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bpfby by Puliblip hwguligdmd whppdwhly Souwbpblpp:
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gmiflpwdp qupdifnud b Sodify fhp dulpbplingfod. wigmfuf Soeubpp fpmaley |
walinul, bpp bpw Sadifs Bhpneflpndep Safwngnal £ dfigle npog Gpfoofolpudput fh-
drefl purtes Ubprssfon gt Snuwbipp pupnpughnad b unep wlilypuls  wnalp  godifeg
(t”rﬁ'z.ﬁ 20”) wpgbpplibpp. Lk i.u!u!l-;pt.r mlu"mq.fu!mé Foanfbygfe 40 wlely pruhs mmf!.
Snuwwliph wyh pwhgnol b OfE wgmpofe wpgbpph ool fiSudle bl Sop-
Juofpls qfidwaypby, wwyw Souwhpp fwlg L owalioale Ubpafoagfite godgif wdldip
Qv fpfned Bl Qo grdds wpgbypl g, b Shaw gqugoad gupd oo pugrndulpfwol
Loy wpgbppl fpugnids bpp lhwwulgdwd ahywfw il Sovwbpp ubg b ownhaal,
alpgpocd Trar niibinol §oppfilpngwd dwlpbplogfl. Shovsgugpol wnwbdfils puphp
bt prape ggdaod wgg qubgfwdfyge Ywlig wnwd hwpulygofwsd wlgufw gl -
wabipp wpmy  Qwpdpwinal Fe Umlpa gl pd pogduh wlpgplowlpuds  sfogoed
wbiugwd hylf mwly hupny bb qubolby gplilpuogud qubgfwduhp: Gk haypfe
T mbyuwpwpdblep wyn Lbylyp, wopu b wrulyfrg whpunfugfile gustopfmd g fpos-
pry b funafof by

* 2002 M Gphpapabslad gpwocflpudiibp f frlasnfronmvufo sphoilbfosideflyn g podife iy

o ———



) HUAUNSLLG UBLILUSE, ZNUBLELLPE LUARUSM TikBubaUn UiLuby 25

ke puwbialpnaf pusdp fppd p duulefrlfiby wpupnidemlpryg whypuefwgfele oposkig-
Swwop qnpdlulpwlinphl fip Sudiefe ffpus ny dfr lyrproasgusgd ul (puypuspfry) Ubpynp-
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Conmdlynefl puidip, 3 ) 21y fils hnpuguyd wh wygbgnflymhp Sudify ofpw. 4) Sodifiy
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iy tm.rzuqfrlr qubiguwdf uwppl wg ppepwSwmblppfmbibbpp,  Fhopbale wd bw-
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Mo dhglr opblphls, fpwd shnpdp’ whpufibph Swalmfndip fungnp phlinphbp wh-
wy gusfrnfubyne whpufegph qobgfedfr Suwmndy cumpropmngpgfinfd pud ps

Lum bplinggf i whpmdw gyl quwbgdwdf fpubgudjiy fpwpepuiimpne Suur-
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;z[; g!mh" um'\'nfmblrbpnuf ﬂm’u{ ;wqﬁyw& ifwhpm';mm llmbqa{md‘-. ‘"mpl{nuf {
gpn L pelinad £ qubigh [ dfupe

! Uppugfup wlgqpioljul gpniinugfpl qubgfuwdf ool fupny §
L Snumbingff pul wwsdwhfy pupdp: :ml{mufmu:mu[umhnpbh npagynud £ Yp,
SusJurguagpte hgpnpe Gynughu, bpb w=120% b fupdp duulplbbph dufugu
hobnp s =2, 7wm/u°, wmwhnul bbp gpndinw ghl quibgfudf duwfupu b !fa'""‘{'
tm —1.39 w/u': Buwpwpuph av fupsp quilibpng  wygughuf Sy Yapn
mclihgny Shgady dhyufuypod Swlwuywmwufuwl jpwlenal b fpaul. wg Up-
phid byl hwlunulp whifwhblp wwurun frly lim[nm.l.f: "mmm[n!l Jpous fus gy Sl
payfrle v hzpnp hpwgdnaul £

Is
‘l';=-;r‘_‘;tn~ (”
npan by -l-r-—m:qmpfs Qunfuwnpugpls lpfnk e

Gl phgndibbp np fungnpuwSunn pupuhl pugugpheh (fngfs, durpin pup,
quupwp) dwiwpuhh . hppnp Swfwewp b 2,3 WA, wyw wyg ghypood ph-
Ipnplbph wurwmfrly hwpaguyy  duwnfwypugple  lpfinpg  fpugdoal § ‘u =2,3—1.,39=
=0,91 w/d*:

Ypw phnpifn] ghlewghh Snumbph wmwhag bhpgnpdniflindip wolbpwbngd |
Swdbdwuwd gpu il 4nuwf:gfl Shin b zprme by dwmbinud bl \'wJﬁnfummrmF
fungnp dwubpliibp: Upg wowgwgbnol b Snvwbpnad hupdp qubgdwdfy ws b,
Swdwwuwmwuppwbaphl, fenbwdofd jul bfwynad:s Gygogba, bk Suwgnpy thavmd
gpothmo hl qubgifwdf funhwfnfyndip ugd oo k w=80%,, wragus B pro deuraf -
qughl lphnth wiod b dpiphk 1, =1,64 /P, pulp phlinpbhph wmuafd Ty fur ety
Quifuwpmghle hpfhnp Wifmgnud £ Jflyh ‘;;=U,?6 w/d% Uygugfrung wpngbup punff-
buwgple pingft £ hpnod, b qupddwh dhy Smygnppupup wnfbyh Thd purliulpmf -
wpwplihp bl Shpgpuffnols Uy e o ol wpe Qoo gug dunfugo il hanfr Wefu-
qoudp puwmpup b, np fpwpdp dwulifihlbpp (fiabfide Qusfo oy of pSw ool e Ffion-
df wqpymp whing b hip, npp phgndowly yhih pupdpugihy  phpodiibpp So-
uwhpnul I wwlhy b
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npnbp  mbbh  phpndihbph  gwdp  Inhghinpwylo: Zovwhph  meppoghi-
mmflymdip  mnwgwyhnd b pwgbhwlol wpmgmflpodiibpl popdp wlpple
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Kauos, 1951*) ¢ Lnuwlhpnul hwpdp dwubfiliibpp pblfihpm] wnwgwyiaal b -
oy quhgdwdf dwoelwmeol b wooppogbionmf gl phgSwhogp Sfugnol. wg
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W hmpgp Swpghpp wppbi Lhaprgfbudfplpagh  phugufwn bl Swlegyfr-
wwitonedy le aphnp b gpondf bl odfr ) pusfuljulwyudy qupgugwd gl pul -
d fryg— whpurif g fole Sl plehiph gltiud plpusgnads Uypg  phwguifuwnnud ghn guin
ply pwle b owpifmd ny dfos gl mbunf pub buimdwdp, wpl finpdp b plwljub
bphnagfubpp ghodwh fbpupbppag, b 1946 f. bphwhfr whpulfr  dwlpughfl
wewmdbowufipof byl wngdd dhmd bf wyg jwpgh gwm b wpfuu-
muhplbpfe Foned (Ernazapos, 1957):

Uyu snmeppoybliun uhpufw il Souwbpbbph  phpfwbpugby pod Swpnifp
dbfumlspgdp pugunprod  bngbughe b lppyalgfud  wbpudibph quipguwgduh
winwglile shovgp. wpy by fr plfugprod gpuspfle d frgusfugpp, hnlu by fii

oguifulihpnod wlpunal b Awpummbayg  Qupdp puquappends Uwlugh,  fhyubu

hzq'm.& b fbploned, phpndiihpp  vwfdwhw il hnbgbimpugfoogpl Swobbineg
Shurn wmnippnigbfmmf@ndip bfwqned b bowgl gl 3 hwpng glonidby fepk
wpufing mudf wypnip, nplh wbfpudhym § dwubfhibpp hwfpudwh b phfugph Thy
bnp dwalfifhp Whpgpudbpne Swdwpe Ubnod | afugpby,  np owgg §obygblm-
pugfwbbpp dudwhwly wwSng ndf bnp wapgap b ownwguboul:

Ywpdp pusguigh pupdp spwpndialpmf o mbbgnyg fuywlydwd wbponfu-
(e Anuwhp mnwymgdwh fwplnp Gofeagp ool b ingpp-ghogbps bynmfify win-
e

Ubpuwgfile Snumbipf ghfuwgpli puqugppef dhy wnwgwmbnd | pupdp du-
hnmhpbw gl Ghgned, bw fjwgdoud b U g="1,2Z, npmby . dunfwpagfile fizfink
| fwupulpgwd wbpufwfh Snuwhpf ghfow e puquappef, npp ghool £ dw-
ol byihpp Jungnp phlpnplibph dhele, fuly z2 glundng lthinf funpnifd gnddip wbpu-
furgple qubigfwdfe dwhbpling@lig: Uyn Swlnmlbliwgpl Shgndp mfbyfy pupdp
b, pulh Sfgprumunpl Signul Gy="1y2, opumby Ty—gpl Surfupughl fapol
be Zunfbymprugple dwlpnulpbliugpte 8hpdwl' W, = wy, — wy, woqnhgnfjwl  mwl
ubpufugple yuligmwdnd wnwgwhnul b édwhgnulps Uyn édwhgnudp nupqifwéd
b oglagle whpuofw g Souwhpl wguon Swhbplngfp

