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Summary

The book presents, laboratory and mathematical modelingand field research results, from external factors triggered landslides, which
were carried out in 2014-2017 years, in the Shota Rustaveli National Science Foundation Project # FR/258/9-160/13 frame. For the
carriyng this works have been assembled several experimental equipment. The spring-block and Burridge-Knopoff type devices, for
study stick-slip events by landslides. Were assembled devices, where it is possible to change the angle of tilt and experimentation
environment moisture. Were also conducted field geophysical researchs on several Georgian landslides. Laboratory works was carried
out by means of landslides research using acoustic emission. Conducted mathematical and numerical modeling research of stick-slip
process. Has been developed a landslide mathematical model and the safety coefficient calculation methods. Were assessed safety
coefficients for some landslides . Were assessed triggering conditions by external periodical forcing and humidity change.

It is intended for the scientific workers and engineers, lecturers, students, government and nongovernmental organizations, connected in
their activity with the problems of solid earth physics, ecology, etc.
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AuHHOTaUMS
B kHHTe IpeacTaBIICHB! Pe3yIbTaThl ITOJIEBBIX UCCIEIOBAHMI, a TakoKe Ja0OPaTOPHOTO H MaTEMAaTHIECKOTO MOJIETTUPOBAHNUS ONIOI3HEN,
TPUITEPUPOBAHHBIX BHEMIHUMHU (pakTopamu, mposeieHHbX B 2014-2017 rogax B pamkax npoekra FR/258/9-160/13 HarmonansHoro
Hay4Horo ¢onna uM. lllora PycraBenn. s npoBeneHns yka3aHHBIX pabOT OBLIO COOpPaHO HECKOIBKO SKCIIEPHMEHTANBHBIX YCTAHOBOK.
B wacTHOCTH OBITIH COOpaHBI YCTAaHOBKH IO THITY HPYXHHHO-O0JI09HOrO U Bypmmx-KHomoBa it H3ydeHus sSBICHUI HEPaBHOMEPHOTO
TpeHHsi (CTHK-CIIMIT), MPOMCXO/IINX B IIPOLIECCE OMON3HEBHIX siBleHHH. CobOpaHa yCTaHOBKAa Ha KOTOPOH BO3MOXXHO MEHSTH yroil
HaKJIOHA, a TAKKe IIPOBOJUTH SKCIIEPHMEHTHI B YCIOBHSIX W3MEHEHHUS BIQKHOCTU Cpelbl M 00BOIHEHHS MaTepHana. Beum npoBeneHb!
TaKoKe MOJIeBbIe reo(H3NIeckre HCCIeMOBaHNs Ha HECKOJIBKHX ONMON3HIX Ha Teppuropuu I'pys3un. IIpoBenens! 1abopaTopHbie paboThI
10 U3Y4CHHIO OMOJ3HEil ¢ (MPHUMEHEHHEM) PerUcTpalueil aKyCTHYECKOit SMUCCHH. Bblin npoBeeHs! paboThl 10 MATEMAaTHYECKOMY H
YHCIICHHOMY MOJEIHPOBAHHUIO IIPOLECCOB CTHK-CIMIA. Pa3paboraHa MaTemMaTHdeckash MOJETb OIION3HSA, METOIBI BBIYHCIICHHS
kod¢dunnenta de3onacHocty. IIponsBeneHa oneHka kodpduuuenta 6€30MacHOCTH HECKOIBKHUX ONoi3Hel. brna nmpon3seneHa oreHka
YCIIOBH# TPUTTEPHUPOBAHUS B CITydae BHEIIHETO HEPHOINYECKOrO BO3ICHCTBUS M M3MEHEHHS BIXKHOCTH.
IpennasHaueHa Il HAay4YHBIX PAaOOTHUKOB M HHXKEHEPOB, JIEKTOPOB, CTYACHTOB, IPAaBUTEIBCTBEHHBIX M HENPaBUTEIbCTBEHHBIX
OpTraHU3aIHil, CBI3aHHEIX B CBOEH JESTENHHOCTH C MPoOIeMaMH (pU3UKH 3eMIIH, SKOJIOTUH U Ap.
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593060900 3m39D0osl Boosado s BOHEOL FoM33™3z960 ogdml Hmbsl s  Hywwob
RMOM396 69356, B9OMdTo {guols gogmbzol LoBds®gls Ggodergds sbg3g 29s3FY39GO
3600369crmds 3Jmbgl. Bma0gmmo BgMHMdo F9odegds sMmLEHNVOWMO 2obgl 0
0bs3 30609 M0m©gbmdol {igsero LHoGoxgsw 9950hg3l; Lbggdo madm damadbmdost
56056 oo BboL 96353 Mdsdo Imbyero boengdgdols dgdmbggzsdo. 3mbmeryemliodsh
SbeEmlb 560l Bgsdo@meo (7-10 3) dgfiygho, HMIGEoE 39HOMPYIYIWI® SJGH0IMOIdS
©OEO M5MmEYbMd0m Boergdqgdol dmbgerol 9939y. M9aoLEMOMIOMIO ASISPYOWGDS
56 509053905 659096009 LobGH0TgBHML. MROM MTsGHMYo ML LGSR0 bs3509d0,
G0IgdL3 9RO 5938 AMBEoML IMo35¢ M90mbdo, Losg J969d0 OBIMIE0s
6050920l bgero ggbom (MdoOLO, 399l bamds, 2015(9w00).

5. 3569 033MLMOO  doewgdo, OHMYMOOESs  dofioldzMs,  GHowmgdo s 3 3sbols
50m®uMd393s.  LodoOmzgumdo  smabmdoom  dghYygMol momddol babggzedo  dgodergds
3WsboBOE0MIL BMYMOE LgoLbdMMs© AsdMf3gmwo. 1991 Farolb 29 360wl GoFsdo
dmbs 7.0 3opgbo@mool  dofjoldgzms. 114  5sdosbo  ©os0Mny3s. dg3M0  d9HygMob
G®090060905 b 2500 3350600 30eMmd)BHMoL 930390EGMIME GgMoGMM05DY,
65053  @odmofj3os 89300  LAHOMIGHOMWO  IB0sHYds S 5©5T06gIOL  OMI33S
(Bor0sbo  AbggM3eols Bobggado dghycmgdol 89ga0s). dofoldzmsd, 93039bEMs MM
bmbsdo, 290mof305 gdglo  GoMmm  Lobob  Igfhygeo, Lmxyge  bosbogmols  dmgargbols
Bomgwom. dofjoldgzmom  GHGMm0ygMoMgdeds doerosd oo  6sdbbgzMgzgdol  bgzegds
dofiolidgMol 114 abggM3e0@sb godmofjzos 50 @omm33s. B35385 bobogmolfiywrols bgmds,
5563605 bLernggEo bsbogmo, 035 JoLO ELbEMYdom 50 FMLsbg s BsTMYSE 0B
ssbemgdom 1008 Lodseeool  d69d6M030  3odbsgwo. dgogddbs 1X2  3350GFGHWO
3039 EHOOL BODMIOL Gds. 35dBOE0 I0MMZS M5dgbodg Lssmdo [22].

6. 9396509 ds LEGMB> Fg0dgds o3 gbs IMIBOBML BB MOMBSBY, Bgdsbozm®o
303900l s igerol smomdargdols 99939mdoo.
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65b.1.9. 930396 GHOYI™O BHIOOGHMOHO0L O35, OO F5OLZZS30 SMOL T3>0
dofolidzmol 9303396EGH®0, 35@96S 3503330 sSBMNYIMIMI0; 2569 bdgwro §g39@0wo bsbo
560 dofjolidzMom GHM0gM0MmYdwo d9HYMHgdol bLoBE3MO; dos bywo FyzgEHowo
3°9mygmnl 39FyHgdol 3mbEgbGHMm0Mmgd 5J@0wGmMdsl; MHY39@0 bobgdo s®ol doMomso
3939905 §1939G0-§90GH0Mm3560 bsbgdo 56056 oM0m50 653500900 s IE0bstggdo.

1.4 MlsgmHobmgdol Bsgdmmol (FS) gs9moxgums

390990  0d36m9ds GrmEgLsg 930M0L LodBH3oag boswogxol Bgbsdo dgoGgs dolby
90 9300l dVYWMDSDY.  LOTsMEGH030L5mM30L  Qobobowgds MLl
R9OM0 LG HoMImEYgboos Igfiygmol obooMgdol dgdsbobdo (6b.1.10). boswaogols
dsL90%Bg oBH30MOM30L bgdmddggds 0f393L GobabEosw Mo (T) s Bm®dsewrMo (N)
d5¢0900l BOHEL LEOOSWOL BY30MOL AoBHIM03. F0bsrMdol dsegdo (S) gobolisbwazMgds
Bosool  dgMol Lod@E3oE0m. 93335M0©, S FgodeEgds  A9TMZOMIIM®  3mbols
396mbom, ®MmIgeog ghmgeo Loy®mdol boooROLEM30L Fodmoliabgds 99w9absocmo

S=c+ (W cos-u)tan @ (1.1)

50335600, 9gbsb30L BodBHm@o (FS) 990degds 4560LsB3mH™ML Mmym®E fobswmdol
docol  (S) @omEMdS  BIMALEOOSEgdgen  dogsbmob  (T) Gmdgeros  8mEgdE0s
3m& 96306 Lalitosem dsboby:

Cc tan @ U tan @

S
FS_;_WSinB—l_tanB_WtanB (1.2)

