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Ly bewwm: Wpoghufi wybmufl gl whgle sdbgnyg wngqulipe il mbyuywpdaulibpp
nhngugfrl wnnclmf gmgulgifocd b gfigpeddpapel gpepnlwgpubbph apay whuwlbbpm|' wwplsp-
bhpmf, Soppyollul  wmwplypibpof, pwympdbpmf. bpubg wwpphpriflpmbp  Gpoacd b pui-
bulpuwhwl plogfls bploe ghwphpood b wwuphhpf gfdwgpoflyobp awspfil doplfrquigifud |
wl pogggusuyghu

Uk pwhwlpmflymde | Abnp phpacd b dhly abogngply googw?bn' Junppuhle wagpl hngnd
spuadoef gy wenipuaalopuss g ol nkiprguapd welehipfe b gy fohysssin fiof yhupnljugfuwbbpfe dfgk, bpp wwippl w-
upuplehpl gplugpuefl pul Twubf Suppyfrqugdwl qbogpnol wmhgf b mbbhacd hnbwewpbbpf
pubigurg  Abuspufumiflyndiibpe Phpfned | pubighpp fpw wwupbbph  funppughl  qupuofap
angpfe o fr pushify mbouwmlbbpl' Swpfuwil ungph, ?mewq{m!ﬂ&.ﬁpﬁ dndwh, S-whbpy b {qu.ﬂbuw-
glok funppuigfie ungpf Whwpmgpmfimbps Unwgwplpfmd b whgbpl fpw  wwwplbbpl  pbpnbpf
Aversfonsfal il ffmqlfw:]up:]uq mbhuwlhbbpp phgSwhmp §hpogm] wb:fm!rﬁ.t Plhowdpl hunnigfwdplbbp,
pubth up ypwhp ghichwply hwoplwd ki fhp whgudwobpf b

Ul qupp wpmwdfl ypngbulibpp wpnmdphbpp wpmuwpbwmuybu plhgfwhogp
quin pushe milibile wgle dbhpp Sbin, npnbp nhlpnnlefly qupdnulihpf Lbinluubp bl
Uigu pqupppts bl upunlpudinul fugnuduwgfte fowpemnolbbpl wwpphp uhuwlibpp,
npubip wnwgudined bl aopuhipbbpl Gngd g b ddwisfnal b gfrggniilpnfi] gho
(rlywgpubhppl® mwpkypubpht, Sopfrqniimlwh wwpkophlhiphte. b o puwywpdbpfi;
Lhnbumwpmphbpl wmbypupwpddwl wn prpnp wnbuulbhphl Swmndp b ww$hgdwh
dTulhphphagyfilipp, npoabp Swdpblfioul b i gl fufe Swpfuliihpl ghpph Sk,
npnig Swilwp wympbbpl gfdwgpnfd ndp uwlphte  gpf]  duphpfgugdmd F
(:J'[vmo'md'm!rw&!m hwrd, wf bigh Swbufu, uwnwyplifung pusgpu gdwh Lbinlewbpny )s

Unyuitiptbiprfo fnnd g wnwgmgmd  fugnoluwfif fruwfunnidibpp  nbngngfl
wnnidny aplyng ybl mwpphpdnaf qfiqgriiilymfl ny fenp ghupnlmgwhbphyg b
gyt dfigh wwpphpmfymdp  quuwdnpuwbe jpool F ewhwluwlwlh  plng
Ppup, Braas for s g eag o o vaa fy sy fungnpugmigh wnquilipp Sypelufr (GJlﬁlgmp[vw),
npl nilibp dplple 15 funputiupg hfyndTbinp dwuy b Shlph 25 Ipynd binp bply-
pocflymds (Heim Alb., 1883**+), wpnhl Swulinud F wbwmpuf  yunshbiph, npnhp
hywpng b qlndby opupho hinpp muwpkypr Uil wh hplnyfhsph Swdwp phgSubing

* 1965 f. Snlunkidphpfis Uyl Ul ess goreat Y pugud®  Lhnbwg it wgupbbipfe Shpowhfilpwgfe qf-
U T % e Ty bhphwjwgfwd qhlpnegdul ofbpulyulud wwpphpulp
= 2002 U bplypruspoasboss fpaus s ghwmflyndibbph phumfunoonp ghodlfusbiflugp podifp fupfy
Ll 'i‘pm{aw!maﬂ;mﬁp wh'u by 20—21,
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b wpngbufe wybuughh droft -::wba'-w (e gufpleples f‘"'!'p";ﬂ"' "':-wa ?'"wf- yb-
pusdnudp wpmumplulubf) Swfwhwpup, wyg wpeghup  Swdbdumpup

5 Lnefynihip:
Ifwﬂn;:'"‘,mi.luqbl'uﬂthpbbp[h npntp  Swidbdwnbyh kb ppbly unpbpey ng
punppuighl plmcyB hon wblynniply ugnulugpl pwpeanabbph wpggndpbbpph,
sy b4 qunby Sk wligug ﬁp&pmpmf-wlfmlf qmpmzp:wb!rﬁpmnf. e lpus gl ?pmbp
cund bilmuspup Swngdunby bi Suadnud, pulh np anqubgbbpf uw Sl
Sl ufmld'mirflﬁpg bplph l[ﬁqhﬁ Jmlibpf:um‘fob Swlbdumwpup pupul 2hp-
e puspbloupuun Pt Lpnghugh lprel inpubugphupuwlbpf Sbunugqu wypnghu-
Lhpnul wyn 2bpunfr gl ul Shinhwlipmf: Vilwh  waqubpbbph g S upasle
ety Wlupugpud wwlpufufh] gbopbphy Yupbih & by YuaShal fniggodk-
s b_fm.#'wﬂ&'}[b!“lf' uprmel: wfi il npl milih 210 & Swuwmniffynids,
fusgidfwd £ winnppl opnmibhywy  hpwpwpbph L Phpfupupbeh prrlibphg,
npnlp “r,,_.,mlm.} L J[xzf;!; opqm”vf”mb f;pmpwpﬁpnuf. bpuwlp wnwgu gl
b ofbppl opprsf plypuils bl dmiffr by pllpndfbyne  dwdwlimly
(TB?HXGQJE-’I. 1936) - Uju Bl upup S wnwymgwd wnnpgpu unqulp-
Ubpp Awtufu sy S upwlined bt ny dpwgh hwnegdwdpp, wyle wogubph
avgpulpf Sbunphpp' vwibgdwh  Swyphplibph dlenyf, opuypupp  Swlhgpuby
Lh, oppliuwly, Ubpddnulpny qurk 2rgwhfp fuppabf wofpwump  phpuwfudpoul
qunlfnn wipnpeliew il pnpufinbibhpf qubgfwdnud {Bl’.‘lO_\'(‘OB, 1939): Uwrnp-
oy unqubphbph Shunlunbipny] wnwgmgnig, wyuwhu  loypfwmd, wogqulipu-
1 l;mlm;gz{mépbbpg quun pugdumnbuwly b, qpwhy Uhpluwjugmygpbpp
fjupng bl Ny Yl quyned, 'h{bpbl;[t dmin Swhnhuny qpurugun g frovi gfit
FﬁppwgwpbanJ Lbpidinwd of b fela ehdpppyule b opnoifplpqute hpwpwphph hgh
18 f qupp phlnplbply jugdjwd pongnp  felggeidbpunbbpp  (Bailey et al.,
1928) L M blsufryof s frow g fr !‘bﬁmpnftmltwb 2pgwlif opaoif il puil hpwpuwphpl Jpn-
g usd hntiggnd bpwmbbpp, npnlip whqugpfwd bb wibph hud sl i~
funfnp whSwdupup wipplbpf dlny (Brown, 1913):

Unquibipuyfple dwgnul mbihgny b glgodidpnfio] qlrugnlpugfubibipfe fugol -
L fumfumnuﬁ:ﬂpf: Ll el :[n:qmqu'm!l ququipupl wpnphb e Sus gk b iy
quipp qfrnblpubiihp Mhunp b widblw g npngulppoacflyudp plggd by bgafuwd gy~
qwq.pm.ﬂ;mb Sunnljurugbu nhnpnghl P!mqp[r, pwlth np 3 fwpny gfby b lpurn -
Uply ke unquiipughl wpnghulibph lud gpuby wnwguwylhng mdbph yooquigplob
Swpgpt

Nyuwnpnifd juls wpdwhp | Bl plulpwl ypnghubbpl Jhh meprfy yoiguigpone-
fynihs, np of frod il s fru ly qauipfinphh unfbyf Jhd wwpwdnud nchife plinkgfih b~
hppubpnud: Mnpaghly wandnf Shwpudap § qrogugphy hwpdp b ffrowlpopdp
wupuplbpfy huwgdfwd phaliugple bpfonwswpyg hwnmyfwdpbhph jutighpp b wn-
qulipayfi appwibpnal® rufindy gqpodunkbpfy hurgdsfwd pulighpp Gplpre npliay-
phpnulle by grguspng qupnulbbpp pubgh Swpdbad wnugwghnol bt wwmSphl
wymPp qfdwgpnfpul dhwgh Fwoeledf dnphifiqugnuds Ugg dophygfiguguadp
juligh Juwpdbf mwppbp hbhmbpnod vofnpupup imd b b Swdwyuf, npf Sh-
wnlewfipnf wonwgwhoul bk Qlisspnfum Byl wmwpphp sfinglpoud qunfifng g fi-
Lhip:

Puwpndy gpodinkbph ndihy Swdbdwmwpup fnpp dwdu bl gk, wgy
fruly wpuin@unnf wymayfufy wymphlphy Juqilsfwd quilighpf duwpdinal ungpl
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wmpnghup Suwdbdwmmpup wpug £ phfuwlinul, Swdwgpfny dwdljbubbpnd un-
inpuwpwp ghufned b dbusfnfuncfl gl pagnp g filsbpp’ Inpunocfyndds, funp-
pufpl qubpugny b wpwgugng unngp, frul hqupwlbpey wbgudwebpnod bnegh-
fm"f‘ Mﬁmumﬁflm.ﬂjntfl (pr-”mbl{lwﬁjwb, 1965)'