Udwhgilng gpl ptfnedp dwlpnmpliihph spuonbplh wnwgmghoul b Shgpnagf-
bl foly Blplwl qupguwgnulp. wil dwifwpu il nd L Swhgpuwinul, app Sw-
Rwfusnp & J=1i,,, npunbyq ©Apgpanfihly  gpogphiinh Lo Lhpgpin mpu

l”jﬂf‘)ﬂl’ i ‘;uuzmumlr E ﬂmlﬂ:lrn.pq_m”l'b &fuf,puuh!v.& ﬂﬁzmu‘vmﬁ' -HL = M

Tw iw
Runpusgelygrre B sy 2 Sdusegd s mqms, wpafiph i =", Ymbyhy gpum-
Tw
Sl Lup
j = m |we (2)
mi”!lhpl‘ c’lq[fﬂq{l?’”’lr!f& ghz'l[f’l’ q{”f{mumﬂ 4— l‘i]lw!{!ﬂif'b l‘mi’ql!"l&!l 3“#””1!”'
P”}q"lf’,’!fz{l !‘. ?F!‘ d!ulzw(lujllfl !‘zﬂ.!’ mmppf:pnlpimbEl
Gwpd:{ml whpuidf o it qubgifmdfp ghprwfile pugunpfynol gmbifng wupmph
Il'."?ﬂ’l ['Ll”-ﬂ"l'i.'r’]tl!lll "F"’ "‘qfl."f'r " h’tl!lp!f "l.qlll,"‘l" T.‘:u‘ﬂ'ﬂ'l"ﬂ!i!f !’.ﬂf!ﬂj.ﬂ{‘ f’ﬂ'.f'
ffugugfple hphnp, vpp Swiddwygmmmnfewbiool Eopple mmunfy of fidwlyfiie e i hple
"qul{!ﬂé j 4!'q!l"q.!’f!l”"’ll’ !\'szwbil, ﬂllfl u“'uu!l'uyfo[ " zfli] éd"}hg'{lﬂb 4&’"!‘”‘?‘-

prrfr Ughynf wgnugho wwguygwd qllund fily fpwfu pug durdfuspuagfiie g frep Tl’l mikbirp
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ot ]l Susgilf wabbygn (1) & (2) Sufuvwpnulbbpp, vmwbnd L
[ i 1
a=Tr — 2Tm T Tw- (3)

'}'ﬁbwl-rﬁf{ f;mfunurp qut’.npbb ql-pmrlmbgnuf I3 umwmﬁf;ﬁh: u”..f:,.,_ ks
qusifusgfle qualigifwdf w=120% !uﬂbwliﬂl.PJﬂlb mbbgng yhluwghh F"""f""’""!"'ﬁ
iy prcd pupwfl Fw'[Wl?f'ﬁZﬁ uurum oy hywlaymy  lpphap  jugdaal | T =
=0,91 W/ (nbu Jbplp), ful ghbwdflyp, puwn (3) Sunfwoewpdud Swfwuwp §
v =2.3—2.1,39+1,0=0,52 w/d*, wyupbpl fwgdndd L STV wewafilhg
%memn;bm w=80% funbunfnuffjul b prul AT *I'; =M0,76 wmid?, fruly
.'.; =0,22 m/d", mjuflbpb &qufm.d' L lfflm';b' 2849, nmmmfnfdr.q: u.‘rmq]mmf, nh-
Trearel frly If“"f"jml d‘ml{mtm‘f"l’.l flzuﬁ ?Jlfmqnufp hywwmwpifned £ pwin mlﬂqfr wpy,
purh winwmfrlfre

Q,,f,mﬁl‘cm&wh Yhawhp Swdwopunwafuwbned [ owgh qlwphl, bpp Whpgh
"'-’i"l‘i"”é ’f‘""’.fwf éw'{‘"!m”’b f’zfmll ':wiimumpmffznnuf £ :H:pb nuppfmd '{!u}.
prgplwd fly Shpdwl, wpuflph bpp‘l‘l;=0: Uyq qliwplh Swdwp (3) Sunfwrumpne-
dhy vwmwlnul blbp

it 5 W (4)

wi jufil pls ublwgtmﬂlb :[wquzwéfi yﬁ[um‘ftb pmqwq;tﬁd! ffp!lmftf!mf;mb LTS
i hahinp fywgdnol b pupugfle pugunpfeh bogple dwfuspu gl hpfralibipf §ifroo-
qrn..lfmp‘g; bpp _qbfuw;[lb pmqmlylfldx Jw:{mfmﬂlb f’zflnp Swoubnud b g wipd b~
plly ubpunfwphle qubgdwép Shwpofnpaflymds b wmwhool woafbpugogi jm-
sy Swpumwlaygne hupdp Sypnffnd b wpn opuShpee o fugoy o pswlnals Uy
hywmfppmidp hwmwpfaud b wpghle ny (@b Snowhpl moppagbiiundl pule Swpif i,

T onppowgng flnﬁghbmpmy{:mbbp!; Jmafmﬁwff qn{!dbm!’mbnl}ﬂh pm.qupujmnf £y u gy

Qﬁqpnqﬁbmlf!l& i\‘flzlfmb Swpi i, npp g Iyl bYen o gy frosk b o r}unfmhm"t nedlby
winud ke

Luwn urawdfr, !‘lﬂll.ﬁifl E hwupmlyyfwd ufalm:{m;[}h Snuwwliphhplh urdif el
alfigpungpliwmdply whpudogplh Sovwbpbbpy: Upg mbpdplye pus]  F SwdwSwpo-
plhpwlgnol ubpufw il Sovwbpbbpf df nophy fudpf Swdwp phgnedifmd cumg-
povybluny winfwbnaln: Uy ghwypoul wbpmifugfh Souwbiplbpfe ool
Shdpl by hgmfp ot byt ulpgpodp g ungl bl iyl gupdubefe -
Pl nplt wawgumghnud b hwpdp pagugpfipfe fofuncds

s oy el puqunpfef . dwfupugfile fpfiag wwssabisfacd b5 und bl o
pupr by wwSdwbbhpoud, lpousfufod phrnbiagfile mupumple wbamlpy b hp dwlpom-
hbbmfyniify. haliwght wympihpp guon wbuwlbhpl Sadwp (Sl oS pf wd
qpochnbhp, fwfw i Plpfupuphp I wyh) %, =2,2—2,4 m/f Uy by fry
quhoud bhp (4 Swimuwpoudfy ) whpoduw gl qubgfwdfe ghlowpte  pugugph
Sunrfuwpugfele fypfrofe fpppfeors folyons sl wpdhpp, wh Sunfwuwp Lo =1,6—1,7 m/d?,
wnfliph Swfwwwp bomagppogbim ubpufwghte Snuwbhpibhple dwifupugfiie fipnfi
wwSdwhwpli wpdhphl®*:

1 g lyggof s d (lﬂm;lpm;ﬁbm) b Jpuuguslyggof i dd (':ﬁrjpuq['himfﬁf;) wbipuarfin gl Srvnnadeplohp e
dhfnwbfiqidp mwpphpocfl ol jofilifih b hpuhy pusdwhny pbilfe $fogflpulyute phovegflfe ot So-
hbps Swgupgugpeflyadp Spwswpulplby ooy dwgmg' 0wy wpfusurmflpwle dhy  (Tep-
Crenamsn, 1968):
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Uyaiyfruny wpwpy & qunbouk wuywplbph fungnp  phljnplibp wrhputfofubipme
gy friensdd frly whpudfu gl Souwbplbph nibwlpmefymiip. pum booflpul s yuun b
abpuif s gfle Snufiph :ﬁnﬁlwqpaqwf;mlrﬂl.ﬁ;mﬁ whuwlbinfg wig phlinpbbpf ju-
sfpbipf wemfdd sk gapniflyndde ynchife e whyupafufny pblnphbph fplpute qudfrbpp
gl p b o fusfwd ikl o fru gl wbpurfw gffe Snuebipl bplpuyuifrulwh jusphphy
(Tepraus Junpucflpndiipy ), pwlifs np whpuassf s g oo qubgfudnul rnqugng phlpnpp whlup
byl i md (filsfs quiligwdf dhy, np bw Yuwpnyguiw vwwhay (phef ljupoddp.
R L L R A wid bl df prqguigny wnwplugf Swdwps

Hnblp 4pgpngplosd il whpunfus gl Snvwlph pnpuiqugdwh bl fl jl
Supgp Tus nprgifned b ouigl vwfpf q!ufwr;pn;ﬂ_fntilflg, npp qupgbnul £ ubpw-

- af g frie quligfudfe b Snuuwhipfy Suihifi by fi o pouss Epblpnpf puapnudihpf o fi-

gy mpumwfwunfud 5 wwfpf npdwgpmfndip  pun Yaynt-Shpgugpf
prubenadlefs Jppggaead

w=c' +d'ig7’, (5)

mp ¢ b o —uwhpf qfFwgpnifl jute wpwpud bnphpl B

Epbpnf] 57 pupndibhpp Z Junpniflpule fpuw npngdnul b o' ="'z wpmm-
Gurpumiflymiefry, wep " —lpfu gy Sanifurguigfile fppnk b Ubpunfw gl quipdifng
quhigafuwdfp Susiluip o wpdhpp whfpmdbyur L plgnidihy Awfwuwp ‘l'd' el frly
Jp s gy S uangf uapuaa g fola fpnfii: Ybplimd gngy k wifmd, np win dhdncflyndip uh-
junfp hupdp prusuinpfryni Lwpummbmyne pudfiny wpug phlhoul £, frulp ulipu-
gl qutiqifudfr hppomplyulpute of frfimlyned ';‘;=0. wymnhgfry " =0:

U gaasy fruzeef &pﬁm}t&m&mb il filwlymd qunlifng uhyunfurgfile gupdifng g~
dJudfe Swdwp (5) S wuwpref oo Sl wnwghl whpudlh | dhnul, npp
wppin i gl £ Epblynfo] hgoolpe Ugg dhémfynitits by qunn shnpp L: N
upapry by np wh gt g file Snuwbplbpp gnpdiwlpubw by hnpuqughog Whpgnp-
durfl gl fiphiey Smilify ofpur puphinp | gmigupbphi

Tl prose g prear & Shfuuwhifrydp Foegy bomnusgfo Sbpummfyudp Swoljwbiy Sfgpn-
gl iy whpufugfe Snuwliph df mupfy gropwSwmblpfpndip b’ phwgud wh-
pufiuhple yiy [l by o pus g o sk ol lynfl pualep winwf byl juthusf Swpumo-
fingue fiphhy Sniifig qropa Suwlimd phlpppugf fgnofnf

longnpuplilpnp Gyneflfryg Jppgd o md whpunffp Anddini qupddwh duwdwhuly Soe-
Bras g Jile Besuirefrd pls i ol aqurfesfongg Susslyrmanlylifion g foe gpmidd fpud e glonhy whpunfu i
yuwlgfwdfrg plliny gpoed purpdp Swlprlybifow gfifi Shgnud b qupgubiaul, g
abipunfum gl quiiigsfudfy hofuwlignul kowgg gpfis upuprgurng by S frgpo i fi-
lpugfe ophtiphhipfih Bundl e dans gl

bk whpufwgfle qubigfudp Iyt fuly e fy o ffulpnudl b oqninfnul, wupw
wywinhy wnwgwgny Spqpoghbwdfply Shgnudp Luihifig offbp E Apnud wwpupf plblpnp-
Ibp ke gy shinfunigpned k lpofo oy JfBulyp STy Tnggh dlemf, npod buw fr offr-
wwlpfe F pupdpuygihpoe I whpufinfulipne wnwhdpl pupkp, npnbp pllfinul (A7
ulgunffe gupdiu Burfennppups [