BodmbMosengds bogds 35306 HmEgbsg §obommdol dsews (S) bozwrgdo  gobgds

Bo9MALEMO0sgdgen doensby (T), 9.0. Geiss FS <1
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69b.1.10. d9HyHob 9By Imddgo dsgngdo

15399 LYFMTomMgdOLOMZ0L Lol EIHEOOL Fgmbgzgz5do MBsBROMbMYdOL BoJBHMOO
390dgds BsofigMml 99dgao Losboo:

FS = ¢ +hgcos?0(pr—pe,m) tan @
o prhg sin @ cos @

(1.3)

Logo3

560b (9539dGHO0) 3m3gbos

h  560b 3m@gb30mEmo AoLEM0sEgdol Lolidy

g 0530950 356MHEboL sBJoMgds

0 3m33bzonmo dgfyeol Bgsdomol szgdol 3Mmby

pr 456900L Lod336m039 3mAGH9YbE0ME dghygdo

Po  Pgeol bodzzmogy

m  dmbMosyg dslob B39geo bsfowol bobdg, m =1 LOHYIMsE gog0gboowo dgfydrmwo
9sLd s m = 0 LEOYEPO0sE FIMSWO FGHYOHIEo Tobss

@ 560L d0bsgsbo bobbol 3mombg tan @ = 1 (bsbbob bod&Hy)

o

FS>1 —H30d0r6o; FS < 1 —6605b3Hod0m0o; FS=1 3600303900

1.5 65309 LMoL 356EMEYds. 565-boryEMbol Lombygdo - Wg5MEMRBO

Lombol MmIMH5MdOL MOBS0MO, JOEIGMOL O oMbl BMOT0m, 50fgMs MO
39L53gdge0. Lombob (AgHycol) 3500950 3M0 IMEYEo Tg0dEgds 25390l Bsgog-
LA®JLOL obE MBI LOLEYIOL BBBY. B9HYMOL g3MEME0OL SOLHIMI MTBO™
bHdoM5@ FoLO®YO0s WoEMsDHOL BMEMBS, MR 5 LolEBPIO™ 30MMBYBOL (33C0EgdOL
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39035¢00bfi069ds ROM 9539JEIMs Fglodwgdgero.

B X o
gy D
E i

Bob.1.11. Lombols ©0bxdol 0 MiEBHMSE0S obMowr sGBdo [56].
65309-LEHMJLOL 29BEHMWgdOL godmygbgdolomzol sbgzobowmo dxwdogo B sbGol
39obol 3Jmbg s®bo. Bs309-bEHMJLOL gob@Megdgdo, x s Y J0ToMm¥IEgd9gdolL 3olH3em0g,

Boofgtgds:

ou ou ou . 0%u | 9%y oP

6t+u6x+v6y] _pgSIH'B+[ax2+ay2 o (1.4)

ou ou ou . 0%u . 9%y opP
pg+ua+v£]—pgsmﬁ+[ﬁ+ﬁ P (1.5)

Z 0309690l gob@megds 53 dgdombggzedo Mabodgzbgarms. 2obGmagdsms Lol@gds
9563030905 9990 Loboo.

1)  LobdoMggdosb u  dbmwmo  x-0b  2oLH3Mog  Aoblblzszgds  BEroloysb,
2)bGHoEombomo  sdmEobol  99dmbggzsdo  u  OMDBY  9Mds  IIMIOIOVIEVO,
3)Ps3myse0dgdol O™l 035M3MmBoL bobdg 9Mss ©sdmM30 Mo X 300MmOHE0bsEDBY,
d9L50580Ls U s P 5655 059m30090wo x -bg.

59 86003693560 go8503H0390930L 999 NS 256¢)Mm@gds 0gdmwmdl Lobgl
. %u
0—pgsmﬁ+um (1.6)

d
0 =pgcosp —% (1.7)

(4) 396¢)™gdol 0bFgaM9ds 335de93L LoTsMEWgLMb ghmse §6930L 33 oEgdol
396@ ™95l
P=P(D)+pgcosf(D—y) (1.8)
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Loog P (D) 560l {6935 Bgs Lobpgs®bg, HmIgeog brydsgHomer d9dmbggzedo gdmbgggs
5GHIMbBgOm §69350L.

(3) 396&HMgd0L MO0 06EYAMIO00 30GOIIECOMI™

_ pgsinp 1 5
uy) ==—— (Dy >V ) (1.9)

396G Mgds 330639690L, HMI 6535000l LoBJsGIGl gMAoL gobfizMog 53l 3M5dMEIMHO
36053000, beagwe d5gbodmal 503l bgws HadGowdo

u(D) = %DZ (1.10)

U ey A

T,

Bob.1.12. d9Hgyrmero Lbgmerol ©obgdol omlEMoE0s sbGmow sGbJo [56].
035M3MBO

39630bomm  Lolgol GHowsbol B9bols bGsEgombswmMo obgds sbMmow Lod®mEYgbg
(65b.1.12). 2563 ™gd9d0 sbig Bsofgegds

ou ou au_l _6_P arxy ;
E+ua+v5—p( T ay)+gsm[? (1.11)
1P
0=—-—-——gcos 1.12
5oy gcosh (1.12)

Loo3 @IbMOWo  LOdOEHYOL  35MogEMo LoBJsg u(y) o930 dY0s  ggbols
LoLdqBY. LOdMEIMME 30)OMEXIMID OAMBOIbMEGdL

u@) = 2228 Dy 2| (ony <Dy (113)
u(y) = Umax (O’)‘(j y=2 Ds) (1.14)
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5@ D,=D——2 (1.15)

(1.16)

B channel walls

Bob.1.13. 89960093900 9B5BHJO0L 3gmma0IM0 bodbabMo (USGS), 03563EMmamwo s6bo
[Iverson et al., 1992]. (5) 3080bs6g 9Jb3gH0TIBEOL BMEM, (3) 39O GH0ZSWMO FMOEwOl
Ug90s.

035030x8Mo 65350900 90dgds (omdmodzol (39003910 (39¢039MI0 BIOEMOIIOL
B30, 96 IM535¢MOEbM3zsbo oMy Psdmd3939000, OHMIgdoE 9MId06 J390Mmom
06900l 3035 gdom. (35¢39M  99dmbgzg390do, bhsdmdzgzs dgodargds dmbogl
03069  ImEMEmdd0m,  FoMEZ9-05ME30W.  g39ews  mbol  BsdmPes,  d3oMy
05033090056 MHoMToBoe) I9fyc9ds0©Y, 306039 M0do odmf3gEos Foe33¢gdL
dmeol bobmbols dsgroom.

03503039330 9995099690 bofowszqgdo LsbGH0dgG®0b F9BHMsdg BmIgooLss,
603500930  bobsbsb  smgMemdom  dg@®mo  (oddo  LoBdoMobos @S S0GMEPMIOM

30wmIgBHMBY 3MEIXYds. MoPsbs3 bgds Bs3owgdol Fgbgergds, BLfo3gd0LoYsb
bgds ©93mHBOGHIIL  ©oMM3gds, MMIgEms Loldg dgodergds oyml sogmero 100
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d9@®509 LOP®MIAOL S 3owrmIgBMgdoL LoAMAOL. gl bs350gd0 Fgodergds FgoEezIL
(108 — 101%) & @5 By Bobognals, b80M®© OO M50m©g6mdom Fyswls.

39MMy0OH0 60300gMHd9g00L TolFES0JI0 s MYMEWMYOMEOHO LOOMMEY, MS30BWIBRSO
D93060L  dJmbg 6535000l  5©FIOOL  BomgBoBH03MO  59MEBILMB  GBMOdTOMdST0,
39mB0b03MOO  dobgdol ©06gdolL  IMPYWOMGOSL s  Q9FMM3EgdL 3603369 mg6
50m 35650 99393V.

9906905l 57 593L Lofgoligdo d936096M9d0L MmE Lb3zsILLZS BHEMmOOE0580. 30MH39Wo
560l Lo39x-37BHIOOL 30MmbgH o IMEIWoMgds [157]. Fom FMEYL0MYds ©O0fYIL,
3990mbol dJoMHoms s0figMsbg ©sxdbgdmeo JdMowo oM 33cm3560 Toloerols, dsliols
@5  8mdbBgdoL  B5sblol  39bmbgdosb.  BHodommo  Bszool  3BMIMmEE0gd0L
399mygqbgdom, 6535090l LogMdg LowMIgbg ¥93Ms© dgBo 9930, Logoxds o 3vEgMds
2965300091 obMO Bgsdo®mbg FoM33wrMm3960 bo350OL ,,mbgwo ggbol* dmgwo.
909300698000 gl LsdMTom 4o603OEM MM aLBBMIogdsdg [158], s MBOM BMYsO
GM3MM55300L Bgs30MHbY 653500597 [108,110].

dgmey  doymds  49IM39dMwwos  Lombg-bsfoszgdol  65350L  FomgdoBolz e
6596Omddo. gb 9.§. »MOFsD0BO“ B ,mOLoMbObOC ImEgwo  oxgmdbydmwos
090509690 Loobolb s  Fgodo  Lbgmeol  dsbol s 033Mlol  35bmbgdols
3oL gdBY. MYOHN0YNHNJIYIOOL 306MHMdJIOL TIMEIWoMYds bEgds MOOEIB goHo-
9600 aBoom: b bgds ©sdz90s, MMI 6535l 593l gobLbBWIOHMo M30L9dgd0 s
Bofoes3gdol  ImdMmemds  4oBolabE3zMgds  Fglodsdols  (Fogoomo,  bsfowszgdol

dmdMm5mds  3mBH9bgoswme  65350000), 96 9Ju3gM0dxbEMo Fggagdol  Logwydzgwby
b9ds MOM0YOMJI)Yd0L B96MT9bmEmyo©mo 989dEHgdoL 9gdmmagzsbgds [5,71,72].
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0530 2. b3H03-UEo30L (56505650500 babwmbols) dmgergdo:
396000 bg0mgdggdol 8emqgds

LgoldMOo  3OHMEQLOL o  d1939g Toboms  BMIMOMBOL  MSbsTgEMOMZg  3MbEIRE0S
dOMO0MOIPI JYMHBMBS 56M53YM30 bobmbols dmgwls [25], Hm3geroE 30056M©I0s ©9339
3MLgdM 39dBH™bo3MM M3935HY b LMWL BYI30MHDY.

