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AxkmyanbHocmb. C yenbio obecneyeHusi dnumesnbHOU aKchyamayuu U npoyHocmu 30aHull U cOOpYXeHUl Ha amanax ux npoekmupo-
8aHUsA U cmpoumenbecmea Ha npocadoyHbIX 1éccax He0bxoduMOo nPo8odUMb YUCTEHHYIO OUEHKY NTOMHOCMHbIX Xapakmepucmuk 2pyH-
mos. [IpocadoyHble NécckI WUPOKO pacnpocmpaHeHbi 8 Mupe. Mx moxHo Habmodams 8 Poccuu, Kumae, cmpanax Cpedrel Asuu u m. 9.
Ha meppumopuu Poccuu ux 3anezaHue ommeyaemcs bonee yem Ha 17 % om gceli meppumopuu cmpaHsl. [pakmuyecku nogcemecm-
HOe pacnpocmpaHeHue éccogblx epyHmos ecmpeyaemcs Ha meppumopuu Cesepo-Kagka3sckozo peauoHa (80-85 % nnowadu). Omme-
yaemcs bonbwas ux MowHocms (9o 50 m). Hacmoswas paboma nocssiuieHa YuCIeHHOMY MOOEIUPOBaHUI0 OUEHKU NIOMHOCMHBIX Xa-
pakmepucmuk npocadoyHbIX 2pyHMos MemMoOOM KOHEYHO-PA3HOCMHbIX CEMOK 8 pamKax MameMamuyeckoli MoOenu ynnomHeHus néc-
€08 21ybuHHbIMU 83pbigamu. [IpumeHeHUe annapama ebMUCTUMEsbHOU MameMamuKu No38oNuUmo pewums 3adaqy OUeHKU nomHocmu
ynnomHsemMozo npocadoyHo20 2pyHma 8 3agucumocmu om 2nybuHbI 3aroXeHUs 3apsida 83pbIg4amozo geujecmea.

Lens: nposecmu 4ucneHHy OUeHKy nomHOCMuU epyHma 8 paMkax Mamemamu4ecko20 MoOeIupo8aHus ynnomHeHus Memooom
2nmybUHHBIX 83pbIB08 NPOCA00YHbIX 1ECCO8bIX 2PyHMO8.

Memodbi: npumeHeHue annapama ebiMUCIUMESbHOU Mamemamuku, OughepeHyuanbHbIX ypasHeHUL 8 YacmHbIX NPOU3800HbIX, Memo-
008 U pe3ynbmamos hu3uku meépdozo mesna, UHKEHEPHOU 2e0/102ul, MEXaHUKU 2pyHMO8.

Memoduka akcnepumerma. [pogedeHO YucneHHoe MOOeIUpOsaHUe OUEHKU NIOMHOCMU YNIIOMHSIEMO20 2pyHma 2iybUHHbIMU 83pbl-
8amu Ha 0CHog8e Memooda Cemox.

Pesynsmambl. Ha ocHose Memoda cemok no sI8HOU KOHEYHO-Pa3HOCMHOU CXeMe NOCcmpOoeHb! OUCKPEMHbIe NuHelHble dUHaMu4ecKue
cucmeMb! Orsi YUCIIEHHO20 pacyéma NoMHOCMU ynoOmHAEM020 npocadoyHo20 2pyHma 2ny6uHHbIMuU 83pbigamu. OnucaHo nocroliHoe
npubnuxexue K peweHuto OughghepeHyuanbHo20 ypasHeHUs 8 YaCmHbIX NPOU3BOOHbIX C 3adaHHbIMU HayarbHbIM U 2paHUYHbIMU YCrIo8U-
AMU, MameMamu4ecKu ONUChIBaKOWE20 MEXHOM02UYEeCKULl NPOUECC YnnomHeHUs npocadoyHO20 epyHma Ons crydaes peanu3ayuu no-
8E6PXHOCMHO20 8bI6POCa U Kamy(hiemHo20 yniomHeHus. Yka3aHo ycrogue ycmoulyugocmu NosyYeHHbIX KOHEYHO-Pa3HOCMHBIX CXEM.
MposedéH 8bI4uCIUMENTbHOU 3KChepuMeHM, KOmopbIli NpodeMoHempuposas adeksamHOCMb NPEANOKEHHO20 Memoda OUEHKU NIOMHO-
CMU ynnomHsieMo20 epyHma 3KcnepuMeHmarnbHbIM OaHHbIM.

