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(Ftidwih wpnhwwunipniup.

Upgwfuh Cwupwwbwunieiniup yGpwlwugquynn Eubipghwih unp wnpjniputiph ogwnw-
gnhpddwt wuhpwdbtipunnieiniu niuh: Wu hwuqwdwupp ywydwuwynpdwsd & EYyninghwwbu

dwpnip ElGYwmpwtubpghwih unwgdwu hbwn: Unwhuh Yujwuubph wnwjnientut wuhpw-
dboinnieiniu k, pwuh np nyjw mbinwuph Eubpquyhputipt wnwybjwgnyu wpryniuwybunni-
pjwip Yybipwwipnfubt Ellnpwlwt fuinghwh:

Eyninghwwtiv dwpnip yGpwlwuquynn Eubipghwih wnpjnip hwunhuwund £ onipp:
Upgwluph b <wjwuwnwuh <wupwwbnnigjuu nmwpwoépnd gnpdnd £ 200 W wybh thnpp
<EY4: Wu Yuywutbph dh dwup Yunnigyby £ nbinbu bwjuyht luUCU wwipphubiphu, huy JdGo
dwup' ybpohtu 30 mwpyw pupwgpnut: Unwohluwinw Yuwfuwgdybu b Yywnnigybu pwg-
dwpehy unp thnpp hhnpnEiGunpulwjwuttp:

LGnuwjht gbwinbph hhnpninghwywu W hhnpwyhywlywiu wwwhnyjwéniejwu npna-
dwu fuunphpubpp ybpwywuquynn tubipgbnhlwih qupgqugdwu Yuwplnpwgnyu ninnniejniu-
ubiphg Gu:

Upgwfuh <wupwwbinnyejutu w2fuwphwgpwywu nhppp eny] £ vwjhu wpryntiw-
b oguwqgnpdti| |inuwjhu qbtiwnbph opwkubipgbinhy ubipnidp, npp hwunhuwunw k
InYwihqugqwd Ytiplwuquynn Lubipghwjh wnpynip:

®npp hhnpnkGunpwywjwuubph twhuwgddwu thnynud, |Gnuwjhtu glimbiph tubipgb-
why ubipnidh wpryntuwybin ogunwgnpddwu hwdwp wuphwdbtion £ nppwwbnt) ndjw| qb-
wh hhnpninghwywu ntdhdutiph b 9pp hnupnud wnlw ptipdwépubph pwuwywlywu nyjw-
ubiphu: “pwup hhdp Gu hwunhuwunw twhiwgddwu wfuwnwupubp Yuwunwnpbnt hwdwp:
Wn ngjuiubpp unwuwnt bywwnwyny dbé gbnbph hwdwp Yuwwpynd Gu pwgdwdjw
nhwnwpynuubp, uwlwju Upgwiuph gbwnbphg swwbph hwdwp udwt nhunwpynwiubipp
wnyjwiutipp Jwd pwgwlwnw tu, Ywd wnlw Gu wndjupbp Ywpd dwdwuwlyuwhwwndwsh
hwdwp: Nwwnh npwup s6U Ywpnn hhdp hwunhuwuw] hhnpnkGYunpwlywjwutbph bwiuw-
goédwu hwdwp:

Loqwé nyjwiubph pugwlwiniginiup wnweowgunid k£ Jdph owpp fuunhputip: ¢<EY4-h
Uwhuwagdny twjuwwnbuwsd hgnpnieyniup, npwbu Ywunt, sh hwdwwwunwutuwunw gbinnp
hpwlwu Eubpgbitnhy ubipnidhu: Ujnw Ynndhg, Ynon dwuthlutipp hGnwgunn Yunnigywdp-
utiph ng 6hoin hwodwpyp opwnh hwugnygnd wnwewgunid k 9pwpbipniyubtiph Ynunwyned-
utip: Sfuwdwuhg npwug pwthwugnup wnnipphuwiht opwnwph dbe ptipnd k£ funnnjw-
Ywowph W wninipphuh wpwg dwqwodniepjuu:

Cwygh wnubind wyu fuunhpubph Yuplnpngyniup' ubpyuywgynn wluwnwupnid
dowlyyb) Gu |Gnuwjhtu gqbwnbph opwjht nbdhdubph Ywljuwwbudwt W hwodwpluwihu
dbennutip, husp huwpwynpnieinit £ wvnwihu Yhpwnwlwtu pwdwpwnp Gouningejudp npnbi
Upgwfuh <wupwwbwunngniunid wnfw |Gnuwjht qtimbph 9pwjhu nbdhdubpp U npwug
hhnpninghwywu wwwhnyywdniyeniuubipp:



Ugfuwwnwupnwd dowyyt Gu [Gnuwjhtu gbiwnbiph opwpbpniwjhtu nbdhdubph, wnb-
nwihnfuynn pbipjwoépubph pwuwyh quwhwwndwu dbpnnubp: “‘pwup thnpdwpwpwlwt
dwuwwwphny uwnniqyb| Gu dh 2wpp gbnbph hwdwp: Npn2 nyjwjubp unnigyt) Gu bwl
Cwjwuwnnwuph gbnbph hwdwp: Unwgwd hwoqupluiht wndyuijutpp  hwdbdwngb) Gu
pwqdwdjw nhunwpynwubph wpnyntupubiph htiw:

Qbtinbiph hnuph ypw wuppnwyngtu b ptwyhdwjwlwu gnpdnuubph wgnbignyejwu
quwhwwdwu YGpwpbpjw) gnjnieiniu nwubignn w2fuwnwuptbipp, hhduwlwunwd, Ybpw-
ptpnud GU hwppwdwjpwiht hnuwupubpht b Yhpwnbh sGu |Gnuwjht gbwnbph hwdwp:
Uuhpwdtigin £ Gnb| wnwuduwgub)] bwl jnipwpwtynip gnpdnuh wignbignygjwt thnihnfudw
nhuwdhywt' Ywiudws éndh dwywpnuwyhg niubgwsd pwpdpnieniuphg: Uju nipnnigjudp
w2luwwmwupnd hphduwynpyb) b Jowyyb) £ puwyhdwjwlwu gnpdnuubiph wqnbigniejwu
swithp qguwhwwnnn Bnwuwy:

LEnwgnuinipjwt tywwwyp b juunhpubpp.

Lbwnwgnunnpjuu  hhduwlwu tywwwyp Upgwfjuh <wupwwbnniygjwu [Gnuwihu
qbwntiph Ypw Yunnigynn thnpp hhnpnbiunpulwywuutph hhnpninghwhwt W hhnpuy-
thywywtu wwwhnwdnyejwu npnadwt hwdwp hwodwpluwihu dGennutph dowynwp L
ubijwyubtiph hwugpwé Juwuubiph guwhwwdwu dGennutiph Yuwwnwnpbjwgnpdnwdu :

Spwd uwwunwyhu hwuubiint hwdwp wnwownpyb) Gu hGnlyw| fuunhputpp.
> puwyhdwjwywu gnpdnuubiph wqnbgniejwu hwogwndwdp dowyt) dbenn, hwodwp-

Ywjhtu dwuwwwphny, ghnwywquunwd djuwu dwdyny optiph phup npnatiint hwdwip,

» hnuwuph GpYywjupn uunywépubiph  hwoybtiYonh  hwyjwuwpwyonnipjuu  wwjdwup
wwwhnydwt tywuwnwyny unwuw| jwjuwlwu hwwnnyph hhnpwyhywlywu ywpwdbun-
ptiph dhole wnusniypyniuutip,

» hniiwiht duwihnfunieyniuutiph Yuyntbwgwd thnyp ywpwdbnpbph Ywufuwnbudwu
tywuwwyny uwnwtw] hnuwtph funpnyejuu, dhoht  wpwgnEjwt b jwjuwywl
Yunpywdph dwybpbuh dhole oppuwswithnie)niuutp,

> dowlyb] unp wnhwh hbnGnwwwp Ynuunpniyghwubp, npnup hniuph pLipnypjwl
thnthinfu-
dwu wnbnwdwubipnud pny| Yurnwt wwwhnybip htintinutiph hnwwih nbnwinfunidp.

» ubjwyubph hwugpwé Juwuph quwhwwndwu b hwoupydwu dJhwutwywu hwdwlwpg
untindbnt bwywwnwyny dowyt dbenn, npp hutwpwynpnyentt Yuw uwhdwuwhwybi
untpynhy  dninbignwiubpp b pwpdpwguti hwugwsd Juwuh YGpwlwuqudwu L
ubjwyubiph Ywuluwpgbdwuu ninnywé dwiuubiph wpryniwwybunnieginiup:

Shwnwlywt tnpnypp.

