Okonoeuueckuti secmuuk [Jonbacca 2024. Ne 1 (11)

YIK 628.169:624.138

EDN: UBQKVE

/po3o I'. A., Xeopmosa M. I0., *buszupka U. H.
Jlyeanckuii 2ocyoapcmeennblil yuusepcumem umenu B. Jans
*E-mail: bizirkaira@mail.ru

YTUIN3ALIUA JAEITOHUPOBAHHBIX OCAJIKOB CTOYHbBIX BO/JI
B KAYECTBE UCKYCCTBEHHBIX TPYHTOB

B cmamve paccmampusaemcs npodiema omcymcemeus Kiaccupurayuy npoooiCumenbHOCmy xpa-
HeHUsl U Memo008 YMUIU3AYUU 0cadko8 Cmouuslx 800. Taxoice npedcmasienvl pesyabmamyl UCCIe00-
BAHUSL PUBUKO-MEXAHUYECKUX, NPOUYHOCTIHBIX U 0eOPMAYUOHHBIX CEOUCME 0CAOK08 C MOUKU 3PEHUS UX
ucnonvzosanus 8 kavecmee epynma. Ilo pezyrsmamam 0e@opmMayuoOHHbIX UCHIMAHUL, NOTYYEHHble
Xapaxmepucmuky UCKyCCMEEeHHbIX 2PYHMO8 RO380IAI0M COeNAMb 8bl800 0 BO3MONCHOCIU UX NPUMEHEe-
HUSL 8 CIPOUmMenbCmae, Hanpumep, 6 Kavecmae SpyHma 0t 00paAmHoll 3aCbInKu, 0CHOBAHUS 0151 O0POe,
Hacwineul, naowaooK Uil OJisi 6ePMUKAILHOU NAAHUPOBKU NPU CO30AHUU UCKYCCMEEHH020 TaHwagma.

Knwuesvie cnosa: oenonuposantvie 0CAOKU CMOYHBIX 600, ZPYHM, MdiCEble MEemalivl, UCKYC-
cmeeHHble OCHOBAHUSL, NPEOETbHO OONYCIMUMbLE KOHYESHMPAYUl, YIMUIU3AYUsL.

Brenenue. Ocanxu crounsix Bog (OCB) —
3TO CYCIIEH3UH, BbIIENSIEMbIE U3 CTOUHBIX BOJI B
MPOIIECCe MX MEXaHMYECKOM, OMOJIOTMYECKON U
¢bu3HKO-XUMHYECKO 04uCcTKU. OHU MOTYT OBITh
pa3IMYHBIX TUIIOB, B 3aBHCHUMOCTH OT 3Tara
OYMCTKH, Ha KOTOPOM OHU oOpazyrorcs. Hampu-
Mep, 3T0 MOryT ObIThb I'pyOble MpHUMeECH, TaKUe
Kak O0TOpOCHI, TSDKEJIbIEe IPUMECH — TECOK WU
IUIABAOIIME MIPUMECH — JKUPOBbIE BELIECTBA.
Taioke CyIIecTBYIOT OCaJIKH, 0Opa3yrolrecs B
pe3yJibrare OMOJIOrMYECKON OYHUCTKHU, TaKUe KaK
CBIPOM OCaJIOK M aKTUBHBIN 1. OHM MOTYT OBITH
a’pOOHO WM aHa’POOHO CTAOMITM3UPOBAHHBIMHU,
a TaKKe CryIIEHHbIMH WIA YIUIOTHEHHBIMU.
Cy11ecTBYIOT TakkKe 0CaJIKH, KOTOPbIE POXOASAT
TEPMHUYECKYI0 O0OpaOOTKy ISl BBICYIIMBAHUS.
Bce 311 paznuuHble THITBI OCA/IKOB UMEIOT pa3-
HBI COCTaB U MOT'YT OBbITh MCIOJIB30BAaHbI WU
YTWIM3UPOBaHBI No-pazHoMy. [lostomy mpenna-
raeTcsi BBECTU OT/ENBHYIO KJIacCU(DUKALIUIO TS
JIEXKAJTBIX OCA/IKOB, YTOOBI YIIyUILIUTh CIIOCOOBI U
TEXHOJIOIMH MX YTHIM3auuu. B cyiectByromen
KJacCU(UKallMM HE YYUTBHIBACTCS HAIWYME
HaKOIUICHHBIX OCAJIKOB, II09TOMY BBEJECHUE HO-
BOM Ki1accu(uKkaluym MOXET MOMOYb B Oosee
3¢ HEKTUBHOM HCMONIB30BAaHUN W YTHIA3AIIHI
0CaJIKOB CTOYHBIX BOJI.

