB roCIofaploBaHHsI
HeOOXi/JHO CMCTeMaTU3yBaTy TEeOpeTMYHi MiAXOAM ILIOff0 BU3HAYEHHS CYTHOCTI IOHATH «IIOTEHIIias»,
«(piHaHCOBUII IOTEHI[ia/l CYO'EKTIB TOCIIOZAPIOBAHHSI» Ta YiTKO BU3HAYUTY MeXi KOXKHOTO i3 MTOHATH, CKIa0Bi
Ta JIOTiYHY TOOYZOBY.

1. NITEPATYPHUW Ornaa

Y HayKoBill niTepaTypi BiiCyTHIN €IMHMIT NigXif 0 BM3HAYeHHA CYTHOCTi EKOHOMIYHOI KaTeropii «IoTeHIiam
[2], mmpoke cMmCIOBe HaBaHTa>KeHHS BU3HAYEHHs 3MICTy sIKOi A€ MOXXJIMBICTb A {1 BUKOPUCTaHHS B
pisHuX cdepax Hayky (IOTEHIial COLiaIbBHOTO PO3BUTKY, iHPOpManiiiHNUIl, KaJpOBUIL, IPUPOTHO-PECYPCHMIL,
eKOHOMIUHMII Ta iHIIe). Y BiTYM3HAHIN JIiTepaTypi TepMiH «IOTeHIian» y MMPOKOMY pO3yMiHHi HaifqacTime
B)XXVMBA€ETDHCA AK MOXKJIMBICTD, CYyKYITHICTD yCiX HasABHNUX 3ac06iB, 3a11aciB, IKepert, AKi MOXXYTb Oy TV BUKOPUCTaHi
IS TOCATHEHH IIEBHOI METH, 3MiMICHEHHA II/IaHY, pilleHHA 6y,ub-;u<o'1' 3amaui [3].
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HJocmifKeHHAM eKOHOMIYHOI CYTHOCTI KaTeropii «IoTeH1ian» 3aiiMasich AK 3apyOixHi, Tak i BITUM3HAHI BUeHi,
Taki sik: babau [4], boituenko [5], Boponkosa [23], [onuap ta ankina [7], HparyH [6], 3s6nmmuubka [25], Kpusmin
ta Jlemarikina [11], Jlyrosa [14], Mamonos [16], Orenko [18] Ta iHmmi, B po60Tax SIKMX JJOCTATHBO [IeTaIbHO
PO3ITIAHYTO 6a3y BUSHAYEHHs CYTHOCTI IOHATTS, pobeMn jtoro ¢popMyBaHHs Ta po3BUTKY. KoHLlenTyanbHi
OCHOBM OLIHKM €KOHOMIYHOrO IIOTEHIia/ly Ha periOHajJibHOMY PiBHI 3aKJIaZeHO B JOCHIJPKEHHAX TaKUX
HayKoBILiB sik: Kusum, [Innunenko, 3inuenxo [12], Tumenko ta JaBuckuba [21].

Pesynbrary aHaisy HayKoBOI TiTepaTypu 3 MUTAHb OL[iHKY piBHA (piHAHCOBOTO IOTEHI[ia/Ty CBiYaTh IIPO Te, IO
CbOTOfIHI HE iICHYE €AVHOIO KOMIIJIEKCHOTO IiIXOAY /O JIOTO BU3HAYEHH, 1[0 3yMOBJIEHO PiSHUMM IOIIALAMU
BYEHVX I[OfIO MepPeTiKy Ta CK/Iafy MOKa3HMUKIB, AKi HeOOXiZIHO BUKOPUCTOBYBATH SK iHAMKATOpY PiHAHCOBOTO
HoTeHIiany. Y 6inbocTi BUMAAKiB Ije IPU3BOANUTD O TOTO, 1110 IPOIleC OLiHIOBaHH (PiHAHCOBOTO MOTEHIiamy
3BOJVTBCA [0 OLIHKM IIOKa3HMKiB (piHAHCOBOrO CTaHy MiAIIPMEMCTBA, TOOTO JIMINE OKPEMMX CKIAJOBUX
(iHaHCOBOrO MOTEHIIiay.

2. META AOC/NIIAXKEHHA

MeTo0 JaHOTO OCTIKEeHHS € POPMYBaHHS METOLUYHOTO MiAXOAY LIOA0 OLiHKY (PiHAHCOBOTO MOTEHIjiany
Cy0’eKTiB rocrnogapoBaHHs B cdepi f0OYBHOI HPOMUCIOBOCTI.

JlocAiTHEHHA TTOCTaB/IeHOI MeT! TOTpebye BUPILIeHH A TaKNUX 3d60aHb:

o chopmyBaTu nepemik (piHAHCOBMX INOKA3HMKIB JIsl OLiHKM PiBHA (iHAHCOBOTO IOTeHIiany CyOeKTiB
rOCIofaploBaHHs;

o 3rpymyBaru obpaHi piHaHCOBI MOKA3HMKM 3a CK/Ia/OBUMY (iHAHCOBOTO IOTEHIIiay;

e posmopinutu migmpmeMcrBa YKpaiHM B JOOYBHIiNl IPOMMCIOBOCTI Ha TPymM 3a PO3PaXOBAHUMMU
iHTerpa/TPHMMM IOKA3HMKAMM Ta BUSHAYUTY PiBeHb (PiHAHCOBOTO MOTEHIIiaTy Y KOXKHIl TPpyIi.

3. METOAM AOCAIAMKEHHA

Jns mocsArHeHHs mocTaB/leHOI B poOOTI MeTM BUKOPMCTaHO 3arajJibHOHAyKOBi Ta CIeljialbHi MeTomu
JOCTiI>KeHH A: KOHTEHT-aHali3, MOPOIOTiYHNIT aHATI3 — /1A YTOUHEHH A IOHATITHO-KaTeropia/IbHOro alapary;
METOJ] aHa/Ii3y Ta CUHTe3y — J/IA JOCTi[KEeHHs CTaHy (GiHAHCOBOTO IOTEHIiany CyO'€KTiB rOCIOapIOBaHHS;
rpadpiuHMil — A/A  yHAOYHEHHs eMIIPUYHMX AAHUX 1 CXeMAaTMYHOTO IMOJaHHS OCHOBHUX TEOPETUYHUX Ta
IPAaKTUYHMX ITOTIO>KeHb; TAKCOHOMIYHMIT aHali3 — JI/I BUSHAYEHHS iHTeTpaIbHOI OLIHKM CTaHY (iHAaHCOBOTO
HOTeHI[iay CyO'€KTiB rOCIIOfAPIOBaHHI; K/IACTEPHMIT aHai3 — [/ Knacugikaliii cy6’eKTiB rocrofapoBaHHs B
cdepi obyBHOI mpoMMcIOBOCTI YKpainy 3a piBHeM (iHaHCOBOTO IOTEHIialy; aOCTPaKTHO-TOTYHNIT METOJ, —
U1 TEOPETUYHUX y3arajJbHeHb i pOpMY/TIOBaHHSA BYCHOBKIB HOCTi/I>)KeHH .

4. PE3Y/IbTATH

Cr1if BU3HAUNTU TPU OCHOBHI IiIXOAY [0 BU3HAYEeHHA CYTHOCTI IIOHATTA «IoTeHLiam». Tak aBTopn [5, 10, 18] B
paMKax pecypcHOro HifIXo[y MiJi HOTEeHIiaJIoM PO3yMiIOTh CYKYIIHICTb pecypciB, fxkepen ix ¢piHaHCYyBaHHS, 110
3abe3neuyIoTh QYHKIIIOHYBaHHS 00 €KTY Ta BUKOPUCTAHHA AKIX JO3BOJISI€ BUSHAYUTY MOXK/IMBICTD JOCATHEHHA
3HAYHOTO pe3y/IbTary, 0asylouyucb Ha MeTOflaX KiJbKiCHOI OLIiHKM, BU3Ha4aloThb (iHaHCOBI pesymbpraTu i
BUABJIEHHS IPUXOBAHMX MOX/IMBOCTEI, TOOTO HaABHMX pe3epBiB, Ta iX 3alydeHHA B YMOBaX HpPaKTUYHOI
IisITBHOCTI.

Ipyra rpyna aBTOpiB AOTpUMYIOTbCA [6, 8, 19, 24] dyHKLioOHaNMBHOTO (CTPYKTYpPHOro) IifiXomy Ta mif
HOTEHI1a/IoM BOA4aloTh CYKYIIHICTb MOXX/IMBOCTEN AJIsL JOCATHEHHS Lii/i, TOOTO BPaXOBYIOTbCS He pPecypcHe
3abe3nedyeHHs /1A JOCATHEHHA METH, a CUCTeMY (aKTOpiB, 110 3abe3nedye JOCATHEHH:A IIOCTaBIEHOI METH, TaK
SIK TIOTEHIIia/l MOXKe iCHYBaTU B II€BHill CUCTEM] BiTHOCKH.
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[IpencraBuuku (20, 21] pesynbTaTMBHOrO (LiIbOBOTO) MifXOAY PO3IIANAIOTb IOTEHIiaA, fAK 3ATHICTH
€KOHOMIYHOI CUCTEMU IOCATATU ITOCTaBeHI Ii/i.

Buxopsum 3 Buie 3a3HAYEHOTO [/ BM3HAYEHHs CYTHOCTI NMOHATTA «(piHAHCOBOTO IOTEHIIiany Cy0’eKTiB
rOCIOJaPIOBAHHA» IIPOIIOHYETHCA BUKOPUCTOBYBATY CMHTETUYHMI IiIXif, AKNII IOENHYE BUKIIALEH] TiIXOM.

Jlesiki aBTOpM OTOTOXXHIOIOTH (DiHAHCOBUII MMOTeHIIian 3 GpiHaHCOBMMU pecypcaMu mifnpuemcrsa (17, 22, 23],
ajie He 3Ba)KaI04Yy Ha CXOXKMIT 3MICT IIOHATH He MO>KHA IIOPiBHIOBATM [JaHHI MOHATTS, TaK sIK (iHAHCOBI pecypcu
MO>KHA PO3IJIAJIATH K CKIaJl0BY (PiHAHCOBOTO MOTEHIialTy, [0 CKIAJA€THCA 3 IPOLIOBYX JOXO/IB i HAKOIMYEHb.

TakuMm umHOM, mif ¢iHAHCOBMM IOTeHIiaJloM Cy0€KTa TOCIIOAPIOBAaHHS BapTO PO3YMITM CYKYIHICTb
MOX/IMBOCTEN MiAIPMEMCTBA, AKi BU3HAYAIOTHCSA HASABHICTIO Ta BUKOPUCTAHHAM (iHAHCOBUX pecypcis,
3[aTHMX IPMHOCUTY JOXiJ y meBHMII nepiof. HaToMicTh OKpeMi aBTOPY OTOTOKHIOIOTD 1i€ IIOHATTA 3 IOTOYHMM
(diHaHCOBO-MaifHOBMM CTAaHOM IIJANPUEMCTBA [23], IO HOBOMi CYTTEBO 3BY)XYE HOHATTA «piHAHCOBMIT
noreHniam». IIpoBefeHe MOCHiI>KeHHsS [OBOAMUTD, WO (iHAHCOBUII IOTeHIian 3abe3ledye MOXKIUBICTD
TpaHcpopMalii pecypcHOro, BUpOOHNYOr0, iIHHOBAIL[iTHOTO, iIHBECTUIIiIIHOT0, MApKETMHTOBOTO, OpraHi3aliiiHo-
yTIpaB/IiHCPKOTO IIOTeHIiamiB y (iHAHCOBI pe3y/nbTaTy HifANMBHOCTI Ta BUKOPMCTOBYETbCA A JJOCATHEHHSA
CTpaTeriYHMX i TAKTUYHKX Lji/Iell NifIpUeEMCTBA.

