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EXPERIMENTAL DETERMINATION OF THE DEPENDENCE OF THE WATER
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V.P. NADUTYY ', V.I. YELISEEV ?, V.I, LUTSENKO 3, S.V. KOSTYRYA *

! Institute of Geotechnical Mechanics N.S. Polyakova of the National Academy of Sciences of Ukraine (IGTM NAS of Ukraine),
department of mechanics of machines and processing of mineral raw materials, Dnepr, UKRAINE

2 Institute of Geotechnical Mechanics N.S. Polyakova of the National Academy of Sciences of Ukraine (IGTM NAS of Ukraine),
department of problems of mine energy complexes, Dnepr, UKRAINE

ABSTRACT In order to determine the dependence of the water saturation of crushed rock on the time of impregnation and the mass
of the pieces, experimental work was carried out with samples of basalt, tuff and coal. Approximate processing of experimental
results using exponential functions is performed. It is shown that the chosen class of functions describes empirical data with good
accuracy. It was found that the limiting water saturation depends on the mass of the samples, which indicates the fractal nature of
the porous structure of the rocks. The minimum masses of samples for which the porous structure can be considered homogeneous
are determined. The obtained dependences make it possible to carry out preliminary estimates of the water saturation as a function
of the impregnation time and the mass of the samples. The performed complex of studies allows to determine the water saturation
time of the rock under study taking into account the mass of the pieces and the characteristics of the porosity of these materials. The
obtained data serve as the initial information when preparing products from the material under study, as well as the technology of
their dehydration. The obtained analytical dependencies make it possible to predict the water saturation of the crushed rock mass in
preparation for use or further processing.
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BBeuelme paCcCUUThIBATL MPOLCCChI, CBA3aHHLBIC C JBUXKCHUCM
KUAKOCTHU B MNOPUCTBIX TE€JIaX € Yy4ETOM HeﬁCTBHH 9TUX
KaHI/IJ'IJ'ISIpHLIe CBOIicTBa MOPUCTBIX TEJI HUI'PAar0T CHIJIL. HHH HaCbIMMHBIX Cp€a C OO0CTATOYHO Y3KHUM

BaXXHYIO POJIb B Pa3IMIHBIX TCXHOJIOTHYCCKUX pacnpeaciicCHUEM qacCTuly 10 AUaMETpy n CcOo

nmponeccax, Halpumep, IMPOoINUuTKa H 0663B0)KI/IBaHI/IC,
KOTOPBIC SABJAKOTCA YacCToO H€06X0,HI/IMI>IMI/I 3BCHbAMU

CPaBHUTCIBHO OHHOpOHHOﬁ CprKTypOﬁ B HaACTOALICC
BpEMs XOpouio pa3pa60TaH MaTeMaTU4eCKUH afmnapar,

o0mmx TexXHONOTWH O0O0pabOTKM W  JajdbHEUIIEr0  KOTOPBIA 1o HEOOXOANMOCTH JIOTIOJTHAETCS
HCIIOIB30BaHUS MPOIYKTOB TOPHOJOOBIBAIOIICH  IKCIIEPUMEHTAIbHO TIOJly4aeMbIMH —[apameTpaMu. B
MTPOMBIIILUICHHOCTH. Ipu paspabotke U JPYrHX CIydasx, 0COOCHHO /sl IPUPOTHBIX MaTEPHAIOB
YCOBEPILIEHCTBOBAHUN COOTBETCTBYIOIIEI0  JIAHHBIE O CTPYKType YpEe3BbIYaliHO Mallbl, BCJIEJCTBHUE
obopyoBaHus " TEXHOJIOTHYECKHUX MPUEMOB  Y€ro OSKCIICPUMEHTAJIbHBIC METOIbI COCTABISIOT B
HEOOXOJMMO C JIOCTATOYHO XOpOLIeH TOYHOCTBIO  HACTOSIIEE BPEMsi OCHOBY TIOJIyYCHHUS] HEOOXOAMMBIX
onpez[eﬂfm) BCJIMYHNHBI Kaﬂl/lﬂﬂﬂpHLIX CHUI u JAHHBIX OJId ZlaﬂbHeﬁlIlMX pa60T.
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eab padoThI

