ISSN 1829-4200 &TzU.z @bSUUUL UTUSNRE3NPLLEI 2015. 2111 (58)

287 725.182 (479.25) LULSULUMESNPEINRL
U.U. Unphunnwgbujwi,
U.L. Utmguljuiyut

USNPULPLP BY U318 2N'P UULEP UPQULUNULBUL
NUQUULULSUSUMESUYUL GUNNP3SLED

Zuy dnpnypph dwpunwupuwybnushbupupulul gopdnibbniypypul Juplnp nppnbbphg
phpnuohbnipniap: Ujh fwqdly F Qupnignpulub gnpdp whpwdwblbih dwup I hniuugh
yuonwwbhwlwl  hwdwlupgbph  dhongny wwwhny ngupdpk;  Ephhpp Gjwdnnului
wppufwliphliphg: Ukphuyugyuws ki Umniahph b duyng dnph dwpgbph wupunwwinuluib
hwdwlupglpl n1 gpuig wnwbdbwhwwnlnipnibakpp:

Unwigpuyhl punkp. plpn, wplinnip, Swiwwwph, wdpng, punup

Unithph plwlut wuwydwbubpp twuwunwynp tht  wuwonywbwlwut hwdwlupgbp
unbindtint hudwp: Gph hwdbdwnbint (hukup Zujuuwnwh nwppkp dwpqpnid nt Upniithpnd
Junnigywé phpnlipt nt wdpngubpp, wwyw Junptkh E tjunt] fSapunuwpuy bnwuljut hnphtquwsph,
ohttwpwpuwlut mktuhfugh b mEknuuph ptnpnipjut hbn juwJws qquih mwuppbpnipniuttp:

Gpt Umithpnud phpptiph jupnigdwt hwdwp  puupnud Ehu (keubkph  ququptbpp
(Udpuwnwpkpn, Ywuwljuown, pnint, Yyng pup b wyt), wyw Yhhihwnwd, ophtiwyy, pipptph
nbnunpnipjut hwdwp ptvnpmud Eht wnwdbjuy bu (Enttwonpwiubph uvnnpnnubpnid gnjnipniu
niubkgnn phwljub duynwggkpp, npnug Yypw junnignid thu wowmwpwlutpt nt poipgkpp, huly
npuig vhol wnwowgws nwpwdnipniuttpp hwlinud tpluytwut yupuywwywnbpny (Lunt
Ty, Ludppnt, Ymuykl, FPugpuu, Uhu b wyjt): Swohp-Qnpugbn spowtinid wyupwnyuwtwlu
hEtwljtntph jupnigdw hwdwp tnybybu pnnpnud Eht bpwtlnibwdb hpduwiunuwutbp (Quwywd,
Lnnh, Ulpwjw), vwljuytt wjunbny hwinhynd tu twb hwuppudujpuyhtt wdpngutp, hsybu,
ophtiwl, Fipnuywpn:

NMuwonyuiwljut Junnygubph dwpnuwpuybnnippiuop Unithpmd deplp B wwypnud
dvhptwnupnid: Umithpny wbgunn wnbunpuuwb dwbwwywphubpp tywuwnbk] o webwnph
qupgqugdutp, vwuyt dhbtnygt dudwiwly hwinhuwgl] o wyt hhdbwlwbt ninnmpniaubpp,
npnugny potwdht junidmid Ep Epyph punppp: Ujp hull wwwdwpny pnnp wnbwnpulub
Swuwwwphubpt niukgh] tb pwquujupuljut tpwbwlnipmit b wupwnwywudl) pkippkph n
wupngubph  wuwounywbiwlwt hwdwlupgny: Ujuyhuny, wuhpwdbpnmpmtbu bt nupdbky
hwdwy bnnwlwl, wpnwphtt punupujut’ puquuyjupujut wdpmpynibubph b Gphiph tbpunud
ukppunupulwi’ dwpunujupuljut  wdpmppiubph . hwdwlwpgbph unbindnudp:
NMuwonuyubwlu wju Epynt punupdwly Spwugpkptt hpwgnpsyt) Eu mwppbp htnkbtuhynipyudp’

Ejubkny Epyph wpwnwpht b tkppht punupuljut yhdwljutnhg nt wwhwugubphg, vwljuyu Eplyph
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wuwownwwinipjniu onnwp quyphsutph ubppunidnidubphg dhown btk E wnwetwhbpp L
Juplnpugnyb puunhp poppp dudwbwlubpnid. wdpnguohimpniup  dwjwdg ny dhuygh
wpuwphtt punupwlwunipinihg, wyk Gpyph tbpunid wpwowgws ubkpphtt punupuwluib
hpwyhdwlhg GLiukny, pwih np  wpwbdhtt  Gwpwpwupbbp b hpjuwbtbp,  owwp
hnjwbwynpnipnitittphg oquiykiny, uwnbnémd thu dbiniuwgus wuunuwuybnnipniuubp,
hohutwmtnipiniikp, npnip tnyuybu pwquujwbwgdw fuphp niukhi:

Nuquujupujut b dwupnuwjupujut guynyubtuluwt  hwdwlupgbiph  unbnénidp
Juwyywsé Ep phwh Umnithp wwbnng hhdtwuwt ninnnipjnibtipht hwpwlhg jEbnpntwlub
wupnipjniuibph b Epyph tkpunid qujunwght, Epjpnppuljub, odwiinwl) wdpnipniutph guugh
Juquuynpdwt htn: Uju tjuwnwenudubphg Giuknd® Jupbnp wnbnpuljut fwtwywphubpht
hpwphg npnowjh htnwynpnipjut ypu junnigh) Eu phppbp, wwhwlwlbtwnkp, npntp niukgh) tu
qninn pwquuljut bpwbwlnipnit (aly.1):

XII-XIIT  pn. ufuwés wyu LSwuwwwphubph GpQuyupnd b phppbph hulnnnipjut
nbuunuonbpmd Jupmigdl] i Juunipotbp, pwpwdwiuwwnubp: Umnithpny wtgtnng Hhu-
FPhpgynitup-NMwpunwy-Ywuyhg o6nY wnbnpujut Swhwwywphh' Ywng 4&npny wbgunn
Uhuwowt-Unp dwbtwyuwphwhwndwénid  dhtsh opu  wwhwywidl] o wuonwywiwlut
hudwlupgh dwu Juqunn dh pwth jEunpntwlub b Eppoppuljut tpwbwlnipnit nitkgng
pipntiph wdtpwyubkp, npntp phinbu munidbwuhpdws sk: Unbnpuljut &wbwwywphh Gplnt
Snunuynpnidubphg Mht-NMwpnuy nwbnng wpupuljut hhtt fwbwywphtt niuntduwuhply Bu
Ltnl, U. Lhuhgup, 2. Uwtwunuip b nmiphoutp, npnig wopnwnmpiniuubpnid tbpluyugdus
ki yuwndwlwb hknwppphp mbntlnipnitutp, Jipujuiquus tu pupwjuduypbph wunituubpp,
pupwjwbwwnibph b juyjwbubph wmbnunppnipmpitubpp, vwuyt hwdwpuw nghtiy wudws sh
wiwwywnphh Epuyiupnd wbnunpdws phppbph b gpuig wbnuppnipjutt Jwuhi: Cun
twptwjuwt numdbtwuhpnipniutph® 92 4 Gpupnipnit nibtbgnn  wju  wnbnpulub
Swuwwywnphh yuonyuwiwljut hwdwlwupgh dwub ki juqudl] Upthw, duju, Unybdw phpgbpp,
npnig ykpuwpbpnn wundwljut ndjujbutpp juuws skt hupnignid: Uju Swbwwuphht bnkp B
lu nip phpn, npnig mknunpnipiniup ghinbu ntuntdbwuhpnipyut yuphp nith: Untthpny wiging
Ukl wy] wnbnpuljuwt fwbwwwph uljhqp Ep wpbnud ‘Vwjuhgbwthg, dntunid Onniljp quywnh
uwhdwtt m wigubng Ulnitp, Fnpunph, Cwnuun, twunwlbipn-Umnith, Unjuhwunnt, (Qpnund,
unnnip, 8mip, PhEpn-Udbjunuown wdpngubph hulnnmpjut wbuwnwownny® heounid Funp,
Utinph quunubpt nt hwutmd dhtgh Yupghwb, npntnhg dhwinud Ep Znqdpw-Q@uynuljupu
dhowqqujhtt wnbinpujut Lmtwywphht:
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U1 1 - Quuyml duypupunuph dwpuqujpudl yupnuwmbujul hadwlupgp,
2 - Ui peppupunuph gduyhl upunyulnnlwl hunlwljwpgn
Untuhpmid owwn phipptp nt wdpngubp jupnigynid Ehtt hht wdpnipniuubph mbnbpnud,
uwuyt pwqUulwbt wnbjuhuwh woweopupwugp phjunpmd kp dwpnnwpuybnwlut fhun
npnowlh  wwpptph b wbbhfwlwt  htwpubph  Yhpwemipnit:  Uhetwnwpnid  qkuph
nbuwjuthtt wyupwt k| hwpniuwn skp, vwljuytt wyt wbpunhwn junwpbjugnpdynid kp, ntunp
Juwnuptjugnpdynid kht wyn qiuphg oquuybknt b gputhg wuwonwwudbnt dhongutpp: Uwpwn
Jupbnt muljunhlut hwigbkgptg wdpngutph wjtyhuh wthpwdtyn mwpptph wpwewgdwinp,
huswhuhp Eu opniqubipp, wugnidubpp, Ypjuwyh nupyuwuibpny dninpbpp, gunibky yuwnbkpp,
wlgwjunigkpp, qhtwingutpp b wy: Pojuwmbwljuwt pyuljubphg pugh (Uwunuupkpn, Shqthu,
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Udptpn) dhottwunwpnid pkpny hwuljugnnnipiniup® npybu hqnp wwpuyuuwwwnbtpny b wdpwlnin
wonwpwlutpny dhwjtwl] junnyg, qnynipinit sh niukgh): Gk Bu wdpnnowljwt hwdwlupgtp,
tpp wdpngubpp junnigyl) b dwtwwyuphttph tpluyupny, hpuphg npnpwljh hkpwynpnipjut
Jpu’ tyuunwl nbbbwny wywonywibk] jupbnp jEunpntp' dwjpupunupp, b npybkugh
p2uwdhl gpudbp wy, whnp B yuwpbp wyy nigpnipjut Ypu gunidnn pognp phpntpp, puth np
Umniu  Ynnubphg dwjpwpwunupp jhtunwd  Ep ptwlwihg wbwehl): Umnithpmd  wjuuhuh
hwdwlwpgbph  jwjugnyu  ophtwljitbphg £ Ywwwt (1103 pqwulwbhg” Fwunupkpn)
dwjpuwpunuph wuwonwwbwlwt hwdwlupgp (0y. 2):

vh. 2. Pumpupkpg

Uniuhpnid Abwdnpymud £ Punqug (Yuwywth) pwuquynpnipinitp, nph dwjpupunupt k
nununid Ywwwup: fwuquynpnipinitt hp mhpuybnnipjut twl niukp 43 plpn, 48 Jutp L 1008
gnin: 1103p. ubjeonil pnippbpp dwwntnipjudp gpuynmd Bt Ywwwb dwjpwpwnupp: 1103p.
uljuws FPunupbpyp gunind £ Unmiyjug puquynpnipjutt dwjpupwunupp, mip wuwhyl) bu
Epypnud - Eqws hwpunnipymititipt nu dknwqpbpp: ZEwmwppppulwt - Punupbkpnh
yuonyuwiwluwb hwdwlwpgp, npp punugusé kp mwuppbp ninpnipinibitpng Funupkpn dining
dwbwyywiphtibph Epuyipny nbknunpws puquuph] wipngutphg ne pippbphg: Funupkpnh
hjntuhuny wbgunud thu tpynt dwbwwwph, npnuighg dkip quijhu tp Fuplnipunpl ULkuh
Ynnubtphg b waginid nhyh Uplhp b Gnnpt, hul dniup ujhqp Ep wetmd hkbg Funupkpnhg b
gunid nhuyh Swpl: Bpiynt wy] dwbwwwphubp® dbyp hwpwy-wplbuninphg, dnrup hwpwy-
wplbphg, unyuybu Punupbpph Wyuonyuwituljut hwdwlupgh dwu bu juqdb: Zupuduht
Swhwwwnphh  Epyuypny wbknunpduws Ehu Cppnun, Quynt b Qknh  phpnbkpp,  pul
hwpwdwplbpjut fwtwywuphp Wuonyuwiqus Ep Sphwd, Untwu b FEipnupwp wdpngubpny:
Thwh Punupbpn wwtnng wu dwbwywphubph Gpuyupny wnknungpjus wquonyubwlju
httwltntpp Juqul) Bu dh tbpthwly, pinuwpdwl b fwnuquypuwdl yuonyuwbwlwubh hwdwljwupg:
Zuwpwynp L, np Punupkpnp thopdlp Bu gpuydl] twb hwpuduyhtt b hwpwduplbjjut
Swuwwywnphubpny, puth np yuwndwlwb npny ndjuikp nknkjugunid o wyt dwuht, np 1152p.
ubjonil] pnipptipp qpuyby] i Snpnin phpnp (hwpwdupbbput fwbtwwywuph), 1166-1169pp."

6



Qphwdp, @bnht (hwpwupbdnjut fwbwwwph), b nphg hknn dhwjt 1170p." Yling puipp,
wgyuhtiptt® Swpl-Funupbkpn hjniuhuwghtt fwbwwywphh pipptphg dkhp: Ujuyhuny wljuhwyn k
nununid yuonywuwlu dh uljgpniup, np hpkhg tkpjujugunid k nhwyh jupbnp qupswljut
JEtwnpntt wwbnn  wbwwwphubph Gpluytpny, hpwphg npnowlh hbpunpnipyut Ypu
nbnunpjwé pippiph hwdwlwpg: Phwupltk, todws dwbwwywphubph tpluwyupny nbnunpdus
poinp phpnbpp sk np junnigyl) Bb dhwdwdwiwly, npuwtp hhdugt) b JEkpwinpngydt) kbt npnowljh
dudwtwjwhwnduénd, uvwluytt Umnitthph pwquinpnipjut dudwbwl sSwnuyl) i npuybu
Jupswlut  Jhunpnth wuwynywiwluwt hwdwlupg Ywpbnpugnyt  dwbwwwphubpht
Junnigynn phkpptpt nitbgh] Bu twb webnpujut ywbwlnipnit, husybu, ophtiwly, Upthw
pippp dwyng dnph dwpgnud: Uju qunbuymd Ep “Whtihg hwpwy-wplkp® nphyh Lwphobwi-
Pwyphq wwunn duypninmit hwnnppulhg: Uju dwypninnig, np uwpqws Ep Mhwnhughpjut
puwpubqh Ypw, oquyk; Eu wwpuhl wpbnpwlwbibpp® wwypwbpttpp Lwpuholwmthg Hhu
ptptnt hwdwn: Upthw pipnp hwjwbwpwp swnwgby £ npybu wypupttpp wwhbnt dhewtljuy
Juyut. wytinknhg dhtish MJpt dh putth dwddw Swtwmwwnh kp:

NMuwonyubwlut UEY wy) ulqpniip b (Entwtgpubph tbkn dwubpnid pipgbph junnignudp:
Ujuyhuh ohtmipjnibibph twuwnwlt Ep thwllp jupbnp pupwdwbwhtt fwbwwwphtbpp
(Entwtigputpnid® huljijnt b dwpu qutdbnt tywwnwlny, pwtth np gpuip wugunid Ehtt nwuppkp
wnhpnypubph Juusputpny: Untuhpnid wju uljqpniipny jupnigqus pipntphg i Fippupwp b
Qhjwpkpy wdpngubpp Funp b Ynduulub quunubph vwhdwbwgsnid, Fhpn-Udbjunuon
wupngp Boniljp b Punp quyunubph uwwhdwbwgdnid, Ywughp Qwjwuh wdpngp Uplhp b
Unjuuljutt quuntbph uwwhdwbwgénid, MNwhnt phpyp Lwonithp quyupmd:  Btpnbkph
mbnunpnipniip  (Entwbgpubpnid, npunbnny wbgimd Ehu  hwnnppuljgujutt ninhubkpp,
puuljut hwpdwp nt tyuwunwynp kp (g 3.1):

Lupwduwip jud wuunhpwlnipniutiph wgwhwwhmidpp unhyyws ktp wugubk] pkpnh
Ununy b pwbwljgmpinitttp qupbinig hbnn dhuwjtu swpnitiwljt] Swbwwuphp: Uju tyunwljh
Swnwnn  wuwynwwbwlwt  Jupnygubpp  pwgh wbquppmpjut hkn juydws
wnwbdtwhwwnlnipnititphg, mukgh] i dwpunupuybnwjui-shtwpwpuljut jpipuhwnndyy
Unnbgnid:  Swiynp, updws phpnkphg ny  dbyp  sh wwhwywidl] pwdwupup  swihny
niuntdttwuhpnipjutt hwdwp, ntunh httwpwynp sk Jbpnist] wju mhyh Wuonwyuwbwu
Jurnygp: Ywpbh bt dhuyt Bupwnpl), np phppbpt mbgh) o donwlwb juyugnp b
wqnuiowtwhtt hwdwlwupg opowju yupwnywtwlwu htbwlknkph htwn:
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Uy 3. 1 - (hugquunjwpmluh dwbwyuphbkph Epfuybpny jupniging yupuymbuliwh hkbullnkph
ufulidunnpl wunnlbp, 2 - Pump quijunh vwhiwbuyhl pkpplph nknugpnipnibp

Phpnbpp mbnunpyt) B twb qujuetbph jud hpjpwtwlwb jupusputph vwhdwbwdbpd
gnunhubkpnud (. 3.2): Uju tyquunnwljhtt swnwynn phpntpt niukht giphojunn nhpp, junnigynid
Eht (Eptwquigusutph ququpubphl, npntnhg jujugnyt mkuwnuywnmh sunphhy htwpunp
En huljt] qquih mwpwbdnipiniibp: Uniuhph vwhdwbwht pipntiphg G Qpnnt, Fuplnipwn,
Pnpnuwt, FPnkt wdpngubpp: Ujuywhuh phppipp hwiunbu Gu Bk pudpbpnd, qpuybg
uwhdwbwdbpd gnuint (kntwququpitpt ni wthpwdtownnipyut niwypnid niukglk] hpwp htwn
juy wwhywubnt htwpwynpnipnit: NApnnt, Fopnunwt, Fnkt b Fuplnipwwn phppbpp XII 1.



uljgphtt  hwtinhuwgl] Eu  Umithph  pwquynpnipjut hjpiuhuwpbbpuwt vwhdwbwdbpd
wdpngubipp:

Snipwpwynip vhotwnupjut qnin niubkgh] B gquonyuiwljut hktwlbnbp' «nhppbp»
Jud «qhpplp», npnup qudl) L gyninh dnn® ghppnpnoyws htwpuwynphtt wbwnehl nknuuph
Jpw, b dwnwjl] npybtu pwpuning nt wywunwpwb ptwlhsubnh hwdwp potwdnt wbwluluy
hwpdwlnidubph dudwbwly: Untuhph wyju mhuyh wdpwohttwu jupnygubphg Bt Uknph pipngp
(Uplhp quywnpnid), Pupkpwunng, Zwunupbkpnbpp (Rwoniihp quunnid), Uswnnt, Yup&lw,
Qupwduwptpn, Pwnulnipup, Ququdnp phipptpp Zwpwtny qujunnid), Swudwduyph phpgp
(Punp quunnid): Pninp wyu phppbph Unn gnjnipjnit ko nitkgh] hwdwinit phwlwduyntp,
npnig dwuht Jub hhpwwnwlnipniuubp: Gpt gninp ks tp, unnigynid Ehtt dh pwtth wnhpphp:
Uju unyt ulgpnipny, uwluytt wwppip wuwownywbwlwt YJunnigjusputph dhengny
wwwhnyynud Ep punupbph widunuwbqmpmitp: Ptwlwduypt nv phppt hpuphg whpwwn
Junnighj pungnitdus ulqpnip kp vhotmunwpnid: Ujuyhuh wdpngubpt pugnitwl Eh Epup
dudwbwlny wwwuwwpl] pwnuph phwlsnipjutp’ wwywhnybny pnnp wbhpwdbon
wwhwbeubpp (¢nip, Upkpp, qtup, unnpgnniyu hwnnppulgnipini): Ukp towstutphg wdkuhg
(wy wquhywijws «npppr» nhyh wwonwuwiwlwb Yunnygutphg b Ubknpne phpgp (. 4):
Uju hhdudly) k& X 5. qipohtt b XTI 1. uljqphte: Rlpnu hpkuhg tkpjuyugunid k wntn juqunn Gphne
[Enttwqutqusubph  ququpubpnd  nbknunpduws 6 wrnwpulubp:  Lhntwquigusubph
huwpwduwjhtt dwunid® gputg unnpnunnid Ukspwnt L, npp hyntuhuwjh, wpbdnyut b wpbbjjut
Ynnutphg twldws L puwfwb  punspunnunibpny:  Upwnnwpwlubkph  dhol  pwupupkt
yupuyuyuwnbkpl wjuntny puguumud G Upwnnwpwlubphg snpup np kb, bpyniup’
ninuilyni, npniug Ypw wdpnne wwpwgény ywuwhwyuwdl) b swppdwnwdl puuwynpnipiniu
niikignn  hpwljbwwnbbp:  Botwdnt  hwpdwlndubph  dwdwbwl Ubknphh  plhwlhsttpp
wuwunuwwpyl] o phippmud b huljnnnipjutt wwl] webk] npe  ptwluwduypp:  Udbkbwgu
hujutwlwinipjudp wynwpulutpp junnigyl) i hwenpyupwp [1]:

Ul. 4. Ukgpnt pEpnp

VI 1 . ujuws phpybpp, qnpph wdpugqusd b nbwlwb jujub jhukny hwunkpd, tpp nununid

tht quhwlw) hopuwmtttph tunwduypbkp, wnwinmd tht wdjuy Bpipupwduh  Jupsuljut
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JEuwnpnuh tpwbwlnipmni: Lunupttppn wupuyuwwwwnynd Ehl, htiswbu, ophtiwly, Uhuwup b
Quywlp, hul wytu phppbpp, nip hwunwwnynud Eht junwjuwpulwb fEtnpnuutpt nt npntg
onipg qupquinid bhu swhwuwnwtubptt mt wpduwpdwuubpp, Ynsynid thu pEppwpunuplbp,
ophtiil] Udpunnwpbpyp, Punupkpnp, Uncihi, Bphewlp:

UanwpulyGlin
Nungwidnep)n
Duiunuanh Gwlwujwph
Phwluntinhh wwhiwG

Up. UunguitwshG tytintigh

g
“\HHHHHHHHHHH

gl
[

Uhglwpbinn

“I CwhwuwnwG

H” Upqwpdwa

L. 5. 1 - Ul plpnh ufublunaply hunulpughsp,
2 - Uhghuupyul punyuiph ufulidunnpl] junnigywépp

Uhotwnuput Zwjwunwinid punupbbtpt mbbhtt tnpwdwu juqunippi’ dhetiwpbipn,
owhwuwnwt b wpjupdwbikp (. 5.2): tuquujupujut nkuwltnhg juplnp tht dhetwpbpnu
nt  owhwuwnwip, wyn wwwdwneny nputp wwpuyuwyuwuynd tht  wuwonwywiwlub
nwlnhluyhtt hwdwywunwuhiub uljqpniupttpny: Uhetwpbpyp unynpupwup mbnungpynud bp
punwph Ypw hpjunn nhpp nikgnn b ndjupudwngkih, piufwuithg whwoehly pupdnttiptbph gpu:
Uhguwpbpnh wwphuwbp wpnwphtihg tppbdt ppgwgquunty G opny 1gdws juyt nu junp
hupudwwnibpny, npnug Epuyupny npnp htnwynpnipjut Jpuw wpymd Eht juytwjut yunkp®
onh hnupp Jutjubint hwdwp: Uju oputhnutph ypw junnigdty tu twl thnpp Judnipeoukp, npntp
unyuybu wuwownwwyl] Eu hwwnnlly uvwppbph dhongny: Umnithph wwpwéspmid wuwhwywdws
phipptpnud skup hwinhwl] tlwt yuwonwywiwlwi dhongundwl, vwluyi wyt Yhpundb) L
wjuyhuh tpwbwynp pEipnuwpwnupubtpnid, htsyhuhp tu Utht, Mhtup, Qwphup: Uhetwpbpgnid
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tht wbnunpwé pwquynph, pojuwth jud wjwunwuybnh yuwjunwlut shumpmnibubpp,
Eytntight jud dJwwninp, qubwuqui tpwbwynipjub wpopiwphhll Junnigubp, dpbpputph
wuwhbuwnubkpp, qghttwingubpp, wdpwptbpp b wy: Ldwb phppbph ophtiwl Eu Udpwwnwpkpnp
(uy.6), Pwnupkpnp, Bpupwlp: Fhppbpt nmubgh] B bwb opudwwnmwlupupdwt hniuwh
huwdwlwpg, wywhnws tu Enkp ghnuninhutpny, npnup hwiunhuwgt) Eu juwh dhwy dhongp
Epjupunlt ywwowpnidubph dudwbwl:

Ug.6. Udpunnuipkpn

Cwhwuwnwup, npp  qubuynud  Ep dhotwpbpnhg  wbdhowwbtu  ubppl, unyuwyhku
wuwpuyuwuwwynwd  kp, Epphdt dh pwuh owppny’ Juwjudwsd wnbknuuphg b whwuwnwbh
Ubkdnipinithg  (Umnith, Ywwwb): Cwhwuwnwimd tht  jupmgynud  wphbunwynpubph,
wnbnpwlwutph wntbpp, Gybkntghubpp, dbjhpujwb nbbtpp: Thyh punup wwunn qluwynp
Swhwwywnphubph tpuyupny nknunpynud Eht wuwpwnwywbwlwb dh owpp Jupnygubp® phpnbp,
wupngubp, npnup wwwhnynmid Ehtt  jungnp  puwnupubph  wbwephimpmitp®  Juqubing
hwonppujutt yWuwonyuwbwlut hwdwlupgtp: Ujuyhuh wdpnguohttwlut  junnygubpp®
phEpnokuubpp, pipnph mwpwsépnid mukghy o dpnwlju juywugnp, npp dhpnn yyuwnpwun Ep hbkn
Unt] potwdnt hwpdwlnudubpp b juy bp guonwwinid tnyh gsh Epjuyipny nbknunpdwsé djniu
wupngutph htw: Udpnguohtiwwt wyju junnygubpp wnbnunpynud tht Jhdjuighg wjuyhuh
htEnwynpnipjut Ypw, np htwpwynp jhubp wywhnyb] (nruwghtt wqnupwtubph pugniunida nu
hwnnpynudp: Ujuyhuh hwdwlupgbph jujugnyt ophtwljubphg £ Ywwuwt dwypwpwunuph
yuonyuwiwluwb hwdwlwupgp, nph dwuhtt wpnku junuyby b

Uhotwnuput Zwjuunwinid Junmigyl) i twb «Quyub» whwh pkpptp, npntp
hwiunhuwgt] bt pwquulijwbwgqus hbkuwlbntp b niubgh] o wwppbp  $nruljghntug
wwbwlnipni: Ujuyhuh phppbpt ogunugnpédyt) kb npytiv hwupiuwnwduyptp, pupunuuyptp
p2uwunt hbnwyunnidubphg dudwtwjuynpuytu puptybint hwdwp, ntunh ogunnugnpsyty Lu
vhuyt wuhpwdbonnipjut ghypnid: Untuhpnid wju nhyh wdpnguohttwmjut junnygutphg tu
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Unybdwpbpnp, @nu) (Ywwnywn) b Upthw phppbipp 9uyng dnph dwpgnud, Jwuwluown,
Npnut phppbpp Onnijp quunnid: Loqws phipntiphg Unybdw phipnp qugnud £ Ubhuh
(Enttuigpny wginng wnbnpuljwt dwbwwywphht® (kntwbigphg dnnwynpuybu 544 hwupwy-
wplb)p: Ukhdh jEntwbgph ququpht® wbdhpwybu dwbwwwphh Ypw, quuymd E ULhuh
puwpwywbwwnniup, hull nputthg Unwn 8...10 4 hwupwy Junnigyky E wykjh thnpp swthbph dky wy
pupuwjwbwwnnit: Unwgynud E, np Unybdw phpph hulnnnipyut mbuwugupwnnd XIV  p.
wnbnpuluwb wju Lwtwywuphhtt junnigyl) Eu Epynt pupuwdubwnubp. dkyp' pipnhg hjniuhu-
wpbuninp, Untup® hwpwy-wplbbp, b Epynt pupujubunttpt £ gunignud tht Unykdw phpnhg
hwjwuwp hbtpwynpnipjutt Jpu (Unwnn 544): Uhts pwpwjwbwwnbbph YJupnignidp (phpnp
gnynipjnit k niukgh] Upowyniuhbiph pwquynpnipjniithg k) wnwy) wnbwnpulut wyju jupbnp
Swuwwywphh huljnpnipnitt it pupwubttph widunwbgnipmnitt wywhnynid Ep Unybdw
phpnp: XII-XIVhn. wju Swbwywphht jupnigdus bpynt pupujwiwntbpp swpuyk) B npuytu
wdpuywn yunuywpwb- hwgpjutbn:

Udpnguphttmjutt ujgqpnitiptiph dwuptt junubjhu wwuwnlbpt wdpnnowlwt sh 1huh, bEpk
hwoyh swntkup, np whnnipjut Yuonyubwljut hwdwuljunpgh dke dink] B twb wupuywuywuwn
Juwiupwihtt  hwdwjhpubpp® YJubp-wdpngubpp, wdpwwywwn  Eyknkghubpp, wnbnpulut
Swuwwwphubphtt jurnigynn pupujuwbwnttpp, dkjhpuljut gujuwn-wdpngubpp: Usfuwnphhly
b hnqlunp Wywbtwlnipjnit niikgnn pnnp wju junnygubpnid Jhpundws b pwquudupulju
npnowlh ulgpnitipubtp, npnup hpkug ppubnpnudu b qub) dwpunwupuybnwluwt wwuppkp
hnphujwépubpnid [2]:

Ujuyhuny, $Enpujujutt Untuhpnid quonwyuwiwljut Supnupuybinnipniiap qupgugt)
E npnpwlh ulgpnipubpny, b phppbpt mi wdpngubpp Juenigdk] Gu hwdwywunwuwb
puwnupuohtmul, Jupswult, pwquughnnuluit b wojwphwgpuljut  (REhtduyhhb)
gnpéntubpp hunnwl] ywhwwtnyg: Uju wupwguynid Jupkih £ h dh pipk] wdpnguphtiwljut dh
owipp uljqpniuiputipn b nwppkpt] pipptipt pun ywbtwlnipui:

Ptpntp, npniup  Juemgllk o Juppumuntnbumiui upbnp  Yhwnpntbbkpp®
dwypupunupbpp yuonywubknt hwdwp: Upwtp hpkughg tkpjuyuginid tht duypupunup
dwntnn jupbnp hunnppuljguljut minhubph tplyuyupny hpwuphg npnowljh hinwynpnipyjut ypu
nbnuypjus gquonyuwiwljut dhwynputph hwdwlwpg, npp Jupnn kp qupgugnid niubug
ninnughs, Swnwquypwdl, wnbntwadl, opowtiwdl’ Juwhijws wnbnuiph
wnwbduwhwwnlnipniuubphg:

Ptpnbkp, npnup Junmgyl) tb (kntwbgpubpnud, Yhpdipnud, npuntnnyg wigl) o Juplnp
wnlnpului Fwtwywphitp: Ownwyl) B npytiu nwquujuiugdusd ywhwlwultnkp b niukghy
El twl wnbnpulwb tywbwlnipinii:
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PEpntp, npnup jurmgyl) tu quunubph jud dwupqbph vwhdwbwgstpht® vwhdwbwght
pkppbn: Uju wquownyuwbwljut  Jupnygutpp  wbknunpdt;  Bu (Epbtwonpwutbph jud
ghinnwhnyhwnubtph Epujupny, pudwtl) tu dh Epyhpp Ujniuhg b hwiunbu BYt) adpbpny:

Ptpnbp mi wdpngubp, npnup Jupmgyl] b widhpwwybu puwlwwnbtntphtt Yhg, nip
wuunuwywpyl] tu ptwlhsubpp potwdnt wtwlujuw) hwpdwlndubph dudwbwl® wjuybu
Ynsywsd «inhpp» nhyh wdpnguohtmljus Junnygubp:

Ptpnbkp, npnup mukgh] b Jupsujuit jEunpnuh tpwbwlmpmb’ phippupwunuptp:
Jdhpohtubkpu pungplyl) Lo pugupdwly mwpwsnipniuubp b punugus tu k) dhotwptpnhg,
owhwuwnwtihg nt wpjupdwutbphg:

Ptpnbp, npnup juenigyl) Eu npujtu hktwlintp’ «quyui» mhyh wdpngubp: Miikghk Eu
hudwybnwlwt tpwtwlnipmnit b ogunugnpéyk] Eu npybku pwpunwduypbtp, wdpugdus
hktwliwntp, npntp b ogunud Eht pmmguwhwynbkynt poiwdnt gnpupwndtipn [1]:
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S.M.Aristagesyan,
M.L.Mnatsakanyan

THE MEDIEVAL MILITARY ARCHITECTURAL BUILDINGS OF THE REGIONS OF
SYUNIK AND VAYOTS DZOR

The building of fortresses is one of the main fields of the architectural activities of the Armenian
nation. It was an integral part of the constructive work and made the country safe from land-grabbing
invasions due to its reliable defense systems. The defense systems and the features of the regions of Syunik
and Vayots Dzor will be presented.

Keywords: fortress, trade, road, castle, city
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THE EFFECT OF WEATHER CONDITIONS ON THE TRADITIONAL URBANISM &
ARCHITECTURE STYLE IN THE UNITED ARAB EMIRATES

(REGIONAL HOT DRY AND HOT HUMID CLIMATE, CASE STUDY THE CITY OF DUBAI)

Architectural civilization in the United Arab Emirates is attracted to each other as in most of countries with
bi- architecture and old architecture is one of this architecture. It will be a reflection of environment and
natural, social outputs. The other part will be modern building popularized with the increased use of global
theories of architecture and modern materials as a result of the increasing high level of living needs which
imposes a direct threat on the personal identity of cultural and environmental identity, which has long been
characterized during its phases of development. This issue prompted much of architects to think and meditate in
order to extrapolate future lines of an extension and realistic architecture associated with climatic environment
and developed through cultural and social roots of the society.

Keywords: courtyard, Barjeel, Malgaf, hot humid climate, hot dry climate, Arabian Peninsula

The Concept of Traditional Architecture:

Traditional architecture is defined as the architecture associated with certain geographical region. Its
development curve has gained its distinctive dynamic character development through the use of local materials
and methods and uniqueness of application solution for existing environmental problems of their societies.
Therefore, the traditional architecture in the society will be an extension of the intellectual culture of the society
and its ability for modification and development. The traditional architecture of the UAE in general and
traditional architecture in the Emirate of Dubai in particular, are considered as the framework of this definition,
where they are grew up and developed through the full interaction with environmental data and civilization
legacies in this location, as it will be demonstrated through the following narration that briefly showed the entity
and nature of these effects on the formation of architect character and pattern.

Architectural and Civilization Cultural Influences on the General Formation of a Traditional
Architecture:

The general character has influenced directly by traditional architecture of UAE society with a set of
factors and values which can be divided into two value groups with fixed effect embodied in environmental
architecture constants such as climate, geographical and geological composition with fixed effect represented in
different civilization changes for religious, economic, social, and aesthetic aspects.

1- Architecture Environmental Constants

[1/a]- Geographical Nature:

General traditional urbanism for the regions of of the United Arab Emirates is associated with coastal
plains and some depressions on the Arabian Gulf Coast, where coastal plains formed human settlement areas,
the nucleus of the major cities in the country (Dubai, Abu Dhabi, Sharjah.....) and influenced the nature of the
urban extension of those population settlements and their developments over the centuries. Flood routes have
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affected the movement of urban communities in mountain areas, while the geographical nature in the United
Arab Emirates should be divided to the following major sections:

- Coastal plains that formed the nucleus of the current urban cities and communities.

- Mountainous territory located mostly in the northern and southern borders.

- Interior desert lands that make up the greatest percentage covered by sand dunes.

- Agricultural land in scattered oases along with some parts in the coastal strip.

[1/b] Geological Structure:

This factor represents one of great important one affecting the urbanization in the UAE, since urbanization
is linked with geology and the presence of wells. Therefore, urbanization is linked with oases presence.
Availability and easy access for raw material also played the main role in the locating urban communities.

[1/c]- Climatic Factor:

UAE's climate is characterized by harsh climatic conditions between temperatures rises all over the year
with great disparity between the rates of temperature rate in hours of the day and night. It is characterized as
well by significant high humidity rates. Therefore, the climate is classified as hot desert region climates with
their types of hot-humid and hot-dry type. It forms effective design factor on the form and character of the
traditional architecture. The climate is characterized by low rainfall throughout the year, therefore there was
constant quest to find a solution for the effect of this difficult climate conditions.

1-2 Characteristics of Traditional Architecture and effects of urban and non- urban properties:

Traditional urbanism is distinguished by its high ability to adjust and adapt to environmental conditions and
harsh weather (hot - humid) so that it can be said that the essence of this construction and its composition was
the result of these factors [1]. The traditional architecture in the UAE in general and Dubai in particular has a
large number of traditional buildings that reflect in a way or another this adjustment to be added to these factors.

It is an addition to non- urban aspects with changing cultural qualities for social, religious, economic and
demographic dimensions with a commitment to public sense and aesthetic dimensions.

We will review the features that affect these factors in character formation and public character of the state
in general and mention of traditional architecture in Dubai [2]. The environmental and climatic factors reflected
on the formation of the general character of architecture as follows:

A- Geographical location: the geographical location has influenced the places of urban communities and
identified extension ranges through following semi-locked urban style to reflect the geographic privacy where
coastal communities committed to quality of coastal strips and parallel expansion for the coast. The central
horizontal expansion has appeared in desert and mountain communities.

B- Climatic Factor: As we mentioned earlier populations have focused on the coastal strip, which has its
character.

Climatic Factor on Urban and Architectural Character have affected as follows:

Extensive organic architecture became common, (collaborative urban texture) in planning of traditional
urban communities planning where buildings are near from each other to increase shadow space on the buildings
facades and irregular intra- corridor (traditional road), which helps to increase air speed on roads and spaces
within those communities. Moreover, the planning considered the direction of benign cold northern wind. The
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planning also has taken into account how to overcome the climatic factor to contain main irregular width, and
intersecting transverse axes, with irregular spaces.

Architecturally, the use of open medium yard system that overviews all facility spaces in the building
through semi-open corridors, has been used as a climate regulator to control temperature and the movement of
wind inside the building, making it one of the main features in the design for most traditional buildings. The
yard occupies prominent proportion on the formation of the horizontal projected area as to match number of
overlooking spaces.

-The prevalence use of distinctive architectural elements — has played a role in shaping public architectural
character such Braggs and air catcher to be used efficiently to direct good wind inside facility spaces for the
building. It was the prominent feature of sky line in old city as used in air chimneys for external facades in order
to ensure good ventilation inside residential spaces.

- Using of thick walls to reduce heat reflection from outside to inside and vice versa, and increase the rate
of open parts in entrances to increase shadow plains on facades, by taking into consideration to open all spaces
through indirect large awning in external hall by closed ceiling.

1-3 Architectural Characteristics of the Urban Character of the Traditional Architecture of Dubai
city:

Whereas climatic factors and conditions and climate nature (hot and humid) has played a role, we can
through the previous review depict a comprehensive picture of the features and characteristics of traditional
urbanism in the Emirate of Dubai that can be summarized as follows:

1. Traditional architecture generated in Dubai in the period before the construction boom in 1970, is
considered as reflection of the climatic conditions of the area and available natural resources to the building in
addition to the interaction of different cultures, where architectural character is featured with plastic simplicity
and clarity in architectural spaces,

2. Architecturally: the form of the inner courtyard is a key element in traditional architecture, where it is
directed to go within a main plastic regular or semi-regular axis which formed all its traditional architecture
formations, whether free or projected. it was done through the distribution of elements on the patio and medial
which occupied about half of the built-up area.

3. Architecturally: the traditional architecture is distinguished by distribution of useful elements (rooms and
services - events), both at the level of the building or urban composition, through classification into major and
minor elements and the relationship between those elements, the entrance or medium space.

4. Barjeel constitute in traditional architecture, a major architectural element in the formation of
architecture character and the line in the sky along with its design association with main spaces, which in turn
took different locations, causing the diversity of architectural block form.

5. Local materials were used mainly in the establishment of traditional buildings which helped the
homogeneity of a general nature in terms of height and the nature of the composition, along with semi-standard
construction solutions for different operations relied on fixed scales.

6. Traditional architecture in Dubai is characterized by worthwhile remarkable concern with internal spaces
with decoration "the decoration relied on abstract decoration style get from geometric and floral shapes.
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7. Traditional building facades are characterized by simplicity due to poor construction materials as well as
dependence on beauty bloc kept in the unit where openings are distributed in harmony shape differed from one
building to another with no installation of decorative standards and classical buildings. Architecture character is
based on aesthetic ratios derived from adopted geometry (square and rectangular ratio).

8. Traditional architecture is characterized by full commitment with the principle of privacy, whether at the
level of horizontal projectile in terms of the distribution of activities and their relationship to the main entrance
or at the level of facades where arabesques (wood windows) are used in openings or blocking upper ends for
building or through the use of stucco spaces.

Architectural Elements and Climatic Treatment (environmental) in Traditional Architecture in
Dubai:

These elements formed the basic framework for the creation of the visual configuration architectural
elements influenced by the traditional architecture in Dubai in two key frameworks:

e Harmonious fine configuration with general character of traditional architecture that characterized by
simplicity and clarity of design lines.

e Environmental compatibility represented in elements that will achieve comfort levels inside the
building.

However, the use of these elements has influenced the general pattern of traditional housing, which
emerged in the appropriate architectural treatment of the nature for hot - humid climate and formed
environmental designs, climatic treatment and architectural elements with the highest degree of controlling the
prevailing climatic factors.

Those elements can be defined as follows:

1. Open courtyard 2. Barjeels and Air towers.

3. Air Catchers. 4. Columns and internal arcade.

5. Opens and Recess

The following will be a brief introduction to each one of them for the historical, architectural, and aesthetic
dimension beside positive impact resulting from the usage.

1. The Courtyard:

Climatically: An internal space is considering as organic space to provide an natural environmental
directly such as light, sun, and air movement through positive and negative pressure that give responsiveness
with the place and thus provide health restrictions resulted directly from the environment and objectiveness
about architecture building to find response means for problems within the proper framework for human life in
the local environment.

Historically: A single functional has historical roots as commonly used with most architectural
civilizations that have emerged in the region, beginning with stability ages, as spiritual single to be enlisted
within the principle of privacy and climatic treatment. It is one of traditional basics of architecture building
linked to the nature of the social environment.

Architecturally: Entral space opened or covered mostly or partly. It will be a regular shape closer to
square, and distributed around uses as a source connecting the internal parts of the building with each other,
according to function nature, and design of traditional building that are not subject to formal base or fixed rates,
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but within axial in the building whether central or lateral. It will take regular or irregular shape. The spaces in
one building may be versatile according to space.

Aesthetically: Space with Human scale (aesthetic Islamic rates) as supervised by the internal facades. It is
expansion field if needed for different activities that allow the change and the revival of the living space through
the development of add-ons such as treeing and panting parts of it or water well. Consequently, it will form a
scope for vision horizon for human comfortable.

Socially: Social and family life will be the field and axis, with appropriate privacy for practicing the
activity, along with being a main horizontal axis of different benefit spaces in the building.

2. Air towers (Barjeel).

Climatically: The cold air, due to the density of urban mixture, passes at high levels over the buildings
without going down to the ground level, thus Barjeel mission is to change the wind path vertically inside in
order to achieve internal and external climatic balance for the building to find solutions for environment
problems and weather, in the winter light materials have been used for the controlling and closing.

Historically: Barjeels are quoted architectural element from neighboring Persian architectural civilization.
It is a technical mean that reflects responsiveness between the neighboring civilizations with special natural
climate (temperature, humidity) and successfully used over successive periods of time.

Architecturally: The Barjeel takes a regular shape (square) as orthogonal tower opened from four sides;
it's usually on top of the main room. It will be architectural and aesthetic components to complement the shape
of building facades, but has become a symbol of the character and distinctive sign of traditional sky line in
traditional architecture,,

Aesthetically: Barjeels have number of aesthetic properties by giving rhythm to facades, then forming an
aesthetic characterized by difference privacy and richness of the building will have an identity for its
components that complement the rhythm interfaces.

Socially: It is a mean for expressing social background of the residents in the building and commensurate
with the number Barjeels per building, in some of them, there are some houses with Barjeels or more locations
and different configuration.

3. Air opens

Climatically: It is complementary architecture way for the function of Barjeel to improve high temperature
in its high location within the interior spaces, to pick up the air little light

Historically: it is an architecture pattern designed to take advantage of cold wind movement and convert
internal space. The facades will be air traps.

Architecturally: they are architectural forms within the cavities, staggered to allow air penetration through
it according vertical then horizontal penetration towards the internal spaces in the building without light inside
the room or space. Consequently, you will feel the air continuously without direct opens. It is architecture shape
is simple as it forms external cover without any traditional ornaments.

Aesthetically: it is rhythmic item with horizontal dimensions and proportions that reflect the aesthetic side,
and its levels on the fagade to make the shadow appear, thus the contrast between colors thing will be reflected
on the luster and the nature of the facade.
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Socially: it provides a mean of comfort and privacy without opening the facades from outside and simple
eco- solutions to be executed.

4. External Envelope for Traditional Houses (exterior walls), openings and entrances:

Climatic and social influences have formed the greatest impact in the treatment of building facade for hot -
humid climate and long hours of sunshine and high temperatures affected by the formation of building facades
(facades through the following data).

Historically: it is a varied element of shapes and sizes. It is known as a mean of expression in different
architectural styles, and then it took different forms depending on the nature of the area and available
construction materials as well as the cultural backgrounds of the community. The traditional architecture of
Dubai has taken a series of irregular shapes with a rectangular proportions through constant rhythms whether
horizontal or vertical «relations between the soled and the Opened»

Architecturally: the opens and entrances have taken architectural forms with rhythm and proportions.
Horizontal and vertical dimensions for fagades are varied in order to allow the transition from space scope to
another through simple mass levels, then it embodies the relationship between what is internal and external
those have been associated with wall as a separator and link between them. In the traditional architecture
ornaments, dimensions and measurements are associated with architecture nature and fine nature of facades. It is
rectangular and frequent as it consists of two units; one of them is open to form solid part "with the aesthetic
dimension of the upper entrance™ where these entrances are in traditional architecture is characterized by corner
ornament, vertical and semi- round simple curve [3].

Aesthetically: The openings and entrances are the sole aesthetic expression of beauty in the facades where
there is scale for measuring fagade rate and math relationship. It is repeated in regular rhythm to achieve the
relationship between closed and opened one or through random rhythm defined by function requirements for
internal benefited space with different shapes for opening. It is optically characterized by its wooden, glass, and
metal contents such as iron ornaments.