Ubpuslfo Yngilfry ghmwSndfi Gumifwdphhpp quifflpne Swdwp w8 purdligm
S fusgpgughe booflip nupqifwd 8fgpnagfiad i Blrgmudp: Uguinhnfy wupy b, ap
i prpupfrufe qunffrcd  dfu e Snchifi 1 gl whpudwubpnud lpupng b hunnwpifby,
npmby gpwfunfuatigbyfe Snchwgfih buumfwdphhph mwly  whfufuubghif fpurd
Py Pufuatighyh Swmwhi £, npp Bucgp f wungpu fponwpdbpne ghoygh Lhpph
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negqiwd gurdw prepgned: bk wyg buwfudphbpp Jﬁb;b'ublwq"}: whynudpy p
£pu, {flqpﬂqflbwlff"f "‘5!““{"“”"‘ Smuwlpf !fnqxfﬁg ghwnwSnchw hl lmmu[un)pb[,r,
quifbyat Swdwp npny durdwlwly £ whSpwdbym, nph pufugpnul ublmthl.],
qrugwdpy wn bumdwdgbbph Thy gnpl b fupuwbigmd k hpuwby Jhy dulnum-
YTl Shpmudl ¢t qupgubaul:

Utinud £ fbpsaruphu plilibpme Shapnuppwdply whpudwghl Sovwbpbbpf Jhp-
bt Jnlpm‘\'wmf(ﬂlpjﬂl-!"[" Spwhgudpy hwpdpwbupme wnwhy nbowlodnpdw
b Swdwppw wrwhy gph wpnwgpdwb:

bpp vbjwduwpl qubgudp gmpu § quppu hnppwfibp Swpfodlin, aph
be’"p.f“‘b mb&!ﬂ;ijr guwép £ u&lw{w_{ﬁﬁ qmbqa{wﬂﬁ lfwaﬂlaflffnlpjﬂtbﬂq‘ I
winugifud zmpJJmIr flibpghugny phapnyfng l!p[am{lf!mf!wb whipmbifg, <.
uuilipp f;mfu;t wnlinud: ‘fmlqﬁpg f‘nflmmffm[l Ilfbmﬁpnuf nudbqulined bh bmjbfmlf
ubgunlf shnpp l’wpr}pmilw‘m. pbuwpnul, puwbp np bpwh quiung plilpnpulipp lnyun
fpwpljwu bl hwgdaul b bw plhnSwhpuwbu fnbubpgdnfof winpaclpunep nebifis

Uin huubpp wdpugdwh  wpnghup  wpuSwhenul § oph Swdbilwmwpup
thnpp Shnwgnul: 'Ibpgfxlm fpwgnpdifnal b Swfbpnepyughl 1, ém!fnmf;&bmﬁ-h
okl il wynbgmfwh mwly, npp npogfocd b dwlpnnlpiliw bl gpod Uy frpm-
fuwl Ly, Shaprumwmnfly Shynudlibpl wmwppbpmfiadfig: Ugo Sunf bpmepou il
Sdulpnumnl bl il Shignudp b ffiswlip b huwps dwdwbwlwdfrgngood Swed b -
pup fupwlghly wbjuugpl qubqwdpy Swibpnigpg gmpp Shawgbbng b gpo-
by wnwygwgbbyne bpu fupdpugnalp:

Swpphp wfrgh Juwbgulpunfnp uhpumfwapofoihph b gudwpnpgibph Ll -
wfifneflymtip (Strelle, 1950; I\'epxeymmae. 1968), npnlyg  bnpShf fwmpdp
bhpuwnndiihpp pudfliwdl grepu b Fudulnod bhwpugpad Shgpngpiooad il wb-
punfihpl dhfpwbpgdf Jusfbpugoull b

bOPULUSARASARLLLD i

1. Ywwpulygdwd hud Shapogplud il whypoofugfle Souwliphhpl oo Juaif fr-
ifw‘,’i‘ Fb”t!po !’Pwﬁy wﬂm!mgl’wb ’wa ‘:wthl!mﬁ' lq!"}g&u[’ “qu"’llr { l.f{lll\."
wmpuwlhy pip qupgugdwh mggoffymdip, b wpnwppl gpuoSwabbpl wgh jbh
%f’[uﬂli’!

2. gn‘lm.p‘ml.b niify wmppnybiun b Shapnghlowd il) obpuwgfis Sovwlip-
Uhph dhlfowhpgdibipp dhy vhgpodipugpl wwppbpofyode GG whpursf g file
opufulihpoul quminfng SogdwSwpfwd qubigfuwdbhpp wypun bl fopofogog b fo-
lzﬂ‘:f]h J'ﬂ"b"’ff‘b!’"'{] m"{w p&f’ﬂll’!"lﬂ" "wq‘fmbm!!”l ’f”"y‘l!‘u’f"ﬂ!’ﬁu‘:‘ lff‘fl?"
o b Snvwhpf wmmpprybliomflyadp b Shugh mopprgbiie wbpufuwghie Sn-
uwhpbbpp fmpnyg b qupgubooy (o fewlpfon oo o iSwl )

b Snqlwiwpuwd qubgfudibpp Swpnoam by wpgugpuf Suobplidpm)],
wupr ulpgpnol Snuwbph Swpumwgnulp huwowpfood E e Swafn] g soppne-
(bl ywds (qupgugdwh moppogblon o) bpp obgblapug ol wSeal
b quhgfwdp damblunad | hppapdpo byt fp8udif, wmppogbbandfd gt Lhhlpmp
dwpnud by, pugg Snuph qdp nugpmfyudp Shapngpioadply 8hpmd | wrn gl
bpp vhiunlp Snunul b whgpmfufiwby fund Focgy gpufluspabig byl Socdia], 5pgpn-
qﬁbl”dﬁ” ‘;bzﬂllr" l’br’ t ﬂqul!ma‘ !-l i‘ ‘l"(:m”" { P&f‘f"i’bl‘"’! J’ad J"’li"f”!" lf""‘:’l!

fpfua gy of fr& v lyral (qmpqmg:l'mb Shapongfidud iy a{n.rq):

v
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d. Zﬁ‘wmqflf:m:fﬁﬁ ubpuflibpfe Sl wwgpwpf  Epblpnff byl
j'g- f.'mianmmbmd Snuwhpl Suidrnd gpmﬁmxﬁmf:g whgudwubpf vinhgdnulp Sfing-
h”mq]:bm:fflf; aligmdyp hbpple nugghpne Sudwp, b ffwbgulpudnp wpnhpbbph o~
wamynidp whpufihpl gupddwh punupbgdwl Swdwp.  wpg nbyudwebpnul
3 !lmuwymbw phpncdichpfh puef plrasdls Lbppl Pusdinud Snuwlhpflg:
4. Lpgprnfiud ol whpuugfb Snuwhphbph Wjwpwgpuwd Jhpuwbfigdp pu-
w gumpnd b plmful gy bplogfl mwppbp popy jegdbpp b Brogg b omwgfu
& Qb plpus puglalipne mdbpf fuuinp, npnbp wnwymghnud b (bl ghl pulgbpnod fo-
W praf wrd bl pdaulifry wpngbulihpfy dhlpfp whufnp bplualnul:

O JABUHHOM MEXAHU3ME CBS3HbIX
(TMAPOOUHAMHYECKHX) CEJIEA

TMpoteccop, poxtop Texn. Hayk . U. TEP-CTEMAHSAH*

Pedrepar, Mexanuss CBA3BIX CEJCBBIX NOTOKOD HMEET aapniusit xapaktep. B npo-
)| fecce PA3BHTIS CBAZHOTO CEJAeBOTO MOTOKA, MO MEpe 3aXBaTa MM TBEPALIX COCTABIRIOLIMX,
| YBEAIHBAIOTCS ofLeMuniii Bec cesenofi MacChl, ee BaBelBalollee JECTBHE i BO3MOXKHOCTH
. aaxpaTta Hopubix wacTHi. B rpsAscnoit cocTaBJgiollel CeJeBoil Macchl BO3HHKaeT BLICOKOE
| gloponoe japaene B PasBHBAETCA THAPOAHHAMITECKOE JaBaeHie; 3TO NPHBOAHT K AHHAMH-
| ypckoMy BIBEHTHBANINO, KOTOpOE CYIIECTBEHHO NpEBLINaeT CTATHHECKOE. ITpn nepexoae ABH-
Ayllefics ceaesofl Macchl B KpHTHYECKOE COCTOSIHHE BCNJBIBAIOT KpynHbie 06JOMKH If BANVHEL
[Ipn ocTaHOBKe CBA3HOTO CEIEBOr0 NOTOKA Kpyniple BKJIIOYEHHS OCeAaloT, 4TO NPUBOANT
K AaBiIOMY yMelnuennio oGheMioro seca rpA3esoil cocTasasiollell cexesoit Maccs, 370
pesieT K najennio NOpPoBoro W THAPOAHHAMHYECKOro Japjennil, BCJAEICTBHE uYero cefb

| JACTHIBACT,

Coraaciio npumensiemoii 8 CCCP TepMunOIOrHY, pasanyaores: 1) Typ-
GysentHbie (TeKyuue), WIH HECBS3HBIE, H 2) CTpYKTypHBIE, HJH CBSI3HbIE,
cenenpie riorokd. HegoctaTku GoJblieil 4acTH 3STHX TEPMHHOB yxKe HEO-
HOKPATHO OTMeuanHch. PacCMOTPHM CBA3HLIe CeJeBbie IOTOKH.