B pesynbrari ananisy mifxopiB aBTOpiB 0 OL[iHKY piBHA (piHAHCOBOTO IOTEHI]ia/Ty BUSIB/IEHO, 110 iCHYE AeKi/lbKa
Hi/IXOAiB [0 J10r0 BU3HAYEHHS, 1[0 0OYMOB/IEHO Pi3sHMMM HOI/IJAMM aBTOPIB Ta Pi3HMMMU Li/ISIMU JOCTIKEHb
I[OZI0 BM3HAYEHHs iHAMKATOpiB, Ki BapTO BUMKOPMCTOBYBATM SIK CK/IA/iOBi BM3HAUYeHHsS PiBHsA (iHaHCOBOTO
noreHuianay. TakuM YMHOM, IIpolieC OLiHIOBaHHA (PiHAHCOBOTO IOTEHIiaTy 3BOAUTHCA [0 OL[iHKV IIOKa3HUKIB
(iHaHCOBOTO CTaHy MiAIPUEMCTBA, TOOTO /IMIIe OKPEMUX CKIAZOBMUX (PiHAHCOBOTO MOTeHIiany. BigcyTHicTh
€/IMHOI KOMIIEKCHOI METOJIMKMY IJOI0 BY3HAYeHHs piBHsA (iHAHCOBOTO NOTEHIIiaNy MiIPUEMCTB 06YMOBIIIOE
HeoOXifHicTb i po3pobku.

OuinroBaHH:A (piHAHCOBOTO MOTEHIIiaNy Cy6'€KTa TOCIIOAPIOBAHHA € CKTaHUM 6araropakTOpHUM 3aBaHHAM,
TOMY Ji/I aHaJ1i3y JMHAMIKM PO3SBUTKY IiJIIPUMEMCTB [JOLIi/IbHO BUKOPUCTAT! METOJ] TAKCOHOMI1, AKMII Ia€ 3MOTY
OIEpyBaTy BEIMKUM CIIEKTPOM IOKa3HMKIB i JO3BOMUTD 3aCTOCYBAaTH KOMIUIEKCHMI MifXifl IIpy IIPOBENEHH]
JOCTi/KEeHb, CIIPSAMOBAHNX Ha OJlep>KaHHS y3araJbHeHol Ol[iHKM (iHaHCOBOTO IOTEHIIaTYy.

Koxxuuit ingekc cdopMoBaHOI crcTeMM IOKAa3HMKIB OLIIHIOE TIEBHUII e7leMeHT piHaHCOBOTO OTeHIiamy cy0’eKTa
TOCIIOJAPIOBAaHHA, @ 3 METOI AKICHOTO aHajIi3y HasABHOIO IOTEHIIialy HeoOXiJlHO BpaxyBaTy BCi IIOKa3HUKM-
IHAVKATOpU OJHOYACHO, TOMY JJiA IOAA/AbLUIOrO aHajli3y BUKOPMCTAaHO METOJ, PO3PAXYHKY TaKCOHOMIYHMX
IIOKAa3HMKIB JIA TOOYAOBM iHTErpaTbHUX MOKa3HMKIB.

3 MeTO0 JOCATHEHHSA 3aBJJaHb JOCIIJKEHHS PO3PAaXOBAHO TAKCOHOMIWHMII NOKAa3HMK, IO BM3HAYAE piBeHb
PO3BUTKY (piHAHCOBOTO MOTEHIIiany Cy0 €KTiB TOCIIOaPIOBAHHSL.

[Tepuum etamoM moOyZOBM iHTerpajbHOTO NMOKa3HMKA CTAJI0 BU3HAYEHHS iHAMKATOPiB Ta MOKA3HUKIB I
oliHKM (iHAHCOBOTO NMOTEHIiaTy MiAIPUEMCTB. [JpyruM eTalioM € po3paxyHOK TAKCOHOMIYHOTO ITOKa3HNUKA B
cdepi 1oOYBHOI TPOMUCIOBOCTI YKpaiHy, AAKMIT 6a3yeTbCs HA pe3y/IbTaTaX BU3HAYEHHS ITOTEHIiany cyO'eKkTiB
rOCIofapOBaHHs, Ta JI0T0 IepeBipKa Ha HOpMa/bHiCTh. HacTynmHMM eTamioM € po3NOopAin MiANpUEMCTB Ha TPy
3a piBHeM (iHaHCOBOTO IIOTEHIIia/Ty 3a JOIIOMOTO0 KJIACTEPHOTO aHAJIi3y.

[Ins BU3HA4YeHHs IIOKAa3HNKIB Ta IHAMKATOPiB piBHA (iHAHCOBOTO MOTEeHIIiany HiANPUEMCTB [OOYBHOI
IPOMUCIOBOCT] YKpalHU y3araTbHEHO IIOI/IA/IM aBTOPIB, IO € eKCIIepTaMy B AaHiil cdepi, 3a JOIIOMOT 010 METORY
anpiopHoro pawxysaHHA [9, 13, 17]. 3a paXyHOK aHaIi3y JliTepaTypHUX JKepell BUABICHO iCHYI0Ui TOKa3HUKM
Ta IHAVKATOPU OLIHKM (iHAHCOBOTO IOTEHIIiany, 3 AKUX Oy1M BMOKpeM/IEHHI Hailbi/bIl BaroMi 3a yMKOIO
eKcIlepTiB B maHii cdepi. BaromicTh moxasHmkis 6y1a BU3HaYeHa 3a paXyHOK OIIiHKVI CTYIIEHIO Y3TOJKEHOCT]
JIYMOK BYEHMX, TOOTO OTpUMaHO KoedilieHT KoHKopaalil 3i 3HadyeHHAM 0.39, 110 € CTaTUCTUYHO 3HAYUMUM.
Bpaxysasmu cnenugpiky ¢piHaHCOBOI AisNIBHOCTI MiAIIPUEMCTB, OTPMMAHO IepesliK IOKAa3HMKIB Ta po3JieHo
iX Ha IeBHi TPy 3 MeTOK OLiHKY (iHAHCOBOTO MOTEHIIiany MiAIPUEMCTB B cdepi J0OYBHOI IPOMUCTOBOCTI
Ykpaiuu (Tabauus 1).
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IaHi IOKasHMKM, IO OTPMMAaHi B pe3y/bTaTi alpiOpHOrO paH)XyBaHH:, I03BONAITH IIPOAHANi3yBaTU Ta
OLIiHNTY piBeHb (PiHAHCOBOTO MOTEHIIiaMy MiJIPUEMCTBA, IO CBIAYUTH PO IX ONTUMATbHICTD /IS BUPILIeHHS
IIOCTaBJIEHUX 3aBJJaHb JOCTi/I>)KeHH .

TaGauns 1. Pe3ysibraTil anpiopHOro paH»KyBaHHS IOKa3HUKIB (iHAHCOBOTO IMMOTEHITiATY
MiITPUEMCTB

[kepeno: Y3aranbHeHo Ta fonoBHeHo [15, 24].

CknapoBa ¢piHaHCOBOrO

noTeHuiany YMoOBHe No3HaYeHHsa | Moka3HukM piHaHCOBOro noTteHuiany

i X1 | koediLliEHT 3HOCY OCHOBHUX 3acobiB
X2 KoewilieHT OHOBIEHHS OCHOBHMX 3acobiB

[Moka3HMKM OLiHKWM MaHOBOrO CTaHy : L
(X3 | KoewiuieHT 3HOCY HemaTepianbHUX akTUBIB
X4 KoeqiLieHT OHOBIEHHSI HeMaTepianbHUX aKTUBIB
X5 KoedilieHT WBNAKOI NMiKBIQHOCTI

. . EX ki ilieHT 3aranbHOI NiKBIQHOCTI
[Moka3Huku iHaHCOBOI : 6 : OecpillieHT 38 ?, o 0 noc ,,,,,,,,,,,,,,,,
He3anexHocTi : : - .
e3anexHoc i XT | KoeiuieHT (PiHaHCOBOTO PUSUKY

X8 - KoediLieHT LOBroCTPOKOBOI 3a60ProBaHoCTi
X9 - 0BopoTHiCTb AeBiTOPCHKOT 3a60pProBaHOCTI

O6opoTHICTb KanitTany X10 060pOTHICTb KpeaMToOpPChKOi 3a6oproBaHoCTi
X1 - 0BopoTHicTb 3anacis
1 X12 | peHTabenbHICTb akTMBIB
EX13 peHTabenbHiCTb BliacHOro Kanitany

Moka3Hukn peHTabenbHOCTI ‘ s
i X14 | peHTabenbHicTL peanisauii
:X15 peHTabenbHiCTb 3aranbHOro 4oxoay

Po3paxyHOK iHTerpaJpHUX IIOKAa3HMKIB OIIiHKM MailHOBOTO CTaHy, (iHAHCOBOI He3a/leXHOCTi, CTaHY
000pOTHOCTI KamiTany, peHTabe/lbHOCTI Ta CYKYITHOTO iHTerpasbHOrO IIOKa3HMKA CTAaHOBUTDH APYTUI eTal
106y 0BY iIHTeTrparbHOTO MTOKasHMKa. ba3olo /11 064MCcIeHH s TOKa3HMKIB piHAaHCOBOTO MOTEHI[iany CyO'eKTiB
rOCHOfjapIoBaHHA € faHi ¢iHaHcoBoi 3BiTHOCTI mipgmpuemcts cdepu fOOYBHOI IMPOMUCTOBOCTI YKpaiHu 3a
nepiop 2014-2018 pp. Ha ocHoBi pganux ¢iHaHCOBOI 3BITHOCTI pO3paxoBaHi IIOKA3HMKY, L0 BU3HAYAIOTDH
piBeHb (DiHAHCOBOTO MOTEHIliany HMiAIPUEMCTB, OTPUMaHi 3Ha4eHHs Oy CTaHJAPTMU30BaHI JIs MOJANbLIOL
00po6ku (Tabnmuis 2) Ta 064MCIeHHs iHTerpaabHOro nokasHuka (Tabmmis 3) 3a KOXKHOM Ipy1o (GiHaHCOBOTO
HOTeHIia/Ty MiAIIPUEMCTB Ha 6asi SKOro OTpMMaHO 3HaYeHHS CYKYITHOTO iHTeTPaJbHOTO TOKAa3HIKA.

CraHpapTu3alis JaHUX IpoBeieHa 3a GOpPMYIIO0 1 I OTPYMaHHA OTHOPIIHNX 3HAUEHD:

X.—X.

:—”S L j=1.4, 1)

J

Zjj

ie X; - cepefHE apupMeTNyHE 3HAYEHHA j-TOTO IOKA3HUKa, S, —CepeiHbOKBapaTUYHe BiXU/ICHHA j-TOTO
TMOKa3HUKA, Z, ~ CTAH/IAPTU30BAHE 3HAYCHHSA j-TOTO OKA3HMKA [/IA i-TOTO 00’eKTy.
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Taoauna 2. ITokasHukH OIiHKY (PIHAHCOBOTO IIOTEHIAJY CYO'EKTIB rOCIOAaPIOBAHHS
ycy

[xepeno: Po3paxoBaHO aBTOPOM Ha OCHOBi CTaTUCTUYHUX MaTepianis.

MoKa3HUKU OLiHKKN

Moka3Hukm biHaHcoBOi |  OGOPOTHICTbL

Mepioa MalHOBOrO CTaHy He3aneXHocTi : Kanitany

MokasHukm
peHTabenbHOCTI

X1

X2

X3 | X4 . X5 ¢ X6 : X7 | X8 : X9 : X10 : X1

P X12

X13

. X14

. X15

001
7001

0

001

007
000
. 0.00 :
000
001

Joss
:.010
:.0.09
¢ 0.07 ¢
ot

015
008
000
009
¢ 0.00

TpAT «HoBoceniBcbkuii ripHnyosbaradysasibHNi KOMGIHAT»

048 0 148 192 116 116 139 = 158 235
0612 007 095 157 897 126 082 064 094
067 0 077 139 -89 131 022 009 z 011
081 : 0 : 0.87 : 135 721 1141 ¢ 030 ¢ 047 0202
083 0 081 ¢ 14 f—601 i146 : 0.05 : 0.03 @ 0.03:
I'IAT «I'Ipommcnoso BVIpO6HVNe I'Il,qnpmeMCTBo «KpMBGaCBMnynpOM» )
022.”2 002 : 254 ¢ 455 ¢ 016 @ 0 : 560 : 407 268
012 134 199 529 012 0 703 473 203
018 = 0 298 907 008 0 495 494 21472
0.24 : 0.06 : 164 794 i o0mM ¢ 0 ¢ 325 @ 562 @097
032 : 0 103 .f 433 - 022 0 349 295 1129 ¢

o AT «MapraHeubKvwl rlpvao 36araquaanmm K0M6|HaT» )
0.01 f7002.; 024 : 043 : 109 021 074 435 073

002 0 050 067 @ 146 014 099 =@ 094 134:§

002 . 001 065 089 130 033 068  0.90 §119
002 027 009 034 422 037 076 150 087

004 001 075 111 167 035 320 225 255

HAT I'IAT «HHLl,eBCI:KI/II/I rpaHITHVII/I Kap ep».

