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[6]. Cunraesckuii I1.M. OnpeseneHne paldoOHAIBHOTO THIIA CEYEHHS BEPXHETO JKECTKOTO
nosica B KOMOMHHUPOBaHHBIX apouHbiXx cuctemax / II.M. CunraeBckwuii, }0.B. Kymuenko,
O.M. Kopmak // Bicauk OJJABA, Oneca: OJIABA, 2019. Bumn. 74. C.58-66.

[7]. Bosmxu A.A. DkcriepuMEHTaIbHOE HCCIIEIOBAHHE MPOYHOCTH U A(OPMATHBHOCTH
KOMOWHHMPOBAaHHOH MeTauIolepeBIHHON apouHoil koHcTpykiwm / B.B. CrosHoB, A.A.
Bosypkn // UBY3, Jlecnoi sxxyprai: 2015. Ne 3(345). C.93-103.

FEATURES AND EFFECTIVENESS OF A RATIONAL METHOD FOR
CREATING PRESTRESS IN COMBINED ARCH SYSTEMS

In this article, the authors analyze known methods for creating prestressing combined arch
systems with a rigid curved upper belt, and a lattice of flexible elements. They focus on the
positive features of each of the considered methods, and note the disadvantages as well. In
such structures, prestressing creates a constructive shape, ensures the strength and rigidity
of the structure, as well as the ability of flexible lattice elements to perceive compressive
forces. Since only tensile forces occur in the elements of a flexible lattice, it is rational to
make it from high-strength steel (steel ropes, bundles of high-strength wire). The cross
sections of the lattice elements turn out to be relatively small.

Based on the analysis of known methods of creating prestress in combined arch systems, the
authors propose the most rational one.

YIAK 627.514
OIIIHKA CTIMKOCTI OIr'OPOKYBAJIBHUX CIIOPY/]
XBOCTOCXOBUIIY
Paguyk O./1.

Al «YxpH/lIBookanannpoekt», M. Kuis

XBOCTOCXOBHII[A € BAXKJIMBUMH IHKCHCPHUMH CIOPYJIAMH, SIKI MalOTh
3HAYHUN E€KOJIOTIYHHNA, EKOHOMIYHUI Ta COI[iAJIbHUI BIUIMB, TOMY IX HaIiHHOCTI
Ta Oe3mer NpUIEThCS BearKa yBara. B YkpaiHi XBOCTOCXOBHINA BiIHOCITHCS
10 TOTEHIHHO HeOe3rmeuHux o0 ’€KTiB, 1 IX HaAIMHICTL Ta Oe3leKa IOBUHHI
3a0e3neuyBaTucs mia 9ac OyIiBHUIITBA, eKCIDTyaTalii Ta koHcepBarii. Crerudika
TakAX O0’€KTIB IOJISATa€ B TOMY, IO OYAIBHUIITBO OTOPOJKYBAIBHHUX CIIOPY]
XBOCTOCXOBHII[ BHKOHYETHCS, SK IPABUIIO, HE BiIpa3y Ha IOBHY BHCOTY, a
MOETAITHO, 10 Mipi 3alOBHEHHS €MHOCTI XBocTocxoBwuima. OIliHKa HaAiHHOCTI
JaM0 XBOCTOCXOBHII] € CKJIQJIHUM 3aBJaHHSM, 1110 BpaxoBye Oarato (akTopis, sKi
BH3HAYAIOTh iX CTaH, 30KpeMa 3MiHy TEXHOJIOTIYHUX IapaMeTpiB B MpPOIECi
eKCILTyaTalii XBOCTOCXOBHIIA (BHUCOTH JamMOM, 3aKJIaJeHHS HU30BOTO BIJKOCY,
00’emy 1 BUILy MaTepiany, 110 CKIaIyeThCs ), 3HAYHY MIHJIMBICTh €KCIUTyaTaIli iHIX
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HABaHTAXXCHb 1 BIUTUBIB, Ta BIACTHBOCTEH IPYHTIB Tima JamMOM Ta OCHOBH, IO
CYTTEBO YCKIAIHIOE BHOIp METOMIB, PO3PaXyHKOBHX CXEM Ta CIIOJNy4YCHb
HABAHTAXKCHb.