Jlisi nopHManus MeXanu3Ma CBSI3HBIX CeJeBbIX MOTOKOB BaXKHbI CJEAYIO-
e naGaoaenus. CBA3HbI CeeBoil NOTOK € GOMBLION CKOPOC MBIO JBUKETCS
o HAKJOHHON MOBEPXHOCTH JIOXKa; MPH YMEHbLIEHHH YKJIOHA J0XKa Jl0 HeKo-
TOpOil KPHTHYCCKOH BeJHUYHHLI TAKOH NOTOK OCTaHABJIHBAETCS. CeaeBoii 10-
Tok oruGaer NPENATCTBHS, PACNOJOKEHHBIE TOJ OCTPHIM YIJIOM (mo 20°);

| ecaM NpensATCTBHE PACHNOJOXKEHO noji GOJBLUINM YIJIOM, TO MOTOK €ro paspy-
maer. Ecam Takoe npensiTcTBHe Crnoco6HO COMPOTHB/ATHCA MEPBOMY Ha-
THCKY, TO NMOTOK ocranabausaercs. Ceaesbie Macchl HaKOMARAIOTCS Mepej
NPOYHLIM NPENsATCTBHEM W B JlaibHeHlIeM TNepeBalHBaioTCs Hepes HEro,
NpofO/DKAs JIBHXKEeHHe TIo cBoeMy J0Xy. Koria cassnblil ceqenoil  MOTOK
OCTANABANBACTCS, TO BHAUaJe €ro MOBEepXHOCTh NpejcTapBiasier coGoil pas-
JIDKeHHYIO Maccy; B JlanbHeiiieM u3 3TOfl Macchl H&EYHHAIOT BHICTYNaTh
otaeabibie kamin, OCTaHOBHBLIMIICS CBA3HLIL CeJeBOil MOTOK OLICTPO 3a-

* 3ap. oraeaom reomexannky Muerntyra reosornueckux nayk AH Apam. CCP,
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reepaesaer. Oauaxo B wayaasHoil (hase 3IaTBEPACBAHHA NOA 3aCTHIBIN
VT HAXOAMTHCS PA3KIDKEHHbIe MACCh; eCJH CMECTHTD STY Kop

KOpKOii MOT

macca.
CeneBasi Macca, coaepiallas GOAbLIOe KOIHYECTBO TBEPABIX COCTaRS

ASIOWLNX, MPAKTHYECKH HE OKA3bBAET KOPPALHPYIOWETO AeCTBHS HA cBoE '
noxe. CBA3HBe CeaeBHLIE NOTOKH JIETKO MEepPeHOCAT KpynHble o0J0MKH nop
abl, iHOTA@ oOBeMoM cBbiie oaHoro Kydomerpa. Cean wacto oforawmaworey
0GJOMOUHBIM MATEPHAJOM, MOJYHAGMBIM H3 PYCIOBLIX  OTVIOMeHHii. Ha
(opmupoBanue cenefi G0ablOe BIHAHHE OKA3BIBAIT JIHTOJOTHYCCKHE
reoaornyeckne (GaxTopsl (THOB NOPOA, NOAOKEHNE CTPYKTYP).
CaMbIMH 3aTa/104HbIMI OCOOEHHOCTSMI CBA3HBIX CONEBbIN NOTOKOB 1B
joTca caeayiomue: 1) BbiCOKas MOABIKHOCTE NP HHU3KOIL  Baaxunoery

HOCHTb KpYMHble 06JOMKH NOPOAL I BaJAVHL 00BEMOM  CBMIIC  ORHOro if
naxe A0 4—95 KyOoMeTpoB; 3) HHYTOKHOE KOPPAAUPYIOULEe BO3AeilcTBIe Ha
pycao; 4) cnocoGHOCTD npeaeabHo 000ralaThest 00JAOMKAMIL, HIBACKACMbI
MH H3 CBOEro J10XKa, H 9) cnocoGHOCTh GLICTPO 3ACTHIBATH, NPEBPALLAACH B
NJAOTHBI MaccHp 6e3 COPTHPOBKH, HO HHOLAA ¢ HEKOTOPHIM HEOOIBIINM Bhi-
denenneMm Boabl. Tpetbs w uerBepras occOenHocTH ceaeil, Kazaioch 6|.1, 
NPOTHBOPEYAT JAPYr APYIY; TO Ke OTHOCHTCS K NEpPBoil 0 nAToil. .I

CyuiecTsylollie TEOPHI CeJeil He B COCTOSIHHI OOBICHUTL 3TH 0coGeN-
HOCTH MOBEJGHHsI CeJeBOil Macchl, XOTSl He GbLIO HEJIOCTATKA B CAMBIX CMEALIX
HPEANOJOKEHHAX 06 0COOLIX PEOJOTHYECKIIX CBOICTBAX  KOJAOWUION coc-
7aBasiiouleil ceJisi, BIVIOTh 0 MBICJAH O HENOAUHHCHHH cedeil 3akony Apxi-
Meda H NONbLITKH OOBACHATH CNOCOGHOCTL ceseil NepPeHOCHTL KPYMHbIe 0h-
JOMKH 0c000it «CTPYKTYPHOCTBIO® CEJAEBOIT MacChbl,

[To-BuanMOMy, CNOCOGHOCTL CEAEBOII MACCH  OBLICTPO  3acThBATL Ge3
3aMETHOTO BBIAGJAGHHSI BOJALI i CMOCOOHOCTL B HEKOTOPBLIX CJAYUASX 3aXBATH-
BaTh OOHJBHBIA AONOJHHTEALHLI MATEPHAT NPH NPOABHKCHIN 10 PyCay i
NEPEHOCHTL €TO B IVTABYYEM COCTOSIHHIL SIBJASHOTCS NPOOHBIM KAMHEM J1000i1
Teopuy ceqeil. Yunteisas caaboe Koppajupyomee nosjefictsie ceaeil na
Pycio, OTHECTH Takoe o0OrauleHne TOJMbKO 34 CUET PasMbiBia, OUCBHAHO,
HEJB351. I

Jlag ceneil xapaktepHa H3BeCTHAsi NEPHOAHUHOCTE HX  OGPA3OBANIN;
TaK, Ha l0xkHoM ckiaone Imasnoro Kaskasckoro xpe6ra omn MPOHCXOAAT §
omun pas B 10—15 Jer, aas Apyrux paiionop XapakTepunl nepHojin p 3—
5 Jer.

B ceaeBpix ouarax B TEUCHHE 3TOro MOATOTOBHTEJALHOTO NEpPHOAA, B
|e3yabTaTe npoueccos (PHINYECKOrD H XHMHUYECKOro BHLIBETpHBaHNS, ofpa-
3yetcst 6OJbIIOE KOJHYECTBO  PLIX/JA0-00JOMOYHOrO H  TOHKOAHCHEPCHOrO
MaTtepHasaa; CnocoGHOro npu  OGHIALHOM  YBAAKHCHHH JaTh Ooraryio
KOJLTOH/IAJBHBIMI W TAHHHCTHIMH YACTHILAMH TPs3enojo6buyio maccy. JtoMmy
COAeMCTBYIOT JUVIHTENbHBIE O0OGJOXKIBIE JOXKAH, KOTOpLIEe ie jaalr 60ablior:
NIOBEPXHOCTHOTO CTOKAa M BNHTHIBAIOTCA B TPyHT. Takue M0KAH, ¢ OAHOI
CTOpOHBLI, BEAYT K NMPOMAYHBAHHIO TPyHTa Ha Ooabuiyio rayGuuy, a ¢ Apy- |
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HOCTENneHIo YMCHBIIAIOT BIUMTLBAIOWYIO CIOCOOHOCTL FPYHTA. Ecan
K KOHILY TAKHX JOAKJeR BuNalaeT CHABHbIA JMBEHD, TO NPONHTAHHAS BOJO
MeKGICPHHCTaA Macca B npe:xc:lax ceJeBOro ovara }'B.’Iel(&(‘TCﬂ BOTHBIMH
CIPYAMHM H CMEULAETCH EHH3 M0 CKJIOHY.

BaaHOCT TAKOH NEpBOHAyabHOA TrPYHTOBOH MacChl MOXKeT OuITh
BBICOKOI1, Bulle Mpeje]a TeKy4YecTH; COOTBETCTBEHHO oOnpeleaserca ee
onesupiii pec. Tak, npu w=120% u o6beMHOM Bece TBEPALIX YacTHU
4 =2,7 1/#* noayuaem OGBLEMHbIA BeC rpyHTOBO# Macchl 7,=1,39 7/43 T'pa-
Buit u webGeHb, OKa3aBUIMECH B JKHIAKOH cpeje C TaKHM 06beMHBIM BECOM,
HCILITHBAIOT COOTBETCTBYIOLIee B3BEIUMBAHME; HA30BeM 3TO apXHMEI0BO
gapeliMBaHue  cTaTHueckuM  BapewusanueM. CraTHueckuii  B3BelICHHbI
ofLemilbiii Bec <. COCTaBasieT

Ty = T — Tms (1)

e f;—06heMHb BEC TOPOJBL
Ecau npHHATH, 4T0 OGBEMHBIH Bec KPYNHO3ePHHCTOH KaMEeHHOH cOCTas-
asionieii (rpapnii, rajbka, BaJyHbI) ¢ paBeH 23 7/M%, TO CTATHUECKMI

| papelicHHLt  o6BeMHBI  Bec OGJOMKOB COCTAaBAfET B 3ITOM ciyudae
4. =2,3-1,39=091 T/ M2

Yeaekalolee JiefcTBYe rpsA3eBoro noToka, 6.!']81"0}18[)5! 3TOMY, YBEJHYH-
BACTCH 110 CPABHEHHIO C BOJHBLIM NOTOKOM, H B JIBHKCHHe BCTYNaloT OTHOCH-

