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£. GEY UL 20- HYULCP KULSULUNESURUL dUNULENR UL
NU2ZN0LNRE3UL NLACSNRU UNYU PCUJUYUL RUSET

Updtunihh Uppkipnh Ujkpuwiywub
SwpunupuyEnnyeyul b phlupupnipyul Zuyuwunwih wgquyhl hwduyuwpui, p. Epluul, 22

aleksanyan.armenuhi@yandex.com

Mumdbwuppyws b 20-pg nuph Bpliuiah dwpnupuygbnulul dunwignipyul yuwhuu-
Unipyul njnpuinid wnlhw ppwjuilul pugbpp b gpubg wignkgnieintip punuph yquwndwdowln -
puyhl dpowjuyph wuwhywanipyul Ypw: Yepnidynid B Zuywunwih Zwbpuy buntppul gnpdng
opkhugpulwbl jupgui/npnidibpp, nknulwi hipinulunwupdul Jupdhbbbph jhugnpnipini-
bbpp, Wwlnipughl wpdkpbbph wwhwywbnipyub ppuyuluwl JEhnubhquabpp b ppubg §hpun-
dwl wpynibunbwnnipiniap: iowppnipinii E pupdynid junphppughll dwdwiuluppowih
Unplpipunulul dwupunupuybnnyeyul opklnbbph ppujulwb jupquyhdwlhl, piswyku nulk
ayuhywhnippul sunpubhobbph whnpnonyppuly hhdinupubnphl, ugh F pk pls Sunjuyny b plis
tnwinulhbpny wlkunp I quhywin/h uwyu jud uwylh Swpunupouwybnwlud jud gundud>wln-
Juyhl oppbliinp: Munidinuuppynid b JEpynidynid b bwl punuipuipplnulmb b Gkpgpnidughl pu-
nupwlwinipinibbbph wqnbkgnipiniip punuph wundulwi dhounjuyph Ypw, dwubun/npuybu,
phlnuplynd ki hkwnlyuy hupgkpp ghwhwwnynmd F, pk pkiph np hwngwdibpl nr nmuppkpl ko
Eipulw wwhuwinfwl wdpngo sklipp, pk dpuylh wundunlywnipughl wpdkp bkpluymging
vwubpp, npnpymd L pb fbpulunnigih plpugpnid plshup shnghnfuniegn: dbkp kb poiyjanplyp,
vwhdwin/mid kb uyl sunhwmbhoikpp, npnbg hhdwl Jpw qhwhwwnnid F okiph wuwndw-
pwlnipuyhl wipdbpp: Ukpluyumgynid F il upowmgquyhl thnpdp hundbdunnuljuil o/ Epynidnipinil
I dbwlEpupnud b wowewpnipinihbkp  nupnywé ppunjwlmb upguuinpnidabph Junnwplbyu-
gnpSuwlp, dwnwbgnipyul wwhwwbnipul hhunpunnighnbuy JEpnubhqubbph wipugbnduin b
Eplwih swpunupuwybnwulwi haphnippul yuhwywin/uin:

Puwluygh punkp. 20-py quph dunwbgnyentl, dwlnipughl dunwubgnippul wuhuwinid,
ppujulwl pugkp, punupuphiniemnil, wundudwlniypuyhll dhowjuyp, Unpknihuwnwlul
dwpmnupuy buinipini i

Uhpuédnipiniu

20-pn nupmd p. Gplwtp thnpp qujunuljut punuphg ypwsytg janonp Jupswljui, wp-
pnitwpbpuljui b dpwlnipwyhtt Jhunpnuh: bpujubtwgytghtt jujtwdwguw) punupuwohttwlju
dpwgpkp, Junnigytght tnp thnnngubp, hpwwywpwljukp, ptwlth punudwubp, hwuwpuljuljub
okuptip b wyghttp: Lunuph qupqugdw gnpénid ULS nlip nitbguy fwpunuwpuybn Ujkpuwunn
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Pudwiymuh gjluwynp hwwnwlwughsdp, nph hhdwt Ypu Gpliwbp jurnigytg npuyjbu dudwbwljw-
Yhg b ubppuptwly punup: Uju opowith Swpunupuuybinnipjuip punpny kp wqquyhtt wjutnnype-
ukph b dwdwtwlwlhg jnisnidubph hwdwnpnudp, husp dbwynplg Gplwth jnupuhwnniy gup-
nwpuy bnwljut nphdwghép: Unbndyws oktupbkpt nt punupwohtiwjutt hwdwhpttpp ny dhuy
wpunugnnid ki nupplip quundwlwb b puqupwlut thnybph wqnpkgnipiniup, wjb tkpluywug-
unud Eu tpwbwluwh dowlnipwjht, ginupiunwljut b hwuwpulwlwt wpdbp: vnphppugh
Unpbknuhquh, tknljjuuhghquh b wqqujhtt Smprnupuybnwljut dninkgnidubph hwdwunpnipjudp
Alwynpywé Yunnygubpp nupdl) b Gphwbh huptnipjub b wuwndwljuwt hhpnnnipjut juplnp
pununphs: Fputp ny vhuyt Swpunnupuybnwljut wpdtp niukl, wpl wpnwugnnud Bu vwwppkp
dudwbwlwopowuipnh qunuthwpwjnunipinitp, dywlnypt nt punupwohttmjut dnwénnni-
pintup: Uwljuyt yipohtt muwutdjujubphtt punupwphtiwjut wjnhy gnpdpupwugutpn, tkpnpnt-
duyht dpwgpbpp b hunktuhy jupniguuyuwwnnidp hwigkgpty b 20-pn 1. puquuphy wpdtpwynp
ohtunipniutiinh dwuttuyh jud wdpnnowljut Ynpuwnnh: Munhpp wuydwiwynpguws kny dhuy intink-
uwlwt b punupwohttwlwt swhbph ghipwlwmipudp, wylk njpnpup jupquynpnn hpudulub
Ubjowthquubph ptpnipnitutpny: @npénn opkuugpnipmitp hwdwh sh wywhnynd dudwtiw-
Julhg yquundwdrwlnipwjhtt dwpwignipyut wdpnnowlwi b wpymbwdbn yuonyuwinipinty,
hwnljuybu wyt opjEjnntnh niwypnid, npntp nhnbu skt vnwgk] hnipwpdwh jupgquypdwl ud
npnug wpdtpp dwutughnwljut b hwiipughtt dwljuppuljubpnid jhupdtp quuhwwngws sk:

znnush tyyuwli kE ntunmdbwuhnly p. Gphwth 20-pn 1. fwpunupuy binuju dunwigne -
pjwut ywhywinipjut ninpunid wnjw hpujuwjut pugkpp, Epnist) ppuig wnwewgdw yuwn-
dwnubpp b quwhwwnb] npuig wqpbkgnipmniip punupuyhtt howdwyph wwhwywinipjut Jpu:
Thunwpynud Eu Zujwunwih Zubtpuybnnipyut opktunpuljut jupquynpnidutpp, vhowqqu-
jht thnpdp, hsywbu twlh ywhywinipyut htunhnmghntw] b Jupswpwpwlub jpunhpubpp:
ZEnmwgnuunipjut wpyniupnid wnwewplynid tu hpuwdulwi b jurwupdwt dkjuwthqdubph
Junwpkjugnpsdwt ninhkp nugnyus p. Bplwbh fwpnuwpuybnwlub dunwbgnipjut wywh-
wwinipjut wpynituynnipjut pupdpugdwin [1]:

znnush ghnnwljui inpnypp Wuydwbwynpjws t Gplwth 20-pg 1. Supnnupuybnwuljut
duwnwignipjult ywhywinipjui punph ntumdtwuhpnipjudp ny thuyt punupwohtwjut jud
Wwnipwputiwlul, wjlb hpwdwluwt hwdwihp YEpnwsnipjub spowtmynid: Uhty wydd ninp-
nmd hpujuttugws htnwgninmpnitubph ks dwup YEunpntwugt) £ wpwidhtt Smpunnupuyk-
nwlwt opjkjnubtph yuundwdwpnmwpuybnwulut wpdtph jud punupwohtiwljub thnthnjunt-
pntuttph Jpw, dhtyptn hpujulut jupquynpdwt pugbkph hwdwlupquhtt ntunidbwuhpnt-
pintup uwhdwbwthwl k: VEpnppnudp Juywinud £ Gplwth 20-pn 1. Supnupuybnwljut dunwi-
qnipjull uwhywinmpjub gnpénn hpwjwluwt nupnh hupunipnyt hwdwlwpquihtt ntuntduw-
uhpnipjutt b npu wpynibpnid weuw hpuduwluwt pugtph guuujupqiu dbe: Zudwnpyty k&
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dwnwugnipjull Wywhywinipjuip Jkpuptkpnn hpwduut unpdbpp, ngpubg jhpundwb opow-
twlp b Bphwih punupuwhtt qupqugdwi hwdwnbpunp wnwbdbwgubiny wjtt jupquynpnid-
ubkpp, npnp pwdupup sk 20-py 1. dwpnupuybnwljut dunwbgnipyut wnwduwhwnlnt-
pintutiiph hupdbp wuwownmwywunipyubt hwdwp: Yuwpbnp £ bwb hpudulut pmghph‘ nuwn npuig
punyph U jupquujnpiwl thmjh quuwlupgndp’ tkpunkng fupnupuybnwljwh dunwign-
pjul inybwlubtwugdut b guuhwndwb, hwydundwt b hpuduwlut jupquyhdwlh wdpugpdwd,
wwhywinipjut nkdhdubph vwhdwtdwl, Jipujutiqudub b Jkpuljunnigdwi, husybu twb tnp
Junniguyuwndwi b punupuohtiwfjut dhpwdwnnipniuttph tjundwdp hpwdwlwb JEpwhuljn-
nnipjub fuinhpubpp: ZElnwgnunnipjut wpyniupnid dbwubpyyty B Gplwth 20-py nuph &wp-
nwpuy bnwljut dunwignipjut yuhywinipjut hpujuwlwb dkjuwthquubph junwpbjugnps-
dwt ninnué wpwowplnipnitubp, npnig twwwnwli £ wowyl] hunnwltgul] wpdtpuynp
opitiunniiph hpwjuwlwt wuonmwwiunipjut swhnpnohsubpp, tjuqtgubk] hpujuwlwt winpnont-
pintup b wywhnybl] swpnupuybnwljut dunwignipjut ywhwywinipjub nt punqupughtt qup-
quguwl pwhtiph wpwyt] hwjwuwpuwlondws hwdwnpnidp: Ujuujhuny, wyhtwwnwiph ghnwljut
wpdtpp ny Uhuytt gnpénn hpuwdujut jupquynpnudubph tjupugpnipjut, wyjh ppubg pitiunu-
nwlwt hwdwljupguwi, Ynuljptin hpuuljuwb pugkph puguhwjndwt b ppuitg hwnpwhwpdwu
ninnnipjudp hhdtwynpjws wnwewpnipniuubph dpwldwi Uke k [2]:
Gplwth 20-pn 1. Swpnwpuybnuljut dunwignipjut ywhywunipjwip yipwpkpnn hpu-
Jujwt tnpdtph hwdwlupgdus ytpnisnipiniup hnpdusnid hpuwuwgynid £ uh putth thnpuljw-
wulgws dwjupnuljubpny, htusp dvhts wydd wdpnnowljut duny sh ntunidtwuhpyby:
Zhnwgnuumipjut oppwttwynid ntuntdbwuhpymd B dpwlmpuyhtt dunwugnipjut wuwh-
wwunipjuip, punqupuwohinipjuip b mknuijut huptwjurwjupdwip Yepuwpkpnn hpuduljut
wljnbkpp puguwhwynkiny npuig dhel wnljuw hwlwuntpntuttpp b Yhpundwh juighpbpp:
dhpnisnipnip tkpwpnd k.
¢ «Nuununipjul b dpwlnyph wpwupd hnipupdwtubpnh nt uundwlwt dhowuyph wuh-
wwinipjul b oginugnpsuiwi vwuhl» 22 opkiph niuntdiwuppnipynil’ wwpgknt, ph his
swthwthottipny Lt 20-py 1. unnygubpp Swtwgynid jud skt fwbwsynid npybku wuh-
wwunipjub kupwlw wpdtpubp [3],

¢ «Runupuwohmpjub dwuhb» 22 opkliph b punupwohtiwjut Eipwontkunpuljw wjntk-
ph Jbppnsmpmi’ hwuljubwne hudwp, ph hswbu b junnguuyundwb poypundnd-
pintutiph gnpépupwgubpnid hwodh wnuymd dowlnipujhtt dwnwtignipyut wuwhww-
unipjut wwhwbetknp,

e Bplwih quudnp hwnwlugsh b gnnbinpdwl thwunwpnpbph numdbwuhpn ey’

qguuwhwuntnt yuundwdrwlnipujhtt thowjuwnh gquwhywinipjut dthwthquutph wpy-
nttwy bwnnipyniip,
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o yhunwlult b mEnuiwubt huptwjurwdupdwt dupdhtutph jhwgnpnipniutiph pugju-
Ul nuuntdtwuppnipynti’ pugwhwjnbint Jipwhuljnnnipjui b yuwnwupwbwnynipjut
ninpunubkpnid wnlw pugkpn [4]:

Uniptp b dkpnnutp

Zhnwgnuumpjut hpwjwbwgdwt pupwgpnid jhpwnydl) i ppuduljui, hudbdwnwljub b
Epmdwlut dkpnnkp Bplwbh 20-pn 1. Swpnupuybnwluh dunwignipul wuhuywin -
pjut ninpuind wnljw jpunhpubph puquunnduih ntuntdbwuhpdwt tyuwnuyny: Usuwnwiph
nbuwljut b huunuljut hhdpp uqunn hppujuwlut wjnkph ptnpnipemniop yuydwibuwgnpjus b
upwny, np dpwlnipwhtt dwnwignipyut ywhwywinipniup b punupwohttmjutt qupqugnidp
Zujuunwind jupquynpymd b thnjujuyulgduws ppuduljub dbjumthquubpny: «Mwwndnt-
pjul b dpwlnyph wbpwupd hnipwpdwtubph nt ywndwlwt dhowduyph wwhwywinipjut b
ogunugnpddwtt dmuht» opktpp vwhdwinid £ yyundwdswlnipuyhtt mipdtpubph wuwhwwunipjul,
ogunugnpédwt b wuwonmwwunipjut hhdtwlwb uljgpniupubpp, hull «Runupwohtinipjut dwuht»
opkipp Yupquynpnud E mmwpwspubiph yjuwbwynpdwt, junniguyundwt b punupuohtimfjut
gnpoénitubnipjut ppwubugdut hpwjwlwb hhdptpp: Yunwywpnipjub npnonudubpp b Eupw-
opklunpuljwh Jupquynpoidkpp pughnid b wyn gpnypubpp’ uvwhdwbbyng npuig gnpstulub
Jhpundw pupuguljupgbpp: ZEnmbwpwp, tpquws ppuduljub wnpniptbpp htwpuynpnipini ku
wnwjhu ntunidbwuhpl] hsybu dpwlnipwihtt dwnwignipjutt ywhywimpjub wwhwbeubkpp,
wjuytu k) gpug hwdwunpnidp dwdwtwljulhg nmupwspughtt b punupwohttmjutt qupqugdu
gnpdpupwgubph htwn [5]:

«NMuundn pyub b dywnyph wipwpd hnpwpdwutitph nt yundwljwbh dvhpwduyph wuhujw-
unipjutl b oquuugnpduwts ywuhix opkupp jupgquynpnud £ yuwndwljwt okuptnh, hnipwpdwuttph
b pputg yuwhwwbwlwt gninhubph hpwduwljut jupgquyhdwljp, yuhywinipjul, ogunugnpsdu
b thnthnjunipnitubph pnyjuwnpbjhnipjut uljgpniupubpp: Uju optupp hhdp E tnwjhu hwuljwubtiugne,
pt his yuhwettp b uvwhdwiynid dowlnipuyhtt wpdtp nittkgnn opjkjnubtph tjuwndwudp:

Gunwjuwpmpui npnondutpp bt ipwopbunpujutt jupquynpnidubpp ukpunyl) B,
pwlth np gpuibip dwhpudwubmd ki opkipkph Jhpundwi gnpstuljul dkuhqutkpp uwhdw-
ubkny pupwguljupgtp, swthwthpubp b yunwupwbwnnt dupdhuttph thwgnpnipmnibatubp: Uow-
Ynipuwjhtt dwpwignipjut b hntpwpdwbttph wwhywunipjut dwuhtt® opkupp hntpwpdwi L hw-
dwpnid ny vhuytt wpwbdht pktpp, wy twl quundwlwt dhpwduypp, jwinoudnp, yundwuljub
Jtunpnuubtpp, htwduyptpp, hwdwhputpp, hwpwlhg wwpwsputpp, npnup wtdhowljuwunpku
opowyjuinnid ki hntpwpdwp b Juplnp kb npu yundwub, dpulnipughl, fupnupuybnw-
it jud nhunnquiljut wpdtph yuhwwitwh hwdwp, ophluly

e Glbnbgnt opgwlu pulyp,

o wudpngh onipe quuuyny yWurnywbwluwh gnuinhi,
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e wuundwlwl pkuph nhdwgh hpwwwpuyp,

¢ htwduwjpht hwpnny mwpwspubpp,

o yuwndwlult dhowyuyp dbwynpnn thnnngubpt nt pug mwupwspubpp:

dJunwbgnipjui tjundudp whnwlub dninkgmd: Opkupp dowlnipughtt dwnwignipniup
nhunwpynid £ npytiu wqquyhtt wpdtp, ns ph vhuyt ubkthwljwunipni:

Lutimpwt wpghp: Znipwpdwbttiph puinnudp uygqpniupnpkt wpglgnud k:

Ghunubwb Jepwhuljnmmpnit dEpuuiqudwb, JEpujupnigdut b hbtwghnwlwb wh-
nnidutiph ppuutwugnidp ywwhwbgnid | dwubwghunwlwb tqpuljugnipiniuiibp:

Munhpukpt nt hwjwumpmubkpp: Zwdwp nknh ki niukund wyonphuth Epuljunnignid-
ubp, dwmjuunubph hnthnpunipjniutbp, undwlwb oEupiph dwubtwh wywdnunmwdnidukp, phg-
ubku owhbph gipwluynipinii:

«Pumupuohimpjui dwuht» opkip: Uwhdwiunid £ mupwsputph yjubwynpdwb, junrnigu-
wuwndwl, Jkpujunnigdut b punupwohtiwjut gnpénitibnipjut hpujutwgdwt punhwinip ju-
unutitipp: Uju uplinp E hwuljwbwnt hwdwp, pk htyybu i inp junmguuyundwt b qupqugdut
gnpépupwugubpp hudwnpynud yundwlub vhpwjuwyph wuwhywinipjut wwhwbetbtph htwn:

«Rumupushim pjurh dwuhis opkitph Yhpnisnipymit: Opkiph tyywinwlji nt jupquidnpnidp

e wnuwpwspwjht yjwbwynpnid,

¢ Junniguyuunnid, twhimgddwb poyyjnynipjniubp,

e punupuwhtwljub hwunwpnpetp, 2httwpupmpjut Jipwhulnnnipni:

Swpwépwjhtt wywmbtwynpnidp punupwohttwjut gnpéniutnipjutt uplnp ninnnipniu L,
nph dhgngny vwhdwtynid Et nupwsdputiph ogrnugnpédwt, qupqugdui b jurmguuyuwndw
uljgpniupubtipp: Uju hpuutwugynid £ punupwohtiwjut spuwgpuightt hwuwnwpenptph hhdwt ypu
b tywwnwl niuh wwywhnyl] mwpwsépubph Juynit qupqugnidp, nwghntw] oguwugnpéniup,
onowlju Uhpwuynh wwhwwunipniup b puwlsnipjut jiuwgnpsniubnipjut pupltyuun wuy-
dwtiubph vnbnénidp: Uju dhgngunnidubipp dhindwé L.

o wywhnyt) mwpwspubph wpynibwybin b tyunwljughtt ogunuugnpédnidp,

e npnok ptwlbih, hwuwpujuljuwl, wprwunpuljub, gninuuntnbuwljwt, hwtqunh b wy

gnunhubph mbnupwohinidp,

¢ Juquultpyl) mpubtuwynpuuwght b hudbkubpulju Eipuljunnigqusputnh qupgugnidp,

o wuwhwuwil] sppwlu dhowduypp, ywuwwndwdswlmpuyhtt hnipwpdwbbkpp b phwfub

nkuniputitpp,

o uwnknsl) ptwlsnipjut hwdwp widunuig b pupttiywun jhtuwdhpwyuwygp:

Swpwépuwjhtt wywbwynpdwt gnpstwljut Yhpwnnipniup Jupkbjh £ ubpuyugub] hbnlyuy
Ytpy. Epk hudwjupp twpwnbunid £ jurnigh) unp phwlbh puqudwu, wyuw twpwwbu uwh-
dwnud B’

e puwlbjh oktuptph jurnigdwt hwdwp twpiwnbugws mwpwspubpp,



ISSN 1829-4200 &TZU.Z @hSUYUL UGCUSNRE3NRLULES 2026. 2. 2 (95)

o nupngukph, dwbuwwpuntqubph, wyghubph b wy] hwuwpwlujut wibwlnipjub

opitjnutph ntnuljwydwt Juyptpp,

o Swbwuyuwphubph, opw-, ququ-, HEjunpuduwnujupupdut b wy hudbubpuljut Gupw-

Junrnigubpubph wghugdwt ninnmipniutpp,

o wyjju] nupwspnid junniguyundw hwdwp nwhdwtijué ywhwtettpt nt uwhdwbw-

thwljnudubipp:

Ujuyhuny, mwpwspuyhtt wyjwbwynpnudp wywhnynid £ mwpwsph juquuljtpyguws, w-
Junulig b juymb qupqugnidp hwoyh wntibiny phwlsntpyul tbpu b wyywqu Juphplbpp:

Mumdtwuhpyt) ki Gphwith 20-py puiph fwpunwpuy bnwljut wpdtp tkpljuyuginn okuptph
wuhwwinipyub, Jipujuemgldut jud wyuintinwuddut JEpupkpu) wuwonntuljwt hwunw-
pnehp twutwghnulwb hpuyupulndutp, ghnwljwh hnpjusttp b punupwohtwljwb Spugpkn:
Zbnmugnuinipjutt oppwtmlnmd Yhpuedl) £ twb phwyptph ntunidbwuhpnipjut dkpnnp, nph
dhongny Jtpnisyl) b hwbpuhtt juyt wpdwqup vnwugws dh owpp fwprupuybnwlut
opjijintiph wwhywunipjut jud Ynpunh ophtwlukpp [6]:

Gplwth «rnuhwy» Jhunpunpnt - npybu wpnbt Ynpgus Lupunuwpuybnwlut hwdwihp,
npp hwdwh phnwplynud £ npybu hpujuljut gquonwyuinipyut wipwjupupnipyut b wpug
punupuhttmjut ypuwthnjunidutph wqpbkgnipjut ophtiwly: Uju junphppuyhtt Unginthunwlju
punupuwohunipjut hbnnwppphp ophtwaly E, npuntn otipnydwé Lu hnphgnuwlwb dwdwjubpt n
hwupuyhtt mwpwsph qunuthwpp: «knuhw» hunpuwnpnip hwdwpynud £ Gphwtth wdktwdnnbn-
thunwluwt junnygubkphg dklp: Swuynp, wyuop wyt hwynugty k wytyhuh dhowyujpnid, npp pniy
sh wwjhu okupt puluyl] wyuwybu, hsybu np wybt bwjupwnbul] tht hinhtwlubpp' Zpug
NMnnnujwip, Uppnip fwuphwiyuit nt Ugupunwul vwghljjuup (Wy. 1, oy. 2,) [7]

UY. 1. nupw jhinpunnpnih nufulhl nkupp ' Ug. 2. (knupu [hinpunnpnih Ilprmj]m wkupp’
1974p., JEpubjuinjuiyws «Upupuus npyku wnbupudowlnipuyhl §Enpna [7]

Munidtwuhpnipjub Ukpnnp pny) knwjhu nbuujut dujuppulng phunwplt ppuduiut
Jupquynpnidubpp, punupwohtiwlub hpwyhdwlutpp® 4Epnwsting hmipujht juytt wpdwgqup
unugwd Supnuwpuybnwulub opjijnubph fwjuwnwghpp: Twutwynpuybu, pnpyl) B wyi-
whuh nhwpkp, npnip Wkpluyugimy kb wwppkp hpugh&wlughtt dnglibp guhwwinipynil,
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dwutuljh YEpuwihnjunid b wdpnpowljut Ynpnruwn: Uju nhwypbiph hwdwunpuljut 4tpjnidnipiniup
httwpwynpnipnit £ gk pupguhwynbng, ph hyybu Eb ppuuljut tnpdbpp qnpéty b hy hwibi-
qudwupttp G wqnl) npnonidubph Juyugdwi Ypu: Nrunidbwuhpyl) o wyb opjkljnnkpp, npnup
niuklt junphppujhtt dnpbnthquh jud niy dnpinthunwlut fupunupuybnniput wpwbdtw-
hwwnlnipnitubp b npnup Gu bEnk] qupqugdwt putiwpynidutph YEunpnunud: dhpnisnipjut
plipugpnid nhuinuplyty B

e opjinubph hpwjulwb jupquyhdwyh hnthnjunpjul i bpp,

e yhunwlub b mknulijwt dwpdhtiubph §nnuhg juyugdusd npnonidubtph hhdptpp,

¢ punupuwohttmjub twpwgstph wqptgnipniup ppuig yuwhywinipjub Jpu,

e hwlpujht b dwubwghnwlwb wpdwquupubph nkpp npnonudubiph pipwgph Ypu:

Zudbdwnuwlut dkpngh Jhpundwdp ghunwnplyt) £ dhpwqquyhtt thnpdp, dwubuynpuytu,
Eypnuyulwb punuptbtpnid 20-py puph dnpinthunwlwb b junphpnuyht opowtth Swpunwpuy k-
nnipjul ywhywinipyut hpudulubh dninbgnidubpp: Uw htwpwynpnipinit £ ndt) puguhwyg-
wnbknt hpujuwlwpquynpdwb wnwtdbwhwnlnipnitubph n pugkpp, hasybu twb wpwewnlknt
njnpunp juwnwpbjugnpsdwt htwpwynp nunnnipnibiutp: Yhpundt) Bt hwdwlupqujht b pndub-
nuuyht tpnidnipjut Ukpnnubkp, npnug vhgngny quuwhwwnyb) Gu gnpénn hpwjwut dkjuwuh-
quubph wpnnibwybwnnipnitup, npuig fhpwnnidt nt wqpbkgmpnitp Gphwith wundwdyw-
Ynipuwghtt thowJwnh wquwhywinipjub ypu:

Upnynipubp b putiupynud

ZEnwgnuunipjut wpnyniuputpnp gnyg b tnwhu, np Gphwth 20-pn puph fupunupuybnw-
jut dunwgnipjut wwhwywinipjub npnpunid wnlw kbt bmjut hpuduljut b htunhwnnighnbuyg
huunhpukp, npnup junspungnuinnmd ko yuwwndwdywlnipwihtt wpdbp ubpluyugunn skupbph wpnyne-
twybkn wwhywiunipjup: 3npdnn opktunpnipjut YEpnidnipniup gnyg b tnwjhu, np dowlnipu-
jht dunwiignipyut Wywhwywinipjuup Jepupkpnng hpujulwt wlnbtpp hhdbtwlwind YEuwnpn-
twgws Eu wpwyk) hht yuwndwdpwljmpuyht okpnkph ypw, dhtisntin 20-pn quph, hwnjuytu
hunphpnuyht opowtih fwpunupuybnnipmniip hwdwju sh phnwplynid npybu thwupdtp wuhww-
unipjut Eipulu wpdtp: Ppujulut hhdttwlwb pugtknhg dkyp hnpwpdwuttph hwydundwi b
Jupquyhdwljh sunphudwit gnpépupwugh vwhdwbwhwl wppynmitwybnnipmniut k: Cwn Swpunw-
puybnwljut opjkjnubp, npnup mukt uundwlwl, ginupiunwjut jud punupwshttwju
wwbwlnipnit, pungpyus skt ywhwwiynny hnipwpdwbttph guwtlnid, hush hbwnbwlpny
npuip kipulu kb Jekpuhnpudwt jud puingdut wnwig pajupup dwubwghnwljut gouwhwwn-
dwl: Uhwdwdwbtuly, yuhywimpjub swhwhoubpp hwdwh dbwljEpyguws skt hunnwly b dhwu-
twlwt ulgpniuputpny, hugp untnénid £ hpujuljwt Ukjtwpwtnipjniittph juyt gugwn:
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Bphunuwuwpujut yuwjuwwnh untnénidu n pwbnnudp:

Gplwth wdktwpywbwynnp janphppuyhtt dnpinthunwlwb junnygutphg Ukl Ep Gphunw-
uwppuljul ywjuwnp, npp, junnigws (hubking 1970-wjutiikpnht, niukp jpipuwhwnntly swdujw-
nwpwdwlub jnisnidubp b Swnwynid Ep npyjbu hwuwpwluwlw b dowlnipuwght YEunpn: Gph-
nwuwppuljub yuwjuwnh ophttwp gnyg k tnwhu dh pupp hwdwlwpquyht punhpubp.

¢ hpwjwlwb nguonh whjunwpnipmnit (Wuonywinipjut dkjwthquubph puguljunt-

pintt jud whwpnnibwyEnnipini),

e purnupuwohtiwjui npnpnidutiph ny puthwughynipnty,

e dwubwghnuwljut guhwhwwndwb b hwtpwjht putwpldwb puguljuwmnipinii:

Uju nbypp hwdwhu ubpuyugynid £ npybu jpnphpputywjut ophtiwly wyb puitth, pk husybu
20-pn nuph wpdbpuynp dnpinthunwlwu okupkpp Yupnn b Ynpudbl] mbnbuwlwi swhbph
ghpujunipjut b jupwjwupdwb ptpnipniuttph hbnbwipny:

Upyniupnud shpwljuwtwgytg hwdwpdtp dwubwghnwlju guowhwwnnid npu wuwhywiudw
htwpuwynpnipjut Jepupbpuy, sjunupdtg wdpnpoujut thwunwgpnid, shpujuwbwgytg npu
nbnnud twpwnbugws twpwghédp, mwpwspp duwug whoquugnpstih (uy. 3, 4) [8]: 20-py nuph
Supunupuybnwlui dunwignipniup Zujwunwinid ny Jhuyt sh wuwhwywidnud, wy) hwdwju
JEpwinud £ wpwbg yuwnowd huwunwugpdut b ghnujut guuhwwndwi:

Ul. 3. Gppunmwuwppuiljul wuyunap, Ul 4. Udpnnonipjudp puliniué
qunnigifwé 1970-wlubabkphl 2004-2007 ppo. [8]

Lunupuwphtiwjui b tkpnpnidwghtt owhbtpp hwdwp ghpujuynid Eu dwnwiignipyut wuh-
wuwinipjul uljgpniipubpht: YEpohtt mwubtwdjuljubpnid Gphwuh fEunpniwlwt hwndwsubpnud
hpuljuitugyws vh swpp Junniguyunmdubp hwtqtgpt) Eu 20-pn . wpdipuynp okupkph dwu-
twlh jud wdpnnowljut Ynpuwnnh, huswyku twb wundwlwt dhpwuyph piwpondw: Uju gnpépl-
pugutpnid tjuunynud Eylnwlui b mknuljut jurwdupdwb dwupdhtubph dhol thwgnpnipmniu-
utph ns hunwl] pwohunid, htisybu b hwipuyhtt dwubwlgnipyut vwhdwbwhul dwljupnul:

Zudbdwnwlut ntuntdtwuhpnipiniup gnyg Ewwhu, np dh pwpp Epnyuljut tpyputpnid
20-pn 1. Unpnthunwlui b hbnywnbkpuqdjuit fupunupuybnnpniop ghnwplynud | npybu
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Uowlnipuwyhtt dunwugnipjut jupbnp dwu b wuwpnwywiynid £ hwnntl] hpudulju nt dwutw-
ghnujut dbjpwthquutpny: Ujn thnpdp Juynud E, np dwnwignipjut yuwhwywinipjubt wpgnt-
twybkn hwdwlupgp wwhwbenid £ ny dhuytt hpujuljwt jupquynpnidubph wnuynipinil, wyjl
hwupuyhtt hpwqbwbnipyut pupdpugnid, dwutwghnwljuwt wiljuwje guuwhwndwt hwdwljupg
b tpjupudwdjin punupwrhttmjut pwqUuwyupnipjnii:

Lutiupdwb wpyniupnid Jupkh E Egpujuguby, np Gplwth 20-pn 5. Swupunupuybnwlub
duwnwugnipjul yuwhywinipjut hhdtwlut punhpp ny dhuyt hpuwduut unpdbph ptph (huku
E, wyih ppuwig Yhpundwt vwhdwbwihwl wpnynibwdbnnipiniup: Uthpudbon | dowll) dudw-
twlwuljhg swpnupuybnwlut dunwignipjut guowhwndwt hunnwl swthnpnohsttip, punuyuly
wwhwwiynn opjijnubkph guilp, wdpuwyink] Jipwhuljnnujut dbjpwthquutpp b wywhnybky
hwipuyhtt n1 dwuttmghnwlw sppwbwfjubph wjnhy ubpgpuydusnipiniup npnonidubph fu-
jugdwt gnpéplpwugnid:

Bplwuh ubkpuyhu hwdwljupgh b Bpnwywlut dnpkjubph dhol hhdtwljwb dnnbkgdwb
wnwppbpnipiniup hbnbyw) k.

e Swpunupuybnnipiniiup guwhwwnynid £ nputiu 20-pg 1. dpwlynipuyhtt huptinipnyya okpun,

o wuwpwnywinipniup nupwdynid k twb vhpwuwynh b gnpéwnnyph Ypw,

¢ Uhpwnynud Et hwwnnil] swhnpnohsttp dnpbntuhquh hwdwp (ny pk punhwtnip hnipwp-

dwttughti jwintkp),

e yhwunipniup yupunwynp £ ywhwwub] ny dhuygt dup, wy) twb quyuthwpp:

Bplwth hwdwp tdwt dnnbgdwt phypnid jupng Eu yuownwwidb] ny vhuytt wmnwtdh
okuptp, wy twl wdpnne Unpbinthunwlwt punudwubkp, 20-pn nuph Swpnuwpuybnnipniup
Junwtw hupunipnyt hpwduwljubt yuuwupgnid, jgpwhwnygh punupwohtiwmjut b quyuthw-
puut wpdpp:

Gypnuyuwit Unnkjukph Yhpwnkjhnpyniip Gphwt punuph hulwp

Bypnwwljut Epypubph thnpdh Epnidnipniup gnyg k£ vnwhu, np 20-pn 1. Swpunnupuy k-
nwlut dunwigmpjut yuhywinmpniup hhdudws t ny dhuytt hpuduljut gquonuywinipjut
nuuwljwi Ukjuwbhquitph, wyl dnpkpthunwljui fupnwpuybnnejut’ npubu hupbnngl
Uowlnipuyhtt okipnph dwtwsdwt Ypu: Uju dninkgnidtt wnwdtwhuwnntly £ tpwting, np dunwi-
gnipjniup nhunwplynid £ ny dhwytt wnwbdht opjijunttiph dwjwuppulynid, wy) twb npuybu qunwu-
thwpulul, punqupwohttwju b vhpwjuwjpuyjhtt wdpnnonipnii:

Uju hwdwwnbtpunnid wnwtdtwhwwnntl] tywbwlnipnit nith fwunithuniuh ophtwlyp,
npunbn yuwhywinipmniit hpuubwgynid E ny vhuyb okupuyhtt hwdwihph, wy bwb ngpu dniuly-
ghntiu) b qunuihwpuljut hwdwljunpgh wwhywiudwh mpudwpwtnipjudp: Funthuniuh thnpap
gnyg k mmujhu, np 20-py 1. Swpnupuybnnpniup jupnn E ghunwplyl) npybu dowlnipught
hupunipjut Ypnn hwdwlwpg, nph wpdtpp wuydwbwynpdws kns dhuyb iyympuljut, wjjh quyu-
thwpuwlut pununphsutpny: funthuniup uynwywtws k ny vhuyt npytu wnwudht skup, wyp
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npybu Supnupuybnujut qunuthwpuljut pupng b wdpnnewljut hwdwlwpg: Mwhuywunt-
pintup ubkpwenud b pkuptpp, dniuljghnbiwg oquuuugnpénmidp (Yppulut dhowduyp), punupujht
hwdwwnbtpunp b twhiugsdw uygpniuputipn: Ujuntin opkupp yuwownwwunid k ny dhuyb «pupp»,
wy] twl Unptnthquh qunuthwpp npybu dpwlnipwghtt wpdtp: funthwniuh thnpdp gnyg L nw-
1hu, np 20-p nuph Swpnwpuybnnipniup jupnn £ ghunwplyt] npuytu dowlnipughtt huptnt-
pjut pnn wdpnnowjut hwdwlwnpg, nph wpdtpp yujdwbwynpws k ny dhwyt ynipuljut obp-

wnny, wy b tpw qunuthwpwlui, unghwjwlwb b Yppuljut paununphsubpny (uy. 5), [9]:

= -]

Ul 5. Funihwniup (Bauhaus Dessau) hudlughpp
3NhLEUYO-h hunluppnuuphughh dunubgnipmni i (9]

QLpdwhuynid Unpbnihunwljut dunwignipiniup nhnnwplynd £ npybu wqquyjht hiptini-
prut dwu: Uju dninkgnidp Jhpwunkjh Ehwnljuybtu Gphwth hwdwp, npunkn junphpnwght unpbn-
uhquh pwquuphy opptwfubp ubkplhuynidu quiynid Lt JEpwhdwunwynpdwt jud Ynpuwnh
Juwtgh nul: Gpt typnyuljwb thopdp skpnunpnid £ dunwignipjut «wdpnnowljuwtinipjuin»
wwhywinudp, wyw Gphwih nhypnid bu wuhpwdbown E nhnwnplt) ny vhuyt wnwtidht okupkph
wpuwpht nkupp, wyl nputg punupwohtiwjut nlipp, hwtpuyhtt gnpéwnpnypp b qunuthwupw-
Jut bpwuwlnipjniup: Uyt jupnn Eiyguwuwnt) junphpnught oppwiith Swpnupuybnnipjub ptiljuw-
dwip ny ph npuytiu wigwuh wugyuh dbwgnpn, wy npybu punuph dowlnipuwghtt hhonnnipjut
b hupunipjut uplnp okpun: Uhhtnyt dudwbwl EYpnuyuljub dnpbjutph Yhpwunnudp sh jupnn
dbjpwthjulwt (huk): Gplwth unghwjuwlwb, mbnbuwluwt b htunhnnighntu yuydwuttpp
wwhwbenid tu mbnujtugdws dninbkgnidubp, npinkn yuhwywinipjnitup jhudwnpyh wpnphuljub
oquugnpduwt, hwdwjipwyhtt ubpgpuddw b mbnbuwjut jEtunttiwlnipjuts hbwn: Funthwniuh
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ophtwljp gnyg k vnwhu, pt husybu Jupkh £ qwhywul] fSwpnupuybnujut dunwigniput
ns Uhuyt ynipuljut, wyjh ququthwupulut b dowlynipwght dbbpp:

Llwbwwnhy dninkgmd Yhpundnud E iwl Spwbuhugnd’ 8NRLEUYO-h spowlulnmd w-
twsywd Lk Ynppyniqghkh (Le Corbusier) twpiwgstnh yywhwywiunipjut nypnid, dwubtwynpuytv,
8niihint n'Uphwniwuhnuh (Unité d'Habitation) hwdwjhph ophtiwlny: Ujunbkn wuwhwywinipjut
wnwpluw k ny vhuy otuph $hghjujub jurnigyuspp, wyjlh wytt unghwjuwljwb b punupuphbiw-
Jut quputhwpwinunipnip, nph hhdw ypu dbwdnpyty kp twpowghédn:

8niuhwnb 1 Uphwnwuhntp ($p. Unité d'Habitation, «Puwljtih vhwynp») phunwplynid £ npuytu
Unpbnthunuwljut Supunupuybnnipjut wdpnpowljut vwthdtuwn, npukn ptwltih dhowduypp,
hwupuyhtt mupwsdpubipp b §njEjnhy jyuiuph juquulpydwt uqpniupubpp juqunud B dhwu-
twlwb hwdwlwpg: Tk Ynppynighkh twjuwgstpp (op. Cité Radieuse, Marseille) pngplyud ki
8NPLEUYO-h Zudwowphwjht dwpwignipyul guiynid’ npuyyku dUnphpbhunwlub Lupunupu-
whunnipjut Jhwutwljut hwdwihp (0y. 6), [10]: Ujuntn Juplnp k, np guwhwnnidp sh vwhdw-
twhwlynud oktpny, wy) tkpwuenid E twb dhpwujpwyht b punupwshttwjuwt hwdwwnbpuwnp:

dpwuvhuynid 20-py 1. dwpnupuybnnipniip tbkpunywsd £ wqquyhtt hnpwpdwbubph
ululzmululhmp]ulh hwdwljwpgnid npulhu bhphannL]h ulpdhpul]hh obkpuwn:

- [;___l

Uly. 6. Bnibhkulingh sopowiulimd a’milqu[ulér L& Ynppmighkh bwhnughdp
(Unité d'Habitation, Cité Radieuse, Marseille piwuljkjph hunduypp) [10]

Uju thnpdp Juplnp £ Bplwth hwdwp, puth np wt gnyg E wnwhu, np dnpbinthunwlub
dunwiignipjutt wpdtpuynpnidp Jupnn £ hhdudb) ny dhuytt ginughnujut jud gunduljut
swthwthoubph Ypw, wybh nfju) jurnygubph unghwjuljut b qunuthwpuwlubt bywbwlnipjut
Swhwsdw vhongny: unphpnuyjhti opowtinud Gphwtth dvh pwpp okupkp b hwdwhpubp tnyhytu
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unbndybk] kht npytu unp Yhuuwlbpwh, hwipuhtt hwpwpbpmpnitubph b punupuwjhtt dpw-
Ynyph wpnwhwjnmpmnibbtp: Zknbwpwp, gpuig wywhywinipniup jupnn b ghuwpldt) ny
dvhuyt npuyjbu wnwtidhtt Lwpunupuybnwlut opjkljnubph Wuwonmwwunipinil, wyk npyku pw-
nupuwhtt hhonnmipjut b Uowlnipuyhtt hiptnipjut wwhwywidwt gnpépupwg [11]: Uju hwdw-
nbpunnud bypnyuljut thnpdp Juplnp dkpnpupwwlut hhup L wnwjhu Jkpuwhdwunwynplint
Bplwth Udnpbnuthunwlwbt dwpwignipniip npybu puquuotkpn dpwlnipwihtt hwdwlwng,
npunbkn ympwlut b ny Ynipwlut wpdbputpp hnjjuyuwlgdws tu:

Ujunntn wuwhywtnipjuh wnwplu k ns dhwytt npnowljh okupp, wyjh dnpbinthunnwlju Lwp-
nwpuybnnppub wdpnnewlub whupwluip thpupjw) nupuspuiht juquwlkpynidp, unghw-
Jwu dntuljghwtt b punupuphttmutt uljgpniupubpp: Gypnyulwbt wyu thnpdp gnyg k mmwujhu
tpbp hhdwlwb uljgpniip, npnip Yupnn i Yhpunyt] Bplwth wuydwbbbpoud. wpwght' 20-pn
nuph fupnuwpuybnnpjut wowidht hpujulut b wpdkpuyhtt fedph dbwynpnid, Eplpnpy
Uhoun]uypuyghlt b ns dhuyh opjbljinuyghtt wwhuywimpjut wywhndmud, ppnpy Swpuwpugb-
nwlwt dunwbgnipjub qguwhwndwb dky qunuthwpuwlub b punupuohttmut swthwuhyutph
ubkpwnnud [12]:

Bplhwuh punupuwyhtt Uhowjwypnid, npuntn 20-py 1. dnpinthunnwlwt Swpunwpuybnnt-
pintup Juqunid k qquih otpwn, wju dninbkgdwt hwpdwptgnidp fupnn L nitubuw) hwdwlupquht
towbwynipnil: Uyt pny) junnw hwnpwhwpl) tipjujhu ppudujut hwdwljupgh vwhdwbwthu-
Ynudubipp, npntn hntpwpdwbwhtt quwonywiunipjut dkjpwtthquubpp hhpdttwjuinud jEunpnw-
gus Lt puuuljut yunduljut dunwignipjut Jpu b pudupup swhny skt winpunununud
lunphpnujhtt oppwth  fwpunwpuybnnipyuip: GYpnywlwt dnpkjubph  Yhpwnbihnipniup
Bplwth hwdwp wpunwhwynynid k ny phk ningnujh hpuduwljut thnjuwnnipjudp, wy) htnbkqpus
Uninbgdwt dbwynpdwdp, npinkn 20-pn . Supnupuybnnipniup ghnwplynud £ npybu htipunt-
pnyt wwonyuinnn dpwlnpughll okpn’ hp dhoun]uypuyhl, unghwjuljub b quyuihwpulub
wdpnnowjuwiinipjudp:

Ujuyhuny, Gplwuh 20-pg 1. Supunnupuybnujut dunwignmipjut ywhywinipyub wp-
ity binmipiniup htwpwynp £ pupdpugut] dhwyt hpudulwt, jurwdupswlut b hwbipwht
Ubhimtuhquubph hwdwunpyws puptthnunudubph dhongny: dunwignipjut yuwhwwinudp whwnp £
nhwunwnplyh ny vhwju npuybu Upwjmpuyghtt mipdtpubph yuwonwywinipyub jpunhp, wyb npuybu pw-
nuph ywuwndwlwb hhonnnipjul, hupunipjut b juynitt qupqugdwt jupltnp twhwwywydwie

Bqpuljugnipyni

Bplwuh hhdtwlwt punhpp dhwyt wpwudht pktptph Ynpniuwnn sk, wyp wdpnne punupught
hhonnnipjutt wunmhfwtwljut puypuynidp: npénn hpwjuljut hwdwljupgp phnbu wdpnnent-
pjudp hupdwpbgdws skt 20-pn 1. punupwihtt dwpwigmiput Wywhwywunipjuip, hwnljuybu
hunphpnuyhtt dnptinthquh, yundwljut puqudwutph b puqupwihtt wdpnnowlju vhowquynph
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wupnwuinipjut hwpgbpnud: ZEknmwqnunipiniup gnyg k niwihu, np Gphwth 20-pn 1. Swpunwpu-
whunwlwbt dunwignipjut yuwhwywinipjub npnpund wplju i qquih hpuduljuwi b junwdwup-
dwl punyph pwugtp, npnup Juuutgnid b punuph yundwdrwlnipuyhtt hupunipjut yuhuyuw-
unudp: Gnpénn opkiunpuljutt hwdwlwpgp thwpdtp sh wpdwquiupnid dudwiwljuljhg Lwpuw-
puy bnuljut dunwignipjut yuhywinipjut ywhwiettpht, hwnjuwbu janphpnuwyht opew-
uh b Unpbhnuhunwlut wpdbp ukpjuyugunn junnygubph ghypnid: Nunidbwuhpnipnitiiiph
hhdwt Jpw Jupkh £ wunk], np punupwohtiwjut b mbnbuwljut swhtph ghipujunipniup
hwgwh hmtighginid E yuwndwdrwlnipwhtt wpdtp ubpluyugung okupkph JEputhnjudwb jud
nstsmugdw: Uhwdwdwbwl, uwhywinipjut npnpund wnlju £ htunhnnighntiw hwdwljunpg-
dwl wwluu, Jipwhuljnqnuljuwt dkjuwthquubph poynipinit b hwipwyhtt dwubwlgnipjut uvwh-
dwtwthwl dwjuppuly: Uju hwbiqudwupubpp tuqbginid Bt hpuduijut yguwonywinipjut
wpynibwybnnipmniip b tyuwunnd  fwpunuwpuybnulut dunwignipjut wunhdwbwlu
ynpunht: Uhowqquyhtt thnpdh hwdbkdwwnwlwt JEpnisnipjniup gnyg £ mmwhu, np 20-pg quph
Swpunuwpuybnnipyut ywhywinipniip yqwhwbenid L hwdwihp dninbgnid, npp ubpunmd k
hunwl] hpwjuwlut jupquynpnudukp, dwubwghnwljut quwhwndwt wijuwp hwdwlunpg,
hwupuwyhtt ppuqbubdnipyut pupdpugnid b Epjupududjinn punupuphttwjut punupulju-
tnipynit: Uyu wpnidng Zwjwunwith hudwp Yupbnp b Jbpubugby gnpénn opkunpnipyniip pln-
(uyukny wwhwwiynn dunwgnipju sppwtmljp b ubppubiny dudwtwljulhg wuhywiwluh
swithnpnohskp: Uju dninbkgmup puduljwi hhutwynpdws b Zujuunwih hwdwp hwnlogbu
hwoyh wnukny dpwlnipuhtt dwnwignipjut puquupkpunipniut nt tkpluyhu vywntiwghp-
ubpp (punupuwohttwut Lupnid, wupwuwpwp YJepwhulnnnipmnit, Yihdwjwlut wqnbgnipniu-
ubkp b wy): Gph opkunpnipiniup Yyipwuwyyh, puguyuting wyuhwywiynn dunwignipjut spow-
twlp, wmyw nu upnn k ubpunt] ny dhuyb puuwljwt hnipupdwtubpp, wy) twb.
e 1y Wnipwlub Upuljnipuyhtt dwnwignipniup (wjwunnyputp, wphtunikp, skukp),
o wpynibwpkpulub dwunwugnipiniup (hht gnpswpwtiutp, mEputhjujwt junnygubp),
¢ Junphpnuyhtt opowth Lwpunwpuybtnnipniup, npp hwdwju sh pujuyynid npytu yuh-
wwiudwb wpdwih,
o puqupuwjhtt yundwljut dhowduwyptpp npybu wdpnpowljut hwdwlwpg, ny dhuyh
wnwbdht oktpkp:
dFudwbwlulhg wuwhywbwlwh swihnpnohsikph tkpypoudp unynpupwp owiwlnud £
e Uhpwqquyhtt unwbnupunubphtt Unnbkgmd (op. dbEubnplhjut juintwunpnipjut b
ICOMOS-h uljgpniuputiph fhpwnnid),
¢ pYuyht pupnbkqugpnid b 3D thwunwgpnid,
¢ nhuljiph quwhwwndwi hwdwlupgbph vintnénd,
e Ybpuluiqiiui wohwwnwipbph wykh hun JEpuhund «bpuljuiginid wpwbg
wnuyunuu» uljqpniipny,
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e hwdwjupujhtt dwutwlgnipjut nidknugnud:

Zujuunnwith ghypnid hwnjuwtu juptnp E hujuuwpulont) tplnt L[nmhgnuf‘ qupgui-

gnudp (punupwohunipnil, kupuwljunnigyusputp) b dunwignipjut ywhwywunidp, npnyhbknl

wnwg hunnwly swhnpnohsubph wyn hwjwuwpnipniup hwdwh pwpinygnud E:
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ITPABOBBIE ITPOBEJIBI B COEPE COXPAHEHUA APXUTEKTYPHOI'O
HACJIEAUA I'. EPEBAHA 20- 'O BEKA

Apmenyu AnbOepToBHA AJleKCAHAH
Hayuonanvnvui ynusepcumem apxumexmypsl u cmpoumenscmea Apmenuu, 2. Epesan, PA

aleksanyan.armenuhi@yandex.com

Hccneoyromes cyuecmeyrowjue npagogule npobenvl 8 cgpepe coXpaneHust apxumexkmypHoco Hacieous 2.
Epesana 20-20 6exa u ux nusmue Ha coxparerue UCMOPUKO-KYIbmypHOUl 20p0OCKoll cpedvl. AHarusupyomes
deticmeyroujue 3aKoHo0amensHvle Hopmuvl Pecnyonuxu Apmenust, noaHomMouus opeaHo8 MeCmHo2o camoynpag-
JIeHUsl, MEXAHU3IMbBL OXPAHbBL KYTbIYPHLIX YeHHocmel u dghgexmuenocmv ux npumenenusi. Ocoboe sHumanue
yOesemcst npasosoMy CHAamycy 00beKmos apxumexknmypuvl COBENCKO20 NEPUOOA U MOOEPHUCMCKOU apXumex-
mypol, a makdce npodreme ‘“‘HeonpedenéHHOCmU Kpumepues CoXpaneHus” - 6 KAKOU CMeneHu u KaKum
00pa3oM OO0JINCeH COXPAHAMbCS MOM UNU UHOU APXUMEKMYPHbIL, UIU UCMOPUKO-KYIbMYPHBIN 00beKm.
Taxkoice uccnedyemes u aHATUUPYEMCcs GIUAHUE 2PAOOCHMPOUMENbHOU U UHBECMUYUOHHOU NONUMUKY HA
ucmopuieckyto cpedy eopooa. Paccmampugaromes ciedyrouue ONpocyl. NOOAEIHCUM U 30aHUe COXPAHEHUIO
NOTHOCBIO UTU THOTILKO €20 OMOETbHbIE INEMEHMbL, KAKUe USMEHEHUss OONYCMUMbL 8 RPOYecce PeKOHCTHPYK-
Yuu,; No Kakum KpUmepusim OYyeHuUsaemcs: UCMOpUKo-KyIbmypHas YeHHocmy 30anust. B cmamve npedcmas-
JIeHbl CPAGHUMENbHBIE 0030PbL MENCOYHAPOOHO20 ONLIMA U CHOPMYTUPOBAHBI NPEOTONCEHUS, HANPAGIEHHbLE
HA COBEPUIEHCMBOBAHIE RPABOBOTL OA3bl, YKPENIeHUe UHCMUMYYUOHATbHbIX MEXAHUIMOB OXPAHbL HACIeOUs U
coxpanenue apxumekmypHou udenmuurnocmu 2. Epesana.