Bb1800b1. [TocmpoeHHble YUCTeHHble peweHus 3ad0ad 8 paMkax Mamemamuyeckoeo MoOenuUpo8aHUs yniomHeHUst NPOCadoyHbIX 2pyH-
mos enybuHHBIMU 83pbiBaMu yKa3blealom Ha 803MOXHOCMU UX NPAKMUYECKO20 NPUMEHEHUS 8 Kayecmee pacyémHbix MemoOuk Ons
CHUXeHUST 3ampam Ha npogedeHue npou3go0CmeeHHbIX pabom no ynnomHeHuro néccos. pednoxeHHble 8 pabome memoduku onpede-
JIEHUST NIIOMHOCMU 2PyHMO8 Mo2ym Halimu peasnu3ayuro 8 pside HanpaeneHull npuknadHbIx uccned0o8aHul MexaHUKU epyHmos.

Kntoyesnie crosa:

npocadodHb Il 2pyHm, NTOMHOCMb 2pyHMa, YNIOMHERUE 2My6UHHbIMU 83DbiBaMU,

Mamemamudeckoe Mode/upoBaHue, YUCTEHHoe MOJEUPO8aHUE, KOHEYHO-Pa3HOCMHash CXeMa, Memod cemox.
Beepetue VIUIOTHEHHSI BOMM3U PACIIONOKEHHS COCPENOTOUCHHOTO

3apsana. [IpuBOIATCS pemIeHus OTAETbHBIX OOpaTHBIX

[Ipocamounsle TPYHTHI MIMPOKO TpPEICTABICHBI Ha
npukiIagnbix 3a1a4 [9, 10]. OxHako pelieHus Takux 3a-

tepputopun Poccun (6onee 17 %), Kuras, Cpenneit

Aszun u 1. 1. Konnentpauus (6onee 80 %) mpocaJounbIx
rpyHTOB Poccnn (ukcupyercst Ha 1ore CTpaHbl U JPYTHX
tepputopusx [1-3].

HckmroueHne CBOMCTBA NPOCATOYHOCTH TPYHTOB SIB-
JAeTCs aKTyalbHON MH)XEHEPHO-Te0JIOrHYecKoi 3anayeit
NIPY BO3BEICHUU 3/IaHUH M COOPYKEHUH TPakAaHCKOTO
cTpoutenseTBa. [IpUMEHSIOTCS pa3muYHBIE METOABI U
CIOCOOB! YIUIOTHEHHS TPOCafOYHBIX TpyHTOB [4-6]. Ha
tepputopun CesepHoro Kapkasa Immpokoe pacmpocTpa-
HEHWe TIONYYHI METOA TTyOMHHBIX B3pBIBOB [7]. Mare-
MAaTHYEeCKOEe OIHCAHHE TEXHOJIOTHMYECKOro mporecca
YIUIOTHEHHS TPYHTOB 3TUM METOZIOM IIPE/ICTABICHO B pa-
Ootax [8-10]. AHanuTHYECKHE BHIpAXEHHUS IS pacuéra
IVIOTHOCTU TPYHTA TOCNE B3pBIBA CTPOSTCS HA OCHOBE
pewenus TUQdepeHIHaTbHOTO0 YpaBHEHHS B YacTHBIX
TPOM3BOIHEIX C 32[JaHHBIMA HAYAIGHBIM U TPAaHHYHBIMA
ycnoBusiMu.  [Ipeanoxxennsie aBTopamu B [8] peruenus
TMO3BOJIIOT HAXOJUTh IUIOTHOCTh TPYHTa IOCIE €ro
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a4 110 Beel 001acTH pacpoCcTpaHeH s B3pHIBHO BOJHBI
ABJIAIOTCS aKTyalbHbIMU. JIUHAMUYECKUE CBOICTBA IPyH-
TOB m3yuarorcs B paborax [11-13]. ABropamu paccmar-
PHBAIOTCS. BOIPOCH (POPMHPOBAHNUS JIPEHAKHBIX CUCTEM
B pe3yibTaTe TIyOUHHBIX B3pbIBOB. B [14—16] npuBencH
aHAJIN3 3aBUCHMOCTEH OT/JENbHBIX XapaKTEPUCTUK TPYHTa
OT MOPUCTOCTHU B PA3IUYHBIX UCCIEAYEMBIX CUCTEMAX.