IIpoGema u eé cBsA3b ¢ HAYYHBIMH H
npakTuyeckumMu 3agadyamu. CyliecTByroT
pa3MyHbIe CIIOCOOBI OOpAIEHHSI C OCAIKOM:
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€ro MOXKHO XpaHHUTh Ha CIEIUAIbHBIX CKJIaJaX,
UCIIOJIb30BaTh B CEJIBCKOM XO3MHCTBE, MPEBpa-
11aTh B KOMIIOCT, COpachIBaTh B MOPE WJIH CHKH-
rate. OIHaKO 3TU METObI IPUMEHUMBI TOJILKO
K CBEXXUM ocaikaM. B cembckoM Xo3siiicTBe
MO>KHO HCIOJIb30BaTh TOJIbKO 1/3 HakoIUIEHHO-
ro 0cajika, Tak KakK ocTalbHble 2/3 conepxar
OIACHbIE KOHLIEHTPALIUU TSKEIIbIX METAJUIOB U
HE MOTYT OBITh HCHOJIb30BaHbl B KauecTBE
ynoopenus [1-7]. Jis crapbix, y:ke HAKOIHB-
IIMXCS OCAIKOB HET CIOCOOOB YTHJIM3AllUH,
Kpome 3axopoHeHus. llosromy Bce ycumus
HalpaBJICHbl HA UX YHUUYTO)KEHHUE ITyTEM C3KH-
ranus. V3ydeHue CBOMCTB CTapbIX OCAIKOB
MOKET OBITh TIOJIE3HO VIS X UCIOJIb30BaHUs B
KauyeCTBE UCKYCCTBEHHBIX I'PYHTOB.

Heabio padoThl sABISETCA HM3YyYECHHE Xa-
PaKTEpPUCTUK OCAIKOB C TOYKU 3PEHHUS IMOY-
BEHHBIX I'PYHTOB, OLI€HKA IPUTOJHOCTU OT-
XOJIOB Uil OIpe/esieHUs] HauboJjee Nnepcerek-
THUBHBIX METO/IOB UX yTHJIN3ALUU.

MeTtoauka U OCHOBHbBbIE Pe3yJbTATHI HC-
caenoBanms. [lpupoaHbie TpyHTBI — 3TO
BEPXHsIA 4acTh JIUTOCPEpPDI, KOTOpasi 00pazyer-
Csl B pe3yJIbTaTe BHIBETPUBAHUS U COCTOUT IIpe-
MMYIIECTBEHHO M3 MuHepaiioB [2]. B rpynTax
TaKKe COJIEPXKATCs BOJA, Ta3bl U OPraHUYECKUe
BEIIECTBA, KOTOPbIE SIBJIIOTCS HEOThEMIIEMOM
yacTbto. OpraHmyeckre KOMIIOHEHTbI TpyHTa
MIPEACTaBIEHbl  XUMHUYECKMMHU  3JIEMEHTaMU
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pacteHuli, Gakrepuil U rpuboB, a TaKXKe Mpo-
TYKTaMH WX B3aMMOJICHCTBUS W TPEBPAIICHHSI.
Ocratku pacTeHWil, MUKPOOPTaHU3MOB U KHU-
BOTHBIX SIBIISIFOTCSI UCTOYHMKAMHU Tymyca. Xu-
MHUUYECKHI COCTaB OPraHMYECKHX OCTaTKOB
npeactasied [2]: Boga (70-90 %), Oenxu, nu-
TIUJTBI, JIATHUH, CMOJIBI, BOCKH. Bosbiee komm-
YeCTBO M3 THX COCAMHEHUH MMEIOT BBICOKYIO
Monekysapryto Macey (ot 10* no 10°). Ocaxu
CTOYHBIX BOJI, TIOJIOOHO TPHPOIHBIM TPYHTaM,
COCTOSIT U3 TPEX OCHOBHBIX KOMITOHEHTOB: MH-
HEpaJIbHBIX, OPraHMYECKUX W MHUKPOOHOJIOTHU-
4yecknX. MuHepallbHasi 4acTb B OCaJKax Co-
craBisier ot 54 % 1o 90 % (XUMHYECKHA CO-
CTaB MpUBeJIeH B Tabmumie 1).

B nemoHupoBaHHBIX OCaKax OpraHuYecKast
COCTaBJISIIOIAsL OTJIMYAETCsl OT TPyHTa U CO-
CTOUT B OCHOBHOM M3 >KMBOW U MEPTBON MUK-
pPO(dIOpPHI, PACTUTENBHBIX OCTATKOB M CEMSH
pactenuii. Taxxke B ocankax MOryT IPHUCYT-
CTBOBaTh B HEOOJBIIOM KOJMYECTBE CHHTETH-
YeCKHE MOIOIIUE BEUIECTBA, JEHATYpUPOBaH-
Hble OENIKU M CMOJIUCTBIE COEIMHEHHUS, KOTO-
pBI€ TPYAHO pa3iiaratorcs OMOIOrHYECKUM ITy-
teM. Hannuue B cocraBe ocajka HOHOB TsDKe-
JIBIX METAJUIOB JIETAaeT UX TOKCUYHBIMHU.