' TeJBHO KPYNHbie HacTHULL ST10 Bejer K VBEJIHYEHHIO TBBP,’IOﬁ MAcChl B NO-

T0KE W COOTBETCTBEHHO K YMEHBIIEHHIO BaaxKHOCTH. Tak, ecan B caeyioled
CTajuy BAAKHOCTL TPYHTOBOM Macch coctasiasier @W=80%, 1o ee o6beMHBIH
pec yBeJHuMBACTCS 10 Tm = 1,54 T/M% a craTuyecKnii B3BEWCHHBIH o0BEM-
Hbiit Bec o6aoMKoB ymenbaercst o 7, =0,76 7/a* Takum oGpasom, mpo-
[lecc HOCHT JABHHHBLI XapakTep, H B JIBUKEHHE NOC/IeJ0BaTeNbHO BOBJEKA-
eres pee Goabuiee KodauuectBo nopoji. OAHAKO OAHOTO 3TOrO yMEHBIIEHHS
B3BeIIeHHOro 06'LeMHOro Beca HeJ0CTaTOYHO JUIsl TOro, 4ToGbl TBEp/ble yac-
THILL OKA3AJHCH BO B3BELICHHOM COCTOSIHWH, H J0JIKEH CYLIeCTBOBAThH HCTOY-
HHK CHJLL, CIIOCOGHO MOAHSTE HAHOCK! B MOTOKE M NMO/IEPIKHBATH HX.
['paBuTallHOHHAS TEOPHSI DPYC/IOBBIX IMPOIECCOB  Y/OBJAETBOPHTE/IBHO
0GLACHAET pa3BuTHE TYPGYJEHTHBIX CeJeBbIX MOTOKOB, 00/alaloUInX CpaBHH-
TeJABHO HH3KOH KOHIleHTpaiueii HaHocoB. TypOy/JeHTHOCTb NOTOKA Bbi3biBaeT
BHCOKHE MTHOBEHHBIC 3HAUCHHS NONEPeyHbIX CKOpPOCTeil u onpejenser coboi
ero TpPaHCHopTHPYOULYIo cnocoGHocTs. PaboTa B3BeUIMBAHWS 3aKJIIOYAETCH
B NO/ILEME HAHOCOB B NOTOKE, Ha YTO PACXOAYeTCs YacTh KOJHUYECTBA JBHIKE-
mis TYpOYJEHTHOTO MepeMelnBaius; 3T0 BeAeT K o0leMy YMEHbIICHHIO
KHHETHUCCKON SHEPTHH NyJbCauHOHHBIX JBuienui (Beankanos, 1955%).
Teep/bie uacTHIB, Najasi B NOTOKe, BLI3LIBAIOT APOGJIEHHE KHAKHX Mace H
yMelbiieHne TYpOY/IeHTHOCTH; no3TOMY Ha ofliee /BHKEHHE 10TOKa pacxo-
JlyeTcst Menbliee KOJHYECTBO NMOTEHUHAJNbHONl 3IHEPrHH, CJe/CTBHEM Uero
SIBJSIeTCS  yBeNHueHHe ckopocTd nortoka. Ilpm  JOCTHIKEHHH —HEKOTOPOl
npeAeabHONl KOHIEHTPAIHH HAHOCOB TYPOYJECHTHOCTh HACTOJLKO najder,

¢ Jintepatypy cm. ua crp. 4445,
J-848
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yTO NaJbHeiiliee YBEIHHCHNE KOHUCHTPAILHN JCTACTCR HEBOIMOKHNM 1 veTa.
HABANBAETCH AHMHAMHYECKOE PaBHOBCCHE. .
Bonpockl 3TOTO PO1a yiKe He SBIAITCH 00JACTHIO  MHAPOANHAMMKH, o A
70MMKHB! PACCMATPHBATHCS B NOKA €llle HEA0CTATOYHO PAspaboTaHHON may- i
Ke—IMHAMHKE CeJeBbiX MOTOKOB. 31eCh ellle Malo CAGIAHO He TOJAbKO B
Teoperiueckoll 06.1acTH, HO W B OTHOWICHHH SKCNEPHMEHTA N HAOJ0Aenuii ;‘
NPHPOAHBIX SBJAEHHIl, i AeTa’bHble HeCen0BaHna Epesanckoro ceas 1946 r, H
OCTalOTCA MOKa B WHCAe OYeHb HEMHOrHX palbor 3toro poaa (Ermasapos, i
1957). s
OnucaHHbifl, B O6LIeM XOPOIIO H3BECTHBIN, MEXaHH3IM TYPOVACHTHHIX lf
.
{

CesIeBLIX TIOTOKOB OOBSCHAET TaKXe M NepBHil Tan passBuTHS CBAIHMN
ceeil; B TeueHHe 3TOTO Tana BOJHASA Cpeaa ellle B CEJeBbIX ouarax Haulnaer
oforaumaTses TBepaoil coctaBasiouleil. O1HAKO, KaK VKA3bBAIOCH BHILE, 110
JOCTHIKEHHH MPe1e]bHOfl KOHUEHTPAll HAHOCOB TYPOYJICHTHOCTH OCaafe-
BAET Nl OHA YXXe He MOXET PacCMaTpHBaThCfl KAK HCTOYHHK MOALCPIKHBAIO-
1weit cHabl, HEOOXOAHMOIT 175 B3IBELIHBAHNS YACTHIL U BOBJCUCHHS B NpoLece
HOBBIX TBepABIX Macc. OCTAaeTCs NMPEANONAOKNTb, YTO TIPH ITHX KOHUIEHTpa- 1.
ILHAX MOXKET MOSBHTHCS HOBHII HCTOUHHK NOAACPXKHBAIOULCH CHIBI. ¥

BakHoil nmpeanochlikoii 00pasoBaHus CBH3HOTO CEJAEBOTO  NMOTOK: r:IE;
BLICOKHM CO/lepXKaHHeM TBeP/0il (hasbl ABJAAETCS HATIYHE TOHKOANCTCPCHOrO
MaTepuaJa, CliocoGHOTO 06pa3oBaTh IPS3EBYI0 COCTABASIOUIYIO €T0 MACCH.

B rpsisesoil coctasasiiouleit c2aeBoil MaCChi BOSHHKAET BLICOKOE NOPOBOE %
NlaBJIeHHE; OHO PABHACTCH Uy=Tm<, TA€ Ty, —O0bLeMHbIl Bec rpsu3esoil co-
cTaBJsIolleli CBA3HOrO NOTOKA, 3aNOJHSIONULell MYCTOTH MEXAY KPYIHBIMH
00JOMKaMH, i Z—TAy0HHa paccMaTPHBAEMOIl TOUKH OT NOBEPXHOCTH CCACBOI
Macchl. 9TO NOPOBOE AABJIEHHE BHIIE THAPOCTATHYECKOTO AABACHNST Hy==7 2,
rae 7w —oO0neMHbll Bec BoAb. B ceaeBoil Macce BosHukaer (uabTpaius
Mo/ AeficTBHeM H3OLITOUHOTO NMOPOBOTO JAARJIEHUS U=l —Upy. dTa (Puinr-
pauust HanpapJeHa K CBOOOJHOI MOBEPXHOCTH CEJEBOro NnoToKa.

Tpenne QuabTpyioweiicss BOAbI O CTEHKH NMOP BLIILIBACT  PAIBHTHE
FHAPOAHHAMIYECKOr0 AaBjeHus; OHO npejacrasisier coboii  oGbLeMuyIo
cuay /, paBnyio j =iy, rae { —ruapasanveckuii rpayuent. [locaepuuii s
JaHHOM CJydyae paBeH OTHOWICHHIO H3OLITOYHOrO TFHAPABJNYECKOro HANOpa

e Ty Sl {2

P e S

= K JUHHE (PUALTPALLHOHHOrO NMYTH 2, T. €. =
w w W
Orciona naxoaum
f' = =T (2)

T. €. THAPOJHHAMHYECKOEe AaBJCHHE PaBHACTCH PA3HOCTH OOLEMHBLIX BECOH
rPA3eBOI COCTABAAIONIEH CeJaeBOll Macchl H BOJDLI.

Ha kpynHbie BKJIOU€HHS NMOPOAL, HAXOASIIIHECSI B ABHAKYULCHCs Tpsise-
BOA cocTaBasioOllel ceJeBoil Macchl, JECTBYET HanpapJACHHLIT BHUZ CTATH-
YeCKHil B3BEIICHHBIT OGLEMHBII BEC Y., COOTBETCTBYIOULHIT CTATHUECKOMY
COCTOSIHHIO BO/bI, H HanpasjeHHoe BBEPX FIJIPOAHHAMHYECKOE jaBaecwie /,
BbI3BaHHOE (puaAbTpauneit sorn. O6o3nauns obpasyouiics TakuM 06pasom
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BAMHAMHYCCKHA  B3IBCICHHLIN 0OLeMHLI BeC Hepes Ta HMERM To=T.—]
Ciean, yiuTasas yp. (1) u (2), noayunm

Ta="Tr— 27m T Tw- (3)

JlyHaMuueckoe B3BelHBAaHWE CYUIECTBEHHO NPEBBLIIAET CTATHUECKOE.
Alak, AJs TPA3EBOHA COCTaBAAIOIIER CeaeBod Maccel, HMelouefi BJIaxKHOCTh
[~ 9 =120%, cTaTHYECKHiI B3BEWIEHHBIH OOLEMHbI Bec KaMEHHOMl COCTaB.JdI0-
il papuserca 7.=091 7/m* (cM. BblE), 8 AHHAMHYECKHH, COTVIACHO YP. (3),
Unmpnaeres g =2,3—2-1,39+1,0=0,52 r/43, To ecTh coctapasier 57% craTuue-
‘iakoro. Atasornuno npu BiaxHocty @W=80% mumeem 7, =076 7/4% a Ta=
©0-0,22 T/#*, T. e. cocTaBaser ToAbKo 29% CTaTHUECKOro. Takum oGpasoM,
IS UMEHBLICHHE AMHAMUYECKOro B3BElIEHHOro O0GBeMHOro Beca NPOHCXOAHT
Gfropa3no GLICTpee, YeM CTATHUECKOrO.

KpuTHueckoe COCTOHME OTBEYaeT Cyuadlo, KOria HanpaBJeHHbIH BHH3
1LqraTHICCKH B3BelleHHLI 00BeMHbIH BeC YPaBHOBEUIHBACTCH HanpaBJdeHHbIM
(HBEPX THAPOJHHAMHYECKHM 1aBJCHUEM, T. €. KOTaa 14 =0. L5 3TOrO CAYHAS
opdydaenm w3 yp. (3)

i AT + fw (4)

2

9 . €. KPHTHYECKHIT OGLEMHBIA BeC Tpsi3eBo cocTaBasoONeH ceaeBofl Macchl
JOSGETABASIET N0NYCYMMY OGEMHBIX BECOB KaMEHHOM COCTaBJsIOlIel H BOAKL:
1oKorjia 06LEMHBI BEC TPA3CBOMA COCTABJAAIOUIEH AOCTHTAET 3TOTO 3HAYEHHS,
[l egeBasi Macca NOJy4aeT BO3MOMKHOCTB MPejlebHO oGorallaThCsi TBEPAbIM
) MATEPHAZIOM W YJIEDIKHBATH €r0 BO B3BEIICHHOM COCTOSHHH. STO NpOUCXOAUT
JcyKe He 3a cuer TypOYJAEHTHOCTH NOTOKA, KOTOpAs MPH TaKHX BHICOKHX
10 KOHIEHTPAILAAX IPAKTHYCCKH OTCYTCTBYET, a 3a CYeT FHAPOAHHAMHUYECKOre
16 1aBACHAS, KOTOPOE NPH TAKHX KOHUEHTPAUMAX CHJIbHO BO3pacTaer.