©OEGMOb-M0bsL JobGM@Wgds IZ3MOL odsdMEWMBOLIMZOL S0HgML, 9JudgHodgbEgdol
LoxAd39w By JogdM, OOl 3M5JGH03MWOE Y39es Foboliosmgdgwl: 24306396900,
G0d  bobmbol dogrs 6 sMOL  3doz0 LoOoEg o 29boEEOl OH™MIo MoV
930099305. 2963HMEgdL 5M5(MHR030 Loby 593l Tglodsdols, LEOsEOL 3MMmiEgLo Mbs
0yml  dogosb  Mdbmdostg  LYLBHO  AoMgRbo  BgImddggdobodo, Mbos  0gmb
30LE9MHgboloL 9539JB0 ©o 9.9. 3bgdMH0305, OGMI HBSHNMBOL SMETIPAMIOMIJOO 50IMSZL
6b9g390L, 9500 FmOOL 93MBEHOIMNG 9AoLOLL. MMAMOE TMBoEMEbgos, 93MBEH0IMOO
930L05 500d3Mqds LGSOl EOML s SO 3OOl YYIMIMdOL Bsbsdo. B3gb 3mzwrom, HMJ
537LE03MMTs 2obmIz90Ts Jg0dgds 2odmagerobmb bsbmbols d9deboBdol gEswgdo,
I gd03 3063000 oHBMIZ9000 56 ©s033063905.

53539000 Bgdmddggds, MMmIgeos 9godergds 8930Ms© 306y 0gmlb doMHOMSE
399093 dowsBg LGHO3-LEodol 3MMEgldo Tgodwgds  godmofzoml  BHMOYYHOMGdS O
LobdOmbobsgos, Moz  bodbsgl, ®mI gu  Im3wgbgdo  MdOgIBHJOOL GO RO30
MOM0YMHNJIggd0L  gga0s.  bgds b0l  LoBdo®ol s  IEAMI>MIMIOL
396@™M900L 2o6bBMYsgdoL s 5b50Bol J3gEmds.

bobmboli dmgeo (EbMHowo 1) 25630050 59mbEHMBOL 356Mmbosb, Lowsg dzmob
©5350Mds T bm®MFoIH0 350w MdOL T x 3OMIMOEF00s, bobmbo dmdogo i
3M9803096GH0m.  3wmbds  3m3gBomMo  3m63edGHol  edmbsmzwgmo  Jgamo@ebs
©5353)gd0mo ¢ {193600. 3109HGHT> o ©9d900d F90MY300035H9L BmM™zsbo (B30l P
SbLBs. BMbsTgBEBHMOHO 3OHMAGMILO QoBbMEME0gXEs oGMobol 9Ju3gM0dgb@gdom s
Gmobsl  mgmOomwo  sbowobom, MMIgog  30B839690L,  GMI  BsBMBOL  dogms
©59M300090v05 BoBJs69-00aMmIsMgmdsBg (FbGowdo V' s60ob dgolo s Vo - Lafyobo
LoRJo6g, @ 56M0L dEYMTMYMIOL 3565FgEHMO s L 560l dsbslosmgdgwro dsbdogro) [97].

gbMogo 1.

©OMOL Amonton, 1699 T=0p, U
olsMo Coulomb, 1773 T=cton, U
J Hubbert and Rubbey, T=C+pOn- Pp) = C+0nlhefy
1959
Dietrich, 1972, 7 = [o, p+a In(V/V,)++b
Ruina, 1983 In(VoO/L)] oss ;
do/dt =1 - (Vo/L)
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gb®owdo  [oMmdmagbowo dmm  ggbmdgbmemaom®mo  asdmlsbyergds  dgMol
53509 MOOLIMZ0L  sHIOL,  9Ju3gM096EHIOOL  Logdzgwbg domgdm, LOoswOb
3615gdBH039Wo© Yz9ms Iobolioomgdganl: 430639690L, H™MA babbols dogns 56 S0l Imdozo
OO s A9603EOL OMI0 MMV G3MEY300L. F9BEHMEIGOL SGiBG0Z0 Lobg 593U,
d9L50580L5, LEOSEOL MM3gbo MBS 0yml doosh dyMdbmdoscg LMLEGHO FsMgY6o
b99mdd9900Loa0, Mbs 0gmb 3oLEMgBoLOL 9x839dEHO s 9.9.

39MB0DB03MLYdL B30 330603900  IMYMMZEIM  LgoLING S  BMYSWOE
39mB0b03MO0  IMgwgbgdol  Mgg0dBg 3oty Mg BgImddggdol 3b0d3zbgermgeb
393965%g, 39MdMmO B0OMIMWO 5x3gMNJgdqd0L, dwogMo dofoldzmgdol [159], Lsdomm
L5gdosbmdol s Yomlbogazgdo  @oBHZ0MM30L  [63], M3l  EbMdOL,  dwogo
999 GHOM0 08399bgdols s dodmg3g3gdol [119].

2.1 3060050 ggb39Mm0396¢E Ko Bmbs3gdgdo

3060Mmd90Dg (B53dsMOL Lobolidg &, 35H9g30L Lobdstg T, bm®msMHO ©ITSBWMOS T,
LO0SEOl  Bgs30MOL  IEYMISMYMDS 0 ) ©50m30090Mwgdom, {obsgawrgdol
Bo65)9000b BBL Lodo d0MOMOEO FHO30L bobwbo - bE03-LEr030 (5MMsbIdsMO bobwybo),
0690300 M9:5030 s BENOOEMMO M9:1000, FqLsdsA0LS a, b s ¢ bsb.2.1-By.

80 —(a) '
40k / / / /
e
=
< 80 —(b) _-’k-__ N o .-'""-._ I" i i
o B . : . . . S B -_ S J
c 80 : -'_ : : :: B .': .': : -':_
o "-. N
-lg 40 ; V J_: I '___U___- '____V____' | '__: U- -__L | -____v:__. v- _I
% 0.00 0.05 0.10 0.15 0.20
0O s -(c) I | | | | ]
60 n
WW*
40 7
1L I I I I 1 1

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Time (8)

65b.2.1. bsbmbols Gg08900: (a) bEG03-Lewodo, (b) 0bgMEOMo MYg0do S (c) bEGHOdOEGO
695000

Bob.2.2. 2308396901 Sx Bs3dMOL FogMmdgergdsl, x Bgs B0l 3boEosl s dols dgols
LoBRdoMgls.
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3 {m)

GO0 —

sgoa — [b)
400 — J

Position x {um})

200 —
o

15 [ (c)

s00 :— fa) |
400 [— =
SO0 N ]

[
10 [~ ;
i
bl
h

v (mm/s)

Time (s}

65b.2.2. ©58056M0L {opa®dgargds 8x, Bgs Bowol 3mboEos x s dyobo bobdstg V' LEog-
Lerodol dmdMsmdol GML (Nasuno, 1997)

UGH03-LEodol ©g7000 TgsMgdom 3069 LoRJsMggdby s JzoMg LobolEggdby
©5033063905. MRO™m o V' LobdsMggdbg begds 4oaligars 0bgdEomwo 39M0meo
Mb30Es309d0L M9s508d0. MROM Jorswro LoBJsMggdobomzol B3z9b 33943l LEBBdOMEMO
LOH05WO BB ¥YO309000. JOMNIMwo OOl d900b3935 YEGHIWMMSI® FoTMO3ZW0s
Bolimbmad o Ub., (1998): &Hobgabzoscm@mo dowrol dmgdol 990y LEMoswol Lokdstg
93390065 0HMYds s 3999y 30M©Yds - 65b.2.2.