5. Poles, Arches and internal Hallway:

Hallway played an important role as a medium climatic factor between internal (rooms), and outer
courtyard open to the sky as a ring to avoid of direct sunlight on the walls of the rooms overlooking the
courtyard and form a protective awning from direct sunlight and heat. This produced an aesthetically pleasing
pattern by manipulating with light and shades for richest and closed facades.

Arches and poles are architectural elements that have had the greatest impact in the identification and
personal styles for shapes ornaments for architectural development over classical ages and derived its aesthetic
proportions from the different styles of poles. The traditional architecture in Dubai, they gave balanced attention
to these two elements in terms of the nature, the composition, construction material and a sense of aesthetic and
climatic function.

Poles: traditional poles are characterized by no ornaments in the body of pole and not to follow aesthetic
classical rates in all levels "hull and crown™ at the level of internal level "arcature™ as these distances are
governed by materials used in construction. The poles are usually consisted from two parts hull and crown
without base for general architecture frame. The most popular poles in traditional architecture were abstract
curved poles in coal for the crown as the pole has prone crown.
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Arches: used arches in traditional architecture are characterized by its simplicity and low ornaments which
depended on half circles arches whether clear or stony. lons and internal halls are commonly used as in some
building. It is largely used in repeated doorways on facades. It is worth mentioning that these arches were not
hanging over arches as popular in other civilizations. It has taken decorative feature as a main image for ceiling
opens on wood bars with traditional frame followed by Mister (building) to establish the buildings in traditional
architecture periods.

6. Corner Ornaments

Historically: They are pattern characterized by Islamic architecture that has taken several forms of abstract
shapes and reflected local buildings as a mean to connect the architectural elements.

Architecturally: Solid decorative items for abstract character represented in geometric and floral shapes,
which are complementary to impart aesthetic and structural pattern in nature.

Aesthetically: Enrich spaces distinguished by optical vision for shapes and facades.

Socially: It is an expression of aesthetic construction, where predominantly decorative character with
contracts and angle corners inside the building as evidence of the social and economic wealth of families. It is
often centered around the medium yard and seats.

9. Puruuwd

ALUYUL M1U3UULLECE U2MESNRE3NPULE UPUSSUL UNULUUUL EUPMNPEINPLLESE
UdULTU4UL LUNULUSPLNRE3UL BY, LULSUNMUNESUYUL NEGP 40U (NS 200 BY
tNa NLUY YLPUTUSUUUL MUSUTLLELNR U, HNRAUSH OrhLUuNd)

Lalnuplynid ki Uhwigyuy Upwipwlub Edppnipinibbabpnid swpunwpuy bunipal wpnhuluwb
hpultuupuliphplkpp  dh [nnupg spowlw dpowuypp, phwlmb b unghuywlwl wuplwbbkph, dnia
Inqilpg  dwpnwpuybnwlwl unjwbpnyphbph o phghku Spugpkph wqpbgnippul wenidng:
Quiplinp gnpénl b dudwinululhg shliupupnyeyul qupqugdul pupdp dulwupnulp, npp huioyh
wnbbiny Gnp gnpuy dwpunupuybnwlwl nbunyenibibph ulgreniipbbpp o dwdwbwlulhg
lyniplph oqunugnpddwb, yubph [Eiuwdwlupnulh pupdpugdul quhwbebbph wdp, nignuilh
uguwniughp F U Guwpnp b hwbqkghly owilnipuyhll hplinippui o wuwwndwlul qupguglul
plpugpnid ppowlw Uhowjuyphll pinpny jnipwhwnlnipmnibbbph Inpunp: ZEnwgu qupquglui
nignywénipnilp whup F widhowlwbnplkl Jwup/h ppunbuwlul dwupnwpugbnnippul bk,
Juyywé npnowh jhduywlub dhowjugph, nnfjuy hwuwpwinipyub dowlnipuyhb o unghuywlwlb
wpdunnbbph uhongniy.

Unwhgpuyhl pwnkp. bbpphl pull, Fupofy, Uuyqup, sng funlun i, png snp [ipdw, Upupwlwi
plpulngh
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Y. baccam

BJIMSTHUE ITIPUPOJIHBIX YCJIOBUIM HA TPAJUIIMOHHOE I'PAJJOCTPOUTEJIBCTBO U
APXUTEKTYPHBIE CTUJIHA B OFbEJUHEHHBIX APABCKHUX DMHUPATAX ("KAPKHI CYXOU
M )KAPKHH BJIAKHBIA KJIUMAT, HA IPUMEPE I'OPOJIA IYBAI)

Pacmampusaiomea coepemennvie npobnemsr apxumexkmypol 6 Obveounennvix Apabekux Imupamax 6
naame  GIUAHUA OKpydcaioujeu cpeovl U NPUPOOHBIX, COYUATbHLIX YCIO6UU C OOHOU CMOPOHbL U
apxumekmypHoixX mpaouyuii U OU3Hecc-npocpamm - ¢ Opyeou. Bascnvim ghakmopom senaemcs aulcoKull yposens
Pazeumusi  COBPEMEHHO20 CHMPOUMENbCMEd, YMO C YUemOM YBEIUYEHUs UCNONb306AHUS  2N00ANbHBIX
ApXUMEKMYPHLIX MeopUull U  COBPEMEHHbIX MAMepuaios, pe3Ko20 YEeNUUeHUs YPOGHS  HCUSHEHHBIX
nompebHocmeti npedcmasisem npamylo yepo3y U Modcem npueecmu K nomepe KyibmypHol UOeHMUYHOCIU U
€80e0bpasus cpeosl, XapaKkmepHol 8 Xxooe ee ucmopuieckozo pazeumus. Hanpaenennocms 6yoywezo paseumus
00JIHCHA IKCMPANOAUPOBAMS C PEANUCIUYHOL APXUMEKMYPOl, C8A3AHHOU C KOHKPEMHOU KIUMAMU4ecKoll
cpedotl, HenocpedCMEeHHO Yepe3 KyIbIMypHble U COYUANbHbIE KOPHU OAHHO20 00uecmed.
Kntouesvle cnosa: emympennuii 0eop, bapoocun, Maneag, scapruil enasxicHulii Kiumam, MHCapKuil cyxotl

Kiumam, Apasutickuii noiyocmpos
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20uLuureuyuluL NhUNPULUYUL ZUUSUSNRESNRLLESE SUNMUORUSEL
YUQUUUGrMUUL BY LUMSUCUMNESNREBUL ZRULURU P OLET

Ybpnmidynid kb hwbpulppwlub  numdiwuluwb  hwunwwnnipinibdbbpnid  plpugng
mumdbwlul gnpdpbpugnid ppuluwinugyny pnywbnulughl pupbhnfunidabph o nipalui
Upourjuyph wihwdunyunwupnubnippul wundwnhbpp: tpw hhdwh Ypuw pugubuyunid Bi
wyl sunhwlihpibpp, npnig wkunp F huduwguunwupnuih dudwinululhg nypngp: Udpugpynid
ki hwbpwippwlwli hwununnnyemnibbbph  obiphph  wnwpwdwlwl  wywhun/npnida  ni
dwpunupuy bunnipiniip wuydwiunpnng dh pwpp wpnh gnpénbbkp:

Unwbgpuyhl punkp. hwbpwippwlul niunidiwwl hwuwnunnnieinil, pupng, nwpudpuyhl
Juguulbpuynid, fwpunupuybnnipinti

dkpohti puwmtt nuphubph unghwjuljwt hnpwlbpynidutph pipwugpnid hwipuwlppenipjut
hwdwlwpgp bEupwpldt] E npnpwlh pwpbthnpjunidubph: Unwowghk; Eu  tnp wbuwlh
niuntdtwjut hwunwwnnipjniutitp. pnjboutp, Yppwhwdwihputp, dwubtwynp nupngubkp, npno
wnwpluwibph junpugwsd ntunigdwdp hhdttwlwb nupngutp [1]: Uju gnpépupwugubpp Jyuynid
ki, np nunwdbwlut gopépupwugp Jhputhnpuynid E, welw Eu nupngh qubquéught
JEpujuquulbpydwt pjuunhpubp: Bphwt B Ehhp Yppoipjut tnp dbpnnubp, pupnguljut
Spwqpbipp &ogpunynud B’ wbjugubiny unp tnwuppbp b utnp niunidbwjut wpwpluukn:

Unpupuwpulut nunigdwut  gnpéptipwghtpn hwipwlppwluwt hwunwnnipnitbpnid
wntnh u niukunud hhdtwlwiunid twhunpn hwuwpwljupghg dunwiqus nhywpwyht oktuptpnud:
Quuyny wybkh E upynud  nunudbwlub gopdpupwugh b ppu nipwlwt  Jhowduyph
wihuwdwyuwinwupuiwtinipjniip: Uju wnnidny hwupulppulu nruntdtwljut
hwunwwnmpniiubph skupbph wmwpwsépuwjht juquulbpydwl, twhwgsdwt Jdbpnnubph,
npuig Juquh b Pniulghntwy juquuibpydwi jnipe Jhpuwbuwydwt whpwdbownnipmit L
wnwowgh: twypngt wipinhwwn qupqutnid E, wytt thnjul] B opwbwluut b npuljuljub
hwnwthpubpp: Bugjwy nuph Epypnpn Yeuht enphppughtt dupunwpuybnubpp, wjy pynod
hwy dwpnwpuybwnubpp, hhdibnd ghnwljwb hbwnwgnunipnitubph  Jpu, wlwnhynpku
thunpmd Eht nupngubiph otuptph tnp dukp: Uju gopénud tkipgpudqus Eht hblnwgnuuju b
twpiwgswht juquulbkpwnipnituutp, wnwtdhtt mipykunwtngutp b wthwwnkp:

Utp hwuwpulnmpjut dke 1980-90ppe. htiinn Jupntl] thnthnpunipiniuiiph ywwwndwnny npny
dudwtwl] nuypnguljut skupkpt hpkug puquuptinyp b tnp wpwewnpyusd punhputpnyg nnipu
tht duwgh] hbtwnwgnunnutph nm twpjwgdnnubtph  npwngpmipniithg: Ywpngp, npuybu
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unghwjwjul opjkljn, pwpynud tp wwlwu gpudhy: Uyuop, 20-pn nuiph tpeh b 21-pn nuph
uljqrh Epypnud pupwgnn unghwjuljub thnthnumpinibubph htn juydws, Yppnipjut npnpunh
wpuuwnuwlut hnthnjumpnitubph fpunhpubph onipe pugh Swpunuwpuybnttphg, wouiwnnid ku
twl unghninqubp, hnghpwuukp, pdholjutip:

Epup pugdhgnidhg hbwnn nupngubph U pupngulijwt otupkph pbdwbbpt uljub] o
huynil]  dwdwbwlwljhg hbknwgnunuljut  wolowwnwbpubpnid:  Fpwbp  dhnnd bbb
nupnguljut okuptph tnp b unpnguwt twhiwgstpp putwpybnt nrumighsubph, Sunnubph,
wowlbpiniph U nuwbnnubph  htwn: Mwpq L np wnwbg niumgdwb  gnpdplpwugh
dwutwljhgubph Ynnuhg twhiugdwjhtt wnwewplubphtt hwjwunipmnit wnwp, dudwbtwlhg
nupngp hwpdbp sh gnpsh: Zwbpwlippuwlwt hwunwnmpniuubph okuptph twhiwgsdw nu
Junnigdwtt  tnp niphtkph hwjnbtwpbpdwt btywwunwlng npny Gphpubkpnd Juqdynd Bu
dhuynpnudttp, mp  hwdwgnpéwlgnipjmtt i ubkpgpuyynd  dwpunwpuy bnnipiul,
hnglpwtinipjul, unghninghwjh, dwijujupdnipjut b wy] npnpunubkph vhowqquyhtt dwjuppuyh
thnpdwgbwntbp:

Zuyuwunwinid Yppentpjut ninpunp pupbthnjuntdutpt ujuydl) i hpujuugyt) Zujwunwih
Zuipuybnnipjutt wijwpnipjut hpswlnidhg htnn® wtntuwfwit b hwuwpuljuljui unp
hwpwpbpnipjniutiph wuydwbubpnud: pwp htwpwynpnipinit Eu gk 1nwst)] hwdwljupgnid
wnlw owwn puunhptbp, Juynibwgul] hpwdhdwlp b twhiwunpuubp unbnsdt] qupqugdw
huwdwp: Uhtypin wpwe Gu YL unp dwpuwhpwyibpubp, npntg hwppwhwpdwdp k
yuydwiwynpjws Yppnipjut wywuqub:

Zujuunnwth Zwbipuybunnmpniunid gopénn hwipulppwlwb nupngukph qquih dwup
Junnigyk) E dhtsh 1970-wjutiutpp b sh hwdwywunwupwinid dudwbwlwlhg wuwhwbetbkpht,
snilh ptwjutint ntundtwjEugunuhtt wuwydwutbp: vunghpt wybih upydtg 1988p.-htt Unhwnnwljh
wytphy kpypugwpdhg htwnn, pp ny dhwy putig]tght b Jpupughtt nupdwt puquuphy 2Euptp,
wyjk  wbhpwdbonnipmnit gupdwy hwbpuybnniputt nne  wnwpwspnmd  juunwgubint
ubjudmqhtijwénipjutt wwhwueubpp: Gplhpwowpdhg wudhowwbu hbwnn YJjuuph Ynsykght
nupnguohttmjutt  wwppkp  Spwgptp, npntg  oppwtwljubpmid  JEpwljunnigytght,
hhdtwtnpngqytghtt b ubjudwqhtjwénmipyut  pupdpugnmd hpwlwbwgybghtt Jdks  pyny
nupngubpnd  [2]: Uwlugb  tkpiuynudu 22 93U wfjujubpny phnbu  hwbpulppuljut
nupngutphg 956-p (66,4 %) Lupwlw Lu hhdtwbnpnguwi, 234-p Jhpujubiqudwi-nidinugdu
wpuwwwbpubph Yuphp niukl, 167 (11,6 %) nupng qunuynid k Jpupujht yhdwlnid, hulj 67-p
(4,6 %) wtwdupun Lu jud unp dwubwpbuptph jupmigdwt Juphp niubky, 209 nupng snith
uwynpuwghl, hul] 254-p° hwiunhunipjnitibph nuhjh&utp: MEwnp k otionk), np YEpwlwunnigynid
El owwnn nupngubp b Jupmgymd bu tnpbpp, puyg wyn nupngubph ueniguspughtt b
pnjuinuljuyhtt wwhwbgubpp phinbu puduwpupyus sk: Zwdwhn unyuhull tnp Junnigynn
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nupngh twhiughdt wpynitwydbn sk, pwth np jupnmigynmid £ twjulht  unghwjulub
hudwlupgh wwhwbetubphtt hwdwwywwnwupw:

anpht wpdwnuljut (nusnid nuynt hwdwp wuhpwdton L niuntdiwuhpl] dudwbwljuljhg

hwipwlppwlwtt nupngh gnpéniubnipjut punipwgpbpp, nrunidbwpnipyub  gnpdpupwgh
dwutwljhgubph Ynnuhg nupngulwb okuptph tjwwndwdp hhdtwljwt wwhwigdniipubph
pugwhwjnnidp,  wyn  hhdph Jpu  pwbwdliby Zujuunwih  hwipulppulut
hwunwunnipmniiubph mwpwswlut  yuwbwynpdwt b fdupnupuybnwhwnwlugdught
juquuljtpydwt hhdbwpunhputpp b qupqugdwt  htpwbwpubpp: Nbkwnp b dowldtu
dudwtwlulhg, thnthnpynny unghwjuljut wuwydwbbbipmd pupnguljut oktuph twpwgsdwu
uljgpniipubpp U wpwownpybnt L gnnipjnitt nibbkgnn  nupnguljut  pkupkph  gwgh
Jtpujuenigdwt  Jupnuwpuybnwhwnwljugdbuwht  qupqugdwt ninhubpp:  Zhdbwjuunhpt
wnigynd b Zuwjwuwnwih pnjnp nupngubpht. dhotwlwupg, wjwgq, hhdbwlwb, wnwwppululb,
dwuttmghunwlu b hwnntly, wtjuwh juquuljipyuhpudujut duhg' yknwlub b dwubwynp:
Zudbdwwntiny inpupupuljut b wjwinulwb nypngutph gnpéniutinipnitttph punipwugpbpp,
htwpuynp b pugwhwjnbt] wyt ophtiwsuthnipnitittpp, npnig whkwp b hwdwywwnwuhiwth
dudwbtwlwlhg nupngp: Uy tyuunwlng juunwpyl] Eb ntumedbwuhpnipniutp” tyuwnwly
niukuwny.

¢ puwgwhuwynb] hwtipulppwljuwt hwunnipniutbph mwpwspuwhtt Wwbwynpdwu b npug
nbknupuwohuidwt oynhdw) twhiugpyuiutpp, npnig hhdwt ypw juquuytpyl) okuptph
guitigp,

e uwhdwil] nupngh wnbknp hwuwpwuljuit qupqugdut hwdwlupgnid, puguhwnk
hwuwpwlnipjutt qupqugudwt thnyh thnhnjunmput wqpbgnipmniip Yppnipjut b
nupnguljut okuph, tpu Swjwjuunwpuwswljub punipwugptpnh tjundwdp yuwhweubph
thnthnunipjut Ypu,

e pugwhuynt] hwuwpujujut qupqugdut  dJwudwbwlulhg  thoynmd ppulub
gnpéniubnipjutt  wpwbdtwhwwnlnipniutbpp  npybu  unghwjuwlwt  hwdwlwpgh
punjugnighy dwu,

e lppuwlut gnpdpupwugh dwubwlhgubph (ntunighsubp, wowlkpnubkp b tpwug dunnuknp)
gnpéniubnipjut punypnp b tiputg Ynnuhg dudwtwljulhg nwypngh skupht tkpluyugyny
hhdtwljwt ywhwbettph wdpwgpnuup,

e lppuwlut gnpénmiubmpyut  qupqugdwut  gnpépupwgnid  pupngulmt  pkupbkph
juquubpydwt fupnupuybnwhuwnwlugsuhtt Jeputhnpunidutph ghttwdhluygh
pugwhwjnnidp,

¢ hwuwpwlnipju qupqugdui wpnh thnynd nupnguljut otiiptiph
Swpunuwpuy bnwhwnwuljugswht juquulbtpydwb wnwbdtwhwwnlnipnitubph
uwhdwtnudp:
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Ujuyhuny, jupkjh E wdpugpt) hwtpuppuljut hwunmwnnipiniibph okupkph nupuswljut

wjwuwynpnidt nt Fupnupuybinnpiniip wuydwbwynpnn dh pupp wpnh gnpénuttp.

1. Unghwjuljwut qupqugdut wqpkgnipjniup Yppuljut gnpspipugh dAbwynpdwt ypu,

1.1. Uppnipniup, npuybu unghwjwlwb hwdwlwupgh pununphs,

1.2. Typnguljut okuph gnpénn hwjkguljupgh wnwewgnidt nt qupqugnidp,

1.3. “Trypnguljut otiptnh junnigwéph tjundwdp nbnkjundulju
hwuwpwlnipjut wwhwueubkpp,

2. Uppwlwb gnpépipwgh dwubwlhgubph gnpéniubmipjut pnypp nupnguljui sktpnid,
21, Zknwgnumpjutu  dbpnpupwinipmiip b ptwlympjutt htknm wwpyng
niuntdiwuhpnipjut punipuqpkpp,

22, Munultwlub  gonpdpupugn b hp  punuophsubph  gnpénitbnipniip,
2.3. Upununiunmdbiwljub njnpu,
2.4. Uquu dudwtwlh /2othnidubph/ mghugdwt jupnigyusp nt pununphsubpp,
2.5. “wpngp npybu nbknuljut dhwynpnidutph dwu,
2.6. “rwypngulut skuph Abwynpdwt Ypu wgptgnipyut ginughnuljub b hnghputwlut
gnpdnutbpp,
2.7. Munudtwlub gnpépiipugh dwutwlhgubph quunljipugnidubpp Ppwjulwt nuypngh
YEpwipbipyuy,
3. dJudwiwljulhg nuypnguljut skuptph dwpnupuybnwhwnwlugsuhtt juquuljbpyduw
Alwynpnudp,
3.1. Skptjunyuljut hwuwpulmput yuydwbubpnud qpupnguljut okuph $niuljghntiuyg
wwuwynpdwb dnnbjh dbwynpnudp,
3.2. Stptjunjuljut hwuwpulimput yujdwbibpmd gupnguljut otkuph twpwgsdw
uljgpnrpubpp,
3.3. @nynipjnih nitubkgnn nupnguljut gwugh JEpuljunnigdut uljqpniupubpp:

O.I1.ApyTionan

MPOBJIEMbI TEPPUTOPUAJIBHON OPTAHU3AIIMA U APXUTEKTYPBI
OBIIEOBPA30OBATEJIBHBIX YUEEHBIX 3ABEJIEHUI

AHAUBUPYIOMCST NPUHUHBL COOEPICAMENLHBIX PehoPM, OCYUWECMEIIEMbIX 6 MeKVUujeM npoyecce
00yyeHUsl 8 00Ue0bPa3068aMENILHLIX YYEeOHbIX 3A8e0eHUSX, U UX HECOOMBEMCMEUs MamepuanlbHoll cpede. Ha
OCHOBAHUU DMO20, GLIAGIAIOMCS Me Kpumepuu, KOMOpvbIM OOJIHCHA COOMEEMCMBO8AMb COBPEMEHHAs
wKona. 3aguxcuposan pso cospemeHHbIX paxmopos, 00YCIaBIUBAIOWUX MEPPUMOPUATLHYIO OPAHUIAYUIO

U apxumexmypy 30aHull 00ueoopPaz06amMenbHbIX YUeOHbIX 3A6€0eHUIL.
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Knroueesvle cnosa: obueobpazosamenvroe yuebHoe 3asedenue, WKOIA, MeppUmopuaIbHas Op2aHu3ayusl,
apxumexmypa

E.P.Harutyunyan

ISSUES OF TERRITORIAL ORGANIZATION AND THE ARCHITECTURE OF
GENERAL EDUCATIONAL INSTITUTIONS

The substantial reforms, which are realized during the current educational process, and the reasons
of their conflict with the material environment in general educational institutions have been analyzed. On the
basis of this criterias are revealed, to which the modern school should correspond to. A number of modern
factors are fixed, that affect the territorial organization of the general educational institutions.

Keywords: general educational institution, school, territorial organization, architecture
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BO3MOJKHOE ITPEOBPA3OBAHUE U AJJATITAIIMA HIKOJBHBIX 3JAHUN EPEBAHA K
HOBBIM YCJIOBUAM

U3zyuenvl ocobennocmu apxumexmypHo20 GopmMuposaniist WKOJIbHbIX 30anuil 2.Epeeana ¢ npouiom u 6
HOBbIX COYUANLHO-IKOHOMUYECKUX YC08usx. Paccmomepenvt 603ModicHOCHU 3P GeKmueHol opeanuzayuu
H0B8020 001e0bpaA308amMeNbHO20 NPOYECca 8 YCA0BUSX NPeodpa306anus U MOOEPHUZAYUU 0OPAZ08AMETbHOU
cucmemvl 8 pecnybniuke, a makdice Nymu MOOEPHU3AYUU U A0ANMAYUU K COBPEMEHHHBIM 00PA308AMENbHbIM
npoyeccam O00beMHO-NIAHUPOBOYHBIX CMPYKIMYP U MAMEPUATbHO-MEXHUYECKOU 0a3bl  CYUeCc8yrouux
WIKONIbHBIX 30aHUL.
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G.H. Rashidyan,
S.Z. Mesropyan

POSSIBLE TRANSFORMATION AND ADAPTATION OF SCHOOL BUILDING IN YEREVAN
TO THE NEW CONDITIONS

The architectural transformation and adaptation of school buildings in Yerevan in the new socio-
economic conditions are discussed.The possibilities of effective organization of new general process, spatial-
planning structure of existing school buildings, also ways of corresponding to the modern processes of
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education and updatings of material and technical base in the conditions of modernization of the education
system of the republic have been considered.

Keywords: architecture of school buildings, modernization, architectural transformation, adaptation, spatial
planning systems, educational process, flexible planning, standardized design, planning structure
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VK 532.542 BOJOXO3SVCTBEHHBIE CUCTEMBI
3.J1.AmusaHIx

OINPEJIEJIEHUE TUJIPABJIMYECKUX MAPAMETPOB HECTALIMOHAPHOI'O
JNBWKEHMS )KAJIKOCTH B TPOLIECCE OMOPOKHEHWSI HATHETATEJIBHOI'O
BOJIOBO/JIA

Ionyuenvt  ananumuyeckue 3a6UCUMOCMU,  ONpedensowWUe  USMEHEHEHUe CKOPOCMU — MeYeHUs.
KOJIOHHbL  JICUOKOCIU @ Npoyecce ONOPOJICHEHU 60006004 C YYemoM KaK MeCmHbIX, MmMaK u
PACRPeOeleHHbIX No ONIUHe 80008004 2UOPABIUHECKUX CONPOMUGTCHUL, DPEeKOMEeHOYyemcs 2paghuueckull
MemoO onpedeneHuss NPOOOINCUMENLHOCTIU  ONOPOICHEHUSE 60006004. Tlpueooumcs conocmasnerue
pe3yripmamos paciema Mno MNOAYYEHHLIM POPMYIAM € COOMBEMCMEYIOWUMU IKCHEPUMEHMATbHbIMU
OaHHbLMU.

Knwwuesvie  cnosa:  nHacnemamenvhvill 8000800, CKOPOCMb, 2UOPAGIUYECKUE — CONPOMUGTEHUS,

I’lpOdO]l.?fCMme]leOCn’Ib ONOPOIHCHEHUA

Ilpu bSKcruTyaTallMd HArHETATENBHBIX  BOJOBOJOB CHUCTEM BOJOCHAOXKCHHS YaCTO BO3HUKAIOT
aBapuH, yCTPaHEHHE KOTOPBIX TPeOYeT OMOPOKHEHUS HEKOTOPBIX YYacTKOB YKa3aHHBIX BOJOBOJOB H
OTIpeIeNICHHs] TPOJIOIDKUTEIBHOCTH UX OMOPOKHECHUSI.

Anamu3 uccnemoBanuii [1-3], MOCBAMIEHHBIX 3TOMY BOMPOCY, MOKA3bIBACT, YTO B HHUX HEJOCTATOYHO
HU3ydycHa JWHaMHUKa ABMIKCHHSA KOJIOHHBI JKUAKOCTH 1IPpW HECTALMOHAPHOM IIPOLECCCC, OTCYTCTBYIOT
PEKOMEHAIMM 10 ONPEAEICHUIO TPOJOKUTEILHOCTA OMOPOKHEHUsT BOJIOBOJA, & CYIIECTBYIOIIHE
pacueTHbie (OPMYJIbl HYXKIAIOTCS B YCOBEPIICHCTBOBAHMH.

Ienpto  HacTosmied  pabOTBHI  sBJSIETCS MONydeHHE OoJiee OOIMMX W TOYHBIX  AHAITUTHUYCCKHX
3aBUCUMOCTEH, OMPEACISIONINX THAPABIMUCCKHE MapaMeTpbl  HECTAIHOHAPHOTO  TEUCHHS  KOJOHHBI
KHUJIKOCTH B TIPOIIECCE OMOPOXHEHHSI BOJOBOJA, a Takke pa3paboTka METOAMKH ONpeAeiICHUs
MPOJIO/DKUTEIBHOCTH OTIOPOXKHEHHUST BOJOBOJA.

PaccmaTpuBaercss cxema Tpyborposona 1 (puc.l) muamerpom d u mmHoit L ¢ yrmom Hakimona k
ropu3oHTy « . [lepen onopoxHeHHEM TPYOOIPOBO]] MOTHOCTHIO 3aMOJHEH KHUAKOCTHIO. [locne ObicTporo

OTKPBITUSA KpaHa 2B KOHIEC BOAOBOAA MPOHUCXOAHUT €ro OMOPOXKXHCHUC.

Puc. 1. Pacuemnasn cxema mpyoonpoeooa
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Uccnenyercs  cimydaid, Korma TIpW pEIICHWH 3aJa4d  HE YYUTHIBAGTCS  BIMSHHE MECTHBIX
THJIPABIMYECKUX COIMPOTHUBIICHUH (TpeanonaraeTcs, uto KpaH 2 (puc.l) orcyrcrByer). [lyis omnpenencHus
TUIPABIMYCCKUX IMapaMETPOB  JBWXKCHUS  JKHJIKOCTH B  TPYOOIIPOBOJE WCIIOJIB3YETCS  YpaBHEHUE
H.Bepuymnu [1], mpencraBieHHoe Juisi OBYX cedeHuid. [lepBoe ceueHue Oepercs Ha  CBOOOJHOM
MMOBEPXHOCTH JKUIKOCTH B OIMOPOXHSIOMIEMCS TPYOOIPOBOAE, a BTOPOE - HA BBIXOJE IKUAKOCTH U3

tpybomnpoBoaa (ceuenue 0-0). Ypauenue [1] mpu 3TOM NpUHHMAET BHI

Vi (L-xdv
29 g dt’

rne (L —X)SINa— Bricota pacmonoxkenusi cBOGOMHON MOBEPXHOCTH KUIAKOCTU B TPYyOOIPOBOJAE Hajl

(L—x)sinazg(L—x) 0

ropusoHTadbHOW  TiockocThio (0-0); V- cpemHsisi  CKOpOCTh TEUCHHS KOJOHHBI JKHAKOCTH B
TpyOOIIPOBOAE; X - KOOPAWHATA TEPEMEMICHUs CBOOOIHON MOBEPXHOCTH JKUAKOCTH TMPH OMOPOKHEHHUH
BogoBoa (0<X<L);A- xoabduiment [apcu mpu IBWKEHUU >KUIKOCTH B TpyOe; (- ycKopeHHe
cuibl TsDKecTH; [ - Tekyrnee Bpems.

C menpl0 MONMYYEHUS aHATUTHYCCKUX 3aBUCHUMOCTEH, YMOOHBIX JUIS MpaKTHUYECKHX pacueToB B (1)

(L—x) dV (L—x) d(v)*
MHEPLMOHHOE CIIAraeMOe ~— = — 3aMEHAETCH BBIPAKEHUEM ——— ———, KaK 3TO PEKOMEHIYETCS
g dt 29  dx
B [2].
OGosnauass V2 =y u A/d =a, momyuaercst auddepeHIpaIbHOe YPaBHCHHE BUAA

d .
—y+ax=293|na, 2
dx

KOTOpOE HMHTErpupyercs npu HayansHoMm ycnoBuu: npu X =0 y=0.

B pE3YIbTATE, AJIA CKOPOCTH TCUCHHA KOJOHHBI JXUAKOCTU ITOJIY4Ya€TCA 3aBHCUMOCTDH

V(x)=,/2gsin a@ : 3)

3aBHCHMOCTD (3) MOKa3bIBACT, YTO IIpU YHCJICHHBIX 3HAYCHUAX IIOKA3aTClsd CTCICHU IIpHU

—axX
skcronenTe ax>5 € — 0, a ckopocTh TeYeHMsT KOJOHHBLI JKUIKOCTH IIPU OIOPOKHEHMH BOJOBOJA

crpemurest k V., =, /20Sina/a.

HpI/I OAHOBPEMCHHOM YUYCTC BJIMAHHA HA CKOPOCTH OIOPOKHCHUA KOJOHHBI XHUJAKOCTH MCECTHBIX U
pacnpeacjCHHbIX 110 JJIMHC BOAOBOAA THAPABINYCCKUX COHpOTI/IBJ'IeHI/Iﬁ PCKOMCHAYCTCA HCIOJIb30BATH

(dhopmyiy BHIA

V(x)=_|2gsina : (4)

X
1+ &+ K(x)
rie & — ko>p(QUUMEHT MeCTHBIX THMApaBIMYeckux comporuBnenuii, a K (X) — mnapamerp,

onpenenﬂ}omnﬁ BJIMAHUC PACHPCACIICHHBIX II0 AJIMHE pr60np030)1a TUAPABINYCCKUX COHpOTHBHCHI/IfI,
YHUCJIICHHOC 3HAQYCHHUE KOTOPOro 3aBHCHUT OT KOOPAMHATHI X . ToT napamMeTp OHpCeACIICTCA U3 YCIIOBUA

BBITIOJIHCHUS PABCHCTBA

. @A=e) . X
29sing~—~2 = |20SiIhag —— , 5
gstha— 9N KX ©)
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ax
OTKyJ1a K(x) = m -1 (6)

[TponomKUTEIPHOCT OIOPOXKHEHUS TpyOompoBoxa ompeznensercss rpaduueckum crocobom. s

storo ¢ momompio (3) u (4) crpostes rpaduku bynkmuit V, = f(X) u 'V, = f(X) (puc. 2).

2.4

V, m/c 1
2.0 _\\,
16 /-’ :'__ ==
w2 | A /

/7// af s/
0.8

0.4

Puc. 2a. F'paduru 3aBucumoctu Vi=f(x) npu 3=0
KpuBasa 1-sina1=0,293, Kpusas 2-sina2=0,207,
Kpueas 3-sina3=0,172,

2.0
V. m/e 5

1.6 ' T

1.2 ,/ ]

1
i
|
|
|
|
{

0.4 V.

0 1.0 2.0 3.0 4.0 5.0 6.0 M

Puc. 26. Npaduru 3asucumoctu V,=f(x) npu 3 =4,91
Kpueaa 1-sina1=0,293, Kpwusas 2-sina;=0,207,
Kpusas 3-sina3=0,172.

Ot rpaq)mcn JOCIATCA II0 OCH X Ha HECKOJBKO pPaCYE€THBIX YYaCTKOB, B IIp€ACIaX KOTOPBIX
U3MCHCHUA CKOPOCTU TCUCHHA KOJIOHHBI KUJIKOCTH MOXHO HNPUHATH HpOHCXOJlSIH.IGﬁ 0 JHHEHHOM

3aBHUCUMOCTH. Onpezxensm Cp€AHCC 3HAYCHUC CKOPOCTU B IpeAciaxX KaXAOoro BbIACICHHOIO Y4YacCTKa

o C]
nmmnoi |, Berumcnsercs Bpems t, onopoxsenus storo yuactka mo (opmyne b =1 /V, P a mnomHoe

BpeMsl OIOPOKHEHHsS TpyGorpoBoxa OyjeT paHo T.) = Zli IV

HpeI[CTaBJIeHHI)Ie Ha puc. 2 Fpa(i)I/IKI/I IMMOKa3bIBAaIOT, YTO IMPU HAJIMYUKU MECTHBIX T'HAPABIUYCCKUX

conmporupiennii (& =4,91) (puc.2.6) CKOPOCTH OMOPOKHEHUS KOJOHHBI IKHUIKOCTH CYIIECTBEHHO

yMeHbIIaeTcs. IIpy  OTCYTCTBMM  MECTHBIX THIpPABIMYECKUX  CONPOTHBIECHHN (pHc.2.a) XapakTep
BO3pacTaHUs CKOPOCTH OINOPOKHSAIOWIEHCS KOJIOHHBI KHIKOCTH OTJIMYAETCS OT XapakTepa H3MEHEHUs
CKOPOCTH KOJIOHHBI >KHAKOCTH NPH HAIWYMKM MECTHBIX THIPABIMYECKHX CONPOTHUBIEHUH (puc.2.0). s
YCT@HOBJICHHSI CTENEHM KOPPEKTHOCTH peKoMeHayeMblx (Gopmyn (3) u (4) mpoBeaeHO CONOCTaBICHHUE

PE3YyJabTAaTOB pacde€Ta IO 3THUM 3aBUCUMOCTAM C COOTBCTCTBYIOLIMMU ISKCIICPUMCHTAJIILHBIMU JaHHBIMU.
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C o101l 1Ienbi0 B THAPABINYECKOM Jadoparopun MHCTUTYyTa BOIHBIX MPOOJIEM U THAPOTEXHUKH WM.
akaa. V.B.EruazapoBa CMOHTHpOBaHa »SKCIEpHUMEHTalbHas YCTaHOBKa, CXeMa KOTOpPOW MOKa3aHa Ha
puc.l. YcranoBka mnpenctaBisieT U3 ceOs HaKIOHHBIA TpyOONpOBOX M3 MOJHMATHICHA, KOTOPHIA HMeN
mmany L=6,2n u mmamerp d =0,016 », yron Hakiona « KOTOpPOro B  IPOILECCE IKCIIEPUMEHTOB
MeHsuics. CHayana SKCIePUMEHTHl MPOBOAMIIKMCH MPH OTCYTCTBMH KpaHa 2 Ha KOHIE TpyOomposoaa. Ha
puc. 2a mokasausl rpaduxu 3asucumoctu V, = f(X) noctpoennsie no dopmyne (3) npu pasmudHBIX

:
3HAUYEHUSIX YIja HaKJIoHa ¢ TPyOONpOBOAa K TOPHU3OHTY.

Kak u3BecTHO, MONMHMATHIICHOBBIE TPYOOIPOBOABI OTHOCSTCS K KAaTETOPUH «TJAAKHX» TpyO. 3HaueHHe
ko duumenta Jlapcu A s nonmstunenosoro tpybonposoaa muamerpom O =0,016.m onpenensnocs
1o pekoMeHayeMoi B [4] ¢opmyiie, KOTOpas HMEEeT BHI

A=0,285/Re**, (7
rane Re —umncno Peitnonbaca, kotopoe it TAaakuX TpyO MeHsieTcs B mpeaenax [5]:
4000 < Re <=2,
K’ - 3HaueHMe SKBUBAIECHTHOM INEPOXOBATOCTH, NpUHEMaeMoe paBHbIM 0,005 MM, a PaCUETHOE 3HAYECHHE
Re B ykazannom wuHTepBane mpunsto pasubiM Re =14000.
Ilpu ykazannoM 3HaueHun Re cormacno ¢opmyne (7); A =0,026 u a =0,0162.
C noMoIIbE0 TOCTPOCHHBIX 10 (opmydie (3) rpadukos V1 = f(X) , TJIe KOOpJMHATa X MEHSIACh B

npenenax 0< X <6,2m no pekOMeHIyeMOM METOAMKE OMNPEENEHbl PACYETHBIE IIPOIODKUTETLHOCTH

T, onopoxknenus TtpyGomposona ol L=6,2 u u gmamerpom d =0,016 » npu pasmrameix
YKIIOHaxX. B pe3ynbTaTe, TONyYeHBI CIEAYIONIUE JAHHBIE:

npu Siney = 0,293, TOE =384 ¢, a cornacHo MOMyYEHHBIM JKCIEPUMEHTATLHBIM JaHHbM 1, =4 ¢;

npu Sina, =0,207 , TP =4,6¢,a T, =48¢; npu sina, =0172, T, =4,95¢,a T)* =5¢.

Takum  oOpazoMm,  pe3yiabTarhl  pacueta 1o Qopmyne (3)  xopomio  coryiacyercs ¢
9KCTIEPUMEHTAITLHBIMH JJAHHBIMH.
Bropas cepusi dKCleprMEHTOB TMPOBOAWIACH TMpH Haaluuuu KpaHa 2 (puc.l) Ha KOHIE

Tpy6onposoaa. KoshpuuuenT MeCcTHOro ruapaBindeckoro comportusienus kpana & =491,

Ha puc. 26 mokasansl rpaduxu 3asucumoctn V, = f(X), mocrpoennsie 1o dopmyre (4), mpu Tom

K€ IMaMETPe M JUIMHE TPyOONmpoBOAa, HO IIPU Pas3iMuHbIX 3HadeHusx SINa . C mOMOIIBIO 3TUX

rpadUKOB ONPE/CIICHbI MPOIOJIKUTEILHOCTH OIMOPOKHEHUsT TPYOOIPOBOAa MPH Pa3IM4YHBIX YKIOHaX. B

pe3ynbTaTe pacuera MOJydeHbl CIEAYIOUINe JaHHbIE!

nipu SiN a, =0,293 ,TO’; =61c,a T, =6,0c; npu sin a, =0,207 ,TO’; =7,23c,a T,, =73¢;

npu Sina, =0172, T2 =7,93¢,a T, =8c¢.
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W3 comocraBieHUs BHUIHO, YTO Pe3yibTaThl pacueTa 1o ¢opmyse (4) XOpOILIO COIIACYIOTCS C
AKCIIEPUMEHTATEHBIMY JJAHHBIMH.

Hcxons U3 BBIIEU3I0KEHHOTO, MOXHO CJIENIaTh BBIBOJ, YTO IIOJIyUYEHHBIC B paboTe pacueTHbhIC
dbopmyiet (3) u (4), a TakkKe PEKOMEHAYEMBbI TpadUUEeCKHl METOI ONPEICICHHUS TMPOIOJIKUTCILHOCTH

OIIOPOXXHEHUA BOJOBOJa MOXKHO PpCKOMCHAOBATH I MPAKTUYCCKUX PACUYCTOB.

E.M.Uoshjutg

UNUUL QLUSUCP HUSULYUUL CLEUSLNRU 2B1NRYP N2 USUSPNULUL TULFUUL
ZPHUMLPYUYUL MULUUESCErh 2Usqurult

Unwugywé ki JkpniSwlwl pubwdlbbp, npnig oglnipjudp npnoynid ' hknnifh swpddmb
wpwgnupnilp - opunnwph punnwpldwl - plhpugpnid’ hwodh wobkm]  wnkpulwh b pun
Junpnywlh Ephupniequl  hhgpuyihiulmb  phdwngpnipinibibpp: Unwowplynid - opuinuph
puunupldwl Judwbhwludhongh npnodwl qpuphlulub  Epwinul: FEpynid Foouunugyws
puliudlbbpny  hwojwipluyhl wpnyniiaphbph hudlbdwnnidp  unwgywé thnpdbwlwl
wnfjuybikph hkwn:

Upwigpuyhlt pwnkp. Jpuwi opunnwp, wpwqnipmnil, hpppuyihuluwi  phdwnpnieinda,
punupldwl dudwinuluidhong

E.P.Ashchiyants

DEFINING HYDRAULIC PARAMETERS OF NONSTATIONARY MOTION OF LIQUID
WHEN EMPTIYNG FORCE WATERWAY
The analytical dependence, defining the change of speed of the flow of liquid when emptying
waterway taking into account both local and distributed along the length of conduit hydraulic resistance
have been obtained, and a graphical method for determining the duration of the emptying of conduit is
recommended. The comparison of calculated results and obtained experimental data is introduced.

Keywords: force pipeline, hydraulic resistances, velocity, duration of empty
Jluteparypa
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YK 629.114.2 ABTOMOBNJIN
M.C.BapcersiH,

9.H.ba3uksH,

M.I'.IlanunsH

CIIOCOB PEI'YJIMPOBAHUSA MACCHI BO31YXA B BIT'YCKHOM KOJIJIEKTOPE
BEH3MHOBOI'O ABUTI'ATEJISA, PABOTAIOIIEI'O HA KOMIIPUMHUPOBAHHOM I'A3E

Bonpoc pezynuposxu maccuvl 6030yxa, nocmynarowezo 8 GnyCcKHol KOLIeKmop 0sueamenst, pacCuuman u
npucnocobnen 011 pabomvl Ha Oenzune. s 2a300anioHHbLIX  asmomoobunell, pabomarowux Ha
KOMAPUMUPOBAHHOM 2A3e, MACCA 8030YXA OISl CHCULAHUS OOHO20 KULOZPAMMA 2A3d 3HAYUMENbHO MeHble
yem 015 beHzuna. Paccmompenvl 60npocl 9KCHIYAMAYUOHHO20 Pe2yIuposanus OeH3UH08020 08ueames 05
pabomvl HA COHCAMOM HPUPOOHOM 2d3e, KOMOPulll obecnedyum YCHeWHYlo U YCMOUuuusyio pabomy, 6ue
3A6UCUMOCIU OM 8bICOMbL HAO YPOBHEM MOPSL.

Knwuesvie cnosa: cocamvlii npupoOHblil 243, Y20l ONEPENCEHUsL 3adCUeanus, Koapuyuenm uzbpimra

6030yxa, Macca 8030yxXd, OKUCb yenepood

MaccoBblii  TiepeBoji OSH3MHOBBIX JBHTAaTeNlell Ha CXKaThId NPUPOAHBIN ra3 TpedyeT W3MEHEHUs
OIIPEIENICHHBIX 3KCIUTYaTAllMOHHBIX PEryJIMPOBOK ABUIaTEeNsl, B YACTHOCTH MacChl BO3IyXa, MOCTYNAIOIIETO
B BIIYCKHOHM KOJUIEKTOP U B IMJIMHJIPHI ABUraTens. Bompoc peryampoBKH Macchl BO3AyXa, IIOCTYNAOLIETO B
BITyCKHOW KOJUIEKTOP JIBUTATElNlsl, pacUuTaH W MpHcIocoOieH st paboTel Ha OeH3WHE (cedeHue, JIMHA
KOJIJICKTOpa W a’pOoJMHaMHUYECKHI TMoKa3aTeldb M T.J1.). BMecre ¢ TeM H3BECTHO, YTO Macca BO3ayXa,
HEO0XOIMMOTO JIJISl CKUTaHUsS OJJTHOTO KHJIorpaMMa OEH3MHA, U TAKOTO JKe KOJIMYECTBA KOMIPUMHPOBAHHOTO
rasa pe3Ko OTIMYaroTCs.

B 3aBuUCHMOCTH OT OKTaHOBOTO 4HMCJIa OCH3MHA M TEIUIOEMKOCTH KOMIIPUMHPOBAHHOTO ra3za macca
BO3/lyXa, HEOOXO0IMMOTO JIJIsl COKUTAHMS OJHOTO KHUJIorpaMMa OCH3HMHA, B cpeiHeM cocrasiser 15,4...15,6 «e,
a JI7Isl KOMIPUMHUPOBAHHOTO rasza - 9,4...9,6 xe.