Mexoast W3 CKA3aHHOTO, MOXKHO HA3LIBATH CBSI3HLIE CEJIEBbIE MOTOKH
[ €IHPO/IHHAMHYCCKUMH CeJIEBLIMH NOTOKAMMY. STOT TEPMHH XOpOLIO KOppe-
IJHpYeTest ¢ NPHHSATHIM JUIst APYrO# TPYNnbl CEJEBBIX MOTOKOB 06G03HaYeHH-
meem —erypGyaentpies. Tora B OCHOBY KAaCCH(UKALWH CeJeBhIX NOTOKOS
(I Gyjler NONOKEH eIMHBIA NPHHIMN-—TIPHPOAA TOTO (PHIHYECKOro (pakTopa,
0/4KOTOPHI/ BLI3LIBACT B3BEIIHBAHHE TBEPOH COCTABJSIONIEH.

OGLeMHbIil Bec KAMEHHOH cocTapJsiolleif Y, KoJebJercs B CpPaBHH-
S1TEABHO Y3KHX TpejAenax, B 3aBHCHMOCTH OT BHAa TODHOH TOPOALI W ee
oitopueTocTr (CKBAJKHOCTH); JUIsi MHOTHX BH/IOB TOPHBIX NMOPOA (BhIBETpEaLIE
(ITPAHHTH, TAHHHCTBIE CAAHULI H Ap.) Tr=2,2—24 r/#3, Orciofna no yp. (4)
A1 HAXO/MM KPHTHYECKOE 3HaueHHe Tc OGHEMHOTO Beca TPs3eBOM COCTABSIO-
il el CeNeBOfl MACCH; OHO OKa3biBaeTcst paBHbM o =1,6—17 7/4%, 7. e.
54 PABHSICTCSL NPEACALHOMY 3HAUEHHIO OOHEMHOr0 Beca MACChl TYpPGV/ICHTHBIX
)il TOTOKOB®.

* Kparkoe cooGlleHiie o KPHTEPHH Pasitiis MEXaHnaMon HecsssHoro (TypGy/entHoro)
1M ensianoro (FIZLPOJIIIAMINECKOT0) ceneBbiX NOTOKOB i (pHAHYecKoii npiupo/e pasfeasioulero
A1 X nopora Guao neaagoaro onyGankopano noapyroit paGote (Tep-Cremansin, 1968).
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Taxkusm oOpa3oMm, CTRHOBHTCA [OHATHOINl  CNOCOOHOCTH rll.1p0.1|m;m"!
YECKHX CeeBbiX NOTOROB nepeHaCHTh 00JOMKH NOPO/BLI; MO CYILeCTBRY, 3.10(5;
He CyIeCTBYeT npeiena pasMepoB STHX O0JIOMKOB € TOYKH 3PEHHS Tpame.
ﬂOpT-I!p_\'lOIl.lef! CrOCOGHOCTH CENeBOTO NOTOKA, W AefiCTBUTEIbHBE Pazmepy
[IePeHOCHMBIX BAJIYHOB 10MHKI 3aBUCETL TOABKO OT TOMETPHHECKHX pag.
MepoB (ero rayOuHbl), TAK KaK NAbIBYILHI B CEeBOl Macce 06.10MoK NOMKey
GHTh MOJHOCTHIO MOFPYXKEH B MAcCy, HTOOL RCNLITHBATL NOJAHOE BIBEUINAg.
HHe: 3TO VCJOBHE H3BECTHO A5 JIOOHIX NJaBAIOWHN NPEAMETOB. !

Paccaforpum BOMPOC O KOPpaaHpyiouleli CnocoGHOCTH THAPOAHHAMM
yecknx ceaebix notokos. OHa onpeensieTcss TeM CONPOTHBICHHEM Camury,
KOTOpOE Pa3BHBAETCH HAa KOHTAKTE MEX1y ABIDKYLLEHCA ceaeBoit Maccoil y
noxeMm nortoka. ConpoTuBJeHHE T CABHTY, BbHIpaMeHHOe uepes sddextnp
Hble HATpSIKEHHH, cocTaBaser no Gopmy.ae Kyaora-Tepuary

s==cho1ge @)

rae ¢ n3’ —napaMeTpsl CONPOTHBJCHHS CABHTY.

SQexTHBHBE HANPSUKEHNs &' HA TAYOHHE Z ONPeACISIOTCS 13 BHp:
WeHus 3'=+y'z, rae 7’ -—BaBelwleHHbll oObemuuil Bec. Jlas amiokymedicy
ceneBoil Macchl 3HAYEHHe 7' HEOOXOANMO MPHHATH PABHBIM JUIHAMIHECKOMY

B3BEIICHHOMY OOBEMHOMY BeCy Tq. Boilie GbLI0 NOKA3aHO, MTO 9Ta BEANUl |
Ha GBLICTPO MAJAeT N0 Mepe 0GOralleHHsl NOTOKA TBEP/ABIMH COCTABASIOULIMI, |

a npH KPHTHUECKOM COCTOSHMH CeJeBoii Macesi 7y =0; otciona ¢/ =0.
Takum o6pa3om, B yp. (5) Aas Haxoasueficss B KPHTHUYECKOM COCTOS:

HUH JBHXKYILEHCS CeJeBOil MaCChl OCTACTCS TOALKO NEPBhIl UJICH, BhIPaKaI0: |

wwit coGoit s(dexTHBHOe cuenyeHne. JTa BEJAHUHHA TAKXKE OUCHb Madd
[TosToMy NOHSATHO, YTO THAPOJAHHAMHYECKHE CEJIEBHIC MOTOKH NPAKTHUCCKI
He JI0/KHbl OKAa3hiBaTh KOPPa/HPYIOULEro ACHCTBHS Ha CBOE JOXKe.
OnucaHHBIl MeXaHH3M M03BOJSET JETKO MOHSATh I JIPYTYIO 0COOeHHOCT)
THAPOAHHAMHYECKHX CEJEBBIX II0TOKOB-—CNOCOGHOCTh TIPEACJABHO  00hords
uaThesi 06JJOMOYHBIM MATepHAJIOM, H3BJICKAEMbIM H3 CBOCTO PyCad, HOCMOT
psi Ha WX HHYTOXKHYIO KOPPaAHPYIOULYI0 CHOCOGHOCT. i
[Tpu ABHMKEHHH THAPOAHHAMHYECKOTO CEJAEBOrO MOTOKA NO PyCay, ¢Jos
JKEHHOMY H3 KPYNHOOGJOMOYHOro MaTepuaJa, B NOPoOBOil Boje, nmelomefics

B PYCJOBBIX OTJIONKEHHSAX WA Nonajalouleil Ty/a 3 ceJeBoil Maccol, passis

BaeTcs BLICOKOE IIOPOBOE AABJCHHE; OHO MepeaeTcs 3Toit Boje Hi ceaenoil
Macchl NMPOCTO B CHJY 3aKOHOB THAPOCTaTHKH.

Ecau ceneBas macca HaXxo/AHTCH B KPHTHYECKOM COCTOSIHHH, TO BO3HHK
olee npyu 3ToM FHAPOJHHAMHYECKOE JlaBJeHHEe BhITaANKHBAET BBEPX 06J0M
KH NOpo/ibl H3 pycJa H NEepPeBOJAHT HX BO B3BELICHHOEC COCTOSHHE TAKHM
oﬁpasou. KaK OHO CnocoOHO NOAHHMATHL H NepeHoOCHThL OTAC/BHBIC KaAMH

nonajalouHe Ha NyTH JABHMKEHHS CeJH. i

Heob6xoaumoii HPBHHOCUJ’IKOﬁ jaxpara ceJeM  pycJIOBHIX  OTAOIKCHH
SIBASIEeTCA HanpasJeHHOe BBEPX THAPOJAHHaAMHUECKoe /JdaBjeHue. Orcion

SICHO, YTO TAKOH 3aXBaT MOXKeT OCYULECTBJAATHCH TOJBKO Ha TeX yua("rxmfp
pycJaa, B KOTOPLIX MO/ BOJAONPOHHIAEMBIMH PYCJOBBIMH OTAOKCHHAMH Haxo-gﬁ
AHTCSH HETNpPOHHIlACMOe HJH c.naﬁnnpmtmme.\me JAHO, HE 1o3poJJslouee t)t‘y‘ﬁ'
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HTSeTRAATL APeHHpoBaHue BHM3. Ecam 3TH OTJOKEHHA Ao TPOXOKIAEHHA
O Biis OLJK CYXHMH, TO 115 3aXBaTa TRAPOAHHAMUUECKHM CEJIEBBIM NMOTOKOM
ORENoBBX OTJIOKEHHA HeoOX0AMMO HEKoTopoe BpeMs, B TedeHhe KOTOpOro
| Gja W3 ceqeBOi MacCul NPOHHKAEET B 3TH OTJOKEHHA W B HHX Pa3BHBAETCH
A0cpopoe  JlaBAEHHE.

"l Hakoneu, octaercs nocjejinss ocoGeHHOCTs THAPOAHHAMHYECKHX cefe-
| %1% NOTOKOB——CNocoGHOCTh cpasy 3acThiBaTh Ge3 COPTHPOBKH W nodTH Ge3s
SNIeeHHs  BOJLL

1 [lpu BuiXoje celeBoil MACChi Ha MOJOTYIO NOBEPXHOCTb, Yroa HAKAOHA
qOYTOpoii MeHbLUIE KPUTHYECKOTO M ONpele/sieTcs BA3KOCTBIO CeJqeBOH Macchl
”flmpuoﬁpe'reuuoﬁ MHEpUHKEN JBH/KEHHdA, NPOHCXOAHT OCcTaHOBKa ceds. Cesaau
POATOUKAX KOHTAKTA YCHJHBAIOTCH JaiKe NpH HeGOABLIOM 3aTBEpAEBaHHH
I, TAK K4aK caaraionide ero o6J0MKH 06pa3syioT  JKEeCTKHil Kapkac u
n | p obuieM o0JaajaeT KOHCePBATHBHOH CTPYKTYpOIL. :

2 DTOT NpoUECe YNPOYHEHHs CBA3el Tpebyer CpaBHHTENbHO HeGO.bLIOro
iorroka Boin. TTocaeaHu#t OCYIIECTB/ASETCS NMOJA AECACTBHEM H3GBITOUHOrO
OUPOBOTO AaBieHus e, ONPE/IEasIEMOro PasSHOCTBIO MEXKy JeACTBUTEAbHBIM
It 4 ¥ THAPOAHHAMHYECKHM Uy 1aBJEHHUSIMH B TIOPOBO# BoJe. IT0 H3GHITOYHOE
Of;poBoe JlaBJeHHe cnocoGHO B KOPOTKHH CPOK YAaJHTh H3 CPaBHHTEJIbHO
HOYOHMILACMO# cesieBOfi Macchl H3GBITOK BOALI H TeM BbI3BaTh €ro 3aTBepie-
HHIHHE,

: APPeKTHBHOCTL  Pa3JHYHOTO THIA PEIeTYaThiX —CelieyJoBHTeNeH i
nanenaxei (Strelle, 1950; Xepxeyauase, 1968), c noMoubio KOTOPBIX BbI3bi-
T9eTcH NABHHHOE BhinajleHue TBEPALIX BKJIOYCHWH M3 TIOTOKA, SBJSETCH
TIOATBEP/K/IGHHEM ONHCAHHOTO MEXaHM3Ma THAPOAHHAMHYECKHX ceJieil.