B naHwmit yac 11 OIIHKY HAJIIHOCTI Ta OE3MEKH OrOPOKYBAILHUX CIIOPY]T
XBOCTOCXOBHII[A BUKOPUCTOBYIOThCs ABa miaxomu [1,2]. Tlepumii TpaauuiiHumit
(meTepMiHICTHYHMN) MiOXi, B OCHOBI SKOTO NOKIAJCHUA METOJ] TPaHHUYHHUX
craniB. Jlpyruil minxig moB’s3aHMN 3 BUKOPHCTAHHSIM IMOBIPHICHUX METOJIIB
cy4acHoi Teopii HaxiitHocTi. JJaHOO pOOOTOIO PO3IIISIHYTO KOMILIEKCHY METOIUKY
OWIHKHA CTiHKOCTI OTOPO/KYBAJIbHUX CIIOPYI XBOCTOCXOBHII Ta BHKOHAHO
MOPIBHANIBHUM aHaNi3 pe3yJbTaTiB, OTPUMAHUX 3a JOIIOMOTOI0 JETEPMiHOBAaHOTO
Ta IMOBIipHICHOTO TiaxoiB. MoemoBaHHs reoiabTpamiifHIX Ta TeOMEXaHITHUX
MpoIleciB BUKOHAHO Ha TpuKiIani xBocrtocxopwiia [IPAT «TOJITABCBLKUI
I'3K» 3 BukopuctaHHsAM mnporpamHoro komiuiekcy GeoStudio 2012 meromom
rpaHUYHOI PIBHOBaru (NETEPMIHICTHIHHN WiAXiX) Ta METOAOM CTaTUCTHIHHX
BunpoOyBanb Monte Kapio (iMoBipHICHHN MiXin).

Ha nepuomy erani npoBeaeHO (inbTpauiiiHi po3paxyHKH Uil BU3HAYCHHS
MOJIOXKCHHST KPUBOI JieTpecii B Tl JaMOM XBOCTOCXOBHIIA, MPAI€HTIB HATIOPY Ta
MOPOBOTO THCKY. 3aranbHe nudepeHiiiHe piBHSAHHSA (inbTpanii B yMoBax
CTaI[lOHAPHOTO PEXHUMY MOKe OyTH BU3HAUECHE SIK:

0 (k GH) 0 <k GH)_I_ —0 )
ox \ ™ ox +ay Y oy Q=0
ne H — moemu# Hamip, k,, k, — KoeditienTH (inbTpamii rpyHTy mo oci X Ta y
BIZMOBIZHO, Q — 00’€MHa BUTpaTa.

PesynpraTn MonemoBaHHS (LTBTPALIHOIO CTAalliOHAPHOTO PEXHMY UYepe3

TiJI0 1aMOM XBOCTOCXOBHIIA TIPE/ICTaBIICH] Ha puc. 1.
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Puc. 1. PesynbraT MoemtoBaHHS (QiBTPAIifHOTO CTAI[iOHAPHOTO PEKUMY
4yepe3 TUI0 JaMOHu XBOCTOCXOBHIIIA

Kpurepiem 3abe3neueHHss CTIHKOCTI HHM30BOTO BIJKOCY XBOCTOCXOBHIIA €
BUKOHAHHS JIJIs1 HaitHeOe3MeuHIIoi Mpu3Mu 3CyBY HepiBHOCTI [3]:
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R
YZCF <—, (2)
Yn
ne F — y3arajgbHeHe po3paxyHKOBE 3HAYEHHs aKTHBHUX CHI (200 MOMEHTIB IMX

CWJI) BIHOCHO IICHTpa IMOBEPXHI KOB3aHHs, R — y3arajgbHEHE pO3pPaxyHKOBE
3Ha4YeHHs cui (a00 TX MOMEHTIB) TPaHHUYHOTO OMOPY 3CYBY JO IMOBEPXHI, IO
PO3TISIIAETECS, V). — KOCDIIIEHT CIONYYCHHS HABAHTAXEHb, Y, — KOe]imieHT
HaIIIHOCTI 3a BiANOBIIAIBHICTIO.

Ilpu mnomryky HeOe3neyHOi MOBEPXHI 3CYBY MOXKe OYTH BHKOpPHCTaHA
3aJICKHICTD JUTs1 KOe(Ili€HTY CTIHKOCTI (KOe]illieHTy 3anmacy CTiHKOCTI):

k=7 ®
Toxai ymoBa (2) Moke OyTH 3alucaHa sK:
ks 2 [k, €))
ne [ks] — nomyctume (HOpMaTHBHE) 3Ha4YeHHs KOe(illiEHTy 3amacy CTIHKOCTi:
[ks] = YnYic (5)

Po3paxyHkn cTifkOCTI HH30BOTO BIiIKOCY JaMOHM XBOCTOCXOBHIIA 3
BUKOPUCTAHHSAM TeOpii TpaHUYHOI piBHOBAard BHKOHAHI 3a Meromamu bimomna (Ha
OCHOBI pIiBHOBarm MOMEHTIB), SIHOy (Ha OCHOBI piBHOBarm CwWiI) Ta
MoprenmrepHa-IIpaiica (Ha OCHOBI piBHOBard MOMEHTIB 1 CHJI) 1 IIPEACTaBJICHI B
Tabn. 1 Ta Ha puc. 2.