Knrouesvle cnoea: nacniedue XX 6exa, coxpanenue KYIbMYPHO20 HACAEOUs, NpaAsosvle npobevl,

2PACOCMPOUMENLCMBO, UCOPUKO-KYTbIMYPHASL CPe0d, MOOEPHUCICKASL APXUMEKMYpa

LEGAL GAPS IN THE PRESERVATION OF YEREVAN’S 20TH-CENTURY
ARCHITECTURAL HERITAGE

Armenuhi Aleksanyan
National University of Architecture and Construction of Armenia, Yerevan, RA
aleksanyan.armenuhi@yandex.com

Examines the existing legal gaps in the preservation of Yerevan’s twentieth-century architectural
heritage and their impact on the protection of the city’s historical and cultural environment. It analyzes the
current legislative framework of the Republic of Armenia, the powers of local self-government bodies,
mechanisms for the protection of cultural assets, and the effectiveness of their implementation. Particular
attention is paid to the legal status of Soviet-era and modernist architectural structures, as well as to the
ambiguity of preservation criteria - namely, to what extent and by what means a given architectural or
historical-cultural property should be preserved. The study addresses the following questions: Should a
building be preserved in its entirety or only certain elements of it? What modifications are permissible during
reconstruction or redevelopment? According to which criteria is the historical and cultural value of a building
assessed? The article also examines and analyzes the impact of urban development and investment policies on
the historical environment. In addition, it presents comparative observations of international experience and
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offers recommendations aimed at improving the legal framework, strengthening institutional mechanisms for

heritage protection, and preserving the architectural identity of Yerevan.
Keywords: 20th-century heritage, cultural heritage preservation, legal gaps, urban planning, historical

and cultural environment, modernist architecture
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£. BLEYULP 20-)} YULE TELREP MUZNULNRE8UL B 46 UYUNNPSUTUL
209UUNkE3NPLLET

Unukunthh Ujpkipunp Ujkpumiyui*, Upw Zpuyph Zndubthjwut
SwpunupuyEnnyeyul b phlupupnipyul Zuyuwunwih wgquyhl hwduyuwpui, p. Epluul, 22

aleksanyan.armenuhi@yandex.com

Znpywdp fhpyws F 20-pn nupnid jupnigyws Eplwlyuwi pkplph wwhwywiniprul b k-
pulunmglul gnpéplpughbpnid wnuewgng hhdbwulphpibph ntunidinuuppnipyuinp: Labwpl-
yYnid kb punupushinuliul qupqugdul, dpwlnipuyhl dumubgnippul yuwhwwinyejui i nink-
uwlwl pwhbph dpol winlw hwlwunipinibikpp, npnip wgnnid ki dugpupuwnuph Sswpunwpug k-
nwlwb ghuwgdh dhun/npwl Jpw: YEppnidynid ki p. Eplwiah wnwupplbp spowhiakpnid ppuilu-
lugywé JEpuupnigdul hwpnugskpp, ppuibg wqnbgnipiniip wundudrwlnipuyhl dhowjuyph
b punuipuyhl hapbnipjul wuhwwbdwb Ypw: Mipwngpnipinil Fpupdynid iimphppuyhl dudwinu-
Jupowiih dupunupuy bnwlwl dunwbgnipiul ghuhuindwl, ppuywlwl fupguinpudwi b hub-
puyhll dwublgnippull julphpblbphb: ZEnwgnnnipul wpyniphkpp gnyyg ki wughu, np 20-pn
puph pkiplph wwhwwinipjul wpnnibwybn punupulwinipiniip wuhwionid Fhujwuwpu-
lonyus Uninkgnid, npp fhwduninknh dunwbgnipyul wwhwwbdwb uljgrniipakpp I dudwinulju-
Uhg punupwshinulul wuhwiohbpn:

FPwbuyh punkp. p. Epluul, 20-pn nuiph swpunwpug bnnijend i, dpwlnipuyhl dunwbgnipini b,
yuwwndwlwi dhowjuyp, Jepwlwnnignid, wuwhwwinipmnt i, dwpunwpuw bunwlub haphnijenti

‘Uhkpudnipyniu

£. Gplhwp, nputiu Zujwunwth Zuipuybnnipyut dujpupwnup, 20-pn nunph pupugpnid
Unt E juytwswyu) punupuwohttwju b Supunupuybnwljut ykputhnjunidutp, npntg wpngni-
pnud dbuynpyl] £ punuph dwdwiwlwljhg nhdwghsp: Uyn dudwbwluwopewiinid jurnigjus
okuiptipp ny Uhwyt wpunwugninud Eu nfju] qpuph Swpunupuybnwljut ninnnipjniittpt nt nkju-
unnghujut htwpwynpmipnibubpp, wyih yundwjub, dowlnipujhtt b hwowpuluuh wpdtp-
ubph Ypnnubp B: Uwluyb JbEpohtt mwubwdjuljubphtt punuph htwnbkuuhy qupqugnidp, unp
Junniguuyuwndwt spugnptpp b whpwnpd gnyph snijuyh wwhwbetbpp hwdwh pwpuynud G 20-py
nuph Supnupuy bnwljut dunwignipjul ywhwywinipyub punghpubpht:

Gplwtnid hpuljutwugynn Jepujurnigdwut b wpphwjwbwgdwb gnpdpupwugubpp dh Ynn -
Uhg tywuwnnid Eu punupwjhtt dhowjwyph qupqugdwit nt dudwbwjulhg wuhwbgttphtt hw-
duyuinuupwtigdwp, hull diniu §nnuhg quuuignid Et qundwlwiunpkt wpdtpwnp otuptph
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wdpnnowjwnipiniut nt huiptwnhwynipiniup: Zunjuybu yhgwhwpnyg Eu junphppuhtt dudw-
twlwopowtih jurnygubph wuwhwywinipiwi hwpgkpp, pwth np npuig Upwljnipuyhtt b wwwndw-
Jul bywbwlnipjut guwhwwnnidp hwdwh tupuplynid £ wnnupplp dkjuwpwinipjniuttph [1]:

znppjush tyuwunwlt E niumduwuhpl) Gplwuh 20-py quph obuptph wwhwywunipjut b
JEpuwljuenigdwt gnpépupugubpnid wnju hwjuumpmnitubpp, pugwhwjnt] nputg wnwewg-
dwl hhdtwjuwb wwwndwnutpp b guwhwnt) npuitg wqntgnipiniup punuph yundwdrwlnipw-
jhtt Yhowquyph Jpu: Zknwgnunnipjut ppowtulnid Ypnisynid ki punupwphttmjut punupw-
Jutnipiniup, hpwduwljut jupgquynpnidubpp, hwuwpuwljuljwt Jkpwpkpuniupp b wnwbhdht obu-
phph JEpuljunnigdulb ophiwljukpp” tywnwly niikiugn] wowewnpljk dunwignipjub wwhuw-
unipjut b punupuhtt qupqugdwt vhob hwjuwuwpuljongws uninbgnidubn [2]:

ZEinwgnuinipjut ghnwljut tnpnypp yuydwbwynpjws E Gphwth 20-pn puph Swpunwupu-
whnwlwlt dwnwbgnipjut wwhywbinipjut b Jhpuwjuemgdwt gnpépupwgubph hwdwihp
nuumdbwuhpmpjudp gpuip nhinwpllng ns dhuyl npyybu fupunupuybinuljub, wpl npuybu
punupuhttwfui, dpwlnipught b unghwjwlw thnpujuyulgus tpbnypubp: Uohwwnwipnid
Jtpmisynid ku Bplwth 20-py quph obupbph yuwhywinipjut b Jkpuljunnigdut dhol wnljw
hwljuwumpniutkpp pugwhwynkng npuilg wewewguwi hhdtwlwi gnpénbiikpp b wqnkgnt-
pyntp punwph yundwdzwlnipuihtt thgwjuyph gpuw:

ZEnmwgnuunipjut opowtilnid hpujuwgyt) £ Gphwuh 20-pn nuph ppwugpnid junnig-
Jwé okuptkph wwhwywinipjut, Jkpuljuiuqudwt b Jkpuljwunnigdut gnpépipwugutpnid h hujn
EYynn hwljuwum pymbtkph hudwlupgquyht niumdbwuhpmpntt b puuwlupgnid’ puguhugnbing
npuig wnwewgdwt hhdtwjwb yuwwndwnubpt nt npubnpdwu dukpp:

Bplwth yundwlut jurniguyuwndwb dbwdnpldut wnwtdtwhwnlnipniuukpp,

e 19-py 1. b 20-py nwpwulqph Swpurnuwpuy bnwljut wpdbpukpp,

o yuwndwlu skuptph wpdtpwynpuwit uljgpniipitipp,

o yuwndwlubh dhpwjuyph wwhwwunipjut wuhpudbpnnipmiup [3]:

Uunugdws wpyniupubpp jupnn b swnwyjb] npytu mkuwjut b gnpstwljutt hhdp Gphwth
20-pn 1. Swpunwpuybnulubt dunwignipyut ywhywinipjut puquuyupnipmniaubph dowy-
dwl b punupwohttwjutt npnonudubinh uyugdw gnpéppugnud:

ZEnwgnuumipjut oppwbwlnid Yyhpnisnipjut bu Eupuplyyt] Gplwh 20-pn nunph skuptph
wwhywinipjut b Jkpuljunnigdut gnpsplipugubpnid wnlju hwjuumpmitubpp, husp htwpw-
Ynpmipnit £ gk pugwhwynt] b nwuwlunpgl] nppuig hhdttwlwb ngpubinpnudubpt nt wpwowg-
dwl gnpéntitpp: Ppujuwtwgyt) L Gplwuh 20-pg 1. okupbph ywwhwywinipjut b Jipujunnigdu
gnpdpupwugubpnid wnwowgnn hwlwunipnitubph hwdwupquihtt nuunidbwuhpnipmit b
nuuwlupgnid [4]: TEpnisnipjut wpnyniuipmd wnwudiugyt) B hwjwunipniuttiph dh pwh
hhulwlul fedplp punqupwohttwljwi, Lupunupuybinulut, hpudulub, unghw-dpwlnipughi
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b munbuwjut: Punupuohttmjut hwjuwunipniuubpp wuydwtwynpjus Bt yunduljut ju-
nniguyunduwt ywhywidwbt b dudwbwljulhg punupujhtt qupqugdwit wuwhwbgubph dhol
wnlju wthwdwywunwupwbnipjnituttpny: Kwupnuwpuybnwjut hujuunmpmnibtbpp juydws
Et okuptiph uljgpwjutt hnphtjwspuyhti b ginupybunuljut wnwbdbwhwnlnipniutbph wuh-
wuwidwl nt nputg gnpswnnipwihtt wpphwjuwbugdwt vhob hwjuwuwpwlonnipjub jpunph htwn:
Ppujuljwt hwjuwumpmitttpp gpubnpynud kb 20-py . puquuphy okupinh ywwhywiwlwh
Jupquyhdwljh winpnompjudp, dunwignipjut ywhywinipjut njnpunnid gnpdnn unpdwwnh-
Juyhtt puownh phpnipniutbpny b Jkpwhuljnqnujut dkjpwhqdubph vwhdwiwthwl wpynibw-
Jthwnnipjudp:

Unghwj-dpwlnipwyhtt hmjuunipniiubpp JEpupbpnud i hwuwpulnipyut, duutiughunw-
Jut ppowttmljutiph b npnonid Yuyyugunng dwipdhutitph Ynnuhg tnyt Supnupuy binuljut opjtijn-
ubiph wpdtpwynpuw nwppkp Uninbgnidubphi: Stnbkuwlwbh hwjuwun pniuibpp wuydwbwynp-
Juws Lt ubpypnidwght pwhbph, hnpyuwnwpwspubph wpdtph wdh b wundwljw okuptiph wuhww-
unipjutt hwdwp wthpwdtyn htwtiuwljut nbunipubph vholt wnju wthwjwuwpwlonntpudp:
Juunuwpyws nuuuljupgnidp htwpwynpnipinit £ vnwhu ny dhuytt hwdwlnnuwthnpb quuwhw-
wnbk] Gplwuh 20-pn nuph dwpunupuybnwluwt dunwignipjut Wwhwywinipyut hhdtwptnhp-
ubkpp, wyih dowl b nputg (nisdwt wpwyb) wpnpnibwdbn nwquujupnipnibiubp. ninnyus yuwn-
dwdrwlnipuyhtt wpdbpubph wwhwwunipyut b dadwbwljuljhg punupwohttmjut qupqugdu
Uhol hwjuwuwpulppnipjut wywhnydwnp [5]:

ZEnwgnuunipjut oppwtnid wnwewnplyty tu Gplhwh 20-pn 1. Swpunupuybnwulut dw-
nwugnipjut guwhwwndwt hwdwihp swhwuhoubp, hisybu twb yuhywinmpjub b punupwh-
twjut qupqugdwt owhbph hwdwunpdwt uljgpnrupubp [6]:

Uju hnnjusnid ujupugpynud k.

e Bplwth punupuyhtt thowjuwph yEpuqtwhwndw pughpubpp,

¢ Swpunupuybnuwlut dunwignipjut wpdtpuynplut dninkgnidukpp,

e ywuwhyuwinipjul b wpnhwjubugdwt hwdwnpdut ykpnypuputuljut uljqpniuputpp:

Quwhwwndw swthwthpubpp thpunnid bu yundwljub-dywlnipwjhtt wpdtph wunhfwuh
npnonid, Supunupuybnwuljut huptwnhynipjut b ginupyiunwjut wpwtdtwhwnlnipini-
ubph YbEpnidnipnil, punupuwohtiwjut hwdwwnbpunnid sktuph phpujunwpnipyut quwhw-
nnd, hsytu twl unghw-dowlnipuyhtt tpwtwlnipjut b hwuwpuwluljut ptjudwt ntunid-
twuhpnipnii: Uju Uninbkgnudp pny) £ twjhu phnwpll okuptpp ny dhuytt npybu winwbidh
opjjintitip, wy npyytu punupwhtt Uhowduyph wdpnnowljw hwdwlupgh pununphstutin: Muh-
wuwunipjub b qupgqugdut puhbph hwdwnpdw ujgpnitpubtph opowbwlnid mnwtiduwmgyty tu vh
pulth hhdtwlwh nynmpnibbkp: Lujn wnwetwhbppnipmit Enpdnd wi jnusnudibphl, npnip
wyywhnymd ki wundwlwb oktpph hupwynp wpu]bjugny wwhywinudp npuig gnpsw-
nnipughtt hwpdwpkgdwl dhongny: Gpypnpy wpwewplyynmd b Jkpuljunnigduwh twjuwugstph
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wupnunhp puqiuiuuiughnuljui thnpduplinipmnit’ thpunkin] Swupnupuybnwlwh, pu-
nupwshulul, yundwdyulmpught b hpujuljui ghwhwnwljwiubp: Gppopy Juplnp b hw-
dwupynid hwupuyhtt dwutwlgnipjut b dwubtwghnwlwt pttwpyniudubph htunhwnnighntiwju-
gnudp npnonudubph pugnibdw gnpépupwugnid: Fugh wyn, wpwewnplynid E dowll) £ynih jupqu-
Ynpnn Ukjuwtthqutp, npnup htwpwynpn ipjnit b hwdwnbnt) tkpppnudwghtt b qupqugdu
Spugplipp dunwignipyut yuhwwinippub ywhwhettph hkn’ wnwtg yundwdwpunwupuwyb-
nwlwt wpdtpubph Ynpunh: Uju dninbkgnidp tyquunnid £ punupwjhtt dhowduyph uynit quip-
qugdwip b wywhnynud £ Gplhwith fupnupuybnwluwt htpinipjut yuhywinipniup dudw-
twljuljhg punupuohtimjut qupgqugnidutph wuydwubpnid®

e hujjuljub yuundwlwubh fupnupuybnnipmniip,

¢ punupuwohtimju qupqugnidubpp,

e Upwljnipwyhti dwnwiugnmipjut whwwinipywb punhpttpp, dwdwbtwlwlhg Supnupu-

whunwlwt Uninkgnudubph b wundwljut dhpwduwjph thnpjuhwpwpbpnipiniuubkpp [7]:

Uniptp b Ukpnnutp

Zknwgnuumipjut hwdwp hhdp Eu swpwyt Gplwih 20-py 1. Swpunupuybnuljut dunwb-
gnipjulp, punupuwohttmjub qupquguutp b dpwlnipuyhtt dwpwignipjut ywhwwinipjuip
Jtpwptpnn ghinujut hpwywpwynidubpp, hpudulwbh wnkpp, twhwugswjhtt hwunwpnebpp,
wnpphyujht Wyniptpp b dwubwghnwljut ntunmdtwuhpnipinibubpp: Nrunidtwuhpdl) B twb
Bplwtth mwppbp hwindwsubpnid qunuynn 20-py 1. okupkph Jepuljurnigdwut b wwhwwinipjut
npnowlh ophtwfubkp, npnup httwpwynpmipmt o nyl] pugwhwyntnt weljw jutnhputpt nu
hwjuunipniuubpp:

ZEnwgnuumipjut pupwugpnid Jhpundt Bt qundwhwdbdwnwlub, tjupugpuljui-yip-
nwswljut b nhwypkph nuunudtwuhpdwt dbpnnubp: Mundwhwdbdwnwut dkpngp htwpuyn-
npnipjnit Ewnyl) quwhwwnt] Gphwth Supnupuybnwlut dhpwduyph thnthnpunipniuubpp nnwp-
pbp dudwbwljuopowuipnud, hull tjupugpujub-yipniswjut dkpnnh dhongny nrunmdw-
uhpyt) kb okupbinh wwhwwunipjub b ykpuljunnigdut gnpépupwugubph wnwbdutwhwwnlnipniu-
ubkpp: Teypuyhtt nuntdbwuhpnipnibtnh opowwlnid Ytpnisyty Eu piinpguws pkuptph wwh-
wuimpjui, JEkpuhndwt jud pubndwb ophiwlitpp’ quwhwnbing npuig wqnbgnpnibp
punupuhtt thowjuwyph b Upwjnipuyhtt dwnwiignipjut yuwhwwidwi Ypu: SYjwjutpnh dowljdw
pupwugpnid juwnwpyt) L thuunwpnpuyht b pnquinguljught yEpnidnipnil, nwuppbp wnpniptk-
nhg unugws mbkntjunynipyut hwdwugpnipinil, npb b htwpwynpnipjnit £ ngl) pupgubhuwjnk-
1nt Bpliwtth 20-pg 1. okupkiph wwhwywinipju b Jkpujurnigdw gnpépupwgubpnid wnljw hhd-
twlwb hwjwunipmitttpn b gpubg yundwnwhbnbwbpwhtt juybpp [8]:
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8niutuljnjh (UNESCO) wniptpnid putwplynid £ Gplwth quundwlwb punupwjhtt vhow-
Juyph wwhwywim pjul b wpphwljwiugdub hwluun pmniip hwnuybu 20-pn 1. okpunbph hkn
Juyywsd: Pyndnup ICOMOS) ntuntdtwuhpnipnibutpnid pungéynid k.

¢ unphpnuyht opowth Swpunuwpuybnnipjut Wuwhywinipjub punhputpp,

e pulnUwi/YEpuwljunnigdut hwljwuwlwb punupwlwinipnibubpp,

o wpdtpubph yEpuquuwhwndwt ndjupnmipmniuubpp:

22492UU twppwpupnipjntl — Uowlnipujhtt dunwgnipjut wuwhywinipjut punupuljut
thwunwpnpbp - yupnnuwljub spugpbpnud putwplynid Eu.

o wuwwndwdrwlnipwihtt hnipwpdwbiph hwpyuwnnudp,

o Bplwuh punupuwjht shtmpwpnipjut hinkuuhy qupgqugnidp,

o Yhpwwrnigdut hpuduwlwt hwjuumpmniutbpp:

Bpuwtth punupuybnwupui - punupwshtuljut gjjuunp ujywubikp.

Ophtul] Bphwlh qupqugdub qiuunjnp hunwljwgstph b punqupuohtiwljwi spugpkph
JbEpnidnipiniuubpnid tpynid L.

o hht b tinp junniguyuwndw pupunidubpp,

o Jkuwnpnuh prnugdw b ywhywidwb hwjuwunipnitubpp:

22 @UU (Uqqujht ghnnipnibtbph wjunbdhw) fwpunupuybnnipjut b yundnipjub
htinwqnunnippnibikp - hpuyupwlyws ghunwljwi hnpjusbpnid puupldnid B

o 20-pn 1. Bplwth Lwpunuwpuybnulub skpnuwynpnudp,

o fhunphpnujht Unptnihquh wpdtph YEpuqtwhwwnnidp,

o pulndui/yuhywinipjut ghnwuljut pubwbdbpp:

ZEnwgnuumipjut ghnnwljut unpnypep wuydwbwynpgws L Gphwih 20-pg 1. Swpnupuyb-
nwljut dunwignipyutt ywhwywunipjub b Jipuljunnigdwut gnpspupwugutph hwdwihp niund-
twuhpnipjudp, nph opowtwjnmid wnwehtt whqud hpwljuwbwgyk) £ wyn gnpépupwugubpnid wnw-
owgnn hwljuumpmutkph hwdwlwpquyht Jhpnisnipnit b nuuwlupgnid wpwbdiugibing
npuig hhdtwljut gpubnpnudutpp b jupniguwspuyhtt wnwbdiwhwnlnipnibbpp: ZEknwgn-
nnmpjub pipugpnid pugwhuwynyt) Eu Gplhwuh 20-py 1. skupkph wuwhywunipjut b Jepulju-
pnigdwt hwjuumpmnitubph wnwowgdwn punupwohtiwljul, hpwjwlut b unghwi-ntnbkuw-
jut wquwndwntpp [9]: Lunupuohttmjut gnpénuttpp wuydwiwynpdws Bt punuph wpwqug-
Jwé qupquguul, uhn jupmguuwuwwndwl, hnnqujhtt pbunipuubph vwhdwbtwhwlnipyuit b
wuundwlut dvhpwuyph htnbgpuwit ny pajupup twhiwgduyhtt dninbkgnidutph hwdwnpni-
pjudp: Ppuuljwt gnpénubpp juwws Et dwnwiugnipjut ywwhwywunipjut njnpunnid opktu-
npuljub jupquunpoudbph phph pinygpmy, 20-py quph pkupkph ny |hwpdtp huwpqundudp, hpw-
Juljut jupquyhdwlh wunpnynipniuutpny b yepuwhulnqujut dkhuwthquubph vwhdwwthuly
wpnibwybnnipjudp: Unghw-ntnbuwlju gnpénubpp npubnpynud b ubpnppnidwght pwhtph
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gipuwluynipjudp, whpwnd gniph snijuyh wnhjugdwdp, hwuwpulnipjut oppwtinid Lmpunw-
puy knwljut dwnwignipjut guuwhwwndw ny Uhwipywbwl pujuynudubpny: Fugh wyn, hkwnwgn-
nnipjul opowbwlnid hhdtwynpyk) E, np Bplwuh 20-pp nuph fwpnupuybnujut dunwb-
gnipjult Wywhwywinipjub puunhpubpp nibkt ny dhuytt dwubtwghunwlub, wjjh junwjupdwi b
punupuljutinipjut dbwynpdwt punyype: Uju hwdwnbpunnid wnwewnlyt) k okuptiph wpdtpw-
Ynpuwibt hwdwihp dninkgmd, npp tbpunnud | yundwljub, Supunupuybnwuljut, punupush-
twlwt b unghw-dpwlnipuwjhtt swthwihpubph hwdwnpnipni: Loyt E twl, np wpynitwybn
wwhywinipjul wywhnynudp htwpwynp k£ dhwjt qupgugdui b dwnwbgnipjub yupwnuywint-
prull owhtph hujuwuwpulon]us hwdunpiui yujdwitbpnd hudwywnuuut hpuduljui
b htunhwnnighntw) dkluwtthqdutph junwupbjugnpddwdp: Unwugws wpnyniupubpp Jupnn o
1hut] npybu mEkuwlwb b Yhpunwljw hhdp Gphwth 20-pn 1. Swpnupuybnwljut dunwignt-
plul wwhywiunipjut pwqUuwyupmpmitubph dowldwt b punuwpwohttiwljwt npnonidubph
punniidwtt gnpépupugutph pupbjuydwt hwdwp:

NMuwwundwlwt punupujhtt dwnwignipjub ntuntdtwuhpnipjut wpyniupubpp upnn Gu dw-
nuyt] npubu mEkuwlwt b jhpunwljut hhdp wqwhywinipjut nwquuyupnipmniautph dowldw,
htyybu twb pwunwpwohtwlwi wjwbwynpdwbt b npnomdubph pugnitdwt gnpépupwgubph
Juwnwptjugnpsdwt hwdwn [10]:

Uprynupubp b putrapljnid

ZEnmwgnunnipjut wpnniupubpp gnyg kb tmwhu, np Gphwth 20-pg 1. Smpunuwpuybnwljub
dwnwignipjul ywhywinipyui b Jipujunnigdw gnpépupugubpnid wnjuw i puquuptpun
hwjuwumpniuutp, npnup Wuydwiwynpgws ki punupwohttmjutt qupqugldut, muntuwjut
owhtph b dpwlnipuyhtt dwnwbgnipjutt wwhywiunipjut vhol wthwdwdwjunipniuubpny:
Nuunudtwuhpywé nbhwypkpp Jyuynud kb, np punqupuwyhtt mwpwsputinh JEkpujunnigdwi pipwug-
pnid hwdwh wpwotwhbppnipinit £ wipynid nwpwspubph munbuwjut wpynitwybn ogunw-
gnpsdwtip, hgh hbnbwiupny yuwndwdupnupuynwljut wpdtp ukpljuyugunn vh owpp okuptp
Eupwplynud ki bujut hnthnpunipnibitiph jud Ynpgunid hpkug uljqpwjuits nkupp:

dhpnismipniup gnyg k wngby, np hwmnjuwybu nphppuyghtt dudwbwjuopowinid junnig-
Jwsé okuptph tjundwdp hwuwpwluljut b dwutughnwlwt quuwhwwnwlwutubpp vhutpwtwul
sk: Uh Ynnuhg npuip nhunnupljynid G npyytiu 20-pn 1. Swpunupuy binuljutt b punupwshtiwju
dnwénnnipjub juplnp Jyuynipnibbtp, o ynqdhg hwdwp puupdnid o npytu $hahlu-
whu b gnpswpnipuyhtt wnnidny htwgws Junnygutp, npnup skt hwdwywnwupwinid dudw-
twlwlhg wwhweubpht: Uju hmiquuwpp puppugunid E npputg whwywinipjut JEpupbpyug
npnonidubiph pugniunudp: Ophtwyy® «Unuljw» Yhunpwwnpnip, npp pugyt) k1936 p. ghjnbdpkph
12-ht: Ujtt unnigky £ uybt tnwpwspnid, npunkn twhijhinid gquninid Ep Unipp Mnpnu-NEwnpnu
Eytnkghti, npp funphppuyhtt hpjuwtnipymitiiph Ynnuhg pwundt) tp 1930-wlwb pp. (uy.1):
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«Unuljyuw» Jhuinpuwwipnuh mupwsdpn k) E dnnnynippubph puptjudnipiniup junphpputpnn dh
Juyn: Uyddjutt «Ujkt Bkt winudph mbinnud nudpwpwt kp, «Unuljuw» jhunpuwnpnth mbnnud®
Nnnnu-Nhkwnpnu Bytnkght, Ljwuphsubph Uhnipjut wmbnmud” dqyhp kp, Yonnpp' ptwlbih ntkp,
npunbn wupuhlutp Eht pwlynud, hull Unwhujudulnt puwnpnth nbinnmd nniuwjut Bhtntgh
En: Yhtunpunpnuh wnel npywé kp vwswinnip Upnydjuth wpdwtp, nph hinhttwlju Ep $putivwhuy
pulnuljugnps Uunphwu Stp-Uwpnipjuiin: Zknwgquynid wpdwip mbknuthnjubghtt vwswnnip
Upnjjuth widuwb nnibu-puwbqupui: Yhunpuwnpnuh okupp twhiwmgsdt)] b fwpunupuybnubp
Shpwt Gpljuiywip b Ghnpg Lnswpp: «Unuljju» Yhinpunpnip Gphwth wdktwhwjnth b yuwn-
dwjut dpwlnipuyhtt opwjutkphg k npp onipe hup nnwutwdjul Zuwjwuwnwh Jhundowlnyph
Jwplnp YEnpnbukphg Ukl tp: Uji quignid E dugpupunuph upnmd’ Gwn Uqiwniph hpw-
wwpwlh huplwin ppudp: Thupp dh puith wiqud Jipuluenigd) t 1960 p. swpunupuybnibp
Qlinpg £nswph b EEUwh Funpguuith bwjuuwgsny, 1983p. Pkuhwdht Upgnudwiyuih, 9. Qupwp-
juth, U. bupwjtjjutth b U. Ukjhpjwth twhiwgstpny: Yhtinpuwwnpnuh okupp anphpyuyhti oppwtth
hwjuljut dnnlntthquh nipwgpun] tdnipubphg k (uly. 2): Uy junnigdws E nbknuljub puqukpuig
nnidny, hull gjjuwynp Smjunp pugynid E nhuyh CSwny Uquwyniph hpuwywpuyp (uy. 3) [10]:

TRas B -

Ul. 2. «Unulpfwy Ghbnpunnpnih oklpp unphpnuyhl spowinid
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Ul 3 Lkpluypu U‘nubt[w» Gpanpunnpnap [10]

Chuph tbpphtt hwppuplwt dudwiwl Yhputy ki dwjiudblniuhy nipbp wywhnybpm
pupdpnpul] winiunhu Yhunnuwhjhdubpnid: Ujuop «Unuljw» Yhunpuwwnpnup supnitwlnid
wwhuywitk) hp wpwbdtwhunml wknp Bphwbh dpwlnipught Juipnd hwdunbnbyng wun-
dwjut dwnwgnipniip b dwdwbwlwlhg Yhungnigunpnipjut htwpwynpnipniubbpn:

Unujyw Jhuinpuwnpnip Gplwbh JEunpniwljut hpuwywpwlwjhtt mupwspubphg dklnid
guuynn jupbnp punupujhtt hwuwpwlwulut tpwbwlnipyu skup E, npp dbwdnpyby £ 20-pn 1.
Yhubpht' junphppughtt punqupwohtiniput b dpwlnipuiht Eipulurngluspitph qupqugdui
hwdwwnbpuwnnid: Thupp punipwgpynid £ wupq dnunidbinw Swdujuht Ynduynghghwyny, dniuly-
ghntiw) nusnidutiph hunwlnipjudp b pug hpuwywpwluyhtt dhowduyph hkwn pinkqpgus Lwp-
nwpuy bnwuljut junniguspny: Yhunpwwnpnup Juplnp nbp E ntukgh] Gphwth dpwlnipught
Ywiph juquultpydwi dky hwimhuwbwny quiqusughtt Uywlnyph nwupusdwi hhdiwlwi
yEtwnpnuubphg dkhp: pw Swpnupuybnwujut jipyupp hwdwnpnud E punupwjhtt hwuwpw-
Juwlwl okupkphtt punpny tkpluyugnigswjuinipniip b gnpdwrnipuyhtt Wupqnipniup, husp
punpny k wyn dudwtwlwoppwuh dnpbinuhunwlwb b nip vnwhiyubt Supnupuybnwlut un-
wnbgnidubpht: dudwtwlh pupwgpnid okupp Gupwplyl) £ dwubtwlh JEpwinpngnidubph
dniuljghntiw) wmpphwjwbwgdw, husp npny nhypbpnid wnwewgnty k putwpynidubp npu ulyqp-
twlut Supunupuybnulut wdpnpouwluint pjut yuhywtdwt Jepupkpyu: 4Epujunnigdut
gnpépupwgubpp gnyg ki mwjhu wyt hwjuunipiniup, npp gnjnipnit nitth uundwdywlnipuwght
wndbph wwhywiudwb b dudwiwjuljhg pwhwgnpddwt wwhwueubnh vholi: Uju opjiljnp nrunid-
twuhpnipniup pny) £ mwhu pugwhwynt] Gphwth hwuwpujujut tywbhwlnipjut okuptph
wwhywinipjut hhdtwhiinhpubpp, hywybu twb quuwhwwnb] punupwihtt dywlnipughtt thow-
Jujph thnthnpudwt gnpspupughtpp 20-py quph kplpnpy Jhuhg dhsh wyuop:

Ophtwy® Gphwuh tpjupniquyhtt juywpwip - (hwdwje wupquuybu Ynsynid k «Qujupui»)
Zujuunnwth g uwynp Epupniquyhtt hwgnygh kb tpiph wdktwdbs Epupninuyht juywpubp:
Uyt qninnud £ Bplwbih hwpwgughtt hwndusnid Uwuntigh Ywdph hpuwwpulnid, punquph
Jtuwnpnthg Unwn 2,8 4 hhnwnpnipjut Ypu: Yuyuwpubt widhpwlwinpbt juwws £ Gphwuh
Ukinpnunihnkt Jujupuih htn hknhnnbughtt uvnnpglnbyu wigniing: Zwjwunwbh kpljupent-
nnt pwiqupuip gunuynid E Gplwth Epupniquyhtt juyupwih skupnud: Ujt pugdt) £ 2009 p.
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hnijhuh 31-ht Gywnwl) niukbun] guhwwib] b thplupugit] Zuywunwuih bpljupnnne hw-
pniun yuwwndnipniit nt qupqugdwi ninht: Mwwndnipiniup uljhqp £ wptnud 1895 ., kpp npnonid
punniugbkg Junnighk) Bphihuh - Ujkpuwbunpuwng (bkpjuyhu nudph) - Yupu bpjupninhi: Unw-
ohti quwgpt Ujkpuwtunpuuwn] hwuwy 1899 ., hulj 1902 p. swhwgnpddwt hwududtg Ujkpuwi-
npuuyn]-Gplwt Epjupniquyhtt ghdép: Pwbqupuip tkpuyugind £ wyju wdpnne wundwlub
plpwgpp Uhtsh Ukp opkipp (Y. 4):

1908 p. Epupninhtt tpjupugytg nhwyh Lnidw ninnnipnil, nptt wjtt dudwbwl fuptnp
dhowqquyhtt tppninh Ep: Lipuyhu juyupwth okuph twpuwgénudp ujuyty £ 1947 p., ohttwpupne-
pinttt hpuljuugyty £ 1952-1955 ppe., hull ywonmntwlw pugnidp mbinh Eniukgk) 1956 . hnihuh
22-ht: Swpunupuybinp Enkp E Epdnun Shqpuiywin: Ywywpwip funphpnughtt ppowith huyjujut
Swpunupuy bnntpjut wdktwbywtwynp ophtiwjutphg k: Uju jurnigdws E huyjuljut Jupnu-
gnyt mnidhg b hwdwnpnd | nuuwlut nt huyjuljut wqquyhtt dbwynpmudubpp: Zhdtwljut
wnwbdtwhwwnlnipnitubpt b tnwljudwp gjuoudnp dnunpp, Epljup ynitbwowpkpp, YEunpn-
twlwb pnnnunub, yhgulynit upwhny wynwpulp, npp Ypptwljwb mbupt unnwgl) k 1969 p.,
dupdwpny b gputhuiny dtwynpdwé ubpphtt upwhubpp: Yuwyupwth phdwg nknunpjus k
Zuyuunwuith wdktwhwynbh hnipwpdwbikphg dkyp Uwuntigh Yundph wpdwbp, nph hinhayp
EpJutin Lnswipt £ (uly. 5): 1959 p. wyb nupdky £ Gphwuh junphpnuithobphg dkhn:

2010 p. Yuywpwup tupupldt] £ hhdunght dEpujunnigdwt b wpphwujubtwugdwt, nph
pupwgpnid YEpwunpngyby ku tkppht upwhubkpp, nbnunpyl Eu dwdwbwlwlhg LEnpnbwght
nbntjunjuljut gnigumunwpinuljutp, puptjudyt) b nunduwpynbpp, wnwtdugyt) ku dheowgq-
quyjht b ubkppht ppninhubph vywuwupwhbpp, huly 2Euph Wundwljut fwpnwpuybnwljut
wnbupp 1hnyht yuhwwyk) E: Yuyupuwinud gnpénd Eu induwpyntp, uvyyuuwupwhubp, ninkpknh
Swnwynipniuttp, hjnipuwing, upfwpwuttp b welnpuyghtt fEnbkp, wjunjuyutwntnh, Zuywu-
wnwth Epjupninnt pubqupui, npp pugyt) £ 2009 e. hnhuh 31-ht (ul. 6) [11]:

[x) 8098
-111’!'1”_“"’.‘-‘

»
AAARNT L S

Ul.4. Gphwi Epljwpninguyhl Jujupubh oEipp
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Ul 5. Uwunibgh “huph hpuugupuly Ul 6. Zuywuwnnwbh Epljwpmgn pubqupwi [11]

Quwgpubiph hhdttwjwb ninnipnitutp’ Gphwih juywpwithg hpujutwgynid Eu niglnpu-
thnpuwnpnudubp mwuppbp ninnnipnibubpny: Gphwbh tEpughu Gplupniuyht juywpuwip yuwn-
Ytpdws k tnk 1993 p. hugjuljut 10 ppudwing pnpwunpudh Jpu: Uju hwdwpymd £ Gplwuh
Juplnpugnyt mputuynpuwghtt hwignygutnhg dkhp b punquph hwpwjuwjhtt hwngwsh punu-
pwohtwjwt hhdttwlwb wpwugpttphg k: Yujupwih tmwpwspnid yuwhywiynd E gqundwljut
onglipuipny (Ne 3w705-46), npp pwiqupuith gnigwbdniputinhg b Ujuon Gplwuh Epjupniqujht
Juyupubp pupniwlnid b Ul Zuywunwbh hhdtwlwi lpupniqught pgupyoup dhugnplyng
ukpphtt b Uhpwqquyhtt bpljupniquyht kppnihutpp b hwinhuwbwny punuph wdktwdwwskih
Swpunuwpuybnwlwt junphppuuhputphg dkyp: Gplwih Epupmnuyhtt jugywpuip Gphwih
20-pn 1. punupwohttwjut b npwbuynpunughtt Bupuljuenigyusputph Jupbnpugniyyt hwtgnyg-
ukphg dkhu Lk Chkupp dbunnpyl) E vnwhiyut oppwth dwpunwpuybinwljut dninkgnidubph
wqnkgnippulp wpnwhwyinkim] dnimubinuwnipgnit, uhdbnphl §ndynghghw b Gbplujugnt-
gswjul punuwpwjht pupywuh quyuthwup: Yuyupwih Supnupuybnwlut pnesnidubpp plne-
pugpynid Bt Swjuwjuyhtt hunnwl juquulbpydusnipyudp, jkunpnuwjut wnwtgph pungsdwdp
b pEynpuunhy-Juuhghunmwluwt wwppbph Yhpundwdp, npnup tywwnwl] nmubkht pungsdkint
whunwlwub ywtwlnipjut b punupuwihtt juptnpnipyut qunutwpp: Uyt ny vhuyh npuituynp-
wnwjht opljn k, wy twl punupuwyhtt mupwdwlju pujudwb jupbnp pununnphs, npp dbwyn-
pnud E Bplwtth hwpwjujhtt Untnph fupnupuybnwlut jipyupp: Yuyupuith quundnipjut
pupwugpnid hpujuwbwgyt) b nnwppbp wunhdwth epuwunpngnidutp b wpphwjubwugnidubp,
npnup munyué kb tnkp gnpswrnipuwyhtt wwhwugttnh pujuwpupdwin: Uuluyh wyn qgnpdpupwg-
ubkpp npnp nhypbpnid hwugkgpk) Eu ujqpiwjutt Swpnupuybnwlut nusnmidubph dwubwlh
thnthnjpunipjul, hyt wnwewgnt)  puttmpynidutp yuwwndwdswlnipuyhtt wpdtph yuwhywidwh
Jbpwpbpuy: Zuywuwnwh kpljupninnt puiqupuip jupbnp dowlnipwhtt b mkthjuljut dw-
nwgnipjul Jhuwnpnt E: Uyt htwpwynpnipinit £ wnwhu wygkniubpht swinpwtug Gpyph inbink-
uwljut b mpubuynpunujhtt qupqugduwt yuwndnipjutp, htyybu btwb hwujubtw Epjupninnt
nbpp Zuyuunwth wpynibwpkpnipjut, wnlnph b hwuwpuljuljut fyuiuph dbwynpdwi gnpénud:
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«QJupping> oquiu]wlwyubh hht wkpdhiugp npybu junphpywght Ungbnhquh wpunw-
puybnuwljut dunwigmpmnit hwdwpynid E junphppuyhtt b huyjujut Unpbntthquh wnwyty
huptwnhy vnbndwgnpsdnipjniuitinhg dkp: «QJuppung» onutwjuljuyup Zujwunwith quw-
ynp onuyhtt nwpwyuwub £ b gnpénd k 1961 pywljutithg: ‘Unp, dudwbwljulhg ninbnpujhtt inkpuh-
twh qunuthwpp dbwynpytg 1970-wljuiubph uyqpht. 1971-1972 ppe. kplthny Upgnyph wpnniu-
pnid hupnn ki dwwsyb] Swpunupuynitp b padkubpilp Uppoip Gupwiyubp, Unupuwl
vwshljjwip, Lunt Qkpphqquip b dnpd Thuyguip: Uhqptwljut twhiwgswyhtt nwppbpulubpnud
twppwwnbuynid Eht bk h wjwinuljui’ gduyht (nusnudikp, nwlugh tujugsh dpwldwb pupwg-
pnud Swpunnupuwybnibpp hpwdwpytghtt wyn Uninkgnidhg b wugut spowtiwdly, JEnpnuwjut
Juquuljipydwdp jurnigwséph: Unp nisdwt hhdpnud npydtg ny dhuyt wpnnwhwynhy dup, wyjl
onquiuwjuljuyuith $niujghntiu) wpynibwybnnipniup. jeunpnwlwut hnphtjwspp htwpwyn-
pnipjnilt kp nwhu Ypdwnk) nininptubph nknuownpdh Smuwwywnphubpp b nughntw) juquwlbp-
wk] ninnpubph vywuwplnudu nt oqpmtwybph htn Juwp: Skpdhtiwh Swuwjunupusulju
hnphujwépp juqujws E dhdjubg vy ubpundwé tplnt juuipdws Yntwdl swjwttphg: Lkppht,
wybkjh thnpp §ntwdl swdwnud nknujuus bp duadwtdwt gninhl, hull wpnwpht onuljwdl
hwnjwsnid nipunpubph wywuwpluwi b dEhuknt hbn juydws hhutwul wupuspubpp:
Ghunpnumd pupdpwinud £ dnwn 61 dkwnp pupdpnipjudp wownwpulp, nph Jiphtt hwnguédnid
guiynid Eht onuyjhtt Epplbynipjut junujupdwt Swnwnipniip b nkunnpuip: Ywnnygh op-
owtwdl hudwlupgp hwnwybu nipwgpun] kp hp $nciyghniiuy wpudwpubnpyudp: Ophtwl
wnbpuhtiwh dntinphg dhtish gqpuiigdwt upwh hEpwynpnipniub punudbkun 13,5 «tp, hul wudunwb-
quipjub gnuintg dhbsh onwiwh upwh wwinyg hkpwnpmpiup’ gy dnn 135 ¢
dudwidut hwmnJwshg nhyh ninkptnh uvnugdw sppwttwudl gninh ninunpukpp pupdynid thu
wyultyun funuquypwdl wugnidubpny, npnug tpupnipiniup Unn 100 o tp: Skpdhuwgh
ohttwpwpnipnitt hpuwbwgyt) t 1970-wlwutbph tphypnpy Yhuht, hull wyb owhwgnpsdw
hwtdugkg 1980 p.: Ujuyhuny, wjt £hown k ubkpluymgub) ns ph npuybu 1961 p. junpnigyws opow-
twdl wnkpdhtwy, wy npybu 1961 p.-hg qnpénn onwiwywluwymih hwdwp 1970-wlwbubpht
twpiwugsws b 1980 p. pwhwgnpédwt hmtidudwsd unp ninunpuyhtt hwdwihp: Thuph hhdtwlwu
Junniguwnwppkpt Eht Epupptinntp b wywlh, npnip pungénid Eht dnpbnthunwlut Lup-
nwpuy bnnipjut nkuninghwlwt punypn: Skpdhttwh gbinupiunwut ndnidubpp unyu-
whu wnwbdtwhwwnnil] ywbwlnipnit ntukt: Cpowtwdl hwwnwlwughédp b Swjwjwnmupusulju
yndwynghghwt nhnnwplynd Eu npybu wjtwpl 7-pn 1. QJuppung mwdwph hnphujwsdpht, hugh
ounphhy Junnygp hwdwnpnd kp dhowqquyjhtt dnptinthquh ulgpniupubpp huyjuljut wgquyht
Swpunuwpuybnujut wjwunnypubph htwn: Ujp wpwbdtwhwnlnipmniut wjt npupdund £ ny
dvhuyt hudbubpuljut, wjl dpwlnipughtt hipinipjut wpnwhwjnnipni: Lunupushttwju
nbuwblnithg onwtwjwlwywiup jupbnp nbp niikp Gphwh wpbdnjwt dninph dbwdnpdwt
gnpénmid: Uyt twhiwgdyty) tp npuytu dwjpwpwnuph giluugnp mpubuynpuwhtt hwignyg b
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Uhowqquihtt tkpjujugmgswlju hudwjhp junphppubpln] hwipuybnmpjut nkjinnghw-
Jul b munbuwjut qupqugnidp: Onuuwduljwyuith Swpnuwpuybnwlut jEpywupp nuwubwd-
jujutip pwpniiwyy iyt E Zuywunwith junphpnuthoutinhg dklp b hwdwju ogunugnpdyty k dhowg-
qujhtt hpuwnnwpuwlnipniutbpnud nt gpnuwgpowghtt ynipbpnid: 2001 p. oputwywljuwywth junw-
Jupnudp Ynughuhnt wujdwbwgpny thnpuwmgytg «Updktuhw dvhowqquyhtt oqputwduluyutinbp»
puytpnipywp, nphg hkwnn uljuytg tnp nininpuwyhtt hwdwhph juenignudp (y. 7), [12]:

= | F . S ;;—\7 r,
Ul 7. «Quppings opubunjuluyuah spowminud i inkpuhiugp [12]

Unp dudwbdwh upuwhp swhwgnpsiwi hwtdinkg 2006 p., Ukludwl upwhp 2007 p., hul
wupnnowlwb tnp nkpdhtugp 2011 p.: dpuihg htwnn hht opowbiwdl nbkpdhtugp yuyupkg
oquugnpdyky hp uljqpwjut tpwbwnipyudp: 2Eug wyu thnynud Ahwynpykghtt yuwhwwunipjut
hhdtwlwt hwjuunipmiuubpp: Unp mkpdhtwh juenignidp pudupupnid Ep whwghnt wt-
Juutgnipjul, ubjudwljuyniinipjutt b mnbnpwhnuph dudwbwlulhg yuwhwuetbpp, uwljuyh
dhwdwudwbwl hwpguljuh wnwwl npkg hhtt mEpdhtwh hblnwqu dwjunwghpp: Lkpppnidwght
Spwgptinh opowtwlutipnid putiwplynid kp ppu dwutwh jud wdpnpowljut wyudntivnudnidp,
hugp juyt mpdwqutp unwguy dwutwghwnwlwt hwipnipjub sppwinid: Fudwtwlwlhg dwp-
nwpuy binuljut dunwiignipjut wwhwywunipjudp qpunyny DOCOMOMO International Juquui-
Ykpunipiniip b puquuphy hwy Swpnupuybnibp hubnbu Bywb okiph ywhywbnpyub ogunpi’
wjtt quwhwwntny npytu junphppujhtt Unglinthquh hwdwopwphwihtt iywbhwlnipjut wpdtpw-
Ynpn tdnuy:
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«QJupplngh» hhtt mbkpdhtiwh ophimlyp gnyg £ wmmwhu, np 20-pg 1. Gpipnpy Yhuph Swupunw-
puybnuljui dunwbgnipyui yuhwwinipmiip pupudnud £ U pupp pbnghpibph hpufuljwi
wuonyuwinipjul vwhdwbwhwly dkjwuhquubp, tkpppnudwght pwhtph gipuuynipinil, wp-
nhwlwbwugdwut nkpthjujwt gwhwietbp b Unpinthunwljwt Lwpunwpuybtnnipjut wpdtph
ny 1hwupdtp hwuwpwlulwb pujunud: Uhhtinyh dudwitwly dhpwqquhtt thnpdp gnyg k wmwphu,
nn bdwl junnygubpp htwpwynp £ yepugnpsupl ) inp gnpdwnnyypubpny (pubiqupui, dpwlni-
puyhll Yhuwnpnl, gniguupwh Yud wlhughugh wundnippub YEinpnh) yguhuywibing ppuig
Supunupuy bnwljub htpunipjniit nt punupwohttwljut tywhwlnipiniup:

dhpnupju) ophttmjubiph ntuntdbwuhpmipnitp gnyg L wmwwjhu, np Gplwth 20-pg 1. fwp-
nwpuybnwuljut dunwignipyut yuwhywinipjut hhdtwljut hwjuunmpmnibiubpp Quydwiw-
Ynpyuws tu vh puwtth hnjujuwyulgus gnpénuutpny.

o yuwwndwdpwlnipwyhtt mpdtpubph b ubpypnidwyht pwhbph puadwdp,

¢ Junphpnuyhtt Unpinthquh dwnwignipjut tjundwdp ny Thwpwbwl hwuwpujuljut b

dwubwghwnwljwb yEpwpkpunitpny,

¢ wuwhyuwinipjult hpwjuut dkjpwtuhquubph piph jhpundwdp,

e hnipwpdwuubkph tnp gnpdwnnypubph hwpdwupigdwt pipugpnid fwpnupuy bnnwljub

hupunipjut Ynpunh Junubgny,

¢ punupuwohtimju qupqugiu b yundwljut vhowduyph wwhwywinipjut vholb hugw-

uwpulonnipjut puguljuynipjudp:

Gupkt YhEdhpguth wijut dwpqubwdbpquyhtt hwdwihpp b Gphwh Epjupniguyht
Juyupubp JYuynid i, np htwpudnp E hpuluiugil; wpphujubugnid wywhuywitng Jupnig-
ukph hhdtwjut fupnupuybnujut qunutwpp, yundwut hhpnnmipnitp b punupwoh-
twlwb ywhwlmpniup: Zknmbwpwp, Gplwuh 20-pg 1. fwpnuwpuybnujut dunwiqnipjui
wwhywinipjut wpynmituybn nwquujupnipniup whwnp Ehhddws 1hth ny dhuy hpundujub
wuonywunipjul, wjl ghnwlwut Jekpujutqudul, puquuduubtughnwljuwt quwhwndwt b
hwipuyhtt dfwutwlgnipjut uyqpniuputph Jpu

MNuunidtwuhpnipiniup Jupbnp £ Gplwith 20-pn . hwuwpuwljulwb ipwtwlnipjut okuptph
wwhywinipjut b Jipujupnigdwt pughpubph pugwhwyundwt mbuwblyniihg, pwth np wjt
gnigunpnid £ gnpéwnnipujhtt wmipphujubugdwt b Supnupuybnwuljub hupunipjut yuhwywb-
dwl Uhol wnlw punpny hwljuwunipjniuttpp: Quuyws Uowlnipuyhtt dwnwtgnipjut ywhuwwunt-
pjul nnpuinid wnljw jupquynpnidubpht, 20-pn 1. puquuphy 2kupkp sniubt pudupwup hpu-
Jujut yuwownywinipnil, pwith np gputg yundwdrwlnipuwyhtt wipdtpp pinbiu wdpnnenipjudp
quuwhwwnywé b wdpugpus sk: Upyniupnid JEpujupnigdwt twpiwgstph hpujuwbwgdw po-
pugpnid hwdw wpwownid ki dwutwghnwlwb b hwipuwyhtt mwpwdwyunipiniubp: Lutwupl-
dwl wpnyniupnid jupbh E Eqpujuguby, np Gplwth 20-pg 1. okuptiph yuwhwywinipjut hhdtw-
huunppubpp skt vwhdwbwhwlynid dhuytt fwpnupuybnuwljut hwpgbpny, wy tkpupnd B
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twl unghwjuluwb, dpwlnipuwhtt b mbnbkuwlut pununphsubp: Lunuph quundwlwu dhow-
Juyph ywhwwinipjut hwdwp wihpwdtown E dpwljkp hwdwihp dninkgnidubp, npnup htwpuyn-
poippnit juwt hwdwnbnt] dwnwigmput ywhywiunipyut ywhwiettpp b dudwbwljulhg
punupuhtimjut qupqugdut btyuwnwlutpp [13]: U tyunwlnyd jupbnp £ fupnupuub-
nwlwt wpdbputph JEkpuguuhwwnnudp, ppudujutt yupnwywinipjut dkhiwthquubph juwnw-
phjugnpénudp b dwubwghunwlwi nt hwipujhtt dwubwlgnipyut pguytinudp npnpnudubph
Juyugdwt gnpdpupwugnid:

Bqpuljugnipyni

Bplwh 20-py 1. oLupkpp punuph wundwdowlnipught b fwpnnuwpuy bnwljut dunwi-
gnipjul juplnp pununphsttp o' wpnwgn bind nju dadwbwljuopowtth punupwohtimljud,
ginupybunului b hwuwpwljuluwb qupqugnidubpp:

Zhlnmwgnuunipiniip gniyg wnykg, np 2kupkph wwhwywinipjut b Jipwljwurnigdwt gnpépli-
pugubpnid hhdtwlwt hwjuumpmitubpp quydwiwynpyws tu dowlnipujhtt dwnwignipiut
wwhywinipjut b punupuwjhtt qupquglutt mbtnbuwljut nt gnpdwnnipwjhtt wyuwhwueutph dvhol
wnlju wthwdwywnwupwunipniuttpny: Fuguhwjnytg, np hwnljuybu junphppuyhtt dwdw-
twluwopowtih fmpuupuybnwjut dunwiugnipjut guuwhwwndwt hwpgnid wnljw Eu dwubwgh-
nwlut b hwuwpuwulwb mwppbp Uninbgnidubp, husp hwdwp puppugunid L ywwhwywinipjut
Ybpwpbpyu npnonudubiph pugniinudp:

Munidtwuhpnipiniip gnyg nykg, np 20-pn 1. puquuphy okupbp sniubkt pudupup hpudu-
Jul wuwpwnwyuwtnipnit, husp dkdwgunid E npuitg dbwhnjodwt jud §npunh Junuutqp yepuju-
onigdwtt dpwgpkph hpwljwbwugdwt pupwgpnid: Gphwih wuwundwdswlnipughtt dhowduyph
wwhywinipyut wpnynibwybnnipniup htwpuwynp E pwpdpugut] dhuytt hwdwihp b hwjuuw-
pulonws punupuwljuinipjut thongny, npp Jukpueh Supunnupuybnuljut wpdtputnh ghnw-
Jut quuwhwwnnmd, hpudulwut gquonywiunipjut juwnwpbkjugnpénid b hwtpughtt dwutwlgnt-
pjut wijnhjugnd: Gphwh 20-py 1. Swpnupuybnwlut dunwiignipjut yuhywinipjut b
JEpwljupnigdut dhol hwjuwuwpuljppnipjut wyywhnynidp juptnp twhwywydwb £ punuph
wuwundwlwt hupunipjut uwhywidwi b juynit punupuohtimjut qupgugdus hwdwnp:
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NPOTUBOPEYMS ITIPU COXPAHEHUU U PEKOHCTPYKIIUU 3JAHUI
20-TO BEKA BT. EPEBAHE

Apmenyn Anb0epToBHAa AnekcaHsH, Apa I'paiiposnd OBcensin
Hayuonanvnoui ynusepcumem apxumexmypul u cmpoumenscmea Apmenuu, 2. Epesan, PA

aleksanyan.armenuhi@yandex.com

Cmampws nocesuieHa UCcre008anuI0 npomu@opequﬁ, 6O03HUKaAOWUx 6 npoyecce COXpaHeHusl u peKon-

empykyuu 30anuti 2. Epesana, nocmpoennvix ¢ 20-m sexe. Paccmampugaiomes npoonemvl 3aumo0eicmeus

MEDfC()y epaaocmpoumeﬂbﬂbm/t paseumuem, COXpanenuem KyabmypHoco Hacaeous U SIKOHOMUYECKUMU unmepe-

camu, okasvlearowumu 6JauiHue Ha d)opMupoeaHue apxumeKmypHoco obnuxa Cmoauybl. AHCI]ZMS’I/lpy}OmCﬂ

NpoOeKmbvl PEKOHCMPYKYUuuU, peailu306aHHblE 6 PA3TUYUHbIX paﬁOHax 2. Epe@aHa, a makce ux osoelicmeue Ha

UCMOPUKO-KYTILIYPHYIO CPedy U 20pOOCKYI0 udeHmuunocms. Ocodoe suumanue yoeisiemces GoNpocam OYeHKu

apxumexkmypHoco HAcneous CO8emcKo20 nepuoda, npaeoeo2co pecyaupoeanus u yiacmus O5W€Cﬂ16€HHOCWlu 8
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npoyeccax npuHamus pewieHui. Pe3ynbmamel uccnedosanus ceuoemeibCcmayiom o HeoOXo0UMOCmu 8bipa-
bomKu CcOANAHCUPOBAHHO20 NOOX00A, COYEMAuje20 NPUHYUNLL OXPAHbL HACNeOUs C COBPEeMeHHbIMU
mpeboBaHUAMU 2PAOOCTNPOUTHENLHO20 PA3GUMUSL.

Knrwouesvie cnosa: 2. Epesan, apxumexmypa 20-20 gexa, KynomypHoe nacredue, ucmopuieckas cpeoa,

PEKOHRCMPYKYUA, COXPAHEHUE, ADXUMEKNTYPHAA UOCHMUYHOCHDb

CONTRADICTIONS OF THE PRESERVATION AND RECONSTRUCTION OF
20TH-CENTURY BUILDINGS IN YEREVAN

Armenuhi Aleksanyan”, Ara Hovsepyan
National University of Architecture and Construction of Armenia, Yerevan, RA
“aleksanyan.armenuhi@yandex.com

This study examines the contradictions arising from the preservation and reconstruction of twentieth-
century buildings in Yerevan. It explores the challenges associated with balancing urban development, cultural
heritage conservation, and economic interests, all of which significantly influence the architectural character
of the capital. This study analyzes reconstruction projects implemented in different districts of Yerevan and
evaluates their impact on the historical and cultural environment, as well as urban identity. Particular
attention was paid to the assessment of Soviet-era architectural heritage, legal regulations, and public
participation in decision-making processes. The findings highlight the need for a balanced approach that
integrates heritage conservation principles with contemporary urban development demands.

Keywords: Yerevan, twentieth-century architecture, cultural heritage, historic environment,
reconstruction, preservation, architectural identity
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DOT: https://doi.org/10.54338/18294200-2026.2-03
MODELING AND INFORMATION TECHNOLOGIES IN CONSTRUCTION

BIM-BASED ORGANIZATIONAL AND TECHNOLOGICAL MODERNIZATION OF
CONSTRUCTION LOGISTICS: A CASE STUDY OF ARMENIA

Hermine Aghajanyan, Satenik Hayrapetyan®
National University of Architecture and Construction of Armenia, Yerevan, RA

*satenik. hayrapetyan98@gmail.com

Construction projects increasingly face logistical inefficiencies affecting schedule reliability, cost
control, and resource utilization, particularly under supply variability and spatial constraints. Construction
logistics includes procurement planning, transportation, storage, on-site handling, scheduling, and
information-flow coordination. Construction logistics is examined as an integrated component of
organizational and technological construction management, while Building Information Modeling (BIM) is
considered a digital platform for coordinating and controlling logistics processes. A comparative case study
of two large-scale residential projects implemented by the same developer at different lifecycle stages in the
Republic of Armenia was conducted using descriptive indicators of delivery lead times, emergency
interventions, storage dependency, and work disruptions. The results indicate that delayed BIM
implementation is associated with greater logistics variability, reliance on emergency procurement, and
logistics-driven work interruptions. Early BIM-based logistics integration improves predictability, reduces
reactive interventions, and enhances process controllability. A BIM-based organizational and technological
framework for improving construction logistics performance is proposed.

Keywords: construction logistics, Building Information Modeling((BIM), organizational and

technological systems, logistics controllability, digital construction

Introduction

Construction logistics has become a critical factor influencing project performance in modern
construction practice. In the context of the Republic of Armenia, logistics-related challenges are particularly
pronounced due to the dependence on imported construction materials, limited local manufacturing capacity,
and the exposure of supply chains to external geopolitical, infrastructural, and climatic factors. Construction
logistics includes procurement planning, transportation, storage, on-site material handling, scheduling, and
coordination of information flows between project participants [1-3]. Insufficient integration of these processes
may result in schedule delays, cost escalation, material losses, and reduced predictability of construction
outcomes [1, 3].

These challenges are especially relevant for large-scale residential developments characterized by high
material intensity, dense urban locations, and limited on-site storage capacity. In Armenia, supply lead times
are subject to significant variability caused by production constraints, border conditions, changes in
transportation routes, and external disruptions. As a result, logistics-related risks frequently propagate across
construction schedules, procurement plans, and resource allocation processes.

Building Information Modeling (BIM) has been widely adopted as a digital approach supporting

information integration, coordination, visualization, construction planning, and decision-making throughout
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the project lifecycle [2, 4]. However, in many practical applications, BIM is introduced at later project stages
and used primarily for visualization, design coordination, and clash detection, which limits its potential
contribution to proactive logistics planning and control [5, 6].

Although BIM applications, construction logistics, and digital supply-chain integration have been
extensively studied, limited empirical attention has been given to the influence of BIM implementation timing
on logistics controllability within import-dependent construction environments. This issue is particularly
relevant where external supply-chain variability increases the importance of organizational and technological
coordination. This study addresses the identified gap through a comparative analysis of two residential
construction projects implemented by the same developer at different lifecycle stages. Construction logistics
is examined as an integrated element of organizational and technological construction management, and a

BIM-based framework for improving logistics planning and control is proposed.

Materials and Methods

Construction logistics has evolved from a narrowly defined function focused on material delivery into
an integrated process encompassing procurement planning, transportation, storage, on-site handling,
construction sequencing, and coordination of information flows among project stakeholders. Construction
supply-chain research indicates that performance losses frequently originate from fragmentation between
supply-chain decisions and site production requirements. Consequently, logistics inefficiencies are increasingly
interpreted as coordination and planning problems rather than solely as transportation constraints [1, 3].

Recent research highlights the role of Building Information Modeling (BIM) in improving logistics
controllability through information integration, material tracking, procurement planning, and coordinated
decision-making [2, 4]. In this context, a distinction should be made between physical supply lead times and
logistics controllability. Manufacturing capacity, transportation routes, customs procedures, and external
disruptions determine the physical duration of supply, whereas BIM-supported planning may improve the
predictability, traceability, and coordination of logistics processes without necessarily shortening delivery
durations [2, 3].

The effectiveness of BIM-supported management depends not only on the availability of digital models
but also on the timing, scope, and organizational maturity of implementation [4-6]. Limited applications,
including design coordination, clash detection, quantity verification, and selective 4D planning, may improve
information visibility and reduce selected coordination problems. Nevertheless, partial or late-stage
implementation restricts the integration of procurement, logistics, and construction planning and therefore
limits the potential for proactive control.

Research on BIM-enabled 4D planning and site logistics demonstrates that integrated models can
support construction-sequence visualization, workspace planning, material-flow coordination, and
synchronization of deliveries with site activities [7, 8]. Site-logistics studies also identify planning and
forecasting, material movement, technology and equipment, site conditions, and material protection as factors
affecting resource use, rework, material damage, and construction waste [3]. At the supply-chain level, the
development of digital-twin concepts extends BIM-based coordination by linking digital representations with
updated information from physical processes, thereby supporting situational awareness and feedback-based
control [9-11]. Bibliometric studies confirm increasing research interest in the integration of BIM, the Internet

of Things, and digital twins across construction lifecycle processes [12].
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Despite the growing literature on BIM, digital twins, construction logistics, and supply-chain
coordination, limited empirical attention has been given to the influence of BIM implementation timing on
logistics controllability in import-dependent construction environments. This gap is addressed through a
comparative analysis of two residential construction projects implemented by the same developer at different
lifecycle stages. The first project represents late and partial BIM implementation, whereas the second

incorporates BIM-based logistics planning from an earlier project stage.

Research Method and Framework

A qualitative comparative case study methodology supported by descriptive quantitative indicators is
adopted. Two large-scale residential construction projects located in the Republic of Armenia and executed by
the same developer were selected to control for organizational, regulatory, and market conditions while
allowing comparison of logistics performance at different project lifecycle stages.

Construction logistics is analyzed as an integrated subsystem of organizational and technological
construction management. Based on the analysis, a BIM-based logistics framework is proposed, consisting of
organizational, process, information, and control layers. BIM is considered an enabling platform supporting
coordination, monitoring, and adaptive control of logistics processes.

The organizational layer defines roles, responsibilities, and decision-making authority related to
logistics planning and execution. The process layer integrates logistics activities with construction sequencing
and procurement schedules. The information layer is enabled through BIM and provides a shared environment
for spatial, temporal, and resource-related data. The control layer supports monitoring and feedback
mechanisms that enable proactive response to logistics risks.

The quantitative indicators used in the comparative analysis are descriptive in nature and are derived
from site records, procurement logs, planning documentation, and project management reports. These
indicators are intended to support a structured comparative assessment of logistics performance and
controllability rather than statistical generalization. The methodological focus of the study is on organizational

and technological differences between the cases rather than numerical optimization.

Case Study Description

The empirical analysis is based on two large-scale residential construction projects located in the
Republic of Armenia and implemented within the same regulatory, economic, and supply chain environment,
enabling a controlled comparison of logistics performance across different project lifecycle stages.

Both projects are characterized by high material intensity, strong dependence on imported construction
and finishing materials, limited on-site storage capacity, and complex coordination requirements among
designers, procurement teams, and construction sites.

The first project represents a late-stage development undergoing intensive finishing works. Logistics
planning evolved reactively in response to construction pressures and frequent design-related changes. BIM
was introduced at a relatively late stage and used primarily for coordination discussions and selective quantity
verification.

The second project represents an early-stage development where logistics planning and BIM integration

were initiated during the design phase. Organizational structures, procurement strategies, and information
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workflows were defined in advance, informed by lessons learned from the first project and supported by BIM-
based planning principles.

In both Armenian projects, physical supply lead times are primarily driven by import dependency and
external conditions; therefore, the expected improvement in the second project is not a reduction of delivery
durations but enhanced logistics controllability through synchronized planning, scheduling, storage strategy,

and information coordination.

Results and Discussion

The comparative analysis demonstrates substantial differences in logistics performance and
controllability attributable to the timing and depth of BIM-supported organizational and technological
integration. Although both projects operate within the same national and regulatory context, their logistics

outcomes differ due to differences in planning maturity and digital integration (fig.).

LOGISTICS CHALLENGES

« Lead-time variability « Import dependency
» Storage constraints « Storage constraints
» Emergency procurrment « Design-driven material changes

« Design-driven material coordination « Fragmented office-site coordination

L

BIM-BASED ORGANIZATIONAL-TECHNOLOGICAL LOGISTICS FRAMEWORK

« Organizational layer « Defined roles and decision rights
» Process layer « Integration of procurement and construction sequencing

« Information layer = BIM /4D BIM as shared data environment

« Control layer » Monitoring, feedback, adaptive response
& ¥

LOGISTICS CONTROLLABILITY OUTCOMES ]

+ Reduced emergency logistics interventions
« Improved delivery predictability

*» Reduced external storage dependency

« Fewer logistics-driven work stoppages

« Higher transparency and coordination efficiency

Fig. Conceptual representation of BIM-based logistics integration and its impact on
construction process controllability

Delayed logistics integration in the late-stage project resulted in fragmented coordination, reactive
decision-making, frequent emergency procurement actions, and prolonged reliance on external storage
facilities. From a management perspective, BIM-supported logistics planning shifts decision-making from
reactive responses toward anticipatory coordination based on shared and timely information. This transition
enhances process controllability by enabling earlier identification of logistics risks and more informed
managerial interventions. Conversely, early-stage BIM-supported logistics planning in the second project
enables improved alignment between procurement schedules, construction sequencing, and storage planning
(table).
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Table
Quantitative comparison of logistics performance indicators

Logistics performance indicator Metric (late-l::;;?eclzrloj ect) (early-si);;iefiipecte d)
Local supply lead time Working days 3...10 3...10
Imported supply lead time Weeks 3...25 3...25
Deliveries exceeding planned lead time % of orders ~50 <25
Emergency logistics interventions % of orders ~10 <3
Route changes due to external factors % of deliveries ~3 Minimal
Materials stored externally % of total materials 25...30 <15
External storage duration Months 3.9+ <2..3
Logistics-driven work stoppages Duration 1...3 weeks Rare / avoided
Logistics decisions supported by BIM % ~20...30 >60 (benchmark-based)

Figure illustrates the conceptual relationship between BIM-based logistics integration and construction
process controllability, while Table 1 summarizes the comparative logistics performance indicators. The results
confirm that while physical supply lead times remain externally constrained, organizational and technological

modernization substantially improves logistics controllability, schedule reliability, and workflow stability.

