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FEJwyh wpnhwlwunipyniup

2ph uwlwyneiwu  wpnh wwjdwuubpnd duonwdwiht  hwdwlwpgbph
wpryntuwybn oquwgnpdnudp YEuuwwu wuhpwdbonnieniu E: XIX nuph wnb-
wwh hbinbwupubphg htinn dwpnynigniup dGd npwnpnyentu £ nupdunwd piw-
wwhwwuniewun, nph 2nswuwlubpnd nhunwnpyynd Gu puwlwu nbunipuubph
wpryniwybn ogunwignpdnuit nu Eubipquiutwinnnueniup  hpple GpYpwgunh
plwywu wwowpubiph fubjwdhn Yppwndwt nbujwlw: Lpwiht nbunipuubiph
wpryniuwybn - ogunwignpddwu, opwihu hwdwlwpgbph junwywpdwu U ow-
hwgnpddwu hwnpgbpp dbp hwupwwbnnuyejwu hwdwp fuhun wpnhwljwi b

Uwnbktuwjununipjuy tywwmwlp b juunhpubpp

Luywuwwy E npdnud dpwyt] dhongunnuiubiph ghunwljwunpbu hhduwynp-
Jwd hwdwihp hwupwwbnnyeywu dh pwpp opwjht hwdwlwpgbph wpnhwlw-
twgdwt U pwhwgnpddwu wpryniuwyGunieyw pupdpwgdw ninnniyejwdp:

UWjuwwmnwuph tujwmnwlpht hwuubim hwdwp wnwownpybp Eu hEnlyw
fuunhpubpp.

1. Upwlyl nwppbip pwpdpnipjwuu ypw guntynn wjwquuubp wyndwny hbnnty
dnbnt fjuunph hphnpwyhywlwu nddwu dbpnn:

2. Lhnwgnunti| «<bpdnu-Githhu» pupép Gugdwt funnnjwiwownh wofuwnw-
pp U wnwowpynipniu ubplwjwgub) wju pinuwewihtint hwdwp:

3. Ugwlb) yndwh ubindddwu uwhdwuwjhtu pwpdpnipjwu Gnwuwly:

4. Swppbip duodw Gpynt opwnwintbiph hwnnpnwlygdwt wwydwunid, dowlby
dhdjwughg  wulwfu gnpdnn gpwswihtinny - 9pwigdtinhg  Ytingynn  hnuptiph
gnhwugdwu dbkpnn:

5. LEnuwjhu gbimbph opwhwylwptbipnud, djutiph wugdwtu Gpynt funspunnunp
wnjwynpywdp, d4uwpndwywu hEnwgnnnyenuubph pugwlwjnyejwi wwj-
dwutbpnu, dowybi d4uwugwpwuutiph wpwlwh hw2dwpyh hwjbgwlwpg:

6. dbppot] <wjwuwnmwund opogunugnpddwl nnpuiwht unnmguwdpp b
wnwowpYnyniubin ubinlwjwgub) opwihu nbunipuubiph ogunwgnpddwu wprynt-
twybwnnieniup pwpdpwgubine ninnnigjwdp:

Ghunwlwt unpnypep

Lbnwgnuinyejwu wpryniupnid unwgybp Bu hbnbyw| hhduwlywu ghnwywu
wpryntupubpp.

1. Uswlyyby £ vwppbp pwpdpnigjwu ypw guntynn wjwquiubp yndwny
hbnnwy dnbnt fuunpp [nwddwu dbpnn:

2. Swppbp 6u2dwu Gpynt opwwnwpubph hwnnpnuygdwt  wwydwunud,
dawdt £ dhdjwtghg wulwiu gnpdnn gpwswithtinny opwgdtinhg Ytingynn tptinh
gnhwugdwu dbpnn:



3. Lbnuwjhu qbwbph opwhwywptbpnud, ayuwpndwlwu  hbGnwgnunni-
pintutbiph pwgwlwinyeywt b d4ubph wugdwt GpYyne fungpunnuinp wwjdwuub-
pnud, dowlyt b dyuwugwpwuubph npwyunh hwoduwpyh hwjtigwywng:

NMuunuwunipyw L ubpljuyugynid.

1. Swppbp pwpdpnipjwt Jpw gunuynn wjwquutbp wndwny hbnnty
dnbnt fjutinph nddwt dbpnnp.

2. «£bpdnU-Gthhu» pwpép dupdwu gpwnwiph pbnuwpwihdwu Gnuwuwyn,
husp pwpbuwywun wwjdwuubp Yunbindh dbpuwsbu, Gqwanp, Swnwd, Upthh,
Unwduwénp, 2pdw, Uptuh b Githhtu ptwlywywiptph Juyn ospuidwnwlwpuw-
pnud wwwhnytne hwdwn, huYy oph wpwgnyejwu hebgnuwip Yuwwuwnh dbndb| thw-
Ywuubph «fubinniwu» dwdwuwl wnwewgnn gugnuwiubnp, husp spwiht hw-
dwlwpgh wuywnwug wouwwnwuph wwywhnydwt hhduwlywi Gpwsfuhpubiphg E:

3. Mndwh ubpdddwu uwhdwuwihtu pwpdpnipwu npnadwt Gnwuwyp:

4. Swppbip dugdwt Bpynt opwnwpubph hwnnpnwlgdwu wwjdwuntd, dh-
djutghg wulwfu gnpdnn gpwswthbipny epwqdtiphg Jtingynn Giptinh gpuugdwi
dbpnnp:

5. Lbnuwjhu qbwbph opwhwywptbpnud, ayuwpndwlwu hbGnwgnunni-
pintutbiph pwgwlwinieywtu L dyukph wugdwu Gpyne funspunnnh wwjdwu-
ubpnuwd, d4uwugwpwuutph wpwyunh hweunyh hwjbguwywngp:

6.  Auuwpryniuwpbpnigiwt tywwnwyny uinnpbipypjw opwnh Yypw pwqdw-
Uh opoquiwgnpddwt dbfuwuhqdubp Yhpwnbint, nphg htiuin yndwywwjwuutph
dhongny onipp nnngdwu hwdwn dninwlyw opwdpwpubip ninnbijnt wnwewnlyp:

UWuwwmnwuph gnpsuwlui vywuwlnipyniup. ubpluwjugywsd hwoyupy-
ubpp Ywpnn Gu Yhpwnytp Hhup nnngdwt 9pwugph, «LGpdnu-Ephhu» dugni-
dwjht gpwwwph, «Ywdwphu - Stnwoku» nongdwu hwdwlwpgh, «UpGup»
Gnwuwnhtwt yndywlwjwth, Ufunippjut gbnh wowhtyw opwugph wpnhwljw-
Uwgdwl gnpdpupwgubipnul: Swppbp duodwu Bpynt gpwitnwipph hwnnprwlyg-
dwt wwjdwunu, dhdjwughg wulwtu gnpdnn gpwgwthbinny gpwgdtinhg Ytingynn
Gipbph gpwugdwt dbpnnp ubpluwjwgyt) b ubpnpdwu hwdwp Ynunwph dwpgh
Lwhph  hwdwjuph Upwgnin  puwlwuduipnd  ppwlywiwgynn  opwdwnw-
Ywpwpdwu  hwdwlwpgh  ybpwlwnnigdwu  Spwgpnwi:  LEnuwghtu  gbwbph
opnwhwywpubpnud, dYuwpndwlwt hGnwgnuinenubph pugwlwnpyuu L
alyubph wugdw GpYynt fjungpunninh wwjdwutbpnud, djuwtgwpwutbph npwlnp
hwoqupyh hwybgwhwpgp ubplujwgyt) £ Ufuninuith wowthupw gpwitigpnid
aluninh Yunnigbnt hwdwp:

Swumnwlju iynpp b hEnwgnnnipywy dEennubkpp
Tpywd tuunhpubpp (notiine hwdwp ogquwgnpdyb) tu W bl Bnhwqwpngh
wuywu gnwiht hpduwhwpgtinh U hhnpnunbiuuhlwih huunhnnunnud bW Snighp
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wGuuninghwlwt  hwdwuwpwunw  hpwlhwiuwgywd  hbnwgnunieiniuubnh
wnyjwiubpp: Upfuwwnwtph twywunwlh phpwywtwgdwu hwdwp Yhpwndb) Gu
yhbwlwgpwywu, dhowpydwt, hwdwnpdwt, tdwuwldwu W wy) dbennubn:
®npdwhwywunipyniu, hpwwwpwynwubp, ghnwgnpduwluwu tyww-
Ynipyniup.  wwbUwlununipjwt  hhduwlwu  npnypubput b unwgywd
Lunrum'ugubpn ubpYuywgyby Gu.
The international scientific and Technical Conference “Problems of Engineering
Sciences”. Tbilisi-Yerevan, May, 20-22. 2022 dhowqquwjht ghunnwdnnnynud,
*  Uywnbdhynu b.dLGnhwqupndh wudwu 9pwiht  hhduwhwpgbph L
hhnpninbGuuhywih htunhwnunnd,
= Gniphh mbfutnnghwlwu hwdwuwpwnid,
*  Jpwuwnwuh inbfuthluwywu hwdwuwpwunid:

Uwnbktwjununipjwu hhduwlwu npnypubpu b wpryniupubpu wdthnihywsd
Gu 1 YntYuinhy dbuwgpniginiunid, 7 ghunwlwu hnnpwsdubpnud, npnughg dibyp
Scopus Q2 wwpwlwpgny wduwgpnud: <nnwdubphg 2-U° wnwug hwdwhbnh-
uwlubiph Gu:

UWjuwwmnwuph junnigjwépp

Uwnbtwlununigniup  pwnlugwsé £ ubpwdnieiniuhg, bpbp qiiuhg, bqpuw-
Yugnipiniuubiphg b wnwewpynyeniutbphg, gpulwuniejwu guwuyhg: Unbuw-
fununieyniup swpwnpyuwé £ 105 Eobiph dpw b ubipwnnud £ pyny 5 wnynwwy b 23
uluwp b qdwghn, oquwgnpdywsd gpuluunieniu pungpynud £ 133 wujwunud:

Uwnbuwlununypjwu hwdwnnn pnjuunulnipyniup

Lbpwsnyniunwd hhduwdnpwé £ wnbuwfununigut pidwih wpnhwlw-
unigyniun, ubipyuwjwgywsd tu woluwwnwuph twwwnwlu W fuunhpubipp, ghnwywu
unpnypen, ywonwwuniejw ubplwiwgynn npnypubnp:

Unwoht qilunid ubipluwywgywd E hbnmwgnuynn futnhpubph yGpwpbippug
gnwlwunipjwu ptiwnwnwlwu wluwpl: Swpwnpwsd b woluwwnwuph uww-
twlp b npwuhg pfunn fuunhpubipp:

Gnifu Bpypnpn. Leplwywgdws b wwppbp pupdpnigut Jpw gntiynn
wywquubp yndwny htnnty dnbijnt fuinpp nddw deennp Ywdwphu-Stinuotu
ypwlwuguynn wndwwlwywuh ophtwyh Yypw' hwdwwnbn wofuwwnwupwihtu
nkidhdh hwdwnp (uy. 1):

Undwu dwjpninp funnnulwownh* ABC L Gjninh’ BD hwdwwnbin wofuwnwuph
hwdwnp wwppbpwyu punpbne nbwpnd wuhpwdtion b thnppwgut; BD §yninh
wpwdwghdp, pwuh np npw dndwt gbnnbighwut pwpépnieniup bywnbihnpbu
thnpp £ dwjpninnt gbinnbghwlwu pwpdpniginiuhg:



: Q '
0,43Q 0,57Q:
B
Hb = Ho + Suc (0,43Q)2=188+116Q2
Hb-Hi =Sbd(0,57Q)2=0,325SbdQ2,
Hi=147
, Shbd -
@@
' (0,325SBD -116)Q2=41:
, (2.9) ' Q-
(80...140 /) H
|_U’TIW\ , '

130

170

@

2



H SHU.{ndu.{ (3)
Fuunph udwu npyudpu nith wuphy pwqdnyejudp nWnw: Unytu jndnwiubphg
punpynud & wyu, nph Q-ht hwiwwwwnwutuwunn O%S-u wnwybjwagnyut k: Bjnnh
wpwdwghdu punpbup deo =125 dd: Un nbiwpnid jninh opwgdh hhnpuyihywlwu
nhdwnpniggmiup Yihup'
Sep =Lep /K2, (K?=0,012150 d5/J?), Seo =8230 y#ui®:

Stnwnnbiny Seo-h wndbpp (3)-h dbg, unwunwd Gup' Q=127 y/4: UGuhwyn k, np

unyt bpp Yihuh dwjpninh funnnduywpwph AB nbnwdwuny pnnwunpydnn Gpp,
wjuhupt’
Q=Qas=127 |/J:

Mndwh punypwgphg bpln |, np 09%-u wnwybjwgnyuu £' n = 0.75:

Unwgytg, np BC L BD opwgdtpny dhwdwdwuwly pnnuplyynd bLu
hwiwwwwwuluwtwpwp Qec=0,43Q=55 |/y, Q=0 =0,57Q=72 )/ tpkin:

Npnptitp  wwhwugynn H Guodwu dbdnipniup dwypninh  funnndwlwownh
uinnpht dwjph Yupjwdpnid.

H=Ho +Saz Q2+SecQ?%c : 4

0400 .-0250

1486.47

. 2 Mndywyhu Juywuh hhnpuwyjhluywy vjubdwu
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Swppbp pwpépniejuu Yypw guuynn wdwquuubp wyndwny hbnnly dnbint
fuunhpp kNt hwdwp wuhpwdtion £ wwpnpuhdwgub] wyndwh hhduwlwu
punipwaptiph Ynpp pwnwlnwp ywpwpniht: Unwhuny unwgynid § snpu hwjw-
uwpnut® snpu wuhwypnny: <wlwnwl nbwpnud Yniublwup wiuwhdwy pyny
(nwnwiubp L, hGnbwpwp, wivwhdwt ywwwufuwtubp: Cunpgnd £ wjt yw-
wwufuwup, npp hwdwwwwwufuwund £ Q-hu b niwh wnwybjwgnyu dheht
Quynud:

Gipp npnabiinig htivin npnaynud | wwhwugynn H dugnudp, npp wbinuinpdnd £
funnnywyuwownh unnpht Yhwnnw: Npnadwsd 6updwi dednusintup hwibdwwnynud
£ wndwh qupgwgpws Hp 6updwt htin: Geb hwdbdwwnnyejwu wpnyniupny H-h
wpdbipp pwywlwtwswih dnwn £ Hp-ht, www futnhpp hwdwpdnud £ nidywé:

LEnuwht nbnwupnud Yunnigywd pwnép Guodwt opwunmwnubiph Gplupwdjw
owhwgnpdnwip gnyg £ wwihu, np npwup, npwbtu Ywunt, s6u nubunw
Uwfuwgdwihu wpnwnpnnuwunieniu: «<bpdnu-Gthhu» hupuwhnu Bplfunnn-
Juluwjhu opwwnwph gnpdwpynwihg htinnn, npnpnwd punniudbg pwnén dupdwu
funnnywlwpwphg, nph gifuwdwuh gppunnithgn qutdnud £ 1705 d uhoh Ypw,
«Upbkup» yndwwlwjwuh 1-ht wunhéwup 2npowtghiiny, hupuwhnu ntidhdny onip
dwunwlwpwpb 2-pn wunhbwuh punniunn wwqwuht, wjunthbnl’ dinw wu-
wnhéwuubpny hpwlwuwgub) dnnwd dhusle ytipghu dugpdwu wywquun: Uyuwhund,
ybplnud  Updwd  puwlwywiptph  hnqunwpwspubph  nnngdwtu bywwnwlyny
ubpyuynuiu Upthw gbiinhg onip sh bipgynud b ptwljwuwpwn «Upbuh» wndwjw-
Yuwyjwuh 1-ht wunhéwup huwwn hwodby £ gnpdwpynuwihg, pwuh np <bpdnu -
Githht gpwwwph §ninp dhwgyby b «Upkup» 1-ht wunhbwuh dndwb funnn-
Julwowpht: Pwuwnnpbiu «Upkuh» 1-ht wunhtwuh wyndwywlwjwuh gnpdwpyni-
dhg hwunwp pbptg Upthw gbwhg ybngdnn 682 /y Gpp wnpdbg Upbuh
uwhdwlwdbpd gjninhg dh pwup Yd hbnwynpnigjwt ypw gunuynn hwplwu
Bplyph «Swudhly» opwdpwphpu:

2pwwnwph wnweht pwhwgnpdniwihg hbinn wwnagyti £, np npwtp sku wnwihu
uwwuynn wpnwnpnnulywunggniu: - Wu hwugqudwupp Yuwyws £ Gnuwhu
wbnwuph pwpn nbhtdh hbn: Nnngdwt  hwdwp dupdwt  nwl  opwdw-
wmwlwpwndwu funnnyulwowptipp wwppbpwpwp jgynwd b nuwnwnplynid £ Uyu
gnpdpupwgn whwp £ hpwlwuwgdh npnawlh hwnpnuwlwuniysjwdp, npwbugh
funnnyuluwowpnud nbinh niubgnn wugnwiubpp swanbu funnnuiuowph wid-
pnjwy Ypw: lunnnuwownp igubithu b nwwnwpytijhu wuhpwdbon b unbindt)
onh wquwuwn Giph b dnuwnph htwpwynpnuggniu: <pnpwyhlwlwu nkdhdh hwu-
wnwwndwl  tywwnwyp hhduwlwu  funnnulwowph  wnwugpwihtu  Yenbpnud
wuhpwdtion Quodwu wwwhnynwu £ U Jbphu, W ubpphu Yawnbpnd, npwbugh
sfuwpwnyh oph dwwnwwpwpdw wuhpwdbon dwjwip b Ywufudh funnn-
Julwowph JGpht dwubpnud onh Junwugqwynp Juwyninwdp: <phnpwyhYy nkdhdp
Ywpnn £ oguwgnpdyti twl hpduwlwu funnnulywowpbph  hhduwlwu

8



Ybwnbipnud, huswhuhp Gu dwjpninht b wyju: «<Gpdnu-Ejthhu» dupdwt funnnwljw-
owpp pwnlugwd £ 29 uppnuwjhu hwnwdubphg, npnughg jnippupwisinipp
hwgbgwd § wywnndwwn onh htnwgdwtu uwnpny: dbipghtu wpwg swpphg nnipu
BElhwy, pusp funnnjulwowpbpnud onh Yninwldwt ywwindwn nupdwy: Lpudw-
wnwlwpwpdwiu wpwgnyuu pwpdpwgnidp hwugbgunad £ oph hnuph onwwnwp-
dwu hgnpnigywu pwpdpwgdwun, nph wpnyntupnd onwiht pwpéh npnawyh Sw-
Juip wwpynd & hnupny' npwiny huy wquwnbing wwpwdpp ubpplihg wupun-
hwuw bYnn onh hwdwp: Uu nbwpnd onh hnupp dbdwun E: b Jbpon' hwyw-
uwnwlznnieintt £ unbindynid ubipddynn U dnunpwiht onh dwywiutiph dhol: Uju
hwjwuwpwlpnnipniup 2w wuuwniu £, pwuh np gwulwgwd wnpwmwpht
wgnbtignipniu fwpnn £ luwpwpb] wiu: Wu wdbUh wprynipnid Gpp thinppuitinid
E, U htnniyh uniuwyh wnwsquljuu mwwnwunwiubpp wbnh Gu niubunwd wdpnng
funnnywyh Bplwupnd, hugn Ywpnn £ hwgbigub) funnngwljwawph nstgwgdwun
hhnpwyihy hwpduwony: «<Gpdnu-Ethhu» opwnwpht Ygdwd bpbp 6jnintipu niuku
pwgwnpdwl tpwuubp wbnwupnul: Hwup Gu Unwyuwdnph, dbpuwobup W
Zhthpuh Gupnwwiht wjwquutbpp: Suwhwndws oph hnupp  hwuwnwwnbipne
hwdwp wuhpwdbon b «fubinnbtp (thwldwu ninnnigjuidp) dupdwu wynnuwnk
thwlwtubpp, npnup nbnunpwsd Gu hhduwlwt gpwdwunwlwpwpdwt pw (50
dpunnpwn Gupdwdp), husp ninklygynud | 6usdw Juwuguwydnp wang' hhnpwyhYy
hwpywséh htwpwynp wnwowgdwdp: Lpwdwinwlwpwpdwt ypw nbnunpgud
Gupdwt ynnuwwnb hwlwutbipp (50 dpuninpun Gupdwdp), npnup nintligynd Gu
Gupdwu YJunwugquwynp wény, Ywpnn Gu Gupwpyyb hhnpuyhyulywt hwpwsh:
Unwduwénph hwwngwénd  wnbnp L nubund onh d6d Ynunwynud, husp
hwugbgunu £ opwdwwmwlwpwpdwu hwdwlwpgh pwhwgnpddwu pupwgpnid
Gupdwt  wnwutjwy Jdbwp wulydwup: Onh  hbGnwgdwu  dhowuljw) uwppbph
puwgwlwinipjwt wwwbwnny htwpwynp sk hbnwgub| onh dGd Ynunwlynwip
uhdnuh Ybiphtu dwunwd nbnunpwd uwppnd, husp gqquihnpbu ujugbgund £ oph
uwwnnuip: flunnnjwlwownh wdttwyunwugwynp hwwndwdp 7 Yd bplwpnigjwdp
uh$nuwiht hwwdwdu t, npu wugunw § Swwhu gninh Ybpht hwindwsdh b
opwwnwph hwwnygwsh dholt, npinbn Unwduwénph Jbphtu §ninh gnpdwpldwt
nGwpnuw gbipbugnidp Ywaqinw £ 50dpU: Unwduwanph dupnwiwght wjwquuh
nhdwg funnnjwlwownu niuh hunwly uwhdwtyws uh$nuwihu hwndwdubp' d&s
hounn L thnpp dbppupwg pUbpny: 2pwwnwpnd hwadupydws  hhnpwdihy
ntidhdh  hwuwnwwnwip  qquijpnptut  pwpnwund £ hhnpnunbGluuhyulwu
Yuwnnigwdph gifuwdwuh ybpund mbnwlwpdwsd thnpp hhnpnbiGyunpwlwywu-
ubph wnlwjnywdp, npnup npng nbdhdubph hwdwp opwwnwinubp sniubu: Wn
huYy wwwbwnny hhduwywu opwwnwpphtu dwunwlwpwpynn oph hnupp hwéwfu
wybiih phy £, pwt hwzqwplyws wpdtipp, hugh wpryniupnud onp dh pwth Yhin-
dbwnp  hbGnwynpnipjwt Jpw wquwnpbt dnund £ funpnjulwowp  dnunph
hwwnywsh dhongny: Yepindtiny Yytipp wuywdp Ywpbih £ Ggpulwgut). «<bpdnu-
9
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2P opwwnwpht wpynn spwpwuwyp gpuugynu £ opwugninnt DFB opswiugnn qdh
odwunwl opwswihny (7), pwuph np AB opwqgdh D Ytwh p, Gupnwip dks £ 2P
opwgdh Gupnwihg, npny npnaynn opwpwtwlyp wpnbu gpwugyuws £ Lwwnbup,
np hhnpwyhywlwt tdwu ntkdhdh nbwpnu Gpynt mwpwdph hwedwiht opwiwyw-
hwugh pwdwpwpnud sh wwwhnyynd (Qi<Qor, Qe<Qo2) U gpwdwnwljwpwpdwi
hpwgnpddwu gnpdpupwgp gnun dwdwuwlwynp hpwyhbwywih (ndnd k:

brb 2P opwqgdh Guonwdp' p,-p  gbpwquugnud b 1P-h dugnudp' py, www 9ph
hnuwuph swpdnudp Guuwpdnd b uwhuyhtuh hwwnhp ninpnnygjudp’ BDCEA
opwugninny b 2P 9pwqdhg Jtpgunn enh pwtwlp gpwtgynud b dhdhwiu wy
onwiswuthny:

Gprb AB funnnyulwowpny htnniyh hnuwuph swpddwu ninnniginiup dwluhg
w9 £, wwyw dwfu Ynndh CEA opgwiignn gdh hwlwnuwnd Yuihnyp 5-p thuly £, huly
wye Ynndh hwlwnwpa Ywihnyp 5-p' pwg :

Uyuhwyn k, np hwlwnhp ninnnigjwdp (wohg dwfu) pwpddwu nbwpnid we
Ynndh hwlwnwné Ywihnyp S-p thwy £, huy dwfu Ynndhtp' pug:

Unyu nbwph (1P opwghdp uunwd £ 2P opwghdp Ywd punhwljwnwyp)
nbuwYuwu hhduwynpndt wpnwhwjnynd £ hbnlyw) Yuiudwdniggniuubpny’

P~ D

_hACDFB >0
, owpddwlU ninnnipjniup dwjuhg we (6)

p2 _ pl —h > O
BDCEA
12 , oupddwl ninnnipniup wehg dwfu, (7}

npwnbn h-tpp hptug hunbiputbpht hwdwwywwnwufuwunn opwiugninnt Gusdw
gnuiwpwjht Ynpnwwnubpu Gu: Uydd puuwpybup opwswihnipjwu futunph wnwyb;
hwunhwnn 2-nn nbwpep® opwgdtiphg dbyp dwuuwlhnpbu uunw £ dinwh Gu-
pwlwjnipjwu spwwwhwush dh dwup:

Cunnwutup, np 1P 9pwghdp utnwd £ 2P onwqgdh Q2 Gph mQa dwup (O<m<1):
Wn. niwpnud opwgdtinh uinn Giplinp Yihubu'

Op =0 +mQ,, (8)
Qup =(1-m)0, : 9)

1P W 2P gnwgdtiph uunn bLiptiph gpwugninhubpp hwdwwwnwufuwtwpwn
yihubu AB funnnulwowph ACM U BDM hwunjwdubipp, pwup np hwdwlwpgh
dwfu b we Ynndbph hwlwnwpé Ywihnypubipp (5) thwlynwd Gu:

Lwulwuwih E, np 1P b 2P gpwgdtiph bGpbpp gpwugynd Gu dhdjwughg
wulwlu dwfu b we Ynndbiph opwswihbpny: AB funnnyuwownh M Yuipgudpnid
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hwunwwynd £ HM 6uond: <bwnbiwpwp' AB funnnjwlwyowph ACM L BDM
hwundwdubph hwoduwiht dupnwitbpp hwdwwwunwufuwuwpwp Yihubu.

Pacu :::_;_HM: (10)

hgpm :::;_HM: (1)

Cuwn PEnunyph hwywuwpdwu' niubund Bup.

P P

- hACM = - hBDM p

234 24 (12)

npwnbin Auen-p ACM U Agpy-p BDM opwiugninhubph Gugdwt Ynpnwnt £ hwdw-
wwwnwufuwuwpwnp Q1P b Q2P bpbpp pnnupybihu: Wuwhund Y. 4-nud pipdus
hwdwlwpgh wnwywnpyynn gswujwinybpp wofuwwnniuwly £ puuwpyynn hhnpwy-
(hhwlwu Gpynt nbdhdh hwdwp' dhdjwughg wulwfu gnpdnn opwswihbipny tpyne
onwqdtinhg Ytipgynn bpbinh gpugdwt nbuwulyniuhg:

Funganp opwugputipnd Wwndwpwiht hwugnygnu inbnunpynid £ funppwjhu
thwlywt, npp twluwwnbuynd £ nhdhwp wnwewgunn wjwquup thwlwbwihu
hwdwlywpgh dnunpwdwund opwpbpniyubph hhnpnyugdwu hwdwp: <hnpnp-
Jugnwd wuhpwdton £ hpwlwuwgub), npwybugh wwwhnyyh htwpwynphu
dwpnip 9ph dnunpp punniunn opwiugp: Uwutwynpuwtiu, Utunipjwtuh wowthujw
opwugpp Ybpwihntudnd | pniubih, huy wiunthbn' ymybph, b qquih pwtw-
Ynigywdp whndh wnlwnegniut wjnntn gwuluwih sk: <hnpndwgnidu niup
wnbnwywt nwpwdpwiht wgnbignipini, pwuh np nhdhwp unbnénn Ywnnig-
Jwdpubpp onph Ynunwldwt futinhp s6U nwdnud: UhLunytu dwdwuwl, hwpl k Uk,
np funppwyht thwlwup, dh owpp wwwndwnutipny, sh Yupnn hwiunhuwuw] npwbu
adyuninph: Uwutwynpwuybu, thwiwup pwg yhéwyh £ pbpdnd ng hwbwfu L
Ywpbwinl dwdwuwlwhwndwsdubpny' spwpbipndjubiphg wwpwdpp  Juiuwnt
hwdwn: Upfuwwnwuph dwdwuwl wjnuntn wnwowunw §, d6& wpwgniginiuubpnd,
alutph wugdwu hwdwp hhnpwyhlwlywu ny pwpbuywun nbidhd: funppwihu
thwlywth nbipp wwwjwph wiudunwugnigjwt nbuwulyniuhg qpn k- Pwlwuh
wuhpwdbonnugyniup bwywu £ wdpnng Yunnigwdph' opwtgp, enluti, yndybp
wotuwwnwuph hwdwp' Jepp upywd wwwndwnny: tunppwjht hwlwup nbpp
plwwywhwwiwlwtu  wwhwuglubph  wwwhnydwt  wbuwuyniuhg  ghinnd
puwwwhwwuwyw pnnph wwywhndwt hwdwp wnwowunu k, Gpp pGnntwht
wwwnywph ypwyny nbwh ubpplh pied gnip sh nbnwiinfuynud, pwuh np win
nbwpnd, wy Swuwwwph ndjup mbnuwdwunad onipp sniuh: Ayuwugwpwuubph
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Uwpbpniejwtu ninpuinud Yhpwnywéd uwhdwuwthwynwiutiphu W funppwjhu hnpbiph
huwnbuuhy [nwdwpdwu gnpdpupwgh, gpbipt sh uduaglby (LY. 5), pbl <wjwunwuh
Ywnwywpnigyntup npnby &, np d4uwpnidwpunubpp wbnp £ wotluwwnbu opwjhu
thwy ghyind: Uw bpwuwymd £, np plwhwt wnpniphg dtipgdwsd gnipp
Syuwpndwpwuht dwnwybng htivin sh hnup htin' nbwh punyeniu, wy fuuw L
$hiinpbiph dhony wugutiinig htiwin Unphg Yogunwgnpdyh:

Lwpl k ugkil, np wyu wbkuuninghwih Yhpwnnwip pujwlwu pwuly b nunbu-
Jwpnnutiph hwdwp: 6y npnoubipp ndgnhnud Gu, np wju hptiug hwdwp hwuwubih
sk, huly wpwnwnpynn dywu ghup Yupnn £ dp pwuh wuqud wék); Uhwuowuwy
wbwp b wpdwuwgnpb, np wju wwpwgwind, dywt quh pwulwugnuip ny fwlwu
gnpdnt £ U sh Yupnn puuwpydwl wnwplju hwunhuwtw| opuwjhu nbuniputbiph
Juuntudwu hwdwwinbpunnid:

huswbu tpunw £ uly. 6-hg, dyuwpryniuwpbpnygywy hwdwp hhduwlywunw
ognwgnpdynd tu <wjwuwmwh unnpbpypw opbpp: Vwutwynpuwwbu, 2022
puwlwuht sjuwpndwlwt twwwnwlubpny ogqunwagnpdyby b onipg 680 dju b3
unnpbpypjw opbip, npnup, hhduwywund, J&Y wugwd ogunwgnpdybinig htiwn,
pwihyb| tu wunpuwhdwiwht gt b hbnwgb| hwupwwbwnieniuhg:

.6 2022 . ( 3

82%-
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nphg hbwn yndwwluwjwuubph dhengny onipu ninnb dnnwlw opwipwpubp'
nnngquiwt hwdwp: Uwutwynpuwtiu Upwpwnjwt hwppwywipnd nbnuwws
ayuwpnniuwpbpulywu wjwqwuubphg onipp Ywpnn £ ninnybp Uquinh L unp
Ywnnigynn dbinhh opwdpwnputip:

GRAULLUSNRE3NRLLEN B4 UNURUNMUNRE3NRLLEN

1. Swppbp pwpdpnipjwt ypw ginbynn wjwquutbp wyndwny htnndy dnb-
[Nt futnhpp nétine hwdwp wuhpwdbion £ wwypnpuphdwgub] wndwh hhduwlwu
punipwaptiph Ynpp pwnwynwh wywpwpniht: Wnwhund unwgynud £ snpu wu-
hwynny' snpu hwlwuwpnud: <wlwnrwl ywpwgwinud Yniubuwup wtuwhdwu
pUnY [(nwnwitbp b, htnmbwpwn, wuuwhdwt wwwwufuwuubp: Cunpdnd £ wju
wwnwufuwup, npp hwdwwwwnwufuwunwd £ Q-htu U niuh wnwybjugnyu dheoht
dupnud: Gpp npnbiinig htnin npngynud £ wwhwugynn H 6upnwdip, npp nbnw-
npynuwd £ funnnjulwowph unnpht Yhwnnwd: Npnpdwd updwu ddnipyniup hw-
dadwwnynd £ wndwh quipgugnpwsd Hp duodwu htin: Gpb hwdbidwwnipwu wp-
ryntupny H-h wipdtipp pwywywuwswih dnin £ Hp-hu, www fuunhpp hwdwpygnud
£ inoywd:

2. «<bpdnu-Githhu» huptwhnu Gplyfunnnywlwiht 9pwwnmwph gnpdwpynt-
dhg htwin, npnanwd punniuytig pupdp 6updwu funnnywlywowphg, nph gfuwdwup
oppunniuhsp gunuynid £ 1705 d uhoh pw, «Upbup» wyndwywwywth 1-hU wuwnp-
dwup opowughiiny, hupuwhnu ntidhdny onip dwunwlwpwpb]  2-pn wunpéwuh
punnunn wyjwqwuht, wjunthbnl' djnw wunhdwutbpny hpwlwtwgut) dnnu
Jdhusle ytipoht Gugdwu wjwaqwup: Lhphuynudu Upthw glitnhg 9nip sh Jipgynud'
gbplnd todws puwywdwypbiph hnnwwwpwdpubph nnngdwu twywwnwyny W
puwlwuwpwnp  «Upbup»  wndwwlhwywuh  1-ht wunhéwup  hwuyb] &
gnpdwnynuihg, pwuh np «&<bpdnt -Gthhu» opwwnwiph ninp dhwgyby b «UpGup»
1-hu wunpbwuh dndwt funnnjuluwowphtu: «UpGuh» 1-hu wunpgwuh wnd-
wwlwyjwuh gnpdwnynwihg hwunwp hwugbgnb k.

w. hhduwwunu Ealwpwiubpghwh, twb ywhwywudw dinw dwiuubiph,
YpGwwndwt' hhnpuyhyulwt hwdwlwpgh nne dwfuuh dnwn 1/3 swihny:

p. Uwhuyhunw snnngynn  hnnuunwpwépubpp' ubpluinuwiu  hupuwhnu
opwuwph Yunnignuihg htinin' unwgh| BU nnngdwt htwpwynpnigniu:

g. Upthw gbinhg Jbipgynn 682 |/ Gpp wpdbg Upbuh uwhdwuwdbps
gyninhg dh pwuh Yd hbnwynpnipjwtu ypw gunuynn hwplwt Gpyph «Swudhy»
onwdpwphl:

n. ptl hupuwhnu nkidhdny oph dwwnwlwpwpnuwip «UpGuh» 2-pn wuwnp-
Swuht twywwnwlwhwpdwp b, vwlwiu wbwp § uunh nibuw], np iGnuwht nk-
nwupnwd  Junnigwd pwpn pupwgwaghd ntubgnn pwpép Gugdwu gpwnwpbpp
sGU pnnuipynud hpbug uwfuwgdwht Gipp:
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. «Upbtup» 2-pn wuwnpéwuh utunwip hpwywuwgynd § «<GEpdnu-Ghnpu»
opwwnwph dwjpwdwuhg, nph htnwynpnyniup opwinwph gifuwdwuhg Jugdnd
£ dnun 30 Yd: Wu hbnwynpnygjwu ypw gntynid Gu hupuwhnu nkdhdny wnpynn
oph hhduwlywu uwwnhsubpp, npnug opwnh htinmbwupny gpwwnwph dwiph wnb-
nwdwunwd dupnwip pulyunid £ nt wuhpwdbtionnipiniu | wnwewunud uwwnhsubiph
oph dwunwlwpwndwu nunwnpbgnud® fuwshly puwludwipht onip dwnwlwpu-
pbint hwdwn: Upryniupnd juwpwpynd £ opwnwph Gupwyuyniput nwly
puyws Upthh, Unwyuwénp, Nthun, Githhu puwlwdwiptph opwdwwnwwupwpdwu
Ywyniunieniup:

3. «<bpdnU-Githhu» pwpép Gupdwu opwnwpp fuhun Swupwpbnudwsd k,
huly «Gjthhu» gbivn hp wyniupnd twjuwgdwiht Gp sh wwwhnynul: «Upkup»
wndwwlwywuh wnweht hbpph gnpdwnldwdp htwpwynp Yihuh «<bpdnu-Gi-
thhu» opwiht hwdwlwpgh pwpép dupdwi opwwnwpp plinuwpwiht], husp pw-
pbuwwuwn ywydwuubp Yunbndh dbptwbu, SFwaénp, Ghnwi, Upthh, Unuwjuw-
anp, 2hdw, UpGup U Gphhu puwywywnpbph opwdwwnwlwpwpdwu  hwdwn:
Uhluunyt dwdwuwy, pwpap dupdwt opwiwwnwwpwpdwt hwdwlwnpgnuw oph
wpwgnipjwu hobgnudp oqund k dbindb| thwlwutbph «ubnniwt» dwdwtwy
wnwgwgnn hhnpwihly  gugnuiubpp, pugp opwht hwdwlhwpgh  wuduwug
woluwwnwuph wwywhnydwu hhduwlywu Gpwyfuhpubphg E:

4. Uhdjuughg wulwfu gnpdnn gpwswithipny tipynt 9pwiqdtinhg Yupgynn
Gipbph gpwugdwt dbennp htwpwynpnigyntt £ wiwhu tnwppbp dupdwt opw-
wmwnubiph hwnnpnwygdwu wywjdwund wwywhnybi d2gphun opwswathnipyniu:

5. Lbnuwghu ghinbiph opwhwywpubtipnud, dlutiph wugdwu GpYynt fungpunn-
wh wnjwnpjwt b dYuwpndwlwt hbnwgnnneniiubph  pugwwniejwu
wwjdwuubpnd d4uwugwpwuutiph npwlunp hwedupyp wuhpwdtion £ Juwnwpb
opwnh hwunwdphg YJwp ghnh puwwt wwjdwuttph wnwybjugnyu tdwunyejwu
wwhwwudwdp:

Unwownlynud L.

1. dbpwlwnnigb| bwjuyhu «Uptupy» 1-ht wunpwuh wyndwywlwjwup® «Upb-
Uh» nwuwnhtwuwiht yndwywlwjwup yepwiujwubing «fuwshly» wndwwluwjwu:

2. «hbuwshly» wyndwwlwjwu ubpwnt) yGpwywnnigynn 1-ht wunpbwup b
«UpbGuh» wndwwwjwuh 2-pn U 3-pn wunhbwuubipp:

3. hwshy puwlwywyph hnnuunwpwsépubiph nnngdwt hwdwp uwhdwtb]
130-150 [/ bip' uwluyhtu 451 | Giph thnfuwpbu:

4.«luwshYy» Gnwuwnhtwu wndwwlwjwuh pninp wunhéwuutpny dnynn Gipb-
nh opwnp Yuwnwpl) puwgwnwwbu Upthw gbnhg' gnpdnn dninbgunn gpuwiugpny:

5. «Lbpdnu-Gthhu» opwwnwph gnpdnn 4ninhg 50 |/J Gip huptwhnu ntdhdny
nw) Upbuph puwlwdwiph pwpspwnhp hnnuunwpwdpubph nnngdwt hwdwp'
dnwn 2 Yd Bpyupnieyw wnwudhu funnnwlwowpny:
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6. Upthw gbiinhg opwnh Giph dtdnigyniup uwhdwubijhu ujwwh wnub| ynd-
wwlwjwuph 2-pn. b 3-pn wuwnhbwutbph  ubthwlwu  Ywphpubph  hwdwp
wuhpwdtipn hnJwgdwu oph Gpkipp:

7. Mndywlwjwuh 1-ht wunhdwuht wpwdwnpb] twuyht yndwywwjwuh
wnweohl wunhtwuh dbpEuwywywt upwhh dwlu pwdwudniupp, npnd whwp &
wbnwnnb gniqwhtin dhwgdwdp, huptwigdwu 2 unyuwwnhw wapbiqwun: Ybpwg-
ub| (hgpwynpnn wndwh wuhpwdbonnipniup b Uwjuwwbub] hupuwgdwu
wotuwwnwupwiht nbkdhd: Unyu wgpbquunubtiphg deyp twuwnbuynd £ npuytu
wwhbuwnwhu:

8. Mndwwjht wgpbquunubph  ElEYunpwowndhsubph  Jpwpwiht  hnuwu-
pwgnydwt nbwpnw dwagnn hhnpuwyhyuwywu hwpdwdh hnlwupny wnweowgnn
Guodwl pwpdpwgnup whwnp E jhup hwdtdwnwpwp thnpp, npp wwn uplnp §
pwnap Gupdwt Yujwuubph hwdwp: Uu hwigqudwupp swhwqwug Juplnp
nuwwh  wiwwpdwunpbt wbwp § twuwwbudh  funnnuywawpbph
wwanwwunipjwl wynndwwn gnpdnnnipjut hwdwlywpg:

9. Swppbp dupdwu Bpynt gpwinwpubph hwnnpnuygdwt wwjdwund, dhp-
djwtghg wulwtu gnpdnn gpwgwihtinny gpwgdtinhg ytingynn Gptinh gpuitgdwu
dbpnnp Ywpnn £ Yppwndt Ynnwgph dwpgh Lwhph hwdwuph Upwggnin
puwywywjpnud ppwlwuwgynn opwdwmwlwpwpdwt hwdwlwngh YGpwlw-
nnigdwu dpwgpnu:

10. QUuwpryniuwpbpnipiut dwwwwyny unnpbpypjw spwnh ypw Yhpwnt
pwqdwyh opoguugnpddw dbfuwthqdubp, nphg hinn yndwwlwjwuutph dh-
ongny npwup nunbp dnnwlw gpwdpwpubpp’ nnngdwu hwdwp:

Uwmbuwhununiejuwt  pbdwynd hpwwwpwlybp Gu hGnhuwlh hGnbyw;
w2fuwwnmwupubpp.

1. Gabriclyan B., Markosyan A., Almastyan N., Madoyan D. (2024). Energy
efficiency in household sector // Production Engineering archives, 2024, 30(1), p.
136-144. (SCOPUS Q2).
2.Margaryan A., Tokmajyan V., Madoyan D. (2024). Approval of the need for the
reconstruction of Areni Pumping station //Bulletin of High Technology Nel(29)
2024.- pp. 98-1006.
3. Margaryan A., Martirosyan G., Madoyan D., Tokmajyan V. (2024). Hydraulic
calculation scheme of an irrigation pressure system feeding two reservoirs ope-
rating at differrent altitudes (based on the example of the Kamaris-Geghashen irri-
gation system) //Bulletin of High Technology Ne2 (30) 2024, pp 11-19.
4. Margaryan A., Martirosyan G., Tokmajyan H., Madoyan D., Tokmajyan V.
(2024). Features of operation of the «Hermon-Elpin» pressure system //Bulletin of
High Technology Ne3 (31) 2024, pp 38-43.
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Maposn Jasut Barapmaxosu4a

HECKOJBbKO ITPOBJEM INIOBBIIIEHUA DY®PEKTHBHOCTH
PABOTBI CUCTEM HATTIOPHOT'O BOAOCHABKEHUA

PE3IOME

JIFCCEPTAIIK Ha COUCKaHIe VIeHOM! CTeleHn KaHau/aTa TEXHIISCKIK HayK IO
crermanbHocTH 05.23.05 — “Bo10X034HCTBEHHBIE CHCTEMBI U UX 3KCIDTyaTarus

Iemp jmiccepraimu — pa3paboTaTh HayyHO OOOCHOBAHHBIE KOMIDIEKCHEIE
MEPOIIPUSITHSL 110 MOJICPHM3AIIMA U TIOBBIIECHUIO S()QEKTUBHOCTH SKCIUIyaTally psijia
BOJIHBIX CHCTEM.

JUTsL TOCTHKEHMS! TIOCTAaBIICHHOM IIEMTH CTaBATCS CIEAYIONTHE 3a/[auu:

1. PaspaGoTaTe MeTO]| I'MJpaBIMYECKOTO pacyueTa IepeKauky XUJKOCTH HAacOCOM B
OaccelHbI pa3HOU BHICOTHL.

2. HccnenoBate paGoTy HAIOPHOTO TPYOOIPOBOJa « OpMOH-OIMIMH» U IIPEJICTABUTH
PEKOMEHTALIUHN TIO €TI0 PasrPy3Ke.

3. Pa3zpaGoTaTh METOX IIPeJIETbHOM BEICOTEI BCACHIBAHMS HACOCA.

4. Jins gBYX BOJOIIPOBOJOB DPa3HOTO JaBIEHMS pa3paboTaTb METOJ PETUCTPAald
CTOKOB C TIOMOIIBIO CUETYUKOB BOJIBL, paOOTAIOIIMX HE3ABUCUMO JIPYT OT Jpyra.

5. B BojocGopax TOPHBIX peK, B YCIOBUAX OTCYTCTBHSI PEHIOOBOJHBIX HCCIIETOBAHUM,
pa3paboTaTh KOHIEMIHIO pacyeTa PhIOOBOJIHOIO TPaKTa IIPH ABYX IIPEIITCTBUAX.

6. IIpoaHamm3upoBaTh OTPAcIEBYIO CTPYKTYPY BOJOIOJIB30BAaHMS B ApPMEHUH U
IIPe/ICTABUTD TIPEUTONEHUSI TI0 ITOBBIIEHUIO S)QOEKTUBHOCTH HCIIONB30BAHMS BOJIHBIX
peECYpCoB.

Ilo nroram nccefoBaHus NMOJIy4eHBI cJIe/IyIOINHe HAYYHbIE Pe3yIbTaThL:

1. PazpaGoTaH MeTOJ THAPABIMYECKOTO pacdeTa IepeKauku >KUAKOCTH HACOCOM B
OaccelfHbI Pa3HOU BHICOTHL.

2. JUI 1ByX BOJOIIPOBOJOB Pa3HOTO JABIIEHUS pa3paboTaH METOJ PETUCTPAIIMH CTOKOB
C TIOMOIIIBIO CYETYMKOB BOJBL, PAa0OTAIOIMX HE3aBUCUMO JPYT OT JApyra.

3. B Bojoc60opax ropHBIX peK, B YCIOBUSAX OTCYTCTBHS PHIOOBOJHBIX HCCIIEIOBAHUM,
pazpaCoTaHa KOHIIEIIMS pacdyeTa PEIGOBOTHOTO TpaKTa IIPH JIBYX IIPEILITCTBHSX.

