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thnpp A Jugpbpaul (Bh. 3,a k b): Rdwqpp fpw goyy b mpud N3 hbvanfy
Suwdwp dhly blpmnpe Ybmbpph gpoolp jwgpp wwSdwbbbpanol pugwmpfoal b
glrndwl  ufuwbbpn:

2. Z2wpf pubyl phlhnud Foghugh Snoopu-mpldip: l""'"!f’ ffpw g pagudin ol

s ﬁ'wppmjflb fl.lﬂ'ppml',lit unnp: Unqu;pwjflf: azm{ug qmbl{nuf I3 fmhg!l lﬂlpftb '

duunul, wg pulp woeonSwon] sngodinflymbp Gprol b ownogphffuoy pliogfle
'tbf;mnpf:ﬁp]r duwypbipp mﬁqmq;u{md bl bbg dgafumd B s g eal (hff. 3, b b):

3. 2wpf putigh phlhnul L oglhuyh wplhip. wagqulipuglits ogufup qurligf nud
L puligh bfl{lpbfl dwunul, Lk un.r[nl.!:nf.pjntbg lﬂmuf L bmﬂb‘umg p'.":m_,p; 'U';li-
mnpﬁb’rfl duyyplipp whiquigpifmd by 64 J[m‘f{muf (h‘.t. 3,a b h):

4. Zmpp gl plilleead boghmpe Supof~wphbyp: ”uthpmﬂ:b ogi fup
gqulifnud £ N 2 wungubpw gl hlanfi opguljugpouds M_fq hlinfrg juligh LT
ungmbimiflpniip hpood b binphiffug phoagfl, el puhgh fooowp wrrea gl [l g s
PpwPplfe fpm wpgupup ghypp phofugpioad b fuwgpad (Bf. 3,0 kD)

~ ¥ Imh!‘& lhm: 2 I;mmm!u!nuf unnulpur it f{hqut{r mf.qmzmrtr)"nuh u”-
ud:uf, qliwpp ’H"”'?’i‘ld' .rh:m phafligmfoeal | e of wa g o] (flff. 3,a k h):

6. {m?;zh pllfinud b oghwfe Sgneafo~mplloonp: {mi:y[; tfm{ul'[:?:ﬂ lf“"'l'rmi
shusthnddy hunfbpood qupgubinad b oopmeodpude funppugfie oogpe U bgdwl upn -
mbbgfuy dwlbphogfh popnp Glnbph 0 wpogofiodyp Swumommd F (. 1,
a): Unyulipu gfile prpinp hhmbpph ©; wpwgnefyndip wunwgfmod b5y bl -
quntfrualpils Suwpunph o pah Spdwhe dfpu. Gl 1,a~p ofjpw gogg b ompifud -
amgnedp wngubipuple N 2 hhmf Swdwmpe Shquympddwh wpugnflyms bl -
winplibph dwyphpp whyupgpwd b F ffugpnad (W, 3,a kb C)l

7. Unuyl ghypp, pipuhu hwfunppp. soqubipu bl ogmfep guibnfoul Fopuh-
sk bppi dwunad b owmbguywpdodp hpod o owewmgpliffug phagfle Upogne
Pyl fblpmnpibpf dugpbpp qubifoul b G fwgpnud (il 3,8 I c)t

8. lwligh puljinud b ghwyp Swpwfe Lwlhgh fpuw Snunal b oguhguy Sogw-
Anup: ﬂ'bt[d:@ﬁ g Sunnymfyniifihpfe 2hnpSh] Soupp Swmmljugdnul  Jpug-
dnud b wwSmd wnby, aph gqrguofnpmf oy noggwd Eoghwp wplibp: Un-

e

W I = N —
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coqpmbipupl gupdndp hpnud L Sunfwuwpuyuny phngfe Spw$plfe fpw wppouyp-
o ghupp pumPugpnud b H Jupn (B4 3,2 Lk c):

9. Unegle qhuypp, pipuhe b Swpunpep, pugg unquipuighl ogufup, qualp-
s ofmid b quligh Lhpphfp dwunad le ungoiinefynidip  Gpnud k bunpiffwyg phngf:
o Shpguiguipd durls wpuwgnifodiihph fblpmnphbph duwphpp qunbdmd ki K ofwy-
 pred (B 3,8 b C):

10. Unub ghypp, piy np Wwpenpg bphmwp, pugg enquipufl ogufup
- pllpud b opuligh ifbppl duundd b ungpdincfndip wruwgplifug be Shyuyumpd-
il wpmgmifipul fblpnnpibph dwipbpp quinod bY Lo fwgpedd (B4 3,2 L

C):

¢ 11. Lwhgh pilfind b ghugh wplilnunp. w widpnggmifpudp quligug dbw-
infurfnud ke bnppuighle ungph  wnwghle  Swphnod Ypoud b qupwinp  plhagf:
Luligh hphpnpg Swplpnal quipguibnud b oguigag  Snquinep, 8-pg !{ﬁm.m;."
blpmpmgpefusdfe Tl Znguinupp puigh Jbppl dwunul nupgfu:d £ phuyf Sw-
jruyf~uip ol nunp, dfrgfrls dwumd —pghufy wpldnunp Lk Lhpplfp dwuncd —ghuyf
Swpunif-aphbipp. war grpuay frueref Snquinupp lugdnul £ wghn, nph qn?m;{npm_-
fonihits moqniwd b oghygp Swpuds ggupof nhupp bbplhuwpmgduwée F N fuwgpnd
(i, 3,a b c)

Zuqulnupl ofpu whgugpdud unqubpupl Ghmbpf wbpugupddwh wpe-
yoeflpus of bl phbpf Snphynlmljul -u;pnﬁffgﬁwi:bpﬁ mbhl ppklg  ulpgpp
0 hlmned b dugphpp N dJuypp 1,2, ... 5 fhnbpnul: Uy whyuywpddwh wpo-
ymeflpute dfblpmnpihpfy gnipwpuwiynpp quru$plynpbl mwppupniddnul L hphne
Jhlpmnnpihpl*vs fblppapp, npp phmffugpaul b wnwghl Swplhp (wiguflipl, wf-
pong (wigh) fanppuighle ungep b Ux  fblpmnpp, npp gnyy b omwgpo bphpnpg
Swphp (wyuflph Shiig Snquinupf) unqpp: Uh. 3,a b c-p fpum gnygg b mpfwd
N 4 wnqubpwfle Lhmf wbguupddud wpwgmfpuh fblmapf mwpposgne-
dnudpra

{f};qqum[, Jurkigfi &lursfin funfl prcdih wilpnpgumby  Uhplwugdud k M
fungpnyf. Anguinupf wngph Swpmphpwlwh wpwgnifndp bhplwjugfwd L
vy fhlpmnpbbpmy, npnbp  fpphly  ulfiqph nkbtt M fuwgpnud L ofbpgp N
Juwgpride M fugph qfppp npngdnud £ 6, 7 ... fhunbpns, npnip 4wl wupuumuru~
fuwlnud bY qushigf fpuw Soquinuphy qoipu wmbqugpdwd unquiipw fi hbwnkphh:

Nwpy b, np Whwpwgpfwd ufpbdwhbpp bl wgunnod wngndimfjulh popep
Shwpwinp mpogbppe Upwhy Guphip b owfbpughby pebyf dluadinfudwl nph;
wnfrughp, opnbp Sfulinfwd fypiht fbppneddwlh Tngh whgpniliphbpf o pus:

Oqunifliymy] wyg dhfnghy, hwpbkife b Sbpmmpudp humwply jubgh wn-
quchinifywt fbpnidaulp, oqumugnpdbyny uhgpriiipwfils Tl gapdnyncfdndi-

Bhpp, npebhp hfjpunfnod b popg sl gquljut qupddwh o mwppagecddwip
df pupp Swpdobfly  wonwbinolikps

Uhpogh wrwlmply Yhrunnwp

Unnyubplh dhfumbfigdf fJbppmidnadls whufnud | bhwpmgpfwéd bplne gpu-
Plhubph gduwgpnulpy (. 3): Uyn qgpuplphpnd wowhdfl vnqugny Jwp-
A pulibppt fhpupbpdog hhmbpp Gudd wbpugpdnol b fudfphph o (GRE un-
guihncfiniiip Sufwumpuyunfy £), hud &gifnud bl phpnfilfibph &kny (bR un-
guihflymbp Awpwlod b, wyoefbplh wnwypiffwy hwd bmphfoyg mpoyp )
ihpp dhfuwbfigdihppe

Unquiipp Swplbpl Swpmbwpbpnolp hwmwpdned Foopubigh bplpopofo -
Yuwh b ghmbwypupwboljwh opugplwbhbpl, ghnfop$rnghmlul Sumlnefpnd-
bhpf ne nkyfih$fr qupgugdwh wpuandof el Swdvnhy bppnoddwh wpggnd-
pmif (Uhhdwmnk, 1967; Tepuarn, 1958; Bjerrum, 1967):

Unguidimeflpmts wmnwhdhle Swplbplh nypfugdnalp, pwif np bpwbhp wpmw-
swpnifnul b dwlbphogfp fpm, Fowbe GhPlwbnol F, bFh Swpdh bi wn-
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pbpp L Qmumgsfmégh&m‘: dbwfafuncfpmbibbpp: Vo fu -
np  Shgpbph wmpuybpp b guuanfapnulp  wbpunpble
S pd emd pupnlubpp pupfuduy  Shin  (Tep-

Illulnuf Uﬂ‘["‘b?"”:{‘b sbq
);v!l[muf gnyyg o "'"l'"lma’
fusgmd bl unquitipugfr

nausg, 1958): .
ok Unquibguighs Shophph ogmwgnpénidp npny  gbupbpnul pfp Swenginud,

thf; np w!qudlu[: h'bl”_lflpf buwpny 137 'f":l!‘[;:“’ ;ﬁh";f qu:pﬁnqudlb vng-
2h (ungp$unighugh) Sbulupnd, hud pRip ey 1':;! 2kl fupng quipgu-
by pupunly prad'ml;bpﬁm;{?w;ﬁb 2hpunnul, Plughn Puwsnqnud llwﬂﬂf[ £
q.ﬂ_fﬂlpjﬂlb nelibiliog ‘"I'P!"I’mm"‘p]mh fumfumnufl ]

Uig wbuwhbinfg npny qbuwpbpnul wnnpughp gpodinh dhuhnfodul J -
afl wlbpfe puien nbgblnifyns jupny &Y wwy [whgﬁ. il e m:faqmqm[md foss-
nnigudphbpp: Unquliph ghtwdplugh Jbpprddwl Sudup Sunluyb oq-
wwlup bl dlewrfinfufmd phinntigus wnmbhpp, awbmu;mpxh&!:ﬁ puph L ph-
mbiyus prpggmphbpp, Phl wqpn g pbiphpp L owybe (Tep-Crenansin u ap.,
1970) Unquibpughl durgnud mbibgng wygufivp qkdnplughwbbpn gngg nif oy
pWPl-"'Tf‘q_!‘ mifi whgbwsunkpf bzmhml’ﬂlpjﬂlh ungmiinflywls fbpraddwl | w-
o

Pt,!!wf,mqm{m& Shflngl . wmifud Sbvwpufnpofyadibbpp noawwpwbaal | il
dep. wgh wuenlhprol £ Unspfs unqubipbliphy Jbhpt Ul dodf wififrie: Uyg puligh
fpur S pubiwphpfud bl unqubiph bpbp Swphbp. pwhg vwsdwhhbpp gryyg
b wpfmd l-pg dfplk 3 Pibpny:

Ubnuwgpt Swphp wpnuwlpwl nqubp £, opl widhnind § wpghpabhph L -
Juqupupbpp 4 palubp, dhigh 60 A funpnifljundp: bphpnpg Suphp wbpl-
yughnad b Swpfughl unquibip. qupddwlh Jhy bhpgpanffwd by S gwpgifwd utfre
ghpwihp, dhiglk 20 A Swwnmfliadpe Gppnpy Swphp 6 gubgug Saquinug L,
npp qupguhmd E hnpgnofpog dwdlngffaad, dhiph 6 'I‘lllﬂlnﬂlp'flulfﬂ; R"["f'
unqmﬁpbﬁpﬂ quuznuf b funppw_f,!b IH'HIPII .lﬁrulnuf: qu ntumhb!ﬁ unnquhiph
arfbyp dulipugip Whwpmgpnlindibbpp npfwd b wy Spuapogi e
koo {S&F-Umﬁ:‘hmlr_fwft, 1967, Ter-Stepaniztn. 1966 a) - ¥

Ukl wy fengnp bphSwply unquiip qupquiinal | Zuguumwboal Sy upe
qp dpglmguppul Jubpl dnne Uguinkyg, Uguin ghunf funpp YhpSwadwl -

mleahipnf, wnwmgmghy b dwgnugple  ungudip: ubzw‘ué qmbq:[mdp[n Shi wipu

unqubiph hnlwmmlpng gdnyf whghnul L biprlne npuas b rpuns o ‘t'nqw\'nuplqu
] Luin bplknyfft, pugdwSwply ungquhphbph wmmmunifop Lhplinygfl by,
Swmlpmuplio bpfnwswpy habogpl bplhpbibipaol, dnifunfilipu ppguwidibpuid b

bppunwowpyugud ghuhpp  wifhpf: Fmtyfmﬁ'wpl; unq_mhgblapﬁ Jfa,umh[;q:f‘: |

apnyifmud bopuaidighpfe bplyposposieo st hwnnigmdpny, gpuhy bplypoyufri ks
pluniflugpbpny b wnquiph  wuwdl oo gandpe i

Ulpusntijo urhgqupumpddwl  wnwphljoy dhyfh wpgmiflgmiilehpl gpocdfi-
fpuslpsls s ppwpmed ol p puqugpfelibpl, npehp Swidlwwunnmufumbingl Ll uo-
thpﬁ il ‘.'mpkﬁpflb, lfﬂ:p&lﬁ £ .rlbpdmbbi lmbg[y qftf;w:ff;f{uq,; pupy
wpurinlbpp b pogoSw gk unnpfe dhfumbifiydps:

