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AnHoTanusa. B asrycte 2020 roga 6b11 NpoBeaéH
9KCMEPUMEHT no N3MepeHnto CKOpPOCTK
MCKYCCTBEHHOIO0 CBA3HOr0 (rps3eBOro) cens Ha
nabopatopHoM cTeHfe. CTeH: NPAMOYrofbHbIA B
MOMEpPeYHOM CeYeHUn 7OTOK AaunHo 3,0 M,
lwmpuHoii 0,25 wm, raybuHoii 0,25 m. B notke
yCTaHOBMeHbl 4 BeWKM AN M3MepeHus
rMAPOAMHAMMYECKOTO  Hamopa  cens.  YKIIOH
notka: 29°. [1ByXeHune censt CHAMasniocb CKOPOCTHOW
B/E0KaMepOWi. 3mepsanucb  CKOpOCTb 7
CKOPOCTHOM Harop rpsasesoro cend. Cenesas CMecb
Oblna NPUroTOB/IEHA W3  [PECBAHO-LEBEHNCTOrOo
3/10BUA/bHO-AEN0BUANIBHOTO  TPYHTA  BO3PacToM
Qv C CYIMHWUCTBIM 3aronHuTeneM (NErkuin u
CpegHWin  cyrnmHoK, [0 30%) NAOTHOCTHIO B
ecTecTBeHHOM 2 210 kr/m3. MNOTHOCTb CYrMHKA —
1910 kr/m3. [pecBa M LiebeHb MpeacTaBneHbl
aeBpPO/IUTOM  CpefHell MPOYHOCTU  MAIOTHOCTHIO
2210 Kkr/me, Mpeo6ragaroLas YacTb
TOHKOAMCNEPCHbIX  (hpakuMin  rpyHTa  CeneBoii
CMeCu — MblNeBaTble YacTUlbl PasMepoM MeHee
0,25 Mm  (34%). [NOTHOCTbL  CENneBOi  cmecw
1880 kr/m3.  TINOTHOCTb  CENMEBbIX  OT/IOXKEHWUI
coctaBuna 2040 Kr/m3. XapakTep [ABWXEHMs
NOTOKa — TypOYNeHTHbIA. CKOPOCTb Cens Ha pasHbIX
y4yacTKax MOCTOAHHO W3MEHSNAch, YTO FOBOPUT O
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Abstract. In August 2020, an experiment was
conducted to measure the velocity of an artificial
coherent mudflow on a laboratory stand. The stand is
a rectangular cross-section tray with a length of
3.0 m, a width of 0.25 m, a depth of 0.25 m, slope —
29°. 4 racks were installed in the tray to measure the
hydrodynamic pressure of the mudflow. The
movement of the mudflow was filmed by a high-
speed video camera. Velocity of artificial mudflow
were measured. Most of the mudflow mixture soil is
made up of particles less than 0.25 mm in size (34%).
The density of the prepared mudflow mixture was
1880 kg/m3.  Density of mudflow deposits
2040 kg/m®. Despite the small values of the
Reynolds number, the turbulent movement of the
mudflow was observed. Comparison of the results of
the measured mudflow velocities with the velocities
calculated by different methods of calculating the
mudflow velocity based on the structure of the Shezi
formula (for Newtonian fluids) showed a strong
variation of the calculated values. The methods either
greatly overestimate or, on the contrary, greatly
underestimate the measured values. This is probably
due to the fact that the connected mudflow is not a
Newtonian fluid, but a non-Newtonian fluid. The
closest physical analogue of a connected mudflow is
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MOCTOSAHHOM  M3MEHEHWW  OMHAMUYECKOW 1
appeKTUBHOM BA3KOCTE MOTOKa. Ha 3T0 XKe
yKasblBaeT UM XapakTep 00TeKaHMsi  Cefem
npenaTcTBuiA. CpaBHeHMe pe3y/bTaToB M3MEPEHHbIX
CKOPOCTEA cens Co CKOPOCTAMM, pacCUMUTaHHbIMU MO
pa3HbIM MeTOAMKaM, OCHOBaHHbIM Ha CTPYKType
thopmynbi LLIe3n (a1 HbFOTOHOBCKMX XXMAKOCTENR) 1
No  Be/IMYMHE  TMAPOAMHAMMYECKOrO  Hamnopa
MoKa3asl0  CW/bHbIA  pa3bpoc  pacCYMTaHHbIX
3HayeHWin. MeToaMKM NN60 CUMbHO 3aBbILAKOT,
Nn60, HaobopoT, CU/bHO 3aHMKAKT W3MEPEHHbIE
3HayeHVs. BepoATHO, 3TO BbI3BAaHO TeM, YTO
CBA3HbIA Cenb He ABNSETCA  HbHOTOHOBCKOWA
XNOKOCTBIO, a ABNSAETCA XWNJKOCTbIO
HEHbIOTOHOBCKON. Hanbonee 6113KnMiA (oU3NYECKNIA
aHasior CBA3HOrO censi — MceBAoniacTUYHas
XWAKOCTb, BA3KOCTb KOTOPOM YMeHbLUaeTcsa npu
YBENMYEHUN  HanpshkeHns  cagura.  CKOpOCTb
CBA3HbIX Ceneii HeobXOAMMO pacCyUTbIBaTb Kak
CKOPOCTb NMOTOKOB HEHbIOTOHOBCKMX YXXMAKOCTEN. B
KayecTBe (DM3NYECKON MOAEeNM CBA3HOMO cens
LienecoobpasHo 1CNOMb30BaTh Mozesb
BUHramoBCKOM  XKWMAKOCTW,  TEYEeHWe  KOTOPOM
NoAo6HO TEYEHWUHO CBA3HbIX Ceneit (rpsiseBbIX W
rpsA3eKaMeHHbIX).