-
IS
|
l

V= 56.67 lLm/s
113.33
566.64

1133.27

-
N
I

o
|
oomb

Velocity (mm/s)

65b.2.3. Ubgoolibgs 49fi930L Lohdo@ggdolomzgol (V = 56.67; 113.33; 566.64 s 1133.27
dd/§d) LEoswol 3gMHoMmETo LMool LohdsMol g3memEos (Nasuno et al, 1997): .

dgoliog®mo bobwmbols doews 1(t) LMool 256353wMd5do A5boiEOL 30LEHYMYHBOLL (bsb.4):
MdM5MdOL 39600mET0 1 0BOEYDS BASEH03MO BRI ts= F/Mg ©5 39009 0fiygds
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G050, LEOOSEOL J9BTogEwmdsdo 1 B30MEYds dob 306930396 3603369 MdsdEY. 5ol
3990092, 999:3060930L 9E93Dg 93995 LEHYoL wdb0d369wMdsBY [97,98].

o7 H I I I T—]
HS — -

e
®

o
]

g e

i

Frictional ferce n

ety

b=

0 5 10 15 20
Velocity v {mm/s)
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channel channel channel channel

A D E F
average 1.466338 0.319353 0.575033 -18.4028
min 0.75998 -8.48797 -19.0697 -44.1491
max 2.244231 9.995727 19.68319 9.675253
median 1.465786 0.311317 0.122085 -18.0381
mode 1.46838 0.33726 0.091564  -17.504
stdev 0.035324 0.20391 0.575034 6.143446
var 0.001248 0.04158 0.330669 37.74282
d)
channel  channel channel channel channel
A B D E F
average 1.451504 1.130842 0.428644 -0.14851 26.76812
min 0.940361 0.525247 -6.28892 -13.4324 -58.1431
max 1.875229 1.591991 7.93096 14.53119 -1.61763
median 1.452204 1.131272 0.418141 -0.12209 -26.111
mode 1.452204 1.134019 0.445611 0.091564 -25.769
stdev 0.038772 0.042304 0.428643 -0.14851 6.501625
var 0.001503 0.00179 0.031136 0.215707 42.27114
d)
channel  Channel channel channel channel channel
A B C D E F
average 1.445767 1.194422 0.349703 -0.11599 -0.01819 -0.04204
min 0.591503 1.10365 -0.03815 -0.87291  -0.0257 -0.07237
max 1.972592 1.269686 0.740142 0.628739 -0.00586 -0.00586
median 1.445794 1.194604 0.33726 -0.12209 -0.01819 -0.04123
mode 1.445794 1.200098 0.33726 -0.33573 -0.01871 -0.04072
stdev 0.0557 0.02401 0.083513 0.301818 0.002029 0.007346
var 0.003102 0.000576 0.006974 0.091094 4.12E-06 5.40E-05
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d9L50580L5. BIPS BOWOL FoWHSPR0GIOL BOBJSMOL BOHILMD ghmow I306MEYd>
dE™m3qgo0L, MMYMOE gOHmosbo LolEgdol Hogmgdol Loowggdo: Gmas V = 0.01, 0.02,
0.05 @5 0.1 95306 x;=1.8,1.5, 1.0 o5 0.4.

99mMg  9839dBH0, OMIYJoE 3530009 MOos  MHMIJWOE  ©939300MYOME0S
B0sdboll ImdMomdoL LoRJsMLME MOl derm3gd0l IMdMSMdOL sBJscndols G9d30Mgds.
0v) V = 0.1- ob 990mbgg3sd0 derm3gdol FomEgds bgds 833900609 oo LoBjsMom,
VB BOILmb  ghmo  obobo  bgdosh  bogargds 933900600 s derm3gdol

2O F0YBS 30 - B NYBOM s YYBO Fgbgergdvyero.
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6b.7.25. derm 3900l Foboigargdols Xij 53300090905 ool dmdMomdol LoBJstMg by,
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7.5 B53ds6s-93m30L dmgedo 3gMHomEEo bgdmgdggdol 36036gwmdols
0999351905

BLEHMJBHO0. LEIG0sdo Tgobfogegdms LlGo 3gMHomEwo 450939 bgdmgdggdol
300009030  BoddMS-dWMIOL  WdMMIGMOOMwo  LobGHIIol  bLEHoswol  Mg70dgdol
bolosmo.  B3zgbl  9du3gm0dgbGHgddo  LEMOSEOL  IM3wgboll  MYuoLEBMOMYds  bgds
537LG03MMO  033Mbgdom,  OHMIWwgdog  d9bgMoMEgds  AMLbGOSy  Gowob
39RO GIOLOL. 2965 2597930 doe0old BYO BOWsBY IMYdos LYLGO (33O
99496039600 ©sGH300m30.
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05000653909 dosbyg, dgodwgds godmofzomlb LGo3z-berodol 3MMmiEgLoLGHMORYOH0MYds
@5 LBObgMMbobszos. 296939 BgdmgddgEadol BOEILMID JOHMI© 0330603905 LGOI~
LEodol  3MMEglol  OML  3gbgMHoMmIdMWo  53MBEH03NMO  033MELYdIOL  30M39WO
399ml3egool  BsHBOO  LobMMboBszool bEMs.  FoMImagboer bsd®MIdo Bgzgbo
90Bsb0s 358396mm, M LYolIMMO 300M5@GHMMOL HBgdmddgEgdom Fsdm{i3gmewo dsgols
boog 8930  d30M95  Foolb 2590930  dogol  LoEOILMLD  FgEsMgdOm.
399mygqbgdmeo  0dbs  LgoldwEmo  300M5GHMEMOL  Bgdmddggdol  dseol 3003060
3°0mm3eol  dgomo. 939,  3006MGHMMOL  HgImddggdom  309BMYssTHMEODY
Pom0mgdmmo  537LGH03MM0 69306 LsdMswgdom  dogols godmm3zErol GgoMPO s
J96g4oM5L L8O gdom BOWSBY 300M5EHMMOL BgImJdggdol FgsMgdomo sbseobBols
d9oOMO.
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d9l535¢m0

©5353)9d0m0  39Jobo3memo b gagdBHemdsgbod o  Hgdmddngds, MHMAgEos
99000905 253009300 6530gd0 0gmlb 356 F59tmdMs3909 dogsby, LBH03-Lgrodol
36MHm39LoL OML Fg0dEgds godmofiz0mlb BHMmORIM0MmYds s LobJMMbobsEos , o3 0Tl
Bodbogl, Mmd g Bm3zwgbgdo  ©H393806MgdMos  MBOYIBHIOOL  sMfM30]3
MOHM0YOHNJIYIILMb, MM, 3O0GH0IM  IEYMIIMGMILMD  sberml  dymdo
LoLEBYFYOOL  SMBLEEHIOOEYOMOOL  0bo30MYILMb [1, 2, 3, 4]. 56y Boswmyom®o
L53)domgdo  JOMOMSPIE ASBOLOZS 2o0Mgdg BgdmJdggdol (FmEOLObYOL) 9x39dEL
bobbol 3953030963 B9 [5].
A®09M000900L 5 BOBJOMBOBIE300L 9x839dBHOL 2oa9ds 890degds 3MBEHMmMEOMIdIO
99b3960896@gd0ol BsdwmsEgd0m. 23635DMEMEF0IID WHdMOSEHMMOMWo 9Ju3gMH0Tg6EJdO
B5ddM5-0em3ol LobiBgdsBy, 4odhg3 dosby 8930 LYLEBHO  39HOMPEO BMOLOBAOL
30600090890.990m0m s0fighow gdudg@0dgbGdo dglfiageowo odbs LmlGo dgdsbozm®o
A96396305¢ M0 s BMHIoer M@0 FmMLoboL 9139d@0 LBEGH03-berodol obsdozsby [6].

7.5.1. b3gg39gM0B96EHM sbsYIMO

B30b  09930Lfs3wgm 5093 YMOMDIOOL  (F9Jobozmeo)  BHM0agMoMgds o
LobJOMbOBsE0s  BTBMO-BM3IOL 9Ju3gMH0TgbEHME LoLEYIsDg, IM3wgbols MbIbEgdo
5379030 gdoboobl Bsfgmol bodwmswmgdom [1, 2, 8, 9].
99b396096GH Mo bR  [oMTmogbl ™m0 30MH0DBMBEHIMMO©
M6096GH0M90Mwo Mbgdo 3853900 BIBIWEHOL BOMOROGJdOL LoLEJISL (Bsob. 3).
99900030, 4 bowEH™Mbol Moyol, 2530930 dses IMYOME0s BgEs (FMLEMOSWY) BowsDY;
39O 5dols,  LoLEBYISDY  dmEIdMo  ogm  bbgoslbgs  $83wodol  bLMLEO
3960mEwwo d90xmmgds. 994560300 BmOLobyo gobbmmEzogwos  "CB-5" s "CB-20"
bgobIMMO  30dMVGHMMIOOL  LYIMogdom,  Fgbsdsdolo  bMMToEms© o
A96396305 Mo oMo Hgdmddggdolomgol. 994960360 3006530
06@&9blogmds M9MX0M©IdMES 300M5EGHMOBY IMYdo dsd30L LTS IdIOm.
DoddM5-0¢rm3ol  dmEgwdo  LEOsEol  ©obsdozgs  ©sdM30YdIMYos  DsddsMoL K
LoboliBgbg s 39930l V Lobds®gbyg (Boettcher os Marone, 2004). sdseo bobJstgByg b
363980 OYsJLOEFOIBO bolosMOLLS, FYsgEIMO LoRJsMGHY 39MHOMPME0s S oMo
LoBJo6gBg 8905609000 BEBOdOMEM0s, 9800H3930000 49IBEOYOO.

P30b  9930Lfo3wgon 9093 YMOEMDYOOL  (09Jobozmeo)  BHEM0ggHoMgds o
LobJOMBOBsE0s, 9gB3gM0TIBEHIO BFdIMS-dEMIOL LobBHYBsDY, 939LGH0ZMMO gdolools
Bof9geoL Lodrogdom; 1dMms30 s JMdMO30 dsDOWEHOL BoErgdo 0gm EIHIMBOWO
»bg850 ©5398539090. Bgs30HDBY 939MH0wgd0L BLodsweggdo oym 0.1-0.2 83 s6mgdo.
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65b.7.26. 94b396H0096EM0 HFdG5-03m30L ImEgerol gds@ Mo Fo@dmoygbos: 1 -
1G900W0HOMYOIMOo 33900l dEM30, 2 - 3:33009BHIO0, 3 - 2505dW0xMYdIW0, 4 -
1mOLobyoL Logabsol 49bgMms@MmEMO, 5 - dsd30L 4969 9EHMMO, 6 - dsd30L 45dYmax0, 7 -
2990930 dmHgmdomds, 8 - 39blmIgBHMO, 9 - obsdmIgEH®MO, 10 - BsddsMs, 11 -
309BM9w9d GO0 3000gd0, 12 - 9engd@G® ™Mo, 13 - 3036MsGHMMO0, 14 - ImbMmoswg

d@m30, 15 - 3odlo®mgdmmo dermzo, 16 - gergdEHomo.

