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L pbrwwm: hoppughl ungpl dimpnul pubgh dlewsgfymfuneflyastilibple yfrid ul wipryg gl plobopepe
fapoy bb oguwwgnpdfby wagulpf Fbfowslbfigdf npayful Sl Zagfwdmd Furbpalwonle pph
Yaplfaud b pubghpf of frowdd sl kil jus waguebpf gpfiteused flywts flhip Suwpflocflpudp, ayg vl ade, fpopraees
gyl np wpnnufjul b pupg Suslphpline g fbipny wnhgueguipd sl plisg pliproel's puhighy porposputs
ymph Swdup goygg kb mpfwd whgaywpddwl blpmapbph pupfunidp b qupgugng aurpbpfe wrh
walflibipp: wibgdwh Jwpfl dulpbplngflfy Swdwp plibiwplyfind LYy wnwyphflug unguliph qfau.l,--ﬂilr
bbb pughemilp b Swpbph wbuuwiilpp' Gupudwd pwhgl unqubpughh oguful whreby “hyp
Juwdoud bpupugpfnal [ Unppfp pusgdwwpl unqubiph qghupp, npnby Suwpnbwpbplby dhlp of povaa fo
dpuw wbqugpfud bpbp Swph ungubplbpf wnljwjorfljnlip. wpu papop unguwhpbbpp qubfuol Gk
Junppuyfl wnnplh dpmiguod

Unquibsplibipls frpuslputs dhfawmbfigdp qgughophl unifbgh pupy L, puhe wighe el -
wutlpuity W"‘P'if’.‘?‘l"“’ u!gbd'mhbpﬂ, npnlip lynznuf L lm?;rhp[; ffmjru?nuﬂ_r;,‘h
Jid bibpulpnte Swgupliibple Sff pocl:

P wefbyfy ppy pusfod] b ofbpuphpaod Swdwobe gl gyl nugfrinf
wnmgwgud wpsbumwlwh puhghppl, bk Jhd bpwhudpaefl e nelife wmSdwlio g fii
Suwifwumpmlppnnfpote ffiSwlpl Som qulialng wpSbemwlpul pubghpfh S E
zbmmqm.mnlbbplr Swmnndy mugpaflinds wpbmp | oqupdhbi gpochmf lpnpd
Shulwhipny wngubpuhl gpgubibbpnd wnwgwymd wpShowmwlyol poighpfi,
fppny i d SwhwwyupSibph, spubigpbbph ne wwmppbp Gunngylbipl ol puigne-
Pyl Ahns el ey i plpned uﬂthpm;ﬁb Jﬁfumhfrrl!ffi neanel e fiproafl gnilip
qdifmpmliacd Loy dfughe pubgh oo gt b dlifinfaodfd gl fpo m.-{r;m.[
pugdwfife] bphpwpwhulpul,  Shapebphpmpwiolyoh,  ghodop$opngfradyei b
[ried bk ~bplpproas poes i fyuske gupdnbihplh  Swpdundwi  whSpmdbpmndfl pud gy
wgthe wigu qrpdabibpl Sunlbdumalute ghple pesgoSugd wh pmpqm.p_;m.h .'J.'f-
wutlewleprnif :

Zi:[r_q uppnyliuf uufpnqzml‘m’; g lghip o uml&q_d-uu”l by Awhgfawhood |
unguhpl fbppnedneflyuh fulighpp: Ugg nwnolbuafpnddpul wompodwlpml o b-

:sii{;;:gmlf‘-_r Gupgugdby § Qhfuoupmfwlfiagfy Sk Uplpspudenefl gl o fonocmnod, -

gty 7P Sndefupl 9-fb b Pacpgupfro 0 b Yool

e g foes g fo plpupatincflpwds  flwmfanoonmd,  Uad o,
= 2002 bl pastoess fpuasks afrmmifl prcdilihipfe il frnmn i splomil bfussslafolpeigfo proadefo of g fip e
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sl guidep Shwpuifapnflgmds e plianpby quligh o peo ljpinngghbph wnkguigpp-
il L Sutlpman gl pu gpls grpdndibnefi pule mbuwlbbpfi oc dfignghbpf plnpe-
-1.v1mb Ympus s lpps Sonprid sape safuledd e, fruly Jmebmf‘mJ[ch m&uwal\'!nd:p :bmpm;[n-
-uvmﬂ!m!‘ fanus fpulyuilensghby womplowbaljwl  wpugpupp unqubipbbpp ghd b
Qg by quiigh fwppl lyubsfussgaegulppod by

Uyu mbuwlbnfry dbé b ghnlo ny prrfuslpusiscyufs gl v ar if s & oglincfl jride
WMypapnyg b gmegy muy wnguidipugfle Swpbple fbppnedofl jocep b (ulbighpl nkgu -
Ndufizhple  qupddiml  gupdfpu gl upuwmbdwmply  ghwocdbbpf wpnndiplibipp,
0] u‘m'bp wiley bl Qpagefnod puiighpfe funppogfits unqpfl bmiumlqmmpmumm[fmb fsrre-
oo Ugn Zwpgl plbplymodp Swpdwp | whyglugidy Shalegug Suwgnprguslypline-
L\‘p!md'p' 1) pulighple qfilwd fldpute dfrodwd b lpo unqubipl ghopnui, 2 ) prusti=
l"ﬂpﬁ ql;hnnf’:l‘mh spesipreg s gy nnqmb;p’: ghupprnud, 3 ) fmbyﬁpfl qflbmlfflf‘rmb P~
Ndfwimply wngubiph ghogpnod:

LUB2E ey by UG Lruuusl, UNuen suaenmr

Vwlhydwh popnp mhuudpui ufubdwbhpuod  phogodifwd | Supfl  faligfip,
o angufiple blifluwgpifned L, np wungubpp odife wliow S dud pwginiflgncds b, Sheorki-
o fupp, wnguibpugfie dmpdbfe pogop g ol hopdwdphibpp  Gaegonlpot bis
e Shmpufnpufgeite Lomusgpo glunky pubgh df Ghy, opfifiul, dbly dhinp gy~
dibmﬂ;ml‘: 2hpmpy Sudwunmpmlguncfl gl folighpp: Ppodpaliood g fof wilipling-
W by wngmyny pugh pmbighp gognefl gnide yudisht b unguhplihpl Jhd dwup nelihh
N hypfndds, hplphuwdle fund guspands hpugnd wpmm S gmfud bplpppadnd: Qe
N Hpwphu fpwhnt, vogubpumgpe jwhghpp wypl bl phlfbnof S pfog s lphs progy huwrnneg-
W fumdpni. gy dfpa Shp g gfnod b wnaisd s lplhuwihpp fpod dgifwd Snguw-
o Snuphpp' gpuby dfigle pupdpugey dfrgunguilipugfils funwplihpo: Ugu dfigun-
« quihprghte fpunmphhpp,  pudwiofmd  wngudpo gl hplbutibpl Gngdhy  wno-
¥ ,mg:f_m& ]r,fu.q:[:m)pm]- g gk wnwbdbmbinol b ufauﬁ#muf, fmh,]; fbphts of v-
s ubpmds Lwligh wmnpfile dwulipned dhgunguipugfle  fsmeplehpp wrafmpro po e
o dudlpfmd b gfienid mbgupmpdiwd Ggefhpnd, npnip wnwguglhngl bie un-
v quibipun gl phyndihp . awlpa e gy dwdlhugg Pl muly dfign by Guphf b St gury v =
\ phply dhyungubipn gl huopibple vmopghob prapnckilpncfl predope
Fpuelytonifl puts by Gl pusgpewd waShgdun ufubid wlehpp wirnpopud of-
 Aned By Shanhguy mbuudiihpfe. 1) whgugwpdoud fhp Swpfad gadp, 2 ) oo
L gpdmd wpuanlyurk dulphplnegflibpni, 3) uthquigupducd hnpugfid duwlphpli-
- fmgflihipnf, npnip upprurlpuls dwlphplongfubp b Swbigpumbned e 4) whgu-
o pmpduad pupy Twlphplog ik po /.'mrnpqmlpubmﬂjmn"p plilimplbtip gpuwip.
I Shqupwrednndp phf Gwepnipywdp. wu hatiugpi wupmplbpl  whgu-
tferfunefl pale wd blospupy 8 £, np unifnpapwp whyf £ ekl hplpup o~
 ghpfilie Ppph wynuphuf AB Surpfloacfl yuchs fpwpog | durnughy pulagfe  dFwlphpling-
o W ynighin zfapm:mfnptfmb Swpflacfl gndip, byt fily fungup SBuwpl durlphph-
yugflp funl, ifbpguuglin, gl '-'mpﬂmﬂjmhp, np ".'nq:fwﬁ'mpa[mé wripuapric ki fo
fhplts phpinp purdwlinod b ySngidws upfud wpd wlynly woupmpthple Ghpphi
hpmpy (Wl 1*):

* Whpwphbpp mh'u Ly 4151
12— R4S
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mutbph Q'M;mrrpfxﬁpp w fu r;lueqpm;f
Ukl o plitengl [l preffyndip- bpuikip
Lifmudubp: 5ﬁpmm|[npdmb Php
by Glfﬁj_qmpf-mjmnf Fnu-

Umtmbp[: miqmzmpdnfwl: l-ll'j"'""“E"“I'.'Jr
qriguibn b Lk Snppgalp Sywmdudp o
wilibl dpududubulpy b Swfuesp  Lpunp
Swpfafyundp whqugupddut opfliul fup "".t ?wm;u Heim, 1932)* & Quink-
phpg fhnaats puigh unqbpbbpe $nppnd o s zk.ena.Pa!mI;muf- Shpuny
i dmn 1910 . (Wehrli, 1910), ok byt fely Suprl R A

S WeConnell and Brock, 1904)
wwpl wnguhbpp Spbllyf Jnem, 'fmbmqm;ﬂuf (McC ¥ wiuRSwal Iprh.

2. Skqupurdnufp AB wynmuljul dwljbrbnygpny whnfr L m S
yusbighppl, npalp huqduwd L Apunfu gy Swwn ."fnumul‘mufhbpﬁ‘q ;::.I .L‘
Ohuryuwd wewShgd wl dulbplncefin fupny L el By nplik WIS I"I‘FI
froyfip A" ppguwbiwguibiwdl, 2pgwlim nbwdl, ay s arn il el hfmf”"f”?‘”‘“‘ I ”'H'b'
bl wfpbdwhbpral fi bljunfs bb wnlifnul uum s byl H,‘,,,,bmw'")”m‘b
duwlibplngffobpp: Udwh gpulibbph qununfpybbpp fympng by evemwlif by lm-‘r
v s wlibpnud: Bpuuhbu, Neardesnif gy gty pl ""7“'1'1’2‘!'!'"“; qpuibp fuagibnee
Ljts 24-py dfligh 870 o (Binger, 1948), Loquybtip (Vnpilbafur) 195 Pofuduiy
b wagulbpnul® 65 I (Cepaapiacon, 1960) : hnumnugf, Unghfp s, sl -_."-
quiinupl phpwlhf Juwop bpbp Surgnprpurlyts upin b unguiliplliph nuhihfrle v
Jusypmammufumimpup 18, 61 b 76 A wpwmnd sl zmmmﬁlqﬁl'{' I'S!'f""'"l”!”"h'
quwl b mp., 1968 ): Gpyulwlyniomdh dulphpliay e unqulp qfrunifby 4 Ol grnily
1935 Pyuwhwifh (Anipocos, 1936):