PULNRY HUALPP BUPARE3UL UULUDY

Ywgnpnp bpwpmgmfwd (Coapamreiin u Ap., 1961) Jhd hhtimpnk
A g e i mfum u
prb;m!f: dpuw Shinwgnufby bp Yusfurgpls 2 bhghpfs dnglyubpf I;m;mbmﬁ;mb;:
{ [l wppusn fily Puedpneflpncke milehgnn hulf b poped wr g frots i fil .'6{;-
g’:_’. }?‘1‘”({:’1’“:&&{' Ei‘"g’ Lhpplf dwunul, bipp Tipu pupdpmfl jmihip fusgd oud Ip
’ 2bhufy whlygm et 45°): Gk :
Al sl e s o Swilwuwp §45°): Chugp dfbppi Swunod b gl g fros -
Gl fr prdpnlﬂ.f:ub Shur A frusnfife wumpBwhmpuwg wlnul | aphpnpil -
glowle: Plunbbufif wwSph  Ghunkyf pupwl ool niihgny wpuwnfly  Snupl
Jugpp v pw i nul L oquligh Whpup:
Shyp nidihgunf by thopp buwinnal b wglh gupd] urifbiyfe shoppuflhp. ob-

]
1
1

B Np————

R =S S T . T L, N S uu——
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..-u;j; Jbpple bypfe dnwm wnumgwyul dgdwl Guphp: Chuyp nbPpnpduwgpul nogll-
s gy Aldph gropu dqF il p s

bpp hup purpsfud ffburlyp Susuiny] hpfro ol lput fbun fils, ffmmmpt.{b_q Twh-
Ilmpémlm pgpusricid s Ugpnul l{wmmplzbg hwyfy Lhpplf Jwuf wwspp, nphl
Swgnpyhy fbplf dufiip (L. 3):

Uiju thnpdhpp npmgushf goigy unffile, np phunal wpuwmfly Snepp vl nud

b ppple mhgulpul bpbagfe Gawbdpl fhnbpnol wefpl qpd vgpnfindp qun-

imid b owllyf shnpp, pul wwfph pwpnulibpps
Ulmpbml{mb fusugh e gpniinfr duwubfiljubpl Jfigh wumpBwbwpup o fu-

wnpifoud e Shap kb omdklnd s fr duulpliihpl fbpulngdinpnynad, b gpo

Shulbipny wid pmfpwl fugnols UgjimSbmk huwmwpdnd £ jwpnalbhpf o b-
fuupm?[unuf, npp pb!muf i qpntf;mf; w.d'pm.ﬁ;wb 4k v qpens ﬁ:{qufwbg N w:{bhf-
Yngun hhuwmhpnol  pupnalihph Jkbpofo gd wip:

Gph pupmdihpp ghpuquigead bl wig fhwbpaul  gpadiap bplwpunk
wdpmifl puilip, wupm wppwomply Snepp  mwpwddnud bowdbif ne wifbip Shan,
iy wppnghbup wifwpuifnad Fowd prigy by phlmids pugpuspniln:

Fpnitinfe wd prcf ik purhiwluly®e Tfuwgnedp Shimmgnwdby b doghphbpf:
ey, wd bl Tf ghlyph wiwpmna iy Shinn unquiliph thgifp bufwlmphbyn:

S, wwhpl phdwgpniflymbp Swdwuypmmonfuwth Swyfwplpfoud bp plgne-
uhgmsf fwygmidm ot gupdwhpgp dhly dhwdnpph Swfwempe Yudf vwSph gh-
dugpmfymibp bnoghuhe Shmmgonufby b uwsph oquljpfng unpmuph fpur gh-
Sopdmghwibpp b Ghgbpp wifmndunfly gpubgroln:

Uuﬂ.‘pﬁ aqfed wingpn gt ?J.lzmqnuf‘r_: upfljuigfele S Jﬁ&n:p_{ntbflg dhlgl S,
bfugugneghp (Toabpumreitn, 1964; Ujhdumnk, 1967 ) nfundby bp od fogh fu-
s g fra gpndonbhpaad, o [ilyghn m;zmqm-lﬁnzm‘dxb Jﬁzﬁmzﬁpmﬁpﬁ nhuypmud
wd ol gt ifugnid p dhwfn fud wh dwd whwly puogwlugnad bp (Toarawreiiy,
u ap., 1968):

Um".'pfn wpwgmi ot 1000 whgud bfwgdwh ghogpnod wfflpas gl wed poe-

1 Py wpurlypund fp 1,56 —2 whgwd, mwpphp ?anzfm[m',[:b f!:znuﬂrbp[; by~

poud sl wd porcfgnidip wpwfwpubifuud bp gapdbulubnphy wilitfinafin fu:

Lhinlpmp wyplpwght wdpofondip g plfubhafapfumé F qfeifnpupho
duwunbfiehpl Whpplht shofuibpgnpénfimdp, npp gqunn phy b hwpuduwd wpurw-
bempel s pun g fole prapaloslip puar g pows gl rly Jmf‘tbpbqull ffpu, pugy Guwfuud pb opws-
ple mpmgmyniisfiy:  Gun  Shwwppphp F Ugky, np S, dThénffpul bpuwbuln-
Pymbsp Gnpiluguegfpte Gnegh 8lipdwh ghwypnud gpb@E S fumbuwly F mwpphp ufi-
hymgple mdpreflyndds mibihgng wwppbp lpousfug fi gpomiinbhpl Swdwp (df puwhf
muwubpnpafy dhigk 5 Ygfud?):

u:{f;lfr pmh 200 um‘:pfl lﬁnpﬁmpl{:fm[r wqunlflgirﬁpﬁ 4fufmf.r l{{tw b g~
yby £ Shwliguy Gusfurfwdnfpniip

s, == 0,09 -+ 0,145 (1)

hnphpmgpuwgf 0,78 gnpduwljgmi
Pl lyusts unquibpus il quslighph $bnmgnmmfymbp gogg mdby, np mbgu-
qwpddwl gumnud bngloghe fwowpdodd b ogpedinf wd pocfd pad dinppognod
dfiiyle dhwgnpgugfle (huwgndinguwd) dhénfynid, npp Swfwppo Swfoump £
Si=p pmpnpumnpogfh bbby fd puihop (Typoncxan H ap., 1964):
Ny fly fosbpnol wnfbyfe puwie 50 phwljwl ungqubpugpl pubgbpl 5wdwp
dhopte Sq wdpniffyniip wwShgdwlh dwhbpbagfl ofpum Swifwoewp |

st = 0,06 -+ 0,150, (2)

apnby o vwShgdwlh dwlbpbogfp fpu dfghh Snpdwpuff 8hpnull F. Gnph-

(ughugh qupduhpgp Swfuuwp b 0,82
Uyn bplne qnpdwlpgibpp spupudbopbpp qun dnn b dpd juig:
2hnwgnumfby F bngbghy Qufbpp jwyp wdpnf et b dhlpoempndpnne-
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" ol Juubplbpp fnqdinpnynualp mwndbwuppdby ¢ plbnug-
g:;ﬁ:;ﬂi:;u::}ﬂ'ff" ‘b’mg‘ﬁ'ir!'hmgmpnd‘mnfpmh nwa:u!bmn[:pllll ¢ hudbph
simigibpp fpw bnunwhgpupl finpdbpky Sbinn, uwsph oquljunjnp wwuuph
pur tprpdbphy Shunn b unqubgbbphy fhpgpwd bilnigbhpf dpu:

Vwubfliibph 4wam:{npmﬂ;ﬂtﬁf Lbplhujugfud £ /3 ot widl ghuwgpudnf
(il 6): Bunmgufl bplupntfynip ghugpulp dpu Sudblunwhul § npy-
i"‘"l nugprefjwdp Ynpdinpnyifwé Jwubpliibph mnl{nuwdm. hugd e (Typos-
crasn. 1957, 1964): Uplph dbupnfuniffynidip ghugpundp Sunluppu pguwdi-

e migpusghts npdbpnud Fuskpfubpl hnginpnynulp sl wlgpnud
quinkinud £ Swdupgn Snppqnialwl & bopdugugpl Sy ouoqnfliadips @, — 3
wsps quugghffug whal b ;*u.:mur J,,,;";..',:b,.,, wnsmpSuwbulumb fngdinpnzne
dp wnep whlpgnihn nlygp 2, supgorgpadip: -

® Ufuf ‘:;mm!';!lbbﬂf' fumnbmpnp wpgbpulnd L jujughle  duabhlidpf
Swidwubn Ynglinpnyduhp, fugdhpm] gngooboul bppffibp b Thdughling
gpntlinf wuis pfils Slgnpg il qfufmqpntﬂ;:ub‘n
Onqurlpng it ‘f'ﬂﬂ‘iwﬂfflfmh duwdwhwly wusph wnuwfbjugnegh r”nfmwm:ﬂ;mh{r
cwulbyae s fil Fwsw""’!"“" 4 'f‘"”b"#bbpﬁ hnndunpayaulp: tiwtfm:llb hal-
upliobpp qu] kb hnngdbnpnyifnul mb'lmzlmpdnfwb duwlbplbngfh bplu ol jwdp
unci gl afidwnpe swublbpne  wwsfil: Gpguwli it glugpudp dqifwmd
Snpfgelmlul wnwhgph bphwpndlpedp (4. 6):

Unqilunpnynulp Prryy b wpmwSw pnfwd  wnonfbpugngh Ynngdlnpnpid ik
RSy MR Shnuwfnpriflpwl  fpw. Thp shnpdbpnud  wypn s'bnm({ﬂpmﬂjmhy
lugiaed kp dmn 0,3 AN Puyg wwsph ghdp tnphy Whunbih L qunknol gp-
Jumsfnp wwsSph gnmneg dnwm 1,5 dd Shownpucfl juh of puss

Unguiiph wpunndwl qfuonfnp wunnfy blfngubpp phagflugpfnul By Sw-
dwppu Sudwubn dplypnuinpacdjmmp po i winwl g lfwnh[,ffbbp’) .mfauml:ﬁd’
hngdhnpnydwhp: Ungubipuw ity mbguwympdidfuls gnnng fbhpgpfwd bl nplilip it
plinpny F lurfuw gfils dwubpliubph wmpy wpe S g wd hnqdlenpnpynudp: Uy
flpgncd b bymfp wppumumply Soupp dwefile (. 7):

Uwulifiiubpl hngdinpnydwl Shnbhwbpny wsnal b Ubpdddwl wprun bt g fooss -
(0 opp wwSph gnmood wnwgwghmd §oeph wbgusfinjunflioc furlinnfnfl gury
dhdumgnd:

G urn ndifmp b upuS bl gpociunf Pl frlyudpod wrlrifraifrn fu i fSuwlp wus-
plt hnpdupld wi pliflugpnul; H.” qmmﬁmnm{ um[npwpwp uispf 'H'.""ﬁ{"(f’
thinal b Plpdwd b wpmpudbinpbpp hwfudmd by shopdwplyl a wpu gl wbibphyg:
ffé%-;!mpmlfﬁmpﬁpf qpntbm[; ﬁﬁqﬁ#wflwb i"wnmmmn(bbbpﬂ zbh (Bilﬁlllll{a.ﬂ.
J09) ¢

Pupdhpp gnugg wifbghl, np wwsph alrwgpudp LSl fuf muflunhsfrouyn g fi
3p— = pupnulihpny wpmwSupndwd dnighlmg | gudwphgduh g p
apu pwliibph Swdwp  (gudwphgfud, ffnﬁun[f:qmgl{md-z‘qmnpr&g;{md i
?;:;ngj.g:[md) b wwpphp' wlpgpiodod fontiufmffywts ne ool juk, Sl

s lyrean B g fola Blprudp gpodify Dl frlyunlyusty o iy fr sforsfrn funi B sk
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MHOTOSIPYCHBIE OINNOJI3HHU H NMPOYHOCTH
MATKHX I'NTUH'.

Npodeccop, nokrop Texw. vayk I'. H. TEP-CTEMMAHSH?
npoeccop, Aoktop Texw. Hayk M. H, FOJIbALUTEAH?*,
Kanj. Texs. nayk A. . TYPOBCKAS'* u
kaHp. TexH, Hayk C. C. BABHLLKAS*

Pegpepar. Ha nekotopblx npHPOAHLIX CKJIOHAX ONO/J3aHHE NPOMCXOANT B Hec-
KONLKO APYCOB, PACMOJOMEHHBIX JAPYr Haj JPYroMm; sTH ABHIKEHHs MOryT ObiTh pasHy-
SIIMH TIO THOY M NPOTEKATh MO PasHLIM TPAEKTOPHAM ¢ padauyaiomedcs ckopocrbio. Pas-
JW0AEHHE BEKTOPOB CKODOCTH CMELIeHHS MOBEPXHOCTHLIX T0YEK H oONpejefenHe odepraHiir
\OMOJA3HEBLIX APYCOB MOMKeT GbiTh MPOH3BEJEHO rpadHYecKHM NyTeM, YYHTHIBAasi THN H pac-
[OJ0KEHHE ONOJ3HEBBIX TPEuH, AeqopMalHio COOpYKeHHH H renJorHYecKHe YCJIOBHS.

OxcnepHMenTH TMOKA3adH, 4YTO OCTATOMHAA MPOYHOCTH HMEET OAHHAKOBOE 3HAYEHHe
ZNfl TAHH PASJAHMHOTO THNA H MPOHCXOMKAEHHS M COOTBETCTBYET cpejHefi MpOYHOCTH, pac-
CHHTAHHON s AelCTBHTEABHBLIX MOBepXHocTell ckoawbkenwa. Ilpn nedopmuposaunu rpyi-
T4 NPOHCXOAHT MOCTENeHHoe H3MeHeHHe OPHERTAIMH FIHHHCTHIX YacTHI. Ipadwk casura B
OKTA3APHUCCKIX IPMEKTHBHBIX HANPAKEHHAN He 3ABHCHT OT YCJAOBHIl MCILITAHMA H HAYaio-
HOFO COCTOSIHNS TJAHHHCTOIO TPYHTA.