KiroueBble c10Ba: CBS3HbIN CeMb; FPS3EBOI Cefb;
Ce/eBOI MPOLECC; CKOPOCTb CeNsi; CEeBOi NOTOK;
ce/eBble OT/IOXKEHUS; TMAPOAVHAMUYECKUIA HaNop

BBenenne

HecmoTpss Ha MHOrofneTHWe uWccnefoBaHUs
CeneBbIX MPOLECCOB, Mbl A0 CUX MOP He MMeeM
OTBETOB HA BOMPOCbI O XapakTepe BAUAHUA
(PM3NYECKMX XapaKTEPUCTUK CeneBblX CMeCen Ha
OVNHAMUKY CBSI3HbIX Cefeil (B TOM 4ucie Ha WX
CKOPOCTb).

B u4acTHOCTW, He peLéHHbIMA OocTalTCA

BOMPOCbI O  3aBMCKMMOCTW CKOPOCTW cens OT
MNOTHOCTM W BA3KOCTM  CENeBoii  Macchl, O
3aKOHOMEPHOCTAX (hopmmpoBaHus ceneBbIxX

OT/IOXKEHUIA 11, COOTBETCTBEHHO, O 3aBUCMMOCTU UX
CTPYKTYpbl W CTpaTU(MKaLumMm OT CKOPOCTM Cens,
MAOTHOCTY U BAKOCTM CENEBOI MacChl U 0 NMpUpoze
1 (M3NYECKMX CBOMCTBAX CENEBON CMECH.

HYDROSPHERE. HAZARD PROCESSES AND PHENOMENA

a pseudoplastic (non-Newtonian) fluid whose
viscosity decreases with increasing shear stress. As a
physical model of a connected mudflow, it is
advisable to use the Bingham fluid model, the flow
of which is similar to the flow of coherent debris-
flows and mudflows.

Keywords: coherent mudflow; mudflow; mudflow
process; mudflow velocity; mudflow tray; mudflow
deposits; debris-flows; a hydrodynamic pressure

371 Npobnembl CBA3aHbI B NePBYIO 04Yepesp Co
C/I0XXHOCTbIO nccnepoBaHna XapaKTepucTmK
Ce/eBbIX CMeceli B HaTYPHbIX YCNOBUSIX.

WccnepoBaHve (OM3NYECKUX  XapaKTepUCTUK
CeneBblX CMeCeli W YCTAHOBNEHWE HEKOTOPbIX
3aKOHOMEPHOCTEN 3aBUCUMOCTMN AUHAMUKN Ceneii oT
CBOWCTB Ce/eBOM CMECH BOSMOXKHO MNP NPOBeLeHNN
3KCMEPMMEHTOB  Ha  N1abopaTopHbIX  CTeHAaX,
KOTOpble  [0OCTATOYHO  LUMPOKO  MPUMEHAIOTCA
nccnegosartensamy (NPevMyLLECTBEHHO 3a PYBeXXoM)
[Wei et al., 2012; KasakoB 1 gp., 2019]. B CCCP
ceneBble JIOTKM W NabopaTopHble YCTAHOBKW AN
3KCNepMMeHTa/IbHbIX  UCCMeA0BaHWUA  AVHAMUKM
Cenel CyLLeCTBOBA/IM B  HECKO/IbKUX  Hay4HO-
nccnepoBaresibCknx opraHunsaumax pysHNNTMuM,
ApMHUWNTT, HAW TpaHcnopTHOro CTpouTenbCTBa U
MIY [PneiiwmaH, 1978].

Kazakov N.A., Bobrova D.A., Kazakova E.N. Study of the velocity of artificial mudflow on a laboratory stand.
Hydrosphere. Hazard processes and phenomena, 2020, vol. 2, iss. 4, pp. 405-417 (In Russian; abstract in
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HecmoTpas Ha TO 4TO  uUccnefoBaHue
XapaKTepUCTUK CBA3HbIX Ce/eil Ha N1abopaTopHbIX
CeneBbIX /I0TKAX WMeeT psf HefocTaTkoB (Masas
A/IMHA NTOTKOB, Masible 06bEMbI U FNybuHa ceneit n
TaK Jasee), Takue UCCnefoBaHUA BCE Xe Mo3BONAT
NONYYUTb  IKCMEPUMEHTaNIbHbIE  [aHHble O
(h13MYECKMX XapaKTePUCTMKaX CeNeBbIX CMeceii 1 06
O6LMX  32KOHOMEPHOCTAX  AWHAMUKM  BA3KUX
MOTOKOB,  HEOOXOAMMbIX AN (hU3NYECKOro
mogenmpoBaHns ceneid. B 2019 rogy cenesoil OTOK
6bl1 cosgaH B CKBE CAMI OBO PAH B ropoge
HOxHo-CaxanuHck [KasakoB u ap., 2019].