B39b0  3mbB3M9gEHWMwo  99m(356900050  godmB0baty gdudgMH0TgbBHYO0  BoGoMs, Q969
©990gd9900L (BMOLObYOL) BYs30M0L 35059 IMs© (BHobagb0swwmo BmMLObO)
9900l 306:Md9dd0.

396396305 MGms©  BmEIdo  Bgdmddggdol  30MHMdgddo  B3gb  AsdMZMIOWgm
99496039600 gmOLOBYOL Joduodorymo I60dz69wMds, HMIgEoE dggbsdsdgds dgdsbome
30065@™MMOBg dmgdme dodlodsermE dsdgzsl (9.0. HMEILSE 30dMIEHMMDY dEIOE0s 6
3 05035). LgoLdw® 300MGHMOL  o5J3b dxMds 9gwgdgbBHo (Isbs) mM=10y, GmIgerog

K
m30@oMmBL s MLEOOMYBOL Lsgmmsto Lobdomy f = \/% =203 3, ULoog k s®ol

3006M5GHMMOL BoddMOL LObOLE)Y. 2odmbobMEgd0Eb B396 Jogomgdom k=400 m =4 N/m.
9009099 5gdlodoe dsd35Bg (63) BgMbg30 9egdgbEHol FodlodoeEMO HoIbES
Xmax & 107° M, 39L50580bs BGLOBYOL Bogdlodswwyeo 8603369wMds 56U
Frax =KX = 4.10°N (7.14)
65y0s3  BMOLObyo  39M0MmEME0s, dobo dolo BodEobscy I6036gwMds  EOL:
F =F,,, CoS(27at). 3086s@m6m0l dseols 33600930l 35dlodscwry®o LoBJst:
dF

(E)"“X =2k, ~0,75N /s (7.15)

Hobebob (g98f930) dsems sOob  Fy = Kl bogsg K 960l 3586930 B593560l boboli@g o |
5M0L  DoddsM0L  ogMdgargds. Bz9bL  9Ju3gM08g6@Jdd0  godfigz0 doeols  33EP0EgdOl
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dF
LoBdoMg oym d_tfr = (KI)" = Kv ULosg V 90l 45930l bLoBdstg. B3gbl 9dudg@odgb@gddo

dF
v~09mm/s, K~ 250N/m,i.e. dt” ~0,2N/s.

39600M©OMEo (300653HMMol) dogrol BLoBJsMOL BsMMdS 4sd(g30 docols LoBdsMgliomsb
560L:

dF, /dt
" ~03 (7.16)
(dF /dt), .,

BmOLObyoL LoBdo®g dg@os 9hg30L dosgrol LoBJoMgbg, 9305 LobJMmbobsios
d9L5degdgeos [10].

7.5.2. dg6M0b §bg30L Gglio

bdol  {Bggs 96  93mLE0IMMo  (1Bg3zs  9M0L, dagMomo  GHowegdom  gsdmf3gero,
5030w MdM030 {65930l 49IBMS A3MAML (Lodroem, 56 Fmbolifim®mmds) o@ImMbEggHXEo
$169300056. 39M0L {69306 by (SPL) 6 d96M0L mby 5ol gx39J&wdo dygmol Hbgzol
WMysMHoMdNNo LsBmdo dygMols gEIwmbye 96093690mdsLmsb dgstmgdom. ol
0DMIgds 93009 gddo (AB) bEobo®@EHwaro g@&owmbmmo mbol bgdmom.

Przms PT
Lp = 10[0910 (Pfef) = ZOIOglo(P ) (717)

B5@d3 Prep 96M0L 9@ombm®o d39m0L (6935 @5 Frms 5M0L goBm8owo 83960l {Bgzol
LodMOEM 335MIEGHNIO oM.

B39 90M035@ 259m0yggbgds g@smbMmo dygmol §6935 Prer = 20 pPa.
0ol 3om35¢olfobgdom, mad:

ms
ref

Prms
Lp = 2010g10(20 upa) (7.18)
903009000:
L
P.... = 1020.20 pPa (7.19)

dod 390dgds godMm3m35EMm, MHMYMO3:

F =P,sS (7.20)
Bob.2-Bg  Homdmygboeos 309Bm  LgblmMol  Lsdwmowgdom  bdsrMol  BsbsfgMo s
30065@ ™Mol ZmOLOBYOL Bsb5HgMH0. 300MH5GHMMO BMmMs3LgdEo 0gm FMBMOsMY BowsbY
(Bob.4) 5 MO0 oym 2.5 g dsd3s. OMamOE 65b.3-sb BBL 309BM LgbLmMHby
©930LGHM0MIONO HIsIMoL LOOEY WIbEMgdom 5oL L, =-30 dB. 53 8mbs39990%9
©9MbMd0m dg0dwgds godmgmazswmm (16930 Py :
Poms = 102_?.20 nPa =10_2_?. 20 yPa = % .107° Pa (7.21)
39L50580L5 2OTMOMNZNGS dogNs:
F=P,S~ % 1075 Pa.10"2m? ~ 10~8N (7.22)
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50 290MmmM3w90Dg IYMOBbMBOM, Bgs FBowrsbg 30dMGHMOOL  FMOLObYOL 9x39JGo
3500056 LEos (1078N) s 8930s@ 330095 398F93 dowslmseb d9@otgdom, Hrdgwogs
5oL LsbErmgdom 4N. 300093 MBOM Bs3egd0 FMOLObyo MOl dMmEYdMEr0 FMIMIMOOL
90050077900, MoA0s3 Bgs Fows 53 08O MYWGd00 M5dIbx Mg 30695
300069 3903035 MM0 80N gdom (b5b.7.27).
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-20.6

—24.1 4
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65b.7.27. LyoLbid® 30dMeEHMODY IEYdwIo dsd30L BsbsfgMo (J3gws s™bo) s
3091099 GHOY0 35s3fmol doge HgRoLEMOMYdMEO blsw®o (BgEs sGbo). Y-
©96do 34308396900 063 gblogmdOL dB, X- 0gMdo sG0ol O™ (G3mMLOBYOL 3gHoMmEO sGOL
50 ms), y-0963do 53795E032960 Loabagrol 0bEgblogmds dB.

T |0.000 1.000

2.000

3.000 4.000

-26.6
-30.1 -
-36.1 -
-Inf,
-36.1 A

-30.1 -

-26.6

B5b.7.28. 3oL 498356000 gdwo BsbsfgMo 309Bm gblm®mbg LgoldwMo 30dEMsEHMMOL
b99mgddg9d0l 306HMd93d0, HMIgebga 2.5 V dsd355 dmEgdmeo. Y- mgmdo 330839690
0639bLogMmdoL dB, X- 0g®do o™ §539030, Y-0903d0 53798E0329600 Logbowrol
06¢9blogmdol dB.
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7.5.3. 3500006905 JobJsGom

bos  (0mdM3)  gFowrsbg  ImEgdwo  LgobdMo  3odMIGMOOL  FmMOLObROL
5930@MoL LRI Ro@oMs 899ga0 9Ju3gM0dgbEo. Fgx3slios Bgs (8mdGms3)
BoEsbmob  Jobdo®msls dgxobgdol ggao FoMdmgdmwo B9gdmddggds. JobdoMols dobo
m=15 g, Jobdomsl LogMdy 1=50 13. b6sb.3-Bg s bBob.4-Bg HoMmImygbowos
9939603963930, HMEILsE Lodbswols MHYAOLEHGMS30S FoMdmgds 30gDm Lgblm&om (bsb.3)
5 bgoldmemo LgblmMoom (Bob.4). Jobgotol Tgxobgds  Bgws OLIMLME FoMImgds
Lb3o0slb3s oLEBBE0gdYY: 1, 2, 3, 4, 5, 6, 7 s 8 113. Bz960 FoBB0s, GMI Fodmgzgmzswmm
dod OMIomd3 JobJos dmddggdl Bowsby Tgxsbgdoll @OML. 53 dogrs ooy
0g69%5 Ubgoolbgs dgxobgdol Lbgosbbgs  ©@olEB6E0gdol ML, 99930 gdIw0s
2396bmGM 309wl 89990 o9b36M089d9d0:
1. bHgobo 3MBOE0WB BBZsILBIs FoILOYOOL O™ Mo LoTsEgl 5093l JobJotrs
2. 99L505d0lo 3mEH9bgommo gbgtyos
3. J9Bg965l LobdoMg B30Wslimsb Fgxsbgdol dmdgb@do
4. B99cgdggdol ImdgbEol ooy (033Wwbo) OMIgWLsE Jobdoms Foaligdl Gowosls
(LEYWo 033MEWLoL B MGd0m bobgzsM0)
5. dm@mb, Jgxsbgool bsby®dwogmdol 3m©bols d90mbgg3580,d9L5degdgeos dogrols

23003

65b.7.29. LyolidE®o 300GMSEGHMMO (1), MMIgEbyE dmEYdME0s 2.5 3 dsd35, J0TogMgdIEos
9bO0sng BoEsDHY. 539U3H03MOO Logbsol MYaOLEHMOMIds bEgds 305DMmlgblmMoo (2).
33713037960 Logbool 35¢0dMGds bEds JsbJotrsls sdmygbgdom (3).
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65b.7.30. LyoLdMMHO 303GMIEMOO (1), BMIYE B3 IMEYIMEE0s 2.5 3 d35, F0ToRMYGOP O
9bOH0sg BowrsbHY. 5379LEH03O0 Logbswols MgaolBHM0MmYds begds Lgolbdmemo
30065BHMMO0m (2). 531LE039M0 LOABIEIOL 35¢OdOYdS BEYdS JobJsGl godmygbgdoo (3).