BMmecTe ¢ TeM KadecTBEHHBIE TOKa3aTesd IMOJIOTOBKM IpoIlecca CrOpaHus 3apsijia B LWIHHAPE, B
YaCTHOCTH, KOA(PUIMEHT W30bITKa BO3Myxa s OCH3MHA W KOMIPUMHPOBAHHOTO Ta3a pas3iuyaroTcs B
3HAYHUTENLHOU cTereHu. Tak, SKCIIepUMEHTATFHO YCTaHOBJICHO, YTO JUIS CTA0MIBHOM paboThI ABUTaTENs Ha
OeH3rHe Ha ypOBHE MOps, 3HaueHHe KoadduuneHTa n30bITKa Bo3ayxa Bapbupyer B npenenax 0,95...1,05. B
TeX ke yCIOBUSX JJIsi KOMIPUMHPOBAHHOIO Ta3a 3HaueHne Kod(dduipenTa n30bITKa BO3yXa HAXOIUTCS B
npenenax 0,75..1,45, (puc.l). IIpodeccopom A.C.OpamHom [1] ycTaHOBIEHO, YTO B 3aBUCUMOCTH OT
IUIOTHOCTU TOPIOYEii CMECH, YTO a/IeKBaTHO KOA(PPHUIMEHTY U30bITKa BO3/LyXa, PE3KO N3MEHSIETCS! CKOPOCTh
cropanus 3apsga. Haumbosee ObicTpoe cropaHue roproyeil cMecd Ha OCHOBE O€H3WHA MOJy4aeTcsl MpH
0=0,8...0,9, To ecTb TP HEKOTOPOM HEIOCTATKE BO3myXxa (oOoramieHHas CMECh). Y MEHBIIICHUE CKOPOCTH
cropanus npu AanbHelnmem obOoramennu (0<0,8...0,9) npoucxonut OGojee OBICTPO, YeM HpU OOETHEHUH
0>0,8...0,9. [pu 3nauenusx o = 0,6, o =~ 1,4, 3apsg HE BOCIIAMCHSIETCS HM3-3a MEPEOOOTAIICHUS MU
nepeoOeIHEHUs COOTBETCTBEHHO, Ta K€ caMasi 3aKOHOMEPHOCTh HaOJI0AAeTCs U Ul CKaToro MPUPOJHOIO

rasa. HpI/I 9TOM HCO6XOJII/IMO OTMCTUTD, UTO CKOPOCTH PACIPOCTPAHCHUA IMJIaMCHU FaSOBO3,I[y1.LIHOI>i CMECH
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IPU pa3HbIX YacTOTAaX BPALICHUs KOJCHYATOTO Bajla HIDKE OCH30BO3MYIIHOM cMmecH oT 7 1o 15 m/cek, 4ToO
SABIIACTCS OJIHOM M3 IPUUKH, 00YC/IABIMBAIONIMI YBEIMUCHHE yIIIa OHEPEKEHIs 3aKUTAHHS

OmHaKko CKOPOCTh PAcIpOCTPAaHEHUs IUIAMEHH B IIMJIMHAPE M YacTOTAa BPAICHUS KOJEHYATOTO Bana
B3aMMOCBSI3aHBl. Tak yBeIMUYEHHE YaCTOTHI BpAIlEHHS KOJICHBaja TpeOyeT YBEeJNeUCHHUs yria OINepeKeHUs
3a)KUTaHMS, a YBEJICUCHNUE CKOPOCTH CTOpaHHA 3apsiaa TpeOyeT YMEHBIICHHUS yIiia ONepekeHHUs! 3a)KUTaHusl.
YMeHbIICHHE YacTOTHl BpAlICHHUsI KOJEHBala BJedyeT 3a co0oil yBenmnueHue Kod(QQHUIMEHTa OCTATOYHBIX
ra3oB, YTO CHIDKAET CKOPOCTh CTOpPaHUS 3apsaia M TpeOyeT yBeIWYeHHs yria ONepekeHHs 3akuranus. Bee
9TH 3aKOHOMEPHOCTH M3MEHSIOTCS ITPpU M3MEHEeHNH Kod(ddurmenTa n30bITKa BO3/IyXa B IIMHApe. Pemenne
JTaHHOH 3a/1a4d MIPU MOMOIIM OCHOB TEPMOAWHAMHUKHI M MaTeMaTHYECKUX (OpMysT MOKHO, HO TIPAKTHIECKH
pe3yabpTaT OyAeT MaJjlo MPUTOAHBIM WM BOOOIIE HEMPHUTOJHBIM Ajs peanusanuu. [losTomy peanuzaunust u
YCTAHOBKA JKCILTYyaTAllMOHHBIX PETYJIMPOBOK Ooliee 1enecooOpa3Ho MPOU3BOIUTH OPraHOJENTHYSCKAM
MCTOAOM, IJId KaXAO0Io ABHUIATC/IA IMPU TCXHUYCCKOM O6CHy)KI/IBaHI/II/I I TCKYUICM PEMOHTEC CUCTCMbI
IIUTaHUA U 3aKUT'aHUsI ABUTATCIIA.

Ha puc. 1 mokaszampl 3HaueHHs Kod(pQUIMEHTa W30BITKA BO3MyXa NI OCH3MHOBOTO JBHUTATEI,
paboraromero Ha OensuHe (1) W Ha KomMmpuMupoBaHHOM rasze (2). B kadecTtBe moKazarens,
XapaKTepHU3YIOIIETO MMOJHOTY CTOpaHMs 3apsa/ia B MIIHHIPE, PACCMOTPEH yIeNbHBIH 00beM OKHCH yriieponaa

B OTpabOTaHHBIX ra3ax.

q, CO
7

) N /
1 ~J] T e

o} 0,25 0,5 0,75 1 1

] »

a
25 1.5 1,75 2

Puc. 1. 3aseucumocmp yoenvnozo 0dvema okucu yenepooa om Kodppuyuenma uzovimea 030yxa npu paoome

osuzamens na denzune (1) u na Komnpumuposannom 2asze (2)

JlanHble TONydeHBI TO pe3ynbTaTtaM wucnbiTanuil neurarens ['A3-2401 B ycmoBusix sabopatopun
HammonansHoro ArpapHoro YHuBepcuteta ApmeHun*. Ha oCHOBE perpecCHOHHOTO aHaIN3a, MONTYYCHBI
AHAJMTUYECKUE CBA3H MEKAY KO PHUIIMEHTaM U30bITKa BO3/LyXa O M YIEIbHOTO 00beMa YIiepoJHOro rasa
1 OeH3uHA

gs = 13,7a% - 64,3a* + 113,5a¢* - 90,1a* + 2?,3{1"

1 Ui KOMIIPUMHUPOBAHHOI'O T'a3a

[pu paGoTe HA KOMIPOMHPOBAHHOM Ta3¢ YroJ ONEPEKCHHs 3aKMTAHHMS ABMraTels yBemmueH Ha 8° Mo yriy moBopoTa

KOJIEHYATOIr'o BaJia JIs1 YBECJIMYCHU NIEPUOAA CTOPAHUA 3apsaaa.
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g, = —19.8a* + 72,9a% - 83,8a* + 32,6a.

B ycnoBusax skcrutyaTalimu Macca BO3IyXa, MOCTYIAIOMIETO B KOJUIEKTOP W B IMJIMHAPHI JABUTATEIS,
perynupyercsi mo-pazHomy. B uwactHOCcTH, juisi aurarenst YM3-4216, pabGoTaroniero Ha ra300asIOHHOM
000pyJJOBaHMH YETBEPTOr0 MOKOJEHHs, Macca BO3[yXa, IOCTYNAIOUIET0 B IMJIMHAPHI JBUTATEI,
oTpeneNseTcsl Ha OCHOBE TOKa3aHHWid TaTYMKOB Macchl BO3/yXa, JsiMO1a-30H/1a, Yncia 000pOTOB JIBUTATENS,
JETOHALIMOHHOTO  JaTYMKa W HMCXOAS M3 KOTOPBIX MHKPOIPOIIECCOPOM  ONpenensercss mMacca
KOMITPOMHPOBAHHOTO Ta3a, TMOJAroImero depe3d (OpcyHKHM NpsMO B KaHAN BIYCKHBIX KIamaHoB [2].
KomnmuecTBo aBurareneii, 000pyJOBaHHBIX ra300aJIOHHBIM 00OPYIOBAaHHEM YETBEPTOTO ITOKOJEHUS, MOKa
OYEHb MAJI0 Cpexu NepeoOOpYAOBAHHBIX HA KOMIIPUMHPOBAHHBIA Ta3 OCH3MHOBBIX BHTATENICH, XOTS
W3BECTHO, YTO ra300aUIOHHOE O0OpYyIOBaHHE YETBEPTOrO MOKOJEHHs 00ECleunMBacT SKOHOMHIO Trasa A0
15 %, omHako M3-3a BBICOKOW CeOECTOMMOCTH M MO PSAY pa3HbIX MPUYHMH IIUPOKOTO MPUMEHEHHS TIOKa HE
nosyurmii. OCHOBHOE JK€ KOJIMYECTBO aBTOMOOWJICH 0O0OpYJ0BaHbI ra300a/NIOHHBIM 00O0PYI0BaHUEM
MEPBOTO TOKOJICHHUS, B KOTOPBIX ra3 B IMIUHIPHI JABUTATEIS MOJACTCS Yepe3 CMECHTENb KapOroparopa 1o
CTETIeHU BaKyyMa U ¢ IIOMOIIBIO 103aTopa.

PaccmoTtpum mpomecc cMecooOpa3oBaHus HanboJee MUPOKO PACIPOCTPAHEHHOTO Ta300alIOHHOTO
000pyIOBaHHS TIEPBOTO MOKOJICHUSL.

['a3oBo3mymHOE cMeceoOpa3oBaHUE MMPOUCXOAWT HEMOCPEICTBEHHO B CMECHTEIBHOM Kamepe
KapOioparopa, KyJga Ta3 TIOCTymaeT W3 peIyKTopa HHU3KOro aaeieHus. OnHako wmacca BO3Iyxa,
MOCTYTAIOIIEr0 U3 BO3IYLTHOTO (UiIbTpa B KapOopaTtop, HAMHOTO MPEBOCXOJUT MAcCy HEOOXOIMMOTO IS
COKUTAHMS CHKATOTO Ta3a, CIeJ0BATEIbHO IPH 9TOM K03 duimeHT n30bITKa BO3ayXa JOCTUrAeT JI0 MPEIEIoB
0>2,0...2,5. IIpu Takom 00€THEHHOM COCTaBe BO3TOpaHUE TOpIOYei cMecH 00 OYeHb HEYCTOHYMBO, THOO
HEBO3MOXKHO BooOmie. [lyisi yMmeHbleHus 3Ha4yeHus KodpduimeHta H30BITKA BO3AyXa B TPAKTHKE
MIPUMEHSIETCS] YaCTUYHOE TIEPEKPhIBAHNE H U3MEHEHUE CEUEHUsI TOPJIOBUHBI BO3IYITHOTO (QUIBTpA.

PerynmupoBanne koddduimenta H30bITKA BO3/AyXa OCYIIECTBISIETCS IOCPEICTBOM H3MEHEHUS
CeueHus, Kak IOKa3aHo Ha puc. 2. JlampHeimiee peryauMpoBaHHE MAacChl BO3[yXa, IMOCTYHAIOUIErO B
BIIYCKHOH KOJUIEKTOpP M B LIMJIMHJPBI, IIPOU3BOAUTCS ITyTE€M anpoOMPOBaHUS PaOOTHI JBUTATENs HA PAa3HBIX
0o0opoTax KoOJEeHYaToro Baja. HamiaydmuM IMoJIOKEHHEM M CEYEHHEM BO3YXOBOJa CUMTAETCS TOT, NPHU
KOTOPOM JIBUTaTellb O00ECleunBaeT yCTOWYMBYIO paboOTy Ha BCEM [JUara3oHe 4YacTOThl BpAaIICHUS

KOJICHYATOro Balia.

Puc. 2. Cnoco6 usmenenus ceuenus 20pnoeunsl 6030yuinozo gunompa
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Ucxons w3 toro dakra, uro ans pabOThl JABUTATEN HA KOMIIPUMHPOBAHHOM Tasze Kod(dummeHT
n30bITKA BO3ayxa Konebnercs B npexaenax 0,75...1,45, To peryaupoBaHHBI Ha BBICOTE HAJ] YPOBHEM MOpS
1000 m nmBurarens obecreyuT ycTOHUHMBYIO paboTy m Ha BeIcoTe M0 2000 M, Tak Kak W3MCHCHHE

kod(dumenta n30bITKa BO3AyXa HAXOAUTCS B TIpE/Ieiax JOMYCTUMOTO.

Takum 00pa3oM, MPUBEACHHBIN BBIIIE CIOCO0 HKCILIYaTallMOHHOTO PETyJIMPOBaHUs MacChl BO3IyXa
OCH3MHOBOTO JBHUraTells, padOTaroIIero Ha KOMIPUMHUPOBAHHOM Ta3e AJsl ra300alOHHOT0 00OPYAOBaHHMS
MIEPBOTO TTOKOJICHHS MO3BOJISIET 00ECIEYUTh YCIEIIHYI0 U YCTOMYUBYIO PadOTy ABUTATENSI BHE 3aBHCUMOCTH

OT BBICOTHI Ha/T yPOBHEM MOPAI.

U.U.Pupubinyui,

E.UL.Puqhljjui,
U.Q. Muyhbywub

PLUYUL UBNUYUO @ULNY, UTUSN, AELRPLUSPL TUNdh2P LELUOUTUL
mNINdUYEUCUrNkhU Ok QUL UOP UraudnNearur

Cupdfpsp Gkpuddwl npnyulwown dinhng oph qubqyush Jupquiynpnidp hwprumnbuyus
I hupdupbgyué F phkighiny wppiuwnknt hwdwp: Ukndywéd phuluwl qugniy wppiuwnng
plightughll owpdhstbph hudwp wihpuwdbown onh quigyudpn qquyhnpki phs E pulb phkighih
hunlwp:  Ywpjws oph  wifljgniyh  qupdwilgh wpdkphg, pkbqhiny b quqny wpprunng
owpdpstbph GEpusdwl unpnyulwowph Uninph wbgph [upyudph dwlbpbkup wihpudbkown E
thnfuly: Mumdiwuppyws Eb phwlwl ubpdyws qugny wppiunnnn pkighluyhl pwpdhsh
swhwgnpSuwl jupgun/npdwnl, ghwhunindwl b inpdunnpdwl hupgbpp:
Unwigpuyhl punkp. ubnlywé quq, Juihnujundwl whlynil, onh wyjkjgniyh gnpdwulhg, onh
quiligyw, wShiusih opupn

M.S.Barseghyan,
E.N.Bazikyan,
M.G.Papinyan

WAY OF REGULATION OF MASS OF AIR IN AN INLET COLLECTOR OF THE PETROL
ENGINE WORKING AT COMPRESSED GAS

The issue of adjustment of mass of air arriving in an inlet collector of the engine is calculated and
adapted for work on gasoline. For gas cylinder cars working at compressed gas the mass of air for burning
of one kilogram of gas is much less than for gasoline. Questions of operational regulation of the petrol
engine for work on the compressed natural gas are considered.

Keywords: the compressed natural gas, corner of an advancing of ignition, coefficient of excess of air,
mass of air, carbon oxide
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LUrSuruarsuyus unuzNdnku
U.U.Qlunpqput

YEuLUUQULP ULZUSUYUL SENUYUSULLr MULUUESIErP ZUT9U Y

FPhpyws ki Jhhuwquqgh wkpubuyuiph  hhgpuihlulwb o Fakpgkunplulwi
wupwdlinpkph  hupjuphl m nkqulpyubph wawppkpp swihkph plnpopmbp” upajus
whwulhwywhwlul puthnbibph opulwl wpumunpnipiniihg: @npp hgnpnipjul nkyuluywiph
hwlwp pinnpyly F puhnih oqunuhwbdwl dkqnpphy qnpdplpugh «fhivuqubqyus-jEiuugug-
okpduyhli Fabpghwy  wnbkpibninghwid, nph plkypnid [hhuwquqp Séupwiopwisihg (H2S) U
wiSfumppn: qughg (CO2) dwpplint wihhpudbpunnipinil sh wnwowbnid: Sknwluywbpp Swuinuynid
b whwuhwwwhwlwl phpduyh vbihwlmb Juphpbbph ppy Jqud dwubwlh pajupupdob
hunlup:

Unwigpuyhl punkp. Eivuquibgyus, nkwlnnp, dbpwl, [Ehuwquq, dkgndpy pulnpnid, opqui-
il yqupupunuignie

Uhtuwqugh Ukd hqnpmipjuwt gnpdwpwbitpp dkdwdwuwdp JEkpudyulnid b wbwubwuyw-
hnipjmtt  puthntubpp, ppuilg htwn  pjuwntbngd dnunwluw  phwlwduypbph  YEugunuyh
opquiwlut puwthntubpp: Yktuwquqgh GYpnwywlwt gnpbwpwbbtph Uks dwup gnpémd k
QEuumquiqus-jEtumquqg-EEjunpujut b okpdwyht Eukpghw» wnktininghwny: npswpwh
wpununpus Jhtuwquqp  Ynghubpughwih  wbknulwjwiph  dhengny  thnpuwljtpyynd  E
LEjupujut b obpduwyhtt Eubpghwbph: EjEjupulwut tubpghwt wpuniyuw) uwlugunyg
wnwpynid t dhwgpu) gutg, otpduwyhti Eubpghwt dwuwdp oquuwugnpdynid L gnpéwpuuh
ubthwut Juphputph hwdwp, hull dbwgws dwup mwp oph dunyd sppwtimnynid L dnwnnulju
puwwduiph b  gopdwpwih  dhol npuybu 9otpdwlhp: Hhpuwdpwlmd wugwés hbnnily
JEuuwmququst ogrnuugnpéynid E npujtiu opquttwjutt yupwpunwiynip [1]:

Uhtuwqugh withwnwlwt nknuljwywiuptt mubktmd E thnpp hgnpnipjnit b swpwmd k
hhdtwjwinud wiwutwywhwlwt dkptwplnipjut ubthwljut Yuphpubph (phunipjniutbtph
otinnignid, EEjwpwutnignid) 1phy Jud dwubwlh pwduwpupdwb hwdwp: Zwdwp ny dbs
whwutwywhwlut $Epdwt ubthwlwb Yuphpubpp (ohnnignid, EEjupwtubpghw b wygb)
pujuwpupbnt hwdwp dkptwdniju E (hunwd Epdwh puthntubph ogqnwhwidwt jEtuwquqgh
wihwnwljut wnbknuuyuiph Jupnigdwip: Ldwt dunwgpnipjutt hpupjubugdwt hwdwp
wihpwdbon b btwpwwbu wwpql] Junnigbihp wbnulwjwuiuph bGulbwnwht hbnbyjug
Ukdmpmiukpp
1) $plugh Yhiuwquiigush nkuwlp b 1 opdw kjpp g, wv/op,

2) Yhhuwquiqush intwynipmiup p %:
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Nk ny wyn dksnipyniulbpp, whwnp Enpnoky
e Uninpwiyniph wjuquih swdup, W, ,
e nhwlunnph swuyp Wy, 5,

e ququljnuunwljhsh (quqgniytp) wkuwlp b Swjup' Wy, 5,
e luunpuwl qnpéplipugh obplwunhgwin ¢, °C,

e Lipwiyniph §nunwlduh wjwuquith sunjup’ Wg, &5

e wljiljwynn ququpuunpmpniip’ Q, fuf/op:

Unyt wwpwdbwnpbph npnonidhg htiinn whkwp b pluunpl] nbnujujuuph wbknunpbino
Juypp mbnubpmd b juqubk] jupniguwspubph hupdwpunuudwt gbwwywwnljbptt wjtwybu, np
JEtuwquqush mnuihndwi gnpéppwgn (htuh htwpwynphtiu nynipht b phs Swhruwwnwmn:

Qupijué wnbnuluydwb hgnpnipnithg, Jwpnn b hpwlwbwugdl; jhiuwquiugush
oqunnuhwifwi htinlyuy kpkp wkjuininghwikpp’

1. Yhhuwqubgus-jhuuwquqg-otipduyhti Eubkpghu,
2.  JEuuwquuqdus-jEuuwgug-EEjnpuljut b obpduyght Eubpghu,
3. Jhuuwmquiqus-jEtumquq- dwpnip dbpuie

Cun wdbkphljut dwubtwgbnubph thnpdh, tpk opwljut ogqnuwhwuynn YEuuwqutqgush
pwbwlnipiniup sh gipuquugnid 10 », wmyw oqunuhwinudp tyuwwnwlwhwpdwp E junwpty
1-ht nkjuunnghwyny:

Uhust ophtwjh putiwplynidp, upkup ntwluninp 1gynn vhwwnwpp Jhhuwquiqush 1 w
twhwyuwnpuundusphg ququptnunpnipjut Uninwdnp swhwithstkpp. gndwnp jwd funqunp
20...25 1F/op, postunp  40...45 5/op (2, 3):

Ququpununpnipjut pipdus dSwwjubph dbdnipmnitiubpp whwnp L hwuljubtw hbwnbjug
Ytpw. nbwlunpnid judnpdwt gnpéppugh Juynitwgnithg htwn, tph nbwljnnph Uk opwljut
1gynid k 10 vz hwpwyunpuungws jhuivwquigus b nkwljnnphg hwtgnud E tnyt putwlh
Uowlnid wbgus bpwiynip, wyw gniwnph b postunph hwdwp ququpuunpnipniuubpp
hwdwyuinwuhiwbwpwp §htkl 200...250 b 400...450 &u/op:

Onhtuwl]. pnstwpniswlui thnpp dbEpdwtt muh dbEl postwtng, npnmd Juinuluyght
wwhywépny 35000 wswt hwy fu: Sknuluywtph wwpwdbwnpbph hwyduplp juwnwpynd k
htwnljuy htppulwtunipjudp.

1. Opnonid kb $hpdwgh 1 opmid postwnph bipp ¢-b:

Zuyunth k, np 1 hwghg 1 opnud postiwunph Epp 0,2 §g b: ZEknbwpwp,

q=0,2-35000 = 7000 fg/on="7 w/op:
Zujnth k twul, np quunuyjh wwlynpph ypu pupd postwnph untwgnipniup dnn 76 %t:

2. Npnonud ki nhwljnnph Ukl opdw Untnpuiyniph swhwpwdhup: Npubtugh unnwtiug 90 %
hunttwynipjut Jhuuwquugus, pupd pnstwnph unyt pwbwlimpjub jpipupwbsnip 1 w-hu
wbnp k jountiky 1,4 w2 9nip: Zknbwpup dnunpuiyniph quiiqdusp Yjhuh'
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Qn =7+14-7=16,8 w/op:
3. Npnomud ki whnuljuydwb 1 opdu ququpuunpmpniip
Q=16,8-40=672 ulf/op:

Bpt Jhuuwgqugh pununpnipjut ke dkpwuh dhohtt putwlnipniut punniugh 65 %, wuyw

dwpnip Ubpwih pubwlp Ylugqdh
Q, =437 wh/op:

4. Npnonmud Lu nkwlunnph dwduwip: Enstwunph wbwkpnp fudnpdwt dkqndh) qnpéplpugh
hwdwp oyyunhdw) dudwbwljudhongn 17...18 op k: Uwm wytt dwdwbwljudhongl k, nph pupwugpnid
JEuuwquuqushg wipwwnynid E npu nbuwjuunptt httwpwynp ququunynipjuu 85..90 %n:
Zbknbwpwup ptwljuinph wihpwdton dSwdwp htngniy JEuuvwquiqush nbknuynpdwt hwdwp
Yihth

W, =179 =17-16,8 = 285 :

Ntwlunph Swduwp punpnd B 300 % npuybtuqh ppu YEptwdwunid (huh quqh
Yntnuljdw swjw, Unnwynpuytiu hwjuwuwp dntnpwiyniph 1 opdw swhwpwduh swduwyht:

5.0thwnuljut nbtnuljujdwt hwdwp npybu ququinunulhy tyunwlwhwupdwp b
ptunpk] hwunwnmt  Swyuwh dbnmwnulwt wwpnnnipni,, nph dwdwip npnpymd k
Unnunjnpuygbu Yuwqugh dudwght wpinugpnipput bpuwgunhht'

W; =3-672/24 =84 =

6. Untnpwiyniph pug qqubwlut wjuquuh dwwp unynpwpwp pnpmd B wyuybu, np

npuinid htwpunjnp (hith wdpupty jiuwquiiqiush 3 opdu swhwpwdhip: Zknbwpup
W, =3-q, =3-16,8=50 -

7. Puth np ptwljuuinphg hwttdws b wppbt obpduyghtt dpwljnud wmigws Ejpwiynipp htnnily
npuljjuy opquiwut quwpupnwiymp k, wyw gpu jninujdwt hwdwp yhwnp E btwpiwnbubky
hwwnntl] mwpnnmipnil, wjtybu, np gputhg wjwunudnphjuyhtt hnjpwnppuidhengh wnwupnnnipjut
Ubko huptuwhnu nkdhuny 1gukjp htwpwynnp (huh:

Upnunpus Jhuuwquqp tyuwnwljuwhwpdup b oquuugnpst) ubthwlwt Juphputph
hwidwp, pln npnud ddpwip postwingh wpugdwl, wdpwbp Unpph wpnunpudwuhl nwp
onin b gninpoh dwwnwljupupbint tyuwnwlny: ULy opju  pupwgpmd  wpununpjud
Jkiuwqugh Hikpquupyniu]bnnpniib pun dipuith Juqih

E =437-8600/860 = 4370 §dwi-d/op,
npnkn dwpnip dbpwih wpdwt unnphtt obpUmipnitt pugmitdus L 8600 fhuyy/inf wud
10 [dwn-d/inl:

QuUnut wdhuttpht pbwlunnph nmupugdw hwdwp swujws qugh pwtwlp pugnitynd k
wpuunpush 20 %-h  swhny: Upunwpht uvyuwndwb Jpu  Swhiudws YEhuwquqgh
Fukpquupnniu]kinnpnih pun diputth Juquh
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E, =0,8-4370=3500 §4w-drop:

nstwingh okinmigdw obpdwwywhwbownplp unptkih E npnobky junpnpugus tnutiwlyny,
hhdp pugmitbng QJupnygh wbuwlwpwp  Swwjuyhtt  pimipwghpp:  Gplwb  punuph
wuydwbikpnid wy npnodnid & g, = 1,81/V % putwdling [4] b juqumd B

0y =181/6500%'*° = 0,605 Jur/(1f.wun),
wjuwnkr 18x90x4 U swthtpny pnstwingh shtwpupulut swduip uqunid £ V=6500 2

Ujuyhuny, postwingh hwoyupluyhtt obpdwyhtt Ynpniunubkpp gpup onh t; =-19°C L

pnrstwtinid onh t, =20 °C obpdwunhdwuttph wuydwutbpnud Yihuk®
Q=0 V(t, —t,) = 0,605-6500-39 =153,4 [ fun:

[nstwingh opduyhtt hwoduplp juunwpbkiup hnitbdup wdudw hwdwp phnniibny wyy
wduhtt npuh onh vhohtt ohipdwunhdwn -4 °C: Enstwtngh obpdwihtt Ynpniunubpp hntbdupyu
opyu pupwugpnid Yihuku'

E =153,4-24-[20 — (- 4)]/[20 — (—19)] = 2266 [ <un-d/op:

Zudbdwwntiny unwugusé dkdnipmiup Jipp hwpdupus tubpghuwyh opwljut iph htwn
(3500 §dwnd/op), Yupkih £ hwdngyby], np YEuwquqgh Gpp padupup £ ny dhuwyt Uhohtt opwljuit
wwhwbewpyh, wy bwb gplpt hwydupluyht pintdwsph (153,424 =3682 §dw-d/op) swsljuwul
hwdwnp:

Udnwtt wdhutkpht pbwljunnph nupugdwt hwdwp swpujwsd qugh pwtwljp puinniukup
wpununpyush 5%  swthny: Upwnwpht ugundwb  dkYy opJqu  Yktuwquqh
Fukpquupnyniu]bnnipyniit pun dbpubh Yiuquh

E, =0,95-4370 = 4150 fwr-d/op:

Lwth np wdpwbt wdhutphtt pnstwingh wwpwgdwt wbhpwdbonnipmit  sh
wnwowtnid, wmyuw whwp k juquuybkpyl) Eubpghwjh wpnwphtt uygunhsubp: Nputu wynuhuhp
Yupnn kU btk postwdwpphugh unpph wpnwgpulwup, wwp oph Yhbgunugh wy
uyunhsubpp:

Lkpluynidu Ynghubpughwjh nkinujuydwt dkpktwtbp wpnwnpnn GE Jenbacher (UU'L),
Doutz (Ftpuwtthu) dphpdwmttntt wmpurnunpnid Eu tkpphtt wypdw pupdhsutp, npnp qquynit sk
JEtuwquqh pununpnipjut dke phs putwlnipjudp wniu sdupuopwsuh tjuwndwdp: Mipkdu
nwpju ny ohnnigdwt wdhutubphtt wpunwngpjus Yhuuwquqhg Yupkih b Ynghubpughugh
thnpowlbpydwdp uvnwbtiug EEyunpulwt Eukpghw:

A.A.I'eBoprsin

PACYET MAPAMETPOB BUOT'A30BOI UHAUBUJYAJTBHOW YCTAHOBKH

Ilpusoosmcs pacuem 2uOpaIUHECKUX U DHEPLeMUUECKUX Napamempos Ou02azo8ou yCmauosKu u
66100 PAMEPOS OMOETLHLIX ee INeMEHMO8 (PeaKmop, 2a320a0ep, pe3epsyapvl ungaoenma u spgiroenma

U m.7.) 8 3d8UCUMOCINU OM OHEBHO20 NPOU3BOOCBA OUOMACCYL.
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s ycmaHo8Kku Manoti MOWHOCMU PEKOMEHOYEem sl NPoYecc YMunu3ayuu omxo008 no mexHOoL02UU
‘buomacca-6uozaz-mennosas snepeus” , RPU KOMOPOU He NPUXOOUMCS OYUWAmb OU02A3 OM CePo8O00PoOa
U YeneKucioz2o 2asda. Ycmanoeka npeoHasHaueHa 07 NOIH020 UIU HYACIUYHO20 NOKPLIMUL COOCTNEEHHDIX
HY2#CO HCUBOMHOB00UECKOU (hepmbl.

Knrouegwle cnosa: buomacca, peakmop, meman, 6uoeas, me30QhunvHoe Opoxicenue, opeanuyeckoe yooopenue

A. A. Gevorgyan
CALCULATION OF BIOGAS PARAMETERS OF INDIVIDUAL INSTALLATION

The calculation of hydraulic and energetic parameters of biogas individual installation and size
selection of its separate elements (reactor, gasholder, influent tanks, effluent and etc.) according to the daily
production of biomass.

For the installation of low power it is recommended to apply the process of recycling according to
'biomass-biogas-warmer energy" technology, which allows not to clean the biogas of hydrogen sulphide and
carbon dioxide. The installation is designed for full or partial coverage of own needs in livestock farm.
Keywords: biomass, reactor, methane, biogas, mesophilic fermentation, organic fertilizer
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YK 539.3 CTPOUTEJIBHASA MEXAHUKA
I'. A. I'eBopksH,

C. B. Bapaansiu,

H. B. Ilnpymsn,

H. P. Mexpa6exsH

OB OJTHOM MOJU®UKAIIMA METOJA KOHEYHBIX 2JIEMEHTOB ITPSIMOYTI'OJIbHBIX
®OPM JIs1 PEHHEHUA 3AJAY IIOIIEPEYHOI'O U3I'MBA IIVIACTUH C YYETOM
MOMEHTHBIX HAIPSI)KEHU I

Ilpeonacaemcs moouguxayus memooa KOHEUHLIX INEMEHMO8 NPAMOY20IbHbIX YOpM, 8 KOMOPOM OJisl
pewenus 3a0ay NONepeuHo20 u3euba NIACuH ¢ y4emom MOMEHMHBIX HANPAJNCeHULl 8 Kauecmee V3106blX
nepemMenHbiX NPUHAMbL 0000UeHHbIe nepeMeleHUs..

Knwouesvie cnosa: xoneunvle snemenmvl, V3108ble NepemMeujenus, Keaopamuunoe npocpammuposarue,

niacmuma, uz2ud

B mMuxponosnsipHoi TeopuH MIIACTHH Ha OCHOBAaHMM PacIIMpPEeHHOM rurnoTessl B [1] ans pemenus 3anad
MOMEPEYHOTO M3ruda IUIACTHHKU MOJyYeHBI TPU YPaBHEHHSI OTHOCUTEILHO TPEeX UCKOMBIX (DYHKIHH, depe3
KOTOpbIC IIPEICTABICHBl BCE PAaCUETHBIC BEMMYMHBI IUIACTMHKU. B pabote [2] maHHas 3amada cBeieHa K
OTBICKaHHUIO OAHOM (DYHKUMH, KOTOPAs SIBJISETCS PELIeHUEM cienyrouero auddhepeHnaIbHoro ypaBHEHHUS C

COOTBETCTBYIOIIMMH IPAHUYHBIMH YCIOBUSIMU

DAAF =q, )
rie D =D+ (e+y)h, D=Eh?/12(1—v?) — sxecTkoCTb MIACTHHKY IpH H3rKGE 63 y4eTa MOMEHTHBIX
HaIpsOKEHUM, ( —MHTEHCUBHOCTh MONEPEYHOI pacrpeneaeHHoi BHEILIHEH Harpys3KH,
A =0%]0x* +0%/0y® — nBymepnsiii oneparop Jlaruaca, h—ronmmna miacTuaky, E—MOIyIs yIpyrocT;
v —koapurment Ilyaccona, u=E/2(1+Vv)— nocrosuusie Jlame, «,¥,[3,&— YeThpe HOBBIE YNPYTHE
[OCTOSHHbIE MaTepHaIa.

Ecnu pemenne ypasaenus (1) HaleHbl, TO KOMIIOHEHTHI T€H30pa MOBOPOTa B CPEAMHHON INIOCKOCTH

IJIAaCTUHKHU MOTYT OBITh BEIYKCIICHBI H3 CJICAYIOIINX COOTHOIICHUH [2]

9:ﬁ+B£AF,a):ﬁ+B£AF, (2
oy oy OX OX

a Juist HopMaibHOTO nepementenus W(X, Y) umeem
w=F — AAF. (3)

O6o3na4unm gepe3 ¥(X,Y) yroi caBura B CpeHHOMN IUIOCKOCTH IUIACTHHKH, ISl KOTOPOTO HMEEeM

060 ow O°F O%AF
7/(X,y)=—=—: +B .
oXx oy oxoy OXdy

B ¢opmynax (2)—(4) ans ko3hHUIIMEHTOB, COAEPIKAIIMX YIPYTHUe MOCTOSHHbIC MaTepralla MIaCTHHKH,

(4)

BBEJICHBI CIICAYIOIINE 0003HAYCHHMSI

Ao (u+a)(y+é) N 3D B (uta)(y+e) 3DEBa—5u) _

Aua S5hu 8ua 40hua
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B pabore [3] mna pemreHWs JaHHOW 3amaddl pacCMaTPUBACTCS METON KOHEYHBIX JJIEMEHTOB
NPSAMOYTOJIEHBIX (DOPM C IIECTHAAUATHIO CTENEHSIMU CBOOOIBI, TAEC B KaueCTBE y3JOBBIX MEPEMEHHBIX IS
S—TO KOHEYHOro 3JIeMEHTa MNPUHAT 3HadeHHs QyHKuuM F°u ee NMpoM3BOAHBIX 6FS/8X, 8FS/ oy,
0%F* [oxdy .

B pabote [4] paccmarpuBaeTcsi MOgU(HKaLNS METOa, TPUBEAECHHOTO B [3], B KOTOPOM YUUTHIBAIOTCS
12 ycnoBuii HenmpepbIBHOCTH 0O0OIIEHHBIX MEPEMELICHUI B Y3JIOBBIX TOUKAaX U 2 YCIOBUS HEMPEPBIBHOCTH
YTJIOB CIBUTA HA TPAHMIIAX PA3eNIOB MPSMOYTOIBHBIX JIEMEHTOB.

B manHO# pabote mpeiaraeTcs METOJ KOHEYHBIX 3JIEMEHTOB MPSIMOYTOIBHBIX (JOPM, B KOTOPOM IS
pelIeHns 3aqad MOTMEePEeYHOro M3rnda IUIACTHH C yYEeTOM MOMEHTHBIX HANpSIKEHHWHA B KadeCTBE Y3JIOBBIX
MEPEeMEHHBIX NPHUHAT O00OOIIEHHbIE MepeMemIeHus. 31ech IS ydeTa HEMPEpPHIBHOCTH MPOTHOOB U YTIIOB
MOBOPOTa BJOJb TPAaHUIBI Pa3fesioB CMEXKHBIX 3JIEMEHTOB AJSl KaXIOW y370BOH TOUkM He Tpedyercs
nobasneHus 12 ypaBHEHHH.

CpeauHHYI0 TJIOCKOCTh TJIACTHUHBI TPEICTABUM B BHIE COBOKYMHOCTH N KOHEYHBIX 3JIEMEHTOB

NPSIMOYTOJILHBIX opM. B kaxk0ii y3110BOM TOUKE S—T0 KOHEYHOTO DJIEMEHTA TUIACTHHBI BBEJIEM I10 YETHIpE
S
0000IIEHHBIX TepeMeneHns: W — TepeMelleHUe B HalpaBlIeHHM OcH Z, JABa KOMIIOHEHTa TEH30pa

nopopota @°, @° COOTBETCTBEHHO BOKPYT oceii X, Y u yron casura y° = 8(9/ OX = 0w° / 0y . V3noBsie
3HAaYeHHs 0000IIEHHbIX nepemelnenuii f,° = (V\IiS,HiS,a)IS,;/iS)T 1 €{1,2,3,4} nnsa S -ro KOHEUHOTO dIEMEHTA

B IUIOCKOCTH XY 3anaauM BekTopom W° = (W, , W5 ,..., er)T .

CxeMaTHuecKoe H300pakeHre S —T'0 KOHEYHOTO DIIEMEHTA B TUIOCKOCTH XY TMPHUBEICHO Ha puc. 1

(Wl'WZ’WS’WA) (WS’WG’W7’W8)

/‘ y
(W13' W, 41 WlS'W16)

7 (Wo, Wig, Wig, Wi,)
b

Puc. 1. Cxemamuueckoe u306pa.7fceuue RPAMOY20/IbHO20 KOHEYHO20 J]1eMenma niacnmulbl

X

®ynkums  F° oTHeceHHOW TOYEK  CpEMHHOM  MOBEPXHOCTH S-TO  KOHEYHOTO  3IIEMEHTa

ANMPOKCUMHUPYEM OUKYyONYECKHM ITOJIMHOMOM, COJIepKalIiM 16 HEM3BECTHBIX MapaMeTPOB:
Fi(X,Y) = +asx+asy+a x> +aixy +aly’ +asx® +ag X’y +
S 2 s ,3 s 3 S 3 S  2,,2 S 24,3 S 3,,2 S 3,,3
T Xy + oY o XY FOLXYT o X Y o XY o XY o XY, 5)

KOTOpI)Iﬁ 3aMCHHUM y2106HI)IM JJId IPaKTUYCCKOI'0O MCITOJIB30BaHUSA CICAYIOMIUM BBIPAXKCHUCM

F (X y) =2 wdi(x,y). ©)
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31echb V\IiS 1 e{l,2,....16}—y3n0Bbie 3HaYeHUs 00OOUIEHHBIX EPEMEIIEHUA S -T0 KOHEYHOTO DJIEMEHTA,

KOTOPBIC IJIA IMPAMOYT'OJIBHOI'O KOHEYHOI'O 3JIEMCHTA OIPEACIIAIOTCA COOTHOIICHUAMU

w, =w’(0,0), w, =6°(0,0), w; =w’(0,0), w;= 660 (0,0,
X
S S S S S S S 605
w, =w’(0,b), w; =6°(0,b), w; =w’(0,b), w, = = (0,b), )
S S S S S S S aes
w, =w'(a,b), w;, =6°(a,b), w;, =w’(a,b), w;, = p (a,b),
S S S S S S S aes
W, =w(a,0), wy, =6°(,0), w; =w"(a0), wy= ox (@,0),

@ (X, Y) - dynkmun Ipmura.
Ucxons u3 csseii (5), BrIpaxkeHue JUist KKIoH | — i pyukiuu Ipmura O J-(X, Y) uiem B Buje
s s s s s 2 s S \,2 s 3 s 2 s 2
DI(X ) =g + 0 X+ 05, Y+, X+ 0 XY + 0 Y + a7, X + 0 XY +ag Xy +
S 3 s 3 s 3 s 2,,2 s 2,3 s 3,,2 s 3,,3
T Y H XY T O XY QXY 0 XY 0 XY + o XY

o S
[MoacraBnsist ero B ycinoBus (7) W pemias TOJNYYCHHYIO CHUCTEMY YpPaBHCHUH, Haxomum O

ji? a,

crenosatensho, n D3 (X, Y). Tpu & = x/a, 77 =y/b nonysaem
@3 (&,77) =1—6aD,A—6bD, A+
, 96aAD,AG, 60aBD,AG, 12aGAG, 432BGAG, 144BGAG, _
b2 b? b2 a’b ab?
_B0bHAG, 288BHAG, 480bAD,AG, 12bBD,AG, 27aAD,AQ, 18aBD,AQ, _
a’ a’b a’ a’ b? b2
18aGAQ, 108BGAQ, 18bHAQ, 27bAD,AQ, 18bBD,AQ, 108BHAQ,
N 2 + 2 N 2 + 2 + 2 + 2 N
b ab a a a ab
2BG, 12aBG, 216aGBG, 144GBBG, 12aBD,BG, 30bBQ, 90aGBQ,
b? a’b? b2 ab? b? b? b2
_[1082(3l N 60%8231 . 216b|—2|BG1 N 720|32HBGl . 60bB[ZlBGl N 90szBQl . 3B(2)1
a a‘b a a‘b a a a
54a°AD,G, 36a’BD,G, 144BGG, 45a°AD,Q, 18a’BD,Q, 54BGQ,
+ + + + +
b2 b2 b 2b? b2 b
30BG, | 6BG,  9aBQ, 9BQ, 72abBBQ,.

+l a’ b? a’ b? a’b®
144bBDG, | 54b°AD,G, . 360b°BD,G, .\ 450°AD,Q, . 18b°BD,Q, | 54bBDQ,
a’ a’ a’ 2a’ a’ a’
36a°GG, N 15a°GQ, | 24aGBG, 2a’BD,G,
b® 2b® b® b®
36b°HG, 150°HQ, 120bBHG, 10b°BD,G,
T+ + + 5

a’ a?

ol

+12aD, B¢ -

+12bD, Bl +

+[ ~-3a°D,]é% +

+[

+30°D, 1’ +

3 30B
+[ +2b3D2]§3+[561+§Q1+b—261]§277+

3 6B
+[G1 +EQ1 +?Gl]§772 +[

- [5G, +§Q1 —E—?Ql]fgﬂ—[el +gQ1 —ng]cfﬂs +[9G, "'ng]§2772 -
a 4

_56152773 _Gl§3772 _Ql§3773

+20°D,17° -
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12aGA _18aAD,4 12aBD,4 72BGA N 48bHA N 72BHA

@3 —4bD, 4 -
() =Bt b? b? ba? a’ a’b !
_Bb’AD,A 12 HA  96aAD,AG, 60aBD,AG, 12aGAG, 432BGAG, 144BGAG, _
a’b b b? b2 b? a’b ab?
_B0bHAG, 288BHAG, 48bAD,AG, 120BD,AG, 272AD,AQ, 18aBD,AQ, _
a’ a’b a’ a’ b? b?R
18aGAQ, 108BGAQ, 18bDAQ, 27bAD,AQ, 18bBD,AQ, 108BHAQ,
B 2 + 2 N 2 + 2 + 2 + 2 -
b a‘h a a a a‘h
2BG, 12aBG, 216aGBG, 144GBBG, 12aBD,BG, 3bBQ, 90aGBQ, 2B
B e e 2 + 2 + 2 t—= T 2 T an
b a‘b b ab b b b ab
60aGB 1OBG , B0BBG, 216bHBG, 720BHBG, 60bBD,BG, 90bHBQ, 3BQ,
]5 [ 212 5 + > + 5 + > + o
a‘h a a‘h a a a
12bBD B
_1_31_?_1:2?)? _1ozszB_14i?:B+6bDlB 120BD,B,
3 3
Lo A2D2c;2 , 36a BZDZGZ ,144BGG, 45’ AE)2Q2 | 18a° E;2[>2Q2 , 54BGQ, _6a’ BD2 12
b b b 2b b b
30BG, GBG 9aBQ2 QBQ2 72abBBQ, 6B 18B
T e T Ty aw b a P
3 3 3 3
_[144|o|32Hc;2 , 54 A2D162 , 360 |32ch;2 , 45 A?le |8 B:Dle .
a a a 2a a
3
N 54bBL—IQ2 B 24b2 H 36bBH +op? D, 6bD]77 N
a a a’
3 3
38 ?G 15a° cin . 24a62862 2 B[ZDZGZ _10a2c3] .
b 2b b b b
3 30B 6B
+[SGZ+EQ2+b_ZG 4__]5 n+[G, _Qz 2—1]§U2+
3 3 3
+[36b 2HG2 L1 I2-|Q2 +120bBZHG2 , 1oo° BiDlGZ _18b2H - 24b|23H D, 2b° BD 7
a a a a a a
36,884 ;
—[5G, +EQz b2 Q, _3]5 n-[G, + Qz — Q, 1" +
9
+[9G, +ZQ2 ——]52772 —[5G, -1&%7° —6253772 -Q,&%n°}
S (&) = af SB3CA 36aGA + 42D, 12GA_182AD,A 120BD,A 72BGA  T2BHA
b b a‘h a‘h
6bAD, A 96aAD2AG3 60aBD,AG, 12aGAG, 432BGAG, 144BGAG,
— - — + - + +
a’ b? b2 b2 a’b ab?
, B0bHAG, 283BHAG, 480AD,AG, 12bBD,AG, 272AD,AQ, 18aBD,AQ,
a? a’b a’ a’ b2 b?R
,18aGAQ, 108BGAQ, 180DAQ, 27bAD,AQ, 18bBD,AQ, 108BDAQ;
b? a’b a’ a’ a’ a’b
+[ZB§33 +12aBE§3 . 216a(25863 +144GI32863 +12a|3D22 BG, _ 3st€23 . 90aGZBQ3 ~
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Wcxoast w3 BbIpaKeHUS Ui SHEprum naedopMmanud Bcei IUIacTHHKU [2], HaxoauM 3HAaYEeHHE

HOTGHI.IPIaJ'IBHOI?I SHEPrun n3ruda S -ro MMPAMOYTOJIBHOTO 3JIECMCHTA:

2 2 2 2 2 2
=—”[D(AF) +2(D - D)aF%—(Ds—[SB)afaAZF+BBa'Z:aAZF—
oy oX°~ oy OX°~ OX
2 2 2 2 2
_©,- DB)aF66$F+582y|2=a;zF_ZDSBaaéFaasz_

2 2
O°F O°AF o o O*AF ., ©
OX3y OXoy

rac

B=Dv+(e—ph, D, = 2T+OL=TAEN) 5 by _ohy.
20ua

62



_ h(+e) Dy o n'(y+e) D
=Ou-T1a)l 1900 ]D =Ou-Ta)l——= 190 5h]-

[Moacrasinsst 3HaUeHUsT W (X, y) u3 Beipakenus (6) B Beipaxkenue (8), MOTEHIMATBLHYIO SHEPTHIO
u3ruba S-ro KOHEYHOTO DJIEMEHTA [UIACTHHBI ITPEJICTABUM B BHJIE:
Q. =0,5w")"k°w?, )
e k® = ij” —MaTpHIIa )KECTKOCTH, KOMITIOHEHTBI KOTOPOM JUIsl MPUBEIAEHHOrO Ha pHC.l MPSMOYTrOJbHOTO
KOHEYHOT'O 3JIEMEHTA Onpeaenstores hopmyoii [3]:
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—(Dg + DélB)(8 P, Ly 0"AD, ! 26 AD; L Ldxdy (10)
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T y y
O6osnaunm uepes P, =(P°,P;,...,P}) Bekrop y3noBBIX Harpy3oK, SKBHBAICHTHBIA BHENIHEH

Harpyske. JlefcTBHE pacIpeleNeHHOM BHEHIHEW Harpy3Kd HMHTCHCHBHOCTBIO q(x, y) Ha TIOBEPXHOCTh

KOHEYHOTI'O 2JIEMEHTAa MOKHO 3aMCHUTH COBOKYITHOCTBIO 3KBHBAJICHTHBIX Y3JIOBBIX CUJI:

= [A(x, Y)[@° (x, y) — AAD® (x, y)]dxdly. (12)

OTKya, B Cllydae paBHOMEPHO PACTIPENEIEHHON HArpy3KH (|, TPEIOJI0KHUB, UTO B PEIEIaX MUIOAIN
xoneunoro snementa ((X,Y)=(g=const, ¢ yuerom ceaseit (11), s TPIMOYrOJLHOTO KOHEYHOTO

DJIEMEHTA HaXOJIUM.
ab
=q [[®° (x, y) - AA®® (x, y)Jixdly . (12)
00

Pabota y3/10BbIX Harpy30K S — ro KOHEUYHOT'0 MIEMEHTA IUIACTHHBI 3a/1aeTCs (POPMyIION:
T
Q°=(w*) P? (13)
[Mpunumas Bo BHUManue Gpopmyisl (9) u (13), HaXOAUM NOTEHIUANBHYIO SHEPTHIO CHCTEMBI ISl S —TO

KOHCYHOTI'O BJICMCHTA.
O A T T
QO =0° — O =0,5W°)Tk°w® —(w*)T PS. (14)
I/ICXO,Z[H H3 MIpUHIOUIIAa MUHUMYMa HOTGHLII/IaJ'H:HOf/i OHECPrun CUCTEMBbI, IJId ONPCACICHHUSA HCKOMBIX

sextopoB W, S €{1,2,..., N} momayuum creayrontyo 3a1a4y KBaJpaTHIHOTO HPOrPaMMUPOBAHHS:

min{z (0,5(W*)" k*W® — (W*)" P®) | kpaessie yciosus } . (15)

s=1
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S S S
3amernM, uyTo mporuObl W W yriael moBopota 6°, @ BIOIb CTOPOH OIMOPHOTO KOHTypa
TIPAMOYTOJILHOIO KOHEYHOTO 3IEMEHTA U3MEHSIOTCS M0 3aKOHY KyOHueckoil mapaboJibl, a yron capura y° -
[0 3aKOHYy KBaJpaTW4HOW mapabOonbpl. Tak Kkak y3710Bble 3HaueHHs OOOOIIEHHBIX IepeMeLIeHUI

.
f*=(W,60°,@°,y°) BuIOpaHBI B KaueCTBE OCHOBHBIX HEM3BECTHBIX, TO OHM SBISIOTCS OOUIMMH JUIs

3JIEMEHTOB, PUMBIKAIOWKX K JaHHOMY y3iy. C Apyroii CTOPOHBI, B HalpaBlIeHNH JMHUK CThiKa 6° 1 @°
SABJIIOTCS TIEPBBLIMU TIPOM3BOAHBIMK Hporuba W°, a ¥° — s yrios nosopora §° u @°, M03TOMy BOJb

TPaHWIIBl Pa3JeNioB JIOObIE COCEJHUE KPOMKH JIBYX CMEXHBIX MPSMOYTONBHBIX JJIEMEHTOB MOIy4YaT
OJIMHAKOBBIC TIPOTHOBI M yIJIbI MOBOpOTa. OTMETHM, 9TO B padote [4] ais yueTa HeMpephIBHOCTH MPOrUOOB
M YIJIOB TIOBOPOTA BJIOJIb TPAHUIIBI PA3/ICSIOB CMEKHBIX 3JIEMEHTOB B OrpaHudYeHuu 3aaa4u (15) 1 kax ok
y3I10BO# TOukM mobasistorcs 12 ypaBuenuid. Ciiej0BaTeIbLHO, JaHHBIH METO/] TI0 CPABHEHHUIO ¢ APYTUMH [4]

0oJee 1enecoodpaseH.