MeTtoauka IKCiepuMeHTa

B asrycte 2020 roga Hamy 6bln MpoBeaéH
3KCMepUMEHT MO W3MEPEHUI0 CKOPOCTM BS3KOrO
rpsi3eBOro cens Ha 1abopaTopHOM CeNeBOM CTEHZE.

3mepsnmch CKOpOCTb M TMAPOLNHAMUYECKNI
Harop MCKYCCTBEHHOr0 rPA3eBOro Cens.

CeneBoii NOTOK fnmHOW 3,0 M, LUMPUHON
0,25 m, rny6uHoii 0,25 m [Kaszakos 1 ap., 2019] 6bin
YCTaHOB/EH C YK/IOHOM 29°.

B noTke ObliM  yCTaHOBMEHbI 3 BELLKU
anametpom ot 0,016 go 0,022 m (6-9% OT WNPUHBI
NOTKa), MO  KOTOpPbIM  M3Mepsnacb  BbICOTA
rMAPOAMHAMMYECKOTO Hanopa Cenesoro roToka
(pucyHok 1)  n onpegensanca  XxapakTep
B3aMMOLEWCTBMA MOTOKa C MpensTcTBrveM. Beluku
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pas3fenunn fIOTOK Ha 4 y4yacTKa, Ha KOTOPbIX
N3Mepsnach CKOPOCTb MOTOKa.

[BvXKeHne cens  CHMManoCb CKOPOCTHOWA
B/AEOKaMepoli COOKY Yepe3 MPO3payHyt0 CTEHKY
CeNneBOro /ioTKa W (poHTanbHO. CKOPOCTbL Cens
onpegensnack rno BUAEOCHEMKe.

CeneBass cmecb Oblna MNpPUroTOB/IEHA U3
[PecBAHO-LLe6eHNCTOro 3MHOBUA/IBHO-
[enoBNIbHOro  rpyHTa  Bo3pacToM Qi ¢
CYI/IMHUCTBIM 3aronHuTeNieM (NErkuiAi U cpegHui
CYrMMHOK [0 30%) NIOTHOCTbIO B eCTECTBEHHOM
3aneraHnum 2210 kr/m3. TINOTHOCTb CYrfMHKA —
1910 kr/me,

[Opecsa n webeHb npeacTas/ieHbl
a/leBpO/IMTOM CpeAHel NPOYHOCTM MNOTHOCTbIO B
eCTeCTBEHHOM 3asieraHum 2 210 Kr/m®,

Mpeobnafarowias YacTb TOHKOAMCMEPCHbIX
(hpakumiA TpyHTa CeneBOM CMecu npeLcTaBfeHa
MnblneBaTbIMM YacTULaMn pasmepom MeHee 0,25 MM
(tabnmua 1). Mokasatenb TekyyecTn — 0,25<J,.<0,50.
"PYHT OTHOCUTCA K TYronaacTUYHbIM CYT/IMHKaM.

"paHy/IOMETPUYECKMIA  COCTaB  UCXOAHbIX
rPYHTOB MoKa3saH B Tabnuue 1.

MOTOK M3 MOArOTOB/IEHHON CENeBOi CMecu
6bln NyLeH No N0TKY. MNOTHOCTb NMOArOTOBNEHHOM
cenesoii cMecy coctaBuna 1880 kr/m® (Tabnuua 2).
[nnHa nytu cend coctasuna 2,49 M.

Pucynok 1. Cenesble 06Ma3Ku Ha BELLIKE MOKa3blBatOT BENIMUMHY MMAPOLNHAMUYECKOTO Hanopa cens
Figure 1. Mudflow coatings on the rod show the value of the hydrodynamic pressure of the mudflow
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Ta6auua 1. "paHy/I0MeTPUYECKNMiA COCTaB FPYHTOB A5 MOArOTOBKW CENeBOl CMeCK
Table 1. Granulometric composition of soils for the preparation of debris-flow mixture

I'panynomerpuyeckuii cocras, %

I'eosrormueckmii . .
Granulometric composition, %
BO3pacT "
IIb11eBaTbIE
reHe3mc 1le6 I -
. e0eHb pecBa €COK YaCTHIbI
HaumMmeHnoBanue Geological age Crushed s | sand
TOPHOI MOPOABI and Genesis rushe rave an Du_sty
particles

Name of rock
Pa3mep yacrtuu,

_MM_ 20-10 | 10-5| 5-2 | 2-1|1-0,5]| 0,5-0,25 <0,25
Particle size,
mm
[JpecsaHo-
LWe6eHUCTbIA TPYHT C
CYIIMHUCTBIM
3anofiHMUTeNEM [0
45%, cpenHeit
pdQr 18,2 156 | 14589 | 51 33 34,3

MAOTHOCTW, BAaXKHbLIN

Dry-crushed soil with
loamy aggregate up to
45%, medium density,
wet

Tab6umua 2. XapaKTepuCTUKN CENEBOIN CMECK
Table 2. Characteristics of the mudflow mixture