Tabmuus 1
Pe3ynbTaTi po3paxyHKY CTIHKOCTI JaMOM XBOCTOCXOBHIIA
. METO][
Koe(bm.l\,eHT . meron bimona metox SHOyY MoprexurepHa-
3amacy CTIMKOCTI .
[Ipaiica
ks 1,342 1,256 1,272

Po3paxyHkoBuii koe(illieHT 3amacy CTIHKOCTI HE MEepeBHIye HOPMAaTHBHHUI
[ks]=1,25.

Biamitka, m

30 60 90 120 150 180 210 240 270 300 330 360 390 420
Biacranb, M

Puc. 2. Po3paxyHoxk criiikocti (MeToq MoprenmmrepHa-IIpaiica)
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OTpuMmaHi Ha OCHOBI IETEPMIHICTUYHHX METONIB KOE]imieHTH 3amacy
CTIMKOCTI BigKOCY B MIHCHOCTI HE BH3HAYAIOTH (aKTHYHHUHA pPiBEHb HEOE3MEKH,
OCKITBKA HEMOXIIMBO BCTAHOBHTH B3a€MO3B 30K MK HHMH 1 BipOTiIHICTIO
BUHUKHCHHSI aBapii XBOCTOCXOBHWINA. Binbll 00’€KTHBHA OIlIHKAa HAIIHHOCTI Ta
0e3neKy OropoUKYyBaJbHUX CIOPYZA XBOCTOCXOBHIIA MOXe OyTH OTpuUMaHa
IMOBIpPHICHUMHM MeToJaMu cydacHoi Teopii HaailHOcTi. CyTHICTb IMOBIpHICHOTO
aHaJi3y IoJjsirac B OTpUMaHHI iIMOBipHiCHOT (yHKIIT po3noniieHHsl KoedimieHTa
CTIKOCTI HH30BOTO BIJKOCY JaMOM XBOCTOCXOBHINIA B 3aJIKHOCTI BiJ
IMOBIpHICHUX (QYHKIil po3moxaiieHHs (akTopiB (MIOHICHHX XapaKTEPHUCTHK
IPYHTIB, TOJOXEHHS [eNpeciifHol MOBEpXHi, CEHCMIYHOTO BIUIUBY TOIIO).
Haii0inpin mommpeHnM 1 HaAiiHUM METOAOM IMOBIPHICHOI OLIHKH CTiHKOCTi
OTOPOKYBAJIBHHX CIIOPYJ, XBOCTOCXOBHII € METOJ{ CTATUCTUYHUX BHIIPOOYBaHb
Monte Kapio, npu skoMy iMOBIpHICTP BUHHKHEHHS aBapii BU3HAYAETHCS IIIIXOM
IUTIEHHS KUTBKOCTI MOJENBPHUX pPO3paxyHKiB 3 ks<1,0 Ha 3arampHy KiJBKIiCTB
PO3paxyHKIB:

Nies<1
pr = N (6)
[HIIMM TOKa3HUKOM KIJIBKICHOI OLIHKM pPU3UKYy BHHUKHEHHS aBapiiiHOI
cUTyalil € iHIeKC HaliHOCTI:
-1
,B — .uks ) (7)
Uks
€ [k~ CEPENIHE 3HAYECHHS PO3PAXYHKOBOTO KOE(DIllieHTy 3amacy CTiKoCTi, Oy —
CepeIHbOKBAAPATHIHE BiIXWICHHS KOoe(Dilli€HTY 3amacy CTiHKOCTI.