058 027 063 093 231 059 267 085 134

042 050 052 = 079 § 521 075 168 053  0.90
007 646 046 064 11699 098 155 062 101

S -012 000 053 074 ;—908 127 045 = 029 069

017 000 050 072 . -6.60 152 049 = 024 . 0.66
o I'IAT «raVIBOpOHCbKVIVI cneukap’ep»

050 .

050

050

050

0.50 :

—— ) I'IpAT «F3d> «KpaCHOJ'lyubKa» e
048 000 149 = 192 i.-116 116 140 0 1.8 235
061 007 095 ' 157 897 126 083 & 065 : 095

068 000 077 140 891 132 023 009 012
081 000 087 135 722 141 030 017 021
084 000 082 140 -6.01 147 005  0.02  0.03

1424 1689 005 0 560 2843 109
1146 1336 007 . 0 496 3603 080
1607 2036 003 0 787  89.91 0.70
614 805 007 0 2418 16315 0.67
449 58 012 0 2517 8935 072

P

0.26
015.2.
010.2.
008.2.

01
:.0.00 ;.
:.0.00 ;.
f—0:3 L
030 ;.

- —041
02
0.2
01
01

012
0.29
015

ot
018

01
B
Lo :
. —0.04
. -0.08

“orse
0252
. 0106

0063

005
029 ..
0.16 .

0.1
-0.26
0.01
145
-0.25
. -1.06

185
- 1.04

0.25

.06
. 0.06

| 0157 -004,
. -0.08

010 |

001
096
0.80 =

0.37

012
031
015
013 |
021

080

)8 —0.03
:-0.02 :
0.003

—0.04

019

0.09

o

0.02
0.02

029

- —0.17
,_0 49
-0.42
058
-0.18

o
017
0.11
0.14

-0.03
0,02

0.00

013

0.07

0.25

~01.
01
02,

oM
0.09
007
0.05

05
000
000
-8
0.22

01
04
04

.05
-01.

Lo
0.29
oar,
015
0.21
0.
O .
o
-0
i-0.2

Inst  BusHaueHHst BekTopy-eTanoHy B (Zy,Z,..»Z,,) BUAIIEHO IOKaSHUKU-CTUMYIATOPY

nectumynsaropu (D).

(S) Ta

Bigcranp MiXK OKpeMuUMM TOYKaMU-ONMHUIIAMM Ta TOYKOW P mosHadaerbcsa Ak C, Ta pO3PaxOBYEThCs 3a

dbopmynorw:

12
_ _ 2
- z (xis Z s
i=1

mei=1,2,...,t

; @

Orpumani BificTaHi € BUXiIHUMU JaHUMU [i/11 PO3PaxyHKY PiBHS PO3BUTKY:

ne C,=C, +2S

36

(3)
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C_o:licb , (4)
n s=1
Z( ,~C) | ©)
s=1

ApnexBaTHICTD pe3y/nbTaTiB OLiHKM (iHAHCOBOTO IOTEHIiaNy HifANPUEMCTB B cdepi J0OYBHOI IPOMUCTIOBOCTI
CBIIYNTD PO KOPEKTHICTb OTPMMAHMX Pe€3y/NbTaTiB B IPOLECI allpiOpHOTO paHXXyBaHH:, OCKIJIbKM BOHU
JIO3BOJIV/INA TIpOaHaisyBaTy (DiHAHCOBY CIIPOMOXKHICTb CYO€KTiB TOCHOfapIOBaHHS, BU3HAYUTY CTaH Ta
HepPCIeKTUBY PO3BUTKY (iHAHCOBOTO IOTEHIIiaTy, XapaKTepuU3ye HAIPsMM 3MiH Cy0O’€KTiB TOCIIOfapIOBaHHS 32
PaxyHOK OTPMMAHOTO iHTeTrpaJIbHOTO IIOKa3HUKA.

Ta6auna 3. BusHaueHHs iHTErpaabHOr0 MOKA3HUKA /71 OI[iIHKY CTaHy (piHAHCOBOTO MOTEHIiaTy
MiIITPUEMCTB

[xepeno: Po3paxoBaHO aBTOPOM Ha OCHOBi CTaTUCTUYHUX MaTepianis.

: Cio
MepioA  Mokasuuku ouivkn MokasHWkM hiHaHCOBOI Moka3HuUKu
{  MaMHOBOrO CTaHy He3anexHocCTi peHTabenbHOCTI
Po ' X1 X2 X3 : X4 | X5 : X6 @ X7 @ X8 X9 X100 X11 ¢ X12 ©X13  X14 | X15
s : b: $s : b: s :8s 8§ 8 :8: § 8 :8: S 8 : 8§ 8
MpAT «HoBocerniBcbkuit ripHnyosbaradysansHuin kKoMmGiHaT»
..Po_ 013 037 -085. 013 0791200 172 -008: -047 -051 800 045 039 119 119
2014 118 138 5—0455 174 167 f—o 80 134 152 166 166 179 174 011 0.96
2015 —0.85 020 '

B 08 17 179 —0.09 019 —0.44 2050 048 021 022 045  -0.08 0.44  0.96
2016 013 -0.98
2017 079 037

2018 - 111 —0.98

: O6opoTHicTL Kanitany !

)7 -0.45 -0.71 —0.58 044.;—008:5 -0.61 ::..;—063.;—063:5 045 056 119 -0.24

9 —045 —037 -0.75 172 075  -047 -051 054 045  —-0.39 —0.22 -0.24

3 i-0.45 -0.57 i-0.53 -0. 05 f 117 ¢ —0 92 =0.73 :-0.71 : 045 :...2‘0-?1..2‘1-53.271.-43
e ~NAT «I'Ipommcnoso Bmpo6Hw4e I'Il,qnpmeMCTBo «KpMBGaCBMnynpOM»» -
.Po_ 085 147 085 108 124 200 152 000 006 115 800 _ 040
2014 -0.85:-0.94 ' 0.05:-0.45 0.66 -0.79 : 0.41 : 0.00 : 047 0. 39 147 —1 51
2015 -0.46: ~—O 71 —1 302 1.79 -0.0 06 ~—0 44 0. 33.2 0.00: 139 027 052 1 24
2016 ¢ 124 132 ~—1 07 : 0.00 : 0.06 047 ~—029.§ 040
2017 ¢ 3 ‘—052 080 ~—052.§ 0.00 : —1 03 115 -1.02: 002
2018 1. 32 ~—0 89 1.52 : 0.00 : -0.88 1. 50 —-067: -0.14 :
h o AT «MapraHeumem rlpHmuo-36araquan$Hmm K0M6|HaT» S
©110 : 200 :176 : 050 : 178 0.178 800 1.48 120 : 119 : 119

36 —0.74 —081 —067 -070 049 165 -0.84 037  -010 -0.41 -0.91

020 006 038 140 026 073 001 009 023 047 050

> 074 063 -050 050 -055 076 —020 009 023 047 050

9 129 109 176 090  -047 034 —065 129 156 154 120

110 132 022 070 . 178 018 1.68 148 120  1.02 112

_Po_
2o
L2015
2016
2017
2018

I'IAT «FIHLleBCbKMM rpaHITHI/IVI Kap €p»

Po 098 200 -053 132  -095 107 800 073
2014 162 155 036 -114 140 138 152 073
2015 —013 024 -0.31 —072 034 § 010 —007 110

2016 025-052 021 178—1 08 -115 178 —011 . 020 046 033 110
2017 074 —0.52 030 051 003 -0.22 -058 066  -099 -087 -0.83 073
2018 0.98 —0.20 048 —051 -044 -041 —053 132 -095 107 —094 073
e MAT cTaitsoponcwiut cneukapepy . B

Po 140 126 000 123 126 200 155 000 114 151 800 011 033 119 119

2014 —1.40 —0.63  0.50  0.00 : 0.75 - 0.66 ;-o 54 000 078 0. 98’% 172 074 ;-o 81 —0.79 111

2015 -0.53  0.63  0.50 0.00 019 008 006 000 084 —0.84 002 167 160 024 152

2016 035 000 050 000 111 124 —114 000 056 016 -056  -031  -043 —0.79 —0.23

L2017 123 126 050 000 -086 -0.80 006 000 104 151 -074  -074  -069 -0.28 -053

2018 :0.35:1.26 :0.50: 0.00 :-1.19 :{-1.17 : 1.55 : 0.00 : 114 015 —0.44 011 033 162 0.35
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Ta6auns 3 (MpoAOBKEHHA).

: i Cio

: Mepiog : i : i i , . :

Teplon ™ Towonur o Mowaaunn HaeosS  ogoporniors anirany  Motsm
Po @ X1 X2 : X3 : X4 : X5 : X6 . X7 : X8 : X9 EX10 ¢ X111 ¢ X12 X13  X14 ¢ X15 ¢
sbp : b:s :  bD:S8: 8 {8 8! 8§ : § 8§ 8§ : S - -

TpAT «I'3® «KpacHomy1bka

. Po_Po_ Po . Po  Po  Po . Po  Po . Po_  Po_ . Po LPo . Po_ Po_ Po

{2014 2014 2014 : 2014 2014 : 2014 S 2014 2014 2014 2014 : 2014 i 2014 2014 : 2014 :

S 2015 2015 2015 2015 | 2015 ¢ 2015 : 2015 : 2015 = 2015 . 2015 . 2015 : 2015 2015 2015 : 2015 |

© 2016 2016 - 2016 - 2016 : 2016 : 2016 : 2016 : 2016 = 2016 . 2016 : 2016 : 12016 2016 : 2016 : 2016

£ 2017 2017 | 2017 ¢ 2017 © 2017 © 2017 | 2017 = 2017 @ 2017 . 2017 . 2017 : 2017 02017 © 2017 2017 |

oo o 2ois 208 o s o s o o 2ois 2o 2o 20 aors

IlepeBipka po3snofiny iHTerpanbHOrO IMOKa3HMKA Ha HOPMAJIbHICTD € BaXK/IMBUM I OTPMMaHHA aJeKBaTHUX
pe3y/IbTaTiB pY IOAAbIIil KIacTepu3aiil cyo’eKTiB rOCIOfapIOBaHH, @ 32 PaXyHOK PO3PaxXyHKY BificTaHel
MiX eTaJIOHHVMM 3HaYeHHAM Ta IOKa3HMKaMU (3a GOPMYJIOK0 6) OTPUMMAHO 3HaUeHHA iHTeIPa/JIbHOTO ITOKAa3HMKA,
IIJ0 /03BO/IMJIO BUSHAYMTY CTaH QiHAHCOBOTO MOTeHIiany cy6’ekTiB rocniogapioBanus (Tabmuiys 4).

K=1-d, ©)

ne K - TakcOHOMi4HMiT TIOKa3HUK i-rO TOKasHMKa (GiHaHCOBOI JIOKa/MbHOI MificKCTeMN MOTeHIiamy cy6ekTin
TOCIIOAAPIOBAHHS, di — YMC/IO0 OTPUMAHMX YaCTUHHUX QYHKIIIIL.

Tabauuns 4. TaKCOHOMIYHUN IMOKAa3HUK (PiHAHCOBOTO ITOTEHITiaJly Cy0 €KTiB IOCIIOZapIOBAHHSA B
cepi 100yBHOI MPOMHUCTIOBOCTI

[xepeno: Po3paxoBaHO aBTOPOM Ha OCHOBi CTaTUCTUYHUX MaTepianis.

Ki S 2014 2015 . 2016 2017 2018
MpAT «HoBoceniBchKuit ripHuyosbaravysanbHuii - :
KomGiary T U T 081964z 0785293 0735415 0798983 0708929
MAT «Mpommucnoso-Bupo6Huue MignprmemcTso ; ‘ ‘
«KpwgBaceubyxnpowy T T 0799289 0788397 076838 | Q.r27rre - 0.714799
AT «MapraHeubkuit ripHu40-30arasyBantHuii 0734298 0.759033 0752314 = 0716912  0.799998
KOGy (S T S
MAT «SHueBCbkuit TpaHiTHIi Kap'ep» . 0826907 = 0751774 0753581 0722797 = 0.723217
MAT «[aiBOPOHCLKMIE CrieLKap'ep» . 0767253 0764548 0734209 0.715449 0.744552
MPAT «3® «KpacHonyLibka» . 0.822591 . 0.781803 0736023 . 0739597  0.708981

OTrprMaHi 3HaueHH 100 GiHAHCOBOTO MOTEHIIiany CyO'€KTiB rOCIOfapIOBaHHA HO3BOJIVIIN K/IaCTepU3yBaTH
nignpueMcTBa B cdepi H0OYyBHOI NMPOMMCIOBOCTI 3a piBHeM (iHaHCOBOrO MHOTeHIiany (3a DOIOMOTOH0
IpOrpaMHOro Mpoaykry Statistica 10). [Ins knacTepusanii cy0€KTiB rocriofapioBaHHs Ha TPYIU BUKOPUCTAHO
MeToJ, IOBHOTO 3B313KY (PucyHok 1).