» (Fwppwnh wjwquwuh gbwnbph uwquagnyu hnuph dnnnyp osphwywp wwquuh dhoht
pwpdpnipjwt wybjwgdwu nbwpnd twwbu sh wybjwund, husp wwjdwuwynpdwé &
nwpwdph opwbpypuwpwiwwu wnwuduwhwunynyeniuutipny:

» Qbtwh hnuwuph punwjuwywt hwwnyph hhnpwyhjuwywt  ywpwdbunptph  dhol
wwpgbtigywsd ophuwswihnigyniuutiph  hwjwuwnhnieginiup wwwgnigynud £ unwgywd
wpnyntuputiph hhdwu Jdpw Yuwunwpdws hwodwupyubph b thnpduwwtu  inyjwiutipp
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hwdtdwwndwu hpdwu Jpw, husp huwpwynpnipiniu £ wnwhu win ophtwswithnye)niu-
utipp hwdwnb| hnwwih:
Uwwgnigyntd k, np nnnnynn hnituh Gpujuwywi Yuyntt wnbupp Ywudws £ ny wjupwu
hnuwuph funpniejniuhg U opwpbipniyubph huptwuwwpydwu wnpwdwagshg, nppwu
hniuh plipnigniuhg, tiphg U wy) punpwgntiphg:
Utjwdubphg wnwowgwd nhuybtiph, hwugwsd quwuh quwhwwnmdwu b hwodwplydwu
hwdwp wnweownlyynn dtpnnh hhdpnd npynud £ wjuwhuh dwjuubiph W dhongunnidub-
nh hpwywuwgnup, npny Ywwwhnyyh ubijwygubiph wnwowgpwsd Juwuubiph thnfjuwwnnt-
gnudp:

Muynwywunipjwu £ ubpyujugyntd.
Puwyhdwjwlwu gnpdnuubiph wgnbgniyegjwu hwojwndwdp, hwogwpyuwiht dwuwwwn-

hny gqtunwdwquunwd &uu dwdyny optiph pyh npno2dwu dbennp:
Cnuwuph Ytunwup Yupwdph funpnygjwt, dwiybpbuh b wpwgnyejwtu thnthnfunyeniu-
ubiph ophuwswthnyeynuubipp:
niuwlywqdwynpdwu wpryniupnid hwuwnmwwmynn hniuh Yuyntt hwwnwyh Ynnpnhtwn-
ubiph npn2dwu inwuwyubipp:
Utjwydubiph hwugpwé Juwuph tdwqgbigdwt, Juwuubph qUwhwwndwtu dhwutwywl
hwdwywngh unbinddwt ninnniejuwdp dawlyynn dbennh uygpniupubpp:

Wluwwnwuph Yhpwnwlwt tywuwYynypinip.

Utjwyubph Jpw plwypdwjwywu gnpdéntubph wgnbigniyejwtu quwhwundwtu dbennp
Ywpnn £ Yppwndb| [Gnuwhu opowttbpnd hhnpninbluuhywywtu  Yunnigywdpubiph
twfuwgoédwu thnynd Juwufuwwmbunwutip uwmwpbiinte hwdwn:

Qbunwihu  hnuwuph YGunwuh Yupdwoéph hphnpuyhluwlwt  ywpwdbnptph  dhol
wnwownplynn Ywwbpp Ywpnn Gu Yhpwndbp hnwwlwqdwynpdwu  Gplnypubiph
Ywuluwwnbudwu, Ywdpowjphu  wugnuubpnd  nnnnnwitbph  dBdniyejwt npnadwi
w2fuwwnwupubipnid:

dniwihu gnpdpupwgutiph jwufuwwnbudwtu wnwowpyynn dbennp, npp hhdujwsd £
nyjw] wmbnwdwund gbinh Yujnt Gpluwjuwywu wypndbhh b ppwlwu Gplwjuwlywu
wpndhih htivn hwdbdwunniyejwu Ypw, eny| b wwihu quwhwnt] mpjwsd nbnudwunwd
hniuwihtu nb$npdwghwubph twpwghpp: Wnwhund Yupblh £ quwhwwnb), e np
nbwpnd £ tywwwlwhwpdwp ppwywuwgub] gbnbph hnwbph npnnd, huy n'p
nbwpnu L wbwnp uwhdwuwthwydti hhu gbnp hnup Jpw  wihwwywonwwu
dhongwnnidutipny:

Utjwdubiph hwugpwé Juwuh quwhwwdwt b hwodwpydwu hwdwp wnwowpyynn
dGpennp Ywpnn E ogquwagnpdyt) ubjuwjwwwonwywu Ywnnigwdpubph twhuwgddwu
thnynu' npwug wuhpwdbonnieniup hhduwynpbine hwdwp: Uju hhdp £ hwunhuwuntd
quwhwwndwu dhwutwywu hwdwlwnpgh unbinddwu hwdwp:



Lhnwgnuinipjwu wpnniupubph hwywuwmhnipyniup.
Unwowpywéd dbpnnutipp, dnintignidubpp bW unwgywd wpryntupubipp hhdudwéd Gu

opwpwuwlwu U hpnpwyhywywu, wn pynd' ptpdwdpubph swpdnwip puniypwagpnn
hwjinuh nbunigniuutph nu thnpédwpynwubpny unnigwé Gnwuwyubipnd hpwlywuwgywd
hwodwpyubiph ypw: <Gunwgnunnyejuu wpryntuptbpp hwdbdwunyb) Gu pwqdwdjw nhunwn-
Ynwubph Gupwpyywsd qbinbph indjwiutiph htiw:

UWluwwnwuph twjluwihnpdwptunyginiip b hpwwwpwynidubpp.
Ywwwpwsd hbwmwgnunnignwuubph hphduwwu  npnyeubpp U wpryniupubpp

qtynwgyt Gu.

>

>

Cwjwuwmwup  Eubpgbnhlwlywu  ghunwhbunwgnunwywu  huunhnnunh  ghunwlwu
funphpnnid,
Uywnbdhynu h.4d. Gnhwqupnyh wudwu 9pwihu hhduwhwpgbiph W hhnpnuinGuuhYuwh
huunhwnnunh ghinwywu funphpnnud,
Gnhh wbfuuninghwlwu hwdwuwpwuh ghnwywu funphpnnd,
UNESCO-h opowuwlubtipnud Ywqdwybpwywd «xomornueckn GesomacHbie TEXHOIOTHH
pHUPOI0OOYCTPOICTBA M BOJAOIOJB30BaHWs:  Teopuss W mpaktuka»  Uhowqquihu
ghwnwdnnnynid, 2017 ., Lnynuhphpuy, M4
«Construction of optimizes energy potential» XIV dhowqquwjhtu ghinwdnnnynwd, 2017 g,
Qtuunwfunw, Lhwuwnw.
«Construction of optimizes energy potential» XV dhowqquwjht ghwmwdnnnynid, 2018 p,
Qbtiunwhunyw, LEhwuwnwu:
«Modern Problems Of Water Management, Environmental Protection, Architecture And
Construction» VII dhowqqujhtu ghunnwdnnnynid, 2017e, (dphihuph, Ypwuwnwu:
«Modern Problems Of Water Management, Environmental Protection, Architecture And
Construction» VIII dhowqqujhtu ghinwdnnnynid, 2018, fdphihuh, Ypwuwnwu:
«CeneBble  MOTOKM:  KaTacTpodbl, puUCK, nporHos, 3awwmta» V  dhowqquyhu
ghunwdnnnyntd, 2018, dphihuh, Ypwuwnwu:

UwnbUwfununigjwu npnypubpu nu wpryntupubpp ubpluwjwgywsd tu hpwwwpwyywsd

13 woluwwnwupubipnid, wyn pYnd’ dbY hwdwhbnhuwlwjhu deuwgpnyejniunid:

Unbuwfununipjut Swyjwip b funnigjwépp.
Uwnbuwfununieyniup owpwnpywsd £ 125 Eoh ypw U ubpwnnud £ pdny 21 ulwp no 27

wnnuwy: Wu pwnyugwd E ubpwénipniuhg, snpu gnijutbiphg, tigpuywgnieiniuutiphg ni
wnwownpynipntuubiphg, 86 wunwu gpwlwuniejwu gwulyhg:
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Lbipwdnyejwu dte hhduwynpywsd L hGwnwgnunnyejuu  wpnhwywuneniup, dlw-

Yepwyws £ fuunph npdwépp, awpwnpyws b ghunwlwt unpnypep:

Unwoht' «®npp  hphppnkGunpuwyuywuubtph  qluwdwuwht hwugnygubiphp
hpnpninghwyw b hpnpwypluwyws  wywhnydwt Ybpwpbpw; gpuiutnipjut
puttwnwwunwlwu JGppndnyeyniu» gfunid ubpywjwgyt) £ Upgwiuh <wupwwbunnigjwu
wmwpwdopny hnunn gbwnbph opwjhu nbdhdubpp, UL gbunwljwquuubph opwpwuwlywu
uywpwghpp, Ywwnwnyb £ |Gnuwjhu gbinbph pwpépnyeyniutph wuynwubph W nunwduw-
uhpynn wnwpwdpp punpnonn Yihdwjwlwu b dbwswihwwu wwydwuubph ybpndnyeniu:
dbpindytp Gu thnpp  hhnpnkGyunpwywjwutbph  hhduwywu  hwugnygutiph  (9pwn
hwugnyg, ntphdwghntu opwuwwp, wy) opwpwiuwlwu W hhnpwyhyuywl gnnyentu
niutignn hwoqwpluwihtu dbpnnutipp: Suwhwwnyb) £ npwug hutwpwynp thnfuwqgnbigniyejuu
huwpwynpnieinitup 2powyw dhowywph htiv: dbpnwdyt) Gu wuppnwngbiu gnpdnuubtiph L
Yihdwywlywu wwydwuubph thnihnfunyeywtu htwpwynp wgnbigniejwu gnpdnuutipp hnuph
Guwynpdwu Ypw: dbpndytip Gu ubipyuyndu Yhpwnynn dbennutipp gbunbipnd opp wynun-
pniniup npnobine hwdwp, win pyYnd' pepdwidpubiph nwunnniiwynigyniup punypwagpnn
hwywuwpnigjniututpp U |Gnuwpwpwiht bunydwodpubp pbipnn hnupbiph  Ynaunniejwu
gnpdwlyhgp npnonn pwuwdlbbpp: Updwuwgpdb) £, np 2wpddwu wnwpptip ntdhdubipnid
gbiinbph wnuinpniejwu gnigwuhubpt bwlwunpbu wwppbpnd Gu dhohu twpblwu-
utiphg UL phs tu hGnwgnnywsd: Pwg £ dund twlb wnumbuwlwu opjtYywnutphg Jwn,
Ywfujw| dwuthyubph gnigwuppubiph Ywujuwwnbudwt hwpgp: Unwohtu qifup Ybpohu
Gupwaqifund ptipdwsd L hunwgnuinygjwt uywwwyp bW wnwownpynn fuunhpubipp:

Uwnbuwfununipjuu Gpypnpn' «®npp  hhppnkilunpuuwywuutpp  gqluwdwuwht
hwugnygutph hhnpninghwlwu wwywhnynidp» gfund ubipluwywgynud £ nuuniduwuppynn
mwpwdwpowuh gbinbph utdwu wnwuduwhwwnynieniuubpp: Rpynud £ nuniduwuppynn
hnuph ubipnwptywu pwofudwtu W wwpblwu hnuph Ywfudwodnieiniup Yihdwjwywt wwy-
dwuubiphg (wnwohtu hbppht wbnnwutph pwuwyhg U npwug wnwpblwu pupwgphg),
nbilhtdh wnwuduwhwwnynyeniuubiphg, Gpypwpwitwywu Yunnigwdphg, ophwwp wyw-
quuh dtdnyeinuphg U duhg, [Gtiph, whh6ubph, wunwnubph wnlwnyentuhg W wyu:

Updwuwagpyti £, np pwgwnniygjwdp  unnpbpypjw  utund  niubgnn  gbwnbph,
wdwnwjhu ujwquanyu tiptipp dhohtu hwodny 1.5-2.0 wuqwd gbpwquugnud Gu ddtinw)hu
thnyh bjwqugnyu Giptiphu:

<hduwdnpdbp E, np suwywd  Gnuwghu  gbiwnbph ujwqwagnyu  hnuph  dnnnyp,
onhwwp wywqwuh dhoht pwpdpnipjwt  wybjugdwup gqngpupwg, npwbtiu Ywunu
wybjwunw £, uwywju, fGwppwnh wjwqwuh gbwnbph ujwqwagnyt hnuph dnnnyp
ophwywp wywquiuh dhoht pwpdpnipjwt wybjwgdwup gnigpupwg gnbpeb sh tnfuynud,
husp htilmbwup £ nmwpwdwopowuh opwbipypwpwtwlwu wnwuduwhwunynyeinuutiph:



Cwingpwjhtu pwnwnphsp, npwtiu punhwunip ophtuwswthnyenwu, gnbph ophwywp
wywquwuubph dhoht hwjwuwpwyonwd pwpdpnyeniuutiph wybjwgdwup gnigpupwg
wénw E:

Npnadb Gu htintinwjhu hnupbph ypw wqgnbignieinu niubignn puwyhdwjwywu gnp-
onuubipp, npnup nwuwywnaqyb| Gu Gpynt hhduwywu fudpbpp (LY. 1): FEndnpdninghwywt
gnpénuubtipu Gu nbhEdh Yupndwdnygjwu gnpdwyhgp, ubjudwwlunhynieiniup, unnwu-
pwjhu  wpngbuubpp, gpniuwnh gnigwuhoubipp: Y hdwjwlwu W hhnpndnpdninghwywt
gnhpdnuubipt Gu onh hwpwpbpwlwu funtwyniyeniup, pwdnt wpwagniejnup, pwpndbin-
pwlwu dupnidp, dub dwdlyny optipnh pwuwyp: Snpdnutiphg jntpwpwgniph wqnbigniejwu
swithp ywpgbine bW npwug wgnbignigjwu thnthnfunyejwu nhuwdhlwu npnatiine hwdwp Yuw-
wmwpyb] £ wn gnpdnuubph  hwonpnwlwu nwuwlwpgnu' pun dndh  dwlwpnwlhg
niuigwd pwndpnipjw:

<wygh wnubiny gnpdnuubiph d&& pwuwyp' fuunph nwdwu hwdwp wnwewpyyb) &
Hi$hh dbennh dnnh$hlwgywd hwdwluwngp (uy. 2):

uUneQkse

Q-Luh hnuph Jpw phwlypdugujua

gnpdnuubkpp
g htwpu it
Fhminppringhuliut hhnpngbmnghmljua
NrEhE$Sh junpungusnipun | | o T E—
gnpsulphg — tmi}l‘ — —
Utkyudhljmjeniia - — Y mmnught nbnne i
Unnubpujht ywpngbkutbkn | Onh ghpuimaninh&mna
— L1mdnt mpaa 1jemii
Snnitinuhbwupimbbn [ruignige]
— FPwupndbbnpwljwbh Sbpnd

I2UE SwshEnn] epknh puwtiaady)

b hd
GLE£
LEntuwihh wyuydwmutubph
wmgnbhgnipjuh girunhuwunnidp hnuph
Alrunnpuwh dpu

LY. 1 LEntwphtu wuwydwuubpnud puwlyjhdwjwlw gnpénuutph nwuwlwpgnudp



Linbughh wupdwhbbpmd ubjpujuiht houptph hEnwugnundwb b
Jubhnunbuwiwmb jubnph nmjwspp

Ubjwjuyht boupbph qupgquguwmt Jpw wqnon pouljhdwywljmt
gupdnuubph guuwljwupgoaln

Zintnuyht hnupkpp wipnhjughnng phmljpiwjuljmh gopdnbbkph
mhnjudwb juppjubdnipioibibbkpp

OUpugpuyhl wywbnyndbtph Yhpomiandp
TEPPhh juwbppunbudwh hmbnojus hpnng

Uwnwugjus wnfuujitph budiimunwjmb gwbwnnud

Snipwpwibyinip gopdniuh
wqntgnipjul gapsulgh
ghuhwwnnudp hbnbnwght
hnupkph wnuwewguwi Ypu

l

LEntughth wwypdwbibkpnid dhpadujmunupyu
ZEY-Eph Eynpnghwljwh rhuljEph ghochwwnnndp
htntnuiht houpkph wlinpjugdwi ppowanid

LY. 2 <Enbnwjht hnupbtph wnwowgdwdp yWuydwuwynpjwé tYninghwlywu nhulybpp
quuwhwwndwy wignphpd’ hhdujwé H$hh Innh$phYugiwé Jpnnh Ypw

Yidpp Jdbennh dnnhdphlugywd hwdwlwpgh Yhpwndwdp Yuwwpdb) G hwo-
qwuplubp, npnug wpryniupnd unwgyb) £ hGnbnwiht hnupbph Jypw puwyhdwjwluwu
gnpénuubiph  wgnbgnipuu  hinthnfunyegniup’ Ywiudwsd  dndp dwlwpnwyhg niubgud
pwpdanpntejntuhg (uy. 3):

0,7

0,6 /
—f=—VARL
—-VAR2
—te=VAR3

0,4 A
i VARS
—==VARS
—0=—VARB
0,3 e VART
—VARS
VARS

0,2

y / D —4—VARIO

e e —
—— e ——
0,1 £ = = = == = %
7_-—a_'_._d_._._
R —— ; : . :
* ¢ . ¢ ¢ * *

0
800 1000 1200 1400 1600 1800 2000

LY.3 <bntnwjhtu hnupbph ypw ptwyhdwywlwu gnpénuubph wqnbgnipju
thnthnfunieyniup’ Yupujwé ényh dwywpnwyhg niubigws pwpépnye)niuhg
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LUhpwnbiny unwgywsd wpryniupubpp' hwodwpydby £ &uu dwdyny opbiph pwuwyp
dh nbwpnd Ywjujwd ondh dwlwpnwyhg nwbigwd pwpdpnyeiniuhg W dpuninpuwhu
wbinnuiubiphg, djnw nbwpnd’ Yufudwsd nbhtdh wwnndwsdpubph gnpdwlyghg, jwugkiph
phtipnieiniupg, Jpuninpuwiht  wbnnuiubphg L 6ugnuwihg: Gpynt nbwpnud  unwgywd
wpryntupubpp pwdwpwp Gaunnjudp gniqudhwnb) Gu yhdwwagpwlywu ybpndnyejudp
uinwgywsd nyjwiutiph htwn:

Uwnwgyb) Gu (Gwppwn gbinh dLwswihwwu wwpwdbwpbpp, huswbu twle hnwp
lwjuwlwu  wpndhih  hnwwht nb$npdwghwubph  hwodwpyuwihu  deennp’  ubjwdwihu
hnuptiph htintinwjhtu Giph hwdwp:

<pdudbind udwunypjuu b swhwjunyjuu nbunyjwu ypw b oqunybiind gbinnp
Guwgwihwywt  wwpwdbnpbphg' wbnwuph phpnyejniuhg” (), eph pwuwyhg' (Q) L
hwwnwlwihu ptpdwépubph dedniyeyniuphg' (d) niubigwd Ywiudwdniypywu Jdwupu Lnunpup
wnuwnnywwhg' wwppbp hbnpuwlubp wnwowplybp Gu gbwnp (wjunyeyuu’ (b) W hnuph
funpniyut’ (h) Ywwp, npp punhwupwgywd wnbupny wnwowpynd Gup ubplujwguby
htwnlyw| wpunwhwjnnyeniuubpny'

b_ Q_\ym
h Q .
a = Ch(dz\ﬁﬁ)n . (2)

Cwyyh wnubny, np updnwip putwlwu hnund, npwbtiuv wunt, wuhwywuwpwswih
E W ng unwghnuwp, oph 2wpddwt nhtwdhy hwjwuwpnudp Ywpbh £ gpb) hGunlyw
inbiupny.

