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U.U. Ghhphdjut
Eplwih dwpunmupuybunnippul b ohiwpupnipraul wyhunwlul huduyuupub

Pwiiw)h punkp. gnigdnitip, wpuwwnnpnonud, ghndnt, nknujuwgnid, wpunwhnup, ujuwjup

Lulnuply/nid ko opudunwjupupdul guighph wpunnpnodwl dkpnnblpp b wpdnid Fdbuliyus
gnuphlnughni Ukpnn, npp Apdtnid F opoqunuugnpénnikph hwiohstbnh phpughl gnigunipakph
oquugnpSuwdp hpulubnugyng quigh wpunnpnodwl, Ypwph nkyuyhugdwl juumupbjugnpdyus
UEkpnulhquh Ypw, npl by Ainupundnp Fpupdanid unfbih dogppun nknuyiuugnid junnwply * fhpunking
glnwiniuwnpl Ukpnnp: Zusyhsibph plppwghl gniguniiapllph oquiuugnpsuwdp ppuwluinugng guigh
wpunnnpnodwl dkpngh junnwupbjugnpdnidp junwpynid E hwopsbbph ufuuywipnp hwioyh winhking b
wpunnpnodwl dudwbuuhuningwdh vwhdwidundp: Yndphlnugywé dbpnnh fhpwnnyemntip poyy Funaghu
hwpiluluml wpunnnpnondwl hpdwl Ypw wnwbdbugyus hungwsh ypw Hgphn nbpuylimghly wpunmwhnuph
Yuypp: Ukpnnh fhpwnniyentan poiyy Funuyghu ppulul dudwbulnid wpdwlugply wpunwhnupbpp b
Ypuplbph wpwq Jpuglwh panphpy bfugbghly Inpniunbkpp

Zwupuybinnmpmniinid opuyghtt mbnbunipniip juplnp Bupulunnigusputphg b Uwppynipjut
ynnuhg nupkgunuph wykjwind b fjudbne oph quwhwbeynn dwyjuwjttpp [1], nph hknbwbpny dkdwinmd k
opudwnwlupupdut hwdwp oquwgnpéynn gubghpnid wnwewgnn Ypwpubkph htwpwynphtiu wpwug
hwynbwpbptnt b Jipugubnt jupbnpnipniip:

Qpulwunuwlupupdwt  hwdwlupgbpnid  wpunwhnuptph  weuwynipniup ks juunhpubp
wnwowgunid nno wpoluwuphnd, b unyuhull npuwunyg qpunynn swwn junonp pulbpnipmnitubp unhyuws Eu
Juwnwpky oph wpunwhnuph Swwjubph juthownbunidukn [2]:

Ukpuynudu opudwnwljupupdwt guiugkph wpuwnnpnodwl, Jpwpubph hwynbwpbpdwt b ppubg
nbnujugdwt hwdwp hhdtwjuwinid oqunugnpdynid Eu junpnquljubph dhgqniw) quidw b ghnwlniunhly
Ubpnnubpp [3]:

Znjudnid wnwewpynud £ opudwmnwjupupdui hwdwljupgpnid oph wpunwhnupbph wundun
hwjynbwpbpdwt n1 mbnujtugdw dbpnn, npp hhdudws k opogquuuugnpsdwtt hwpdundwt wdnndwnugus
hudwlupgh b ghinwlniunhl kpnyutph oguuugnpsdwi Jpu:

Qpoquuugnpdiwt  hwpjundwl  winndwnuglus  hwdwlupgp  nkjuininghwluwb  Uhgngukph
npudbnwé htwpuynpnipiniiibph oqunugnpddwt vhongny, pnyy k tnwjhu pwdwunpyubinh uyunwé onh nhuiwg
EEjupntuwhtt Jdwupmdubph punmiunidhg dhtgh hpujuwt dudwbtwlnid hwdwlupgnid 9poguugnpédwin
Swjuubiph unwgnud:

Gupwugpynud L, np pubwplyny opudwwnwluwpupdut hwdwlupgnid mbnunpdus  hwoghsubph
gniguniipbpp YEnpnuht hujnth b puntinud hpujub dudwbwlynd:

2nh wpwnwhnuph hujntwpbpdwt dudjknubph tuqbgnidp Ypiph punhwinip hwdwlwpgnid npu
Ynpunh tjuqbgdwip, hbnbwpwp, twb punhwinip mbtnbuwut wpynibudbnnpyut papdpugdwn [4]:

Unwowplynid £ ypwupubpnh hwjnbwpbpdut dowlyus dkjumthqup oqgunugnpét] ginwljniunhl] nbknuytiug-
dwt Ukpnph htwnn hwdwntn, nph  ghypnid junwbwip nmuntuwytiu wnwyt) Yndphtiwgdws, wpyniawytn
Ubpnny: Uthpwdbon E Wl twl uwyl, np wowewplynny dbpnnh Yhpwpliduwt hwdwp wbhpudbon
Eupuljunnigyuspt wpnku oqunuugnpdynid £ gopoqunuignpédws wjnndwn hupgundwt ke b sh yywhwbgnid
hunnnquljubph Jpw hwybjjug wy vwppph nknunpnid: Unwewpljynn dkpnnp twb gpuignid £ wpunnwhnuph
Swun:

bPusywhu wppku Jbpp todtg, opudwwnwluwpupdwt hwdwlupgbpnid oph wpunuwhnuph huwjnbw-
phpuwl wuwywpkgnud welu t kpkp hhdbwljwi dkpnyg
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w) yYhqnuuy quidwbd dbpnn. ppuw jhpwndwi phypnmd dwubwgbntbph  junwdpp  quunud E
hunnnjujupwpt nt ppowljw vhowduypp b hwpwyhg pudkubpwljuwt jupnygubph htwn thnpwqnbgnipmniup,
nnh wpyniupnid h huyun | pipdnud pwuph wnuwmpniip b hwpnbtwpbpynud | ipphtthu wbnp: Uwluyt wju
Ukpnnt muh puquuphy phpmpymubkp, npnighg phplu quudnpibpt k' Jpuph wknh mbkbhune b gpu
huynbwpbpdwt ks dudwtulj nt mbknujiugdut pujuljut wudrnnipniup (oph wpunwhnupp nplk Yepy
Jupnn £ wpunwugniyt) ypunh quynhg dhiish 400 d hkpwynpnipjut ypu [3]).

p) ginwlniunpl] dkpnnp. wyu hhdugws b junnnjuljhg wpunnwhnuph yupuquynid npnywljh wnuniljh
wnunipjul ypw, npp nupusynd k oppwju hnnp Jud wy) vhowduyptph dke [3]: Uju dkpnnyny wpunwhnuph
nbnujtugdwt hwdwp oqunugnpdynid k gindnt Ynsynn vwppp: Fhndntup juqujws L Ynuinuljunught mdhshg
(Uhypndnt), npp mbnunpynd E dwlbplnypht, b gudp hwdwpunipnitubph nidknugnighshg: Uslumwnwiph
pupugpmu junnnuljuownpt muppkp hwndusubpnid swthynid E dwyuh nidqunipiniup: Munidbwuhpdus
hunduwsh Jpu vnwugdus ndjujutpp Jhpnsynud G, b uwyt Yhnnwd, npnbn gputgdl) b wowbjugnyt
wnpdbpp, Bupunpynud k, np wnlw E oph wpunnwhnup [3]: Uju dbpnnh wnwybjnipmniut B° UksS downnipmiip,
souipdnibwlnipniin b hwpwpbpuljut yupqmipniup: Uwluygt hwpl £ ok, np gindnuh hbn wpynibwgin
Jupbih £ wouwwnt) dhuyl ghobpp, pwtth np wyy dwudbphtt wy) wndnijubph weluynipniup tjuqugnyut b
Uju dbpnnp wbtwnbuwwybu dtptwnnt sk, pwth np, hwjunth sk Juwujuws hwndudp, wuhpwudbion k
nruntdbwupnl) wdpnne guiigp.

@¢) wuppkp quuh oquugnpénnutnh hwoyhsutph gmigdmuputph pupwughy wdyjujutph hhdwh Jpw
Ypwputph hwnduwsutph npnonud [4]: Ujunbn npybu phpoipmoit whwnp | ol wyt, np huynbwpbpdnud L
dhuyt htwpwynp Jpwuph wbnudwup, nph Gpupmpoiup jupudws b 2 hwoydhsubph dhol Enws
htnuwynpnipiniihg, b np wthpwdton t hwoygh wntl] Ybpehtitbphu uppwjwbpp, pwth np nuw Jupnn k
hwunhuwtwy s ypuph gpuigdut gqundwn:

‘Ljwupugpdus wnweht kplnt dkpnnutpp npnonud B oph wpunwhnuph Juypp, vwuyt tpug dhongny
wuglugynn wbpunhwwn dnuhpaphgp ywhwbenid t dwpnljughtt nkuniputtp b hpwjwt dudwbwlnid sh
Jupnn wpdwqupk] unnnjujuownph nplik Ennd wpinuwhnuph wnwywgdwn:

Unwownplynud E bpynt dEpnpubph Yndphtwgqwsd Yhpwenipmibp: Cun npnud’ Gppopn dbpngp
Juwnupkjugnpsymd E jhpunking dudwiwjuhundwsh, upwjuiph b qquniintpjut wwpudbnpbpp:

Yhunwpykup kppnpy Ukpngp wipkph wounubpught wwydwbibpnd:

Tthgnip' nmibkp opuwdwunwlwpupdwt  hwdwlwpg, nph  junnnduluwpwph nne  Lpluyupnd,
hunnnujubph towbtwlnipju b npudwgsh thnthnpunipjut nkntpnid mbknugpdwsé Eu hwoghsubp: LY.1.-nud
yuunlbpdws k idwb opudunujupupdut hwdwljupgh dh dwup: ‘Lokup, np opudpwputinh pwbwlp Jupng
E suwhdwiwhwlydt) dkyny: Ujg nhypnid Yniubkwip Qi-hg Qum opudwpwpbinh dnwn nknunpqus hwoyghsukn,
npnkn M-p opwdpwpubph pwbwlb b Mukbp twb Xi-hg X~ hwpghsubph gnigdnitipibp, npnbn N-p dbkp
huwdwljupgnud hwpypsutiph putwlji

Gpt hwdwljupgp gnpénwd k ptwjuint, wjuhtiptt' hwmdwljupgnmd wnfw skt oph wpunnwhnupkp, wyw
onh Ejpuyhti b dniwnpuwghtt pwbwlnipnibiipp hwjuwuwp whwnp b jhukl: Yhunwpyynn hungusubpnd
hwpdhsutiph gnigdniipubiphtt mwtp yuydwbwlwb wywtubp. el tpdws hwndusnid hwoghsp hwunhuwimd
E Untnpuyht, wyw ipw gnigdntiph bpwip hwdwpbip npuljub, hul hwjwewl nhypnid’ puguuwljwi:

LY. I-nud pipgws k opudwnwljupupdwt hwdwljupgh ophtiwl:

Ujuyhuh wyuydwbibkpnid wdpnne hwdwlupgh dntnpuyhtt b vyuonnubtph hwedhsubph gnudwpp,
dudwluyh gulljugws yuhhi, yhnp Ehujuuwp (hih 0-h’

M N
>Q+XX, =0, (1)

npnkn Qi-u opwlpwpubph hwpghsutnh gnigdnitipt E, hull M-p° opudpwplbph pwbwlp, Xj-u
uyunnnubnh hwoyhsutinh gnigdniipp, hull N-p* uyyuennubph puwbwlp:

Swuljugus wuwhh, Epp pwpondnd (1) wuydwip, hwdwlwupgnid wnlw L oph wpunwhnup:
Upunwhnupp mknujtwugubint hwdwp opdunwljupupdwt hwdwljupgp phnwupltup hwndws wn huwndws b
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wlkt hwndwsh hwdwp Jhpuntup (1) wuydwip: Lywnwlwhwpdwp E hudwljupgt wpwtdiwguby thnpp
hwwnwsutph, npnp vwhdwbwthwljus b pnnnduyjh tywbwlnipjudp b juupjusph swthuny: Uthpwudtown
phunuplby (1) quydwip ponp hwndusubph hwdwp, pwith np wpdwbwgpyuws wpunwhnupp jupnn b dhulp
sihuky:

e

/ “\\\
sr_:mnx}-nq-/ij

P
—

.

.
\

)

/

4.5/
ooo i
N

7

UY.1. Qpuiwunujupupdut hwdwuljupgh ophtiuy

“Thunwnplkup ybpp todws puy iph hwenpyujunipniup.
M N
DYQ +2X,=0:
i=1 j=1

Uju puyjjp pupugpnid unniqynid kt hhdtwljut jud duypniquyhtt ngnduljutpp, M-p opudpupubphp
pwtwlu k, hull N-p* duypninnt ypu mbnunpdws hwpyhsubph pwtiwlp:
N
2) X, +2X,=0:

i=1

Upju  puwjh plpwugpnid  uvunigynmd & dhphwduwjupuyghtt junnnjujubpp: 8nmipupwtbsynip
vhohwdwjipuyhtt unnnjujh hwdwp wpwbdhtt gnudwp £ hwpddmud: Ujunkn Xm-p M-pp dhghwdwjupuygha
hunnnydujh hwpyhsh gniguniipti k, huly Xj-tt hwdwjupuyghti j-pg unnnduijh hwpgdhsh gniguniupt t:

N
3) Xy + % X;=0

Uju puyh pipugpmid uvnnigymd k. hwdwjupuyghtt junnnquljubpp: 8nipwpwignip hwdwjupuyhe
hunnnjujh hwdwp wnwtdht gnidwp b hwpydnud: Ujunkn Xv-p M-pn hwdwjipuyhtt junnnduyjh hwpghsh
gnigunilipli k, huly Xj-u’ j-pyy uyywnnnh hwpyhsh gniguntiipp:

Uju wuydwutbpp unnighnig htinn hwynbwpbpynid E wntduqt dky wguydwh ppowpunnud, npp b
wwtwlnud £ unniqynn junnnduijh ypw 9ph wpnnwhnuph wnljuynipni:

dtpp puttwpidws wpunwhnuph huynbwpbpdwt wignphpdt wouwwnnid E dhwytt wyt nwypnud, tpp
nbknunpyué hwpyghsubpp whpkph G hwoynid oph hnupp: Ppujuinid, Yuwhudws ptnipgus hwpghsh mbkuwljhg
b wouwwnwiph yuydwubphg, tpu gnigdniiph Lounnipmitp jupnn £ uwwnwidb) [5] b, npp pwn juplop L,
nwwnwunidubpp Jupnn Eu 1hul) ph nppuljulb, phk pupguuuut ninnnipjudp:
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Bpt hwoyh swnubup hwodhsutiph &unipjut hwiqudwipp, dbp hwdwlupgp wipbghwn oph
wpuwhnuptp jud, np wdkbwqupdwiwh §ihth, tbphnupbp Yhywnbwpbph: Zwpdhsh ownipiniup hwoyp
wnubnt hwdwp tbpdnistup unp gnpsuilhg, wyt wduukup hwodhsh uppwjwip b wpwwlkup & i-py hwoyghsh
hunlwp:

Thunwplktp wdkbwjuunwgnyt nbupp, Epp pninp hwoydhsubph uppwh tpwbp tnyuu L b tpwbp
gpuignid tu hpkug poyjuunpbih vpwh wnwdbjugnyt swithp: Uju ghypnid (1) wuydwith we Ynpdnud
gpuiigytynt £ dhwipwiul 0-hg Uts phy: M-py junnnduijh hudwp (1) wuydwip Ypugniuh hbnbyuwg wkupp.

1<, X, +2&X,: (2)

(2) wpnwhwpnnpmip unnigmd E hudwlupgh dh hwngusmd oph wpunwhnuph wnljuynipniip
hwogh wntuking hwoyhsh uppwutpn: Uhuhwyn k, np puinhwinip hwdwlwpgh hwudwp wyt Yniubbw hEnbyug
wnkupp.

N

N
<>&eQ +2 X, : (3)
k=1

n=1

iQi_iX]‘

i=1 i=1

Uwljuytt wyu dbpnnu nith phpnienit. hwodh b wntynd wbdonnipyut Juunnwgnyu ntwpp, b wyy
wupwquynd ppwljub 9gph wpnwhnupp upnn b hwdwlupgh Ynqidhg sqpuiigyty b nhinwpldt) npytu
hwpdhsubiph upupwuip:

Uhiuquitiph swithp tjuqkgubint hwdwp gniguniiptbpp nhunwplkip ny pk wdju) wuwhhib, wy wndjug
wwhh gnigunitiph b Uh npny v dudwtwl] wnwy gpuiigws gnigdniiph mwupplpnipini: Ujuyhuny ukpunisnid
tip Uh tnp wwpudbwp 1, npp onjubm] hwdwlwpgh hwdwp  ojund ip ghwnwpldng
dudwtwuwhwnguwsp: SYjwy; wuwhp owbhwlkip t mwpny: Uju phypmid (2) pubwdlp, junnwbuw htnbyjuyg
wbupp.

Uwjuyt wyu thnthnpunipnibitbipp juwnwpbnig htnn bu welw £ hwdwlupgh Ynndhg wpnuwhnupn®
npwhu hwoyhsh upiwqulip nhunwpytne Juuig: Uy wqungweny wihpudhown k dinguly Uh unp gnpswlhg
qquyniuntpnii:

0<w<lI:
w-ny pwbwkup tbpdnisyws unp gnpswlhgn: Inpswlhgn Uksd k 0-hg b thnpp k 1-hg.

Bpt (4) jud (5) wpunwhwjnnipniuubph we Ynnubpp puqluyunljlip o-nyg, wyw, jujuws o-h
wndbphg, wpnunwhwjnnipyuit we dwun juwd Yutw unyup, jud qquihnpku jthnppubiw:
pdtiphg, wp Juinipj 9 Uwup fud | Jup, Jund qquhnphb jthnpp

M=z

(QD-Q(t=)~2(X, ()X, (t-7))

1 j=1

I

<o($2,(Q0-Q(t-)+ E(X.()-X,(t-7). ©

1

n

<o (X ()= X, (t=2)) + E(X, ()= X, (t=2))|: 0

k=

6 SENEYULP 2/2013



LruspL ZU0UGYULNE

Zwunl £ uoky, np wdkt hwnqush hwdwn -t Jupnn Ewnwppkp (huby:

w-h phunpmpiniip junwpynmd £ hbnlyuyg uygpniipny. nhgmp' twhwwybu o punpdb £ 0,5:
Zudwljupgp huyntwpbpnd £ wpnwhnup: Uwutwgblnubph judph ntunidiwuhpmipiniithg hbnn qupgqdmud E,
np wpunwhnup mbnh sh niukgl), b wpyniupp hwoydhsubph ujpwjwiph htnbwip b Uy ghypnid o-h wpdbtpp
wihpwdbton L pwpdpugubp: Zwjwowl phwpnud, Epp wpuwhnuph hhnbwbpubp B huwynbwpbpdws
dwubwglnubph §nnuhg, vwjuys hwdwljunpgp wyny dwuhb pk) E whpwdbon L o-h wpdtpp thnppuguby:

Ujuyhuny, hwpgh wetkng dwutwgbnutphg unugus quuhwnwlwiubpp, dudwbwljh ppwgpnid
Juwnwpkny w-h Logpuinid, Jupkih Ehwutl] hwdwljwupgh wypwnwph dbs Lonnipjut:

GaruuusnkE3NkL

Ljwupugpus dbpnnh wpyniupnid vnwiund Gup bkl hwdwlwpg, npuntn, (nnugnn gnpswyhgutph
oquugnpsuwtt hwpyht, htwpwynpnipinit ju wdpnne hwdwljupgnid, thnpdughnwljut quwhwnwlwbph
gpuigdwtt wpymipnid thnthnjul] dpupubph gpubgdwt dudwbwlwhundubdp b Jpuph nt ujuwjwbph
nwppbpuljdwt  obkdp:  QbEnwlniunpl dbkpnnh htwn  Yndphtwmgubint  hbknbwupp  Yhuh  hEnluwn.
wyunndunugus hwdwlupgp hpujut dudwbtwlnud jupdwbwgph oph wpuwhnuph b Ypwph Juypp
Jubknuyiugih vwhdwbwhwlykng tpyne hwodhsibph dhel philjus htpunpnipjudp: SEnwlniunhly dkpnnh
Uhongny nbuyph Juyp wygkjws funidpp wppbt vwhdwtwhwul hwndwsh ntuntdbwuhpnipnit jyuwnwph b ks
Sounipjudp b wpugnipjudp jubnuybwguh dpwuph Juypp: Znpduénud phpdws E dhuybt hwdwlupgh
wgnphpUdwlju tjupugpnipmnip:

PA3PABOTKA METOJIA JJOKAJIU3AILIUU ABAPUI B BOJIONIPOBOIHBIX CETSX

Enpemsan ML.A.
] peBaHCI(Hﬁ FOCy,ZZ'HpCTBE‘HHHﬁ yHHBe_pCH TeTr HPXH TEK TypbI H CTPOH TE€/IbCTBA

KaioueBble coBa: IIOKa3aHus, TMarioCTuka, FeO(i)OH, JIOKa/IM3aluys, yreuka, HorpeirHoCTb

AHHOTAIIUA

B pabore oOcyxnmarorcss METOABI JAWArHOCTHKMA BOJAOIPOBOJHBIX —CeTel, NPUBOIMTCS pa3pabOTaHHBIN
KOMOMHHUPOBAHHBI METOJ, KOTOPBIf OCHOBAaH HA COBEPIICHCTBOBAHHOM MEXAaHH3ME AWATHOCTHKH CETH W JIOKAIW3AINU
aBapuif, C WCIIONB30BAHMEM TEKYIIMX [JaHHBIX  CUCTYMKOB BOOIOJIB30BATENECH, UYTO TIO3BOISIET INPH MOMOIIN
re0aKyCTHYECKOro MeToJia 0ojiee TOYHO JIOKaM30BaTh yTeuky. COBEpIISHCTBOBAaHME METOJAa JHAHOCTUKH CETH C
UCIOJb30BAHUEM IIOMOIIBIO TEKYIIUX IAHHBIX CUETUYUMKOB OCYHIECTBISIETCA C YYETOM MOTPEHIHOCTH  CUETYHUKOB U
WHTEPBAIOM JAWArHOCTHKU. Vcronp3oBaHME KOMOWHHMPOBAHHOTO METOAA TIO3BOJSIET, Ha BBIJCICHHOM IOCKe
IIpeIBapUTEIbHON IMArHOCTHKE YYacTKE TOYHO JIOKATU30BaTh MECTO yTeukd. IIprMeHeHne MeTona Mo3BOJISEeT B peskuMe
pearpHOrO BpeMeHH 00HapyKMBaTh yTEUKU U, Oylarojapsi ObICTPOMY YCTPaHEHHIO aBapHil, CHU3HUTh ITOTEPH.

DEVELOPMENT OF FAILURE LOCALIZATION METHOD IN WATER SUPPLY NETWORKS

M.A. Yepremyan
Yerevan State University of Architecture and Construction

Keywords: meter, diagnostics, geophone, localization, leakage, error

SUMMARY

The methods of the network diagnosis of water supplies are discussed, based on the improved mechanism of
diagnosis and failure localization through current meters of water usage by the consumers a developed combined method is
given, which, in its turn, makes failure localization more exact using geo-acoustic method. Improvement of diagnosis and
failure localization through current meters of water usage by users is made by taking into account the meter errors and
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definition of diagnosis period. Combined use of the method allows localization of the exact position of the leak after initial
identification. This method allows real time leakage detection and reduction of loses by the rapid elimination of accident.
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LruultSuuururvuy suuwstrNkhU ouvULLE P UMSNRLUYES SEUMUUL
UteNYh Ucuunhu

U.U. Bhphdjul, U, Uwplnuyub
Eplwih dwpunmupuybunnippul b ohiwpupnipraul wyhnwlwl huduyuupub

Pwitrwih puntp. thwulub, dkiniuwgnid, wppnibubnnipiniy, §npniuwn, wignphpd

LPalnupl/nid ko opwdmunwjupupdwl guigbpnid thuubbbph wpnmtbudlbn nknunppdui
Julipppbkpp: SEnunpuwl wpnnibuanfEunnipinp qhwhunnynid Funbnbuwlwl nkawbliniihg:
Upwiljjuis dkpnnn ulqpnid qiunhuinnid F opudwnwljupupdul gubgh §nagpkn hunnywdh nbnbkuwlui
owinulnipmniap: Ukpngp, hupyh wplbnyg wyubughl jud Jpupuyghl wopiannwipbbph pipugpnid
opwdmmnuupupdwl Eipunpyng nunupkgnidp b fnbgpkn hunndwdh ninbuwmlub Gowbwlngpini i,
qluhunnnid F uyn hunnguwénid thuwlwih wnknugpdwl wpgynibunfEwnnipiniap: Ukpnph Ghpwnninidp
wynndunnughlyng hyunnwny wnwowplynid F inull Gpuw uygnphpdwlul bbpluyugnidp, nph hhuwl
Ypuw qupkip Funkndly hwpnugddwl wyinndunnugdwl hudwlupg

Qnudwnwlupupduwt guighpnid yjuwbughtt jud Jpupuyhtt wojuwnwipbp  hpulwbwgubine
tyunwlny donwwybu wbhpudbon b opuqplt] npnjuluwowph npny hwwndus: Uy byuwwnwlng
oquuugnpdynid Lt gpuyhtt dbniuwging hwljubibp: Gujuubph ntnugpnudt withpudbown b wjwbwynply
wjiybu, np nbnunpué thwluwiubbpp Jhwiowbwl dbiniuwgubt fjunnnduljh yuwhwbeynn wnbnudwup:
Qnuuwnuwljupupdwt guugkph twhwgsdwt thnynud hwljutubph nknunpdut pugph nsdwb puqluphy
Enuwljubp o wowewnlyty Jipohtt mwuphubpht [1]: Uowljqus b tkpuynidu Yhpwnynn dbpngubpp npybu
huinhp Bu Jbpgund tjuqugnyn pwbwlny thwububpny pnnp junnnduyubph (hwupdtp dEniuugdwb
wywhnynudp [2]: ‘Ldwbwnhy dnnbgnidp Jhwpwbwly pny; B wiwihu opuqpyl] ypupuyhtt junpndulp:
Uwluyt hwipl E ok, np wdwb dninbgdwt wuwpuwqunud hwoygh skt wontdnud junnndujh Jpu junwpynng
wpumwnwupubph pipwugpnid munbkuwljw Ynpniuntbpn:

Qnuiduwnwlupupdwt ndju] hwndwsh punupbgdwt hbnbwipny] wyn unynduljuwowuphg udnn
uyunnnubpp Yqpydt ophg: Uw phpnud E ny dhuytt wihwpdwpmipniuubph® dwppguyghl, pupnujub
nbkuwilnihg, wyb opudwnujupunpnn pukpnipniup Ypnd £ ninhy $htwbuwlut §npniunkp, pwh np
Jhpujubqunquljut wojuwwnwipttinh pipwugpnid wyn hwndusnid gnip sh uyunynid:

Unpniuntibph tuqbgdwt hwdwp twje b wowe wthpwdbon E &ogphunn mbnuyiuguly) Jpuph Juypp:
Tpw hudwp wnwewplynid k oqunuugnpst] uyyunnnuljut hwpgdhsubph gniguniupubph oqunipjudp yJpwnh
Juynh mbknujutugdwt dkpnyp [3]:

dpwph Jupp wnbnujiwgubing hbknn  wbhpwdbon b JEkpwljuwbqinnujut  wohiwwnwbptbp
hpuwljuwtwgub] wyiybu, np htwpwynphtiu phs uyunnyutp qpydtiu opudwnwjupupnidhg: bhuplt, yupkh &
mipupwisnip uyunnpujui junnnjuljhg wowy nuk) hwljwb, hyp Jhwipwbwl pny) juw Jepuljuigun-
nuijub wohtwwnwupubph pupwugpnid upni tjuqkgul] opudwmnwljupupnithg qplidus vywnnnubph phip,
uwuyt tdwt dnnbgnudt wnwohtt hwjugphg sowwn hpwwniphy (hukng pugh wwhwignd E twb dbs
dhtwtiuwju ubkpypnidubp:

Uthpwdtown k quwhwwnt] njju) hwndwédnid huljuih nmknunpdut wppnibwdbnnipniip: @uljuh
nju nnudwunid nknunpdut wpynibwdbnnipjut pughpp ghnwplitip Pptwbuwlutt wpynibiwyb-
wnnipjul nkuwtlniithg:

Unwbduwgukip dvh dudwbwmjuhwndws, nph pupugpmd wuhpudbon b quuwhwwnt] nknunpdui
wpynibudbnmpniip: Uyp dudwbwjwhundwsp wpwbwlbip T wwnny: Yhwdwpbiup, np thwljuth
nbnunpnudp wpynitwygbn b, bpk tpu nnungpdwt Jpu junwpus Swhpubkpp wybth thopp &b, pub T
dudwbwjuhunqusnid wjujudnny Ynpnruntbpp: Uhujudnny Ynpniunibp Bo hwdwpymd Jpupuyght jud
wwbhuwyhtt wohtwwnwputiph hbnbwupny suyyunqusé oph wpdtpny dhwynpdus gnidwpubipn:
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Llwl quwhwnwlwi wwnt hwdwp twjpy b wowy wthpwdbyn £ wdju) hwnduwsh hwdwp
hwjwpwqgpt] npnp thnpdwghnwlut ndjujubp b npubg dhongny quwhwwnt] huwjuwbtwlwt Ynpniunttph
pwbwlp: PJunplkp wyy dkdnipniuttpn, npnip niukt thnpdwghnwljut ghwhwwnwljwith uphp:

e Unulpkn pmnnduijh dhwynp Epjupnipjudp hwndwsh Jpu dhwynp  dudwbwlu-
hwnjwédnid htwpwynp Ypuwptbph pwbwl, npp Yuowbwlhbup C°, puy npmd’ wyy
dudwbwuwhwnqush b Epupmipjub ptnpnipmpoiap juppdws E dhugtt thnpdwughinwljut
qguwhwwnwlwih hwpdwpnipniihg: lo-nd wywbwlbup dhwynp Eplupnipmitp, hul to-ny’
thwynp dudwmjuhwngwusp:

e  dhpwluwbqunquljwtt  wolhwwnwuph  dhphtt  wbnnmipni, npp Yuowbwlbup 0w
Quithnnuljutinipjut ptnipnipniup juhudws k to, T dudwiwuwhwndwsubph b vi Ukdnipjul
qguwhundw dudwbwjuhwnqush suhnnuljuinipniaubph ptnpnipniihg: Futtwdlbbpnid
Jogqurugnpstlp t-ut" dwdwyhtt swhnnuljunt pyudp:

e Uwuwnnnuliwb pnnnjulhg utynn uwwywnennubph dhohtt opwlwb Swpiuh swduyp, npp
Jupwmiwmljkup vi:

Cunhwinip wodwdp wuhpwdbon ki twlb hbEnlyw) wndjujubpp, npntp hunwly hwpnuh B L
thnpdughunwljut gowhwnwlwuh Yunphp sniubi

e onh uyundwl vhwynpp wpdbpp, npp Jupwbwltup o,

e nuyptunn hwndusnid thuljwh tkpypiwt hwdwp withpudtown swhup, npp Jupwwlkup B,

¢ gquwhwwnynn ntnudwuhg dhish nfju] mknudwuh guugh wjupn tnué hknwynpnipniip,
nnp Jupwbwlkup L:

Yhunwplkup Y. I-nid wwnEpus opudwnujupupdub gmugh hwndusp b quuhwnkup A fEnnd
thuljutih mknunpdut wpynitwybnnipniap:

Ul. -nud uyjupny wuwnljipquwsé L junnnuynid oph hnuph mipnmipniip: Gphk A Jhnnmd wbknunpldh
thwljul, wyw A QYhwnhg htnn thwlwbp thwlbhu A JEnhg wpwy plljués uwyunnnubpp sk qplydh
opuduwnwljupupnivhg:

“thgnip A Jhnhg wnwe Jut n pyny nuywnnyuljub unynjuljubp:

A Jknnud hwljwih nbnunpmdt wpnynibwybn Yihth, ek npu tkpgpdwb Jpu junwpguws B Swhuup
sqipuquiigh wuwyny Ynpniunbbpp: Shwhwwnbup wyn Ynpnrunbpp:

1 1 1 1 17
NERER

LY. 1. Qpuiwnwlupupdwmi guiugh hwnduwsh ophtiuly

Uhtish A §twn pujws unpndulh Gpupmpniup Lk, nph dbe Jubknuynpdtu Lo pwhwlnipjudp
dhwynp Epyupnipjudp hwnjwsubp: Fuwhwndwt  hwdwp poopduws T dudwbwhwndush  dbke
Jubnuynpgtu T/te pwtwynipjudp dhwynp dudwbwlwhwngusutp: Ujuyhuny, Jupkh b kqpuljuguby, np
punhwinip T dwudwiwjwbhunuwsnmd L Epupnipjudp jnpnjujuowph ypu hwjubwlwit o htnbyuy
pwtwlmpjudp ypwuptbp’

C=c,——: 1)

Mmubtuwny (1) hwjwbwlub Jpwpubph pwtwlp b Jhpujubqunnuljut wypwwnwiph dhohtt T
wnlnnnipjniup’ Jupnn kup hwodl), phk T dudwbwljuwhwnywsnid Jpuptbph yuwndwnny npput dudwbtiutly
ypunhwwnyh opudwnuljupupnidp

t=7C =zC, ILtI : 2)

o 0
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Bpt hwjnuh t t opudwnujupupdut pinhwndwt dudwtwjuwbhwndwsp b pnnp vywnnqulju
hunnnjujutph vi vygundwt thoht opwljwi Swjuwip, wwyw Yunpkih k quwhwwnt), pk nppwit gnip sh uyunygh.

iVi = ivi : 3)

(3) wpunuwhwjnnipjut hwpguplhhg htinn, nitukbwny oph vywurdwt dhwynph o wpdbpp, Yupkh
hwoydt), phk nppwb gnidwpuyhtt Ynpniun §niubkbwp JEpujuiqunqujut wohiwwnwtpubph plupwugpnid,
wwtwlkup wytt w tnwunny

n
weav—a——2 03y 4

Pusybu wpnkt toky Bup, thwlwuh ukpnpnudp jhudwpbip wppynibwdbn, ek Swhiuynn B gnudwpp

sqtpuiquiigh wtlplljuynn w Ynpmuniikph swtp
LW

Jud
LT
Co ——

pea—0lo 3y, ©
24 g

(5) wprwhwynnipniup Jhpwnekh £ gutjugus opudunwuljupupdut guugh hwdwp, thofjuynid G
dhuyl thnpdwghnwlub ghwhwinwlubtbpp: Zunjuiowlui k, np (5) wpnwhwpinmpmniap jhpunkih E bwb
unp twpwgsynn guugtkph hwdwp, vwluyt wju phypmd vyundwt vhphttmigdws swdujh duwuhtt ndjuutpn
whup Eupdbt juthuwnbudwt jud dnnwdnp ghwhwnwlwith dhongny:

Stnunpiwt  pughpt  wyundwunwgubng,  dwppujhtt  gnpénup  wjwqbgubnt b punhwbnip
woluwnwtph dudljinubph jpdunbnt iyunwulny (5) wpnwhwynnipyut hwpdupyp Jupbh £ junwplp
wgnphpudwjul, wjnndwnugdus tnuuwulny:

Upgnpppuh wppmwnnwuph uljgpnitipp juyutnd b opudwunwljupupdwt jnipupwignip junnndulh
hwugnygubpnud hwljuth nnugpdut wpynitbwdbnnipyut ghwhwndwt dke: Ypw hwdwp wuhpwdton k
guligh pwpwubkq, npunbn wdkt hwndwsh hwdwp jpugué o thnpdwghnuljut quuhwnmwiwuubpp b
uyunrnnuljut vhohttmgqws wnyjujubpp: Gpk tkpgpnudp juunwpynud £ wpnbt gnjmipini niikgnn guugnid,
npunnbkn weluw k Jpwpubph b vyundwt wundwn jEpyng hwsqundwt hwdwlupg [3], wyw ponp wyn
nyjuiubpp Jupnn B wdunndwn tkpdnsyl] wjuibph puqujhg: Uignphpdp ujunid t wpjuwnk] wnpniph
jud gwugh ulqpiwdwup Ynnuhg: 8nipwpwbynip hwignygh hwdwp wignphpdp tbpuyugund L (5)
wpunwhwjnnipjub wpdtpp b, hwdwywnwupwbwpwp, «U80» Jud «19» npnonidubpp:

Uignphpth wpjpwwnwtpp b tpu hhdwb Jpu dpwgpuyhtt wyywhndwb dpwlnidp wupqbgubinu
hudwp tyuunujuhwupdwup b opudwnuljupupdut guigp tkpjuyugul] dwnphgh nbupny, npp Ynnkpp
ihtukt quwhwundwb Eupwlw hwwnduwsubpp, hul hwbgnygubpp  Yubkpuyugibt uyuwennubpht: Udkl
hwtgnyg punipugpymud t uyyundwt dhohtiwmgdws ndjujutpnyg b thnpdughnwljut ghwhwwnwlwbbpny:
Snipwpwsinip Ynn hp htpphtt pimipwgpynud £ w-h wpdtpny, nptt wignphpdp yhwnp £ hwpdh b hwdtdwnh
ubpypuwt Swhiuh htwn:

Borugusnre3Nry

dbpp tpdws wignphpuh oqunmipjudp hbwpudnp b gunumd  gpudwnwluwpupdwi  guugnid
oyyunhudwjmugil] thwjububph wbtnunpnuip pk’” gwugh phpwghl vywuwpydwy, pt’ guigh twjuwgsdwb
thninid: Uygnphpdh oqumipjudp htwpunp E nuninid wnwtidtiwgub] bwl wyt hwnqusubpp, npubn wnlju k
onh qquih uyunnid: Zudwywnwupwbwpwp, Jupbih £ oyuhdwjugub] wyn hwnqusubpnid ypndhjuwljnhy
wpluwnwbpbph whghugdwt qpudplyp bu. ptwljut E, np uyt hwnqusp, npubn uyyupenidt wygkih Uks E, niuh
wykh Yphnhjuut tpwbwlnipmi:
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LruspL ZU0UGYULNE

PA3PABOTKA METOJIA D®®EKTUBHON YCTAHOBKHU BEHTHWJIEM B BOJONPOBOJHOMN CETH

Enpemsan M.A, Mapkocsan M.B.
Epeparckmi rocy4apcTBeHHHE YHHBEPCHTET APXHTEKTYPBI H CTPOHTETbCTBA

KoaioueBble ci1oBa: BEHTHIIb, N30JSILNUS, 3PPEKTUBHOCTD, MOTEPS, aITOPUTM

AHHOTAIUA

B pabote obcyxmatorcss mpoOneMsl 3((GEeKTHBHONH YCTAHOBKHM BEHTHJICH B BOJOMPOBOIHBIX CETIX. Dddek-
TUBHOCTh YCTaHOBKHM OLICHMBAeTCS C JKOHOMHYECKOW TO4YkM 3peHus. CHavana pa3paOOTaHHBII METOJ OLICHHBAET
HKOHOMHYECKYIO 3HAYMMOCTh KOHKPETHOTO Yy4YacTOK BOJONPOBOJXHON ceTn. Meron y4yuThIBas IpeAroaracMble
IpeKpanieHus BOJOCHAOXKEHMS WH3-3a 3alUIAHUPOBAHHBIX MJIM aBapUHHBIX pPabOT W HKOHOMHUYECKYIO 3HAYMMOCTH
KOHKPETHOTO y4acTKa, OlleHUBaeT 3((EKTUBHOCTh YCTAHOBKH KJIallaHa Ha 3TOM ydacTke. J[Jis1 aBTOMaTH3aIllui MPUMEHEHHS
METO/a TPHBOJAUTCS TaKKE €ro aJrOpPUTMHUYECKOE IIPEJICTAaBICHHE, Ha OCHOBE KOTOPOTO MOKHO CO31aTh CHUCTEMY
ABTOMATH3aLUH IIPOCKTUPOBAHUSL.

DEVELOPMENT OF VALVE INSTALLATION OPTIMAL METHOD IN WATER SUPPLY NETWORKS

ML.A. Yepremyan, M.V. Markosyan
Yerevan State University of Architecture and Construction

Keywords: valve, isolate, efficiency, loss, algorithm

SUMMARY

The article includes the discussion of the valve effective installation issues in water supply networks. The
installation efficiency is estimated in financial terms. The developed method is estimating economic value of every pipeline
in water supply network. The method estimates the efficiency of valve installation in the certain sector by taking into
account the alleged termination time during planned or emergency termination of the water supply and the economic
importance of the sector. It’s also proposed an algorithmic representation of the method, which can automate it and can be
used as a basis of the design automation system.
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reliability/optimization approach.
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281 556:627
22 NNITVUL Z2UUUUULSECP UTVUSULLE UMMhUYULUSUUL BY
UdSNUUSUSUUL UP LULP UM

Q.U. Znyhwubuhujwi
Cplwih SwpunmupuyEnnipub b phiwpupnipaul wyhnwlwl huduyuwpab

Pwitwh punkp, opuswthnipinil, wynndwn hwdwljupgkp, opwitgp, Ynpniun, junwdupnid

Lwlih np uyuop Zuywunulp Zwhpuy bnnyeiniinid gnynipyni i niikgnn npnguwi hunlwupgn
pujuwlwihl hinudu E JEGp pilinhp nibbip hudwlupgh wpphuwluiugdwb: Uja hnpywénid dkp §ngihg
wnpwowplp/nid Fuyn wpphwlwinugnidi ppuluinugihly hudwlupgh npnp hunnywsibph wyjnndunnwgdub
I Junnuipbjugnpduwl dpongny: Ukp Innuhg unnwpyky Funlw up pubh pbnhpblipnh ntumdbwuppniein i,
b wnwowplby ki uyn fabnhpllbph hinupun/np (nidnidblp inp dudwbwlulhg hudwlupgbph nknugpdwl
uhongny: Znpyuénid hkphupugyus hudwlupgbph Gkpppuwl hudwp wuhwbeynid B pujwlubhs JES
gnidwpuyhll bbpppoidblp, vwluyl JEkp Jupshpny® ppuip wpnupugyué i, puih np gpubg GEpgpnidp
quuihp oph vEnubhhulub Inpniunbbph pdundwi: Ypdundbla uwl plhpughl vyuuwpldul
Swhiukpp, §injugh dwpnluyhl gnpénbp, hlsh pp hkpphl jiyuunh hudwlupgh wifkh wpnmnibunfbn
Junwjupdwbn b Inpniunbbph Sogppun Jubhiunbudubn

Nnnguwutt nppnp  hbnwqu  qupqugnudp  hhdbwjwind - wuydwbwdnpjus £ wpymibwdbn
Jurujupdut, hwdwywpthwl hwydundwt hwdwlupgbph tipppdwt b junwpbjugnpsdwb, Swpuwdws-
juwtt wwwhnydwi, tjwdninbbph wbhpwdbyn dwjwuppulh wywhndwi b Swjuubtph htwpuynp
pdundwt  (Uwubwynpuybu EEjunpwtubpghuyh dwjuuh) htwn: Onpup pinbu umpuhnuynpynud ©°
wuylwbtwynpjws hhdbwjwind ny wdpnnowlu Swhuwswslny uwjughtt ntktung b hwnjuybu
ptphujuwpugpuiudp: Zhknwqw  wwpphtbpht' uwwlwqubph  pwpdpugdwip qnigpupug, wthpudbyn L
ujuqkgul] nnpnhtt nipynn unipuhnugnpdwt swhwpwbwlutpp, hsp poy;p juw jubugl] hujuyulut
Uhongukbp [1]:

Qnunpmipubph (ghwnkp, opwdpwpubp, wndyuwlujububp) b opwugpubph Ykpwghtdwt nt 9ph
unbnuinpdwl, dwnwupupdul, wppnibudbnnipput pupdpugdwt, oph Ynpniuntibpnh  £ogpundwl,
opwhnuph junwjwupdwt pupbjwddwb, opwugpny whgunn oph dwyuwih wdunndwwn hwydupliut b wy
gniguthoubph qpuugdwt (mpulh, phUhwluwt pwunuppmput b wybvh Jepwpbpw)), htyybu bwb
nwpwdwjinipniutbiph juthupgbdwt tgunwlng’ hbnuquynud twb puptudbng ubpnbntuwght guugh
npuljju]  opwdwwnwlwpupnudp’  withpwdbyn k bpuﬂluﬂlmgth opuswhnipjult  wpphujwbugdut b
wjuibph wjnndwn thnjuwbgdwb hudwlupgh Yhpuemd wuqkgikng dmpl}llul ht qnpbnh]} [2]:

dhpp wpywd punnh inisdwt bywnwlng
wnwownynid kip hpwlwbwguk] nonquwt

hwiwwpgh wkbhjulwb Jipughtnd’ tkpykng .- ‘ ‘ At 0 ‘
unp wjwnndwwn hwdwljupgbp, npnup htwpwynphiu $ ' '
Yyndwuntu dupnuht gnpénup b juduqkguku [ —
Ukppwthjulwt Ynpniunubph swthbpp: ' :

Qnuhnuph swihdwl wpnhwljut dngljp whunp R B

E ukpweh htnlyjw) punqugphstbpp.

1. Udundwuwn gpwswthnipinit b Gjpkiph

Ykpwhulnid’ nupnpudwgiught opuswthwljwi

wwppuinpnulikph dhgngm], unjjuntph Ul 1. Unppunpoudibph wbnulwytul b gupdniknuewh
hnpiwbiglwt hundwlupgyuyht hunfwljwpgnd, ulqpnibipughlt wpikuwh hupkhopught phinwltnbpnod
nph tyunwlu k,

- nwhdwtdws yupphipuwljuwinipjudp suhby
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opwhnuph dwyuwutipp hwoytlonuyhtt phnnwljtnbtpnid,

- phunwbnbpnid wpdwibwgpdus nfjuubpp thnpowtglk) ghuybnskpuljut Jenpnt,

- dudwbwl] wr dudwtwly (pun withpwdbownnipjut) juwnwnpt) oph Eph sahdwb £ogpunidubp:

Thunwlbnnid vwppuynpnidutiph mknujuydwt b gnpénititintipjut vjubdwb phpdws k uly. 1-nud:
dhpnhhojwy vwppuwynpnudubpp nbknugpynud Bu hwodblppughtt phunwljintpnid: Uwppuwynpnidubph
wljuuthw gnpéniubnipyut wywhnydwt hwdwp wihpudbon | twhwnbul] wijpwwt HEjnpuutnignud®
huptwdup wnpmnipubph Yhpwuenmipjudp [3]:
2. SYjujutiph hwdwpwgpnid b dpwlnid ghuybngkpulju jEunpnunid, nph tyuwnwlji £

- yquppkpwpwp GPRS hwdwljupgny vnwbwy b wppjuhdugubk] phnwbntpnid oph swduwubph dwuht
wnjuknp,

- gpuigyué wnjuikph hhdwt Ypu Juquk) oph nnipdwb b pignitdwt hnpuwunupd wjnbp,

- nnuppbkp dbkdnipjut opwbptph hwdwp hwyqupll) hwoytlonuyhtt phunwkntph dholt oph thwuwnmgh
ynpniunikpp,

- dudwiwl] wp dudwbtwl (pun wthpwdbonnipjul) Juwwnwpbk] pugnitdws hwynbphtt hwdwwyw-
nwupwnng  (hwpduplught) oph swuwyubkpph hwdbdwwnnmd hpwwuh hbwn, YJuuwpl] sbnnudukph
wpdwbwgnpnid:

UoJws gnpdunnypibpnh hpujutwugdwt hwdwp whpwdbon b spugpuuyupunuhtt hwdwlwupgnid
ukpnul] nhunwltnbtph  hpppwyipuljut gnguihpibpp®  ghwwhtnh hwwnnygph  swihbpp, U wwppkp
hnphgnukph b gpwhnuph wpwgmipjut ghypnud hwydupll] wughnn opwhnuph swlwiukpp: Opwgpu-
wyuwpunwiht hadwljupgnmd wthpwdbon b twppwnbul) ubpuynudu ubpypws® “GIS onph junwjupdut
huwdwlupg” spwgph b htnwqumud  ubpypdnn wyp hwdwlupgsughtt dpwgpbph  htn wphiwnknt
htwpuwnpnipjnii:

Luhiuwnbuynn mkthjulwt dhongubpp b $pugpuyhtt wmywhnynid wthpwdbown b dpwlt] wytyhuh
hwyduplny, npytugh hpujuigytt twb htwnlyjw) hbnwujwpuwyhtt gnpswnnyputpp®

- nhunnwuplynn hwdwljupgh hwdwlwupgswhtt dnpbjwynpnud.

- phnubnbpnid junwpnn dkluwthqdubph mknuljugnud.

- opwbpiph  juwnwjwpnud  hEpwdnpnipjutt Jpw’  ghuybnsktpuut Yhunpnihg  uwnwgyng
hpwhwqubkpny, htnwqunid® wjnndwn JEpuyny dnphjwynpdwt wpyniupubph hhdwb Jpu dbwnpynn
hpwhwqubkpny:

Nonguwl opowtth pupwgpnid, wuydwbwynpws opoguuugnpdnnubph pulykpnipnitubph  Ynnuhg
huwynbph yuppbpwpwp thnthnpodwdp opwigpubph qiuwdwubpnid hwdwywnwupiwtwpwnp junwpynid Ea
thnthnjunipniibp, npnig hbnbwipny wbnh & mbubkunmd oph hnphgnuubph hwdwpwlh nunwinulubp:
Uthpudbonnipmitt £ wowowiinid gjjuwdwuh  jmupupwisinip thnthnpunipjut ghypnid wdpnne opwugph
Epluyupny oppnn Jhnbpnid juwnwpk) thnthnjunipiniubbn:

Ukinuynidu gnpénn duyp opugputipnid Up

owipp onpenn Junnygubp niukb pupdp obd®
gpuitigptitiph hojutwl il guntignn hnnkph
nnnguutt wmywhnydwt tyyunwlny: Loyus
onpnn junnygubpny opudwnwljupupdui
wywhnyuut hwdwp wihpudton £ wyuhnyty
onh punpdn hnphqni [4]: Fupdp b juynit
hnphqnutt wywhnynid E bwl oph Ynpniunitph
Jutjimnbtubihnipjut pupdpugnd, opuigptiph
wouwnwipuyht dwljptukph puypuyiu
(mupughwwn ppeytint b snpwtwnt hknbwtpny)
gnpoépupugh nuanuntgnid, ogpwhnuptph

Junrwqupdwi hwdwp whpudbow ynipului b UY. 2. Ubqubinnuht, huljuilyonught hhypudjhlulut
Uwpnluyht pkunipuiikph wwhwbgwplyh huptujunu]upny ghihwpuygh hufuwiikp
ujuqtgnud:

Qnugpubtipnid wwhwueyny oph hnphgnup
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hwunwnnmt dwuwpnulh Jpuw wwhbnt hyunulng wnwewpynid Eup hwipuybnnipjut opugpubipnid
wnbknunnl) ubqubinuwght, hwuwlsnuyghtt hhgpudihjuuwt htptwunwyupynn ghtbhwpuyhtt hwljuikn,
npnip niukt hpwowlwt bywbhwynipiniu [5] (1. 2):

Ukqukuwnuyhty, hwlwlppuyghtt hhnpudjhuut  hptwuwrwdupyny nhdbhwpught  thwlwbutph
nbknunpnudp 22 nonquut hwdwlwpgbpnud Yhwugkguh dh pwpp juuinhpubph jnisdwin.

¢ Jjuwywhnyh opwigphtt hwpwlhg nengkih hnntpht opwgpnid oph hwunwwnnit hofunn dwjupnyul,

¢ Juduglguh owhwgnpsdwb swhiubpp b htwpuynphiu jpugunh dwpnuyhtt gnpénip gpuugputinh
swhwgnpdlwt gnpédplpugnid.

* Jujuqkguh gpuitigpttph pwjpwydwit nhuljtpp (ppuiigpp Yyywpnyuh gpp dwjwpnuyh hwdwpiwuyh
nwnwinidubphg, hiyp hwbghgimd L phunth juwwlgnn dwubhlubph (Jugdwip b dwlbplnyph

hnnudtwhwpdwip).
¢ JuJuqtguh npnquwt hwdwlupgbph mkuthjuljwt hnuwlnpniunibpp b poyp juuw juitjupwnbub
npwp:
22 nonquutt  hwdwlupgnud  JEpnugjuy Jupquynphsy  hwibgnygp  thppubne wmbnbuwlwi

swhwybwnnipiniip yupgbnt tyunwlyny dkp Ynnuhg hpujubwgyt) £ nkjpuhjuntnbuujut hhdbwdnpnud:
Oqulyny «Ulwbt 2Zpuqpubyub-gpuns ®LC-h wpudwnpus ndjujikphg (6] hpuiwiwglt) t Upquh
Cwuhpud opwgpnid (I hkpp) YEpnuojw; hwdwlwpgh wbknunpdwt  phtwbuwfut  Jhpnidnipmniu

(unyniuwl 1):

Unniuwl]y 1
Upquh Cudhpud 9pwigpmid hpuljwbwgywé phtiwbuwljwt Jpnidnipjut wipgniuputpp

Upquh Swdhpwy opwigp, I htipe L=38 Yu

Squnpuwi wpyniipomd mupbljut Mbwnynippibitbpp’ pun npppunubph
Sknunpynn Qnuugpnid
g - Cwh 5 Cwh suwl
- mu‘l“‘;lg ?Aiiuq;lp I:JI}: mhmqnp mph Skjuthywyw wibbwlju | Yunmglwsdph
- w npu
ubkph nl dhl? ulh ulh ulqd Illllb s E B hnuwlnpniunbitph | JEpwiunpngdwi Ewngqudwt
putiuly, AP B duiqlignt wuutiph wugkgnud %/22 | wiphaunwbipibph dundljtiwnp,
2z npud dwpy /22 ujuqbgnid, %/22
hwwn npud wjuqbgnud, 22 wnuwph
npud npud
pud
7 150000000 12 70 1 1500000 ~6-7
6700000 7500000 25000000

“Ulwut-Zpuqpuiyui-gpun” thwl] pwdubnhpuljub pulipmipjut jondhg dwnwlwpwupdnn  oph

Ynpniuntbph - pununphy

Eu  hwighuwind  Ubwb-Zpwqput  Eubpghwnhl hehqughnt  hwdwlwupgh

ntphjughnt gpwigpmid wnfw Ynpniunibpp’ Juuydws hsybu niphyughnt gpuugputph wkhuuthjulwt
Jhdwljhg, wyiybu k) opwtigpnid oph hnphqnuh hwdwhiwlh thnthnjunipnibtitph hbn® juwhdus tukpgbinhly

nkdhuhg:
Unniuwly 2
Ulmtw 1£hg huyinuypt b thwutnuigh gpuinp (2012p, hniihu)
Ulwbim 14 (hnihu 2012)
Zunn duun
wAlpl 0, WwPAlpy WAlpy
1 27,80 2,40 27,81 2,40
2 35,10 3,03 35,39 3,06
3 35,10 3,03 37,29 3,22
4 32,10 2,77 42,73 3,69
5 28,60 2,47 42,91 3,71
6 28,60 2,47 24,20 2,09
7 28,80 2,49 24,12 2,08
8 29,05 2,51 31,84 2,75
9 29,05 2,51 33,08 2,86
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10 29,05 2,51 23,98 2,07
Iwnwu, 26,20 27,94
11 27,30 2,36 36,23 3,13
12 27,30 2,36 36,49 3,15
13 26,70 2,31 30,35 2,62
14 26,70 2,31 30,82 2,66
15 26,90 2,32 34,55 2,99
16 26,90 2,32 36,00 3,11
17 26,90 2,32 34,66 3,00
18 26,90 2,32 33,16 2,87
19 26,90 2,32 28,16 2,43
20 26,90 2,32 26,74 2,31
II i, 23,28 28,27
21 30,96 2,67 28,81 2,49
22 31,26 2,70 29,87 2,58
23 31,26 2,70 38,46 3,32
24 31,26 2,70 36,96 3,19
25 31,26 2,70 37,22 3,22
26 31,76 2,74 27,91 2,41
27 31,61 2,73 28,15 2,43
28 31,51 2,72 33,34 2,88
29 31,51 2,72 25,66 2,22
30 31,51 2,72 27,19 2,35
31
ITT wnwu, 27,12 27,09
pun, 76,60 83,30

YEphyughwnid, hwpgupluyhtt 7%-hg pugh, donnuytu wnljw b twb hwdbyu) Ynpniunukp:

Unniuw]y 3
Ul 1£hg hwpnuyhti b thwuinugh gpun’ 2012p. hnyhu

Ulwbw 1h4 (2012p. hnijhu)
Zuyn duuwn
wB3Apy Uplo,u® By By
1 25,20 2,18 25,71 2,22
2 25,20 2,18 24,42 2,11
3 24,90 2,15 24,42 2,11
4 21,60 1,87 20,88 1,80
5 20,60 1,78 20,29 1,75
6 20,60 1,78 20,68 1,79
7 24,20 2,09 20,64 1,78
8 23,50 2,03 22,69 1,96
9 22,00 1,90 21,35 1,85
10 23,50 2,03 29,10 2,51
I tnu, 19,98 19,89
11 24,17 2,09 26,16 2,26
12 27,37 2,36 25,69 2,22
13 18,50 1,60 28,01 2,42
14 27,57 2,38 26,98 2,33
15 13,90 1,20 27,80 2,40
16 27,00 2,33 27,89 2,41
17 27,00 2,33 27,91 2,41
18 13,40 1,16 12,79 1,11
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19 13,40 1,16 12,91 1,12
20 13,50 1,17 12,78 1,10

JIRT N 17,78 19,78
21 25,50 2,20 35,05 3,03
22 25,50 2,20 27,50 2,38
23 25,50 2,20 27,28 2,36
24 25,70 2,22 32,80 2,83
25 25,30 2,19 33,13 2,86
26 26,60 2,30 29,53 2,55
27 31,70 2,74 34,55 2,96
28 18,04 1,56 25,14 2,72
29 31,70 2,74 32,31 2,79
30 31,30 2,70 33,11 2,87

31 31,30 2,70 31,44 2,72
IIT v, 25,76 29,54
pun, 63,53 69,21

Unpniuntbph pugwhuyndwt btyuwwnuynyg 2012p, hmiuhu-ubynbdpip wdhutipht juunwpdl) Ba
niuntdtwuhpnipymtp’ Uhwbw 1£hg hupnughtt b hwunwgh opuniitph Jkpupbpyu) nbnbundmpyniaibph
hwjuwpugpuwt hwdwp, npnup tkpjuyugus B wnniuwly 2-5-nud:

Unyniuwly 4
Ul 1£hg hwpinuyght b thwunugh gpun’ 2012p. ognuinnu

Ulwiw (h4 (2012p. ognuwnnu)
Zwjin duun
w3/l Upb,? By BAlpYy
1 27,85 2,41 31,88 2,75
2 28,05 2,42 30,08 2,60
3 28,05 2,42 26,68 2,31
4 35,02 3,03 26,56 2,30
5 35,02 3,03 59,31 2,53
6 32,55 2,81 33,51 2,90
7 32,55 2,81 36,68 3,17
8 32,55 2,81 36,74 3,17
9 32,55 2,81 34,47 2,98
10 28,55 2,47 31,55 2,73
I nnu, 27,02 27,43
11 28,80 2,49 39,93 3,45
12 29,05 2,51 40,42 3,49
13 29,05 2,51 40,25 3,48
14 29,05 2,51 33,04 2,86
15 29,05 2,51 35,17 3,84
16 1,50 0,13 0,00 0,00
17 17,12 1,48 15,08 1,30
18 32,97 2,85 35,09 3,03
19 32,97 2,85 39,78 3,44
20 32,97 2,85 36,68 3,17
II vy, 22,69 27,60
21 31,76 2,74 35,83 3,10
22 31,76 2,74 37,50 3,24
23 31,40 2,71 35,25 3,05
24 31,78 2,75 35,64 3,08
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25 31,78 2,75 33,13 2,86

26 31,78 2,75 37,15 3,21

27 31,78 2,75 34,44 2,98

28 33,55 2,90 36,78 1,18

29 17,67 1,53 16,30 1,41

30 2,80 1,53 16,19 1,40
31 0,24 16,79 1,45

IIT vuw, 25,38 28,95
pun, 75,08 83,97

Ul 1£hg hwpnuyght b thwunwgh gpun’ 2012p. ubuyynbdpbp

Unniuwyy 5

Ut 1hg (ubwynbdpbp 2012)
Zugin duun

w3/l Up,u3 LAY BAlpYy
1 28,80 2,49 30,44 2,63
2 28,10 2,43 29,48 2,55
3 28,10 2,43 32,63 2,82
4 28,10 2,43 33,37 2,88
5 28,10 2,43 30,75 2,66
6 24,60 2,13 27,29 2,36
7 20,60 1,78 21,64 1,87
8 8,20 0,71 16,34 1,41
9 0,00 0,00 0,00 0,00
10 0,00 0,00 0,00 0,00
I vnuy, 16,81 19,18
11 22,00 1,90 22,43 1,94
12 22,00 1,90 22,42 1,94
13 20,90 1,81 24,13 2,09
14 19,80 1,71 20,90 1,81
15 19,80 1,71 19,77 1,71
16 19,80 1,71 19,91 1,72
17 13,70 1,18 13,47 1,16
18 8,90 0,77 10,29 0,89
19 0,00 0,00 0,00 0,00
20 4,60 0,40 5,32 0,46
II o, 13,09 13,71
21 8,20 0,71 8,22 0,71
22 8,20 0,71 8,19 0,71
23 15,80 1,37 15,82 1,37
24 13,10 1,14 13,14 1,14
25 5,80 0,50 5,78 0,50
26 4,60 0,39 4,55 0,39
27 4,70 0,40 4,65 0,40
28 4,60 0,40 4,64 0,40
29 0,00 0,00 0,00 0,00
30 0,00 0,00 0,00 0,00

31

IIT vnwu, 5,62 5,62
Run, 35,52 38,50

U b ghnbtphg juunwpdws gpunh dwuhtt mjjujubph hwdwnpnudp gnyg E wvwjhu, np hwjunwght
opwpwbwlh wywhnydwb hwdwp hpuuigyk] b hwudbju opun Ubhwbw 1£&hg’ 24,25 djl, fud suthny, hul
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Uhohtt Ynpniunp s dudwbwljwhungusnd Juquby k 13,56%" hwunwndws Ynpniunp ghpuquighing
6,56%-ny: Niuntdtwuhpnipjui wdthnth wpyniupubpnp phpynud ko wnyniuwl 6-nud:

Unjniuw}) 6
Ulwb-Zpugnui hudwjupgnid hwuwnwgh Ynpnunbtpp® pun wdhubbph (i u3)
Znuhu | Zmyhu Ognuwnnu Ubuyunbdpkp
Qhwnkp 21,90 19,70 12,50 9,30
Ul 83,30 69,21 83,97 38,5
Cununlbp 10520 | 8891 96,47 47,80
Nuwhwligupl 98,50 83,23 87,58 44,82
Qnunh nwupphpnipiniip (hwunwgh Ynpniunp wowig 6.70 5.68 8.89 298
pugnijws Ynpnruwnh) djis,jud
Cunniinfwd Ynpniunp 7% i fud 6,90 5,83 6,13 3,14
ChguUkp Ynpmun pibnbing dji,ud 13,59 11,50 15,02 6,12
Unpniunh %-p 12,92 12,94 15,57 12,80

Lwtth np hnpqughnt hwdwlupgnmd Ynpnruntbpp hhdtwjuind pwdht Eu puynid Uhuyupuygh
opwupwphg vhtish Upgl) ZEY hwndusht, “Utwt-Zpuqnuiyui-opun” @LL htwn hwdwnbn Jjuqluwltpyyt
Eu niunidbwuppnipnitttp”’ oph httwpwynp Ynpniunubph punungphsttiph hwynbwpbpdwt tywnwlng [6]:
Nuumdbwuhpnipinitubpp thpuenid B hknbywy gnpspupwugubpp,

- opupwthwuljui ghnwulbnbph juqduibpynd b juhwnpnid Upuwyuwpugh opudpuphg pnipu bynn
onutgph ujqpuwdwunid (Upgh) ZEY-h ninnuptp),

- hnphgqnuubph wdkududju gpuignid nhnwjknnd’ “Bangait” mhwh dwjuppuljuswthbph dhongny,

- opuswihnipnit phunnwlinnid’ oph wwwppbp hophgnutbph wuydwbtbpnid,

- gnypugpnud Upgl) ZBEY-h nippupbph hwnquénid gnnipinit niukgnn updnuubph b hwnwluwyht
oppnnutph b nputg npudwgstph Yepupbpyuy:

dhpp tpdws Ynpnruntbph hwyntwpkpdw hbn juydws ntuntdbwuehpnipniutbpt hpujubugyt) b

wnwnppkp mupnmpinibubpny: Opybu hwoqupubph twhpwwyudwi’ pugnitdl] B ownwdbjugnyn Gph
wuyUwtubpnid opp  wnwybjugnyt  hophqniup Zw=4,600 b uWwjwqugnuyup' Zw=1,60d: Zwpduplukph
wpniupubpp thpuyugus Eu wgmnuuwly 7-nud:

Unyniuwly 7
Qynuiniy ZEY-h nkphjughnt gpuiigphg uinjnn gpuntikph hwyjupluyht kjpkp
min, U3
Uthp Uulgtp | Zod/ink, Q/qpq Qep, (¥
U. 2 Utubinudp TIK Sp?(‘f{‘fggw tu (H: ax')b (Hminh | 4py.)
’ ,(U?) Ci}nlligiq ntuwp,) | Snpénn
—— Qnpénn
Cupkl, unppuyhtt opun 0,40 0,126 0,878 0,382 0,630
Cuphly, junppuyhtt opuin 0,219 0,038 0,266 0,122 0,194
Unjuljh N1 gpwitigph patubih Ejpudwu 14 68,01
3 — Unjwlh uhdnt 68+50 0,15 0,019 1,109 0,080 0,094
4 — Uhdnl 68+50 0,22 0,038 0,235 0,171 0,203
5 — Unjuyh w/Y uhdn 68+70 0,22 0,038 0,235 0,171 0,203
6 — Uhdnt 69+55 0,075 0,004 0,0 0,0 0,0
7 — Uhdni 73+00 0,05 0,002 0,0 0,0 0,0
8 — Uhdni 75+00 0,05 0,002 0,0 0,0 0,0
ZEntnuunwp
9 — Uhdni 80+30 0,1 0,008 0,049 0,035 0,042
10 — Uhdnlu 82+90 0,3 0,071 0,437 0,319 0,378
Ujwthwpuh N1 oputigph pniubkih Untnpudwu M9 68+02
Ujuthwpuh N1 gputigph pntubih Gjpudwu 14 83+82
11| Uh$nt (nhwwl) | 91450 | 02 | 031 0194 | 0142 | 0168
Zhnknuunwup MU 96+65
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Guunipg N9 97+50
12 — Pouihh huptwhnu op, 98+50 0 0,000 0 0 0
13 — Pouhh uhdnla 100+50 0,12 0,011 0,070 0,051 0,061
Polph wiqkq, pul
14 — pudwiwipup 100+52 0,2 0,031 0,196 0,142 0,169
Ujwthwupuh N2 oputigph MY 101+30
15 Uh$nli thqhth qnps, | 101450 | 03 | 0071 | 0,0 | o0 [ o0
Ujuthwpuh N2 oputigph potubih dntnpudwu 14 102+18
Ujuthwpuh N2 oputigph pnitikih Ejpudwu 19 120+38
16 | — Uh$nl | | 005 [ o001 | 0012 [ 00 | 0006
Ulydtnacy
17 — Uhdnl (12 hwwn) 0,019 0,0 0,021 0,015 0,018
18 Uhdnti (8 hwwn) 0,019 0,0 0,014 0,010 0,012
Ujuthwpuh N3 nhun,
19 Zunwlught punniithy 0 0 0,0 0,0 0,0
20 — Mndwyuluyui 138+30 0,075 0,004 0,026 0,018 0,022
— Quipkuguuith quwynp judnipe MU
21 — Uhdnti (7 hwwn) 0,019 0,0 0,012 0,009 0,011
22 — ¢dwtnut (Mndywljuwywi) 0,150 0,018 0,0 0,0 0,0
23 — ¢duwtnnut (Mndywljuywi) 0,100 0,008 0,0 0,0 0,0
24 — ¢dwbnul (Mndyuljuywi) 0,075 0,004 0,0 0,0 0,0
25 — Qpoquwugnnédng (30 hwwn) 0,050 0,002 0,364 0,266 0,315
Ujuwthwpuh N14 ghunnulbnh
26 — punnihy 156+50 0,200 0,031 0,228 0,102 0,162
Uwnguitn
G/p Ynuunpniyghwubph

27 ! qnpd,-4 &nin 0,100 0,008 0,259 0,105 0,182
28 ! Thuth Lntuwljkpin 0,200 0,031 0,258 0,102 0,180
29 ! Thwh Costwdpwpphlju 0,300 0,071 0,577 0,222 0,400

Qnudwpp Q= 4,760 2,804 3,935

Lwtth np wnwybjugnytt Ynpniuntibpp wbnh Bt mibbkinmd ognuuinu wduht, bhywwnwlwhwpdwp
hwdwpytg nunidbwuppmpnibtipp juwnwupl] ndju; wduduw jupduspny: Ognunnu wdujw hwdwp onh

Eiptnh dhohti opkjutt wpdtpubpp gqpudphjuljuis nkupny pipgws Eu ujup 3-nud:

Q, &
50 -
45 -
40 -
35 4
30 4
25

20 4

5 10 15 20 25 30  Ontn
VY. 3. Ognuunnnu wdujuw vheoht opkljwis Ejpkpp
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Quuwpyl] L gonuypwgpnid Upgl) ZEY-h niqnuptph hwndwdnmd gnymipinit niukgnn uhdnbubph b

hwnwluwyhtt oppnnutph b btpwtg npudwgstph Jepupbpuy:

\ \ / 3

Y. 4. Uhdntiugghlt b humnwljuyhtt gppnyutph uitdw

Guunwpdl] E dhwdwdwiwljju  opuwswthnipmit Upglp ZEY-h  nignupbph  ulqpiwdwund b
Jipotwdwunid dhtiinyb gpwpwbwlh tjuwndudp’ ujqpiwdwuhg panubing hwwnntly (nputkp, dpbtngt
dudwbwll hwpgh wnubingd wndju; hwnjwshg npngiwul tywuwlnd pwg ponudnn Ynnuyghtt Epkph
Swyuwubipp, b wpyniupnid vnnwgyly) k, np Ynpniuntbpp gnidnod B 7%-h vwhdwbtbpnod:

Zujupugpus wfjuukph hhdwt Ypw opp Hpbph wdthnth wjjuikpp b pwpunidubpp phipgws B

winniuwly 8-nud:

Upjniuwy 8
2012 p, ognuwninu wduyw oph Epkpp Uuwywpuwyh opuadpwuphg dhish Upgly ZE4
Qptph Ejptpp, Qu3/nYy 2ph
Unwyk
kipbph nufl) Uiuquany
Unak Qpuinh Unglg wnwppkpn | Ynpmu | wqnylp, tup, opuitigp
Uluywpughg Zélt‘{} 1 ];Il]; ZEU+opun | ippnik’ | wibkp, % | gpuwigp, ’d ol »
LasiL Ynpniun, WAy
dpl
1 2 3 4 5 6 7 8 9
I nwubiopyuly 35,65 31,2 3,74 34,94 0,71
I inwubiopyuy 35,85 27,2 4,25 31,45 44
IIT nuuiopyurly 31,48 25,55 3,71 29,26 2,22
Uhght
hel 34,33 27,98 3,91 31,88 2,45 7 58,7 14,0 - 15,0
wdublwub
fnptph tipkpp, Q U3/AJny
Upghy Unpniuwnbkpp
- K utip, % K
Upwwpuyhg | ZEY+nn ;I;l . THELRTAR, 70 uhpntbkpnud, Uy o3
ngnid P
2012
Ognutnnu 20 917 | 8515 6,55 7 0.21 137
P’

Zhdp pugniubnyg wyt hwihqudwipp, np “UEY” juquulbpynipiniup qundhply b Zwhhgpnuwuwghs
htunnhunninht hwpquiplt) uhpnuubpnid b hwnwluyhtt oppanubpnud oph Gipkph (Swjuwutph) munwinwdp®
niqnuptph wnwybjugny, Wwjwqugnyt b dhohtt Epkph wuwjdwbtbpnd b wpyniipnmd dhohtt b
wnwykjugnyb Epiph hwpwpkpulgnipjut phypnid Giptpp juqunud Ea' Que=4,76 W3/4pl b dhohtp Qupe=3,78
BAnl, wmyw K=0,21: ZEknmbwpwp' dbp hwunwgh dvhohtt wmduwlwi Ejpp juqunud t 34,3 WB3/AnYy, nph nlypnid
punhwinip Ynpniunbibpp juqinid Bu 2,45 WBApY, jud sudup’ W=6,55 dju U®x0,21=1,37 Uit U3

Glukng dbpp woqusdubphg' dbpwuhjuljwut ynpniunbbpp tjuqugnyuh hwugubnt tyunwlng
wnwownlynd £ uhdnuukinh b hwwnwlughtt oppnnubph Ypu mbnunpt] wjundwn jupquynphy hwljutibp
(uy, 5): ‘

Udundwwn Jupquynphy thwwutbkpp (huinud B Epynt hhdtwut nbuwljh nipnulih b wininnuyh
wqnlignipjut hwlwbtkn [7]:

21 SENEYULP 2/2013



Lruspy 20U009U0reer

Uininquih wqpdwi wunnduwn jupquynphs huljububpp vwppbp Eb, npnugnid swthhy LiEdkunp
wqnnud £ bpwdwynng Eedkunh dpw, npp hp htppht hwdbpwy Bubpghuyh dhongny wqnnmud E jupguygnphy
thwjuth Ypu:

Mnnuljh wgplwi wundwn jupquynphs thwlubbpp vwppwynpnudubp B, npnugnud swthhs
LbEdtunp wqnnud ' Jupqudnphy  fEdkunh Jpuw nuppuijh YEpynd, wowbg hwybjuy  Eubkpghugh
oquugnpsumt’ oquumuqnpstiny oph Eubkpghwi: Minnuljh wqnpuwuit wdundwwn Jupquynphy thwlwbubpp
1hunud B quuyuittwjughtt b dbdpputiughte:

Quuutwluyhtt wnhyh wjuniwwn Jupquynphs thwliuwbibpt wpwtdtwind Eu Junnigqusph
wupqnipjudp b guénp wpdtpny, nwluyt nputg Lupdwt jupquynpdwt £oqpuinipiniup thopp t:

Utdppwbughtt nhwh wyunndwwn Jupquynphs thwliububpt wykih d2qppn gupnid b wwhwywind,
nwluyl vyuuwpdut nbkuwlnhg wdkh Swjuwwnwp th.  wju wbuwlh hwlubiubpt wpwdbjuybu
twhunbudws Et ogqnugnpéybint wytyhuh hwdwlwupgipnd, npuintin opwpkpnijubpt wbih phy b, putth np
npuig Uky mbnungpus dbkdpputubpp puduljuhtt tnipp b b Jupnn tu Juwudl] nnngdwt opnid wnljw
opupbpniljutphg:

|_|§|“| 4

sl ‘

UY.5. Quuyuuwluyhtt nhyh wynndwwn jupquynphy thwljub

Quuutwljuyhtt wjnnduwn Jjupquynphs huljuth wppuwwnwbph uljqpniupp juywiunid E ngputhg nnipu
tynn onh dupdwt hwunwnnit yuhwywidwh dke: Yupquynphs thuljuth vk mbnunpdws k. thtnl, nph Jpw
Uh Ynnupg guomid E gnpsunpmid npu dke dnntinng onipp’ dquubkny wjt thwlby, hull dnu §nnuhg duomd k
gonpdunpnd quuuiwlp’ dqubiny pugh) thinlp: Zudwyuwnwujuws Lupnidp jupquynpynmd b quyutwlh
dgquwitt bt pnyugdwi dhongny: Lwtth nin quuubwlh upnidt wykjh Ukd L, pul oph Lupnudp, thbnlp pug L,
puyg htug onh duonidp ghpuquugnid b quuutwlh gupdwbp, thbinlp dwowdp thwlynid £ ppwing huly
juqtgltyny] Yupquugnphy hwljuihg nnipu Eynn gph dupnudp (. 5):

dhpp wogws hwdwluwpgbph nknunpnidp puduluithtt juduqtgih nonquuwt hwdwlwpgh Ynpniun-
utpp, hst hp hbppht Jhwqbguh Swhiubph Ypdwndwi: Uju wundwn hwdwlupgbph nbnunpnudp
Juywunh dwpplughtt gopénuh Ypdwwndwip, npt pp hbEpphtt puduljuihtt jhbipunwguh hwdwljupgh
Junwjuwpnidp:

HEKOTOPBIE 3AJAYY MOJEPHU3ALIMA U ABTOMATU3ALIMA UPPUTALITMOHHOM
CUCTEMBI PA
Orannucsau I'.C.
Epesanckuii 2ocyoapcmeennulii yHugepcumem apxumeKmypul 4 CIpoumeibCmed

KaroueBble ciioBa: HU3MEPCHUEC BOAbI, ABTOMATHUYCCKUC CUCTEMbI, KaHaJI, IOTCPU, YIIPABICHUC

AHHOTALNUA
Tak kak ceromHs CyLECTBYIOIIas UPPUTALIMOHHAs cucTeMa B PA 10CTaTouHO cTapas ¥ U3HOLIEHHAsi, CTOUT BOIIPOC
€e MOJEepHU3alun. B 3Tol cTaThe MBI peIaraeM 3Ty MOJEPHU3ALMIO OCYIIECTBUTH C TIOMOLIBIO aBTOMAaTHU3UPOBAHUS U
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YCOBEPIICHCTBOBaHMS HEKOTOPBIX YacTe MPPUTAaLlMOHHONW CHUCTEMBl. B cTaThe McclieZioBaHBI HEKOTOpHIE CYIIECTBYIOIINE
npoOJIeMBl, U TpeUIaraloTcss BO3MOXKHBIC PEIICHUS 3THX MPOOJIEeM C IMOMOIILIO BHEAPEHUSI HOBBIX COBPEMEHHBIX CHCTEM.
[l BHEAPEHUS 3THX CHCTeM TpeOyroTcst 6opinne (PMHAHCOBBIC MHBECTHIMK. HO, O HamieMy MHEHHUIO, TH MHBECTUIINN
BIIOJIHE OTPABIAHBI, MOCKOJBKY BHEIPEHHE 3THX CHCTEM IPHUBEAET K COKPAIICHUI0 MEXaHWYECKHX MOTEPh BOIBI U
COKpAIIIEHUIO SKCIUTYaTallMOHHBIX PacX0J0B, TAKXKE COKPATATCS U YEIOBEUECKHE PECYpPCHI, YTO B CBOIO OYEpeb MPUBEAET
K OoJiee pe3yJIbTAaTHBHOMY YNPABICHUIO CUCTEMOH U K 00jiee TOUHOMY pacyeTy HOTepb.