Uhfusmbiplymlpwts wnnolod fhp Swpflnfljudp wap v s Juslpbplingfl=
Ghpni whguywpddwl phgSwing fuphap wrnm b &b Swmpnoflpneip  wngpu gy
qwbqn{wdﬁ bpl‘rpmzwlﬁwlfmh dlfs mfnf!m{mfu :qun'.'nfuﬂufmh ‘:bmﬂlle“P"'pJ'"hh
Ly putifs np bpw wid bl Jfp gpppaul wmbyufnpng angulipf Snchfi aeprifmgdbipp -
duupuinmufumbingd bl wn bgpuisfin fusf g dwplfr &lfili:

Ujumppufe dwlbplogfibpn] v bgdwh dwdwlhol g frav g freh mud b
wipfunwhpp Wi wgurgac il by purtefe np gl durfuwsof medd bl fra gl wngguilap Sl
I nhgufnfufng dupidhf dhple mbgufupofurd Sl bd wuupup pupuly [l
Poul gpadinf Swebflibplh pugpmgdml b gl ifpo, Lk, mbpmgu, widpnygg
Swpdf wwSnudp fuwmwpfnod o frad wfmiol s Lustigh &lwnsfyn fud ety wurgu iy frusfe
nghupphpp fpwpbyfe b Swduupnonua fusliopup W whbghby ppolf quipd dulip’ Plip
duhbplingfof, fjud, hobnf wpnmdwhp® wawbypulpupoul: Purip np wgn qhug-
prvd gpndimfe Bhppht wbgusfiofuilwh sfpo Eibpafoogfe dwfunnl whafe ofr ocirk-
Trnedf y wannpus wrS e p Tl tfmffﬁpﬁm‘ﬂfl&pﬂl[ mbrdl L nalihitinud uuj_'hd: g e
Shpm, pwh of ppew dulpbplinggffilipn: q'pmbmz b puguamnpined pleacfpuds ifhyg 1=
Shgiluh dwhbplngfubph Sunlwuybe Byfwd mbumlbhpfe pugh arruprinn ol pre

Unguwhplh wmbyuwywpddul mpugueflndiihple o bilpanptdipp af puyg gliog pral
mbgugpiocd bi wghabu, np gpuwhyg nogguSwgughbipp Swoalbi oprondwl plog-
Lutinep C wnwhypl Sk Shyuwyuipddwh Jllpnaphbph Jhdncflgnedip w5 hiydud
duwlbpbnflmd bngbh b (pupudy spupbbpp 2-py gdwgpaal ), awlpode yufifng
whguigupddwl fbljmnpihpp (ophlunly, N 3 wmbqwifipp) woflipf dinpp  lyfiichis b
Ipnpngibls wpnindwh CR  puwnanffigh b M 3 wmhguithofr pmgecdfe sfinfuSwpoph-
proufyudp. Jhipghiiu npnyfnul b Lblunpaihy plph N3 Glinp philpnd qfuumz:l-

pnlﬂ:m:fpr

* Fpulwhmflymbp ' u Ly 35—40:
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Php Swpflofl pudp b ol duslpbplone g flbipng o froad urd wolssanly pus sen o gpuas -

v qupddwle ghugpnod unguibiph popnp hknbph wipmgmflymbibbpp nleble djrod -
N dwbmlypus Lpumphdnodihp (W, 1, 2 ): Lulbgh fpus, ungubpught dwpdbf Jbpphl
o il wlife dnw gpfusfnpusgba gpafnod b fghgfud dgdwlk B Shngpwdpbbp,
o fruy winnpfle wwSduhfe dna’ pupdpwgfusd whyddwh A ‘&'ZF‘!““’IIJF (Tep-C'ri:-

4]
th

naunn, |9.7Jl‘5j: 9‘{:&01‘9 S ban it gpan mmppﬁpm{!ﬂ‘d'ﬂ !fwﬁufma ) unqugny k planp-
duqpny quliqfudihph funnfindibbpl shnfoiwpupbpnflindipge bRL wusnalp
g § dfrd il wlernly, puligl dfigfits duuned Guphp Jbl blpusensfmed :
Gp,mbmwmhwdbbpﬁg wmwpphping saparters s by sar by lfw!ﬂ-phm!ﬂf:&‘sm[ b ppuas -
pupdifbyfrn gupdifny qubigfwdpfe wanpfi dalhplingf i wwppbp hhmbpp whgwd
wigfls wnguihiple Sochfe Wlppsndwdp o oF b Qs fusfind | wpernsmid ek 2rpugdhpf

> ?mmm”vqbf-pflg: Uyn wpunlwnni by Justigfo Jmllfap!mqﬂ[:' mwpuwddul dpllingh

yafe ffpu quidifng whyuidwabpp Quwpeg bl fildy Alevssefir furrmefi oty wwpphp -
H;,muf' l{nzmmﬂjmb, ungple b u”wumflf;ncﬂjmb 'f'"'l‘!'ﬂuf: ”‘pm ‘:Lm&wbpn{
amqp!t fe wppravan frlppa f poats o fiedip fr d gl biggusd i wlibihpod wnwgmbind bl
awipfe bplpm g lyfy Gwphps Fpuhp hnybphy v whwgdnud bl woipulspus g
,fmpJflbﬁfap!u

8. Sl,rlm;mrt]mufp nrwqhd tfwlllwlanpﬁlarntl. neabif upmunwlju vl h-
ehfnyplibe LG Bwlnpuwbood, ppbipy Irhprlpas g lomed | ungquhple wwpudfud
wthuwly mgh pulighpnd, npuhp hugdfmd bh wupphp qﬁu"mqpuquruﬂ:mﬂ'!mb
wrgmptchpfg (Wl 3 L 4 )

ffb[uml‘:fllpm"mh utrennesf ol ooy frofs Jmlfbpﬁm!ﬂbbpp ul{qpm?:pnpf.b -
pl.pn{mtf Lie sfbplind Wlpmpugpfnd bl mbum[{hbp]:g, puilth np wary b gy of ke
me‘lbphm._fﬂﬁ fynpoafl gatep Sngpuigfih qm?npfmdhbp[: qum:jm{quh nurgae-
Faomdp, wliphgSum shoasfinfufnod |, Jruly unguigng dupd filep dlewifrnnfusfaad £,
dymumnphu Swmpdwpif by Shidwl hop wp g o bp i by Shlinbprsf wonguite-
plr whypuyapd dud Juuhubmll Snn i dupil vl wmbgl L ouliblind gpnichnfi
duubifpibipfe Gbippfih m&qm:ﬁn[nmﬁ;mh I wlimby wnwgwhaud b (g ey
pupd behip, fruly ":!nmmqnumd" gpcdion e fuqnnfﬂqﬁb d!:uu[mﬁm:ﬂ!m}:bﬁp, T
g Wpwplyfe L gy anhgugupddwi plongf i v fol s

Guin unguhphbpl wiwi byl wh Jmffl:pﬁm!ﬂh&pfr prpulywls dbp ghoka wh-
promfupay | miuned i fopifud ﬂum,mpl{t[m& b ungulipfe  Sndfi hnpugdbpfe
dfe putify &ibp® glilynfig, &lusfofusfud Shopngleypnpo, pogupffid ulpw upur
b gl

Unthp{; plncgflf tﬂapﬂu.émﬂlmb Swdwp gl S pid iy | hnpurgfrd
dulphplinggflubipp winpupud wihy bplpne fuddple, Twsgud [ ap noggocfl pudp |
fppimmpifocd qpui g hnpmfl pusks shadfinfuncfl niiip

depy Wlupod gmygwapifwd L dh qhup, hpp wwskgdwlh AR dulpbplenegflf
Ynpoflyndep pushigle Swmulyfr avipguifl pud p Wl ugaal | Unyustepf utliguiyipd -
uels wpurgnifl praiteh pfo I/!J!!H’lﬂflhhﬂ"l wmbhyugpifnud i wgbuphu, up gy nug-
s S g gk 2 pumifehidy quguifnpafl juedp gl fs bplhlup qupdws CD frnpugfi-
dpre Aepyg Wlppnedd goegy | mpifwd Tl wgp qhyp, bpp wwsShgdwly AB duwlphph-
gl hnpofd guddep qutigf Summlfs weqgpneflymdp dhdwhncd § Uy dwd sty
unimliple whoqugupdduri wpieg ol grcifeipfi fblpmnphibpf mugpp o p g hbpp
2eputfnid bl C[D Ynpughdp, np grauifapmflywdp quipdwd Eoghyf gl filip:

Uﬂqmbp{; durlphiplinegf fiia unhguigupdifng Swpdbfe Jhphh e uwnnpfl wmf-
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NTr, . 1 WL lll.l i ‘O-
Jubiibppl qupguinad bb pugSwtng wludp T a: ;:r ;;I q.,...;: .;-
plaud blupuagpfud Php 'b'mppmﬂjmnrp I u;mmwl,mh furly ['bﬂ':; “F mm-”b
dusls qphuypbpand: Pputig sl bpuslined bl dgdfuwlk F {nm‘anhm#m swphpp

Ty o doans fpaaads S110=
Frul. 3) b ub Jifwh E wnpflqr 'l
ohle padpfs ungquliphbpf Jbppt pudinul ( ] u ?'r A 8 et

pbpp' bplpnpy fudph unqubpubph wanpfl  pudi s

;u.r:;. unfgbgafmhh Sil‘bphnqpﬁpopfritwn" quspbyh & Shyarmulbe 1 937wkt
unquitipp® QpigBopnp  spunlpuph  wdpupakf fyut, dunfuboy
(bulipu, Ubigpfi ): Ujuwmby wwShgdwh hnpughdp
apgugdbph wibgbpmy® 12 A gunwifiqni (ubgh
Jfygni] quligh ubppph Juunul (Cooling and Golder, 1942): bphpnrn fudpfe vr-
Shgdwl JulhplnyPh oppluly | Swrbngfuwlind, Sunfwlimpuifty wifbih pwlk CEL
Yfgnidbnp bplupacflyuls fungnp unqubipp’ t{bpfuh&—ﬂ'nqw;b"f[ﬁ 2w Meglyeny-
s qyrungfe ofman (Nelypu frisus, bbpunbfe dupy) (Teaerun, 1954) :

4. Skqupwrdnulp pury vwljbrbngpilerng
whswpfl nbpb$h ghwypnul, np wrwgwhnul L oy
php gllwnprquilpubef jul Shanliulbpnf:

Uw&'bgnfmb g Jm{rﬁpfxm;ﬂm{ m.ﬁqmzmp«hhuh hl;mpmqp!fm() nbiny-
phppy Yuplbp & kb Znwpunbghfi  ungulipp U'bl”&lrpn;qur Jowm 1913 [
(Tietze, 1914): Ujuinkn, jutigh o bppl dwunul, 2wpdm.ufp whaf b mibilighy ppgm=
buwguulimdl, fulp wnoppb Juwunul® ppgwlmlniimdh Jml‘tbpfmqphbpmf_:

Mppywifs drnpp ungulipnul, 1955 f., Snikh l:p)}pmpmhmf!mb i i &b~
Surlprffprcsbpfe Shunhwbpnif lpapdoh C wpumnp wangughy L m Ph qusligh
Jhppie dwuned, wyp wg fngfil: Znguigfl qubigfudlbpp ulpypuul muqaif by bl
up D dufu i, npuby bputy qupdnulp Swhgfuyhy & gfolugpod ot b
gy quibrgifwdbbpp Fhbpifhy bl puiligh [r furyp (. a )i uﬁp"q'”’! upmplibpp gy
L mugfru fblpmnp wbgugupdaulibpp 1955—1957 ., ful !Ham-uqmphf.pp‘
pupddwl Shmnmgdbpp (Tep-Crenansu, 1961)+