‘fmp&p I f”;um.ﬁrmpc}p wufmpilbpﬂ un:{npwpmp‘ b Jmé’wlfmilm.plm.b 137]
nilibifimed ujq.u’ftuﬁ wn’mpftbpﬁg Ilmq_.rhlmé lbn!rwjflft fun’znp l{wnntyl{wépbi-
poedd G gliygby wnmgwhnol b dbwdinfumful  mwpphp nbuwlbbp, vl b
wupmphbpfe nhogngply wy Swalnfimbhbph $hinlbwhpny ghpuwlzfn byl
Pyl | vwmwhmd funppusgpl qupunp ungepe big dhwpnfuncimibbpp kg
by mbklined, hpp gogusspng pupndihpl dhdmfnidip qualfnal £ gun guliquin
dlusspnfurflynititihpfile Swdwuumwnfuwbng < ungpl wnwghl ghidf b ungpp =,
wwSd by fite pupduds dhok (B 1*):  Uyuwmby  Upnefpl Swwnmndy b1y dwdw-
hwhnefl juls ulygpbwlwh gun  pupdp wpdbpp, npp  bwwybe  ghpwgubgnol
b Phiuhwd p dwpdbofile Swdwupumwofawhngpl, 1,57 Pwpwdnp uopph aws-
duwhbhppl Swdwupuwmmsfowboul bl vwlpl  doppifpqugfuwd  gldwgpncfigud
wpd bplhpp
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Plruwlyusts by np qupunfnp funppughle vogph qoupl wowgwhoul b bwl jubigh
dwpdpop hwgdug dinfup woupwpbbpmds Uppmfwhgbpd, bdwh pulighpph gnpni-
Pyl Swilbidwmwpup thnpp mlinguifl pul b jwbighpl Jpw wyy, wnwfby flnbi-
bwlpwh ygugl wpggnidip:

lwhghpl funppuwypt gupufng ungpp wewdhy pigfubng wpnyniipn fwpdp
b hpuwhwpdp hnbwmmpbbpnol dwppuwdnp gliunljughwibph wwpphp &6bph
bire Gwn wnoudbbpnf wwppbpnf@ymbp wn ghoppluwgpwibph L (wlighpf fpuw
fywle plineyfd £ fpol: Sﬁpgwq}th biflwgpod £, ep gpodunbbpl engpp dwlbph-
ffugflacd, thnpp dwugmwpny] wilh pubfy wpmwgngnuli £, foy Thd funpncf o -
Ihpnid mbaf b mbbiinul mblpnntifly nodbph wopbgnfwh mwly, bploe ghoph-
poud by gopdned b cbwuypbu dhwmbowly dhpuwhfpiqd, (hwpud wmwpphp b gpuby
wnmguybng mdbpp phogyfps (Tepuarn, 1958):

Luhighpl funppughl gupufnp ungep wpnwSwpnnod b wwppbp dbkbpny®
Wuwwywd pubigp fwgilng (habwwuwpbbpl nbopngply Swinljn @ ndibibph b pbpnb-
pfe mhqupppph wmwpphplh oo pwiglh Twhbpbog@h  shofulwpuphpoffgwl $hn
Luwhgphli quiguilhn whpugpfwd hupdp b sy wupupbbpl $bpfwgu oo pulk
qliypaud fhpsfbhbpmd qupgubinul [ Swpfuagph fonppugfife ungp. qu {uughngs

* Wywphhpp wh'u L[y 22—23,
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¢ wypughup bpnbph dndube’ whlplusts muquoflyudp: Yupdp 2hpwbpp fngon-
phl mb'lwl['ﬂfmimlf kL Lagyh augqai i judps Viwh dhwthnfumiflimdlibp Swipn-
Guphbpbyp pudulubpl addwp b puip np 2hpmbpp wbqualhpph popnp wwnph-
pp Syl b b wil bbwSwwhwlwlh wpggadipp  fupng b owdiodfwd
d’hbl &bm:[m!umpjw" x'mmeF;w“f fa[lf‘wjbpfl Pblfll’l’t"lﬂf’b’lﬂ! lﬁuubﬁf;hb{uﬁ
{!"qﬁnpnzpfwb L vwshgdwh Swpbplibph wrwgwgTul  Jhy: Unwghl  whgut
H""f’abi"’{’ J}"I"y"‘!{ Shoplwlp qpndtmﬁﬁpnuf duwubifpliubph Laf ke f'nqlfhnpu:nuf
‘.'mjmbwpflpb[ fs 1936 Fliﬂlf{lﬂ!l!!b {TE‘P-CTE‘“&H“H, 1948) - u;b \'5mmqminnf
Swumuwumifbyg phbumgﬁnq_-d'mbpmq[rwmlim!ﬁh Swhwwywpind (TYpoBCRas,
1959). g Jwplenp szbul‘rmﬂjmﬁg 1964 uwlwhfy  duwnbuwlpby | uypnh.
Ulbd upnnlsp (1967 ), bl gyl yrppopog quiuis fununcfl gndiad:

Lwhp wmurmnfrly syl ealielibip o :lmmpmpmglfmf: qhupnul spufiaddy phpnbph
[unflpwjflil unnpp widpnng szmmfmfpﬁpfl wwSbgdwl dfrgngnif whgbnul £ wyh-
vt g ol ,{,[n;q;fmb Quu“\'lb: Udwh  opfluuly k Swhnpuwlnul 1806 . ‘happoanch
Swpnkfy unquilipp Cibygwphugnad (Tepuarn, 1958)

U’flmqulfmﬂ: gy u{u.rmljﬁp I3 q{:m-{nuf w gl gliwpnul, bpp szm&pp -
Jbd Ehl{bnuf bl ghuyf Juligh funppp: bk wpdwmwljuwh wupuphbpp Jhplugmd
Lis lpuased Lpwiyg Syl wrls duwlpbplingfp Bhlfingp Shur grogquShn £ pulighl b wh-
quigpifwd £ Junbwynefd puls, ehplwompdwhfe bk gph Puquighl byuwliwlpughl gin-
sfin funefdjuuts vwidwifyg wdbih fnpp Junpnifywt fpuw, wypw guSuf/bd w bl wh
2bpinbph qdumafwubp[; nurbipuin dnufnud bl puligh f fugp. wju lﬂ:-:‘llmguu\ 2hie—
utu.lqlnlluﬁ]srll ondwh Sbfpuwhpgdp SwhpwSwymn L bpL Swdwl dudphpliop wh-
qragpfwd £ | bpnsfigguy A vwiidwhfg wfbpp funp, wuyum wmbaf mhbboul dwd-
fud ?ht‘qulnthlﬁhrl! dnnulp. quw  pwgwmpnifnd [ quinul puligh  Swpflu-
Jft funppugpls ungpnul (Ulpe R):  Upugpronlyuit Swppunfopnifpul  qupgugiloh
pgwbbbpnul b, dwulwnpuybu, Zwgwomwhnad fuphyh | quibihy Jufrua wligil-
fusd ke folyplruslibpf hwdwpugp Fwobpoud Thpljugwd b dwdljwd phipunu-
quofulthph dndwh puwgdwffn] opflimliihp:

Ghpnhph quiSuibd whlpdwh qhugpnud qulighph Swplife Thy winuguwlinod
k &fxmlfmfum.p;wh Lu Jhlp wyy &L upnnw s funppugfil ungp' wmShydul wyn-
wbligpuy dwlhplngf i Suwpny pgwhnul. gpu Shulotpof phpuhpp plga-
bnod b S-wlphpy wkup: Uyu &bp Swdugpoeflyndd | shonfuwgupdwpap apgifmd
bplpne dnnulbbpf, apntip wnhgugpfwd b dhlyp dypnenf pu b wpmwgapnal bh
wwkbgilwl upnnbifegfrug Julbplngfp bphne hogdbpnol wws pfis Fapfyfryuy-
o b qvawqpm.FJwi: gnpdwliyh ﬁzmﬁml;nzﬂ;mbbﬁpﬁ begfwagunal p (hf;. 3 ):
Lutbigf wurunfily upus gl wilele b p e Junfupugdwl ghuypoul byl | milbilimed v~
Shgdwh dwlbplng@hyg o bp wrh s ngpref i & wupmpbbph thpnognul Uy duslylipleng-
Pl mwly qupniialpfnul b quiliquy &l funfd podilihipp (Tep-Crenaus,
|964} wupmpbhph Wil wh &bmlfvnfumﬂ_f.mlr opfrirarly Ielpuenmif el & gy peale Kol frin-
Ubphy Jhhnal (TanoGp, 1960):

Pwbwibd whipnelny phpwmbpp Bl pugpefud Junpncfl pule of pu S-wljbry
dunudp fupnyg b nbgpnbiwy bpwlhmlnfinds ndibhog bplypwpuwiinlpul dunilw-
bhuwlhfp puffugpaul qubiquyg dbhwrpnfudwd, dnifwd phpinbpp bppladh afrunifned b
fppl whipnnlfl bplny@ibp, hwpmd ny Jf wnlymf s puiibh Tehiprund fila
wpngbvithph b mpnﬁbunp U. U. Goygp (H.Iy.ﬂbll, 1947), nfrnkyjnif i
ﬂhml{m{umﬂ;mﬁftﬁp Guwppmfidy ghnfi Sofmnud* & pacn fra-wplibypad Dby~
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b gned (Uhpyfgfow ), qpadp whifuihy £ wgpuf frnwg ok Jurnnigiwdplibpy:
Putep np qpusdpumwgpats fbpgpte Swgdm] whifpmipnfu duwuliwlgnol E widbl df
pluwlyul wypnghuf, Shwpadnp § wrnusguplphy affbpuwdfil hwnnegmdplibps wi-
wbpluuful mbpdfhp, fplpanf ndibbugnd gpaly qbibuply hwwyp pwlghpp
Shir, bphph dwlhplngfp Snppanif bljumdwdp Php whbquidiubpf wnljuspne-
F!m!“‘u

Pnpdtulpuls S Shinwppppncfl ik fjupng b Uhplyruguiglohy wib qliwplpp,
bpp (hobugpl bplphbpmod  ghnbpp  Snunul b quifunfbd  ljudd augnqudfrg
whlpned mibibgny phpnbpf wvwpodd u bplyus lprfe S-wlbpuy qupwifap  uni-
plt Sbhinlwlipny whyfe b odeblnud gbpunkph nhpef wrbgulju shatpnfunifnds L
wllpfwh dhdwgnul® Sutinfs wnwhgpf mugmefpud pe Quipquiliugny Sniunfr bplpme
f!:u;tﬁpnuf wygy &liwspnfumfindibpp lwpny b Swhghgliby ufuuy 5bulngfdpndi-
ubph' wwplbnp bplpo fpnd whinflyplrugf gopnofd pul dwufl, Swnlpuraghu btk
2hpurhple nfiffd il Ilipugms] SbpPuwgugdng Dot wdpuyfls quibegaf g lipurbp b,
apfiiuly, Pyl Rurguinfwd 3k, np npny whnfly iy Snipnbbpf Sfpu bppne-
dneflynihep wyu whuwblygniing hompogh o bpodiw by qpulyg wiaflyfleg (hibpps

Uguugpuf fbppmdncfdpute ghypnul Sudbdwmmpup $hn ki nprpfmd dbp-
fugmd le durdlyud phpwmgpnifulibpp dndwh bplogyfubpp, wig Qlwrsfinfuncfd prcie-
hpp Jhpddwlhplncgfugpl ny funp 2bpumnct urhgqu hwbwpne $bwmlwlpo: Uhyu
Swbgud wlpf 8wy wend i whdpmdhymnifymdp g nod € g fl bplpwpm-
iyl pugdwfpe] dbnliwplibpnol lnppu i qupudnp ungph grnaul qo-
Suifbid whlpdule ghpubpf S-wlbipwy dnnulp ghnlu dhnud b pS b gmn]wd: b
fbppridned p pupopuiinal £ wdblifiy wnwg The funpnflpul §hnluubpnd, nmnky
phpuhpp Unpduy glpp L phgmibinuls Uy funpocfgodip fpuopng £ gt by Tl
purligly Suwnuslyfeg of wre Pupnugnidp hwpng b oy quy bwh owSbgdwl dalph-
plogfhy fbp qubnfnyg gpguwlnul wupuplbpl wbywywpddwl fwd hplywgd wi
Sbwmliufipmft Lhmwgnmngp Snfunpy vwlndk lhpuynd gl pubgl fenppp drifng
phpukpf plitiplyd it duwdwliuwly whinp b fbpwlwhaghf (bpljogdod dwid winuly
S-wlhpuwy dnidwh Shnwyfuwd fbppl dualipp b bhplpwpmghf gpwhy qﬁppﬂ‘ o frls-
e Alvdhnfuncfd g pe