,IIOKJIE!I{ COJIEPIKHT HEKOTOPbie pPe3yJ/JbTaThbl HCCael0BaHHil OMOJ3HEBLIX
SIBJTEHHH, NpoBCfieHNBIX B NocCJeAnHe rojibel B EPEBHIIE H ,H.HEI'IDOI'IETPOBCKE.

I Nokaan, npeacrapaedusfi VII MemaynaponiHoMy KOHrpeccy no MexaliHKe TPYHTOR
st (pynpasentoctpoennio B Mekcnke, asryct 1969 r. (G. T:r-Stepanian and M. Golds.ein.
Multistoried iandslides and stiength of soft clays. Proceedings, Seventh Internat. Con-
fer. Soil Mzch. Found. Engg., Mexico 1969, v. II, p. 693—700). B stoii nyGanxanun Gman
nponyuizeusl gamuann aByx coasropos, A. fl. Typosckoii n C. C. Babuukoii.

2 3ap. orjenom reomexanukn Muctnryra reonornuecknx nayk AH Apa. CCP.

3 3an. nadopatopieil MeXaHHKil TPYHTOB

1 3ap. onoJaneBbM OTAeAeHHeM JaGOPaTOPHH MEXaHHKH TPYHTOB

8 Crapmuil Haydubl{i cOTPYAHHUK JaGOPATOPHH MEXaHHKIl TPYHTOB

* JIuenponeTpoBecKiil HHCTHTYT HHAKEHEPOB 7Ke/e3HO0POKHOr0 TPAHCNOPTA.
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HOM..
IepBasi yacTh AokJaana Hanucana npocgeccopom I'. M. Tep-Crenanstit?

BTOpas uactb—npodeccopom M. H. FoabauiTeAHOM ¢ COTPYAHHKAMH.

O MEXAHM3ME MHOTOSIPYCHBIX OIOJI3HEW

Yer08us 06pasosanus MHO20APYCHHIX ONOA3HEL

CKJIOHBI MOAPA3AeNAIOTCS Ha MPOCThie H ca0XKHble. [IpocThie CKIO

HBl 06pasyloTcsi ABYMSI FOPH3OHTAJAbHBIMH ILIOCKOCTSIMH, COeLHHEHHLIMH
OAHON HaK/JIOHHON TIOCKOCTbIO. Cpean MPOCTHIX CKJIOHOB BblfeJsiioTes KO-
POTKHE H AJHHHbIE; 3TO NMOApAasjejeHHe HMeeT B BHAY He HX abcoaioTii 't
AJHHY, @ JHIIb COOTHOLIEHHEe MEeXAy 3TOH IAJIHHOH H MOLIHOCTHIO PHIXTH
TI0poJ.
KopoTkuHe mnpocThie CKJIOHB  CIOKeHb ORHOPOAHBIMII ©
PeOJIOTHYeCKOM OTHOLIEHHH TPYHTaMH: BblcOTa H TakHX CKJIOHOB COH3VE-
puMa ¢ riy6uHofi £ OXBaTHIBaeMBIX ONOJ3aHHEM 3eMJsSIHBIX Macc (pi-.
1, a)8. K s1OH >Ke KaTeropuH OTHOCATCH TaKyKe BHICOKHE MPHPOAHBIE CR.IO-
Hbl, CJOMeHHbe OJHOPOAHBIMH TIPYHTaMH, €C/H OHH 06JaAaioT MIOCKOH
HaKJIOHHO} MOBEPXHOCTHIO.

K HiKHefl W cpejneli YacTsM MOBEPXHOCTH CKONbXeHHS § GoabLiyi-
CTBa KOPOTKHX MPOCTHIX CKJOHOB NPHYPOYEHO MOJIOKEeHHe 30H Bpaulate ib-
Hoft rayGuuHol noasyuectn C. B stu 3onax snauenue Kos(pduukenta Mooi-
JIH30BAHHOrO COMPOTHBJAEHHS cABHry tgf mnpeBbillaeT mpeaenpHOe 3Hase-
Hue tgh,, cooTBETCTBYIONIEE MpPeNeJbHOMY HamMpsiKeHHIO CABHTa %

Ha puc. 1, a nokasana npou3BoabHasi pafnanbnas npamas KM; nocie
nedopMupoBanua oHa mpunuMaer (Gopmy KM’ 3xech na yuactke KL
NPOMCXOAMT NepeKalldBaHHe BCJAeACTBHe NIyOHHHOH MOJ3yYecTH, a Ha
yyactke L'M’ — ixecTkoe nepemeuieHue.

Takasi KApTHHA HMEeT MecTO B HayaJbHOH (pase riyOGHHHOM MOJ3YUECTIH,
Koraa BaHsHHe pme(opMallMH Ha pacnpejesieHHe HanpsiZKeHHH B MaccHne
npenebpekHmMo MaJo. B maiapHeHlIeM TMPOHCXOAHT NepepacnpefeneHye Ka-
caTeJIbHBIX HamnpsXeHH# M 30Ha ITyGHHHOH MOJ3YYECTH BbITATHBAETCS
BJIOJIb NOTEHLIHAJILHOH MOBEPXHOCTH CKOJIbIKEHHS.

Ecin noteHnua pHas NOBEPXHOCTh CKOJBIKEHHS KacaeTcsl MJOTHLIX Mo1-
CTHJIAIOILHX KOPEHHBIX MOPOJ, TO B NMPHYPOYEHHOH K KOHTAKTYy 06JacTh KO-
PeHHBIX NOPOJ MOXeT o6pa3oBaThcsl 30HA BEKOBOI TYOGHHHOH MOJ3YYeCTH,
XapakTepH3ylollasfcsd MaJbiIMH 3HaUYeHHAMH rpajHeHTa CKOPOCTH JHe{opiia-
nun (Tep-Crenausin, 1968)7.

BaXHO OTMETHTb, YTO B KOPOTKHX MPOCTHIX CK/IOHAX HMEETCs BCETO
OJAHa TMNOTEeHUHaNbHaA KPYTJIOLUHIHHAPHYECKAs TOBEPXHOCTb CKOJIbHe-
HHSl H OZlHA TPHYPOYEHHas K Hed 30HA BpallaTeJbHOH rAyGHHHOH NMO713V-
vectH. B 3Toit sone B (hase, nmpexpuecTByiouiell o6pylIEHHIO CKJIOHA, MPOc-
XONAT AJHTENbHEIE Ae(OPMAaLHH CALHra.

JITHHHBIE NPOCTH € CKJAOHB XapaKTepPH3YIOTCH HAJHYHEM Mapa.i-
JeNTbHOH CKJAOHY NJOCKOA MOTEHUHAJbHOA MOBEPXHOCTH CKOJLIKEHIH S
(puc. 1,b), monoxenne KOTOPOK OmpejensieTcsi TreOJOTHYECKHM CTPOEHHEN
CK/IOHA (TJTOCKOCTb HAMJACTOBAHHSA, MOBEPXHOCTb TEKTOHHYECKOM Tpeltisl,
KOHTaKT [eJI0BHAJbHOrO Mmiaula ¢ KOPeHHbIMH MOpoAaMHu H T. 4.). Ha pic.
1,b noxasan ciywait, Korna Ha HaKJIOHHGH NMOBEPXHOCTH KOPeHHBIX mOpox L/
JleKaT JleJII0BHaJbHbIe OTJI0XKeHHs T.

Bricota H TakuX CKJIOHOB OGBIYHO CYIIECTBEHHO NMPEBBIUIAET TOILLHHY
h onosnsaomux 3eMJASHEIX Macc; 3TO MO3BOJISET NPH PACUYETE MOAB3OBATHCH
yUpoLaiouHM TpeicTaBlIeHHeM 0 GeckoHevHo AJMHHOM ckJaoHe (Tefitop,

S PHcyHkH cM. Ha cTp. 46—48,
T JlurepaTypy cMm. na crp. 4445,
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1960). K yxasanuoit n10ckofi mOTeHUHAJLHON MOBEPXHOCTH ChOAbXKEHHA S;
npHypoYeHa 30Ha NJIOCKOCTHOR rayGurHOR nmoasyyectu C,.

B yacty TeJa CKJOHa, CIOKEHHOH KOPEHHBIMH MNOPOAAaMH H Pacro.io-
JKEHHON HHKe NOTeHUHUaJbHOR NOBEPXHOCTH CKOJIbzKEeHHS, pa3BHBAeTcH Be-
kopas rayGunHas nosasyyecTsb. Ecau pacnofozKeHHnble B 3TOH YacTH CKIOHA
1J4cThl KOPEHHBIX MOPOA KPYTO NajlalT BHYTPb CKJOHA HJIH BEPTHKAIbHBL,
To Ha ocaab/jeHHbLIX BHIBETDHBaHMEM Y4YacTKax KopeHHeIX mopoa W mpouc-
XOJUT MeJJeHHBI 3arub roJos IMJ1acToB.

PaccvaTtpuBas AJHHHBIA NPOCTOH CKJOH B LEJIOM, MOKHO 3aMETHTD,
yTo Ha rayGuHe MOJKeT HMeThCA eule O[HA MOTeHUHadbHasi KPYTJIOLM.THH-
JipHueckan NOBEPXHOCTE CKOJbKEHHS S,, BAOIb KOTOPO# HanGoJee BEDOAT-
1o 06pyllleHHe BCEro CKJIOHa NPH yXYAUIEHHH CTaTHCTHYeCKHX ycaosmil, K
3TOi NOBEPXHOCTH CKOJAbKEHHs MpHypoyeHa Go.Jee rayGoKo pacnosiozkeniasn
3008 BpallaTeaLHON ray6uuHON noasyyectd Ca.

XapakTep NPOHCXOAAUAX B 3TOA 30He AedopMauuil MoKasaH Ha PHC.
1,b. Ilpoussoabnast pajauaibnas npsmas KP nocae gedopManud npHHHA-
saer ouepranne KP'. 3nech na yuactke KL’ umeer Wiecto S-oGpasuass
pekopas rayOHHEas TOJ3yYeTTh MJ1acToB, Ha yuyacTke L'M” —kecTkoe me-
peMeniense Kopennbix nopoa U BcaeacTBHe 3TOH NMOJ3YYECTH MOACTH.IAIO-
uHx nopo, na yyactke M’N' —pekoBas noJa3y4yectb NPHKPLITEIX NJ1aCTOB 8
BbpiBETpPeJaBX Kopenneix nopopax W, W, Hakouel, Ha yyactke N”P— mioc-
KocTHad rayGHHHAA MOJ3yyecTh AeioBHaabibix otaoxenud T (Tep-Crena-
uan, 1967a). Ha konrtakte Mex/1y AeJTIOBHAJbHBIMH OTJOMEHHSIMH M MOI-
CTHAAIOUIHMH BBIBETPeJLIMH KOpeHHBIMH nopoxavu W nabaionaercsa paspu'p
N’'N”  jedopMupoBanHOf JHHHH BCJAEACTBHE Pa3Juuud 1eOpMaTHBHLIX
CBOHCTB 9THX MOPOJ.

HeoGxonuM0 OTMETHTh, YTO B AJHHHBIX TMPOCTHIX CKJAOHAX HMEKTCH
JBe MNOTeHUHaJbHble TOBEPXHOCTH CKOJbXKEHHS H A B€ NpPHYpPOYEHHbIE K
HHM 301bI TAYGHHEON MOJ3Y4eCTH—ILIOCKOCTHAA B BEPXHEH 4acTH cKJIOHA H
BpaulaTeabias — Ha ray6uHe. Haauuue 3THX ABYX 30H CBHAETEJbLCTBYET
e 06 anOMaJbHOCTH PaclpejeseHusl KacaTeJbHbIX HaMpsKeHH#, a JHIUb O
TOM, YTO HMelTcA JABe 06JIaCTH B TeJle CKJOHA, B KOTOPBIX COOTHOLUEIHE
MEKAY 3HaueHHsIMH Ko3((uuMeHTa MOOHJIH30BAHHOTO CONPOTHB.IEHHS
capury tgd u npedenblibiM 3HaueHuem 3TOro Kos(pduuuenta tglh, aas
COOTBETCTBYIOIUMX NMOPOA YAOBJETBOPSET YCJOBHIO BO3HHKHOBEHHA IVOHII-
no# moasydectu (tgh > tgh,).

OTH 301LI TYOHHHOA MOJI3YYECTH BHITATHBAIOTCA BAOJbL MOTEHUHAIbHBIX
NOBEPXHOCTEH CKOJbKEeHHs BCJAENACTBHe nepepacrnpefiesienust KacaTelbHbIX
HanpsiKeHnuit B mpollecce TOJ3YYECTH.

Iny6unnas nonsyuectb KOPOTKHX NPOCTHIX CKJAOHOB (puc. 1,a), ecai oHn
SABJAIOTCA  HEBBICOKHMH, H MPHIOBEPXHOCTHBIX YacTeill BLICOKHX AJTHHHBIX
npocthix ckaonoB (puc. 1,b, 3ona C;), HOCHT nMepHOAHYECKHH XapakTep: ee
(KOPOCTh  ONpeAeasieTcss HHTeHCHBHOCTBIO JAeHCTBHSI OMOJ3Heo6pas3yIouLix
(haktopos. Ona cBfi3ana c NOCTOSIHHO JAEHCTBYIOIUMMH MPHYHHAMH, Ha KOTO-
Dbl HAKJa/biBAIOTCA CEe30HHbIe sIEJeHHs (KoJeGaHuf NMOPOBOrC AaBJeHH,
H3MEHEeHHe Beca NPH yBJAayKHEHHH H Ap.).