E(z+l~1+m—‘rz) = —(3'3—v+“2VZ} 3
al 2g gdt R*) ( )

Lowtwynwiubpp hwupwhwyun Gu:
£bnnwyh quugywdh W yhun dwuuphbubiph pwjwuuph hwjwuwpnwiu niwih hbnbyw)
inbiupp.

9A L 9Q _
at T al 0, (4)
9z , 1 9QQS) _
6t+b50 al =0, ()

npwntin A-u YGunwuh Yupdwdph dwytiptuu t, z-p hntuh hwwnwyh gnighsu £, Sg-u gpniuwnp

dhwynp quugqwdénud whun Unueh dwut b, S-p Ywiuw] pbpwéputipn hnuph Ynu-
gbunpwghw E:
10



<nuwuph nwunnniuwynyjwu hwjwuwpnup Yupbih pbptp hGunlyw ntuph.

' = mmv o5 (z b+ —)] (6)

Pw

npwntin S* dtdnyeyntup npnonwd | ppdwidph wju pwuwynipiniup fuwnunipnnid, npp inyjw
hnuwupp Ywpnn £ wmwub], w-u pbpJwdputiph dhoht hhnpwyhywywu dGéniginiut £, pg-p
U pyw - U, hwdwwwwnwufuwtuwpwp, whun dwutuhyubph W hnnwyh funnieyniuubpu Gu:
Unwowpyynn hwjwuwpnwiutph hwdwywpgp, duwswihwlywt  Yuiujwdnye)niu-
ubph htwn hwdwwbn, pny] £ wwjhu nwk] |Jugynn hniubpny pbpdwépwwnwn hnupbiph
ownddwup YGpwpbpnn, dwutwynpwwtbiu gbinbph dbwunpwgdwup b nbunwédbwynpnid-

utipht ytpwptipnn, fuunhpubip:
UwnbUuwfununipjuu  Gppnpn' «®npp  hpppnktypwyuywuttph  qluwdwuwph

hwugnygutph hhnpwyhjujuwt wwywhnynwdp» gnifup uyppywsd £ hnuwuph wywpwdbin-
ptiph dhol. ywpqbigwd ophuwswihniginiuubph pwgwhwjnmdwup W hnwp Gplwjuwywu
Ywjniu  Ynnwwnbuph npnadwup: <nwih  nipnwuyn wjtwlwu  hwwnnyeh  nbwpnw

dwybipbup, ppeYwd  wwpwaghdp, dhoht  wpwgnugniup  Jupbih £ npngtip  hbinlyw
wnusnipnutbpny.

A=p,-b-h (7)
X = 5512 (b + 2h) (8)

V= (9)

1
A

Wuwnbin qdéwjhu uvwunnuyp /dwugnwpp/ Gupwnpnd £ hnith wju  hwwndwsh
|wjunypntup, npwntin, hnuwuph dwpuhdw| ptinujwdpny wwjdwuwynpgwsd, uunydwdpp sh
owndyntd:

i=-2b(1+28)="2"Fb (10)

npinkin B =b/h = b/h:
Upryntupnid  wpryniuwybn - jwjuwywu  Yupdwdph dwytpbuh U ppoynn dwup
wwpwagdh dhol unwgynid k swthnnuiywuneiniu snitutignn hbunlyw| wpunwhwjnnieyniup.

(11)

=
Il



Lwjwinup k, np (Gnuwjht hnuwupubiph a gnighsp lnwwnwuygnid £ 3-4 dhowyw)pnd:
LYwwwpbnd wwpgbignudubp W hwodh wnubiny (10) pwuwdalp' unwunu Gup.

= B+2 lf’ali ;
h= (Ba-i-?) Bo B /8 (12
Lowuwybiny'
M = (E@)Ua 3
~ \Bo+2 B (13)

U hwayh wnutind, np np B Yud By gnpdwlyhgubiph thnihnfudwt jw whpnyep 1-hg dhusl
12 dhowlwipu £ a-h vnwppbip wpdtpubph hwdwp npnand Gup M-p (wn. 3-5):

Unjnuwly 3
M wwpwdbwnpph wpdbpubipp® npybu B U B, gnpébwyhgutiph $niuyghw’ a=4 ntiyph hwdwp
Bo 2 3 4 5 6 8 10 12
p
1 1.1 1.16 1.19 1.21 1.22 1.24 1.26 1.27
2 1.00 1.05 1.07 1.09 1.1 1.12 1.14 1.14
4 0.93 0.97 1.00 1.02 1.03 1.05 1.06 1.06
6 0.90 0.95 0.97 0.99 1.00 1.02 1.03 1.03
8 0.89 0.93 0.96 0.97 0.98 1.00 1.01 1.02
10 0.88 0.92 0.95 0.96 0.97 0.99 1.00 1.01
12 0.87 0.91 0.94 0.96 0.97 0.98 0.99 1.00
Unyniuwl 4
M wwpwdbwnph wpdbpubipp® Yujudws p L B, gnpéwyhgutiphg* a=7/2 niyph hwdwp
Bo | 2 3 4 5 6 8 10 12
p
1 1.12 1.18 1.22 1.24 1.26 1.28 1.30 1.31
2 1.00 1.05 1.09 1.1 1.12 1.14 1.16 1.17
4 0.92 0.97 1.00 1.02 1.03 1.05 1.07 1.07
6 0.89 0.94 0.97 0.99 1.00 1.02 1.03 1.04
8 0.87 0.92 0.95 0.97 0.98 1.00 1.01 1.02
10 0.86 0.91 0.94 0.96 0.97 0.99 1.00 1.01
12 0.86 0.90 0.93 0.95 0.96 0.98 0.99 1.00
Unyniuwly 5
M wwpwdtinph wpdbpubipp’ Yufugws B b B, gnpéwlhgubiphg’ a=3 nhiwyph hwdwp
Bo | 2 3 4 5 6 8 10 12
p
1 1.14 1.22 1.26 1.29 1.31 1.34 1.36 1.37
2 1.00 1.06 1.10 113 1.14 1.17 119 1.20
4 0.91 0.97 1.00 1.02 1.04 1.06 1.08 1.09
6 0.87 0.93 0.96 0.98 1.00 1.02 1.04 1.05
8 0.85 0.91 0.94 0.96 0.98 1.00 1.01 1.02
10 0.84 0.90 0.93 0.95 0.97 0.99 1.00 1.01

12



| 12 084 089 092 094 |09 [098 [099 [1.00 |

Unwgywd wpdbtipubipp gnyg Gu wwihu, np wju nbwpbpnd, Gpp Bo =be/hy L
B =b/h gnpdwyhgubipp dhdjwughg nwppbp Gu wybkih pwu 3 wugquwd, uyuwnygnd tu 10%-
hg dtd otinnuiutip: Uw bpwuwynd E, np wugnuwjht wnbnudwund puwlwt hnwp
jwjunieyniup ubnwunuw £ pwquiwyh wugqwd: Ywnnigynn hGnhninuwihtu Ywdnipoubipu ni
wdpwpuwyubpp, wihbph ywounwwuwlwu Junnygubpp' ywwnuboubpp b wyp wugnuubp
gnyg Gu wdb, np hnwbph ubnugnuip ungdnpwpwnp Ywwwpynd £ 1,2<by/b<1,5 uwh-
dwuubipnud:

dbipp pipdwé wprynwipubiph yGpnwnyenituhg tiqpuwgnieiniu £ wpydb), np hntubpp
Epnghwih wwpwdbwpbph pwgwhwyndwtu gnpduwywt fuunhpubph hwdwp M puniew-
gpnn dbdnuyeyniup Ywpnn £ punnidbp dByhu hwjwuwp' wnwug bwlwu gbnnuiubpp:
Upryniupnud, (12)-h thnfuwpbu Yuiptiih £ b

h=t 2.
1_30 Ea—lfa .

(14)

Uwutwynp nbwpnu a binwnuwihtu' 7/2 dhohtu wpdbiph hwdwp Yuunwuwup.