B namHoit paboTe MOCTPOMM pelieHHE HAYaIbHO-
KpaeBoH 3aJaul, OIUCHIBAIOLIEH TEXHOIOTMYECKUH Mpo-
Iecc YIMIOTHEHHS TPYHTOB IJTyOMHHBIMH B3pBIBAMH,
CpEeICTBAMH BBIUMCIUTEIBHOH MATEMaTHKM, METOJOM
KOHEYHO-PA3HOCTHBIX CETOK, JUIS OLEHKH ILIOTHOCTH
YIJIOTHAEMOTO IPYHTA.

MaTemaTuyeckas NOCTaHOBKa 3afa4M YNNOTHEHMS

NPOCafOYHLIX FPYHTOB

OnuimeM MaTeMaTHYeCKyH0 IIOCTAHOBKY —3ajavu
VIUIOTHEHHS TIPOCAI0YHBIX TPYHTOB METOIOM IJIYOHH-
HBIX B3PHIBOB B BUJE [§]:
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N, yM_0y 09, 0,09, 0,
ot ox ox ‘ox oy Yoy oz ‘or
telt,T], €]
q(ty, X, ¥,2)=Q-8(x=%,)8(y-v,)8(z-2,), (2
q(t.xy,z),_, =0, t>t, ©)
Kua—q =0, t>t, ©)
oz

f(t,x,y,2) :_ZDR(LX: y,2)=
=Q5(t—t,) 5(x—%,)5(y—¥,)5(z—H).

3mech ((t,X,y,Z) — IIOTHOCTH CKeJleTa YIIOTHEHHOTO
TPYHTa B C€IMHHIy BpeMeHH t B TOYKE ¢ KOOPAUHATAMHU
(x,y,2); q(to,X,y,z) — MIOTHOCTH CKeNieTa TPYHTA 10 €ro
yioTHeHus; U — BEKTOp TOPH30HTAIBHOTO CHOCA Ta3a
Broib ocu OX; X,Y,Z — IPOCTPaHCTBEHHBIE KOOPIUHATHI,
f — gyHkmus uctoynnka rasa; Q — MOIIHOCTH B3PHIBYATO-
TO BEIIeCTBA (MCTOYHHKA); & — SNUHUYHAS MMITYJIbCHAS
¢ynxuus Hupaka; Kij — iuddysuonssie kodQQuuueHTs!.

3anaua (1)~(3) onuchiBaeT peaau3aliio MOJIHOTO MO-
[JIONICHHST aTOMOB Ta3a OKPYXAIOIIMM €ro TPYHTOM B
CKB)XMHE (IIPOMCXOAWT YIUIOTHEHHE IPOCAJOYHOTO
rpyHra). 3amava (1), (2), (4) npencTaBiseT MOJHOE OTPa-
KEHHE aTOMOB Ta3a OT OKPY)KAIOLIEro ero rpyHra (pea-
JU3YeTCs BRIOPOC TPYHTA HA TIOBEPXHOCTH).