B orauyne OT 3TOro, rayGHHHAs MOJ3Yy4yecTb KOPOTKHX MPOCTBIX CK.I0-
nos (puc. 1,a), ecain oHH HMeIOT GOJIBINYIO BEICOTY, H IiyGOKHX 4acTeid Bbl-
COKHX JUTMHHBIX NPOCTHIX ckJoHOB (puec. 1,b, 3ona C3) MOXKeT HMeTb BeKo-
BOJl XapaKTep; ee CKOPOCTb CYIIECTBCHHO MaJia H ONpeAe/]sie1cs MocTOsHHO
AeficTBylouumMy pakropaMu (MopcKasi perpeccusi, H3MEHeHHe HAaKJI0Ha MecT-
1IOCTH BCJEJCTBHE TEKTOHHYECKOTO MOJHATHS M Ap.).

CKJIOHBI SIBJASIIOTCS CJOJMKHBIMM, eclIH OHH 06pasyloTcsi mepeceuve-
HHEM HECKOJbKHX Pas3JHYHO HAKJIOHEHHBIX IJIOCKOCTEH HJH KPHBOJHHEHHBIX
nosepxHocret (puc. 2). B HX reosJorHyeckoM CTPOEHHH MOTYT Yy4acTBOBATh
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a3HOOOpAa3HbIM XapakTepowm Ha-
- pIXJIblE MOPOAb C P

pasInyHbe "'T?QTH::““;-B\'““" OTHOCHTCH GOJIBLIHHCTBO BHICOKHX NPHPORHLIX
BRI 38 XHOCTH TAKHX CKJOHOB JErKO BhiZeIsIoTCH HeGoabiune
cx.'lOHD:l koo P;:-roro oueprannusi. TaKHe OTKOCH HAH CKIOHB BTOPOrO
oTkocw® Ooaee npo yacTKaMi, O00JazarownMn HeboabIuym

5
aHbl MepexoaHbIMH ) : _ 2o : R

nogan::“csggﬁmﬁ B%Tneﬂb“oc"“ Ka)<abill TAKOM OTKOC XapaKTepHay erex

gt?p:he:lr?e'léifnml pacnpexeTeiiieN KacaTelbibiX HANPSDKeHItd BUYTPH ero Te-

7a. W, CTe108aTebHO, B HEM MOTYT GbiTb BRUISACHH i nql.;enmul:n;ltmn uo-
aa, i, ¢ ceitiis, 7 MPHYpOUENNA K Neil S0Ha rAYOUHHON noasyde-
BEPXHOCTb CKOALIKEHUA, 1 SCKOTO CTPOEHHS i Pa3MepPCB, Ha OTKOCAN
CTit. B 32BHCHMOCTH OT TeCJOrHYecK ' _ mus
o i Kak maockocThas A, Tak W Bpamarteasnas B rayGuunas
NOTYT PA3BHTNCE K ahBaeT, HTO ASfiCTBHTEIbHO, HA CAOKHMN CKIOMAX
noasyyects. ONLT "Of‘aal’:ﬁ“ VIOTCS OTAEIbHbE ONOJAINEeBble YUACTKH, YOI
P O P e suBaercs (pasa oGpywenus u 1. 1. Ta-
1npaercs ravOnHHAas M0J3YYecTb, pas _ P M e S 8
: > . Takme V4acTKH CKJIOHOB BEIYT celst TaK e, KaK M OTAeILH)
Kit\ 0OPA30M, TaKHe YHacTKH ¢ F CFEoCcOR MOTYT AEGOBME DR
b3THe MPOCTHE CKIOHB. OUIl M3 STHX OTKOCOL MOI) a pPMILp 5
VelTeHHO 1 1enp@DHIBHO, APYTHE—OGHCTPO W CKAYKOOOPAINO, B SaBICH:
MOCTH OT MeXaHH3Ma KazJ0ro H3 STHX MAAWX onoasamwit.
Oanako, B3ATOS B UEIOM, Te10 BHICOKOTO C/OXKIOTO CKIONA TaKie Xa-
paKTEpH3YETCH OCOGHIM HANIPKENHBIN COCTOHIRN, KAK Il B CTy¥ae MPocTo-
Fo KOPOTKOFO CK10Ha, KOTOPHIii OHf B OGIIEN HANOMHUHACT. B TaKiX BhicOKiS
cKI0HANX Ha FAYGHHe OOGPA3YeTes NOTEHIHATbHAS NOBEPXHOCTh CKOMNKEHH
it cBR3anHas ¢ Heil 30Ha BpAWATEabHON rayornoil noasyuectn C, koropas
MOKET HOCHTb BEKOBOil Xapaktep. Pexus 31oil aeopMaunn Moxer cy-
LIECTBEHHO OTIHYATLCS OT PeHMa Toii AehopMallii, KOTOpast MPOHCXOi|
B BEPXHHX SPYCAX, NOCKOJALKY OHI BbI3BaHbl PA3THUHBIMK (DaKTOPaMiL.
HMieTpyMenTtaabible Ha00AeHHs 32 CMElleHHeM NMOPOA Ha TaKiX CKI0-
HaX 00HAPYKHBAIOT CI0KHYIO KAPTHHY, OOBACHICMYIO HAIO0KEHHEM CMelLc-
Jiii B PA3IHYHBIX 30HAX NAYOHHHONR MOJA3YMECTH, C PA3HLIM PEXHMOM -
dopmauuit. Ee pacuindpoanine HeBO3MOKHO Ge3 SICHOTO NPEACTABJICHHS O
MEXAHH3ME ONOJ3aHHs TAKOTO CJAOMKHOTO CKJAOHA, O DACTOJOMKEHIN 1 3ia-
EHIH OTAeJBHBIX 30H FVOHHHOMN MOJA3YUeCTH.

Meroduka anaau3a CAONCHOCO ONOAZAHUA CKAOHA

Kaptiua onossaunsi npupoanbix CKJIOHOB B NPOCTPAHCTBE H BO BpeMe-
it 00bIYHO ObIBACT OYEHDL CJA0KHON, H JACHCTBATENLHO, MBI TOJALKO NPHOII-
Maeyesd K (popmyaupoBanuio 31oit npodaembl. Boaee npoersiM 1 gocTy mibim
AT anaansa sBJseTcs cayuail, Korda onoasneoGpasyloutie (Gakropsl jeli-
CTBYIOT Ha CKJIOHE ¢ NOCTOSAHHON HHTEHCHBHOCTBLIO B TEUEHHE MAAHTEALHOIG
ppevenn. Takum o6Gpasom, nocTeneHHo CO3AAKTCH YCJAOBHS YCTAHOBHBLIE-
rocst onoJasanus.

Yeranosusineecsi onoJ3anne ipeanosaraer HeusMennocTh Beex napamer-
pPOB, XapaKTePH3YIOUHX MPOIECe: pacnpe/ieaeHust HanpsazKenuii B Teje CKI0-
Ha, Ae(popMaTHBHBIX CBOACTB rpyHTOB, pacnpefetenns 3uavenuit Kospdu-
UHeHTa MOOWIH3OBAHHOIO CONPOTHBJAEHHHA CABHTY, OYEPTAHHA 30HBI V-
OHIHON nmoaaydecTH, pacnpejesaenis cKkopocreii cMemenuss u 1. a. Takoii
4liaTus HMEeeT TOT HeTO0CTATOK, YTO OH NPEANOJaraet nocTosHuylo CKOPOCTs
CMEIIeHHT B TeveHie psja JeT, 4YTo, OMeBHJAHO, HE BCErjla HMEeT MEecTo.
Aonymenne 06 yveranosuswemcs ononzanuu - ABasieres Gogaee crpaneti-
BBIM 151 171y GOKOP ACTOTOKEHHBIX 30H NOJA3YYECTH; B OTHOWCHHH NPHNOBEPX-
HOCTHBIX 30H MOJ3YUECTH €ro CJeVeT NPHMEeHSITh ¢ OCTOPOKHOCTLIO,

ﬂ.’lﬂ NPHOOBEPXHOCTHLIX 30H GoJee Cneul{(pl[‘-{llh[h[ ABASIETCH  PexHm

. 3aech, HECKOALKO VCIOBHO, MaJBe 3JCMCHTH CI0KHOIO CKAOHA HAABANK OTKOCAML.
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HHeycTaHOBHBINEiCA N0J3YYECTH, TPH KOTOPOM €O BpeMeHeM H3MEeHAIOTCHA Bee
mmapamerpel. O/1HaKo, BCIEACTBHE CJOKHOCTH H HEJOCTaTOYHON H3YYEHHOCTH
nnpobaembl, B OTHOIIEHHY HEYCTaHOBMBLIEHCA MOJI3VYECTH B HACTOsfLee Bpe-
M5 MOryT GEITh clleJaHbl TOJbKO KaYeCTBEHHBIE OLEHKH.

B pamnoii paGorte paccMmaTpuBaeTcd cayyaill ycTaHOBHBLIEHCA MOI3Vv-
iyectd. [IpuGanKennem K HeMy ABAAETCH aHAJM3 CPEJHHX CKOPOCTedl cie-
Lennd, OMnpejeJieHHbIX B pe3yiabTaTe MHOroJeTHHx HaGamogenuii. Oxnaxy
Jaaxe NPA 9TOM  YNPOLIEHHOM NOAXOJe OGBIYHO BBHIABJACTCH J0CTATOYHO
5 CJI0KHAA KapTHHA,

Bo muorux cayyasx Kkapra BekKTODOB CMenleHHs (MJIH CKOpOCTeil ci--
Liienna) nokasbipaer GoJLIIOE PACXOXKASHHE MO BeJdYHHE H HanpapJenuio,
LI03B0JAIONIEE TIOJYYHTDL JHILL ODLIee npeicTaBienne o6 onoa3anuH. Ecut
11eT COMHENHNS B TOUHOCTH reo/Ie3HYeCKHX H3MEePeHHH, OJHOIl H3 BO3MOKHLIA
I NpUYUH MOIJIO  Obl IBUTLCA HAJOKEHHEe HECKOJbKHX MPOCTHIX ONOJI3aHMHiL,
JeOoBepUIAONIMXCH Ha PasjJuuHbIX Apycax. 3afadell aHagan3a ONMOJ3aHHA 7B-
LJAETCH PAsJoKeHHe BEeKTOPOB CKOPOCTH CMELIEHHS! OMNOJ3HEeBbIX TOYeK I
| COCTABJAIONINE, OTHOCALUIHECA K Pa3jHYHBIM 30HAM ONOJ3aHHs.

PesyabTaThl reojle3i4eckHX H3MepeHHH OOGEHIUHO JaloTcs B BHAE BeTi-
"YHH npupautenns koopawnaTt Ax, Ay ¥ 4z, COOTBETCTBYIOUIHX HHTEpBal1y
ippeMedn AL Tlo HHM MOryT GbIThb BBIYHCJAEHBI KOMMOMEHTH BEKTOPOB CKO-
|pocTH cMeulenns v, = Ax/Af, v, = Ay[At u v, = Az/At u BeJHYHHA TOpH-
‘B0HTAJALHON NPOEKLMH Ty BEKTOPA CKOPOCTH CMEWEHHH, Ty =Y ol 77 .

Buiuepunpajoress jaBa rpadmuka, oJMH M3 KOTOPbIX H306paikaeT ropu-
JB0HTAJIBHYIO IIOCKOCTh  (C OCAMM KOODAHHAT U, M Uy, PHC. 3,a) a apy-
| TOH—BEPTHKAJLIYIO INIOCKOCTh, NPOXOAALLYIO 4Yepe3 IOJHBIA BEKTOP Ciie-
juleanss © (C OCSIMH KOOPAMHAT Ty M ¥,, puc. 3,b u c). 3tu rpapuku Mo-
(YT paccMaTpHBaTLCHd Kak rojorpagsl CKOPOCTH OMOJI3aHHS, €CJaH NPUHATE,
(UTO HpoLece ABJSIEeTCS HenpepbiBHEIM,

Paa/oxenue BEKTOPOB CKOPOCTH CMELIEHHS NPOM3BOAUTCS rpaduuecki
Ha yKadaHHbIX YepTexcax, PaccMOTpHM HEcKOJBEKO CXeM ONoJg3aHusl i coOT-
BETCTBYIOULHE roJlorpa(sl; NyCTh Ha CKJIOHE PACIOJOKEHO NATH ONCJA3HEBHIX
'ToueK, 0603HauYeHubIX HOMepaMu oT 1 10 5, cunTas BHH3 10 cKJIoHy (puc. 1,a).

(1. Ilnockuii ckmou nagaer na cesep. Ha ckaone passuBaeTcst mioc-
KocTHas rayGuHiasi noJasyyects. JIBHKeHHe Beex TOYEK CKIOHA MPOHCXOLHT
C paBHOMEPHOH CKOPOCTLIO. B 3TOM ciryuae KOHIbI BEKTOPOB CKOPOCTH CMe-
IEHHS BCEX OMNOJI3HEBLIX TOUEK pacnoJiaraloTesi B iefoawuroil obaactu A

(puc. 3,a u b). Ha ueprexe nokasan ogun Bektop Aasi toukn Ne 3. Pas-
‘Gpoc Touek B npejiesax obaacti A obuAcHsAeTcs OMHGKAMH  HAG I0AEH!.

2. Ilrockuii ckiaon nagaer na ceBepo-BocTok. Ha ckaone paspmpaercs
nyaocKocTHask ray6uHHas noasyuectb. Onoa3HeBbll oyar pacnogoxKen B Bepx-
leil YacTH CKJIOHA H NOITOMY ONOJ3aHHe HOCHT HACTYMATEIbHBI XapakTep.
Konupl BEKTOPOB pacnoaaralorcst B Y3KO# BHITsiHYTOH o6aacti B (puc. 3,a
ub).

3. Tlnockuil ckJ0H Najaer Ha BOCTOK; OMNOJ3HEBBII OYar PacnoIosKel
B HWKHEH YacTH CKJOHA, W ONOJ3anHe HOCHT OTCTYMATAbHBIE Xapakrep.
Kouubl BekTopos pacnonaraiores B o6aactu C (puc. 3, a u b).

