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MEXAHH3M CJIO)KHOro TPEXSPYCHOI'O ONOJI3HSA

B BAJIYUKE, BOJITAPHSA'

Yaen-kopp. boarap. AH npog. B. KAMEHOB?*,
npodeccop, 10KT. Texw, nayk I H. TEP-CTEMAHSAHY,
kana. reoa.-munep. nayk H. HJIHEB'*,
wixenep-reosorn . CHMEOHOBA'* u E. ABPAMOBA-TAYEBA**

Pegepar. Ha wactn Tepputopui, 3auntoil roposom Baaunk, passusaercs xpyn-
Hefiunfl TpexspycHuil onoasens, [lepswil spyc 006pasylT rurantcekie Gaokn mepreaefi u
H3BECTKOBHCTHIX TIHH € TOPH3OHTANbHLIM PACHOJOKEHHEM CI0CB, OTPHIBAKILINCA OT naa-

TO M MEJJIeHHO CNOoA3alHX K MOPI N0 NOBEPXHOCTH IVIHH. ITo Mepe OnOJd3anus CROPOCTL

CMELleHHs VBeanunsaeTcs. BTOPOI-I ApYC cocTaBasnloOT MEKOJOKOBLIE MACCHBB ¢ HAKJIOHABM

pacnoaoxeHneM CcJaoes, uﬁpas)'mw.necn B MeMOJOKOBLIX NPOCTPAHCTBAX NPH HX 3an0ane- I

HIll MOpOAaMil, CHOA3AOUUIMII co cKAoHOB Gaokos, Tpernil spyec COCTABAAIOT NpuUNOBepx-
HOCTHBE OMOJ3HII PAasJi4HOro THOA, PAIBHBAIOWLNECS B NPOAYKTAX BHIBETPUBANNA HA
MeKO6A0KOBHX Maccnpax, OnncwBaercs MexauusM  CaoKHOro onoasauns. Bopwba ¢
OMOJ3AHHSAMI MEpBOro 1l BTOporo spyca Heocyimecrsuma. Jlaercs npornoa onoasanns i
PeKOMEHIALNI 10 CTPOMTEALCTHY.

OnoasueBas nosoca y ropoaa banunka nmeer wupuny 400—600 u; v
N71aTO CKJIOH NMepexoauT B KpyToit otkoc BbicoTOll 4050 a. Onoasun Baa-
UHKa N0 CBOEN CJ0XHOCTH H FPaHAHO3HOCTH NPEACTABAAIOT HCKAOMHTE b
Hoe npupoxHoe ssaenne. Oun npupaiorT csoeobpasuslii, nezaGuiBaeMbii
0OJHK STOMY apeBHeMy ropoay (puc. 1).

Hax annueii ropoacknx JAOMOB rocnojacTBYIOT IPOMajiHble YIHHEHHLIC
rpAALI-—Onoa3Hespie  OJ0KH ¢ COXPAHHBUIIMMCS  HOMTH TFOPH3OHTAJBHLIM
pacnoJoxeHHeM MJacToB, XOpowo BHAHLIX Oaarojaps 0GHAXKEHHOCTI
MOUTH OTBECHLIX CKJIOHOB 3THX G/10KOB. AGCONIOTHAS BLICOTA GJOKOB YMEHb-
[dercs No HanpapJeHHio K Mopio: nanbonee Gan3knit kK naaro 6aok Jxi-
nu-6aup umeer BeicoTy 120 4 Hajx ypoBHEM MOPS, PAacnoJOXKEHHBI BOCTO-
Hee 6J0Kk Ak-Gaup—sbuicoty 105 A, a maxoasuuiicsi 6JHXKe K MOPIO Kpyii-
Hplit 610k Cycam-6anp—scero 65—70 . ¥ camoro Mopckoro Gepera Haxo-
Autcs 610k Cuspu-Tene BbicoTol okoso 50 u (puc. 2, b).

[TpocTpancTBa Mexay G6J0KaMu 3amnoJHeHbl NOPOAAMH, CIOJSLIHMIL
CO CK/I0HOB 6J10KOB H 06pasoBaBUIHMH MeXO0Ja0KOBble MaccHBul. Ilpu atoMm
CMOJA3aHHH TOJOMEHHE I11aCTOB H3MEHSJIOCh, W B HACTOslee BpeMms 3TH
NJIACThl 3aJ€ralT NOA PasJHYHBIMH yriamH. MexG6GJI0KOBEle MAacCHBH B
HHZKHEell CBOefi YacTH B 3HAYHTEJNbHOI Mepe COXpaHHJIM KOMMAKTHOE CJI0-

! PeayabTaThl COBMECTHBIX HAYuHBIX lccaenosannii Boarapekoii Axkagemun nayk o
Axanemun wayk Apm. CCP.

? 3ap. cekuueii WHMCEHEpHONI reoJOrMit H THAPOTEOJOrHH.

3 3as. JlaGopatopueit reomexanukn Axagemun wayk Apm. CCP.

' Hayunuii cotpyannk Cekunm WHKEHEpHOIl reoJorun i ruaporeoaorin,

* Teoaornuecknii Hueturyr Boarapekoii Axkaaemun nayk, Codms.
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SAlenne, a B BEpXHeH 4acTH NOJABEPrIHCh BHIBETPHBAHHIO. B BepxHHX uacTaX
"i610KOB Ha CKJIOHAX Pa3BHBAIOTCH HerayGOKHe ONOJI3HH Pas3JHYHOrO THNA.

l'opojackue NOCTPOHKH pacrnosaralTcs Ha ydacTKax MexK610KOBHIX
i MMACCHBOB. YKa3aHHLie HerayGOKHe ONOJ3HM BHI3BIBAIOT paspylleHHe 34a-
nggnit 1 aedopmauuu coopyiKenui. Beero B ropoxe Baayuke 3a mocaexHHe
sjlecaTAAeTHs OLLI0 pa3pylieHo CBuILIE 300 3panuii. OcofeHHo aKTHBEH
JABpalLaTeIbHLI ON0A3eHb B paioHe YIHULI Mockssl, UIHPDHHOH MOpPsAKa
08400 s u aauHo# okono 120 .

[lapanneabHo C reoJOTHYECKMMH H TeOMOP(OJOrMYECKHMil HCCIeno-
supanuamyu JloGpyaxanckoro nobepexbd HYACTHYHO H3YdaJoCh CTPOCHHE
ioonoasueil Bamuuka, nauunas eme c 1928 r. (Lepsi, 1928; Beperos, 1941;
MMMonos, 1953: Kamenos u Jemupes, 1965; Pasek and Rybaf, 1969).

JlsuKenne Kpynueix 6;710k0B r. Banunka coBepLIaeTCs CTOJAb MEAJIEHHO,
WYTO MX A0ATOE BPEMS CUMTAIH HenmoABWKHEIMH. COOTBETCTBEHHO, He NMpHja-
A Bajoch 3HAYEHHs BHYTPEHHHM JedopMauusaM MekOGJOKOBBIX ~MaCCHBOB.
"ITIpuposa u Mexanu3M onoasuedl banyuka ocTaBa1uCh HESCHLIMH, i Ha 3TOT
5 cyeT Aenaduch pasiHYHbIe MNPeInoJ0KeHHs.

Jlas Gosee MOJHOTO H3yYeHHs TEOJOrHYECKOro CTPOEHHs, MeXaHH3Ma
I u aunamuky Bamunkckux omnoasueir B 1966—1970 rr. OblIH  TPOBEJEHBI .
4 KOMIJIGKCHEIE HMCCJIe[0BaHMA, BKJAlOyapmMe B cebsi HHJKeHEPHO-TEOJIOrHYe-
5 ckoe KapThupoBanue, Gypenne 8 riyGOKHX H 15 neray6OKHX CKBaiKHH, HC-
5 caepopanne 06pasloB IPyHTa, PeKHMHBIE Te0Je3HyecKHe HaGMIoeHHs H
i wayuenue ab6pasun ([lemupeB u Croepa, 1968; Kyureiu u ap., 1969). Ha
] puc. 3 nokasad reoJOrHuecKuit paspes no Junuu GJI0KOB Jlxuuu-6aup 1
) Cuppu-Tene, MOCTPOGHHBLIH B pe3y/abTaTe STHX HCCJIeIOBAHH.

[MPUPOJIHBIE YCJIOBHS.

T'opon Banunk pacnosoxen B CeBepHOH yacT Boarapckoro noGe-
pexpbsi UepHOro Mops, y 06palieHHoro K rory obuupHoro J1o6pynsKaHcKoro
171aTO, BO3BLINIAIOUIETOCS HaJ YPOBHEM MOPsl Ha BBICOTY 180—200 & (pHc.
2, a). [11a10 C10XKEHO NOYTH FOPH3OHTAILHO-3a 1eraloWHMH TIOPOJaMH Cap-
maTcKoro Boapacra. CapMaTcKhe OTJIOXKEHHs IO JHTOJIOTHYECKHM NpH3HA-
KaM pasjessiioTcs Ha TPH TOJLIH.

Huxnsisi TOJILA NpejcTaBielia TBepAO-NAaCTHYHBIMH H3BECTKOBHCTLIMH
[ILIGBATLIMH TJIMHAMH, FIHHACTHIMH MEPreasiMH H TOHKO3epPHHCTHIMH 1360
CIEMEHTHPOBAHIBIME necyanukamy. KOHCHCTEHIHS! M3BECTKOBHCTHIX IJIHH
XapaKTepH3yeTcsi CAeAYIOIAMH BeJHUHHAMH: Wi OT 58 mo 90, wp OT
41 no 62, /p or 17 o 28 npu eCTECTBEHHON BJAXKHOCTH OT 40 1o 48%.
ConpoTHB/IEHHE OJHOOCHOMY CiKaTHIO ¢, OKoao 10 Ke[cm?; mMeeTcs IpO-
cnoek ¢ g, =4—5 Ke/cm?. MomHOCTs HHIKHEH TOJIIIH B o6Ha)KeHHsIX MOp-
ckoro Gepera loro-sanaauee r. Bajnunka He rnpesblIaer 50—60 .

Cpennas ToAIlla NPeJCTaBIEHA MEprelsiMH, TMHHACTBIMA MEpreisiMu H
rJIMHHCTHIMHE H3BeCcTHAKaMH. HHKHSA 9acTh TOJNLIH COAEPKHT MHOTOYHC/IEH-
HbHIC TJIHHHCTHIE TPOCAOMKH; B BepXHe#l 4YacTH TOJIIH pacnojaranTcs
TOJCTOCJIOHCTLIE MEPrenH H TJIHHHCTHIe H3BECTHAKH, TepecTanBalollHecs

. GesoBATLIMH H3BECTKOBHCTBIMH -FJIHHAMH M TECYaHHCTHIMH  IVIHHHCTHIMH
mepreasimi. Momroers cpeaned Tommu npessimaer 100 4; oxa ob6Haxaercs
Ha BceM NpHOPEKHOM CKJIOHE. ¢

" Bepxusis Toaqma obGpasyeT MOBEPXHOCTb IJI4TO; OHA TNPEACTaBJeHA
OpPraHoreHHLIMH KaBEePHO3HbIMH H3BECTHAKAMH MOLIHOCTBIO IO 15—20 .
BeiefcTBHE eHyJAlHH ee MOUIHOCTh yMeHblIaeTcs K GpOBKe mJaTo.