TspKernbie MeTaUTbl B TIOYBE MPUBOJIST K CBSI-
3BIBaHUIO TYMYCOBBIX BEIIIECTB U YMEHBIIICHHIO
MX TIOJIBIDKHOCTH. BoJblle KOHIIEHTpauu Tsi-
KEJbIX METaJUIOB MOT'YT CHU3UTH KOJIUYECTBO
MHUKPOOPraHM3MOB B IIOYBE U 3aMEUIUTh OC-
HOBHbIE Ouonoruueckue mnpouecchl. CylecTBy-
€T BEpOSATHOCTb TOTO, YTO TSDKEJbIE METaJUIbI
MOT'YT MEPEXOIUTh W3 OCAJIKOB Yepe3 IOYBY,
pacTeHHsI M )KUBOTHBIX. B MpUTropomHbIX 30HAX
KPYIIHBIX TOPOJOB COJIEP)KaHUE ITUX METAILIOB
B TIOYBE 3HAYUTEIHHO MPEBBIIIACT TPEACITHHO
JIOITyCTUMBIE KOHIeHTparwu i mouB [§]. Tlo-
TOMY B HEKOTOPBIX CIy4asx OCaJIOK MOXKET
OBITH MEHEE OITACHBLIM, YeM caMa IouBa. UToObI
CHU3UTh KOHIICHTPAIIMIO TSDKEIBIX METAIUIOB,
MOXHO HCIIONb30BaTh METON  pa30aBieHUs
ocajika rpyHTaMy. Takue TPyHTbl MOTYT OBbITH
UCIIONB30BaHbl B CTPOMTENHCTBE, HAIPUMED, B
Ka4ecTBE I'pyHTa Uil 0OpaTHON 3aChINKU, OCHO-
BaHMS JUISl OPOT, HACKINEH, TUIOIAZ0K WU JIIsI
BEPTUKAILHON TIJIAHUPOBKU TIPH CO3/IAHUH HC-
KyCCTBEHHOI'0 JiaH/AmagTa.
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Tabruya 1
CpaBHHTENTbHAS XapaKTEPUCTHKA MUHEPATBHOMN
YaCTH TPYHTA M 0CaJKa CTOYHBIX BOJ

XuMnueckue Ipyst, % OCB

COCJIMHCHHUS
Si0; 40-70 14-54
Al Os 1-20 4212
Fe,0; 0,5-10 3,4-13,9
CaO 1-3 4,3-12,5
MgO Bnuzoxk k 1-3 0,39-4,5
K,O 2-3 0,5-0,8
Na;O 1-3 0,5-0,6
SO; <1 3,24

bonee momxonmsmas ximaccupukanms s
0CaJIKOB CTOYHBIX BOJ — 3TO UCKYCCTBEHHBIC
TPYHTBI, KOTOPBbIE€ MOTYT OBITh YIJIOTHEHHBI-
MU B TPHUPOJHOM 3aJIETAHWUHU, HACHIITHBIMU
Ui HambIBHBIMH [4]. OHHM TpeaCTaBIISIOT
co0oii mpeoOpa3oBaHHBIE WU TEPEMEIICH-
HBIE TPYHTHI TIPUPOJTHOTO TPOUCXOKICHUS, a
TAKX€ OTXObl MPOU3BOJCTBEHHOM M XO3sii-
CTBEHHOM JAEATENbHOCTH 4YenoBeka. Hackim-
HBIE TPYHTBI BKJIIOYAIOT B C€0sl CBAJIKU TPYyH-
TOB, OTXOJOB MPOHU3BOJICTB M OBITOBBIX OTXO-
JIOB, K KOTOPHIM MOXXHO OTHECTH M OCAIKH
CTOYHBIX BOA. Ilpu cpaBHEHMH OCAIKOB U
CBAJIOK TPYHTOB, OTXOJOB IIPOU3BOJACTB U
OBITOBBIX OTXOJIOB MOJXHO 3aMETUTbh, YTO
OCaJIKM CTOYHBIX BOJI, MOJOOHO HACHIITHBIM
rPYHTaM, HUMEIOT HEOJHOPOIHBIA COCTaB W
CJIOKEHHE, HEPAaBHOMEPHYIO IUIOTHOCTh U
C)KUMAEMOCTh, a TaKXe COJEP)KAT OpraHUKY.
OnHu MoryT OBITH pa3/ielieHbl Ha BUJIBI B 3aBU-
CUMOCTH OT CTEIECHHM YIUIOTHEHHUS TOJ COO-
CTBEHHBIM BECOM: CIICKABIHECS — TMPOIECC
YIUIOTHCHHS 3aBEPILICH U HE CICKABIITUECT —
MPOIIECC YIUIOTHEHUS MTPOI0JDKACTCS.

