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VMHXEHEPHO-TEOJIOTUYECKAS
XAPAKTEPUCTUKA 'MIICOCOOEPIKAIINX
OTXOIOB HEMTPAJIN3ALIMU CEPHOM
KUCJIOTHI USBECTHSIKOM

I.B. Mocnexos!, B.A. U3oToBa!

T CaHKT-TeTepbyprckuii ropHbll yHBepcuTeT umnepatpuubl Ekateputbl I, CaHkT-MNeTepbypr,
199106, Poccus, violettaizotova@yandex.ru

AnHomauus: OHO M3 aKTya/IbHBIX IPOGJIeM MH)KEHEPHOJ IeosIoruy SIB/ISIETCSI 060CHOBA-
Hye 6e30IIaCHOTO ¥ PAlMOHAIBHOTO CKJIAAMPOBAHMSI OTXO/IOB TOPHOIOOBIBAIONIEI 1 IIepepa-
GaTbIBalollell IPOMBIIIEHHOCTe!l. B paGoTe mpescTaBieHa MHKeHepHO-TeoJornyecKasl Xa-
PaKTepuUCTUKa TUIICOCOJEpPIKAIMX OTXONOB HeTpanmsaluy CepPHOM KUCIOThI U3BECTHSIKOM,
paccMaTpuBaeMbIX Kak cjabble TeXHOTeHHbIe AMCIIepCHbIe TPYHTDI, HA OCHOBE KOMILJIEKCHBIX
VICC/TeIOBAHMIT MX COCTaBa U GM3NKO-MeXaHNUECKMUX CBOMCTB. OGBEKTOM M3yUeHMUsI SIBIISIETCS
MOHOMMHEepa/IbHBI MaTepuasl — ABYBOAHbIN I'MUIIC, IIOJIYYEHHBI B pe3y/bTaTe XMMMUUECKO
peaxuyu CaCO; 1 H,SO, ipu yuactuy Bogbl. VcciienoBaHust BKIIOYaI TpaHy/I0MeTPUYEeCKUit,
peHTreHo$a30BbIi, XMMIUUECKUIT aHa/IN3, MUKPOCKOIIMIO, a TAK)Ke KOMILIEKC McC/lef0BaHNii Me-
XaHMYECKMUX CBOJCTB. YCTaHOBJIEHBI 3aBMCUMMOCTY ITPOYHOCTHBIX ¥ GU/IBTPAIMOHHBIX CBOJCTB
OT IIJIOTHOCTY U BJIaYKHOCTU MaTtepuasia. [IokasaHo, 4To JaHHBI TUII TUIICOCOAepIKalIX OTXO0-
J0B o671asaeT crenyuduueckuMy CBOMCTBaMM, OT/IMYAIOMIMMY UX OT IIPUPOIHBIX IPYHTOB, UTO
Tpe6yeT ydeTa IIpM MUCII0JIb30BAaHUM CTAHZAPTHBIX METOVK [JISl MX U3yUeHNsl. YCTaHOBJIEHO,
YTO TUIICOCOepiKalliyie OTXO/IbI HeiTpaM3aliy CEPHO KICIOThI 06/1a/1al0T BBICOKOI CXMMae-
MOCTBIO ¥ HU3KO# QMIIbTPAIMIOHHO CIIOCOGHOCTBIO. YUUTBIBASI STU OCOGEHHOCTH, ITPE/IJIOKEHI
peKoMeH Al 110 IIPOeKTUPOBAaHMIO I'UIICOXPaHMU/INII ¥ 06palleHNIOo C II0OJOGHBIMY OTXOaMMU.
IToyueHHbIe JaHHbBIE MOI'YT GbITh MCIIOJIb30BaHBI /IJI OGOCHOBAHMSI VH)KEHEPHBIX pelleHNi
IIpY CK/IaJMPOBaHMM, PEKYIbTUBALMMA U YTUIM3ALUM TUIICOCOAEPIKalIMX OTXOM0B, a TaKxke
Ipu pa3paboTKe HOPMATMBHBIX TPeGOBaHMII K OLIeHKE VX CBOJCTB.

Knioyesvle cosa: rurc, oTxoz, HeliTpanmusalmsi CepHOI KMUCIOTbI, TEXHOTeHHBbI I'PYHT, TpaHy-
JIOMeTpUUecKuit cocTaB, AepopMalOHHbIe X IPOYHOCTHBIE CBOMCTBA, QMIbTpAllOHHAS KOH-
commpaanusi, KoadpuiyeHTt GuabTpauun.

BrnazodapHocmu: aBTOPBI BbIpakaloT 6/1arofapHOCTb coTpygHMKaM HaydHoro meHTpa reome-
XaHMKM U NPOGJIeM TOpHOro npousBozacTBa CaHKT-IleTepGyprckoro ropHOro yHMBEPCUTETA,
IpenofiaBaTe/IsiM M aclupaHTaM Kadeopbl MHKeHEPHOI 1 9KoJIoruueckoit reosoruy MI'Y um.
M. B. JlomoHOCOBa, a Taxke Kosuteram u3 LHKIT «AVIPV3» UI'TI PAH 3a KoHCy/l1bTaLuy U IO-
MOIIb B IIPOBEIeHUN UCCIIe,OBAHUIN.
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Engineering geological characteristics of gypsum-containing waste from
sulphuric acid neutralisation with limestone

G.B. Pospehov’, V. A. Izotova'
T Empress Catherine Il Saint-Petersburg Mining University, St. Petersburg, 199106, Russia

Abstract: One of the urgent problems of engineering geology is justification of safe and rational
storage of mining and processing industry wastes. The paper presents an engineering geological
characteristic of gypsum-containing wastes of sulfuric acid neutralisation by limestone,
considered as weak technogenic dispersed soils, on the basis of complex studies of their
composition and physical and mechanical properties. The object of study is a monomineral
material — bi-aqueous gypsum, obtained by the chemical reaction of CaCO; and H,SO, with
the participation of water. The investigations included granulometric, X-ray phase, chemical
analysis, microscopy, as well as a set of studies of mechanical properties. Dependences of
strength and filtration properties on density and humidity of the material were established. It
is shown that this type of gypsum-containing wastes has specific properties that distinguish
them from natural soils, which requires taking into account when using standard methods
for their study. It is established that sulfuric acid neutralisation gypsum-containing wastes
have high compressibility and low filtration capacity. Taking into account these features,
recommendations on design of gypsum storages and handling of such wastes are offered. The
obtained data can be used to substantiate engineering solutions for storage, reclamation and
utilisation of gypsum-containing wastes, as well as for development of regulatory requirements
for assessment of their properties.

