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"MPUHLMUIBI OBCEPBALLUOHHOTO METOJA
BOPbBbI C OMNMOJI3HAMH

Mpodeccop, AokTop TexH. Hayk, I'. H. TEP-CTENNAHAH!

Pegepar. Bo suords cayvanx GopbGd € ONOAZNNMH COKKHE W VNIOPHA, 06X0aAMTCa
JIOPOrO M, HECMOTPA Ha 310, madiosddexTupna. OchoBHbE NPHYHALI—HEN0CTATOUHOR 3HAilde
MexauHaMa OnoA3asEs i HeTouHas OUEHKA POJH PAsAHYHBX NPOTHBOOMOA3HEBLX COOPYIKE-
i, JLis pauMonaiansalii  IPOTHBOONON3IEBON  JIATEIRHOCTH Ha KPYMbBIL M VIOPHBIX
ONOJ3NAX PEKOMEHIYETCA OCYIIECTBAATE oficepBalHOHHEIA MeTox GOpBOHI, 3aKaioqaouniics
B MOCAEAOBATEALHOM NPHMEHEHUH Mep, HAUNHAR ¢ HAHOGOJEC CYIIECTBEHHLIX, C OJLIOBREMEN-
HLIMH HAGHIOAGHHAMY 38 HHTEHCHBHOCTLIO ACHCTBHS OCHOBHBIX onoasxeobpazyoumnux hak-
TOpoB  3a AMHAMHKON CKJIOHA, I CYAKIeHH:A 06 3(h(heKTHBHOCTH MNPOTHBOONCASHEBLIX
coOpY/KeHHil, YKasbBaloTCsl cAy4YaH, KOrJa MPHMEHEHHE oficepBalHOHHOr0 MeToaa GophOH
C ONoA3NAMH Henenecoo6pasHo.

BBEJAEHHE

B cBoeii JIOKTOPCKO#l AHMCCEpTalldd aBTOpP BBIABHHYJ HJEIO cTaHHHON
GopbObl C OMOJ3HAMH, 3aKII0YAIOLIYIOCH B noc/e0BaTebHOM OCYLLECTBJIe-
M HaMeyaeMbIX NMPOTHBOONOJI3HEBBIX Mep, HayHHAs C 06111€03/10pOBHTE/b-
HBIX H GoJiee CYLLECTBEHHBIX, C OAHOBPEMEHHBIM BEJACHHEM HaOJI0feHHi 3a
nedopManHsIMH CKJIOHA JJIsi YCTAHOBJIEHHS Heo6X0MMOCTH Nepexoaa K Imo-
CAENYIOUIHM MEpONpPUATHAM M CPOKOB HX TNPOBELCHHA (Tep-CrenansH,
1955). Bosee mnoaHO TOT MeTOA OBl H3J0XKEH MNO3LHEe (Tep-Crenausiy,
1957), OAHAKO MO HE3aBHUCAUIWM OT aBTOPa MPHYHHAM B CTaThe He OBLIH
oMelleHbl MHOPOYHCJEHHBEIE TMPHMEpH H3 NpOTHBOOMOJI3HEBOA JeATE/NbHO-
CTH B pas3jIMyHbIX CTPAHAX MHpa H G6ubavorpaduueckuit ykasaTeab K HHM,
HeoGXoAMMBle JUIS MIUTIOCTPAIlHH H JI0Ka3aTe/]bCTBA BRICKA3AHHBIX B cTaThe
nonoskenuit. Cama uaesi crajuiiHoii 6opbObl 1Ja Bpaspes C CyUIECTBOBAB-
UMMH ¥ TPOAOMKAIOUIMMH CYLIECTBOBATh NMPEJCTAB/CHHAMH Ha 9TOT CYET
(TTocranosnenue..., 1949), u moToMy, ECTECTBEHHO, CTATbs HHKOrO He y0e-
auna (cM. nanp., Jlpanuukos, 1964). CucremaTHyeckasi ctaguitnas 60pb-
Ga c ONOJ3HSMH HMKOTAA He BeJach, W JHUb CAy4aHHO OKAa3bIBAJIOCh, HTO
Ha OT/eJBHBIX OMOJ3HAX (DAKTHYECKH OCYLIECTBJSJICS He BECh 3ampOEKTH-
pOBaHHBIA KOMIIIEKC MEpONpHATHA W TeM He MeHee JIOCTHraJcs OmnpeieJer-
HBift yenex®. DTo MMeNo MECTO B Tex Ciydasx, KOraa paboTbl HaYHHATHUCH

1 3ap. JlaGoparopueii reoMexaHHKH AKajemuu HayK ApPMAHCKOH CCP.

2 Qcenpio 1966 r. B ApMennH Ghijo HaYaToO COOPYXKeHHe NMepeXBaTLIBAIOILEro ApeHaxa
p Meu-Tana ans c6opa M OTBOAA IPYHTOBBIX BOJ, NOCTYmalomHX HA KPYNHBHIA ONOJ3eHL
B uenTpaabuoil wactu [unmxkana; sra paGota He Gbuta JIOBeieHa MO KOHIA, TEM He Meiee
Jpena)k oxkasan oajopapausaiomee jeficteue. Cxopocts rayGHHHOR MOJ3Y4ecTH CKJOHA B
1966 r. A0 coopyiKenus JApenaka KoJjebaiack B mpeaenax 120 — 140 mm/mec.; K KOHIY rOAA
oHa crana cmipkatbes, OGLiee rofoBoe KOJHYecTBO BhinaBmux B 1966 r. ocankos cOCTaBHJIO
547,3 am. B 1967 r. npu sHauHTeNbHO GO/bIIEM KOJHYECTBE IOJNBEIX OCAJAKOB (719,2 xa)
CKOpOCTh T/yGHHHOM Nos3ydecTH He mpeBmmana 20 Ms/sec. B 1968 r. no mepe 3acOpeHHs
{e3AKOHYEHHOTO JIPEHA)KA ero O03A0PABJHBAIONIEE BJHAHWE CTAA0 3aTYXaTh M MOSTOMY
CKOPOCTb TOA3YWECTH CTaJa MOCTeNeHHO YBeJHUMBATLCA H K HA9Yany OCEHH COCTAaBHnd
150 mat/sec. (Tep-Crenmausin u ap., 1970). :
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§ TakuM 00pasoM, JOCTHXeHHe cradnaunsauun

¢ Gonee 3hPexTHBHBIX Mep, ASHe06pasyIOIix ak:

CK/JOHa He Tpe60BaJ0 MOJHOrO YCTPAHEHHS BCEX ono
Topo?ﬁcnonu 06CepBaliONHOr0  METC1a ¢ npHMepamil  ero npHMEeHeHnus
6uan  uanoxenwm B 1961 r. mpod. Kapaom Tepuaru (1973). Bilil\llb‘l.\l
co6bITHeM, MPONCIUEIINM 33 HCTeRUee BpeMf, ABHIACH Jlessitas T eHKM-
HoBckas Jekuns®, npoutennas npod. P. Ilexom (1971) nepea Bpuranckny
reorexnnueckuy obutectsoM B 1969 r. Ee rema—npenmymecrsa w orpaui-
YenHs O6CepBALHOHHIO METOAA B MPHKIAAAHON MeXaHHKe FPYHTOB HMeer
NpsIMOe OTHOLUEHHE K PAcCMaTpPHBAEMOMY BOMPOCY, MOCKOALKY cTatuiinas
Gops6a c OMO3HAMH MpeiacTasasier co6oil OHH H3 BHIAOB 00CepBAUHOHHOrO
MeToAa M HepaspblBHO CBA3aHa C BeleHHeM Habalolennii 3a 3¢11pexrmmu.
CTHIO TNPOTHBOONOJISHEBOM JAeATeJbHOCTH. 3ajnaua NpPeacTOnleli CTaThi—
NpHBJeYb BHHMAHHE CMENHAJTHCTOB K TeM BAMHLIM MPeHMYUlecTBaM, KOTO-
pbie faeT oOGcepBalHOHHbIH MeToA GOpPbOLI ¢ OMOJA3HAMH, H OOPHCOBATHL Te
OrpaHHYeHHs, KOTOpble CBA3aHbl C NMPHMEHEHHeM 3TOro Meroaa.

CYILECTBYIOIIHE COCTOSIHISI BOIMPOCA

Cneayiomie nosJoMXKeHHs MOTYT CYHTATbhCi GeCCHOPHBIMIL

1. Ononsnesbie sIBAEHHS LIHPOKO PAacnpoCTPaHeHb BO MHOTHX CTpanax
mupa‘’; o6aacTh pacnpoOCTpPaHeHHs OMNoJa3Hell, 06BaJOB 1 3eMJSIHBIX NOTOKOB
MopasuTeNbHO coBmajaer ¢ 06JacTAMH HaHGOJBIIETO Pa3BHTHS YEJOBEUE-
CKOfl neATelbHOCTH. JIMIIL HEMHOTHe ryCTOHAaceleHHble pafionsl Mupa ne
OXBaueHbl OMOJ3HAMH W elle MeHblle ob6jacreil pasBuTus onoasueii u o6-
B4JIOB C pe]AKHM B HHX HacenenueMm. HepaBnomepnocts paccenenus mopeil
B OT/EJBHBIX CTPAHAX MOYTH HEH3GEXKHO CBA3aHA C TAKOIl JKe HepaBHOMEp-
HOCTbIO pacnpocTpaHeHHss omnoJasHell. [locaeanme ocoGenno wacrs no