~ E & HopmaTuBHbBIE 3HAYCHUSA
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= C = c = 9 | = 2 38 =
= & = < > > = = 8 S
Q ) = &)
1880 2040 0,17 9,29 0,47 0,044 39 30 14,675
KoahmumeHT  AMHAMUYECKON  BA3KOCTU h —rny6rHa noToKa, M;
CeneBOl CMecM paccumTbiBanacb Mo  opmyne i — YKNOH pycna, rpag;
[FoHuapos, 1962]: U — cKOpOCTb NOTOKa, M/C.
__° 1) KoahpmumeHT  KMHeMaTUYeCKol  BA3KOCTY
2 Ce/eBOI CMeCH paccymTbiBanach Mo popmyne:
roe U —AMHaMUYecKas BA3KOCTb, MM?/c; b )
v=-

p — NNOTHOCTb CENEBOI cMecH, Kr/m®;
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roe Vv — KUHemaTuyeckas BA3KOCTb, MMZ/C;
p — NJIOTHOCTb CENEBOIA cmecu, r/cme,

Mo pesynbTatam  3KCMepuMeHTa  6bl10
NpoBeAEHO CpaBHEHMe W3MEPEHHON CKOpOCTW cens
CO CKOPOCTAMMW, PacCYUTAHHbIMU MO Pas/INYHbIM
MeTOAMKaM, 4acTO WCMoNb3yeMbiM 19 pacyérta
CKOpPOCTW Cens Mpu Hay4yHO-WUCCNeaoBaTeNbCKuxX U
MPOEKTHO-U3bICKATE/IbCKUX paboTax.

1. CkopocTb ceng no
rMApoAMHaMmUYeckoro Hanopal:

= v 3)
roe A —  CKOPOCTHOW/rnapoanHaMmnyecKuii
Harop, oOnpefensemblii  Kak pasHOCTb  MeXay
OTMeTKamu cnefloB YpoBHs (06Masku) B N06OBOW U
TbIIOBOM YaCTW BELLKU, PUCYHOK 1), M;

a — KO3(UUMEHT, 3aBMCALLMIA OT CBOWCTB
ceneBoin Maccbl (B cpegHem pasHseTcs 0,55).

BenynHe

2. CKOpOCTb rps3eBblX W rpa3eKamMmeHHbIX
cenei no [Fony6uo., 1969]:
¢ =375 g O (4)
rge  hcp — rnybuHa NnoToka, m;
i — YKI/OH pycna, %eo.
3. CkopocTb censi no U.M. Xepxeynuaze?:
- 4,83 0,5( )0,25 (5)
roe i —cpegHas rnybuHa noToka, m;
O — CPefHWn yron HakioHa CeneBoro pycna,
%o0.
4. CkopocTb cens no [CpubHbIi, 1960]:
251,
= —_— (6)

v—=T+1
—

rge  m— KO3APMULMEHT LLIEPOXOBATOCTH;
R — rnpaBnuyecKunii paguyc notoka, m;
I —npofoNbHbIV YKIOH pycna, rpag,.;
Pr— MNOTHOCTb HAHOCOB, T/M?;
Pc — CPeAHAs MIOTHOCTb CeneBoli Macchl, T/mP,

5. Ckopoctb cens no KxaHHy [[ony6L0B,
1969]:

¢ =805 gp° 030 (7)
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roe  hep — CpefHas rnybmHa noToka, m;

1 —npofonbHBbIN YKIIOH pycna, rpag.

6. CkopocTb censi no [Kptokos, ByTeHKoO,
2013]:

05 1
¢ =114 5 ( 3) (8)
roe U — OTHOCUTENbHaA  ruApas/nyecKast
KPYMHOCTb  BOBMEKAEMbIX B TMOTOK KaMeHHbIX
MatepuaioB (4N OMepaTWBHbIX  PacyéToB

npuHUMaeTcd pasHbiM 0,7...1,0 wm/c); B Hawwmx
pacuéTtax NpuHATO paBHbIM 1,0 M/c;

O — CPeAHWin yron Hak/oHa CeneBoro pycna,
%o;

hep — CPEAHAs TNy6MHa NOTOKA, M.
Pe3yabTaThl U MX 00CyKACHHE

Co3fjaHHbI BO BpeMsi 3KCMepumeHTa Cefb
MOXHO OMWCaTb KaK BS3KWIA T[psi3eBOM Cenb C
TYPOYNEHTHbIM PEXUMOM TeYeHNs (PUCYHOK 2, 3).

Pucynok 2. Cenesble OT/IOKeHNSA
Figure 2. Mudflow deposits

! PykoBO/CTBO MO U3YUYEHUIO CeNeBbIX NOTOKOB. /1. FmapoMeTeomnsaar, 1976. 143 c.
2p[1 52.30.238-90. PyKOBO/ACTBO CE/IECTOKOBbIM CTAHLMAM W TUApOrpadnyeckum naptuam. Bein. 1. OpraHmsaums v
npoBeaeHve paboT No n3ydeHunto cenein. M.: M'mgpomeTteonsgaTt, 1990. 199 c.
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Pucynok 3. CTaguu ABWKEHUS UCKYCCTBEHHOTO rPsi3eBOr0 Censi B I0TKe (BPeMsi OT Hauasa BUXKEHWS, C)

Figure 3. Stages of an artificial mudflow movement in a tray (time from the beginning of the movement, s)

PaccunTaHHOe  Ans  CMOZAENMPOBAHHOIO
rps3eBoro cens  uuicno  PelHonmbaca  (<1,82,
Tabnunua 3) xapakTepHO ANA NaMUHAPHOro peXxmma
TeyeHns. OfHako Mpu  HabnogeHuM  NOTOK
BU3yasbHO  Obln  OnpefenéH  WMEHHO  Kak
TYPOYNEHTHbIA: HECMOTPSA Ha MasTble 3HAYEHMA Yncna
PeiiHoNbAcCa, B NMOTOKe HabnoAanoch BblpaXeHHOe
BUXPEBOE [ABWKeHWe. [lepemelLnBaHMe CefeBoit
CMecu W nepemeLleHne 06/10MKOB pasMepoM 25 cM
(comsmepumMbIX € FNyOUHOW W LUMPUHOW MOTOKA)
MPOUCXOAWIIO Ha NPOTSHKEHNMN BCErO ABVXEHUSA CENS.