Key words: gypsum, waste, sulfuric acid neutralisation, technogenic soil, granulometric
composition, deformation and strength properties, filtration consolidation, filtration coefficient.
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BeepneHue

AKTYyanbHOCTb Mpobnembl yTunusa-
LMK, CKIagMPOBaHUA U UCMOJIb30BaHMUS
NMpoMbILLNEHHbIX 0TX00B B Poccuiickom
Menepaumm NOATBEPXKAAETCA 3HAUNTENb-
HbIMW 0BbeMaMU UX 0BPa3oBaHUS U HAKO-
NMAeHUs, a TakKXe MOSABJIEHUEM HOBbIX
pa3sHOBMAOHOCTEN OTXOLO0B BCJEACTBUE
pa3BuTUA TexHonorun. CornacHo craTtu-
CTUYECKUM OAHHbIM, €XEroaHbli 06beM
obpa3syrolwmxcs OTXOLOB cOCTaBnseT
oKono 7 Mnph TOHH, NMpu 3TOM obuias
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MacCa HaKOMMEHHbIX TBEPAbIX OTXOLOB
pocturaet 80 mnpg ToHH [1]. B cBoux
paboTtax JlapuoHoea H.A. n Oroposa-
HukoBa E.H. oTmevatoT TexHu4eckyto
BO3MOXHOCTb BTOPUYHOIO UCMO/b30Ba-
HUS NpuMepHo 28% oT obuliero obbvema
OTXOAOB AN Pa3fIMYHbIX Lenew, BKIO-
Yyasi MPOM3BOACTBO BSDKYLLMX BeLLECTB
M CTpOUTENbHbIX MaTepuasnos, yKperne-
HWe FPYHTOB, PEKYNbTMBALMIO HapYyLLEH-
HbIX 3eMesb, 3aK/laflky BblpaboTaHHOro
NMpOCTPaHCTBa B ropHoM Jene [2—4]. Pea-



NiM3aums TakMx NOAXOLOB MO3BOMMAA Obl
He TONIbKO BbICBOOOAUTL 3HAYUTENbHbIE
TEeppUTOpPUM, 3aHATbIE MOL HAaKOMUTENU
OTXO40B, HO W CYLLECTBEHHO CHU3UTb
TEXHOMEHHYO Harpy3Ky Ha OKpPY>KatoLLLyHO
cpeny. MNMpun 3ToM, HecMoTps Ha uMeto-
LLMMCS NMOTEeHLMan yTUAn3aLumm, nposon-
»KaeTcs akTMBHOe popMMpOBaHME MacCU-
BOB TEXHOleHHbIX FPYHTOB B MnpoLecce
CKNAaLMPOBaHUS OTXOLOB, COMPOBOXAA-
IOLLLEECS OTYUYXAEHMEM 3HAYUTENbHbIX
3eMenbHbIX nnowanen [1, 5]. AkTyanb-
HOCTb MCC/IEA0BAHUIN TEXHOMEHHbIX MPYH-
TOB M3-3a MOCTOSIHHOIO YBEe/INYEeHUs 0bb-
€MOB MX 06pa3oBaHMs, HEAOCTATOYHOIO
OMbiTa U3YYeHUs, NMOSIBNIEHUS HOBbIX pa3-
HOBMAHOCTEN U HEOBXOAMMOCTU 0606LLe-
HUS pe3yNbTaToB ByAeT 0CTaBaTbCs BbICO-
KOW Ha MpOTSXXEHUU BCEN XO39MCTBEHHOM
flesTeNbHOCTM yenoseka [6, 7].

HecmMoTpsa Ha M3y4yeHHOCTb pasnuu-
HbIX runcocopepxawmx otxogoe (FCO),
n npexae Bcero ¢ocdorunca, cpeam nux
pa3Ho0obpasnsa OTHOCUTENIbHO HOBbIM
M CcNnabomsyyeHHbIM MaTepuanom aBns-
eTCs rurncocomepkalui npoaykT, dop-
MUPYIOLLMICS B MpoLLecce HeuTpanmsa-
LMW CEPHOM KUCNOTbI M3BECTHSKOM [8, 9].
Ero usyyeHue Takxke akTyaJibHO B CBA3U
¢ peanuzauuein c 2023 rona «CepHow npo-
rpamMmbi» B Hopunbckom n Konbckom npo-
MbILLJIEHHbIX PErMoHax, rae naaHupyeTcs
exxerogHoe obpa3oBaHue no 3,77 MAH
TOHH TUMCOBOM NYJ/bMbl Kak MOBGOYHOro
npoayKTa MeponpusaTUiA Mo COKPALLEHUIO
BbIGpocoB anokcuaa cepbl [10]. Mpu aTom
Bonblan YacTb oTXo4a bymeT cknagupo-
BaTbCs B rMncoxpaHunua, dopmupye-
Mble HaMbIBHbIM CNocoboMm BbicoTor 50 M
n bonee.

C WMHXXeHepHO-reonorMyeckomn TOYKM
3peHus, cornacHo npuHsaton no FOCT
25100-2020 knaccudwukauymm, nony-
YEHHbIW MpPW HEUTpanusauum CepHOMU
KMCNOTbl WM3BECTHAKOM [BYBOLHbIN
TMNC — 3TO AMCMEPCHbIA aHTPOMOreH-
Hbl/ MCKYCCTBEHHO 06Pa30BaHHbIV FPYHT.

Mpu 3TOM AaHHbLIM MaTepuan He UMeeT
NMPUPOLHbIX aHA/IOroB CPesm AMCMEepPCHbIX
rpyHTOB. [Mo3aTomMy npu pasmeweHun TCO
B FMMNCOXPaHUIMLLA HEOBXOAUMO yuu-
TbiBaTb €ro crneunduyeckme CBONCTBA,
4yTO TpebyeT NMpoBeLEHUSI KOMMIEKCHbIX
NCCNefOBaHWUN: BELLECTBEHHOIO U rpaHy-
JIOMETPUYECKOr0 COCTaBa, KOMYECTBEH-
HbIX MoKa3aTenen COCTOAHUSA U CBOMCTB,
MpOrHo3a ux TpaHchopMaLmMm B npoLecce
TexHoreHesa [11]. BeinonHeHHble paHee
MCCNepoBaHMs Ha ApyrvMx MaTepuanax
[LOKa3blBalOT, YTO pa3/IMYHble TEXHOMEH-
Hble FPYyHTbl, 06pa3oBaHHble MPOMbILL-
JIEHHbIMW OTXO0AaMM, 061afatoT MPUHLLU-
MUaNbHbIMKU OTAINYUAMMU OT MPUPOAHbIX
FTPYHTOB, @ TaKXXe pasfinyaroTcs Mexay
cobori. DTo 0bCcToATENLCTBO TPEbyeT pas-
paboTKKM creumanbHbiX METOAUYECKUX
MOAXOA0B K UX U3YUYEHUIO MPU MPOEKTU-
pPOBaHMN COOPYXKEHUIM ANs CKIaAMpOBa-
Hus oTxomoB [12-14].