Ukd duwuuwndp pupy dwhbplngfubipn furinumpfng wrliquigupd el ihpp foe-
ool ki ghpgroffog dudlymogflfy wmShgduh durdwhnly wiplwlpol o
wpplhph o pu g umzﬂpwpmp gy frufe gl phpnul puhighpfih qmpqmimuf il
by SoquSnuphp: Ugu unguilipugfris wpl filehip o dqifwrdnefd gurls Sl leasle~
prif Snqu gl quiligwdlihph wbgupmpduclp mbgh [ odiblnal n of fraasdd snaf ke vl
wyn fuly wpwmBuwnn gpuip o bpprcddact bl winnples

zfnbmp wipint

ywpon bp ;
bphh Jurgnud® I S

S wpiwlip wnquhbp]u sy 1=

LUL2P HhuUUbulY QU D8N, Uﬂ'l.l].'ld-’h. HumL AR

hplnol phirmplydind unquidiplihpf whumlpute ufubdwbbpp of bpmphpnod it
Snquighle quligfwdibpf il frusd il by ly g wliquigupd duwle gl phpfii Lintighpfr
wmlSmdp Jhd Smumdp qupgugng plhnggft L fipoud, wignfliph® gl wlpnfaol |
wwihgdwl wminbbghuy Jwlbplng@h hnqpwdl dhnpp whigud wobpmd: 0 eszes~
wutfelpnef gl shngnod quinfog wpg whypmdwebpp fphiigod apognol Lir umShgduh
ogufule qppp: Uy hqghwdl wbyudwubpnod ool gfifwgpod jui hl’lu:’r’l’m’!
Shnliipni (wplpu gl Gpubdnfd gndifig J plgle dhmgnpyugfiap ) byl § n.rJ:f;-
Unud grguitfng jupnedihpfe sfhpusnbigupugfunal le pugpu gl phiffugph by bt
bhpgpunfnod Swplwh mbgudwebpp, dfigle vwlhgdwh wdpngg wponlig foeg

duwhbplhagf whygnalp suwampleo b giogpie Ugg  ypoglop Swoljubiupo.

ifin e utpﬁhl!fal hplyne

S purmi~ :

bl £ bbb wannpoghord e
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gupdmud wpdbpuinp wfwhg mbf wpnBbonp Uhdupnnbp (1967 )* fp (bl

L gl prppOpY quswisfuruoiffpudp”s Ul dwdwhulywsonfwdp, nph phffugpnal

g g e sfpmengrad p mmpumdifnd [ wwlbgdwl wdpagy synwmbbgfey Juwlbpl-
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Tex yii-

JTeficTBHTEABHBIT MEXaHH3M ONOJA3HEN IHAUMNTEIBHO CA0KHEE o
HepHBIC

POILEHHBIX TEOPETHUECKHX CXEM, HA KOTOPBHIX OCHOBBIBAIOTCH HIZKRCHCHE
PACYETH YCTOMUHBOCTH CKAOHOB. DTO B MEHbLIEH MEpe OTHOCHTCS K HCKYCs
CTBCHHBIM OTKOCAM, 0OPA30BAHHLIM NYTEM OTCBIIKI OJHOPOHOTO MATCPl:
ada, i HMeeT GOABIIOE 3HAUEHHE /LISl CTCCTBEHHBIX CKJIOHOB, HANOASIINCH
B COCTOSIHHH, OJH3KOM K npeleibHoMy pasHosecnio. Occfoe  BHIMARHE
NCC1e10BATEACH J0MKHLL NPHBJACKATL HCKYCCTBEHHbIC CKJAOHLI, 00pA30BaN=
HbIE MYTEM CPEe3KH IPYHTA B OMOJ3HEBLIX pafioHax B CBS3I CO CTPOHTEAIb:
CTBOM J0POT §i KAHAJOB, BO3BEACHHEM CoOpyxKeHuit n 1. 4. Hsyuenne mesd-
HI3MA ONOAZAHHS B TAKHN CAYHASX 3ATPVAHACTCH HE TOJALKO  BCACACTBHE
HEOOXOAHMOCTH YYeTa MHOTOUHCJACHHBIX TFEOJOrHUCCKHX,  FIIporeojorite:
CKHX, FeoMOP(OJOrHYECKHX H HIKCHCPHO-TCONOMHNCCKNX (paKTOpOB, OKasbl-
RAIOUUIX BJAHAHHE HA YCTOHUHBOCTL H ACPOPMHPYEMOCTL CKJIOHA, HO TAKKE
I BCJAEGACTBHE CJAO0MKHOCTH BBISIBJCHHS OTHOCHTEJALHOI PO ITHX (PAKTOPOB.
VcraHosaeHne Beefl KapTHHB npolecca 1 NpeACTaBJAsieT 3ajauy aHaJjansa
onoazanust. [IpocTpancTBeHHBI ACNEKT ITOrO H3YUEHMs NO3BOJIUT BLIOPaATL
1eJecoo0pasHyio CXeMY PacnoJoKeHHs COOPYKeHHil Ha CKJAOHE, THIl H CHO-
cobbl MPOTHBOONOJI3ZHEBOH JACATENLHOCTH, @. BDEMEHHOH ACHEeKT /acT BO3-
MOAHOCTh OCYULCCTBAATE CTaAiiHyI0 GopbOy ¢ ONOJ3HSIMH H COCTAB/SATH
NPOrHO3bI TIOBEJCHHS CKJOHA,

* Hokaan, caeaannnit 5 eoaornueckom mnernryte HYexoeaonaukoii Axaaemint mayk
& Tlpare 9 susaps 1967 r. n v Feodornueckom nuetnryre Boarapekoii Axajesmin nayk u
Cogu 31 siupaps 1967 1. :
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HABJIOJIEHHA 3A JIEQOPMALIMAMH CEJIOHA 25
Boastiryio # eile HEAOCTATOMHO OUEHEHHYIO NOMOUEL B 3TOM OTHOWEHMI
WOTYT OKa3aTh #HaAW3 ONOJ3HEBLIX TPEUIMH H PE3YALTATHL CHCTEMaTHYe-
CRHX HHCTPYMCHTAALHEX HaGAI0AeANH 33 CMEILEHHEM DENepoB Ha CKIOHAX,
HPOBOARMEE B noaroroeuTeabHon daze rayOMHHON NOJ3VYECTH CKJIOHOB.
PaceMoToelne FTOrNG Bonpoca vAoGHO NPOBECTH B CAEIVIOUIEH nocieiopa-
reapiocT: 1) AHHAMHMKZ CKIAOHOE NPH OJHOBPEMEHHOM ONOA3aHuH; 2) 1uHa-
MUKA CKAOHOB NPH DPOrPECCHPYIONIes ON0J32HMH ¥ 3) JAHHAMHKA CKJIOHOB
LpH MHOTOADYCHOM GIOJA3AHHH.

JAUHAMMKA CKJOHA NMPH OJIHOBPEMEHHOM OIMOJI3AHHH

Bo BCex TEOPETHUCCKHX CXeMAX ON0OI3aHHA TPHHHMAETCH NJ0CKas 3ai1a-
4@, 7. €. NPEANOJATACTCH, HTO ONOA3CHL UMEET GECKOHEYHYIO WHPHHY i, caelo-
BATEABHO, BCE NONEPEYHLIE Pa3pessl ONOJ3HEBOIO Tela HACHTHYHLL. ITO
HOABOJAHET PACCMATPHBATL 3a/1d4y PABHOBECHH  Y3KGH  10OJOCH  CKJIOHA
WHPHHOR, HANpUMED, B OAKH MeTp. B ACACTBHTEABHOCTH TAKHX CIIOMHBIX
UHPOKUX ONOJBGIONHX CKIONOB HE CYUIECTBYET, ¥ GOALUIHACTBO OnoasHeil
UMEET OKPYIAYIO, IHPKOOOPA3HYIO MAH SCHO  BBIPAKCHHVIO  VIHHCHHYIO
(opmy. Kak npasnio, onoassessie CKAOHL OTAHHUAKOTCH  HETKOOGpa3ibiM
CIPOCHHEM: HA HIX YEPEAYIOTCA OTACABHLIE UHPKH WIH BHITAHYTHIC 3CMAAHbIC
HOTOKH € BLICTYHAIOIHMH MCAKLY HUMI MEKOMNOJAZHEBLMH rpebHaMu. ITii
MEAKOMONZHCBLIC TPEOHH B BEPXHUX HACTAX CKJAOHA 5ICHO BLIAASIOTCA B
peasede, GYAYyUH PasACACHb JENPeccHsizvi, 06pasoBaHHLIMKE ONOAIHEBLIMH
pKamMu. B HWKHHX 4acTAX CKAOHA MEAONOA3HeBble rPeOHKH 0OLIMHO Obi-
EAIOT MOKPLITLE CMCCTHBILHMCH MATEPHAJIOM, 06PA3VIONNM ONOJ3HEBLIE 53bI-
Kit; OJAHAKO MOA 9THM NOKPOBOM BCETa MOKHO OOGHAPDYKNTL  NOA3EMHGH
HPOJAOAAKEHHE MEKONOAZHEBLIX Tpeblei.

Onueannpie B JHTEpaType CXeMbl ONoa3annsa Nojapas1easioTes Ha cae-
AylomHe THIG: 1) CMENenHe 1o HaKJAOHHOR NA0CKOCTH; 2) cmeuledne 1o
LOBCPXHOCTHM BPANIeHHs; 3) CMEWCHHE 10 KPHBOIHHEHHBIM NOBEPXHOCTSIM,
He ABIOUIHMCS NOBCPXHOCTSMH BpalleHus, H 4) CMCUICHHE N0 CI0HAHbIM
foBepxHocTsM. PaceMoTpuM HX NOCAE10BATEABHO.

I, Caewqenue no HAKAOHHON RAOCKOCTU SBJASETCS! HPOCTEIWNM BHAOM
HepeMeILeHust  TOPHLIX  NOPod,  OOLIYHO — NPOHCXOAAIMM  HA  JLTHHHBIN
CKAoHax. IToit nAockoeThio AB MOKeT CAYKHTL napaniebHas noBepx-
HOCTH CKAOHA [MIOCKOCTbL HANACTOBAHNS, NOBEPXHOCThL KPYMHOI TEKTOHH-
HECKOI TPELMHLE 1M, HAKOHEI, MAOCKOCTh, OTACJAAIONLAs NOBEPXHOCTHbI
AL BHBETPEABIX NOPOA OT NOACTHAAIOINX HEBLIBETPEILIX KOPEHHLIX N0~
poa (pue. 1%).

Bektoput CKOpPOCTeil CMELLeHHS ONOJA3HSE B PACCMATPHBAEMOM cayuac
HAPASICABILE H MMEIOT OAHHAKOBLIL HAKJIOH K TOPH3OHTY; OHH HMCIOT 01
HOBPEMEHHLIC 1t PaBHBle IKCTpemyMbl. [Ipumepavu CMCUIEHHS 110 HAKAOH-
HOM IA0CKOCTH HANAACTOBAHKA ABAAIOTCS ONOA3HH Ha CKJAOHe ropul Poce-
depr s Wseiiwapun v Toapaay s 1806 r. (Heim, 1932%) ny 3arrean s 1910T.