Mo 3TOMY Mbl COMaCHbl C  MHEHWEM
C.M. dneiilumaHa 0 TOM, YTO eCn AN ABYX(MasHbIX
MOTOKOB  (HAHOCOBOAHbLIX) C  He3HauYUTesIbHOM
BA3KOCTbIO  [MCMEPCUOHHON Cpefpbl KPUTUYECKOE

410

3HayeHue yncna PeiHoMbACA MPY Nepexofe NoToKa K
Typ6yneHTHOMY pexxnmy npesbiwaeT 2 300-2 400, To
OIS KBa3MOLHOMA3HbIX CBA3HLIX Cefieil, BA3KOCTb
KOTOPbIX B COTHW pa3 MpeBbILaeT BA3KOCTb BOAb,
3HayeHns uucna PeiiHonbAca npu Typ6yneHTHOM
peX1Me OBUKEHWS MOTYT He NPeBbILLaTh 3HaYeHne 5
[PneiwmaH, 1978].

[JecTBUTeNbHO, NPU MasTbIX 3HAYEHMSX Yncia
PeliHonbaca (Tabnuua 3) Ha OTAENbHbIX yyacTKax
nyTM CMOAENMPOBAHHOIO HaMu cens B MOTOKe
HabNt04anoCh BbIpXEHHOE BUXPEBOE [BWKEHWE, a
nepemelLNBaHVe CeneBOM CMecUM U MNepemelleHmne
06/10MKOB pasMepoM 2-5 cM (COM3MepuUMbIX C
rNyouHON M LUMPUHOK NOTOKA) MPOMCXOAUNO Ha
NPOTSHXKEHWUWN BCErO ABVKEHWS CEeNs.
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Tﬂﬁ.?lﬂllﬂ 3. Ycooena n PESYILTATEI SKCIIEPHMEHTA IO HIMEPEHITIO CKROPOCTH I'PA3ISCBOTO CEIlA

Table 3. Conditions and results of the experiment on measuring the mudflow veloct
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Pucynox 4. Typ6yneHTHbIN PeXXUM TeUueHns
HaHOCOBOZHOI0 NOTOKa
Figure 4. Turbulent flow regime of the suspended
stream

CMofennpoBaHHbI  HAaHOCOBOAHbLIA  MOTOK
MMeNn SPKO BbIPKEHHbLIN TYpPOYNEHTHbIA PEXUM
TeyeHus (PUCYHOK 4).

B xoge akcnepumeHTa 6bl1a  M3MepeHa
CKOPOCTb Cens Ha pasHbIX y4acTKax CefieBoro f10Tka
M WCCNeAoBaH XapaKTep ero B3aMMOAENCTBUA C
npenarcTeuem (Tabnuua 3).

Pe3ynbTaTbl  3KCMepumeHTa
nokasanu cnegytoLee.

Mocne npoxoXzaeHus cend v popMUpPOBaHNA
CeneBbIX OTNOXKEHUMA MAOTHOCTL CENeBOli CMecu
yBenmumunack Ha 9%: ¢ 1880 kr/m® 1o 2 040 kr/m®y
ceneBblX OTNIOXKeHWN (Tabnuua 3). B cBA3M € 3TUM
BO3HUKaeT COMHeHwMe B NnpaBoOMepPHOCTH
onpefeneHns NAOTHOCTM CeNeBO CMecu NyTéMm
CpaBHeHWs (opm 06pa3LOB CeNeBO  CMeECH,
NMPYBEAEHHBIX K MNepBOHaYa/lbHOMY COCTOSHUIO, C
€CTEeCTBEHHbIMU hOPMaMU 06Ma3KM®,

OTmeyeHa HepaBHOMEpHas CKOpPOCTb Cefisi Ha
pa3HbIX y4acTKax Ce/ieBOro /I0TKa: KakK YMeHbLLeHue
CKOpOCTK, TaK 1 eé yBennyeHune (Tabnuua 3).

NHTepecHbIMM  OKa3asMcb HabnofeHns 3a
XapaktepoM  00TeKaHMsi  Tps3eBblIM  MOTOKOM
MPensaTCcTBUNA (BELUEK).

Mpu 06TekaHUK cenem BeLlku Ne 1 npomsoLLno
pasfenieHue NoToKa Ha 2 pykasa (PUCyHOK 5).

(tabnmua  3)

3 Tam xe.
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CnusaHne pyKaBoB NMPOM30LLIIO0 Ha y4acTKe Ne 2
(vexxgy Bewkamu NeNel, 2) uepes 0,50 ¢ nocne
pasfeneHnsa NoToka Ha pacctosHum 0,46 M OT TOUKU
ero pasfeneHuns, YTo MOXEeT roBOpUTL 0 JOCTATOYHO
BbICOKOW BSA3KOCTU cenifi. K MOMEHTY CivsHuA
PYKaBOB, (PPOHT MpaBOro pykaBa YXKe MWHOBa
BeLKy No 2.