Yhplimud bgfby, np wngubpwgfib Qlistho funefd gudelehpp upp s frlpnefd jurhs
ifpmgnud” nhnpnghly wenoln grogugpfnud bi qpuggndilpnf] qpogelughwbbph
Sban, pulip np bplne gliugpnul Ly urhyf nilehte npny ww byl wlh Swhbplneg@ihpnd
wuuplhpfe quiguwdbbpp Suwdbdwmwpup wpog whyugmpdnalibps Ugpmbnpy
bplinul £, np un gt pus g file hushafumfynhbhpp  funppugfil ungpf shoegmed,
qupdgumy nbopngply wnnolaf, hwphyf | qreguigphy wpflyumfrf qliupnljwgfrubbpf
Shuw, puhaf np bplne ghuypnul fy mhnfe mbblh phaliwaguphbph nquligug whiyuw-
pupdnulihp' wnwhy wwlbydwh Julphplngfubpf wnmgugdul:

Mingngfinphls wmwpphpnfyadp pegoodwgph b Swppwidnp  fuwfumnlbbph
dhigle fpur gl | bpubinul, np wypuwin frlpnefd pul fngned doppyfgoiimad E vwh-
plil wupmpfe ppfif gl wgpofdgndip, wgh dwdwlimly, bpp vngnibiofdpwh dhingnul
wwSpph gllwgpoc@nihp Tophyfrpwhnal b odfogh dwulwlfinphin

bputinid fpuphyfe € Sl oy by Soah brbpunpwiihpp b mmpkygplehph hnfuso-
prusphpocfd pute sl bpprcdud frge Zwimh{: by np mumpkypibpp wonpupuwp e upn-
ifnud by $phpunepubbp], fuly Soplogntudypud wapbepbhpp® Snppqniulpul ppbp-
unipulshpnie Swpkgplibpl qof hplwipm] wnbyugpifoud b Lhpphwlnnybpf b
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wbpf mengnudfry ,",!,!,up.’mcfp dndwh gnnpubpp, pul) Sophgn-
yeolyure muspbeph 7¥bph bplyw vend’ 2bpmbek 3 nppgrlulpul mogquf pudp dndu
g fibbpp: Uhyuuntin, [umfnmnuﬁ.rﬁp]- ihgpl dwubpnud, nep gngushng pupnadbbpl
wifbyp plonblupd bl Lk uwsphb phdwqpmiflyniip phd J"Pf'fhws'{.w’- whnh &
milibghy fognudught dbuspofumifyncd, wyoflph wupbep lud - Snphgebulul
wruaptgp: Uugpughle b fnnught dwubpnud, npunby pnywiing pupnalibpp -
fuws flnbliof] bl wpg ahdwapef e J”f‘f‘l{"l‘”ﬂ‘{““’ { Jwubiwhp L wnb-
qf & ﬂlbb.‘?b{ "'"‘I?f’ 3&”"{’“;""&#]“!&- m.{uflbpil Prbpunipw lywsd 2bhpinkph danf:

Prhpudfh !!wnnlgl{wl)pbbrf' dhly wyp wmbuwly § Swhppuwhnud Ynipp dwppu-
'z"!'"‘pf""i'f' npp Swwnncly E npng b.ﬁp.ﬁnrtfwgf!nh Jows fuzneal b fide: Fpuwkip duu-
qrud b {f{"b”"l!'?my‘zw& Sqnp f;n:mm!fuuf‘bﬂp{x t}mbqwq uru”afxg‘ zbf.ﬁﬁpfr I
lfwjpgwlfm‘{.'“‘.f!'t’ juligh upes g il b s Ul wh fwnnigwdpbbph ophliwly fju-
pny b dwnurghy buplighlf (an;pmbﬂpbpq-ﬂmth) dhngbbw gy bpposfuanf
Jhpgbibbpp, npnlip huwgdad bb Jwhpugnegh dugphp wrwby fugdwl  (Heim
Arn., 1908) b Ogblydn-Snlptyul gpgubeh bppugbpmundnp qognd pinughl fpowpu-
pbpp (Apcesbes n Hewaesa, 1947): Ppw Shunkwhpn| wmmgwgny  $ppocpnuy
Jjunnigwdpbbpp wpnmgnpned b gpaby wgdudnpdwl quin bplhwp wlngne-
Pynihip:

Brhpuwdfi huwnnigyfuwdpbbpfls b fbhpupbpnul wrmwi I'nuﬁil.n-p (bulging),
apnip wnugwhnul bl Sodffunbibph Swuwhp fogdog Qo] f wigupbehprod®
hnghpp (habwawphbpp Sbpdulb mwl qpuby wpmwdgdwl  Sholwbpnd: Uhp-
wwehpdwh quy Surginbfp wpwnlbp hwpng b Swhgpuwlhuyg §blnpnlodpuh Wi~
thwgnad qunlfng VopSbdupmnb juh bplwBuSwhpl wijwywhnol Zogndby gh-
wmwSmifinfr fpnpfwdpp, npunkng (hywuf (wwnnpple gnepw) g hubpnal my funp
Sntfinfr (30 b wpuilpusu Sfhinp) Lbpshnpdwh b gpuw Shinlwbpmf  Sowmfe fnghpl
glppbnbwynpdwl  wuntwnng wnwguwghy b Jwhp  dwppuwifnpaflync (Hol-
lingworth el al., 1944): Lofinp gnywgnudh wlufby b ogbodon o iy oo g g -
o g frla dund whwhibpnud Shwnlwpup, wpmwihpdwh qupguynulp Juopfud |
wpnghuf gowph urhngnufl pule $hin {Tepuarlt, 1958)

2wl wledl wh 5pbn1:F!lbp qf!mtibl by bwlh ﬂ'nnfﬁbﬁm_fm.lf ‘Zi‘ll'lll‘lil. 1961),
npnhy qpuhp wmwyghy bY «Sndughle wlonfly i (Talantiklinale) whfu-
ol pe Upanwdipdute Sbmwppphp qhup L nfrmif iy .?bfunu;m{m!”tm;}x Ounprusif i
pgwhinuds yuinky by b mdibbnal mbypfunbhpp gpapwgw gl fanpoogfoogf
prohihph pulbiquy mbquaupdaud® vimnpfil Gossf S gfrte Fhpgbigungfets [Fhp o p -
phpp fpugnys Uyu nbyuwywpdnalp humwpfnal §ownwby wvwSbgdulb Qwlbph-
nyfihph wnwgwgdwh (Zaruba, 1956; Zaruba u. Mencl, 1961), wyupbph
fpbhyg bhphwpughnod §ompagwlpub pelighph funppugfle ungp:

bRk Somp qulighpp fugdng hwduwghh  wopuphibpp  dwdlpfwd bl hugin
?bﬂmbﬂﬂl{] m'qm cﬂ'lilﬂfl J&: h"ﬂmg"q ‘{'wlﬁ"l’f mwwﬂ"bﬂ’l ‘1""""";""'!"‘ f!!ﬁl‘{'
provid bl by nciblined YWEdwh bpbogfibp (cambering):  Ungw  wopmphibpp
PapL qupwpnal bl pulign, !uqtlm!f by qughlyfy  nogpedfry  Swphpmf h,
wrnwhdfl pohiibp hwgdbynd, gedoguy fehoul ghyp mwpfbgp: Udlwdr  &hw-
thnfunmfl pnibpp oppliwly hwpng bh dwnwghy Ppuwmulp  gpwdpwpp gpgulnl
glndwd ppnlugpl  pungnp mbgugupdeoafibpp  (Iaasmmn g Tpoiane ki,
1963) U-Jumful war ol wnary v fp e wupuplilpfr’ Opagosf ol guasts speguee fronbelpfo e wartf vt oz -
pupbpl b wmpuwwybhph fungnp, dhigh 80 & Swummf@pul b 3 W bplpupmfl juihs

Jhplwlnnbpf 2bp

— -
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pihihpp qudequn mquzwpdtfnuf b of bpfils phdpphyuwh wpqﬁ[ﬁmbbpmf_ b wphief -
prppuihpmd’ wnmby wwlhbydoh dutlpbplacyfubp wnwygwghbjnu Up wypnghup
whuby bp fbppl wypbumngblinad Iy, Sunfwhwpup, zmpntbwlpimd' E dplyle wrpdids
Lustigh s Tomgls unpgh fpunppes bl wnnp, npp moghlgdmd & mmuiindwdpufl
bppnppalpuds Swumndudpnud qubdng puinnppulwl ugmbiwdl  puqupnthbpf
fungnp ppnlfichpf quibiguy wbyupnpuncfudp, ju b qhunud Lwwumwhnul,
Fwniipfp domny Snuny bquwn yhinf Sntfumnud;

Swpphpmiflynidp wpnwdrpdwh b jpdwh dhole Abwpwhinphh s puslinud £
Ipuwhod, np wowgphl ghuypnod wwplbgf dnn dwdlyng wwwphbpp phpinkpp
fipklg whgqplalpul ghpph lpupmdwidp pupdpubnoul b wmnpunhp  thwdind
wupphbph sbhpmbpp qbufe o bp nugifud Gligd uh wophgnf juls wmwly wyl duw-
dufrly, puwhfs np bphpnpg gbuypnul dwdlng wuywplhpp gbpwbpp guspgdnd 137
mupgudfig Swphph dhyngn I Shinlbnguljubnphkl gwd bi fglinud ppblig wlpgp-
buwlpwle qppphy, bphh dwubpp [hpdbind gbuyf Shune

Uninpuwpump wpmappnalp b hpnalp qpuljwbng jwi dhy blwpugpfnui bl
fpple plephimepmegs bplongfibp. uwlmg qpuip qhbbuplnpbl juopwé bl pu-
i np ppblighy bhplupuglnad b ynuyblumghnb unnfh wpmmwgumnifd nihi-
ihp, nprbp wnwguhinul b Lnppyniiwlwh phpnwdnpmud mbbgng Epngfnk Sn-
(fprnfebpnid, bpp ndwhbmbin ghpnbph  nwl  padwd bl (plinal my=lprmal g bs-
wblimbbpp (Gl 4):  bpngpoagh  Shinbmbpny  Snfuf Phpliwgwd Swmwmlp
wpnufipfoud b ogbufe fbp b np-lyndugbin bl 2bpumbpnud  bplowlh b oqugpu
Ay duppusfnprefd gk Lnfuniibpf hnghpp pghnud bl, np nupblpgned £ fnd-
whmblin ghpnbph gwpgnudnd, mnwgwghbing pynlihp, npnhip  Rhpynui I
qupdifnud bl Safinf Sunmulfe muggemf@yudps Ubpgndipp (plaul § wpinwitfipd wili
mngwynudp Sofmp dpypl Jwuncd,  lpdwh wnwgmgnulp®  fnguid wubpool
(Tep-Crenausu, 1967):