YucneHHoe MoAenMpoBaHUe NNOTHOCTH

YNNOTHAEMOro rpyHTa

Bocmons3yemcst anmapaToM BBIYMCIAMTENBHOM Mare-
MaTukH. IIpuMeHEeHWe OTAENBHBIX ANTOPUTMOB METOJA
CETOK U WX MOAU(HKAINI B PEIICHIH MPAKTHYECKHX 3a-
nad ocymectBisercs B [17-19]. Pemenune HauampHO-
TPaHUYHBIX 33734 IPOBEJEM METOAOM  KOHEYHO-
Pa3HOCTHBIX CETOK MO SIBHOM CXEME.

Peannsyem nepexon oT HempepbIBHOM K JUCKPETHOM
Mozend. B mpocTpaHCTBE COCTOSHMN MOCTPOUM JIMHEH-
HyI0 JAMHaMHUYecKkylo cucremy. [Ipeamonoxum, 4To pac-
cMaTpuBaeMasi Te0JIOTHYeCKas CHUCTeMa H30TpomnHa. 3a-
JIaIIM KOHEYHO-Pa3HOCTHYIO CXEMY

(z,),m=01..,M, k=01...K,

rae
b-a T
; At = .
M -1 K-1
K pemennro 3anauu OyaeM NpuOIMKaThCS TI0 CIOSM.
Kaxnpiit cnoit 3a1aéTcst COBOKYITHOCTBIO BCEX CETOUHBIX
y37I0B C OJHOW M TOM € BPEeMEHHON KoopauHaToi. Ta-
KHM 00pa3om, K-if CII0i CHCTEMBI IPOCTPAHCTBEHHBIX CO-
CTOSIHUH COZIEP)KUT MHOYKECTBO Y3JI0B

(2ot ) (2t ) (22t ) (2 b ) K =01 KL

Beném obo3naueHNS
O =0(Znt);
o (25,0)=Q-5(x=%)8(Y=¥,)8(2-2,); (2)
q“=q(xy.zt), (3"

z, =a+mMmAz; t, =KkAt;, Az =
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OcymiecTBUM TEpeXojl OT YaCTHBIX MPOHM3BOIHBIX K
UX KOHEYHO-PA3HOCTHBIM AaIIPOKCHMAIMSAM TI0 SBHOM
JIByXCIIOMHOW cxeme. 3aMeHUM mpou3BojHbe B (1) pas-
HOCTHBIMH OTHOIICHUSIMHU:
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VuuThiBas IpaHHYHbIE YCIOBHS (3), MONydUM Juc-
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unu B 6osee KOMIAKTHOH opme
q = A g+ B CE k=12, K.

Cucremsl ypaBreHui (8) u (9) ABIAOTCS AUCKPETHDI-
MU JTUHEHHBIMH TUHAMAYECKAMHE CHCTEMAaMH, B KOTOPBIX
YICI0 YPAaBHEHWH COBIAZACT C YHCIOM HEH3BECTHBIX.
[lowck pemenus MOTOOHBIX CHCTEM PEau3yeTcs Mo Cio-
sm. KoopinHaTh IByMEpHOTO BEKTOPA BXOJIHBIX BO3/ICH-
cruit U, Q o0pasyior rpanuynble ycaosus. HadansHoe
ycnoBue (2) onpenenseT peleHne CUCTEMBI Ha HyJICBOM
cioe. Haxomum pemenue Qp , Mm=0,1,...,M Ha K-M croe.
3Has ero, MOXKHO HaiiTH pelleHne ('~ Ha CIEIYImeM
(k+1)-m coe mo ABHOM PA3HOCTHOM cXeMe, ¢ MpUMEHe-
areM dopmy (5)—(7).