65b.7.31-%Bg 653969008 USB  mligommbzm3ol Bsdosmgdom  3539m9dwo  Bsbsfigdo,
MG J9bJs6s 4obMOWos 5 LsbEH0dgBHMom. bgoldwe 303MHGMOHDY dMmEYdY0s 2.5
3 05035 5 13 gd>EbOOL EOML JobdoMs sol  h &~ 5.1073F Lodswwgbg, Fqlsdsdolo
3m¢9b3osw®mo gbgeos E, = mgh.  Jsbdotsl LoBdo®g gowsbmsb Fgxsbgdolsl v =
\/ﬂ ~ 0.3 d/po, Jobdo®sL dog® R0wolsm3z0l 3953990 003lo
p ~ 2,25.1073 38. 3/ 0.

Bob.7.31-  965¢r0BoEsb  3ob33b0m, BMI  BsBBIMI-Gorol  MOMNOYMEJIJIOOL
bobaMdeogmds t = 0.025pd0. 9gbodsdobo, Bgdmddggdol doems séob: F = % ~ 8.107%26

=
=]

2.5 -

-6.D
-12.0

“Inf. !

-12.0
6.0
-2.5

-2.5

Bob.7.31. LyolidxmEo LgblmEOL LsdrsEgdom 5 LEbEH0TgGHMDY FoIbOHOEO JobJstrsls
B0EsbMob Tgxobgdol OML gbgMoM9gdvIeo 539UE039M0 LORBIOL FoBsMNMYdMO
BoBFM0, Y-096mdo 230839690 939L3H03w9M0 Logbocol 0bEHgblogmdsl dB, X-0gMdo M.
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3b®oo 1. J56JsM0l 25sbMgdol s Bowsby FgLlodsdol gmmLobyol d60dzbgarmdgdols
305300

30bMs | 1 2 3 4 5 6 7 8
L0

bodomany, | 2.107* 8.107* | 18.107* | 32.107* | 5.1073| 7,2.1073| 9,8.1073| 12,8.1073
9

Jobdotols | 2.1072| 2,7.1072| 6.1072 | 7,5.1072| 8.1072| 11.1072 | 13.107% | 15.1072
x3mOLboby
0,6

OMOE 65b.7.31-00b BBL  Jobdo®msl gowrslmsb Fgxobgdol 89gas©  s0dOHYo
Logbogro 935830Mm© 5GOL BsfgMHowo Fglisdsdol sGbDBY. 6583969000 5 LB-00 dosbMoo
Jo6doMm5L Ggx9bgdol 999y 5©0dOHIo 03399bo. bgobI MO F0IMOGHMOO MG YYBOM
ImOLss Jobgotsls Tgxobgdol 9mG0wosb 3009 30gHm Lgbbm®o. 30gBmgwgd@®re
L9gbLMEOBY JobJoIl BOW LMD Tgxobgdom S0IMIEO LoEbswro B93MSE MTROM dE0gMOY,
300009  LgoldOo 303MSGHMOOL  9R39dBHO0. JobJoMl  BgImddggdol  S3WOoBHY©S
©9bEmgdom  50-x9H  50gds@gds  300M5GMOOL  9x3gdBL.  F9godegds  0mgzsl, ®mI
bgoLIMOO  303MOGHMMOL BOWSDBY Bgdmgdggdol doews 193G  Bo3gdos, 30MY
J96456l D880l doems - Eosbmmgdoo 1073 6. Lbgsslbgs 8gommo 335393l
Ubgoslbgs mobsgsm@EMdsl m®Lobals ©s gdFg3 dowsls Bmeol 1073 @s61078 doy.
392300005  ©535133bom, MMI FmIMO3 Bowrsbg BMOLOBYOL dogrol  0bEgblogmds
5096009 M0gom b53egd0s godfig30 ool 0bEH9blogmdsby.
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(VES) 360b3030m. 3903035060 gargd@®meo bmbootmgds 230639690l dofolidgqds

5396900l 29650 gdsl ggd@BHm o Fobsmmdol dobggzs0m s 335993l Lodrgogdsls
©535030bMmm omMmEMmyoMHo FOHowo.

[T (W ors | |_tmae apens sy Logers LR

L
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65b.8.1. 9e9dBHMMbodogdm s35Mo@ s (Earth Resistivity Meter 16GL-N) dgfigeol Loggery
33093900L5030U, 5) S ) oHMIZg00 FMHIMA3IOOL bo53EHMIMdOEM 3Bl J0IWYdMY
39049009, 3) 25HM3z0L 99900l ©s3T539d5 JE9dEHMMLId0GOM 5356M5EIMOL
139O GO 3OMYMST00

8.1 bmzmb dgfig®ol 33¢035 39ME039XMO JegdBHMEo BrmboMgdol (39B) s
dmbgdMog0 39eols IgomEom

L55bRM0dM 39M0MmETo BoGo®ms 3033 gJumEmo 4gmR0Bo3MGmO 3393900 gbymEol
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Resistivity Meter 16GL-N) 9mbsioergmds 9030090 506086 bsd8smgddo. bobsBbbg
(65bH.2) Hodmagboe0s 506060 b53w9dsmgdol F0dobsMmgmds s d9Hy®ol gem-9M0
090G0wdo  Lsdgegd@OH™mEosbo IgmmEom  gobmdowo 39MHEH039WMMHO  JergdGHMmEo
BmboMgdol 990093900. 30953030050 Bsbl, HMI LOMIOL BOHILME ghmew I30M©Ids
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Conclusion

The ultimate goal of the work is a comprehensive study of the landslide preparing process
dynamics. In particular, with laboratory experiments and numerical modeling, we want to evaluate
the effects of weak impact or influence (ie, moisture, seismic fluctuations, temperature and other
parameters change) on landslides and seismic process probability.

Various numerical experiments and laboratory tests based on the analysis of the seismic process
and the interaction between landslides and small external influence is an important practical and
fundamental scientific value of the subject.

Was assembled the device where is possible carriyng out stick-slip process modeling
experiments on spring-slider model. The system consists of movable and immovable basalt blocks.
Movable block may move about 80 cm distance. It is possible to change pulling velocity in the
range of (0.1 -1 mm / sec). Is possible acceleration and acoustic emission registration and pulling
force value recording. It is also possible imposing the triggering influence on several points of
immovable plate.

Also was assembled Burridge-Knopoff experimental equipment. Burridge-Knopoff unit
represents a some small plates of basalt, which are connected to each other with springs. These
plates can slip on large basalt plate. Each of the small plate is connected with spring to the top
platform, which can move with certain speed and pull also small plates. In this case, it is also
possible registration the acceleration and acoustic emission and measure pulling force. It is also
possible imposing triggering influence on several points of immovable plate.

Was made inclined experimental equipment. The device is also possible to conduct experiments
on small basalt plates slidings on a immovable basalt plate. It is possible change the tilt angle from
10 ° to 50 °. In this case is also possible registration of the acceleration and acoustic emission . On
immovable basalt plate is possible imposing triggering influence in the upper surface and a rear
surface in 6 points and in 2 points accordingly.

Assembled was also inclined equipment for landslide modeling . The tilt angle change on this
equipment is in the range from 0 ° to 80 °. On the device is mounted ditch, in which was placed
sand or other landslide materials and investigated landslide slip triggering conditions. It turned out
that by moderate wetting of materials increases critical slip angle.

One of the purposes of our research is the recording of slow movements (the beginning of slip)
and the compilation of conditions for monitoring landslides using the acoustic emission record. For
this purpose, we assembled a special installation. A plastic barrel is filled with a landslide material,
a barrel is cylindrically filled with small stones in the center of the barrel, and in the center there is
a thick-walled steel pipe that transmits an acoustic signal that has arisen in the small stones to the
acoustic sensor. In the installation, the deformation is effected by means of a mechanical jack. The
purpose of acoustic monitoring is to record acoustic signals that arise when geological structures
are pre-moved before the landslide activation.

One of the interesting results of the work carried out within the framework of our project is the
triggering of landslides in conditions of weak external influences and environmental parameters.
Also interesting is landslide modeling by different fractions of granular material between the
sliding surfaces. Seismic processess modeling similar to oure experiments carried out by the
various authors [48,49,50,18,97,98].

Experiments were carried out on a standard spring-block system (on fixed and mobile basalt
plates) with uniform pulling under a small mechanical (normal and tangential) periodic
influence. Under certain conditions, the system shows the effect of synchronization of microslips
with small external periodic forcing.

A series of electrical impulses applied to the mechanical system, which was brought to a critical
position. The electric field was applied either parallel to the slip surface or in (first method) or
perpendicular (second method). It turned out that in the first case, the electric pulses initiate
slipping with probability P ~0.07, AV =1300V and with P ~ 0.2 probability in the case of
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applying voltage AV ~10KkV . In the second case, the application of an electromagnetic pulse
makes slipping very difficult: the upper plate remained stationary even at an angle considerably
exceeding the critical angle.