B naHHOHM cTaThe H3NArarOTCs  PE3yJbTAThI
9KCIIEPUMEHTANIBHBIX ~ HCCIEJOBAaHWH TI0  TIPOIHUTKE
oOpasmoB Oazanpra M Tydpa ¢ PadamoBckoro kapbepa
(PoBeHckast obmacts) u aHTparmroBoro yris (oHenkas
obnacte). B Hamem ciydae 3Tu MaTepHaIbl, pa3IHIHBI IO
XMMHYECKOMY COCTaBY, [0 T€HE3HUCY CBOEr0 00pa30BaHMs
u crpykrype [1, 2]. O6beauHsIeT UX TO, YTO OHH UMEIOT
HIUPOKOE MNPUMEHEHUE, NOCTYIIHBI JIsA HUCCIICAOBaHUA C

LEIIbIO YCOBEPILECHCTBOBAHUS TEXHOJIOTUYECKUX
omepaldii ¥ UMEIT CIOXHYI0 MOpPOBYIO CHCTEMY,
MPEICTABIAIONIYI0  3HAUUTENBbHBIM  HHTEpec I
U3Yy4eHUsl.

H3i10:keHE OCHOBHOTO MaTtepuaJja

MerTomonorusi SKCIepUMeHTa XOpOLIO M3BECTHA U
W3JI0KEHA B MHOTOYMCICHHBIX Y4eOHBIX II0COOHMSIX,
BEJINYMHBI BOJOIOTJIOMICHUS M BOJOHACHINICHHS TAKXKe
cofiepKarcs B Hay4yHOH MU ydeOHoM snutepaType. OnHaKo,
JUIL  ONpENeNIeHHBIX paboT ¢ OSTHMH MaTepualaMu

HEOOXOJMMBI KOHKPETHBIE 3HAHUS, PACKPHIBAIOIIHE
JIIMHAMUYECKUE 0COOEHHOCTH MIPOMUTKH u
00e3B0OXKUBAHUS.

B pesynprare BBIIIECKA3aHHOTO OBUI TMPOBEICH
psAd OKCHEpPUMEHTOB  Ha  ONpPEAENIeHHs  CTENEHU
BOJIOHACHIIEHNS] TOPHOM MaccOd Pa3IU4HOW KPYIHOCTH.
OKCIIlepUMEHT  TPOXOOWJI  CIEAYIOIHM  00pa3oM:
HCCIENYEMBIA MaTepual € HYJIEBOM BIAXHOCTBIO U
pa3NUYHON KPYNMHOCTHIO OBLI ITOMEIIEH B EMKOCTh C
BOJIOM M dYepe3 ONpeleleHHBIH OTPEe30K BpPEMEHH
NPOM3BOJWICA KOHTPOJBHBIA 3aMep BIAKHOCTH U
Marepuall 0o0paTHO MOMENANCsl B BOJIHYIO Cpeay 0
MOJHOTO HackllieHUs. Ilocie MONHOro HachILEHUs
MIOPOBOT0 MPOCTPAHCTBA B MaTepHale BIAXXHOCTb CTajla
MIOCTOSIHHOIA.

Pe3ynbraTel AKCHEPHUMEHTAIBHBIX HCCIEJOBAaHUI
nmokazansl Ha puc. | — 3 (Mapkepbl, cOeIUHEHHBIE
TOHKMMH  JHMHHSIMH,  COOTBETCTBYIOT  3HAYEHUSM,
MTOTY4YEHHBIM KCIIEPUMEHTAIIBHO).