4. Tlnockuit ckaon nagaer Ha loro-soctok. Onosnduesslii oyar pacrno.io-
JKeH B paiione onoasuenoii Toukn Ne 2. B o6GaactH, pacnosoiKeHHON Bhily
STOH TOYKH 110 CKJIOHY, OMOJ3aHHe HOCHT OTCTYNATeAbHbIH, a HHKe—HacTy-
nateabnblfi xapakrep. Ha rpaduxe takoil cayuait xapakrepuayercst 00-
sacteio DD (puc. 3,a u b).

5. Ha ckjone He NPOHCXOAHT CMELIEHHS ONMON3HEBBIX ToueK. Takoii
caydait Ha rpaduke Xapaxkrepusyercs oGaacteio E (puc. 3,a u b).

6. Ckaon najaer Ha ceBepo-samaj. B MArkax raumax, o6pasyiouHx.
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s BpallareIbias FIYOHHHAR NOASYHECTD. Cko-
eHIIATbHON NOBEPXHOCTH CROALKEHHA NOCTOSHEQ
( l.a). CkopocTh ¥ BCeX ONOISHEBLIX TOYCK MOJYYAETCH HA OCHOBA-
puc. l.a).

5 a: na puc. l.a nokasano nocr-

4eCKOTO COOTHOLISHHH: l.a nokasz

o6 npo;zoﬂrgn?%\:;;%% rouky Ne 2. Konilbl BEKTOPOB CKOPOCTH CMeleHis
poenne I g

o ¢ F (puc. 3.a 1 ¢). v
pacngagl%eugeac?ltzﬁ:gngm izpnpe:lm.l}‘mnﬁ; ONOJ3HEBOI OMar PacnooMKen
B ae‘;meﬁT wactit CKIOHA M CMellenHe HOCHT HacTynareabHuill  Xapakrep.
K p;;: BEKTOPOB CKOPOCTH HAXOAATCS B 00.14CTH G (puc. 3,a u o).

OH% Cxaon nazaer Ha tor. Ha CK70HE NPOTEKAET MEATEHHbI 3eMasHOi
otok. Baaroaapsi ocoGeHHOCTAM peabea, NOTOK 00PasyeT B Naane naas-
VIO AVIY, OOpAlIeHHYI0 BOTHYTOCTbIO HA BOCTOK. Onoasuesoe ABIGKeHHE
::bcm 'pzix;uouepnuﬁ xapakrep. Ha rpaguke Taxoil c1yuail Xapaxkrepuaver-

gaacteio H (puc. 3, a 1 ¢). A i ‘

¥ 0‘3 Tor ke c.'t‘i'ttaﬁ. 4TO 1 MPeAbLAVLLHIT, HO ONOJI3HEeBkl ouar pacnoao.
Jken B HiKHeR 4acTH CKJOHA, H ONOJ3aHHEe HOCHT OTCTYNATEAbHBIL Xapax-
;'ep Koniubl BEKTOPOB CKOPOCTH CMeluenust pacnojaraiorest 8 oGaacrn K

Hc. 3, auc). ; .
¥ 10. Tor e cayuaii, 4To i ABA NPEIBLUIVLLIX, HO ONOJ3HEBHIl ouar pac:
no10zkeH B BepXueil 4acTi CKAOHA, I ONoA3aHHe SIBIAETCA HACTYNATeIbILIN,
10. . sanu e !
Kouubsl BEKTOPOB CKOPOCTH CMeHieHHs HAXOAATCH B 00J1acTH L (puc. 3, a

ne).

Te 10 CRJIOHAE, pasBHBaeT
pocth ¢ BCexX TOHeK MoT

I1. Ckaon nataer Ha 3amaj; OH LETHKOM M@LIeHHO aedopmupyercs.
CayGunnas moJ3ydects B MepBOM sipyce HOCHT BeKoBOIl Xapakrep. Ha ckao-
e BO BTOPOM fIpYce PasBHBAETCsS MEATCHHbI 3eMIAHON NOTOK, NoAoGHbI
onHcaHHoOMy B nvHKTe 8. 3emMasHoill NOTOK HAnpasJeH B Bepxueii wacti
CKJIOHa Ha l0ro-3anaj, B CPeAHeil YacTH—HAa 3anaj u B HIRKHE vacTH —na
JOrO-BOCTOK: TaKHM 00pa3oM, 3eMJasiHoll NMOTOK 00pasyer AYTY, o0paienuyio
BOrHVTOCTBIO Ha tor. Takoil cayuaii npeacrasiaen odaactbio N (puc. 3, a ne).

[opusonTaibiibie NPOEKILIH BEKTOPOB CKOPOCTH CMEUIECHHSI ONOAIHEBBLIN
TOYEK, VCTAHOBJEHHBIX Ha 3eMJSIHOM MOTOKE, HMEIOT CBOHM HauyajJoM TOUKY
0, a Konmamu—roukn 1,2, . . 5 obaactu N. Kaxawii ua stux pexkropon
cKopocTeil eMemtennst rpaiueck pasiaraercs Ha JBa BEKTOPa: BEKTOP Ty,
XapakTepuavionnii ryOHHHYIO NOJA3YUECTh NePBOro SAPYea (T. €. BCEro CKo-
Ha), 1 BEKTOP TN , WTIOCTPHPYIOWHI MNOJA3YYecTh BTOpPOro sipyca (r. e.
cobersento demasnoro noroka). Ha pue. 3, a n ¢ nokazano pasaomenne
DEKTOPa CKOPOCTH CMelienns onojsiensoil Toukn No 4.

Takun o6pasom, gedopMalig cKIONa B LEJAOM Npejctaniena o0JacThio
M; otHocHTeNbHAS CKOPOCTh NOJ3YUECTH 3eMJSIHOrO NOTOKA HTIOCTPHPYeT-
CH BEKTOPaMH Tx , HMEIOUHMH CBOe Hauago B odaactn M 1 Konup—nB o6-
dactn N, Tloaoxenne o6aactu M onpeneasiercst  passmeueniem  Touek
6, 7., COOTBETCTBYIOIIHX OMOJ3HEBBIM TOMKAM, YCTAHOBJACHHBIM Ha CKJI0HE
LHE 3eMJAHOro notoka.

[Tousitno, uTO OnMMCanubie CXeMBl He HCUEPHBIBAIOT BCEX BO3MOKHbBIX
1105 onoasanua. K num Moryr ObiTh 106aBJeHbl Apyrue THOL Aeopma-
IHH CKJIOHA, OCHOBAHNBLIE Ha TeX JKe NPHHUHNAX aHaan3a.

[Toabaysich STHM METOLOM, MOZKHO JIErKO NMPOH3BOANTL aHAAH3 ON0.134-
HHS CKIOHA, NPHMENAs B IPHHIANE TaKYI0 JKe NPOoLeaypy, KoTopas npume-
HACTCS MIPH PA3JOKEeHHH CI0XKHOTO KOIe6aTeIbHOrO ABHAKENHs Ha P rap-
MOHHYECKHX Kogebanuil.

Hpa RTRYECKOe npuaoNceHue Meroda

Anaana mMexanuaMa OnoJ3aHusi HAYHHAETCH © BbIUECPUHBAHHS OMHCAH-
HBIX ABYX rpadmukos (puc. 3). Ha stux rpadukax Touku, oTHOCHIHECSH K
OTACILHLIM  ONOJ3AIOWHM TeaM, JHGO coGHpaloTest B BHAe rpynn (ec
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innoJ3anne paBioMephoe), aubo pacnpeleaaloTeds B BUe moJoc (ecamn ono.-
i#3a1He NPOrpeccHpyloliee, T. e. HacTYMaTeabHOTO0 HJIH OTCTYNATeJIbHOro TH-
ima). Bolue GbliM noKa3sansl COOTBETCTBYIOULHE THMBI ONMOJ3aHHA H MeXaHi3-
MBI ONOAZHEH.

Pacnosnapadne sipycos OM0J3aHHA NPOH3BOAKTCH B pe3y.bTaTe COB-
UMECTHOTO aHa/H3a FeoJOTHYECKHX M TMIPOTreo/JOorH4YecKuX VCJIOBHII CKIOHa,
Areomopgoaoryyeckux ocobeHHocTedl H HCTOpUH pasBuTHA peabeda (Tep-
ary, 1958; Ckemnron, 1967; Bjerrum, 1967).

OxoutypuBaline OTAEILHLIX APYCOB ONOJI3aHHA, MOCKOJIBKY OHH OTpa-
KKAI0TCA Ha NOBEPXHOCTH, CYLIECTBEHHO 06.7er4aeTcd, eCI YURTHIBATh ONo13-
iepble TpelwnHbl U geopManuu coopyxennda. Panee 6Gbli10 moka3aHo, 4TO
TTHN M pacnoJoKeHnHe TPELIHH TeCHO CBA3aHbl ¢ pacnpejfe]eHHeM HanpsKe-
nnuit B onoasnesom teqae (Tep-Crenannu, 1958).

Henoaszopanue ONOJ3HEBLIX TPELIHH He BCErla BO3MOKHO, TaX Kak
[1aKne TPeKHLl MOTYT GLlThb 3aKPBLITEL B PE3V.ILTaTe MOBEPXHOCTHOM 11013Y-
pyectd (COMM(DIIOKIMK), HJIH OHH JaKe MOIVT 42 Pa3BUTLCH B TOHKOM MO-
[epXHOCTHOM MOKPOBE, XOTA B MOANOYBE MOZKEr M CYLIECTBOBATh HAPVIUEHHE
IHENPEPLIBHOCTH.

C 57011 TOUKH 3pPEHHs B HEKOTOPBIX CAYYasX 3HAUHTEIBHO BO.JIbIIE HH-
b hopyannn o gedopManny NOAACPKHBAIOWIETO TPyHTa MOCYT AaTh COOPY-
{ AKelind, pacnojozennbie Ha ckaode. OcoGeHHo MOMe3HbBIMK A aHaaH3a M-
LHaMHKX onoJsiei spasgioTca aedopMuponaHibie GETOHHBIE KaHaBhl, Kamel-
(Hble u Getomiibie GOPAIOPLI A0pPOr, Jerkue KHpnu4Hbie 3ganusi u ap. (Tep-
) Crenausin u ap., 1970). Kapra, nokassiBaiomas Takne ae(popMaliy Onoas-
| HEBOTO NPOHCXOZK/IEHHS, UMEET HEeOLEeHHMOe 3HAYeHHe NPH aHa/JH3e Ono.-
REHITD]

MasiocTpanneit  BO3MOAKHOCTEH, JaBaeMbiX OMHCbIBAEMBIM METOTIOM,
(MOZKeT CAYKHTL pHe. 4; OH noka3biBaeT ojuH U3 onoJsneir B Coun, Ha mno-
1 Gepekne Yepnoro mopsa, Ha ckione 6bl10 06GHapysKeHo TPH sipyca onoJ3a-
L1, HX TpaHuibl nokasansl nuu(pamu ot 1 go 3.

ITepewii sipyc npefctapiasier coGoit  BpailaTeabHbH ONOJ3eHE; OH OX-
ipaTeiBaeT OJOKH apru/iiUTOB o necyainukos 4 ray6unoit 1o 60 x. Bropoii
fIpyC npeicTasiaser coboi MIOCKOCTHOH NMOJ3€Hb; B JABHAKEHHE BOBJEUSHE
pasiapobiiennbie  apruJIHTB & ToAmKEOR 10 20 . Tpetuit spyc apasercs
MeJJeHHBIM 3eMJSHBIM NOTOKOM 6, KOTOPLIH Pa3BHBaeTcs B KOJJIIOBHAJBLHOM
dnTane ToJuHuoi e 6 .. Bee st onoasun naxoisires B (ase rayGHENObN
noaayvectd. Bozee petanbHoe onucanHe 3TOr0 MOYYHTEJIBHOrO ONOA3NA 1a-
1o B apyrux nybauaauuax (Tep-Crenansin, 19676; Ter-Stepanian, 1966a).

JIpyrofi kpynublii ABYXsIPYCHBI OMOJ3eHL paspupaercss B ApMeHHH
cpeinenekoBoro xpama B Ierapre. 3/ech BeaeacTHe TyGOKOH BPesku pe-
Ki A3aT BO3NMK CKaJbHBll onoasenb. I10 JHHHM KOHTAaKTa 3TOrO OMOJA3IH:I
IC HENOABHZKHBIM MaCCHBOM NPOXOAAT JBA MEMJEHHLIX 3eMJAAHBIX MOTOKA.

[To-BupumMomMy, MHOrOsIpYCHBIE OMO.J3HH He NPEACTABAAIOT oGOl Heo-
‘GLIYHOTO SIBJCHHS, B OCOGEHHOCTH B MOJOJIBIX TODHBIX CTPaHax, Ha MOPCKHX
TOOEPeKbAX H MO GeperaMm OMOJIOKEHHBIX peK. MeXaHH3M MHOrosipycHbIX
0noJi3Hel onpeiessiercs: reoJOrHYeCKO CTPYKTYPOR CK/IOHOB, HX reOMeTpH-
YECKHMH XapaxTepHCTHKAMHI H MCTODHEH omoasaHmus.

[Tpnmensisi rpaguueckoe pasioxkenne CpeAHErOAHUHbIX CKOpocTedi cMe-
IEHNA HAa KOMIOHEHTBI, OTHOCSILIHECS! K Pa3JHYHBIM sipycaM Onoja3aHus,
'MOZHO pacuiH()pOBBIBATL CJAOXKHYIO KADTHHY AHHAMHKY CK/JIOHA H BLISIBISTL
MeXaHH3M ONOJ3aHHs.

O MPOYHOCTH MATKHX TJIHH

Ha Goabwod nentpoGexnoii Mamute, onucarnoit panee (IoapamTeiin
1 Ap, 1961), uccaenoBanacs yeTofunBocTh Mojesell IMIHHECTBIX OTKOCOB.
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: b, MMEIONLell TYTOIIACTHYHYIO KONCHCTEH:
Jedopymauus OTKOCa H3 eab B HIDKHEIl YACTH OTKOCA, KOrAa Bhis

BYIO Ouep
umc;. :r%ogggz.::: 1: r;e:__,pu_ (vroa orkoca pasen 45°). B sepxueil wactu or
COT . L - -

31aunTe bHBIMH.
Koca Aedopmauny OblIH HE M e e o

y M .