* Pucynkn esm. erp. 41--51.
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onn 1903 . ropnt Teprd
- : il T ﬂu“uc__onu.-'l.itilb
{Wehrli, 1910). a no TekToHHYECKOI TP K 1904).
YaSpeuiny b, Kimans ((McConnel e .lB [ POHCNOANT

2. Cuewenue no NOSEPYHOCTU GPAGERUS Ml lur.m:-m.'mm.\m (pHc.
FOTKHX CKJIOHAX, CJOMKEHHHIN MOLLHBIMH FOHHHCTD JopMy 110000l NOBEPX-
2). XoTs NOBEPXHOCTh CKOJALKEHHS H MOMKET um‘ﬂ? 4‘*lil .'l."-l\'l'lﬁ- OBEPXHOCTIE
KOCTH BPaLLeHHsi— KPYTIOIITHHIPHYECKOil, KP.\'T'-:'f““'_“:' :mcmn‘ﬂ 5 BULY
SAAHNCONTA BPALIEHNUSI N AP.. B TEOPETHUECKIN LM"\;;I.. yenl TAKAX WKTIH-
KPYIJOWITHHAPHYECKIE NOBEPXHOCTH CKOAbMeHHs. P \qansix [TaHAMCKOTD
POB MOTYT KOJEOATHCH B WIPOKHX Npeieaax; TaK, = ono-d  aane 1954 .
»aHaJa oMu cocrasasan o1 24 10 870w (Binger. 1945). 8 ";.:""' noc1e 10+
8 Jlonadene (Hopserits)—65 a  (CeBaabiACOH, 'gl‘m'.- OO 4;\1.1.«-
BATEIBHLIX BPALATEIbHDBIN Onoa3Ha B }L‘Tbl.‘B(ll”[ HyacTH .\lL‘-l.lLllll‘t 8 IS 5
HOro noToka B Xocre (oxkoao Coun) mHmean paiuycs “[muullllﬂ ‘-u
W 76 a cootsercteenso  (Tep-Crenamsu 1 p. !968). Onl(:;;-:li_'
10 KPYIJOKOHHYECKOil MOBepXHOCTH Habaiofaercs B Onecce B 1932 I

Anapocos, 1936).

= g(.\:szammec:cml OTHOWEHHN 0OuLell BaXKHON OCOGCHHOCTLIO CMECILeH
[0 HAKJOHHOI IIOCKOCTH It G NOBEPXHOCTSIM T/ BPALILEHHS SBARCTCH m_‘u‘.i-
MEHHOCTh rt‘OMBTPII'-I(‘L'HOﬁ (l)OPMI)l ONOA3AI0ULIEeT0 MacceuBd, TaKk KAk oveptis
Hite BMEULAIONIEr0 J0Ka B JI000M NOJONKERH|E MACCHBA COOTBCTCTBYET (pop-
Me nepeMellaierocs Teaa.

PaGora rpaBHTALHORKBIX CHJ NPH ONOA3AHII N0 TAKHM NOBEPXHOCTHM
ABAKETCS MUHHMAJBHOIN, TAK KAK OHA PACXOAYETCH Jiiib Ha paspywenie i
TPCHHE MEAAY HACTHILAMM TPVHT, HAXOIHULMIICH B t']"EIBHlITt'-'IhI‘l('I TOHKOH
06ON0UKE, PACHOAOKEHHON MEAKY ONOJIHEBBLIM JOAKCM 1 EPEMCILAIONINCH
TEA0M, €CH, KOHEUHO, ONOJ3aHHe BCEro Teld COBCPILACTCS O1HOBPEMCH:
no. Takne cayuan AeOPMAIHN CKAOHA MOMKHO VIIOLOOHTH ABHZKEHHIO OJ0RM
110 HAKJAOHHON MOBEPXHOCTH WJAH BPAUICHHIO BaJa B NOAUNIHIKE COOTBCT:
crento. Tak Kak B 3THX CAYHASIX HE NPOHCXOAHT PACXOL0BAHIIT IHEPTIT Hi
BHYTPEHHHE NCPEMEUICHHS TPYHTA, TO ONOJA3aHHE MO0 TAKHM IIUIl(‘])XII(J("l"all\l
NPOHCXOANT  PaHbIIE WAH JErye, uem [0 JAPYLHM  NOBEPXHOCTHM.  D1iM
OOBSICHSETCS WHPOKOE PACHPOCTPAHEHHE B NPHPOIE  HMEHHO  VRKAZAHHLIN
THIOB TIOBEPXHOCTEIl CKOJABAKEHIS,

BexTopbl CKOpOCTEii CMELLEHNSt ONoJ3HA B PacCMaTPHBACMOM  CJAYHAL
pacnoaaraloTes TakuM o6pasoM, YTOGHI MEPHEHARKYAAPLL K HHM 1EpPecerd-
Jineh Ha obuteil ocn Bpauenns C. Beanunna BEKTOPOB CMEIEHHS Y MOBEPX-
HOCTH CKOJLKEHHS O/IHHAKOBA (TOHKHE CTPEJaKy Ha puc. 2); 0JAHAKO 13-
MepsieMble BEKTOPb CMEIUeHus (Hanpumep, penepa 3) OVAVT MEHBLIIHAMIL I
ONpejedsaTes U3 COOTHOUWEHHA MEXAY pajuyvcom BpauleHusi CB y naeuom
penepa 3, paBHLIM paccToannio ot nedtpa C ao Toukn 3.

[1pu 0AHOBpPEMEHHOM CMELICHHH N0 HAKJOHHON MIOCKOCTH H 110 NOBCPX-
HOCTSIM BpPAUICHHS CKOPOCTH BCEX TOYEK ONOJZHS HMEIOT OJHOBPEMEHHbIC
sReTpemymbl (prc. 1w 2). ¥ BepxHeil rpaHnibl ONOA3HEBOrO Teaa Ha CKIOHS
HAGJI0AAI0TCA TIABHLIM 06Pa30M ONYHICHHBIC TPEWHHL pacTsKenus B, 2 v

HA KO-

* Jlutepatypy em. crp. 3940,
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syl rpannik—noanaTee rpeitnns cxatis A (Tep-Crenanan, 1958). Hx
sadsHeiiinan AndhepeHiunauns 3aBHCHT 0T COOTHOWEHNST MEAKAV NJIOTHOCTA-
MH ONOJA3AI0Er0 W CONPOTHBAAIMIETOCH MaccHBoB. B cpeanem ortieas
CHAOHA, CCH ONOA3AHHE NPOHCXOIHT OJHOBPEMEHHO, TpeluinH He HabGaw01a-
e1CH.

[Mpy cMelesdy 1o NOBEPXHOCTAM Te1 BPAIEHHH, OTJIHYAUIHXCA OT
KPYFAOUHAHHADUNECKHX, NYTh, NPOXOAMMBEIL DA3NHYHLIMH TOYKAMH HHIKHell
HOBEPXHOCTH ABHAKYULETOCH MACCHBA N0 OTHOWEHHIO K ONOJ3HEBOMY JOXKY,
OyAeT pasHuiil u OVAeT 3aBUCETh OT DAJAHYCOB OKpYAKHOCTeil Bpauienns. [To-
STOMY VHACTKH NOBEPXHOCTH CKAOHA, HaXOAAIHECH Ha OAHOM JAHHHI NPOCTHPA-
fHH, MOTYT HAXOANTHCH B PasinyHbX (pasax Jehopmalny—HKeCTKoCTH, noa-
SYHECTH # naacTHdHocTH. BeaeacTeue 3TOrO Ha rpaHMnax MexIy 30HaMH
MOASYUCCTH | IJIACTHYHOCTH BO3HHKAIOT NPC0JbHEIe TPEUIHHLL CABHTA; OHI
OKOHTYPHRBAIOT € OOKOB ONOJA3HEBBIC Teada,

J. Cxewenue no KpusoauHeUHniM  NOGEPXHOCTAM , He ABASI0UWUMCH
ROBEPXHOCTAMU TCA GPAWEHIA NPeJcTaBageT coboll pacnpocTpaseHHBil T
ONOJA3AHIA HA CKJIOHAX, CAOKCHHBIX NOpolasmy, 06JalaloutmMn pasanaxoil
conpoTuranenMocTeio (puc. 3 u 4).

B Mexannueckom OTHOIMEHH) TAKHE NOBEPXHOCTH NPHHIHNIHAILHO OTJI-
WAIOTCH OT ONHCAHNBLIX BLILE ABYX THNOB, NOCKOJBKY KPHBH3HA NOBEPXHOCTIH
CKOABAKCHNA B HANPABICHHH TNEPEMCLIEHHS 3eMJAHBIX MacC HEnpephiBHO
HAMCHACTCS, # onoJsaloniee Teao jeopmupyercs, npucnocadauBasich noc-
T0HHHO K HOBBIM yeaosusm onupannd. Beaetctene storo npu onoasauu
HPOHCXOAAT BHYTPCHHHe NePeMelLeHis YaCTHIL TPYHTa B 3eMJSIHOM TeJqe, i
B HEM BOBHHKAIOT JONOJHHTEAbHLIC HANPHAKEHUA, a B JadbHeilwem—pas-
puBHBIE JepopMalny FPYHTA MAH TPEULHHBL, N0 KOTOPLIM MOZKHO CYVAHTbL O
XApAKTePEe CMELICHUS,

JleiiersuTensnas (popma NOBEPXHOCTEH CKOJILAKEHHH MHOTHX ONOJ3HENl
OCTACTCH HEJOCTATOMHO HM3YueHHOil. Bpiio npeatokeno Heckoabko (opm
KPHBOAHHCHHBIX ONEPTAHIIT ONOA3HEBOrO J0Ka-—IHKJI0KAA, dedopMHpoBaH
Hasl CHOONHKJIOWLA, Jorapupmuyeckas cnupais u ap.

Jan anaansa xapaktepa onoazanus yA00HO NOAPa3ieJeHHe KPHBOJH-
HEHBIX TOBEPXHOCTEll CKOJBKEeHHS Ha JBe TPYIIibl, B 3aBUCHMOCTH OT TOrO.
B KAKOM HANPABACHHH COBEPIIAECTCH H3MCHEHHE HX KPHBH3HLL

Ha pne. 3 nokazan cayyail, Korjla KpHBH3HA NOBEPXHOCTH CKOJAbZKEHHH
AB no nanpapaenuio K NOJOMIBE CKJAOHA YMeHbwaercs. Bektopw ckopocteil
CMCILEHIS ONOJBHS PAacnoaaraloTes TaK, 4ToOLI NEePNEeHANKYASPhl K HIM Kaca-
Jneh nekotopoil kpusoii COD, o6paiuennon sornytoctbio K ne6y. Ha pue. 4
HOKA3aH APYToil cAyuail, KOrjga KPHBH3HA NOBEPXHOCTH CKOJbKenua AB »
HANPABJACHHI K N0J0IBE CKAOHA YBCJIHYHBACTCH; TOrda NEPHeHjnKyasaphl
K BEKTOPAM CKOpOCTell cMellenis onoasus Kacaiores kpusoit CD, o6paiten-
1Ol BOPHYTOCTBIO K 3eMJe.

Ha nosepxnoctn onoasnst y Bepxueil 1 HHKHE Fpaiiil CMEIaomerocs
TeAd PAIBHBAIOTCH B OOLLIeM TaKHe Ke TPEULibl, KAK H onicaHHble BbllIC
SV ONOA3AHKS 0 HAKJOHHOIT IJIOCKOCTH H noBepxHocTH Bpauenus. K num
A00ABASIOTCS TOPH3OHTANbHBIE TPeuinubl £ pacTszKenust B BepXHeMm orj1ee
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* THE E cxarns B
onoaanedi mepBoit rpyanbi (PHE. 3) 1 FOPHIOHTATBHHE TPCUUIHY

cauecTBe NpHMEp:l
HIDKHEM OTaele onoasueii BTOpONl rpymIL (puc. '“-1 ‘Ee:-;::“;;:-::;.‘t‘l[lb 1937
POBEPXHOCTH CKOJABXKEHHS! MEepBOil TPYIlnbl MOKHO npi ‘ i DeCRR-
FO1a MpH CTPOHTEABCTBE MAOTHHS YHATGOPACKOTO BOAONPAHILTI e s
ce (AHLAHA); 31eCh KPHBAs CKOJbMEHNS MOraa OuiTh .i:mcm“u.l AYTS AuI}hll;‘lﬂl
oxpyHOCTEll paauycom 12 a B sepXHeil HACTH CKIOHA N 88 "- "B inml’l’ﬁ
(Cooling and Golder, 1942). ITpumepom noBepXHOCTIL L'-I\'O.'Ibml.l‘-llllﬂ e
rPYNNbl, BEPOHTHO, ABASETCH KPYNHHI ONOJ3eHDL ATHHON cuuuu‘ \"t.\-n':uc
Vwkaiaka B Bepxue-Porauesckom paitone XepCOHCKOIT 001acTil HA ¢ Kpd .
PO3HMKWNI B KoHIle copokosbix roios (Teaernw, 1954).