MeToabl U MaTepuanbl

Ob6bekTOM uccrenoBaHU aBnaeTca
[BYBOJHbIA TUMC, MONYYEHHbIW B XOA4e
HeMTpaaM3aLmMm CePHOM KUCIOTbl U3BECT-
HSIKOM. TexHonorus HemTpanusaumm cep-
HOM KWCJ/IOTbl 3aK/O4aeTca B TOM, 4TO
roToBOo€ M3BECTHAKOBOE MOJIOKO CMe-
LMBAETCSA O03UPOBAHHO C TEXHUYECKOM
cepHou kucnoTton. B xome WHTeHcuB-
HOro CMeluMBaHMA KapboHaTbl Kanbuus
BCTYNarOT B peakLUto C CepHOU KUCO-
ToM C obpa3oBaHMEM [BYBOAHOrO rurca
n yrnekucnotel [15, 16]. Cam npouecc
HEWTpann3aLMM ONUCLIBAeTCS ypaBHe-
Huem [8]

CaCO; + H,50, + H,0 =

Bcero pgna wuccnepmoBaHuM 6bino
NMosy4YeHO TPWU Pa3HOBUIAHOCTU TUMCO-
BOro oTxoga: 2 npobbl, KOTOpble OTO-
GpaHbl NPY NMOMbITKE Pa3gesieHns Mysbmbl
Ha knacc +29 mkMm (npoba 1) n -=29 Mkm
(npoba 2), u obwas HepaspeneHHas
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nynbna (npoba 3). JlabopaTopHble KOM-
NAEKCHblE UCCNefOBaHUSA MONYYEHHbIX
06pa3L0oB rMNCoCoAep>Kallux OTXOLOB
HeMTpanmM3aLmm CepHOM KUCNOTbI BbIMON-
HANIMCb C LeNblo onpenfeneHuss U npo-
rHO3a M3MEeHEeHWs MoKasaTesler CoCTaea,
COCTOSAHUA U DUBUKO-MEXAHUYECKUX
CcBOMCTB rpyHTOB. [1pn 3TOM B Nporpammy
paboT OblN BKKOYEHbI: OLEHKA FpaHy-
JIOMeTPUYECKOro COCTaBa, aHaau3 Mop-
donorum yacTuL, XMMMUYECKOro COCTaBa
BOLHOW BbITS>KKM, @ TaKXXe BbIMOJHEHME
KoMMnsekca onpegeneHus GuU3MveCcKux,
BOLHbIX M MEXAaHUYECKMX CBOMCTB, BKJIO-
Yyasi MPOYHOCTHble M AedOpMaLMOHHbIE
rnokasarenu.

[paHynomeTpuyeckmn aHanms obpas-
LOB MMIMCOCOLEpP>KaLLero oTxoaa MpoBo-
OWNCS apeoMeTpUYeCcKUM, MUMETOYHbIM
MEeTo4aMM U METOLOM JNlazepHon audpak-
umn. Komnnekc onpepenenus dusmye-
CKMX XapaKTEPUCTUK BbIMOMHAICA B COOT-
BetctBumn ¢ TOCT 5180-2015 «[pyHThI.
MeTopbl nabopaTopHoro onpeneneHus
dusmyecknx xapakrtepmctuk». Mpu onpe-
LEeneHun BNaXKHOCTM YYMUTbIBaNachb Temre-
paTypa, Npu KOTOPOM HayMHaAEeTCs noTeps
KPUCTaNIM3aLMOHHOMN BOAbl B 3arvmnco-
BaHHbIX rpyHTax [17-19].

[ns nsyyeHns MMHepanbHOro CoCTaga
06pa3uoB 6bIT MPUMEHEH PEHTrEHO-
dazoBbIM aHanu3 Ha AudpakToMeTpe
OpoH YM-1 B crnepyroWmMx ycnoBusx:
cuna Toka 20 MA, HanpsaxeHue 30 kB,
CuKa-u3nyyeHue, gnanasoH yrnos 4-65°
2 TeTa, CKOPOCTb CKaHWpoBaHusa 1 rpag/
MuH ¢ warom 0.02 rpaal. OdononHu-
TeNbHO MPOBOAMJIOCH MUKPOCKOMMUYECKOE
nccnegoBaHue MopdhosiormMm 3epeH rurca
C WCMOJIb30BaHUEM MONSAPU3ALUOHHOIO
nccnenoBaTenbCckoro Mmkpockona Leica
DM2700P, yTo no3BoNMAO MNONYUUTL AAH-
Hble O CTPYKTYPHbIX OCOBEHHOCTAX MaTe-
pvana.

1 AHanus BbinonHeH coTpyaHukamu LKTI
«AUPU3» UTTL PAH.
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MpoYHOCTHbIE XapaKTEPUCTUKN U3yYa-
JIUCb C MUCMOJIb30BaHWEM Mpubopa oaHo-
MIOCKOCTHOIO Cpe3a Mo KOHCOAMAUPO-
BaHHO-ApeHMpoBaHHOW cxeme (panee K/)
B cootBetcTBUM ¢ TOCT 12248.1-2020.
Mepen vcnbiTaHMsMKM 0b6pasubl npea-
BapUTENbHO YMIOTHANUCL B TeyeHue 7
LHEN MpuW CTYyneH4YaTOM Harpy>XeHuu
ot 0,005 no 1,0 MIMa. CkopocTb aedop-
MaluM cpesa, YCTaHOBNEHHas MO pesy/b-
TaTaM KOHCOMIMAALMOHHbIX UCMbITaHUN,
coctasuna 0,002 mm/MuH. MNapannenbHo
NPOBOAUINCL UCCNEAOBaHMS Ha npubope
MHOTOMIOCKOCTHOIO Cpe3a KOHCTPYKLMUK
FEOTEK2, roe ucnonb3osanca npubop
Tuna |l ¢ kKnHeMaTMyueckon cesA3bIO B BUAE
371acTUYHOM MeMbpaHbl. B naHHOM cnyuae
npefBapuTeNibHOE YMNJIOTHEHWE TPYHTA
ocyuwecTenanocsk npu 0,3 Mla B TeueHune
48 yacoB, a CKOpoCTb AecdopMaLmmn cpesa
paBHsnacbk 0,02 mm/mMuH [20, 21].