W3 paccMoTpeHHs 3THX KpHBBIX CIEIyeT [IBa
BAXKHBIX BbIBOJA. IIepBhIii COCTOMT B TOM, UTO, 32 BpeMs
SKCIIEPUMEHTA HACTYNAET NPEICIbHOE WM, 110 KpalHeH
Mepe, O4YeHb OJIM3KOE K MpEe/ICIbHOMY BIIArOHACHIILICHHUE
MOPOBOM  CHCTEMBI UCIBITBIBaeMbIX 00pa3uoB. [lo
XapakTepy KpUBBIX BHAHO, 4YTO M BCEX KYCKOB
BJIarOMNOTJIONIEHHE PACTET MOHOTOHHO U NMPUOJIMKACTCS K
HEKOTOPOHl TNpenenbHOM Benu4uHE. JIpyruM BaKHBIM
BBIBOJIOM SABIISIETCA TO, YTO KyCKaM pa3HBIX pa3MEpOB
COOTBETCTBYIOT pPa3IMYHbIE BEIUYUHBI MPEACIBHOIO
BOZJOHACHIILEHN. I3BECTHO, YTO AUCTIEPCHBIE MAaTEPUAIIBI
o0mamaroT (pakTadbHBIMH CBOWCTBaMH [3], 0 dYeM B
HalleM ciy4ae CBUJETENBCTBYET 3aBHCHMOCTh
MIPEAETBHOTO HACBIIIEHUSI 00pa3IoB OT Pa3MEpPOB KyCKa.
3TO0 yKa3bIBacT Ha TO, YTO, HANPUMEP, C YMECHBIIEHUEM
€ro pa3sMepoB M3MEHAETCS W IMEPKOIALMOHHAS CHCTEMA
MIOPOBOTO MPOCTPAHCTBA. DTO €CTECTBEHHO, T.K. OPOBas

CHCTEMa COJIEPXKUT KaK OTHOCHUTENILHO HMINPOKHE KaHAJIBI,
TaK M OYEHb y3KHME W TYIIMKOBBIE, a TO U IIOJHOCTBHIO
3aKpBITHIC TIOPBI, HE YYacTBYIOUIHE B BOJOIOTJIOLICHHUH.
[TpuaMMas Bo BHHUMaHHE, YTO BCS IOpOBas CTPYKTypa
CBs3aHa C OOpa3oOBaHWEM MaTrepHhala, YCIOBHSIMH €ro
IpeObIBaHUs B MECTOPOXKICHUHU, a TAaKXKE C METOJaMu
JI0OBIYM, TO SICHO, YTO @K€ HEKOTOPHIE OCPEAHEHHBIE
mapaMeTpel OyIOyT HMeTh Oonpmme pa30eXKHw, O YeM
CBUACTCIILCTBYIOT JIMTCPATYPHBIC JaHHBIC O MOPHUCTOCTH,
YJEJbHOM Macce U BOJOHACKHIIIEHUH ITHX MaTepuasos [4-
9]. He uMes cTaTUCTHYECKHUX pacHpeeseHui KaHaJIOB IO
pasmepaM M oObeMaM SICHO, YTO HauOoJee NIMPOKHE,
BJIarONpPOBOJSIINE ITOPOBBIE KaHANBl WJIM TPELIMHBI
HUMEIOT HEKOTOPOE pa3MelleHne B 00beMe 00pasLoB, MpH
3TOM, 4eM 00paser OoIbIe, TeM ¢ OOJIBIINM OCHOBAHUEM
TAaKO€ paclpefeseHHe MOXXHO NPHHATH OJHOPOIHBIM.
Uem MeHbIIE pa3Mep KycKa, TEM MEHBIIE BEpOSTHOCTb
MOTIaIaHKsl B HETO XOPOIIO BJIArolpOHUIIAEMOT0 yJacTKa
u, COOTBETCTBEHHO pasbpoc B 3HAYEHHAX
Bojomoryoniennss Oyzmer OompmmM. Takum oOpazom,
HEOJHOPOAHOCTh PACIpENENICHHs] MPOBOSIIINX KaHAJIOB