CapMaTtckhe CJIOM XapaKTepH3YIOTCsi clabbiM HaKJIOHEHHEM Ha CeBepo-
octok (1a 1—3°). [TaneoreHosuift GyHxaMeHT pa3GuT Ha G/IOKH. JIH3BIOHK-
THBHBIE HapylieHHs (QyHAaMeHTa yCTaHOBJeHb OYPOBHIMH CKBaXHHAMH H
reoduanueckoit passenkoii (Hdumurpos, 1959). BeprukaabHbe ABHXKEHHS



TEP-CTEMAHSIH H OP.

r. H

b. KAMEHOB,

T & 3 wamw

Wy pn

[/ L
o'-EJ
slx]

“e

seas
w0y
TRy

nis

| 8aass
-~

18] ——1
L]

O N 0 0 80 WOw w
LTS SE— [ ——1 3

Puc. 2. Baauuxckas onoaswesas noaoca. a) Cxema npubpexcnod noaocol;
CEOC mIato; 2—G0odbluNe Ol0J3HeEble yuactin: 4 -onoasnesoii YHACTOK, NoKasanublii na
pic. 2,b; 4—ocTanusl uaymmeKoro MOpS; S—NpHGAHINTEABIIOE NOJI0KEeHHe Geperosoii - Jin-
HHI B uayanuckoe ppems. &) Cxema onoaswei eopoda baawuxa; I—Gpopka wnaro; 2—
TIOAIENHOE NMOAHOKBE MAaTO; J—06pLIBHCTHE Bepuriubl G/1oKos; 4-—cospemertioe nos0Me:-
HIE MOAICMHOro NOAHOKbLA GAOKOB H HX HOMepa; S—nepuonayajbHOe MOJOKEHHe NO3eN-
HOTO MOANOKLS GJI0KOB W 1X HOMepa; 6—raaBnas crenka OTpuiBA onoa3nell; 7—onoja3nesse

I—o6pymxan- -
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5THX GJOKOB C Pa3JH4YHbLIM 3HAKOM M MHTEHCHBHOCTBIO OTPaXKaloTCs Ha cap-
MaTcKOM Tnoxpose. B nocieninouenosoe Bpems JloGpyaixanckoe maato
HCIBITHBAJIO NPEHMYyLIECTBEHHO HepasHoMepHoe noausTHe. HauGoaee apes-
HHA YayAMHCKAIT a6pa3HONHbIH YPOBEHb NMPOCIEKHBACTCH C MepepuiBaMH Ha
crmerkax ot 95—100 xo 150—160 x (puc. 2,a).

Paiton xapakTepu3yeTcA BLICOKOH CelCMHYECKON aKTHBHOCTHIO, JOXOAS-
ueil 70 10 6a170B N0 MEKAYHAPOAHON IIKaJe.

B Bepxued Tonule capmara (OPMHPYIOTCA KapCTOBble H TPELIHHHbLIE
BOjIbI, YACTh KOTOPBIX JpeHHpyerca K GeperoBoMy CKJOHY Ha OTMETKe KPOB-
JIM cpeiHed TOJUIA capMaTa B BHJAe KOHUEHTPHDOBAHHBIX H DAacCeAHHBIX
MCTOUHHKOB. TpelulMHHEe BOJALI MMEIOTCH M B CPeAHedl JHTOJIOrHYecKoil
TOJNIE capMmara.

‘OnoJa3HH HAPYWIMIAH NEepBOHAYAdbHLI PEKHM NOJA3eMHBIX BOJX CKJIOHA;
B CKBAJKHMHAX NOA3EMHBEIE BOJLI BCTpevyaloTcsd Ha pPas3dHYHbBIX YpPOBHAX.
B6auan Mopckoro Gepera MNoja3eMHble BOABI BCTPeYaloTCss Ha OTMeTKe 10
+10 & B nanpaBieHuH K CKJIOHY NOA3EMHBIE BOJALI BCTpeyaioTcst Ha Goaee
BLICOKHX oTMeTKax—oT 25 10 65 . Tloasemubie BOALI OKAa3blBAIOT BJAHAHHE
Ha YCTOMYMBOCTL CKJIOHA BCAEACTBHE yMEHbUIEHHsi MPOYHOCTH NOPOX, H3-

TPEUHHE © NOJOKHTEABHON (@) 1 oTpunateasnoil () amnanTynoil; §—0noasHeBoil A3bIK;
Y—rpannia onoa3ns BHE ONOJA3HeBHX Tpeulty; /0—coBpeMeHHoe NoJ0KeHHe Kpas HOBOYEpHO-
MopeKoit Teppacki; 1/—-npeinoaaraeMoe NoJoKeHHe Kpask HOBOUEPHOMOPCKO[l Teppachi mpi
ce o6pazopanm; 12— aedopyupopanubie 3aanns; [3-—paspyllennble 31auns; I4—nedopma-
uonuLi Koaoaen; I5—rayGuuHbil penep u ero Homep; /6—nNOBepXHOCTHBI penep H ero
nomep; I7—naGmopateasnas Mapka; /8—munns npopuas (puc. 3); A—uanpasienne JBH-
wenust Gaokon; M—yauua Mockesl, Baoku: I—JUkmun-6anp; I1—Cycam-6aup; Ill—y
Crapuona; IV—Boctounnifi, V—y Koncepsuoro sapojaa; VI—Cuspu-tene.
14 2. Pupphp unqubfughl qonp. a) dnduhp ufubdwh. | —Pappoigupph pupdpofwhyulp. 2—
Jongnp ungulphbpp fwgpp. 3—5h. 2, b-nul guyg wfwd wnquipuwpl fugpp. b) Pwphly fu-
nulp wnqubGhep. 1 —puwpdpufubquhp fumupp. 2 pwpdpunfwhiqulh  wnapbplhpyu Splpp.
D ppalflubpl quppofuwgp ququfbpp. 3—ppaibpp wonpbplpgu dudwhahubhy Spdpp b gpoly
wanduplibpp, S—prolibpp wwaphplpgu  wlgphulul Splpp L gpuiy Swdwpbbpp. 6—unqulip-
bhpp wpumndwh gyfeunfop spanp. T—unquwhpuwph Ghypfwdphhpp gpuwljul (a) Lk pugwuwluh
"I) wrsl wgg foan g yonsf o Swunqutﬂ:fnpﬁ phgmih. g—lllﬂfﬂlll’h‘lrl’l ww’ kg unqubipugpl  shyp-
qmdphbppy qoipu. 10—bnp Ukdnf b qupuaonfif byph dwdwhwlhwhpy gpppp. H—bap Uk-
oyl gupunnunfif wnwgpwydwl dwdwhwlool boph bsfugpfng ghpep- 12— dbwfnfurfmd pbhi-
ohp. 13— puwhqmd 2bhphp. 14—puwy Janppughte ungph Snpp. VS —funppugpl wnqubipugfl fhnp
b ypw Suwdwpp. 16—dulbpbowpl wogulpu il f;&u;p b gpw Swdwpp. 1T—gpwdwh Jwpluh.
I8—1-1 wpnPlyh ghd (k. 3) A—pnlbpp wnbqupwpdJwl aopgneflpadip. M—Unulpfusyfy sfin-
oyt Fil.wf‘lr;fap' I—2pup-puspp. —Uniwwd-pupp. I —Uwmwgpnif dowm. IV—Uphbpjui.
V—Mwiwdnibpf gnpdwpwhfy duw. VI—Upsfpp-Fhsfibs:

Fig, 2. Balchik sliding - zone, a) Scheme of seaside: I--Dobrudja plateau; 2—big
landslide areas; 3—landslide area- -shown on -Fig. 2,b..4) Scheme of Balchik town
landslides. I—crown of plateau; 2—underground base of plateau; 3—abrupt tops of
blocks; 4—recent position of underground base of blocks and their number; 5—original
position of underground base of blocks and their number; 6—main scarp of landslides;
7—landslide fissures with a positive (@) and negative (b)) amplitude; 8—landslide ton-
gue; 9—landslide boundaries outside of landslide fissures; 70— recent position of edge
of ths New Black Sea terrace; //—supposed position of edge of the New Black Sea
terrace at its formation; /2-~deformed buldings; /3-—- demolished buildings; /4—open
depth creep well; /5—depth bench mark and its number; 16—surface bench mark and
its number; /7—observational mark; 78—profile line (Fig. 3); A--direction of block
movemenl; M—Moscow street. Blocks: I—Djini-bahir; Il—Soosam-bahir; [1I—at Stadium;
IV—Eastern; V—at Cannery; VI—Sivri-tepe.
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smenenns aeopMalHOHHBIX CBONCTE H KOHCHCTCHLHH,

cOB BLIBETpHBaHHs H AP. : : f : .
B n.m%ueue paccMaTpHBaeMblil npudpexuniit paion  Oba  Cywei ¢

BLicoTaMi 0k010 200 ¢ OT COBPEMEHHOro YPOBHA MOpPS. Cap.\la'rcau‘e oTa0-
JeHis NOABEPratiich 3PO3HOHHO-IEHYAAUHOHHLIM TPOLECCAM, HO yCa0Biil
2151 BOHHKHOBeHHS KPYMHBIX OnoJsueii Ha nodepexbe He CYUIECTBOBAJO.
UayaHHCKas TpPaHCTPeccHs Bbl3Bala H3MeHeHne u3iKo-reorpaduueckux
VCI0BHIT 1 BO3HMKHOBeHHe HeGOAbIIHX HeTBEPTHHHBIN onoasneit. K sromy
BpeMeH!l HalBoOAHas 4acTbh CKIOHA HE Gbi1a  BBICOKOI 11 0OJBWIAS  vacTh
3Hepruy BOJH Pacxo]0Ba’ach Ha nepepaloTKY €ro no:m'onﬂoﬁ HaCTH.
HeoxHOKpPAaTHO HACTYnaBwWie pe3KHe H3MEHEHUs PasHOCTH yposueii naaro
H MOpS B MOCA€YAYAHHCKOL BpeMsi MAPKHPYIOTCH OCTaHUAMH Gosee HHIKNX
a6pa3noHHBIX YPOBHEil ha CKJIOHe, KOTOPbIM COOTBETCTBYIOT OTAAbHbie
sTanp pa3piTHs onoasHeil. O 3TOM CBUIAETEIbCTBYIOT OCTAHUB MOPCKNX
Teppac, pPaCNOJOMKEHHLIX HaZ ONOJAINEBLIMH  NAKETAMI. Mecramu  3ri
Teppachl H3MEHHIH CBOe [NOJ0XKeHiHe B pe3yabrare MNpojOKAloWerocs
npouecca ono.a3auis. Bo3unkHOBelHEe HOBLIX H AKTHBH3ALHS CTAPLIX ONOA3-
neil HaGalo1aeTcs 1 B COBPEMEHHYI0 3MOXY NpH CYIECTBYIOUIEM  YpOBHEe
Mops. 2 5
O6pasoBaniie OnoJ3aloWuX O10KOB Ha BaiquniCkoM noGepexbe i
X MeadeHHoe cMellenne Kk Oeperosoil 1ojoce B TEOJOTHYECKOE Bpems
€031aa1 cBOeoGpa3nyio MOP(OJOrHi0 MOPCKOro Geperosoro CKIOHA, KOTO-
pasi OKa3piBaaa BO3JeliCTBIe HA PHAPOAUHAMHYECKHE NPOLECCHL. Aocruras-
e MOpCKoro Oepera JeHyanpoBauunie 06J0KH NOABEPraauch HHTEHCHBHOI
abpa3nn. B rosouese Ha nepefoBnix 0.J0Kax BupabarbiBanuch abpasuon-
Hble Teppachl; TAKHMI SBJSIOTCS HOBOYEPHOMOPCKHE TEPPACH HA OCTAHUAX
6JI0KOB, Ha KOTOPBLIX PACNOJI0MEHbLl KOHCEPBHBIT 3aBOJX H HOBBLIH TOPOACKOI
nasz u nuMeiickas Teppaca na 6J10ke ropojackoro maska. Ot ocraabuoil
gyactH nocaennMeiickoil BLIpasHeNHOCTH B HACTOsIILEE BPEMsi COXPAHIIHCH
V3KHe [LIsiZKeBble MO0JOCHL.