OnpepneneHusa NpoyHoCcTU U aecbopMu-
pyemocTu T'CO 6b111 BbINOSIHEHBI C MOMO-
LLIbFO METOJ0B TPEXOCHOMO M O4HOOCHOMO
okatma no TOCT 12248.3-2020 v TOCT
12248.2-2020 no cxeme K. Ona npose-
[OEeHUS UCTbITaHUIM AN NOArOTOBKM 0bpas-
LOB MpeABapuUTeNbHO Bblna BbIMOMHEHA
M30TPOMHas KOHCONMAALMUS B TeyeHue 2
oHen npu Harpyske 0,3 MIMa. Mpu Tpex-
OCHOM CXaTWM Ha obpaseL, nNoaaBanochb
BcecTopoHHee pasneHue o63=100 «lla,
300 kIMa, 500 kMa, 700 IMa u BepTUKanb-
Hasl Harpyska yepes BEpPXHWM MOPLUEHb
C MOCTOSIHHOMW CKOpOCTbIO AedopMauunm
0,02 mm/mMuH. CkopocTb pedopmupo-
BaHWS FPyHTOB Oblia BblbpaHa, Mcxoas
n3 Tpebosanmii FTOCT 12248.3-2020.

MccnepoBaHme CXKMMaeMOCTU FpyHTa
(no TOCT 12248.10-2020) BbinonHa-
JlIOCb B KOMMPECCUMOHHbIX npubopax
Ha obpasuax anametpom 70 MM U BbiCO-

2 DkcnepuMeHTaNbHble UCCNENOBaHUS MPOBO-
OMAUCb Ha aBTOMaTM3MPOBAHHOM MUCMbITAaTENbHOM
komnnekce ACUC, nprobpeTeHHOM 3a CYeT CpeacTs

MporpamMmbl pa3BuTMas MOCKOBCKOrO yHMBeEpCUTETa
(koHTpakT N2 1040-44-2019 ot 24.09.2019).



Ton 20 MM MeTOAOM CTYMeH4YaToro
Harpy>xeHus. o aHanorumM c paHHee
NpoBeAEHHbIMU UCCNEAOBAHUAMU KadXK-
fas ctyneHb Harpysku (0,005 MIla;
0,01 MTTa; 0,025 MMMa; 0,05 MTI1a) Bbigep-
YKMBaNacb B TedeHne 24 yacoB Npu paBHO-
MEpPHOM MPUNOXEHUN Harpysku [22-24].
Ons onpepeneHus koadpbuumeHTa dunb-
TPaLMOHHOM KOHCONMAALMM MPOBOAUINCH
creumanbHble KOHCOMAALMOHHbIE UCTbI-
TaHMa Ha obpasuax guvameTpom 75 MM
n BbicoTon 20 MM B KOMMPECCUOHHbIX
npubopax, obecrneuymBatolMx YCIOBMUSA
OLHOMEPHOIO CXKaTWUs MpU ABYXCTOPOH-
HeM gpeHaxke. McnbiTaHUS BbINOMHAIMCH
npwu Harpyskax 0,025-1,0 MIMa B TeueHune
7 cyTok (10080 MuHyT).

LononHuTenbHo onpenensnocb conpo-
TUBNEHUE HELPEHUPOBAHHOMY CLBUTY
[BYBOAHOIO rMnca npu pasMyHbIX 3Ha-
YEeHUSX MIOTHOCTM FPYHTa C UCMOMb30Ba-
HMEeM NabopaToOpHOM KpblIbYaTKU B COOT-
BETCTBUM cO cTaHaapToM ASTM D4648/
D4648M-2016.

Tabnuuya 1

KoadbduumneHT bunbTpaumm ycTaHae-
NMBancs Ha KOMMPEeCCUMOHHO-pUAbTpa-
LMOHHbIX npubopax no mMetoguke TOCT
25584-2016 npu nepeMeHHOM rpagueHTe
Harnopa Ha obpasLax ornpeaeneHHOM BaaxX-
HOCTWM U MJIOTHOCTM C MOLUAroBbIM yBeu-
yeHueM Harpysku ot 0,005 po 1,0 MTIa
W BbIAEPXKKOW KaXKA0W CTYMNeHU B TeYEHUE
24 yacos.

PesynbTaTthl

paHynomeTpuueckui coctaB MmaTte-
puvana npueeneH B Tabn. 1. Mo pesynbTa-
TaM apeoMeTpUYEecKOro M MUMEeTOYHOro
MEeTOAOB B COCTaBe npeobnasaeT dpak-
uma 0,05-0,01 mm (54-79%), npucyT-
ctytoT ¢dpakumm 0,1-0,05 mm (10-26%)
n <0,002 mm (5-22%). MeTopn nasepHomn
AndpakumMu nokasan Apyroe pacrnpe-
neneHve dpakumMm ona 3 uccrnenyembix
npo6: 0,25-0,1 mm — ot 7 go 14%;
0,1-0,05 mm — 13-30%; 0,05-0,01 MM —
okono 24%; 0,01-0,002 Mmm — B KOnMue-
ctee 13-23%; <0,002 Mmm — 21-26%.

