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M.C. SBBEPbKOB12

1denepasibHOe rocyfapcTBeHHOE GOYKETHOE Hay4YHOE yUupexkaeHue «BcepoccMiicKuiA HayUHO-UCCNeA0BaTENbCKUIA UHCTUTYT CUCTEM
OpOLLIEHMSA U CeNbX03BOA0CHaKeHNS «Pagyray, r. KonomHa, Poccuiickan ®egepauus

2061LeCcTBO C OFpaHNYEHHON 0TBETCTBEHHOCTLIO «Hay4Ho-1ccnefoBaTelbCKUA LIEHTP 3KOI0TUKU U CTPOUTENbCTBaY, . KonomHa,
Poccuiickas ®epepayms

NMPEAE/IBHOE HAMPAXEHHOE COCTOAHUME MNO4YBbI
MNP YOAPE O HEE KA NCKYCCTBEHHOIO AOXXAOA

Llens wuccnefoBaHUs 3ak/iloyaeTcAa B pa3paboTKe MeTOLMKWU ONpefesieHUs YcoBUS
npeLesibHOro HarpsA>XeHHOro COCTOAHMSA MOYBbLI NPU yaape 0 Hee Kan/im UCKYCCTBEHHOMO JOXK/AA.
lMpwn ypape kanesib LOXKAA B MOYBE BO3HMKAKT Harpsa>KeHUs, Ha3blBaeMble BepTUKaSIbHbL,
aPheKTUBHLIM AaBneHnemM. B cooTBeTCcTBMU ¢ Teopuer Mopa-KynoHa nocTpoeHbl Kpyru
Hanps>keHnt Mopa. Ona cnydasa ygapa Kanau guameTpom 1,73 MM 0 MOYBY KacaTenbHoe
Hanpsi>keHne cocTaBuno 85,57+ 2,99 kla (kKpuTepuin CTblogeHTa t =21,27 N ypoBeHb
3HaunmocTup < 0,001) Nnpn NnageHn Kanesb ¢ BbICOTbI 2,5 M. [L18 cnyyada ygapa o no4By Kanesib
anameTpom 2,73 MM casur coctaemn 101,06+ 8,91 kla (t =8,93 np < 0,001) npu nageHumn
Kanesib ¢ BbICOTblI 2,5 M. AHanorudyHolM o06pa3omMm O6bI/IN NOCTPOeHbl Kpyru Mopa ansa Bcex
MCCMefyeMbIX KacaTeslbHbIX Hanps>KeHu. Pe3ynbTaThl pacdeTa 3HAYeHUNA HelTpasibHbIX
Hanps>XeHW (B >XUAKOW dhase NoUBbI) Afisygapa Kanesb juameTpom 1,73MM 0 MOUBY HAX0AA T CS
B AnanasloHe oT -5,57+ 0,47 kMNa (te=57,70 u p< 0,001) go -10,32+0,72 kMa (te= 62,22
up <0,001) npn nageHUn Karnesb ¢ BbICOTbI 0T 1,0 40 2,5M CO0OTBeTCTBEHHO. 418 cnyvadaygapa
0 NO4YBY Kanesb AnamMeTpPoM 2,73 MM Be/IMYUHbI HEAT PasibHbIX HaMPA>XXeHWA npeacTaB/ieHbl
napameTpamm oT -7,03 + 0,37 klMa (te- 88,63 np <0,001) go -12,55+2,16 kMa (te=24,72
np <0,001) npu nageHUn Kanesb ¢ BbicOTbl 0T 1,0 4o 2,5 M COOTBETCTBEHHO. MoNyyYeHHbIe
B CTaThbe JaHHble NOLTBEP>KAAN T CA pe3y/ibTaTaMun UccriefoBaHnii pa3bpbi3armBaHns MoYBbI
NMpun KanesibHOW 3po3nun.

KanensHaa 3po3nda, Kannsg,
pa3bpbi3rMBaHme NOYBbI.

ygap Kanaum, BepTUKanbHoe 3PEKTUBHOE [aBfieHUeE.