Q.U. Qunpqui,

U. 9. Yuppuiyul,
L.9. Ohpnudjul,
U.[r. Ukhpwpkljut

UNUGLSUSPL LUCNPULECE 2ZUCYUNUUULR UULGCE CURHLUSLUUUL OUTL
MUPLUECE LOROUUL LUNULYSNRLUQEY, 4EMQRUANC SUCTECP QB4 UON Y UO
SUCreGruu

Unwowplynid F undbkinughl jupmdiakph hupyjundwdp uuybph phpgjuybwlwl Spdub

Jubipppbbph pmddwl punwilyniiiudl JEpoun/np wnnuppbph dhunhnfugws Enwbnaly, npnid npuyku
hwbgniguyhli thnihnprulubbbp panniinfky Eo phphwipugyus nkyunhnfunipnibakpp:
Unwigpuyhl punkp. JEpownnp wnwppkp, hwhgniguyhl wnknunhnfunieinibblp, punwlniuuyhb
Spwgpuiynpnid, uwy, Senid

G.A. Gevorgyan,
S. V. Vardanyan,
N.V. Pirumyan,
N.R. Mehrabekyan

ONE MODIFICATION OF THE METHOD OF RECTANGULAR SHAPE FINITE
ELEMENTS FOR SOLVING THE PROBLEMS OF CROSS BENDING PLATE TAKING
INTO ACCOUNT STRESS MOMENT

A modification of the method of finite elements of rectangular form is suggested, in which for solving
the cross-plate bending taking into account stress moments as nodal variables are taken generalized
displacements.

Keywords: final elements, the nodal displacements, quadratic programming, plate, bending
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UDC 691.32 CONSTRUCTION
A. Zeinali

WHAT IS CONCRETE “CANCER” AND HOW IT IS ORIGINATED

Concrete cancer is because of the internal pressures and its remedy is somehow impossible and if
possible, will be accompanied with lots of expenses. In this article, the factors causing this illness have been
divided in two groups: those causing the illness themselves, and those who provide the situation for illness.
Keywords: Concrete cancer, reinforced and non- reinforced concretes, SRB microbial corrosion

Factors influencing concrete cancer phenomena

1. The increase of steel volume inside concrete structure according to chemical/ electrochemical
reactions increases the pressure inside concrete which finally is associated with concrete deterioration. In this
stage remedy concrete is not at all possible or if possible will be very costly. Concrete cancer is named with
this title because it is like cancer illness in human being [1]. But since the process of destruction in non-
reinforced concrete is different, concrete corruption seems to be a better word for explaining the phenomena
destroying reinforced and non- reinforced concretes. Fig. 1 to 3 shows this phenomenon.

Fig. 1. Concrete cancer

Fig. 3. Concrete cancer

2. Alkaline-siliceous reactions occur according to the reaction between alkaline hydroxide in cement
and siliceous mineral materials present in aggregates which, according to what is shown in figure 1, results in
alkaline silicate gel. Silicous alkaline reactions may be present in cement primary substance or consumed in
the sand used for concrete construction. So these chemical elements may cause this reaction in all two



conditions [2]. In all standards, limitations about the composition of cement primary substance has been
pointed out; in ASTM standard this level has been limited to 1,15 percent and in low- alkaline cements the
sum of alkaline is considered to be less than 0,6 percent (Na,0 + K,0 < 0,6). Alkaline- siliceous reactions
may often appear after 5 to 15 years in concrete; this reaction is one of the factors deteriorating concrete and
caused concrete to be destroyed from inside. So controlling and preventing the above-mentioned reaction or
preventing from occurrence is hard and sometimes impossible. In most cases, when this reaction begins, it
continues to destroy structure concrete completely and destroys concrete and finally structure. Because of the
severity of damage to alkaline- siliceous reaction on concrete structures, this phenomenon has been named
concrete cancer [3].

The damage resulted from this reaction on different projects of world caused several institutions,
research and operational associations involved in concrete industry to create regulations to reduce the
mentioned reactions by fully obeying them. Some of those are AASHTO, ASTM American ministry of roads
and transportation, Portland cement association, ACI, America concrete association and international
research center of aggregates which have identified and presented some methods [4]. Generally in order to
reduce alkaline- siliceous reaction, using cement with low alkaline is not enough to reduce the reaction, but
some cement should be replaced with wind ashes or furnace slag or a combination of these two. In addition
using silica carbon black (micro-silica) may reduce siliceous- alkaline reactions. In order to tangle reactive
aggregates, we may add lithium salts to concrete mixture. By the way using wind ash or furnace slag is more
preferred because of economical and technical reasons. Using wind ash or furnace slag in addition to
reducing alkaline- siliceous reactions, has benefits like reducing concrete construction cost, reducing
dehydration temperature, permeability, increasing strength, reducing CO, gas production, and so on.

Considering the expansion of Iran aquatic borders in north and south which amounts to 2700
kilometers and considering that most of Iran oil and commercial borders are located in the margin of Caspian
Sea, Persian Gulf and Oman Sea, we need to build very large ports and wharfs that considering the situation
of the above seas especially in southern seas of the country (because of the low depth and closeness of
Persian Gulf evaporation level is high, sometimes about two times of permitted level, the density of soluble
salts have increased), penetration in the concrete causes early destruction of wharf.

In order to minimize difficulties, we should pay enough attention to some parameters not to be
entrapped by these complications. According to investigations, two groups of factors may cause this
problem. The first group includes factors causing the problem and the second group prepares the situation for
performance of main elements.

a)  First group includes:

1. Salts; 2. Acids; 3. Gases like carbonic gas; 3. Microbial corrosion (SRB); 5. Bacteria oxidizing sulfur;
6. Performance of solutions including chlorides.

b) Second group includes:

1. Unsuitable mixing design; 2. Choosing unsuitable materials; 3. The low quality of concrete treatment;
4. Performing non-standard framework; 5. Not enough concrete cover on the steel which may result from
improper framework; 6. Overload on the construction; 7. Using too much water during concrete
construction; 8. The process of getting frozen; 9. Capillarity

- Salts:
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Salts of sea water especially closed seas like Persian Gulf caused the density of their salts may amount
to several times of open seas and beside making the environment ready for concrete will cause the early
destruction of concrete. The effect of salt on concrete may be performed as ion exchange.

Acids:

Considering the existence of elements like chlorides and sulfurs dissolved in sea water forming weak
acids like sulfuric acid and chloride acid [5].

H, SO, + ... —» SO, +nH0
Cb+nH — 5 2HCI+ ...

These weak acids gradually enter the existing pores of concrete and cause the destruction of concrete
from inside and may have undesired influence on concrete in short term. So, we should find proper solutions
to save concrete from these attacks.

- Carbonic gases:

If we discuss carbonic gas as one of them main factors of concrete decay, then we may never leave the
surface of any concrete structure coverless, especially in big cities like Tehran which are full of carbon
monoxide and dioxide.

- SRB microbial corrosion and sulfate reviving bacteria:

One of the main aspects of metal corrosion aspects which haven’t been studied much is microbial
corrosion phenomenon. This type of corrosion results in destruction of metals which is directly or indirectly
caused by the activity of living creatures. These living beings include microscopic kinds like bacteria, fungi,
and macroscopic kinds like algae and sea animals. The main part of microbial corrosion in this industry
relates to sulfate reviving bacteria in which performance mechanism includes reviving ionic sulfate SO;2 and
converting it to sulfide. These bacteria revive sulfuric compositions and sulfured hydrogen converts to
sulfide through combining with iron and other metals.

These microorganisms exist in the nature from 2 billion years ago and are in different kinds of
conditions of the Earth. Their main function is sulfate biological revival which like nitrogen biological
stabilization and oxygen biological production is a necessary phenomenon for beginning human existence
and its permanency. These microbes are from anaerobic bacteria without respiratory system which may not
use oxygen as the final recipient of electron [6].

Sulfate reviving bacteria are a group of involuntary anaerobic bacteria which obtain the energy
required for their growth from oxidation of organic materials accompanied by sulfate revival and consume
sulfuric substances like sulfate, sulfur, and other oxidized sulfuric compositions as the final recipient of
electron and revived them. These bacteria are found in different kinds of curved, elliptical, spherical and
fibrous with the length of 1 to 5 micron and width of 0,5 to 2 micron and often have flagellum and move.
Oxygen harms these bacteria which while not destroying them, deactivate them. Their (di-sulfo-vibrio,
cholestridium, and tomaculum) difference relates to the quality of organic substances which they may revive.
The following figure shows a kind of sulfate reviving bacteria (fig. 4).
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Reduction 4 “ Oxidation

_— —
aerobic sulfide
oxidising bacteria

anaerobic sulfate
reducing bacteria

Sulfate sulfide biosulfur
(80,%) (H,S) (s°))

Fig. 4. The process of reviving sulfate by bacteria

Their process includes reviving mineral sulfate and converting it to sulfide. These bacteria prefer neutral
pH for their growth but their activity has been reported in pH (5,0...5,9). The suitable temperature for their
growth is between 20...40 centigrade degree but their thermophile type (Di-sulfatomacolem Nigrificace) is
reproduced in 65...70 centigrade degree temperature. Generally the existence of these bacteria is reported in
5...104 centigrade degree temperatures.

Deposits and mud of fresh water, somewhat salty and marine, earth, sludge, underground water, animal
fertilizer, sulfuric fountains, oil and gas wells, around hot water fountains, sea depth, and digestion tube of
human and animal are suitable places for the growth of these bacteria [6].

Water of Caspian Sea and Persian Gulf includes these bacteria. Sea water including bacteria and
deposits of sea bottom has 102...105 bacteria in a millimeter. The population of bacteria depends on oxygen
and organic and mineral level. Their growth has also been observed in oil wells with high pressure.

- Incomplete mixing design:

In order to make good concrete, a main element is preparing proper mixing design, since when
necessary standards are not met, the obtained concrete will not be in good condition. For example if the
consumed sand doesn’t have enough filler, the obtained concrete will have small pores in its body through
which polluted water permeate easily and may cause internal destruction of concrete.

In another mode if there isn’t enough water in water mixing design, hydration will not be fully
performed and ion exchange operation finishes very soon. In this case, concrete may have proper primary
resistance but gets lots of pore; the existence of these large pores will create proper places to insert harmful
chemical solutions for concrete destruction.

One of the main cases that should be considered in concrete construction is choosing proper materials
from engineering point of view. Because any wrong choice may cause irreparable harm for concrete and
consequently structure; for example if the size of consumed material is not regarded and engineering
parameters are not paid enough attention, we won’t have qualified concrete; so not only pores will be made
in concrete, it will not have the necessary resistance, too. These kinds of concrete prepare a suitable place for
the attack of chemical solutions. These attacks will also reduce durability of concrete. In the case of using
sands made from unsuitable rocks like alteration type which after construction may be influenced once or
several times by pressure and temperature, will lose their elastic mode and will change to plastic mode. This
type of materials in large structures may be crashed internally under the pressure of structure weight and the
structure will be destroyed from this point in which nearly nothing may be done.

Choosing the dimension of materials should also be specified and defined according to the objectives of
project; otherwise the project will encounter difficulty in long run.
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- Low quality of curing concrete:

One of the other important elements in producing qualified concrete, after choosing mixing design and
proper material is suitable curing quality. If after producing concrete, necessary standards are not followed
during maintenance period, hydration will not be performed properly and concrete will lose its resistance
sooner than normal in front of chemical and atmospheric elements and will begin to deteriorate.

- Performing non-standard framework:

An item that should be paid enough attention during the stage of concrete pouring, is performing proper
framework in different parts of the structure, because if the specified standards are not followed, the
necessary cover will not be provided on the  and exposes them to different chemical and atmospheric
elements. We can conclude that proper framework may prevent from the occurrence of these problems.

- Overload on the structure:

Essentially designing for any structure is performed according to the type of its usage. If, anyhow, the
load applied to the mentioned structure is more than designing level, it will begin to deteriorate from inside
and its maintenance and repair will be difficult and somehow impossible. So before designing structure, we
should identify and consider type of application and other factors for applying pressure on the structure.

- So much water and humidity:

When too much water is used during production of concrete, drying will cause empty space and porosity
in concrete which may reduce its durability and strength and prepare the condition for chemical factors’
attack and decreases its resistance.

- The process of freezing:

According to different conditions, water may penetrate in the concrete which high porosity and
exposing to cold weather will cause water in the pores to expand as a result of freezing and make crack in the
concrete. In order to prevent this process, we should use additives like pozolans or microsilicas.

-capillarity:

In fact this property in concrete resembles connected vessels in chemistry, because the water required
for performing hydration in concrete is about 25% of the consumed cement. Part of additional water is
observed in spaces more than 50 angstrom. In fact this water isn’t influenced by the gravity forces of solid
area. In fact, from the point of view of capillarity in paste, it is preferred to divide the water to two groups:
first group, water in spaces more than 50 nm (0,05 micron) which is also called free water because its
discharge doesn’t cause any volume change. The second group is the water saved in small capillaries under
the influence of capillary actions (5 to 50 nm) and its discharge contracts paste [3].

Conclusion:

Considering the studies of this article, we may conclude that concrete cancer is a very dangerous
disease caused by internal factors. According to the research, we may say that two factors are effective in the
incidence of this illness; first those who are themselves the agents of illness and those who prepare the
condition for main agents.

So, if the operation of producing concrete is performed accurately from the beginning, the activity of
concrete cancer factors is prevented. This shows that in order to have healthy concrete, we should pay
enough attention to all chemical and physical factors.
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U.Qhjuwh
PL2 E FGSOULP «RUNSYEGNL» GO PL2NGU E UL UNULULNART

Flannbph punghlbnl wnwowinid F bbkpphl duodwl hkwnlnubpny b uyl pnidljh wihiwp L
inybpul kpk hiwpuninp F Qywhwboyklh JkS Swhukp: Ujn hhjwhgnippubip  Guuuinng
gnpénibbpp pwdwin/nid Eo Epyni judpbph. 1. ppkip k& hpjwinnipjul wwwndwr pupbnid, 2.
unlnénid Bl wuydwbblbp hhjwinnipyui hwdup:

Unwigpuyhls pwnkp. phkwunih punglkn, Ephuppbunnb b swdpwbun/npywé  plnnl, SRB
uplypnpuypl hnengpu

A.3eitnanu

YTO TAKOE “PAK” BETOHA U KAK OH BOSHUKAET

Pax 6erora BosHHKaeT BCI€ACTBHE BHYTPEHHErO JaBI€HHA H H3/IEIHTECA OT HErO TeM HJIH HHBIM
006pa3oM HEBO3MOXHO, a eC/IH H BO3MOXHO, TO ¢ 6oabmumu 3arparamu. PaxTopsi, crmocobcrByromime
2TOMY 3a60/I€BAHHIO, JEIATCA HA ABE I'PYIIIEL T€ KOTOPSIe CAMH CTAHOBATCA IMPHYHHOH OOJIE3HH H T€,
KOTOpBIe CO34ar0T Y C/IOBHA A4 OOJIEe3HH.

Krrogessre croBa: pax 6eToHa, apMHpOBAHHBIH H HeapMHPOBAHHBIH 0eTOHFI, SRB MHKpPOOHAT KOPPO3HA
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281 627.141.1 QruUshy ZuUuuuuretr
9. L. Bnpnujw

UNRCSUL B4 LUUUN-UGYLNR QGSELP UJUQULLE 2ZUUUUGLUYUSPL
YUMANPSYUOLLEP UNYU SEVLPYUYUL 4hLUUL BY HULS AULTBLUYUUL
Uruu/uNeesNhuLLEr

Twownughll mumdbwuppnipinibbkph Al Jpw npdly F Ojunippuiah b Puuwn-Ulenip
glnnbph wywmqubhbpnid qunipinila nibbgnng hwlwubjuyughl dhongupnidibph wnlu hdwulh
qhwhwwnwlwbp I pugwhuynyl; b pgpuwbg  phpnipmibbbpp: Zwlwukjugughb
hhgpnunkbhulwb dhongupnidibphg wjunky ppulwinugus ki ubjuywpnny epubgpibp,
ubjmjuwyuwh  wuwnblbrhlkp, whwwwonwywb  hkhwgunnkp,  Qudnipeblp, wpwqubnubbp,
Jenilbybkn b wy i, npnip fjhuwpwin ki jud b jgywés phpyudplbpny I dwuwdp B wouunnnid ki
ny pwhunflwn: Quunuply Eo bwl winwupuwyundwb npny wppiunwiphlp: Unwowplynid ki
hwluwulbjujuyhlt  dhongupnidibph  wwppkpulbbp, npnip Jupng Eo dwuwdp  Jwbfuly
ubpuubliph wqnlkgnipnibp:

Unwigpuyhlt pwnkp. hwlhwubjunjuyhl  dpongupmdibp, uljuywumh o ulbjuguwpng
Juinnigywmdphlp, Judpouyhb-pinpnywljughlr whgnidakp, wnwownlnipinibikp

Twonuwght ntuntdbwuhpnipiniutiph hhdw ypuw Upuinipyut b Lwuwn-Ubgnip (Ukdwdnp)
ghunbtph wjuqutubpmd junwpyl) £ gnnipinit nittgnn hwjuubjuduyhtt b hwjwhbnbnuht
Uvhongunnidutiph  wmbhuhjulwt Jhdwlh quuwhwunnid b gpuigmd wnkn quuws wnlu
phpnipnitubpnh puguhwjnnid:

Munudbwuhpynn ghnujuquitbpp qpunbgund B 22 tnupwdph 26,8%-n, npuintn hwpynid
ki onipg 140 ubjwuwyhtt hnuptp b snp hnikp, npnup mknuunwputh wtdpbubphg htinnn htntnnud
b phpJwspubpny (gumd Gu phwluwduypbph okupkpt ni thnnngubpp, hwnnppuljgnipjui
ninhubpp, giniquntnbuwjut hnnpuunupwspubpp b wyji: Ukpuduwyhtt hnuptph Junutgh nul Bu
guuymd wnwpwsph Udnn 70 putwluwduyptp: Quuyws bpnghnt, hbgtnuyhtt b ubjuduyht
Epunyputph qquih mwpwsdwip b nputg yundwnrws Juwutbpht, wjunkn juyt dwupnwph
ubhjwjuyuonyuit b hipknuuwuounywt vhgnguomidubp phs B hpuwljubwugus: Yputp
hhdtwlwunid hpwlwbwgyty o twpahht vnphpnught popowtnid, dkswdwuwdp puypuydty u b
owhwgnpénidhg nnipu k], dwuwdp ) whupynibwdbn i wpjpwnnid: Ujuntn hhdtwlwunid
hpwjwtwgyt) Eu hnttwghtt hhppnunbkuthjulwi dhgngunnidubp [1]: Unwyt) ubjuduyunuig
hnmutpnid  Jupnigdws hmbwjhtt  hwjuubjuduyhtt  dhgngunnidutphg wnwpusdus  btu
ubjwjwpnn opwugputpp, ubjujuuyuwh yuwndup - wunububpp, judppuwyhtt b junpnjuljuyyh
wugnidubpp, wpwquhnutbpp, whwywonywt hktwwywwntpp b hnnupdptpp, polubjatpp b
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wyjl: Fpubtp Jhuwpwiny B jud jugwbudws b skt dwppynid, dwuwdp B wphowwnnid Bu ny
owhwybwn: Yuwnwpyl) i bwb wihnwpwyuwndwt npny wopwmwnwbputp, whghugyk; Eu phs
pwbwynipjudp jwpwyhtt wnniubkp, ppudninhubp b wy:

Ukjwjuyuonyui vhgngunnidubphg hwdbdwwnwpwp swwn G ubjujupnn gpwbgpubpp:
Tuwownnwhtt niuntdbwuhpnipnittiph wpyniupubpt ot wpwtdhtt hknwqnunnutph [2, 3]
njuutpp gnyg kb wiwhu, np 4hiplbhg thwl gubijugws Juenigwsp, 1hth junpnjufught
wlgnud, thnpp pugwsdpny Judnipg, pniubk] Jud nnilkp, ubjugh dwudwbwl snin jgdnd b
luguwymid £ phpjwsépubpny: Ukjwjwpnn opwugputph, Jwpkph, wpwquhnutbph uwnnphb
nbnuuwubpnid bu phpmipnibubph wijdut ywwwndweny wnbknh L miubkinud pEipduspubtph
yntnulnud:  Fhwnntt  ubjuduwpnn  opwugputp  Lu  Junnigl]  Upphlyh, Uwwpuih,
Ownuwhnyghwnh, Fwhtth, Ywunh b wy hEgbquunubph Jpw, npnup Jud wdpnnonipjudp
pwiunusd (Bwiht) jud jguws Lu phipduwsépubpny nt nbn-nkn pwinjusd (Uwwpub), jud b
Jhuuygdws tu b wppymibwdbn skt wpownnmd (Upphl, Ywdn): Unwyl] Jun Jhdwlnd tu
guiynid Znynithh U Zndhwh honujhtt ubjujupnn eopwugpubpp, unp-funph U Qugninh
UniEjunpubpp b wy:

Upwquéh wnwpwdwopowth Ownjuwhngyhwnn ghnp Jpw junnigyus 3,1 4 Gplupnipjut
hnnujhtt pUpuyuwwnubop b 25 47 Epjupnipjut ot 5x2,5 ¢ hwwndwépny phunntught
ubjwjwhtnwgunn oputgpp jwy yhdwlynud L

Utjwjuwnup junnigusputph wipwdupup wohiwwnwiph thwunbpp pun Bi: Ophtwly®
Upphyh Epynt dAnpuljubph ypw junnigwsé judninnt b tpjupninnt judnipoubpp, pniubjutpp b
ubjwduwpnn opwugpubph npny hwndwsubp Yhund swih gquws Gu phpdwspubipny: Zwunh&h
6,5x1,5¢ pugquspny Juunipop 1gws k 1/3-ny: Upphlh opowtghly dwtwwyuphh junpnjujuyjhte
wugnidubpp tu (gwsd Eu puphwiph pwhnutbpny: Uthpwdbown b opowighl dwtwwywphhg
Jbipt Jupmigh] wwwnduphlukp b htpwgunn gpwugputpny hbnbtnweopkpp 1gulk] wudunwbqg
Anpuljutiph dke: Zupyuwynp L dwppky poinp judpewjhtt wugnidukpp, patubkjubpp b ubjudupnn
gpuitigplitpp:

Qynudphh dhony wugunn Uwjhujwt ghwnh hntup punuph JEunpnund 1,4 J~h dpu 4x2,8 o
hwwnyguwépny Yybipgws L pniutjh (unnpuwupwhh) dbe: ZEnknuunwp optph Ynminht dhwgyws k
UniEjunnnph htn, dks Eptph dudwtwl pniubp ugutynid kb Ynninnt phuinwhnptpp ujund Bu
ownpyuik] nt nnnnk] pwnuph thnnngubpt nu pkupbph guédp hwplbpp: Uwghujwt gknh hnitp
Chpulh gpwugphg uhlsh thwl Ynikhunp® 8,2 fh Jpw 1gyws £ ubjujuyht phpjwsputpm] b
Jtugunuyhtt wnpny: Zwplwynp E dwppl] ghnh hmup b poibbp dhish gqhnwpbpui:
Unwowplynid Lt Lhph qninp dnnwlugpnid  Junnigh]  thnpp suhbph  Gplm
htnbtnuljupquijnphs® npuiighg Yipl yunguphljubpnyg wwhbing npn phipduspubpp:
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Uwywputh dnpulh ypu junnigyus phnntk 1,2 f Gpiupnipjubt ubjuupnn opuugpn
1nhy 1gdws E pipdusputipny, hull wwwnkpp npny mbintpnud puypuyyty ku: Uthpwdbown E dwpply
b ypwunpngl) oputigpp® Ytplhiubpnid ywwhtiny Ynywn hnupp:

Uwpuwihyph JEtnpnunid Uwntwnpmip ghnp Jipgdus b pniutjh dke b ntin-nbkn 1gws &
Jhugunuyhtt  wnpny: Ubwjwunwbquynp ghpiquuingh  dnpwlh Jpu  Zwjwuwnwih
unghwjwlwb tbkpgpnudubph hhdbwnpuwdh Ynnuhg twhwnbugl) £ juenigl] ubjudupnn
opuwiigp U phpl Ynttunnpnilghwjh 4 Judnipg:

[uhth ghipliquuingh b dwpqupupnh ypu hoting ubjujupnn gputgpp \ppy puypuy]ty k:
Zupyuwynp k huh wbnnud Jupnigl) tnpp’ Jeplinud” puphwiph puunwpynipemittipnud wuwhbng
ubjwyuyhtt htinnily hnupp b phpdwsépubpp, huswybu twb ubjwdwpnn gpwigp Junnigk] punuph
JEuwnpnuny wugunng dnpwljh ypw, nph hntip (gdus b ubnugpws k jeugunuyht wnpny:

Qnynipjnit niibkgnn hwonnuly Ywnnygubphg £ Upnidh ubjujwhbnwugunng opwbgpp, npp
wwpnyuimyd £ Updwdpp pwnupp Upniéh ubjunjubphg” pwnuphg ubppl gpubp jgubing
Ukjwy-Uwunwpw hbnbnuwn:

Zwughlh, Linuninh b wy dnpwljubkph ubjwdweptpp vnp-unph ny Ukd hwwnwsph b 3,4 §7
Epupnipjut hnnuyhtt §njkjuinpny (gynud Bt Upjinipyut gbhn, vwljuy ks Ejptiph dudwtiuly
Qynudphh wplbjjut hwndwsp opuswslyynid L:

Udth quunn £ wpiwwnnd Queninh 20 4o Gplupnipjut YniEunnpp, npnid Qugninh,
YQuiunjh, Yununiunh b wy) dnpuwljubph optipp hwjupynid b jgynid Gt Guplusnit ghin: Uuljuyh
UniEjuinph phpnipynitutpp thnpp jhubnt hbknbwbpny pEpuéptbpp §nunnwlynid Gu, hul
YniEjunph duppnidt wbwpynitwbwn k:

Uthwyuwonyut hkbwyuwnbp jupnigjué Et Luuwnh dpuw’ Uywpwinid, Uwjhujwih
Jpuw’ Fnudphnud: Npny mbknudwubpnud nputg hhupbpp funpp sjhubne hbnbwipny pwtnyt)
Zupyuynp k yEpujuqul) puunus hktwwywwnbtpp b dwppb] hntukpp:

Ukjwy-Uwunwpuyh hntp  Znfunbdpbpjuth opwtgphg dhtish Ukdwunp Jbpgws L
whwwyuwonyud  hnnupdptph  dbke: UkS bLphph wbgdwt dwdwbwl whuyuonuub
hnnupUptpp putndnud Eu b htigbnnud oppwjuw mwpwsputpp” ptwuduypbpp, wyghubpp b wyjie
Utjuy-Uwunnwpuyh htntnutphg wwonwywidbnt jwjwgnyt npnonidp, «Zwjubjudoht b UM
Qzb»-h  wnwowpynipjudp, ubjuyh wbnuihnpnudt B Lwpwulbpnh bhpwppughtt poupudh
hwpbkph nuwnwplmpinitubp, npnbn Jupth £ juenigky 10 74 f mupnnmipjudp bplyno
htintnwljupquijnphy:

Unwowplynud L Upwqush quugyush b wy jEntwonpwubph dwlbplnipughtt optpp
hwyuwpl] putwljut hoqwédputph, thwl] gnquynpnipnitubph dbe Jwd ninnby shughjubkph,
pwpwgpnitbtph Jpu: Uwfbphmpughtt gptpp bbpsstiny tpyph funppp” ny dhugle jhujuk
Epnghnt, ubjwduyht Gphnypubpp, wyb jhwupunwugubt Upwpunjut hwppwduyph unnpbplpu

onh wwowputpp: Uk wy] muppbpuy. Upuqush hpniuhuwghtt jwbokphtt nupwsdus dnpliwghe
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pUpwowptph dhol puljws mwpwsdpubpp, npnup (wy gpwdkpd L, qpunbgpus tu Lwhhdubtpny
Jud (Lwlutpny, bu Yupkh b oquugnpst) npybtu opwdpwph pwubkp: Ophtwly® Uwbpwoh
opudpwpp Junnigjué b uwngunuownughtt wipngh hnitimd: ‘Lwjpuwghsd b Juquyl] wynuhuh
opuwdpwn Junnigh) @Enudnph hnttinud:

Qugninh Ypw Junnigyué hbntnuljupquynphsp 1gdws b phpdusputipny: 1990p.-hg htwnn
Jhuwlwnnyg Jhdwlnud B dbwgl] Bndupnph  dnpwlubph Jpu twpwwnbuws  Gpkp
htntnulwupquynphsubpp: Uwywpwih, Uwntwnpmniph, Ywebninh, Fuquupkpnh, Uqupulhp,
[Bwhuh, Uwpwhyh b wy opudpwpbp hinbnujupquynphsh nlp Bo juwnwpnd:

Unwowplynid Et ubjwdupnn opwugpukp Yunnigh] Uhquwunwd, FEyudhunid,
Uwpuwjwbenid, Lntuwgninnid” pupdp thobpnid wwhtiny Ynswn hnupp:

«uyhuduwjuwghd» htunhunninp bwjupwnbul] E Zodniuthh snpu b hwpbwt dnpwljubph
opbpp hujupty b thwl junnnyulyny 1guty 2kpptqh dnp” Jtpghtiu ywpwnwwiikny] unnuiiptikphg:

Munudbwuhpynn  wmwpwspnid  Thpwlh, Zolubdpkpuuh, wjhuh, Upquh-Cwdhpudh,
Ukpphtt Zpwqpuih, Upnipguih wowlnnujub, Ujghpugh b wyp opwugpubtph, Quonin-
Znljnbdpiput, $nudph-Upphl Epupnint b dh swpp judniquyhtt Smbwwuphibph hwndwb
nbnbtpnid jupnmigqus L puquuphy ubjwjuwnwp Jupnygubp® ubjwdupnn opwbgpubp,
wpwgquhnutikp, yynijptkp, opuignyg b wy i, npnip mbn-nkn jgnud o phpgusputipny b wdku
wnwph junwupnid dwppdwi b yEkputinpnguut wppwwnwiptbip:

‘Unpuwljunnyg hwjuwhbnbinuhtt thpngunnidubphg £ Uwuputh jwbgwjhtt wnnil, npp 1989p.
Junnigh) ku MqpEjunnwih shttwpupubpp:

Ugyhwnwlh bpypuwowdhg htwnn obupkp B Junmgdl] ubjujuiuubg wwpwspubpnid
wpunwpkpdwt Ynutph Ypw, hntbwdbpd hupp quypbipnid (MEdqupkt, nudph, Upphl b wyjb):
Unwownlyt) E NMEdquotunid Juwnwpbk) hnith nignnud, whbph wdpwugnid b hnuph dh dwup
nbknuthnjub] hupbwb widwnwig Juypbp:

Ny Uks dwupnwph wbwnwnubp i hhdul) Upphlh dnpwlubph opowtnud, Uwwpwih
hjntuhu-wpbbpnid, Ywwu qninhg hmpiuhu' nudphh opowluypnid:  Unwowplymd  k
wlnwnuwuwnt] Chpwlh onpuwyh hwpuwuwyht jubetpn:

Utjwdubph b hbEntnnudubph pbd juquulbpuyynn wuwypupt wpynitwdbn gupdubne
hudwp hwjuhtntnuyht b hwjwubjwujhtt hhgpnnkuuhjujuwt jupnigqusputph hkn yhnp
Euy hpwpnid qunubkt twb whnwnwpupbjudwt b wgpnunkuthjuljut dhpngunnidubpp:

3. H. Topocan

TEKYIIEE TEXHUYECKOE COCTOAHUE Y1 PEKOMEHJAIIVY I10 YJIYYIIEHWIO
TTPOTUBOCEJIEBBIX COOPY>KEHU B BACCEMHAX PEK AXYPSIH 1 KACAX-CEB/IDXKYP

Ha ocnosanuu nonesvix uccinedosanuii ¢ oaccevnax pex Axypsn u Kaccax-Cesooicyp, Oana oyenka
MeKywe2o COCMOAHUS NPOMUBOCENEBbIX MEPONPUAMULL U GblIAGIEHbl UX Hedocmamiku. B xauecmee
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2UOPOMEXHUYECKUX —NPOMUBOCENEBbIX MEPONPUSMULL  30eCh  COOPYICEHbL  CEeNeNnPONYCKHble  KAHATLL,
cenezadepaicusarowyue NAOMUHBI, Oepeco3auumnsle CMEHKU, MOCHbl, ObICIPOMOKU, MOHHeIU U Mm.O.,
KOmMOopble YacCmMudHo HOLYPA3PYUIEHbI, 3ANOJHEHbl HAHOCAMU U YACMUYHO padbomarom HepeHmabenbHo.
Ocywecmenenvt  maxoice  HeKomopvle — jaeconocadounvie  pabomvl.  Ilpednacaiomcs  gapuarmol
NPOMUBOCENEBLIX MEPONPUSIMULL, KOMOpble MO2Ym OCAAOUmMb Ul YACMUYHO NPedomepamumsy GIusHue
ceneti.

Knwuesvie cnosa: npomusocenesbie MepOnpUsMuUs, Cene3aieplIcusaiomjue U celenponyCcKuble COOPYHCeHUs,
MOCmbl-mpyObl, PEKOMEHOAYUY

Z.N.Torosyan

THE CURRENT TECHNICAL STATE OF THE ANTIMUDFLOW STRUCTURES IN THE
BASINS OF THE AKHURYAN AND THE KASAGH-SEVJUR RIVERS AND
RECOMMENDATIONS ON THEIR IMPROVEMENTS

The current state of anti —mudflow structures in the basins of the rivers Akhuryan and Kasagh-Sevjur has
been estimated on the basis of field investigations and several defects have been detected. Among anti-
mudflow hydro-engineering structures built here are mudflow discharge canals, water retaining dams,
bank-protection walls, bridges, inclined drops, tunnels and others which are partially ruined, filled with
alluvium and are partially unprofitable. Tree-planting work has also been realized. Variants of anti-mudflow
measures are suggested which may decrease or partially prevent the effect of mudflow.

Keywords: anti-mudflow measures, mudflow retaining and mudflow-discharge structures, bridge-pipe
passages, recommendations
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HU.A.Masaukas,

A.Jl.Masukast

NPUMEHEHHME YUCJIIEHHBIX METOAOB K YITPOIMEHUIO OBOBIIEHHOTI'O
XAPAKTEPUCTUYECKOI'O YPABHEHUA

Ipeonazaemcs memoouxa ynpowjeHust 0000UeHHO20 XAPAKMEPUCTIUYECKO20 YPAGHEHUs. NPU peleHuu
O0OHOPOOHOU cucmembl TUHEUHbIX OUpdepeHyuanbHblX YpasHeHutl, gce d1eMeHmbl KOMOPOl npedCcmasisaiom
0601 MHO20UNIeHbL. DPOpMYabl 0Nl ONPedesieHUs: INEMEHMO8 MAMPUY 8 MAMPULHOM NOTUHOME He 3AGUCIM
om cmeneHu NOIUHOMA, YMO SIGIAENCS RPEUMYUECNEOM HPU NPUMEHEHUU YUCTIEHHBIX MenO0008.

Knwuesvie cnosa: meopus  mampuy, cucmema  JUHEUHbIX — OuepeHyuanvbHuLIX  ypagHenul,
Xapaxmepucmuieckoe ypagHeHue, MAmpuuHblli NOAUHOM, MemoOd KOHEUHbIX pasHoCcmell, Memoo

HeonpeoeneHHbIX KO3phuyuenmos

ITox 000O0IIEHHBIM XapaKTEPHUCTHUCCKAM YPABHCHHEM MMOHHMAETCS PABEHCTBO HYJIIO OMPEICITUTEINS
OJTHOPOJIHOM CHCTEMbI JIMHEHHBIX MH(D(DEPEHIINATBHBIX YpaBHEHHH, BCE 3JEMEHTBI KOTOPOrO B 0OIIEM
Cllydae MPEJACTABISIOT COOOW MHOTOWIEHBI, T.C. ONMPEICTUTENII MHOTOWICHHOH MAaTpHUIlbl (MAaTPHYHOTO
MOJIMHOMA). METOMbI CBEACHUS TAKOTO OMPEACIUTENS K aaredpandeckoMy MOJIMHOMY XOPOIIO HW3BECTHHI
[1-6], ommako B Hacrosiiel pabore mpeIaraloTcs 0Oosiee TPocThie (HOPMYIBI, KOTOPBIE YIPOIIAIOT
YHUCIICHHOE PEIlICHHUE.

PaccMOTpUM MeTO KOHEYHBIX Pa3HOCTEH Ul pEelIeHHs CHCTEMbl JHHEHHBIX IuddepeHnaibHbIX

ypaBHeHu#. [lycTh 1aH onpenenurens:

D, (1) = |AA + AZ ™+ + A A+ Al )

rzie A — M3BECTHBIE MaTPHLBI M mopsiaka; K — cTeneH» MATPUYHOTO MOJTMHOMA.
PackpbiBasi 3TOT ONpPEENUTENb, MOJTyYaeM MoauHoM N crenenu (N < MK):

D,(4) = Py + PA+ P4 + .+ P A + P A @)

KOB(b(i)PILIPICHTLI OTOro IMOJMHOMA OIPEACIINM, HC pACKpbIBad OHNPCACIIUTCIIb. BeruncinMm 3HaueHHS

onpexenurens (1) B Hekotopbix Toukax A=4,; A =4;...; A = A, c marom h =const, re. A = Ay, TIe

A=A =h. Iyers  D,(0); D,(h); D,(2h);...;D,(nh)— 3nauenns ounpexpennrens B yKasaHHBIX

toukax. CocTaBUM Ta0JIMIy KOHEYHBIX Pa3HOCTEH:
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D, (0)

A'D, (0)
D, (h) A?D, (0)

A'D, (h)
D, (2h) A?D, (h)

A'D, (2h) )
D, (3h)

AD, ((n-D)h)

D, (nh)

[Monmyunm GopMyIIBI U1 KOHEYHBIX pa3HOCTEH OJIMHOMA!

AD, (1) = pA (L) + pA(F) +..c+ p A A + p, A,
A'D,(A) = pA () +...+ P (A7) + p, A (D), (5)

Ormernm, ato A(A°) mpu S<k u D, (0) = p, .
Crctema (5) PUBOANTCA K BULLY:
AD, (0) = pA(A)y + PA L)y + ot P A Ay + PA),.
AND,(0) = p,A(F) +.+ P NAY), + p,X (), 6)

n n n
A'D,(0) = p,A"(4), -
JlaHHas cucTeMa JaeT BO3MOXKHOCTb ONPENETUTh KOIPQPUIMEHTH P, , €CIU H3BECTHBI A" (/15)0.

Anammsupys popmyist st A'(A°) , A2(A°) u parnee, monydaem ciiemyoliee BhIPaKeHIe:

k=1

Am(/ls):h{ms+kil(—1)kcrﬁ(m—k)s] m<s. ©)

MeTol0M MaTeMaTHYECKOH HMHIYKIIMM MOXXHO ITOKa3aTh, YTO (opMysa chpaBeyiuBa IpH JIFOOOM
m<s.

Paccmorpum  cucremy (6) npu N=4. IoxcuutsiBas koddduimentsr npu P, 1mo dopmyre (7),

pa3zenuM KaxIoe ypaBHeHUe cooTBeTcTBeHHO Ha 1!, 2!, 3!, 4!, BBenem o0o3HaueHHS:

hp, =x; h?p, =%,; h’py=X;; h'p, =x,; ®)
A'D_(0 A’D (0 A’D, (0 A'D (0
n( ):Cl; n( )=C2; n( )=C3; n( )=C4- (9)
1 2! 3l 4

C yueToM AaHHBIX 0003HAUYECHUH cucTema (6) IPUMET BU]T
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X +X, +X;+X, =C;
X, +3X;, +7X, =C,

(10)
X +6X%, = C,
X, = C4
Marpuna cucremsl (10) umeet BUIT

1111

01 3 7
A= (11)

0 016

0 0 01
BoinuceiBass Matpuibl 4 mpu N =5,6,..., MOXKHO 3aMETUTh, YTO 3JIEMEHTHI TEPBOM CTPOKU DPAaBHBI

eMHULIE, a DIIEMEHTHI JIF000H CTPOKH, HAYMHAS CO BTOPOH, BBIYHCISIOTCS IO (hOpMYyIIe

ams = am—l,s—l + mam,s—l' (12)

MeTooM MareMaTH4ecKod HWHAYKIMH  MOXKHO JIOKa3aTh, 4TO 3Ta (opMyna chpaBelyiuBa s
3JIEMEHTOB MaTPHIIBI JIFOOOT0 OPSAKA.

Pemenue cuctems! (10) umeer BuA

X=A"'C, (13)

. -1
rme X — crTonber; UCKOMBIX Heu3BecTHbIX; C— cromber; cBOOOMHBIX wWieHOB, A ~— oOpaTHas MaTpHIIa,

KOTOpasd omnpeAcIsICTCA CICAYOIINM 06p3,30M1

1 -1 2 -6

Lo -3 n
A= (14)

0O 0 1 -6

0O 0 0 1
BammchiBas Matpuisl A npuN=5,6,..., MOXHO 3aMETHTh, YTO SJEMEHTHI JTHO0OH CTPOKH STOM
MAaTPHITHI BEIYUCIISIFOTCS TI0 (hopmyIie

bmj = bm—l,j—l - (J _1)bm,j—1' (15)

npuicm bO’H:O. MGTO,I[OM MaTeMaTH4YeCKOH HWHAYKIIUA MOXXHO JA0Ka3aTb, 4YTO 3Ta (bopMyJIa

CTIpaBeIJINBa JIJISl JIEMEHTOB MaTPHUIIBI JIFOOOTO MOPSIIKA.
Broast o6o3nauenus (8) u (9) mns moboro N, moxuo 1O dopmyse (13) HaliTh pemeHne B 00IIeM

ciryyae. 3Has cronoen X, moaydnM Ko3)HUIHEHTH ToIMHOMA

X . X . : X,
pl:F’ p2=h_§’ e Pe=E

(16)
Paccmotpum Metox HeompeneneHHbIX koadduunentos. ITycts D, (4,); D, (4,);...; D,(4,): D, (4,..)
— 3Havenus onpenerurenst (1) B mekoropeix toukax A =h; A4, =2h;.; A =nh; A ,=(n+1)h, rae

h = const . Haiinem xoa¢durments! nonusoma (2).
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IToncrammnss otv 3HadeHus B popmyny (2) U yautsiBas o6o3HaueHus (8), (9) mpu a06oM N, morydanm

cucremy Ajs oupenenenus P, 1o gopmyae (16):
Xo+ X +X +...+X, =D, (4);
X, + 2% +2°X, +..+2"%x =D, (4,); (17)

X, +(N+)x +(N+1)*%, +...+(N+1)"x =D, (4 ,,).

3anwmmem Matpuily Kodddunrentos cuctemsl (17)

1 .1 1
22 .. 2! 2"
wolo e - as)
1 n n” .. n"t n"
1 n+l (n+1f .. (n+1"" (n+1)

3Has matpuiy (18), MOXXKHO 3amucaTth pemieHne cuctemsl (17)
X =WT"D. (19)
Paccmorpum Marpuny (18) mpu N =4

11 1 1
W= 1 2 22 2 20)
(13 3 3|
1 4 4 4
BBenem matpuily B, aneMeHTbI KOTOPO# BEIUUCIAIOTCS IO (opMyiam
(-D“'C/l, ecrm k>r
o, = 0, ecmn k<r. (21)
1 ecu kK=r
Paccmorpum Matpuity (21) npu N =4
1 0 0 O
-11 0 0
B= . (22)
1 2 1 0
-1 3 -3 1
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111

Torma A =BW = 013 . (23)
0 0 2 12
0 0 0 6

BanuceiBas Matpuny A npu N=5,6,..., MOKHO 3aMETHTh, 4TO 3JIeMEHT M CTpoKH MaTpuusl (23) B
(m—21)! pa3 Gonplue smemenToB cTpoku Matpuikl (11). MeToa MaTeMaTH4eCKONH HHIYKIMH TTOATBEPIKIAET

9Ty CBA3b JIA MaTpull 1000r0 rnopsaka.

IIpoBenem npeoOpa3oBaHms

BW=A; A'BW=A"A; (A'BW=E; WW=E. (24)
W nomyunm ob6paTHYO MaTpHUIly
W1=A"B, (25)
IJI€ SIEMEHTHI MATPHIIBI /-\fl, OIpEENIAIOTCS 1O POpMyIIam
(o b, b, i
B = — ﬂm—l,j—lz L ﬂm,H:'—Jl- (26)

(i-D" (i-2)¢ (1-2)!