[paHynomeTpudeckuii coctaB runcocopepxalliero oTxoaa HeluTpa/au3aLuun CEPHON KUC/IOTbI

N3BECTHAKOM [ CcocTaB/iIeHO aBTopamn]

Particle size distribution of gypsum-containing waste from sulphuric acid neutralisation with

limestone [compiled by the authors]

N¢ | MeTopn onpepeneHus Pasmep dpakuumin, MM
o 2,0- [ 1,0- [ 0,5- [0,25-[ 0,1- [0,05- [ 0,01- [<0,002
10 0,5 0,25 01 0,05 | 0,01 | 0,002

1 ApeomeTpuyeckuin® - 0,1 0,1 7,6 10,1 | 55,3 4,7 22,1
MunetounHbIn® - - - 51 26,1 54,9 0,3 13,6
NazepHasa gudpakums - - 0,7 10,0 30,2 24,2 13,7 21,2

2 ApeomeTpuueckuin® - - - 0,6 14,0 60,6 51 19,7
MuneTtouHbIN® - - - - 16,7 69,9 0,7 12,7
NazepHasa audpakums - - 0,7 14,2 13,9 245 20,2 26,5

3 ApeomeTpuueckmin® - - - - 12,1 79,7 31 51
Munetounbin® - - - 34 24,2 61,7 0,2 10,5
NazepHasa gudpakuma - - - 7,6 19,7 24,0 233 254

* bes pobasnenuns Na,P,0; - 10H,0.
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B pamkax MMKpOCKOMMYECKOro Onuca-
HUWS MOSyYyeHa KayeCTBEHHasi XapakTepu-
cTuka cdopmbl 3epeH. [na Bcex obpasuos
XapaKTepHbl KpUCTanabl TabnutyaToMn,
MJ1acTUHYATOM, CTONBYATOM U UrOfIbY4aTOM
dopmbl. MuKpokpucTanibl runca cronbya-
TOM GOpMbI UMEIOT ClieaytoLLMe pa3Mepbl:
B wupuHy ot 2,0 no 7,0 MKM, B OJUHY
ot 3,0-5,0 mkm go 30,0 mkm. TabnutuaTble
KPUCTa/bl TUMNCA B LWWPUHY OOCTUratoT

JlacToMKMH XBOCT

7,0-9,0 MKM, a uronb4atbie KpUcCTansbl
numetoT wupuHy o 2,0 mkM. OcHoBHOM
06bEM 3aHUMAIOT KCEHOMOPdHbIE 06IOMOY-
Hble 3epHa oT 2,0 no 8,0 MkM B anameTpe.
Ha puc. 1, a,6 npeacTtaBneHbl npumepsbl
n30bparkeHun (o1 Npobbl 2) runcocopep-
>KALMX OTXOL4OB HEWTpasmM3aumm CepHou
KUCNOTbl Mpu MnapasnfenbHbIX HUKONAX
co wkanou 50 mkm 1 0,1 MM, nonyyeHHbIX
MUKPOCKOMUYECKMM METOLOM.

Puc. 1. lpoba 2 npu napannensHoix Hukonsx co wkarod 50 mkm (a) u 0,1 mm (6) [cocmasneHo

asmopamu]

Fig. 1. Sample 2 at parallel nicols with a scale of 50 um (a) and 0.1 mm (b) [compiled by the

authors]
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CornacHo peHTreHodasoBOMYy aHa-
nv3y Matepuan coctouT m3 84% ny-
BogHoro runca (CaS0,4-2H,0), 12%
kanbuuta (CaCOjz), npumeceit ponommuTa
2% wn kBapua 2%. XUMWYECKUIN aHa-
N3 BOLHOWM BbITSXXKW FPyHTa Mokasan,
UYTO OCHOBHOM BKNlag B MUHEpanmsaumio
BOLHOM BbITSIXXKU TPYHTA BHOCAT CYJib-
daTtbl. Bo Bcex uccnepyembix npobax
3HadeHue pH cocTaBnseT 7, 4TO yKa3bl-
BAaeT Ha HEWTpasibHYIO peakuuto cpeabl.
Cynbdatbl SO4Z NpucyTCTBYHOT BO BCEX
npobax B konuuectse 1350-1400 mr/n,
HuTpatbl NO3- — 0,9-1,5 mr/n, CL- —
po 0,3 Mr/n, cyMMapHoe xeneso —
no 0,05 mr/n. O6was MuHepanusauus
0N BCexX npob BoaHbIX BbiTAXek oT 1350
no 1400 mr/n.

Bna)kHocTb TBepaoro ocagka matepu-
ana (McxopgHoe cocTosiHWe) ans npobbl 1
nsmensietca ot 50 no 68%, ona npobbl
2 — ot 62% po 71%, nna npobGbl
3 — ot 64 po 70%. Ymcno nnactuu-
HocTu ana npobbl 1 pasHo 0,05-0,11,

0,70

0,60

£ 0,50 \

0,40

™, e

0,30

0,20

KoadhdmumeHT nopuctoc

0,10

ans npobbl 2-0,06-0,12, ona npobbl
3-0,07-0,10. MNokasaTenb Teky4yecTu s
npobbl 1 paseH 3,30-7,09, ana npobbl
2-7,39-12,02, ons npobbl 3-4,3-11,0.
MnoTHOCTb MUHEpanbHOW 4YacTu ANS
nccnegyemMoro maTepuana paBHa B Cpea-
HeM 2,4 r/cm3.

Pe3ynbTaTbl McnbiTaHU Tpex pasHo-
BupgHocTen NCO HenTpanusaumm cepHom
kucnotbl go 0,5 Mla B Buae xapakrtep-
HbIX KOMMPECCUOHHbIX KPUBbIX MpeacTas-
NieHbl Ha puc. 2.

Ona Bcex npob HabntomaeTca cylle-
CTBEHHOE YyMEeHblueHUe KoaIppuum-
€HTa MOPUCTOCTU MpPU POCTEe OaBNEeHUS
no 0,4 MMa. Uccnepyemble MaTepuansi
XapaKTepU3YTCA KakK CUJIbHOCXKMMae-
Mble, @ 3HadyeHMe moayns gedopMaumm
<6 MTlla nosBonseT paccMaTpmMBaTb AaH-
Hble TEXHOTeHHble TPYHTbl Kak cnabble,
KOTOpble MPU HapallMBaHMUKM OrpaXkaato-
Wwunx pamb byayTt cunbHo pedopmupo-
BaTbCA B MX ocHoBaHuu. Mpu 3TOM 06pa-
LLAeT Ha cebs BHMMaHMe He3HaYMTesIbHOe

—4—lpo6a 1
Mpoba 2
MNpoba 3

0,00
0 0,1 0,2

Py
9~ p 4

03 04 05

BeptukansHoe HanpskeHue, MMa

Puc. 2. KomnpeccuoHHas kpueas 0415 2uncocodepicauiezo omxo0a Helmpaiu3ayuu cepHol KUCiomsi

[cocmasneHo aemopamu]

Fig. 2. Compression curve for gypsum-containing waste from sulphuric acid neutralisation [compiled

by the authors]
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LOYrNNOTHEHWe MaTepuasa Ha CTagun pas-
rPY3KM, YTO CBA3AHO C MON3YYECTbO CKe-
NeTa matepuana.