Ha yuyacTtke Ne2 (nocne B3avMOZENCTBUS C
BelwKo/ Nel) CKOpOCTb NpaBOrO pykKaBa Pe3Ko
Bospocna (Tabnuua 4), 4TO MOXHO OOBACHWUTHL
CHWKEHMEM  [UHAMWYECKOM  BA3KOCTU  MOTOKa
BC/MeACTBME ero pa3ae/neHuns Ha 2 pyKaBa, Kak/plii 13
KOTOpbIX MMen WwupnHy 0,1 M npu rny6uHe 0,05 M.

Mpy o6TekaHWn cenem BelKM Ne2 NOTOK

| Taloke pasgenvics Ha 2 pykaBa, OAHAKO CUSHMeE

pyKaBoB noToka npowusoLuno vepes 0,20 c.

Mpy o6TekaHWn cenem BelKM Ne3 NOTOK
BHOBb pasfennnca Ha 2 pykasa, CNUAHME KOTOPbIX
npousoLuno Yepes 0,40 c: y>ke nocne Toro, Kak )poHT
npaBoro pykasa JOCTUT KOHLA /I0TKa.

Mpu ABMKeHUN cena no yyacTky Ne 2 (Mexay
BellkaMn  NeNel, 2)  cKOpoCTb  Censi  Pesko
YMEHbLLUWMACH.

HanpoTue, CKOpOCTb Cend npu MoAxofde K
Bellke Ne 3 BHOBb BO3pOC/a: HeCMOTPA Ha TO, 4YTO
pykaBa NOTOKa CMWAMCL B OAWH W AMHAMUYecKas

BASKOCTb ~ MOTOKa  A0/MKHa  Oblna  BO3pactu
(Tabnuua 4).

Takum  00pa3oM, MOXHO B MNEpPBOM
NPUGVKEHUN  NPEeANONOXUTb,  YTO  BA3KOCTb

CBA3HOr0 Censl MOCTOSAHHO M3MEHSeTCS B npoLecce
ero [BwkeHusi. V3mMeHeHMe BA3KOCTM  HOCUT
HEe/IMHENHbIN XapakTep.

CrefyeT o0fHaKo OTMeTUTb, 4TO [AuameTp
BelKn Ne 1 6onbLle, YeM anameTp Beluek NeNe 2, 3,
a rnybmHa notoka — 60bLUe.

WHTepecHO OTMeTWUTb, 4TO WUCC/ef0BaHUA
B3aMMOLEVICTBMA CHEXXHOW NaBUHbI C NPENATCTBUEM
B BuAe CT0/M6a, KOMIOHHbI U TOMY MOAO6HbIM,
YCTaHOB/IEHHOIO B 30HE MaKCUMaslbHbIX CKOPOCTel
NaBVHbI, TMPUBOAWT K CHWKEHUIO CKOPOCTU W
JanbHOCTM  Bblbpoca faBWH  [PeBckuin,1984].
B0O3MOXHO 37O OOBACHSAETCA TeM, YTO CKOPOCTb
NaBVHbI Ha MOPALOK OOMblUe CKOPOCTW Ccend, a
MNOTHOCTb — Ha NOPSALOK MEHbLLE.
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Pucynok 5. ocnefoBaTenbHble CTagumn 06TeKaHMs Bellkn No 1 rpsi3eBbIM cenem

Figure 5. Interaction of mudflow with an obstacle. Rod Ne 1

Ta6auna 4. YCNoBus B3aMMOLENCTBUA CeNs C NPensaTCTBUEM

Table 4. Conditions of the interaction the mudflow with an obstacle
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Ta6auua 5. CpaBHeHVe 3Ha4eHUI CKOPOCTU FPA3EBOro CeNs, pacCUMTaHHbIX NO pasHbIM MeTOAMKAM
Table 5. A comparison of the values of the mudflow velocity, calculated by different methods

PaccuuTaHHasi CKOPOCThb, M/C
Speed head, m/s
]
g 2
s 5 5
<) S
T C o Z 5
S g 2 > S | 8%
g = c v > 2=
NeNe HN3mepennas S § E 3 g % % % B> %
y4acrka CKOPOCTH, M/C E E = ) = z E E E 3 = <
> o = L ~
NeNe of Measured E 2 3 ; & = g ¥ o 3 E S
site velocity, m/s 5 2 = 3 . 2 = g ¢ z &
g 5 g = & o | = 9o 2 e T
= O = o] S g’ 2 L o
s 3 = 2 = o e 35 =g g
T = S g = 2 g S
s > g < 3 S
2 < i
g > O
o O 2
= <
1 191 1,58 2,20 1,66 0,81 1,79 3,42
2 1,00 1,19 1,90 1,59 0,70 1,55 2,89
3 1,64 1,34 1,66 1,54 0,61 1,36 2,48
4 1,90 1,74 1,56 0,64 1,42 2,60
CpepHee 1,59 1,74 1,56 0,64 1,42 2,60
CpaBHeHMe  pe3yNbTaToB  M3MEPEHHbIX  OKasaiach 6/113Ka K CPefHeli 13MepeHHoii CKopocTu

CKOpOCTEM cens co CKOPOCTAMM, pacCUMTaHHbIMU M0
pasfIMYyHbLIM METOAMKAM, NMOKa3aio, YTO OHU CUbHO
pasnuuatoTcsa mexxay coboli (tTabnuua 5).