B pesynbraTte nomyuum

. ﬁm—l,j—l
ﬂm,j - j—l

" Pm,j-1- (27)

[oncrasmnss (25) B (19), okoHYATENBHO MOTYYUM

X =(A"B)D. (28)

MoXHO caenaTh CIeAYIOIUi BIBOA: HOpMYJIbl, TOJYUEHHBIE U ONPEACIICHHS JIEMEHTOB MaTpHIL,

HE 3aBUCIT OT CTENECHU MOJMHOMA. ODJIEMEHTHl 3THX MATpHIl MOTYT OBITH 3apaHee aOCOIIOTHO TOYHO

BBIYUCIICHBI U1 HOJIMHOMA JIt000# crerneHu. CTeneHb MOJIMHOMA ONpeneNseT JHUIb MOopsaoK marpul. B
cuity ipoctothl hopmyi (12), (15) u (21) 5TOT MeTO ABTSIETCS YHUBEPCATBHBIM.

b.U.Ypmubimpwty,

b.U.Uuwjugljuryu,

U.N.Uuwyugluyu

EYIUSHL UGENYILED UPMUNRESNPULE CULIZULIUSYUD ALNREUSTYUL
ZU04UUUrUUL 10r963UUL 2ZUUUL

Unwowplynid F piiphwbpugywé phnipugpnului hujwuwpdwl qupgbglwi dkpnghlw
hulwulbe hwdwlupgh qduyhl ghplpnkighuy hwyjwuwpnid nidkynm dwdwbwl, nph pninp

wnwpplpp  ppkighg bbplhuyughnmd ko pugquwinud: Uanphguyhl wnjhindnid dunnphguyp
nwpplph npnodwl pubwdbbpp Jupnjud sk wnjhindh wunhpdwbhg, plsh wpufbnyenil b

pYuyhl Ukpnnibph jhpwndwh nkupnid:
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Upwbgpuyhl punkp. dunnphgibph wnkuniyenil, qdughli phpbpkighuy hunjunnupnidbbph
hudwlupg, phmpugnuljui huyjuwuwpnid, dunphgughll pugquuinud, JEkpoun/np wnuppkph
Ukpny, winpny gnpdwlhgiknh Ukpnn

I.A.Krasnobaev,
I.A.Mayatskaya,
A.P.Mayatskaya

APPLICATION OF NUMERICAL METHODS TO A SIMPLIFICATION OF GENERALIZED
CHARACTERISTIC EQUATION
A method of simplifying the generalized characteristic equation in solving the homogeneous system of

linear differential equations is proposed, all of whose elements are polynomials. Formula for determining
the matrix elements in the matrix polynomial not depend on the degree of the polynomial, which is an
advantage when using numerical methods.

Keywords: theory of matrices, the system of linear differential equations, the characteristic equation,
polynomial matrix, finite difference method, the method of undetermined coefficients.
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28 551.444 QrusrL ZuUuvuretr
Q. U. Uluhpupjui

22 USNICErursu ek ZULRUYUSI Bt CUZUGNIOUYUL Yh&UUL BY,
Ur80huUdeEs 0aSuaNrouuy Nhapuert

Zubpwybunippul  vwlwywenip  ppowbbkph  opuwdmmnmwupupdwi I npnguwb
opwwywhnyijudnipyul pupdpugdul hyunnulng junnwpynid Eo hluimugnunipinibbikp gnpdéng
fanpnp - wnnplplppu opkph hwhpwijuypkphg  pugnighs  gpunblbph  hbwpuwinpnipyub
hhdiun/npuwl b pwhwgnpSuluwl wupwpikph quwhunindw i hundwp, npl wipnh wuydwbbbpnid
wpphwlwlh F o wnpwobwhbpp: Uphiuwnwiph bwunwll b Chpwlh gnquihnywuinid qnpdng
Upliphh wnnplphppu opkph hwbpujuyphg pugnighs gpunh hinupuynpoippul b wuwpwp
Yhpwqbhuwhunnnidp:

Unubgpuyhl punkp. unnpbplypyu opkph hubpujuyp, poiyjunpkih pobgnid, hnpunnwigp, gpuin,
swhwgnpSulwl yuowp

Uplthyh opwhnupp quiynid £ Quonin ghnh dwpi whnd’® Upunipjut opeltuwnpnth b
Uplhl nt Uquuwt gninkph dhol: Ujuws 20-pn nunph Yhubphg dhtglh opu Uplhyh gpuwhnuph
unnphplpju pungpuhwd optiph htnwgnuinmipjudp (hhdtwlwinid nuownuwght) qpunyt) ku pun
Juquultpynipniuikp, hunjuytu «uwjkppupwtinipni»-n: Qunupyby k
hhnpnbEpjpupwbwjut hbnnwgnunnipnitubp gpwhnuphg opwndw httwpwynp punuyudwu b
owhwgnpbwjutt wwowph hwodbklorh hwdwp [1-3]: 1975 p. Junnigdl] b swhwgnpsdwt k
hwudugt) 25 hbnwpniqujub—whwgnpdwljut  junppwghtt hnpkphg YJuqudws Uplhlh
opundwl guugp (uy. 1): Uy Juonmgdus L Uplbhlyh opwhnuph dJpw, npp tbpuyugdus b
Upwqush qubqush b Znthwnh hpwpnijuh wigbqhnnpuquunitpng b (dughtt gqqupupbkph
tunjwépny: Znthwwnh hpwppughtt quugusubpnid winnpbpypyu optph qquh dwup tpyph
dwljiplnyp npnipu quint htwpwynpnipnit snitkbtwnt ywwwndwnny hnumd E gEnpuwynp
wlntkghnnpuqunitpny, uintnstiny hqnp uinnptplypyu Uplhyh opwhnupp: Qpunwp hnphqnih
hgnpnipniup muwnwtynud £ 9,5-hg dhtigh 20 o

dtpp  updws 25  hnppuyhtt hnpbpp pwgwhuywnb; B Uplbhyh  hwipwduph
opuwbkpipuputtwjut Yuuipwsdpp, pun nph Jbkpthg (hnnh dwlbpbuhg) tkpph wnwtdbwiunid k
Unwn 16 « hqnpnipinit niikgnn ny Lupnidwghtt gpnitiinuyhtt optiph hnphgnup, nph opny 1gdws
dwuh hwunmpnitp nmwnwiynd £ 2.4 (Wlh.2): LEkpujugwés L wduqubpny,
wjuqupupbkpny b jujwuqutpny: Utnudp nbtnh b nitbund dpunnpunughtt mknnmudubph b
nnnquub gwugkph optph ukpésuwt hwoyhti: Znphgniip pny; puthwbgkih k, niuh 0,10...0,12
opwwynipit b 50...100 /op opwhwnnpnuljwinipju gnpdwljhgutp: Fpwthg ubkppl,
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hwupwyuyph hniuhuwjhtt dwunid, npytu opudbtpd okpn hwunbu ki quihu jujuwywqutpp’
lu€wpwptph ubpwdthnthdwdp, pny; pwthwigkih, b wbgnip snp puqunbbkpp: Zqnpnipniup
nwwnwiynd k 10-hg dhtish 31 & dhpinpughuyh gnpdwljhgp'0,0010...0,0001 #/op b ninnudhg
opwwnynipju gnpswyhgp' 10+...3.10* Z/op:

Ul 1. Upbplh opuhnuph ypw opundw i gubgh nknuwpwopluwl upbdw b
Ujn uny junppuyhtt hnpbpp dhtish 80 ¢/ junpnipjut ypw puugwhwyink) G hhnpuy hynpku

thnjujuyulgdws Epkp opunwp hnphgnukp, npnup gnudwpybny juqunid Eu Uk dhwubwljut

wudpnnenipjntl (Y. 2):
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Ul 2. Upliplip opuhnuph Eplpudhjinpughuyh dhowyuyph
hupjupluyhé vfubdwb

Unwght opwwnwp hnphgnup nwupwdjws E hwpwduyph hjnruhuwyhtt dwunmd, gpudbpd
okpih wwly: Znphqnup opny jgwd dwup hwuwnnipniip nuwnmwidnd t 0,5-hg dhush 7,5 o
Lkpluyugws k pEnpuqqupupuwyhtt tundwspubpny, jgywus nmwppbp wjwuquyhtt hwnhlubpny:
Qpbptt wpwybjuwybu pnyp Lugnidwghtt G, niuku 0,2-hg dhtgh 1,6 ¢ mbnulijub Lupnid:
Qnuunynipjul i} opuwhwnnppuljutinipjut gnpdwljhgukpp nwnuynid kl,
hwdwywinwupwbwpwp, 0,02...0,03 & 200...700 2/op vwhdwtubpnid:
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Bpipnpy dupnidwyhtt gpunwip hnphgnup hhdtwjuwind  tkpuyugus b denpuynp
puqujnnutpny, npnup pugwhwyngws tu pnjnp junppuyhtt hnptpny: Puswytu upgws k, hnphgnih
hgnpnipniip nwunwind £ 9,5-hg dhish 20 o Znphqnuph opwwynipjut  gnpswilhgp
nwwnwiynud k£ 0,003...0,001, hulj opwhwnnppuljuinipyut gnpswljhgp™ 400-hg vhtisl 1700 «2/0p:

Eppnpy dupnidwyhtt opwnwp hnphgnup tkpujugus b judwpwpuyhtt wmjuqubtpny,
qrupuipbpny b jpdwpwpbkpny, phjnpuqupupuyhtt tunduwsputipny jgyws mwuppkp hwnhljuwynp
wywqubpny: Znphgnuh wpymbwdbn hgqopoipniip dnnn 10 ¢ L Qpuunipjut b
opwhwnnppuljubtmpjutt  gnpdwljhgubpp nwwnwind kb,  hwdwywunwupwbwpwp,
0,0003...0,0001  600-hg dhtish 1900 24/ L wybkiht: 2...10 « pwpdpnipjudp Gpypnpny b Eppnpn
opwwwp hnphqnuubph uwnnpbppuw opbph nbnujut Lupnidp hwuwnwwndws t hwpwduyph
wnwpwéph wdpnne dwljbpbkuny: Lkppht hwdwwnwpws opudbpd okpnp tkpuyugws k 10,5-hg
uhtsl 70 « hqnpnipjudp juhwn (duyhtt judbtpny:

Zuupwuyph utdw hhdbwlwb whpnypubpp nknuuwdws ko hntuhunid b wpbibpnud,
huy photwpwhnmup nhgh hwpuy b hwpud-wpldnonp:  Zwipu]uyph  wdkiwepupwn
duljipbup minujuygwsé L jEunpntwlwt dwunid’ pp. 7, 12, 14, 15-17 hopkph opowluwypnud:
Uplhyh hwipwduyph dwlbpbup hwwuwp k£ 120 47 hulj opundw gwugh hnpuwnwtgpbpp
hpwphg wknupwoljws tu 400...600 « htpwynpnipjub Jpuw: Zkwnwppphp L, np 1975 p. dhsh
1988 p. nhljntdptpp opwunh dwpuup Yuquk) £ 399 54/, hull Epypuowndhg htitnn dhtish opu gpunp
320 ;4] T

Uhtslh hwupwduyph swhwgnpddwtt ulhqpp 25 hnppuyhtt hnptphg Juwwwpyl] E
thnpduwlw opwn 557 14/ gnidwpuyht bipny, Eptp op mbnnnipjudp: Zoptph Epkpp munwidty
k' 10..25 ;4 1 27..35 /4): Znpunwbgptipmd gupnidwghtt opbiph dwjupnuljutiph hotignidutpp
nwnwiyb] ku 2.5 ¢ 106...10 « Unwugjus nuonujhtt nfjuitbpny hwpguplyty bu hwmipuduyph
opunynipjul,  opwhwnnppujuimpuit b wy  gopdwljhgubph hwdwwywwnwuhiwb
Ubdnipynitubpp: Twonwghtt vfjuyitph YEpnidnipjut b gowhwndwt hhdwb Jpu junwpyt) b
Uplpyh vinnpbpypyu optiph hwtipwjwjph wwpwsph Ephpudhjinpughnt nugnh upetdwjugnud:
Uunugyt] k, np wyt hwdwwywnwupwind b tnwptpn dhpwduyph® Epljnt gpunuip hnphgnuht
(ghntiwoptiph U gupnidwyhtt optiph) b nputg pwdwiunn opudtpd stpnhu (uly. 2): Npnoyly k
hwiupwduyph uwwnnpbpypu  Lupniduyht  opbph  dwwupnulutph  poyjuwnpkh  hokgdut
Ukoénipinitip: Cunuipuubu jujugnyb mwppkpwly £ hwdwpynud wyb, tpp hobgdwt dkénipyniup
huwdwywunwupwtnid £ unnwwnhl dupdwt pwpdpnipjuip (ppuwwnwp hnphgnih winwuwnwnhg
niubgus phwjut dupdwt Ukdnipinitp): Uy nhwypnid skt ppwpuinngh opuwnnwp hnphgnuh ptwjut
wuwydwuubpp [4]: Ukp nhypmid pnyjuwnpbih hoigdwt dkdnipiniub punniub) Gup 17,5-hg dhush
19,1 «: Gph ponyjuunpkh hobgdwt dkdnmipniup sh pujwpupnid wthpwdbon opuyuhwbgh
pwbwlhlt, wyw poyunpymd E wbgul] ny duonidwghtt nkdhuh b wytt npnoynud E pwlutbe
Lupdwt Ubkdnipjut b opunuip hnphgnuh hqnpnipjut jhuwgnidwpny:
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Bopuljmgmipniuubkp
dntnuyjhtt nipkph b hwdwihp nuownwiht hbnwgnunipynittbph wpynibptubph yEpnisnipjut
hhdwt Ypu juwnwpyt) L.
e Uplhlh vnnpbpypyw optiph hwtpwduyph epubkpjpupubtulju uppbdwyugnid b wagnid
tplpuphpinpughnt nuignh hwpqupuyh ungth,
e npuwn wyy Unpkih phnwplwsd jpunph nsnudp Yhpuubwgdh pwpbpn dhpwduypnid
(kpynt oputnwp hnphqnt b pwdwunng opudtpd skpw),
e wnwowplyuws hwryupuyhtt dbkpnnny npnoydt) £ Lupniduyhtt optiph dwljwppulyjutiph
pnyjuwnpbih hokgnidutph dkdnipinitiukpp,
e hwlpujuyph unnptpypju optiphg |puignighy gpunh htwpwnpnipjut b wnju wwwph
npnodwt hwdwp wnwewplynid L dwptdwnhjuljut dnpbjuynpdwt dkpngh hpwunnd,

nnp Jhpwlwiuwgyh wpwwnwiiph hwenpn thnynud:

I''M. Mxurtapsia

IKCINIYATAIIMOHHOE COCTOAHHUE MECTOPOXJIEHUA ITOJA3EMHBIX BO/I HA
TEPPUTOPHUU PA U IIYTU UX PATUOHAJIBHOI'O UCIIOJIB30OBAHMA

C yenvro ygenuueHuss 6000CHAOICEHUS U OPOULEHUS HOOZEMHBIMU 800AMU MATO0DECHEYEHHbIX PALIOHO8
PA 6 nacmosiyee spems npoeoosamces uccied08anust OeUCmaeyioumux MeCmopo*COeHUl NOO3EMHBIX 600 O
000CHOBAHUSL  OONOTHUMENIBLHO20 80000MOOPA U NEPEeOYEeHKU IKCHIYAMAYUOHHLIX 3andacos, Komopwvle
AGNAIOMCSL AKMYATbHBIMU U nepgoodepedHbimu. Llenv pabomvi - nepeoyeHka 3anacos U 803MONCHOCHELl
OONOTHUMENbHO20  80000MOOPA U3  APeBUKCKO20 MeCMOpONCOeHUsT NOO3eMHbIX 600 HA OCHOBAHUU
cywecmsyouux  (hoHOOBLIX MAMEPUATO8 U HOBbIX NOAEGLIX OAHHBIX MEMOOOM MAMEeMAMU4ecKo2o
MOOenUPOBaAHUSL.
Knwouesvie cnosa: mecmopoicoenue noo3eMHuIx 600, 0ONYCMUMOe NOHUJICEHUe, CK8ANCUHA, 80000mOOp,

IKCcnyamayuorHnble 3anacol

G. M. Mkhitaryan

OPERATIONAL STATUS OF GROUNDWATER DEPOSITS AND WAYS OF RATIONAL USE IN
THE REPUBLIC OF ARMENIA

In order to increase the water supply and groundwater irrigation in the regions of Armenia
characterized by water shortage current groundwater basins are studied to support the additional water
intake and revaluation reserves. Hence the solution of these tasks are of great importance and urgent. This
work aims at solving the above problems for existing “Arevik” groundwater deposits on the basis of the
existing stock of materials and new field data by mathematical modeling.

Keywords: groundwater deposits, operational stocks, allowable reduction, water withdrawal, borehole,
mathematical modeling
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28T 330.42 EuNuNUPYU &4 904U ORT
d.U. Unhpupub

SNh3PALEP UG'BRUSUUL UtENTIULULUTUL UNSESNPULE T

Zwdwypbph bpwhwlnipiniap quuyny wdnid F wopnuphnid: Snipupwisinip hwdweih
hwonnnippull  pwbhughl ppu  dbkpnpupwbnipul  hpdbun/npywdnipinial o Zudwpykph
Juinnigdwln Jkpolnupuyin wgnbkquignidt E: Vkphuyuigyws ki nupplp wihwwnwlwl gnighsibpn
ULy pununpuy gnighsnid wgpkqughlbynt dbkpnnbbpp!: Spynid kb il wmwppbp [opdwb I
wgnbquguwl Ukpnphkph Uhol thnhiunisnipiniibbpp b pbinupynid nnuppkp hppuyhdwabpnid
wgnlbquguwl vnuppkn Ukpnnbbph [hpwnniypjui hhdinuhupgbpp:

Unwigpuyhl pupkp. wgpkqugnid, gnighstlp, hwdwpibp, wgpkquguwi dkpny, hunjbjuyhb
wignlkqugni, gduyhli wgnpkquignid

Qnnipinit niukt puquuphy hwuljugnipniuttp, npnup hpkug punypny puquusuth G o
hunlpingplmit b npuiip quwhwwnk) nphk wnwudht gnighsh oqunipjudp wthtwp k: Npuybu
ophtwl Juwpnn btu Swnuyl] uwhdwbwnpuljutnmpnitp, dpgnibwlnipniiup, wnbnbuwlut
wquunipniip, dnnnyppuyupnipniip b wjjt: Ldwbwnhy hwuljugmpmnitibph yepupkpyug
pwhwuljut quwhwnwuljut Jupbh b unwbw] gpuibg juqudh dbe  dwntnng  dhwsuth
hwuljugnipmitttiph guwhwwnwlwittph hwdwhdpdwt wpyniipnmd: 2kug wyn byuwwnwlht &
Upinjws hwdwpdbph Jupmguwi Jhpelwpuyp gnighsiph wgpkqugnudp, nph dkpnnubpp
ubpjuyugubihu hhdudl] bup dhowqquyhtt jwjwgnyu thnpdt wpuwgnnn  Stnbuwlub
hudwgnpswljgnipjmt b qupqugdut juquulbpynipjutt b GYpnywlwt hwudtwdnnnih
hEwnwqgnunipniuitiph wpyniupubph Ypuw [1- 4]:

8nighsitiph wgpkqugdwl hhdbwlub dkpnpupuiuljwi dninkgnidibpt ki wgphqugdul
hwybniduyhty, Epjpuswthwljwit b puqUuwsmthwhpuyhtt dbpnnubpp: Uju dbpnnubph dhol
plinpmpml juinwpbjhu wihpudbon ' npwnpmpymb qupdilk; vh juplnp hhdbwhbngph’
tnjuhwnmghjhmpjut Jpu: Pnjuhwnnighjhnipnibt wjiyhuh hpwghdwy k Gpp dp gnighsh
gudp wpdlpp swslpnd E bl wy gnighsh pupdp wpdbpny, wy Yhpy wuws dh gnighsh
wuwlwunipnp jupnn £ thnjuhwnnigyty dkY niphoh wybkigniyny: Uju Epunypep (hnght punpny k
hwibnuduyhtt wgpbqugdwup, npwuhg (hnghtt qips b puquusmhwihoughtt dninbgnidp b
dwutwjhnpkt E pinpny Epipusuthuljut wgpiqugdwinp:

' Unytt wohiwinwlipp hwbinhuwinid b «Uwhdwbwnpuljuinipyut ghwhwndwi hbnwgninulub spugph»
pununppudwu, npp unp  ghnwhbnwgnuujut mpnmpmpita . nbinujupuws  swhdwbugpuljub
wmbnbuwghunnipjut mhpnypnud, hhdtwnpdws 6N2 mtnkuwghunnipyut b jupwjupdwi dulnynbnnd
2014 p. Yhuht, nph YEpotwbyunulp vwhdwiunpujut dujuppulh quwhuwnuljuth uvtnwugndu £ b
nwhdwbwunpujuinipjut Uywnughnwupdwt hwdwp withpudtsn hhdpkph twpwwwnpuunnudp:

89



NMuwpqupwikip thnpjuhwnnigbjhnipjwt hhdtwhiinhpp hwybnidwhtt b Epjpuswthulju

Ubpnnutph hwdwp hkwnbjw) wwpq ophtiwlny. Gupwnpkup, nitukup tplnt Eplhp b snpu gnighs b
Yhpwnynid E hujuuwp Yopdwh dbpnnp: Unwehtt kplyph hwdwp gmghsibph wpdbpubph ko' 21,
1, 1, 1, hul tpypnpph hwdwp' 6, 6, 6, 6: Zhow E ljunnby, np hu]bnudwght wqgpkqugduit

wuwpuwquynid Eplnt Ephpubpt £ junwbwt hwjuwuwp wgpiqugdus guwhwnwljutikp (6), huly

Epypuswthwlwt wgpiqugdwt wuwpuquynid wpwehh quwhwwnwlwbp YYwqdh 2.1, huly

kpypnpyhlip 6: Mbwnp k ok twl, np withpudbow  npnowljh hudwinbnbjhnipjul wnljuynipni
gnighsutiph Yondwt b mgptiqugdwt dkpnnutph dhol: Uy Juwp tkpfuyugyuws b wr. 1-nud:

Unyniuwly 1
Ugnkqugdwi b [opdwl dkpnnhkph hudunnknbjhniemniap
Yondwh Ukpnnutp Ugplqugdwut dkpnnubkp
Qduyht | Bppuswhwlutt | Fuquuswthwithowght
Zujuuwp Yonnid Ujn Ujn Ujn
Qnpéntuyght Jhpnudnipinit / Zhdtwljut
Ujn Ujn Uin
pununphsubph pinisnipeini
Yuulwsh ogninh Uninkgnid Ujn’ 1152 1152
2nhunwplws pununphytph dnnby Ujn 1y 1y
Fmigkh pwotudwt gnpdpuipwugubp Ujn Ujn Ujn
Jhpnswljut wmunhfwtwljupquht
piniswty h Yupguyh U U ny
qnpdplpughtp
Uhwugjuy ytpniénipnil Ujn Ujn 115°
1. Pumjuintug]us «uqugnyi-unu]bjugqnygis dhpngny:
2. Yuulwdh ogmuunp unnbgmup wwhwignu bk hudtnidught wgpqugmd: ‘Ldwbtwwnphy thwunwplukp Ea

wnlwu twb snhnwpljus pununphsutph dnnkjh htn juydus:
3. Unijuqi puwquusunhwipowghtt dbpnnubkpny, npnip wwhwigmu ki Yohnikp npybu Juplnpnipjui

gnpéwlihgubp:

4. Dbuyyhu gduyhly, wjtytu b Ephpuywhuljut wgpbiqugdwt yupuquynd Yohnubpp thnjuqhenidubp ku, wy ny

Pt Juphnpm pjui gnpdwljhgubp:

Lwjupwmt gnighsubiph wgphqugdwut dbpnpupwiuljut dninkgnudubph  tkpuyugnudp
kupwnnpkup, niukup M hwwn Eplpp (c =1,...,M) n1 Q hwwnn wthwwnwlwb gmighs (g =1,...,Q)

Juwnwptup htnlyu) tpwtwlnidubpp.

e I hudwpyh (punwunpyuy gnighsh) wpdbpp c-pr kphph hudwp,
o qc‘ q-np wthwwnwljut gnighsh phwjutintugdws wpdtpp c-pny tpyph hwdwp,

* Wy q-pnwihuwnulub gmghsh Yohop c-py bpyph hwdwp:
Ugptiquguut Juplywuhpught dbpnnph hwdwdwjt jpipupwbynip Epiph hwdwhdpus

Jupuithop hwsguplynd £ whwinwlub gnighstubph Jupluithobph gnidwpdwi thongny
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Cl, = ¥2_, Rankg,c =1,...,M: (1)

qc»
Uju dbpnnp bhduynmd L Jupgquphtt nbkpbjundniput Jpuw, wwpg E b qtps
ophtwswihnipnitihg oknus Jhwnbph wqpbkgnipinithg: Ujuniwdbuwguhy, npuw phpnipniut wyu
E, np pugupdwly wpdtpubnh JEpupbpyu) nkntjunynipmniup Jeipubnud k:
Ugpbquguwt wjuy hktwthohg 4ip Yuwd Jwp jhubpm dbpnnp hhdugnd E wnpdus
httwtihohg Ybp Yud Jup guignn gnighsttiph pulalh fpu’

Clo =32 sgn|—=— (1 +p)|.c=1,...M, )

1,
IEug

npunkn p-u dhohtih onipg judwymlub okl k: ‘Lwjunpn dbkpnnh tdwb, wyu dkpnnp bu wupq kb
sh wqnynmud ophtwswthnipiniuhg stnwé Yhwnbtph Ynnuhg: Ujuntwdbbuwghy, dhowluypught
dwljupnulh JEpwpbpuw) wnbknbjunympmiap epubnd E: Opptwl, Gupwnpbup, gnighsh
wpdbpt wnweht Epiph hwdwp gipuquugnid £ dhohip 30 %-ny, hull tpypnpny tpynh huu[ulp‘
25%-ny: 20 % otdh wupwqund kplynt Epypubkp | junnwbwb «dhghtthg pupdp» qhulhtumullltuh‘
stuyyws upwt, np wpweht Epljhpt nith wybkih pupdp quwhwnuljut:

Ugplquguwt hwenpr, wdktwnwupusus tnubwlp gduyghtt wgphquguwu dtpnnt k£, nph
Enipjniup ptwjuinbugws b ondus wmthuwwnwljut gnighsutph gnidwpnid 3

Cle = Yqm1 Waelqe: 3)

npnkn Y,w, =1,0<w, <1,pnnpqg=1,..,Qbc=1,.., M hwdup:

dbpntgyuy tpkp dbpnpubpp wuunljuwind Bt wgphqugdwt hwybnmdughtt dkpnnubph
owipphl, puigh pnjnph Wwwpwqumu wqpbqugusd Jepotwpyniupp unwugynd E gnidwpdw
Uhongny:

Ugptkquguwt  snppnpn  dbkpnnp  Epipuswthwljwdt wgphqugnidi t, nph  phypnd
Jhpotwpynipp unnwgynid L puquuyunljdut L[hgngnq‘

Cle = [1g= Xqc™ e (4)

Ugphiqugdwb Jkpohtt knubulyp puquuswuwihought Uninkgnudl £, npp Ypubwplybip
Skutininghwljwti dkppphpniditph hwdwpyh (S22) ophtwyny hhiiq kpyplkph hwdwp (w. 2):
Puquusuthutthpughtt Uninkgnudp (hnght qbps E thnjuhwwnnigbjhnipjut hhdtwpunphg b wju
Ubpnnh Ghpwrmipiniip Jupnn £ wpynibwdbn (hul) wybyghuh ghypbpnud, Gpp hwdwphdp
Juquyws t (hmlht wwppbp suthmdtbphg, ophtwl] whnbuwlwh b phwywhywbwlwb, b
tupunpynud , np suthnidutphg dkyh gsny tplyph pupgywun nhppp sh jupnn thnjuhwnmgty
Uniuh gény wupuptiyuun hpuwydhdwlyp:
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Uynruwly 2
S22 akpgnpéniprui dunnphg

Gphpp NMuunbtintp | Onpuyehbbp | Zudwuguig Sfuﬁhuiﬁll:}lhu 1111111111_1:[111 Zhnwjunu i}il%::;l: Typng | Zudwjuwupub
$hiquiinhw 187 1256 200,2 50,7 3,080 4,150 10,0 27,4
Uuuu 289 130,0 179,1 66,2 2,997 4,073 12,0 13,9
Cknhw 271 156,6 1258 59,7 3,096 4145 11,4 15,3
Swynhw 994 64,6 49,0 80,8 3,003 3,865 9,5 10,0
Unphw 779 9.8 4,8 66,7 2,972 3,653 10,8 23,2
Yopn 18 8 18 /8 8 8 8 8

Uju Uninkgdwt hwdwdwy wgpiqugdwt gnpdpuipwugp pudwiynid k Eplynt puyh.
1) wbhwwnwlwb gnighsubph nne pwqunipjut ppowbwlubpnid  Epypubph  gnyquyht
hudbdwwnnipniuutph hpulwbwgnid,
2) kpYypubph quplubonid:
Unwoht puyih hpugnpddwi oinphhy unwgynid £ E dwwinphgp (M x M), nph jnipupwisnip
€jk,J # k wupp j b k kpypubtph dhol qnyquyhtt hwdbdwnnipinitttph wpynitpt & pnjnp Q
withwwnwljwi gnighsitph gény, npp unwgynid £ htnlyuy haduuupdwb thongm]
ejie = £y (wq (Prn) + 2w (1)), ©)
npuntn wy(Pry) =t b wy(Inj,) —t wthwinwub gnighsitph Yohntbpt kb, npntip gnyg b tiwghu,
hudwywunwupwmbwpwp, twhiptnpbhnipjut b whnwppbpnipjut hwpwpbpnipniuttpp: Uy
Ybpy wuws j —pn bpyph dhwynpp hwduuwp b owgi wihwnwlwub gnighstbph Yohnukph
qnudwphl, npnbg gény wyn kpyphpl wybih (w Jhdwlymd t, pul' k —pyp, husybu twl wh
whwwnwljut gnighsubph jhuwgnidwnpht, npnig gdny tpynt Gpyputpt £ guniygnid o hwdwuwp
Jh&wlnud, wybigtu np’ ejx + exj = 1: Ujuhtpl, hwupgp hkwnbjwt k, pk wpnynp I; gnighsh wipdtpt
wykjh pupdp £ wnwehtt Ephpnud, ph dnrunid: Uju wupuquynid Yoheutpp ghunwuplynud Gu
npyku «uplnpnipjuty gnpswlhgubp:
Utp opptwynid dhiyjmuinhuyh b UUU-h qoygh hwdbdwwnnipniuthg tpnwd E, np
Shuyjwinhwtt muh wydbh wy dhwynpubkp hwdwguig, hbEpwjunu, EEjunpwkibpghw b
hudwjuwpwtt wthuwwnwlut gnighsutph gény: Niuwnp, dhtyywiunhuyh dhwinpp YYwquh

4x1/8 = 0,5 (pwlh np pnjnp gmghsubiph Yohnubpp hwjwuwnp tu 1/8-h), huly 1 — 0,5 = 0,5-p Yjhuh
UUL-h Uhwynpp: Unwgynn dwwnphgp tbpiuyugdws k wr. 3-nud:

Ungnruwl 3
Bnyhp Shiyubnhw uuvu Cytnhw | Swwynthw | Ynpkw
Shiyunhw 0 0,500 0,375 0,750 0,625
uuu 0,500 0 0,500 0,625 0,625
Gytinhw 0,625 0,500 0 0,750 0,625
Suynthw 0,250 0,375 0,250 0 0,750
Unphw 0,375 0,375 0,375 0,250 0
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Ujdd whigikp hwenpn pugjhtt kppltph Juplubpdwip: Thpniojw) wyniuwlp juquidws
E pninp M(M — 1) qnyquhtt hwdbkdwwnnipinitiubphg: Lowbwlkup R-nd wyptitinnpwiputph pnnp
M! htwpuynp wdpnnowlwh Juplubhobph puqunipniup’
R={r},s=12,.., M (6)
Snipwpwignip 7z — h hwdwp hwyduplynd b hwdwyuwunwupwt ¢ dhwynpp, npybu
ejx —kph gnudwp wypinpuiipikph pninp (%) hww j, k qnughph hwdwp: Ujuplpl
Os =Xex,j+ks=12.. M, ey €r: (7)
r* - Yhpotuljwl quplwithop Junwglh dwupuhdwjugdut htnbyug wwydwbh wpyntipnod
" & @, =max} e, ey € R: (8)
S22z ophtwynid mbknuithnpumpniuutph phyp Juqunud k5! = 120, npnughg wnwehtt hhgp
ubpjuyugws Lu wn. 4-nud: Ophtiwl, wpwehtt Juplwuhoh (UUL, TYtnhw, dhujwunhuw,
Swuynthw, Unpkw) dhwynpp Junwgyh hbnlbju; Yhpy. tbpgnpénipjut dwnphgh hwdwdugt
UUUL-u wy tphpubph htnn hwdbdwwnbint wpyniupnid uvnwind Gup 0,5 Shtyywunhwih b
Cytnhugh b 0,625 Swwnthujh b Ynphugh hwinby (ppudbkip 2,2 ), Gtnhugh hkwn
hwdbdwnmpju wpynipnmd vnwind kup 0,625 Shiqwinhugh bt YUnpbugh hwinby b 0,75
Luwuynthugh (piguukip’ 2), $Shtjwinhwt uwnwind b 0,625 Ynptugyh hwinty b 0,75 °
Swuynthuwh, b YEppuybu &wwyntthwt uwnwiunud t 0,75 Unpbkuyh hwinby: Uju Jupluihoh
YEpotwlwb dhwynpp Yywquh 2,25+ 2 + 1 + 1,375 + 0,75 = 6,375:

Unynruwmly 4
dkpolnulyuml yupluwlbipsh wpdkpp

uuu Cytnhw | dpuyjminhw | Lwwynuhw | Ynpkw | 6,375
Cytnhw bhutinhw Uuu Swwnthw | YUnpbw | 6,375
Sytnhw UuUL dhwinpw | Kwuynihw | Ynpbw | 6375
dhuyywunhw uuu Gyt Swwnthw | YUnpbw | 6,125
dhuyymunhw Cytnhw uuv Swunthw | Ynpbkw 6,125
uuvu dhuyjminhw |  TYtnhw Kwuwnuhw | Ynpbw | 6,125

Lwtth np nju] yupuwquynid nitkup wnwybjugnyu dhuwynpny tpkp qupluthokp, ntunh
npuip tpbpt b jhudwpytu «<hwunpnn»:
K.C. MxurapsH

METOJOJOI'MYECKHUE ITIOAXOAbI K ATPETMPOBAHUIO UHINKATOPOB

3nauenue undexcos B mupe nocmosuno pacmem. Kmiou k ycnexy mo6o2o unoekca A67semcs
06ocHosannocmy e20 memodonocuu. TIoCIeOHUM wWazom NOCMPoeHUs. UHOEKCO8 SBIISLeMC s A2PecupoB8anue.
Ilpeocmasnensvt memoovl azpecupo8anuss PAa3UYHbIX UHOUBUOYAIbHLIX HOKA3amenell 6 OOUH C8OOHbIU

nokasameito. KpOM@ moco, l’lpu€€0€Hbl 63AUMOONMHOUEHUA MeOfC()y Pa3IudHbiMU Memooamu 636eUUBAHUsL U
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Knrouesvle cnosa: acpecuposanue, uHOUKAmMoOp, CEOOHBIU NOKA3AMENb, Memoo dazpe2ayuu, u30blmouyHoe

acpezuposarue, JUHEUHAS acpezayus

Zh.S. Mkhitaryan

THE METHODOLOGICAL APPROACHES TO THE AGGREGATION OF INDICATORS

The significance of composite indicators is rising continuously in the world. The key to a success of
composite indicator is the soundness of its methodology. The last step of construction of composite
indicators is the aggregation. The methods of aggregation of different individual indicators into one
composite indicator are presented. Also, the interrelationships between different weighting and aggregation
methods, and the issues related to the application of aggregation methods in different situations are
discussed.

Keywords: aggregation, indicators, composite indicator, aggregation method, surplus aggregation, linear
aggregation
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2571 631.559 ErurfufuLuUNuzZ1uLNkE3NRL
U.U.Uljpungui,
(2. Uwinjut

Ururussuy 2Ureudusrk Z2N1erh FLUNUZNTULUYUL LR OLEE BY,
FULTBLUYUUL UPRONSULNNPULENT

Zhppnunpd jubanowpnbbpnid nkph F niabimd wnkph wuppbp wunpdwih nunwind
pisp wundwnny dbun/npynid kb Gpkp pndph hnpkp. Iswnwluyywd, -pniyy ni dhowl h
II'nidkn b pwwn nmdbky whpwluyywsd, npnbg dEjhnpunpy juyjwgnyl Jpdwl uwnkndkint
hyuwnwlny GJupbnp dhongupnid F° Juqdly «apnguub-wkpughuyh  gnnni-gpniinnughi-
ppkluduyhle opkpy  hwdwlupgh wpugpuyhlt hwupfllppep b jupquijnply ppa nappbph
gunhwpwdhbbbpp jJugdwi o gpkiudabph plinkbupy wouunnmwbph dhongny, hulnnnipinii
uwhdw il npnguwil, gpnilwnughl b gpkinudughl opkph hwbpuybwgnidikph Gljwwnidwdp hnpkph
Ephpuphuywhyuwinulub jujugnyl wuydwbbbp wwywhnybn iyunwlng:

Unwigpuyhl punkp. hnnh wnwluyjuénipintl, gpnilunughll onip, npkinud, dowlwpnyu, pkpp

Uswljupnijuh pippuunynipjub juwp kppuptuwywhywiuljwb jinhpukph hbn

Ltntughtt Ephhp Zujuunnwtt wnpuwn £ hnnqujhtt pbunipuiphg, b ytq hwdwp pwy L
mipwpwisinip  hnqulunnpp:  Uhtspbn  gniquuntwnbuwlwt  dpbpputph  wpuwunpnipyut
onbkdwput hwinhuwugnn Upwpuwwnjut hwppwyuwyph ny pninp hnnkpt bu qnudnid dbjhnpunhy
Jhdwlnid b mukt phruyuwhywiwljut jpunhpubp:

Zuppuwuyph hnnuepwbppupwbwluwb wuydwbubpp pudujuht pujnwpntn o pun
wnuluwuénipjutt wunhdwth b mbuwlh' unpujhtt wnnun-wuihubp, gpnitinwghtt optiph
wnbnunhpph (2LS) unpnipinit b hwtpwjugnid: Loqus yuydwbubpnid juptnp phpujunw-
pnud niuth Upwpwwnjwb hhnpnunpd jwinowdnh wnuopuyhtt nkdhdp hwppwduwyph sng b snp
Uihtuwgh wuydwbbpnud, hst nipnuihnptt wuydwbwynpjws b Upwpuunyui gnquhnyunp
hnnugpnitnubpnid pipugnn ptwlut pupny gnpépupwugubpny [1-4]:

Ujuytiu, gnquhnyhwup opowthwldws jhukng Upwpwwnp, Upwqush b Ghqudw (Entw-
onpwltpny, Ypghtubph utdwt b wmbknuihnpudwt dwpqbiphg dwljipinipughtt b uinnpgbniyu
opwhnuptph dhongny (npnup swpddwt pupwugpnid sthynid tu (Eknttuyghtt nwupplip wywupubtph
htwn) phntwpwhdwt dwpq’ gnquhngdhwnn ti nbnuihnpuynmid phdhwwut dh pwpp wwppbp:
dhpohuttipp dudwtwlh pupwgpnid nmwuppbp dhwgnipjniuttph ounphhy Jipusynid bu wnbph,
wyn pYynid’ unnuyh [1, 3-6]: Fumjubiwpwp, wpdwnwptwl skpnh wnulwnid wnknh k nitubunid
twju wyt mwpwspubpnid, npnkn @2-h hwtpwjtugnmdubptt wthwdbdwn ks G dputp Eu
gluwynp wwwdwnubkpp, np hwppwjuwyph thwuwnwgh npngynn hnnquunwpwspubpp tkplu
npnipjuudp gplipk skt ghipwquugnid onipg 75 hwq. Aw, hmjunwy, dhush 2000p. 92 hwq. Aw-h:
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Y hnnh pipphuqpynud £ dkjhnpuinhy] wipujupup Jhdwlh wyuwindwnm], huly npnip &t gpu
g uwynp yuwndwnubpp: Zupgh yunwupiwbp hnpdktp tw) guonughtt hinwgnunipnitttph
hwjwunh wnfjujubpny, npnp uvnwgyl] o 2. Nhnpnujuth wiy].  «Znnughwnnipjub,
wqnpnphthuyh b Jdbjhnpughugh» (Z0U) ghinwuljut YEunpnt dwubtwdninh Gpuupuwhniih
thnpdwdbihnpuinhy juyuith  wwpwépmd [2]: ZEkmwgninnmipnibiubpt hpuwbwgt) Bo @QS-h
hunpnipynitubtpp 3,0..3,2 ~h phwypnid b pun wnuliwJuénipjutt wunhdwth tptp funudp
hnntph hwdwp (ul.1).

B D B = &=
1k 'I'ifl"‘i -:E' Eﬂ;- l_.:l_ll Hn.'