3 INepesoa 3Toil JeKwWHH HA PYCCKHiT ALK Gbin onyGanKoBan p «ITpoBaemax reomexa-
HHKi», N5 3a 1971r.

* 3a nocaeanne 100 ner s Anbnax noru6ao or onoasueii Goaee 5000 veaonek (Heim,
1932). Toawko 3a 1931 — 1934 rr. Beaescrsite onoaameil nMeait mMeeto cpwie 3000 cmepr-
HLIX cayyaes H GoJbluMe MarepHajbHLie MOTEpH, B TOM WHCAe He Mehee 13 KeACINOAOPOK-
HHX KatacTpod, AesATh W3 KoTopux npoksoutan 8 CIIA; npn stux karactpodax norn6ao
227 venosek (Ladd, 1934). B 1955 r. Guo cooButeno o 12 aaxuno norpeGennbix onoaines
8 npos. Karasn Ha o. Munpanao 8 @ummnunax (Durch Erdrutsch., 1955). Heeaeaopaimie
npiuin paspyweniii 102 naotun 8 CIUA nokasano, uro B 15,5% cayuaes omn nponsouan
BCACACTBHE  OMOJASHENl; TPETbIO HAaCTh STHX  Pa3pymwleHwii  BW3BAN0  nepeyerpoiicTno
MIOTHH HAN HasmeHnenue KoHeTpykuun ([Dkacrum, 1936). Xopowo mnapecrim cayuan onoa-
JAHHA HHI0BOrO OTKOCA M OGPYINEHHS 3eMAAHBIX naotnh v Tamka Awarn (Fnans) n 1883,
Henacxa (Mekcuka) B 1908, y Illapma (®paunuust) s 1909, maorin Anexcanaep na o. Kays
(Tasait) B 1930rr. w ap. (Teandep, 1936). Kpynumii onossens 1584 r, y Typ a'3 s no-
aune Pefina  Bu3sas  paspymenne B obulHHe HBopn n ruGeas cowine 300 Jmojeit, a
onoasens 1806 r, roput PoccGepr s Ilsefinapun paspymmn jaep. TFoabnay u ynee 457 xna-
Heft (Heim, 1932). V6uTki or onoasueft B CIIA A0CTHralOT COTeH MIMAHONOB JGREETT
B rof (dkkeas, mox pea, 1960). Koamuecrso ononawefi, npuxogsuuixest ma 50.000 xat
Aopor B mT. 3anaguan Buprumms foctiraer oamoit Tteicaun (Backer, 1952). B Boaro-
rpaje Goibwas yacTb ropoaa Ha npotskenun 60 K UPOXoAHT B onoaauenoll some, B
r. Onecce — Gosee 22 xu, B 1. Kese — 10 10 kn ([panuuxon, 1964). 18% neeil naomta;un
[O:xuoro Gepera Kpnima sausito onoasusiMi, n3 Kotopuix 1/6 mocrostuno asikyres (Mymw-
Keros, 1935). Ceume 1000 wenoBek norn6a0 COBCEM HEAABHO B PelyabTare KPYmHOrO
onoasis, npoucmenmero 29. VII 1971 u puasasmiero BHICOKYIO BOJHY, CMLIBILYIO Jepen-
HIO B ropHOM mpoxoae XenuKan B ropax [umaykym, Adranucran (Spurek and  LukeSova,
1972). Toasko B moamne p. KomymGuu B ces.-BOCT. wactn mT. Bammurron GuJjo iayueno
cewime 300 onmoaswefl (Jones, 1954). O6was naoutafs, sansitas onodsusMu n  Snomnm,
noctiraer 300 kv Goapas wacTh onoasHeli mpHypouena B cGpocosofi zome Beawkoro
pBa B cpeaneii yacth octposa Xoncio (Fukuoka, 1953). B Uexocaosakuu B 1961 — 1962 rr.
obcefoBanieM G0 yctanopieHo naanane 9164 omoaswelt ¢ oGuell maowansio 59400 za
(Zaruba and Mencl, 1969),
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J GeperaM pex ¥ MOpeH, Ha CKJOHAX rop po3BhllIeHHocTefl. B naweh cTpa-
i Be oHOJFHAMH DXBAYeHbl MHOTHEe MPOMBIIIEHHbe PaAOHE ¥ HanGoaee XH-
A BoNHCHLIE KYpPOPTHHIE O6JaCTH.
9. Bo MHOrMX Caydasx ONOJA3HH M 06BAJHl CBA3AHH C ye/10BeyeCcKoi
1 peaTeabHOCTbIO. B mocaeinne AeCATHJETHA CTaJ¥ M3BECTHH MHOrOHCICH-
i Hple MPHMEDH Pa3pyUIMTENbHOro JeACTBHA Yel0BEKa Ha NPHPOLY, KOTOpHIE
I HEKOTOpble YYTHBO H23bIBAIOT anTponorennuMu’ npoueccaMn. [loscemect-
i HOe YCH/EHHE OM0/ZHEBLIX ABJEHHI B PA3BUTLIX ¥ PA3BUBAIOUIAXCH cTpaHax
1 npejcrapaser coboil O1UH H3 Haubojee TyGUTe bHBIX pe3y/bTaToB HEpa-
. 3yMHOI TeXHW4eckoil (CTPOHTEIBLHON, ropHoA0G6bIBaoIIe]l, POMbILI/IEHHOIH)
| M ArpoOHOMHYECKOH neareapHocTh®. CTpemaeHne CTPOMTH GBICTPO H JELIEBO
| WHOTJ4 HMEeT OTjajieHHble MOCJeJICTBHA B BH/AE NMOHHKEHHA yCTOHYHBOCTH
) CKJOHOB M YCHJEHHS 3PO3HH.
3. O6pajbl H ONOJ3HH HMEIOT TEH/EHIHIO YCHJIATLCA 1O MEpe AanbHeh-
. 1ero TeXHWYecKoro mnporpecca. B MpOMBIUJIEHHOM H ZKHJIHLIHOM CTPOR-
TeJbCTBE YBEJIHYHBAIOTCH ITAKHOCTh M HATPY3KH, YCHIHBAIOTCS BHOpaIHH;
| B JIOPOKHOM CTPOHTENbCTBE yMEHbIUEHHE YKJIOHOB, BBINIPAMJEHHE Tpacc H
' yWHpeH#e J0pOr BeeT K YBEJIHYEHHIO BBICOTHI Haceinefi W rAyOHHBI Bble-
MOK. B ropHoii mpoMBbILLIEHHOCTH BCe GoJibuiee pacnpocTpaneHye noJy4aioT
OTKpLITHIE paboThl; YCTPaHBAIOTCH ray6oKkHe Kapbephl H OTChINATCs BhICO-
xue oTBaJbl. [HAPOTEXHHYECKOE CTPOMTE]BCTBO BO MHOTHX CJy4asX BBISEI
paer nepepaGoTky GeperoB KpymHbIX BOJOXpaHH/MIL, Pa3BHTHE omnoJs3Hei
Ha ACPHBAIMOHHLIX KaHa/lax ¥ H3IMEHEHHE rUPOreoJOrHYECKHX YCJIOBHH B
30He MOANOPA; OHO YacTo CONPOBOXKAAETCS BO3BEJEHHEM BLICOKHX 3eMJIf-
ubix mioTHH. UppHraluHonnoe CTPOHTEJNBCTBO BEAET K 06GBOAHEHHIO CKJIOHOB
¥ BO3HHKHOBEHHIO OIOJ3HEH H 3eMJAHBIX NOTOKOB. B cenbcKoM X03siHCTBE
YCHAHBAETCS TOJHMB 3eMeJb Ha CKJIOHAX M HHTEHCHBHEE HCMOJIb3YIOTCs MpH-
ycane6unie yuactkd. Bce 3710 (akropbl BHYTpEHHEro MOpSAAKA. Ho ectb
eile oMH (akTOp BHEIIHEro NOPAAKa, KOTOpBIl CYIIECTBEHHO H3MEHHJ
9KOHOMHKY CTPOHTEJBLCTBA; 3TO BBICOKAs MeXaHH3aLH 3eMJasHBIX pabor,
KOoTOpasi cjaesajsa JOCTYMHBIM MepeMEeLleHnHe Gosbliux 06HEMOB MOPOA H
CJICIOBATE/IFHO, BO3MOXKHBIM 3HAYATENbHOE H3MEHEHHE CTaTHHECKHX ycio-
BHH CKJIOHA.
4. B ycnoBusiX, KOr/la CTOHMOCTb 3eMJH HEL0CTaTOUHO YYHTHIBAETCH
(M lake BOBCE He NMPHHMMAETCS B pacyer), PHCK BBI3BATb OMOJ3€Hb On-
JIaYMBAETCS TOABKO CTOMMOCTBIO mepeHoca coopyxenwus. Ecau coopyxenue
CcpaBHHTENbHO HEJ0pOroe M 3aHMMaer GOJBLIYIO TEPPHTOPHIO, HANPHMEP,
CTAHIMOBHAS MJIONLAJIKa, CEJo, TO B Psfe CAy4yaeB YHHUYTOXKEHHE 3E€MJH B
pe3aysbTaTe ONOJ3HS HE MPHHHMAETCs B PACYET, H BMECTO JICUCHHS OMOJSHS
cuntaercs 6osee «XO3HCTBEHHBIM» NEPEHECTH COOPYXKEHHs HAa HOBOE MECTO,
OCTABHB ONYCTOLICHHYIO TEPPHTOPHIO Ha MPOH3BOJ cyAbGhI’.

§ Or rpeueckoro antropos (uenoBex) H genos (npoHCXOK/IeHHE); eciH AHTpomoc Co-
orpercrayer aarhnckemy Homo sapiens (venoBek pa3yMHBIf), TO TEPMHH aHTpONOreHHb
p JA4HHOM C/Jydae NPOTHBOPEYHB, TAK KK JESTEJbHOCTh Pa3yMHOTro CVIecTBa TAKiKe HOMHK-
na Guith pasymHoil.

6 K komuty 1962 r. na IOxuom Gepery Kpnima 3apeructpupoBaHo 357 akTHBHBIX OMOJ3-
Hefl; KOJHYMECTBO MX BO3PACTAET, YEeMY 4HacTo cnocoGeTByer M GecxossiicTBeHHas AeATeb-
joeth weqopeka, CymMMapHas MJOliaJb BCeX AKTHBHBIX ONOJ3Hed cocTapas/ia: B 1960 r. —
85, B 1961 r.—9 i B 1962 r. —13,76 k4% nNpOUEHT MOPaXKEHHOCTH TEPPHTOPHH OMOJNSHAMH
cocTapasa coorsercrsento 2,12, 2,25 u 3,44 (KopxeneBckuit H ap., 1964).