Uf fngd g 4wl gfi bpngpwgl wpmgmfndipy b dgnes hngdhy ynd -
uphan bl e ny~lpnilughon bl 2hpmbpp wilpnfljwl hnpuSwpwpbpn@ oy Jpuas fur-
Jud, wpmumihpridp fpud hpnulp winwiinul §oghpfopenng bpwhwlnfymili. g $b-
nlwlpmy] wnwgwhnal bl ndwybbuwghnk ungpf dhwpwhnphl mwpphp wpuru-
Sugurnafl prcilehipa

Uilyuraljud, bwpuwgpfwd mbumlibpny )f uwpmnoud qubighph funppu gt
qupunp vngph &kbpp pugdwquhm@ndip b w b thafiw gl bphpibpnod ndif
qhndnppmpngpwlwh ny wwlhwe bywhwlnf o, pul Juwlbplbngyfuwhl ungpp
Yyt wngpppgmilghuts, nph npbpp whguy qupf {bpghpph  pugwSugnb £ .
My b d. Mopuf wyfuwmmfynihpnl
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Pedgepar. OnoasiieBue CMCIUECHIN, npoilcxoasune o Raracrpodiueckoi dase npo-
gecca, B PEOJOTHYECKOM CMBICIE MAPAJICAHIVIOTCH € HEROTOPLIMH BIAIMH AMIBROHKTUBHN <
coKai—cGpocaMil, CABMTAMIL If HAABHTAMI; PAsANMHe B STOM OTHOWCHHI HOCHT RKOIH-
yecTHeHHB Xapaxtep. B 0GOIX CayMaAX CONPOTHBACHHE CABUIY  NOPOL  MOGHALIYCI:

1I07HOCTBIO, \
Boasiioe 3xauenite NpHOSFETdeT APYras PeOJOrmHecKkas apalieib Memay  onoasie:

DL CMELLeHAME B ase rayOuHHHONl NOAIYYECTH I IANKATHBNEMI JWCIOKAUISMI, KObL
“(pH 4ACTHYHOM MOGHAMIALNI CONPOTHBAGHNS NMOPOA CABUTY NPOHCXOMIT Meenuue iedop-
sMawi ropubx nopoi. B craTee NPHBOINTCA ONNCAHIE YCAOBHR OOPAIOBAMIA HEROTOPLIN
TUNOB BEKOBOM FAVGHIHON NOASYIECTH N0PO1 Ha CKAOHAN—ILIOCKOCTION NOAIYHeCTIL, 14
ri6a roaos naactos, S-o6paszHoil #  KOMnescawnonnon rayoumnoil noasyuecri. Iper-
aaraerca  oGpasyloutiecs Bilbl  AeOpMAIl  MOPOL HA CRAOHAX OOBLEANMEHNO  HAAM-
paTh KANHOTeHHBIMI CTPYKTYPaMil, MOCKOABKY Ol FEHETIMECKI. CBH3AN ¢ UAKAOHILIMI

YHacTRaMIL

CyuiecTByeT pfil 3K30TEHHLIX MPOLECCOB, PE3YAbTAT KOTOPLIN BHELWIHC
jiMeeT MHOro o0uiero ¢ (popmamu, SIBASIOUHMHCS CJCACTBHEM TCKTOHHYE-
ckux aApmzKeHHil. K HiuM OTHOCATCS pasjiuyHbIe THIL PA3PLIBHLIX HAPYILEHNIT,
KOTOPbIE BbI3bIBAIOTCS ONOA3HSIMH 1l BHEIWHE HANOMHHAKT AN BIOHKTHBHDIE
AMCJA0Kalun: cOpOChl, CABUTH M HAaABHTH. Bee aTu BHABLL CMEICHHIT TOPHBIN
NOpOA XapaKTEePH3YIOTCH HAJAHYHEM NOBEPXHOCTEIl CKOJALXKCHIS, COBNAAAI0-
UIHX C MOJOMKEHHEM TakKHX MJAOMIAA0K, IS KOTOPLIX  CONPOTHBICHI
NOPOA CABHFY SIBJSETCS NOJHOCTBIO MOOHAH3OBAHHLIM (OAHOBPEMEHHO Wi
yalie B Pe3yJabTaTe MPOrpecCHPYIOLLEro Paspylleris).

BpizBaHHbIe ONOJ3HAMH Pa3pbIBHLIC HAPYUICHHS B PEOJOTHYCCKOM
CMbIC/IE HHYEM He OTVIHYAIOTCS OT HerJyOOKHN JAHIBLIOHKTHBHLIX JIHCHOKALLHIL,
I pasqHuHe MeX/JY HHMH HOCHT [JABHLIM O0pPasoM KOJWUECTBEHHLIT Xa-
pakrep. JlefiCTBHTENBHO, KPYIHEHIWNIT A0HCTOPHUCCKHiT onoa3ens y Panmca
B Llpeitnapuu, oobsemom 10 15 kyb. ka n nporskennen 25 xu (Heim Alb.,
1883***), yxe 710CTHras pasmepoB, KOTOPbe MOTYT PACCMATPHUBATLCS Kak
HeGoAbWOoM cOpoc. OOWHM A5t NOJAOOHLIX SABJACHHI CAYKHT AOCTHKECHHC
Katactpouueckoil asnl npouecca (r. e. nepexoj (pasn rAyOHHHON noJj-
ayuecTd B (pa3y NJaCTHUHOCTH) I, BEPOSATHO, CPABHHTENbLHASI KPATKOBpC-
MEHHOCTb €ro NpoTeKaHIsl.

KpynHeiimine onoasHu, CpaBHHMBIC 10 CBOHM paaMepaMm ¢ peayJabra-
TAMH TEKTOHHYECKHX DPa3pbiBHBIX HapVIICHHIT HeryGHHHOrO  Xapakrepa
HMEJIH MECTO H B MPOULIBbIC FeoJOrHYECKHEe MEPHOALI; OJHAKO OHH HahJI0-
A4I0TCH OTHOCHTEJABHO PEAKO, TAK KAk YCJOBHSI COXPAHCHHS OnMoJ3Heil B
CPaBHHTENBHO TOHKOM MOBEPXHOCTHOM CJ0€ KOpPLl HeGJAronpusiTHL BCJe/)-
CTBHE YHHUTOXKEHHS ITOr0 €105 Npi NOCACAYIOUIHX NPOLEccax Ipoaui Hian

* TMepepaGotannsii Aokaan, npeacrasaenupii Hayunoit sondepeniin no mexauise rop
by nopoa B Aama-Ate n okraGpe 1965 r.
**% 3ap. oraenom reomexanukuy Mucturyra reosormvecknx mayx Al Apm CCP,
#4% Jlurepatypy em. na crp. 2021,
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Tpanerpeccuit. Cpejly HeMHOTHX ONMMCAHHLIX  CJAy4YaeB COXPAHEHHS TaKHA
onoasHell MOKHO ykazaTb Ha KoHraomepat Kayxea ma 3anaasom Gepery
Heothaynaaenia momusoctsio 210 &, cocTosiui ¥3 b6 HHZKHEOPJIOBHK-
CKHX W3BCCTHAKOB H CJAaHUEB, BKJAIYEHHBIX B CPelHEODJ0BHKCKHE H3BECT-
HiKH, 0OpPA30B4BILKACA NPH ONYCKAHHH B MOpEe BepXHEOPIOBHKCKOro rop-
Horo xpefra (Teenxosea, 1936). IMoaeoaHoie onoa3Hd, c6pa3oBasllinecs
TAKHM NYTEM, NOPOH COXPAHAIOT HE TOJBKO CTPYKTYPY, HO H NpsMbie CAEAL!
ONOJ34HKSA B BH/IE 3€PKaJ CKOJBKEHHH, BCTPEYEHHBIX, HanpHMep, B TOJLLE
anaohaHoBLIX GOKCHTOB, 3ajeraioli¥Xx B yIJeHOCHOH CBHTE KapOoHa
IToamockoBroro paiona (Benoycos, 11939). Boseukaiolllhe B pesyabTate

CNI0OJIBOJAHLIX  ONOJ3HeH Tak Ha3blBaeMble ONnoJ3HeBble CTPVETYPbl BeCbMa

Pa3HOOGPA3HLI; HX NPEACTABHTEASMH MOLJIH Obl CAYZKHTh KPYMHLIE KOHIJIO-
MepaThl, COCTOAUIME M3 TG BEPXHEKeMOPHHCKHX M OPJOBHKCKHX H3BECT-
HHIKOB pazMepos Jo 18 A, BHeApPeHHLIX B TPaNnTOJHTOBbIE CJaHIbl, BCTpe-
yennnle Gau3 Kpebeka B Kanane (Bailey et al., 1928), u okatanHble KoHr10-
MepaThl OpPJOBHKCKMX H3BecTHsKoB H3 LleHtpaasHoro oxkpyra B IleHcHab-
BAHHH, 3ajeralouine B Bule 6oJiee HIH MEHee NPaBHJIBHBIX ACHMMETPHYHBIX
poan (Brown, 1913).

Maes noaoGHOro conoctapieHHs Pa3phiBHLIX HapyLIEHH ONOJA3HEBOTO
NPOHCXOKACHHA W M BIOHKTHBHBIX AHCAOKAUHA Y7Ke BbICKa3biBaJlaCh PAAOM
yuenbix. HyXKHO noAYepKEYTE HMEHHO PeOJOrHYeCKHil XapakTep yKa3aHHOro
conocTapienis, MocKojJbKy He MOJKET CTOfTh BoNpoca o NapajaeansaliH
TCKTOHHYECKHX H ONOJI3HEBLIX I1POIECCOB MM BLI3LIBAIOUIHX HX CHJI.

3acayKuBaeT BHHMAHHS TakiKe H JPYroe cOnocTaB/jeHHe MPHPOAHbLIX
IPOILECCOB, HMEIOIIMX K TOMY JKe 3HaYMTeabHo (GoJbllee PacinpocTpaHEeHHe B
FOpHBIX cTpaHax. B peosiornyeckoM OTHOLICHHH BO3MOJKHO 11apa/elH30BaTh
CKJOHLI MOJIOALIX FOPHBIX COOPYIKEHHil, C/OXKeHHble TBEPAbIMH H MOJYTBep-
JILIMH TOPHBIMH NOPOAAMH, H CKJOHLI B ONOJ3HEPBLIX pailoHAX, CJA0XKEHHbIE
MATKHMH TpyHTAMH. B 06GOHX cayuasix KacaTeJbHble HanpsiKeHHs B Teje
CKJOHA BBI3LIBAIOT JIMIIL YACTHYHYIO MOOHJH3ALMIO CONPOTHBJEGHHS MaTe-
puada casury. ra MoOuau3auus o6biyHC ObIBACT HEPaBHOMEPHOH B pas-
JHYHBIX TOUKAX TeJa CKJIOHA, BCJEACTBHE Yero B Hem 00pa3yloTcsi 30HBI,
Haxo/siulnecss B pasHulX (paszax aedopmaliiui.

Msrkue rpyHTsl 06/1a/1a10T CPABHHTENBHO HEBGOJLILOH BA3KOCThIO; MO-
3TOMY TPOIECC T0J3YYCCTH MPOTEKAeT OTHOCHTEJBHO OBICTPO, H B TeJje
CKJIOHOB, CJIOJKEHHbIX TAKHMH TPYHTaMM, B CONOCTABUMBIE CPOKH OOBIYHO
HabmionaloTes Bce 30HBI  JlepOPMALMH:  JKECTKOCTH, 3daMeAJsiolencs H
yekopsiouleiicsi rayOMHHOI NOJ3YYyecTH, a B OCTPOBOOGPA3HBIX ydyacTKax
name u naactnyoetn (Tep-Crenansin, 1961).