Conclusions

Based on the comparative analysis, construction logistics inefficiencies are interpreted as systemic
outcomes of fragmented organizational coordination and delayed BIM integration rather than as isolated
operational failures. Based on the comparative analysis of two large-scale residential projects in the Republic
of Armenia, early integration of BIM-based logistics planning is considered capable of enhancing logistics
controllability.

Improved delivery predictability, reduced reliance on emergency procurement, lower external-storage
dependency, and greater workflow stability are expected to be supported through early BIM-based logistics
integration. While the empirical analysis is grounded in the Armenian construction context, the identified
logistics challenges and the proposed framework are applicable to other regions characterized by high import
dependency and limited on-site logistics capacity.

The proposed BIM-based organizational and technological framework provides practical guidance for
integrating logistics into construction management systems and supports more predictable and resilient project
execution. Future research may extend this work through longitudinal studies and integration of real-time
digital monitoring technologies. Based on the findings, the digital transformation of construction logistics
should be approached as an organizational and technological change process rather than as a software-driven

initiative, particularly in environments characterized by high supply-chain variability.
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chuururuguuy LNehuShulush YUQUUUEMM2USEvLNLNShUYUL UM PUYULUSNRUT

BIM-b UbLUNUUUL. NPUNPULUUPMNRESNRL ZUSUUSULE Orhuuundg

zhpdhut Uppkpunh Unquewiyub, Uwpkiuhy Ukjputh Zujpuybnjut’

SQwpunupunybunipyuil b phlnupupnipul Zuyuuumu i wgquyhl hwduyuwpul, p. Gplial, 22

‘satenik.hayrapetyan98@gmail.com

Chhwpwpwlwl hwhrugskpp hwdwfu pupn/nid ki inghuwnpl) wiupnni nuybwnnprul, npp
puguuwpwn Fugnpnid dudwbwljuugnygh hniuug hnippul, Swipiubph Jkpuhuldwb b nkunipubibph

oqunugnpSuiml Jpuw  hunnlunyku dunnulupupdwl thnghnpnualwimippul b nwpudwlul uuh-
dwbunhwmdbbph wuydwbbbpnid: Chhwpwpwlwb nghunhlwl Gkpunnid F ghnidbbph -
bun/npnidp, hnpiugpnidp, wwhbkuwnwydnpnidp, bbpphihpuwywpulughll nkyupwpdnp, wopnu-
nwiphbph dudwbmlugnygp b nknEjunywlwi hnupbph hudwljupgnidp: ZEunugnuinieintinid
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shtwpwpulwi inghunphui ghunwplynid Fnpybu ququulkpuswnkboininghwul junaguwn-
vl pumunphs, huly sklipkph nkpklumyulwi dnpljuninpnudp (BIM) npuyku jnghuwnply gnpd-
plpughbph hudwlupguwi b JEpwhuldwl pyuyhl huppul: Zudbdwnmwlul dkpnnpny niunid-
luuppyly B Zuymunwih Zubpuw bnnipeininid Gnyl upniguyuwnngh nnudhg ppufuinugyng
b GEauwghlyh nmupplbp thny bpnid quin/ng Eplnt junponpuidunjuy phwlbph bwpnugstp: dbpinidyky
ki vwwnwlupupdwl dudEnbbpp, hApunnuy dhowdinnipnibbkpp, wwhbuwnunnpnidhg uipi-
Ywdnipinilp b wppnuwnmwipllbph paphunnnidiabpp: Upyniaphbpnp gnijg b wiwghu, np BIM-h nip

bpppnidp junyyws F inghuwnply thnihnfuwljwbnippul, Apunnwy qanidbabph b wopnunmbpabph
plphwwnnidbbph htwn, dhispkn Jun hlnnkgpnidp pupdpuginid F gnpdpipugibph Juipiunnkbuk-
Jhnipinial i Junuwijupkihnipiniap: UnwownplJky E BIM-h Jpw hhdinfus jnghumnpluyp uguu-
Ghpwswinkhiininghwlwi hudwlupg:

Pwlmyh punkp. spliwpupulul (nghunplw, >Eipkph nkpbiunnywluwb Unpkjunpnid

(BIM), juquwlbpwyswnkubninghulwli hudwlupgbp, inghunplugh Junujwuplyhniemnt i, pyu-
Jhb phtupwipnipini i

OPTAHU3AIIMOHHO-TEXHOJIOTMYECKASI MOJEPHU3AILIMSI CTPOUTEJIBHOM
JIOT'NCTHUKHU HA OCHOBE BIM: HCCJIEJOBAHUE HA ITPUMEPE APMEHUU

Dpmune Ainbbeprosna Aramkansn, Carenuk CelipanoBna Aiipanersin’
Hayuonanvnolii ynusepcumem apxumexmypsl u cmpoumenvcmea Apmenuu, e. Epesan, PA

satenik.hayrapetyan98@gmail.com

CmpoumenvHuvle npoeKmul Yacmo CMAIKUBAIOMCsL ¢ HeIPPEKMUBHOCMBIO TOSUCTIUYECKUX NPOYECCO8,
OMPUYAMENbHO BIUAIOWUX HA HAOEHCHOCMb 2PAPUKO8, KOHMPOIL 3ampam U UCHONb308AHUE DPecypCos,
0COOEHHO 6 YCNOBUAX HeCMAOUNLHOCIMU NOCMABOK U NPOCMPAHCMEEHHbIX ocparuyenuu. CmpoumenvHas
JI02UCMUKA GKIOYAem NIAHUPO8aHue 3aKyROK, MpaHCROPMUPOSKY, XpaneHue, 6Hympuniouwaooinoe nepeme-
Wenue, KaieHOapHoe NIaHUPO8aHue U KOOPOUHAYUIO UHGOPMAYUOHHBIX NOMOKO8. B uccredosanuu cmpou-
MeNbHAas T02UCTNUKA PACCMAMPUBAETNCS KAK KOMIOHEHM OP2AHU3AYUOHHO-TNEXHOIOSUHEeCKO20 YNPAGIeHUs, a
ungopmayuonnoe mooenuposanue 3oanuti (BIM) — xax yughposas nnamgpopma koopourayuu u KOHMpOos.
Jozucmuyeckux npoyeccos. CpaguumenbHbiM MemoooM UCCIe008aAHbl 084 KPYNHOMACUMAOHBIX JHCUTBIX NPO-
eKma, peanuzyemulix 0OHUM 3acmpotiuyuxom 6 Pecnyonuxe Apmenus u HaxoOAWuUxcs Ha PAHBIX IMANAX HCU3-
HeHHOo20 yukaa. IIpoananuzuposanvl cpoku nocmasox, IKCMpeHHble BMeuamenscmed, 3a6UcCUMOCMb OMm CKIA-
ouposanus u nepepulgsl 6 pabomax. Pezynbmamul nokasvieaiom, umo no3onee eneoperue BIM céazano ¢ nogwi-
WEHHOU 8APUAMUBHOCIBIO JIOCUCIUKU, IKCTNPEHHLIMU 3aKYNKAMU U HAPYWEHUIMU NPOU3B00CBEHHO20 NPO-
yecca. Pannss unmezpayust BIM nogvluaem npedckazyemocms u YRpaeisieMoCms JOSUCIUYECKUX NPOYECCO8.
IIpeonooicena opeanu3ayuoHHO-MexXHON02UYECKas CUCeMa CIMPOUMeNbHOU T02UCMUKU Ha 0cHoge BIM.

Kniouesvie cnoea: cmpoumenvnas noeucmuka, uHgopmayuonnoe mooenuposanue soanuu (BIM),

Op2aAHU3AUUOHHO-MEXHOI02UYEeCKUE CUCNEMbL, YNpaeslemMoCcntb 102UCMUKU, L;ugbpoeoe cmpoumeilbCmeo
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DOT: https://doi.org/10.54338/18294200-2026.2-04 ZPMNSEMULPYU &Y 2P HNELELESPYU

2U8UUSULP &Y, eNhrLPUSE QLUULUNULESP NMUSYUNULECP UGBUURY ULISULANREBUL
ZUUBUUSUUUL SLUZUSNRU

Uuh Zudpwpdnwh Gunpgyut, Ywhw Uniphlh Ynpljwi, Uwphwitw Mngnuh Zuynpjub*
Swpunupuw bnnyeyul I phliuupupnipyul Zuyuuumuiih wgquyhl hwduyuwpul, p. Epliwi, 22

*m.hakobyan@nuaca.am

Zudbdwmnwlul JEpnidnyppudp qwhwwnyly b Zuyuunwbh b Pnipphugh opudpupbbph
wunnyupbkph ukpudhly Juwppp hunnmly mpwppnipmih pupdikm 2023 p. Luhpudwinfupush
kphpupwpdiph thuumnuwgpyus Aknlwmbphbphh: Zhnwgmnnippul yunnuyl F hpdbun/nply Zw-
Juuwnwih whnwluwh hunnntl owinulnippul gpudpupbbph wungupbbph ukjudhl finglypn:-
Jjull gunhuwnindwl wipphwlwlugdwl nignnipinibbbpp: Ghpwmfly o ghunwlwl hpuwywpulnid-
bkpph, hEnbphpuowpduyhl qhbnidabph, wwwndwlwi wnjjuybbph I gnpéng  Gnpdunnpyughi
thwuwnwpnplph hudugpdwi Jkpnnbbp: Epynidnipniip gnyg F wnuyhu, np PGA-i wihpudbow,
uwljuyl ny pujupup gniguithy F winfunubgnippul ghwhwndwi Jke whknp F unubdhl huoih
wnrhly wlhnhy jgyudph wnkyuowpdp, hbnnifwugnidp, uljudhl pnwgnidp, Jupnigyudpuyhl b
oswhwgnpdwlwl Jpdwlp, Urnughunmupynidp b unnphl phbpnid hinupun/np hlnlbwbpakpp:
UnwowpliJby F nijp gnpéniuyhl hwfulnulwl glnuhunndwl Jupnigyudp, npp Juwpng F jhpangly
dwbpudwul hEnwgninnipinibbbph b nidknugdwi dhongunnidbbph wnwelnuhbppnieintibbpp
uwhdwbbyn hwdwp:

Pulmyh punkp. wuwnygwp, uljudhl whynwbgnipmnil, uljudhl junglihnipmnil, wlnpy
Jugywidp, PGA, htnnijuignid, Upunnunhumwuplnid, opuwdpuin

‘Uhkpudnipyniu

Zujuunnwiipn gnuynid E Upwpwlut b GBypwuhwlub vwkph pajudwt gninnid b punipugp-
Jnud k pupdp ubjudhl Juuubgny: Zujwunwih hwdwp 2026 p. hpuywpwldws unp hwjubw-
Juuwht ubjudhl yurnwtgh guwhwwnnudp gnyg k vwhu, np Epyph mwpwspnid 475 wnupdu Ypli-
ub hnipjut dudwbtwjuhwnywsh hwdwp wpwybjugnyu gpnitbnuwght wpuqugdwu (PGA) hup-
Jupluyhtt wpdtputpp dnnnwynpuytu 0,2...0,5g vhowljuypnid ki, hull wpwyt) pupdp Juuubgp
JEtnpnuugws £ hwnjuybu hntuhuupbdnjut hwndusubpnid b wljnhy juquspuwghtt hwdw-
Jupgbph hwplwimpjudp [1]: Zujwunwth gpudpwpttph hwdwp jpugnighy bpwbwlnipnt
nih twl gpwdpwpny hpwhpdws ubjudhlnipjut htwpwynpnipniup, npt ntuntdbwuhpdty &
Uhunipyuth, Uquunh b Snjnpuh gpudpupubph ophttwjutpny [2]: Zuywuwnwih ubjudhly Jumbgh
qguwhwwndwt b Uonunhnwpuut wpphujutugdut withpudbynnipniut pungdynd k twb
Jtpohtt mwuphubtph wqquyht nt howqquyhtt htvnugnunnipniubkpnud [3]:
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NMuwwnjupttph ubjudhl widunwbgnipmniip sh vwhdwbwhwlynd dhwyt hyniquuin hwdw-
twlwinipjudp: dudwbtwlulhg dnnbkgnidubpp nhnwpynud Bu nidbn gpniiinwghtt gignudp,
wljnhy juqusph dwljplinipuwyhtt nkinuowndp, quuquéwht owpdnidubtpp, hknnijugnudp, sw-
ynunlktuwght dupnidubtph wép, ubkjudhly fpinwgnidp, dbwgnppuyhtt tunnwsputptt nt hnphgnuw-
Jul nbnupwnpdbpp, huswbu twb oppnn Junnygubph b pwhwgnpsuljut hwdwlupgbph wohow-
nnittwlnipjniup [4]): Gnnipmnit nitkgnn hnnujhtt uwnjuwputph yEpwpkpu) Jepehtt hknwgn-
wnipiniiubpp gnyg b vnwjhu, np hntuwh quuwhwndw hwdwp withpwdbyn L hudwnpt) nknw-
dwuwghtt ubjudhly Juwtqgp, Wnipkph nt hhdph Gppunbjpuhjulwt punipwqgpbkpp, ny qdwjhu
nhuwdhl wpdwquipp b dbwgnpnughtt nidnpdwughwitph swthwhoutpn [5-8):

Zujuunnwith hwdwp wyu pughpp hwnjuwbu wpnhwlwi t, pwth np qopénn puquuphy
opwdpwunpibp twpwgsyt] b unnigyl) tu twpjht ubjudhl yunlbkpugnidutph nt tnpdwnhy-
ubph wwydwubbpnid: Sknujhtt ntumiduwuhpnipynititpp gnyg Lt wwjhu, np gpwdpwpubkph
wijunugnipiniip jupnn E yuydwbugnpyt) ny vhuyy nipnujh ubjudhly gugnidng, wyjh unnuiip-
ubkpny, hhuph n1 skwbph Juynitumipjudp b 9puyhtt nkdhdh thnthnjunipyudp [2, 9]: Uhududwtiuly
Enipphwyh Uplbjw-Utwnnjjut juquspuyhtt hwdwlwupgp b hwpuljhg wwpwspubpp Zwjwu-
wnwih htwnn mubkt hwdwnpbih pupdp ubjudwnblnnbwljwt wlnhynipnit, hish wwwndwnny
nipphuyh wuwnywpubph Jupph hwunwgpyus thnpap juplnp hwdbdwnwlwt ynp E [10]:

2023 p. htkwnpuph 6-h Luhpudwiudwpuwoh kppuwowndtinh hwonpnwljwunipiniup pugw-
phly nfyuy it Enpudwunpt wwngupbph hpuub ukjudhy qupph Jpapbpyug: Zbnbkplpugup-
duhtt hblnwgnunmipiniiubpnud pungpljdty £ dnwn 140 yyunduip, npnughg Uh dwunid wpdwbw-
qpyt] Eu dbwgnppuyhtt ghdnpdwghwitp, htinnijugdwi, ubjudhl] pinwugdwt b juquspuyht
nbnuowndh htnn juydws Juwunidubp [11, 12]: ZEknmwgqu quonught ntuntdbwuhpntipnibtitpn
dwipudwuttgpl) bt hwnljuwtu Erkenek, Sultansuyu, Ariklikag U wj] hnnuyhtt wuwwwupubtph
wpdwquipp [13]: @npShpuyhtt gpuignidubpp gnyg kb ndb) twb nidtn pupdnudubph hpwljw
surthnidutiph Juplbnpnipinitp muppbp mhyh wwndupubph hwyyuplughtt Ungkjubph uinnig-
dwl hwdwn [14]: 2025 p. hpwwwpwlyws Reyhanh yuwnydwph ntuniduwuhpnipiniup hwuwnwnky
E, np tnyihul opuuyyuhywtdw ntbwnipjutt yuwhwywidwt nhypnid jupnn o dbwydnpydt) vbks
dbwgnprpuyhtt mbnuowpdtp [15]:

Zujuunnwth yuwunyupubph yundwlwb thnpdp tnyuybtu gnyg E wnwhu, np Juutgp ju-
nnn E dtwynpyty ubjudhl b ny ubjudhly gnpénuitinh hwdwlgnipiniihg: Zuyjuljut ubjudninghw-
Jut b hudbubpuljut ntunidbwuhpmpnittbpnid tkpuyugdus bt Uyhunwlh Epipuowpdhg
htwnn quunjuputph quudwb wpynibpubp, htyybu twb dh owpp hhppnunbkuuhjuljwt junrnyg-
utph Ypuputph b twpwypwpughtt Jhdwljutiph njuyutp [16]: @nipphuyh ywndwljwt thnpdh
hhdwt Jpu dowljdws ubjudhl Jrnwugh b nhuljh puuwlupgqdwt dnnkgnidutpp bu pungsdt) u
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wuwwnywph pupdpnipui, gpudpunh swjwih, minudwuwht Juuuigh b jurnygh yhdwljh hw-
dwwntn nphnwpiuwt wuhpuwdbynnipniup: Unhy ngquspubph ypu jud nputg wudhowljuu
hwpbwinipjudp yunydupubph minunpnidp hwnntl gowhwndwt wnwudht jpughp k:

ZEnwgnuunipjut tywwnwlt b Zuyjuunwth b @nipphugh wundupubph gqundwlui b
dudwbwlulhg utjudhl yupph hwdbdwwnnipjut hhdwt ypuw hhdtwynpl) Zwjwunwih yhnw-
Jut hwwnntl ipwbwlmpjut opudpuputnh wwwnupubph ukjudhy jungkjhnipjut quuhwndw
wpnhuljubugdwt hhdtwuwb nipnmipmnibubpp: Usjuwmwnwbiph fuinhpubp Ll 1 - hwdwungply
Epynt Epyputph thwunwgpyus thopdp, 2 - guwhwwnt) PGA-h ypw hhdidws yupqtgqus dninkg-
dwl vwhdwiwthwlnidubpp, 3 - ghunwunplt] gnpénn wqquhtt tnpdwnhyuyhtt guownp ICOLD-h
dwuttmghunwugywé ninkgnigutiph hwdwwnbpunnid b 4 - wnwewplt] puquugnpént twptwlu
quuwhwndwb junmglusp dwbpudwub hkinugnuinmpymbibph wowetwhbppugiui hudwp:
Ushuwwnwtiph tnpnypep Juywunud £ 2023 p. Bnipphwjh pljpwowpdtph unp thuuwnwlut iyniph,
Zujuunnwith wuwndwlwb thnpdh b dwdwbwlwlhg ukjudhl widunuignipyut yuwhwbeubph Ukl
dhwutwjut quuhwndwb npudwpwinipjut hwdwunpdwb dke:

Uniptp b Ukpnnutp

Nuunudtwuhpnipiniut hpuwjuwbwgyl) B hudbdwnuljub-yEpnisuljut b uhtiptquyht k-
pnnubpny: Umpwljwl puquitt juqdl) b w - 2ujuunubh gungupbbph qunduljui ubjudhl
 pwhwgnpsuljub wpdwquiiph hpuyupulpgus udpuybbpp, p - Empphugh wuwndwupibkph' 1986
b 1999 pp. Epypuwowpdtphg httinn hpwwwpwlyws nhunwpynudubpp, q - 2023 p. Luhpudwi-
dwpuoh tplpwowndbph Jepuptpyuy 2024-2025 pe. hpuywpwljyws hknkplpuowpduwjht hknw-
qnuumipjniutkpp, 1 - uunjupubph ubjudhl gpuhwndwt wpnh ghnwljut woupwwnwbpubpp, E -
ICOLD-h ninkgnygubkpp, hisytu twlh 22 qnpénn unpdwnhyuyht b Spugpuyhtt hwunwpnpbpp:

Zudkdwinnipyul hwdwp Yhpunyty i hbnlyug hhdbwlwh swhwihsibpp wknudwuwgh
ubjudhl wqnpbkgnipnit (PGA U, wnuwjnipjut nbwypnid, vykunpuyhtt pumipwgpbp), wljnhy
huqqudphg hinpwynpnipinit jud ninnuljh hwinnmd, wunguph nkuwly, phunwupydus duugnpnu-
jhtu pEdnpldwughwibp, hinnijugdwt jud ubjudhl pnwugdwt tpwtubkp, spuyyuhyudwt nitw-
Ynipjut qwhywtnud, wpinwljupg swhwugnpsuljutt gnpénnnipnitubp b gnpshpuwyhtt Upwnwnh-
nwpuut njuutph wnjuynipinit: Uju dninkgnidp htwpuwynpnipintt £ wnwhu nwupptp dudw-
twlwopowtitbnh nt dwbipuwdwutinipyut nyjujubpp hwdwnpl] tnyt mpudwpuwtwlut opow-
twlnd’ wnwbg ngpuitp Yhns Logpuumppudp Ukl puyht gniguithoh Jhpuskyne:

ICOLD-h yuwndwlut b wpnphujutwugws ninkgnygubpp Yhpunyt) Eu npybu quwndunp-
ukphtt hwwnntly vhowqquyjhtt dbpnpuputiju hhup: Bulletin 72-p dwynply E ks wuwndupubph
ubjudhl wuwpwdbnpbph ptnpnipjut hhdtwpwp uyqpniuputpp [17], hul Bulletin 148-nid wydkjh
huwnwl] qupqugyt] tu Safety Evaluation Earthquake (SEE), wljinhy fuqusputinh, htnnijugdwl,
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ninnquhuwjug pununphsh b mdbn swpddwtt ninnmipjut hwpgtpp [18]: Zkwnbkpypuwpwpdught
quudwt juquuljipydwt hwdwp upbnp Gu twb ICOLD Bulletin 166-h uljqpniupubpp [19]:

Zujuunnwith dwuny wqqujhtt tnpdwwnhyuwyyhtt hhdp E pugniugly) 22 puqupwshtnipjut Yn-
Uhwnth twpuwquhh 2020 p. phuntdptph 28-h N 102-U hpwdwing hwunwwndus 22TU 20.04-2020
«Gpypuowunpdunhdwgynit oshtwpwpnipnit. Vwpuwgsdwb tnpdbp» thwunwpninpp qnpénn hi-
Unpynpugqud prlpugpnipyundp [20]: Uyt nhuwplby Eopybu wqquyht ubjudhly tnpdwnpguyh
hhup, npp wwwnyjwpubph nhypnid mthpwdtow k jpugubk] hhnpnunkthjulwt junnygubph hw-
wnntl hudbubpuwlwt hblnwgnunnipniiutpny b dwutwghunwgdus vhpwqquyhtt Uninkgnidutpny:

NEnwlwb hwnnil tywtwlmpjut gpudpuptiph wnwetwhbppnipyut hwpgp phnwpyytp
E twl Zujwunwih Yuwpwjwpnipjut gnpénnnipiniiubph dpwugph b yuownntwljut whnwljub
hunnppugpmipnitiubph hhdwt Jpu: Ywnwdupnipjut Spugpuyhtt hwunwpnpnd  bwpow-
wnbuyb] Eybnwljut hwnnly tpwtwlnipjut 24 opudpupubph wwwndwptbph ukjudhly jungtijhnt-
pjul quwhwwunnid b thnpdwghnwluwt wpwewplnipmnitubph dowlnud [18]: Lnyk tywwnwlp
JEpwhwunwwnyby | 22 ukpphtt gnpétiph twpupwpupnipyut 2024 p. yuonnwlwt hwunnpnpwugpnt-
pjudp [21, 22]:

Unyt woumnwipnid wnwewplynn 8 gnpéntiughtt junrnigyusdpp twppwwnbtudws k npuyytu
twptwjut quuwhwndwt b wnwetwhbppugdwt qnpshp: Uyt sh thnpuwphunid jnipwpwignip
wuwnjuph nknudwuwght ubjudhl yrnwugh hwnnil) ntumdwuhpnipjutp, pudbubpubplpupw-
twlwt htnwquudwip, Wynipbph nphtwdhly thnpdwupynidubpht, $hynpughntt hwyuplutnpht,
oty kiph Juyniunipjut b ny gdwyhtt phttwdhl hwoquplutpht: Uhwynpujht Yohntubp skt vwhdwi-
yb], putth np npug hhdttwynpnudp ywhwienid b Zujwuwnwuh ntlhpkn yunduputph dhwu-
twlwt b unnniqwsé nyjuubph puqu:

Upmynmupubp b putiapljnid

Pnipphugh wunnyuwpblph qunndwlub b dudwinululhg ubjudhly Juppp

Fnipphwjh yuwwnwpubph yundwlwb phnwplnudubpp gnyg b tmwhu, np nudbn Epljpu-
owipdtph dwdwbwl tnyhul pupdnp ubjudhl wqpbgnipjut tupupius hnquyht b pupwhgpw-
jht wuwnydupubpp hwdwp yuhwywtl) Gu punhwtnip juyniunipniut nt opuyuwhywdwb niiw-
Ynipmiip dhwdwdwiwl Ypkny nbknught Juwunidibp: 1999 p. bquhph b Yniqokh kpljpuowp-
dtphg htiinn Eyhljkuunnpnuwghti gninnit dnwn dh pupp wundupubpnid wpdwuwgpyby Bu Swpkp b
wy] vwhdwbwithwl Juwunidutp: Uyn ghyptkpp quundwluwinpbt tyguunt) bu wjt dninkgdw
qupquguwip, puin nph ubjudhl widnwbgnipmnitp whwnp £ quuhwwnydh ny dhwytt hwyduplught
wpugugdudp, wjl wunduph junnigquspuhtt yhdwlny b htwpwynp hkmbwbputpny (17, 18]:

1986 p. ‘tnquupkhhp tplpwowndh b Bnipphwh Uks hnnuyhtt ywwndupubph hbnwqu qguw-
hwunndubph thnpdp gnyg £ wydk), np phuljh twhbtujut puuuljupgiui hwdwp tyunwlju-
hwpdwp b hwdwnpl] mknudwuwghtt ubjudhly Juubqp, wunduph pupdpnipmniup b mkuwlyp,
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opwdpwph sSwyuw)p, nkjthjulwt Jhdwlp b tkppht phtidnid htwpwynp htnbwpukpn [17, 18]:
Uju Unintgnidp ogunnujup £ ynpundpbjuyhtt dwjupnpulnud, vwljuyt sh jupnn thnpuwnphub] wpwb-
Ahtt jupnygh dwpudwub hudkubpwubjudhl] guuwhwndwbp:
2023 p. RPuhpudwtdwpuoh tpipwowpdtph dudwtwl] wmqntgnipju gninnid qunugt) L dnwn
140 wwwduwp: Unwohtt hhdtwljub gugdwt dwdwbwl wwpphp wnbnudwubpnid PGA-h
quuwhwwnywé wpdbputpp Unnnwynpuytbu 0,1...1,3g tu tnk), hull tphpnpy hhdtwljut gugdwt
dudwbwly dnwn 0,15...0,45g [11]: Quwyws wju nidkn wqnbgnipmbubpht’ nuumdbwuhp]ws wyun-
Jupubpp yuwhwywil) tu opuyuhywidut hhdtwjut gnpswpnypp: Uhwdwdwtwl hnnuyht b
pwipwihgpwjhtt npny wuwnjuptbkpnud qputigyl) Eu dhehhg dhtgh ks dnugnpnuyht nhbnpdw-
ghwitp, hulj Sultansuyu b Ariklikas opudpwuptipnid oph dwjuppulyp JEpuwhuljth Yepuyny wdw-
qtgyt) £ npybu wuduwignipju theng [11-13] (wn. 1):
Unymiuwly 1

2023 p. Ruhpufwinfmpuiph kpfpuowupdiph dudwinul wyunnmjupakph wpdwquiiiph
plwnpubpuyhl nnjuy bbp [11-15]

N qllllumu:ili;g / Uqgnkgmpnit Thunwpljjws wpdwquiip Ujunuigmpjut bpwbwlmpmit
1 | Erkenek PGA=~0,54g, ~3,4 ¥ Awjuwlnnujut mtnuownpd Ulunhy pqudph nipnujh
huqudph hwnnid | wuwwnduph dwpding wqptgnipiniup ghwhwnt] wnwtdht
2 | Sultan nidtin Unnnulju qquih Juwunidubp, oph dwjupnuyjh | Upinnujupg owhwgnpsdwh ujjuut
uitanstya gugnid Jtpwhulbh tJugtgnid wijunuignipju pununnhs k
Juwunidubp, opp dwjupnulh Uuhpwdtown k wpug
3 | Anklikas nudtn gugnul Jkpwhulbh tfuqkgnid hkwnbplpuowpdught qutntd
4 | Revhanl nidtn Uninwnpnip | dptgh ~0,8 o tunduisp b ~1,0...1,2 | Yednpdwghnt swthwuhpubpp
eyhant wqnlgnipinil hnphqnuwljwt mbinuowupd utipwnt) quuwhwwndw ke
Uqnptgnipjut 17 hnnujht ywwnupnid huunw- Qnuuywhywidwt ywhywinwdp sh
5 |gnuint yuw- | dnwn 140 wuwndup | qpyby B nwpptp wpwtwlnud Juwunidubph pugulju-
Jupukp Epypuntjuhjuljut Juwuubp Jnipnil

Erkenek hnnujht wwwwph pbwypp hwnjuwybu jupbnp £ wlnhy jpquséph ninnuyh
wqpbgnipjut mkuwtnithg: Ffwpwnwhtt ntuntdtwuhpnipniittpp gnyg b by, np dwjkpling-
pwjhtt nquépp hwnby £ wuwnduph dwpdhp b wnwowgpt] Unwn 3,4 « dwpawlnnujut hnph-
qnuwljult nkquowpd’ Unwn 0,54g nknuidwuught PGA-h wyuydwbikpnud [13]: Ugu thuunp gnyg k
wnwjhu, np PGA-U sh wpunwugninid wjt Juunwbgp, npp wuydwbwynpywsé b jaqusph dpnwljut
nbknuowndny: Zknbwpwp wlnhy pqusph hwndwt htwpuwynpnipmniup whwnp L quwhwngh
npuytu wfwu Junutgh punwunphy:

Reyhanli yjuungwnh 2025 p. dwtpudwub ntunidbwuhpmipiniip bu hwuwnwnby £ phbnpdu-
ghnt swithwthoubph Juplnpnipiniup: Zknkpypuowpduyhtt pupntqugpdudp wpwyk) Yphnhluw-
Jut hwnjuwsubpnid wpdwbwgpyt) tu dhgh Unwn 0,8 «/ tungwdp b 1,0...1,2 ¢ Jupgh hnphgntw-
Jut nmbnuownpdtp, dhtynkn junnygp wwhwywik) £ opuyuwhywtdwt gnpswnnypep [15]: Uju
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wpynibpp juplbnp £ widunubgnipyub swihwihpubph dbwlbpydwt hwdwp. «sthiniqybp» b
«unuitg buljut Juwudwt gnpstip» unyb hwuljugnipniuttpn sk
Zuyuuunuth wunjunpibtph yundwlwb thopdp b gouwhwndwb wpnh jpughptitpp

Zujuunuwth undupubph yundwlwb ndjujubpp gnyg b wwihu, np juenygubph wi-
Juuwbgnipjub ppwpannudutpp dhown sk, np wuydwbwynpus Gu Gpljpuwowpdny: 2npunpmniph,
Uwpdwphlh, Uqupulh b Upphih wwingupbph hwpnth 4pupitph gundweibph pdnud ity
ku htnktuhy jud windwy $hjnnpughwily, unidnghnt b unhpuyhtt tplinyputpp, shtwpupuljui
nbkpuuninghwjh pwpinnudubpp, swnnjtuughtt Lupdwt wép, hhuph pny] wwwputpp b YEppw-
thnudp [16]: U Juplnp E ubjudhly jungljhnipjut quuhwndwb hwdwp, pwtth np plpwownpdp
Jupnn E wnhdugul] jud wpuqugul] wppktu gnynipinit nitkgnn puptusd wbpwupbiyuun
Ubkhiwuhquubkpp:

1988 p. Uyhwnwljh tpjpwowndhg htwnn Zujwunwih yuwndupubph quunidubpp gnyg G
wnyk) mupplp nhyh minuyht Juwunwdubp: SEnhlhh yunduph dnn ghunwplyyl) b unquitpwgh
quiqush qquih wknupwnd b junonp Lupwdnpmid, Ywninuinmd epplngniithy wonwpulhh nk-
nuownd b piwnnuk uwhubph Lwpkp, Zujpuwupnd pkuh b hphqughnt oppnnh dnw gknptip, huly
Uwwpwih b Q@npugh Yupnygibpmd wbknujhtt Juwunidibp oppenn Jupnygubpnud [16]: Uju
thnpdp gnyg b nwhu, np ubjudhl witunubgmipnitip wbnp b gphunnwpldh yunduph dwpdip,
hhuph, sbwkph b odwtinuly jurnigqusputph vhwubtwjut hwdwlwpgh dujupnulny:

Zujuwunnwth Uh pupp yunjupbp twhwgsyt) B wju dwdwbwlwhwwnygwuénid, Epp qnp-
énn ubjudhl] wwhwbeubpp b mwpwsdph Junwiugh quwhwwnwlutubpp nwpppdty Bu tkpluwghu
wuunljtpugnidubphg: Uyn wuwndwnny twhijhtt hwpdupljubpp b pquuwjupgnidubpp btyunw-
Juwhwpdwp E oquuugnpsdt] npytu yuundwlwb jud twptwljwt quuhwndwb hhdp: 8nipw-
pwitsjnip Junnygh wpphwlwt gupwhwndwt hwdwp wthpwudtown E hwoyh wntk] £ogphwn nbknu-
nhppp, wknudwuwihte gpoiinuyht updwbbpp, wijnpy juquspubtph nhppp, guunjwuph b
hhuph thwuwnwgh Jhdwlp, pwhwgnpsdwt ntdhup b ukppht phidnid htwpwynp hbwnbwupubpp:

Zujuunnwth wpnh ubjudhl Juuubgh tnp quwhwwnnidutpp [1] b gpudpupttiphtt wntsyny
nbnuljut nuunidbwuhpnipniibpp (2, 9] jpugnighs hhup B tiwjhu hht wnpundkjughtt guuhw-
nwlwutbph JEputwydwt hwdwp: Uwubwynpuybu, ubjudhl Junnubgh, unnuupwjht b wy Gply-
popnuyht gnpépupwugutph hwdwwntn ghunwpynidp poy) E nnwhu wnwtdbwgit) wjt qundup-
ubkpp, npntig hwdwp dhuyb pinhwinip gnnpwynpdut qupwdbnpbph jhpwuenudp padupup sk:

NMEnwlwut puqupuljuinipjut dujuppuljnd bu wdpugpyt) E yinwljut hwnntl bow-
twlnipjut 24 opudpwptiinh wwwnyuwpubph ubjudhy jungbjhnipjut quuhwndwt wthpwdbywnni-
pintup [18, 19]: Zkwnbwpwp, ghnwjut ughpp ny dhuytt wnwdhtt wuwndupttph hwydupluyghe
unnignidt k, wpjb vwhdwbwithwl pbuniputbph wuwydwbbbpnid wpwetiwhbpp htwnwgnundwl,
Uonnunhnupduwt ' mdinugdwt Gipwlw YJupnygubph hhdtwynpjus hEppuljuinipiut
npnonidq:
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PGA-h Ypu hhdtjus ghwhwndwt vwhdwbuthwljndutpp

PGA-u owipnitiwlnud k dtwy ubjudhl wgnbgnipyut Juplnp b gnpstwljut gnigutihy, uw-
Juyt ylipohtt hinmwgnuinipynibitpp gnyg Eu wnwhu, np wyt hpuptiwpwy sk: Znquyhtt uwndupubph
n géwhltt wpdwquiipp qquynt | pupddwt nbinnnipjut, hwdwhujutughtt juquh, ninnuhwyug
pununnhsh, niptph ghlihly huhlugdw b swynnyktughtt dupmdubph qupqugdwt aljuwn-
dwup [5-8]: ‘Unyju PGA niukgnn Eplynt wqnuljutp jupnn bt wpwewgub] by bu nmwppbp duwgnp-
nujht npidnpdwughwiitip:

Ulunhy jpgqJusph duljpbnipuyhtt mknuowupdtu wnwtdhtt Junwbg k, nph wqpbgnipniup sh
Jupnn JEkpuljwiquyt] dhwyt gpniiinwghtt wpuqugdwt wpdtphg: Erkenek-h 2023 p. ntiwpp npu
gnpstwljut opptim kE [13]: ‘Unyt Ykpy, htnnijugnidt nt ubjudhl fpnwugnidp upudws b ny
dhuyt pupddwtt wpwykjugnyt wpuqugnidhg, wyjl hnnh Junnigjwsphg, hwughgguénipiniihg,
ghjpuyhtt jupuédmpiniiitph wwwunipiniithg b owpddwt wnbnnnipniihg: Zkmbwpwp, wyuwn-
Juiputph ubjudhl jungljhnmpjut quwhwwnnidp tyuunwjuhwpdwp Ejuqdulbpy by Epynt dwljup-
nulny. 1 - yundupubph hodwhdph twiulwd guhwnnd wewydl) phuljught junnygubkph
wpuwg wnwidtwgdwt hwdwp b 2 - punpdws yqunuptbph dwbipudwut hudkubpubppupw-
twlulb, tphpubhghjuljui ntuntdtwuhpnipnil: Lwppbwlwb qguuhwndwb wpynitpp whwnp &
nhunwnplyh npytu junwupdwt npnodwt wewljgnn gnpshp, ny ph npyjtiu YEpptwljut wtfunwi-
gnipjul Eqpuljugnipinii:

NMuwwndupubkph ukjudhy junghjhnipju ghwhwndwh wowgwpljynn junmgdwuspp

Zujuunnwith whnwlwb hwwnntl bpwbwlnipjut gpudpwpttiph hwdwp wpwewplynid k
nip gopéntwghtt jupnigywsp, npp hwdwnpnud b Juwtqp, jungbjhnipniup, swhwgnpsuljut
Jhdwlp b hbmbwuputpp: @npénuubph ptnpnipiniup pund £ Zwjwunwih b @nipphwih thwu-
nwgnyué thnpdhg, ICOLD-h dwdwtwljulhg Uninkgnidutphg b hnnuyht wwwndupubph ubjudhl
Jupph ybpwpbpu) yEpehtt ghrnwljub wpyniputiphg [5-8, 11-15, 18, 19]:

Unwghtt tplnt hudpbpp punipwugpnid Bt wpunwpht ubjudhl Juuwbgp: Ukjudhl Juwtgh
hudpnid PGA-t whiwp k jpugydh uybkunpwihtt wipuqugnidubpny b nidbn owpddwt nbinnnipjudp,
hull wlwnhy puquépubtph pudpnid whwnp E wpwbdhtt quwhwngh dwlbpimpuwihtt uqui b
Uonwljut mknuwowpdh htwpwynpnipjniup: Uju pwdwunidp Jutijunid Euyb upawgp, Gpp luqus-
puyhtt Yunutigp «jubdnud» £ Ukl PGA wipdtiph ute:

Bpjpuntuhjulwt b junniguspwjht fudpkpp pinipugpmid B quwndunph thwuwnwgh
hungtjhnipiniup: pwip thpunnid Bu hinnijugdw b ubjudhl punwuwgdwt tkpnidp, unqutpuyght
wuwydwuubkpp, hhuph quppp, uwnyunph Wynipkph nt hwiugnygubph yhdwlyp, Swpkpp, tundusdp-
ubipp b $hpnnpughntt windwhwibpp: Zwnjuybu gnpénn hhtt yundupubtph hwdwp twjuwgsw-
1ht hwunnwpnpbpp ywhwnp Ehudwunpdbiu hpulwb quudwi b gnpshpwyhtt ndyutikph htwn:
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Unyniawly 2
Nunnywpbbph ukjudhl) phulh wppbwluwd ghubunndwd wnwewnlpng gnpdnbhkpp

N | Qnpénuubph unudp Qtwhunm)nn gniguithoibp ‘Luyjunnul

PGA, uytlunnipuyhtt wmpugqugnidubp, nidtn | Sknudwuwght ubjudhly tkpgnpénipjut

1| Utyudhy g owipddwi inbinnnipenii punipwqpnid

htnwynpnipinil, dwlkplinipught uquspuyhtt Upnnujuts inknupwindh Juuwtgh

2 | Ul uqiwsplln huiquuti/inknuowpdh htmpuynpnipni quwhwwnnid

3 Gpipnkjuhjuut | hEknnijugnud, jprnwgnid, unnuupubp, Zphdph b yuwwnduph dwupduh ghpnpdughw-
wuydwbbp hhuph wwydwuubtp utph quwhwwnnud

Yupnmigywépughtt | wwwnuph mkuwl b mwuphpp, wptp, Ouutnuigh hnghihntpjut qiwhunanud

Jh&wly bunywsputp, dpjinpughw
opudpwnh (gwénipinil, oppnntph b Upunuljupg junwjupdwt htwpwynpnipjub
> | Cwhwgnpénud thujuuttpnh wojpwnnibwlnipnia quuwhwwnnid

6 | Upnungpunupynud wpuquswthtp, GNSS/GPS, whtqnswthbp, Jun hwjntwpkpnid b hknkpypuowpduht

plpwswthtip, $hjnpughnt suhnidukp wpuq ghwhwnnid
onp unjux, ikppht phtibh puljympmit b
7 | Zkmhwupukp bpulunn glubpitn dpwph htnmbwtpubph b nhuljh puuufupgnid

quudwt wuppkpuuinipnil, wpnw-
8 | Ywnwyupnid Ywpg gnpénnnipnibtph wiul,
JEpujutqudu yqunpuunywusnipni

[*hulh Wjwuqbgldwb vhongunnidubphp
wnwelwhbppugnid

Cwhwgnpédwt b Upnnunhnwpldw jpdpbpp quwhwwnnid kb ny Uhwytt junnygh nhdwnpnt-
pintup, wyl Jnubquynp hpunwpdnipjuip wpdwquipknt jupnnnipniup: 2023 p. @nipphwjh
thnpdp gnyg kg, np opph dwwpnuyh JEpwhuljbiih ifuqbgnudp jupnng £ puntug wpnwlupg
widunwugnipjut yuplnp dhong [11-13]: Ujpuhuh gnpénnnipniup htwpwynp k dhwyt wyt nhw-
pmid, bEpp oppnn hwdwlwpgbptt wownnmbwl i b gopénnmipnititbph wywbp twpwybu
Uowljdwsd nt thnpdwplqus k:

Zbnbwupubph U junwjupdwt jodpipp bwpbwlwb qguwhwwnnidp juynud Bu nhuljh
Junwdwpdwb hkwn (wn. 2): ‘Unyt jupmigquspwyhtt jangbihnipjudp Epynt quwndupubph wowe-
twhbppnipmniip Jupnn b wuwppbp (hul] jujo]ws tbppht phtdh phwlysnipyut pihg, juplnp k-
puljunnigwsputinhg, oph wuwowph swjwhg b wpnwlupg muphwidwt httwpuwynpnipniihg:
ZEnlwpup Yipptwljut wpwotiwhbppugnidp ywhwp E hhdudws 1huh ny dhwyt «Juwtg x fjungk-
1hnipinily npudwpwiunipyul, wyjl ypuph hbnbwtpubph Jpus:

Gnpshpuyhtt Upnnunhunwpljdwt b hknkpypuowpdwhtt jurwupdwi nhpp

dudwtwujulhg guunjupuwihtt wtyunuwiugnipjut hwdwljupgp tywnwjuhwpdwp k ju-
nnigh] wuppbpuluwt wjtughnwljut quudwt b gnpshpujhtt Upnnunhunnwpduwt hwdwnpdudp:
NMuwwunjuph nbkuwlhg, swihbkphg b yunuwupwiunynipjut Jwjuppquljhg jupdws Jupnn tu
Jhpwnyt] nidkn swupdnidutph wpuquswthtp, GNSS/GPS nphwnwpynidutp, ywhtqnswihtp, phpw-
saithkp, tunjwspwswthwljwt hwdwlwpgtp, dhjinpughntt hnuph swthnidubp b hkpwhwp gnu-
nuynplwt dbpnnubp: Anpshpuyhtt gpugnidubpp pny) b wnwjhu wwppbpuyl] twpwybu
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gqnnipinit niutgnn nhdnpuwmghwitpp ubjudhy hpugupdnipjut hbwnbwipny wnwewugws thnthn-
hunipjniuibiphg b uinnigl] hwpydupuyhtt Unpbjubpp [14]:

Uonnunhinwplnudp tyyuunwlwhwpdwp E juquulbpyb; Epip hwenpnujut dwlwuppwu-
ny puquyht Epupudwdln ghuwpynud, ukjudhl hpungupdmpju gnpshpughlt gqpuiitgnid b
htwnbpypuwowpdwhtt wpwg quuhwwnnid: ICOLD-h htnmbkpipwowpduyhtt quudwb dninkgnidubkph
npudwpwinipjudp [19] twhuybu ywhnp E uvwhdwtdbkt quidwt yunwupwbwnnittpp, sw-
thnmudubph tJuqugnyyt juqup, skdwyhtt wpdbpubph gipuquiugdwi nypnid gnpénnnipjniutbpp
b wuhpwdbynnipju niypnid oph dwjuppuljh jurwdupdw pipugujupgbpp:

Zujuunnwth hwdwn gnpshpuyhtt Upnnunhnupluwt wowetiwhtppe nknujunidp tyuwnw-
Juwhwpdwp k ujul) wjt qundunputphg, npnup dhwduwdwtiwl) niubl pupdp mbnudwuwght ubju-
Uhl Juutq, mljnnhy juqusputinh Jud unnuupuwjhtt gninhubiph Uninhlnipjnil, qquith ukppht pht-
$h httmbwmtputp b btwpujhunid wpdwbwgpus junniguspughtt jud $hjnnpughne ppunhpubp:
Uju Uninkgnudp httwpunpnipntt juw vwhdwbwhwly ubpgponudutpt ninnb] wowdbl) pupéanp
nhul] niikignn opjljnubph:

Bqpuiljugnipinit

1. Zuywunwtth b @nipphwyh thnpdp hwunwnnd b, np opudpupttph wuwndupubph ubju-
Uhl] wijunubgnipmniip ywhwup E quwhwwnyh ny dhuytt wdpnpowljut thniquut hwjwbwljwunt-
prudp, wjjl diwgnpruiht phdnpuughwbtph, $hiinpughnt Jhdwlh, oppnn Junnyghtph wohiw-
nnitbwnipjub b hbnbppwowpdughtt junwduwpdwb htwpwynpmipjut nkuwlyyniihg:

2. 2023 p. Lwhpudwidwpwoh Epypwowpdtpnp gnyg wnnytght, np swn nidtn mbknudwuwgh
wqpbkgnipniuubph gquydwbtbpnid yundupubph dbé dwup jupnn £ ywuhywil] opuuyyuhuyui-
dwl nitbwynipinitp, vwluyt hnnuyhtt b pupwihgpuyhtt junnygubpnid httwpwynp Eu qquijh
dbwgnpuhtt tundwspubp, hnphgnuwjut nknuownpdtp b kpypunbuthjulut Juwunidubp:

3. Erkenek wuwwnywnh ophttmljp hwunwwnnd £ wljinhy uqusph duljpinipuyhtt inbknu-
owipdh wnwtduwhwwnntl Juwugp: Ujnhy uqusph hwndwb jud wtdhpuljut dninnwljuyph
gnpénup whwp E quwhwnygh wjuh PGA-hg:

4. PGA-u wmuhpwdtyown, puyg ny pujupup ubjudhl gnigutihy b Uwbpuwdwubt guwhwndwb
Uk wmuhpwdtiown k ubkpwunt] uybunpuhtt wwhwetkpp, nidtn swpddwt mbnnnipmniup, ninnu-
hwjug pununphsp, hEnnijugnidp, ukjudhl jprnugnidp, unquiupwyht gnpépupwgubpp b ynipkph
ny gdwjhl Juppp:

5. Zujuunnwth whnwljut hwnntl tpwwlnipjut gpudpupitph twhuhtt puuwlupgnud-
utpp twyuwunwlwhwpdwp E oqunugnpst] npytiu twptwjut quwhwndwt b yundwlwb hhup:
dhpotmjutt widunuignipyut quwhwwnnudp wbwnp £ hppujutugdh gnpdnn wqquyjht tnpdw-
wnhyuwjhtt hhuph, nknudwuwjhtt ntumdtwuhpnipnititph b wwndupubphtt hwnnty dhewg-
qujht Ukpnyupwtnipjut hwdwnpdwdp:
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6. Unwowipljdws 8 gnpéntiwghtt juunnigywsdpn Jupnn k oqunugnpséyk) 24 whwnwlwbh hwwnny

wwbwlnipjub opudpuputnh dwipudwut hblnwgnunnipmniaubph wnwetiwhtppugdu hwdwnp:

Unwgtuwhtpp dhgngupmidubpt u gnpshpuyhtt dpnnwunhwnwpuwt wpphwlwbwgnidp, hknkp-

Jpwowpduwjhtt wpwug quudwb pupwuguupgtph dpwlinudp, wpunwlwupg gnpénnnipjniuttph
wwbttph wuppbipujuwt thnpdwplnudp b wewybl] phujuihtt wwnjupubph thoyuwht JEpw-
Juugunidp Jud nidbnugnidp:
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CPABHUTEJBHAS OIIEHKA CEUCMHUYECKOM BE3OIMACHOCTH IIJIOTUH
APMEHHWM U TYPIIUN

Ann Ambapuymosna I'esoprsin, Baran Cypenosnu Kooeasin, Mapuanna I[lorocoBna Akonsin”
Hayuonanvnoui ynusepcumem apxumexmypsl u cmpoumenvcmea Apmenuu, 2. Epesan, PA

* m.hakobyan@nuaca.am

Buvinonuen cpasnumenvhulil ananus cercmuuecko2o nogedenus niomun Apmenuu u Typyuu ¢ ocodvim
yuemom OOKYMeHMUPoB8anuvlx nocieocmeuti 3emaempscenuii Kaxpamanmapaw 2023 2. Ilenv ucciredosanus
— 000CHOBAMb HANPABTIEHUS. MOOEPHUZAYUU OYEHKU CEelCMUYECKOU YA36UMOCU NIOMUH 20CYOAPCMBEHHBIX
B8000XPAHUIULY CNEYUATbHO20 Ha3HaveHuss Apmenuu. Hcnonv3osansl HayuHble nyOIuKayuu, OaHHble HOCHI-
ceticMU4ecKUx UcCied08anull, UCOpUYecKUe ceedeHUs U Oeticmeyuue Hopmamusnole 0okymenmsl. lloka-
sano, umo PGA seisemcst HeoOX00UMbIM, HO HEOOCMAMOYHBIM HOKA3AMENEM. OMOETbHO O0JNCHBL YUUMbIEA-

mMbCs NOBEPXHOCNIHOE CMEWEHUE AKIMUBHBLIX PA3T10MOE, PA3NHCUNICEHUE U celicmuyeckoe YHIOMHERUE 2PYHMO8,
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Gakmuueckoe mexuuueckoe u KCNIYAMAYUOHHOE COCMOSIHUE, MOHUMOPUHE U B03MONCHbBIE NOCIeOCMBUS 8
HudcHem bbee. [lpednodcena 60CbMUpAKMOPHAR CKPUHUH208AS CIMPYKMYPA OISl ONpedeieHUst npuopume-
Mo8 0eMmaIbHbIX UCCIEO0BAHUTL U MEPONPUSMULL NO NOBLIULEHUIO De30NACHOCIU.

Kniouesvie cnosa: niomuna, ceiicmuyeckas 6€30nACHOCHb, CEUCMUYECKAs YA36UMOCHTb, AKMUBHBILL

paznom, PGA, pazoicusicenue, monumopunz, 6000Xpanuiuue

COMPARATIVE SEISMIC SAFETY ASSESSMENT OF DAMS IN ARMENIA AND TURKEY

Ani Gevorgyan, Vahan Kobelyan, Marianna Hakobyan”
National University of Architecture and Construction of Armenia, Yerevan, RA
* m.hakobyan@nuaca.am

The study presents a comparative assessment of the seismic behavior of dams in Armenia and Turkey,
with particular emphasis on documented performance during the 2023 Kahramanmaras earthquake sequence.
The study aims to identify directions for modernizing seismic vulnerability assessment of Armenia’s state-
owned special-purpose reservoir dams. Scientific publications, post-earthquake reconnaissance data,
historical records, and current regulatory documents were synthesized. The results show that PGA is necessary
but insufficient as a stand-alone indicator. Surface fault displacement, liquefaction and seismic densification,
actual structural and operational condition, monitoring capacity, and potential downstream consequences
should be evaluated separately. An eight-factor screening framework is proposed to support prioritization of
detailed investigations and safety-upgrading measures. The framework is intended for portfolio-level screening
and does not replace site-specific geotechnical and nonlinear dynamic assessment of individual dams.

Keywords: dam, seismic safety, seismic vulnerability, active fault, PGA, ligquefaction, monitoring,
reservoir
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CORRECTION OF ERRORS DETECTED IN THE CADASTRAL MAPS OF SETTLEMENTS IN
THE REPUBLIC OF ARMENIA USING ORTHOPHOTOPLANS

Samvel Kroyan”, Jora Margaryan, Narek Kroyan
National University of Architecture and Construction of Armenia, Yerevan, RA
“kroyan.samvel@mail.ru

Correction of inaccuracies and errors found in cadastral maps of communities and settlements
of the Republic of Armenia using orthophoto floor plans (using the example of the Solak community).
The article considers the issue of adjusting and modernizing cadastral maps, the key graphic
document of the state registration system of real estate. Considering the inaccuracies and errors
accumulated in the maps over the past 20 years, this study analyzes the legal and technical bases for
their correction in accordance with the requirements of Articles 3 and 14 of the RA Law “On State
Registration of Rights to Property” (application and coding of a unified geodetic coordinate system).
This study details the process of detecting and correcting errors using modern orthophoto floor plans
and space images at the district and community levels. This study defines the main terms and concepts
related to the topic and reveals the phased features of field and office work in cadastral mapping.
The prerequisites for creating maps and the modern technological innovations used for their final
implementation are shown.

Keywords: cadastral map, real estate unit, cadastral plan, orthophotomap, error correction

Introduction

According to Article 3 of the Law of the Republic of Armenia on State Registration of Rights to
Property, the main principles and objectives of state registration include:

1) recognition, guarantee, and protection of property rights and registered restrictions;

2) creation and maintenance of an information system on property rights, restrictions, cadastral

valuation, and registration data;

3) ensuring the availability, objectivity, continuity, and consistency of property-related data;

4) establishing conditions necessary for the development of the real estate market.

Among the principal documents of the state registration system defined in Article 12 of the same law are:

o the unified register of state registration of rights and restrictions over property;

o the cadastral map (plan);

o the cadastral file prepared for each real estate unit.

Particular importance is given to linking land parcels, buildings, structures, and other immovable
property objects represented in cadastral maps to the unified geodetic coordinate system of the Republic of
Armenia, as well as to assigning cadastral codes established by the Government.

By Decision No. 698-N (April 29, 2021), the Government of the Republic of Armenia approved the
procedure for correcting errors identified in cadastral maps. According to this procedure, orthophoto plans
produced or approved by the Cadastre Committee are treated as thematic layers of cadastral data after the
relevant boundary correction projects are transferred to territorial subdivisions.
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The correction of cadastral district boundaries is carried out based on 1:2000 scale cadastral plans
derived from orthophoto maps with 10...20 cm spatial accuracy. These materials enable the adjustment of
administrative boundaries, cadastral districts, and real estate unit boundaries within permissible accuracy
limits.

Baseline data recorded in urban planning, land management, and land allocation documents, as well as
coordinate data obtained from plans prepared by certified specialists, are subject to updating during the
correction process.

This study analyzes the mechanisms of error detection and correction in cadastral maps, using the Solak
community in the Kotayk region as a case study.

Materials and Methods

Cadastral surveys are conducted using the following methods:

o tachymetric survey (electronic total stations),

o GNSS (GPS) satellite positioning,

e combined methods integrating aerial and satellite imagery with field measurements.

Depending on field conditions and the configuration of survey networks, linear intersection and polar
methods are primarily applied.

When merging survey data from different areas, the allowable positional error must not exceed 0.3 mm
at map scale.

All cadastral survey outputs must include the date of fieldwork completion, ensuring that mapped data
accurately reflects ground conditions at that time.

Results and Discussion

Cadastral survey materials-namely cadastral maps and plans-represent reduced and generalized
depictions of terrain at appropriate scales using conventional symbols. These materials display all real estate
units regardless of ownership form, including their location, boundaries, area, type, as well as networks of
above-ground and underground utilities and other relevant data.

Cadastral maps and plans constitute one of the main components of the state real estate registration
system. They are used for the registration of property rights, valuation, formation of the tax base for land and
property taxes, and for the management of a multipurpose cadastre.

The initial data for cadastral mapping include graphical and textual legal documents related to real estate,
cartographic materials at scales of 1:500-1:25 000, urban planning and land development programs, master
plans, and geodetic control point datasets [1, 2]. Cadastral mapping is carried out by qualified legal entities
and may be produced in both paper and digital formats.

Cadastral surveying for state registration is conducted for each individual real estate unit. During
registration, each unit is assigned a unique cadastral code consisting of numerical identifiers, which remains
unchanged as long as the unit exists as a legal and physical entity. For properties that have not undergone state
registration, including unauthorized constructions and illegally occupied land plots, provisional codes are
assigned. For this purpose, the territory of the Republic of Armenia is divided into cadastral regions,
communities, sectors, districts, and units.
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Cadastral surveys are conducted using modern geodetic equipment, including electronic theodolites,
GNSS (GPS) receivers, and laser distance meters.

Cadastral mapping of real estate in the Republic of Armenia began in 1998. Between 1998 and 2000,
the cadastral base was created using local coordinate systems as well as SK-63 and SK-42 systems, while since
2001, the SK-42 coordinate system has been adopted as the standard [3]. Surveying during this period was
performed using traditional terrestrial methods, including theodolite and tachometric surveys, as well as linear
and angular intersection techniques.

During the first phase of cadastral mapping and registration, community boundaries were defined
approximately. In subsequent phases, efforts were made to align administrative boundaries of communities
and regions using topographic maps at scales of 1:10 000 and 1:25 000. However, this process did not fully
eliminate initial errors, which persisted in the digitized cadastral maps.

Traditional surveying methods did not allow for high-precision representation of curved features or
accurate calculation of polygon areas. Furthermore, the division of agricultural land in Armenia, carried out
since 1991 by local land commissions, was based on Soviet-era land management maps (scales 1:5 000 and
1:10 000) and land balance records. These boundaries were later transferred to the field using low-accuracy
measuring tools, resulting in significant discrepancies between allocated and actually used parcels.

These inaccuracies were later identified during cadastral mapping using modern geodetic technologies.
Given the primary objective at that stage-initial registration of privatized land and issuance of ownership
documents-it was decided to digitize existing land allocation data and create community-based cadastral maps,
followed by the alignment of administrative boundaries in later stages.

This process began in 2004, which led to a number of deficiencies in digitized cadastral maps, including:
mismatches between neighboring community boundaries, resulting in overlaps or gaps between parcels, errors
arising from the transformation of maps created in different coordinate systems into a unified system.

To address these issues, both field and office-based corrections were undertaken. Community
boundaries were adjusted using orthophoto maps at a scale of 1:10 000 and base topographic maps derived
from satellite imagery with an accuracy of approximately one meter. However, the accuracy of these
orthophoto maps is insufficient for fully correcting cadastral map errors.

As aresult, due to existing inaccuracies in cadastral maps, applications submitted by citizens to territorial
cadastral offices are often rejected or returned for correction during the registration of real estate floor plans
approved by local authorities in Yerevan and other settlements [3].

The errors identified in cadastral maps can be classified into several main groups based on their nature
and characteristics: positional errors, linear measurement errors, area discrepancies, errors in intended land
use, ownership inconsistencies, certification issues, and layer mismatches. Table presents a detailed
classification of these errors.