Koagdummentsr ocHoBHBIX MaTpul cucteM (8) u (9)
OTPEENIOTCS U3 COOTHOIIEHNH

=117y A =1=2y, ay=y,—n;
1 A _UAt, K At
“Tiar BT A T oa T AR

OcHoBHBIE MaTpHIIBl aredpamdeckux cucteM (8) u (9)
SIBIAFOTCS OCTOSHHBIMH

Afz =AeR™™, Bl'fz =B eR™?,

B cucreme (8) m=M-1 — BekTOp MIOTHOCTH CKelNeTa
YIUIOTHAEMOTO TPYHTa (° — COCTOMT M3 BCEX BHYTPEHHHX
y3JI0B KOHEYHO-Pa3HOCTHOH ceTku. B cucreme (9) m=M —
BEKTOp IUIOTHOCTH CKEJNETa YIUIOTHAEMOTO TPYHTa ( —
COCTONT W3 BCEX BHYTPEHHHX Y3J7IOB KOHEUHO-
Pa3HOCTHOM CETKH, a TaKKe IPaBod €€ TpaHUIIbI.

VeToituuBOCTh SIBHOW Pa3HOCTHOW CXEMBI, 3ajaBae-
MO¥H crcTeMamu anrebpamyueckux ypaBHenui (8) u (9), ¢
y4€TOM HAYAIBHOTO W TPaHWYHBIX ycioBuil (27)—(4’),

ONpPEMIEIAETCS B CIICTYIONIEH Teopeme.
2

Az
Teopema [9]. Tycts At :T' Torma pasHOCTHBIC

cxeMbl (8) u (9) ycTOHUMBBI B CETOYHOM HOpPME MPO-
CTPaHCTBA

C:faf=lal. =, max ]|q(z,t)|.
teto. ]

[orpemrHocTh anmpoKCHUMALK SBHOW Pa3HOCTHOM
CXEMBI I/I%VICCT BTOPO¥ TIOPS/IOK 1O Z W TIEPBHIN MOPSIIOK
o t: O(z™+t).

BbluncnutenbHbIn JKCNepuMeHT

Jnst mpeACTaBIEHHBIX BbIIE KOHEYHO-PA3HOCTHBIX
cxeM (8) u (9), sBmsrommxcs pemenneM auddepeHy-
anpHOTO ypaBHeHus (1) ¢ 3a7aHHBIMU HAyalbHBIM U Tpa-
HHUYHBIME YCIIOBUSMHU (2°)—~(4’), OMUCHIBAIONINX MaTeMa-
THYECKYI0 MOJIENb YIUIOTHEHHS MPOCAJOYHBIX TPYHTOB
METOJIOM TJIYOMHHBIX B3PBIBOB COCPEIOTOYEHHOTO 3aps-
Ja, TIOCTPOMM YHCIEHHYI0 pPealu3alui0 Ha HATypHOM
CTpOUTENbHOM 00beKkTe. OTHeNnbHbIE IKCIEPUMEHTANb-
Hbl€ JaHHbIE NpeAcTaBieHsl B [7, 20].

Ilpumep. B [7] w3nokeHs! Marepwaibl MPOBEICHHUS
TUJIPOB3PBHIBHOTO YIUIOTHEHHSI Ha 00bekTe «OOmexuTre
Ha 203 mecta [IprKyMcKoro 3aBoja miacTMacc B 7-M MHUK-
popaiione». MOIIHOCTh TPOCAJOYHOM TONIIH COCTABILIET