7 Bejeacteue onoasnell 6ua 3aGpolen AepuBauHonubil kanan Puon I'9Ca (Caatusm,
1935). T'posnsie o6Bans ropw [emapaku, Kk Bocroky or Anymra B Kpimy, aacrasuix
nepelecTi 0AHOHMEeHHYIO JepeBHio Ha apyroe mecro (Karacrpoda.., 1894). Ceno Puun B
Apmennn GbiIo NepeHeceno Ha Apyroe MeCTO BC/IEJCTBHE MNPAKTHYECKOH HEBOSMOXHOCTH
6OpOTbCS © KPYMHBIM 3emasnbiM notokom. ITo Toft ke mpHuHHe OBLIH nepeHeceHbl Cea10
Hepemnant-Kapu B Jdymerckom pakione Ipysun (Penraprer, 1931) u Tpx AepeBHH (CaHkrt-
Apkanpxeno, Annano u Anuawenno) B Jonuue p. Arpr B Jlykauum, Hranns (Coteccia,
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Ecau ofBainl HAH CeJH NPeACTaBaAfloT coboil AuUCKpeTHble (npepuis
HEe) sBAeHns (T.e. OHi JAHGO MPOH3OLLIIL, anGo ne '{P({“wl”-'""- TO Onoas-
HH M 3eMJsHbe MOTOKH IO/DKHBl pPaCCMaTPHBATBLCH KAK HENpEpBIBHLIE, NO-
CKOAbKY MeX1y aO0COJIOTHO HEeNMOABHKHBIMHE o OHICTPO CMeLLAIOILIMICS
3eMJASHBIMH MAaccaMi Ha CKJIOHAX CYLIECTBYET HENpephiBHbl psiy COCTON-
HHM, XapaKkTepH3YIOLLHXCS pas3 HYHONl N H3MEHsioweiics BO BpeMeHH CKO-
poctsio cumewlenus. [yOHHHAS NMOA3YYECTh CKJIOHOB NpeacTaBaser cobGoil
LWIHPOKO pacnpoCTPaHEHHOe fBJeHHe B TOPHBIX CTPAaHAX, N MHOTHE AaXe
BIOJIHe YCTOilYHBBIE CKJIOHB OOHAapYXKHBAIOT BECbMa MelaeHHble Aedopma-
nun. BeieacTsHe 3TOro, MOJHOe YeTpaHeHHe AepOPMAalHi CKJAOHOB AOCTH-
raercs ¢ GOJBWIHM TPyAoM, H Oopb6a C ONMOJASHAMH BO MHOTHX CJay4asx
GBIBaeT IHTEABHON H YNOPHOIS,

OnxHa uM3 NpHYHH 3TOrO — HEAOCTATOYHASI H3YYEHHOCTH MEXAHH3MA
onoasanus. OGUWHPHLI ONBIT HCCJICNOBAHMUIl ONMOJHEBHIX sBJACHU{T u GOpb-
OBl ¢ HHMH OCTaeTCsl ellle He BNOJHE NPOAHAAUIHPOBAHHBIM, YTO 3aTPYAHSET
HCIIO/Ib30BaHHe HAKONJeHHOro onwita. Hykinaerces B naabueiiweii paspa-
GoTke TeopHs ONOJA3HEBOro mpouecca. B psiae cayuaes mepocrarounoe 3ua-
HHe MeXaHH3Ma OMoJI3aHHsi 3aTPYAHSET BLISIBJCHHE OCHOBHMIX OMOJ3HE-
Oﬁpaa}'lomux cpal{TOpOB H NPHBOAHT K NnepeoleHKke 3HauyeHus llec)!mec'rneﬂ_
HBIX ocoGeHHocTell WM Aa)<e cayyaliHBIX COBNajeHmuii®,

1957). Hauaroe cTpontebcTBo Xeaesnonopoxuoil cranwun IMpeasasoackas v Pastanckoro
FOPHO-XHMHYECKOro KOMGHHATA B ApMeHHH, GLI0 NEPeHeceHo BBIAY KPYMitslx Onoaamed,
BLIIBAHHBIX YCTPONCTBOM CTaHWHOHHON mnaomWaaAkK, Beaemcrsue Goasuiig paspywennii,
DLI3BAHHBIN OMOJ3HSMH, HeThipe pasa HA HOBYIO TPaccy MNepeHocHaach MKeAeiHOAOPOKHAN
JAMHHA Ha yuacTKe Memay cranuusamu Jpopuoswii n Kusu, raasnoii Kaskasckoit maruer-
paan Poctop — Baky; nocae GeaycnewHoii GopsGul ¢ ONOASHAMIT Obii 3adpowen Jnn
Apmasup — Crasponoas i Crasponoas — Crapo-MapueBckas co BeemMi MHOFOMICASHHbI-
MH OYTEBLIMH H CTAHUHOHHBIMH coopyxennussmun (Kaesuos, 1964).

* Bopuba c onoasnamu Batpakckoro Kocoropa (mbine r. OKTaGphek) Hauaaack c nep-
BOTO JIH MOCTPOilkK aopori B 1873 r. u ne npekpamanacs s tewenne 90 aer; H. &, Ior-
peGoe (1935) coobuuaer, uTo «3JeCh OCYILECTBJCH PSA CAMBIX CJAONKHBIX W PAIHOOGPAINBIX
veponpusTHil, BKAOuas noctpoliky o6Xoanoft BeTBH ¢ TYHHEAAMN JUmofl CBuIme 3 KA,
aaTpauenbl MHAMHOHB pyGaefl aener, cosfanachk oGmupHAaR JAuTtepatypa no GopnGe ¢ STHMH
OMOJ3HSIMI, HO OMOJASHH MPOAO/IKAIOT ABHFATLCA H CHOBA OPralHIYIOTCS HOBbIe HCCJASHO-
BaTeJaLCKHe paboThl No BLIACHENHIO HeoGxoanMLIX Mep GophObl ¢ onoJansmis, MuoKeeTso
HOBHIX MPOTHBOOMOMSHEBLIX COOPYXKeHHii GLJI0 NOCTPOEHO B NOCACAYIOULHE TOAB, HO I
cpean nux okasaauch Hesddextnphbie (Poroamum u Kuceaesa, 1965). Takoe e moaomenie
CYLIECTBOBANO H HA aBCTPHiCKHX Xeaesubix jaoporax (Pollack, 1925). B xeaesnoaopox-
noit Buemke rayGunoit 154 y Canosoit, na raasuoit smuun Bapmasa — Kpakos, s 19341,
Havajics onojienb, Kotopoifi eme B 1947 r. oGHapyMusaa HenpepupHOe MEAACHHOE CME-
wenie (Sokolowski, 1947). 3nauntesbnbiMi OKasaich 3aTpaThl Ha GopuOy ¢ OMOAIHAMM
na qannnn Tyance—Anaep (Typosepos, 1933) m ma 10KHBX Keaeawwlx aoporax (Mumna-
cam, 1933). Onua crapas Hacenb, coopyxeuuas B 1863 r., oGcaejosasnac, waunmnas c
1933 r. nourn exerogno, Gb10 NMPOGYPEHO HECKOJLKO THICAY TMOFOHHBIX MeTpon GypoBBLIX
CKBAXI{H, NpPON3BEJCHO 3HAYHTEJNbLHOE KOJIHYECTBO aHanWios, coctamieno Goaee 20 pas-
JHYHBIX AKTOB, 3aKMoueHuii, JOKJAJAHBIX H MOSICHHTEJABHHIX SANHCOK W NATH NPOEKTOR
03[0pOBJeHH s, Obli OCYIIECTB/]GHB YEThipe nonepeunble WTOALHH, HECKOJLKO Tpopeseit H
AeBATh WAXTHBIX KOJNOAUEB; TeM He MeHee Aetopmauuu npojpomkaiores (LllaGpos, 1947).
Han Gopu6ui ¢ ononsusmu ropul Yaycy ma o. Xoncio B Snonun sa Apaanats jer Gbuio
COCTAB/IEHO M OCYLIECTBJEHO CTOJLKO NPOEKTOB O3JI0POBJEHHS, WTO €YXKe MOXKHO mnpocie-
ANTh Hetopuio Gopebul ¢ stum onoasHem» (Fukuoka, 1953). Ha Gopuly c pedopmarusnsi
OTKOCOB O/1HOM H3 JKENe3HOAOPOKHBIX BhleMOK B CHOHpH, HempepuBHO NpPOJA0/MKABIIYIOCH
co AxA noctpoiikn foporn B 1897 — 1899 rr., Gmiio 3aTpaueHo CTOALKO JieHer, uro ee
cTand Hasuipate <«3ogqotofi» (Kaesuos, 1940).

® Ononzens y Yeppu-xuana B wr. Buprumns, Be3pasmuii Kpyuwense JBYX NOE3JI0B,
npouszomen 6. IX 1933 r. BeaencTsHe cHAbHOM 3acyxu, Buapapmefi obGpaszopanne rayGoKinx
yCajiouHBIX TPEellHH, OTAGJHBIIHX ONOJSHEBO/l MAaccHB; BCKOpe Mnocje Ono/sis Bhinad
ciapiufi aoxae (Ladd, 1934). Caenosartensno, eca Gul ONOJ3eHL NPOH3OMIE] HA HECKOJb-
KO 4YacoB MnosjHee, B CTAAHH passBuToill ravGuHHOR noaayvwecTH, To o Gua Gul mpunHcan
neficTBHIO MPHYHHL,, AHAMETPAJbHO MPOTHBONOJOXKHON TOM, KOTOpas Bh3Baja KatacTpody.
Takas e cuTyauus cjoXuaach nph KpynHom ononame 31. X 1935r. na Ypekckom Koco-
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B pase ciyuaes HeyMeHHe BBIAEIHTDH cyuiecTBeHHble (aKTOpH H3 BTO-

)] pOCTENneHHBIX H HeaoCTATOYHO SCHOE MpEACTaBJEHHE O poaH Kamki0ro K]
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HHX CBOAMT M3YyueHHe ONoJ3HeH K OGHaPYIKEHHIO BO3MOKHBIX NpPHYHH ONOJ-
3aHus, a 6opb0y C HHMH — K YCTPaHEHHIO BJIHSAHHS pcex 3THX (PaxkTOpOB.
B Takux cAyyasx npejiycMaTpHBAIOTCA He OAHa, a HEeCcKOJbKo MpOTHBO-
OMOM3HEBBIX MEp —— WTOJAbHY, KAHABBI, APEHAKH, yNONOKCHIE oTKOCa, NpH-
rpyska ® T. . Kaxnas #u3 3THX Mep OnpaBibBaeTCA HanMuHeM NeHCTBH-
TenbHOU WAM NPEANOoNaraeMon NpPUYHHBL ononsneli. HemanoBaxHoe 3Hadqe-
Hue WMeeT W NCHXoJoruyeckuit GaxTop — OT 2BTOpA TpeGyIOT «OCTaHOBHTD
ONO/36Hb», H MOCKOJBKY B TAKHX CAyYasx C SKOHOMHHECKHMH cooGpaxe-
HHAMH He CUMTAIOTCHA, TO B UeNfAX CaMOCTPaXOBKH OCYILIECTBJAIOTCH Gec-
foJe3Hble NPOTHBOONOJA3HEBHe Meph'’. B pesyabTarTe IpOEKTHI Gopb06hl €
ONON3HAMHM TIONYYAIOTCH CIOKHBLIMH, 4 PaGOTEH—/A0POroCTOAIUKMHE H TPYAO-
emkuMu. T109TOMY TpPaKTHYECKH TDOTHBOONOJSHEBAs [AeATeJbHOCTh OCYy-
[lecTBASETC TOJbKO B OTHOWIEHHH OTBETCTBEHHBIX COOpYEeHHH, Kak-TO:
MOpThI, JKeJe3Hple JOPOrH, TMAPOCTAHUHH, MOCTHI, He(TAHbIE TPOMBICJIBI,
KpynHble 3aBOJb, CAHATOPDHH H T.J., B OCTAILHLIX Xe cayyasx OrpaHHYH-
BAIOTCA MAaJJHaTHBHEIMH MEpPaMH MJH JajKe mpocTo KoHcTaTauuei ¢daxra.