SOME PROBLEMS OF MODERNIZATION AND AUTOMATION OF RA IRRIGATION SYSTEMS

G.S. Hovhannisyan
Yerevan State University of Architecture and Construction

Keywords: water metering, automatic systems, canal, loss, management

SUMMARY

The irrigation system of Armenia is quite old today; we have a problem with its modernization. Ways of upgrading
the irrigation system by automating and improving certain parts of it are suggested. Some of the existing problems are
studied, the possible solutions to these problems through the inputting of new advanced systems are offered. For the
implementation of these systems large financial investments are required. But these investments well worth it, since the
inputting of these systems will lead to a reduction of mechanical losses of water and reduce operating costs. It will reduce
human factor, which will lead to more effective management of the system and to more accurate calculation of water losses.
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281 556:627

LLULErNhYUSPL GGRUP NRUNRULVUURLUUL ZPULUZUNSENL BY, 22 QLUULUSULECNRU
uNkrSUYI NI, FECYUOLLECD GULUZUSORUL

Q.U. Znyhwuthujuh
Cplwih swpunmupuybnnipub b phiwpupnipraul wyhnwlwl huduyuwpab

Pwiiw)h puntp. opwpkpnily, opwdpun, ghiwn, gpupbpniljught nhdhd, hnup

Upjnumnwipnid GEphuyugyus i opudpuplbph opupbpnijuyhl nkdhdh ntumdbwmuppdui
hhdinupiiphpiakpp: dEpnidynid ki opuyhl hAnuph Juinbun/npuwl Yypw opudpupbbpnid nunwl/ng
Phpywdplbph pubwh b wknuppiul dbp wonkgnipnt Gbkpp: Yuy Fhwunwunydnid 22 hpdhwlul glnkph
h&nnily b fnowr hnupbph dpol b hwoywuplhbpny qiuhunnynid F 22 Apdulul popundpuplibph pwhwgnpddwl
plhpugpnid gpuignid ninwlyus pkpyudphlph puinulp

Qhunbph b gputg Ypuw jurnigqus opudpwpttiph opupkpnijuyhtt nhdhdubph ntuntdtwuhpnipniatitpp
Juplnp nbp mubkt gpudpupubph swhwgnpdnidp wpynitwybn juquuljbpybint b hhgpnhwbgnygubkph
owhwgnpsdwt dudljinubpp bujut Epjupugutine gnpénud:

Lhpjuyugyny wohwnwbpnid dkjuwpwidl]  Eu opwpbpnijuyhtt hnuph dbwgnpdwit wuydwukpp,
pugwhwynybt] epwdpwuptbtpmd Ynunwlynn pEpdusputph swjuwih nt pgpu nbnupwohidw dbh npnodwt
tywunwlny ppujwtwugybihp nundbwuhpoipnitiiph wkuwlubpp b juwunwpdl B 22 hhdtwwt
opwdpwpubph Swquwukph’ opwpbpniyutpny (gwdnipju wunhfwh quuwhwwnnid: Spdws ki twb hbnwqu
owhwgnpsdwt pupugpmu gpwpkpnijuyhtt nkdhuh qupqugdw jutjupmnbunidubp:

Qhntph dwlbpbnypughtt hnupp hwnjuwybu quptwbtughtt dAthwuh b wtdpbuwghtt Jupupnidubph
dudwbwl pwdulwihtt hwpunwind b ghnwjuquind wnlju  sjuwyulgJus gpnitntbpny: Qhnbph
opwpbkpnijughtt utnidp npnowlh swthny juwnwpynd £ twb hnitth hwwnwlh m wuwwnbph npnpnidukph
hwodhti: Zwglguting hnuwlpp' wyn phpdwspubpp nbnuihnpynid o nghyh qhnh dhohtt nt wnnpht
hunjuwsttp b wunhdwtwpwup nbknugpdnud Bt hotinod” pintwpwihbind hnuwipp: @knbph b tpw
Juuljubph Jpuw jupmgws opwdpwpubptt . gpunh guwdwubpp pEpduspubph Yninuljdut judugniy
wuydwtbp o wnbpdnud’  wunhfwbwpwp  wjuqbgubing  opuyhtt  hnuph juwintwynpdw  hpkug
htwpwynpnipniuubpp:

busyhtu gnyg k nnwjhu opudpwputiph swhwgnpsdwt puqiudju thnpdh nunidtwuhpnipniip, dhehtt
swthh opwdwpwpubpnid b popnp junpnpubpnid  gpwpkpnijubpp hhdtwluwinmd  Ynunwljynid  Gu  oph
juiuntwynpdwt hwdwp twhwnbuquws oquulup Swyuwjubpmd: Ypwu hknbwbpny owhwgnpsdwi
pupwgpnid  wyn  Swuwjubpp wunhfwbwpwp  thnppuwind B Uwluyt pwwn Gphpubph  wdwb 22
opudpwpubtpnid bu gpwpkpnijuyhtt nkdhuh nipe nunidbwuhpdwt wowwnwupubp skt juwnwpyl;: dpuw
hbwnlwupny opuwjhtt ywwownpubph Juintuwynpdwt twpwnbujws b hpujut htwpuynpnipnitubph dhel
wnwowlnid ki twlwb  wwppipmipnitibp: Qupquynpdwt sSwjujukph  wyn  ghpugiwhwnnudp
Jupupnidibph dwdwiwl Juwpnn E hwbgkgul] hhnpnhwtgnygh Jpwpuyghtt hpuyhdwlh unbnddwip, huly
unpduy owhwgnpddw dudwbwl opuyhtt wwowph ghbhghnh: Uudwsh Jyuynmipnit bt hwighuwinod T2
Uwpuwigh b Uwwnwnhuh opudpwpubpnid junwpus hbnwgnumpniubpp, npnbn gnyg £ wpdby, np
owhwgnpsdwt 35 wwphubph phpwgpnid Uwwnwnhumd pughwinip dwuwjh onipg  60...65%, huy
Uwpuwignid oquuljuip 500 ujl u® swjurh 30 i v dwup wpnki gyl E opupbpniikpng [1] :

Zhnmbwpwp  opwpbpniughtt  phdhdh  nundbwuhpoipiniip wbwp b (hth hhngpnhwbgnygh
owhwgnpsuwmb Jupbnpugnyt gnpswnnypubphg dkyp: Uy btywwnwlng wthpwdton b opudpwptpp utnn
ghintph Ypw niubktw) nbuptuhjuybu hntuwh vwppudnpus swthhs juywb, npnd wojupwnbt swhdwt
Juunwhbjh dbpnnubphtt mhpuybung dwubtwgbnttp: Ypuw hbn dijnbky wihpudbon b opudpupnid
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hpwjuwtwgut] Ymunwlqus phpduspubph pwbwjh b wbnuwpwopudwt dbh  npnodwt wwppbpulut
swthnwlubp: Unwgws wppnibupttpp whnp b hwudbdwndbkt  swhnudubph ndjujutpng juunwupdus
hwoJuplutpp htwn, htgp pugunh htwpuynp upuwtkpp:

Juunupjws wpjuwwnmwbpubph wpyniipmd  dogppin mbnkimpinitubp Yihukl opuwdpwupnid onh
Jupquynpdwt hwdwp twpwnbuqus swdwukph Jepupbpyuy:

Guplunp E bwb hbnwqunmd Jhongupemidubp twhwwnbub] §ninwuldws pEpduspubph wibnuowpdn
oqunujup dwjwihg nhwh dbkpjuwy hppwljwbwugubnt jud htwpuynpmipjut phypnid gpudpuphg dwutiwlh
Jud wdpnnowljwi dwppk] — hipwgukint hwdwnp:

Qtnbtph b ppubg Ypu YJuepmgws epwdpwpubph opwpkpmiuyhtt nkdhth nrumdtwuppdwt
wihpuwdbonnipmniip wnwyt) opnbnt hwdwp vnnpl tkpjuyugus tu 22 pnnp hhdtwlw qinkph htinnily
b Ynow (Yuwpywy b 1phy) Eptph puquunupuwi dhohtt mupblwt dbdnipniuubpp, dywldnud k gputg dhel
wnlju puwbwjuljui nt npujuluwt juwp b wpdnud £ 22 uplnp opudpupubph sowhwgnpsdwt pupwugpnid
npuignid Ynunwlqus phpdusputinh pwbwlubph junonpugus quuhwwnnidubp:

Unyniuwly 1
2Z qtinbkph dhohtt mupblwt htnnily b gpupkpniyjutph Gpkp
Uhsy. Yuju.pipdusp. Rtpiuspltph
No Qbun-nhnulbn nupklu Uhohl qnufup. bpp,Qr SQpudpuiph Qunnig.n
Eipp, Qn wnwpkljut Epp, wiquinudp wphl
WAl Qe (4g/) (o)
1 | Qudpuilj-Aniqupp 9,04 5,53 8,295
2 | Qudpul-4U.Cnidwibyuit 12 5,2 7,8
3 | Yhphwn-Upuwju 35,5 8,58 12,87
4 | 2npugbin-Qupquiphg ikppl 17 3,15 4,725 Ubdunjuh 1989
5 | Unuunlbi-bolwt 9,07 2,76 4,14
6 | Sunnip-Phpy 0,69 0,1 0,15 Swinty 1977
7 | Mudnpnun-Ujghdnp 3,07 0,38 0,57 Ujqkdnp 1974
8 | Ulunipju-Ujuniphly 9,75 4,54 6,81 Ulunipjut 1981
Uwupui 1966
9 | Lwuwn-Upnwupuly 7,44 1,61 2,415 Zwpu]up 1981
Ohpuip 1984
10 | Uwupdwphl-Unuduwdnp 5,43 0,4 0,6 Uwpdwuphy 2013
11 | Uwuphy-Onduly 3,97 0,27 0,405
12 | Qujunwugbwn-Unpunniu 3,8 0,3 0,45
13 | Uquu-Lubpwuquun 6,88 1,15 1,725 Uqun 1976
14 | dknh-Nipdwdnp 2,04 0,64 0,96 Yhsnin 1981
15 | Upthw-Qkpimy 5,17 0,08 0,12 Zhp-2hp 1994
16 | Upthw-Bnlqhwdnp 13,1 3,27 4,905
17 | Bikghu-Cunptt 8,18 2,16 3,24
Uyuitinupjub 1989
18 | Npnuwt-Npnunwb 21,8 4,63 6,945 Snjnpu 1975
Cuph 1970
19 | Qtinh-Qknh 4,6 0,31 0,465
20 | Utnph-Utnnh 3,28 0,7 1,05
Cunudbup’ 181,81 45,76 68,64
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Uwubwynpuybiu, wnynruwl 1-nid wogws Eu 15 UkS ni thnpp glnbkph nt npuitg qluwydnp quuuljukph 20
wnwigpubipnid junwpywé nhunwupynidubph wpyniupubtpp [2, 3]:
Upwpu ghnnh ntunidbwuhpnipynitubpp tEpfuyugyt) Bt wnwbdhn hnpqusnid[4]:

Flpusplbtph gnudwpught, 1phy

16,00
Epp, hwdwdwytt ntunufbwuhpnipini-

0 whph, Ubp nmmpudwypewtnnd plgnib-

Ynud E Yupyywy dwutthlukph Eiphg 1,5
wiqud wykih: Oguyknyg wnniuwlh
wnjuutiphg’ Junnigkup htinniy Qu
ppJuspubtph gnidwpuyhtt Qr Gipkph
Uhol Yuyh gpupplyp (uh. 1. ):
busytu tplinud £ qpubhlyhg,
o npunud £ pudujub pupdp
000 P ey ynpljughnt Yuy htnniy b Ynown
0 5 10 15 20 25 i 30 33 40 hlPhPh deh (R2=O,8):

Ztmmly Ep Al Jhdwjugqpuijub njuikph
towljdwit Ukpnnny tpgwé dniuljghuh
hwdwp unwgyty k hinlbyjuw) wkupp

12,00

PhpJusplbph Eip bgh
(7]
=
S

UY. 1. 22 glntph htnmY b gpwpbpnijuyghtt dhohl
puquunmpyubt kptph thel juwh gpuibhy
Q1 =0,38 x Qn:

bhuplht Ynownn Lph dbdnipjutt Jypw wy gnpéntubp bu niukt onowthbh wqpbgmipni, uwluyu
hwipwybunnipui  wwpwsph ghnbpnd  dbhwygnpynn  phpdwspubph jungnpugus ghwhwwndw
nbkuwlnihg tkipjuyugdus dninkgnidp thnyght punniubkh k:

Cun wnniuwly 1-h nyuiubph, 22 hhdbwut gbnbph gnudwpuyhtt puqUuunupui Jhohtt wpdtipp
htnnll hnuph hudwp vnwugymd £ ¥Q, = 182 uv’4] (shwpws Upwpu ghwnpip), hul phpjuspubph hnuph
hudwp® Y Qr = 69 Yq/:

ZEnbwpwp Ukl nupgu pupwugpnid 22 ginbpp minuthnpunmd ' swuny dwutthljubp:

W=3QrxT=69x315x10°=22x10%0=1,1x105u°

Ljuwnh mubkuwyny, pk np ghntph ypw Et junnigws gpudpupubpn, jupnn Eup quwhwwnb] wyy pnjnp
opwdpwpubpnid  Ynunwldus phpdwspubtph  suhp: Ywpdyuy wnnruwl 1-h wdjujubph hhdwt  Jpw
Juunwpdws hwoquplubpp gnyg Lu wwhuy, np wdws 14 opwdpwpubpp dhwuht Jipgpwd  hpkug
owhwgnpénidhg h Ybp Yninwljly Eu onipg 13 Uil u? dSwjuwny phpdwsdp: Ipw hinmbwupny qquih tjuqbgyus
wtiwp L 1huh opudpupubph jupquynpdwi htwpwynpnipmiuibpp:

IMPOBJIEMbI U3YUEHMS PEXKUMA HAHOCOB M OLIEHKA HAHOCHBIX OTJIO)KEHUI
B BOJOXPAHUJINIIIAX PA
Orannucsn I'.C.
Tocyoapcmeennbiil ynusepcumem apxumexmypbvi U CIMpOUmeibCmed

KaroueBnble ciioBa: HAHOCHBI, BOAOXPpaHWJINIIIEC, PEKa, HAHOCHEIN PEKUM, TOTOK

AHHOTAIUA

B pabote u3nararorcs mpoOJaeMbl UCCIEAO0BAaHUSA HAHOCHOTO PEXHUMa BOJOXPAHWIUIL, aHAIM3UPYETCs BIUSHUE
KOJINYECTBA HAKOMUBIINXCS B BOJOXPAHWINIIAX HAHOCOB U TUIA OTKJIOHEHUS Ha MPOLIECC PEryJINPOBaHMsI BOAHOTO MOTOKA.
VYcraHOBIEHAa 3aBUCHMOCTh MEXIY KHIAKMMH TBEPABIMH PAacXoJaMH OCHOBHBIX pek PA mu paccuMTaHO KOIMYECTBO
HAHOCOB, HAKOIIUBIIIMXCS BO BCEX OCHOBHBIX BOAOXpaHMIMIaX PA 3a mepuox ux 3KcIUTyaTalllu.
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THE PROBLEMS OF STUDYING DIRT MODE AND THE ESTIMATION OF DEPOSITED
DIRT IN RESERVOIRS OF THE REPUBLIC OF ARMENIA
G.S. Hovhannisyan
Yerevan State University of Architecture and Construction

Keywords: dirt, reservoir, river, dirt mode, water flow

SUMMARY

The objectives of studying dirt mode in reservoirs are stated in the article, the influence of the amount of dirt
deposited in reservoirs is analyzed and the type of deposition in the water flow regulation is studied. The dependence
between liquid and solid consumptions in the main rivers of RA is determined and the amount of dirt deposited in all

main reservoirs for the period of their operation is estimated.
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YGLUUQULAYUOP SENULNIUUL 2UUUUUCSE 2P YUY LPEUYUL 2UCYUNYP UTGENY

U.8w. Umpqupyut, U.U. Gunpgui
Cplwih SwpunmupuyEnnipub b phliupupnipul whnwlwl huduyuwpab

Pwitwjh puntp. jEiuwquigdws, jEiuwqug, dntinpuiynip, bjpuiynip, nhwljnnp, puunupdut dudwbw-
Yudheng

Gklnwuqugh gnpéupubbbpnid opwlul Uy [und Eplnt wigquid dhwdwdwinul nkwlinnph uke jginid E
npnoulh puliuh pupd Ehuwquigyus b nkulinnphg hubydnid bngl pubwinipudp pdnpnid whgué nipe:
Unwownlnid Fjgynng b hwining jEhumquibgyush nknuhnpmidp phwyh huduyunmwupnul junnigfudpllbpl

fApwlwinughly unpnijwluyhl npubuynmnny: Uk pnpnywlwowpny wknunhnfunidp Junwpbpu huply F
(hunud fannijwlupwupp uppbpupan gunwpl by
Quifufwé unpnyuwlwowph inpuwnbuph quwnlbphg Epkp nkyph hudwp unugyly o puunupdwi
dudwinuljudhongh npnodwl puilnudbkp

Lntuwljipnh phnquqh gnpswpwth hwdwp punpdb b jEtumquigush wnknuthnjodwt hhnpwyih-
Julut hwdwlwupgh ujubdw, b npnoyt) Eu hwdwywinwupw $hghjulub Ukdnipmniutbtpn:

Uhtuwquqh gnpswpwiibpp JEluwquigush wbnuihnpunidt hppujutugunud Gt dbs - dwuwdp
wyunnunphjuyhtt wpwbuwnpuny, pwuh np whwubwywhwlwb $Epdwttpp qunudmd Lu  gnpswputihg
nwuiyull Yhndbknpkp hbpwnpnipjutt dpu: Gpphdt junonp whwubwywhwlwt dEpdwtt hp jud dnn
nwpwspnid junnignid k jEuuwquqh gnpswputt’ puthniibph Jkpudowjdwi b ppuguwhywwljut unpdbph
wywhnyuwt hwdwp:

Lotuwljipnp postwpniswljut upphugh poshwiingutnhg opnd hwpunwugyus postwunpp huptiwhnu
Enutwlny Yninwlynd E JEumpntwlut Epynt wnpudpupnid, npnbnhg 10 w1 phpbwwnwpnnnipudp
wyunnunpubuynpuny nbknuthnpjuynd £ 1 §d  hbkpwdnpnipjut dpu qubdnn Yhiuwquqh gnpswpwl, npp
twpiwgduyhtt hqnpoipiniip juqunud £ 250 w/on: Uhwbquduytt wluhwywn E np jEhuwqubqush wyy
pwiwlmpjut wnbnuihnpjunudp JEbnpniwlwt  wnpwdpwpbbphg Jhtsh gnpdwpwt b nkwlwnnphg unyb
pwiwlnmpjudp hwinn Epuiyniph wnbnuinpundp 1,2 §d hbpwynpnipjut ypu qunbynn  Ynunwlhy
wjwquitkpp juwuws k qquih swhubkph htn: Uhsgbn jEtuwqugh gnpdwpuith hhpwnwldws junnigusp-
ubph puwuwynpnipniip  wbknuipnid  htwpuwynpnipnit B unbndnd  dninpuiymiph b Gpwiyniph
nbnuthnpunidubpt ppuuwbwgity; vhtiingt npnduljwowpny, pug npnud, dntnpwiynmiphipn’ dhjpwtthjulwut
Unuwl, hul Epuiyniphup’ Lupnidwhtt hipttwhnu tpwbwlny: Uy dwuhtt Yjunugh hnnpduwsh Jbipenid pipyng
hwoduplh ophttmynid:

Lwtth np unnnjujuowpuhtt hwdwljupgnd tpibwuq hbgnilp (onip, whiyg ynip) mbnuthnpdnd &
hwlwrwl ninnmpinibbbpny, wyw nhnbu sdpuldus b wpnkh dowlyws wyymptph dhdjubg htn juwuntnudp
pugwnkint hwdwp wihpudbown b {hunud wuppbpupwp nuunupyl] npndujuwowpp: npswputth mkhtngn-
ghuljut gnpdpupwugutpnh £hon b dudwtwlhtt juqiuljkpydwt tfunwunnidnyg Juphp b qqugdniud quuthwnty
hunnnjujupwnph Ynnuwntuph (ypndhy) quumqui nEypkph hwdwp punupiut dudwbwludhengn:

‘Luiju nhnnuplkip vhwwwnun 7, phpnipnih, L tpupnienit b hwunwnnmt D wpudwghs niikgng

hunnnduy, ptsybu wunliipqus bt ul.1-nwd, nph unnphtt Suypnd mbnunpjué b tnyt mpudwgsh hwupp
thuljui:

Cugniukup, np dudwtwlh uyqpiwuit wwhht thwlwip guidnud £ jphy pwg nhppoid b hbnnilju
wpunwhnunmd b dpunnpu: vnpnuljh 4tipbh pug duypnud htnnijh hnphgnuwljut dwwppulp junnnduyh
unnphb Swyphg quinud & A, = i,L puwpdpmipjub Ypw, wyuhtph

t=0,H=H,;x=L: (1)
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dudwbtwlh >0 phpwghly wwhht htnnijh ywb Epupmpniip Yihth X, hul jungnywlh Ytpht
Uwunid htnnijh dwwupnquyh pupdpnipeinitbp [htth' A =ijx: Uldkpe thopp df dwdwbwudhgngnid hinmyh

unibp Jyupdwbu dx suthny b hknnijh wywt swjwp Ythnppubw dW swhny®

dW=""Ddv: @
PN dudwtwlh t wwhhtt  junnnduljhg
wpuwhnunn Epp Yihth
Q _ EDZ 2gH _ EDZ 2ngO , (3)
4 x4 V2
Ho D

npintn A-t junpnjuyh  pthdwb ghuwnpnipjub
gnpdwlhgh E: ZEknbwpwp, df dudwbwuludhongnid

hunnnjuljhg wpnnuwhnuws htinnih Swduwyp Yhuh'

. > dWZZDZJ@ dt: 4)

” Zujuuwpkgubing (2) b (4) pwbwdlbbkpny
npnoJws swjuwbkpp’ junwbwp®

Ul. 1. Zwunwunit phpnipjub ngndul

dt A LU0 L
D

(5) hwjuuwpuwt dwju dwup htinnijh gyt wpugnipniut k, hul] we dwup hwuwnwwnni £ b hwduwuwp
uljqpiwjut wmpwgnipjuiin:

Uwnwgytg, np junnnjuljh nuunupldwi nne ptpwugpnid htnniyh yniup junwpnd £ hujuuwpuswth
owipdnid, pur npnid ujwt Epljupnipmniut pun dudwtulh tJuqmd £ gdbwhtt ophttwswhnipjudp:

Unyt wpyntupp qupdwtiugh sk hinniyh wyut pupdnudp tdwb k php hwppentpjut Jpuyny ghuh ukppl
owipdynn whun dupduh swpddwbp, Epp oupdnn nidp hwjuuwp b othdwb mdht: Uwljuyt weluw E twljwl dh
wnunppbpmpinit. hinnijh owpdnudp hwuwuwpwsuh b wiuwp jungnuljh pbpnipnithg, dhspbn uhuy
dwpduhup' dhuyl npnowljh phpnipjut ntwypnid, npp jupuduws k Jhuyt dupduh b huppwlh dhol wnwowgng
othdwti® nidh gnpdwljghg: Ljwmwnkup, np wju wyunnudp pjunid E hinmyh dbky wnwgwgnn ubkppht othuwb’
‘Uniinntih hwjnth opkuphg:

Lwth np junpnuljh nuunwplnudp juunwpdnud £ opun dudwbwlh hwunwnnit Epny, wyw
nuunupuub dudwbwludhongp Yihth'

r=" ©
o

npntn W -t htinnijh ywb uyqptufub swuyb k, O -° wpnwhnunn Gypp:

Uwnwgytkg, np pubwplynny nhypnid
hunnnjujh guunwuplnudp juunupdnmd £ oEplm
wbqud wpwg, pwb unyh Swywh hbnnilhh
nuunwuplnidp qubwljub winphg:

LD Ept unpnjwhh phpmpnitp dhugwnun
: Ho sk (u4.2), wyuhlipl, npu pupnipnibp’ L, p Ubd

tE  dwypwlbtwnbtph ninhn  gény hbkpwynpni-

pntihg’ L (Wy. 1), wwyw pun (5) pwbwdlh

wpunwhnunn Hpp thnppwinid E b, hEknbwpwp,

pun (6) pwtwdbh nuunuplfuut dudwbwlu-

Y. 2. N1y dhwwyywinwy phpnipjui nnndul Uhgngp Utdwtmul E:
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Gpt guunwplnn  hwbgnygh thwlwih wpunfwghdp’ Dy-p thnpp b junnnjubh  wnpunimgshg
(gnpstwjuwiunid gplpt kY jupgny), wyw wpunwhnuny Gph dbdnipniup Yihuh
@)

b nuunupldwt dadwtujudheongp nupdju npnoynid k (6) pmbiwdling:

Thunwplkup pymjkph ks pupdpnipinit niubignn plh quunwupydwi jpughpt pun ol 3-mud phpdus
upubidugh: @nn htiptwhnu gpuwnuph junpnjuyh tpupnipimbip B b C hwplwt pwpdpunhp Jupjuspubph
uholi 1hth L, mmiyph plbph pwpdpnipmibibpp’ hwdwywnwupwbwpup A, & H,, L hgtng plh

phpnipiniup 7, : LY. 3-nud phpjws £ unpnuljuowph nynijbpuyhtt nbnudwuh Ynnuntuph ujubdwi:

Cunniukup, np dudwbwlh uljqpufui
wuwhht' # =0, htnniyh wqun dwljkplnygpep
quiynid t 0 — 0 ghppnud, hulj dudwbwyh £ >0°
X — x npppnud (1ly.3), wyuhtpl, ¢ dudwbwlw-
Uhongnu funnndulp quinuplty £ L, -
Epjupnipjut pu: Zknbwpwp, ujqptufui
wuydwbp Yihup’

t=0, x=0: (8)

Upu phiygpnid x b ¢ thndhnjuwljutubph
Uk Jupuwénipiniutt wprnwhuwynymd E hnbyuy
nhdtpkughw] hwjuwuwpdwi vhgngny®
[0 0, (i)

A x)
D

U.3. Hnikp

dx =

Onihnjuwjutitbph wigwwnnivhg htnn vnwbnd kup®

di= [E2X g 1+L Ly, VO— 2gD’° ©)
V, VL —x L—x A

Puntgpbiny (9) hwjwuwpnidp (8) ullqp'uuﬂlulh yuydwth nhypnid’ junwbwp®
1 L-L NL-x—-\L—xJL-\[L-1L,
t=—\WJL-xNL, —x)+LL )+ In( ) (10)
2 2 VL-x+ L -xJL+L-1L

Pwihnp x <L, < L, wyuw Ytpghtt hwjwuwpnulhg hknbnud E, np X — h gubjuguws wpdtph nhypnid
unugynid E dudwbwlh hpuljut dkénipjni:

(10) hwjuwuwpdwt ke nbknunplng X = Ll‘ unnwinid kup nyniykph hounn plh

0-0 Ywwupnuljhg vhsh 1-1 dwupguyp gunupyytne 7’ dudwbwudhengp

1 L-1 , NL+JL-L
T'=—|+LL + In (11)
2 JL-JL-1

Bpt gpwnwph guwdwuhg oph dwwnnignidp qunupkgyh, wyw npnp dwudwbwluwihong hnn C
Yupduspnid, guonudp  thnppwiwny, Yhwutth dpunnpuughtth, b ogwwpdwt uwppp pugdbny’ onh
dwlkpbnypht juywhnyh dpunnpuwghthtt dnwn £ugnid:

Ujdd putiupltup junnnuljuownh mynijbpuyhtt nbnudwuh punupjdut dudwbwljudhengh npnodwi
huughpp: Cungnitkup, np ynijkpuyhtt mknudwuh junnnjuyjh npudwghsdp nne tpjupnipjut Yypw hwunwnni
E' D = const , hul] mknuuwup nuwnwplnny hwignygh thhwljwith npudwghdp® D, < D:

fonn dudwbwlh uljqpiwljut £ =0 wwhht yyijtph hotinn plih ququpnid wybkignijuyht £upndp 1hth
qpn, npp wwwdweny  onp ubkpunmisnn uwppp pugynid E, b hEnmilh dwybpbnyph dpuw gqnyuinmd E

0
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Upuninpuughtt dupdwbp Unn Lupnd: dudwbwlh wyn wuwhhg ujuwé mynmikph hetunn pht ulund E
nuunwplty: 2knnigh dwjupnuyh 0-0 nhpphg dhigh 1-1 nhppp houbihu nymlykph heting plinud hwuwnwinny
Eipp utind E pupdpuigng plip b guunwplng hwbgnygp, wyjuhtpt
0=0+0,, 8)
npunbkn O, Q,, O, hudwwywnwujiwbwpwp yniljkph holing, pupdpugnn b nunwiplnn hwtqgnygh Epkpt B

Ul. 4-nud yqunlpdws b jktumquqh gnpdwpuih jhiuwquiugush mbnuthnpudwt hhnpudihjulju
hwdwljunpgh ujubdwi:

Ukpyuynidu Lntuwljipinp
prstwpnibwljut pwpphljuyh poshwingutinhg
onny hwpunwgdus pnstwunpp uinnpghiniyu
ninutlynit uupjusph npuljui plpnipniu
niutignn hinnijunwnpny
Jhuwdbluwthjuljuw Eputwlng
nbknuthnfuynud £ jEunpntwjut wnpudpunp,
npuntinhg wyt wjwnndnphjuyhe
wnpwbuynpunny nknuhnjynud £ jEiuwqugh
gnpéwput nt ninwlynid dntnpuiyniph

yuwnpuundwt gquituljut wjuquh Jky:
Unitnpwiyniph wjuquunid wkpnp

{ wuwydwbbpnud juwnwupynd £
LY. 4. Lnrumjtipnh prshwpniswut wpphljuyh JEtuwquiiqjush hwiwubnpwgnid® wjuquith

JEuuwquiiqush nknuthnjudwt wuwwnkpht nknunpdus HEjnpulut
hhnpudihjuljui hwdwlwpgh ujubdwi. puiitgdwt fpunuhsutph dhongny: Ujunkn
1. jEunpnbwljub wypudpup, JEhuwquiqusp phpynud E wthpudtown
2. yndw, 3. unpnujwowp, 4. Untnpuiyniph wjuqub,  funtwynipyub, ipuinmd yupnibwlynn whig
5.bjpuityniph thul wwquls' quqgnptn, quitiqudp tuwnnuy b uruquith hunnudh:
6. Lipwiyniph Ynunwldwb pug wjuqub, NMuunpwunh dntnpwiynipn (hudpniknm)
7. onp Ukpunidnn uwpp, 8, 9,10,11. thwljwukp UEwthjuljub knuwlny (yndwni]) Unynid

t oipdwthnpumbimlhy b, mthpwdtown
obpUwmunhdwt dknp piptjnig hkwnn, (gdnd £ nkwljuinph (Ukputnkuly) dte:

NEwlpunnpp tkpuyuginid £ Ynbwfut Juwdwphy niikignn nmipnuwéhg dbnwnuljub qubwuljut
nwpnnnipnil, npod whwbpnp wupdwibbpnud junwpynud £ jEiuwquiqush  judnpdwt gnpdpupwg:
Uktiumquqh wpununpnipmniip ppwiknt tyunwlny nkjnnpp juhwynpynid £ ninnudhq thutnh 4pu Epyne
wnunppbp  funpnipjutt Jpuw mbnuppué phwluynp  wntpsubpny: Pugh dbjuwthjulwt  juwuntnudhg
phwlunpnid  ninuljJuws  JEuuwquigudpy wuppbpwpwp Gupwplynd £ hhnppudjhujut  Enutulng
juuntdw nkwlnnph b okipdwithnfumtmyhsh vhony spowyginniyin juwnmwpking bwl mthpwdbon ghpdmputmy
Akinp phipkny: Uju qnpépupugh wpnyniupnid nbuljunpnid yuwhywignd £ hwunwnnit gbpdwunh&wi:

Upununpjws jhtuwqugp Ynunulynid b pbwlunph Juthwphsh vnul) jiuwquitqqush dwljipbnigh
Ypuw, npunknhg, wugubkiny opuyhtt hhnpuyhjujwt ghthwph dheny, untnp b gnpénud jEtuwpwtwljut quuhsh
uUbg, nip Jhuumquqhg qunynud b $sdpwopwshup: Yhuwpwbwljut qunhshg gnipu jws JEtuwquqt, wiugubing
opwqnpiuuit vwppny, Ynrnwlynud E qugh wwpnnnipjut (quqgnipbkp) dke:

NEwlpunnpnd - JEhuwquiqqush hwunwnmt swdwh wwhywinmdt wwwhnynd b Swdwh
dhwdwdwbwljju thgpuynpnid nt phntwpwthnid juwnwpbkint dhongny: thwljininphg hwtdws jiuwquiggusp
yninulynd E jEuiuwquqh mwupnpnipjut hwnwlughtt dwunwd, mip bpwihg whpwwnynud £ dhtgh Jbpe
swipwnyus dbwmgnpnujhtt quqh dh dwup: Unyt mupnnmpjut dky woppunws Jhiuwquigyush hwunwwnntt
Swuw) wwhywibine hwdwp wwppbpwpwp wyt hwind £ o nknuimpudnud - Gppuiyniph  Ynunwldw
wjuqui:

Ghtumquugush mbnuthnjudwt dbkp Ynnuhg hpwljuwbugjws twpwgsh pnuwinulnipniup hbnlbyuh
£ jEunpnbwlwi wnpwdpuphg (1) wndwh (2) dhongn] Yhuwquigudp fjunnnjulwowpny (7) dndnud k
Unnpuiymph wjuqui  3): MNMndyp gnpéwpynidhg hwbbknig hbwnn, punnnuuowupnd  dbwgus
Jhuuwmquuqusép huptwhnu bpwbwlng nuunwuplynud t jEinpntwut wnpudpuph de®  thuluth (11)
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pugdwt Uhongny: Ujunithbkwnl, quqh wwpnpnipjut (5) dbke Yninwljws Gpwiyniph dp dwup unyb junnn-
Juiwowpny huptwhnu bGnwbwln puuwplynd L Gpuwiyniph Ynonwldwt wduquih (6) dbe’
hudwywunwupiw thwlwitbph pugdwt b hwldwb dhongny: Lwpuwghdp tbpunnid L jEuuwquuqdush
nbnuihnpudwt wnlju b wnwewplynn Enwbwlubkph wnbuthjuninboujut hwdbdwnnpeniy, pun nph
wnwownlyny tnubwlp nuuyul whqud mbnbuwljut wpynitbwdbnnpnit Ewyuwhngnid:

Lntuwljipnh  YEtuwquqh gopdwpwuh Junniguwspubph hhppudihjujut mt Bphpusuthulut
wuwpudbnpbkpt B
lL.upununpnyuljwinipniiin 250 w/on,
2.dnuwb junpnjuljwownp kpljupnipniup’ L =1000 4,
3.Untnpuiyniph wjuquith pupdpnipniup Jiinpntwlwt wypudpuphg Hy =174,
4. fppwiyniph guubtuwt wjuquih wpudwghdp' D =114,
5.kpuiyniph wjwuquith pupdpnipniip Ynunuldwh wjuquithg Hy =214

Bnn  YEunpntwlut  wnpwdpuphg hbnniy JEtuwqubqdwsh dpdwt  dwdwbwlwdhongp
1hth' 7, =3 dwd, hul dpuwb junpnjuliuwowph wpudwghdp’ d =150 Ud: Uju wdjujiiph nhypnd wnuwh
wpuunpnyuiuwinieniip b jiiuwquitgush hnuwiph wpugnipmiip junpndunud hwdwyuwnwujpwwpwp
1huku'

0=841%d=0,023 4], Vy=L3UA:

nnuuljuwowpp whwp L wbknugpdh pwgopju gudp hktwpwubph Jpw, nttbbtw dhwywnwn
phpnipnit b (hth obpdwdbyniuwgdws nt jurnigqués wjuuwnhl ymphg: Ujn ygupdwbtiubpp ppynd Bu
htwpwynp pugwundubpp  hbpm  JEpugubnt b Eubpghugh  Ynpnuunp wduqugnyith hwugubn
ujuununnidutpny:

Npnpklp Eukpghugh Ynpniunp® 4y, -, b yndyh (hukeht Byws hqnpnipmitp® N -p.

Lv 1000 1,3

h,=A—=—=0,02——" =115
d2g 0,15 2.9.81

N = pgQH =1000.9,81.0,023. 28,5 = 6430 Jwn= 6,43 Yyu, (H =Hy+ hW),
npuintn A -p ynduh qupqugpus apnidi k, A -t junnnywlyh othdwt nhiwnpnipjut gnpswljhgp:
H, O yqupudbwupbpny punpdnud k yndwh dwljuhop: Luth np yndyt wouwunnmd k wgptuhy dhpwduypnud, b
Unynn JEuuwquiquép (hnghtt qbps skt whun qubqdusubphg, wyw twpwywnymppiup wpdomd
dEuuyhtt mhyh wyndwht (IPL65/155-7.8/2):

Ghtumquigush dnnudhg hbnn punpnjulnid dbugws JEuuwquiquep wywhwnp b Jhpunupdut;
JEunpniwljut wnpwdpwp, npybuqh pugundh pupd JEuuwquiqwsh Ynpoiunp: Cun (6) pwbwdlh
hunnnjujupwph nuunupdwy dadwtmjudhengn Yihtp'

L 1000
Tl = =
2gHd 2.9,81.17.0.015
\/ AL \/ 0,02.1000

Ntwljinnphg opwjwt hwynn Gpuwiyniph Yntnwlnidhg jEhluwqugh mwupnnnipjut Uky wnwewgnn

htnmy quqwsh dwjwpnuljh pupdpugnudp Yihp*
~ 4,250 1000
CzD 1w

Mpbdt, unnnjuwluwowph qunwpnidhg htnn quqh nwpnnnipjut ke optjwt AH swhny whwp &
hotgut] Jhiuwmquugyush dwjupnulp’ hinnl jhumquiquép hupttwhnu tnwbwlny junnnduljwowpny pug
pnnubnt vhgngny: Lntuwljipnh JEtumquqh gnpdwpuh hbnnhnuh junnnujuowph vnwnhulju gupnudp
Juqumd £ H =26 d: Puth np dwupgpuyh hobgdw swhp kY Yupgny thnpp £ ununhuljui upnidhg,
wyw Supnidp Jupbih £ phunwpll] hwonwunmt b puduwpup &onnipjudp npnok] dwljuppuljh hotigdwt
dudwbwjulhongp'

250 .
Qzﬁdz M:0,785.0,152 MZO,OM Uy, T, = ~8065 Y=2d 15
4 AL, 0,02.1200 0,031
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Uunuwgymd Lk, jEuuwquiqush wbnuihnpdwi pnnp gnpénnmipinitttpp httwpwynp £ juwnwply
wphumnwbipuyht Ukl hippwihnjuh pupwugpnud:

METOJ TUAPABJIMYECKOI'O PACYETA CUCTEMbI TPAHCIIOPTUPOBKUN BUOMACCHI
Mapxkapsii A5, TeBoprsn A.A.
Epesanckuii cocyoapcmeennviii yHusepcumem apxumexmypul U CIpoumeibcmed

KaroueBblie ciioBa: Guomacca, Ouoras, HH(ICHT, 3pQIIeHT, PEaKTOpP, BPEMsI OTIOPOKHEHHS

AHHOTAIUA

Ha Ouora3oBbix 3aBojax €XEJIHEBHO B PEAKTOP MOAAETCS OMNpEAEICHHOE KOJIIMYECTBO CBEXEH OMOMacchl U
OJTHOBPEMEHHO W3 HEro YAAJseTCs CTOJIBKO K€ OTpaOOTaHHOW Macchl. TpaHCIOPTUPOBKY OMOMAcCCHI B COOTCTBYIOIIHE
COOPYXCHUS TpEATaraercsi OCYLIECTBIATh TPYOONpPOBOMHBIM TpPAaHCIIOPTOM. IIpu TpaHCHOPTHPOBKE OMOMACCHI OJHHM
TpyOOIPOBOJIOM MPHUXOANUTCS NEPHOANIECKH OIIOPOXKHATH TPyOONpoBo . B 3aBrucuMocTr oT npoduis Tpaccsl TpyOonpoBoga
JUISL TPEX CITydaeB MOJTy4eHbI (POPMYIIBI ONIpeaeIeH sl BpEMEHH OMOPO)KHEHUSI.

Hns JlycakepTckoro OHOTA30BOTO 3aBOja IIPEUIATACTCS CXEMa THAPABIMYECKOM CHCTEMBI TPAaHCIIOPTHPOBKU
OroMacchl U onpezeneHbl 3HaYeHHsT OCHOBHBIX (PM3HYECKUX BEIUYHUH.

THE METOD OF HYDRAULIC CALCULATION OF BIOMASS TRANSPORTAITON

A.Ya. Margaryan, A.A. Gevorgyan

Yerevan State University of Architecture and Construction

Keywords: biomass, biogas, entrance substance (content), exit substance (content), reactor, emptying time.

SUMMARY

In the biogas plants some quantity of fresh biomass is filled in the reactor once or twice at the same time and the
same quantity of fermented substance is drawn out from the reactor. It is suggested to accomplish the filled and removed
movement to the corresponding structure by the pipe transportation. While removing the biomass by one pipe it is important
to empty the pipe. Depending on the side form view of pipe for the three cases, decision formulas of emptying period is
acquired.

A scheme of hydraulic system of biogas movement is chosen for Lusakert Biogas Plant and the basic adequate
physical sizes are determined.
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mNNGUUNPU 2ZMYUYLRPYUYUL £0PLPh UNULRUSUUL SN NCNTNhUL

U.N. Zuynpjui
Eplwih dwpunupuybnnipul b phiupupnipul wyhnwlul huduwyuwpub

Pwittwjh punbkp. junnnyuy, bhppuwyihuwljwt prhsp, Gip, hwdwnis junpnipnit, ny dupniduyhl b Luonidwgh
owipdnid

Znpywénid phinuplpynid F pliphwhnu gpunnwpnid pupduwi prunp (ns dapniduypl b &apniduyply) nkdhup
wnwowgdwl Eplnt pkwyp ' w) pinpnyuwlwowph uinnphl Suypnid wwhwwin/nid Fhuunuwinnt i ghuhwp oo
gipunlwupig npymd kb gpuipuaghnt iphg hnpp quinuquil kipkp, p) fangnijwiupwpng poguplyng Epp
wwhwywin/nid Fhuunwwnnt i, puly dpw uinnphl Suypnid ghdhwpn thnihnpn/nid Fuplsh hwuwnunni b daonidp:
Munidluuppyng pbwypbph hudwp npynod Fhpppughliulul poisph nkuwlh b wnupwgdl nknh npnodwl
bnwhwl: Zuunwwnni i ghdhwuph plypnid hhgpui il popsph nwknh hkpun/npnipiniip unpnywlh vinnpha
Suyphg jupunjud b dpuyh pnpuplyng kiphg, pby npnid” kph dkdwgnidt nipkigynud Epnfsph nky)
wlknuihnfunipyudp pkwh pangngulh g praduap:
Pnnuplyng Ejpp hwuwnunnni b wwhbiny b pingnyjuwlupwph ainnphl Sugpnid wumpdwbwpup phdhwpp
Ukdwghlyny ' hnuwlph pupdnidp unpnyulwowph nne Eplupniprul ypw h Jbpen ns dapniduyhipg Jepudynid
E dipniduyhih, b pinpnyulh uinnphl Suypnid hwuwnunnynid Funbjgnijughl &aonid: Unyyln JEpyniénrent il nilh
Juiplnp gnpstwlwl fpwihwlnipin b, vwubun/npug by, fudbng oph opunnwpibpp hwdugpp byunwlng
oquuugnpstynt nkuypnid: Mipkdl, Fabpgbnplulul dyunwlh hudwp Juplip FSwnugbghly fadbin oph
opunnuplbph uylh nknudwakpp, npnagnid gpudunnwupupdwi hwsyuyhl Ejph pngupiuwi nkuypnid
wnknh Fniakinid ny Saponiduyghi pwpdnid

Lintuwghtt wnbnuupnid huptwhnu  gpwwnwpubph quiuquit wbpudwubptt nbbind Bt nuignudhg
hwppnipjut ke wwppkp phpnipmititp: npnjulh wpwdwghédp unynpwpwp punpymd £ hwoduyhtt Gpp
Supnidwyhtt nhdhuny pnnupybint wuydwihg: Gpt opwwnwph nne Epfupnipyub Jpu unpnduljh mpudwghédp
unyub E, wyw opwunwph guwdwuhtt dnnn hwnqusubpnid junnndujh dbs phpnipjut nbnudwund jupnn k
wnwewlw] owpddwl fuwep nhdhd: Zhppuyhjuuwt wyy nkdhuhtt punpny E whgnud pwpddwb ny Lupnidwghu
Jhdwljhg dupniduyhtih:

NMupgtup, pk pnpnulnud np wuydwith ghypnid £ wnwewinid htnniljh pwpddwt jpwnp nkdhd: Ljwp 1-

H]
nud yunltpqusd £ b= 4 phpnipiniu niukgnn junnnduijh hwngws, npht A wjwuquithg jud gpwigphg nipynud
bkt quiuwquit Eptp: Ujthwyun £, npuytugh ungnuljnud hinnijh pwpdnudu pipwiw Lupnidwghtt nkdhuny, wuyw

g uwdwuhg yhwp E nw) tJuqugnyh 0. Ep, nph dkdnipjniup Yihuh'

0, =K\i,. (1)

npuntn K -t unpnulh ponnibwlnipyniit b
Bpp qiluwdwuhg npdnn Epp' O 2 0., wyuw punnnyulnid pwpdnudp fupnidwght &, huy pp O <0, ,

wyuw unnnulh nne L pjupnipjut ypw pupdnidp Yihtth ns upnidughty, kpt junnnywh uinnpht sugpnid sjw
nhuhwpnn Junnigusp: dbpphthu wnjumpjut wwpuqunmd junnnjuyjh unnpht Suypnid wnwewnid k
wykgnijuyht 4, £upnid, nph wuwindwnny junpnywlh uinnphtt wknudwunid gnyutinid  £upniduyghl pupdnud:
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Cwupddwt ny dupnidughtt nidhithg duoniduyhtih wigdwt Epbnypp tdwt b pug hntubkpnid wpwywgnn
hhnpuihjulub prhsph tplinypht [1]: Ljunkup dhuyh, np wyu ghypnud unnnyuyh fupdusph tuly thubin
wwwndwnny junpnipinibubphg Ukdp hwuwnwwnnit £ b hwjwuwp £
D D D

h = = = .
' cosa \/l—sinza \/1—1'3

(1

unnnjuynid wnwewgnn hhnpuyhjuljut
prhspn pug hntunid wnwewgnn hhnpuih-

Julwt prhsphg mupplpynid k twl tpwtng, np ====F

wyu phypnid Yepwtnud £ ubnuyws junpnipjut A e 70

gqunuthwupp: bujuybu, ns upnidughtt pupddwi o

nbnuuiwunid wquun dwljtplinyph Ynpp b \ H,
dwubwghinwlut gpujuinipniunid [2] hwynuh Hy
b, whuh Ynp t: unnmjulh qkpht onipph Ypw AN | [P
wnwowunid £ Yphnhjulju junpnipnd, huly AN it
ouinduwt ninnnipjudp junpntpmiit ; ) ks

wunhfwbupup wwugnud £ b wuhdupinninhlnpki
dquunid k tinpuwy funpnipjuiip: Lwith np
hunnnjuynid pupdnidp wnknh Enitbbind tnpduy
lunpnipjnihg Uks unpnipjudp, wyw Yupgusph Ulj. 1. @pudhinmighnt gpuunwph gdwugunnljpp
Uhohtt mbuwjupup tukpghwi pun gwbwwywuphh

wdnud b Gph npuytiu ubnUjws junpnipinit pugniigh inpdw) junpmipiniun 3] (hwjuwuwpuswt pupddwt junpnt-
pintup), wyu Eph b phuhwph pipuwpwbynip dkdnipyut nhypnid prhspp Yihtth hinwgqws, puth np prhsph
uljqptwjutl junpnipiniup pninp phypbpnud ks | unpdw) junpnipinithg: Ujuyhuny, thul] hniinid wnwgwignn
hhnpuyhjuljui prhspp hinwgdws L, prhsph funpnipniuautphg Ukdp hwunwnnit k, huly djnrup npnoynid
npybu npu hwdwnisnp [4]:

Ujdd ubpyuyugibip juungph jmsdwb pipwugpp: Onn gjuwdwuhg wuipdnn Gpp (hth Q) < Ox: Lwth np
hunnndujh ulqpiwdwup thpjuyugunid k thwll jupdusph
wpwquwhnu, wyw wyn nbpuiowund wquu dwlbpbnygph
ynpp, hswybu bpykg Ykpbnd, Yihuh b, whwh wiluwb Ynp,
nnh ulqpiwutt junpnipinitp dnunph jupduspmd Yihuth
hwjuwuwp @, bHpht hwdwywunwupwbing  Yphnpjulub
hunpnipjutip [2]:  Yphunhjujwt unpnipmitp npnond Gup
hwjnuh wntgnipnihg

aQl 4
g B
npnkn 4 B, hwlwyuwunuwuppwbwpup  Yeugubh

Yupdusph dwljipbut mt dwlbkplngph Jpu jupgwsph
Juytnieyniit B (LY. 2.) VY. 2. lunnnquljh juyttwljwi Yunpdusp

Zhnnijh hnuwtph Yhungwuh Yupguwsph dwlbtpbup
(Uy. 2) hwjwuwp £

, 2)

A=0,5R?*(B—sin p), 3)
pug npnud, kpp 0< <7 b 7 < B <27 dhpwuypbph hwdwp A — b hwdwyuwnwupwbwpwp hwfuuwp

, W f=2mr—2arccos

[ = 2arccos

(4)
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A=f (h) Inruljghwuls Uhowluyptph hwdwp pugniunud k htnlyuw) nbkupbtpp’

A=R 2 arccos

—(R=h)WhQ2R-h), (5)

h—R

)= (R = hWh(2R - h): (6)
Gkunuuh Yunpdusph dujkptnyph juyunipmiup Epynt dhpwluwypnh hwdwp Yhuh®
B=2,h(2R-h): )
(2) hwjuwuwpiwb dwh vwup hwunwnnth dEdnippnit E, hul) wop® Yupqud k4 -hg: Rwih np hwjwuwpnidp
npwbugkiinkin £, wyw Yphinhuywb pinpnipinibp’ 4, -p, npnoynid hinpudwb bnpubalyng®

A=R? (7 —arccos

aQ’
(h)="2-+y 4 ®

pwtwdlny, npnbkn y-p YEuguwuh Yupdusdph dwlbtpbuh sdwipnipjubt jhuwnpnuh hEpwdnpnipniit B wqun
Uwybtplinyphg [5].

4Rsin3’§
-2 g, 9
Y738 =sinB) )
nug npnud, 0< 4 <7 dhpwluyph hwdwp
2h(2R - h)\Jh(2R - 1) R 10)

y =
S(RZ arccos R

" _(R_p) h(zR_h)j
buly 7 < B <27 dhpwluyph hwdwp®
2h(2R—h)\[h(2R-h)

y=

3R2(ﬂ—arccosh;RJ—3(R—h)Jh(2R—h)

Zpnpuihuljut pohsph ubqpbwlwt /; junpm-

pmitp O tph nhwpnud npnyynud b prhsph pniliyghuyh
Unphg npwbku /4, junpmipjub hwdwms,  hlsyhu

hi +h—R: (11)

. wuwnlkpyws kvl 3-nud:
E" Pulplblp Uy l-nud wuwnbbpdud i, = const
hy I ptpnipnit niukgnn  gpuyhuniwughntt junpnulnid
0 IT (h) hhnpuyjpjujwut prhyph wnweowmgdwt wnknh npnodwb
Uly. 3. @nhsph $mitighwyh Ynpkpp ntupp, Epp guwdwuh wjuwquithg wpdmd Bu QO < Q,

quuwqub Epkp, hull junnndulh uwwnnphtt Suypnd
wuwhywbynid £ hwunwnnih 4, hpnid” ghithwp (LY. 1.):

Ulthwyin k, np unpnyuh winnpht swypnid wnlw 4, phihwph yungweny glluwdwuhg wpdnn O, Giph
poqupuut yupuguynud junnnduyh L, Epjupnipjut nkqudwunid swpdnudp Yihth dupnidughb, hul dbugus

Epljupnmipyut Ypw® ny Lupnudughtl (mqun dwkplnypny (p = p,,)):
UY. 1- hg kptinud £, np*
L:%+%1

| ; (12)

Iy
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npukn hIll -n Suponidughtl pwpddwt mbknudwuh Eukpghuyh Ynpniunt b Gpllup junnnduljubph phwpnd Lubkpghugh
ynpniunp puupup Lounipjudp jupkih Enpnot) Chighh hwynuh pmtwdunyg

L
hy, = 5,07 (Sl :K_lzj : (13)
Stnunptny (13)-p (12)-h Uy b npnpbny L, -p* junnwbwbp
h
L =—": (14)
O
0 K2

dhpohtt hwjwuwpnilhg htintnd E np ghihwph (4,) hwunwnnt dsnipyub gypnid hhppudihjuub
prpsph ntinh htpwynpnipynitp jungnijuyh winnpht Swyphg fupa]ws tdpdhwyt pnqwuplyynn kjphg:

futh np prhyph $nrtihghwh Yuhijws tEphg, wuym O, > Q) kph phupnud wyb wunnltpynud £ wy) Ynpny:
Uy.3-hg tpuinud k, np O, kiph hwdwip /2, junpnipjut hwdwnis junpnipynibip’ 4, -p Uks £, pwtt O, -htip: Ujuwhuny,
Eph dkdwgnidt mnklhgymd £ pnhsph ujqpuwut junpmipjut dkdwgnidny, hbnbwpwp, prhsph wnwewmgdwt
wnbknn nknuthnpnd £ nbuh pnnnyjuljh gowdwuon:

Bpt (12) hwjuwuwpdwh Uk wknugptip L, = L, junwbwip wi Q, tjuqugnyt Giph dkdnipiniup, nph
pnnupliut nhypnid junnnuljh nne Epjupnipjut ypu pupdnidp qpununud E Lupnidught’

0. :K\/io—hf":\/ZO/—KilO:K\/Z: (15)

Ljwwnklp, np O,kph poqupllwt phypnid dwqupugnugiuwt ywwndwnny punpnjujh  dninpnid
wnwowlnid £ onh ukpddnid: Lkpssywd onp ponhljutinh Aund mwpynid k oph hnuwtph Ynnuhg: Unyt Eplnyphg
hnuwthtne b guwdwup wjuquimd A, pupdpnipjub gph dwuppul hwunwnbint hwdwp yhnp k

gpunwpny pnnuiplyynn kiph dkdnipynip thup’

H,—h
R 1o

Ujdd putupyttp Yhpwowlwh pbwp, tpp qluwdwuhg npynid £ hwunwnnmt Gpt 0< Q0 <Q,, huly
lunnndulh uwwnnphtt dwypnd Lonudp thnthnjuynud | wybybu, np bpth wjwquimd wewewbw 9ph H,
pupdpnipjudp duljuppul:

Gupwnpkup, np judbnt oph jud nenquwb gpunnwph Ubké phpnipnit niukgnny mbknudwuh junnnduynid
wnbknh E mubktinud ny upnidwghtt owpdnid: Upn nhypmid junnnduynid hinnijh pgwpdndt wpwqugnn t, nph
wuwwndwnny htnnijh hnuwiph junpnipniup pun junpndujh tpjupnipjut dntinnnt tugnud £ b wehdwywnnunnpka
dqunid E hwjuwuwpuwswih pupddwb junpnipjuip: Zknniyh hnuwuph tubpghugh dbs dwup swhuudnud kothdwt
phuwnpnipniup hwppwhwpbnt ypu:  Zwuwbugh E np junnnduih duypnud wydbjgniuyght dugnudp qpn £, huly
hnuwtph tukpghuyh dtwgus dwut b hwyn | quihu Yhtuknhy tukpghwgh dund:

Gpt unnnywlyh vinnpht Suypnid uinkndyh withpudkown nhihwp (winnphtt wjwquimid gph 7 funpnipnib),
wjigbu np Gph Ubdmipimibp sthnpdh b quwdwuh wwquinud ophp dwiwppulp pwpdpuwbw dhigh A,
pwpdpnipinil, wwyw punnnuljh nne Epupnipyut ypu jhwunwngh fugnidughtt pupdnud: Upny yupugquynid
lunnnyulh uinnpht Suypnid gnjuigny /2, updwt Ukdnipynitip npnoynid k (16) pwtwdlihg®

L
hozHo_SQoz; (SZPJ: (17)

37 SENEYULrr 2/2013



LruspL U0UU9U reEr
Ujuwhuny, wewbg @, Gph thnhnjunipjul, ¢ph hnuwbph swpdnudp ny gupnidughthg £upnidught
nupdubny, funnnduih uwnnphtt Suypnid hwunwndnud £/, Suonud: Zknbwpwp oph hnuwbpp dknp b phpnid

hqnpnipjnil, nph dkdnipiniun Yihh'
N=pgQh,: (18)
Unyb {bpmnusnipnitt nith  Jupbnp gopstwlut  wywbwlimpini, dwutwynpuuybu, pudbknt oph
opuwnwnputpp hwdwihp' opudwnuljupupdui b Eukpgbnhjujut tyuunwljutpnyg oqunugnpstint jpunpnid [6]:
Zhwnbwpwp, tubpghnplujwt tywnwlubpn Yupbh b dwougkgul) fadbne oph opuwuwpubtph wyh
nbknudwubpp, npnugnid opudwnwljupupdwi Eph ponqupluui nhypnid mbnh nith ns £ugnidwght puapdnid:

OINPEJAEJEHUE MECTA I'HIPABJIMYECKOI'O ITIPBI’KKA B TPYBOITPOBO/E
Axonsa M.II.
Epesanckuil cocyoapcmeennviil yHUusepcumem apxumexmypul U CIpOumeibcmed

KnroueBble cjioBa: TpyOOIpOBOJ, THAPaBIMYECKHH IPBDKOK, PacXoll, CONpsDKEHHas IIyOWHA, HAlOpHOE U Oe3HAlopHOe
JIBYDKCHUS

AHHOTAIIUA

B craree oOcyxknarorTcsi nBa ciydas IiepexoJa OE3HANOpHOTO pEeKMMa JBW)KEHHS B HAlOPHOM CaMOTEYHOM
TpyOoInpoBozie: a) MOANOp Ha HIDKHEM KOHIE TPyOOINpOBOAA IOJIEPKHMBACTCS ITOCTOSHHBIM, PACXOJ HM3MEHSAETCS JI0 €ro
TPaBUTAIMOHHOTO 3HAYEHH, 0) PacXo]] OCTAeTCs MOCTOSHHBIM, a MOJMOp Ha HIDKHEM KOHIIE MEHSETCS JI0 €r0 CTaTHYECKOTO
3HaveHus. [l paccMaTpUBaeMbIX CIy4aeB HPUBOAMTCS METOJ ONpE/IENICHHs TUIIa U MECTa BOSHUKHOBEHHS TUIPABIMYECKOTO
MPBDKKA.

[Ipy MOCTOSTHHOM ITOAIIOpE MECTO BO3HUKHOBEHHS I'MPABINYECKOTO MPBIKKA 3aBUCHUT TOJIBKO OT PACX0Ja, IIPU 3TOM,
C YBEIMYEHHEM pPAacxoj/la, OHO MEepEeMEIIaeTcsi B CTOPOHY BEPXHEro KoHIa TpyOompoBona. IIpu mocTosHHOM pacxoje, ¢
MIOCTETICHHBIM YBEJIIMYEHHUEM TIOJIIOpa, 10 BCeil [IMHe TpyOonpoBoia Oe3HANOpHOE ABMIKEHHE, B pe3ysbTare, MepexoIuT B
HaropHOE ¥, Ha HIKHEM KOHIIE TPyOONpOBOJa BO3HHKAET M30BITOYHBIA HAmop. DTOT aHAIN3 UMEET 0C000€ MPAKTHIECKOe
3Ha4Y€HNE, B YACTHOCTH, NIPH UCIIOJIL30BAaHHH BOJIOBOIOB MMUTHEBOH BOJBI JUIsl KOMIUIEKCHBIX LieNei. B sHepreTudeckux nensx,
MOYKHO UCIIOJIb30BaTh TOJBKO T€ YYAaCTKH BOJAOBOJIA MUTHEBOI BOJIBI, /1€ PEXKUM JBHKCHUS OC3HAIOPHBIN.

DEFINITION OF THE HYDRAULIC JUMP PLACE IN THE PIPELINE
M.P. Hakobyan
Yerevan State University of Architecture and Construction

Keywords: pipeline, hydraulic jump, expense, interfaced depth, pressure head and free-flow movements

SUMMARY

Two cases of transition of a free-flow mode of movement in pressure head in the self-flowing pipeline are discussed:
a) backwater on the bottom end of the pipeline is supported to constants, the expense changes to its gravitational value; b) the
expense remains constant, and a backwater on the bottom end changes to its static value. For considered cases the method of
definition of type and the place of emergence of hydraulic jump are given.

At constant backwater the place of emergence of hydraulic jump depends only on expense, thus with an increase in
expense this place moves towards the top of the pipeline. At a constant expense, with gradual increase of backwater on all
length of the pipeline free-flow movement, as a result passes in pressure head and on the bottom end of the pipeline there is an
excess pressure. This analysis has special practical value, in particular, when using conduits of drinking water for the complex
purposes. On the power purposes, it is recommended to use those sites of drinking water conduit, where the movement mode is
free-flow.
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287 625.745.2
NhLEULPRUSPUSP UTESNPE3NPULE GLEYUL RUNULDP 'USPL GUNRLIULELP 4T
9.5, Yupuybunyui, B.E. Uhunljjub, 9.2.Uwupquyui

Cplwih SwpunmupuyEnnipub b phliupupnipul whnwlwl huduyuwpab
b.d. Eppuqupnyh wihy. opughl Aplwmhwupgbph b hAhgpnunkfuahluyh hhuwnpunnin

Puwbunh pwnbp. nippwihqughw, ¢pwwwp, wnpmnip, ghwp Gp, ubpunwpbliut puppund, epudwwnw-
Jupupnid, opwhbnwugnid, opuyyuhwte

Znpywénid bEphuyuigywé ki npnguwl byyunnw§abpny Gplwl punuph nnupwdpny hnunn Zpugnui
i @l glainkphg finonp opuwiigpikpny opunh hkwnlnulpny glnkph opuyhll nkdhdh thnihnfunipinibikph,
pliswlu bwl punuphg gonipu quin/ng wunpmipbbphg' pdbnt-fEGgunuyhl b wppniwpbpulwi
opwdmunmwupupdwl hyunnwbhkpny onip pkpkynt b oqunuugnpénilhg hkwnn
Zpuwqpuil gln punhling niunidiwuppniyantbakph wpyniGpakpp:

FPuguhuyuyly F np bpyws qglnkph plnulpul gpuyhl nkdhudp gquyp swhny puahnngky Fdwpnn
nhnbuwlwi gnpénrbbnyppul hlnlhwbpny: Can npnud” uyn thnihnfunipnibbkph hpdinulul dwup
pwdhi F pblanid nnwupyu wiyppy-hnihu wdhubbphi:

Zpuwgnul glunnid uyn hnihnfunieiniabkpp hwubnid ki 26 %-h, hul) Qhunwun glnnad” 54 %—h:

FLPuquunlju dwdwlu§uppowlp hundwp Zpugnul glnp dhopll Eplph wipdbphkpp thnihnpuinijeyui
phiwdhlul wpunwhuyunng wpkimh ¢skpp gniyjg &l nuypu, np dhislh 1960-wlwi pre.-p ulhqpi uyl inpnily
GEpyny jmglky L pull npuibihg hlnn Jinugly Fhwdwpyu Gngbp b Gnyybhul npnp suihny uljuly Fwdky:

Mppwthqughwih Jupbnp wpwbdtwhwwnlnipnitibphg b hbnbwbputphg dkht t phwlsnipjut
Jhugunuyjhtt yuhwbeubpp b mtnbuwub uphpubpp pudupupbint hwdwp ny Ukd mupwsph ypu hwphwb
wjuquutbkphg qquh pwbtwlh oph pungpynudp: Fudwuwluljhg punupubptt hpkug wpynmibwpkpuljui b
nunbuwlub opjljnnutinh htin dhwuhtt swn hwguwh sk jupnnuinid swslk) hpkug opuyquhwiiop mbknuljut
opwjhtt nhunipuubph hwoypht: Ujy hull quwnmdweny, spudwnwjupupdut hhdbwhwpgtpp msynud o s
htpwnpnipiniittphg qquih pwtwlh optiph mknuthnpdw hwydhte

Mppwuhqugws pwnupubpp unynpuwpwp opuyhtt phuniputkph tjuundudp swwn qquynit Lo’
Juwyuwd hwdbdwwnwpwp ny junpnp tmuwpwsputipnid gpuyyuwhwigh ks Ynugkinnpughuyh htwn:

Gplwt punuph opudwunuwlupupdwt  hwdwp puquuphy opunpmipubphg nbn Junnig ¢mip k
pipynud hywbu Zpwqnui ginph wjwquihg, wjiybu b tpw hwplwt Lwuwfuh, Uquunh, Ubkswdnph
onhujup wjuquiikphg b Upwpunjut yusnh wpnkqut hnpkphg:

Gplwtp wppjuwuphh wytt uvwluuphy pwnupubphg L nph fudbne-fhugunuyghtt tyyunwlubpt
wwywhnybknt hwdwp oqunnugnpéynid Et dhwyt uinnpbpypju npuljju) wnpmnipttiph opbpn:

Uwluyt twpajhtintd® mwphubp pwpnitil]’ npybu judbne oph dhwly wnpnip, dwnuyty E punupny
wlgunn Gbwnwn (Uppnyur) ghnp: Uhuyt 1911 p. Bplwt punuph vwhdwbibphg gnipu mbnupwopudus
Luwnwuntt (Whpjuynudu Yuwptwnpmnup) wypmnupubph opkpp Juypluinwd 23 (hup putwlnipjudp poigk 150-
250 Ud npudwgsh funpnuljutpny hwugdtghtt duypupunup:

1950 1 1960-wjwuikphtt Ukhp dniuph htnlihg pupp dnnwt inp gpunwptibp, npnup uljubkghtt punup
hwugut] hwpwlhg wwpwsputiph wnpmipubtph opkpp:

1966-1969 pp. tpiynt opuwnwpubtpny, Uwuhuh oppwth Ywuwniwn 18hg 1200 U junnnjuljutpny unwnn
2100 14 ¢nip hwugytg Gphwuh hwpwyuyhl opowit’ dhwyh wppnitwpkpuljut tyuwnwlubpny oqgunugnpstnt
hwdwp:
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1980-wju pp. wpnkt duypupwnupht onip kp phpynud 11 fungnp gpunpnipubphg. Ywphwnpniph
opwnpniphg' 2800 1/ hqnpnipjudp, Gunuphh' 1450 Uwwpwih' 1150 Upquph' 935 Upquiwuh' 800, Tnp-
Cnph' 600 @yniunioh’ 470 htywbu bwb Upwpuwwyuh wpnkqub anppwght hnpphg™ 5500...6000 1/4 b wyt:

1991 pYwwuhg punwuph opwdwwnwlwpupdwi hwdwp nipe puunhp nuwpdwt LEjunpwkutpghwh
wyuppbhpulwb putugnidubpp:

Zupyh wntbng wjt hwiqudwupp, np opunpmniputph dh dwup (Upwpuwywb, Snp-Cnp, Gunuh b
uy ) gnipp pwnup E wnpynud ks pubtwlh EEynpwkibpghw oqunugnpénn wndwybph vhongny, huyybu twl
dwypupunuph wpynitbwpkpuljut junonp dknbwpmipiniuibnh gnpéniubnipjutt nunwupbkgnidp, tkpjuynidu
Bplwt punup dhohtt hwoyny mipynud £ dnwn 9...10 U3/ pwtmljh onip, pln npnid” ddnwitih wyt hoinid k Uhtish
8 W3/-h:

Uhwdwdwtwly hwply k wk), np wyy pwbwlh onipp pudupup Yihubp tnyhul) Gplwthg Uh putth
wiqud kS punupubph opudwnwljupupduwt hudwp, vwjuyi hwpldh wntbny duypupunuph opudwnu-
Jupupdwt hwdwlupgbph htsybu ubppht, wjbybu £ wpnwpht guugkphg onh hujwjuljwb Ynpniunttpp
(Gplhwt punuph hwdwp judbni-fEuigunuyhtt b wpynitwpbpujut tyywnwlubkpny opunpmniputphg Ytpgynn
nunhwunip opupwwljh 82...84 %-n Ynpsnid £)' punuph dh owipp oppwtinbp uyywuwplynid i judbint opnyg
opJw Uhuyt npnowljh dwdbpht:

bus Jipwpbpnud b judbni-YEugunuyhtt b wpynitwpbpujut tywwnwlubkpny oph oqunugqnpénidhg
htuin wnwowgws Yhnuwepkpht, www 1972 p. swhwgnpédwt hwdibg dwjpupunuph Ynniquepkphp
«Ulkpughuw» duppdwt Juyutp, opuljuts 600 hwg. ® pnpnitwlnipjudp, nphg hnn dwppus onipp puthynid
L Zpuqnuth dke:

Uwuytt wynkbn ubpuyniudu YEnunwepkph pudupup wunhduih dwppnid sh junwpdnud dh pwpp
Junnigdusputinh dwpdusnipjut b pupphg nnipu quunt, hsyku twb nkjpthjuljwt hugkgdusnipyui gusp
dmjuppuljh hbnbwipny: Gujuinid hpujwiwgynid t dhuyt Jbjuwmthjulwb, wyt ) dwubwlh dwppnid:
Upyniipnid. hujuyujut pwtwyh sdywppduws Yhnunwepkpp pwthymd ki Zpwuqnuit ghw, nph uwnnppl
hnuwtpubpnid  wbnh  puwfhsubpp unhyywéd wyn wnunndws onipt oquuugnpdmid L hphig
puipwpupnunwtuyght wyghubpp nongbnt tyywnulngy:

Mpputhqugwsd nmwpwsph hhnpninghwjwt wnwudtwhwnlmpniutphg dkhju § hwinhuwind k
unp wbnpnungbb (winppudnutph vnbndnidp punupuwghtt Juenygubpny dbuhnpws b unp unbnddus
opuyhtt opjijinutipny* dkpdpunupuyhtt hwdwhputphtt b hwiqunju gninhubpht gqnigpipwg:

Mppwuhqughuyh htwn juwquws' jwiunpudpunuwghtt hnthnjunipnitiibpt hpktg wpunwgnnudt u
guunid  wnpweohtt  htpphtt  hhgpngpubphwlwmit  guigh Juonigdusph dhp: Qquh  wwpwdpubph
Jurniguuyuwwnnidp, ghnbph hntukph jubwhqugnidp, opunh wybjugnidp, (Lwuljutph swsynudp jud unpkph
unbnénudp, whhdubph snpugnudp hwtgbhgunmd Bu dwltpbnipughtt b uwninpbEpypu optph dhob ptwljuit
Juuyh fpwpundwnp:

Bplwt punuph nupwspnid vhty wydd Junnigyby b jungnp gpmtigplitp, npnup ks puwtiwljh onip L
Jtpgunud dwypupunuph ghnwghtt quighg: Ujuwbu, ophtiwl, Zpugnui ghwnhg Ybpgynid tu Upwnwowwnp,
dbtpht b Uninpht Zpuqnuh, Eodhwstuh, Lnpph, Quppwijuh, Uppwnh b wy) 9puugputpny, npnup qquih swhny
huwpuinnud B glinh puwljuin nkdhup:

Zpugqnuit ghinph Jpu 1970 p. Junnigdl) b 4,8 Ui U3 dSwduy niubkgnn Gphwiywt gpwdpuipp, npp
Jupquynply k ginh hnupp' dhwdwdwiwl) fiwpunting ghnh phwljwi nkdhudp b wyji:

Ul 1-nuid wuwunlbipjws E Bplwt punuph opuwdwunwluwpupdwl, opwhbnwgdwl, opwnubph b
hhnpnbEjnpuuyutubph hwdwlunpgbph vjubdw:

Bphwuh pwnuph nmwpwspnid tkpjuynudu jphun YEpynd pwpnduws bu twb Zpuqpuih Juuyukp
Qhunwn b Qpybd ghnbph ptwlwb hnttubpp' ppuig kS dwuh hniip punuph mwpwspnid wphbunwjub
nupdubnt hbnbwupny: Pugh wyny, Ghwnwnh twpjuyht phujwui hmbp yEpht huwbpubpnid dudwbwlht
wmbnuihnjul] kb nhwh Zpugnub ghwnp' punupp ubjwduyhtt hnupbphg yuonwwknt tyunulny: Gy ek
dudwbwlhtt wyt hnumd kp pug hntiing, wyw ukpuynidu nignnpydws £ ghyh Zpugqpui® hhdbwlwinod

thul YniEnnputph diny:
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UnhbGgh

Twpuwunpmph

URUPLIUY bpbwiltil

CITTN TR

UuL bl
UbREUSH

“Ubipghli
U i | epuisap

CLLGUYb R ’

U pqupush-
AL UGTRI

Ul. 1. Bplwt punuph gpuwwnupubph b 9puigptitiph ujukdwi

Ul. 2-nud phpdus ki Fhnwn-Udut hhppninghwljub ghunwlbtunnud oph Epiph hhgpngpudubpp ghnh
phwut yuydwbbpnud (1950p.) b tpw hnitimd thnthnpunipiniubp junwpbinig htwnn (1962 p.) [2]:

bPusywhu tpund E ul. 2-hg b wy. 1-hg, qquih thnhnjunipjut b Bupuplyl)] wyny ghnbph hnuph
ubpnupkluwt pushunidp, hwnljuybu quptwbughtt ukgnunid:

ten G/

M N m
Vi Vi IX X X Xl

wdhuGbn

Ul. 2. @hwnwn-Ujwuh hhnpngpudubtpn 1950 p.(1) b 1962 . (2)

Ujuyty, tpt wyphi-hntuthu wdhubtbpht phuuwb yupdwbibipnud Shnwunn] wiginud Ep mupkljut
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hnuph 30,1 %-p, hull Zpwqpuinyg' 55,7 %-p, wyw fppuig ptwlut opuyhtt nkdhth puwpunygbnig htwun
wnwplljub hnuph dkénipmiuutpp juqunid Eb hwdwyuwunwupuwbwpwn® 53,6 % b 25,7 % [3]:

Unniuw] 1
Znuph ukpnuptjuwh puojunidp Zpugnui b FEwnwun ghnbpnd, %

Udhutkp Suiph,

1 | o | m | v [ v | vi[vo]|vim|] x [ x | x [ xu en|
Zpugqnub-Uwuhu (puwfuib, 1930 p.)

56 | 57 | 59 | 298 | 167 | 92 | 33 | 24 [ 29 [ 51 | 63 | 71 | 171
Zpugnut-Uwupu (uwundws, 2010 .)

99 | 104 | 1101 | 146 | 61 | 50 | 52 | 54 | 66 | 73 | 85 | 99 | 184
Qbwnun-Udui (piwlwi, 1950 p.)

112 | 107 | 142 | 148 | 135 [ 18 | 1.8 | 17 | 19 | 108 | 96 | 80 | 0076
Qhwnun-Udub (hupnngws, 1962p.)

01 | o1 | 19 | 129 [ 101 | 306 | 76 | 63 | 72 [ 142 | 83 | 07 [ 0076

Qtwnbtph dhohtt nwupkjut wpdtpubtpp tnyuwybu hujuyulw hinthnpnipyut B Bipupydt) Zpugpui-
Uwuhunid uyt fuquby £ +7,6 W3A], hul] Shnun-Udubnud® -13,3 U3/A]:

Bplnt ghnbpnd  wwppbp  wpwbttpng hnuph thnthnpjunippoibtbpp guypdwbwnpdus o wg
hwiqudwpny, np @Ewnwnh opkpp 60-wwt pyulwiutphg unp hniung phyh Zpuqpui ghn nuynnpybne
htwnlwtpny tpw Hpp thnppugky k, hulj Zpugnui-Uwiuhu ghnwujnnid hrwunwgh swthyws bpkpt wkjugly
Ei' tpw vwhdwlbibphg nnipu mknupwohidws jungnp wnpmipttph optpp ntwyh punup dwwnwlwpupbng,
hul] npuig oqguugnpénithg htwnn b Gphwb punuph dwppdw Juywihg Ynunueptpp tpw dbe puthbint
htunlwtpny:

Tpubt wybkjwugl] o bwb 1980 p. Gplwuh dbnpnynihnbih Jupmgnidhg hbnn  wnwowugwsd
unnpbpypu opkpp, npnup tnyuybu JEbnpnbwugdus duny uninpghniyw Ynjknnpny puthynud o Zpuqput
ghw:

Zpuqpuu gbhwnph hnuph pbdhdh Jpu  dwpgnt wtnbuwlwb  gqopdniubnipyut wqpkigmipiniup
guiwhunbnt tyuunulny Juunwupdl] kb puqiudju dudwtujuopowiinid tpw thnthnpunipjut nrtuntdiu-
uhpnipnittp: Unwgdws hnuph wpkungh 2-pn gsh wpgniuputpp gnyg Eu wwhu, np Zpugnuin ginh dhohtt
nwpkljut hwunwgh Bptpp Jipeht 3-4 nmwutwdjuljubpnid hwdwpju skt thnpuydl), b wyy Ejpkph wpdtputpnp
Jupbh E jutjowntul] dnnuju wwphubph hwdwp® vnugué gdughtt hwjuuwpdwt dhongny (ly.3), (1988-
2003 pp. nhnwltwnp sh gnpshy):

70,0 4

y =0,1636x - 305,63
R? =0,1836

60,0 {
50,0 {
40,0
30,0 4
20,0 4 N MY' a .V!

10,0 4

iLep, 0

0,0
1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990

wmwphGbp

UY. 3. Zpuqnui-Uwuhu ghinnuljinh vhoht tmuptlijwh Ejpbph thnthnlun pjub ghtiwdhlub

zun k by, np dhigh 1962 pywljwip Ubhwbw 1&h opbpp hhdtwwinud oqgunugnpéynid Eh Eukpgbunply
tywwnwlutkpny, high yuwndwnny oph Lipkph wipkunh 1-ht ghst wunhdwbwpwp hoind k, hulj uljuws 1963

43 SE16TUP 2/2013



Lruspy 20U009U0reer

pYywluihg, btpp 22 Quwnwjupnipjut npnodwdp gnipp uljukghtt pug pnnubk; hhdbwjwind nongdwi
tywwnwlubpny, Jhuy wyn ukqnuhtt  poy; wupdkg & opkiptt oquimugnpst] twlb  hhnpnkubkpgblwnhl
tywwnwljutpny, b glnh nkdhup Jupquynpytg nt qupdwy hwdwpyu hwunwnniu:

Tput whunp £ wdbjpugul] twl wyji hwhqudwipp, np 1972 p. Bplwt punuph dwppdw Juyuip
sowhwgnpédwb hwtdubnig htnn punuph dwppjwsd Yhnuueptpp wykjugptghtt Zpugnuih Epp' gpuinyg
huly thnppugutiny gknhg unpnp gpuntikph wqntgnipymp [1]:

Un. 2 -nud pipdwsd bu Zpuqnuib ghnh dhohtt wduwlut Eptpp dhyh Gplwh dwppdwt juywithg
Ynunugptpp gnp puhbip b nputihg htann:

Unjniuwly 2
Zpuqnu-Gplwb b Zpuqnui-Uwuhu ghunwljtntph dhohtt wduwlwb Gpkpp, U3/
Udhubkp
I 1II III v \Y% VI VII VIII IX X XI XII Swph

Zpuqnuit - Gphwb

4,16 4,89 5,08 28,6 19,2 3,11 2,29 3,11 3,46 5,31 5,08 4,97 7,44

Zpuqnut - Uwuhu

17,7 18,6 21,4 50,8 40,6 23,4 17,8 20,4 27,6 21,4 18,1 19,7 24,8

busytu Eplnud E wnniuwyhg, hnuph dhohtt nupkjut wykjugnidp Zpugnui gbhwunwd, h hwphy
Bplwt punuph Jhugunuyht Jinunueptpp tpw dby Yunpniwgjws ding puthbini b uinnpbpypu opkpny
utdwl wykjugdwip, kdwgl) £ wdbjh pwt 3 wihqud, pig npnid’ wowbdhtt wdhutbphtt wyt hwutnd £ dhigh
24,14 W3/J-h, nphg Unwn 6...8 U*/-p* h hwphy punuph dwppdwl juyumith §Enwnwenkph:

BJIUAHUE YPBAHU3AIIMU HA BOAHBIE PECYPCBI 'OPOJA EPEBAHA

Kapanersin B.E., Mucaksin 93.9., Capkucsu B.O.
Epesanckuil 20cy0apcmeenvlil YHUSEPCUmMem apXumeKmypul U CIpOUumeibCmed
Hucmumym 600HbIX npobiem u cuopomexruxu um. akaoemuxa U. B. Ecuasaposa

KiaroueBbie cioBa: ypOaHu3anus, BOJIOCHAOXKCHHE, BOJOBOJ, POMHUK, BOIOOTBEICHUE, BOJIONOTPEOIICHHE, PacXoj,
BHYTPHUTOJIOBOE paCIIpe/ICIICHNE, OUNCTHAS CTAHIIHS

AHHOTALUSA

B pabote npuBeneHbl pe3yNbTaThl HCCICIOBaHHS BOJONOTPEOJICHUS U BoJopacpeiesiecHuss B ropojae Epesane, a
TaKoKe BETMYMHBI H3MEHEHHUS BOTHOTO PEXKUMa peK ero Tepputopud, Paznana u ['etapa.

CocraBieHa cxema pachnpesieieHuss KPYMHBIX POJHUKOB W BOJOBOJOB TMOJaud BOJABI JJS TIHTHEBOIO -
XO3SHCTBEHHOTO M ITPOMBIIUIEHHOTO BOIOCHA0KEHHS, PACIIOIIOKEHHOTO 32 IpeaenaMu ropoaa Epesana, a Takke KaHAJIOB,
BOMpAIONIMX BOAY M3 pekn PasjmaH, sl OpoLIeHHs MOACOOHBIX XO3SICTB M OTOPOJIOB. YCTaHOBJICHO, YTO B CBS3U C
BIMSIHUEM XO3SIMCTBEHHOH IEATENFHOCTH Ha BOJHBIH PEXUM PEK BEIMYHMHBI BHYTPUTOJOBOTO DACIPENCNICHHUS CHIIBHO
HapYUIWINCh, 0COOCHHO B BECEHHUI NIEPHOI.

Pe3ynbraThl MpOBENEHHBIX HMCCIENIOBAHUN AMHAMUKHA M3MEHEHHS MHOTOJIETHHX BEIWYMH T'OJJOBOTO CTOKA PEKH
Pazman moxa3zamm, 9o 3a 1963-1987rT. ero pexxuM moutu He n3MeHMICS. [lorydeHo Taxke NTHHEITHOe ypaBHEHHE, KOTOpoe
JIaeT BO3MOYKHOCTB IPOTHO3MPOBATH 3MEHEHUE BOJTHOTO pexrMa peku Pa3naH Ha Onukaiiiiie rojsl.
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THE IMPACT OF URBANIZATION ON WATER RESOURCES OF YEREVAN

V.Ye. Karapetyan, E.E. Misakyan, V.H. Sargsyan
Yerevan State University of Architecture and Construction
Institute of Water Problems and Hydraulic Engineering after Academician 1. V. Yeghiazarov

Keywords: urbanization, water conduit, spring, water supply, water disposal, water consumption, expense, intra annual
distribution, treatment plant.

SUMMARY

The results of water consumption and water distribution in Yerevan are given, and change amounts of a water
mode of the rivers Hrazdan and Getar are considered.

The distribution scheme of large springs and water conduits for the drinking, economic and industrial water supply
system located outside of Yerevan are given, the channels incorporating water from the river of Hrazdan for an irrigation of
subsidiary farms and gardens are discussed. It is established that in connection with the influence of economic activity on a
water mode of the rivers sizes of intra annual distribution were strongly broken, especially during the spring period of a
year.

Results of the conducted researches of dynamics change of the river Hrazdan showed that for 1963-1987 years the
mode hadn’t changed almost. Linear equation which gives a chance to predict change of a water mode of the river Hrazdan
for the next years is given.