BbIBOABI B peKOMEHA AT

1. Jlnst peneHnst ipoGIIeMBl ITepeKauky >KUJKOCTH HaCOCOM B GacCeUHBI pa3HON BBICOTHI
HeOOXOJMMO alllIPOKCHMMPOBATh KPHUBYIO OCHOBHEIX XapakTEpHCTHK Hacoca KBajpa-
TUYHOH IapaConoil. [Ipyu 3ToM monydaeM YeThIpe yPaBHEHUS ¢ YETBIPEMS HEM3BECTHBIMU.
B npotuBHOM cityuae y Hac OyeT GecKOHEUHOE KOJIMUYECTBO PEICHUIN U, CIIEA0BATENBHO,
0OeCKOHEUHOE KOJIMYECTBO OTBETOB. BRIOHpaeTcs pellleHre, KOTOPEIA COOTBETCTBYET Q IIpH
MakCUMalbHOM CpelHeM JaBlieHHMWM. [locie ompeneneHusa pacxofja OIPEJeNseTcs
TpebyemMoe faBieHne H, koTopoe ycTaHaBIMBaEeTCs B HIDKHEN Touke TPy OOoIpoBoa. Ycra-
HOBJICHHAS BEIMYMHA JABJICHUS CpaBHUBAETcA ¢ JapileHreM Hp, co3maBaeMBIM HAcOCOM.
Ecim 3nauenue H B pe3ynbrate cpaBHEHUS JocTaTouHo O1r3Kko K Hp, ipoGiema cunraercs
PEIIECHHON.
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2 Ilocne BBOJA B 9KCIDTyaTallMIO CAMOTEUHOTO JBYXTPYOHOTO BOJAOIIPOBOJA "OpPMOH-
OmmH" ObUIO IIPUHATO PEIICHUE U3 HAIIOPHOTO TPyOOIpOBOJA, TOJOBHOM B0J03a00p
KOTOPOTO HAaxoJuTcs Ha oTMerke 1705 M, mojaBaTh BOAY B 0OXOJ IEPBOI CTYIIEHH
HAaCOCHOH CTaHIMH «ApEHW» B CAMOTEUHOM pEXHUME B IIPUEMHBIM OacceliH BTOpOHU
CTYIIEHM, a 3aTeM OCYILECTBIITH IIEPEKauKy IO JPYTUM CTYIEHSM JIO IIOCIENHETO
HaropHoro OacceffHa. Tak kak B HacTodIlee BpeMs BoJa U3 P.ApIia ¢ HENbIO OPOIICHUS
3eMeNb BBIINEYKA3aHHBIX HACEIEHHBIX ITYHKTOB HE OepeTcs, HaCOCHAs CTaHIMS IIEpBOMH
CTyIIEHH «ApeHW» CHSTa ¢ SKcIulyaTaimu. CHATHE ¢ SKCIDIyaTalldi HacOCHOW CTaHIAA
TIEPBOH CTYIICHU «ApeHH " TIPUBEIIO:

a) K COKpAIEHHIO IIPUMEPHO Ha 1/3 Beex pacxoI0B Ha BOJTHYIO CHCTEMY, B OCHOBHOM
HA BIIEKTPOSHEPTHIO U TEXHUUECKOEe 00CITY KUBAHUE,

0) XK BO3MOKHOCTH OpOIIaTh paHee HE OpOIIAaeMble 3EMIH II0CIE CTPOUTENLCTBA
CaMOTEYHOTO BOJIOIIPOBOJIZ,

B) Kk BEIGpocy 682 1/c u3 peku Apma B Bogoxpamrie " Tanasuk" cocerHel cTpaHbl,
PAacIIOIIOKEHHOMY B HECKOIIBKHMX KIJIOMETpax OT IIPATPAHUYHOTO cella APEHH,

T') K pacuery TOTo, YTO, HECMOTPS Ha I1eIeco00pa3HOCTh II0IauX BOABI B CAMOTEUHOM
pexuMe U1 «ApeHW» BTOPOH CTYIIEHH, BOJOBOJBI BBICOKOTO JABIECHHUS CO CIIOKHOM
TPaccoi, IOCTPOEHHBIE B TOPHON MECTHOCTH, HE pabOTAIOT Ha IIPOEKTHYIO MOIIHOCTD,

J) K BEIBOJIY, UTO B pE3yIbTaTe MOJa4d BOJBI B CUCTEMY «APEHI» BTOPOU CTYIIEHH C
KOHEYHOU TOUKH BOJIOIIPOBOJA « DPMOH-OJIBIINHY, PACIIONOKEHHON Ha paccTosHuA 30 KM
OT TOJIOBHOT'O YYacTKa, Ha KOTOPOM HaXo/[ITCSI OCHOBHBIE ITOTPECUTENN CAaMOTEUHOU BOJEL,
JlaBJIeHWE Ha KOHEUHOM y4acTKE IIaJacT ¥ BO3ZHMKAeT HEOOXOJUMOCTH IIPUOCTAHOBUTH
BOJOCHAOKEHHUE TI0 3TOMY TPYOOIIPOBOAY - I oOecIieueHUs BOJIOM HACEIEHHBIN ITyHKT
Xaunk. B urore HapyIaercsi HopMalbHasl 110J1a4a BoJIbL cenaM Apr, AxXaBHa30p, PHHTL,
ONImH.

3. BoJ1oBO I BEICOKOTO JIaBIICHUS « OPMOH-OIIIMH) CUIIBHO IIEPETrPYKEeH, a peKa DIIHH
B CBOEM HCTOKE He 00ecTIeunBaeT IIPOEKTHOro 00beMa BOJIBL. C 3allyCKOM IIEPBOM ouepe
HACOCHOU CTaHIMU APEHH PEKOMEH]TY €TCs PasrPy3UTh BOJOBO]| CUCTEMBI BOJIOCHAOKEHIS
«OPpMOH-DIIHH», YTO cO31acT OJNAroIIPHSITHEIE YCIOBHS JUIS BOJOCHA0XKEHNS HaCEeTIeHHBIX
yHkToB Bepnartien, [ mapzop, ['erarn, Aprm, AraBHajzop, YuBa, ApeHu u OmmuH. B 1o ke
BpEMSI CHIKEHUE CKOPOCTH BOJIBI B CHCTEME BOJOCHAOKEHHS BEICOKOTO JJABJIEHUS IIOMOYKET
YMEHBIIUTh THAPABIMYECKUE yJIaphl, YTO SBISIETCS OJHOM M3 OCHOBHBIX TIapaHTHH
0e30I11acHON paGOTHI BCETO KOMIUIEKCA.

4.MertoJ perucTpaliyi cToKa BOJBI C JBYX BOJOIIPOBOJOB € IIOMOIIBIO CUETUHMKOB
BOJBL, PabOTAIOIINX HE3aBUCAMO JPYT OT APyTa, TI03BOIUT 0OECTIEUUTh TOUHOE U3MEPEHNE
pacxofa BOABI B JBYX IlapalUIENbHBIX BOJOIIPOBOJAX, PabOTaONMX IO Pa3HBIM
JIaBJIEHHUEM.

5. B BojtocO0pax TOPHBIX PEK, B yCIOBHSX JIBYX IIPEILITCTBUH UK IIPOXOJa PHIOBI U TIPA
OTCYTCTBUH HCCIIE/IOBAaHUI B 0OOJNAcTH PHIOOBOJICTBA, pacdeT PHIOOXOAOB HEOOXOHMMO
TIPOBOJUTE ¢ COOMIOAEHAEM MaKCUMAIIBHOI'O CXOJCTBA PHIOOXOIHOTO TPAKTa U IIPUPOTHEIX
YCIIOBHI pEKX HIKE BOI03a00PHOTO YHaCcTKa.

Bauay 31010 HE00X0,IUMO:

1. PexoHcTpyHpoBaTh OBIBIMYIO HACOCHYIO CTAHIUIO 1-0M CTYIICHU « APEHI.

2. BKIIIOUUTH B HACOCHYIO CTAHIMIO « Xa4unK» PEKOHCTPYUPYEMYIO IIEPBYIO CTYIIEHb U
BTOPOU U TPETHI CTYIIEHU HACOCHOM CTAHIMU « APEHID).

3. YcTaHOBUTD YT OPOTIIEHVS 3eMelh HacelleHHOTo IyHKTa Xauuk 130-150 n/c Bojsr
BMecToO TIpeskuero 451 /c.
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4. Bo103a00p Ha BceX CTYIICHSX TPEXCTYIIEHUATONH HACOCHOM CTaHIMU «XauuK» OCy-
IIECTBIIITh UCKIIIOUUTENBHO U3 PEKHA ApIIa 110 AHCTBYIOIEMY ITOABO/IIIIEMY KaHAIY.

5. O6ectiewmTh pacxon 50 1/c U3 JeHCTBYIONIEH BeTKH BOJIOBOJAA « DPMOH-OIINH) B
CaMOTEYHOM PEKUME JUT OPOIIEHUS BBICOKOTOPHBIX YUaCTKOB HACETIEHHOTO ITyHKTa APEH!
TI0 OTAENEHOMY TPYOOIIPOBOJY JNIMHOM OKOIIO 2 KM.