Hannaue rymyca B CTOUHBIX BOJaxX SIBJISCT-
Csl XapakKTepHBIM UX Mpu3HaKoM. KommdecTtBo
OpPraHMYECKOT0 BEIIECTBA COCTaBIsAECT HE 0O-
nee 10 %. benku, [IAB u rymyc He npeBbiiia-
et 10 %. IloaToMy Ocasky CTOYHBIX BOJ MOX-
HO OTHECTH K TOpP(SAHBIM T'pyHTaM, cojepka-
M ot 10 10 50 % opraHuYeCcKuX BEIIECTB.

Paznuunbie BUABI OCaJKOB, TAKHE KaK OCa-
NoK ¢ 0ypToB OKTSAOpPHCKOM CTaHIMU OMOJIO-
TMYECKOM OYMCTKM M OCajoK ¢ BepryHckoi
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CTaHIIMM OMOJIOTUYECKOW OUMCTKH, a TaKKe
[IECOK C MECKOIUIOIIAJ0K MOIYT HCIOIb30-
BaTbCs B KayecTBe rpyHTOB. Jljig 3TOr0 ObUIH
ornpezeneHsl (QU3NYECKUEe IOKa3aTeld TpexX
pa3nu4HbIX BUAOB ocaakoB: Ne 1 u Ne 2 ume-
10T IJIaCTUYHOCTH Ip Oosblie equHUIBI, YTO
YKa3bIBa€T Ha MX IbLJIEBATO-TJIMHUCTYIO MPH-
poay, B TO Bpems Kak obpazer Ne 3 siBisiercs
[IECYaHbIM U UMEET IUIACTUYHOCTH [p paBHYIO
Hymro. Ne 1 u Ne 2 ABIIArOTCS mpOCagOUYHBIMU
1 HEeHaOyXaINMH, B TO BpeMs Kak oOpaseln
Ne 3 mpencraBisieT coO0M PHIXJIBIN MECOK.

[IpoBeneHHbIE UCTIBITAHUS HAa KOMIIPECCH-
OHHYIO JiehopMaITHIO TIOKA3aJIn, YTO 00pa3Ibl
Ne 1, Ne 2 u Ne 3 gBnsitorcs cnaObIMU TpyH-
TaMM M HEYCTOMYMBBIMHM CTPYKTypHO. [lpnm
Harpy3ke oHuU OyayT nedhopMHUpOBaTHCS C
OOJBIIMMHU 3HAUEHUSIMU U 0€3 JONOJHUTEIb-
HBIX MEPOIPUITUNA O YIYYIIEHUIO HE MOTYT
OBITh HCIIOJIb30BAHBI B KAaUECTBE E€CTECTBEH-
HOT'O OCHOBAHUS VISl COOPYKEHHUH.

WcnpiTanusamu Obutn ornpeneneHsl nedop-
MallMOHHbIE XapaKTEPUCTUKH UCKYCCTBEHHBIX
HachIMHbIX TpyHTOB Ne 1, Ne 2 u Ne 3, takue
KaKk MoJyJib jAepopmanuud U Ko3pPuuueHt
cxnmaemoctu. CoriracHo meromuke [8], 00-
pazenr  ObUI  TOJABEPTHYT  TMOCTEIICHHOU
Harpy3ke BenununHod 0,1 MIla u Bbaepkan
70 TOCTUKEHUS! CTaOWIM3aluu OCaJKU I'PyH-
Ta, 4TOOBI €ro IUIOTHOCTH COOTBETCTBOBaja
NpuIoKeHHON Harpyske. Koadgdumuenr mno-
PUCTOCTH TpyHTa s KaXJIOM CTymneHH
Harpy3Kku ObLI OIpeiesieH 1o popmylie:

e =¢——(l+¢y), (1)
h

I71€ ep — HAYaJbHBIM (HO cokatusi) Ko3(-
(GUIUEHT NOPUCTOCTH IPYHTA;

Ah — dakTudeckas aedopmarus oOpasia;

h — BbICOTa OOpa3sIa.

OcCHOBHbBIE XapaKTEpUCTUKU JedopMalnu,
Takue Kak KOd(DPPHUIMEHT CKUMAEMOCTH d U
Moaysb Aeopmanuu rpyHTa E, Obuid ompe-
JIeJIEHbl Ha OCHOBE JJAHHBIX KOMIIPECCUOHHOM
kpuBoil. Eciiu a 6onbmie 1 MIla-1, To rpyHT
CUMUTAETCS] CHJIbHOC)KMMAEMBbIM, €CIIU @ Haxo-
mutess B mmanasode ot 1 mo 0,1 MlIla-1, To
IPYHT CUMTAETCSl CpeIHEeH COKMMAaeMOCTH, a
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ecau a Mmenblie wim paBHo 0,1 MlIla-1, To
IpYHT cuuTaercs ciabockumaeMbiM. Koag-
(GUIUEHT C)KUMAeMOCTU @, IPUBEIEHHBIN KO-
3¢ GUIMEHT CKUMAEMOCTH do U MOJIYJIb Je-
¢dopMmaruu rpyHTa £ ObUTH BBIYUCIIEHBI C MO-
MOIIIbIO CIIELUAIbHBIX POPMYJI:

a=1=22 2)
b= P

ay = ——; 3)
1+el

E:ﬁ/ao, 4)

rre e; U e2 — Kod((UIMEHTH OPUCTOCTH
IPYHTa, COOTBETCTBYIOLINE ABICHUSIM pP1 U p2;

f — oyukuus Ilyaccona (s mecdaHbIX
rpyntoB $=0,8, musa cyneceit — 0,74, mis
cyrnuakoB — 0,62, mst rmua — 0,4).