ArUgvLNRE30hL

. Uppwhwdjut 2.U., Uhunyuwit U4, Onpdwoyub 2z.49., Uwpquub 4.2, Qpuyhtt nhunipuubpp
oquugnpstwtt hinwjupubpp Zwjwunwith Zwbpuybnntpmniinud. Gphwi, 2012. 203 te:

2. MHoroneTHHe JaHHBIE O PeXHMMe M pecypcaxX IOBEPXHOCTHBIX Boj cymu. Tom: Apmanckas CCP. JL:
I'mppomereouszar, 1987. 303 c.

3. Pecypcsr mosepxuoctabix Bog, CCCP. T.9, Brm. 2: bacceiin p.Apakc. JI.: Tuppomereonszgar, 1973.- 470 c.
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Chpm infly Fngugpmpul’ 23.01.2013p.
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YK 532: 627

O IBYX MPOCTPAHCTBEHHBIX 3AJIAYAX TEOPUU YCTAHOBUBIIENCS
®UJIbTPAIIMM ) KUJKOCTH B IOPUCTOM I'PYHTOBOM CJIOE KOHEYHOM
WJIM BECKOHEYHOI MOIITHOCTH
Mxurtapsun C.M., Tokmamxsan O.B., I'puropsan M.C., lllexan JI.A.
Epesanckuii 2ocyoapcmeennulii ynusepcumem apxumexkmypbl U CImpoumenibCcmed
TocyzapcreeHHbIH HH)KeHEPHBIH YHHBEPCHTET ApMEHHH

KaioueBbie ciaoBa: HOpI/ICTHﬁ rpyHTOBOﬁ CJ'IOI71, MMPOCTPAHCTBCHHLIC T'PAHUYHBIC 3aJa4H, IMOTCHIIMAT CKOpOCTefI, JaBJICHHUC,
YCTaHOBUBLIAACA (I)I/IJ'ILTpaLlI/Iﬂ KUIKOCTH

Paccmampusaromes 0se cmedxrcnvle npocmpancmeentvie epanuinble 3a0aiy meopuu ycamaHosusuieucs Guiompayuu
ACUOKOCTU 8 NOPUCTIOM SDYHINOBOM CI0€ KOHEYHOU Ul 6ECKOHEUHOU MOWHOCIU (8bICONDBL), KO20A HA OOHOU 2PAHU ClLOSL
3a0aHa 8ePMUKATIbHAS KOMNOHEHMA CKOPOCMU Ul 3d0aH0 0dsiieHue, a Opyaas epaHb 6000HeNpOoHuYydeMd. Smu 3a0ayu, ¢
OOHOUl CIOPOHDB, MECHO CEA3AHBI C UBECMHBIMU 3A0a4aAMU SUOPOOUHAMUKYU O BIMEKAHUL HCUOKOCIU Yepe3 onpedeneHtble

VUACMKU-0MEEPCIMUs 2PAHUYbL HCUOKUX MACCUBOE PATUUHBIX 2COMEMPULECKUX POPM 60 BHYMPbL MACCUBOS UL BbIIMEKAHUU

ommyoa sHcuoKocmu, a maxaice K 3aoaye Jlamba ob ucmeueHuu udearbHOU HCUOKOCU Yepe3 Kpy2ioe Omseepcmue 8 N0CKOM

JHCECTNKOM IKPAHe, d, ¢ OPY20il CMOPOHDL, CEA3AHBL C BANCHBIMU NPAKMUYECKUMU 8ONPOCAMU O BNPLICKUBAHUU HCUOKOCTU, 8
YACMHOCIU, ACUOKUX YOOOPEHUll, 8 2DYHINOBOE OCHOBANHUE UNU 8 HOYUBY.

1. Ilycrp, oTHeceHHbIH K NpaBoil IPAMOYIOJLHOW CHCTEME KOOPAMHAT (xyz NOPUCTBIH I'PYHTOBOW CIIOH 3aHMMaeT

obmacte Q = {—oo <x,y<w,—-H<z< O} ¥ MIMEET MOIIHOCTE (BEIcOTY) H (puc. 1).

Puc. 1.

Ecin nmpu QuimbTpanuu npeanbHOW HECKHMAEMOH JKHIKOCTH B TPYHTOBOM CIIO€ MNpPeHEOpe4Yb KOHBEKTHBHBIMHU
COCTABIISIOLIMMH YCKOPEHHUS, T.€. CUMTATh CHJIBI MHEPIIMH NPEHEOPE)KUMO MAIBIMH 110 CPABHEHHUIO C CHJIAMH COIPOTHBIICHUS,
YTO COOTBETCTBYET MAJIBIM PEHHOJIBACKMM YHCIaM M, KPOME TOr0, CYNTATh (DUIBTPALIMOHHOE TCUCHHE yCTAHOBHBLIMMCS, TO
OCHOBHBIE YPaBHEHHS TEOPHH QUIBTPALUH MPH OTCYTCTBUH 00BEMHBIX CHII cocToAT [1,2] n3 3akoHa [lapcu

v, =—ka—h, v, =—k%, \2 =—ka—h;
ox 7 Oy 0z

(1)
W(x,y,2)= 2 plx,y,2)+
y

1 YpaBHEHUS HEPA3PhIBHOCTH

ov
divi=P Y MY (12)
ox 0oy Oz

3necy p = p(x, y,z)— IaBJIECHUE B JKUIKOCTH, A = h(x, y,z)- MIBE30METPUIECKOE JIABJICHUE WM HAop, Y - yAEJNbHBIN Bec

KUAKOCTH, K - kK0d(hdUIMenT GuwibTparmm, a v x»Vy>V, - KOMIIOHCHTbI CKOPOCTH (UIPTpanvK B MPaBOH MPSMOYTOJIBEHON
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cucreme koopmunar Oxyz. Toxcrasmss (1.1) B (1.2), obHapyxum, uTo Hamop h(x, y,Z) SIBIIIETCSI TapMOHUYECKOMN

oh Th Th o ca),

byHKIMEH:
Ah = + + =
ox* oy oz
1 MOXXHO BBECTH IOTEHLHaAN cKopocTH [1,2]
0 0 0
9@ \% :—(p, v, :—q); (1.3)
oz

go(x,y,z): —kh(x,y, z); v, = o Ty

IIPHYEM TIOTEHIMAN CKOPOCTH () TaKxke rapMoHuyeckast B ) QyHKimsl.
Teneps B mepBoit rpaHnaHON 3amade 1 cos (), rae XapakTEpHBIE BENMYMHBI OTMETHM UHAEKCOM 1, PENIIOIOKIM,

YTO Ha €ro BerHeﬁ rpaHu 3aJaHa BEPTUKAJIbHAsA KOMIIOHCHTA CKOPOCTHU:

0
V(Zl) A N V(x,y) (—oo <x,y< oo)
z=0 8Z o
a HUKHAS I‘paHB CJ104 BO,Z[OHerOHI/IHaQMaZ
0
V(Zl) =24 =0 (—oo<x,y<oo).
2=t aZ z=—H

Ora rpaHrYHas 33ja4a MaTeMaTHUECKH CHOPMYIUPYETCs CIEAYIOIUM 00pa3oM:

D g Do

8x21 + 6y21 + 6221 =0 (x,y,zeQ);

O =22 =) (o< <o) 9
z=0 aZ o

o9, =0 (—oo<x,y<oo).

—H
z 0z |.__y
Pemenne rpaanynoit 3agaun (1.4) mocTpouM MpH MOMOIIH IBYMEPHOT'O HHTETpaIbHOTO IpeodpazoBanmus Dypee [3] u ¢

3TOM LeNbIO BBEAIEM B paccMoTpeHue tpaHcdopmanTsl Dypbe
J— . ilAx )
ACNTE H% (x. y,z)e" ) dxdy

-00-00

jv(x, y)e' ) dxdy;

—38

(4, )=

8

e A u i - ciextpasibHbie napametpsl Pyphe, npudem — 0 < A, 41 <00,
Torma, Ha OCHOBaHMHM W3BECTHBIX CBOWCTB mpeoOpazoBanms Dypee [3], TpexmepHas rpaHmyHas 3anmada (1.4)
npeoOpasyeTcs B CIISIYIOIIYI0 OTHOMEPHYIO IPaHUYHYIO 33/1a4y:
d 2(71 2 2
?—(ﬂ, +u )(51:0 (—H<Z<O)
o,
dz

= —V, @
dz

z=0

=0
(1.5)

z=—H

Juddepennmanpaoe ypaBHeHHe U3 (1.5) obmamaet oOmmM pereHnemM
— [,2,,2 a2
¢ (A u;z)= A’ " + Be VT, (-H <z<0)

OTKYHO, IIpX IIOMOIIU I'PAaHUIHBIX YCJ'IOBI/Iﬁ nu3 (1 5) JJIs1 ITIOCTOAHHBIX AunB s HaXoJuM
— —\2? +‘u2 H
ve

A:_ Ve 12+/42H ‘ B:_
NEEn ,uzsh(\/ﬂ,z e H)’ 2 J%+ ;ﬁsh(\//l2 e H)

B pesynbrate perienue rpannygHoii 3anaun (1.5) npexcraButcs popmyioi
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v ch(\//12+,u2 (Z+H))
\/ﬂ,z + 4’ sh(\/}tz + i H)

Hamee, nucxons u3 (1.6) mo popmyie obpaTHOTO MIpeodpazoBanus Oypee, morydum

(x,y,z)=—f Jat-d
[ ()]
K (x,y,z T J.J.\/Az+y Sh(\/’12+” H)

Y106l YIPOCTUTH BhIpaskeHHe sAaepHoi QyHkuun K (x, V,z ), nepeiiieM B HeM K MOJISIPHBIM KOOpAUHATaM, rmoaras [3]

A=pcosd, u=psing (p:\//iz +u’ );

x=rcos@, y=rsing, r=x+y> (0<r,p<0;0<9,¢<27)

o (Apz)=—

(-H <z<0). (1.6)

n ,z)v(f,n)dfdn (-o<x,y<ow; —H <z<0),
(1.7)

e g ad .

bynem nmets

Lt el H)] ey L Mozt T e
K - d i Yl A | 1rpCcos\ @ dlg — d 1rp COS\ @ dlg
A lp p! psh(ptT) 47*! sh(pH) ple
Tak kak [3]
27 . 2 .
J‘ e—zrﬂcos(¢—x9) d'_g — J‘ e—zrpcosS d19 — 272'.]0 (rp)’
0 0

rae J, (r) - Beccenena QyHKIHS HEPBOTrO poaa HyJIE€BOTO MHAEKCA, TO
— 1 00ChI:p(Z_|_I_]):| _ 2 2 18
Kl(x’y’Z)_zﬂ"([Sh(p[—[)Jo(rp)dp (r—wx +y ), (1.8)

Oty hopMysTy MOKHO IPEACTABUTH B APYror hopmyiie, HCIIONIb3Ys U3BeCTHOE npezcTarienue [4] (ctp. 441, ¢-na 7)

2 «sin( pt)dt

()= 2]

Torna, (1.8) MoxxHO IpeoOpa3oBaTh K BULY

(x,0,2 ——I ’t N(z,t)zz%sin(pt)dp.
Ho [4] (cTp. 518, ¢-na 8)
N(z0)= (7/2H )sh(zt/H)

ch(zt/H)—cos(nz/H)

. 1 = sh(zt/H )dt = (1.9)
Ki(w2.2)= 27zHJ[ch wt/H)—cos(zz/H) [Nt - ( oY ) -

Urtak, anepuyio pynkuuo K (x, v,z ) MOJKHO TIPEJCTaBUTh OOMHAPHBIM HHTETpaioM (1.8) mm (1.9).

CrnenoBareibHO,

Hamee pemenne rpannyHoit 3amaun (1.4), B cirydae TpyHTOBOTO CIIOSI O€CKOHEYHOW MOIIHOCTH, T.€. B CIlydae HH)KHETO
nonynpoctpanctsa Z < (), MOKHO TOMyYHUTh U3 MOCTPOEHHOTO pelleHus TIpeAenbHbIM epexoaom H —> 00 . [leficTBuTenbHO,
B (1.8), coBepunB npenenbHblil nepexon [ —> 00, a 3areM ucmonb3osaB u3BecTHy0 (opmyiy [5] (ctp. 15, ¢-nma (18)),
TOJTyYHM

. 1% 1
K, (x,y,z) =1111m K, (x,y,z) :—_[e Jo(rp)dpzﬁ (Z < 0).
e 27 27N +2z

0
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ITOT xe caMblii pe3yapTar momyuutcs u3 (1.9) npu H —> 0. CrnenoBartenbHo, MOTEHIMAT CKOPOCTH B CIydae TPYHTOBOTO
OCHOBaHHMS B BUJIC TIOJIYIIPOCTPAHCTBA, coriacHo (1.7) BBIpa)KaeTCSI hopmynon

v(&,n)d&dn
¢1 X,Y,Z z<0). (110)

Ora dopmya coBrnanaeT ¢ GopMyIioi MOTEHIMAIa IPOCTOrO CJI0s ISl MOJYIPOCTPAaHCTBA [6], YTO TaK U JOHKHO OBLIO OBITh.
ITo (1.10) g THe30METPUIECKOTO TABICHUS nonquM
v(&,m)d&dn

h(xwz)=> ||
27[k \/(x—§)2+(y—77)2+22
a JJJI1 KOMIIOHEHTa CKOPOCTH-

L felx=&)VlE,n)déd N By d&d
i)=—H( £) (5377)577’ V(Y)ZE”( )Sin)fn

”M, R=+x—&F +(y—n) +

PaccMOTpHM BaKHBIA 9ACTHBIA ciIydaii ob6Cy’KHaeMOH 3aJa4d 1A IONYIPOCTPAHCTBA, KOIAA depe3 IIPAMOYTOJIbHOE
otBepctue D = {Z =0;—a<x<a;,-b<y< b} €ro IUIOCKOHM JKECTKOW TpaHMIbl BO BHYTPh IIOIYIIPOCTPAHCTBA B

OTPpUOATEIIBHOM HAIIPpaBJICHUHU OCH OZ C MOCTOSTHHOM CKOPOCTBIO V = const Brekaer KHIKOCTH, T.C. KOraga
v =const (x,y)eD
= V(X,y) = s
z=0 0 (x,y) en\D

rme I1= {Z = 0; —0o<Xx,y< OO}- TpaHWYHas IIOCKOCTH IMOJIYyIPOCTPAHCTBA Z <0. 2ra 3ajaya OJM3KO NPUMBIKAET K

W

n3BecTHOH 3amade Jlamba [3,7].
B nanHOM wactHOM citydae 1o (1.10)

(e :—Lad b dn |
¢ (x..2) sza ﬂb\/(x—f)2+(y—77)2+zz

I[J'I}I BbIYMCJICHHS BHYTPCHHETO UHTEI'pajia

X, V,Z; :b dn
Mlsd) —{)J(x—f)u(y—n)zﬂ

& =(x-8) +7 1=y,

ITOJIOKHM

B pe3yJIbTaTe 4€ro

y+b

( ,y,z§) Jm

", CJICAOBATCIILHO,

t=ysb y+b+\/x E)Y +(y+b) +2°

ey b+\/x &) +(y-b) +2°

(t+\/t2 +c2)

dé. (1.11)

Jlaee monoxum

M, (xy,z;¢) :iln[yib—l-\/(x—fy —|-(yib)2 +z° }df, (1.12)

1 CHa4daJia BBIYMCJIMM UHTETrpajl
M (xy,z:¢E)= i ln(y+b+ \/(x—(f)z +(y+b) +2° )dg,
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JJI1 4€ro BBCAEM 0003HaYEeHUS

s=x—£&, mzz(y+b)2+zz, n=y+b.

M, :xrln(n+\/m2 +57 )ds,

X—a

Torna

1 TIOCJIE UHTETPUPOBAHUSA IO YaCTAM
M, =(x+a)ln[ (era)2 +m’ +n}—(x—a)ln[ (x—a)2 +m’ +n}—

(1.13)
xX+a Szds

xL\/sz +m’ (n+\/s2 +m2)'

[Tocneanuit uaTErpan
+ 2
o s°ds

.[ 2 2 2 2
xfa\/S +m (I’Z+\/S +m )
MOXHO BBIYHCIIUTH ITPH TIOMOIIH MTOJICTAHOBKH Diiepa
[.2 2
U—S=~Ns +m
>
KOTOpasi O3BOJISIET OCBOOOIUTCS OT KOPHEH, ¥ PENICTaBUTh ATOT MHTET Pl B BULE

N—1 u,—u _nln(u2+n)2+m2—n2_Z(mz—n2)+m2 arct, (u2+n ]—arct (u1+n j +
21 (u, +n) +m’ —n’ Nm’ —n’ 8 Nm' —n’ 8 m’ —n’

4 du 2 2 2
o qu(u2+2nu+m2)} (m " 20)'

1 =x—a+|(x—af +nf, w=x+a+|(x+af +nf

HaKOHeH, HOCHGHHI/Iﬁ HUHTCTrpal JICTKO BbIYHUCIIACTCA METOAOM HCONPCACICHHBIX KOS(b(l)HIII/IGHTOB, MNpUBOAAIIUM K
MpeACTaBJICHUIO

N=N(x,m,n,a)=

m' _m’ —2nu 2nu+4n’ —m’

uz(u2 +2nu+m2) u’ u> +2nu+m’

B pesynbrarte, mocie npocTeix Npeodpa3oBaHUi MOTyIHM

u,—u, 1{m’ u +n
N="2—'4—| ——— —nln——ZVm -n arctg( J—arctg(l—J (1.14)
2 Z(Ltl uzJ { Nm* —n? Nm? —n?

BosBpamasics k mpeKHIM MepeMEHHBIM, TIOCIIe HeCTIOXKHBIX peodpazoBanuii u3 (1.13) u (1.14) Oymem umeTh

M, =(x+a)1n[y+b+\/(x+a)2+(y+b)2+zz:|—(x—a)ln|:y+b+\/(x—a)z +(y+b)z+22}

—%[2a+\/(x+a)z+(y+b)z+zz -J(x-a)z+(y+b)2+22]-

_[(y+b)2+22J[2a+\/(x+a)2+(y+b)2+zz “Jx—a) +(yrby + 2
2[x—a+\/(x—a)2+(y+b)z+zz}[x+a+\/(x+a)z+(y+b)2+22}

+2Z{arctg|:x+y+a+b+\/(x+a)2+(y+b)2+zz]_arctg[x+y_a+b+\/(x_a)z+(y+b)2+ZZ }}_’_

z

+
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OueBuHo, uto unrerpan M u3 (1.12) cpasy nonyunrcs u3 unrerpana M, dopmanbHoii 3ameHoii B Hem b na —b . B urore,

o (x.y.2)= —V{(x 4 a)ln{)mw} (x- a)ln{W’”R(—“’b)} N

2z y—b+R(a,~b) y—b+R(-a,~b)

. b)ln{%} G w)m{%} L R(ab) R a.b)- Rlab)+
e R at)]- v+ +2*[2a + Rla,b) - R(-a.b)] [y -b) +2*[pa+ Rla-b)- R(-a-b)]
’ 2[x—a+R(—a,b)[x+a+R(a,b)| 2[(x—a)+ R(=a,~b)]x+a+ R(a,~b)]

X{a”Ctg(erera+b+R(a’b)j—arctg(x+y_a+b+R(_a’b))_arctng+y+a—b+R(a’_b)j_l_

+2zx

z z z
+arctg(x+y_a_b+R(_a’_b)ﬂ}; (—oo<x,y<oo; z<0) (1.15)
z

2 2 5
R(a,b)=R(x,y,z;a,b) = \/(x +a) +(y+b) +2°.
WTak, B pacCMaTpUBAEMOM YACTHOM CIIydae IIOTEHIIMAI CKOPOCTH MOKHO IIPECTABUTh PH HOMOLIU 3JIeMEHTAPHOM QYHKIUHU B
Buze (1.15).
2. Bo BTopoii 3a71a4e, Iie XapaKTEPHbIE BEIMYMHBI OTMEUEHbI MHIEKCOM 2, IPE/MONOKUM, YTO Yepe3 OTBEpCTUE B (hopMe
06HaCTI/I a, paCHOJ'IO>K€HHOI71 Ha BerHeﬁ I'paHu z = O HOPUCTOTO TPYHTOBOI'O CJIOA Q , 1IOJ 3aJaHHBIM JOaBJICHUCM

p(x, y) (x, BUS a)) JKUJIKOCTH BIIPBICKUBAETCA B OCHOBaHUE (pHC. 2).

Puc. 2

O6nacts @, B YAaCTHOCTH, MOXET HUMETh (OPMY NPAMOYTONbHUKA 1) z{ =0; —a<x<a; -b<y< b}.
OGo0mas 3anady, pacCMOTPMM TPaHWYHYIO 3aj1ady i cros (), KOrja Ha ero BEpXHel TpaHW 3a[aHO JaBJIEHHE B BHJIE
dyHKIH p(x, y):

2 2 2
e, 09, O¢,
2 T2t
Ox oy oz

=0 (x,0,zeQ);

2.1)
9y,

®, (x,y,Z)L:O :_fp(x,y) (—Oo<x,y<00); 0z |._y

Pemenne rpannuHoi 3amaun (2.1) omsTh MOCTPOMM MPH TOMOIIM JIByMEPHOTO HMHTErpaIbHOTO npeobpaszoBanus Pypoe. B
TpaHchopmarTax Dypbe

Tl sz 51} = [ [l yizk ple. )™ dsdy

TpexMepHas rpaHudHas 3a1a4a (2.1) mpeobpasyercss B OJHOMEPHYIO TPAaHHYHYIO 3a1ady:
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d%@_(g?+ﬂQ¢f:0 (-H <z<0)

dz*
o IR R . dg,|
ACNTII = p(Aa) =0

z=0
(2.2)
Omnsith 3anuieM oOlee penreHre auddepeHaIbHoro ypaBHenus us (2.2)

— — 2. 2. NP
¢, =, (Apz) =A™+ Be V7 (-H <z<0), (2.3)
OTKy/Ia, IPU TIOMOIIY TPAHHYHBIX YCIOBHiT n3 (2.2) 11 onpenenenns noctosHaeix A u B , IOy YMM CHCTEMY YPABHEHHN:

A+B:—Eﬁ
/4

7/12 ZH /12 ZH
AeV" T — BeV T =0,

9Ta cKcTeMa o0jamaeT peUICHUCM

/12+,412H

__kp__ e . __kp
4= 27/ch( /12+u2H)’ 5= 270}1( /12+,qu))

- ﬂvz+y2H
e

H, CJIEA0BATCIIbHO, TOCJIC TPOCTBIX Hp€06pa3OBaHHI>'I peuieHue I‘paHH‘lHOfI 3aJa41 MOXXEM NPEACTABUTHL B BUJIC

_ kpc%(diz+;f(z+1{»
¢2 (/1,,[!;Z ) - 2 )
y ch( 2+ H)
Teneps mo popmyie odpaTaOTO MpeodpazoBanus Oypre

. _ - ch(\//12+,u2(z+H))

1

. &, (4,132 e—z(/bﬁ/l}’)dldﬂ:_

o L1 (w) 47r7£J ch( /12+ﬂ2H)
( Z+H))

ch( zzw H)

1 wc%tM?+y%z+H»

4w’ 2T ch(J2 s H)

—-H <z<0). (2.3)

e*i(/lxﬁuy)didﬂ’

¢2 (x,y,z)= 4

k

e*"[(i(xff)ﬂ'(y*’l))]did‘u.
Ar’y

H (&m)e " dsdn =~

[ Ip(&.m)dcanf |-

ITonaras

efi(ﬁxwy)dﬂdlu’ (2.4)

Kz(x,y,z):

MOKEM 3a1mucaTb

0

k
¢2(x,y,z)=—; J.J.qux_

-0

2)p(&n)dédn 25)

[Tpuctynum K BeIYUCIEHUIO HHTETpaa (2.4) ¥ ¢ 3TOH IEbI0 B HEM, KaK B ITPEABIIYIIEM ITyHKTE, TepeiiieM K MOISIPHBIM
KoopauHaTaM. B pesynbrarte

© 27 ch I:,O Z + H)]e—irpCOS(tﬁﬂg)

K;(x”%z) ch(pH)

d$s,

1 O0TCIO/Ja, MOoCTymnas aHaJIOTUIHO CACIIAHHOMY BBIILIC, MOJYYUM
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LTCh[p(Z+H)]
ch(pH)

K, (x,y,z) = Py J, (rp)pdp. (2.6)

Wrak, nByxmepHBIi HHTErpa (2.4) cBeics K OIHOMEPHOMY HHTErpaiy (2.6).
Jlist urcnenHoit peanu3anuu uHTerpana (2.6) yaoOHee, BOCIIONB30BaBIINCh U3BECTHBIM MpeAcTaBieHueM [4] (ctp. 441,
(h-ma 8)
2 rcos(pt)dt

Jo(’”P):;lr—_t,

3TOT MHTETpaJl IPeoOpa3oBaTh CIELYIOIUM 00pa3oM:

| =ch[ p(z+H)] ccos(pt)dt 1+ dt zchp(z+H)]
K = = — d
:(%.2:7) 7[2£ ch(pH) £ r =t 7[2!; rz—f{ ch(pH) peos(pt)dp
Janee, monaras
= ch H
G(t,z)zj;c [CIZE,ZOJF ) )] sm(pz‘)dt,
Oyznem umeTth
1 ’Gt’(t,z)dt
O

Ho [4] (cTp. 518, ¢-na (9))

G(t z)—L z+4H +it) (z+4H it N 2H—z+it) (2H-z—it)
7w |\ el 7 Y\ am \am
2rish(xt/H
_ (=/H) |50,
ch(nt/H)—cos(rz/H)
rae ¥ (x) - icu-pyHKIu Ditnepa, paBHas JOTapUPMIIECKON TPOU3BOIHON ramMmma-(OyHKIINN F(x), T.C.
(x)=T"(x)/T(x).
[IpuHSB BO BHIMaHHE U3BECTHOE COOTHOIICHHUE T NicH-GyHKImu [4] (cTp. 958, ¢d-ma 8.363.4)

2iy

y(x+iy)—w(x—iy)= Z}m

29

ToCTIe IPOCTHIX IPeoOpa3oBaHUH (DYHKITHIO G(t ,Z ) MOJKEM IIPEICTABHUTD B (hOpMe

1 E 1 (7/2H )sh(xt/H)
G(t,z)==2113 +Y :
=1+ (4n+4) H+z] =1 +[(4n+2)H ] e (7t/H)~cos(zz/H )
3anuiieM TakKe BBIpaXKEHHE MOTEHIMana CKOPOCTH B CilIydae IPYHTOBOIO CJIOS OSCKOHEUHOH MOIIHOCTH, T.e. B Clydae
MOJIyIpOCTpaHCcTBa. Tak Kak

) ch I:p(z + H):I ‘ ep(Z+H) + efp(HH) ey efp(z+2H)
lim =lim — —— =1lim ——=e¢
H—o Ch(pH) Hoo eP +e*,0 H—o 1+67 P

TO HpeAENbHBIM TepexonoM H — 00 u3 (2.6) momyuum

Koz(x,y,z):lliiiroloK X, ¥,z :—J‘ ?Jy(rp)pdp (2<0).

[TpuHsB Bo BHUMaHKE BBIpaKEHHE TOCHeiHeTo uHTerpaia [5] (crp. 15, ¢-na (20)), Haxoaum
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z z
Kin(x.3:2) 27r(r2 +z° )3/2 27z(x2 +y +z2° )3/2 .
CrenoBaTenbHO, HCKOMBIHN MOTEHIIMA CKOPOCTH UMEET BUA
ko p(&.m)dédn
¢2 (x,y,z) - z .[ I N ) 32 (2.7)
2zy [(x—é‘) +(y—-1n) +22]
Teneps nuddepennpposanuem (2.7) o popmynam (1.3) MOKHO HANTH KOMIIOHEHTHI CKOPOCTH.
PaccMOTpUM YacTHBIM ciiydaid, KOT[a depe3 mpsMoyroibHoe otBepcrue [ = {Z =0; —a<x<a, —-b<y< b} oz

IIOCTOSITHHBIM JAaBJICHUEM p =const KUAKOCTD BBITEKACT B MNOPHUCTOEC IMOJTYIIPOCTPAHCTBO. Torz[a
p =const (x,y) € D;

p(x,y)= H:{Z:O;—oo<x,y<oo}.

0 (X,y) ell\D;

Teneps mo (2.7)

8, (x2) == |1 dodi 5z il

20 (x-g) + (-1 ]

CHauaJia BBIYUCIIMM BHYTPCHHUH HHTETpal

L :L(x,y,z;g“) = f

"’[(x—cf)z +(y—77)2 +zz]

320

ojaras B HEM
. 2 2 2
t=y-n; c =(x—(§) +z".
B pesynbrate, OynemM UMeTh

y+b
L=] dt

y—b(t2 +cz)\/l‘2 v

Janee caenaem noACTaHOBKY Diiepa

u —c’ u’ +c’
u—t=Nt’'+c’ = t= o dt = —du,
2u 2u
IIOCJIC YETO
1 fut+c du Ut udu uzd(”2+cz) 2 [
L _[ - 2 2~ 2 2 -

( u=y—-b+ (y—b)2+cz; u, =y+b+w[(y+b)2+c2)
2

2

2 2 -
[y—b+ (y—b)2+cz} +c’ [y+b+ (y+b)2+cz} +c’

CnenoBareinbHoO,
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X,z _ fpz I -
9, (x..2) -[(x_g)2+z2+[y—b+\/(x_§)2+(y_b)z+zz}

_J‘ e ~t, (o <x,y<o; 2<0).
a(x—§)2+zz+[y+b+\/(x—§)2+(y+b)2+zz}

BseneM 06003HaueHUA

a

L =L (xyz)= j de X
_a(x_5)2+22+[yib+J(x_g)u(yib)uzﬂ

M TOTJa

k;
¢2(X,y,Z)=ﬁL;(L+ -L). 2.8)
ITocie moacTaHOBKHA

s=x—& = dé=—ds

Oyznem umeTth

x+a

II ds
2 s2+22+(y+b)2+(y+b)\/s2+(y+b)2+22

xX—a

L =

+

Janee, caenaB moJICTaHOBKY Diiniepa

2 2 2 2
vi—m vi+m
Vst4m? =v—s = s= S ds = . dv, v=s++s*+m’ =

\'% v

v, =x—a+ (x—a)2+m2, vV,=x+a+ (x+a)2+m2,

rac
2
m? =(y+b) +z% n=y+b;, m* =n’ +z° (mZan)
MOJIy4UM
2, ) 2 2 2
L_l Vi +m dv 3 (V +m )dV 3
T 2 ) 2 - 4 2.2 4 3 2,
4 v 2 2 2 2 V' +2m v +m’ +2nv +2nm°v
vV —m 2 vV —m 2
" +m”+n +m "
2v 2v
2 2
v (Vi +m)dv v dv dv v dv

_ _ _ _ _

v (V2+m2)2+2nv(vz+m2) wvi+m'+2nv _vl(V+n)2+m2—n2 v (V+n)2+Z2

=larctg vin) 1 arctg Vot 7 — arctg M (zzzmz—nz).
i /A i 7

Bo3Bpamasich K Ipe>XHUM NIEPEMEHHBIM, MOXKEM 3aIIHCaTh
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2 2 5
L+:l arctg x+y+a+b+\/(x+a) +(y+b) +z ~
| 2|
_ N2 2 N
_aretg xX+y a+b+\/(x a) +(y+b) +z ’ (—oo<x,y<oo; Z<O).

|

Orcrona, 3amenue b wa — b, cpasy Haxoaum

_ 2 _ 2 2
L:1 arctg xX+y+a b+\/(x+a) +(y b) tz|
z z

)H—y—a—b+\/(x—a)z+(y—b)2+Z2

g

—arctg

Teneps mo Gopmyire (2.8)

x+y+a—b+\/(x+a)2 +(y—b)2 +2z°

¢2(x’yaz): kﬁ arctg
nwy z

[ x+y—a-b —a) +(y-b) +2’ b ’ b) +2°
x+y—a +\/(x a) +(y-b) +z aretg x+y+a+ +\/(x+a) +(y+b) +z

z z

—arctg +

—x+y—a+b+\/(x—a)2+(y+b)2+22

+arctg , (~o<x,y<o0; 2<0). (2.9)

z

Htak, B paccMaTpMBa€MOM 4YacCTHOM Clly4yae, KaK B IpEAbIOYIIEM IIyHKTE, NMOTEHLIHAl CKOPOCTU BBIpaXKaeTcs depes3
3NeMeHTapHbIe (PyHKIHH.

OrMeTHM, YTO MOTEHLMAIbI CKOPOCTEH ¢, (x, y,Z) u (oz(x, ¥, Z) B TIEpPBOI M BTOPOH 3ajayax, COOTBETCTBEHHO, B
cllydyae TOJIyTPOCTPAHCTBA, Bhipaxkaronuecs: popmyramu (1.10) u (2.7), cBsI3aHbI MKy COOO0# COOTHOIICHHEM
k 0
¢, (x.,z) = k 09, .
y Oz

B 3akmroueHne, OTMETUM €IIe, YTO JUIS MOMYYECHHUS YHMCIOBBIX PE3yIbTAaTOB Ul KOMIIOHEHTa CKOPOCTEH M IAaBJICHUS B
00Cy>KIaeMBIX BBIIIE YAaCTHBIX CIIy4asiX, COOTBETCTBYIOIINE ()OPMYIIBI IOJKHBI OBITH 3aIMCaHBI B 0e3pa3MepHBIX GopMax.

JEerudnr yuu Uudere 22N rnkes8ult 0UuUNSYtL arNhusSUshy CersnkhU 2Z6NNkYk YUSNRLUSUO
SPLSCUSPUSE SEUNRE3UNL MUk SUMUOUYUL MU LGk UUURL
U.U. Ujhpupub, 2.9. @npdwgjui , U.U. @phgnpjub, L.U. CThljjub
Cplwih SwpunmupuyEnnipyub b phliupupnipul whnwlwl huduyuwpab
Zuywunulih wknwlwl dwpunupughunwlul hunluyuwpul

Pwitwh punkp. swljnnytb okpnnwdl gpnibin, nwpuswlub kqpuyht juunhpubp, wpugnipniaitph ynnkughwy,
upnud, hinnih juynibugus phiinpughw

uvonoenku
Thunwplynud Bu Epowynp jud wudkpe hgnpnipjut (pupdpnipjut) swinunltu gpnitnughtt okpnnd
htnnijh Juynitbwgus Shpinpughuyh nkuntpjub Epynt hwpwlhg mupuswljut kqpuyhtt ppughpubp, Epp okpunp vh
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Eqpnud nipjws b wpwgmpjut mnnuéhq pununphsp jud guonidp, hulj djniu kqpp® wbgpupuwthwig E: Uju
hunhputpp, dh Ynndhg ubpunpbt juydws th mwppbp Eppuswthwljut db niukgnn hbnnil quiqusutph
Eqpuyhtt dwlbplnyputph Jpw quidnn wigptphg wyy quiqusttph ubkpup hbignijh tbphnudwt b wypunktnhg
htnnijh wpwnwhnudwt JEpwpbkpyuy hhnppnphttwdhuyh hwynuh ppunhpttph htw, husybu twb Ynon hwppe
Eypuith Yinp wbgpny hpbwjuwlwb htnnijh wpuwhnuph Jhpuwpbkpuy Lwdph hwyjnth jugph htwn, hul dnue
Ynnuhg Juwqus ku htnnilh tkpupydwi Yuplnp gnpstwlwi hwpgbph hbn' dwubwdnpuybu gpniinughte
hhuptpnid jud ghwntwhnynid htnnil] yupupunwiyniph tkpupdwb htin:

Sniplyh Epljsuh htnbgpuy Atwthnpunipjut dupbdunhjuljut dkpngh oquntpjudp npnpynid i okpuinid
jud Jhuwwnwpwbnipjut dky htnmyh Luonudp b hjnpughuygh wpwgnipmitubph pununphsubpp, npnup
wpunwhuwjnymu ki yupq jurnigyusph pugwhuyn mbkuph puttwdlibpny:

ON TWO SPATIAL PROBLEMS OF THE THEORY OF STEADY FILTRATION OF FLUIDS IN AN UNPAVED
POROUS LAYER OF SUBGRADE FINITE OR INFINITE CAPACITY
S.M. Mkhitaryan, H.V. Tokmajyan, M.S. Grigoryan, L.A. Shekyan
Yerevan State University of Architecture and Construction
State Engineering University of Armenia

Keywords: porous subgrade layer, spatial boundary problems, potential of velocities, pressure, steady filtration fluids

SUMMARY

Two adjacent spatial boundary problems of the theory of steady filtration fluid in porous subgrade layer of finite or
infinite capacity (height) are considered, where the vertical velocity or pressure on the one edge of the layer is given, while the
other edge is water-tight. On the one hand, these problems are closely related to the known problems in hydrodynamics on the
flow of fluid through the certain pores on surface edges of liquid masses having different geometric shapes inside arrays and its
outflows from there. On the other hand, another correlation is discussed on the problem of the flow of Lamba ideal fluid
through a circular hole in a flat rigid screen. Two adjacent spatial boundary problems are also associated with important
practical questions considering the fluid injection, particularly, the injection of liquid fertilizers in the ground foundations or in
the soil.
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281 551. 491. 3-4
2NN ULrutrufufuLUYUL B9 $hPUULPURUUUL ALUYUL
ANrOCLEUSLET 2NIUZNIPSLEMNRU

U.U. Ulpngjuly, U.L. Gpnyuly, 9.U. Uljpungyuly, E.S. Qppuojutn
22 Uwpbdplnu b.Y. Enhuqupniyh win. opuyhl hhdihwpglbph b hhppnunkubpliuygh piumnpunnin

Pwitwh puntp. hhnpnunpd jwtnrwdpn, gnquihnypun, unnpghntyw optp, Phqhjuphdhwljuia
gnpdppug, hwipuyiugnid

LEplnuquibqyusakph uin/ul b nkyunhnfudwl dwupgbpnid dpbninpunuyhl mkynidbbphg diu/npyng
vmlEplhnypuyhl b uinnpglniyu gpuhnupkpp, pupdybiny wihwdkdunn gudpunhp nupuduspow bbby,
dwhwmyuphhl hwglinid ki JEpnubahulwi b phupulwl puguuphy nuppkpny sanphhy Ephpuwlbnlp
wwuphkph bk sthdwb: Uy puqdwpbnge wappbpb i Jkpen Gnunwlpnud ko plobmpunpdwl dupgnud’

gnquhniyhunbibpnid” hpdp hwbnhuwbuygny nmupplp wkuwlh wnlbph Swquwl (reresuc), uyn pynid ul
unpuyh (Upwpuuyul huppuyugph ophliulng): Znpugnnt iinuyhl opkpnid hwipuyinugdwl b COs nt HCOs
pnbbbph wupnibwlnipul dholl unkndynid Fihnhuugnbgnipinil, pish by UbS puppnipmmiiibph qundwn b
hwbphuwbinid uyy nwpwdphbph dkpnpunnpy Jhdwlh pupbjujiwi gnpdpbpugnid huplugpulub
whhpudbownnipinib nupdalbiny phupulub kjpnpughwi: LEnhuwywmbobnh opuhnuplph b gnquihnypinikph
plninupunpdnl dupgh opuyhl wijuquiaikph dholi uinknéywd pupdn gnunhkinnibpnh pinphhy diun/npynid
Eb hhgpnunpd jubnowpinilp, npunky wnfw ko plinkiupy qguinpowgnidl nr hnpugpni iinbbph wnwiuynidp’
Ppplag hEnwgu puguuwlwi hkEnbwiphbpny: Ubfuntuunhlyh o nhndughl gpulighuyh gnjugnidi ni
hnplwhwpyng I hAngugnpughng iyniplph nwpwénidp [4, 7]
Qnquhnihinbibph hnnuepwkppupwinulul b phghluppdhuwlui gnpénibbpnh hunnlnipnthakph
hbwnwqu plinkhupy hnihnfunipinibhkpl whdhowwl ungh ke ki nyjuy nwupwswopowih [jpdugului
wuywbbkph bk ppuig whnpy wepkgnippul shnphpy: Munwhwlwi sE np Jkp dnpnpalih ong b snp
hnpuilphdugulwl nwppkp gninpbbpmd” jEnliqubqyusbbph (ubnigdwl b nknunpnpudwl Jupgkp) b
ppubgny ppounhuiljys gnquihnyhinbbpnid (phplnupunhdul twpg), phulwb dwbwwwphny plpugng
hnnuepuyghl b Enhpuphqhluphdpuwlwi pupn wipiniuanpbih gnpdphpughbph ohnphpy wnwowinid ki
jménidakp huygny puquuphy ubpppikp pupbjagdwi hudup guhwbeyng quinuqut dhongunnidbbph
hupluppulwi ppwluinugdudp

Zhnpnunpd  uunpudpnbph gpoibniughtt optph  junpoipnibubph jupgquygnpoidt niqnuhnpku
Jupudwsé b wyn mupwbwopowutbph hnnuyhtt b opubpjpupwwu yuydwtubphg, npnup mwupppynid ku
hnkug hnnugpnitnubph wnuuusnipjut wunhdwuny, $hghjuphdhwljul, dkppwthjuywut juqung b wy
hwwnlmpiniuutpny: Zupl k uok), np hnquepwbpypupwtuwi hwnmpniuubph Jpu’ wnhy woptgnipiniu
tu niukunud njuy mupuswopewh Yihdwjwlut wyuydwbbpp: Zunjuybu wnbph paununpnipiut b ppubg
ubiqnuuuyhtt pupdpuipwugubnh ypw (aly.1, [4]): Gpt gudwpuyhtt wpbwgupdught (4. 1) b dkpdwplbwgupdught (4.
2) hdwtknh wuydwibbpmd wnbph ubkqnuughtt sowpdpupwgutpp dhdjughg phs bt muppbpymd b qpbpk
hwunmwnnt i pun  ubgnuubph, wyw wy unyup sh Yupbh wul] dniuntughtt wpbwugupdw-
dbpadwplwnupdughtt (4. 3) b dhobphpwsnujhi-gmdwpuyhtt dbpdwplwnwpdughtt dbnd ddbnqu (4. 4)
ntypnid, wnwyby bu gudwpuwyhtt pnpbwjuyht b dkpdpnptwpuyhtt gpunuonits dAdtnqu (4. 5) nhypnud:

Nuowgpuy k wyt hwbqudwpp, np ph swnujudus b pk wnuiuwsé hnntph dkjhnpuwnhy Jhdwuyh

punipwgntpt h Ykpon npubinpynud &t wbpwghuyh gnuinid® @Q-h Jkpht okpuinid nbnh mukgnn ptwlut
tpypubhqhjuphdhujwt  pupn  gopsplpugutph  hEnbwipny: Ujuybu. hhgpodnpd  jwingpudnikpp,
nbnupwohiws (hulng (Eptwquiqusutpny spowthwljyus gnquhnyhwnubpnid, hwdwpynud Eu phwlui
pintwpwthdwt nupuswopewnbp (Upupunjut hwppwduyph ophtiwlyny):
Tputp plwlut fwbtwwywphny pugniind Eu oppuwju (Entwququsubph vinigdwit b wknuihnjudw
dwpqtphg hwppwjuyptph  unnpgbniyw  gpunwp  hnphgnuubp wnbnuwinpdnn  dwlbkpbnypughtt b
unnpghntyu gpwhnuptp’ hnnh mhndwyhtt puljghwtiipnyg hwgbkgws, wntph mupptp pntubpny hwpunugus
(uy. 2, [4]): LEnuught wwwpbbpnud wbjuniuwthbih Bo unppghuyh b phunppghugh  $hqhuphdhwlut
gnpéplupwugubpp, npnup ninkligynd &t iympwhnpuwbtwuynipyut yupwdbnpbph b wnbph nuskhnipjut
thnthnjunipyudp, nindwljujdwi b Cipwunynnuwt kplinyputpnd [7]:
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Unulupwi gnpsplipugitpp juinpudnibpnd pipubind kb (kebughtt wywptbph wigkqhup,
puquuih, gpuithnp, ub b Yupdhp wumdbbkph, ubkdbjhtuyhtt uhkhnubph hnndwhwpnudng [1, 2, 4-6]:
dJudwbwlh pupugpmd pupdpwind t honh hhdtwjunipmnitp, pwith np wykjwinud £ juppniwnibph b

phjuppnuwwnibnh pubwnipniup, hul] wpyniupnid jninwljynid  ungut:

Puquuphy Gpypubph (Entwquiqus-
ubkph utmgdwt b wbEnuipnpdwt dwpqbphg

gnquhnyhwnubph Ywd hwppwjuypbph phobw-
puthdwt dupq ki quhu hnnpdwhwpdws hnnw-
gnjugunn wympbp (Wy. 2, 3): Gpypuphdhwlub
otpnuynpdwi jwujwugnyt ophttmjubphg b twb
Upwpunjut gnquhnghwp, htsp quunlbpjus L
in Upwqué gqbkn  Upwpu punpuybiwlui
YupJuspnd (0. 4, [6]): Upwpwinjub gnqu-
Ynpnipjumtt hjniuhuwpbdnywi dwup Gqpu-
thwlinud £ Upwquws (kep, nph  hwpwduyht
jwmunppudnibpp ujuws 4095d ququphg, swwn
puquUuqui i dhtgh Upwpu ghwnp (740U 6.4, uly.
4): Qpnibnught opkpp, hnubng  hpwppuwght
Ynthg hwppwjuyph wpnidhw) bunduspubpp,
wighnud kb kplpuphqhjuphuhulub nhdplptg-
Jus wnujhtt okpnbkpny, npnup quinud &u
utinigdwt, wbnuihnjpdwi b phobwpwhdwt
dwpgbipmyd nuppbp Yihdwyulub gnnpubpnod

s T ARl e
— ) 3 -
v .
! Tl A |
1 74
o \
v P rd \
A L X,
/ N J X
'./- """" = i . \"“*‘-..s
Jibn ' Gupm ‘ Uiiwn I Uom G

UY. 1. Untph ukqniught pwpdpupugp hnymd Juwhagduws Y1hdugh
wntuwljhg. 1 - guiwpughb wphwgwupdughb, 2 - gudwpuyh
Ukpdwplunupdughl, 3 - Untuntiught wphwnwpduy i b
Ubpdwpbwnwupduyght, 4 - Jhokpipuénjuyht b gudwpuyhis
Ubkpdwplwnupduyht Uknd ddbn, 5 — gudwpwyhtt pnpbhuughts
b Ukpdpnpbhwjuyhti gpunwgni iy ddbn:

Ujwuplbpp - wnkph ukqnbught pupdppwgn [4]

(uly. 1), hulj wyy WYuydwbkpmd nbnh Enubkinid wnuwlwdwb qnpépupwg [1, 2, 4-6]:

Utnigdwtt b wbnuihnjudwt dwpqbpptt hwgnpnnn phntwpwthdwd Jwupgmd tnybybu nbnp Gu
niukunud ptwlut tpypubhghjuphdhwulju winhy b pupyg gnpdpupugubp, npnup wupplp wkuwlh wykph®
glkutighuh hhdp Eu hwinhuwunudl: Upwpwnyut hhgponunpd jwinpwdbnh hnquyht b hhypnbppupuiuljut
wuyUdwtibpnid wyny gnpépupwgh wpyniupp (hunwd | unguyh giubqhup, hgp punpny E twlb wppawphh dh pwipp
Epyputph Zuguunut, Qhtwunub, Znibquphw, nudhthw, niuwutnwth Ywptnipnil, UU'L, Gghywnnu b
) inhuhulmhul utnppudnttinhti [2, 6 b wyip]: Npwgpuy ophttmljutp kt Uwbisdniphuynid b Unuinnihuynid

(uy. 3, [4]), Znituquphuyh dhonwinipju hndunud |
mhqulpulghnlulés hhnpnunpd jmtnowdnikpp:

Uphwhwb
lEnGw-dwpquqbnGwjhG

2
uﬁl}bqjlln + ++ _}_\Q
Puqupn + 4+ + 4 + N

Rl s o S i
PO TRR o S S S >

oA ENEH D G
L e S R T T _anl-lhm

Ul. 2. Lhntuyght juiinpwbnh honh whnduyhtt $puljghuyp
Untinunppyhthnugdwi ujubdw [4]

7], Zaywuwnwuh Upwpuwnjut hwuppudupnud (uy. 4, [6])

Zpnpounpd (winpwdntph honkph
wnuljunidt mnnuihnpbt jupqus t dh pupp
hnnuepwbpypupwbwlui b $hghjuphdhwlju
gnpéplupwugubphg nt nputg yuydwuubkphg:

Uyt mwupuspubpnid, nip gninppugnidp qquih
gipuquignid t dpunnpuughtt nknnudubpht,
qpoiinught gpkph pupdp nknuinhpph (0-3u) b
npuig hwipuwjuwgdwt 1q/-hg pupdp yuydwi-
ubpnud mbinh E niukunud npuing dwquiinpught
pupdpwugnid b huinktuhy gninpowgnid, hsp
hwtigkgunid E hnnbkph wnulwdwi: dkpeohtutphu
Uh dwup punipwugpynid k nidbn b puwn nidtin
wunuljujuénipyudp (1-3% b wbkih), Jupputwwn-
ubkph qquh ywpnibwlnipyudp (15-20%), poyg
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hnudntuwgyusnipjudp (0.4-0.6%), pupdp hhdtwinipyudp (pH= 9-11), jjutdws twwnphnidh pupdp
wunpnitbwlnipjudp (25-30 Ug - Eyy. 100g hnnnid jud 60-80% pun Jutjws twwnphnidh gnidwiph), dhohtt b
pupan jujuwjuquyhtt b juduyht dblpwthjuljut juquny, ntunh’ opudhqhjuljui ny pupkjuy] hwnynt-
pniuubpny [1, 2, 4, 6, 7]: ‘Loqwd wuydwbtbpp bywuwnnid ki hnnh nhuybpuujuinipyut dkswgdwp, hhnpn-
$h1 Yninhnubph wkpugdwn, nputg Swpdpyubdnipjut b ninskint hwwnnipyub pupdpugdwip, htsh
hupwnud £ hnnh swljnunhubph pgutdwtp b gnpstwljwinpkt opupwthwigkhnipjut phun tduqdun:
Qtpluntwy hnnuwwpwsputph gpottnnughe
opkph ghwntth dwlkpbinypht Unn tnnunhppbpp b
npuig phwju pwn thnpp wpunwhnupp btywuwnnid L
hnnugnjugdwt dwipqugbnhtiwghtt hnnunbtuwlh

wnwowgdwiip, hisp gniquljgynid E hnynd wintpp
Yninuldudp:

Zhnponpd (winpwdnbph F2-h
hwipuytwugnidubpp munwiynid Eu 0,7-0,8-hg vhtish

LR

1 . »
| CaCO, ",
Alp%ss LG, 15i0, R Jossi aCo, 17&% o

1AZ,0;, &‘OHM:HCU; :NQZSO*,?;\’;:C&’

A
Mn O,

. StnwihnfumpimG  Ununwlma L

wnun]tjugnyiu 7-8 (Upwpuinjub hwppwduypnud Qnipu L dwulwlh wu [iwqqpm
3-4) ¢/1-h, pplidu b wykjh vwhdwbpnid: Ukp nwlbp | Ynunwimy phinGwpwihnyd

nipu
hwipwybwnnipjub pninp dupqipnd wnwg bk Ynunwltwa Swpqtp
puguprmipjul mknupwohidws tu hhnpnunpd dwpq
(uunowdwnibp, npnkn gpniivnuht opkiph
hwipwjiwgnidubtpp muwnwidnud tu 0,7-3,5 q/1-h LY. 3. Uwgmphuynid b Untinnjhwymd hnndwhwnyng

b hnnugnjugnn yymphph mwpwsdwi vjubdwm

uwhdwuttnnud: Aunpno £ uytt thwuwnn, nn et
i g byt o P (4. Unynu, 1959.)

gpotunnught opkiph hwipuytugnidubpp skt
ghipuqugnid 1 g/1-p, wyu wyy hnnuunwpwspubpt wnuljuwws sk [1-3, 5, 6]:
zntuqupugh ghntwlw b. Uwpnpsp, yuyulnsting 4. Ynynuyh puquudju hbnwgnuntpjui
wipynibupubpp, tnybybu hwduwuwnnid £ wjjuihtubph $hqhjulub, phuhwlub b $hghjuphdhwljw npny
hwnjuithoubinh (hhgpnuinwhl unttwynipntl, hnjpwbwluhtt nwpngnipnil, juduyhtt $pulghu,
twwunphnidp hofuowbwluyht mupnnnipint-
O g | g ; tthg, hnudniu b gpuyhtt hnwdniu b wy )
thnthnjunipniibp pun uly. 5 ujubdugh:
Uljtuhwyun £, np hnnugpnibnubpnid
pupwgnn tpypudhqhjuphihwlut gnpdph-
pugubpt ninnuh wqpkgnipnit ku niuk-

unud gpnitinught optiph hwipwjiwgnid-
ubph, hsyku twl npny hnbtkiph Wwpnibiw-
nipjut thnthnpunipniuubph Jpu (4.U. Yny-

Uly. 4. Untph ginphupwljul oEpinunpiwb ujubdwnply nw, L.b. Pughilihy, <. Bgnpndy, T.Cuknp,
puyuynwlui Yunpduspp (pun (ke Upugus gin Upwpu gdh, [6]). uly. 6, [4]):
w-utmgdwh, p-nknuthnjudwi b g-pEntiwpuhdwt vupgqkp. Qnipp, hufwgnpsulghym] wpkquyh

Ludpuninpuuyhtt ninnuduk
phmprpnuyph ity P tutpghuyh htwn, pugh wyt, np ywwpgqlnud k

Ywtp, pimipjui dky wupunhwwn Bupwplynid E oppwwjinijnh’ 1hkny suyjunynn ntunipu: tw bywbhwlnid
E, np dpunppuughtt wbnnudubpp, Jbpwddbng bEpkp wwppbp dbdnipjut JEjunpubph, Yhuuninpunod
oupdynid k. wnwppbp nipnnipmmitibpny. dpunnpun (gninpohugdwtt dheongny, onipg 60-65%), opninpun
(Uuljiplnipwghtt hnuph ntupny, 25-30%), pupninpun (thpssytny hnqugpnitnh dky, 3-7%)" hpulwuwgubiny
opowyynnijn pumipjut dke: Niuwnp, dpuninpuwihtt mbnnudubpp, hwutbng tpiph dwybkpbnyp, wknuhn-
hugnud Bt Jbpplpwg’ dwlbkpbnipughtt b Jupptpwg’ hnuwbpubph nbkupny: Upyniupnid unnwugynd k, np
hnnugpnitinubph  dbjuwthulwt  juquhg, Epyph wwbnnbhbbh wnbnupwojunidhg pun  junpnipjul,
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gnquhnyhwnibpnid dAbwnpdws hhnpnphtiwdhly dupnudubph dkdnipiniihg b onh obipdwunmhdwihg Yupudws,
gudwph npny wnwpwsuwppewbpnid  gpnitnught opkiph wmbknunhpppp mMwuwuynd  Eu  0-3-3.54
hunpnipnitubpnid: Uy wuydwtiibpmd gpninnughtt optiph Jippipug wbnuowpdp hnnh dwuquunputpnyg
yuwndwn b huinhuwinud ngpu ypndphind Juunwpbnt pnuubph puojpjusmipjut swpdpupug ehpdwunh-
Swtwght gpunhbunubph nwppbpnipjut yuydwbbbpnud: Spnitinught opbph thnpp junpnipinitiph ptinphhy
b htnktuhy gninpougdwt ywwndwnny hnnh wljnhy skpunnid wknh E niubunid wnujudw gnpépipug [2-6]:

Unwdbty ks swphp Lk, Gpp hhnpnunpd jwinpwbunibph gpnitinught opiph  hwipwjiwgnidubtpp
ghipuquugnud Gu poyjunpkih (0.5-1g/)) vwhdwubpp, nph ghypnid wpwbk htnkiuhy o quptnid hnnkph
wnuljudw gnpdpupwugubpn:

Zuply b k), np Zujuwunwih Zwbhpwwbnnmpniup, (huknd (ketughtt Gpyhp tnygbybe qoipy sk
hhnpnunpd (wunpwubwnmubkphg [1-3, 5, 6], npnup qpuntgunid Eu onipg 66 hwuq. hw (wy.), wyy pynid Upupuunjub
hwppwduypnid swnuljuwws’ 10 hwg. hw, wnulwws' onipe 18 hwgq. hw: Shppuntiwy swnuljwijws b pny
nt dphowl wnuluws hnnbkpnud dpwlwpniyubph phpph wjugnudp yuydwiwynpjus b wnwdbjuybu
whkpwughuyh gnuint hwybmipnpughtt juntwduwuowpny: Zbknbwpwp' wyn hnnbph dbjhnpuwnhy Jhdwlp
pupbjuynudt mnpuihnpbit juwpdws L gpninughtt opkiph wbnunhpptnh jupquynpnudhg b nnngdwi
1Ywgnn nkdhdutiphg:

Unjniuuly

2Z hpnpnunpd (wuanoupwnitkph gpoibinuwgh gpkiph 0-3U
Junpnipjui wmupwsputp pun dwpqtph (01.01.2011p.)

2/h Uwpgq Swpwdp., Z/h Uunq Swpwsdp.,

hwgq. hw hwgq. hw
1 Unpdwydhp 14,2 6 Unpwquénint 4,9
2 Upwpuwn 13,2 7 Juyng 2nn 4,4
3 QLinuppniuhp 81 8 Swnty 3,4
4 Chpuly 7,2 9 Ynwnuyp 2,7
5 Lnnh 55 10 Upniihp 1,8
Cunudkup 48,2 17,2

Cunhwbpwgubiny hhnypnunpd jwunoudnubph hnnugpnibnubph wkpwghuwyh gnuunid b @2-h Jkpht

obpnbpnud ppwgnn qnpépupwugutpp’ 9.U. Unynui b G.U. Uwdnjndut nputp tbplujugund u uly. 2-nud
wunlbpjws ptwlut fwbwwuphny pipwgnng tpjpudbhqhuphdhwlw Eplinygpubph vjubduygh nbupny [4]:
Uy Ybpy wuws hhgpnpd quinpwdnitph hwdwp pinpny b kpbwowljwiwlugny hngbph dntndnppy-
1huhuniughtt (unihhw, pinphwn) Yninwlnidubpp, npnip gnjuimud Bt wpyhwjw (Enbwdwupqugnbught
hnntph b winbqhn-puquinibph Jhyny wbnuihnpuynny hnupwoptph dhongny, wbnuihnpynid Eu
phnttwpwthdwt yupgq” Lupwuplybing Epjpubhqhuphdpujub pupn thnthnpunipniuubph (. 2):
Udthnthtinyg tpkup, np wipunphwn b wijuntuwtbh Yplhidnn pwjut Epbnype £ wwyupttphg phuhuub
wnwppbph wbgwwnnudp opp htwn pthnidhg, wbknuihnjunipiniup, hnutbph Ynunwlnudp b wwppkp wnkph
wnwowgniup: Uy qnpdpupwgp kpipugnpdnipjut ptuquyueh hwdwp ptwjut Eyninghwljut wnbn k, nph
htwnlwtpn (hunud £ pipph hnnbph ghgpunughw, @2-h hwpuyuwgnidutnh dkdwugnud, hnniph wnujunud b
wjjujhwugnd [2, 4, 6, 7]: Ujp hwbquuiwipp puguuwlut b winpunununmd dowlupnyubph unpduyg
qupquguiui Ypw, pwiqh thnppwinid bt hnnh wpdwwnwptwl obpnh phpphnipniup ubtinuwunwppbph b
hnuuntuh wtbyuwwnwy b wwpwbghly hknpwgdwt stnphhy, pwpunynd ko twb onwjhtt b gkpduyhtt nkdhdubpp®
wnwowgkiny ns guljuih’ puguwuwljui hnbwpltp:
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Tw | wwwndwnp, np punn wphiwphh gniqunbnbunipjut hwpgtpny qpunynng 8niL6MN dhowqquyhte
Juquultpynipjut hwunnppugpnipniubbph’ pipupwiynip mwuph ogunugnpénithg nnipu ku gpynud onipy 5-

204

60 4

80 4 |

lunpnipjm(, ud

100 A |

Ul 5. Ugljurhubph $hahljmlut, phubuljui b

dhqhjwphvhwlub npng hwnljmpyniuitph vjubdwwnply

yuwunjkpugnd (punn 9. Ynynuyh).
1 —hhgqpnuljnyhly juntwdmpini i, 2 - Fe20s3 +AL203 ,

3 - njuwiwljuyhtt mwpnympnti, 4 - juduyh $puljghu,

5 — twwnphmup thnjpwbwljuyphh wupnpnipiniithg,
6 —CaCOs, 7 —9opwjht hnwdniu, 8 —hmuniu [4])

7 ji. hw npnghjh” bwfuljhinud phpph hnnbp, mp
dowjwpnyubph phppunynipmiip wjugqnd k
wykh puit1 55-65% [2-5 b wyp]:

Utn Udnjnpuljh ong b snp hnnulyjhdwju-
Juwl nuppbp gnunhtkipnud (Entwqutiqustkph
(uunigdwt b mEnuihnpudw dwpgbp) b gpub-
gny opowthuljus gnquhnyhnubpmd (phntiw-
puthdwt dwupq) ptwjut Swbwwyyuphny
pupwgnn tppudhghuphuhwlub pupny
wlifjuntuwthbjh gnpdpupwgubph ounphy
hhypnunpd (munpwdwnubph ph gpotunughte
optpnid U phk hnnugpniunutph whpughugh
gnuinid wjuntuwhbih G phthwlwb hntubkph
Ynunuynidutpp, npnup, h Jipen Jhpusynid ku
nwpplp pununpmpyub wnbph: Uy
gnpépupwgubph wpyniupnid, mbdhnb hnpkl,
Alwynpynid B nwppbp punyph
(unydpwnnulul, ppppuljul, unpuyuljut b
npuig nwuppkp hwdwljgnipniuubp)
wnuljudws hnnbp phpphnipjut b

Upwjwpnijutinh pippuwnynipjui juhun tjugnidny, hush hknbwipny wrwewtnid ki jnisnidubtp huygny

puquuphy pinhpubp’ pupbjufiwi hwdwp ywhwisynn quiwquib thenguenidibph hwplunpuljwi

hpujutugdudp:
S,
ﬁq—ﬂlllfl b")\',/'{
18- $/./
e
1o egyu
./ 0}
1204 7
. o
e et
14 , )
e VS
[ 12 Va P
’ “1hd Qup
- "HCO34C0z . vvnenee.
.. HeosURLyy gl
HCO4 fupupw
Y

Ul. 6. Znqugpniinughlt opbpnid hwupwjuugdwi b COs
m HCOs hnbutph wupniwynipjui vhoh
Yupjudmpyub juup  (gSuuunltpp juquyby Ehpdp
puyniilng L. b. Puqhilihsh, 1965; 9.9, Gqnpnih, 1961
b Thytinhp, 1968 wojuwwnwbiputpp [6])

GruqusNre3NkL

AGnquhnyhwnubkpht oppwthwlnn (Entwonpw-
utph dwykptnypuwyht b unnpgbniyw epwhnuptph
b gpuitg oinphhy dbwynpyny pniy) Lupniduwghe
untpupnbkqui, nidbn duontduyghtt wpnkqu
opujuquitpnh qpuphbinubph wihpunhwwn
thnthnjunipniutibpt pun dudwbujh yundwn
hwunhuwund gpnitivnwghtt opkph mbnunhpph
Unujut munwidwt: Ujn hwiqudwtpp
puguwuwlub wqnkgnipinit E niubunmd mupwsph
hnnugpwbplpupuiimljui bt $hqhjuphuhuljui
gnpéntubph Jpue

Gnquhnyhwnubph gpniunnuyhtt optiph nbnu-
nhpph jupquynpoudp, npp gjuwynp byunwl £
niqnulijhnptt jupdws b wn nwpwswopowutph
hnnuyjht b opuwbphpwpwbwlub wuwydwbubkphg,
npnip wwppkpymd Eu hpkg hnnugpnitntbph
wnuliuwjusénipjut b wjjuhwugusnipjut wuwnh-

Swibikpny, $hqhjuphivhulut, vkjpwuhjuljut juqdng b wy hwnlnipmitubpny:
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Zupunpuljutt whpwdbynnipni £ dhpn quwhwnt)] gnquhnydhwnbph hnnqueopwbpypupwiwluwi
dhqhjuphthulwmb gnpdpupugubpp, dwtpulplhhn JEpswik] phintwputhdwt wn nupuswrpewnid nknp
niukgnn thnthnjumpnibitpt nt gputg hbnbwupubpp: Logws qnpépupwugubtph hwjwunh wdjujubpp hnnkph
Ubjhnpunhy]  Jhdwlh  pupkjufiwt dywlwpmubph  phppuumppul pupdpugdwb  jufwugnyi
gpuyuljuit Eu:

MNOYBEHHOT'UAPOTI'EOJIOI'OI'MYECKHUE U ®U3UKO-XUMUYECKHUE ITPUPO/HBIE
IMPOLIECCHI B KOTJIOBUHAX
Mxptusan C.M., Eposin C.H., MkpTusin B.M., [lzkpoamsu J.T.
Hucmumym 600uvix npobnem u euopomexnuxu PA um. akademura U. B. Ecuaszaposa

Karwuesbie ciaoBa: ruapoMopdHbiil taHamadr, KOTIOBUHA, TOI3EMHbIE BOJbI, (DU3UKO-XUMUIECKHUIT
npolecc, MUHEePaIH3aIusl

AHHOTADIUA

[ToBepxHOCTHBIE M MOJ3EMHBIE BOIOTOKH, (DOPMHPOBABIIHMECS M3 aTMOC(EPHBIX OCAIKOB B OONACTSX IMUTAHUS H
MEpEMEIIEHUs TOPHBIX MAacCHBOB, IBHUrasCh II0 CPABHUTEIBHO HHU3KO DPACIOJIOKCHHBIM TEPPUTOPHAM, HACBHIIAOTCS
MHOTUMH XHMHYECKHMH U MEXaHHUECKHMH JJIEMEHTaMH, Ojarojapsi CONpUKOCHOBEHHUSM C MOPOAAaMH 3€MHOH KOpBI. DTH
MHOTOXapaKTEepHbIE 3JIEMEHTHI, HAKOHELl, aKKYMYJIHPYIOTCS B 00JacTH pasrpy3Ku KOTJIOBHH, SIBIISISICE OCHOBOW reHes3uca
pa3HBIX COJNEH, B TOM YHCIIE U COXBI (HampuMep, B ApapaTckoil paBHHHE). Mexy 3oHaMu MuHepanusamm u CO;3;, HCO;
B IMOYBOI'PYHTOBBLIX BOJaX IMPOUCXOIUT BSaI/IMOJIeI‘/‘ICTBI/Ie’ YTO ABJISACTCA le/IlIPIHOﬁ OOJIBIINX CIIOKHOCTEH B mpoueccax
YIIy4YIICHAS MEIHOPATUBHOTO COCTOSHHSA 3THUX TEPPUTOPHH, CTaBIEe BBIHYXICHHOW HEOOXOAMMOCTBIO XHMHYECKOH
METHOpaLHH.

Bnaromapst BBICOKHM TpaguieHTaM, 00pa30BaBIIMMCS MEKITy BOJHBIMU OacceiHaMM TOPHBIX CKIOHOB U B 00JaCTH
pasrpy3kd KOTJIOBHMH, (OPMHUDPYIOTCS THUAPOMOpQHBIE JTaHAmA(TH, T HAINYECTBYIOT HMHTCHCHBHBIC HCIIApEHHUS H
3aCOJICHUSI TOYBOTPYHTOB CO CBOMMH JAJIbHEHIINMH OTPUIATENLHBIMA TTOCTIEACTBUAME. Henz0exHbl 00pa30BaHMsI MIIOBBIX
(dpaknuii, pacnpocTpaHeHHE TOYBOOOPA3YIONIMX M SPO3UHNHBIX MATEPHAJIOB.

JlanbHeiine NHTCHCUBHBIE N3MEHEHHS CBOMCTB IIOYBEHHOTHUIPOTEOIOTHIECKHX U (PU3UKO-XUMHUIECKUX (haKTOPOB
KOTJIOBUH, OJarojiapsi UX akKTUBHOMY JEHCTBHIO, IIPOUCXOAAT B HEIMOCPEICTBEHHON CBSI3HM C KIIMMaTHYECKUMH yCIOBHSIMU
JIaHHOM TEpPUTOPUH.

He ciyuaitHO, 4TO B pa3sHbBIX JKapKUX M CYXHX MOYBEHHOKIMMATHYECKHX IOsiCaX TOPHBIX MacCHBOB (oOjacTeid
MUTAHUSA ¥ TIEPEMENICHUS) M B OKPYXXAIOUIMX HMX KOTIOBHHAX (007acTh pasrpy3Kd) B pe3yibTaTe BOAHONOYBCHHBIX U
l"eO(l)I/ISI/lKOXI/IMI/I'-IeCKI/IX CJIOKHBIX MPOLCCCOB MOABJIACTCA MHOKECTBO TPYAHBIX 3aJiaY, Tpe6y}om1/1x HaXO0XACHU peU_leHI/lﬁ
JUTSL OCYIIECTBIICHUSI PA3THIHBIX MEPOTIPHUATHH.

HYDROGEOLOGIC AND PHYSICO-CHEMICAL NATURAL
PROCESSES IN HOLLOWS
S.M. Mkrtchyan, S.N. Eroyan, V.M. Mkrtchyan, E.T.Dzhrbashyan
Institute of Water Problems andHydraulic Engineering after Academician I. V. Yeghiazarov

Keywords: hydromorphic, landscape, hollow, underground waters, physico-chemical processes, mineralization.

SUMMARY

The superficial and underground waterways formed of an atmospheric precipitation in areas of food and movement
of a massif, moving rather on low located territories, are sated with many chemical and mechanical elements, thanks to
contacts with breeds of crust. These multicharacteristic elements, at last, accumulate in the field of unloading of hollows,
being a basis of genesis of different salts soda included (for example in the Ararat plain). Between mineralization and CO3,
HCO3 bosoms in soil waters there is an interaction that is at the bottom of big difficulties in processes of improvement of a
ameliorative condition of these territories, become the compelled need of chemical melioration.
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Due to high gradients, formed between water pools of hillsides and in the field of unloading of hollows,
hydromorph landscapes, where there are intensive evaporations and solemnization of soils, with the further negative
consequences are being formed. Formations of fir-tree fractions, distributions of formation and eristic materials are
inevitable.

Further intensive changes of properties of hydrological and physico-chemical factors of hollows happen in a direct
connection to climatic conditions of this territory, thanks to their dynamic interaction.

That is why, in a result of watered and geophysical difficult processes, there is a set of the difficult tasks and
decisions for implementation of different actions in hot and dry hydrological different belts of a massif (food and movement
areas) and in hollows surrounding them (unloading areas).
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2571 556.18:626/628

QGSUSPUL 2NULP UUEEGUUSPYULTUL UNTELUYINCNRUC 2CUSLSEUUYUL ZUUTYU AP
QUUJUCUUL urhouvenprU

4.U. Unupwpjui
Ujwnkdplnu. b.9. Epphuqupnih whywi opuyhl Ahdinuhwpglbph b hhppnunkibhfugh phunpunnin

Pwiiwjh punbp. ppwmbinbuwlui hudwlupg, glnuyghi hnup, opuwpwiulml phnipughp, dwpbdunplulul
Unnpljunnpnid, Unlunk-Quninh Jkpnn

Znpywénid bEphuyuigywd F qlnnuyhl hnuph Unpljun/npdwi uliphpp: Magph inidnudp ppuluwinugyly -
Zuywuwnulh Zubpuwybnnipyul Gniyywiah ghnwyjuquiih ophluulng ' oguiuugnpdtyny hhnpninghuilul
owpph Unpljun/npul Unlunk-Qunymh huyunih dkponp: Upgyntipnid Upinippul gkwnp vnupplp hunngwsabph
hwlup unwgby ki qlnughl hnuph hwqupudyu hhgpnynghuful wiphkuwnwlul pwpplkp, npnip Jupkh F
oquiugnnpdly hnuph Jubnbun/nplwl puguluwnuppbpuluyhll hupuplibpnid:

Upwljpjuns dkpnpupwinipiniap jupkip F hpunky pupn opuninbuwluml hudwlupgbph
Junujupdmb plnppbbpnid

Qnuunbnbuwljut hwdwljupgbph jurwujupdwbt  pughpubpnd upbnp  tywbwlnipmt  nith
ghnuhtt hnuph wwpwdbupiph hhdtwynpdusnipmnitp: Qpunitntuwluwi hwyqupljubph wkunipiniihg
hwjnuh £ ujbu odwpunipmiup, np judus opuntnbuujut hwdwlwupgh pupnnipniihg, tpw juquh dke
dwnbnng opudpwupubph jubintwynpdw nbuwljhg (ukignuuwghl, mupbjub, pauquunupyu b wyjl), wthpudbon
hhnpninghwlwt  owppbph  Epuwpmpoiup dkdwinud B Uy yguwdwpny  pupp  opunbnbuwfub
hwdwlupgbph [1, 2, 3], puquudju juuntwynpdwb opudpwptiph wypwwnwiph hknwgnundwt hwdwp swn
hwdwfu pufupup sk nhinwpljws uunwgh hhnpninghwljub pwppbpp:

dhpohtt hwiquuwipny k puguunpynid Upunipjutth gpuntnbuwljut hwdwljupgh Ynnuyhtt hnuptph
Unpbjuynpws kpljup owppbph unugdwb wthpwdbynnipniup:

Utp nuunidtwuppmpnibibpnud hhppninghwljut pwpptph dnpbjuynpnudp juunwpdl] £ Unbnk-
Yunnjh Ukpnyny [4,5], hwdwdwjt nph glinwghtt hnupp ghnwplynd £ npyjbu wuwnwhwlwb dkénipmnil, npp
punpnoynid E hp dhwswth hwjuwiwlwbwght puppudwt F(x) $niuljghuyny’

F(x) =P{(<x}, (x>0), 1)
npunkn P{(<x}- hwjuwbwlwunipjniut £y putth, np mbinh Yniubbw (<x wthwjwuwpnipiniup:
Qhwnwghtt hnuph juintwynpdwt mbkumpjut dke hnuph puojunudp ubpluyugynid £ wywhnynipjut
P(x) Ynpny, npp wpunnwhuwynynud £ hinbju) juwnd.

P(x) = 1-F(x): (2)

Qhwnughtt hnupp Wjupwugpnn wywhnynipjut Ynph b {0-1} dhowljuypnid hwjwuwpuswth puphudwsd
wuwunwhwlwt dkdmpmiuttph () dhongny hpwljuwbtwugmd b hhppninghwlwt pwppbph YEpswunudp:
Zudwdwyh Ukd pybph opkph’ swpph winudwbbph putwli plunpkng pujulubuswt dbs, junwbubp P(x)
wuywhnynipjub opkliphtt Kupwplyyny hhgpninghwlwi swppp” (1, (2, (3, . . . (v, npunky  N-p hhppnnghwljwi
ouipph wiunwdubph putwlh

Zujuuwpuwswth puphuqus (i = 1,2, .., N yuunwhwlwb dkdnipniup pugniutng npybu P(xi), (i=1,2,..., N
) hwjwtwjubnipnily, hujunupddwt gnpénnnipjut thongny dnnkjuynipmd Eup hhnpninghwljwt owpph i-
pn winudp ((): Zuunpupddwt gnpsnympeiniup hpulwiwgdnd hknlyuy wpbsn ppudp

(G = Xi/(=P(x:)}, (i=1,2, ..., N):
3)
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Ujuyhuny, niuktwny vwhdwbwithwl thnpduwlub ndjuiubph ptnpwip (n), hwynuh jud wyphnph
hwjwbwlwiught puppudwt niulghuyh dhongny, thnpdmfjutt ndjujukph hhdwt Jpu, hwjwiwluwbught
dbpnyny  npnokny gbwuyghtt hnupp  Wjwpwgpnn  hutwpwygnp  hwjwbwljubught pupjudwt  opkiph
wuwpudbnpbpp' Untnb-Ywningh dbpnngny yEpswunud kup ghwnnwghtt hnuph wtuwhdwbwhwl wphbutnnwljut
nuwnpuip (N), npp wupnitwlnid £ paduljutht hupnpdughw puppudwt opkuipht Bupwupljynn ginmught hnuph
Ubdnipjul dwuht:

QhLwnughtt hnuph hwdwp gnpstwuinid punnibh £ phindwlw puppunudp (Mhpunth 3-pn opkupp)
jud Uphgyni-Ukulkih puppudwt opkupp [1], nph hwjwiwlwbughtt puopudwt $niuljghut ubpluyugynid k
htwnljwy inkupny [4]°

gy {1 Eptk x >0 4)
F(x, X, dx, ’
(x,x0,7) {xyl"(}/)}{[z e /X o
u
F()C,)CO,}/)ZO, hph X<0’
5)
npunkn’

x-n° pupudwt opkiiph wpgnidbunb (i <x).

xo- U wuydwbwlw dkdnipjut dwupbduwnhuljuljut vyuwunidi k.

y-u' (- pupjudwit opkuph wuwpwdbwnpt kb (=1/(Cv)2

Cv-" hnuph Juphwghuyh gnpéuljhgh t.

- ' quudw dniulghuyh junphpnuitho k:

Ujn nptipp paujuaithtt jud hwdwywunwupwind Bu thnpduwljuw hhnpninghwljwt nydjuttph htn
b nbuwjwinpkt wyy Ynpkph §nnpphiwnttpn phpdws bt hwdwywnwuhwb wnnruwlabkpnud [ 6 :

znuph ubpunupblwt pupjudwt vnugdwt hwdwp oquugnpsyl) L ppuqutunubph dkpngp [5]: Uju
Ubkpnnh hhupnud pujws L mwupplkp wywhnyqusnipjut phndws wnyjuutph tkpunwupbiut pugudusnipjut
hhnpngpudutiph oqunugnpsdwit uljqpnipp:

Ukpujugdws dbpnnhiuny hpuubwgyt) £ Uunipjuih opntnbuwut hwdwlwupgh hhdtwlwb
opuntnbuwljut hwwnwspubph Ynnuyhtt hnuph dnpbnynpnudp’ Epupunb swpp vnwbwnt tyuwnwlny:

Uwutwynpuybu dnphjuynpyby bt Unipyut ghnh Ynnuyhtt hnupbph dbénipniuubpp Uunipjut-
NMunull, Unipub-Ypwuwp, Bwysnin-Puysniinh opudpup, Unipjut —Ywwuh opudpwp, Upunipjub -
Upuniphly, Upuniput -Zugjudnp, Unpur-Uks Uutpwy, Uutpwy-dwupnupwuph ogpudpup b Uwnbwnpnip-
Uwntwnpnipp opudpwup hwwnwsubpnud: Zhdp Eu pugniudl] wdju) hwwnwsubtpnud 58 wwupju nhndus
nyjuiubph dhohtt mduwju ndjujubpp: L.l-nmd tkpuyugqus Bt Uunipjub ghnh tpqws hhdtwuub
hwwnwsputiph hwdwp hnuph dhohtt nupkljut dkdnipmniuubph gpubhljutpp:

Ufunumyuwl giunh ynnuyhG hnuph hhnpngpudpokn puun hwoanwd pGGph
@, ung
40

35

Awdznimn

30 4
PV IO N T . N ) N IR { T N N R A S T R A R T Gpwuwn

20 A

Liwyu

15 4

Swybwéann
10 +

. - -
5 4 . . X
......... P T N L P -t taa L

1930 1940 1950 1960 1970 1980

SwnhGEn

Ul 1. Uumpjuih ginh dpghtt mwpkljwt hnupp hhnpngpubibpp gpuntnbuwljub hwdwljupgh
hhdbwljwi hwnwsputph hwdwp
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Ul 2-mud ubpluyugdws it wbuwwut wwywhnynipjut Ynpbipp Ujnipputh  opunmbnbuwlut
hudwljupgh hhdbwlwi hwnwsubph hwdwp: Uju junnigyl) £ pun [6] wfjujibph’ wnniuwl 1-nd phpdws
hnuph wuwpwdbwnpbkpny:

Unjniuwy 1

Uunipjut ginh nwpptp hwnwsputpnid hnuph dnpijudnpiwt hwdwp withpudton hhdtwlwb
Jhdwjugpuljui pumpwgphsutpp

Hwphwghuyh Uuupubwnphugh
N Zunnwsh wudunudp qnpduljhgp (Cv) qnpduljhgn (Cs)
1 Uhinipjut-Nwunuli 0,31 0,69
2 Uhinipjub-Ypwuwp 0,14 0,98
3 Fuonin- BFuoninh opudpun 0,39 0,79
4 Uhunipjut —Gwwjuh gpudpup 0,29 1,07
5 Uhunipjuit -Uhaniphly 0,37 0,61
6 Ulunipjuit -Zuyljwdnp 0,23 0,78
7 Uwtipuy-Uks Uwmipu) 0,21 1,05
8 Uwtipwp-dwpnupwunh gpudpun 0.15 0.85
9 Uwntwnpnip-Uwntwnpjninh opudpup 0.18 1.40

Upunipjwl gbinh hnuph mGuwwl wwwhnynypjwbhnpbnp mnwppbp
hwunwéplbph hwdwp

™~ W
o =)
=] (=]

Ing
[=3
=]

=
=
=]

2
tn
(=]

Snuph GnnaLwjpG gnpfuwyhgp
g

e
=}
[==]

0.00
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0.20
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0.40
0.50 -
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o

, x100%

Uly. 2. Uunipyuit ghinp hnuph nwhuwjwt wywhnyni pjub npbkpp

znuph nhundwsd thwunwgh b mbuwfwt wywhnynipjut Ynpkph hwdwgpnudp gnyg E wdb), np ponpdus
pupjudwtt dniuljghwtn htwpwynphtiu swihny g wpnwhwynnid k hnuph pumipwghpp: Uwnnpl' bl 3-nud
ubpuyugwsé £ Ujniput-Munulit hwnwénid hnuph thwuwnwgh b mbuwlwb wywhnymipjut Ynpkph
hwdwnpnipmniiup:

Unphjudnpdwt wpyniipnid unwgyl) &t hnuph dnpbjudnpus 1000- wlwt wwphubph owppbpp:
Unphjwynpdws b ptwut pwppbph hwdbkdwinwlwt npny punipwuqpbp pipdué G unnph:
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VY. 3. Uunipyub-NMwunuli hunwénid hnuph thuuwnwmgh b nkuwljui
wywhnynipjut Yopkph hudwnpnipniip

UfuncpywiG-MuwnwyG
3nuph tnbuwlwl L thwunwgh wwwhnynigjwl Ynptnp

3.0
525
=
e
E
220
=
(=3
=
% 15 — Shuwlwh
= em— () LN LU G
E10
=
S 0.5
rT- Py 1
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bPuswtu Eplinwd k uy. 4.-hg Unnbjudnpwsd Gipkph hhdtwlw punipwqnphs Ukdnipmnititph hhnpngpububpp
Fuwbu skt nwuppbpynud hpuphg:

UnnGluuygnpywd L pGwywh hnuph hhnpnghwbbpp Ufunipjw-
Q 5 Jwjlwaénn hwwnmwaépntl
160
140
120 I\\
100 'I \ Lol Max
— ‘
UhghG
30 / \ \ heh
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40 .' ~\\ W\ = = 1963 Max
¥ ="\ -
20 // ‘-\‘:o.-\\-.. 1938 UhanG
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Udhubbp

LY. 4. Uumpub-Zugwdnp hwnwénd §nnquyht ghndus b 1000 mupjw dngbjunpjws
wnwkjmgniy (Max) thght b iuquqniyi (Min) hnupm] wuphikph hhgpngpububpp

Uwluytt mmuppbp dbdmpjut ghnughtt hnupbph hwenpnuljutnipnitubpp hpwphg Jupnn B own
wnwppkp (hublp (W 5), npp b bwjut wowdbmpniuttp B wwhu dngljudnpws Gpiph ogunugnpsdwip
opuintnbuwu hwdwljwupgbph jurwjupdwi Unpbjubkpnid:

Uy hu] wwwndwnny Udnpbjwynpwé Epkph Jhpwpnipnitt wpwbdtwybu pupn opunbnbuwmljut
hwdwljupgbph junwjupdw pughpubpnid pun upbnp Gu: Zwpupubph junwpdwt hwdwp dowldt) L
hwwnnily Spugpuyhtt hwpbp, npp qpus & Visual Basic dhowuypnid:
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SwipGlwh hnupph hpnpngpwdp Upunepjuwb -Mwnuwyb hwnwdpnid
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= 4.00 et -
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Ul. 5. Uumpyul - Munuljn hunwsmd nhinjws hnupp b dnpkjwynpjws hnuph wnweht
58 nmupgu dhohtt mupkljut kjphph thinthnjudwt Yopbpp

unhptt Upunipyut ginp hhdttwljut hwoquipljuyphtt 9 hwwnwspubph hwdwp hpwjuwbwgdnud £ Jkly
dhwutwlut htuph ypw, nph nusnidubpp thpjuyugynid o dhwubwlwb hwdwlupgh dke:

MATEMATHYECKOE MOJAEJIMPOBAHHUE PEYHOI'O CTOKA B 3AJTAYAX YIIPABJIEHUA

BOJIOXO3SMICTBEHHBIMA CUCTEMAMM
Araoaoan K.A.

