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punpnipjuu b guynynbph Yunnigdwtu hbn Guwjwd wnbfuuninghwywu
hwpgbiph (nwénwip |Gnuwjhtu ninpunp Jwutwgbunubph hwdwp 2wpniuwynd Gu
duw) npwbu ywwnwufuwuwwne b ndqwnp |ndkh fuunhp:

Uwlwpwgdwt wwwnpubph pwquiwunhbwu guynynbph  wuyunwug
Ywgdwynpndp nbhtdwiht pwpn wwjdwuubpnd hwugbgund £ wwwpwjphu
[guynywbph dbe (wpwdwntdnpdwghnt nwownbph wnweowgdwlu, npwug
mwpwsdwu b wwwpwiht  qwugwdubph  wdpnigjwu  gnigwuhgubiph
thnihnfunijw htiwn, husp punpnonud | pugdwumnpéwu (guynywund wbnwnpynn
wwwpubph dwywubpu ni Ywnuneyniup: Yhpdbpnud jugqdwynpynn pwqiwu-
nhbwu (gwynywnbph hwdwp Yuplnp bpwuwynipnu nwih igwynywnh gfuwynp
wwpwdbwnpbph npnonwdp, Yuwywsd Yhpdh Ynnwiht thunbph wwpwdbunpbph,
dwutwynpwwbtiu npwugny Yuqddws plupun wuljwu dednigjwu hbwn: Yphpbh
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ypbwyh nwnuwuphpdwu hwdwp ubpyuwjnwu hwjnuh wnGuuthyulwu uwppbpu
nL (ndnudubipp Yhpwnbih s6u Yhpdbpnud wnbnwnpynn dwwpwgdwu wwwnpubph
[guynywnbph wwwpwiht quugywdh (wpjwdwihtu Ypbwyh hbnwgnundwu
hwdwp: Wn Juwwygnypjudp  wubhpwdbonnieniu £ wnwowunwd  dowyt
Gnwswih dnnbwynpdwt uwnbiun, husp huwpwynpnieyntu £ wwihu dhdjwughg
wuYwfu thnthnfubip dnnbwhu unbunh Ynnwihu upunbph hnphgnup uywundwdp
ptipniyewu  wuynwubpp: Lnp dnnblwjht unbunh Jowynwip L Ywnnignuwip
huwpwynpnigynitu £ wwihu $hghlwywu dnnbjuwynpdwu dhongny [guynywwihu
wwwpubiph hwdwpdbp Unyeh dbe npnobip jwpqwdwihu yhtwyh thnihnfunte-
jnwuubpp  oppuwswihnieynuuutpp,  Ywjuqwé  dnnbjwihu  unbunh  uhuwnbph
hnphgnuh ujwwdwdp pbpnieintuutiphg: Wn Juwwygnigjwdp wnbuwfununie-
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Ywjniunyeniup  punpnonn nidbiph wgnbgnipwt  hinthnfuniypjwtu  ophuwsw-
thnipynwuubiph quwhwwndwu deennhywih dowynwiu &, Ywiujws Yhpéh Ynnwyhu
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dwunhbwu gwynyunh wwwpwiht quugywsdh jwpywdwihu ypbwyh b uyniune-
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fudwtu ophtuwswihnipnuutph quwhwnn b (gwynywnp ubjudwlwjniunyejwu
npnadwU dbpnnhyuwih dawynud:

Muwnwwuntpjwu ubpyuywgynn  woluwwnwuph hhduwyw
qunuthwpp: Unwownpjwd fuunhpubpp  niddwu uwywwwyny dowyyb) &
Gnwswih $hghlwlywu dnnbjwjhu uwnbun, npp hutwpwynpniegniu £ wwihu
Ywhujwsd hnphgnup tywwdwdp Yhpbh Ynnwihu thunbiph pbpnieiniuutiphg,
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(wpywsénipniuuiph wnbnwpwtudwu opptwswihnyentuubpp b npw hhdwu Yypw
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Uwnbuwfununipjut  ebdwin hpwwnwpwyytp £ 11 ghnwywu  wofuwwnwup,
npnughg bpbpp  wnwug hwdwhbnhuwyubph, uwnwgytp £ <wjwuwnwup
Lwupwwbwnnijwl dbl wpnnuwghp:
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Jwunteyniup b 2wpwnpywd £ wotuwwnmwuph hhduwlwu npnyputiph hwdwnnun
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dwtu b Yuniunipjwu pwpdpwgdwt uwywwnwyny, twuwgddwt woluwwnwup-
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pintup: “Ywpunpyby £ dwjwwihu dnnbwynpdwt dbennh Yhpwnndp Yhpdbpnud
Yuqdwynpynn |gulynyintiph quuqywadnid, Yhpdh Ynnuiht uhunbiphg hwlwg-
nnn (wpywénipniuutiph dbdnipjwu b wwwpwiht quugywdnid npwug nbnw-
pw2tudwt ophUwswihnipniuubph npn2dwu dwdwuwl:

Gpypnpn qiiunid  dnnbGjwynpdwu  hGwnwgnunnyeniuutph Yunwpdwu
wwhwugubipht hwdwwwwnwufuwu puwnpdb) b hwdwpdbp unyeh wwppbp pw-
nwnpwdwubp, npnup hpkughg ubipyuwjwgunud Gu hwuwnwwniu swhwdwubipny
wywgh b wpwuudbnpdwwnnpwiht jninp juwnunipnubp: «Rwugbiqniph MUY
PPL-u Ynndhg «Anpuwntin» Yhénu Yuqdwynpjwd pwgdwumnhbwu (guynywnh
wunhbwuh Ypw nwranwiht ywdwuubpnud ywwnpwunywsd hwnny wypndhip
onipdbipnd  |Gnuwjhu qwugqywséh puwdwup Yupdwu dhongny npnoybp |
[gwynyunnu nbnwnpywsd dwlywpwgdwt wwywnpubph wdpnigjwu gnigwuhoubipp
L punpdbl £ $hghywlwu dnnbjuydnpdwu hwdwp ogunwgnpdynn hwdwnpdtip
ujnyeh mbuwyp: Npnadb £ dnnbjwynpdwu hwdwp punpgws gbnwiht (yuwgywsd
U onwsnp wjwghg U upwu, pun quugywsh, fuwnujwd mpwuubnpdwnnpwihu
jninhg unwgywd hwdwndbp uneh dwuuhyubiph ubipphu othdwu wulntuu (@)
nt juwwygywdnipniup (C): Pnpdwpynidubphg wnwye udnwubpp “Matest”
puybipniejwu uwpph onwlyubpnw twjuwwbu Gupwnyyt) Bu funwgdwu 0,1, 0,2
U 0,3 UNw ninnwdéhg jwpnuwubph wnwy:

Gppnpn gfund ubpyuwjwgywsd £ dowyws b Yunnigywd unp, Gnwswih
dnnbjwynpdwu unbunp, npu nwwh hhdph uyuwndwdp phipybint huwpwynpnt-
N niubignn nunnwuyniu wphqdwjh wbupny hhduwydwfup, nph ybpup L
ptpdwu nuinnnigjwdp nhdwgh wwwbpp pwg Gu (<< gjnunh wpnnuwghp Ne
3350A) U gnyg £ wipdwd uy. 1-nud: Syhsubipp inbnwywyynud Gu hhduwydwfuph
ynnbpnd thwy wwwnbpny suwynpyws dwywind gws hwdwpdtp Unyeh
quugywdh  wnwugpny, Ynnwjhu wwwbpp hphdph  hbn  Juwlws bGu
hnphgnuwywu hnnwlwwbpny: <wdwpdbp Unieh quugqwséh YEunmpnuwlwu
wnwugpwjhu ninnwdéhg hwpentepjwu wdpnne pwpdpnipjwdp wnyhsubipp nbnw-
Yuwjynud Gu gnygywd U hpwp tjwwndwdp pEpwsd Gu hwdwndbip unyeh b YGu-



wnpnuwlwu ninnwéhg hwpeniejwu pthdwu wuljwu YpYuwwwnhyh swihny (uy.
2): Unnbjwjhu uwnbunnd |gywdé hwdwpdbp unyeh dbe hwdwdwju Ynynup
wnbunuyjwt’ gpniunubiph |phy Gugdwu hwdwgnph (E) Yhpwndwl ninnnugyniup
npnaynud £ hEuwwwwnh Ynnhtu mwpwd ninnwhwjwghg E-h 2bndwu wuyniuny,
husp punniuynd £ hwdwuwp gpniunp’ Yeunpnuwlwu wnwugpwihtu hwpent-
pjwu htwn 2thdwu & wuljwup: Unnbih hwdwndbp Ujniyenud jwpywdnieiniuttiph
swihdwU hwdwp punpywé phugnnghsubpp wuglp Bu unniquswihnud <<
«Unwunwpuwgdwu b swihwghunnypjwu wgqwihu dwpdhu» PRL-nud:

s .

LY. 2. Unnbjwjht unbunnd Yunmpnuwlwu ninnnuéhg hwpenipniuntd
lwnywontpiniuubinh gpwugdwt nyhsubinh inbinunpdw pbpnipjwt wulyntup gpntunp
InhY Ynnuihu Ea dupdwt ulwwndwdp. 1-hhduwydwiup, 2-hwdwndtip ujnie, 3-gpwugdwu
wnyhsutbip, 4-unbkunh Ynnwyhu www, 5-Ynntipp npup Ynndhg hhdph hbn wdpwgdwu
hnphgnuwlywu hnnwlwwbn, 6-YEunmpnuwywu ninnwdéhg hwpeniegntu



Unnbinud  wbnunpynn pninp - plugnnghsubipp b nb$npdwghwutph
gpwug-dwu uwppbipp swihwgnyb| Gu, npp wpryniupnd wubu dh uwpph hwdwp
dowyyb £ swihwgpdwu gpwdhy, husp hwunhuwunid  wyn uwpph wuduwghpp:
Npnayb| £ gpniuwnp |phy dugdwu hwdwgnpp (Ea) W gpniunph YEunpnuwywu
wnwugpwihu hwpentejwu hbwn othdwu & wuyyniup:

NpnaYtip b hhduwynpyly £ wyghgubiph wbnwnhppp hwdwpdtip ujnieh
YGumpnuwlwu  wnwugpwjhu  hwpenejwu  dbg:  Unnbnd  jwpnwdubiph
wnbnwpwotudwtu  Yuwniuwgdwu  wpngbiup wywpwhg hbwnn  phugndtiwphy
uwnpny Yuwwwpyt £ D1, D2, D3 U D4 wyhsubiph nhdwnpnigyntuubiph thwuwnwgh
wnpdbpubph npnand® dnnbjwght unbunh ninnwéhg  wnwugph  Uwwndwdp
Ynnwjhtu owpdwlwu uhuntiph Ywaqdwsd 0, 10, 20, 30, 40, 45, 50, 60, 70, 80 L
90° wulnwuubph nbwpnwd: LY. 3-nwd pbipqwd Ywiujwdnipniuubpp gnyg bu
nwihu, np dnnbnwd hwdwpdtp Ujnyenud wbnwnpwd wnyhsubiph ypw Ynnwyhu
Uphuwnbphg  wnwybjugnyu  jwpjwdnienitup - wnwowunwd £, Gpp  dnnbip
swpdwlwu Uhuwnbiph pbpnejwU wuynuubpp dnnbh ninnwdhg wnwugpp
uywwndwdp Yugdnd £ 45% Jdbpohupu htnwqw dbdwgnup hwugbigund &
dnnbjwiht unbunh hwdwpdbp Uinieh pninp 2Gpntpnd mbnwinpywd inyhsubiph
ypw wpqwoényeniuubph  ujwgbigdwup:  UnnbGjwhtu  unbunh  Uhuwnbph
ptipnipjwu wuynwutiph, wyhsubiph gpwugwsd jwnpgwontegniuttiph b hwdwndbp
ujnyenud - nyhsubiph wnbnwinpdwt funpnieniuubph dhol Ywiujwdnipinwuubinp
undngpwdwt gnyg £ wnpdws uly. 4-nud:

—-D2

-=-D1

—Dp4

T

20 30 0 s0 50 70 80 0 100
Urmng i o Pt whigm bikpy, mwe

LY. 3. D1, D2, D3 b D4 wyhsutipny gpwugyws jwpquwdnteiniuttipp Ea, dnnbijh Upuwnbph
wmwnpbip phpniejwu wulntiubph nbwpnid

2nppnpnp gqfunid gnyg £ wnpgwd wnbbwfununigniund Juwnwpywd
swywjwihu  dnnbwiht  hGunwgnunieniuubph  wpryntupubph - Yppwnndp
«Rwugbigniph MUY» PRL «Anpwwntin» Yhpenud uwnnigynn puwgiwunhbw [gw-



Ynynph wwjdwuubpnd, hwodh wnubind wju Gpypwnbfuuhywywu nhulwihu
Ywnnygh hwdwp Guybwwiht njjwiubph tundwdp wuhpwdbon pwpép
wwhwugubpp: Wuwnbin guynywwiht quugywsdh dbe pwgh huwpwynp uwhph
dwytipunyeh wbinh npnadwup ubpywjwgynn punhwunip wwhwugubiphg, hwayh
E wnudbp uwl Yphpbh Ynnwipu uhuwbph Ynndhg thnfuwugynn jwpywdni-
RIntuubnp: Gnwgwth Phahhwlwu dnnbjwynpnuihg Yhpsh Ynnwiht uhunbinhg

30

Twmjwdnipnii, E, g/wl*

100 70 50 30 10 90 20 70 60 50 45 30
Lwidwindbp tyniph (hgph pwpdpniainitip pdpsh Ypw ud Ynnwyhti thuph plpnyewl whlynbbbpp' a, wup
LY. 4. Unnbjwjhu untiunh Upuwnh pbipnigjwu wuyyniuubiph, wghsubiph gpwugwsd

(wnywédnipiniuubph W hwdwpdtip Unyenid nyhsubiph nbnwinpdwu
funpnipjniuttiph dhole Ywiugwénipniuubnh undngpwdw.