1 1
% Esﬁ'

h=

(7) L (9) ywfudwonieynwuubiph thnfuwpbu, Yniubuwup.
A=b (16)

(17)

Wuwhuny, wju hniubph hwdwp, npnugnd tundwdph hwoydblonh hwjwuwpw-
Yonnyeynitt inkinh niup, hnuwuph (wjuwywu Yunpdwsdph hhnpwyhulywu wwpwdbnpbpp
npnadwt hwdwp unwunwd Gup ywpq Ywfugwédnieiniuubp:

Unwgywsd wnusniejniuutpp jwy hwdwédwjunygjwu dby Gu wyu  hwodwpywihu
wpuwhwjnnieiniuutiph htwn, npnup tunywoépubtiph hnuwuph hwaytiyonh hwjwuwpw-
Yonnipjwu  wwjdwuh nbwpnd uwnwgynd Gu Ywdpowwnwly hnuh  wnwybjwgnyu
Guwihnfunieiniuutiph npnadwu hwdwip:

Ywpbih £ ubpyuywgut) wju wpunmwhwjnnyeniuutiph punhwupwgywd nbupp.

= (@) (2 o

npuntin Hy-u U By-U hnwip funpnieyniut ne jwjunteyniut Gu, hwdwwwwnwufuwtuwpwp
Q,-U gnudwpwyhtu Gpu :
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Uwwgnigynid k, np nnnnynn hnwh Yuyntt Gpluwjuwywu unpdwdph inbupp Ywlu-
qwd £ ng dhwyju puin Gplupnigjwu hnuwuph funpnygjwt thnthnfunieyniuhg, wy bwb whun
dwutuplubiph  huptwuwwpydwu wpwdwgdhg U hnwh  funpnnipnpnnyejuu  thnthnfunt-
pIntuhg, husp pfunid £ unwgywéd htinmlyw| hwywuwpnudhg.

1 iy
. k. Iy /6 B h Kk d(x)dx
z =125+ (hg—h) + [do (B ) d (d) fh(x)(h/ T (19)

LGnuwjht gbinbpnd hnuwuph 2wpdnidp dhoin wuhwjwuwpwswih E, uwwju npn?
hGunwgnunnubp wnwowpynw Gu wju punnwt hwjwuwpwswih:

h = hy: (20)

Wnwhup dninbgnudt wupunniubh £ W hwugbgunud £ fwlwu ufuwutph:
Mhun dwuuplubiph huptwuwjwpydwu dhoht wnmpwdwaqdh dtdnieniup npnaynud |
hGunlyw| ophuwswihnieiniuhg.

d=dge ™ : (21)

Cwyyh wnubny (20) L (21) wnusniyejniuubpp’ Yuynia hndup jwjuwlwu Yupdwsdph
hwywuwnpnudp unwunud £ hGuinlyw| inbupp.

. he\ /6 Sax 6k [do\ 16 T ax
Z, =2y + - dc,( ) (1—e s ) — (—) (1—e &) (22)

Taki \h,

Cwyyh wnubind, np huptwuwwpydwu dwuuhyubph npnodwtu hwdwp oguwgnn-
onwd Gup (21) Epuwynubtughw| Yuwwp, www hwpdwpniejwu nbuwybnhg, tdwltwwnhw Yuw
Ywpbih £ oguwagnpstip hnuwuph funpniginiup npnabint hwdwip.

h = hye P (23)

$Pnpdwpwpwlwu  wpryniupubipp  Jbpindnyeyniup huwpwynpnyeynitu £ wwihu
Ggpwlwgub), np dhouin niubup hbnlyw| wuhwyjwuwpnieniup.

a>f,

wyuhupt' huptwuwwpydwu Jwuupyubph wpwdwgdbpp ujwgnud Gu wybh wpwg,
pwu hnuwuph funpnyeyniup: Uprynwtupnd, npn? ywpgbtignudubiphg hbunn unwgynid £

1 (5a+8) 7/ 7(a—p)
. —Bx k ho\ /6 _Bath), 6k do\ /6 - x
Zp = Zg+ h.;,(l —e B ) + gdo (d—‘;) (1—e ¢ 7)— ST (h—ﬂ) (1—e & 7)(24)
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Lwhiwgddwu dwdwuwly wuhpwdtion £ hwodqupluwiht Gnwuwyny npnotp Yuyntu
hniuh hwwnwyh Gpywjtwywu plpnieintup b utnwgywd wpnyniuptbpp hwdbdwnt gbunp
puophuwlwjpu wpdtiputph hbGwn: Cun npnud, Gpeb wnlw GU hnuwlph funpniEjwl
thnthnfjunyejwt nYjwjubipnu pun Gplwpnyejwu, oguynd tup (24), huy wn ndjwiubpp
pwgwwjnyejwt nbwpnid' (22) hwjwuwpnuhg:

Uwnwght Gup puwlwtu hnwbpnd Yudwjwywu Yupdwdpnid b-h b h-h dhole oppuw-
swihnieiniup, bGpp hnuwuph wwunnniuwynyenitup pun Gplwpnejwu  dund £ hwu-
mwwnnLu:

Qwthwagnipy nbupny gpywsd (15) wpunwhwjinnyentup ubipluwjwgutup swhnnuywu
inbiupny.

h _ hyb”
by by e/ (25)

Cwdwdwju thnpdh wpryniupubpp' b =0.37 4, he = 0.062 u: Uu nbwpnd (25)-p

Yubpyuwywuw (26) nbupny'

_0.03

h — 'L.'Sl."'}‘

(26)

Uwnnigbup wju ophtwswihnigjut hnwwihnyegynup: Un bywwwyny hwdbdwwnbup

thnthnfuwlwu Yunpdwdp niubignn wphbunwywu opwugpubiph hwoywplywihu wpryniup-
ubipp jwpnpwwnnp thnpdh ndjuiubiph htwn (wn. 6, uy. 4 L 5) :

Unyniuwly 6
Onihnjuwjwt phpniyejwdp hintnwunwp Yunnigwdsph
thnpauwwt b hwajwplywihtu wpnyniupubph hwdbdwwnwlwup

X, U 0.5 1.26 2.3 3.4 4.4 5.0

b, U 0.40 0.45 0.54 0.74 1.01 1.33
h (Pnp&uwlwl), d 0.059 0.053 0.046 0.036 0.028 0.023
h (Cwowplujht), 0.057 0.053 0.046 0.037 0.029 0.024

= Onpaulpuil = <wpupljuyhit

0.04

h,

0.02

b, 0
LY. 4 Pnipnfuwuwt ppnipjwdp hinnwwnwp junnigywéph
thnpstww b hwjwpYuwihtu mjujubpp
15



h;()._()(w?_

LY. 5 ®nihnjuwut ppniejudp junnigjwéph Gpluwjuwlywu ypn$hp (w) b
|wjuwlwu hwwnnypp (p)
— - hnuph wqwu dwybtipnyph hwojwnpywihu Ynpp
0 - hwywpyny unwgywd nyjwubpp

Cwdbdwwnnigjwt wprynwipnd unwunwd Gup, np hwoqwplwihtu wpryniupubph nt
thnpduwlwu ndjuijutiph dbe wdbuwdbsd stnywonyeniup Yuqinwd £ 4.3 wnnynu, huy
wdbuwihnppp' 0.18 winynu, husp Jyuynd £ wnwowpywsd  ophuwswihnigniuttiph
hnwuwihnyejwu dwuhu:

Uwnbuwflununigjuu  snppnpnp’ «Swipwéwpowup  Lubipquwwwhnqwénipyut
lutnhputpp W thnpp hhppnklEYpwuwywutph wujunwug whwgnpsddwt wwywhnyne-
dp» qifunud Jepindyty £ wnwpwéwypgwuh tubipgbnhly - hwdwlwnpgh wpnh yhtwyp,
Upgwfuh b Cwjwuwmwuh EGYunpwtubpghwih hwaotiyohnubpp b << wpunwpht wwpwupw-
opswuwnnipjuu U EGYunpwtubpghwh hwdbdwunwlwu wnwybiinyenwuutiph gnpdwyhg-
utipp 2000-2016 pywlywuubtiphu:

Cungdéyt) Gu Lubpgbinmphywjh ninpunnw << Ywnwwpniygjwt dEnuwnplywsd pwpbithn-
funwdubph hpduwwu ninnnieyniuubpp:

Utjwdwihtu hnupbph hwugpwé Juwutbph quuwhwwndwu hwdwp wnwowpyynwd k
ogunwgnpdti nhuybph quwhwwndwu hwjwpwlwu pwuwdslp'

Rps =B XV, X Vi XxdXK; XF, (27)

npunbin Rpe-p hwjwpwlwu ubjudwihtu nhuyu £ gnh/nnwph, Puep' ubjudubph Yplunnniuw-
oynigyniup’ wuqwd wwph, Vi-p puwlsniyejwu fungbjhnyeyniut £ opun dwdwuwyh, d-u
quwhwwnynn nwpwdph hwdwp Jwpnyuwug funngegniut £ dwpn/Yd?, Ki-p ubjuduwihu
Gpunypubph hbtwnlbwupny dwhwgnt nbwpbph pwuwyu E, Fp' ubuwdwhtu Juwugny
nwnwdph puwybgywsd dwybpbup' Yu*

Puwlsnipjwt fungbjhniginiup twpwdnipjwu dbe' Vs, Ywiudwsd E nwpwdnipjut!’
ubjwdwjhu hnupbphg Juwudwdnipjwu swihhg'
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VS - Safst , (28)

npwntin S;-U nwnwuwuppynn wjwquunud ubjwjwywnwug wnwpwdph dwybpbuu £, S¢-u
wywquwuh punhwunyp dwybpbup:

Puwysnipjwt fungbjhnyeniup pun dwdwuwyp' Ve, Ywhudwsd £ opdw b wnwpduw
pupwgpnut dwpnnt' Juwugwynp gnunnd gunuybint dwdwuwywhwunywdhg.