Hnemumym 600nbIx npobaem u eudpomexnuxu um. akaoemuxa U.B.Eeuazaposa

KiioueBble ci10Ba: BOJOX035HCTBEHHAs] CUCTEMA, CTOK PEK, TMAPOJIOrHYECKas XapaKTepUCTHKA,
MaTeMaTH4ecKoe MoJienupoBanue, metol Mounte-Kapio

AHHOTANUA

B craree mpencraBieHa 3ajada MOJCIUPOBAHMSA PEYHOTO CTOKA. PeleHue 3amadd BBIIOJIHEHO Ha HpHUMEpPE peKu
AxypssH PecriyOnukn  ApMmeHusi, C HCIONB30BaHMEM H3BeCTHOro wmerona Monrte-Kapino it MonenupoBaHUs
TUPOJIOTUYECKUX PSOB. B pesynbrare, MosydeHbl ThICSYEIETHUE UCKYCCTBEHHBIE TMAPOJIOTHUYECKUE PSIbl AJI Pa3sHbIX
CTBOPOB PEKU AXypsIH, KOTOPBIE MOXHO MCIIOJIb30BaTh B MHOIOBApPUAHTHBIX pacueTax peryJMpoBaHUs CTOKA.

Pa3zpaboTaHHyl0O METOIMKY MOXKHO HCIIOJIb30BAaTh B 3a/adax YNPaBICHUS CIOKHBIMH BOJIOXO3SHCTBEHHBIMU
CHCTEMaMH.

MATHEMATICAL MODELING OF RIVER RUNOFF IN WATER- RESOURCES SYSTEMS
MANAGEMENT ISSUES
K.A. Aghababyan
Institute of Water Problems and Hydraulic Engineering after Academician 1.V. Yeghiazarov

Keywords: water-resources system, river runoff, hydrological characteristics, mathematical modeling, method of Monte-
Carlo

SUMMARY

River runoff modeling issue is presented in the article. The problem solution has been accomplished on the
example of the Akhuryan river basin of the Republic of Armenia, using the well known Monte-Carlo method for
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hydrological modeling range. As a result, millennium old artificial hydrological rows of river runoff (for different sections
of the Akhuryan River) were formed, which can be used in flow regulation simulation. The developed methodology can be
applied to complex water-resource systems management issues.
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U.U. vwuhjuib, E.Z. Mwsunpjub
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Pwitwjh puntp. unnpbpypu onip, wwownukp, nnngnud, gphnp, Ajuwpniswupu
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hnntph gipjuntwdugdwipn b wnnun hnnbph wpwewgdwiin:

Uowljupnyubph pniuwdh dudwbwljwhunjwbdnid huppudupmd tjunynd £ dnwn 1 djpg jad oph
wuwlwunpy, npp dwuwdp jpugynud £ Uhwtw (£hg mupkljut 170 dju ud oph ponpny, hull dbwgudp jpugynud
E Upwpwwnjwb huppuduyph wpnbquut wjuquuh uvinnpbplpw optiph hwpyhte
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O ITPOBJIEME NNOTPEBJIEHUS U 3ATPSI3HEHUS MOJ3EMHBIX BOJI APAPATCKOM PABHUHBI

Xanuksia M.C., Xauatpsin J.A.
Epesanckuii 'ocyoapcmeennulii Yuusepcumem apxumexkmypuvl U Cmpoumenscmed

KaioueBbie ci10Ba: 11013eMHbBIE BOJIbI, PECYPCHI, OPOILIEHHE, KOJIOELl, PhIOOBOCTBO

AHHOTADIUA

B HacTosmIee BpeMst Ha TeppuUTOpHH ApapaTcKoil paBHUHBI NEHCTBYIOT 268 JIIMIICH3UPOBAHHBIX PHIOOBOICTBEHHBIX
MpeaIpUATHHA, 13 KOTOpsIX 1153 Apaparckoii obmactu, 15 ApMaBupckoit 06IacTy.

B cratbe mnpuBeneHbl NpUMEpPHl HEOPEKHOTO UCIONb30BAaHMS IIO/3EMHBIX BOJA ApapaTcKoil paBHUHEI
PBHIOOXO3SICTBEHHBIMU TIPEIPUSTUSIMHI, B PE3YJIBTaTE YETO Ha HEKOTOPBIX TEPPUTOPHUSX PAaBHUHBI CKBAXKHHBI OITyCTEIH, W
MHOTHE XO3HCTBEHHbIE CYyOBEKThI JTUIIMINCH BOIBIIIISA OPOILICHUS.

[MpuBeneHHble (aKTUYECKHE AaHHbIE MOKA3bIBAIOT HEI(D(PEKTHBHOCTh HCIIOJIB30BAHHS PHIOOX035HCTBEHHBIMH
MPEATPUATHIMH ITOJ3EMHBIX BOIHBIX PECYPCOB ApapaTcKoil paBHHUHBI.
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Ha ocHOBe paccMOTPEHHBIX HPUMEPOB JENAETCSl BBIBOJ O TOM, YTO IPH OCYLIECTBICHHH COOTBETCTBYIOIIMX

pacxomoB BO3MOXKHO MOTPEOISIEMYIO BOLy, KOTOpasi BeIOpachIBaeTCs B PeKy Apakc, UCIOJIb30BATh HECKOIBKO pa3, U TEM
CaMbIM, 3HAYUTEILHO MOBBICUTH d3(PEKTUBHOCTh HCIOIB30BaHMUS MOJI3EMHBIX BOJI ApapaTcKoil paBHHHBI.

PROBLEMS CONCERNING THE CONSUMPTION AND POLLUTION OF UNDERGROUND WATER OF
ARARAT VALLEY
M.S. Khanikyan, E.H. Khachatryan
Yerevan State University of Architecture and Construction

Keywords: underground water, resources, irrigation, well, fish nursery

SUMMARY

Currently 268 farms of fish nurseries stimulate fish nursery activity in Ararat and Armavir regions in the Republic of
Armenia of which 153 in Ararat region and 115 in Armavir.

Examples are brought concerning the ruthless use of underground water resource in the artesian basin of Ararat valley
by fish nurseries.

The exploited wells in some areas of the valley have drained, and several communities are deprived of irrigative water.
Certain data are brought concerning the activity of fish nursery community at work that show the examples of resultative
use of underground water resource by purpose of fish nursery.

The use of water resources is misused, as in some costs the same circulation of water may be used for several times.
The fish farmers use the water once and the used water, which could be used for irrigation, flows into the Araks River.
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UB4ULU LR UQY N, FESUSPUL 2N ULP ¢NONNRE3UL,
YULNUSEUUUL B4 vNSELPNRE8UL GLUZUSUTUL UL IPLEN
L.} Jupnuiyut
Eplwih dwpunupuybnnipul b phiupupniprul wyhnwlul huduyuwpub

Pwitrujh puntp. Ulwtw 1hé, ghnwghtt hnup, §ihduygh thnthnhunipinit, juthiwnbunid, hnuph jungbjhnipmnit

Uppiunnuiipnid, oqunuugnpdkyny Ul j&h wnjwquibinid hppgpnynghww i nhumulEnkph b
onkplnipwpwbimlub juyuibbph Enfupudyu ngfjuybbph sowpplpp, qhuhunnygky Eo ppubg nnupbhuh
hnhnpunipiniabbpp, wljky Ephghliuumnumpumpluluml unply winwbdhl glnbph nnupbiui hnuph

Jubfnmmnbudwl hudwp: Ogunugnpdking [jhdugh thnihnfunipyul nwuppkp ughkliupllp ' dnnlh Ahwi Jpw
unugywd hujuuwpnidibpny quuhunnygly Fujuquih glunughll Anuph finglhnieniip: Cuwn
Ybpynidnipinibhbph dfunngdnid F np juugnyl ugkinuph nkypnid, ugl Fobpdmumpdwih 1°C b nkgnidbbph
20 % widh pbuypnid glainuyhll hnupp Upohlh dhunindwdp junfbjwinu 2,7 %-ny, Juninugnyl ugkinuph®
obpumumnpdwih 4°C wdh b wnknnidakph 30 % bjwmquwi nkypnid gkwnughl hnupp §ijugh 45%-ni

1. U4 ULU L&k U4 UQULE @GSUSEL ZNULE, Ok QGLUUUSRKULLE B4,
UELNLNACSUSHEL SENNRULECE FULQUUUSU ¢NONNRESNRLLENT

dhpohtt mwubwdjuljubpnid qquihnpkt Ukdwghy k opuyhtt nhuniputiiph ntunmidbwuhpnipjut, gpuig
hwoJundwt b quuhwwndwb, nwghntw) oqgunugnpédwt b ywhywidwt tjundwdp hknwppppmipniup: Tw
yuylwtwynpdws L hwdwppimphuyhtt mbnbunpiut qupqugdudp, pungpuhwd oph tjundwudp wwhwi-
ouiplh wykjmgudwdp, husybu twl Yihdwih ginpu; nupugdudp:

Lwlh np Zuywunwih opuyhtt hwpdblopnid hwwnntly wmbn b qpunbginid Uhwbw 1h&p, nph opuyght
wuowpubph pwtwlyh b npulh dbwdnpdwt ypw hp Yuhpt k gpt) ginught hnupp, gpu hwdwp withpwdbown k
wuppkpwpwp gowhwwnt] Uhwtw 1hE puthynn gknnwepbph pwtwlp b npuljp: Upjumwnwipp yEpupkpynud k
Ulwuh wwuquuh ghwnbkph hnuph thnthnpunipmmitibph ghtwdhfuyghl, jutjwnbudwt b ihdugh thnthn-
hunipyut htnbwupny tpw jungtjhnipjuip:

Ulwtw 1£h opuyhtt quowpubph dbwynpdwt hyybu twb tpw gpuyhtt hwpdtlonh Untnpuyhtt dwuh
hhdtwlwt wmwppbphg dkyp, Epl ny hhdtwljwt vwmwppp, hwinhuwind E ghwnughtt hnupp, nph puqdudju
thnthnpunipnittbph swpnitwjuljut ntuntdbwuhpnipyutt b jutjwnbudwt jpughpttpp, Yihduwgh thndgin-
hunipjut b dwpnlught gnpénuubph thnthnjodwt yuydwbbbpnid, niukt npnowlh wowtwlnipinil, pwth np
Yihduwyh wnwpugnidp dbp hwipuybunnput yguydwitbpnd  puguuwpup B winpununinid  opughte
ptunipuitbph’ dwutwynpuybu ghtnwghtt hnuph b gninpohwgdwi, hknbwpwp twl Uhwbw 1£h wquun hnuph
Ypw [1-4], wjuhlpl onh ohpdwunh&with pupdpugdwt hbnbwipny wybjuunid L gninpohwgnidp hsybu oph
dwljkptinyphg, wyiytu k) gudwphg, nph htnmbwupny thnppwinid £ opuyhtt hwoyklprh dntinpuyht dwup, b
Ukbwunid £ Gppwjhtt dwup, hul wpmyniipnid wnbnh £ mbbkinud 9puyhtt nbunipubbph qquh wdwugnud:
Zudwduyt Juwnwpduws  hbnwgnuumpnitikph®  onh  ohipdwuwhdwih 2 wuwnmhfwt pwpdpugdut b
Uplunnpuughtt nknnidukph 15 % wjugbint nhypnid hwbpuwybknnipjut ghnwghtt hnupp jupng L uduqt) dnn
20 %, hulj Uhwbw 1£h dwlkplinyphg gninpohwugnidp fupnn Ewdbjubug dnn 13,5 % - ny [1, 2]:

Upwpuunjut huppwduyph b tpwt hwpwlhg twhwintught oppwtittiph ajundwdp ntukgus hp pupén
nhpph 2unphhy Ulwbw (£h opuyhlt ywpwpubpp Jupng b oqunugnpdyty Uks wpynibw]bnntejudp hisybu
EEyupnkutinghw wpunwgpbng, wjiybu ) nenquut b wy) tyuwuwlubpny: Ubwbw (hdp Zuwjwuwnwih
Zwupuybnnipjut hwdwp nuh hyybue ntnbuwut, wiybu § punupuljul, rwqdujupuljub dbs
wwtwlnipinily, puwtth np pugh opuyhtt nkunipuibph yhttwdhl ywownpubphg, npnup Yupkih £ oguuugnpsty,
sthnthnjubny 1&h dwjupnulp, hwinhuwind £ btwb pungpuhwd b jadbnt hwdwp yhunwth oph ynnkughwy
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wuwhbunwpwi: Ujg mkuwljinhg Ulwbw (hép hp ipwbwlnipjudp nnipu k qujhu dbp Gpph oppwiwljubphg b
&bnp E pipnid nwpwswopomiughtt nwqumjupujut bywtwlnipnil, punupulut tpwbwlnipmniu:

Ulwtiw 14 i puthynud wygkjh put 28 ghwntip nt gbnnwljutp b dwdwbwljuynp gnpénn wnduljukp, npnig
gnidwpuyhtt hnuph dhoht puquudju mwupkljut dkdnipniup guuwhwwngnid E dnwn 800 )i U3, wyuhtipt uynpule
onin (gynid E Ulwbw 1h&: Uwuyb ptwuwb wuydwbbbpnd, wyjuhtpt dhsh 1£h phwwb wuwowpubph
oquugnpstwtt ujhqpp, wugpu nuph 30-wjwb pyuljutubph Yhubkpht, tpp Uhwith dwjupguljp quidnud tp
ubkpluw dwljupguljhg dnwn 18 dbkwnp pupdp, 1&h wquun hnupp, wjuhiptt oph wyt pwbwlnipniup, npp jupkh £
Jtpgub] mupdu pupwgpnid, sthnthnhubny tpu dwljupnpulp jud dbnp stnwny tpw pupuynp yupwpubnph,
huwdwduyn Mwdhngngh [3] Juqunud Ep 110 i f® wyuhtipt opuyhtt hwoyklonh dnuwniph 9 %-p: Lkplhw
dwjupnuih wujdwbbubpnud, wyuhtpt ptwljuithg Unn 18 d guép dwjuppuljh wuwydwbubpnud, suinphhy 1&£h
dwlbkpkuh thnppugdwt, wyn phip juqunid k dnwn 20 %:

Ulwtw 1£h wjuquih ghwnwghtt hnuph thnthnpunipnitubph, juthiunbunidubph b jungbjhnipjui
qguwhwwndwb hwdwp punpdt; Eu 9 ghwnbp, npnug hnupbph YEpwpbpyuy jub puquudju nphnwpynidubph
nyjuiutp: Ujp ghnbph guulp, hsybu twb ndju) ghnwlbnp, gbnh opwhujup wjuquuh dwlbpbuh
Ubkdnipiniup, nhinnwpynidutph dwdwbwljuhwndwsh b owppbph Epupnipmniuubph Epupbpyug wdyuukpp
pipdws tu wpniuwl I-nud: Unyt wpnuuwlinud phipdws B bwb wjwquuh popnp ginbtph Jepupbpuyg
gnidwpuyhtt ndjujibpp: Unnmuuwjh wndjuyitphg hbnbnwd E, np akpuynidu wnwudht glnkph, hwnjuybu
wjwquih gbwnbkph gnidwpuyhtt hnuph JEpwpbpuy jnunwldl) B ghunwpnudubph puduljuwithtt s
pwiwlmpjudp nfjujutp, npnug ounphhy httwpwynpnipnit E unbnéynid puduljuht Uks Lonnipjudp
guwhwwnbnt wyn hnuptph puquudju thnthnpjunipitubph dbdnipnitutpp, dpwlbnt dbpnghlju nputg
Juipiwnbunidubph b jungbihnipjut guuwhwndw hwdwp:

Qtwnughtt hnuph' dudwtwlujhtt wenidny thnthnjunipniuaubpp yunkpuynp nupdubnt tyunulng
npjws ki tpubg qpudphluljut hnthnpunipmnibubpp: Lnyt qpubhlubph Jpu npdus L bwb wnwtdht
ghbnwjuquuubph U wdpnne Ulwbw 1£h wdwquih onh obpdwunhdwuh b dptunnpuughtt mbnnudubph
thnthnpunipniubpp:  @hwnughtt hnuph, onh okpdwuwnhdwtph, Upunnpunughtt mbnmudubph  puqdudjw
dbbmipiniuibph qpubhjujut wunlbpndp wupq YEpwyng gnyg L wwihu bpwig thnthnjumpniuubph
phtwdhlut® wddwt jud tjuquut thunndubpp:

Unniuw] 1

Ulwtw 1£h opujuquith ginbph gutlp, npniig hnupkph thnthnjumpniutitph
Jtpphpuw) junwpdt Bu quuhwnwlwbukp

Qbn-nhinulbn 91‘11111}'11111111112 u111u1q;u1i1}1 ql;iﬁ&%ﬁﬁf_ph Cupph tpljupnipiniip,
wljtpkup, Yu hungwdp wnwph

Quuughn-Onduqniy 85 1926-2007 82
Uwuphl-Onquly 673 1952-2007 56
Jwpduwnpmpe 116 1952-2007 56
Juipdwunpnip

Jwpnkthu-dwpnkhl 110 1926-2007 82
Uwnpunntuh-@knhndhwn 84,5 1961-2007 47
Upghd&h-dbphtt Shwnwokl 366 1927-2007 81
Lh&p-Lhdp 33 1976-2007 32
Pujunnulj-Owuljpup 144 1951-2007 57
SGujunwghkn-Unpunniu 467 1926-2007 82
Pninp gimbpp 3500 1935-2007 73

UpJws qpudhljuiphg himbinid L, np mmwupptp ghnwduquitipnud hnuph thnthnpunipnibibpp niikl
wnwppln’ wddwb jud tJuquut dhnnidubp, vwuyt punhwinip wpdwdp, Ulwbw 18h wjwquith pughwunip
glinnuyhtt hnuptt nith wddwt vhnmd: Uhwpwbwl pojnp gbnnuwjuquitibpnid wddwt vhunnud Eu gpubinpnud
huswytu onh obpdwumhgwp, wjtiyku k) dpunnpuuyghtt mbnnudubpp: pubhljubpnid gunlbpdws ginuwgh
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hnuph wpkungubph hwjwuwpnudubpng hwydupldt) o ghnbph hnupbph wwpbkljut hnthnjnipniaubph
Ukdmipjniiibpp, npnbg wpynibpubpp phipdws o wn. 2-md: Upgnuuwyh wjujubphg hbnbmd E, np

phunwupljus hwodupluyhtt dudwbwljwhwnywsubpnid, punphwinip wndwdp, hbnlju gknujuquitbpnd
wnbnh L nibkgh] hnuph wddwl Jhunnidubp, npnig nwwpbjut wdkpp juqdl] o Quugbnnud”  0,05%,
Yuipfunpmipnid’ 0,88%, Uwpwuinituhnid® 0,31%, U Upgh&hnid® 0,36%: Cunhwtnip ghkwnnwghtt mupkljwt hnuph

wdn juqunud k 0,26%:

Unjniuwly 2

Ulwtw 1£h wjwquith gintph hnuph (W, dju ¥, dpunnpuught mbnnudubph (Q, Ud) b onh gkipdwunhdwuh

(T.,°C) mptunutph hwjuwuwpnidubpp b ipuitg wwptwb hothnjunipniautpp

Qhwn Spkunh hwjwuwpnudp “Yhunwplnid- Uhghtr Swpklut
ubkph Ukdnipinih thnthnunipyniiitpp
dudwtufw-
uhgngp Up U3, U, °C %
W W=0,017x+33,97 1927-2007 34,54 0,017 0,05
Qyuwughn Q Q=2,4383x+371,5 1935-2007 487,69 2,438 0,50
T T-0,0052x+5.228 1927-2007 5.4 0,005 0,09
W[  W=0,2792x+24,156 1952-2007 32,06 0,279 0,87
Yupgunpnip Q Q=0,6699x+434,95 454,81 0,670 0,15
T T=0,0172x+4,1122 4,6 0,017 0,37
W|  W=0,1723x+52,649 1961-2007 56,43 0,173 0,31
Uwpuniip Q Q=1,9638x+462,22 510,75 1,964 0,38
T T=0,0237x+5,2887 4.9 0,024 0,50
W|  W=-0,1868x+66,339 1976-2007 62,96 -0,187 -0,30
Lh&p Q Q=1,7645x+496 527,24 1,764 0,33
T T=0,037x+5,4227 3,0 0,037 0.74
W|  W=-0,0257x+110,8 1927-2007 110,0 -0,026 -0,02
Quijunwighin Q Q=0,589x+453,3 481,15 0,589 0,12
T T=0,0098x+4,332 47 0,010 0,21
W]  W=0,2136x+111,93 1953-2007 105,6 0,214 -0,20
Uwuphy Q Q=0,6699x+434,95 456,76 0,670 0,15
T T=0,0172x+4,1122 4,6 0,017 0,37
W[ W=0,1126x+55,748 1926-2007 50,46 -0,113 -0,22
Jupnkithu Q Q=1,3619x+429,4 1935-2007 493,13 1,362 0,28
T T—0,0079%45,4329 1926-2007 4,7 0,008 0,18
W|  W=0,6205x+147,78 1927-2007 174,1 0,620 0,36
Unpgh&h Q Q=1,4955x+423,1 485,35 1,495 0,31
T T=0,0082x+5,4225 4.7 0,008 0,18
W]  W=0,0417x+21,61 1952-2007 20,86 -0,042 -0,20
Puifunwly Q Q=1,8701x+446,33 1951-2007 501,74 1,870 0,37
T T-0,0162x+5.342 1951-2007 48 0,016 0,33
Ul 1£h W|  W=1,1582x+713,44 1935-2007 756,38 1,158 0,15
wjuquith Q Q-=1,2158x+431,59 478,6 1,216 0,25
ghutph T T=0,0081x+4,8551 5,13 0,008 0.16
gnidwpuyht
hnupp
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VV;IL?CIP Q. Jupnthu-n. dwpnkuhly ouu W= -0&151X +55,208
’ Uwnpuntbh onwywjwl R*=0,0293
120
T=0,0074x + 5,4448
100 - R?=0,0496
80 | Q=1,5694x+421
R%?=0,154
60
40
—a—W
20 | T
—A— Q
0 — Linear (Q)
— Linear (W)
—— Linear (T)
Wagiu® Q. Uwpnnith-1. @t hnyhun o  W=01296x+53323
T.°C U ’ R?=0,0133
wpuintOh onwiywyw '
120 n h onwluy 900

T=0,0211x+5,3293
R?=0,1168

Q=2,1653x+ 458,78

R?=0,102
—a—W
——T
—4—Q
Linear (Q)
Linear (W)
Linear (T)
V
Uwpuintbh onwyuyw
900 8.0
800 7.0
700 6.0
600 -
500
4.0
400
300 3.0
200 2.0
100 1.0 (

X -p nuphbbph hbppwlwi hudwplb E:
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Wi Q. Puthunualyn, Oulpurp Oy W=0.0317x+21763
Uwpunntbh onwywywa

R?=0,0041

T=0,0156x+ 5,3497
R?=0,0893

Q=2,1559x + 439,94
R2=0,1472

—=— W
——T
——Q
Linear (Q)

Linear (W)
Linear (T)

W, u® Q.2ljirughtn-. Onduigynin o W= 0,2405x+ 32,768
T.°C ULwi- &wjhG onwiuwjwl R?=0,0066

T=0,0032x+5,2813
R?=0,0101

Q=2,4674x+ 379,59

R?=0,2692
—a—W
——T
+Q
Linear (Q)
Linear (W)
Linear (T)
3
W, dju d Q. Uwuphy-1.Onjuly T,°C W=-0,0523x+ 104,84
Q, Ud Uwunphy onwywjwb R?=0,0022
700 7.0
600 | | 6.0 Q=0,0788x+ 460,34
R?=0,0003
500 - 5.0
T=0,0191x+4,1922
400 - R?=0,0823
300 - - 3.0
200 + + 2.0
—a—W
100 1.0 ——Q
—a—T
0+ 0.0 Linear (T)
g IRgg8Iess Linear (W)
O O O O O O O O O O O O Linear (Q)
— — — — — — — — — — (V) AN
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W u? Q. Guipgwn pjmp-1. Yuplwn pymp Q.
T, °C Uwuphy onwlywjwl
60 700
60 | - 600
500

40 1

- 400
30

-+ 300
20 +

+ 200

W= 0,145x + 31,155
R2=0,1144

T=0,0191x+ 4,1922
R?=0,0823

Q=0,0788x+ 460,34
R?=0,0003

—a—W
——T
——Q
Linear (Q)

Linear (W)
Linear (T)

W, dyuu® G- Gunjunwghnt- Lnpunnnt u .
Q uu Quidwr onwywiwb T
800 7.0
700 + - 6.0
600 | Ay QN M 5o

500 1 Y 'mmmrmrﬂ.w

r Rl i + 4.0

400 -
+ 3.0

300 -
200 | + 2.0
100 Tﬁ-h-w L0
O A 0.0

W =-0,0126x + 110,52
R?=0,0004

Q=0,7364x + 449,88
R?=0,0397

T=0,0079x + 4,3928
R?=0,0574

—— Q
—a—T
Linear (T)

Linear (W)
Linear (Q)

Ulwth wjwquih ghnbtph gnidwpught hnupp,
Ul (£uyhly, Fwdun, Uwpunniih, Uwupply
onuljuyubtibp

T,°C

W = 1,165x + 713,27
R? = 0,0527

Q = 1,3549x + 428,93
R?=0,1276

T = 0,0066x + 4,8808
R? = 0,0341

—a— W

——0Q

—A—T
—Linear (T)
= Linear (W)
—Linear (Q)

Ulwbw 1£h wjwquith ginughtt mwptljwb hnuph, dplininpunuyghtt mknmudutph
b onh ghipdwunhdwih puquuwdju thnthnjunipjni
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Uwuphly, dwpntihu, Lhp, Pujuinul ghnbph wjuqutbpnid nbnh ko niikgh] hnuph tjuqnudkp
huwdwyuwunwupwbwpup 0,20%, 0,22%, 0,30%, 0,20%, hul] Fujunugbnh wjuquinid hnuph thnthnjunipnil
gnpstwljuunid nknh sh mukgk), wykjh onin tuqly L wbtipwt swthny® 0,02%: Spubhljubpnid ygunlpgus
wnwidhtt onwljuywuibph dpunnpuuyghtt nknnudubph b onh opdwunhdwh thnthnjunipniuubph mpkunukph
hwjwuwpnidubph oqunipjudp hwpduplyk) ki tputg thnthnpunipniuubpp, npnug dkdnipniuubpp phipdws ku
unyb wn. 2-nud:

Un. 3-nud b 4-nud pipud Eu Uhwb-jduyghty, Qudun, Uupuniih, Uwuphl oquljuyuuttph
Uhohttmgpwé Uptninpuughtt mbnnidukph b onh gbpdmunhdwuh thnthnpunipniuubpp:

Upjniuwyy 3
Ulwbw 1£h wjwquith dpininpuughit ntnnudubph puqudjm dhoht mupkljuu b punhwinp
thnthnjunipynibitkpp
Up. wbnnudubpp
Onbplinmpwpwbwljui Cupph Spkunh Uptnjnpuubh tnthnjunipyniip

ik Splmpmplty, |y | P ERERR T Ryut | Cughwine
ik wuph hoh, P y

ud % uud %

Uliuti-] £wyyhlt
unun 72 Q=1,2158x+431,6 476 1216 | 026 | 87,6 | 184
Uwpwunth
Uwuphy
Unjniuwl 4
Ulwbw 18h wjwquih onh ohipdwuwmhfwth puquwudju dhohtt nwupkljwu b
punhwinip hnthnjunipiniinkpp
Qtpdwuwnpdwith
Onbplntpupuiwljwl Cwpph Sphunh Onp upght thnthnfunipyoit, *C
Epjupmp, ohpdwuwnhdwbn,
Juywibbkp wph hwjwupmup .C nupkjuwt | pughwinp
°C °C
Ulw-1dughte
unjun 72 T=0,0081x+4,8551 5,2 0,0081 0,58
Uwpunih ’ ’ ’ ’ ’
Uwuphl

Un. 3-h wjjuitiphg htnbnud k, np wuquith dpuninpuughtt mbnnudutpp mupklw dhehtt hwoyny
wybjwugl] i Unnn 1,2 dd Jud 0,26%, hul] onh eobpdwuwnhdwup, hwdwduwy wn. 4-h wdjujubph, wdk] k
nwnpklwi thohtt hwpyny 0,008° C, npp nhinwpldwsd 72 mwuphubph pupugpnid juqunid E Unwn 0,6°C:

2. @6SU8B8PUL 2NULP 264UYNLrALRUL G4 YWUOULNMUSEUNRUCLC

Qhtunuyhtt hnuph dbwynpnudp wuwypdwbwdnpjws b wjuquith $hghjuwoppuphwgpuijutt yuydwi-
utpny, ipw phppunpnipjudp, (wbgkph ppnipjudp, dnyh dwjupnulhg ntutkgus pupdpnipjudp, gpnittnibph
juquny, honh U pnruwfuwinipjut wbkuwfubpng b hhwplht Yihdwywlut gnpénubpny’ dpunmnpuugh
wnbknnidubkpny b onh oipdwunhdwuny:
Ulwth wjuquih ghinkpl ntukh vtdwb mwuppkp wnpnipubp, npntp hpkug wqptgnipniut bu niikunid hnuph
Alwynpdwt b tpw nmupbjut pupjuusnipjut Jpu: Zhdtwljut ghwnwghtt hnupp dbwdnpynud £ duhw)ph
onptiph hwoyht, npng Ynpnruntipp wudplbweptph Ynpniunibiphg thnpp tu: Ujp yuwwndwnny qupuwbwght
hnpnugnidubph dbwynpiwt dudwtwl) hpdtwlwt gnpénuttpt it hwinhuwimd ghnwjuquih dut
wuowpubpp duhwjhg wnwy: Znppugdwt hnuph dbdnipjut Jpuw bujwt wqpbgnipnit bu nitbunud twb
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wudnlh mbkupny nmbknnulubpp, npnip hwnjuybu nnnud Eu gnttwdwsly mwpwspubpnid: Znppugdwi hnuph
dwynpuwt Jpwu npnp wqpbgnipmit Jupnnp b onibbbwy] bwb gbnwduquih honh  twhwddbnwghb
huntwynipinitp, npp punpnoynid L wotimtt b ddnwt uljqphtt mbnmudubph pwbwlny, ptiyybu twb wotwl,
dunwit b hnppugdwt dudwbwfuoppwunid onh opdwumnhgwipn: Znnh pupdp unbwynipjut wuwydwutbpnod
hnuph Ynpniunttpp thnppwnid Eu b dhhunyt pwbwlh wknnudubph nhypnid juntwy hnnh Jpuw wdbh dks
hnup k dbunpynid:

Pusytu wpnku wpkghtp, hnuph Alwynpdwt b tpw dkdnipjut Jpu wqnnud Eu hswbu Shqhjuwshiwuphw-
gpuiul, phhkduyhtt wuydwbubpp, wjiybu b ihdwjwlwb gnpénuubpp, uvwluyi pwuh np wduyg
ghnwjuquinid wpquws wyuydwbikpp dwudwbwlh pupwugpnid gptipk skt thnihnpoynid, wyw wnwdhb
ghbnujuquutbpnid hnuph thnhnjumpjut ypu hhdtwuinid wqnnud Bu dhwyt Yihdwyuljub gnpénuttpn,
wyn yuwdwnny hnuph juwbpunbudwd depnphlju dpwlbhu’ npuybtu ypbknhlunpukp, wbwunp b pugniuly
1hdwywlw gnpdnutinp, wjuhtipt ghnnwjuquth dptnjnpuughtt nknnidubpt nt onh obpdwunh&uiin:
Qnnipinit niikt hnuph Juwihwnbudwt Uh pwbuh dbpnnubp, npnuighg hhdtwlwbtubpt ' qhkubnhjuyub
Ubkpnnp, opuyhtt hwpdklonh dkpnyp b dhqhju-unwwnmpunhuljut dbpnnp: Lodws dbpnnubphg wnweht
tpyniuh Yhpwonudp tbpjuyniudu juydws b dbs ndupnipniuibph htwn, pwth np tpubg ke dintng npny
pununphsubph hwoqupyp jud quwhwwnnidp juwus E ks nddupnipnibitph hbwn, wyn wuwndwnny wykh
tyuwunwlwhwpdup b oquuugnpst) hnuph Juijuwnbudwt  $hqhju-unwnhunhjuut  dbkpnnp, npp
htwpwynpnipnitt £ vnwjhu Juybp hwunwnt) hnuph b tput wuydwbwdnpnn gnpsntiubph dhol b tpubg
oqunugnpsdmdp mupplp Junopnpnipjudp quwhwink) b jutjpwnbubk) hnupp:

Usjummnnwiipnid dowljdl) £ hqhjmunnwuunmphunpljuljut dtpnnh dpuw hhdudws dnpb’ wnwbdhtt ghinbph
nwpbwi hnuph juwijpwnbudwt hwdwp: Qpuybu ypinhunpubp oguuugnpdyty i Uhwih wdwquih
onujuyututph Uptnnpuiughtt mknnudubph b onh obpdwunhdwuh puquudju phnwpnudubph ndjuubpnp:
Qhunuwghtt hnuph unugdus juttwnbudwt hwjuwuwpnidubpp tkpjuyugqus b uinnpl:

Ui jdh wjuquih glhnkph nmupblml hnupbph (W, djia P) b dpbonpunughll wnkgnidbbph (Q, i) ni oph
okplwuwnmpdmih (T, °C) upol junybph hurjwuwipnidabpp:

Qiuughn-Onjugyniy
W=55,240,055( O virix +0,064( O xx1+0,0972
(Qrm++0,033(Qrv-vi-5,434Tv-vi: (1)
Uwuphl-Onquly
W=184,5+0,08( O viirx +0,111( O xx11+0,0095(Qr-r+
0,067 (Quv-vi+0,066(Qvi-1x+0,0307 (Qx-xu-1,121 T x-x11+0,939T -+

+0,791T1vvi-8,106T vir-1x+2,277 T x-xu: (2)
Juwpnkuhu-dwpnkuhl
W=133,0+0,111( Q x-x11 +0,083(Qr-u+0,33(Qrv-vi- 3)

-2,44 f xxi +1,0T1rm-3,762T1v-vi-4,032Tviix:
Uwnpwnntuh-@tEnhnghwn
W=82,240,1( O virix +0,135( O xx140,061(Quin+ @)
+0,007(Qv-vi+0,053(Qvn-1x-0,054(Qx-xu-3,467 T xxus+l ,358T1-m-
-3,336T1v-vi-0,092T vir1x-2,427 T x-xu:
Upgh&h-dEpht Shnwokl

W=138,2+0,245( O virx +0,09( O xx1+0,571(Qrm+ ®)

+0,23(Quv-vi+0,125(Quv-v1 —0,1(Qx-x11—6,848f xx1-1,699T 111~
-3,335T1v-vi-2,829T vir 1x-4,694 T x-x11:
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Ul 1&£h pughwunip ghnbpp
W=954,5+0,533( Q virix +1,133( é x-x11+1,55(Qrm+ 6)
+O,546((11v-v1—ll,778f xxu -18,04 Trv-vi -27,0Tvi-1x:
bunbkpuubpp gnyg Lt wwhu wdhutbpp, whpwdl gdhlp gnyg E wwhu, np ndjuy EEdkunp

Ubkdnmipniup Jhpwpkpnud £ bwjunpy mupdu ngju) wdhutbph:
(1) - (6) hwJuwuwpnidutph Jhdwjugpuljut puntpugptph dbdnipjniubpp pipdws b wn. 5-nud:

Unniuwly 5
Ultwtw 1£h wjuquith ghnkph hnupbph juijpuntudwt juwybph pinypugptpp

Uhghtu
QEwn-nhunuljtn pun. pknnul, (o Ujh “nptughugh A=S/ o B 0
o) aonouth, R bmpt
Qyuuglwn-Onjugniy 95 0,6 0,80 60
Uwuphly-Onul 12.1 07 0,74 66
Huwpntuhu-Hwpnkuhy 12,3 0,6 0,80 60
Uwpunitth-3Enhnghwn 12,7 0,6 0,80 60
Upgh&h-dbphtt Fhnwpkl 37.9 06 0,79 60
Pninp glinbkpp 79.4 07 0,74 66

Un. 5-nud (o-u' puwlub pwpph wbnudubph dhohtt pwnwlniuught obnnid E owpph dhohtih
uundwdp:
S -p* hwoyqupluyht swpph whnuultbph theht punwlyniuwghtt snnidt | wyn owpph dhohtth tjundundp:

Zudwdwyt juupwnbunidubph JEpupkpyu gnignudubph [7]° jutjuowntuodwt dbpnghljut hwdwpynud £
punniubh oybkpwwnhy jwihwwnbunidubp Juunwpbint hwdwp S/¢ hwpwpbpnipjut hbnljw; wpdbpubtph
nhupnid,

1. tpp n <15, myu S/ 6<0,70
2.tpp 15<n<25 wyu S/o< 0,75
3. tppn 2 25, myu S/ o< 0,80

Ujuntn n — p owpph tpupmipniup jud mwphubph phdt k npnig wdjuibpnd juunwpdnud B
Juijiwnbunidubp:

buswbu hbknlnd b wnnuuul 1-md phipqwé ndjujubphg, wn. 5-nid phpdws pninp  ghnbkph
nhunwpynudubpp pungplnid Eu 47-hg dhtisl 82 tnwiph, wjuhtipt n > 25:

Un. 5-h wjjuwjubkphg htnbmd E, np tpdws ghnbph wwpbiwt hnuph hwdwp wnwugqus S/
hwpwpbpmipnitubpp pwduwpupnd Bu Jipp iodwsd wuwydwht, wyuhipt® S/ < 0,80: Loklp, np wr. 5-mud
pipJws tu Jhuyt wyt ginbph punipwqpbpp, npnup pudupupnud B dipp tpdws yuydwitbphl, wjuhpt
S/o <0,80:
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3. UB4ULU L U4 ULQU L @ESUSHL 2N UL MNSELPNEESUL ALUZUSNRUL
ULPUUSP oNONNRE8UL SULMRG USGLULNULE Y,

Uhduwygh thnthnjunipju hknbwupny qghkwnwhtt hnuph thnthnjunipyut jud jungbjhnipjut quwhwndwb
huwdwp punpdl) £ dhghjuununhunhljuuit jud pbgpiuhnt Udnpbkp, npp htwpwynpnipmitt £ wwhu
ynpkjughntt  Juwbp hwuwnwwnb] hnuph b wyl
wuwjdwbwynpnn Yhdwyulub gnpénuubph’ dpun-
npuiwght mbnnidukph nt ogh ohpdwunh&with vhol: ]ugzsl]jlligflS;iiﬂﬁﬁﬁmﬁiniﬁgiﬁﬁzﬂ;]1
Oqunugnpdtyny unjmquith gyl hnupp b Ul 4w n o1t wwppbip ugbtmptkph wwylwbibpod
18uht, Qudun, Uwpwunnith nt Uwuphl onbplntpw-

Unyniuwly 6

putwljut juywuubph dpunnpuughtt mbknnudubph Ubwbh wjuquih pighwinmp gnkp
nt ogh obpUwunhdwh YLpwpbpu puquudju Znuph
ghunwpynudbph ujukpp’ §npkjughnt juwbp ko Ugbiuplibp | Znupp,ujhof? thnihnjunipynitp
hwunwngby wpdws nwppkph dhol, b unnwgyly kEu ujh u? %
(1)-(6) hwwuwpnmidubpp: Puqhu 757,68 0 0
Un. 5-nuid mpdws b wyy juybph uvnnuwnhu- T+1,0,7Q 585,06 -172,62 -22,8
nhjuljut pintpugptpp: T+1,0,8Q 623,66 13402 | -17,7
(1)-(6) hwjwuwpnudutpny, vh pwih fipdw- | 141,0,85Q 642,96 11472 | -15.1
juut  ugktwpibph  oqumpjudp Yuwnwplly ku o [141,0,9Q 662,26 9542 [ -12,6
wpwtdht glnbph b wdpnng wjwmquih pinhwinip 1y g 700,87 -56,81 75
gwnwihtt hnuph hnfumpyutt jud ungbjhmpyut iy 71 739,47 -18,21 2,4
quwhwinwlubbbp: Sknh unmpjut wuwndwend wn.  F1,.77,15Q 758,77 1,09 0,1
6-nul pipws &b Ubwbw 1£h dhuwgh pghwbmp  [T137775q 778,07 20,39 2,7
gt hnuph jungkjhmipjut qgwhwudwl wpy- 7175707 528,24 229,44 | -303
jniuiplibipp: T+2, 0,8Q 566,84 -190.84 | -252
Iungkihnipjut  quwhwwndwt  wpynibpubpp T+2, 0,85Q 586,14 17154 226
gnyg bkt wwihu, np Yihdugh  odinfumppot P50 605,45 152,23 | 201
wqplignipniup hnuph thnthnpunipyut Jpu wwppkp T+2,Q 644.05 “113.63 150
ghnnwjuquuttpmd  wwppbp swhny £ owgnnud, T+2,1.1Q 682,65 75.03 99
uwluyt pnnp ginwjuquutbpnd k) onh obpdwu- T+2, 1,15Q 70195 5573 74
wmhdwth pwpdpugdwutt htnbwipny uwnwugynd L T+2,1.2Q 721.55 36,43 48
hnuph  tjugnud, dplunnpuuihtt  wknnudubph T+3,07Q 17142 286.26 378

wiflpugiwbp - qmqpupwg’ - hnuph - wd, - puly e 510,03 24765 | 327
nbnnulubph  WJuquut  pghwypnud, plwlwbwpwp

b N d I 4 hburhuis T+3, 0,85Q 529,33 -228,35 -30,1
nupR qmgm 1_}: Hih m]bmimhnllfummmh WAt 710370,9Q 548,63 209,05 | 276
inq WHRPER G mm‘imqm Enlt mu;pp n imlgnq T+3,Q 587,23 -170,45 225
nuph ;bithmqﬁm s Ew;mg HLJI:III : ull?l] " mt; 43, 1,1Q 625,83 13185 | -17.4
qnpqu; ul]?{ qm?;mqmth Eh g Tlhlllhm];ullmh T+3, 1,15Q 645,14 -112,54 -14,9
mmpi I ilm] e gmq’ h&zulhu‘t{ué nh qptupn T+3,1,2Q 664,44 9324 | -123
Yuwgtpp ukpumpub wunhdutng: nehltihg qguih T+4, 0,7Q 414,61 -343,07 -45,3

suthny Juwhiqwsé b hnuph pjunghjhmpjut quwhwwn-
T+4, 0,8Q 453,21 -304,47 -40,2

dwt  dounipjutt  wunmhduup: Oppwt  dbks L
: T+4, 0,85Q 472,51 -285,17 37,6

puqUugnpéntughtt Ynphjughugh  gnpdwlgh’  R-h
T+4, 0,9Q 491,81 -265,87 -35,1

wipdbpp b thnpp £ S/ hwpwpbpnipmniup, wybipuil
Uks E quwhwndwl ynnipjut wunhdwip: Shwnw- T4 Q 23042 227,26 300
bt hnuph U wjt wwplwbuwdnpey qnpsntikpht | MR 009,02 188,66 | 249
Uptninpunuyhtt nknnudutph nt onh obpdwunhdwh T+ L15Q o88,32 169,36 Kkt
T+4,1,2Q 607,62 -150,06 -19,8

dholi ny ubipnn juwh wywl E wyt hwbhquuwpp, np
wyn yuybph hwjuuwpnudubpnid, npny nhupbpnid,
onh ethpdwumhfwiup Jud dpunnpuuyghtt minnmudubpp wpnwhuwynus o wyn LEdkunh ghpp punipwugpng
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dhqhjujut hdwuwp hwjuuny tpwiny, wyuhlipt gpuljut jud puguuwljut tywih hopjuwpk’ hwjunwly
tpwtny: Ophtwy, (2) hwjwuwpdwt ke wwphi-hnithu wdhutbph b hnjubdpbp-nEnbkdpip wdhuukph
obpdwunhfwbtipp wpnwhwyndws kb gpuljub bpwbny, wyuhts’ whwp b (hubkht puguuwmljui: 3) b (4)
huwjuwuwpnidubpnud hnibiJup-dwpn wdhukph ogh ohpdwumhfwup pgpujui L puguuwljuith thnpuwpki b
wyji: Ubwbw 1&h punhwinip gbknbtph hnuph Juubpnid, npp wpnwhwyndws t (6) hwjwuwpnidny, todws
hwljwunipmnitp shw, wyuhtiptt hsytu Uptinnpuiuyghtt mbinnudubph, wjtybu b onh shpdwunhfwith tpwbinkpp
skt hwuwunid hpkg $hqhjujut hdwuwnhl, wn wwndwnn wjuquih gonidwpughtt hnuph Yjhdugh
thnthnjunipjut hbnbwipny, wwppkp ughtwpubpny, jungbjhnipjut ghwhwnwlwbiutpp jupkh b hwdwpl
wybjh hwjuunh: Ujuwbu, hwdwduwyt wn. 6-h wdjuubph, wbthnthnp dpunnpuuhtt nbnnudukph
wyuydwtubpnid onh obpdwumnhdwuh 1 wunmhdwt pwpdpugdut nhypnd Ubwbw (dh wjuquih ghwnbph
nunpkjwb gnidwpuyhtt hnupp Jupnn k tduqby 7,5%-ny, 2 munhdwt pupdpugdut nhuypnid hnupp Jupnn k
ujuql) 15%-ny, oipdwunhdwuh 3 wunhdwt pwpdpugdut nhuypnd’ 22,5%, 4 wunhdwt pupdpugdut
ntypnud” 30%: Uplunnpuujhtt mbnnudutph 10% tjuquut yuydwibbpnid nibbup htnlyw) wuunltpp'
obipdwunhfwh 1 wunhdwt wddwbt pbhuypnid hnuph Wugnudp Juqunid bt 12,6%, okpdwuwnhdwuh 2
wunhfwt pupdpugdut ghypnud® 20,1%, shpdwunhlwih, 3 wunhfwb pupdpugdut ghypnud® 27,6%,
obpdwunhdwith, 4 wmunhdwt pupdpugdut nhypnid” 35,1%:

Upunnpuiughtt minnudubph 10% wdbjugdut yguydwbibpnid vnwugynud Bu hbnlbyju) wpnyniupubpn,
ohipdwunhfwih 1 wunhdwt pwpdpugduwt phwypnid hnupp Yupnn b Wdwqb) stsht swhny'  2,4%,
otipUwunhdwh 2 wunhdwt wddwt nthwypnid hnupp judugh dnn 10%-ny, okpdwunhdwth 3 wuwnhdwh
wddwt nphypmd® 17,4%, obipdwunhdwith 4 wmunhdwh wddwt nhypnid’ dnwn 25%:

Znuph hungbjhnipjut Junwgny mwuppipuly E Epp mbknnudubpp tdugnud Ea 30% b obipdwunhguip
wdnid k3 b 4 wmunhdwl, wyu nhypnd Ynitktwtp hnuph hwdwyuwnwujuwtwpwp dnwn 33% b 40% uuqnid:
Lujuqgnyb mwuppkpulh ghypnid, wyjuhtiptt Epp oipdwunhdwith wgnid £ 1 munhgwuny, hulj nknnidubpt
wdnid ki 20%-ny, mwupkjwb hnupp Jupnn t wdk] dnn 3%-ny, ohpdwunplwih 2 wunhfw pupdpugdui
nthwypnid hnupp Juquqh dnwn 5%-ny, 9kpdwuwnhdwih 3 wunhdwt pupdpugdwut pbhuypnid’ 12,3%-nd L
otbpdwunhfwith 4 wunhfwt pupdpugdut nhypnid” Unwin 20%-ny:

GrUYUsSNkhE8NRL

1. Ulwbw 1&h wjuquih gbwnnwghtt hnuph puquudju thnthnpunipnibtiph phtwdhjut’ gpuljut jud
puguwuwluwi  dhunndubpp hhdbwlwind wupdwiwdnpdws o §ihdwyulwi  gopénuubph’
Uptninpunuyghtt  mbknnudubph b onh  ¢bpdwuwnhdwuh  thnthnjumipinitubpny: Qbwnwghtt hnuph
thnthnjunipniiibph Jpu wqply Bu twb gbnwjuquibpnud nonquiwl, gpudwnujupupdut b wyy
tyuwljubpny nwuphubph pipwugpnid junwpdws opunubpp:

2. Zuwdwduwyt 1dh wwquih opkpunipwpwiwlwb  Yuywutbkph wdjujubkpht Jipeht dh  pwih
nwutwdjuljubph pupwugpnid wmbnh b niukgh] hyybu dpuninpuuihtt mbnnudubph, wjuybu k) onh
obpdwunhfwih w&: Uhohtt hwoyny dpuninpuiughtt nbnnudubph nwupbjuwt wép juqunwd k0,25 %,
hulj onh obpuwuwnhdwup pwpdpwgl] £ wwpkiuu 0,008 °C: Stknh E niukgh] twlb (hd pwthyng
punhwunip gknughtt hnuph wd” nmupbjut juipguspny dnwn 0,15 % (wn. 2):

3. dphghjuunnuunmhunhjuljutt  Unghh hhdwt  Jpu wnwgws hwdwuwpnidubpny, npnug
Jhdwjugpujut punipwuqpbpp pujupupmd Bu bbpuwyugynn ywhwbetbphl, Jupkh § juwnwpl
ghinbph wwpbljut hnuptph owkpwwnhy fuippwwnbundubph b Yihdugh thnhnjumipjut wwppkp
ugktwpubtpny hnuph jungtjhnipjut quuwhwwnwlwtutbn (wr. 6):
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IMPOBJIEMbBI UBMEHEHMUS, ITPOI'HO3A 1 OHEHKU YA3BUMOCTHU
BIHAJAIOIIEI'O B O3EPO CEBAH PEYHOI'O CTOKA
Bapaansu JL.P.

Epesanckuii cocyoapcmeennuii ynugepcumem apxumexmypubl U CIpOUmenbcmed

Knroueeote cnosa: o3epo CeeaH, pelmozi CMOK, USMEHEHUA Kaumama, npocHo3, YA36UMOCMb PEYHO0c0 CMOKA

AHHOTAIUA

B paOore, ucronb3yst psabl MHOTOJIETHUX JaHHBIX C JEHCTBYIOIIMX B OacceliHe o3epa CeBaH THIPOIOTMYECKUX
HaOMI0JaTeNbHBIX MYHKTOB M METEOPOJIOTHYECKUX CTAHIMH, OIIEHEHBl MX TOJWYHBbIE W3MEHEHHs, pa3dpaboTaHa (usmko-
CTaTUCTHYECKass MOJENb IS MPOTrHO3a TOJOBOIO CTOKAa OTAEIBHBIX pek. Mcronp3ys pasziuuHble CIEHApUM H3MEHEHUS
KJIMMATa U ¢ MOMOILbIO MIOTyYEHHbBIX HA COHOBE MOJICIIM ypaBHEHNUH, OblLla OLlEHEeHa ySI3BUMOCTh PEYHOIO CTOKa OacceiHa.
B pesynbraTe ananmmsa ObIJIO OTMEUEHO, YTO NPU HAWIY4IIEM CIIEHapHH: yBeJlHdeHnu TeMneparypsl Ha 1 °C u ocaikoB Ha
20 %, peuHOM cTOK yBenuuutcs Ha 2,7 % MO OTHOWIEHUIO K cpenHeMy. Ilpum HauxymieM CHEHapUM: yBEIUYEHUHU
Temnepatypsl Ha 4 °C 1 ymeHnsiieHnH ocaakos Ha 30 %, peuHoil cTok ymMeHbIIUTCS Ha 45 %.

THE ASSESSMENT OF RUNOFF FLOW INTO LAKE SEVAN:
CHANGE, FORECASTING AND VULNERABILITY
L.R. Vardanyan
Yerevan State University of Architecture and Construction

Keywords: Lake Sevan, river runoff, climate change, prediction, the vulnerability of river flow

SUMMARY

Using long-term data from measurments of hydrological posts and stations of the Sevan Lake Basin have been
analysed. The physical-statistical model of annual runoff forecasting has been developed. Different scenarios of climate
change and the results of the developed physical-statistical model are used to estimate the vulnerability of runoff of the
Sevan Lake Basin. It was found that in case of the best climate scenario, i.e. increase of temperature and precipitation by
1°C and 20% correspondingly, will result in increase of runoff by 27%, while the worst climate scenario, i.e. temperature
increase of 4°C and precipitation reduction by 30%, will result in reduction of runoft by 45%.
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Ureu-uvtduy NPUELE YEMUYUNNRSUUL UMP LB UTURL
0.2, Zwlnpjut
Eplwih dwpunupuybnnipul b phiupupnipul wyhnwlul huduyuwpub

Pwitwjh puntp. Upthw-Ulwb, polubjubph hwdwlupg, pwhwgnpénid, opupwtiul, Uhwh dwjupnul

Ulwinu jdh dulupnulh pupdpugdwl gnpopljpugnid bulul bowlmnipinil niih Uphw-Ulul
pnihljabph hudwlupgn: Pnibkjhbph hudwlupgh junmglwi pipugpnid jubpunnbuynid Ep Apnunab-
Umhw-Ulnul ppunnuph hwdwljupgny Ulwbu jhS nknunpnfuly unupklmb pnipe 420 Upl P ppupwilnadj,
uwljuyl Upthw-Ulul gpuninuph phyf 2 pniakip Jpuwpughl Jhdwlp wlpnyjuunplih npupdpkg uyn opupwiulh
wwpklwl nkpuhnfunidp uljuwé 1997 pyuluihg:

Ujuop ppuuinugyng wihuwywy JEpulubqimpulul wofnmunmuiipbbphi gnigpipug wnwowplynid F
anp mpképny pniikih hnpunnwbgnidia ppwlwinughly 192483+83 Upisl phif 2 pniialyh (102355432 huiligniigh
hunnnid, uyluyba, np anp pnillbyh hunnwlh bhop hwdpbyah hah pupdniipuyhl ahop htn (1913.0 o ypw), nph

wpryntipnid 420 Up i 1P popupwlinulp Gunknuihnpufh jhupdbp uluws 2021 pyulwihg:

Ulwinu j&h dwlupnulh pupdpugdul wnwewplyng dhongunnidbbph wpnynibubwnnipinilp 12,5
whquid pupdp F, pul gpudpupuppinygeiniip: Upynipnid wkunp Fuhongupnidiakp dkninuplky jah
dwmupnuilh pupdpugdul mpnnipiniiakpny 'hplpnud wnumebuhbppe phkiny Upthw-Uluh pnibkybkph
hunlwljupgh nne hqnpnipyudp gnpéwplnidp

Zuyuunwih Zwipuybunipjutt hwdwp Jhuwuwt  ywbwlniemit nitth Ubwbw  (hdp, nph
dwlupnulp dhish 2001 pYulubp ijugnid tp' hwigqbgibing (&md oph nupuynp yupwpbbph wwyundwbp,
Eupndhjugdup b 14h Eynhwjuuwpulpppnipjutt pwpndwipn: Lodws puughpubph jnsdwtt buybu
tywuwnbghtt 2001 pwlwiht puypmbws «Ubhwbw (dh dwupty [1], «Ubwbtw &h Eynhwdwlwupgh
JEpujubqudwl, yquwhywidwl, Jkpupnunpdut b oginugnpédwin vhongunmidubph nnwpkljut nt hwdwihp
dpwgpbpp hwunwwnbint dwupt» [2] 22 opkupukpp, 2002 puwlwiht pugnitdus 22 opuyhtt opkiughppp [3],
htywtu twwb dh owpp wy opktugppuljut b bupwoptuunpulmt wlwnbtp nt Juquuybkpyswlub
Uhongunnidtip, npnp dhigl opu b swpnibwljynud L

22 Ywpwdwpnipjut 13.05.2004p. N 766-U npnodwdp hbipwijupnmid wpwehluw 18 wwphubph
pupugpnid Ulwbw 1£h dwjuppulp twpunbuws b pupdpugul; dhish 1906.0 pupdnitupughtt thon:
L.dwppuiyuip, U.u.Uwpynuywip, 2.0 Uhynnnupuip, S.U.Uwpwuhpnuywip b niphoubp, juwnwpbng
opwpwtwjut b winbuwghnwlwi hbnwgnunipmnibubp, wpwewpymd L qhwy wdbh wpdwnulub
puyjph U Uhwbw 1£h dwljuppulp pupdpugity dhish wndwwinpbi hp plalwb thop 1915,15 U [4,5,6]:
Ulwbw 1&h pwpdpugdmt gnpdptpugnid  buubt  towbwlnmpmit nith  Upthw-Ubwb  patbbjubph
hwdwlupgp:  Gniukjubph hwdwlwupgh junnigdw pipugpnid jutiwnbuynud Ep Opnunwt-Upthw-Ulwb
opununh hwdwlupgny Ubwbw (hd wbnuihnful] mwuptlju onipe 420 djn ¥ opwpwtiwly: Zwjnth k np
Upthw-Ulwl gpunnwph phy 2 pnitbih Jpwpuyght Jhdwlp wipnjunpbih nupdpkg wyy gpupwbwlh
nupklul nknuthnjumdp’ ujuws 1997 plulwihg: Uhush hhdbwlwi Jkpujwiginquljut wunwbpibph
uhqpep 01.09.2010p., Jpwpiuws hwdwlwpgn] nbnuihnpjws dhohtwgjus wwpbjui gpupwiwlp sh
qpuquiighy 203 Ujt W uwhdwiwghdp wipinhwn wwgkgdub dhunnidng:

Upthw-Ulwt phy 2 pnitubh Epuljubqidwb-JEkpujunnigdut hwdwihp spuqpny bwppmnbudws &
dhtsl 01.09.2017 pwlwip ykpulubqul] pupughtt hdwuljnd qunignn hwndwsubpp, npnup pupjujus tu
Nkz 252450 dhsh Nkz 355432 phy 2 poiubh wbqudwuenid: 8nipuwpwiynip mwph Jipujubqinnqujut
wohuwnwiptbpp hpwwbwgybnt i 7 wdunwd, hulj ghyh Uhwbw (hd oph nbnuithnunudp juwnwpdbne 5
wdunid: Cun npnud, mbknuthnjuynn gpwpwbiwlp nwwpkwt juqutine £ dhohtp 140 dju 3

Bhy 2 poiubh wlkiwswip hwndusutph NF2355+32 dhigh Nh2362+50; NF2368+00 Uhtisk NF2368+60,
huswhu twb Nb2393+30 uUhsth NP2483+31 wbnuuwubpnid puohws Epkuwpyh ewpnnundus, juhuwn
phbnpuugyué wnpwbdhtt hwnduwsubph JEpuljuprnigdut-Jhipujubquduwt wpjuwwnwbpubpp, npnip
twhunbugws tht hwdwihp dpwgpny ppwlwbwugul] gniquhbpwpup wihwwywn JEpuljubqunnujub
wpluwnwupubphtt qnigpupug, hinnwaqytghtt dhuwbuww dhgngutipnh unnmipjut yyuwngwnny:

9tpp tpdwd hwndwsubph Jhpujuigidwt wopwwnwipttpp htwpwynp £ uljuly 2018 pduljwuipl,
nnp Judupunygh 2026 pywljuih:
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Uh. 1. Uwtw (& dwupnuljh pupdntipught thoh thnthnjuni pintip punn wmwphukph

Ujuyhuny' Ubwbtw 1&h dwjupnulh pupdpugdut spugph hpujwbwgnidp jhtunwdqdh wnuguqu 10
wnwnny b, bptk wwhywigh Uhwbtw (£h gpuljut ogpunynipiniup, wyw tpw dwljupnuljh pupdpugnidp dhish
1906.0 pupdniupuyhtt thop Yhwnpwhwpyh 2044 - 2045 pduwluitpht: Uuhpwdtown k upk), np Uhwbw 18hg,
bEpt mupplp mwuphubpht Uhohttwgdws wnwpkljut oppnnp sh ghipuquigt) 185 dju U® dkdnipniup, wmuyw tpw
npulub gpunynipjut wpnyniipnid Uhwbw 1£h dwjuwpnulh papdpugnidp nubnun, pujg juynit ws nith
(uy. 1):

Uyuwuynn qnpwy Yhdwyuub thnthnjumpnibtiiph wqpbignipmniip Ubwbw (£ Eynhwdwljupgh
Juunpupugdut Jpu wpwydd wijutjwnbubih E wynp gundwnny hugputt wpug JEpujubqunnpujut
wolnwnwbipibpt Upthw-Ulwb gpuwnwuph phy 2 pmiubmd hpwjuwbwugdbl, wjipwt onin Ypwhwgnpdih
Npnuuit-Unpthw-Ulwb gpuinupny nupkljut 420 4 @B opupwiulh mbnuthnpunidp nuyh Uhwta (h4:

dbpp toqws punnph nsdwt tyuunwlng wrwewpymd Lup nkjuuhjuybu tnp wypnputipuyghe
(nudnid.

1. Upthw-Ulwt opwwnwph hbpwgunn opwugph we wthh jwughtt Junnigh] “Po66muc” pniubkjuyht
Yndpwjth nknujuydwt hpuwwpwl, nph hwnwlp ywkwnp E quigh 1905.0 pupdniupughti thoh ypu:

2. “Po66uuc” Ynupuyth dhongny hpwlwbwgubk; phy 2 pniubjh tnp ninbkdpnd hnpuwwnwigpnid, nph
hhdtwlwt punipwugpbpp thpuyugdws Eu uly. 2-nud b uly. 3-nud:

Fymuhu

oAUl
1908 Ghh st o

Ul 2. Unp el h wigdwi mnbkdph nbnuyiwgmdp phy 2 pomukh qgnpénn mntdph htn
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3. Unp ninbdpny pniubjh hnpuunwignidi hpuljubwgit) Nh2483+83 dhush phy 2 pniukjh NH2355+32
hwugnygh hwwnnd, wjtiy by, np unp poiubkh hwnwlh thop hwdpuluh hth pupdnitipught thoh htwn (1913.0 U
Jpw) unbnskiny tnp mnképh wdpnne 12366.4 U kpljupnipjub Jpu i=0.000648 dhunup phpnipymi: Chn
npnud, unp pnitbh jurniguyundwb punipwuqpbpp DH=4.5 U, DB=3.9 U hhdtwynpjws tu hhnpuwyhjuljub
hwoquplubpny b wwwhnymd Eu 2003A4pY oppnnnitiwlnipnitin oph Juynibugyws wihwwuwpwswh,
uwhntl thnthnjuynn owpdnidp ny wphquuwnhly hntubpnud:

4. ‘unp minbdpny pntubih bpbuwpyp jurnigk] hwjwpnyh Epjuppbnniyw pinljutphg (uy. 5),

5. npniug pinubph hwunnipniup juqunud £ 0.3 U, B30F150W6 dwiljihoh phwnntihg, 2.5% wdputuynpdut
hunnipjudp hwpupluyhtt hwwnnyph
dwbptunud: Undpujiwghtt hnpunwg- Swnn i 2:&35 3432
dwtt pninp wuydwbkpnh Yhpunnudp
wnwykjuytu 1 gé.U. mgnidhg hkwnn
htwnbpbuwpluyhtt nwnwupynipmitutph
Jtpugnudp phnntwownwjiwght (nidniyph
1guunnidhg htwnn, wywhnynid k
hunupnip Epkuwplyh hwpjupyught
Ypnnnitwlnipiniip hwugil) dhigh 120 nt
n1d/d? [ntughtt £bpdwbip phiwnplyni’
wnwig dhwppwhinnidubiph b
Swpuwnwowgdwl wyn kpkuwpynid:

‘Unp ninképny 12366.4 U Epljuapnt-
prudp pniubijh hnpuwwnwugnudp “Po66umc”
ynupwjuny wywhnynid k htwnlyuy
nkthjunintuwlub wpynibw-

Yinmpyniip. \Unn ninnsénny ywemgum
w/ Udpnnonyht opowtgynid £ 2018 RALOBIN huitnnypn

pYwuluihg htinnn Jkpuljubqunnujut

wphuwnwiputiph bpuﬂlmhmgmdn‘ rhy 2 LY. 3. Zhtt it inp poibikjutph hwwnnypubph hwndwi

et h Ypntpdws wdkiwswip hundw- wbkupp M2 355+32 mnbthunnyuémy

Subpnud: Uyuugbiu ophliwly opowigynid t Upnithp-2Zwipun]ub nkljnniulwh nkghntuy juquispp, nphi hunnby
En phy 2 poiubyp NR2369+00 dhush Nh2340+00 nnknuuwunid b hnpunwbgyt) kp swhwquibg swp hudbubpw-
Epjpuwputtuut yuydwubbpnd pupdp ohkpdwunpfwtibph wnjuynipnit wywptbpnud 45° dhish 63°, onh
pupan funttwynipini dhish 95%, CO:2 b CO quqtph ks pwbwlnipjudp unidnrjjup ubphnup pniubnud,
JEunpntwgdus vwninpuly opkph (wpwbdht nhypbpnid dhigl 700 1/4nY) wnlw tkphnup: Uthpudton k
puguhwynt] witwhwyby ququnhtwdhl kpinygpubtpp winkghnwpuqunughtt wywpibph quiqlusnud:

p/ SEjinntwljut juqudph nnibwppblshwbph hhppnptpdw) hothnpjgws juduyht qubqustubpnid
Junrnigqws hwdwpniyh Epluppbkuntywm pinljukphg vwhdwbwhwl swpdnitwlnipyjudp Epkuwplp, nph
hwoqupujhtt Ypnpnibwlnipniup 0.4 UNw dAlwpwpngt] b aguygbu (W, 4), np bpw dEpuljunnigdwub
htwpwynpnipmiip “Gntghu” shthpuwwpwlyhg 18 Yud htinwynpnipjut Jpu gnpstwuinid b nbpuunn-
ghuytu nununid k wthuwp (hEyupntwght tnp judtpughtt hopdusph unknénid b hwjwpnyh E/pknnyu
unp pinjubph JEpunbnujumd Uks (Entwght dupdwt wnijunipjut yuydwutbpnud):

¢/ “Po6burc” UnUpuyuh hnpwwnwignidp hhdbwlwind  ppuwluwbug]int £ gpoitbinughtt wy
quiqquétbpny, npnip ukpuyugyus tu qluwynpuybu wjuqupuptpny, mniphnubpny, ynpbhphwnubkpny,
ppblshwttpny, wiunbqghnwpwqunubpnyg, b npnignid wnlu o nbnuljub ny dks hqnpnipnit niibkgng
nkjuntwljut fjuquspubp: bPusywbu gnyg Lt wwhu hwdwohwphwhtt thopdp, wjuwhuh wwwptbpng
hnpunwugnidp “Po66uuc” Yndpuyuny wuywhnynid E dhtgh 400d/widhu wpwgnipnit yuwnpuwuwnh poibl)
Junmgbnt hwdwp: Uju wuypdwbubpnud tnp nminbképnyg hnpunwbgniudp gnpstwjuwinid  jhpwljuwtwgdh
12366.41/300U=41.2 wlhu b Yndpuybh dntnwddwb nt wyudninwddwh dudwbwyp’ pigniabim] 22.8 wdhu,
Junuwtwip yuwnpwuwnh tnpuljunnyg pntik) 6 mupnud:
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Aluwhuwiunywd Yupwép Awhwnywsd Yupdwsp
LuwfuwgéwihG Yunndwép k< 359+90 NH< 356+58

Ul 4. Bpljupptuntyw pinutphg hwdupnygh tptuwpyh dbwiwonnudukpp 012 355+22 dhush N2
362+48 hwwnjwédnid (ppdwuqutp)

Bpt Jtpp tpdws wohiwnwtpubpn ujuytu 2014 pyuljutihg (UL mmwuph tdhpbiny “Po66uuc” Ynupuyjh
wuwnpuundwip UUL b ipu mbnuihnjudwip Onghtwp b Upsdutthun hwdwjupubph nwhdwiwghs), wyw
gnpdtwljwind phy 2 pmibbkp unp ninképny hwinkpd wywwpwuwn Yhth owhwgnpddwt wpnku 2021
pYywlwuhi: Zhig mwph wykh onun, pwb bkpppoiduwghtt dpugpny b twpwnbudus: dhpp swpunpus
Juquuljtpyuntjpuhjuluwt dhonguonudubpp hpwljutwgubihu dkp Ynndhg Gupwugpdnud tp, np Uhwtw 1&h
dwljupnyulyp 2013-2021pp. dudwbwjuhunyusnid gnut tjuqugnyup jpupdpuwbim 100ud b hwutth 1901.1
pwpdntupuyghlt thohti:

Ujuwhuny' Opnuubt-Upthw-Ulwb gpuunnwpp nupklub 420 dju @ gpwpwtwljp jhwpdtp junbnu-
thnpuh ujuwé 2021 pYulwihg b htnbwpwp pundwh 1906.0 pupdputpughtt thohtt Uhwth dwlwupnulp
Jhwuuh® 500x12500000/420000000=15 wwunh hkwnn® wjuhtph 2036 pyuljwithi:

1/ dhpnupdws nbkjuhjuljut punipwugpbpny “Po66unc” Ynlpuyuny wwwpwuwnh pnitubh 1 géd
Junnigdwit swhiubpp ywhwiymd ki dnnnwynpuybu 20000 UUL nnjuph juyhwnw) tkpgpnid, wjuyhuny’
12366.4g5.U. unp nigbdpny  poiubh Juomgnudp  stwppwunbuus Swhuubpnd  hwunbpd  Yiuwquh'
12366.4x20000x1.06=262.2 Uhihnt UUL nnpup, nph tkpppnudubph dudwbwljugnygp ukpuyugynid | wr. 1-
nid:

&/ Zwpy k k), np 1903.1 dhtgh 1906.1 pupdniupwyhtt thokph dholt Uhwltw 1£h dwwp Juybjubw
htwnbyw) Ukdnipjudp’ V=(1906.1-1903.1)x100x12500000uU%/ud=3750 ju U3

dudwbwlulhg opwdpupwohtinipniuntd by U? swdwiny onip wdpwpbnt juuyhwnw ikpgponudubpp
ghipuquignud L Epynt UU'L gnjuphg: Unwewplynyg vhongunnidubiph suinphhy Uhwbw (£nud wdpupws oph
Swuih wpdtpp wdktwphsp quuhwnygbint & 7.5 dhjhwpn UU'L pojup:

Cun npowd, btphk dwbwwwphubph U Juwdmpeubph YEpujwemigdwt b wy dhengunnidubph
hpuwljuwtwgnidp ujugh dhtish wiuqud 2020 pduljuithg htinn b Swhiugh 240 thihnt UUL gnjup, wyw wdpnng
Juyhwnwy ikpgpnudubpp, npnp jywhwteytt Uhwbw 18h dwjuppuljh pupdpugdut hwdwp, Jiuqdtu 600
Uhihnt UUL gnjuip:

dhpmnusnipniup gnyg b wwhu, np Gl dhgh wiqud pnnp nbuwlh dhongunnidubkph wpdtpp
Juuyus Ubhwbw 1£h dwmjuppujh pupdpugdut hbn Juqdkh wgbih pwt 600 thjhnt GU'L gnjup, wujw bnp
ninbkdpny potubih Junnignidp “Po66uuc” Yndpujunyg wyypiinpup snith:

Ujuyhuny, bpk opwdpwpuwohttwpwpnipniinud by @3 dwduyny onip wdpwpbint Juwhuwwg
ubpnpnudutipp Juqdbt dhtish wiqud Epljnt WUL nnjup, wyu Ubhwbw (dnid wdpupqus oph dkl U wpdbpp
YYywuqih 600 : 3750 = 0.16 UU'L nnjup:

Ulwbw 1&h dwupnulh pupdpugdwt wmnwownplynn dhgngunnidubph wpnpnitwdbnnipnitp 12.5
wlqud pupdp k, pub ogpudpupuphimpupnipniip:
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Upniuw] 1
Lhpppmudubph dudwbwljugnygp

Lkpppnudubipp 1. UU'L gnjup
NMuwwnpuwuwnh pniib] gd.d.
Ushiwwnwiiptitiph wtdwinudp
Puiiwlgnipinitip “Po66uac” $hpduyh
htwn b bwpwugdnid

2013p | 2014p | 2015p | 2016p | 2017p | 2018p 2019p | 2020p

Q
N

“Po66unc” Yndpwjuh gnpswpuiught
wuwnpuwuwnnid, nknuthnpnd b
nbknuljuynid “Onyhtiup”
ohtthpwwwpwl nt Untnwdnid

- 104

“Onthtiup” ohthpunyuipuilh puiquih
Junnygubkph b oklipkph Junnignud 1.2

“Po66uuc” ndpuwyjuny ywwnpwuinh
pniubkh jupnignid 60.0 68.0 72.0 46.0
YUndpwjuh wywiuntnwddwt judbpuyh
unbnsnud NF2356+00 ppowluypnid b ¥3000.0 3%400.0 3600.0 23000 1.4

wuwwnpwuwnh poiubkh hwwnnudp huth
hbwn 66.4

Upymipmd whwnp t dhgngunmulbp dkptwpll) 16h dwlupnpulh pupdpugdui ngnnipyudp
hhupnmid wnwetiwhbpp nuking Upthw-Ulwb potutjubph hwdwljupgh nne hqnpnipjudp gnpswipynudp:

O NPOBJIEME PEKOHCTPYKIIMHM TYHHEJISA APIIA-CEBAH

Axonsn I1. A.
Epesanckuii l'ocyoapcmeennuiii Yrusepcumem apxumexkmypuvl U CmpoumensCcmed

KuioueBbie cioBa: Apna-CeBaH, cucTeMa TyHHENEH, dKCIUTyaTalns, KOJIUYECTBO BOIbI, ypoBeHb CeBaHa

AHHOTAIUA

B mpornecce noBeimeHns ypoBHs 03epa CeBaH - CyliecTBeHHa poib TyHHenel Apma-CeBaH. [lpu cTpouTenscTBe
CHCTEMbI TYHHEJIEH IpEeAIoarajoch €XerofHo nepedpacbiBaTh depe3 BoaoBoJ Boporan-Apna-CeBan B o3epo CeBan
npumepHo 420 MITH.M BOJIBI, OJJHAKO, HaunHas ¢ 1997 r., BcaencTeue aBapuitHocTn TyHHENs No.2 BojoBoga Apma-CeBas,
eXerojHas nepedpocKka Takoro KOJMUECTBA BOJBI OKA3a1acCh HEIOMYCTHMOM.

B HacTosimee, BpeMsi HapsAy C OCYIIECTBIEHHEM O€30TJIaraTelbHBIX BOCCTAHOBUTENBHBIX PaOOT, MPEIIaracTcs
IIPOU3BECTH MIPOXOJKY TyHHeNs 1o HoBoM Tpacce ¢ I1K 483+83 no nepeceuenus ¢ yuactkom tyHHeIs No.2 npu [TK355+32,
Tax, 4TOObI OTMETKA JIHa HOBOTO TYHHEIIsl coBnaja co ctapoii (1913.0M) BBICOTHOI OTMETKOHM, B pe3yJibTaTe 4ero, Ha4uHas ¢
2021 r., nepe6Gpocka 420 MIH.M® BOJIbI OKAXKETCS TIOTHOCTHIO PEaTH3yeMOii.

OkoHomuueckas 3((GEeKTHBHOCTh NpeaIaraeéMbIX Mep 110 MOBBIIICHUIO YpoBHs o3epa CeBaH B 12.5 pa3 Bblwe 10
CPaBHECHHUIO C OLIEHKaM{ BOJOXpaHWIMII. [IpHXxomuM K BBIBOAY, YTO HMCXOJS W3 HEOOXOJMMOCTH MO SKCIUTyaTallud B
MIOJIHYI0 MOIITHOCTH CUCTEMBbI TyHHenel Apna-CeBaH, HEOOXOAMMO NPENPHHATH BCE MEPHI 110 MOBBIIICHUIO YPOBHS 03epa
CepaH.

ON RECONSTRUCTION PROBLEMS OF ARPA-SEVAN TUNNEL

P.H. Hakobyan
Yerevan State University of Architecture and Construction

Keywords: Arpa-Sevan, tunnels’ system, exploitation, water amount, water level of Lake Sevan

SUMMARY

The Arpa-Sevan tunnels play a vital role in the process of raising the water level of Lake Sevan. It was planned to
divert about 420 million cubic meters of water to the Sevan annually through Vorotan-Arpa-Sevan tunnels during the
construction of tunnels’ system.
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However, due to a breakdown in Arpa-Sevan tunnel no. 2, the mentioned amount of water has not been possible to
transmit since 1997.

Currently, parallel to immediate reconstruction, it is recommended to drill a new route tunnel at the stretch between
DM 483+83 and DM 355+32 of tunnel no. 2, so that the new tunnel bottom mark corresponds to the old tunnel height mark
(at 1913.0m mark). As a result, starting from 2021, it will be feasible to transfer the annual amount of 420 million cubic
meters of water entirely through Vorotan-Arpa-Sevan water-transfer tunnel.

The cost-effectiveness of the recommended measures for increasing the water level of Lake Sevan is 12.5 times
higher compared with the practice of reservoir construction. In a result, it is suggested to take measures for full operation of
the Arpa-Sevan tunnels’ system capacity as the first and basic approach for raising the water level of the lake.
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OU3UKO-XUMHNYECKHE ITPOLHECCHI OTBEPKAEHUSA ’KUJAKOI'O CTEKJIA ITYHUTOBBIM
OTBEPJAUMTEJIEM

Caaxksn J.P., Apakeasin I'.A., Axnapsaun H.T'.
Epesanckuii 2ocyoapcmeennulii yHugepcumem apxumeKmypbul U CIpoumenscmed

KaioueBsle cioBa: XHIKOE CTEKI0, KpeMHE(QTOPHUCTHIM HATPUH, TYHHT, )KapOCTONKHUN OE€TOH, CHIIMKAThl MarHusl,
OTBEPIUTEINb

s svisichenusi 603modicHocmu npumenenust Oynuma Lllopacunckozo mecmopooicoenus 8 kavecmee omeepoumens
AHCAPOCMOUKUX OEMOHO8 HA HCUOKOM CHIEKTIe UCCAe008AH (PA308blil COCMAB 0DOICHCEHHO20 OYHUMA U onpedenieHa
MEPMOOUHAMUYECKASL BO3MOICHOCTD NPOMEKAHUS PEAKYULl C CUTUKAMAMU MACHUSL,

NPUBOOAWUX K OTNBEPIHCOCHUTO HCUOKO2O CIEKId.