= D1 s Yufudwdnupiwt Unp,  ~ D3 undhsh Yufuduwidnuejwt Ynp,
= D2 wsh Yuihuwdniewt Ynn, = D4 wihsh Yutuywdnuejwt Ynp

dnnth  YGunpnuwywu  wnwugpwiht  hwppnigjwt ypw  wgnnn Ynnwihu
hwjnmuwpbpdws  nidtph - wndjwiubph hpdwtu  Ypw, «Anpwwnbin»  Yhpenwd
Ywquwynpdnn gulynynph wwwpubpnd npngdt £ Yppth Ynnbiphg  wannn
utindnn jwpywdnipniuubph pugwnpdwly wpdbpubpp puwywu wwjdwuubpnid,
hwdwdwju hwynup wpnwhwjnniyejwu.

Om = A4 x}]//—m X Op,

n

npintin om-p dnnbih hwdwpdbp Unyend  hwjntwpbpywsd  jwpywédniejwu
dbdnueyniuu |, g/ud?, on—p' puwlwt wwjdwuubpnd (guynywnph wwwpuwihu
quugywénid jwpdwdnipjwu  dbdniggniup, g/ud?, ym—p' dnnbind hwdwpdbp
Ynueh funnugniup, ym=1,7 g/ud®, yn-p' |guwynywnh wwwpwihu quugywsdh
funnueniup, ya = 2,3 g/ud®, Ag-u' dnnbjwynpdwt gdwjht dwuswnwpp, Ag=1:300:

Cwdwdéwju  Ybpunwd  pEpdwd  wpnwhwynnigyw, Yppeh  Ynnwyhu
Uhuwnbph wuyniuubph nwppbip phipnienuutbph hwdwnp npnadb) b puwlywt wwy-
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dwuubpnu (guynynp dwpduph wwwpwiht quugwsdnid wnwowgnn jwpyw-
owjhu nidtipp: Unnbjwjht hbunwgnunnieniuubpny wwnqyt &, np Yhpéh Ynnwjhu
Uhuwnbph Ynndhg [gulynywh  wwwpwiht quuqyusdh  wpqudnipjwt Ypw
wqnbgnipjut nbkuwuyniuhg wnwyb) htnwppppnipnu Bu ubpyuwjwgund wju
[guwynunwwwy wwpwdpubipp, npwntn Yphpbh Ynnwihu thuwnbiph pbpnyejwu
wulniup d6d £ 30%hg: «Anpwwnbin» Yphpdh |gwynywh nwpwdph hwnwyh
hwwnwlwghdp pbpdwsd £ uy. 5-nd, huy Yphpdh punjwjuwywu Yupdwsdpubinhg
7-7 YunpJwdpp' Uy, 6-nud: Ubipohuubiphgu Gplnid &, np Yhp6h Ynnwyhu uhuwnbiph
pEpnipjwu  wulniubpp wwwnwuynwd Gu 33...36° uwhdwuubipnd: Wuwnbin
wuhpwdbown £ Uk, np jgwynynp 2017...1817 J wuwmhbwuubpph dhol Yhpth
Ynnwjhu upuwnbpph wulniwubpp hnphgnup uywwndwdp nibu 0...10° phpnye|nty,
npw hbn Guwuwd' Yhpth Ynnuiht uhuwntiphg  Jepnhhgjwg dhowluwph
wwwpwihtu quugwsdh Ypw thnfuwugynn jwpgwdniegniuubinh wpdtipubipp pwwn
thnpp [hubnt ywwbwnny hwuyb) Gu hGinnwgw hGunwgnunnieniuubphg: Npwtiu
ophuwy puwnpywsd «Anpwwntin» Yhpdnd Yugdwynpynn guynywnh Yuyniuntgjw
npnodwl dbpnnhwlu, npnbn hwoyh Gu wnuynd Yhpdh Ynnwihtu uhuwnbiph
Ynndhg ubinunn JWpYwdwihu nidbpp:

UwnbUwfununiginiund «@npwnbn» Yhpdnd Juqdwynpynn (guynywnp
Yuwjniunypjwu npnonudp hhduwlwu b nhuwdhy pinudwdpubiphg Ywwwnydb &
"GeoStudio" dpwagph Jdhongny' Unpgbugnbpu-Mpwyup hwodwplwihu Gnwuw-
ynyg I-1 W 11 Yupdwédpubipny, ppwd, hwdwwwunwufuwuwpwp, uy. 7 b uy. 8-
n: Lpqwd Yupgwsdpubiph Ynpwguuwhtu dwybpunypubpng U gwynywnh
2017...2050 d wuwnhbwuubph dhole ginuynn wwwpwihu quugwdp pwdwuywd
E hwpqwpluyht pinlutiph, npnup pwgh hpbiug utithwlwl quiugywdubinhg
dhwdwdwuwly quuynd  Gu  Yhpdh  Ynnwijphu  vhunbiphg  hnfuwugynn
(wpywonipniuutiph  wgnbgnipjwu wwl: «Anpwwnbin» Yhpbnwd  inbnunpjws
[guynywnh huwpwynp thiniqdwt Ynpwgjuuwiht uwhph dwytplnyeh ypw 1...10
wmwppwywu plubpnd wbnunpdws DI1...D10 wdhsubiph hwdwp dnnbjwhu
htwmwagnuinigyniuutipng npnaynud GBU wju jwipdwénie)niuttipp, npnup dnnbjw-
Yynpdwup ubpyuwywgynn wwhwuoubph  hwdwwwwwuluwu  gpwugyl) Gu
hwdwndtp Uunend  wbnunpjws  wndpsubpnd  dnnbih Ynnuwjhu  upuwnbiph
plipniRjwu wwppbp wuyniuubph nbwpnd, ywpwwnpp ywdwu punnwubiinyg
dwupnwph wwhwwunwp W wju, np jnipupwginin twppwlwu pinyp hwdwp
dnnbih Ynnwihu uhunbiph pbpnigjwu wulniwubpp wbwp § hwdwwywwnwufuw-
ubiu Yhpéh Ynntiph pbpnipjwu wulniiubphu, twfuwwbu npnadws uy. 5-nwd gnyg
wnpywd Yupqwdpubipny: Unbuwiununipiniunid (ndyb) b nmwpwdwywu fuunhp,
dnnbiwjhu  nwnwuwuhpnyeniuutph hpdwu  Jpw, npnpgbp £ igwynywnwhu
quiugwsh Yuwjniunypjul wwawnh gnpdwlhgp puunnyws Ynpwgjutiwht Yph-
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whywlwu uwhph dwytpunyeh hwdwp: Npnadbp £ HE W NHTD GBpyujuwlwu
Yupdwédpubipny «Anpwinbin» Yhpénw twhuwgdwihu ybpguwlwu ndjuiubipny
Ywnnigynn wwwpwiht jguwynyunh uyniunigyniup hwoyh wnubing nhwnwplynn
D1...D11 wnwppwywu pinlubph dpw Yhpdh Ynnwihtu uhunbiphg jgwynywnwhu
wwwpwihtu quugywdht thnfuwugynn (wnpdwsdnipniiitipp, utnwwnhy b nhuwdhly
pbnujwdpubiph wanbignipniuhg:

LY. 5. «@npwwnbin» Yhpbh hwinwywghdp b punwjuwywu 1-1...9-9  unpwdpubpp
7-7

Pwguwndwy
pwpapnuniu, b
[

5

O R 2k ko abo ek oo Wb sk oho wbo b0 zho 3o vabo " iko
Lbnwynpnigniu, U
LY. 6. «@npwwntin» Yhpbh guynyuinp hwinwyp hwnwlwgdh punjujuwywu 7-7
Yunduidpp
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Lwoquwnyutipp Ywwnwpyb| Gu hwdwéwju guynywumwihu quugywdh $hah-
Ywdbluwuhywlwu punipwgphsubiph bwtuyhund npnpywé ndjuiubph, npnup
pGpqwd wn.2-nd: Ynpwguuwiht dwybpunypubpny wnwuduwgywsd jnipw-
puitgnip nwppwywt piny nhuwplyty £ apwbu 10 jwungeguwdp wphquw, np
hpdph ypw Yhpsh Ynnught jwpdudwh wgnnn nidtipp npnaynid B oqunybiny
hwjnuh wpunwhwjwinniye)niupg:

F = 0,XSy,
npwntin on—p puwlwt wwjdwuubpnd jwpqwsdniuejwt dbdnipinut £, wn/d?, Sp-U'
dhwynp jwyuntejwdp wyphqdwjwal pinyh hhdph dwybpbup, d2:
Unnuwy 2
Lgwynywnwihu gpniunubiph $hghlwdbluwuhywlwu gnigwuhubipp

Spniuwnubiph Uwuuhyutiph ubipphu Ywwwlgywdni- [Puwlw funnyggniup’
wujwunuip  [2thdwt wuyniup' @, wuwn.| pyniup' C, UMw Y, g/ud®
Uwlwpwgdul 33,0 0,015 2,32
wwwnubip
-
U 1:1000 I

2310 — . Lhnnosl g M'-'M‘:‘-“_F
2260 [ ~ LI e
2210 — .
2,160 I:I
210 a rebep t]

1910

1,850

Pigwpbuwly pupdpnignd ()

1810
1817
1,760 —

o L 1 l l l ] |
e e 1w zm aw ae =% ee me m0 om0 e 0 izw e 1%

Eplupnuznu ()
LY.8. «anpwinbin» Yhpénwd Yugquwynpynn pwqiwunhbw iguynywh GpYuwjuwywu I-1
Yunnywspp
Uwnbuwfununigyniund dwyywd  dbpnnhlwih  hwdwdwju, guynywnp
wwwpwiht quugywsdh huwpwynp uwhph dwybpunypubpny wnwuduwgyws
Jnipupwtgnip mwppwlwu pinyh hwdwp npnpgnud £ pinbyh wwpwdbwpbpp,
hwoyh wnubiny uwl Yhpbh Ynnwjhu Upunbph pbpniypuu  wulyniuutphg
Ywhujwsd guwynynh wwwpwiht qwugqywsh yYpw wgnnn ubndnn nidbph
dtdnieyniuubipp, npnup pipjwé Gu wn. 3-nwWd U wn. 4-nuwd: <woyh wnubiny <<
wnwpwdépnud ubjudwlwjnwd shuwpwpnijwu unpdbpp dEennwywu gnignudubiph
wwhwugubipp, hwodwnyyty £ jgwynynph Yuyniunigniup W wpryniupubipp
ubpywjwgywsd Gu unnpl.. win. 5-nwd b win. 6-nud:
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Unjnwiwy 3

Lgwynywnh nwppwywt pinynd wnwewgnn hwodwpYuwiht jwpquwdnigyniuubpp Yujudwsd dnnbintd wdhsubiph
gpwugwd (wpywodnieniuutiph wndtipubiphg W Yhpéh Ynnwjhu uhuntiph phipnyejwu wulnwubphg -l updwdph hwdwp

Yhpéh Ynnwyht Lgwynywnh
Lgwynywh Uhuwntiph Lgwynywnd | Syhsutiph gpwugwsd nwppwlwu pinynuwd
mwppwywu etipniejw mwppwywu (wnywsdnipniup wnwowgnn Swppwlwu pinyh ypw
pinyubpnd | wuynwup' a, pinyh dnnbih hwdwndtip hwoywnplwhu wqnnn F nidp, in
nbnunpqwsd wun. pwpéapnipiniup' | Wnuenwd' Ea, g/ud® | wipdwdnigyniuubpp’ on,
wnyhsubpp | dwlu H, dJ n/u?
Uhuwn wg Upun Gwfu uhuwn | wy Upuwn |Gwfu Upuwn | we Upun |Gwfu Uhuwn| w9 Uhuwn
D1 29 35 50 8,7 11,3 35,31 45,86 1765,59 | 2293,24
D2 60 9,05 12,72 36,73 51,63 2203,94 | 3097,69
D3 3 24 90 9,85 6,3 39,98 25,57 3598,15 | 2301,35
D4 100 10,3 8,4 41,81 46,27 4180,59 | 4627,06
D5 28 33 110 13,9 14,2 56,42 57,64 6205,94 | 6339,88
D6 125 14,46 15,0 58,69 60,88 7336,32 | 7610,29
D7 36 33 150 18,8 18,4 76,31 74,68 11445,88 | 11202,35
D8 34 35 120 18,0 18,03 73,06 73,18 8767,06 | 8781,67
D9 33 31 100 12,1 10,3 49,11 41,81 4911,18 4180,59
D10 35 9,4 8,4 38,15 34,09 1335,35 | 1193,29