Table
The nature and content of the errors made in the cadastral map

No | Nature of the error

1. Position (Location)

11 Not reflected in the map and cannot be reflected based on the existing registered data

1.2 The position cannot be determined with the incorrect coordinates and the existing data reflected on the map.

1.3 It is not reflected on the map and is returned with other properties based on the presented registration data.

1.4 It is reflected on the map and is returned with other properties based on the newly presented registration data.
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2. Linear dimensions

21 The linear dimensions on the map differ from those of the orthophoto plans.
99 The linear dimensions on the map differ from the recorded measurements and cannot be verified with the
' orthophoto plan.
2.3 The linear dimensions on the map differ from the orthophoto plans and the registered dimensions.
24 The linear dimensions on the map differ from the dimensions of the orthophoto plans, but correspond to the
' registered dimensions.
25 The linear dimensions on the map are divided into parts according to the administrative boundaries of the
' community compared to the registered property dimensions.
3. Area
31 The area on the map is smaller than the registered area and does not correspond to the area of the orthophoto
' plan.
3.2 The area on the map is smaller than the registered area, but corresponds to the area of the orthophoto map.
33 The area on the map is smaller than the registered area, but it is not possible to determine the area using the
' orthophoto map.
3.4 The area on the map is larger than the registered area and does not correspond to the area of the orthophoto
map.
35 The area on the map is larger than the registered area, but corresponds to the area of the orthophoto map.
36 The area on the map is larger than the registered area, but it is not possible to determine the area using the
' orthophoto map.
3.7 The area on the map corresponds to the registered area, but differs from the orthophoto map.
4. Target and/or functional significance
a1 The target and/or functional significance of the land plot in the map differs from the transfer decision, but
' corresponds to the registration.
42 The target and/or functional significance of the land plot in the map corresponds to the transfer decision, but
' differs from the registration.
43 The target and/or functional significance of the land plot in the map differs from both the transfer decision
' and the registration.
44 The target and/or functional significance of the land plot in the map differs from the main layout / zoning
project / and the registration.
45 The intended and/or functional significance of the land plot on the map differs from the main layout (zoning
' project), but corresponds to the registration.
5. Ownership
51 The form of ownership of the land plot is indicated as community on the map and in the transfer decision, but
' is registered in the name of a citizen or legal entity.
59 The form of ownership of the land plot is indicated as state on the map and in the transfer decision, but is
' registered in the name of a citizen or legal entity.
53 The form of ownership of the land plot is indicated as state on the map, but there is no such thing in the
' transfer decision, and it is registered in the name of a citizen or legal entity.
5.4 The form of ownership of the land plot is indicated as community on the map, but there is no such thing in the
transfer decision, and it is registered in the name of a citizen or legal entity.
55 The ownership form of the land plot is indicated on the map as belonging to a citizen or legal entity, but there
is no registration.
6. Certificate
6.1 The area of the land plot on the map differs from the area specified in the certificate, which has resulted from
' rounding the number.
6.2 The cadastral code of the land plot on the map differs from that specified in the certificate.
6.3 The cadastral code of the land plot is not specified in the certificate.
6.4 The functional significance of the building in the certificate does not correspond to the intended and

functional purposes of the land plot.
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65 The area of the building in the new certificate is smaller than the area specified in the previous certificate,
which resulted from recalculation based on internal dimensions instead of external dimensions.

7. ldentification

The coordinates and linear dimensions of the breakpoints of the intended and functional purpose/land use

1 layer in the map differ from those of the property form layer and/or the real estate layer.

There are several identical layers in the map; for example, the property layer can be both community and
state, etc.

7.2

Adjustments of community administrative boundaries in cadastral maps are carried out based on a
written request from the respective community leader, taking into account boundary descriptions and
orthophoto plans defined by the Law of the Republic of Armenia on “Administrative Division of the Republic
of Armenia” (hereinafter referred to as the Law).

Administrative boundaries of communities, or their separate sections, are adjusted in accordance with
the descriptions established by the Law and with the mutual consent of neighboring community authorities.
Boundaries agreed upon prior to the adoption of the current regulation are also considered valid if they comply
with the provisions of the Law [4].

If, during the adjustment process, it becomes evident that the proposed boundary does not conform to
the descriptions defined in the Law, the agreed data from neighboring community authorities is submitted by
the Cadastre Committee to the Ministry of Territorial Administration and Infrastructure for initiating
amendments to the Law. The adjustment of the respective cadastral map section is carried out only after such
amendments are adopted.

Upon completion of boundary adjustment works, the draft cadastral map section-aligned with
orthophoto plans-is provided to the community leader in both paper (Sample Form 1) and electronic (PDF)
formats. It is also published on the official e-cadastre platform for public access [5].

Within 10 working days of receiving the documents, the community leader must submit written consent
or objections, including feedback from neighboring communities. In case of disagreement, the Cadastre
Committee prepares a revised draft and resubmits it for approval. If consensus is still not reached, the issue is
referred to the commission established by the Decision No. 67-A of the Prime Minister of the Republic of
Armenia (February 7, 2005) [6].

Until written agreements are obtained, land allocation within disputed or overlapping areas is suspended,
and such areas are considered contested.

Land plots incorporated into community boundaries as a result of adjustments-previously located within
former boundaries and not owned by individuals or legal entities-are classified as community property. These
lands are transferred to communities by the state under the right of gratuitous ownership in accordance with
relevant regulations [7].

Conversely, land plots that, by law, fall within community boundaries but were previously located
outside them (within regional administrative boundaries) and are not privately owned are classified as state-
owned lands.

Adjustments to cadastral district boundaries or locations are also carried out based on written requests
from community leaders. These adjustments rely on orthophoto maps and align district boundaries with visible
physical features such as roads, railways, streets, canals, drainage systems, and natural barriers (e.g., rivers,
ravines, watersheds).
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Such adjustments are performed while preserving, as much as possible, the original geometry, linear
dimensions, and area of the districts.

After completing these adjustments, the updated cadastral map sections are submitted to the community
leader in both paper (Sample Form 2) and electronic formats. The same approval procedure (10 working days,
objections, revisions) applies.

Where district boundaries coincide with community administrative boundaries, adjustments are carried
out following the same procedure.

The finalized administrative boundary maps are published on the Cadastre Committee’s official website
for a period of one month. If no objections are received from community leaders during this period, the
adjustments are deemed approved.

Adjustments to agricultural land categories in cadastral maps are made in accordance with cadastral
records and land fund accounting data, as well as the requirements of Government Decision No. 1066-N
(September 17, 2009) [8].

Adjustments to the designated or functional use of registered land plots are carried out based on official
registration documents. In cases of missing or inconsistent data, adjustments are made based on the functional
use of registered buildings or information provided by the community leader.

If corrections to the base cadastral layer do not alter the designated purpose of a property unit or the land
balance scheme, and valid legal documents exist, such corrections may be implemented without applying
Government Decisions No. 1920-N and No. 1918-N (December 29, 2011) [8, 9].

Analysis of inaccuracies identified in cadastral plans highlights the need for systematic correction and
updating of cadastral maps. This process is essential for clarifying property boundaries within a unified
coordinate system, ensuring their legal validation and formalization.

The process of identifying and correcting cadastral map errors is illustrated through a case study of the
Solak community in the Kotayk region (Fig. 1).

Fig. 1. The location of the Solak community in the Kotayk region of Armenia
on the Google Earth browser platform

To perform the analysis, the cadastral map of the Solak community in the Kotayk region was overlaid
onto the corresponding orthophoto plan. This comparison reveals that the directional deviation between the
cadastral map and the orthophoto is consistent in magnitude across the entire community area (Fig. 2, 3).

In the presented example, this deviation is clearly observed in three different sections of the community,
where discrepancies between the mapped features and their actual positions are evident. After applying the
necessary corrections, the map becomes properly aligned with the orthophoto imagery, resulting in correctly
oriented representations (Fig. 4-6).
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Fig. 2. lllustrates the deviation of the cadastral map Fig. 3. The area N 1 depicted on the orthophoto
from the actual spatial configuration [10, 11]. plan after correction

Fig. 5. Area N2 as shown on the orthophoto map
after alianment

o .l Lk oSy e Y

Fig. 6. The area N 3 depicted on the orthophoto plan Fig. 7. The area N 3 depicted on the orthophoto plan
Analysis of the map shown in Fig. 7 indicates that approximately 90 % or more of the cadastral map is
consistent with the orthophoto imagery; however, certain discrepancies still remain. These errors are
highlighted in the areas marked with yellow frames.
Attempts to correct and fully align these sections with the natural features may lead to additional issues.
Specifically, such adjustments may result in changes to the linear and areal parameters recorded in existing
ownership certificates, which in turn could generate additional costs and potential disputes (Fig. 8, 9).
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Flg 8. The land plOt and bUIIdIng on the cadastral F|g 9. Similar combinations on the Community
map of the Solak community depicted on the cadastral map

orthophoto plan create conflicts

To implement comprehensive field measurements and utilize the resulting data, it is necessary to
establish a working environment that meets modern technological requirements. The obtained geospatial
database should be used for the transformation and correction of the cadastral map covering the entire territory
of the Solak community. Fieldwork should be conducted using modern geodetic technologies, including GNSS
satellite positioning systems and electronic total stations.

Conclusion

The principles governing cadastral mapping implementation, including the stages of field and office
work, have been outlined. These principles describe the necessary prerequisites for cadastral map creation as
well as the technological innovations applied in their final development.

Errors related to individual real estate units have been identified and corrected within the cadastral maps
of communities in the Republic of Armenia, including adjustments to administrative boundaries and cadastral
districts.

Using orthophoto maps, existing discrepancies and inaccuracies in real estate units have been detected
and clarified within the cadastral maps of the Solak community in the Kotayk region of the Republic of
Armenia.
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Uwdyl) Qujhptljh Ypnjui', dnpu Udpwwnh Uwpqupyub, Lupkl Uuddth Gpnjubt
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Znpywénid phunwplynid Eo Zuywuunu@h Zubpug bunnyepul phulunjugpbph junuunpa-
Jhl pupinbqhbpnid huynbwpbpyws upiuybbph ninpnnidi oppndninnhunnulugstph [hpundwdp
(Unjul) pirulujuyph ophluulng) I wipwpd gnyph whknwlwh gpubgdub hudulupgh wnwbg-
puyhli gqnuuppliulpul humnwpnph junuunpuyghl pupinkqbkph dgpundwi b wpppwlubugdul
hhdtwplinhpbbpp: Zupyh wnbliny Jhpohl 20 nuphabph phpugpnid pupunkqbbpnid ninwljus
whdownnipnibabkpl ni ujuaybbpp, Jepnidynid Eb gpubg nippdwb ppwjwlwi b wklubhhului
hpupkpp hunfwduyl «@nuyph Ghundundp ppunjni bphbph whnwlwh gpubgwl dwupis 22 opkiph
3-pn b 14-pn hnpywstbkph wwhwiohbph (Uhwubmlwi ghnpbghwlwi [nnpphbunughl hudw-
Juipgh §hpwnnid b Swshwgnnid): Uwipuwdwulnnid Fwpnh oppnpnunnhunnulugdbph b wnnhbqk-
pulwil Gupbbph oqunugnpdwdp upiuyhlph huynbwpbpdwi ni uppugpdwl gnpdpbpugp pu-
nudwuughl b huduybipughll dulupnulabpnid: Dwhdwldnid Bo phduyhl wnisiyng hhdinulub
wnkpdhabbpl ni hwuljugnipnibakpp, hiswku hwl puguhuyuynid o Jungwunpuyhl pupunk-
qugnuwll nupwnuyhl b gnuukiyulughll woliunnwbpbbph thnyjughlh wnwbd bwhwwnlnieniaabpp:
Snijg ki wnipywis pupunkqikph unknSuwl hwpnuyuydwbabpl nr gpubg Jepotuulwl ppwlu lnug-
dwll hundwip Ghpumng dwdwbwlulhg nkimnghwlub Gnpudniénipinibbbpp:

Puwlugh punkp. Junwunpuyghl pupunkq, wiowupd gnyph dhunnp, Juguwunpuyhl huuw-
lwughd, oppnpnunnpupinkq, upiuyh ninnnid
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HNCHPABJIEHUE OIIMBOK, OBHAPYKEHHbBIX HA KAJJACTPOBBIX KAPTAX
HACEJIEHHBIX IYHKTOB PA C IOMOIIBIO OPTO®OTOIIVIAHOB

Camsea 3annoexosny Kposin®, JKopa Cmb6aTosuy Maprapsn, Hapex Camsenosua Kposin
Hayuonanvnvui ynueepcumem apxumexmypol u cmpoumenscmea Apmenuu, 2. Epesan, PA

“kroyan.samvel@mail.ru

Koppexyusi owubox, o6HapysceHHbIX HA KAOACMPOBLIX KAPMAX HACENIeHHbIX NYHKmMOog Pecnyonuxu
Apmenus, ¢ ucnonvzoganuem opmogomonianos (na npumepe uacenennozo nyukma Conax). B cmamve
paccmampugaemcs 60npoc KOPPeKmuposKY U MOOEPHU3AYUL KAOACMPOBbIX KApm, KII0Ue8020 2paduieckozo
O00KyMeHma 20cy0apcmeeHHol cucmemsl peucmpayuu Heosusxcumocmu. C yuemom Hemournocmel u OUUOOK,
HAKONNeHHbIX Ha Kapmax 3a nocieouue 20 nem, 6 pabome anamusupyiomcsi npasosvie U mexHudecKue
OCHOBAHUA OJi UX UCNpaslieHus 8 coomeemcmeuu ¢ mpedoganuamu cmameti 3 u 14 3axona PA «O
20CY0apCmeeHHOll pe2ucmpayuy npag coOCMEEHHOCMUY (RPUMeHeHUe U KOOUPOBaHUue eOUHOU 2e00e3UUeCcKoll
cucmemvl Koopouram). B cmamve noopodno onucwisaemcs npoyecc ulsAGICHUSL U UCHPABLEHUA OWUOOK C
UCNONIL306AHUEM COBPEMEHHBIX OPMOPOMONIAHO8 U NPOCMPAHCIBEHHBIX U300PANCEHUN HA PAUOHHOM U
00wuHHOM yposHaX. B pabome onpedenenvl 0CHOBHbIe MePMUNbL U NOHAMUS, OMHOCAWUECS K meMe, a MaKdice
PAcCKpbimbl NOIManHvle 0COOEHHOCMU NOLEBbIX U OPUCHBIX pabOmM NO KAOACMPOBOMY KAPMOSPAPUPOBAHUIO.
IIpeocmaenenvl npednocvliku O CO30AHUA KApm U COBPEMEeHHble MeXHOI0uYecKue HOBUecmed,
ucnonvsyemule 01 UX OKOHYAMENbHOU Peanu3ayiu.

Knwuesvie cnoea: xaoacmposas kapma, 00beKm HeOBUNCUMOCTU, KAOACMPO8blil NIaH, opmogomo-
Kapma, Koppekyus oumubox
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UdSNEULUNULZLECP ULYSULANRESUL SUNTECP UNE3NRE3NPLE
KULUNULZUSCULUNNCSUSEL MUSUZULUESE OULMNREBUL
UUShKULP L4ULEB3UUL 41U

Utw Zujpuy tnh Zugpuw knyu
Swpunupuw bnnyeyul I ppliuupupnipyul Zuyuuumuiih wgquyhl hwduyuwpul, p. Gpliwi, 22
hayrapetyananna0609@gmail.com

Uyunnunpubmwynpunnid Jpupbbph injuqbguud, hiswka bl gpubg hknlnubphbph dkndiui
yunwlny fhpumynid B nnwuppkp nkuwakph, wdpnippul b nwppbp iniebphg qunpuunyws
wpgljuyunnbboakp: tpwbg wppnuknnyeul b $niblghnimynipyub giuuhunnnidp hinupun/n-
pnipinil Funuyghu wywhnyly npubuwynpuuayghl hAnupbph Jubnbwlupgyuws b wnubg huludup-
wnnipnLbhibph Epplblnipmnil, hul) dwhnyuphunpubuynpunughl yunwhwpbbph (K81) ply-
pod” bjmglkghly nnpumbuynpunuyhl dhongibph bpplbikh dwupg pnipu guynt huyjwiwlwbn -
pinchp b qubpnupgly by Swbp hEnbwiphbph wnwowgnidp: Znpywénid phlnuplynid ki dwinu-
wwphuyhl wpglbjuwyunnbbribph npuuwlupgnidp, ogunugnpsuwl hyunnwjuhwpdwpnieiniip i
ppuilig ogunuugnpSuwl wipgyni hufkwnniyppul glnuhunnnidp:

Pwilyh punkp. dwbhwwuph, wijnndnppy, Eppbblnipnil, JEnunulul wpglbjuguniky,
Juwbqbuwly, hupywdh pduniyu, hupyudh nid

Lhpwdnipiniu

Udununphjujhtt fmtwywphubph Jupbnp wuppbphg Bu dbnunqujut wupgbjuwyuntty-
ubkpp, npnup hwtnhuwbnud kb tppltlnipyut wiunwignipjut wywhnydwt hhdtwlwt dheng-
ubphg Ukhp: Upghjuyunuboutnh ogunuuugnpénid bujwnpbt puptjuynud | Eppltynipjut jup-
quynpuwt gnpdpupwugp: Swtwwywphwihtt wpghjuyuwnibytiipt oqguugnpéynid . wpjawphh
nunbumybu qupqugus pnjnp Epypubpnid, hul nputg junnigusph oqgunugnpsudwt yuyydwb-
ubpp tnpdwynpyws Eu wnwpplp F'OCT-kpny, BUSU tpyputpnud® EN 1317 unnwbnupunny [1],
UUL-nud uyh bhpjuyugus £ MASH L NCHRP tnpuwnhy wljnbpny, 22-mu’ 22C0 32.01-2022
«Udununphjuyhtt fwtwwywphubp» shttwpupwlwb tnpdtpny, twb TOCT 33388-2015 L wy) tnp-
dwnhy wljnbkpny:

Zujnth E, np fwtwyuwuphuhtt wpghjuyunibyubpp twppunbudws tu wfundnphjubph
tpplbynipjut pupwugpnid Lmwyyuphhg nnipu quint nhuljh tuqbgdwl, pudutwpup gnuinh
hwwnbknt b hwuinhywljwug mpuwtuynpunughtt dhgngubph htwn pwpuinidubpp Jubjubine hwdwp,
htywytu bwlb Ynnhwlnd jud onwpdwb skpunnid quniynn ungpugnunutph b jupnigyuspuyht
wnwppbkph ypw Jpubpptph b fwbwwywuphhg fud judppuwyhtt junnigusputphg hwmhnwnh quyp
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puyubnt yunwugh tjuqkgdu tyyuwnwlny: Fugh wyn, nputp Jhpunymd kb Epplbiinipjut ju-
tintwlupquwi b Yriguihubph' Eppukyth dwu gnipu qup juijubnt hwdwp:

Upnipkp b Ukpnnubp

Udununphjughtt Smbwwywphitiph hwnnppuljgninhubpp §ngdws bt wyywhnyby mputiu-
wnpuught hnupbph tkppupbul, wignwiq b hwpdwpu]bn ipplbympemniip” Jipotwljui tuyw-
nwl ntuktwny wwywhnyb] npwbuynpuught Uhgngubph wopwnwtph pupdp wpwnpnnu-
Julnipjniup:

Swiuwwywnphh juhwynpdwi b yuwownwyuwithy junnigqusputph swppnid winwbdtwhwwnntly
nktn ki qpunbginiud dbnwunuljut wpghjuwyunityttppn: dputp hpkug $niuljghniu) bowbwlne-
pjudp, hswhku tpdtg yiplnud, nitkt npnowljh mwppbpnipiniutp: Upghjuyuwnibyubnh nbuw-
yh punpnipjut dudwbwl juplnp E hhdtwynpt) nppuiug hunwly $niujghntiwg bywbwlnipiniup,
wjtt £ wpwbuwynpinughtt hnupkph wowidiugmu, fwwwyuphhg gmpu quynt juifwpgbnd,
dudwtwjuynp wpghjuthwlnid b Untinph vwhdwtwthwlnud: Upghjuwyuwwntboitiph puunpnipjut
hwdwp Juplnp tpwtwlnipnit nith pwhwgnpswljwt wuydwutbtph ypnisnipniup: Uju jupkih
E nuuwlunpgb) htnbyu nkupny.

- gudp wpugnipjudp Epplblbnt dudwtwl) whwnp E oqgunugnpst) nbnhuk jud wnihuk-

puyht niphg yuwnpuundws juuquuliukp,

- Uhohtt wpwgnipjudp swpdynn npuwtuynpuuwght thengutiph (50...80 §u#/d) hnuph hwdwp

wbkwp E oqgunugnpst) dbnnunuljut wpghjuyunuboubp,

- pwpdp wpugnipmitikp niikgny (> 90 §u/d ) hnupkph phypnid’ phnnik fud nidbnug-

Jus dbnwnulwubh wpghjuyunuboukp,

- gnipn Yjhdwyuljui wuypdwbikpmd’ §nenghnb phiwglnii (ghtijuuun dknwy),

- mdtn pudhtph hwdwp' phnnt b wyi:

Upghjuuyuwnitoutph pinpnipjut dwdwbiwly Yunpth £ nEjudupdt) hbnbyjuw wygnphpdndy.

1. npnobk] wuwpwnwwhs juprniguspubph wdkbwuplnp btyuwwnwlp,

2. quwhwwnt] owhwgnpsdwt wuydwutpp,

3. unnigh] YEpniswjut wdunwtgnipjubt guydwnp,

4. v quh b nkunipup hwdbdwnwluwt ghwhwnuljul,

5. hwpyh wnubk] gnpénn unpdwwnhyubpp:

Upghjuyuntboh ptinpnipniip yuydwbwynpguws k gputg $niujghniuw) btyyunuyny.

- Upnnwlwt vwhdwbtwthwlhsubp (Uknmwnulwb, pinnuk, pupk, wnniub),

- dudwiwljun]np vwhdwbwulhs (wyuunhl epny, Ukinunuljui, supduljwh pknhuk b

wjb),

- wy] mwhyh wpghjuyunibutp (hEnhnntwjhtt gnunnt, hwjujuwywudwt b wyv):
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Thunwplbup §nnuyhtt whnn fwbtwywuphwihtt wpgbjuyuwnbotpp, hwoygh wntbny, np
2Z-nud pujuljuuhtt puwpdp o bwb oponid mbuwljh dwbwywphwnpuuynpuughtt Wunw-
hwplbpp (&SN) (nmupkljwi dhohtip 310...340 &SN, 40...45 qnh’ 13...14 %), kpp w]undnphjubpp
hwgwhi nnipu G quihu Swtwwwnphp pplblbh dwuhg: Ubnwunujut qupwnwwthsubpp wyhnp
E mbnunnt] fwtwwwphh Ynnuwlubpht (2], wyt minudwubpnid, npunkn

e obuh phpnipjniup 1:3-hg Uks k b thgph pwpdpnipiniip ghpuqugnid £ 2

e Swhwyuwpht wiginid E Epljupninnit qniquhbn, III jupgh fwh&ninubpny, 2 -hg junpp

qtwntph wthm], &npph b Yhp&bph bqpo 20 -hg ywlwu hknwynpnipjudp,

o Swhwyuwphubpp thnjuhwnynid jud vhwtnwd Eu mwuppbp dwjupguljubpnud,

o Jwbwuwnphh mupnnipniup hwnwlwgénid thnthnpugnud k, hul] mbuwbbjhnipjut hknw-

Unpnipynitp hwpyupljwihhg tnpp E:

Utnwnuljut wpghjuywunubyubpp Swbwywnphh §nntwljutph ypu mbnunpynud G hnnu-
jht yuwuwnwnh tqphg 0,5...0,6 ¢ nhwh tkpuw: Uhknwnulwt wpgbjuwywunuboubph jupbnp
wnwybjnipintup mpuwbuynpuughtt thongh hwupywsh hdwnijuh juunwda b, wjt ptpl E phwnnthg,
htown E dnttnwdynid, qplpt sh wquwhwionid vywuwplnud, hwnjuwtu, Ept quunpuundws
ghujuyyuin wnnuuinhg:

V= Vg sina

L]
nntul

<+—bnrlbybh dwu

Vp= V' cosa

ul. 1. Upgljpuuunnbbohbphh hupywdbinig hknn unjinminphih nignubwpng b qgniquhln wpwqnipin Ghkph
punupphsbbph ujuldwl

Yhuwpldby £ vwupplp quiqusny wdwnnunphjutph hwpjush dwdwiwl tubkpghuygh Yw-
unidt wpghjwywnubsh Ynnuhg b wdwnndnphih owpddw wpwgnipiniup hwupush wunpunun-
dhg htnn (Y. 1) [3-8]: ‘Uoklip, np punn Jhdwljugpnipyull’ oponid wkuwlh &SN-tph 92 % -p 22-mud
Juunupynud ki phpl dwpnuunwp wdundnphjubph dwutwlgnipjudp: Uduindnphip hwupguwshg
htwnn §niiktw wunpunupd, nphg hknn dbwynpynid Bt wpugnipiniautnh hknbjuwy punungphs-
Ubkpp hupyush mynmppudp’ Vi, (1), b pupddwb nignnipyudp Vomg (2) [3, 4,9, 10].

V,=V, sing, (1)
npuky V,, -t dhtish hwpgustt wdwnnunphih wpwgnipeniub b
Gpplblnipiniup qniquhtn ninpnipjudp.

|%

qnig. = Vi " €OS a: (2)
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Zupyushg wnweowgws hdwynijup hwyduplyynid k wyt wuydwunyg, np wpgbhjuyuntts
wnwdquljub sh b hdwynyup npnoymid £ hinbywy wpnwhwjnnipyudp.

AP =m-V, 3)
npuibn m - wjnnunphih quiiqust k (4g), V; ~t wpugnipjul inpdwy pununphsp (4/4/pd):

Upghjuyuunuboh  nEdnpldughwih pbhwypnid  hwpwsh nidp  quwhwwnbnt  hwdwp
punnitynid £ hwpdwsh mbnnnipniup At =0,1...0,4 ¢/pf: Un nhwypnid hwpydwsh nudp jhh.

Fhupy = BP/pp =m-V;/At: (4)

Npuku ophttwy nhwnwpldws tu phpl dwuppuwnwp wjwnndnphih (m=1500 4¢) b pintwwnnwph
(m=15000 4g) hupjwdhg mnwowgud nidkpp.

w) phpl vuppuunwph hwdwp

V=72 Lu/d (20 u/ifpl), m = 1500 g, hwupjwsh wilymbp 6= 209, hwpwsh wlnnnipejniip’
At =0,2 pi:

Quwhwwndws E hwpduwsh mdp’

wpugnipjubt inpudw) punwnphsp Yihup.

Vs, =20-sin20° = 6,84 u/ynl,
hwpywsh hdynyup
AP =1500-6,84 = 10260 ,
hwpwsh nidp
Fhupy = 10260/0,2 = 51300 U fud 51,3 -

Bpt punniugh, np wpghjuyunttop 11 0 mhwh L, wunpuwungws £ 3« hwunnipjudp
tpuihp ghijuywwn wnnuuwhg, nph phdwnpnipiniup 50...100 4L &, wyw Jupbih £ Juinuh
1hub], np wpghjuywnubtop sun sh puypwyydh b jyywhh wdwnndnphip hwpdwsh Juypnid: Ujunky
Juplnp wywbwlnipinit niuh twb juiuquwlubph nhppp b thnjuunupd hbpwynpmipiniup: 22-nwd
ogunugnpdynn 11 1O wpghjmuyuwntboh hwdwp wy 1...3 ¢ £ pun F'OCT 33178-2014-h [11, 12]:

p) nhnupldws b phintwwnwup wdwundnphih hwpjwshg wnwewmgus nidp: Gluljnuwght
njuikpp. m =15000 g, V = 60 [u/d ~ 16,6 u/ijnl, hupjush whlymbp 6-20° hwpjwsh
wlnnmpyniup At = 0,5 Jpf

Npnodwé L wpugnipjut unpdw) pununnphsp.

Vs, =16,6-sin20° = 5,67 /ynl,
hwpywsh huwnijup Yihth.
AP =15000- 5,67 = 85050 U ju/ 85,05 L,
huly hwpyush mdp’
Fhupy = 85050/0,5 = 170100 U Juwd 170,1 jU:

Bph pigminfh, np wpghjuyunbbop tnygbb £ kpluphp ghijuuun wnnuunhg (11 I0)

3 uu hwuwnnipjudp, nph phdwnpnipniup 50...100 4 L, wyw Jupkh £ Junwh wyunk), np
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hwpywshg htiinn wpghjuwyuwwnttop Ypuypwyyh, hull wunnunphip Yhwynugh Epplblnipjut gqn-
nnig nnipu:

dhpohtt muphubph &SN Jhdwljugpnipju JEpnisnipiniutbpp Jiuynud B, np owwn bu nhy-
pbpp, hwnjuwtu U 1, U 2, U 4 dhoy knwljut tywbhwlnipjut wjunndwwwyuphutpht, tpp plph
duppuunup wynndnphih Jupnpnb hus-np yuwwndweny Ynpgpt £ wdunndnphih junwdupnudp,
hwpywéh] E dwbwwyyuphh wpghjuwyunttoht b Smbwyywphhg nnipu hwynid b: Muwndwnubph vh
dwup Jupnn k1hul) pupdp wpugnipniup, vwljuy hwynuh E, np Juunuiquynp hpughdwljubpnid
Jupnpnubpp, npybu juint, wdundnphit wpgbjulnud Gu: ‘Lowmbwlnud E wthwujubw h wuwn-
dwn Yw, nph htnbwtpny phpl dwuppuunwp wdundnphip goipu £ quhu tpplklbh gninnig b
hwjnuynid Smwwywphhg poipu: Zbknbwpwp, wthpwdbonnipnit £ wnwewtnid ntuniduwupply
wpghjuyunttoh Junnigyusdpp, oquuugnpéynny wmiphkpp, Untnnwddwt nktninghwt b wyp
hwpghp:

Thuwpyyby Eu wyt ghwptpp, pp phpl dwupgunwp wnndnph)t wpgljuyunibubpht k
hwpywénid mwppbp wulniubph nwl: Oguugnpsting (1), 3), b (4) pmuwdlbpp Junwgyh, np
25 du/ypl wpugnipjudp wpghjuwyunibohtt 30° wuljut wmwl] hwpdwsh hdwynyup Yyuquh
75,0 4L, 45° whljjul nwl hwpjwsh nhypnd 132,0 72, 60° wiljut nwl hupjwsh phupnid’
162,3 JU: Lowbwlnud Lt wyt nbuypbpnud, tpp phpl dwuppuunwp wdwnndnphjt wpghjuwywwn-
uboutinhtt hwpgwénid £ 45° b 60° wmuljjul tnwl), wpghjuwyunuboubpp Juwuynid G b wdwnndnphip
huwynynud E Epplknipjut gninnig nnipu:

Zupyuplyty E hupjush wiuljjut wowybjugnyt wpdtpp, nph nphwpnd 25 4/pf wpugne-
pjwudp pundynn wywnnunphip fubw tpplblnipjut gnuinnid: Upghjuyuwnuboubph nhdwnpnipjut
wnwykjugnyt hdyniub punniugnud £ 100 44 b juwnwpynid hbnhwdwupl:

(1), 3) b (4)-h dAbwihnjumipniihg htwnn hwpjwsh vwhdwbwihtt wulmnitip npnpynud k
htwnljw) wpunwhwjnnipudp.

sin@ =At-F/m-V, : (5)

Stnqunpbin] wpdtplkpp’ m = 1500 4g, At = 0,2 ipl, V,, = 25% , F =100000 ¢,

qummgq}l‘
sin = 0,2 - 100000/1500 - 25 = 0,53,

npuinknhg 6 =~ 32°:

Lowbwlnud k, np wjwnnunphih hwpwsh wulniup 32°-hg Uk (hubne nhwypnud 25 44pg
wpwugnipjudp hupjwsénn wywnnunphip nnipu jqu Epplhtinipjut gninnig b jhuynigh dutw-
wuwunphhg nnipu: Unyt bnubwlnyg Jupbkih £ hwoqupll] nwwppkp wpugnipmnitibpny owpdinn
wununphjibph wpghjuyunibtohtt hwupgustyne vwhdwbughtt wpuqmpeiniip, nphg hbnn wyb
Yhwynuygh Epplblnipjut gninnig nnipu:
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Zwpquplywd b wnwpphp quiiqudny b wwppbkp wpugnipgudp supdynn wynndnphyubph
wngbjuyunubohtt hupustkint nudbpp: Ldwb yhpnwdnipjniip htwpwynpnipnit junw vwhdw-

k] wywunnunphih wnwybjugniy wpugnipintip Swbwywphwhwndusubph mwppbp nbknudwuk-

poud: Unnruwljnud ubpuyugdus bu Gpuljbnwghtt ndjujubpp b vinwgyws wpynibupubpp, pun

npnud plpl dwuppuunup wyununphih wewybjugnyt wpwugnipmitt punpynud £ 110 §u/d
(30,5 £/4]), hulj phntwinup wwnnunphih hudwp' 80 Ju/d (23,2 1/ ):

Unyniuwly
Upqljunyunnikoh Jpw wqnny mdipp hupijush pkupnod
3 = -
=, UV, o =
= 2z 45 |8 E
g o wé/ | 3 98 =g R = g
252 EEEX g a2y =5 | L3 o= Upghjwuyuniitiph
a a8 = =2 & = A- w0 -~ [a = ~
T o g @mgéggﬁﬂﬂ 5 g ﬁgv.ﬁr_@ yhdwlh
2 = "5 3 5 &8 735 N = & = K| g thnthnjunipnip
ER ETE A 3R |5 ¢
& Uil N =
70
-, 20 6,84 10260 0,2 51,3
; 2
&
g' a 90 Upghjuyuwnibon
R £ 25 8,50 12740 0,2 63,7 B
T
=
- 110
e,
05 10,37 15555 0,2 77,7 1000
50
g_‘ n 13.8 4,69 70350 0,5 140,7
o 2 Unpgbjuwyuwntton
S 5 60 gt
R 5 o6 5,64 84600 0,5 169,2 puyjpurynt
I %i ’
H 80
3.2 7,55 114740 0,5 2235

Unpniuulnud pipdus ndjujubpny jupmgqus b gniguihoubph thnpjuwuqpbgnipiut nhu-

gpuidp (uly. 2):
11
10
g »
8
S 7
= 6
5 KN
s T
12 14 16 18 20 22 24 26 28 30 32
V d/dny
1 rERrW Jwnnwuwnwn 2 PEnUwwnwn

w)

70

240
210
180
150
120
90
60
30
0

Fhwn LIL

N
\
|
12 14 16 18 20 22 24 26 28 30 32
wywndnphih Eppitlnipjwl
wpwancpjntup Uhusy hwpdwstip vV d/ynly
1 bW Jwpnwunwn 2 PEnUwwnwn
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120000
100000 2
80000
60000
40000
20000 AN

0 T T [ |
13 15 17 19 21 23 25 27 29 31
v u/dny

1 Rbtrl dJwpnwunwn 2 PEnUwwnwn

Rwpywdh hdwnyup AP L

9

Ul 2. UnJunudnppyp ' wpgbjugunniiboh hupiuéhg hkunn wpugmpyub Gnpduy pugungphsh Guiggh
phugnudaEpp. w - wijnndnphih wpgljuyuninbkopl hupjwshg hknn wpwgnippul bnpduwy punugphsh
junyp ppugpud, p - hwpuédh mdp b wpugmppul npdwy pugupppsh juyh nhugpund, g - hupgwéh
hbynijup b wpwgnpyul inpluy pagupphsh ugh phugpund

“Yhwgpwdttph wnbkuphg htknbnud E, np hwpjwshg hbnn wpugnipjut utnpdw) pununnphsh
wpdbtpubipp thnpuynud B juwh ninhny ophttwswthmpjudp (1. 2): Zupjusutph nidp qplipt ninhy
hudbdwnwljut E nuppbp winiuubph hwdwp, puyg npug wpdtpp pintwnnwp wjwnndnphih
hwdwp Fwljwinptu Ut £ phpl dwuppuunwup wundnphih hwpdwsh nidhg: Uy £ hwpdwsh hu-
wnijuly, wyl phpl dupgquunuph hwdwnp gppt sh hnpudnid wpugnipjut ninnudhg pununnhshg,
uwuyt swthwquig UGS £ pintwwnwph hwdwp b gplpt swn jupniy wdnid E:

Bqpuiljugnipinii

1. Ubknwnuiut wpghjuyunibrubpt wynndwtwwywphutph dpu Epplbynipjut wi-
Junuwtgnipniut wywhnynn juhwynpdwb wwwppbphg kb, npnup wthpwdbown L mbnunpk] pun
unpUwwnhyuyhtt wywhwbeubnh:

2. Upghjumywnubpubph mbuwlh ptnpnipjut dadwbwl wyhwnp Ehwoygh wntb) tpw $niuly-
ghntiu) tywtwlnipniup b pwhwgnpswljut wuydwbbpn:

3. Upghjuyuintibpubphtt hwpywskinig htinn wdundnphjubph kpplklkh gnunig nnipu
quint b fmtwwyuwphh Eqpht hwjnudtnt nhwypkph puwtwlh dkdwugnidp mbinhp £ mwhu Gupw-
nnbkint, np wpghjuyuwwnuboubph jurnigjuspuyhtt mwppbpp twpiwgstihu b jubquwlubph ht-
nwynpnipniutiipp npnokjhu wthpwdbton b hwoqupyl] wdwnnunppih hwpwsh hdwyniyup b
hwpywéh nidn:

4. Juynpkeputiph Yypw, thnpp swnwynny hnphqnuwlwu Ynptph hwngwuénd 11 JO dbwnw-
nuiut wpghjuyuntbyutpt wthpwudtown k thnjuwphtt] wy), wybih wpynitbwybn dhgngubpny:
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THE IMPACT OF ROAD SAFETY ELEMENTS ON REDUCING THE SEVERITY
OF ROAD TRAFFIC ACCIDENTS

Anna Hayrapetyan
National University of Architecture and Construction of Armenia, Yerevan, RA
hayrapetyananna0609@gmail.com

To reduce accident rates in road transport and mitigate their consequences, barriers of various types,
designs, strength characteristics, and materials are widely used. Assessing their effectiveness and functional
performance makes it possible to ensure regulated and conflict-free traffic flow, and in the event of a road
traffic accident (RTA), it helps reduce the likelihood of vehicles leaving the carriageway and prevents the
occurrence of severe consequences. This article presents an analysis of road barrier classification, application
feasibility, and methods for evaluating their operational effectiveness.

Keywords: road, automobile, traffic, metal barrier, roadside delineator, impact impulse, impact force
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LELUSPL SULUNULZUENPL UYSNGULUSLLED 4 UL USULNRE8UL
NhUYGCEh @LUZUSNRUT

Yu tphly Uudhynuh Zupmpnigui™, Yupn Zuynph Unuhljjubl,
Uwdyt) Upudh Lkpuhywi?, Thtw Zuypuytnh Zuypuu buyui!
[ &wpunwpuy bnnipyub b phtwpwpnipyul Zuyuunwih wqgquyhl hadwjuupub, p. Eplwl, 22
Zuymunmulh Zwbpuybnnypyul bkpphl gnpdtph bupuwpupnipinil, p. Eplwl, 22
*vinh-1961@mail.ru

Quunupywd hlnmmgnuinipinibbbph hhdwb Jpw dowlly b hhdiun/nply Eo wiyinndwinu-
wwphikph (Enbughll npughs nbpwdwubpnid wynngiugph Jpupuybinippui nhulibph qlw-
hunnuwl gniguihpblpp, npnip npnoynid ki pupddwl thwuwnwgh b fuyniinyppul npuwnp [ph-
wnhluwlwl wpwgnipnbbbph hupupbpnippudp: Munidinuuppdby Ba uyniinyejul fnpuwnp uwh-
dwbughll ppunfhdmlblpl puwn wyjinnginugph nnuwuwhph, spodwl b nipuuyhl fuyniiniypeui
wuydwbbbph: Unwugjus hinnkgpuy phhwdhlulub gnigulhobbpny jEnbughl wuydwbbbpnid
wifinnqliugph ypwupuybinipjui nhulkpp ghwhunnkynt I junwywpbing byunnwling wnuewnplylky
Euingaly juyniinipyul nhulbph wwhniumuyhl wpdbp, npny hinupun/np Fhwpuplly Jpupbbph
wnwowglwil nhuljkpp:

Pwiluyh punkp. wijinnginugp, Jpupuybnipinil, pupddwi juyniinipinil, nhuljh gnpéuilhg,
Uppunplalul wpugnyenl

Lhpwdnipyniu

Udunnquwugputph Eppltynipjniup (Entughtt Swtwwyuphtbtph §npughs nbnudwubpnid ju
b dumd E pwpny puunghpubphg dbju widunwignipjutt wywhnydwb wnnidny: Udwnnguwgph
quuqush dkdwugnidp, swipnipjut YEunpnuh nhpph thnthnjunipiniup, pupowlh b jhuwlgnpnh
Eplonul wgpbquuwynpnudp hwnjuwbu vyununid b wjtyhuh dwbtwywphwnpuwiuynp-
nwhtt wuwnwhwputph (&S1) wnwowgdwp, htuswhuhp Eu Ynnuuwhpp, oponudp, Ynipuwghte
Juyniunipju Ynpnrungp, Swinudp (punh Ehtlun) b wyjie

Ubudunutgnipyut yepupbpju) quwhwndwb gnjnipinit niikgnn dkpnnubkpp, npytu Junpg,
hhdtudwsé tu jud Jpupuyumpjut Jhdujugpuljut wmdjuutph, jud jgdwt gnpsuljgh uvwhdw-
twyht wpdbputph, jud mpubuwynpuwghtt hongubph Juyniunipjub Epjpuswthwlub ndjuukph
Jpu: Uwluyt nfjuy Epubwjubpp skt wmywhnynid munnujh juy wpwbuwynpuwghtt dhengh
punipwgpbph, Swtwwywphp Eppuswhwlubt gnigwuhyutph b pwpddwt hwuwnwgh nkdhdubkph
Uholi, hsp own Juplnp £ hwmnjuytu (Eptwghtt pupny fwbwyuphwjhtt yuydwubtph hwdwp,
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npunkn wnlju kb thnthnhuynn nkihtd, thnpp hnphgnuwljut swunwynny sopownwpdbp b ny fuyniu
Eppltinipjut ntdhd:

Ujn wpnudny wnwyb] hpwwnwy b Yupbnp L dowll) phtwdhujut hhdtwydnpgws, hwdw-
Ynnuwih b inpdwynpdwt hwdwp ywhwnwth gnigwthy, npp htwpwynpnipini junw nw) Jpupuy-
unipjut nhuljiph pwtwjuljut guwhwnwlut Lwtwwywphh vnnyq nknudwuh hwdwp, hwpyh
wntbkiny mpuwbuynpuuyhtl - owhwgnpswljub gniguthpubkpp:

Munidtwuhpnipjut tyuwnwlt £ dowll) b hhpdtwdnpl] wjwnnguwugph Ypwpuyinipjut
nhuljiph qbwhwwndwb gnigutihy, npp hhddws L owpddwt thwuwnwgh wpugnipjui b juynint-
pjul Ynpunh Yphnhlulut wpugnipjut hwpwpkpulgnipjut Jpu b gnyg tnwy gpu jhpundw
wnwybmipniutkpp (knttwghtt fSwtwwywphubph hwdwnp:

Uniptp b Ukpnnutp

Spwtuynpuughtt thongubph Epplbinipjut juyntinipyut b widunwbgnipjut guwhwn-
dwl tywwnwlny hwdwoppwphwihtt wpujunhjumnd hbhdtwlwiunid ogunugnpdnid Eu htnlbiyuy
Ununbgnidubpp.

¢ Unnujht vwhdwbwjhtt wpuqugnidutph hwpgunply b Ygdw gnpswlhg [1, 2],

e Juyniunipjub tphpusuhwuljut gniguwthy, Ynnuopedwt ot [3-5],

¢ Ypwpuyunipjub Jhdwljugqpuljut unyk), npp hhdugws E Jpupubph hwdwhujuinipjut

b Swbwwuphh wwpwdbnptph nkgpbuhnt YEpnidnipjut ypu [3, 4, 6],

e bpplbympul Yphnhjuluwl wpugmpyut hwoquply ospoykint Jud  Ynnuuwhph

wuydwtng [7-10] :

Quwywé npuig gnpstwljut wpdbpht, tpdws dbpnnubpp skt dbwynpnid swhnnuljwunt-
pintb snikgnn swthwihy, npp Juy b unbnénid widhpwljutnpbt Gppltinipjut thhwuwnwgh
nkdhuh b wjwnnqtwugph juyntimpiut hghjulubt vwhdwih dholi: Fugh wyn, tpdws dkpnnubpp
[1-4] wJhpdws Eu Uk, wmpwtg onuljutiph wywnnunphjutinh hknwgnudwp, wnwg hwsydh wnttnt
puquonul] pupdujuqup (wunngtiugp) hbnnwgnunniudp (Entughtt pupny swbwwwphtbphte

Ujuyhuny, sjw Ypwupujinipjut guwhwndwt wjtyhuh htnnkqpuy nhtwdhjuljut gnigu-
thy, npp Yupnn E oguuuugnpét) npuyku phuljh giwhwindwb inpiwnhy (Eelugh Subuwwphih-
nht wjwnnquwgpubtph tppltinipyut wtdunwignipyubt guuhwndwt tywnwlny:

Upnyniuputp b putiwpynud
“Yhunwplpxaml wjwnnguwgph bpplblnipniup Ynpughsd sowpddwt dudwbwly, tpp swgnid Eu
JEunpnuwhinyu nidip: Yuyniunipjut §npniunt wowewtnid £ wyt nhwpnid, Epp hp hwyn tu
quihu unnnpl tpgwé vwhdwbwghtt hpwyhdwlubpp.
e nnnh b fwhwywphh Ygdwb nidbpp hwutnd Et vwhdwbwghtt wpdtph, mbnh £ ntakund
Ynnuuwhp [3],
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e wknh kE nukund oponn Undbkinh Yphnhlulwut wpdtph wnwewgnid,
o wnwowinid k Ynipuuwghtt wujuniinipnit b wjwnnguwugpp swjynd £ (Ujpuwnh Eptln)
[4,6,9,11]:

Uoywd mmipupwibgnip tpip ppughdwlubphtt hwdwwywnwupwind £ hp Yphunpjulub
wpwugnipnip Vie [12]: Zwpdh wnlityng nu, wowgwpldmu t oginugnpst] swhnquljuinipyni
sniikignn htunkgpuy gnigutthy K.

K=Vu/Vi, (1)
npnbkn V-t wjunnqwugph mbutuhjuljwt wpugmpmbt £ dwbwyuwphh ndju) nkqudwuntd,
Vip-p Juyniinipyub hnpunh ifuqugnyi phinhjuljul wpugnipynip:

Syjuy gnigutithop punipugpnid E owpddw nhdhuh dninkgnidp juyniunipyut vwhdwht b
tjupugpnud ypupuyinipjut phtudhlulut nhulp:

1. Cuwn Ynnuuwhph yuydwith Via-p npnoynid E hEknbyuw wipnwhwjnnipjudp [6].

Vip. = JogR , )
npuntin @ -u Yguwh gnpdwiljhg k, g -’ mquun whljdw wpuqugnidp, R-p opownupdh swnwhnp:

2. Cuw opodwmt wuydwh Via-p npnoynud £ hknbyw wipnwhwjnnipyudp [6].

re _ [
VZ]P- hé. L. ' (3)

npunkn by~ wjnnguwugph wthyubph hipwynpnipmniut E Ukl wnwtgph Ypw, Ay l;.‘il‘ puipowjh

Jhuwlgnpnh punhwinip Swpnipjut JEunpnuh pupdpnipmniop:
3. Cuwn nipuuyghlt juyniimpjut wuydwth Vi-popnoynud | hEnbyjw) wpunwhwyjnnpjudp.

0. Gq-R
Vin' = “

npuntn Gg-bnnnbph gnidwpught Ynqught §nonnipeiniub b, m-p wjnngugph pipgus quiiqusn:
Ujuyhuny, Yphnpjuljul wpugnipjub hnkgpur wpdtpp Yjhup.

= min(ve ye v,
Vi = min (Vs V22, v 1), 5)

buntgpu) gnigwuhoh (gnpéwlgh) tnpdwwnhyuyhtt wbkupp npnpynid b punn Ynnuypt
pnuduéputph b wyp tywwnwlny ogrnugnpsynid £ Eutkipnghwyh pwtiwdlip htwnlbyjw) mtupnd [11].

V= Vu/Vyp) : (6)
Zupyh wntbny (Enttughtt Swtwwyuphtbph wpwbdtwhwwnnil gniguthoutpp, VIZ;_ U1huh.
Vé}l_ = VjpV1 —i-tana, 7)

npunkn i-U kpluywlub phpnipmith b, ¢-t” fwhwyuphh juyiulub phpnipnip:

Ujuyhuny, wywnnquwgph Ypwpuwjinipjut nphtwdhl rhuljp Ynpughé swupddwt dudwbiuly
npnoynmid E owipddwt thwuwnwgh wpwugnipyut b tJuqugnyt Yphnhjufjut wpugnipmniutitph
hwpwpbpnipjudp, tpp Juniunipjut Ynpniunp nhunwplynud £ pun Ynquuwhph (2), opodwt (3) b
Ynipuwyght juyniinipjut wuydwth (4):
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Thuwpyky b wfnnglugph ghtwdhywljwh shujh gnpswlgh hwpywplh npnywlh ophtwy
22 U-3 wjuninUnphjuyhtt Swbwywuphh wuwydwbbbpnud pugniubng, np

o wunnglugph qubiqudp’ m = 30000 g,

e Uhowinjuyhtt hknwnpmipmniip by, = 1,9 ¢

e Swupnipjul YEunpntuh pmp&pmp]mh]}‘ h=161

e nubph  Ynnught Ynpumppmbbbpp.  puppwihbp 180 §t/puy,  Yhuwbgnpohp

220 §U/nuy:

Swiuwwwnphh gniguthottipt k.

hnphgnuwljut Ynph zumulqbrm‘ R=120 ¢

Jwjtwljwt phpnipejntip, hwynnuwih phpnipniip (Jhpwd) e = 0,06,
kpluyiulul phpnipynilp i = 0,05,

Yyguwl gnpswlhgp ¢=0,5:

Zwpyuplyty E ghtwdhly nhuljh gnpdwlhgp 72 §/7 (20 474/ ) wpugnipjuts hwdwp:
1. UYnnwuwhph Yphnhjuljut wmpugnipniut pun (2)-h.

" ,g-R((p+e) _ [9,81-120(0,5+0,06)
Vip. = 1—g@-e _\/ 1—-0,5-0,06 =261 47y,

2. ynnuopouwh wujdwiny Yphinhjuljul wpugnipmniih pun (3)-h’

‘R [y 9,81-120
y2re — \/q < L/ eh) = \]— (0,95+0,06-1,6) = 27,7 /4,

in. hsy \ 2 1,6

3. Ynipuught juyniinipyul wwydwing Yphnhjuljub wpugnpentub pun (4)-h

R G,G 120

0.4 b g

Vit = | — |—2F—| = [——— -99000 =+396 =199 //¢:
ip. \/m (GP. + szg> \/30000 9 dfy

Uywnnquwgph Yphnhljuljui wpugnipntub pun (5)-h

Vy, =min(26,1,27,7,19,9) = 19,9 o/ Gual 71 §ul) &

Unugimu E, np wwhdwbwhwlyng hpudhfuls wjnngbwgph swinidl £ Ynipuwght

Juyniumipjut Ynpuwnny:

Mubkuwny (Eptwghtt wuydwbtbpnid wynnqwugph Ypupujunipjut nhuljiph htnbkgpuy
nhtudpjuljut gniguithputpp (Jbpnswljut, hwpdupluyht ophiuly), fuiptyh Ehwpquplty Jeap-
Ukph wpwewguwl phuljipp ppuip quwhwwnknt b phuljpp jupwdupbm Gyuwnwlngd, pun
Juyniuntpjut ywhniunwjhtt wpdtph:

Unwowpnlynid £ dwngul] Jumiinipjut nhuljiph wwhniunwihtt wpdbpu pun hbnlbyuyg
wnusnipjui.

1 a M %4
R, = —— = max <_Yﬂ_> ,
Ky P9 Mypuy Vip
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npubkn Ry-t juymbmpjul wwhniunh nhuljy b, Kpe-t Juyniimpjut wwhniunh hinbgpue
putn ] [°] u ] [°] uj qpuiy

nhtwdhulwi gnpswljhgp, a, = V; —i uytwluh wpuqugnup, @ -’ Yguwb gnpswlhgp, Muwe-p
oponn (uwpwpnn) Undblnt b, Mygee-n Jhpuljwiging dndbinp, Vi-p wdbbwwiljuynit gnp-
énuh Yphnhjujut wpugnipmniin:

Stnunpbiny bhghjuljub Ukdnipjniutitpp, jungyh htnbyu] wprnwhwjnnipiniup.

V?2 mV2?h/R V
@gR’ mgb/2 '%’
b whknuyugltyny unnyq wpdtpubph hudwp $hqhulw hdwuwnp, fupkih kiqpuljugity

Ry <1- wpwtwmynid L Epplbynipjniup Juyni tp,

Ry >1- juyniunipjut vwhdwbwghtt Jhdwy b,

Ry =1- juyniumipjut Ynpniunt wtjuntuwthbph b

Loklp, np nhuljp ny phk &SN-h hwjwbwjuwinipniut k, wy juynitunipjut phtwdhulub

Ry =max

)

wwhniunh wjuwpundwt wunhdwbp, npp htwpwynpnipinit £ nwjhu jubjpugnipulyt) ypupugh
nkdhuh vwhdwbp dhbs wji nknh Yok

Bqpuljugnipyni

1. Gumniunipjul ywhniunh nhuljp swthnquljwinipinit sniitignn huinkqpuy gniguithot k,
nnp punipugpnid E «Jupnpp-wdunndnph-dwbwwyuph-dhowduyp» hwdwljupgh Juynt-
unipjul vwhdwihtt hwutknt wunhdwp:

2. Udunguwugph Juniunipjut vwdwttht hwutknt Jpduljp wuydwbwynpgws b ny vhuygh
upJwd htwnbkqpuy gniguiithpny, wyilh Jupnpph hwdwwywwnwupuwt gnpénnnipnitubpnd,
Swiwwwphh npuwbuynpuuwghtt pwhwgnpswljut gnigwthpbpny, htiyswyku twlb dhow-
Jujpp pumpugpnn Ygdwl gnpswljgh wpdtpny:
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OIIEHKA PUCKOB ABAPUMHOCTH ABTOIIOE3/I0B HA T'OPHBIX
ABTOMOBMJIBHBIX TOPOT'AX

Basiepuk Mamukonosuy Apyrionsin'’, Kapaner Akonosuy Mocuksin®,
Cameea Apamosu4 Hepcucsin?, Anna Aiipanerosna Aiipanersin’
Hayuonanvuoiii ynusepcumem apxumexmypul u cmpoumenscmea Apmenuu, 2. Epeean, PA

2Munucmepcmso snympennux 0en Pecnybauxu Apmenus, 2. Epesan, PA
“vmh-1961@mail.ru

Ha ocnose nposedénnuvix uccnedosanuii pazpabomatsl U HAY4YHO 0OOCHOBAMbI NOKA3AMENU OYEHKU
ABAPULIHBIX PUCKO8 A8IMON0E3008 HA 20PHBIX KPUBOIUHEUHBIX YUACMKAX A8MOMOOUIbHBIX 00PO2, OCHOBAHHbIE
HA COOMHOWEHUU PAKMUYECKOU CKOPOCU OBUNCEHUS U KPUMUYECKUX CKOpocmell Nomepu YCMmou4ugoCcmu.
Hcceneoosanvl npedenvhvle cOCMOAHUAL NOMEPU YCMOUYUBOCTNU ABMON0e30d 8 3A8UCUMOCTU OM YCI0GULL
O0K0B020 CKOMbIUCEHUS, ONPOKUOBIBAHUS U KYPCOBOU YCMOUYUBOCIU. {151 OYeHKU U YNPAGIeHUsl A8APUTIHBIMU
puUcKkamu agmonoe3008 8 2OPHbIX YCI0BUAX HA OCHOBE NOLYYEHHbIX UHMESPATbHLIX OUHAMUYECKUX NOKA3A-
meneti npedsiodCceHO 68eCMU Pe3epPeHOe 3HAYEHUe PUCKA YCTHOUYUBOCTHY, NO360SAI0UEe KOIUYECTNEEHHO
OYEHUBAMb 8EPOSIMHOCHb B03HUKHOBEHUS ABAPUTIHBIX CUMYAYULL.

Kntouesvle cnosa: aemonoesod, asapuiiHblii puck, yCmouuusocms 08UdNCeHUs, Kodpuyuenm pucka,

Kpumu4ecKkas CKopocmb

ASSESSMENT OF ACCIDENT RISKS OF TRUCKS ON MOUNTAIN ROADS

Valerik Harutyunyan'", Karapet Mosikyan!, Samvel Nersisyan?
Anna Hayrapetyan!
INational University of Architecture and Construction of Armenia, Yerevan, RA
2Ministry of Internal Affairs of the Republic of Armenia, Yerevan, RA
*vmh-1961@mail.ru

Based on the conducted research, indicators for assessing the accident risks of trucks on mountainous
curvilinear sections of highways were developed and scientifically validated. These indicators are based on
the ratio between the actual vehicle speed and the critical speed of stability loss. The limit states of the truck
stability loss were investigated based on the conditions of sideslip, rollover, and course stability. For the
assessment and management of the accident risks of trucks under mountainous conditions, based on the
obtained integral dynamic indicators, it is proposed to introduce a reserve value of stability risk, which makes
it possible to quantitatively estimate the probability of accident occurrence.