It was also found that an increase in the amplitude of the external (forcing) causes an decrease
in the pulse duration (on average). The amplitude of the forcing applied to the sliding plate is
several orders of magnitude smaller than the pulling force and the ratio of the forcing to the pulling
force is about 10 — 107

We investigated the triggering of instability by recording the accelerations and acoustic
emission accompanying the phenomenon of slip. The trigger effect detected by a simple model
depends on the spring stiffness, the angle of inclination, the installation site and the number of
vibrators, the amplitude of the trigger signal, and the humidity of the sliding surfaces. The greater
the distance from the vibrator to the sliding plate, the more time is needed for triggering. We also
showed that the trigger effect also depends on the exposure (parking) time of the sliding
platebefore the vibration forcing begins: this test imitates the activation of landslides by seismic
waves.

In order to better understand the physical mechanism triggering, a more a more powerful source
of triggering is required and experiments are performed under different experimental conditions.

We also conducted a study of natural landslide areas using vertical electricsounding and natural
field method. Gombori, Mukhatgverdi, Goubani and Kokho (territory of Inguri hydroelectric power
station) landslides were investigated. The processing of the results obtained, the construction of
electrical sections, the compilation of lithology and the calculation of safety factors (FS) were
carried out.

A mathematical model of the motion of a landslide was studied on thebasis of Navier-Stokes
system equations. A numerical model of the two-phase (water - material) body of the landslide
(mudflow) was also studied. This modeling is interesting from the scientific point of view, but in
the future, if the monitoring system will starts, it will have great applied potential for predicting the
regime of the landslide movement.

The study of seismic induction of landslides in Georgia, as well as the explanation of the
dependence of the ststistical and dynamic properties of the generation of landslides and
earthquakes in dependence also on the properties of elasticity and friction of the surface of faults
and slip, have a common scientific and practical significance.

The obtained results fundamentaly confirm the prospect of the possibility of controlling the
mass movement and seismicity, with the help of a relatively weak artificial (powerful
electromagnetic pulse, mechanical vibrations) or natural (earthquakes, heavy rain, thunder, storm,
...) impacts.
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3akJIroueHue

KoneuHnast menp mpencTaBIeHHOM pabOThl 3aKIIOYAeTCs B BCEOOBEMIIIOIIEM HCCIEIOBAHUU
OUHAMHUKHU IIpolecca IOArOTOBKU OION3HSI. B 4acTHOCTH, YMCIEHHBIM MOJEIUPOBAHUEM U
71a00paTOPHBIMU OIBITAMH MBI XOTUM OLEHUTH 3 ekt BausHUS clabbIX BHEIIHMX BO3IEHCTBUI
WM BIUSHHA (T.€. M3MEHEHHEM BIIQYKHOCTH, CEMCMHUYECKUX TOJYKOB, TEMIEpaTypsl M APYTHX
[IapaMeTPOB) HA BEPOSITHOCTh BOZHUKHOBEHHS OIIOJI3HEBBIX UM CEMCMUYECKUX IPOLIECCOB.

[IpencraBneHHble TONYYEHHBIX HA OCHOBE AaHAIM3a PE3YJNbTaTOB pa3IMYHBIX LUPPOBBIX
SKCIEPUMEHTOB M J1a0OPAaTOPHBIX HCCIEJOBAHMH B3aMMOJEHCTBUS CEHCMHUYECKHX IMPOLECCOB U
OTOJI3HEH W MCCNeOBaHMA AWHAMHMKM CJIA00T0 BHEIIHETO BO3ACHCTBUA SIBIAIOTCS NPEIMETOM
3HAYUTENIbHBIX [IPAKTUYECKUX U (PyHIaMEHTaIbHBIX HAYYHBIX [IEHHOCTEM.

Boula cobpana yctaHoBKa KOTOpas JaeT BO3MOXKHOCTb TPOBEACHUS SKCIEPUMEHTOB IO
MOJIETTUPOBAHUIO IIPOILIECCOB HEPAaBHOMEPHOTO TPEHWS (CTUK-CIIMII) HA MPYKHUHHO-OJOYHOM
monenu. CucremMa COCTOMT M3 TOABIXKHBIX W HENOABWXKHBIX 0a3ajbTOBBIX  OJIOKOB.
[NoaBwxHBIN 60K MOXKET MepeMemaTbes Ha paccrostHue 10 80 cM. CKOpPOCTh MPOTSIKKHA MOXKHO
MeHsaTh B mpemenax 0.1 — 1.0 mm/cek. Mmeercs BO3MOXKHOCTh PETHCTPAallMM BEJIHYUHBI U
HaIpaBJICHUs] YCKOPEHUSI U aKyCTHYECKON 3MHCCHH, a TAKXKe 3allHiCH TSAroBoro ycuius. Vmeercs
TAaKXKE BO3MOXKHOCTHh MPHWIOKEHUS] TPUITEPUPYIOMIETO BO3JCHCTBUS B HEECKOJIBKUX TOYKaX
HEIIOABY)KHOM IUIUTEI.

brima Takke coOpaHa OKCHepuMeHTallbHas ycTaHoBKa bypumk-KHomoBa, koropas
MIPEICTaBIsIeT COOOH HECKOJBKO HEeOONBIHNX 0a3ajlbTOBBIX IUIUTOK, COSAMHEHHBIX MEXIY COOOi
CIHUPATBHBIMU TIPY)KMHAMH PACTSDKEHUS. JTH IUIMTKH MOYKHO TPOTACKUBATh MO MOBEPXHOCTH
HEMOoJBMXHOW Ooubmol 0azanbToBO# TumTh. Kakmas n3 HEOONBIINX IUIUTOK B CBOIO OYepenb
MOJICOeIMHEHA TPYXUHOW K BEpXHEW TAHyIIEH rargopme, KOTOpas MOXKET IepeMeIlaThes ¢
OTIPEICICHHON CKOPOCTBIO M TIPU STOM MPHUBOAMUTH B JBIDKEHHE IYT U3 MaJbIX 0a3ajJbTOBBIX
mwiacTiH. M B 3TOM cllydyae MMeeTcsi BO3MOXKHOCTh PETHCTPALMM YCKOPEHUS] W aKyCTHYECKOH
SMHCCUH, A TAaKKE HM3MEPEHHUsl TAroBOro ycwius. lmeercs Takke BO3MOMXHOCTb HPUIOKEHHS
TPUTTEPUPYIOILETO BO3ACHCTBHUS B HECKOJIBKUX TOYKAX HETOIBM)KHOM TUIUTHI.

H3roToBieHa Takke HaKJIOHHAs SKCIIEPUMEHTAIbHAsT YCTAHOBKA, HA KOTOPOH TaKke BO3MOMXKHO
MIPOBEICHNE IKCIIEPUMEHTOB I10 MPOCKAIB3bIBAHUIO MAJIBIX 0a3aJIbTOBBIX IJIMTOK 110 HEMOABHKHON
0a3anbTOBOM IUIMTE. YTOJ HaKJIOHA YCTaHOBKH MOXKET MEHsThcs B mpenenax 10° - 50°. U B satom
cllyyae MMEETCS BO3MOXKHOCTh PETUCTpAIIMM YCKOPEHUS W aKycTHYecKo smuccuu. Hmeercs
BO3MOXHOCTD MPHJIOKEHHUST TPUTTEPUPYIOIIETO BO3/ICHCTBUSL B 6 TOUKaxX C BEPXHEH CTOPOHBI U B
2 TOYKAax C HIXKHEUW CTOPOHBI HEMTOABUYKHOU TIIUTHIL.

bouta coOpaHa Taxke HaKJIOHHAs YCTaHOBKA Ui MOJIEIMPOBAHMA OMNON3HEH. Jlnama3zoH
W3MEHEHUS yriia HakjIoHa padodero croina - 0° - 80°. CMOHTHpOBaHHAs Ha yCTAaHOBKE TIACTHKOBAS
KIOBETa 3aIlOJHSJIACh MECKOM MJIM Pa3HBbIM OIIOJI3HEBBIM MaTEpHAJiOM, YTO JIaBaJI0 BO3MOXKHOCTb
HCCIIEI0BAaTh YCJIOBUSL TPUITEPUPOBAHMS Ui Hayalla CcOCKayib3biBaHus. OKas3ajaoch, YTO IPHU
OTIpE/ICIEHHOM YPOBHE CMaYMBaHUS KPUTHUECKHI YTOJI COCKAIb3bIBAaHHS PACTET.

OpHoii U3 1enel HaIlMX UCCIIEAOBAaHMHN SBISIETCS] PErUCTpalys MEAJICHHBIX ABHKECHUH (Ha4ajo
CKOJIB)XEHUsS]) M COCTABJICHHWE YCJIOBUH MOHHUTOPHHIA OIOJ3HEH C HCIOJIb30BAaHUEM 3allicCH
akyctudeckoil smuccuu. C 3TO# 1eapi0 HaMH OblIa coOpaHa crenmaibHas yCTaHOBKa (puc.2).
[TmacTrkoBasi 6OYKa 3amONHSAETCS OMOJ3HEBBIM MAaTEPUAIOM, B IIEHTpE OOYKH IMIHHAPUYECKU
3achinad 1ieOeHb, a B LEHTPE HAXOIUTCS TOJCTOCTEHHAs CTajbHasi TpyOa, KoTopas mepenaeT
BO3HUKINUI B NeOHE aKyCTUYECKUI CHUTHAN aKyCTUYECKOMY JIATYUKY. B ycTaHoBke nedopmarus
OCYIIECTBISIETCA C TOMOIIBI0 MEXaHHYECKOro JoMKpaTa. Llemb akycTWYecKkoro MOHHTOPHHTA
3aKIII0YaeTCsl B 3alMCH  aKyCTHMYECKMX CHTHAJOB, BO3HUKAIONIMX IPH MPeIBapUTEILHOM
MEPEMEILICHUN T€0JIOTMYECKUX CTPYKTYD €Il 10 aKTUBALUN OMOI3HSL.