Teepabie u noayreepibie NOpoAn 06bLIYHO 06JaJ4aI0T BBHICOKOH BA3-
KOCTbIO. B KpYyNHBIX FOPHLIX COOPYIKEHHAX, CJAOKEHHBIX TAKHMH NOPOAaMH,
TaKiKe o0pasyloTest paziHuHLIe THNLI AeOpPMAIHK, HO BCJACJACTBHE HHBIX
PEONOTHYCCKEX CBOIICTE nopojl  npeobiajaiollee  3Hauenne npuodperaer
BCKOBAs TyOHHHAA noasyyectb. DTn aedopMaunn npoHCXoAaT, KOrjaa Be-
JAHYHHAS KACATE/MbHLIX HANPSIKEHU HAXOAMTCSH MEX1Y [epBLIM  HOPOroM
MOA3YUECTH T3, COOTBETCTBYIOLUIUM Haualy BechbMa MeAJICHHBIX Aeopmanuuii,
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{i NMpeleabHLIM HAMPSKEHHEM CABUTY S (puc: 1%). 3aecs martepuaal
XapaKkTepH3yeTcs BecbMa BbICOKHMH NEPBHUHBIMI 3HANCHUSMM BA3KOCTH
%y, CYUIECTBEHHO MNPEBHIIAIOUIIMII Te SHAUEHNS, KOTOPHE COOTBETCTBYIOT!
BunraMoBy Teay, % >7. 'pasuunas BEKOBOMl TNOJA3YMECTH OTBEMAIOT 3HA--

yeHis MOOHAH30BAHHOIO CONMpOTHBACHHA CABHIY

== %1 = 0
tpgl, = — 1 1g00 = —_—
g% 3+ 3 3+ 3'

rae 3, = c'ctgz’ npeacrasaser CO0O0il BCECTOPOHHEE MABACHHE CBU3HOCTIL, .
a ¢’ W %' —uapaMeTpbl CONPOTHBIEHH CABHTY 31, BHPAXEHHOIO uepe3:
spexTuBibe Hampskenns 3', T=C¢"-+ 3'tgz’. '

EcrecTBEHHO, UTO 30HA BEKOBOI TIYOMHHON noasyuecrn odpasyercs
Tak)Ke B MATKMX TPYHTax, CAaraluux Tteno ckaoHos. Oamaxo, Bsuay
CpaBHHTEJBHO HeGOMBIION AJIHTEILHOCTH CYIECTBOBAHHA TAKHX CKAOHOB I
IPOTeKaHHA Ha HHX APYrHX, O0oJee HHICHCHBHLIX MNPOLECCOB, BeKOBas
rayGuHHAs NOJ3yuyecTh Ha HUX He umeer 0oJbwioro 3Hauenus. Bexosasn
M0J3y4€cTb TBEPABIX MOPOJ], CAAralOWHX TOPHbIE COOPYXKEHHSN, nporekaer
pecbMa MeLJ]eHHO, OJHAaKO, BBHAY OOJbLION AMHTEILHOCTH TE0JOTHHECKOro
BPEMEHH, OHAa MOXET [aBaTh 3aMETHLIl KOHEUHbIfl pe3yabrar.

HaunbGonee oOuMM pe3viabTATOM BEKOBOMl MYOMHHON  noaaywecru Ha
CKJOHAX B TBEPABIX H NOJAYTBEPABIX TOPHBIX NOPOAAX SABJSIOTCH PaIAHUHLIC
BH/Ibl NHKATHBHBIX JHCJIOKAaUHA. Bo MHOTHX OTHOWEHHAX Pasianune Memuy
3THMH JHCJOKAUHAMH H Pe3yJbTaTaMH MEAJEHHON TaAyOHHHOI noJaayvect
MATKHX TPYHTOB Ha CKJOHAX HOCHT JIHWb KOJHYECTBEHHbI  Xapakrep.
Tepuarn (1958) noaaraer, uTo NOJA3YHECTb TPYHTOB SBJAACTCA OTPAMKEHHCM
Ha TNOBEPXHOCTH, B MaJoM Macwrale, TOro, 4To HPOHCXOAHT Ha  GoJbLIN
ray6uHax noj AeACTBHEM TEKTOHHUECKHX CHJ; B 00OHX cayuasnx jeficrsyer
«CYUIECTBEHHO OJMHAKOBLINI MEXaHH3M, XOTS NPHPOAA BLI3LIBAIOUHX WX CHJ
pasanuHas.

Bekopasi riyGHHHAs MNOJ3YYECTh CKJAOHOB — NPOSIBJASCTCS  Pasanuuo,
B 3aBHCHMOCTH OT PEOJIOrHYECKHX CBONCTB TOPHLIX NMOPOA 1 COOTHOLICHHS
MEX/1y 3JeMEHTaMH 3aJeraHiusi nJacToB M MOBEPXHOCTbIO CKJAOHa. [lpn
Yepe/lOBAHHH TBEPABIX M MSATKHX MNJAAaCTOB, 3aJeraloliliX napajiiebio
CKJIOHY, B TNOCJAEAHHX Pa3BHBAETCA NJOCKOCTHAA TMyOGHHHAS NOA3YUECTh; 3TO
NPHBOAMT K NEPEKalHBAHHIO TAKHX CJI0EB B Hanpasaenun najnenus. Teep-
/lble N71acThl JKECTKO NepeMellaloTcss B TOM JKe Hanpasiennn. OGHApYKRNTL
Takne jedopMmaini JIOBOJBHO TPY/HO, TaK KaK BCe IJCMEHTBHI 3a/eraHis
N1aCTOB COXPAHAIOTCA H HanboJee BEPOATHLIN Pe3yJbTAT MOMKET 3aK/K0-
YaThCsi B OPHEHTALUMM YewyHYaThIX YACTHIL BAOJAL MJAOCKOCTH AedopMaitin
1 00pa3oBaHui 3epKa’a CKOJbXKeHHs. Takas opHeHTalHsi YacTHIL B TPYHTAYX
Obl1a 3KCNEPHMEHTAALHO ycTaHoBJAeHa astopom B 1936 r. (Tep-Crenansn,
1948) u nosxke NOATBEPHKAEHA NOAAPHIAUHOHHO-MUKPOCKONHUCCKHM TYTCM
(Typosckas, 1959); ee BaxHoe 3nauenne Guiio nokasawo s 1964 r. npodp.
Ckemnronom (1967) B ero uerseproit Penxunosckoii aexumm.

* Pucynkn em. wa crp. 22—23,
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[Mpy yXyAIEHUH CTATHYECKHX YCJOBHA CKJIOHA rIyGHHHAs N0J3yuecTb
MATKHX NAACTOB nepexoant B a3y KatacTpouyeckoro oOpYIUIEHHA MyTeM
COCKab3LBAHMA Nayek niacTos. [IpuMepoM sBJASETCA H3BECTHBIA OMNOJ3eHb
y loabaay s Ulsehuapuu 8 1806 r. (Tepuaru, 1958).

CoBepuIeHHo WHasd KapTHHa Ha6Jl10jaeTcd Npd KpYTOM MNajeHHH naa-
c108 B r1yOb CkAOHa, Eciy KopeHHble Nopo/ibl 0OHaKeHbl HJAH NOBEPXHOCTh
KOHTAKTA KOPEHHBLIX NOPOJ ¢ JEJIOBHAJbHLIM NJ1aUloM NapadielbHa CKIAOHY
H pACNOfoKeHa Ha ray6uHe, MeHblUeH, yeM rpaHniua A ce30HHbIX H3MEeHEeHHIl
BJAKHOCTH, TEMNEPaTyphl ¥ (pa30BOro COCTOSHMS BOAbLI, TO rOJOBBEI KpyTO-
ajlalolMx NJacToB Me/JeHHO H3rH0aloTcsl BHH3 110 CKJAOHY; MEXaHH3M 3TOro
uszuba OOGHAMEHHLIX 20108 naactos obuiensapected. Ecan noBepxHOCTb
KOHTAKTd pacnoJokeHa raybke yxkasaHHo# rpaHuusl A, TO NPOHCXOAHT
useuld NPUKpPLITHLX 20408 NJACTOB; OH HAXOAMT OGBACHEHHE B NJOCKOCTHOH
rayGHHHOA noJ3yyecTu Ck/AoHa (puc. 2). B o6aactax pa3sBuTHA aJdbNHACKON
€KA4AYaTOCTH H, B YACTHOCTH, B ADMEHHH MOZKHO HaHTH MHOKECTBO MpHMe-
poB n3ru6a OGHAKEHHLIX W NPHKPBITHIX TOJOB N/aCTOB B CBOJAOBLIX 4acTAX
CHABHO CHKATBIX AHTHKJAHHAJEH.

[Tpn kpyTOM najeHdu NJacToB B TeJe CKJOHOB BO3HHKAaeT TakxKe H
Jipyroi Bua aeopMalMy—Bpallareibias ray6HHHAA noJa3y4yecTh B 06/1aCTH,
NPHMBLIKAIOULIEH K NOTEHIHAJbHO# NMOBEPXHOCTH CKOJbKEHHS; B pe3yJ/bTare
naacTel npHHMMaloT  S-oGpasnyio (opmy. dta opma npejacTaBAsieT CoO-
yuTaHHE JIBYX B3aHMHO NEPEeBepHYTLIX H3rKOOB, PacHoJjOMEeHHBIX ApYr Hal
JIPYroM M OTpakaiouwux yObiBaHHe 3HaueHHH Ko3(pguuHeHTa MOOGHIH30-
BAHHOrO CONPOTHBJCHHA CABHry B O6e CTOPOHBI OT NOTEHUHAJLHOI
NOBEPXHOCTH CKosbiKeHuna (puc. 3). [lpu yxyduleHWH CTAaTHYECKHX YC-
JIOBHHM CKJOHA TMPOHCXOAMT OOpylIeHHe MNOpoJ, pacnoJOXKeHHbIX Hal
ROBEPXHOCTBIO CKOJbzxeHHsi. [loj 9TO#  NOBEPXHOCTBIO  NPOAOJNKAKOTCS
measennbie aeopmaunu (Tep-Crenansn, 1964, 1967); npumep Takoii Ae-
(opmalnu nopoji HabaoaaeTcs B OAHOH M3 aabnuickux Aoaud (TaaoGp,
1960) .