BMNMNTbiBaAto-

BBepeHwue. lNpu BbiMageHUN Ha Mo4By
N60ro (MCKYCCTBEHHOIO N eCTECTBEHHOI0) f0-
KOS BNUTbIBAKOLWasA CNOCO6HOCTb NOYBLI CO Bpe-
MEeHeM yMeHbLUIaeTcsa Mo cnefyrowmm npuyu-
HaMm. Bo-nepBbIX, MNPOUCXOAUT MNOCTEMEHHOE
BO3pacTaHme BJIAXXHOCTU MOYBbI. Bo-BTOpPBLIX,
(oAHOBPEMEHHO C YBENMYEHUEM BJIaXXHOCTN)
OT yAapoB Kanesb BOAbl paspyLualnTcs NoYBeH-
Hble arperatbl (KanesibHas 3po3uvA), YacTuubl
KOTOPbIX B OCHOBHOM pas/fieTalTcsa B pagunasb-
HOM OT MecTa yAapa HanpasneHun. Konuue-
CTBO U MHTEHCMBHOCTbL pasjieta Takux yacTtuy,
3aBUCUT OT XapaKTepUCTUK AOXKAS U CBOWCTB
no4ysbl. lNocTeneHHoO 3a BpemMsa MosiMeBa TakKue
yacTuLbl Cco3JalT Ha MOBEPXHOCTU KoJsibMa-

©

TUPYEMOW MOYBbI TOHKWI C/ONA,
uwasi crnocobHOCTb KOTOPOr0 HaMHOr0 MEHbLUe
BNUTbIBaloLWeli Ccrnoco6HOCTM HeHapyLleHHOM
nouysbl. M03TOMYy MOMEHT MOSAB/IEHUSA MOBEPX-
HOCTHOI0 CTOKa TaKXXe 3aBUCUT OT CBOWCTB Mo-
UBbI, €€ COCTOSAHUSA U XapaKTepPUCTUK A0XKASA.
Llenb nccnepoBaHus - paspaboTka me-
TOAVKW onpefenieHns XapaKTepucTUK Hanps-
YKEHHO0-Ae(OPMNPOBAHHOI0 COCTOAHUSA MOYBbI,
06YyC/I0B/IEHHOT0 YAapoM Kamn/nm NCKYCCTBEHHO-

ro JoXas.
3agauu nccreoBaHus, pellaemMbie
B pamkKax [aHHOlA CcTaTbW, 3aK/yalTcs

B OMpefesieHUN KacaTeflbHbIX Hamnps>KeHul
NpoBepKe YC/I0BUSA MPefenibHOro paBHOBeCUS
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Z pacyeTe 3Ha4YeHU HelTpanbHbIX HanpsXe-
HWIA (4aBfieHNIA BNarn B nopax rouysbl).
MeTogunka u maTtepuansl uccseposa-
HuiA. Mpwy yaape Kanam o no4YBy BO3HUKAIOT ABe
yAapHble BO/IHbl —B TBEPAOWM M XUAKOM hasax
1-4]. 3Tu ynapHble BO/IHbI onNpeaensaoT BepTU-
KasibHoe a(pheKTUBHOE JaBJ/ieHVe a, PaBHOE:

a-o-uyr, (2)

"1 TO- NosHoe JaBseHune, okasbiBaemMoe Kannaei Ha noy-
1- -HbTV cKeneT (B TBepaow ase); Lr- HelTpanbHoOe faB-
aHWe Bflarm B rnopax nousbl (B XXMUAKoOM ase).

M3 MexaHUKWN TPYHTOB U3BECTHO, YTO CO-
in 0OTUBNEHUE TPYHTOB CABUTY TecTb PYHKLNA
"TpBOW CTEMEHM OT HOPMasIbHOIO HaMPS>KEHUS
Ao 6unuHeiHas 3aBUCUMMOCTb KacaTeslbHbIX
HanpsPKEHNIA T 0T 3(p(PEKTUBHOIO AaBrfieHNSa a
5.6]. OTa 3aBUCUMOCTb HOCUT Ha3BaHWe 3aKOHa
Mapa-KynoHa. Pa3pyuweHne no4sbl BO3HUKAET
I :JIbKO NPV HEKOTOPOM MNpefesibHOM 3HaYeHUu
3aHaTeNIbHbIX HanpsHKeHUn T , KOTopoe orpe-
HT/ISeTca cneyumMMm Kputepmem rnpovYHoOCTU:

ML= crtge + c, 2

n;r
:~a; a—HopMasibHOe Hanps>XeHne B FPYHTE B NI0CKOCTH
Ww3Hra, KMa; c - yaenbHoe cuensieHne CBA3HOMO rPyHTa,
ra; 0- yron BHyTpeHHero TpeHus, rpagyc.

