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EXAMPLES COF THE LOOSENING OF ROCK SLOPES IN THE
BOHEMIAN MASSIF
JAN RYBAR, C. E., Cand. Sc. (Eng.)! and OTAKAR VRBA, C: E.?
tions in B
4 s ses of creep encountered during the dam construc

h mi‘?gfﬁs:itsc::e?!. ‘?I:; affected slopes are built up of solid rocks penetrated wit
s:ee ly dipping planes of discontinuity. The analysis of the deep-seated bending o
smt‘; and of the external rotation of rock blocks herewith connected is presenle
Practical consequences of the occurrence of these deformations for the foundation o
hydrotechnic structures are evalualed.

—  ——

In the faces of the excavations for the foundation of communications
and hydrotechnic structures construcied in mountainous regions, ' we en-
counter from time to time depth deformations of gravitational origin, which
are ranged to the depth creep of slopes (in the sense of Ter-Stepanian,
1963). The reported cases occurred In the Bohemian Massif on slopes for-
med by solid rocks penetrated by steeply dipped planes of discontinuity

Description of examples

During the construction of the dam Rimov in southern Bohemia,
O. Viba studled a case of deep-seated bending of beds In the crystal-
ine rocks. Engineering geologlcal survey showed here intensive loosen-
ling of rocks up to the depth of 5—12 m and weak loosening up fo
17 m in the 70 m high and at 35—40" sloping right bank of the river
MalSe. The slope Is created by mica-schists and mica-schist gnelsses,
The foliation (s parallel to the valley and dips steeply at an angle of
66—80° to the W. In the exploration shafts and later in the faces of the
foundation pits, bending of mica-schist and quartzite beds downslope
was ascertained fn the loosened partof the slope. The angle of the planes
of foliation changes of 30—120° in comparison with the undisturbed
parts (Fig. 1). In the quartzites representing the competent layers widely
opened cracks (from 1 to 5 cm) normal to the foliation were documen-
ted (Fig. 2).

The thickness of the zone affected by deep-seated bending varles,
Its width is from 40 to 70 m. The aerial extent of the part of the slope
subjected to the deep-seated creep is evident also from the detailed
contour plan on a scale of 1:1000. At the toe of this part of the slope,
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Fig. 1 Geologleal sectlon of the right slope of the valley of the river MalSe near

[timov. 1—delpvial debris. 2—sandy gravels, in places covered by loamy-sandy alluvi-

‘ons, 3—mlica-schists, 4—paragnelsses and quartzites, 5—zones of tectonic deformations,

6—boundary of a zone of intensive loosening, 7—boundary of a zone of weak loosen-
Ing of rocks, 8—a detail documented in Fig. 2
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the expressively convex form of the contour lines contrasts markedly
with their normal course in the adjacent undisturbed parts. The extent
of the loosening of rocks in the slope was manifested conspicuously
during the hydraulic tests of the permeability in the borings, further it
was also recorded by geophysical selsmic measurements.

The deformations documented at Rimov are presumed to be relics
of depth deformations, which took place here in strongly tectonically
deformed crystalline rocks in the Pleistocene, in the- course of the
deepening of the valley by river erosion.

The deformations observed during the construction of the boulder
dam Piise&nice situated in the ridge part of the KruSné Hory Mis. in
northern Bohemia are of different character. O. Viba documented here
a zone of extreme loosening -of firm, weakly jointed orthogneisses. In the
orthogneisses a system of vertical joints predominates. Fig. 3 shows
continuous steep cracks roughly parallel to the valley, in places widely

opened, The hollows thus created, from 1 to 15 cm wide, are partially
7—692 ,
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of the deformation at Rimov. 1—loamy-sandy~
‘ thered mica schists and mica-schist gneis-
hered mica-schists and mica-schist gnels-
ses, 4—quarlzites

g Fig 2 Datail
stony debris, 2—wea
/  ses, 3—weakly weal
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free .and partially filled with fine debris. The ortho-
gneisses are separaied by the cracks into blocks,
which tend to sink in a step-like form. The sink-
ing is well-marked on the position of the weath-
ered flne-grained gneisses. The depth of the opening
_ of cracks has not been proved; it reaches the depth
of 10 m at least.