Y camoro Mopckoro Gepera Ha Y4YacTKe MeK/y KOHCEPBHBIM 3aBOJIOM
il TOPOACKHM MasizkeM Bo3smimaercs 0ok Cuppu-tene, rie chopmuposaics
n Kaud, noasepraiouniicss nuTencusHoii aGpasun. Pasmepn 6aoka ObicTpo
vMeHbIIaTes; 3a nocaeanne 60-—70 ger or GOJAbIION IMOWAAKH Ha €ro
BEPIUNHE OCTANO0Ch €Ba HECKOJIbKO KBajpaTnniXx MeTpos, u 0Oj0x Cuspu-
tene npunsia opmy Kouyca, Mexay Tem, u3 crapoii aurJniickoil Mopckoil
kapTei 1854 rona macwra6a 1:39130 Buano, 4TO WHPHHA IIOUAAKH 1A
pepwue GJ0Ka cocraBasaa ne mewee 60 a (Plans, etc, 1854).

HaGawoaeuns no aGpasnonusim penepam y kianga 6aoka Cuspu-rtene
B 19651969 roawb mokasaam, uto nepemeiienne KJIH(oBOfi 30HBI K MOpIO
cocrasaser 0,06-—0,35 u B roa, mmpHHa adpaanpoBaHHOil NMOJOCH JAOCTH-
raetr 2 M ¥ 06BbEM Pa3MbITLIX ONOJA3HEBHIX I OGPYIIEHHBIX Macc 3Toro Gs0Ka
8400 . B 1969 r. nocie HHTEHCHBHOrO WTOPMOBOTO NEpHOxa 06pyHIHIACH
3nauuTenbhas vyactb Gaoka CHBpH-Tene, 1eOPMHPOBANHCH H PA3PYUIHIHCH
coceJlHHe ioMa ¢ y4acTKoMm GeperoBoif MOAMOPHOH CTEHBI.

MEXAHH3M OTOJI3HSA

Hon MEeXaHIN3MOM ONOJ3aHHsI NMOHHMAETCs COBOKYMHOCTH IT]'.'OMEJ'KYTOTI-
HBIX COCTOSIHHIT H }"C.ﬂOBIIﬁ nepexoga OT OAHOroO COCTOSIHHA K ApPyromy, om-
pegensioulle MPpOTeKaHHe OMNOJ3HeBOro npolecca. B ochoBe HCCIeOBaAHHA
MeXaHHn3Ma ONOJ3aHHHA JeXHT H3VUeHHe KHHCMAaTHKH npouecca, T. €. ABH-
JKEeHHsl OTAEJbHBLIX 3/EMEHTOB, CJaraloulHX OnoJi3eHb. 3TH HeeJqel0BaHHs
Gasnpylorcs Ha aHaiause rojgorpadoB cKOpocTeill OMOJ3aHHS, OMNOA3HEBBIX
TPeWH B rpyHTe H AedopMalunn coopyKenuii. TeoperHueckne 0OCHOBB 3TOrO
METOJla H OMNBIT ero INpHMEeHeHHsI HAa OnoJ3HsAX OCBEUIEHLl B JIpyrux nyGJm-

l
|

VCHJIEHHS  npomec-
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Puc. 1. Ofiguil sud onossnesozo ckiona & 2. Baasuxe (poro 5. Ilaweka, TIlpara).
I—Monunaoscku pua; 2—Cuspu-tene; J—Cycam-Gaup; 4—muun-6aup; 5—CranuoH;
6 — JloGpyasxanckoe maato; 7—rt1py6a Koucepsaoro 3asoia; 8 —yanua MocKs;
9—Ax-Gaup.
Wy 1. Puphly foqufp wnqubfughlb pubsh phyfwbnr whowrwb (wwbjop 8w. Muwpbhf,
N pusggau ) ¢ 1—Uadyfymfulife nfig. 2—Upsfpf-Plishiks. 3—Umuwd-puwspp. $—2pufp-pusfp. 5—Umw-
ghnfs. 6—"tappnigdunyf  wwpwiwpfl. 7—wuwlwdnbbpf goapdwpwhfe Sfulibynigg. 8—Unulfuyf
sfimnng. 9—Ulj-pu thp
Fig. 1. General view of the sliding slope in the town of Balchik (photo by I. Pa-
shek, Prague). I—Momchilovski rid; 2—Sivri-tep2; 3—Soosam-bahir; 4—Djini-bahir;
5-—Stadium; 6—Dobrudja plateau; 7—chimney of the cannery; 8—Moscow street; 9—

Ak-bahir.
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Pic. 3. IMonepeunoiii npopuss onoasued no ausuu I—I[. 1—u3pecTHsakH (BepxHsas Toauia
capmara); 2—W3BeCTHSKH TMIHHHCTHIE W W3BECTKOBHCTHE Mepress (cpefHss To/ma capma-
7a); 3—IJIHHB ¥ WABECTKOBHCTHE IVIMHBI (HHKHSs TO/AlA capmaTa); 4—HAaKJIOHHME Maac-
Thl FAMHHCTHIX M H3BECTKOBHCTHIX MepreJell (CMelleHHble NMakeTH); S—HapylleHHbie BbIBET-
peanie nopoas (onojsneBsie Macchl); 6—NpOSIBHBIIHECS MOBEPXHOCTH H 30HBI OMNOJ3aHHA
(a) n noTenuuasbuse 3onn onoszanus (b); 7—nosepXHocTHHI OnoaaHeBolf penep; 8—
rayGUHHBIA OmnonaHeBofl pemep.
bh. 3. Unqubifp I—I gdh brlwenipjub Yordwdfp. 1—hpwpwpbp (vwpdungwh Jbpph  gbp-
uhp). 2—funfwght bk hpuwghl Thpghibp (vwpdwmgud Jfghh ghpmbp). 8—lufughl b Gpwfh
fuarf b (umpl.rmm:mﬁ Lbppll zﬁpmﬁp}. 4—-1"11:4_":”!& b hpuwgpl Shpgbihbph Php 2bpunbp (lnﬁ.llm-
qupdifwd ghpinkp). 5—fuwfurmjmd Snqgdbwiwpfwd woyuphbp (vaqugng quibgfudhbp). 6—un-
gkl JwhbplogPubp b guopbbp (@) ppwhuh L (b) ynunbbighuy, T—dulhplongfogfi
unqubipugpl hbhmbp. a—funp‘pw”llt wnqubpufl  Lhwnbp:
Fig. 3. Cross-section of the landslide along line I—I. 1 —limestones (Sarmatian upper
layers); 2—limestones, clayey and calcareous marles (Sarmatian middle layers); 3—clays
and calcareous clays (Sarmatlan lower layers); 4—inclined strata of clayey and calca-
reous marls (displaced layers); 5—disturbed weathered rocks (sliding masses); 6—actual
surface and zone of sliding (a) and potential zone of sliding (b); 7—surface bench
mark; 8—depth bench mark,
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Puc. 5. 'odozpaqy seprusaasnsix exopocreii emewenun penepos 6 1968—1969 22, OGoana-
HeHns cm. pic. 4./Tunns B—nanpapnenne cyemenis GAoKop Ha BEPTHKAILHON MJIOCKOCTIL
Ul 5. 1968—1969 PR, unquhpuyple fhmbpp mgqudfy whyuwpupdp wpogefl ol Sngngpand-
Lbp: bzmlrw&mﬂ;mﬂllpp wh’s Wh. 4. B qhd" pinlibph whqupupdf

Fig. 5. Hodographs of vertical displacement rates of bench marks in 19681969, For 1
designation—see Fig. 4. Line B—direction of block displacement In vertical plane,
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Puc. 4. lodozpag) 20pusoHTAABHBX CKOPUCTER CMEWEHUR penepos @ 1968—1969 2z .1—
HenoABHKHAR TOUKA Ha Naato; 2—To4Yka Ha onoasawmem Gioke (1 sApyc OMOA38HHA):
4 touka Ha sexbGiokopoM maccuse (II spyve onoazaums); 4—T0UKa Ha MPHIOBEPXHOCTHOM
onoaswe (111 apyc onoaszanuda). CHaomHLMe JAHHHAMH  OHepUeHBl PasantiHbie obaacti
onoasanis, noxazaupue #a puc. 2. Jiuaua A-—manpasienne cMeulenns 6I0KOB Ha ropH-
JOHTAJBHON MI0CKOCTH.
Wy 4. 19681969 pp. woqubfughl Yhmbrh finrhqubmljul wbquyurdh wrugnipjub fngn-
qrufibr. A —whpupd unqulipupl fho pwpdpodubqulf fpo. 2— b wnqugny ppalibph
fpue (ungnienfipule I Swply). S—hhon dpgpyalyugfls qubgdwdp fpuw (wagadm@uul 11 Swpl).
N —flosne Klaflusdsalyboplemegfuagpl wnqubphpfe ofpu (ungaibmeflywl 11T Swpl): Zad gobpmyf mepw-
grfwd b Ul 2-f ofpm guegg wpfmd ungrihmiflpul  mwpphbp fegphpp A gpop’ pynllbiph wb-
quympdfy mggmifgmide § Snppynioled Swpflacfljwl o puws
Fig. 4." Hodographs of horizontal displacement rates of bench marks in 1968— 1969
/- unmovable bench mark on plateau; 2—bench mark on a creeping away block
(I story of sliding); 3—bench mark on an Inter-block massif (11 story of sliding);
4—bench mark on a subsurface landslide (111 story of sliding). Different arcas of sliding
shown on Fig. 2 are outlined by thick line . Linc A—direction of block displacement
in horizontal plane.

xaunsx (Tep-Crenansu, 1969; Tep-Crenausin n ap., 1970, 1971) u 3xeco
e NpHBOASATCH.
Habawdenun 3a cHeuwjeHUAMU ONOA3HEBbLLX TOHEK

Jlas M3yuenns CMeIUEHHs TOYEK Ha ONoJ3HeBOM ckJioxe B bBanumke,
yauunas ¢ 1966 roga 6Guisa ycraHoBJeHa HabawojaTe’dbHasi CeTb, KOTOpas

B JajibHedlieM Oblia cryluieHa.
HamepenHs npoH3BOAMIKCH MO pernepaM ABYX THMOB: NOBEPXHOCTHBIE N rayBHHHbIE,

[TopepxuocThblil penep npejacTaBaser cofofi 0TPe3ok acBOUeMEeHTHON Tpy6nl AHAMETPOM
18 cM W AJHHOR 3 A, 3apBIThiii B 3€MJI0 3aN0/LTHIO ¢ NMOBEPXHOCTBIO; BBEPXY YCTpPOEHd
Getonnas roaosnas yacth axamerpom 40 cat i BwicoTofl 60 cal; ee BepXHAs KpoMKa 3allH-
IeHa KOPOTKHM OTPe3KoM acGolUeMeHTHOH TPYGBl AHAMETPOM 40 cu. Ha nosepxHocTH
Getona c¢jeaana noaycdepHieckas roJjopka ¢ HaHECEHHBIM Ha Heii kpecrom. [lpn mamepe-
HHIl Hajl KPECTOM YCTAHABJHBAECTCH BH3IHP. Fay6unnubiit penep OTJHYAETCA OT MOBEPXHOCT-
Oro Tem, 4TO no ocH penepa npoGypena Gyposas ckpaxmna. Ona ofcaxeHa OTpesKamn
AC60IEMCHTHBIX TPYDG, COEJMHEHHKIX FHOKHMH MJ1aCTMAcCOBBIMH pYKaBaMH, Tpy6ul npomuie-
Bl C ABYX CTOPOH NMOYTH HA [MOJHOE CeveHie {OCTEMEHS coeJHHHTeAbHAA YaCTh Il.alllHOﬁ
B ca). Tlponuanl caenann wa paccrosunn 30 ca Apyr oT Apyra. Tpy6m cayxar aaa ycra-
{OBJACHIS TIOOYKEHHA MOBEPXHOCTH CKOJbKenHs NyTem NPOMepoB BepxHel HeaeopMHpO-
pannoft uactH. OcoGeHHOCTHIO 3TOM KOHCTPYKUHH fIBJAETCH  BO3MOMKHOCTh  BBIMIPAHIA
pencpa npin o6ulefi ocajake rpyHTa BOKpYr Hero. lMono6uoe #BJAeHne Habawaaercid Ha
penepe JI4, pacnoJoXeHHOM B TOJOBHOfi WacTH BpallaTeJbHOTO OMOJ3NA; B HAcTOAUlCE
BpeMst 3TOT pernep BO3BLILAGTCA HA OAMH METP HaJ YPOBHEM OKPYXKakLIero rpyHTa.