Ve = (tq/24) X (ty/365), (29)

npnbin t4-U ubjwjwyunwug gnunnd dwpnne gunuygbiint dwdwuwwhwndwdu £ opdw
pupwgpnud’  dwd, ty-U  ubuwdwiht  hnupbiph  wwpwéwpowunw  Jwpnnt  gunuybine
dwldwuwwhwwndwdu k d6Yy vnwpdw pupwgpnid, npp hwwuwp £ hpduwlwt ubjuwywihu
hnupbiph 2powup dwdwuwwhwwndwsdhu, npnud wugunud Gu 90% ubjwyubpp' op:

Uuhwunwlwu ubjwduwihu nhuyp' Ring (1/viwph) ppwlwuwgyb) b pun hbnlyw
pwuwalp'

Rina = Rms/D, (30)
npwnbin' D- U puwlsniyegjwu phyu £ nhnwplyynn nmwpwdwopgwund' dwpn:

Unwowpyynn dbennh Enygyniup Yuwjwunwd £ upwunwd, np jnipupwtgnip wjwquwup
hwdwp hwodwpyynd Gu hbnlyw] ywpwdbwpbpp'

» dnpbndtinphluwlywiu ywpwdbunptpp (dwybpbu, pbpniyeiniu, ubjwyubphg Yyuwu-

Jwdplbip),

> ubjwywjht wywnhynigjwtu punypwagpbpp,

> plwysniejwl pwuwyh quwhwwnwlwup, Upw funniejniup:

Uhwutwlwtu wnwwpwdwopowtwiht hwdwywpgp wulwfu upwuhg, ph upw Yugdnid
gunugnn n’p dhwynpu b Juwudb] ns pwpbUwwun  puwlwt Gpunyeh wwwndwnny,
wpdwqwupnu £ npwbu Jhwutwlwu hwdwywpg: Uw tpwuwynd L, np  unghw-
nuunbiuwywu ubpndp whiwnp £ quwhwuingh ny @ (nYw) opjywnh, wy wdpnne hwdwlwpgh
hwdwp: Uj| funuptipny wuwd, duu hnupny thwlyywd dwuwwwphh nbnudwup, YJud
ubijwyhg pwunywsd Ywdnipowiht Ywnnigwédpp, Ltyunpwhwnnpndwu qdbpp L wyu,
wgnnw £ wdpnne hwdwjupwihu hwdwlwpgh Yypw:

Ldwltwwhw dnuinbgnup pny; £ wnwjphu dGennulwt wnnwnd  shpwlwuwgub)
unghwjwwu b wpryniwwpbpwlwt  Gupwlywnnigwdpubph  fungbh  opjtywnubipp
hwodwnnud, huswbu twl quwhwwb| |INYw| Gplnyputiph Nt ypngtiuutiph hwdwywnpgqwjhu
htinbwuputipp: Wu nbwpnd  huwpwynp £ vwhdwuwhwyyt hwdwwwwnwufuwu
wndhuhunpwwnhy W wwpwdpwihu Ywqdwynpniudubiph unghw-inunbuwywu
gnigwuhdubph wdpnnowgywd nyjwiubpny: <bnbwpwp, Ywppp Yw hwodh wnubint wju
hwuqwdwupp, np Jbpnwnipyuu hwdwp hwuwublh nduubph pwuwyp thnppwund £
hwidbdwwnwd wndhuhunpwinhy-tnwpwsdpwihtu dhwynpubiph pwdwunwiutiph dedwgdwun:
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Utijwywihtu hnupbiph nhuytph quwhwwdwu hwdwp wju dJwwpnuynwd hwuwubih
Gu hbnlyw] wnduwubpp’ wnwpwdph swip, puwlsnyegjwu  Rhdp, wnbnpwihu W ng
wnunpwihu hhduwywt  $nunbpp, wprynwpbpwlwtu L gyniqununbuwlut
wpwwnpwuph dwywjubpp:

Wu hpwyhbwynd wnwye pwrwd dnnbjuynpdwt twyywwnwlubphtu hwuubine hwdwp
wnwownyynud £ pwnwpwiht hofuwunigjuu nunbuwwu gnpdniutingjuu hwdwlygywd
ninnwhw2qwplywjhu-unpdwwnhdwjht  hunbpuph  hwodwt dbGennp, npp hwdwpdtp |
ntghnuw| hwdwfuwnt wpwmwnpwuphu:

Wu dEennwpwunyejuwu Yhpwndwt bywwnwyny.

»  gninunuunbuwlwu b wpryniwwpbpwlwtu  wpunwnpwuph  dwywjutipp  wpdtpwhu
wpunwhwypnniginiund - gnudwpynud Gu - EGYyunpwtubpghwh,  oph W quqgp
wpunwnpnigjwu  nu pw2fudwt  hbw, husp htwpwynpnignu £ wwhu  ninnuiyp
hwodwndwlu dhongny unmwtw| wpwnwnpwuph ghup nuwnbunigjwt hpwlwu ninpuip
hwdwp(wwpwupubph wpwnwnpnieniu).

» dwuwnnigynn Swnwjnieiniuttpp twhu hwoyynd Gu pun wiuhwwnwywu dwlwpnwyhp
wdpnn9  hwupwwbtwniejwu  hwdwp(@wnwneniuutph dwywpp  wpdbpw)hu
wnpuwhwjnnieiniuhg pwdwtuwd puwlsniyjwu pYwpwtwyh ypw),

» wwpwupubph  wpunwnpnpjwt  wpdbpubpph(unwgwd  ninnuyh  hwywpyny) L
dwnwniejniuutph  wndtiputiph(unwgywsd unpdwunphywiptu  dnnbigdwdp) |pugdwdp
wndtpwihu wpwnwhwjwnnyeniuntd.

Utjwdwihu  wpngbuutiph nhulbph quwhwwndwt dwdwuwly oguwgnpdynd Gu
htunlyw| wgnwyubpp'  ubwdwiht  hnupbph  hwéwfuwlwunyeyniup,  quwhwwnynn
opjywnubph  fungbihneinup,  unghwj-nunbuwywu  gnigwuhoubpp:  UGwydubph
wnwownplynn nunbuwlwu nhuytph quwhwnmdwu dbennp Yppwntih £ thnpp W dhohu
dwunwptbiph hwdwp:

UGjwywjht hnuph quwhwwndwt hwdwp nbnbuwywlu gnigwuppubiph dby puwy-
snipjwu funnypjwu b pYwpwuwyh thnfjuwptu Yupbih £ ogunwagnpdt wndhuhunpwunpy
opswuttiph pwnwpwjht hwdwwhuiwnu wpunwnpwuph wpdbpubpp: <Gunwgnunnieniutbpp
gnyg tu wnyb), np unyuhuly ubjwywiht wjwquuh opowund nmwpwdniRjwu 5%-hg ns wyk|
wmwpwdp £ puyund ubjwyubph wgnbigniejwu gnunp, huy hwéwfu fjungywsd wnwpwdpp
Ywqunw £ punhwunip ubjwywihtu wjwquwuh dwybtiptup 1-2%-n:

Uwhwgnigjwu gnpdwlgh thnfuwpbu ogunwgnpdyby £ opjtywnubiph fungbijhniejwu
gnpdwyhgp: Wuwhuny, ubjuwyubph punhwunip wunbuwlwu nhuytph quwhwwndwu
pwuwdlp punniunud £ hGwnlyw) wnbupp’

R, =P XY, XYs XS XK, (31)

npunbin R-u punhwunip nunbuwlwu nhulyu k£, P-u' ukludwihu hnuptiph Ypyubithnieyniup,
Y Uu' fungbjhnipniup pun dwdwuwlh, Ysp' fungbihnyegniup pun tnwpwényejw, S-p'
wwjdwuwlwt  hwdwfuwnt  wpunwnpwupp,  K-p ghuniggniuubiph fungbijhniejwu
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gnpdwyhgu £: Swpwdpubph fungbijhnieintup nmwpwdnipywu dbo npnaynid | nmwpwdpubpp’
ubjwywht hnupbiphg Juwwuywdnypjwu swihny, npp npnaynud £

Ys = Finat/Frot (32)
npnbn' Frar -p wndhuhunpwwnhy opowtiubph uwhdwuubpnud ubjwjwywnwug tnwpwdpub-
nh Jwytipbut k&, Fioe-p' windhuhunpwunpy 2powtup dwlybpbup:

Swpwdpubiph fungbijhnyeiniup pun dwdwuwyh npnpynid £
Y; = Lnar/365 (33)

npnbin Lygs—n ubujwyunwug opowup nbinnnypyniuu £, 365-p' opiph pwuwyp 1

nwpnid:

GRAUUWUSNR(E3NRLLEN BY UNURUMUNRG3NRLLEN

Gqpwlwgnipniuubp.