— npegenibHOe COMPOTUB/IEHME TPYHTOB CABUTY,

HenTpanbHoe faBsieHWe BNarun B nopax
I UBbl B [aHHOI cTaTbe paccuynmTaHo nyTem
npeobpasosaHusa gopmyn (1) n (2):

W= oi + ac-eifxtgop; (3)
ac = cctgep,

ir o,—3HaydyeHue achhpeKTUBHOTLLAABNEHUSA, onpejense-
T e c nomouwsbto rpapuka Trp=/((7); ac - paBneHune cBA3-
< >TWU NO4YBbl, CYMMapHO 3aMeHs ol ee gelicCTBUE BCEX CU
nenneHuna, Klha.

B npefenbHOM COCTOSSHUWN B KaXKA0W ToY-
T MOYBbl WMMEKTCS ABe COMPs>XeHHble MJo-
LWaAKN CKOMTbXXEHWS, HAK/TOHEHHbIEe NMOA, YTr/10M
g = /4 —®2 K MUHNAM [eliCTBUSA MaKCu-
:anbHoro a, n a ,=n/4 + /2 - MUHUMalb-
aoro 02 rnaBHOro HanpskeHus. Ycnosue npe-
TAbHOIM0 PaBHOBECUS HaMPsH>KeHW B MNouBe
LYeeT cnefyroLwnii Bua;

sin”™ = (p1- a3/(al+ a3+ 2ac), 4)

ne 0OV a3—MaKcMasibHble U MUHUMasIbHble F1aBHble Ha-
rp doKeHus, klMa.

Ecnn npaBasi yacTb ycsioBus (4) okasbl-
| fleTC MeHbLUe BEJIMYMHbBI SIN<P, TO NOYBa Ha-
;ANTCSA B 40 NpeAesibHOM COCTOSIHUM MO Mpouy-

Ne 5°2018

MPNPOAOOBYCTPOMCTBO

HoCcTU. CTOUT OTMETUTb, YTO COOTHOLUEHME Ha-
NPs>KeHNN 0yun a3, npm KOTOPOM npasas 4yacTb
ycnoBusa (4) okasbiBaeTcA 60/iblle BEANYUHDI
sirup, MU3nyeckn HeBO3MOXXHO. COOTBETCTBEH-
HO, B TOM C/ly4yae, Korga rnpasas 4acTb yC/10BUSA
(4) paBHa sin”, MOXXHO cUNTaTb, YTO NoYBa Ha-
X04UTCA B npefesibHOM COCTOSAHWUWN, B Pe3y/b-
TaTte 4ero MpPoOMCXO4UT paspylleHue MoYBbl
OT yaapa kKanesb [oXada.lnoctpoeHmne Kpyros

Mopa no3BossieT rpaguyeckm YCTaHOBUTb
npeaesibHoe COCTOsIHME.
MpuHuMNUWanbHas HOBM3HA npepsa-