4. Cyeujerue no CAONHbA NOBEPXHOCTAM  TIPOHCXOANT TPH "*‘PU“““t’_
LOA3EMHOM peabede, 06pasyIoUIeNcs BCACACTBIE Pa3MIMHON CONPOTHEDIL
MOCTH HOPOA BLIBETPHBAHHIO.

M3 onucaHHBIX CAY4AeB CMELICHHS NO COCTABHON NOBEPXHOCTIN CKOb
J-eHISE MOJKHO YKA3aTh HA ONOA3CHb v Xonwreiina 8 Mexaenoypre, nmponc:
el B 1913- r. (Tietze, 1914); 31ecs B BEpXHe(l yacTi CKI0HA .‘ummvuufs
POHZOLIIO NO KPYIOUHIMHAPHYECKOIl NOBEPXHOCTH, a B HIDKHE(— 10 KPYyi™
JOKOHHYECKOIL. :

Ha neboabiom onoasne B Jlnammkane (Apmenus), umeswesm mecro B
1955 r., BcaeacTsie OCOOEHHOCTEN TeOJOrHYEcKOro CTPOCHHSI ONOJAIHEBOTO
J0zKa, cTeHka oTpbiBa C 00pa3oBanack He B BCPXHEN HaCTH CKJAOHA, a ¥ npd-
BOTO GOPTA; 3eMASHBIE MACCHl BHAYAIe HATPABIINCE K Jesomy Gopty [, rae
OHIl BCTPETHIH CONPOTHB/GHHE CBOEMY NEPEMEULEHHIO H OTKJIOHHIHCH BII3
110 CKAoHY (pue. 5). CnaouHble CTPEIKH NOKA3BLIBAIOT BEKTOPLL CMEULCHIIH
3a 19551957 rr., a nyHKkTHpHBIe—TpaexTopun Asikenus (Tep-Crenausii,
1961).

B GoabluinHCTBE CAYYACE CMEUIEHNE 10 CJAOKHBIM HOBEPXHOCTAM HMeeT
MECTO NPH CHOA3AHHH JACTI0BHAABHOIO nJalia no ROPCHHBIM TOPOJLAM. Qo=
HO B TaKHX CJAVHASIX HA CRJOHAX Pa3BHBAlOTCH MEUICHHLIC ICMAHHBIC 110~
TOKII. BC."IL‘."K‘TI]IIQ‘ BBRITHHYTOCTH 3THX ONOJI3HCBLIX T, CMCHICHHE 3CMJASHBLIN
MACC B HHX NPOHCXOANT HEOAHOBPEMEHHO; NCITOMY HX PACCMOTPeHIe 1d-
eTCSl HHZKC.

JMHAMHKA CKJIOHA T1PH NPOTPECCUPYN IOULEM OIMTOJI3ATIT

PaccmMoTpenHbie Bl TCOPETHUECKHE CXeMbl ONOJ3AHHS OTHOCSITCH K
Cyualo OJHOBPEMEHHOTO CMELLeHNs 3eMAsSHBIX Mace. B Goabwmnerse cay-
uaen OnoJa3aHue CKJIOHOB HOCHT [POTPECCHPYIOULHiT XapakTep, T. €. OHO
HAYHHACTCH B HEGOJLUINX OCTPOBOOGPAZHBIX YUACTKAX MOTEHUMANLHOIN 10-
BEPXHOCTH CKOJAbKEHHA. DTH HAXOASINECS B (ase NMIACTHYHOCTH YYaCTKIl
onpeaeasior coboil noJdoKeHHe oyara onoJ3aHus. BeaenctsHe najaenus
CONPOTHBJICHHS FHHBL B 3THX OCTPOBOOGPA3ZHBLIX YYACTKAX OT NHKOBOTO 314~
UCHHS 10 OCTATOYHOrO NPOMCXOAHT NEPEPACNPCACACHHe KACATEAbHLIX HA-
NPSIZKCHHI 1 B IPOLECC PA3PYMIEHNHSI BOBJCKAIOTCH COCCAHHE YUACTKH, NOK:
BCH NOTEHUNANLHAS NOBEPXHOCTb CKOAbIKEHHS He nepeiiier B a3y niacruy-
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wocrn. Hennumft BKI3A B nopMManie 3Toro npoiecca Ouia BHeceH npod.
CxemntoioM (1967) B ero detsepron PeskuHOBCKOR Jexunn®.

[TpoMeAYTOK BPEMERH, B TEHEHHE KOTOPOro nporpeccupyouiee oGpyute-
fie PACHPOCTPAHACTCH Ha BCIO NOTEHNHAILHYIO NOBEPXHOCTH CKOJbAEHHH
MOMeT KOAehGaTbCH B UIHPOKKX npeledax. CpasHnTeasHo GHICTPO npouecs
(POTEKACT B MATKHX  DHICOKOYYBCTBHTEIBHLIX  NOCTENCAHWKOBLIX  FaANHAY
CRaiHHaBHH M 3HAYHTEILHO JIOALUE B NEPeROHCOIHAHPOBAHHBIX TPeTHY-
HEX TIHHAX.

Kak yka3uBaioCh, NPH KPETKOBPEMCHHOM MPCTEKaHHH  ONOA3aHHA
CKOPOCTH CMEILCHWH BCEX TOYEK ONOJ3HA HMEIOT OIHOBPEMEHHLIE IKCTpe-
WYMIL, B B CPEAHHMX OT1C14X CKIOHA He BozHMKaeT Tpeutd, Takue cayuan
gabawiaioTes Ha HeGoABMIKX onoasHAX. Ha Goasmux onoassax xap:mua
CAOAMHED,

PacemoTpusm caydai nporpeccHpyiolliero onoJ3aHus no nJIoCKol no-
BEPXHOCTH CROJALACHHA; AchopMauny CKJACHa JAS PYTHX THNOB MOBEpX-
HOCTH CKOAbAeHHA OyayT B o0lleM aHaJOrHUHLIMH.

Ecap ouar onoJsadns pacnoflaraetcd B BepxHell yacTH CKJIOHA H Ha-
CTYNATEALHO PACHPOCTPAHACTCH BHH3 10 CKJOHY (puc. 6), T0 KpHBHE CKO-
OCTH CMCHICHHS BEPXOBLIX PENEPOB NOKa3wBaioT GoJee paHHHE IKCTPEMy-
MBI, A B CPEJHHX OT1eJdaX CKJAOHA, HHAKe odara onoisanusi, HaGI0O1a0TCH
[OPHAONTAABHBIC TPEUHHLL CAATHS C. Ecan &e, HaoG0poT, ouar onoa3aniis
PACHOAOAKEH B HHAKHEN YaCTH CKIOHA (pHC. 7) 1 OTCTYNaTeAbHe pacnpocTpa-
HACTCH BBEPX N0 CKJAOHY, TO KPHBBIE CKOPOCTH CMCLIEHHS HH30BLIX PENnepusn
HokazuBaloT GoJee paHHHE IKCTPEMYMBI, H B CPEIHHX OTAeJax CKICHA
HAGMIOAAIOTCH TOPHAOHTAALHBIC Tpenns pactasenns C. Hakowen, ecan
ouar OnoJ3anifd HAXOANTCH B cpeaHeil wactn ckiaoua (puc. 8) u npouecc
pacnpocTpauseTcs B 06ONX HANPABACHHSAX — OTCTYNATENHO BBEPX N0 CKIOHY
i HACTYNATEALHO BHH3 1O CKJAOHY, TO foJjee pAHHHE IKCTPEMYMBI NOKasul-
BAIOT PENCPLl, PACNOJOKEHHLIC B CPEAHCH HacTH CKIOHA. I'opuaoHTa BHBE
Tpenin pactamennsn C paspnsaorcs B 06aacTy, PACnoJIoKeHHOIl Bollle
ouard ONOA3AHMSA, 4 TOPHIOHTAJALHLIC Tpeuwmnn cKatua D—p obaacti,
PACHONOKCHHON HUKE ouara onoasaHus.

JleficTBaTeabHas KAPTHHA JAMHAMIKH CKJIOHA TOpPa3lo CJAOKHee TOi,
Kotopast Obiia 0OpHCOBaRA B 3TOI CXeme, Jlake C YHeTOM HEOHOBPEMEHHO-
eI passuTHs Aehopmaiii; Goabwioe 3Havenne npHoGperalor OCOOEHHOCTH
IeOA0THYCCKORO CTPOCHHS i TIACTHKA ONOJ3HEBOro J07kKd, HEe10CTaTouHO
VIHTHBACMBIC [IPH TEOpeTHUeCKOM aHagause. Ilpumepamu MOryT  SIBHTLCS
CACAYIOULHE ABA  CAYHAH, HCCACLOBAHHLIC ABTOPOM.

CAOKHBIM TIOA3EMHBIM peabepoOM NOBEePXHOCTH CKOJbKeHs obaalaer
Kpyniuit onoasens, nponcwenwnit s 1941 r. B HPOAYKTAX BLHBETPHBANI
oanronenosux ran 8 Juxy (Fpysus) (puc.9). B ocHoBanuy CK/I0Ha 3a7era-
JOT ABE PHCCKHE | OjHA BIOPMCKAs Teppackl, obpasylolune CTYHeRyaThii
npoduab, uepes KOTOphie Nepenosalor CMellaiomuecs 3eMASHEIe Macchl

* Ilepenoan 91oil ACKIUNE Ha apMANCKNIT 3 PYCCKHIE A3WIKI noMeliens B HacTonuem
cOOpHIKe.
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HAKJAOH BERTOpUB
MuoroJjernie

B TeucHHv
BaMH IS

(Tep-Crenaunan. 1961). HaOGmoaenns noxkasadai. llm s
CMEIUEHHA OTPaKaeT NoA3eMHbll peabed nnu.'l;meaoru J t. ; ‘-b
HaGaI0deHNs 32 CMelleHNeN 3eMasHbX Mace B Jluxn “\‘-1“:’_mw
scero nepioza OrtevecrBeHHofl BOMHLI; 10 Dnun.‘mm_ ."“-'h...u';ect!t““““”"
AKEIe3HOI0POKHAR JiHIA, It HAGTIOICHHA 1310 Bonto:hfiuﬂ g
GE30MaCHOCTD BHACHHA NMYTEM KPATKOCPOUHBIX NMPOrHO30B 0T wislis : l‘un;u”.
Ha smicoxom ckacHe B VabsiHoBCRe, Ha Boare. I‘i‘:‘“'_"“"“_'"_“ 'f'- s
MEATeHHBIT 3eMISHOH NOTOK. KOTOPbLI HANOMIHACT mu?" peKy, ll.tl.i.ll ].m‘
ILYIOCA B CBOGM PYCIe H OTKIOHSIOUWIYIOCH BHCTYNAMiL OCPEroR U-‘“‘" ““'_
<eMISHOT NOTOK HauyuHaercsi p £ n BHauade HanpapIseTest K ."I‘*"I““-\
GOPTY; 37¢Ch OH BCTPEYAET CONPOTHBACHHE CTAPLIN, BPEMEHHO uvnu,wurmmd;‘
OMOJIHEBHIX Mace 8 E u orkJomsiercst Buna no ckaony. Jlaaee 3'-'51-'"'.“ :
Macesl  HaTAAKHBAIOTCH Ha NoaseMublii  nopor £ 11 00pasyioT 3emaenia
[Tpoitas ero, 3eMasHble MACChl BCTPEUAIOTCH € NOA3EMHbBIM !I]lo.'lt1.1xit‘lfl[t"3|
G mexonoaszneBoro rpedus /4, OTKIAOHAIOTCS BCJEACTBHE 3TOrO .B“l"-‘l“‘ ;
JocTuraior peqroit Teppack K it npoioamas OTKAOHEHIE BIPaBo, ()n]!i!.i‘.\ Iﬂ‘«
Bhictyn L*. B peayabTate MHOroJeTHHX HaOJI01eHil Ha 3TOM l!llo.'!.i.llk-
nposejeHHbX ¢ 1951 no 1955 rr., Gbl1 H3yueH MEXaHH3M ONOJ3HS 1 cAedaH
IPOTHO3 OOJ3aHIS, KOTOPLIl NOATBEPANICS Hepe3 HeCKOIbKO MCCHILCB.