Keywords: truck, accident risk, driving stability, risk coefficient, critical speed
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oNUNLUYLErP TENEP 4UMrLUGOP 41U ONNUUL MNP ESUL B4 UUTUSUUL
20uuuuraek u21esNkE3NKLL

Zuygy Uuynuguigh Twphpyub
SQwpunupuy bnnypyul b phhupupmpiul Zuymunwlh wequyhl huduguupwl, p. Gphwl, 22
haykgharibyan759@gmail.com

Munidinuuppjly Fihnunpulabph skwykph Juppughdp wnuppkp thopdwh fanpnugemng hbkph
b wlpugdwl hwdwlwpgbph [hpundwl wuydwbbbpnid: ZEnmwgnunippul yunwli F
qliuhunnly nnuppkp hadbabpuwlwb jnidnidubph wqplkgnipiniip skwylph jupyudunbpnpdunnhiy
Juppugdh b wijinwbgnipyul gnpdwlgh Ypuw: Pyuyhll unplyjunpnidia ppulwinugyly F PLAXIS
2D Jkpounjnp mnuppkph dkpnnny ' Ghpwnking thniughl thopdwh (Staged Construction) dnunkgniulp:
Zknnwgmnnipyul spowtulakpnud phinwplp]ly ko kpkp wilpugdwh hudwlwpgkp  swniinughl
wun (Sheet Pile Wall), hnpunnwhunnnn gguyhl wun (Secant Pile Wall) b Eplwpprkunnbl nhuppug-
duyhli wunn (Diaphragm Wall): Zupywplyabpp Junnwpily kb Gnyb padbabpubppupuiulwi
wuwpwbbkpnid ' Epkp inwppkp thnpifwl funpnipinihbkpp hunfup (4, 6 I 8i)  wwnunnply pknb-
Ywdphliph wqnlkgnipypubl Gkppn: Snipupwiyinip nkuph hwdwp ppulwinugl; F hnphgniului
wnknunhnfunipiniibbph, Gkpphl nidbph (Snnn Undbinbbph) b winjunwbgnipyul gnpéuligh hudk-
dwnwlw il JEpynidnipinili: Unwgywd wpnyniGpakpp nuuwlupgyly Eo pugquusunh ghwhunndwi
Ukpnnny (TOPSIS) wiywhnykyn] wdpwguimb hunfwlupgkph opyklnpy b hunfwlwpgyué hunlk-
dunnnypinil nnuppkp junpnipinibbkph wugdwbbkpnud: YEppménipul wpnnpnid uvwhuwingly
ki thnpdwl junpnipjul wdh wgnkgnipniaikpp thnunpulh ok bph jupyudunbpnpdunnpy Jup-
pwqdh Ypw, hiswhku il nnwuppkp wdpugdwi hudwlupgbph wpnniinubwnnippub nwppbpn -
pnLabbpp:

Pwluyh punkp. hnunpulh skyy, wijnwbgnippul gnpéuilihg, wupugdwl dkpnpikp, pwyni-
nughl wun, hnpunnwhunnnn gguyhl wunn, Epluppbunnik phuppuqiughl wuwwn, TOPSIS

Uhpuédnipiniu

dudwtwulhg shttwpwpujut gnpstjuykpynid, jupidws stuptph b Jupnygukph tw-
huwugduwghtt nt Yntunpnijnhy wwhwebnhg, hwdwh wpwowtnid E tnwppbp junpnipjniuubph
thnunpujubiph thnpdwt wthpwdbownnipmni: Llwt wyhwwnwiptutpp Phttwpwpuwlui hpuyw-
pujubpnid hwdwpynid b pupn b widunwignipjut nbuwlniithg wewydt) Yphpnhjujut wnw-
ownpulplttphg, npnup ywwhwbenid tu £oqphwn Epjpunbtjuuhjujut Jepinisnipniuutp b thnun-
npujutiph okwbph wdpugdw hntuwh hwdwlwpgtp: Uppnithwungbpd, Zujuunwith Zubipuy bunnt -
pintunid thnunpuljubiph twhiugsdwt b juyniunipjut Jpnisnmipjut pughputpp ghnbu dund tu
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ptph nuuntdbwuhpquws: Swn nhypkpnid, uunpwd Supnupughnwljut YEpnisnipjut b tw-
huwugduwyhtt thwunwpnpbph puguljuynipjutt Wyuwndwnny, pupn qpnitnwihtt uydwbtbpnid
thnunpuljitpt hpujwiwgdnid ki ninnudhq skybpny wpwbg yunsws wipuglut hudwljwp-
qtinh, husp hwdwp hwighgumd b thnignudutiph, dwppljuyhtt qnhtiph b qqujh $htwbumljuia
ynpniunubinh:

Uju nhuljtpp dbnudbnt b oyyuinhdw) hudbubpuljut jnisnidubp ptnplnt tyuwnwlny, unyh
htwnwgnunipniund pyuwyht Unpijuynpdwt vhgngny dtpnisynid k thnunpwljubph okwtph jup-
Juswuntdnpuwinhy Jquppughdp mupplp thopdwt unpnipniuatubph b wdpugdwt hwdwlwpgtph
Jhpuwpdwt wquydwitbpnid: Muniduwuhpnipnitt hpujuwbwgynud EIIT jupgh gpoiinuwghts wuyg-
dwlkpmd unwnhl phniduspibph wqpbgmpjut nwl: Zhnwuqninnipyub spewtwlukpnid
PLAXIS 2D épwugpujhtt hwdwljupgnid yEppwynp wnwppbph dbpnnny b thnyuyhtt thnpdwt (Staged
Construction) Uninkguwp Unybjudnpty ki kpp hhdtwljwt wipugdwl hwdwljupgkp swntu-
nuwjhlt wuwwn, hnpunwhwnnng ggujhtt yuwn b Epupptnnut phubpuguughtt yun (u. 1):

Ll. 1. Zunugmunjny gnunpulh b hbinusunnh hunfulupgh puguyhl bplpusughulu
uUnn&rp b Egpuyhl qpupdwdbkpp

Zupqupljubpt hpulwbwgty ku bptp nwppbp pnpoupymibikph (44 61/ b 8¢/) hundwp' nipu-
pwignip nhyph hwdwp quwhwwntiny hnphgnuufuwt mknuthnpunipmiuttpp, épnn dndkuntpp b
wunutgmipjut gnpswhgubpp: Smuppkp anpnipmniatbpnid uvnwgdws puquuswth hudbubpulwu
gniguwthpitph optjnhy b hwdwljupqus hwdbdwwnnipniit wywhnybnt tyunwlny, unyu
wpjuwnwipnid Jhpunyb L puquuswth guuwhwndwy b npnonudubph Juyugdwt T7OPSIS (Technigue
for Order of Preference by Similarity to Ideal Solution) Utpnnp, husp pny) L wdl] hpuljutwguby
wdpugdwt hwdwljupgbph wpynibwyEnnipjut puptwjujubh nuuwlwpgnid:

‘Unipkp b Ukpnnutp

Thuwplynn thnunpulh hwpdupluyhtt ujpbdwibpp dnpbjuynpdl) Bu npybu hnyught
thnpdutt b wdpugdwt  dhongunnidubph wmbbunnghwjut  hwenppuljwunipmit  (Staged
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Construction) wwywhnytjm] hpwljwb shtupupulul gnpépipugh wowybjugnyb tlwbwlynudp:
Zupyuplutptt hpwljuwbwgytp Eu PLAXIS 2D spwuqpuyjhl hudwljupgmu Jkpowndnp wwppbph
Utpnph (FEM) Yhpundwdp, husp pniy) £ vnwhu jhwpdbp guuhwnt) gpnitiinughtt quuqush b
httwwwunbph jupjuswnbdnpdunhy Jhdwulp thnpdw gmuajugus thnynud, hasytu b unw-
tw) hudbubpwlwb wpyniupubpp ghunwplynng jphunhjuut jinkpnwd [1, 2] ZEnwugnuunipjut
opowbwljubpnid Juwnwpyty k tpkp hhdtwljut wdpugdwt hwdwlwpgbph (Quniunwghtt wuwn,
hnpuwwnwhwwnnn ggujhtt yuwwn b Epjuppbnnit phudpugqduyhtt uwn) hwdbdwnwlwt 4Epnt-
dSmpjmt kplp nmuppbp hopuwi junpmpimibibph (4 4 6 « b 8 ) yuylwhkpnud: Aupdwljuhl
ujubdwgh punpnipniip yujdwiwynpjws b juhin punupuyhtt dhowduwyph vwhdwbwthwynid-
ukpny, npntn vnnpgbntyw hwnnppulgnipnitubpp puguenid b gpnitnnughtt jpwphupaibph
nbknunypnidp, hsytu btwl nupplp mkuwlh hbtwywnbph ubthwlwb §nrnnipjut vwhdwbwghe
httwpwynpnipjnitubph dwupnip hwdbdwwnnipjut wthpudbiynnipjudp [3-5] :

Lwth np hwyuplutptt ppwlwbwgyty] tu PLAXIS 2D dhowquypnid, Yhpwundty t hwuppe
ntdnpdwghnt (Plane Strain) jupywdwyhtt yhdwljh dninbkgnidp, nph nhwypnid fpunhpp nhunwpyynud
E Eplswth Yuuipguwspny, b thnunpuljh hwwnwlugduyht swthtpp hwyupluyghtt dnnbkih ypu widh-
owljut wqnlgnipinih skt niiktnud: Fwugh wyn, hwodh wetbkiny, np thnunpwlh wwpwgsény gnp-
dnud Eu unyt Epjpuswhwlub yuydwubpn b tnyuwptnygpe pintwynpnudp, pughpp pudupup b
niuntdtwuhpl] vhuyt dkY punpny Yuipguwspny (U obwh hwdwp): Unwugusd jupjuswuntdpnp-
dwwnhy Jhdwlp b hwrqupluyhtt wpyniupubpp ndjuy jupdwsph hwdwp tnyuwljut tu
thnunpwljh dmniu Ynnubph hwdwp, ntunh wnwtdhtt dnpbjuynpnid jnipuwpwsinip pkuh hwdwp
wthpwdbow sk: Lhpjuyugdws dninbkignidp &hown k wyjt nhwpnid, bpp thnunpuljt nith jutntwynp
hwwnwlughs, Epyjpupwbwlut yuwydwbubpp hwdwube b, hull ywwpwgdny Jhpwnynny phntiw-
Juédpubpp b Eqpuyhtt wuydwtubpp tnywui Bu: Ldwt guydwbttpnid PLAXIS 2D-h hwipp pk-
$npuwghnt Unplip hudwpdmd E pudwpup Ukl pinpny Yupquspny utighpp thpjujugitine b
wdpnne thnunpuljh Juppughdp guwhwwnbint hwdwnp [6]:

Zupyupluyhtt dpwgpnid  thnunpwuljh gpmitiinp Udnpbjwdnpdty t Unp-Yniynah (Mohr-
Coulomb) wpwdquujjuwunhl Wmph Unngbnd  géughl wrwdqulmi — ppkuywlwh wywunpl
(Linear Elastic—Perfectly Plastic) tupunpnipjudp: Gpnitnuyghtt thpwuyyph tjupugpdu hwdwp
Yhpwnyk) ki hhdiwlwh $hghjudbhwihjulut gupudbnptpp” tkppht sthtwh wilniip, nk-
uwjupup ownjuuwyusénipjntup, nhbnpdwughuyh Ungnip, Mniwunth gnpswijhgp b mkuwjupup
Yohnp: Uhtsh wdpnipjubt vwhdwbwihtt yhdwljhtt hwutbip gpniinh quppughdp tjupugpynid £
géuhtt wnwdquijut optipttinny, hulj vwhdwtwghtt Jh&wjhtt hwutkjnig hkwnn phunwplynid £ ny
wnwdquljul pEdnpuughwikph qupqugnid b wjjwuwnhy gnunhubph wpwewgmd' punpny Mohr—
Coulomb Unnkjh Juyniinipjut Ynpunh wuydwuukpht (7, 8]:

Swippbp wdpugdwt hwdwjupgbiph hwdbdwnwlwut gouwhwndwt tywnwlny wpnyniup-
utipp hbnwqu hnynud dowlyt) B puquuswth npnonudubph uywugdwu TOPSIS (Technique for

83



ISSN 1829-4200 &TzU.z @bSUUUL UCIWUSNRE3NPULULEL 2026. 2. 2 (95)

Order of Preference by Similarity to Ideal Solution) Ukpnnny, npp Yhpwunyb] L npuytu hbwnygbpnidw-
it gqnpshp dphwdudwiul hwoyh wnbikynm] hhdtwlwh hudkibpului gmgmhbzhhpﬁ hnphgn-
twlwt mbnuihnpunipnitutpp (Us), dnnn dndktntbpp (Mmex), hwpuljhg gpniinh dwljbplinygph
tunywoépubpp (Uy) b widunubgnipjub gnpswljhgutippn G Ms): budktupuljut b nkjutninghwljw
ppunbunipniih wywhndbm tyunwlng wju pubwlulwb gniguihsubphtt qgniquihbn tkp-
Unidyby | twlb Yntunpnijnhy pupgnipjut npujuljui swhwhop® quwhwnyws 1-hg 3 thnpdw-
ghtnnwljut vwiunnulny: Ukpnyp htwpwynpnipinit £ nyb] hwdwlupgbph Juppughép ubkplw-
jmgtly dkl hwdwlgws pwtwljulju gmgbznq‘ wwwhnybny npuwig huwdbdwnwlwb npuuw-
Jupgnudp tnyb twhiwgduyhtt wuydwubpnud [9, 10]:

Utipnnh nuuwlwbt hwoydupljuyhtt wygnphpdu ppujutugyt) Ehtnbyju) dupbdunhjuljut
pwyj tiph hwonpnwljwnipjudp.

Luy) 1. Biluyknuwghtt dwnphgh juqunud:

YJuinnigymd £ bpuljbinughtt mxn guthh X = [x;]mxn dwinphgp, npinkn m-t wyptunputiptibph
(udpugdul upubdwibph Unykitp) pubuli k (m=9), huly n-p’ ghuwhuindwh swhwitholbpp (n=5):

L) 2. SYjujubph tnpdwjugnid:

Quuthwtthoubiph mmwuppbp swthdwt vhwynpubpp skqnpugubint tyuwnwlny hpujutiugynid
t Jtyunnpuhll inplwpugnid’ uinwbungd R = [y ilmxn Uainphgp, npintn jnipupwbisnip inpdw-
(wugdwsé tnwpp npnoynid £ hnlyw) pwbwdling.

xij

Tij = (1)

m 2
i=1%ij

Luy] 3. Yonwyjhti gnpswljhgutinh hwpdunnid:
2wpfh wollng suhubholibph ; tinpdughwulul Yohnttpp (8w = 1) Junnigdnud &
V' = [vijlmxn dwinphgp, npntin jnupupwiiginin Yoodus wwpp hwpjuplynud Ehtnbyuy ipy.
Vi = wj Ty 2)
Luy] 4. bpbwjuju b hwjwhpbwjwlwt jnisnidutph vwhdwind:
(ipngynud &b gpuljutt pnbwjuljub np®
At ={vf, vf, v} = {(miaxvl-j | j E]),(ml_in vi]-) |j E]'} b puguuwlut hpbwjulwh Yhnp'
A” = {v, vy, v} = {(ml_in vij | Jj E]),(miax vl-j) | j E]’}, npubn J-u ogninh swthwithot L (wbi-
Junwlign pjul gnpswlhg YMs), huly J'-p" Ynpunp/swipeuh swwihsibpp (hnphgniwlub wknuthn-
Junipjniuutp, dnnn Undbuntbp, tungusputp):

Luy1 5. BYYihyut hipwynpnipeniiitbinh hwydupl:
Snipwpwignip wmwppkpulh hbpwynpnipniup hpbwulwt Yhnbkphg hwyquplynid k
htwnljuw) pmiwdtpny.

St = Z?:l(vij - Uf)z ) 3)
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Si = Z?:l(vij - 17,'_)21 (4)
Luy) 6. Zupwpbkpulub Uninkgdwt €7 gnpswlgh hwpdupl:
dhpotwmlut gnpéwlhgp, nph hhdwt ypw juunwpynd £ hwdwljupgbiph oyunhdwnipjub
nuuwlupgnidp, npnoynid £ hknbywy Yhpy.

Si

C’ = :
t St+s;

)

Thunwplynn wdpugdwt hwdwlupgbiph oynhdwnipjut wunhdwip quwhwwnyby £ pun
hwouplus hwpwpbpujui dUnnkgdwt € gnpswljgh wpdtpubtph, npnup nbknuydnpdnud k[0, 1]
Uhowljuypnid: Uwptdwnhlulwh wyu wignphpuh npudwputn pjut hwdwdwji’ nppwit € qnp-
dujgh wipdtipp Unwn £ 1-ht, wyipwt ngjuy hudtukpulub jnisnidp mwpuwswjunpt wykjh Unn
E quniynud npuljwmb hppbwjuljui jnisdwup (PIS) b dhwdwdwbwl wnwybjugniyjiu hipwgjws k
puguuwlut hpbwjulwt jnwénwdhg (NIS): Zknbwpwp, ¢ - 1 wquydwiht pujupupnn wdpug-
dwl hwdwlwupgp nuuwljupgynid £ npytu wmdjuy hopdwtt unpnipjut hwdwp punhwipugdus
nbkpuuhjulwb swthwihpubpny wdktwownhdw) punpnipinii:

ZupJuplutpnud gpnitinp dnpbjudnpyt E hpujwt hpudbubpubppuputuljut ntunidw-
uhpnipjwt wpnniupubpny vnwugdws wnydjujukph hhdwt Jpw (nly. 2), npnkn gpnitnh skpunbkpp
nuuwlupgqus ku hbnlyu) duiny.

¢ obpu 1. ppruwhnn (Yuy, tmwppkp poyubph wpdwnibp, shtwpupuljub wnph pwnunip-

nny),

e okpwn 2. Ywy Yhuwwhln dwénighympjui, phph dwiwugh wupntwlnipyudp, nb-

wkn judnn Unwn 15...20 %,

e okpwn 3. wjwquljun] whin dwsnighynipjudp, phpl wjuquyht 1ghsny, pdw]uqh 15 %

wupnibwlnipjudp:
Un. I-nud mpdws kb gpnitinp oipntph $hghjudbiwuhjuljut hwnynipniuttpn:
Ugniuwly 1
Qnnilnf pbpinkph ShghlwdEfnwbhwlwb phnipugnipnp
N Shahljubuubhlulut fimpughpp Sy ol 2k e
1. | Gpnitnp ppnmipniup, g/ud® p 1,40 1,84 2,03
2. | unpuunpdujht mbuwupup punjuydusnipniup, Ulw cu - 0,040 | 0,035
3. | Zwoyupyuyht mbuwluwpup swunuuyusnipmiup, Jlw c - 0,035 | 0,030
4. | Owlnunykunipjub qnpsuljhgp e - 0,867 | 0,495
5. | LnpUwwnhyuyht tkppht othdwt whlniup, wuw. @u - 16 25
6. | Zwpqupluyht ukppht pthdwb wulynibp, wuw. @1 - 14 22
7. | Quuwppwppndwt dnnnip, Ulw E - 12 25
8. | Puwlul phpmipjut whlnibp, wuw o - 65 50...55
9. | Gpnibnp wuydwbwlwh hwydupluyhtt phdwnpmipiniup, fg/u? Ro - 2,5 3,0
10. | Puwljuit dhohtt junbtwnipniuip, % w - 26,3 12,4
11. | @ponibnh puypybhnipjwt gnpswlhgp, v/’ k - 4000 4000
12. | Qpniunh Jupgh pun ubjudhl hwnynipmiuttph - - 111 111
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[4umnuygh Eqpumgdbpp

Nuydwinului bpwilbp

Faplampnh e,
twnew g EqrugBEan

¥ | Pouwhny (], vppkp pougubph wpdunbbp, phbwpapulul angph
Jownbinipym))
= Y] Ghutanhbs dwdnghympub, phpb fduuh wupnbwloppads,
7 @ wnbn-nbn hadnd ~ 159% -209
%7 Ujusquilu] bl dsbmughlympyests, phpt unfmquybls by, pasfuah
,é 15% uguipnt balym ppnp

Ul 2. PudEbEpubppupwbwlwl hnpgwép I-I' & I-IT'

Ugniuwly 2
Udpugwi hudwlupglph hupupfughl qupwdbnpbpp
Udpuguut hudwlunpgkpp
Ne Zmpqunpljuyhtt upudbnpkpp hnpuwwinuwhwwnng nhwppuquuyhis
owyniLunwhll yuwn
gguyyhli yyunn ujun
1 | Uuduunud (ypndhy) AZ 46-700N - .
2 | Spwlwighs (1 ghg), o/ D - 0,6 -
3 | Zwuwnnipntl, t - - 0,6
4 | Zwnuwdph dwlbpbu, vl | A 287 5380 6000
Unwiy u u,
5 | Unwbgpuybl hngmmpimd, | gy 6,027 x 10° 15,1985 x 10¢ 19,5 x 10°
quid
6 | Ondwt Ynpunnipnil, U124/ | EI 242277,0 229612,5 585000,0
7 | Mniwunth gnpswiljhg v 0,3 0,2 0,2
8 | Stuwlwpwp Yohn, FULAP Ywall 1,63 13,45 15,0
Owunpnipnil. pnjnp dkjuwthjuluwt qupuwdbnptpp hwydupldws Eu Yntunpniyghugh dhwynp
Epyupnipyui (1 ) hwdwp

Zhknmwgnuumipjut opjijnnhynipniutt wywhnybjnmt tyunwlny nhunwplynn tpkp wdpwg-

dwl hwdwlwupgbph hwpdupluyhtt yuwpwdbnpbpb ptnpgt B wytyhuh hwedupyny, npytugh
wwwhnyyh npuig hwdwpdtp uljqpuwlju Yntunpnijnhy Ynonnmpinitp (wn. 2): Unyt dnnk-

86




ISSN 1829-4200 &TzU.z @bSUUUL UCIWUSNRE3NPULULEL 2026. 2. 2 (95)

gnidp pnyy] £ nnwhu ingyuujut guydwbtbpnid vwhdwil) jnipupwisnip hwdwlwpgh Ypnnne-
twlnipjut vwhdwbubpp b hpwlwbwgtl] npuig oywnhdwnipjut pwbtwlwljut yuuwlup-
qnudp pugunwyybu thopdwi junpoipjut wéh wqpkgnippub wnwly:

Zwdwdwjt Eurocode 7-h (EN 1997) l Eurocode 1-h (EN 1991) twhuwmgdwjhtt winwowplynipinii-
Ukph punupuhlt jurniguuyundwi b phthpuywpuhh tkpphtt npubuynpuwghlt thengubph
dwipupbntjwédnipiniup hwpyh wntbnt tyuwwnwlny thnunpwljh yEphtt Egphg ujuws wljnhywg-
Yt b wipinphun hwjuwuwpuswh pushnjus wpnupht phntjuspp’ 20§42 puntpugpuyhb
wndbtpny: Unyu dbkdnipjniup hwdwywnwupwinid E ipdws unpdunhyujhtt thwunwpnpebpny
wwhdwtijws Swup shtwpwpuwlut nkhuthiuh wnbnuwowpdh b Wniptph dudwbwluynp
wwhbunuwynpdwt Yppnhjujut vwhdwbtbtpht:

Upmyniuputp b putiupynud

Thunwplynn thnunpuljh b wdpugdwt hwdwlupgbph Eppudtuwthjujut Juppugsh
hudbdwwnuljut quwhuwndwt tyuwunwlng wn. 3-mud wdthnthywsd b pduyhtt Unpbjudnpdwi
(PLAXIS 2D) wipmyniupnid unnugws Ljuljbnwhtt ndjuutpp: Updwbtugpdus wnwugpuht gnt-
guiihoubkpp tkpwenid Eu wdpugdwt hwdwlwupgh wpwybjugnyt hnphgnwlwbt mnuthnjunt-
pintup (Ux), hwpwljhg gpniinh dwtplinyph tunduspp (Uy), mnwgwgnn wnwybjugniyu Undkunp
(Mmax), wiinwignipjub qgnpswlhgp (SMs) b nkjuininghwlul puppnipjui wunhgwip (Co)
thnpdwt 4,0 £ 6,0 08,0 ¢/ funpnipinitiubph hwdwn:

Uginiuwly 3
Zuwrwplbbphg uvnmugus Epuyhl wifjuybbpp

Udpugdwi Tunpmipyoily, H (¢ Zugquipluyhts gniguitihlikp

N hunfuljupg Ungly ) Us Uy Mimax ¥ .

aary | @any | Grasn | M °
Ul 4 6,743 8,643 51,93 2,785

1 | Cuynittnnuyhtt yuwn U2 6 7,320 7,987 99,87 2,692 1
U3 8 27,980 | 12,240 | 162,20 2,349
U4 4 8,183 | 10,870 65,58 2,765

2 anmm‘:jhmmn“ Us 6 15,760 | 11,900 | 114,30 2,725 2
gguyhli yuin U6 8 31,370 | 18270 | 177,10 2,346
U7 4 7278 | 10,420 74,40 2,776

3 | “hwbpuqiught U8 6 7,781 9,252 141,90 2,643 3
e U9 8 22,470 | 11,020 | 22850 2,520

* Owlnpnipinib. mkuuninghwljwb pupnpnipjuit Ce munmhdwbttpp vwhdwiyby Bu hudbubpuljui-thnp-
dwghnuljut vwinnuyny. 1 - gubdp pupnynipmnil, 2 — dhehtt pupnnipnil, 3 - pupdp pupnnipnih

FJuyht Unphjuynpdwt wpyniupnid uvnwgyus b wn. 3-mud ukpluyugyus yunbkph nbnu-
thnjumipnitibpp, hwpwlhg gpoitnh tunduwspn b punhwtnip juyniinipjut gniguhpukpt nin-
nuihnpbt jwhidws kb thnpdw junpnipiniuhg b jurnigusputph mbuwljwpup Ynonnipyui no
ubthujut pwioh hwdwnpnipnihg:
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4,0 ¥ lunpnipjwt Unnkjukp (U1, U4, U7). Uju funpnipjut guydwbubpnud Epkp nhunwplynn
wdpugdwut hwdwlwupgbpt ) wywhnynid Ei thnunpwlh skwh jhwpdbp juyniinipinit pupdp
wuown: Uidunuwbgnipjut gnpswljhgubpp muwnwidnid Eu 2,765-h (U4) 1 2,785-h (U'1) umhdwiik-
nnud, hisp qquhnpkt ghpuquiignid £ btwpowgéwhtt tnpdwnhyuyhtt tuqugnyt wuwhwbeubpp:
Unwybjugnyt hnphgnuwlwt wnbknuithnpunippniuutpp skt ghpuquignid 8,183 v n (U4), huly
tunjuwspubinp wwhwywuynd ku 10,87 /ifh uwhdwbubpnid (U4): Apnitinuyhtt qugush nnu-
jht wjnnhy Luonidp ndjuy thnynid gusp k, hush hbnbwupny wuwwnkph sndwt Ynpwnnipju (EI)
wnwppbpnipnii buljut wmqpbgnipnit sh nitbunid hwdwljwpgbph punhwinip Juppwqgsh Jpu b
npuip gnpénid ki wnwdquljut uynit mhpnypnd (. 3):

—

w) P) Q)

Ul 3. 4,0 J ihnpuwlh funpnipyul thnunpulip okwh b wdpugdwl hudwlwpgbph jupjuSunEpnplunnpy
ypdwlp puspnfml Agnpuioinkpp PLAXIS 2D Spugpnid. w - §nbuwnpnilighugh wnwnfbjwgnyl hnphqniwlub
wnknunhnfumpiniip (U4), p— hupulhg gpniinnh wounjbpugnyh iuumjuépp (U4), q — ifuqugnyi
whtimnbgnippubl gnpéwuligh wpdipp b iniqumb wyphquul (U4)

6,0 ' unpmipjut Unnkjukp (U2, U5, U8). thnpdwb junpnipjut dkdwugdwp qnigpupug hw-
dwjupgbph Juppwgdnid h hwjn L quihu uljgpniipuwyhtt muppbpnipmnit jntunpniyghwtph
ubithwjut pwioh b hwigniguyyhtt Ynpuinnipjut wpwbdtwhwwnnipjniutiph dholi (. 4).

e Tuynitnughtt yunnp (U2) gnigupbpmd £ hnphgnuwljw nbknuithnpunipju pupdp uwh-
dwbwthwlnud (7,32 #o/) b munugnipjut dhowuljju) gnpsuljhg (2,692) nyju) judpnid: Uw hhu-
twynpynmud £ Ynunpnijghuyh tduqugnyyt ubthwjut puony (1,63 §L/4/?), npp sh wnwowgunid
hwbyw ninnuhwjwug jupnidutp hhdbwnwlnid:

¢ Znpuunuwhunnnn ggujht wwwnh phypmd (US5) wpdwbwgpynid £ hnphqnuwljub wknutn-
Junipyut wg Upbsh 15,76 /1 phll wiinwbigmppub gnpswljhgp wwhywi]nd b pupdp dwljwp-
nuynud (2,725): Znpunwhwwnnng gguyhtt ywwnh junniguspt wyywhnynid k (hwupdtp Juyniuni-
pintl, uwluyt hwdwlwpgh dhohttmguws éndwt Ynpunnipmniup ghonid | nhwudpuquughtt yyuwnh:
enij gpnitnttph Lupdwt yuydwbtipnid junnigwsph hwpwpbpulwt dntunipiniup b ywwwnh
ubthwljwt qquih pwop (13,45 §U/4/?) phipnud o mbnuthnfumpnitubph dkdwgdwt b hwpwlhg
dwjkplinyph tunuspbph w&h thish 11,90 i

¢ TYhwdpugquughtt wwwh ghypnid (US). stuywd pupdp Ynpuninipjuiip b thnpp hnphgnuw-
Jut nknuowpdht (7,781 /), mujunumugnmipjut gnpswlhgp tjugnud £ dhtgh jadph tuqugnyu
wnpdbpp (2,643): Uw hhdtwynpynid £ jurniguwsph wnwybkjugnyt ubkthulju puony (15 §U/472),
npp pny) gpniinnmd gnpénud E npugku jpugnighs nipnuihwjug phntjwsp wyunh tkppubh vwly
wpwqugubiny yuwnh unnpht gnuinid gpniunh vwhph phdwnpnipjut uywenidp:
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P )

Ul 4 6,0 thopufwnl junpnipynl thnunpuljh okugh b wdpugdl hundwlpupglph jumunsunEpnmilunnjy
ypdulh puoprfini hgnnuionbpp PLAXIS 2D Smugpm. w - §niunnpnighuyh wnunjjugny i hnphgninuljmb
wnknunhnfumpiniap (U5), p - hwpwilihg gnniinp wnwEpugnyh bundwdpp (5), ¢ — ijuqugniyi
whinubgniprub gnpdwligh wpdbpp b yniquwl yphquwb (US)

8,0 « Junpnipjut Unnpkjutp (U3, U6, U9). 8 ¢ hunpnipjut wuydwbubpnid mbnh  nibbund
nhdnpuwghwtph Yphnhjulut wd ponp dnphjutpnud, pyuyghtt dnpbjuynpdwt wpyniupubpp
thwunnid ki, np ghwnwplynn pninp hwdwljupgbipp quiuynud o tnpdwnhydujht widunwbg
wnhpnypoid, uwljuy nputg wpynibuyEnnipjut wunhdwip jphun nuppkp k (0l 5).

¢ Thwdpugquuyhtt wunnp (U9) nith wljthwyn wpwybjnipmnit pidpnpdughwtph vwhdw-
twhwldwt hupgnid (22,47 /' ) b wywhnymud | widunubgnipjut pupdp gnpsuljhg (2,520):
Pupdp éndwil Ynpwnnipiniup (EI) pnyp £ mmwjhu hwdwswth Jepupwopunid hpwljwbwgt) nne
Junpnipyudp” ifuqbgubing twlb hwupulhg dwltplngeh tunduwspp dhish 11,02 o/

e Tuynitnughtt yunh (U3) hnphgqnuwuljut nknuthnfunipmniup hwubtnud £ 27,98 #/ -h, huly
wunwbgnipjut gnpdwljhgp tugnid k dhtish 2,349: Uwt thwuwnnid k, np wnwtg jpugnighs hktw-
pwbibph Juwd powphupubph Yhpwndwl, Yntunjuyhtt pupwl yuwnbkpp 8,0 ¢ unpnipjub wnwl,
wwh pupdp juyniinipjut gnpswlighg, skt jupnnuinid vwhdwbwhwljb) nhdnpdwughwbpn:

e Znpunuwhunnnn ggujht wwwnp (U6) gnigupbpnid £ wnwybjugniyt hnphgnuwljub mbnw-
thnjunipnit (31,37 o) b tunuwdp (18,27 «/i/), hull munwgnipjut gnpéwljhgp tdugnid k dhish
hudph Wjuqugniyt wpdtpp (2,346): LoJws nhtwdhjut hwunwwnnid £, np wyu junpnipjnitbpnid
thnjuhwwnynn ggbpny hwdwlwpgh Ynonmpnitp pudupunp sk pnyy) gpnitnbph ks Ynnuyght
Supdw it wnwig hwybju fEdkunubph nphdwnpljnt hwdwp:

P 9
Ul 5. 8,0 u thopufwnl funpnipynl thnunpuljh skugh b wdpugdwl hundwlpupglph jumpuswnEpnpilunnpy
ypdulh puoprfinl hAgnnuionbpp PLAXIS 2D Smugpnmd. w - §ninnpnijghuyp wnunfjugny b hnphgninuljub
wnknunhnfumpiniap (U6), p— hupulihg gpotinnh wnunjkpugnyl immjuwépp (U6), q — ifuqugnii
wifinmbgniprui gnplwlgh wpdbpp b hyymquwl yphgquwb (U6)
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Lwjunpy pudind vwhdwi]ws dhpnyupuimpjut hwdwdwgt' pdughll dnpbjuynpdub
wpnniiptibph puquuswih oyyinhuwugnidt hpwljutugyty Euwhdwgws w; opwghtt gnpswulhg-
Ubkph Yhpundudp. wuwnh hnphgniwlub wknuhnjumpmt’ w; = 0,25, gpniinh bundusp @, =
0,15, wnu]jugnijh spnn Undkinn’ w; = 0,15, wijnwbgnipyub gnpswlhg @, = 0,35 b wkjubn-
Inghwljwi pupnynipil ws = 0,10:

Un. 3-h Bulbunwhtt wpdbputph JEjunpujhtt tnpdwynpdwt thnynwd, punn hwdwyu-
nwupuwb pwbtwdbughtt wgnphpdh (1-5), jpupupwbsnip swthwthoh (wntbwlh) hwdwp punwynt-
uwyhtt wpdwwntph hwynwpupubpt uinugyty Eu hbnlyug Yepy (6).

VI UZ=1/6,743% + 7,322 + - + 22,472 = 50,91

Y UZ =/8,643% + 7,9872 + - + 11,022 = 34,61

VI Mz = /51,37 + 99,872 + - + 228,52 = 406,93 ©)

Y M2, =[2,785% + 2,692% + - + 2,52 = 7,915

JEC:=V12+12+ - +32 =648
Pudutidul wpnyniupnid vnugdus wswthbih tnpdwynpyuwsd duwnphgp (R ) niih hbnlbyuyg

wbupp (7).

10,132 0,249 0,127 0,352 0,1547
0,144 0,230 0,245 0,340 0,154
0,549 0,354 0,398 0,296 0,154
0,160 0,314 0,161 0,349 0,309
R=10,309 0,343 0,280 0,344 0,309 (7)
0,616 0,527 0,435 0,296 0,309
0,143 0,301 0,183 0,350 0,463
0,153 0,267 0,349 0,344 0,463
10,441 0,318 0,562 0,318 0,463

‘Lwjunpr puyinid utnwgyuwd tinpduynpws wpdtpubph b vwhdwtwé swthwhoubph Yohn-
ubiph hwdwnpdwdp dbwdnpyws Yondws npnonidubph dwnphgp (V) nith hkwnlywy tnkupp (8).

70,033 0,037 0,019 0,123 0,01547
0,036 0,035 0,037 0,119 0,0154
0,137 0,053 0,060 0,104 0,0154
0,040 0,047 0,024 0,122 0,0309
vV =10,077 0,052 0,042 0,120 0,0309]| : (8)
0,154 0,079 0,065 0,104 0,0309
0,036 0,045 0,027 0,122 0,0463
0,038 0,040 0,052 0,120 0,0463
10,110 0,048 0,084 0,111 0,0463

Uonjws dmnphgh (8) yynittmjuyyht wpdtpubtph hhudwb ypw, hwpyh wntbkiny swthwthpubph
hudkubpuwb punypp, vwhdwiyl] ko gpujut hpbwjuljut (A7) & puguuwljut hpbujpuub
(A7) inusnidubph JEwnnpubpp (9).

A" = {0,033,0,035,0,019,0,123,0,0154},
A~ = {0,154,0,053,0,084, 0,104, 0,0463}: 9)
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Snipwpwisinip Unplijh hwdwp puquuswt hipwdnpoipinibitpp gpujut (A7) b puguuw-
Jut (A7) ppbwjuwlwb YEnkphg hwpgunplyt) B puwn 3) b (4) pwtwdbbph: Uwpbdwnhwljwi hwy-
Juplh pupwugpp gnigunpbint tywnwlny unnpl pipdws ki dhuwytt wnweht dnpkih (U1) hwdwp
unwgyué wpnwhwynnipniubbpn.

St =+/(0,033 = 0,033)2 + (0,037 — 0,035)% + (0,019 — 0,019)2+(0,123 — 0,123)2 + (0,0154 — 0,0154)2 = 0,002,

St =+/(0,033 — 0,154)2 + (0,037 — 0,053)% + (0,019 — 0,084)2+(0,123 — 0,104)2 + (0,0154 — 0,0463)% =
0,14296:

Utugwé pnjnp nhunnwplynn dnpljutph (U2-U9) hwdwp hwdwidwt tputwlng unnwugdus

htEnwynpnipiniuttph yEpotmljut mpdtpubpp tkpjuyugyus i wn. 4-h hwdwywnwupwb uynt-
twlubpnid:

dbkpohtt puyny npnoyky k jnipupwignip wdpugdw hwdwlunpgh unpbjh hwpwpbpulwb

Uninbkgdwul munhqwt hpbwjwui jnisdwip: Npuytu hwydupluyhtt ophttwl uinnpl ubpluywg-

Jws k U1 dnnkh oyynpdwnipjut gnighsh utnwugnidp.

ch = 0,14296
Y17 0,002 + 0,14296
Uunugdws wpdtpubph tJuquut jupgny juwnwpyby Eungljukph Jepotiwjut puuuwljupgnudp

=0986~1:

b oyyinhdw mwppbpwljutiph ptvipnipniup, npnig wdthnth gnigwuhoutpp tkpluyugdus Lu wn.
4-mud:

Upyniumly 4
Udpugdwl hundwljwpglph phupnipimh puqluswh ouunjl/wjwgdwh wpgyn bphkpp
Unnby Undpugdwt hundwiljupg fonpotppol, S Si Ci
H ()
U1 Cuyniiinuhtt yuwn 0,002 0,143 0,986
U4 Znpunwhwnnn gguyjht yuwn 4 0,021 0,126 0,857
U7 Thwdpwguuyhtt yun 0,033 0,123 0,788
U2 Cuyniunnuyhtt yuwn 0,018 0,130 0,877
U8 Thwdpuguuyhtt yuwn 6 0,046 0,122 0,728
U5 Znpuwnwhwwnnng ggujht ywwn 0,051 0,093 0,645
U9 Thwdpuguuyhtt yuwn 0,103 0,045 0,306
U3 Cuyniunuyhtt yuwn 8 0,114 0,042 0,267
U6 Znpuwnwhwinnn ggujhtt ywwn 0,135 0,034 0,201

Bqpuiljugnipjnit

Bny] gpnitnnwghtt wuwypdwbbpnud pupdwujuyhtt wdpugdwt hwdwlwupgbph Epjpudkhow-
uhjulwt Juppwgsh pduyhtt dnphjuynpdwi b TOPSIS dbkpnnny puquuswth owywunhdwjugdwu
wipyniupnid hwtigh) Eup hnlbyjw) hhpdtwljut Eqpuljugnipmniutphi:
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e [(FJuyht Unphjuynpdwit wpynitputpp puwtwjuybu thwunnd By, np ghnwplynn wd-
pugdwt hwdwlwpgbph ponp 9 dnpbjutpp quiudnd &b tnpdwnhyduyhtt mdunwbq nhpnypend:
‘Unyjhuly 8,0 ¢ funpnipjut wuwydwbikpnid wnwykjugnyyt hnphgnuuut nknuithnpunipniup (31,37
U, U6) qquihnpku ghgnid k pnyjunnnplih vwhdwbwghtt mknuthnjunipjup (H/100 = 80 #/«/), huly
wiunwbgnipjut gnpdwjhgutpp puwpdnp G Udpugdwt punpnipjut juunhpp ns pt $hqhjulju
thniquut juthadwi, wy) mupptp Ynttunpnijnhy jnsnidubph dhol wppnibwybn nuppbpulh
puwnpnipniut k, hst ) hhduwgnpnud £ puquuswth npnonidubph juyugdw (TOPSIS) dbpnnh
Yhpundwt wmthpudbownnipniup:

e Nupq k nqupdk], np junnigquspubiph ubthuljut ks pupp Juyniinipmniip tjuqtgung
Ipwgnighs gnpént £ hhdtwwnwlnid hwybjju ninnuhwywug jupnudutph fninwljdubt yuwngwnny
6,0 « vhowtljju) junpnipjutt mul] hnpuwnwhwnnn ggughtt b pyynitinnuyghtt uwnbkpp juyniunipyut
gniguithony ghpuquignid ki qquhnptt Ubks dndwt Ynpnnipnit niikgnn nhwdpuquuyhtt -
wnht, pwtth np phwdpuquugh hwdbdwnwpwp dbé mbkuwupup Yohop (15 §0/472) munwewugunid
hwybjjuwy onpwithnn jupnidbp wuwwnh thppubh vl wpuqugibing gpniinh vwhph Khuwnpn-
pjul uywunnidp:

e Puquuswth oyyunhdwjugdwb JEpotmljutt dwnphgp huwnnwly gniyg £ vnujhu oyyunnhdwyni-
pjul swthwihoh wiugnudp thnpdw junpnipjut wdht qniqpiipwg: 4,0 « b 6,0 ¢ unpnipniuttph
nuly pugupdwl) wpwknipmnit k unwbnid pwyniinught wunp' pinphhy hp wkeinnghwlub
wupqgnipjui b thnpp ubthwlwb pugh: Uwljuyt 8,0 # unpnipjuts wuyydwbibpnid, mujwhi UGS nku-
uninghwljwt pwpnmipiniithg, wowetwihtt £ nupinid nhwdppwquughtt yuwnh pwpdp Sndwb
Ynpunnipjniip:

Unyt hbnnwgnuinipjut wpnyniupubph hhdwb ypw, pny) gpoibnwghtt wuydwbbbpnud, tnwp-
pip hunpnipjutt thnunpwljubph owwhdwy twphiwgsdwt hwdwp wnwewplynid b hEnbjug
ujubdwt. thnpdwit thnpp b dhpwtlyuy junpnipiniuttph nhwypnud (4 « 6 o), pupdwujuyhtt wmdpwg-
dwl hwdwlwupgtp ptnpbihu Bpupwdnpynud k syniinughtt wuwnbkph fhpwenudp: Udkh unp
thnunpuljubph twpwgdsdwt nhypnid (8 ) pupdwljuyhtt wmdpugdwt hwdwlupg ptnnpthu wpwye-
twhbppmipniup whwnp E nw) ghwdpuquuyhtt yuwnpl, hull hnpunwhwwnnn ggujhtt ywwnkph
Yhpwnnidt wyju junpoipjut wuydwbubpnd wpwig hwybju) hkbwpwupuubph b gpoitnnughe
fuwphupatiph junphnipy sh npyned:
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haykgharibyan759@gmail.com

B oannoii pabome uccnedyemces nogeoenue omKoCco8 KOMIOBAHO8 NPU PA3TUYHBIX 2TYOUHAX GbleMKU
SPYHMA U MUNAX 02Paricoaiowux KoHcmpykyuil. Lleavio uccnedosanus a6is1emcst OYeHKa GIUsSHUSL PA3TUYHBIX
UHDICCHEPHBIX peuleHUll Ha Hanpsicenno-oegopmuposannoe cocmosanue (HAC) u xosgpguyuenm 6esonac-
Hocmu omkocos. Hucnennoe mooenuposanue BbINOIHEHO MemoOOM Koueunwvlx 2emenmos (MK3J) 6
npoepammuom komniexce PLAXIS 2D ¢ ucnonv3oganuem mexHonro2uu nosmaniozo cmpoumenscmea (Staged
Construction). B pamkax uccredoganust paccmompensvt mpu CUCmeMbl 02PAACOEHUs KOMLOBAHO8: WNYHMOBAs
cmena, Oypocekywas ceatinas cmena u dicene300emonnas «cmena @ epynmey. Pacuemul npogedenvl 0ist
UOEHMUUHBIX UHIICEHEPHO-20T02ULECKUX YCA0BUL NPU MPeX PA3IUYHBIX 2TYOUHAX ebleMKU (4m, 6m u 8m) noo
6030elicmauem Cmamu4eckux Hazpy3ox. [ Kkaxcoo2o pacuemuoeo ciyuas 6blNOJHEH CPAGHUMEbHBIL AHAU3
2OPUZOHMATLHBIX CMEWeHUNl, BHYMPEHHUX YCUMULL (U32UOAIouUX MOMEHMO8) U Kodgduyuenmos bezonac-
nocmu. Tlonyuennvie pe3yromamsl ObLIU KIACCUDUYUPOBAHBL C NOMOWBIO MEMOOA MHOZOKPUMEPUATLHOZO
npunsmust pewenuti (TOPSIS), umo obecneuuno obdvekmusHoe u CUCMEMAMUUPOBAHHOE CONOCABIEHUE
02paAdCOAIOWUX  KOHCIMPYKYULL HA PAaziuunblx 2nyounax. B peszynbmame ananusa Ovliu ycmanosieHvl
3AKOHOMEPHOCU GIUAHUS YEeTUYe s 2LYOUHBL PA3PAOOMKU HA HANPANCEHHO-0eDOPMUPOBAHHOE COCMOSHUE
OMKOCO8 KOMIOBAHA, A MAKICEe ONPedeneHbl pasiuius 6 dPhexmusHoCmuy Kaxicool U3 paccmampueaemsix
cucmem Kpenienus.

Knrwouesvie cnosa: omrxoc komuosana, Koagguyuenm 6e30nacHoCmu, YOepircusaroujue KOHCmpyKyuu,

wnynmoeas cmena, bypocexyugue ceau, cmena 6 epyume, TOPSIS

93



ISSN 1829-4200 &TzU.z @bSUUUL UCIWUSNRE3NPULULEL 2026. 2. 2 (95)

INFLUENCE OF EXCAVATION DEPTH AND RETAINING SYSTEM ON THE
BEHAVIOR OF EXCAVATION SLOPES

Hayk Gharibyan
National University of Architecture and Construction of Armenia, Yerevan, RA
haykgharibyan759@gmail.com

Investigated the structural behavior of excavation slopes under varying excavation depths and lateral
retaining configurations. The primary objective is to evaluate the influence of different engineering solutions
on the stress-strain state and the overall factor of safety (FoS) of the slopes. Numerical modeling was
conducted via the finite element method (FEM) utilizing PLAXIS 2D software, adopting a staged construction
sequence. The research evaluates three distinct retaining structures: a sheet pile wall, a secant pile wall, and
a reinforced concrete diaphragm wall. Deterministic calculations were performed under identical
geotechnical conditions across three excavation depths (4m, 6m, and 8m) subjected to static loading
conditions. For each scenario, a comprehensive comparative analysis was carried out, focusing on horizontal
displacements, internal structural forces (bending moments), and factors of safety. The synthesized numerical
outputs were subsequently ranked using the multi-criteria decision-making (TOPSIS) method, ensuring an
objective and systematic comparison of the retaining systems across the investigated depths. The analysis
established the behavioral patterns of excavation slope stress-strain state under increasing depth, while
guantitatively evaluating the performance differentials among the investigated retaining systems.

Keywords: excavation slope, factor of safety, retaining structures, sheet pile wall, secant pile wall,
diaphragm wall, TOPSIS
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MODELING AND INFORMATION TECHNOLOGIES IN CONSTRUCTION

THE MAIN ISSUES OF CHOOSING EFFECTIVE CONCRETE CURING METHODS AND
PROVIDING INFORMATION ON THEIR IMPLEMENTATION

Armine Ghulyan®, Robert Noramiryan, Xachik Kirakosyan, Artur Manukyan
National University of Architecture and Construction of Armenia, Yerevan, RA
“ghulyanarmine@mail.ru

Improving the concrete curing and reinforced concrete structures has an important meaning in ensuring
their physical and mechanical properties by design. Concrete curing measures aimed at controlling
temperature and humidity ensure that sufficient water is available for concrete to achieve its desired
properties. The advantages and disadvantages of existing methods of concrete curing in the climatic conditions
of the Republic of Armenia are presented. Based on statistical analyses and scientific experiments, effective
concrete curing schemes, technological process schedules, and technical means of automation are proposed.

Keywords: Concrete, curing, watering, efficiency, experiments, analysis

Introduction

The use of monolithic concrete in the construction industry has reached unprecedented volumes both
worldwide and in the Republic of Armenia, and the quality of construction structures made from it can greatly
affect the operational properties, cause a reduction in the service life of structures, and in some cases even
collapse.

It is a well-known fact that freshly placed concrete requires systematic curing in certain climatic
conditions, but how this curing should be carried out in the conditions of a specific construction object is not
clearly defined.

Scientific and regulatory sources [1-6] indicate general parameters for concrete curing, but their practical
application requires the implementation of separate studies in specific cases, which, as a rule, is not done. In
particular, the codes [6] state that concrete curing should ensure the prevention of moisture evaporation and
for this purpose, appropriate measures should be indicated in the Construction Management Project (CMP),
which will ensure the normal hardening of concrete and the achievement of the indicators specified in the
project. If the CMP is considered to be a mandatory document in the design of facilities in the Republic of
Armenia, then the development of the Project of Work Production (PWP) is not mandatory, therefore, in most
cases it is not developed. It turns out that construction organizations arbitrarily choose the method of concrete
curing, for example, in dry and hot conditions they mainly carry out direct soaking of the concrete surface with
a hose even before the construction achieves a strength of 2,5 MPa, when movement on the concrete surface
is not allowed by the codes [6]. The same codes generally prohibit direct soaking of the concrete surface.

The design and construction of construction objects on the BIM platform implies a certain automation
of processes, the inadmissibility of arbitrary decision-making by individuals, therefore, the development of
guidelines for the implementation of construction processes, including concrete curing, is important, which is
the problem of this research.
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Materials and Methods

Concrete curing is a multifactorial process that includes measures carried out both in winter conditions
and in dry and hot conditions. The research partially studied the methods of concrete curing in winter
conditions in the Republic of Armenia, which include the electric heating of concrete with wires wrapped
around the structure. The mentioned method has relatively more clearly developed guidelines with the
indication of parameters.

The main problems of this research relate to the curing of concrete in dry and hot conditions.

Dry and hot climatic conditions of concreting refer to the period when the average monthly air
temperature is above 25°C and the humidity is below 50 % [6].

The main research questions were:

o Comparative analysis of existing concrete curing methods in dry and hot climates, selection of the
most effective methods,

¢ Determining the type, quantity, and arrangement of irrigation devices for selected seasons,

o Calculation of water consumption volumes and determination of intensity for watering concrete,

e Development of standard watering schedules (regimes),

e Planning experiments for different irrigation regimes,

e Conducting experiments,

e Analysis of experimental results and implementation of conclusions,

o Determination of average concrete maintenance periods in the capital of Armenia, Yerevan, based
on the analysis of meteorological data for 2020-2024.

The results of a comparative analysis of existing concrete watering methods are presented in Table 1.

Table 1
Basic methods of concrete curing in dry and hot conditions
. Applicability in
SRS Sco_pe (?f Disadvantages Advantages the Republic of
method application .
Armenia
Application only for Maintaining constant
horizontal surfaces, humidity, easy to
Ponding Method Flat surfaces water evaporation in hot implement, ensuring Ra_rely
(slabs, floors) ' applicable

weather conditions, large
water reserves required

temperature stability,
low labor intensity

Watering .
method Vertical, horizontal Depend_e_nce on weather Suitable for any surface, 'V'O?t appl_lcable,
. - conditions, uneven . mainly with the
including surfaces, large- S . easy to use, automation
. . A humidification, high . use of shower
intensive scale constructions . : possible
A labor intensity heads
precipitation
. Periodic monitorin .
. Vertical, . ng Low risk of thermal
Wet Covering . S (prevention of moisture . . Rarely
horizontal, inclined . - cracking, suitable for -
method loss), not applicable in - applicable
surfaces vertical surfaces
hard-to-reach places
. Vertical, . Use of speC|a_I Convenience for large
Spraying or . . equipment, reduction of . .
. horizontal, various - areas, automation Not applicable
Fogging method efficiency under the .
surfaces . . possible
influence of wind
. . L Time saving, water
Chemical _ Vertical, _ Cost, appllca_tlon safety saving, easy to Used in rare
compounds horizontal, various | features, environmental . .
. implement, long-lasting cases
method surfaces pollution

effect
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Taking into account the inadmissibility of direct surface watering as defined by the standards and the
possibilities of automating the watering process, calculations of watering parameters and tests of concrete
samples were performed for the sprinkling and fine-dispersion methods, with the former considering the spray
and intensive rain (sprinkler) methods.These are excellent methods of curing when the ambient temperature is
well above freezing and the humidity is low [7].

Considering the high workload of uniform calculations (determination of water consumption for about
100 cases of air temperature conditions of 25°C, 30°C, 35°C and relative humidity of air of 0...100 % for
selected irrigation schemes), the calculations were carried out using the capabilities of artificial intelligence.
The intensive precipitation method was used for a conventional 18 m x 30 m roof slab, on which the
arrangement of sprinklers was selected according to the following scheme (Fig. 1):

S S S S S S
NN

S S S S S S
NN

S S S S S S
NN

S S S S S S

Fig. 1. The splinkers layout on the slab for intensive precipitation method

In the case of the fine dispersion method, the number of rows was increased by 1 in both directions, i.e.
the number of devices was taken as 35.

To avoid random errors and ensure the uniformity of parameters, recalculations were made for the
specified intensity, so that in case of automation, the practical application of the modes would be easier.

A strip foundation with a width of 0,6 m and a total length of 192 m was considered for edge irrigation.

Results and Discussion

Based on the data obtained, water consumption graphs were compiled for different cases, which are
presented below (Fig. 2-4).
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Fig. 2. Graph of calculated water consumption for irrigation of reinforced concrete foundations by hose with
shower head for the average air temperatures of 25 °C, 30 °C and 35 °C
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Fig. 3. Graph of calculated water consumption for irrigation of reinforced concrete slabs by the method of intensive
precipitation for the average air temperatures of 25°C, 30°C and 35°C
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Fig. 4. Graph of calculated water consumption for irrigation of reinforced concrete slabs by the method of spraying
(fogging by micro-sprinkler) for the average air temperatures of 25°C, 30°C and 35°C

Using artificial intelligence capabilities, typical schedules have been created for the graphs. In particular,
the schedule presented in Table 2 has been created for the intensive precipitation season.

The analysis of the presented graphs (Fig.2-4) shows that in the case of intensive precipitation and
spraying methods, a sharp increase in water consumption is observed at a temperature of 35 °C. The daily
water consumption for a 18 m x 30 m cover slab increases at low humidity values to a maximum of 28 m? in
the case of intensive precipitation and up to 30 m® in the case of spraying methods. The maximum
consumptions for 1 m* of cover slab will be 0,25 m*day and 0,33 m*/day, respectively. At average values of
humidity and temperature 30°C, water consumption will be about 0,049 m%day in both cases, which exceeds
the average values in the codes set in the 1980s by 1,5 times (0,034 m*/day).

The mentioned increase is significant, but it should be noted that when using the above methods, the
level of dust on the construction site decreases, a favorable working microclimate is created
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18 x 30 m concrete covering slabs in intensive precipitation maintenance schedules

Table 2

At an average daily air temperature of 25 °C

Number and times of watering during the day

Reiaiiive Nuglfber Watering Daily water
humid, waterings intensity, consu;npt,
(%) I 11 i} v \ VI per day (U5) ()
0 06:00 — 09:00 — 12:00 — 15:00 — 18:00 — 21:00 — 6 918
06:18 09:18 12:20 15:18 18:18 21:18 ’
10 06:00 — 09:00 — 12:00 — 15:00 — 18:00 — 21:00 — 6 330
06:15 09:15 12:20 15:15 18:15 21:12 ’
06:00 — 09:00 — 12:00 — 15:00 — 18:00 — 21:00 —
2 06:12 09:12 12:15 15:12 18:12 21:12 6 6,75
09:00 — 12:00 — 15:00 — 18:00 — 21:00 —
30 09:15 12:12 15:15 18:12 2112 - > 3,94
09:00 — 12:00 — 15:00 — 18:00 — 21:00 —
40 09:10 12:10 15:14 18:10 21:10 - > Ls 4,85
09:00 — 12:00 — 15:00 — 18:00 — 21:00 —
30 09:08 12:08 15:10 18:08 21:09 B > 3,87
09:00 — 13:00 — 17:00 — 21:00 —
60 09:02 13:02 17:02 21:02 B - 4 0,72
06:00 — 12:00 — 18:00 —
W 06:03 12:02 18:02 B B B 3 0,68
06:00 — 18:00 —
&0 06:03 18:03 B B B B 2 0,56
06:00 —
90 06:03 - - - - - 1 0,27
At an average daily air temperature of 30 °C
. Number and times of watering during the day
LD Nug}ber Watering Daily water
ar . intensity, consumpt,
humid, waterings 3
%) I Il 111 v \% VI I (s) (m°)
0 06:00 — 09:00 — 12:00 — 15:00 — 18:00 — 21:00 — 6 11.88
06:20 09:20 12:30 15:20 18:30 21:15 ?
10 06:00 — 09:00 — 12:00 — 15:00 — 18:00 — 21:00 — 6 945
06:15 09:15 12:25 15:15 18:25 21:10 ’
06:00 — 09:00 — 12:00 — 15:00 — 18:00 — 21:00 —
A 06:12 09:12 12:20 15:12 18:20 21:10 6 7,74
06:00 — 09:00 — 12:00 — 15:00 — 18:00 — 21:00 —
S 06:15 09:12 12:15 15:12 18:10 21:10 6 6,84
06:00 — 09:00 — 12:00 — 15:00 — 18:00 — 21:00 —
40 06:15 09:10 12:10 15:05 18:10 21:10 6 s 5,38
50 09:00 — 12:00 — 15:00 — 18:00 — 21:00 — _ 5 ’ 4.05
09:10 12:10 15:10 18:05 21:10 i
06:00 — 12:00 — 18:00 —
a0 06:05 12:05 18:05 B B B 3 1,35
06:00 — 18:00 —
w 06:05 18:05 B B B B 2 0,90
06:00 — 8:00 —
&0 06:05 18:05 B B B B ! 0,90
06:00 —
90 06:05 - - - - - 1 0,45
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Table 2
18 x 30 m concrete covering slabs in intensive precipitation maintenance schedules (Continuation)
At an average daily air temperature of 35 °C
Number and times of watering during the day
Number .
Watering .
Relative Of_ T—— Daily water3
afie waterings s) consumpt, (m°)
pumia, | L | W | M| IV | V| VI VIL|VID | IX | X | XT | XI | perday
(%)
06:00 | 08:00 [ 10:00 | 12:00 | 14:00 | 16:00 | 18:00 | 20:00 | 22:00 | 00:00 | 02:00 | 04:00
0 - - - - - - - - - - - - 12 28,08
06:20 | 08:20 | 10:20 | 12:20 | 14:20 | 16:20 | 18:20 | 20:20 | 22:20 | 00:20 | 02:20 | 04:20
06:00 | 08:00 [ 10:00 | 12:00 | 14:00 [ 16:00 | 18:00 | 20:00 | 22:00 [ 00:00 | 02:00
10 - - - - - - - - - - - - 11 25,74
06:20 | 08:20 | 10:20 | 12:20 | 14:20 | 16:20 | 18:20 | 20:20 | 22:20 | 00:20 | 02:20
06:00 | 08:00 [ 10:00 | 12:00 | 14:00 [ 16:00 | 18:00 | 20:00 | 22:00 [ 00:00 | 02:00
20 - - - - - - - - - - - - 11 25,74
06:20 | 08:20 | 10:20 | 12:20 | 14:20 | 16:20 | 18:20 | 20:20 | 22:20 | 00:20 | 02:20
06:00 | 08:00 | 10:00 | 12:00 | 14:00 | 16:00 | 18:00 | 20:00 | 23:00 | 02:00
30 - - - - - - - - - - - - 10 23,40
06:20 | 08:20 | 10:20 | 12:20 | 14:20 | 16:20 | 18:20 | 20:20 | 23:20 | 02:20
06:00 | 08:00 | 10:00 | 12:00 | 14:00 | 16:00 | 18:00 | 20:00 | 23:00 | 02:00
40 - - - - - - - - - - - - 10 23,40
06:20 | 08:20 | 10:20 | 12:20 | 14:20 | 16:20 | 18:20 | 20:20 | 23:20 | 02:20
06:00 | 09:00 | 12:00 | 15:00 | 18:00 | 21:00 | 00:00 | 03:00 1,5
50 - - - - - - - - - - - - 8 18,73
06:20 | 09:20 | 12:20 | 15:20 | 18:20 | 21:20 | 00:20 | 03:20
06:00 | 10:00 | 14:00 | 18:00 | 22:00 | 02:00
60 - - - - - - - - - - - - 6 14,15
06:20 | 10:20 | 14:20 | 18:20 | 22:20 | 02:20
06:00 | 11:00 | 16:00 | 21:00 | 02:00
70 - - - - - - - - - - - - 5 11,70
06:20 | 11:20 | 16:20 | 21:20 | 02:20
06:00 | 12:00 | 18:00 | 00:00
80 - - - - - - - - - - - 4 9,36
06:20 | 12:20 | 18:20 | 00:20
06:00 | 13:00 | 20:00
90 - - - - - - - - - - - 3 7,02
06:20 | 13:20 | 20:20

So, based on the analysis of water consumption, it is possible to consider the intensive precipitation
method for watering the cover slabs as effective, and for watering the strip foundations, watering using hose
with shower head or installing perforated rubber pipes on the cover, ensuring water supply in an automated
mode. The latter method provides constant moistening and a “soft” effect on the concrete surface.

The use of perforated pipes made of rubber or other materials is also possible for watering of formwork-
removed reinforced concrete walls (diaphragms). It is advisable to water the side and bottom surfaces of
formwork-removed columns and beams using hoses with shower heads, as needed, within 7 days after
formwork removal.

To substantiate the feasibility of watering reinforced concrete foundations by intensive precipitation and
shower heads laboratory tests of the strength of concrete samples were carried out according to the schedule
presented in Fig. 5.
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Fig. 5. Comparison of calculated water consumption graphs for
curing of reinforced concrete slabs by spraying method
*1 — sample filling, condensation, 3, 5 — sample testing
2, 4 — specimen curing / humidification /

The number of 100mm x 100mm x 100mm concrete cube samples subjected to compressive strength
tests, the curing method, and the test results are given below in Table 3.

Table 3
Description of the tested concrete samples and test results
Serial . Compressive strength, | Average mass,
The code Curing method Test date
number MPa g
1 1-1
2 1-2 15.08.2025 30,2 2385,8
3 1-3 . N
Intensive precipitation

4 1-4
5 1-5 29.08.2025 35,5 2379,8
6 1-6
7 2-1
8 2-2 15.08.2025 30,4 2365,0
9 2-3 Spraying or fogging by
10 2-4 micro-sprinkler irrigation
11 2-5 29.08.2025 35,0 2360,0
12 2-6
13 3-1
14 3-2 15.08.2025 32,0 2353,2
15 3-3 Watering by hose with
16 3-4 shower head
17 3-5 29.08.2025 34,2 2360,0
18 3-6
19 4-1 . 15.08. 2025 28,0

Storage in water at 20°C 2355,8
20 4-2 29.08.2025 30,2
21 4-3 15.08.2025 33,0

Not cured 2348,0

22 4-4 29.08.2025 34,2
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The test results show that samples irrigated by intensive precipitation and spraying methods
showed similar results: they achieved about 92 % of the design strength in 14 days and about 100 % in
28 days. Samples irrigated by hose with shower head achieved about 91 % of the design strength in 14
days, and about 99 % in 28 days. Paradoxically, the maximum compressive strength was demonstrated
by the samples that were not cured, which achieved 102 % of the compressive strength in 14 days and
117% in 28 days, which has a logical explanation.