raemoro crnocoba 3aknwyaeTcad B TOM, YTO Te-
opua Mopa-KynoHa p[nis npoBepku Yyc/oBuA
npefenbHOro Hanps>XeHHOro COoCTOAHUA Mo-
YBbl pacrnpocTpaHsaeTcsa Ha eUHNYHbIE yaapbl
Kanenb oXasa. MNonesHocTb MOSYYEHHbIX pe-
3y/ibTaToB A1 OpraHu3auun MOHUTOPUHTA,
0XpaHbl W payuoHasibHOro MncCNoNb30BaHUA
OKpy>XatwlLien cpeabl NoATBEPXKAAET aKTyaslb-
HOCTb JaHHOro mccnegosaHma (cm. lMepeyeHb
NPMOPUTETHBLIX HanpaB/IEHUI pPa3BUTUA Hay-
KN, TEXHOIOTUI U TeEXHUKKU Poccuinckon depe-
payun, yTB. YKasom lNpe3ngeHTa Poccminckoii
depepaumnn ot 7 urona 2011 r. Ne 899).
Wcecnepgosasncb obpasubl MOYBblI U3 0PO-
waemoro pepmepckoro xo3daiictea «MIM rnaea
K® X BabyHoB KO.A.», pacnonoxxeHHoro B Ko-
NIOMEHCKOM FOpoACcKOM OKpyre MoCKOBCKOI 06-
nactu. 310 answBuanbHaa arpoTeMHoOrymMmyco-
Bad rrfieesartas cyrnecyaHas noysa (Npodusb:
PU-AUg-Cg~~-Cca, nsioTHocTb 1250 kr/m3
NA0THOCTbL cKeneta 2420 kr/m3. HaumeHo-
BaHMe TOPWU30OHTOB [aBajioCb MO0 MeTOoAMKe
MouBeHHOro MHCTUTYTa MMeHn B.B. [okyua-
eBa [7]. O6pa3ubl NOYBbI MMENN BJIAXKHOCTb
Ha ypoBHe HauMeHbLllel Bnaroemkoctn (HB),
TakK KakK Ans 3Tux ycnoBWil KanefibHas 3po-
3na makcumanbHa [8]. PacueT uncna Bebepa
We npoBognnca AN KOHTPOMA YCnoBuii (Trp
nWe» 1), 01pn KOTOPbIX HANPSAXXeHHO-Aedop-
MWUPOBAHHOE COCTOSAHWE MO4YBbl OyAeT MaKCu-
MasibHbIM (NpedesibHbIM) 1 6yaeT HabnwaaTb-
cA KanesnbHO-AoOXAeBas 3po3uva. Ona ynpoue-
HUA pacyeToB 6b110 NPUHATO, YTO Kania nMmeet
thopmy wapa ¢ gnametpom d& VMccnegosanuch
Kanau gnametpom 1,73 n 2,73 mm. Kansv na-
nanwu ¢ Bbicotkl h 1,0, 1,5, 2,0 u 2,5 M. Pa6ouas
XUAKOCTb —ancTunnmposaHHas soga (FTOCT
6709-72), Temnepatypa 20°C, KoapduumeHT
MOBEPXHOCTHOro HaTsXeHusa y = 0,07286 H/m,
nsoTHocTb 998,203 kr/m3 TemnepaTtypa na6o-
patopHoro nomeweHus 21°C, oTHocuTesnbHas
BNIaXXHOCTb Bo3ayxa 53%, conpoTuB/ieHUe BO3-
Ayxa B pacyeTax He yyuTbiBasiocb. ObpaboTka
JAaHHbIX Benacb CTaH4apTHbLIMY MeToAaMn Ma-



06.01.00 ArpoHomud

TeMaTMyeCcKon cTaTUCTUKU. [puUHATLIR ypo-
BeHb 3Hadymmoctm p = 0,05, NOBTOPHOCTbL OMbl-
Ta nATMkKpatHad. 3HauyeHUd YyAes/IbHOro cue-
naeHnsa nousbl ¢ —14 klMa, yron BHYTpPeHHero
TpeHusa (p= 23° yacTuly Mo4YBbl U Kanuansp-
Ho-copbuuoHHOe paBneHue Bnaru -9,1 klla
(cooTBeTCcTBYHOWEe HB gna gaHHOW MNOYBLI)
MPUHATBLI MO CNPaBOYHbIM faHHbIM.Vccnepo-
BaHWA NPOBOAUNNNCE MO CXEMEe U C UCMOJSIb30Ba-
Hnem obopyaoBaHUsA, onncaHHbIX B [3, 9, 10].
PesynbTaTtbl n obcyxgeHue. MNpun 06-
paboTKe faHHbIX HysfeBasd rmnoresa 6bina oT-
BepHyTa. KpuTuyeckoe 3Ha4yeHUe KpuTepus
CtblogeHTa ta= 5,041 meHblwe te amnupude-
ckoro kputepusa CTblogeHTa (£-TecT), cneposa-
TenbHO, HabngaeTca cTaTucTMyeckas 3Hauu-
MOCTb MeXAY MoJIyYeHHbIMW Bbl6OpKaMU.