Ul.1. Bpkp junudp hngkph wyuyhll ypndpybbpp (3) & hnjrwbumluyhl junnpnbbbph
jugdp ©). I - suquwluyywé pny; b dpopl jujujwqblp, npnknhg unwgng
wlhwpnyukph  phpph phpoiinjly F npybu wnunjbpugnyl (100 %), 1T - poyy b
upowl wqulbuwyywé, wpufbjpumyku dUpohl juunjmqbkp,  phpph  bjmqnudp’
25.50 %, IlI-mdkn wpuluyywés dhohll [unjunjuqilp, welw F owh unpuyh
wwpnt iwalinieyn &, pEpph djugnidp® 50...90 %

zkunwgnunjws hnntph wpwyk) punpny gniguthputipp hwjwuwnnid Eu (wnniuwly), np nputg
wnuluwusédnipjut unyuhul ny Uks wnmwpphpnipjub nhypnid (1,5...2,5 miqud) dowljwpnijubph
phipph tjugnudp qquih £ dhtisk 50 % (fu. II) & 90 % (fu. III): Uwluyt hnquyhtt dhowduyph dhwyt
hwdwihp hEnwgnuumpmitubpp Jupnn o puguwhwjnb] npu hpwuwt b wdpnnowlui
wunnljkpp:

Uowljwpniyjubph puwlutnt qupqugdwt gqnpépupwugp ny dhuy wgpnubjhnpuwnhy b
wqpnunbputhuwt  Jhgnguepmdubpny b wuwpdwbwynpdws, uwyk hnph  phpphmipjut
wunhdwiny (Hpuiunid wwpnibwlynn hndniuny, opqubwlwt Wniptpny b hwbpuwjhb
utinuuwppbpny): Pipphnipnitt nignujhnptt juwpdws b honh  wpdwunwptwly okpuh
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wnuluwuénipjutt wunhdwuhg (44.1...3, ulj. 2), dwbpugusdnipjut (nhuybkpuwlwiunipjub)
wuwnhdwihg (4.4), npuind wwpnibwlynn wihnutubph nt hnppwbwluhtt junhnuubph
pwbwlhg, wpwybjuytu Na-h (4.5), nph dhtish 10%-h wnluynipniup pnyjuwnpbih b (. D),
10..20-n" pnyp b dhowl (ju. II) & 20...35%-p' nidbn wnuudws (ju. III): Pnpjuwbwljuhtt Na-h
10...20%-h wnluwnipniup hnnnud dpwjupnyubpnid wnwewginid £ qupqugdw pny), hul
20...35%-n" nidtn gupdwdnipinil, htst h Yipen wmwihu k phipph tdugnid: Unwyk) dks Juuwig
ubpjuyugunid hhgpnuppntwwn hntp, nph weuwynipniup hngnud - (I judph hnnbpnud g
hwutund E 2dg-£§y 100g hnnnud  [2,4,7]) hnipnud E, np gpuip Bupwluw o phthwuljuib
Ubkjhnpughuyh: Na-h 35% jhutnt phypnid hnnp owwn niudbn wnuudws £ 0,4...0,5% -hg ks,
hulj pH-p* 9...11: Uju fudph hnpbpnid wdnmid B «<hjpnibubp» (0,7...1,5 « pupdpnipjudp), npniug
wpUwunwptwl skpnnud £ gnyuunbinid jupdhp nppuip b dhuyt ubwyunbdpiph Epypopn m
hnljunbdptiph wpwehtt Jhutpnid pnipu £ quihu hnnh dwibpbu, wpwbjuwybu Upwqnuywuh
nwthwunwth Lwjuhotwth vwhdwihtt dnn qunuynn mwpwspubph swn nidtn wnuljudus
unnujhtt wnnun-wjwihubpnud, husht wiwbwwnbu Eup ok 1964-1971pp., huyywbu twb
Updwyhph dwpgh own nidtn wnujujdws hnnbpnid:

Uyl

2UUZ «ngughuimpul, wgpnphdhuyh b JEjhnpughuyh ghvnwlwb §Eunpniy dwubwdnigh
Epwujumbn iif hnpdundthnpunnpy uubh Epkp Junidp hnnkph phnpno gnigubioGbpp I

upmlupnyyukph plppp

Znnh Unh Znnh Onjuwtwluyght Upuiljupnijup
punudpp pwiwlp, pH dwtpugjusnipjmi Na, % phppp, ujuqnudp,

% wuwhdwip, % g/hwu %

1. 230 -

I <0,2 <83 20...30 <10 2. 50 -

3. 150 -

1.170 26

II 0,3..0,4 8,5..8,7 30...60 10...20 2. 40 20

3. 100 33

1. 50 78

III 0,3..0,5 8,7..9,2 60...90 20...40 2. 20 60

3. 40 73

1. - jnunng, 2.-wptwimgut gnpki, 3.-wnynijn

znnh wnulujuénipjuit wunhdwup, htnbwpwup® wqpbgmpmiup dowlwpnyuh phppu-
nynipjull Ypw, Jupduwsd b twb npu dbjpwthjuluwt juquhg: Bpt phpl jujuwluqubph
phypmd wnuliuwpuwsnipjutt pnyjunpbih vwhdwbp 25, hulj swuphup® 15, wyw udhoht
Juytphtp' 5% E [2]: Uj funupny, hnnbph dbjhnpugdwt wohwwnwipubpp yqwhwbenid tu
hwoih wntlk] btwl npputg Ubjpwuhjujwt Juqdp, hush punphhy htwpwynp Yjhth pupdpuguby
dhutwmtumninbuwljut hwyguplubph donnipniup:
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vg.2. ugnph (4. 1), wobhwhwgmb gopkih (3.2) o wmnywh (14.3)
hnpjujwwwénipiniip Epkp (I I, III) pdph hnplkph wpwlwyjwénipui b
(4. 4) dwipugjwénipyjul wumnhpSwbhbphg, thnfuwbwlughi Na-pg (. 5)

znnh dkjhnpuwnhy Jh&wlh puptjuddwi dhgnguomdubkp

Zhduwhwpgh pupthwen nisdwt gpuuljut L ghnwugnpstwljut, mkthjuntnbuwljut
b dhtwbuwlwb hhdtwdnpywé dhgngupmidubph hpwlwbwgnidp: Upwpuwwnyut hwppwduyph
wnwppbp  nwpwdwopewtitbnh  hwdwp wyn Jhgngunnidubpp  dhbunyup sk, npndhbnl
Ubkjhnpughuyh Bupwljuw nwupwspubph hnnuepwbpypuputujut quwydwutbpp nwppipynud u
dhdjwughg: Uy mmwuppbpnipjniuttipp quydwbwynpdws b nupwswpopowtiibnh opupuiwlju
Jhdwlny" wdwnndnpd b hhnpnunpd nhdhdutpny:

Zuppujuyph onipg 130 hwgq. Aw nne9 wwpwséph ghpulppnn dwup (wybih pwb
100 hwgq. Aw) qnuynid £ wyunnunpd dbjhnpuwnhy Jpdwlnid, npuntn GLS-h funpnipynitubpp Uks
ki 3..35 ¢-hg b vhuyh 26 hwq. Aw E hhypnunpd Jhdwlnud (F2S= 0...3 o), wyn pynid onipg
10 hwq. Aur’ sunuljwyws, hull 16 hwgq. Aw pniy), Uhowl], nidln b pwwn nidkn (unuhtt wnniwn-
wuh) wnuiuus [8]: Zhnmwgnuwlwt wpliwwnwupubpp U wnwowplynny pupbjuydui
dvhongunnidutpp Jbpwpbpymd Gt hwppwduyph dhuytt hhppnunpd jwunowdwnh, npunkn
nbnupuwohuJuws ko dbjhnpugdut  Bupwlw  hnquunwpwsputp:  @npdkup Jbpswl; L
pugwhuwjnt] wyn wnwpwsputph tkpu dEjhnpuunpy Jhdwlp b nwp hwdwywnwupwt
dhongunnidubp punn ybpp pupunpyus tpkp juntdp hnnbph:

Npubtu pughwinip dhgngupnid tpgwé bpbp junudp gbpjuntwy hnnbkph dbjhnpuwnhy
Jhdwlh pupbjudwt hwdwp hhgpnnkuuhjujuwt junnygutphg gpitwduwghtt hwdwlwupgbp
El, npnup h qnpnt Bt @9S-u hokgubk] dhtyh wthpwdbon Junpnipjut, whkpwughuwh gnunnid
unbinstny puinttwjuywowph gutlwih swhwpwdhuubp:

1. Opwpwuywi hpppndnpd swnuluyyws jubprwpwn (fu. 1): Ujn hnpuunwupwuspubph
Ut hnpuwnphy wipwduwpup Jhdwljn ninqujh guydwbtwynpqus £ dhuyt @RS-h thnpp (0...34)
lhunpnipynitittpny, npnyhbtnb nputg hwiupwjiwugnidubpp skt gipwquugnid 1g4, hust b
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pugunpnid £ hnnh wnulwnudp: Ujunbn wbnh E mbbbinud htnktupy gnnppugnmid hnnh
L[ulllhphnL]Iabg‘ h hwohy 22-h wdktwdjwm jpugynn wwowpubph: Uju wnwpwsdpubpnid
Upwjupnyubinh nonguwt tnputpp dhon ghpuquugnid bu hwpgunpluyghtht, hust b unbnémd
wnuenpwjht yuypptipug hnuwupbp, wywhnybing wpdwnwptiwl otipinh wnuqbpénud:

Zhnpnunpd swunuiuws hnnbp (¥Q-h hwbpwjtwgnidubpp thnpp 1¢/) nknupwohuus Lu
Ubp hwbipuybnmput twb dniu 8 dupqbpnid wydkjh pwt 22 hwq. Aw punhwinip dwlbkptuny
[8]: unph musnudp wwhwbenid £ @9S-h junpnipjut jupquynpnid, htsp htwpwynp k
hpwlwbwgubk] pphuwduwghtt hwdwlwpgbph dhongny® uwnbnédknyg dowlwpnijubph wwppkp
(Gup&, dhoht, Epupupdwwn) pudpiph hwdwp owyunphdwy junpnipjniuttp: Uju wnwpwspubph
wnuluwdwb gnpdptipugh wpwybjwwbu wuydwbtwynpjws E nonquwt oph hwbpuwjiugdw
swthwpwduhg, npp whwp L 1huh hEnbnqulwb hunynipjut wl:

2. [Pny; I dhowl wnuwluyywd hnnkp (fu. 17): Uju hnnpnud unybybu @2S-h junpnipiniutkpp
plwut Jhdwlnid nwnwind tu 0..3 ¢ - h vwhdwbubpnud, vwluye ZUU ghwn. jEuwnpnuh
Cpwupjuwhnith  thnpdwdbihnppunhy  jujwind npkwdubph  wpjowwnwiph dhengny wj
twpwwbu hotgyty E dhush 3..3,2 « [2]: Upwpunjut hwppwduyph tdwbwwnhy honbpnud
wdkgynud ki dpwljupnyubp, htnbwpwp Juwunwpynd £ npnpwlh tnpuny npngmud: Ujy
hwiquuwipp pny L vnwhu hpujwutwugubk] hnnph wnuqbpénud’ dkdwgubking npnquwt tnpup
npnpwlh  swthwpwduny, husp Unsynid E  «apnquwt  (Jugnn  nhdhu»:  Qwpwnught
htwnwgnunipnitibpny wywugnigyués E, np wyn hontph 1phy wnuqbpsdwt tywwnwlnyg
nnnguwl yugnn nkdhuh hwbnippuyghtt jujugnyb swthwpwdhp uqunid k 20...30, dhohtp®
25 %[9]:

Uju fadph hnnbtph hwdwp @9S-h junpnipjub b hnnh poyp nt dhowl] wnujujjuwsénipjut yEpp
upJwé puuinhpttphg quunn jw twb -h hwbpwjimugdwt hhduwpinhp (ayn honbpnud wyt
nwnuiynd E wnwdbjuwtu 1.2 ¢4-h vwhdwbubpnud [8]), npp ubkpypnud E Epypnppuyght
wnuliupwt  Juubg  Ldwt  wnwpwspubpnid  wthpwdbton L hpwlwbwgul]  Jugdub
wohuwnwipubp wthwdbdwwnm thnpp hwbpwjimgnid niukgnn optpny ppbkuwdh htuwnbuuhy
wohiwwwiph  wuwydwbtbpnid:  Ftwpwnughtt | puquudju hbnwgnuinipyutt wpyniupubpp
hwjwuwnnud Et, np @2-h hwipwjiugnidutpp thnppuwinid b juqudnud Gu onipg 0,8...1,0 ¢/ [6]:
Lwunpy b wyju fudph dwutwlyh dbjhnpugqus hontph phwypnid wihpudbon E hpujwbwguty
wgpnUbihnpunhy b wgpnunbthjujut wolpwwnwbpubp, hull npngdwt  (wnwybjuwybu
npkuwdwjhl) opbiph hwtpwjiugdwt tjundwdp vwhdwl] donwljut huljnnnipjnil, pwtqh
npuip wnuwwnwiynd tu 08..1,5, wnwtdht phwypbpmd 1,6..1,8 ¢J-h  uwhdwbtbpnid
(Upwuqnuyuth wnwthwunwi): Uuhpwdbon £ npnoly ppbhuwhnuph npngwt  tyuwnwlng
oqnnugnpddwlt jujugnyyu swhwpwdhup, npytugh wbnh sniukbw  honkph Epipnppught
wnulunud [10]:
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Uju tpynt pudph b {JEpotwjut pupbjuqwsd nnnghjh hnntph hwdwp Juplnpugniya
wlhpwdbownnipnit £ htnbnnulwbnpbkt hulnnnmpmt vwhdwil]  «xnngnud-wbpughuwgh
gnnhgpniinnught-gpitwdwihtt opkp» hwdwlupgh wnuepuwjht hwpytlonh sthwljjubnipu
wunhdwih Ypw, mipwpwibynip wnwpwsph nphwypnd npnokiny pputg  hwipuwbugdw
swthwpwdhtubpp b hwdbkdwwnbny pnyjunpbh tnpdbph htwn: dbpohuttphtt ghpuquigkint
ntwypnid, nptt wnwyt] hwjwbwluw £, hpujuwbwgut) hwydtlonh ndju nwupph jupquynpdui
hudwywinwupiut Uhgngunnid:

Inbkuwdh woppwnwiph phdhup whwnp E wwywhngh @RS-h wjbwyhuh punpnipjnil, npp
Upwjupnyuh wyju) judph hwdwp Yhth owwpdw), wjuwybu nupdju; Yniubkuwbp pkpph
ujugqgnud:

Zznnh wgpnubkpthjujut dhgngundwt sunphhy wbnh b mubinud pgpu wnuqbpénud b
wjwhuqbpénd, vwluyt wyn gnpépipwugutpp nwpptp swithny Lo wqnnud dbjhnpugduénipjui
wunhfwlh  dpu,  Yujujws  honh Phahfuwlwh,  phubwlut b hqhYuwphdhulu
hwwnlnipmibtphg, hyywbu twb JEpwbhjulut  Ywuquhg [2]: Zknwbwpwp'  Juplnp
wihpwdbonnipmit L pwgwhwynt)] hnnh  wyn  hwwnwbhpubpp  wnwppbp  wunhfwuh
Uk hnpugduoénipyut nhupnud, hish wgnnud £ dpwljwpnyubph phppunynipjut Ypu:

3. Unpuyhl wpnin-uyluyh hngkp (fu. 117): Uju judph dbe Eu dntnid dwuwdp dhowly, puyg
wnwybkjuybu nidtn b pwwn nidhn unpujhtt wnnun-wjuwhttp, npnig hwdwp hwpyunpulju
wihpwdbownnipnit L phvhwlwb dkhnpughwt [1-4]: Uy junupny’ wyu hnnbtph dbjhnpuwnhy
Jhdwlh pupbjuynidp pudupup dujupnpulng hpulwbwgubint hwmdwp wthpudtown k.

e phuhwlwt Ukhnpughw,
e Juuhwnwy Jugnidutp,
e gmnuuuntnbuwljut hpugnid:

Ipttwdughtt hwdwlwpgiph wohiwwnwuph nkdhdubph, niph b bywbwlnipjut dwuht btwp
opwjhtt munbunipjut (1925...1948pp.), wyw wlwnbuhlnu P.9.Enhwqupniyh wiy. «2puyht
hhdtwhwpgiph U hhgpnubtuhuyh  htunhununh»  (Q22P, 1949..2014pR.), hull hontph
phthwljut dbjhnpughwjh pwpbhwenn hpuwjuwbwugdwt tyuwnwyny® 2z, MEwnpnywih widy.
«nnughumpjul, wqpnphthuyh b dbjhnpughuwyh  ghniwljut  YEunpnty  dwubwgninh
(1958...2014pp.) Jwunwluwowwnn ghnbtwlwbttph wbuwfwb, fpuownught, YEghnwughnt b
jwpnpuwnnp puqUudwiw hbnwgnuumipnittbph hwjwuwnh wdjuiikph JEpswdwt dhongny
Juquyt] b bhpwunwpulyl] Eu «pwhwbqubpy, «Quiuntubpr, «Qbpuwplubp b ghnwlub
puquuphy wohiumwnnipinitiitp, npnup  bhhdtwpwp  jujugnytt nigkgnygukp b tnp
pugwhwjnnidutph hhdp Jupnn ki hwinhuwtiw) hnnbph dbjhnpuguygh b gpuyhtt nkuniputitiph
ptwquyunutph tkpluw b wyugqu htnwgnunnn dwuttwgbnubph hwdwp:

Bogpujugmpinit:  Upwpwwnjwb  hwppwduph  dowlwpnyubph  phppuwnynipniui
ninnuijhnpkt wuydwbwynpywsé b gpoiinughtt optiph wbknunhpph punpnipnithg b hontph
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wnuliuusénipjutt b dwbpuguénipjutt wunhdwtubphg, thnpwbtwlujhtt unhntubphg'
wnwybkjuwybku Na-hg:

Upwpwwuywt  hhypnunpd  jwiunpwdnh hnnbkpp pwdwidnd Gu Gpkp judph  pun
b hnpuguénmipjut’  wnuljujwoénipyutt wunmhdwih: “pwbghg jpipwpwisniph  hwdwp
whpwdtown E hpujutwgub] vhtiinyt Uhgngunnidp (gpniinwghtt opkiph mknunhpph hotignid) b
wnwbdbwlh tywbwlnipnit niitgnn (wnuqbpénid, phuhwljut Ukjhnpughw)

Nopnghih hnntph wgpnunbththjuljwt dhgngupnidutpp whwp b hpuwjuwbwgut]® hwoydh
wntbin] wkpughwyh gnunnt hnnugpnitntiph dkppiwthwljut uqdp:

Swujugws hdph (wyp pYymd’  swnulwdws) hnntph  hwdwp  hwpljuppulub
wlhpwdbownnipnit £ juqdl] wnbph yupmitwlnipjut hwoyklyohn, npp Ypbjunph htnwgqu
dhongunnidutph &hown gnpépupwugubp:

C.M. MkprusiH,
P.P. ManyksH

IKOJIOI'NMYECKHUE 3AJAYHN U MEPOITPUATHA 110 YIYUIIEHHNIO
IOYB APAPATCKOI PABHUHBI

Bcrneocmeue  nebnaconpuammuvix  NO48EHHO-800HO2E0JIOUYECKUX — YCAO0BUU  2UOPOMOPEHHBIX
JnaHowagpmos HabI00aemcs: HaKonieHue pasiudHol Cmenenu colel, 8 pe3yibmame 4e2o GopMupyiomes
nouswbl mpex epynn: 1) nezaconenmvie, 2) crabo- u cpeone- u 3) cunvbHo- U o4eHv cuavbHo 3acorervie. C
Yenvio co30anusi OIALONPUAMHOZ0 METUOPAMUBHOLO COCMOSHUSL OMMEYEHHbIX Mpex 2PYAN NOUe, GUANCHbIM
Meponpusmuem  A6IAemcs.  CoCmaegneHue B0OHO-CONe8o20 0ananca cucmemvl ‘‘opocumenbHbie-30Hbl
aspayuu-epyHmosvie-0peHadcHvle 800l U pe2yIuposanie HOPM ee DIeMeHmOos8, NOCPeOCmEoM NPOMbIEKU
NOY8 U UHMEHCUBHOL pabombvl OpeHaxdcd.

Heobxooumo ocywecmeums — KOHMPONb 3d MUHEPANU3AYUel OPOCUMENbHBIX, 2PYHMOBbIX U
OPEHANCHBIX 800, 0151 0DeCneyeHUss HAULYYUUX 2e010209K0I02UHECKUX YC0BULL NOYE.

Knwouesvie cnosa: 3aconenue nous, 2pyHmosas 6004, OPeHadiC, CelbCKOX03AUCMBEHHAS KYAbMYpPd, YPO*CAll

S.M.Mkrtchyan
R.R.Manukyan

THE ECOLOGICAL ISSUES AND MEASURES ON IMPROVING ARARAT PLAIN SOILS

In the result of infavourable soil-water-geological conditions of hydromorphic landscapes there is an
accumulation of different degree of salt, in the result of which 3 groups of soils are being formed:1) free-
salined, 2) poorly-and, medium-and, 3) strongly- and very strong salted. For the purpose of creating
favorable reclamations conditions of noted 3 groups of soils, an important event is the compilation of water-
salt balance of the system “irrigation- aeration zones-earth-drain water” and norm regulation of its
elements, by means of washing soils and intensive drainage work. It is necessary to implement a control of
the mineralization of irrigation, earth and drain water, to ensure the best environmental-geological
conditions of soils.

Keywords: soil salinity, ground water, drainage, crop, harvest
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UDC 666.94 CONSTRUCTION
H.Yousefi Amiri,
D.A. Mkhitaryan

STRENGTH ASSESSMENT OF POLYPROPYLENE CONCRETE UNDER COMPRESSION

The interest in the use of fibers for the reinforcement of composites has increased during the last
several years. A combination of high strength, stiffness and thermal resistance favorably characterizes the
fiibers. In this study, the results of the Strength properties of Polypropylene fiber reinforced concrete have
been presented.The compressive strength, tensile strength of concrete samples made with 12 mm fibers
studied. Polypropylene Fiber Reinforced Concrete is an embryonic construction material which can be
described as a concrete having high mechanical strength, Stiffness and durability.

Keywords: concrete, polypropylene fibers, compressive strength, tensile strength

Introduction

Concrete and steel were always considered the most important, and the most commonly used structural
materials. The development of new high-performance composite materials that are stronger and more
durable than conventional materials (e.g., Portland cement concrete, steel, wood, and masonry) is important
to the construction industry .The use of concrete in the construction is very old. The first concrete used in
history is reported to the Greeks and Romans times. In 1756, John Sweaton, in order to rebuild an important
monument (Eddystone Lighthouse), developed the first mortar. "Portland Cement" appeared more less one
hundred years later. Its name was given due to the resemblance of the color and quality of the hardened
cement to Portland stone.

In the 20th century polymers grows up lot. In the 1990°s production of polymers get bigger amount than
the steel products Construction industry is the biggest user of polymeric productions and they use about 25 to
30 percent of the polymers world production. Concrete depend on its cost and the simple using also its high
compressive strength is one of the more useful material in the construction industry.

Materials the tests (Preparation of sample)

Superplasticizer used by Name Power plaster-RM Abadgaran companies and The fibers polypropylene
fibers were prepared from the company Samples cubic 100 mm and Fiber length used, 12 mm. The First
slump without adding The fibers and Superplasticizer was 7...9 cm. The duration of the drying concrete, 7,14
and 28 days.

Use of polypropylene (PP) fibers is efficient in order to overcome these problems,mainly due to
excellent properties and low cost [1].

By utilization of Polypropylene fibers in concrete not only optimum utilization of materials is achieved
but also the cost reduction is achieved [2]. Adding fibers reduces the slump of concrete. There appears to be
less plastic shrinkage and less plastic shrinkage cracking when concrete contains polypropylene fibers [3].
Compressive strength presents the compressive strength results of the concretes [4]. Polymer concrete,
known also as resn concrete, is a constructional composite, a variation of concrete, in which traditional
binder - cement, has been completely replaced with synthetic resins with a hardening agent and filler:
mixture of sand-and-gravel and quartz powder. Binder of polymer concrete is crucial for improved strength
in relation to ordinary concrete, and particularly for chemical resistance [5].
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Table 1
Physical characteristics of Polypropylene fibers

Specific 0,91
gravity gricm’
Cut length 12 mm

Width crossing | Circular
Melting point 250 °C

Water 0
absorption

Modern construction material - POLYMER CONCRETE

Nowadays, requirements to be met by construction materials include not only strength features, but also
chemical resistance, resulting from the increasing contamination of the natural environment, leading to the
need to protect and increase durability of building structures. Polymer concrete is an innovative and modern
material, which excellently complies with all the strict requirements on durability, chemical resistance, and
which, at the same time, offers high mechanical strength.

Polymer concrete, known also as resin concrete, is a constructional composite, a variation of concrete,
in which traditional binder - cement, has been completely replaced with synthetic resins with a hardening
agent and filler: mixture of sand-and-gravel and quartz powder. Binder of polymer concrete is crucial for
improved strength in relation to ordinary concrete, and particularly for chemical resistance. The durability of
concrete improves and addition of polypropylene fibers greatly improves the fracture parameters of concrete
[2]. Polymer and polymer-cement concretes have greater tensile strength and are less brittle and more
susceptible to deformation than cement concretes. They have higher water impermeability and resistance to
cold, abrasion, and aggressive liquids and gases [6]. Polymer concrete presents concrete with polymer
additive either materials in which polymer is considered to be the unique binder [7]. The cost of maintenance
for polymer concretes per year of service life is significantly less than that of concrete with applied barrier
coatings [8].

Properties of POLYMER CONCRETE

Using resins instead of traditional binder help us obtain a series of interesting properties such as high
chemical resistance to many corrosive chemical substances or high mechanical strength. In case of ordinary
concrete, the strength properties of cured cement paste are at least several times lower than the corresponding
features of the mother rocks of the aggregate, and the adhesion of binder-and-aggregate is relatively small.
The situation is different in case of resin concretes: the tensile strength of hardened resin binder is much
higher, and the compressive strength is similar to the strength of the rocks from which the aggregate was
obtained. The advantages of polymer concrete are particularly noticeable when comparing its individual
properties to traditional B30 class concrete (table 2).
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Table 2
Comparison of properties of polymer concrete and traditional B30 class concrete

Polymer concrete B30 concrete
Compressive strength Rc, MPa 80-110 30
Bending tensile strength Rg, MPa 22-35 2-4
Splitting tensile strength Rr, MPa 8-12 1,5-2,0
Abrasion resistance, cm 0,1-0,2 0,6
Moisture absorption, mm 0 4-8

Other advantages of polymer concrete should be mentioned as well:

Impervious to liquids, small number of pores, absolute tightness, high frost resistance resulting from
non (moisture) absorbing property, good electric insulation,high resistance to corrosive chemical substances,
including acids and bases, high resistance to scratches, it does not peel, does not splinter, does not require
any maintenance, no erosion, which reduces costs of maintenance and exploitation, it may be applied for any
load class, due to properties of polymer concrete, products made of this material are durable and strong, are
characterised by higher mechanical resistance to loads than traditional concrete which means that the cross-
sectional area for comparable load classes are smaller in case of polymer concrete products thus they are
lighter than concrete products which results in easier and quicker installation, due to natural components it is
an environment friendly material, debris may be reused aggregate may return to the production process,good
adhesion to essential constructional materials (steel, traditional concrete), good ability to dampen vibrations
due to resins contained in the material, possibility to obtain very smooth surfaces guaranteeing many
practical applications, possibility to design eye-catching, durable colour solutions (according to RAL -
colours do not fade for a very long period of time - resistant to UV radiation), resistance to changing
weather conditions and atmospheric factors,very short time to achieve installation and usage efficiency, easy
drilling and cutting with diamond bits and saw blades, High abrasion resistance (comparable with granite).

Intended use of POLYMER CONCRETE

Due to its properties, polymer concrete is nowadays used in many applications: production of
prefabricated products for bridge drainage system (bridge edge beams, bridge kerbs, bridge drainage inlets,
gutters), production of prefabricated products for linear drainage systems (channels, linear drainage channels,
linear drainage silt boxes) production of industrial tanks, intended for electrolysis of non-ferrous
metals,production of catch basins and channels to drain aggressive industrial wastewater, water meter
chambers, sewage pump stations, production of storage tanks to store corrosive substances, e.g. acids, bases,
Execution of chemical resistant cladding as chemical resistant coats made of laminates or resin composites.
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Properties of fresh concrete.

The most important property of fresh concrete is its workability or flowability,because this determines the
ease with which it can be placed. It is determined using a slump test,in which a standard truncated metal cone
form is filled with fresh concrete (fig. 1, table 3). The mold is then lifted vertically, and the resulting loss in
height of the concrete cone, or the slump value, is indicative of the concrete’s workability. For very liquid
mixes, the flow test is performed, which is similar to theslump test, except that the mean diameter of the cake
formed by the fresh concrete (or mortar) is measured [9].

Table 3

Recommended value of slump for various
types of construction as per ACI 211.1-91

Fig. 1. Concrete slump test with a slump

Type of construction Range of slump (mm)
Reinforces foundation walls & footings | 20-80

Plain footings,substructure wall 20-80

Beams & reinforced walls 20-100

Building columns 20-100

Pavements & slabs 20-80

Mass concrete 20-80

The Benefits of polymer concrete: better strength, better compressive tensile and bending strength [2],
better attenuation, better durability, better impact and abrasion strength, better weathering resistance, better
chemical attack resistance, better resistance against industrial and environmental factors, less water
absorption, better physical and chemical properties, better decorative properties.

Polymer and polymer-cement concretes have greater tensile strength and are less brittle and more
susceptible to deformation than cement concretes. They have higher water impermeability and resistance to
cold, abrasion, and aggressive liquids and gases.Polymer and polymer-cement concretes are used for floors
in industrial plants, garages, and hospitals. They are used in the production of high-quality road and airfield
pavings and for repairing damaged concrete surfaces and patching cracks.

A composite material that consists essentially of abinding medium, such as a mixture of portland cement
and water, within which are embedded particles or fragments of aggregate, usually a combinationof fine and
coarse aggregate [9].

Table 4
Aggregate particle size distribution(sand) concrete
si The residual weight left The residual percentage The passing percentage
ieve No . . ;
on the sieve left on the sieve through each sieve
4 50 5,0 95,0
8 95 9,5 85,5
16 79 7,9 77,6
30 215 21,5 56,1
50 350 35,0 21,1
100 140 14,0 7,1

The residual percentage left on the sieve = (the residual soil weight left on each sieve/
o the total weight sample=1000 gr
The passing percentage through each sieve= (100- The residual percentage left on the sieve).

The total weight sample*100)
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1-non polymer concrete Compressive strength 2- polymer concrete Compressive strength
Concrete compressive strength

107



Table 6

Admixture Concrete, Compressive strength

Polymer S
Gravel, | Sand, | Cement, | Water, Solid Liquud pl:é)ﬁecri 7Day | 14 Day | 28 Day
gr gr gr cc (P;), (St-ii)S), Jor
475 717,5 125 280 0 0 7,5 94,80 96,70 127,64
736 528,0 894 400 10 5 10,0 146,89 209,81 458,61

® Gravel gr

® Sand gr

» Cement gr

® Water cc

® Polymer Solid
(P.P) gr

® Polymer Liquid
(St-503) cc

W Superplasticizer

Fig. 4. Compressive strength
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B Compressive strength ( kg/cm?) 7 Day

Compressive strength ( kg/cm?) 14 Day

m Compressive strength ( kg/cm?) 28 Day

Fig.5.

1- non polymer concrete Tensile strength, 2- polymer concrete Tensile strength

108



Table 7

Admixture Concrete, Tensile Strength

7 Day 28 Day

Tensile strength (kg/cm?)
m1A m1B

Fig. 6. Tensile strength Fig. 7. Concrete with fibers

Table 8

Concrete Admixture, Flexural Strength

15190 | 10135 6530 2000 0 0 19,59 47 73

15190 | 10135 6530 2000 67,5 33,75 19,59 40 67
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Fig. 8. Concrete with fibers

CONCLUSIONS:

The high flexibility allows the spanning of substrate cracks and provides waterproofing and protection
that cannot be achieved using conventional mortarsor high Tg polymer modified mortars.

Meanwhile adding a little polypropylene to concrete improves its mechanical properties. High tensile
strength of this fibers, may improve concrete capacity as time passes and prevents its volume changes.

And also fibers prevent the progression of cracks,resist against their propagation like a bridge. Presence
of polypropylene fibers inhibits intrinsic cracking in concrete. Fibers in the matrix increase cohesion and
hence the failure is observed to be ductile and gradual for the fiber reinforced deep beams. Adding fibers to
concrete mixture decreases slump. Fibers have high special surface, reinforces cement and keeps concrete.
Increasing fibers increases compressive strength of concrete. Based on the Experimental Investigations, the
following conclusions were drawn.(1) The ompressive strength and tensile strength with fiber tests reveals
that , in Comparison with samples without fibers more strength ..(2) The samples with fibers 12 mm showed
optimum results in Comparison with other samples in this study.(3) Eventually in our Flexural Strength
experiment by using that amount of fiber in that mentioned Composition our experiment would not be
successful .

Z. 8mutdh Udpph,
1. U.Ujuhpupui

&LCUUUL SUY asud N, MOLMCNNPLELUSPL FESOLE NRFUSPL @LUZUSNRUL

dkpohlt muphblphi nne wohnuphnid wdly F hkwnwppppniyeniip §ndynghunughl ynijplph
Shghlundlbpnubahulwl hunnlnipinibbbph pupbjuydwhh nipnyws dhunywdnippub Gjuwndudp:
Uwipuwplibpp pinipugnynid ki pupdp wdpnipyudp b pkpduyhl phiwnppnpulmbnprudp: Uju
mumdbwuppnipiul ke bGEpluyugynid F ukndudwl wnwl wynhypnypyEhughlt dwbpuwpljughb
wilpwhun/npdwdp  plnnah  wdpnippul  hwwnlnipmpiap:  Mumdiwuhpdl;  Ea 12 Jd
dwbpuplibpny guupuungws phnnbughll dnipbbph vkpddwi o dgquwl wnwybjugnii
nidbpp:  Mpnuypkbughlt Jwbhpuplbing wdpwhun/npyws  Ephuwppkunnbp  uwpdbughb
Juinnigywidpny ynije E, npl ppkihg bbpluyughnid F pupdp wdpniepudp b Eplupulbgnipjudp
plwnni:

Unwhgpuyhl punkp. pbunnb, wpnypyEiughl dwbpuyelybp, uknpdiwi nid, winwdquluinipinii
X.IOcedpu Amupwu,
J.AMxutapsan

CHJIOBAS OOEHKA ITOJUITPOITMJIEHOBOI'O BETOHA 11O, JABJIEHVEM

3a nocneonee eépemMst 60 6cem Mupe 603poC unmepec K UCNOJIb306ARUIO APMUPYIOWUX 60J10KOH ost
yﬂydmenuﬂ c])u3uK0-MexaHuquKux CBOUCME KOMNO3UMO8. DMu 0J0KHA 001A0AIOM 8bICOKOIL npovYHocmoio,
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MEepOOCmbvio U MepMOCMOUKOCmbl0. B smom uccnedosanuu npugedenvl umoeu Cuio8020 CGOUCMEa
JHcene300emona, apmMupo8anHO20 NOAUNPONUIEHOBBIM 80JIOKHOM. HMcciedosana npedenvhas cuna cocamus u
pacmsiiceHuss 6EMOHHbIX 00paA3Y08, U3LOMOGIEHbIX U3 12 MM 80IOKOH. APpMUPOBAHHBIU NOAUNPONULEHOM
JHcene300emon - IMO Mamepuanl ¢ IMOPUOHATILHOU CMPYKMYPOL, npedcmasisaowuti coboli Kak b6emou c
6bICOKOU NPOUHOCBIO U Q0JI208EUHOCBIO.

Knrwouesvie cnosa: nonunponunenosvle 0J10KHA, CULA CHCAMUSL, CONPOMUBILEHUE, PACMdICEHUe

References

1. Effect of polypropylene fibers on the strength and heat resistance of concrete. — URL:
http://ecc.isc.gov.ir.

2. Madhavil T.Ch., Swamy Raju L., Deepak Mathur. Polypropylene Fiber Reinforced Concrete//
International Conference on Advances in Civil Engineering and Chemistry of Innovative Materials
(ACECIM’14): International Journal of Emerging Technology and Advanced Engineering. Certified
Journal. — June 2014. — Vol .4, Special Issue 4. — P.114-119. - URL: www.ijetae.com.

3. www.concrete construction.net.

4. Mechanical properties of self-compacting concrete reinforced with polypropylene fibres/ O. Gencel, C.
Ozel, W. Brostow, G. Marti1'nez-Barrera. — URL: www.scielo.br.

5. Hossein YousefiAmiri, Mkhitaryan D.A. Services Fiber Reinforced Polymers Masonry Parapets
Strengthened with Fiber Reinforced Polymer (FRP)/ Institute of geophysics and engineering seismology
NAS RA// Youth scientific council of NAS RA. — Yerevan, 2013. - P.185-192.

6. Mechanical characterization of fiber reinforced Polymer Concrete: Programa de Pés-Graduagdoem
Engenharia Mecanica/ Laboratorio de Mecanica Teorica e Aplicada — LMTA, Universidade Federal
Fluminense — UFF // Mat. Res.- Sao Carlos, July/Sept.2005. - Vol.8,N 3. - URL:
http://dx.doi.org/10.1590/S1516-14392005000300023.

7. Hossein YousefiAmiri, Mkhitaryan D.A. Application of polymers in modern construction/ Institute
of geophysics and engineering seismology NAS RA // Proceedings international school-conference of
young scientists Mechanics dedicated to the 70th anniversary of foundation of National Academy of
sciences of Armenia. -Tsakhkazor, Armenia, 2013. - P.251-255.

8. Hossein YousefiAmiri, Mkhitaryan D.A. Polymer Concrete for Structural Restoration and Corrosion
Protection of Concrete Support Columns/ Institute of geophysics and engineering seismology NAS RA//
Proceedings the first international conference of young scientists dedicated to the 70th anniversary of
foundation of National Academy of sciences RA. - Gitutyun publishing hose, 2013. - P. 352-356.

9. Concrete. Reprinted from the McGraw-Hill Encyclopedia of Science & Technology, 10th Edition. —
URL: www.columbia.edu.

Upppupub  Inpku Uguwum (22, Ymdph) - 22 QUU U. lLwqupnyh why. Bphpuphqplugh b pbdEabpuyhl
ubjulwpwinippui piminpinnun, nudph, w.qu., (+374) 93896047, (+374) 55110112, dolores.mhitaryan@dex.ru, Znuukhl Sniubdp
Udpph (PP2) - Zuywuunubih ghinnipinibbkph wqquyhl wiwnbdhw, waghpwinn, (+374) 95301256, yousefih29@yahoo.com:
Mxmrapan /lonopec Aracuesna (PA, Tompr) - Hucmumym ceopusuku u undicenepnoui ceticmonouu um. A. Hasaposa HAH PA, Iompa,
c.H.c, (+374) 93896047, (+374) 55110112, dolores.mhitaryan@dex.ru, Xocceun FOcepu Amupu (HPH) - Hayuonanenas akademus nayk PA,
acrupant, (+374) 95301256, yousefih29@yahoo.com.

Mkhitaryan Dolores Aghasi (RA, Gyumri) - Institute of Geophysics and Engineering Seismology after A. Nazarov of NAS RA, Gyumri, senior
researcher, (+374) 93896047, (+374) 55110112, dolores.mhitaryan@dex.ru, Hossein Yousefi Amiri (ZRI) - National Academy of Sciences
of the Republic of Armenia, postgraduate student, (+374) 95301256, yousefih29@yahoo.com.

‘Ukpuywugyk) E°03.04.2015p.
Cunmn]t) £ nuugpmpyui’ 18.05.2015p.

111


http://www.columbia.edu/
mailto:dolores.mhitaryan@dex.ru
mailto:yousefih29@yahoo.com
mailto:dolores.mhitaryan@dex.ru
mailto:yousefih29@yahoo.com
mailto:dolores.mhitaryan@dex.ru
mailto:yousefih29@yahoo.com

ISSN 1829-4200 &TZzU.Z @hSUUUL UTUSNRE3NPULLUES 2015. 21T (58)

2871 666.9.01 chuururnNkresNkhy
U.9.2h huqupjul,

U.U.ULpdupjul,

2.U.Uwupquui

8EUTLSUSPUL LUP LPUPUUUL UN(FNQPUSE UNULRQLUZUSUNRE3NPLLENT

FPhwnnbk, Epluwppbnnik Jwpniyghbph b phljwdpakph Eplupulbgnippul pupdpugdul
Jubpppbbph duwdwbwlulhg gnulwinyeyul wjjuybbph JEpnidnippudp b huwpn kb phpyws
Phqpluphlpulul  uyl - wgpkupy  gnpdnbblkpp,  npnbp  plunbh - gjuunnp pugunpfsh
glubinnughls puph puypuydwl hhdbwlwb wundwnh b dEpnidnyeyul b Ehpuplyus o
puguhuynyjus Jnipupwiisinin wignlupy Upourjuyph blkpgnpénipul
wnwhdbwhunnlnipiniibbpp: Snyg ki wipywd, np plunnbp b Epluppbunnip philhwlwi §npnghw
nkuwmlbbphg wurpnwywibing hudup wnwyly bquunwiuhupdup b uphbunwlubnpkl hnjuly
glubinnuyght jpakph dpbbpuyughl ugup:

Unwigpuyhl punkp. gkdbinp [jpalkp, dhbbpuguyhl uwqd, §npnghw, wqpbupy dpounjuyp,
wphbuwnwlwi pup, Eplupulkgnipinti

FPhwnntt b tpiuppbwnnut Ynuunpnijghwubph b jurnygubph owhwgnpédwt thnpdp gnyg k
k), np npnp nhyplpmud phnntp tupptp htgnigubph b quqbph wgpkupy phahuphdhwljub
ubkpgnpsdwt nuly dwdwbwljh pipwgpnid fupnn £ puypuydwt Eupwpljdk): Cun npnud, ququht
dhowuypnid  phwninth pwjpwynudp  unynpupwup wuydwbwynpjus b juntwynmipjut  (onh)
wnluwjnipjudp: Fhnnth pwjpwnudp (Ynpnghwt) wpwewtnid £ h hwohy npuw dwdwih ke
wqpbiuhy Wniptph ubppwthwigdwup: Ujn Epbnygpp hwnluwbu hunbkuuhy B pbipubnd
wqpbuhy Wyniptph $hpinpdwdp pknnth Swpkpny b Swlnnhttpnyg [1]:

FPtwnnth Ynpnqhwtt hhdtwlwinid yuydwbwynpdws b ghdbkunwhtt puph puypuydwdp:
Stukuwnwjht pupp nwpwubn Uh hwdwlwupg E npp punugws b ghdkunh hhppuwnwgdut
pupwugpnid  wnwowgwsd nnupnnuidwtt nt poipknuyhtt | tnpuwgnyugnidutphg b stght
pwbwlnipjut npny shhnppuunwgqusd Yihuykpughtt hwnhubphg: Cun npnud, ghdkunh b oph
thnjuuqplignipjut piypnid tnpugnyugnidubpp hhdtwjutnud akpjuyugyus Eu pnunnnudw
quiqush whkupny, npp hhdbwlwind Jwuqudus £ Juyghnidh hhnpnuhjhjunh  tnipp
Uhypnpniptnuyhtt dwutthlubkphg: Inugnpuitdwt quiugust hp hippht dhnpynud £ juyghnuth
hhnpnupthjunh  hwdbdwwnwpwp  funpnp pmpbnubpnd:  8tdbktwnwihtt pwph  wynuhup
<hwudwlgud» Junnigqusdpp, npp Yupniy vmwppbpynd L dh pupp  Wmipbph' dbwnwunubph,
wwwlni, gqpuihwh b wyuh hwwnlnipnitubphg, yujdwiwnpnd £ gpu jnipwhwnnily
hwwnynipmiuttpn [2]:

Fiunntumd ghdkunwghtt pupp ny dhuytt ywhwp £ wywhnih wphbkunwljut jndwynghghnt
pwpughtt Wniph  hwdwdniwsénipmpiup b wdpmpnitp, wy] twb npuw hhdwt Jpu
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wuunpuunygws  Ynbunpnijghwubph  Bpupulbgmpnitp . owhwgnpédwt wwppbp
wudwutbpnid: 8kdbkunuwihtt puph juyniumpmitp twpp b wpwy Jwpidws b htnbyjug
$hqhuphupwlwt  gnpdnubphg. dhgwjwiph gkpuwjuntwjuyhtt pkdhdp hnthnjunipinihg’
wuwppbpwpwp funttwdwgnidhg b snpugnidhg, uvwnkgnidhg b hwjkgnidhg, htyybu twlb wnwppkp
punyph wgpkup optiph wqnkgnipynittphg:

Stdktnuyht  puph  wdkbwhwdwj phuynn  phdhwljut Ynpnqhwtt hwdwduyh
9.U.Unuljdhth npuuwlupqdui [3], pun ubpgnpémipjut dkjuwmtthquh wnknh b niubkund Epbp
aliny, npnughg jmipwpwbynipp owwn  phwypbpmd  wpwbdht-wnwbdht sk phuynud:
Zhdtwuwunud  ghdbunmughtt puph Ynpnghwt pupwinud kb Eplynt buwlutph Jhwdwdwwy
ubpgnpénipjudp:

Unwohtt wbuwlh Ynenqhwtt wuydwbwynpjws Lt Juyghnwdh  hhgpnupihjunh
nwpuwjugdut tplinypny: Uju niypnud §npnqhuwjh wunhdwip jupjus kE ghdknuwghtt puphg
Ca(OH)2-h (Jugudwtt wmpwgnipiniihg: fhwnnth (ghdktnnughtt punph) puypuydwtt wunhgwp twp
b wpwy Ywpws E pug b dwquinpwihtt sSwlnwhubph Swywihg, oph dwdwbwluynp
Ynownipnithg nt wjt  hwbquuwiphg, pt phuntp dupndwghtt £ ph ny: Lwth np
wynpujuingbdbunh  dhubpwjubph  hhppuunwugdwt  pupwugpmd  phnintubpnid  gnjugnn
unpugnyugnudubpp  phthwwbu  Juynit  Eu Yuyghnwdh  hhgpnupjhjunh dhuyt  npnop
Ynugkunpughwibph phypnid, wyw wyy dhugmpjut gupnibulmpjut tqugnudp phpnud E
inpugnyugnidubph dwubulh pujpuydwip b hknbwpwp phnnth wipnippub hobguwip:

Yujghnith hhnpopuhnh Unughtinmpughuwjh tduqgnudp dhtgh 1,1¢7  (JEpwhwpgwé puwn
CaO-h) twwuunnd Lt CSHe-h puypuydwtp dhtish gwédp hhdtwjunipjut CSH(B) whuh
hhnpnuphthjuwnbtph: Udbih guwsp Ynughtwnpughwiubph nbwypnid  (1,08..0,36 ¢4) ufuymd k
Jughnidh hhppnuwymudhttwnttph b hhppnwjmudwdtphwnubph puypuynidp: Zknmbwpwn jupkh
E Eqpuluwugubk], np wlwt UYnnnghuyh ujuwundwdp wybh Jumbt tu  gwsdpwhhdbwght
bhnpnupjhjuwnttpp, npnug pwjpuynidp  uluymd £ dhuyt wyt pbwypnwd, Epp CaO-h
nugktnpughw thowduypnid hounud t 0,08...0,06 ¢/:

Stutuwnuwjhtt puph 15..30% CaO-h wnwpumsdwb phypmid wdpmpmitip tuqnud k
Unnnwynpuytu 40..50%-h swihny: Finnuh nmwpujugnidt buybu jupojuws E opnid quntigng
Ca(HCOs)2 b Mg(HCOs): wwpniiwlynipiniuhg, npnup wuydwbwynpnid tu oph dudwbwjuynp
Ynownnipiniup: Puspwtt gudp E wyn dhwgnipjniutiiph Ynughinpughwi, wjtpwt gnipp thwthnily
L, huly puypuydwl wunhgwbp dks: Cun dudwbwludnp Ynonnt pjul, wgpkupy ki hudwpdmd
uy opbpp, npnugnid Ca(HCOs): U Mg(HCOs)2  Ynughunpughwbpp guwsp tu 1,4..0,7 Jg Egyr:
Pupdp §nughinpughw niukgnn onipp Jupnn k nitbbtw tnythul nppuljut wqnpkgnipnil, puth
nn phjuppniwnubph b hhnpopuhnh thnjumgnbtgnipyut nhypnid wnwewtnid k jujghnidh jud
dwqubqghnidph Juppnuwwn, nph niskihnipniup opnid dnnwynpuybu 100 whqud gusp k, pul
Ca(OH)2-hlp.
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Ca(OH)2+Ca,Mg(HCO3)2:— 2(Ca, Mg)COs+2H:0:

Unwowgnn Jwppnbwwp tuwnbiny phkwnnth Swlnwpubkph dbe, pwpdpuginmd E nppu
dwljiplnyph finnipniup’ qupdtbng wyt pujuljuthtt gpuiputhwg:

Puigh Jtpp updws gnpdntubphg, tdwb Ynpnghuwyh wpwgnipmitip jujuws b phunnth
Junnygh Ypw wqnnn oph dupnidhg: Puspwtt pwpdp b guponudp, wjipwtt gnipp punpt k
pwthwignid pinnnth swyjwih vk b Uks pwbwlnipjutt Ca(OH)2 niénud:

Fpyuyht Ynnnghuwyjh Epunypp hhdtwjuwinud paugunpynid E ynpujuingtdbiinnwhtt puph
pununphsutph wijnpy thnjuwqplgnipyudp’ ppntutph b pedughtt wntph htn: Uquin dhdwynd
ppeniutpp hwunhwynid Bu phthwluwt wpynitwpbpnipjut finunwentpnid: @pduyhtt dhowduypp
Jupnn £ wpwowtw Yntunnpnijghwtibiph dwjtpkuh Jpw §nunbumgynn ntwynipjut nhypnid,
tEpp dpuninpup wupnibwlnud £ wgpbkuhy Wniptp: @pniutpp hnjuwgptgnipyut dke dntting
ghdbiinnwghtt  pwph puwnunphsubph  hbwn, wpwewmgimd Eu Jwd owwn hbon  |nidyny
dvhwgnipniuubp, jud pnugnpuidwt unp @niptp, npnup wdpnipnit sniub: Ldwb puypuydu
htnbktuhympmiip Jupjwsé b wgpbuhy ndsnyph Ynughuunpughuyhg b obpdwuwnmhdwihg,
htsybtu twl (nisnyyph hnuph wpwgnipniihg: Epniubkph puguuwlut wqpkgnipniup ujuynid £
h hwyn qui wpnkt wyt optpnid, npntlg  pH<6: Uju Ynnnqhwyh mbkuwlukpht Bb yuwnlwbnd
punhwimp peduyhl, wshwppquiht b dwqutqhnudught ynenghwiitpp (pugh wyt nhwptphg,
Epp onipp wupnibwlnid MgSO4):

Unwgoht nhypnid pujpuwynudp pugunpynid £ mmwuppbp hbown (nidynn wntph wnwewgniuny,
npnup pwwn wpwgq nwpwjjugynid kb pkwnntihg, ophtiwl.

Ca(OH): + 2ZHCI— CaCl: + 2H>0, Ca(OH)z+ 2NaCl— CaCl:+ 2NaOH:

Ushwppyujhtt §npnqhujh pwpnid pujpunudp wuydwbwynpyws b hknbjuny. onnmd
quin]nn wshuppm quqp (CO2) (nuskny opnid’ wnwewginid k wspwppent (H2COs), nph - gusp
nugkunpughuh nhypnid Ynnnghwjh Eplnype sh nphnygnud, puth np thnjowbwdwt nkwlghugh
npupwugpnid wnwewunid £ uijghnidh juppntwn.

Ca(OH): + H:2COs3— CaCOs + 2H20:

Pupdp Ynughiinnpughuyh phwypnid wshiwppyh wykigniyp, npp hwdwpynid E wgpbkuhy,
ujumd E thnjiwqnl] twhijhtimd wnwowgus Juppntwwnh hbn® wnwewmgubiny Yuighnidh
phjuppntiwwn, npp hkpunnipjudp (nisynid kb hinwgynid hnunr opnd.

H2COs3 + CaCO3— Ca(HCO3)::

Uwgqubghnid wuwpnitwlnn wnbph pwpdp Ynughunpughwh nhypmid gpnitwnught b
hunjuwbtu éndujhtt optpnid, npnugnid MgCl-h wwpmbwlnipjniip hwuimd E 3,8 ¢,
Ynnnghwyh Epnypp nhnynud £ ujuws wpnbt npu 1,5...2,0% wwuwpnitwlnipiniihg.