The water included in the composition of concrete contributes to sufficient hydration to achieve
the desired properties of the concrete mortar, therefore, concrete curing measures are necessary to
ensure the presence of this water until the desired properties are achieved [8, 9].

In the case of low water-cement values and low primary porosity of concrete, measures may be
necessary to ensure the availability of additional water to fill the pores to assist hydration.

Both hydration water and gel water are required for the hydration of Portland cement. Cement
hydration can only continue if there is sufficient water to support both the chemical reactions and to fill
the pores of the gel (Neville, A.M. (1996), Properties of Concrete; Powers and Brownyard (1947),
Studies of the Physical Properties of Hardened Portland Cement Paste; Young, J.F. and Mindess, S.
(1981), Concrete. Prentice-Hall, New Jersey; Taylor, H.F.W. (1997), Cement Chemistry) indicate that
the total amount of water required for cement hydration is 0,44 g of water per gram of cement, plus the
water for setting that must be added to keep the capillary pores saturated.

In 1948, Powers demonstrated that at water-cement ratios below 0,5 and with low primary
porosity, concrete treatment measures may be required to ensure that additional water is available to
support hydration until the pores are saturated to a degree that will ensure that the concrete achieves its
final properties. Powers confirmed that protection from evaporation alone is not sufficient; additional
water introduction measures are required (The Powers Model (1948)). However, Powers also noted that
not all mixtures with water-cement ratios below 0,5 require additional external water to achieve their
full hydration potential [10, 11].

The paradoxical results of the tests in this study thus have an explanation. However, it should be
noted that compressive strength is a volumetric indicator, and the external watering of concrete (with a
penetration layer of about 2 cm) does not significantly affect the compressive strength, while such
properties of concrete as wear resistance, water permeability, and corrosion resistance are largely
dependent on external curing.

Visual inspection of the concrete samples showed that the untreated ones had a certain roughness
of the upper surface, relatively large pores, which may indicate their self-drying.

Research indicates that one of the main problems of concretes with a low water-cement ratio is
self-drying, i.e. internal drying due to water absorption during hydration (Neville, A.M. (1996),
Properties of Concrete; Powers and Brownyard (1947), Studies of the Physical Properties of Hardened
Portland Cement Paste; L. Parrott (1986), Measurement and Modeling of Porosity in Drying Cement
Paste; Patel et al. (1988), Influence of curing at different relative humidities upon compound reactions
and porosity in Portland cement paste; Spears (1983), The 80 Percent Solution to Inadequate Curing
Problems).

During hydration, the internal water content becomes insufficient and low water-cement ratio
mixtures protected from external water loss and infiltration can dry out. This problem is particularly
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relevant for concretes with water-cement ratios of 0,4 and below (The Powers Model (1948); Mills,
R.H. (1966) Factors Influencing Cessation of Hydration in Water Cured Cement Pastes; Bob Cather
(1994) Magazine of Concrete Research; Meeks and Carino (1999), Curing of High-Performance
Concrete: Report of the State-of-the-art) and is the cause of subsequent low long-term strength gains.

Self-drying in the surface layer can be eliminated by watering, but it should be taken into account
that at low water-cement ratios the flowability of the mixture is so low that external water cannot
penetrate into the interior of the concrete (Bob Cather (1994) Magazine of Concrete Research; Meeks
and Carino (1999), Curing of High-Performance Concrete: Report of the State-of-the-art), in addition,
the surface dries out additionally during self-drying due to internal migration. Therefore, the external
surface of concretes with low water-cement ratios can dry out quickly, which further emphasizes the
need for watering the external surface of the concrete (Pierre-Claude Aitcin (1999), High-Performance
Concrete). This also confirms that surface properties such as wear resistance and corrosion resistance
can be significantly improved during wet hardening of low water-cement ratio concretes, while
volumetric properties, including compressive strength, may not be sensitive to surface moisture
conditions.

The research also identified possible concrete maintenance periods in Yerevan during the year,
based on data from the last 10 years (2015-2024) provided by the RA "Hydrometeorology and
Monitoring Center" SNCO.

Table 4 shows the monthly maximum and average air temperatures by the years.

As can be seen from the data, according to average temperatures, watering is necessary for about
4 months, but taking into account the maximum temperatures in May, June, and October, the necessary
watering period can be set at 5 months, from May to October.

It is noteworthy that the analyses of both the maximum and average air temperature dynamics
for the hottest months of the year (Fig.6-9) indicate that no obvious global warming trend is observed
in the Republic of Armenia. The boundary indicators (2015, 2024) have mainly decreased to 2 degrees
or have not changed.

Table 4
Monthly maximum and average air temperatures by the years
Months 1 2 3 4 5 6 7 8 9 10 11 12
Maximum air temperature (°C)
2015 12,1 | 13,7 | 17,4 | 26,9 | 30,2 | 38,0 | 40,0 | 40,0 | 350 | 28,0 | 16,0 8,0
2016 10,0 | 18,0 | 19,0 | 28,0 | 29,0 | 36,0 | 39,0 | 38,0 | 33,0 | 30,0 | 18,0 | 10,0
2017 -1,0 4,0 19,0 | 26,0 | 30,0 | 39,0 | 40,0 | 40,0 | 38,0 | 25,0 | 18,0 | 13,0
2018 11,0 | 15,0 | 25,0 | 26,0 | 29,0 | 38,0 | 41,0 | 37,0 | 350 | 30,0 | 19,0 | 12,0
2019 11,0 | 12,0 | 16,0 | 22,0 | 32,0 | 37,0 | 39,0 | 39,0 | 31,0 | 29,0 | 18,0 | 12,0
2020 11,0 | 14,0 | 20,0 | 24,0 | 32,0 | 35,0 | 40,0 | 350 | 36,0 | 27,0 | 25,0 9,0
2021 10,0 | 16,0 | 18,0 | 27,0 | 35,0 | 40,0 | 40,0 | 39,0 | 37,0 | 26,0 | 22,0 | 15,0
2022 7,0 15,0 | 19,0 | 28,0 | 31,0 | 350 | 40,0 | 40,0 | 39,0 | 32,0 | 19,0 | 11,0
2023 10,0 | 15,0 | 23,0 | 24,0 | 29,0 | 34,0 | 37,0 | 40,0 | 37,0 | 250 | 22,0 | 13,0
2024 12,0 | 140 | 20,0 | 30,0 | 29,0 | 36,0 | 36,0 | 37,0 | 350 | 28,0 | 17,0 | 11,0
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Table 4
Monthly maximum and average air temperatures by the years (Continuation)
Average air temperature (°C)
2015 0,4 3,7 6,7 116 | 16,8 | 239 | 27,1 | 26,4 | 234 | 13,9 6,3 -1,1
2016 -2,2 3,2 7,3 130 | 16,8 | 21,1 | 245 | 27,0 | 195 | 124 3,9 -4.4
2017 -95 | -6,9 57 119 | 17,2 | 228 | 27,1 | 27,9 | 24,2 | 12,7 7,1 2,1
2018 2,0 54 104 | 129 | 175 | 225 | 285 | 253 | 22,6 | 154 7,1 3,3
2019 0,3 2,2 51 105 | 184 | 246 | 26,1 | 26,3 | 195 | 16,4 53 3,2
2020 -0,9 0,6 9,5 9,9 174 | 23,0 | 258 | 23,3 | 23,1 | 15,6 7,1 0,8
2021 -4,1 3,5 52 156 | 19,7 | 258 | 26,3 | 26,9 | 214 | 12,6 7,3 1,0
2022 -2,2 3,0 3,4 143 | 156 | 23,6 | 26,4 | 27,6 | 23,0 | 155 8,5 2,4
2023 -0,8 0,3 10,8 | 12,7 | 17,1 | 22,4 | 25,3 | 27,6 | 21,4 | 149 | 10,2 4,2
2024 1,6 3,9 7,0 16,5 | 158 | 23,7 | 25,2 | 26,2 | 21,0 | 13,0 6,8 1,6
Average temperature
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Fig. 6. Maximum air temperature indicators for Jule 2015-2024
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Fig. 7. Maximum air temperature indicators for August 2015-2024
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Fig. 8. Average air temperature indicators in July 2015-2024
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Fig. 9. Average air temperature indicators in August 2015-2024

Analysis of winter climate conditions indicates that no global changes are observed compared to
2015. Concrete maintenance during the winter months is necessary for 6 months: from January to April,
November and December.

Conclusion

Concrete curing measures aimed at controlling temperature and humidity ensure that sufficient
water is available for concrete to achieve its desired properties in winter and dry and hot conditions.

Taking into account the trend of automation in construction and the results of testing concrete
samples prepared with a low water-cement ratio and high-strength cements it is recommended to use
the intensive precipitation method for moistening reinforced concrete floor slabs and the shower
irrigation method for moistening strip foundations, which provide higher than designed strength
indicators at 14 and 28 days of concrete at relatively low water consumption. The intensive precipitation
method also contributes to reducing dust on the construction site and creating relatively comfortable
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working conditions for workers, as watering is carried out frequently and provides even, long-term
hydration.

International organizations’ air pollution surveys conducted in Yerevan confirm its high level,
especially in the city center. We believe that the spread use of intensive precipitation concrete curing
methods, in addition to solving the technical issue, will also contribute to the partial solution of current
ecological problems.

Concretes with a low water-cement ratio also achieve higher than designed compressive strength
under non-wetting conditions, but may self-dry and exhibit lower wear resistance, corrosion resistance,
and high water permeability. The study of the influence of concrete curing on these properties is the
subject of further research.

The concrete curing schedules suggested for the conditions studied will be useful to contractors,
but the best source of information on the influence of the environment on the achievement of concrete
properties is experience, studies of the relationship between certain weather conditions and the
achievement of other concrete compositions or design properties, which will allow contractors to be
prepared for changing conditions and to organize effective curing.

Studies of meteorological data over the last ten years indicate that no significant changes in
average and extreme air temperatures are observed in the Republic of Armenia; the period of dry and
hot conditions for concrete maintenance is about 5 months, and half a year for snowy conditions.
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CHALLENGES OF RENEWABLE ENERGY DISTRIBUTION IN
MULTI-APARTMENT RESIDENTIAL BUILDINGS:
EVIDENCE FROM ARMENIA (2015-2024)
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The study investigates deployment and distributional challenges of renewable energy sources (RES) in
multi-apartment residential buildings in the Republic of Armenia. Drawing on longitudinal data from 87
buildings across Yerevan, Gyumri, and Vanadzor (2015-2024), the study quantifies the gap between actual
and potential RES adoption, measures distributional inequality using the Gini coefficient, identifies key
adoption barriers through a mixed-methods survey instrument, and models predictors of distribution efficiency
through Ordinary Least Squares (OLS) regression and K-Means cluster analysis. Results show that the actual
RES adoption rate stands at 34,2% + 6,8% against a technical potential of 78...85 %. The Gini coefficient
(G = 0,47, SD = 0,12) reveals substantial distributional inequality. The regression model (Rz2 = 0,61,
F(6,80) = 20,9, p < 0,001) identifies automated control systems (f = +0,312, p < 0,001), resident awareness
(f = +0,224, p < 0,01), and household count (f = —0,178, p < 0,01) as the dominant factors. Policy
implications and a 2025-2027 Smart Building pilot are discussed.

Keywords: renewable energy, multi-apartment building, Gini coefficient, energy distribution, OLS
regression, smart building, Armenia

Introduction

The global urgency of decarbonising the built environment has placed residential energy systems at the
centre of climate policy. In Armenia, the “Green Growth 2030 strategy mandates a 35 % renewable share in
the national energy mix by 2030 and 80 % by 2050 [1]. Despite photovoltaic (PV) module costs falling by
more than 90 % between 2010 and 2024 [2], multi-apartment buildings remain the least-penetrated housing
segment for RES.

The structural barriers are well-documented in international literature [3-5]: fragmented co-ownership,
collective-action failures, metering complexity, and low tenant awareness. In the Armenian context, these
barriers are compounded by an ageing housing stock (over 60 % of Yerevan’s apartment buildings pre-date
1990), weak homeowners’ association (HOA) governance, and limited access to green finance [6].

Yet empirical evidence on the magnitude and drivers of distributional inequality within these buildings
is scarce, particularly in post-Soviet transition economies [7]. This study addresses that gap by combining
administrative energy records, resident surveys, and statistical modelling to produce actionable estimates. The
research questions are:

e what is the actual versus potential RES adoption rate, and how has it evolved since 2015?

e how unequally is RES-generated electricity distributed across households within a building?

e which building-level and socio-economic factors best predict distributional efficiency?
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Materials and Methods

Study Sample and Data Sources .The sample comprises 87 multi-apartment buildings drawn from
three cities: Yerevan (n = 52,0; 59,8 %), Gyumri (n = 21,0; 24,1 %), and Vanadzor (n = 14,0; 16,1 %).
Buildings were selected via stratified random sampling from the national housing-stock registry, stratified by
city, decade of construction (pre-1990 / 1990-2005 / post-2005), and number of storeys. Inclusion criteria
required: a minimum of 12 residential units; registration in the State Housing and Communal Services
database; presence of at least one PV array or independent generation unit; and complete metered consumption
records for the full study period [8].

Three primary data sources were used: (1) metered electricity generation and consumption records
obtained from the distribution system operator ELECTRIC NETWORKS OF ARMENIA (2015-2024) [9];
(2) building technical passports from the Ministry of Territorial Administration; and (3) a structured
guestionnaire administered to 563 residents across the 87 buildings (response rate: 87 %), using a five-point
Likert scale to measure awareness, willingness to pay, and perceived fairness (table 1).

Key Variables and Measures

Table 1
Key barriers to RES distribution: building-level and resident-level perspectives
Barrier Buildings Residents Significance
citing (%) agreeing (%) 9
Automated control system unavailable 78,2 67,4
Lack of HOA consensus 54,0 71,2
Inequitable electricity metering 89,7 55,8 p < 0,001
Technical obsolescence of infrastructure 66,7 48,3
Financial access constraints 41,4 83,1

Distributional inequality was operationalised via the Gini coefficient (G), computed from household-
level annual RES-energy receipts normalised by floor area [10]. G = 0 denotes perfectly equal distribution;
G =1 indicates complete concentration. Awareness was measured as the mean Likert score (1...5) across four
knowledge items concerning RES technology, tariff structure, HOA rights, and subsidy eligibility.

Analytical Framework

Three complementary analytical methods were applied. First, descriptive statistics and a Lorenz-curve
decomposition provided a baseline portrait of adoption and inequality across the sample. Second, K-Means
cluster analysis (k = 3, determined via the elbow criterion and silhouette scores) grouped buildings into
homogeneous typologies [11]. Third, OLS regression modelled G as a function of six independent variables:
automated control system presence (D:, binary); building construction year (Xz, continuous); pre-2000
construction dummy (Ds); share of economically active residents (X«); resident awareness score (Xs); and
receipt of state or bank subsidy (Xs, binary). Heteroscedasticity was corrected using HC3 robust standard errors
(table 2).
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Table 2
OLS Regression Results — Dependent Variable: Gini Coefficient (G)
Variable B Std. Err. t-stat p-value 95 % ClI
Automated control system (D) +0,312 0,048 6,50 < 0,001 [0,217; 0,407]
Resident awareness (Xs) +0,224 0,061 3,67 0,004 [0,103; 0,345]
Economically active residents (X«) +0,143 0,057 2,51 0,014 [0,030; 0,256]
Pre-2000 construction dummy (Ds) +0,181 0,064 2,83 0,006 [0,054; 0,308]
Building construction year (X2) -0,112 0,043 -2,60 0,011 [-0,197; —0,027]
Number of households (Xs) -0,178 0,052 -3,42 0,001 [-0,281;-0,075]
Constant 0,214 0,071 3,01 0,003 [0,073; 0,355]

Model fit: R2 = 0,61; Adjusted R? = 0,58; F(6,80) = 20,9; p < 0,001, n = 87

Results and Discussion

RES Adoption Rates and Temporal Trends

Figure 1 presents actual RES adoption rates against the modelled technical potential for each city. Across
all 87 buildings, the sample-average adoption rate in 2024 was 34,2 % + 6,8 % (95 % CI: 31,4...37,0 %),
representing less than half the technical potential of 78...85 % [12]. Yerevan recorded the highest rate
(35,8 %), reflecting greater investment capacity and better HOA governance structures, while Gyumri lagged
slightly at 31,4 % (fig.1).

B Actual adoption (%)

80.2% mmm Technical potential (%)
80 - ° 76.5% 78.8°

Yerevan Gyumri Vanadzor Average
(n=52) (n=21) (n=14) (n=87)

Fig. 1. Actual RES Adoption Rate vs. Technical Potential by City (2015-2024)

Fig. 2 traces the evolution of adoption over the study period. All three cities exhibited a near-linear upward
trajectory from approximately 12 % in 2015, with annual incremental gains averaging 2,4 percentage points. The
growth rate did not accelerate following the 2020 introduction of net-metering legislation, suggesting that
regulatory reform alone is insufficient without accompanying technical and financial support [13].
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Fig. 2. RES Adoption Trend by City, 2015-2024

Distributional Inequality: Lorenz Analysis

Fig. 3 depicts the Lorenz curve for the pooled 2024 sample. The observed Gini coefficient (G = 0,47,
SD = 0,12) is substantially above the comparator benchmark of G = 0,30...0,35 considered consistent with
equitable collective energy management in the literature. The curve shows that the bottom 40 % of households
received only 18 % of total RES-generated electricity, while the top 20 % captured 48 %. This skew is
attributable primarily to unequal apartment-floor-area allocations, differential HOA participation, and
heterogeneous appliance loads [14].

1.0 { ==- Perfect equality (G=0)
Inequality area (G=0.47) ’
= | orenz curve (observed) ’

0.8
0.6 1
0.4 1

0.2

Cumulative share of RES energy received

0.0 1

0.0 0.2 0.4 0.6 0.8 1.0
Cumulative share of buildings

Fig. 3. Lorenz Curve of RES Energy Distribution (G = 0,47; SD = 0,12), pooled 2024 data

Cluster Typologies

K-Means analysis (k = 3) yielded three statistically distinct building typologies, visualised in Fig. 3:

o Cluster A— High-efficiency (G < 0,30; n = 19, mean adoption: 68,4 %): These buildings combine
technical readiness (automated PV management, recent renovation) with strong social governance
(active HOA, high awareness scores). They tend to be post-2000 constructions in Yerevan with
24...48 units.

e Cluster B— Intermediate (G = 0,30...0,50; n = 43; mean adoption: 38,7 %).The modal cluster. Key

bottlenecks are insufficient resident awareness and the absence of transparent benefit-sharing
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mechanisms. These buildings have the highest policy leverage, as targeted interventions could shift

a substantial share into Cluster A (table 3).

e Cluster C — High-inequality (G > 0,50; n = 25; mean adoption: 19,2 %): Critical barriers include

financial inaccessibility and unresolved legal disputes over co-ownership of rooftop space and shared

infrastructure costs. Most are pre-1990 panel-construction (khrushchyovka / brezhnevka) buildings

in Gyumri and Vanadzor (fig. 4).
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Fig. 4. K-Means Cluster Distribution (k = 3) by Gini Coefficient and RES Adoption Rate

Table 3

Cluster Profiles — Mean Values of Key Variables
Variable Cluster A Cluster B Cluster C

(n=19) (n=43) (n=25)
Mean Gini coefficient (G) 0,22 0,4 0,62
Mean RES adoption (%) 68,40 38,7 19,20
Automated control system (%) 94,70 55,8 12,0
Active HOA (%) 89,50 58,1 24,0
Mean awareness score (1-5) 4,10 3,0 1,90
Pre-2000 construction (%) 10,50 51,2 84,0
Received subsidy (%) 78,90 44,2 16,0

Regression Analysis

The OLS regression results (Table 2) explain 61% of variance in the Gini coefficient. Fig. 4 visualises

the standardised coefficients. Three findings stand out:
Automated control systems (f = +0,312; p < 0,001) exert the strongest effect. Buildings equipped with
automated distribution management show G values averaging 0,15 points lower than comparable unequipped
buildings, after controlling for all other covariates. This is consistent with engineering-economics literature
showing that real-time load balancing eliminates the manual-override behaviours that drive inequality [15].

Resident awareness ( = +0,224; p < 0,01) operates through a social-norm mechanism: higher awareness

scores predict not only greater individual RES utilisation but also cooperative compliance with HOA-agreed

distribution rules, reducing free-riding.
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Building size (B = —0,178; p < 0,01) has a counter-intuitive negative sign. Larger buildings
benefit from economies of scale in PV system management and governance, producing more equal
per-household distribution despite the greater organizational complexity (fig. 4).

Number of J=-0.178 ok
households (Xs)

Building age | B=-0.112 *
(X2)

Economically active |

=+0.143 *
residents (Xa) B

Pre-2000 construction |

=+0.181 **
dummy (Ds) =+

Resident awareness |

B=+0.224 **
level (Xs)

I Positive effect (reduces inequality)
I Negative effect (increases inequality)

Automated control |
system (D1)

ok

-0.2 -0.1 0.0 0.1 0.2 0.3 0.4
Standardised coefficient (B)

Fig. 4. Standardised OLS Coefficients for Predictors of the Gini Coefficient
(B with 95% confidence intervals; *** p<0,001; ** p<0,01; * p<0,05)

Discussion

The 43...50 percentage-point gap between actual adoption (34,2 %) and technical potential (78...85 %)
is not primarily a technology or cost problem — it is a governance and institutional problem. The Cluster A
buildings demonstrate that near-70% adoption is achievable today with existing PV technology, provided that
automated management and active HOA structures are in place [16]. The policy implication is clear: scaling
Cluster A characteristics to Cluster B and C buildings should be the priority.

The high Gini value (G = 0,47) raises an equity concern that goes beyond efficiency: if RES benefits
are disproportionately captured by wealthier or better-organised households within a building, the “green
transition” risks deepening existing socio-economic divides rather than alleviating them. This distributional
dimension has received insufficient attention in Armenian energy policy to date [17].

The finding that awareness mediates distribution efficiency suggests that social and educational
interventions can complement technical ones at a fraction of the cost. A structured HOA capacity-building
programme, estimated at USD 800...1200 per building, could shift a Cluster B building meaningfully towards
Cluster A within one to two years — a highly cost-effective return relative to the capital expenditure of PV
installations [18].

Limitations of the study include the cross-sectional nature of the regression analysis (which precludes
strong causal inference), the reliance on self-reported awareness scores, and the exclusion of single-family
suburban buildings from the sample. Future research should incorporate panel data designs and extend the
analysis to rural multi-unit housing.
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Conclusion
This study yields five principal conclusions with direct policy relevance:

1.

The actual RES adoption rate of 34,2 % is less than half the technical-economic potential of
78...85%. The adoption gap is systematic and persistent across cities, construction eras, and building
sizes, indicating structural rather than incidental barriers.

A Gini coefficient of 0,47 confirms high distributional inequality. Equity considerations must be
embedded in RES deployment policy for the multi-apartment sector, not treated as a secondary
concern.

Automated control systems are the single most powerful lever for improving both adoption rates and
distributional equity. Priority public support for automated PV management installation is warranted,
particularly for Cluster C buildings.

Resident awareness is a tractable, low-cost intermediate target. HOA capacity-building and
community energy literacy programmes should be integrated into national RES deployment
frameworks.

The 2025-2027 Smart Building pilot programme (n = 12 buildings, targets: adoption > 45 %,
G <0,18) provides a scalable proof-of-concept. Rigorous mid-term evaluation is recommended

to generate evidence for national rollout.
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FUQUUALUYTUNTUL CELLEMNPU 46 UTULE LY NN, ELGrehUSP RUTCU UL
ZhULUNNUPULET ZUSUUSULE SYSULLENY, (2015-2024)

Utipgly Upninh Uhttwuywt, Uwphwd Updkup Unwpkjjut’, Usnun Ginpgh funmnuuwpyut
Swpunupuy bnnyeyuwl b phliupupnipul Zuyuunwih wgquyhl hwduyuwpul, p. Eplual, 22

‘mariamaraqelyan@nuaca.am

Mumdbiwupply Bb JEpulubqin/ng Fakpghuyh winpinipabph (YEU) nknwluydwl b puphu-
dwl hhdtwpulnppbbpp Zuymunubh Zubpuybunippul puquuphulupul pEipbpnid: Zhdingk-
0y Epluuli, Ynidph b Guinudnp punuplbph 87 sklipkph (2015-2024 pp.) nijjuybph ypuw niunid-
luuppmpiniap pubwluwbu qwhuwwnnid F YEU ppulmb b yninkighuy bbpppdwb dholl Enwud
pugp, suhnid F puspufwl whbhunjwuwpnipiniip oguifkiny Qhiihh gnpéwlighg, puguhugumnid
bkpppdwl hpdtwwl pinsplnnunikpp pnunp dkpnnbbpny hupguwi gnpdhph Uhongny b unnlju-
ynpnud F pappnfwl wpnyn unknnippul Gubunnkupsbbpp  oguumgnpdlym] thnppugniyl punu-
gniuuyhli (OLS) nkgpkupnl b Kae fudpuyghll JEpinidnipyul gnpSwulhghbpp: Upgnibpbbpp gnyg ki
wuyhu, np EU ppulpul bpppifwh duluppulp jugqunod F34.2 + 6,8 % ' 78...85 % wkjubhlwlwb
wynnkbghuyh nhuwg: Lhaph gnpbulhgn (G = 0,47, SD = 0,12) puguhuyunnid F puphnlul buljurh
whhwijwuwpnipniip: (Megpkupnl Unplyp (R? = 0,61, F(6,8)=20,9, p<0,001) npujku qkphopunn gnp-
onbbkp nyhwlwbuginid Fuynndun junwgupdub hudwlupglbpn (B =+ 0,312, p < 0,001), pluu-
Gpstubph ppuqbljwdnipinian (B= +0,224, p < 0,01) b wnbuyhl ninnbunipinibibph phypn B = -0,178,
p<0,01): Rhlnuplinid ki punupujwimieyul hnlbwaplbpp b 2025-2027 . «[vkjuigh pkip» thnpd-
lnuljuli Spghpp:

Puwbuyh punkp. JEpuuwiqin/ng Fakpghw, puquuphulupub pkip, Shiph gnpéwlhg, Fakp-
ghuyh puofunid, OLS nhgpkupw, ubjugh pkip, Zuyuumui
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MPOBJIEMbI PACIPEJIEJIEHUSI BO3OBHOBJISIEMOM SHEPTUM B MHOI' OKBAPTHUPHBIX
3JAHUSAX HA OCHOBE JIAHHBIX U3 APMEHUU (2015-2024)

Cepreii Amorouy Munacsin, Mapuam ApmenoBHa Apakeusin’, Aot I'eoprosuy Barnacapsin
Hayuonanvnvui ynusepcumem apxumexmypsl u cmpoumenvcmea Apmenuu, 2. Epeean, PA

“mariamaragelyan@nuaca.am

Uccreoyromes npobaemvl 6nedpenust u pacnpedenerus 0300H08IAeMbIX UCOYHUKOS dHepeuu (BUD) 6
MHO2OK8APMUPHBIX dHcunvlx oomax Pecnyonuku Apmenus. Ha ocnose doneocpounvix dannvix no 87 30anusim
6 2. Epesane, I'ompu u Banaoszope (2015-2024 ee.) 6 uccredoganuu KOIUYECMBEHHO OYEHUBAEHICS PA3PbIE
MedHcOy (hakmuueckum u nOmeHyuaibHblM enedpenuem BHUD, uzmepsemcs Hepasencmeo 6 pacnpeoeiienuu ¢
nomouybio Koappuyuenma Jxcunu, onpedensiomcst Kouesble 6apbepvl 6HeOPeHUsL C NOMOWbIO CMEUAHHO2O0
Memooda onpoca u MOOeaupyomces npeouxmopsl 3pgekmusnocmu pacnpedenenus ¢ NOMOWbI Memooom
peepeccuu HaumeHvuux keaopamos (MHK) u xracmepnoeo ananuza memooom K-cpeonux. Pesyrvmamoi
noKazvlearom, 4mo gaxkmuueckuli yposerv eneopenus BUD cocmaensem 34,2% + 6,8% npu mexuuueckom
nomenyuane 78...85 %. Kosghgpuyuenm /icunu (G = 0,47, SD = 0,12) yxazvieaem Ha cyujeCmeeHHoe Hepa-
seHcmeo 6 pacnpedenenuu. Peepeccuonnas moodenv (R? = 0,61, F(6,80) = 20,9, p < 0,001) onpedensem
agmomamuszupogantsle cucmemsl ynpasnenus (f = +0,312, p < 0,001), oceedomreHHoCmb HCUTLYOB
(f = 10,224, p < 0,01) u koruyecmao domoxosaticms (f = —0,178, p < 0,01) xax domunupyrowue ghaxmopoi.
Obcyacoaromes norumuyecKkue nocile0Cmeus U NUIOMHbIN NPOeKm «YMHo20 30anuay Ha 2025—2027 2o0wi.

Knwouesvie cnosa: 60300H0815eMas1 SHEP2Usl, MHOZOK8APMUPHDBIL 00M, KOIhPuyuenm /icunu, pacnpe-

oenenue IHepeuu, peecpeccust MemoOOM HAUMEHLULUX Keadpamoe, UHmMeN1eKmyaibHoe BOCZHM& ApMesz

Uhtnuuyuls Ukpgly Upnwnh, w.q.n., wpndbunp (22, p.Eplwly) - KC2UZ, Q2UO wdphnb, (+374)91408689,
sergey.minasyan@yahoo.com, Unwphjyjul Uwphun! Updkbp (22, p.Epliul) — KC2UZ, QQUO widphni,
huygnpy, (+374)77890666, mariamaragelyan@nuaca.am, Pugpuuupyub Upnwn Ghnpgh (22, p.Epluul) -
&C2UZ, QU0 wdphni, dwghuwnpnu, (+374)96333954, byan.ashot@gmail.com

Munacan Cepeeit Awomosuu, 0.m.H., npogpeccop (PA, 2. Epesan) - HYACA, kaghedpa Tennozazocnaboicenus u
senmunayuu, (+374)91408689, sergey.minasyan@yahoo.com, Apakensn Mapuam Apmenosna (PA, 2. Epesan)
- HVYACAH, Kageopa Tennocasocnaboicenuss U GeHMUIAYUU, couckamens, (+374)77890666,
mariamaragelyan@nuaca.am, bazoacapsn Awom T'esopeosuu (PA, 2. Epesan) - HYACA, rkagheopa
Tennozazocnabocenus u senmunsayuu, maeucmp, (+374)96333954, byan.ashot@gmail.com

Minasyan Sergey, doctor of science (engineering), professor (RA, Yerevan) - NUACA, Chair of ventilation, gas
and heat supply, (+374)91408689, sergey.minasyan@yahoo.com, Arakelyan Mariam (RA, Yerevan) - NUACA,
Chair of ventilation, gas and heat supply, postgraduate student, (+374)77890666, mariamaragelyan@nuaca.am,
Bagdasaryan Ashot (RA, Yerevan) - NUACA, Chair of ventilation, gas and heat supply, master, (+374)96333954,
byan.ashot@gmail.com

Lkphuypugyky F'10.09.2026p.
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LULTUYUENIONREBUL UM4dBUSULULUYUL UBYLULULNRE3UL
ZbULUNLYRLULEST

Lunk fwpnih Lugupuh
KwpunupuyEnniyeyuil b phliupupnipyul Zuymuumulh wqquyhl huduguwpul, p. Gplwi, 22

nare.nadaryanll@gmail.com

LPwlmulpmugnpdnipyubl winisynng wpdbkunwpwbwlwl hnpyushbpnid gbpuwlopnid ki G-
vwgnuilul, wunndwul b ndwpwbulu i niunidbwuppnipiniibbpp, dhisnkn ppu wpybumnwpw-
b JEfhwpwbnippul JEpnpupwinulub ubnhpbbpp hudbdunnwpwn phs i niunidinuupp-
Yby: Znpywdnid JEpnidynid kb boyws pliphpbkpp: Unwewplynid |, np puwbinulp wkup F ph-
wnwplfh bl npuku gniph, dih, (nyup, nwupwdnipyul, dudwbulh b nhunnnh hnpnugnbgnipui
wpyniipnid dbunnpyng puquuobkpn pdwunughll hwdwlupg: Libwplynid F hwl wpdbumw-
pwlih pkpp wpynp b puguhwpnnd Founkpdugnpdmipub pdwmnp, pk dwulmlgnid F gpu
dlbun/npuwip:

Pubugh punkp. pubnulwgnpénipintl, wpjbkunwpubulub JEfwpwinipinil, dkpnpu-
pwlnynil, pubnuilh pahuynid, wpybumnmupwi

‘Lkpwénipnil

Lulinuljugnpdnipjut Jhpupkpyu ghrnwjut gpuljutimpiut dky ghpuljppmid Eu jhuuw-
qpuljut ntunidbwuhpmipnittibpp, yundwljubt tjupugpnipmnibtpp b ndwpwbuljut puuw-
Jupgnudutpp: Uwluyb pwinulwugnpénipyut wpdbunwputwljuwt dEjtwpubinipjut dbkpnnu-
putwlut pughputph dwuhtt hwdwjupgduws dninkgnid ninbiu sh dpwljyty: Lutinuljugnpsdnt-
pintup, h nwppbpnipinit hwppuwywwnbpuhtt wpybunh, nith pujudwt wpwbduwhwnnily
punyp, npp wwhwbenid b jnipophtiml] dkpnpupwiwjut skpnwunpnudubp: Zkinbwpwp, ytpnt-
dnipiniup whwp k hwogh wnth mwpwswlwunipiniup, swjwip, Wnipp, (nyuh wqnpbgnipmiup b
npunnh nbpp:

znnudnid thnpd | wupdnd JEpuhdwuwnwynpl) pwinuljugnpénipjut wpykunwpuiwljut
Ubjuwpwinipyut dbkpnpuputwjut hhuptpp: Zklnwgnunnmipnitp gnyg £ vmwhu, np wnlju wp-
Jhunwpwbwlwt ntundtwuhpnipnibbpnid pwbinulyp hhdtwjuwinid ghunwplymd £ npytu
wjupunnih ginupykunulub opykljn winbubim] puljuylui gnpéplpugp: Uspiunnwipnid hhu-
twynpynid L, np pwinulh wdpnpowjut dbjuwpwinipniup sh jupnn vwhdwbwthwlyt) dbw-
Jut jud nfwjub btjupugpnipyudp, wy] ywhwienid £ wytyhuh dninkgnid, npp hwpyh E wntnid
pujuydwt punypen, iniph wpnwhwjnswljut htwpwynpnipnitubpp, ;nyuh wqpkgnipniup, tu-
puwswljut vhpwduypp b nphinnnh wjnhy dwutwljgnipiniup: Uju mbuwblyniithg wpdbunwpwip
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hwntu t quihu ny Uhwju npyytiu unbndwgnpénipjut hdwuwnh pugwhwynnn, wy b npytu dkluw-
putinipjut wljnhy dwubwlhg:

Ll wohimwnwpnid pttwplynn phunwplnidutpp hhdudwsé Bu huyjuljut puwtnuljugnp-
dnipjutl niumidttmuhpnipynititph Jpw, pwpdpugus dbpnpupubuljut jpunhptbtpp JEpwpk-
nnud kb pwinuljugnpédnipjut wpybunwpwbulut dbjuupwinipiuin:

Umptp b Ukpnnubp

Niunidbwuhpnipyut nbuwut hhdp o juqunud 20-py 5. wpdbunwpubwlut b htpdk-
tlinhuljul dnph hhtupup woiunnipyniibtpp, duubudnpuygbu’ Epdht Mwindulnt wyun-
Ytpugpulwi dkpnnnp [1], Zujuphp 9ynidhth dbwpwbwlui Uninkgnudp [2], Zwtu-%bnpg G-
nuutph hpukilnhjulwi huybgulupgp [3], hbswybu bwb hwy wpdbunwpubitph puinuljw-
gqopénipjuup whpws ntuntdtwuhpnipnibtpp: Zudbdwnwuut Epnsnipjut hwdwp ntunud-
twuhpbk ko B @mipwpnih [4], U. Gpquljwh [5], L. Gpdwbnguih [6] b U. Skp-Ukpuhupwtth [7]
wpiwwinnipniuubpp, npnup ubpiuyugunid Bu hwjjulwbt pwinulwugnpénipyut ntuntdiwuh-
poipjut mwppbp Uninbkgnidubin:

Zhnwgnuumipiniup hhdjws £ nbuwut JEpnisnipyut b hwdbdwnwljut ntuntduwuhp-

dwl ypuw: Upjownwitipnid Yhpwunyk) B hknbywy dkpnnubpp.

o hulbdwnwlwi dbpny wpjbunwpubwlwi nupplp dnnbkgnidibph (GEruwgpuljui,
yuundwlwl, nfwpwbwlul, Adbwpwbwlub b hkpdbubnhjulwt) hwdwnpdwb b qghw-
hundwt tyyunwlny,

e puiununulub Jhpmémpyui Ukpny pwinulugnpsnipjuip thpjws niunmdiwuh-
poipniitubph dkpnpupuiujut wpwbdtwhwwnlnipjniuitptt nt vwhdwbwthwnidubpp
pugwhwjnbint tyyuwwnwlny,

e hbpukulnhjulwh Jepnismpjui Ubpnn pwinulwugnpsulub unbndugnpsnipjui
hdwuwnh dbwynpdwb gnpépupwugp b wpybunwpwh dbjuwpwinipyut nipp ghwnwp-
tnt tyuwnwlny,

e hulwlupquyhtt JEpmisnipjui Ukpny pwinulijugnpswlul unkndugnpsnipnibp np-
wtu Wniph, duh, mupwsdnipjul, |nyuh, dudwbwlh b phinnh hnpowgpbgnipudp dlw-
Ynpynn wdpnnowljut hwdwlwpg nhnwplbnt tyuwnwlny,

e wbuwlfwl pighwipugdwh dbpnn pulnulijugnpsnipput wpfbunupuiuub dklow-
putinipjul wnwowplynn Ukpnpupwbwlub spgpwtiwlp dbwlkpybint tyuwwnwlyny:

ZEnwgnuinnipniup tyunul) snith wnwewplbnt pwinuljugnpénipjut yuwwnunipjut unp

wuppbpugnid jud nduputtujut puuwlupgniud: Uju jEunpntugws E pwinuljugnpsuljut
unbndwgnpénipyutt wpdbunwputwlut dbjtwpuinipjut kpnpupwiwjut hhdptiph Jipu-
hdwunwynpdw b nputg nkuwlwt hhdtwynpdw Jpu:
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Upmyniuputp b pubwpynid

Lwbnulh phjupdwb wupmbwlub, ympwljwut b dhowduypuhtt wrwbdvwhuwwnlnt-
pinLuutpp

Lutinuijh pujunudt wpwtdtwtnud £ hp mwpuwswljub punypeny: b nupppnipjnit hwp-
puwuwnljipuyhtt wpdtunubph, npunkn unbkndwgnpénipjut hhdtwljuwt Yndwynghghw Junnig-
Ynud E Ukl yuwnljtpughtt hwppnipjut ypw, putinuljugnpdnipjut ke duip qupquinid £ hppuljut
nwpwénipjul Ukp: Yudws unbnswgnpénipjut nkuwlhg, wyu jupnn E pujuyyt) kY ghpu-
ornn nphinwitlniiihg (pkjhtdubph nhwpnud) und nwpptp nhinwblymuubtphg (ponpupubnguy-
Ukph nhwpnid): Uju qnpéplipugnid nhunnnp hwimbu E quphu npybu wjnp] dwubwljhg uinbndw-
gqopénipjul onipg swupdytiny b wytt nupplp mbkuwtynmiuutphg puutny: Zknbwpwp, pubinu-
Jugnpénipjut wpdtunwpwbuwlub dkjuwpwinipniup wtunp £ hwodh wnth ny vhuwyjt unbndw-
gnpodnipjut dup, wyl ppu mwpwswlwb juquulkpynidt nt nhwnnnh htn hnpuwgqpbgnipniip:
UpJtunnwpwit (kninnid Untthwydp bu pungénd L, np wpytunp pujunudp gquydwiwynpdws
nbunnquliub jupnigquspny, npnkn dlip, hwjuwuwpuljopnipniip b mupwdnipjut juquulbp-
wnuip hdwuwnh dwynpdwt uplnp gnpéntukp Eu [8]:

Lwtinuljh UEjtwpwtnipjut vk Juplnp tpwtwlnipmnit nith bwb Wynipep: Uyt qupquuybu
nbpuuhjulwt dhong sk, wy unbnéwgnpénipjutt wipnuwhwjnswujut hwdwlwupgh punljugnighs
dwup: Ppnuqh Swupmipnitp, dwpdwph dwlbpbuwhtt hwnlnipjniuttpp, tinibh junniggws-
pwjhltt wpwbdtwhwwnnipniutitpp b huynh ptwljwb hnrudwspp dwubwljgnid B uinkndwgnp-
dnipjut ghinupyiunwljut wpnwhwjnsujuinipyut b hdwunwhtt ptuduit dbwdnpdwn:
Zknbwpwp, wpybunnwughnwlwt ypnidnipiniup whwp E niuniduwuhph ny dhwy wyl, ph hts £
wuwnlpdws, wyl wyl, ph hywbu E iynipp tyuwunnd unbndwugnpénipjut ginupdtunuljut
YEpwwph dbwynpdwbp:

Lwtinuljh pujupdwt jupbnp gnpéntutp ki twl nyup b nupuswljut dhpwduwypp: Unkn-
dwgnpénipjut puunidp thnthnpuynid k, jupows (nruwdnpnipiniithg, nhndwt nhpphg b opow-
jw nmwpwsénipintihg: Zunjuytu Untimdktinw) putnuljutipnud dhowduypp puntinud L unbnsw-
gnpénipjult hdwuwnwhtt jurnigwsph wipwdwbih dwup, pwih np pubnuljh dwupwnwpp, nk-
nuypnipiniup b Supunnupuybnujut jud ptuut thowuynh htin hnjuhwpwpbkpnipini nig-
nuyhnptt wqnmu & gpu pujupdwb qpu: Uguyghuny, pubquyp sh jupnyg ghunwnpldt) dhogb
npybu wjwpunit nipulub opjkljn: Uju hwinku k quihu npytu thnpiwgnbgnipjut gnpépli-
pwg, npunkn unbkndwgnpénipiniup, mwpwénipniup, (nyup b phnnnp hwdwnkn dwubtwlgnid B
hdwuwnh dbwynpdwiip:

Uju pujunidp hwdwhniyy Eiwb dudwtuljuljhg wpytunwughwnnipjut dh pupp dninkgnid-
ubipnud: Uwubwynpuytiu, wdbphjugh wpybunnwpw nquihty Ypuniup «Rwbnuljugnpsdnt-
pintul punuyudws nuownnid» (Sculpture in the Expanded Field) wplumwnnipiniunid gniyyg k tnwghu,
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np dudwbwlwlhg putnuljugnpénipniup whwnp E phnwplt) ny dhwyt npyku wnwtdht wpdtu-
wh gnps, wy b npybu nupwsnipyut b Uhowduwynh htinn thnjuhwpwpbpnipniuubph hwdwlwunpg [9]:

Luwbinuljugnpémpjui Jipnisnipjut Ukpnpupwbwlwi Uninkgnidukpp

Lwlinuljugnpénipjutt niuntdbwuhpmipnitp hhdtwljwinid qupqugl) £ jhivwgpuljud,
yuundwlwt b ndupwbwjut ninpnipniuttpny: Uju dninbkgnidubpp ywbwlwh tbpppnud niiku
hujjujut pwinuljugnpénipyut Wuwndnipjut b wpwudhtt hinhtwlukph uwinbkndwgnpéniput
nruntdtwuhpdwt gnpénid: Ujuntwdbuwjuhy, npuighg mipwpwignipt nith twb npnpwlh uwh-
dwbuwthwlnudutp, npntp wpwybk] wljuthwjn Eu npuntunid, ophtiwl), huyjujwt putinuljugnpént-
pjutp tyhpdws ntuntdbwuhpnipjniitbpnid:

Ghtiumgpuljub dninkgmudp jEunpntwinid Ehtinhtwyh fyutph b unbndwgnpsuljub ninnt
Jput: Dpubtu ophtiwl Yupkh k ok A Qnipwpnyh «Upw Zwupnipniiyuy dkiwgpnipniup [4],
npunbn wohmwnwupubpp ubpjuyugynud tu puwinuljugnpsh uvnbndwgnpbuljut qupqugdut
thnyiphtt hwdwywnwupwt: Uju dninkgnudp htwpuynpnipinit £ wnwhu hwuljutiug htnhtwyh
wihwwnwlwinipniip, vwjuyb unbknswgnpénipjwt Abwljul, ynipwlwt b mupuswljut wnwtd-
twhwwnlnipniuubph ypnismipjutp hwdbkdwnwpwp vwhdwbwthwl nupunpnipnit E gupdydnud:

NMuundwljui dnnkgnidp pwinulp dkjtwpwind E npytu njju dadwwjuopowth dpw-
Ynipwjhtt b qunuthwpwluwb gnpéptipughtinh wpnwhwjnnipmnit: Uyt juplnp bywbwlnipnit
niuh unbndwgnpénipjuit yundwlwut hwdwnbtpunp pugwhuwynbint hwdwp, uvwluyt hhdtw-
Juinud Jbnpnuwimd E wpnwphtl wuydwibph tupugpnippub Jpu’ hwdbdwnwpun phs
winpununiwny puwtnuih yuunhlujut junnigqusphtt b nupusujut juquulbpydwin:
Nuundwlwut Unntgdwt Jupbnp tkpuwjugnighsutnhg £ U. Skp-Ukpuhujwp, nph «Zwy wpgtuwns
woiwinnmipniup [7] pwinulugnpénipniup ghunwupynd B gquundwlut qupqugdut hwdw-
wnbkpunnid:

Nfwpwiwlwi Unnbtgnudp juplnp tpwbwlnipmnitt nith unbndwgnpémipjut dbwljwi
1Eqyh b nduljut yunjuibnipjut puguhwjndubt hwdwp, vwluyt wy dhow sk, np pudupuwnp k
pwinulh pujujdwb gnpéplipugh nt npu hdwuwnuyhtt pmuquugtkpunnipniup dkjtwpwtint hw-
dwip: U. Gpquljjuth «Znpustbtp wpdbunh dwuhtys wppwnmpniunud [5] hhdbwlwb nipwungpnt -
pintup nupdynid b nduljut npuuwlupqdwip, dhspin puinuljh puujdwit gnpdplipughtt b
nhwunnnh dwubwlgnipyuip huwdbdwnwpwup vwhdwbwhwl winpunupd k junwpynud:

Ujuyhuny, JEhuwgpujul, gquundwlut b nduputujut Unnkgnidubpp jupbnp towbu-
Ynipinit mukt pwinuliwugnpémipjut ntunmdtwuhpdwt hwdwp: Uwuyu gputg gqniquhbn
Jupny k gnynipinit ntiktw) twb vinbndwgnpénipjut mupuswul, ynipwlut b putjunpuijut
punyph Ybpnidnipjut wthpudbpnnipnit: Zkwnbwpwp, withpwdton t wjuyhuh dkpnpuputw-
Jut opowtiwly, npp pwunulp Ynhunwplh ny dhwyt npytu wjwpunnit wpdbunh gnps, wyjh
nhwnnh hkwn thnpuwugqpbgnipjut pupwugpnid puguhwjnynn ginupytunujut hwdwlwpg:
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Uju nwhdwbwthwlnudp jupkjh £ nbkutl] twb £ Qoipupnydh «Upw Zupnipmniiguiy dhiw-
gqpnipjul ke ukpjuyugyusé Undhwnwuh hntpwpdwih ybpnidnipjut ophtmyny: Zknhtwlp dwb-
pudwul wunpununund £ hnipwpdwh untnddwt yquundnipjutp, qunuthwpwlut hhuptpht
b pwinuwlugnpsh unbnéwgnpswlumb ninnit, dhtypin hwdbkdwwnwpwnp phy nipwunpnipniu k
nupdynid wyt hwbquuwpht, ph htyybu B Wnipp, mupuswujut juqulkpynidp, mknunpnt-
pjut dhowuypp b nhiinnh swpddwt ptipwugpnid thnthnpuynn puunudp dwubwljgnid unkn-
dwgnpédnipjut ginupybutnwlut hdwunh dbwynpdwtnp [4]:

Unwowplyny dkpnjupubimljui opowmiiml

Bty Jkpp ipgwshg wnwewnlpnid k pubiuljugnpénipyut wpgbunupubuljwi dkliw-
putinipju punwdwlwpnul dnnb):

1. Unipunbihjuyuwl dujupqul JEpupkpnd b igniph pinpnipyubp, dowldwb nkju-

uhyuyht b npuwig wqnbgnipjuip unbndwgnpénipyut wpnwhwynswljwinipyub ypu:

2. Quuyuunhulwt dujupguy duh, sudwih, hudwsuthnpnibubph, nipgugsh b dw-
yEpunyph dowljdwt wpwiudtwhwwnlnipjnituttph YEpnidnipmnii:

3. Swpwswlwb-dhgw]uypughl dwupnul pulnulh hnjhwpupbpnpjui niumdiwuh-
pnipgnil opowlju wpwédnipjul, |nyuh b fwpnwpuybnuut jud ptujut vhow-
Juyph htwn:

4. Cuwnquljui-hdwunwhi dujupqul phunnh b puimuh hnjwgnbgn pjub pipwg-
pnid dtwynpynn hdwuwnbbph b nputg hipdbibnhjujuwt dEjuwpwinipyut JEpne-
dnipjnii:

Unwowplyny opowlulp bupunpnid b Jbpmnisnippul hwenpuljwb pupwugp  yniph
nuumdbwuhpmpiniithg nhugh A b nwpusnippul Jhpnisnipnil, wjinthtnb uinkndwgnpént-
pjul pujudwb b hdwunwht dbjuwpwinipyut puguhwjnnid: Uju dwjupnuljubpp thnpalju-
wulglud i b tkpluyugimd kb JEpnismppub supdpipugp’ iyniphg nhuh hlwuwn:

Zunluiygbu hknwppphp t Jipohtt’ piljunquljwi-hdwunwghtt duljupnulyp, pubh np wji
Jhpwpbpnud £ wpdbunwpwh dbjtwpwtinipjut niphte

Unylijh snppnpn dwluwpnulp’ pblupnquljob-hdwunwhip, mgquijhnpb papdpugimd k
wpykunwpwth niph hwupgp. wpynp tw yupquuybu puguhwynnid E unbnswgnpénipjut ke
wpnpkt wpuw hdwuwnp, pt hp dEjuwpwinipyudp dwutwlgnid £ npu dbwdnpdwip: Updtu-
nwpwinipjul wjwinujut Uninkgnudubpnid wpdbunmwpwth hhdtwlw jpunhpp ghunwpldnud
tp npybu unbndugnpsmpjub hdwunh puguhwpnnid hhdin]bng htnhtwlh dnwnpmppub,
wuundwluwt hamdwntpunh b yunltpugpujut hwdwupgh JEpnisnipiut Jpu: dudwbw-
Julhg hEpdkubnpjuluwt dnnbgnidubpp, dwutwdnpuwybu Zwtu-@tknpg Funudbph nbunt-
pintup [3], gnyg ku wnwjhu, np wpdiunh unbkndwgnpdmipjut hdwuwnp sh vwhdwbwhulynd
dhuyti unbnddwt ywhht dbwynpdus bpwuwlnipjudp: Uju swpnibwjupwp yEpwhdwunuynp-
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Ynud £ nnupplip quundwlul, dowlnipuwht b pujunquijut hwdwnbpunbpmd: Uju nkuwb-
nithg wpybkunwpwip ny ph judwjuuinpkt vntnénud L hdwuwn, wyp dwubwljgnid E npu
Alwnpuwtipn: Lpw dbjuwpwinipmniup hhduynd £ unbndwgnpénipjut inipuljul, dbwljut b
wundwdyuljmpujhtt wnwtdtwhwnlnipnibiutnh Jpw, vwjuytt dhwdwdwbwl] htwpwynpne-
pintt E inwhu puguwhwynk) unp puptpgnidutp b hdwuwnwght obpuntp: Uju duninkgnudp upkh b
nhunwplt) bwb Zwbu nplipn Swntuhth wpdbunwpwbwluwb hwjugpubpny, punn nph wpydbunh
unbndwgnpénipjut wpdtpp b pujunuip thnpynud Bt nupptp yundwdrwlnipughtt guydwb-
utipnud [10]: ZEnmbwpwp, wiuhpudton b wyjtyhup dbpnpuputuljui sppwtwly, npp pwinulp
Ynhwnwupyh ny dhuwju npuybu wwpunmt wpdbunh gnps, wyih npytu ghnnnh htwn hnpwqgpk-
gnipjul pipwugpnid pugwhuwynynn ginupybunwlubt hwdwlwpg:

Luttunpyusd wjwinuljut dnnkgnidubpp guypdwbwluinpkt Jupbih b ubpuyuguby

htwnljw) gdwwyuwnltpny:
Udquvruguu unsesnruvlr
LULTUY
|
| I |
v v v

gtuuuarouuu MUSUluvUL N&KULULUYHUL

v
CLYULUUUL @Nrocueust UuNkhU E rurne? naLuuvnbu

vl 1. Pubpulpmgnpénipyui niunidimuppmpyul wjwinuljub dkpnyupuiulul dninkgnidbipp

busytu kpunud £ uly. 1-hg, wmjwinulwb dnintgnidubpp hhdtwlwb nipwnpnipniup fEtwn-
pntwgunid ki htinhtwlh, wundwjut hwdwnbkpunh b ndwljut wpwbtdtwhwnlnipniuubph
niuntdtwuhpnipjut ypu: Uhbtnygt dudwbwl] hwdbdwwnwpwp phy npwnpnipnit b nupddnid
puwlinuljugnpsuljut unkndwgqnpénipjut pijudwt gnpéptpwught, Wniph, mupwsdniput b nh-
wnnnh thnpuuqpbgnipuip, husp wuydwbwynpnid £ wpwydt) hwdwihp dbpnpuputujui opow-
twlh wuhpudtownnipniup:

Znnudnid wpwewplynn dbkpnyupuuljui sppwtwlp wuwydwbwlwinpbu Yupbh t ukp-
Juyugut) htwnljuw) hwdwljupguyjhtt Ungkjny:
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LULVIUYU

v v v

UMk &Y LARSU 264 td dUUULUUY SUSfUONkE3NRL

v
hSNP CLHULNRT
v
26LUBLEYSPUUUUL UBY LU LU LNRE3NRL
v
FUQUUCESS PUUUSE 2Q64U4 N NRT

vl 2. Pubnuljugnpénipyul wpdkunwghnmljuh dEmpubnipiuh
hunfmlpupquypl nnky

bPuswtu Epunud E uly. 2-hg, wnwowplyny hwdwlwpquyhtt Unpbp pwinulwugnpswlub
unbndwgnpénipniip phnnwplnud £ npybu hnjujuyulgdus gnpéptipug, nph pupwugpnid tyni-
PR Aup, mupwénipiniup, |nyup, dadwbwlp b nphunnh pujuynudp hwenpyupwp dwubwlgnid G
puquuptpn hdwuwnh dbwynpiwiipn: Unbnéjwsd dnnbjp hhduws £ hnpdusniud ubpluyugdus
Ubpnpupwbwlub JEpnwdnipjut ypu: Uyt hwdwhnibs b dudwbwluljhg pwinuljugnpénipjut
wnbunipjul wytt npnyputpht, npntig hwdwdwyt uvinkndwgnpénipjut hdwuwnp dbwynpynid L ny
dhuytt wpytkuwnh gnpsh tkppht junnigwépny, wyjl tpw b nhwnnnh thnpuwgqnbgnipjut pipugpnid
[11]: Puswbu uponud E ZEppkpun [Yhyp, pwinuljugnpsénipjut wipnuwhwjnswljuinipniip yuydw-
twynpyws k ny dhwyt yuwnlbpynn duny, wyl yniph b duh thnjuhwpwpbpnipiudp [12]: Uju nk-
uwljut npnyputpp (pugnighs hhdttwynpnid b hnpdusnid wnwewpljyny hwdwlupguyjht dngk-
1R Yhpwuntihnipiniut nt npudwpwinipniop:

Bqpuljugnipinti

ZEwnmwgnuinipniup gnyg bk wnwhuy, np wnju dkpnpupwbujut dnnkgnidutpp hwupdtp skt
wpunwhwjnnd pwinujugnpénipjutt wpwdbwhwnlnipmniutbpp: Zuyjujut puinuljwugnp-
dnipjutip Whpws ntuntdbwuhpnipniubph YEpnwdnipniup hwunwnnid E, np jEhuwgpujut,
yuundwlwt b nfwputwljut dninkgnidubpp, shuywéd hpkug ghnwljut wpdtpht, hhdtwlwunid
Jhunpnuwinid ko unbndwgnpénipjutt yuundwlwi, htnhtwluht b ndwljut punipwgptph
Jpw hwdbdwnwpwp phs nupwnpnipmii nupdikng npu nupuswluh, Ynpwlwh b pijun-
nuiut wpwtdtwhwnlnipmniiubphtt: Uhwdwdwbwl wju fuunhpp pinpny £ ny dhuy hwjjuljw,
wyi b punhwipuybu puwtinujugnpénipjut wpytunwpwbwlut ntuntdbwuhpnpjup:

zZnnwsh ghnwljwt unpnypp punuljugnpsénipjut wpdbunwpubwljut Ukjuwpwinipjut
punuwdwljupnpul Ukpnpupwbwljut sppwtwljh wnwewplu k, nptt wmnwghtt wmquud hwdwljwnpg-
Jwé duny dhwynpnud E ynipunbuthjuljul, Adbwyjuunhjulut, mupuswljui-dhowyuypught
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b pujuwnnuijui-hdwunwhtt dwjuppuljubpp: Unwowplynny dninbgnidp htwpwynpnipjnit k
wnwjhu puwinuljugnpsujut unbknéwgnpémipniup nphnwpll) ny vhuyt npybu wwpunmu qk-
nupytunuljub opjkjwn, wy; npybku Wniph, duh, nupwsdnipyjul, nyuh b phnnnh hnpuwgqpkgnt-
pjut wpyniupnid Abuynpynn puquuobpn hdwunuwghtt hwdwljupg:

Muunidtwuhpnipjutt wpyniupubpp twb hhdtwynpnud B wpybunwpwth nhph Jpu-
hdwuwnwynpdwy wmthpwdbownnipniup: Updhunnwpwip hwiunbu £ quihu ny dhuytt npybu unbn-
dwgnpédnipjut Uky wnlju hdwuwnubph pugwhwjnnng, wyjb dkjuwpwinipjut wljnhy dwutwlhg,
nph Ytpnusnipiniup hhduynud L unbnéwgnpénipjut ynipuljut, dbwlut b yundwdrowlne-
puyhtt wnwtduwhwnlnipniuubph ypu:
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METHODOLOGICAL CHALLENGES OF ART HISTORICAL
INTERPRETATION OF SCULPTURE
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Art historical research on sculpture has predominantly focused on biographical, historical, and stylistic
approaches, whereas the methodological foundations of its interpretation remain comparatively
underexplored. This article examines these methodological challenges and proposes a conceptual framework
that considers sculpture as a multilayered system of meaning emerging through the interaction of material,
form, light, space, time, and the viewer. It also addresses the role of the art historian by asking whether
interpretation merely reveals the meaning of a work of art or actively contributes to its construction.