3apesynbpraTaMy po3paxyHKY TAKCOHOMIYHOTO IIOKa3HMKa piHAHCOBOTO ITOTEHIIiamy Cy6 €KTiB rOCIIOjapIoBaHH A
3a 4yoTMpMa 3MiHHMMM (OLjiHKa MafHOBOTO CTaHy Ta (iHaHCOBOI He3a/le>XXHOCTi, 0OOPOTHICTD KamiTasy,
IOKa3HMKM peHTa0e/IbHOCTI) BUAI/IEHO KIacTepy BifANOBiHO [0 piBHIB piHaHCOBOrO MoOTeHIliany (BU3HaYeHO
3a KputepieM POMaHOBCKOTrO).

Ins xnactepa 1, skuit cdopmyBau Taki nignpuemcrsa, sk [IpAT «HoBoceniBcpknmit ripHnyo36aradyBanibHU
koM6iHaT», [IpAT «I'3D «KpacHonyubkar, [IAT «IuneBcokmit ['paniTauit Kap'ep» xapakTepH1MM € BUCOK T piBEHD
(dhiHaHCOBOI pe3yIbTaTUBHOCTI Ta peHTabenbHOCTI, edeKTMBHOCTI iHBeCTUIiiIHOI MOMITUKM, pallioOHa/JbHOTO
3aJIy4eHHs KOIITiB Ta BUKOPUCTAHHS BJIACHUX KOLITIB, icHyBaHHs (PiHAaHCOBUX pecypciB — [aHi MOKa3HUKMN
CBif4aTh PO 3HAYHO BUCOKUII piBeHb (PiHAHCOBOTO MOTEHI[iaNy PO3ITIAHYTUX CYO'EKTIB rOCIOAaPIOBaHH .
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@DopMyBaHHS MacHBY ITOKA3HUKIB, Ki OI[IHIOIOTH CTaH (piHAHCOBOTO MOTEHINIATY

L 2

Eram 1.
Buznauennsa
IIOKA3HUKIB IS

-

e e e e

Cd

VY3aranbHEHHS TyMOK €KCIIepTiB Ta 00poOka JaHMX (CTaHAApTH3alis, BH3HAYCHHS CYyMH
PAaHTIB Ta Pi3HUII MK CyMOIO PaHTIB 3a KOXKHHIM HIUKATOPOM 1 CEPETHBOI0 CYMOIO)

L7

OIIiHKH PiBHSA
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Cy0eKTM TOCIOfIapIOBaHHsA, L0 YTBOPWIM KIAacTep 2 XapaKTepU3yeTbCA CepefHIM piBHeM (iHaHCOBOTO
HOTEHIIiajTy, IO CBiJYNTD AK NPO IO3UTHBHI, TaK i HeraTuBHi TeHAeHLIl B (piHaHCOBIN AiANBHOCTI Cy6O’eKTiB
TOCHOJJapIOBaHHsA, L0 OOYMOB/IIOE HEOOXimHICTb 3MilJHEHHsA HO3MIiil B (iHAHCOBINl cdepi Ta yCyHeHHS
HeraTMBHUX acHeKTiB. Taka cuTyanis XxapakTepHa I TaKuX Cy0O’€KTiB rocropaproBaHHA B A0OYBHIii cdepi,
Ak ITAT «IIpomucnoBo-Bupo6HNde nignpuemcraa «Kpnpbacsubyxmpom»», IIAT «[ailBOpOHCHKUIL CHIEIIKAP €P.

AT «MapraHenbkuit ripHn40-36aradyBaabHIiI KOMOiHAT» YBIJIIIOB B TPETiil K/1acTep, A AKOTO XapaKTepHUM
€ HalHVDKYMI GiHAHCOBMIT IOTEHIIiaJI, 0 CIIpUYMHEeHe 30MTKOBICTIO Mi/JIIPMEMCTBA, HEITATOCIPOMOXKHICTIO,
KPM30BUM CTaHOM Ta MOXJ/IMBMM OaHKpPYTCTBOM. TOMy MiIpMEMCTBY HeOOXiZHO HiBelTOBAaTH iCHYIHOUi
«By3bKi Miclsa» B piHaHCOBIN cdepi Ta BUSHAYUTU CUIBbHI CTOPOHM, AKi JO3BOIATH HPOJOBXUTH Jis/IbHICTD
i ITPUEMCTBA.

BUCHOBKU TANMEPCNEKTUBU NOAA/IbLLUNX AOCNIAKEHD

Pesynbrary, 10 oTpuMaHi B X0Ofi JOCTiI>KeHH A, TO3BOIAITH 3pOONTY HACTYIIHI BUCHOBKIL:

1. OtpumaHi pe3y/IbTaTy 3a pAXYHOK METOJy AIIPiOPHOTO paH>KyBaHHA IpK (GOPMYBaHHI CHCTeMY TOKA3HUKIB
JUIS1 BU3HAYEeHH:A PiBHA (iHAHCOBOTO MOTEHIiany Cy6'€KTiB rOCIIOfaplOBaHHA HO3BOMMIN OOIPYHTYBAaTH iX
HepestiK y po3pisi TaKMX IPYII AK: OL[iHKa MallHOBOTO CTaHY, OLliHKa (piHAHCOBOI He3a/IeXKHOCTi, 000POTHICTD
KamiTany, piBeHb peHTabeNbHOCTI, 0 3a0e3NneYnTb KOMIUIEKCHICTb aHasidy (piHaHCOBOro MHOTeHIiamy
Cy0’eKTiB roCrofaploBaHHs.

2. 3amponoHOBaHMIT METORMYHUIT MifXif, O3BOIUB BU3HAUYUTYU piBeHb (DiHAHCOBOTO NMOTEHLiany CyOeKTiB
rOCIOJaPIOBAHHATA, HA OCHOBi OTPYMAaHUX Pe3Y/IbTATiB, PO3NOAUINTI HiIIPUEMCTBA 3a IPYIIAMY BiJITIOBiTHO
JI0 BJMICOKOTO, CEpEeIHbOTO, HM3bKOTO PiBHIB (PiHAHCOBOTO MOTEHIiaTy, L0 € HifIPYHTAM I IOJA/IBIINX
JIOCTi>KeHb B HANpsAMKY BU3HAUEHHsA Ta aHaJi3y KopensAuil MiX piBHeM (piHAHCOBOrO MOTEHIiany y
BUJIICHMX T'PyNax Ta CTyNeHeM e(eKTMBHOCTI IOCIOJApChKOI Jis/IPHOCTI I BU3HAYEHHS OIepaliii,
3aJIKHOCTeI, QYHKIII, [0 BIVIMBAIOTh Ha piBeHb (PiHAHCOBOTO MOTEHIliaNy Cy0 €KTiB TOCIOAPIOBAHHA Y
cdepi f0OYBHOI TPOMICIOBOCTI.
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Lidiya Guryanova (Ukraine), Natalia Chernova (Ukraine)

METALS FUTURES MARKET: A
COMPARATIVE ANALYSIS OF INVESTMENT
AND ARBITRAGE STRATEGIES

Abstract

The article deals with the application of optimal portfolio theory and pair trading theory on the met-
als futures market. Advantages of the futures market over the spot market include relatively small
initial price, low transaction costs, and high volatility. The main aim of the study is to explore the po-
tential of both strategies for effective trading. The following financial instruments were chosen as the
inputs of the models: futures on industrial metals (aluminum, copper, nickel, zing, lead, tin), futures
on precious metals (gold and silver). When building the optimal portfolio, it was decided to include
Dow Jones Index futures and S&P Index futures among metals. This is because these instruments are
extremely volatile and may play the role of a hedge in the portfolio. A drawdown indicator was used
to assess the effectiveness of each strategy. The results show that both strategies can be applied on the
real-life market. The final choice will depend on the level of risk taking by investors and the desired
value of return.

metals market, futures, risk, return, optimal portfolio, pairs trading,
model, ratio, correlation, stationarity
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JEL Classification €22, C58, Cé61
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PUHOK ®’lOYEPCIB HA META/IM:
MOPIBHA/IbHUI AHA/II3 CTPATETIVA
IHBECTYBAHHS TA APBITPAXKY

AHoTaUiA

Y cTaTTi pO3IIAHYTO 3aCTOCYBAHHSA ONTIMA/IbHOI Teopii mopTdes Ta Teopii MapHOro TpeiiANHTy Ha
puHKY ¢’'rouepcis Ha metanu. [TepeBaru ¢’104epCHOTO PUHKY II€pef; CIIOTOBYMM PUHKOM BKJIIOYAIOTh
Bi[HOCHO HEBE/MKY II0YaTKOBY LliHY, HU3bKi TPaH3aKIIi/iHi BUTPATH, BUCOKY BONATU/IbHICTh. OCHOBHA
MeTa [OCT/PKeHHA - BMBYUTU MOXKIMBOCTI 3aCTOCYBaHHA 000X CTpaTeriil A 3abesledeHH:
edexTBHOI TOpriBi. B sikoCTi BXOAIB /1 Moperneit Oy oOpaHi HacTymHi piHaHCOBI iHCTpyMeHTH:
¢d’rouepcu Ha MpoOMMCIOBi MeTany (aMOMiHii, Mifib, HiKe/b, LINHK, CBUHELb, 0JI0BO), ¢’ r04epcn Ha
moporouinHi Metamu (3071010 i cpibno). ITpu mo6yoBi ontuManbHOro noprderns 6yn1o BupileHO
BKIIOuNTH ¢’1o4epcn Ha iHpexc Dow Jones Ta ¢’rouepcnu Ha inpexc S&P nopax 3 ¢’rodepcamu Ha
MeTanu. Lle MOB’s13aHO 3 TUM, 11O 1Ii IHCTPYMEHTH Ha3BIYAIHO BOTATI/IbHI 1 MOXXYTbh BUKOHYBATI
poib xemKy B noprdeni. [l oriHKu eheKTMBHOCTI KOXKHOI cTparerii 6YB BUKOPUCTAHMIT IIOKa3HUK
npocaaky. OTpuMaHi pe3y/nbTaTu CBidaThb Ipo Te, 110 00MABI cTparerii MOXXyTb OyTH 3aCTOCOBaHI
Ha peajbHOMY puHKy. OcratouHumit Bubip Oyme sanmeXxaTu Bif piBHsA IPUIHATTSA iHBeCTOpaMu
PM3UKY Ta 6aXKaHOTO 3HAYEHHS NPUOYTKY.

PVMHOK MeTasiB, (’'104epcu, pUsnuK, NpudyToK, OINTUMATbHAI
opT¢eb, TapHNiT TPEVHT, MOJe/b, KOe]illieHT, KopeALis,
CTalliOHapHICTb

C22, C58, Co1

KaouoBi c/10Ba

Knacudikauia JEL
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INTRODUCTION

In modern financial world derivative products play significant role on a par with spot ones. The derivatives
market continues to be the largest single segment of the financial market. In recent years the global derivatives
market performed march better than the global equity and bond markets combined. Historically, derivatives have
shown strong growth. Derivatives today demonstrate rather high levels of liquidity and are broadly used not only
as hedge instruments but also as objects of investments and arbitrage. The advantages of derivatives include a
relatively small, initial investment price and relatively low transaction costs. Derivatives are traded in one of two
ways: either OTC or on regulated markets, i.e. on exchanges. Exchange-traded derivatives are fully standardized.
The highest amounts of metals derivatives are traded on the New York Mercantile Exchange, the London Metal
Exchange and the Shanghai Futures Exchange.

When evaluating a derivative for tradability, the most important indicators to watch for are rate of return, volume
and open interest, notional value (Hull, 2012; Nijman & de Roon and Veld, 1996).