PesynbTaTtbl onpepeneHus koacbobu-
uMeHTa GuUNbTpaLMM MO KOMMpPEeccu-
OHHO-OUNBTPALUOHHBLIM UCMbITAHUAM
npeacTaeneHbl B Tabn. 2 m Ha puc. 3.
Mo BOLOMPOHMLAEMOCTU UCCenyeMble
MaTepuanbl LOJKHbI pacCcMaTpuBaTbCA
Kak cnaboBofoMnpoHuLLaeMble U HEBOLO-
NMPOHMLAEMbIE B 3aBUCMMOCTU OT AaBJe-
HWS M JOCTUIHYTOW NAOTHOCTU [7].

Tabnuya 2

Ha puc. 4, a,6 npegctaBneHa 3aBucK-
MOCTb AedopMaLmmn CXKXaTUs TMNCocoaep-
>KalmMX 06pasLoB NpKU pasHbIX AABAEHUAX
(0,025-1,0 MTIla) oT BpeMeHM Mo pe3ysb-
TaTaM KOHCOMIMAALMOHHbIX MCMbITaHUN
ncxogHbix npob. MnoTHOCTb M BRax-
HOCTb Ha rpaduke yKasaHbl Ha KOHeL,
ucnbitanma. Ucnbitanma FCO Ha KoHco-
NIMOAUMIO BbIMOJIHANUCE B OQHY CTYMEHb
OaBNEeHMA, MPUNOXKEHHOrO MIHOBEHHO,
B KOMMpPEecCcMoHHOM npubope, C npeno-
XpaHEHWEM OT BbICbIXaHMA B TeveHne 7-8

3aBucumoctp Ko3pPuUMeHTa GUABTPaLMM OT BESINYUHBI M/IOTHOCTU €CTECTBEHHOIO C/IOXEHUS

[cocTaBneHo aBTopamu]

Dependence of filtration coefficient on the value of natural density [compiled by the authors]

N2 MNMokasatenun Harpyska ynnotHenus, Mla
npo6b! 0,01 0,03 0,10 0,25 0,50 1,00
1 MnotHocTb, r/cMm3 1,55 1,58 1,66 1,70 1,72 1,74
KoadbduumeHT punbtpa- 0,037 0,035 0,016 0,010 0,004 0,002
umm, M/cyT
2 MnoTHoOCTb, r/cm3 1,74 1,75 1,79 1,83 1,87 1,93
KoadbduumeHT punbtpa- 0,009 0,008 0,007 0,002 0,002 0,001
umm, M/cyT
3 MnoTHoOCTB, r/cm3 1,66 1,68 1,73 1,78 1,83 1,90
KoadbdpuumeHT punbtpa- 0,015 0,012 0,008 0,005 0,004 0,002
umm, M/cyT
0,018
20,018 .
H .,
=0,014
=
80,012 .
% . ++ 4+ JIpoba 1
g 00 »
= 3
0,008 -1 : o @ e TIpoGa2
E 0,006 ‘°'.. IIpo6a 3
= e
'g'o\ 004  Crread 1080y,
20,002 B sy e 0 TP
............ [
0
0 100 200 300 400 500 600 700 800 900 1000
BepTukanbHas Harpyska, klMa

Puc. 3. Mpaguk 3asucumocmu kosagduyueHma guibmpayuu om eepmuKaibHOU Hazpy3ku

[cocmasneHo asmopamu]

Fig. 3. Graph of dependence of filtration coefficient on vertical load [compiled by the authors]
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7 OHell) [cocmasneHo asmopamu]

Fig. 4. Consolidation curves of gypsum-containing waste from sulphuric acid neutralisation at
different pressure stages for sample 1 (a) and sample 2 (b) (consolidation duration 7 days) [compiled

by the authors]

OHen. HecMoTpsa Ha NpooonKUTeNbHOCTb
MCMbITaHWMMW, Ha MOMYYeHHbIX rpadukax
HET BO3MOXHOCTM OMpeaesuTb MOMEHT
nepexoga MEPBUMYHOW KOHCOAMAALUM
BO BTOPUYHYIO, YTO OCJIOXKHSAET 3ajady
onpeneneHns KoapbuLMeHTa NepBUYHOM
KoHconuaaumu. B pabote [24] rosopuTcs,
UYTO CKOPOCTb AehOpPMMPOBAHUA 3a CYET
MoSI3y4YeCcTM Ha MOPSAKM HUXKE, YEM CKO-

poCTb (PUAbTPALUOHHOM KOHCONMAaA-
LUK, Npy 3TomM aecbopMauum nossyyecTm
MOryT MpOsIBASTHCS B Te4yeHue AAUTENb-
HOrO BpeMEHW — OT HEeCKOJIbKUX HeleNb
[0 MecsLeB.

Pe3ynbTatbl nabopaTopHbIX MUCMbITa-
HUM C UCMONb30BAaHUEM KPbINbYaTKM AS
pasHbIX MO MJOTHOCTWM Npob npeacTae-
NeHbl Ha rpaduke Ha puc. 5, roe y Kax-

139



OO pa3HOBUAHOCTM BUAHA JIMHEMHas
3aBMCMMOCTb MeXAy MJOTHOCTbI CJo-
>KEHUSI TPYHTA U ero COnpoTUBIEHUEM
HeapeHMPOBAHHOMY CABUTY.
PesynbTaTbl wucnbiTaHu npob
Ha OAHOMIOCKOCTHOM Cpe3 NpeacTaB/eHbl
Ha puc. 6. Ha puc. 7 nokasaHbl pe3ysb-
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ConpoTuBneHne HegpeHMpoBaHHOMY casury, klMa

1,60

TaTbl TPEXOCHOMO U OLHOOCHOMO CXXaTusl
M NMPOCTON COBMU.