Keywords: sculpture, art historical interpretation, methodology, perception of sculpture, art historian
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Shllnuynpyly b owlly F22 uwhdwiudbpd gninhibpnid quwonwwbanippul b wiguwbgn: -
pjul quphpibph hunlup buhquighnl Uonwlui gnpéng nkpbpkhg juymbbbph guigh uwnkns-
dwll upnughd, npunky npywé Eo nkplplkig guigh uubdwl, wunwidhl juywbibph nknbph piun-
poipyul wuydwbbbpp, vwhdwbyws F quigh phunupldwb thnykpp, phunwphdwi dudwbalw-
hunnywép: Cuwn phnwpldwi opbph b ubupwbbph pkPlplkig juyuibbbph gubgh gknlwwulguui
hwdwp npyku Ejughl njjuyblp phpnibaly ZZ2-nid qonpéng 12 onwlul gnpénng Juywbbbph b
hwbpuybnnipul nupwdph dnunwupnid inylh dwdwbulwhunygwsh dhisl 2000 [ punw-
yYnny wnlw ITRF juywbbbph nnpphiunnbbpp: Ludhquighnl nkplplkig guibgh hujuuwpbguui
b hurjuwuwpwlprdwl wppiunnwbpbbpp [hnwlminug/h Bernese GNSS v5.0 Spuigpuyhl thuiekjony:
[Meplpkig Guywmbhbph JEpohwlwlh hwpywuplywus §nnpphlunniakph Sunmppub wuwnhdwbh
qluhwndwl hwdwp ppubp ylnp Fhudbdwnty hujuuwpuwlondwl plpugpnid bkpgpuygyjus
ITRF juywbabbph ITRF20-h Innpphbunnbbph hlwn: Spywd Ei GNSS nkplpkag juywih b uyEhuijuiph
wknp plunpnippul, wqpubowhbbph mjugbbph phpninlwl Eplupt quhwpubbbpp  thnonig b
Junbannipint ihg wuwonwwbywénipyul, ukpykph nkpunppdwl b Jupdwl quydwbabpp: LPupunk-
qugnuglbnplbghwlwi b hadbibpuwlwl wohiunnmulpbbph Juwnwpdwl hudup phunuplyud dudu-
huljwhunnyuéh hwpyupljué §nnpphbunnibpp ZEjdEpnp Enwinulny hnpnulbpuyly 22 U3
(Ugquyhli gknplghwiliull guilig) fnnpphlnunughl hudwlupg (ARMREFO2): Lupnuwnkbuyws guiiign
Jwpny Fwupuhnyky 22 nno nnupwdpnid dhwubmlul wynndunnwugyué pyughl gnii gknpbghuw-
Juwill Innpphlnunuyhl hadwlwpg, npp Jupng F papdp ounnyequdp 22 wupunwwbnipul, wi-
Ywnwbgnipjul, nlnkuwlub b ghnwlwi npnpunakpnid nuquulub, niundinujupdulub, wpnu-
qSuyhl, gnpStwljwl, EpgpunbyEhunnywlwb I buhqughnl hudwlupgbph hudwp wuywhniyky
whhpudbn gknplbghwlwl wjjuybbp: pwbny qquyp jrupdpuwinu wppiunwiph wpunugpnnu-
Jwbnipiniip, §ipdwnybl iwpiugduyhl b gnpStnulul wofuunnwbpabph Swuubpn b juwnwpdwi
dudwbwjwhuninywdp, vwulmghnwlwl whdbwluguh pubulp, Juwywhnyiyh puquyhb jugub-
bbkph whynwbgnipinibp, qhnpbghwliwi b pupnkqugpnipul gnpénibknipinil ppulubiuging-
bbpp nibbbwl wynnduninugyus pugquusunh, puquupbkpn nkybundului huadwlupg:
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Pwbuyh punkp. nkpbpkig juywl, ITRF gubg, Ugquyhl qbnnbqhwlui gubg, Innpphiunnu-
Jhlt hwdwliupglbph thnprulkpynid, Bernese GNSS dpwgpuyhl thwplp, nnpphinuwniabnp, buih-
quighnl guiligh nkliwujwupdwbl [Einnpni

Ubkpwbnipyniu

Uhowqquyhtt thnpap gnyg E wmmwjhu, np wppuiyuljuyhtt nkdtipkug juyuutbtpnyg guugkph
ubkpypnudp nbtnbuwybu swhnipwpkp E b gpug Jhpundwt pupugpnid unugqus yniphph
niukb pupdp npuly: Fugh nputihg, ipdws wpputyuljwihtt mkjutininghwt htwpwynpnipini k pb-
Aomd Junwply ompgopju swihwgpuiw wownwpbtp. wijw bquwiwlught wipwpk-
tyuwun yuydwbtphg:

dudwiwljulhg mkhtuninghwutph Jhpupdwt wowybnipniup juyuind £ ny dhuy sw-
thwgpuuw wnndwwnwgdwl, npulh b Lonmpjut wunhdwih pupdpugdul, wpwnwdwdu-
twlh b dwpyluyht ubpnidh Ypdwndwt, whpupktwbywun tnutwlutph b onippopyum wppuw-
wnwbptbph juunwpdwb gnpénid, wy) twb swthwgpnnubph Ynndhg dwpnuyht gnpéntng wuydw-
twynpws uppwjubph pugundwt dbe: Glukiny wppuiyuljuyhtt mkutninghwtnh updws pninp
npulwult wpwidtwhwnlmpmniuubphg b qupqugus Epjpubpnid hpujut dudwbwlnid donw-
Yl gnpédnn nhphpkug Juyumbibph woluwnwiph wowewnwp thnpdh wpyntbu]bnntpentihg
wthpudbownnipnit E wnwewnid 22 ywhwnwljut b mqquyyht gbnpighwljut guugh Jhdwlyp pupk-
Jwybnt tyuwnwlng wjt wpphwujwbwgul]’ hwbpuybnnipjut vwhdwbwdtpd gnunpubpnid
uwntinst] twyhqughnt Upnnuljut gnpénn nkdtpkug juymuubph gubg:

Uniptp b Ukpnnutp

Blubind wohuwuphnid b hwnljuwbu Uungpynyjuuh hwbpuybnnipniabubpnd tkpljughu
wowphw- b pwquupunupujut hpwyhduwlhg, wmthpwdtownnipnit £ wunwywtinid Zwjuunwth
Zuipuy bnnipjut uownywinipyul, wfunwignipjut b ntnbunpjut qupgugdut hwdwnp 22
nwhdwbwdbpd gninhtkipnud uinknst] twhqughnt Upnnuljut gnpénn nhptiptung juyuubph gug
(LUQNys):

Uy tyquinuhtt hwutbjnt hwdwp withpudbtown b nist) hknlyjwy jpughputpp.

e niunidtwuhpb] wohuwuphh mwppkp pyputph Ynndhg unbnddws twghqughnt dpnwljuu
gqnpénn nkdtipkug Juywbbkph guugkph untnddw vhpwqquyht thnpap b jujudws 22 tnupwusdph
wphuuphwgpujut nhpph wpwbdwhwwnlnipniuutphg, Ypwlt) 22 vwhdwiwdbpd gninpubtipnud
twlhqughnt Upnwljuli gnpénn nhphpkug Yuyubbbph guigh upbdwi hwdwdwyi phnplus
wnwowwnwp Ukpnnubknh,

e Juquk) nkdtiptug gmugh Juymuubph wnbntph ptnpnipntl,

e JuwhuJws nkdbpkug fuyuth mbnunpdut mknuiuph wnwbduwhwnlnipmniihg dywull;
Juywth mknungpdwt twwghs,
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e uwhdwib] nkdkpkug guugh dhwdudwbwljw nhunwpfiuwt dudwbwlp b thnybkph
puiliualyp,

o Upwljl) nbdtpkg guugh Juymtubph phunwupyduit wdjuukpt pun ghnwplduwt ubku-
hulikp,

e puwn phinwpldwi thniiph hwjwuwpwlont] nkpbpkug juyuubnh guugp, nputu Ejuyght
nfjuutp pugniubng 2Z-nd 12 donnujut gnpénny juywtibpp b hwbpuybtnnipjut mupwusph
Unnnwluypnid tnyt dudwbwjuhwwnywsh dhgh 2000 J¢ ownwynny wnlw ITRF Juwjwuubkph
wnyjujukpp (BUCU 11401M001, DYNG 12602MO006, GLSV 12356M001, KIT3 12334MO001,
KTVL 12337M003, MDV] 12309M005, MIKL 12335M001, NICO 14302M001, POLV 12336M001,
SOLA 20101MO001, TEHN 20404M002) 1 hwodwplbt] npwuig Ynnpphtwwnbbpp, oquuugnpsting
Bernese GNSS v5.0 dpugpuyjhtt thwpkpn [1-3],

o unwgyuwd nkdbpkug uymtubph Ynnpphtwnubpp hwdbdwnt] hwjuuwpulondwb pu-
pugpnid ubipgpuyyws ITRF Juywutph ITRF2020 htwn,

e twhiwgdny twhmnbujusd dudwiwjuhwndwsnid phnwpluws b hwjwuwpulonyws
nt hwyquplusé Ynnpphiwnttpp ZEpdkpnh tnuiwlnyg thnpjupulbpyly 22 U8 Ynnpphtwnuwghte
hwdwljupg (ARMREF02) oquugnpstny wyy hwdwlupgnid gnpénn 12 nkdtpkig Jujuubph
ynnpphuwntbpp: @npuwlipyyws Ynnpphttwnubpp hwdbdwnk] Bpliph pninnwughnt dhpwqquyyhe
Swnwynipjut (ITRS) ITRF2020 hwdwlwpgh IGS gwugh YJwjwuttph Ynnpphtwwniubph hbwn,
wjunithtn pupnbkqugqpulijub gnpéniubnipinit hpwljwbwgubint hwdwp wiugnid Juwnwnpby 2002.9
dudwttwjuhunguwsnid unknddus U8 hudwljupght,

e wuwwyhpwwnnth nwpwspnid mbnunpk] LURNMYS-h nEjudupdwt jEuwnpnup:

‘Lwihqughnt dptnuljutt gnpénn nkbbpkug juyuwuttph guigh twhiwgsh juqudwt hwdwp
hhup Eu hwinhuwght) wpuwphh qupqugus tpyputph thnpdp, 22-nd gnpénn WGS-84 §nnpnhtw-
nuwjhtt hwdwupgnid unbnddws US3-h hhdtwltnbpp, Upnnuljut gnpénn nhbtpkug juywmuubkph
gutigp, 2Z wwpwsph b vwhdwbwlhg wwpwswopowutiph 1:10000 — 1:100000 dwupwnwph
nbknugpulut pupunbqubpp b 1:2000 dwupwnwph hwnwlugstpp, ginjuuywljgdut hwdwp hwb-
puybnmpjui nupusph Unnwluypnid dhisk 2000 42/ swnunjnny weljw ITRF20 Jujwhubph
ynnpphtiwnwghtt nfjuttpp: Luwpuwgsh ywjdwt hwdwp ogurnuugnpéyt) ku [3, 5-9] wnpniptpnd
npyué Ukpnnubph wuwhwuetbpny:

Upyniupubp b putiwpynud
Upnnuljutt qnpénn nhdkpkug guwugh Juywuubtph pwbwlnipinitp, Juwhidws wnwpwsph
Ubbdnipinithg, Yhwnbkph dhol tnué hinwynpnipmniihg b juyutubph JEkpuwdwsynyphg npnpynid £

htEwnlbjw) pubtiwdling®
LW
~ (2R-0)2’

(1)
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npntn N-p juyubbbph phd b, L-p’ tnapusph juyunipgniip, 7, W-i wnupusph kpljupnipeyndp,
i, R -p pwnundhnt t, 0 -’ Yuywbiikph dhob Jepuswsynuypn, §u [4, 5):
(1) pmuwdlinyg hwoqunlyty Et npny sunthbph nwpwspubpnid nkpbpkug uywukpnh putwyh
npnodwh nfjuyitkp’ pun nwpusph juyinipyuh b kpljupnippui, npnip npgws b wynuuwlpd:
Uyl
Uznuiljuls gnpénn nkpbpkly juymbhkph quiligh ylankph purbulh npnzuwl injpuyilp

S/ L Wt Swipwidph Cwnunfhnp, | Ykpumdudnipp, N
dwlkpkup, R, U 0, ju
1 100 100 10000 40 1,8
2 200 200 40000 40 7,1
3 300 300 90000 40 5 16,0
4 400 400 160000 40 28,4
5 500 500 250000 40 44,4

2Z vwhdwbwdbpd b widuwbgnipjut gninhutiph pungpiuwt mwpwsputipp quiynud Eu wn.
1-h 3-pny b 4-pn minnbph vhowluwypnid (16,0 +28,4 = 44,4 : 2 = 22,2 uyjwil), wjuhlpl, ukpluynidu
wnlw 12 gnpénn (bl. 1) b twpowgsynn 10 nkdbpkug Juywutbpp mbuwluinpkt (hwupdtp pudu-
pupnid ki nupuwswopewth wwhwuewplyp (uy. 2):
Butny Jkpp tpgwshg 22 LUSNYS Juywbkph dhel kyws hpwdnpmpyntub plngnt k]
puwn wr. 1-h wjjubkph dnwn 80 Zi/; hul Yhpuwdwsynypep Uhbsh 5 42 juqunid uinugynid k 22
nhdtptg Juyui: Lpdws wuwpwdbnpbpny pkdbptug guigh ujubdwb dowldl) k22 whnwljub
dwuonwpughi pupph 1:100 000 dwupinwph imknugpuljut pupuinkqubph Jpu:

LUQMNYS-h twhiwgddwbt hhdtwjwt thnykp G

1. Gpipwswihnipjub Jbpnisnipnii. wpwnwipwjhtt mupwspp syytwp E mwpwsyh pw-
quyhl juyutth gutigh wpwnwpht wupwgshg wyt Ynnd,

2. mbnuph ptnpnipnii. (Eptuwghtt mwpwspubpnid (ophttwl] Zuywuwnwth mwpuswopew-
tntd) Yud Juhin punwpuhtt nwpusptpnid jujwih punnpgniip dkswgdmd £ nwunhn-
unykpttipp b wqnupywuh winpunupdnidubpp Jepugutint hwdwnp,

3. uwppwynpnidubph wwhwbeubp. uyutubpp whwnp £ quwhywiblu puquubhwdwpwuljut
ninnuwt whpubph punnitinud (GPS, GLONASS, BeiDou, Galileo) b niuikiwit hniuwih fuy
(Punbkpubwn) [6]:
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yiou
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Ul 1. LUQL98-i ITRF gulghl junuwligdwh ufubuwl

Zudwdwyt Vpwldus ujubduwgh nkdtipkug juywbbph dninwynp mbnkph ptnpdwt hwdwp
oguugnnpdyby E 1:10000 b 1:25000 dwupwnnwph mknugpuljwt pupunbkqutpp (y. 2):

Upnnuljut GNSS nk$lpkig fuyubh unbndnudp tkpunnud 5 hputwlub thny wwhuwb-
dwl wujunuwtq nbnh ptnnipnipinit (Epupuwnb swhwgnpéynn skuph tnwthp), §nown nknunpyws
wkthwjwph wbnunpnid, GNSS pugniuhsh wbknunpnud, ninnhs hnpuwbgdwt jupgquynpnid
(NTRIP ukpytp) b ginphqhwljwt jupqupbpnid gnpénn §nnpphttwnwghtt hwdwljupgnud:

MEPEpLtg Juywbtbpp nknunpynud Bu Zwjwunwih Zwtpuybnnmpjut hghjulju b
hpwjwpubwywh whdwig Ynquhg ginpghwlub b pupnbkqugpuljub gnpéniintpentt hpwljw-
twgubnt hwdwp b punugws tu punniuhshg, GNSS wjkhwjwphg, wiujuwthwt uunigdwb wn-
pininhg, tpupt yuwhwpwhg, hipwhwnnppulgnipjut vwppuynpnidutphg (Juuwh vwppuyn-
poudubp) b pwipwpgtihy dnnpg:

Cunniuhsp dhwdwdwbwl unwtnid £ wqnuipwbitbp wntjuqt 10 (nwup) wpputyuljubphg
U nkqunpnud E akpunid jud skipnid hwnmy kpljupt quhwpwbbpmd tingnig b juntuynt -
pintuhg wuwownuyuwtws:

NEdtpkug Juyutubpp juyswlihg wuonwyuwubknt hwdwp nknunpynid B juydwluuwgh
wwownuwwiths dnnbp:
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Ul 2. 22 vnupwéph vwhdwinudbpd gnuint LU2Y8-h unkpbdwi ufubidwih

NEdtpkg guugh Juywuubph wnbnbph punpnipiniup junwpynid £ wnwght thnyny gpuuku-
juuyhtt yuydwbubpnd 1:10000 dwupwnwph pupnbqubpny nt 1:2000 dwupnwph hwnwlju-
qdtpny, huly kpypnpy thnymd wpweht thnny twhtwnbu]ws nwwpuspibpnid nuownwght hknw-
quiwlwub wouwwnwputpny, nph wpnniupnid nknutpnid Lonydws uyuth mknunhppp whwp £
wwwhnyh htnlyu wuydwubp.

e nhdhpkug uywh junnigdut munbuwljut tywnwljuhwpdwpnipiniup,

e nhdtpkug juywh Epjupunt ywwhywinipjuh wywhnynipniup,

¢ nhdhpkug juywihtt wunndbptiwutpny dninbiwnt dwwnskjhnipniup,

¢ phuwupluwt hwdwp LHEjunpuuinigdw b juwh gstphtt thwwnt htwpwynpnipjnip,

e hhutwlkwnh nhppp hnphqnih thuwndwdp 10°-hg pupdp wpgkipbph puguljuynipnip,

¢ wunpunupdunny dwlbpinypubph pugujuynipmiup,

¢ hEjunpudwquhuujut pubqupnidubph pugujumpniup (punghnjuywbtbp, pupdpu-

Ynjun jupdwtt hnuwipwgstin b wy):
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Loywd yuydwbtkpp hunwljigutint b hbnnwquynid nunhnswsynyph wthuwhwt yuydwb-
ulip untnstint hwdwp wthpwdtown k nkbtipkug juywbtkph twptwub ptnpus nbntpnud ju-
wnwpk] 24 dudju GPS nhnnwpynidutp [7]: fpwtny Ukl wiqud bu wyywhnyynid £ wyn uywuubph
wnbnunhpph wthiuwhwt wtwnwiph wtdunwignipniup:

Stnuquiwl wpnyniiptpp winwbung htnn Gkpluyugdnud Eo htnlju) hwunwpnpbpp’
nkdtiptg Juyuuttiph nnupwohidwt mbntph nipuiupubpt nt Wfupwugpnipmniuubpp, npuig
nuwbljupbpp b 1:500 Jud 1:200 dwupnwph hunwlugstp’ nkqunpuut twhiughs juqubin
hwdwp, pupdniipughtt juyulgdwt hwdwp Gughtt htwthpbph hwdwpp, nuup, thop b thyt-
lhpwgdwt pupwgph tpupnipiniup [8, 9]-h wwhwleubpny, mEnunpdwt wmbtntph gpnitnubph
Epypwputtwljut b hhnpninghwlwt hbnwgnudwb Wniptpp, wppuyuwluwhtt wqnupwtubph
wlgdwt jungpunnunubph nhwgpudukpp, nputuynpuny YEnht dnnbuwnt ujpkdwt (7, 10]:

Zudwdwyt twdhqughnt nhptpkughw) guugh juqujus ujubdwyny pnpyuws jnipupuis-
nip nkdlpkug juywth nknunpdwt hwdwp wkwnp Ejuqudh nkthjuljuwt twhiwughs, npnud ubkp-
Juyugytint E hhdwlknh nkqunpnudp hwdwdwgi 0. 3-nd wpgwus nkuwlikph, npnip whnp k
hwdwywwnwupjupwubku [10] hpwhwigh b [11] 2US 226-2002-h wwhwueutpht: Yuywip whwnp L
wywhnyywsé huh wippwthwb EEjunpulubt hnuwtpny b ppoujhti nt nwnhn juwny, htyybu twb
wunwig b hntuwh wuwhywini pyudp:

Uly. 3. GPS nkipbpkig quuligh fuyhhbph innkqugpdwl wnkuulabp

Utpykpp whwp £ mbnunpyh nkdtpkug guugp sowhwgnpénn Swnwnipjut okuph wnwbdh
ukyulnud, npp wywhnydws Yihuh wtjputhw fEjunpujuinipyut vinigdwt wnpnipny, peow-
jht b nunhn Juwny, husybu twb Ynnduwlh wdwbg dntinph wpghjuthwlnidny:

Opwghpp, npt wpjuwwnnd E ukpdtph ypw, hwodupyniud £ ywhweynny RTK/DGPS wyjug-
ubpp owpnitwjuwpwp vnwtnupn RTCM dbwswthny jud ubthuljub dbwswthbp (Leica, CMR,
CMR+) oquynnutiphtt thnjuwgbint hwdwp swpdwljwmt pugniuhsubp: Ubkpdipnid mbnunpdus
Spugpujhtt wywhnymdt wipunhwwn YEpnisnd £ ndjuutph «<hpughdwyp» b dnphijuynpnid
upuw)ubipp: UGupunhwn supnitwjupwp hwodupynid b ninnnudutpp: Uh wiqud unbnddws b
owhwgnpédwt hmtidudws ubpybph Spugpuyhtt hwpbkpn jhnght wnndwwn jipyny wywhnynid
E nbdtiptg uywtubph wohiwwnwupp: Uy gugp hqnp gnpshp E oquuugnpddwt hwdwp [12, 13]:
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Zwpyh wnukny, np 22 UQ8-h O-wjwl nuuh nhnwpydwt mbnnnipmniup juquty 5x24 dwd
nbnnnipjudp, hull LURXYS-h nhunnwupynudp 20x24 dwd nbnnnipjudp b nkdbpbug juywuttph
Ynnpphuwnttph hwpdupuwt wpyniupnid tplnt nhypbpnid £ yjubwght £onnipmiup juqdt;
t 1 udf, huly pupdniipughlip dhish 2 zo/ [1-3], wyy hul wuwngwnm] wpwewplpdnud £ iuuugsnn
twyhqughnt nkppkug guiigh phunwpluwh dudwiwlp vwhdwit) 10 thnyy 10x24 dwd nlinnn-
pjudp: LUQFUS-h §nnpphttwntibph wpwyt) pupdp donnipinit wywhnybjnt hwdwp btyunw-
Juwhwpdwp £ hudwpynid ghnwupynidubpt hpujubwugub] mupju quptwbughtt jud wytwbw-
1ht ghobpwhwjwuwph dudwbwjuhwnydwsnid [14]:

Yhunwpynudutph hpujutugdwt hwdwp juquynid £ wopunwbputph dudwbwlugnyg b
wytt npudwnpynud £ wppumnwiipuyhtt judpbphti: Tudpbiphtt whwnp E wywhndbt] ghunwpynudubtph
hwdwp wuhpudtown gnpshputpny’ wywnndbpkuwutpny, thgpuynpdwt dwpnlngutpny, gkutpuw-
unnputpny, htywbu twb nbnkjunynipmiip hnpwighne hwnntl yuydwbudnpusnipjudp
(stwhwnbutws fpwthwunidubpp hwppbint hwdwp): Zudwduwyi nhnwpynudiubph hpuljuwbwg-
dwl wpuwnwipughtt gpudhljh, woptwnwipuyhtt pdplipp ghnwpynidubpp whwnp L ujuki dhw-
dudwbwl, wplumnujuquh Ynnuhg whwp k huljykt vinigdwt dwpunlngubph Jhdwlutpp, hhon-
nnipjwl pupntph Jhdwlp b mthpwdbynnipyut nhypnid thnpjuwphudbt unpbpny: thunwpldus
24 dundjw jnipupwbgnip thnh wjwpunhg hbnn pipdhedwt dwdhi, hwdwlupgsh ogunt pjudp
nuunwplt] hhonnnipjut pupnbpp b nfjuutpp gqpuitgt), vnugdws ndjuutpp hnpowlbpuy by
RINEX dvhpwqqujhtt dnpdwinh duyyiiph® hnwgqu dowljdw b hwoydupldwt wouwmwnwtputp ju-
wnwpbint hwdwnp [15]:

Unwghtt thnyniud dpwljynid L nkdbpkug guugh juywtubph phunwpydwbt ndjuiuakpt pun
nhwnwpluwt optiph b thnykph: Zwoquplyynd ku npuitg Ynnpphtwntitpp, ogunuqnpstiny Bernese
GNSS v5.0 spwqpuyhtt thwptpen [16] (uly. 1): Ujunthbwn hwyduplynid E ubkuhwibph hwpdupydwb
wpyniupnid unwugus nkdtptg juywtubph Ynnpphtiwntph dhohtt pquputiwljup, npnip
Jhwinhuwbwt wyy jujubbbph epotwlub Ynnpphtwwntbpp: Edpkug fuywbtbph Jtpetiw-
Jut hwydupldws Ynnpphmnubph donnipjut wunhdwth guuhwndwt hwdwp wthpwdton
Et ngpuip hwdbdwwnt] hwmjuuwpuljpndwt ptpwugpnid ubpgpuyws ITRF Juywutbtph ITRF2020
htn [17]: dputg muppipnipiniip wiwbwhtt payunpudwuntd sybwnp b ghipuquigh 1,0...1,5 vy
hul pupdntupuhtp 2 ui

Lupntqugqpugbnpbghujut b hudtubpujut woliwwnwiputph junwpdwt hwdwp wb-
hpwdtown E nhunnuplus dudwtmjuhwnydwush hwjuwuwpulpnyws nt hwpguplyus Ynnpphtwn-
Ubpp ZEpdbpnh bqutulng hopwulbpyly 22 UGS Ynnpphtwnught hwdwljupg (ARMREF02) og-
wnwgnpstiny wyny hwdwlwupgnid gnpénn 12 nkdbpkug juymtubph Ynnpphtwnubpp: 2w hhdtw-
Ynpynud £ bpwting, np 22 ywhnwlwb dwupnwpwghtt pupph mbnugpuljuw pupunkqubpt nt hw-
nwlwgdtpp unknéyty tu 2002,9 dudwbtwjuwhwnwsh ninnutlnit §nnpphtiwnwihtt hwdw-
Jupgnid Guniu Upnighph wypnykghuwynid [18]:
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Lwhqughnt nbdtptug Yuywbubph GNSS guugh uwnbnddwt wppniupnid Juwnwgyh
hEwnlyuyp.

1. ZZuyuwownwuwinipjub b widuuwignipjut juphpubph hwdwp pupdp £onnipmnih wwyw-
hnynn nkdtpkug gulg,

2. 2z wmupuwédph nwhdwbwgddw b vwhiwtuquundwt gnpspipugh dudwbwul vwhdw-
twdlpd gnunhubpmud wppwiywlwyhtt phppnpnodwt juywbubph htin thnjpwnupd hntuwh nbknk-
Juunynmpjut hnpwbwlnd, 22 ywhnwljut vwhdwih vwhdwtwgsh vwhdwbwgsdwt hwdwp
uwhdwbwdkpd gnuint jujtipny nwuppbp dwuynwpbph nknugpujut pupntqutph b hwnwlw-
gotph vnbnédwt b vwhdwbwquunidwt hwdwp vwhdwbwuniubph &oqphn mbknunpdwt huw-
puynipinil,

3. ZZ qupunuyuinipjul b wifunwgnipjut juphputph hwdwp wejw hnquwnwpwspubtph
b ohinipynitiikinh swhwugpdwt wpjpwwnwupubph pupdp donnmipjut pYuyhtt Gpuljbnwiht wjwnn-
dwnugus nknkjunduljut Ynnpphttwwnwght hhup (unuwunpujht hwnwljugstph unbkndnid,
okuptph b shtimipmitubph twhmgddwt hwdwp hwinipuyhtt hwnwlugstph untnénid, tyw-
hupdwt wohnwmnwputph hpujwbwgnid, junwupnpuljut hwinyputph unbnénud b wy) pupunk-
qugqpugbnpliqghuljut wyhwwnwuputph juwnwpnid),

4. 22 quonywinipjub b wijunwignipjut juphputph hwdwp pupdp Lonnipjut nknu-
jht b huwnntly ginpbqhwljut gumugkph untnddwt htwpwynpnipntl,

5. 2z uvwhdwiwwwh unnpupwdwinidutph twyhqughnt hwdwlwpgbiph wywhnynud,

6. 22 qhtJwd mdbph nhnuiuydwi b minuowpdtph tpipunbntjunjuljut hwdwlup-
qbiph untnddwt b Jupdwb htwpwynpnipjnil,

7. 2Z wquonyuwinipjul b widunwiugnipjut yuphpubph hwdwp £&ogphwn b hntuwh nbnw-
qpuljut pupd pupwnbqubpny wywhnynid,

8. npnunnuljut b thpupupwlub gnpéniubknipjut gnpswnnypubpnid dogphwin mbnnpny-
dwl wywhnynud,

9. Z2Z yqqupwnywinipjub b whdunwignipyub juphputph hwdwp nkjpuhjuljwt dhengutph
nhppnpnodwt hwdwljupgh mnnpnydwt dpnwunhwnwplnid,

10. ZZ yuonwwinipjut b whdunuigniput juphpubph hwdwnp ogunuugnpéynn whonusnt
pnsnn uwpphphtt ppujut dudwbwlnd hown ghnjuyulgus wkpnnhbqbputjuputpng b
oppndnnnhwnuljugstinpny wywhnynid:

Bqpuljugnipyni

UowljJws twhqughnt dpnnwljmt gnpdnn nkdtpkug juyububph guigpn punjugus k 10
nkdbpkug yuywutnhg, npnug vholi hipwynpmipinitp 80 4 E, wyuhtpt juywbbph sunwghnp
punmiin]ty & 40 44 Jhpuwdwsynypp 5 4 huly 22 whnwluwb vwhdwiwugshg nnipu swsynypp
dhlish 5 Jif PEdtpkug gutgp Juyulgynid £ 22 mupwswopowith dnnnwljuypnid dhish 2000 4/
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ownuwynny quuynn 11 ITRF Jujwbttpht, hwjwuwpulspdwt woiwmwnwbpttpnid ukpgpudybnt
ku Yunwuwnph Yndhnth hwdwljupgnid gnpdnn 12 nbdtipkug uywbbpp: Lnpuunbkns nkdbtpkg
guignp Yniukuw UkEY ukpybp, npp Jupnn L uyguuwnpll) dhgh 500 ogrnugnpénnutiph: Lwhiwghép
Uowljyty £ ASU twpjuwpupnipjut «3Enlnudnuy @LC-nud, wyjt hwdwdwjukgqus b 22 quownyw-
unipjut twpwpupnipjut b Qwuquuupynitwupbpnipjut jndhnth humdwywnwuwt dwubw-
gnuitiph hbtwn:
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OBOCHOBAHUE CO3JAHUS CETA HABUTAITMOHHBIX PE®@EPEHITHBIX CTAHITAM
JJISA HY 2K OBOPOHBI U BE3OITACHOCTH PA

Ogcen Cepreesud Ierpocsin'’, Manyk Pasmuxosnu Bapnansin, Banepuii AsiekcanapoBuy
Anekcansin?, Crenan Kapenosuu Ierpocsin’, ®pen ®epaenanroBuy Axosin®
!Hayuonanenwiii ynueepcumem apxumexmypol u cmpoumenscmea Apwenuu, 2. Epesan, PA

’HAH PA IJenmp sxonozonoocghepnoix uccnedoeanui, 2. Epeean, PA
3Epesanckuii 2ocyoapcmeensiii ynueepcumem, 2. Epesan, PA

“hovsep-petrosyan@mail.ru

Obocrosan u paspabomar npoexkm co30anus cemu CmayuoOHapHuIX HABULAYUOHHBIX ONOPHBIX CIAHYULL
071 HYAHCO 000pOHbI U 6e30NaACHOCMU 6 NPUSPAHUYHLIX 30Hax Pecnyonuku Apwenus, komopulil npedycma-
mpueaem cxemy ONopHOU cemu, Ycio8us 8bl00pa mecm 01 OMOENbHbIX CMAHYUL, CeaHcbl HabT00eHUs cemu
U nepuoosl Habmooenus. B coomeememeuu ¢ Onamu u ceancamu HabRIOOEHUSA, 8 KAYECMEE UCXOOHBIX OAHHBIX
0I5 260NPUBA3KU CEMU ONOPHBIX CIMAHYUL Cledyem UCNOAb3068amb KOOpOUHamul 12 cmayuoHapHuix crmanyutl,
Oeticmsyrowux ¢ Pecnyonuxe Apmenus, u cmanyuti ITRF, pacnonosxcennwvix 6 paouyce 0o 2000 km 60ru3u
meppumopuu pecnyoiuKy 3a mom dice nepuoo. Ypasnusauue u ypasHogewusanue HagueayuoHHou onopHoll
cemu OOIHCHBL OCYWeCMEIAMBCA C UCNONL308AHUEM NpocpammHoz2o nakema Bernese GNSS v5.0. [[na oyenku
MOYHOCMU OKOHYAMENbHO PACCUUMAHHBIX KOOPOUHAM ONOPHBIX CIAHYUL UX CPABHUBAION C KOOPOUHAMAMU
ITRF20 cmanyuii ITRE yuacmsyowux 6 npoyecce ypasnusanus. Ilpusedenst ycnosus vibopa mecmonono-
arcenus onoprou cmanyuu GNSS u anmennwl, dcene3nvix wikagpos 0iis npuema OaHHbIX CUSHANA, 3AUUUEHHBIX
om NI U 61A2U, A MAKIHCe YCMAHOBKU U IKCIIyamayuu cepeepa. [ns 6bINOIHeHUus KapmozpaguuecKux,
2€00e3UteCKUX U UHICEHEPHBIX Pabom paccuumantble KOOPOUHAMbL NepUooa HAOIOOeHUl nPeodpa3yImMcs
memooom [envmepma 6 cucmemy xoopounam PA HI'C (ARMREFO02). Ilnanupyemas cemv modxcem
obecneyums eOUHYI0 A8MOMamusUPOBAHHYI0 YUPDPOBYIO 2UOKYIO 2e00e3UHeCKyI0 cUucmemy KoOpOUuHam Ha 6cell
meppumopuu Pecnyonuku Apmenus, komopas cmodcem npedocmagisims HeoOXooumbvle 2eooe3utecKue Oan-
Hble ¢ GbICOKOU MOUYHOCIbBIO 01 000POHHBIX, 00PA308AMENbHBIX, NPOEKMHBIX, NPAKMUYECKUX, ceozpaduyec-
KUX UHGOPMAYUOHHBIX U HABUSAYUOHHBIX CUCTNEM 68 0O0OPOHHOU, OXPAHHOI, IKOHOMUYECKOU U HAYYHOU chepax
Pecnybnuxu Apmenua. Omo 3uauumensHo noGvICUM NPOU3BOOUMENbHOCb MPYOd, COKPAMUM 3ampamsl U
8peMs Ha NPoeKmHble U NpaKmuyeckue pabomel, KOIU4eCmseo K8aIupuyuposaHHo2o nepcoHana u obecnewum
besonacnocmo bazosvix cmanyuil. Kpome moezo, nuya, ocywecmanarowue ceode3udeckue u kapmoespagpuyec-
Kue pabomul, 6y0ym umemsv 8 C60eM PACHOPAICEHUU AGMOMATMUUPOBAHHYIO MHO2OMEPHYIO MHO2OCTIOUHYIO
UHDOPMAYUOHHYIO cUCmEMY.

Knwouesvie cnosa: onopnas cmanyus, cems ITRF, nayuonanvhas 2eode3udeckas cems, npeobpazosanue
cucmemvl KOOpouHam, npoepammuulii nakem Bernese GNSS, xoopounamsl, yenmp ynpagnenus HagueayuoH-

HOU cemblo
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RATIONALE FOR THE CREATION OF A NETWORK OF NAVIGATION REFERENCE
STATIONS FOR THE NEEDS OF THE DEFENSE AND SECURITY
OF THE REPUBLIC OF ARMENIA

Hovsep Petrosyan'”, Manuk Vardanyan, Valeri Aleksanyan?, Stepan Petrosyan', Fred Akhoyan®
YNational University of Architecture and Construction of Armenia, Yerevan, RA
2Center for Ecological-Noosphere Studies of the NAS RA, Yerevan, RA
3Yerevan State University, Yerevan, RA

*hovsep-petrosyan@mail.ru

A project for the creation of a network of fixed navigation reference stations for defense and security
needs in the border zones of the Republic of Armenia has been substantiated and developed. The project
includes a reference network layout, site selection criteria for individual stations, network observation
sessions, and observation periods. Based on the observation days and sessions, the coordinates of 12 fixed
stations operating in the Republic of Armenia and ITRF stations located within a radius of up to 2000 km near
the territory of the Republic for the same period should be used as the initial data for georeferencing the
network of reference stations. Adjustment and balancing of the navigation reference network should be
performed using the Bernese GNSS v5.0 software package. To assess the accuracy of the final calculated
coordinates of the reference stations, they are compared with the ITRF20 coordinates of the ITRF stations
involved in the adjustment process. The selection criteria for the GNSS reference station and antenna location,
dust- and moisture-protected metal cabinets for signal reception, and server installation and operation are
provided. For cartographic, geodetic, and engineering work, the calculated coordinates for the observation
period are transformed into the RA NGS (ARMREF02) coordinate system using the Helmert method. The
planned network can provide a unified, automated, digital, flexible geodetic coordinate system throughout the
Republic of Armenia, capable of providing the necessary high-precision geodetic data for defense, educational,
design, practical, geographic information, and navigation systems in the defense, security, economic, and
scientific fields of the Republic of Armenia. This will significantly increase labor productivity, reduce the costs
and time of design and practical work, reduce the number of qualified personnel, and ensure the security of
base stations. In addition, those performing geodetic and cartographic work will have access to an automated
multidimensional, multilayered information system.

Keywords: reference station, ITRF network, national geodetic network, coordinate system

transformation, Bernese GNSS software package, coordinates, navigation network control center
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DOI: https://doi.org/10.54338/18294200-2026.2-13 ChULUruruyauu unuusrnryspuLtr

LULNPULESP UNULSELSIUSHUSE GNIONLE UNESNRE3NPULL FULUS/ULUNNISUSHPL
20UU4Ureb ELGUGLSLEE UNNRLUUNREBUL YU

Uhhpwt @nhgnph Unnuljjuiy, Lupht 9hihjh @hpnudjut, UGhghtt Thjuinph Uwpunhpnujul,
Uonu1 Smiphh Uwdwpjubs
Swpunupuw bnnyeyul b phlupupnipul Zuywuwnwlh wqquyhl huduwyuwpwl, p. Gplual, 22

‘stakyan.mihran@yandex.ru

Yhunuplynid Eo ququupubugnpuuyghl huadwlupgh quunwunmbunn BEdEnnbbph
hnglnuduyhli phdwppnippul pupdpugdub hwpgkpp, npnig dwlbplnypbbpp spowginpuui
ulgpniipny qnpdény wlpwghng uwppny Ehpuplyyws i dwulbplnipuyghl wjwumnhl nkpnpdug-
dwli: Zwph wnhlyny nmupunkbuwl gnpdnibbph b gpubg hudwgnipyul nuppbpulabph wgnk-
gnipyull juyll ppowlilip, wunwupiwinunn GEdEinnbbph gpnpnibwlnipiul pupdpugdwl wi-
hpwdbon dwlupnulhl hwublin hudwp puuwlupgywsd b dhwlbpuyyws Eh wnwownnyud
Jubinhpbbpl wdpuging wkjinnghuyh nkuwmlh Houndwl, oqunugnpdyng [nbuwnpnighnb yn:-
plph, BEUEnbkph Ephpusunhwlumb qupudbnpbph b phpinjudnipjui nbdhdbbph JEpupkpuy,
npnip pnoyy Ei nuyghu wpghinid ppuluwinugdus hudwinfwli hknwgnunnipmnibbbphg pnply
whhpudbown nfjuybkp vnwgywsd nidnidbbph owwmpduyugdwb I gpubg [hpundwlh hwdwp:
FPuguhuynywé F unpnjuwluouph quunwunmbuwnn: GEdEnnbbpnid hnginudughl Eplnyphbph
qbpulym pinypp (~75 %), hish juyuignippudp puuwlupgjwé ki wenpny gnpdniblpp (wpunw-
pht b kpphly): Ghpwnkiny hudwlupguyhl JEpnidnipjul Jkpngp* hnqlwmduyhl Eplinypbbphi
wnlsyng gnpénbbbpp Gbpluyugyués Eo nmuppbp hwdwlgnyemnibbkpny b pwinulikpny, npniaghg
glpwlw nnuppbpulbabph hudwp dhwlbpygyws Ea hnjuljuwwlgyus nhgplupni wupwdbnp-
Jul hwjuwuwpnidibph Epkp hwdwlwpgbp, npnap B EdEnbakph Gpngnibwlnyeyul dwpbdunh-
Juwlwi Unpljbbpl b Upyws hwjwuwpnidibph jhpundwdp hinupun/np F wpuwq husyupl by
wwpullnpkp  huoyw-nkbnnghwlub gnpénynupinibakpnid mphn b hwlunupd pbnhpbkph
[nidlwl hyunnwling:

FPwbuyh punkp. ququnpubuynpuuyghl hudwlupg, npnyuluwpwp, wqnnn gnpdnl, hng-
wduyhl widpnipintl, Jwpbdwnplulul dnply

Uhpuédnipiniu

Uppynmitwpbpuljut qupqugus tpyputph nbnbunipjut wpgh thnynod wpnunpujut gnp-
dniubknipjut punyph b ninnyuénipjut thnthnjunipjut punhwunip dhnnwdubkpp, phwlut ww-
ownutph htnkuuhy swhwgnpénilhg wugnudp Eupuljupnigyusputnh b wpunwnpnipjut dpgnt-
twl b pupdp wpunuwunpudhengutph pnnqupluwip jupwubk] Eu tnpupuwpuljut dowlynidubph
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unbnénid b wpnwunpnipniund wyn gnpépupwugubph hwdwihp Yhpuenid (hwpgupl b twpuw-
gonid, wmpununpuljui b thnpdwpuw nkjutninghwukp, pwhwqgnpénid, thnpdwptinid b nnkjutih-
Juljut vyuwuwplynid): YUntunpnijghwttph ponpupdwut wény twhwydus vhinnidubkpt wnw-
ohti hippht Eupwnpnud G unp nkutninghwlwb gnpépupwgubph dpwlnid b junwpbjugnpénid,
npnip wywhnynid Bt wpnwnpnnpujuinipyut, wolimnwpuyhtt wpugnipniutph b hgnpni-
pjul, huswyhu twb tpywsd dheongubph b wmbuwlwpwp Eubkpquqhtijwénipyut pupdpugnidp
(ypuitg Wnipwnwpnipjut hokgdwt htwn vhwdwdwbwl):

dkpnhhoju tyyuwwnwlht hwutbnt jupbnp nunnnipnibitiphg £ wppnibwdbn nkjutnn-
ghwljut gnpépupwugutnh Yhpwnnidp, npnip pupdpugunid Eu nuunpnijghwbph yuunwupuw-
twwnnt jurnigyubspwiht ikdbunubph Ypnpnitwlnipnitp: Upnwunpnipniunid wynuyhuht u
hudwpynid wdpwgunn mkputuninghwukpp, hulj ppuighg’ Ltdkunubph wowwnwipwyhtt duljk-
plnyputph b jupjubdnipjut Ynunwhstbpng wnju wnwbdht hwndwsutph dwlbplnipujh
wwunhl pdnpldugdwi (UNY) dkpnnn [1-6], npnup nmwpplp Juwuwljup Epinyputph hwdwihp
wqpblgnipjut uwwndwnny (hnquwdnipintl, skpugnid, twydwénipinil, jnnnghnt dhowuyp, otip-
dwunhdwbuwhtt muwnwinudubp b wj) wnwdt)] hwldws B puypuydwie:

Udpwgunn wnktnnghwubph juwjtnpkt oqunugnpénidp shtwpwpnipyut b hwpwlhg ptw-
quyunubtpnid hwtqkgpt] £ wwwppbp ntunnpmijghwttiph nidwyhtt hwugnygubpnid yuwnwu-
wbwnm Hhdkintkph Ypognibuolmpuot bujut wgh b hodbdwnwpup gusp hiptwpdtph
guédn b Uhohtt wspjuwstiwghtt Ynuunpniljghnt ynnuuwnubph juyt jhpundwt otinphhy, npp 4tpehte
nwubwdjulubpnid wpnunpudhengutinh quugusuyhtt wmpurwnpniput b ntunnpnighnt iynt-
phtph gunnnitwlmpjut wipinhwn wéh Wujdwbibpnd wywhnynd £ pupdp wpnnunpnnquljud,
hntuwih b hwdbdwwnwpwup gusdp huptwupdtph Yntunpnijghwtph poqupynudp: Lodus phw-
quyupnid tkpjumnidu hpujuwbwgyl) o jujtwdwdw) hblnwgninmpniuubp, npnup hhdbwlw-
unud thnpdwpupuljut punype tu Ypk) b widhpwljwnptt Jepupkpniud B npnowlih nuuh ntiun-
pnijghwubph b mbktuninghwjut vwppwynpmidubph phntjudnipjut nkdhdubph b mwpwpunyp
puguuwlui gnpéniutinh wqpbkgnipjut htwpwynphtiu tJuqbgduip:

‘Uniptp b Ukpnnutp

Lwpujhtund hpuljutugyk) kE ghnugnpstwljut hbvnwppppnipinit tkpjujugunn ntuniduw-
uhpmipniuubph qquh swdwy, npp Yhpwekih E pighwinip nuuh Yntunpnijghwutiph b inkjutn-
Inghwljwt vwppwynpnidubph Ehdktnttph b hwtgnygutph hwdwp: Cup npnud, dwbpudwut
niuntdtwuhpyty E dbnunughnwlwi, twjpugsulntunpnijunpuljut, nwkinnghwlwi b sw-
hwgnpbwljut punyph qnpéniutpnhg mipupwtyniph tquijh wqpbkgnipniup tpdws LEdkunubph
b hwignygutiph Ypnnnibwlnipju gnigmuhputph Yypu' UNY-h wnwppbp mbuwljubph hpundw
nhypmid [7-10]: Guunwpws wpjuwnwtipubph nipwhwnlnipniup, hwwnntly punypnp b nipnyu-

141



ISSN 1829-4200 &TZU.Z @hSUYUL UGCUSNRE3NRLULES 2026. 2. 2 (95)

dmipjmitp nu twpopnp plunpws b npnowlh pinygph wipugdwl nkjinnghugh hpulwubw-
gnulti ' ipdws nuup bjkukinubph hwidwp, hwodh webting phetjwusn pjut nkdhdubpp b opewljm
dhowjuyph wqntgnipiniup, npnup phjunpjus tu nputg wohmunwpwhtt wuydwutbpny:

dtpohtt muwutwdjulnid UNZ wunwd tpyputph ghnwhbnwgnuuljut htunhnninubpnud
b htnwgnunuljwt YEunpntubpnud hpujwtwgyt) B dowldws dujtpinyph ypw wwuppkp bhqh-
Juljut dkpnnubph wqpbkgnipjudp wdpwgunn wkjubninghwubkph juwnwpbjugnpddwp b unpkph
Wuljdutt ninnJus qquh dwjuwih ntunidbwuhpnipnibubp [11-15]: Fpwbg wmwppbphy nipu-
hunnlnipniip’ pu wohumnwpbph Uy vwubwghinwlut ninpiusmpmiut b, npp Gugunmy
niuh sk pwhwgnpswljwt punyph npnowljh dwutwynp juinghp (wpjuwnwtipuyht wpwgni-
pintuttp, phintuédnipjut b wpnwunpnpujuiimpjut pupdpugnid, §ntunpnijghwjh Swpuynt-
pjut dudljtnh tpiupugnid b wyjh), npntn pugujuynid Bu unugdws nyjujubnh nuuwlupg-
Uwl, hudwlupgquui b owynhdwjugdwh gnpépipugikpp npubp wy phuqujunbtpnid jhpw-
nkint hudwnp:

Untuwnpnijghuyh pwhwgnpswljwt hntuwhmpjut wywhnynudp, hwoydh webbing Jkpp
uywsd gnpénuubtph nne hwdwihpp, hwdwwnbtny gnpéniubnipjut nhwypnid swwn pupy juinhp £ b
punniubny, np Yntunnpnighwttph pwthwinwdubph dnwn 70...75 % -p wikinh E niubunud Ejedktwn-
ubph hnquwdwihtt Juwudwspubph b Ynunpjwspubpnh hknbwipny, ntuntdbwuppnipyut ndjug
thmnud Yphunwplykt wdpugunng wkhtuninghwutph Jhpwedwdp hnquwduwjhtt ghdwnpnipjut
gnigutihpubph pwpdpwugdwt hwpgkpp [16-18]:

Juunuwpyws wpjuwnwupubph gipuljohne dwup, npnug wpynitputpp hhdtwljwiunid uinwug-
k] B thnpdwpwpuljut Enwuwyny, vhwju putwljulut quuhwnnidubp o wupnibwlnid jud
b wnwownpus ki wdpugdwt unp mbhuuninghwitp b gnpshpwdhengubp: Ujn hkwnwgnunnt-
pintutitiph dupnn Ukswdwutnipynitubpnid nhunwplyt) b tqulijh wqnnn gnpénuh (pntdwspuyht,
yntiunnpniljghnt, mkjutninghwjui, swhwgnpswljut b wyjt) npujujut b pwhwluljut quw-
hwwnnidutpp: Uujuyt Ynuunpnijghntt mwppbph hpujut wopwwnwiupwihtt nkdhdubpp punt-
pugpynid ki dhwdwdwbwl wqnnn dh pwth gnpéntutnh hwdwlgnipjudp, npnughg jnipupuis-
jpl hp dwubwpwdhbit muh wyy Edkinubph ypngniiuynppui hnthnudwb gnpsplpugnid
gnidwpuwyhtt wpnynitipny tjuqbgubing Yud k) pupdpugiting hnquwdwyhtt phdwnpnipjub gni-
guithpubpp:

Uoyws dhongunnidutiph hwdwihp b wwppkp qnignpymudubipny ghunwpnudp, hsybu hub
npuughg npbk dkjh wpwetiwjimipjut punniunidp Yntunpnijghwtph twpwgsdwu b junpnp
hudpwpwtwljutipny popupuut yujdwitbpnid wnwewnpnid b wyy gnpépupugutinh dwpbdw-
nhjuljut dnpbjuynpmd b ghunwplynny vhgngunmidubph gniguhoubph oyunhdwjwugnid: Fw
Pyl juuu ptwquyunh hbnwgnunipjnibtipnid hhdtwhiinhputph jnsdwt hwdwp pugniagws
nhdtpkughwy ujqpniiphg mugnid juwnwpk) tpgws vhgngunnidubph hwdwihp b hwdwljupgdus
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nhunwpluut dkpnnhuyhl, puguwhwynt nhunwplynn wupudtnptph dhel dnitljghntiwg juybtp
b wpwownnl] wdpugdwt oyyinhdwy gnpoépupwugubp:

Zwpyh wntbkny mwpwnbuwl gnpénukph b npug hwdwlgnipjut muppbpulutnh wqnk-
gnipjull hwdbdwwnwpwp juytu opowbwlp, uunwupwbwwnne fEdkunubph jpnnnibwlnipjut
punpdpugdwt mtthpudbon dwjupnujhtt hwutbint hwdwp wiuhpudbon Eyuuwljupgt) b hunnw-
Ygulk] wpwownpywsé punhptt punn wdpwugunng wbkjutninghwjh mbuwlh, ogunugnpéynny Yntu-
wnpnijghnt nipbkph, fEdkuntbph pdptph b nputg pintdwénipjut nkdhdubph, npnup pnyy) Eu
nwjhu twpjhund hpwlwbwugws hbwnwgnuunipnitubphg ptwnpk] wihpwdbown  wdyuutp
unwugjué nisnidubph oyunhdwjugdwt hwdwp b npputp Yhpwetk] hwduywnwupwt nuuh
Yntunpniyghwibph b mkjutininghwlwt vwppuynpnidutph tjuwwndwdp:

Npuyku hbnwgnundwt wnwpljuw nhnwplyl B quunwuppwbwnnt b swbtpupkniws k-
Uktnttph hnquwéwht nhdwnpnipjut pupdpugdw hwpgbpp: dputg Ypngnibwynipjut hwy-
Juplubpnid oqunugnpdynid Et hwpwpbpuljut gnpdwlhgutp, npnup hwoyh ki wntnid ntiun-
npniyghnt nwppbph Epjpuswthwlubt wupwdbnpbpp (Kge), jwpnudubph §nunwynudubpp (K;),
wdpugdut mkunnghwt (Ky,) b gnudwpuyhtt gnpdwhgp ( Kyp), npnug hwdwp pughwipuljut
E g tuutmjuts ghiwgyniin pyut vwhdwinp [19, 20]:

Uoywé gnpsujhgubipti ntukt hwdwubn junnigyusp b thnjujuwulgws Eu, npu by phju-
npnud £ gpuig nuuwlupquut b hwdwjupgué ntuntdbwuppdwt wthpwdbownnipnil, npp
phuntd £ wpunnunpujut wquydwutubpnid wnwownpus hwpdugpubhljuju b mktninghwjut
gnpdpupwugubpnid nputg oyynhdw] wpdtpubph npnydwt yuwhwghg:

Uju tjuunwunnidutphg Giubny’ ghunwuplws tu wqpnn gnpénuubph hwdwlgnipmniuubpp,
npnup punn hwdwljupquyht ypnisnipjut dbkpnnh b Yntunpniyghugh Jpw tpgnpsdwi uljqpnib-
ph, Jupbih E ubpujugub) hbnbyw) Gupwpdpbpny

e wpuwphl qnpénlubp — Uptnnpuuwght tkpgnpénidubp, opwyhtt mwpwspubph wqntgni-

pintl, shpdwunhdwtwhtt mwnwbinidubp (opujut b jhuwdjuluyht), pintjudnipjut
nhdhdukp,

e ukppht gnpénuubp - Epypuswthwljut yupwdtnpkp @ /), jupnidubph Ynugktinpughw

(ay), mdpugdw mkpuunnghwukn (Ah):

Uoywd gnpénuubpp hwingku Eu qujhu hwdwihp jupgny b mmuppbp hwdwlgnipjniuutpny,
npnughg ubkppht gnpénuubpp dwpnuyhtt gnpénitkinipjut wpnyniup ki, nph wwwndwnny jupkih
E Juunwpk] nputg jupquynpnidutpp: @npénuubph hwdwihp wqptgnipyut wquydwutbpnid w-
hpwdtown k twl npuughg puwnpl] wpwetiwghtiibpp, npntp gbpujuw tywtwlnipjnit niubh dtw-
gustutiph tjuwndwdp b punpnonmid ki fEdktnh jpnpnitwlnipyut dujupnulp njuy jpdpupw-
twlnid’ djniu gnpénutkph wupudbnpbph hnthnjedwi nhygpmd: dYpuig hwdwyuinwuwbng
wnwetwjhtt gnpénuttpt Lu. fEdbunutph hhdtwlwt Epjpuswhwljut gqupudtnptpp @ 1),
kqpugsh Aihg wnwewgnn jupnidubph Ynunwlnudutpn (@) b wohtwwnwupwhtt dwjkptinyputph
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wdpwugyué okpnh nyjujubpp (Ah, HV,y 6y ), npnup dAbwdnpnid kb wyn dkdnipinitubph wnwetiughe
Eupwhudph Juqup: ‘Uodws Eupwjudpbpp tbpundws ku Ukl punhwinip puquuuyupudbinpuljut
dniuljghuyh kg, npp hiinwgnunynn hhdtwhiinph hwipwgnidwpuyhtt dwpkdwunhjuljut dngbiu
E: UoJws gnpéntiubph gniguwthpubnh dholt thnpujuyuljguénipiniuts pinhwnip imkupny juptkih
E ukpjuyugut) npuytu pauqUuuyupudbnpuljut $nruyghw [21-23]°

@5[(Ah, d, T, (Kaor Ko Koo Ko Trcoy)] = 0, M
npp gnpstwut hwyquplubpnd oguugnpéynid E ntigptuhwjh wuwpwdbnpujuwt hwjwuw-
punidubph hwdwljupgh nkupny:

(1) nruljghwyh Jurnigqusdpp b mbkupp junduwsd kbt wnwownpyusd hktnwugnuinipjut hhduw-
huunnh nsdwtt wpwdtwhwnlmpnitubphg, npnup phjunpnud Eu (1)-nwd punggpdus Jkdni-
pintutiiph Bupwjudptph dbwynpnudp, hulj Bupwjudpph tbpunid® wyn dbdnipjniubph nuuw-
Jupgniudtt punn hbiinwgnuynn qnpénth wnwetwhbppnipjut wunmhdwuh: Uy yuwndwnny b Jk-
dnipnititinhg dkyp uvnwinud £ niijghuyh wpgnidtunh jupgquyhdwly, hull dniuibpp puuw-
Jupgynid Eu punn jupquihtt upuwdbnpbph' Buknyg hknwgnunipjut sppwtwnid nhunwpl-
Ynn dbwgws gnpénutiiph jupbnpnipjut wunhgdwithg: Upyntupnid uinwugynud Eu dniujghwtitiph
tntp judptp, npnup (hnyght prjupupnid Bu wdpugdwt wpngniuph putwjulut guuhwwnnudp
guuljugus Alh b sunhh EEdktnttph hwdwp®

1 1I III
Kas = f1(Bh,d, a;), Kas = @1 (d,Ah, a;), Kis = P1(ag, A, d),
Ky = f2(Ah, d, a;), Ky = @, (d,Ah, a;), Ky = ¥2(ag, Ah, d),
Ky = f3(Ah,d, a;), Ky = @3 (d,Ah, a;), Ky = ¥3(as, Ah, d), @
Ksp = fa(Ah,d, a;), Ksp = ¢4 (d, AR, ay), Ksp = Ya(as, Ah, d),
TOpw) = fs(Bhd,a;), T Orw) = @5 (d,Ahas),  Orwp) = Ys(as, Ah,d),
(x = AR), x = d), (x = @,):

(2)-mud $niujghwutinh I hwdwlupgh hwdwp wnwetwghti £ punniitjws wlpugung mkpuun-
Inghwjh gnpénup, [I-nid” Yntunpnighntt mwppbph hhdtwlwt Epipuwsuhuljut yupudbn-
ptpp, huyy II-nud” jupnudubiph Yninwldw Eplngpp: Logws dnruljghwttph juwp poy) Eunwihu
mipwpwisjnip npnpwlh nhwph hwdwp, hwoyh wntubny ukpjuyugwsé gnpénuitinhg qhpuwlyonn-
nht, npp gopstwlut hkwnwppppnipnitt £ ubpuyugunud, juwnwupl] gpu ppbwjuut quw-

hwwnnidp:

Upyniupubp b putiwpynud
Kag Ks) Kyg, Kop Ui Op@y)-h thnhmpuduts pnyep jwipmfikph Ynunwljdwhb gnpéntihg
SYju] wojuwnwtpnid npyku wnwetiwyght gnpéntt phunwplynid k jupnidubph nunuljdut

EbEYunp a4, npp ipdws gnpdwljhgutinhg Yntiunpnighnt Likdkunubph hnquhwswht nhdwnpni-
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pjul ypuw wnwykjugnyt wqpkgnipiniut nith b npu jupgquynpnidt wdpwgunn wnkjutninghw-
ubiph Yhpwndw nhypnid jnipg ghnnwugnpstwmjut tpwhwlnipinit £ dknp pipniud: Npytu ophiwly
wn. 1-nud ubpiuyugdws kb wyn hwjwuwpnudubpp Kz = ¥4 (a,, Ah, d) nruljghugh hwdwnp:

Ququuputuynpuughtt hwdwlupgh (S2) nidwjhtt hwignygubpnid mbknunpdws theht
wshiwustwghtt ynnuuwnk Ynuunpnighnt fEdkunttph hwdwn (dg = 25 ...500) K44, Ky Ko, Kop
gnpdwljhgubpp thnthnjuynud Gu hbkwnlbjw) wvwhdwbubpnd. Kz, = 0,88...0,78, K,=1,55...2,60,
r7d = 0,1...0,025, K, = 1,0...1,9 [24-27], wjuhtpt’ Edkuntbph pnnnibwlmpiut ypu wgqnnn
hhdtwlwl gnpsbwljhgubpp K, b K-t Bl

Lwtth np Eppuswthwlut b jupnidutph §ninujdwt gnpéntitkpt wnw b pojnp LEdkun-
ubpnud, npuilg puguuwlwt wqpugqbpénidt wpynibwybn YEpwyny Jupbh £ hpuubtwuguby
wpuwnwipuwyht dwljkpinyputph npnpwlh Ak inpmipjudp dwjulnthdwt vhgngny, npp juyu-
hnyh K;p < 1wl K,/ Kyp = 1 wuydwn: Ujn btywnwlny nphunwplus Gu wr. 1-nd ubpluyug-
Jud nfjujutpp b jmpwpwynip a4, Ah &d = 7,5...20,0 «/ mpdtiph hudwp hudbdwngus
Ko/ Kop> Kyo U Kop qnpsulhgubiph dhgwljuyptpp (wn. 2, npws Eiwb dhptwpdtpughti nhiwg-
ntunipjul vwhdwth thnhnpmpmitn® §og,) = (Kgp — 1) - 100 %) [4]:

Unyniuwly 1
Kas = ¥1(@;, Ah, @) $mlblighuyh pkqplupugh hunjuumpnulibpp (R* = 1,0)

v d if AR K4, = ¥,(a,) phgpkupuyh hujumupmdilbpp,
d=75...200 ud, Ah =0...0,151f, (x = a,)

