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fienplbune, whjug, qhw. polponr BHANG SHr-USHR L3V e

FLp L e won: Uwpatnid 1966 B lppugud u gy frls wipuplehple o b sslifilyg =
il Gunmpadnef ot Unughl fnbgpbafe Sbplugugpus phqiwhmp qhlmgnad, app wupn-
bl | o s gresss g ol wpmplibpnad phwlwh b wpihunwlul julghpf b pritimfl juale b dlesshofune-
Hywh Swpgh dwuple gl juk wtyddl puake qppeeefd gty wlbwply b fbghpupy Fbdupm| bhplu g
qbliragoalibple fkppmdnflimin ]

Rinfwbinre q]zmnqmpjmﬁﬁhr .

Pz!mf!wb SR T v Lulighpl 4bu fusugof s d uppnpphidihpp wr;u:?_'nuf
L dm;nwu[mph&pﬁ L gpndnnbbpp b fur st frlpas g fo Jwubmgbmbbpp g~
Iu:u‘fr} 4.’:mmppppmﬁ;mjrpx Zmpl{_ 2yt wiguinkig pugmmphine gpw n{mmﬁllunirﬁp[n
Guin gﬁapbm#mfﬁdm I hudbubphhp, mpfuwplh poynp 5;:1”:115;"3“!,- Swbwfa o fu~
pjm:f'.l.f: urgp uppaphidf s ek pr wuwblpnbibpl $hn:

‘ Qﬁw!w& o by frta mwulrmlf;mi}f:&pﬁ pifugpnol 2w push b od T
syl g pugy Thhip bl qunlsf ool biip wiglr  phnuh wun o in il npp
u!l::rq_; { er”gbflé: .

Ugu Intigphufis Fﬁ:fuqn:[_ bbplpm jusgef i d fp 16 qhlinigyg, npnlip wnwg by
b WU frg, Ufuwnphuaghyg, Ppugpypusgpy, #2-pg, *D2-pg, Pupughipy,
thﬁmummb}:g, Wﬂpmmquf-w;ﬁg, HUZU'—{W L $pwf1uf:m;[rgr Uy Pidiignf
prospl il frof S wdhibp L qblpneyghihp b Spwsupupuly by wpfuwpSh  wwpph
bphphhpuul, npnkp lml_fbu!bu Jmuf:m#ﬁnp&h hptbiusplyd b wiyuinkiyg:

Lpghts mupllibppts pubighpp “rnpthdp fbpuphppog japlkop qhlnggihp
L bfa;!&m;m_qlfm& fungnp Prpncdithp i gpn;f)mhbpﬁ Jﬁ,}umbﬁf;wlﬂ b Spdpuigf-
honefd e Jfrgmqqm‘f:b J}anpbubbpﬁf: (¢mpfuz, 1961. U'nbpbmf, 196'5), J'l.mznp
mlfpmpmm#bbpﬁ tf[lzmqqmjf;f; l‘mf:qpbubbm&[l (z.r:.rmr, 1961. é‘ql)f:pnqrq, 1964 ) L
sl bilrvsad] o gbnaf&[umbﬁi}wlﬁ ufnf:qnqﬁnufflbp[xb .?wtgpntpqnuh

* lpuwpnbionl 1966 P g ud hut g il wiapuaplilipfe b fusadofyly g f Shpwquugpl  Suwow.
punifiyorts Unugps, holigplufil hplyw jog pud rigSwbng gblmgnal (G, Ter-Stepanian. Na-
tural and excavaled slopes. Proceedings, First Congress, International Soclety for Rock
MEL‘hRI‘llC.‘i, Lishon 1966, 3:426 -442)1 'Jnﬁwnﬁa[l bpuwhp il rliqfwhap qlilmeganh purgulpu g -
W yaule wussniunmf, qhlymgaulp hwppugilby 1966 P ubupubdphph 28-pl  pid. Eupfih Swidbgf
(”ﬁpuﬁﬁm} Yool fog s Lhyplalyls ogunfnul b bhplu ‘flrmpma}_'npmﬂjmbﬁg Supinlhyne fild. Swdlbgpls
b benpple glnp syl ot

= 2002 U flpﬁpwpmﬁmﬁmﬁ qlunmflpnchililpf Fawnfunnunp apbiondd bfossaBofolyas g o pradife funfy.
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Uk ﬁzm!:mllmpimﬁ mfu'rgmn[ u"m.ﬁ. U'!m[ﬁpfs {-“II“(‘I’. 1963a*)
ff:wbmm Jﬁftwqpnlpjmf; s'pmuprm!,m
Thpuwiplugh fbpupbpret i qt'fﬁn'w
g fils Sunanpaud qouipf whyg £ Sunnljug

VUZU -nud Jhd meguigpnt
phdlbpfil: bpghl b purly
wiyy Phdugh o bpphp g bpkp
wpn$. Uwupndp (Macaos, 1955),
dbpgpt dwdwlwlbbpu, Spubbilnh (
wpumnbidunfnpwd S| phggrhnst bt

ubpp vbplw dbSwhe: lngu  whuwd
Jud I""!‘Sbf'f'b ‘“‘F“-'!"‘Pﬂq pusdisfili:

p pifugenul Swgnppupr Spunnwpulplby bl
Jbbmqpmpjmbbbp, npnliy Shyplwlhibpl LY
Uwsggmg gl (Maaownuknii, 1957) &,

dleﬂwu‘mpbﬁpm.d' Iwbzﬁpfl G gnidineff puks
q.ﬁfqnméntpjmb Sudwp "’i":ﬂ‘“dﬁz‘" mb"”’!""b‘b’ q“"abm"wh mn{;m;bﬁp: qu&'
Vwugndp Jblmgpmflnidip b s mpsfwed b Spoprnbfuloflulud g
Py Fbmq,mq'_mm:uf dbnp phpfwd nfmpdfl of s |} fynia hplhne  dbbwgpni-
Pyniibphs upungnpnod b Shophulibpl qupdniibmflyniip (hndiughl gopdunul:

Y yraflyncds milibl qulighph Sk Qw g md pmq:fmpfu{ wpoprbdihp: Pk
yhg pumbpp wpmmgnyfwd b bhpljw nbgpbufi Tohplps o g of e d qhlpnygghh-
s WlyiSusgun b3 bplne dnubgnul® qpuiighy Thip fusplmd § pulighpl fyusgne-
dmflyuils, dymup’ (uhghph dwdinfunifyul Shit

Frnpdliwlyjuk whuwlbnfyg, whyngm, unfbyp jwplnp b qulighpl furgnidine-
Pyodipe Yuwnnygubpp uphunp b lpurynid (bl I g bupunnw il Swubbpne Sui-
Jup padbbbpp whnp £ qlwSunnf i jug gl fpugnidimfpnchp b npopfe gl
s funcfgnidilibp wpgymbplbpp, npnlp bmfumqmmpmum:{nuf E Fmghibps
{whghpf fusyridineftjikep® wilblifrg wnwy wmunnfly fpulighp L Lusligh ljwgnelin-
Poule fusfamdwie fpu wggmal b pugdupl gupdollihp®  bplypuap bl
sl Au S unn i ymdiihpp, 4nrlln-m‘-'mpmﬁjmllg. wil poeflpwl  Swmnlpnflpned -
Sobpp, spp Shgnulp Surphbpned, .phmpmgfmb abgnulp, ufm;ﬂﬁgll'mb i fur s urasehr p -
Lhpp Lo wypls

Pupdp gnyy b wmwghu, op qwhghph pudwhnulp Jurgnicd b ony Jpui grocefe woforiang
L, b Jhiip dnnugnef pule yuowip dwdwhulfe gopdntps Ul qutighpp, npnhp
Swdwpfnul bl fjuptl dud il lpuid prgngnud o fruste goasd us gl hwgndde, fpmpoyg L
o bpwd by wihlpwgnidif, pusifwlpwls dwd wihwly why: Ppws Swdwp by quibigle Jp g~
lnff purls Surulpugngnifl gnikip Rupwphpuwlwl Ll Shtrp wybimp b mwpphphlpy
bplpmpunle ne JpupSunnk Jpuws greiiens [ pradebebipp D milefs grpdioulpude bgubmlpne
Pyniti, puhfe ap hplpufnogne shnpfmdph puligp b puy dpwlypfny (bt Swbpln
Plpnflymbp muwpphp wyuSwhghbp L bhplpw gusglinod® qopnfd pu bplyu ol
P yuls mbuwlpbnfrg: s Pregy & mwsgpu Swboghy wnfbyfs frotous groguslpush preduul ekl
ai gl pulighpf Sunlwp, npaby hplpopooank gognufl gmdip o fi Towss frrswnan b viaf 1us d o

lwhghpl dlewsfinfuncfl o Swulpumgngmfd gnidip fbpmphpfnul L albly wy fya~-
whgnppugpe Cunn pulghpnol Swpmbuphpdnul bl qubigung &leuafros furn fl g by
dhugumd puhgp lpwgnid b Swdwp ol Uynuppup qwhighplh o pm lpupny L pliiniiy,
sumpphp fidbibpulwlh jwangghlp,  pbhphp, SwlomupmpShhp,  gpudigplibps
Ppuhighy pwwm fuwnogghbp hupng Wi oquumgnpddhy wnuwhy npll  lyolped f
Uepusley guibiguy pulgh o fw gy whgmpupddwle Juwulpl, wpb ghypoal, bpp o o
annqg!’.ﬁpe ufrurnbid wn bpwhnpngmdihp b upumSuwbgned fpund, i.mtﬂlflufll\

s ?"Iﬂ&lﬂ!lﬂlp:ﬂlhr lll'&’.n t! 45 —48;

o —

dp, apnby mpfwd b dwgnwspumphbpf

Pyt 4 qu&n{uuf qutighph ligmidinefl yule wppap-

ducenko, 1965): byn wpfuunoflyndibbpp
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g e bly Gunn qliyplpnad pubighph qubogung dlewsfinfunefymbilibpl  shuump
hurpng b npagifby dpule dwhpalplpo qudinodihphyg  $bun:

[uwlighpf dliwshnfumfimbbbpp mwppbpyfned kb Juwnngghbph  dlkwnfunc-
Bioiihply, pwhf np dbpgpbiibpa qifumdnpusbe thinud bl wnwdgwljwh, w-
plfluapflu bl L s pps lmb!ﬁpﬁ dhuspnfuncfymeibbpp quwn pbuypbpnud plhfu-
lned b qmbqwq ‘7:1::9!) !{HJJ umzﬂ'l dlirref, deusd wilenslp fr [rlrﬂmggm.lf Lesrulihynf
qouyfe dhdniflppilibpfe Lwhgp dliwpnfuncflymbl wilbipy wnwy nhnpngfoled
fulighp b Fpu fpuw wggay gqpfesdnsp gqnpénbbbhpl bY qubgh Jwpdbp  poupfmé
febwlyp, wopmnbbpl dloadinfud wh Swmlpofd pdibbpp b dwd whwlip: Uyu puligphte
dnumbgdwlh bplne dlibpp npng yusfing fuigefwd bY Shd jleg Shin, pulh np puwm
qbwypbpnud qulighpl rqusbgusg dhwthnfumfPimbilibpp Swhppowbacd bb pnegdu-
Spr Benssfursproprony Teves fuses sy o arn proes i nn s fp s thnbpp (Tepuarn, 1958) : Ywynkf  wp-
Sunffippp dwpnw il unguiiph Efnppmgpugf wnwdby Juwn oppluwlibppy Jhilh
£ (Mioanep, 1967):

Unfigpbup fjugdind punkfe wrmgugpwd quywlupgdwh Lundl wrupuinwu fuwh
wigu Pedwyfle fbpupbpng Snpfudibpp pudwifnud bl ynpu fudph’ 1) pupnul-
Ihph pugfunulp, 2) (uwhighple huwnifinfpmdip, 3) {mﬂzﬁpfl Jhml{lnfumﬁ;mhe
(fuppl glmnul), 4) qutighpf s pndimgnulpe

LULrNRUULIP RULGRARUE

h Swhwnpmifinde padbbhpuljpwh dumwdbpulbpuyf vnifnpulpuh phfugphh,
npuhy lnbuwmpnighugp fbhpprdmBuadip  wlhudmd F omdbph  puwgfunulfpy,
qpodinbhpp Thfubfdpagfe fod dugnuwupuphbpp Shjpwhplugp  dwolwghonp,
fbppnedbpmy] pubigh wpuydwhbbpp, gopdhmljwhweby nypiy jqfunp puiigh jupfud
ffSelyf Jwuplie Voghpuly ywpyugnil Swpf fuligph® jpbnbufnpdmd, Thl fhbp
Smpfearflyniiipyg b gk Swpny bplyne Saphgniwljuh Supfnfndbbppy ugdp-
Juwsd putigh b Swdwubn wnwhdquljul bnff ghoypp Swilwp pupocdbbph pogfu-
Juke pnidodp whpwh by wpuwpy b Swapbyph 3k, Jhwgmd Eblpnpnipl Swpidfy
dhpbiwhbph hfpwnndp Sbgumwghinal b wyp wpfuwmwipp: Cuin pghuyphpnul
fpmgpmflynidip Swdwywmwufuwbnd b pupgugdwé ypnfy, bplpopwboodob
purpy wnngifwdp b 8hgpifwdpuple gphpp Sipdwh guby mbhgny pwhp Fupd-
bmd pupfwd gpof el mwpudwluh fuligppbc Bnwdby fufdwéd ghuypbpnal
dhppnidmfniiip mphurp F Swoplp wabp bwh Snphgofilul pupnafibpf nhgpin-
Yy qugwmp, Snquwlwbdwh Shwbwhpny] wnmywgwd Jwhmdifwé  jpupnulihpf
gubigp b gl

Nuspy b, np nbgfinfimy Snphgobulywl pupndbbpl pugpemdp bphpupobn-
pht dwdwbmlpulfrg pugupdbpl ppwhmd whing b mwppbplf ghudngfy ofif-
urafile Sl funbhpp jwgdufoplwl qnoplibpoal, np bhpljugnole qupgugng
mlrm ol filagubpnol g bnghp b fy wpblyplhegbbpnad, np ugmdiudle pusgupm-
1:.fapru.:f (uhghpp wwppbpfnul b mupuabbpfh Soppgriwlwl pbpuunfnpdad p
(tighphy Loy

q}p‘mﬁ. Sﬁpquﬁh (TE]JU.HI'H. 19()411) lﬂa‘n[rn.a’blﬂx{ Jw;nmu{mﬂf:bﬂnuf e
prudlibph Spgpfun yudimdbbph wpqgndipbbpp, npp Qunwpdws bp Zoawnf jng-
difrg Golbgfiugh Swhpbpnud, wmifby b gpwhy  phafwhpugdwé  dhhliwpwlinul p
Duwypwlhy 1000 Shinp punpnifyul fpw vwldwinfwd bl Snphgnbwlpulh joprd-
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Lbph pupdp Bzmlﬁw#nxﬁ;ndtﬁﬁp{l.
whpp Shgdwlp: P fuprg £ Jbpugpdby
duwbwlpulhy dnd whp Ulfmbqfl!lml”rwjnn

Lp Jbd Jwup gubdaul § quu pop
Zuﬁ puepd wle :wzmp Yupen & qunhg bplpupulalul b ghadpghluljwh puy-

dusfipf whpugunnphif bplnyyPubph wwnsun (Xac:“r H ‘Hll.1h|.‘0il. :9(:';:) ¢

Apn$. Lhlflgup ke Akhp (Jennings and Black, 1963) ff:w;wr- t bl Suph-
gl nbgfinlwg qupnudlibph qus i fr :{bpwpwz[mfmb \5@ H;‘.pm{ wmhnf mi-
Uhgay duludfus puprolibph dwbpulplfn fbhppredafyndi: Gy quigap Fho
wygbgnfimd £ gnpdmd Swhpbpp dnuf pupmdibph guligh Jpus Uppuwina-
Pyt dby gnyyg £ wpuwd frgupfl sl dof 1 d upnudibph  wynhgadf o p
lwh:&pfv l;m!ntlmlﬂfmlr of pruass ‘}pmb lfm(lbu" £ w‘lbl‘”.?:"‘l Ll [ I“‘F"‘Jbbﬂ'{' whpl-
Sw g wynbgnoflgndep pulighph ungple dpw:

Upnp. Sputp (Finn, 1966) Whpluyumgpby b wpdhpufnp qhlnyy qubgbph
wummfily le gltiwd iy [wpnufbbpf: Swufihs gnqg Y npifwd ulpgplolwl pupfwd
psmlp shndiafuncfprdibhpp phnbunfopd wl fwd  phabwfluflwl Lpuljn-
g fuyfi fusd bphpuwpywpdbph wyghgnuff b Abun sl prfs thjwd uniuy-
Jud pnednedbbpp o bpuphpf ool bt Swdwubn figrinpnwply Wgoffbpht, Lldpnpn -
Iagple Swyiffy dhpblwhbph Ylpuwanulp Shupufnp b qupdbaal fubigph Sbu-
qu  puspgugd e 5

p. Dnypbpinp (Folberth, 1965) wawgwphhy dujnugph funngwdpp -
Jumpfliliy m.qqmid”n;b pugdwSupl z[rhmpmpmf;mb PlipFwgnd b fbppadhy wih
Lpbilpmpniopfle Suwpiffry dhpbinubbpf oglincfd purdl pe Uinmgiwd Shybpp, npnlp
ngnpdaud bl Plipdugfe 4whqhxigb&pm-pf. Shwwgugnod fbpwspofufnal bl opfin-
golg pupaullchpf: Uig dbfingp Pogy b wagfro Shuwgnuby dus gy fis puapy
furmnagsfwd plilippe ; .

npnbp buwubu ghpuwgulgmd bk dwdlng 2bp-
bphpwgbah hbqlp bplhpupubinphl duw-
s -‘.'.w:{mbwf‘mb E, np bphpuglgh k-

Fuwpnuuypmnbbpp b gpodhaichpfe hgpubfilo gh wmwpphp wppophdWhph o
Flidunfilpuslyuts ffbppnedncflyul pupgoifljwts Shnbwbpoy Toghihbpfe ffpu mwp-
iy ‘fﬁmmqnmmﬂ;ntf;bﬁpﬂ zwpml'-ml;nuf bt dhuy m_umifbwu[xptfmb -lmﬁuq:l.h
wwmpumdfwd. Shfnghbphy Jhp:

9'!mt1lmllbpﬁ lfb[uwallpuifl mmppf:p ’ubqﬁpbbfl[t ’nl_él.rm?: ‘:mlfmp. ‘ﬂmqulm-
Ffuz glimbuwlplihp qhdby b ifnqﬁlhfspfl Ipfrpusnid witipe VU2 - wiit wigy  thop-
dbplk wlply b mpnd. ‘ﬂm!”m;[ul;ﬁh‘ bippb s a v ly s s P wslpsele b prfote {“(JKP(‘JIN‘KI”L
1935) «

u,u plows g wnnl wnwgwmmp whgp wpenlwlool | Wnpmmqm;_frm‘fmrf
-"'mqmpm‘gfrm.f;mh b pupnefd e gl puspo s oo s gt wmmpifng  wge
Jrasin b plekipsfolas