a

Ha pucyHke 1 npuBegeHbl rpadu-
KW npefenbHbIX COMPOTUBAEHWI  cABUTY
Trp~ A7) paccmaTpmBaemol nouBbl OT ygapa
Kannam WCKYCCTBEHHOro aoxasa. Kak oTmeuve-
HO B [3], Npu HEKOTOpOW BeNMYUHe T CABUT
nponcxoanTb He 6yaeT. OTOW BENIUYMHOW SAB-
ndaetca BennyuHa 3aPPEKTUBHOIO CUeneHunsn
yacTuL, noysbl, 0603HaYeHHasa Ha pucyHke 1
ungpon 3. dakTMyecKU CcABUT HaynHaeTcs
npuv ycnoBuu Trp> C, 0A4HAKO WM3MEHEHMe Ha-
NPSA>XeHHO0-4e(OPMNPOBAHHOIO COCTOAHUA OY-
AeT He3HaunTesbHbIM, N «OLWYTUMOro» passe-
Ta 4yacTuy No4YBbl NPOUCXOAUTL He byaeT. [eii-
CTBUTE/IbHO, €CcAu NOANAUCNEPCHbIN [0XKA4b
obnagaeT arpoTexHW4Yecku A[ONYCTUMbIM AU-
anas3oHOM Kanesb, TO BJIUSAHWE €ro Ha roysy
6yaeT MUHUMaJsIbHbIM.

6

Puc. 1. 'padukn npegenibHbIX CONMPOTUBIEHUA caABUTY Trp= [0)
annwBMasibHOM arpoTEMHOINYMYCOBOM r/ieeBaToli cynecyaHoi noysbl
OT yaapa Kannuv goxxasa gnametpom 1,73 mm (a) n 2,73 mm (6):
1- akcnepuMeHTasnbHbIV rpaduk casura; 2 - BenimdnHa aPeKTUBHOIO CLUEeMN/1eHUS MOYBbI:
3 - poBepuTesibHbI UHTEPBas1, COOTBETCTBYIOLLNI MPUHATOMY YPOBHIO 3HaunmocTu p = 0,05;
0, - AaBneHne CBA3HOCTU MOoYBbI

B cooTBeTcTBMU C Teopueii Mopa-KynoHa
NMOCTPOEHbI KPYrn Hanps>eHuii Mopa. Ha pu-
CYHKe 2 npuBefeHbl KPYrn npefenbHbIX Hanps-
YKEHWI NPUN COOTBETCTBYIOLLMX NpefenbHbIX 3Ha-
YEHUAX KacaTeslbHbIX HanpsbkeHun T . Ons
cnyyas ygapa kannu gnametpom 1,73 mm o nou-
BY Hanps>eHwve trp4coctaBusio 85,57 + 2,99 klMNa
(te= 21,27 n p <0,001) npu nageHUN Kanesb
C BbICOTbI 2,5 M. [na cnyyasa ygapa 0 Mnoysy
Kanesb guameTtpom 2,73 MM cABWUr I pocra-
Bun 101,06 + 8,91 klMa (te=8,93 mn p"<0,001)
npu nageHMyn kKanesnb ¢ BbICOTbl 2,5 M. AHaso-
rMYHbLIM 06pa3omM 6bl/IM MOCTPOEHBbI KPYrn Mopa
npefesibHbIX HANPSXXEHWI B MOYBe /19 BCeX UC-
cnepyemMblx Touek rpagukos T = f(0).

Ana KacaTenbHbIX HaMNps>KeHUn TIp4,
BO3HUMKAKLWNX NMPWN yaapax Kanenb AoXX4Ad AU-
ameTpom 1,73 n 2,73 MM, NPOBEPEHbLI YC/10BUSA

npegenbHoro paBHoBecusa. lMpaBas yacTb Yyc-
nosusa (4) pasHa sin<p. 9T0 3HA4YUT, 4YTO MNoyBa
npuv SaHHOM yaape Karesb A0XXAA HaxXo4uTcA
B NMpefesibHOM COCTOSAHWW, B pe3ysibTaTe 4ero
npoucxoauT KanenbHas 3po3nda (pasbpbi3ru-
BaHWe yacTumy, No4YBbl). AHA/IOTMYHbIM 06pa3om
MpoBepeHbl YCNO0BUA MpPefesibHOro CoCToAHMUA
ana todek T3, T U X (cM. puc. 2), Kaxgas
M3 KOTOPbIX COOTBETCTBYET COCTOAHWIO paspy-
WeHWA YyacTuL, NoyBsbl (TakXXe MPoncxoanT pas-
6pbl3rnBaHue).