Ananuz pusuko-XxumuiecKux npoyeccos OMmeepHcOeHUs. U CPASHUMENbHAS XAPAKMEPUCUKA PUSUKO-MEXAHUYECKUX
nokazameineti 6emonHo8, OMEePAHCOEHHBIX OYHUMOM U MPAOUYUOHHO NPUMEHSEMbIM KDEMHeDMOPpUCmvLM Hampuem,
ceudemenvcmeyem 00 IQppexmuenocmu OyHUmMa, Kak 06 omsepoumerie HeuoKo2o Cmekid

®dopMHpOBaHUE CTPYKTYPHI JKAPOCTOHKUX OCTOHOB Ha OCHOBE JKHAKOTO CTEKIA, SBISICTCSA CIOKHBIM (PH3HKO-
XUMHYECKIM IIPOIECCOM, B KOTOPOM COCYIIECTBYIOT (H3MUECKHE M XUMHUYECKHE B3aMMOACHCTBHS MEXIY CHIHMKATaMHU
HATPUS ¥ HATIOJIHUTEIIIMH, TPUBOASIIMMHU B UTOTC K OTBEPIKIACHUIO OCTOHOB.

ITo M.CrrueBy [1] oTBepneBaHHe CBS3KH M3 PACTBOPUMOTO CTEKIIA OOYCIIOBIICHO TPEBPALICHUEM €€ B TUCIICPCHYIO
cucreMy, TBepAas (haza KOTOpOil B MOMEHT BBIICTICHHUS 00JIagaeT BSOKYIIUMH CBOMICTBaMHU.

BBuy TOTrO, YTO JKHUIKOE CTEKJIO SABJISIETCS XOPOIIMM IUIABHEM, €r0 COICP)KaHHE B OTHEYMOPHBIX OSTOHAX TOJIKHO
OBITH OrPAaHUYCHO JI0 MHHUMAIILHOTO, 00CCIIEYNBAOIIETO TPeOYyEeMbIil YPOBEHb MPOYHOCTHBIX CBOMCTB, KOMIPOMUCCHBIM
BapHaHTOM B OOCCICUCHHUH BSDKYIINX CBOWCTB JKHIKOTO CTEKJIa M CHIDKCHHUS €ro COACp)KaHWs B OCTOHAX SBISETCS
MOIUGUIMPOBAHUE CTEKIA Pa3IHYHBIMH J100aBKAMU-OTBEPIUTCISIMH: KHCIBIMH, OCAXKIAIOIIUMHK, BBICATUBAIOIINMH,
THIPOGUWIEHBIMY, CIIHBArOIUMH [1].

JInst oTBepKIEHMS )KUIKOTO CTEKIIa B COCTaBaX JKAPOCTOMKIX OCTOHOB M KHCIOTOCTOMKHX MAaTEPHAJIOB MPUMEHSOT
KpeMHE()TOPUCTHII HATPHUil, KOTOPBII ABIAETCA XOPOIINM OTBEPIAUTENIEM, HO OH 3KOJIOTHYECKH Hebe30maceH.

Jlis 3TOM jKe LeNM MPUMEHSIOT BEIISCTBA, CONCPIKAIIUC NBYXKAJIbIMEBBIA CHUJIMKAT - HE(CIUHOBBIA ILIAM
(TTOMyTHBIN TPOAYKT IepepabOTKH IIEIOYHBIX ATIOMOCHIMKATOB Ha TIIMHO3EM), NUIAKU (eppoxpoma, (eppomapraHiia,
HEKOTOpbIEC BUJIbI CTaIepa)MHUPOBOYHBIX NIJIAKOB, cofepkaiux y -Ca,SiOy.

IMpouecc OTBEPIKACHUS XKUIKOTO CTEKIIA ¢ UCIIOIb30BAHUEM OTBEPAUTEIICH 3TOro TUIIA OTBEYAET YCIOBHOII cxeme:
Na,SiO, + Ca,SiO, +(n+1)H,0 — Na,0-2Ca0- Si0, -nH,0 + H,SiO, ¥ [1] nm
z Na,O - nSiO, +2Ca0- SiO, + H,O — CaO -mSiO, - aq + SiO, -aq +(CaNa,)SiO, -aq [2].

Puc.1. PentreHorpammsl nyHura: 1-6e3 TepMoo0OpaboTKu 1 TepMOOOpaObOTaHHOTO TIPU TEMIIEpaTypax:
2-700; 3-800; 4-1100 u 5-1450°C
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HpO,Z[yKTaMI/I TBEPACHUSA B 3TOM CJIy4da€ SABJIAIOTCA:. T'€JIb KPEMHE3E€MA, HU3KOOCHOBHBIE TUAPOCUIINKATHI KaJIbIUA 1
HaTpUEBO-KAJIBIIUEBBIC THAPOCUIINKATBI.

BeposiTHO, mpuMeHEHNEe B KadeCTBE OTBEPAUTENS BEIIECTB, COJCpP)KAIINX IBYXMAarHueBbld cunmkar 2MgO- SiO, ,

JIOJDKHO TIPUBECTH K AaHATOTMYHOMY B3aUMOJICHCTBUIO M OTBEPIKIICHHIO.

Bre1bop opTocHiIMKaTa MarHus B Ka4eCTBE OTBEPAUTEINSA MPOJUKTOBAH HAIMYMEM MAarHHACHIMKATHOTO CHIPhS B
ApMEHUU U TIOJHBIM OTCYTCTBHEM YKA3aHHBIX OTBEPAM-
TeJei: MJJaMOB | IIUTAKOB.

B kauecTBe MarHMHCHIMKATHOTO CHIPbS HAMU B35Ta Dfm T
nyHutoBas  mopona  LIIop>KMHCKOTO — MECTOPOXKIECHUS —
cienyromero xummdaeckoro cocraBa: SiO,- 36.74; TiO,- i
0.27; Al,0;-0.93; Fe,05- 8.87, CaO- 0.33; MgO- 37.52; s > R
R,0-cn; m.m.m.- 15.04; B11.-0.99. I v = NG
Muxkpockonudeckas mpoda TpeACTaBICHA MTOPOIOH 0w = . \\I_;' e
Ceporo ILBeTa M XapaKTepU3yeTcs IJIOTHBIM HAJIOKEHHEM o O 7390 640
TOHKO3EPHHUCTOH CTPYKTYphl. B Hell peHTreHOMeTpHdyecKu OB "i"
(puc.l) npeHTNGUIMPOBAHEl B OCHOBHOM aHTUTOPUTOBBIH 100 = ——ro\ i
cepnentunut (7,20; 3,61; 2,52) u onusun (2,52; 2,45; 2,26), 20 B ' _~DTA
OpueHTUpOBOUHOE cojiepkanue (a3 IMoJi MUKPOCKOIIOM EE
cocranisieT cooTBeTCTBeHHO 80 1 20%. o
Ha nmepuBatorpamme (puc.2) oTMedaroTcs 3HI0I}- o
dexTl moTepu Macchl (cymmapuo 14,8%), mpu 390°C 20 ;
MOTYT pasiiaraTbCs HE3HauYMTeJbHbIE NpUMecH OpycuTa g \
Mg(OH),. Cyas no tepMorpaMme, pas3iIoKeHHE KpUCTal- R 1
JIMYECKON PEeLIeTKH aHTHrOpUTa HaOIOJAeTCsl B MHTEpBalle s sl g
temneparyp 490..740°C ¢ wmumumymom mpu  640°C.
[Torepn Macchl B yKa3aHHOM HHTEpBaJe, COCTABISIOT IPH Puc.2. lepuBarorpamMma JyHUTa

arom 9,25%. Dx303pdext ¢ makcumymoM mpu 760°C
CBUJICTENIBCTBYET O Kpuctaumusamuu (puc.l) munepanoB dopcreputa (2,50; 2,44; 1,737; 1,472) u sucrarura (3,15; 2,87;
1,489), KOMUYECTBO KOTOPHIX C JATFHEHIITIM MOTHEMOM TEMIIEPATYPEI BO3PACTaCT.

IIpeaBapuTeIbHBI OGKHUI JyHHTAa JOCTATOYHO BecTH mpu Temmeparype 800°C, T.K. obecredymBaeTCs MOIHOE
pa3iioKeHHe aHTUTOPUTA M 00pa30BaHKe MaKCUMAaJILHOTO KOJMyecTBa (popcTeprTa U SHCTATUTA.

Jnst BBIACHEHUS TIPOLIECCOB OTBEPIKICHUS KUIKOTO CTEKJIa 000XIKEHHBIM JAYHHTOM IMPOAHATU3UPOBAaHBI BO3MOXKHBIE
pEaKIuK B CHCTEME CHUIIMKAThI HATPHS - CHIIMKATBI MarHHUSI.

B cooTBercTBUHM ¢ NUTEpaTypHBIMH JaHHBIMH [1-5] B pacTBOpax IIENOYHBIX CHJIMKATOB TPHCYTCTBYIOT B BHJE
OIPEJCNICHHBIX XUMHYECKUX COEAMHEHUI MeTa- M JUCHIMKAT HATpUs W, KPOME TOro, KPEMHE3eMHUCTHIE arperarsl,
OTIpEIEeTSIIONIIE CBOICTBA 1 ITOBEJCHNE PACTBOPOB CHIIMKATOB HATPHSI.

Bce BomHBIE pacTBOpPHI JKHUAKOTO CTEKJIa WMEIOT SBHO BHIPAXEHHYIO IIENodHylo peaknumio - pH=11-12. Tak kak
CHITMKATBI, BXOJSIIME B COCTAB PACTBOPHUMOTO CTEKJIA, SIBISIFOTCSI COMSIMU OYeHb CJIa00H KPEMHEBOW KHCIOTHI U CHIILHOTO
OCHOBaHHMSI, TO B BOJHBIX PacTBOPAaX OHHM HEM30EXHO IOJBEPraroTCs I'MIAPOIUTHYECKOMY PACIICIUICHUIO U MOTOMY AAlOT
MIETIOYHYIO PEaKITHIO.

Na,O-nSiO, -mH,0 — 2NaOH + nSiO,(m-1)H,0;
NaOH — Na'+ OH".
B03MOXXHOCTh TIPOXOXKAEHHSI pEaknuii yCTaHaBIMBajach C MOMOIIBIO TEPMOIAMHAMHUYECKOro aHainmsa. Pac-
CMaTPUBAIINCH PEAKIIHH:
1. Mg,SiO4 + Na,SiO3 = 2MgSiO; + NaySiOy,
2. Mg,SiO4 + Na,Si,05 = 2MgSiO; + Na,SiO;,
3. Mg,SiO4 +4NaOH = Mg(OH), + Na4SiOy,
4. MgSiO; + 2NaOH = Mg(OH), + Na,SiO;,
Jpyrue Bo3MOXKHBIE peaKkLIiU HE PaCCMAaTPUBAIIUCH U3-32 OTCYTCTBHS TEPMOJANHAMUYECKHUX JTaHHBIX.
ITo meTonuke [6] paccunThiBaack 3Heprus [ 106ca mo hopmye

AG® = Z:AG"298 IIPOJIYKTOB - Z:AG"zgx HCXOJHBIX BEIIECTB

Wcxonnsie 3naueHns AG°,,, (KKkai/Moiib) 00pa30BaHHs U3 3JIEMEHTOB B3ATHI U3 [6]:

Mg,Si0, | MgSiO; | Na,SiO; | Na,Si,Os | NasSiO, | MgOH), |  NaOH
392,15 | -34948 | 34135 | 55057 | 47021 | -20005 |  -100,I8
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PesynbraTsl pacaeToB sHepruu [ mdOca 111 paccMaTprBaeMBIX pEaKIiii PUBEICHEI B Ta0M. 1.

Tabnuua 1
Duepeusa I'uboca peaxyuii 1-4
Peakuus 1 2 3 4
AGOZ‘)S
KKaJI/MOJIb -682,89 -97,59 -77,44 -11,72
KJIK/MOITB -2859 -408 324 49

TIpuBe/IeHHBIE Pe3yIbTAThI TOKA3aJIH, UYTO BCE PEAKIIMH OCYIECTBHMBI yoke mpu 298K (25°C).

ITo Benmmumue sHeprum ['mO6ca Hambornee 3HauMMa TepBas peaknusi, HO, OYEBHIHO, BCE PEAKIMH HPOXOIST
OJTHOBPEMEHHO.

B pesynerate oOpa3zoBaHus mpakTHueckd HepacTBopumoro Mg(OH), menodHocTs pacTBopa IOHMIKAaeTcs,
paBHOBECHE CJIBUTraeTcsi BIpaBo. [IpM KOHTakTe pacTBOp—4acTHIA OTBepAuWTeNsi n3MeHsercs pH wu mpowmcxomur
00pa3oBaHUE MOBEPXHOCTHBIX coeauHeHuid. OmHOBpE-

MEHHO TIepelle/IlIie B PAacTBOP CHIMKATBHI MarHus | R {oc T,
HaTpUs COBMECTHO C WMCIOIIMMHCA B pacTBOpE Mz 3 %
KPEMHE3eMUCTBIMU  arperarami  TakKe  JOJDKHEI
Y4acCTBOBAThH B MIPOLECCAX OTBCPIKACHUS.

11550
DTOMY TaKXe JOJDKHBI CIOCOOCTBOBATH KHHETH- s04 3 + 2.5

YCCKHUC MapaMCTpbl IIponecca, B cootBercTBHHM C

MPUHATOW TPAKTHKOH B TEXHOJIOTUH KAPOCTOMKHX

OETOHOB Ha JKUJKOM CTEKIe OTBEPIMTENH OJKHbI 407 —T1500 T 2.0

OBITh TOHKOMOJIOTBIMH, C YJAEIBHOH IOBEPXHOCTHIO

4..5TBIC CM’/T, CMeCh TINATENTHHO TOMOTEHH3HPOBAHA,
30+ 1" - 1.5
TBEpPJACHUE JO/DKHO TIPOUCXOIUTH TMPH Hauboee la it die

omrumanbHoit Temmeparype 30...60°C. O o S 2
Takum 00pa3oM, B COOTBETCTBHHM C HMEIO-
mmMucs  [1-5] mnpexactaBieHMSIMM O MeXaHHU3MeE —"

A= <1400
OTBEPIKACHUS KHUAKOTO CTEKIa, OYCBHIHO, MPUMEHE- 3a 3a

HHE JYHHTa B Ka4eCTBE OTBEPAUTENS MKHKOCTEKOJb- 10 0.5
HOTO BSDKYIIETO IO3BOJISICT BBOJUTH B CHUCTEMY g = e &
CWIMKAThl MarHus, o0Opa3symoIlue HEPaCTBOPHMOE Conepxanue otepautens, %
coequaenue Mg(OH),, Biusiomee Ha cHKeHHe pH,

4TO CIIOCOOCTBYET TOSIBIIEHHIO aTe3HOHHEIX CBOMCTB K PHC. 3. 3aBHCHMOCTH CBOHCTB KapOCTOHKUX GeTOHOB

OT BH/Ia 1 KOJIMYECTBA OTBEPAUTEJIA:
HaIIOJITHUTCIIIO u HNEMCHTHUPYIOIIUM gyacTtunuam, AYHHTA — 1,2,3,4; NaZSiFG —1a, 2a, 3a, 4a.

YCKOpSIeT  TIOJIMKOHAGHCALMI0 ¥ oOpa3oBanume 1M 1a— NpOMHOCTH NPH CKATHH,
2 1 2a — NPOYHOCTH HPH C:KATHH Tociae o6zkura npu 800°C,

KOHTAaKTOB CPacTaHUs.
3 1 3a — OrHEYNOPHOCTH

O cTemeHNn OTBEPXKACHUS MOXHO CYIUTH II0
MPOYHOCTHBIM TIOKa3aTeNIsIM OETOHOB [7].
Ha puc.3 npencrasiena cpaBHUTENbHAS XapaKTEPUCTUKA KAPOCTONKIX OETOHOB ¢ IPUMEHEHHEM B KaUeCTBE OTBEpAUTEICH
JKUJIKOTO CTeKJa — yHnTa u Na,SiF.

AHaJIN3 TPEICTABICHHBIX 3aBHCUMOCTCH MOKA3aJl: MPU ONTHMAIHHOM KOJHYECTBE OTBEPIUTEIS JKUAKOTO CTEKIa
12% Na,SiFg — Re = 46,9MIla, a ¢ 16% oboxokeHnnoro aynuta — R = 47,2Mlla, orHeynopHOCTh COOTBETCTBEHHO
1400°C u 1550°C, MPOYHOCTH IOCIe 00XKHTa TIPH 800°C coorsercTBeHHO R 800@,(:31,3Ml'la u 25,97 MIla, ycagka 0,98 u
0,94%.

Takum 006pazom, 000xoKeHHBIH AYHUT [LIOPKUHCKOTO MECTOPOKICHHS MOYKHO TIPUMEHSTh B KAYeCTBE OTBEPIUTEIISA

KHJIKOTO CTEKJIa B )KaPOCTOWKMX OETOHAX.
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TNPLPSE MVYTULCUCNY 2600k UNTUNR TVIUSUUL ShehuULPURUYUL 10N8BULEND

E.[}. Uwbhwljjub, 2.U.Unwphjjub, L.Q.Ujuuipjui
Cplwih swpunmupuybnnipul b phiwpupnipraul wyhnwlwl huduguwpab

Puittwh puntp. hbinni] wyuwyh, upjhjubnnpuyhtt twnphnud, gnithwn, hpuljuynit phnnt, dwqutkqhnwdh
uh hjuwntkp, wpuqupup

uvonoenkuU

zhnmi] wyuwlne htupny Ypuwlulumit phunutbph dbe' npuybu wugwpup, Snpduyh hwipwduyph
nnithnh oquugnpsdwt httwpuynpnipjutt wupqupuidwt hwdwp hbnwgnudb] E ppsyws pnithnh
dwquyhtt pununpmipniip b npnoydty k dwqubkqhnidh uhjhjunibph hbn yigugdwt nbwlghwibph pupw-
twynt ptpUdnphttwdhjuljwt htwpuwynpnipmniup:

NMunugdwt wpngkuttph $hqhjuwphdhwljut wbwhqp ymithung b wjwiunwpwup oquuwugnpédyny
uhihjwdbunnpuyhtt twnphnudng wigugus phunnutbtph $hqhjudbwhjuwt gniguuhpubph hwdbdwwnw-
Jut punipwghpp Jyuynid b nmithnh' npybu hinniy wywlnt wunwpwph EpEjnhynipjut dwuhi:

PHYSICO-CHEMICHAL PROCESSES OF CURING LIQUID GLASS WITH DUNITE HARDENER

E.R. Sahakyan, G.A. Arakelyan, N.G. Akhparyan
Yerevan State University of Architecture and Construction

Keywords: liquid glass, sodium fluorosilicate, dunite, refractory concrete, magnesium silicate, hardener

SUMMARY

To clarify the possible use of dunite of Shorzha mine as a hardener resistant concrete with liquid glass, phase
composition calcined dunite and the thermodynamic possibility of reaction with magnesium silicate, resulting in
solidification of liquid glass.

Analysis of physical and chemical processes of curing and comparative characteristics of physical and mechanical
properties of concrete, cured dunite and the traditionally used sodium fluorosilicate, show the effectiveness of dunite, as
hardener liquid glass.
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HOJYYEHUE AJITE3UOHHBIX TPUCATOK ACPAJIBTOBETOHHBLIX CMECEM U3 OTXO/J0B
HOJIMITUJIEHTJIMKOJIbTEPE®TAJIATA

OsBcensH A.P.

Epesanckuii 2ocyoapcmeennulii yHugepcumem apxumeKmypbul U CIpoumenscmed

KaroueBnie ciioBa: yTrmu3anus TBEpasIX 0Txo0B, [I9T, OutyMm, anre3uoHHbIC JOOABKU

Ananuzom cocmosmusa npobremvl Omxo006 nomped.ienus NOIUMEPHOU Mapsl U3 NOAUIMULEH2IUKOIbIMepedmanama
(II2T) nokasana akmyaneHOCMb paspabomxu MexHOIO2UY UX NPUMEHEHUS 8 CIPOUMENbHOU OMPAcu, 8 YaACTHHOCHU, Ol
NOAYYeHUs. A02e3UOHHBIX 000a80K acgharbmobemonnvix cmecel. Paspabomana mexnonoeus nonyuenus maxux 006agox
nymem 4acmuuHo20 2UOpOaU3A UsMerbyeHHbix omxo008 [1OT u cunmesa Hepacmeopumbvix 8 600e, HO pACMEOPUMBIX 6
Oumyme anioMUHUEsbIX U HCENe3HbIX COlell mepeghmanegoli KUCI0mMbl U ONUSOMEPHBIX HPOOYKIMOE IMO20 2UOPOIU3A.
Ioxasano, umo esedenue 8 bumym amnomunuticooepicaujeii 000agKuU CyWecmeeHHO NOSbIUAen meMnepamypy
pasmscuenus, yseauuusaenm meepoocns, SHAUUMETbHO YCUTUBAen a02e3UOHHOe 83aumooelicmsue bumyma ¢
MUHEPAnLHLIM 3anoaHumenem. Hcxoosa u3z nonryueHHvix OaHHBIX UCCTe008aANUI, 30 ONMUMATHBIL PACX00
dobasku npunumaemcs 1,5macc. %

Bepexxnoe m panmoHaTbHOE HCIIONB30BAaHHE MPUPOJHBIX PECYPCOB B HACTOSAIIEEC BpPEeMs MMeEET 0co0oe 3HadeHHeE.
Pemenne sToi akTyanpHOH mpoOieMbl NpearnojaraeT pa3padoTKy 3(QeKkTHBHBIX O0€30TXOMHBIX TEXHOJIOTHH, 3a CYeT
KOMILIEKCHOTO HCIOJNB30BaHUS CHIPhS. DTO OJHOBPEMEHHO CHOCOOCTBYET JHKBHIAIIMA OTPOMHOTO HKOIOTHYECKOTO
ymepba, KOTOpBI HAaHOCAT «KiIamdwma» oTxogoB. CaMo MOHATHE: OTXOABI «IIPOM3BOJICTBA M MOTPEOJICHUS» SBHO
CTaHOBUTCS YCJIOBHBIM; OHH IIPEBpAILAIOTCS B LIEHHOE, a, MOpOW, M JaedHUUUTHOE chipbe. OJHAKO, MHOTHE OTXOJbI
NIPOM3BOJICTBA W TOTpPEeOJIEHHs, KOTOpPbIE MOTYT IPEICTABIATh OONBIIOW NPAKTHYECKUH WHTEpEC, OCTaloTCs ele
HEJOCTaTOYHO BOCTPEOOBAaHHBIMHU. B 3HAaUMTENBHON CTENEHM 3TO KacaeTcs OTXOAOB MOTPEOJICHUS IONMMEPHOW Taphl, B
YaCTHOCTH, Tapbl, M3TOTOBJICHHON M3 JOPOTOCTOSIIEr0 Ha CETOAHSIIHUM JICHb MOJIMATUIICHIIMKoAbTepedTanara ([19T) —
9TO Tapa MUHEPaJIbHOM U MMUTHEBON BOABI, 0€3IKOTOJIBHBIX U CI1a00aIKOTOJIBHBIX HAIIUTKOB, PACTUTEIEHOIO Maciia ! T.I1.

B HacTosimee BpeMsi B mupe mepepadateiBacTcs okoio | muH. ToHH oTtxomoB [IDT [1]. OmHako 3TO manmeko He
npenen. Hanpumep, B Poccun nepepaborka otxonos [19T exsa cocrasiseT 3% ot ux obimero oosema [2].

B nacrosmiee Bpemst ocHOBHOW 00beM BTopuuHOTro I19T 00pa3yercs B KOMIIAKTHBIX HCTOYHUKAX 00pa30BaHus, T. €.
Ha MPOMBIIUICHHBIX MPEINPUATHIX B MPOIECCE JIUThS U3AeNuil (B OCHOBHOM IpedopM) W MpPH H3TOTOBICHUH EMKOCTEH
nyTeM pasnyBa. IIpou3BOACTBEHHBIE OTXOIbl B KOMIIAKTHBIX MCTOYHUKAX, INPAKTUYECKH, HE COAEPKAT MOBEPXHOCTHBIX
3arps3HEHUH U SBISIOTCS OAHOPOIHBIM 110 COCTaBy MPOAYKTOM. [IpobieMy yTHIIHM3aluy Mpor3BOACTBEHHBIX 0TX010B [1OT
B HACTOSILEE BpeMsI MOXKHO CUMTATh B KAKOH-TO CTENIEHU PEIIEHHOM.

Brigenenne I[I3T w3 oTxomoB moTpeOiieHHs, OCOOCHHO U3 OBITOBOTO Mycopa, IJe WX KOJHYECTBO BechMa
3HAYUTEJBHO - CIIO)KHO M SKOHOMHUYECKH HEleJIeCO00pa3Ho MPH CYIIECTBYIOLIMX CUCTEMaX CAHUTAPHON OYMCTKU FOPOJIOB U
HaceJIEeHHBIX MYHKTOB. 3arotoBka BTopuuHOoro II9T (B ocHOBHOM OYyTBUIOK W3-TI0J HAIMTKOB) Yepe3 CETH NPHEMHBIX
ITyHKTOB 3KOHOMHYECKH Majod((EeKTHBHA, O YeM CBHICTEIHCTBYIOT OIBIT, M3-3a HHU3KOH 3arOTOBUTEIBFHONW CTOMMOCTH
OYTBIIKH, HE CTUMYJIHPYIONIEH HAaCeNIeHHE K C1ade BTOPUIHOTO CHIPHSI.

Haubosee ¢ dexTiBeH paseabHblil cOOp BBIOBIBIIMX U3 yHnoTpeOseHus usaenuit u3 [13T. Dtor MeTo moayduia
IIMPOKOE paclpocTpaHeHne 3a pyOe)KOM M HAaUMHAET Pa3BUBATHCS B APMEHUH.

Yrumuzamus otxonoB notpednenns 1I0T B HacTosmiee Bpems SBISIETCS OJHOW M3 CaMBIX aKTYaIbHBIX MPOOIeM
MIPOMBIIIICHHOCTH BTOPCHIPBS, MOCKOJIBKY OOBEMBI ATHX OTXOJOB BEIUKM W TOJ OT Toja pacTyT, MpuueM IeHa | T
BropuyHoro I[I9T pocrturaer 1200 gom. CLIA[2].

OCHOBHBIMHU HAaTIPaBICHISIMH YTHIIH3AIUHU 0TX010B moTpebnenus [I1DT sBustroTcs:

1. NoJy4eHHe rpanyisita BropudHoro [19T s npon3BoACTBa HENMIIEBOH Taphl M YIIAKOBKH, TEXHUUECKUX
BOJIOKOH, HETKAHHOT'O BOJIOKHHCTOTO TEIUIOM30JIALIMOHHOTO MaTepuaa «CHHTHIIOHY,

2. CXKUTaHUE, C LEJbI0 II0JyUEHUs TEIIOBOM SHEPIHH,

3. MHPOJTU3 € LENBEO TOMYyYESHHS KHIKHX, Ta3000pa3HbIX M TBEPIBIX (TEXHHYESCKUH YIIepo.) IPOAyKTOB,

4. XUMHYecKas epepaboTka (THAPOIN3), B OCHOBHOM, C IIENBIO MTOJyYSHHUS HCXOJHBIX MMPOIYKTOB CHHTE3a

II13T u Bo3BpalieHus UX B IPOU3BOACTBO.
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B Hacrosueii paborte, He BaaBasch B IMOJAPOOHBIN aHAIN3 NPEHMYIUECTB W HEIOCTATKOB KAXKAOIO M3 STHX
HaIlpaBJICHUH, OTMETUM JIMIIb, YTO HAIPaBIeHHs 2 U 3 SKOHOMUYECKU HelelnecooOpasHbl M3-32 BEICOKOH MOTEHIMAIBHON
CTOMMOCTH 3THUX OTXO/IOB, a 1 1 4 TpeOyroT TIIATEIBHOW COPTUPOBKH, MBIThSI M CYIIIKH OTXOJIOB. B TO ke Bpemst ocHOBHas
Macca OTXOZOB MOTPeOJICHUs] BeCbMa 3arps3HEHa, B TOM YHCJIE NMPOAYKTaMu, npexnae Haxoxusimmmucsa B [1OT — Tape
(HamMTKHM, pacTUTENFHOE MACJI0, MOIOIIHE CPEICTBA H T.1I.).

Becbma mepcrieKTHBHBI MCCIIEIOBaHUS BO3ZMOXKHOCTEH MPOBEIEHUS] HEMONHOIO Tuaponu3a oTxofoB 19T 6e3 ux
NIPEABAPUTENILHON OYMCTKM OT 3arps3HEHUH, C 1IEIbI0 MOJYYEHHs aJre3MOHHBIX J00aBOK B ac(aibTOOCTOHHBIE CMECH.
Takoii mogx01 000CHOBBIBACTCS CICAYIOIMMH COOOPaKSHHAMH:

1. BBenenune HeOONBIIMX KOJUYECTB IMONOOHBIX NOOABOK B cOCTaB ac(aibTOOETOHA, COIJIACHO JIUTEPaTyPHBIM
JaHHBIM [3], M3MEHSAET XMMHYECKYI0 NpHUPOJY IOBEPXHOCTH paszena KaMEeHHBIH Marepuan - OHTyM, TeM CaMbIM
CrocOoOCTBYET YIIYUIIICHHIO CBOUCTB ac(anpToOeToHa.

2. Tpomyxtsr ruaponmsza I1I9T comepxar B cBoeH CTpyKType aKTUBHBIE (D)YHKIIMOHAJIBHBIE TPYIIIBI, CIIOCOOHBIE K

3G PEeKTUBHOMY B3aUMOJCHCTBUIO KaK C KaMEHHBIM MaTEepPHAJIOM, TaK W C OpPraHMYEeCKOil cocramisitoiieidl (OUTym)

ac(arbTOOCTOHHOM CMecCH.

3. B Hacrosmiee BpeMmsl KauecTBEHHbIE MMIIOPTHBIC aAre3MOHHBIC NOOABKM B OMTYM CTOST MOpsiIKa 5 HOJUI/KI.
OTMe4EHHOE 3aCTaBIIsIeT BECTH IMOMCK HOBBIX A((EKUBHBIX aAre3MOHHBIX 100aBOK Ui acdaibTOOCTOHHBIX CMecel cpean
OTXOJOB TPOW3BOJACTBA W TNOTPEOJCHHA. YCHEIIHbIE pe3yJbTaThl IIO3BOJIIOT OJHOBPEMEHHO pEIIaTh BaKHEHIIHe
9KOJIOTHYECKHE TIPOOIIEMBIL.

[lepepabotka orxomoB IIOT c menplo mMoNydeHUsS aAre3MOHHBIX TNPHUCANOK Uil ac(allbTOOCTOHHBIX cMecel
MPEACTABISETCS CXEMOM, MPUBEIECHHON Ha puc. 1.

yAaneHue KphIlIek, oIy yeHue
TIpe/iBapUTeIbHOe
KoJel, MEJIKOJUCIIEPCHOTO
u3MeTbueHne
U 3THKETOK 12T
BBIJIeJIeHHe
perexepanua u A ’
TIPOMBIBKA, CYLIKA U CHHTE3
06e3BpeXXUBaHIE THIPOIN3
TPOZIYKTOB U3MeIb4YeHre a/iTe3NOHHOMN < 9T
rugponsa I06aBKU Zo6aBky

Puc. 1. IIpuHuunuaabHas cxema nepepadorku orxoaos II9T B aare3uoHHble 100aBKH OUTYyMa

OueBU/IHO, YTO CaMBIMHU TPYJIHBIMH B OpPraHM3alMOHHOM IUIaHE SBIISIOTCA CTaJuM cOOpa OTXOJOB (TJIaBHBIM
0o0pazoM OyTBUIM) M yJaJieHus! KpPBILIEK, KoJjell U 3TuKeToK. OqHaKo, B yciaoBusX PecryOmuky ApMeHHS 3TH BOIPOCH! B
OCHOBHOM MOTYT CUHUTaThCS TEXHHUYECKHM PEIICHHBIMH, Oyarojgapsi ycwiusiM (GupMbl «3OK0 MHIKUPUHT», KOHEYHBIM
MIPOAYKTOM KOTOpOH sBIseTcs H3MenbueHHbIM BTOpuuHbIM IIOT c pasmepamu dwenryifuateix dwactun 8...12 mMm. Ota
MIPOJIYKIMS B HACTOSIIIEE BPEMSI IIOCTABIISICTCS 3a PyOex.

[Momydaemble B 1poOMIIKax MOJUMEPHBIX OTXOJIOB YacTHIBI JJIsI OCYIIECTBICHHUS JaTbHEHIIETO IHAPOIIN3a BEIHKH,
TaK KaK XUMUYECKasl PeakIys MPOMCXOAUT Ha TpaHMIe paszena a3 «TBEPAOE - KUIKOCTH» (TBEPIBIM SIBIACTCS MOIMMED,
JKHUJIKOCTBIO — PAacTBOp ILIEJIOYH), @ CKOPOCTh Ipoliecca MPONopIMOHANbHA TUIONIAM TIOBEPXHOCTH pa3zaena ¢as. boibiiee
H3MeNbueHHe 00eCIIeYNBaeT PEe3KOe yBEIMUSHNE ITOH IO U COOTBETCTBEHHO CKOPOCTH THApoim3a. OIHOBPEMEHHO
3TO MO3BOJIAET MPOBOANTH MpoOLECC B 00JIEe MATKUX YCIOBHUSX.

[MpenBaputenbHoe u3MenbueHne otxomoB [I3T-tapel ocymecTBiIsuioch B HOxkeBoW japoounke M- 500
npousBoauTenabHOCTRIO 100 Kr/4yac. [IpoOuinka cHaOkeHa ABYMsI pOTOPHBIMH M YETHIPbMSI CTaTOPHBIMH HOXaMu. Yactora
BpameHus potopa — 1500 06/MuH, TnamMeTp OTBepCTHiA B KannOpyromei cetke — 10 M.

Janpreiimee m3mensueHne otxonos [I19T ¢ momyyerreM MeTKOAUCIEPCHOTO MOPOIIKA IIPOU3BOAMIIOCE C TIOMOIITBIO
TOHKOT'O U3MEJbUHTEIs ToJIMMepHBIX 0Tx0n0B Herbold -300 (I'epmanust).

OpaKkIMOHHBIN COCTaB MOMy4eHHOTO ropomrka [I19T nmpuBenex B Tab.

JlanHpIe TaOIUIBI CBUICTEIBCTBYIOT O TOM, 9TO OcHOBHas Macca I10T u3mensuena no pasmepon gacturn = 0,2...0,3
MM, 4TO, BUJMMO, ONTUMAJILHO IJIsl TPOBEJICHUS JATbHEHIIEr0 THAPOJIN3a, TaK KaK MolydeHne Oosiee MeNKux (pakiuii B
CBSI3U C CHJIBHBIM Pa30rpeBOM IMOJIMMEPHOT0 MaTepHana TpedyeT KpHOTeHHOTO U3MENbYEHHs, 4YTO OYE€Hb JOPOTO.
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YcnoBus u 3akOHOMEpHOCTH TporieccoB ruaponusza [19T goctaTouHo XOpoIIo M3ydeHBI W ONHMCAHBI B JIUTEPAType
[4]. Mnst perneHus HamuMX 3a1a4 TEXHOJIOTMYECKH HanOosee MpUEeMIIEM YacTHYHBIM THAPONN3 MO BO3AECHCTBUEM BOJHOTO
pactBopa enxoro Hatpa (NaOH), Tak kak B pe3yibTaTe Takoro THAPOJIM3a 00pasyloTcs BOJIOPACTBOPHUMBIC TPOIYKTHI,
peaknus u3-3a 3Toro yckopsiercst. O0erdaercst Takke pa3ieleHne PeakIMOHHONW CMECH OT HETIPOpearupoBaBIINX OCTATKOB
[I3T, 4To OCYLIECTBISAETCS MPOCTHIM (PUIBTPOBAHUEM.

Trepablii 0cTaToK Mocie QpUILTPOBAHMS, HENPOPEATHPOBAB- Tabauua 1.
DOpaKkIUOHHBIN COCTAB H3Me/IbYEHHBIX

mero ocratku [I9T BMmecte co cBexxell mopuueil nopomka 13
orxonos I19T

THIPOJIHN3a.
QOunbTpaT, MONYYEHHBIH ITOCIE YaCTUYHOTO THUAponu3a, -oTxonoB [IDT, mpencraBnser coboif BOAHBIA pacTBOP
IIEJI0YM, STHJICHIJIMKOIIS, TepedTajara HaTpUsi ¥ HATPHEBBIX COJICH ®pakus

Copepxanue

osmromepHsix octatkos [1OT. o
()

Anre3nonHas n00aBKa CHHTE3HPYETCS NPH B3aUMOJIECHCTBHU

MCII MM

o +
storo ¢punsTpara ¢ pacreopamu coreit AT, Fe?', Fe®'.
Wcrounnkom A’ sBisieTcs anroMUHES CyTb(haT TeXHHUECKHI 35 0,5 15

9 93 2+
ounmmenHbli cepHOkucabii (OCT 12966-85), Fe™ - kymopoc 50 0.297 47.8

KeNEe3HbI TeXHUYecKuil (MexrocymapcrBeHHbI cTangapt ['OCT
6981-94), Fe'" - xnoproe xeneszo (CTO 00203275-228-2009). 60 0,251 15,9

CJIGZ[yeT OTMETUTH, YTO IPU CHUHTE3C AaATC3MOHHBIX ,IIO6aBOK

CYIIECTBEHHOE 3HAUCHHE MMEET MOPSAJOK BBEJICHHS DPEareHTOB, TakK, 80 0,178 17,3
CCAM  BBOZWTL PACTBOP  COOTBCTCTBYIOWEH —COTH B WEIOUHOf 120 0.125 9.7
(UIBTpaT, MOMyYeHHEIH B pe3yabTate THaponmsa 19T, To, Hapsdy ¢

00pa3oBaHMEM HEPACTBOPHMBIX B BOJE OpPraHWYECKHMX cojeif | Ha Mojjione <0,125 7.8

QTIOMUHHS WA JKENE3a, MMEET MECTO THAPONIM3 HCXOIHBIX COJIEH

3THX METAIOB, C OOpPAa30BAHMEM  HEXKETATENbHbIX
Tpasw,’ C rugpokcunioB Al(OH);, Fe(OH),, Fe(OH);. Ecim xe
HOPSANOK BBEJEHUS PEeareHToB OOpaTHHI — K pacTBOpY
COIM MeTalla MEIJICHHO HpH MHTEHCHBHOM IepeMelld-
100 4 BaHMU N00aBIAETCS (HIBTPAT, IIOTYyICHHBIA B PE3yilb-
tate rugponmza [19T, To ruaponmza conell aTIOMUHUS U
80 - JKelesa yhaercs u30exaTh, W3-3a HEPACTBOPUMOCTH B
BOJIE MONTYYaeMBIX IIPOLYKTOB — TepedranaToB Al u Fe u
Colell TeX K€ METAIUIOB C OJHUTOMEPHBIMH OCTATKAMH

ruaponuza [19T.

Jlanee, TIOJNyYEHHBIE HEPACTBOPUMBIE B BOJIE
opranmdeckue comu Al wmmm Fe ormemsrores  wm3
PEaKIMOHHOW CMECH  TIOCPEJCTBOM  (PUIBTPOBAHHS,

Conepianue n106asku, % OpOMBIBAIOTCA Ha (UIBTPE BOIOM, CylaTcs IIpH

Puc.2. 3aBHCHMOCTH TeMIEPATyphbl pa3MsArdeHusi GUTyMa Temneparype 105°C u npu HeOOGXOAMMOCTH H3MENb-
BH/I 60/90 ot conep:xanus YaroTCs.

aTIOMHHHIICOEPIKALIEiT aAre3HOHHOI 100aBKH BroicylieHnble ¥ M3MENbUEHHBIE  MPOLYKTHI

(OTEHIMANBHEIE ANAT€3MOHHEIE JOOABKHA) B KOJIUYECTBE

60

o] 0,5 1 15 2 25

10 2% pacTBOPAIOTCA B Pa3OTrPETOM 0
150...170 °C Guryme. 100

Jist BoisiBIeHUST 3G QEKTUBHOCTH
MOAUDHUIHPYIOMETo JAeiicTBHA pa3pado-
TaHHBIX JOOAaBOK Ha CBOWCTBa OWUTyMa 80 -
HaMH, Ha Ha4aJbHOW CTaJUM HCCIIeI0Ba-
HUs, ObUIa HCIONIB30BaHA AOMUHHUIICO-
Jepkamas noOaBKa IIpH €€ pacxone OT

ITenerpanus,0,1Mm
90 4

60 -

0,5 mo 2,0% or wmaccel OuTyma. 50 -

Ornpenensiiach 3aBUCUMOCTh TeMIIEpaTy- 0 . ‘ . . .

pel pasmsirueHms[S], TBepmocts [6] u 0 0,5 1 1,5 2 2,5

CIelyieHne OuTymMa € MHHEpPaJIbHBIM

3aII0JIHATEIIEM OT KOJIMYECTBA BBOJMMOM Copepxanue nobaBku, %

H06aBKH. Puc. 3. Ilenerpanus 6uryma BHJI 60/90 B 3aBHCHMOCTH OT COJePKaAHUs
PesynbTaThl HCCIEeA0BaHUH IPHBE- aJIOMHUHUIicolep:Kaleil aire3nOHHOI 100aBKHU

JIeHBI Ha puc. 2 — 4.
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AHanm3 xapakTepa U3MEHEHHs KPHUBBIX ITOKA3bIBAaeT, YTO Npu BBeaeHuH B outym BHJ 60/90 paspabortanHol HaMu
ATIOMHUHUICOAepKaIIed T00aBKM TeMIieparypa pa3MArdeHus, onpenenseMas 0 METOAY «KOJBIIO-IIapy, IMOBBIIIAETCS Ha
59,5% npu conepxannu q06aBku 1% u Ha 65,5% nipu conepxannu nodasku 1,5 — 2,0 %.

IIpu BBenenmu B OutyM 1% anre3noHHOW IO0AaBKU IEeHETpalws yMeHbImaercas Ha 11%, a mpum moBemeHUN
comepxanus nobaBku 10 2% - Ha 44,4%, 4TO BechMa CYIIECTBEHHO M IO aOCOJIOTHOMY 3HA4YCHHIO II03BOJISET
KiaccupuupoBaTh MoAUMUIMPOBaHHbIN OuTyM B paspsia BHJI 40/60.

AJre3uoHHBIC CBOWMCTBA OUTyMa IO
OTHOIICHWIO K KaMCHHBIM MaTepuaiaMm
ac¢habTo-0ETOHHBIX CMECEi OICHUBAIKCH
o KOJIMYCCTBEHHBIM MTOKa3aTeIIsIM, 90 |

100 +

Hapumep, 1o U3MCHCHHUIO MacCChbl 06pa3ua
80

KaMEHHOTO Marepuana, IIOKPBITOTO
OMTYyMOM, TIIOC/IC KHIITYCHHS B BOJAC B
TEUCHUE OIIPEAEIIEHHOTO BpEMEHH,
pe3ynbTaThl U3MEPEHUM NPEACTABICHBI Ha
puc.4.

[lony4yeHHble JaHHBIE CBUIETEINb-
CTBYIOT O TOM, YTO BBEICHHE B OUTYM 20 | . . ‘ ‘ ‘
AJIFOMMHHUEBOIO0 MPOU3BOJHOTO IIPOTYKTOB, 0 0.5 1 15 2 2,5
yactuyHoro rujaponusa I[19T, npuBoaut k Cogpepxanue nobasku, %
YIy4IIEeHUIO are3nn OpraHUYECKOU Puc. 4. 3aBucMMOCTbH 0CTATOYHOT0 KOJHYECTBA MOAU(PHIIIPOBAHHOIO
COCTaBIIOIIEN K KaMEHHOMY MaTepHaily 6uryma BHJI 60/90 (mocr,% OT HAYAMBHOTO KONHIECTBA GUTYMA Ha KaMHE)
achanbTo0eTOHHON cMecH. TIpu KunstueHUH Ha 0a3ajbTe OT coJepKaHMsA ATIOMUHHIiCOIepIKaLIeli 100aBKH:
B BOJC TMOKPBITEIX MOJIUGUIIMPOBAHHBIM 1-0,5 y kunsiYeHUus B Boje, 2 - 1,5 4 KUNAYEHHUS B BOJE

OutymMoM 00pa3moB 0a3adbTOBOTO KaMHS

KOJIMUECTBO HEOTCIAMBAIOIIETOCsS OT KaMHS OPraHWYECKOrO CBS3YIOINEro yBenuuuBaeTcs Ha 28,8%, MpHU KUILSTYCHHU B
teuenne 0,5 waca u Ha 58,7% mnpu kumsdeHun B TedeHue 1,5 yaca. OTMEUEHHOE CBUETEILCTBYET O MEPCHEKTHBHOCTH
Pa3pabOTOK aAre3MOHHBIX IIPHCAJOK OUTyMa 1t achalbTOOETOHHBIX cMeceil Ha ocHoBe oTxoxoB [10T.

OO6o00meHneM MOMYYCHHBIX MAHHBIX HCCIENOBAHMS BBIABICHA AY(PQPEKTHBHOCTD MOAWGUIMPYIOMETO JECHCTBHS
paspaboTaHHON m00aBKM, BBEJECHHE KOTOPOH B COCTaB OWTyMa CYyNIECTBEHHO IIOBBIIIACT TEMIICPATypy pPasMSATYCHUS,
YBEJIMYUBACT TBEPAOCTh, 3HAUUTEILHO YCHJIMBACT are3HOHHOE B3aMMOJCHCTBHE OMTYMa ¢ MUHEPAILHBIM 3aIIOJTHUTEIEM.
[TpryeM, uCXons W3 NaHHBIX TEMIIEPATypbl pasMATYeHHs M AAT€3HOHHBIX CBOHCB MOJM(HULIUPOBAHHOTO OHTyMa, 3a
ONTHUMAJIBHBIN pacxo/ 100aBKK MOXHO NMPUHATH 1,5Macc. %.

UUDULSULGSNLUSPL MULFLARMILESP URERPRNL ZUNrUY8UUUL) ZUAGLULSNR RGP USUSNPUL
NALPEEFPLEVGLPUNLSEGLEISULUSE fUPNLLEPS

U.[E. Znjubihyut

Cplwih Swpumupug Ennipubl L phiwpupnipyul whbunwlwl huduwjuwpub

Pwittwjh puntp whtn puthnbubph ybpwoquuugnpénid, MES, phwnd, wngghnt (hwpuljgului) hwdbjw-

wniphp

uvonenNkU

Mn htphikug hynnbpEduniwjuinhg (MES) yuwpuunduws wynjhudkpughtt mwpwubph gqnpswddwb
puthnubph  hhdtwplnph  Jhdwlh  Jbpisnippudp gnyg E wupjws  shtwpupmput  phwqugunnid’
duubwnpuybu  wudwjnmuwpbinnbiuhtt jpowetnippubph wngbqhntt  (hwpugului) hwbuiyniptph
unwgdw hudwp, ngpuiig jhpundwt mktnnghwibph dpwljdwt wpphwljunipmnip:

Uowljywé L dwmtipugqué NES-h puthnuttiph dwubtwlh hhnpnihgh b opnd wiyniskih, puyg phininidnid
nwynn  Epuph ot wpnudhth wipibunwwppdh wntph, b wn hhgpnihqh wpyniipnid - wpwpwgus
olhgnubpuyhtt mipquuhputph uhtiptkqhg tdwt hwybjuiyniptph vnugdwt mkjubninghwi: 8nyg L wnpduws, np
phuinidhtt muyny wjmdhtthnid yupnibwynn hwdbjuwiynip’ qquih pupdpuinid | hujpdwt gbpdwunhdwip,
pupdpwinid £ Jupdpnipiniup, qquih dbdwinud E hwipwjhtt jguiymiph b phuiinidh wngbqhntt thnpowg-
nhgmpiniip: Glubing hEknwgnuumpinibubph uvnwugduws ndjujukphg’ hwibuiyniph owwhdw) swhiup
pugnignid £ 1.5%° pun quigyush:

101 SE1EYUP 2/2013



ChLUruruyuuyu L3NhrpeeEr

GETTING ADHESIVE ADDITIVES OF THE ASPHALT MIXTURES FROM POLYETHYLENE
TEREPHTALATE WASTE
A.R. Hovsepyan
Yerevan State University of Architecture and Construction

Keywords: disposal of solid waste, polyethylene terephtalate, bitumen, adhesive additives

SUMMARY

The analysis of the plastic packaging consumption waste problem from polyethylene terephtalate is carried out and
the urgency of technology development for their applications in the construction industry is presented particularly for
producing adhesive additives asphalt mixtures. The technology of such additives through the partial hydrolysis of shredded
polyethylene terephtalate waste and the synthesis of water-insoluble but soluble in bitumen the aluminum and iron salts of
terephthalic acid and oligomeric products of these processes is developed. The softening temperature significantly increases
via inputting the aluminum additives into the bitumen, the hardness increases as well and greatly enhances the adhesive
interaction of bitumen with mineral filler. On the basis of the researching data, the optimal expenditure of the additive is
1.5% per mass.
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ChPLUruroguuv v3NrePEr
V]IK 548.733

UCCJIEJOBAHUE OCTATOUYHBIX HANPSOKEHUN B MATEPHAJIAX
C IPUMEHEHHUEM PEHTIEHOUWHTEP®EPEHIIMOHHbLIX METOJOB

2. IIEPEPACITPEJEJIEHME MYAPOBBIX ITOJIOC ITPM BOJIBIINX OO3AX
v - OBJIYUEHUW A

Aaymsan K.B., Muanakanss T.C., Diipammuksan T.O.
Epesanckuii I'ocyoapcmeennbviil yHugepcumem apxumexmypbl U CMpoumenibcmed
Epesanckuii F'ocyoapcmeennulii ynugepcumem

KaioueBble ciioBa: y -o0iyueHue, pauallMOHHbIE TOYSUHbIE Ae()EKThI, AUCIOKALUH, paclpe/ielieHHe MyapOBbIX MOJIOC

B pabome peanuzosan penmeenounmepepomempuneckuii Menmoo 0OHAPYHCEHUS OCHAMOYHBIX HANPANCCHULL.
B uacmnocmu, ¢ nomowpio mpexoa04n020 peHmaeH08CK020 uHmMepphepomMempa uccied08ansbl OCMAmoiHbvle
HANPANCEHUSL 8 KPUCMAILAX, 00YCNI06NEHHbIE PA3IUUHBIMU 003amu y-001yuenus. bulio obnapysceno
nepepacnpeoenenue NoIyYeHHbIX MyaposbiX NOJIOC, A MAKJCe HEeKOMopoe U3MeHeHue nepuooa Smux nouoc
6 JIOKAIbHBIX 0011ACSX UCCTEDYEMO20 KPUCTALIA

B mpensimymeit pabore [1] HamMu ObLT THpEANOKEH PEHTTEHOMHTEP(PEPOMETPUUECKHA METOZ OMpeieIeHHs
OCTaTOYHBIX HAIIPSHKCHUH, KOTOPBIN MO3BOJIET HEMOCPEICTBEHHO HCCIENA0BaTh AeOpMalii KPUCTAUTMYECKOH pelIeTKH
NPU BO3/ICHCTBUM Ha KPUCTAILT Y -00iydeHHeM. [Ipu 3TOM B paccMOTpeHHOW pabdoTe MpH MalbIX J103ax Y -00JIydeHUs
HaOJr01aeTcst U3MEHEHHE KOHTpacTa PEHTTeHOMHTEP(QEPEHIIMOHHBIX MyapOBbIX I10JIOC.

[MpeumymiecTBO MHTEPHEPOMETPHUUECKOTO METO/Ia 3aKJIIOYAaeTCS B TOM, YTO Ha PEHTIEHOB-CKOM MyapoBOIl KapThHHE
0TOOpaXXaroTCsA HE TONBKO CTPYKTYPHBIE Je(DEKTHI, HO U MX IOJISI HAPSIKEHUH BIATU OT Ae()EKTOB B JIOKAIBHBIX 00IacTIX
kpuctauia. [JoMuMo 3TOro, HaJO yYUTBHIBaTh, YTO MPH OONYYEHUH KPUCTAIJIOB BO3HUKAIOIIUE CTPYKTYpHBIE HAPYyIICHUS
HAaCTOJBKO MaJIbl, YTO OOBIKHOBEHHBIE METOJbI MCCIIEIOBaHMHA OKa3biBatoTcs HeaddexruBHbIMU. [losTomMy, ¢ wHenbio
M3y4YEeHUs] TaKMX CTPYKTYpHBIX HApyIICHWH, HaMH OBUI TNPHMEHEH METOJ PEHTTEHOMHTEP()EpPOMETPUUECKOTO Myapa,
KOTOPBIN O4€Hb TyBCTBUTEJICH K HAPYIICHUSIM EPHOANTHOCTH KPUCTAJUTMUECKOTO BEIIECTBA.

B Hacrosimeld paboTe SKCHEPUMEHTAILHO PEaNM30BaH PEHTTCHOMHTEP(PEPOMETPUUECKUH METOJ HCCIEeI0BaHHS
OCTaTOYHBIX  MHKPOHANpPSDKEHUH,  00YCIIOBICHHBIX
panuanoOHHBIMA TOYEYHBIMU Ae(eKTaMu, B 3aBHUCH-

MOCTH OT JO3HI y - oOmyueHus. st 3Toil memn ObLn M

WCTIOJH30BaH TPEXOJOYHBIA PEHTTCHOBCKUHA HWHTEp- S C A x
tdepomerp. Ilpm 3TOM B OTIAMYUE OT NPEABLITYIICH | | 3_’
paboTEl Y - OONYYCHHIO TOABEPTaics HE TIEPBBIN | B 11

(610K — pacmienuTens), a cperHUl (3epKaJIbHBIN) OJI0K
PEHTTEHOBCKOTO HHTEpdepomMeTpa.
OKCcneprMeHTaIbHbIE HCCIIEI0BaHUs TPOBeJie-
HBl C HCIIOJIb30BaHHEM KPEMHHEBOI'O BBICOKOCOBED-
IIEHHOTO MOHOKPHCTAJILHOTO uHTephepomeTpa T
(puc.1), 3epkanpHBIN 060K KOTOpOTo Ha 15MM  mmpe,

<
ot
: O O wh Ch ENN

YeM OCTaJIbHbIC J1Ba OJIOKA (3alITPUXOBaHHAsI YacTh Ha [ - ]
puc. 1). 110
UcmonpzoBano  m3myuenne  CuK,. s S R
ONpENENCHNs] ~ HANpSHKEHMH W OTHOCHUTENBHBIX .
ebopMAi, BHI3BAHHBIX Y - OOIydeHHeM, BHAUAIE Puc.1. Xon sydeil B peHTreHOBCKOM HHTepdepoMeTpe

(mo xakux-1M0O0 BHEITHUX BO3JEHCTBUH) CHHUMAJach
MyapoBasi Tonorpamma ¢ uHtepdepomerpa s orpaxkenus (220). Ha ucxogHoll TomorpamMme TMOJTYYUIHCH BCETO

HECKOJIbKO MyapOBBIX JIHHHI (T.€. IEPHOIBI MyapOBBIX IOJIOC OYEHb OOIbIIHe). DTO 03HAYATO, YTO MOHOKpUCTALT Si, 13
KOTOPOT'0 M3TOTOBJIEH HHTEP(HEPOMETP, JOCTATOYHO COBEPIICHEH, TaK KaK U3BECTHO, YTO €CIIM MHTEP(HEPOMETP H3TOTOBICH
13 abCOJIOTHO WACAILHOIO KPUCTAIIA, T.e. M3 MOHOKpUCTaIa 0e3 BHYTPEHHHMX HAIPSHKEHWH, U MyapoBbI€ y30pbl HE
MOJTyYaroTCs.
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Hanee B uzdbiTounyto obnacte “ C ” 3epkanbHoro 6ioka M (puc.l) ObUIM BBEIEHBI JUCIOKALMM METOIOM,
ONMHCAaHHOM B [2], U CHUMAJIUCh MyapoBbIe TonorpamMmsl (puc.2a). CpaBHEHHE 3THX TOMOPaMM C MCXOJHOW IMOATBEPIUIIO,
4T0 (popMHpOBaHHE MyapoOBOW KapTHHBI OOYCJOBJIEHO BBEIEHHEM JHUCIOKAIMH, T. €. My4YKOM, KOTOPBIH OTpakaeTcs
BONM3M OOJIACTH CKOIUICHHS AMCIOKaruil. [locie 3Toro omHa w3 MOBEpXHOCTEH M3OBITOYHONW YaCTH 3€PKAIBHOTO OJIOKa
uHTepdepoMeTpa ToaBepranach y - odnyuenuio ot ucrounnka CO” ¢ mormomaromeii m030i 20 + 50 Mpan. ITocne
KaXTO0H 03Bl OONy4YeHHs MPOBOMWINCH CHEMKH, W OBUIM TIOTyYEHBI
TOIIOTPaMMBI, COOTBETCTBYIOIIME PA3MUYHBIM J03aM 00my4deHus. Bo
BCEX Ciyyasx oOyiyyajach OJHa M Ta € 4acTh HHTepdepomMeTpa.
MyapoBble KapTHHBI ITociie 00TydeHHsI OBUTH CHATHI TICPHOJUYCECKH, B
3aBHCHMOCTH OT BpeMeHH (244.,484.,724.,). Ha (puc.26) npencrasneHa
MyapoBas KapTuHa, cHsATas yepe3 30 aneit nmocie oGiyuenus: 1030 50
Mpan.

CpaBuenune puc.2(a) u puc.2(0) mokaspIBaeT, 4TO HAIUYUE
OCTaTOYHBIX HAIPSHKEHUH B KPUCTAJLUTHUECKOM OJIoke UHTepdhepoMeTpa
NIPUBENIO K M3MEHEHUIO MyapOBOW KapTHHBI, OCOOCHHO B TOW YacTH
KpUCTaia, rie ObUTH BBEICHBI AWCIOKanmu. HaOmromaercs Taxoke
HEKOTOpOE YMEHBIICHHE MIEPHOIa MyapOBBIX IOJIOC, YTO YKa3bIBAeT Ha
yBeJIMYCHUH AeopMaliy B KpUCTAILIE.

Takum oOpa3oMm, mpH yBEIMYEHUM JO3bI Y - OOJydeHHS,
BCJIC/ICTBHE YBEJIMYEHUsS] IUIOTHOCTH paJMAllMOHHBIX J€(EKTOB, B
KpHCTaJUIe MPOUCXOMUT B3aUMOJICHCTBHE IUCIOKAIMH M 00pa3oBaB-
MIUXCS PaAWalMOHHBIX Je(eKTOoB. B HammMx 3KCIEepHMEHTax 3TO
TIPOSIBIISICTCS B TOM, YTO HAOIFOIAeTCS HEKOTOPOE MepepacipeesieHIe
MOJYYEHHBIX OT HHTephEepOMETPa MyapOBBIX MOJIOC C UCTEKAIOIIMM U3
9TOr0 HM3MEHEHHEM IIepUOJia ITHX II0JIOC B JIOKAIBHBIX 00IacTIX
HCCIIEYeMOT0 KpHCTaIa.

B onHoit u3 Hammx npeapiaymux pador [3] ObuIo MCcIe0BAHO
BIIMSTHUE MEXaHUYECKOTO pacCTSDKEHHs OJHOTO M3 OJIOKOB HMHTEp-
(hepomeTpa Ha IOTYUICHHBIC MyapoBbIe KapTUHBL [l0Kka3aHo, 9TO Takas
nedopmanuss WHTEpPEpOMETpa NPUBOTUT K HW3MEHEHHIO IIEpHOAa
MyapoBBIX MMOJOC, T.e. K u3MeHeHno Ad / d ( d - MeXIUIOCKOCTHOE PACCTOSHUE OTPAKAMOUIMX IJIOCKOCTeH KPHCTAJLIa) U
CJIEZIOBATEJIFHO, PUBOANT K M3MEHEHHUIO YIPYTrOH IOCTOSHHOM HccienyeMoro kpuctamia. ConocTaBieHHe pe3yIbTaToB
9TO pabOTHI C AKCIECPUMEHTATBHBIMH Pe3ybTaTaMi UCCIICAOBAHIS MyapOBBIX TOJIOC, OMYYCHHBIX OT HHTEpdepoMeTpa,

Puc. 2. MyapoBbie TONOIpamMMmbl,
MoJIy4eHHbI€ T0cJIe TeHepHPOBAHUS
60-rpagycHbIX AucIOKanuii(a) U mocJe

Y - 00/1y4eHHUs 3ePKaJbHOI0 0J10Ka
uHtepdepometpa (0)

MOJIBEPTHYTOTO Y - OOJIydEeHHIO, & TAKXKE OIPEAeICHIE N3MEHEHHST MOAYISl YIPYTOCTH B CIEICTBHE 3TOTO 00IydeHHs Oy IyT
MIPUBEICHBI B OJHOM M3 HAIINX MOCIIEAYIONINX padoT.

LSNhEELNRU ULUSNCTUSEL LUMNPULECP NPUNRULVUURCNRULC
NELSEEGLURLSELDEMU2UCUYUL UGENYLELP UP[UNUUUR

2. UNRULE TEOSELD YBLULUCNRUL v - SUNUQUBEUUL UGO
2UOULULUYUD TENLNRT

. Upnwdjui, £.U. Utuguubjub, S.2. Bjpudejut
Eplwih dwpunmupuybunnippul b ohiwpupnipraul wyhnwlwl huduyuupub
Eplwih whknwlwh huduyuwpub

Pwituh puwnkp. nhuwnghtiwhtnbpbbpwswh, v - dwnwquypnid, dwnwquypdwb Yhwnwht wpwnibp,
Untwph wunlkpubph JEpupuwsunud

uvonoenkU

Ushuwmnnwiipnmd ppwluwbwugyl] b pnipbnujut jupnigyuép nibukgnn mipbpnud  dbwgnpnught
jupnidutph hwynbwpbpdwt nktngbtwhnbpbbpusuhwlut dkpnny: Uwubwgnpuybu, towpnl hunbp-
dtpwswthh oqunipjudp ntumidbwuppyt) tu uhjhghnidh Jhwpmpipinnud wnluw dbwgnpnuyht jupnidubpp’
yuyUutwynpjws nwppbp pnquikpny v - dunwquypdudp: hungkiyut htnbpdtpuwswthp yuwnpuwunyty
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E upjhghnudh Juunwpuy pniptnhg, nphg htnn tpw huygbjuyghtt pnlnud tbpdnsdl) Bu 60° ghunlughwibp:
bPunbpbtpwswthh tnyh pinljt wyunthtnb Eupwplyl ky- funuquypdwt 20...50 Unwy swthwpwdhtbpny:
Uy hunbpdbpuswithhg unugdus nbngbiyut nnyngpudubph Jpu tjuundl] £ dntwph wunlpubph
Jhpwpuwopnud, hisybu twlb dntwph wwppbpnipjutt npny  thndnjumpmniiibp nuw) wnhpoyptbpnod:
Gupwunpynud £, np y- Swnwquypdut nnquijh dkbwugdwmt dwdwbwl mbnh E nitbuind  wnwowugws Yhwnwght
wpwwnbkph b ghunjughwubtph thnjwgpbgnipni: Upjuwnwipnid unugyus thnpduwljub wpnniupubpp
Jupnn bt hwdwnpdl]p bwpuhind junwpjuws wojuwnwipubph wpyniipibph htn b, htwbwpwnp,
oquugnpdyty vy - fwnwquypdwi Eipuplyus pjniptinh wnwdqulju hwunwnnith npnodwt dudwbwl:

STUDY OF RESIDUAL STRESSES IN MATERIALS VIA X-RAY
INTERFEROMETRIC METHODS APPLICATION

2. Distribution Of y Muar Layers In Big Quantity Condition

K.V. Alumyan, T.S. Mnatsakanyan, T.H. Eyramjyan

Yerevan State University of Architecture and Construction

Keywords: x-ray interferometer, y- radiation, radiation dot defects, dislocations, distribution of moiré lines.

SUMMARY

The experimental realizations of the x-ray interferometer method of revelation and definition of residual
stresses in crystal materials are presented. In particular, the residual stresses in mon ocrystal silicium have been studied
depending on the dose of y-radiation via the application of three-crystal interferometer. The x-ray interferometer was
made up of perfect mono crystal silicium; afterwards, the 60°-dislocations came into being in its mirror block. The
mentioned crystal block of the interferometer underwent the y-radiation with the dose of 20+50 Mrad. We found out
redistribution of moiré lines on the obtained roentgenogram and also some changes of the period of these lines in local
parts. It is foreseen that the growth of the dose of y-radiation leads to the interaction of dislocations and the created
radiation defects.

The obtained experimental results of this research can be compared with earlier results and, consequently, can be

used for the elasticity module study of the crystal being undergone the y-radiation.
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ZPMUYLPYU
281 551.499
PULPLSIUSPNL ULNRUNY, N2 YUSUN3UL ZNrheNLUYUL HELUGE SPLSCUSPNL
2UTYUrue N2 ZUUSUSYUO CUrguuy Y6nenNkhu

U.U. Pupluniqupyuib, 2.U. Twqupui
Cplwih dwpunmupuybnnipiub b phiwpupnipraul wyhnwlwl huduyuwpab
Zuymumnulh wgquyhl wgpupuyhl huduyuwpui

Pwitwjh puntp. hnphgnuwlut gpbuwd, $hjinpughw, ny Juwnwpu) ppktwd, ny hwunmwnqws swpdnud,
hubhpnpughw, opudtind ppwn, gpwpunhwig hnnupbkpun, ghuypkuhnt Ynp

Znpywénid phwnwplynid Fdwlbpbuughl oplph haphpinpughni uimidng, ns junnwpyuy hnphgninului
ppllnudh $ppinpughnl huwoyuplp ns hwununnywé pwupddwl nlypnid” jhpwpking qponiinnuyhl opkph
«hwummnunnyud pupduwl Yhdwlhg ns hwuwnungws pupddwl Yhdwhl waglwi Jkpnnhy uljgrniipp:
Uwlkpkuuyhl opkph happpinpughwl bpluyughnid F dpaninpinuyhl inknnidiakphg b npngnidhg gnjugus
opwhnup, npp GkpSdynid F gpnilnnughl oplkph hnphgni b dbphnuynid E($ppinpynid £) nkyh gpkiuud: 4kpopiu
hnphgniulml niggnipudp gpunup pkpinhg Junnwpnid F opuhbknwgnid i ipw dwlupnulh hokgnuid:
Mpkiwdn hudwpynid F oy junnwpay, Epp nknunpyws Eopudind pbpuinpg Jeplh:
[y hwununniwé pppinpughuyh pkuypnid gpoilinughl oplkph dwlbpbnypp §npp (plypbupnt fnpp)
bbplhuywghnud F Bpyguughl fnpp, npp qugdwbuynpguws Epppnpughni Ejph thnhnuwjmbnipyudp, pul
huwununinywé Ejph pbypnid” wpuh opkiph hpdlnuynpdunlp punwlniup yupwpnjuyhi np E

Zupyupluyht ujubdwb tbpuyugyws k ujupnud, npuntn gpoibnwght optph hqnpomipiniup gpiwdhg
S1 htipwynpnipjut Jpw Ho k, d wpuwdwgdny hnphgnuwljub ny junwpyuy gpitwdp mbnunpdws b opudtpnd
okpwinhg o pupdpnipjut Yypuw, opp dwjupnulp npitwdnid hwdwubn gpnibnubph wuwydwbtbpnud punniugnud
E, np hounud E wlupwppnpk (ho=0) [1]: dwdwbwlp, nph pbpwgpmd pphuwdubph dbownbnnud onh
dwlwpyulp hounid kE AH=Ho-H swthny, pudwinid tup tpynt dwuh' T b T2, nputin Ti-p wyb duwdwbwl b,
tpp phypbuhnt Ynpbpp gphbwdubph dbgunbnnid dnnbunwd Bu hpwp, hul Te-p wyt dwdwbwlb L, Gpp
gnkuwdubinh dbpnbinnud dwjupnulp hoinid £ AH=Ho-H swthny:

T b T: duwdwbwlubpp, husybu twwb phypbuhntt Ynph ghppp, ppbkbwdubph dhol  byws
htruwnpnipiniup (E), mbuwjupun Eipp (q) b wy) upwdbnptph npnydwt hwdwp ny hwunwndws owpddwt
nhypnid chwunwngus supddwtt Jpdwljhg wunhfwbwpun ny hwmunwndus Jhduht wbgdwt dkpnnh»
Yhpundwt hwdwp oqunynid Eup opwyhtt hwioyklonh nhptptughw hwjwuwpnidhg [1].

qdt = pdF, )
npunbn g-t ppkiwdh whuwlupup Gph b noph dbsmpnitp, hwoyh welbynm] Ywpuh opklpp, Yihh

2
ﬂ,dF—E‘ nwuppulut dulbpbut b, npp vwhdwiuwhwldws b ghypbuhntt Ynpbph dhel: Thunwplbng
S

ntwynptuhntt Ynph wbkupp' npybtu Lhwu, nptt whgind £ A(0,0) U B (SH) Yhwbkpny, npnkn A- u gpkuwdh
nbknunpuwi Juypt b, B-o* kplyne nphiwdubph dkpnbnp §mubhwbp

2
A z=1 s (x sy, )
UL v2-C-C IR BRI — . S
l £ F:jde=-§SH, dF:%SdH: ®)
he q TEIE — 0
AT~ (1) - mud p-u gpuunynipjut gnpdwjhgh b (gpninp
4 * wljnnhy swjninjkunmpniup):
2nwdtnd 26pwn
5 Ns yuwnwpju) hnphgnuwlwb npiiwdh $hjpinpughnt
B = N hwpqupuwt  upbdwt ny hwunwndus  owpddub
2 . - ntypnud npkiudh nkuwlwpwn Epp Yihth
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q=q; +q,, )
2
nputin g =2, ©)
S
g, puw U.3.Uykpyutngh [2,3], Yhth.
2KaH
0 3 > (6)
, 1
npwnky o = ) @)
142.94% pg 2%
S " nd

tpp a>5Ho, o'-qgnpdwlihgp Yupkih kgt Jipht gnunmg kyph dke: Uyy nhypnid §mubkiwbp

a=" LR, ®)

npntn R, =H,+2al o qnpswlhgp Yupkh t tkpiuyugil) hnlyw) putiwdlng

0= ©)
S+n
, 2o
npukn n =2.9%alg—, (10)
nd
o'-n mbnunpkiny (8)-h Uk Yniikiwtp
_ KH R, : (11)
S+n

Ns Juwnwpuy npitwdh nhypnid, hwoygh wnubkny twb duybpbuwghtt opbph hubhpnnpughwi, opuyht
huzkhpnh nhbbpblighu hurjuuwpnudp Yhuh
KH,R

—0%dt=0.215uH,dS+ PSdt, (12)
S+n

npunbn P-u dwybkpkuwght opbph hudhjinpughuyh dnynyu k:
Pnihnfuwlubiibph whpunnidhg htnn Ynibkiwbp

465di  (S+n')as

= ~ ; (13)
pH, — P(S*+7'S-4)

npukn g = Koo
_465Pt ¢t (S+n'ls 1528 +27' s
| ke
) PSP +pS—4) 298 +nS-4
7
93Pt T 2S+77)dS f ds .S[d(S2+77'S—A)+ j d(S+2J B
¢ ST+n'S- PRGNS +nS—4 3 S*+nS—-4 UO(S+77J2_77'2+4A_
2 4
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- N Yn’+4A
2, ql T8 2, 'q 2, Ql
:Ens +NS-A n /n 2 '2 /:fns +nS A—yZanzfnS +nS A=
A Jn? +4A N N2 +4A o A AN’
2————  S+—F——
2 2 2
Q2
_pn ATS=ST (14)
A
1Q_ Q2
nputinhg = A nAS S N7, (15)
npwunk y = '77 , (16)
n’+44
_23P (17)
e
N _(2S+77'—\/77'2+4A)(77/+\/77'2+4A_). (18)
s +n? +aa)ly -7 aa)
Bpp a=0, n' =0, y=0, (18)-hg N1=1:
(15)- & wyy nlypnd Juinwbu htwnlywy nkupp
4-s?
= : (19)
A
(19)- p sty S-h tjwndwdp Ymubiwbp’
S =all-c): (20)
Bpp 0=0, wyuhtipt® niuklp yuwnwpjuy gptiwd
2
R():HoaA:KHO . 1)
P
Stnunplyny A-h wpdtpp (20)-h uky’ Ymubkimbp’
K; o un.
S=H, ?(14 ): (22)
Lostyny (14) —p° t-h Gjundwdp §mbkiwbp
4 23)

r=0.108 0 , :
P (4-n'S-5*)N/

t =T, myuw (23)-hg Y uktwbp
(24)

| o

Gpp S=5, =
4A

H
T, =0.1085=2 /n LB
P (4A-2nE-EX)N}

npunkn
v :(E+77'—\/77'2+4A)(77/+x/77'2+41‘1). 25)
CEn 0 +aa)ly - fn +44)

T2 dwdwbwlp, nph nhwypnid AH=Ho-Hi, npnokint hwdwp oquuyk) Gup opuyhtt hwoyklonh hbwnlyug

puttwdlihg
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Uk JH = 2KHR, _PE i 26)
8 E+2n 2
Stnunnkiny (26)-h Uk htwnlyw] bpwbwlndubpp
2K
p="E L, IE o - R=H+2a
8 2 E+2n
i ikiwtp
—pBdH + wdt =0 (H +2a)dt : (27)
Onihnfuwlubiibph whpunnidhg b hnkgpnidhg htnn Ynibbwbp
Hy
1= [— dH L (28)
HIGH +2c0H-o P
" " (H+a+,/a2+®J
L dH :if’ d(H+a) _ 1 n o 7:
GH‘<H2+20LH)_§ GH'(H+O‘)2_ a2+®j 26,0’ + | Hea— Jo?+2|"
c o o (29)
| |:6(H0 +oc)—\lcioo+oc20ﬂ [G(Hl +oc)+ \lciw+a20i}
= En ’
2\/(5((1264— co) |:G(HO o)+ w/cico+ a’c q [cs(H1 +a)— \/Gi())-i- a’c q
7, - p-in-N, _ 0,45uE (eN,, (30)
2Joloa® +0) olw+a’s)
npukn
[G(HO + oc)—w/csico+ o’c )} |:G(H1 + oc)+ \/Gi())+ o’c q
N, = , (31)
|:G(H0 + oc)+\/csi0)+ a’c )} |:G(H1 + a)—ﬂciuﬁ a’c q
gﬁn ‘N, = %EgNz =0,454E - (gN,, (32)
T=T,+T,: (33)

Yhunwplkup hwpduyhtt pwbwdlbph nruwpwiinid pyuyht ophtiwlyh (nidnidny:

Npnoty wytt dudwbwlyp, npt whpwdbown k nphiwdubph dkginbnnid hotignidp AH=30ud: Spws & E= 204,
d=0,05u, P=2uu/on, a=5u, Ho=1,0 U, K=3,0 U/op, p=0,03:

Cun unugws pulwdlikph’ (25)-p bpuyugibip hknlyuy wkupny®

:(E+n'—x/§)(77'+\/§)’
(E+n'+x/§)(n'—x/§)

Nl

npuky 7 =——, ' = 2.940L€g2—z, B=4A + 1>
T

élj

_ KH,R, KH,(H,+2a) 3-1,0-(1,0+2-5,0)
P P 0,002
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| 2.5.0
22.94.5,0-te—=>Y __266,
d £314-0.05

B=4-15500+26,6" = 62718, VB =250.,0:

_ (20,0+20,6-250,0)(26,6 +250,0) _
' (20,0 +26,6+250,0)(26,6 —250,0)
266

=250 _106:
Y= 72500

0,85,

Stnunpkiny wpdbpltpp (24) pubwdlh Uk §mubkhwip’

0,03-1,0 4-15500
En 2 0,106
0,002  (4-15500-2-26,6-20—20)-0,85"

7,=0,108 =0,052 op:

Ujdd npnobp T2-p:

Lo 2K 23
E+27  20+2-26,6

=0,082,

PE 0,002-20
D=——

; =0,02, H, = H, — AH = 0,74,

Jolo+oa®)=10,082(0,02+0,082-5%) = 0,43,

~ (0,082-6-0,43)0,082-5,7+0,43) _

- =1,51,
> (0,082-6+0,43)0,082-5,7 - 0,43)
(gN, =0,18:
T 0ASuE __045:003:20 (3o

Jolo+a’s) 043
T=T +T,=0,052+0,113=0,1650p:

Zudbdwnbng uvnwugdus dudwbulyp wy) niunidbwuhpmipiniubbph wpyniipttph htun tjunnud Eup,
nn gpuip nuppbpynud Eu 10%-h swthny [3]:

Ujuyhuny, ppktwdutph hwyduplp ny hwunmwndws supddwt nhypnmid «hwunwndus supddw
Jhdwljhg munhfwbwpwp ny hwunwngws swupddwt Jhdulhtt wigdw dkpanp» wnwhu kL jhwupdtp puupun
wnjujutip, npp Jupbnp £ Uy dbpngh Jhpuenidp vwjhu B wdbih wupq pwbtwdbtp btwb wthwdwubn
gpniuntbpnud:

®UWIbTPAIIMOHHBIN PACYET HECOBEPIIEHHOI'O TOPU30OHTAJIBHOI'O JIPEHAKA C
NHOUJIBTPAIIMOHHBIM IIMTAHUEM ITPU HEYCTAHOBHUBIIEMCHA JIBUKEHUUN
Bapxynapsan A.M., Kazapsan A.C.
Epesanckuii 2ocyoapcmeennbiil yHusepcumem apxumekmypsl U Cmpoumenscmead
ApMAHCKUL HAYUOHATLHYBLI A2PAPHBLI YHUBEPCUMEm

KiroueBbie c10Ba: TOpM3OHTANBHBINA JOpeHaX, (MIBTpamus, HECOBEPIICHHBIN IpEHaX, HEyCTaHOBHBIIEECS IBWKEHHUE,
MHOUIBTpALKs, BOAOYIOP, BOZOHOCHBIH CIIOH, KpUBas AEIPECCHU

AHHOTAIUS

PaccMaTpuBaeTcss HeyCTaHOBHBLIMICS (UIBTPALIMOHHBIA pacueT HECOBEPIICHHOTO TOPU30HTAIBHOTO ApEHaXa C
HHOUITPAITUOHHBIM [TUTAHUEM, C IPUMEHCHUEM ‘‘METOa MOCJICIOBATEIBHOM CMEHBI CTAIIMOHAPHOTO COCTOSHUS .
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WHdunpTpaiys MOBEpXHOCTHBIX BOJ| IPEACTABISET cOOOH BIUTHIBAHME ITOTOKA aTMOC(HEPHBIX M OPOIIAEMBIX BOJ| B
TOPU30HT W HMX JBWKEHUE (QribTpupoBaHHE) B ApeHaX. [locneqHuii B TOPH30HTAIFHOM HAIPABICHUU W3 BOJIOHOCHOTO
TOPU30HTA MPOU3BOAUT BOJIOM3BIICUCHIE U TIOHIDKEHUE YPOBHS BOJIBI B HEM.
JpeHaxx SBIAETCS HECOBEPILIEHHBIM, KOT/]a YCTaHOBJIEH BHIIIE BOJOYIIOPA.
[Ipu HeycTaHOBUBIICHCS (QUIBTPAIUN KPHBas MOBEPXHOCTH TPYHTOBBIX BOJ (KpHBas JICMPECCHU) MPEIACTABISCT
€000 AIITHIIC, 9TO 00YCIIOBIICH MMEPEeMEHHBIM (IIIBTPAIIMOHHBIM PAacX0I0M, a TIPY MOCTOSHHOM PacXoje, M0 YTBEPIKICHHUIO
3akoHa Jlapcu, sBisieTcs KBaApaTUIHOHN mapabosIou.