[hng et (Rocha, 1955, 1957) Qlewlphpoghy b Walwbonafl gl ugusn gil sl -
hpp qpodonbhpl Swdwp b gogg & amifby qpodinbhpfe b flypo g [l fptehs-
pfr prdduh ﬁrmpmninpmﬁyuf:p rfnqb[b[np[t of pro® wviu prprks pr qlwyphpl  Sunfwpe
Uhfanl 4buneguw quwpgugnalp Shmpwnpofd pnds wfby  nosnol o fydy iffr-
eyl pln;{'ruul dhinyle sfynidp, ubpud frly gopdngmfjnihp b wr gp e (Rocha, 1965)
Pmtlwgmg,lmffmh zflflmpmpntﬁ';mb gl (upnpumaphw ool doghy-
bbph Jpu lwuwpfwd lymplnpugnigh shnpdbpp gifauwfnpumby  Splifmd L
wigrp wnhuwlpurh ‘:fammqnmnxﬂlmbhﬁpﬁ of pruss

ap -fnpﬁqnbm’fwll uﬁq:ﬁfmb l{!!a'ml!nuf L npr

. ——
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Ungbpunpdwl mbunifpuk thy mpdbpunfnp wwhy bbpapbky wypn. Vuw-
qupndp (Hazapos, 1965), npp Shnwgninky dbwpnfufwd lhwpdp dwpdhp o
fewlsfilyuslyusts b byl wpnphidp, oquugnpdbyny guun $pqplwlul wpwe-
Whpwgmudhbpp: Ulgpndpnpbh vuwrldwlifwé b phpupduly bd whaf pndp dhjuw-
Uplpulyusts sfpliwlyy Swdwp, phgfnoy dfifiple Snupp, Sbypfudpbbph wnwgwgnd p
b unigfuly wmunnply b gfwdfly Jpiwlbbpp fouwfumd wh Shmlunlipny shynulp:
Uy vupunfy ugfuurmmbipp hwpny b ounhuwljpbe pun] Spdp Swhppuwiig Taghik-
ple fpuw Yunmmping shnpdbpp Sudfwp. wgle wpuwpndbim el |obd whnf pul g g~
Suliihpp plgupduwly pubudboud p Lbaplwlp Wbpghaul § dhfuwbfplyuslyuste T u-
Lo f jurle Susulpmgnomf i of il gpoulyuh uwhuwlhbmn. wia ghypnud whnp
L Awdhdwmnd b ny Bl phopflwlf b dogbif bguhp bdngubpp, wylk phopp-
bwlobpfe b drghpbpl wlowdpbhpmp Ubpustafrlpuslpusts T wslomefl puuls uaguas gof vasls -
bhpp prasfusnncd p of plwljuqpuiljus mbuwlbpy dfigu by Swughnad | dwupimow-
prutgfe Lpblmps Bhpdnd bl dnghpibph Swdwp bynfbpp plupmfljubip b ing -
dhpji fywrmupdwils s fulefolyus g fria Yhpuplbpdnyg npny Glumwnnolibp

ffpn.?u. Cw_fplwmbpg (Scheiblauer, 1963) thapdlkp £ s waphy dbimmftl.-l-
relighple drnhpibpf ofpus. puligh jupws fpfulp npngdby b dlopnfun gt jndbb-
il fli:f:pm:fhbpﬁ Swpumphpwlgofl gt Spdwlh Jpus: Mwpgdby, np gnpuithng pu-
pradlehpp wd bliwd bdle bl jubgle wwmpfii 5ppnpqwlp_.uit dwpnud bk np gifawfnp
pupmidihplyg Shlpp Qwpay b opplihy &gnape Lwbgh dwpd flp wpmuifnad £ npng
rlehnpegfte gnliusgh pmpgps Lushighl griquébn SBwplph vhumbdfr ghupnod wig gqn-
bl nbqugpfwd | ol wfbyf ponpp® Swdwubn bymefl ngbuph 'fll.mfbtfm:mm-
Pyudp; Un mpgnidiplibpfig Jf putifup wfbyf ffwng Swwmwinky Ep Umpnqmlrm{p
tMacaon, 1955)«

LLL26r P HULSNRLNRRSNRLL

. _{mﬁzf.pﬁ s prctincfd goniho e hwplhop mpnpihd E, npf $hn mnfryfmd gnpd b
nd;_f;lfm-d'. thnlughle ppgwlilihpnul fpwnmyglihp pupdpuwghng fhdbihpibpp: %$n-
_m.tﬂl‘fm.b ekt pugdwfpn] qnpdafilihp, apnip mupquilyfe wnliynod b wyg wpop-
thilfr Kb Fpubighy qumnhpp Sl ybY fjwpng npnyidby ke puwbwlhwuyby ghu-
Surinfbpr Ul guapp kufwnpofd pmdifihp, npnhy fpw $pdhfwd b dhp pumnngne-
Pynibpp L Suwrgifwpliihpp, nhgnilpnf] ki b phy waliynifinds mihh frpeslyon-
bnefl pute Shune Mpn. Shpguwapp (Tepuarn, 19646) hwpdppp wib dJwupl, np
el ke Surgaf v plybehs e milbyh qunn fbun ki wumBunnul, puwl ognun, puwlifs np
2bgnul b tusfuwiydngf nunpnifl padep whifuncoufibyf, vl e Bhp ghabphp-
Ihpoed qrpdnliihpf lywplenp Jppuynedubpfy, npulip npmymd b pulighph Jpuo g -
f:m.ﬁpubp fupdp 25nmnd T i praf e & urig sl prel n hwpng bi duwnughy, npuhu
bhurfumgqmgumgnud wigy plowguifwanol Lhmmegfrnuumbbpf Swril wip:

Sfaumffmh mekifof by wfubdmShpp, apnlip Qhpunkf bh wwpphp nbuypli-
gl Swdwp, mbihi pummn thupp, lpud my df wpdhp, gpulip lhwpng  bh fpbty
wpinweplis whupn Epllpmwinp (pihy b by S48 @ofnd Lo bl i fily-
fpuuks Sl fry ufilfmgbibp, wwlugh ppuby wpgnidiunf o joip, fpple gnpo-
Trolpslts yfrpross nal rfe qhip, 8w fu ghpughwSwufnul Ee ,?qmdmpﬁﬁ wifligh puif
L [unumnuﬁ:mmg bl w gl fd‘rmmmnnﬁbbpp L gpugyfibpp, apnlip Afdlifwd bi
fyoblyphiin fqrfutmpmﬁmﬁmf: wnmb &S wnpmiffnidifibpfr, gpban s g pross o B v fp s Te-
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L}
wqu g wblbpf L !u.lpﬂuf!;brl!! u;wm:me;mh pr[mémp;wb mp_q;mbgbbpfx o pus

sl wlibe b
w mul.dm;ﬂ;mb ﬂpn:qué IR . :
5 fff: wqpaefguilp fp bzubeder Sngiwdny qui whpar wrbo wpn- Skp

P {Tt‘;‘puill'li. 19646) . f{ﬂ‘f’af" i-,'uqnf!am{wpn{m;.ijnwuf:p:bpm.i;::;w::é
(wbighpl fusgmilimefpuits Jusufle Npn$. Shpgughl Shmwgnintl J‘qm‘b mml.{.. 3
skph s g Bemeff gk 5P’waPm1rwl;mlf Shunbjuy ayuus pefusilebipe "1-:; Fb "
Shypufap dm;nmufmpbbp, 2bpununfnp Guumefwsdpufils duwgnuuyuplip : _:HF’}-
ofwmd wupuplibp: Phlwplbypni qw{:u{:o‘ qubighpf I;wjm‘lrmpjwb wuwnpSwlp n-
nan npdnkbb wypupfruf wupup
fmz';:}n ;[lfrmqpn:;;w: whlyywh gbpps Gy whlpndp Shyunniff yusilp fuspbigh & a-
pagby shapbph $ el s g s ey o fu s B s prsa S sl dpgngmif: Swlunwly gpul
Ephlyunfref hgdwl wynbgniffyndip 1
Lhe wquzuq_m_pjmi; b wigh 4mbqwdwbpg, np s npnsz[s qnpébml!mbnpbb
whlppbp b Ysw prclammiff puste wiiSwd b un wibpfp Yuplnp gqnpdnl b Swihqfiaw-
bnud Shgpnumun|i algnulp, npl wnwg £ P"P‘“J Zf""‘JF‘"f'"bl"ll's L Supdul
foubibply dowligyng grpp: Pudbubpthpp ubinp 3 ""Z‘”'H’"‘PJ"“" nu pdlibl
wyu wpnprhd ple, puwbf
urgry Pofmed b Vwpuyuubfr wil puspinwlyfr wiphwmuwf Juumuwdpbbpp: Lnqmdp wmp-
dhpunfnp glnngnflyndiibp £ wwpmbwlnul funp wnbuaggpifwd du gyl un-
quilipbpp  duufil;: Dpwhy Jwufl fpunudp wnnple
Y. Apankphls b Loe e (Wittke und Louis, 1966) Shunwgnnky b (uwhighph
J:-u:n:bn;ﬁ;mb wpnprhdp Sﬁqpl{mépm;ﬁb mu;mp!tﬁpnuf. npnbp qmbl{mtf LY Sn-
vwliph bployfubipf wnbgnofl juk s bbgphpp f;m;mbnuf L Jm;nmu;wpﬁbpnuf
bnpduy b pefpdwle pupmdubph npnpduwl dhy' g fpu puy gniguwihn  Sw-
phph hplne wpunkdbbpnyd Snung gpridunwghl gpbpf Uhpgapdncfdpusle oy g al-
whpnuls UwPbdwmplpulul wbuwlbinhy pmednudubpp wupy bl Spfwd bk -
quidinifljule, ppdwl ndbpp L ppruddwlegid b abipdf el wpinwSw guncfl bbb
Uwnuwgwd wpynibplibpp rnmpuwlifuwd bl Jh puhf opfrisuwlishpos
Bhypwdplbph b wmwpksplbpf mmpphpmflindip s pruas g fola gl dbbiph
dhpuulafrlyuw e upunS o dpfr wbuwlpbinfry phggddwd L Magusgh fnail iy
(Rocha, 1964). wwpleplbpp, npnip wpnhl Bafupldby bt nbguigmpdd b,
unfbyfe ply nhdwgpoifpnds bl gaggg mwpfiu wwihgdwh qpuby Swlbplng@l bp-
f;m;bpm{: Hb;{mwqup;mb qapdwliyl bnp f{ﬂ!lgfquﬁmb, npp ngf"'f I
{}nzwb, wpmmynpnul L dugnurypmpbbpp  dfipfuk Surel s g v fueliney
Swinlpmflymiibpl sfnfuSwpmpbpoofl oo gl Swnlpmiflyniibhph Shin, nprlp

hpnul, upnp. Shpgwgfh phggdnud §

quigfrnphl s lyuru hwplnp §. gpw Sunfwp £} |

np whnbunulp wrwgwyply £ Jungnp fusnmgglbph,

Luflwqpfaul b wig wwypumpbbpnols O gpahp opeyifnoal b ptfifmle  awlelygmi-

Lonf, wrupe Swilwupumwofuwh mwbghbulibph ‘?w;lwpﬁ;mlppuﬁp Swbngfrowdinul
b wlifimubgmfl ol nbuwy qupdwhjpig: Gyg hebghwghmb mmgha b opuligh upog-
dwlhbph ghwSwmdwh qu] Shdp:

Fangup (Dodds, 1966) Shwwgumby bp dwpnwuugbpf lw ool jndep iy
tphun fy ('i"mpm.{-mpbdmlmb hpwh ) qulwfbd  lwhppbf  spwmfe  philpfwdplbpfe
ﬁ. puy hfiqpbpfn .ﬁfrf,mjbpntl: u:qmpftﬁpg bhplw pgfwd b dwolbiwlfiophte gh-
o bl g w hniggndbpunmf. qupmidibpl Swbdwh Shinloshpnf qpubp dud -
qJwd ku shgphpnif, npnlp dgfnul bl dawwfnpuuho ;wbgﬁbl g b If::-
r"q:[mz uwppunfnpwhph oghmfyudp whghwyilbghh Shyphpl (esgupnd b l;:r-
qupddwh pugdwfl] juspnuliibp: Uy qupnclihpl bu,mmm)}b. Lp uufmnh'fudl
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s d s o by mb;zw;fawgndg b Swiwpnidp lhwd fwyndiwgnudp L npnybip,
NPb wwpbpp nppuwlingd bl dnw sy wbee Nwpgdby, np wwhbif Jptulnet &b 2—3
Suwlmpdbmpuling pugdwdpbbpl me Shypbpp b np pupddwh Yumwbgufnp wpu-
Wyl pmidip opnuld fjugdnul E Jkl rf[llfufﬁ;np: Py bpwpbpnul  E pusphipue-
S tny dpgngunnulibppl, wyw puwgh dumb whljwmd  vwpbpf Sunfwpnudfig,
V00 g by ![:ﬂ!u&mglfmf: (ufwgnid ThfFnng Ef:qm]ﬂlwd E 36Jﬁﬁmm3dw§ $hun
N fumpufuncdp Shynogulihpn:

Dpnd. U'_fnqbpg (Miiller, 196?j wifby £ pulighl griquwibn ﬂbqpbpﬁ -
puwgdwl dhfuwbipgdf viyunfy pugumpogndp. qu  bhwpwgpdwd o bdwh
WGhgplph opftuahibpn], npnip fhprpbpdnul bt wpg bngh Thy ghnp { Ppwh)
Nphpop, npmhy wiy b hwgdby fbplnaf blpwpmgpfwd  gpnnullibpp: Wpn$.
WU ynybpp bufugpnad |, np dbhwhnfuwé dwpnwyuwpbhpnid quSwdbd juligh-
Nehy b pupnudbbpp pugpenalp e duwlbplingfhy nprg Sbnwnpnf i o pu
¢ Runtinod F mnw:{ﬁiquqlﬂﬁbt u!umbq whnph b mibbiinod diynud fusdd unnp, npnhy
Ahwnlalipn] wnwgwhnod b pubgpl qreguilbn Shypbp fwd & ud usgusmw s fuuh
Willowlnul b wynuhlighuwy Ehgpu hnflndip:

‘}F' "ﬁml{bﬁ (Wittke, 1964, 1965) wnwyuwplby Swpf Shyphpf ufranbid mf
Sdugnuwupuphhpmd pholiwdnpud b phobwfupind qulighph lhwpndinfd juh Swp-
\ifsaplyfe o] s lpiute dhfngp. wig Spdhfwd £ fblpinnpu gl Jbppocd ol pul fpuw:
SN bfngp wpupy L, wulpugl quin dunlwhowly £ wuSwhgnuls Uyg Thfagp Brans fuross -
withufmd F Lpblpmpnbiugple Swyilfy dhpbiwhbph Swidwpe Ubfng) hhpunkpfine-
NEymiep  ymenmpwfofwmd F opfiliulplihposf:

ﬂp}'md:b (Brioli, ]966) Pulimplinud f o‘m_fuwu{mp!:bpﬁ unquhpbbpp b wi-
\ il pusle ypopphd p vwpupubypl wmbqunpfud  pupfubphph  4uwlpuw-
Munpabpl dpulpd sl o il usfeoslys Phfiwplpfnud b puwpSwlhiphph  Swhpwfunpyh-
spfe fumegdwlip buypuumng gapdafiiihph wyufiliph' Snfmfr Ulppwdwdp qulwfbd
Shyphph gubigp, spf wqnbgnfndip, Bhpnifdpuk dhdwgnudp, nmwpmddwh wh-
\pupbhpuua dimifinfuncfindip I wypley 2wmndy nupnifd gnel b gupdenod Sh-
vehple ufrumbid fs u[ftpim&mp_{mf:g: birﬂw&'n(rfu;_nirml,wir Bhnpbpp unnpupup wnw-
spwlinud e gbpamw ghen @ pude fund Rlpfu iyt §hurlolpnfs bufwnigqudfg.
Shgphpl nhible Jhd f:sztwffruplmln lwbzflb griguihn dqpfnyg bidwh Shnypbph
‘lfe whpl fbppmedly b Uypnybpn (Miiller, 1962) « 'Plrllwpf'ulm.:f b dymu bplne
cuprumbdihpl qbpp (uhighpf huwgndinfljwl grpdned; Lhgfifiulyp bhwpwgpnod |
cuugus ({1 g ol ek wipfrmsumwliphbiph wqghgnfndip hwymbmfwl  fpw b mwgpo
L pupSulphpl pwSwynpddwl qnpdhiwlul Swldbwpupncfl ymdilhpps

e Mofnpdulp (Dvorak, 1965) #p pukf oppluwlfihpny gryg b by oy g~
Whgdwl wpfuonwhphbph wyghgmfndip dwpnwugupbhpnuf (wlighpf ljusgme-
n‘flmﬂ;wb fpusy f./ﬁzmt{m_;f b wiligurand wh #mpﬁn;ﬂjndﬁbp[: b wummphliph 2kip-
vl npdwh qghppe Smfnul L ubigud fuly FPbiljnf Swpfuwpldwh upupg dbfnghhp:

Hp. bynpumbpp (Forster, 1966) qblniyy Ep bhpljugwgph; pug Swlhphpnul
pulighple Snpfgniowljwh wpnghlgfogp hnpnodjah wynhgmfyndip bpwhy lugne-
G gl fpas fhidugng: U ju wpnprhdp lwpdhu Shmwppppoiflyncks  Gbplpu-
wurglinul, pwhfi np g woynhgnefywh duwufh fyuls snmpphp hwpdpplhp: Ligne-
bhynif, np ugpubinl hnpugdw fl phughph uwllgnudp mbgl E ndiblinol o e B ass =
ale dwlphplineyftf bplpwghipay, fund Supfofdpudp, puliwdlbp b gapu phpf wd
dpline nhuphple Sunidwp bpp wbgh b ndiblinul upuwlpob uwlhgnalp b thyduh
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myf, b Lpp uw\'ﬁgmd’p -
PLpL Fﬁymﬂ;mh mbbgnng Jpuadd wnwby Pbpmﬂ;wb Poeyp
Zuguphbpp grug ikl P bRk e
0 dhiphg nz fmer b
aibtenal  phupkph

ppubwdl Jmf(&phnqpﬁ whgbaud b pbwyf wimmpnin

gdugpl £ Lbpplnul
shpunf wilpuw prfl gust qmmSwnm{: -
Snppagnbwljul u‘pnjﬁkglim.lf‘ "l"l"“ﬂ.l"”i" qummifpap

iy I Ynpmflynip qnpﬂmrl;mhmaqbu woghgmffynch b
Ly el ke i
. Q;u::f 'Jb;l:f:; [Kel]er, 1964) s’wb&hwpmpm!}mirbbp L
lhn‘nlntégbbpfu ‘llll"ﬂljllm!‘wh ffmpu,fmdg!r tlbpwlfmhqhd'mh

wuguplibpf '\'mmf;ﬂgpjndlbbpflg L Swhwupsh nqumplmﬁ m

qkﬂhprw?bpmplmbﬁs;

g wg B
Suwdwp, fpoas frarf s d
mmpméJml;