Ca(OH)z + MgCL:— CaClz+ Mg(OH)::

Stukuwnwjhtt pwph (phkwnnuh) pwjpwydwb Ukl w) wwwdwnt wnuwht Ynnnghwt B

hwnfjuybu unydwnuyhtt wnkph, htyybu twb wjuhwui Ynenghwi [4]:

114



Uljujhwut Ynpnghwt ppwinid E Gpynt duny’ ghdktwnuwghtt puph Jpw Ynugkunphly
wjwhubph (nudnypubph b ghdbunnid gqungnn wjuhtbph ttpgnpénipyjudp: Uju nhupnud, tpp
piwntp hwghunid £ NaOH, KOH jnidnyputpny b htlnwqunid snpwtnid, dptnjnpnh wspwppent
quqgh wqpkgnipniup phunth  Swlinwhtbpnid wpwowgunid £ unnw b wnww), npnlg
pniptinugnidt ninklgynud L swjwjuyht punupdwlnidny, npp hwiugkgunid E ghdktivnughtt puph
pwjpujdwipn’ hwwnljuwbu tpp ghdkbnp wuwpnibwlnd £ dES pwbwlnipjut uyghnudh
wnidhtiwn:

Uljujhwut §npnghwi wnbnh E nitktnud h hwohy phwnnth pununphsubph dhol pipwugnn
wpngtutbph: Skdbunnd  dpnwybu wplu Eu wwppip pwtwlnipjut  wjjuwhwlub
dhwgmpnitubp: Uju giygpnud, Gpp phnnth wuwwnpwundwt hwdwp fhpunynud G wytwghuh
nwsnyputp, npnup wwpnibwlnd B uhjhjwhnnh pwpdp rbwlghntunitml] dbtwthnpunidubp,
ophtiwl] oyywy, Yphunnpnjhwn, oyyuhnhwi, pwnbnn b wy, npnup unynpujut gbpdwunmhdwh
wuydwutbpnid dnubnyg  thnjwgqpbgnipjut dky  ghdbuinnmd quiynn  wjuwhubph htwn®
wnwowgnid L wyuyhuh Jhwgnipinitubp, npnp  pujpuymid Bu ghdktvnwghtt pupp: Ldwt
ntwljghwubph wpyniupnd jguiyniptnh hwnhlubph dwjtplinyph Jpu gnjutnid Ea vyghunnwly
gnyuh  pnupnnuidwbt  Jhwgnipnibbtp  (wijujhwlwb  uphunibkp), npnug  hEnwqu
poiptinugnudp phpnud £ phnnuh dwljtpbuph ypu Jhypndwptph wnwewgdwp, htyybu twb
wmbnuyhtt  thphgdwtp b wnldwbp: FEunuh  Wwdwt pwjpwmidp Jupnn £ juwwpdh
ohttwpwpnipjutt wjwpwnhg 10..15 wwph hbkwnn: Unydwwnughtt Ynenqhwtn  ghdbunught
ynipbph’ dwubwynpuybu pknnuh, wdkbwnwpwsdusd phthuljut pujpuwjdwt nkuwli k:

Unydwnn wupnmitwlnng dhowupnd phwninth Ynonqhwyh wpugnipmniip jupqus b
oqnnugnpdynn  ghudktnnh  dhubpwjuyhtt  uquhg' wjhwnhg (BCa0Si02) b hwwnljuwybu
wpnidhttwnuwghtt dhitbpuyibph  wupnitwlmpniihg: Updwé dhubpwjutph vwhdwbwthuly
ynughunnpughuyh npbwypnd ghdktwnuwghtt pwpp, npwbu Jubnb, punpnpynd L pupdp
unipuwnwluniinipjudp (2, 5]: ZEnni wgnid SO« hnuh pupdp Ynughinpughugh nhypnid,
nu thnjuuqpliny Ca? Juwnhnth htwn, byuwunnid E ghuyuh wnwpwgdwp.

Ca?*+ S0+%— CaSO42H:0:

Qhwyup Ynmnuljdting ghdbuwnwhtt puph swynnhubpnid b hbnwqumud pmipEqubuny’
wnwewgunid | dqnn jupnidukp, npt b tyquunnud £ pinnth nutnun puypuydwinp:

Unydwn hntth guwsép Ynughunnpughuyh nhypmid §npnghwt puguwnpynid £ hkwnlbjuny.
Lwju unippunughlt wnbpp, ophtiwly NazSOs thnjuwqnmud ki Ca(OH)2—h hlin.

Ca(OH)2+ NazSO+— CaSO:+ + 2NaOH:

Nhwlghwih pupwugpnid gnjugnn CaSOs- htnbktuhy thnpuwugqnnud E ghdbunught puph
wpnidhtwnitph htin, wpwewgubiny wwpptp duh Yujghnidh hhppnunyduwpnudhtimntbp,
npniughg wdkbwunwiquynph bninpkughwnt k.

3Ca0ALO36H20 + 3CaSO4+ 25H20 — 3CaOAL:033CaS0431H:20,
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nph Swywp Unwnwynpuwybu 2,8 wuqud dks b thnjuwqnnn dhwugnipnitubph gnidwpught
dSwdwhg: Lodws vhwgmpnitubph pmipbnutiph wdp pipnud £ tkpphtt jupnudutph gnjugdwinp,
npnug duonidp qquihnpk UkS E, pwt phiwnnuh wdpnipiniup, npp hwbgkgunid £ ny dhugu
ghdkiinwghtt pwph (phwinth) hunbuuhy puypwydwip, wy btwb wnpuuwubk wdpwuubph
Ynnnqhuwyht [6, 7]:

Unypdunudwqutighniduljutn npnqghwt nhunynud k wjl ntwpnud, tpp
dwqubghnidwunypunp  Ynughunmpughwtt dhowduypnid  (gponibnwgh, $nduwjhtt 9pkpnid)
ghipuquugnud k£ 0,50...0,75 %,

Ca(OH)z + Mg SO++ 2H20 — CaSO+ + Mg(OH)>,
3CaOAL036H20 + 3MgSO+ + 6H20— 3(CaSO+2H20) + Al(OH)3 + 3Mg(OH): :

Ntwlghwihg htnbnmd E, np Gpp MgSOs—m thnpuwgnmud £ Jughnidh  hhnpopuhgh,

hhnpnuphthjuwwnttph b hhppnwpnidhttwnubph htwn, pugh ghyuhg wpwewunid £ thhupnil, gusdp
1nwsk hnipynit niutkgnn Mg(OH)2, npt nitih pnyy) juwuljgnn hwnlnipnit (8, 9]:

Udthnthbny ghunwpliduws phthwlub Ynenqghugh wbkuwlfubpp, Jupbih b Eqpuljuguby, np
ghdbtiinnwghtt pupp (phwnintp) puwypwynidhg wwpwnuyubint gpuljutnipjui dke hwjnuh
dvhgongunnidutiphg Eu' Yhulybkph dhubpujughtt juquh thnthnpnipmitp, Juppnthqugnudp,
thnignjuiugnidp, wunnjujuyhtt (oEpdwpuntiwduyhtt) Upwlnudp, npnughg wybkih dwwngkih b
tywwnwlwhwpdwpt E htwpwynp hpyny wphbunwlwiunpbt ninnnppjwé thnjuk; ghdkunh
dhtubpuyuyht juqup: Uy tyunwyny, twpje b wnwy, hhdttwjut jughpt £ hudwyuwnwuowt

phupwljui b dpubpwjuyhtt pununpnipjut hnidpwjhtt pununphsubph hwypuypnudp b npuig
hhuwt ypw wthpwudtsn hnidpuwyhtt pwntnipyubtph dpwlnudp:

H.B.YniauHrapsH,
A.C.MeiimapsH,
A.A.Capresn

OCOBEHHOCTH XUMHUYECKOM KOPPO3UU IIEMEHTHOI' O KAMHSA

AHanuzom OaHHBIX COBPEMEHHOU TUMePAmypbl N0 GONPOCAM NOBbIULEHUS. Q0JI208EUHOCHIU OEMOHHbIX,
JHCENe300EMOHHBIX KOHCMPYKYULL U COOPYIICEHULl YCINAHOBNeHbl Me a2pecCugHble (DUUKO-XUMUYECKUE
gaxmopwl, Komopvle AGAAOMC OCHOBHOU NPUYUHOU PA3PYULeHUs 2IA6HOU cocmasiawwel Oemoua -
YEMEHMHO20 KaAMHsL. BblsiéneHbl U NpOaHaiu3uposanvl 0COOEHHOCMU PA3PYULAIOWE20 8030CUCMBUSL KANCO020
suoa azpeccusnoli cpeowl. llokaszano, umo 0 3auumosl OemoHa U Jcenre300emona om XUMUYECKUX 8Uuos
KOppo3uu Hauboiee yenecoobpasHbIM SA6I8emcs UCCKYCMBEHHOe U3MEHEHUEe MUHEPAN0SULecKo20 CoOCmasa
YEeMEeHmHO20 KIUHKepd.

Kntouesvle cnoea: yemeHmuwlli KIUHKEp, MUHEPANLOSUHECKUL COCMAB, KOPPO3Us, aAepecCusHdas cpeodq,

uCKyccmeeHHbuZ KAMEHRDb, 00/1208€4HOCTb

116



N.V. Chilingaryan,
A.S.Meymaryan,
A.A.Sargsyan

FEATURES OF CHEMICAL CORROSION OF CEMENT STONE

By the analysis of modern literature data concerning the problems of concrete, reinforced concrete
structures and constructions are set the aggressive physical and chemical factors which are the main causes
of concrete and cement stone degradation. The features of the damaging effects of each type of aggressive
media have been revealed. Literature data summarization resumed that the artificial change of cement
clinker mineral composition is most appropriate to protect the concrete and reinforced concrete from
chemical types of corrosion.

Keywords: cement clinker, mineralogical composition, corrosion, aggressive media, artificial stone,
durability
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IOPEKTUBHOCTDb UCIHIOJB30BAHUA JOJOMUTHOI'O CBIPbSA APMEHUUN
JJIs1 TIOJTYYEHUS CTPOUTEJIBHBIX MATEPUAJIOB

Tloomeepoicoena snepeemuueckas IQPexmusHocms BPoU3800CmMEa 00IOMUMHO20 8axcyueco. Hcxoos
U3 00CMaAmMoYH020 NOMEHYUANA IKCIIIYAMAYUOHHBIX CEOUCME U HANUYUSL CbIPbeBOl 6a3bl, GbLOSUHYMA UOes.
yenecoobpasHOCmu e20 WUpPoKo2o npumenenus 8 PA 63amen nopmianoyemeHmnozo u sunco8oco Gaicyuux
6 mex Oompacisix CMpOUMeNbHO20 HPOU3BOOCMEa, 20e  (DYHKYUOHANbHbIe NOoKA3amenu OO0JOMUMHO20
8A2ICYWe20 Hapsady ¢ mpedyembiMu QUIUKO-MEXAHUYECKUMU NOKA3amensamu 00HOBPEMEHHO 0Oecneyusaiom
Maxaice 0eKOpAmueHOCMb, XOpouile akycmudeckue u opyeue Xapaxkmepucmuxu npooyKyuu.
Knwouesvie cnoea: macHesuanrvHoe — esdicyulee,  KAYCMUYECKuul — 0oIomum, — dHepeocbOepediceHue,

MepMOOUHAMUYECKULL MEMOO, T1YCA030PCKULL OOLOMUM

B HammonaneHoM yHEHBepcutere ApxXxuTeKTypel W CrpouTenbcTBa ApMEHHH pPa3padaThIBAIOTCS
CTPOMTEIbHBIE MaTepHalibl HOBOTO TIOKOJICHHMS Ha OCHOBE XOpolio 3abbitoro imemenra Copens ¢
HCTIOJIb30BaHUEM JI0JOMUTOB PA.

B cBsi3u co BceBO3pacTalOMMMKU TPEOOBAHUSAMH TI0 SKOJIOTMYHOCTH, JIOJITOBEYHOCTH, S3KOHOMHUYHOCTH
CTPOUTENHHBIX MaTEPUAIOB B MOCIEIHIE TOIBI s 01aroycTpoiCcTBa 3aHuil Bce Ooiee TBEpAbIe TIO3UIINN
3aHMMAIOT MaTepHallbl HA OCHOBE MAarHe3WalbHBIX BSDKYIIUX, Ha3BaHHBIC CTPOHUTEIHHBIMH MaTepUaTaMu
XXI B. MarHe3uanbHble BSDKYIIHE — KayCTUYECKHA MAarHe3WT W KayCTUYECKHH IOJIOMUT OCHOBHOE
MIPUMEHEHHUE B CTPOUTEIHCTBE HAILIN B (JOPME PA3IMUHBIX CTPOUTEILHBIX KOHCTPYKIIUI C OpraHUIeCKUMU
" MUHEPaJIbHBIMU  HANOJIHUTEISIMH.  MoauduiupoBaHHOES CIICIMATbHBIMA ~ MUHEPAIBHBIMUA |
MOJIMMEPHBIMU  TOOABKAMU MAarHE3MaJIbHOE BsDKYIIICE WMEET BBICOKYIO BIJIATOCTOMKOCTH U TPHUOOpETaeT
ruapaBinyeckue cBoiictBa [1-4]. Ha wMarHe3uaqbHBIX BSDKYIIUX POCCHHCKAas IPOU3BOJCTBEHHO-
cTpoutenbHas koMmmnaHus “Copenb-DKOoN0MKH” MPOU3BOJUT CTPOUTEIbHBIE M JACKOPOTHBHO-OTICIOYHBIC
MaTepuajbl 1Mo OOIIMM Ha3BaHUEM “MarHOJIUT’: OOJIUIIOBOYHBIC CTCHOBBIC MAaTEpUAIbl, CTCHOBBIC
MEHOMarHe3uallbHble Ma30rpeOHbIe  OJIOKW, TEIUIO3BYKOM3OJISIIIMOHHBIE TIOACTHJIAIONINE CIIOW  TOJ
HAIOJIbHbIE TIOKPBITHS X MAaTEPUAIIBI TS IIPOMBIIIIEHHBIX BHICOKOIPOYHBIX MOHOJHUTHBIX 1MOJIOB [5].

Ha ocHoBaHWM oOmbITa YCTPOWCTBAa M IKCILIyaTallMH IOJIOB HA MarHe3WalbHOM BSDKYIIEM JENAl0TCs
BBIBOJIbI 00 WX YHHMKAJILHOCTU U NMPAKTUYECKH HICATHHOW 3KOJIOTHYECKON Oe3omacHOCTH. B HUX ymauHO
COUETAIOTCS: BBICOKAs MPOYHOCTH MpPH  yAape, CXKaThM, W3rude W PacTHKCHUH, H3HOCOCTOHKOCTD,
HETOpIOYECTh, OCCHBUILHOCTh, aire3uss K OCTOHHBIM  OCHOBAaHMSIM, AHTHAJIEKTPOCTATUYHOCTD,
MacJI00€H30CTOMKOCTh, BBICOKAS TEXHOJOTHUYHOCTh IPOM3BOJCTBA PadOT, HU3KAs MOPHCTOCTD MOJTydaeMOM
MMOBEPXHOCTH, MTPaKTHUYECKast 6€3yCa0qHOCTh H JP.

B omiuunMe OT THMCOBBIX W3JACNUN OOJUIIOBOYHBI MarHe3uaibHbIi KameHb “Sorel-Ecology”
MPUMEHSETCS KaK JUIs BHEIIHEH OTHENKHM 3MaHWN, KaK W I BHYTPEHHEro O(QOPMIICHHUS CTEH, KOJIOHH,

KaMMHOB M JpYTHX JeTaneid HWHTephepa. VI3BECTHO HCMONB30BaHUE KayCTHYECKOTO JO0JOMHUTa JUIS
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MOJyYeHUS! KPOBEJIBHOTO JIMCTOBOTO BOJIOKHHCTOrO MaTepuana (Oenblii mmdep), TerIoN30IAIHOHHBIX
MaTepHajoB, WITyKaTypku u nap. K 4wWciay mpenMymiecTB MarHe3WalbHBIX LEMEHTOB MOXKHO OTHECTH:
OTCYTCTBHUE YCaJKW TpU TBEPJACHHUM, BBICOKas TBEPAOCTb, HM3HOCOCTOMKOCTh M YAAapHAas NPOYHOCTH,
JOJITOBEYHOCTh, BBICOKME aATC3UOHHBIE CBOMCTBA, CBETJIBI I[BET, BBICOKAs IUIACTHYHOCTH H
TEPMOCTOMKOCTh. MarHe3snaabHOE BSDKYILEE MOKET 3aMEHHUTh TaKXKe TUIIC, JOCTATOYHBIX 3aI1acOB KOTOPOIO
B ApMEHWH HET.

B crpouTenbcTBe At BHYTpEHHEH OOMIMBKY CTEH, IIEPETOPOIOK U MIEPEKPHITHI TOMEEHUH, HMEIOTIIIX
OTHOCHUTEJIbHYIO BJIaKHOCTH BO3Ayxa He Oojee 70%, MIMPOKO MPUMEHSIOT CYXyI0 THUIICOBYIO IITYKAaTyPKY
WA THUICOKAPTOH. JTO - JIMCTOBBIM OTIEIIOYHBIA MaTepuall, M3TOTOBJICHHBIM M3 CTPOUTENBHOTO THUIICA C
MUHEpaTbHBIMU WIH OPTaHMYECKUMHU J0OaBKaMu WM 0e3 HUX B BUJE cepAeyHHKa ToMIuHOHN 8, 10 u 12 aum,
00JIMIIOBaHHOTO KapTOHOM. [IpuMeHeHne Cyxoil ITYKaTypKH YCKOpseT IPOU3BOACTBO OTAEIOYHBIX paboT
[0 CPaBHEHHMIO C  OTIITYKaTypHUBAHUEM IIOBEPXHOCTEHl MOKpPHIM CHOCOOOM, 3HAYUTEIBHO COKpallaeT
TpyRo3aTpaTel U pacxon MarepuayoB. [WIICOKAPTOH XapakTepu3yercsl XOpPOLIMMH TEIIo- U
3BYKOM3OJIILIMOHHBIMHU CBOMCTBAMH.  BBHUIY OTCYTCTBHS CBIPbS U NPOM3BOACTBEHHBIX MOLIHOCTEH AJIS
CTPOUTENBHBIX HYKA B APMEHHIO THIICOKAPTOH UMIIOPTHPYETCs. MexXIy TeM, aHaJOTHYHO THIICOKAPTOHY
Marepuali MOXKHO TOJIy4aTh Ha OCHOBE JIOJIOMHTOBOrO BshKymiero. Hamm paspabotku [6] mo moaupukanmu
JOJIOMUTHOTO BSDKYIIETO C LIEIBbI0 PEryJIMPOBAHUS CPOKOB CXBATHIBAHMS UM TOBBIIIEHUIO BOJOCTONKOCTH
JOJIOMHUTOBOTO KaMHS MO3BOJISIIOT MPHOIM3UTH TEXHOJIOIMYECKHUE IMAapaMeTphl CXBATHIBAHUS JOJIOMHTA U
TUIICAa, A 3HAYUT WCIONb30BaTh OOOpPYINOBaHHE MJIS IIOJyYCHHMsS THIICOKapTOHAa [UIsi IPOU3BOACTBA
“monomuto-kapToHa”. IlocmemHnii OT THMOCOKapTOHA OyAET OTIMYAThCS BBICOKON BOAOCTOWKOCTBHIO H
MIPOYHOCTHIO.

ChIipeM 11 TOTyYeHUs] MarHe3UAJIbHBIX BXKYIIUX CITy>KaT JOCTaTOYHO pacHpOCTpaHEHHbIE B MPUPOE
KapOOHATHBIE TMOPOJBI — MAarHE3UT M JIOJIOMUT. DTH TOPOABI IIHUPOKO HCIOJB3YIOTCS B TPOHM3BOACTBE
OTHEYIIOpOB, IIEMEHTa, CTeKIa M KepaMHKH. B ApMeHHH HeT NpOMBIIIJICHHBIX 3allacOB MarHe3uTa, HO
OOHapyXeHbl M HCIONB3YIOTCS B COCTABaX Pa3IMYHBIX CHJIMKATHBIX NPOAYKTOB MOJOMHUTHL. M3BecTHO
BOCEMb MECTOPOXIEHHH JOJIOMHMTOB, M3 KOTOPHIX pa3BeAaHbl IBa MecTopokaeHus — Jlycamzopckoe u
Ap3sakanckoe. llepecniexktBHBIM siBisieTcss Jlycan3opckoe MECTOPOXKICHHE JOJIOMHTOB C OTPOMHBIM
3amacamu (~2900 MJIH T) KOHIUIIMOHHOTO CHIPhS, IIPUTOTHOTO TS IPOM3BOCTBA CTEKIIA, OTHEYIIOPOB ISt
LEMEHTHOH U METaJUTyprHYeCKON MPOMBIIIJIEHHOCTH, MarHE3UalbHBIX BSKYIIMX W JaKe U M3BJICUECHUS
METaJUINYECKOTO MarHusl.

TexHoj0rusg MarHe3ualbHBIX BSKYIIMX MalodHeproemka. s mojydeHus] KayCTUYeCKOTO JO0JIOMHTA
nopoja oOxwuraercs mnpu Temneparype 650..750°C, 3areM wu3Menp4aercss 0 TOPOIIKOOOpPa3HOTO
cocrosHmsg. Kak M3BecTHO, MOpTIaHALIEMEHTHBIN KIHHKep oOkwuraetcs rnpu temmneparype 1400...1500°C, u
SHEPTEeTHUYECKHE PACXObl Ha €ro MPOU3BOJCTBO BEUKU. A MEX]y T€M, BO MHOTHX cepax HCIIOIb30BaHUS
MOPTJIAHIIEMEHT MOKHO 3aMEHHUTh MEHEE SHEPrOEeMKHM KayCTHUECKUM JOJIOMUTOM. B 310l CBA3M
OOJIBIIION WMHTEpeC TPENCTABISET OICHKAa SHeprodGdEeKTUBHOCTH Ipoliecca MONYyYeHHsS MarHe3HaIbHBIX
BsOKymuX. C 3TOH LENbI0 ¢ IPUBICYEHUEM TEPMOJANHMAMUYECKOro MeToza [ 7-9] paccunThIBAJICS yAeIbHBIN
pacxoj Temia Ha OOXKHUT BSOKYIIMX. MeToHKa OLIEHKH COCTOsIa B MOJICIIMPOBAHUY Mpoliecca.

VYcinoBHOE — pa3zieleHHe TEXHOJOTMYEeCKOro TIpolecca Ha  CTaAWM IOJOrpeBa MaTepuana Jao

TEMIICPATYPHI Pa3JIOKECHUA U U30TCPMHUUYCCKOr0 HArpe€Ba MoO3BOJIACT paCCUYHUTATh pacxXxoJ TEIJIa Ha HArpes

(g) mo hopmyse:
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Cy1+C.
9= Cy(Ty —Ty) = P22 (T, - Ty),

rie Cpy ¥ Gy - TemnoemkocTy pu temneparype Ty = 298 K u temneparype o6xura Ts;

Y Ha U30TEPMHUYECKOE Pa3NIoKECHHUE M0 ypoBHEHHIO Kupxroga
0 —ALJ0 T
AHp =AH39g+ fTO AC,dT.

Wcxommusie TepMogHaMUIecKyie JaHHBIE IPUBEJEHE! B Ta0I. 1

Tabnuya 1
Hcxoonvle mepmoounamuueckue oannovie [9]
Coegunenue —AHYg, C, = f(T), x/(moanb. rpaj) T, K
K/DK/MOJTB

CaMg(COs)2 2326,30 156,19+80,46 - 1073T — 21,59 - 10° T2 298...1100
IDOJOMUT

CaCOs 1206,88 104,52+21,92- 1073T — 25,94 - 105 T2 298...1200
KaJIbI[UT

MgCOs 1112,94 77,91457,74 - 1073T — 17,41 - 105 T2 298...1000
MarHe3muT

CaO 635,55 48,83+4,52 - 1073T — 6,53 - 10> T2 298...2000

MgO 601,83 42,59+7,28 - 1073T — 6,19 - 10> T2 298...2100

Ca02 393,51 44,14+9,04-1073T — 8,54 - 10> T2 298...2500

B COOTBETCTBHH C [aHHBIMH, MOJydeHHBIMH panee [10], pacuer AHY peakuuu pasnoeHHs
nosnomuTa pousBoamics A peakiun CaMg(CO,)—»CaCO3+MgO+CO,.
PacyeTHbIE U CPAaBHUTENIBHBIE MTOKA3ATEIM O0XKHUTOBBIX BSUKYIIUX: W3BECTH, IEMEHTHOTO KIMHKEPA,

KayCTHYECKOr0 MarHe3UTa M KayCTUYECKOro JOJIOMUTA TpHBEACHBI B Tabu. 2 [11,12].

Tabnuua 2
Yoenvnwiit pacxoo na odscuz easxncyujux
HaumeHoBaHMe MaTepHAIOB Jlanusie TemmepaTypa, Y nensHbIi Hcrounux
K pacxop, Temna,
K/DR/KT
Bosgyurnas u3BecTs dakTuueckue 1373...1523 1780...1790 [11,12]
pacueTHsIe 1173 920...1660 -
q+AH?
Kaycruueckuit maruesur (dakTuyeckue 1023...1073 1441 [12]
pacueTHsIe 1000 872...1258 -
q+AH?
Knuukep nopriaHiieMeHTa dakTuUeckue 1673...1773 2900...3750 [12]
IIpU CYXOM cIIocoGe 3150...4190 [11]
IIPOU3BO/ICTBA TeopeTHd. 1600...1800 [12
AH?
Kaycruueckuit zomomur pacuernbie AHY 1000 411...743 -

HpI/IBeZIeHHBIe ImokKa3aTejii CBUACTCIIBCTBYIOT O CpPaBHUTCIIBHO MaJIou OHEPro€MKOCTHU TEXHOJIOTUHU

KayCTHYCCKOIro Marb"e3urta U JOJIOMUTA. aq)(i)eKTI/IBHOCTB OKOHOMUHM TCIUIA IIPpU 00KHTre 0COOEHHO
3HAUYUTCIIbHA Ha CTaAuu MpoHecca ,Z[eKap6OHI/I3aI_II/II/I nopon 60.]'[[)]].[6, 4YeM JBa pa3a IO CPaBHCHHUIO C

HN3BCCTHIO U CIIC OoJIbIIIE - TIO CpPaBHCHUIO C KIIMHKEPOM LICMCHTA. O,Z[HaKO, TOBOpA 00 PKOHOMMH TeIlIa npu
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MOJYYEHUH BSDKYIIETO, HaJJ0 UMETh BBUJLY, UTO B CIIydae 0OXKHra JIOJIOMUTA TETIO PacXOoAyeTcs Kak Ha caMo
BSDKYIIlEe, TaK U Ha YTJICKUCIBIA KaJbIlMid, KOTOPBIH MPH TeMIepaType JeKapOOHHU3aIMK JOJOMHUTA HE
pasznaraeTcsi W B JIaHHOM Cllydae SIBJISICTCSI MOJICKYJISPHO-IUCICPTUPOBAHHBIM  HAIOJIHUTEIIEM B
cootHomennu MgQO; CaCO;z; npumepho 3:7.

CokpalieHue KOJHYeCTBA AKTHBHOTO BSDKYIIETO HE MOXKET HE OTPA3HTCS Ha €ro MPOYHOCTHBIX
nokazarensx. B Hamem cioydae aKTUBHOCTh KayCTHYECKOTO JOJIOMHTA, 3aTBOPEHHOTO PaCcTBOPOM
XJIOpUCTOrOo Marums, coctaBuia 28,2 Mlla. TIoHATHO, YTO TIPH TPOSKTHPOBAHWUH COCTABOB OETOHOB C
Pa3IUYHBIMUA  3aNOJHUTEISAMH HAJ0 OPHCHTUPOBAThCS HA MPOYHOCTH HWKE YKa3aHHOW ILIaHKH.
Jlycansopckass  JOJOMHTOBas TOpoOJia MO COJNEPKaHMIO akTHBHOTO kommoneHta M@O — 28,3% wu mo
kpacsiuM okcuaam — Ti0, + Fe,03 — 0,4% cunTaercst OTIMYHBIM CBHIPHEM JIUISL TIOyYeHHS KayCTHYECKOTO
nonomuta. CoJiepKaHue KpacsIuX OKCHJIIOB B CHIPhEBBIX MaTrepualiaX 0elloro IeMEeHTa OrpaHHYHBACTCS
1,0...1,5 % [13,14]. O6G0oxeHHBII KayCTHYECKUI TOJOMHUT UMEET CBETIIBIA OCKEBBIH IBET, a 10OABICHUEM
KepaMUIEeCKHUX KpacHTEIICH U3 HEro MOYKHO TIOJYYUTh [IBETHBIC BOKYIIHE. DHEprocOeperarorias TeXHOIOTHs
BSOKYIIETO M JIOCTATOYHBI TOTCHIMAT TPOYHOCTH M IKCILIYaTAIMOHHOW HAJCKHOCTH SIBISIOTCS
0€3yCII0BHBIM OCHOBAaHHUEM JIJIS €0 00Jiee IIMPOKOr0 UCIOIh30BAHMS B CTPOUTEILCTBE, B TOM YHCIIC B3aMCH
MOPTJIAH/IIEMEHTa U THUIICA, TaM, ric¢ (yHKIMOHAIbHBIC MOKA3aTeIH JTOJOMUTOBOTO BSDKYILIEIO HapsIy ¢
TpeOyeMbIM ypOBCHEM (PU3UKO-MECXaHMYCCKUX II0Ka3aTeje OJHOBPEMEHHO  O0OECICUMBAIOT TaKkKe
JCKOPATUBHOCTbD, aKyCTHUECKUE U IPYTHUE XapPaKTEPUCTUKH TPOTYKIIHH.

Pa3paboTka HOBBIX BUIOB 3()()EKTUBHBIX CTPOHUTEIHHBIX MATEPHATIOB-ICKOPATHBHOTO JTOJIOMHUTOBOTO
IEMEHTA, TETUIO- U 3BYKOM3OJISIIMOHHBIX BOJOCTOUKUX OCTOHOB, TEIIOM3OJISIIOHHBIX MEPIHUT-T0JIOMUTOBBIX
M LEJUTIOI030-10JIOMUTOBBIX MAaTEpUaloB U U3JCIHN, JCKOPATUBHBIX HAIMOJBHBIX OCTOHOB Ha TSKEJBIX
3aMOJIHUTEINISAX, CYXHX CTPOUTENIBHBIX CMECEH i1 IITYKaTypKd M CTPOMTENBHBIX PAcTBOPOB M HX
MPOMBINUICHHOE BHEIPCHHE — TakoBa IIporpaMma II0 HKCIOJb30BAaHUIO JOJIOMHUTOBOIO ChIPbs B
CTpOUTENHHON HHAYCTpHH PecyOnukn Apmenusi.

E.(r.Uwhwljul,
U.U.Upqnudwiuly,
U.U.ZnJhwbuhuyui

2U8UUSULP MLNAUBRSUSPL zNPULP OGSUSNCOUUL UMBNRLUYESNRE3NR UL
ChuUruruyuy v3NkETrh USUSUTUNL ZUUULN

Zwunwwnyws o popdhunughl Juwwlquiynieh wpunwgpnippul o Fakpglnpl
wpyniinuybunnipiniap: Gjakinyg swhwgnpdnpuilul hwnlwiprbbph pudjupup Gbpnidhg b
hmdpuyhl puquyh wnljuynypntbhg, wowe F pusywd quipuihup ' 22-nud wnpuywingkdEnuyghl
b qghwyuuyhl Juwwlguigniplbph hnpnupki ppu juylh Ghpundwl  ywnwluhwupdupnyeul
Ybpupkpywy, wjbyhup shtwpuwpuiul apppnbbpnud, npoky gopndpnughl jugulgulnieh
gnpéwnwlwl gmgulihobbpn wwhwioyny phghlumdlbpnuiahljului pinipugnbph hkn JEhnky
wwwhniyynid ki bl wpununpuibph nEinpuwnpynipini b, juy whiniuwnpl b wyy phnipugpbp:
Unwigpuyhli pwnkp. dwqbbqhuy [uwwlgny, Juniuwnpl pondpwn, Fhkpqupibugngnieindl,
plpunphliuudhl bnwinul, [niuwdnph pnindpwn
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E.R.Sahakyan,
A A Arzumanyan,
A.S.Oganessyan

EFFICIENCY OF DOLOMITE RAW USE OF ARMENIA FOR OBTAINING
CONSTRUCTION MATERIALS

The energetic effectiveness of dolomite binder production has been confirmed. Based on the

sufficient capacity of operational properties and availability of raw materials, the idea the of expediency of

its widespread use in RA was put forward instead of Portland cement and gypsum binders in those sectors of

construction, where functional indicators of dolomite binder along with the required physical and

mechanical properties at the same time provide a decorative, good acoustic and other characteristics of the

product.

Keywords: oxychloride cement, caustic dolomite, energy saving, thermodynamic method, lusadzor dolomite
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Yhunwplnid kb hnglnuduyhl nunpyudphbph  dwlbplnipughli Jupmggwdpp b
wnpwhdbwhwwnlnipnibbbpp  jupnidbbph  §ninwlpsbbpny  wynpwuuyw  hopdwindnipbbpnid
(d =20 i), npnbp unpbjun/npmd kb jhubpnbbph  wiuwnwipughll dwlbplngpbbph  Jpw
wwpnipwgshph wnluynyemniap: Lugpuynidabph wnbkhbhiulwb wpunnnpnonid  Junnwplyng
hywwnwlny [nunpjudpbbph dwlbplnipuyhl skpunkph  dphpnlupdpnipinibbbph  swihdwil
wpyniipny uwwnwugyly ki phgpkupnt  hwyjwuwpmdiakph  hwdwlupglp, npnbg  dhongny
hinupun/np F Jkpulwighl; puypuymdl  wnwowgnus  ghljuyhll  ghppupmidbph b
tphupuwlbgnipinibbbph wipdbpabpp:

Unwigpuyhl punkp. jupnidbbph [nunwlhs, hnqluuduyhl puypuynid, fnuinpijudph dwlbplnigp,
Uplpnlwpdpnipnil, kbl wpuwnnpnonid

Swtwwywphwyhttwpuwpulut dbkpktwtbph b mpubtuynpuuwghtt dhongutph dkpktwdwutph
Ynunpjwoépubph punipwugphy hwnynipnibbbpt wdbjh hwdwp hp hwjwn Gu qujhu dwph
qupgqugdutt  Yhubnhuygh b Ynupdwsph dwlbpbnyph YJupnigjuéph hbhunwgnundub
wpyniipnid: Uy juwwlgmpjudp hbwnwppppnipnitn bt ubpjuyuginud - dkpiwdwubph
Ynunpdusputiph junnigyuspujhtt hwnynipnibubph hbnwgnuunid nt hwdwljupgnidp, npntp
punpny Lu géwjhtt b pwpn jwupduwéwyhtt Jpdwubph nhypmd wuppbpulwb phintdwbnipiut
hhdtwlwt mbuwljubpht [1]: Apybu jutnt, hnquwdwjhtt yninpywsph qnpéppugp qupquunid
E pupwl dwltpimpuyhti obpnbpnid, hhdbwlwind jupdwt ninwlhsubph nbnujuwdwu
gnunputpnid’ wpwbdht jud hwdwnbky wqgnn Juwuwlup gnpsnbubph welumnippudp: Uwn
phlunpmd £ pwpn Ynunpuspwputwljut hbnmwgnuinipiniuttph b dhpnjunniguspuhe
swhnidubph  hpwlwbwgdwi  wuhpwdbownnipni, pwth np  hnquwswihtt  Ynwupdwsph
Junpnigyuspnid wyyupq wpuwgnus b pwjpwydwb gnpdpupwgh pnnp thnybpp, wpbkph
qupqugdutt  fwlwwnubkpp, hyywbu twb  Ynupduwsph  Gupwdwlbpbnipwihtt  skpunbph
Upypnyjuunpl nhpnplwghuyh wunpdwp [2]:

Znguwduyhtt Ynuupjusph qopdpupwugn b onuljwdl Lwptph gwljunubtph qupgugnudu
ninbklgynid L Ynupdudphtt hwpwlhg dwlbplnipughtt stpnbph  $hqhjudbwthjuljut
Jhdwlh thnthnjumpudp, puyg wybkjh gwép wunhdwiny, pwb dwlkplnipuyjuunhl
phdnpuwghuyh  phwypnud:  Yntuwpnighntt  wmpbph  pwypwnudubptt wpnh  opowtnid
nywnpnipjut jhunpnunmd G, pwth np wyhwwnwipwiht wpugmipnitubph pupdpugnudp,
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wpununpoujuinipjut wdh  dqunudubpp, Yntuwnpnijghwibph  woppwwnwtpp  dwypuhtn
wuydwhikpnd b gpu htwn dbljnky wpnunpmipyub puin nppuitpoid b npobugnpuowghb
hudwlupgmd  vwppwynpmidubph  htnbuuhy owhwgnpénidp Jbpohutitphu  Swpwnipjuu
hpwlwlh gnuuywowph uywndwt wwwdwnny hwibqkgpl] Ebu Jpwptbph b wpnwunpulub
huwthwtnidubph nbwpbph Yupniy wsh (3, 4]:

Untuwnpnijghwibph  puypwydwtt  wuwwnmdwnubph pulgulhul]mnu[]}‘ nu  hwdwihp
niuntdtwuhpnipnit k, nph  pbpwgpnid  wuhpwdton b ppwubtugul; phntdwdnipjut
JbEpnidnipnit, uwnnigl]  popnibwlmpyut hwoduplubpp,  Juwuwpl]  puypuynidubph
Jpdwljugpujut  quwhwinnmuubp, mumdbwuhpl] §ntunpnijghumd . unuujowtiunn
pununpudwubph  thnjuwgpbgnipnibubpp,  ww) twjwgduyht,  wkjbnnghwlwit L
owhwgnpdwljutt  dhgnguemidutph hwdwhp quwhuwnujutp:twhwugnpbuljut  punyph
pwjpwnidibiphg wpwbdtwtinud Bt hnqwswyht Yninpusputipp, npnp puwn Jipehtt nyjuubph,
Juqunmd &u  Ynbunpmlghwibkph Ukpdiph unn 70 %-p:  Znghwduyht  puypuymdp’ nu
hnjujuyulguws  unipdpypnulnwhl U dpypnuynwhl  pwypuwynmdttph Up - wdpnpgufut
gnpépupwg b, npp Ynbunpnijghnt yynmiptph dhijpnéwduitpnud pipwinid £ npnpwljh punyypeny
b ophtwswihnipnitubpny: Ujn gqnpépbpwgh wpwbdtwhwnlnipniuibptl wpunwugnpynud tu
Jtpouwmjninpyusph mbuph b jurnigdwsph Yypw, nph yEpnidnipniup poy) junw Jepujutquby
hnquwéwjht puypuwydwit nne pupwgpn [5]:

Znquwdwjht YEpetwlnuinpjusph Ypu Jupkh £ unwtdmgiut) hbnlyw) nknudwutpn [6].

w) bwpibwlwl puypuydwl opwpr — npubu Juunb, wnknupwojus L wojawwnwtipughe
duljipinyph Ypw, nmp gopémd Bu  wpwybjugnyt  jupnudubpp  qupnudubph
Untnwlhsubph Jud dwlbplnipwjhtt Juwuusputph hwngwénid): Fupdp ghljjught
gipjupnudubph nwpnud Jupnn b uludl] dh pwih hwndwsutphg jud hwunbu quy
dvhwutwljut gninhny,

p) dwph qupqugluml wbpwdwu - niuh ownwynujhtt nupnnipjudp  puuwynpydus
wlnuhutph wkup, npp thwunnpbt §wph gnunm htnph E juupjws phnt]wénipjub
wqnUut punyphg b wbkuwlhg, wojpiwunwipuyhtt dwibplinyph tqpugshg (Uwénighl
pwjpwyniu),

q) hnghwduyhli JEpohwlnunpyudph wnknuidwu - Jdbphuiwdwuh Juubquynp hwwnnyph
hpwwt dwltpbuh qquiph tjuquwut hbwnbwupny swwn Jupd dwdljbwnnidptpugnn
unnwwnhly ptnyph pujpuydw wpyniup (hupnit puypuynid):

Uwsénighl] pujpuydwtt wbknudwuhtt punpny b wlnuughtt  dhipnjuemigdusp, npp
Alwynpynid £ hwdwdwdwbwl pipwugnn Epynt Eplnypubpny: Mwuppbpuljub pEntdwénipjut
twptwjut thnynud phupnughwubph b Juijwbuhwibph Yninuljdwt punphhy wnwowgus
unipdhpnuljnyhly dwpbph ququputphtt gnpénn qquih gipjupnidubpp ppwind Eu wjuwuwnhly
phdnpuwugws dhipnébwdujutph wd, npnugnd pEdnplugdutt npnowljh wunmhfwithg hkwnn
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wnwowlnid ki jugnudubp b wlnuwjhtt qupqugnidubp: Fpw htwn dbjunbn, thnhnjulut
pintjubnipjutt mwl] pupwind £ wppbtt wopwowgws dhYpndwplph wthtph huwnktuhy
hyulgnid b dwljtplinipwjhtt yyuunhl wdpugnid: Npny ghypbpnid (hwdwwnbn ghljjuyhtt snnwd
b nnpnud) wlnuplubph owpwynuyhtt wép thnpund £ hp nippudnipmitp b puypuwydwb
Eqputhwijhs thnynid thpupnit puypuydwts mbnudwuh kqpugsh ajundwdp gnputhnn k nuntnud
wyn thnynd nnpnn  jupnudubph wqpbgnipjutt wdh punphhy: Snmiudwpuwyhtt wpyniupny
Ahwynpdnid  t dwémghly pugpujiwi nne  wknudwup  pwpwinuyht wlynuhlikpny
Jhwwhnyws duljtplinypeny:

QOhlupnit puypuydwtt mbnudwup ukp- b dhphwnhujhtt puypwydwt punype L Ypnwd, npp
hnqwédwyhtt yhpptwpuwypuydwin mpwuq b tgputhwlhy gnpépupwugh wpyniupuk: Ugt unynpupup
Juqunud E dbpktindwuh Epljupuljignipput gnjuyqupwph Udnn 2 ... 3 %

Untuwnpnijghwibph pujpuydwt quwnmdwnubph pugwhujndwi b guwhwwndwt hwdwp
Juplnp  Wwbwlnipmnit  nith  hnquwduwghtt Ynupuéph  dwlbplnyph  dwbpwlplhn
htwnwgnunudp, npnghbnb npu jupnigquépmid hunwly dbwdnpdus b ubpluyugus tu
pwjpujdwit pnjnp thnykptt nt wmbknudwubkpp, npnug Jbpnisnipjut wpynitipny Jupbkh k
JEpuljwiqul] puypwydwt nne pupwgpp, hul] Ynunnpjusdph mbkupp gnigunpnid k phntujwénipjui
nkdhdutph wnwdtwhwnlnipmniuutpp b jhpundws Ynuunpnijghnt yniph £hown ptnpnipjut
wunhdwbp [7]: LVdwb wuwydwbiubpnid wpnbt hull welw  hnquwdwihtt  puypuwynidubph
wuwndwnubph quwhwndwi hwdwp tyunwlwhwpdwp Ehnquuswghtt Yninpusph puypuydu
nbnuiwubpnid  hwdbdunwpup  dwnskth' HV dhypnjupspnipput sunhdwh  dhpanh
Yhpwenidp: Yw Gupwunpnud £ dbphutwdwubph  wnwtdhtt judpiphtt punpny hnqwdwjht
pwjpumdubph phwypmd AV swhnudubph  judpupwtwlh hpwlwbwgnid, nph pbpwgpnid
puguwthwjinynid tl ophtwsuthnipniubp oghljughtt gipjupnidubph 61 N
Epupwlbgnipmitubph puquuswth $niujghwubph mbupny, jupwsé pintusdph nbkuwlhg b
thnthnjudwt punyphg, dbpttwdwubph ymphg b Epjpuswhwlut wqupudtnptphg, npnup b
wpyniipnid gupumd b hnquwdwht puwjpuydwtt wwwdwnubph  quwhwwndw
dupbdwnhujut  donkjukp:  HV dhypnupdpnipniuitph vnwigupn  suhnwdubp
hpwlwbwgubime  hwdwp TOCT  9450-78) Unwpywébpubph wnwbgpwjhtt  hwwnnypeny
wuunpuunyws L Jhywhnusputp b oquugnpdjws L IIMT-3 dwluhoh qopshpuyht
dwpunhwnwl, nph phptwynpdwt dkjpwthqut wjdwuwnwghtt dhipnhunkunnph Jpu dupnid k
gnpdunpmid F = 1 Unidny: Quhdw upjubdwt tkpjuyugdws k uly. 1-nud:

Thunwpldws k V-ab dwljipinmipuyhtt winuubph jodph (n = 3) ntwpp, npp wdwbwynud E
1hubnubph woliwwnwipwhtt dwybkpbnyputph Jpu wwpnipuugsh wnluwynipniup htnbyug
wupudtnpkpm] d = 20 «i;, D/d = 1,025, r/d = 0,010, w = 60° t = 0,7 «/i/ (ul}. 2):
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Zuyunth E [8], np tdwl unip dwibplbnipughtt jupnudutph Ynunwyhsubph fudph gbupnid
(agy = 2,63), hwpgh wnubny jnipupwiyniph unbndws jwpduwdwihtt nuownh JEpwunpnudp
hwonpnutph Ypw, wdktwbwiupwpbntywsdp hwdwpynid £ Suypuyhtt wnup, npp Juuutiquynp
hwwnnypnid b nbnh nituh hnquwéwhtt Juwuusputph dwqnud, dhipndwpbkph qupqugnid b
JbEpouwpuypuynid:@npdwtidnipubph hnquwéwjhtt thnpdwpynidubph wpynitpny (ynnuuwn 45
unpuwjugdusd Jhfwlnid, hwdwnbny yununwlwb éonid b njnpmud, /0 = 0,6) unwgyby ki wpdws
jupnudubph Ynunwlhsubpny thnpdwtdnipubph hnguwsuwyhtt Ynunpusputp pupdp, dhoht b
gudp ghljjuyhtu qlipjupnidubph ntupnid. w) oy = 255 Ulu, N; = 86500 ghly,
p) 02 = 216 U, N, = 287800 ghly, q) o3 = 177 U, N3 = 906800 ghly;:  Syjw) jadpwpwtimljh
hwdwp Ng =5-10°ghlkph puquyht pyh  phypmid  phdwgymimpjut  dhetwpdbpught
uwhdwll £ oxg = 167 Uluz:

Zupyh wnukiny y wnwugph tjwwdwdp HV-h pupdp qpunhbinp wyn mnnoippudp
suwthnudubpt hpuuwtwgdl tu Ay = 0,2 o/ puyny, pwtth np y = 1,0..1,6 4 dwjuppulnid
hwunwwnymd Lt HV-h  ulqpiiwlut  Jhdwlp: x wnwbgpnid HV-h thnthnjunipjniuttph
uwhniinmpyutt  wywhnyuwt  hwdwp wbhpwdbion  wndjujubpt uwnwgdl; b x =2 40/

dhowljuypny (ul. 1):

I
iy
<A
t |t
-
Ul 1. Upgpnlwpdpnipnihiabph sunpifuh Uly. 2. Pnpdwlnlnipblph V-4h
hwojupluyhl ujubinh vwlkplnipughh wlnubbph funidpp