Analysis of the development of the described deformations

Both the described deformations at Rimov and at Prise&nice pos-
sess a number of common features despite different morphological and
geological conditions of their origin. They represent the Initial stage of
slope movements In a massif penetrated by steeply, 1f not vertically,
dipped planes of discontinuity. From the geological point of view, they
are long-term movements of rock masses generally of non-increasing
velocity without well-defined sliding surfaces (Hemwok m ap., 1973).
The magnitude of the displacement is negligible in comparison to the

dimensions of the rock massif affected. The predominating mechanism |

of the movement is deep-seated creep. If the critical acceleration Is a-
chieved, creep can grade into sliding or fall. In the nature, the danger
of such development is not too great. Howewer, an irresponsible Inter-

ference during construction work can contribute considerably fo the ac-

celeration of these otherwise very slow movements.

The forms of the deep-seated creep are very difficult to be deter-
mined In fleld. The slope surface usually shows no disturbance which
could draw our attention fo the possibility of the occurrence of depth
deformations. Denudational processes sculpturing the slopes are more
rapid than the slope deformation itself. Moreover, the deformations are—as
a rule—of fossil age. Often the surficial parts of the disturbed slopes
were already removed, so that only deeper exposures could discover
relics of the parts of the slopes disturbed to greater depths.

The deformations encountered at Rimov originated by the deep- |
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" 9i¥ig. 3. Detall of the deformations

won the right slope of the valley

“Wumear Piise€nice. 1—sandy-stony deb-

£ .ziris, 2—orthogneiss, 3—hybrid gneiss,
4—free hollows
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seated bending of strata which took place in densely Jointed solid or
semisolid rocks, where the planes of discontinuity, decisive for the rock
massif, dipped steeply into the slope or were vertical. They can be re-
presented by bedding planes, joint systems or planes of schistosity. The
Rimov deformations disappear in the depth of about 10—20 m. In the

'mountainous regions, similar deformations reach the depthsof up to sev-

eral hundreds meter. Talobre (1957) described such deformation from
the valley of the river Isére in the Alps. In this case, the advanced
stage of the development of the deformation gave rise to continuous
sliding surfaces, along which a part of the slope, disturbed by bending
of strata, was affected also by sliding. The mechanism of the develop-
ment of the deep-seated bending of strata was theoretically analysed by
Ter-Stepanian (1965). :

The forms morphologically analogous to the deep-seated bending
of strata are also these ones of the terminal bending (outcrop bending,
dragging out of strata). This phenomenon originates under influence of
the seasonal alternations of moisture and temperature on very gentle
slopes. Zaruba (1944) presented a number of examples; the affected
slopes were built up of shales, sandstones, limestones, quartzites, weath-
ered granites and gneisses.

The Pfiseénice deformation can be explained also by a mechanism
analogous to this one of the deep-seated bending of strata. The ortho-
gneiss massif is separated by vertical cracks into beds, which deform in-
dividually. Between them, partial displacements and changes in mutual
distances take place. In the geological past, the ends of these beds
bent slightly valleywards, what was accompanied by the so-called exter-
nal rotation (according to Sander, 1948). The principle is illustrated by
a dlagrammatic drawing (Fig. 4). On the originally continuous leading
positions and mutually linked Joints, step-like sinkings are observable.
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Fig. 4 Diagram explaining the external rofat
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They are oriented in a seemingly oppo-
site direction, so as would correspond to
a upslope movement. At the Piise&nice
deformation, the angle of rotation was
slight; there were disturbed here very
solid rocks on a quite low-angle slope. More C_OUSPICUOUSR?T:W ‘l‘;egle
external rotation are known from narrow canyon-like valleys (Mdller, ).

