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Lhnwgnunipjut phdwjh wpnhwwunyeyniup: UYLh pwu Gpbp tnwutwdjwy hpwlwuwg-
Jwd pwpbhnfunidfubpu wugnwwihu Gpypubph J6é dwunud, win pynd® <&-nud, sbu hwiugbgnb
hwdwpfuwphwjht wbluuninghwlwu qupgqugdwup hwdwhniuy munbunipywtu Ywnnigywdpwhu
hhduwpwp thnihnfunyenitutippt, dwpniwug Yuuwdwwpnwyh ubpwnwlywu vywuwlwh pw-
pbjwydwup: UYuhwyn £ nwpdb, np nunbuwlwu pwpgudwéndp sh Yupnn dnnbugnpgb) L
Jbpnwddb| dhwju gnjniejniu niubignn unpnwuwlwu wpunpwyghwih uygqpniuptbipny:

dbpoht® wybh pwu bpbp nwutwdjwyh pupwgpnd wunhdwuwpwp skwynpyb, huly ubplw-
jnd hwdpunhwunip punnuubnygjwt b wpdwuwgbi| imbnbuntejw nwuntduwuhpniiwu wjpunpw-
pwjht dninbgnudip’ pupnnipjwt inunbuwghwnnyejw inbuniginiup, pun nph’ «inunbunieniup bp-
pbip sh gunuynud hwywuwpwyonnipiwu yhdwynid, np inunbuwghwunnigjwu dbg nyjujwghunmwlwu
ybip|ndnieiniuutipp wuhpwdtionn Gu b np imbnbunie)niuu hug-np tpdwd ni dlwynpywd pw sk, wy
gquuynud £ slwynpdwt gnpdptpwgnud’ donwwbiu quipgugnn hwuwnwwnnieiniuubph, Yupgwynpnn
Ywnnigwlwnpgbph L wbuuninghwlwu unpwpwpnieniuutph hhdwu pw»': Uju inbuwuyyniupg,
pwpnniejwl nunbuwghwnginiup Ywpnn £ oqub]’ hwulwuwint waquihtu wunbunipyniutbiph
qupgqugnfu wjuwhuh swihnwdutiph dhongny, npnup YEunpnuwunid Gu gnpdnuubph wybh pu-
nwndwy onowtwyh Yypw: Uw hwnuwwbu Yuwpunp £ << Ywnwwpnipgjuu 2021-2026pR. dSpwag-
pny uwhdwuywsd phpwhuutiph funpuwwwwnytiphu. «dhouwdwdybn hwindwdnid inunbuwlwtu pup-
nnyRjwu gnigwuhop -0.39-hg hwugub) 0.1 dhwynph U unbindt) hpdpbp' 10 vwwpdw pupwgpnd
nwuybnt pwpdp wnumbuwwu pwpnnipntu niukignn Gpypubph 2wpphu»? <Gnluwpwp, funupp
ybipwptpnud | Jhusle ybpotipu hpwywuwgynn wnunbuwwt pwunwpwywunigjuu ytpwhdwumnw-
Ynpdwup unp' pwpnnigjwt wunbuwghwnnyeyut wwpwnhgdh [nyup Ubppn, hust 5 wwjdwtwyn-
pnd £ wyn ptwgwdwnnid hGnwgnungggniuubph Yuplnpnueiniup' pupn wibnbuwlwtu hwdw-
Ywpgbipp W npwug gnpdwnubint junnigwwpgbip nwunwduwuppbne nbuwulyniupg:

Sunbtivwghunwywu opowtwlwubpnid wybh wyuhwjn £ nwnunid, np pupnniegjut pdpnunwdu
wnwowpynd £ unp ghnwlwu hGup, npnid nunbuwlwu hwdwlwpgbpu puywydnd Gu npwbu
pwpn hwdwlwpgbp, npnug wnusnygjudp htwpwynp sk nwnnnnpyniuttp wub] wjwunwyw,
unpnwuwywu inunbuwghunwywu dnph ypw hhdudwés ybipinwdwlwu opowuwyubiph b dbpnnupu-
uniejnibutiph dhongny: Fuwpnnipjwu dbg Yphpwnynn hhduwywu dbennwpwuniyeniuubpp upw-
Uwlwih wwppbpynud Gu wjwunwywu nunbuwghwnniyywu dbe ogunwagnpdynnutiphg: “tpwup ub-
pwnnud Gu nyjwiughunmwlwu dnnbjuynpnud. daptitwjwlwt nwnigdw, wphbunwlwu pwtw-
Ywuntpejwu, wphtiunwlwu UG pnuwjht gwugbiph Yhpwnnd dbé wndjwutiph ypw, npnup Ywpnn Gu
thubi npnawyh Ywnnigwodpny Ywd wnwug Yunnigwdph: Ujuwhuny, wnblwfununipjuu ptidwih
wpnhwwunieyniup wwjdwuwynpywd £ wunpnanipjut wwydwuubpnd  inunbunipjut’ npuwtu
pwnpn hwdwlwpgh gnpéniubinieniup ufwpwgptiint hwdwp dJwpbdwnhlwlywu dnnGiubph W Jb-
pnnubph Jowydwu wuhpwdbonniejwdp: dbpnugjwip, huswybu twb <<-nwd bjwpwagpywd hhd-
Uwlutnpp ny pwywpwp nwnfuwuhpjwodnteiniup, Ywufunpnob) Gu hGunwgnunwlwu phidwih puwn-
pniEnLun, npw twywwwyp b fuunhpubipp, hblnwgnunigjuu  dbennupwunteniup b woluwwnwuph
Yuwnnigywdpp:

! Arthur, B. W. (2014) "Complexity Economics: A New Framework for Economic Thought," to appear in Complexity and the
Economy, W. B. Arthur, ed., Oxford Univ/ Press.
2 L Ywnwlwpnipywu 2021-2026 pr. dSpwahp (Cwybwd << Yunwywpnygjwu 2021 pwlwup ognuwnnup 18-h N
1363 - U npnydwit), ke 29-30:
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LEnwgnunipjut tywwnwlyp b juunhpubpp: <Gunwgnunnipjwu Lwywwnwyp nyjwjwghunni-
Rjwu gnpdhpwlwaquh hhdwu Yypw, pwpn nunbuwlwu hwdwywnpgbph ybpndniejwi b dnnbjw-
Yynpdwt dwptdwnhluwlwl wwwpwwnh qupqugnidu k:

Auwybpwytb b ndyb| Gu uwhdwuywsd tywwnwyny wywydwuwynpywsd hbinlyw| fuunhpubipp.

- Uppwnt; hwdwwpgwjunyegjwu U pwpnnipjwu ulygpniupubpp' nunbuwlwu hwdwywnpgp
npuitiu thnfulwwdws U thnfuljwfujwy gnpdwlwiubph wdpnnonienit nhnwpybint futinhp-
ubpp (nudtnL hwdwn.

- nwnwuwuppb] wunbuwlwu hwdwwpgp' npw pwpnnyeyut U nhuwdply hindhinfunyejw
hwdwwbpunnw . dowlb; J&s dwdwih wdjwubp b uygpuwuu nbnEywwnynyend’ Yu-
nnigpwynpbiny npw nGnbpdhuwuwmubpp L ubplujwgub] nhuwdhy hwdwlwpgqt hu-
inbigpywé inbupny.

- nwnwuwuppb| pwpn nunbuwywu hwdwywpgh wnwuduwhwwnynegniuubpp' npw gnp-
swlwubph thnfugnpdwlygnipjwu U thnfuwgnbgnipjwt nbuwulyniuhg.

- nwnwuwuhpb] wnwudhu Gpypubiph dhole dhoninpuwght nhuwdhy thnfugnpdwlygniejuu L
thnfuwgnbignipiwt wnwuduwhwwnynyeyniiubpp' uwwnuwhpubph W hwwuwwnuwhpub-
nh pwuwywlwu quwhwwnwlwuubph hpdwu Ypw.

- quwhwunb] pwpnnijwl tnunbuwghnnywt Yhpwndwt wprynibwybnnienitup inbnbiuw-
Ywtu gnpdwlwiutiph nhuwdhy Jwpph wnlw dnnbubph Jpw b deluwpwub) win dnnbiubpp’
pwpnnizjwu wnuwmbuwghwnnyjwu hhdwu Ypw.

- quwhwuwb] Gpyph nhuwdhy wpunwpht nunbuwywu gnpdnubinypjwt wiprynwwybunnie-
jniup b hpduwydnpbp npw ubpyuywgdwu huwpwynpneiniup' pwpnnyejwu tnunbuwgh-
wnRjwu dnnbh Yhpwndwdp.

- quwhwunb] nunbuwlwu weh nhuwdhlwu b wwywgnigb) npw ybpnonypjuu wpryniuwyb-
nniRnLup’ pwpnnyejwu inuinbuwghwuniejwu dnnbh ubplwjwgdwdp.

- pwpnniejwl wnbuwghwnnipjwt hwdwwnbipunnd nhunwpyb] nwgdwywu dwfuutiph dnnb-
jwynpdwtu dnintignidp:

Lhnwgnuinipjut wnwplwu b opjtYwp: <Gwnwgnunyejuu opilunp pwpn nunbuwlwu
hwdwlwngbipu Gu, npwug Yunnigwdpp b hwnwuhubipp: <Gwnwgnuinigjwt wnwplywu, wun-
nnantejwu b wuhwywuwpwyznnipjwt wwjdwuubpnud, pwpn inunbuwlwt hwdwwnpgbph dweb-
dwunhlywywu dnnbuwynpdwt dbpnnubpu GU* wyjwjwghwnnipywu gnpdhpwywquh Yhpwndwdp:

Uwnbuwfununypjut mbuwdtpnpupwiuwluu b nbnElwnjwuwlwu hhdpbpp: <Gunwgnunnip-
jwu wbuwlwu hhdpp pwpnniEjwU  wunbuwghwnniyjwu, pwpn wnunbuwlywu hwdwywnpgbph
inunbuwdwptdwwnhlyuwlwu dnnGwynpdwt puwqwywnh htnhtwlwynp ghunuwlwuubph woluw-
wnpyniubipu, huswbu utwb hGwnwgnunynn ptwgqwywnh hhduwfuunhpubpht wnusynn Yhpwnwywu
w2fuwwnwupubipp:

Lhnwgnunipyut dbpnnwpwuwywu hhdpp hwdwlwpqwihtu W gnpdwnniypwiht dnuinbignid-
ubpu Gu: Unwownpywd fuunhpubipp ndtiint hwdwp oguwgnpdyt| Gu hwdwlwpquihu gtpne-
Snipjwl dbpennutip, dwptdwwnhlwlwt dnnbjuwynpdwu dbennutp, wbntGluwwnynyejuu dawlydwu
yhwlwgpwwt dbpnnubtip: Gluybuwihu nhppnpnonudu wyu £, np Gwuwsnnnipjwu opjtlwp np-
wmwpyynid k npwbu pwpn qupgwgnn hwdwwng, npp gnpdnd £ wyp hwdwwpgbiph dhowygwipnid
U hnfuwgnnid npwug hbiwn:

Npwtu nbnGYwunynipjwu ubipyuwywgdwu hhduwlwu dnnbjubp ogwwagnpdyb| Gu hwywuw-
Ywu, diptuwjwlywu nwunigdwu, huswybiu bwl funpp nwunigdwu dnnbjutip: <wowpyubpt hpwyw-
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Uwgyti| tu Python, MS Excel dpwgpwjhtu gnpdhpubiph dhongny: Oquwgnpdyt tu wywowmnuwlwu
thwuwmwpenptip, << yhdwugpwyuwu Yndhnbh, Cwdwotuwphwihtu pwuyh, Unpdnyph dhowqquiht
hhduwnpwdh, UNCTAD-h hpwwwpwynwdubipp bW indjujutph pwquwibpp, <wpdwpnh Weh jwpnpw-
wnnphwjh Economic Complexity Index-h L. The Observatory of Economic Complexity dbennwpwtuntp-
jntuutipny unwgywé hwdwpeybinp:

Lhnwgnunipju hhfuwwu ghnwlwu wpnyniupubpp W unpnypp: Unyu hbGunwgnunnie-
jntup <<-nwd pwipnnjwu inunbuwghwnyejuiu hwdwwwnthwly nwunwduwuppnigjwt b wnyjwjw-
ghnnipjwt gnpdhpwlwgdny dnnbjuwynpdwtu wnweohtu thnpéu b <Gunwgnunyejudp unwgywd
wpryntupubinhg npwtiu unpnye Yuipnn £ nhnwnplyt) htulywp.

- Mthswpnunuh pwqdwynnd uywnwghunyeyniuutiph dpgwywgph dnnbp thnthnfudt) £ RLU-
ubph  hpwwwpwyndubpnd  wwpniwiwydnn - wdywiubph hpdwu  Jpw’ Yhpwnbing
Lwjwuwmwup b nwpwdwonowlwihtu fuwnwgnnubph nwqiwlwu dwuubph nhuwdhywu.

- Bowlydby £ wpdbpnebph ontuwynud ubpnpndwiht Jwppwagsh dnnbjwihtu dninbgnud® hwdh
wnubny hnwghnuw| ubpnpnnh b wuhwywuwpwYshn onlyuyh Bupwnpnienwiubpp’ tnunb-
uwlwu qupqugdwut ninnywd wugndwiht wuwnbunyeniuutph pwnwpwwunipjwu Uty
pwpnniejwlu  nunbuwghunnigjwu  ywwybpwgnwfutiph Yphpwndwt wdbh jwju hwdw-
inGipuinnid.

- wnwownpyyby b pwpnniejwu munbuwghwnnywu dnnbjwynpdwu dninbgnid® hhdugwd «4W»
hwiigwYwngh 2powuwyh b thnhnfuwwuubph wwwndwnwlwu Yuwwbph ninnnigniutitph
pdpnudwl ypw.

- wnwowpyyby £ << nunbuwwu pwpnnipjwt dwwpnuwyh pwpdpwgdwu hwibgwywng'
hhdujws Phptip Kwdheh pwgdwynnd ondwbinbpjuwu wéh dnnbih ypw, npp Gupwnpnud
pupwghly wbuuninghwlwu uwhdwuhg Gpypp hbnwynpnyeyuu ujwgbgnid’ «wlyniipwihu
Ynuytipgtiughuwyh» dhongny nbujh pwpn wpunwnpuwup nhytpupdhlugdwdp:
LEnwgnunipjuu mbuwlwu b Yhpwnwlwu vywuwlnipniup: <bnwgnunipjwl nbuw-

Ywu bpwuwynieniut wyu £, np tnunbuwlwu hwdwwngbph dnnGjwynpdwu hwdwp pwpnnigjwu
nunbuwghwinipjwi dnintignwfubipu nu uygpniupubipp huwpwynpnieinit Gu pudtinnd punjwjubint
dnnbjubph wnlw nwubpp' hhdudwsé pwpnnigjw nunbuwghwnuyejwu Ypw, husp Yupnn  nhundbg
npnawlyh ubipnpnd pwpn nunbuwlwu hwdwwpgbph dnnbudnpdwiu wnbunyejut npnpund:
Wuwhup dnunbignd pynd £ wyblh hbnwulwpuwiht' wnwug Yunnigdwsdph b Junnigdwépny
nyjwiutiph hpdwu Ypw ndjujwghnwlwt dnnbjuynpdwt dbennutiph Yhpwndwt nunbuwlwt
nhuwdhywih wnusnipjwdp:

UnbUwlununigjwt  ghpdUwywl  Upwlwynipntup,  pwpnnipjwl  wnunbuwghwunniejw
ulgpniuputiph ognwignpddwdp, dnnbjuwdnpdwt ubipyuywgywsé dnnbignidubipu Gu, huswbu uwl
wmwppbp nwubiph tnumbuwlywu hwdwlwpgbiph gnpétwlywu dnnGwynpdwt fuunhpubph |Nédwu
gnpdhpubpp: <Gwnwgnunyejwu  wpnyniupubpp Ywpnn Bu oguwagnpdybli pwpn wnunbuwlwu
hwdwywpgbph nunbuwywu gnpdwlwiubph Juppwahdp nunwfuwuppbine hwdwp' nunbuwywu
pwpnniRjwu dnnbjutph wbupny: Uhwdwdwuwy, unwgywsd wpryntupubiph Yupnn Gu ogunwluwp
thuti| << Ywnwywpniejwt 2021-2026 . dSpwanny uwhdwuywd, Gpyph inunbuww pwpnniejwu
wuwnhbwuh pwpdpwgdwt, nwqiwywpwywi buywnwyht hwutbne nunbuwljwu Yunnigwlwnpgh
dowydwlu gnpdnud:

LEwnwqgnnnipjuwu hnpawpynip b hpwwywpwymdubpp: <Gunwgnunnigjwu hhduwywu wp-
nniupubipp putwpyyt] tu ML Sunbuwghunnipjwt Uty dwpbtdwwnhwywu dnnbjuwynpdwu
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wdphnuh Uhunbpnud, gtiynigyb) Gu <& ML Nwonwwtwlwu wggquiht hGunwgnunuwlwu hwdw)-
uwpwuh «lwjjuwlwu nwgdwprynitbwpbpnipjwu qupqugdwt dwdwuwywihg dwpunwhpwybip-
Ubpp W huwpwynpnipyniuutipp» ghnwdnnnynwd (Gpbwu, nblywnbdptkn, 2019 e.), wuwywl ntnb-
uwlwu puybpwygnipjwu tnwnpblwu bunwopowunid (Gplw, hniuhu, 2023 E.): UnGuwfunuwlwu
ptUwih 2powtiwyubipnud hpwwwpwyybi £ 10 ghnwlwt woluwmnwup:

Wliwwmwuph Yunngwépp b swywip: Ugfuwwnwupp pwnyugwsd £ ubipwdnieniuhg, tiptip
glfuhg, Ggpwlwgnieiniuhg, oquwgnpdwd gpwlwunigjuu gwulyhg, wwpniuwynd £ 36 qdw-
wwuwlbp, 15 wnjnuwy, 21 hwybws: Unwug hwybiwdubph' wotuwwmwuph dwwip Yuqdnid §
114 E9: Upfuwwnwupp 2wpwnpywd £ wugitptuny:

ustLUNUNRE3UL <UUUNMNS ANUULHUUNRE@3NRLL

LEpwénipywt b hhduwynnyb| Gu pbdwjh wpnhwlwunipniup W gnpduwlw upwuwynipe-
jntup, uwhdwuyb| £ hGunwgnunigjwu bwywwwyp, dLwybpwdb Bu bwywwnwyhg pfunn fjuunhpubpp,
ubpYwjwgyt) Gu woluwwnmwuph nbuwdbennuwpwuwlwu W nbnGyuwundwlywu hhdpbpp, ghnwlwu
unpnypn, unwgyws wpnyntupubiph tbuwlwu W Yhpwnwywt bpwuwynypiniup:

Unwoht' «Pwpnnypjw wmunbuwghnnyejuwu hhdniupubpp b dnnpbjuynpdwy dninbignufub-
pp» gjfund htinhuwyp ubGpyuwjwgnd £ pwpnniejuu inunbuwghwnygywt hhdpbipp, nwnwiuwup-
pnywl hwybgwlwnpgbpu nu dGennutipp, wunpunwnunw £ nbwnbuwghunnygjuu dbGe pwpnniejwu
L pwpnnypjwu dnnbuwynpdwu hwpgbpht, nunbuwghunygwu W Shtwbutbph putwquywnubipnid
wnyjwjwghwnijwl Yhpwnnyeniuubiphu:

Pwpnnyejwu wunbuwghwnigniup' hwdbdwwnwpwp unp wwpwnhqyd £, dwab)  Uwunw Sb
huuwinhwnunhg (Ujnt Ubpupyn, UUL) 1980-wlwuubph 4tpohu, npu oginwgnpénud £ pwpnniejw
wnbunipjwu dnnbjubpp’ tnuwnbunygyniup npwbu pwpn hwpdwpynnuywu hwdwywng nhunwpybne b
dnnbjwynpbint hwdwp®: Mwpwnhgdh wnwowgnuip wwjdwuwynpyws £ bk hnmwpryniuwpbipw-
Ywu nwpwopowuh pwqdwehy tiplnypubp pugwwnbnt wuhpwdtionnyegjudp: Fwpnnigjwu nunb-
uwghunnipnup duwynpdwu b thnthnfunigjwu wjuwhuh gnpdpupwgutiph wuwmbuwghwnnyeniu k,
huswhuht Gu unp oniwubiph W ninpunubph duwynpnwdp, ontujulwt Yunniggwdph bYynynighw,
Unpwpwpnyeiniup b wbGfuuninghwubiph EYynpgnighwt, nunbuwlwu qupqugdwu Gpunyep: Fw twb
nunbuwlwt wuwyninypywu nunduwuppngniit £ oondyujujuit hngnudubph, nunbuwyw
dquwdwdbph nbiupny*: Pwpnnipjwiu wnunbuwghunyegjwu dbY wy Ggpnye £ ns hwjwuwpwyznnie-
jwl nunbiuwghwnuyeginiup®: P. Upenipp nw pugwunpnd b wjuwbu. «Pwpnnigjwt inuinbuwghwnnie-
jntup hpdudjwd £ wju Gupwnpnygjwu Jpw, np wnunbunyeniup wwpwwnpp sk, np - hwjwuw-
pwyonnipjwu dbg [huh. wunbuwlwu gnpdwlwiubpp ... wupunhwwn thnfunwd Bu hpbug gnpdnnnipe-
jnuubpu ne nwqdwdwipniggnutbpp’ b wwunwuluwu hpbug hwdwwnbn unbndwd wpryniuph: ..pwp-
nnuwu  inunbuwghwniginiup sEonwnpnd - ywwmwhwlwunuygnwittpp,  wunpnaniygyniuubnp,
hdwuwnwynpnudp U thnthnfunieyniuubph tywundwdp pwg [hubip»®:

3 Arthur W.B. (2013) ‘Complexity Economics: A Different Framework for Economic Thought.” SFI Working Paper 2013-04-01

4 Roos, M. (2024) Principles of Complexity Economics: Concepts, Methods and Applications. Springer International
Publishing AG, p.129.