Mamepenusi CMEILEHHH DenepoB B TJaHe OMPelessIHCh METOJO0M TPH-
AWTYJSIUAH, CO CTOPOHAMHM TPeyroJbHHKOB mopsxka 100—300 . Bepru-
KaJibHbIE CMelleHHs1 OnpeneaJHCh METOLOM TPHIOHOMETPHYECKOr0o HHBE-
JHPOBaHHSA.

Bcero 610 TpoBeleHo 5 nukaoB HaGaonennit B 1966, 1967, 1968,
1969 u 1970 ropax ¥ mo pe3yabTaTaM H3MepeHHii OnpexeseHsl MpHpalleHHs
KoopaHHaT Ax, Ay n Az gns Kamaoro HHTepBaja BPEeMEHH MEeX1y MHK.Jd-
Mu nabmofenuii. Tak Kak Bce reofie3HuecKkne H3MepeHHsi NMPOH3BOAHJIHCH
NPaKTHYECKH B OAHO H TO Xe BpeMs roja (asrycr), To BeJHuHHA MpHpaLLe-
HHAl KOOPAMHAT MOXET paccMaTpHBATHCH, KaK COCTABJASAIOLIAs rOAHYHOMN
CKOpOCTH CMEUIEHHS Uy, Uy H U,. TaKuM 00pa3oM, aHANH3 ONO.JI3aHM:A
Moxer GasupoBaThbCs HA pe3yJbTaTax H3MepeHHH 3a 4 HHTepBa/ja BPEMEHH.
Onnako B nepsoM uurepsasie (1966—1967) cerr He Obiia eule MOTHOCTBIO
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s ; 2 )CKOJAbLKIX BaMHBIX NVHKTax: I
y OTCYTCTBYIOT AdHHbe O lieC X ny :
}“a!mmf{"::ml'::paa.ie (1969—1970) ne nadaoaaacs Psiy TOUEK, )’Hl!‘ll‘omenlnii
no?f)‘zrlll:ﬁrsun\:u HanGoaee NOJHBe laliible OTHOCATCS K HHTEpBany spe's
;ltI:fm alem.zv'l!-)'tis_--l%g rojgaMi. JtoT Hurepsaa Obla NpHUST B KAYECTHO!

OCHOBHOro npH amnaause Onoa3aHus.

AU3 ONOASAHUR : |
Amﬁ?a oﬁ}:aﬁomn pPe3yabTATOB NOACYUETA BEAHYHHbBI KOMIOHENT CKOpOCTIH

onoasanus cTposTcs Asa rpaduxa. IMepsbiit I'P‘“_I‘“K (puc. ‘“_ H3o0paaer:
ropH3OHTaAbHYI0 MIOCKOCTb. OTI\'.‘l&.,’l.laIB.aﬂ no um.\‘: ‘M.)op:uum"r _Bt':'lu.llum.u
KOMIIOHEHT Ty M Ty, MOJAYYAEM TOUKY, l\o.'ropa‘sl llpLJLTJB.1ﬂE:T coooi honeul.
rOpPH30HTA/bHOI NMPOEKWHH Ty BEKTOPA CI\OPO&.‘TII DHOZSRMUR, lla‘{:{.'lo srorcy
BeKTOpa HAXOANTCH B Havasze koopanuar. Ha caeayioumenm rpaguke lpuvc. o)
no ocu aGeUHCe OTKAAJABLIBAIOTCS BEJIHUHHLL TOPHIOHTANLHOH  NPOeKIMI
BEKTOPA T, & MO OCH OPAHHAT—CKOPOCTh OCALKH T, penepa. Hoayuennass
TOYKa NpejacTaBasieT €060l KOHElW NOJHOIO BEKTOpa OMOASaHHN; Hava oD
Ae ero Takke HaXOAHTCH B HAYaJe KOOPANHAT. 0

IMoayuennsle TakuM oOpasom rpadmuku (puc. 4 u 5) HarasaAnoO noka-
3LIBAlOT XapaKkTep ONo.J3aHusi CKJIOHA B HHTEPBaJde BpeMenn MEXAY aB--
rycrom 1968 u asryctom 1969 rr. Jasi y100cTBa anaausa st pasauyunixe
rpynn penepos NPHHATL Pa3HbIe YCAOBHLIC IHAKM. BOauan or mavana xoe
opaunar Haxoautes nyHKT I116. Penep I116 pacnoaoxen y noanoxss naa-
TO; Ha rpadUKax OH NMoKasaH TOYKOIl.

Baoku, Ha BepTHKaAbHON IIOCKOCTH roA0rpadoB OTHETANBO Bbies-
eTCsl rpynna Touek, 0003HAUEHHLIX YEPHLIMI TPEYTOJLHUKAMH. Ara rpynnag
TOYEK Ppacrmojozena Ha oaHoil Jauuuu B, oGpasyioweii neGoabumoi yrogn
ilakjaoHa ¢ ropusonToM. Ciojla OTHOCATCS TOUKH, PACNOJONKEHHLI® HA OJ0-
Kax ¢ HOpMAJbHBIM noaoxennem maactos: ITI5 wa Gaoke JDxkunn-Gaup,,s
[114 na O6aoke y l'opoackoro craamona, 6 u 9 na Bocrounom Gaoke, 8 nas
6aoke Cycam-6aup n IT10 na Gaoke Cuspu-rene,

B6anan or annnu B naxoasrcs eme ase roukn (AB5 n lls), uro nos--
BOJSIET OTHECTH HX K TOMY ke Kaaccy, ITH TOUKH PACHOJOKEHD V' SI3biKa &
BpallaTeILHOrO 0N0A3Hs, pasdpuBaioulerocss Mexay Bocrounmn 6a0kom 11
OCTAHIOM TEppachi, Ha KOTOPOIl pPacnofoen Koncepsuuii 3asoi. Bypenue
penepa JIBS nokasano, uto 3jech B OCHOBANHN  3aJ4€rAI0T NOPOAL ¢ nop- -
MaJIbHBIM pacnofioenueM ni1acros, 1. . Teppaca odpasosanach na abpa- -
auposantom Gaoke. Penepot Il n JIBS HenuiTLiBalor Bansimine Bpamaredn- -
HOro OnoJ3Hs, KOTOPOE raBHLIM 00PA30M CKA3AN0Ch HA YBEJANMCHHN TOpI- -
30HTABLHOI cocTaBasiowtedt  ckopoctit  cMentenns.  [ToatoMy  werinnas
CKOPOCTL cMeulensi 6J10Ka y KOHCEPBHOrO 3aBOAA JO/KHA ObITL Cyuiect-
BEHHO Melblle H3MepeHHoi, BeposTHo okoao 160 am/ron.

HeGoabwmoit Gaok y Topoackoro craanona XdPaKTepuayeTcs penepom
[T14. K BOCTOKY OT Hero pacnogaoxen Kpyuuoii Boerounslii 610K, eMeutenie
KOTOpOro ycranasinsaercss 1o penepam 6 i 9.

Ha ropusonraabuoii-naockoers- rogorpados (puc. 4) Bce TOukn oTBe- -
daloune 610KaM (YepHble TPeYrOJAbHHKH)  DPaCHOJOKeHb B OJLHOIT - Y3KOIl |
noioce A, umeomeii asumyr 161°. Ha reosormueckom npopuae 1-—1 |
(puc. 3) ocHoBanus 6.10KOB 1O JNHIK pa3pe3a YCTAHOBJAEHBI TeOJIOTHIEeCKHM |
verojom. TIpunsis, uro ymmpsiomuecs not3eMusie 4acTn GIOKOB HMEIOT

i
I

|

BO Beex CAYHasiX TOT ke YKJOH, 4To u na npoguie |1, Gbth onpeesnens
MOA3EMHbIC KOHTYPH GJIOKOB. DTH KOHTYPBI NOKAZANLI AKHPIHIM HYHKTHPOM
Ha miane onoasueit (pue. 2,b); Tonkuit nynkrup noxkassipaer ‘Hepsonavaln- -
Hoe nosioxenne 6iaokos. Hanpasaenie cMmentennsi 6J0KOB noKazano cTped-
Kkoil A; oHO oTBevaer quuun A na puc. 4. .

Ha stom naawe sicho BmipucosbiBaercs Xdapakrep ABHKeHust GJOKOB. .
Onu cnoasaior no ceoemy OCHOBaHMIO, 06pa3yst MexKGA0KOBLIE POCTpANCT- -
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pa. Beauuuna cMemenusi kaxaoro 61oka Moxer GuiTh onpejeneHa jocTa-
TOYHO TOuHO, PeayabTaTii uamepenu#t npupeiens B Ta6a. 1. B Heit npHBe-
JIeHEl TaK/Ke PesyIbTaThl H3MEPEHHs CKOPOCTH CMeLIeHHsl PEeNnepoB M0 BCeM
qeTHIpeM HHTEPBA.IAM, H BHIYHCJIEHB! CPElHHe CKOPOCTH CMELleHH: GJI0KOB.

Ha puc. 6,a nokazaina 3aBHCHMOCTb MEKIY cpejHefl CKOPOCTBIO CMe-
nienus GaoKon u npofiaennniy paccroaunem (kpusas A). Touku Ha rpaduxe
JeKaT BroJie yNopsAAo4yeHHo, YTO FOBOPHT O CYLIECTBOBAHHH SIBHOH 3aKOHO-
MepHocTH: 4esm Goabuie npolidexHHoe paccTosxue, TeM boablue CKOpOCTb
emewjenun 6aokos. Takoe yckopsoulee pasberanne GIOKOB OT M1aT0 ABJA-
eTes obulell XapakTepHCTHKOR $TOr0 BHAZ OMOJ3alHs.

Mexcbaokosne saccuast. Caeactsuem paszGeranus G6J0KOB OT IIaTo €
yBEJAHYHBAIONIEIICs CKOPOCThIO ABIAETCH  NPOrpeccHpyiollee paciiHpenue
MeAKOJI0KOBLIX NIPOCTPAHCTB, Bhi3blBalollee CNOJ3aHHE MAacc CO CKJIOHOB M
(opmupoBanve MexKOJI0KOBHX MacCHBOB.

Tabanna UOgyreeml Table 1
BenuunHa, CKOPOCTh W BpeMs OT Hayana CMELleHH:H 6J0KOB
PinliGlpl mbyupupddwb dhdnupjnilip, wpmgacpynilip b dudwlimlp whqmaupdph ulqphg
Amount, rate and time from the beginning of the displacement of blocks

CkopocTh, MAt/ron
Upus g @ goe ey [/ sape
Rate, mm/year
-
Baok Pyl Block Ol =1 e t T
g5l id|d| & B8
HEHEIER
Jiknnu-6anp |Qpif-pwypp (Djini-bahir | 54| 115 | — [ 13 | 35 13 22 |2400{ 9250
CycaM-6aup |Umemmf - pus=|S00SaM-
il bahir 95 8862|1981 47 57 13600 10450
V crapnona |Uwwmgla®f (Al Stadium [100| 1114 | 88 | 28 [ 73] 53 61 |[3690| 10540
-.fnm [ F
Boctouunii (Uphkrpe  [Eastern 135 1=§ o lg; ;ﬁ% ﬁé‘g} 1};; 4120| 10970
: o|[1B5 | — [134 (330 ) | 2
Y Konceps- |Smsmdntskph |Al Cannery |162]) : 4320/, 11170
HOrO 3aBONA |gopdwpuifs S |\Ws 102 1605 —J |(160)
il vam
Mesk6noko- |Up§pnlum gfo|Inter-block
Bl Maccup |quwhgfmdp |massif 212| I3 238|185 |355] 391 | 294 |4560; 11410
Cuppu-tene |Ufofpl-@hiek|Sivri-tepe 12441 110 1 4871399 1772] 798 611 14650 11500

s—oblee CMEeUleHHEe B MeTpax; f-—BpeMf OT Hauaja HBTOPOro HHTEpPBAala B rOAAX;
T—npemsi OT Ha4ana CMELIEHHA B rojlax.