Up to the present, the loosening of rock slopes assoclated with
long-term gravitational movements was not possible to I:e solved 3:“5"
factorily with the aid of mathematics. More reliable results approaching
the reality have been achieved by the help of physical models. Hofmann
(1973) studied the behaviour of the slopes in the rock massifs penetrat-
ed with two systems of planes of discontinuity. One of the systems
was created by steep continuous cracks, the second one by continuous
cracks normal to the first system. He used (1) a system of small solid
blocks (structural models) and (if) biocks of the equivalent material. The
development of the deep-seated bending of strata during the deepening
of a valley was very instructive. From the beginning, there was mani-
fested opening of the tension cracks and rotation of the model bodies.
Later on, well-marked bending of beds appeared in the middle and low-
er part of the slope, resulting from the external rotation of the model
blocks, which turned slightly downslope. Between the individual model
blocks, partial displacements took place. In the final phase of the ex-
periments using models of the equivalent materlal, continuous sliding
surfaces arose. Deep-seated ben ing of strata associated with the exter-
nal rotation was also analysed experimentally by Firlinger (1974), who
used punchcards as model material,

The deep-seated bending of strata associated with the opening of
tension cracks and with the external rotation Is conditioned above all
by the influence of gravity and by the stress release. Every rock mas-
sif reacts on natural or artificlal unloading by the change of Its state
of stress. As a consequence, deformations limited by space and time
take place, durlng which movements occur above all along the ex-
Isting planes of discontinuity. Under favourable geological conditions
the rock masslf is pervaded by steeply dipped planes of discontinuity)
and morphological conditions (a satisfactory height and gradient of the
slope), the deep-seated bending of strata can take place, There co-act,
of course, also climatic conditions. It is assumed, that the most favour-
able conditions were during the period of the periglacial climate in the
Pleistocene, when the processes of pergelation reached the depth of the
permafrost. To a small extent, also seasonal alternations of temperature
and moisture play role,
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~Dractical consequences

The deep-seated deformation of a rock massif due to the above
allescribed types of slope movements should be reliably taken into con-
bisideration when designing and constructing civil engineering works In
sitthe vicinity of the affected slopes. Abcve all, the following aspects
uought not to be neglected:

1. The studied types of slope movements are often difficult fo be
sbidentifled during the engineering geological mapping in fleld. Morpho-
iologlcally distinct are only the deformations of the upper parts of the
sislopes, in the tension zones. However, {f the phenomena are of fossil
gmge, the surface needs not show any traces of deformations. The docu-
mentation of the outcrops is of utmost importance for the identification
icof the phenomena. Structural measurements can draw attention to the
lichanges of the orientation of strata in comparison to their original po-
lesition. Particularly in the areas with Intensive tectonic folding the geo-
ollogical documentation ought to be carried out with extreme care.

2. If the morphological observation on a natural mountain slope in-
Lidicates, that the slope movement originated in recent time, it i difficult
ofto prove it by fleld measurements. The magnitude of the displacement
acan be very small, for example several mm/year. In such case, the most
‘savailable method Is to measure the changes of the distances between
I#the walls of two rock blocks along an accessible, open tension crack.

3. If the loosening of a slope by opening of tenslon cracks or by
bideep-seated benging of strata was ascertained, it would be necessary to
acount with substantial worsening of the geotechnic properties of the dis-
fturbed area of the rock massif. The unfavourable influence of the defor-
n mation caused by gravitational movements would be, moreover, support-
s ed by the increased effect of the weathering processes in the disturbed
s area. Particularly the following properties are unfavourably modifled:

a) The strenght and deformability of the rock massif as a whole
are deterlorated. In some parts of the slope, also the strenghts of the
individual blocks have been progressively reducing due to crushing proc-
esses. For comparison, the observation of Q. Zaruba is mentioned, in-
dicating that the shales deformed by terminal bending showed a 12-
‘times higher compressibllity than the unweathered and undisturbed ones.
At the locality Rimov, the moduli of deformabillty of the massif in the
 disturbed zone were 2—4-times lower. |

b) The permeability increases, what 1s unfavourable especially for
' the dam foundation. For instance at Rimov the permeability raised to
' 20—120 litres/m per minute due to the bending of the loosened zone,

and that at the pressure of only 0.3—1.0 atmospheres.