MOJXKET OBITH ornpeneneHa pu aHalm3e
OKCIEPUMEHTANbHBIX  JaHHBIX, OTHOCSIIIUXCS K
HACBIIIEHHOMY  COCTOSIHHMIO.  lcmonb3yss — 3HaueHHA
BIIArOHACBIIIEHUS,  OTHOCSIIMECS K  OKOHUYAHMIO
JKCHEPUMEHTa,  HOIY4YMM  CIEIyIOIUE  KPHBEIE,
[OKa3aHHbIE Ha puUC. 4 — 6
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Puc. I — 3asucumocms nacviuyenus Kyckos 6azanoma
PA3HOU MACCbL 67142011 OM BPEMEHU.
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Puc. 2 — 3asucumocmo nacviuenus Kyckos myga pasHou
Maccwl 61420t Om 8peMenu.
I1-M =31522-5352;3—7352; 4—12202; 5 — 1430z
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Puc. 3 — 3asucumocms HacviujeHus KYCKo8 yeis pasHot
maccul 614201 OM BpEMeHU:
1-M =300z 2—-3872; 34452, 4—5272; 5— 6852
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Puc. 5 — 3asucumocmo npedenvbho2o HACbiyeHus KYCKO8
myga om ux macc
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Puc. 6 — 3asucumocmo npe()eﬂbHozo HAacovliyeHusl KyCcKoe
yens om ux macc

W3 puc. 4 BuaHO, uTo A0 0OasanbTa Kpupas W,

o CBOEMY XapakTepy Onu3ka K 3KCHOHCHHI/IEU'H)HOI7[

(acuMITOTHYECKH —TIpHONIMDKAIOIIEcs K  HEKOTOpOH
BEIMYMHE) M  HIPAKTHYECKH  JIOCTHTaeT  CBOETO
OJTHOPOJIHOTO 3HA4YEHHS, COOTBETCTBYIOIIETO OOIBLIOMY
Kycky. Ui yras KpuBas e€Lle He JOCTUIaeT CBOeH
OJTHOPOJHOH BEJIMYMHEL, a B Cllydae ¢ Ty(poMm oHa coBceM
Janeka OT Takoro 3HaueHus. C IEenbl0 MOTydeHHs
MIPOCTBIX MAaTEMaTHYECKUX 3aBHCUMOCTEH, HEOOXOIUMbIX
B JaJbHEHIINX MCCIENOBAHUSIX, [0 BCEM MOITYYEHHBIM

9KCIICPUMEHTAIBHBIM ~ JaHHBIM  ObUTa  IpOBEICHA
anmpoKcUManusg  KpUBBIX. B 0oCHOBY  0a30BBIX
3aBUCUMOCTEN, TIPUHAMAS BO BHUMAaHUE

SKCTIOHEHIIMAIBHBIN XapaKkTep KPUBBIX, ITOKAa3aHHBIX Ha
puc.l - 6, Obma momoxkeHa (Qopmyna  Buaa

W= Wn[l—eXp(—ﬂt)], e w, = W[l—exp(—}/M)],

npu stom kodpuumentsr W, ¥, A ompenensrorcs

METOOM HaMMEHBIINX KBAaJAPAaTOB C HCIOJIB30BAHUEM
JKCIIEPUMEHTANBHBIX ~ To4yek. [lpum  BBIOOpe  BHAa
(YHKIMOHAIBHOW 3aBHCUMOCTH  BOJOHACHIIICHHUS OT
BPEMEHH BaXXHO MOJYEPKHYTh, YTO, KaK 3TO MOXXHO
3aMeTUTh U3 pHuc. | - 3, BpeMsI TOCTH)KEHUS HACBHIICHUS
BO BCEX KyCKax OJHOM M TOW e MOpOAbI NPHUMEPHO
OJIMHAKOBO, T.€. HE BUIHO KaKUX-TO OOJBIINX Pa3IUuUi B
BBIXOZIE KPHBBIX Ha CBOIO IOJOYKY. OTO Jaer
BO3MOKHOCTh TIPUHATH KOX(PQHUIHEHT A He3aBUCHMBIM
OT pa3MepoB KyCKa WM IPUHSATH €ro JUis KaXIOH MOpPOJIbI
COOTBETCTBEHHO TTOCTOSTHHBIM. B pe3ynbrare
BBIYHMCIIEHUS] OSTHX KOI((HUIMEHTOB OBUIM HalJeHBI
cleAyromMe pocTeie  (OpPMYJBl sl ONpe/esIeHHs
BOJIOHACHIIICHNS! W3MEJILYEHHON TOpHOW IOpOJBI, B
3aBUCHMOCTH OT BPEMEHH U MacChl KYCKOB:
It OasanbTa
w=w, [l—exp (- 0.425t)],