OJIHUM W3 UHTEPECHBIX PE3YJIBTATOB Pa0OT, MPOBENIEHHBIX B paMKaX HAIIEr0 MPOEKTa, SIBISETCS
TPUITEPUPOBAHHUE OIOJ3HEH B YCIOBHUSX CJIA0OBIX BHELIHMX BO3JCHCTBUHA M HapamMeTpOB CPEIbI.
MogenupoBaHue OIONA3HEH MPOUCXOIWIO TAKXKE NPU HATUYMHU 3E€PHUCTOTO MaTepuana pa3HbIX
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¢dpakuuil MeXIy CKONb3SLIBIMU MOBEPXHOCTSIMU. [10100HBIE SKCIEPUMEHTHI OBLIM IPOBEIECHBI
NPY MOJICTMPOBAHHUH CEHCMIYECKHX NPOLIECCOB pa3HbIMU aBTopamu [48,49,50,18,97,98].

b mpoBenmeHBl AKCIEPUMEHTH Ha CTaHAAPTHON NPYKWHHO-OJIOYHOHN cucteme (Ha
HETOABWKHOM W IOJBM)XHBIX 0a3ajbTOBBIX IUINTaX) IPU PABHOMEPHOH HPOTSKKE MPU MAJIOM
MEXaHMYECKOM (HOpPMaJIFHOM U TaHTCHIMOHAJIbHOM) MEPUOJMYECKOM Bo3leicTBuu. B
OIIpPEIENICHHBIX YCJOBUSIX CHCTEMa IIOKa3blBaeT 0€3 CilIydaeB MHKpPONPOCKANb3bIBAaHUA IPGHEKT
CHUHXPOHHM3ALUH C MaJBIMHU NEPUOJUUECKIUMHU BO3IEHCTBUSIMH.

K mexanuueckoil cucteme, KOTopas Oblia JOBEJEHA A0 KPUTHYECKOTO TOJIOKEHHS, ObLIa
MPUIOKEHA CEPHsI MOIIHBIX AJIEKTPUUYECKUX UMITYJIBCOB. DJIEKTPUUECKOE T0Je OBbLIO MPHIIOKEHO
WK NapaJljIeTIbHO OBEPXHOCTH COCKAJIb3bIBAHMUS (II€PBBIM METOA) WU MEPIEHANUKYIIIPHO (BTOPOI
MeTtox). Okazanoch, YTO B TEPBOM Cclydae OJJCKTPUUYECKHUE HUMITYJIbCHl HHUIHMHAPYIOT
cockanb3biBanre ¢ BepostHocThio P ~ 0.07, mpu AV =1300V, a B ciydae npukiagsiBaHus
Hanpsoxkenus — ¢ BepostHocThio P ~ 0.2 mpu AV =10kV . Bo Bropom ciydae npumeHeHue
JIEKTPOMAarHUTHOI'O MMIIYJIbCa CYIIECTBEHHO 3aTPyAHSET COCKalb3bIBAaHHME: BEPXHHUHM oOpazer
OCTaBaJICS] HEMOABIKHBIM Ja)Ke MPH yIJie, 3HAUYUTEIBHO [IPEBBIIIAOIEM KPUTHIECKUN YTOJI.

Bbuto HaliieHO Takke, 4TO POCT aMIUIUTY/bl BHEHIHEro BO3AeHCTBHA ((DOPCHHT) BBI3BIBAET

yYMEHBIIIEHHE TPOJOIDKUTEILHOCTH UMITYJIbCOB (B CpeHEM). AMITIMTY/Ja BHEITHETO BO3JIEHCTBUS,
MPWIOKEHHAs] K CKOJB3AIIEH IUIUTE, HA HECKOJIBKO MOPAIKOB MEHBIIE CUIIBI TSTH M COOTHOILICHUE
BeTMUMHBI (DOPCHHTA K ITIABHOM CHIIE TSTH cocTapisieT npumepHo 10 — 107 -
Mpl uccnenoBany TPUITEPUPOBAHHE HECTAOMIBHOCTH C IIOMOIIBIO 3alMCH YCKOPEHHH U
aKyCTHYECKOW SMHCCHH, CONPOBOXIAIOIIMX SIBJICHHE CKOJIbKCHHA.BBIABICHHBIH C IOMOLIBIO
npoctoil Moaennd(GEKT TPUITEPUPOBAHUS 3aBUCUT OT JKECTKOCTH HIPYXKHH, yIila HakKJIOHA, OT
MeCTa YCTaHOBKU W KOJIMYECTBAa BUOPATOPOB, aMILUIUTYABI TPUTTEPUPYIOLIETO CUTHAIIA, BIAYKHOCTH
MOBEPXHOCTEH CKONbXeHus. Yem Ooiple paccTosHHE OT BHOpaTopa [0 CKOJB3SILEH IUIACTHHBI,
TeM OOIBIIe BPEMEHH HEOOXOIMMO JUIsl TPUITEPHPOBAHHUA. MBI TMOKa3zalw Takke, 9To 3(pdext
TPUITEPUPOBAHHS 3aBUCHUT M OT BPEMEHH DKCIIO3WIMH (TTAPKUHTA) CKONB3SIMICH TUIMTHI 10 Hadana
BUOpAIIMOHHOTO  (JOPCHHTA: 3TOT TECT NPOBOAUT HWMMHTAIMIO AaKTUBU3AIMKA  OMOJI3HEU
CEHCMMUYECKUMH BOJTHAMH.

st TOro, 4ToOBI JTydilie TIOHATh (PU3UUSCKUN MEXaHHM3M TPUITEPUPOBaHHUS, TpeOyeTcs OoJiee
MOIHBII ~ UCTOYHUK  TPUTTEPUPOBAHUS W  OCYIIECTBICHHWE  OMBITOB B  Pa3IMYHBIX
9KCHEPUMEHTAIILHBIX YCIOBHSIX.

MBI IpoBeny TakXKe W3yueHHe MPUPOAHBIX OMOJI3HEBBIX TEPPUTOPHI METOAAMH BEPTUKAIBHOTO
DJIEKTPUYECKOTO 30HIAMPOBAHUA U ECTECTBEHHOTO TOJiA. bbumm wucciemoBaHbl ['oMOOpCKwHiA,
Myxarrsepackui, ['oybanckuii n Xokckuii (teppuropust Marypu I'2C) ononsuu. beuia nposenena
00paboTKa TMOJMYYEHHBIX PE3YJIbTAaTOB, IOCTPOCHHE DSJIEKTPHUUECKUX Pa3pe30B, COCTABJICHUE
JIUTOJIOTUH U BeIYHCIIeHUe Koddduimentos 6e3onacuoctu (FS).

bbia n3yueHa maremarudeckasi MOJENb JIBKEHUS OMOJI3HS Ha OCHOBE CHUCTEMBI YpaBHEHHH
HaBre-Ctokca. bpula Takke wu3ydeHa dYHMCIEHHass Mofenb AByx(asHoro (Boma-marepuan)
OTI03HEBOTO Tefa (ceist). ITO MOJSIMPOBAaHNE HHTEPECHO CaMo IO ce0e ¢ Hay4YHOW TOUYKH 3peHus,
HO B OyJayuieMm, B ciy4ae Hadana (yHKIMOHUPOBAHUS CHCTEMBI MOHUTOPUHTA, OHO OyJIET UMETh
0O0JBLION MPUKIIAIHONW NOTSHIHA 7Sl TPOTHO3UPOBAHUS PEKUMA ABHKECHHUS OTOI3HSL.

HccnenoBanne ceiicMUUECKOro HHIyIIMPOBaHUs OMo3HeH B I py3un, Takxke, Kak 1 0ObsICHEHHE
3aBUCUMOCTH CTATUCTHYECKUX U JJUHAMHUYECKHX CBOMCTB T'eHEpPAIMH OTIOJI3HEH U 3eMIIETPSICCHHUN B
3aBUCUMOCTH TaKXe M OT CBOWCTB YIPYTOCTH M TPEHHS IMOBEPXHOCTU PA3JIOMOB M CKOJIBKCHUS,
UMEIOT o0111ee HayyHOe M MPAaKTUIECKOE 3HAUCHHE.

[Mony4yeHHble pe3yNbTaThl NPUHIMIHAIBHO TOATBEPKAAIOT MEPCHEKTHBY BO3MOXKHOCTH
KOHTPOJIMPOBaHUS JBM)KEHHS MAacC W CEHCMUYHOCTH, C TIOMOIIBIO CPABHHUTENLHO CJIaboro
HUCKYCTBEHHOTO (MOLIHBIH 3JIGKTPOMAarHUTHBIA HMMITYyJIbC, MeEXaHHUYecKas BHOpamus) Win
MPUPOAHOTO (3EMIIETPSICEHUS], TMBHEBBIE OCAAKH, TPO3a, YParaHsl, ...) BO3ACHCTBHUSI.
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