3HayeHVe CKOpOCTM Cens, paccymTaHHOe Mo
BE/IMYMHE TUAPOAMHAMUYECKOr0o Hamopa, B [BYX
CNy4yasx HWKe W3MEepPeHHOW CKOpOCTW, B OLHOM
cnyyae — Bbiwe. CKOpPOCTb Cenfl, paccuMTaHHas no
BE/IMYMHE TMAPOANHAMUYECKOrO Harnopa, okKasanacb
HUXe M3MEepPeHHOW CKOPOCTU FPsi3eKaMeHHOro cens
[0 NpenATcTBuA (BELWKW) U Bblle W3MEPEHHOW
CKOPOCTM Mocrie NpensTCcTBuS.

3HauyeHne CKOpOCTW Censi, OnpefenéHHoe Mo
(hopmyne B.B. ony6uoBa, B ABYX CllydasX HudKe
M3MEPEHHOW CKOPOCTW, B TPEX C/yyasx — Bbllle
N3MEPEHHOIA.

3HayeHne CKOpOCTM cend, onpeaenéHHoe no
thopmyne M.®. CpubHOro, BO BCEX ClyHasaX HUXe
n3MepeHHo  ckopocTh. OfHAKo paccymTaHHas
CKOPOCTb  MPOXOX[EHWA CefleM  BCero  J1oTkKa
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[J19 BCEro f10TKa.

3HayeHMe CKOpOCTW cens, onpegenéHHoe no
topmyne N.W. Xepxeynuaze, BO BCeX Cry4asx
HaMHOI O HXXE N3MepPEeHHON.

3HayeHve CKOpPOCTW cefnisi, onpefenéHHoe o
E.B. KptokoBy, B.M. ByTeHKO, B YeTbIpEX C/y4asx
HUXKE WM3MEPEHHOM CKOPOCTW, B OAHOM — HaMHOro
BblLLIE.

CkopocTb no KxaHHy oOkasanacb BO BCEX
CNy4asx HaMHOr0 HAMHOT O BblLLIE V3MEePEHHOM.

Pa3bpoc 3HauYeHMn CKOPOCTU CBSI3HOIO Cens,
paccyMTaHHbIX MO pa3HbIM MeToAMKaM, OTMEeYaeTcs
n B Apyrux pabotax [Cokonosa v gp., 2019].

Ba)HO OTMeTUTbL, YTO BCE WCMOJb30BaHHbIE
(hopMynbl pacyéTa CKOPOCTW Cens BblBEAEHbI U3
ypaBHeHus  Llle3n,  npefgHasHayeHHoro  Ang
onpefeneHns CKOPOCTU HbIOTOHOBCKUX YXUAKOCTEN
M BKNOYalOT B Ce6bs B OCHOBHOM  Takue
XapaKTepPUCTUKK, Kak rnybuHa MoToka W YKIIOH
pycna.
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Kpome TOro, B MpPOBEPEHHbIX METOAMKAX
MPUCYTCTBYIOT ~ AMMUPUYECKNE  KOIPPULMEHTDI,
BBEZleHVE KOTOPbIX B /I0ObIE pPacyETHbIe (HOPMY/ibl
BbIBOAWUT TaKyld MeTOAMKY 3a paMKuh CTpOro
Hay4yHoro 060CHOBaHHOM — B 006nactb 60see
NCKYCCTBa, YeM HayKW.

CeneBasi cMech KaK HEHBIOTOHOBCKAS
AKHJIKOCTDb

Kak ykKa3blBaNOCb Bbllle, BCE MNPOBEPEHHbIE
HaM1 MeTOAMKM pacyéTa CKOPOCTU Cenisi OCHOBaHbI
Ha CTpyKType opmynbl LLle3n: ypaBHeHun ans
HbHOTOHOBCKUX XXNAKOCTeW. OfHAKO C TOUYKW 3peHuns
(DM3UKN CBA3HLIA CeNb He SABMSETCA CyCMeH3uel
[KasakoB, 2019], a $BNSeTCA HEHbHOTOHOBCKOM
XXMAKOCTbIO. Takoro B3rnsaa npuaepKuBaeTcs 1 pag
Apyrux wuccneposatenein [Hatuwswnu, TeB3agse,
2007].

Mo Hawemy MHeHWO, Hambonee 6/U3KUIA
(hM3NYeCKMn aHanor CBA3HOrO cens — KosmnougHas
cuctema [Kasakos, 2019] wam ncesfonnacTuUyHas
XMAKOCTb, BSI3KOCTb KOTOPOW YMeHbLUaeTcs npu
YBEIMYEHNW HANPSHKEHWNSA CLABUTA.

BOMbLIMHCTBO HEHLIOTOHOBCKMX KMAKOCTEN
paaxmkatoTca npu  capure, X 3PQeKTUBHaA
BA3KOCTb CHWKAETCA MNPU  YBE/IMYEHUN CKOPOCTU
casura.

Mo 3TOM MpUYMHE CKOPOCTb  CBSA3HbIX
rpsA3eBbIX W TpsizeKaMeHHbIX Cceneli Heob6XoanMOo
paccunTbIBaTh Kak CKOpOCTb NMOTOKOB
HEHbHOTOHOBCKMX YXNAKOCTEN.