6. llpu ompeneneHUM BEMUYMHBI BOJ03a00pa W3 pekd Apra yuecTb 00beM
OXJIaXK/IAIOIIEN BOJIBL, HEOOXOUMBIHN IS cCOOCTBEHHBIX HYKJ BTOPOM U TpeTel cTylieHel
HACOCHOM CTaHIMH,

7. llepBoi CTYIlEHM HACOCHOM CTaHIMU «ApEHW» CIEAyeT IIPEJOCTAaBUThL JIEBOE
OTJICNIEHHE MAIMHHOTO 3alla IIEpBOM CTYIICHW OBIBIIEH HAaCOCHOM CTaHIMH, B KOTOPOM
JOIDKHEL OBITb YCTAHOBJIEHBI [Ba MWJEHTUYHBIX aBTO3AllPaBOYHBIX —arperara ¢
TapajulENbHBIM TOJKIFOYEHHUEM. YCTPaHUTE HEOOXOMMOCTh B 3allPaBOYHOM HAcoce U
3alllaHUPOBaTh peXuM paCoTel apro3alpaBkd. OJWH W3 YKa3aHHBIX —arperaroB
TIpeJHA3HAYATE B KAYECTBE PE3EPBHOTO.

8. IIpenycMOTpeTs CHCTEMY aBTOMATHUECKOTO KOHTPOILSI JUISL 3allATHL TPy OOIIPOBOJIOB
B ClIy4ae aBapuiHOTO OTKITIOUYEHIS! IIMTAHUS SIEKTPOIBUTATENIEH HACOCHBIX arperaros.

9. IlpuMeHUTH B IIpOrpaMMe PEKOHCTPYKIIMHU CHCTEMBI BOJOCHAOKEHNS HACETIEHHOTO
myHKTa Aparrox oOmuHb Havpu KoTalikckoli 061acTi METOI PETUCTPAIMK CTOKOB U3 JIBYX
CMEXHEIX BOJIOIIPOBOJIOB PA3HOIO JIABIEHUS, KaKABIA W3 KOTOPEIX (CTOKOB) U3MEPSETCS
HE3aBUCUMO JEHCTBYIONMMU CUETUHKAMU BOJIBL

10. 1lpu 3a0ope rPyHTOBBIX BOJL B TIENSX IIPOU3BO/ICTBA PHIOHI IIPUMEHSTH MEXAHU3MBI
MHOTOKPATHOTO BOJOIIONB30BAHMS W KCIIONIB30BAHHYIO BOJY € IIOMOINBIO HACOCHBIX
CTaHIMI HaIIPaBILITh B OIIM37IEXKAIlUe BOJOXPAHIIIHINA UL OPOILICHUS.

Madoyan David Vagharshak

SEVERAL PROBLEMS OF INCREASING WORK EFFICIENCY OF
PRESSURE WATER SUPPLY SYSTEMS

Resume

dissertations for the degree of Candidate of Technical Sciences in
specialty 05.23.05 — “Water management systems and their operation”

The purpose of the dissertation is to develop scientifically based comprehensive
measures to modernize and improve the efficiency of operation of a number of water systems
in the republic. To achieve this goal, the following tasks are set:

1. To develop a method for the hydraulic solution of the problem of pumping liquid into
pools of different heights,

2. To study the operation of the Hermon-Elpin high-pressure pipeline and provide
recommendations for its unloading,

3. To develop a method for limiting the suction height of the pump,

4. To develop a method for registering wastewater using water meters operating
independently of each other for two water pipes of different pressure,
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5. In the catchments of mountain rivers (in the absence of fish-breeding research),
develop a concept for calculating a fish-breeding tract with two obstacles to the passage of
fish,

6. To analyze the sectoral structure of water use in Armenia and submit proposals for
improving the efficiency of water resources use.

The following scientific results were obtained as a result of the study:
1. A method is developed to solve the problem of pumping liquid into pools of different
heights,
2. A method for recording discharges using water meters operating independently of
each other has been developed for two water pipes of different pressures.
3. A concept for calculating fish-breeding tract with two obstacles has been developed
in the catchments of mountain rivers in the absence of fish-breeding research,

Conclusions and recommendations:

1. To solve the problem of pumping liquid with a pump into pools of different heights,
it is necessary to approximate the curve of the main characteristics of the pump with a
quadratic parabola. Thus four equations with four unknowns are derived. Otherwise, we will
have an infinite number of solutions and therefore an infinite number of answers. The answer
is selected that corresponds to Q and captures the maximum average pressure. After
determining the outlet, the required pressure H is determined, which is set at the bottom of
the pipeline. The set pressure value is compared with the Hp pressure generated by the pump.
If the value of H as the result of the comparison is close enough to Hp, the problem is
considered solved;

2. After commissioning of the Hermon-Elpin gravity two-pipe water pipeline, it is
recommended to supply water from a high-pressure pipeline, the main water intake of which
is located at 1705 m, bypassing the first stage of the Areni pumping station in gravity mode
to the receiving pool of the second stage, and then pump through other stages to the last
pressure pool. Since currently no water is taken from the Arpa River for the purpose of
irrigating the lands of the above-mentioned settlements, the pumping station of the first
stage of Areni has been decommissioned and, naturally, the branch of the Hermon-Elpin
water pipeline is connected to the pumping pipeline of the first stage of Areni. The
decommissioning of the pumping station of the first stage of Areni led to:

a) reduction by about 1/3 of all expenses for the hydraulic system, mainly for electricity
and maintenance,

b) the possibility of irrigating previously non-irrigated lands after the construction of a
gravity water pipeline,

c) the possibility of transferring the release of 682 /s from the Arpa River to the Tandzik
reservoir of the neighboring country, located a few kilometers from the border village of
Areni,

d) calculation that, despite the expediency of supplying water in gravity mode for the
"Areni" of the second stage, high-pressure pipelines with a complex route built in
mountainous areas do not work up to their design capacity,

e) the conclusion that as a result of the water supply to the "Areni" of the second stage
from the endpoint of the Hermon-Elpin water pipeline, located at a distance of 30 km from
the head section, where the main consumers of gravity water are located, the pressure at the
end section decreases and it becomes necessary to suspend water supply through this
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pipeline to provide water to the settlement Khachik. As a result, the normal water supply to
the village of Arpa, Akhavnadzor, Rind, and Elpin disrupts;

3. The Hermon-Elpin high-pressure water pipeline is heavily overloaded, and the Elpin
River at its source does not provide the designed volume of water. With the launch of the
first stage of the Areni pumping station, it is recommended to unload the Hermon-Elpin
water supply system, which will create favorable conditions for the water supply of
Vermnashen, Gladzor, Getap, Arpi, Agavnadzor, Chiva, Areni and Elpin settlements. At the
same time, reducing the water velocity in the high-pressure water supply system will help
to reduce hydraulic shocks, that is one of the main guarantees for the safe operation of the
entire complex;

4. The method of recording water flow from two water pipes using water meters
operating independently of each other will allow for accurate measurement of water flow in
two parallel water pipes operating at different pressures;

5. In the catchments of mountain rivers, in the conditions of two obstacles to the passage
of fish and in the absence of research in the field of fish farming, the calculation of fish
yields must be carried out in compliance with the maximum similarity of the fishing path
and the natural conditions of the river below the intake area.

In view of this, it is necessary:

1. To reconstruct the former pumping station of the first stage Areni;,

2. To include the first stage being reconstructed as well as the second and the third stages
of the Areni pumping station into the Khachik pumping station;

3. To set 130-150 U/s of water for irrigation of the lands of the Khachik settlement instead
of the previous 451 1/s;

4. To carry out the water intake at all stages of the Khachik three-stage pumping station
exclusively from the Arpa River through the exisiting supply channel;

5. To ensure a flow rate of 50 liters/s from the operating branch of the Ermon-Elpin
water pipeline in gravity mode for irrigation of high-altitude areas of the Areni settlement
via a separate pipeline about 2 km long;

6. To take into account the volume of cooling water required for the own needs of the
second and third stages of the pumping station when determining the amount of water intake
from the Arpa River;

7. The first stage of the Areni pumping station should be provided with the left part of
engine room of the first stage of the former pumping station, in which two identical filling
units with parallel connection should be installed. Eliminate the need for a refueling pump
and schedule the autofilling operating mode. One of these units should be designated as a
backup;

8. To provide an automatic monitoring system for pipelines protection in the event of
an emergency power outage to the electric motors of pumping units;

9. To apply in the program of reconstruction of the water supply system of the Aragyugh
settlement of the Nairi community of the Kotayk region the method of registration of drains
from two adjacent water pipes of different pressures, each of which (drains) is measured by
independently operating water meters;

10. When taking groundwater for fish production, use multiple water use mechanisms
and direct the used water through pumping stations to nearby reservoirs for irrigation.
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