§ puglwineyg mhqugmpd dhwmplpnd. {- dwdwwlp  bphpnpy umbipfuayfe ulgply
mumphilipay, T — dwd ol mﬁgw:mr{ﬁ ulpqphg m-lrﬁ'illqun[l

s—Itotal displacement, metres; £—time from the beginning of the second inter-
val, vears; 7—tinre from the beginning of the displacemenl, years.

JlBuKeHne MexKOGJOKOBHIX MAaCCHBOB B YHCTOM BH/E PErHCTPHPYETCS
ABYMsI TyGHHHBIMK penepamu—/JI5 B BepxHeit yacTh CKjioHa H JI3 B HAX-
neii. OxHako, CKOpOCTh cMelleHusi penepa JI5 HAXOAHTCH B Npejesax TO4-
HocTH MaMepenusi. OcTajbHble pelepsl, pa3MelleHHbie Ha MeKGJI0KOBBIX
MaccHBAaX HCIBITHIBAIOT JIONOJHHTENbHOE BJIMSHHE TPHNOBEPXHOCTHBIX
onoasneil, ToabKo nocje PasioXKeHHs CHOXKHBIX CMEIEHHH Ha COCTaBJSIO-
liHe, OTHOCHL(MECs K PasJHYHBLIM SipycaM OIOJI3aHHs O0Ka3ajloch BO3MOK-
HBIM [1PpOaHaJH3HPOBATL MEXAHH3M HX OIIOJI3aHHSA,
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Jlyumie Bcero M3yuyeH kpviusil LlenTpaabubiil  MexROIOKOBLII MaccHE
pacnoiomenubil Mexy OJ0Kami C_\'ca.\l-ﬁaup.‘ C'raJ.uoga. Boetounnine
Koscepssoro 3asofa i Cuspu-tene. BJechnuas Lﬁfgeh n; pala_lolnlauuom pea
nepamu [T14 u I110 pacnoaoxensl penepnl 1 i .5“ . Ha asun
xennn penepos 113 u T112 orpaxaercs :tlglnxxeunc: Heboabworo npinoo
BepPXHOCTHOTO OMOJ3HA (pHC. 2.b). Penep “_ PACNOJIOKEH B TOJOBHOI
gacTy BpallaTe1bHOro ONOJ3HA. Pasaaras CAOKHOE IBIKEHHE STHX penes
poB Ha cocTasasiomue (puc. 4 u 5), MOXHO NOJYUHTb :te.mmm}- BEPOSTHOR!
ckopocti cMmeltenns LlenTpaibroro MexKO0J10KOROro MaccusBa B €ro pasanyy
HBIX MVHKTAaX. JTH laHHble NpuBeleHn B Tada. 2.

Ha puc. 5,b no ocn abeuuce NOKasaw CTBOP MexAy penepamu [114 §
110, a mo ocH OPAHHAT-—CKOPOCTH CMELUEHHS TOYEK MEeXOGJ0KOBOro maccus
Ba B muTepsaie 1968—1969 r. Ha rpaduke B ofosnauaer yvactkn Grokoss
M—yuacrok MaccHBa. B JeBoil 4acTH rpaguka BHAHO, YTO CKOPOCTH cMes
wenust Maccusa (penep I113) ompenefsieTcsi CKOPOCTBIO ABHXKEHHSI (/0Ka:
(penep [114). Biok npou3BoAHT 1aBaeHHe Ha MeKOJOKOBLII Maccus, n nai
KOHTaKkTe B HampsikeHHOil 30He pasBHBaeTcs HeGOABIIOIN NI0CKOCTHOM
onoJa3eHs, B MexO0J0KOBOM MACCHBE VBEJTHYEHHE CKOPOCTH CMelleHus npoo
HCXOJMT 110 OTYETJIHBO BBIPAKEHHOMY JIHHEIIHOMY 3aKkouy (penepw [1128
J3 u I111), 3to nokaspiBaeT paBHOMEPHOE paciilpeHne MexO0J0KoBore:
MpocTpaHcTBa, YKasaHHasi 3aKOHOMEPHOCTb HAPYUIAETCH Y NPHMBIKAHHSR!
k Oaoky Cuspu-tene. [Ilocaeamnii cmemiaercsi ObicTpee, uewm npu-+
MBIK2IOIHIT K HeMy MexKO0J0KeBblii maccuB. B pesyabrate Broabs koms
Takta Mexay Oaokom Cuppu-Tene u MeXOJOKOBBIM MACCHBOM BO3HHKaET
paspexenie, Bhi3biBaloulee PA3BHTHE BP2MIATEIBHOTO ONOA3HS (penephi
IT11, AMS u JAM6).

Kpusbie na puc. 5,a u 5,b ne ABASIOTCH aHAJTOTHUHBIMH, TAK KAk B nep-«
BOM cJyyae nmo ocH abcuuee OTVIOMNKEeHbl PacCTOSIHNS, NMpofixennble GJa0KaMm
B 1pouecce ONOA3AHHSI B Ie0J0THYECKOe BPEMS, & BO BTOPOM-—COBpPEMeNnbo!
paccrosiuusi Touek or OJoka Craauona.

JlBuxkenne penepos MexG.J0KOBOrO MaccHBa Yauibl MoCKBb CyuecT-1
BEHHO OCJ0KHEHO KPYNHULIM BpallatebHLIM ONOJ3HEeM.

Tabmma Uygmewal  Table 1

CkopocTh cmemeHHs penepoB LlentpansHoro mMeGaOKOBOrO MaccHBA B 1968—196¢0
1968 — 1969 p. UblimpnGwlwb hopyaljwhli qubqfudph nbwbpbbph mbupwpdnufp
Displacement rate of bench marks on Central inter-block massif in 1968—1969

Penep | Paccrosume or penepa .vﬁ,.g'frpj}:r:,::ﬁ? ;l,:l::lir':‘ ':;‘r'.‘T..,p

ﬂ;gl"ct;l -:5nw-[u;ill.%;;‘:.sp 4 s Displacement rate, mm/year

mark abulbphy, [

Distance from bench HoaAHan cofCTBEHHO MAacCHBA
mark [114, m whd Fupp quiigfudpp
total massif itself

1114 0 80
i3 43 250 gg
1112 92 405 225
13 158 355 355
ni 198 685 425
nio 248 770 770

Ipunosepxnocrusie onoasnu. B NPHNOBEPXHOCTHOM 30HE, B NMPOAYKTAX X
BbIBETPHBaHHSA Mexcﬁnoxosux MAdCCHBOB pasBHBaercs HECKOJIbBKO HeGoJb~d
IUKX OMNoJsHefl B 3anafHofi YacTH yvyacTKa W oaun Gosee KPYIHBI] 0noji-
3€Hb—B BOCTOYHO,
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B 3anaiHoil Y4CTH YY4CTKa Pa3BHBAETCA YNOMAHYTLIl BLILIE ON0.3€HL
y penepos I113 u I112, nanpasaenHui#t K fory. Ou oranyaercs paBHOMEpHOI
CKOpPOCTBIO ONOJ3aHHA. ¢

BTopoit 0OnoJ3eHb 3anaiHof YacTH y4acTka HaXO/IUTCA B HHZKHEH 4acTi
ckiona, O HanpaBileH K IOr0-BOCTOKY H XapaKTEPH3VETCA penepami I 1,
JIM6 u JIM5. 370 BpaulaTeJIbHEIH ON0A3€EEDL OTCTYNaTeJbHOTO THNA; B HHK-
weft ero 44CTH Pa3BHBAIOTCH OTKPLITLIE TPELIHHLI. B nacTosillee BpeMs npo-
HCXOAMT pa3pylllenne GEPEroyKpenHTe biuoil CTEHKH, pacrnojoKeHHoil y ero
unKHero Kouua (o6aacts P na puc. 4 u ).

Tpertnit HeGobLIOH ONOA3EHD pasBHBaercs Yy I0/KHOrO CKJOHa 0.10Ka
Cycam-6aup. OH XapakTepusyeTCA ps.1oM onoa3nesnix TpeunH. Ha stom
onoasne pacroosxens penepsbi [I; 1 I1a. f

Kpynupiit BpaumaTeJbHbiii ONOJ3eHb Pa3BHBAETCS B BOCTOYHOIl YaCTH
yuacTKa, B paioHe YJIHLbI Mocken. 3aecs Ha61104a10TCA MHOrOYHCICHHLIE
XOHLEHTpHYECKHE ONyLIeHHbie TPellHHbl, HHOTAd C OTPHLLATEBHOMN aMIIH-
ryaoii. Bosbmas YacTh 37aHuil Ha yyacTKe DpaspylleHa, ocTajbHbIe HECYT
caenp onoasuennix aedopmaunii. OnonseHs HacTynaTeabHOro THIA, odar
OnoN3anks PACIoJ0KeH B paHoHe penepos JIB4, I11; u Ils. OnossHeBsie cMe-
[LIeHHA ONpeAe]sAloTCs Ha OCHOBAHHH Goabuioro Koaudectsa penepos. Ilpa-
Basi Y4CTh STOrO OMOJSHS cMellaeTcsi ObICTpPee, YeM JeBast (o6aactu S v T
na puc. 4 u 5).

Xapakrepucrtuka MexaHusma onoasned .

Onoasny ropoaa Bamuuka npeacTasasior coGoii BecbMa cBOe0OpasHblil
Bujl JAeHyaauuu OepercBoro CKJAOHa Ma4aro. JKecTkue nopoibl T1JaTo, Je-
JKallHe Ha HEeKOMMETEHTHBIX MOPoAaX HHAHEH TOJIH capMard, NoJACTHIAI0-
LLLHMUCS B CBOIO OYepeb 7KECTKHMH I1aJeoreHoshiMH GJI0KaMH, MO aeiict-
BHeM BEPTHKAJDLHbIX JBHKEHHH pasJnuHOH HHTEHCHBHOCTH, HAXOAsATCH B
co3HOM Hanpsxkentom coctosnun. Katactpopuueckne 3eMJIeTPACeHHs, U3
KOTOpBIX B HCTOPHYECKOE BPEMsi HEKOTOpbie JIOCTHra/lH 10 6anaos, a B
[OCAEHHII TIEPHOJL - TeOJOrHYECKOro Pa3BHTHSI—BO3MOKHO H Gosee BLICO-
KOl HHTEHCHBHOCTH, BBI3bIBAIOT pacKajblBaHHe JKECTKHX NOKPOBHBIX TOJIIL.
970 pacKajbiBaHHe NPOMCXOJHT MPEHMYLIECTBEHHO NapajaenbHO KapHH3y
nJ1aTo, T. €. B HanpapjieHuH HauOGosblieil KOHUEHTPAUHH KacaTeJbHBIX Ha-
npsxennit. Takum 06GpasoM AaeTcst Hayajao HapyLIEHHIO HENpephiBHOCTH
maccuBa. OTKoOMOBILHecS yAJdHHeHHble OJOKH HaYHHAIOT [EepeBHraThCHd
no manpasaenuio K Mopio. CKkopocTh B Havaje nmpouecce HHYTOXHA H €€
TPYAHO OGHAPYKHTH C MNOMOLIbIO OOBLIYHLIX uamepenuit. OAHHUM H3 CJELCT-
BUIl HauyuHapollerocss cMelieHusi GJOKOB sIB/JAseTCs HapylIeHHE ECTECTBEH-
HOil cTpyKTyphl mopoj. Bypenue penepa /I8, npousseieHHOE Ha NI14TO HE
nojaneKky ot ero Kapuusa (puc. 2) OOGHApYXKHJIO Ha ray6une 125 u 153 &
HaJuuHe Mopoji, B KOTOPHIX, CyAsl Mo J1aGopaToPHBIM AAHHLIM, MPOHCXOLHT
rayGunnas noasydectb. OHa NpOsB/AsETCS KaK MJIAaCTHYHO-BA3KOE TEHEHHE
Marepuasa, B KOTOPOM BCJEACTBHE CrOJI3aHHSl 3HAUEHHS DEOJOrHYECKHX
XapaKTepPHUCTHK CHHIKEHBI: MOPOr MOJ3YYeCTH OT 1,8 10 0,3 x2fcm? u nuHa-
MHUEcKasi BI3KOCTh oT 3,3X107 mo 2,6 X108 kz/cm?.