B 5THX yC/IOBH#X ycnemHas Gops6a C OMOJ3HSMHM NpPH OCYLLECTBJIEHHH
KOPEHHBIX MEpOTpHATHA M 3aTpaTe HECKOJLKHX MHJANHOHOB pyGae# pac-
cMaTpUBAeTCsl KaK TEXHWYEcKas yaada. Or1o 6GpiBaeT B Tex Cayyasx, KoOraa
ylaeTcss NPaBHABHO YCTAHOBHTH MEXaHH3M OMNOMSHHA H 1eJeycTpPEMJIEHHO
HANPABHTH YCHJIHS Ha 60pbOY C STHM SIBJICHHEM. YcraHoBaeHHe NPHIYHHHOH
CBA3K MEXKJy OToJ3Heo6pasyiolluMy GaKkTOpaMy M OMOJISHEBBIMH SIBJICHHS-
MH B OJHHX CJaydYasx MPOM3BOAMTCA JIOBOJBHO JIErKO, B ocoGEeHHOCTH B

rope; KaTtacTpohe €IpeANIECTBOBANA HCKIIOUHTEILHO cyxas NOrojAa JIeToM H OCEHLIO>
(Capapenckufi, 1939), u prnoane BepOsITHEI/L B 3TO BPEMA roja A0K/Ab MOr 6Ll HANpaBHTb
BHHMABHHE I[CCJIE}I.DB&TE.‘IEE no JO¥HOMY NYTH.

10 [JoaTBepHKAGHHEM 3TOr0 TesHca CIYHKAT ONbIT HEyNauHOro CTPOHTEILCTBA NPOTHBO-
ONOA3HEBKX COOPYXKEHHil; M3 HEMHOTHX C/IyYaes, NPOHMKWHX B JHTEPATYPY, MOXHO OT-
MeTHTs BojocGopubie rajepes Ha Kydykkofckom onoasse B Kpumy (Bakupos, 1935),
BOLCOTBOJISIILHE WITOMBHH W JpeHakibie Koaoaus B Kuese (TTorpeGos, 1934); He Aaiouiue
BOJlBl CTAPBIE LITOJBLHH, NMPOAJIeHHbE AIA Nepexsara BOJI, MOCTYMAIOUIHX B ONOJISHH MKICa
Boasuiof ®ontan u Jlamkepon B Onecce (MymkeTos IMTorpeGos, 1924); wWTOALHH, NPO-
pesd M Mnorouiaionie  KoJAOJLb, npofijileyAbie AAs OCYIIeHHS OJAHOM CTApoi HACKINA
(Illa6por, 1947); mTOJLHHM, NPOAJEHNbIE JUIS OCYIIEHHS Batpakckoro kocoropa (Poroaus,
i Kucenesa, 1965). I'. M. Illaxyusnn (1944) ykasbisas, uro NPOBOJMMLIE MEDONDHATH:A MO
030POBJIEIHIO 3eMJSHOTO TI0JIOTHA €UACTO OKA3BIBAIOTCA Majuo 9peKTHBHLIME, a MOpoi H
nesppextipnbiMK. JIMIL HE3HAUHTENLHOE KOMIHUECTBO MEpONpHATHA [aBajo OXKHIAeMbIi
sppexts. B. K. Jmoxosckuit (1947) maxomur anst sroro Gonee CypoBbie (OPMYJHPOBKH:
«Becnonesnoe OcyIleCTBAeHHe BO MHOTHX CHy4asx NPOTHBOAEOPMALHOHHBIX MeponpHATHit
o6 LACHSETCH TeM, UTO MOCTAHOBKAa paGoT mo 0fc/ef0BaHHIO GoJbHLIX MEcT JIHIIeHa MOJIK-
HOf IeNeyCTPEMACHHOCTH H 31paBoro cmbicaar. Hw oxgun u3 onoasnefi IOxknoro Gepera
Kpeima, Gops6a ¢ KOTOpHIMM CBOJHJACH JHIUL K JPEHHPOBAHHIO nojiseMHLIX BOJ H pery-
JMpOBKE NMOBEPXHOCTHOrO CTOKA, 0 HACTOSILEr0 BPEMEHH He cTaGHAH3HPOBANCS HJAH CTa-
GuamsHposadcs nocie AeopManuH JIpeHaKHOM rajeped; He AaJH MOJOXKHTEILHBIX PE3yJb-
ratoB M ulenessie apenaxn (Kopxeneckuit, 1964). Bo Bpems CTPOHTE/IRCTBA O/HOro H3
yuactkop CepepoKaBKa3scKofi JeJe3Hofl JNOPOrH NpOTAXKEHHOCThIo okojo 100 ks MOApeskH
CKJIOHOB AKTHBH3HPOBANH CYIECTBOBABIIHE ONOJ3HH B 26 MecTax o6IHM MPOTHNKEHHEM
120 oT AJMHBL BCEr0 YWACTKA; AKTHBHOCTb ONOJI3HEH Bo3pocia B 7 mecrax, rje NpoH3Be-
nena orcwnka nacmnedt (Penoposckui u Heuaes, 1964). B 1948r. Ha onHOM KpPYMHOM
4eAJIOM MOTOKE Y JKeJe3HOJOPOAKHO JHHMH C MOMOMILIO THJPOCMBIBA Guia nponsseje-
Ha yGopka 74 Thic. % COJILIBAIONIEr0 rPYHTA A/If CO3NAHNA C HaropHofi CTOpOHH! 3amacHo#
MOAKH; 3TO BLI3BANO AaKTHBH3AUHIO OMOJ3HA, H B 1949 r. npHnuIE B ABHIKEHHe JApEBHHE
OmoON3HeBLe TPYHTH, 3a/eraiollHe BhIe N0 CKJIOHY, B peayJbTaTe €ero Ha ydacTke npo-
THAKEHHOCTLIO BAOJB NyTH Ao 500 4 HA myTh OGpPYWHIUCH OKOJO 20 Thic, M® HACKILEHHOrO
Bojiofi onosisHesoro rpynta; B 1953 r. Tam e Oblla DUCTPOEHA rajepes TYHHENbHOro THOA,
a Bech CHOA3WME TPYHT HMxe nyTH y6paH, T. e. (axTiveckn cHoBa NpoM3BeieHa cpeska
rpyHTa, logné:;axo yxe B 1956 r. ono/nsneBoff rpyHT DepemnoJisan vepes raliepeio (TomsamredH
W Ap., ).
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OTHOLIEHHH MEepBOPA3HbIX onoasHeil, XOTa W 371eCh He Bceraa qeru‘o r]pnao‘
AMTCA pasaHyHe MeX1y (HaxTopoM Onoa3aHus W ero uenocpe:u.rmu:luu
nosozom!!. TIpu mccaenoBaHHH KPYMHBIX CTaphX Onoa3Hed ycrauon:_u,m::
HX MPHYHHB YACTO BEIET K CTOJKHOBEHHIO NPOTHBOPEUHBHIX nar.'fn,)gm ;
B psize cayuaes AeficTBHTEIbHBIE ONOA3HE00pasyioumne PaKTopsl MOry 1-. BITh
BecbMa pasHoo6pasHbIMH H HHOTAa TaKHMH neomualljumm. KakK, ‘H:If'lpl:;
mep, nmpomep3aHue rpyHra'’, cudonnas ¢uabrpauus'd, cuabuas 3sacyxa
WIH TasHHe HCKornaeMoro jbiaa'®. OCOGeHHO CJIOXKHO YCTAaHOBJeHHe Mexa-
HH3Ma MHOTOSDYCHBIX HJH VHaCJeJ0BaHHBIX OnoasHeii'’, rie HeoOXOAHMBI
Tak¥e H naneoreorpauueckHe NOCTPOEHHS.

Bropas HemanoBaXKHas NPHYHHA — MEXAHHYECKOE MepeHeceHne B Npo-
THBOONOJ3HEeBYI0 60pb0Y NPHEMOB, MPHMEHAEMBIX B APYFUX 06aacTsx CTpo-
urenpHolt nesteabHocTH. [IpoexkTn 3Toil GopbOH, Kak u J0bble Apyrie
NPOEKThl, COCTABJASAIOTCS B 1Ba 3Tana: HHXEHEPHO-Teo/IorHyecKkas passejaka
C COCTaBJEHHEM NPOEKTHOro 3aJaHusl H JeTaJbHble HHXEHEepPHO-TeoJorHye-
CKHE HCCJIEJ0BaHHf C COCTaBJEHHEM TeXHHYecKoro mpoekra. Hccaexosanns
H MPOEKTHPOBAHHE BEAYTCS HecnenHaqH3HPOBAHHBIMH TPOEKTHBIMH WHCTI-
TyTamu's,

Tonbko moc/le OKOHYAHHS 3THX NOATOTOBHTENbHBIX PAGOT, HX YTBEpXK-
JEHHS H BBIAEJEHHS CPEACTB MPHCTYNAIOT K OCYLIECTB/JAGHHIO BCEro KOMM-
JeKca NMPOTHBOONMOJISHEBBIX COOPYXeHHil; Kak NMpPaBW/aI0, X014 H NOCJAeN0Ba-
TE/JbHOCTh CTPOHMTE/IBCTBA He TNpPEAPelIaloTCss MPOEKTOM, HO OMPeAe/IsIoTes
B 3aBHCHMOCTH OT aCCHPHOBAHHH H MOCTYNJVIEHHS MaTepHaJIOB, MeXaHH3IMOB

! BaxiHoe pasaudHe MeXJAy NPHYHHOMN ONMOA3HEN M MOBOAOM K MX OGDPA3OBAHMIO OTMe-
ugercs B paGorax psia Kpynumx yuemsix (Casapenckuil, 1935; ITomos, 1951; Tepuaru,
1958; Emennanosa, 1953).