1acac(%g.$:::l:: !:rlf:.;cmqecxoro ToueHHsl ¢ 3aMeTHOH TOHKOIl 30HOIl HHTeHCHE-

{oro casura pacnpocTpansaach BHYTPD CKJ/IOHA. ¥ .
INponsourta HedoIblIas OCAIKA OoTKOCa, M OH CTal B0Jee NOJOrHM;

pepXHeii KPOMKH OTKOCa NOSBHIICH szﬁl‘;l;fm“ga““"\?“““- Adedopmanng
OTKOCA COMPOBOAAATACH BHIIHPAHIEN OCHOBIANES : e m i Seloaty

Kofaa nampsikeHHOe COCTOfilHE (gw::':go:-?mi-m\"l ;)c, nu;x ) Tu-: Q.
NpOH30NITO BHE3aMHoe PaspyLICHNE. - navaie & vJaach acTy
oTKOCa, 3a KOTOpOfl noce10Bana BEPXHAS (PHC. 9). o .o

1 ONEITH OTHETJHBO MOKA3alt, YTO MIACTHYECKOE TE |‘ume B OTKOCE
HauMEaeTCs Kak JOKalbHOe sisjeHie. B oraeibHBIX TOUKAX CONPOTHRIEHUE
CABHTY CTAHOBHTCH MEHbIIHM CABHTANONULRTO liallpflihelllm-‘
Tepponayaibible CBA3N MEXLY UaCTHUAMU IPYHTA MOCTENEHHO Hapys
jatorcst. [TPOHCXOANT TiepeopHeHTalHsl TIMHHCTHIX HACTHIL BeAVINAS i
vMeHbIIeHH0 MPOYHOCTH. 3aTeM INPOHCXOIHT Nepepacnpeileaenie Hanbis
“kennii, KOTOpoe MPUBOANT K AaibHeillieMy yMEHbUICHHIO TPOYHOCTH rpy:
ra 3 KOHLUEHTPALH HanpsuKenuii B 50Jee JKeCTKHX TOHKaX.

Ecai Hanpsizkenis NPeBOCXOAST AMHTEIbEYIO TPOUHOCTb FPYHTA B STHY
TOUKAX, MACTHUECKO® TeueHue PACNpOCTPaHseTCs Bee Jadee i Jjajnee; S10n
npollecc 3aKaHYHBaeTCs XPYIKHM PaspylICHHEM OTKOCA B LETOM. _

KoauyecTBeoe VMeHblleine MPOYHOCTH TPYHTA HCCASAOBAIOCH  Ha
MOZeASX TyTeM MOAPe3KH f3blKa ONOJ3HS NOC]e 3aBEpPUICHHs  KakA0M0:
OM0J3HEBOro KA. :

CooTBETCTBYIOILEE COMPOTHBACHHE CABHTY S, PACYHTHIBAIOCH  NPiL
KO3(uunenTe YCTOMUHBOCTH, PaBHOM EAHHHLE. Conporlmneune CABHEY
FAHH HCCTEN0BaJOCh TAKIKE € MOMOIILI0 KOJBIEBOro npuiopa Ha CABHE ¢
aBTOMaTHYECKOil pericrpauneil aeopmannii n yenauii.

VMenblilenne COMPOTHBAEHHS CABHIY OT NIKOBOrO 3uauenust Sy 19
sumusmaasnoro S, (Foaswreiin, 1964; Ckemnron, 1967) nadmonanock
TOJBKO B TIHHHCTBLIX TPYHTAX, B TO BPeMsl KaK B NECUAHO-TIBIICBATLIX TP
JOHKax yMeHpIIeHHe MPOMHOCTH NpH AC(GOPMIPORANIN  OTCYTCTBOBAAN
(Foapawreiin, n ap., 1968).

ITpn vmensmwennn  ckopoern casura B 1000 paa nikopas npouHOCTS
cimmatack B 1,6—2 paza; npn pasanuinoM HOPMaJdbHOM AaBJICHHH NHKOBAL
NPOYHOCTL COXpansjgach IIPaKTll'-IECKl[ IIG]ISMPIIIIUI'[.

Takum 06pPa30M, THKOBOE CONPOTHRICHHE CABHTY 00YCI0BICHO IIaBHbIALY
06pasoM CHAAMH BIYTPEHHEro R3aHMOACTCTBHS MEIKLY YaCTHIAMME, KOTOPDLIE
MAaJ0 3aBHCAT OT BHelrHero Aasaenns. Flanporus, ocrarounasi npounocth
MPONOPIHOHAALHA HOPMAJILHOMY HANPSKCHHIO Ha NOBEPXHOCTH CABHIE, HO
He 3aBUCHT OT CKOPOCTH cABHra. BecbMa HUTEPECHO OTMETHThL, YTO 3Hauelie
S, TPH OAHOM H TOM K€ HOPMAIBLHOM AaBJISHHH OKa3blBaeTcsl MOUTH OAHiHA-
KOBBIM T PA3ARYHBIX TVIHHHCTBIX FPYHTOB € Pa3juynoil NHKOBOI mpoy-
HOCTBIO (OT HECKOJALKHX JecATbIX 10 O Ke/ca?).

[To pesyavratam Goaee, vem 200 nenwiraunil na cJABHC noaydena cie-
AYIOLLAS 3aBHCHMOCTE:

s, = 0,09 - 0,145 (1y

¢ Koa(ppuuuentom Koppeasiun 0,78,
Hceaenobanne ectecTBeHHBIX ONOJA3HEBLIX CKJIOHOB MOKA3aJ10, YTO B 30-
He CMeleHHs NPOHCXOANT TaKzKe yMEeHbLIeHHe MPOUNNCTH rPynTa J0 0oc-
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JTATOMHOrO  3HAYE€HHA, TNOYTH PABHOro J1a6opaTopHOMY 3HauenHio s, (Ty-
Hopckas M ap., 1964).

Cpejinee conpoTHBAeHHe CABHTY S; MO NMOBEPXHOCTH CMEIIeHHS 114
rhgee vem 50 ecTecTBEHHBIX ONOJ3HEBBIX CKJIOHOB B IJIACTHYHLIX [HHAX
£Xa3a/0Ch PaBHBIM

§;=0,06+ 0,153,

gle s—CpejHee HOPMabhoe HanpfAKeHHe Ha MOBEepXHOCTH CMellelins:
cospunnent koppeasuuun pasen 0,82,

INapameTpsl 3THA ABYX VDapHen®f oyenb 6JM3KH MeXKAY coGOL. i

‘Hccaejcpanach Takie CRA3L MeKIY NPOYHOCTBIO H MHKPOCTPYKTYpOIL
. OpHenTauus rIMHACTBIX YaCTHIL H3YYATaCh C TOMOULBIO MO.IAPH3ALHOH-
10ro MHKpockona®. MHKPOCTPYKTYpa H3y4yanach MOCJAe TPEXOCHBIX HCMbITA-
i, nocae ONLITOB KHa KOJbleBoM nprGope Ea CABMr M B 06pasuax, oTol-
HEUIBIX H3 ONOJ3HEeBLIX CKIONOE.

Pacnoaozenne 4acTHIl NpejcTaBieno KPyroBoi Anarpamsci (puc- 6).
I Inna JTyda Ha AuarpamMme MpoiopuioHajbEa MPOUEHTHOMY COJAepiKanHio
JACTHIL, OPHENTHPOBAHHEX B AannoM Hanpasienun (Typosckas, 1957, 1964).
90 Havada AepOPMIPOBAHNA AnarpaMma Gblia MOYTH KPYroBoik.

B TpexocHEIX HCHLITaHHAX OPHEHTHPOBKA YaCTHL B o6pa3sle BHaya.de
GTAOBATCA NOYTH rOPH3OHTAILHOA H HOPMaJbHOH K Hanpasienuio 3,. [pu
siseandenny (3, 9;) UaCTHILI MOCTENEHHO CTAHOBSITCA OPHEHTHPOBAMIiIbI-
IIH MO/ OCTPLIM YrJIOM K HanpaB/eHHIO 3,.

[Ipumech 3epen necka npensiTcTBYeT OPHEHTHPOBKE FIHHHCTBIX YACTHIL,
(Gpasysl CBOEro poja IMOHKH M YBEJIHYHBAS OCTATOYHOE CONPOTHEIEHHE
WIBHTY TPyHTAa.

B GuicTpbIX HCNBLITAHKAX Ha KOJABLUEBOM NMpuGOpe Ha CABHT OTCYTCTBYET
'UMETHAS OPHEHTHPOBKA YaCTHIL NPH JOCTHIKSHHH MaKCHMaJbHOTO COMpO-
HiBJenns CABHrY. [VIHHHCTBIE YACTHIBI XOPOIIO OPHEHTHPOBAHBI BAOJbL M0-
“2PXHOCTH CMelleHusl B 06pasnax, AOCTHTUIHX YCTaHOBHBLUETOCS CONPOTHB-
“euns casury. Kpyrosas quarpayMsa BhITSHYTa BA0Jb TOPH3OHTAABHON OCH
muc. 6). :

Opuenrauusi c1a6o BbipakeHa Ha HEKOTOPOM PACCTOSHHH OT 30HbI
GAKCHMaJbHOH OPHEHTALHH; B HALUHX ONBITAX ITO PACCTOAHKE COCTABIAIO
w00 0,3 mm. Ho nuuusi casura cnosa nabawopganach na PACCTOAHHH OKO-
co 1,5 aa OT raaBnoil 30HbI CABHrA.

O6Gpasusl H3 raaBHOi CTEHKH OTPLIBA OMOJ3HS X4apaKTepU3yIoTesi MoMTH
JIHOPOAHOH MHKPOCTPYKTYPOIl Ge3 BHAHMON OPHEHTAILHH YaCTHIL. Obpasup
{3 30ILI ONOJ3HEBOIO CMELIEHHS! XaPAKTePH3YIOTCH OTYETJIHBO BBIPaKeHHOIl
(PHEHTHPOBKOM IIHHHCTLIX YacTHIL. DTO CBHAETEJLCTBYET O I14CTHYECKOM
‘SyeHHH MatepHaaa (puc. 7).

B pesysbTaTe OPHEHTHDOBKH Y4aCTHIL BO3PACTAeT MOTEHIHA] BCAChBa-
M3, UTO  BBI3BIBAET MHTPALMI0 BJAArH H YBEJHUYEHHe BAAXKHOCTH B 30He
JIBHTA.

Ouenn TPyAHO COXpaHHTL HEH3MEHHBIM (PH3HYESKOE COCTOSHHE rpyHTa
| npouecce Henbitanuit Ha casur. ITosromy rpaduk cABHra 06bLIMHO SBIsTET-
" HaKJIOHHBLIM H €ro mapaMmerpbl 3aBHCSIT OT YCJAOBHI MCNBITAuus. dTH na-
"AMETPBI He SBJSIOTCA  (PH3MYECKHMHM KOHCTanTamu rpynta (BaGuukas,
965).

Henbitanns nokasajm, uto rpadguk casura, BBHIPaKeHHbIH Yepe3 s(dex-
'HBHBIE OKTa3/IPHYECKHe HANpsSiKeHHsl (35— =), OKAa3bIBAETCA OAHHAKO-
BIM s pasanunbix yeaosuit wensitanuit (HH, KH u KJ1) u pasanunoii
“auabioli BAaXKHOCTH H nyotHOcTH (pue. 8)

§ UPIIEIi'ert{BKn PAHHHCTBIX YACTHIL NMPH C/IBHFe KOCBEHHBLIM METOAOM ObLiz yeTaHon=-
wHa B 1936 r. I'. M. Tep-Crenansinon (1948).

| 10
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34 s
ercsi BechMa HUYBCTBHTEABHBIM HHAHKATOPOM
ieposos B :gsgoaﬂlia rpynTa. JTO MOXHO BHAETb M3 CpPaB-

KOro . P
Hwenemlga\?:?ri:;i:g HCMbIT2HH TAHHHCTOrO TPYHTA 6e3 yyera noposoro
HeHHs pesy’

getom ero (puc. 9,b).
mmﬁ“"ap‘aﬁi.f;{f '(a-)-f -C) ﬁ:ﬁ:uo.wercn 60ab10jl Pa3tpoc ONLITHLIX JAHHLIX
ar & 3

n3-3a WaMeHeHHs (HIHYECKOro COCTOSIHHSA TPYHTA, KOTOPOE HE MPHHHMA-
J0Ch BO Bmmauues;cpqaelﬂ“a“ pix Kpyros Mopa siBAsieTcsl BOJHE 0CTOBEp-
O n i iic. O.b NMOKA3aHO COMPOTHBJCHHE CABHTY, BHPAKEHHO:
s Toqxam-’-:-u};?{hfe OKTA3APHUECKHE HANPSNKEHHA Jq. Bee Toukn go0xar-
::p:?;a ﬁﬁzlom}'m kpyros Mopa. Kpurepuit paspyuIeiis 1o Nopy. nig
aeT C KpHTEpHEM PA3pYIUEHHS, BLIPAXNEHHBIM HEPe3 OKTa-
HOCTbIO mana;q;exmauble panpsokenus. [T03TOMY NPH HCCACIOBAHMI MK
f;:ﬂ",‘j:;ﬁﬂﬁjmcm VUNTBIBATD NMPOMEXKYTOUHOE TaBHOE HaNpsRenue.

Buisodu

1. MoaeaupoBanie B 1LenTPOOEKHOM MalliHe NMOATBEPANIO THUOTE3y
Tepuarn 0 NPOTPECCHPYIOLLEM paspylIeHHH OTKOCOB-

2. B npouecce AIHTeJIbHOTO Ae(pOPMHPOBAHHSI HA CABHI TMPOYHOCTL
Da3IHUHBIX T[JHH YyMeHbllaeTcs 10 doqee maH Menee GIHIKHX 3nauennuil.
3710 MOxKeT ObiTh OOBACHEHO OpHEHTHPOBKOI HaCTHI, MPH KOTOPOH HX OJK-
HaKOBO 3apsKeHible Gasa/bHble MOBEPXHOCTH CcOBNANaT ¢ MOBEPXHOCTLIO
capura. [Ipu 3TOM MOXKHO HaGaw0AaTh MHTPAUHKIO BJarH B MHKPO3OHY CMe-
LLIeHHS. ; '

3. ConpoTHBJ€eHHE CABHIY B 30H€ NPOrpeccHpylolero paspyuenis npu
pacuere cJelyeT MPHHHMATL PaBHLIM OCTATOYHOH MPOYHOCTH IVIHHBL.