1 0 Kqs =1,0

2 0,05 Ko =1,0

7.5

3 0,10 Ko =1,0

4 0,15 Kqs = 1,0

5 0 K4 = 0,0712x% — 0,4023x? + 0,7055x + 0,5515
6 0,05 K4 = 0,0907x% — 0,5360x% + 0,9883x + 0,4080
7 10 0,10 Kg4s =0,1897x% — 1,0629x% + 1,8441x — 0,0260
8 0,15 K4, =0,1379x% — 0,7863x% + 1,3914x + 0,0220
9 0 K4, =0,1310x3 — 0,7349x% + 1,2778x + 0,1800
10 0,05 K4, =0,2362x% — 1,3848x% + 2,5272x — 0,4897
11 15 0,10 K4y =0,3017x% — 1,6895x% + 2,9311x — 0, 6403
12 0,15 K4y =0,2122x% — 1,2008x% + 2,1127x — 0,2102
13 0 K4y =0,2556x% — 1,4278x% + 2,4740x — 0,4888
14 0,05 Kis =0,2693x% — 1,5813x% + 2,8952x — 0,7212
15 20 0,10 Kgs = 0,3691x — 2,0819x? + 3,6449x — 1,0542
16 0,15 K4, =0,2061x% — 1,1684x% + 2,0671x — 0,2028
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Thuwpyynn a4, Ah,d wwpwdbtnptph dhowluyptph hwdwp wdpugdwi  gnpswlgh
Ky,; = 1,20 ...1,79 wupdbtpubpt wmqnuqbpénid bu Epjpuswthwlub b jupnidubph Yninwuljdwb gnp-
dntuknpp, hulj npny nhwpbpnid tnyhull wywhnynd G oz > ox¢ Wuydwp, htsp ny vhwyt Jhw-
mud E iogws gnpdnutiph wqpbkgmpnitubph thnpuunupd hwjwuwpuyondwi, wyp twb wdpug-
dwl nkjuininghwjwt npny nkdhdubph nypnid Epdwt wpdtputph tjundwdp EEdkunttph
nhdwgniunipjut vwhdwbtph ghipuqubgdwi dwuht [12]:

zupp hEdkunbbph hwdwp (a, = 1,00) npudwgsh wgh wwwndwnny og,) nhlwgynitini-
pjul uwhdwh tugnudp hwutnid £ 23 % -h, hull Ah=0,15 o/ dujuljnthnidt wmywhnynid k ny
Uhujtt o) -h wpdtph JEpujubqunid, wyp twb npnpwijh wg 10...13 % -h uvwhdwbubpnd: Uju
Eplnypt wnwyl) guyunit £ hwintu quihu jupnudubph §ninwljdw dhohtt dwjupnuljubpnid
(ay; =1,25..1,75): Gpl sdujulnthdus LEdkunubph ghiwgyniinipjut vwhdwip twjugnid k
46...95 % -ny, wdpugdwt nhypnid (Ah = 0,15 /) wyt Ykpwlwbquynid b 8...13 % -ny gipuquii-
gnud k Eppuyhtt myjujubpp: Lwupnudubph fninwldwt pupdp dwjupgujh giygpnud (e, = 2,75)
swdpugywé hEdklnubtnh o) -h wilynudp pubwlynid L' 156...200 %, nplt wpwgwnpnid t wd-
pugdwt wnktninghwih wuwpuwnhp jhpwenidt wyny hwignygubph fponnibwlnipjut withpw-
dion wmunhfwut mywhnybint tywwnwlny: Cun njujutph’ Ak =0,15 ¢/~ nud wmulnudp tjuqnid
b hwutnd £ 6...14 % -h, hulj Ah > 0,15 ¢/ - h npiypnid unyuhull htwpwynp k Gjpuyhtt ndjuukph

gipwquugnid:
Ungymiuwly 2
K,/ Ksp, Kyo , Kop qupdulhghliph b 80g ) -h Uppmluypuyhlr wpdkpilbpp d = 7,5...20,0 Uu-h nkupnid
Ne a, Ah, if Ks;/ Kao Ko Kop 6613(")
0 1,00...1,23 1,00 1,00...1,23 0...+23
1 1.00 0,05 1,00...0,86 1,01...1,07 0,99...1,08 -1...+8
0,10 1,00...0,88 1,07...1,15 0,94...0,99 -6...-1
0,15 1,00...0,90 1,15...1,27 0,87...0,90 -13...-10
0 1,46...1,56 1,00 1,46...1,57 +46...+ 56
9 1.5 0,05 1,24...1,18 1,19...1,30 1,05...0,91 +5...-9
0,10 1,30...1,21 1,20...1,34 1,08...0,91 +8...-9
0,15 1,34...1,32 1,25...1,37 1,07...0,96 +7...-4
0 1,68...1,95 1,00 1,68...1,95 +68...+ 95
3 75 0,05 1,35...1,30 1,26...1,42 1,07...0,91 +7...-9
0,10 1,34...1,36 1,34...1,48 1,00...0,92 0...-8
0,15 1,36...1,38 1,42...1,60 0,96...0,87 -4...-13
0 2,56...3,00 1,00 2,56...3,00 +156...+ 200
4 275 0,05 1,88...2,07 1,38...1,46 1,36...1,42 +36...+ 42
0,10 1,86...2,01 1,47...1,59 1,27...1,26 +27...+26
0,15 1,83...1,90 1,60...1,79 1,14...1,06 +14...+ 6

SYjuutipp yhuynud b bl wdpugunng mktninghwubph dkl wy) wnwdiwhwwnnily npulinp-
dwt dwuht. nputg wpnynibwdbnnipiniip qqujhnpit wdnd £ pjpuswhwljut b jwpnidubph
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yninwuljdwtt gnpénuttph ubpgnpédwt wuwnmhdwuh pupdpugdwt hbwn dEjunbkn, npp sun k
Juplnpynid ks hqnpnipjub b pupdp wpnunpopuljui @S2-h nidughtt hwignygubpnid wdpug-
dwl nbkpjuuninghwttph Yhpundwt gnpéptpugitpnid oyyunhdwy nkjuninghwljwt nkdhdutp
npuwnpknt hwpgnid:

‘unyu uljgpnitpny Juquws b ghunwplus tu (2)-h I hwdwlwupgh wupuwdbnpulub
dnruljghwmikpi pun @, wpgnidkunh b Ah, d yuwpwdtwnptph (.1, 2):

)

Ko

L.
3

7} :
Uy 1. dmblghwbbph thnhnfunipimin’ w - K4, = Y,(a,, Ah, d), p-K, = P,(a, Ah, d),
q-K,; = Y3(a, Ah,d,), n- K.;p = P,(a, Ah, d): Ggpuyhl dowimlndubpl pun npudwgdh’
Ay, .., 14) =75, (14,..,24)-100utf; (34,..,3,)-150f; @,,..,44)-20,0

10 Le i 5 (o

UL 2. ogw) = Ps(a,, Ah, d) $nibhghwmbkph hnvhnjunipiniap
(hpwiwlmdbkpp Gnybh &b, hbs af. 1-n1d)
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Nputu wpwbdtwhwwnlnipni yupkh | uol) K, = Y, (a,, Ah, d) $nruljghuyh ninnugsuyghe
thnthnjumipniup (uly. 1p), np, wuwuljws, punid £ K;-h b a;-h thnpuwnupd juuh hwyntth wpunw-
hwjnnipymiuhg” K; = 1+ q,(as — 1), nip g5-h wpdbpp jnipwpwbynip Yntiunpniljghntt wnnuu-
wh dwjthoh hwdwp hwunwnnttt Ukdnipinit b Uy yuwdweny K, = Y3(ags, Ak, d) dniuljghugh
guédn gpuphbunh wnlumipudp (ul. 1q) gpkpt gduyht opkupny k thnthnpuynid, hyybu twl
Kop = P4(@g, Ah, d) dniiljghwts (uly. 1), op) = Ps(@gy, Ah, d) dmllighntiug Yuwp d > 10 o/ inpw-
dwgduyhtt Uhowljuyph hwdwp (uly. 2):

Bqpuiljugnipinit

Ushuwwnwtpp wdhpduws £ UNY-h hpundwdp 9S2-h wuwunwupiwbwnnt fEdkunutph hng-
twoéwyht phdwnpnipyut gnpdwljhgutiph b phdwgyniunipyut vwhdwbubph puinhwbpuljui qhw-
huwwndwt hupgtphtt b dbwltpwyt) B huwdwyuwnuwuhwt duptdwnhjujut dngl), tnyh ding
Yhpwrtiny hwjwuwpnidutph hwdwlupgbipnid wpwewnpusd wpgnidktnubph wpwetiwyunt-
pjult uljgpniupp: Conpjus bu gnpdtwlju tpwtwlnipnit nitikignn hwjuwuwpnudubph hwdw-
Jupgbph wmwppkpwlutp, npnig hwdwp hbnwgnungt Bu gnpswjhgubph b nhdwgyniinipjut
uwhdwtbph thnthnjudwt winwtdtwhwnlnipnituutpp: 8nyg k npdws, np wdpugdw gnpénut
wnwetwjht k, nphtt hbnbinid Bu jupnidutph §ninwljdwt, wyw b bphpuswthwuljut gnpénuubpp:
Zwoyh wnubny gnpswljhgutiph ukppht junniguspwyhtt juwybtpp, dbwynpyt Eu hnpujuwuyg-
Jus yupudbnpulub hujwuwpnidibp, hul) gputg thongn] kpkp wdthnthhs hudwlupgbp,
s dbdnmipniuibiph oywnhdw) b thnpujuwyulgué wpdtputph hwdwihp npnodwt hwdwp:
Zuwpuwynp k sk twl ninhn b hwjunwpd punyph fuunhpubp, npp htwpwynp £ dhwyt wqnng
gnpénutiiph hwdwihp quwhwndwb nhupnid:

Lkpjuyugdws b LEdkunubph wdpugdwt gnpdpupwugh pughwinip dwupbdwnhjuljut
Unnbkp puqUuyupudbnpulubt $niuljghwih wnbupny, npp gnpstwlwt jhpundwt hwdwp thn-
huuphtdws E wupudbnpulut hajuwuwpnidutph hwdwjupgny: Unwowunpdus k. hwjuuw-
pnudubiph wwpwdbnptphg Uklh, npuybu wpgnudtunh, wnwetiwytnipjut uljqpniupp, npp puntd £
wpunugpnipjul wwhwbeutnhg: 8nyg k wipdws, np UNY-h ounphhy EEdkunutph nphdwugyniuni-
pjul uwhdwh wép qquhnpkt wqnuqbpénid E dwupwnwpwghtt gnpdnth b jupnidubph ninwl-
dwl hwdwhp wqpbgnipniup:
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BJIUSIHUE ®AKTOPA KOHIEHTPAILIMU HAIIPSIDKEHUI HA HECYIIIYIO ClIOCOBHOCTh
3JEMEHTOB I'A30TPAHCHOPTHOM CUCTEMBI

Murpan I'puropseBuy Craksn’, Hapune Buaukosna [Tupymsin, Aurun Bukroposna MapTupocsiu,

Awmor FOpsesnu Cadapsin
Hayuonanvnvuii ynueepcucmem apxumexmypol u cmpoumenscmea Apmenuu, 2. Epesan, PA

“stakyan.mihran@yandex.ru

Paccmompenvl 6onpocvl nosviuienus yCmaioCmHoUu nPOYHOCY OMBENICINEEHHBIX JJIeMEHMO8 2A30-
MPAHCNOPMHOU CUCTEMbl, NOBEPXHOCTNU KOMOPLIX NOOBEP2AIOMCSL NIACUYECKOU deopMayuu YNpouHsio-
WUM YCmpoucmeom, Oeucmayiouwum no NPUHYUNY Kpy2080t 0OKAmKU. Yuumvieas wupoxkulli CHekmp 6030¢eli-
CMBUSL PAZHOXAPAKMEPHBIX (PAKMOPOS U APUAHMOSE UX COHeMANUs], OJIsL OOCIMUNCEHUsL HeOOX00UMO20 YPOBHS
Hecyuell CnocoOHOCMU OMBEMCMBEHHBIX INEMEHMO8 KIACCUDUYUPOBAHDL U OGOPpMIIeHbL 3a0ayu 015 YMOoUHe-
HUsL 8UO0A YRPOUHAIOWEH MEXHOI02UU, KOHCMPYKYUOHHBIX MAMEPUALO8, 2EOMEMPUUECKUX NAPaAMempo8 3jle-
MEHMOB U PEICUMOB HASPYICEHUS, YMO NO3B0IAEN U3 PaHee BbINOIHEHHBIX NOOOOHBIX UCCAEO08AHUT BbIOPAMb
HeobxoouMble OaHuble OISl NONYUEHHLIX pewleHull U ux npumeHenus. Buvlasien npuopumemuwlii xapaxmep
(oxono 75%) ycmanrocmuvix s6neHuUli 8 OMEEMCMBEEHHBIX dNEMEHMAX MPYOONPo6ood, 8 Ces3uU ¢ Yem KIacCu-
Guyuposansl Oeticmeyrowue akmopwl (6Heutnue u sHympennue). IIpumenss Memoo CUCMEMHO20 aHaIu3d,
gaxmopuwl, coomeemcmeyrowue YCMaioCmMHbIM AGIEHUAM, NPeOCMABLeHbl C PAIUYHBIMU YUCIOM U COYema-
HUAMU, U3 KOMOPBIX OJi NPUOPUMEMHBIX 8APUAHIOE O)OPMAEHbL MPU CUCTIEMbL B3AUMOCBA3AHHBIX pecpec-
CUOHHBIX NAPAMEMPUYECKUX YPAGHEHUL, KOMOpble AIAIMCI MAMEMAMULeCcKol MOOeIb0 Hecyujeli Chocoo-
Hocmu dnemMenmos. [Ipumenenuem yKa3auHbixX YpagHeHull 603MOJICHO ObICIMPO PACCYUMBIBATNb He0OX00uMble
napamempuvl 8 NPOEKMHO-MeXHOLO2UYECKUX NPoyedypax 2a30mpanHcnopmuol CUCIEMbL C Yelbl0 PeuleHus.
NPAMBIX U 0OPAMHBIX 3A0aY.

Knwouesvie cnosa: cazompancnopmuasn cucmema, mpyoonpogoo, oeticmsyowuii paxmop, ycmaniocm-

HAsl npOYHOCNb, mamemamu4ecKkas Mooenn

150



ISSN 1829-4200 &TZU.Z @hSUYUL UGCUSNRE3NRLULES 2026. 2. 2 (95)

STRESS CONCENTRATION FACTOR IMPACT ON BEARING CAPACITY OF ELEMENTS OF
GAS TRANSPORTATION SYSTEM

Mihran Stakyan®, Narine Pirumyan, Angin Martirosyan, Ashot Safaryan
The National University of Architecture and Construction of Armenia, Yerevan, RA
*stakyan.mihran@yandex.ru

The issues of increasing the fatigue strength of critical elements of the gas transportation
system, the surfaces of which are subjected to plastic deformation by a hardening device operating
under the principle of circular rolling, have been considered. Taking into account the wide range of
impact of various factors and options of their combinations, in order to achieve the required level of
bearing capacity of the critical elements, the tasks have been classified and formulated to clarify the
type of hardening techniques, structural materials, geometric parameters of the elements, and loading
modes, which makes it possible to select the necessary data from previously conducted similar studies
for the obtained solutions and their application. The priority nature (approximately 75%) of fatigue
phenomena in critical pipeline elements has been revealed; thus, the acting factors (both external
and internal) were classified. Using the system analysis method, the factors corresponding to the
fatigue phenomena were represented in various quantities and combinations, from which three
systems of interrelated regression parametric equations were developed for the priority options; these
equations are a mathematical model of the bearing capacity of the elements. Using the specified
equations, it is possible to quickly calculate the necessary parameters in the design and technological
procedures of a gas transportation system to solve direct and inverse problems.

Keywords: gas transportation system, pipeline, acting factor, fatigue strength, mathematical model
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ZNMUOULErt 264UUGMUUL B9 Nh1BYsN1, @UUSULNCEIP WUQUh
YGrUuetr3uL mUzZULuer

1. Zonuwdubpp Yupbh b ubpyuywguly huybpkls, pniubpki b wbqkpkl jEgniikpny (3-10 toh uwhdwi-
ubkpnid):

Nupuuphp  Eupniughll hwuwnwpyelpp, npnup whwnp L nqupll) scientificpapers@nuaca.am
EEjupntwght thnunh®

e  hnnpJwén ( *.doc dnplwinny, ujupubpp’ *jpg, *. jpeg dnpldwwnny), npp dhwadniop huybpki, pniukpki
b whqpEpkl nmuppbpulabpny wknugpyws F nuaca.am Juyph ghnwlwl wuppkpulwiibp pudinid,
e wjju ptwquyunh ghntwlwuh Epwoliwynpnipniip hnnjwsh JEpwpkpu) (unnpugpnipjudp
hwunwnguws, *pdf $npdwnny):
2. Znmpjwsh dhuljipydwb yuhwbgubpp.
znjudp whwp £ niukuw hbnlyjw junnigquspp.

Znmpjwsh YEptwghp

Mtwp E hwdwnnwn (10 punhg ny wyk)) b htwpwynphiu &ogphnn wpnwgnih ntumdbwuhpdwi
wnwplul, tywuwlp b wnpoypp: dEptwgpniud gwbluh B owpuwgnil] hinhtwlh  ghnwljut
wonwwtiph nipuwhwnlnipmiiup:

Zunlwnnwnwghp
NMbEwp L wupnitwlh hknlyu] hwdwenn mknEjunynipmip tkipujugdus hnnwsh JEpwpbpug (Uhsh
150 pun).
1. htunwgnuunipjut wnwuplujh (opjklnh) tjupwugpnipniup, hblnwgnunnipju tywnwlp b pughpp,
wpphwlwinipiniup, tnpnypep b jhpurwlut ipwbwlnipmiup,
2. dbpnnubpp jud dkpnyupwinipmniip (kptk htwpudnp &),
3. unwgdws ghnwlut wppynibpubpp (nkuwluwb b thnpdwpwpulub wpynibpubp, thwuwnwgh
njuutip, hwjntwpkpgus hnjpwnupd juwbp b oppiwswthnipiniuitp),
4. wnwowplukp, guwhwinwlwubtp b junphnipyukp:

Puiufh puntp

Pwlbiugh punkpp ghvnwljwi hnpjush npniniwi kqwiwlibphg Ukha & panp dhowqquypl unfjuyfikiph
puqubbpnid putwh puntph oqunipjudp Jupkih E npnub) hnnpduwéstutp: Uju wpnidnd gpuip whwp L
wpiugn(kt ghnuljut hbnwgnuumipju hhdtwubt nkpdhtwpwinipniup: Guhpudtown E pungplky 5-8
pwtiwih pun:

Lhpwbdnipniu

Ukpwédnipjub tyywinwlp hnpjuénid nhnwpydws jpunhpubph wpnh 4hdwlh wiwpl b, ghnwut
huunph b npu wpphwjwinpjub tipjuyugnidp:

Ukpwénipniup whwnp L ywupmibwlh hujjujut b wpunuwuwhdwbyut dudwbwlulhg ghnuljut
tjwénidutiph wjtwpl putwplyny wnwupluyh, hblnwgnunipmnitubph b wpynibputph Epwpbpjug, npnug
Ypw hhduynud £ ukpuyugqus wounmnwipp (gpujutnipyut wjtwpl): Fpujuinipjut wjbwupyp yhnp
E otioinh hilmwgnuinipjut ke nhunnwplynn hupgiph wpphwljwinipniut nt inpnipmnibp, nph hhdwb Jpw
ubpjuyugynud b Wjupugpynud G ndju) wyiwinwiph tywwnwlubpt nt jpughpibpp: Zngdusnid oquw-
gnpéyws qpuijult wnpmipubpt, pun oqguuugnpsudwt hbhppulwinipjul, whwnp E mukbwt dhowbghly
hudwpuljumd b mkpunnud upgkn® [1], [2], .... mbkupny:

Ukpwdnipniip whwnp b yqupnituh nbntjunympinit, npp pupbpgnnhtt htwpwynpnipmit fuw
hwuljwtw; b quwhwwnt] hnpwénd ubkpluyugdws hbwnwgqnunipjut wpyniuptbph unpnypp L
wnpphwljwinipmiup:
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Uniphp b Jkpnnukp

Uju pudhup whwup £ hunul] tjupugph hbnwgnunipjut dbpnyupwtnipmniip: Zopjusnid hwunh-
wnn bhqhjujub dkdmpmibtbpnh swhnquljuimpniip ywhwnp b ubpjuyugut; SI hwdwlwpgny, Italic:
Puttwdltpp b dwpbdwnhjujut wpnwhwynmpnibiutpp whnp b ubpujugut] Microsoft Equation-ny
Jwd MathType-ny, Italic, 11 pt: Pwtwdlbbpp tbkpjuyugynmid i wpwbdhtt wnnny, dbownbnnid, huly
hhdtwlwb puwbtwdlbbpp hwdwpuluwpynud B’ we dwunid, thuljugsh dke® (1), (2), .... mbkupny:

Unpmyniuputp b putwplymd

znpJush wyu dwunid whwnp E ubpiuyugil] hwdwlupqus hbinhtwluwht Jepniswui b
Jhdwjugpujutt wnipkp: Unwgqus wpnniupubpp whwnp b tkpluyugdbt wjuwybu, np pupbpgnnp
Jupnqubw hbnlbbk] gpu thnybpht @ guwhwwnb] htnhtwlh Ynnuhg wpduws bqpuljugnipmiuubph
hwjuwunpnipmiip: Uju pwdiuh hhdbwlwb tywunwli bt wndujukph JEpnsnipjut, wdthnthdwi b
hunuwltkguut dhongny wwwugnigh] wohwwnwbpughtt Juplwédp  (Juplusubpp):  Uppynibupubpp,
whpwdbonnipjut piwypnid, hwunwnynid b wnynuuwljukpny, gbwwyuwntputpny, tjuputpny, npnup
ubpjuyugunud Eu wuywgnygubpp: Znpdudniud ukpjuyugdus wpyniuputpp guuljuih E np hadbdwngbu
huswtu hbnhttwlhh wju nppund  bwpunpy  wpiwwnwbpubph, wjiybu b wy] hbwwgnunnubph
woumwnwbpubph hbkwn: Ldwt hwdbdwnmpniip jpugnighs jpuguhwjnh juwnwpduws wrhwwnwtph
tnpnypp wtjugibiny opjjnhyntpjul wunh&wip:

Bqnuljugnipiniu

Bqpuljugnipniup wupnibwynwd b hngpdush Yniplp o dEpnpikp dywuh huljhpd ujupugpnipntl,
htywtu twl nunmdbwuhpnipjutt wpymibptiph hwihpd dbtwlibpynud: Ujunnbn wdthntgnd  Eo
wphuwmwnwbph Upynibphlbp o phiwpgnid dwuh qijuuynp dnpbpp: Uju pudunid withpudbown E hwdwnpby
unugyud wpnniupubpp wohiwwnwuph ujqpnud vwhdwidus btywnwlh htn: Bqpuljugnipmniuntd wyhwnp
E wdthnihty phdugh hpdwunwdnpnudp, wl] kqpujugnipmniuubp, punhwipugnidubp b wpjuwnwiphg
pluny wpweowpympiniubkp, hswbu twb pungsdt] npuig Yhpwowliwb tywbwlnipmiup: Zogpjwsh
Eqputhwlhy vwunid gmuwih E ubpunt] nifju hbnnwgnunipjut qupqugdw hknwwpubpp:

Bpwjunhph junup (wthpudbnntipju nhupnid)

Uju pwdunid whwp k gkt uyt dwppjug winituubpp, npkp oquby ki htinhtwlhtt wuwwnpwuntg
unyjw hnnjuép, b wyt juquuljkpynipmitiiph wtwunidubpp, npnup $ptwbuwlut wowlgnipmit tu
gniguipkinb:

Qpuljuiinipjut guily

Pugh unpdwnhy thwunwpnpebphlt b htnbkptbnwyht juypbphtt npgws hnnudubnhg, gpulwinippub
guilp wlkunp F kpwnh 10-hg 30 ghvnnwljwl wypmip (wbnp b juntuwht] swhhg wybih huptwhnnidukphg):
Iunphnipy sh mipynid hynid juwnwpk] wyt hunbkpttinwht Juypbpht, npnup skt wupnibwlnud ghnnwlub
unbnjunynipni: Zupnuh k, np hpuywpudwt dujupguyjp npnoynud | wnpnupuph wdpnnowlwune-
padp b ubpjujugnigswlwinipjudp, ntunh junphnipy b wpynud, wnwghtt htpphtt hnnd juwnwnpty
dhowqquyht wjjuubph puquukpnud (Web of Science/Scopus) huntpuunpus ghnwljub wduwgpbpnid
nwugpyus hnnpjwsubpht: Unpmipubpp whwp b hukh wpnhwlhwb (JEpepi 10 nnuppblph pbpugpnid
hpunnupuwlyws phophinul wnpnipblph ogunuugnpdnidp wupununhp b):

Qpuljuinipyui guulnud pungpyws wnppiptkpp wbnp £ juqdl] hwdwdwyu Elsevier ghnwljul
hpwunwpuljswljub puljEpnipjwt «NVumbered style» uinuunyupunh :

Qpuuinipyub guuynid pingpydus wnpmipubph tbpuyugdwt ophimlutp.

NuppEpulwih hnpyushkp

[1] S.I. Ttwnuyub, Q. Juppuiyul, PuqUuwhwuply bpuppbunit spowtwjuljuwyuyhtt okupkpnid
ubjudwdblniuhsutiph Yhpundwi wpynibwdbnnipniup, BETNZ ghwn. wpfu. 50 (2013) 114-120:

[2] M. Nikolopoulou, N. Baker, K. Steemers, Thermal comfort in outdoor urban spaces: Understanding the
human parameter, Solar Energy 70 (2001) 227-235.
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[3] B.W. Tenuuenxko, «3eeHbie» TeXHONOTHE CPebl xKusHeAeaTensH0CTH, Bectrux MI'CY 103 (2017) 364-372.

@pplp

[1] Y.S. Touloukian, P.E. Livey, S.C. Saxena, Thermal Conductivity: Nonmetallic Solids, IFI/Plenum press,

New York, 1970.

[2] T.P. Hough (Ed.), Recent Developments in Solar Energy, Nova Science Publishers, New York, 2006.
Qhunwdnynibbph ynipbn

[1] T.E. Chaddock, Gastric emptying of a nutritionally balanced liquid diet, in: E.E. Daniel (Ed.), Proceedings

of the Fourth International Symposium on Gastrointestinal Motility, ISGM4, 4-8 September 1973, Seattle,
WA, Mitchell Press, Vancouver, British Columbia, Canada, 1974, pp. 83-92.

[2] N. Yasuda, S.-i. Takagi, A. Toriumi, Spectral shape analysis of infrared absorption of thermally grown

silicon dioxide films, in: T. Hattori, K. Wada, A. Hiraki (Eds.), Proceedings of the Second International
Symposium on the Control of Semiconductor Interfaces, ISCSI-2, Karuizawa, Japan, October 28-
November 1, 1997, Appl. Surf. Sci. 117-118 (June (II)) (1997) 216-220.

Qpuijubimpyui guithhg Uk winy tkppl’ hnpdwsh hhdwlwh wkpunhg wwpppdnn kqnibkpny, wpdnod
t hnpJwsh dhpbwghpp, Zudwnnunughpp, Fubugh punkpp:

2Enhbwyh/ukph dwuht wknkynupniaikp

Zudwrmuwgpbphg Uk ning akppl nnpdnud £ hngush hnhtwlp/ukph dwuht mbnbympmniabbp hugbpk,
wiqbpkl, pnwubpbt)' GU2, ghuwlwb wunpdwl, §nsmd, Gwqiwhbpynippui wijwinap ' npnky
uppnuunnid F, gqran bgnus wuipunnbp, hAknwpinuwhwdupbbpp, bEQnpnbughl hwughki:

V VYV N

VVVVVVVVN Y

>

Nuppbpulumih ghuwlpuh nignywénipinbakp
Swpnwpuww bunnipinil

Chuptiph b ohinipniuiiph Swpnuwpuybtnntpemnil,

Lunupuohnipnil /mwupuwswljut wyiumbwynpnid/

Supunupuybnnipjut nkunipnit b yundnipintl, Supnupuybnuljut hnpwpdwittph
JEpuljubqunid,

Unphjwynpnidp b nbntjunjuljut nkluninghwibpp fupnupuybnnippiiund.

Stfubthlulpmb ghinnipinibbkp Hhfnupupnipind i b humulhg npnpunbbp/

Chuwpwpwlub ymptp b yunpuunjuspubp,

Zhdptip b hhdtwwnwlbp, uvinnpglniyu junnigquspukp,

Chuwpwpwlul §ntunpnijghwkp b Epjpuyupdunhdwugynit shttwpupnipintl,
Chuwpwpuwlut wpnunpnipjut nkjininghw b juquuljtpynid,

Chuwpwpuwlut dkhuwhlw,

Zhnpnunbkthyw b hhgpntubpgbhnhuw,

Zhgpuiihyw b hudkubpwlwi hhgpninghuw,

Spwbuwnpunught Eipwljunnigyuspubp/dwtwwywuphibp, juunipoubp/ b tpplbklnipju
Yuquultpynid,

Ukppht b wpunwpht hudbubpuljuwt vwppwynpnidubp nt guiugkp /opudwnuljupupnid b opw-

htnwugnid, obpdwququuuunuljupupnid, Ejnpudunujupupnid, onwthnjunipinit b onnpuljnud/

>
>
>
>

Chuwpwpuwlut dkpktwubp b tpplblnipjut juquulkpynd,
budbubpwlw ghnnkqhuw,

Qtntyninghw b jEtuwwdnubgnipintl,

Unphjwynpnidp b nbntjunjulut mkjutuninghwbpp shtwpupnipmiund.

3. hquya
4. Shnkuwghwnipin, i Hhinupwpnppud npnmnnid/
5. Qupujupnd /Swpunupuy Enniprud, shwpupnyenul, ghquylh, genuwopenipnul npnmunakpnid/

154



10.

11.

12.

13.

ISSN 1829-4200 &TzU.z @bSUUUL UCIWUSNRE3NPULULEL 2026. 2. 2 (95)

£FNIULIVUNRESNRU

Ujtpuwiyut Updkunihh Ujpkpinh

£. Gplhwth 20-py nuph Supnupuybnuljut dunwignipjut Wwhwywiunipjut njnpunid wnljw
hpuwjulub pugbpp
Ujtpuwiyut Updkunthh Uppkpuinh, Zndubyut Upw Zpuyph

£. Gplhwtth 20-pn nunph skupbph yuhywinipjut b Jipujuenigdwt hwjuunipniautpp

Unuowiywh ZEpdhut Uppkpunh, Zujpuytnywt Uwptuhy Utjpuwih

Chuwpwpwlwb (nghunhluyh juquuljipyswnbkuuninghwuljut wpphwljutugnidp BIM-h
Jhpundwdp. nnunmdtwuhpmipinit Zujuunnwith ophimnyg
Qunpgut Ubh Zwdpwpdnidh, YUnphjjut Jwhwt Uniphyh, Zuynpjui Uuphwtibuw Mnnnuh
Zuyuwuwnwtth b @nipphuygh opudpwpubnh yqundupubph ubkjudhl widunwignipjut

hudbdwnwljub ghwhwwnnid

Ypnjut Uuddty Quihpklh, Uwpquipyui dnpu Udpunnh, Ypnjuit Lupkl] Uuddtih
2Z puwjujuyptph juguuwnpuyhtt pupnbquipnud hwyntwpbpduws ujpwutph nugnuda
oppndnuninhwnujugstph Yhpundwdp

Zuypuyngut Ghtiw Zuypuyytanh
Udundwtwyuphibph widunutgnipjut muppbph wqpbgnipniup futwyuphwnpuiuynp-
wnuhtt yuwiwhwpbph dwipmpjut wunhfuth tjuqbgdut ypu

Zupmpniyut Juwkphly Uwdhlnth, Unuhljjut Ywpuybn Zulnph,

‘Uhkpuhywt Uunddt Upudh, Zugpuytuyud Uhtw Zujpuy tnh

Lintuyghtt swwyyuphibiphtt wdwnnquugpubph pupuyunipjut nhuljinh guwhwwnnudp
“wphpput Zuyly Unjnugugh

®nunpuljubph okwtnh Juppwgsh Ypw thopdwt junpnipjut b wdpugdwt hwdwlupgh

wqnbgnipniip
Anub Updhik fugpunh, Unpudhpyut Onphpun Yupkuh, Yhpulnuyumb vushly Zuyglh,
Uwtinijyuit Uppoip NMhwnpnup

Plwnnuh ppuwdph wpynibwdbn tnubwljubph pinpnipini b npug pupbjuddu
wnwewnlnipniitn

Uhtwujwt Ukpgly Usnunh, Unwpljjut Uwphud Updtuh, fPunquuwupjut Upnn Funpgh
Puquupbhwljuput gkuphpnud Jhpuljuwiqin]nn tubpghuyh puphidw hhdtwhiinhpbpp
Zuywuwnwth nyjuyukpny (2015-2024)

Lwunupub Vupk Bwpnih

Luwinuljugnpénipjut wpdbunwputuljut JEkjuupwinipjut hhdtwpiunhpubpp
NEnpouwi Zndubh Utpglgh, dwupguyut Twiundy Dwqdhlh,

Ujkpuwiyui 9uybph Utkipuwinph, Mknpnuyywt Untthwt Ywpkiuh, Uunyw Spty Snipdwih
2Z yupunyuinipjui b wunwignipjut juphpubph hudwp twdhqughnt nktpkug

Juywutiknh guugh unbtnsddwt hhdttwynpnudubpp
Uunuljut Uphpwt @phgnph, @hpmudjub Vuppub Ihyhljh, Uwpnhpnuywb Tught Iplwnph,
Uwdwupyuit Usnwn 8mphh

Lwpnudubtph Ynugkunpughwyh qnpéntth wqnkgnipniip ququupubuynpuughtt hwdwlupgh
hEdLunubph Ypnpnibwlnipyui Jpu

Zbnhtualjitkpht
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TpeboBaHnus K 0(h)OPMJICHHIO HAYYHBIX CTaTell U COCTABY CONPOBOAMTEIbHBIX JOKYMEHTOB JUISl MyOJIMKAllMU B
skypHajax «M3sectuss HYACA» u «Hayunsble Tpyast HYACA»

1. TlpuHHMAIOTCS CTaThH HAa APMAHCKOM, PYCCKOM W aHeautickom s3bikax (B npenenax 3-10 crpaHum).

JIOKyMEHTBl B JJEKTPOHHOM BHUJAE, KOTOpbIE HeOOX00uMO OTIPABIATH HAa OJIEKTPOHHYIO IOYTY
scientificpapers@nuaca.am

e  crarhs (TeKCTOBBIH (aiin B popmare *.doc, n300pakeHus (pUCYHKH) OTACNBHO B daiinax B hopmare: *.jpg, *.
jpeg), wabnionvl no oopmaeHUIO CMAamvby HA APMAHCKOM, PYCCKOM U AHETUUCKOM SA3bIKAX NOMeweHbl Ha
caiime NUaca.am g pasoesie nepuoduieckue HayyHvle U30aAHUs,

®  DPCIEH3Us YICHOrO JaHHOM HAayYHOW OTpaciy Ha CTaThiO (OATBEPIKACHHAs NOANUCHI0, B hopmare: *.pdf)

2. Tpe6oBanusi kK 0popMJIEHUIO CTATHH
HayuHas cTaThs N0OJKHA UMETH CIEAYIOLLYIO CTPYKTYPY

3arojioBOK CTaThbH

HomxeH kpatko (He 6onee 10 cI0B) M TOYHO OTpakaTh MPEIMET HAYIHOTO MCCIECJOBaHMS, LIeNIb 1 HOBH3HY. B
3aroJIoBKe He00X0IMMO OTPa3UTh YHUKAJIBHOCTh HAYYHOU pabOThI aBTOpA.

AHHOTAN NS

HomxHa conmepxath (10 150 cI0B) CleAyrONIyro KpaTKyro HH(POPMAIIHIO O MPEICTaBICHHON cTaThe:

1. omnucanue npeamera (00BEKTa) UCCIENOBAHMS, LENb M 3aJadyd, aKTyalbHOCTb, HOBH3HY U MPaKTHUYECKYIO
3HAYMMOCTb HAYYHOTO HCCIICIOBaHUS,

2. Meton(Bl) ¥ METOJOJIOTHS (€CITH BO3MOXHO),

3. TmoyyueHHBIC HaydHBIC PE3YJbTaThl (TCOPETUUYECKAE M IKCICPUMEHTAJbHBIC PE3yJbTaThl, (HaKTHUCCKUE
JTaHHBIEe, OOHAPYKCHHBIC B3aUMOCBSI3H U 3aKOHOMEPHOCTH),

4. peKoMeHJAIHH, OIICHKH U TPEITI0KCHUS

KiroueBble cjioBa

KiroueBbie crmoBa SIBITIOTCS.  CHOCOOOM  TOMCKa HAYYHOW CTaThbH, TaK KaK BO BCEX MeNCOYHAPOOHBIX
oubruoepaghuueckux 6a3ax OaHHLIX BO3ZMOXKEH IMOWCK CTAaTEH MO KIFOUEBHIM CIIOBaM. B CBSI3M ¢ STHM OHHU JIOJKHEI
OTpa’kaTh OCHOBHYIO TEPMHUHOJIOTHIO HAYYHOTO HcciiegoBanus. Heo6xoanmo mpuBecTr 5-8 KIIIOYEBBIX CIOB.

BBenenue

3ajaya BBe/IeHHS — 0030p COBPEMEHHOI'O COCTOSIHHS PacCMaTpUBAEMOM B CTAaThe MPOOJIEMAaTHUKH, 0003HAUYEHHE
Hay4HOU MPOOJIEMBI U €€ aKTyaJIbHOCTH.

BBeneHne MODKHO BKIHOYATh 0030D COBPEMEHHBIX APMSIHCKHX M 3apyOeKHBIX HAY4YHBIX JOCTIKCHHI B
paccMaTpHBaeMOil MPeAMETHOI 00NacTH, UCCIENOBAaHUII M Pe3yJbTaTOB, Ha KOTOPBIX Oa3upyeTcs MpeicTaBisemMast
pabora (JlutepatypHblli 0030p). JluTepaTypHbiii 0030p [OMKEH TMOMYEPKUBATh AaKTYaIbHOCTh H HOBHU3HY
pacCMaTpuBaA€MBIX B HCCICOAOBAHWU BOIIPOCOB, HCXOAA U3 KOTOpOfI CTaBATCSI W OIMCBIBAKOTCA LCJIU U 3a4da4u
MIPUBEJICHHON paboTHI.

CIHCOK JTUTepaTyphbl COCTABISICTCS B MOPSIKE YIOMHHAHUS B TeKCTe. [10psSAKOBBIH HOMEp UCTOYHHKA B TEKCTE
(cchuTKa) 3aKIrOYaeTCs B KBagparHbie ckoOku: B Buae [1], [2], ... .

Bo BBCIACHUHN OOJDKHA COJACPIKATHCA I/IHq)OpMaI_H/IH, KOTOpas MO3BOJIMUT YUTATCIIKO ITOHATHh U OUCHUTH HOBHU3HY H
aKTyalbHOCTh PE3yJbTATOB HCCICIOBAHUSL, IPEACTABICHHOTO B CTAaThE.

MaTepua.ﬂu U METOo/AbI

Pasnen momkeH 9eTKO OMUCHIBATh METOMKY POBEICHISI UCCIICIOBAHISL.

Pa3MepHOCTD BCex U3UUECKUX BEIUUWH yKa3biBaTh B cucteme exunui] CU, Italiic. ®opmysbl 1 MaTeMaTnuecKue
BBIP@KEHUS JOJDKHBI OBITH TpejcTaBiensl Microsoft Equation miun MathType, Italic, 11 pt. ®@opmyisl npeacTaBiIeHbl
OTIETHHOW CTPOKOW, TOCcepeInHe, a OCHOBHBIC (DOPMYIIBI IIPOHYMEPOBaHHI cripaBa, B ckoOkax (1), (2), .... Hymeparus
JIOJDKHA OBITH CKBO3HOIA.
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Pe3yJIbTaTbI H 06cymeﬂne

B oroif wactu cTathM OOJKEH OBITH HPENCTABICH CHUCTEMAaTU3UPOBAHHBIM aBTOPCKHHA aHAIUTHYECKUH U
CTaTUCTUUYECKUH MaTepHai. Pe3ynbTaThl NPOBEAEHHOTO MCCIEIOBAaHHS HEOOXOIUMO ONHMCHIBATH TaK, YTOObI YUTATENb
MOT' TPOCJIEANUTHh €ro 3Tambl ¥ OLUEHUTb OOOCHOBAaHHOCTH CIETaHHBIX aBTOPOM BBHIBOIOB. OCHOBHOH IIENBIO 3TOTO
paszena — IMpH NMOMOLIM aHaIM3a, 000OIIEHHS W Pa3bsCHEHMS JAaHHBIX J0Ka3aTh pabouyio rurore3y (THUIIOTE3bI).
Pe3ynbraThl mpu HEOOXOAMMOCTH MOATBEPKAAIOTCA TaOIHWIAMHM, rpadukaMu, PUCYHKaMH, KOTOPBIE NPEICTaBISIOT
UCXOIHBIH MaTepuan WIM JOKa3aTeIbCTBAa. I[IpeACTaBICHHBIE B CTaThe PE3YNbTAThl JKEIATEIBHO COINOCTaBHTH C
MPEIBIAYIIMME paboTaMy B 3TOH 00JIaCTH Kak aBTOpa, TaK M APYTuX uccienosaTeneil. Takoe cpaBHEHHE NOMOTHUTENEHO
PacKkpoeT HOBM3HY IPOBEICHHOM pabOTHI, IPHIAB €l 0OBEKTHBHOCTH.

3akJ/ouenue

3axIoueHue COOEPXKUT KpaTKoe ONUcaHue pasjena Mamepuansl u mMemoos, a TakKe KPaTKyro (OPMYIHPOBKY
pe3yIbTaTOB HCCIENOBaHMA. 31ech B COKATOM BHJE IIOBTOPSIOTCA IVIaBHbIE MBICIM pasjena Pesyivmamuvl u
obcyacoenue. B aToM pazznene HEOOXOAMMO COMOCTAaBUThH MOJTYyUSHHBIE PE3YJIbTATHI C 0003HAYEHHON B Hayase padoThI
enpio. B 3aKiioueHuu CyMMUPYIOTCS Pe3yibTaThl OCMBICICHHS TEMbI, JIEJal0TCsl BBHIBOJABI, 0000IEHUS U JalTCs
PEKOMCHOAIINU, BBITCKAIOUINE U3 paGOTLI, MOAYECPKUBACTCA UX IMPAKTUYCCKasA 3HAYNMOCTb. B 3aKJIIOYUTCIIbHYIO YacTh
CTaThU JKeJIaTeIbHO BKIFOYUTh EPCIICKTUBBI PA3BUTHUS UCCIIEAOBaHHHI B 3TOM 00JIaCTH.

Baarogapuoct (B cirydae HEOOXOIUMOCTH)

B sTom pazacic ynoMHHAIOTCA TE MEPCOHBI, KOTOPBIC OKa3aJM MOMOLIb B BBIIIOJHCHUH HCCIICAOBAHUA, U TC
OpraHu3anum, KOTOPbIC OKa3aJin (I)I/IHaHCOBoe COﬂeﬁCTBHC.

Cnucok aureparypsl

Cnucox ucmounuxoe oonxcen exkntouams om 10 0o 30 nayunsix ucmounuxoe (cinemyer wu30eratb
CaMOILITHPOBAHMS), HE YYMTHIBAas CCHUIKM HAa HOPMAaTHBHBIE JIOKYMEHTHI M HMHTEpHET-pecypchl. He pexomenmyercs
CCBUIATBCSl HAa MHTEPHET-PECYPCHI, HE COJEprKallie HAaydHyro HH(popMaruio. V3BeCTHO, 4TO ypOBEHb ITyOJIMKannuu
OTIPEJIETISIIOT MOJTHOTA U IPEJICTABUTEIBHOCTh HCTOYHUKOB, IOATOMY PEKOMEH/IYETCsl CChUIATHCS B IEPBYIO OUepesb Ha
OpPHUTHHAJBHBIC MCTOYHHKH W3 HAYYHBIX JKYyPHAIOB, BKIIFOUEHHBIX B TI00aibHBIC WHAeKCH mutupoBanus (Web of
Science/Scopus). CocraB HCTOYHHMKOB AOJDKEH OBITh AKTYaJbHBIM (00s3amenbHoe UCHONb306aHUE OPUSUHATLHBIX
ucmounuxos ne cmapuie 10 nem).

Crmcok muTepatypsl 0GOpPMIIIETCS B COOTBETCTBUE ¢ TpeboBanmsaimu cranmapta Numbered style usnarensckoro
obmectsa Elsevier.

HpI/IMCpBI OpeACTaBJICHUA NCTOYHUKOB, BKIIFOYCHHBIX B CITMCOK JIMTCPATYPBI:

Cmamws u3 nepeoouteckoeo uzo0anus (JHCyprHaia)

[1] TJI. [Hanass, X.I'. BapgausH, O¢QeKkTHBHOCTb NpPUMEHEHHS CEIlCMOM30ISTOPOB B MHOTOITAXHBIX
KeNe300eTOHHBIX paMHO-CBA3eBbIX 34aHuaX, COOpHUK HayuHbIX TpynoB HY ACA 50 (2013) 114-120.

[2] M. Nikolopoulou, N. Baker, K. Steemers, Thermal comfort in outdoor urban spaces: Understanding the human
parameter, Solar Energy 70 (2001) 227-235.

[3] B.U. Tenu4eHko, «3e1eHble» TEXHONOTHU Cpeibl )XKu3HeaesTenbHocTH, Becthuk MI'CY 103 (2017) 364-372.

Knueu

[1] Y.S. Touloukian, P.E. Livey, S.C. Saxena, Thermal Conductivity: Nonmetallic Solids, IFI/Plenum press, New
York, 1970.

[2] T.P. Hough (Ed.), Recent Developments in Solar Energy, Nova Science Publishers, New York, 2006.

157


https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BF%D0%BE_%D0%9F%D0%B0%D1%80%D0%B5%D1%82%D0%BE

ISSN 1829-4200 HAYYHBIE TPYAblI HYACA 2026. T. 2 (95)

Mamepuaner kongepenyuu

[1] T.E. Chaddock, Gastric emptying of a nutritionally balanced liquid diet, in: E.E. Daniel (Ed.), Proceedings of
the Fourth International Symposium on Gastrointestinal Motility, ISGM4, 4-8 September 1973, Seattle, WA,
Mitchell Press, Vancouver, British Columbia, Canada, 1974, pp. 83-92.

[2] N. Yasuda, S.-I. Takagi, A. Toriumi, Spectral shape analysis of infrared absorption of thermally grown silicon
dioxide films, in: T. Hattori, K. Wada, A. Hiraki (Eds.), Proceedings of the Second International Symposium on the
Control of Semiconductor Interfaces, ISCSI-2, Karuizawa, Japan, October 28—-November 1, 1997, Appl. Surf. Sci.
117-118 (June (I1)) (1997) 216-220.

ITocne Crmcka JIUTepaTyphl 4epe3 OAHY CTPOKY HAOTCs 3aconoeox cmamovu, Annomauusn, Kniouegole cnosa Ha
S3bIKaX, OTJIMYHBIX OT OCHOBHOTO TEKCTA CTaThH.

Caenenust 00 apTopax

IMocne AHHOTANMii Yepe3 OHY CTPOKY MPHUBOIATCS CBEICHHs 00 aBTOpe/aXx (Ha apMsSHCKOM, PYCCKOM, aHTJIHHCKOM
s3pikax) — D.H.0., yuenas cmenenv, 36aHue, HA36aAHUe OpeaHusayuu (yupesicoeHus), 20e pabomaem asmop,
3aHuMaemas O0IIHCHOCHIb, HOMePA MenepoHos, aopec INEKMPOHHOU NOUMbI.

Hayunsle nanpagnenus scypuana

1. Apxumexmypa

ApXUTEKTypa 34aHUN U COOPYKEHHH,

I'pamocTponTenseTBO (IPOCTPAHCTBEHHOE INIAHUPOBAHUE),

Teopus 1 HCTOPHS apXUTEKTYPBI, pECTaBpalUsl apXUTEKTYPHBIX TaMSATHUKOB,
MonenupoBanue 1 HHYOPMAIIOHHBIC TEXHOJIOTUH B apXUTEKTYpE.

YV V VYV

2.  Texnuueckue Hayku (CHpOUmMeIbCmeo U cMedcHble 001acmu)
CrpoutenbHble MaTepHabl U H3/1ETHA,

I'pyHTHI U QyHIAMEHTBI, TOI3EMHBIE COOPYKEHHS,

CrpoutenbHble KOHCTPYKIIUU B CEHCMOCTOMKOE CTPOUTENHCTBO,
TexHONOTHS M OpraHU3aysa CTPOUTEIFHOTO IPOU3BO/ICTBA,
CrtpoutenbHasi MEXaHHKa,

I'mapoTexHrka v THAPOIHEPTEeTHKA,

I'mppaBnyka M MH)KEHEPHAS THIPOJIOTHS,

TparcnoptHas uHGpPACTPYKTypa (ZOPOTH, MOCTEHI),

VVVYVYVYYVYVYYVYYVY

BHyTpeHHee U BHeEIIHee WHXKEHEpHOE OOOpyIOBaHHE W ceTH (BOJOCHaOXeHHWe ¥  BOIOOTBEICHUE,
TEIUIOTa30CHA0KEHHE, IICKTPOCHA0KEHIE, BEHTWISIINS ¥ KOHAUITUOHUPOBAHHE),

CTpOI/ITeJ'lBHBIe MAalIWHBI 1 OpraHru3anusa TPAHCIIOPTHOTO JABUKCHUA,

WuxenepHas reonesus,

T'eoskoiorus u OMOOE30MaCHOCTb,

MonenmupoBanue U HH)OPMAIIMOHHBIC TEXHOJIOTHH B CTPOUTEIILCTBE.

YV VYV V

3. MAusaitn
4. Dkonomuka (8 odnacmu cmpoumenbcmaea)
5. Ynpaenenue (6 o6nacmsax apxumexkmypol, CHPOUmMe1bCMEA, OU3ALHA, MYPUIMA)
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11.

12.
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COJEPKAHUE

AJjlekcaHsiH ApMeHyH AJIbOepTOBHA
[IpaBoBeIe IpoOEIEI B chepe COXpaHEHUS apXUTEKTYpHOTO Hacnenws . Eperana 20-ro Bexa
AJlekcaHsiH ApMeHyHn AinbOeproBHa, OBcensin Apa I'paiipoBuy

IIpoTuBOpEuNs pU COXpAaHEHUU U PEKOHCTPYKIMHU 34aHuit 20-ro Beka B I. EpeBane

AragxansH JpmuHe Anb0epToBHa, AlipanersH Catenuk CeiipaHoBHa
Opraan3anOHHO-TEXHOJIOTHYECKasi MOIEPHU3AINS CTPOUTEIIHHO JIOTHCTUKN Ha ocHOBEe BIM:

HCCJIICAOBAHNC HAa TPUMEPE ApMeHI/II/I

I'eBoprsin Anu Am0apuymoBHa, KoGensan Baran Cypenosuy, AxonsgsH Mapunanna IlorocoBna

CpaBHHTENBHAS OIICHKA ceiicMUYIEeCKOil 0€30TacHOCTH IDIOTHH ApMeHUH U Typuuu

Kposin CamBen 3anubexosuy, Maprapsin 2Kopa CmoaroBuy, Kposin Hapek CamBesioBny
Hcnpagienue ommboK, 00HapyKEHHBIX Ha KalaCTPOBBIX KapTax HACEJIeHHBIX IyHKTOB PA ¢ momomnibsio

OpTO(OTOIIIAHOB

AjipaneTsiH AHHA AiipaneToBHa
Bnwusinue aneMeHTOB 6€3011aCHOCTH aBTOMOOMIIBHBIX JIOPOT Ha CHUIKEHHE CTEIICHH TSHKECTH JIOPOIKHO-

TPaHCIIOPTHBIX ITPOHCIIECTBUI

ApyTionsiH Banepuxk MamukonoBu4, Mocuksin Kapaner AkonoBuy,
Hepcucsan CamBen ApamoBny, AiipaneTsiH AHHa AjipaneToBHa

Onenka PUCKOB aBapPIﬁHOCTPI aBTOIIOC310B Ha T'OPHBIX aBTOMOOHUIBHBIX Aoporax

I'apubsn Ailik CrénaeBu4

Bnwusinue riyOvHBI BIEMKU TPYHTA U YACPIKUBAIOIICH CUCTEMBI Ha TMOBEJICHUE OTKOCOB KOTJIOBAaHOB
I'yassn Apmund barparosua, Hopamupsin Po6eptr Kapenosuy, Kupakocsin Xauuk I'aiikoBuy,
Manyxksn Apryp llerpoBuu

Br160p 3¢ GeKTUBHBIX METOIOB yX0/1a 32 OETOHOM U MPEUI0KEHHUS 110 UX YIyUIICHUIO

Munacsn Cepreii Amorosuy, ApaxkenassnH Mapuam ApmenoBHa, barnacapsin Amor I'eBoproBuu
[TpoGnems! paciipeneneHus BO30OHOBIsIEMON SHEPTUU B MHOTOKBAPTUPHBIX 37[aHUSIX HA OCHOBE JaHHBIX
u3 Apmennn (2015-2024)

Hapgapsin Hape TaryJjoBHa

MGTOHOHOI‘I/I‘IG:CKI/IG HpO6J’IGMbI HCKyCCTBOBeH‘ICCKOﬁ HUHTEPIIPETALNH CKYJIbITYPbI

Ierpocsin OBcen Cepreesuy, Bapnansn Manyk Pa3mukosuny,
AnexcansH Banepuii Anexcanaposuy, Ilerpocsan Crenan KapenoBuu, Axosin ®pen @ypmMaHoBUY
OO0ocHOBaHME CO3/1aHMS CETH HaBUTALIMOHHBIX pedepeHIHbIX CTaHIMH A1 HY K]l 0OOpOHBI U

oes3omacuoctu PA

Craksan Murpan I'puropsesuny, Ilupymsan Hapune BusimkoBna, MaptupocsiH AHrus BukroposHa,
Cadapsn Aot FOpbeBuu
Brustane dakTopa KOHIEHTPAIIMH HAPSHKEHUH Ha HECYIIYIO CIIOCOOHOCTH 3JIEMEHTOB Ia30TPAaHCIIOPTHOM

CHCTEMBI

ABTOpam
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REQUIREMENTS FOR FORMULATING SCIENTIFIC ARTICLES AND THE
SUPPORTING DOCUMENTS

1. Papers can be submitted in Armenian, Russian or English (3-10 pages)

Mandatory electronic documents that should be sent to scientificpapers@nuaca.am

o the paper (paper in *.doc format, illustrations in *.jpg, *. jpeg format), the template of which in Armenian,
Russian and English is posted in the scientific periodicals section of huaca.am website,

e Opinion about the paper from a scientist in this field( signed, in * pdf format)

2. Article Formulation Requirements:
The article should have the following structure

The Title of the Article

It should briefly (no more than 10 words) and accurately reflect the subject of scientific research. The title
should reflect the uniqueness of the author's scientific work.

Abstract
Must contain (up to 150 words) the following brief information about the submitted article:

1. description of the subject (object) of the study, the purpose and objectives, actuality, novelty and practical
significance of the scientific research,

2. method (s) and methodology (if possible),

3. scientific results obtained (theoretical and experimental results, factual data, discovered relationships and
patterns),

4. recommendations, assessments and proposals.

Keywords

Keywords are the way to search for a scientific article, as in all international bibliographic databases articles
can be searched by keywords. In this regard, they should reflect the basic terminology of scientific research. It is
necessary to include 5-8 keywords.

Introduction

The objective of Introduction - overview of the current state of the observed issues of the article, significance
of scientific problems and its actuality.

Introduction should include a review of modern Armenian and foreign scientific achievements in the subject
area, research and the results on which the work is based (Literature review). The literature review should emphasize
the actuality and novelty of the issues considered in the study, on the basis of which the goals and objectives of the
given work are set and described. The reference numbers to the source cited in the text are placed in square brackets
strictly in sequence like [1], [2], ...

Introduction should contain information that will allow the reader to understand and evaluate the novelty and actuality
of the research results presented in the article.

Materials and Methods

This section should clearly describe the methodology of the study. Dimension of all physical quantities should
be indicated in the system of Sl units (Italic). Formulas and mathematical expressions should be written in Microsoft
Equation or MathType, Italic, 11 pt. The formulas are presented in a separate line, in the middle, and the main formulas
are numbered on the right, in the form (1), (2), ...
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Results and Discussion

In this part of the article, a systematic authorial analytical and statistical material should be presented. The
results of the study must be described so that the reader can trace its stages and assess the validity of the conclusions
made by the author. The main purpose of this section is summarizing and clarifying data to prove the working
hypothesis (hypotheses) through analysis. The results, if necessary, are confirmed by tables, graphs, figures, which
represent the source material or evidence. It is desirable to compare the results presented in the article with previous
works in this area by both the author and other researchers. Such a comparison will additionally reveal the novelty of
the work done, giving it objectivity.

Conclusion

Conclusion contains a brief description of the Materials and Methods section, as well as a brief statement of
the research results. Here in compressed form, the main thoughts of the Results and Discussion section are repeated. In
this section, it is necessary to compare the results obtained with the goal indicated at the beginning of the work. In
Conclusion, the results of comprehension of the topic are summarized, conclusions, generalizations are made, and
recommendations arising from the work are given, their practical significance is emphasized. In the final part of the
article, it is desirable to include the prospects for the development of the research in this area.

Acknowledgments (if necessary)

This section, we refer to those persons who have assisted in the implementation of the study and those
organizations that provide financial assistance.
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The list of references should include from 10 to 30 scientific sources (self-citations should be avoided), not
taking into account references to regulations and internet resources. It is not recommended to refer to Internet resources
that do not contain scientific information. It is known that the level of publication is determined by the completeness
and representativeness of the sources; therefore, it is recommended to refer first of all to original sources from scientific
journals included in the global citation indexes (Web of Science / Scopus). The sources should be relevant (mandatory
use of original sources no older than 10 years).

The sources included in the References should be compiled according to «Numbered style» standard of Elsevier
scientific publishing company.

Examples of presenting sources included in the References:
Article in a journal:

[1] T.L. Dadayan, Kh.G.Vardanyan, Efficiency of application of seismic isolators in multistorey frame-shear wall
reinforced concrete buildings, Proceedings of YSUAC 50 (2013) 114-120.

[2] M. Nikolopoulou, N. Baker, K. Steemers, Thermal comfort in outdoor urban spaces: Understanding the human
parameter, Solar Energy 70 (2001) 227-235.

[3] V.I. Telichenko, Green technologies of living environment: concepts, terms, standards, Vestnik MGSU 103
(2017) 364-372.

Description of a book

[1] Y.S. Touloukian, P.E. Livey, S.C. Saxena, Thermal Conductivity: Nonmetallic Solids, IFI/Plenum press, New
York, 1970.
[2] T.P. Hough (Ed.), Recent Developments in Solar Energy, Nova Science Publishers, New York, 2006.

Description of conference materials

[1] T.E. Chaddock, Gastric emptying of a nutritionally balanced liquid diet, in: E.E. Daniel (Ed.), Proceedings of
the Fourth International Symposium on Gastrointestinal Motility, ISGM4, 4-8 September 1973, Seattle, WA,
Mitchell Press, Vancouver, British Columbia, Canada, 1974, pp. 83-92.
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[2] N. Yasuda, S.-1. Takagi, A. Toriumi, Spectral shape analysis of infrared absorption of thermally grown silicon
dioxide films, in; T. Hattori, K. Wada, A. Hiraki (Eds.), Proceedings of the Second International Symposium
on the Control of Semiconductor Interfaces, ISCSI-2, Karuizawa, Japan, October 28—November 1, 1997, Appl.
Surf. Sci. 117-118 (June (I1)) (1997) 216-220.

In one line of the literature list, in languages other than the main text of the article, the title of the article,
the summary, the keywords are given.

Information about author/s

Information about author/s (in Armenian, Russian, English) - name, academic degree, rank, affiliation, position
held, telephone numbers, e-mail address should be given.

The journal covers the following topics
1. Architecture

Architecture of buildings and constructions,

Urban planning (spatial planning),

Theory and history of architecture, restoration of architectural monuments,
Modeling and information technologies in architecture.

2.Technical sciences

Building materials and products,

Bases and foundations, underground structures,

Construction structures and earthquake-resistant construction,

Technology and organization of construction,

Construction mechanics,

Hydraulic engineering and hydropower,

Hydraulics and engineering hydrology,

Transport infrastructure (roads, bridges), traffic management

Internal and external engineering equipment and networks (water systems, water supply and water drainage,
heating, power and gas supply, ventilation, air conditioning),

Construction machinery and traffic management,

Engineering Geodesy,

Geoecology and biosecurity

Modeling and information technologies in construction.

1. Design

2. Economics/ In the field of construction /

3. Management / in the fields of architecture, construction, design, tourism /
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