12 Xopomo mu3apecTHa pa3AMyHAS TPAKTOBKA NPHYHH omoasus 19021 Ha Camogenckom
(nmne ITepsomaiickom) cnycke B Yabsinoscke. 1. M. Kporos cunran ero caeacTaiieM npo-
BEJIeHHSl JKee3HOJOPOXKHOIl BBLIEMKH C KPYTHMH OTKOCAME N THApOCTATHNECKOrD AanJe-
uis, a A. I1. INasaos (1903) npunuceinan ero paiamuiBaomwenmy Aefiersmo Boarn u noaaraa,
YTO CMelleHHe MNPOHCXOAHT no FAYGOKHM KPHBOJHHENHLIM nosepxuocram. [loaxe npuun-
Ma710Ch, YTO 37€Ch PasBHBAETCA JABYXCTYNEHUATBLII ONMOA3eHb, paajiedeluvil anTeKofi mai-
TOH, H 9TO ONOA3HN rAyGOKHe M ABIDKYTCH OTACALHBIMIL yuactkamn (Munanosckuii n
Cemenos, noa pea. 1935). T. C. 3omorapes (1959) NOMATaeT, 4TO Ha CKJIOHEe B Cpejue- I
REDXHEYETBEPTHYHOE BpeMmsa pasBHBAJHCE OI'IO.‘I::IIIII-GJIDKII, Ha BHRETpt‘.‘IOﬂ noesepxuoctn
KOTOPEIX B HacTofllee BpeMsi HMelOT Mecto onoasuu-notokn. M. C. Porosum (1961) cun-
TH4eT, 4TO MPOHCXOAHAO CMEIleHHe HE]‘.‘I)’GOKOI‘O ONMON3HA mnojA AeficTBHeM ruapocrarive-
ChOro JaBJjeHHs.

13 Onoasens 8 Hugep-Teuuene k BocToky ot Jluromepuue s Uexocaonakiuu npousomen
IIPH OTTAHBAHHH CHJILHOYBAAMCHEHHHIX MepreJeil MeJ0BOro Boapacra, NpoMepsmmyx Ha
IHAUHTEABHYIO TAYGHHY BO BPEMsi CHALHBIX MOP03oB 3uMojfi 1939 — 1940 tr, (Keil, 1954).

" KanuaasipHoe cH(OHHPOBAHHE MOMXET B MIBECTHBIX YCJAOBHSX NPOHCXOANTL 1 yepes
KpynuooG.fomounbsle GespoAuwe mpocaon (Tep-Crenansu, 1953, 19706).

15 Cm. mpumeuanne 8,

18 Ononsens na mopckom Gepery Kpecrosoit ry6u (Hosas 3emas) npomsomen sesejer-
nHe TasHHA Hckonmaemoro abfa (Kuceses, 1941),

I7 TlepBuiii sApyc XpynHoro TPEXDBAPYCHOro onosasus ropst Buirxa n Coun o6paszosancs
BO BpeMsl [MOCJCKADAHTATCKON TpaHCcrpeccHd, T. e. oKodo 70 Twic. jer nasan (Burman,
1971), u npojonxaer cMelaTshes BHH3 no Ckaony ao nacrosuero spemenn (Tep-Crenmansim,
1969). Ilepeuii spyc ecaoxuoro TPEXBAPYCHOro onoasnsa ropofa Baaunka s Boarapum
06pasoBan KPynHbIMH GJOKaMH, KOTOpHe HauajiM OTPHBATLCS OT kpas JloGpykanckoro
N1aTo, BEPOATHO, OKOJO 12 THic. JeT HA3AA M C TeX MOP CMEULAIOTCH K MOPIO ¢ yBeJ -
Bajowleficst ckopoctsio (Kawmernos u ap., 1971). Ha (hopMHpOBaHHH COBpeMeHHLIX onoaanefl
yweabs p. Paspan 8 Epesane cKasHBAlOTCH HEKOTOPHE OCOGEHHOCTH, CBS3AHHME ¢ MO-
TPEeGEHHBIMH ONOJ3HAMH BEPXHENJHOLCHOBOTO BPEMEHH.

18 Buepa — OTCTORHHK HA XHMHIECKOM 38BOJIE, CErOHA — OnoJ3eHs Ha oloraTutenbiofi
(abpuke, 3aBTpa — AHTeAHBLIl HeX Ha MeXaHHUECKOM 3apojie — por o6m4HAs MpaKkTHKA
TAKAX HHCTHTYTOB. BepomcTBennas pasobuieHHOCT H <uecTs MYHJHPa» He n03BOJASAIOT
NpHBAEKATh K paGoTe CMeNHAaNHCTOB MO OMOA3HAM, PaGOTAIOUHX B HPYTHX YUPemACHHAX,
H OHH OGHYHO BCTPEYAlOTCH C HILICKATEASMH H NPOEKTHPOBUIHKAMH TOMLKO B KOMMCCHSIX
N0 YCTAHOBJICHHIO NPHUMA ONMOJI3HA, T, €. Y NOCTENH YMHPAIOLLEro,

T e e T
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u pa6oueit cuanl. Tpouecc H3BICKaHUH, MPOEKTHPOBAHHA M CTPOHTEIbCTBA
WHOTla DAaCTATMBAETCA HA HECKOJBbKO JET, B TEYEHHE KOTODLIX OMOJ3eHb
npojoaxaer pa3puBaTheA. IT0STOMY HeEpeIKo K Hayaldy CTPOHTENLCTBA
OnoJ3eHb AajJeKo He TOT, KAKHM OH Obl1 NpH YCTaHOBJEHWH NPHHUHNHAIb-
Hol cxembl Gopb6Ll ¢ HEUM'S.

[TpoTHBOONOI3HEBbE DPAGOTL BLIMOIHAKTCA HECMEIUHAIH3HPOBAHHBIMA
CTPOHTEJLHBIMH OPraHW3alMAMH, WHOTAa Ges aBTOPCKOro Hai3opa H Ge3
nabmiofennit 33 X040M cTa6uausaumu onossus. [To okoHyaHHH 3THX paGoT
ONOA3EHb €O BCEMM COODYKEHHSIMH NEpefaercs XO3fHCTBEHHOf OpraHu3a-
uuM aas panededuredr skemayataunn?, Tlocaenusss He Bceraa NpPaBHIBHO
OCYLIECTBAAETCSA, ¥ TOTa MPOTHBOONIOJ3HEBbIE COODYKEHHA PaspylIaiorcs
BC/IEJICTBHE OTCYTCTBHs HAA30pa H TEKYIUEro PEMOHTa H MOIYT xaxe mpe-
BpallaThCs B Bo3GyanTeneH ONOJI3HEBOH JeATeNbHOCTH?!.

[IPUHLIMITEI OBCEPBALIMOHHOIO METOJA BOPBBBI C OMOJISHAMH

Teoperuueckasi ocHoBa 0GCEepPBAlMOHHOTO METOAA 6opbeOLl C OMOJ3HA-
MH — MOHATHE O TAyGHHHOM NMOJ3YYECTH CKJIOHOB; T2 TEOPHA H3J0XKEHa B
seckonbkux nyGmukauusx (Tep-Crenausn, 1955, 1961; 1970a). Ee reouo-
PHUECKHE W PEOJIOTHYECKHEe TPEANOCHIKH XOpOUIO H3BECTHEI (Tepuars,
1958; Heim, 1932; Stini, 1952; Macuos, 1955; lllaxynsnu, 1944; Haefeli,

1953; Miiller, 1955).

Teno CKIOHOB XapakTepuayeTcs OCOGBIM HAampsKeHHBIM COCTOAHHEM;
BO MHOTHX CJy4Yafix B HHX BO3HHKaeT 30Ha, BHYTPH KOTOpPOW HampsKeHHs
HeJIOCTATOYHEl JJ1si OGBICTPOro paspyLIeHHS (cpes mo MOBEPXHOCTH CKOJb-
JKeHus), HO J0CTaTOYHBI JJIs MepsIeHHoi JedopMaluy MOJN3YYECTH (mepe-
KaluBanye 30HHI nosasydectd). MHTEHCHBHOCTh NMepeKkaulWBaHMs, HJH TJ1y-
GUHHOM MOJ3YYeCTH, 3aBHCHT OT CTENEHH MOOHIH3aLHH CONPOTHBJIEHHA
casury. Pemajouiee 3nayeHse HMEET onoJi3HeBoil 6ajaHc, T.Ee. COOTHOUIEHHE
CHJI, BRI3BIBAIOLIMX OMNOJI3aHHE H eMy COTPOTHBJSIOIIHXCH. [Tpu W3MEHEHAH
NPHPOHOA OGCTAHOBKH, JIOGOM TEXHHYECKOM BO3/IefICTBHH, OCYIIECTBJIEHHH
NPOTHBOOMNOJ3HEBBLIX MEp H T. . H3MEHACTCA B Ty HIH HHYIO CTODOHY H
onoN3HeBol Gananc. YXylIeHHe onoiasHesoro Gajanca, CBji3aHHOe C yBE-
JWueHHeM MOGWJH3AlHH CONPOTHBJEHHS CHBHTY, BEIET K YCHJCHHIO Iy

1 D70 ouens BaXKHAA cremHpHueckas ocoGemnocTh onoasued. B GoJBIKHCTBE APYTHX
c/lyyaeB CTPOHTENBHOM JEATEJIbHOCTH JUIHTEILHOCTh MEPEPLIBA MeXKJly OKOH4aHMeM MpOex-
THPOBAHHSI W HAYAJOM CTPOMTE/]LCTBA HE WIpaeT pOaH.