Rate of return shows the amount of value an investor earns from an asset over a specific period. It is calculated
as follows:

Current price — Initial price

@

Rate of return =
Initial price

Volume is the total number of futures contracts traded in a market. Open interest is the total number of open long

and short positions in a market The higher the volume and open interest, the more liquid a contract is. Notional

value is the total underlying amount of a derivatives trade. The notional value of derivative contracts is much

higher than the market value due to leverage.

Derivatives markets are usually divided on sections depending on the such classes of underlying asset as equity,
fixed-income instrument, commodity, currency and credit event. This research is devoted to the metal futures
subsection of the commodity market.

Figure 1 shows the average daily notional values for derivative contracts by major markets [4]. It should be noted
that the highest values were demonstrated by the interest rates section (6100 bln of dollars). But it was not drawn
on the figure because of the scale. Metals section has demonstrated 76 bln amount. It is the third after agriculture
and FX sections. Its notional value accounts for approximately 92% of agriculture section and almost equal to the
FX section. So the liquidity of the metals section is comparably high for obtaining profit.

Metal futures are usually classified on precious and non-precious groups. Precious metals are rare and can be
used in currencies or for industrial needs. The most common precious metals markets are gold, silver, platinum
and palladium. Non-precious group usually include aluminum, copper, lead, nickel, tin and zinc.

Figure 2 shows the daily volumes for top six metals futures on CME (CME Group, n.d.). The significant part of
volume is generated by precious group (81.77%), the last 18.23% accounted for base metals.

Daily volumes for top six metal futures on LME are presented on Figure 3 (CME Group, n.d.). Here we can see
that the absolute leaders are from the non-precious group.

Both Figure 2 and Figure 3 testify about rather high level of liquidity of the metals futures market. If you classify
deals with derivative products by the goal, agreements that aim to hedge your risk should first be mentioned.
However, due to the general growth of the futures market, derivatives are increasingly being used not only for
direct risk insurance but also for investment and arbitrage strategies. Investment deals aim to profit from the
difference between the opening price and the closing price. Arbitrage operations, unlike the first ones, are market-
neutral, because their outcome does not depend on the overall direction of the markets. Both strategies today are
broadly used on the spot metals markets. So because of the strong relationships between the spot market and the
futures market we assume the existence of trading opportunities on the last one.
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Figure 1. Average daily notional value, October 2019 (in blns of dollars)
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Figure 2. Daily volume for top six metal futures on CME

To examine this hypothesis about metals futures market firstly we intend to apply the modern quantitative methods
and construct the model for choosing the optimal set of assets that should be included into the investing portfolio.
Secondly, we will test the possibilities of applying mean reverting strategy for the given set of futures pairs. Lastly,
the results obtained on the first and the second steps should be compared to make the final conclusion about the
efficiency of investment and arbitrage strategies.

1. LITERATURE REVIEW

Let’s consider both mentioned above strategies. Investment strategy - a strategy for allocating capital among dif-
ferent categories to gain profit (Mangram, 2013; Markowitz, 1952; Vollmer, 2015; Sharpe, 1964; Tobin, 1969). The
strategy should take into account the investor’s risk tolerance as well as future needs for capital. Risk tolerance is
the amount of risk that an investor is able to handle. The rate of return information can be used to help the inves-
tor decide upon the types of investments to engage in and the level of risk to take on. This strategy can be applied
on the basis of so cold portfolio theory - the theory of investment management, based on statistical methods for
optimizing the portfolio structure according to the selected criterion for the ratio of profitability and risk.
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Source: Developed by the authors based on the [2].

Figure 3. Daily volume for top six metal futures on LME

Markowitz (1952) was the first who formulate the portfolio theory core principals. He offered a mathematical model
for the formation of an optimal portfolio of securities, and also gives methods for constructing such portfolios
under certain conditions. Instead of focusing on the risk of each individual asset, Markowitz demonstrated that
a diversified portfolio is less volatile than the total sum of its individual parts. While each asset itself might be
quite volatile, the volatility of the entire portfolio can actually be quite low. The problem is solved by quadratic
optimization methods. The only problem here is that these methods are applicable only for comparatively low
dimensional tasks.

While Markowitz suggested to form optimal portfolio of stocks only, Tobin (1969) later proposed to include risk-
free assets (government bonds) in the initial set of securities. In fact, his approach is macroeconomic, since in this
case the main object of study is the distribution of total capital into two forms: cash and non-cash.

The main result of capital asset pricing model (CAPM) was the establishment of a ratio between profitability and
asset risk for market equilibrium. It was postulated that risk of any asset consists of two parts — non-systematic
and systematic. When choosing an optimal portfolio investor should take into account only systematic or non-
diversifiable risk (Sharpe, 1964).

Arbitrage strategy is based on making profit from the price difference between two or more interrelated assets
(Do & Faft, 2010; Elliott & van der Hoek and Malcolm, 2005; Fernholz & Maguire, 2007; Gatev, Goetzmann &
Rouwenhorst, 2006; Stiibinger & Bredthauer, 2017; Vidyamurthy, 2004; Goncii & Akyildirim, 2016; Chen, Cui,
Gao & Leilei, 2018; Krauss, 2017). The essence of all arbitrage strategies is to search for price imbalances between
a group of interconnected financial instruments, and to conduct simultaneous trading operations in the direction
of eliminating these imbalances. The arbitrage can be deterministic or statistical. Deterministic arbitrage implies
that a fundamental connection between the instruments exists. Statistical arbitrage relies on just a statistical rela-
tionship between instruments, based usually solely on historical observations and back testing.

The core steps of arbitrage strategy are the following:

+ identifying the set of instruments, which are suitable for arbitrage;
o detecting the entry-exit points for the strategy.
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These steps may be carried out by different algorithms. Gatev (2006) suggested the distance method for finding
arbitrage pairs. The distance here is calculated for normalized price series. Some authors suggest correlation
coefficient as distance measure.

Vidyamurthy (2004) suggested a co-integration approach. It is based on first estimates the linear relationship
between two series and then tests their spread for stationarity.

Specifying the entry-exit points for the strategy is usually based on calculating of spread variance. When the
spread deviates from the fair level (from the average), it is recommended to sell or buy the spread in the direction
of a fair statistical average.

2. AIMS

The main aim of this research is to analyze opportunities of applying investing and arbitrage trading strategies on
metals futures market. To achieve the aim, the following tasks will be solved:

« construct optimal Markowitz portfolio for a given set of futures;
o form suitable pairs of metals futures that allow to trade arbitrage strategy;
o compare the effectiveness of both mentioned types of trading strategies.

3. METHODS

The classical Markowitz (Markowitz, 1952; Vollmer, 2015) model takes into consideration the following basic
assumptions: investors are rational and seek to maximize the expected return; investors are risk averse so they
require a higher expected return to compensate for higher risk accepted; investors rely merely on expected returns
and variance to make investment decisions; investors cannot influence prices; risk is estimated as the standard
deviation of return.

Portfolio return is calculated as the weighted average sum of the returns of individual securities:
i
where w, - weight of the i-th instrument, r, - return of the i-th instrument.

Portfolio risk is calculated as following:

513 = z ‘/‘)12512 + z z Winé;gij s (3)

J#l

where 5i2 - risk of the i-th instrument, p;; - the correlation coefficient between the returns on instruments i and j.

In order to form a portfolio, it is necessary to solve the optimization problem that can be presented in the following
two forms.

Problem 1 - finding shares in a portfolio to achieve maximum efficiency at a given level of risk 5,12 orm

z w7, — max,
PACED VD RIATL IV T @
; i J#

ZWizl, w, 2 0.
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Problem 2 - finding shares in a portfolio to achieve minimum risk at a given level of portfolio return 7, :

Z wo? + Z Z ww,;5,0,p, — min, (5)
i i i
wa’? e Zwi =1, w, 2 0.

The model allows to obtain the so-cold efficient frontier - a set of portfolios that give us the highest return for the

lowest possible risk.

Pair trading algorithm includes the following steps (Elliott & van der Hoek and Malcolm, 2005; Gatev, Goetzmann
& Rouwenhorst, 2006; Krauss, 2017):

Step 1. Detecting pairs for trading.

In this study, the decision on pairs structure is made based on the analysis of the correlations matrix. We will take
into consideration those pairs for which the appropriate correlation coefficient accedes 0.9.

Step 2. Spread or ratio calculation.

Spread is calculated as a difference between two prices, and the ratio is obtained when you divide one price into
another. Here we will calculate the ratios.

Step 3. Determining the threshold values of the ratio.

After the ratio is calculated, it is necessary to determine the optimal value of the deviation at which it will be
bought or sold. In this case, if you choose too small values, it is possible to obtain a substantial drawdown of
capital and a small profit, and if too large, the number of transactions can be reduced significantly.

Step 4. Determining performance indicators for a strategy.

There are such popular indicators for assessing a strategy as net profit, profit factor, authentic profit factor, percent
profitable, average trade net profit, maximum drawdown. We will use the last one - maximum drawdown
indicator. It measures the drop from peak to bottom in the value of a portfolio (before a new peak is achieved)
and is calculated as follows:

o when the ratio is being bought:

co— I .
Drawdown = Open_price — Lowest value_before deal is_closed .

Open_price
o when the ratio is being sold:

Drawdown = Highest value before deal is closed — Open _price.

Open_price

Drawdown indicator will help us to compare the historical risk of different strategies.

4. RESULTS AND DISCUSSION

Let’s consider the models application for the following financial instruments: futures on industrial metals (aluminum,
copper, nickel, zinc, lead, tin) and futures on precious metals (gold and silver). When constructing the optimal
Markowitz portfolio, we will include Dow Jones Index futures (INDU index) and S&P Index futures (SPX Index)
among with metals. This is due to the fact that these instruments are extremely volatile and may play the role of
hedge in the portfolio. Input data are the daily series of close prices for time period 1997-2019 (CME Group, n.d.).
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Table 1 demonstrates pair correlation coefficients for researched assets.

Table 1. Correlation coefficients

Source: Developed by the authors based on the [2].

ialuminumicopperi nickel zinc lead tin Ilrr;lc?eli Iﬁgt)a(x silver gold

aluminum ¢ 100 i -t e e S N SRR NS NS
copper i 080 . . 1.00 e S SR S S S S N
nickel i 086 . . 072 . L S S NS W S S N,
zne 0.77 i 0.79 . .. 089 00 e e e T
lead 1 069 . 092 . 0.82 07T 00 Tt
tin .05 09 . 047 - 063 1 080 o 100 T
INDU Index = 020 . 045 006 . 061 = 058 = 088 100 - T
SPXIndex . 014 . 03 . 001 ~ 058 082 . 052 099 . 100 - .
silver 054 . o8 . 047 ~ O51 ~ O78 0% 03 028 100 . -
gold © 042 | 084 | 035 = 058 . 084 . 093 : 061 . 054 : 091 : 1.00

According to the Table 1 there are not strong relationships between index futures and metals futures. From the
other hand, interrelations between non-precious metals are rather high - the majority of the coefficients accede
0.75.

Figure 4 shows the relations between average levels of risk and return for all assets. It can be seen that there are
approximately three asset groups. Aluminum, gold, SPX index and INDU index form the first group with the
lowest levels of risk. Nickel is the second asset with the highest return and it has the highest risk. It forms the
second group. The others may be positioned into the third group with middle level of risk and rather high return.

So, the initial set of derivatives are from different asset classes (precious metals, non-precious metals and equity
indexes), their time series have demonstrated different levels of risk and return and low correlations between
classes. That is why there are fundamental and statistical grounding to include them into initial portfolio.

The resulting ten portfolios are presented in the Table 2. Figure 5 shows the efficient frontier for obtained set of
portfolios.

® nickel
copper ® silver
= . ® |lead
= @ zZinc
°
® tin
® aluminum SPX Index gold
o@
INDU Index
0 0,002 0,004 0,006 0,008 0,01
return

Source: Developed by the authors based on the [2].

Figure 4. Average risk and return
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Table 2. Portfolio members, risk and return

Source: Developed by the authors.