Pe3ynbTaTbl pacyeTa 3HaAYeHWn He-
TpasibHbIX Hanps>XKeHUn (B XXMAKOK (pase rmo-
UBbl) NOKa3aHbl Ha pucyHke 3.4nA ypapa Ka-
nenb gnametpom 1,73 MM O MOYBY BE/INYUHbI
HanpsHKeHUi w,coctaBnam oT-5,57 + 0,47 klMa
(fe= 57,70 n p < 0,001) pgo -10,32 £ 0,72 klla
(fe= 62,22 n p <0,001) npu nageHUnN Karnesb
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c BblcOThbl OT 1,0 go 2,5 m cooTBeTCTBEHHO. NS
Myyaa ygapa 0 MNOo4YBYy Kanesab AuamMeTpom
2,73 MM BeNMYMHbI HaNpPsSOKEHWUR Lf cocTaBu-
nm - 7,03+ 0,37 kMa (te=88,63 u p < 0,001)
no —2,55 + 2,16 kla (te= 24,72 n p < 0,001)
npu nageHun Kanesab C BbICOTbI oT 1,0
00 2,5 M cooTBeTCTBEHHO. CTOUT OTMETUTb, UTO
rnoysa MMeeT KanunasapHo-copbLUMOHHOE faB-
neHuvie Bnarm -9,1 klMa (cooTBeTcTBYHOWEEe HB).

a

MPNPOAOOBYCTPOVCTBO

MO>XHO MpeAnosioKNTb, YTO MPU YBENNYEHUN
3TOro gaBfieHUsA pasneT yactuy 6ygeT npowuc-
X0AUTb MHTEeHCUBHee. [lelicTBUTENbHO, NOYBHI,
obnagatwmne 60nblUEl, MO CpaBHEHUIO C pac-
cMaTpuBaemMoil, CBA3HOCTbI, UMeEWTU 6onee
BbICOKME 3HAYEHUSA KanunnsipHo-copOLNOHHO-
ro gaBneHus (Co 3HAKOM «-»). Mpuuem TsxKe-
Nble N0 rpaHyI0MeTPUYECKOMY COCTaBy MOYBbI
HanMeHee MOABEPIXKEHbI KanesibHOW 3p0o3uMn.

6

Puc. 2. Kpyrn HanpsbkeHunii Mopa v rpaddmkn npegesbHblX CONPOTUBIIEHUA
caBury Trp=/(0) antoBUasibHOM arpoTeMHOrNyMyCcOBOU r/ieeBaToil cyrnecyaHom no4sbl
OT yAapa kannum aoxxaa guametpom 1,73 mm (&) n 2,73 mm (6):
1-Kpyr npegenbHbiX Hanps>keHuint Mopa; - yros BHYTPEHHEero TpeHus;
armpl v arp - yr/bl HaK/1I0Ha COMPAXXEeHHbIX M10WaA0K CKOJIbXXEHUSA MOYBbI,
»,na3- rnaBHble Hanps>XeHua (klMa), cooTBeTCTBYOWME NpeaesibHbIM
KacaTesibHbIM Hanps>XeHnam Trp4

QW J-— * ' ' 1
45,00 60,00 75,00 90,00 105,00
HopmanbHble HanpsbkeHus a, kMa

Puc. 3. Pe3ynbTaTbl pacyeTa HeENTpanbHOrO
JaBrieHnsa Bnaru u) B nopax rou4sbl:

1- gaHHbIe Ana ygapa Kanav gnameTpom
1,73 MmMm; 2 - gaHHble 418 ygapa Kanam
onameTpom 2,73 MM; 3- 4OBEPUTESbHbIN
MHTepBasl, COOTBETCTBYIOLWNIA NPUHATOMY
YPOBHIO 3HavmmocTum p = 0,05;