B0o3MOXHO B KauyecTBe (PV3M4ECcKO MOAenu
CBA3HOIO  censd  LefecoobpasHo  MCMO/b30BaTh
mozenb BMHramoBCKOM >nakoctn (Tena BuHrama):
HEHbIOTOHOBCKME >KMAKOCTW, KOTOPble COXPaHsAT
CBOKO  CTPYKTYpy BMIOTb A0  AOCTUXKEHWS
HanpsHKEHNsl, PaBHOrO0 HavasbHOMY HarnpsHXKEHNIO
capura. Mon [lecTBMeMm HanpsKeHNi,
MpeBbILIAOWMX Mpeaen  TeKy4yecTn, CTPyKTypa
Takoro 06bekTa Pe3Ko paspyLlaeTcs M XKMAKOCTb
TeyéT [0  HEeKOTOpOW  CTeneHW  MOAO0GHO
HbIOTOHOBCKOM ~ XMAKOCTU. C  yBENMYEHWEM
CKOpocTU fedopMaumn Habogaemas BA3KOCTb Te
bvHrama  ymeHbLLAEeTCH. K BbuHramoBcKuM
XMAKOCTAM  OTHOCATCH,  Hanpumep,  6GypoBble
pacTBOpbl, LUJaMbl, CTOYHbIE TpPs3n U TOMY
NoAo6HOe: 06bEKTLI, NOAOOHbIE CBA3HLIM CENAM.

Tom 2, Bein.4 | 2020

BrIBOaBI

1. OnpepfeneHbl OCHOBHbIE XapaKTePUCTUKN
9KCMEPUMEHTa/IbHOIO CBSA3HOrO CEfIeBOro MOTOKa:
CKOPOCTb TeYeHUs Ha pasHbIX Yy4acTKax, pacxop,
KO3(h(ULMEHTBI ANHAMUYECKON N KUHEMATUYECKO
BA3KOCTW.

2. CKopoCTb ceff Ha pasHbIX Yy4yacTkax
MOCTOSIHHO M3MEHANACh, YTO FOBOPUT O MOCTOAHHOM
M3MEHEHUN  OMHAMUYEeCKOW U 3(dPeKTUBHON
BA3KOCTel MOTOKa. Ha 370 e yKa3bIBaeT 1 XxapakTep
06TeKaHUs cenem NPensTCTBUA.

3. 3HauyeHme CKopoCTU cens, onpesenéHHoe
no  Be/IMYMHE  TUAPOAMHAMMYECKOrO  Haropa
MoKas3asio CW/bHbIA  pa3bpoc  3HAYEHWi:  Kak
3aHMKeHne CKOPOCTK, TaK 1 3aBblLLEHMeE.

4. CpaBHeHWe pe3ynbTaToB WU3MEPEHHbIX
CKOPOCTEN cens co CKOPOCTAMM, pacCUMTaHHbIMU M0
pas/IM4yHbIM MeToAMKaM pacyéTa CKOpOCTWU Cens,
OCHOBAHHbIM Ha CTPYKType dqopmysbl Lesn (g
HbIOTOHOBCKUX  XKMAKOCTEN) MOKa3ano CWJ/bHbIN
pa3bpoc paccuMTaHHbIX 3HaYeHUin. MeToanku 6o
CUNbHO  3aBbllaroT, /iMbo, HA0BOPOT, CUSIbHO
3aHMWKaKT M3MepeHHble 3HayeHus. BeposTHO 3To
BbI3BaHO TeM, YTO CBf3HbIA Cenb He fABNseTCA
HbIOTOHOBCKOM YXMAKOCTbIO, @ ABNAETCH XUAKOCTHIO
HEHbHOTOHOBCKOM.

5. Haubonee 61M3KNiA PU3NYECKNIA aHANOT
CBA3HOIO Ccens — MCeBAONIaCTUYHAA KMAKOCTb,
BA3KOCTb KOTOPOM YMeHbLUAeTCH NpU yBeSIMYEHUN
HanpsbkeHust casura. Mo 3TOW MpuYMHE CKOPOCTb
CBA3HbIX T[PA3EBbIX W TPA3EKAMEHHBIX  Cenen
Heo6X0AMMO paccUnTbiBaTb Kak CKOPOCTb MOTOKOB
HEHbIOTOHOBCKMX ~ >KMAKOCTed. B kauvectse
(h131YeCKO MOLENIN CBA3HOIO cens LenecoobpasHo
MCNO/Mb30BaTb MOLeNb BUHramMOBCKOM >KMAKOCTM,
TeyeHne KOTOPOoW NOA0OHO TEYEHUIO CBA3HbLIX Cenel
(rps3eBbIX 1 rpsA3eKaMeHHbIX).

6. [locne NPOX0XKaeHns cend n
(hopMMpOBaHUA CenieBbIX OT/IOXKEHWUIA MNIOTHOCTb
CENeBO CMecK yBenuymnach Ha 9%. B cB3n ¢ aTUM
BO3HUKaeT COMHeHwUe B MpPaBoOMEpPHOCTY
onpefeneHns NIOTHOCTW CENeBOM CMecUM MEeTOLOM
CpaBHeHWs opM 06pa3LloB  CeNeBO  CMecH,
NPUBEAEHHBIX K MepBOHaYa/lbHOMY COCTOSHUIO, C
€CTECTBEHHbIMU (hopMamm 06Ma3Ku.
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