Mo McnblITaHWSM Ha OLHOMIOCKOCT-
How cpe3 no K[-cxeme yron BHyTpeHHero
TPeHUst ANs HOPMajibHO YMIOTHEHHOMO
FCO HeWTpanusauMm CEpPHOM KUCAOTbI
paseH 320 (npoba 1), 310 (npo6a 2), 270

+poba 1
= [poba 2
Mpoba 3
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MnoTHoCTb, ricm®

Puc. 5. NsmerneHue conpomueneHus HedpeHupoeaHHOMy cdeuzy 8 3asucumMocmu om niomHocmu

cnoxceHus [cocmaeneHo aemopamu]

Fig. 5. Variation of undrained shear resistance as a function of packing density [compiled by the

authors]
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o0HonnockocmHoeo cpesa no cxeme K/ (npoba 1

-3) [cocmaeneHo asmopamu]

Fig. 6. Graph of the dependence of tangential stresses on normal stresses based on the results of
single-plane shearing according to the CD scheme (samples 1-3) [compiled by the authors]
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Fig. 7. Dependence of tangential stresses from normal stresses for gypsum-containing waste of
sulphuric acid neutralisation (sample 2) according to the results of triaxial, uniaxial compression

and simple shear tests [compiled by the authors]

(npoba 3), a yaenbHoe cuenfieHue CooT-
BeTCTBeHHO paBHsieTcs 55 kla (npoba 1),
73 klMa (npoba 2) n 68 klla (npoba 3).
Mpu 3ToM o rpaduky U3MeHeHUs Bnaxk-
HOCTM HabNtoLaeTCcs CyLLeCTBEHHOE CHMU-
YKEHME BNAXKHOCTM 80 Harpysok 0,5 MIMa,
4YTO KOPPENUPYET C AaHHbIMU KOMMpPeccu-
OHHbIX UCMbITaHMN.

Mo pesynbTataM ucnbITaHUU NpepBa-
pUTENBbHO YMNJIOTHEHHbLIX 06Pa3LOB NMpobbl
2, KaK Haubonee AMCNEpPCHOro maTtepu-
ana, Ha TpexocHoe cxatue no K/[-cxeme
N OLHOOCHOE CXKaTWe MO3BONAIOT OLEHUTb
3pdekTUBHbIE MapaMeTpbl MPOYHOCTHU,
Takue Kak yros BHYTPEHHero TpeHus —
34 rpapyca, cuenneHve — 33 klla. MNpou-
HOCTb Ha OLHOOCHOE CyXKaTue Mpu 3TOM
nonyyeHa B auanasoHe 0,12-0,17 MIa,
YTO XOPOLLO COOTHOCUTCA C AAaHHbIMW Bpa-
LLaTeNIbHOrO Cpe3a A1 COOTBETCTBYHOLLEN
NAOTHOCTWU. JlONONHMUTENbHO MPUBELEHDI
pe3ynbTaTbl UCMbITaHUSI HA NPOCTON CABUT
ans npobel 1, roe yron BHyTpeHHero Tpe-
Hus nonydeH 249, a cuennerve 31 kMa.

O6cyxpeHue pe3ynbTaToB

Mo pe3ynbTaTaM onpeaeneHus rpaHy-
JIOMETPUYECKOrO COCTaBa BO BCeX Mpo-
6ax npeobnagaet dppaxkuma 0,05-0,01 mm
(54-79% no apeoMeTpuUYECKOMY W Mune-
TOYHOMY MeToAaM), 4YTO YyKa3bliBaeT
Ha BbICOKY AUCMEPCHOCTb U OAHO-
pofHOCTb MaTepuana. PaccmaTpuBae-
Mbld MaTepuan B MCXOLHOM COCTOSIHUM
ocagka Nynbnbl obnagaeT Teky4yewm KOH-
CUCTEHLMEN, a NMpU Harpyskax BHayane
ObICTPO OTAAET BOAY, CUJIbHO CXXMMAETCS,
HO B Aa/ibHEMLLEM MPU YMJIOTHEHUMU CTa-
HOBUTCSI C/TaBOBOAOMNPOHULLAEMbIM.

B kauecTBe OCHOBHOro MeToAa ornpe-
LleNeHUs1 rpaHy/OMeTPMYEeCcKOro CocTaBa
HeobXoAMMO UCMOMb30BaTb apeoMeTpu-
yeckum meton no NOCT 12536-2014
«[pyHTbl. MeToabl nabopaTopHoro onpe-
LleNIeHUs TPaHYIOMeTPUYEeCKOro (3epHo-
BOr0) M MUKpOarperaTHOro cocTaBa,
NPUMEHSIEMbIA B MPAaKTUKE UHXEHEPHO-
reosIorMYecKMx UCCNefoBaHUM, a MeTop,
nasepHon audpakumMm — B Ka4yecTse BCMo-
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mMoratenbHoro. lMpu 3TomM ans cegumen-
TaLMOHHbIX METOAO0B OMpeaeneHus rpa-
HY/IOMEeTPUYECKOro COCTaBa HeobXxoanmo
06paTUTb BHMUMaHMe Ha 3Tan npobonoaro-
TOBKM obpasuos [25]. B yacTHocTH, npwm
[oBaBneHMn B CyCreH3uto aekarmapara
nupodocdara Hatpusi (NayP,0,*10H,0)
NMPOUCXOAUT YaCTUUYHOE pacTBOpPeHMUE
runca (CaS04-2H,0) c obpasoBaHuem
pactsopumoro komnnekca CaP,0%, uto
WCKaXkaeT peafibHblA rpaHynoMeTpuye-
cKui cocTas [26, 27].

Hanunume kpuctannos runca tabnut-
YaToM, UroNb4aToON M cToNBYaTOM HOPMBI,
a TakXe KCeHOMOpP(dHbIX 0610MOYHbIX
3epeH obyc/laBAMBaeT BbICOKYIO MOpU-
CTOCTb U CXXMMaeMocCTb MaTepuana. [pwu
3TOM pacnpegeneHve matepuana no ¢pak-
LMSM MOXET Bbi3BaTb (ppakuMOHMpOBa-
HMe Mpu HambiBe rurnca ¢ dopmuposa-
HUEM MISXKHOW, NEPEXOAHOM U NPYLKOBOM
30H C pas3/IMYHbIMU XapaKTePUCTUKAMMU
He TOJIbKO COCTaBa, HO U (U3NKO-MeXaHU-
Yyeckux cBorcTB [28, 29]. Huskue 3Have-
Hua koadduumeHTa dunbrpaumm (<0,3 M/
CyT) KnaccubuLmMpyroT MaTepuan oT HeBO-
[LONPOHULLAEMOr0 A0 C1abonpoHMULLAEMOTO.
MonyyeHHbIN B X04€ MCCneaoBaHUM rpa-
HYJIOMETPUYECKUI COCTaB onpenenset
HMU3KME napaMeTpbl GUAbTPALMUOHHbBIX
CBOWMCTB ABYBOAHOIO rmMnca nocsne ynnaoT-
HeHus npu Harpyskax 0,3-0,4 MMa, uTo
OyneT 0KasblBaTb BAMSIHME Ha MpPOLECCHI
KOHCONMMAALMM NPU €ro HaMblBE B MMMCOX-
paHunuwe. Mpu 3TOM KpMBble KOHCONU-
paumm TCO He LEMOHCTPUPYIOT YETKOro
nepexona Mexkay nepBUYHOM U BTOPUUHOM
CTaAMAMMU, YTO CBUAETENLCTBYET O AJU-
TeNbHbIX AedopMaumsax nonsyyectu. ITo
BaXXHO YUYMUTbIBATb MPWU MPOEKTUPOBAHUU
COOPY>KEHUM C MUCMONb30BAHMEM LAHHOIO
Matepuana [30, 31].