[lo Mepe pa3BUTHsi Ipouecca CNOJ3aHMs KECTKHX G6JIOKOB mepreJseil u
H3BECTHSKOB 10 TJHHHCTOMY OCHOBAHMIO, TPOHCXOJHT OT/ejaeHne GJOKOB
OT KOpeHHOro MaccHBa, BHauaje BBHJe Da3/le/AIOUIMX HX PBOB, a 3aTEM, H
Gonee ray6okux Jn0xkOuH. B oGpasyiouleecs: Mexay GIOKaMH NpOCTpaHCT-
BO C MPHJEraiolHX CKJIOHOB MEJIEHHO CIOJI3al0T MAcChl NMOPOA, H3MEHHs
NpH 5TOM ABHXKEeHMH OpHeHTammuio cnoes. Kak asuxkenne 6J10KOB, TaK H
dopmHpoBaHHe MeXOJIOKOBBIX MAaCCHBOB TPOHCXOJIMT B dase raybuHHON
MoJI3yYecTH, T. €. HANpSKeHHsi HUKOrAa He JOCTHraioT BEJIHWYHHDBI, OTBEHAI0-
et noaHo# MOOHJIM3ALHH CONMPOTHBJIEHHA CABHTY.

CxopocTh cMelleHHs G/IOKOB MOCTENEHHO BO3pacTaer; OJHAKO OHa H3-
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Pue. 6. a) 3asucusocre sewdy seauunnon Npodenno2o paccrosnus u cpeduer CROPOCTbIO
cuemenus 6.aokoa sa 1966—1970 2006 O6oanauenus Ga0KOB oAl pue. 2,b; M—Llentpann-
Bl MeXGA0KoBLI Maccis, AGeunces—npoiitennoe paccrosie n MeTpax, opAnHaATH—
CPEANAR CKOPOCTL CMELCHNS B METPax B rof (c1eBa—Aas HAYaIBHOrO YUacTka, cnpapa-—
Anst Beeit Kpusoi). b) 3asucusocre mewdy paccrosruen penepa na Llenrpaisnon sex.ao-
Kosox Maccuse or penepa I114 u ckopocroio cMmewenun 8 unrepaase 1968—1969 22. B

Gaoku; M-—maccus. AGeween—pacerosume s METPax, OpAHHATHL CACBA--CKOPOCTL B MET-
PaX B rof. ¢) 3asucumocts mexdy apesenes u CROpOCTHIO cMeujenus O0A0kog @ [966—
1970 ee. OGoanavenns GaoKoB—cM, piic. 2b. M—mexGrokosuii mMacenn, AGcincen B
BepxHefl CTpoKe—BpeMsi B rogax ot nawana BTOPOT0 HHTEpBaia, B WIDKHEeli cTpoke—
TOXe oT Wawaaa pacnonsanusn GAOKOB; OpAMHATH CPaBa-—CKOPOCTH CMCLLEHHS B MeTpax

B .
L. 6. a) Whgud mwrwdnipyjub L lﬂGB—IGTEDgp. PEobibeh wbgupuedp dpght wrwgnipub
ﬁulrulpllrm[igul.p]mln[l. Pynlubiph bpwhunfnpmdbibpp* whs Wy, 2,hs Upghoiibp® whgud -
dmflymbp  dbinpm). opgpliwnbbp' whymympd) Thefke  wpwgaiflinip dhwnpmf wmpual (A~
lobg' whgpbuwlul Luup Swduwp, wyhyg' wilpngy fnpwgdp Sunfwp): b) UibGmrnbwlub Jhypnijm-
)G qubqludfh nbubirllicp SbnunjnrnipoiGip T114 nbubrhg L 1968—1969 pp. wlknuyurdh
wrugmipjub hylk ﬁmrmphrmmmﬁg. B—pnltibp, M —quitigsf o pp. wpag foulihy —5 bl npn -
Pymp dhinpmf, oppphunbbppy dw,ﬁ[ng—mpmqmﬂimlm dhinpnif, gl c) dudwlwlp L
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mcraeTcs MaabiMu Beauunnamu (puc. 6). Tak, npu NPoXoXKAEHHH OYTH HO-
psaka 30 s CKOPOCTb cocTapjser okoao 10 mam B rox, npu NpPOXOXKAEHHH
myts 100 #—60 mm B rox; mytu 170 #—200 sm B rOX H NPH NPOXOKACHHH
myru 240 #—600 um B roa. Itu UHGpPH HArIAAHO TMOKA3LIBAIOT YyBeaHue-
IHiHe CKOpPOCTH NpH JBHKEHHH O0JOKOB.

Baoku npejacrasasior cobofi nepebifi ApYC ONOJ3aHHA; OHH NepeMe-
HalTes #Kectko, He Aedopmupysack. Hakiaon BeKTOpPOB HX CMELIEHHS MO
(OTHOLIEHHIO K TOPH3OHTY ONpejensieTcd HAaKJIOHOM IMOBEPXHOCTH CKO.biKe-
\Wus; OH cocTaBaser okoao 3° (auuus B, puc. 5).

Ha Bcem HceaeoBaHHOM CKJIOHE JIErKO pas/inyaloTcsl TPH psiaa GJ0KOB,
w6aajaoux pasaudnoil  akTueHocThlo. HaumeHnee aKTHBHBIM SBJIAETCH
@anannuiil pag, B kotopslit Bxoaut 610k Cycam-6amp. Ero nanGosbmee
CMellleHHe 0T KOPeHHOro miaTto HeGoabmoe (BeposiTHO OKoao 95 #); y ero
MOAHOXKLA COXPAHHJAMCHL HOBOYEPHOMOpCKasih M HHM(edckas Teppachl: Ha
JHHX pacrojoxen ropoickoil nasx. Bofnee akTHBHBIM sBJsIETCS BOCTOYHBIH
IpAA GJIOKOB; K HHM OTHOCATCH 6aokn vy Topoackoro craauona, Bocrounsi
m y Koncepsroro 3asoja. HauGoabllee cMenleHHe B 3TOM PSAY AOCTHIVIO
(162 s; camblit HuxHAR 60K 3TOr0 psfa Ouu1 aGpajiupoBaH NpH QOPMHPO-
IBaHWH HOBOYEPHOMOPCKO# Teppachl; HuM(efickas Teppaca 3/lecb He coxpa-
iwnaach, HaubGosee akTuBHeiM sBasgercd cpeaduil psa. K nHeMmy otHocsites
6a0oku JLxunu-6aup u Cuspu-terie. HanGoabiee cmemenue 6j0ka CHBpH-
‘Tene jJocturaer 244 s, oGe Teppackl Y MOJHOZXKbS NOJHOCTBIO YHHYTOMKEHDI
BesreficTBHe abpasHd H B HacToslee BpeMs MPOHCXOAHT YCHJEHHOe paspy-
enHe camoro G6JI0Ka.

Mek6/10KOBBIE MACCHBLI NPEACTABAAIOT c060H BTOPOIl sIpYC ONOJA3aHHS.
'OHy nepeMeliaoTes HaCTHYHO 110 001Leif MOBEPXHOCTH CKOJbXKEHHS N0 TJIH-
HaM HHXKHEl TOJILH, 4 YaCTHYHO—I0 NMOA3EMHBLIM MPOJOJIKEHHAM CKJOHOB
OCHOBHBIX G6JIOKOB.

Ckopocth mnepemeuiennsi MeKG/J0KOBLIX MacCHBOB OINpe/ejaseTcs CKo-
pOCTbIO NepeMelienHs COCEHHX 6J0KOB; B BEPTHKaJbHOM HanpaBJeHHH
MesKGJIOKOBBIE MAaCCHBBI HCHBITBIBAIOT KOMIEHCAIHOHHYIO OCAajiKy, CpeaHss
BeJHYHHA &, KOTOpPOf onpejenisieTcsi H3 BbIPAKCHHS u,— (v, — v)hll,
rjle U, 4 U, CKOPOCTH cMeLlenusi coceinux Giokos, # —suicora Mex6Jo-
KoBoro MaccuBa M [ ero mmupHHA.

Ha BbiBeTpesioii MOBEPXHOCTH MerKGJOKOBbIX MacCHBOB pas3BHBAKOTCS
IIPHIIOBEPXHOCTHLIE ONOJ3HH PasjHyHOro THIA, B 3aBHCHMOCTH OT reoJio-
IHYECKHX, THJIPOTEOJOrHYECKHX H TeoMeTpHYecKHx Yyc/oBuil, 31ecs ObLin

pinyhep 1966—1970 pp. whqupurdp fpghk wrwgnipyub fwrwpbrohgupnibp: pwle ool -
hhp' wbu. Bh. 2, b. ury’udl'bp‘ Wbplfp wngmd® dwdwhwlp bphpopy plnbpjugh whgppyg -
(lubpnsf, Shpplp wngoul® Gngbp ppelbbph wwpweagdwl wlgphg, opnpliwmbhp’  wnbguigupdfuwl
wpmgmflyoidip Fhmpbpny wwpaal
Fig. 6. a) Relationship between the passed distance and average displacement rate
of blocks in 1966—1970. For designation of blocks—see Fig. 2, b; M—inter-block
massif. Abscissas—passed distance in meters, ordinates—average rate of displacement
In meters per annum (on the left for the initlal part, on the right—for the whole
curve). b) Relationship between the distance of bench marks on the Central inter-
block massif from the bench mark T114 and the rate of displacement in Interval
1968—1969. B—blocks; M-—massif. Abscissas—distance in metres, ordinates on the left—
rale in metres per annum. ¢) Relatioship between time and displacement rate of blocks
in 1966—1970. For designation of blocks—see Fig. 2, b. M-—Central inter-block massif.
Abscissas in the first line—time In years from the beginning of second interval, in
the second line—that from 'the beginning of creeping away of blocks; ordinates on
the right—displacement rate in metres per annum,
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- amaTtebHble M ILIOCKOCTHbIE OHNOJA3HH € PasanyHbiy pact
g;ﬁ:::g: :gt;;l;;;;:o oyara. TH ONOJA3HH 'pacfnc}'tara-lo'rca HAX Mex 6oL
KOBbIMH MACCHBaMH, NPEHMYILECTBEHHO Ha }“atrlhix G!E:OHMI:-T&-GBTM Mgl
cBoB ¢ Gaoxamu. OHH CTHMYJHPYIOTCS ABHKEHHE tB e rayGokuy 3
u ob.aazaloT uepaBHOl\lEpHOﬁ CKOpPOCThIO C}I?NEHH&!. aI\TIEBHbte _"eP“Cl:_.t
onn HaxoasTcs B (pase cpesa, T. €. B HIUX NOJHOCTbIO MoOmaH3yercy o
npoTHBJIeHHe CABHTY, B 0o/ee CHOKONHbIe mfpn'o:'m OHH uaxu:::ar'cg B pas
ray6uunoit noasyyecti. Heab3s 0IHAKO uX pm.c.m.lrpnaarb I\al\‘oﬁuq“f}
ONOM3HH, HAXOAAULHECH Ha BHOJHE ycToiiunsom pyH1amenre, BL.'le_acmg
HEpaBHOMEPHOro CMELleHHs HX (p:\'li.lanletlra._ STH DI'I(.:D.'IBHII éo.:lee YYBCTBA
TeIBHH K H3MEHeHHSM MNPHPOXHON oﬁcmnom\nlu. Tpyauee _JOLrlfralor CTH
Guausauny. [pHNOBEPXHOCTHBIC ONOJA3HN O0Pa3VIOT Tpetnit spve onoas:
mm.onncanaun Bhillle CBOEOOPa3HbIl  MexaHuam onoasseit Baauyuka
ABJsIeTcs €HHCTBEHHBIM B ¢BoeM poie. Pacnoasanne 6;0KoB B 3HauNTeN.
HO MeHbwHX MacwTabax nadaworaercs BO muorux mecrax. C. [apn omw
ChiBaeT HECKOJbKO CJyuaeB MELIEHHOTO CMELLeHHsl JKeCTKHX GJ0KOB 1o i
sepxHocth rann B mratax Heio-Flopk n Bupruuns (Sharpe, 1938). B i
oupunte B Xocre, v Coun 06J0KH BEpXHEMEIOBLIX H3BECTHSKOB WIHPHHGE
6—8 . pacnoasaloTcs No MOBEPXHOCTH HANJIACTOBaHHSA, najaloueil ne:
vrmom 10, Kak n B Baaunke, ckopocTh pacnossanus yseanunsaercs u
f\:epe JBHKEHHSI; TMO3TOMY IUHPIHA TIPOXOJ0B MEX1V OJ0KaMu B BepXHe!
YACTH CKJOHA cocTaBasier 3—3 car n docturaer 12 o B mkHedt vactn lTeff
Crenansan, 1967).
Onpede.aexue spesenu onoa3anus |
Cesisb MeXAy cpejneil CKOPOSTLIO CMEIeHHsl 1 NPOiAeHHbIM pacerost
nuem (puc. 6,a, kpusasi A) NO3BOASET ONPEAETHTb BPEMsi ONOAIANMNS Gmrl
koB. OfHaKo pemwenne 3ajnaun No VpaBHeHMIO .