Shlymnalifily fumhmmﬂbpp I 'i'nanm\'wpuufp mqqnuf b ijnwufm,lahlpﬁ
pfidwnpmeflyule fpu b npngml B4 qulighph Yusgniomefyniips gy upuinSunn
by gupdliwlul wpdhp nilih. wyn ,‘umfnmnufhﬁpft wrar fr b fr gl wmndp:
lhyg wpnppbd b (redd ki uf dnnbgnulp u.twpn:bmlfmxf b bhplpu f;anp&u}lh
Uhplyuspugfwd bplgnt q&ffﬂljybbpmlf' i

mpn.’. l}”l'ﬂ"'b.fhf" ﬂ&purmbtl. q'ruuhg. SﬁJn.ﬁﬁﬁmh I 5nqm4ul;m1mh
(Toapamreiiy | Ap., 1967), qblpnighgpl lnpmn shapbpni $rhyu gl ws g an prio b~
poud pulighph Iy prritomnefd guuals fbpumphpfng ﬁ'bmmqnmﬂlﬂjnlbhﬁpﬁ Juufilie Bhi-
phpp wynlignfjndip Shwnmngnunfnud Lp bt palmfuneyu doghpunnpdwl Jhfin-
qurefs Bngwplyfwd b Swpifwplpo g fiis Sfpof bl upebifwlehp, Llpepugpifnud |k
uhyudfrly Jhfngf hppundwl hnpdp duwgnf duslpbiplernag o gfils 2bpumbipf Snqiduw-
cupdwlh wunpSwhp aprgbpoe Swdwp UwSpp dfigfis gl wypofl gl npngnudp
Prlpeagfils wiopuplbpml wuwShgdwlh Jwlbplng Pl Lplpwgpasf Thd Shuwppppoe-
Pynct b bhplymguglingd. Swpfmduhpp furiupaf by bl wilnif i [f pucke gyprd e
gl pligniibpon] Susfmowp bl dfresfnp: Bnyg b mpifwd, np wigu Qbnif wmmy-
fJud wwlpl ghdwgpnefl pidip qupdhmlpubwuhu 3 fr wuwpphpfncd wgh Fhdn -
Pymbhbphy, npolp vawgfwd bl fufugfb qpoiubbpf wagulplbpool: shngf-
bwibhpp bufugpaul b, np unguhplibpp duw pruupuplhpoal g bl kgl
atibforny dpngle mblpmabfly powfomaolihpl grmfiibpm| whylng wuShygdwd Fu-
Ihplingfikpnf:

[hjerf bt e ot (Rivel et \"igl'lillj(]. 1966) dpmlpby Lple jussfredinle dhfing
mhgnul, npp fougy b oowghe Shinlofl ppdiibp whby dwgnuapupbbpf o gncne-
Powbe Eifnpgmgfougfe dwople Ubfagp Spolifwd [ wnwdgulpuh wpfrpbhipfe -
praddwl wpmgnifl puke oo funcfl gl pufelml o s Shgpirwhulipp buflwgpool
bis, ap g l”aﬂnqlu F!H._“ I/ mu.lf!m mbfpmdf:zm mﬁqb&mﬂjntb wmuliy  dig-
n‘mu‘m!tbfipfl f’mjm.hﬂtp.fmb !uw[umnufp lousls furbipre ‘-'mlfmp:

b, Fhpphpp b qpn. Gugghgkbpp (Gerber und Scheidegger, 1965) sfnp-
("l.qfril g dwjn.l': Jma?frpbnqpbﬁp[r thplpugd wh 4bmbwbpm{ bmqmityfl t}!ﬂ!um.
::{'ifrwrujm:"f?"‘ﬂ whlynabfly pupnolhbph qupmp wynbynflypwlh Shin, npp
JLJZ[” b ofydwl Swpfofimbbbph moggofimdihbpp Uaph whumfl pule Sl o~

o g&:#:buniﬁqmga{wé hpunfbppy Ie ljpumughle flpfupuphply lpugdifmd ploo-
yiua t:.:‘r:bpf: Hwppp  dugnumuwphbpp  Thlpwbpljpgl  Swdbdwmmpump Yap
wpnpy ply Jhlji £ Ugy wupmphhpp lhupdp I hlpvwlympdp o plwlymidte L.

T T Sy —

-

e
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Ve by prapraasrees s e wumndmfl jule phfugpnul npwhp bufuwplfb; by puwin Fupdp
'_\In'a?:?m.flpﬁpfs Jwal‘rnq wiapwplhpfe eyl wynhgnofjuh wruly, npnkp ‘:5mmqwlnuf
VOV bpugiby b Lpngpush Shinlerlsprsf: Uhig wuupbbpp Swlwfe  hinud b
p.\i\u’!;qp;{m&rbﬁpnl[:

Hhplynleanphopugwd fufbpnot Plhwljuwl pulighpf bplyjupunl Qwrpndin iyt
iy p il ndd mpdbpm.lnp .uusztq ftﬁfuﬂdy ugpn. Ul,ﬁlfqmnirg (136'7), r
\-\‘W'Mu'ff.b_fmﬁ mppnpy quuwfenunfimdp: Y dingphy dhwgnpguw pts R qnp-
Lo budefs Swunlpwgonygmfimbp, np gnyg ¢ ol nod wwlhgdwl rinSwhop Ju-
Vibplomgfp wgis dwp, phgnph ghdugpmf e sl ppi pllunad £ il gl oTiiw-
Nrnpqugple dhdmflimdips R qnpdnhp dbdwhnul f Sl S el ek wumpSwhf
hd 'f'bdm.qd';ubp qrnigplfug:

Upn. 2buljbyp L Bmeqpppp (Henkel and Yudbir, 1966) Lhpliwwgphy b%
\appufnp ghpnp g plhpnod 1alighph lp pridonff g 2w fwplnp 8buu-
sntaurnfl pnilibehprfo wpngnihiplibpp: Ugn wupupbbpp s lwhoul b Uﬁ:{w{ﬁl‘ ufru-
Nvebidd il Ll uinwhined, qufw;mﬂ;bpﬁ wmnnpminbhpnul; Uqubp{v dhfuwtifigdf
el S wmlynfl pndidibpp g Swilngfy hbpund pugumpdnul b whguwapn -
o\ Jpuedp i wrhurtipfy hplpuwpwiinf judp, b Tl wmnpgbnbipu  Souwlbpl
Wy gllwlilchpn, npnip wnwgughngt b dulynmin bl fris orf prupdp pupnls Uyn
-n.\bu:mqnmngﬂjmbbbpfr wpgyniliplihipfrg wd bliulpum plinpp bhplyw gughind | fpraraf s -
dilite Bbpfluspuphpnd wwlph Prymgud guupbbpp b wifwqupuphpnd &g wh
Wbyplpl qhph urupu g g med g’ dunil wlowlyulyfrg unquiliphhph wnwgugdulip: @pned
S tmugugliny qopdnlihpf fbppucdafl ks dwdl uibiusly wmuwpgdby, np uwlphl -
st fd pusk wiltlygnitsp’ ’a'mz{mumﬂ bkp 18°-f ui b dmrfwbwfl, bpp wwlphi nfraf -
g fd gt tff:m_qnﬂqwfﬁﬁ whlygmidep dmur 15° fpe ulumﬁqﬁg Sbuwnhnul F, np owgn
Wiy prodd lntm.q.npqm!ﬁfl R gqapdabp hoyhy F dfuwnphy hnpp' wu jwe wwfd -
o d i | Sl wSmpifwd L Shypusfnp qbp#nﬁunfﬁqwgzlmé fjunfbph 5~

|\ H'J'J'H

LULLRLPE QbdUeNNre3N Ml

YLhiprpfits urwsulod purlpf plf oy prd mwpphp  bplphcdipnod wihglyug by hi
VMg gl bl (utighph rpus iy &bm}{mﬁ:nzpjndxir&pﬁ Cﬁmmqnmngﬂpufl-
wprahihpe Uyy upprprhdfe Sl fip st b ad'u,-ﬁfapbpg k amﬁf:[:ﬁ fl!{:ﬂpm:}pﬁ[ bl
wgupfrufe A‘lf:mtﬁnfuntﬂintfﬂdapﬁ pmq:fmpfn[ bpb.m._fplrbp u{umpflml;wft ﬂfu{b-
wral (Stini, 1952). Cunplfls wyn whiwlky £ Talzuschub, wyufliph  wwlp
wiagfe S frunp ﬂwm.:ﬂ:mu[rpmplmb Juy  shnybpnul plmiifnuf bp np
Wi dpmulpul Jﬁmcﬁnﬁ:nnﬂ;nabfx&pg hpphp % i bpyutinl sfipned nafs
g bpbru_fﬁ!l&pir urifligh g ﬂlum_lﬂrwuﬁpbgﬁb ,Qmwrpm.qu: 2rgubilyfy Il
vl A qupp gfuntialulidibp (ypn$. Umgbp, ypn. Ypup, Muspuhp, wppundp.
gy ), npnlip puin puk uulbimgp[lb ugn  wpnprhdp f-fn‘;fpmpwbw{(mf:
W\ }abdl’:blfpml!mﬁ m&umi}rbm{:g upurpiupabbypne Swd wipy H”- l!mu!tmf;g:uplmﬁp
wadh 'c[tzmmmi?b; qhuyf Sniffrunp uwlph 45qunmm_ﬂJn:fﬂnﬁpﬂ wpn. U}m;bﬂft
v feg Uik wfon e (Miiller, 1955) . Yhpsphi dwlfmftwa‘}ifbpu Sutrsf wrbrus ly sty
u':mlprllnuf i bp&m._fﬂ[, wl}gm_lf[_: uwlph shnyyfih [uwligh uutnpnmfe fynpdwlin-
Vv (Miiller, 1963b)

u_f:; [rngnp quzmmpm;ﬁf: Junpp b g v & durynbph unqubplbph fpu-
Wl pnidip 2bgunby | wypn$, Shpgught (Tepuarmu, 19646) « Pl bk fry-
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16 l
wp b (e afrnble m!’.-l_.

[
b muflgebbpp ¥
Ll Bl oy w gl b qupdlismlpuls

o £ L Sbunwgw 5
p phn wupy L S i

bphnyPh Jpu, opp Sbmwppp
whawlbinfrg:

Jm‘,;;mulmpbbpnnf w
£ wpn. Indpght Qmpugbmp (2
dnur 65 Shunpuwlng lngnuigurat fymewmn
Juwd whifmusgp wmbph e Swpfrifode
wpﬂlqmﬂpmfpr bﬁp#w:nufu VU2U -nul me'""bm'?
un Shinwgnumflyncilibpp:

vzwupbgqb s;::iibut,[.:"(na:wmnu i Tpaunsckuit, 1963) lwpurgprhy L
Upphpoud Bbgupus ghop qulighph fangnp sy pugfrle qusbigury ’ dliarhn-
fumymiiibpps Up gbupnud qubgbpp fugli{w? b opgmiffrlygusts  Shoqpusnps
wifwgugupbpp L ypwpupbph Snphoriulul hpunbppg:  Bbypunnpmif s
qoequiShn b pulghl: Yngin dwdlny pralbpp whgmuynud b L wrbgupwpdinud
nbwp Sndfpup, i wliwpu Shin quﬂbﬁinxz-[!pﬁbs gfumwd wubipp: Dhurpn~
Juniffjwl wpuigadfdpndip hwgdnul § wnuphljusts down Jhly dfpypilbup, g Twbages
wmbguyupdndp Swuby £ 30 Jhwnph:

Gipn. Qupnipul (Zaruba, 1956)  Swdwled wh dlewssprfuncflyncdinbp L
Uhwpuwgphy Ovepufwh dnwf (Qbfurnugnifuslyfru) fpusef S g frla dhpghpudon fhp-
Pupumpbpnuls Llusfnfuncfipul bidwh mbuwl § S gentoup b urd Qbfunugnifu=
Yfuwsgp Pliulniggolh (hnbbpnud Snung Unpufuljm ghunf wnl pusprerulpfe pfrbuspus
poeflywl Jugpoud, npnby fufem Shypunfnp lpufSu gl wifwqupuwpbpp Jupds
by bl wmnpughp wpghppuw gl Phpflupupbpni: Swpphp bphpubphy fud bbb
pulputy bplpupwbmfubp Jbpupbpfng pusqilu B Sud whilfwh nliwyplp bl
Whupugpfwd wpn$bunphbp Qupnepugh b Ublgyf pufugnegh dbugpofl ook i
(Zaruba und Mencl, 1961): gy

Yhpobpu np- Pibpnulp {le.‘l'l"llll'l. 1967) wifby wmwmpphp ﬁp!”fi:lupm:j’
pwlighpl ungpp ghunulubph widhnpughpp pp Skpgughyub bppopg quesuss
Jonumflyndined: gy wwpwnfy fbpprdnflyndip Swommmnul [ pulighpfe umu:ﬁil
quigle muwpmdfwdnefymbip b gngg bowmwghu qpom mpmdbwufpoifl gl Quphs
l[ﬂpﬂlp!“lbpl .

Dpnp. Shp-Umbipuisywhp (Tep-Crenausu, 1964) pugwmpnul | quSunfbd )
wihilpnulle niibgny shpubph guuadwubiph dndwlh wnmpwynolp ghpliljug il Fus
Ybplingfif dnm wwSdwlhwghle bpubmlnfjwh Swdbdwmnfpodp ungphlt dos
plifpuyfwd ghdwgpnifliwle gapdwhgh pwpdp wpdbphbpml.  wpg afbpgodgpe s
u.rm::,wgbnuf L ungph bplingflp wwywplhpnol: H” bl opunSoainnf fnn;rq-nalf;‘
?unuulﬁd wrb o edd u.lilbgml 2hpinkpp quiliquyg dlowdfinfud wle b ﬁbpmpa'p!mlf - 2
Shgdwl wpmnbbghaygp dwlbpbogfl Tom, phgrdhpm] S-mllipuy Al . '

Rudnumtip b Uwpnkp (Beaujoint et Martin, 1966) pugunply Shuwppp-
elp i puiehip bie Swynpgoed Swpandw il Spwoofoo pnod Pybp qhufe Sifuh pube- I.
s wmnpnnf quitiqug qupdnalibple Saufile Labipl Fwpd g Gl fisd § vl !'
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Sl bpwign gl Phpnif it 78h bpluhipni Uit proslyplpfrum s pref o Qutpnulbbpp
Suyueyy wffile, np by wpdduh wpwgnifl jmidip nwmwhfnud F muwpblwl 5-pg
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Npn. SLp-Umb:f:mewbp (1969). Swlwgphy o grs g fols
julighpfi quliqun abmxfmfmup;mbbbpfs gpulinpaulp: Upuwhghyg ndwlbp fpuep b i
b gpwnlky mpuy b qubeghph qmpqw_q;fwh bmfnmulmmpmumwf!mb hegm, Jriepiaplins
opfliwl uwphph uwaqpp- JJnmbbpp f(mpéhu ﬁpbbgﬁg hﬁpffuqm_qlmuf (870
wumunnnds bplingfubp, 1230 opfrtily, prf‘wgnufhbpfn unypp G ol
Loffyul by U lpus pross g prof e d L pbleuplpfwd by wyguyfruf &bmgfmfumpjmlrbb;;m
Wl qupp qpubnpaufhlqu Znqifwdp i aqmpmbmf;maf unngph i froygbipifo apur i saif e
pnudp, npp nhn quméwaf E oo, gy milbgfwd uu{‘lw;bfapﬁ 1'mifu.r.l';uqu;m.tf’n
Spybph wnppbpugnodp huwwwpfwd £ dnpPnpngfrljub Surinlyutifrpbpnf: Uyg~
wpbu wwpplbpfnud b unnph Swpflugfi, T plgsurlinep mfrghp, She
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Npn. Sbyumphlp b gp. Gudnphfilp (Zeitlen and Komornik, 1966) %kps
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Jpple lpud pgui gt vuwngwSwmhp, npalip Povgy b wmwpfru g quasteqif wr d b fid
Jpgwhghy fipblig: Lagifmdp up ol lprod L qupdnblhph Pt gpunion st wh
wneflynddip, npalip spegnul bl qutighpfe fusgridencfd grilip b qpudg oyl S ueund wl
dunmpbyf Thfaghbpps
il Upifwd &k unquignyg quibigfwduhph hngdjyg wyg qurpd ol hpfe Sl o
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g dfy puisfy qhlinyglbp bi bhplhwjugfms UL wil pupmuwlibpl Shyurng-
syl fnbgphulibppl 2nndnof (1961) L bgplpnipgnul (1964 ). Pputighy  dp
pulipup  (Miiller, 1961; Artola, 1961; Faivre et al., 1964: Aiken, 1964:
Construction ete., 1964) whinp L Sunnlpwgbu Tipsf bk Ywpny bi Shpwumulpl by
Boarle wr gl fﬂmmt;nmnlﬂ.’ncbbbpp, npnhp ffmmmp:{ﬁ! 137 o'llpwtfqﬁu I Shypn-
lpos pualafe g frlrens prasaprose f puaay duwdwhwly VW20 -nuf (Spucros, 1945): 3

Lualsghpifs Jusipufunid p wpggnilinnfbn £, Phukn [ulsghpf fpas prirsss gy o sl wign
Fhfngp pusfulmbpl pagde wwpwdnal ikifie Upg Swspgf fbpuphppuy Tohplo.-
ruigfmd ke hphp qﬁ#nngﬁpc

Dpn. gur Ynumw bn:iﬁﬁuﬂ (Nunes da Costa, 1966) wnwgfu | quslighpfr
Yy grcesngd el 4w ey o pos fpursssf o prif sy by frpreamf el muwbhth  wlywplp,
“hidlifwd Py foo gad dhnp phpfuwd thopdp of pus: Vhwpuwgpdnad b Treas furess -
Jraprifvade [ump}mfubbp}: Izl e pusigid B frsf wmbuwlhhp (wlighpfs Jusgniug-
Al me gy Uigussmilfybpof L phpnul bl oppliwlihpp: L wdp Swilnyfry by~
upmif gregy | muipfru ursf gury dhflnnf mnwn{b;ntﬂ!n:bbb‘nﬂ by wrls furbefolyces fp s,
wa flinsgloss g ortasr by s fyoasy wnbualbmfiy. Plliwplyfnal F gpocdin fr dlewnspnfumf il
Shmliwbiprg B fulo lyuh pwpdals Brgungd ok huwplnp wypnppbdp, plpuwd fofu-
lpwile opfrbiulyy govgg L omwgfu, np pupd wi Povpugdul if puw fnpncninp hwpny |
Smulihy 40 mnlpnufy lenuinud | Cw:fmu(mmwufumb by pbprod urgq hnpozumfy
npledf I’Jmfumq_qnlzw#w'b Jﬁgngwunuﬁnﬂpf: hifrpasnd wh dﬁnfem:{ntﬂindﬂ:

Otfesf by gpross bmbthup Yurgnbypwh (Nunes Oliveira and Caldeira, 1966)
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lpuila fuls i dhonghlipp glid by d wh, wid pugdfih, [frwpupudwh b wigpleh F -
ufiiss Uyn witf pus ok Shdbwé b Wﬂpmmqmdrm!nuf anipn gl fi dfrguiy oy frts
wr by g an ol s vy o] fflqpntiﬁfimpm!!m;wbﬁ 2hbmpapnfl dwdwhuwly dhnp phpyuwd
tinpdfe sfpuse Qhlyneyghy nihife gnpdioulmb Swledbspo oyl bp Swpurfnp Ik Gny-
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NMPUPOAHDIE H UCKYCCTBEHHBIE CKJIOHbI*
NMpodgeccop, AOKTOP TEXHHYECKHX HayK I. M. TEP-CTENAHSIH**

Pegepar. O63op COBPEMEIHOIO COCTOSHIA anannit no sonpoey of yerofimuBocin I
Ae)OpMUPYEMOCTIt NPHPOAHBIX H JICKYCCTBCHHBIX CRJAOHOB B CKAABHBIX NMOPOAAN, BMECTe ©
aHAAN30M AOKJAZ0B, NPEACTABICHHBIX N0 IWECTOil Teme IMepsoro Kourpecea Memayvii-
poaxOro ofulecTsa MexaMmilkil CKaJAbHLIX NOpoi B Jluccabone b 1966 r.