¢) disturbed rocks furnish unhomogeneous foundation soil. The wide-

ly opened cracks are necessary to be treated, as for instance during
the construction of the high pressure piping for the pumpe storage plant
Hohenwarte Il in the GDR (Dittrich & Paech, 1961).

ST ™ W e WY
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d) The stability of the rock massif is appreciably deteriorated in
the disturbed zone. Under influence of deeper weathering and of in
creased number of predisposed surfaces as well as due to arising of se-
condary loamy fillings, the lowering ©f the parametres of the shea
strenght take place. The stability ot these slopes mostly approaches the
indiferent equilibrium. During the construction works, there menaces a
danger of the renewal of the fossil movements or of the acceleration of

the recent ones.
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fumwgnulpe Pugh wyng, gpooffimwgfai qupdaulibpf Sbwlwhpn] 3bwfinfuncfyndilbpf wh-
poas po b wag sz i wrgnhigref podih avdhquibinul £ Jossfusnfusd sfusjplipmist Sl b S ol el plifugplbph
wqnbgmfwh Shmblwhpmfs Vvolufapunba, Sbwnligusy Sunlyorfpodibbpp sfinfusnul b whpwph-
gy muggmf punlp,

w) Munfwpubnood £ duwgra gl quigudf gl wgpnqululingimbp I dasfinfunulp:
Mfulmlly dom  fuusfumifwmd grunul  quligfwdf phfaplugdwh dognyp 2—4 whowd gudp L

p) Ubnul b gpufuspubghpfmfiadip, npp Swmlpwhy whpuphboywen b wdpupawlbbph
Splpp Awdwps [djulmlf Frnwlujpoud  Frqugifud guinaul dndwh Shwhwhgny] gpuPufiwb-
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"":Jd .b-ﬁ--i-a durgnmayuplbpp bbphuwpmghnud b Spiph whiuwdunba gpochi UbSpu.
dhyn b puegh pugdmd Shaplph ulmlp: g-i“'_-#' pupnibmfndp  fowpondud guenidy

» 5 et
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JIOHOB
OCJABJIEHHS CKAJIbHBIX CK
B BOTEMCKOM MACCHBE!

Kana Texn. mayk, num.-crp. SIH PLIBAPK® n unxk.-ctp. OTOKAP BP)KBA?

NMPHMEPDI

OniicuBaoTeR ABa CAyYas MOASYNECTH, BCTPENElHMe NpPH CTPONTeAb-

nsotus 5 DoreMii. 3ATPOHYTHe MOA3YHECTHI0 CKJOHH CAOKEHL TBEPANMM NOpofa-
i To NAaAaiOUUIMIl TJAOCKOCTAMI HApyuwlemns uenpepusnocti. Jlaerea
. npw:;agzro“pgmuxeumx psrnfos INAACTOB H CBASAHHOIO ¢ HUMN BHEWHEro
:;E;nein: ycxammux Gaokop. IIpom3peaeHa  OUEHKA MNPAKTHYECKOrO  CACACTBHS STHX
Aedopuaniil 408 OCHOBAHH{l riLIPOTEXHHHECKHX coopyeniil.

——  —

Pegepar.

