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Earthquake hazard assessment for the Republic of Moldova

In the framework of investigation the deductive probabilistic approach of hazard
assessment has been applied to the Moldova Republic territory for reviewing the present seismic
zoning. The main results presented in this paper are the MSK-intensity and PGA-acceleration
maps for 500, 1000 and 10 000 years return periods.

1. Introduction

The Republic of Moldova suffers heavy damage and losses as a consequence of the
intermediate depth earthquakes sources located in Vrancea zone, Romania. As it is know,
the design and implementation of expensive measures to providing seismic resistance of
buildings and structures is performed on the basis of maps of seismic hazard.

The general characteristic of seismic risk of a certain territory is usually
represented by a seismic zoning map.

Soon before 1991 the territory of the Republic of Moldova was the integral part of
the former Soviet Union. Naturally its seismic zoning was done within the framework of
all-union methodology and zoning map. One of the first maps of seismic zoning of the
territory of USSR, based on vast for that time seismological and geological data, was
compiled by the Institute of Earth Physics of the Academy of Sciences of USSR in 1957.
According to that map, South-Western part of Moldova, near the boarder with Romania,
was referred to seismic intensity VIII, the rest of the territory — to VII-degree zone.
During the compilation of the next generation of the map CP—69, new instrumental data,
from the country and neighboring states were used together with macroseismic data and
the results of detailed geological investigation of the region, particularly of tectonics.
That allowed introduction of certain corrections into the previous map of seismic zoning
— for the Northern and North-Eastern territory of Moldova where seismic level was
reduced down to 6 degrees.

The map of seismic zoning CP-78 code became a new era for seismology of that
time. That was, first of all, due to number of methods for quantitative evaluation of
seismic hazard, introduction of probabilistic methods for long-term forecast and
emphasize on quantitative characteristics of seismic ground motion for the purposes of
seismic design. It should be mentioned, that even though this map was designed as a
general map, it was in fact not exactly the one, because it was compiled in fragments, in
different regions, according to different methodology and on the basis of different
seismological and geological data.

The core elements of methodology used during design of map CP-78 code,
common for all seismically active regions of the former USSR, were the following:
selection of seismically active zones;
compilation of earthquake catalogues;
evaluation of seismic intensity and quantitative parameters of the soil;
elaboration of geological criteria of seismicity;
analysis of deep soil structure and seismicity;
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e evaluation of parameters of seismic regime;
e assessment of maximum possible earthquakes and seismic intensity;
e evaluation of seismic hazard.

In function of certain seismological conditions of the regions of the former USSR,
availability and richness of instrumental earthquake catalogues, the complete set of
seismological investigations was carried out. Such, seismic zoning of the territory of
Moldova in frame of the map CP-78 was based on four main methodological elements:
macroseismic data, historical and instrumental catalogues, geological-geophysical, and
first of all tectonic investigations, evaluation of parameters of seismic regime, including
analysis of maximal possible earthquake, and calculation of seismic intensity according to
methodology suggested by Y.V.Riznichenko [1]. The map of seismic zoning of the
territory of the Republic of Moldova CP-78 still is the code document. The map includes
isolines of seismic intensity 6, 7 u 8 degrees according to scale GOST (or close to it scale
MSK-64). The zone with 8-degrees intensity covers South-West of the Republic of
Moldova and includes the territory of the cities Cahul, Cantemir, Vulcanesti, etc.; 7-
degree intensity zone covers the majority of the country, while 6-degree intensity zone
has about 40 km width and covers the eastern part of the country.

More than twenty years have passed since the existing map of seismic zoning of
Moldova Republic territory was elaborated. Currently, this map of seismic hazard in
terms of shaking intensity is old as well as from the methodological point of view, as
from the point of view of utilisation of new information obtained by macroseismic
investigations and instrumental measurements. Along with that, it do not correspond to
the future European standards (Eurocode 8), based on the definition of seismic motion
provided following a probabilistic seismic hazard assessment (PSHA).