S-00pasnoti uszub KpyTonajalomux MJIACTOB Ha I1YOHHE MOXKET HMeTh
pernoHaabHOe 3HaveHue. MeleHHO lepopMHPOBaHHBIE B TEYEHHE Teoa0ruye-
CKOr0 BPEMEHH H30THYThlE IJ1acThl HHOIJa pacCMAaTpPHBAIOTCA Kak NpPOAYKT
TeKTOHHUYECKHX HABJEHHH, XOTH OHM M He WMEIOT OTHOIUEHHS K IHIOTEHHLIM
npoueccam. IMpod. C. C. LWyapu (1947), nabaionaswnii Takue aepopmauuu
B jpoaude p. llapkpatma B ceBepo-octouHoi @eprane, B Kuprusuu,
HA3BAJ HX «TPAaBHTALMOHHBLIMH CTPYKTypamu». ITOCKOJMBKY rpaBHTalusl, B
KOHEYHOM HTOre, HEH3MEHHO YyuacTByeT B Ji060M TNPHPOAHOM Tpolecce,
BO3MOXHO NPeAJIOKHTb aJbTEPHATHBHBI TEPMHH <«KJHHOTeHHbIe CTPYKTY-
pbi», MOAUEPKHBASI MX TEHETHYECKYI0 CBfidb CO CKJOHAMH, C Ha/JHYHEM
HAKJOHEHHBIX K TOPH30HTY YYacCTKOB 3eMHOH NOBEpPXHOCTH.

ITpakTiueckuil HHTEpPEC MOryT NPEACTABHTH CJAydyaH, KOrda B TOPHBIX
CTpaHax pekn  NpOTEKAlOT BJAOJbL [POCTHPAHHS KPYTONaJaloWHX HJH
BePTHKAALHLIX nuactos, BesaexcrBue Bekosoit  S-o6pasHoit  1n0a3y4yectH
IPOHCXO/IHT JIOKa/NbHOE H3MEHCHHE TMOJOMEeHHS NJIAaCTOB M YBeJHYEHHE
lajicHusl NO HanpasJeHHI0O K ocH JdoauH. Pa3BuBasice Ha 006oux 6oprax
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!
A0anH, 3T AehOpPMALiit MOTVT NPHUBECTH K HCNPABIALHOMY  BWBOAY |
CVIIeCTBOBAHHH AHTHKINHAJAN BAOAb TaJbBera, B 0COOCHHOCTI ecan naacrt
NPeACTaBIAIT COGOM PHTMHYHO HEPEAYIOUMECH OCAAOMHBe Toaumm, Kan
wanpumep, Gaumuw. He HCKIIOYEHO, 4TO NPABHIABHMIL  daHAAM3 noa sty
VIJIOM 3peHHst HEKOTOPHIX AHTHKINHAJABHBIX JOAWH 3aCTABUT NEPECMOTpPETS
TaK0e HX onpeaeeHHe.

[Mpn noA0GHOM AHAAN3E CPABHHTEIBHO JECKO PACHOIHAIOTCS CAYHaN W
ruba OOHAMEHHLIX H NPHKPHLITHIX TOJOB KPYTONAAAIOULIX NJACTOB BEACH
CTBHE TOTO, YTO 3TH AePOPMALHH JOKAIHIYIOTCS B HErYOOKOM NPRIOBEP N
HOCTHOM C/10€; HeOOXOAHMOCTb YUeTa 3TOr0 OOCTOATEAbCTBA YKA3LIBACTCS B
MHOTHX PYKOBOIACTBAX Mo noJaesoii reotornn. Cayuaii S-o6pasnoro narn6’
KPYTONalaloWnx nJ1acroB B 30He BEKOBOI IMYOMHHON NOJ3YYECTH OCTaeTC:
elle HeHCCAe10BaHHbIM. Ero aHaan3 yCJAGKHSCTCH npexie Beero 60.abuior
rayOHHOIll, B KOTOPOil NacTbl NPHHHMAIOT HOPMAJbHOE TNOJOMKEHNe; 3T¢
rayGuHa MOXeT ObITh PACIC/J0XKeHa H HIDKE NOJOWBLI CKIOHA. NVea0MmHeH e
MOXeT ObiTh BbI3BAHO TAKXKE CMELEHHEM NOopo/ B 00J4CTI, PACHOIOMKCHHOL!
Hajl MOBEPXHOCTHIO CKOJbMEHHSA, HJIH CHOCOM B pPe3yabTaTe JACHV Al
Heenezosateap 107xeH OyAET NpH PACCMOTPEHHH TIABHO N3THOAIOULIINCS:
07 JOJHHBI B F1YOb CKJOHA MJACTOB BOCCTAHOBHTL CHECEHHBIC NPIL JACHY 1A
ItHH BEpPXHHE 4acTH S-00pPasHOro M3rnda u NPeACTaBHTL UX HOAOKCHHE A0
Jeopmannu.

Bolwe yka3sbiBaoch, uTe OnoJsHesnie Aedopmaunn B (paze maacrin’
HOCTH B PEOJIOrHYECKOM OTHOLIEHHH CONOCTABJSIOTCH ¢ AH3BIOHKTHBHLIME
AHCTOKAUHAMH, NOCKOMbKY B O0OHX CJAy4YasX HMEIOT MECTO CPaABHHTEALHC
GbICTPLIE CMELLEeHHSt MACCHBOB NOPO/ 110 ONPEAEACHHBIM OBEPXHOCTIM CKOVb:
Aeunst. M3 ckasaHHOro BH/IHO, uTO OnoasHeBble AeopMaltii B (pase riy-
OMHHO# MOJ3YYECTH MOMKHO, TAKMKE B PEOJOTHYECKOM CMBICAE, CONOCTABNTL !
IVTHKATHBHBIMH JIHCAOKAUHSIMI, NOCKOJIbKY B O0OHX CJAYUasiX HMCIOT MCCTO
MEJJeHHbIE CMELIeHHSI TOPHBIX [opod 0e3 o0pasoBaHUs NOBEPXHOCTEN
CKOJIbHKCHHSL.

Peosiornyeck pasanuie MeKay PaspuiBHBLIME 1 CKAAAYATHIMI Hapy--
IICHHSIMH  3AKJIOYAETCS B TOM, UTO B (pase IAACTHUHOCTH  MOOHJN3YCTCH
MOJIHOE CONMPOTHBJCHHE CABHTY NOPO/LI, TOFAA Kak B (pasde noJsyuecTi conpo--
THBJIEHHE CABHTY MOOMJH3VETCsl JHWbL YACTHYHO.

B 3tOM MOXHO YOEAMTBCH M3 aHadH3a  B3aHMOOTHOILIEHIS (paexecy P
co cGpocamu. M3aBecTHo, 4TO cOPOCH OOLIYHO 3aKAHUHBAIOTCH clmvmypamu,v
4 CABHTH—TOPH3OHTA/NbLHbIME (aekcypamu. Baoas smuun c6pocos pacio--
JlaraloTes 30Hb H3rHOAHNS N1ACTOB BHCSYETO H JeXKaduero GOKOB B BepTi- -
KaJIbHOM HanpasJeHHH, a BJ0Jb JHHHH C/IBUTOB—30HBI H3THOAHUS N/ACTOR |
B TOPH3OHTAJALHOM HANPABACHHH. 3/1€Ch, B CPEAHNX YACTAX ITHX HAPYUICHHI, |
I/le KacaTeqbHble HANPSKEHHS! OLLTH HHTEHCHBHEE H CONPOTHBJCHHC C/ABHTY
HBII0 MOGHIH30BAHO NOJHOCTBIO, IPOH3OULIA PA3PLIBHAS Jepopmaitis, T. e,
copoc  wan  cABHr. B KOHUCBBIX n GOKOBBIX WACTAX, I/I€  KACATC/bL-
HHIC HANPsXKeHus OB MCHEE MHTEHCHBHBL, 9TO  CONPOTHBACHHC OLIAO |
MOGH/IH30BAHO YACTHYHO M IPOH3OULIA JAeopMalLis NOJ3YUCCTH, T. €, :|;.rw|<-'
cypa WJaH M3rub nJacTos.
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;[]J}'THM BHIOM KJAHHOTCHHLIA CTPYKTYP aABJaAeTcsl TGHKAA CKJ1a14aTOoCTh,

cBOMCTBEHHAA HEKOTOPBLIM BHYTPH(OPMALLHOHHLIM napywennaM. OHa BO3-
HHKACT B pesyabTaTe MELTEHHOH Noa3yuecTH MOLIHBIX HEKOHCOJHIHPOBaH-
WX OCAJKOB B YCJAOBMAX wWeIb(OB H MaTepHKOBOro CKJOHA. [MpumepamH
TAKHX CTPYKTYP MOTYT CAYKHThb TOHKOCJOMCTHIE MHOLEHOBBIE MEpreau
Yuunrena B 3em. BiopremGepr-bajeH, H30THYTHIE Ge3 pa3pbiBa B Meabuaii-
une ckaaiky (Heim Arn., 1908), u TOHKONOAOCHATEIE 710J10MHTOBEIE H3BECT:

 yakn OaexkMo-TOKKHHCKOTO pafiona (ApceHbeB H Heuaesa, 1947). Bo3Hu-

waouide npa 31oM (PaloHaadabHble CTPYKTYPD oTpakaioT BecbMa 60ablIYIO
JApTEeaLHOCTE MX 06pa3oBaHHs.

' K KIHMHOTEHHbIM CTPYKTypam OTHOCATCH TakKe MW Boblnyuusanue
(bulging), Bo3HMKalOLIEE B CAAraloUIMX AHO JCIHH rJIMHHCTBIX NOpojax npH
WX BLUKMMAHAM NOJL 1aBJeHHEeM MOPOJ, caaraioliux Gopra a0auH. XOpOIWO
J3ABECTHOM HWJMIOCTPAlKed BLIMYYHBAHHA FBJASETCA paspes yepe3 JAOJHHY
p. Xoanoyes B HopTreMnTOHCKOM 7Ke/1e30pyAHOM GacceitHe B IL€HTpaJbHOM
AHFAMH, Tjle B JKECTKHX TVIMHax JeHaca (HHKHSIS I0pa) BO3HHKJA MeJKas
CKIAIUATOCTE BCIEJCTBHE BPE3KH neray6Gokoi goauHb (30 u MeHee METpOB)
W npoMcuie/iied NpH ITOM neperpyske GOPTOB JIOJIHHBI (Hollingworth et
al., 1944), OGpa3soBaHue JOJHHLI Ha4aJoCh clle B JI0JIETHHKOBOE BpeMs, H,
cAe/0BATeNBHO, BLITYYHBAHHE CBHA3AHO CO 3HAYUTEILHON JITMTEJBHOCTBIO
nponecca (Tepuaru, 1958).

AnajoruuHbie sABJeHHs HaOJI0/1a0HCh TAKKe H B Pympiann (Zaruba,
1961), re OHW NOJYYHJIH HazBaHHe <LOJHHHDLIC auTHkaAnHaauw» (Talantikli-
nale). WuTepecHpifi npuMep BLIMyYHBAHHA HaGmonancs B OcTpaBCcKOM
pafione B HexocJ0BaKHH. 3ech TPOMCXO/MT MeJeHHOe CMelleHHe 6J0KOB
Jua6a3080fi MHTPY3HH TCLIMHHTOB MO HHXKHEMEJIOBHIM MEepreJucThiM CJaH-
iaM. 970 CMelleHHe NPOHCXOAHT Ge3 06pasoBaHHs NOBEpXHOCTEN CKOJbXKe-
uusi  (Zéaruba, 1956; Zaruba u. Mencl, 1961), 1. e. npeacTaBaser CoGOH
THIHYHYIO TJAYGHHHYIO TNOJ3Y4eCTh CKJOHOB.