Jlist nocTrkeHus HeoOXoIuMBbIX nedopMma-
LU, KOTOpbIE HE IMPEBBINIAIOT MPEAETbHbBIX
WM HE YMEHBIIAIOT HECYIIYI0 CIOCOOHOCTH
OCHOBaHMS, NPOBOJATCS pa3iIHMYHbIE MeEpo-
NpUSITUS, TaKMe KaK MOBEPXHOCTHOE U TIIIy-
OMHHOE YIUIOTHEHHE, CO3/IaHHE€ TI'PYHTOBBIX
MOAYIICK, MCIOJb30BaHUE TIIyOOKHUX (yHIa-
MEHTOB U T. 1. [9]. Imst 3TOr0 mMcnosib3yroTcs
KOA(pUIMEHTHI MOPUCTOCTH TPYHTA €1 U ez,
COOTBETCTBYIOILIME JABJICHUSIM p| U p2, a TaK-
xe pynkuus I[lyaccona f, koTopast 3aBUCHT OT
THUIA TpyHTa (HarpuMep, VIS MECYaHbIX TPyH-
toB =0,8, mns cyneceit — 0,74, nnst cyravH-
koB — 0,62, mns riiua — 0,4). B xoxe na6o-
PaTOPHBIX HCIBITAaHUN ObUIO MPOBEIEHO IO-
BEPXHOCTHOE  YIUIOTHEHHE C  Harpy3Koi
1 kr/cM?, ¥ neOpPMALMOHHBIE XapPaKTEpPUCTH-
K1 OBLIM OIpENesIeHbl COIIACHO OMHCAHHOU
MeToMKe. Pe3ynbTaThl KOMIPECCUOHHBIX HC-
NIBITAaHUI U OcajiKa MPUBEIECHBI B Ta0NHUIE 2.

W3 mpoBeleHHBIX KOMIIPECCHOHHBIX HC-
NBITAHUA MOXKHO CZENaTh BBIBOJ, YTO 00pa3-
I[bI TPYHTOB, IIO/IBEPTHYTHIC WCIIBITAHUSM,
OTHOCSITCSI K KaTeropuu ciabdbIX, TaK Kak HX
Moaynb Jedopmanuu E  He mpeBbllaer
5 MIla. [lononHuTenbHas Harpy3ka B BHIE
MOBEPXHOCTHOTO YIUIOTHEHUSI MPHBOAUT K
YBEIMUYEHUIO Je(OpPMALlMOHHBIX XapaKTepu-
ctuk. OHaKo HE ObUIM YCTaHOBJIEHBI HEO00-
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XOJUMbI€ 3HAUEHMsI HArpy30K U KOdpuiu-
€HTa YIUIOTHEHMs IJIi KaXJ0oro odpasua B
XO0/JI€ 3KCIIEPUMEHTOB.

B xome wuccrnenoBanuii ObUIO TIPOBENEHO
cMmemmBanne ocagka Ne 1 ¢ pasimuHbIMU IpyH-
TaMU ¥ OTXOZJaMH, UMEIOIIMMH 0oJiee BBICOKHE
nedopMalMOHHbIE TTOKa3aTeN, TAKUMU KaK Iie-
COK, IIUIAK M IVIMHA. B KadecTBe IPyHTOB HC-
IIOJIb30BAJIMCh  JIOMEHHBIA TI'PaHYJIMPOBAHHBIN
1utaK AJTYEBCKOr0 METAJLTypruyeckoro KoMOu-
Hara, MeCOK U IIMHA U3 MECTHBIX Kapbepos. [le-
COK MMeET HaChIITHYIO IJIOTHOCTH p = 1,47 r/em?,
MCTUHHYIO TIOTHOCTb Ps=2,56 I/cM® M MOIyIb
kpyrHoctat Mc=1,9...2,0. [llnak umeer HachII-
Hyl0 IUoTHOCT, p=1,31T/cM’, wmcTHHHYIO
IUIOTHOCTD Ps=2,68 T/cM® 1 MOIYIIb KPYIHOCTH
M >2. I'TuHa UMEET HACBIHYIO IUIOTHOCTH
p=1,04 r/cm’, HCTUHHYO IIJIOTHOCTH
ps=2,55 r/em’, BnaknoCcTs W=19,05 %, BIak-
HOCTh Ha Tpanutie miactuaHoct W, =20,09 %
U BI@KHOCTb Ha TIPaHULE  TEKy4yecTH
WL=30,43 %. Pe3ynpTarhl WCHBITAHWN Tpe-
CTaBJICHbI B Ta0MLIE 3.