B cremkax OTPHBOK IS KOMMYHHKAWHN H TIAPOTEXHHNECKHX coopyieHndl, pucr-
poeHHHX B TOPHHX pailonax, Bpems OT BpeMeHil 05““!’3'"““’“‘?““ rayGunuse aedop-
MAIH TPABHTAIIONHOrO NPOHCXOMIEHNS, KOTOpHE OTHOCATCH K rAyGHHLON noiayuectH
cknonos (s cuetcae Tep-Crenansna, 1961). Hizke onmcmBsalTea caydan B Boremexom
MACCHBE, KOTODHE NPOMCXOAAT HA CKJAONAX, CJAOXKEHHHIX TBEPALIMIT TOPOAAMN, TNpOHN-
anHHBMI KPYTO NaA3lONIIMHE DJAOCKOCTAMII Pa3pHBHOCTIL

Ilpn coopymennn naortnust Pxcinios B 10XKHOI Boremun Oma nsaywen cayvail ray-
Goko pacnososkennoro HarnbGa naacros. HaGmomaemmii ckion smicoroil 70 M nakaonen
noa yraom 35—40° § cAoNeH CAIOANCTHMI CAAHIAMH, mnaparneficaMi . KBapuuTami,
CaoneTocTs napajgenbHa AOMNHE I NajdaerT KPyro K 3anany nox yraom 66—80° B paa-
sefoynnx mypdax M NO3KE HA CTEHKAX OTPHBKI KOTJIO0BaHA ORJO YCTAHOBAGHO, YTO
MAECTR CAIAHNCTHX CJHAHNes H KBApPIITOB uarnGaloTca BHU3 MO CKJIOHY B ero ocaab-
nenroii wactn Ao rayGmam 10—20 M. YKIOH NAOCKOCTH CJAOHCTOCTH N3MEHsIeTCs na
30—120° no cpasmenmio ¢ Henmapymenusimu yactamu (puc. 1)% B ksapuurax mnaGmona-
J0TCH WHPOKNE OTKPHTHE Tpeuwnn (1—>5 enm), nopuanslisie K caoncrocti (pue. 2).

Bo spews crponreasctsa Kamemnno-naGpocuoil naornmm  Tlpxuceunnme naGmona-
ance Aeopmamin Apyroro xapaktepa. Ha noaorom cknome (10—15°) aesoro Gepera
Aoauus naaofanack 3sona wpesswvaiinoro ocaaGuenns nopoi. B eepamix, ropmion-
TANLHO 3AJ€ralolix oprorHeiicax npeoGnazana cucrema BepTHKaAbHON oTaeannoctH. Ha
pue. 3 mnokasaHa MacTb CKJOHa, rae GBiAll BHISABJACHL! nenpepupibie KpyTHe TPCIHIB,
rpyGo napanjenbHsle JOJAKIE i MECTAMH UINPOKO OTKpHTHE. OGpazosannsle Takim oG-
pasom nonocth, mupunoil or 1 g0 15 eM, OMAR YACTHYHO CBOGOANBMIL, A HMACTHIO SANOANE-
HEl Meaxosemom. Oprorneficst Owan pasgesens na GJOKH, © Tewaeniei NOrpyKenls B
nanpasiaenin psepx no ckaony. Medopmamun ficHo BHANK MO NOJOMKEHINO BLIBETPELX
ruGpijinix  rueficon.  Jledopmauun MOryT GHTb OGBACHENH  MEXAHH3MOM rayGunnoro
sarn6a naactos. Mexasusm passutus rayGusmoro sarnGa naacTop G TEOPETHICCKI
npoanamnanposann  Tep-Crenansnom (1964). Cransusit Mmaccns, oGpasopanuuit opTo-
raeficamn, Gui pasfenen BepTHKAABHBIME TPEULmHAMI Ha pazuessio nedopmupyemuie
NAACTH, MEXAY KOTOPHIMH HMEJ0 MECTO 4YaCTHYHOe CMelleHie i IaMeHeHie HX BaaiM-
HEIX paccTosnnil. B reonoriueckoM npomwnoM roNoBW STHX MAACTOR cJjerka HAOTHYJNChH