° Mbwp £ uuuwnh niubuwg, np ng hwdwuwpwlonnyginiup nwppbndnd £ wuhwdwuwpwlznnyeiniuhg: Uty wuhw-
ywuwpwlgnnyeniup ywpwgpnd £ hwjwuwpwlgnnieiniuhg hbnnt hpwyhtwy, npp nbnlu Gupwnpnud £ hwjwuw-
pwlpnnipjwt wnluwniyeiniu, ny hwjwuwpwonnigniup punyewgpnud b hpwypbwlubn' wnwug hwjwuwpwyonniye-
Jjwup hnnuip:

6 Arthur, B. (2015) Complexity and the Economy, Oxford University Press, p.1.
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https://mitpressbookstore.mit.edu/search?type=author&q=Roos%2C%20Michael
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Sunbiuwlywu Jwlfuwwnbunwdubph dnnbiubph dogpunnyeniup dund £ fuunpwhwpnyg, npnd-
hGwnl dwdwuwywyhg inunbunigyniuttipp Gupwplynid Gu pwgdwehy gugnudutiph, npnup Yuufuw-
nbudwl fuunhpubpp nwpéunwd U swihwquug ndwn’ pE jupdwdwdlybun U ph dhouwdwdybun
hGnwulwpnwd: Uhusnbin indjujwaghwunnieiniup hbwpwynpniginiu niwh ybpwgubine Yuwnwpnnwywuh
huluwjwlwt fungpunnunubpp b wpdwwnwwbu pwpbwybint nunbuwlwu uufuwnbudwu dnnb)-
ubph npwlu nt dwwnskithnigynwun:

Gpypnpn’ «SYywjwghwinyeywu gnpshpubph Yhpwnnipyniuubpp pwpnpnpjuy munbuwgh-
wnipjwt dnpbpwynpdw dbg» qfunid hhduwydnpynd &, b dnnbGuynpdwt hwdwp hugne Gu
punpyb] tnunbungejwt wnwudht pwpn Guphwdwlwpgbn, wy| ns wdpnng tnuwmbunieniup’ npwbu
puwpn hwpdwpynnuywu hwdwlwpg: <Enhuwyp, wjunthbinl, nhunwpynud £ wuhwjwuwpwyonnie—
Jwu  wwjdwuubpnd ubpnpndwiht dwpunwywpnigjuu  dnnGjuynpndu hnwghntw) gnpdwlwih
nbuwuyniuhg U MHhswpnunup pwqdwynnd nwgdwlwu dwiuubph dnnbih punwjunwp’ 2LU-ubph
wnyjwiubph qgugwywu Ybpnwdniejwu dhongny: LEpyuwjwgynud  pwpnnigjwu nnunbiuwghunnigju
dnnbjwynpdwt dninbignid’ owunhdw punuipwwunyejw dowldwu dbe' htnbwupubpny hwunbns:

Lbnpuwyp nhunwpynd £ wuhwjwuwpwyonnigjut ywjdwuubpnwd hnwghntw) gnpdwlwih
wnbuwulyniuhg' ubpnpnuwiht dwpnwywpnieniatubph dnnbjudnpdwt fuunhpubpp:

Lbnhuwyp, ybpgubny «8jnippfujwt wpuhndutip» qpphg’ Gpynt uygpniup (wpuhndw), npwup
dluwybpwb) £ yuwpbwdwdybn b Gpyupwdwdybizn dhinnwdutiph pugwhwyndwu hhduwfuunph nbu-
pny U thnpab| ot wyu: LSTM ubipnuwihu gwiugbph oqunygjwdp, hnhuwyp Yuwpnnuwgt £ puduw-
pwnb| fuunph punthwunip punyep’ pniu dnnbijhu punpng wnwybnyejuwdp. LSTM hponnniyejwu pohony:

<pdbuwputinph npdwdpp: <bnhuwyp nhwwpynd £ «Synippfuyjwt wpuhndubiph»  hGnlyw
uyqpniuputipp Ywd wpuhndwutbipp. 1) «dhown onun Ybipgptip abip gwhnyep». uw dwntwugnud £ hb-
wnlyw| dhnndp. «wju, hus pwpdpwunud k£, wbinp £ houh». 2) «hbuinlwuph». bwfuwwbiu npnob, L
ubpnpnwihg nppwt ognun £ wyulwynid, suwwub), pwuh nbin ny sk:

Cwoyh wnubind wyu, np Phuwtuwywu onyuubp hpwywund wulwufuwwnmbubih Gu, hbnh-
Uwyp duwybpwb) £ hGunlyw Juplwdubnp.

HO. <uwpwdnp sk duwlbpwbp Ywunt' wénn wpdbpnebpp Jwdwnbine dhon dwdwuwlyp
npnobint hwdwp, oguwgnpdtiny punwjiudwé wuwhwhyw' hGnbwuph ulygpniupp pwdwpupnn
yhbwlwagpnpbtit bawuwlwih dogpunnyejwdp:

H1. <uwpwynp b slwybpwbp Yuwunt' wénn pwdubnndubpp Jwbwnbint 6hon dwdwuwlyp
npnobint hwdwp, ogqunwgnpdtiny punquwjiudws wuwhunhlyw' hbnlwuph ulygpniupp pwdwpwpnn
yhbwlwagpnpbtit bawuwlwih dogpunnyejwdp:

£bnphuwyp, uonw k, np nunuyhtu onlyuwih wnydjwjubpph dbpnsnyejwtu Ywd hwupwihtu npw-
dwnpnieniuutiph ypw qqugulwu ytpnwnigjut dwpnwhpwybputpp hwulwuwne hwdwp wbinp
E hwodh wnub) wju, np $huwtvwwiu ndjuwiubpp hwdwpynud Gu ng unwghnuwp, ny gdwihtu W
wnuiynun' dwdwtwlwhtu owppbpnid®: <enbwpwn' 62gphun jutfuwwnbudwt hwdwp Yuwhwugyhbu
ns gowihu dnwnbignudubip, huswhupt Gu wphbunwywu ubjpnuwihtu gwugbpp (ANN)®: Yhuwnyyb) Gu
Gpbip dnunbignuidubp. 1) Shuwtuwlwu nyjuiubph ybpindnieiniy, 2) qqugulwu ybpindnieginwu b 3)

hhpphnwyhu yGpndnieniu:

7 Gunther, M. (1985) The Zurich Axioms London, Souvenir Press.

& Jonathan, B., Peter M DeMarzo, 2017. Corporate finance. Fourth Global Edition. Pearson

? Aggarwal, C.C. (2018) Neural networks and deep learning. Springer International Publishing AG. Springer Cham , XXIV,
https://doi.org/10.1007/978-3-031-29642-0
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support-vector machines (SVM), decision tree models (DTM), artificial neural networks

(ANN)
ANN_ ]J: n n 1]
deep neural networks- (DNN): -
(RNN)Z2 RNN-
, « »! -
/'Output ,.! Input X, Outputh, , Input X , -
i_
Candidate values Input gate « »:
-Olll _
Cell state St 4 Cell state S,
Cell sate -
y r
~Qutput H, -
Forget gate Output gate !
Output ht | Input Xt Outputht , InputXf"Outputy
1 LSTM
13 LSTM -
1- X :
(« »,  « »,  « »)

mShen, . Jiang, H. and Zhang, T,, 2012. Stock market forecasting using machine learning algorithms. Department o fElectrical
Engineering, Stanford University, Stanford, C4, pp.1-5.

11 Battiston et al (2016) Complexity theory and financial regulation. AAAS, SCIENCE, VOL 351 ISSUE 6275

12Maknickiene, N,, Rutkauskas, A.V. and Maknickas, A., 2011. Investigation of financial market prediction by recurrent neural
network. Innovative Technologiesfor Science, Business and Education, 2(11), pp.3-8

13 Hochreiter. S. and Schmidhuber, J.. 1997. Long short-tenn memory. Neural computation, 9(8), pp. 1735-1780.

14 Hochreiter, S. and Schmidhuber, J,, 1997. Long short-term memory. Neural computation, 9(8), pp. 1735-1780

155 Cliiong, R., Fan, Z,, Hu, Z,, Adam, M.T., Lutz, B. and Neumann, D., 2018, July. A sentiment analysis-based machine learning
approach for financial market prediction via news disclosures. In Proceedings ofthe Genetic and Evolutionary Computation
Conference Companion (pp. 278-279)
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SVR
/ ' -
: LSTM -
LSTM '
Multi-Kernel Learning ; -
, « -
» " Multiple Kernel Method (MLK)
-] -
2) ' -
LSTM -
LSTM -
irs
Csv ,

, , Yahoo Finance- : CSV -
numpy.array- , -

2. - LSTM

Keras- ,

TensorFlow- : :
- Model DatalLoader ( 2)18
" =y (1)
- ( ), -
( )

16Wang, Q., Xu, W. and Zheng, H., 2018. Combining the wisdom of crowds and technical analysis for financial market prediction
using deep random subspace ensembles. Neurocomputing, 299. pp. 51-61.

iy https://github.com/jaungiers/LSTM-Neural-Network-for-Time-Series-Prediction
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Epp gnpdwpyynud £ Run.py-h hhduwlwtu gnpdwnnypep, unbtindynw | Dataloader opjtljwn' dow-
Yt b CSV ndjuwutiph hwuinynpnanwitph hwdwp, npnup unwgybi Gu configurations.json-hg: Ujuni—
htwnl dowywsd nyjwiubpp yepwnwpdynud b ogunwgnpdynud Gu' Model.py-h opjiyun thnfuwiu-gtint b
dnnbp gnpdwpytint hwdwp: Unnbinw Ywtu dbennubp, npnup ywunwufuwtwwne Gu wnyjwiutph
pGnudwu, Yunnigdwu b nwnigdwu hwdwp: Wu pninp pwjjpnud configurations.json-hg ytipgynid Gu
hhduwywu hhwybpwwpwdbunpwiht wpdtipubpp b ywpwdbunpwiht wy tndyuiutp: Wuhbpw Yupnn
L Updb) fudpwpwuwlubiph, nwpwspowutbiph, ubpnuubiph, 2tpntph W w)up pwuwyp: Unnbp Yuu-
fuwwnbunwd £ ogunwgnnpdtiiny 2 dwpunwywnpnieyniu. 1) pudwuynn wwwnnthwutbp updwsd tiplupnye-
jwdp (ndyw nbwpnd npwup Yduwu nbywju’ 50) U 2) Yewn wn Yewn Yuufuwnbundd, hhduwywund
wnwppbip wnwownpwupubph hwdwp Yuwufuwwnbudnn wpdbipubp ubpywjwgubine hwdwp, ubpwnju
Ynpniuwnubpp:

Syjwbiinp: (FEunmwynpdwu punhwunip Yuwpguynpndp pwnluguws £ S&P 500-hg dhusle Dow
Jones, wjunthtitnl. wnwudhu Ynpwnpwghwubph ndjwiubph hwjwpwsoniutiphg: Uu wywpwdbinpu
puwnpbint gwpdwnhpe Gnbi £ wju pwup pdpnudwup hwutbp, G wprynp twppbpnieiniu Yihuh hwdw-
wwwnwufuwl dhnnwubpp pwgwhwjnbint wnnwng, Gpp wugnd uwmwpdh 30 pultpnyeyniuubph
hwldwpeyhg (Dow Jones) 500 puytpnigniutbiph hwdwpeyhu (S&P 500): SYjwjubpp unwunwnpun
dhuwtuwlywu ndyuiubph duh Gu, wduwpyh, pwgnuwutiph, pwpéph, gwdnph, thwynwutph bW dwywih
upntuwyutipny: Cunpwd wndjwiutiph hwdwpwoénwutipu tu. 1) The Standard and Poor's ("GSPC) 500,
uluwd 3-hniujwp-2000 . 2) Dow Jones Industrial Average ("DJI) uuwd 2-hniudwp-2008 ., 3) Apple
(AAPL)" uljuwd 12-nkYun.-1980p., 4) Tesla (TSLA)' ujuwd 29-hniuhu-2010 p., 5) 3M (MMM)' uljuwd 2-
hniujwp-1970 e., 6) Amazon (AMZN)' uluwé 15-dwjhu-1997 p.: SYwubpp hwlwpwapyb| &u
YahooFinance-hg U Investing.com-hg’ CSV aliwswihny:

rFGuppwynpnidp: (FEunwynpdwt gnpdpupwgp bpwnnud £ bwl wuhpwdbon Ynudhgnipw-
ghwubiph unipp Yuwpgqwynpnud, huswhuht Gu hhwybpwwpwdbwpbpp, npnup ey Yuwt niubuw
pwndap Gagpuniniewt dnnbjutip npnawyh nyjwiutiph hwjwpwéniubph hwdwp: (Gtunbpt wuglwg-
by Gu ndyuijubiph g vnwippbp hwjwpwdniubph wnusnyejudp’ ghindinfuwlwt fudpwpwuwyh swihb-
nny 2 opowutph hwdwn: Yphwlhwgpulwu swihnwp Yuwnwnpyt) £ pbunwiht MSE-h hwdwdéwu:
enpéwpwpwywi dwuwwwphny huwpwynp £ Gnbp hwuwnwwb, np S&P ndjwubph hwpbph ow-
wnhdw| fudpwpwuwyh swihp 32 £ dwdwuwlwihu wwwnnithwuh punhwuny dhnnudubpp puwdwyw-
Uhtu 6ogphwn Gu, hwnwwbu, Geb hwoyh wnuyh dhinnudp, ns @G dhnnudh hwunnwy wpdtipubpp Yud
hunbuupynieyniup: <bnpuwyp Ybipgpk £ Dow Jones-h wnyjwiubph wybh thnpp hwdwpwsdnt' gnyg
wnwnt hwdwp, np Geb wnlw £ hwdtdwwwpwp thnpp ndjwubph pwqu, wybh d6s fudpwpwuwly-
ubpu owyuinhdw puinpnyeyniu Gu: UYbhu, Dow Jones-hg gpbipt Gpynt wuqwd wybih S&P-h nndjwubn
niuGlwint nGwpnwd, Ywnbh § wbuubl, np Gogpunngjut ypw nw ppwwunid sh wgnnud, pwuh np
hwdwwwunwufuwuwpwn dagnpnydb B hhwbpwywpwdbnph fudpwpwtwyh swihp: Wunbin Yunbh §
wbuub| dnnbh wotuwwnwuph gnigunpnudp, nptu wofuwnnud £ d6é fudpwpwuwyh b wybh wwwu
nJjwiubpph hbw: udpwpwuwlh wywlwu swhp' 16-U wybh 2gphw £ 2-pn opgwithg hbin, husp
Yuwpbih £ pwgwunpt upwuny, np hinhuwyp thnpdwnytip £ 1980-wlywuubphu Apple-h wp-dtpnpbnp:
Uw Ywpnn £ bpwuwyb), np dwdwuwlwiht swpptu wjupwu Jd&6 L, np ndjwijubph s dpwg-
dtuwnubtiphg dhunnwdubpp tobin nwnunw £ whdwuwn: Miubuwiny fudpwpwuwyh wybh thnpp swih,
Ywpbh £ wybh hwbwh pwpdwgut] wynhjuwgdwu gnpdwnnyrubpp b, hGunlwpwp, unw-uwg
wybh dYyniu dnnby hwdbdwunwpwp ndjuiubph ded hwdwpwsdnind hnihnfudnn dhinnwubpp hwodh
wnubint  hwdwp: Tesla-h nbiwypnd unyuwbiu Ywpbih £ wbuub, np wybh phs inuijutp nubuwip
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Optimal batch  Time-series dataset size roughly in

‘GSPC K2

‘DI

AAPL 16

TSLA 64

MMM 16

AMZN 64

S&P 500

Volterra
2)HO_minor.

size

Result summary table

vem

25
17
44
14
55
2S

NLP

Loss

81S30e-Q4
9J036e-04

0.0059
0.0230
0.0013
0.0348

: 20

: Amazon-
Amazon- ,
Apple-
'16
NLP
. 1) HO_major:

11

3V1- -

Tesla- |



Mwquuwlwt dwiuubph b RLU-Ubph Ynndhg dhwynpwé hwbpught qqugwluwbnysniti dpholi
Guwwb nwuniduwuppbing wwhwbtiop: Ujuwtiu Ynsywd «CNN EhLYwnh» dwuht hp hwyinup hnnwéndd,
hhug nbwpbp nhnwpybinig htunn, ®. Ntnphuunup Ggpwlwgpbg' pEW gninLeintu nLuh thnfuwnwna
Yww hwnnpnwéd nbiwpbph W hpwlwu pwnwpwywunigjuu vdhole, wju hwpgp, L np Ynndu ntup
yénnpng wgnbignieiniu, whwup L putwpyb Gptip swihnwdubipnud. 1) 2LU-ubiph wgnbgnigjwu thwu-
nwgh Ybpndnipinit’ b wwppbpnuginiu wyp gnpdnuubiph, 2) wjiu nbwpbph pwgwunpnyenuu, bpp
2LU-ubpp 6upnud Gu gnpdwinpby, huy pwnwpwlwuniyegniu sh htwnubl. 3) RLU-ubpp yb-pwhuynn
Ynuwygnipyniuutiph pwhtpp:

Pwqdwlynnd nwqdwlwt Sdwpuubinh dnnbuynpnid: Uwnp ywwnbpwqdp dwdwuwy pwg-
dwynnd uywnwghunpyniuubph dpguwdwqgph dnnbjuynpdwt utwyywunwyny’ Nthswpnunup dowlyb) &
Gpynt dwuhg pwnlugws dnintignid: Lwfu, bw hwodwnyb) £ «gnpdnnnipinit-wpdwgwup» Yud
«wwintwn-hbGinlwup» dwuinphgp' shtinubiny npuk yhdwlwgpwlwu pupwgwlywngh, wy hhduyb-
[Ny (pwwndwywu hwnnpnnwdubiph W nwnhnhwnnpnnufubiph hp yepndnigjwu ypw: Spypnpn, ybpp
UoJwd dwunphgu oguwgnpdyt £ wwng nhptiptughw; hwjwuwpdwu by, npp dnnbjwynpnud k
tpYyputiph nwqdwywt dwiuubph dhole thnfuwwywdnieiniup (hwywuwpnud 2):

%: gi + ;:?kijxj vi e {12,..,n} (2)
npwntin x;-u i Gpyph nwgdwywt dwiuubpu k, k;-U niih gnpdnnnipniu-wpdwgqwupdwu gnp-
Swlhgubp wuyntuwgdhg nnipu b nunbuwlwt uwhdwuwhwynwfubp' wuyniiwgsdh ypw, huy g;-
U ubpYuywgunid £ pouwdwwt ywjdwuubpp:

<bnhuwyp dinwnpyty b pwpbiugl) putwplynn fuunhputipp’ dwnphgwh pugdwt gnpé-
pupwgny dwdwuwywyhg NLP dnwnbgnidubph ubipwndwdp, npnup Ywnpnn Gu oqubi| unwunwp-
wnwgubny, dwupnmwpwynpbint W YpYubiine unpnggniutph ndjwubph Jbpndnypjuu pupwgw-
Ywpagp' Nthswpnunup puwgqdwynnd uwwnwghunieniuubph dpgwywgph dnnbih hwdwp: Cunpws
NLP dnwnbignidp, pun htnhuwyh, Yipwguh punpdwsé 11 Gpypubph hwdwp gqugulwu wpdtipubipp
k dwuwnphgntd:

Pawluwt (Gqyp dowldwt htwpwynpnysywt punuytnid dnnbinid: «3npdnnnipniu-wpéw-
quup» dwwuphgh wjwpwdwu gnpdpupwgnud puwywu |Gqyh dawlydwtu (NLP) oguwgnpddwu
nbwpt wluhwyn £ pynud: NLP-h ghuingjwu dbg, wybih npnowlyh’ qqugulwunyen winw-
owgubint bwwwmwyny, unynpwwt L Gpbp swhnudubpny inbpunwjhu tndjuutbph ybpndnieinwup.
thwuwmwpentne, bwfuwnwunientt b Enyeyntu Ywd Ynnd"™: Lwuh np hGunwgnuniejwt 2powtiwynid
Jybpinwnipyniup Ubpwnnwd £ A Gpyphg npnawyh qqugwywunyeniup B Gpyph uundwdp L,
punhwlwnwyp, wwpgbip, hinhuwlp aqunt| £ Ynpgb wjuwitiu Yngywd Ynndbiph qauguljut njwly-
ubpp, npnup wnweohtu wugwd uywpwant| Gu Lot Ujntu b niphoubin:

Mwquwlwt Swpuubph pwqdwlynnd waqnbgnipput Japinidnygynil: 2016 p. hwdwp  hw)-
Jupydb| tu qqugwywu wpdbpubpp 11 Gpypubph hwdwp, npnup swithyb| Gu hbnlyw| pwtwaluny.
z=(x-u)/s, (3)
npwnbin v-u punpwuph dhohut k, sp' punpwupubph unwunwpn obnnudp, huy xp' npdws

puwnpwupp:

"Do, HH., Prasad, P.W., Maag, A. and Alsadoon, A., 2019. Deep learning for aspect-based sentiment analysis: a comparative
review. Expert systems with applications, 118, pp.272-299.