Jliia pa3baBiieHus: O0cajKa HUCI0JIb30BAIUCh
TPU METO/a: CMEIIMBAHHUE OCaJKa C IECKOM,
[UIAKOM U TJIMHOM. B KaxXJIoM U3 Tpex BapH-
AQHTOB COOTHOIIECHHS OcCaJka M rpyHTa (0/T)
ObUIM MCHOJb30BaHbl mponopuuu 3:1, 1:1 u
1:3. IlepBoe ucnpiTaHue T'PYHTOB IMPOBOIM-
JIOCh B €CTECTBEHHOM cocTosiHuu. Ha pucyn-
ke 1 mpeacTaBiieHa 3aBUCUMOCTb MOJYJISL Jie-
¢dbopMaluu OT pa3IMYHbIX COOTHOILLIEHUH O/T B
€CTECTBEHHOM COCTOSTHUH.

Tabauya 2
Kommpeccuonnsie ucnbeiranus OCB
ITokazarenu Brn ocanka

Nol|[Ne2|Ne3
Monynb aedopmanuu E B 2.53]1.971.74
€CTECTBEHHOM cocTostHur, MlIla
Koa¢pduimeHt cxxumaeMoctu
a B ecTecTBEHHOM cocrosHuu, |0,56(0,96|1,03
MIla '
Monyne aedopmanuu E mocre
yrnotaenns P=1 kr/cm?, MIla 3,7 3,876,66
Koa¢pduimeHt cxxumaeMoctu
a mociie yIIOTHEHHS 0,46(0,58 10,34
P=1 kr/cm?, MIla™!
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Tabauya 3
Pe3ynbpTaThl KOMIPECCHOHHBIX UCIIBITAHUM TE€CKA,
[U1aKa U TJIAHBI

Bug rpyHTa
Ilecok | I1nak | 'muna

Ilokazarenu

Monyne nedopmanmn E
B €CTECTBCHHOM
cocrossHuu, Mlla
Koaddunument
C)KUMAEMOCTH d B
€CTECTBEHHOM
cocrostann, MIla™!
Monyne nedopmanmn E
nocJje yIIOTHEHUS

P=1 kr/cv’, MIla
Koaddunument
C)KUMAEMOCTH d TIOCIIe
ymoTHenust P=1 kr/cm?,
MITa'

13,4 (29,24 2,61

0,13 10,074 | 0,44

36,6 | 34,0 | 2,95

0,03 10,057| 0,45

[Ipy u3ydyeHHM B3aMMOCBS3€H MOXKHO 3a-
KIIIOYHTh, YTO TPU YBEITUYCHUH KOJIUYECTBA
ocajJika HaOIIOJAeTCsl CHIKEHHE MOIYJIS Jie-
dopmanuu B cMecaX C IeckoM (¢
E=13,4 MIla no E=3,5 MIla) u muakom (c
E=29,2 MIIa no 2,8 MIIa). DTo nmpoucxoaut
M3-3a MOBBILIEHUS KOAPPHUIIMEHTA MOPUCTO-
cti (€>1) U NOHWKEHUS IJIOTHOCTH 3a CYET
00pa3zoBaHMs AOTIOJHUTEIBHBIX TOP U MyCTOT
IpU CMEIIMBAHUM TIUHHUCTBIX M TECUYAHBIX
MaTepuasioB. [Ipy pa3auyHBIX KOHIICHTpAIH-
SIX CMECH 0CaJIOK/TIIMHA MOYJIb edopmanuu
OCTaeTcs TPUMEPHO HA OJHOM YpPOBHE:
E=2,82,61 MIla. Ot0o 0OBsICHSETCS HEpaB-
HOMEPHOCTBIO TJIMHBI U OCaJKa M, KaK CIe[-
CTBHE, HEPaBHOMEPHHIM W YaCTUYHBIM CMe-
IIMBAHUEM, a TaKXKe BBICOKOH BIIAYKHOCTHIO
(rTMHA HAXOAWTCS B TUTACTUYHOM COCTOSTHHUH
W=19,05%~Wp=20,09 %) u Hamuuuem
OO0JIBIIIOTO KOJIMYECTBA CBSI3aHHOW BOJBI B
MaTepuanax. Taxke Mpu 3TOM IJIMHA M Oca-
JOK MMEIOT HHU3KHE TOKa3aTeld MOy Jie-
(dbopmanny B €CTECTBEHHOM COCTOSTHHH.