NONSTEADY FILTRATION CALCULATION OF IMPERFECT HORIZONTAL DREINAGE
WITH INFILTRATION FEEDING
A.M. Barkhudaryan, H.S. Ghazaryan
Yerevan State University of Architecture and Construction
Armenian National Agrarian University

Keywords: horizontal drainage, filtration, imperfect drainage, no steady motion, infiltration, aquitard, water beaning
horizon, depression curve

SUMMARY

No steady filtration calculation of imperfect horizontal drainage with infiltration feeding by using “method of step
by step change of stationary condition” is considered.
Infiltration of surface water is the absorption of atmosphere and irrigation water flow, and their motion (filtration) into
drainage. The last mentioned in horizontal direction will carry out water pumping and increase the level in it.
Drainage is imperfect, when it is settled upper, than aquiclude.
Due the unsteady filtration ground water’s surface curve (depression curve) is ellipse, which is conditioned by the variable
yield of filtration, and due the constant discharge, according to Darcy’s law, it is the curve of square parabola.
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28 72(721);73.01/09;304.44:904

YELUUUPRUYUS P ULNTESNRE3NPULE UCUUNR36ED T
UJULvMUUL LULSULUNESNRESUL ALNCNTHY UAULRLUZUSUNPE3NRULLEND
I UINLTUL YUrU4NC GRNroCLEeuUsNhU
U.U. Cwhpiyub
Eplwih dwpunmupuybnnipul b phiupupnipul wyhnwlul huduyuwpub

Pwiiwjh punkp. twjwuntns dywlnyp, nkuwlh gquhywidwt phwljut ulqpniup, tynip, nbknkjunynpnia b
tutpghw, Smpunupuybnnipmnit
Pp plaalinippul Jugpnid phoppubnid, whphphunnmulml wuypwé dognijpph wqquyhl dowlngpp
dbun/npynid F plnulpnl gnpdnbbbph b hwuwpuuluwl hupwpbpnipintdbbph wapghunnuliul wonbgnieyui

wwly b pp ko pnid Fuggh hnglinp, pupmpulwb, ghknughunwluml hwpnuuwnbnd ulgeniipakpn, npnip b npnonid

kb Gpw hunjuipwfjul Juppuigsh ppulinpnidiabpp: Ugquyhl dpwngph Juplbnpugnyl punungphsibphg
dwpunupuybnnipin ip fuupupanid Fplwlwh gonpdnbbbph ' jEhuudhouduyph m jkbumgkingh
whphphunnwlwl b Epfupunnl wenbgnipyudp d iunnpywé wppnuphwdwbusnynipyul, phnipyul mupkpplbphi
hwpdwpylbyng thnpdp b nibwlnipinibbbph, ppowlu dhowjuyph ynipwlml, nkybiumyulwi b Fakpglknpl
wupwpbbplh wnwykjugniyyiu wppntbunbn ogunuugnpskynt pagniiwnipyul ynw

unphpnuwyhtt wwphubphtt dbwynpdws, hul] wybkih n1p nne woumuphnid htmghwnwlwut hknwgnuunipniu-
ubph hwdwp puypmidwsé b Yhpwnynny uwnwinupunibph ulygpnip Yup, npnughg phkpbu wdkbtwupbnpp
htwduynph «yhunuh guunybp»-h Jipujuigudwb fpunghpt bp wyplnt dhpwduypp ptwyhduyuub hhwpwynp
poinp wuyudwbubph htw: Uj Gpy wuws' wwbnkyninghujut b wubnlhduyujubt pnnp wuydwbubpp:
Uwluytt wyju dnnbkgnudp hwdwjpu opowugynid tp, Jud pwwpupynud bht wuppnyngbuh Epypupubulut
wnwowgnidubph dwljbpbuwghtt tjupugpnipyudp, hul (wdwugnyt ghypnid bwlb Swnlutnont pupwgnijutph
dwipunhnuljuyht ptunipjudp: Ydpwpnwpup XX quph Jipenid ghnwljut hpuwnwpwynidubph ke ptwljut
wuyUwttbph b dwppuyhtt ignipjut nt wypljulbpyh tjupugpnipniuutph qnignppiwdp wyiyghuh (hwpdtp
Ubjuwpwinipnil, huswhuhtt £ «Mesomur CCCP» wwunluntjh wjunbdvhwljut hpunwpulnipjutt woweht
gunid 0. Innipjuwtingh [7, 11-18] hbinptwlmpjudp hnpjusp, suwhwquig phs Eu funphpnughtt ppowith
bpwunwpwlnidubpnud:  Ujihty  wubnkyninghwlwt  hpwghdwlh quuwhwwnnidp  htwpwynpnipmit uowp
wiynidtih pdwgnn hwpgtph wuwunwupwl) b, wdktwupbnpp kqpujugnipmniitph dbe juntuwtht) htwpudnp
upuwikinhg: Uninpl pwpunpdus mbkuwlinubpp dktp jupumnkup wnwybjugnijiu Yhpuntk] wyu Uninkgnidp:
Zugujut  JEtuwnnynmd  dwppuyhtt | punuwpwlppnipjutt plplu htwgnyi  hnpwpdwutbpp
hwyntwpbpyl] B Qnptljjh Bhhih whnnudubph dwdwbwly [16, 17, 18]: Qnphljjh Bhhkh nwdwpulub
Junnygubph swithkpp, hnphtgwspubpnh fwpunupuybnulub (nsnidubpp, fpttwdpny b pupap Jupybinnipjudp
wpdws npltwpwiquljubpp huunnud B wyy dudwbwljubph hwdwp qupdwbwh pupdp dujupgquljh hwows
hwuwpuljuljut Jhwynpdwt gnnipjut hwiqudwupn: Uhuyt juquuljipyyws hwuwpuwlnipmniut kp h Jhdwljh
hp $hahulwi gnym pjntult wyywhmjkjnth qmgplipwug, weweht Jhiwwwl withpudynnipyui’ uiniln, hugniuw,
hwjpuyplint gnpépuipughg mquunk) qquih pubwlnipyudp twpgljubg, npytugh Ykpghiubpu qpunythi wyjuwhuh
Swjuwuyht phtwpwpwlwt Spuqptph hpuwjutwgdwdp: Uhtsh 13 hwqup tmuph wpwe Zugjuljut Uhewgbwnpp,
Qugpnuh (knubpp ppruwjuinipyudp b YEuguhttpng hwpniun, dbs dwuwdp wtnwnwswsl Epjpudwu kp, npp
dnipdh  Jbpohtt vwnguuyundwt  dudwbwly nsbswguy tpljupunb Gpupwnubph  hEnbwbpnd:  QpldEng
Jtuuwlwb wnpmnipttphg' Ynpth Bhthh phwlsnipmitp phg ptwjuduypp: Uju punupulppnipniup unp
JEuuwnnuynmd jud jEiuwnnybpnd hwjwbwpwp nuiunun dupkg: Uy hp dwdwiwlh hwdwp hhpudh pupanp
Upwlnyphg dwunwignipmnit dbwg dhuyt wjwlnpnnp (uultp 2): Snighk ph wyt wywndwnny, np ufjuws
uvwnguuuwnnidp b Jyuph hudwp unbnddus swhwquig swipn wuydwbtbipnd nbuwlh guhywiniput b
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wunupkpnipjut punhpp weweht wjwt Unytg: Zowpwynp k, np hwqupudjuyutp htnn Yphht spputunnipjut
ke npdws opowbiwdl hwunwlughs niubkgnn Shuwlwt nt uppwqui uenygubph, huljw pnpdkutbph
Supunupuybnnpniip wthudbdwn «Eiphnwuwpny  dowlnye Ypnn dognynippubph hwpntwgnpénteniut kp,
hull gmigk pt Fnphlh ChhEnd Abwynpus twhwunbns dowlnypp hwwnlnipmit nith ghubnjulub
dwjuppuyny wwhywiyl] hwqupudjuljubp nt hknn nnipu hnppu) unbndwgnpswljut dwjupnulny: Luth np
Uklp ghwnkup, np twhiwulqptiughtt wotwphpijuydwi uygpniupubpp fEuuntbwly Bu b pwpnitwljupwp gnnipintt
niikbwny wknuplhy dngnypph whpighwn qupqugnn dpwlnyph dwppbpnid swpniiwlwpup mognpynud B
hwuwpuljuljut b hnginp qupqugnidubpp[19]:

NMuwnltp 1.2. GnplYh Chdk: 1.1 Yws mwdwnh hhdbwlwb wkupp, 2. g

dtpnhhojuh vwhdwibpnud winpununiwip Qwupwihnnijhg quniudws dh wwwnltph (quuykp 3):
NMuunibpjus hwdwiupp dkq  hhoigind £ quupuonuljutt pundwt  stup’  tjupduws  wdbkbugh
dwipudwuiimpjudp: Uju Ypntuh juplinpugnyt npnguwikphg dkyp hngnt widwhnipnitt £ pun Udbunugh, puyg
hnghtt dwhhg htnn wudhpwuwybu sh mquuynid, wy Epkp op ni ghokp dtwnig htwnn tnp dhwyt hbkpwind E
dwpduhg: Uy tpkp opju plupwugpnid wdktwjun m winupbwih pwip hwmjunwguh hwdwp, np Jupnn k
Juunwpyl], Lwunt Ynsynny nlih hwpdwlndu E, npp ub fwbdh wnbupny Juwpnn L wnhpl) ghwliht: Uyg huly
wuwwndweny ukpuhg hnght bt wuwowwinid dwpdhtp, hul npuhg hwbgniguh pwupbludubpp onit Bu
Juuqutgunid, nphg, pun hwjuwwwhph, Luunittt vwpuwtnwd B 2nppnpy opp dhuyt hnghtt jpnud £ dwpdhipn b
qumd jw'd npwhun, Yuw'd ndnjup: Uwluyh hwiqmguyh dwpdhip dhis wyn, pun shuwlwpgh, whwnp b
wuwhwwigh b dwppwgnpdyh: Znghtt hwugnigyuih dwpdhtp jpnud k snppnpn opp b hwigbpdjuy wppuwph dinbkynt
hwdwp whghmu ‘shijup Judpeny, nph dniu dwyphtt uygwumd E hp huly hnghti: Bph wowphith Yubp k Juply,
upwt ghdwynpnud k spiun Ynyyuh nbkupny hnghtt’ tplne oukph ninbygnipjudp, b nwiunid gpuon, hull Jun
dwpnnitt ghdwynpniud k dhntly wnnih tnkupny hnghtt' Eplnt Juwnwnh sukph ninkgnipjudp, nt mwind ndnjup:
NMuunybpnid dkup nbutinud kup Shuwljupghg htwnn Jung nipdughsdp: Zhdw shuwjupgh dwuhti: Lwth np hnnt m
oninp, punn qpuyuonnulju hwuunh, unipp L, ghuljt wytntn ubnt) jud pwupgub skp upkh phwluduyptnhg
nt opkphg htinnt: Ywpmigynid thu pupdp wownwpuubp’ npupdwp jud nupdk, hwugnigguhtt pupdpugund
wownwpulh hwppwlh ypu b tunkgunid ndpny nhuh wplbp:

Bnnumd Eht dhtgh ghowbgnubpp Ydwjupp duwmqbpsklt, wgyunihbnl nulnpubpp wbknuihnpnd thu
hwunnil wyy tyuwunwlny twpunbuws pupwdwyp, jud junp hopp, npp Ynsnd B wupnigut, wupduhwug jud
wupniunui: Uju Shuwlupgh pnnp thnyipp diip mbkutinid Eup hwdwujupnud:
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busytu £ wju Shuwjupgp wuwhwwuyt] hhtig hwquip nwuph b wyw Yplhht sppwnmipjut ke npyty
Nuwpujwunwunud, jupkih £ hhdtwdnpl] dhuytt twpowuntnd dowlnyph hqnp ot Epjupunt wgpbgnipjudp
[5, 6]:

Uju huipgp dhwpdtp yuunwupwt Ynibbiw dhuy hwdbdwnbnt b punpuntint hwdwp withpudtown
puwtwlnipjudp htwghnwljut Wyniph b vhodwubwghnwlw ghnwljuwt hwdwjupqus hbnwugqnuunipjut
wpryniupnid [8, 112-118]:

Yihduygh Yupnily thnthnpunipnibubpp
huwpuinkghti opquithquubpp YEtuntbwlmpjut /
puwjuwiint nhpdp, vwhdwiwhuwltght b /
punhwinwlwb nupdnptgh Eubpghuyh hnupnp, (

un)kbputnmpjut vwhdwipn mknutnjugkg \ oy
&quudwduyhtt gninp: Uju wuydwbiibpnid uljuytg e _DE‘J
quigudwyhtt wpunuwqunpR: Zuyjuljui ) ““\: 3 '_a.-:u__‘_ i; 1?\» N

W o L e 3 1
(Erttwphuwuphh hwpujuyhtt hwndusmd dabugus DT \ ‘] N % l] ¥ i;m}l

",\ il \r/ Dﬁk \1 Y

Uwpnljught fudppp, yphuiwbugm] RN e Y
wiptighwnwlwb bpwwnh hwpnigus W g W Tl
wphwyhppubpht, inybybu (plight Zuyjulu

(Enttwphuwphh JEtvwnnyp: Uju jadptinhg dkyp qmiﬁiﬁhﬁiﬁ:ﬁiﬁ?&iﬁ gs;it;liit:;l;mpq
hhdukg phwjuduyp wpbuninpnid, npp dkq

hwjnth k Qupw) Zoyntl winituny: Zowduwyph wpweht ywhnnudubpp hpuwiwgnt) k Ukpupup 1961 pduljuitht
[14, 15, 16]: Uju phwuquypp, puwn Znnpbiph, pughwnnidubpnyg ptwligws k Enk) 1200 wwph b
wlktwpupquiud dudwbwlubpnud niikghy £ dhtgh 10 hwquip pwlghs [11,9-11]:

Zbwmwppphp E, np wwwphpuyhtt wyju ghwhwnnudp dhwbquduyt hwdwywnuwuppwind E puquuphy
hhinugninmpnibitpn] hwunwndws  2nppopyuljul hwdwpuwphuyght unphpgh Jepohtt Jkhwdnnndmd” 18
INQUA 2011 Congress [25]: @wuwnnpkt htwjuypp ptwligws b tnk) wowybjugnyt vunguuyundwi wdpnne
dudwbwjwhwnqwsénid, punhniy dhtish hwingpubpp ufuydbip, tpp (Eptughtt vwngujuwhwbubpp ulukght
twhwielk] nbyh ququpubpp’ Uwuntinid 1600, Unyljuwunid 1300, hul] Quiuqgkqnipnid 1400 dbkwnphg uljuws:
Zuwngpubtiptt ujuyknit qnigppug tnphg dwynpytg wujuynit §ihdwyuljut yuydwitbpp b 1200 mwuph juyni
Jhuuwwnnuhtt hwpdwpdws opquithquubtpp, wyy pynwd b dwpnp, vnhyyws Eht tnp phwluwduypbp thivnpky:
Uluynud b unp nbnuowpdtp, Zuyjuljut (Eiptwpjuwunhhg nhwh Puubiibp nignnipjut hwdwp puduljuitht
1wy niuntdbwuhpyws E hisybu wnwdhtt ghnuwuikph [L. Thissen. CANeW ,2002], tpwig Uh dks fudph Ynnuhg
[J. Mellaart. 1962, 1964, 1966, 1967,1989,1998. J.L. Angel. 1971; V.G. Childe. 1975; M. Ozdogan. 1997,
1999, 1999, 2000, 2002; A. Beltran 1982; R.M. Bohmer, H. Hauptmann 1983. J. Herrmann. 1983; ]J. Ehmer. 1990; H.
Hauptmann. 1991/1992. ; I. Hodder. 1990. 1996. 1999. 2000. 2002. 2003. 2004. M. Gimbutas.1990; 1996; N. Hamilton. 1996;
G. Arsebiik, M.J. Mellink, W. Schirmer, 1998; M.Balter. 1998; M. Balter. M. Boetzkes, 1. Schweitzer, ]J. Vespermann .1999;
M. Boetzkes, I. Schweitzer, J. Vespermann , 1999; J. Connolly. 1999; S. Hiller, V. Nikolov , 2000; I. Kujit. 2000; L. Martin,
N. Russell. 2000; B.S. Diiring. 2001; F. Gerard, L. Thissen , 2002; S. Bergmann, S. Késtner, 2004; D. Lewis-Williams. 2004;
Th.C. Patterson. 2003. M.P. Richards, J.A. Pearson, Th.]. Molleson, N. Russell, L. Martin. 2003.], wjuuytu k| Uhpmqquyht
CANeW 6pugph uwhdwtiitbpnid [Bernard Weniger, Lee Clare, Eelco ]J. Rohling, Ofer Bar-Yosef, Utz Bohner, Mihael
Budja, Manfred Bundschuh, Angelica Feurdean, Hans-Georg Gebel, Olaf Joris, Jorj Linstader, Paul Mayewski, Tobias
Muhlenbruk, Agate Reingruber, Gary Rollefson, Daniel Schyle, Laurens Tissen, Henrita Todorova, Christoph Zielhofer
1989- 2009pe7e.] Lt wy
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A
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a
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nb.l{|rontre;°¢:; . <j
anatelischen Wochkultur
Abb,1: Zentren der
und Grindungsdaten anatalischen Hochkultur Cj
und Grindungsdaten

Lumupulppnipjut opputth pujjuiyut Juplusp b wpnkt Awjunndws Ynipqunbph nkunipmniub k his-
np wonidny fpwpupuynid bp btwb wyu dwipnn punupwlppenipjut yipghtt dhgbph winuén Jyuynipmiuutnh ypu:

Zugulut (Entwppuwphnid 12 hwqup muph wewy dbwynpyuwsd b htnn wwuppbp wphwdhppubpny
wtigubknig htiinn wpdwnwy bu hnjudus dowlnypubph mupptpp puduljwitht Jituntbwl Eh: Zkug upwp
Uowlnyyph twhiwuntnd uljqpniupttipp, npnip Jhtuwnnynid wipunhwn wypws donnynipnubph dnn
Jhuunttiul) Eu dwdwbiwljh swhwquing ks hwindusubph

hwdwp b inpwtinp ndph nt unbkndwgnpénipniutitnh Ujuptikpny gnyg E npws hrugny
ninnopnnn dkputt Bu: Cinhwipuybu twhiwulqpiiughte puupwyppnipjniiibph dwpdwi
woluphpljuwdwt ulqpniipikpp Yhuntbwy bl nuquipjoilip, npl by Yjhdwgh jungop,

npéwiwbup thnthnjum pjub
htnbwipmd Zuyjuljwi {Eknbwopjuwuphhg
uljujué unonp wpruqunplph nhyh

suipniiwjupwp gninipnit nibbiwny donndpnh wiptghwn

qupqugny dpwlnyph swipkpnid’ swpnibwljwpwp ninnnpgnid
tu Upwljnipuyhtt hbnwqu qupqugnidubpp [5]:

wpluninp mnynipiniul k:
Zujuljwt (Etwpwphnud huy Epinup Abudnpdwi o Unjupugdjusd hundwsdp dhish £.5.w.
hwyng (Eqyh juyugdwt jEbuwnnynid [13] niukup Supnupu- 3-pn hwqupudjul wuphwly kb

whnnipjut b wpdbunp juyugws puquuphy opptiwljukn:

Swpunuwpuybwnnipjul, wpjbkunh npnpowljh dnwhnugmdubp, b Epk nuunbnt (huktp qunuthwpuyhp
wuwunlkpubph b dwpwyuwunlbputph  ptdwnhl  pughwipoppiattpp,  twlb wpwuybjwpuwwlui
pwtwhjniunipju ophtiwljutint wiptinphwn opowiunyty ku Upwlnipuyh jutipnid:

. Pnpudutyuip wuwbu b pumpugpnud  twpwunbtns  ulqpnibpubpp  shttwpwpnipyut Uky.
§Chuwpwpwlwt wpdtunp Zuywunwinid wybjh pwb Epynt hwqup nwph gnoipynit £ niiligh] wipughww:
..Uhtglh dbp opkp hwuwé okupkph shtwpwpwlw opkupubph pwjuluwb Juwuwpbnipmniup b htnghtnk
qupqugnidl, wywugnignid kb, np dbp puplnipiniihg oun wnwye puljdws L wyn Uk wpdbunh fumbdwpnipp»:
[2, 23]:

Uwpnjuyhtt ywhwbop dwynplg wthpuwdtsnnipnil, nt dwpnp hophubkg hwgniuw, Ynohly, thquily, tbkw,
wnkn, dwsl: Pupnjujut tiphuytigdw hsni-ubph b hwjuunipnitubph Ynunwljdwt dh npnowlhh wunhwind
hnqunp ubkppht Unnidny nt wwhwieny dwpn hp pujudwb glinkghlp thnjuwtgkg pupht, thwynht b unknstg
wpybkunp: Upgdbunp, dwubuynpuybu’ ynbkqhwi, ginuuupsnipniup, tpudoynnipiniup btbpudtwljut hnglhinp
Jhdwljubph JEpupununpmpjut wpynitp o b vnbnsynd Bu wthwnttph Ynndhg: Swpnwpuybnnipniip
Sudtg hwuwpuwluwlwi wwhwigh wpyniupnid, gniquhbtnwpwp tyhfulubt pwbwhniunipyuip, opewuwnng
wphuwunhh wnwuy bjupwbwlw pujunidubphi, Ypnuh b Juppugsh junuubph vwhdwdwip:
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Qnpkih Ghthih wwdwpubph pwupwlniuh hwnwlwgényg ohtnmpjut dky tkpundwsé opowtwdl
nuuwynpud T-wdl ynibbpp pudulwitht puguquungws tkpphtt nwpwsp Ehtt unbindnud, nph wwwndwnny
Junipp Juwbnt hwdwp whwp Ep wpuwphtt hEtwwywnbph dhowiljjuy hEnwynpmipjut Epljupnipjuin
hwdwpdtp gbpwuubp quuk;, npnup wyn Jhuowwnnymd bhwqugmnun Eu bk Phwlnpjut hwdwp
twhiunbudws oLuptpp, yqwhwywidws hhupbphg nunbiny, ubn Epupniy phtunmipniuubp thy, npnug swslyp
Junnigkint b junipp juybint hwdwp whpwdbyn wnwndp hujpuypltunwtdtiwybu jpunghp skp wnwewguh: b
nwppbpnipnit ptwlbih Jud YEugunuyhtt pwbwlnipyut ohtimpmibttph’ wwdwph jupnigdwt hwdwp
ohttmpupubpt ptwnptk] tht wthwdbdwwn pupy §ntunpnijnhy dnnbgnidubp: Uju hwbqudwipp junund  wyt
dwuhl, np nmwdwpubph hwnwlwgduihtt hnphtJwsph twhiwgsdh hhdpnud pujws kp hnghinp huybguljupgp b ny
pt nwghntiw] dnnbkgndubpp: Gpk hwogh wnubklip twb wjit hwbqudwupp, np dhly uvwnguuyunndu wju
nwpwsdpnid ghpuljuyl) b tiwp nt juntiwy Yihdwywluwt wuydwbbpp, nknnudubpp hwdwpwlh kht, wyw swslyp
Jud Yunipp whyuwydwt whwnp b php (hubkp, jupbh b Eipunpt], np supnwpuybnp unhydws tp wbipunhwn
unbnéwgnpst;: Anigk wjuwnbn b, np wpwohtt wiqud oquuugnpdyl; ki huyjuiwt quuntbtph hwdwp
wjuinuiut hwqupuokuh ulgpniupubpp, hush dwuhtt 6. Cnpudwiywip wijuwbdwt Jwuhtt gpnud E
«...unpnuupur Jud nudjulwt puppuweny’ guwniun/nid; hul] qUpbpwynp upwhubphtt goiguygh Ywd fnrgwuar »
[2.31-32]: «Zwqupupbiy Swdlyh dwuhtt dkup niuklp hwwnnily Jupshp, np ubkpluywgpl] bup ghuwluwi
hpwnwpulnidutpnud[4,28-32]: Qnptljih Bt ohtwpupubph unbndwgnpdnipjut wpyniupp gugnn k unyuhuy
dbp dudwiwljubph swthwithoutinny: Ujuop nplk shttwpup jud fSupnupuybn sh jupnn Juunuwhwpwup wuby, ph
hp unbndwgnpénipmiup Jubgnit jdtw hwqupudjul, hull wjunbn dbup gqnps nibkup 12 hwqup nwwupju
thnpdmpiniubp wigws Junnygubph hbwn: Swpunwpuybnwluwt hwdwihpubph hnphtwsputph hwnwljw-
gébwjhtt (ndnmudubpp, wyn pynud’ pwnpwlniumt dbke opowtwdl wnbknupwhioqus uynibwowpbpp hknwquynd
wjwlnnyp qgupdwi ph ny, dkup skup Jupnn wyunk) htwghnwlwt yniph upnipjut yundweny, vuljuyt wpdk
dnwwywhb) npybu woiwwnwupuyhtt qupljus: Thunwphbup Ukl wy, wju wiqud phujuduypbpp jwunpubnpt
nbnulghnt Zuguluwb (Eptwpppwphh Jhtuwwnnyh puhlubkph b tpuwtg wpnuwqunpws dunwbqubph [21,24]
punupuphinipjul b fwpnupuybnmpjui dby wjunuijut tplinyph duuht: npklh Gbhbh b htwugnyt wy
htwdJuyptph ptwuwduptph  dwpnwpuybnnipuit b hwnwlugsuhtt  qupqugnidubkpp  (winpubnht
wmbnuygbnt ulgpniiph whpuphwnwlwinipniup dbp nbutnud Bup Qupwy Zoyniynwd, Ypbkwnbh punupw-
shttwul dpowlnyph ophttwlubpmd [27], Pwphudh dnwdhwibph ghpiquuwingh  jwunowdnughtt nisdwl,
Mpupunuwlwt sppwh phppupunupubph b mwdwpubph nbnungpdut, wy pdnud’ Uhbkph goinp [1,26-27]
Jubinud, Uywthup dwbw 1£h hnuhuwplbub yngunid[10], Epkpniihy, Qupdhp pupp’ Gplwbh depdwlugpnd,
hwjuwbwpwp nwdwpuluh junnygh yuhywigws hhdpkpp Shqudw (eukpnd Skpuntkph 1&h dnn b Thjjup
QOhtughy (knwt ququpht (3100d): Uju b swwn wy] uppuqub junnygubp b Shuwlwt Juptkp mbnunpjus tu
pupdniupubpph Jpw, wbkuwmbbh Eu htedhg, hhwugind Bu ppkug dnbinudbbwnwnipyudp: «Uju Fhnh-YUnty
wuduidusdp v thnpp (En hwdwpybnt swth Uks ppnip k... »,-gpnid £ @, Fnpudwtyuip Oowljwuhg hwpwy-wplkp
guiynn htwduyph dwuhb [1.5] b upw dh dwup juqdnng ok §nugh dwuehtt wowbdhtt nbnkjugunod, np wyi dh
UkS hnnunudpwpui b Uju dwuhi @, @npudwiyutp b dbp opbipnud £ Ul @phgopyuitip [3] niukt hwwnntly fushp,
np upwbp, wphbunwlwb popubpp jud ptwlut duynp thoplnt b dowlbnt fwtwywphny whnpnyngkt
YEpunjuspubpp jud (kn—nwdwp, pudpuputubpp huy Supnupuy binnipjub phnbu sntuntdtwuhpdws tdnipibp
iz Upu (kp-nwdwp  «uhdphninhy  qupué»-p o pimpugpujut b bjpnynhpibph jud  wpdkinhgubph
“theCaucasoid,, punupuwlppnipjulp, b Junwh kup, np htwghnwlwt hbnwqnuunipmnibbpt wju nigpnipjudp
htpwuljuwpuyhtt Bt tnp pugwhwynnudubph hwdwp: Uppuquit mwdwpubpp jwiunoudpnht nbnulghne b
phunwupdw pupdubnt wyju Uninkgnidubpp wwinuljut b tnk) huyng jEhuwnnuynud:
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Stnuéht Uowlnyph JEtuntbwynipjut Jepuptpu) phynty winpunupd L juunwpl) 6. fnpudwiyuip,
wjuyjiu Ynsqus, «wpupwluwt wqpkgnipjui»y dwuht: Lw gpmd £ «capuwpulub qnpln wqnpbgnmipni Yniqkh
wnbutl] ndwip: Uwuyt hd Ynnuwik nddup E hwdwdwyul) wyny upshpht, C nupktu h ybip Zujwunwbp nnnnng
wpwp dnnnymipnp hgnt whuh uywubp dhs FA-dQ nupbpp' hp wpdbunny Zujwunwh Jpu akpgnpstint
hwdwnp:... Upwpubpp stht, np wpdbun unbnstght, wy ppkiug gqpuws jmipuwpwignip Epypubpnit puhly
dnnnypnubkpp unbnstghtt mhpnn wwpphtt hwpdwp, b wyn yundwnny w; Uywithw, @nithu, Uydhp, Umniphw,
NMuwpujuunwi b Zujwunwl, prpupwignip punn nbnujut yuydwitbpne b ubkhwuwt fwowlh, hpupdb
Ubkdwytu quiuquinng wpwpwluw ngkp unbnstgh» [2.30]:

Zugujut  JEuuwwnnwhg hwynbwpbpquws  wpnbdwljnibphg wpwtdbwlh hbnwwppppnipmin  Gu
ubpjuyugunid dukpp b wjwnhy hnvpwpdwbubpp: Uw hwjwbwpwp vhwly shumjubt wnwplwt k, npp Epjup
dudwbwl opowtunyt) E hunipnwywlw dnnnynippubipph YEugunnud: Zunbpnywghubph ptwwhph qpuntgpus
JEuuwwnnybpnud yunupkpnipnit unphppwiionn mwppbkp swhh dubp Bo hwinhwynd, npnp pYuqpynid Eu
£.6.w. hhtughpnpy hwqupudjulhg dhish pphunnubnipmnit, vwuyt muppkp mupuspubpnid upwtp unbindyty
Et yquundwljut dudwbwljuoppwth npnowh Jupd wmppnypnid b wuyyw gnipu B dbwgl] dowlnmipught
dhowduynhg: Uju wpnudny hwjwbwpwup dhwl pwgupnipmibp hpwbwlwb dnnndmippubph  qpunbgpus
yuundwlwt nmwpwspubptt b, vwliuytt dhuyt huyujwt jEkbuwnnynid £, np hwduwbwpup ujuws L.6.w.
mptpnpy nuphg Chwoqws nphljh Ehhth bugbpp) wipbighwn wnbnsdt] o Shuwlwh wju putgulyp: Uju
Ynponuyhtt hnupwpdwbtbkpp dpwvhwnud ghwhwwnynud tu hhughpnpny hwqupudjuyh Jipehg dhiish Eppnpn
huwqupudjulh uljhqpp, Pojuwighwmud’ snppnpny hwqupudyjuyh Jbipeny, Uhttuyh phpulngnud’ 2350-2000pp.
£.6.w., hul] Qphtwunnwtth hintuhuwpbdnyub dwund” Mipnidsh punuphg nhyh hwpwy-wpbkp, fwuphd snpugus
hEntknuwh whht hwjnbwpbpgws dnidhwibph hbkn gpus huynt ptwljut swhbphtt hwdwpdbp dkénipjut
$wtipp, npnig Jpugh qupybpp puguhwyn gnigubmd ki ipubg sShuwljwi (hiknt hwiqudwipp dnnunpubu
2000p. £.6.w.: Puwuphdh hndunh htnwgqnuunipmnibtibpp juunwpk] b wmwuphpp npngl] B Lh 2dhtt dniquth
hwilwjuwpuihg, vmh dnmb Quwbsnibh 2dh Thijuw hwdwjuupuihg b ypndtunp 9. Ulykpp Mbbubp]ubhwgh
hwdwjuwpwihg, npp dwubwynpuybu ywunmud £, np hkug wyju Bypnynhnubpt tu “the Caucasoid,, Ynyljuiuhg
wyunbn  phpbkp pbunwbh ngjuwpp: Zuyguut  (Epbwppouphnid b wpnwquppwsubph  Jhuuwnnybpnud
wunupbpnipjutt junphpputhy Shuwlw $wibph wowwnnipniip jhdwywlut wijuynit ot wijwitjwnbubih
gnpdéntubph, vwnguuyuwnnidubph b hwyngpubph wqpbgnipjutt hbnbwipnid wnjbpwbnnipyut guwdwduht
gnuntd huyndws, ynynijjughuyh Jkpupunungpnipniup gddupnipjudp wywhnydnn dwuppljutg nughwyikph
hhonnnipnitttpt Eht b tpw ninnujh hEmbwupp:

Puquuphy punhwtpnipnittbpp, np h huyn bt quihu hungpnywlwb punwthph dngnynipnubph dnwn,
npudwpwbwut £ dhugtt wybt ghypnd, tpt dbup pugmiimd Bup punhwinip bwpowhwypbuhphg tpwig
nupwdybnt hwuwnp: Uju wenidny hwinhynd Bu dowljmpuwght puinhwipmpiniuubp, npnup Jupnnugl; Eu
hwinpwhwnt) tnyuhul dwdwbwlh gnpéntp:

Udthnthmdd: Ubklp wwpqbghtip, np hp phwlmpjut quypmu’ phoppwiinud, wipiphwnwljul wypws
dnnnynpnh wqquyhtt dpwlnypnp Juynit £ wpunwpht gnpdniibph wqpbgnipjut tjundwdp:

Swpunuwpuybnnipmniip’ npybue dywlnyph Jupbnpugny  pununphs, sudl] £ hwuwpululjut
wuwhweh wpnyniupnid, vkpund k jEuiuwnnwp Epjup dudwbuly jpus Jud wyn dowlnypep Ypng dognydpgh htwn:

Supunuwpuybnnipmiip b bpuind - tkpunws  YEpyupdbunt ne pwiguljugnpdmipniup  wdyuy
Uowlynyyph hhdtwljwl punipuqphsttpb Gu:

Updbuwnp, dwubtwynpuybu’ wnkqhwi, ginublupsnipniup, tpudrnnipmitp tkpwidbwlwi hnglhnp
Jhdwljukph JEpwpunungpnipjutt wpynip o b tbpuwbdtwlwt (huknd’ npnowlh wwppbphy wnwbdbw-
hwnnpynibtkph odnjudnipyudp skt jupnn wqquyhtt Uywlnyph thwupdbp pimpwghp hwinhuwbg:
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BJITHUE SKOCUCTEMEBI HA BEKOBOM ITPOITECC ®OPMHPOBAHNU A XAPAKTEPHBIX OCOBEHHOCTEX
KYJBTYPHl U TPAZULIMOHHON APXUTEKTYPEI

IHarnnsua C.M.
Epesanckuii 2ocyoapcmeennulii yHugepcumem apxumeKmypbsl U CIpoumenbcmsd

KaioueBble ci10Ba: mepBo3aHHas KyJIbTypa, €CTECTBEHHBIN MPUHIUI COXPaHEHWS B, MaTrepuall, nHpopManus 1 3Heprus,
apXHUTEKTypa

AHHOTAIUA

HanwonaneHas KyJabpTypa Hapoja, IOCTOSHHO JKMBYIIErO Ha CBOEM MCKOMOM Omortone, (opMmupyercs Mo BIUSHHEM
NPUPOJHBIX (AKTOPOB M OECHpephIBHBIX COLMANBHBIX OTHOIeHWH. KynbTypa BOMpaeT B ceOsi yXOBHOE HalMOHAILHOE
Hacjeue, MOpajibHbIe YCTOH, IEPBO3JaHHbIE 3CTETUYECKHE MPHHIMIEL, KOTOPHIE OTPAXKAIOTCsA B KOJUIEKTHBHOM ITOBEJICHUU
OIIPE/ICNICHHOTO (JAHHOTO) Hapojaa. ApXUTEKTypa, Kak OCHOBHOW KOMIIOHEHT KYJBTYpPBI, ChopMHUpOBaiachk B pe3yibTare
obmecTBeHHOroO crpoca. KyipTypa morndaetr BMecTe ¢ HapOAOM, HECYIIUM JIOJITO€ BPEMS 3Ty KYJIbTYpy. ApXUTEKTypa H
BXOJISIIIIE B €€ COCTAaB JKUBOIIMCh M CKYJBITypa MOTYT CTaTh OCHOBHBIMH WHIMKATOPaMH IO XapaKTEPUCTUKE NaHHON
KyJIBTYpPBI HJIM MOTYT NPeoOpa3nuTh ee, KOrja IepeMearoTcsl B HOBBII OMOTOI, KOTOPBIH B KOPHE OTIMYAETCS OT NEPBHYHOTO
6uoroma.

THE INFLUENCE OF THE ECOSYSTEM ON CENTURY-LONG FORMATION PROCESS OF CHARACTERISTIC
FEATURES OF CULTURE AND TRADITIONAL ARCHITECTURE

S.M. Shahinyan
Yerevan State University of Architecture and Construction

Keywords: primitive culture, principle of type preservation, material, information and energy, architecture

SUMMARY

The national culture of the people which is constantly living on the required biotope, is formed under the influence of
natural factors and the lasting social relations. The culture incorporates spiritual national heritage, moral foundations, the
primitive aesthetic principles which are reflected in collective behavior of certain people. Architecture, as the main component
of culture, was created as a result of a social demand. The culture perishes together with the people, who bear this culture for a
long time. The architecture, as well as painting and sculpture can become the main indicators according to the characteristic of a
given culture or can change it when move to a new biotope which differs radically from primary biotope.
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2S728.2.012.26

B4 ULP UNURDPL AULQUUZUNY ALUUYELD SLENP 2B U4 NU UL LUNUSULULENT &Y,
MU3UULULE T 1950-UYUYL (60

2.U. Uhtwuyjwl
Eplwih dwpunupuybnnipul b phiwpupnipul wyhnwlul huduwyuwpul

Pwituh  pwnkp.  pwquwhwpl plhwlbh  wnih, dwuuwguluwt phwwpwbwohtinipmniy, mwpuswljub
hnphugusp, nupwswljut nnihtiwtin, punupuyjht nipjujup

Znpywénid bbpluyugyws E Epliwah dbplhuyhu junnguyumndwl wunnlkpp: Lunupp gpfuun/np
hunnulugdbphi gniquihle puquhgu thnfuly F hp dupunupuy bnwlul djupaghpp: Cuwn ppap hwenpnng
dudwlinuluopowilibph djwpugpnyué F dupunupugbnwlul nwppkp ndkph thnpnugnbgnipiniip unkndywd
punupuphliulml dhowuyph ypw: Epynidynid F U, Pudwiyulh hwpniugdus 1924p.-p gjjuu/np
hunnwmgdnid wpwnwgnyywd hpdiwlwi ulqrniipblph juwnp 50-wlwi pe. Cphwinid pugquuhupl) phulbih
2kipkph Junmguwyunndwil hln: Ujuwyhuny, wnwehl pupdpuhwply wfigkinnbbpp punupuunknd
nuwpwSwlul hudwnkpunnid wnwigpuyhl nkp pruunughi: Mupqupwbgws Bo Cplwih mpjuwyunnbph
dlhunpnfunipinibibph quwndwnibpp b wuydwhbbpp: VEphuyugynid B Epliubnud 1950-wlwl ppe. Junnigyus
wnwghl pupdpuhupliph phnipugplpp, npubg plpp punupuphinulml dhounjuypnid

Bplwt punuph wnwpwswluit dvhowduypp juquus b Swbwwywphwguighg, hpuwwpulutphg,
Swpunupuybnuwlub thopp b dnimdbunwg dlitphg, nwupplp tpwbwlnipyub okuptphg b Junnygutphg,
jutwsmyuwn dwybpbkutbphg, opuhtt wjwquiubphg b ptwlut m wphbunmwshtt nbkhtdhg: Gplhwuh
qupquguwin qnigpupug puquhgu thnjuby Ehywtu gjlownp hwnwlughsdp, wytwbu £y punwph piphwtnip
tjupwgppp:  Ujuop wwpq bGplnwd  Eu  pwnuph qupqugdut  wnwppkp  dudwbwluwhwindwsubph
Supunupuybnwlwi nfujht mwupphpnipnibutpp: Uwlugt, hwdw tjundnd £ nwpwsuljut dhowduypp
wttbppuotiul] b wthwdwswh qupgugnudp: Bpphduh nnuhtiwin ohuntenittpp ujunud Bu Ynpguly hpkug
wqplgnipmniip punupuyhtt muwpwswlwt vhowduypnid® qheotiny hpkug nhpp tnpuwljwnnyg pupdpwhwny
okiptipht:

Bphypnpy  hwdwppiwphuyhtt yunbpuqunmd - vnphppuyjhtt Uhnipjutt hwnpwiwlhg htwun  bphph
nippwthqugdwip qnigpupug ujubkghtt wpug wkdybpny Jipujunnigyl] MUZU puquphy punuplbp, wjy
pynud twl Gplhwbp: Upgymibwpkpmpiniip quuny qupquinid tp, b Juphp Ep qqugynid unbnsdt] mquun
puwlbh $nun punuph wybjugnn ptwlsnipjut hwdwp: Gplhwbh fEunpnup 50-wljwb puluiutbpht wpnkh
npnowhnpkl Jupnigmyuwwndws tp b dbwynpl] Ep hp nipnyt pbdpp: Unp dwuuwjuljut pwupuwibw-
shtinipjutt hwdwp uljutghtt pnipyl] punupwdtpd wquun nwpwspubtp (Ugwthtyuy, Lnp ‘Lnpp, 2Quppuiju b
wyy) [1]: Yktnpnund puduyuiujui nuypngh fwpunupuybnnipjudp junniguuyuwnnudp hinghbnk
nunupnid  tp: Pongnpubp  hugkightt wyny dwdwbwlwopowitht punpny quppupwunuljubpny hwpniun
Swljwwnubpny puwlbih otupkph hwugkht: Mwhwbeynid Ep pnnp nbkunipubpt mnnby ptwlbih wnukph
duunwjujuwiugdutt m hwpdwpwdbnmpjut  pupdpugdwipn  [2]: Q@mquhbn  tnp  punudwubph
wnwowgUwpn pwnuph JEuwnpnup qupquinid Ep, U uphp Jup swpnitwlbint wtwdupn duugus
yupwgdwihtt jurmguuyuwunidubpp: Uwlugb Bukng unghwp-nbnbuwlwb dh owpp punhpubphg
hpugdw mmul] qunugnn nmwpwspubpp ujukghtt junniguyuwwnyl) 7, 9 b wybkjh hwpjuwh hugniunphuw) whuyp
wihwnwlut twhwgsdwb puwlbh okupkpny: Uju unp pwpdpwhwply ptwllh okupbph dbjuwthjulwi
ubipunidnudp hwigkigpkg $ntuljghntiu b fwpunupuybnugnupdbunuljut puquuphy fpunhpubph [3]:

Uwjuyly, dhtish hunniunphwy whwh okupkph tbkpdnisnidp, Gplwuh jupniguyundwt dby wpphl
Juyht hwwnnijkun pwpdpwhwpl ptwlkh okuptph ophtmubp (uy.1):

Upu puwlbh wbbkpp swpnitwulnd tht puwdwijubulut nupngh fwpnwpuybnnmpniup b
ubpnuotwlynpku pungplynid hwmpwyhg 4-5 hwplwih okupkpny jurniguuyuwnygws dhowuypnud:

Puigh wpunwphtt pupk pupyusph gnitughtt tdwbnipiniihg (nsyws thu twb bpwbg nwpuswlu
hnphudwspuyhtt punhpubpp pywybu (nfuy, wbybu b wdpnne punupwohttwljut hwdwnbpunnid:

Bplwth 1950-wjwt pe. dwpunwpuybnnipniihg junubjhu hwpl E hhobp pudwuiyuwbuljui gjjuwdnp
hwnwlwugsh npny wnwugpuwjhtt hwnlwbhoutp, npnup hhdp hwinhuwgutt punuph nipnyu wbkuph
Alwynpdwtp b dhish wydd pwhwipynid Eu tmwupplp punupuwohttmjut Spugptp hpuljutwgubhu:
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UY. 1. 9Epthg ukppl. Guuljunh uygh, Uwpwnngh wynnnunw, Yhywi thnnng
(npuatip, npujtu pupywubikp, pingdmu thin punwpuyht juplnp Gonngubph ununpp)

1924p. Pudwbyuup, hhdp pugnitbing 1906-1911ppe. wpnkt gqnnipnit nitukgnn thnjuninnuhwyug
Swiwwwuphubpny Gphwuh hwwnwlwughép, thnpdkg Yhpunk] wyn dudwtwl wpwewnwp hwdwpynn punup
wyghubph ulqpniupubpp [4]: Bplwih onuiwdl wuwlnudp pungstg pwnuph puwlwb nbhkdp, huy
hjntuhuuwyht wnpnuwh okoinkg punuph ninnudnipniup giyh Upwpun (kep: Lunupnid twpwntuynud bp
untnst) tpkp hhdtwlwt hpwywpwlubph dholt (Uquunipjub, Zutpuybnnipjut b Swhnidjut hpuwyw-
nujutp) mupwswlut vhwutnipinit *oquuugnpstinyg pnidhtiwtin junnygubph uyqpniupn [5]:

‘Lnyt dnph swpnitwynipniup bnuy hwdwnwpws vwjuduwhwply phwlbh jurniguyundwt dke
npnowljh wolinidnipniipn: Cunn Swpnwpuybnnipyut hbnhttwuynp mbuwpwt . Gponpugh’ «Rwnuph
nipjughdp ipw wthwnwlwl ghqughnwlwb Yhpyupp, npnoynid b guwnp hpwwwpulabpny, gjuadnp
duypminhttpny b pnuphtwbtn ohunipmittbpny»: Ujuuhuny, wnweohtt pupdpwhwply wygktnubpp punupw-
unbnd nmupwswluwi hwdwnbpuinnd wpwigpujht hip punught: Fudwiwlh b mwpwsnipyut Uk tpuig
wdpnnowljui jud hwonppupwp pujunudp btywunnid £ punupuyghtt junnigusph hunwly puptpgdwip
Swnuwybny puwnquph Ykpwwph wdpnnowlwt dAbhwdnpdwip: Lwunupuohttmjuit ninnudhqubpp gqlinugh-
nwluwl wnbkuwblniuthg hpwuwinipui ghnwlgdwt dhong G, husp pny; B wwhu junul] npubg
Swhwsnnuljut tywbtwnipyub dwuht:
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UY. 2. Ujuopyw Gphwtp. Epund E pupdpwhwpl pndhiwinnitph punuwjht nknunpnudp

Ujuyhuny, Bpuwbinud dbwynpdtg puquuhwpl phwjupwiwohtnipinitp, hhdp npdtg dwjpwpwunuph
JEunpntwjut dwuh pwulupdip hnnuljunnpubph jurniguuyuundwip puquuhwply okuptpny: Uwfuyl,
Juplnp dbwgnpugdwi gnpénutkiph whnbudwt ot phwwpwiibph wuwwueh vwunjugduwt hbnbwipng
wyuop wuwipgnpny tplnud E punuph yuwundwlwt YEunpnth jEpyuph wnujunnidp, pwpundws B awb
nwpwsdnipntubph mbkuwbh b gnpbuntwljut thppuytwlnipmiup (uy. 2):

HNPEIAIOCBUIKHA MU YCJIOBUSA ®OPMHUPOBAHUS NEPBBIX MHOT'O3TAKHBIX KUJIbIX
JOMOB I'OPOJIA EPEBAHA B 1950-X IT.
O.M. MuHacsiH
Epesanckuii 2ocyoapcmeennulil yHugepcumem apxXumeKmypol U CIpoumenibCcmed

KnioueBble c0Ba: MHOTOPT)XHBIA JKHJIOH JIOM, MaccoBO€ JIOMOCTPOEHHE, TPOCTPAHCTBEHHAs KOMIO3UIIHSA,
MIPOCTPAHCTBEHHAS IOMUHAHTA, TOPOICKON CHITY3T

AHHOTAIUA

B crarse mpencTaBieH HBIHEITHUNA XaOTHYHBIA 0OJHK 3acTpoiiku ropona EpeBana. BrIsiCHEHBI IPUYMHBI U YCIOBUS
1oJI00HOr0 (hOPMHUPOBAHUSI TOPOJCKOH IMPOCTPaHCTBEHHOH cpenbl. [IpoBenéH XapakTepHbI aHalM3, W OIpejelieHa
IpajloCTPOUTENIbHASL POJIb TIEPBBIX MHOTO3TaXHBIX JA0MOB EpeBaHa, moctpoeHHbIX B 1950-x rr. Takum oOpa3om, mepBbIit
IIPUMEP MHOTOATAXXHOCTH B IJIAHE T'PaJlOCTPOUTEIBCTBA CHITpall KIIIOYEBYIO DPOJIb. BBIACHEHBI NPUYMHBI U YCIIOBHS
n3MeHeHus KoHTypa EpeBana. IIpencraBiens! nepBble BhICOTHBIE 34aHUs EpeBana 1950-x ronos, U packpsiTa UX pOJb B
TPajJOCTPOUTENBCTBE.

PREREQUISITES AND CONDITIONS OF FORMATION OF THE FIRST MULTI-STOREY
RESIDENTIAL BUILDINGS IN YEREVAN IN THE 1950S
H.M. Minasyan
Yerevan State University of Architecture and Construction

Keywords: multi-storey residential buildings, mass housing, spatial composition, spatial dominant, urban silhouette

SUMMARY

The current chaotic picture of Yerevan city is presented in the article. The reasons and conditions of such
development of urban spatial environment are given. Characteristic analysis is carried out and the urban planning role
of the first multi-storey residential buildings in Yerevan, built in the 1950s, is determined. Thus the first example of a
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multi-storey residential building for urban development has played a key role. The reasons for changes in the circuit of
Yerevan are given.

The characteristics and conditions of Yerevan’s image changes are represented as well. The features of the first
high-storey buildings as well as their role in the construction environment of the city in the 1950s are discussed.
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YAK 728.1.012.185

AHAJIN3 ®OPMUPOBAHMS TUITOBBIX U MHANBUIYAJIBHBIX CEKIIUA MHOTI'O3TAXHBIX
JKHJIBIX TOMOB JIJ151 3ACTPOMKH CBOBO/IHBIX TEPPUTOPUI
B EPEBAHE

O.M. MuHnacsan
Epesanckuii 2ocyoapcmeennulii yHugepcumem apxumeKkmypsl U CIpoumenscmed

Knroueswvie cnoea: 610K—CceKyuonHblll 0OM, MHO20IMAJICHbIE JCUTIbIE 00MA, MACCOB0E OOMOCHMPOCHUE, 3ACMPOUKA C80000HbIX
meppumopuii, NPOCMPAHCMBEEHHAS. KOMROZUYU,

B cmamuve, Ha ocnoge apxuHuiX OAHHBIX U TUMEPAMYPHLIX UCTHOYHUKOS, 4 MAKJHCe HAMYPHBIX UCCI008aAHULE 0aemCsl
aHanu3 nPaKmukKy NPOeKmMupoOSanus U CMpoumenscmeda MHO20IMANCHBIX HCUTBIX 00MO8 HA OCHOBE DIOK-CEKYUOHHO20 Memood
6 2opooe Epesane 6 70-e ze.. [Ilpumepamu scunoti 3acmpotiku ¢ UCHOIb308aHUEM DOK-CEKYUOHHO20 MeMOOa NPOeKMUposaHus u

CMpoOUmenLCmea AGIAIOMCA NPOEKMbl KGApManos 6 IpedyHu, 6 Asane u dKcnepumenmanvHo2o keapmana Aean-Apunosxc.
IIpumenenue 610K-CEKYUOHHBIX HCUTLIX OOMOB NO3BOIUNO CHOPMUPOSAMb 3ACHPOUKY € MACUMAOHLIMU 6HYMPEHHUMU
nPOCMpancmeamu, obecneuums 3auuny 080p0o8 om HeOIA2ONPUAIIHBIX 6eMPO8 U HEOOX0OUMYIO UHCONAYUIO, A MAKICE

"npuesizams " 3acmpoiiKy K 0CobeHHOCHAM petbedha, c030a8ast U3 NPIMOY20bHbIX JEMEHMOE CLONCHbIE HCUBONUCHDLE
Komnozuyuu. Ommeyenvl npospeccusHvle meHOeHyuu U HeOOCMAamKU Memood ¢ yuemom MHEHUs 6e0YUUX apXUumeKmopos

B 70-e tomer B ropome EpeBane paspabaTeiBaiach HOBas METONOJOTHS THIIOBOTO TPOSKTUPOBAHMS IKIIUINA U
BHEAPsUTACh OJOK—CEKIIMOHHAS CHCTEMa, OCHOBAHHAS Ha THITM3AIlMH 0OJee MEITKHUX DIIEMEHTOB JKHIIOW CTPYKTYpHI, Jarorias
BO3MOKHOCTh, Ha OCHOBE KOHCTPYKTHBHOH OJIOKHPOBKH, JOCTHYE O0Jiee pa3sHOOOpa3HBIX pemleHni 3acTpoiikn. DopMupoBaHue
TUTIOBBIX CEPHH MHOTOATaXXHBIX JKMJIBIX JTIOMOB JUIA 3aCTPOUKH CBOOOIHBIX TEPPUTOPHN TPOBOAMIOCH HA OCHOBE OJIOK —
CEKIIMOHHOTO METO/a IIPOEKTHPOBAHHSI.

brnok-cekumoHHbIe JoMa (HOPMHUPOBATICH U3 HAOOPA THIIOBBIX CEKILUH: PSIJOBBIX, YTJIOBBIX, IIOBOPOTHBIX U JIP., KOTOPHIE
JlaBaj¥ BO3MOJKHOCTB IIOJIydaTh pasHOOOpasHyIO MPOCTpPaHCTBEHHYIO (opmy. Mcmonb3oBaBiimecs cepuy THUIOBBIX JOMOB U
OJIOK-CeKIIMI TPECTABISII IHPOKHE BO3MOXKHOCTH IPOEKTUPOBIIMKAM JUIi MHOTOKBAapTHPHOIO PEIIEHHUS KWIBIX JIOMOB,
pa3IMYaloIIUXCsl 10 KOJMYECTBY KBapTUP, KOH(OUTYpalny IJIaHa, 3TAXKHOCTH U TulacTuke ¢acanoB U T.4. [IpakTika 3acTpoiiku
EpeBana ¢ ucnosp3oBaHreM OJOK-CEKIIMOHHOTO METOJa MpoeKTUpoBaHHuA B 70-x romax mpeacraBisaia coOoi, KOHEYHO XKe,
MPOTPECCUBHOE SIBJICHHE. YBEIUYUBAJIOCH Pa3HOOOpa3ue BapUAHTOB pACIPEICICHUS W B3aUMOCBS3U  (DYHKIMOHAJIBHBIX
DJIEMEHTOB M 30H, IIOBBIIANACh HMHTEHCHUBHOCTh HCIIOJNIB30BAHUS TEPPUTOPUH, OCTETUYECKOE COBEPIICHCTBOBAHUE
APXUTEKTYPHO-TIPOCTPAHCTBEHHON CpeOsl JKWIOW 3acTpOWKH W, HaKOHel, Oojiee TIyOOKO YYMTHIBANHACH MPHPOIHO-
KIIMMAaTHYeCKAe M JIPYTHe MECTHBIE OCOOEHHOCTH B pemIeHHWH JIF000To Bompoca. B pesynbraTe MOBHIIANICH TPeOOBaHUS K
TPaIOCTPOUTENFHOM MaHEBPEHHOCTH THUIIOBBIX XXKHJIBIX M OOIIECTBEHHBIX 31aHMH. Kak mokaszann mpoBeaeHHbIE UCCIIeI0BaHUs
[1], MeToBI MPOEKTUPOBAHUS JKHIIBIX IOMOB, HApSAy CO CIIOCO0aMHU CTPOUTENBCTBA, a TAK)KE NPUMEHSIEMbIMU MaTepualaMy 1
KOHCTPYKIUSIMH, 00pa3yroT IpyMIly MPOEKTHO-CTPOUTENBHBIX YCIOBHH. DTH YCIIOBHS ONPEEISUIA BO3MOKHOCTDh 00€CIIeYeHUs
MaHEBPEHHOCTH apXUTEKTYPHOW KOMIO3HUIIMU JKHIIOTO JIOMA - €r0 3TaKHOCTH, KOHPUTypaluu I1aHa, Macirada, mporopIyi,
TUTACTHKH (pacazoB, MX IBETOBOT'O PEIICHUS, a TAK)KE B3AUMOCBSI3U 37[aHUs C OKPYKAIOIICH Cpeoi.

Apxurekropamu [ .Pammnsunom, S.Mcaaksaom, C.AmwuparsH, A.ApytionsH, P.bamansn, K.MaprtupocsHowm,
I''MymersHoMm, JL.MxkptusHom, O.OscemsiHoM, A.TapxaHSHOM OBUIO yCTAHOBJICHO, YTO CIEUM(UIECKAE MECTHBIE YCIOBHS
BIIMSIFOT HAa KOHCTPYKTHUBHBIE M aPXUTEKTYPHBIE OCOOEHHOCTH OYAYIIMX KHUJIBIX JOMOB, HX apXUTEKTYypPHO-IPOCTPAHCTBEHHYIO
CTPYKTYpPY ¥ Ha (OPMHPOBAHUE B IEIIOM APXUTEKTYPHO - IPOCTPAHCTBEHHOW Cpembl JKWIOHM 3acTpodku. B ykazaHMSIX Mo
pa3paboTKe CEepHH THUIIOBBIX IMPOEKTOB JKHJIBIX IOMOB OTMEYaJOCh, UTO C IIENBbI0 YIIYYIICHHS apXUTEKTYPHBIX KadecTB
3aCTPOMKH M CO3JaHWS HWHIWBHIYaJbHOTO OOJIMKAa TOPOIOB WM OTHENBHBIX PaOHOB Mpemiaranrack Oojee TrHOKas MeTOIuKa
pa3paboTKN CepuM THIIOBBIX IPOEKTOB. B cocTaB cepum Hapsay C TUIOBBIMH IPOEKTaMH JKHJIBIX JIOMOB BKJIFOUYAJIHCh: OJIOK-
CEKIIMH, BCTAaBKH JUI OJIOKMPOBKHU U JIpyTHe 3JeMEeHTHI. Takas MeTonuKa pa3paObOoTKH CEpUil TUTIOBBIX ITPOEKTOB JKMJIBIX JIOMOB
co3/1aBaja BO3MOXKHOCTH Juisl Ooiiee MU depeHIPOBAaHHOTO MOAX04a K (POPMUPOBAHHIO CPEJbI )KUIIOW 3aCTPOHKHU C YUETOM
HpHpOﬂHO-KHHMaTH‘IeCKOﬁ CHeL[I/l(l)I/lKI/I, a TaKKE IUIA MOBBIIICHUA €€ 3CTETUYCCKOI'O YPOBHA U MHTCHCUBHOCTH MCIIOJIb30BaAHUA

TEPPUTOPUH.
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W3ydeHue NpaKTHKU TPOCKTHPOBAHUS M CTPOUTEILCTBA JKWJIOH 3aCTPOUKH C HCHOJB30BAHUEM OJOK-CEKIIOHHOTO
MeTo/a OBUIO HAIIPABIICHO HA PEIICHHE TPEX OCHOBHBIX 3a/1a4:

* BBISIBIIEHUE TPOTPECCUBHBIX TPAJOCTPOUTENBHBIX PEHIEHUH KUION 3aCTPOHKH

* BIUSHHUE CEPUIl TUTIOBBIX JIOMOB Ha (DOPMHUPOBAHUE apXUTCKTYPHO-IPOCTPAHCTBEHHOM CPEIbl )KUIIOH 3aCTPOHKU

* OnpeelieHHe COOTBETCTBUS IIPUMEHEHHBIX CepUil OJIOK-CEKIMH TPaJloCTPOUTENBHBIM TPEOOBAHUSIM K JKUIIBIM JIOMaM.

Hcxons M3 MOCTaBIEGHHBIX 3a/a4, PACCMATPUBAIUCH TOJNBKO T€ CEpUM OJIOK-CEKUMil (MM THIOBBIX JKUIIBIX JOMOB H
0JI0K-CeKIuit), KOTOPbIE TTOCIY UM OCHOBOM JUISl TOTO MIJIM MHOTO XapaKTePHOTO IPaJJOCTPOUTEILHOIO PEIICHHUSI.

Puc. 1. 3acTpoiika kBapTanoB JpedyHu

AHanu3 TPaKTHUKU TPOCKTHPOBAHUS W CTPOUTENBCTBA OBUI HANpPABICH HA BBIABJICHUC IYTCH COBEPIICHCTBOBAHUS
apXUTEKTYPHOTO KauecTBa MacCOBOM >KMJIOW 3aCTPONKU M MOBBIIICHUS 3CTETUYECKOTO YPOBHS €€ MPOCTPAHCTBEHHOM CpPEJIbI.
OTesnbHbBIC BOMPOCHL: (DYHKIIMOHAIBHBIC, JeMOTpagUUYecKie, CAHUTAPHO-TUTMEHUYECKUE U JAPYTUe, PACCMATPUBAIUCH JIMIIb B
TOM CTENEHH, B KAKOW 3TO OBLJIO HEOOXOIUMO ISl TAHHOTO apXUTEKTYPHO-IIPOCTPAHCTBEHHOTO MOCTPOCHHS 3aCTPOKH. PaGoThI
B 9TOM 00JIACTH, OCOOCHHO KACarOIIHECs] METOIOJIOTHH THIIOBOTO MPOSKTUPOBaHUsI, OblaH HpoBeaeHsl B ITHUMIII (B ObiBIIEM

CCCP) xwmuma [2], a B ApMeHUH, B OCHOBHOM, - B
«ApwmrocrpoekTe». Hccrnenyembie MpuMepbl  3aCTpPOWKH — ObUIH BapuauTs! GIOKHPOBKH
CTPYIIHUPOBAHBl IO YCIOBUSM IPUMEHEHHsSI OJIOK-CEKI[HOHHOTO JIBYXCeK LHOHHbIE

MPOEKTHUPOBAHUS JKIIBIX JTOMOB IPEHMYIIECTBEHHO Ha CBOOOIHBIX EE_'IE %
TEPPUTOPUSX U IPU PEKOHCTPYKIUH CIOKUBLIEUCS 3aCTPOUKH. (oTe] [Ed:l EEI——.dJ %

[MpumepaMun >KWIIOW 3aCTPOWKM C HCHOJNB30BaHUEM OJIOK-

TPpeXCeKIHOHHble
CEKI[MOHHOI'0 METOJia MPOEKTUPOBAHUS U CTPOUTEIHCTBA SBISIOTCS
MPOEKThl HEKOTOPBIX KBapTalIOB OpeOyHH, ABaHa M OIKCIEpH- (T @E m W
MEHTAILHOTO KBapTaia ABaH-ApPHHIK. Qw
B 3acrtpoiike xunblx pailoHoB EpeBana npumensinach III-s TETHPEXCOXIEONHbE
cepusi, paspaboraHHas it IV CTPOUTENHHO-KIMMATHYECKOTO [EE%

paiioHa ApmeHHH C ceiicMUYHOCTBIO 7-8 OammoB. B Hee Bxommmu IEIEEEI <Q m

OJIOK-CeKIINM, CEKIWOHHBIA W TaJepeHBI J0Ma, KOTOpBIE, K

COXKaJICHMIO, MMEIOT TOJBKO OIHY STaXHOCTh (9 »sTaxeii), d9to

CHIDKACT TPaJOCTPOUTENBHBIC BO3MOXHOCTH CEPHUU TIPU (POPMHPO- (&% %ﬂ

BaHUM APXUTEKTYPHO-NPOCTPAHCTBEHHOW CpeJbl KUIIOW 3aCTPOMKH.

MHOIOCEKIHOHHbIe

Hanuuue ke psioBBIX, TOPLOBBIX, MOBOPOTHBIX M JIy4EBBIX OJIOK-
cekuuil oOecreunBaeT IIMPOKMH JMAla30H BApPUAHTOB  UX W
onokupoBku. JKwioir kBapran OpeOynu (apx. A. TapxaHsH)

pacroyio’)keH B IOTO-BOCTOYHON yacTu ropona (puc.l,2). Ilpume-

HEHHUE OJHOH M3 TIOBOPOTHEIX GNOK-CEKIHi MO3BOJHIO JOCTHTHYTh Puc. 2. BapuaHTbI 10M0B G.10Kk-ceKunii, kaprai Ipebynn

JKMBOTIMCHON KOH(HI'YpallMy TUIAHOB M OPUTHMHAJIBHOW IUIACTUKU (aca/ioB KHIbIX 00BEKTOB. B 3acTpoiiky kak akieHT ObLin
BKITIOYCHBI JIBa TOYCUHBIX JEBATUITAKHBIX KIUTBIX JIOMa TSI MOJIOJBIX CHEIHAINCTOB, ONWH AeBATHATAXHBIN 1oM I1I-eit cepun
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W TICCTHAIUATHA JTaXHas OaiHs, pa3paboTaHHass ApPMrocIpoeKTOM. B pesynbraTe yaanoch NPUAATh apXUTEKTYypHO-
MPOCTPAHCTBEHHOW KOMITO3UIIMU KBapTaja ONPEICICHHYIO [IEIIOCTHOCTb.

JKunas 3actpoiika KBapTana, CpoeKTUpoBaHHas apX. . MymersHoM, K. MapTupocsHoM, pacroiiokeHa MPOTHBO-
MOJIOXKHO K ABaH-ApPHHIIKY, B CEBEPOBOCTOYHOM yacTu EpeBana Ha Tepputopuu ¢ ykioHamu okoio 20%. B 3actpoiike ObutH
npuMeHeHbl Onok-cexiyu 111-eit cepun u xunbie qoma cepun KI1-1-450, 3nech chopMUpOBaHbI TP TPYMIIbI KUIBIX JOMOB.
CBoeoOpasue pelieHri KaXI0i U3 HUX BBIPAXKACTCS B PA3IMYHOM COUETAHMM TOYEUYHBIX M CEKIMOHHBIX 3J[aHUM, [IPU ITOM
npeoOiiaiaeT TPYNIHPOBKA IEPBBIX, CBOOOJHO pa3MEIeHHBIX B MpocTpaHcTBe. [yt 3acTpOMKM KBapTaja XapaKTepHO
COXpaHEHHE M HCIIOJIb30BAHHUE CYIIECTBYIOMINX 3€JICHBIX HACAXKICHHH BO BHYTPEHHEM MPOCTPAHCTBE TPYIII KUIIBIX JIOMOB.
Crpemsich K MAKCUMATbHON BBIPA3UTEIHLHOCTH 00JIMKA MUKPOPAoHa, aBTOPBI 33 [yMalii 00ECIeYUTh B KAXKION TPYIIIE JKUIbIX
JIOMOB IICTICHANIPABICHHYIO0 TEMAaTUKy MaJbIX apXUTEKTYPHBIX (OPM, DIIEMEHTOB JCKOPATHBHOTO HCKYCCTBa, 00OpYIOBaHHUS
JIETCKHUX UTPOBBIX IJIOMIA]OK.

Puc. 3. ABaH-ApUH/IK

Puc. 4. BapuaHTbl 0J1I0KUPOBKH

OKcIepUMEHTAIbHBINA kuiIoi KkBapranm ABaH-ApuHik (apx. [.Pammpsn, S.Mcaaksn, P.bagansn, C.Amwmparss,
A.ApyTIOHSIH) pacronaraeTcs CMeXXHO C TEpPUTOPUEH NPeABIIyIIero paoHa.

B mpoekre npuMeHeHa cepHs SKCIEPUMEHTAIBHBIX JKWIBIX JOMOB C THOKOW IUIAaHMPOBKOW KBapTHp, pa3paboTaHHas C
YYETOM SKOHOMHUYECKHX U MPUPOJHO-KINMATHUECKUX YCIOBUI ApMEHHUH, a TakKe 0coOOeHHOCTeH ObiTa ee HaceneHus (puc.3,
puc.4). HomeHkiarypa cepun BKiIo4yaer Onok-moma B 9, 12, 14, 16 staxkell W JAEBATHATaXHBIE OJOK-CEKIMH (PSIOBBIC,
MOBOPOTHBIE M TOPLIOBbIE). Pazpaborana onna ToproBast cekuusi B 9 - 12 sraxeil. Bo3MOKHOCTh OJIOKMPOBKU MeXay co0oii B
pa3HbIX BapHaHTax OJIOK-IOMOB M OJIOK-CEKIMi 0OecreunBaeT pa3aIuyHble BApUAHTBI 0ObEMHO-IIPOCTPAHCTBEHHBIX PELICHUIH,
BKITFOYast KOMIIOHOBKY Pa3HOBBICOTHBIX 0OBEMOB.

B 1972r. 6511 00BsBIeH Beecoro3HbIi KOHKYpPC IO HOBBIM THTIAM KIIIBIX 1oMOB it fora CCCP. Bomnpmoif ycmex BbImain
Ha JIOJIO apMSHCKMX AapXWTEKTOpPOB: NepBas Inpemust Obuta npucyxzaena [.I. Pammpasny coBmectHo c S.McaaksHOM.
[TpoexTHBIE MTPeAIOKEHUSI KOHKYpCa OKa3ali 3aMETHOE BIIMSIHUE Ha JajibHEHIIee pPa3BUTHE apXUTEKTYPbl MACCOBOTO XKIJIHMIIA U
JIETJIN B OCHOBY pa3pabOTKW MHOTHX NpOeKTOB. [IprMeHeHHEe OOK-CEKIIMOHHBIX KHIIBIX JAOMOB ITO3BOJIMIO c(hOPMHPOBATH
3aCTPOWKY C MacIITaOHBIMM BHYTPEHHMMH IPOCTPAHCTBaMH, OOECIEUYHUTH 3aIIUTy ABOPOB OT HEOJIArONPHSATHBIX BETPOB U
HEOOXOAMMYIO HMHCOJSALMIO, a Takxke 'MpHBsA3aTh" 3acTpPOWKY K OCOOEHHOCTSM peibeda, co3laBas U3 INPSIMOYTOJIBHBIX
3JIEMEHTOB CJIO)KHBIE )KUBOITUCHBIE KOMITO3HLIUH.

Ho, xak oTMeuaroT BemyImue apXuTeKTopsl [3], OJIOK-CeKIIMOHHAs METOJMKa HE CMOTIJIa B TIOJTHON Mepe YIOBICTBOPUTH
BO3pocCIIne TPeOOBaHMS K apXUTEKTypHBIM KadecTBaM MaccoBoro jxwiuiia. Cepuu, kak mpasuio, Beimyckanuch JICK B
MIPEIeNEHO OTPAaHMYCHHOM COCTaBE, B BHIE JOMOB IPEICTABHTENEH WM OJIOK-CEKIWH, MPOCKTUPOBAINCH M BHEIPSITUCH B
JUTATENEHBIE CPOKH, HA MHOTHE TOJBI, TEM CAMBIM OTIPEeNesist OOIHUK TOPOAa.
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RUQUUZUY ALUYGLE SUGICDP SPIULSUSPL UGUSPULEE QG4 UYNI T UL 4EMLNRONPE3NRULE
BLEYULh UQUS SUMUORLE P YUMNRSUNUSUUL ZUU UL
2.U. Uhtwuujwub
Cplwih SwpunmupuyEnnipyul b phliupupnipul whnwlwl huduyuwpab

Pwitwh punkp. pin-ukghnt mubp, puquuwhwpl puwlbih nikp, dwuwuwyujub ptujupubwohinipintl, wquwn
wnwpwsdpubiph junniguuyyuwinnud, mwpuwswljut hnphiwsp

znpJuénid wpjuhyuyhtt nfjujubph b qpujubnipjut wnpmipubph, htyybu twb guonuyght hknwgnune-
pntuubph hhdwt dpu wipynud E punup Gphwinid 70-wljut ppr. puquwhwpl pwllh wikph twhwgdught
wpuwliunhiuynid b shttwpupnipniind jhpunynn piny-uklghnt dbpnnh Jbpnidnipiniipn: fnlj-ukljghnt dkpnnyny
twpiugsdwt b phttwpwupnipjut ophttmfjubkp b hwinhuwind Epkpnith b Udut punudwubph, htyybu tub
Udwu-Unhuy Epuybpbdbunw] punudwuh twhiwgstpp: Finl-ukljghnt wukph fhpwpnidp pniy; kg dbwnply
ubpphtt dwupnuwpwihtt tnwpwsdnipniutbpny junniguuyuunnidubp, wywhndl] puybkph wthpwdbon hunjuw-
ghut U wuwynyuunipniup whpupbiyyuun pwdhubphg, hiyybu twb uuybp Juoniguyuunnudp nkjhbdh
wpwidbwhwnlnmpmnitibphl moquilmt puqunphstbphg unbnstny pupy  ghqupbunwlwh  Yndwyngh-
ghwubp: Upynud Lu husybu wpwownbd dhunnidubpp, wyuybu b dbpnph phpnipmitubpp’ hwogdh wnubing
wnwownwp Supnwpuy bntitkph upshpubpp:

ANALYSIS OF FORMATION OF MODEL AND INDIVIDUAL SERIES OF MULTI-STOREY RESIDENTIAL
BUILDINGS FOR THE DEVELPOMNET OF FREE AREAS IN YEREVAN
H.M. Minasyan
Yerevan State University of Architecture and Construction

Keywords: block-sectional houses, multi-storey residential buildings, mass housing, development of free areas, spatial
composition.

SUMMARY

Based on archival data literary sources and field studies the practice of design and construction of multi-storey residential
buildings on the basis of block-sectional method in Yerevan in the 1970’s is analyzed. Samples of residential development with
the use of block-sectional method of design and construction are the districts Erebuni and Avan, as well as an experimental
district Avan-Arinj. The use of block-sectional method allowed the formation of wide-scale interior spaces. It also protects
households from unfavorable winds and provides the necessary insulations, creating complex picturesque compositions from
simple rectangular elements.

The progressive trends, as well as disadvantages of the method taking into account the viewpoint of leading architects are
discussed in the article.
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THE PECULIARITIES OF ENGINEERING CONTRACTS EXPRESSION BY FIDIC FORMS
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Yerevan State University of Architecture and Construction

Keywords: Dispute Adjudication Board (DAB), Dispute Review Board (DRB), Dispute Resolution Board Foundation
(DRBF), International Federation of Consulting Engineers (FIDIC), and Multi Development Banks (MDB)

The Construction Industry is one of the important industries in the world. Around 40 % of the country economy is
depending on the manufacturing and/or supplying and installing of the construction materials.

Today’s engineering projects are becoming more and more complex, and in order to achieve a friendly environment in the
engineering project, there must first be a fair contract regulating the relations between the parties.

The FIDIC (International Consulting Engineers Federation) Contract forms are the most suitable, because they are widely
accepted by employers, contractors, international financing organizations, engineers, and lawyers.

The FIDIC developed many standard forms of contracts.
The FIDIC 1999 suits of Contracts and their peculiarities, are presented in the article, which are widely used in the world.

Overview

The Construction Industry is one of the important industries in the world, as the world is investing around 3 trillion
dollars every year in this sphere. A significant portion of the world economy, to include around 40 % of the economy in the
country is depending on the manufacturing and/or supplying and installing of the construction materials [1]. It follows that it
is normal to see the great interest in this industry all over the world.

Today’s engineering projects are becoming more and more complex, so that more and more co-operative
contractual and management environments are needed and becoming central to the success of such high complex
construction projects.

In order to achieve a favourable environment in the engineering project, there must be first a fair contract which
will regulate the relations between the parties.

The best way to choose the fair contract is to use the standards forms of contracts which are prepared by
independent professional organizations.

These standard forms are flexible transactional instruments, which can be freely improved to fit its purpose and to
suit the parties by incorporating terms and conditions that are deemed important to them in the particular conditions of the
standard contract.

Thomopulos [2] in his writing about FIDIC Forms of Contracts mentioned that: among the standard contracts
forms we believe that FIDIC Contract forms are the most suitable, because they are widely accepted by employers,
contractors, international financing organizations, engineers, and lawyers.

Jaegar and Gotz explained that the FIDIC Contract Forms are intended for worldwide use and to cover all kinds of
work [3].

The FIDIC

FIDIC is the International Federation of Consulting Engineers. The formation of this Federation started at the
beginning of 1900 when Engineers in Europe attempted to develop an organization to enhance the image of the Engineers,
to group them, and to be the recognized global voice for the consulting engineering industry. They succeeded to establish
the FIDIC; a name taken from the French wording: “Fédération International Des Ingénieurs Conseils” [4].

In 1913, the first FIDIC conference was held in Belgium in the city of Gent [5], for the Consulting Engineers in
Europe. All three, the French Society of Consulting Engineers, the Swiss Society of Consulting Engineers, and the Belgium
Society of Consulting Engineers, were represented.

The FIDIC developed many standard forms of contracts and provide a definition to The Consulting Engineer that
is: the FIDIC Consulting Engineer is the one who, possessing technical scientific knowledge and practical experience,
exercises the profession under his own name independent of any trading, business or functions of public administration,
acting with full impartiality on behalf of his client without receiving any remuneration except from the said client.

The FIDIC organization has many goals, among them are developing and publishing various forms of contracts
which are now widely used internationally. The complete list of FIDIC Publications could be obtained from the FIDIC
official website.

These forms are formulated to be used and applied by Engineers so that they are formulated in a way that the
Engineers found them easy to understand. Simultaneously, the FIDIC organization runs regular training seminars and
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conferences, to further the Engineer’s familiarity of these forms of contract, beside that we see many international technical
experts like Nael G. Bunni [6] who explained the FIDIC conditions in their writings either in their books or literature, or
even in the training courses.

Characteristics of FIDIC Contracts Forms

The main Characteristics of the FIDIC Contracts Forms are:

+ Standard forms that can be easily recognized.

+ Extensively used world-wide.

+ Continuous Developing benefiting from the International information and experiences resulted from the
worldwide usage of these forms.

+ Included distinct dispute resolution mechanism.

» Special permission could be obtained from FIDIC to formulate special contracts.

Some international entities have already obtained special permission from FIDIC to modify the General Conditions
and used their own General Conditions (derived from FIDIC forms), by example of the Multi Development Banks, and
other Governmental entities like Abo- Dhabi Government (UAE).

Michael D. Robinson clarified in his book A Contractor’s Guide to the FIDIC Conditions of contract [7] that:
FIDIC undertook a major review of their standard forms. Following extensive consultations, a new suite of contract forms
was issued in 1999.

The 1999 FIDIC suits of contract are the last FIDIC suits (some of them are published after 1999, like the
Subcontractor Condition of Contract) but they have the same general form of the cover, and distinguished also by the
cover’s colours.

The Classical relations in the Engineering projects

The Engineering projects relations in the classical form consist of four parties (Fig. 1):

1. The Engineer (Consultant).

2. The Employer (Owner) of the project.

3. The Contractor (Contracting Company). ENGINEER
4. The Sub-Contractors (Subcontracting

Company). m \\
\y

The above mentioned four parties of the classical Employer (Owner) Coemtractor
relation in the engineering projects are related with three

main types of contracts, with the help of which the FIDIC CONTRACT CONTRACT
has developed forms of conditions for them:
1.Employer (Client) - Engineer; Suk - Contracter Sub - Contracter
2.Employer (Client) - Contractor;
3.Contractor — Subcontractor. Fig. 1

In the following we will present some of the most
usable forms which are related to the classical relations in the engineering projects:
1- _Emplover (Client) / and the Engineer (Consultant) Agreement
This agreement is known in industry and practice as the White book in which it is explained the relations between
the Client and the Consultant.
The main goal of the book is the Model Services Agreements which include the following suites of agreements:

e Agreement
¢ General conditions
e Particular conditions
e Appendices A, B and C
The development of the white book started on 1986. The first edition was published in 1990. Updated editions
were published in 1992, 1995, and 1998 and the fourth edition in 2006.
This agreement defines the scope of work of the Consultant (the Consulting Engineering Firm), and covers a wide
range of consultancy services including feasibility studies, design, supervision, training and etc.
It has also appendices used to define the scope of services and financial issues. It depends on mutual cooperation
and mutual trust.
The contents of this form consist of four parts:
1. The agreement.
2. Part I: General Conditions.
3. Part II: Conditions of Particular Applications
4. Appendices:
e A: Scope of Services.
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e B: Personnel, Equipment, Facilities and Services of Others to be provided by the Client.
e C: Remuneration and Payment.
The Engineering services in this agreement are:
1. Normal Services:
Those described as such in Appendix A.
2. Additional Services:

Those described as such in Appendix A or which, by written agreement of the parties, are otherwise additional to
normal services.

3. [Exceptional Services: (Services to Others):

Those which are not Normal or Additional Services but are necessarily performed by the consultant.

The White book is recommended to be used at the beginning of the project which started with the assessment
phase, so that we ensure the application of quality in assessment and also quality in design and engineering services at an
early stage and early phase of the project.

The second type of the FIDIC Contract Forms is a very important one that is related to the construction phase, the
importance of this contract is sourced from two aspects:

1- It defines the price of the construction.
2- It defines the period of the construction.
2- The Client (Employer) / Contractor Agreement

This agreement is known in industry and practice as the RED BOOK.

Due to the fact that the FIDIC RED BOOKS have been extensively used world-wide, very important improvements
have been added to them benefiting from the international experiences.

E. C. Corbett [8] provided that the FIDIC produced in 1957 the first form of Client/Contractor agreement, it was
later developed in 1969, and the third edition was published in 1977.

Lastly in practice there are now two main forms of the RED BOOK which are (world widely) used:

1- The FIDIC 1987 Red Book (Fourth Edition).
2- The FIDIC 1999 Red Book.
% The FIDIC Red Book 1987:
In this book it is described the Conditions of Contract for Works of Civil Engineering. The book consists of II

parts:

Part I: General Conditions.

With forms of tender and agreement

Part II: Particular Conditions.

This is the fourth edition which has also been further developed in 1992, 1994, and 1996.

< The FIDIC Red Book 1999:

In this edition it is described the Conditions of Contract for Construction for Building and Engineering Works

Designed by the Employer. This version of FIDIC Red Book consists of III parts
e General conditions.

¢ Guidance for the preparation of particular conditions.
o Forms of letter of tender, contract agreement and dispute adjudication agreement.

The main characteristics of the Red Book (1987, and 1999) are:

1. The Design is made by the Employer.

2. It contains general conditions, and also incorporated particular conditions which must be drafted specifically for
the sake of the project to suit the parties, and match the particular country Law where the project is implemented.

3. It is suitable to be used for Lump Sum contracts and for Re-Measured contracts.

4. It has a built-in mechanism for the dispute resolution.

It is important to note that The Red Book 1999 is not an improvement or modification to the 1987 version. It is
completely different form formulated with completely different sections. In the book it is also included a new dispute
resolution mechanism, namely the Disputes Adjudication Board (DAB). The DAB concept is becoming more and more
extensively used and is backed up by the DRBF foundation (the Dispute Resolution Board Foundation) [9], which is an
American based foundation.

The DAB system has been developed by many entities so that other forms of Boards are applied like DRB, which
is Dispute Review Board. This type of Board is widely operated by Development Banks. The main difference between the
DRB and the DAB is that the DRB’s decision is not binding, while the DAB decision is binding during construction phases
(and later becomes final and binding if both parties do not challenge it during the allowable period).

The use of DAB, or DRB, or any other form of Dispute Board is very useful to refine potential disputes that
emanate during the life of a project, and to resolve them at the earliest possible opportunity. The upshot is that it aims to
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minimize the need to recourse to Arbitration, or at least will minimize the number of heads of disputes which would
otherwise need to be arbitrated.

To clarify the DAB position in the relation between the DAB and the parties, let’s take a look at figure 2, where we
can see that the Employer is the party appointing the Engineer. Also we see that the Employer and the Contractor together
are appointing the DAB member(s). The net result is the appointment of a more neutral entity than the Engineer who is
appointed by one party only and has to play the two roles first to be the Employer representative at site, and second to be
impartial in quantifying the contractor dues and rights under the contract. The Engineer’s role in this respect is not easy in
practice because the Engineer has a contract with the Employer only and gets paid by the Employer only.