IMpu ananizi (i3uKO-MEeXaHIYHUX BIIACTUBOCTEH IPYHTIB XBOCTOCXOBHINA
BUSIBJICHO, IO HAMOUIBII CYTTEBWIl BIUIMB Ha HOrO CTIMKICTH MalOTh IPYHTH
MEepBUHHOI 1aMOU Ta HAMUBHI XBOCTH. [lapaMeTpu LIJIBHOCTI TPYHTY, IIUTOMOTIO
3UEIJIeHHS Ta KyTa BHYTPIIIHBOTO TEPTs JAaHUX MarepianiB OyJo NPUHHATO B
SKOCTI BHIIAJKOBUX BEJIMYHMH IIpU MoJjentoBaHHI merogom Monre Kapno. Ilpu
BUKOHAHHI pO3paxyHKy Oylia NpPUIHATA KUIBKICTh CTaTHCTHYHHMX BUIPOOYBaHb
N=10°. OtpumaHe B pe3ylbTaTi PO3paXyHKy 3HAYEHHs IIOPIYHOI iMOBipHOCTI
BTPaTH CTIMKOCTI MamMOW XBOCTOCXOBHINA DiBHE 1,44x10%, mo me TIEPEBHUIIIYE
JOIMYCTHUMOTO 3HAa4YeHHS JUIA TiIPOTEXHIUYHMX CIOpYZ KJacy HacliAKiB
(igmoBiganeHocTi) CC3 5x107°. Inaexc HaziiiHocTi cknafae 2,92. TakuM YHHOM,
BUKOHAHA IMOBIpHICHa OIliHKAa IIOKa3aja, [0 HAAIAHICTh 1 Oe3meka xaMOu
xBocrocxosuia [TIPAT «[IOJITABChKUI I'3K» 3a6e3neuena.

PesynbTati HOCHTIKEHHS MOXKYTh 3aCTOCOBYBATHCSI MPHU OINHIN CTIHKOCTI
OTOPOIKYBAIBHUX CIIOPY/]] XBOCTOCXOBHIII.

[1]. E.l. Ramly. Probabilistic Slope Stability Analysis for Practice / E.I. Ramly [ra in.}/
Canadian Geotechnical Journal. 2002. C. 665-683.
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[ra in.])/ GeoFlorida 2010: Advances in Analysis, Modeling & Design. 2010. C. 1952-1961.

[3]. ABH B.2.4-3:2010. TigporexHiuyni cropyan. OCHOBHI moJjokeHHs. YWHHHIT Bix
01.01.2011. Bunx. odiu. Kuis: AIT HIIBK, 2010. 37 c.

ASSESSMENT OF TAILINGS DAM STABILITY

During the construction and operation of tailings dams at mining and processing plants, the
most significant attention is paid to ensuring their reliability and safety, as the failure of
these structures leads to catastrophic consequences. The assessment of the reliability of the
tailings dam is a complex task that takes into account many factors determining their
condition, namely changes in technological parameters during the operation of the tailing
storage facility, operational regimes, significant variability of acting loads, impacts, and
the properties of the soils of the dam body and foundation. Currently, two approaches are
used to assess the reliability and safety of tailings dams. The first is the traditional
(deterministic) approach based on the limit state method. The second approach involves the
use of probabilistic methods from reliability theory. This study presents a comprehensive
methodology for assessing the stability of the tailings dam and conducts a comparative
analysis of the results obtained using deterministic and probabilistic approaches. The
modeling of geofiltration and geomechanical processes was performed using the example of
the tailing storage facility of Ferrexpo Poltava Mining with the GeoStudio 2012 software,
employing the limit equilibrium method (deterministic approach) and the Monte Carlo
simulation method (probabilistic approach).

V/IK 624.13

HIJIXOIU 10 3ABE3NEYEHHSA CTIMKOCTI BYAIBEJIb
HA CJIABKHUX I'PYHTAX

Pamkesuu H.B., PhD, Orpom FO.A., 1.1.H., nipod.

HamionanbHUIT yHIBEpCUTET UBUIBHOTO 3aXHUCTY YKpaiHu, M. XapKiB

Jis OyAiBHALITBA BUKOPHCTOBYIOTH pi3HI THIH (yHIaMeHTIB. DyHIaMeHT €
HalBa)XJIMBINIOIO Oy/MiBEJILHOIO KOHCTPYKIIEIO, sIKa BUTPUMYE HaBaHTaKeHHs. Bix
NPaBHJIBLHOTO BHOOPY i€l KOHCTPYKIII 3aJIC)KUTh MIIHICTh Ta HaJIilHICTH BCi€l
OyniBmi. BubOip ¢yHaameHTy 3anexuTh BiJ THIy Ta po3MipiB OyniBii, piBHS
[PYHTOBUX BOJI, & TAKOX OCHOBHHX XaPaKTEPUCTHK IPYHTY. IPYHTH 3 BHCOKOIO
HECY4YOI0 3JIaTHICTIO 3/1aTHI BUTPUMYBATH BEJIMKI HaBaHTaXEHHs 0e3 3HAYHUX
nedopmarii, To/i SIK 3 HU3HKOIO — ITiIAl0THCS YIIIJIFBHEHHIO ab0 3cyBaMm.

ByniBHHIITBa BHCOTHHMX OyaiBedb Ta IHMIOI IHGPACTPYKTYPH BHMarae
BIMIOBITHOTO TPYHTY JUII OCHOB. 3 OINIAAYy Ha NOTPEOH palioOHAJIHHOTO
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