JANHAMHKA CKJIOHOB IMPH MHOTI'OSIPYCHOM OIOJI3ATIHH

Onucannbie cayyan OTHOCSTCS K CPABHHTEABLHO NPOCTHIM OHOSIPYCHLIM
OMNOJ3HAM, AHAIH3 KOTOPLIX OTHOCHTEIbHO He ¢a0xKeH, opasio caomuee
RAPTHHA JHHAMHKH MHOTOSIDYCHBIX ONOJ3HEHd, BHEpBbie  YCTAHOBJACHILIX
Famn Ha ckaone ropel Burxu B8 Coun. Onossedb passuBaercst Ha CHyCKalo-
ILEMCST K MOPIO Kpbivie OpaXHaHTHKAMHAAN, CAOKCHHON  aprivijinramii
MECYAHHKAMH OJHIOLEHA.

[Tpu anaanse pacnpejienenus BeKTOPOB CMELIEHNS ONMO3HS Oblaa 0O1A-
I'YZKCHA CJOIKHASA KAPTHHA JAMHAMUIKH; KOJCOAHHS BEJHYMH 11 HATIPABJICHI
HEKTOPOB HE MOIVIH ObiTh OOBSCHEHBl HEAOCTATOMHON TOMHOCTBIO T'COAC3I-
ueckux pabor. Hamu Guia paspaGoran rpaduueckuii Meton pasnomeHin
BEKTOPOB CROPOCTEN 11y GHHHOI NOA3YYECTH, lIPHMEHEHHE KOTOPOFO COBMECTHO
¢ AHATHIOM ONOJ3HEBBIN TPEUHHH W AeOPMAIHK COOPYKEHHII MOZBOMIIIO
ELISIBHTL  UPe3BBINAiiko HHTepecHylo anHamMuky ckgona  (Ter-Stepanian,
1966).

Ha cknone passusaiotes Tpu onoasmennix TeJA, PACHOJOMKEHHBIX JIPYT
Halx Apyrom; Bce OHM HaxoasTest B (hasze rayGHHHOI noasyuecru. Ha
puc. 11 nokasassl naan n paspes no ocu (GyHHKYAepa, NPOXO/SIILero npunep-
HO NO UEHTPAJILHOI JHHUN ONOJ3HEHl BepXHHX JBYX SIPYCOR,

Huskunit wan nepswii sipye obpasyer Tonma GJ0KOB 3 aprusiuTon
TIECHAHHKOB, 3a.1€ralouliX Ha 1yroo6pas3noil nosepxuocTH KOpeHHBIX nopo [

® Ilpyrus npuMepoM BAMSHIS ONOA3NEBOTO A0KA HA HAUPABACHNE JABHAKCHIS M5~

HBIX MacC MOMKET CAVANTL MEMICHHLIT 3EMASNON NOTOK b Xocre (Tep-Crenausin n Ap.
1968).

R
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coanronena. ITi GIoKH, AocTHramwuine rayousn 60 s, Obay CMEUleHN B
[e3yABTATE OFPOMHBIX BPAIATEILNLIX ONOJ3HEH, POHCXOIHBILHX B BEPXHEM
GAEHCTONIEHE; OHK BCE e NIPOI0AKAINT MelTeHHo cexeaTeen. Janna cue-
waonierocs Maccusa npesusiwaet 900 &, uwmpuna Jocturaer 500 ¥, a cxo-
pUCTh BEKOBO rAVOHHHOR NOA3YYECTH ONOJ3HA NepBoro spyca u3Mepsercs
cantmerpamu B rol. Ha onoaswe nepporo spyca pacnonosmen xopnye S
CRNATOPIS; ON, HE ACQOPMHPYACE, KECTKO 1IEPEMELLAETCR BMECTE C ONOI3HEM.
N Gepera MOps ONOJAZeHL CMENLAaeT HaGepeAnyIo CTEHKY (J; BeanunHa cMe-
wenust coctasader 11 :

Buitiie pacnofomes BTOPOR APYC ONOA3HA, B KOTOPLI BOBAEYeH nJaact
apHOo Pa3IpobACHHBIX aPrHAIRTOR 4 MOWHOCTLIO 10 20 & 70T naact 06-
HAA0BAACH B PEIYALTATE NOCACIYVIOUIETO BHBETPHBAHUA | ONOI3aHNA G.10KOB,
COCTARIABIINK ONOA3CHL NepBoro apvea. B sTux maccax passusaercs nJioc-
wocTHAR FAVORHHAS IOA3YYECTh, CKOPOCTh KOTOPO#H COCTABAAET OK0I0 OAHOrO
auruMeTpa B rol. Yepes 3707 spye onoasus npoxoanT Tonseas I hyHukyae-
pa. Ha #3nike onoJ3ns BTOPOro ApYca HaxoAHTCA TPEXNPOIETHII Keae300e-
ronibtil MocT M paMHOR KOHCTPYKIHHK: B NPOIIOM OH NepeMellaIcs LeTnkom
GMECTE €© ONOA3HEM, 0CTaBadach HedpM- OnoJ3¢Hs BTOPOro Spyca Bui3uBaeT
JeopMaling AeAe3H0A0PUKHOTO NYTH (PYHHKY.I€pa B HHAKHEH YacTi CKIOHA.
Jlan aamHTel NYTH Oulla COOPYMKCHA KOPOTKas NoAnopHas creHka (3y0).
PASIBONBUIAS HIBIK ONOAIHA. Beaeacrene 3moro seMasHble Maccesl npoaoda:
AN HAJABAMBATL HA VCTOM MOCTH, TOT1a KAK 1BE NPOMEKYTOYHLIE Onophl
pepectaan eMematued. Bopesyasrate nauaioch paspyumieHne  MocTa. Ilo
gamiell PeKOMEeHIAIHE NPOJeTHOE  CTPoeHHe  MocTa  Obiio  oTpesano ot
FPOMCAYTORHBIX ONOP H G COBAANM VCIOBHA €rO CKOJABAKEHHA N0 ITHM
CHopeM. ITa Mepa COXpaHWaIa MOCT.

Bumie  pacnodomed  TPeTHit  SIpYe  OnoA3aHis, npeactTaBasioui
cofoil MeLACHHBIT 3eMAAH0N TOTOK J, Pa3BUBAICILHIICH B KOJTIOBHAIBLHOM
HAAle MOIHOCTLIO 0 6 m, Meuiennnil 3eMI8HOI NTOTOK H3BHBAETCH NO
ckdony, o0pasys OCTPOB Y BEPXHEro noprajda TOHHeAs  (yHuKyaepa.
Bepxuss cranuns O/ Gpyuukyaepa pacnosozena Ha onoA3aioulns semasHu
waccax Tpersero apyca. COanmenne pepxueit ctaniumn U dynnkyaepa
pepxHero nopraia Touneas T coctapager okoa0 25 MM B TO; 5Ta BeJTHYHHA
npeactapaser coboii pa3zHOCTh CKOPOCTEd rayGHHHON HOJI3YHECTH BTOPOTO I
Tperhero spycos. Beaeactsue 31oro cOANKEHNA Ha KOHTAKTE MEHCLY BepxHeii
crafedi Gyuukyaepa (Tpernii sipye onoa3uu) W NOPTAIOM TOHHEAH (BTO-
POit Spye ONOJ3Hs) PaspyuwiaeTes MONHAR 3CTakala GyHHKYAcpa, Toraa Kak
JCTKOC 31AHHe BEPXHEH CTAHIMH, HAXOAAUICHCS HEJTHKOM Ha TPeThem sApyee
OHOJBHS, OCTACTCH HEBPEAHMBIM.

Jpyrofl Kpynunil ABYXBAPYCHEIT ONOJA3CHb Pa3BHBaCTCH B Apmenni
v cpeanenckosoro xpama n Ierapre. 3aech, BCJeACTBHE TAYGOKOi BPe3KH
pekt Adat, BO3HHK CKaJbHBIT ONOA3EHL: NO JHHHY KOHTAKTa 3TOT0 ONOJA3HS
C HeNOABHZKHLIM MACCHBOM MPOXOAAT /iBa MELICHHBIX 3eMJSHLIX MOTOKA.

[Mo-BiHANMOMY, MHOTOSIPYCHEIC ONOJ3HI He NPEACTaBASIoT coboil HeoObt-
HOFO fBJACHIS, B OCOOGCHHOCTHI B MOJIOJALIX TOPHLIX CTpaHaX, Ha MOPCKHX
roliepeskbsx N 1o GeperamM OMOJOKEHHBIX pek. MexaHuaM MHOrospyCHBIX
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OnoJsHeil onpejieasneTcs Fe0a0rnyeckoil CTPYRTYPOH CRJIOHOB, U

UECKHMH XapakTepHCTHRaMil H I{L'T(Jpl!k'l-l ONOJ3AHNA. PR e
Tpuvensis rpaduyueckoe PA3N0KEHHE CPEAHETOAHUHBIN Che I s o
[IEHHA HA KOMMAOHEHTH, CODTBCTCTBYIOWIHE Pa3INMHbIM fipyeam ¢ Vi34

- MHTh
. CHY s . : *KJAOHA 11 BhISIBJH
MOMKHO pac“.[lllpp“ah[ﬂa'ﬂ: CTOKHYVIO RAPTHRY JAHHAMHBRI €

MEXaHH3M OnoJa3aHHA.

THE USE OF OBSERVATIONS OF SLOPE DEFORMAT;ION
FOR ANALYSIS OF MECHANISM OF LANDSLIDES

Professor, Dr, Techn. Sc. GEORGE TER-STEPANIAN ™~

se of

Abstract. The results of observations of slope deformation in llft‘ pha _
depth creep may be used for the establishment of mechanism of sliding. hl.i‘PL“ d"“;:;
mics by simultaneous sliding is considered in detail for the cases of dt.\pimem: .
along an inclined plane, along a surface of revolution, along curvilinear surfaces ot I.t_
than surfaces of revolution and along complex surfaces. For each of them the dl.-f”-
bution of vectors of displacement and tvpes of fissures are shown. In the case of fal-
lure along an inclined plane by progressive sliding, the distribution of vectors and_{:ltz
types of fissures are considered depending on the location of the landslide sea!.. Ihe
case of multi-storied sliding Is described, based on an example of a big landslide In
Sochi, where three stories of sliding were defined, located one above the other. All
these landslides were In the phase of depth creep.