In practice we noticed that the Engineer roles which are contained in the FIDIC Red Book 1987 (to be Employer
representative and Impartial at the same time), created many disputes with regard to the impartiality of the Engineer, and
create difficulties in proving that the Engineer was not impartial in some of his decisions, that was one of the main reasons
behind the using of impartial members (DAB or DRB members), whom they are appointed by the parties together (except in
some cases where a neutral entity will appoint them according to the contractual agreement between the parties).

The DAB agreement with the parties is included in the FIDIC 1999 form of contract; also there are some
international institutions which are providing rules for using the services of DAB, and also providing lists of qualified DAB
members.

The Dispute Resolution Board Foundation (DRBF), is continuously holding many seminars and training courses to
furnish the Engineers with more information benefiting from the international application and the international experiences
in this regard, also there are continuous publications dealing with DB’s related issues which could be obtained from the
DRBF official website.

Contractor Employer (Client)
DAB members appointed by The Engineer (Consulting
the Contractor and the Firm) appointed by the
Employer together Employer only

Fig. 2. The DAB appointment Scheme

« The FIDIC 1999 Pink Book:
The FIDIC developed also another form of the Conditions of Contract for Construction, better known as the PINK

BOOK.

The Pink Book is developed to suit the need of the Multi Development Banks (MDB), so that it is called the MDB
Harmonized Edition. Here it is described the Conditions of Contract for Construction (MDB Harmonised edition) for
Building and Engineering Works Designed by the Employer.

The book consists of the following three parts; General conditions, Particular conditions and Sample forms.
3- The Subcontract Agreement

The Third category of the contracts which are related to the classical relations in the Engineering projects is the
contract between the main contractor and the subcontractor and it is called the Subcontract Agreement which is issued in
2011 by FIDIC after extensive studies and consultations.

In this edition it is described the Conditions of Subcontract for Construction.

This book consists of VI parts;

e General conditions.

e  Guidance for the preparation.

e Particular conditions of subcontract.
e Forms of letter of subcontractors.

e Letter of acceptance.

e Subcontract agreement.

We want to point out that the above mentioned 1999 FIDIC Forms of contracts are recommended for use in the
Engineering projects, not only because they are balanced and tested forms, but also because the Engineers will be familiar
with these forms when they move to other countries and apply the same forms. Due to the fact that Engineers are the major
technical parties in applying these contracts at site; for that an Engineer must have a role in drafting the particular
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conditions, and to enable the Engineer to do that he/she must have a good base and knowledge about engineering contracts
and construction Law.

By the example, the Engineer must have a clear view about the Intellectual property of drawings, which he is
preparing. Equally he must have knowledge about design liability, to include information about the period for which the
Engineer is responsible for the safety of the building, which he was supervising, or constructing.

At the end, and to cater for these issues it is suggested that a Special Law Course be added to the program of the
studies in the faculty of engineers and faculty of architects in the universities.

bhuLdtLEMUYUL TMUSUTLUALE P ULAULQLUZUSUNPESNPULLENTE $PYbU-P UNMUPS
CUENPLYUD 264YErNY,
Lundw) Unuwt Uwjuu
Eplwih dwpunupuybunnippul b ohiwpupnippaul wyhnwlwl huduyuupub

Pwiiwjh puntp. bwhwgdsnnubph vnphppundujut Uhowqquyhtt Sigtpughw (FIDIC), Yhdwpybkih Zupgkpny
Ppuuljut unphnipny (DAB), 9Shdwnplbih Zupgkpny dkpubwydwt unphnipy (DRB), dk&Eph jupqugnpuwb
unphnipy-Zhduwnpud (DRBF) b Qupqugdw putljiph guig (MDB)

uvoenonkru

Chuwpwpwlwt wpynibwpbpnipmpniip woiwphh  wdbtwupbnp wpunwngpoipnitubphg : Bpyph
nbnbumipjub onipg 40%-p Yupuws b wpnynitwpbpnipmniihg jud shtwpupuljut ynipkph dowlnidhg b
wnbknunnpnidhg:

Upgh twhiwgswyhtt Spugptpp guuny quntinid &u wydkjh ot wdbih hwdwihp, b, npybugh twpjuwgdugh
dpwgptph  hwdwp  pupbtywuwn  dhowduyp uwnbnddh, wpwehtt hbppht whwp L Yondbkph dhol
hwpwpbpmipniiibpp jupquynpnn wpnup wuydwwghn (hth:

FIDIC-h' Lwhuwmgénnubph junphppunduljut vhpwqquht $inbpughugh yuydwiugpuht dukpt wdbiw-
hwpdwpt G, pwbh np pputp ujunpkt Yhpundmd L gnpbwwnnibibph, Junwquphsubph, dhowqquyht
dhtwtiuwjut juquuljipynipmnitutph, twhwgsnnubph b hpwdwpwuubph Ynnuhg:

FIDIC-p dowlty b wuydwbwgpbph dp pwpp swthwhobp: ZopJuémd ukpluyugynd k FIDIC 1999
wyuydwtwgpbphg dh pwtthup, hyytu twh npuig wpwdtwhwwnlnipmnitubpnp, npnbp juyt jhpunnid nibkt
wppuwphnid:

OCOBEHHOCTH UH KEHEPHBIX KOHTPAKTOB, 3AK/JIIOYEHHbBIX COI'JIACHO ®OPMAM,
IMPUHATHIM OUJIUK

Kamana Apnan Manac
Epesanckuii 2ocyoapcmeennulii yHugepcumem apxumeKmypbul 4 CIpoumeniscmed

KaroueBbie ciioBa: Mexaynapoanas ¢enepaius umxeHepos-koHcynbTanToB (FIDIC), npaBoBoit CoBeT MO CHOPHBIM
BonpocaM (DAB), Coset no nepecmotpy cnopsbsix BompocoB (DRB), Coser no paspemenuto ciopoB (DRBF) u cetsb
6ankoB pazsurtus (MDB)

AHHOTAIIUA

CrpouTenbHasi IPOMBIIIIICHHOCTD - O/THO U3 BAYKHEHIINX IPOU3BOJCTB B MHpE. DKOHOMHKA cTpaHbl Ha 40 MpOLEHTOB
3aBHCHUT OT NPOMBIIUICHHOCTH W/WJIH OT epepabOTKU U YCTAaHOBKU CTPOUTEIILHBIX MaTepPHAIIOB.

COBpeMeHHLIe MPOCKTHBIC MNPpOrpaMMbl CTAHOBATCSA BCE 60.]'166 KOMILJICKCHBIMH, U JJIs1 CO3JaHHsA GHaFOHpI/IHTHI)IX
YCIIOBUI TMPOEKTHBIX MpOrpaMM, B MEPBYIO OYepenb, HEOOXOAMMO HMETh CIIPABEIMBBIA JOTOBOP, PETYIHPYIOLIMHA
B3aHMOOTHOIICHHS CTOPOH.

TumoBas KOHTpakTHas NOKyMEHTAaImsi MexmyHaponHoi ¢enepannu mmkeHepoB-kKoHCynbTaHTOB (FIDIC) -camas
yIo0Has1, I0O3TOMY, OHA MOJTy4YHia IUPOKOE PacIpPOCTPaHEHUE Cpeiu paboTafaTeneii, aIMUHUCTPATOPOB, MEXXTYHAPOIHBIX
(hMHAHCOBBIX OpPTaHMU3AIMH, TPOSKTUPOBIIUKOB 1 IOPHUCTOB.

FIDIC pa3paboTana aisi KOHTPakTOB psii KpuTepueB. B crtatbe mpuBenen cOopauk u3 1999 norosopos FIDIC,
KOTOpBIE IIHPOKO MCIIONIB3YIOTCSI B MUPE, & TAK)KE IIPUBOJSTCS KX OCOOCHHOCTH.
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UNUzN9USRCTYUL TNhUUSE QI UYNITU UL UNAULLUZUSUNRE3NRULET B
QU.LQUSUUL UPSNRULET 2ZUSUUSULD ZULMUNESNRES3NRULNRT

U.U. Uuplynujut
Zuymuwnwip whnwlwl ninkumghnwlul huduyuwpul

Pwiiwh puntp. wywhnjugpuljut ontju, ontjuyh jupgquynpnid, wyywhnjugpuljut tnpdwnhyukp,
wyunnunpuwbuynpuught thongubnh wywhngugqpnud, Juwutitph thhnpjuhwinnignid, nhuljiph junwupnid

Cniyuymlpml wninnkunipyul dEpnuihquh wywhnyuwmb Juplbnpugnyi phunpunninbbphg dEgp
wwywhnywgpnipini bl E: 2008p.-pg ufuyws hudwspnuphuyhl pphwbuunninbumluml dqiududp (npp dpish aydd
swpnibwlnid F gnpély, b wopnuphp qplpel pnjnp Ephpakph junwiupnyemntbakpp owipbph kS jupnidng
hwlmdqbwmdudughl Spugpkp £ ppuluwinuginid ppu hEnbwiphbpp hunpuhwpbim hudup) gnyg uifkg, np
ppuw wnwewgdw i Ahhmyuwndunibphg UElp wywhnywgpnippul npnpunnid nkn guus pugenynidbbpn b
plpnipnibabpl Fha: Zuywuwnwah Zubpuybunngpniand wywhnywgpulwi ontjwl nbkgui hp dhunpdwa
wnpubd iwhunnnipinibakpp I ugh dkquibnid quin/nid F juyugdwl thnynid:

Upn pniyuyh wipwdwl dwul F jugqunid il unjunnpunupughwlul qunwupiubunnynipyul qupuunhn
wwwhnyjwgpnipniap (uyunihlnl ' UNN0): dEpoplu Zuywumnwih Zubpuy bnnient inid gnpénnniejul Ukp
v 201 1. hntinjuiph 1-pg: ZEnhlulp thopd F junnwply Ephupughbing wwywhnyjugnuilwi ponifugh b apuw

punliuugnighs nnuppp Jugqung UNNU-p qupguigdul b dhunnpdwl hhdinupiinhpbbpp Z2-nid

Uwwhnjuqpuiju  ontjuyh  dbwynpnudp  Zwjwunwih  Zwbpuybinmpmiimd  hwdwpymd  E
puwjwint, pwth np wyy hwiqudwipp phungpjws ktp ontjuyulub nbnbumput junnigdut wthpw-
dhpunm pjudp b wynuhuh wnkumpjui jujugdub hunhnnnibph dkjh wywhndugpnipjul juplnpn ppudp:
Ulgnudp yubwghtt mbnbkuwjupghg ontjuyujutht mbntuwlwb b unghwjujut ninpnubpnid hwqkgptg Uh
ouipp  Junnigwspuyhtt  thndhinjunipniitbph: Onthinjunipnitibpt wowydl] junpt Eht hwnjuwybu
ubthwljwinipjut nnpunid, npunkn twhlht wbnwuwt vbthwujutnipjut ghpujuyniinipniup hp wbnp qhekg
dwubwynphie: Ujunkn b opjnhynpkt wthpudbonnipnit wnwowguy wyn ubthwjwintpjut yuwynwyuunipjut
hudwp: Mwhwioylg ubthwlwiniput wwppip uniplnibkph, hiyywbu twl hwuwpulnipuit wowtdht
winudttph yuwonwwudwénipjut hunnwl b wpymbuwytn dkjpwithquh vnbnénid, wyt nhypnid, tpp wyhnwluh
vhongutinny Jtpohuitiphu gnypuyhti pwhbphtt hwugqusé Juwuuubph Jud Ynpniunibph hwnnmgdwi twpalyhind
pugniws Jupgp htwpwynp b tyuwunwljuwhwpdwp sk wyjjbe Jhpunk;: Uju wdkih wpgniipnid wyywhndw-
gpulut pulbpnipmitubph gnpénitibnmipjut hwdwup wpwewguwy ppwjuninbuwlub wpwsnipnit, npt
hhup hwtinhuugwy ZZ-nwd pnjnpnyhtt tinp wywhnjugpuljut hwdwlwupgh tkpppdwt hwdwn:

Uyuwhnugpmpjut nhpt nt tpwbwlnipmit wrwbjuybu dbdwind E wigdwt dudwbwuljw-
onowtnid, nph Wuydwtubpnid wyt hwunku k qujhu npybu hwuwpwlnipjut unghw-ntnbuwlut juynitinipjub
tpuopiwynpnn’ pupbjudtnyg Epyph Jhdwlp ptsybu dhipnnbnbunipjut, wuybu b dwulpnninbunmput
dwljupnuljubpnid:

Zujuunnwih  wwwhnjugpuuwt  hwdwlwpgp  hp dwnwbgnipnitt unwgk b UZU
wywhnjugpuljut hwdwlwpghg, nph dhongny JEpwpwohunid kp Epyph ZUU-h puigudtup 3%-p, dhyntn UUL-
nud, Swynuhuynid b Upbdnjut Gypnuyuymid wju gnigwthop ghpuquugnid E unwnn 4 wiqud [1]: Uw hp hppht
Jyuynd E pjunphppuyhtt wywhnjugpuljut hwdwlupgh ny wpynitwdbn (hubp Zuywunwind wnweht
dwubwynp wywhnugpujwb pujipmipniuibpp dbwdnpdl) Gu ghnlu 1988p." «Unnuybtpwwunhdubph dwuhty
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WUZU opkuph punniunidhg wbdhgwwbu hbwn, npp htwpwdnpmipnit widlg unbndl] ny whnwlwb
wywhnjugpuljut puybpnipniutn [2]

Zumnluowlju k wyb, np hknpjnphppughtt mwphubpht 22 wywhnjugpujut snijuyh quipqugdw
wnwohl, wjuybu Unsqws, Adbwynpdwb thnyp punipugpynid E wwpbpujunipjudp, wyhunipjub §nnuhg
wywhnjugpujutt gnpénttkinipjut tyundwdp jupgquynpdwi b Jepwhuljnynipjut witjuunwpnipjudp, nph
wpniupnid  1991-1996 pp. 22 wwwhnjugpulwb onitjuynid Yupnil) wdkg gqnpédnn  wwywhnjugpujui
puipmipniubph pughwinip pyupwbwyp’ hwutbing 82-h [3]: Uyn wwphubphtt hpkhg wwywhnjugpuljut
huwdwpnn juquulibpynipmoiuaiubpp, gnpstng opkiunpuljutt Jujninidnid, qpunynid khtt twlb wyywhndw-
gpuut gnpémiubnipnithg wwppbkpynn dptwbuwlub, pwbluyht, wbpwpd gmyph wnp nt Jwdwnph
gnpdwnumpinitibpny: bp htppht wwwhndugpnnubph Ynnuhg wwywhnjuphpubph hwinby uwnwbdbws
wupuuwynpnipinibibph quigusughtt sunwpdwi nypbpp, pwpkniemnibtitpp tywunbkgh phwlsnipjut dnwn
wywhnjugpuijut hwdwlupgh tjundwdp gusp Juinwhnipjut dptuninpuh dbwynpdwiin:

Ubtjuwpwmgnidhg htnn 22 wywhnjuqpuljut snijuygh juinbwupquut wnwehtt puyp Enuy
«wupuybnmppiind wywhndugpuljut  gnpdnituibnipyut ywhnwlwt jupguynpdwi  dhgngunnidukph
dwuhty 22 Lwjuwpupubph junphpgh 01.08.1991p. phy 485 npnodwl punniunudp, nph bywwnwla Ep tuyywunby
wwywhnugpuljut  Swowmpnibitph hwipuybnwluwi  snijuyh juqudnpdwip b wpynitwgbn
qupqugdwip, hipyybu twb wwywhnuqpusutph ppuwynibptbph b wknwlwb swhbph yWuonywunipyubn:
Zudwduy wyju npnodwt’  wwywhnjugpuljub  gopéniubmpniip  hwbpwybunipnionid - wnwghtt whqud
twppwnbund £ hpuljutugl) hwnnt wyp tyuwnwlyng vnbnddws juquuljipynipmniuubph §nndhg, npnig
hudwp wywhnjugpuljub gnpénmiubnipmniup hwdwpybnt £ hhdtwlwt [4]: Quuyws wyn npnpdwbt ke
wipugpqus L wwywhnjugpuljui  gnpdniubnipjut whnwubt  Yupquynpdwt  wbhpwdbynnipniup,
wjuntwdbiugthy wyuwnbn hunwl sh vwhdwidnud jupqudnpdwt npbk dbjuwthqd jud hpuduub (sul:
Cunwdkip twhuwnbtuynd Ep wywhnjugpujub gnpéntubnipjut whnwljut jupquynpdwit hhdpnid nuky)
wywhnjugpujut juquujkpynipniutiph gpuigdwut b nputg gnpéniibmpjut (hghtiquinpdwt wupunwunhp
Jupgp, phull whunwjwb Jtpwhulnpnipjubt bywwnwlny 22 Lwpwpwpiubph junphpphtt weptupbp unbnst)
whnwuljut wywhnjugpuljub huljnnnipjut nkusnipniu:

dhpntgju npnpdwtin hwenpntg «Z2 mupwspnid gnpénn wywhnjugpuljut juquuljipynipmiuutph
ynnuhg dwwnnigynn Swnuwynipjniiubphg unwugus Ejudnintubph b junwpquws swhubkph juquh dwuhiy 22
Junwjupnipjub 23.12.1992p. hd. 633 npnpdwt pugnitnudp: bull 1993p. npnp swthny uljukg juuntwlupgyby
wjupwtt uplnp b dnwhnghy wywhnjuqpuljut pulbpnipmniuubph gnpéniibnipjut (hghiquynpdw gnpépt-
pwugp’ 22 wupuspnid wyyuhnjugpuiljub gnpéntiknppudp qpuntn dudwbwljunnp jupgny® hwununjwus
2Z Phuwtutibph twhwpwph wwpph 12-h hd. 28 hpwdwbp, npubn vwhdwidws sktht wywhnjugqpulju
puybpmpmitubph gpuugdwt b (hghuquynpdwt hunwl phpwgulupg, hisywbu twl Jwupnibulnipuit
nnnus npbk tnpdwunpy: Uywhnjugpulub gnpéniubnipjudp qpunynn pulbpnipmpibbtptt punudkup
wupqugniyu jupgny 22 bhtwbutiph twppwpupmpniithg vnwinud Eht wywhnjugpujutt gnpéniibnipjut
hpuwjuwiwgdut hwdwywwnwupiwt (hghughwt, hushg htwnn Jwpnn Ehtt gnpdt] wpwbg nplk jungpugnunp:
Upnniupnid wpunnbwgnpbp uinwuguy 85 puykpnipinii:

22 wyuhnjugqpujut onijuyh jubinbwljupqiuwt nignmpjudp phijnudbughtt hwinhuwguy 1996p.
unjdptiph 19-htt «Uwyuwhnjugpnipjutt dwuht»y 22 opkuph, www unjtdpbkph 29-ht wyn opkuphg phunn «2Z
wnwpuspnid gnpédnn wywhnjugpujui juquuybpynipniautph gonpéniubnipniip yupquynpbnt dwuhty 22
Junwjupnipjutt hd. 368 npnodwt pugniunidp, nph wpyniupmd dkp hwtpuybnmpniund Jeppuytu gpgkg
wywhnjugpujut gnpéh wywdbkuwpnphdwt hpuwjulut nuownh wnwehtt hhdtwpwpp: Ulukg dbwdnpygty
whunipjut Ynnuhg Juintwlupgynn wywhnuqpuljub oniju: Loyws opkuunpuljut pupbthnjunidubph
wpyniipnid  vwhdwibght wywhnugpuijutt ywwhniunttph dbwdnpdwt b wknuwpwojudwl, wywhndw-
gpulut pulykpmipinibubph b wywhnjugpujwb ppnybpubph gnpémiubnipjut (hgktiquynpdwt, wuywhnyw-
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gpulut pujkpmpniuttph hupdwt ipulw owhnyph hwpdupdw Jupgbpp, wywhnjugpnipjut hhduw-
jut hwuljugnipniuubpp, wupunwnhp b judwynp dbubkpp, opjkljnnkpp: Uywhnugpnipjut ninpup ykpuhulng
dwpduh (hwgnpnipynibtbpp gpdtghtt 22 $htwbutbph b Eynundhugh twjpwpupmput juqdnd dbwdnpus
unp Jupnigyuspuyhtt unnpupwdwidw’ Uywhnjugpujut nkusnipjut Jpu:

«UwwhnJugpnipjut dwuhty 22 opkuph b tpwihg plunn dh owpp Lupwoptuugpuljmi tnpdwwnpy
wljnbph dowljuwt dwudwbwl hhdp b Jbpgdl] wpbdnjwt wpwewynp Epypukph, htyybu twb Mniuwunwth
Tuptinipjut hwdwywnwupwt opkuph dbpnyupwtwljut uyqpniupubpp b thnpdp' hus-np swhny bwlb hwoygh
wnubin wknh wpwtdtwhwnlnipmnitiipp: Uwubtwynpuybu  opkupnid  wywhnqugpnipjut  opjkljnnikph
nuuwlupgnudp hwdwyuwunwupwtigdws bt Edpnyuljut  swhnpnohsubpht, pun npp’ wpwbdtwugymd E
wwwhnJugpnipjub Eplnt opijn’ Yyutph b ns Yjuuph, dhsphn pniuwljut swthnpnohsutiphtt twppwnbuynd k
wwwhnJugpnipjut tpkp opkjnn’ whdtwlwl, gnypuyhtt b yuunwupwbwnympju: Lokup, np EYpnywljut
suthnpnohsubphtt hwdwywnwuppwtgnidp hiptwtyuwnwy sh tnky, b wjunbkn hhdtwlwinid hhdp E pungniudby
wyly, np 2Z-md qnpénn wywhnjugqpujut puykpnipnitubpp hpkg junonp nhuliipp JEpuuywhnjugpnid Eu
hhdtwlwiunid bpnyulwb snijuynid: Pugh wyy, uw ghnbu 1973p. GYypudhnipjut pugniws 73/239 ghpkljnhdh
wwhwlebnhg £’ niuktw] wywhnjugpnipjut dkl dhuubwljuwb puuujupgnid’ wnwtdtwgubing wuyywhnyjuw-
gpoipjub Eplnt junudp” Yyutiph b ns Jjutph (nhujuyht)) wywhndugpnipnii:

1998p. punniuynwd E Zujwunwih punupughwlwi opktughppp, nph 54-py qnijut wdpnnentipjudp
hunjugqws L wywhnjugpnipjuip’ h jpnudt «Uywhnjugpmipjut dwuhyy opkuph: Uwljuy wju Lplnt
opttunpujutt wlwnbtph dhol gonipnit niukht npnowljh hwwunipnibitp U whdrnnipnititp, npnup
g uwynpuybu YEpupkpnid tht wmyywhnjugpmipjut opjljnubph nuuwlwupgdwip, wywhnjugpnipyut hhduw-
jut hwujugmpiniuubph vwhdwinudubphl, npnug dholi gnjnipinit mubkht pnduwinuluwihtt wudonnipniuubp:
unupp dwutwynpuybu Jepupbpnid £ «Uwwhnjugpnipjut dwupty 22 opkupnid b 22 punupughwljub
opkugppnid  dhlinyt  wywhnjuqpuljut  hwujugmpmnittiph  wwppkp  vwhdwbnidubpht, ophtwy’
wywhnqunhp b wywhnugpynn, wwywhnugpuydwp b wywhnjugpujui wupgl, wwywhnjugpuljub
wuwwnwhwp b wywhnjugpujut gtyp jud wywhnugpuljul ppugupdnipni, wywhnjugpdnny wud b
owhwnnt jud wywhnjugpjus wbd: Fugh wyn, punupughwlut opkiughppp npno ppnypubpny ninnuljh
yphund Ep opkupp' dwubwynpuuybu wuydwbwgph dwuny: Uju wdbkuh hbn dhwdwdwbwl upkup, np
punupughwlub opkiugnpnid uvwhdwity B Uh owpp unp hwuljugnipinitubp, npntp vhwhqudwyt junppe Eht
yhinwljuwl wywhnjuqpmpjut Uktwyunphh dudwbul: Uwutwynpuybu nputp Jepupbkpnd G htiwmtumjute
b dkntwplunhpuljut nhuljlnph, pyybu twh Yunuupuwitunynpjut wywhnugqpnipjuip:

Uljuhwyn t b dhwduwdwbwl phwljwl, np 22 wywhnjugpuljut nuonp jupquynpnn opktunpni-
pniup ghntu htwn b dund Juwnwpuy (hubnig, hsnd b dwuwdp guydwiwdnpus b 22 wywhnjugpujui
ontjuyh qupqugduénipjutt gusp dwluwppulp: Opuybue hhdbwdnpnid thwunktp, np wpbdnyui h pwpp
Epypubpnud wywhnjugpujut onitjujh qupqugusnipjut ikpjuyhu dwujuppuljn wpynitp b nwubtwdjuly-
ubtph, wopwbdht phypkpnud twb hwpnipudjuljukph wotwwnwph: Nunh wthpuwwb Ypdup wi, np 22-md
hwonnytp Adbwynplk] Juunwpu) wywhnugpuljui sniju pugudtup dp pwuh wwphubph plpwgpnid:
Uywhnjugqpuljub opktunpmpiniip qupquind £ wywhnjugpuljub onitjuyh qupqugdwtp hwdpbupug, nph
hpwdwlwt hpdpkph dpu Ynuph tnp hwpgip b qunuihwpubp: Ujuybu, 2004p. hnituhuh 11-ht Epowytu
pungmiynud £ «UwwhnJugpnipjut dwuptiny 22 unp opkupp, nptt wnwowpynd b opkuunpuljutt thnthnjunt-
pitubph puduljwithtt (nipe b wmnweowunhdwlu thwptp:

2Z wyuhnjugpuljut onijuyh opkiunpujwi juyugdwut fwbwyuphhtt wpdwnwlut thnthnpnipnt
nbnh niukguy 2005p. philubdpbiph 8-htt «bhtwtuwubt Yuwpquynpdwt b JEpwhulnnnipjut dhwynpjws
hwdwlwupgh ubkppypuwt dwuhty 22 opkuph punnitdwdp, puwn nph' 2006p. hniuduph 1-hg 22 $huwbutbph
twhiwpwupnipniithg 22 jEutnpniwluwt pwtljht ot wiginud wywhnduqpujut gnpénitubinipjut |hghiqu-
Ynpdwt, jupquynpdw b yEpwhuljnnmpjut htn juwws pninp (hwugnpnipniatbpp:
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zZz-nud wywhnjuqpuljui hwpwpbpmpniubtph jupguynpdw opkunpujwi nuownh dbwynpnidt
wiquwhwwnbkh gip mubguwy snmjuyh Juyugdwi gnpénid, npp bywuwnbg onijuymid gnpdnn unipjkljnnikph
(nuppbp juquuljbpywhpuduiut dukp niubgnn mbnbuwdupnn unipnutph) hpwyniupubph hwjuwuwpkg-
dwtip® Jbpphtuiubphu wnwownlting huwjuuwp yuydwutbp dbwynpdwl, gnpéniubnipjut b qupqugdw hwdwp:
YQuplnp E twl wyl, np wyuwhnjugpuju gnpdp wywdbkiwpiinphytg, wyjuhtipt® ontjuyh wuwydwbbnhg bjukng
gnpdnn unipjkljnibphtt htwpwynpnipnit npykg wquun dpguljgh): Zuyjwunwih wywhnjuqpujub onijwlb
pugytg wpnuuwhdwiyut juyhwnwih weel: Uwhdwi]tg wyywhnjugpujut pujpnipniuttph $httwbumljue
Juyniinipjutt b Jdwpnibwlnipjut wywhnddwi tinpdwnpdubph dhwiquduy tnp hwdwlupg, htyybu twb
wywhnjugpuljub puljpnipnibtinh gnpémiubnipjub puthwighlnipyut wywhnydw unpdtp, npt hp htppht
hwinhuwinid £ wywhnjugpuljut onitjujh qupqugdwi b wpynibwdbn Jkpuwhulnnnipjui jupbnpugniyi
twpuwyuydwt [5]:

Cunhwinip wodwdp 22 wwpwdpnid  gnpédnn  wywhnjugpujub  puybpoipnibtubpt whgus
wnwnphubpht b tbpjuynudu b oupnibwlnud Eu wywhnjuqpuijut gnpéniubnipmnit swju by npdpwpuin niuyptphg,
phinubtph, judwynp pdoljuljuty, hghjuju n1 hpuwjwpwbwluwh whdwig gnyph, mpuwbuynpunughtt hongubkph,
Eppnpn wbdwtg hwinby wpwbuynpuuwhtt dhongutph ubthwjwbwntpiph punupughujut yunwupuwbw-
wnynipjul;, wjhwghntt nhuljkph, ohtuunbnwduyhtt wppuwwnmwbpubph htin juwyws nhuljiph« shtwpwpubph
dwutwghnulut yuunuwupwbuwnympjul, gpuygh, bhtwtuwljut nhuljiph wwywhnjwugpnipjutt ninnnipmniu-
ukpny' wpwewplkiny ny wykih, put mywhnjugpnipjui 30 Swnwjunbuwl, vhusntin WUL-nid hpujubwugynid
E wywhnugpmipjut wykjh pwtt 6000 wnbkuwl [2]: Uwwhndugpnnubph Ynnuhg gniguwpbpdnn hhdtwlub
wlnhympnitp npubnpdt] b opheubph, gnypph b wpuwuwhdwb dEjunnubph ndpupun  yuunwhwpubphg
wwywhnjugpnipjub npnpunbkpnid:

Ujdd 22 wyuhnjugpuljut onijuyh Jbpnisntpjut tywwnwlng ntuntdbwuppbilp wywhnjugqpuljui
onitjut punipwgpnn hhdbwlwb gnigutthotbpn:

Ujuytu' 01.01.1996p. npmipjudp 22 wnwpwspmd gnpémid tp 83 wuywhnjugpuljut puljbpnipmni,
dhlypkn gputg dptwbuwlut jumibnipjut b Jdupnibwlnipjut wywhndwil, hyyboe bwb ppubg
gnpéntibnipjut tjuundwdp ywbnwlwt JEkpwhujnnmput ppulubugdut tyunwln wywhnjugpuljut
nuownp juintwljupgnny opktunpuju b Eupwopkiunpujut wlnbkph pgnitdwt wpyniipnid nputg phyt
uljukg mpwugnpku Ypdwnygk) b wpnku 01.07.1997p. npnipjudp thwunnwgh wywhnjuqpulju gnpéniubnipini tp
Swjuwynud pugudbup 4 pulbpoupnit, pung npnud gpuw hpwyniupt nibkp 10-p: 01.01.2006p. ppoipjudp 22
wywhnjugpujut onijut vywuwpynud k 23 thghiquuynpdus wyywhnqugpuijut puljipnipniy, nphg vhuyh 7-p
nitkt Quwbph wwwhnugpmipnit  ppwlwbwgubint  (hghiqhw b 7-p' wywhnugpuljut  ppoltpught
nuybpnipnit:

Udunupubuynpuiught  dhgngubph wwywhnjuqpnipjumb wknt m ghpp 22 wywhnjuqpujub
hudwjwpgonud: 22 wwywhnjugpuju onitjuynid  wjwnnupwuynpuughtt dhongutph (wjunthbnb' USU)
wwywhnjugpnipjub nbnt ot nipt wdtbh yuuitpuynp hwujwbwnt hwdwp thnpdbup Juwnwnpt) dipghtt Uh
pwith mwphubph npnpwlh yEpnusnipniuukp:

zupl L k), np goynipnit nibbgnn onijunud wdwunupwbuwynpuuwhtt dhgngubph wuywhnquw-
gpoipniutt nith hp mpnyt wbnp, b wywhnjugpnipjuiin phy ph owwn dwinpe punupughtt nbnul b twb
wywhnjugpnipjuit wju dlhg: Uudwsh wwywgnyg b hwighuwimd twlb wyl, np tkpuynmdu  2Z-md
gnpéntibnipnitt Swwinn pninp wwywhnjugpujut pulbpnipmitubptt ikt htyybu gudwpwjhtt wnpwbu-
wnpuujhtt Uhonguiph wywhnjugpnipjut (Quuln), wjiybu b tppopn whdwig tjundudp mputuynpunught
dhongubph ubthwjubwwnbpiph punupughuljut ywwnwupmwbtwnynipjut hsywbu Judwynp, wjbwybu
wupuunhp wywhnjugpnipjub [6] hpujubtugdw pnyjnynipmia:

Uunpl pipdws wpnuuulnud tkpjuyjugdnmid ' wyuwhnjuqpuju pulbpnipmniaibiph qupqugnidp
yYtpohtt 10 mwuphukpht:
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Unniuwl 1
2Z wyywbhnJugpujub puytpmpnibuiph qupqugnidp
31.12. | 31.12. | 31.12. | 31.12. | 31.12. | 31.12. | 31.12. | 31.12. | 31.12. | 31.12.
2002 | 2003 [ 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011
Lhgkuquynpquws pulyk-
2 22 2 2 1 1 12 11 12 11
pnipjnibbph putwlp 3 6 3 > 0
Qnpéniutinipinit hpuljwtwgunng
puljipnipniuubph pwbwlyp 19 19 21 20 15 10 11 11 12 9
Udunupuwbuynpuught dh-
ongutinh wwywhnjugpnipinil
hpwywtwgunn puytpmpnibutph| 16 16 18 17 14 9 10 10 11 9
pwtwljp

2Z wyywhnjwqgpnnubpp 2011p.-h wpyniupubpng Yupl) Bt wjununpuuynpuuwihtt thengubiph Ywuln
wywhnjugpnipjut 9000 b gudwpwihtt mpwbuwynpunwhtt vhongubph oquugnpénidhg phunn wuwnwupwbw-
nnipjutt wmywhnjugpnipjui 925 wuydwbwgnptp: Yupdus UNMNU guydwtwgpbph puputuljp tnyh mupju
wpnnibipubpny Juqul] E 580 hwqup: Yipdws wuydwbwgpbpny unwbdtws wupunwynpmipjut (nhuljh)
Ubbdnipjniup 2011p.-h wpyniupubpny Gwuln wywhnjugpnipjut nkuwyny Juqdty L 76 dipg ngpud, gmdwupuyght
npubuynpuughtt thengikph oqunugnpénidhg plunn judwynp wuyywhnjugpmpjut gény 28 ujpy npud, hul
UNNU wyywhnyugpm pjut wupdwiwgptpny 6.360 Ujpn npud:

USU whuwljubpny hwjupugqpué Jdwpubpp puduljut ks wmbuwupup Yohn B Juqdly 22
wywhnjugpujut  snijuynud: Uwubwynpuwbu, 2012p.-h ghljunbdpiph 31-h gpupjudp  dhuytt Qwuln
wywhnjugpnipjut nuuh g¢ény hwjwpwgpjus ydwpubpp Juqudl] Bu 1 531 dju npud, gudwpujhtt mpubu-
wnpuught Uhongubph oqunuugnpédnidhg ppunn judwynp wywhnjugpnipjui mkuwlnyg® 37 dju gpud, hull UMD
wupiwiwgpbph gén 14 804 djn ppud: Upuhiph' USU wwywhnjugpmpjui jududnp b wwpuwughp
nbuwljubpny hujuwpugpus wywhnjugpuydwnubpp juqul) Eu 22 wyuwhnjugpuljub ontuynid gnpénitbine-
pintt swuqws pnnp wywhnjuqpnnubph §nnuhg hwjuwpugpus hwdwpunt wywhnjugpuydwpubph 73%-n:
Zupy b Uokp, np wupnunhp wywhndugpnippul wpwghtt nmkuwlp” UNMU-u 22-md ubphubjnig hknn htig
wnwohtt mwpdu wpynibpbbpny 22 wywhndugpujui snijud wpdwbwgpkg wyt pimpwgpnn dh pwpp
gniguthotph  otonmwulh wd:  UVwubwynpuwbu, 2011p.-ht wywhnjuqpuljut  snmjuyh hwdwhiwnt
wyywhnyugpugwplbpp uqutghti 22 364 Uit npud’ gipuquiighny twjunpy wwpyu dhliingh gniguithop 2,7
wtqud jud 270%-n4:

USU wywhnjugpmipjutt mkuwljutpng hwduwpugpdus dbs dwup, wyy pynd’ Ywuln wywhnjw-
gpnipjut nkuwlubpny, uvinwgyty B phghjujut mud wmywhnjunhpubphg:

Yuuljn wywhnjugpnipjuit mbkuwlnyg 2011p.-ht hwjwpwugpus Jdwpubpny ontjuyh wpwewwnwp
«bugn Updkuhuw» Uyuwhnjuqpuljuiu @LC-u ' 380 dju ppud Jud snijuynid wwyuwhnjuqpnipjut ndjuyg
wnbuwlny hwjwpwugqpdus Jdwpubph 24,9%-h swithny hwjwpwgpus wwwhnjugpuydwp: Ujanithbnbs
(«[tnugnuuinpwiu-Unpdbkuhwy) wyuhnjugpuljui @LC 364 Uit npud jud sntjuynid wmwyywhnjwugpnipyjut nygyjuy
nkuwym] hunjupwgpud J&wpubph 23,4%-p, «Lwhph Papmpuiuy wyuwhnjugpulmb UNEC 250 djh npud fud
USU Juuln wywhnjugpnipjut 16,3%-h suthny wwwhnuqpuydwp, «Jwuluny Puonipwbu»y wwywhndu-
quuijul @R 218,4 U1l npud Jud USU Ywuln wyyuhnjwgpnipyub 14,3%-h swhny wyywhnugpugup b wyis

USU  ubthwljutwwnbpbph® Eppnpp wbdwtg hwinby punupughuljut wuwunwupmbunynipjub
Judwynp wyywhnjugpnipjut mkuwlny sniljuyh 53,8%-n Yud 19,8 Uju npudp hwupwqpty b «bugn Updbkuhw»
wywhnjugpuljut @LC-u: dhpghtihu 14,9% b 13,7% dwutwpwdhtubpny hwenpnnid Bt hwdwywwnwujupwiwpup
«Juuljun bugnipwbuy wywhnjuqpujut OLC -t b «Pnugnuunpuju-Updkihw»y wuyywhnjugpujuiu LG,
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npnup 2011p.-h pupwugpnid wywhnjugpnipjut wju mbkuwlng hwjupuqpty Eu 5,5 djo gpud b 5 dju gpud
wywhnjugpuywp:

bus JEpwpbpnud E UNMU mbuwlny hwodkgpus wywhnjugpuydwpubph gniguihoht, wyw wjunkn
«bugn Updkuhw» wywhnjugqpuljui @LCL-U ghel) E wnwowwwph hp nhpptpp b hwjwpwqgpt) k wndju inkuwlny
pojnp wywhnyuqgpnnubph Yaqdhg hwpkgpus wywhnyugpuydwpbph 17,4%-p° 2 572 )b gpud: Mupunwnhp
wwywhnjugpnipjub onitjuynmud wnwewwnwpp «(fhugnuunpuu-Updkihwy wyywhnjugpujui @LC-u k: dkpohtiu
2011p.-h pupwgpnid hwwpugpt] E 4 872 Uit ppud wwywhnjugpuydwp, husp Juqunid b wywpuwnhp
wywhnjugpnipjwit wbkuwlng hwodbkqpusd hwdwpunt  wywhnugpudwpubph  32,9%-p: Loyws  Lplyne
puljtpnipniutiphtt hwenpynid L «(thuny wywhnjugpujui PLL-u b «Lwhph Pupnipwiuy wywhnjugpuljut
UNC, npniip hwjwpwgply ki 1985 Ui npud b 1946 i npud wyyuwhnyugpuywp’ wyu gniguithpny qpunbgiing
wupununhp wyuhnjugpnippub snijugh’ hwdwyunwupwbupup  13,4%-p b 13,1%-p: Upug hwonpynid bl
«Qupuwbn Lhuktuwy wwywhnjugpulijui OLC-t, «Ywulwn Pupniputiuy wyuwhnjuqpujut @LC-u, «[ruwulny»
wwywhnjugpuljui UNLC -t b «Uhy Pupnipwiiuy wyywhnjugpuljut OLC-u:

Cunhwipuuwbu guijugws, wy pynwd twlb USU wywhnjugpnipjub onijut punipugpnn hwenpn
Juplnp gnigumihott wywhnjuqpuljut yunwhwpubph wpyniupnid wyywhnunhpttphtt jud Eppnpn wbidwbg
(pwhwnniukp, ninidnnutp) fwupdus hwnnignidubpi Eu:

Uyuwhnyuqpulju phlpmpiniuubph Ynndhg wpwbuwynpuughtt dhongubph wwywhnjuqpmipjut
Jwuiwynp U wwpwnhp wkuwfibpny 22 wywhnjugpnnubph Jdwpws  hwnnigmdubpp  pujudly G
puybpnipniiutph  Ynnuhg hwjwpwgpud wywhnjugpuddwpubph hwdwdwuinipjudp: Uwubtwynpuybu,
hywtu UNNU wuydwbwgptpn hwjwpugpués wwywhnjugpuydwpubph pgbwypnid, wjuybu b junwpws
huwunmgnudubph Swuwny wupununhp wywhnjugpnipju snijuyh UksS dwubwpwdht niukgnn pulbpnipniu-
ukpt L «nugnuunpuju-Updbuhwy UORC-u, «bPugn Updkuhw»y UORLC-u, «(Phuny UPLL —-u U «Lwhph
bPupnipmiuy UUMNC-: Ujunbkn pwgunnipnit £ Juqdl] dhugh Ywuln wwywhnjugpnipinitp, npunbn
huwjupugpus wyuwhnjuqpuydwptnh swjwny wnwewnup «buagn Updkuhw»y UOLC-u tnyt wnbkuwljh gény
Jdwpws hwnnignidubiph gniguhony qhoty E «(rnugnuunpuu-Updtuhuwy UOLL-hu: dbpohthu pudht b pully
Juuln wywhnjugpnipjut mkuwlny pnjnp wywhnjuqpnnubph Ynndhg ydupwus hwnnignidubnh 28,5%-n, huly
«bugn Upukthw» UOGLC-hi' 22,8%-p:

Cunhwinip wndwdp gudwpwyhtt USU wywhnjwgpnipjut mbuwlny 2011p.-h pipugpmid gnpéniuk-
nipjnil hpujwbwugpuws wywhnjugpuljub pubpnipmititph Ynnuhg junwpus hwnnigmdubph dkdnipniup
Juquty £ 970 Uit npud Yud onijuynid gnpénn wwywhnjugpnnubph Ynnuhg wywhnjugpnipjut pojnp
nbuwlubpny juunwpws pinhwinip hwnnigmdubph 12%-p: ‘Unyt dudwbtwjuhwnduwsnid USU ukthuljubtw-
wnbpkph' tppnpny wbhdwtg hwinby punuwpughwiwt yunwupwtunynipjut judwuynp wywhnjuqpnipjut
nbuwlny Juunwpws hwnnmgnudubph dbdnipmiip juqdl] £ 12,3 djo gpud jud hudwlupgnid Jdupdus
punhwinip hwnmgmdubph 0,2%-p: Pull whw UNMU wuwydwbwgpbipny Jdwupduws hwwnnignidubtpp 2011p.-ht
Juquty i 5 654,7 dju gpud jud snijuynid wywhnjuqpmipjut pnjnp mkuwlubpny Jdupdus hwnnignidubiph
70%-1:

Ujuhtpt® unnwugymud E, np mputuynpuughtt vhongubph judwynp b yupunwnhp wywhnjugpnipiui
nbuwlitpn] hwjupugptng wywhndugpulub snijuyh hudwjwet wywhnjugpuddupbph 73%-p° wyy
unyb nbuwlubpny wywhnugpujuwt puybpoiemnitiiph hwnnignudubph mbkuwluwpup Yohot pughwinip
hwwinmgnudutph Jdbky ghpmquugnid L 82%-p: Uw Jiuynud L wwywhndugpnipjut wy] wbkuwlukph
hudbdwunnipjudp wpuwtuynpuught dhongubph htn juwyyws wywhnjugpnipjutt hwdbdwnwpwp pupdp
Juwuwpbpnipjub dwuhtt: Cwupnibwljbny yEpnisnipinitp’ Jupnn tup wpdwbwgpk), np Juwuwpbpnipiniup, npt
nunhwinip wndwdp wmywhnjugpujut hwinnignidutph b hwjupwgpus wywhnjuqpuyfwpubph hwpupkpne-
pintup punipwqpnn gnigwthy b, hwinhuwind E wywhndugpuljut onijuyh jupbnpugnyi gniguthop: Ujt
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npybtu nhuljh qupquguwb gniguthy punipugpnid E hisybu wyywhndugqpnnh Jhpunwé vwljuquught punupw-
Juunipjui Logpuintpniip, wytybu b gnpéntubnipjut wpyniupnid pwhnyp vinwtwnt htwpwynpnipniup:

Juwuwpkpnipjutt sunphhy wwpq b gunind jnipupwbsnip 100 dhwynp wwywhnjuqpuydwpht
pwdht puljunn hwnnmgdwt swithp: Ujuhlpl, bpk 22 wywhndugpujwt ontjugh dhehtt Juwuwpkpnipiniip 2011p.-
b wpyniupubpny Juquly k50,08%, wyw nu tpwbwlnid L, np wyuwhnjugpnipjut pnpnp mkuwljukpny vnwugus
100 Yhwnp wwwhnjugpuydupubtph nhiwg 22 wywhnjugqpuljut puybkpnipniuubpp ydwpk) Bu 50,08 vhwnp
hwwnnignud:

Uwywhnjugpnipjut wy] nbkuwljubph hwdbdwnnipjudp wpuwbuynpuwhtt dhongubph wwwhnygw-
gpoipniup ZZ-nd wpwdl) Juwuwpbp wywhndugpnipjut mkuwl k, phl dbp Gpjpnod wywhndugpnipjut wyu b
wy] mhuwlubpny wpdwbwgpud Juwuwpkpmpjut gniguthoibpp qquhnpbt gudp u dhowqquyht onitjuibpnid
pugniuth hwdwtdwb gniguwthpubphg:

U wonudnd hwpy b gk, np 22 wywhnjugpujub gnijuyh dhohtt 50,08% Juwuwpbpnipju
wupuguynid Ywuljn wywhnjugpnipjub gény Juwuwpbpnipniup juqul) k 70,8%, hull UNNU wuydwiwgnptph
qony 53,6%:

Puwjubwpwp vw nith hp pwguwnpnipinitp, pwth np gqnuyph, pheubph, wewlgnipjub, ndpwjun
ntyptnhg b wy) mbuwljubpny wywhnjugpuljut junonp yunwhwpibp btwpunpy mwupnid sk qputigyl) b upup
2z-mud Upnnwybu ny pupdp Jhwuwpbpnipnit nibkgnn wkuwlubp o hwinphuwinod: Uy E ygwnlipp wjwbnw-
pup pupdp Juwuwpkpmipinit nibubgnn pdojulut wywhnjuqpmpjut wbuwlng b 2011p.-ht dh pwth
wywhnjugpujutt  wwwnwhwpubph hEnbwipny  pwpdp  Juuuwpbpoipnit wpdwbwgpus  pughwinip
yuunuujputunympjut wywhnjugpnipjut mbkuwlubpny, npnig Juwuwpbpnipniip juqdt] B hudwwyw-
nwufuwbwpwp 80,3% b 88,1%:

b wwpphpnipnit Juwuwpbpnipjutt gnigwuhoh' 22 wwwhnugpuut  onijuyh  dhoptp
huwdbdwwnnipyudp mpwbuynpuuwhtt dhgngubph wywhnjugpnipjutt mbuwljubpny gwsdp bt JEkpuwyyuhnyw-
gpouipjutt thnppwtgyws nhuljtiph b Jdwpubph gnigwuhop: Cun npnud, bpk bwjplhund dhugt pdoului
wywhnugpnipju gény tp, np 22 wywhnjuqpnnubpp Jkpuwwywhnjugpnipjut nhuljip (U Jdwpubp) skh
thnpuwmignid jud wyn thnpuwbgnidubpp own thnpp dwu Eht juqunud, wyw 2011p.-ht wyn nbuwlht wybuguy
twl UNMNU-U, nph gény 2Z-md qnpénn npbl wmywhnjuqpuljui pubpnipmnit Jkpuwywhnduqgpnipjut nhuljbp
b Jdwplbp sh thnpuwmugk: UNNU gény puuljuht vbs wywhnjuqpuydwpubph swjuh b npug qpnuljut
JEpuuwwywhnjugpmpjui hbnbwiupny twjunpy wwphubph hwdbdwnnipjudp 22 wywhnjugpujw pnijuynud
qquihnpkt wjuql) b Jhipuuywhnjugpnipjutt hnpwbguws phuljiph b J&wputph wbuwwpup Yohep:
Uwubtwynpuuybtu, 2011p.-h wpymbpubpny Jhpuwuwywhnjugpnipymt  thnjumbgué 2 909,8 Ui nppud
wwywhnjugpuydwupubpp uqul) o onjugh hwdwhunt wywhnjugpuydwpubph 13%-p, wyn nhypnd, bpp wyn
gmgulthop 2010p.-h wpryniipibpny Juqul) 49,6%-n, 2009p.-h wpyniipitpny’ 50,3%-p, 2008p-h wpnniipukpny]
50,9%-n b wyt: ‘Lny bt npudwpwunipjudp, tuqb] L bwub punphwinin wywhnjugpujut yupunwynponipniubph
Ubo Jhpuuyuwhnjugpnipjub thnpjuwbigws nhuljinh mbuwluwpup Yohep: Ujua 2011p.-h wpgniupubpny juqul) b
25,3%, 2010p.-h wpmyniiputpm] 75,8%, 2009p.-h wpympukpm] 80,4%, 2008p.-h wpmyyniuphtpny 83,5% b wyb:

USU wuywhnugpnipmit hpuwbwginng puljbpnipmittbph Ynnuhg 2011p.-ht JEpuwwwwhndu-
gqpmpjut t thnjuwbgt] unwbdiws nhuljtph 36,2%-p npu phiwg Jipuwywhnjugpnnbphtt hnfuwghingd
hujuwpugpus wwywhnJugpuydwpubtph 27,1%-p Jud 414,2 dju ngpud gnudwp, hust b juqdl)] B wywhndw-
gpuut puybpnipitubph  Ynnuhg  JEpwwwywhnugpnipjutt thnpowbgquws  hwdwpwunt  Jhpuuyw-
hnjwugpuydwunputinh 14,2%-n:

zZz-nud npwbuynpuuhtt Uhongubph wywhnjugpmpjut (wyy pynd’ Ywuln wwywhnjugpnipyulb,
gudwpujhtt nputiuynpuught Uhongutph oquugnpénidhg plunn yunuwuppmtwnynipjut wyywhnjugpnipjui b
UNNU) wnwbdht gniguthoibph Jepuptpuy) dipghtt muphubph nbnkjungnipmniip tkpjuyugynid | wnpniuwy
2-niu:
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Unniuwly 2
2Z-mu wpwhuwynpunught dhgngubph wywhnjuqpnipjut wnwbdh gnigmhutph
owndp 2008-2011 pywywukphit

Bniguliholikp 2011p. 2010p. 2009p. 2008p.
2upjbqpund wywhnywgpunjdwpbbph Swiugp, djb. nn. wyy pynud 22363.6 82550 (81369 |7,783.7
Swdwpuyhlt mpuuynpuuyhtt wywhnjuqpnipejub gény 1,531.0 1,559.8 1,515.5 2,244.9
Bud

wlwpwihtt mpuwbiuwnpuwghtt Uhgngutinh oquinuugnpénidhg pluny 36.9 152.7 187.0 1163
yuwnwupwiunynipjul wywhnjuqpnipju gény
UMNNU gény 14,856.7 - - -
Zupkqpué wuymhnyugpuly. hunnnignidbkph gnidwpp dju. nn., wyny pynud”  |8,070.0 1,7425 |1,900.6 |1,374.6
Swdwpuyhtt mputuynpuuhtt wywhnjuqgnpnipjut gony 970.0 667.5 854.0 829.3
Swdwpuyhlt mpuwuynpuuyghtt thongubiph oquiugnpénidhg phuny 123 024 499 431
wuwiwupwbwunyntpjub wywhnjugpnipjut gény
unnu 5,509.6 - - -
Zwpkgpué JEpunuuywhnyug. JAwphkph dunfugp diu. nn., wyy pynd 2,909.8 4091.9 40919 (39612
Swdwpuyhlt mpuuynpuuyhtt wywhnjuqpnipjub gényg 414.2 526.9 493.3 574.7
Bud

wlwpwjhtt mnpuwbiuwnpuwghtt Uhgngubinh oquinuugnpénidhg plunn 14 148 454 08
yunwupwunynipjul wywhnjuqpnipju gény
unnu - - - -
Jhwuwpkpmpywh gniguifisp, %, wyy pynid 50,08 22,71 30,94 27,69
Swdwpuyhtt mputuynpuuhtt wywhnjuqgnpnipjub gény 70,76 37,22 43,42 54,35
Swdwpuyhlt mpuwuynpuuyghtt thongubiph oquuiugnpénivdhg phuny 30,84 66,09 30,17 63.81
wuwnwupwunynipjut wywhnjuqpnipjub gény
unnu 53,64 - - -

Udthnthtind 2Z-mud  wpwiuynpunught  dhgngubph  hbn juydws judwynp b wwpuwghp
wywhnugpnipjut gniguthoubph JEpnisnipniup’ Jupnn Eup wpdwbwgnl), np hsybu wyn onijuygh, wyiybu
b 22 wmywhnJugpuljut nne snijuyh ypu bwljut mqpbkgnipnit £ pank; UNMU-h tbpdnidnudp, hgh hbnbwupnyg
wupnnonipjudp thnthnpjudl] B wywhnuqpuljw onijuyh junniguspp: NMupunwunhp wywhnjuqpnipjut
ubpppuudp £ guydwbtuynpjus twb twpnpny wuphbph hwdbdwnnipyudp 2011p.-ht judwynp wywhndw-
gpnipjutt wbuwlubph Swuwjubph Ypdwwnidp, wwywhnjugpuiut hwwnnmgnidubph b Juwuwpkpmipjut
dwjuppulh wdp, Jkpuwywhnjugpnipjut Swdwjubph tugnudp b wyj:

Uwultwynpuytu, 2009-2010 pduluwbkph wbnbuwljut £guwdwdh htnbwipny pwultph Ynnuhg
wyunnjupluynpdwb swuutph Ypdunnidp, husybu twb dpguljgnipyuis hbnbwipny vwjuqutph tugtgnudp
hwigtgnpty Eu 2009p.-hg ujuws Ywuln wywhnjugpnipjuit mkuwlng hwjuwpugpus wywhnjugpuyfwputph
ujuquui: bus Jipwpkpnid £ gudwpughtt mpuuynpunuyghtt dhongutph oqunugnpénidhg plunn yunuujuwbw-
nnipjut judwynp wywhnjugpnipyuip, wyw phl wywhnjugpnipyut wju nkuwlny 22 wywhnjwuqpnnubpp
Eppblk wliunhy gnpéniubnipmit skt Swuyl], wyjumwdbiwghy 2011p.-ht wywhnjugpnipjut wju wmbkuwlh
Swyuwubtph Yupniy wilnudp mpudwpwinpkt wuydwiwdnpuws tp UNNU hwdwlupgh ubpdnisdwdp, hush
wpyniupnid UNNU wupdwbwgpbpny twpwnbuqus 10,5 djt gpud wywhnjugpujuit gnidwuphg wybih
swoslnypny Jyuyugpbp bwpbnpl) b vwhiwbuthwl pyny widhip hhdtwlwind onupbplpyu juqiulbp-
wnipjnibiubph nt nhuywwnttph tkpjuyugnighsubpp:
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UNNU hwdwlupgh ubkpppdwt hbnbwupny hwuwpwlnipjut ppuqubdnipjut pupdpugdut
wpyniupnid  hwnnmgmdubph  swwih wdh, dpguygnipyub wpyniopmd wywhnjugqpujut vwlwuqubph
tjuquut hbnbwipny hwwnnigmdubph hwunwnmt dwwpnulh ywhywidwb, nnpnp jupquynpnid b
Jipwhulnnnipinit hpwuwbwgunn unipklnubph (22 YEunpnuwuwt pwll, «Zwjwunwih wjunnuwyuwhnjuw-
gponukph poipn» PUU) htnbnqulwb Jipwhuljnpnipjut wpgniupnid 2011p.-ht jupnly pupdpugl) k
Juwuwpbpnipjut gniguithop:

KOHCTPYKTUBHBIE OCOBEHHOCTHU U TEHJAEHIINHU PA3BBUTHUSA CTPAXOBOTI'O PBIHKA B PA

Mapkocsin A.A.
ApmsiHCKUU 20CY0apCcmeeH bl SIKOHOMUYECKUL YHUBEPCUMEN

KnaioueBble cioBa: cTpaxoBOI PBHIHOK, PETYIMPOBAHWE PHIHKA, CTPAXOBBIC HOPMATHBBI, CTPaxXOBAaHWE aBTOTPAHCIIOPTHBIX
CpPEeACTB, BO3MEIIEHNE yIepOa, yIpaBieHHe pUCKaMHU

AHHOTADUA

HawubGoee BaKHBIM HHCTUTYTOM 00€CIIEYEHHUS] MEXaHU3Ma PIHOYHON 3KOHOMMKH SIBIISICTCS] CTPAXOBAHUE.

BceemupHblii  prHAHCOBO-9KOHOMHYECKHH KpHu3uC, Havyapmmiics B 2008 rooy W NpOJNODKAIOLIIMKCS A0 CHX TIOp
(mpaBHTENBbCTBA MHOTHX CTpPaH NPWIATalOT OTPOMHBIE YCWIIMSI M OCYIIECTBISIOT AHTHUKPU3UCHBIE NPOTPaMMBI  JUIs
MIPEOJIOJIEHHSI €TO TOCIEICTBHI), TTOKa3al, YTO OJHOW M3 OCHOBHBIX NPUYMH €r0 BO3SHWKHOBEHHMS SIBIISIOTCS YIYIICHHS H
OIINOKH B CTPAXOBOW CHCTEME.

CTpaxoBoil PBIHOK HMMEET CBOM OCOOEHHOCTH (OopMUpoBaHUs B PecnyOnnke ApMeHHsT M HaxOAWTCS Ha CTaJAuU
cTaHOBJIeHWs. HeoTpemieMoil YacThIO 3TOTO pBIHKA SBISIETCST  00s3aTEIbHOE CTPaxOBaHWE AaBTOTPAXKIAHCKOU
otrsercTtBeHHOCTH (OCAT O), K0TOpOE CTanmo nmpuMeHsThes B Apmennu ¢ 1-ro saBaps 2011 roga.

B cratbe npencrasieHsl ocHOBHbIE 3anaun GopmupoBanus U pasButis OCAI'O B ApMeHHH, SBISIOLIETOCS BaXKHOU
COCTaBHOM YacCThIO CTPAXOBOI'O PHIHKA.

INSURANCE MARKET CHARACTERISTICS AND DEVELOPMENT
TRENDS IN THE REPUBLIC OF ARMENIA
A.A. Markosyan
Armenian StateUniversity of Economics

Keywords: insurance market, market regulation, insurance standards, auto insurance agents, damage compensation, risk
management

SUMMARY

Insurance is one of the most important institutions of the market economy mechanism. The global financial crisis
started in 2008 (which is still lasting in almost every country) and governments try to overcome the consequences of the crisis
with great efforts by implementing anti-crisis programmes. The study shows that one of the main causes of crisis are the gaps
and shortcomings in the field of insurance.

The insurance market has its own evolving features in the Republic of Armenia and it is still in the process of
development. The integral part of this market is the mandatory liability insurance (MLI), which was used in RA since the 1st of
January, 2011.

The main problems and development ways of MLI in the Republic of Armenia are presented, which is the vital
component of the insurance market.
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257 364.046.6

Uucurd anNk3Lh OR3EUSh AUMMBUYUL Y SNRLYSPNLUL UUTIUONREBUL ZUTYULTUUL
UteNTUFULNRE3NRULE

9.Q. Znyhwithujwi, S.U. Umpunhpnuyui, 4.7, Ttwdpjut

Eplwih dwpunupuybunnippul b ohiwpupnipraul wyhnwlul huduyuwpub

Pwiiwh punkp. wiowpd gnyp, ghwhwnmd, snijuyuljut wpdtp, nkjuthjulwt thopdwpttnipnil, Swjuuwht
Uninkgnid, bhqhjujut dwrubdnipnil, pupnjuljut dupdwusnipni

Znpywdp JEpupbpnid Fwipwpd gniph snijuyulul wipdbph gliuuhunindwl juliphpbibppl: Uwubun/npug by,
Junuinid Fwlipwpd gnyph ontjuguwlwl wipdbph quhwundwl Swpruughll dnunkgdwl jhpundwl dudwiwly gniph
pupnulml jud pniilghniuyg dwpywdnipiul qhwhunndwl fulnppbbph Jwupb: Mronwplynid Fpapnpu ol

vwpywénipull Epynt nkuwly: Unwohl nbuwlp dbplyuyuginid F jupnygh wpdbph pokgnidnp, npp juwgws E
ghnunbdhulwh wnwepipugh b ohiwpupulwl wofuunnuipbliph Fdulugdwl hkw, uyuhlpl' wknh Foiakinid
wifbh i unnigywé shbnipinibbbph wpdbgplnid: Ephpnpn wkuwlp bkphuyuginid F junnygh SEpugnidp,
nph wnwewlnid F pw wnwupplbph I pbadbbbpulwl hudwlupglph nygjuy pgpnipjundp gnpdnn nwpuwduwyywiuyhi,
gnimwnpnilnpy, vwbhunwpuhhghbihl b uyy anpdunnpibphi shudwyuwnwupnmbling hknbwipny:

Ukplhugnidu ypuwlmphuynid punn wpphwlmb pbnpp Fungiay nhgh duoywdnipinibabpp JEpughbing huipgp: Uja
wnkuwfh pupmyulwl dwpdwdnipul dkSnipiniip quwhunnnid o huwdbdunnwlwl jupgny ' hwdbdunnking hhi
oshtmppul JEpulwbhqhnnuwlwi b poypnp dnpdEphl hudlwgunnwupnnl Jupnigyws dnp phinyepul Junnigdub

wpdbpllpp: Znpywénid npynid ko il gniyph pupnjulul dwpywényepul ghuhunndwl dkpnpului gmgnidiakp

Ubtowpd qnyph ontjujulwl wpdbpp unynpuwpwup npuwupyynd E npybu wyuqu nbnbuwuljub
wuydwbbph wpunugnnud b hhdudws £ npnowlhh dudwbwljuhwndwsh hwdwp punpny ontjuyuljut ndjukph
Jpu: Upwpd goyph onijuyh b gnpswpupnipjut npnpunid wknh niibkignn hnthnpunipniatipp jupnn o Jdbs
wqnbkgnipinih nitktw) wuownd gniph wpdtph Ypu: Ldwb Uks wmqnbgnipnit wpdtph ypw Jupnn E niukbw) bwub
okuiph ud ohtuinipjut vwpywubnipntip:

Ulpwpd gnuyph opjtjuip dwjuuwyhtt dnnbkgdwtt mbuwulmnithg' quuwhwwnnubpp hwunnud Gu wdyuy
opjtyinp phy JEpupununpnipyui wpdtpp ud 1phy thnjuhwnnigdw wpdbpp, wyunthknb pputthg hwind tu
okipinh b phumipinititbph quwhwwngws gnidwpuyhtt dwoubmpiniup: Uwpdwdnipniup npnoynud L npybu
«oquujupnipjutt Ynpniun’ Japwbwlh tub guujugus yuwndwnny wpdtph Ynpniuwns: Owpiuughtt dninkgdwt
Ubo dwpgwdnipjul gnpéntp Yhpundmd £ hwwnntly punpws ohuntpjub punipwuqpbph b wyy tny ohtinipyub wyt
punipwgnptinh dholt mwupplpnipiniup hwoygh wntibjnt tyuwwnwlynyg, npt wyn jurnygp Yupny bp bbby, et jhubp
htug tinp jurnigus:

Chuptph b ohumipinititkph oquugnpénidl, punn wywtwlnipjut wijintuwthbihnptt phipnd £ npubg
Yntunpnijghwiph wwppbph skpugdwin b dhghjuljut dwpdudnmipjuit b huyn quni, wjuhtipt' npuig
swhwgnpénquunkuhjuljui pintpugpbph Ynpunht phwljhiwjulwh b nkubwsht gnpsnutkph wqpkgnipyub
wpniupnid: Uwonidt whinwntiwh Eplinygp k, npp gnpstwljuimid pipnud £ ntunnpnijghwttiph Juwudbniu b
dwubiwh jud wdpnnowljut puypuydwip:

Uy hull yuwndwrny quuhwndwb gnpépupugnid swwn £ Jupbnpymd wbowpd gqnyph wnkjuuhjuljub
thnpdwpbiinipjutt hpuwwgnudp, npp juunwupymd k okupkph b junnigyuspubiph, gputg ukupbph b wnwdht
Junniguspuyhtt mwpptph hpwjuwt ntuthjuwt Jhulh npnpdwt tyunwlyny: Ujuhtpt' hpujwbwgynud k
wtpwind gnijph opjkjnnh dhqhjulju vmpdusnipjult wunmhfwh ghwhwwnnud:

Shqhjuljut dwpduédnipnithg quun’ Junnygh nitbumd E twb pupnuljut jud  $niulghnbiug
dwodwdnipnii: Fupnjuljut dwpywubsnipiniup h huyn k quihu hqhjulju dwrubnipiniithg wjuh b hpkuhg
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ubpuyugunid £ ohtimpjut pwhwgnpddwl npuljh hotignid, npp hwighgunmd L unpdwwnhy swihwhyubph
thnthnpudwip:

Puwlpsnipjutt ympulub  jupnnmpniubbph  puguyudwip  qnigpipug  Junnygh pupnjuljui
dwpdwdnipinitt wykjh onin E h hwyn qujhu, putt $hqhjujut dwrdusnipmiipn:

Swippbpmid b Epynt mbkuwlh pupnjujut dwpdusnipinit: Unwehtt mbuwlp tpwbwljtup Ui’ Junnygh
wpdtph potgnudt L, npp juwwsd b ghnwunbjuihjuljut wnweppwugh b shtwpwpuwluwt wohiwnwuputph
Edwtwgdwt htwn: Ujuhtipti® wbnh E nitktinud wdkh Jun juepmigwé ohunipinittiph wpdtqpynud: Uju nhypnid
dwpywdnipiniup npnoynid k hbnbjwy pwbwdung.

Ui=(1- ¢ )xUn=N1xUn, (1)
npunkry.
U1 - dwpdwdnipjutt wpdtph pugupdwl dbdnipniut £ wpunwhuwjnqus 22 npudnd,
M1 - pupnujut dwpubnipjut winwghtt nkuwljp punipugnpnn gniguihot k,
Un - idwbwwnhy hhtt junnygh wpdtpt k,
¢ - unp (Ud) b hhtt (Us) Junnygubph wpdtpubph dkdnipmniuutph hwpwpkpnipniup:

Pupnjuljut dwpdwsnipjut Epipnpny mbuwlh npnonudp, tpwbwlktp U2' Junnygh Skpugniudu k, npt
wnwowinid k tpw mwppbph b hudbubpuut hwdwlwupgbiph® wnjju gpnipjudp gnpénn nupuwswyywbuyghl,
ynuunpnijnhy, uvwihwwpwhhghbuhll b wy wnpdwnhdubpht  shwdwywunwuppwbbne hbnbwbpnd: Uydd
wpuliunhiund wpnhuwbt utnhp B wdju; mhyh dwodudnipmniuubpp yEpugtbint hwupgp: Uju mbuwlh
pupnjuljui dwpdwsnipjut Ukdnipniup quuhwwnnid ki hwdbdwnwuljut jupgny]' hwdbkdwwnbing hhtt shtimpjut
Jhpujuiqunquljui b pojnp tnpdiphtt hwdwywnwuepwt juenigqus tnp shtimpjut junnigdwt wpdbpubpp:
Tw Jupkh E ukpuyugiht] hbnbjw) dupbdwnhjuljuwb putwdbh nnkupny.

U2 = M2 x U = Yu, @)
npunkry.
U - junnygh uljqpimljuts wpdtpt £ wipnnwhwjndws 22 npudnd,
M2 — pupnjuljui dwpdwénipjub tplpnpn mkuwlp punipugnpnn gniguthou k,
Yy — JEpuwljurenigdwt hwdwp wihpudbon juwyhunwy tkpgpdwi pduyghtt dkdmpiniup’ wpunwhuyudus 22
nnudny:

b muppipmpinit wnwehtt mbkuwlhh pupnjuljut dwpdudnipjut, npp Jupidws sk jpugnighy dwpaubph
htwn, Eplypnpy nbuwlt wadhpwljwiunpkt juyldws bt juyhwnwy JEkpubnpngmid wbgljugubnt htin: Gnjnipmnit
niubkgnn Juonygh pwupnjuljuwt dwyduwénipjul Jipugdwit niqpjws swjuubph poyjuwnpbih vwhdwbt wyi
Ubkénmipjnii E, npp sh gipuquiignid unp ohtinipjut jurnigdwt hwdwp wthpwdbon swpiubph dbdnipniup: Cuy
npnud”’ wyy tnp ohinipnibp duljbpbtuny, mbnbuwljut htwpwynpnipnibtpng b niujghniuy tpwbwlnipjudp
whwnp E wdpnnenhtt hwlwwywwnwuwbh hhit shinppubp, hul wkthjulwb suthwbhotbpn] dudwbwljwlhg
unpUuwnhyuyhtt vnwbnupuniubphtt: fFupnuljut dwpdwénipniup wmbtnh L ntubkunid jupniy Yepynyd b dkSwytu
jupjws b huwdwyuwunwupwbt puwlbih wupdwbibph pupbjudynny yguhwbetubphg: Ujuybu, el twhljhinud
phwlybnt tjuundwdp wwhwieubpp skhtt thnthnpuynid unyuhull hwpnipudyjuljubph pipwugpnd, wyw uydd
upwip wwhywiynd bt wowybjugnyip wnwup vwwph: Ophtiwl”® thpuynidu 2z-nud pwlbjh hwndwsdp mwp
opudwnwljupupdui, ghpnigdwt hwdwp juyunpk ujuly b hpunt] prujut quqny wohwnng withwnwljut
jwpuwibpp' btwphinud gqonipmnit mbbkgws Yhunpntuubt wwp opudwunwljupupdut b oknpmigdwt
hwdwljupgbph thnpwpbu: 2h pugunynid, np wju dhnnidp hbnwquyniud thnpugh, wuktp, wpbh tubpghwt
ogquugnpdnrn tdwbwnhy hwdwlwpgbpny:

bustk, wydd Jupnn Eup npnok) pupnjujut dwyudnipju punhwinip dkdnipintup.

Ui =U1+U2=N1xUn+MN2xU: 3)
YQuunwpkp thnthnjunipnil.
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Mi=1-¢ =1-Uu/Ux: 4)
Uwnwunud Eup.
Uiy = (U — U) + Y, (5)
npukn.
(Un = Uu) = pugupdwl] wpdqpynid, npp hinbwbp £ ghnwnbuuhjuyubt wnweptpugh,
Yu - juyhwnw ubpypnud, npt wnwewgl) L nbuthjulwt wpwepipugh yundwnny:

Uhuwyt kpwljunnigdwt thongny Junkih £ thnppugul) pupnjuljut dwpdwdnipintup:

Puwljtih dnunh wbjugnudp b ptuldbnt yuydwbubph pupbjuynidp hpujubwugynid Eu Eplnt, hpup
htwn hnpjujuyulgdws dukpny® tnp shttwpupmpjui b JEkpuljunnigdut thongny (wpphujubugnid b juwhuuyg
Jtpwiunpngnid): Uju Epynt dbkpp hpujubwugndp hwdwyuwunwupwt hwdwdwubtnipyudp npnoymd £ b
npnoybnt £ puwljhsubiph ptwljytint wwhwbeubtphg Ljukny: 9wy dudwbwluwopowtnid junnigus phwlbih
$nunh Juyhunw| Jpuinpnguui b Jekpujuenigdwut knipyniut wyt E, np twje b wowe npuing wywhnygynud k
unghwjulut Jhdwlh pupbjuynidp: bull ptwfhsubph unin wnjw wwhwbeubpp whwp t hpkug wpunwugninudp
gkl unp ohttwpuwpmipjut vk wykjh gubnp Swubkph wuydwbubpnid:

Npulh wbuwblnithg, quwhwnbng wwpplip pwupdugdwt  dlbkp, wihpwdbion Wb, np
Jhpuupnignidp hwigbkginid t dhqhjujut b pupnyuiwut dwouénipjut hokgdwl, husp owwn Juplnp b
Ghunwnbkuuhjulut gopdpupwgh wpyniupmd wbnh £ mbbimd junnygh pupnuljut dwpdubnipjut
wpwqugyus  dbkdwgnid, npp  gmgupbpynud  EoSwwjuuwubwghtt b Ynbuwnpnijnhy  swhwihpubpht
withuwdwywwnwuhwint pjudp:

YQunnygh Skpugnudp ntnh E mbbkunid $hqhjujut b pupnjuljut dwupdubmpjut, tpw wwuppbph b
hudtubpwljut vwppwynpnudubph pwpphg nnipu qunt htun: Puyg wyy dwpdwdnipniubpt wnwewgung
thwunbptt mubku  dhqhjuljutt wwppbp b wnwowugdwt puquuqu  yuwndwnubp: Gephk  bhqhiulub
dwpgwdnipniip Jubjunpnoynid £ wbkjnbhjulwt swhwgnpsbdwdp, wwyw pupnjuljut dwpdwbnipiniup
Jwujunpnot] htwpwynp sk, pwth np pupnuljut dwrwbmpniupn pugunpynid b wpunwunpnipmiund b
shttwpupnipniinid  ghnwnbuthjujut wnwopupwgny, npnup Eipwnpmd i hwdwywunwuwt  unp
unwlnupunibp nt unpdbp, hugh hbnbwipny shtunipjut pwhwgnpsdw tmuphpt wdbth £ dEdwinud:

Uthpwdtow k ok twl, np dhtish Jipohtt dudwbwyjutipu, npytu juink, guwhwwnnnubpt wpwybjuwtu
UkS Juplnpnipnit tht twjhu dhugtt Shqhjujut dwoubnipjuup: Ujuhtys hhdw wyn bplynt gnpénutbpp
ghunuplynud Bt hwjuwuwpuwbu, hull wowehljuynid, hwoldh wntbng pupdp nkjuninghwibph qupqugduit
wnbdybpp, Yupbh b Bupwnpl], np pupnujut jud dmulghntwy dwrwbnipjut qnpénuh wqnbkgnipjut
Jtpnidnipiniup quwhwwnnnutph Ynnuhg Ygpuntgih wnwetughti nnkiy:

METOJOJIOTHUA PACYETA MOPAJIBHOI'O 1 ®U3UYECKOI'O
HN3HOCA OFBEKTA HEJIBUJKUMOCTH

Oranecsin B.II, Maptupocsan T.C., AooBsiH A.A., JaBTsan K./,
Epesanckuii 2ocyoapcmeennulil yHugepcumenm apXumeKmypol U CIpoumenibCmed

KaioueBble c10Ba: HEABHKUMOCTb, OLIEHKA, PHIHOYHAS! CTOMMOCTh, TEXHIMUYECKasl 3KCIIEPTH3a, 3aTPATHBIA NOAX0, GU3HUECKUI
H3HOC, MOPaJIbHBIN U3HOC

AHHOTADUSA

CraTbsi TOCBAIIEHA BOMPOCAM OICHKM PHIHOYHOW CTOMMOCTH HEABWXHMOCTH. B 9acTHOCTH, paccMaTpHBaIOTCS
BOIIPOCHI OLIEHKH MOPAJIBHOTO WM (DYHKIIMOHAJIBHOTO M3HOCA IIPU HCIIOJIb30BAHUM 3aTPATHOTO MOAXOAA OLEHKH PHIHOYHOMN
CTOUMOCTH HEJIBIKMMOCTU. B cTarbe paccMOTpeHbl [BE€ pPa3sHOBUAHOCTH MOpanbHOro u3Hoca. [lepBas pa3HOBHJIHOCTH
MIPEACTAaBISET COOOM CHIDKCHHE CTOMMOCTH CTPOCHHS, CBA3aHHOE C HAYyYHO-TEXHHMUYECKHM IIPOTPECCOM M YACIICBICHHEM
CTPOUTETBHBIX paboT, MPOUCXOOUT OOCCIEHMBAHME DPAaHEE IMOCTPOCHHBIX CTPOEHWH. BTopas pa3HOBHAHOCTH MOPAJILHOTO
M3HOCA TPEJACTAaBIsIET cOOOW CTapeHHe CTPOCHUsI, BHI3BAHHOE PE3yJbTaTOM HECOOTBETCTBHSI €r0 3JIEMEHTOB U HWH)KEHEPHBIX

148 SE1EYUSP 2/2013



SUSEUUSPSIPP3IPL

CHCTEM JICHCTBYIOIIMM IIPOCTPAHCTBEHHO-TIAHMPOBOYHBIM, KOHCTPYKTHUBHBIM, CaHUTAPHO-TUTHEHHMYECKHM U JIpYTUM
HopMaTuBaM. Ha mpakThKe BONPOC YCTpaHEHUS TAKHX BHUIOB MU3HOCA ABISIETCSI aKTyalbHBIM. BenmumHy MopanbHOro m3Hoca
TAaKOTO THIA OIICHUBAIOT METOJOM CPaBHEHHS CTOMMOCTH BOCCTAHOBJICHHSI CTPOEHHUS CO CTPOUTEIBHON CTOMMOCTBIO HOBOTO
CTPOEHUS, IOCTPOEHHOTO B COOTBETCTBUU CO BCEMM HOPMaMHU. B cTaThe Takxke MPUBEJEHBI METOJUUECKUE YKa3aHUS 110 OLCHKE
MOPAJIBHOTO M3HOCA HEJBHKUMOCTH.

METHIDOLOGY FOR CALCULATING THE MORAL AND PHYSICAL
DETERIORATION OF THE REAL ESTATE OBJECT

V.P. Hovhannisyan, T.S. Martirosyan, A.A. Abovyan, K.D. Davtyan
Yerevan State University of Architecture and Construction

Keywords: real estate, valuation, market price, technical expertise, cost approach, physical deterioration, moral deterioration.