4, I'padux caBHra, BeIpaXkeHHbill uepe3d IQ(EKTHBHbIE HANPSKEHUs,
e 3aBHCHT OT YCJIOBHil HCNbITAHHIL |

MosKHO PEKOMEeH10BaTh AIS YCKOpEHH: HCOBITAHUIT HA NMPOMHOCTL BO-
OHACHILIEHHBIX THHHCTHIX FPYHTOB MPOBOAMTL HX B YCJIOBHAX He3apep-
[eHHOll KOHCOJHAAIHH C H3MepelnHeM MOpoBOro AaBJeHHs.

MULTISTORIED LANDSLIDES AND STRENGTH OF SOFT
CLAYS!
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Irajectories with dissimilar rates. The resolution of vectors of rates of displacement of
surface benchmarks and the determination of outlines of different storles of sliding
may be made graphically, taking Into account the type and distribution of !andslide
fissures, deformation of constructions and geological conditions.

The experiments have shown that the residual shear strength is almost the
same for clays of different type and origin and colncides well with the average shea
strength calculated from the slide data along the actual surfaces of sliding. The grad-.
ual alteration of clay particles orlentation proceeds by deformation of soil, The shear
diagram in terms of octahedral effective stresses is the same for different test con-
ditlons and initfal state of clays.

The paper contains some results of Investigations of landslide phe-
nomena performed in recent years in Yerevan and Dnepropetrovsk. The
first part of the paper is written by Prof. Ter-Stepanian and the second—
by Prof. Goldsteln with collaborators.

ON MECHANISM OF MULTISTORIED LANDSLIDES

Conditions of formation of multistoried landslides

Slopes are subdivided into simple and complex ones. Simple
'slopes are formed by two horizontal planes connected by one inclined
.plane. Short and long slopes may be distinguished among simple slopes;
this subdivision does not Imply the absolute length of slopes but rather
ithe relation between this length and the thickness of loose rocks.

Short simple slopes are composed of rheologically homo-
‘geneous solls; the height A of such slopes Is comparable with depth
h of earth masses involved in sliding (Fig. 1,a)®, High natural slopes
«composed of homogeneous soils belong to this category too if they have
plane inclined surfaces.

In the majority of simple short slopes zones C of rotational depth
creep are located in the middle and lower parts of the potential surfaces
.S of sliding. In these zones values of the coefficient tanf of mobilized
- :shear strength exceed the limiting values tan6, corresponding to the
:shearing resistance o '

An arbitrary radlal straight line KM 1is shown on Fig. 1,a: after
~ deformation it takes the shape K:M’. Here the contortion due to depth
~«creep takes place on the portion KL’ and rigid displacement on the por-
ition L'M’,

Such a picture takes place in the initial phase of depth creep when
the Influence of deformation on stress distributlon In massif is negligibly
small. The redistribution of tangentlal stresses occurs further and the zone
©f rotational depth creep stretches along the potential surface of sliding.

If the potential surface of sliding touches competent rocks, zone of
secular depth creep may originate in rocks adjacent to the contact (Ter-
Stepanian, 1968); low values of the gradient of strain rate is character-
dstic for this zone.

¢ Figures see pp. 46—48,
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is determined by geological features ( :
sures, the contact of products of weathering with bedrocks, etc.). The

case when talus deposits 7 are lying over the inclined surface of bed-
rocks U is shown on Fig. 1, b. y

Usually the height A of such slopes essentially exceeds lllw t!ﬂc'ﬁ-
ness h of the sliding earth masses: this enables to use the slmplilylng
concept of an infinitely long slope (Taylor, 1948). Zome C; of planar
(translational) depth creep is attached to the mentioned potential plane
of sliding S;.

Secular depth creep is developed in the slope body loFated beneath
the potentlal plane of sliding and composed of bedrocks. 1 the bedrock
strata dip steeply into the slope or are vertical, slow outcrop curvature
is developed In weathered bedrocks W.

Considering a long simple slope in whole, one can notice the po-
tential circular surface of sliding S, too; by deterioration of static con-
ditions the failure of the slope is most probable along this surface. Deep-
ly located zone C, of rotational depth creep is attached to this surface
of sliding.

The character of deformation in this zone is shown on Fjg. 1,b,
The orbitrary radlal stralght line KP aiter deformation takes shape AP,
Here S-like secular creeping of strata takes place in the portion AL';
rigid displacement of bedrocks U/ due to this creeping of underlying
rocks in the portion L'M’; secular terminal creeping of covered strata in
weathered bedrocks W —in the portion AM'N', and finally, planar
depth creep oi talus deposits 7 —in the portion N"'P" (Ter-Stepanian,
1966b). The gap N’'N” i the deformed line is observed on the con-
tact of talus deposits with underlying weathered bedrocks W due to the
difference of deformative proporties of these rocks.

It should be emphasized that fwo potential surfaces of sliding exist
in long simple slopes and fwo zones of depth creep are attached to
them, a planar zone in the upper part of the slope and a rotational one
in the depth. The existence of these two zones does not indicate the
abnormality in distribution of shear stresses but demonsirates that there
are two areas in the slope body where the relation between values of
the coefficient tanf of mobilized shear strength and the limiting values
of this coefficient tanf, for the corresponding rocks satisfies the condi-
tion of depth creep (tanf > tanf).

These zones of depth creep are stretched along the potential stur-
faces of sliding due to the redistribution of shear stresses in the process
of creeping.

:
|
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The depth creep of short simple slopes (Fig. 1,a), if they are not
high and of the subsurface parts of high long simple slopes (Fig. 1,b,
zone Cy) is of periodical nature; its rate is determined by the intensity
of slide-producing agents. It is connected with the permanently acting
causes, on which seasonal phenomena are superposed (fluctuation of pore
pressure, of weight by wetting, etc.).

In distinction to this the depth creep of short simple slopes (Fig.1,
~ a), ii they are high, and of the deep parts of high long simple slopes
(Fig. 1,b, zone C,) may be of secular nature; its rate is essentially low
and is determined by permanently acting agents (retreat of the sea.
change of Inclination of the surface due to tectonic upliit, etc.).

Slopes arecomplex if they are formed by intersection of several,
differently inclined planes or curvilinear surfaces (Fig. 2).

Geologically they may be composed of different dense and loose
rocks with diverse type of bedding. The majorlty of natural high slopes
belongs to this group. Small slants® with simpler shapes are easily dis-
tinguished on the surface of such slopes. Such slants or slopes of second
order are connected by transitional lots having small inclination. Sepa-
rately taken, each slant is characterized by a definite distribution of tan-
gential stresses in its body and therefore potential surfaces of sliding
with attached to them zones of depth creep may be separated. Depending
on the geological structure and sizes planar A and rotational B zones of
depth creep may develop in slants. The experience shows that indeed
separate landslides render more active on complex slopes, the depth
creep increases, the phase of failure developes, etc. Thus such lots of
complex slopes behaves as separately taken simple slopes. Some of them
may deform slowly and constantly while others — quickly and jumplike
depending on the mechanism of each of these small slidings.

However, taken in whole, the body of a high complex slope is
characterized also by a special stress state as it is the case with a sim-
ple short slope, which it generally resembles. In such high slopes poten-
tial surface of sliding exists in depth, and an attached sone of rotational
depth creep C which may be of secular nature. The regime of this de-
formation may differ essentially from that of deformation which proceed
in upper stories, since they are produced by dissimilar factors.

Instrumental measurements of the displacement of rocks on such
slopes reveal a complicated picture, caused by superposition of displace-
ments in different zones of depth creep, with dissimilar regimes of de-
formation. Its interpretation is impossible unless a true notion of the
mechanism of sliding of such a complex slope, the location and signifi-
cance of different zones of depth creep Is formed.

' Here small elements of complex slopes are called slants, the term bzing some-
what conditional.
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Methods of analysis of complex sliding of a slope

Usually the picture of sliding of high natural slopes in space ang

time is very complicate
ching the formulation of t
analysis is the case whent
with a constant intensity for a lon
ing are gradually created.

Steady sliding assum

he landslide-producing factors act on the slope

es the invariability of all parameters which
characterize the process: the distribution of stresses in the slope body,
the deformative properties of soils, the distribution of values of the coel-
ficlent of mobilized shear strength, the contours of the depth creep zone,
the distribution of displacement rates, etc. Such an analysis fails since it

assumes the constant rate of displacement during the years, the assump- '.

tion being evidently not always valid. The assumption of steady sliding
may be just for deeply located zones of secular depth creep; it must be
used with care in reference to superficial zones of creep.

The regime of unsteady creep is specific for the superficial zones,
all parameters being changed in time. However, due to the Intricacy and
unsufficient scruting of the problem only a qualitative estimation may

be made at present regarding unsteady creep.

The case of steady creep is considered in the present work. As an. y
approximation to this case average rates of displacement are commonly =

used. They are calculated from results of observation of slope deforma-

tion made during many years. Even at this symplified approach usually i

a rather involved picture is revealed.

In many cases the map of vectors of displacement (or rates of dis-
placement) shows great divergence of the magnitude and direction, which:

permits to get only a general idea on sliding. If there Is no doubt on

the exactness of geodetlic measurements one of the probable causes is

apt to be the superposition of several simple slidings, executed in dif-
ferent stories. The aim of analysis is the resolution of displacement rate-
vectors into components relating to different stories of sliding.

Results of geodetic measurements are usually given as values oi

increments of coordinates Ax, Ay and Az, corresponding to the time in-
terval Af, Then components of displacement rate vector  may be com-
puted v, = Ax/Af, v, — Ay/Af and v, = Az/Af, and the magnitude of the =

horizontal projection 7, of the displacement rate vector, @, - 14 o ty

Two diagrams are drawn, one showing the horizontal plane (with.

coordinate axes @, and v,, Fig. 3,a) and the other — the vertical plane .

passing through the total displacement rate vector © (with coordinate

axes 7y and v,, Fig. 3,b and c). These diagrams may be considered as.

hodographs of the displacement rates of sliding assuming that the proc-
ess is continuous.
The resolution of displacement rate vectors is made graphically on

d. and as a matter of fact we are only approa-
'this problem. Simpler and more available i |

e iy~ iy o B s v . 0

g time. Thus conditions of steady slid-
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one above-mentioned drawings. Let us consider several schemes of slid-
amg and corresponding hodographs; let five benchmarks are placed on
sme slope numbered from 1 to 5, counting downhill (Fig. 1,a).

1. A plane slope dips to the north. Planar depth creep takes place
~mn the slope, the motion being uniform. In this case the ends of displace-
oment rate vectors are located in a small area A (Figs. 3,a and b).
iiThe vector for the benchmark No. 3 is shown on the diagrams. The
sacattering of points in limits of area A is explained by errors of obser-
liyation.

2. Plane slope dips to the north-east. Planar depth creep develops
mn the slope. The seat of sliding is located in the upper part of the slope
mnd therefore the sliding is of an advancing type. The ends of vec-
iors are located in a narrow stretched area B (Figs. 3,a and b).

3. Plane slope dips to the east. The seat of sliding is located in
sthe lower part of the slope the sliding being of a retreating type. The
wnds of vectors are located in the area C (Figs. 3,a and b).

4. Plane slope dips to the south-east. The sliding seat is located
oiear the benchmerk No. 2. In the area which is located uphill from
ithhis benchmark, the retreating slide takes place while in the downhill
surea the advancing one. Such a case is shown on the diagrams by the
virea DD (Figs. 3,a and b).

9. There is no displacement of benchmarks on the slope. Such a
nase corresponds to the area £ (Figs. 3,a and b).

6. The slope dips to the north-west. Rotational depth creep devel-
qips in soft clays composing the slope body. The rate v of all points
Dif the potential surface is constant (Fig. 1,a). The rate v, of all surface
svenchmarks is obtained from a simple geometrical relationship; the con-
dtruction for the benchmark No. 2 is made on Fig. 1,a. Ends of dis-
Dlacement rate vectors are located in area F (Figs. 3,a and c).

7. The same case as the previous one; the sliding seat is located
tn the upper part of the slope and the displacement is of advancing type.
t2nds of rate vectors are in the area G (Figs. 3,a and c).

8. The slope dips to the south. Slow earthilow proceeds on the
I'lope. Due to features of the relief the earthilow forms a smooth arc in
folane, the concavity being turned towards the east. The sliding is uni-
corm. Such a case is shown on diagrams by area A (Figs. 3,a and c).

9. The same case as the previous one, but the sliding seat is loca-
ced In the lower part of the slope and the process is of retreating type.
Znds of rate vectors are in the area K (Figs. 3,a and c).

10. The same case as two previous ones, but the sliding seat is
cocated in the upper part of the slope and the process is of advancing
/ype. Ends of rate vectors are in the area L (Figs. 3,a and c).

1. The slope dips to the west; it deforms slowly as a whole. Pla-
iar depth creep In the first story has secular nature. A slow earthflow
wroceeds in the second story, as it is described in point 8. The earthflow
és directed in the upper part of the slope to the north-west, in the mid-
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west and in the lower part—to the soulh-ens}
an arc with concavity turned towards the sou:
case is presented by the area N (Figs. 3.a and F)- :

Horizontal projection of displacement rate vectors @y, for th
placed on the slow earthflow have lhetz beginning lu'lhe oi
coordinates and ends in points 1, 2, ...5 of the area NV, Eacl’
vectors may be graphically resolved into two vectors: the
which chnra'cterizes the depth creep of the first story (i.e. of
slope) and the vector ©~ illustrating the creep of the second {
of the slow earthflow properly). The resolution of the displace:
vector for the benchmark No. 4 is shown on Figs. 3,a and ¢,

Thus the deformation of the slope as a whole is represen:
area M: the relative creep rate of the earthilow is illustrated
on, having their beginnings in the area M and ends in the an

The position of the area M is determined by location ofl
7.... corresponding to benchmarks placed on the slope outsi
earthflow.