w, =0.5[1—exp(— M /400)]; (1)

o, =00118, o =0.0328;
s Ty a
w=w,[1—exp(—0,2787)]
w, =118[1—exp(—M /780)]; (2
o, =0665 0 =0.696;
JUIA yTiig

w=w, [1 —exp (— 0,469t)],
w, =44[1—exp(—M /275)]; )
0, =0.0612, O =020
5 > 0.5

o, =| £ 2wt —w,(02,) "

k=1

rae

1 k=5 1 m=6 0.5
" EZ[EZW*—W(MN%))Z} '

k=1 m=1
COOTBE€TCTBCHHO CPCAHUC KBAAPATUIHBIC OIIMOKHU JJIA
KPUBBLIX W’7 uw.

Ha mnpuBeneHHBIX BbIIIE PUCYHKax IIOKa3aHbI
KpUBBIE (cmomHblE  JTMHHUU 6e3 MapKepoB),
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paccunrtannsle 1o ¢dopmynam (1 — 3). Ilo Benmuune
CpeiHel KBaJpaTW4YHOW OMIMOKH, Ja W 10 pHC. 5 BUJIHO,
yro JUI1 Tyda pe3ynbTaT oOKazalcsi HaWXyIIIUM, HO
BITOJIHE YZIOBJIETBOPUTEIBHBIM /ISl OLIEHOK HEOOXOIMMBIX

napameTpo. CaMu BeIMUMHBI O, M O OKa3aluCh

HEOOJNBITNMH, OCOOCHHO Isi 0a3aibTa, YTO TOBOPHUT O
BIIOJIHE  yAaYHOM  BBIOOpEe  0a30BBIX  (YHKIIHA,
oTpaaromux (Qu3nNUeckue OcoOEHHOCTH Mporecca
nporutky. ITocTosHcTBO KOdddumMenTa A B mpenenax
WHTEpBaja HCHONB3YyEeMBIX B JKCIEPUMEHTaX OOBEMOB,

BO3MOXXHO, CBHAETENLCTBYET O TOM, 4YTO B KyCKax
COXpaHsSeTcs  HEKOTOpOe  CaMomomo0Me  MOpOBOH
CcTpykTypbl. Eme onHa gerans, MposBISIOmascs B

dopmynax (1 — 3) ykaseiBaer Ha To, uto ama Tyda A
NPEICTABIICT HAMMEHbIEEe 3HAUYCHHE Cpeld APYrux
BEJINYKH. VI3BECTHO, UTO Ty} SBIACTCS BHICOKOIOPHCTHIM
MaTepHaioM, KOTOPBIH JOJDKEH OBICTPO BIHUTHIBATh
BJAary, OJHAKO, BHUIUMO, OOJBIIMHCTBO MOp SBISIOTCS
TIIyXHMH, a BJIarororjoaroNnue CBI3aHbl JPYT ¢ APYroM
Y3KHMH KaHaJlaMH ¢ OOJIBIIMME CONpPOTUBICHIAME. Ecin
NOJIOKUTh OKCIIOHEHTY B KBaJpaTHBIX CKOOKax B

BhIpaKeHHU it W, paBHO# 0.01, To MOXHO ¢ XOpouen

TOYHOCTBIO OIpPENEeNUTh MacCy Kycka, i KOTOpOTro
CTPYKTYpPY IIOPOBOW CHUCTEMBI B €ro OObeME MOXKHO
CUMUTaTh BIIOJIHE OJHOPOJHOM: AN yrig 3To - 1266r u
6onee, st 6azansTa — 1842r, ms Tyda — 3592r.
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