OBLIME 3AMEYAHHSA

npoﬁnemu, cpfisaHibie ¢ NPHPOJAHBIMH H HCKYCCTBEHHBIMH CKJOHAMH,
OTHOCAITCH K YHCIY TeX, KOTOpbie NpHBJIEKAOT JKHBeiillee BHHMAHHE clelnna-
JHCTOB MO MeXaHHKe CKa/JbHbIX NMOPoJd H 110 MeXaHHKe I'PYyHTOB. Her nanot-
HocTH 00BIACHATH 3Jech INPHYHHBLI 3TOTO. Muorue yueHble H HHIKeHephbl
[HOCTOSIHHO CTAJKHBAIOTCH € Pa3iHUuuBIMH ACNEKTaMH ITOMH ﬂpOﬁJ’l@Mhl Bu
BceX YacTdaX MHpa.

* Temepaapuuit Aokaag, npeacrasaenunii IMepsomy Kourpeccy  Mexaynapoinoro
obllecTsa No MexannKe ckaasiux nopoa s JlnccaGone s 1966 r. (G. Ter-Stepanlan. Na-
tural and excavated slopes. General report. Proceedings, First Congress, Internationaj
Soclety for Rock Mechanics, Lisbon 1966, 3:426-—442). Astop ne yuacrsosaa B paforax
Konrpecca; nostomy 28 centaGps 1966 r. jokaaja Ou saunran  MHKEHepoM  IJHpuke
Tamer (Mexcuka). ABTOp NOAb3YETCS HACTOAWLEHl BOIMOMKHOCTBIO DLIPAZHTL HIZKeHepY
Tamerr cpolo rayGoky® 614roJapHOCTD.

** Jap. oraenom reomexamukn Hueruryra reoasormmecknx mnayk AH ApmCCP,
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XoT4 B TeueHHe nocaeannx aecATHACTHE 6BLTO O4€Hb MHOTO cIelaHo B
FTOM HANPABJEHHH, MLl BCE €lle HAXOJXHMCA MOYTH Y NOAHOXBA TOpH, Ha
KOTOpYIO HaM NpeJCTOHT BecKapaGKaThed.

Hacrosiuemy konrpeccy no teme 6uiuto npeacrasaeno 16 xokmazos,
no.xyuennbix u3 Ascrpuu, Bpasuanu, TP, HUapanas, Uuaun, Ioptyraaus,
CCCP, CIIA, ®pauuun y OPT, Muoro cratefi H A0Kaa10B mo 3TOl Teme
010 OnyGARKOBAHO B Pasanynbix CTpanax Mupa; onH GyAyT TakxKe YacTuy-
HO PacCMOTPEHEL.

Baxunle aokaaau no npoGJeme CKJI0HOB GBLTH NPEACTABJEHBl B TeYeHHe
NOCAEHHX JIET KPYMHBIM (hopymam—mexaynapoaubim KOHTpeccaM mo
MEXAHHKE  TPYHTOB M (hyHIaMeHTOCTpOeHHIO (ITapux, 1961; Monpeaas,
1965), MexaAyHapOAHKIM KOHrpeccaM no GOJBIIMM TIOTHHAM (Pum, 1961;
Sannubypr, 1964) u exeroxnnim CHMIO3HyMaM 10 reoMexanuke B 3afpi-
Gypre.

Boasoe snavenue umeaa nyGaHKauus npexpacHoi MoHorpapuu npod.
Mioaaepa (Miiller, 1963a*), s KOTOPO# OCBEIIEHO cOBpeMenHoe COCTOSIHHE
HAUIHX  3HAHMA 1O MeXaHHKe CKadbHbX nopoa. B yke wu3zanrom
IIEPBOM TOME 3HAYHTENLHOE MECTO 3aHHMaeT oTjes, TIOCBALUEHHBIA CKJIOHAM,

B CCCP yaeasercs Goabumoe BHHManHe mnpobGJemMaM  ycroftun-
BOCTH cKJonoB. B Teyenue nocaeanero gecatuaerus GBI/IH NoC/IeA0BATeEHO
H314Hbl TPH MOHOrpaduu no 3Toi TeMe—npo¢. Macaosa (1955), Mamo-
unukoro (1957) u coscem meaasno Ducenko (1965). Oun cojepiKaTt M
CHCTEMATH3HPOBAHHOM BH/1e TEOPeTHYECKHe H NPaKTHYECKHe JaHHble, Heob-
XOMHMBIE 1A aHAJH3a YCTOHYHBOCTH CKJIOHOB B CKaJbHbIX nopogax. Momno-
rpatus npo. Macaosa ocnosana na onbite, NpHOGPETeHHOM Ha THAPOTEX-
IHYECKOM CTPOMTENLCTBE, TOIla KaK OCTajbHble jBe OTPayKaloT JeATehb-
HOCTL MX aBTOPOB B TOGPHOM jeJe.

(Z}'mecrf;yer MHOro mpobJieM, CBSI3AHHBIX CO CKJIOHAMH. MHOTHe H3 HHX
OTPAKeHbl B JI0KJIaax, NPeacTaBIeHHbIX HacTosimleMy Kourpeccy. Slpas-
I0TCA OUEBHANLIMH 1B NMOAXOAA: OJAMH H3 HHX CBA34H C YCTOHYHBOCTBIO
CKJIOHOB, APYroii—c ne(GopMHPYeMOCTBIO CKJIOHOB.

C npakTHueckoil TOYKH 3PeHHsl, KOHEUHO, KapAuHaJbHON SIBJAseTcs
npoSaeMa ycTOHYHBOCTH CKJIOHOB, CoopysKeHHst J0MKHBI GbITE YCTOHYHBLI-
M, H IS IOCTHZKCHHS STO LeJIH HHIKeHep J0JKeH OLeHHBATE VCTOHYHBOCTh
JAHHOrO CKJIOHA H ONPee]siTh Pe3yabTaThl Tex H3MEeHeHHH, KOTopble OH
FOTOBHTCSl BBECTH. YCTOHYHBOCTL CKJIOHOB—3TO npex<jie BCero craTHue-
CKasl 3ajava. Ha mee pauster mmuoro t(hakTopos: reosornueckue Xapakre-
PHCTHKH, BLIBETPHBAHHE, NPOUYHOCTHBIE CBONKCTBA, AaBJeHHe BOJIGI B Tpeuy-
Hax, (pUIALTPAIHONHOE NaBJaeHHe, BapHIBHbe paboThl M T, 1.

OnuiT nokassisaer, uto Ke’enue cKI0HOB Ha YCTOHUHBBIC H HeyCTOHYH-
BBIE HETOYHO, €CJH YUHTBIBATH (akrop Bpemern. Ckaounl,  xoropmie
ABJISIOTCS BIOJIE YCTOHYHBLIMKH B TeuenHe KOPOTKOTo BPEMEeHH, MOT'YT CTaTh
HEYCTONYHBBLIMH 110 HCTEYeHHH AJIHTEIBHOrO Bpement. ITostomy nousithe
YCTOHYHBOCTH CKJIOHOB HENOJHOE, W Mbl AO/IZKHBl Pa3aHYaTh JTHTEJbHYIO-

* Jlurepatypy cm. ma cTp. 45—48.



22 I M. TEP-CTENIAHYH

1 KPATKOBPEMEHHYIO YCTOHUHBOCTE, ITO HMeer NPAKTHYECKOE 3HAUYeHHE, Tak
KaK CK/IOH BBIEMKH KeJIe3HOH J0POTH M OTKOC OTKPHITOH TOPHOI paspaGor-

KH CTaBAT pas/inulibie TPeOOBANUS B OTHOUICHUK AIHTEILHOCTH HX CYHIECTRO-
Banusl. D10 NO3BOsIeT NPHXOAUTL K Gogee SKOHOMHYHBIM  pelliennaM pas
CKJIOHOB, 1€ PAaCCUMTAMHBIX HA IIHTeJbHOE CYLIeCTBOBANHE.

Hedopmupyemocts ckaomon HPHHAMEANT K APYTOH KATerOpHH mous-
THH. MHorue ckionpt O0HAPYKUBAIOT MeIeHHEle Jehopmannu, Xorss oHu
H ycroitunsbl. Ha takux ckionax MOTYT CYILECTBOBATL HHIKEHepPHbie coopy-
KEHHs: 3RaNHI, IOPOTH, KaHaJbl, Hekotopuie na nux MOTYT HCTIOJIB30BATLCS
0€3 BCAKHX NMOAG3PEHHl 06 mHx MEILTEHHOM CMEHIEHHH BHH3 110 CKJIOHY, B TO-
BPEMA KaK Jpyrie TpeOGyIOT CHCTEMATHUECKGIO PEMORTa WJH Jaxe paspy-
watoTea. Bo mmormx cayuasnx (akT MennenHbx Rehopmannii  cka0HOR:
MOZKET OBITL YCTAHOBJAEH TOMBKO Nocie TULATEIbHBIX H3MepeHHil,

Jledopmanun ckaonos OTIHYAI0TCS OT nehopmaliuii COOPYIKEUHIH, Tak
KAK HOCAeJUHE SIBAAIOTCA IJIaBUBIM 00pa3oM YNpPYruMu, MTHOBeHHLIME
O49eHb MagapiMu. JledopManun ckiaonos no MHOTHX CJIyUasnx NPOTEKAIOT Mej-
JIEHHO W NPeICTaBJAIOT cOBOH TeucHHe iy TIOJI3YYECTb; OHH MOTYT JOCTH-
FaTh CO BpeMeHeM 3HAYHTENLHOH BeJHYHHbL Tedopmanus ckionos—s10
pex e BCero peoJiorHyeckas sajaya. FaaBubivu akTopamu, BausIONHMHK
12 Hee, SBIAITCA HAPSIKEHHOe COCTOSIHIe Teaa CKJIOHA, aedopMaTHBIIbIe
CBOKICTBA TOPOJ W BpeMs. Dty ABd Nojixona K mpobaeme a0 HEKOTOpOH
CTEIEHH CBA3aHBI APYT C JAPYLOM, MOCKOMLKY BO MHOTHX CIyYasiX MeqieHHble
AepopMaLHU CKAOHOB sIBISIOTCS NOATOTOBHTENBHOK (hazoii, NpeamecTByio-
el obpywenuo (Tepmarn, 1958). Tpareaus s Bafione ABJIAETCS HAHOO e
APKHM NPHMEPOM 3BOJIOLHH CKAJdbLHOMO onoasus (Mionep, 1967).

CraTon, oTHOCSILIECH K 3TO) TEME, AemiTes  Ha caemymoumne YeThipe
FPYTUIBL, B COOTBETCTBUH ¢ KjiaccH(puKalei, OpefnozKennoi opranusamio-
HBIM KOMHTETOM KOHrpecca: 1) pacmpenenene Hanpskennii; 2) VCTOMY -
BOCTH ckaI0OB; 3) AehOPMHPYEMOCTh CKiACHOR (nabmonenne 3a momene-
iHeM); 4) cTaGuaH3aUHA CKJIOHOD,

PACHPEAEJIEHWME HAIPSIKEHUE

B uporusononoxuocts 0OLIUIIOMY XOay HIZKEHEPHOTO MBIILIeHHA,
ROTOPOM anasu3 KOHCTPYKLUHH HaudHaeTes o pacnpesenenns ycuaui, cre-
UHATHCT [0 MeXanuke TPYHTOB MM CKAJbHBLX TOPOA, aAHATHIHPYS YCIOBHA
CKIOHA, NPAKTHYECKM HHUETro He 3uder o ero HAOPSKEHHOM  COCTOSI M.
Haxe aan mpocreiiief; MJIOCKOI 3a/aun pacnpenedeius HATIpsizZKeHuil B
HEHATPYIKEIHOM CKIOle, COCTOAMEM Ha OJHOH HAKJIOHHOH MIOCKOCTH H npu-
MBIKAIOIWMX K Hell JBYX TOPHSOHTAJDHLIX IIOCKOCTeH, W 118  cayyas
OAHOPO/IHOTO YIPYFOro MaTepHaJla pelieHHe ABSETCS NaJdeKo ile NPOCTLIM 1
AOCTYMHBIM, XOTH NpPHMEeHeHHe FICKTPONNBIX CUCTHBIX Mallliy OGJeruzer
ATy padory. Bo mMuorux CIyuadgx cHTyarus COOTBETCTBYET NPOCTPAHCTEEL-
HOM 3a7aye HanpAKeHHOro COCTOALMS I Telle CKIOHA, HMEIOIIeTo VCIA0KHOH-
HBLH OPODHIL CO CAOIKIBIM ICOTTOTHIECKHM CTPOCHHEM M CETKOl JaBjaenns
TPeIHHHBIX Bojg. B Gogee SANYTAHHBIX CIYYASIX aHAMHZ JOMIKEeH VUHTLIBATE
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TAKIKE PErHOHATBHOE TOJe TOPH3OHTAJbHbIX HAMpPSKEHHH, CeTKy HaBeell-
HBIX HanpsyKeHuil, BLI3BAHHBIX 3KCKaBalued u T. I

SlcHo, uTo pacnpege/iene PerHOHATBHLIX TOPHIOHTA/ALHBIX HANPSIAEHHH
B 00J4CTH TEOJOTHYECKH COBPEMEHHBLIX HAJBHIOB JOMMKHO OT/IHYATbCA OF
naGaoaonierocst B 30Hax 00pasoBaHWA PHATOBBIX AOMHI, YTO B Pa3BH-
BAIOLIMXCH B HACTOSILEE BPeMs AHTHKIWHAIAX OHO HE SB/SIeTCS TAKHM Ke,
KAK B CHHKJHHAJSIX, YTO CKIOHBI B CTOJOYATBLIX 6a3aibTaX OTJAHYAIOTCS OT
CKJIOHOB ¢ TOPH30HTANBUBIM HAMIACTOBAHHEM TNOPOL H T. .

ITpod. Tepuaru (1964a) nmpoananmaupoBan pesyabTaThLl TOYHLIX H3-
MepeHHil nampsiKeHHH B CKaJBHLIX TIOPONAX, NPOHM3BEAEHHBIX XacToM
8 pyanukax B [Isennu, u nan nx oboblleHHY HHTepnpeTauuio. Buico-
KHe 3HAUEHHST TOPH3OHTAJLHBIX HATPAMKEHHIT, CYNIECTREHHO TPEBOCXOASAIINX
JaBJeHHe TIOKPLIBAIOIIHX TLIACTOB, OLITH YCTAHOBJACHBL Ha TayOHHE MO Kpaki-
1eit Mepe 1000 4. 3To MoxeT OBITL MPUIHCATIO TEONOTHYECKH COBPEMEHHOMY
nporubannio semMuoi xopsl B Ckaupunasuu. Bosmomxkio, uto Gonblias 4acTh
3EMIOH KOPbl HAXOAHTCS B COCTOSIHMH OYEHD BBICOKOI'O TI'OPH3OHTAJbLHOTO
CHKATHH M YTO 3TO NOJEe HANPSZKEHHH MOMKEeT SIBHTLCA NPHYMHOH MHOTUX
HeOOBACHUMbIX Te0JOrHYeCKUX H reodusnuecknx spaenuil (Xacer uw Huow-
coH, 1967).

[Mpod. /imenunnre u baek (Jennings and Black, 1963) npoussen
TUATEABHLIH aHAJH3 HaBEAHHbIX HANPS/KEHHH, NPOUCHIe/IIHX BCJIeICTRHE
fiepepacnpesieieHns MOt PErHOHAAbHBIX TOPH3OHTAIBHLIX — HANPSKENHH.
310 nosie okasbiBaer GOJBIIOE BIAMSIHHE Ha CETKY Hanpsizenuii BOJU3H Bbl-
p‘aGOTOK. B padore nokazano BAHstiMe Hape/leHHBIX OOKOBBIX HAaNpsizKeHnuit
Ha YCTOHYHBOCTL CKAOHOB; K 3TOMY MOIKHO JIOGAaBHTH OUEBM/HOe BIHAHTE
ITHX HanpsKeHuil Ha MOJA3YUYECTh CKJIOHOB.

[Tpod. Dunn (Finn, 1966) npemcrasua LeHHblii  J10KIal 0O CTaTh-
HECKHX M IHHAMMYECKMX nanpsiaenusix B ckiaouax. [lokazaubl wuamene-
IS B HAYATIBEHOM HanpsiKeHHoOM COCTOSHUM BCAEACTBHE HATPYKEHHT 1 pas-
FPYIKeHNs, KCKABAIMN HJH BJIHSHHS 3emieTpsicenuil. XoTst  nodaydeuubie
Pelieis OTHOCATCA K OJHOPOAHBIM H3OTPOMHLIM — MATEPHATAM, OPHME-
HEHHE 3JIEKTPOHHBIX CUETHBLIX MAUIMH JIeNaeT BO3MOKHBIM JlafdbHeflllee ve-
JAOKHEHHe 3a7aun.