2 B pemennn Cepepo-KaBkasckoro ceMHHapa N0 H3YHEHHIO onoasHefl H onbita GOpLOHI
¢ mHMH, cocrossmerocsi B Mae 1960r. B r.CraBponose, cpeau HENOCTATKOB Gopubul ¢
ONONSHSIMH YKA3LIBAIOTCS: DACTATHBAHHE CPOKOB CTPOHTENLCTBA MPOTHBOOMOJIHEBLIX CO-
OpY)XeHHH Ha JeCATKH Jer, HecoG/MoJienHe MOC/AEA0BATENLHOCTH B OCYIUECTBJAEHHH KOMII-
JIEKCOB 3aNpOEKTHPOBAHHLIX MPOTHBOONOM3HEBHIX MeponpHsATHA, NMPOEKTHPOBaHHEe H Ocylue-
CTBJEHHE NPOTHBOONOJ3HEBHIX MeponpHATHA Ge3 JOCTAaTOUHEIX o6ocHOBaHHA JAHHBIMH
HHIKEHEpHO-TeoIOrHIECKHX OBC/Ie/I0BAHK, OTCYTCTBHe ABTOPCKOro Haasopa co CTOPOHBI
NPOEKTHLIX OpraHH3alHid H CTallHOHAPHBIX nabmofeHuft BO BPEMS H3BICKaHHfl, CTPOHTEJLCT-
BA W NEepBBIX JeT SKCIUIYATAIHH M, HAKOHEI, OTCYTCTBHe HajJeKallero Hauxsopa ¥ TeKy-
1ero COJMep:KaHHs 3a NPOTHBOONOJ3HEBBIMH COOPYMKEHHAMH (Pemwense..., 1964a).

7l B pesomonuH BTOPOro BCECOIO3HOr0 OMOJ3HEBOro copemans B 1949r. rosoputes,
4TO NPOTHBOONON3HEBHE COOPYXKEHHSI, RCJEJICTBHE OTCYTCTBHA YXOAa, H4CTO BLIXOAAT H3
CTPOSL W BMECTO NOJb3W TpHUHHAIOT anmb Bpes (ITocranopienwe.., 1949). 3a mnocreayio-
wHe 15 jger mo/oXeHHe e m3Menwjocs W B pemennn Kuesckoro cosemanus 1964 r. yka-
3JHBAETCH, YTO < ONOJNSHAMH GOPIOTCS TONbKO B aBapHAHMIX Ciyyasx, uacro Ges jocra-
TOMHOrO HCCNEJOBAHHS H HAYYHOro OGOCHOBAHMS; CJENCTBHEM 3TOr0 fABJAETCH BO MHOTHX
cayuasx manas 3(QeKTHBHOCTh MPOTHBOOMOJ3HEBHIX MEDONDHATHA W, B pely/bTare, pas-
pylleRHe TEPPHTOPHH, COOPYXKeHHH, HapylleHHe HOPMAaJbHOM 3SKCIMYATALHH MENEIHHX H
aBTOMOGHIBLHEIX JIOPOr H omomuen{s}wu NPOHSBOJICTBE CTPOHTENBHEIX paGor» (Pewenne...

19646) . Cm. Taxxke y PonnoHopa u Cenencmuxosa (1936).
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GHHHONl MOA3YYECTH CKJOHA; BHEUWIHEe 3T0 OTPaXaercs Ha YBEJHYCHHH
ckopoctn aedopmaun CKaIoHa. [1osTOMy TOuHble HHCTPYMEHTaJAbHble Ha-
6aiofeHis 3a CMeLleHHeM ONOJ3HEBBIX TOMEeK Ha NOBEepPXHOCTH CKJAOHA M
rayGunuble HaGaw01eHuss B BEIpaboTKax AaloT o0BEeKTHBHOE IIPecTaBJaeHue
0 COCTOSIHHH OMOJ3HeBOro GanaHca. 3THM KOCBEHHBIM NYyTeM MOXHO yera-
HABJAHBAThH BJAHSHHE HHTEHCHBHOCTH PasiH4HBIX onosasxeoOpasyiouux ak-
TOPOB WJAH OUEeHHBaTh 3((EKTHBHOCTb NPOTHBOOMOA3HEBHIX Mep. Takum
o6pasoMm, H3yYeHHe AHHAMHKH CKJIOHOB CAYXHT HauGoaee OOBEKTHBHBLIM
METOAOM AJ5i CYXKIEHHs 0 COCTOAHHH ckaoHa. Ero mcnoabzoBanie JeXHT B
OCHOBe o0GcepBallHOHHOro Merona GopbObl ¢ ONOJA3HAMH.

Her magoGHOCTH, Aa W NPOCTO HEBO3MOXHO YCTPaHHTh AENCTBHE BCeX
OMoJI3He0OpasyIoOmUX NPHYHH; 1A CTAOHAH3ALHH CKJIOHOB JOCTATOMHO H3-
MEHHTb OMOJI3HEeBON GazaHC TakuM 06pPa3oM, YTOGH! MPEKPAaTHIAACh TAyOHH-
Haf noasydyecTs ckaoHa. [Tostomy BOnpoc 0 «103HPOBaHHH® NPOTHBOONOMS-
HEBBIX MEp HMEeT pellaiollee sHaueHwHe.

Bo mHOrux cayyasx unenecooGpasHo He BO3BOAHTb OAHOBPEMEHHO Bech
KOMIJIEKC BO3MOXHBLIX MPOTHBOOMOJISHEBBIX COOPYXKEHMi*, HO ocymecrs-
JAATh nocJejoBaTeabHyio Gopp0y ¢ onoashamu. Ona 3akaiouaercs B ycra-
HOBJIEHHH MeXaHH3Ma ONOJI3HS, BBUIEJEHHH OCHOBHBIX NMPHYHH €ro BO3HHK-
HOBEHHS H TOCJE10BaTEAbHOM OCYLIECTBJEHHH MPOTHBOONON3HEBLIX Mep,
HayHHasg c Haubonee SPEKTHBHBIX, BKIAIOMAS O03]0POBHTEAbHbIE Mepui®®
Pery/upylollero u 3anpeTHTeJbHON0 XapakTepa, ¢ Mapa/eJbHLIM H3yye-
HHEM XOZ1a 3aTyXaHusi onoJasHesoro npouecca. Kotkperno oGcepsannonnmii
MeToJ GOphObI ¢ ONOJISHSMH COCTOHT H3 CJAEAYVIOLIHX 3TAMNOB,

l. Opranusauus HaGmonaTeqbHON CeTH Ha OMOJ3HE W BeaeHne naluio-
IEHHHl C cCamMoro Haya/na HMCC/IeJOBAHHSI OMOJ3HSA, JJIsS BO3MOXHOLO yBeau-
HEHHS AJIHTENLHOCTH HAGMIO/EHHII 32 JMHAMHKOI CKJIOHA, H YCTAHOBJEHHE
ee B COCTOSIHHH «/10 Hayaja GopbGbl ¢ OMOJ3HEM?.

2. /leranbHble TeoJIOrHYECKHE, reoMop(oIOrHIecKie, Tijporeojornye-
CKHE H HHXXEHEPHO-TeOJIOTHYECKHEe HCC/EJOBAHHS Ha CKJOHE, ¢ aKIeHTOM
Ha HCTODHIO PasBHTHA peabeda, GopMHpOBaHHE HHXKEHEPHO-TEOJIOrHYCCKIX
CBOMICTB TPYHTOB M HCTOPHIO HampsiKeHHil.

3. MayyeHue M KapTHPOBaHHE OMOJ3HEBHIX nedopmaunit rpynra, 3jna-
HHH M HHXXEHepPHBIX COOPYXEeHHA W aHaJAH3 OnoJ3aHis nyTeM NOCTPOEnHs
rogorpaoB AJsi ONpPEAENEHHs MEXaHH3Ma ONOJ3HA; BHISIBJACHHE OCHOBHOIN
NPHYHHBl ONOJ3aHHS.

4. YcranoBienne CofepXKaHHA NePBOOYEPEAHBIX MPOTHBOONONIHEBHIX
MEp, THNIA H KOHCTPYKUHH COOPYXEHHil I OUEHKa OXHJaeMoro pesyinrarta
OCYLUECTBJIEHHSI 3THX Mep.

# Heabssi BCAKOE, 3ATSANYBUIEECH BO BPeMeHH CTPOHTEALCTBO MNPOTHBOONOJAIHEBHX CO-
OpyKenitii HaswiBate crauitioii GopsGoil ¢ omoasuamu. H. H. ®enoposcknii ¥ B. A, He-
uaes (1964) ormewaloT, uUTO €Ha OAHOM yuacTKe Cesepokankasckofl esesnoit aoporn
CTPOHTE/ILCTBO MPGTHBOONOA3HEBLX COOPYXKeHHi ¢ GObLIHM Pa3pHBOM BO BpeMenn (2 — 3
rofa) pesko cHUXaq0 ekt GopuBH ¢ OMOMIHAMK I Hepeko NPHBOAIIO K Paspymeniio
OTAENbLHBIX COOpPYIKeHHITs,

Yacro CPaBHHTELHO JelleBoe, HO CBOEBpeMeHHo OCYLLICCTRJIEHHOR MEpONpHATHE, KaK
HANPHMED, PEMOHT BOACHPOBOAA WAH BHBOJ 3aCTOABUINXCS BOJA, MOMET OKA3aTh 03jlopas-
ArBalowee AeficTpie, 3HAYHTENBHO NPEBOCXOAAIEE s(deKTHBHOCTE Godee Jloporux mep,
MPOH3BEJEHHEIX ¢ onosaanHeM. Tak, mpocthle KaHash, YCTpoeHHbie Ha YALAHOBCKOM KOCO-
rope, OKasanHuCh JAOCTATOMHLIMH AJ5 3aWHTH OT onoJssnelt secwoii 1931 r.; tam e, rae
He Ghiio KaHas, Hauaauch Hosble onoasuu (Poroaun, 1934). 3awura TPeUin  onoaIns
WAOTHHB Jab-Kanuten s wr. Kaaudoprus kanasamu or nomajxanus BO/ILI MpHOCTANOBIIA
aeuxkenne (Sill, 1947). Cpounsie mepn no YAATEHHIO JOMAEBLIX BOJA BO BpeMs CHIABHOrO
sIHBHA 10 — 13 wionst 1876 r. nospoanau cmacry Aepesnio Xepaepn (kant. Typray s Ilpeii-
t(u eg;) nlo;.qne) TOro, KaK ABHXKEHHe TPYHTa yie HauajJoch W YacTh AOMOB Gbuia paspymena

m, .
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5. Onpenefedde JOCTYNHBIX MYHKTOB Ha ONOJI3HE, B KOTOPHIX OXKHAd-
eTcqd H3MeHeHHe HHTEHCHBHOCTH TOrO HJAH HHOTO onoﬂsueoﬁpaaymmero
hakropa B pesyabTaTe MPOEKTHPYEMbIX MPOTHBOONIOJSHEBLIX MED; yCTaHOB-
JeHHE B ITHX NYHKTaX M3MEPHUTE]BHBIX YCTPOACTB /s BeACHHs HabJofe-
WM ¥ TPOM3BEAEHHs W3MepeHWl J17 YCTAHOBJICHHS COCTOAHHA «10 Havana
Gopb0Obl C ONOJ3HEM».