It stands to reason that the described schemes do not e
possible types of sliding. Other types of slope deformation m
ded to them based on the same principle of analysis. .

Using this method one can easily analyze the sliding oi'l-
applying in principle the same procedure which serves for the |
of a complex oscillating movement into a series of harmonic ox

dle part—to the
earthflow forms

Practical application of the method |
The analysis of the landslide mechanism begins from the
tion of two described diagrams (Fig. 3). Points refering to the
sliding bodies are located on these diagrams either assembled
(if the sliding is uniform) or stretched in strips (if the sliding
sive, i.e. of advancing or of retreating type). Corresponding
sliding and mechanisms of landslides are shown above.
Recognition of stories of sliding must be made in course
analysis of the geological and hydrogeological conditions of
geomorphological features and the history of development of
(Terzaghi, 1950; Skempton, 1964; Bjerrum, 1967). '
Outlining of separate stories of sliding as they are refle
surface is promoted essentially If the landslide fissures and the
tion of structures are taken into account. If was shown |1rc\rl{i
the type and location of fissures are closely connected with ¢
bution of stresses in the sliding body (Ter-Stepanian, 1962). |
The use of landslide fissures fails sometimes since thes:
ma) be closed with the time due to the surface creep (solifl
they can not even develop in the thin superficial sheet, nlll;
discontinuity may exist in the subsoll. i
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Zius From this point of view in some cases structures located on the
iiESuilope give much information about the deformation of the supporting soil.
’ sgrticularly useful for analysis of landslide dynamics are deformed cor-
ndhnerete ditches, stone and concrete borders of roads, light brick houses, etc.
in (ler-Stepanianet al., 1970). A map showing all such deformation of land-
it ¢ tilide origin is of Invaluable Importance for the analysis of sliding.
otstor Fig. 4 may serve as an {llustration of possibilities given by the
‘w wlescribed method; it shows a landslide in Sochi, on the Caucasian coast
¥ry i the Black Sea. Three stories of sliding were detected on this slope;
trenf heir boundaries are marked by figures 7 to 3.
The first story is a rotational sliding; it envelopes blocks of argil-
(- byites and sandstones 4 with a depth up to 60 metres. The second story
vowves a planar sliding; crushed argillites £ with a thickness up to 20 metres
AN re involved in motion. The third story is a slow earthflow 6 which de-
ileintelops in the colluvial cover up to 6 metres thick. All these slidings are
0" oi1 the phase of depth creep. More detailed description of this instructive
indslide is given in other publications (Ter-Stepanian, 1966a, 1967).
‘zipust  Another big two-storied landslide is taking place in Armenia near
o behe medieval temple of Geghart. Here a huge rock slide is formed due
» the deep cutting of the river Azat. Two earthflows pass along the
zatpesontact line of this landslide with the immovable massif.
tlaoly  Obviously multistoried landslides are not unusual phenomena, es-
dellatiecially in young highlands, on sea coasts and on the banks of rejuve-
ated rivers. Their mechanism is determined by the geological structure
i slopes, their geometric characteristics and the history of sliding.
I9%re.  Using the graphical resolution of displacement rate vectors into
‘9€pomponents, related to different stories of sliding, the involved picture
130 grg slope dynamics may be interpreted and the mechanism of sliging re-
101r0gealed.

(W pe i
ON STRENGTH OF SOFT CLAYS

i The model studies of the stability of clay slopes were carried out
: Sr'c\r the big centrifugal apparatus described elsewhere (Goldstein et al.,
- "961).
Deformation of a clay having stiff consistency appeared at first in
”]. e lower part of the slope when the height of the slope was 7,5 m. (the
AI0T 6 angle 45%). The upper part of the slope underwent some settlement.
@Y " The deformation increased gradually with the height of the slope.
biic he region of a plastic flow with a marked thin zone of the intensive
1ear in it began to spread up in the slope.

The slope settled a little more and became more gentle; the tension
acks appeared behind the upper edge of the slope. The deformation
198N the slope was accompanied with the bulge of the base.

When the stress state of the slope reached the critical point, a sud-
:n failure occured. The lower part of the slope moved at first; it was
llowed by the upper one (Fig. 5).

2iliss
nen),
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g art—to the south-east; thus {
== he west and in the lower p ; ek
g;‘rfth];?:w ;grrtns an arc with concavity turned towards the south. h“‘.

B N (Figs. 3.a and c).
case is presented by the areiadtsp:acemt‘ﬂl st R e L

Horizontal projection O o ARE U 'f
7 ; have their beginning in gin O
placed on the slow earthflow o o the wieu N, Bachiot 0

oy B
coordinates and ends in poin y B = o
vectors may be graphically resolved into two vectors: the vector g

which characterizes the depth creep of the first *fm;-‘: E:f' 01[ “t“-' “
slope) and the vector vy illustrating the creep of the second story (§§
of the slow earthflow properly). The resolution of tl.w msplacement
vector for the benchmark No. 4 is shown on Figs. -?-3 and c.

Thus the deformation of the slope as a whole is represented by 1)

area M: the relative creep rate of the earthilow is illustrated by vectos)
‘ : os in the area M and ends In the area N,

ox, having their beginaing ; |
The position of the area M is determined by location of points §
slope outside of th

7..., corresponding to benchmarks placed on the

earthflow. .
It stands to reason that the described schemes do not exhaust

possible types of sliding. Other types of slope deformation may be 4
ded to them based on the same principle of analysis. ‘

Using this method one can easily analyze the sliding of slopes B
applying in principle the same procedure which serves for the resolutioj
of a complex oscillating movement into a series of harmonic oscillations

Practical application of the method

The analysis of the landslide mechanism begins from the preparg
tion of two described diagrams (Fig. 3). Points refering to the separaf
sliding bodies are Jocated on these diagrams either assembled in group
(if the sliding is uniform) or stretched in strips (if the sliding is progres
sive, i.e. of advancing or of retreating type). Corresponding types of
sliding and mechanisms of landslides are shown above.

Recognition of stories of sliding must be made in course of Joln
analysis of the geological and hydrogeological conditions of the slopi
geomorphological features and the history of development of the reli¢
(Terzaghi, 1950; Skempton, 1964; Bjerrum, 1967).

Outlining of separate stories of sliding as they are reflected ont
surface is promoted essentially If the landslide fissures and the deformas™
tion of structures are taken into account. If was shown previously tha
the type and location of fissures are closely connected with the distri=>
bution of stresses in the sliding body (Ter-Stepanian, 1962).

The use of landslide fissures fails sometimes since these [issures
may be closed with the time due to the surface creep (solifluction), orj
they can not even develop in the thin superficial sheet, although the
discontinuity may exist in the subsoil, |
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From this point of view in some cases structures located on the
walope give much information about the deformation of the supporting soil.
tParticularly useful for analysis of landslide dynamics are deformed cor-
niorete ditches, stone and concrete borders of roads, light brick houses, etc.
[{Ter-Stepanian et al., 1970). A map showing all such deformation of land-
‘izslide origin is of invaluable importance for the analysis of sliding.

Fig. 4 may serve as an |llustration of possibilities given by the
sldescribed method; It shows a landslide In Sochi, on the Caucasian coast
imf.the Black Sea. Three stories of sliding were detected on this slope;
ftheir boundaries are marked by figures 7/ to 3.

The first story is a rotational sliding; it envelopes blocks of argil-
lilites and sandstones 4 with a depth up to 60 metres. The second story
zis a planar sliding; crushed argillites £ with a thickness up to 20 metres
nare involved in motion. The third story is a slow earthflow 6 which de-
ywelops In the colluvial cover up to 6 metres thick. All these slidings are
tin the phase oi depth creep. More detailed description of this instructive
sllandslide js given in other publications (Ter-Stepanian, 1966a, 1967).

Another big two-storied landslide is taking place in Armenia near
{'the medieval temple of Geghart. Here a huge rock slide is formed due
yto the deep cutting of the river Azat. Two earthflows pass along the
~conlact line of this landslide with the immovable massif.

Obvlously multistoried landslides are not unusual phenomena, es-
qpecially in young highlands, on sea coasts and on the banks of rejuve-
rnated rivers. Their mechanism is determined by the geological structure
cof slopes, their geometric characteristics and the history of sliding.

Using the graphical resolution of displacement rate vectors into
~components, related to different stories of sliding, the involved picture
cof slope dynamics may be interpreted and the mechanism of sliging re-
vvealed.

ON STRENGTH OF SOFT CLAYS

The model studies of the stability of clay slopes were carried out
iby the big centrifugal apparatus described elsewhere (Goldstein et al.,
111961).

Deformation of a clay having stiif consistency appeared at first in
Ithe lower part of the slope when the height of the slope was 7,5 m. (the
2slope angle 45°). The upper part of the slope underwent some settlement.

The deformation increased gradually with the height of the slope.
''The region of a plastic flow with a marked thin zone of the intensive
2shear in it began to spread up in the slope.

The slope settled a little more and became more gentle; the tension
seracks appeared behind the upper edge of the slope. The deformation
of the slope was accompanied with the bulge of the base.

When the stress state of the slope reached the critical point, a sud-
uden failure occured. The lower part of the slope moved at first; it was
Ffollowed by the upper one (Fig. 5).
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{ the plastic flow in a slope beging
e shear strength becomes
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distinctly tha

e tests show F
i In separate points th

as a local phenomenon.
s- o

-~ ‘m :)hr?gf::larbj::: petween the soil particles are gradually destroy
ed. Reorientation of clay particles proceeds iolloweled d;::} ::eth:t;ﬁ:l
reduction. Then the stress redistribution takes place‘ eading r
reductlon' of soil strength and to the stress concentration in the morg
Ay e d the long-term strength of the soil in thesg

If the stresses excee : - )
points the plastic flow spreads out more and more; this process is ended
a whole.

by the brittle rupture of the slope as :
4 The quantitative reduction of the strength was investigated in the

model tests by cutting off the slide tongue after every slide cycle coms~
pletion. . 3 f ]
The corresponding shear strength s, was calculated proceeding from
factor of safety equal to one. The shear strength of the clays was inves-
tigated also by means of ring-shear apparatus with authomatic recor(: .'

device. ‘ i
The reduction of the shear strength from the peak values s; to the™

lower s, value (Coabawreiin, 1964 Skempton, 1964) took place only in-
the clavey soils, whereas in the sandy and silty seams the stength re-=
ductior; durlng the deformation was absent (CoabawTefin u ap., 1968). _
The shear rate decrease in 1000 times results the reduction of peal
strength in 1,5—2 times; under the various normal pressure the peak
strength remains practically the same. vl
So the peak shear strength is due mainly to the interparticle forces
which is little affected by external pressure. On the contrary the residual
strength is proportional to the normal stress on the shear surface, but it
is independent on the rate of shear. It is very interesting to note thats
under the same normal pressure is almost the same for different clayey:
solls with very different peak strength (from decimals up to 5 kg/em®). =
The following dependence was found from more than 200 shear tests

sf=0v09+0|14= {l‘

with the correlation factor 0,78.

The investigation of the natural sliding slopes has shown that the
decrease of strength of the soil to the residual values almost equal fo
the laboratory values s, proceeds also in the zone of displacement (Ty-
poBckasi M ap., 1964).

For more than 50 actual landslides in plastic clays the mean shear
strength s; on the slide surfaces is equal to *

s;= 0,06 0,153,

factor equals to 0,82,
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The parameters of these two equations are very close to each other.

The connection between the clay strengih and the microstructure of

vy was also Investigated. Orientation of clay particles was investigated

1 means of polarizing microscope®. The microstructure was studied after

s riaxial shear test, after the ring-shear test, and in samples obtained
mum the actual landslides.

The particles arrangement was presented by the circle diagram (Fig.

The length of the radii of the diagram is proportional to the percent-
« of particles orlentated In this direction (Typosckas, 1957, 1964). Be-
ye the deformation the diagram is almost circular.

In the triaxial test the particle orientation becomes at first almost
irizontal and normal to the o, direction. When s, — s, increases the
Itticles gradually become orientated under the acute angle to the s,
gection.

The sand grains admixture prevents from the clay particles orien-
iion forming some kind of dowels and increases the residual shear
gength of the soil.

The visible orientation of particles is absent at maximum shear
sength in the quick ring-shear tests. The clay particles along the sur--
e of displacement are orientated well in samples reached steady shear
sength. The circle diagram have been stretched along horizontal axis
lig. 6).

The orientation had expressed poorly on some distance from zone
' the maximum orientation; in our tests it was equal nearly 0,3 mm.
it shear line is observed again on the distance about 1,5 mm. from main
“ear zone,

The samples from main scarp are defined by almost homogeneous.
) crostructure without visible orientation of particles. The samples from
me of slide displacement are defined by sharply expressed orientation
‘the clay particles. It testifies to plastic flow of the material (Fig. 7).

The orientation results the increase of the suction potential, which
uses the moisture migration and increasing of the water content in the
.ear zone.,

It is very difficult to preserve constant the physical state of soil
uring the strength tests. Therefore the shear diagram is inclined usual-

and the parameters of the diagram depend on test conditions. These
rameters are not physical constants of the soil (BaGuukas, 1965).

The tests have shown that the shear diagram in terms of octahedral
fective stresses (s, versus =) is the same for different test conditions
IU, CU, CD) and for different initial water contents and densities (Fig. 8).

The pore pressure is a very sensitive indicator of changes of phy-
al conditions of the soil. It can be seen from comparison of the test
sults when pore pressure is not taken into consideration (Fig. 9,a) and

8 Orienlation of clay particles at shear was established by G. Ter-Stepanian (1936).
ing the indirect method.
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