Ha pucynke 2 moka3aHbl Tpaguku, OTpaxa-
IOIIME U3MEHEHHsT MOIYJIsl iepopMaIii B cMe-
CIX TPH  TPHIOKEHWH  JIOTIONHHUTEIBHON
Harpysku B 1 kr/cm®. M3 rpaMKoB BUHO, YTO
XapaKTepUCTUKH Jedopmanu  cmeceill  oca-
JIOK/TIECOK ¥ OCAJIOK/IIUTaK 3HAYUTEIILHO YBEIIH-
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YUJIMCh. DTO CBA3AHO C OoJiee MIOTHON yIaKoB-
KO MaTepuaa (CMeCh TIIMHUCTOTO ¥ TIECYAHOTO
MaTepuaJioB), 4TO MPUBEIIO K YMEHBILIEHUIO KO-
a¢durreHTa MOPUCTOCTH U YBEIUYCHHUIO TUIOT-
HOCTH cMecH. Takke BaXKHO OTMETHTh, UTO IIe-
COK W NUIAK, SBISSCH 3alOJHHUTEISIMHA C OoJiee
BBICOKOW TIPOYHOCTHIO, CHIIBHO BIIMSIIOT Ha MO-
nynb aedopmarmui. B auctom Buae MOAyIb Jie-
dopManuM Tecka W NDIaka 3HAYUTENBHO TIpe-
BBIIIACT IMOKA3aTCIM IIPU HUCHBITAHUAX B PbIX-
JIOM COCTOAdHHMH, TaK KaK Ha CTaauH IpCaABapu-
TCJIBHOI'O HAIrpy>XCHUA MPOHUCXOIUT HaCTHU4YHaA
cTabmmm3anus ocaka (nedopmaiur 00pasiioB).
3HaveHus Il cMeced 0CaJIoK/TIMHA B pa3iiny-

50

MIla 45
40

HBIX KOHLIEHTPALMSIX OCTAlOTCS NPUMEPHO Ha
OJTHOM YpPOBHE C MOKAa3aTeJIsIMH U1l YUCTBIX Ma-
tepuanoB (E=3,7...3,82 MIla). B cpaBHeHuu c
MIEPBBIM OIIBITOM, HAONIOJAETCS HE3HAUUTENb-
HOE YyBeIWYeHHe Moy aedopMaluy, YTo
OOBSCHSAETCS YaCTUYHBIM CHIDKEHHEM MOPHUCTO-
CTH CMECEeH OCaIOK/TJIMHA.

bouio mpoBeneHO wHcHbITaHUE cMeceil ¢
MpEBAPUTENLHON HArpy3ko B pa3Mepe
P=3 kr/cM?, a1 HOATBEPXKIEHUS TEOPUH,
YTO MpPEIBAPUTENIbHOE YIIJIOTHEHHUE CIOCO0-
CTBYET IMOBBILIEHUIO Ae(POpPMAIIMOHHBIX Xa-
pakrepuctuk. Ha pucyHke 3 moka3aHbl pe-
3yJbTaThl HCTIBITAHUM.

35 —— 0CaJI0OK/IIECOK
—— 0CaJIOK/IIIJTaK
25 —A— QCaJOK/TJINHA

30 292

20
15
10

Pucynok 1 — 3aBucumoctb Moays aedopmaiiuu E OT pa3aIu4HBIX COOTHOIICHUH 0CaI0K/TPyHT (0/T)
B €CTECTBEHHOM COCTOSIHUH

50

MIlIa 45
40

36,6

35 —e— 0CaJIOK/TIECOK
—&— 0Cag0K/IIUTaK

30 P

—A— 0CaOK/TJIMHA

20
15
10

PucyHnok 2 — 3aBucumoctb Moays aedopmaiiuu E OT pa3aTudHbBIX COOTHOIICHUH 0CaJI0K/TPyHT (0/T)
TIpY JONOTHUTENBHOM Harpyske P=1 kr/cm?
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MIIa45
40

39,19

35 36,5

30
25

—&— 0CaJ0K/IIECOK
—&— 0CaJOK/IIIJIAK
—A— 0CaJ0K/TJINHA

20
15
10

15,77

6,2

A
&

0 T T

6,53

573
571

1:1

3:1

o/r

Pucynok 3 — 3aBucumocts Moayns aedopmanuu E oT pa3nnyHbIX COOTHONICHUH 0caoK/TPpyHT (0/T)
TIpH JIONOTHUTENBHOM Harpyske P =3 kr/cm?

Pe3ynbraThl MCHBITAHWN MMOKA3bIBAIOT, YTO
MOYJb AepOopMaIii CMECEH OCaZ0K/TIECOK U
0CAJIOK/IIUTAK YBEITUYMBACTCS TIPU Pa3IMIHBIX
KOHIICHTPAIUAX 110 CPAaBHCHHIO C TIPEIbIIY-
MMM HCIIBITAaHUSAMH. [Ipu 3TOM TOKa3areiu
MecKa W IJIaKa B YHCTOM BHUJC MPAKTUICCKH
HE OTJIMYAIOTCS OT TOJYYCHHBIX MPH HArpy-
xeHnn P=1 kr/cM?, BO3MOXHO, Onaromaps
JACTUYHON CTAOMJIM3aIluKM OCaJKa IMPH 3TOM
Harpy>keHHH, KOTOPOE 3aBEpIIacTCs Ha JTare
ymotHenust P=3 kr/cm?. CMecu ocaok/riiHa
TaKKe MOKa3aJl yJydIIeHHe CBOMX ITOKa3are-
neri ¢ E=3,82 MlIla mo E=6,07 MIla u ocra-
FOTCSI OTHOCHTEJIBHO Ha OJIHOM YPOBHE HE3aBH-
cumo ot kouneHtparuii (ot E=5,71 Mlla no
E=6,07 MIla).