20Xu, L., Chia, Y K. and Bing, L (2021) Learning span-level interactions for aspect sentiment triplet extraction. a»Xiv preprint
arXiv:2107.12214
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(Gpypubkipp), npnup hhduwlwunwd WwoaunwwuwYwu nhppbipnud Gu W wy| Gpyputip, npnup hhduwyw-
unuwd gnpdnwd BU ywwnbhwwwaown' thnpdbiny htus-np pwt unwuwy fungbih Bpyph hwadhu: fungb-
thntejwu swithwuh2ubipp wwppbip Gu b pugdwtipn, ywpnwwynud Gu wjuwhuh gnpdnuubp, hus-
whuhU GU ptwlysnipjwt pwpwlwyp, nunbuwljwu qupgqugdwu wuwnhbwup, nwqdwlwu hgn-
pnipntup b wyju: Ynudhyuwihu ppwyphbwynd Gpynt Gpypubiph dhole punhwunip Jupnnniejniu-
Ubph wuhwyjwuwpwyonnigjwup twywuwnnn gnpdnuubpp unyuwbiu wwppbp Gu L pungdéynud Gu
«Ubd whwngyniu punnbd thnpp whwniejwu» nhuwdhlwih ubppn' (3. Phuph b (3. Phpuunup wy-
fuwwnwupnd?: <bnhuwyp nhwnwpyb) £ Gpypubph hwdwfudph nwgdwlwu dwhuubph dnnbjw-
Ynpdwu owupbphtu npnawyh pwpnnieiniu wybjwgubine huwpwynpnyegniup' swpniuwybiny pwug-
dwynnd nwgiwywu dwfuubph wnyjwjwhtup dnnbjwynpdwu ptdwih pulwnpyndp Lotka-Volterra
(ghowuwhs-npu) dnnth dhongny, npu wnwotwhbppnipintu Ypudbinh juwufuwwnbudwup®: Unnbjw-
Yynpdwt swupbpt wnusynid tu <uywunwup b Unppbowtuh nwgdwywt sdwiuubphtu: Mwpq duny
Lotka-Volterra (LV) dnnbp Uywpwgpnid £ hGinbyw| nhuwdhywu.
X' = ax - Bxy, (4)
y'=0Xy - vy,

npwnbn Gpynt thnthnfuwlwutbpp ubpyuwjwgund tu dwdwuwyhg Ywiujwd wnwnijwghwubpp,
npnughg x-p hwdwwwuwwuluwund £ npup ynwniywghwihu, huy y-p* ghgwwnhsubph ynwnew-
ghwjht?®: x'-p L y'-p ubpluywgund Gu wynwnijwghwih thnthnfunieiniup, a-u ghowwnhsh wéh
wnbdwu k, B-U wju wpwgnyeinuu k£, npnyd ghowuinhsp uywnnid £ npup, 3-U wjt wpwgniegjniut L,
npny ghowuwnhsp gnhp Ybpwénid £ ghpwinpsubiph ubpniunubph, U y-U wju puwlwt wpwagnieinut
E, npny ghowwnhsh wynwniywghwt ujwgnid k: <phduwywt Gupwnpnipiniutbpp hGunlywu .

- x-p YYwpnnwuw Epuynubughw| wki, Gt hwdwywngnd ghowunhs syu,

- y-p bpuwynubughw| Yudwgh' hwdwywpgnid x-h pugwywjniejwu nbwpntd,

- ny iphyhw| hwjwuwpwyonnipywu Yanbph hwdwp a—By = 0 b dx—y = 0, |ndnudp Yihup'

(xx,yx) = (v/3,a/B):
Npup L ghpwwnhgubiph dhol wnwnywghwih thnfujwwwhgqwd punypel wit nupsund £

gbipwquug punpnien’ nwgdwlwu dwiuubph dnnbwynpdwu hwdwp:

Unynuwy 4
Lotka-Yolterra dnnth Unnhdhlugwé ywpwdtnpbpp?
Muwpwdbnp Muwpwdbwph tfupwgpnipiniu

a Nuwgqiwlwu Swhuubph wéh wbdwyp «npu» Bpyph vwiunpn tiwpyw
hwudbidwn

p «Mpu» pyph uhuindwdp «ghpwnhy» Gplph gquigwlw gnpdwlhgp

5 «Fhowwnhg» tplph bhwindwdwp «npu» Bplnh qquigwlywt gnpdwlhgp

\ «Ghowwhs» Gpyph nwgiwlwu Swiuubph wéh whdwbpp' Uwiunpn
wnwnpjw hwdbdwn

Npup ulgqpuwlwi ynwnijwghw x «Npu» GpYph puinpduwsd nwpyw nwqdwwl dwiuubpp

Showwnhsubiph uygptwywu wnwnijughw y  «Showwnhs» Gpyph punpwsd nmwpdw nwqiwlwt Swiuubpp

24 Besley, T. and Persson, T., 2010. State capacity, conflict, and development. Econometrica, 78(1), pp.1-34.
25 Vardanyan, M., 2023. Richardson’s Multilateral Military Expenditure Model Augmentation via Sentiment Analysis of News Data
in the Framework of Complexity Economics. Bulletin of Yerevan University G: Economics, 14(2 (41)), pp.48-58.
26 Butcher, J.C. (2016) Numerical methods for ordinary differential equations. John Wiley & Sons. P.18.
7 Ywqdby £ htnhuwyp:
14
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thnfuwwuubiph dhol hwpwpbpnieniuubpt nwunwiuwuhpytip PCA 2 biplot-ny: Unwn 60% otinni-dny
(2 pwnwnphsny pwgwunpynn) Gpund E, np ptuwpyynn b pwpnnygjuu gbpindnyegjuu dbe ubip-
wnynn thnthnfuwlwuubipp gnyg Gu wniwihu ng gdwjhtu hwpwpbpnyegniuutip, husp hwugbgunid wwwn-
Swnwlwunipjwl pwgwhwyndwup (qdwwwwnlybp 8):

Gppnpn' «Uugnuiwghu Gpypubiph hhduwfuunphpubpp® pwppnpju wtnbuwghnnyejwi
Yhpwnnipymiuubph hwdwwmbpunnud» gjfunid nhnwplyynd Gu wugnidwiht imunbGunieniuubph
dwpwwhpwybipubpp W huwpwynpnueinituubpp’ pupnnggjut munbuwghunnyejwt (wjunthtn SP)
wnbuwulyniuhg, wunpwnwnd £ wpdnd Gpypubph b wpwnwnpwuph nunbuwywt pwpnniejwl
swihdwu dninbtignidutippu: Wunthbunl, hbnhuwyu punwnédwy ytipindnud £ << inunbuwlwu pup-
nnypjwu nhppp' wnwownybiny Gpyph nunbuwlwu pwpnniejwt wunhdwuh pwpépwgdw pw-
nwpwywuntpjwu npny dninbignifubip, hhduybiny nunbuwlwu pwpnnigjwt hwdwpeyh ypw: SR
dnintignidu wnusynid £ hwdwpfuwphwiht ontyuih hnfuljuwwwygywsdnipjuup b ubpluwjwgunid
dhowgqujht wnlwinph ndjwubpp’ npwtiu Bpyynndwuh gwug, npnid Gpypubipp Yuwws Bu hpbug
wpunwhwiwd wpunwnpuupny: Yepnwnipjwi dEhuwpywihtu Yeinu Edwyhphy nhnwpynwdu k, puwn
nph wnwyb| dpgniuwy Gpypubpp hwydwsd Gu nhytipupdhlwgubint hpbiug wprnwhwudwu quid-
pjntnp: Gpypubiph W wpunwnpwuph nunbuwlwu pwpnnyeinup «Gpyhp-wpunwnpwup» gwugh
Yuwnnigwdphg nnipu pbpbint hwdwp gnjnieinwu niuh Bpynt dninbignid. (1) wpyrwugnidwt dbpnnp
(MR) tpyph W wpwnwnpwuph pwpnniggniup npnawnpynid £ ogunwgnpdting gdwjhtu hinbpwghnu
hwjwuwpnudubin, (2) hwpdwpynnwlwbniput - pwpnnygynit dbpnnp (FCM). npnawpynud £ Gpyph
hwpdwpynnwwunieiniup L wpnwnpwuph pwpnnieniup’ ogunwgnpdting ny gdwjihu hinbpw-
ghnu  hwjwuwpnwfubph Jdh 2wpp¥: Gpynt dbennubph dnwnpwiht wdjwutpp  «bGpyhp-wp-
tnwnpwup» guwugh hwpwyhg dwwnphgu E: b tnwpptGpnieginiu MR-h, ny géwjhtu hwywuwnpnidubpp,
npnup npnawnynd tu FCM-p, «pwpbhwé» Gu nhytpupppywgwsds wpunmwhwudwu qudpjnin
niutignn Gpypubph uwwndwdp b «nniqwund» Gu wjt wpunwnpwupp, npu wpunwhwunid GU Ny
nhybpuphdpywgywséd tipyputipp®®: M Cwnwdwup b U. bnugnu® Gpypubph hwdwp npwtiu SP sw-
thnud” wnwownpynd Bu inunbuwlwu pwpnnyeyut hwdwehyp (ECH), hul wpunwnpwuph hwdwp'
wpunwnpwuph pwpnnejuwu hwdwehyp (PCl): Atlas wujwuynn wju dbpnnwpwunteiniup hhdujwd
E dhowqquwjhtu wnlwnph wndjuiutiph ypw: 4 Unnjynuypu*® b niphoubip, ogunwgnpdnid Gu inuwnb-
uwlwu pwpnniejwu hwdwpeyh (ECI) Ywnnigdwu wy| tpnn, npp hhdudwé £ Gpbip swihnwdubiph
Jpw. 1) wnlwunph pwpnnieynit’ Observatory of Economic Complexity-h* wpunwhwudwu ndjwuph
ognwgnnpddwdp, 2) nbfuuninghwh pwpnniejntu®, 3) htimwgnuniejwu pwpnnipntu®: SP swith-
duwtu wyu pwqdwswih dninbigndp pny| £ vwhu wybh funpp pdpnubiine ng dhwju Gpyph Ywnnig-
Jwdpwjht thnthnfunigniutitipp, wjjb wbfuuninghwlwu Unpwpwpnipinuutiph ypw hphdugws Yuw-
jntu wéh htnwulwnpubipp: ECI-U W PCI-u swithynud Bu npuytiu hwdwgfuwphwiht dhohthg unwu-
nwpwn pwndp Ywd gwdp stnnwd (Ugynid £ npwwt juwd pwguuwlwt wpdbpubipny): << wnunb-