Instrument Portfolio

. P4 ¢+ P2 ¢ P3 : P4 : P5 : P6 : P7T : P8 : P9 : P10
aluminum . 0.0864 : 0.0213 : 0.0000 : 0.0000 @ 0.0000 : 0.0000 @ 0.0000 : 0.0000 : 0.0000 : 0.0000
nickel 0.0000 = 0.0000 - 00000 00283 = 00583 = 00864 . 01127 = 01344 = 01560  0.0000
lead 0.0000 = 00168 = 00892 = 01655 = 02073 = 02466 & 0.2808 = 03022 = 03235  0.0000
tn 00242 = 00410 = 00328 00081 = 00000 = 0.0000 . 0.0000 = 00000 = 00000  0.0000
INDU Index 04864 . 05055 = 04090 = 02724 = 04725 = 00720 . 0.0000 . 0.0000 = 00000  0.0000
SPX Index 00104 = 0.0000 - 00000 = 00000 = 00000 = 0.0000 . 0.000 = 0.0000 = 00000  0.0000
siiver 0.0000 = 0.0000 . 00000 00000 = 00536 = 04123 . 01976 = 0.3501 = 05026  1.0000
god 03925 = 04155 = 04690 05257 = 05082 = 04826 & 0.4089 = 02133 = 0.0178  0.0000
sk 00311 00313 = 00323 00355 00400 = 0.0453 . 00511 = 00579 = 00658  0.0860
return . 0.0056 = 0.0060 00063 = 0.0067 = 00070 = 0.0073 00077 = 0.0080 = 0.0084 . 0.0087

For P1 portfolio risk equals 0.0311 and return is 0.0056. Its core participants are INDU Index (48.64%) and gold
(39.25%). The remaining 12.11% are occupied by aluminum, tin and SPX Index. In two subsequent portfolios
with a higher risk level we can see the decline in the share of aluminum (from 8.64% to 0%) and SPX Index (from
1.04% to 0%). Simultaneously the lead has become the participant of the portfolio, the other assets have shown the
increase in its share. P4 portfolio is characterized by the highest share of gold (52.57%).

According to Figure 6, the total share of both gold and INDU Index futures accedes 55% for the first six portfolios.
It is falling rapidly beginning from the seventh portfolio, partially due to the absence of index futures in portfolios
P7-P10. Gold is present in all portfolios except P10. When its share decrease it is partly replaced by silver. The
share of nickel and lead grow with the increase in total portfolio risk.

Two assets haven’t appeared in any portfolio. They are copper and zinc.

There is a point on the efficient frontier that has the maximum value of the Sharpe ratio. Its coordinates are
(risk=0.0319; return=0.0063). The appropriate portfolio consists of lead (7.29%), tin (3.60%), INDU Index (43.37%)
and gold (45.73%). The maximum drawdown for this portfolio equals 34%.

0,009

0,0085 =
0,008 |

0,0075

0,007 |

return

0,0065
0,006 W
0,0055

0,005
0,03 0,04 0,05 0,06 0,07 0,08 0,09

risk

Source: Developed by the authors.

Figure 5. Efficient frontier
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Figure 6. Total share of gold and INDU Index

Let’s consider the results of constructing the optimal portfolio that consists of copper, zinc, INDU Index and SPX
Index. In this portfolio the core participants are copper and INDU Index. Their common share fluctuates from
67% to 100%. Zink and SPX Index are included only in two out of ten portfolios.

Figure 7 shows two eflicient frontiers for the last portfolio (“copper_zink”) and portfolio that consists of all assets
(“full”). “Copper_zink” line lies lower and to the left, so it’s risks are higher and its returns are less than the
appropriate values for “full” portfolio.

0,009
0,0085
0,008
0,0075
0,007
0,0065

return

—@— copper_zink
0,006
—0— full
0,0055
0,005

0,0045

0,004
0,03 0,04 0,05 0,06 0,07 0,08 0,09

risk

Source: Developed by the authors.

Figure 7. Efficient frontiers for two portfolio sets
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The maximum Sharp ratio among the “copper_zink” portfolios equals 0.13 (risk = 0.0413; return=0.0055). The
portfolio consists of copper (16.67%), INDU Index (82.15%) and SPX Index (1.18%). The maximum drawdown for
“copper_zink” portfolio equals 45%.

So, according to the values of sharp ratio and drawdown, the “full” portfolio should be chosen.
Let’s consider the results obtained for pair trading strategy.

According to the correlation matrix (see Table 1), the initial set of pairs was formed. It includes only pairs
for which correlation coefficient accedes or equals 0.9. All such pairs are listed in Table 3.

Table 3. List of pairs

Source: Developed by the authors.

Asset 1 Asset 2 Correlation coefficient
tin 0.93
|ead ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
s.|ver ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
tm ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, oo
tm ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o5
tm S s

The appropriate ratios are shown on the Figure 8. Analyzing ratios’ dynamics, it is possible to assume that those
ratios may be traded within mean reverting strategy.

Those ratios were tested on stationarity. The results of augmented Dickey-Fuller test are presented in the Table
4 and Table 5.

QO BN WS

; j'\(”» Mwwmk\a

o

-2
-3
-4
O~ uN M S OO~ M S OO~ N MmO SO~ N MM S O DM S O WU S O W
NN < TN O N0 0000 A NN S N WO N0 000 O A NN S ST N W
™ o ] AN NN NN NN NN
e tin/gold_n lead/copper_n === gold/silver_n
= tin/copper_n tin/silver_n tin/lead_n

Source: Developed by the authors.

Figure 8. Normalized ratios
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Table 4. Dickey-Fuller test critical values

Source: Developed by the authors.

Levels Critical values

o Vel ..73.:454812
S%level ...72.872203

10% level : —2.572525

Table 5. Ratios’ statistics
Source: Developed by the authors.
Asset 1 Asset 2 t-Statistic Probability

tin gold : ~2.953339 0.0408
lead copper -3.601765 0.0063
silver gold —2.326504 0.1644
tin copper —2.924349 : 0.0439
tin silver -3.968324 0.0019
tin lead —~4.026506 0.0015

» <«

So theinitial assumption about stationarity was confirmed for such ratios as “lead-copper”, “tin-silver” and “tin-gold”.
Let’s consider the results of applying mean reverting strategy for the chosen ratios. Figure 9 — Figure 11 present
graphs of normalized ratios and show the points where the deals were opened and closed. For each graph open
points are drawn as triangles, close points are shown as quadrangles. Points of different color correspond to
different strategies (when ratio is being bought or sold).

According to Figure 9 ratio “lead/copper” was sold and closed 11 times and was bought and closed 12 times. Total
number of successful deals equals 23. The maximum drawdown during analyzed period was 263% when selling
ratio and 289% for buying ratio. The maximum number of points between opening and closing deals was 19
(when ratio is being bought) and 37 (when ratio is being sold).

Figure 10 presents “tin/silver” ratio. The ratio was sold and closed 12 times and was bought and closed 10 times.
Total number of successful deals equals 24. The maximum drawdown during analyzed period was 184% when
selling ratio and 140% for buying ratio. The maximum number of points between opening and closing deals was
26 (buying ratio) and 12 (selling ratio).

2,5
1,5 _ — W
A
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4 A
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-2,5 ||
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A NN TN OO0 NN O AN NS OOMN0OOOO O d NN <& 10D W
o o o T O o B B B B O R I o A N B o VI oY N o VI o N I o N I o N B o
lead/copper n A os WM cs A ob M cb

Source: Developed by the authors.

Figure 9. Ratio trading results — lead and copper
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Figure 10. Ratio trading results — tin and silver
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Figure 11. Ratio trading results — tin and gold

Ratio “tin/silver” was sold and closed 7 times and was bought and closed 8 times. One buying deal was not closed
during analyzed period. Total number of successful deals equals 15. The maximum drawdown during analyzed
period was 396% when selling ratio and 97% for buying ratio. The maximum number of points between opening
and closing deals was 23 (when the ratio was being bought) and 38 (when the ratio was being sold).

So, the last ratio has the highest indicator of drawdown and the lowest number of deals. “Lead/copper” has the
second position among all ratios. The best one is “tin/silver” ratio with the most suitable drawdown levels.

CONCLUSION

We have analyzed opportunities of applying investing and arbitrage trading strategies on metals futures market.

The proposed investing strategy is based on Markowitz model that allows to find the efficient frontier for a given
set of assets. There were formed two strategies. For the first one named “full” all assets were initially used as input
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variables. But as a result, such instruments as copper and zinc futures were not included into the optimal portfolio.
That is why the second strategy was built which had taken into account those outliers (“copper_zink” strategy).
The second strategy has appeared riskier, because it’s efficient frontier lies lower and to the left of the “full” strategy
frontier. The drawdown indicators also have shown the priority of the first strategy. Nevertheless, both strategies
can be applied on the real-life market. The final choice will depend on the investors risk acceptance level and the
desired return value. The obtained two basic models may be enhanced by the inclusion of additional restrictions
on the shares of its members. Moreover, the models should take into consideration the opportunity of not only
long but also short positions.

» o«

Arbitrage strategy was tested on three core pairs of metal futures - “lead-copper”, “tin-silver” and “tin-gold”. The
pairs were chosen from those ones for which the coeflicient of pair correlation for the analyzed period acceded 0.9
and which ratio passed the test for stationarity. The appropriate strategy imply that the normalized ratio should
be sold when its value is more than 0.5 and should be bought when its value is less than -0.5. Both types of deals
should be closed when the ratio achieves the level between -0.3 and 0.3. Three mentioned ratios were ranged and
“tin/silver” pair was detected as the best one.

The research has proved that there are the benefits of applying both investing and arbitrage strategies on the metal
futures market.

The future researches should take in account the following core points: include short positions into the investing
strategy within Markovitz model; test not only LME futures but also derivatives traded on other world exchanges;
test the opportunities of calendar spread arbitrage; test both strategies for other timeframes and different time
series frequencies; consider transaction costs in both strategies.
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THE ROLE OF KAZAKHSTAN'’S OIL
POLICY IN FOREIGN POLICY

Abstract

Since gained its independence in 1991, energy management has become the most important factor
in the development of Kazakhstan’s economic and foreign policy. This is due to the presence of wide-
spread deposits of natural energy resources in the bowels of Kazakhstan. This forms the energy secu-
rity and essential basis for the economic independence of the Republic of Kazakhstan. The study, first
of all, looks at Kazakhstan’s foreign policy and the links between foreign policy and energy sources.
In particular, attention is paid to the role of oil in shaping Kazakhstan’s foreign policy as an active
participant in the highly competitive energy resources market. The energy potential of Kazakhstan,
the entry of Kazakh oil into the world market and the obstacles created by Russia for Kazakhstan in
this process are investigated next. Other problems in the region are analyzed, including border issues
with neighboring countries, as well as the impact of energy demand in China on Kazakhstan’s foreign
policy. In this regard, the main focus of the study is the analysis of Kazakhstan’s energy resources rich
in oil reserves, and the analysis of the multilateral energy policy of the Astana Government since
independence and has been gained since.

Keywords Kazakhstan, oil, foreign policy, energy, gas, Central Asian
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PO/Ib HA®TOBOI MOAITUKM
KA3AXCTAHY Y 30BHILLHIA NOITHL

AHoTaujiA

3 MOMEHTY IPOroJIOIIeHHA He3aleXHOCTi B 1991 poui, ynpasiiHHA fXKepelaMM eHeprii crano
HailOIbIl BaXXIMBUM (PaKTOPOM Yy po3poOii cTparerii eKOHOMIYHOTO PO3BUTKY i 30BHILIHBOI
nomituky Kasaxcrany. OsHadeHe OOYMOBIEHO HAsBHICTIO S3HAQYHMX POJOBHUII IIPUPOFHMX
eHepreTMYHMX pecypciB y Hagpax Kasaxcrany. Lle dopmye eHepreTmuHy OesneKky Ta CyTTEBY
OCHOBY eKOHOMiuHOi HesanexxHocti Pecny6mixm Kasaxcran. JoCmipkeHHS, B Ieplly depry,
posrisnae 30BHimHIL moniTuKy Kasaxcray i 3B’3KM MK 30BHIIIHBOIO ITOTITUKOIO 1 [PKepenaMu
eHeprii. 30kpema, pupieHo yBary pori Hadty B popMyBaHHI 30BHIlIHBOI HomiTHKY KasaxcTany
AK aKTUBHOIO y4YaCHMKA BUCOKOKOHKYPEHTHOTO PUHKY €HepreTMYHux pecypcis. Jlocmimkeno
eHepreTMYHMII HOTeHI[ia KazaxcraHy, BUXif Ka3aXCTaHCHbKOI Ha TV Ha CBITOBMIT PUHOK i TepeIKOfN,
crBoproBaHi Pociero g Kasaxcrany B nbomy nporeci. IIpoananisoBaHo iHmii mpo6reMu B perioHi,
B TOMY 4MC/li IPUKOPHOHHI IIpo61eMu 3 CycifiHiMu KpaiHaMi, a TAKOXX BIUIMB IIOIUTY Ha €Hepriio B
Knrai Ha 30BHimHIO momituky Kasaxcrany. Y 8B’s13Ky 3 LjIM, OCHOBHVIM HAIIPsIMKOM HOCITIIKEHHS
€ aHami3 eHepropecypci Kasaxcrany, 6araroro samacamMy HadTy, Ta aHaJli3 06araToCTOPOHHBOI
€HepreTUIHOI HOMITUKY YpsAKy ACTaHV 3 MOMEHTY 300y TTA He3a/IeXHOCTI IO TeNepillHill Jac.