The actual mechanism of sliding is considerably more complicated
than those simplified theoretical schemes which are used in engineering
calculations of the stability of slopes. This refers fo a lesser degree 1o
artificial embankments made of homogeneous material, and has a great
significance for natural slopes which are almost in limiting state. Expio-
rers must pay special attention to excavated slopes in landslide regions,
in connection with construction of roads, canals and buildings. The study
of landslide mechanism is difficult in these czses not only because it’is
necessary to take into account the numerous geological, geohydrological,
geomorphological and engineering-geological factors which influence the
stability and deformability of slopes but because of the involved nature
of relative role of these factors. The problem of analysis of sliding Is to
determine the whole picture of the process. The spatial aspect of this
study will permit to choose a rational scheme of location of structures
on the slope, the type and means of landslide control, while the {ime
aspect will give us the opportunity to carry out a stadial control of land-
slides and forecast the behaviour of the slope.

* A paper read before the Geological Institute of the Czechoslovak Academy
of Sciences in Prague on January 9th, 1967 and before (he Geologlcal Institute of the
Bulgarian Academy of Sciences in Sofia on January 31s1, 1967,

** Head, Dept. of Geomechanics, Geological Institute, Armenian Academy of
Sciences.
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Analysis of landslide fissures and results of systematic instrumental
observation on displacement of marks on slopes, being conducted in the
preparatory phase of depth creep may be of a big but still insufiiciently
evaluated help. It Is convenient to investigate this problem in the follo-
wing succession: 1) slope dynamics by simultaneous sliding; 2) slope
dynamics by progressive sliding; and 3) slope dynamics by multi-storied
siiding.

SLOPME DYNAMICS BY SIMULTANEOUS SLIDING

Plane problem s assumed in all theoretical schemes of sliding, i.e.
it s supposed that the landslide is infinitely wide, and therefore all lon-
gitidinal sections of sliding body are identical. This permits to consider
the stability problem for a narrow strip of the slope, for instance with a
width of one metre. In reality such wide sliding slopes do not exist and
most landslides have rounded, circus-like or cleariy lengthened form.
As a rule the landslide slopes have a bead-like structure: separate
landslide circuses and earthilows are interchanged with crests emerging
between them. These interlandslide crests may be clearly detected in the
upper parts of the slopes, where they are divided by the depressions
formed by landsltde circuses. In the lower parts of the slopes these crests
are usually covered by the dispaced material forming landslide tongues;
however it is always possible to detect the underground continuation of
the Inferlandslide crests,

The schemes of sliding described in technical publications may be
subdivided into the following tvpes: 1) the displacement along inclined
planes; 2) the displacement along surfaces of revolution; 3) the displa-
cement along curvilinear surfaces other than surfaces of revolution: and
4) the displacement along complex surfaces. Let us consider them one
by one,

1. Displacement along inclined planes is the simplest type of
movemen! of rocks which usually occurs on long slopes. This AB plane
may be parallel {o the slope plane of the bedding, a surface of large tecto-
nical fissure or finally the plane which separates the superficial cover of
weathered rocks from the underlying unweathered bedrocks (Fig. 17).

Vectors of the velocities of displacements In these cases are paral-
lel and have equal inclination to the horizon; they have simultaneous and
equal extremums. As examples of the displacement along inclined surfaces
of bedding may serve landslides on slopes of the Rossberg mountain in
Switzerland, near Goldau in 1806 (IHeim, 1952) and near Sattel in 1910
(Wehrli 1910), and that along a tectonical fissure—the landsiide of Turtl
mountain near Frank, Alberta in Canada in 1903 (McConnell and Brock,
1904).

2. Displacement along surfaces AB of revolution takes place on
short slopes composed of thick clay deposits (Fig. 2). Although the

* Figures see. pp. 41--51.
3848
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sliding surface may have the shape of any ::m]l!)I oii :e(:fulrl:\l-:yiutiuu i
Y : R surface of ellipsoic

«cular evlindrical, circular conical, a surf L Dk

in theoretical schemes only circular cylindrical S e DAy
The radii of such cylinders may vary In broad limits; thus 1 T o) T
ma canal landslides they were from 2t to 870 metres El““.‘-’”-‘ -:c\':;ld—
the slide of Lodalen, Norway in 1954 the radius was 65 metres }--1 .o
son, 1950). Three successive rotational landslides at the mottth:" g I‘I'I\'t‘
earthilow in Khosta, near Sochi on the Black Sea coast of (13”'}’""“"‘ ‘l"er-
the radil of revolution equal to 18, 61 and 76 metres, respt’u‘tf\t‘_l..\”l 0.
Stepanian et al., 1968). A sliding along a circular conical suriace Wi
observed in Odessa in 1935 (Anapocos, 1936). .

In the mechanical sense the immutability of the sliding massif s a
common Important feature of the displacement along : =
along surfaces of revolution, since the shape of the inclosing bed in any
position of the massif corresponds to the form of the body cl{s]m'cvtl.

The work of gravitational forces is minimal when the sliding
ceeds along such surfaces, since it is consumed on the breaking

pro-

friction of particles in a relatively thin shell located between the l:u‘uls- :
lide bed and the displacing body only, if certainly this displacement of the ¢

whole body occurs simultaneously. Such cases of slope deformation may
be L‘(!!Ilp{ll'(..‘ll with the movement of a block along an inclined plane, or
the revolution of a shaft in a bearing, correspondingly. Since in these
cases no consumption of energy on the internal displacement of soil takes
place, the sliding along such surfaces occurs earlier or easier than along
other surfaces. This explains the prevalence in the nature of the above-
mentioned tvpes of sliding surfaces.

Vectors of velocities of displacement in the case considered ashove
are located in such a way that the perpendiculars to them intersect on
the common axis of rotation C. The magnitude of vectors of displacement
at the sliding surface is equal (thin arrows on Fig. 2); however, the mea-
sured vectors of displacement (e.g. of the bench mark 3) are smallec and
are determined by the relationship between the radius of rotation CB8 and
the arm of the bench mark 3, which is equal to the distance from the
centre € to the point 3.

By simultaneous displacement along inclined planes and along sur-
faces of revolution the velocities of all points of the landslide have si-
multaneous extremums (Figs. | and 2). Sunken fissures of tension 8
are observed mainly at the upper boundary of the sliding body, and -
ted fissures of compression A—at the lower boundary (Ter-Stepanian,
1962). Their further differentiation depends on the relationship between
the densities of sliding and resisting massifs. In the middle part of the
slope there are no fissures if the sliding proceeds simultaneously.

By displacement along surfaces of revolution other than circular
cylindrical ones the way which different points of the lower surface of
the moving massif run will not be equal in respect to the landslide bed
and depends on the radii of circles of rotation. Therefore, areas of the

JI

|

inclined planes and _;

and

B —
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slope surface located on the same line of strike may be in difierent pha-
ses of deformation—rigidity, creep and plasticity. Consequently, longitu-
dinal fissures are formed on the boundaries between zones of creep and
plasticity; they bound the sliding bodies on their sides.

3. Displacement along surfaces other than surfaces of revolu-
tion is a widespread type of sliding on slopes composed of rocks with
different resistance (Figs, 3 and 4),

In the mechanical sense these surfaces differ cardinally irrm the
above-mentioned two types since the curvature of sliding surfaces chan-
ges continuously in the direction of displacement of earth masses and the
siiding body has to be deformed, adjusting itself to the new conditions
of support. Consequently Internal displacements of soil particles occur
in the earth body by sliding; primarily additional stresses in this body -
are developed and later on—the rupture deformation or fissures. This
permits us to judge the character of displacement.

The actual shape of sliding surfaces for many landslides remains
insulficiently Investigated. Several shapes oi curvilinear contours of land-
slide beds were proposed—cycloid, deformed hypocyeloid, logarithmic
splral ete, _

To analyse sliding it is convenient to subdivide curvilinear surfaces
onto two groups depending on the direction in which their curvature is
being changed,

A case when the curvature of the sliding surface AB decreases
towards the toe of the slope is shown on Fig. 3. Vectors of the veloci-
ties of displacement are located in such a way, that the perpendiculars
to them are tangents to the curve CD, concave in respect to the sky.
Another case Is shown on Fig. 4, when the curvature of the sliding sur-
tace AB increases towards the toe of the slope; the perpendiculars to the
vectors of the velocitles are tangent to the curve CD, concave in respect
to the earth.

Similar fissures are developed on the whole on the slope surface
near the upper and the lower boundaries of the dispacing body, as it was
deseribed above for the sliding along Inclined planes and surfaces of re-
volution. Horizontal fissures of tension £ are added to them in the upper
part of the lanslides belonging to the first group (Fig. 3). and horizontal
lissures of compression £ —in the lower part of landslides of the second
group (Fig. 4). The landslide which took place during the construction
of a reservoir embankment at Chingiord, England in 1937 may serve as
an example of sliding surface of the first group; here the sliding curve
could be replaced by two circular arcs, the first with the radius 12
metres in the upper part of the slope and the second with the radius 88
metres——in the lower one (Cooling and Golder, 1942). A big landslide with
the length of more than 1 kilometre which took place near the village
Ushkalka in Upper-Rogachev region, Kherson oblast, Ukraine is an exam-
ple of sliding surface of the second group (Teaernn, 1954).
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4. Displacement along complex surfaces takes Pk-":e ,“:.I: nh:l E:wa-
derground relief is uneven due to different resistance ui f:f‘ :Eulini.! was
thering. A case of displacement along the c‘om['\lvx Sllrf‘lull’ ;[ppt‘l’ pait
the landslide at Hopstein, Mecklenburg in 1913. here il‘_n‘l tcal surface
of the slope the movement took place along a circular _"-‘El_"“ flk“ll-ﬁ
while in the lower part—along a circular conical one ( r't”-t‘- ;'Iid;‘ Bods
Due to particular features of geological structure ol the l.l.m hqu_‘ wis
the main scarp C of a small landslide in Dilidjan, Armenia “'l l.‘“t"lllh
formed not in the upper part of the slope, but at the right s fe' ‘r.re-
masses have been moved firstly to the left side D, where I!Ie.‘ rmt'.'l‘he
sistance to their displacement, and deviated downslopes (1_‘12- 9). . tHE
full arrows show the vectors of displacement for 1955 1957 while
dotted arrows—the trajectories of movement (Ter-Stepanian, 1960).
In most cases the displacement along the complex surfaces s
place by the sliding of talus over the bedrocks. Slow earthflows d%‘\.t'”[:
usually on slopes in these cases. Due to the stretchiness of such :~[ulu'1!-
bodies the displacement of earth masses takes place in them insimulta-

neously; they are examined in the next section.

tukes

SLOPE DYNAMICS BY PROGRESSIVE SLIDING

The considered theoretical schemes of sliding refer to the simulta-
neous displacement of earth masses. In most cases the slope sliding has
a progressive character, i.e. it starts from small island-like areas of the
potential surface of sliding. These areas being in the phase of plasticity
determine the location oi the landslide seat. Due to the fall of resistance
of the clay in these island-like areas from the peak to the residual values,
redistribution of shearing stresses occurs and neighbouring areas are in-
volved in the process of failure until the whole potential surface of sli-
ding is in the phase of plasticity. An important contribution in the
understanding of this process was made by Professor Skempton (1964) in
his Fourth Rankine lecture*. The time interval during which the progres-
sive failure extends over the whole potential surface of sliding may vary
in broad limits. The process takes place comparatively quickly in soif,
highly sensitive postglacial clays of Scandinavia and considerably longer
in overconsolidated Tertiary clays.

It was mentioned above that by short-term duration of sliding the
velocities of displacement of all points on the landslide have simultan-
eous extremums, and that there are no fissures in the middle parts of the
slope. Such cases are observed on small landslides. The picture on big
landslides is more complicated.