37 Tacchella, A., Cristelli, M., Caldarelli, G. ef al. A New Metrics for Countries' Fitness and Products' Complexity. Sci Rep 2, 723
(2012). https://doi.org/10.1038/srep00723

38 Tacchella, A., Cristelli, M., Caldarelli, G. ef al. A New Metrics for Countries' Fitness and Products' Complexity. Sci Rep 2, 723
(2012). https://doi.org/10.1038/srep00723

39 The Atlas of economic complexity, hwdwnnut Atlas.

0 Stojkoski, V., Koch, P. & Hidalgo, C.A. Multidimensional economic complexity and inclusive green growth. Commun Earth
Environ 4, 130 (2023). https://doi.org/10.1038/s43247-023-00770-0

4 Observatory of Economic Complexity// https://oec.world/en

42 https://www.wipo.int/pct/en/

4 https://www.scimagojr. com/aboutus.php (2022)
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2016, Volume 24, pp. 13-16.
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niuntduwuhpnipntutbph wpnyniupubiph hhdwu ypw, ®. <wyhep U F Uw)bp-Snjpup, pwpnnipjw
nunbuwghwnipjwl mbuwuyniuhg hhduwhuunhp Gu wbuunw nhybpgbughwih gwulwgwé nbiju-
Uninghwwt pwgwunpnipjwt wnusnijwdp’: Lwpnwuwn Gpypubiph dhol dtipdtgdwt dhuinnwdp hbown
E hwulwuw| npwybtu wnbuuninghwutiph thnfuwugdwu npulinpnud: “tpwihg Glutiind, hnhuwyubpp
Ywwwpnd Gu hbnlyw) hwpgwnpnudubpp. 1) Puyg fus nd | hwlwgnb) wbuuninghwih gin-
fuwugdwup, npwbugh wnwowguh wnbluuninghwlwu nhytpgbughw, npp wbnph £ nubigb) 19-pn
nwnh Ybubphg wybih nbwywu dwdwuwlwhwwndwdnid: 2) buly husht wju ndp nunwpbg gnpdb
20-pn nwpp Gpypnpn Yaupu: Uytkht, dudwuwlwyhg Ynuybpgbiughwih wju funwdpp sh Ubpwnned,
dwutwynpwwbu, hGnfunphpnuwihtu Gpypubpp, win pyYnd® <wjwuwnmwup, huswbu twle own wyg
Gpypubp, hush wprynwpnd wnwewwnwn tipypubiph U punhwunip wndwdp wdklwwnpwwn Gpyput-
nh dholt wugnpuititnp qwpniiwltig punjwjuyty 20-pn nwiph Gpypnpn Yeuh pupwgpnid, huswbu gnyg
GU wwihu Frontier Technology Readiness Index-h wuwnhdwuwlwpghg Gpyputiph punpywsd fudpbipp
hwdwrybipp. thnpp Ynghubiph quipqugnn bpypubp® 0.37, dnuwyhtu Gip sniubignn quipquignn
tpypubp' 0.29, win pYnuw << 0.51, Bupwuwhwpwlwu Udphyw' 0.23, pny| qupqugws pypubp'
0.19*2: LoJwd wunhbwuwlwpgh ytphu 10 Gpypubph dhohtu dhwynpubiph W punpgwsé fudpbiph
dhohtu dhwynpubiph dhole wwppbtipnyeiniup twwnwuynd £ 2,5-hg dhusk 5 wuqwd: <wyhpp bW
Uwyip-dnputt wnweowpynid G, gnigh, < hwdwp Yhpwntih, nunbuwlwu wéh dnnb hhdudwé
®. wyhph pwgdwynnd dnnbih ypw, npu hp htpphtu Sndwbnbpuwu unbindwpwp Ynpdwudw
dhongny wth Ughnu-<wyhe dnnbih punwjunwdu £, b npp Gupwnpnud £ wynwdpwihu Yynuybpgbiu-
ghwjh hwuwnnty aU23: Uju winnwiny, M EGuunup b L. Ybundwip wunnd Gu, np «GpYyhpp sh Yuwpnn
dnuinbitw| uwhdwuht Jhwjt wnwowwnwp tpyputipnid qupgugwd inbluuninghwubpp YpYuophuw-
Y&iny, pwup np nbfuuninghwywu ghwnbhpp hwbwfu pugwhwjn sk b hwugqwdwupubpny pepnuwing'
qauintu E»>*:

Cwjwuwmwup SS ninpunnid, pEplu, npnawlh wnwyopupwgh £ hwuub), npu wuhpwdbown, pw)g

ns pwdwpwp £ Gpyph nunbuwlwu pupnnpyut dwwpnuyh pupdpwgdwt wnnwng: “w
dwuht £ yyuwynud Jbipohtu tiptip wnwutuwdjwlubph pupwgpnid <<-nwd nbGuuninghwywt ubpnpnid-
ubph gwdn wprynibwybunnieinup, nph gnighst £ wnwowntd wnbjuuninghwubphtu Gpyph ywwn-
puwunywdnypjut hwdwehyp: (Fynd £, pb gdwwwunybp 10-nud pwpdp pwpnniejwu hwdweyny
UoJwé wpunwnpwuph hhug pjuwuwnbpubphg wnweouwhbppnieniup wytwp £ wnipdh hwdwywpghs-
ubphu L EGYwnpnuwjhu hunbigpw| ufubdwubpht, wju hwdwwnbpuwnnd, dpwgpwiht wwwhnydwu
dawynwfubipht' hhdugwsd hbnlyw) uuwnwnnwfutph Ypuw.

1) Mthswpnunuh dnnbp nhunwpybhu' nugdwywu dwiuubph dwupwdwut Yunngwsdpp uh-
nnfuwynnp sh puuwpyyt] uywnwghunyeiwu qudwu wnpjnipubph L npuug wbuwlyubph
wnnwiny, dhusntin Upgwjujwt ywwnbpwquh nwubiphg dtyp tnt) £ hunbgpdwd, hwdwgn-
pwiht dwpunwywu gwiugh dwiuuwpryniuwybivn pwnwnphsp.

5! Howitt, P., Mayer-Foulkes, D. R&D, Implementation, and Stagnation: A Schumpeterian Theory of Convergence Clubs// ournal of Money,
Credit and Banking Vol. 37, No. 1 (Feb., 2005), pp. 147-177.

32 Unpjnip’ UNCTAD, “Technology and Innovation Report 2023: Opening Green Windows - Technological Opportunities for a
Low-Carbon World", pp. 154-167.

33 Howitt, P. (2000) Endogenous Growth and Cross-Country Income Differences// The American Economic Review, Vol. 90, No.
4., pp. 836-838.

>Evenson, R. E., and Westphal, L. E. Technological Change and Technology Strategy.i In Handbook of Development Economics,
edited by T. N. Srinivasan and Jere Behrman, 2209-99. Handbooks in Economics, v.9. Vol. 3A. Amsterdam: Elsevier, 1995.
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"Club convergence”
Mitigation or elimination of barriers to entry into the club of convergence Government subsidies to R&D in top 10 future
of developed countries. For example: improving education system, (frontier) military technologies

Objective. Investment of frontier technologies with private domestic savings involved in ajoint venture with a
30% subsidy from the RA Government (according to the model developed by Harvard and Brown universities)

1
55}

% . Aghion. Ph,, Comin. D. and Howitt. P. When does domestic
saving matter for economic growth? Working paper. Department of Economics, Harvard University. 2006, 44 p. (+8)
http://ms.harvard.cdu/um-3:HUL.InstRepos:27759050; Devereux, M,, Griffith, R,, Kleimn, A. (2002) Corporate Income Tax
Refonns and International Tax Competition. Economic Policy, Vol.17-35, pp. 451-495, Available at

SSRN: https://ssm.com/abstract=639482; UNCTAD. Tax Incentives and Foreign Direct Investment. A Global Survey. UN, New
York and Geneva, 2000; Vardanyan, D,, Vardanyan, M. Conceptual Framework for Domestic Saving Financing the Investment
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huswbu Gpunud £ gdwwwunybphg, Phtwtuwlwt onlyuutipp Yuplinp wnbn Gu gpuynid wnw-
ownlynn hwjbgwlwpgnwd, husp Jhwugqudwiu npwdwpwuwywu £ hwodh wnubing <wjwuwnwup
wulywfunipiniuhg h ybp, lnmwutwdjwyubph pupwgpnid wju Yuplnp htunhwnwnh pGpqupqugni-
dp, husp funspunnun £, Gpyph SA wunhbwuh pwpépwgdwu wnbuwulyniuhg, ubpphtu futwjnnnie-
jntuubipp Upnpnwwihtu nbunipup YGpwdtine 6wuwwwphht: Uw, hwplwjht fupwutbpp b Ywnw-
Jwpnipjwt untpuhnhwubpp Jhwupt dbpgpwd’ wnwowpyynn hwitigwywnpgh $huwtuwlw Ynndu
E: Sfuwdnpp, hwigwwpgnid, wpwnwnpnnuwt ghnbihph, uwhdwuwht nbGuuninghwubph L
Unpwpwpnipinutubph hnfjuwugnwdu £, npnup Ywpnn Gu hwugbgubi| Gpyph W wpunwnpwuph nunb-
uwlwu pwpnniejwl wunhbwuh pwpdpwgdwup:

Eqpuljwgniejniuubp

Uwbuwfunuwlwu hGunwgnunnigjwu opowtwlyubpnud unwgywsd hpduwlwu ghunwlwiu L
gnpdlwywu Ggpwlwgnipniuutipp hbunlywiu Gu.