PesynbTaThl onpeneneHvs napameTpos
MeXaHUUYEeCKUX CBOMCTB MOKa3sblBatOT
CYLLECTBEHHOE B/IMAHME YMJOTHEHMUS
MaTepuasia Ha UX 3HaYeHus, YTO Xapak-
TepHo ana Bcex [CO, a Takxe TO, 4TO

142

MPOYHOCTHbIE XapaKTEPUCTUKMU 3aBUCAT
OT rpaHy/lOMeTPUYECKOro CoCcTaBa Mare-
puvana v ycnoBui ucnbiTaHumn [32, 33].
Tak, Hanbonbluee 3Ha4YeHUE yrna BHY-
TpeHHero TpeHus — 35° 3admKcuMpoBaHo
Npyv TPEXOCHOM CXKaTuu, a Mo pe3ysbTa-
TaM MpoCTOro cABUra mapaMeTpbl Cylle-
CTBEHHO HUXe, 4YTO OByCnoBNEHO pas-
NUYUSIMU B HaAMPSIXKEHHOM COCTOSIHUU
0b6pa3uoB U MeToauke ucnbiTaHui. Cne-
AyeT OTMETUTb, YTO MOJyYEHHble Mpw
MCCnefoBaHUsAX MPOYHOCTHbLIX CBOMCTB
FCO HeWTpanusauMm CEPHOM KUCAOTbI
XapaKTepUCTUKK Bblin onpeaeneHbl Ans
npeaBapuUTeNbHO YMJIOTHEHHbIX 06pa3LoB
n B ocHoBHOoM no K[ -cxeme. Mockonbky
FCO saBnseTca cCMNbHO CXXMMaeMbIM MaTe-
puanoMm, TO Npu 0BOCHOBAHUU YCTOMUU-
BbIX MapamMeTpoB OyayuLlMX OOBEKTOB
CKNaZMpOBaHUS APYron BO3MOXHOCTMU
NMpoBeCTU UCMbiTaHua HeT. [pu 3ToMm
Kak BbICTpO ByoeT NpouUCXoauT yrniaoTHe-
Hue N'CO B MaccuBe M KakoM MIOTHOCTU
[LOCTUIHET MaTepuan, MoXKHo ByaeT onpe-
[leINTb TONbKO MO AaHHbIM reoTexXHUYe-
CKOr0 MOHUTOPUHIa Y>Ke Ha 3Tane dyHK-
LMOHMPOBAHMUS COOPYXKEHUsI B mpoLecce
MccnefoBaHUM ANS HapalLMBaHMS BbICOTbI
HaKOMUTENsi nepea OTChIMKOM OrpaxAaa-
PoWmMx famMb, U TONbKO TakK OLEHWMBATb
BO3MOXHOCTb ynyulleHus csoricts ['CO
co BpemeHeM [34, 35]. B stom cBa3u
0o 3HadeHun 0,3-04 MTla ona oueHku
MPOYHOCTHbIX CBOWCTB peKOMeHAyeTcs
MCNONb30BaTb [JaHHble OMNpeaeneHus
COMPOTUBIEHUS HeAPEeHUPOBAHHOMY
CABUTY, a AN1S OLEHKM KOHCONUAALLMM Mac-
CMBa — MPUMEHSTb KOHTPOJb MOPOBOrO
[laB/ieHUsl Ha OCHOBE JaHHbIX MOHWUTO-
PVHra Mo CTaLMOHAPHO YCTAaHOBEHHbIM
JlaTyMKaM UM Ha OCHOBE AUCCUMALMOH-
HbIX MCMbITaHUIM B MpoLlecce cTaTude-
CKOFO 30HAMPOBaHUS.

3aknioueHune
Mo pe3ynbTaTaM UcciefoBaHUI MOXHO
chenaTb BbiBOA, YTO MOSyYaeMbli Mpu



HeMTpanm3aLmMm CePHOM KUCIOTbl U3BECT-
HSIKOM [BYBOAHbIMA TMNC — 3TO AMcnepc-
Hbl MCKYCCTBEHHO 06Pa30BaHHbIV FPYHT,
obnapgatowmn cneumdmuyeckMmMm CBON-
CTBaMu, 0BYyCNOBNEHHbLIMU €r0 MUHEpaA-
JIOTMYECKMM U TpaHYyTOMETPUYECKUM
cocTtasoM. [pexae Bcero, 0CO6EHHOCTb
noeeaeHuna gaHHoro suaa ['CO sakrouva-
€TCa B CU/IbHOWM C)KMMAEMOCTU MaTepuana
Ha MPOTAXEHUU OJUTENbHOrO BPEMEHMU
M CYLLEeCTBEHHOM YMeHbLUeHUn Kodddu-
uneHTa dunbTpaumn. 3HadeHus koabdu-
uneHta dunbtpauum (nopsaka 1073 m/
CyT) O3Ha4atoT, YTO B J@aHHOM MaTepuasne
BO3MOXHO BO3HMKHOBEHWE M3BbITOYHOMO
MOpOBOro [aB/ieHUA, KOTOPOE MOXeT
He ycneBaTb pacCeMBaTbCs 3a Mepuon
Harpy>eHusl MacCcMBa NMpu UHTEHCUBHOM
HapallMBaHUM BbICOTbl HaKOMUTENs.
LericTBytoliMe MeToaMKM Mo mU3yde-
HUIO MPUPOAHBLIX TPYHTOB HE YUYUTbIBAtOT
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