Unjn

wwy 4

Lgwynywnh nwppwywt pinynd wnwewgnn hwodwpYuwihu jwpqwdniggniuubpnp Yuiugwd dnnbiind wdhsubph gpwugwd
[wpywédnipntuubph wpdtiputiphg W Yhpdh Ynnwihu uhunbph pbipnieniuubph wuyniuubphg I -1 yuipdwsdph hwdwn

Yhpéh Ynnwjhu

Lgwynywnp uhuwinp Lgwynywinwd Syhsubiph gpwugwsd mwn;imlﬂgjzluumd Swppwlw pnlh gow
wnwppwlwu|  phlipnipjwl wnwppwlwu  [jwpywdnieniup dnnbih
pinyutpnd | wulyniup' a, pinyh hwdwndbp unienwd’ E, wngwigni hwzqwn‘qwjhu wannn Fmdn,
nbnwnpqwsd wuuwn. pwpapnueniup’ g/ud? [wnL{wénl[aJr;llj‘(;Ubnn o, o
wdhstbpp | Gwfu | we H, d B
Uhuwn | Uhuwn Gwfu upuwn |we uhuwn| Gwlu Upuwn w9 Uhuwn |&wfu Uphuwn| w9 Uhuwn
D1 29 35 26 7,3 9,8 29,63 39,78 770,36 1034,19
D2 86 9,5 12,8 38,56 51,95 3316,06 | 4467,95
D3 3 24 107 14,3 8,6 58,04 34,91 6210,41 | 3734,93
D4 137 15,6 13,9 63,32 56,42 8674,52 | 7729,22
D5 28 33 190 17,9 19,4 72,65 78,74 13804,06 | 14960,82
D6 220 19,2 20,0 77,93 81,18 17144,47 | 17858,82
D7 36 33 204 19,5 18,9 79,15 76,71 16146,00 | 15649,20
D8 34 35 194 19,4 19,6 78,74 79,55 15275,79 | 15433,27
D9 150 18,0 17,2 73,06 69,81 10958,82 | 10471,76
D10 33 31 100 16,3 13,8 66,16 56,01 6615,88 | 5601,18
D1 34 9,2 8,7 37,34 35,31 1269,60 | 1200,60
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LY. 9. «@npwwnbin» Yhpénul Yugdwynpynn pwqdwuwnmhbwt guynyunh Gpuiuwyuwi 1111
Yunnqwidpp
Unynuwy 5
Lgwynywnh Yuyniunipjwu wwowph gnpdwlyhgubpp dhwju utnwnpy pbinugwéph
nbwpnid

Lgwynywh Yuyniiniejut wwpwnph gnpdwlhgubinp
“uinpywdputip dhwju unwwnpl hwayh wnubny Yhpéh Ynnwyhu uhuinbiph
ptinujwdph nbwpnid Ynnuhg wgnnn jwpywdnipiniuubipp
Il 1,81 dhohup 2,15
-1l 1,9 dhohup 2,26

Unjnuwy 6
Lgwynywnp Yujniunigyw wwowph gnpdwlyhgubpp hwwnnwy gniguygdwt nbupnid
Lgwynywh Yuyniinieju wwpwph gnpdwlhgubinp

“inpduwdputin | phintgwdputiph hwwnnly — [hwpyh wntbiing Yhpgh Ynnuwgh uhuwntip
gniqwlgdw nbwpnid Ynnuhg wgnnn jwpywdnipiniuubipp
I-| 1,77 dhohup 2,02
1111 1,75 dhohup 2,05

Cwyyh wnubiny Yppdh Ynnwihu vhuwnbph wanbgnieniup [gwynywnp
wwwpwiht quugywsh jwpwdwnbdnpdwghnu Yyhdwyh Yypw, pbnujwdpubph
hwwnty  gniquygdwu  nbwpnud  (guynynh  Yujniunypjuu  wwowph
gnpdwyhgubipp I-1 W -1 Yupdwsépubiph hwdwp dhohtu hwoyny unwgynid bu dks,
pwu dhwju pbnujwdpubiph hwwnly gniquygdwu nbwpnid, hwdwwywwnwu-
fuwuwpwn, 14,1 W 17,1%-ny:
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LLAKULNR BRPULUWUSNRE3NRLLEN

L Yunpnjwd  wbnwupp U wupwpbuywuwn  Enuwbpypwpwtwlwu
wwjdwuubpp  huwpwynpnipntt s6U Lwihu bwiuwgddwtu thniynd pwdwpwp
Gownigjudp  npnobint  (gwynynbph gfuwdnp wwpwdbupbpp: <wpp
wnbnwupubph U uwlwjwebp wbnwdwubph nt hwppwywjptph  hwdwp
dowlyywsd Jwlwpwgdwu wwwpubph jgwynynbph Yugdwynpdwt hwjinup
dbpnnwlwu gnignudubipp, huswbu bwl (gwynyunbph nwghnuw| uqdwynpdw
Ynuwnwydws thnpdh Yphpwndwt gwhwybwnnigyniup  (Gnuwjht ywjdwuubpnud
gwdn t:

2. LbpYywynudu  shw  dhwlwpdhp quwhwwnwlwu Yhpbbpnd L ebp
uwpwjwugtph Ypw Yugdwynpynn pwqdwumnhbwu guynynbph wwwpwihu
quugywsdnid jwnpywdwiht nidbph wnbnwpwfupdwu punyph W npw htn juwyws'
[gwynywnbph ujniinyegjwu hhduwynpdwu hwpgbiph yGpwpbipjwg:

3. Unnbwynpdwt  wwhwugubpht  hwdwwwwwuluwu  punpdb |
hwdwpdtip Ujnyeh tnwppbip punwnpwdwubp, npnup hpbughg ubpywjwgunid Gu
hwuwmwwnntt swihwdwubpny wjwgh bW wnpwuubnpdwinnpuwiht jninp fuwnunipn:

4. Npn2yt| | dnnbjwynpdwu hwdwp punpqwd ginwihu (wgywsd onwsnn
wywghg U Upwu, pun quugqywsh, fuwnuwd npwuupnpdwnnpwiht jninhg
unwgywé hwdwpdbp Unyeh Jwuuplubph ubpphtu 2thdwu wuyniuu (@) nt
Yuwwwygywsdnipiniup  (C):  Pnpdwpynuwiubphg  wnwe  udnwubpp  “Matest”
puybpniejwu uwpph onwlyubpnw twjuwwbu Gupwnyyt) Bu funwgdwu 0,1, 0,2
U 0,3 UNMw ninnwdhg jwpnuiubph nwly:

5. Ywuwwpdb] £ gwynynmbph  |Gnuwht wwwpwhtu  quugywdubiph
dnnbiubph hwdwpdbp Unyebpnd jwpdwdéniginiuubph gpwugdwu gnjnientu
niutignn  dbpnnubph dbpindneniu: Snyg £ wpdb, np ubplugnudu sfuiu
dnnbutp, npnup huwpwynpniginiu Gu wwihu gpwugb] Yhpdbph Ynnwghu
uhuwnbiphg |gwynywh dnnbih quugqwdht thnfjuwugynn ubindnn Ynnwihu nidbiph
[wpnidubpp:

6. Uwntindyt| U Ywnnigyb E nwswih dnnbjwynpdwu unbun, husp hwdwnp
unwgyt] £ << wpunnuwghp Ne 3350A 2019 UUHO E21C39/00 GOIN33/24
GOIN3/24: Unp wwpwdwlwu dnnbuynpdwu unbunp huwpwynpnipniu |
wwihu gpwugt] hnphgnup uywwdwdp Yhpdh Ynnwihu uhunbph gwulwguwd
plipniejwu wuljwu nbwpnw dnnGwynpdwu hwdwpdbp uneh quugywdhu
thnfuwugynn hwlwannn ubndnn nidiphg wnwowgwé (wpnwiutpp:

7. Uowlyb| Gu undngpwdubp, npnup huwpwynpnieniu U tnwihu npnoby
Ywludwdnigyniuubpp  dnnbjwjht unbunh Upunp  pbpniyEwu  wulynuubph,
wnyhsubph gpwugwd jwpywdnipniuubph bW hwdwpdbp unend  indhsubiph
nbnwnpdwu funpniejniuutiph dholi:
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8. Ywpuwsd dnnbijh Ynnwihtu thuwnp pblipnypwu wulynwutphg gnyg L
wpyb| dnnbinud hwdwndtip Ujnyeh YEunmpnuwlwu ninnwdéhg hwpenigjwu Yypw
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U hwoqwpywiht Ywiujwédnipniuubpp:

9. Ypptbpnd  Ywnnigynn  pwqdwuinhbwl  gwynywnh  dwpdund
swywjwihu  $hghywywu dnnbjwynpdwdp  jwpdwdwihu Ypdwlh nwnwduw-
uhpnipniup gnyg £ wwihu, np ufuwd |gwynywh npnawlh pwpépnieniupg U
Ywtugws  Yhpth  Ynnuhti Uhuwnbiph  phpnugjul - wulyndiubiphg,  |gwynywh
wnwugpwjhu hwpentegntund wnwowunwd GU Ynnwhu ubindnn nidtip:

10. Yppénwd  Ywqdwynpynn  (gwlynywnh  Bnwswith  $hghlwywu
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12. Upwlyty £ Yhponud Yuqdwynpgwsd gwlynywnh Yuyniunigjwu npnadwt
dbpnnhlw, npp huwpwynpnipnit £ wwihu hwodh £ wnub] Yppdh Ynnwihu
Uhuwnbiphg  |gwlnywh  wuwwpwh - quuqywsh dnw  thnfuwtigynn
(wnywdnieyntuubpp:

13. "GeoStudio" Spwagph Unpgbuonbpu Mpwjuh dbpnnnd  Juwuwnyby
«anpwwnbiny Yhpénud  vwfuwgdwihu wyjwiubpny Yuqdwynpwd guynynp
Yuynwuntgywu npnanud utnwinpy b hwnny plinujwéputiph wqnbignieniuutiphg,
wnwug Yhpéh Ynnwihtu nidbiph wanbignigywu W hwoyh wnubiinyg ybpohuubphu
wqnbgnie)niup:

14. Ywwnwpywd hGunwgnunnyeniuubpp gnyg Gu wndb, np «anpwwnbin»
Yhpénul uqdwynpynn (gunywnh Gntwiht quugqwsh dpw Yppsh Ynnwhu
nidtiph wqgnbtgnipintuhg Ybpohuphu ubjudwwniunigjwu gnpdwlhgp unwwnpy
ptinujwépubiph nbwpnuw dEdwund E onipg 19,0, huly hwuwny pbnujwdpubpp
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KA3APSAH AHYII AIIOTOBHA