Kasaxcran, HadTa, 30BHIIIHA NOTITUKA, €HEPreTHKa, Ias,
LentpanbHo-AsiaTcbKuit perion

F590, R35, 010, P40, Q41, Q48

KawouoBi cioBa

Knacudikauia JEL

INTRODUCTION

Kazakhstan is among the top ten countries in the world with an area of 2.724,900
square meters. The total length of the country’s borders is 12.187 km. 6.467 km with
the Russian Federation (the world’s longest land border), 2.300 km with Uzbekistan,
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1.460 km with the People’s Republic of China, 980 km with Kyrgyzstan, and 380 km with Turkmenistan. It also
has direct access to Azerbaijan and Iranvia the Caspian Sea (World Summit Awards, 2016). The country has enor-
mous natural resources. Kazakhstan has the largest proven oil reserves in the Caspian Sea region, the 2nd largest
endowment in Eurasia after Russia, and the 12 largest in the world.

Declaring its independence in 1991, Kazakhstan has entered a new era in the production and export of energy
resources. Energy resources were one of the most important factors in identifying Kazakhstan’s foreign policy.
Forces like Russia, China, the United States of America and the European Union, intending to take advantage of
the region’s energy resources, have been pursuing policies aimed at developing economic relations with Central
Asian states since the collapse of the Soviet Union. Russia, China, the United States of America and the European
Union have paid more attention to Kazakhstan that possesses vast territory and oil reserves in Central Asia, de-
spite being a new player on the international stage.

After gained its independence in 1991, Kazakhstan has faced many political, social and economic challenges with
the transition from communist rule to democracy, from central structure to market economy. At that period of
time, Kazakhstan has become a strong and stable state with its domestic and foreign policy strategies, especially
its energy policy within a short period of time. In parallel with economic developments, Kazakhstan has also been
gradually striving to get rid of Russia’s pressure. Besides, it has also strived to integrate rapidly with the world
economy by extracting hydrocarbons, diversifying pipelines in the region through various export routes, and
increasing electricity production.

1. LITERATURE REVIEW

In 2017, the Kashagan field became a significant producer of Kazakh natural gas. That year, the combined
Karachaganak, Kashagan, and Tengiz fields accounted for about 65% of Kazakhstan’s commercial natural gas
production (Energy Information Administration, n.d.).

Kazakh statehood is restored under very difficult condition. With the collapse of the USSR in 1991, the integrity
of the republic was in a perilous predicament. Let’s remember that some Russian politicians, including those from
the so-called «democratic» camp, have openly called for the separation of some provinces and even the oppres-
sion of the Kazakhs to the southern provinces (Solzhenitsyin, 1990). At the same time, Kazakhstan also inherited
territorial issues. Although Kazakhstan strived to resolve some of those issues, for example: the border problems
with China through negotiations held in 1992 and 1994, these discussions were only resolved with the contract
concluded with China on May 10, 2002. The problem could have been avoided by the conciliation of some propor-
tions of controversial lands (Ayagan, Abzhanov, Seliverstov & Bekenova, 2010, pp. 187).

Border problems with the Central Asian countries have been also regulated by the agreements concluded with
Kyrgyzstan on July 17, 1998 and with Turkmenistan on July 5, 2001. The arduous negotiations held with Uzbekistan
in 2000 were resolved through compromise (Ayagan, Abzhanov, Seliverstov & Bekenova, 2010, pp. 188-189).

The presence of the Soviet-era Semipalatinsk nuclear test site (closed on August 29, 1991 by the decree of the
President of Kazakhstan), 1.216 rocket units of nuclear warheads, and the Baikonur Cosmodrome in Kazakhstan
creates additional challenges (Kan, 2011, pp. 222). On December 13, 1993, Kazakhstan signed the Treaty on Non-
Proliferation of Nuclear Weapons. In July 1994, the agreement signed with the International Atomic Energy
Agency (IAEA), stated that Kazakhstan would use its nuclear resources only for peace in its territory. Kazakhstan,
withdrawing the nuclear weapons from its territory, instead has received security guarantees from the United
States of America, Great Britain, France, Russia and later China (Naumkin, 2003, pp. 50).

Before the events of September 11, 2001, Kazakhstan was one of the most important areas in Russia’s foreign policy.
Firstly, Kazakhstan has a 7.000-km border with Russia. Secondly, the fact that Kazakhstan is focusing on the region
would make Russia to be closer to other countries in the region. Thirdly, having the largest amount of the oil and
gas reserves around the Caspian Sea can make this country Russia’s main economic partner in the region. Fourthly,
the largest Russian community in the CIS countries (after Ukraine) lived in Kazakhstan (Naumkin, 2003, pp. 47).
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Russia’s this position is understandable. At the end of the 20th century, new threats have emerged on the global
stage that could pose a major threat to the security of the Central Asian states and endanger regional stability.
These were elements mainly formed in the context of US actions undertaken toward “Greater Central Asia”, re-
ligious extremism, illicit trafficking in drugs and psychotropic substances. Parallel to the rapidly growing non-
traditional threats in the region, new directions have been formed in the foreign policy priorities of Central Asian
countries.

Russia and Kazakhstan are the countries with the longest border line between the two states and the Central
Asian countries have only borders with Kazakhstan. The refusal of Kazakhstan from nuclear weapons, the lease
of “Baikonur” Cosmodrome by Russia, and the presence of the Russian community in Kazakhstan make the
political, economic and cultural relations between the two countries warmer. The “Treaty of Friendship and
Cooperation” signed between Russia and Kazakhstan on May 25, 1992 included the issues, such as establishment
of the general security policy, the creation of single economic zone, design of tax and customs policies, free move-
ment of goods, capital and people. On the one hand, the relations between Kazakhstan and Russia are established
within the framework of the Commonwealth of Independent States and on the other hand through bilateral ne-
gotiations (Hekimoglu, 2007, pp. 142-144).

2. AIMS

The aim of the study is to analyze current energy resources management strategy of Republic of Kazakhstan and
to highlight its perspectives in energy resources market.

3. METHODS

The main research method is the collection and analysis of statistical information, the analysis and synthesis.

To study the features and the current situation in the development of energy policy, it is necessary, first of all, to
collect information - statistical data. Under statistical data is understood the totality of quantitative characteris-
tics of socio-economic phenomena and processes obtained as a result of statistical observation, their processing
or corresponding calculations.

The task of collecting and summarizing statistical data predetermines its program and forms of organization.
Analysis and synthesis of statistical data is the final stage of statistical research, the ultimate goal of which is to
obtain theoretical conclusions and practical conclusions about the trends and patterns of the studied direction of
public policy.

Analysis is a method of scientific research of an object by considering its individual sides and its constituent parts.
Economic-statistical analysis is the development of a technique based on the widespread use of traditional statis-
tical and mathematical-statistical methods in order to control the adequate reflection of the studied phenomena
and processes.

The tasks of statistical analysis are: determination and assessment of the specifics and characteristics of the energy
policy of Kazakhstan, the study of the structure, relationships and patterns of development of the energy market.

Statistical analysis of the data is carried out inextricably linked with a theoretical, qualitative analysis of the na-
ture and characteristics of state policy in the energy market, the study of structure, relationships and dynamics.

4. CURRENT SITUATION REVIEW

The energy sources of Central Asia and the safety of these sources are of great importance to the European Union,
which has more than 70% external dependence related to energy resources, and dependence increases on a daily
basis. Recent events occurred in this area are reflected in the EU strategy. The insolvency of energy supplies to EU
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countries and EU’s other political problems with Russia during 2006 and 2009 years and after energy crisis with
Ukraine and Belarus made the EU to undertake additional measures in the diversification of energy supplies in
terms of the «energy country». Therefore, in terms of their positions and energy resources, Central Asian coun-
tries have great importance, as countries that can create alternative sources for oil and natural gas provided by
Russia to EU countries (Gokhan, 2010, pp. 32). Except the Partnership and Cooperation Agreement (PCA), there
are the “Contract on Steel products” signed between the EU and Kazakhstan in 1995 and the treaties, such as
Treaty on Nuclear Safety and Peaceful Use of Nuclear Energy. More than 40% of Kazakhstan’s foreign investment
comes from EU. More than 80% of EU foreign investments are made in the oil and gas sectors. The largest share
of these investments comes from England, Italy and the Netherlands (Erdogan, 2011, pp. 57).

China’s economic transformation that started in 1978 with the power of Deng Xiaoping and the multilateral
opening to the world in 2001 as a member of the World Trade Organization have increased energy demand.
Therefore, energy security has become one of China’s most important foreign policy parameters. This situation
has led China to build a close dialogue with the countries that are energy suppliers. Kazakhstan stands at the head
of these countries either in terms of its neighbors, or in terms of cooperation on various platforms, including the
Shanghai Cooperation Organization.

The energy resources of the Caspian Sea are one of the main interests of China in Central Asia. The economic
relationships expanding day by day with Kazakhstan and other countries of this region are one of the main com-
ponents of China’s foreign policy. In this regard, Chinese leaders have formulated a number of tasks related to
this factor. Firstly, China intends to conduct balanced mutually beneficial trade through generally accepted trad-
ing mechanisms. Secondly, the Chinese side intends to transfer barter trade to a regular trading framework with
improved reporting mechanism. Thirdly, China intends to take part in the construction of a new Silk Road by
creating a broad transport network in the entire Eurasia.

This interest to China’s growing economy will proportionally increase. The developing Chinese economy needs
energy resources very much. In case of more than 160 M tons of oil are extracted each year, 200 M tons of oil are
used. In this regard, Caspian Sea oil and gas plays as a potential source, as Chinese scientists believe that resources
from this region are shorter transit and safer than other alternative options. Among the Caspian littoral states,
China’s main focus is on Kazakhstan, due to its geopolitical position. In 1998, Kazakhstan and China signed an
agreement on field processing in the Western Kazakhstan. In respectively China is interested in construction of
pipeline from Kazakhstan.

The economic and social development of mankind depends on reliable, stable and adequate energy supply. It is
observed that in the dynamically developing regions where most of the world’s population is concentrated, en-
ergy demand is increasing day by day. In this context, the safe delivery of oil and gas via various export routes is a
global major challenge, in line with global energy demand. Different sources of energy resources and their trans-
mission routes are directly connected with the geopolitical and geo-economic interests of European countries,
as the European Union is the main importer. Up to date, 60% of the oil used by the European Union is imported
from abroad, of which 29% is imported from post-Soviet countries, especially Russia, Azerbaijan and Kazakhstan
(Petrov, 2005, pp. 100).

Over the past decade, the issue of energy safety has become more prominent in the foreign policy of many coun-
tries. Both energy producers and consumers strive to provide energy safety. Thus, energy producers strive to de-
liver their energy resources to the world markets through alternative ways, in its turn, energy-consuming coun-
tries strive to transmit them to their markets in alternative ways. As is seen, diversification of transport of energy
resources has become a major issue in the modern world.

The development dynamics and nature of military-political events took place in the Central Asia, as well as the
neighboring regions of South Asia and the Middle East have increased the importance and demand for a sustain-
able regional safety system in the current situation. US military operations undertaken against Afghanistan and
Iraq had also impacts on the events took place in other regions of the Eurasian continent.
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However, it should be noted that the Western developed countries in Central Asia, which are rich in energy re-
sources in the world, are not alone as countries with economic interests. Geographically situated in the heart of
Eurasia, brings the issue related to delivery of oil and gas output in this region to the forefront and aggravates the
relationships between the regional states and the enormous states having interest in the region. Thus, the coun-
tries through which the pipes cross will cause the transit states to manipulate in the region (Legvold, 2003, pp. 18).