H-p ®onbbept (Folberth, 1965) npeanoaus 3aMeHHTE CKATBHYIO CTPYK-
TYPY NPAMOYTOALHOL MHOTOSPYCHOH CTPOHTEILHON (epMoit H analusupo-
BaTh €€ C MOMOIULLIO JEKTPOHIbIX cueTHBIX MawWwwH. [loayueHnvle ycuaus,
AgiietByioutne B yanax (epmbl, B gadbiefilieM TpeofpasyioTes B OPTOro-
liAJbHEE HATIPAZKEHHS. DTOT METO/l MO3BOJSIeT HCCIeN0BATL CAOYKHEIE CKalb-
Hbie CTPYKTYPLI.

BBHLY CI0KHOCTH MaTeMaTHUECKOTO aHalu3a Pa3iuulibix 1pobaeM Me-
AAHUKH CKATLHBIX MOPOJ H FPYITOB, HCC/AR10BAHHE HA MOIEJIAX NPOLOANKALT
OCTABATLCS ONHUM U3 ITHPOKO NPHMEHSEMLIX METO/0B H3yYeHHs.

Honbitki pelueHns pasiauyubiX 33144 MeXaHHKM TPYHTOB MPHMeHeHHeM
Mojienell jenaanch MHOCHMU yuenbiMmue. B CCCP 310 6bLIO HAuaTo B
TpuanaTeix rogax mpod. ITokposekum (1933).
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Senns 3aaad i
& {a3s MOMHOCTE peuiens = . METONE
Gus 7% TPYHTOB it NMOKasad BO3NM e qabieiliiee pasBuTiHe

TOB HA MOIeAAX ATH PAsIHUNBX € e aapywEHI, colleates =
4270 BO3MOXKHOCTD M3y4aTh noseaeHie BOAOTE J g QnBTH A MOARAX,
koe xeficreme u T. 1. (Rocha, 1965). BHJ""““‘"Z;“HU“\N CTPOHTEMb:
npoi3senekibe 8 Hauuonaaboft AatopaTopitit th > :unx e
eTB&, OCHOBAHB! F1aBHBIM O0pasoM Ha STHX TeOpeTIie u‘“" ol

Kpynustii BK1a2 B TeOpHio MOASAHPOBAHS (naf.‘l ti‘t';l;“q“mm :
saposnim (1965), KOTOpHIl HCCaeA0Bal npoGaemy .\u.‘.mccmw LpeACTABA
tBepamx AedopMHpyeMbIX TeT, HCIOTIb3YS YHCTO Lbnsl N oro 100
qns, B npHHUMTe YCTAHOBAEHA —BOIMOXKHOCTD pacu “"n o Tevenus
MeXaHHYeCKOro COCTOMMNSA s UHPOKRIX npeieaon l‘":‘i_‘ﬂ‘i:‘m-“e cratsil
TpeuHo06pa3oBattA 1 AdKe obuiero paapyuienist BEAE i o
CKOro M JAiHaMHuecKoro llap}'lﬂt‘llllﬂ. Ira Ii(“ll?pﬂhllli‘il()llld“ [::n g o
CayXnTh Xopotueit reopetnueckoil  0asoit A sKenepumen 5'6"“ Anroll
MOJeaNX; OHa COMEPIKHT WHPOKHE opMYTHPOBKH yeaoniit rl.o,'u .“l;me_ i i
SBOANT MONSTHE O MEXaHHUECKOM MNojo0mit B CTATHCTHYECKOM (.-umm‘l
STOM caydae AC/KHB CPABHHBATLCR HE cninuibie 00pasis OpHrl

g + vea0BHIT MEXAHIE
MoZe i, a ancaMOJaH OpHTHHAA0B H soaeaeil. Hapyumenne yeac o> ;
Jle Beerid pejaeT K M ACIITAOHOM

4eCKOro MOAOGHS B CTATHCTHYECKOM CMBIC +o yonetell
spexry. Tpusoastes coodpakenni o pHIGOpE MATEPHANOB I MOAES 3

0 TeXHHKE 3IKCHCPHMEeHTHPOBAHMA. o
Mpod. Laitoaayep (Scheiblauer, 1963) nponase] CnbiThl Hd ReJaTHH

BBIX MOAEAX CKJIOHOB; HATIPSUKEHHOE COCTOSHHE CKJ0HA r.n!pc,’lt‘-T“-'lm‘b s
OCHOBE COOTHOIIEHHsT MeKAY JAeopManusmi i HATPSIKCHISIMH, Buo nait )
JeH0, 4TO KacaTedbible HANPSKEHIs SABITIOTO! HanOOABUIINE B HIKHCE

TPETH CKJOHA I YTO OANO U3 TAGBHBIX HanpsKennii MOReT OBTL PaCTATHBAE
outist. Teso ckioia BPAULAETCS BOKPYT HEKOTOPOIl MOASPHOIL 30N B cayy
yae CHCTeMBLl Tpeuuri, HANpaBJeHnbxX napasietbno cKJAONY, 9Ta 30HE
pacnosaraercst Tay0xe, uem B ¢ydae OAHOPOANOrO marepnaia, Hexoro

poie i3 3THX Pe3yabLTATOR OLLIN YCTAHORICHD panece CTpOranoBbinm (MacaoBi

1955). :

YCTOMUHBOCTL CKJA0HOB

g

VeTofiMnBocTh CKAOROB npeActanasner coboil nanboiee BaKuylo npo@c
JeMy, ¢ KOTOPOil NPUXOJMTCS HMEeTh JIeJI0 HHAKEHEepPY: BO3BOISIIEMY COOPYL
JKeinst B ropusx pafionax. Cymeernyer Muoxectne (akropos, KOTOP LU
HMEIOT NpAMOe oTHOWene K 31oil npodaese. Miorne w3 HuX ne Moryr OLITTE
XOPOWIO YCTAHOBACHBl W KoauuecTnenno ouenenvl.  Psj jponyumenuii, wi
KOTOPBIX OCHOBANBL HANH CYZKACHHA W pacuerhl YCTOHYHBOCTH, SBIAIOT
ACAYKTHBHBIMI I HMEIOT MaJ0 o0uero ¢ aeficrpureanioctoio. Muenie npo )
Tepuarn (19646) o TOM, HTO «TaKHe pacHeThbl IPRUUHSAIOT Godibllle Bpea, llellgé
NOAB3LI, MOTOMY YTO OHH OTBJCKAIOT BHHMANHE NPOCKTHPOBULHKA OT neu*’n
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Dezcipx, HO BaKHBIX NPOGEJOB B HallleM 3HaHWH (aKTOPOB, KOTOpLie Ompe-
AETI0T YCTORYHBOCTL CKJIOHOB B TBEPAbIX HEBLIBETPEJLIX MOpPOAax» MOMKET
CJAVAKHTE NPEIOCTepe/KeHHeM AJaf  3IHTY3HacTOoB B 3TOR o6JacT.

YinBepcaibHble TEOPETHYECKHE CXEMbl, MPHMEHHMBE AJSA Pa3JHYHEIX
Cayyaen, HMEIOT OYeHb Malylo MJIH He HMEIOT HHKaKOH NEeHHOCTH: OHH
MoryT OBITh 5(Q(EXKTHEIMH NO CBOEMY BHELIHOMY BHAY H COAepKaTh 6O.b-
II0e KOAHYeCTBO YOEIUTeJbHLIX MaTeMaTHYeCKHX CHMBOJOB, OIHAKO HX
5 peKTHRHOCTD, KaK OPYAHE IS NMPAKTHYECKOro NMPHIGKEHHS, Y4CTO Nepeo-
lennpaeTcd. 3HaYATENbHO JYHIIHMHE H 06elUaiolMMH SBAAIOTCA cooGpake-
lHA M MOJOKEHHH, OCHOBAaHHLIE HAa De3yJbTaTaX aHaJH3a KOHKPETHBIX
reOJOMHYECKHX XaPAKTEPHCTHK, THAPOre0JOrHYeCKHX YCJAOBHA M HCTOPHH
HanpAKeHHH, ¢ YCTAHOBJEHHBIMH MpefeTaMu HX MPUMEHHMOCTH.

Xopoulee Hayalo B 5TOM Hanpasienwd Gbi10 Jgano mnpod. Tep-
nary (19646) B ero Bhigawouencs craThe 06 yCTORYHBOCTH KPYTHIX CKJIOHOB
B TBEPALIX HEBLIBETPeJbiX cKajabHbIX nopogax. Ilpod. Tepuarun uceaegosan
YCTOHYHBOCTL KPYTBIX CKJOHOB B CJIEAYIOUIMX TE0JOTHYECKHX YCJIOBHAX: He-
CJIOHCTBIE TPEULHHOBATLIE CKaJIbHbIE [TOPObI, CIOHCTHIE 0Ca10YHbIE MOPOALl H
pazapoGuennsie nopoasl. O6eyxaasn (akTopsl, onpeiesiomue cTenenb yc-
TOHYHBOCTH KPYThIX CKJIOHOB B TakKux nopojax, npod. Tepuars noauepku-
BAET POJbL Yriia CONPOTHBJIEHHA CABHTY. DTOT Yroa Moxer GBITH JErKo ycra-
HOBJEH B pe3y/ihbTaTe COOTBETCTBYIOUIE ChEMKH TPelHH. B mpoTHBONOI0XK-
HOCTL TOMY BJAHANHE 3((PEKTHBHOrO CLENnJIeHHs 3HAYHTEJIbHO MeHee BaIKIO:
i103TOMY He siBasieTcss GOJbLIOK Heyxaued TO 0GCTOATENLCTBO, YTO €ro onpe-
nefeline NMpaKTHYECKH HEJOCTHKHUMO. 3HAaYHTebHO GoJiee BaxHBIM (hakTo-
poM YCTOHYHBOCTH SIBJISIeTCS THJAPOCTATHYECKOE JAaBjJeHHe, Bhi3bIBAEMOe
BOAOI, NPOCaYHBAIOUIEACS H3 BOAOXPAHHJHIL H HaMOPHBIX TyHHesgelr. Buu-
MaiHe HiXKenepon J0JKHO GbITh 06palieHo Ha 3Ty npoGJemy, NOCKOJALKY
nperieGpeKenye €10 BbI3LIBAJNO KaTACTPO(HUECKHE MOBPEIKACHHS KPYIHBIX
COOPYKeHHi H, B Y4CTHOCTH, miaoTHHbL Maabnace. CTaTbsi COAEPIKHUT LEHHBIE
gaMedanns o raybokKo 3aderaloliHX CKaJbHbIX OMOJ3HAX; MBI KOCHEMCH HX
HHHKE,

M-p Burtke u Jlyn (Wittke und Louis, 1966) uceaegopaan npoGaemy
YCTOIYHBOCTH CKJOHOB B TPELIHHOBATLIX MOPOAAX, HAXOASIIMXCHA NOA BJAHS-
HHeM sBJennit noToka. 3ajaua 3aKA04aeTCs B ONpefeJeHHH HOPMAJbHBIX H
KacaTeanLHbIX HATIPSZKEHHH B CKaJbHLIX NMOPOAAaX NPH BO3JEACTBHH Ha Hee
FPYHTOBBIX BOJ, MPOTEKAIOUHX MO ABYM CHCTEMaM OTKPBITHIX MapaJebHbX
Tpeutii. € MareMaTHYECKOH CTOPOHBI peuteHusi sichbie. Jlanbl Beipakenwus
I BYUESTH, KACATEJLHBIX YCHIHH H QuiabTpaunonnoro aasaenns. [Toayyen-
HBIE Pe3yIbTaThl M/IOCTPHPOBANBl HECKOJbLKHMH TPHMEpPaMH.

Pagiuune Mexcay TpeliHiaMH M COPOCAMH B OTHOUIGHHH MexaHye-
CKOro MnoBeieHHs CcKaJdbHbiX Macc 6bi10  noguepknyro Poma (Rocha,
1964); cGpocul, KOTOpLE YiKe NpeTepneny nepeMelien s, 00HapPYIKHBAIOT
MeHblliee CONPOTHBACHHE CKOJIbKEHHIO BJA0AbL HX moBepxHoctH. Hosas kon-
uenuus  Kospduunenta GesomacHocTH, BBejeHnas Poma, orpaxkaer
COOTHOUIEHHE MEXKAY CBOHCTBAMH CKaJbLHBIX TOPOJA, KOTOPHIE COOTRET-
CTBYIOT OOpYLIEHHIO, H TEMH CBOfiCTBAMH, KOTOPbIe MPEANOJIAraloTcsi B STHX
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CTBYIOIIHX TAHreHcoB ABJAACTCH peaasHbiM KO3 :
Sra Kosuenuus 1aeT XOPOWYIO OCHOBY a4 uuemf:.
Toac (Dodds, 1966) mecie0sad yCTORUHBOCTE na pexi Jles B 10F0-
PA310MOB H OTKPHITHIX TPeULiill Ha CTEilKe KpyTOro M"m.;w.“e.m:pm!-“l"““”
sanaauom Hpawe. TMopoasl npeactaBaeHbl HaCTHUHO -LsﬁuTN AN,
KOHIJIOMEpPATOM; BCIeACTBHE CHATHA panpmennil on_n pa oL TOUHORO
NPOTArHBAIOLMMHCE NPHMEPHO NAPALILABHO CKJAOHY. t‘. ""-ﬂ m_-pe:\u’lllt'““il
obopyaoBanus ObLIH NPOREAEHB MHOMOUHCASHHBIE ilanltpt' 4 1 YGOpKA T
nonepek tpeutui. Lleanio sTax uaMepenuit Oblau .1uxa.1lmau1 ‘“m‘- o
CTabiAN3aNHA VTPOKAIOWHX CKAJBHBX [INT H }'cmnuﬂ. e e CHIE
CKOJIbKO GIH3KH K OOpYUIeHiio MARTH. Bhiio nainaeHo, _nm.“. u;"m)”““
TEPNUMBE LieAH NpHMepHO 10 23 cM i YTO OnacHaN cwp.o'- » ;‘lupllﬂTIll-l.
coctapaser 1 A b cvTKH. YTo Kacaercst 0310pOBHTEILIBIN Mep b,
70, TOMHMO YOOPKH HEYCTONMHBBIX CKAABLHLIX IUNHT, HaWJIYHUITEM u,ea'teu-
cTabuansanun OblIa NPH3HAHA CHCTEMA  dHKePORAHHA foaTamil ¢

JoHa.

Tauuedn. G
Mpod. Mioaaep (Miiller, 1962) aaa  wucdepnbiBalomee oG BICHE!

MEXaHH3Ma OOPa3oBANHS TPEUlHH, MPOXOANIMN NAPALIeTbHO CK
ObLIO HAJIOCTPHPOBAHO HAa NpHMEpPax NOJCOHBLIN  Tpeutui, "':“e““"f'x
oTHOWeHHe K ToOil e Tecumne peku les s Hpane, B KOTOPOH Onink
npoBexeisl onpcannbie Boie nadmoemns. [Ipod. Mioaaep noaaract,
4TO pacnpeienenie HANPSKEHUil NO3A N KPYTHX CKAOHOB B Ae(POPMHPOBAL-
EBIX CKaJIbLHBIX M0POAax 00Pa3yer MaKCHMYM Ha HEKOTOPOM PacCTOSHHIL O
HOBEPXHOCTH CKAOHA. 37ech NPOHEXOAUT oOpywienue LI NOAIYUECTh,
PE3VALTATOM KOTOPHIX SBASETCs 00padoBanie napaiiebiblXx CRJIOHY Tpe-
HLHH B COOTBETCTHEHNHO YBeanvuenmne lll)I'l'llllllu'l.'llsll()ll'l TIK‘III]III(‘III{H(‘ll‘TH.

H-p Burrke (Wittke, 1964, 1965) npe.aomia uncaennnii MeToL pacic:
f4 VCTORUHBOCTH  HATPVIKEHHBLIX | HEHATPYIKEHHBIX CKJAOHOB B CKAJALHRIN
HOPOAAaX ¢ CHCTEMOI MAOCKHX Tpeutini. Qi ocnoBan Ha BEKTOPHOM aHaJH3C,
J“ET(J,-'J. NMPocT, HO OTHHUNMACT MHOIG BPENieln, On 6B Il])ll[‘]l:lM,\lllpllll:lll i B
YIEKTPOHHON BHYHCIHTEALHON Mawnnul, [TpumennmMocts MeToaa IIoCT -
poBana ma npuMepax.

Bpuoaun (Brioli, 1966) pacesarpusaer onoaani  CKagbliblX  mMOpojg i
npobaenmy GesonacHocTy npi paspaborke 3a00eB Kapuepon, Pacnodoikei-
HBIX Ha Kocorope. OGev.kaalotes gakTopul, coaeiicTsyoute  oOpymeHnio
3adoen KapLepoB: CeTKa TPeinn, KPYTONAAGI0LHNY K Joaumne; fll.’l“ll"!nlll'
JOJIBIS VBeanuelne KPYTH3H DI IIt‘ﬁ.'l:ll'(‘.llt['l!”l'l‘llnl‘ HaMenenme npocTupaist o
T. A Creunannnoe BuuManue vieasercs anaauay cueremnt rpeutun. Cyo-
FOPHSOHTATBHEE TPCULMHEL OOBIMIO BLABAUL CATOHCTOCTHIO WJAH CAANILCH: -
TocThio. CyGBEpTHRAIBIBIE TPEUMHB HMEIOT GobIoe 3nauelne, Oana cepisi
TAKHX TPeuwn, NPOTArHBAIILANCH NapaLIeabHO CKAOHY, Gblia PO
aiposana npo. Mioaaepom (Miiller, 1962). Obeyikaaerest podns 0CTaNLIIb
ABYX CHCTEM B YCTOHYHBOCTH CKI0HOB. ABTOP OOPHCOBBIBACT BANSIHE RAPLIL
HBHIX paGoT Ha YCTONRYMBOCTL W 1aeT npakTHYCCKHE PEKOMeH A 115
IKCIAYaTalHH Kapbepos,

aony. JATO
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J1-p 1sopxak (Dvoféc, 1965) nokasan Ha HeCKOJBKHX NPHMeEpax Baus-
“Me B3puBHbIX pabOT Ha YCTOAYHBOCTL CKJAOHOB B CKaJbHBIX TMOPOAa@Xx:
JOauepkuBaeTca poJb IIOCKOCTeH OTaelbHOCTed M cTpaTH(HKauuu mopox,
I EK0TeH MpoCTHEe METOALI pacyeTa cedcMudeckoro sddexra.