B bI B O J1 bl

I. CesiaHble Wiy THAPOJAMHAMHYECKHE CeJeBble MOTOKH o006./1ajaioT Ja-
IHAHHBIM MEXAHH3MOM: NPOILECC WX BO3HHKHOBEHHSI HJIH yracaHusl CTPEMHTCH
|AOXPAHHTL Hanpas/JeHHe CBOETro PasBHTHSA, €CJH BHEIIHHE NPHYHHBI HE H3Me-
ONSIOT  ero.

2. CyuiecrByeT NPHHUHNHAJBHOE Pa3iHuHe MEXaHH3MOB TYpPOYJEHTHBIN
11 PHAPOIMHAMHYECKHX ceseBbiX NOTOKOB. Ecam BbiBeTpeJibie Macchl B cedie-
ZkbiX ouarax GeAHbl KOMJIOHLANbHBIME H TVIHHHCTLIMH YACTHILAMH, TO Npejieb-
RIa5 KOHIEHTPalns HaHOCOB onpejessercs TypOyJeHTHOCThIO IOTOKA H MOTYT
LIA8BHTLCH TOJIBKO TYypOyJeHTHbIe ceseBble NMOTOKH (AOKPHTHYECKOE COCTOf-
grme). Ecan Ke BoiBeTpesinle Macchl GoraThl TAKHMH YacTHLLAMH, TO BHayaJe
otOorauieHne NPOMCXOJAHT 3a cyet TYpOYJAeHTHOCTH notoka (TypGyJaeHTHas
11432 PAaBHTHA), a 3aTeM NPH YBEJHYCHHH KOHUEHTPALHH H NPHGIHIKEHHH
JBl4CCH K KPHTHYECKOMY COCTOSIHHIO 3((peKT TYpPOVJIEHTHOCTH yracaer, HO
ECOBHHKAaeT THApoAMHAMHYeckoe ((puabTpauHOHHOE) JAaBJeHHe, HanpasJeH-
J00e BJOJL JIHUH TOKA; NPH TEYEHHH Ceas M0 HelpoHHIlaeMoMy HJH ciabo
D POHIILACMOMY  JIOXKY THAPOJHHAMHYCCKOE JaBJieHHe HanpasJeHo BBepX H
ONNOCOOHO NOAAEPIKHBATL BO B3BELIEHHOM COCTOSIHMH GOJBIIOE KOJHYECTBO
IGlaHocoB  (rHApPOAHHAMHYECKast (pasa pa3BHTHA).
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setoaoM GOpbOb € FHAPOIMHAMUMECKHME  ceasyy t
HHUaeMbIX YHACTKOB JOKa 10TOKA 3% nanpameuﬁ |
1aBJeHHs M COOPYXRCHHE DPCLICTUATHN NpPerpay
f: Ha TAKUX MYacTkax OvAeT Jasuups

3. I¢npesTHBHDIM
aBJafeTCH co3laHue npo
BHI3 FHAPOAHHAMHYECKOTO
475 NPHOCTAHOBKH IABH/KEHMHS Ce
NPOHCXOANTH BhillaleHHe {1AHOCOB I3 NOTOKA.

4. Onucanublil AaBHHHBIL MENaHH3M THAPOAMHAMUNECKIN ceaen :\n'n.m'g_~ ;
wsieT pasaHuHble CJAOKHBIC CTOPOHLL 3TOTO RBACHUS NPHPOLN 1 NO3BOANEY |
npeacTaBnTh cede Hrpy cid, BBI3LIBAIOULIX TPO3HLIC NPOSIBACHIS OAHOrO gy |

l

+

caMblX Pa3pyUINTEILHBIX NPOUECCOB HA TOPHLIN CKJIOHAN. -
§i

ON THE AVALANCHE-TYPE MECHANISM OF COHESIVE f_;
(HYDRODYNAMIC) MUDFLOWS ;

Professor, Dr. Techn. Sc. GEORGE TER-STEPANIAN?, i[‘

Abstract. The mechanism of cohesive mudflows has an avalanche-type
ture. In the process of development of a mudflow its unit weight and the buoyancy e
tion increase as the solld constituenis are captured. thus enabling the capture of ng]
particles. High pore pressure originates in the mud constituent of the mudflow ma
and seepage force arises: this leads to the dynamle buoyancy, which considera
exceeds the static one. Large fragments and boulders 1ise to the surface by transitigy
of moving mudflow masses into the critical state. These large fragmenis settle wh
the mudflow stops, and the avalanche-type decrease of the unit weight of the m
constituent of the mudflow masses occurs. The result is the decrease of pore pressuiy
and of seepage force, and the mudflow solidifies.

Let us consider the cohesive mudilows. _

The following observations are important to understand the mechi 1
nism of cohesive mudflows. A cohesive mudflow moves along an inclined
surface of the bed. Mudflow stops when the inclination of the bed decreas:
es up to a certain critical value. If the mudiow encounters a barrieg
located under an acute angle (up to 20) it goes round; if the barrier sy
located under a greater angle the mudflow destroys it. If such a barrie
can resist the first attack, the mudflow ceases. The mudilow masses arg
accumulated before the stable barrier and crossover it subsequently co 3
tinuing the motion along the bed. When the mudilow stops ils surface as
first is a diluted mass; separate stones begin to appear subsequently
among these masses. The blocked mudilow quickly solidifies. Howeves
diluted masses may exist In the initial phase of solidification under (h&
hardened crust; if this crust is distorted in the area of mudflow fongue
the liquified masses may pour from the mudflow body. |

* Head, Dept, of Geomechanics, Geological Institute, Armenfan Academy ok
Sclences. f
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The mudilow masses containing a great quantity of solid consti-
sifuents practically has no corrading efiect on its bed. The mudilows easi-
¢ly transport large fragments of rocks, sometimes with volumes exceeding
neone cubic metre. Mudflows are oiten enriched with fragmental material
degbtained from the fluvial deposits. Lithological and geological factors
1)(type of rocks, the position of structures) have a great influence on the
olformation of cohesive mudflows.
The most enigmatic features of cohesive mudflows are the follow-
afing: 1) high mobility of masses by their low water content, measured
dby values of the order 14—15 per cent; 2) the ability to transport large
1l fragments of rocks — boulders with volume mure than one and even up
s fo 4 -5 cubic metres; 3) insignificant corrading action on the bed; 4) the
& ability to be enriched maximally by fragments extracted from their beds,
s and 5) the ability to solidify transforming into a dense massif without
& any sorting, but sometimes with some small discharge of water. The
1 third and the fourth features of mudilows seem to centradict each other;
| the same refers to the first and the fiith ones.
The existing theories of mudflows are unable to explain these fea-
| tures of behaviour of the mudflow mass although there is no shortage
' in the most bold suppositions on particular properties of the colloidal
. constituent of mudilows, up to the idea on Insubordination of mudflows
' {0 Archimedes’ law or the attempt to ascribe the specific ,structureness®,
 the ability of cohesive mudflows to transport large fragments of rocks.
The ability of mudflow masses fo solidify at once without appreci-
able discharge of water and the ability in some cases 1o capture an abun-
dant quantity of suplementary material and carry it in floating state

~ while moving on the bed are apparently the touchstone of any theory
of mudflows. Taking into consideration the poor corrading action of mud-
flows on their beds, such enrichment obviously may not be referred only
by the scour.

Certaln periodity of formation is significant for mudflows. Thus on
the southern slope of Caucasus Major mudflows occur once in 10—15
years, for other regions perfods of 3--5 years are characteristic.

Great quantity of loosely fragmental and fine dispersed material is
formed In mudflow seats during this preparatory period as a result of
processes of physical and chemical weathering; this material by plainful
watering is able to give a mudlike mass rich in colloidal and clayey
particles. Long lasting fine rain further this process. This precipitation
does not render great surface flow and soaks into the ground. Such rains
lead o wetting of soll to a great depth and gradually decreases the
soaking ability of the soil. If a heavy downpour falls after such a rain
the saturated fine-grained mass within the mudflow seat is carried out
by the water and displaced downslopes.

The water content @ of such primary soil mass may be high, high-
er than the liquid limit; the unit weightis determined correspondingly.
Thus, at w==120% and at the unit weight of solid particles ts =2,7 tons
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per cub. metre, the unit weight of the soil mass is 7, =139 tong per
cubic metre. Being in the liquid medium with such a unit weight, graye
and detritus are subjected to the corresponding buoyancy; let us eyll this
Archimedes' buoyancy—the static buoyancy. The static submerged unit
weight 7. will be

Te="Tr— Tms (1
where <, is unit weight of rocks.

Ii we assume that the unit weight 7, of the mass of the coarse-
grained constituent (gravel, pebble, boulders) equals to 2,3 tons per cubie
metre, the submerged unit weight of mass of fragments will be in this
case 7, =23 — 1,39 = 0,91 tons per cubic metre.

The transporting force of the mudilow therefore increases as com-
pared with waterflow, and relatively large particles are involved in the
movement. This leads to the increase of the solid masses in the flow ag
correspondingly to the decrease of the water content. Thus, if in the nexy
stage the water content of the soil mass will be w=80%, its unit welght
increases up to 7, = 1,54 tons per cubic metre and the submerged uni
weight of fragments decreases up to 7,=0,76 tons per cubic metre,
Therefore, the process has an avalanche-type nature, and the greater
quantity of rocks are gradually involved in the motion, However, only
this decrease of the submerged unit weight is insufficient for the solig

particles to be in the buoyant state; some source of force must exist 8

which is able to lift the load in the flow and support it.