6. OcyuiecTpJeHye NepBOOYEPEAHBIX MPOTHBOONOJSHEBLIX MEp H napal-
nenpHOe BejeHHe HaGMOfeHHA 332 H3MeHeHWeM HHTEHCHBHOCTH OCHOBHOTO
onoasneo6pasyiouero dakropa (m.5) H Ha6aoaeHuil 3a AHHAMHKOA CKJIO-
Ha; uenb HAGAI0JeHui — BHIABHTb H3MEHEHHH, NPOHCXOAAIIHE B pe3y/IbTaTe
6opb6Bl C OMOJ3HEM.

Ecsu nabiiofenus NOKaXyT, 4TO BCKOpe NMOCJe Havyajaa OCYLIEeCTBJICHHA
nepBo#i OYEpENH NPOTHBOONO/SHEBBIX MED AeficTBHe MpeanoJaraeMoil NpH-
yHHBl ONOJ3HA, HanpuMep, AaBJEHHE B nopoBo#i Boje, ociabeBaeT H OAHO-
BpEMEHHO YMEHbLIAeTcs CKOpOCTb nedopManuy CKJIOHA, TO eCTECTBEHHO,
41O peluerde ObIO MPABHABHEIM H €ro HYXHO JOBECTH 0 konua. Ecau
jeficTBHe TpeAnoJaraeMoli MPHYHHE! yAaJoCh YCTPAHHTh, HO CKOPOCTb ne-
dopMaluK He M3MEHHJaCh, TO PEleHHE GblI0 HENOCTAaTOUHBIM H CleAyeT
1IepecMOTPeTh COJepXKaHHe MPOEKTd MpPOTHBOONOASHEBEIX Mep.

Jlast WAMIOCTPALAH STHX PacCyXKIeHHA PacCMOTPHM cJeAylolui THIo-
TETHYECKHH Caydai.

1. I1pednorazaembiil MeXaAHUIM ONOASHA. [ay6uHHAS 10J3Y4eCTb CKJO-
jia BHI3LIBAETCH YPE3MEPHLIM MOBHIEHHEM IMOPOBOTO AABJEHHST B OMOJ3HE-
BOM TeJle.

9. ITporusoonoasnesvie mepbi. [l CHATHS THAPABIHIECKOr0 Hamopa
3aIPOEKTHPOBAHA CETh PasrPy30UHBIX CKBAXKHH, C NOMOILBIO KOTOPLIX MOA-
seMHble BOJBI CIYCKAIOTCS B HHJXKeJexalllie TeppacoBbie OTIOKEHHL, HMelo-
mue cBOGOAHBIA BLIXOL.

3. Codepacarue Habaodenuil Ha cKaoHe. THAapoOreosoruieckue Habuio-
JeHHsi Ha CKJIOHe BO BPEMs H3bICKaHHH NPOBOJAMJHCEH TO CETH rHApaBJHYe-
CKHX JATYHKOB, 3aJI0KEHHBIX B ONOJI3HeBOe TEJO Ha Pa3HIHBIX ray6uHax
AAf OTpejeeHHsl Nbe3OMETPHYECKOro ypoBHA B TPYHTE. OpnHOBpPEMEHHO
BeJIUCh  MHCTPYMEHTaJbHble HaOJMI0NCHHA 33 JIHHAMHKON CKJIOHAa TIO CETH
MOBEPXHOCTHHIX PEMNepoB. _

4. Peayabraro. HaGat00eHUl 80 BPEMA usbickanud. Habmonenus 3a
JAMIAMHKON CK/IOHA TOKa3aju YCHIEHHE rayGuHHOM TOJI3y4YeCTH CKJIOHZ B
MepHOJIbl TOAHATHA Mbe3OMETPHUEecKoro ypoBHd, 06 bsCHAEMOE YMEHbIIEHH-

eM sgnbenmnnux HanpsiKeHui B TPYHTE.
. Peayavrare. 2udpozeorozutecKux nabatodenuldl nocie ocyusecrsae-

Hus nporusoonoasxesslx sep. Ilocie ycTpO#iCTBA Pa3rpy30uHBIX CKBAXHH
be30MeTPHYECKHil YPOBEHb B ONOJN3HEBOM TEJe PE3KO CHH3HJICH.

6. Peayavrate. Habatodenuil 3a QuHamuKkol CKAOHa u 8618006L 06 G-
(peKTUBHOCTU NPOTUBOONOASHEBDLX coopydscerud. PaccMOTpHM [Ba ciydas:

a) CKOpOCTb TJyGHHHOM MOJI3YYECTH CKJIOHA PE3KO CHH3HJAaCh; OTCIOAA
Cc/IelyeT, YTO MEeXaHH3M OINOJI3Hf YCTaHOBJIEH NpaBu/bHO H MPOTHBOOMOJ3-
HeBble Mephl COOTBETCTBYIOT HasHaueHHWIO; CACAYeT npoxoJKaTh Habaone-
Husi 3a pa6oToil pasrpy30YHBIX CKBAaMHH H 32 JMHAMMKOM CK/IOHA, 4TOOH!
y6enuThesi B ero CTabH/H3aLHMy. Eclm Ha CKJIOHE OCTAaHYTCA HeGOJbUIHE
y4acTKH, KOTOphie MOPOA0JIKAIOT nedpopMEPOBATECSA, MPHHATH JOKAJbHEIE
Mepbl 60pbOBI, HanpHMep, YNoJOMKEeHHE CKJIOHA.

6) cKOpOCTb TJIyGHHHON IOJI3Y4YECTH yMeHbIUHIACh HEJO0CTATOYHO H HE
saMeyaercsi TEHJGHIHH K ee CyUIeCTBEHHOMY CHHMEHHIO; OTCIOIa MOXHO
3aKJIOUHTh, UTO MEXaHH3M OIMOJI3Hs YCTaHOBJIEH HENpPaBH/BHO H ocrasncs
HeBLISIBJICHHEM OCHOBHO# OMo/3HE06pasylouui ¢dakrop, Hanpumep, CTa-
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THYeCKas HeycTOfuMBOCTh BCJAEACTBHe moaMbiBa Gepera pexoii. Tpelyercs
JONOJHHTENBHOE H3YUeHHE OMOJI3HA H NEepecMOTpP MPOEKTHOro pelueHis.

I3 splllenpuBeeHHOro Jerko BHAEThb Te CJAydaH, Koraa o0cepBaLHOH-
HBlil MeTo1 GophOBl C ONOJASHAME He AO/KeH npumensitbes. [lepsuil cay-
gaif — xoria omoJ3eHb HeGOJBLIONO pasMepa M MEeXaHH3M ero OJHO3HAuHO
H JErkKo yCTaHaBJAHBAETCs; TOrja MOXKHO Cpasy 3anpoeKkTHpPOBATh H OCYyLlLe-
CTBHTh €IHHCTBEHHOe pelneHne. Bropoii cayuaii — Koraa o0bekr HACTOJABKO
BaxeH B XO3fiICTBEHHOM OTHOIIEHHH HJH ONOJ3HeBas OoOCTAHOBKa HACTOMb-
KO OMacHa, YTO HeJb3f TepATh BPEMEeHH Ha MOHCKH SKOHOMHYHOrO peLieHis
H 1eaecoo6pa3Ho cpasy 3alpoeKTHPOBATH H OCYLIECTBHTh 00.bLION KOMI-
JeKC NpPOTHBOOMOJ3HEBBIX COOPYXEHHIl, ¢ PHCKOM, YTO HEKOTOpble H3 HHX
OKaMyTcsl H3THIIHHMH.

Crneunnguyeckas o61acTh NpHMEHeHHs1 oOcepBallHOHHOrO Meroaa Oopb-
Obl C OMOJI3HAMH — KPYMNHbLIE H YNODHblE ONOJ3HIl, CHCTeMAaTHYECKH HAaXO0Js-
muecs B (pase rayOHHHOII MOJSYYECTH, a BpeMeHaMH H B KaTacTpodHueckoil
da3e, u naxke LeabIe OMAOJ3HEBble paiioHbl, B KOTOPHIX OCYIIECTBJISHHE
KOMIJIEKCHOIl oZHOBpeMeHHOil 6opbObl ¢ OnoasHAMH Tpedyer OOJbUINX 3a-
TpaT BpeMeHH H CPEJACTB.

O0ssaTesibHas NPeANOCHAKA K OCYLIECTBJICHHIO 0GCEPBAUHOHHOrO Me-
TOAa GOpHOB € OMOJ3HAMH — CHCTEMATHUECKOE, MJIAHOMEpPHOe 1t HeJeyCeT-
pemiaeHHOe PYKOBOACTBO PaboOTaMu MO HCCAEJOBAHMAM, MPOCKTHPOBAHMIO,
CTPOHTEJBCTBY H HAGJIONSHHAM, BBHINOJHSEMOE BNOJNE KBAJAH(HIIPOBaH-
HBIM JIHUOM. OTCYTCTBHE TAKOrO PYKOBOAHTENS MPHBEACT K AHCKPEAHTHPO-
BaHWIO HAeil 06CEPBAUHOHHONO METOAa GOpbOBLI € ONOJ3HSIMH.

Hecomuenno, uro Gyayuiee B NPOTHBOONOASHEBOI ASATEABHOCTH HMEH-
10 B 06cepBalHOHHOM MeToAe GOpbOBI ¢ onoasnsMu. OT Hac caMux 3aBHCHT
npnGausute 3T0 Oyayluee.
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PRINCIPLES OF THE OBSERVATIONAL METHOD OF :
LANDSLIDE CONTROL '
GEORGE TER-STEPANIAN, Prof., Dr. Sc. (Eng.)! .
SYNOPSIS. Landslide control in many cases Is complicated, costly and of littles
effect. Inadequate knowledge of landslide mechanlsm and Inexact estimation ol the!
role of different landslide controlling constructions are the principal causes. To ration-.
alize. preventive activity landslide correction by the observational method Is advised to¢
be carried out on big and persistent landslides. The procedure consists in the succes-
sive application of corrective measures top priority being given lo the mosl essentiall
ones. Simultaneously observations on the Intensity of the principal landslide-producingy
factors and the slope dynamics are conducted, to make an estimation of the effectiye--
ness of landslide control. Cases are indicated when the landslide control by the:
observational method Is not expedienl.