Jl-p @éperep(Forster, 1966) npeacraBut 10Kaax 0 BAHAHHH KPHBHSHbI
0P H30HTANABHOHR TIPUEKIHH CKJIOHOB B OTKPBITBIX BeIPabOTKax Ha HX YCTOli-
iMBoCTL. Ta Npo0JeMa. KaxeTcd, NpPeiCTaBAseT WHTepec BCIeACTBHe
yllecTpoBaHA Pa3JHYHLIX MHeHHH 06 3TOM BJAHAHHH. YUYHTHIBasg, uTO
OMOM3aHHe KPHBOJHHEHHBIX OTKOCOB NPOHCXOAMT HJH BAGTL UHAHHApPHYE-
(OAOH nOpepXHOCTH, WJIH IO IVIOCKOCTH, 4BTOP BbiBea (DOPMYJBl IS ABVX
IMyyaep—KOrjda HMEET MeCTO BPallaTeTbHOe CKOJbKeHHe H IHJIHHIApHYe-
LKas nopepxnocth 0GpYUIEHMA NPOXOJAMT Yepe3 IOAOMIBY CKJIOHA M KOrja
OKOJLKEHHe NPAMOJIHHeAoe BCJIeACTBHE HAJHYHA BHH3Y caaboro caos c
IerKHM HAKJOHOM HaH Ge3 Hero. PacyeTsl nokasaJu, YTO eCJH pajuyc KpH-
£IM31LI FOPH30HTATBHOR NPOEKIHH CKI0HA He Menbiue 9eM 500 x, To 3Ta Kpi-
LIM3Ha NPAKTHYECKH He OKA3bIBAET BJIHAHHA Ha YCTOHYMBOCTH CKJOHOB.

[MTpo. Keaaep (Keller, 1964) naer pekoMeHAalHH A5l VCTAHOBJAEHMUS
ICOnepevHoro ceyenHs HerJayGOKHX BbieMOK B 3aBHCHMMOCTH OT CBOHCTH
JCOPOJL H COOTHOLIEHKS MEA /1y HanpaBieHHeM JAOPOrH H NPOCTHPAHHEM.

TexTonHyeckue Hapylieuuss ¥ BbIBETPHBAHHE BJAHAIOT 1A COMPOTHB.IE-
JlMe CKaJBHBIX MOPOj U ONPEIeJsioT YCTOHYHBOCTh cKaonos. [Tostomy npea-
GraBJSeT [NPAKTHYECKHH MHTEpec OLeHKa CTeNeHH 3THX HapyueHwuil.
inlurepecoe npubaAHAKeHHe K ITOH npobJaemMe COAEPKHTCSH B ABYX JOK-
fajlax, NMpeAcTaBJeHHbIX HACTOSLEMY KOHTpeccy.

IMpog. Foappmreitns, Bepman, T'yces, Tumodeesa u Typosckas (1967)
(COKJIAJBIBAIOT 06 HCCJe0BAHAX YCTOHYHBOCTH CKJOHOB B JKECTKHX TPellH-
coBaThiX (hrHITeBBIX nopogax. Bumsinne TpeniuH HCCAEAOBAIOCH METOLOM
iLenTpobennoro moaeanposanus, ITpeaosxenbl OCHOBHBIE PACYETHBIE CXEME.
IITHCBIBAETCS ONBIT NPHMEHEeHHS CeCMHYECKOro MeTo/la 5 OLEHKH CTeneHH
lbIBETPHBANKS NMOBEPXHOCTHBIX cJoeB ckaanl. Onpejesaenne cpejpHero cor-
COTHBJICHHS CABHIY BJlOJIL MOBEPXHOCTH CKOJILKEHHS B (DIHUIeBBIX MOPOmax
cpejcrapisier GOJLUIOR MHTEpec; BBIYHCJAEHHS OHIJIM  NPOH3BEIEHLI MpH
Jnavenuy kospguunenta GesonacnoctH pasHoMm eaumunue. ITokasano, uto
CoJyuenHoe TakuM 06pa3oM CONMPOTHRJEHHE CABHIY MPAKTHYECKH HE OT/IH-
[AETCSl OT BeJHUHIL, ONpeJeJeHHBIX HA ONOJ3HAX B FJAHHHCTHIX TPYHTAX.
ABTOPLE MOJATAIOT, Y10 ONOJA3HK B CKaJbHBIX MOPOJAX MOLYT TMPOHCXOIHTD
LOJIBKO 110 MOBEPXHOCTSAM CKOJbMKEeHHS, NPOXOASIIHM UYepes 30HbI TEeKTOHH-
< @CKHX  HapyLienuii.

Puse n Bunno (Rivet et Vignaud, 1966) paapaGorain meroa mamepe-
HHS A MecTe, MO3BOJAILNE AaBaTh cykKAeHHe 06 3BOMIONHI YCTONYHBOCTI
JKaJdbHBIX 110poj. MeTox ocnoBan Ha H3MEPeHHH H3MEHEHHSI CKOPOCTH
facnpocTpanennsi YNpyrux BoJH. ABTOPBI MOJAraloT, YTO METOJ NMO3BOJSET
COJYUHTL HEOOXOAMMYIO HH(OPMauMio Aist NPeaynpexKAeHHsi HapyuleHus
£ CTOHYMBOCTH CKaJIbILIX TOPOJI.
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Mpod. Xenxean n 0a0up (Henkel and Yudhbir, 1966) npeAa e

: fi VCTOMNBOCTH CKAOHOB B CKIMLE

PEe3YABTATH BECHMA UEHHBIX HCCTe0BANMH YCTO -
w g sreme CHBAJHK H Pacros

yaTHIX CAOHCTHIX nopoaax. Oni NPHHALIERAT K CHCTE i
it Ins OcofennocTH MEXAHHIM

Joensl y Hu3Kkux noauoxuit Fuvaaaen o VL. A

E ; nadne B

ON0A3aNHA ¢ GOJIBIION YORARTEBLHOCTHIO OO BACHTIOTC ronorpag !1 :
J0rHelt MECTHOCTH W YCAOBHAMI TNOAIEMIOr0 NOTOK, BLI3BABIIETO OOPAIN

p € . o '.r b _' !

sdNie BHICOKOro AaBaenus noposoit Boabl. HanGoaee BaKHBIM peay lb’rdTO /

JTHX HCCJEAOBANHIL ABASETCS A0KA3ATEALCTBO POI OCAA0ACHHLIN 301 CILBHY

ra B LANHHCTHIX CAAHIAX H TPEUUHE PACTIZKEHHS B necuanukax na obpa

paiie coppeMenublx onoasueii. Tlpi anaanse ycaonin oﬁp_\’l:mnm Obl ¢

VCTAHOBIGHO, UTO YFOJ CONPOTHBJACHHS  CABHIY  PaBinaci 18°, roraa Kak

OCTATOMHBLIL YT CONPOTHBJACHHS CABHIY ObLLT OKOJI0 15°. Orcloa cheiyer
YTO B ITOM cayuae octatounbiit (akrop R Obla Menee €I (paxt

XOPOIIO YCTAHOBJACHHBIA A5l BHIBETPEALIX W TPEUIHHOBATHIX NEePeKonco

teny JLTHTeABHOIN VCTONRMHBOCTH npHPORIBIXS

rappax  Owa  caeaan npod. CremMnTOHO 4
aekuun. Ha Opl10 pBejeHo NOHATHE
obmeit  nosBepXHO!
cABHry  NaAdeT A
oTesl ¢ MOBBIIEHHeNM

ANPOBAHNBIX TN,

JAEDOPMHPYEMOCTL CKJIOHOB

B tedenne NOCACAHEr0 ASCATHACTHS B PA3ANUILIX cTpaHaX OLIH np
pegelbl HecaeloBannsa MeTeHHbIX .-'1("'(!!(‘J|"JMEI1HI“ CKAOHOB 1B CKAMLHLIX 110
ponax. Tlnonepu 310ii npobaemus Asmndepep u it onncaan Muorue:
nposnaenust Takux aedopmanuit B Ancrpuitcknx Aannax (Stini, 1952); no
caepnnit naspaa ux cnoasanuenm s jgoauny (Talzuschub). B pannnx eraan
SN H3VHEHMSl NPHHHMAAOCH, 4TO 3TH noctosininie AeopMalnn HHKorga I
nepexoAdT B oGpywenne. At AnIeHnst GLLIH H03Ke H3YUeHbl HeCKOJALKHMI
NuensimMu, sxoansmwnMu B 3aapubypreknit  kpyr  (npodp. Mioaaep, npod{l

|
|
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itdap, [Maxep, npod. UlaiGaayep), KOTOpble 100aBHIH MHOTOE AJ5 BHific-
HSEHKA reo0JOrHYECKHX W HMH/KEHEPHBIX acmeKTOB 3TOH npoGaemu. B sroii
873K caeflyeT BCMOMHHTL 06 MCCIe]0BAHMAX CMOA3aHMA B JOJHHY, NpoBe-
Heennuy npo. Miosaepom (Miller, 1955) 8 Adranucrane. B nocaeaHes
JPems Guiaa AonyuleHa BO3MOKHOCTD NIEPexXoaa 3Toro ABJIenHs B $hasy cpesa
G%pes ofpywende nojowss ckioua (Miiller, 1963b).

3nauenne 5THX ray6oKO 3aJeralouux KPyNmHOMAcIITAGHBIX CKAJbHBIX
vinoasied Gui10 noadepknyTo npod. Tepuarn (19646). Mx mexaunsm eie ne
95CeH, W faldbHERAIIHEe UCCAEN0BAHNA J0KHbL IPOJUTL CBET Ha 3TO ABIEHIE.
HiHTepecoe KaK ¢ TEOPETHYECKOH, Tak M NMPaKTHYECKOil ToYek 3peHus.

Opun M3 HanboJee WHTEPECHBIX ONOJA3NEeH B CKAdbibIX nopoaax ObLT
viccaeopan npog. Jlomuse (1945) na ckaone p. I3oparer B Apmenun. 31ech
JIMBIfopp HABAJ MOMIHOCTBIO OKOJO (5 M MOJ3eT BHH3 1O CKJIOHY MO H2K-
001o# noBepxXHoCTH (0K0A0 15°) BBIBETPeanX MeJUTOBBIX TY(oB co cKo-
J0CTRIO 0K0T0 3 cM B ToA. Mccaenopanus ray6uunoil noasyuecTs cKIonow
) CCCP B HacTosilllee BpeMsi NMPOJOJKAIOTCS.

Maavuinn u Tpxunncknit (1963) onucaan kpynHomaciTaGuble Melten-
ldple jieopMannyu cKI0HOB pexy Aurapol B CuGupu. B onHom cJay4ae CKJIOHB
JOCTOAT H3 TOPH3OHTANBHBIX CJOEB OPJAOBHKCKHX TPELIHHOBATHIX TMecYaHH-
icon 1 uasecTHAKCB. TpeumnosaTocTs napasrensta ckiony. Xecrkue MOKPBI-
ITAalolLHe 6J10KH OTJACJHAIOTCH H CMEeLanTes B ,-'IOJ'IHHY, NOCTENeHHo NOBOpauH-
flas Has3ajl CBOH TOJIOBBI; CKOPOCTh Je(opMalun 0Koao 1| ma B rox; obuiee
nMenenne aocturao 30 M.

[Tpot. 3apyGa (Zaruba, 1956) onucan awanornumbie Jedopmanun B
4 @JIOBBIX MeprejucThiX caaniax okodo Ocrpassl B Uexocaosakuu. Takoi ke
an aeopmanu 6o 06HapyiKen Ha MecTe MOCTPORKH IMIOTHHBL Ha peke
slopascka B Beckynckux ropax B Uexocq0BakuM, rjie CHIBHO TPeLIHHOBA-
Wbie MEJOBBIC TIeCYaHUKH CMECTHJIHMCh MO NMOJACTHIAIONMM apTHIHTOBBIM
lanuam. MHOro ananoruyHeiX ciyyaes B Pas/AHYHBIX CTPAHAX OMHCAHO B.
CpexpacrHoii MOHOrpauu 10 HHKeHepPHOH reosorny npogeccopos 3apyGa u
ylenuna (Zaruba und Mencl, 1961).

Cpoaka nabiioenuit 3a MoJ3y4eCThIO CKJIOHOB B PasJHUHBIX CTpPaHax
«Blla B TocaeHee BpeMst fana A-poM Boeppymom (Bjerrum, 1967) B ero.
(perbelt Tepuarnuckoi Jekuuu. TOT HCYEPNBIBAIOUIHE aHATHS NMOATBEpKaa-
‘T IIHPOKOE pacrnpocTpaHeHHe SBJIEHHS TNOJ3YYECTH CKJOHOB M MOKA3biBaeT
[aXHOCTh €ro H3y4YeHHs.

Ipo¢. Tep-Crenansn (1964) o6bacuser ob6pasosanue 3aru6a roJioB.
(pyTOnMajaiomux nJiacToB BOJHSH JHEBHOH NMOBEPXHOCTH BBICOKHMH 3HAYe-
THAMH KO9((HIHeHTa MOGHIH3OBAHHOrO CONPOTHBJEHHS CABHTY IIC CpaBHE-
'HIO € NIpe/le/IbHBIM 3HAYeHHEM; STOT H3GLITOK BBI3LIBACT ABJEHHE MON3YYECTH

noponax. Ilo Toif e npuyuHe KpyTomajalouiHe NAacTH Ha rayOune
‘CNBITBIBAIOT Me/JieHHble Ae(opManuy BOJIH3H NOTEHUHAJBLHON MOBEPXHO-
'TH CKOJIL)KEHHH, NpHHHMas S-oGpasnyio dopwmy.

Boxyan u Mapren (Beaujoint et Martin, 1966) coobumaoT HeKTIOUH-
‘ILHO HHTEpeCHble AaHHbIE O MeJIeHHLIX JBHIKEHHSIX B HHIKHEH YacTH
JKJIOHA nonunbl pexr Msep B 10xkHOH Dpanuum; Teso CKIOHA COCTOHT H3.

-
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BpalllaTe.IbHyl0 FAVOHHAYIO NOA3YHECTD, JIORA
cka0Ha. BHAO Obl HHTEPECHO Y3NaTh, HE paect A
6o reotoriyeckoe QGOCHCBaNNE.

Llpurekn  (1969) npeactani
AelHbix AeOpMAlLiN HECKGIBKUX B
npHMepaMi cKIonos B Tupoae (ApcTpusi).
[ IpopusnnKeae 0OHapyReib ACibiC  MposBJCHHS
KPVMHBIX MaCC CRAJBHBIX NOPOL peiCTYnaloue no:uuum:mum' ! ‘1
o8 wacTHio spoauposansl. Ckaon B Marrpaii-Taynuepoepre 3acay e
ocodoro punmanns. On caoxen ¢uanTamn ¢ pechbMa OJIHOPO/LHBIM pern
HAJIBHBIM [aieHneM CJAOHCTOCTH, cyﬁuapa.1.'w.'|m|u:\1 CKAOHY. Ia cCKIOWM
HaGaIoAAIOTCS ABd THNA AedopMaLii— BpaLATebIA naacTHyeckat
(opMauns H MIOCKOCTHAN aepopMalst CABUTA. Pue. 3 crarns gaer Xop )
ee npexactanienne 0 HabJI0O1EHNBIX apieHusn®.  BoimeynomsiyThie A
THHa AeOPMALIH OTHETIAMBO JOKAIH3OBZNBL B noNepeYHoM CeueHitn TEIRE
cxaona. Hipkusist vactbh ceuenusi OOHupyRUBACT pocrenenioe S-00pasu
puruGanme, KOTOpOe NPOSIBASIETCS B H3IMENAIOUWEMOS Hakjgone MJI0CKOCTel
CHOHCTOCTH Biiadade B CTOPOHY CKJAOHA, & 3aTeM 00paTHo B CTOPONY PEruo
Haasnoro sakaonenusi. I'lmockoetn ciaBnra b pepxeit yacTi ceuenst KOp
PEARPYIOT € ITHMH epopMalHsiNiL. ¢ 2

[peacTaBasiercs, 4TO BEPXHAA HACTL cewenis  Tedd CKIA0HA smee@f&
cROMCTA JKECTKOFO THEPAOrO Teadd, TOrjld KaK HIAHA- 112CTHYCCKOTOY
9710, HECOMHEHNHO, 1€ PaaiHuible CKajbible NOPOALL, Jdme He PA3IHIUHOND
COCTOSIIHE OANMX 1 TeX JKe CKaJdbHhiX NMOPOL, HO NONPOCTy pasininoe no 3
AeHie oANoi 1 TO JKe NMOpoiAbl, NOABEPrHYTONl PASTHUHLIM HATPSIAKEHN
cocTosmsin. FMeercss MHOTO XOpouo HasecTubix (PakTopon, NOATBEPAKAANM
HIHX TAKOE NopejieilHe Kak rPynTos, TaK H CKaJbHbIX NOPOIL.

Jlas obwsicnenns  uaGmogenunx  spaennit  Llnmnncku npmuma&
coraacio Xedeau, KOHUENUHIO HECOBEPUIEHHO BA3KONl ZKHIKOCTH, KUTO[’&*
JIMEeT sicHble NOATBepP/KAeHHs Aas Apaa. B kauecrse ajapTepnatnbbi K TaB
KOMY JKe BLBOAY MOAKHO ObL10 TPHIATH, HCNOIL3YS KOHUENIHIO Tedla Buun?
Ma, T. €. BA3KO-IIAaCTHYECKOro TBEPAUro TeJa. '

A Bechad pnTepecnui noKAal 0 ME ._
BICOKHX CRaQuOR; oHll WIOCTPHPOBANE
B ®anc-Huaep [aaiMure

Me L Iennbix .'uunkelu@
YacCTIl CKI

1

* [lepenonul 370l COACPRATEABHON CTATHY Ha PYCCKHN H ApMANCKHI N3LIKI noselel
B Hacrosuenm cGopuuke; puc. 3 oM. na crp, 152,
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Jd-p ®eana  (Feld, 1966), ocuopmipasics na ceoen OTPOMHOM OTH-
e B 0614CTH (PYHAAMENTOCTPOEHHSA, COUGIIAET HECKOIBLKO HHTEPECHBIX
wAynaen JABHAKCHAA CKaJALHBIX NOPOA B BLPaGOTKAX, CBA3aHHBIX CO CHATHEM
HATPY3KH. ITH NMPHUMEDH NOKA3LIBAIOT, YTO NOPO/Ibl, KOTOPEIE B MPHUPOIHOM
COCTORHHH BHITJAIAT Kak COBEpIUEHHO TBEepAble H YCTONYMBHIE, MOCAe TOro
KaK MPOH3BEIACHA IKCKAaRaUHs, 06HADYAHBAIOT JIHTEJIbHBIE M  ONACHLIe
aedopmannn. Tak, ckaoun rayGokoi TpaHllled. OTKPHITOl B H3BeCTHSAKaX
sGausu 0T Huarapckoro sogonaza, nokasaam cmemenue BHYTPb, a MHO
penyqnaoch;  obe  gedpopmaumn  w3aMepsaHCL caHTHMeTpaMu. [aaBnan
(IPHYHHE STHX 12POPMalMi 3aKTION4€TCH B BOCCTAHOBHMOM sHeprin aedop-
MAIHH, KOTOPAs HAKONHKIACL B npolecce KOHCOIUAALNH B TeUeHHe THTes-
HOH TeOJOTHYECKOR MCTOPHH OTJOKeHHst W CMOLIA  GBITh  BHCBOGOKIoHA
FOJBLKO NOCTE TOro, Kak ObLTa NpOH3BeteHa >KCKABALHA.