1. «Pwpnnypjwtu nuntuwghwunieginiu» nbipdhup unbndytb) £ Ppwjwu Uppniph Ynndhg 1999
pYwywuptu. «Wuwhuny, wjwiunwlwiu nunbuwghwunnieniup nwnduwuhpnd £ hGnbnnuwu
ophtwswihnyentutbp. Juppwqgdwiht hwjwuwpwyonnigjwu ophtuwswihniginiutip, npnup sGu
wnwowgund htnmwagqw wpdwgwuputip: Uwuwmw dGh huunhunnunh, Uptubnpnh, MIT-h, 2hlw-
agnjh b wynip nunbuwgbnubipp wjdd punwjund GU wju dnintignudp, pE huswbiu BU wyulywnwd
ghponnnipniuutiph  punhwunip  hwjwuwpwYpnnipniup:  Pwpnniejw  inunbuwghuinnieniup
utnwunwpu nunbuwywu nbungjwt hwybinud sk, wy| wdbih punhwune, ns hwjwuwpwyonwd
duwlwpnwyh nbunypniu:

2. Pwpnnipjwl wnumbuwghwnnientup unp, wpwg qupgugnn tplnye £, npp pwgwhwjnnd
hpwYywuntejwu wdpnnowljwu wwwnybpp, twhuyphund wunbuwubih gnpdpupwgubpu nu thnfu-
Ywiudwénipnwuubpp' nwdnwfubp wnwownybingd wdbuwpwpn unghwpnunbuwlwu fuunhputph
hwdwnp: Sunbuwghwnyejuu dty pupnniygjut ghnnipjwu Uty dowlywd hwuljwgnipniuubip ni
dbpnnutipnp wénn Yhpwnnipinu Gu gunb] nunbuwywt hwdwwpgbph pdpnudwu b junnigywép-
ubph wnwowgdwu W wnuwnbiuniejwu Ut ophuwswihnipiniuutiph pwgwhwjndwu nwuntfuwupnpnie-
jwu ut9, husp hwugbgunid £ pwpn nunbuwghunnipjwt wnwowgdwup: Pwpnnypjut inunbuw-
ghwnipiniup nmunbuwywu ghinniejwt unp dnintignid £, npu oqunwgnpdnid £ pwpnnigjwu inbGuntp-
jwu dnnbubpp' nhunwpybine W dnnbjuygnpbint iunbunieyniup nputu pupn hwpdwpynnuywu
hwdwlwpg: pwpnnigjwu wnunbuwghwnne Nt - ny L utnwunwpu nunbuwlwu wnbuniejwu
hwybnd, wy wytih punhwuntp, ng hwjwuwpwyonwsd dwlwpnuyh wnbunye)niu:

3. Pwpnnipjwt wnuwnmbuwghwnieiniup tbGpywjnwu pwiuynd £ wbuniygjut b gnpdhpubph
dowldwt dwpunwhpwybphu, npnup Ywpnn Gu wowlgbi| npnanwfubiph Jujwgdwu hwdwlwnpgbphu
pwnwpwlwuntpjuu Jowldwu dbe: Snpdwlwutph ypw hpduywd dnnbjuygnpndp yénnpng nbip
fuwnnud wju wnwownpwupnd W Ywpnn £ ogunwlwp |hub huswbiu npngnwdubph Yujwgdw,
wjuwbu | dJwpnywug punwpwlwunieintuutph wpryniuwybnnieniup quwhwuinbne hwgnpntpe-
Nty wnwint hwdwn: <Gwnbwpwp, pwnwpwwuniyjuu dowydwu hwdwp SPL-ubiph nwup wbwp L
Ihuh U pwjwlwuht wwng pp Yunnigywdpnd, U pwdwlwthtu pwpn hp wpryniupny: Pugwbu gnyg
E wpdb|, gwugwihtu Jbpndnygjuu Yppwnndp wnwewgnn wpryniuptbiph hwdwp Ywpnn &

Required to Increase the Complexity of the Economy// Messenger of Armenian State University of Economics, January 2022,
1(67), pp.9-32.
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hbounwgut] wyu fuunhpp' pungdtind puwnpnigyniuubph W npngnwfubiph hwnbwupubpp hwuwpw-
Ynipejwu Junnigywéph ypw:

4. Ubup wunnu Gup, np nunbuwlwu hwdwwnpgbph wénn pwpnnigntt ne hnfuljw-
wwygywontpiniup wjilu sh Yupnn wuwnbiuyb tnunbuwlwu nbuniejwu Ynndhg, b np dtd ndjw-
Ubph nwpwopowund wuhpwdbion £ nunbuwywu dunwdnnnipjwu wwpwnhqdwjhtu thnithnfunipe-
jntu: Ubup gnyg Gup wwihu, np pwpnniejwt wnbunieniuu niuh Jh 2wpp swhnidubp b dbennutp,
npnup hwpdwp Gu nunbuwywu hwdwwpgbph gnpdwnuwywu JbGfuwuhqip pwgwhwjnbint
hwdwp' hwodh wnubing wwpwnbuwl pwpn hwdwlwpgbph wnwuwyniegniup U upwug hinfuwg-
nbgnieiniuutipp: Uhlunyu dwdwuwy, pwpn ghunnipjwu dunnwoénnnipjwt W dnnbwynpdwu Yh-
pwnndp hwugbigund £ wnunbuwlwu hwdwlwpgbph wybh jwy puywpdwup W npnonwdubipp
Ywjwgdwtu pwpbjwydwup:

Uwnbuwfununipjwt hhduwlwu wpryniupubpp hpwwywpwyyt) Gu hbnlyw) hpwwnwpwynie-
jntuubpnid.
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BAPJAHAH MI'EP TATMKOBHUY

IMPOBJIEMA MOJAEJIUPOBAHUA JKOHOMHUKH CJIO)KHOCTHU NOCPEACTBOM
NHCTPYMEHTOB HAYKMU O JAHHBIX

ABoTopedepar quccepTalii Ha COUCKaHNE YUEHOH CTETIeHN KaHINIaTa Y KOHOMHUYECKUX HayK I10
cnenuanbHocTy 08.00.08 — «Maremarnueckoe MOAEUPOBAHNE SKOHOMUKI .
3ammuTa nuccepraunu cocroutcs 16-ro mast 2025 roga, B 13% gacos, Ha 3acenaHum CIIEIUATU3UPOBAHHOTO
cosera 1o skoHomuke 015 Komutera no Breiciiemy obpasosanuto u Hayke MHKC PecnyOnukn Apmenus,
nercTByromero B EpeBaHCKOM rocyiapCTBEHHOM yHUBepcUTeTe. Anpecy: yi. AbossHa, 52, 0025, i Epesan.

PE3IOME

AKTYaAIbHOCTB TeMbl HCCIe10BaHusA. PehopMbl, pennpuHATHIC 32 TPH NECATHIIETHE B OOJBIINHCTBE
CTpaH C TEPEXONHOH SKOHOMHKOH, B TOM uuciie B PecnyOnmuke ApMeHMs, HE NMPHUBEIM K KapAHMHAIBHBIM
CTPYKTYPHBIM H3MEHEHUSM B SKOHOMUKE B COOTBETCTBHM C MHPOBBIM TEXHOJOTHYECKUM Pa3BUTHEM U
CYIIECTBEHHOMY MOBBIIIEHUIO YPOBHS JKU3HU Jrofei. CTano O4eBUIHO, YTO 3KOHOMHUYECKOE MPOLBETAHHE HE
MOXKET OIpPENeNAThCS HCKIIOUUTENbHO OrPAaHMYEHHBIM YHCIOM (akTopoB. Pasmmums mexny OoratbiMu U
OemHBIMH CTpaHaMH MHOTOOOpa3HbI U 00y CIIOBJIEHBI BECbMa CIIEHU(PUIECKUMU (PaKTOpaMH.

3a mocnegHUE TPHU AECATHIETHS IMOCTENEHHO C(OPMHUPOBAICA M B HACTOALIEE BpeMs OOIIETpH3HAH
aNbTEPHATUBHBINA NOAXO K U3YUEHHIO Y KOHOMHUKH: TEOPHUsI IKOHOMHKH CJIOKHOCTH, COTTIACHO KOTOPOH «IKOHO—
MHKa HE BCErJa HaXOOUTCA B COCTOSHUM PABHOBECHS, MAaT€MaTHYeCKHE pPacdyeThl MOJE3Hbl B SKOHOMUKE,
HSKOHOMMYECKAs CUTYaLHs] MOKET XapaKTepU30BaThCsl KaK BO3pacTarolIel, Tak U yObIBaroIel oTaauei, SKOHO—
MHKA He SBJISIETCS YeM-TO JAaHHBIM U C(HOPMUPOBAHHBIM, & HAXOAUTCS B MpoLecce (GOPMUPOBAHUS, OCHOBAHHOM
HA MOCTOSIHHO Pa3BUBAIOLINXCS HHCTUTYTAX, HOPMATHBHBIX PaMKaX U TEXHOJOTMYECKUX MHHOBALMAXY. C 3TOH
TOYKH 3PEHHSI SKOHOMHUKA CIIOKHOCTH MOYKET TIOMOYb TIOHATh Pa3BUTHE HALIMOHAJIBHBIX S5KOHOMHK ITOCPEICTBOM
U3MEPEHHIA, KOTOpbIe POKYCHUPYIOTCS Ha OoJiee IIUPOKOM CrieKTpe PakTopoB. ITO OCOOSHHO BasKHO B KOHTEKCTE
Crparerun [Ipasurensctsa PA Ha 2021-2026 roxpl. riyOnHa Lienel, yCTaHOBIEHHBIX IporpaMMoil. «B cpenHe—
CPOYHOU MEPCIEeKTHBE MOBBICUTh HHIEKC SKOHOMUYECKOoU cioskHocTH ¢ -0,39 mo 0,1 Oajia u co3naTh OCHOBY
IUIs1 BXOJKZCHHS B 4MCIIO 30 CTpaH ¢ BBICOKONH SKOHOMHUYECKOU CIIOKHOCTBIO B TeueHue 10 met».

Takum 00pazom, pedb HIOET O MEPEOCMBICICHUN POBOAUBIIEHCS 1O HENABHETO BPEMEHN 3KOHOMUYECKON
MOJIUTUKU B CBETE HOBOM MapaaurMbl SKOHOMUKH CJIOKHOCTH, YTO ONPENENsieT BAXKHOCTh UCCIEIOBAHUN B 3TOH
00JIaCTH C TOYKHU 3PEHUS U3YUCHHUS CIIOKHBIX SKOHOMUYECKUX CHCTEM M MEXaHHU3MOB UX (Y HKIIMOHUPOBAHUSL.

B 3KkoHOMEKE CTaHOBHTCS BCE OOJiee OUEBHAHBIM, YTO IMOHMMAHHUE CIOXHOCTH MPEAsaraet HOBYIO
HAy4YHYIO CTPYKTYPY, B KOTOPOH 3KOHOMHYECKHE CHUCTEMbl NMOHHUMAIOTCS KaK CIOXKHBIE CHUCTEMBI, KOTOpPBIE
HEBO3MOJKHO PAacCy’kIaThb C MCIOJNb30BAHHEM TPAIULMOHHBIX JHHEHHBIX aHAJUTUYECKUX CTPYKTYP U METO—
nojoruii. OCHOBHbIE METOIOJIOTHHU, UCTIONb3yEMbIE B CIOXKHOCTH, CYIIECTBEHHO OTIMYAIOTCS OT TeX, KOTOPBIE
UCTIONB3YIOTCS B TPAIULIMOHHON 3KOHOMEKE. K HUM OTHOCSITCSI areHTHOE MOZIETUPOBAHNE, KJIETOYHbIE aBTO—
MaThbl, TEOPHsl KaracTpod, CIOKHBbIE ANANTHBHBIE CHCTEMbl, WHTEJUICKTYaJbHBI aHAJHN3 JaHHBIX, TEOPHUS
IMHAMUYECKUX CHCTEM, (ppakTasbHas TeOMETpPHUsl, TEHETUUECKUE aJTOPUTMBI, HEHPOHHBIE CETH, CTENEHHOMN
3aKOH, ceTH 0e3 MacTaba, CaMOOPTraHU3YOIIAsICSl KPUTHYHOCTD U CHHEPTHSI.