! Ilepeson ¢ anranfickoro npod. I'. . Tep-Crenansna,
3as. ornenom Mixenepuoft reosoram Teolormyeckoro uHeratyra Yexocnaosanxoit
Axagemnn Hayk, Ipara.
¥ Crapuift nuxkenep orzena mkenepioli reosormn, map. npeanpusrie «Crpouresns-
Has reonorns», INpara,
4 Pucynkn cMotpn ma crp. 97—100.
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3 g CTOpORY AOJHHH, YTO CONPOBOMKA0CH T2K Ha3uBZeMIM DHEIHHM BpameHHeM (mo
lin3aunepy; Sander, 1948). Ero npummnn oGbacuserca puc. 4. B oxpecrrocrax Ilpmxuceqnn-
~ oile yron Bpswenss G Mad; sjech GWAH HapymeHH Ouelb TRepAMe NOPOAM HA CO-
I amepienio NoJa0roM cKaoHe.

' Ongecamiste aedopmansn b Pausose u Ipmuceqnnne o6aaaaior olumu yepTamM,
“USMIeCMOTPR HA palliile MODOJOrHUECKNE M FEOJOIMYECKUE YeioRMa HX 0GPa3oBaHuS,
0Oy npejcTapanioT cofoll HAMAALIYI0 CTAAHI0 ABIACUHA CKAOHZ B MacCHEEe, TNpPOHH-
UigaanioM KpyTo Najaonun uiockoeTasy paspusiocts. C reojormyeckoil TOUKH 3peHHs
Hioonn npejcTaniaioT coboil JUHTENBNHE JABHZEHHS CEaILHLIX nopoxa BOOﬁI.L[E C HeyBean4H-
iiApawmeics ckopoctbio Oe3 fCHO BEpPAaMEHHOl MOBEDXHOCTH CKoMbikennd. Beamumna mepe-
UsMMentenia HHYTOMHA [0 CP4BHENHIO C pasMepAMN  OXBAUEHHOND CKaJbHOTO MaccHBE.
O L oMmannpyIGuiRs MeXaHH3MOM BIUKEIHS ABASETCA IAYOHHHER NOJA3YHUecTh (Heauok

i ap., 1973), Kax npasuao, sti jedopsamin Apesdero sospacra. Ho pactosmero Bpe-
iulEMery  YCTORYNBOCTL CHJACHOB, Hapymeunbx BUIIEYKazadlWMH JeopMalHAME, He MOmeT
MO OHTL YIOBJACTBOPHTENLHO pacCuNTana MaTeMATIHYECKIMH MeTojaMmn., BoJgee Hajexnme
‘Sf| pesyanTaTl, npEGARAKaouKecs K JAACTEHTEALHOCTH, MOryT OWTh nomyvesd Ha (HIA-
wanecknx moaeaax (Hofman, 1973; Farlinger, 1974),

FayGunnwii 2arnG nascros, COCAMHENHLI] C DACKDWTHEM TPEUINH DAaCTAMEHHH H ¢
M BHEIIHKL  Bpaiientes, OGYCJAOBJHBASTCA (PEKAE BCEro BAHAHNEM TPABHTALMM If pac-
A eaaGaennen Banpaaendl, Kampamfi ckaipHufi MaccHs pearupyer Ha CCTECTBEHHYIO HAH
1010 HCKYCCTBEHHYIO PA3rpysky H3MEeHEHHCM HANpRiKeHnoro coctofaunn. BejefcTeHe m3MeHe-
I Nus HANPAAENNOro COCTORAUNSA B NPOCTpaucTEe i BO HPEMCHH NPOHCXOAAT OrpaHmueH-
Jil Hee fediopMaNN, B TEUCHHe KOTOPHX BOSHUESIOT AGHAENNS BAOJAbL CYIIECTBYIOMHX IJIOC-
L RoeTell paspuBHGeTi. DToMy cojeflcTeyioT kanmaTHueckue eansis. Ilpunumaercs, uto
L nambosee GAAroUpHATHLEE YCAOBEA OLJH B TEUCHIE NEPHOAA NEPHIAANHAJNBHOIO KJIHMA-
BT Ta B nJelicTolene, KOrja Npoueccul 3amepsauis H OTTauBaHHA JeficTBORAJH A0 rayGH-
mi'zuu Beuoil MepanoTe. B orpampleniiex npejenax HIpaji podb TakiKe ce3oHHHE HaMe-
Sl EHHS  DAEKHOCTH H  TeMuepaTtypsl. B