[Ipog. Tep-Crenausn (1967) conoctanm. Pa3iHYHLIE TIPOABIEHHA Mejl-
JAeHHBIX AehopMalnil CKIOHOB B CKAJLHBIX noponax. Hekotopbie 3 mux
MOryT paccMaTpHBaThCsl Kak NOArOTOBHTEIbHAN (asa Pa3BHTHA CKJIOHOB.
KaK, HalpuMep, NOJ3yyecTh IVIHT; JAPYTHE, KazeTcsi, NpeACTABJSIOT coGolo
HOCTOANNBIE SIBJEHHA, KaK, Hanpumep, moasyuecth oOHaxKenuil. Maeercs
MHOFO NPOABJEHHH TAKHX neOpMailuif, ONMCAHHBIX M  OGCYKIEHHBIX B
auteparype. CTaThi CONEPKUT ile KIaCCH(PHKALNIO THIOB N0JI3YYECTH, KOTO-
Past KamKeTcs ele Mpe/KaeBpeMento, a CHCTEeMATH3aUHIO JOCTYMHBIX Aali-
ubix. Jlupdepenunauus tanon TNpoH3Belena no Mop(oJaorHyeckuM MpHs-
Hakam. Tak, pasanuaoTes MJIoCKoCTHbIe (noctynateasubie), BpauaTeabHble
il TeHepabIble THILL NOJ3YYeCTH, ¢ AdbHeHIIHMH OAPa3/IeeHHAMH.

[Mpod. Lefiraen u a-p Komopunk  (Zeitlen and Komornik, 1966) npex-
ATABHIH pesy/bTaThl anladu3a (DYHAAMEHTOB Ha CKJOHaX B 30HAX ONOJA34-
ins. Paccmatpusaeress sajgaua rayGokux (pynaaMeHToB, NpPOTHIKAOLWIAX
NOJI3YYHH BBIBETPEJIbIA NMOKPOB M NEpeAaiouiHx HATPY3Ky NOACTHJIAIOLIHM
YCTORUHBBIM cKaJabHbIM nopepaM. Takue KOHCTPYKIHH Moryr pa6oTaTth Kak
MO/INOpHLIE COOpY KenHs, HaKalJuBalouHe mepea co6oil onoa3aollHe Mac-
CBl, HJIH KAK MOCTOBbIE JIeJIOPE3bl, NO3BOSIONIHE ITHM MACCAM HX OrHGATE.
CTaThsl COJAEPHKHT KPHTHUECKHIL 0630p (aKTOPOB, CHpeaeasIOUHX YCTOM-
HHBOCThL CKJIOHOB H JOCTYMHLIX METOAOB HX OLEHKH.

Crenansl 06ocHOBaHHBIE AOMYLIEHHS IS VCTAHOBJIEHHA pacCueTHhIX
AaBJieni, OKasblBaeMblX CNOJI3AIOIHMH MaccaMy Ha KOHCTPYKIHIO, IIPOTH-
BOJCHCTBYIOULYIO STHM ABHXeHHsM: 1) uTo cuemienue TPYHTa PaBHO HYJIIO
H HTO €ro NOBe/SHHE ONpeJe/AeTcss NPHMEHHMOCTHIO —KAXKyIIerocs yraa
BHYTPEHHEro TPeHHs, PaBHOrO YIJy CKJIOHa; 2) YTO AJHTeNbHAs YCTOAYH-
HOCTL CKJIOHOB COOTBETCTBYET 3anacy MPOYHOCTH, PaBHOrO, O Kpaiied Mepe,
ABYM TIO OTHOLIEHHIO K OGPYIIeHHI0. DTHM 1yTeM Gbl1 pa3apaboTan A0BOJBLHO
TPOCTOli METO/i ONpeesNeHHsi PacueTHOTO JAaBJIeHHS noasyvectn. Ilpenaa-
I'aeMBIil METOJl WJIOCTPHPOBAH HA HECKOJBLKHX npHMepax.
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3aHUMAIOUIHXCA THAPOTEXHHUECKIN urp‘mt. : Tl KONTPECCaM
Ha STV TeMy Obl10 MPeACTaBIeHO -.\'teirhl)li.dp ‘11964‘- Hexotopiie H3 STHX
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Oauseitpa Hynec n Kaabaeiipa (Nunes Oliveira and Caldeira, 19606)
NpeiCTABHIN BaKHbie CoOOpaKenus O cradmansailiy  CKAOHOB B cna.u,-.
pbix popoaax. Omit BKIOHalOT B ceds janubie 0 BAHSHIH  PASIHUNBIN
(haKTOPOB Ha YCTONUHBOCTL CKJIOHOB B CKAJBHLIX MOpOAax H O Mepax
M0 NpeAyNPeKAeHHIO HX OOpyuIeHHs, KaK-TO: jeMenTauus, 3akpen-
JAeine, ankepopauue H T. A ITH JaHibie OCHOBANL Ha OMBITE, npuobperen-
HOM NpPH CTPOHTEALCTBE  FHAPOIEKTPOCTAHIN - Ha MeZKYy Ha POAHOM
yuactke pekn Jloypo B [Mopryraaun. Jlokaa)  COMCPIKHT MPaAKTHUECKHE
PEKOMEHAALNH ISt CTAOHANIAIHI CKJIOHOB B TPEUUHOBATHIX | BBIBETPEIBIX
nopoaax.

Peaannrep n Joacon (Redlinger and Dodson, 1966) neastest  CBONM
ANLITOM CTAOHJAH3AINH BEPTHKAJABHLIX CKJAOHOB, 00pa3ylouHX CTEHKH BhieM-
Ki A5 BOAOCOPOCA M MPHMBIKAIOWMX (HAPOTEXHHMECKHX coopyzennii. [lne
Betonnble cTeHbl ¢ HaMensioueiics BLICOTON, KoaeGaouleiics Mexay 24 n
29 m, GblAH 3aKpenJenbl ¢ H3BECTHAKAMH, 06J1aa10MHMH FOPHIOHTANLHOI
crpatHukamieii, ¢ noMoubio ankepubix 6oaToB. CTaThil COACPKHT AHAANI
NOTEHIHAALHON TMOBEPXHOCTH OOpPYIUEHHS ISl PA3JHUUBIX CAy4Yaen Harpy-
skeunst. Tpaduki NoKa3biBaloT COOTHOIWEHHSI MEKAY PACCTOSIHHEM M1y
ankepaMi H 3PPeKTHBHOCTLIO Apenazka A5 pasiudnbiX snadenuit sanaca
VCTOIMHBOCTH H PasaHYHBLIX BeJHYHH  CUEINIenns; NPOEeKT OCHOBAH HA
AONYIIEHHH OTCYTCTBHS CLEIIEHNS,

xOTSI eue HelocTa-
waonon. Tlo 3TOMY

1. 1966) aaer HOVHHTEIBHEI
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NPUPOHBIE U UCKYCCTBEHHBIE CKJIOHBI a3

Ienepaapisiit aokaaayux NO31paBjiAeT BCeX aBTOPOB ¢ H3GpaHueM
'EMauGonee nntepecnbix npobaes, KOTOphie GyAyT cnocoGCTBOBATh .yuiiemy
ONIOHKM a1HHIO NOBEEHHA CKA0HOB. Ol TakKe BHPaKaeT CBOIO 6aarogapHocTs
Ampog. B. C. pHCTORY 3a LenHbe 3aMeyanua H J06e3Hoe COJIeHCTBHE,

TEMBI 1711 IMCKYCCHUM

CymecTByeT MHOro npoG.aeM, cBA3aHHBIX CO CKIOHAMH, KOTOpPhIE MO/KHO
40LI0 6Bl 31€ch JHCKYTHpOBaThL. Cheayiouine Temul Kaxyica HaubGoJee
HIHHTEpecHBLIMH,

I. Pacnpejedenne nanpsmenuit B CKIOHAX B CKaJbHBIX nopoaax,
Biusnne THIA NOPOJI (MOHOJHTHBIE, COCTOSILIME H3 CBA3AHHMBIX GJOKOB MM
“IH3 OT/IedbHbIX GJIOKOB); BO3MOKHOCTL YYeTa BOCCTaHOBHMOIL SHEPrHH
sineopMankit ¥ HaBegeHHBIX HanpsizKeHu#, Nepepacnpeesenus HanpsKesuit
UVBCJECTBHE TMOJ3YYECTH H T. JI.

2. Anajua mpouecca onoJ3anus B CKAMBHBIX Nopoaax ¢ y4YeTtoM Bpe-
/IMCHH; T0JI0/KEHUe TIOBEPXHOCTH CKOJbIKEHHS! B TPELHHOBATHIX nopojax;
J(POJIL TPelHH ¥ cOPOCOB; OAHOBPEMEHHBIA HAK NIPOTPECCHPYIOIHA Xapak-
9irep  obpymenns,

3. Mexanusm rayGoko 3aJleralollHx ONoJ3HEeH B CKaJbHBIX nopoaax;
1OBOJIOUHSA ONOJ3AHMA B JIOJIHHY, YCJIOBHSI ee Nepexofa B CKOJIbIKEeHHe, HH-
/UKCHEPHOE H Te0JIOTHYECKOe 3HAYeHHs STOTO SIBJCHHS.

4. Poas  naGmogennit 3a MeagennbIMu nedOpPMaUHAMH CKJIOHOB B
EKAMLHBIX MOPOAAX JUIA aHajdn3a MeXaHH3Ma HX ONOJN3AHUS: CpaBHeHHe
IMETO/I0B HaOMIO/CHHA C TOYKH 3PeHHS] TOUHOCTH H s dexTHBHOCTH.

5. 9 dextusiocts MeponpuaTal mo CTaGH/IH3aLHA CKJIOHOB NpHMeHe-

[I'THEM TNOJI3eMHBIX COOpYIKeHHH, AHKEPOBaHHA, IeMeHTallHH, 3aKpenJgeHusd,
jJapenaxa W T. X.

—679
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Great attention is paid to the problem of stability of slopes in the
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Sciences. i
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“nalysis of stability of slopes on rocks. The monograph by Prof. Maslov
Is based on experience gained from hydrotechnical constructions while
the other two reflect the activity of their authors in mining.

There are many problems connected with slopes. Most of them are
reflected to a certain extent in papers presented to this Congress. Two
Keneral approaches are evident; one of them is connected with the sta-
bility and the other with the deformability of slopes.

The stability of slopes is certainly a cardinal problem from the
practical point of view. The constructions must be stable and to achieve
this end an engineer has to evaluate the stability of the given slope
and estimate the results of changes he is going to introduce. The sta-
bility of slopes is first of all a statical problem. Many factors influence
it ~geological features, weathering, strength properties, cleft-water pres-
stire, seepage pressure, blasting etc.

The experience shows that division of slopes into stable and un-
stable is not correct unless we forget the time. Slopes which are quite
stable for a short time may be unstable after sufficient time has elapsed.
Therefore, the concept of stability is incomplete and we have to distin-
Zuish long-term stability and short-term stability. It has practical signi-
ficance, since a slope of railway cut and a slope of opencast mine have
different demands on the duration of their stable state. This permits to
ctome o more economic solutions for slopes which are not intended for
long existence.

The deformability of slopes belongs to another category of concep-
lions. Many slopes reveal slow deformations although they are stable.
Engineering constructions may exist on deformable slopes such as build-
ings, roads, canals. Some of them may be used without any suspicion
on their slow movement downslopes, while others need systematic re-
pairs or may even demolish. In many cases the fact of slow deformation
of slopes may be detected only after elaborated measurements. ;

Deformations of slopes differ from those of constructions, since the
latter are chiefly elastic, instantaneous, and very small. Deformations
of slopes in many cases proceed slowly and represent flow or creep;
they may reach a considerable magnitude with time. The deformability
of slopes is first of all a rheological problem. The main factors which
influence it are the stress state of the slepe body, deformative proper-
ties of rocks, and the time.

These two approaches to the problen are somehow connected since
in many cases the slow deformations of slopes are the preparatory
phase preceeding the failure (Terzaghi, 1950). The tragedy of Vajont is
4 most striking example of evolution of a rock slide (Miiller, 1964).

The papers belonging to this Theme are divided into the following
four groups, in accordance with the classification proposed by the Or-
ganizing Committee of the Congress: 1. Stress distribution; 2. Stability
of slopes; 3. Deformability of slopes (observation of the behaviour);
4. Stabilization of slopes.
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Prof, Terzaghi (1962a) analyzed the results of precise measure-
ments of stresses in rocks made by Hast in mines in Sweden and gave
their general interpretation. High values of horizonta] stresses considera-
bly exceeding the overburden pressure were estimated within a depth ‘
of at least 1000 metres. This may be attributed to current or geological-
ly recent warping of the earth's crust in Seandinavia. Probably over
most of the world the earth’s crust Is in a state of very great horizontal
compression and this tield of forces may be responsible for many Unex-
plained geological and geophysical phenomena (Hast and Nilsson, 1964).

Prof. Jennings and Mr. Black (1963) made a thorough analysis of
induced stresses resulting from the redistribution of the regional hori-
sontal stress field. This field greatly affects the stress pattern in the vi-
cinity of excavations. The effect of induced lateral stresses on the sta-
bility of slopes Is shown; the obvious influence of these stresses on the
creeping of slopes may be added.

Prof. Finn (1966) presented a valuable report on static and dyna- ’
mic siresses in slopes. The change is shown in the initial stress state
due to loading and unloading, excavation or influence of earthquakes.
'I“he solution obtained refers to homogeneous and isotropic material.
Since the computer program Wwas used much more complicated problems f
may be solved. '

Dr. Folberth (1965) proposed to substitute the rock structure by
an orthogonal multistoried structural frame and analyze it by means of .
electronic computers. The obtained forces acting in joints of the frame
are then transformed into orthogonal stresses. The method permits to !
investigate complicated rock structures. {
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Owing to the difficulties of mathematical analysis of different prob-
lems in rock and sofl mechanics, model investigations remain as one
of the widely used means of research.

Attempts of solution of different problems of soil mechanics with
the help of models were made by many scientists. In the USSR this
was started in the thirties by Prof. Pokrovsky (TTokposckuf, 1935).

A leading place in this field belongs to works done in Portugal at
the Laboratério Nacional de Engenharia Civil. Rocha (1955, 1957) has
formulated the conditions of similarity for soils and shown the pos-
sibility of solving soil mechanics problems by means of models in dif-
ferent cases. Further development of the method made it possible to
study the behaviour up to rupture, the seismic action, etc. (Rocha, 1965).
The outstanding model tests on dams made at the Laboratério Naclonal
de Engenharia Civil are mostly based on these theoretical investigations.

An important contribution to the theory of models was made by
Prof. Nazarov (Hasapos, 1965), who investigated the problem of mecha-
nical similarity of hard deformable bodies, using pure physical concep-
tions. The possibility of enlarged similarity of mechanical states is es-
tablished in principle, for broad limits including yielding, crack formation
and even total failure due to statical and dynamical loading. This com-
prehensive work will serve as a good theoretical basis for experiments
on models; it contains a wide formulation of conditions of similarity.
The Author introduces a conception of mechanical similarity in statistical
sense; in this case it {s not the single specimens of originals and models
which are to be compared but ensembles of originals and models. The
violation of conditions of mechanical similarity in statistical sense leads
always to the scale effect. Considerations on the choice of material for
models and on the technique of experiments are added.

Prof. Scheiblauer (1963) performed experiments on gelatine models
ol slopes; the stress state of the slope was determined on the basis of
the stress-strain relationship. It was found that the shear stresses are
the highest in the lower third of the slope and that one of the prin-
cipal stresses can be tensile. The slope body rotates around some polar
zone. In the case of a cleft system parallel to the slope this zone is lo-
cated deeper than In the case of homogeneous material, Some of these
results were established previously by Stroganov (Macaos, 1955).

STABILITY OF SLOPES

The stability of slopes is the most important problem which is en-
countered by every engineer dealing with construction in mountainous
regions. There are many factors which bear a direct relation to this pro-
blem. Most of them cannot be well estimated and quantitatively consi-
dered. Many assumptions on which are based our judgements and stabi-
lity computations are deductive and have little in common with reality.
Prof. Terzaghi’s (1962b) opinion that »Such computations do more harm
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A good start in this direction was given by the o slopes on hard
(19562b) in his outstanding paper On the stability of stecp r; ; slopes
unweathered rock. Prof. Terzaghi examined the stability of a‘et‘p ‘elrml‘-
in the following geological conditions: unstratified l“‘“"""“ rm:.k:. . e
fled sedimentary rocks and faulted rocks. When discussing 'f; f""" L
termining the degree of stability of steep slopes on 51_“‘" _f:“'l_:'-lq an'lt;
Terzaghi stressed the role of the angle of shearing f*‘*‘ls“"“-‘*" ,1.‘r %1
can be easily estimated as a result of corresponding joint survey. 1-
the contrary the influence of effective cohesion is much less lmpt‘!ﬂalﬂ.
therefore it 1s not a great misfortune that its determination is pre:-e.nlly‘
unavailable. A far more important factor of stability is the hy drostatic
pressure caused by water seeping from reservoirs and tunnels. The at-
tention of engineers must be turned towards this problem, since ils neg-
ligence has caused catastrophic damages on several big structures as
for instance on Malpasset dam. The paper contains valuable remarks on
deep-seated rock slides; we shall refer to them below.

Dr. Wittke and Mr. Louls (1966) investigated the problem of sta-
bility of slopes on fissured rocks influenced by the flow phenomenon.
The problem consists in the determination of normal and shear stresses
transmitted on rocks by ground water flowing through two systems of
open parallel fissures and Joints. The mathematical solution of the prob-
lem is sound. Expressions for the buoyancy, shear forces, and secepage
pressure are given. Some examples illustrate the obtained results.

The difierence between Joints and faults in mechanical behaviour of
rock masses was emphasized by Rocha (1964); faulls having already
undergone displacements show lower resistance to sliding along their
surfaces. A new concept of factor of safety, introduced by Rocha, reflects

ons and stress

the relationship between properties of rock masses which correspond o

failure and those which are anticipated in these masses. Ii they are de-

fined by the angle of friction, the ratio of corresponding tangents Is the

real factor of safety. This concept gives a good basis for evaluation of
the slope conditions.