20 m. CpenHsis IIIOTHOCTb CYXOT0 TPYHTA Ha IUIOLIA/Ke 10
ero yrulotHerns coctasiia ((tX,y,2)=1,42 r/em’. Teomo-
TUYECKas CHCTEMa SBISETCS AHW3OTPOIHON COTJACHO
TeOJIOTMYECKOMY CTPOCHHIO TONIIM Ha IUIONIAIKE. 3apsi-
Bl B3PBIBYATOTO BEIIECTBA MACCOW MO 5 KI' 3aKIIa/IbIBa-
JMCh B CKBaXHHBI nameTpoM 200 MM Ha riryouny H=6 m
no cetke 4x5 M. B Teuenune 10 mHeW HamyckoM BOJIBI
(7400 M3) B KOTJIOBaH OCYIIECTBIUIOCH 3aMavMBaHHE
rpyHTOB. Cpasy mocie B3phIBOB TPYHT HAXOAUTCS B MST-
KOIUTACTUYHOM U TEKYYeM COCTOSHHUM ¥ MOHOIMTHI OBLIO
HEBO3MOXHO 0TOOpaTh. OTOOP MOHOIMTOB OBLT PEaTH30-
BaH uepe3 4 Mmecsna mocne copoca Boasl. [IpoOyprm
TPH CKBXHHBI ¢ OTOOPOM MOHOJIMTOB 10 TITyOMHEI 10 M.
BerimonHsiercss rpannyHOe ycioBue (3) — MOJTHOE MOTIo-
IIEHHEe aTOMOB Tasa, o0pa3yromerocs B pe3ysbTare
B3pBIBA 3aps1a, OKPYXKAIOMIMM €T TPYHTOM.

Jst qucIeHHoro pacuéra IUIOTHOCTH TPYHTa B pe-
3yNMBTATE €r0 YINIOTHEHHS METOJOM TIIyOMHHOTO B3phIBA
BOCIIOJIB3YEMCS JIMHEHHOW IUHAMHYECKOW anrebdpamde-
CKOii cucTeMoit ypaBHeHHi! (8), MOCTPOEHHOI Ha OCHOBE
KOHEYHO-Pa3HOCTHOW SIBHOW ceTKd. B Tabmmme mpen-
CTABJICHBI PACUETHBIC 3HAUCHHS IO IMPEUIOKEHHON BEI-
YHCTUTENbHON CXeMe M TOKa3aTelMu IUIOTHOCTH, B3STHIC
U3 DKCTIEPUMEHTANBHBIX JTaHHBIX [7].

Habmronaercsi OTKIOHEHHE MOTYYCHHBIX PACYETHBIX
3HAYCHHH IUIOTHOCTH CKeleTa TPYHTa OT JKCIEpHMEH-
TaNbHBIX. AOCONIOTHAS MOTPEITHOCTh BBIYMCICHUN W3-
Mmensietcs B uatepsaie ot 0,01 o 0,1. Jomyctumas BbI-
YHCIUTENbHAS OTPEIIHOCTh METO/Ia ceToK paBHa £¥0,01.

[eoMeTpuyeckas HHTEPIPETAIMS TONYYCHHBIX HHC-
JCHHBIX PE3yJbTATOB BBIYHCIHMTENBHOTO AKCIEPHUMEHTA
TpHBeNeHa Ha prucyHKe. [locTpoeHa 3aBUCHMOCTD TIIOTHO-
CTH CKeJleTa TpyHTa 0T M3MEHeHnH KoopauHar 1o ocu Oz,

IL10THOCTE CKeTeTa IpyHTa, &/cv’

Tayéama, m

Pucynox. ['paguueckoe npedcmasienue peuieHus HAYAlb-
Ho-epanuunou 3a0auu (1)—(3) no senou KoHeuHo-
pa3H0€mH011 cxeme

Figure. Graphical representation of the solution of the ini-
tial-boundary problem (1)-(3) according to the ex-
plicit finite-difference scheme
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Taonuuya. Pacuémuvie u sxKcnepumenmanvhvle 3HAYEHUs
NIOMHOCMU CKelema epyHma
Table. Calculated and experimental values of the dry
soil density
r PacuéTHas mI0THOCTH 3KCHCpPIMeHTaJII)HaH IJIOTHOCTh
you- 3 3
g CKeJIeTa IPYHTa, r/cM ) ckenera rpyuta [7], F/CM'
De t’h m Dry soil estimated densi-| Dry soil experimental density
pin, ty, glem® [7], glem®
3,0 1,81 1,80
4,0 1,76 1,77
4,5 1,67 1,65
5,0 1,63 1,62...1,70
55 1,62 -
6,0 1,63 1,61...1,65
6,5 1,63 -
7,0 1,64 1,61...1,65
8,0 1,63 1,61...1,62
9,0 1,65 1,63...1,75
10,0 1,74 1,75