' TayOunuple jlehopMaliiy CRaJLHOTO MACCHBA BCJEACTBHE  BHINEOMICAHHBIX THIOB
1L uBnAeHnfi cKaoHoB JloJnE GuThL NPHHATH BO BHIUMAHHE TPH NPOEKTHPOBAMHH JIOGHIX
11| HHZKeHepHLX  coopysennii BGIHSH OT Hopaxeunoro ckiona, Ilpemie Beero me caemyer
[ npeneGperath CAEAYIONHMH ACTIEKTAMH.

v l.. SauacTyio TPYAHO YCTAHOBHTL HACHTHUHOCT H3YUAEMBX THNOB JIBHIKEHHS CKJA0-
M OB NPH HIZKEREepHO-TenJIOrHIeckoM KapTuposanis B noje. Jins onossanus sisaenuft Hau-
() Gojee Ba#mHa JOKyMenTanmus olnaxmeuuit,

2. Ecan  mopoJoraueckie HAGIIOEHHS . HA ECTECTBEHHHX TOPHHEIX CKJOHAX YKa3Hl-
{1 BAIOT, UTO B HACTOHINEE BPEMs HAUHHAIOTCH JIBHACEHHA HA CKJOHE, STO TPYAHO A0KAa3aTh
Il JyTeM NoJessiX HaMepeuui.

3. Ecan yerauosneno ocaalienne CKJONA NPH OTKPHTHR TPEUIMH PACTAMKEHHS HIH
- npn !‘J’l}'GHHIIOM sarnte nJacron, IIEDGXOHJIHD ‘CUNTATBCH © CYLECTBCHNEIM YXYALUeHHeM
I FCOTEXHHUECKHX CBOMCTB HA NJOWAAN liopaenHoro cxajbHoro Maccusa. ' Boaee Toro,
i HeGnaronpusTHoe BuHAHMNe JeQOpPMAUKi, BL3BAHHHYX TDABNTANHOHALIMH JIBHAKEHHSMH,
¢ | yCHJHBAeTCs BeJejiCTBHE TPOMECCOB BLIBETPHBAHMA B HApPYWenHoik oGnacth, B wacTHOCTH,
9 caeayiowse cpoficTBa NAMEHSIOTCH B HeGAArONPHATHYIO CTOPOHY:

a) Yxyamaercst B 1eJ0M CONPOTHRASEMOCTb H JEDOPMHPYEMOCTE CKANBHOFO MACCHBA.
[loGansocrin or Paiimona moayss jAeopMupyeMocTH MacciiBa n napymwennol 3one B
2—4 paaa nniKe.

G) Yeennunpaercs BOJONPOHNNAEMOCTh, uTO OcoGenno HeGIaronpHATHO AN OCHOBA-
nnit maorun, IToGrusoctn or PiknMopa BOJOupoBHu@eMOCTh yBemmunpaeTes o 20—120 x
i B MHHYTY BeJaejcTsHe MsTHGaums B ocaaGiennoii 3oie, W 9TO NPH RaBjeHHN Beero '0,3—
| 1,0 atmocdepn.

8) Hapywennue cxaqsibe NOpoin MpejicTABASIOT cOGOf HEOAHOPOAHHI FPYHT OCHO-
i Bauds. HeoGxoauma sajiesika WIHPOKO OTKPHTHIX TPEUHH.
r) Ocofendo yxyawaercss yCrofiiHEOCTb CKAJBIONO MACCHBA n HapymennoR 3owe,

b=y

e —
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Onacuocts Bo3o0HOBACHNS IPEBHIX 2
yTpOMKAET CTPOUTEIECTBY.

mpseumii A YCxopeHua COBPEMEHHBIX AR
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