Mr. Dodds (1966) investigated the stability of rock slabs along
fractures and open joints on the side of a steep canyon wall of the Dez

river in Southwestern Iran. Rocks are partly cemented conglomerates:.
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oithey are fractured roughly parallel to the slope face, due to the stress
Horelief. Numerous measurements of displacements across the fractures were
Biimade yusing precise equipment. The objective of these measurements was
| 010 locate and remove or stabilize all hazardous rock slabs, and to es-
detablish how near the rock slabs were to failure, It was found that the frac-
nutures and openings up to 2—3 centimetres may be tolerated and that the
nsldangerous rate of movement was equal to 1 millimetre per day. As to
ofithe remedial measures, apart from the removal of unstable rock slabs,
ofithe bolting system with grouting was found as the superior method of
Is1stabilization,

Prof. Miller (1962) gives an explanation of the mechanism of for-
‘wrmation of fissures stretching parallel to the slope; this was illustrated by
prexamples of such fissures relevant to the same Dez river canyon in Iran,
where the above-mentioned observations were made. Prof. Miller sup-
“Umoses that the stress distribution behind the steep slopes in deformable
oo'ocks forms a maximum at some distance from the slope face. Here rup-
Hfikre or creep proceeds which has as a result cracks parallel to the slope

Jor increased potential fissuration, correspondingly.

" Dr. Wittke (1964, 1965) proposed a numerical method of calculating
otthe stability of loaded and unloaded slopes on rocks with systems of
ulolane joints; it is based on vector analysis. The method s simple but
mime consuming. It has been programmed for electronic computers. The
19 pplicabllity of the method is illustrated on examples.

Mr. Brioli (1966) deals with rock siides and security problems in
orhe face of hill-side quarries. Factors assisting the fallure of faces oi
“ljuarries are discussed, such as Joint pattern, dipping steeply towards the
luralley; waler action; increase of steepness; unfavourable alteration of
liitrikes, efc. Special attention is glven to analysis of systems of joints.
lsubhorizontal fissures are often due to the stratitication or schistosity.
lusubvertical fissures are of great importance. One set of such fissures
o1 tretching parallel to the slope has been analyzed by Prof. Miller (1962).
vihe role of other systems in the stability of slopes is discussed. The
luauthor outlines the influence of blasting on the stability and gives prac-
wiical recommendations for the exploiting of quarries.

Dr. Dvofdk (1965) has shown on several examples the influence
[ blasting on the stability of slopes in rocks; the role of joint planes
bind rock stratifications is stressed. Simple methods of calculation of seis-
ohale effect are given.

Dr. Forster (1966) presented a report on the influence of the cur-
Itature of the horizontal projection of slopes in open excavations on their
lptability. This problem seems to be of interest because of different opi-
ofdons on this influence. Assuming that sliding of curved slopes proceeds
Itither along a cylindrical surface or a plane, formulas are derived. for
WO - cases-——when the sliding is rotatory and the cylindrical surface
' [ rupture passes through the toe of the slope, and when the sliding is
iranslatory due fo the presence of a weak layer below with slight or no
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(1966) report on investigations of stability of slopes

" oudied on modelst:
flysch rocks. The influence of fissures and joints was studiec 1@

2 fuged. principal desigm:
made from equivalent materials and then centrilug it netnodl

schemes are proposed. The experience of application S o
for the evaluation of the weathering degree of surface layers 3 sll&
described. The determination of average shearing strength f‘l:"if “se weilk
ing surfaces on flysch rocks is of great interest; the mh-“'alt:wn th. |
made assuming a factor of safety equal to the unity. It “"”'_sf“ vatull
the shearing strength thus obtained does not differ practically from I:;
determined on landslides in clayey solls. The Authors suppose ll"ﬂt slide
on rocks may occur only when the sliding surface passes through 1
zone of tectonic disturbance. i
Messrs. Rivet and Vignaud (1966) have developed an in-situ mege'
suring method concerning the evolution of the stability of rocks. T
method is based on measurement of alteration of elastic wave propagatlt__bl
rate. The Authors claim that the method permits to get the informaticy!
necessary for the prevention of the disturbance of the stability of rockal
Dr. Gerber and Prof. Scheldegger (1965) have correlated the reces
sion of rock walls due to denudation with the action of tectonic stre
fleld. which determines the orientation of fracture planes, according

Mohr's theory.

The behaviour of natural slopes consisting of over-consolidated clags
and clay-shales is a relatively new problem of rock mechanics. The
rocks are solid or semisolid; they have been subjected to very higl
pressures during their geological history due to the depth of overburd
being subsequently removed by erosion. These rocks are often Tissure
and Jointed.

An important contribution to the problem of long-term stability .'
natural slopes in over-consolidated clays was made by Prof. Skempli
(1964) in his Fourth Rankine Lecture. The conception of residual faco
R, introduced by Prof. Skempton shows the proportion of the total sk
surface In the clay along which its strength has fallen fo the residih
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value, The magnitude of this factor increases with the increase of the
degree of weathering.

Prof. Henkel and Mr. Yudhbir (1966) presented results of very
valuable investigations on the stability of slopes in folded stratified rocks.
They belong to the Siwalik System in the low foothills of the Himalaya
In India. The peculiarities of the mechanism of slides are explained with
great cogency by the topography and geology of the site and conditions
of ground water flow, which originated high pore water pressures. The
most Important issue of these investigations is the demonstration of the
role In recent landslides, of weak shear zones in clay-shales and of ten-
slon cracks in sandstones. When analysing the conditions of failure it
was estimated that the angle of shearing resistance was equal to 18°,
while the residual angle of shearing resistance was about 15°. It follows
that in this case the residual factor R was less than the unity—a fact
well established for weathered and fissured over-consolidated clays.

DEFORMABILITY OF SLOPES

Investigations of slow deformation of slopes on rocks were conduct-
ed during the last decades in several countries. The pioners of this
problem, Ampferer and Stini, have described many evidences of such
displacements in Austrian Alpes; the later has named them Talzuschub
(creep toward the valley). In the earlier stages of study it was admitted
that this contunuous deformation never transits into failure. These pheno-
mena were later studied by several scientists Joined in the Salzburg
Circle (Prof. Maller, Prof. Clar, Mr. Pacher, Prof. Scheiblauer) who
added much for the elucidation of the geological and engineering aspects
of this problem. Investigations of creep toward the valley, made by
Prof., Miller (1955) in Afghanistan may be remembered in this connec-
tion. The possibility of transition -of this phenomenon into the shear
phase through failure on the toe was admited recently (Miller, 1963b).

The significance of these deep-seated, large-scale rock slides was
stressed by Prof. Terzaghi (1962b). Thelr mechanism is not yet clear and
further investigations must throw light on this phenomenon, which is
Interesting from both theoretical and practical points of view.

One of the most interesting rock slides was Investigated by Prof.
Lomize (Jlomuse, 1945) on the slope of the Dzoraget river in Armenia.
Here the rock debris with a thickness of about 65 metres creeps down
the slope along an inclined surface (about 15°) of weathered pelitic tuffs
at the rate of about 3 centimetres per year. The investigation of depth
creep of slopes is recently in progress in the URSS.

Palshin and Trzhtsinski (IMTaaswun n  Tpxuuuckuit, 1963) have
described large-scale slow deformations of slopes of the Angara river in
Siberia. In one case the slope consists of horizontal layers of Ordovician
fissured sandstones and limestones with a thickness of about 60 metres
lying on Cambrian aleurolites and argillites. The jointing is parallel to
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the excellent monograph on engineering geology )

and Mencl (1961).

A simgiary, Of creep oboervatons oo his Third Terzaghi Lec-
was given recently by Dr. Bjerrum (1967) in his spreading of  creep
ture. This comprehensive anualysis proves the wide [lap::‘elud'\'.
phenomena on slopes and shows the importance ot- e ;i b e o

Prof. Ter-Stepanian (1965) explained the formation ¢ IO
(Hackenwerfen) on steeply dipping bedded rocks near the ‘al:;;“ S
high values of the coefficient of mobilized shear strength as Kk l For
with the bond value; this excess causes creep phenomend in rm' ts;., q:“
the same reason, the steeply dipping strata t|:1¢lt-rgt3§ltyw tleiur:n.! ons
depth near the potential sliding surface, taking an S-like shape. sting

Messrs. Beaujoint and Martin (1966) report extremely IiEres N
data on slow movement of the lower part of a valley side of the Iser
river in Southern France; the slope body consisis of sandstones and coal
bearing shales. These rocks support penstocks supplying the Malcovert
hydroelectric plant. The lower part of the slope corresponding to the dif-
ference in level of about 400 metres exhibits slow downslope m’q‘n\-‘cmt‘tll.
which provokes abnormal longitudinal strains in the conduits. The mo-
vement occurs along the line of maximum slope. Measurements ||1:1d¢
with great care show that the rate of displacement varles from 5 to 80
millimetres per year. It is noticeable that deformations do not affect the
whole slope investigated, but only the lower part of it. The upper divi-
sion of the deformed part of the slope displays a spoon-like sag, while
the lower one shows swelling. These features demonstrate mass flow of
rocks, which we should like to describe as rotational depth creep, local-
ized on the lower part of the slope. It would be of interest fo know
whether this localization has any geological explanation.

Dr. Zischinsky (1966) presented a very interesting report on  the
slow deformations of several high slopes: examples of slopes in Tyrol,
Austria illustrate it. In Flie-Nieder Gallmig and Piortschwinkel clear
evidences of slow movement of large rock masses were found, the pro-
truded rocks in the slope toe being parily eroded. The slope in Mattrei-
Glunzerberg deserves speclal attention. The slope is composed of phyl-
lites with very uniform regional dipping of schistosity. It is subparallel
to the slope. Two types of deformations were observed on the slope

yrmations in (:l_'emce(}lls
tyvpe ol deformation
i Beskvdy Mis.,
jointed and dis-

slopes in various countries
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'-‘l.p_frslile rotational plastic deformations and planar shear deformations.
41=1g. 3 of the paper gives a good picture of the observed phenomena®.
IThe above-mentioned two types of deformations are distinctly localized
in the cross-section of the slope body. The lower part of the section ex-
dinibits a gradual S-like bending which was revealed by alternating incli-
iEnation of schistosity planes, first towards the slope and then back to the
49€glonal Inclination. The shear planes in the upper part are correlated to
Iithis deformation. It seems that the upper part of the cross-section of the
olilope body has rigid properties, while the lower part is plastic. These
sure certainly not different rocks, not even different states of the same
o'ock, but simply different behaviour of the same rock subjected to dif-
igerent stress states. There are many well-known facts confirming such
“0ehaviour of both soils and rocks. For explanation of the observed phe-
onomena Dr. Zischinsky suggests after Haefeli the conception of imperfect
“Iviscous liquid, which is proved for ice. Alternatively this conclusion
Oould be obtained using the conception of Bingham body, i.e. of a vis-
tro-plastic solid.

Dr. Feld (1966) reports several interesting casés of rock mo-
ovements In  excavations due to the load release; the data are based
non the” immense experience and long-term service of the Author in the
slifeld of foundation engineering. These examples show that rocks, which
n'n natural state look quite solid and stable, after excavation is made may
o-eveal continuous and dangerous deformations. Thus sides of deep
srenches in the limestone rocks near the Niagara Falls showed inward
nimovement while the floor heaved, both deformations measured by several
9entimetres. The main cause of these deformations is the recoverable
Istrain energy, which was accumulated as a result of consolidation during
ilthe long peological history of the deposit and could be released only
tmfter the excavation was made.

Prof. Ter-Stepanian (1966) compared different manifestations of
Islow deformations on slopes in rocks. Some of them, such as creeping
liof slabs, may be consldered as a preparatory phase of slope evolution,
iwothers, such as outcrop creeping, seem to be constinuous phenomena.
‘IThere 1s much evidence of such slow deformations described and discussed
nin literature. Since a classification of types of creeping seems to be too
vearly, tie report contains a systematisation of available data. The deii-
inition of types is made on morphological principles. So there are distin-
1guished planar (translational), rotational and general types of creeping,
vwith further subdivisions.

Prof. Zeitlen and Dr. Komornik (1966) presented results of anal-
ysis of foundations on slopes in sliding zones. The problem of deep
) foundations piercing the creeping weathered cover and transmitting load
1lo the underlying stable rocks is dealt with. Such constructions may act

* The translatlon of Dr. Zischnsky's substantial report into Armenlan and
MRussian both is published in this volume; for Fig. 3 see p. 152.
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STARILIZATION OF SLOPES

The problem of stabilization of slopes and side walli ::‘le:alrli: nsa%
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Constructions etc., 1964). Investigations conducted in the USSR durin
the construction of the Khramges | hydroelectric plant may be all
mentioned (dpucron, 1945).

Anchoring of slopes is an effectiv
method of stabilization of slopes. There are three re

Prof. Nunes da Costa (1966) gives an instructive review of ti
anchoring for the stabilization of slopes based on the experience gainin
in Brazil. Numerous types of application ol prestressed anchors for stz
bilization of slopes and for other purposes as well, are described aw
illustrated with examples. The paper shows convincingly the advantagy
of the method, both irom the technical and economical points of viedl
An important problem of prestressing release due 10 the soil :1e[urnmlil
is discussed: the numerical example adduced shows that the relative lel
in stresses may reach 40%. Remedial measures against this loss in reve
lant cases seem to be advantageous.

Messrs. Nunes de Oliveira and Caldeira (1966) presented valualle
considerations on the stabilization of rock slopes. They include data '
the influence of different factors on the stability of rock slopes and il
the means of preventing their failure, as cementing, grouting, anchorii
etc. These data are based on the experience obtained at the constructir:
of hydroelectric plants on the international stretch of Douro river in
tugal. The report contains practical recommendations for stabilizationn
slopes In fissured and weathered rocks. !
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ports on this probleis



NATURAL AND EXCAVATED SLOPES 45

Messrs. Redlinger and Dodson (1966) share their experience in sta-
&5llization of vertical slopes, forming sides of a cut for spillway and ad-
dinining hydrotechnical constructions. Two concrete walls with alternating
dukights ranging between 24 and 29 metres were flxed by means of an-

'Gor bolts to the limestone rocks having horizontal stratification. The
“fper contains analysis of potential fallure plane for various leading con-
1oltlons, The graphs show a relationship between the anchor spacing and
' id the effectiveness of drainage for different factors of safety and dii-

norent values of cohesion; the design is based on the assumption of no
athhesion,

The General Reporter congratulates all the Authors for selecting
1 9e¢ most interesting problems which promoted the beiter understanding
11~ the behaviour of slopes. He also expresses his gratitude to Prof. Eris-
* wv for his valuable remarks and kind assistance.

THEMES FOR DISCUSSION

There are many problems connected with slopes in rocks which
vmay be discussed here. The following themes seem to be the most in-
29rresting.

1. The stress distribution in slopes on rocks, the Influence of rock
2(7pes (monolithic, composed of connected blocks or of single blocks);
soleans of taking into account the recoverable strain energy, the indu-
bad stresses, the re-distribution of stresses due to creeping efc.

2. Analysis of the process of sliding in rocks with due regard for
sitme; the location of the sliding surface in fissured rocks, the role of
nioints and faults; synchronous or progressive character of failure.

3. The mechanism of the deep-seated rock slides; the evolution of
»oreeping to the valley, the conditions of its transition into sliding, the
gnngineering and geological significance of this phenomenon.

4. The role of observations of slow deformations of slopes in rocks
1or the analysis of the mechanism of their sliding; comparison of methods.
. bf observation from the standpoint of both exactness and effectiveness.

5. The efficacious measures for the stabilization of slopes by the
9z1se of underground constructions, anchoring, cementation, grouting, drai-
suiage efc.
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STABILIZATION OF SLOPES

The problem of stabilization of slopes and side walls of canyons of
the dam sites are always In the centre of attention of geologists a o
engineers dealing with hydrotechnical construction. Several reports o -'
this topic were presented to the International Congresses on Large Damss
in Rome, 1961, and in Edinburgh, 1964. Some of them must be special=
ly noted (Miller, 1961; Artola. 1961; Faivre et al., 1964: Aiken, 1964
Constructions etc., 1964). Investigations conducted in the USSR during
the construction of the Khramges 1 hydroelectric plant may be alscu
mentioned (3puctos, 1945).

Anchoring of slopes is an effective, though not yet widely applie
method of stabilization of slopes. There are three reports on this prohleni!:

Prof. Nunes da Costa (1966) gives an Instructive review of the
anchoring for the stabilization of slopes based on the experience gaineg:
in Brazil. Numerous types of application ot prestressed anchors for stase
bilization of slopes and for other purposes as well, are described angu

illustrated with examples. The paper shows convincingly the advzlnlﬂge&
of the method, both from the technical and economical points of vieww
An important problem of prestressing release due to the soil deformatione
is discussed; the numerical example adduced shows that the relative loss
in stresses may reach 40%. Remedial measures against this loss in rv.veF
lant cases seem to be advantageous. z
Messrs. Nunes de Oliveira and Caldeira (1966) presented valuablel
considerations on the stabilization oi rock slopes. They include data u:_{n
the influence of diiferent factors on the stabllity of rock slopes and o
the means of preventing their failure, as cementing, grouting, anchoragi
etc. These data are based on the experience obtained at the constructionc
of hydroelectric plants on the international stretch of Douro river in Pone
tugal. The report contains practical recommendations for stabilization ©

slopes In fissured and weathered rocks. .
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/ Messrs. Redlinger and Dodson (1966) share their experience in sta-
I&szation of vertical slopes, forming sides of a cut for spillway and ad-
“0ining hydrotechnical constructions. Two concrete walls with alternating
ifgghts ranging between 24 and 29 metres were fixed by means of an-
4 wr bolts to the limestone rocks having horizontal stratification. The
'90er contains analysis of potential failure plane for various leading con-
“niolons, The graphs show a relationship between the anchor spacing and
11 1 the effectiveness of drainage for different factors of safety and dii-
In<ent values of cohesion; the design is based on the assumption of no
zanesion,

The General Reporter congratulates all the Authors for selecting
1 : most Interesting problems which promoted the better understanding
il the behaviour of slopes. He also expresses his gratitude to Prof. Eris-
oI 7 for his valuable remarks and kind assistance.

THEMES FOR DISCUSSION

There are many problems connected with slopes in rocks which
71y be discussed here. The following themes seem to be the most in-
‘eesting.

1. The stress distribution in slopes on rocks, the influence of rock
:acpes (monolithic, composed of connected blocks or of single blocks);
is2ans of taking into account the recoverable strain energy, the indu-
- Id stresses, the re-distribution of stresses due to creeping etc.

2. Analysis of the process of sliding in rocks with due regard for
9ine; the location of the sliding surface in fissured rocks, the role of
fniints and faults; synchronous or progressive character of failure.

3. The mechanism of the deep-seated rock slides; the evolution of
9<eeping to the valley, the conditions of its transition into sliding, the
igagineering and geological significance of this phenomenon.

4, The role of observations of slow deformations of slopes in rocks
- or the analysis of the mechanism of their sliding; comparison of methods.
o ' observation from the standpoint of both exactness and effectiveness.

5. The efficacious measures for the stabilization of slopes by the
9:se of underground constructions, anchoring, cementation, grouting, drai-
gage efc.
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