Let us consider the case of progressive sliding along an inclined
plane; the slope deformations for other types of sliding surfaces will be
generally analogous,

*) The translation of this lecture (nto both Armenian and Russian s given in
these Transactions.
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Ii the sliding seat is located in the upper part oi the slope and ex-
tends advancing downslopes (Fig. 6) the curves of velocities of the displa-
cement of the upper bench marks show earlier extremums and the hori-
zontal fissures of compressions C are observed in the middle parts of the
slope. downslope the sliding seat. Ii, on the contrary, the sliding seat is
located In the lower part of the slope (Fig. 7) and extends retreating
upslopes, the curves of velocities of displacement of lower bench marks
<how earlier extremums and the horizontal fissues of tension C are ob-
served in the middle parts of the slope upslope the sliding seat. If, finally
the shding seat Is located In the middle part of the slope (Fig. 8) and
the process extends in both directions—retreating upslopes and advancing
downslopes, earlier extremums show the bench marks located in the middle
part of the slope; horizontal fissures of tension C are developed in the
aren located upslope the sliding seat and horizontal fissures of compres-
sion [)— in the area located downslope the sliding seat.

The actual picture of slope dynamics Is much more complicated as
compared with the scheme described above, even taking into considera-
tion the fact that the slope deformations are happening at diiferent times;
weological structure and the configuration of landslide bed have a great
significance which are Insuificiently taken Into account in the theoretical
analysis. The following two cases investigated by the Author mayv serve
#s examples,

A complex underground reliei of sliding surface has a big landslide
which took place In 1941 in the products of weathering of Oligocene
clays In Likhi, Georgia (Fig. 9). Two Rissian and one Wurmian al-
luvial terraces are lying in the base of the slope forming a stepped pro-
file over which the displacing carth masses creep across (Ter-Stepanian,
1960). The observation shows that the Inclination of vectors of displace-
ment reflect the underground relief of the landslide bed. Observations
on displacement of earth masses in Likhi were cenducted during the who-
le period of World War II; over the landslide an important railway has
passed and the observations have permitted to maintain salety trailic by
means of short-term forecast of sliding,

A big slow earthilow has developed on the high slope of the Volga
river in Ulianovsk. This earthlow looks like a river winding in its bed
and deviating because of the projections of the banks (Fig. 10). The
carthflow starts at [ and at the beginning it flows towards the right side.
Ilere 1t encounters the resistance of the old, temporarily immobile sliding
masses In £ and deviates downslopes. Further on the earthmasses knock
against an underground threshold / and form an earthiall.  After pas-
sing the earthfall the masses encounter the underground prolongation G
of the crest H, therefore deviate to the right, then reach the river terra-
ce K, and still continue to turn to the right forming a projection L*. As

* The slow earthflow in Khosta, near Sochi may serve as another example of

the influence of the 1andslide bed on the direction of earthmasses (Ter-Siepanian el
al., 1968).



38 ] G. TER-STEPANIAN

511955, the mecha-
a result of prolonged observations conducted in 1951 ll‘:n;;“:m i
nism of landslide was investigated and the forecast of slidin:

this forecast has been verified several months ago.

SLOPE DYNAMICS BY MULTI-STORIED SLIDING

ivelv . s-storied
The cases described above refer to comparatively simple one-st

landslides, analysis of which is relatively easy. Much more ..um[;l::\;::::
is the dynamics of multi-storied landslides which we .hu\'e v.st.l: t-_.m-
for the first time on the slope of Bytkha mountain in Sochi, on the “- :
casian coast of the Black Sea. The landslide is developed on the Iifrl" lr[
a brachy-anticline which dips towards the sea; the rocks are composed ¢
Oligocene argillites and sandstones.

An involved picture of slope dynamics was revealed by the e :
natlon of vectors of displacement of landslide; the fluctuations of magni-
tudes and directions of vectors could not be explained suificiently well
due to errors of the geodetical work. We have developed a graphical
method of resolution of vectors of the depth creep velocities, the a;jpﬂ-
cation of which with the analysis of landslide fissures and of deformations
of constructions together permitted 1o reveal an extremely interesting pic-
ture of slope dynamics.

Three sliding bodies are developed in the slope, located one above
the other; all these bodies are in the phase of depth creep. Fig. 11
shows the plan and cross-section along the axis of the funicular which
passes approximately along the centre line of the two upper storics of
sliding.

The lowest or the first story is composed of blocks of argillites and
sandstones 3, lying on an arc-like surface of Oligocene bedrocks 7.
These blocks with a depth up to 60 metres, were displaced as a resull
of huge rotational landslides which took place in the Upper Pleistocene;
displacement still continues slowly. The length of the displacing massive
exceeds 900 metres, the width reaches 500 metres, and the rate of secu-
lar depth creep of the first story landslide is measured in centimetres
per vear. The building S of the sanatorium is located on the first story
of sliding; without deformations it moves rigidly with the landslide. At
the sea shore the landslide Is displacing the quay Q; this displacement
Is equal to 1,1 metres.

The second story of the landslide is located above the first storys
a layer of heavily crushed argillites 4 with a thickness up to 20 metres is
involved in this sliding. This layer was formed as a result of subsequent
weathering and sliding of blocks which compose the landslide of the first
story. Planar depth creep is being developed in these masses; Its rale s
equal to approximately one centimetre per year. The tunnel 7 of the
funicular passes through this story of the landslide. A three-span reinfor-
ced concrete bridge M of frame construction was built on the tongue of
the second story landslide; in the past the bridge has moved as a whole

xami-
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#with the landsiide, remalning intact. The second story landslide caused de-
ui_-lurmatlrm of the railway line of the funicular in the lower part of the slope.
/A short tooth-like retaining wall £ was built jor the protection of this
I ine: It has diverged the landslide tongue. In consequence the earth mas-
ases continued to push the bridge abutments while two intermediate piers
weeased 1o move. Owing to this the bridge began to break down. Accor-
Liding o our recommendation the spzn of the bridge was cut off from the
g plers and it became possible for the sliding of the span over these piers.
I The bridge has been maintained by this measure.

The third story of sliding Is located on the top. It represents a siow
wearthilow 5 developing in the colluvial cover with a thickness up 1o
96 metres. The slow earthilow winds over the slope, forming an island near
Fihe upper portal of the tunnel of the funicular. The upper station L' of
I funleular is located on the sliding earth masess of the third story. The
4 approaching of the upper station U of the funicular and oi the upper
| portal of the tunnel 7 is equal to about 25 millimetres per year; this va-
I lue s the difference oi the depth creep velocities of the second and third
storfes. Due to this approach the heavily reinforced trestle beam being
found on the contact between the upper station of the funicular (third
- story of the landslide) and the portal oi the tunnel (second story of the
' landslide) has collapsed while a light bullding of the upper station of
' the funicular, which Is wholly on the third story of the landslides, re-
 mains Intact.

Another big twoe-storied landslide is taking place in Armenia near

the medieval temple of Geghart. Here a rock slide is formed due to the
deep cutting of the river Azat; two slow earthilows pass along the con-
tact line of this rockslide with the Immovable massii.

Obviously multi-storied landslides are not unusual phenomena,
especlally in young highlands, on sea coasts and on the banks of reju-
venated rivers. Their mechanism is determined by the geological stric-
ture of slopes, thelr geometrical characteristics and the history of sliding.

Lising the graphical resolution of average annual velocities of dis-
placement into components, corresponding to different stories of sliding,
the Involved picture of slope dynamics may be interpretted and the me-
chanism of sliding revealed.
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Fig. L Displacement along an inclined plane AB by simultancous  sliding. 1, 2,
fand 4 bench marks on the slope and vectors of displacement. All vectors of
displacement are parallel to the sliding plane. A the lifted fissure of compression
al the lower boundary of the landslide, B -the sunken fissure of tension at the
upper boundary. In cireles- the cross sections through fissures; the immobile mas-
sils are shaded; the arrow shows the direction of movement of the mobile massil-
Below the schematie graph of the relationship between time ¢ and velocitiy
of displacement ¢, The velocities of all bench marks have stmultaneous and equal
extremums.
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Fig. 2. Displacement along a surface of revolution AB by simultancous sliding. De-
notatlons—see Fig. 1. All vectors of displacement (/, 2 and .3) are perpendicular o the
radil of the arc AB; thelr magnitudes are determined by distances from the centre of
rotatlon €. Velocities of all bench marks have simultancous, but unequal extremus,
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Fig. 4. Displacement along a curvilinear surface AB with decreasing cur-
tature towards the toe of the slope. Denotations —see Fig. 1. All vectors
al velocities (1, 2 and 3) are tangent to the curve €D, concave In respect
lo the sky. £ horizontal fissure of tension in the upper part of the slope.
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Fig. 4. Displacement along a curvilincar  surface AB with  increa-

sing curvature towards the toe of the slope. Denotations—see Flg.

1. All vectors of velocitles (/, 2 and 3) are tangent to the curve €D,

concave in respect to the earth. £-—horizontal fissure of compression
in the lower part of the slope.
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Fig. 5. Landsiide in Dilidjan, Armenia; an example of displacement

along a complex surface. The main scarp € Is formed at the right

side of the landslide. The full arrows—vectors of displacement, dotted
arrows—trajectories of the displacement of earth masses.
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Fig. 6. Displacement along an inclined plane AB by progressive sliding. The

landslide seat is located in the upper part of the slope and extends advanecing

downslopes. Denotations —see Fig, 1. The landslide seat is shaded. - horizontal

fissure of compression In the middle parl of the slope, downslope (he landslide
seat. The upper bench marks show earlier extremums.
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Flg, 7. Displacement along an inclined plane AB by  progressive sliding, The

landlside seal is localed in the lower part of the slope and extends retreating

upslopes. Denoiations—see Fig. 1. The landslide seat is shaded. - horizontal

Hissure ol tension in the middle part of the slope, upslope the landslide seat.
The lower bench marks show carlier extremums.
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Fig. 8. Displacement along an inclined plane AB by progressive sliding. The

landslide seat Is located in the middle part of the slope and extends advancing

downslopes and retreating upslopes. Denolations—see Fig. 1. € —horizontal fis-

sure of tension on the slope upslope the landslide seal, and [ —horizontal fis-

sure of compression on the slope downslope this seat. The middle bench marks
show earlier extremums.
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Fig. 9. Gealogical scction along the axis of the landslide in Likhi, Georgia; an

example of the influence of the landslide bed on the direction of displacement vectors.

I—dense greenish gray Oligocene clay marls; 2 -yellow eluvlal clay marls; 3—old

alluvial terraces; 4 —talus clays and loams; 5 -deposils of temporary torrents; 6--re-

moulded sliding clays and loams; 7—displaced railway ballasl; B-—sliding surface; 9—

beneh mark and vector of displacement. The vertical scale of the drawing is 2,5
times greater than the horizontal one.
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Fig. 10. Slow ecarthfiow in Ulianovsk; an example of the influence

of the landslide bed on the direction of movement of earth masses.

Arrows—vectors of displacement; dot-and-dash line—centre line of
the slow earthilow.
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I Fig. 11. Three-storied landslide on  the Bytkha mountain in Sochi. Above— section
along the axis of the funicular; below-—-plan of the landslide. U -upper station of
the funicular, L lower station of the funicular, 7 —tunnel, R short retaining wall, M
I bridge, 1 Oligocene sandstone and agriiate bedrocks, 2 big blocks of sandstones and
argillites displaced as a result of huge landslides, at present Immovable; 4--the same,
. at present continuing to move, -first story of sliding; 5 -heavily crushed argilliles, -
second story of sliding; 6 slow earthflow, third story of sliding; O—lower boundary
ol displaced, at present immovable rocks: I, Il and 11l -boundaries of the first, second
and third stories of the landslide, correspondingly.
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