Gravitational theory of stream-bed processes can satisfactorily explain
the development of the turbulent (torrential) mudflows, where the mud-
flow masses have still low concentration of load. The turbidity of flow
causes high instantaneous values of transverse velocities and determines
its transporting capacity. The work of buoyancy consists in the lifting of

load in the flow; a part of the quantity of motion of the turbulent mixing

is consumed on it. This leads to the total decrease of kinetic energy of
pulsating motion (Beaukanos, 1955). Solid particles cause the breaking
of liquid masses when they fall in the flow and the decrease of turbidi-
ty; therefore less quantity of potential energy is consumed by the total
motion, which leads to the increase of the velocity of flow. When a
certain limiting concentration is atftained, the turbidity decreases to such
an extend that the further increase ol concentration becomes Impossible
and the dynamic equilibrium Is established.

Problems of this kind are not in the domain of hydrodynamics, but
must be studied by a science which is not yet sufficiently elaborated —in
the dynamics of mudflows. Very little is done in this respect not only
in theory but in experiments and field observations of natural phenome-
na, and the delailed investigations of the Yerevan mudflow of 1946 re-
main among the very few works of this kind (Eruasapos, 1957).

This generally well know mechanism of the turbulent mudflows
explains the first stage of the development of the cohesive mudiows as
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‘llgell: in this stage the water medium being still in the mudflow seats,
s enriched by solid constituents. However, as it was indicated above,
It % the limiting concentration of load is reached, the turbidity relaxes
' Lmd it no longer may be considered as the source of the supporting force
‘9mecessary for the buoyancy of particles and for the drawing into the
orrocess of new solid masses. It remains to assume that a new source of
: 9ne supporting force appears at such concentrations.

The presence of finely dispersed material which can form the mud
2iconstituent of a cohesive mudilow is an important prerequisite of forma-
nojon of the mudflow with high content of solid phase.

High pore water pressure is developed in the mud constituent of
Lunud-rock mass; it equals u, =7, 2, where 7,—unit weight of the mud
sinonstituent of the cohesive mudflow, filling volds between large frag-
naments, and z—the depth of the point under consideration beneath the
Twurface of the mudflow mass. This pore pressure is higher than the hy-
«olrostatic pressure uy, = 742, where 7, is the unit weight of water. Seep-
ayge arises In the mudilow mass under the action of excess pore pres-
Jiure #,=1u,, —uy. This seepage is directed towards the free surface of
ahe mudflow.

The friction of the percolating water and walls of voids produces
sueepage pressure; this is the volume force / equal to J =iy, where [ is
othe hydraulic gradient, The latter in the given case equals to the rela-

i — Tm& — Tw?

10ilon between the excess hydraulic head : ta* " the
Tw Tw
neength of drainage path 2z, 1. e. j=——m — 1w pence we find
| X Tw
J="Tm — Tw (2)

) .. e. the seepage force equals to the difference between unit weight of
st he mud constituent of the mass and of water.

On large inclusions of rock fragments found in the moving mud-
olflow act both the static submerged unit weight <., which s
1directed downwards and corresponds to static stale of water, and the
yaseepage force /, which Is directed upwards and is caused by the hydro-
¢l lynamic pressure of the percolating water. Denoting the dynamIL sub-
-mmergul unit weight produced in this way through 1; we have 7, = 1, —/
wor taking into consideration eqs. (1) and (2) we obtain

T;l =1 —27m + fw- (3)

The dynamic buoyancy exceeds essentially the static one. Thus, In
weease of mud constituent of the mudflow mass having the water content
wiw =120 the static submerged unit weight of the rock constituent is
peequal o ¢ = 0,91 fons per cubic metre (see above), while the dynamic
ucone, according fo eq. (3) equals 7,=2,3—2- 1,39 1,0 =0,52 fons per
uscubic metre, i. e. 57% of the static one. Analogically, when the water
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content is = 80% we have ';;=U.?G tons per cubic metre “‘llile"
-~ — (.22 tons per cubic metre, i. €. only 29% of the static onc. Thys, !
t.II:e decrease of the dynamic submerged unit weight proceeds much quicks
er than that of the static one. :
The critical state corresponds to the case when the downwards df= |
rected submerged unit weight balance the upwards directed seepage force,
{.e. when 7;=n0. For this case we obtain from eq. (3) ,
]
...m — ir 2 W s t‘u

i, e. the critical unit weight of the mud constituent of the mass equals

one half of the sum of unit weights of rock constituent and of water,

When unit weight of the mud constituent reaches this value the mudilow

mass becomes able to be enriched up to limit by the solid material and ¢
{o hold it in a suspended state. This buoyancy is not because of the
turbidity of flow which is absent practically in such a concentration buf
because of the seepage force or the hydrodynamic pressure, which grows
considerably in such concentration. |

Hence, we may name the cohesive mudilows as «hydrodynamic mud-
flows». This term corresponds well to the designation «turbulent» adopts ¢
ed for the other group of mudflows. Thus a common principle will be_:!
the basis of the classification of mudflows, i.e. the nature of that physic<"
al factor which causes the buyonancy of the solid constituent.

The unit weight of rock constituent 7, fluctuates in cumparzltl\-cljl
narrow limits depending on the kind of rocks and its porosity; for many
types of rocks (weathered granites, clay shales ete.) 7,=2.2—2.4 tonsil
per cubic metre. Ience we find from eq. (4) the critical value 7, of lllef'
unit weight of the mud component of the mudilow; it appears fo be equal
to 7.=1,6—1,7 tons per cubic metre, 1. e. equals the limiting value of
the unit weight of turbulent (torrential) mudfilows®. ‘I

The ability of hydrodynamic mudflows to transport large fragments of
rocks is therefore understandable; as a matter of fact there is no limit for:
the sizes of these fragments as regards to the ftransporting capacity of-‘_-f
the mudilow, and the actual dimensions of the carried boulders must
depend only on the geometrical sizes ol the mudflow (depth), since lhu;
fragment floating in the mudflow must be fully submerged in the mass
in order to undergo complete buoyancy; this condition is known for everys
floating object. 3

Let us consider the problem of the corrading ability of hydrodynamic:
mudflows. It Is determined by that shear strength, which devclopes on:
the contact between the moving mudilow mass and bed of flow. The?

* A concise communication on the criterion of the difference belween (he muth;u-_'I
nism of non-cohesive (turbulent) and cohesive (hydrodynamic) mudflows and on e
physical nature of the dividing threshold was published not long before in another
paper (Tep-Crenausn, 1968). '
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. shear strength 5, with respect to effective stresses 3* according to Cou-

lomb-Terzaghi's formula is
z=c'+3' tan 7/, (5)

where ¢ and =" are shear strength parameters.

Efiective stresses s’ at the depth z are determined from the expres-
sion 3" =7+'z, where ¢’ is the submerged unit weight. The value of 7’
for the moving mudflow mass must be assumed to be equal to the dy-
namic submerged unit weight ;. It was shown above that this value
drops quickly as the mudflow is enriched by the solid constituents, and
al the critical state of the mudflow mass 7;=0; hence 1"=0.

Thus, in eq. (5) only the first term remains for the moving mud-
flow mass. This term expressing the eifective cohesion s also very
small, It is therefore clear that the hydrodynamic mudflows must not
practically have a corrading effect on their beds.

The described mechanism permits us to understand easily another
feature of hydrodynamic mudflows as well,—the ability of mudflows to be
completely enriched by the fragmental material extracted from their beds
in spite of imperceptible corrading action of mudilows.

High pore pressure is developed in the pore water which exists in
stream-bed deposits or gets into them from the hydrodynamic mudfilow
mass by its movement over the bed; the pressure is transmitted to the
water from the mudflow mass simply due to the laws of hydrostatics.

If the mudflow mass is In the critical state, the arised seepage for-
ce pushes the fragment of rocks from the bed upwards and transfers them
into a suspended state exactly in the same way as it is able fo lift and
transport separate stones on the way of the mudilow.

Upward directed seepage force is the necessary prerequisite for the
capture of stream-bed deposits. It is clear hence that such capture may
be realized only on those parts of the bed where impermeable or poor-
ly permeable bottom is lying under the permeable stream-bed deposits,
thus preventing downward drainage. If these deposits were dry before the
passage of the mudflow, certain time is necessary for the capture of the
stream-bed deposits by the hydrodynamic mudflow; during this time the
water gets into these deposits and pore pressure develops in the water.

Finally, the last feature of hydrodynamic mudflows remains—the
ability to solidify at once without any sorting and almost without dis-
charge of water.

The hydrodynamic mudflow stops when the mass emerges on the
sloping surface the angle of inclination of which is less than the critical one
being determined by the viscosity of the mudflow mass and the gained
inertia of motion. The bonds in poinis of contacts intensify even by a
little solidification of the mudflow since the composing fragments form
a rlgid framework and it has generally a conservative structure.

This process of strengthening of bonds needs comparatively little
outflow of water. The last is realized under {he action of the excess
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pore pressure ., which Is determined as the difference between the actuyl
u,, and the hydrostatic u, pressures in pore water. This excess pore
pressure is able in a short time to remove the surplus of water from the
comparatively permeable mudilow mass and cause its solidification.

Effeciency of different types of lattice-work constructions and drain-
age for the mudflow coutrol (Strelle, 1950; Xepxeyaunase, 1968) by the
aid of which the solid inclusion fall down may serve as a confirmation
of the described mechanism of hydrodynamic mudilows.

CONCLUSIONS

1. Cohesive or hydrodvnamic mudflows have an avalanche-type
mechanism: the process of the origin and fading of a mudilow trend
to keep the direction of its development, if external causes do not
change it.

2. There exists a principal difference between the mechanisms of
turbulent and hydrodynamic mudfows. Ii the wheathered masses in the
mudflow seats are poor in colloidal and clayey particles, the limiting
concentration of the load is determined by the turbidity of the flow and
only turbulent mudflows may develop (undercritical state). If the
weathered masses are rich in such particles the enrichment of the flow
proceeds at the beginning owing to its turbidity (turbulent phase of
development); as the concentration increases and the mass approches to
the critical state, the efiect of the turbidity fades, but the hydrodynamie
pressure (seepage force) arises, which is directed along the flow lines.
When the mudflow moves along the impermeable or poorly permeable
bed, the hydrodynamic pressure is directed upwards and is able to sup-
port a great quantity of load in buoyant state (hydrodynamic phase of
development).

3. The creation of permeable lots of the mudflow beds where {he
seepage pressure will be directed downwards and the construction of
lattice-work barriers for impeding the mudflow movement is the effective
method of control of hydrodynamic mudflows; on these lots the load
will fall out of the flow, the process being an avalanche-type.

4. The avalanche-type mechanism described of the hydrodynamic
mudilows explains different complicated aspects of this natural phenome-
non and permits to consider the work of forces, which causes the formid-
able manifestation of one of the most destructive processes on mountain
slopes.
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