POU3NYECKOE OBFBEMHOE MOJIEJIMPOBAHUE HAIIPSI>KEHHOTI'O
COCTOAHHUSA MHOT'OAPYCHBIX OTBAJIOB COOPMHUPOBAHHBIX B
YHIEJbAX

PE3IOME

Ha naropubIx kappepax PecnyOmmku ApmeHus nagbHeHmuid pocT 00BEMOB
JIOOBIYM TTOJIE3HBIX HCKOIIAEMBIX ITPUBEJIET K YBEIIMUCHUIO 00EeMOB BCKPBILIHEIX ITOpo1. B
TaKUX YCJIOBHSAX 0€30macHOCTh M 3((GEKTUBHOCTH PAaOOTHI TOPHOPYIHBIX MPEIIPHSITHHA
3HAUUTENIBHBIM 00pa3oM O0OYCIIOBJIEHa COOPY)XEHHEM B PACUICHEHHBIX M CIIOXHBIX
penbedHBIX  YCIOBHAX CEHCMOYCTOMYMBBIX MHOTOSIDYCHBIX OTBQJIOB, C y4eTOM
COBPEMEHHBIX TPHPOAOOXPAHHBIX TpeOoBaHMil. BbIOOp MecT pasMmelneHHs U pelIeHHe
TEXHOJIOTHIECKHUX 3a7ad COOPYKEHHS MHOTOSPYCHBIX OTBAJOB HATOPHBIX KapbepoB UL
CIEIMAINCTOB TOPHIKOB OCTAETCSl OTBETCTBEHHOHN U CIOXKHO pelraeMoi 3amadeid. Pacuer
YCTOMUYUBOCTH T'OPHBIX T€OTEXHUUYECKUX COOPYKEHUI HArOpHBIX KapbepOB TECHO CBSI3aH C
00BEKTHBHOCTBIO M MOJHOTOH ydeTa, a TakKe BBISBICHHEM XapaKTepa B3auMOJCHCTBUS
reOMEXaHUYECKUX CHJ, JCHCTBYIOIIMX B MAacCUBE TOPHBIX IOpoA. B a3Toit cBsi3um
JlaJipHelIee yCOBEPILICHCTBOBAHHE CYLIECTBYIOIIUX PAcUETHBIX METOJOB OIpENelIeHUs
TJIABHBIX MAPAMETPOB OTBAJIOB CBSI3aHO C MOJHOTON M OOBEKTHBHOCTBIO y4yeTa BIMSHHS
KOHKPETHBIX YCIIOBHI MX COOPY)KEHUs M 0€30IacHOH KCIuTyaTaluy. B HacTosmmee Bpems
mpu  (OPMHPOBAHHK MHOTOSIPYCHBIX OTBAJOB B YIIETBbAX HEJOCTATOYHO H3YUCHBI
BOIIPOCEHI, CBI3aHHBIC C BBIIBICHHEM M OICHKOW pacIipe/eNICHUs] HalpsDKEHHH B OTBale,
HaXOJIEMCA CJIOBHO B «3aKaTOM» COCTOSHHUM CHJIAMU DPEaKIUil, IepelaBacMbIX OT
HaKJIOHHBIX OOKOBBIX IIOBEPXHOCTEH yIenbs. COOTBETCTBEHHO, HE YUUTHIBACTCS BIMSIHUC
9THUX CHJI Ha COOTHOLIEHUE CABUTAIOLINX U YIECP>KUBAIOIIUX CUJI, AEHCTBYIOIUX B OTBAJIE,
4TO, B KOHEUHOM CYUETE, OTPAKACTCsI HA YCTOHYMBOCTH OTBaja, GOPMUPYEMOTO B YIIIEIbE.
BeisiBieHne 3TUX CHI MPOU3BOACTBOM OOBEMHBIX MOJENBHBIX HCCIIEIOBAaHUI MO3BOIUT
MOBBICHTh TOYHOCTh pacdeTa yCTOHYMBOCTH MHOTOSPYCHOTO OTBajia, COOPYKEHHOTO B
YIIETBSAX, UTO SBISAETCS BAXXHBIM TANIOM JAHHOH paboOTHI.

Pemienne 00bEeMHOH 3a7aud  IO3BOJMIO  YCOBEDIICHCTBOBATH M3BECTHOE
COOTHOILICHHE CUJI B 30HaX aKTUBHOT'O IaBJICHUS U yIIOpa CIBUTaeMOT0 MacCHBa, MMEIOIINX
MECTO TPH OTBAIO0OOpPA30BaHMH Ha CKJIOHAX. Pe3ynbraTel pemeHus oObeMHOH 3amaun ¢
y4eTOM  JOMNOJHHUTEIBHOTO  BO3ACHCTBHSI  OOKOBBIX CHJI, BO3HHKAOUIMX IIPH
0TBaI000PA30BAaHUH B YIIEIbSX, IOKA3bIBAIOT, YTO H3MEHEHUS] COOTHOILIECHHS CHJI B OTBAJIe
MIPUBOAAT K yBEIMUCHHUIO €T0 YCTOHIHBOCTH.

OpmHa W3 BaXHEWMMX MpoOJIeM JUIS OLEHKH YCTOWYHBOCTH COOPY)KAaEMBIX B
YILEJNbAX OTBAJIOB SABIIICTCS ONpE/ENICHHE UX TJIaBHBIX NapaMETPOB B 3aBUCUMOCTU OT
rapaMeTpoB OOKOBBIX IMOBEPXHOCTEH YIIENbs, B YACTHOCTH, OT BEJIMYMHBI 00pa3oBaHHAs
HUMU JBYTPAaHHOTO yIJia.

AHanu3 mokasai, 4To MIPUMEHEHHE N3BECTHBIX B HACTOSAIIEE BPEMS TEXHUUECKHUX
pelIeHni 1 KOHCTPYKIMI ISl OTIPEAeNICHUS HAaIlPSKEHHOTO COCTOSIHUSI COOPYKaeMoro B
YIIenbe OTBase BCKPBIMIHBIX Topox HeaddexTuBHO. [uccepTarys mocBsmeHa pa3padoTke
HOBOTO TPEXMEPHOTO CTeHJa (PU3NYECKOTO MOJEIHPOBAHHUS MHOTOSPYCHBIX OTBAJIOB
Pa3MEIICHHBIX B yHIENbSIX M BBIABICHUSA HANPSKCHHOTO COCTOSHMSA OT BO3JeicTBUIl ero
OOKOBBIX TIOBEPXHOCTEH.
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B Hacrosiiee BpeMs aHaIM3 MHOTOYMCICHHBIX AHAIMTHYECKHX U TpadoaHa-
JUTHYECKUX HCCIENOBAaHMH, IO pa3padOTKe IapaMeTpoB OTBala M OIEHKE €ero
YCTOHYMBOCTH, IIOKa3alJl, YTO HETy €AWHOTO MHEHHs 10 OOOCHOBAaHMIO YCTOWYHMBOCTH,
pacdeTa mapaMeTpoB M XapaKTepa PaclpeneNeHHs] CHJI HANpsHKEHHs B MHOTOSPYCHBIX
OTBajJax pACIOJIOKCHHBIX B yilenbsx. JlelicTByromue "Mertoaudeckue ykas3aHus..."
PEKOMEHJIYIOT METOJbl pacueTa MapaMeTpOB MHOTOSIPYCHBIX OTBAJIOB, COOPYKaeMBIX B
YHIETbAX TE K€, YTO M IJIsI OTBANOB, Pa3MEIIEHHBIX HA POBHBIX IUIOMIAAKAX, MIM Ha
HaKJIOHHOM OCHOBaHHUH.

C 1enbio BBIIBICHUS U ONpPEETeHHs PaclpeiesiCHNs] HalpsDKEHUH B OTBAIbHOM
Macce, B JHCCEPTAIMOHHON paboTe pa3paboTaHa HOBas TpeXMepHas KOHCTPYKITHS
IIOBOPOTHOTO MOJieNbHOTO cTeHAa (mateHT PecryGnukn ApmeHusi Ha n3oOpereHne Ne
3350A, 2019), nmeromeM OCHOBAaHHE M IIAPHUPHO CBSI3aHHBIE C HUM JIBE HOBOPOTHBIE
rpaHy.