HV-h suhnudubph pupjudwt tnwpunbuwlmpmiup b thnthnpudwt pinypp dwnbtwbyonid
Eu (x, y) Gtplswth whpnypnid ppubg wnwppbpulws phunwplduwit b quwhwundwb
wlhpwdbownnipnitp, npnghtnb x b y wnwbgpubph npnnipjudp hunwl dAbwynpynd Gu
wnwppkp  quuphbuntbpny odndws  dhuyup  uwjwuqnny HV =fi(y) b wjwgqnn-wdng
HV = f,(x) dmuyghwkp, npnig thnnjudwt nppnypubpp tnybybu wwppbp B Ldwb
ophttwswthnipniuutph  pugwhuwyunnudp b guuwlupgnidp Juplnp  tpwbwlnipmt  niukh
hnquwéduwyhtt  Ynupdwsdpubph  wbpjuhjuijuwt  wpwwunpnpdwtt b Ghnpdwpltnipyut
gnpépupugutpnid puwbtwlulut swthwihoubp Yhpuntint hwdwp:

Znguwduyghtt Ynupusputph dwlbplnyputph Jpu pwgwhwjnynd Eu wndju) unip
dwljipbmpuyhtt jupnidubph Ynunwhsubpht (0. 2) pinpny wpwdtwhwwnlnipjniutpp, npntg
twpjtwjuwt npujuljut qowhwndwt hwnljuwuhpubpp hEnbjujubpt Gu.
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w) Ynunpusph dwdnighly b thpupnitt pujpuydwtt mknudwubph nuuwynpnipniup pupdp
gipjupnudubph phwypnid hunwl wpnwhwyunqws bEpysuh hwdwswthnipnit nith
Ynunpdusdph wnwtgpwjhtt Jhnh tjundwdp, hulj Uhohti b gusp ghpjupnidutph ntwpnid,
wy] qupnudubph  nunwfhsubph  htnn hwdbdwnws [9, 10], thhupnit  pwjpuydwb
nbknuduwuh wywlkunpntugdut wunhdwip pnyp £ wpnwhwjngws,

p) unyuhull gwsép ghlughtt ghpjupnidubph nhwypnid dwénighl] puwjpuydwb nbnudwub
wykjh htnktuhy hyulgdwt t Gupupliws, nph yuwnmdwnny pungdjws thwyynit nkup
nilih,

q) dwoénighy b thhupnit puypuydwtt mknudwubpp tnyb dwjbplinypnd b nknupujuduws,
ninnuwhuwyug nhpp ki qpuynid jhubnh Gpluytwlwbh wpwigph tjuwndwdp, hull wyy
nbknudwubkphg tpipnpnt odnydwé E npnowljh ninnighynipjudp, npp punpny £ dhwyt wyy
nhuh jupnidubph §ninnwlhsubph Yninpuspubph:

Loywéd wpwbudtwhwwnlnipjniitbph  hhdtwjut  wwwdwnp hnquwdwjhtt  puypwydu
pupwgpnid htinghbwnk wdnn hpwljwb jupnidubpt B, npnbp YEpunpybing unip dwljiplinipughu
jupnudubph  Ynunwfhsutph unbndwé jupjuéwhtt nuowht, hwpnmignd B wdbh pupdp
dwljupnulh hywlguihtt gnpépupwgutp, hbnbwpwp b wdpugdwh tplnygputp: Uju hpudhdwlp
hwunuunynud £ bt HV dhypnjupspmipiniiitph swthnudubipny, npntig wpdbputpp gipuquugnid
El wy whwyh jwpnudutph Ynunwlhsubph nhwpbtpht [9, 10], wmdpugdwt qpunhbktuwnp pupdp L
hulj dhipnuyjuunhl pidnplughwubph ywuwndwneny wdpwugnidp nwpwsynd b Ynnpgusph
dwybplunipuyhti obpinhg dhtish y = 1,6 ... 1,8 ¢/ funpnipjudp:

Cuwn HV = f1(y), HV = f(x) Pmulghwlbtph (mpnjudwl  pinyph, pwpdp  ghljjuyht
gipjupnudutph  hwdwp (WY, 3w, p) HV-h wpwybjugnyu wpdbputpp hwubtnd  Gu

HV0x = 500...510 dwlwpnpuljh, nptt wdbbwdkst b twphinid ghunwupws jupnudubph
Ynunwlhsubph [9, 10] tjuundwdp: dw b hp htppht hwbgbgumd £ HV = f;(y) Iniulghuyh
thnihnpwlwinipjutp y = 1,6..1,8 ¥/ pjunpnipjudp, npp unyuwbu qquih L djnuuubkph
tjuundwdp: y > 1,8 /t~h nhuypnid tpdws Epynt dniuyghwibpp hwdwpuw ninnugqswghtt Gu
nunnud, huly HV = f,(x)-p ynunpjusph npudwgsuihl huppmpjui djundudp qniqubbn:

Shijjuyhtt  dhohtt ghppupnudubph  nbwpnid  HV,q-h  wpdbpubph  tjwqdub  hbwn
bty HV = f,(x)-h hwdwp npnowlh wpunwlkitnnpnunipnit L wnwewtnmd (e, = 2 /i), huly
tpynt $niuljghwbph hwdwp k) HV-h thnthnpudw punypt withnthnh £ dunwd (Wl. 4 w, p):

Unwyb] kbujut b thnthnpumpiniuubpp ghjjught gusp gipjupnudutph nypnid (Wly. 5 w, p):
Upunuwltunpninipymt wdh hbn dbfnbn (e = 5 ) qquh tu twlb HV,4-h wpdbputph
thnthnjunipnibubpp dwénighl] pujpwydwt mknudwuh nnpudwgdnpbt hwjunhp puuwynpyus
Suypbpmud  (AHV, 0, = 40...50), hull HVpe, wpdbpubpp hwdbdwwnwpwup gwsp Euw: Ujnuu
wnwidiwhwinnmpmiip qu HV = £, (y) dmiulghuyh mnnqugswihithtt dnwn thnthnjunipjnibb k:
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HV = fi(y), HV =fo(x) thnpdwpwpulfut  pnibyghwbtph b npwbg  gpunhklntbph
wnwpwplnyp  tonthnpjumpnibbbptt pighwipugiine @ wbjpbhjujwt wpuwnnpnodwb
plpugulupgiph  wpymbulbnnpemiop pupdpugibne Gunwuemdibphg kil
tywwnwlwhwpdwnp E ndyuiubph dowldwt §npugswyht Ynnkjjughwih dbkpnnh Yhpwuenwdp [11],
npp pny] Junuw wpgnudbunh thnthnpdwt nne whpnypnid hbwnwgnunynn  dbdnipjniuttph
dwpbdwnhjujut dnpbjutpp tkpuyugil) dhuubwlwb quuhdniuljghugh mbkupny:

SYjuutph twptwjut nuntdbwuppnipniip hwtgbhginud £ phunwplynny dkdnipiniuttph

Uholi munhfwbwyhtt $niuljghntiuy] Juuyh wnluynipjuip, npp 4-pn Jupgh hwjwuwpnidubph
puwnpniput nhupnid [11]

{HV =ay*+ by +cy?+diy+ey, )

HV = ayx* 4+ byx3 + c,x? + dyx + e,
wwuwhnynid £ nEinbtpdhtiughugh R? = 0,944 ...0,999 gnpduljgh wpdbplbpp:

(1) hwwuwpndubph hwdwljupgbph yuwpwdbnptph npnodwt b . 3-5-h qpuhljuljuie
Junnignidubph hwdwp Yhpwndlk] £ Wolfram Mathematica unwunwupun  hwdwljupgswjh
Spwghpp  (apwbu  ophtwl, wpmnuuynud ubkpiuyugus btu tpdus Pniuljghwkpp Nel
thnpdwtidnioh hwdwnp):

HV = fi(y), HV = f,(x) $niujghuitpp dhwubwlut nbkupny thpjuyugubint byuwnwyny,
npp Juplnp E thnpdwughnnwlut quwhwwnnidubp hpwlwbwgubjhu, wthpwdbon E juwnwpl
hwoybkgpubhjuljut dbwthnpunidubp: Lwth np (@Y, x, y) Ynnpphtwnughtt hwdwlupgnd wyy
thnpjuninnuhwjug nuuunpywsé Ynpbpt mukh 4;; pinhwtnip hwigniguwljbnkp (ug. 1) dhtitnyt
HV  lnnpphtwwnibpng b vnbnémd tu gwbgujhtt dwlbplnyp (uly. 3-5.9), wt upkh E
ubpluyuguby hbnbyw) hpy.

k |
HV = F(xy) = Y Y [f(y) + L (x))/2, @)
L i=1 j=l 2l
npunbn i = 0,k, k=9 (yo = 0,4y = 0,2 t/uf), j=0,1, | =11 (xo = 0, Ax = 2 1/1l): ’

Loywd tpkp nhwyptph hwdwp Juenigdus HV = F(x,y) duytkpunyputpp (Wh. 3-5 q) 1hnght
pugwhwynmd &u HV-h tinthinjudwt wpwbdtwhwnlnipnitubpp hnqguwswyhtt Ynnpdusph
dwhtpinyph Jpw b gpubt Yhg dwlbpmpuwihlt pkpunkpnud, npp hnqwswihl puypupdwui
yhubinpljut bywpwgpny dhlpnsw]wtph wipugdw gnpspupugh putwljuljwb gnigutihpl t:

Quunwpjus  hwoykgpuphjuljut  phpugulupgtpp  poyp & wnwihu  wpyniipkph
nuuwlupguutt dhongny uUowljky hnquwbwyhtt pwjpwjdwt wnkthjujut wpwwnnpnydw
hwdwijhp quwhwwndwt  dbpnny, npp Jubpweh ywuwujpwbwnnt - dkphtwdwubph
ynipughnuljut, huwyqupubuwpwugsuhl, wkjuuninghwjuwt b swhwgnpswljut hhdtwlwu
gniguthpkph b (1), (2) hwjwuwpmubph hwdwlwpgbph ufjujubph puqub, hisybu twb
Spuignuyhlt thupbp:

130



1
o
=1
a

100

15 p,ud

1.0

0.5

S o =3 (=
Y =3 =1 =1
- - ]

...................

N
N
ALY

10

15

%, 20

ud

Ul 3. Ne 1 hnpdwininiph hwdwp HV -h wpdbphbph puppinidp. w -y wnwhgpny,

P —x wnwbgpny, ¢ —HV -h dwlbplnijpp

131



HV

i

il

iy

A

1 | TN TR T T Y W T 1
o o
F -

L3 p o

10

0.5

HV

400
-1 300
200

100

DN

10

15

q
Ul. 4. N2 2 thopdwininish hwdwp HV -h wpdbpalph puspunidp. w -y wnwigpny,

P —x wnwbgpny, ¢ —HV -h dwlbplnijpp

132



L5 ydd

10

0.5

= 200

L1 100

10

15

x, 20
U

Ul. 5. Ne 3 thnpdwin/niph hunfwp HV -h wpdbphlph pupfunidp. w -y wnwbgpni,

P —x wnwbgpny, ¢ — HV -h dwlEpliniep

133



Unyniuwly
Iegplkupugh hufwuwpnidblpp Ne 1 hnpdwindniph hudwp

Stnudwiu x;j, tl HV = f,(y) R?

0 HV =0,0446y* - 0,8807y? + 8,9702y? - 85,938y + 576,94 0,9995

Uwdnighly
2 HV =-0,0268y* + 0,5749y> - 1,5272y? - 49,629y + 501,94 0,9991

puypuyjdwlt
4 HV =-0,0195y* + 0,4435y? - 1,7299y? - 34,026y + 420,83 0,9989
6 HV =-0,0854y* + 1,9137y3 - 13,017y + 6,6502y + 329,72 0,9988
8 HV =-0,0676y* + 1,554y - 10,092y2 - 0,047y + 298,33 0,9991

®lupnil

10 | HV =-0,0711y* + 1,4169y? - 7,229y? - 12,217y + 298,33 0,9973

puyjpujuwly
12 | HV =-0,0548y* + 1,2202y? - 6,7894y? - 13,064y + 307,78 0,9980
14 | HV =0,0084y* + 0,1079y? - 0,8414y? - 25,608y + 335,56 0,9987
16 | HV =-0,067y* + 1,6636y° - 11,464y? - 4,195y + 363,67 0,9994

Uwdnighly
18 | HV =-0,0504y* + 0,9332y3 - 4,0974y? - 30,081y + 432,28 0,9974

puypwjdwi
20 | HV =-0,0591y* + 0,9161y® - 0,7239y? - 65,699y + 560,28 0,9997

Vi, Ul HV = f5(x) R?

0 HV =-0,053x* + 1,5287x3 - 6,067x? - 54,285x + 562,58 0,9933
0,2 | HV=-0,1014x*+ 2,7168x* - 17,319x? - 6,0769x + 459,15 0,9952
0,4 | HV=-0,1029x*+2,7007x - 18,142x? + 8,4485x + 386,97 0,9974
0,6 | HV=-0,1075x* + 2,8269x3 - 19,995x* + 21,949x + 323,79 0,9936
0,8 | HV =-0,0929x* + 2,4462x% - 17,511x* + 20,859x + 284,79 0,9952
1,0 | HV =-0,0606x*+ 1,7176x3 - 13,126x2 + 18,46x + 246,85 0,9893
1,2 | HV =-0,028x*+ 0,9821x3 - 8,5769x? + 16,171x + 205,61 0,9438
1,4 | HV=-0,0012x*+ 0,2051x3 - 1,8648x? - 1,3135x + 200,76 0,9696
1,6 | HV=0,028x*-0,6177x3 + 5x2 - 17,809x + 193,82 0,9812

SYjuutiph puquyh b dpwgpuyhtt hwpkph ogunipjudp htwpwynp §jhtuh wdunnduwnwugut;
wpwunpnodwt  gopdpiipugpn b ww) hhdtwynpdws  thnpdughnuljut  Eqpuljugnipini
pujpujdwt  wuwwdwnubkph Jhpupbpu)  (nipughnwlwt b dbju. dowldwt  wpuwntbp,
hwoJupyujht pugpnnnidukp, stwpiunbugwsd pupdp pintdubnipjut nkdhdubp b wyj):
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M.I'. Craksau,
B.K. Coromonsin

KOJMYECTBEHHAS OITEHKA TEXHUYECKOMN TUATHOCTUKHA YCTAJIOCTHBIX
N3JI0MOB BAJIOB

Paccmompenvt nosepxnocmuas cmpyxmypa u 0coOeHHOCHU YCMATOCMHBIX U3IOMO8 CHIAAbHBIX
obpasyos (d = 20mm) ¢ KOHYeHmpamopamu HANPANCEHUL, MOOCTUPYIOUUX Pe3bO08ble CRUPATU HA PADOYUUX
NOBEPXHOCMAX 8AN06. {15l GLINOIHEHUS MEXHUYECKOU OUASHOCTHUKU NPUYUH PA3PYWEHUll 8 pe3yibmame
uMepenutl MUKpomeepoocmell NOGEPXHOCMHBIX CNOE8 U3IOMO8 HONYHUEHbL CUCHEMbl pPecpecCUOHHbBIX
VPAGHEHUL, C HOMOWbIO KOMOPBIX B03MONCHO 80CCMAHOGNEHUE ZHAYEHUU YUKTUYECKUX NEePEHaNpPINCeHUU U
00/1208e4HOCMEl, 8bI3BABUIUX PA3PYULEHUE.

Kntoueevle cnoea: KoOHYeHmMpamop HANPAXCEHUl, YCMANIOCMHOe paszpyuieHue, HNOBEPXHOCMb U3N0MA,

Mquomeepdocm b, mexnuveckas ouazHoCmuKa

M.G. Stakyan,
V.K. Soghomonyan

THE QUANTITATIVE ESTIMATION OF TECHNICAL DIAGNOSTICS OF FATIGUE
FRACTURES OF SHAFTS

The surface structure and the fatigue fracture specifications of steel samples (d = 20 mm) with stress
concentrators are considered, which are modelling thread helix on the working surface of shafts. For
carrying out technical diagnostics of fracture causes resulted from microhardness measurements of surface
layers of fractures the systems of regression equations are obtained, which can be used for recovering the
cyclic overstrain and the fatigue life that cause fracture.

Keywords: stress concentrator, fatigue fracture, fracture surface, microhardness, technical diagnostics
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6.4, Yuppuiyul,

U.U. Fninuintuniqyul,

9.U. Zujpuy bnjui

JEUNUSLNRE3UL NCNTUUL 2ZUJULUYUL UBENILECP 46LLARONRESNRL

Ukpluyugyws Lo dwbhuwyuphwnpubugnpunuyghl dhuubulwl hwdwlupgh wipihwl
wolumnwiph Jwd wunwhwpbkp wnwowbhuynt nhulkph npnodwl hwywbwwb kpnnabpp:
SQwhwwwphughll Epplblniyppul wininubgnipyul pupdpugdul dhongupnidubph dowldwi
hunlup Junnwupifky Fuyn Jkpnnakph JJEpinidnipiniap:

Unwigpuyhl punkp. hwyjwbwlmbnpnibabph wnkunyenil, dwbhuwuphunnpubuynpuuyhb
wunnuwhuwp, Ypupuyinipul gnpduilhg, dwlmyuphuhunnyws, Lpplbinipui
wlnjunwbignipint i

Zujutwlut dkpnnutpny Jpwpuwjunipmiip gubwhwwnbihu wynndnphjujhtt Swbwyuphp
phunwpyynid £ npybu wpwbdhtt wnbknudwubphg hwdwlgjws dh  Jwnnyg, npnughg
mipuwpwiisjniptt nth Epjpuswhwlut wupwdbnptph wwppbp wpdbputp: Uy dEpnnubkph
Enipnitt wyt £, np &SN dwuptt Jhdwjugpuljutt njjwjubph JEpnudnipjut hhdwt Jpu
pugwhwjnynid £ nppwt b dwbhwwywphwhwndwsh b wpndhih  jnipwpubynip  wwpp
odwinuljnid &SN-h wrwowgdwtt hwjwtwjuwinipjutt wght' swhwidnipuwhtt nknudwutph
hudtdwwn: Gphk 4dwbtwywphh npbhghk wnbquwdwuh  hwdwp gnudwpuwghtt - gnigutihpp
ghipwquignid E npnowlh dbdnipjut, wwyw wmbnudwup hwdwpymd b Juuwbquynp, phy
Juutiquynp, wudunwig b wyj:

Zujutwlut dkpnnutphg b pupujinipjut gnpswljhgutph dbpnnp: Unwehtt whqud wju
Jhpundt] b QEpdwthwnd fwtwwywphutph Jpu &SN wnwowgdwtt hwjuwbwljwunipiniup
guuwhwwnbnt tywwnwlny, Epplukyth dwuh muppbp jujtujuwt ypndppjubph nhypnid [1]°

u=u,-U-u,u,, (1)
npunbn Uj-u fwbwwywphh swhwidnipwyhtt mbnudwup Jpu Jpwpuyinipjut gnpswljhgu k

(Uy=1), Uj-p" tpplllmpjub gninpubph phip b Ynnwlubph Jpu wdpugdus gmnhubph
woluympniip  hwpyh  webnng  gnpdwlhgp (U, =1..3), U -p° bkpplbklmpjut  juqund
htbwidnpnutph, uUnwbnutph U htwhnnutph weluwmpemniup hwogh wnunn gnpswiljhgp
(U, =12.28), U -p dwbwwywphh kpplblth dwuh juyinipnitp hwpdh wetng gnpswljhgp
(U;=10..15):

zhnwuqund hwdwtdwt dkpnnubp uulightt Yhpundt] twb wy Gpypubpnud, npnugnud
wyljh dwbpwdwut thtt hwoyyh wntdnid wnwbdhtt gopénuutph wqpbgnipmiup: ULS
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Pphunwthuynud, ‘Lnpybkghwnud, TYtnhuynid, UUL-md gnpéwlhgubph thnpjuupku dwngytght
putip, npnup hwoyh tht wntnud Eppltinipjut widunwignipmniup’ juidus tpplbyth duuh
Jujunipnithg U Ynntwlhg, dwbwwywphh wbuwbbihnipniuthg, Ynpbkph  ownwynhg,
thnjuhwwnnidubph wnluynipiniihg, Swbwwuwphwdbpd junnygubphg b wyjt: Ujuybu, ophtiwl,
guwhwundwl sybnuljut hwdwlwupqt pungpynid tp htwpwynp wnwybjugniyyt putpny tpkp
funiudp.
1) Smtwyuphh yuwnusph Jhdwlp b wdpnipnilip.....oooo 25,
2) wywnnunphjubph hwdwp bppltinipjut yuydwuttpp (Epplblth dwuh juyunipniup,
hwwnwlugénid  Ynptph  swpwdhnubpp, Epuybwlwt  phpmipmitubpp b ppubg
Epjupnipnittitipn, wywhnyynn nbuwbbihnipmnin) ... 30,
3) kpplbynipjut wijunuignipiut wywhnydwt wunhdwbp.........ooo 45:
Mnruwunwinud, Zujuunwind b dh pwpp wyp Gphpubpnud hwjuwiwlwt dbpnnubphg
wdbkbiwgnpsttmljut - Yhpwpmpnitt uwnnwugky £ 9.5.Fwplinfh  Ynndhg wnwowplyus K,
Ypwpuyunipjutt gnidwpujhtt gnpdwlhgp [1], npp Ypuwpuwjunipjutt wnwtidhtt gnpswiljhgubph
wpunpuit £ Ky, Ky, Ky, npniighg mupupubginipp pinipugpoid £ nhinwpljynn nbnudwuuh
Jpu  wwwnwhwpitph wpwowgdwtt hwpwpkpulut hwjwbwlwinipniip  hwwnwlwugsh
wnwudhtt wwppbph, Epuywiuwit b jubwiuit wpndhjubph, dwbwwywphwdbpd  gnunn,
Epplbynipjut hunktupynipjut b juquh wqpbkgnipniuhg swhwidniowhtt Lwbtwywphuwght
wyuydwtubph hwdbtdwwn (7,8 « juyunipjudp tpplbltih dwuny tplignnh wbwwywphh ninhn
hnphgnuwljut ntnudwu, wdpugws Ynnuwljubpny b hwpp junpynipnpng swsyndy).

KQ:HKi: )

y AR

Phyp

0,4

e

10 100 1000
Ypupuylinipyul gnidwpuyhl gnpéwlihg

0,2

1 djbh wyfin. [upl plajiing &S7-h

vy &SN-p pyp b Jpupuybmpul gndwpuyhl gnpdulgh jungp
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Udktwdbs Juwbg ubpjuyuginmd B wybt wbnudwubpp, npunbn  Jpwupujiniput
gnidwpuwjhtt gnpdwhgp Juqunud £ 50..70: K, -h thnpp wpdtph nlwypnud gnnipjnit nith
Juynit Yuy 1 74 wyun. fud-pu pujunn Y &8N-h pyh b K, -h dhol [1]°

Y =34,5-0,27K, +0,0097 K§ , 3)

uwfuyt wyy jujnjwsnipjub gpuphyp (Whup) gnyg £ wwihu, np &SN-h pilh wpwdkjugnijuhg
htwun, tpp K, =80...100, pwpuynipiniip ujunid £ aduqb:

Supyu opowitphg b Yihtwjwbnuuwluyhtt wqpbgnipmniihg Jupudws tpplhbynipjut
wijunutgnipjutt dwlwupnuljh quuhwndwt hwdwp wowewplyl) £ oquyl) Jpupuyunipjut
ubqnuughtt  gnpdwljhgubph qpudhlubphg [2]: dpwpwjinipjut quwhwwndwt pnnp wjt
Ubkpnnubpp, npnup yuwnwunid Eu ndju) fudpht, niubkh hbnlyw) phpnupmitatpp.

wlhpwdtown k (hunid uvnwtw) Uks pwbhwlh hwjwiwljut gnigwthpubph wpunwungpyuy,
nnh phypnid ujuwh hwjwiwwiunipniup vh puth whqud dkdwunud E,

- wwhwioymd E &SN-h dwuhtt ks pwuwlh Jhdwjugpuljut wndjujubp  wqpnn
gnpénutiph  thnthnpdwt  Jpu  juyt  pungpynypny  dwbwwywphubph  phwpnud,
Ypupuyunipjutt muppbkp wthwnwlub gnpswjhgutph puguhwjndwt hwdwp, npnup
JupJws bkt wyn gnpéntubphg: Lwh np wyn gonpdwlhgubpp npnoynud G &ST-h
Jhdwjugpujmt  wyjuiukph  hhdwt  Jpw, www wyp Jbpnphtt  hwwnnly Eu
Jhdwljugpulwb dkpnnutph hhdtwlwt phpnipniuutpn,

- pny] bt hwogh wntynd Jpwupujinipjutt Jpu hwwnwlugsh, bpluyuwbwljut b
Jwtwuwt  wpndhjubiph  hwpwlhg wwppiph htwpwynp  gqniquljgnidubph
wqpbkgnipniup,

- hwodh sh wnbymd Jpwpuyunipjutt wpwtdhtt withwwnwlwb gnpswlhgubph
thnjjuhiduénipniup b wy:

Zujutuljut dbpnnubtpht b yunjuwinud twb hntuwhnmipjut mbkunipjut jud nhuljtiph
wnbunipjutt Ypuw hhuujws dkpnnubtpp [3-7], npnug dhongny npnomid Eu «Jupnpn-wjunindnphi-
Swihwwyuwph-opowju  dhowduyp»  (AULU)  hwdwlupgh  wljwthwt  woliwwnwiph
hwjwiwlwinmpmnitp . jud  &SN-h wpwowbwnt  hwjwiwlwinippiup (ehulp):
«Uduindnphjutipp  &SM-h  dbe phljubnt  nphulp» () hwulugnipmoitp,  bEpplbynipjut
wpugnipjul phypnid, Smbtwywnphh Eppuswthwljut mupph Juubquynpnipjut npujuljut
punipwghpt k b nith hknbjw wprnwhwjnnipniup’

- @

npnbn N, -tV wpugmpjut phypmid &SN-h phyt b, fwbwwywphh Epjpuswhwljwi mupph
wijunupbmpjut yundweny, N, -u° wdwundnphjutph pughwinip phdp, npnup wigh; Lo
Swiwwyuwnphh nju) mEknudwup Epplbynipjut V- wpugnipudp [3]:
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Mubkguws oswwnn wnwybnippiuutiph  htn  dEjunbn, wju  dEpnnt muh  hbulyug

phpnipniukpp.

ndjun L npnoty hklmwgnuynn gniguthpubph pupjudwit thuwunnwgh optupubpp [3],
nhuljh Ypw wqnnn npny wuwpwdbknpbph hwdwp, npng pupjadwin opkupp tnpdwy sk,
own duip k unwbiw) hwdwbdwb putwdlitp &SN-h nhuljh npnpdwt hwdwp,
hwuwiwlwt dnnkgnudubpp &ogphwn gnpstwljwt wpynitpubp twjhu Gu dhugb wyh
nbypnid, Epp winpnonipniup Ypnd b «nbjuininghwjut» jud «puwlub» punyp, b
puguumd E jud swwn wbbpwb E dwppluyhtt gnpénuh pkpp: Uju phwypnid
dwpnuyhtt gnpdnuh wqpbkgmipnitp ghpuuybih k hwnjuybu, &SN-h wnwowgdwt
uwhdwbtwghtt hpwyhdwljubpnd,
&SN-h wnwowgdw nhuljp htwpwynp t npnobky dhuyt wyt wdwnndnphjubph hwdwnp,
npnip owpdynid Et hwuwnmwwnnit wpugnipjudp, wnwig wpuqugdud,
ndjwp £ npnpby upnpyubph poiyp wjwd phulp: Ujg phulp, hwunwl [3)-h, wbih
owwn  thnthnjunid  E pwdulwt  quytt  puggpynypnid:  Zwunwl] ghypnud’
wyununphjughtt  dwbwwuwphttph  ponp wbknudwubpnid wbwnp £ aundbp
Uninnwynpuybu tnyb ypupuwjbnipniip:

E.B.BapaausH,

C.A.BypHycy3siH,
B.C.Aiipanersin

AHAJIN3 BEPOSITHOCTHBIX METO/IOB OIIPEJEJEHUS ABAPUMHOCTH

Ilpeocmasnensvt 6eposmHOCmMHble Memoovl onpedenenus bOecnepebolHoOU pabomvl OOPONHCHO-

MPAHCNOPMHOU  eOUHOU  CUCeMbl UMW  PUCKOB BO3HUKHOGeHUs npoucwiecmsutl. s paspbomku

Meponpuﬂmmi 10 NOBbLULEHUI0 HE30NACHOCMU OOPODfCHOZO O08UdICCHUS np0u3ee<)eH AHANU3 IMUX MEMOO08.

Knwouesvie cnosa: meopusi eeposmuocmeti, OOPONCHO-MPAHCNOPMHOE nNpoucuiecmaue, Kodpguyuenm

asapuiinocmu, Oompe3oK 00pou, 6€30NaACHOCIb OBUICEHUS

Ye.V. Vardanyan,
S.A. Burnusuzyan,
V. S. Hairapetyan

ANALYSIS OF PROBABILISTIC METHODS FOR ACCIDENT RATE DETERMINATION

Probabilistic methods for determining the uninterrupted work of a shared network or risks of accident

occurrence are presented. The analysis of these methods, for the development of the arrangements on

improving road traffic safety, have been made.

Keywords: probability theory, traffic accident, accident rate, the length of road, traffic safety
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2.9. LhjLojul,
L.U. Uupqupjul,

U.U. Uljpungui

UrurusSsuy 2ureudusre a6Serh 0GP @LUZUSNRU CUS NNATVTL
LB NCUYP UPRULAUSPL QUONNTHALED

Upwpuuywl  hwppwjuyph  ghpfuniwy]  npngyng hopkph  dEnpunpy Jhdwln
wuydwbhun/npywd F ppubg wpun/bjuwybu hnpugopuwbpipupubnlul wugdwbbbpny: Uwluyh
Juplnp phpulunnupmd nibp hwl npngdwh glwnkph oph npuwlp, hlsp  dwbpulplhn
Yepdwljly F dhowqquyhll swhnpnopsibpny, oquuugnpdliny SAR-p hwipwhuyn puludlp:
Unugyué wpyyniipbbpp hwyjwuwnnid ko, np hwuppuijugph qbnkph eoph npwli pun uyg
sunpnpnpfstiliph gplpl skt gbpuqubgnid 2-p, wyy fnupny ppubp glpuquibg npulh ko, pubqp
thnpp kb 3-pg:

Unwbgpuyhl punbp. glunkph onip, npngnid, phdpwlul vniwpp, npuly, suhnpnops

Zujuunnwibip 1hukny (knttuwghtt tplhhp, wnpwwn | hnquyhtt nhunipubpny: Zwipuybnniput
gniquunbnbuuljut  dptppubph onipg 40%-p unwugymd b Upwpwnjut  hwuppwduph
hnnuwwnwpwépubphg:  dbpohtitbpp quuymd i dEjnpuwnhy wwppbp  Jhdwlnd  pun
wnulujuénipjutt  wunhdwuh, qgpoitnughtt opiph wbknunhpph  (3RS)  funpoipyut b
hwipwjtwgdwt: F9S-h junpnipjniutbpt wykjh pwb 27 Awg Aw-nid nunwiynid Eu 0..3 ~h,
wnufbjuybu 2.3 “h vwhdwbibpmd gonipe 16 Awg. hw [1], husth mnblgdmud t hunbiuhy
gninpowgniuny ghnth duljiplnyphg (hnqugpnitnubpt wpwybjuybu jujujuqubp b udbp
k) h hwohy wdktwdjw jpugynn uinnpghniyu gpuyhtt yuownpubph: $-h hwpwjiwgnidutpp
nwnwiymd tu 0,6...0,8-hg vhtsh 3 (wpwybjwwbu 1..3) ¢/-h vwhdwuubpnid (wykjh pwl
21 hwgq.hw [1]): Uowd tplnt puguuwlubt hwbqudwbpttpt ninkygynid tu hnnkph wwppkp
wunhdwih wnuluwnidny, dbwynpbiny pkpphwgniply honbtp, npnugmd phpph  Wwgnudp
Juqunid £ 10...15-hg dhtsl 80...90% [2]: Uoywés wyuydwbubpnid jupbnp pipwluwnwupnid niuh
twl npnquwb (gknbph L gpEtwdutph) optph hwipuwyuwgnidubpp, npntp wunwtynud Eu
0,4...1,8 ¢/}-h vwhdwuubkpnid:

Nnngynn hnntph hwdwp fuplnp gnpént E «npnqUuii-wbkpughuwjh gnunni-gpnitiinugh-
npktwdwght gptpy hwlwlupgh wnwepwihts hwayklphep, npu pununphyitph swhwhzubpp,
wuydwtwynpws hbknwgnuynn  wwpwswoppwth ptwlwt  wwypdwutbpny: Uj  junupny
Jupunpuqgnyt fuunhp E npnok) wyn hwpydklonh opowyyunnynh sthwljjwénipjutt wunhdwut pun
hnnuopwtpjpupwtiwjutt  thwunmwmgh wjujukph  tnthnjunipjut b npnguwt  9opkph
hwipwjtwgdwt swhwpwdhuubph:
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Upwpwuyut hwppwyuyph hnntph wwppip wunhdwuh (swunulwus, pniy) ot dhowl,
nidlin b puwn nidhn) wnuljuwjwsnipniup, ¥2-h Yphnhjulju b hwunwgh hwipwjiugnidutph
nwppbp swihwpwdhuubpp, npnquwt opkph hwupwjtwgnidubpp nbuwlub b gnpstwlub
ndJupnipnibtp Eu unbnénud dowljbint duptdwnhjuljut dnpbjatp b wthpudton unpdbp,
hpwljwbtwgubint  dhgngunnidutp hwdwywunwupwt  swhwpwdhuttph  Jupquynpdwb
tyuwwnwlny: Uy ptwljub pupynipinibitipt wowyt) qquih Bt wpnmwhwynynid nonquwb opkiph
hwupwjtwgnidubph pnyjuwnpkih unpdtpht (0,4...0,5 ¢/) gipuquugkint yuwwndwnny. nonqdw
hwdwp npwig oquugnpénidhg wbtnh E mbbktunud hnnbph Eplpopnuwghtt wnulumd hp
puguuwljui hknbwipttpny (hnnh dkhnpunpy Jhdulh quunpupugnid phpphwqgplned,
Upwupnyuh phipph tdugnud): ‘Lodws pugumuwljmt gnpépupwugubphg juntuwthtint tyyuwnwynyg
wlhpwdtown k tnk) dwtipuquht yEpswul) b guwhwnt] Upwpunjut huppwjuwypnid nongdwu
hwdwp oquuwugnpdynn gqbwnbkph oph npwlp: Uy opkph  hwipwjiugdwt  puquudjm
owpdpupwgutpp  (Upwpwuywt  hwppwduyph  hwdwp  dhohtwgyué pun 5  ghnbkph
wnwbjugniy swhwpwdhbibph, wn.l) nwwnwigmd kua 0,1..1,1, Uhohtp 0,47..0,64 ¢/-h
uwhdwtubpnud (uly.1):

s 08 | | | |
2 : |
sosf I~ | | | 1
Soab 57 Y
Foal ™ 11
i e vl s P
0 2002 2005 2007 2010 2013
Swpliphy

U.1. Upwpuuywl huppunuyph glnkph oph huwlpuyiugdwl pupdplpughkpp
2002...2013pjp. 1- bjwqugniyl, 2- wpwijkjugniyb, 3- dhohl sunhwpudhabbpp,

C, - nnnquwi pph Upowqgquypi Gnpd

Zuppujuyph  ghinbph  oph  hwipwjiwgmdubph wjuqugnyi b wpwdbjwugnyt
swwhwpwdhuubph nwnwitdwt vwhdwibpp Uks skt Ujuybiu, bpt 2002p. nuunwunudp juqul) &
0,65 ¢/}, wuyw 2010p. 0,90 ¢/, hul] Uhohtt mupklwhbpp 0,16...0,87 ¢/4-h U npuig dhehulkpp
0,47..0,64 ¢/-h uwhdwbubpmd (wr.1): UYy.1-hg wuhwyun E, np hwppuwduyph qiwnkph oph
hwupwjtwgdwt vhoht suthwpwdhubph 12 mwupqu thnthnpunipiniutipp twqnn B (wn.1), hugp
pYnud E wthwjwtwlwu: Uhsgtin vhowqquyhtt thopdp hwjuwuwnnid k, np ginkph oph ny dhuyh
hwupwjtwgnidubph, wyl Uh pupp phuhwut nwppbph wnwdbjuytu wybjugdw thuunbp Eu
qpuiigqus: Uy) junupny glnbph oph npuiljh quunpupugnid E nbknh niakinod, husp puguljuynid
E hwppwjuyph yuydwiubbpnud: dpwig tJuqugny (uly.1, §.1) b dhehti (4.3) wpdtpubkpp, ujuwsd
2005p. qpbkpt skt ghpuwquugnid nnnquwb optiph dhpwqquyhtt poyjuwnpbih (Co=0,4...0,5 ¢/)
unpubpp, husp sh Jupblh wul] wowdbjugnyt  swhwpwdhiubph hwdwp (4.2): LoJws
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nwphubpht npuibp Uks nwnwimdubkph skt Kupupldl) 0,02...0,09 ¢/, hul] wpw]bjugnyulkpp
0,05...0,11 ¢/ (4.2):

Uowljwpnyubph unpdw] qupqugiut hwdwp wnwydbk] Juplnp tywbwlnipmnit nith
nopnguu opnid wupniwlynn dh swupp phuhwljut mwuppbiph wnuynipniup: Unytu hnpduénid
Jbipswudlky; Lu gbwbph oph wuhntubph (hhngponwppntwwn, unydww, pnphy, Yy.1..3) b
Juwnhntuubph  (bwwnphnd,  dwgubqhnd,  44.4,5) wnwbjugnytt  swhwpwdhuubph
owpdpupugutppn 2007-2013pp. dudwtwlwhwnduénid (wn.2, u.2): Cun wyn wndjujubph,
wlhntbtph  nwnwidwt  vwhdwibbpl wihwdbdwn  dks & 0,10..0,33  (44.1..3), pwl
Juwnhnubkphip  0,03...0,08 (44.4,5) ¢/ Uwluya hwpy E Gok, np  pugunnipjudp
hhnpnwppnuwwnttph, dnwu  snpu wwppbph  owpdpupwgubpp  (YY.2...5) 2007-2013pp.
dudwiwljuwhunnfusnid Eupuplymud kb swwn tinpp thnthnjum piniutkph’ gpliphk hwunwnmb ku
(uly. 2): Uy hwmbquuwtpp pny) £ mmwjhu ghnbph optipp Juunwhwpwp oquuugnpst] nnnguwi
tyunwlny:

Unyniuwy 1
Upwpwuywl huppuuph qEnkph oph hwbpuybwgdwh 2002-2013pp. suthwpudhabipn

Zubipwywgnid, ¢/
2/2 Fhwh nunubdwh vwhdwbbbpt pun wwphubph
wiwtnulp
2002p. 2005p. 2007p. 2010p. 2013p. 2002...2013pp.
1 | Upwpu 0,36...0,61 - 0,17..0,72 | 0,10..0,79 | 0,33..0,85 0,10..0,85
2 | Ulgmp 0,61..1,01 |0,61..0,95 | 0,39..0,89 | 0,16..1,00 | 0,63..0,91 0,16...1,01
3 | zpuqnub 0,49..0,70 |0,13..0,96 | 0,17..0,77 | 0,20..0,80 | 0,25..0,95 0,13..0,96
4 | uuwfu - - 0,18..0,67 | 0,19..0,54 | 0,25..0,58 0,18...0,67
5 | dkgh - 0,12..0,47 | 0,14..0,38 | 0,15..0,44 | 0,19.0,47 0,12..0,47
Upwipurtnjuit 0,36..1,01 | 0,12..0,96 | 0,14..0,89 | 0,10..1,00 | 0,19..0,95 0,10...1,01
hwppwyuyp
Uhohlu
1 | Upwpu 0,44 - 0,57 0,60 0,70 0,44..0,70
2 | Ubgmp 0,87 0,87 0,73 0,68 0,77 0,68...0,87
3 | zpugqnub 0,60 0,50 0,57 0,45 0,58 0,45...0,60
4 | uuwfu - - 0,34 0,46 0,41 0,34..0,46
5 | dkgh - 0,17 0,22 0,16 0,20 0,16...0,22
Upupuinjuh 0,64 051 0,49 0,47 0,53 0,47...0,64
hwppwuyp

Nonguwt oph npuljh ghwhwwndwt vhowqquyhtt swthnpnohsutph npnodwt pwbwdl £ ULE
(SAR)-p, npnud dwubimljgnid Eu Na, Ca b Ma Juwhntubpp: Ujp pwbwdlng Juunwpdus
Upwpwuyut hwppwduwyph ginbtph oph npujh qowhwwndwt wpnniupubpp phipdws Eu wn. 2-h
Jtpohtt ynitbwlnud: Unwugus swthwpwdhutiipp nwnwtynud G 1,54...2,02-h vwhdwbubpnid:
Cuwnn Uhpwqquyht unpdbkph, tpk WULE-h wpdtpp sh ghpuquitgnid 3-p, wmwyw wju hwdwpynud £
glipwquig npuljh nongdwt gnip (L.U. UYndpyy, 1935p.):
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U).2. Upupuwuywl huppuyuyph gbnkph oph uh puh Junwbquinp
pnbbkph wowykjugnyh sunhwpwdhbikph pwpdpbpughbpn (2007-2013pp0.).
1- hppponlwppninun, 2- unyydunn, 3- pinphy, 4- bunnphnrd, 5- dwqbkqhnidf

Unyniumly 2
Upwpunul huppunjuyph glwnkph opnud uh puih Jinwbqun/np pnbbkph wipunfbpmgny b
sunhupmdhhbph nunnwinfml vwhdwahkpp b Uhohl wpdbpakpp, ¢/ (2007-2013pp.)

8nigwiithpubp
Swptphy | Zhgpnup- | Unydun L1nphy Lwnphnud | Uwgqubqhnud ULe
pnliwn hntu hnt (SAR)
2007 0,23 0,17..0,23 | 0,09..0,11 | 0,08...0,09 0,04...0,09 1,54...1,95
2009 0,19..0,24 | 0,12..0,24 | 0,11...0,12 0,07 0,03...0,04 1,62...1,95
2011 0,22..0,28 | 0,14...0,23 0,11 0,06...0,07 0,03...0,04 1,57...2,02
2013 0,32..0,34 | 0,14..0,24 | 0,12..0,14 0,08 0,04...0,06 1,65...1,79
2007-2013 | 0,19..0,34 | 0,12..0,24 | 0,09..0,14 | 0,06...0,09 0,03...0,09 1,54...2,02
dhoht
2007 0,23 0,20 0,10 0,08 0,06 1,75
2009 0,22 0,18 0,12 0,07 0,03 1,79
2011 0,25 0,19 0,11 0,07 0,03 1,80
2013 0,33 0,19 0,13 0,08 0,05 1,72
2007-2013 0,26 0,19 0,12 0,08 0,04 1,77
Bqpuljugnipjnit

Upwpwuywut  hwppwduwyph qtwbtph opkpp ny dh  Juubq sk ukpjujugunid
Upwjupnyubph ptwlwunt qupqugdwi hwdwp, puuqh npup niubku phthwlwt ghpuqubg
ufjutkp pun nenquwb oph npuljh ghwhwndwi thowqquihl suhnpnohsutph: Uy junupny wyy
onpkph oquugnpénidp npnguwt btywwnwlny hnnbtph Gpipnppuyhtt wnuunud, pipphwgpynud b
Uowljwpnyubph pipph tjwugnid sh wnwgwgh:
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O.I'. Kenemxsn,
JILA. MaprapsH,
C.M. MkpTusiH

OIIEHKA PEUYHBIX BOJI APAPATCKOM PABHUHBI IIO MEXKJIYHAPO/HbIM
KPUTEPUAM KAYECTBA OPOCUTEJIBHBIX BO/{

Menuopamusrnoe cocmosHue NepeyeladCHEHHbIX — OpOWAeMbIX  3eMenb  Apapamckoli  pasHuHbl
00YCNI0671€HO, 2NABHLIM 00PA30M, UX NOUBEHHO-2UOpO2eoNocudeckumu ycaosuamu. OOHAKO BAXHCHYIO pPO.b
uspaem mMakdjice Kauecmeo pedHbIX OPOCUMENbHbIX 800, UMO O0eMmalbHO NPOAHAIUSUPOBAHO NO
MENCOYHAPOOHBIM Kpumepusim, ucnonv3ys obueussecmuyro @opmyny SAR. Ilonyuennvie pesynomamol
CBUOECMENbCMBYIONI, YMO KAYeCME0 PEUHbIX 600 PAGHUHBL NO IMUM KPUMEPUSM NOYMU He npegvblulaiom 2,
UHBIMU CLOBAMU, NOCKOTIbKY MeHble 3, OHU OMIUYHO20 Ka4ecmaa.

Knroueswvie cnosa: peunas 60061, opouterue, XUMUYECKUU 2j1lemMerm, Kavecmeo, Kpumepuu

H.G.Qelejyan,
L.A.Margaryan,
S.M.Mkrtchyan

EVALUATION OF RIVER WATER OF ARARAT PLAIN ON INTERNATIONAL
QUALITY CRITERIA OF IRRIGATION WATER

Reclamation state of waterlogged irrigated lands of the Ararat plain is specified mainly by their soil
and hydrogeological conditions. However, an important role is the quality of river irrigating water, which is
analyzed in detail by international standards, using the well-known formula SAR. Obtained results argue
that the quality of the river water of the plain on these criteria almost do not exceed 2, in other words, as less
than 3, they are in excellent quality.

Keywords: river water, irrigation, chemical element, quality, criteria
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TPEBOBAHHUA K O®OPMJIEHUIO ABTOPCKUX OPUTTHAJIOB CTATEN
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UYepes cTpouky crpasa - Ums, @amuiust u OTdyecTBO aBTOpa (aBTOPOB)

Yepe3s CTpOUKyY B IIEHTPE 3arojOBOK CTAThH IeYaTaeTcs mponrcHbiMu OykBamu 11pt, bold.

Yepes 1 unTepBai anuortanus He 6osee 50...60 cios, Italic. Kimrouessie cioa: 5...6 cios, Italic.
Uepes 1 uHTEpBaI — OCHOBHOM TEKCT CTATHH.
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Homepa cChIIOK Ha IUTHUPYEMBbIid UCTOYHHK B TEKCTE CTABATCS B KBAJIPATHBIX CKOOKAX M JIOJDKHBI
UJITH CTPOTO IO TIOPSJIKY.

[ToBTOPUTH MYHKTHI 2-4 Ha S3bIKaX, OTIIMYHBIX OT S3bIKa OCHOBHOTO TEKCTa: aBTOP(BI), 3ar0JIOBOK,
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Yepe3 CTpOUKy MPUBOISTCS CBejieHHs 00 aBTOpe(aBTOpax) (Ha apMsSHCKOM, PYCCKOM, aHTJIHHCKOM
s3pikax) — W.®.O., ydeHas CTeneHb, 3BaHWE, HAa3BaHHE OpraHU3aluH (YUpeKICHUs), 3aHHMMaeMas
JIOJDKHOCTB, HOMepa TeIe(h)OHOB, aJpec MIIEKTPOHHON TTOUTHI, a TAKKe J1aTa MPECTaBICHUS CTaThH.

ConpoBoxaamwuiue 10KyMeHTbI:

1 oaK3eMIUIsip CTaThH, pacrnedyaraHHbli Ha Oymare Qopmarta A4, SJEeKTpOHHAs BEpPCHS CTAThU

(TexcToBbIi (aiin B popmare *.d0C, pUCYHKHM HOJDKHBI HAXOAUTHCS B OTICIBHBIX (haiinax B hopmarte:

*Jpg, *. jpeg)
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