. HWdhh  dnnhdhywgywd  dGennp  huwpwynpnegyntt £ wwipu,  hwodh  wnubiing
puwyhdwywlwu gnpdnuubiph  wgnbignyeniup, hwoqwpywipht dwuwwwphny  unwuwg
gbinwywqwunud &uu dwaéyny opkiph rhyp:

. [Gwppwn gbinh wjwqwuh nhnwybnbph pwuwyp b nhnwpynwutph 2wpptpp Ywpbh £
ogwnwagnpdti| pipqwdépubpny hnuwuph wnuinpnigjwu twhitwlywu quwhwwndwu hwdwp:
Ptipdwoépubpny hnuwuputiph punhwupwgywsd Ywufuwwnbunwiubp hpwlwuwgubiint hwdwp
wwhwugynw £ hpwlwuwgub| (pwgnighs Gplwpwdwdybin nhunwpynwdubip:

. <nuwuph funpnigjuu, dhohtu wpwgniyejuu U jwjuwywu Yupdwdph dwybtiptup hwdwp
uinwgywd ophuwswihnyeinututipp Ywpnn Gu oginwgnpdyt hntuwihtu duwhnfuniyeyniuutipp
Jwjniuwgwd  thnyh  wwpwdbnpbph wijuwwnbudwt  fuunppubpnd (Yuidpowjhu
wugnudubiph nbbnpdwghwutiph, opwnh gjfuwdwund Ynwnwynwdubiph ybpht dwybplinyeh
nhpph npnnud b wyju):
. Unp whwh hbGnGnwuwuwnp Ynuunpniyghwibipp pny; Gu wwhu hnwh pbpniejwl

thntpinfu-
dwu nbnwdwubpnw wwwhnyb] htntnutph hnwwih wnbnwdgnfunwp: Wu Ynbuwnpniy-
ghwubtipp Ywpnn Gu oquwagnpdyti; wywmndnphjwiht b Gplueninuiht dwuwwwphubph,
Yndniuhywghwutiph, lunbuwlwu b wy| opjYunubph Wwonwwunyejwu hwdwn:
. UGjwyubph hwugpwdé Juwuh quwhwwndwtu b hwoduwplydwtu dhwutwywt hwdwlwpgh
Yppwnnp huwpwdnpnyeniu Yuw  uwhdwuwdhwyb]  unpjlnpy  dnnbigndubpp L
pwp&pwgub] hwugwd Juwuh YGpwywuqudwt b ubuyubph Yuwuluwpgbdwutu ninnywd
Sdwfuubiph wprynwwybiwnieyniup:
Unwowpynipyniiitip

Utjwdubph  hwugpwé Juwuubph quwhwwnd  phpwwtwgubine bywwnwyny

uwnbindti| nhuwihu gninhutiph pwnwuntq:
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Uowyb) ubjwyutiph hwugpwé Juwuubph thnfuwwnnigdwu dbfuwuhqd, npintin opp
qwéwnphg unwgywd pwhnyph dh dwup wbtwp £ ogunwagnpdyh nhulbiph ujwqbgdwu
dhongwnnwiutip hpwlwuwgubnt hwdwp:
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Bpex 'arukoBuu AlipanetsiH

I'maposornyeckas u ruApaBInyecKas 00ecrne4eHHOCTh
MAJIBIX THAPOIeKTPOCTAHIIMIA PecmyOukn Apuax

JluccepTarys Ha COMCKaHUE YYCHOM CTEIeHN KaHIU1aTa TSXHUYSCKUX HAYK T10 CIEIUAIbHOCTH
05.23.05 «Bo10X0351CTBEHHBIE CUCTEMBI M UX DKCILTyaTaIys»

PE3IOME

OcHoBHOI OCJIbIO UCCICAOBAHUA ABUJIaCh pa3pa60TKa MCTOJOB pacdCTa AJId ONPCACICHUA

THIPOJIOTUYECKON W TUAPABINYECKON O0ECIEYECHHOCTH CTPOSIIMXCS Ha TOPHBIX PEeKax MallbIX

THJIPORJIEKTpOCTaHLUi B PecriyOmmke Apriax U ycoBepIlIeHCTBOBaHHE METO/IOB OLIEHKH yiepOa oT

ceJlel.

>

JInst mocTryKEHUsT TOCTABIICHHOM 11eTM OBLUIH MTOCTABIICHBI CIEAYIONINE 3aa4H:
pa3paboTaTh METOJ pacyeTa JUisl ONpeesieHUs] KOJIMYeCTBa JHEH HaIM4us CHEXKHOI'O MOKpPOBa
pedHoro 6acceliHa ¢ y4eToM BIUSHUS NPUPOJAHO-KIUMATHUECKUX (PAKTOPOB,

ONPENEIUTh B3aUMOCBA3b THMIPABIMYECKUX I[1APAMETPOB IOIEPEYHOTO CEUYEHHUs C LIENIbIO
oOecrnieyeHusl yCIoBUs paBHOBECHS OajlaHCca OTJIOKEHUH BAOJIb BOJIOTOKA.
C IEeTbI0 TPOTHO3MPOBAHHUS IMApaMETPOB CTaOWIbHOW (a3l BUAOM3MEHEHHS pycCia,
OTIPEACIIUTh 3aKOHOMEPHOCTh MEXKIYy TJIIyOMHOW BOJOTOKA, €r0 CpPEIHEH CKOPOCThIO H
ILTOIIAJBI0 MONIEPEYHOTO CEYEHHS,

pa3paboTaTh HOBBIM T KOHCTPYKIIMI OTBOJOB MABOAKOBBIX BOJ, KOTOPHIE HA y4acTKax
C NMEPEMEHHBIM YKJIOHOM pyclia TO3BOJSAT OOECIEUUTh HAJEKHOE OTBEACHHE MAaBOJKOBBIX
IIOTOKOB,
C IENbI0 CO3/IaHUsl E€JUHOW CHUCTEMBbl OLEHKM M ydeTa yiiepOa, BBI3BAHHOIO CEJSIMHU,
pa3zpaboTaTh METOJ, KOTOPBIM JacT BO3MOXKHOCTb OIPAaHUYHUTh CYOBEKTHUBHBIM MOAXOI U
MO3BOJIUT TIOBBICUTH 3(D(PEKTUBHOCTH 3aTpaT, HANpPaBICHHBIX Ha YCTpaHEHHWE ymiepba u
MPEIOTBPALLICHUS CEJICH.

HayuyHnasi HoBHM3HA
VYBenudeHne MOIysii MHUHHUMAJIBHOTO CTOKAa pek OacceitHa TapTap mpu yBenWueHWU CpeaHEit
BBICOTBI BOJOCOOpPHOr0 OacceiiHa HE3HAYUTENbHO, YTO OOYCIOBIECHO THIPOr€OJOTHYECKUMU
0COOEHHOCTSIMU PETHOHA.

JIOCTOBEpHOCTh BBISIBIICHHBIX 3aKOHOMEPHOCTEH MEXIAY THUIPaBIMYECKUMH IMapaMeTpaMu
MONIEPEYHOI0 CEYEHHUsI BOJOTOKA PEKH JI0KA3bIBAETCS CPABHEHHEM PACUETHBIX PE3YJIbTAaTOB C
ONBITHBIMU JTaHHBIMU 3KCIIEPUMEHTAIIbHBIX HUCCIENI0BaHUI. B uTOre 3THM 3aKOHOMEPHOCTH
MOHO CUMTATh HAJICHKHBIMHU.

Jloka3aHo, YTO YCTOWYMBBIN TPOAOIHBIA MPO(HIIH 3aTOIIIEMOTO PyCiia 3aBUCUT HE CTOJBKO
OT TUIyOWHBI BOJOTOKA W JHMAMETpa CaMOOCAXXJIaeMbIX HAHOCOB, CKOJBKO OT YKJIOHA pycia,
pacxojia ¥ Apyrux XapakTepUCTHUK.

B ocHOBy mpennaraeMoro MeToja OLIEHKM M pacueTra pucka BO3HUKHOBEHMs yiiepOa oT
CEJIEBBIX ITOTOKOB CTaBUTCS OCYIIECTBICHUE TAKUX 3aTpaT M MEPOIPUATUN, KOTOPBIMU
rapaHTUPyeTCsl BO3MEIICHHE BHI3BAHHOTO CEIsIMU  yliepoa.
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K 3ammre npeacrasisiercs
PacueTHbII MeTOH OIpeneneHuss KOJIMYECTBA JHEH HAJIWYUSA CHEXHOTO IIOKPOBA PEYHOIO
OacceiiHa ¢ y4eTOM BIHSHUS TPUPOAHO-KIUMATHUECKUX (PaKTOPOB.
3aKOHOMEPHOCTH U3MEHEHUH TITyOHHBI, IO U CKOPOCTH )KHBOTO CEUEHHS BOAOTOKA.
CriocoObl onpeieneHnsi KOOpAUHAT CTaOUIIBHOTO JHA pycia, YCTAHOBUBLIETOCS B PE3yJIbTaTe
pyciioo0pa3oBaHusI.
[IpuHIMIBl pa3pabaThiBA€MOTO METOJAa CO3[JAaHUS €IWHON CHCTEMbl OICHKM M CHUKCHUS
BBI3BAHHOTO CEJISIMU yIiepoa.