4 - KanunNsspHO-cOp6LUUMNOHHOE AaBrieHne
Bnaru -9,1 klMa (cooTBeTcTBYOLWEEe HB
LS 4aHHOW NMOou4BbI)

Uucna Bebepa We pna kanam guame-
Tpom 1,73 MM HaxopAaTcAa B npegene 459...1156,
rna kannu 2,73 mm - 728...1829. Kak BngHoO,
IbinonHAeTca ycnosue We » 1, To ecTb gedop-
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MaLumnsa Kanauv npv ygape MakcumarnbHas, B pe-
3ynbTaTte 4Yero NpPoucXoauT ee paspylleHue,
KOTOpOe 3aKaH4uBaeTCs MpoLeccom pasbpbi3-
rmsaHus [2].

[JaHHble pacyeToB corsiacylTcsa ¢ maTe-
pranamu nNpownbiX wUccnefoBaHWii asTopa.
B kaxpgom cnyyae (T r ,, T T ,ur )
6yfeT Habnwpatbca pasbpbi3ruBaHmMe MOYBLI
[3, 11].

3aknyeHune

PaspaboTaHHasa wmeToguKa, oOnMcaHHas
B AAHHOM cTaTbe, MO3BOMSET OMNpeAenaATb xa-
PakTeEPUCTUKU HaNPsAXXeHHO-A4edOpMMpPOBaH-
HOro COCTOAHMA MNOYBbI B pe3ynbTaTe ygapa
eAVHNYHOW Kannu. [OanbHelwen 3agaven
ABNSAETCA NPOBefEHNE YNCIEHHbIX nUccegoBa-
HUI Mo onpefeneHNo XxapakTepUCTUK Hanps-
YKEHHO-4e()OpMUPOBAHHOI0 COCTOSAHUSA MOYBHI,
06yCc/10B/AEHHOI0 BO3A4ENCTBMEM MoOAMaucnepc-
HOrO MCKYCCTBEHHOTO J0OXKAS.
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LIMIT STRESS STATE OF THE SOIL CAUSED BY ARTIFICIAL
RAINDROP IMPACT

Thepurpose ofthe investigation is development of the method ofdetermination of the condition
of the limit stress of the soil under the impact of the artificial rain. Under the rain drop impac:
there are arising stresses in the soil which are called vertical effective pressure. In accordance
with the theory Mohr-Coulomb there are built Mohr’s stress circles. For the impact case on the soi,
of 1.73 mm shear stress was 85.57+ 2.99 kPa (Student criterion te=21.27 and the significance
level was p < 0.001) under drop fall from the height 2.5 m. For the case of drop impact on the soi.
of dia 2.73 mm the shear was 101.06 + 8.91 kPa (te=8.93 and p < 0.001) under the drop fall
from the height 2.5 m. Similarly Mohr’s circles were built for all the investigated shear stresses.
The results of the calculated values of neutral stresses (in the liquid soil phase) for drop impac:
ofdia 1.73 mm are in the range from -5.57 £ 0.47 kPa (te= 57.70 and p < 0.001) to-10.32 + 0.72
kPa (t = 62.22 and p < 0.001) under drop fall from the height from 1.0 to 2.5 m respectively.
For the case ofdrop impact on the soil dia 2.73 mm the values of neutral stresses were-7.03 + 0.37
kPa (te= 88,63 and p <0,001) to -12.55 + 2.16 kPa (te=24.72 and p < 0.001) under drops fall
from the height from 1.0 to 2.5 m respectively. The obtained in the article data are confirmed
by the results of investigations of soil spraying at the drop erosion.

Drip erosion, raindrop, drop impact, vertical effective pressure, spraying of the soil

References 2. Bryl S.V., Zverkov M.S. Vertikalnoe

1. Nearing M.A. The mechanics of soil
detachment by raindrops and runoff. // Eur-
asian soil science. - 1997. Vol. 30. Ne 5.
P. 552-556.

effektivnoe davlenie udara kapli o pochvu.
Prirodoobustroistvo. 2016. Ne 2. S. 62-67.

3. Olgarenko G.V., Bryl S.\V., Zver-
kov M.S. Kasatelnye napriazheniia v pochtA

Ne 5’2018


mailto:mzverkov@bk.ru