CormacHO JaHHBIM SKCIIEPHMEHTA 3apsil B3PHIBYATOTO
BEIIECTBA PACTIONIOKEH B Touke ¢ koopauHatamu (0, 0, 6).
[lomy4eHHbIC BHIMMCIUTEIBHBIC PE3YIBTATE TTOKA3BIBAIOT,
9TO B 30HE HAXOXICHHS 3apsiia INOTHOCTD CKEJeTa YILIoT-
HEHHOTO TPYHTA TPHHMMAET 3HaveHus (~1,61-1,65 rlen’.
B 30mHe pacnpocTpaHeHs ra3a B3pEBIATOrO BEMIECTBA OT
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WUHdopmaums 06 aBTopax
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NUMERICAL ESTIMATION OF SOIL DENSITY BY THE METHOD
OF FINITE DIFFERENCE GRIDS IN MATHEMATICAL MODELING OF COMPACTION
OF SUBSIBLE SOILS BY DEEP EXPLOSIONS

Elena O. Tarasenko,
galail@mail.ru

North-Caucasian Federal university,
1, bld. 2, Pushkin street, Stavropol, 355009, Russia.

Relevance. In order to ensure the duration of operation and strength of buildings and their expected design and construction on subsiding
loess, it is necessary to carry out a numerical grade of the density characteristics of soils. Subsiding loesses are widespread in the world.
They can be observed in Russia, China, the countries of Central Asia, etc. On the territory of Russia, their occurrence is noted at least at
17 % of the entire territory of the country. Almost ubiquitous distribution of loess soils occurs on the territory of the North Caucasus region
(80-85 % of area). There is a large capacity of them (up to 50 m). This work is devoted to numerical modeling of the grade of density cha-
racteristics of subsiding soils using the finite difference grid method in the framework of a mathematical model of loess compaction by deep
explosions. The use of the instrument of computational mathematics made it possible to solve the problem of estimating the compacted
subsidence soil density depending on the depth of the explosive charge.

The main aim of the research is to conduct a numerical assessment of soil density within the framework of mathematical modeling of
compaction by the method of deep explosions of subsiding loess soils.

Methods: application of the instrument of computational mathematics, differential equations, methods and results of solid state physics,
engineering geology, soil mechanics.

Experimental technique. Numerical modeling of the assessment of the increase in the compacted soil by deep explosions based on the
grid method was carried out.

Results. Based on the grid method using an explicit finite-difference scheme, discrete linear dynamic systems were constructed for nume-
rical calculation of compacted subsidence soil density by deep explosions. The paper describs the layer-by-layer approximation to the solu-
tion of a differential equation in partial derivatives with given initial and boundary conditions, which mathematically describes the technolo-
gical process of compaction of subsiding soil for the cases of surface ejection and camouflage compaction. The stability condition for the
obtained finite-difference schemes is indicated. A computational experiment was carried out. It demonstrated the adequacy of the pro-
posed method for estimating the compacted soil density to experimental data.

Findings. The constructed numerical solutions of problems within the framework of mathematical modeling of the compaction of subsiding
soils by deep explosions indicate the possibility of their practical application as calculation methods to reduce the cost of carrying out pro-
duction work on the compaction of loess. The methods proposed in the work for determining soil density can be implemented in a number
of areas of applied research in soil mechanics.

Key words:
subsiding soil, soil density, compaction by deep explosions, mathematical modeling,
numerical modeling, finite difference scheme, grid method.
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