Kazakhstan has no direct access to the open sea, having a favorable geographical position connecting Asia. The
Government of Kazakhstan has chosen the construction of high-capacity railways and highways, oil and gas
pipelines that can connect the country with world trade centers and seaports as one of the priority areas of its
investment policy.

In the first years of independence following the collapse of the Soviet Union in 1991, Kazakhstan, like other re-
publics, had a difficult time. Reforms between 1995 and 1997 included economic policy. In 1997, President Mr.
Nursultan Nazarbayev outlined the «Kazakhstan 2030» plan, stating that it was possible to provide economic
growth targets and a free market economy with solid foundations (Imankulov, 2005, pp. 10).

According to their interest in developing energy cooperation, the countries of the region can be divided into two
groups:

1) countries that export energy resources to the world - Azerbaijan, Kazakhstan and Turkmenistan;
2) countries that carry out transit of energy resources - Azerbaijan, Georgia.

The Foreign Policy Concept of the Republic of Kazakhstan has been developed in the Strategy Kazakhstan-2050
(The ministry of foreign affairs republic of Kazakhstan, n.d.). According to this Strategy the main tasks and pri-
orities of the Kazakhstan foreign policy are the following:

1) to support politically stable, economically sustainable and safe development of Central Asia;

2) tostrengthen the Customs Union and the Common Economic Space in order to build the Eurasian Economic
Union on its basis;

3) tocontinue the work leading to completion of the international legal formalization of the state borders, as well
as establishment of stable and amiable relations between the littoral states and defining of the legal status of
the Caspian Sea;

4) to ensure constructive contribution and participation to regional and global security, protection of national
interests in the process of development, establishment of optimal and mutually acceptable ways of coopera-
tion between regional and international organizations, promotion of Kazakhstan’s foreign policy initiatives
(The ministry of foreign affairs republic of Kazakhstan, n.d.).

4.1. Kazakhstan’s oil entry to the world market

Kazakhstan has been producing oil for more than 100 years. For this reason, hydrocarbon resources play an
important role for the development of Kazakhstan’s economy and budget revenues. About 80% of the country‘s
annual exports include hydrocarbon resources. At the same time, Kazakhstan’s being the second largest oil pro-
ducer in the former Soviet republics after Russia shows the place of energy in the country’s budget and the place
of the country in the world economy (Ismayilov & ve Budak, 2015, pp. 1). With only known 30 bln barrels (about
3.9 bln tons) of oil reserves, Kazakhstan owns about 1.8% of the world ‘s oil reserves (BP p.l.c., 2014).

According to the US Energy Information Administration; Kazakhstan takes the 9th place in the world for its 5.3
bln tons of oil reserves. Kazakhstan oil is mostly extracted from the western part of the country (The U.S. Energy
Information Administration’s, 2019). More than 90% of oil reserves are concentrated in the 15 largest oil fields
- Tengiz, Kashagan, Karachaganak, Uzen, Zhetybai, Zhanazhol, Kalamkas, Kenkiyak, Karazhanbas, Kumkol,
North Buzachi, Alibekmola, Central and Eastern Prorva, Kenbai, Korolevskoye. Oil fields can be found in six of
the fourteen provinces of Kazakhstan. They are the Aktobe, Atyrau, West Kazakhstan, Karaganda, Kyzylorda and
Mangystau provinces. About 70% of the hydrocarbon reserves are concentrated in western Kazakhstan.
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Kazakhstan, which is also rich in natural gas reserves, is ranked in the 12th place in the world in this field. There
are 5 important economic zones in Kazakhstan. In the north, iron, coal extraction, machinery and oil products
focus attention. In the east of the country, iron, metals are extracted and forest products, and machinery are pro-
duced. Western Kazakhstan is one of the largest oil fields not only in Kazakhstan, but also among the countries
of the Commonwealth of Independent States.

In 2018, 90.4 M tons of oil and gas were extracted in Kazakhstan, which is a record indication for the country (4.8%
more than in 2017). Although about 90 companies are involved in oil extraction in the country, more than half
of all oil extraction is attributed to “Tengizchevroil”, “NKOK” and “Karachaganak Petroleum Operating B. V.”
(KING, 2019).

According to the State Revenue Committee of the Ministry of Economy of the Republic of Kazakhstan,
Kazakhstan’s oil was delivered to 30 countries in 2018. As can be seen from the chart below, Italy is the leader in
this field. The Netherlands, France and other countries are behind it (KING, 2019).

80% of oil produced in Kazakhstan is exported via pipelines. The rest of the produced oil is stored for domestic
use. Kazakhstan had only one pipeline in the mid-1998. One branch line across the whole country transports
crude oil from Western Siberia to Central Kazakhstan’s and Chimkent’ s refinery, while the other branch line de-
livers oil from Atyrau located on the Caspian coast to the Orsk on the Russian border and from there to the Ural
and Samaria. In May 1998, former President of the Republic of Kazakhstan, Mr. Nursultan Nazarbayev stated that
the Atyrau-Orsk-Samara route would be the main route for the country’s oil export. During the first 5 months of
1997, 150.000 barrels of oil were flown from the pipeline per day (Aliev, 2003, pp. 195-196).

Currently, there are three main pipelines for export of Kazakh oil to world markets. CPC (Caspian Pipeline
Consortium) pipeline (1.510 km), the UAS (UzenAtyrauSamara) pipeline (1.500 km) and the Atasu Alashankou
(Kazakhstan-China) pipeline (2.228 km) (Ismayilov & ve Budak, 2015, pp. 5).

1) The Caspian Pipeline Consortium (CPC) connects the Tengiz oil field that owns large-scale reserves and lo-
cated on Atyrau province, with the port of Novorossiysk in Russia. More than 70% of the exported Kazakh
oil are transported via this main pipeline. The amount of oil exported via CPC was 61.1 M tones for 2018. This
indicator is 10, 8% (5.95 M tones) less comparing to the previous year (55.10 M tones). In 2018, oil was trans-
ported to this pipeline by Western Kazakhstan-Tengiz, Karachanak, Kashagan - 28.7 M tones, 10.3 M tones
and 13.2 M tons of oil appropriately.

6000

5000 -

4000

3000 -

2000 - m 2018

1000 1 ® 2019

Source: Compiled according to (Forbes.kz, 2019).

Figure 1. Top 10 oil exporting countries, M tones
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2) Uzen-Atyrau-Samara is a unique thermal oil pipeline stretching from Uzen to Atyrau Oil Refinery and then
joining the “Transneft” oil pipeline in the direction of Samara, Russia. The Oil Pipeline is heated with special
furnaces as the oil extracted from the Jetibay-Uzen oil source, is quickly thickened. The length of the Uzen
- Atyrau - Samara pipeline is 1.500 km. Of them, 1.200 km passes through the territory of Kazakhstan. The
pipeline passes through Mangystau, Atyrau and Western Kazakhstan and Samara province of Russia in 2018.
The volume of oil that flows through this pipeline included 14.8 M tons of oil.

3) The “Atasu-Alashankou” and “Kazakh-Chinese pipeline” are envisaged to supply oil extracted from Western
Kazakhstan, Aktyubinsk and Kumkols oil fields and deliver oil imported from Russia to China. The pipeline
starts from the “Atasu” reception point located on Karaganda province and extends to “Alashankou” point
located on the People’s Republic of China. In 2018, 11.4 M tons of oil were exported, including Russian oil
which was transited through the “Atasu-Alashankou” pipeline.

Finally, one of the pipelines passing through the territory of Kazakhstan is the line that transport Kazakh gas to
the Russian Federation. As is seen from the name of Karachanak-Orenburg line, it is located between these geo-
graphical locations.

In addition to the aforementioned pipelines, oil is also exported from Aktau port. Based on the information for
2018, about 2.0 M tones of Kazakh oil was delivered to the world markets by sea. At the same time, some parts of
Kazakhstan’s oil are also exported by railways (KING, 2019, pp. 21).

One of the main projects for the export of Kazakh oil abroad is the TRACECA program. In 1993, at the sugges-
tion of the European Union, the program planned to be a multimodal corridor between the EU - Central Asia and
China was initially included eight countries (Azerbaijan, Armenia, Georgia, Kyrgyzstan, Kazakhstan, Tajikistan,
Turkmenistan, and Uzbekistan). Later, Ukraine, Mongolia, Moldova, Turkey, Romania and Bulgaria also joined
the project. The main goal of the project was to create a new route to transport alternative oil and oil products to
the transportation lines across Kazakhstan outside the regions of Russia (TRACECA, n.d., Karataeva, 2016, The
International Trade Administration, n.d.).

The restoration of the “Great Silk Road” provides to use effectively the natural, economic and spiritual potential
opportunities that exist in the Eastern-Caucasus and the Western countries and thus, to bring industry, agri-
culture, construction, culture-household, literature and art to a new stage of development, and to strengthen
exchanges in the same fields with different states. During the period of modern scientific-technical development,
the economic, political and social significance of the “Great Silk Road”, located in the Central Europe and Asia,
and united over 34 states is undeniable.

Simultaneously, the “Great Silk Road” will play an important role in the development of beneficial and effective
co-operation between European, Asian and the Caucasian peoples and states, become resolving power in main-
taining peace and tranquility, and peaceful order in these regions, and will have international importance with its
great historical services within the TACIS-TRACECA program.

CONCLUSION

The Cold War ending after the collapse of the Soviet Union in 1991, international conflicts have turned into eco-
nomical ratter ideological. Thus, the main issue in this competition has become to be energy. Having the most
powerful resources after the Middle East, Central Asian countries have replaced into a crucial position in the
eyes of the great powers. Either the transportation and the production of energy resources have become an issue
of importance by means of regional and global competition. It is clear from study that regional countries shortly
after gaining their independence have faced the close environment policy of Russia; the settlement of the USA
into the region with a governing role in a unipolar world by the scope of a struggle against Islamic terror and the
intervention scope of Chine into energy rich countries of Central Asia as a result of its demand for energy resourc-
es. As it is states in the study, China, constrained by the great powers like Russia and neighboring countries in
Central Asia struggling against economical and political instability and terrorism such as Iran, Afghanistan and
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Pakistan have forcing conditions for Kazakhstan both politically and economically. Because of these resources,
the existence of pipeline projects aiming at fulfilling the huge energy demand of Chine is vitally important. For
Kazakhstan which is dependent on Russia both in international trade and outward transport.

As it is stated in the study, Kazakhstan’s having no geographical access to the open seas, the policy pursued by
Russian Empire and the USSR on the lands of Kazakhstan, and the existence of the «Baikonur» Cosmodrome and
nuclear weapons in the years when it was inside the Soviet Union, have made Kazakhstan pursue foreign policy
more carefully and delicately with Russia that is the nearest neighbor. The government of Kazakhstan striving
to balance domestic and foreign policies in the early years of its independence, after a while has formulated its
foreign policy more freely through domestic reforms. Kazakhstan pursuing a diversified policy, has striven to
maintain its relationships with Russia, the European Union countries and China and other states in the region,
and has prioritized economic relations.

Since declared its independence, Kazakhstan has become a strong and stable state with its domestic and foreign
policy strategies, especially its energy policy in a short period of time. In parallel with economic developments,
Kazakhstan has gradually weakened Russia’s pressure. Besides, it has also striven to integrate rapidly with the
world economy by extracting hydrocarbons, diversifying pipelines in the region through various export routes,
and increasing electricity production. Explaining his plans for «Kazakhstan 2030» in 1997 and «Strategy 2050» in
2014, the president Mr. Nursultan Nazarbayev stated that it would be possible to provide a free market economy
with a solid foundation for economic development of his targets.

In this study, we see that Kazakhstan, which in the early years, bringing its oil reserves to the world markets
by the only oil pipeline in the country is now trying to sell its natural resources freely thanks to energy proj-
ects signed with states in the world. Kazakhstan, opening to the world by CPC (Caspian Pipeline Consortium),
UAS (UzenAtyrauSamara) and AtasuAlashankou (Kazakhstan-China), intends to expand its sales market via the
TRACECA pipeline.

In this study, factors affecting foreign policy, especially the importance of energy policy, were emphasized in the
case of Kazakhstan’s energy management, which has taken an important place in the eyes of the great powers after
the Middle East and the Caucasus.

A prospective study will examine the mutual influence of factors that strengthen the position of Kazakhstan in
the global energy market. Of particular interest is the study of the introduction of the principles of free trade
not only in the energy sector, but also in other areas of foreign economic activity. This will allow forecasting the
strengthening of the economic position of Kazakhstan in the global economy.
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