Ecai TMHHACTHIE NOPOJbI, CJaralomue CKJIOHBI  JIOJHHBI, MOKPBITHI
JKECTKHMH T1ACTAMH, TO NPH BHUKHMAHHH B yrayGasioulyiocst JOJHHY
MSITKMX TOPOJL TIPOHCXOAHT SBJCHHE goieubanus (cambering). JKecrkne
NOPOAL! C/erka HATHGAIOTCsA MO CKJIOHY, pa3phiBaloTCs NPOJIONLHEIMH BEp-
THKAJABHLIMH TPEUIHHAMH H, 00pa3ys OTAEJbHBIE 6/10KH, MEUIeHHO CrycKa-
otes Kk Tagassery. TIpumepom Takux Aedopmalinii MOTYT CJYXHTh KpynHbIE
G0KOBbIC CMelleHus, HaGnolaeMbie B pajfione BpaTckoro Bo/OXpaHHIHULA
(Maaswun u TpKuunckuis, 1963). 31eck KpynHble 6JI0KH KOPEHHLIX NOPOA—-
NOJOMHTOB M NECYaHHKOB OP/OBHKA H TPanmnoB—MOIUIHOCTLIO 0 80 m H
JIHHOMN 10 3 KAM—ME/JeHHO CMeuaioTcs 1Mo aprujliuTaM H ajJeBpoHTaM
pepxHero kemOpns Ge3 06pa3oBaHHs NOBEPXHOCTEH CKOMBXKEHUS. DTOT Npo-
jlece HAYAMCS B BEPXHEM NJ1efiCTOIeHe H, BEPOSTHO, MPO/LOIIKALTCA 10 HACTOA-
uiero Bpemenn. Takoro xe Tina riyGHHHas NOJ3YYECTb CKJIOHA, COTPOBOXK/La-
eMas MEAICHHBIMA TIEPEMELeHHIMH KPYITHbIX GJOKOB 4eTBEPTHYHBIX ¢T10/16-
yathix 6a3aJbTOB, 3aJeraloulux Ha TPeTHYHOH TydoocaaouHOH TOJILE, XO-
pouo Habaozaores B Aoaune p. Asar, y I'apuu, B Apwmenun,



Pa3aanuse MexAy BHINYYHBAHHEM I BHTHOAHHEM MOPDOAOrHUCCKH 34k
MOYaeTCs B TOM, YTO B MEPBOM CAyYde y TaaAbBera NAacTl NOKPHBAONyY |
NOpPOA NOAHHMAIOTCH OTHOCHTEABHO CBOETO MEPBOHAYANBLHOTO MOJOMeHis
noa AeficTBHeM HanpasieHHOrD BBEPX I1aBJCHHA MOACTHIAOUWNX MATKUY 1o- |
PoA, TOrAa KaK BC BTOPOM CIyuae NMAACTH NMOKPHIBAIOUNX JKECTKHX Nopoy
pa3GuBalOTCs BEPTHKAJIBHBIMH TPEUHHAMH H NOCIE0BATEILHO ONYCKAlOTEeR
OT CBOEro MepBOHAYAIBHOTO NOJOMKEHHSA, 3ANPOKHIALIBAACH BEPXHHMI Yacry. |
MH Hasal.

Buinyynsanne n BbirnGanie OOLIYHO ONHCHIBAIOTCH B JAWTEpATYPe Kak
CaMOCTOfITeIbHbIE ABJACHHA; OAHAKO OHH TEHETHUECKH CBS3AHB, TAaK Kak
NpeaCTaBaAIOT CO00M NPOABNCHHE KOMNEHCAWUOKRHOU NOA3Y4ecTu, BO3HK-
Kalouleil B 3pOIHOHHBIX 10THHAX C FOPH3OHTAALHBIM HANAACTOBAHNEM, KOrg
KOMNETEHTHBIE CJO0H NMOACTHAAIOTCH  HEKOMNeTeHTHbIMH (pue. 4). Beaen-
CTBHE 3DO3HH Pa3rpyXKEHHOE /HO JOJHHBL BHIYYHBAETCS BBEPX i §
HEKOMMNETEHTHBIX CJOSIX NPOsBJAAETCS MeaKas ckaanuatocts. Bopra aoaun
HCMLITLIBAIOT ONMYCKAHHE,. CONPOBOXKAAEMOE PA3NaMbIBAHHEM KOMMNETEHTHBIY
C70eB Ha GJOKH, KOTOpble HAKAOHAIOTCA M ABHXKYTCS NO HANPABJCHIO KO
AHY 10auHBL. B pesyabrate BosHukaer BuinyumBaniue B CPeaHel vacTu Ao
Hpl W BBIrHGaHWe—B GokoBuix uactax (Tep-Crenansin, 1967).

B 3aBHCHMOCTH OT CKOPOCTH MOHHON 3po3uH, ¢ 0IHOI CTOPOHBI, W
COOTHOLICHHS MEXIY NPOYHOCTBIO KOMMNETEHTHBIX M HeKOMIETeHTHHIA
N1acTos, npeoGaajaioniee 3HAYCHHE NOJYYACT BHINVUHBAHNE WAH BLIMHOH-
HHE; BC/ICACTBHE 3TOTO BOHHKAIOT MOP(OJOTHYECKH PA3AHUHBIC [IPOSIBACHIISI
KOMIEHCALHOHHOIl NOJ3y4YecTH.

HecomHeRHO, uTo onuchiBaeMBIMH BHAAMH He HCUePNBIBACTCSE MHOTOO0-
pasne (opM BeKOBOH IYGHHHOI NMOJ3YYECTH CKJOHOB 1 4TO OHA HMEeT He
MeHbLIee reoMOP(OIOrHYECKOe 3HAYCHHE B MOPHLIX CTPAHAX, YoM NOBEPXHO-
CTHASA NOM3YYECTb HAH COMH(IIOKUHS, POAb KOTOPOil Gblaa  BLABACHA
pabotamu A. IMenka u B. JleBuca B KoHILe NPOLLIOTro BeKa.

1
1 G. TER-STEPANIAN l
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ON SECULAR DEPTH CREEP OF SLOPES*
Professor, Dr. Techn, Sc. GEORGE TER-STEPANIAN®*

Abstract. Landslide displacements which (ake place in the catastrophic phase
of the process in the rheological sense may be paralleled wiih some {ypes of faulting
tectonics—faults, horizontal faults and thrusts; the difference In this respect  has a
quantitative nature. In both cases the shear strength is totally mobilized,

A great significance may be attached to another rheological parallel, namely be-
Iween the landslide displacements in the phase of depth creep and the folding tecto-
nics when slow deformations of rocks proceed by partial mobilization of shear strengih
of rocks. Conditions of formation of some types of secular depth creep of rocks on
slopes are described--that of planar creep, bending of heads of steeply dipping beds,

* Revised paper, presented to the Sclentific Conference on Rock Mechanics In
Alma-Ata, October 1965.

** Head, Dept. of Geomechanics, Geological Institute, Armenfan Academy of
Sclences,
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5. like and compensating depth creep. It would Le advisable to call the clinogenic
structures the types of deformation of rocks mentioned above, since they are gene-
tically connect d with inclined areas.

e

There are a number of exogenetic processes the results of which are
much in common with forms originated in consequence of tectonic move-
ments. To them refer different types of rupture deformation produced
by landslides, which outwardly resemble faulting tectonics—fiaults, hori-
zontal faults and thrusts. All these types of rock dfsplacements are char-
acterized by the presence of sliding surfaces, coinciding with the posi-
tion of such elementary planes where the shear strength of rocks Is totally
mobilized (simultaneously, or more often, as a result of progressive fai-
lure).

Rupture deformations caused by landslides in the rheological sense
are not distinguished from shallow faults and the difference is mainly
of a quantitative nature. Indeed, the largest prehistorical landslide at
Flims, Switzerland with a volume of earth masses up to 15 cubic kilo-
metres and with a length up to 25 kilometres (Heim Alb., 1883) reached
4 size which may be considered as a small fault. What is common in
such a phenomenor. is the achievement of the catastrophical phase of the
process (1. e. the transition from the phase of depth creep into the phase-
of plasticity) and probably a comparatively short duration of its for-
mation,

The largest landslides which may be compared with the results of
shallow tectonical rupture disturbances took place in the past geological
periods too; they are observed relatively rare because of unfavourable
conditions of preservation of such landslides in the comparatively thin
subsurface layer of the crust due to the subsequent processes of erosion
or transgression. Among a few cases of conservation of such landslides
being described one can point out the Cowhead conglomerate on the
western coast of Newfoundland, about 210 metres thick, which consists
of blocks of the Lower Ordovician limestones and shales included in the
Middle Ordovician limestones, originated by the sinking into the sea of
an Upper Ordivician ridge (Twenhofel, 1932). The submarine landslides
being originated in this way sometimes conserve not only their texture
but the direct traces of sliding, i. e. the slickensides too; such a case
was noticed in allophanic bauxites in Carbonian coal-bearing series of
Moscow region (Beaoycos, 1939). The so—called landslide structures form-
ed as a result of submarine lanslides are very diverse; their represen-
tatives may be coarse conglomerates, consisting of Upper Cambrian and
Ordovician limestones up to 18 metres in size which were inserted into
graptholithic schists near Quebec, Canada (Bailey et al., 1928), and the
rounded conglomerates of Ordovician limestones from Central county In
Pennsylvania, which form more or less regular asymmetric waves (Brown,
1913).
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The idea of such comparison of rupture disturbances originated by !
landslides with faulting tectonics has been expressed by several scieq. l
tists. The rheological character of this comparison must be precisely stres-
sed since there is no question of collation of tectonic and landslide
processes or the forces they are caused by.

Attention may be paid to the comparison of other natural processes
too, which are in addition more widespread in highlands. Rheolo!.[mu\
one can paralell the slopes of voung mountain structures composed of
hard or semihard rocks and the slopes in landslide regions, composed of
soft soils. In both cases the shearing stresses in the slope body cause
only the partial mobilization of shear strength of the material. This mo-
bilization is usually non-uniform in different points of the slope body,
and consequently zones of different types of slope deformation are iorm-
ed.

Soft soils possess comparatively low viscosity; therefore the process
of creep proceeds relatively quickly and in slope bodies composed of
such soils all zones of deformations may be observed —rigidity, decele-
rating and accelerating depth creep, and in island-like areas—even plas-
ticity (Ter-Stepanian, 1963).

Hard and semi-hard rocks usually possess high viscosity. Different
types of deformation may be observed on large mountain structures,
composed of such rocks but because of divergent rheological properties of
rocks secular depth creep is of predominant importance. This deformation
occurs when the magnitude of shear stresses is between the first thresh-
old = of the creep corresponding to the beginning of very slow defor-
mation, and the shearing resistance =, (Fig. 1¥). Here the material is
characterlzed by very high primary values of viscosity 7, which essen-
tially exceed values corresponding to the Bingham body, 7, > %. Values
of the mobilized shear strength

r

tanB, — % and 1an0,, —=

|
& 9 31O

correspond to the limits of the zone oi secular depth creep. llere
sp=c'cotz’ is the all-round pressure, ¢’ and 2’ — parameters of shear
strength =; with respect to effective stresses 3', sy=e¢’-}- 3’ tano’,

Naturally the zone of secular depth creep is formed also in soft soils,
which compose the slope body. However, because of their relatively
short duration of existence and due to other more intensive processes |
which take place on such slopes, the secular depth creep may be ignor-
ed in this case. Secular depth creep of hard rocks that compose moun-
tain structures proceed very slowly, but because of long duration of geo-
logical time they may give a considerable final effect.