1 Head, Laboratory of Geomechanics, Armenian Academy of Sclences,
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Introduction

Landslide control by stages comprises the successive application of
corrective measures starting with sanitation and other essential measu-
res conducting at the same time observations on the intensity of the
principal landslide-producing factors and the slope dynamics in order to
determine the necessity of transition to the subsequent measures and the
time of their conduction; this method was suggested by the Author in
1955 (Tep-Crenansan, 1955, 1957). The idea of landslide control by stages
is at variance with routine conceptions and the method as such has never
heen used; however sometimes not the entire set of measures has been
implemented on separate landslides and nevertheless some success has
been achieved. This was the case when the essential measures were given
top priority and therefore slope stabilization did not require total elimi-
nation of all landslide-producing factors.

Fundamentals of the observational method with examples of its
application were set forth by Prof. Karl Terzaghi (1961). Ninth Rankine
lecture read by Prof. Ralph B. Peck (1969) before the British Geotechni-
cal Society marked a major event in recent years. Its topic—advantages
and limitations of the observational method in applied soil mechanies
bears a direct relation to the problem since landslide control by stages
is one kind of the observational method, and is indissolubly linked with
ohservations on the effectiveness of landslide control. The objective of
the present paper is to draw the attention of experts to the important
advantages provided by the observational method of the landslide control?
and to outline the limitations relating to the application of this method.

Ezisting state of the problem

The following points may be considered as indisputable.

1. Landslide phenomena are widespread in many countries of the
world; the area of landslide spreading strikingly coincides with territo-
ries where human activities develop. Most industrial regions and pictur-
esque resorts in our country are envelopped by landslides.

2. Landslides and landfalls in many cases are caused by human activ-
ity. Instances of the destructive. influence of man on the nature are
well-known ; general intensification of landslide phenomena in developed
countries is one of the most disastrous consequences of unreasonable
technical and agronomical activity. :

3. Landfalls and landslides tend to increase with the subsequent
technical development. This is noticeable in all branches of construction
(hydrotechnical, industrial, housing, road, etc.). Mechanized earthwork
paves tha wayto the displacement of huge masses of rocks and therefore
affects the stability conditions.

4. When the cost of land is underestimated (or left out of account)
the risk of sliding is paid only by the cost of transferring the construe-
tions to another site.

While landfalls and mudflows are discrete phenomena, landslides
and earthflows should be considered as continuous since a set of states
exists between absolutely immovable and rapidly displacing earth masses
that are characterized by different and changeable rates of creep. Depth
creep of slopes is a widespread phenomenon in mountainous countries,
where many quite stable slopes reveal very slow deformations. That is

? For the sake of terminological uniformity we have substituted the term ,obser-
vational method of landslide control* for the term ,landslide control by stages*.
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why total elimination of slope deformation is hard to achieve, and land-
slide control in many cases is prolonged and persistent. g ;

Extensive experience of landslide investigation and landslide control
remains as not fully analyzed. The theory .of the sliding process needs
elaboration. Inadequate knowledge of lal}dghde mechams!.n is one of the
principal causes of this ineffectiveness; it is an obstacle in revealing the |
nature of the main landslide-producing .fnctors and may lead to an
overestimation of the significance of some unimportant features and even
casual coincidences. Inability to distinguish the essential factews from
secondary ones and an inadequate notion of the role of !:-ach of them
confines landslide investigation to the discovery of p:._:uble causes of
sliding, and landslide control—to the elimination of the influence of all
these factors. Therefore the projects or landslide control are usually
complicated while the works are expensive and labour-consuming.
Successful landslide control in such conditions incurring the expenses of
several million roubles is regarded an achievement in engineering. This
is the case when the landslide mechanism is properly estimated. The re-
lation between landslide-producing factors and landslide phenomena is
easilv discovered in some cases, especially when primary landslides
are considered; the study of large old landslides arouses conflicting
views. Real landslide-producing factors may be very diverse and some-.
times quite unexpected such as the freezing of soil, siphon seepage, heavy
drought or the thawing of fossil ice. The discovery of the mechanism of
multi-storied or inherited landslides that require paleogeographic recon-
struetion is particularly complicated.

Mechanical transference of methods used in other spheres of con-
struction into landslide control is another important cause. Projects of |
landslide control are usually made in two stages: engineering-geological
exploration together with a drawing up of a scheme and detailed engi-
neering-geological investigation including the making up of a technical!
design. Investigation and designing are carried out by non-specialized!
institutions. The design is made only when all preparatory work comes:
to an end, the design is approved and the allocations are assigned. This'
process may drag on for several years. In the meantime the landslide
continues to develop, with the result that when the construction is under-
taken the landslide has already undergone substantial changes. Landslide
control is carried out by non-specialized building organizations, some-
times even without the author’s supervision nor with observations on the
course of stabilization. Upon completion of those works the landslide:
together with the constructions is handed over to an economic organiza-.
tion for further operations; however in most cases they are not carried
out in the right direction. As a result the constructions are destroyed|
through the lack of supervision and maintenance; they may even join the:
list of stimulants of landslide activity. .

Principles of the observational method of landslide control. :

The conception of depth creep of slopes is the theoretical basis of thes
observational method of landslide control. This theory and its geologicall
and theological premises are well known (Heim, 1932; Illaxynsnu, 1944;;
Terzaghi, 1950; Stini, 1952; Haefeli, 1953; Miiller, 1955; Macaos, 1955 ;;
Tep-Crenansin, 1955; Ter-Stepanian, 1963). The theory may be summa--
rized as follows.

The body of slopes is characterized by a special stress state; in manyj
cases a zone emerges where the stresses are not sufficient for a rapidt
collapse (shear along a surface of sliding), but they are adequate for:
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=z slow deformations or ereep (distortion of creep zone). The intensity of
b distortion of the depth ecreep zone depends on the degree of shear
& strength mobilization. The sliding balance alters by a change of the nat-
i ural conditions or by technical intervention. Aggravation of the sliding
d balance results in an increase of the shear strength mobilization and in
1 the intensification of the depth creep of slopes; this leads to an increase
o of the deformation rate. Therefore a true notion of the state of the slid-
fing balance may be obtained by means of precise observations of the
b displacement of landslide points. Thus the study of the slope dynamics
T forms an objective means for the judgement of the state of the slope. Its
J use constitutes the hasis of the observational method of landslide control.

A total elimination of the influence of all landslide-producing factors
iis unnecessary and simply impossible; it is sufficient to alter the sliding
| balance for the slope stabilization to a degree necessary to stop the depth
) ereep.

The observational method of landslide control consists of the follow-
ling elements.

1. Organization of the observational net on the landslide and system-
: atic observations of the slope dynamics with a view to establish its
: state «before the landslide controls.

2. Detailed geological, geomorphological, hydrogeological and engi-
' neering-geological studies on the slope with emphasis on the history of
t relief development, formation of the engineering-geological properties of
. soils and stress history.

3. Study and mapping of the landslide deformation of soils and con-
. structions, and analysis of sliding hodographs to determine landslide
' mechanism, revealing the main cause of sliding.

4. Choice of the most effective means of landslide control, type and
. structure of constructions and forecast of the suggested results.

5. Localization of the available points on the landslide where a change
in the intensity of landslide-producing factors is expected as a result of
' landslide control; instrumentation of these points for measurements and
' determination of the state «before the landslide controls.

6. The first stage landslide control simultaneously with observations on

the intensity of the main landslide-producing factor and the slope dy-
namics. The decrease of the deformation rate of the slope will show that
the landslide control was correct and it should be continued; otherwise it
‘means that the control was insufficient and the project should be revised.

The following hypothetic case will illustrate the above considerations.
‘ 1. Suggested mechanism of sliding. Depth creep of slope is caused by
lan excess pore pressure in the landslide body.

2. Landslide control. A net of relief wells is planned to drain the
groundwater into the underlying terrace accumulations which have a
free outlet. :

3. Content of observations on slope. Observations were carried out on
a net of hydraulic piezometers installed in the sliding body on different
depths to determine the piezometric level in the ground. Simultaneous
observations on slope dynamics were made using a net of landslide points.

4. Results of observations during investigations. Observations on
slope dynamics have shown a certain increase of depth creep in periods
‘of rise of the piezometric level which was explained by a decrease of
effective stresses in soil.

6. Results of hydrogeological observations following landslide con-
trol. The piezometric level in the landslide body was sharply reduced after
the installation of relief wells.
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6. Results of observations on slope dynamics and conclusion about
the efficiency of landslide control. Two cases are cons!dered:

a) The depth creep rate was sharply decreased; it fgllows that the
landslide mechanism was correctly determined and landslide control h-ad
served its purpose. Observations on relief wells and slope dynamies
should be continued until an assurance for landslide stabilization is ob-
tained. If small portions on the slope continue to deform, local measures
should be taken such as the treatment of the slope shape.

b) The depth creep was reduced insufficiently and no appreciable
tendency for its decrease has been noticed; it follows that the landslide
mechanism was incorrectly determined and the main landslide-producing
factor remains unrevealed, e. g. the static instability of the slope is due
to an undercutting of the bank by river erosion. Additional study of the
landslide and revision of the project are required.

Limitations of the observational method of landslide control

There are two cases when the observational method of landslide con-
trol should not be applied. Firstly, when the landslide is small and its
mechanism is readily determinable; a single decision should be planned
and carried out. Secondly, when the landslide is economically too impor-
tant or when the situation is so dangerous that time should not be lost
for an inexpensive project; it is expedient to map and carry out an en-
larged landslide control running the risk that some measures might prove
excessive.

A specific sphere of the application of the observational method are
the big and persistent landslides which are systematically in a depth
creep phase and at times even in a catastrophic phase. Here the usual
methods of landslide control take much time, labour and means.

It is very important that all works connected with the observational
method of landslide control (investigation, projecting, construction and
observations) should be earried out under supervision of properly quali-
fied expert. Otherwise the idea of such control will fall short of the mark.
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