L]

Sy

¢ Y as (!]

J J(s)
(1]
rae v = f(s) u s,—uapofiresnoe paccrosiune, HEKOPPEKTHO, [OCKOJbKI

Oaokamu paccrosiuusi 244 . pazGuBaem na Jpa Hurepsaaa: 0—24 a1 24
244 w. Bropoil untepsaa pazneasiem ua 10 YuacTkoB no As — 22 4, onpoc
JeasieM OpAnHAaTH T = f(5) aad Fpanmiy  KaxAoro Vuacrka, BLIMHCASES
OpAHMHATLL  nepesepuyToil pynkunn £(s) — 1/f(s) n noanaysce hopmyaoy
rpaguueckoro uuterpupoBanns CHMICOHA, HAXOLHM BPEMS  CMelLenns
GJIOKOB BO BTOPOM uHTEepBaJe f — (AB)XRF(s), rne £ — muoxurenn, Pe'
3yJbTaT pacu€ra nokasam Ha puc. 6,c, vyactok AB. Taxum obpaszom
610k Cuspu-tene, cvmecTusmniics K HACTOSIEMY BpemMenH Ha 244 u u of)
Aajaoumuit ckopoctsio 0,614 u/rox, 4650 aer TOMY Ha3aJ] npoumea paccTos
HHe §; = 24 M W pBuraacs co ckopocteio vy = 0,007 at/roa. Hexoas mu
MPAMOIHHERHOCTH HAYAaABLHOrO OTpeska KpuBoil AB, [IPHHHMAEM, YTO

IEPBOM HHTEpBAJE CMEIeHHe OBJI0 TaKKe PABHOME PHO-YCKOPEHHBIM

HAXOAHM JJHTEJIBHOCTL €ro H3 COOTHOWIEHHS t, = 2s,/v, = 2.24/0,007 -
= 6850 ser. Torua BPEMSl Hauasa CnoOJ3AHHS KaXAOTO GJAOKA COCTARJINAES
T = 6850 -} ¢;, rae £ — abcuucea TOYKH Ha KPHBOIlT 3aBHCHMOCTH MeX ar 1
BPEMEHEM M CKOPOCTLIO ONOJ34HHA BO BTOPOM HHTEpBAJE, COOTBETCTBY IO
Was HaGMIOACHHOR CKOPOCTH CMeleHHs (puc. 6,c). Tak, aan Gaoka ¥
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) Cragnona umeem 7 — 0,061 m/rox, ortkyaa no rpaduxy = 3690 xer, u
/4 ppeMa Hauaaa crnoasauus T = 6850 + 3690 = 10540 aer. [MoAcuYHTaHHBEIE
7 rakuM 06pa30M BeJMYHHB BOHCAHL B MOCAEIHHA croabeu Tabanus 1.

Wz 7a6aMusl MOKHO 33KAIOYATE, 9TO HMENCH HEKOTODHIf MEPHOA BPEMEHH, OTCTORILHI
o1 wamero BpeMeny Ha B—I1 Teicau Jer Hasaj, KOrAa TPOM3OmMen OTPHB G70KOB, H 4TO
p AansHefimenm GAoKu e oTphBanucs. OHako Takoil BeBOA oWMGoueH. Beanuuna yckope-
w#a GJ0KOB B NEPBOM MHTepBale cocTamifer a4 — Uy/t; = 0,007/6850=1 - 10—% ./roa?
Otcioia 6ok, OTOPBABIMIMACA B Hayale Hamied 3pHl, J0JXKeH HMETb B HACTOALlEe BPEMA
ckopoets  v=at—1+10-0:2.103=2. 10—3 x/roa B npoHTH 3a 3TO BPeMA Pac CTOTHHE
s=at?/2=1+10-%+4 « 105/2=2u.

Beaegerse rayGHHHOR MoasydecTH NOPOA €O CKIOHOB, TakKoe CMelleHie 6JI0KOB
MACKHPYETCH KOMNeHCAUHOHHBIM OCe1aHHeM Il MO#eT GbiTh OGHApyeHo B peJbede ARIB
B BHjae HerayGoOKHX DPBOB.

CKopocThL cMellenHs, paBHas 2 MM/roj HAXOIWTCA B Mpeaelax TOYHOCTH reoie3Hde-
ckix Hamepennii. Ocraercs euie OAHH HHAMKATOp—NajeHye CONPOTHBJIEHHS CABHIY MOPOA
B pe3ysbTaTe HApPYWEHHS CTPYKTYPH; KaK YK43bBATOCh, TaKHe MOPOALI 6BLTH OGHAPYKEHB
na naato Ha rayGuhax 125 u 153 AL

Orciofia cheiyer, YTO BEPOATHO OTPLIB 6J0KOB NMPOXOJMKAETCH, HO UTO
610KM OTOpBaBIUHMECS B TeyeHHe MOCIEHHX THICHYEJETHH NPOCTO He obHa-
pYKHBAIOTC B BHAY HeGOJAbLWIOro NPOMJIGHHOro PacCTOHAS, H MLl HMEEeM
BO3MOZKHOCThL HM3YUYHTHL JHUIbL TE 6.'IOKH, KOTOpbie OTOpPBAaJHCH HECKOJIbKO
ThHICHYEJeTHH Hasaj.

[IPOrTHO3 U PEKOMEHIYEMBIE MEPOIIPHATHS

B.JIOKOBbIE ONOJ3HH MEepBOro fApyca NPeACTaBaAsioT co6oi rpanaHo3HOe
pPHPOHOE sIBJEHHE, MELIEHHO NpoTekaioume Ha Geperosoii mnoxoce. dto
crnoJ3anue HaxoAuTcs B (ase rayGHHHON NOJ3YYECTH H HHKOrAa He mepei-
fger B a3y cpesa. YuacTKH KeCTKHX OJOKOB BrOJHe NPHFOAHLL AJIS
crpouTebeTBa. Jlas BO3MOKHOCTH ero OCYIIECTB/EHHS, 3TH YYaCTKH 6710~
KOB JIOJZKHBI GBITH XOPOIIO OKOHTYPeHbl, TAK KaK MOKasaHHble Ha pHC. 2,b
rpanuusl 6JOKOB NOCTPOEHbI MO NPHGIHAKEHHBIM JaHHBIM.

Cnonsine Me;K6J0KOBLIE MacCHBLI BTOpPOTo sipyca sBJASIOTCH pesyJib-
TaTOM KOMIeHcalHoHnbIX jaBwxkenuit. Onu Takke wnaxomstcss B (hase
rayGHIHOM TI0A3y4ecTH, H TaKKe HHKOrJa He MepeiiyT B a3y cpesa, HO B
OTIHUME OT yuacTKOB GJ0KOB He 06JajfaioT PaBHOMEPHOM M JIOCTATOYHO
BLICOKO#l JKECTKOCTBIO. 3/iech BCerja BO3MOXKHbI HeGospuine nedopManuH
npucnocoGaenus (aganrauuu). B B€pxoBoii YacTH CKJIOHA, BCIEACTBHE 00-
ux HeGOJBUIMX CKOpocTeli cMeuiendst 610KOB Aedopmaunun npucnocobie-
HHSI TAK)KE HEBEJMKH. DTH y4yacTKH MOryt OLITh HCIOJb30BaHBI JUIsT CTPO-
WTEeNLCTBA; YYHTHIBAS BO3MOMKHOCTH MPOSIBJEHHST MECTHBIX aeopMauuii
OCHOBAHHsI, CTPOHMTENLCTBO JIOJNKHO  OCYUIECTBJISITBCH C Y4YeTOM 3TOro
06CTOATENbCTBA. 3[aHHA AOJKHBE HMeTb npocTyio dopmy B muame, AJHH-
Hble 3JIaHHs JOJKHLI HMETh OCaflouHble IIBbI, 3TaxHOCTh HeGoabmasn. Cie-
ayer u36eratb NPHMEHEHHS HEpa3pe3HblX KOHCTPYKIMi, (dyHZaMEeHThI
AOJUKHBEL MMETh YCHJeHHoe apMmupoBanne. Kanmuranbibie COOpYXKeHHA 3JeCh
HexesaTes bHEL.

B cpenneii 1 B 0COGEHHOCTH, B HHKHEH YacTH CKJIOHa MexKGJOKOBEIe
MAaCCHBBI He JIOJDKHBI 3acTpauBaThes. JlOnMyCTHMBI TOJIBKO JIErKHEe COOpYyKe-
HHSl HA yyacTKaXx, rle OTCYTCTBYIOT ONOJI3HH TPEThero spyca.

[TpoTuBOONO/I3HEBAsl JAEATENBHOCTh B OTHOUIEHHH OMOJ3HEH MNepBOro H
BTOPOTO sipyca NMPAaKTHYECKH HeBOo3MOxHA. Bopn6a ¢ OMON3HAMH TPETHEro
apyca Bo3MOxKHa. I[IpH yCTaHOBJEHHH THNa NMPOTHBOONOJ3HEBBLIX COOpYHe-
HHA HeOGXOMMMO YYHTLIBATh, YTO OCHOBAaHHE ONOJISHEH TaKXe fABJISETCH
NOABHKHLIM, H TOSTOMY STH COOPYXKEHH§ JOJKHE ObITh MPHCIOCOGAEHE!
K yKa3aHHbIM YCJIOBHSAM,
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MECHANISM OF THE COMPLEX THREESTORIED
LANDSLIDE IN BALCHIK, BULGARIA!