The most general issue of the secular depth creep of slopes in hard
or semi-hard rocks are the different types of folding tectonics. The dif- |

* Figures see pp. 22—23.
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jerence between these disljcations and the results of slow depth creep

of soft soils on slopes is in many respects only quantitative in character.

Terzaghl (195)) suggests that creep is a smail-scale and superficial repli-
ca of processes taking place at great depth due to tectonic forces and
that «the mechanism of both is essentially the same although the driving
forces are differents,

The secular depth creep of slopes is revealed difierently, depending
on the rheological properiles of rocks and on the relationship between
the dip and strike of strata and of surface of slope. If hard and soft
strata are lying parallel to the slope, planar or translational depth creep

develops in soft rocks; this leads to the werping of such layers in the

direction of the dip. Hard rocks are rigidly displaced in the same direc-
tion. It is rather difficult to detect such deformation since both dip and
strike of strata are maintained; the most probable result may be the
orlentation of scale-like particles along the surface of sliding and forma-
tion of slickensides, Such orlentation of particles in soils was experi-
mentally established by the author thirty years ago (Ter-Stepanian, 1936),
and later confirmed by means of polarizing microscopy (Typosckas,
1959); ifs great significance was demonstrated by Professor Skempton
(1964) in his Fourth Rankine lecture. '

By aggravation of the static conditions of the slope the depth creep
of soft strata transits Into the phase of catastrophic collapse and the glid-
ing of series of strata occurs. The well-known landslide at Goldau in
Switzerland in 1806 may serve as an example (Terzaghi, 1930).

Another is the picture when the strata dip steeply into the slope
body. If the rocks crop wut or the surface of contact between bedrocks
and talus is parallel to the slope and if its depth is less than the boun-
dary A of seasonal alterations of moisture, temperature and phase state
of water the upper edges of steeply dipping bedded rocks are bended
slowly downslopes; the mechanism of this outcrop bending of strata
is well-known. If this surface of contact is deeper than the above-mentio-
ned boundary A the ferminal bending takes place; it is explained by
the translational depth creep of slopes (Fig. 2). In the regions of alpine
folding, particularly in Armenia many examples of both outcrop and ter-
minal bending of strata may be found in arches of heavily compressed
anticlines. _

Another type of slow deformation is also formed in slopes consis-
ting of steeply dipping beds; it is the rotational depth creep in the region
adjoining the potential surface of sliding; as a result of the creep the
strata take a S-like shape. This shape may be considered as a combi-
natlon of two reciprocally-turned bending of beds located cne above the
other and reflecting the decrease of values of the coefficient of the mo-
bilized shear strength towards both sides from the potential surface of
sliding (Fig. 3 ). As a result of aggravation of static conditions of the
slope, rocks located above the surface of sliding fail. Under this surface
slow deformation continues (Ter-Stepanian, 1965, 1966); an example of
2—R48
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such a deformation of rocks was observed in one Alpine valley (Talobre,
1957).

S-like bending of steeply dipping strata may have a regional sig-
nificance. Being slowly deformed during a geological time the bended
strata are considered sometimes as a product of tectonic phenomena al-
though they have nothing to do with the endogenous processes. Professor
Shulz having observed such deformations in the Sharkratma valley in
northeastern Fergana, Kirghizia calls them _gravitational structures*
(Llyasu, 1947). Since the gravity in the end invariably participates in any
process of nature the alternative term ,clinogenous structures® may be
proposed stressing the genetic connection with slopes, with the existence
of the inclined areas of earth surface in respect to the horizon.

Cases of flowing of streams in highlands along the strike of beds
containing steeply or vertically dipping layers are of practical in-
terest. Due to the secular S-like creeping the local alteration of posi-
tion of strata proceeds and their dip towards the axis of the valley in-
creases. Being developed on both sides of the valley these deformations
may lead to incorrect conclusion on the existence of an anticline along
the valley bottom, especially if the strata are rhythmically alternating
sedimentary rocks, as flysch. It is not excluded that the correct analysis
of some anticline valleys from this point of view will make us revise
such a definition.

The cases of outcrop and terminal bendings of steeply dipping strafa
are relatively easy to distinguish by such an analysis because of the
location of these deformations in the shallow subsurface layer. The ne-
cessity to consider this circumstance is indicated in many text-books on
field geology. The case of S-like bending of steeply dipping strata in
the zone of secular depth creep still remains unexplored. Ifs analysis
becomes complicated because of greater depth of the zone where the
strata take their normal position; it may be located even below the toe
of slopes. The complication may be due to the displacement of rocks in
the area located above the surface of sliding, or to their outwash as a
result of denudation. The explorer when considering gently bent strata
which deep into the slope body should reconsiruct upper parts of the
S-like bending washed away by the denudation and imagine their posi-
tion before deformation occured.

It was indicated above that the landslide deformation in the phase
of plasticity in rheological sense may be compared with faulting tectonics
since in both cases relatively quick displacement of rock masses along
some definite surfaces takes place. We see that the landslide deforma-
tion In the phase of depth creep in the rheological sense too might just
as well be compared with folding tectonics since in both cases slow dis-
placements of rock masses proceed without formation of surfaces of sliding.

Rheologically the difference between the rupture and bending
dislocations lies in the fact that in the phase of plasticily total shear




T 19

4 ON SECULAR DEPTH CREEP OF SLOPES

i9iigtrength of rock is mobilized while in the phase of creep the shear
15 ustrength is mobilized only partly.

One may be convinced in the above-said when analyzing the rela-
nolionship of flexures with faults. It is well-known that the faults are often
misgerminated in flexures, while the horizontal faults—in horizontal flexures.
noMZones of vertical bending of beds in the hanging wall and footwall sides
| liof faults are located, just as zones of horizontal bending of beds along
sfithe lines of horizontal faults. Here in the middle parts of these disloca-
noitions where the shearing stresses were more intensive and shear strength
“uwas totally mobilized the rupture deformation took place, i.e. faults
Uipand horizontal faults. In the terminal and lateral parts, where the shear-
unling strésses were less intensive and shear strength was only partly
ommobilized creep deformation has occured, i. e. flexures or bending of
Flzstrata,

Another type of clinogenous structure is the fine folding peculiar
olto some intraformational contortions. They come into being as a result
looi slow creep of thick unconsolidated sediments in conditions of conti-

wimental shelves and slopes. As examples of such structures may serve the
uflfinely banded Miocene marl, from Eningen (land W iirtemberg-Baden)
1w which bends into very fine folds without ruptures (Heim Arn., 1908), and
il finely layered dolomitic limestone from Olekmo—Tokkin region in Si-
ol beria (Apcenser n Heuaena, 1947). Thus originated fluidal textures reflect
i a very long duration of their formation.

Bulging falls under the category of clinogenous structures also; it
10 originates In clay strata forming the bottom of valleys when squeezed
ju up under the welght of rocks composing the sides of the valley. The
w well-known illustration of bulging Is the cross section through Hollowell
w ! valley In the Northampton ironstone field in central England, where
nl Intensive folding has originated In stiff Lias clays (Upper Jurrasic) due
of {o the formation of shallow erosion valley (30 metres deep and less)
s and the overloading of the sides of the valley (Hollingworth et al., 1944).
T The formation of the valley started in the preglacial time and consequent-
(I ly, the process of bulging has a long duration (Terzaghi, 1950).

Analogous phenomena were also observed in Roumania (Zaruba, 1961);
il here they were called ,valley anticlines® (Talantiklinale). An Inferesting
5 example of bulging was observed near Ostrava in Beskids, Czechoslova-
i | kia. Here blocks of teschenites (diabasic intrusion) are being slowly
b displaced over the Lower Cretaceous marl slates. The displacement took
q | place without formation of surfaces of sliding (Zaruba, 1956; Zaruba u.
A Mencl, 1961), i. e. it represents a typical depth creep of slopes.

If the clay rocks on sides of the valley are covered with stiff beds
! the phenomenon of cambering occurs by the squeezing out of soft rocks
1 into the deepened valley. Stiff rocks bent slightly over the slope, break
s along longitudinal vertical fissures and descend slowly towards the thal-
/  weg forming separate blocks. Large block displacements observed in the
1 reglon of Bratsk reservoir in Siberia may serve as an example of such
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deformation (Maapwmun n Tpxuuncknit, 1963). Here large blocks of bed.
rocks—Ordovician dolomites, sandstones and traps with a thickness upf
to 80 metres and a length up to 3 kilometres are displaced slowly over |
Upper Cambrian argillites and aleurolites, without the formation of sur- |
faces of sliding. The process has begun in the Upper Pleistocene and
continues probably up to the present. The same type of depth creep of '
the slope accompanied by slow displacement of large blocks gf the |
Quarternary basalts lying on the Tertiary tuffaceous sedimentary rocks |
is well seen near Garni in the valley of Azat river in Armenia,

Morphologically the difference between the bulging and cambering
is, that in the first case the covering beds near the thalweg ascend from !
their initial position under the influence of upward pressure of the up-
derlying soft rocks while in the second case the stiff covering beds
break by vertical fissures and descend successively from their initial
position throwing back their upper parts,

Bulging and cambering are usually described as independent pheno-
mena; they are genetically connected since they both are a manifestation
of compensating creep, which is formed in erosional valleys with horj-
zontal bedding, when the competent beds are underlaid by incompetent:
ones (Fig. 4). Due to erosion the unloaded bottom of the valley
bulges upward and the fine folding develops in the incompetent layers,
The sides of the valley undergo sinking accompanied by breaking of:
competent beds onto blocks, which incline and move towards the bottom:
of the valley. As a result, bulging Is formed in the middle of the valley
and cambering on the sides (Ter-Stepanian, 1966). _

Depending on the rate of bottom erosion on the one hand and the
relationship between the strength of competent and incompetent beds on
the other, the prevailing significance acquire bulging or cambering; in
consequence morphologically different manifestations of compensating
creep are originated. :

Obviously the varieties of secular depth creep of slopes are not ex-
hausted by the types described and that it has no less geomorphologicall
significance in highlands than the surface creep or solifluction, role ofi
which was revealed in A. Penk’s and W. Devis’ works at the end off
the last century.
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Fig. 1. Rate of creep < attained
at time t after the application
of shear stress =. =y—shearing
resistance of soil (after Bin-
gham); 1q(f) — tan L—coeflficient
of viscosity; =;—[irst threshold
of creep; 7,(f) = tani,— primary
coefflicient of viscosity deler-
mining the secular creep.
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Fig. 2. Scheme of formation of
the terminal bending of steeply dip-
ping beds. A-—depth of the zone of
seasonal allerations; B—zone of ler-
minal bending; Its lower boundary
coresponds to the coefficient of mo-
bilized shear strength fanf,. Thin
lines-—normal position of beds (in the
case i there would b2 no secular
depth creep). Shaded Is the position
of upper edges of beds deformed due

- to the secular depth crecp,
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Fig. 3. Scheme of formation of S-like bending

of steeply dipping beds. C-zone of S-like bending

of beds; DE-potential surface of sliding. Other
designalions—see Flg. 2.
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Fig. 4. Scheme of formation of compensaling
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