Takum 00pa3oM, akTyanbHOCTb TEMbI JUCCEPTALMU OOYCIIOBJIEHa HEOOXOAMMOCTBIO Pa3padOTKH Mare—
MaTHYECKHX MOJENIEH 1 METOOB, MO3BOJISIOLINX OMUCATh (Py HKIIHOHUPOBAHNE YKOHOMUKH KaK CJIOKHON CUCTe—
MBI B YCJIOBHSIX HEONPENEICHHOCTU. BBIEeN3NIoKeHHOE, a TAK)Ke HEJOCTATOUHAs! U3YUYEHHOCTh OMHMCHIBAEMOI
npobnemsl B PecniyOnike ApMeHUs! Ipenonpenenuiif BIOOP TeMbl HCCIEAOBAHUS, €r0 Lelb U 3a7a49H, METOI0—
JIOTHIO UCCJIEAOBAHMS U CTPYKTYPY pabOTHL

Heas u 3axaumn uccaexoBanus. Llenpro uccnenoBanus sBISIETCS pa3padOTKa MaTeMaTUIeCKO OCHOBBI
IUIS1 aHAJTN3a 1 MOJEJIMPOBAHMS CIOKHBIX SKOHOMUYECKHX CHCTEM Ha OCHOBE MHCTPYMEHTOB HAyKH O JJAHHBIX.
Brun cpopMymupoBaHBI M PELISHBI CISAYIOIINE 3a1a49H:

— TNPOAHATU3UPOBATh U CUCTEMATHUYECKH MPEACTABUTh OCOOEHHOCTH SKOHOMHUKH CIOKHOCTH, a TAKXKE €€
OTJINYHUTENBHBIE ACTIEKThI OT HEOKJIACCHUYECKON SKOHOMHUKH;

— YTOYHHUTH 00BEM KOHLIENIIIMI U METOAOB U3YUYEHHsI SKOHOMHUKH CIIOKHOCTH,

— TMPOAHATU3UPOBATH OCOOEHHOCTH TEOPHH CIIOKHOCTH M MOJCIUPOBAHMS CJIOKHOCTH B SKOHOMHKE;

24



— BBIIBUTb BO3MOXKHOCTH H MPOOJIEMBbI EPEXOIHBIX SKOHOMHUK C TOUKH 3PEHHUS SKOHOMHKH CIIOXKHOCTH;
— aHAJM3UPOBATH CJIOKHOCTH CTPAHBI U MPOAYKTA, HCIOJB3Ys OOIIENPU3HAHHBIE METOIOJIOT HY;
— OLIGHUTB NOJIOJKEHNE APMEHUHU U MOJIUTUYECKUE MOCIEACTBUSA C TOUKH 3PEHUsI SKOHOMUKHU CIOKHOCTH,
— PaccMOTPEeTh MOAXOA K MOAEIMPOBAHUIO BOEHHBIX PACXOAOB B KOHTEKCTE TEOPUU CIOKHOCTH.
Ilpeamer u o0bexT HccaenoBanusi. OOBEKTOM HCCIEAOBAHUS SBISIOTCA CIOKHBIE SKOHOMHUYECKHE
CHUCTEMBI, UX CTPYKTypa U XapakTepHUCTUKU. lIpenmeTrom uccnenoBaHus SBISIFOTCS METOMAbI MAaTE€MaTH4E€CKOrO
MOJIEJIMPOBAHMS CJIOXKHBIX 3KOHOMHYECKUX CHCTEM B YCIOBUSAX HEONPENEIEHHOCTH U HEPABHOBECHS C MC—
MOJIb30BAHUEM UHCTPYMEHTApUsl HAYKU O JaHHBIX.
OcHoBHbIe HAYyYHBbIE pPe3y/IbTAThI U HOBU3HA HCC/IeA0BaHUsl. JJaHHOE HCClieloBaHue SIBJISIETCS TIEPBOI
B ApMEHHH MOMNBITKON KOMITJIEKCHOTO M3Y4Y€HHUs] SKOHOMHUKU CIIO)KHOCTH U €€ MOJENHPOBAaHUs C HUCIIONb30—
BAHUEM HHCTPYMEHTOB HayKM O JaHHbIX. Cpenu pesyjbTaToB, MOJNYUYEHHBIX B XOI€ HCCIIENOBAHMsS, MOXKHO
CUMTATh HOBBIMU CJIENYIOLIUE:

- Monu(uIpOBaHa MHOTOCTOPOHHSISI MOZENb TOHKU BOOpPYKEHMH PudapiacoHa Ha OCHOBE HAaHHBIX,
copepkammxcs B nyonukanusx CMU, ¢ npiMeHeHHeM K TUHAMHUKE BOCHHBIX PacXomoB APMEHHH U
PErMOHANIBHBIX UTPOKOB;

— pa3paboTaH MOAXOA K MOAETHUPOBAHHUIO MHBECTHUIMOHHOTO TMOBEICHUS HA PBIHKE IIEHHBIX Oymar c
yUETOM TMPEANOIOKEHNH HEPalMOHAJIPHOIO WHBECTOpa M HecOaJaHCHPOBAHHOTO pPHIHKA B Oojee
IIMPOKOM KOHTEKCTE NMPUMEHEHHsI UIeH SKOHOMUKHU CIIOKHOCTH K pa3paboTKe MOJUTHUKU B CTPaHaX C
MePEeXONHON SKOHOMUKOMN, HAITPABICHHOW Ha SKOHOMUYECKOE Pa3BUTHE.

— MPEAJIOKEH MOAXOA K MOJAEIMPOBAHMIO 3KOHOMHUKH CJIOKHOCTH, OCHOBAHHBIM Ha KoHUenuuu 4W u
MIOHUMAHUW HAINpPaBJI€HUH NPUYMHHO-CIENCTBEHHBIX CBA3€H MEXAYy IEePEMEHHBbIMH, HMEIIINX
MOCJIEACTBUS [IJIs1 CTPAH C NEePEXOAHON 3KOHOMMKOH U, B YaCTHOCTH, 11 ApMEHHY,

— NpeIOKeHA KOHLIEMLMs MOBBILIEHUS] YPOBHS 3KOHOMHYECKONW CJIOXHOCTH ApPMEHHUH Ha OCHOBE
MHOrocropoHHen moaenu IIutepa Xasurra, kOTOpasi NpeanoNaraeT COKpalleHue pacCTOSIHUS CTPaHbl
OT TeKyIIel TEXHOJOIMIECKOH IPaHHIbl IOCPEICTBOM «KJITyOHOH KOHBEPTEHLIUI» U TUBEPCUPUKALNN
B CTOPOHY CJIO>KHOUN MPOAYKLIUU.

MHER GAGIK VARDANYAN

THE MODELING PROBLEM OF COMPLEXITY ECONOMICS VIA
DATA SCIENCE TOOLS

The abstract of the dissertation submitted for pursuing degree of Ph.D. in Economics in the field of 08.00.08 -
"Mathematical modeling of the economy".

The defense of the dissertation will take place at 133 on May 16™, 2025, in the Meeting of Specialized Council
015 in Economics of the Higher Education and Science Committee of the MSCS of the Republic of Armenia,
acting at the Yerevan State University. Address: 52, Abovyan St., 0025, Yerevan.

ABSTRACT

Relevance of the research topic. The reforms undertaken over three decades in most countries with
transition economies, including the Republic of Armenia, have not led to fundamental structural changes in the
economy in line with global technological development and a significant increase in people’s living standards.
It has become obvious that economic prosperity cannot be determined solely by a limited number of factors. The
differences between rich and poor countries are diverse and are due to very specific factors. Over the past three
decades, an alternative approach to the study of the economy has gradually emerged and is now generally
accepted: the theory of complexity economics, according to which “the economy is not always in a state of
equilibrium, mathematical calculations are useful in the economy, the economic situation can be characterized
by both increasing and decreasing returns, the economy is not something given and formed, but is in the process
of formation based on constantly evolving institutions, regulatory frameworks and technological innovations.”
From this perspective, complexity economics can help us understand the development of national economies
through measurements that focus on a wider range of factors. This is especially important in the context of the
RA Government Strategy for 2021-2026: "In the medium term, to increase the economic complexity index from
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-0.39 to 0.1 points and create a basis forjoining the top 30 countries with high economic complexity within 10
years."

Thus, we are talking about rethinking the economic policy pursued until recently in the light of the new

paradigm of complexity economics, which determines the importance of research in this area in terms of studying
complex economic systems and their functioning mechanisms.
In economics, it is becoming increasingly clear that understanding complexity offers a new scientific structure
in which economic systems are understood as complex systems that cannot be reasoned about using traditional
linear analytical structures and methodologies. The main methodologies used in complexity differ significantly
from those used in traditional economics. These include data science methods using traditional machine learning
algorithms, deep neural networks and big data.

Thus, the relevance ofthe dissertation topic is due to the need to develop mathematical models and methods
that can describe the functioning of the economy as a complex system under uncertainty. The above, as well as
the insufficient study of the described problem in the Republic of Armenia, predetermined the choice of the
research topic, its goal and objectives, research methodology, and the structure of the work.

Purpose and objectives of the study. The purpose of the study is to develop a mathematical basis for the analysis
and modeling of complex economic systems based on data science tools.
The following tasks were formulated and solved:

- to analyze and systematically present the features of complexity economics, as well as its distinctive
aspects from neoclassical economics;

- to clarify the scope of concepts and methods for studying complexity economics,

- to analyze the features of complexity theory and complexity modeling in economics;

- identify the opportunities and challenges of transition economies from the perspective of complexity
economics;

- analyze the complexity of the country and product using generally accepted methodologies;

- assess the situation in Armenia and the policy implications from the perspective of complexity

economics;

- consider the approach to modeling military spending in the context of complexity theory.

Subject and object of the study. The object of the study is complex economic systems, their structure,
and characteristics. The subject of the study is the methods of mathematical modeling of complex economic
systems under conditions of uncertainty and disequilibrium using data science tools.

Main scientific results and novelty of the study. This study is the first attempt in Armenia to
comprehensively study the complexity economy and its modeling using data science tools. Among the results
obtained during the study, the following can be considered new:

- Richardson’s multilateral arms race model was modified based on data contained in media publications

with the application to Armenia’s and regional players’ military expenditure dynamics;

- amodeling approach to investment behavior in the securities market was developed, taking into account
the assumptions of an irrational investor and an unbalanced market within a larger context of applying
complexity economics’ insights into transition economies policymaking aimed at economic
development;

- an approach to modeling the economy of complexity is proposed, based on the concept of 4W and
understanding the directions of causal relationships between variables with implications for transition
economies and Armenia’s case in particular;

- aconcept for increasing the level of Armenia’'s economic complexity has been proposed, based on Peter
Havitt's multilateral model, which assumes reducing the country's distance from the current
technological frontier through “club convergence” and diversifying towards complexity products.
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