Pa3paboTaHHbIii MOJENBHBI CTEHA, HO CPaBHCHUIO C W3BECTHBIMH HMeEeT
BO3MO>KHOCTh M3MEHEHHsI yIila HAaKJIOHA MO HANPaBICHHIO OCHOBAHUS U MMEET NATUYUKH
pacmonoxXeHHble B 00BEME MacChl SKBHBAJICHTHOTO MaTeprana. BOKOBBIE CTEHKH
COEIMHEHbI C OCHOBAHHEM KOPITyCa CTE€H/a TOPU30HTAIBHBIMH IIIAPHUPAMH, & CIBOCHHBIE
JATYMKA HANPSDKEHWH pa3sMeIleHbl B SKBHMBAJCHTHOM MaTepHane IO BCEH BHICOTE
LEHTPabHON BEPTHKAIBHOI IIIoCKoCTH. [Ipn 5TOM, yros 006pa3oBaHHbBIH MEXY HTapHBIMH
JTaTYMKaMU B/IBOE OOJIBIIE YTiIa BHYTPEHHEr 0 TPEHHs 00pa30BaHHOTO MEXy LIEHTPaIbHON
BEPTUKAILHOHN MJIOCKOCTHIO MOJIENIU U 3KBUBAJICHTHOTO MaTepHaia.

Kpome »aTOro, pa3paboTaHHBI TpPEXMEPHBI MOJCIBHBIH CTEHX HMEeT
BO3MOKHOCTh C ITOMOIIBIO THAPABINYECKOTO JOMKpaTa M3MEHHTh CBOE IOJOKCHHE B
BEPTUKAJILHOM IJIOCKOCTH.

PazpaboranHpiM B auccepTanmuu  crocoOOoM  (U3MUECKHIMH — MOJCIBHBIMHU
HCCIIEIOBAaHUSAMH  CTaHOBUTCS BO3MOXKHBIM OIPENENICHHME XapakTepa H3MEHEHHS
HaNpsDKEHHOT'O COCTOSHMSA Ha Pa3sHBIX YPOBHSAX LEHTPAIbHOM OCEBOHM IUIOCKOCTH IPH
OJTHOBPEMEHHOM H3MEHEHHUH YIJIOB HAKJIOHA ABYX OOKOBBIX I'paHel CTEHIa.

OObeMHOE (HHU3MUECKOE MOJACIMPOBAaHUE MHOTOSPYCHOTO OTBajla IO3BOJIIET
ONpeNeNIATh PalMOHANBHBIE OOBEMBbI BCKPBIIIHBIX IOPOJ M TEM CaMUM peIIUuTb
9KOJIOTHYECKH BAXKHYIO 3a7ady (hopMmMpOBaHHS MHOTOSPYCHOTO OTBala B CIIOXHBIX
penbedHBIX YCIOBHAX TOPHCTOH MECTHOCTH C TIOCIEAYIOIUM OOOCHOBAHHEM €€
YCTOWYHMBOCTH.

[o Teme muccepranuu omyomuKoBaHO 11 HaydHBIX cTaTel.
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GHAZARYAN ANUSH ASHOT

PHYSICAL VOLUMETRIC MODELING OF THE STRESS STATE OF
MULTILAYER DUMPS FORMED IN GORGES

SUMMARY

In the upland quarries of the Republic of Armenia, further growth of the volume
of mining will lead to an increase in the volume of overburden rocks. In this
conditions, the safety and efficiency of mining enterprises is largely conditioned to
the construction of seismic-resistant multi-tiered dumps in difficult relief conditions
and gorges, taking into account modern environmental requirements. The
determination of locations and technological problems solutions of the
construction of multi-tiered dumps of open pits remain difficult and responsible
tasks for miners. The calculation of the stability of geotechnical structures in
quarries is closely related to objectivity and completeness of accounting, as well as the
identification of the nature of the interaction of geomechanical forces acting in a rock
mass. In this regard, further improvement of existing calculation methods for
determining the main parameters of dumps is associated with the completeness and
objectivity of considering the influence of specific conditions for their construction and
operation safety. At present, when forming multi-tiered dumps in gorges, issues related
to the identification and assessment of the distribution of stresses in the dump, which is
as if in a “clamped” state by the forces of reactions transmitted from the inclined side
surfaces of the gorge, have not been sufficiently studied. Accordingly, the influence of
these forces on the ratio of shearing and holding forces acting in the dump is not taken
into account, which ultimately affects the stability of the dump formed in the gorge. The
identification of these forces by the production of volumetric modeling studies will
improve the accuracy of calculating the stability of a multi-tiered dump built in gorges,
which is an important stage in this work.

The solution of the three-dimensional problem made it possible to improve
the known correlation of forces in the zones of active pressure and the thrust of the
shifted mass, which take place during dumping on slopes. The results of solving
the three-dimensional problem, taking into account the additional impact of lateral
forces arising from dumping in gorges, show that changes in the ratio of forces in the
dump lead to an increase in its stability.

One of the most important problems for the evaluation the stability of dumps
built in gorges is the determination of their main parameters depending on the
parameters of the lateral surfaces of the gorge, in particular, the value of the dihedral
angle formed by them.

The analysis showed that the use of currently known technical solutions
and structures for determining the stress state of the overburden dump constructed in the
gorge is ineffective. The dissertation is devoted to the development of a new three-
dimensional stand for physical modeling of multi-tiered dumps located in gorges and to
identification of the stress state from the influence of its side surfaces.

At present, the examination of numerous analytical and graphic-analytical
studies on the elaboration of dump parameters and assessment of its stability has shown
that there is no consensus on the justification of stability, calculation of parameters and
the nature of
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the distribution of stress forces in multi-tiered dumps located in gorges. The nowaday
‘Guidelines...” recommend the same methods as for calculating the parameters of multi-
tiered dumps built in gorges as for dumps placed on flat areas or on an inclined base.

In order to identify and determine the distribution of stresses in the dump mass, a
new three-dimensional construction of a rotary model stand (patent of the Republic of
Armenia for the invention No. 3350A, 2019) was developed in the dissertation work. The
construction has a base and two rotary faces hinged to it.

The developed model stand, in comparison with the known ones, has the ability to
change the angle of inclination in the direction of the base and has sensors located in the
volume of the equivalent material mass. The side walls are connected to the base of the
stand body by horizontal hinges, and the dual stress sensors are placed in the equivalent
material along the entire height of the central vertical plane. Moreover, the angle formed
between the paired sensors is twice the angle of internal friction formed between the central
vertical plane of the model and the equivalent material.

In addition, the developed three-dimensional model stand has the ability to change
its position in the vertical plane using a hydraulic jack.

The method developed in the thesis by physical modeling studies makes it possible
to determine the nature of the change in the stress state at different levels of the central axial
plane with a simultaneous change in the angles of inclination of the two side faces of the
stand. Volumetric physical modeling of a multi-tiered dump makes it possible to determine
the rational volumes of overburden and thereby solve the ecologically important problem
of forming a multi-tiered dump in difficult relief conditions of mountainous terrain with
subsequent justification of its stability.

11 scientific articles have been published on the topic of the dissertation.
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