IIpakTnyeckass 3HAYNMOCTH PadOThI
MeToa OLEHKH BIUSHHUS MPHUPOTHO-KIUMATUYECKUX (PAKTOPOB HA CENIEBbIe MOTOKH MOXKET
UCIIOJIB30BAaThCA U1 MPOTHO3MPOBAHUS Ha JTale IPOCKTUPOBAHUA TMIPOTEXHUYECKUX
COOPYKEHHH B TOPHBIX PaliOHAX.
[Ipemyaraemble 3aBUCUMOCTH MEXAY THAPABIMYECKMMH IapaMeTpaMU >KMBOTO CEUYCHUs
BOJIOTOKA MOTYT MPUMEHSTHCS 71l POTHO3WPOBAHUS SIBICHUI PYCI000pa30BaHus, a TAKKE B
paboTax 1Mo onpeneIeHNI0 BEIMYMHBI 3aTOIJICHHS] HA MOCTOBBIX IEpeXoax.
[Ipennaraemslii METOX NPOTHO3UPOBAHUS PYCIOBBIX MPOLECCOB, KOTOPBIM OCHOBAH Ha
CPaBHEHHH CTAOMJIBHOTO MPOAOIHHOTO MPO(HIIA PEKH U PEAThbHOTO MPOJOILHOTO PO B
JAHHOW MECTHOCTH, JAaeT BO3MOKHOCTh OLICHUTb XAapaKTEPUCTHKY PYCIOBBIX AepopMaiuil.
Takum 00pa3oM, MOXKHO OINpEAENIUTh B KaKOM Cilyyae Iesnecoo0pa3HO OCYIIECTBUTH
UCIIPABJICHUE pycClla PEeKH, a B KaKOM Ccllyyae CleyeT OIpaHHYUThCS Oepero3aliuTHBIMU
MEPONIPUATUAMH.
[Ipennaraembrii METOJ OLIGHKHM M pacyeTa HAHECEHHOTO CesIMH yiiepbda MOXKeT ObITh
WCIIOJIb30BaH HA JTare MPOCKTUPOBAHUS CEJE3alIUTHBIX COOPYKEHHH I OOOCHOBAaHUS HX
HEOOXOIMMOCTH. DTOT METOJ SBJSETCS OCHOBOW JUIsI CO3JIaHUS €AMHOW CHUCTEMBI OIICHKH
yiepoa.

BriBoabl
MonudunupoBanuslii MeToq Jlenbpu naeT BO3MOXKHOCTb PACUETHBIM ITYTEM OIpPENETUTh
KOJIMYECTBO JHEH CyIIECTBOBAaHUS CHEKHOI'O MOKPOBA PEYHOI0 OaccelHa, yUUThIBAsl BIUSHUE
MPUPOAHO-KIUMATHUECKHUX (PaKTOPOB.
Uucmo mocTOB HAOMIONEHWS W PSAAbl MOHUTOPUHTA B OacceiiHe peku TapTap MOXKHO
WCIIONIb30BAaTh IS TNPEIBAPUTEIIBHONM  OIEHKH MYTHOCTH BojaoToka. s  Oomee
OCHOBATEJIbHOTO  TMPOTHO3WPOBAHMS  CEJIEBBIX  TMOTOKOB  TpeOyeTcss  OCYIIECTBUTH
JIOTIOTHATEIIFHBIC JOITOCPOUHBIC HAOIIOICHUS.
[lonydyeHHbIE 3aKOHOMEPHOCTHM MEXKIYy TJyOWHON BOJOTOKA, €ro CpeaHeil CKOpPOCThIO M
IUIOLIA/IbI0 TIOMEPEYHOTO CEYEHHsS MOTYT OBbITh NPUMEHEHBI JUIS peleHUs 3ajad 1o
MPOTrHO3UPOBAHUIO TMAapaMETPOB CTAOMIBHOU (Da3bl BUIOM3MEHEHHOTO pycia (aedopmanun
MOCTOBBIX II€PEXOJIOB, OIIPEACIICHUE TIOJOKEHUSI BEPXHEH IIOBEPXHOCTH HAKOIUJICHUN B
TOJIOBHOM YacTH BoJ103a00pa u T.11.).
OTBonAIIME KOHCTPYKIIMHU ITaBOJKOBBIX BOJ HOBOTO THITA JAIOT BO3MOXKHOCTH OOECHEYHTH
HaJIeKHOE BOJIOOTBEJEHHE IMABOJKOB HAa YYacTKaxX pycjia € MEPEMEHHBIM YKIOHOM. OTH
KOHCTPYKIIMA MOTYT OBITh HCIIOJIb30BAHBI TAKXKE ISl 3aIIUThI aBTOMOOWJIBHBIX U KEJIE3HBIX
JIOpOT, pa3HbIX KOMMYHUKAILIMH, XO35ICTBEHHBIX U JPYTHX OOBEKTOB.
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5. IlpumMeneHue enMHON CUCTEMBI OLIEHKH U pacdeTa yiiepOa OT BO3JACHCTBUIN CEIEBbIX MOTOKOB
JTACT BO3MOXKHOCTb OTPaHUYUTh CYObEKTUBHBIC TIOJIXOIBI U TIOBBICUTH A(()HEKTUBHOCTD 3aTpar,
HaIpaBJIEHHBIX HA MPEOTBPAIICHHIE CEIICH.
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Dissertation for the Degree of Candidate of Technical Sciences in the

05. 23.05 “Water Facilities and their Operation” Specialty
SUMMARY

The main objective of the survey is the development of calculation methods for

determination of hydrological and hydraulic provision of the small hydropower stations built on

the mountainous rivers of the Republic of Artsakh, as well as improvement of the methods for

assessment of the damages caused by the debris flows.

To achieve this objective, the following issues were brought up.

>

>

Develop a method through calculations taking into account the influence of climatic factors in
order to determine the number of days the river basin is covered with snow;
Obtain relations between the hydraulic parameters of the cross section in order to ensure the
requirement for equilibrium of the sediments balance along the stream;
Obtain regularities between the stream depth, average speed and cross section surface in order
to predict the parameters of the stabilized phase of the riverbed deformations;

Develop new-type storm water disposal structures which will allow ensuring reliable
transmission of the floods in the sections of change of the riverbed slope;
Develop a method to establish a unified system for assessment and calculation of the damage
caused by the debris flow, which will allow to restrict the subjective approaches and increase
the efficiency of the expenditures aimed at the damage elimination and debris flow prevention.

Scientific novelty of the research

The module of the minimum flow of the Tartar basin rivers does not significantly increase if
the average height of the water catchment basin increases, which is conditioned by the
hydraulic-geological peculiarities of the area.
The accuracy of the simplified regularities between the hydraulic parameters of the cross
section of the river stream is proved as a result of comparison of the calculations made on the
basis of the obtained outcomes and the experimental data, which provides the opportunity to
deem those regularities reliable;
It is proved that the longitudinal stable appearance of the flooded bed rather depends on the
riverbed slope, outlet and other characteristics than the stream depth and the self-leveling
diameter of the water wastes;
The method proposed for assessment and calculation of the damage caused by the debris flow
risks is based on implementation of expenditures and measures that ensure compensation of

the damages occurred.
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Method of determination of the number of the days when the river basin is covered through
calculations, taking into account the climatic factors influence;
Regularities of changes of the depth, surface and speed of the cross section of the stream;
Methods of determination of the coordinates of the bottom stabilized as a result of the
riverbed formation.
Principles of the method developed for establishment of a unified system for reduction of the
damages caused by debris flows and assessment of damages.

Practical significance of the research
The method of assessment of influence of the climatic factors on the debris flows can be used
in mountainous regions for making predictions in the designing stage of hydro-technical
utilities.
The relations between the hydraulic parameters of the cross section of the river stream can be
used for prediction of the riverbed formation processes, as well as during the works for
determination of the flooding extent in the bridge transitions.
The method proposed for prediction of riverbed formation processes, based on comparison of
the stable longitudinal profile in the given section and the real longitudinal profile, allows to
assess the description of the riverbed deformations in the given section. It will help to assess
whether the river beds correction is reasonable or bank protection measures on the existing
river bed are enough.
The method for assessment and calculation of the damage caused by debris flows can be used at
the stage of design of debris flow protection structures in order to justify their necessity. It
serves as basis for establishment of a unified system for assessment.

Conclusions
The Delphi Modified Method provides the opportunity to calculate the number of the days
the river basin is covered with snow, taking into account the climatic factors influence.
The number of the viewpoints and the observation rows of the Tartar River can be used for
preliminary assessment of turbidity of the sediment carrying stream. Additional long-term
observations should be conducted to make generalized predictions for the debris flows.
The regularities obtained for the stream depth, average speed and cross section can be used in
the tasks on prediction of the parameters of the stabilized stage of the riverbed deformations
(deformation of bridge transitions, definition of the position of the accumulations upper
surface at the water abstraction facility, etc.).
The new-type storm water disposal facilities allow to ensure reliable transmission of the floods
in the sections of the slope change. Thus structures can be used for protection of the roads and
railways, communication lines, economic and other facilities.
Use of the unified system for assessment and calculation of the damage caused by the debris
flows will allow to restrict the subjective approaches and increase the efficiency of

expenditures aimed at elimination of the damage caused and prevention of debris flows.
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