Bovan KAMENOYV, Prof., Corr.Mem., Bulgarian Ac. Sc.?", ,
" George TER-STEPANIAN, Prof., Dr.Techn.Sc.?, ‘
llya ILIEV, Cand.Geol.Miner.Sc.'*, Ginka SIMEONOVA, Geologisti*
and Elka AVRAMOVA-TACHEVA, Geologist'*

SYNOPSIS. Abig threestoried landslide is being developed on a part of arca |
of town Balchik in Bulgaria. The first story are giant blocks of marls and carbonif-
erous clays with horizontal layers which break away from plateau and creep slowly
over clay surface toward the sea; the rate of displacement increases as the creep pro-
ceeds. T-he second story are massives of rocks with inclined layers formed in spaces
between blocks by their filling with rocks creeping from the blok slopes. The third
slory are subsurface landslides being developed in the loose products of weathering
on massifs located between blocks. The mechanisn of the complex sliding is de-
scribed. Control of first and second story landslides Is unfeasible. Prognosis of
sliding and recommendations for construction are given,

Geology

Balchik is located in northern part of the Bulgarian coast of the Black
Sea, at the foot of Dobrudja plateau. The plateau s raising on the height
180—200 meters above the sea level. The plateau is composed of almost
horizontal layers of Sarmatian (Miocene). They are devided into three parts:
lower one—hard-plastic lime clay; middle one —limestones and marles; up-
per one—organogeneous cavern limestones. The Paleogene underlying beds

! Results of scientific investigations made jointly by the Bulgarian and Arme-
nian Academies of Sciences. .

? Head, Section of Engineering Geology and Hydrogeology.

¥ Head Laboratory, of Geomechanics, Armenian Academy of Sciences.

* Scientific Worker, Section of Engineering Geology and Hydrogeology,

* Geological Institute, Bulgarian Academy of Sciences, Sophla.



B .

S T Thee, ek Sl aepe

MEXAHH3M TPEXAPYCHOro 0Ol10/1315 B BAJIYHKE 25

are broken into blocks; their vertical movement with difterent signs and
intensity Influences the Sarmatian deposits. The reglon is seismically ac-
tive (intensity 10 according to the International scale). In the Pliocene the
region was a dry land. There were several alternations of the sea-level in
the post-Chaudi time. Ground water is formed in the covering Sarmatian
upper limestones; part of them is drained to the sea through the underly-
ing limestones and marles in form of springs.

Landslides

Big landslides have been developed in the post-Chaudi time. Land-
slide belt is located between the plateau foot and the shoreline; its width
is 400—600 m.

This area Is terminated in the abrupt slope 40—50 m. high. Huge
elongated ridges —sliding blocks with almost horizontal stratification are
rising above the town (Fig. 1).® The blocks neighbouring to the plateau as
Djini-bahir and Ak-bahir are 120 and 105 meters high, correspondingly, that
of Soosam-bahir—65—70 m. (Fig. 2,b). The Block Sivri-tepe, about 50 m.
high is located at the seashore. This block is intensively abraded at present.
Lesser rock masses with Inclined layers are located in spaces between
these large blocks. They have been slid from slopes of large blocks
and fllled these spaces. Shallow subsuriace landslides are developing
in soils covering these inter-block massifs. The town has been built
over the inter-block massifs; therefore it was damaged considerably by
landslides. More than 300 buildings were destroyed in the town; the
most active was a rotational landslide of the Moscow street.

Study of structure and mechanism of the Balchik Jandslide area is
based on 8 deep and 15 shallow borings, numerous analysis of soil sam-
ples and measurements of displacement of 30 bench marks, performed
during 5 years (1966-—1970).

Geological cross-section of the area along line I—I is given on
Fig. 3; blocks of marls and limestones are moving over clays. The rate
ol block displacement is shown in Table I.

Analysis of sliding

Five series of geodelic measurements were made in 1966, 1967,
1968, 1969 and 1970. Since all these measurements were made at the
same time of the -year (August), the increments of coordinates may be
considered as components of the annual rate of displacement 7, v, and @,.
Thus the analysis of sliding may be based on results- of measurements
for four time intervals. Measurements for the time interval 1968— 1969
were taken as the basic for this analysis. Theoretical fundamentals of
analysis of sliding and experience of its application are publlshed else-
where (Ter-Stepanian: et al.,- 1969, 1971).

The results of measurements for the interval - 1968—196J are plottecl
on Figs. 4 and 5, representing hodographs of sliding. The former dia-
gram (Fig. 4) is a horizontal plane with coordinate axes @, and vy; the

5 Figures and Tables see pp.6--19.
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Jatter one (Fig. 5)—a vertical plane along the total vector © of displace-
th axes ¥ B
t rate, with coordinate axes U, anc _ e
o A group of points marked by black triangles is distinguished well
= =

on the vertical plane of hodographs (Fig. 5). Tl“’:‘ group of points is
located along line B, forming a small angle with -hurlzm_l (ﬂhmll‘3 ). TI}«‘
corresponding bench marks are installed on blocks (f}1-1 on Djfini-bahir,
[114 on block at Town Stadium, 6 and 9 on the Eastern block, § on
Soosam-bahir and [110 on Sivri-tepe. The same points on the horizontal
plane of hodographs (Fig. 4) are located along a narrow strip A with
azimuth 161°. Assuming that tI}e block slopes Sonti‘nue underground with
the same inclination as above the ground (Fig. 3) the base of blocks
may be outlined (Fig. 2,b) and total displacement of each block calcu-
lated. Results of these measurements are given in Table 1,

The relationship between average rate of displacement and distance
of block travel is shown on Fig. 6,a. It is evident that the displacement
rate increases as the distance grows. Such an accelerating movement of
blocks from plateau is a general feature of this type of sliding. A pro-
gressive extention of inter-block spaces is a consequence; it produces
sliding of rocks from block slopes and formation of inter-block massifs.

Several subsurface shallow landslides are developing in the weath-
ered cover of inter-block massifs. Hodographs of sliding for these land-
slides form belts which correspond to particular areas described earlier
(Ter-Stepanian et al., 1969); these belts are outlined on Figs. 4 and 5,

A small planar landslide is in the western part of the area
near bench marks 112 and TI113; it is in uniform motion. The second one
in western part, near bench marks 111, JIM6 and JIMS is a retreating
landslide. A sea-wall at its tongue is being destroyed as a result of this
sliding. The third small landslide in western part of area is located on
the southern slope of Soosam-bahir block (bench marks IL and II,).

A big rotational slide is developing in the eastern part of the area.
Numerous concentric fissures are observed here. The majority of build-
ings is demolished, the rest are deformed. The sliding is of advancing
type (bench marks J1B4, II. and IIy).

The south-eastern part of the area is on a block and moves slowly
seaward; a cannery is located on this block. Bench marks JIB5 and I,
reflect the additional influence of the ratational landslide. Rate of proper
displacement of this block may be estimated by value 160 mm/year.
Mechanism of sliding

Balchik landslides are a unique type of denudation of shore edge
of a plateau. Sarmatian stiff rocks lying on uncompetent clays are in
combined stress state due to the vertical movements of different intensity and
sign of underlain Paleogene blocks. Catastrophic earthquakes reached in-
tensity 10 in the historical time; they were probably much heavier in
the last period of geological development. This has produced a breaking
of stiff rocks of plateau. The breaking proceeds mainly parallel to the edge
of plateau, in direction of maximum concentration of shear stresses. Thus
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fthe continuity of plateau was disturbed. The broken off elongated blocks
sbegan to move seaward. The rate of movement at the start is infinites-
nimal; it may not be detected using customary methods of measurements.
TThe decrease oi strength of rocks is a sequences of beginning displace-
mment of blocks: it was detected at the depth 125 and 153 metres by
Ldrilling of the bench. mark 18 on plateau near the edge (Fig 2,b).

As the creep of stiff blocks over clay stratum proceeds blocks
zseparate from the plateau first as shallow ditches and later as deeper de-
qpressions. Rock masses are crept down from adjoining slopes into the
zspace formed between blocks; orientation of strata has been changed
) during this movement. Block movement and formation of inter-block mas-
2sifs proceeds always in the phase of depth creep, I.e. the stresses never
1 reach values corresponding to the total mobilization of shear strength,

The rate of block displacement increases gradually; however at first
i it was small. So, after displacement 3 metres ths rate is about 10 milli-
| metres per annum, after displacement 100 metres—6() mm/year, displace-
- ment 170 m—200 mm/year and after displacement 240 m—600 mm/year.
" These figures show the increase of the block displacement rate.

Blocks are the first story of sliding; they displace rigidly without

deformation. The inclination of uisplacement vectors is 3" (line B, Fig. 5).

Three rows of block with diiferent activity are easily distinguished.
The least active is the western row with the block Soosam-bahir. The
total displacement of this block Is not great (probably about 95 m). The
New Black Sea and Nymphean terraces have been preserved at the foot
of this block: the Town beach is located on them. More active js the
eastern row with blocks at the Town Stadium and at Cannery. Its maxi-
mum displacement has reached 162 m. The lowest block of this raw was
washed out by abrasion during formation of the New Black Sea terrace;
the Nymphean terrase has not preserved here. The most active is the
middle row with blocks Djinir-bahir and Sivri-tepe. The maximum dis-
placement of the latter is 244 m., the terraces at its foot are abraded away
completely; an -accelerated destruction of this block is proceeding at
present.

Inter-block massifs are the second story of sliding. The horizontal
displacement rate of inter-block massifs is determined by the displace-
ment rate of adjoining blocks while inthe vertical direction these massifs
undergo an additional compensational settlement due to the extension of
the inter-block spaces. Its average value equals to u, = (v, — v)h/L,
where .w, and v, — velocities of ad]oining blocks, & and [—height and
length of the massif, correspondingly.

The third story of sliding are several subsurface landslides of dif-
ferent type which develop in the tfalus depending on geological, hydro-
geological and geometric conditions. Rotafional and planar landslides with
different location of sliding locus were met with. These landslides have
non-uniform displacement rates; in active periods they are in the phase
of shear, in repose perlods they are in the phase of depth creeps.
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il Tethanls-rinl l:f:lﬁ:l']?il:ur scale has been observed in mlun_\"
away of blocks “l)3c80nb[;[;d\"“.uf Upper-Crataceous limestones in Laby- |
PRSES (S!Iarpe- : ).5"0.:]]{ .:_)n the Black Sea shore creep away along
Skl I}I1usla nea;’I;h a (.jip 10°. The rate ot creep in‘reases as the
the “bedding “piane : 5f the width of passes between blocks is
movement proceeds: thereiore the 3 . ‘
3—5 cm in the upper part of the slope and reaches up to 12 m in jts |
lower part (Ter-Stepanian, 1966). |

Relationship between the average rate @ of displacement 'a‘ml creep
distance s (Fig. 6,a) makes it possible to find out the time 7" elapsed -
from the beginning of block movement. The max{m:un distance of creep
944 m is devided into two intervals: 0—24 m and 24-—244 m, Relzlllun-
ship between time and creep distance (Fig. 6,c) was found using Simp-
son's formula for graphic integration for the second interval and assum
ing an uniformly accelerated motion for the first one. The calculated
values are given in the last column of Table 1.

It would be incorrect to conclude from Table 1, that there was a
time period. about 8—11 thousand years ago, when all blocks were bro-
ken off from the plateau and then the process ceased. It is still continu-
ing but may not be detected because of small displacement rate in the
initial period. Thus, a block which has started to move at the beginning |
of our era should have the rate 0,002 m'year and have passed only 2
metres. Such a displacement rate is within the error of measurements,
Prognosis of sliding and landslide control

Block slides of the first story are a giant natural phenomenon which
takes place slowly in the seaside. The process is in the phase of depth
creep and will never turn into the phase of shear. The stiff blocks are
suitable for construction,

Inter-block massifs of the second story are a result of compensating
movements. They are also in the phase of depth creep and will never
turn into the phase of shear, but unlike blocks they are not enough stiff,
Here deformation of adoptation are always possible, especially in the sea-
ward parts. Construction is possible in parts adjoining the plateau. Build-
Ings should be simple in plane, long buildings should have settlement
Joints, footings should be strengthened; multistoried or monumental build-
ings and continuous constructions should be dvoided. The inter-block
misslfs should not be built-up in the middle and especially in the lower
parts of the slope. i 043 ' - :

Control of landslides of the first and second stories is unfeasible.
Control of landslides of third story is possible; it should be taken into
account that the base of these landslides is travelling; hence the con-
structions should be adjusted to these conditions. ' '
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