BoiBoabI M HampaB/ieHHe JaJbHEHIIHX
ucciaenoBanmii. CymecTByer mpobiema oT-
CYTCTBHS CIIOCOOOB 00pabOTKM CTaphIX OCal-
KoB M ux kinaccupukauuu. Ilocne anamuza
BO3MOXHBIX METOJIOB YTHIIM3AIUUA OCAIKOB
MOKHO CJIe/IaTh BBIBOJI, YTO BCE OHU TpeIHA-
3HAUYEHBI JUI CBEXKUX OCAJIKOB, a HE JJIs CTa-
PBIX, KOTOPBIE HAKOIIIMCH 32 HECKOJIBKO JICT.
JUs yTHIHM3aIe ICTIOHUPOBAHHBIX OCAIKOB
HET TEXHOJIOTUH, KPOME 3aXOPOHCHHSI.

N3yueHne XapakTepUCTUK OCAIKOB C TOYKU
3pCHUS TIOYBEHHBIX CBOWCTB ITOKA3aJI0, YTO OHU
HEeCcTaOWJIBHBI B CTPYKTYPHOM IUIAHE M OTHO-

33

caTcsl K c1a0bIM IpyHTaM (C HU3KOW Hecyuien
CIIOCOOHOCTBIO, C BBICOKUM  COJIEpP’KaHUEM
TOopda B PHIXJIOM COCTOSIHUU U C HE3aBEpIlIEH-
HBIM IIpolieccoM YyIuloTHeHus1). Iloatomy 6e3
JOTIOJIHUTENBHBIX MEp IO HCKYCCTBEHHOMY
YIIyYILIEHUIO OHU HE MOTYT ObITh MCIIOJIb30Ba-
Hbl B KaUe€CTBE €CTECTBEHHOI'O OCHOBAHUS VIS
CTPOUTENIBCTBA 3AHUN U COOPYKEHUH.

[IpoBeneHHbIE UCIIBITAHUS HA C)KaTUE HC-
KYCCTBEHHBIX HACBIIIHBIX T'PYHTOB, COAEpKa-
IIMX OCAJKHU CTOYHBIX BOJ, IOKa3ald, YTO
[Ipe/IBAPUTENIbHOE YIUIOTHEHUE MOBEPXHOCTH
CHOCOOCTBYET YIJIy4YIIEHUI0 HX Jedopmaiu-
OHHBIX cBOIcTB. CMecu ocazka C IIECKOM H
[UIAKOM [pU  JOMOJHUTEIBHOW Harpyske
UMEIOT MpUEMJIEMbIE MOKa3aTelu MPOYHOCTH
u nedopManuy, YTO PACLIUPSIET BO3MOKHO-
CTH UX JajbHeiiero ucrnonb3oBanus. [loka-
3aTeNId CMECU OCaJIOK/TJIMHA OCTAIUCh IpakK-
TUYECKH HEM3MEHHBIMU IO CPABHEHUIO C UX
MIPOYHOCTHBIMH XapaKTEPUCTUKAMH B YHCTOM
BUJIE /10 HArpy30K.

W3 pe3ynbTaToB HMcnbITaHU Ha nedopma-
LU0 MOXHO CJeNaTh BBIBOJ, 4YTO HCKYC-
CTBEHHBIE TPYHThl MOTYT OBITH HCIIOJIb30Ba-
Hbl B CTPOMTENBCTBE KaK Marepuas Jyig 00-
paTHOM 3achIlIKM, OCHOBAaHUSA JUIsl JOpOT,
HACBINEH, IUIOUIAJ0K WM Ui CO3JaHHs HC-
KyCCTBEHHOT0 JlaHAmagTa.
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Drozd G. Ya., Khvortova M. Yu., *Bizirka L. L. (V. Dahl Lugansk State University, Lugansk People’s
Republic, Russia, *e-mail: bizirkaira@mail.ru)
UTILIZATION OF DEPOSITED SEWAGE SLUDGE AS ARTIFICIAL SOILS

The paper discusses the problem of zero-classification of storage duration and methods of disposal
of sewage sludge. The studied results are also presented of the physical-mechanical, strength and
deformation properties of sediments considering their use as soil. Based on the results of deformation
tests, the obtained characteristics of artificial soils allow us to conclude about the possibility of their
use in construction, for example, as a soil for backfilling, a foundation for roads, embankments,
platforms, or for vertical planning when creating an artificial landscape.

Key words: deposited sewage sludge, soil, heavy metals, artificial foundations, maximum
permissible concentrations, utilization.
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