SUMMARY

The issues of real estate market price valuation are discussed in the article. Particularly, the issues of valuation of moral
or physical deterioration are considered for using the cost approach for real estate market price valuation. Two kind of moral
deteriorations are considered in the article. The first kind is related to structure cost reduction associated with scientific-technical
progress and cheaper construction, i.e. there is depreciation of previously constructed structures. The second kind of the moral
deterioration is the obsolescence of the structure caused by its elements and engineering systems which are not in compliance
with existing spatial-planning, design, sanitation-hygiene and other regulations. In practice the elimination issue of these types
of deterioration is actual. The value of this type of moral deterioration is assessed by comparing the restoring cost of the
structure with the construction cost of the new structure that is built in compliance with all norms. The methodical guidelines for
the valuation of real estate moral deterioration are given as well.
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U.v. Uupynuyui, U.U. Ujpunidjui, S.U. Uwpnhpnuywb, 9.0k Zupnipniiyui

Eplwih dwpunupuybnnipul b phiupupnipaul wyhnwlul huduwyuupub
«Zuytmuququpny PLL

Pwitwjh puntp. ghly, onijw, dkiwptnph, hujudbiwounphwhtt punupuuinipinil, Upgulgnipinii

Judwiwfulhg pnijuyuljul wninnkunipyul jupgquinpdwl Juplnp gnpShphlphg E
hwlumdEhupbnphughl punupwlwinipiniap, npl wgquyhl Junwijwpniyentbakph unghuwy-ninbuwlub
qupquguml Spugnplph hAhdinulwh nignnipinibbbphg UELE E puilh np npu dhongny Fuwyuhnyinid
ontlyupulyul nlunkunppul pupdhsh Upgulignipyul wpnn budknnyemniap: Loyws jbgph pniénidp
hwwnlwwbu whwlugh FLuymuumubh Zubpuw bnnippui hudwp, npunky nhnkuwlwi gnpéntdknippul
wnpwldhl npnpunblp wsph ko palinid dkinupbnphugdl pupdp wunpdwiny:
ZEphbwhbbpl ntumdbwupply Eo hwludEinupinphughl pungwpwlwinyeyuan Jepupkpng pojwinulughi
hpthwpgkph Bjnynighwi b gpubg Jepupkpyuy wunnlkpugnidabph qupgugnidp uluws hinugnih
dundwinuljabphg Uhish Ukp oplipp

Cntjuywlwt hwpwpbpnipnibubpp, unyuhull ek gpuwup ke tnp Bb gwbwwywph hwppenud”
hunpwhwpbny wpnuwnbnbuwljut ungpungnunubpp, ywhwienid tu npnowlh hpudujub jupquynpnid b
wipuyunnud: Zkg wyn yquwmdwnny b ontjuyuljut hwdwlupgh gnpéniutinipniit wywhnynn hpudujut
Ukhwthquh vunubwiht mupptp Jupbh £ qunil) gpbpt nupupwisinip punupwlhpe hwuwpulnipjub ke,
wyn pYnid’ wypupunpudwlut hwpwpbkpnipniuaubph b tpu Wuwydwbiwgpuyht Auh wdkbwdwun thnybpnuad:
Onpjumttulnipniip b hwdwpdbpnipnitt wywhnynn wynyhuh hpujuljui tnpdtp wubing Uphunnunbp
uuwnp niubp “hwjuuwpuloeny” wppupmipniup [1]: futwfut E np winhl hwuwpuwlnipgniuncd, npunkn
wypuwipunpuduljut hwpwpbpnipmmititipt wpntu huy dknp tht phiptk] puduiuiht hwdpunhwinip plunygpe,
qupqugnid wypkg wyuybu Ynsgws “ontjuyuljutt hpwyniipp™

Upbuninph hwjwdktwptunphughtt opkuunpnipnip, pkl ninpjws b dudwbtwuljhg ontjuwyului
ntnbumpjut jupquynpdwup b hp dbke tkpunnid E dkiwpunphutiph b dpguljgnipjuts tnp huykguljupgtp,
siynpgptg hp qhubnhulwi juwt wdbh Jun, yguondwlwl, bhbnbwpup twb hwuwpul ontjuyuljut
dktwotunphubph Juuhiupgbjdwut ninnus optunpujut thnpdtph htiv: Ujy tplypubkph gqpujuinipjut dke
own hwdwh Yupkh £ hwinhwt dh wungdwl, np dudwiwlulhg hwjudbiwpunphuyhtt opkunpnipjut
huptwinhy hhupp hondbwlwt Juyuptph opkupukpt L, npnuig tyyuinwlje kp qubiph fmhuwn JEpuwhuljnnnipnii
uwhdwubkint dhgngny Yuuwpglil) uyblynijjuinhy dktwptnphp: Pusybu Jiuymd tu own hbinwgnunnukp,
wyu pwqujunnid wnwehtin yupktwynpdwt dwuht 8nyhh opkiiph Ep (R.6.w. 18p.): Mupktwnplwt dwuht
8niihh opkupp ywwwnhd tp vwhdwinud tpwuig hwdwp, nypbp YnjEinpy dind hwdwdwjunipjut Eht quhu
qubph onmipe’ Aquubiny ppwup nupdul] wybkih pwpdp: Uwbpwdwut wyn dwupt tpymd £ Yhaljjbnhub
Yuyuph' qubph Jepupkpu) jupquppmipniunud (£.6. 302 puljuht jnyu mbuws)' juydus mbnbkuwlju
Squudwudh dudwbwl wpweohti wmtthpwdbsnnipjut wypwuputph qutph Yupni w&h htw, npp dumd Ep
unghwjulwt ndgnhnipmnil [1]: Lpdws thwunwpnph tyuwnwljubph b pwpdunhputph dwuht junuynud £ poth
wnbpunnnid, npunbn pungdymd Ep “wbgniuy  wwbdwpdwlniput” b ugbynyyubnubph  wquhnipjub
Juuhwupgljdwt wthpwdbonnipinitp, pwih np Juohiunniubpt wypwupubph Ypw vwhdwinud G ny dhuy
puwnwywnhl] b mpuwywnhl qubp, wyl wjuyhuh qubp, npnup junupbpnyg sh jupbh wpunwhwynt:
“halknnhwth Ynnilthg wnwe puwpdws wuwwndwdhongubpp uyuwntwgnn thu. “Gpbk hug-np dkp hwljwnwldh
npnodwitp, wyw tw yuunwupwbwwnynipmit YYph pbp qiluny”: Uju jupqunpmipiniup ny dh wqnbkgnipmnil
sntibigu] wypupunpudwlut hwpwpbpnipniutbph Jpu b sjupnquguy juitjul) uyblnyjughwi nt gutph
wdp, npu hwdwn k) spinniugtg Thnljjknhwih hbwnunpnubph Ynnuhg:
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Zudwduyt wpnk gnnipyml niikgnn Jupshph wpldngwi hwwdkbiwotnphughlt opkunpnipul
dlwynpuwt gnpénid wnwyk] tpwbwluihg mqplgnipmnit mukguy Qtunt Yuyuph opkuunpnipniup (opkup
qubph dwupt’ pypmbdus 483 pyuluthb), npp Aniquiunhuynid pugnitdl] Ep wpbidnjut hondbwjub
Juyupnipjutt Ynpdwinidhg htwn [1]: Uju ppwduluwi wlnnwd, npunbn wnwohtt wiqud oguugnpsytg
“Uktwpunph” mbpdhtup, wudnud tp. “Utktup hpwdwynid Gup, np ns Uh wthwwn npbk wkuwlh hwgniunh ud
Ajuty, Jud b wy mbuwlh wypwiph Jpw, npp Swpwynid £ npuytiv yupbtwdpbpp jud wy) ogunugnpsdwt
hwdwp, shwdwpdwlh dttwounph vwhdwil)” QEunuh vwhdwbwnppmipniunud ny Jhuyt wpgbdnud Eht
wnlnpulububph dhol wuwydwbwgpbpp, npntn tpuitp hwdwdwjunipjut tht quihu wypwupubph qubpp
qhotint Jud pwpdpugubint Jepwpbkpuy, wyh sknyuy Eht hwdwpynid gyt wnbnpughtt wpunnunipgnitpn,
npnup wnftih Jun wnpdly Eht jujupmpyut Ynndhg: Uh pupp wigihugh hpujupwbbkph jupshpm]® Qkunth
uwhdwbwunpmipjut by Jupkih b wnbutbk] unp hkwnptp, npntp nwinmd u “abplujhu npny opkupubkphl,
dwubwnpuybu dnpkughuyh nbnuijut puptwuwrwdupdwb opbiphtt Yud unyuhull Thpdwuh opkupht
(1890 p.)”: Ulonipw, whwnhl] nupwopowth uwbniyjjunpy dktwotnphubpp swwn sshtt swhny Jupnn tu
hhotiguty ubpluyhu Jktwpunphubpp: Uthbwp b Junub] hendbwlwb  Jujupnipjut  opkunpnipjut
hujudktwounphuyhtt ninnudnipjutt dwuht, Epk wjit phnwupybip dudwiwjuljhg hwjudbiwpunphuyhte
opkuph nhpphg: QLunth opkuunpnipnitp sktp twppwwnbunid wmbuwghtt wpbnpuljuit JEtwotnph nhpp
niubgnnubkph  uwbyniyjuunhy gopénymipnibitph  Jipwhulnpnipjut hwdwywunwupwt - dkwithquh
unbndnudp: Sntjuubtph gnpéntubnieniip YEpwhulnn btwpjhtt hwdwlwpg wppki hpbt vywnty kp, huly inp
Juyubpuut Jupswlul wywpuwnt wjy wenidng nhe skp unbnddb], jud b wpymbwdbn skp: Uwlugt
otinykny Qkuntt Yuyuph Ynnuhg wnwe puwpdws hwlwuyblnipunhy b hwlwdbbwpinphught
Uhongunnidubtph wpynitwdbnnipjut hwpghg' wbkup wyt whbppbih thwuwp, np punphhy 8ntunhiyuith
opkiugpph, 483 pyuljuith opkuunpnipniut hp Uk tkpwunnid Ep npnowljh sntjuyuljut qunuthwpkp, npnup
hnkug wpunugninidp gt hbnnwqu wuwndnipjut Uk [1]:

Uhotwnupyut  GYpnyuwynud  “hwljudbiwpinphuyhtt thnpdbpp”  Yupstu pk dnnwgdb]  Ehu
wdpnnompjudp: dEnpujuljut qupuopewnid Ukttwpinphuyhtt hpwyniiptt n1 wpunnunipnibtipp nupdwt
nuuwjupquyht - Ynpynpuinjpy  judh puniugmghs  dwup, npp o swqly kp ny  dpuyh hnquyht
hwpwpbpmipjnitubph, wpb pwnupwjhtt Yyubph punyphg Gubkny: Snpstwjuind $Enpujulumb unp
dktwpunphubptt b hwjwn tht quihu Euknd wyt pugunhl hpwyniupubphg, npnup, hwdwdwyt nknuljut
unynpniypubph, pwnuwpwlwb  holuwbnipjut  juwintwlwpgh, hul wpunpnmunhquh  gupuopewtnud’
puquynpulub hojpwtnipjut hwwnntl] wlwubph hhdwt Jpw wnpynd Eht wphbunwdnpubph jud
wnbnpuububph wpwbtdhtt padpipht: Fuquynpuljut hojpwtnipinitp, vnwbtwny hwdwyuunwupwt
hwunnignid, hhdunid £ tnp hwuwpwynipnil, b webnpuyghtt dhnipgniip jud hwdwgnpswlgnipniut wpghi
wuwwnpwun b Ujuhtipt' yknwljubt wlnh hhdwb Jpu jpipupwbymp dhotwnwpyut pulbpnipmit vnwimd
En hwpwpbpuwlwb jud pugunhly, payg “hp dkttwpunphp™

Uhotwnuput dkbwounphubph dbnpuyuljut punypt wjupwtt wlhihwpnm b puqlwpunyp kp, np
wpbdnwbypnyuljut qpuijuinipmmiunid thnpdbp wpdbghtt nputp nuwuwlwpgl] ubkynpuyghth, dhuljuh,
hwdpwpuyghth b wyt [2]: Untnph b dbkntwpunhpnipjul wquuunipniup vwhdwbuhwlng wyy pojnp
dbkiwpunphubph phlntupnid juquws kp hkug hupp' whnnipmniup: Ujuybu, Uughuynid, ujuws XIV nuphg,
pugnigbghtt dh owpp Jupqunpnipniuubp, npntp ninndus tht wphbunwgnpénipjut nhd b wpgbnud Eh
thwdwdwiwy tplnt b wdtjh wphbunbpny qpundbip: Epniwpn Gppnpnh gupuopowthtt yuwwnljwing 1363
pYuuih Jupqunpnipmitp twhpwnbund bp wphbunwljgujut dhnipmnibabbpnid hwnnt guownntwwnwp
whdwbg ywbwlnudp, nyptp Ynsgws Lht mowlghint mpunnunpuljut dktwptnphutphtt b hkwnbtng, np “ns dh
wtd sqpunyh wyp wphbunny, puguenipjudp hp ptnnpuwsh™ Uktwpunphuyhtt wju qunuthwpp npdby Ep bwb
Glhquybwnw Unwghth opnp’ 1562 pwlwiht punmibws’ wphbunwynpttph dwuht opkuph hhupnid:
Uwjuyt dhotmunupyub hppwyniupp, nptt hpujubwgunid Ep puybEpnipniuubph wnbnpughtt b wpnunpujub
wpunnimpnibbpp, whnp L wihpwdbpnmpjut ghypnid  Jupquynpbp b dbgdugubp  Jkuwptinphp
hEwnbwipn] wnwomgwsd mbnbuwljut b unghwjujubt hwjwunpniubbpp:

Unlwnpujhtt dkttwpunphubph hwplunpwipn, npnup pwpdpugunid tht wnwghtt wthpwdbynnipju
wuypwupubph qubipp, wnwewgunid kp ny dhuwytt hwuwpwlyy dnnndpgh, wyjh wqujuljuinipyut b jupnihlukph
ndgqnhnipinitp:
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NMuwunwhwljul sk, np juintwuubph opkupnid Jkpujwdwunpp b ppuduljnunulnudp pttiwnguntnt
htwn dkjunbtn vwhdwigkg dh Jubnt, pun nph’ webwnpwlwit hp wypwiph nhdwg ywhkwnp £ wywhwigh
“wpnup” ght: Updwép XI-XVI nupbpnid hwdwpdl] £ “hpuduljut dhong, pwupnuljub wuwhwby b
dhwdudwbwl ntnbuwlut ngnunphtw [3]: Zudwdugt wju gnjuphtugh’ dkwounphwht guht hwwunpyng
“latjudhwn” ghup whwp k ukpunh npbk wypwuph wpnwugpnipyut hwdwp withpudbtown ynipulwi Swhukph
gnidupp’ gnudwpws “phjudhn” Jqupdwddunpp, hisp poy] juuuw wphtunwdnphtt jud Judwnwljuith
wywhnyt) tnpduy YEruwdwlupnul:

“Unpnup qup” b “ubjudhwn pwhnypeh” pphunntbwljut qunuthwputpp hhdp hwinhuwgut punupw-
jht b puquynpuljui hpjuwtinipniuubph dh pwipp npnonudubph pugnitdwt hwdwp, npnup wpglnud thu
wypwupubph JEpuwdwnpp, wnbnph hwdwp twpwnbuduws juhun Juunubbphg sbndbp, hyybe twb
uvwhdwinud thu juyt vyuwrdwt wypuwiptbph qubpp: Ujuybu, dSpuwtvhund XV-XVI qupbpnid duphqgh
hunphppuipuith (1491-1494pp.) b @nuyniqgh junphppupuh (1499p.) nbknujut Ywiwlnput wnkph htn
dbywntn pugmidbghtt dh owpp pwquynpuljut jupquynpnn wlunbp (1499p., 1508p. L wyjk), npunbn
vwhdwbymd Eht ubtinwdpbpph b wy wwpwbpubph' thwjn, ppyyu hpbp b wpl, wpwdbjugny qubkpp:
“Quintwljupgdut hwdwlwupgh gnijugnpdngp” ppwtuhwugh hinhttwfubpp hwdwpmd Eu 1577p. unjdptph
21-h ULs Oppnuwitup, npunkn uvwhdwiynid tht ny dhuytt hwgh, wyk Epjpnid wpunwngpynn dh owpp wy
wypwpubkph qubipp: @ubph wnuyhup phun jutnbwlupgnidt wpwewgunid kp wpbnpuwpynitwpbpuljut
juwgh ndgnhmipniip b Jbpohtt hwoyny vwuwy wpynibwdbn tp: Lhy wpynibwdbn bp twb “ubjudhn
vwhdwbtipmu” qutph owpdh juintwjupgdwb yhnnipjubt thopdbpp, npp hhdtdws Ep wyb Eipunpnipjub
Jpw, punn nph' “wppup ghtt” vwhdwiynud tp onitjuynid wnp nt Judwnph hkug ulqpod: Ujuybu, 1567p.
thtnpduph 4-ht nunhljuinipyutt gjluwynp juintwlupgp hwgh wnbnph dwuhtt nbnbugunid Ep, np “h
Jupkh pupépugut] wpwynnjut vwhdwiqws qutpt opdu Epypnpy Yhuhtt: pw hwdwp twppwnbuynd Ep
hwgh ppuiwgpuynid b jmpupwisinip pwpondwis hwdwnp 20 {hyp nniquip” [4]):

Yjjwpunhy punyp Eht Ypowd bwlb npny Efponuyuljut Ephpubpnd pugmitduwsd puquynpuljuit
wlubkpp, npubn nuynuhnpbt wpgbpynud Eht wnbwnpuyhtt dbktwptnphikpp: Ophtiwly’ Znjwunhuynid Ywupy V
(1531-1540pp.) ghipdwtwgh Yuyuph hpudwbwgpbpt wpgbnud Eht popnp wbopptiwljut dktwounphubpp b
wphtunnwynptiph nt wpbwnpuwlwbubph dhot wuwjdwbwynpjusmpniuutpp [5]: dpwbuhuyh pwuquynp
dpwighuly Unwehth (1539p.) Oppnéwiup wkntiwugunid tp, np wpgbpynud b pnnp qudwnwljwbubpht b
utitqudplpp nt wy wypwipubp Judwenny dwppjuig oguuugnpsdt] dktwpunphubp, hwdwdwjunipniuttp,
uwpbpuynipnibtp, npnup Juwund bu hwuwpwlnipjuup: Zugh, huynh b wy) wypwiptbph qudwnpny
qpunynnubph wbophtwwb “dbuwsunphutph b pujunpnipnibubph” dwupht junudl) £ owb 1669 L 1694
pYwuiubph puquynpuljut Oppnuwtutbpnud: Uwljuytt $innpujujut dbwptunphubph JEpwpbpyuy wu b
wy] wiwnkpp, npntp pugnidl Eht duypgudwpuyhtt Epypubpnud, Epplip wpbdunywub gpuljutinipjub ke skt
nhunuplyt) npybu dudwbuljuljhg hwjunplunught opktunpmipjut uqphwunpmnip jud donl: VUwbtwnhy
opktunpnipniup, npp ywwhwbenid tp wypwipubph qudwnpp “ubjudhn quny”, wwjhu kp puquynpuljut
Swnwynnubphtt (shunduplutphtt) npnp wwypwupubph qubpp uwwhdwubnt hpwynmitp, hwynuh tp bwb
dvhottwnuput wiqhwuwt wbunipuipn Fuquynpuijutt  hpppwimpjutt b junphppuputh  Yanuhg
Ubgihuynid wnbnpulwittph dbtwsunphuwjhtt gnpéntitbnipjut tjundwdp Jhpunynny wowdb) jpipuwhw-
wnil] wqntgnipjut dhongubphg thu dh owipp opkupukp, npnp wpglnid Ehtt uyknijjunhy gnpéniubnipjut
Uh pwlh jmpwhwwnml Abkp forestalling (qukph  pwpdpugiwi  whophiwlwl thnpd), regretting
(JEpuwdwnnidukp), engrossing (junpnp qunidutp): Uhtsh XTI gup pughwinip wndwdp “Forstalling”-p dhwly
wnbkpdhut kp, npp wywbwlnmd Ep qubph pupdpugdutt wbophttmjut thnpd: Engrossing puinp (ingrossator,
ewgrossator) duwignid £ ppuiuhwljut Grosse puinhg - “junonp” b “dbdwdwpe”™ bp twpuiwljwt hdwuwnny engrating
punp tpwtwynid k phipph dkdwdwpu qunid uljqphg dhtish tpw hwuntbugnidp, fud Swypwhbn nhuypnid dhish
upw ywwwnpuuwn (hubp onitjw hwutknt hwdwn [1]:

Qubtiph pupdpugdu whophtiwwi thnpdt wpgknn wjnny’ opkupp ppwhinnnubp o hwdwpynid wy
wtdhlip, miphp qund kb his-np wypubp dhish vwhiwigws wuhp puqupnid b omljuynid hwununws
Juwuntuubpht hwjunwly, jud nnipu ku quhu punuphg, npytuqh qukt dhliinyth wypwipp punuphg nnipuy,
dhlslh onilju hwtbp' btywwnwl ntibbuwgny wjt Judwnkint punuph tkpunid wybih pupdp gundg:

152 SEI1ETUePl 2/2013



SUSEUUSPSNPP3NAL

Zudwdwyt XII npupnud pugniudws vkl wy) opktugpnipjut’ wypwiptbp udwunnng wtdt widuidnud
En “lubnd dwppuig puguhwyn £uonn b hwpniuntbphtt jpwpnn” b Eipupyynid bp wnwehtt wuqud hpkph
ppuwgpudwl, tphpnpny wiqud® dnnnpnh Ynnuhg wbwpgdwb, Eppnpp wbqud®  wquuugpiut b
unniqutdwl, snppnpn wiaqud® punuphg Juupdwi: Uy tyuinwlng ghunt b utinpudpbpph uyklngjunhy
Jwdwnpny qpunynn wbdwbg tupwpynid thtt nmiubkgwéph ppuwgpuddwb, pwbwnwpliwb, hiyybu twub
dwhwuywwndh, npp hinwquyniud punuptg jhpunyty [1]:

Uwluyt tpdws opkunpnipjudp b npuilg hwenpnynn wnwtdhtt wypwipuwnbuwlubpht Jipwpkpng
wluntpny (hwg, dnily b wyj) skhtt yupnn Jubhdb] uvybynyjughugh b wnbwnpwiht jutnuubphg sbnnidubph
wdp, npnbp Yphpunynud tht  wwpwbpubph qubph  pwpdpugdwut  hwdwp: Uowép hhdbwlwinid
wuydwtwynpJws kp tpwuny, np junphppupwip hpupywpuynd bp puqlwphy wlunbp ubigudpbpph
Jipuwudwnpny qpunynnutph nbd, puyg npuip hudwywnwupwt hppwjuwbugdut b yundh pugulw-
mipjut yundwnny Juiju skht wnwowgunid b yuwnpw& duny skht yuwhwywdnud:

Lwhjhund JEpujudwunpp dbjuwpwiynid Ep npybu ubtinudptpph qunid b Judwnp dhtiunyh
ontuynid jud b ppwihg 4 dnnt hEnwynpnipjut vwhdwbbbpnud: SYjwy Enwbwlp phwluwbwpup
hwbglkgunid Ep qubiph wdh, pwth np jpnupupwisnip hwenpny Jqudwnwluip ywhwnp £ uvnwbwup hwdwww-
nwupuwl swhnijp: unonp qunidp nhuynud £ npybu gnpkth Jud wy) ubtiqpudpbpph dkdwéwhi qunid’ nputip
“‘ny pukjudhn” quny YEpwwdwnbint tyuwunwlny: Uktwotnphwjhtt gqnpénnnipniutbphtt Jtpwpkpng
wighwuljut dwgnudny dhotwngupju opktunpnipniup skp hwunhuwinid wquun wnbnph ulgpniupubph
wpuwhuwynnipmnit b skp hwjwunid $Enpuyuljw Jktwstunphubph pughwinip hadwljupght: Zwintu qunyg
vhuyt hipttwjup qudwnwlubibph phwwuint wolwnpuihtt gnpénitutinipniithg stnnudubph nbd, npnug
uyblniguwnphy gqonpénnnipjniuubpp onowthnud tht ny dhuyt uwywnnnubph, wylh wphbunwgnpswlut b
wnbwnpuyhl pujipmpniubnh gwhbpp, wyy opkuunpnipniup Ynpynpunhy puguntjhnipjut vhetwnwpjuh
qunuthwupubph phujub owpnibwlnipniut nt qupqugnidi kp:

8npkuh dkdwpwbwl qunudp hbnwgqu Jwdwnph tywunwlny hwdwpynd tp “dhliungt hwigu-
gnpénipniup, hty wnbwnph dniu nppunbkpnud dkbwptnph nhpp nitktwgp®, husp wdbkphljjut hpudupw-
twluwt gpuijuinipjut vk nhunwplynud E npybu hwjunpbunuwght hpuyniuph uljqpiwunpnipibphg dbyp:
Ni. Lhnyghtuh pnuptpny’ wwpwupubkph dkdwédwpu qunudp npwip onijuw hwibnt fwbtwwywphhtt b wyy
“‘adwtiwinhy hwigupubptt wnwghtt hwjwugphg pynud t dudwtwljuljhg dktwotnphujht gnpéniubnipjut
wykjh hhtt widwund, npp hwpnuh £ “ontjuyuljut Ynpiubp” witduidwdp” [6]: Muwnwhwljub sk, np Sipdwih
opkuph utwpwgsh putwplfuut dudwbwl UUUL-h Unugptuh npny hobunpubp  “dEuwptunphugdwu”
hwuljugnipniup puguhwynnid th junonp qumdubph dhengnd:

XVI nuph dbpohtt b XVII nuph uljqphtt puquynpuljuit wpunbwgpph b dkbwpunphibph ghd
wuypwpp sSwyjuwynid kp ny ph gunuljut juquuibtpynipmpiaubpnud, wyp pnphppupuinud, npp gupdwy
wpunjninhquhtt hwljunpynn hhdbwlwb fEunpnup: 1597 puluiht niuwunwinid wbnh niukgut h
ouipp unip Jhfwpwinipnitiibp, npnig pbpwgpmid pwwnn hnkwnnpubp pdgnhmd thu “dEuwpunphubph,
wpunnbwgnpbph Jupniy wghg’: Ukiwpunph nhpp niikignnubph® “wqqh wpnibwpunidubph” pttwnuwnnipniut
wgyupwt nipe punype unwuguy, np Glhquibtunw Unwohup jwpjudnipmitip pnyugubnt tyuwwnwlng
funphppupwinud 1601 pwluitht hwinbu Ejuwy hwwnntl hwjunwpupnipjudp, npnbn jununnduikg, np
twpuhunid mpws dh gwpp thghuqghwutph nt wupqltph npudwnpnidp junwpdty k “ny Jhuyb wupg jud
huwpniuhly bpuppuwynpuwt hhpdw pu, wpl ogunuugnpéyty b swpuwpwhdwt tyunulny, npt wnwewgunid
En UkS swuubip b hhwupwthnipinitubp hp uhpbih Swnwynnubph hwdwp” [1]:

1601 pyuuuh hwjnwpupnipyui hhdbwlwb bywtwlnipiniup, dvh oupp whghugh yundwpwbttph
Jupshpny, juywiunid £ ny ph dh owpp dktwounphubpht nipdws wpunnwgpbptt wdudbp fwtustiv kp, wyp
ugl,, np wyp hwjnwpuwpmpniut pupgmund Ep owhwgpghn wbdwbg nuuwpwt ghubnt hpwyniupp®
dbktwpunphubph wpunntwgpbpnid pungpydus pugunhl hpwyniupubph ophtiwswthnipjut puguhuwyjndwt
wuwhwleny [7]:

Utkuwpunphutiph Jtpwptpuw) puquynpujutt hojowtnipjut b junphpnwpwuh dholi tnp pwjunidp
wjupuylg 1624 pYuluiht’ dbuwpunphubph dwuhtt hwwnml opkuph pugnitdwdp: Unwghtt hnnduénid
hunphppupwip hwuwnwinkg, np “pnjnp dktwpunphubpp, hpwdwunipyniuubpp, wpnntwgpbpp, (hghughwbpp,
wpunninipnibttpp b pupunhwtpp, npnup nipdty Bu dhis wyn wwhp puquynpmipjut sppwtiwljutpnud nphk
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wuypwiph pwgunhl Jwdwnph, quiwl, wpunwunpnipjubl, oquugqnpsuiwi ninpnipjudp, wdpnnenipjudp
hwljuunid i pwquynpnipjut opkupubphtt b wyny wwwdwnny hwdwpynid bt wbduytp b wjunthbn
Jhwdwpytt wynuhuhl, Gpk skt hwbqtguh ny dh hkwnbwuputph & ny dh Ybpy skt ppwluwbwugdh Jud
oquuwgnpdyh” [7]: Uju opkupu pugniimd Ep wyt wpunbwgpbph hulniupniiup, “apntp wpdbp Bu wdyuy
puguynpnipniunid npbk tnp wpununpuiph JEpudowldut b yuwnpuundwt hwdwp wjn wpnwunpuuph
wnwohli b hpwlwl uwnbnénnht” [7]: Uktwounphubph dpu gpdws wpgbjpubnhg nipe pugwpnipmib tp
wpdws 9-py hnpudnid, npunkn tpynd tp, np wdjuy wlnp sh Jepwpkpnud Tnugnuht b wy) punupubpht,
npnup oquuynid L pultpnipjwt hpwyniuphg, b sh nwpwdyh “welwnph, wphbunh b wpdbunh nppuukpp
Ynpynpughwubph, pubpnipmniuubph, putpuygnipmniuubph Jpu, hsybu twb wyh juqluljbpynipniattph
b Juwdwnwlwbubph puljkpulgnipnibtiiph dpw, npnup uwnbnddbp tu npll wwypwupubph wnlbwnpht
odwinuljtint b punuyubnt tyuwunwyny” [7]: Ujuyhuny, dktwpunphubph dwuht opkupp stp huwpuwnnd
dhottmunuput wpbwnpuyghtt b wpynibwpbpuljui Ynpuynpughwibph hwdwlwupgh ulgpniupubpp: Lw
hpwdwlywt hhuphg qpynid tp vhuy puquynpuljut dktwotnphp, npnup wnpynid tht wnwtdht dwubwynp
wtdwlg, puyg tyywnul skp hbnwyunnud sknju) hwdwpb] hadpwpnipinitttph, dhnipmmiutubph wjuinujut
wpunnbnipnibtbpn:

Uttwotunphubphtt yepwpkpnn opkuphtt hwonpnynn mwubwdjulp gnyg wngkg, np npu pny Ynndkpp
Jlwyunpklt oquugnpéytghtt inp wnrbwnpuyht b wpynibwpbpuljut wpnnunipmitubph dknp pipdwt hwdwp:
NMuunwhwluwl sk, np htug 1640 pyuljuihtt’ wighwlwt hbquihnjunipjut htug uyqpnud, puquynpuljut
dUktwptunphutph hwpgp Ypyhtt nipe punyp uvwmwgwy, hull hwduwyupubph wwuwh winwdubpp
hunphppupwind Ejnyp nittktwihu ndgnhnipnit Eht hwynunmd wyt putth YEkpwpbpyuy, np dkbwpunph nhpp
niubkgnnubpp “Eghyunuljut gnpubtph tdwt qpudly) Bu dbp ptwuduptpp, b dkup hwughy Lup wquu nky
guunid” [8]:

busyhtu wpnkt ybpp vyl E wnbnpuyhtt dktwpinphubph wupwnnujut pibwnunnipniup huwynith
Ep twl duypgudwpuyhtt Epyputph puquynpujut opkuugpnipmnitutpht: Ujuybu, hondbw-gbpdwbwlw
Juyup Ywp) V-u wybih Jun gpdus jupqunpnipniaubpnid junpnil pttuguntg wypubp wpnwunpnnubph b
Juwdwnnnutph dholt dkiwpunphwjhtt yuydwiwynpjubnipiniuutpn, npnup gnpémud Eht ny dhuyt mbnuljut
ontjutpnid, wyjh dhowqquyhtt wnbnpnid: ‘L dwntwiokg “dbuwsunphitiphg b wiybknp wuwydwwqgptphg
wnwowgnn Unpniunttph jutpwupgbjdwt” wihpudbynnipjut dwuht, “apnup owwn quiwnwlwububp b
wphbunwynpubtp Yupnud Ehtt Vhpbnjwugubpnud® h Juwue wyp jud b wqithy Juwnwlwiubph b wphbunw-
Unpubkph ppugqiwhwinting pughwini pupbytgnipniip” [8]:

Uuwjpgudwpuyhtt Epypubpnud pupniijwué wnbnpuyhtt Jktwpunphubph dwuptt opkuunpnipmiup
Ynpgptg hp hdwuwnt nt nidp XVII-XIX nupbph hinuihnpuwlwt gignidubphg htwnn, npp ipe npkg hhu
Jupswljupghl, wyn pynd’ dEnnujuljut dkbwpunphubpht b wquun Akntwpyunhpnipjut qupqugdub
Swbwwuphhtt b huyn Ejws ponp junspunnuiibphi: by Jipwpbpnid £ hwjwdbiwsunphwjhtt punupw-
Juinipjut wighwljuwt hpwyniuph, wyw pu wign-wdbkphljjut hpuynitupmid jphun hwenprwljwntpjut
yuwhywidwb wnnidny niukguy phl ny wdhowlwl, puyg hp UkS nhpp Chpdwh opkuph dpwljdw gnpénid,
nnp Yyhpupkpnud Ep dudwtwulhg dbktwpunphubiph wnbnpuhtt vwhdwbwthwuynidubphi:

OF AHTUMOHOIIOJIbHOM NOJIMTUKE

Mapkocsn A.X., Mkptymsin M.M., Maptupocsu T.C., Apytionsin B.P.
Tocydapcmeennbiil yHugepcumem apxumexmypul U CIpoumenscmea

KaioueBble ciioBa: [cHa, pbIHOK, MOHOIIOJIMA, AHTUMOHOIIOJIbHAA IMMOJIUTUKA, KOHKYPCHIUA

AHHOTALUA

OmHUM U3 OCHOBHBIX HWHCTPYMEHTOB pPETyJIMpPOBAaHUS B COBPEMEHHOHW pPBIHOYHON JKOHOMHUKE SIBISIETCS
AHTUMOHOIOJIbHASL TIOJMUTHKA. Takasl MOJMTUKA, B CBOIO OYEpEeNb, MPEAOIpPENesieT OCHOBHbIE HANpaBICHUs Pa3BUTHUS
COLMANEHO-9KOHOMHYECKONW TOJIMTHKA MHOTHX CTPaH, MOCKOJNBKY HWMEHHO AaHTHMOHOIIOJNBHAS TIOJHTHKA ITO3BOJSET
obecrieunBaTh 3GGEKTHBHOCTh “IBUraTelisi” PHIHOYHOW YKOHOMHMKH — KOHKYpEHIHIO. PellleHne MaHHOH 3a1a4u 0COOCHHO
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BaXHO I PecrryOnnkn ApMeHHs, TIe IMEET MECTO BBICOKAsl CTETICHh MOHOIIOJIM3AINN OTAEIBHBIX (OCHOBHBIX) OTpaciei
YKOHOMHUYECKOM JIeSITEIbHOCTH.

ABTOpI)I CTaTbU MCCICAYIOT ODBOJJIONUIO COACPIKAHUA AHTUMOHOIIOJIbHOM TOJIMTUKH U pa3BUTHUC B3TJIAA0B,
OTHOCAIINUXCA K HpO6J’I€M€ OCYHICCTBJICHUA TaKOM MOJINTUKH Ha TPOTAKCHUN Bcel HUCTOPUHN IKOHOMUYCCKUX OTHOIIICHHI.

ABOUT THE ANTIMONOPOLY POLICY

A.Kh. Markosyan, M.M. Mkrtumyan, T.S. Martirosyan, V. R. Harutyunyan
Yerevan State University of Architecture and Construction

Keywords: price, market, monopoly, antimonopoly policy, competition

SUMMARY

One of the main instruments in modern market economy regulation is the antimonopoly policy. Such policy, in its
turn, predetermines the main directions of the development of social and economic policy of many countries, as
antimonopoly policy allows providing efficiency of market economy "engine" competition. The solution of this task is
especially important for the Republic of Armenia, where high extents of monopolization of separate (main) branches of
economic activity take place.

The evolution of the maintenance of an antimonopoly policy and development of the views relating to a problem of
implementation of such policy throughout the history of the economic relations are studied.
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UULYUMNUSULETUL SNPSENLP QUMrAUSUUL UUUDL

2.2. Qubwquiyui
Cplwih dwpunmupuyEbnnipub b phiwpupnipul wyhnwlwl huduyuwpab

Pwitwh punbp. dnrnpn), dubljuyunwiblut, ubjiighw, Epklwttp, dupghs, Uninhyjughw

bnuunpnjh qupquigdml b wnwepipugh hhdinuwl punugphsp dwbluwyunwbbub puqui E: Gpk UkS
Snrwnpninid hhdpp ppywé Fupgyniiph ypw, wyw dwbugunwbbul pninpninid wlknp Fijhbh hulunulp '

qifuunnn huninulp whkup Fihah munignidp: Gpkpnubbph wigniduyhl ppowin 12-15 mupklwbi F uyy

dudwiwwhunnywénid Epbpnuibph opquiithqup quin/nid F dbun/npuwl thnyynid: Gbbpudbpu Fupish
14-15 nmupklwbp bpkpnubbphi hiwpun/nphiu glpd wwhly gifuny qunuifhi hupywstynig, npnihlwnl uyy
phpugpnid Epkfuuyh ninknp quuin/nid F dbunfnpuwé thnynid: Uwpghsp wkup Euwnwdh ns pk wpnniiph,

wyy bpbpnubbphl pninpny fnuguy unynpbghlyng dwupb:
Uwpqgfstbph qifuun/np jiliphpp wkup Ejpbh bpbpuubbph dnun quhuyubly pninpny pruguym
guhlnipiniiap, wyy ns pk vk uylh dwhdpayp b dhophliul) Jupdnipinibikpny:
Uhisl 14 mupblwbp Epkpnmbbpp wlhnp Fdwpgybl b jprunwl thnpp pruuguiguownnid:

Lppuili hnpp E nuowp, uybpwl Epkhnul wflph hudwpe Inhush qinufhi b by h kS hudnyp juunwlu prunhg:
Cpkhnmbbpp gquypu Eb dwupgnidakphl wpnkl Gkpphl dninpjughuyny, b Gpubp Juphp snibki wpuuphi
Ununpjughuyh: Upguowpbpp Gupbnp s&b Epkpuubbph hwdwp, Gpubg hudwp Jupbnpgnid F panudban

Juunuyy $nunpny b hwdnyp wnwig jnunhg

bdninpnih qupqugdut b wnwepupwgh hhltwlwh pununphsp duwtljuywnwikljut puqub L Ukup
pninpu ghnnwlgmd Eup, np onmwpbpypugh punugnnubtp tkpunisting hwonnnipjut skip hwuth: Uw k dbp
$ninpnih hhuph n1 wmyuqut:

Uwpquubpubphg pwnbkpp ghnkl, np ypndpbuhntiwy) wlnidpubph pwbwlny Zujwunwt wjipwt by
hwpniuwn sk Fpwbghg dh pwithut nitkl dwbjuyunuiubjut dnnpnh qupqugdut hwdwp wihpwdbon
wuylwtbbp® Eupuwljunmigquspubp, nupng: Zujwunwinid gnpémid B twlb dnrnpnjwhtt nupngutp, npnp
sniukl wpndthuhntwy phubp: Uy nupngubpp, upbih £ wubk), niukt jhuwuhpoqujut jupgughgwy: Udku
ntypnid, stwywué puqUuphy punhpubphl, npnup hhdtwluinid juwydws tu Gplwbhg pnipu qutgng
hnununuwownbtph htw, Zujuunwinid pupdpugniu nt 1-ht judph wpwetimpniutkinhtt qniquhbn mwuphpuwyghte
gpbpt pnnp fudpiph hwdwp wbg b jugynud dwbtjuyunwibjut wpwetnipnitubp: dpubghg tu dbp
$ninpnih wpwownwpubp «@mithlyp, «Pubwbgy, «Uhjuw» b «Mijhu» phubph dwtjuyunwibliut adpbpn:
Ublp pwwn Jun kup uljumd ubjilghwi' 5 wwpklubhg, U vhwiquihg wohwnmy wpymibph Ypu: Maghpp
juywiunid E hbnlyjund. 5 wwpbjubind Epbluwtbpptt pnpnd Bu, 10 mwupbjubnid wppkt tpubp
(ufwugnyul bu Zwjuunwbnd: fugg hisnt” Jkpemu tpwtighg ny np sh dund, hisn’t £ kpkjuwb plunpymd 5
nwpkwunwd, 10-12 muptjwinud gununud juugnyup, hul Yepenid tw siu: Npnghtnb bpkjuwttpp Jhigh
17 nupbjutut wju wdkiuhg hhwupwihynid Gi: Lpwbp ninnuljh «skt wuypnid» dhiyh hwunitt ninpng
hounup: Utmd Bu dhuytt wy Epkjuwubpp, npnbp wowdb] mmunuinuynp i b npnbg Unin phnlbu
wuwhywiynud £ jpwquyne guulnipmniip: Uhw Upnkbh hondusp. «Ukq dnn (Wjuunph nith “Ujwpup”)
EpEhuwubkpp dhtgh 14 nwpbjwip dkdwimd tu (hnght wquun: Lpwtg ny np sh wpghmd jpwnuy $ninpng
hntug hwényph hwdwp: Lpwug sh yupuwunpynid nitbtw) ypndbuhnbiwy ppounugnnh judph nidt m
yunwujiwbunynmpjut qqugnudp: Lpup Wwpquuybu quihu b winudp, hsybu hpkig wnnth, npybtugh
othykt Uhdjug htn b hwdnyp nvnwbtwt jpwnhg»: Ujunkn E juyuinid «Ujupuh» qunuthpp: Pull Ukq Unwnn 5
nwunpklwb pkjuwttphg wpght wpynip Bo wwhwbenid: Bphijuwtbph wignidwght opowtin 12-15 mwupkljutt
E wyn dudwtwjuhwnduémd tpEjuwtbtph opqutthqup qunudmid £ dbwnpdwb thnynud: bulj wmugnidught
onowtihg htinn dhtish 17 nmwpkjwip tpwip hwdwpymd tu dwbijuyunwikjut dntnpnjhunibp: 8nipw-
pwiginip thoynid gnymipini niukt hwdwywunwupwt wnwtdtwhwnlnipniitbp:
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Bpt bpkuwibphtt dhwiqudhg Swipwpkninid G, wyw wyy nypnid jupnn B Juwuedby b vhpop, W
djulbpp: Uthpwdbown t dhtsh 14-15 mwupbklwbp Epkuwbbpht htwpwynphtiu qips wuwhk) qluny qunulht
hwipJwstinig, npnghtnb wyy pipwgpnid Epkjuuwgh nintinp guidnud £ dbwdnpdw thnynid: Gpkjuwtibpp dkq
Unwn skt puwgwhwjnnd hpkug nne ubpnidp, npndhbnb pnpnplt wojpwnnid Eu wipgyniiph Jpue: Gph Ubs
$ninpninid hhupp npws £ wpynitph Jpu, wyu dwtjuyunwikiut $ninpnimd yhwnp £ {huh hajupwyp®
gl uwynp tyyuwinwlp yhwnp k hth ntunignidp:

vunhptt wytt £, np popnp dwpghsubpp dnwdnud Bu dhliting dund. pojnpt wpynip Bu wwhwienid,
pnnpp uppuytwtnud b, wthwiquuwind, Jhdnwd: Apbph gnynipnit sniukt wytiyhuh dwpghsttp, npnip
hwughun b nin nhnkt pwnp: Uppybu b jhunwd, npndhbnb dwpgsh dnpnid (hund E dhwyt wpnyniupn:
Upnniuph £ unhuymd bpwtg hpkhg wynubu yuhby: Gpp phup hwnpenud k, stnnukpp gnh b, tpkjuwttpp gnh
kU, nEjuupnipinitp gnh k, b dupghsp hwughun b Uwpgsh gnpswunnypp dutjuyunuibjut dntnpnjnud
wbwnp k (hth syuwubp, sunhwbp, showbiqupbip b Yhuyt hnwpkp, pon Epkuwb huptnipny hwuth tpub, hugp
nn dwupqhsp quunmd k, np §hown b buswhuh ubkpnid ybwp E niibtw dhtish 14 mwupblw Epbfuwb, npuytuqh wyy
wwphpmd Jugh 2 uuljbu (wdbt puquljtup 30 pogk)® 100 dhnp wewg b hkwn: bhs wkbhiugh dwuhb b
hunupp, Epp Epkjuwt whwup E wnpw qugh: Uhtsh 14 mwwupbkjuwip Epkuwibpp yhnp b dupqyit b pugui
thnpp juwununuownnid: Nppwt thnpp E quownp, wjipwt Epkjuwmt wykh hwdwh Ynhush qunulht b wdbh uks
hwényp Yuunwbw fpuwnhg: Uklp snibkp pujujwbwsuh npuljju)  wguownwyuwbubkp, npndhbnb
nupyuuwywhibpp qupult widhguybu niquplnud b wewe: busyk v wdkh wwowmupwbikpp, kpp bpubg
gunul skt wwihu, wyn ywwndwnny yYbpenid pnnpp (hund B Jhwiudwb, b sh jhunud punpnipjut
htwpunpoipimi: EYnd B hbs jighp whwnp E (hbp, bpk dby bphjew stk b hnwpht, dpuup
nhljntdpbpht: bisnt hmbuphlt stjws bpkjuwh whnp b wnwbmpmit mbbiw ghlunkdpkpht Sti]ws
Epkhuugh hwinby, tpp Gpniut ) hwjuwuwpwswth vhpnud B nunpnip’ jown wpyniuph hwdwp: Uwpgsht
hupluwynp bt wlpuwjuqd b wpwg, wy] ny pk thopp b pny; tphjuw: 1 wwuphtt wju wwuphpnid own LS
wywbtwlnipini nith: Uwljuyb nu sh towbwlnud, np njju] ywwhh wdpuuqd pkjuwttpp jnuntwt wybkh
1wy $ninpnihuntikp, put wykh wjuqubkpp, npnghtnb ng np sghwnh, ph hty Yihth Junp: Yktuwpwunpki 19
nupbkwinud bpwtp pninpp jhwdwuwpdbi: Uwpghsp whwp L dnnwsh ny pk wpyniuph, wy) Gpkluwtbph
$ninpn] jpwnuy unynpkgubint dwuht. unynpbgil] wuwonwuwbubphtt qunuly dwwnwlwpupl] Jhuwywown-
wuwubbph, unhwl)] tpwig nu wuk, npybuqh ujubkt wdbh (wy hwulwibw) $ninpnp: Zwjwunwih
$nrinpnjuyhtt hwiipnipju by hwdwh b pnunid dwbljuyunwikut $nrnpnih pughpubph dwoehtt' npybu
ophtwly pkpkny wpldnywb bpypubpp: Zwnnd npwugpoipmnit B gupddmd hwyjuljut $ninpnih poygg
Eupuwjunmigubputph Jpu: Bupwlunnigyusputptt hhwplk pwwn Juplnp kb, puyg ny wdkbwguwynpn:
Ppughthuynid jud Unwn p’Pyniwpnid sjutt qupqugus Eupuljupnigfuspubp, vwluyt nw sh juwbqupnud
nbknugh bpkluwubphtt hwutl] dmnpnughtt hdnnipoibiubph wdbkbwpwpdp ququpubphti: Uhlunygh
dudwbwl Ubngqhunud Gupuljunnigusputnh htnn juydws syw nphk jughp, puyg dwbljuyunuiklut
$ninpnh wenudnyd hwdwjn unud Lup wppupwugh pubwnuwnnipmnititp: Twiljuyuwnwibjut $nunpnh
hhdtwlwl  funhpt hywbu UVhqhunud, wiybu b Zuwunwind  dwuppubg  dnwskulbpyh
thhthunthwynipjut Uk L (Sunnubp, dupqhsubp, yquonntwlwb wudhtp): Gugrhwnud dhuyt yhpekpu B uljuty
hunub] wyu dwuht: Uhuyt 2012 pdwlwuht Uugihugh $ninpnih wmungughwb pignitikg dubtjuyunuubjub
$ninpnih qupquguut tnp hinuihnjuwljut épughp: Opwgph hhudpnd puljws Eu htug Epkuwubkpp, tpubg
punhwinip qupqugnidp, wy ns pk dwpghsubpp, Sunnubpp b Upguowpbpp:

Ujuyhuny, wpgbpnud b qpunyl] dhiph 14 wwpbiwut Gphjuwtbph ubiklghuyny: Guhpwudbon E
Epkhuwubpht dhtish 14-15 mmwupblwip htwpwynphtiu qips wuht) qiuny qunuyhtt hwpdwskinig, pwh np
wnwphpughtt wyy thnynud tpkjuugh nigbnp ghebu qudnud | dbwdnpdwt thoynud: Uhisk 14 wnwpkluip
EpEwtbpp whwp £ dwpqbt b punut thnpp pununuownnid: Oppwt thnpp L puownp, wjipw Epkjuwb
wykh owwn Ynhuysh qunpuljht’ wykih own hwgnyp uinwbiwny juwnhg:

Bphjuwttpp quihu Eu dwpqnudubphtt wppbt tkpphtt Unnpughwynd b tpwip Yuphp snibku
wpunwphlt Uninpjughuyh: Uwpghsubph gipuwnp jtnhpp whwnp £ hh ipkewbtph don gwhywbt) $ninpng
hnununt guulnipniup, wyp ny ph uvyuik] wjt dwtdpwh b Yhophtiwl Jupdnipmititpny: Upguowpkpp
Juplnp skt phjuwtttiph hwdwp, tputg hwdwp jupbnpdnud E pigudbiup punu) $ninpn) b hwéngp unwbug
Juwnhg;
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O PA3BUTHUU JETCKO-IOHOIIIECKOI'O ®YTBOJIA
3anazansan O.A.
Epesanckuii 2ocyoapcmeennuil ynugepcumem apxumeKmypbl U CIpOUmenbCmsed

KaioueBsle cioBa: GpyT00I, 1€TCKO-IOHOIIECKUH, CENEKIM, AETH, TPEHEP, MOTHBALNS

AHHOTADUSA

OCHOBHOW 9acThIO Pa3BUTHS U Tporpecca (yTdoia SBiseTcs NeTcKo-foHomeckas 6a3a. Eciu B 6oxpmom ¢yTtdome
0a3a OCHOBaHA Ha pe3yJIbTaTe, TO B JIETCKO-IOHOMIECKOM (yTOOIE IOHKHO OBITH HA00OpOT, TIJIaBHAS LEh - OOydeHHeE.
[epuon nepexonHoro Bo3pacra nereit - ¢ 12-15 jer, BO BpeMsi KOTOPOTro OpraHu3M JieTel HaxXOJMTCs Ha CTaIuu Pa3BUTHSL.
ITo Mepe BO3MOXHOCTH Ha/10 obeperath JieTell B Bozpacte 14-15 et oT ynapoB rojioBoi 00 Ms4, TaK Kak B 3TO BPEMs MO3T
peOeHKa HaXOAUTCS Ha CTaNU Pa3BUTHA. TpeHep JOoDKEeH AyMaTh HE O pe3ysbTare, a O TOM, YTOOBI HAYUUTh JETEH UrpaTh
B QyT00. ['naBHOit 3a1aueil TpEHEPOB AOJHKHO OBITH COXPaHEHHUE y JIeTeH eJdaHus urparb B GyT00J, a He yOuBaTh 31O
JKeJIaHWE CKYYHBIMH M OJHOOOpasHbIMH ynpaxkHeHHsMu. Jlo 14 yeT net NOJDKHBI TPEHWPOBATHCS M MIPaTh HA MalloM
UTPOBOM IT0jie. YeM MeHbIe Moje, TeM damie peOeHOK OyZeT MomajaTh Mo MYy M MOJYYHUT OOJIbIIE yJOBOJBCTBHUS OT
urpsl. Jletd uayT Ha Urpy y>ke€ BHYTPECHHE MOTHBHUPOBAHHBIMHU, 1 UM HE Hy KHBI BHEIITHHE MOTHBAIMU. TypHUPBI HE BasKHbI
JUIsl IeTeH, JUIsl HUX BaKHO TOJILKO UrpaTh B GyTOOI U MOJIy4YaTh YAOBOJIBGCTBHE OT UTPHI.

ABOUT THE DEVELOPMENT OF JUNIOR FOOTBALL
H.H. Zanazanyan
Yerevan State University of Architecture and Construction

Keywords: football, junior, selection, children, coach, motivation

SUMMARY

The early selection of children for the development and progress of junior football is discussed. Children under 14
must be trained and play in a small field. If the foundation of the big football is based on the result, in the junior football it
should be the vice versa; the main goal is the training. During the period of awkward age from 12 to15 years the body of the
child is just on the way to be developed, the child should be prevented from any distraction on head, because the brain of
child is under development. The coach should not think about the result, but should teach the child to play football. They
come to practice already internally motivated, without the need of external motivation. The main objective of coaches is to
keep the desire to play football. They should not exhaust them by boring and monotonous exercises. Tournaments are not
important for children. It is more important for them just to play football and enjoy the game.
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281 352: 528.9

ULcurd aNk3Lh eNh3LUS HYUD OSSUSRNONRULESP BY UUZUULUQUUNRULED
UQ21E3NkhE3NRUL ENHR3LUSHL TrRAULUNNRE3UL 94U

U.r. Juppuiyub
Eplwih dwpunmupuybunnippul b ohiwpupnippaul wyhnwlwl huduyuupub

Pwitwh punbp. gninhwynpnud, wbpwpd gnyp, qnijpuyhtt hpwyntup, gpuigdwt hwdwlwpg, ogunugnpddwi
uwwhdwbwhwlnudubp, poyjunpdus oqunugnpénidutiph opowtiwly, ukpyhwnnin, junuunpughtt pupinkq

Znpywénid wnipywé Fhwipwybnnyepul gnunpun/npdw i hwuinwpnpbpnid wdpugpyws anpdkph
Jpuwldwl hunlup winwowplnipinibhkp, npnip jinywunkia ns dpuyh [Ehuugnpdnibknipyud pupkiuuwan
vpownjuyp dunnplni b, uyl gqquypnpkl Jubpnunkukip nupdakh wipwpd gnyph ppowinunnipjui
htnupunjnp nhulkpp  uupfwé hunnwpypbph spowiuminb hunwl dulkpynidlabph hku: Opplaulakpn]
bkpluyugywé Fjbpohl inuphbbphl Jkp ppulpminippuinp pinpny plkuypkp: Unwowplynid Fgnunpun/npunl I
gnijph Ghunndwdp ppundniipp hwmununnng thwuinwpnpbpnid hu wdpugply phugwhwywbulul,
yuwwndupwlnipughl I wyy phnyph vwhdwiunhuwlnidikpp, npnbp bulwh gnpdéni upng kb hwinhuwiuy
onitjuynid nfjuy gnijph qlnugnyuguul hundup

Anunhwynpiu hwunwpnpbipnid wdpugpdus tnpdbpp pny; Bb wwjhu ny dhuwytt dbwynply
JEuuwgnpéntitinipjut pupkiyuun vhowduyp, wyjh qquihnpkt jutjpwnbubih i qupdunid wpwpd gniyph
opowtiunnipjutt htwpwynp rhuljipp’ Juwydws gnyph nkdhdh hunwl Atwltpynidutph htwn: Swynp, dbp
hpujutnipeniip nhnbu hbent L hywhu gnunhwynpdwt thwunwpnptph tuqugnyt ywhwbpwplp
wwwhnybny, wyhybu b wyn huunwpnptpny vwhdwiynn ppuduljut nkdhuh Yhpupynidhg:

Bpet gnyph hpuwjulwi jupquyhduljh wenidny Zujuunwbh pugudbup dh pwth wupdu pupugpnid

Jupnquguy whtwhwunby hwennnipmibtip wpdwitwgnpt]® Juuyyws gnypuyghtt hpwyniupubph qpuiigdwt
hwdwlupgh Yujugdwb hbkwn, wwyw gnyph hpwdwlwt pkdhuh, wyy pymd’ npu  oquuugnpsuwb
vwhdwbwhwlnudubph vwhdwidwi b whnwljuwt gpuigdut wenidny, updnid Eup, hhdtwlwt wubkihpukpp
nhn wpolinid L Zknmwquynid wudbihpp wykh hwuwtkh gupdubnt tfunwenudng tbpluyugubip wqupg vh
ujubdw, nptt wpunwhwyunmd b poygjunpjws oquuugnpsnidutph b vwhdwbwhwlnudubph (wyn pdoud’
ukpyhununtbph) juwp:
Ujuhuwyn E, np nppwit phy Lt gonyph oguuugnpddwt vwhdwbwhwlnudutpp b ubkpghwunninibpp, wjipw
wykh kS E poyjunpus oquruugnpsnidubph ppowtiwlyp, huly Jepohtiu hp hippht gnyph hpugybihnipyui b
ubpypniduyhtt wonudnyg gpudsnipyutt hhdttwjut twhwwyuwydwubphg b, Jhygln vwhdwbwhwlnidubph
wnluympniip Jupnn b opnnpndhtt hwwowl wpgniuph  phpl)’ wiluwje wit hwiqudwiphg, ph
nwpwdwlut wenudny npntn L nbnupwopidus gnypp: Uuduwsp hwunbknt hwdwp ubpluyugutip Jtpehte
wnwnphubpht Ukp hpuljutnipjuiip punpny ophtiwyy, tpp npny ukpppnnubtp dbnp phpkghtt Gplwuh YEunpnund
gquiynn okuptp' ppuip YEpuwjunnighint tyuunwlny («Uhwb» hnipuingp, wpnuwuwhdwiyuwb tplpukph
htwn dpwlnipuyhtt yuwybkph pulbpnipjut okupp, Upndjut-8 hwugtmid quadnn skupp, Ephtnwuwpnnipjuit
wujuwnn b wyl), vwluyt hbnwquynud <hwjniwptpgtgr, np gputp hwiphuwinid Eu yundwdywlnipught
hnipwpdwutp b Jkpuwjuenigdut Gupwulju skt jud nputg tjundudp ywhwnp L Jhpundtt hEnhttwluwht
hpwyniuph tnputpp: Uppyniupnid nibbgutp jud wmmwphubp pupnitul] winpny jupquyhdwjh fhuwpwiy
okip («Ulmb» hympuingp), Yud Ukpypnnubph  hpwdupmd  jwiju] dnwsgws  spugpbphg: Sjuy
wupwqujnid hhdbwhiinhpp Jupth E patiwpybp hbnbyw) hwpgbph oppwtiwljubpnud.

w) hugn "1 qunpnp dphtsh gniypp dknp phipkip ninkjugdus skp wnjw vwhdwbwithwlnidutph dwuhl,

p) nputinh®g tw wyhwnp kwnbntugdws (hukp wnjuw vwhdwbtuwhwlnidubph dwuh,

@) kpk mbntiwugywsé (hubkp, wpynp Yqubp wyn skupp b npput Yydwnpbp qubnt nhypnid:

bPhupyk, pyupydws hwpgbph oppwbwlhg nnipu L dand tkpnppnidwihtt wenidny thwuwnnpkt ny
hpwwniphs, puyg wundwlwb b dowlnipughtt wpdbp tbkpyuyuginn skuptph (hnpwpdwbttph) oquw-
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gnpddwt (pwhwgnpsdwt) b wwhywinipjuit wetsyny pughpubpp b whnnipjub gipp wy pughpibpnd,
uwluyt yepohnbpu wy ptbwpuut phdw b

dbpp pyupydws hwupgbpt widhgwljuinpb wnisynid ki punupwghubph jud hpuduwputuljut
wtdwig qnuypujhtt hpwyntupubphtt b wyn hpwyniuputiph hnppwbgdw (dknp phpdwt) dudwiwl hisytu wyy
hpwyniuputiph, wyuybu b gqnyph oquugnpéiwt vwhdwbwhwlnudubph Jepupbpu wnbntjunynipjut
hwuwubjhnipjuip, hwjwuwnhnipjuip nt (hupdbpnipjun:

‘Unpdunhy ppwduiut wlnbpp vwhdwinud By, np tdwb nbnbjunynipmniup wbnp § welju hth
wnujuql kpynt hwdwljunpgh hwunwpnpbpnd.

w) punupuohtwut jud hnnuohttwpwpwlwb Spugpuyhtt hwunwpnpipmd  (fju; Wupu-
quynid” hnnkph gnnhwynpdwi b oqunugnpsdwt uubdwbp jud gnnhpuynpdwt twpuwgstn) b npug hhdw
dpu,

p) gnyph tjundwdp hpwyniupp hwuwnwwnng hwunwpnpebpnid:

Ujuonyu dbtp opjkljnnhy ppwjwbnipnittt wytyhupt E, np npuighg wnwehtibnh puguljuynipmniup
wybh jud wujuwu swihny yuwndwn bt hwinhuwind, np gmyph tjundwdp ppwyniupp hwuwnwwnng
thwunwpnpbpnid bu skt wdpugpymd npu ogunugnpédwin tjundwdp phuywhywbuljul, yundwdyw-
Unipuyhtt b wyp punyph vwhdwbwhwynidubpp, npnup bwljub gnpéntt Jupnn i hwighuwbwy onijuynid
wnyjuy gnyph quugnjugdw hwdwn:

" hnnuyht opktugpph hwdwwwwnwupwt hnpjuwsubpny [1], pk’ whknwlwi b hwdwjipught
ubthwljwinpnit hwinhuwgnn hnpudwubph onwpdwt, jurnmguuyuwwndwi hpuynitiph b oqunugnpsuwb
npudwnpdui jupgp hwunwnbne dwuhb 22 junwqupnipjui 12.04.2001p. N286 npnonudny [2] vwhdwudus
E np ywhknwlwh jud hwdwjupughtt ubthwlwinipjut hnnuwdwubph hpuwywpwlughtt vwwupynipniuubph
thwpbpnd whup Lt ubpwndh hnpudwubph tjundudp wdpnnowljutt mbknkjuwnynipmitp, wyn pynod’
uvwhdwbwhwlinudubph b ubpdhununtbph weunipniiup, hull juoniguywundwt hwdwp wpudwunpdnn
hnnuwdwubph phypnid®  twl  dwpnwpuybnwhwnwljugdsuht wopwewnpuupp: 8wynp, uvwhdwidws
unpdbpp gopStwljuiinid qpbpt skt Jhpwnynwd b phs skt twlb wjiyhuh wpunipnh hwutng nkypbpp, bpp
Unuyptnn  bvywwwlhh bhwdwp hnpudwu dknp phpws wbdp sh Jupnpuind  vnwbw]  fwpunwpw-
whnwhwnwljugduyhtt wnwewnpuip: By uwnwgynid £, np gnypp (hnqudwup jud skupp) onnwpnnp (ndjuy
wupuqujnid whwunnippiup jud hwdwjupp) qunpphtt twjuopnp wbnyull sh wuwhbk] weljw wwhdwbw-
thwlnudubph dwuhl, hul Gpt wyy wvwhdwbuwhwindubpp skt wdpugpynud  gnyph  onnwpdwin Yud
Jupduunipjut wuydwbwgppmud, phwjwbwpwup gpuip skt upnn nbkn qunub] twb gnyph tjundwudp
hpwyntupp hwunuwnng hwunwpnppnud:

Yupbmd Eup, wppkt opu hpudwjwuljut b opkunpnipjudp uvwhdwiws unpdtph gnpstwfui
Yhpupynudp b gnypuyhtt hpwynitupubph thnpwbgdw gnpswnnyputpnid punupwljhpe hwpwpkpnipnii-
utph Abwnpnudp, wjuybu wpdwnwynpjws ywpulunhfwit Jupnn b opipe unspungnun hwinhuwbug
whnnipju jud hwdwjiph, whnwljut jud nbquuwt hptwjurwjupdut dwpdhutibph tjundwudp
Junuwhnipjut wpdunuynpdut fwiwwyuphht:

bhupyt, gnuphunpiut thwunwpnpbph puguunipjut yupuquynid hwnjuybu gnipuiut
hwdwjupubph nEjudupttph hwdwp gwn nddup Yihth Ynndunpnoyt) hisybu honkph onwpdwt thwunw-
pnpetnpnud, witwbtu b dwupnupuybnwhunuugsuhtt wnwewnpuuputpnid  vwhdwbwhwlnidutph
opowttwlp npnokijnt fnunhpubpnud:

YQupénud kup, np wyn hwpgnid hwdwjupubph hwdwp dbé wowmlgnipymtt Jupnn b (hub] ppuig
Jupswluwb vwhdwbibpmd quuynn ywhnwjwt sbhwlwinpjut hnnbpp wihwwnnyg ubthwlwinipjub
hpwyniupny hwdwjupubphtt thnppwbghint dpwgph opowtiwljubpnid junuuwnpughtt pupnkqubph wpudw-
nnnudp, npntg Ypw wpnwhwjnws (hth hnnuyht $ntnh puwopunidt pun ubthwljuinipyut hpwyniuph
unipjkljunnibph, pun tyuwnwljuyght b gnpswnttwlwt ywhwlnipyul, husyhu bwb pun hnpunbkuptph: LoJus
pupubtqubpp pujupup nbnjunduijut hhdp b ywpnibwlnud hudwjupubph gninhwnpdwt hwuwnw-
pnetnh owldwt hwdwnp:

160 SE1ETUSP 2/2013



SULSEUUSPSNRP3NAL

BJUSIHUE PA3PEIIEHHBIX MMOJB30BAHUM U OTPAHUYEHUIA HEJIBU/XNMOCTHU HA
HMY]JJECTBEHHI;IFI OBOPOT
Bappausn M.P.
Epesanckuii cocyoapcmeennulii yHugepcumem apxumeKkmypbul 4 CIpoumenscmed

KaioueBble ci10Ba: 30HIPOBaHKE, HEBI)KUMOCTD, IMYIIIECTBEHHOE IIPABO, PETUCTPALMOHHAS CHCTEMA, OTPaHNICHHS
HCTIONIb30BaHMSA, IEPEUCHb Pa3peIICHHBIX 0003HAUCHNH, CEpPBUTYT, KalacTpoBas KapTa

AHHOTANUA

B craTbe naHbl NpEAIOKEHUS AT OTIOTHUTEIBHOM 00pabOTKM 3aKPEIUIEHHBIX B JOKyMEHTaX PECIyOIMKaHCKOTO
30HMPOBAHHUS, HOPMaxX, KOTOPbIE MOMOTYT CO3JaTh HE TOJIBKO OJIATONPHUATHYIO CO3MAATEIbHYIO OOCTAHOBKY, HO M CICIAIOT
3HAYUTEIBHO TPEJICKa3yeMbIMA BO3MOXKHBIE PUCKH 000pOTa HEIBUIKUMOCTH, CBSI3aHHBIE C YETKHM O(opMiIeHHeM 000poTa
JIOKyMeHTOB. IIpuBeieHbl IpUMEpPH! CIy4aeB, XapaKTepHBIX IS Halllel NeHCTBUTENbHOCTHU MOCTIeIHUX JeT. [l MpaBoBBIX
JIOKYMEHTOB 30HHPOBaHMS ¥ HMYILIECTBA TMPEANIAraloTCs TakXKe 3aKpeIUIaTh MPUPOJOOXPAaHHBIE, HCTOPUKOKYIIb-
TYPOJIOTHYECKHE U APYTHE OIPaHUYCHHsI, KOTOPhIE MOTYT OKa3aThCsl CYILIECTBEHHBIM (DaKTOPOM JUIsl IIEHOO0Pa30BaHUsL.

INFLUENCE OF REAL ESTATE ALLOWED USES AND RESTRICTIONS ON THE PROPERTY TURNOVER

M.R.Vardanyan
Yerevan State University of Architecture and Construction

Keywords: zoning, real estate, property right, registration system, use restrictions, list of the allowed designations,
easement, cadastral card.

SUMMARY

The additional processing fixed in documents of RA zoning as well as norms which will help to create not only a
favorable creative situation but also will make considerably predictable possible risks of the real estate turnover, connected
with the accurate registration of documents’ circulation are offered. The examples of cases specific to our reality of recent
years are given. Nature conservation, historical and cultural, as well as other restrictions are proposed to fix for legal
documents of zoning and property, which may prove to be an essential factor for pricing.
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Upmdpmé .9 (22, p. Bphwb)- $.-d.q.p., Gplwth whnwlwh hwdwjuwpwi, w. g.u., htn." (094) 552333

Ufugpupyui U.2. (22, p. Gphwb)- GECN2 wuyhpwitin, htn.* (091)308068

Unpuwpwpmb 9.0, (22, p. Gphwb)- n.q.p., Ujunptdhynu b.9. Gnhwuqupndh widub Qpuyhtt hhdtwhwpgtph b hhppnntthluygh
huuwnhwuiniwn, htn." (093)074969

Unwpkbjpui @.U. (22, p. bphwbh)- GECNZ wuyhpwln, «Ckl Ynugknts @LC, htin." (093)040560

Puplumpuywi O.U. (22, p. Gplwb)- wn.qan., wypndbunp, Bphwih dwpnupuybnmput b shtwpwpnipju yhnwlul
hwdwjuwpwh nwu. wph. gény wponklunp, htn. (077)794030

Qphgnyuls U.U. (22, p. Gplwl) — Gplwth Swpnupuybnnipiui b shtwpupnipjut yhnwwh hwdwjuupwih pupdpugnyi
dwpbdwnhuyh wdphnth nuwuwpnu, htin.® (091) 639758

Qinpguut U.U. (22, p. Bphwl) — BECNZ, Zhnpuwyhluygh, eipduququiunuwjupupdut b onwithnunipinitt wdphnuh npuuwiuny,
htin." (091) 516021

Punfpyul G2 (22, p. Gplwb)- 22 Junwupnipjubl weplpbp wiowpd gnyph junwuwnph yhnwlwd §ndhnth bwhwquhh
wnbnuljwy, htn." (010) 321240

Epoyul U. L. (22, p. Gplwt) — Ujunkudhlnu b9, Gnphwuqupnyh widub Qpuyghtt hhuttwhwpgbph b hhpponkutuhjugh htunhwnninh
wnbonkl, huygnpn, htn.* (091) 402070

Bihpbdjub U.U. (22, p. Bpluwl) - BECNZ wuyhpwwn, htn.® (096) 995550

LQuimquibymui 2.2. (22, p. Gplwb) - BECNZ $hqynuunnipuyh b uynpunp wdphnth Juphs, htn'. (091) 415543

Bpudopué S.2. (22, p. Gphwb) — w.q.p., GECNZ wjwq nuypngutph Jupsnipjub yhw-wypoekiunp, htn." (091) 432364

Popdugrui 2.4, (22, p. Bpluwb) — wn.q.1., ypndlunp, GETNZ nhljunp, htn.* (010)547425

Fwbhlymt U.U. (22, p. Gplwb) — GTENZ, Zhnpnohtwpupnipyul, epughtt hwdwlwpgtph b hhgpohEjupujuywbttph wdphntp
nuuwhinu, htn.® (099)848844

Jwswwpui E2, (22, p. Gphwb)- w.qy., B&CN2 Zhnpnphtwpwpnipul, opughtt hwdwlupgbph b hhppohEinpuljuywittph
wdphni, hkn.* (010) 580759

Fwswnmppué 4.2, (22, p. Gplwl)- gwpn. nnljunp, wpdbunwpuinipyub phijiwsny, GECNZ, htn.' (010) 537169

upwwbkuywh 9.G. (22, p. Gphwb) - GETNZ hwjgnpn, Zuqupudjulh dwpnwhpudbpiutp hhdtwnpud, htn.® (094) 436822
Zwnppul 0.2, (22, p. Gphwb) — BETN2 wuyhpwiw, “Upthw-Ulwt” fRC gluwdnp niiopkl, htn.” (094) 433400

Zwlnpuli U.1N. (2Z, p. Bphwl) - Gphwth fdwpunuwpuwybnniput b shtwpupnmput whnwljwt hwdwjuwpwl, nuuwjunu,
htin." (098) 772203

Zwpmpniiywl 912 (22, p. Bphwl) - wun. phljuwdnt, “Zuytniuququpy” PRC-h Jupsnipjul twjuwquh-gluudnp whonky,
htin." (010) 294703

Zofhwhbhywi 2.U. - Gplwbh dwpnwpuybunmput b ohttwpupmpiut whnwjuwt  hwdwupwpuih  wuyhpubn,
htn." (055) 442228

Znihwbbhuypul 4. @. (22, p.Bplwl) — w.q.p., BECNZ Eynundhiuyh, hpwyniuph b jurwdupuwh wdphn, htn.' (010) 524416
Zoulafyul U2 (22, p. BGplhwl)- BECNZ huygnpy, 22 UPL «Ukjuus» MOUY, htn." (094)802002

Ququpuui 2.U. (22, p. bpwl) — Zujwunwbh wqquyhtt wgpupuyghtt hwdwjuwpub, Zhgpnututhiugh jupwdupdwt b
Uk hnpughuyh wdphni, htn.* (099) 811828

Uwpqupyul U.8w (22, p. Gplwl) — wn.q.1., ypndbunp, GECNZ, Zhnpuyhuyh, gbkpduququiunuljupupdub b onuthnfunipnit
wuphnth yuphs, htn." (091) 412725

Uwpynuywb U.U. (22, p. Gplwb) — Zujuunwih whnwwh nhnkuwghnwlwu hwdwjuwpwih wuyhpubin

Uwplinmywé U.R. (22, p. Gphwl) - wing., wpndkunp, 22 junwdupmpuih wopbpbp whnwlwi gonyph junwdupdwb
Jupsnipjut Ynuhnth yhnh nknuywg, htn.' (010) 527635

Uwplnuub U.9. (22, p. Gphwl) - wn.q.n, BELCNZ, Zupynnuljut wkthjuyh b junwjupdut dwlnyunbnh wdphnuh quphs,
htn." (091)401215

Uwpuppnuyub S.U. (22, p. Bplwb) - nuwn. p., nngktn, BEENZ, Yunwjupdwb b wkuninghwih nhwyupunwdbinh nbjudun-
nkljwl, htn." (010) 565903

Uhwgulwiyub £.U. (22, p. Gphwl) — $.-d.q.p., Bplwth wyhnwwd hwdwuwpul, puuwhnu, htn.' (099) 666140

Uhtuuywl 2,U. (22, p. Gphwl) - GECNZ wuwhpwbn, htn.* (095) 923456

Upppwmmi U.U. (22, p. Gphwl) 22 QUU pype. winud, $.d.q.1., ypnd. GETN2, Gpluth Swpnupuybnnipjut b ghtwpupnipjut
yhunuwlut hwdwjuwpwh pupdpugnyt dwpkdwnhu wdphnth quphs, htn.' (093) 936117

Ujpuyywi U.U. (22, p. Gphwl) - Yhuu.q.q., wunbdhlnu b9, Gnhwuqupnih wijwub gpuyhtt hhdtwhwpgbph b hhppnntthluygh
htunhwnniwn, htn.* (094) 233347

Ugpnmdjwi  U.U. (22, p. Bplwl) - w.qn., 22 nwpwspughtt bwjpwpupnipjut Qpuyhtt nbnbunipjut ybinujut jndhnth
wpliwnwljuquh nEjwdunp, htn .* (094)007915

Cwhpiymh U.U. (22, p. Gphwl) - dwpn phlijiwsny, GETNZ, Gphwbh Lwpnupuybnnmppui b shtwpupnipiut whnwljwh
hwdwjuwpub, htn." (093)288293

Chlywlh L[.U. (22, p. Bplwul) - dd.gp., 2N, Zuwunwih yhnwjut fupunupughnuljut hudwjuwpuith Yhpunwulub
Ubkjuwthuyh wdphnth nngkuwn, htn.* (099) 283440

gy 2. 2. (22, p. Gphwb)-41., ypndbunp, BETN2 KU b LU wdphnuh Juphs, htn." (010) 58 15 39

Uwhwlyui E.12. (22, p. Gphwb)- wv.q.1., ypndtunp, GEEN2Z, CUPYUUS wdphnb, htn." (093)445758

Uwpquuui 9.2 (22, p. Gplwb)- wn.q.n., ypondbunp, BECNZ Zhnpnohtwpwpnipjul, gpughtt hwdwlwpgph b hhgypnhEjupw-
Juyuttiph wdphnb, htn.* (010) 580759

Jupnuiywi L.} (22, p. Gplwb)- n.q.p., 22 Upnwlupg hpughdwlubph twhpwpupnipyub “Zuyybnbhhnppndtn” TNUY-h wbopkl,
htn." (010) 530316

Yuppuiywi U.L}. (22, p. Gplwb)- w.q.p., nngkun, Zuyuunwih yhnwljwb wgpupught hwdwupwi, htin.* (093)337777

Lunfuy Unhwl Uwjwu (Uhphuyh Upwpwlwb Zwbpwwybunmpeni) - Bplwbh dwpnwpuybnnpui b pghtwpupnipyub
yhinuwlut hwdwjuwpwih wuyhpwn
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CBEJEHUSA Ob ABTOPAX

Ara6adsaH K.A. (PA, r.EpeBan) — K.1.H., IHCTUTYT BOJHBIX Npo6ieM U ruapoTexHuku PA um. Axanemuka W.B. Eruaszaposa,
ten.: (093)074969

AxonsiH MLIL. (PA, r.EpeBan) — npenoaaBarens ET'YAC, ten.: (098)772203

AxonsH ILA. (PA, r.Epesan) — acnupant EI'YAC, rennupextop 3AO «Apna-Cesany, Tei.: (094)433400

Apaxkeunsin I'.A. (PA, r.Epesan) — aciupar ET'YAC, 3A0 «lllenkonuepn» tein.: (093)040560

ApytionsitH B.P. (PA, r.EpeBan) — k.3.H., npeicenatens npasieHus 3AO «ApmPocrasnpom», reHepanbHbl IUPEKTOp
ten.: (010)294703

Aaymsu K.B. (PA, r.EpeBan) — k.¢.-M.H., ¢.H.c. EpeBaHCKOr0 TocyiapcTBeHHOTO yHUBepcuTera, Tei.: (094) 552333
Axnapsu H.I'. (PA, r.Epesan) — acniupant ET'YAC, ten.:(091) 308068

Bapxynapsin A.M. (PA, r.Epean) — 1.1.H., npodeccop, npopexrop o yue6Hoit uactu EI'YAC, ten.: (077)794030

Bapnansn M.P. (PA, r.Epean) -— K.T.H., JOLEeHT, HanuoHanpHBIH arpapHbIi yHUBEpCUTET ApMeEHUH,
ten.: (093)337777

. Bappaunsn JI.P. (PA, r.Epesan) — k.1.H., tupekrop THKO «Apmrocrugpomer» npu MUHHCTEPCTBE Ype3BbIUAHBIX CHUTYalni

PA, ten.: (010) 530316

T'eBopksin A.A. (PA, r.Epesan)- mpenonaBarens Kadenpbl ruapaBiuku TerorazocHa®xkeHnuss U BeHtwisinun EIVAC,
ten.: (091)516021

I'puropsin M.C. (PA, r.Epean)- ET'YAC, npenonaBatens Kadenpsr Beiciielr Mmarematuku, Ten.:(091) 639758

Hdasran K.J. (PA,r.Epesan)- 3amecrurens mnpezacenarens [OCyqapcTBEHHOrO KOMHUTETa KaJacTpa HEIABIKUMOCTH PA,
tei.: (010)321240

Enpemsin MLA. (PA, r.Epesan)- acnupant ET'YAC, ten.: (096)995550

Eposin C.H. (PA, r.EpeBan)- aupekrop, couckatenb MHCTHTYTa BOAHBIX MPOOJEM U THAPOTEXHHKH UM. Akamemuka M.B.
Eruazapoga, Tein.: (091)402070

3anazansu O.A. (PA, r.EpeBan) — 3aBenyroumii kadeapoit puskyasTypsl u ciopta ETYAC, ten.:(091)415543

Kazapssn A.C. (PA, r.EpeBan) — HamuoHnanbHblii arpapHelif yHHBepcUTET ApMeHMH, Kadeapa TIMIPOTEXHUYECKUX
CoOpyXeHuid 1 Mennopanuy, Ten.: (099) 811828

Kapanersn B.E. (PA,r.EpeBan) — couckarens ET'YAC, ®ounn «Bb130BbI ThICUEIeTHSY, TEN.:(094)436822

Kaman Anxnan Manac - (Cupuiickas Apabckas Pecriy6nuka), acupant ET'YAC

Mapxapsin AJSI. (PA, r.Epesan)- n.1.H.,, npocdeccop, 3aBeayromuil kadeapoll TI'MApPaBIMKH, TEMJIOra30CHAOKEHUS U
BeHTHIAIMH, Ten.: (091)412725

Mapxocsin A.A. (PA, r.Epesan) — aciupant I'ocy1apcTBEHHOI0 5KOHOMHYECKOI0 YHUBEPCUTETa APMEHHU

Mapxocsin A X. (PA, r.Epean)- a.3.H, npodeccop, 3aMecTUTENb HayaJbHUKAa  BEJIOMCTBAa II0 YIPAaBJICHUIO
rocy1apcTBEHHBIM UMyIiecTBOM mpH IIpaBurensctBe PA, Tex.: (010) 527635

Mapkocsin M.B. (PA,r.EpeBan)- n.1.H., 3aBeayromuii kadenpoit daxynbpreTa BBIUHUCIUTEIBHON TEXHUKH W YyIPaBIICHHS
EI'YAC, ten.: (091)401215

Maprtupocsn T.C. (PA, r.EpeBan)- k.3.H, JOIEHT, pyKOBOAUTENb-lIeKaH JlenapTamMenTa ynpasienus 1 TexHonoruu ETYAC,
ten.: (010)565903

Munacsin O.M. (PA, r.EpeBan) — actiupant ET'YAC, Ten.: (095)923456

Mgxkptymsan M.M. (PA, r.EpeBan)- A.T.H., pyKOBOJUTENb amlmapara roCyAapCTBEHHOTO KOMHUTETa BOJHOTO XO3SHCTBa INpH
MuHucTepCTBE TEPPUTOPUATHHOTO yrpaBienus, Tei.: (094)007915

Mmuanakansia T.C. (PA, r.Epesan)- a.¢.-M.H., npenoaasatens EI'Y, ten.: (099)666140

Mkptusin C.M. (PA, r.Epesan)- 1.0.H., akageMuk MHCTHUTYyTa BOIHBIX MPOOJIeM U THAPOTeXHUKH PA um. Akagemuka M.B.
Eruazapoga, Ten.: (094)233347

Mxurtapsas C.M. (PA, r.EpeBan)- n.¢.-m.H., npodeccop, wi.-kop. HAH PA, EI'YAC, 3aBepytomuii kadenpoit Bricuieit
MatemaTukH, Ten.: (093)936117

OBcensin  A.P. (PAr.EpeBan)- couckarens EI'YAC, wucnomautensueni mupekrop [HKO «MEBAHI» MUC
PA,rein.:(094)802002

Oranecsin B.IN. (PA,r.Epean)- k.1.H., Kadenpa sxkonomuku, npasa u ynpasienuss EI'YAC, ren.: (010)524416

Oranecsin I'.C. (PA,r.Epesan) — acnupant ET'YAC, ten.: (055)442228

Pammpasu I'.A. (PA,r.EpeBan)- n.apxut., npodeccop, 3aBeayromuii kageapoil apXUTeKTypHOTO POCKTUPOBAHUS U JTU3aiiHa
apxutektypHoii cpenst ETYAC, ten.: (010) 581539

Caaxsu J.P. (PA,r.Epesan) — a.1.H., npodeccop, ETYAC, xadeznpa cTpouTerbHBIX MaTepHUaIOB, U3LeNUI U TeXHOJIOTUH
IIPOM3BOJICTBA CTPOUTENBHBIX KOHCTPYKIU, Tell.: (093) 445758

Capkucsin B.O. (PA, r.EpeBan)- n.T.H., mpodeccop, EI'YAC, kadenpa ruapocTpouTeNnsCTBa, BOJHBIX CHCTEM U
ruaposnekTpocrannui, tei.: (010)580759

ToxkmagxanO.B. (PA,r.Epesan) — a.1.H., mpodeccop, pextop EI'YAC, Ten.: (010)547425

Xanukssn M.C. (PA,r.Epesan) — mpenogaBarens, EI'YAC, Kadempa ruapocTpouTensCcTBa, BOIHBIX CHCTEM H
rUIpodIeKTpocTannui, Tei.: (099)848844
Xavarpsan I.A. (PA,;r.Epesan) — a.T.H., mpodeccop, ETYAC, kadenpa TuIpPOCTPOUTEILCTBA, BOJHBIX CHCTEM H

ruapoaiekTpocTannuii, Ten.:(010)580759

XauatypsiH B.A. (PA r.EpeBan) — 1. apxur., kaua.uck. ETYAC, ten.: (010)537169

IMarunsin C.M. (PA,r.EpeBan) — k. apxur., ETYAC, Ten.: (093)288293

IMexsn JI.A. (PA,r.EpeBan) — k.d.-M.H., notient Kadenpsl npuknaanoit maremaruku ET'TIY, Ten.: (099) 283440
Jiipampxsan  T.O. (PA, r.EpeBan)- K.T.H., @pOpeKkTop, Impexacegaress MnpasieHus crapmux mkon EI'YAC,
ten.: (091)432364
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