It should be stressed, that assessment of seismic hazard for Vrancea region was
done by different researchers. Such, as a result of comprehensive investigations done
during 1991-1997 under the leadership of Russian Academy of Sciences [2] the new set
of OCP -97 maps was created. The set of maps for general seismic zoning OCP-97 was
designed using completely new methodological basis taking into account the latest
advances in the field of seismology and zoning of seismic hazard. The OCP -97 concept
includes [2]:

— Maximal possible magnitude of earthquakes considering structural and dynamical
uniformity of geophysical media and seismic processes taking place in it, and as a
result - dimensions, mechanical properties and intensity of geological blocks
interaction;

— The principle of two-stages in the assessment of seismic hazard, based on
creation of two linked models for prediction — the model of the appearance of
seismic zones (VOZ) and models of seismic effects (MSE);

— Probabilistic-deterministic approach for the analysis of input and output data and
probabilistic assessment of seismic hazard and seismic zoning.

The principal difference between new methodology and old ones for seismic
zoning (including from modern international methods) is representation of seismic foci
by continuous (and not point) sources of earthquakes used during all stages of assessment
for OCP — 97 from identification of seismically active structures and spatial distribution
of focal areas of different magnitudes till evaluation of seismic intensity at the site.
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Romanian researchers in 1999 [3] also published the results of probabilistic seismic
hazard assessment for the whole region, including the Republic of Moldova. For seismic
hazard assessment only the data for intermediate-depth seismic events from Vrancea were
used; the attenuation functions based on instrumental records were used.

In 1997 the Global Seismic Hazard Assessment Center 3 has published the results
of seismic hazard assessment for Central, Northern and Eastern Europe [4]. To minimize
the mistakes at the first stage the assessment was done considering macroseismic
intensity as a parameter of ground motion. The final map was compiled with the help of
results from several regional centers, including Regional Center 3 [4]. The original
estimates of seismic intensity were converted into “Peak Ground Accelerations” using
empirical relations, which authors, unfortunately, make no reference to. The authors also
mention “for Ukraine, Moldova and Romania the certain work was done to approve the
estimates in trans-boundary areas”.

Comparing these three maps of seismic hazard, it is possible to notice
incompatibility of forms of the isolines and values of the expected intensity. Such scatter
of estimates proves necessity of a new seismic zoning for the territory of the region with
careful selection, analysis of primary data and interpretation of the results. Such approach
is justified, as practically all above mentioned authors say that their results could not
substitute national and local investigations, while given maps could not substitute maps
of seismic zoning of certain territories.

2. Data and Methodology

The earthquake hazard of Moldova Republic territory has been assessed by
utilization of a probabilistic deductive approach that includes:

1)  definition of Vrancea seismic source;

i) estimation of maximum credible magnitude of Vrancea source;

iii) estimation of expected frequencies of occurrence of earthquakes of various
magnitudes on Vrancea source;

iv) determination of the macroseismic intensity attenuation changes with magnitude,
distance, focal depth in the direction from Vrancea source to the site under study
(Republic of Moldova);

v) determination of correlation of  macroseismic intensity with peak ground
acceleration (PGA);

vi) application of theoretical model to the calculation of earthquake hazard.
2.1. Vrancea Source Model. Conventionally, the map of earthquake epicenters serves as
a basis for delineation of earthquake source. In the present study compilation of on own
earthquakes catalog was accomplished. The catalogue lists 639 Vrancea intermediate
depth (60-170 km) earthquakes occurred during the period 1501-2001. It was earlier
repeatedly demonstrated that high magnitude Vrancea earthquakes at intermediate depth
mainly affect Republic of Moldova. Based on this, the Vrancea intermediate dept source
was defined as a zone with coordinates: 1,=26.4°, (p1=46.00; /12:27.20, (p2=46.0°; /13=25.70,
0;=45.3% 2,-26.5°, 0,=46.1".

2.2. Depth model for the Vrancea intermediate depth source. Applied subdivided depth

model for the Vrancea intermediate depth source is given in Table 1 [5].
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Tablel. Depth model for the Vrancea intermediate depth source

Dept levels Depth, km M,y vax Mean Return Period, yr.
1 60-80 7.0 24
2 80-100 7.5 82
3 100-160 8.1 820
4 160-170

2.3. Mmax. Assuming that the Vrancea foci do not reflect a simple surface of subduction,
but counter a subduction lithospheric body [6], the maximum credible magnitude was
determined as My, ya=8.1.

2.4. Recurrence - magnitude relationship. From regression analysis of the mentioned
Catalogue of Vrancea intermediate depth earthquakes the average number N of
earthquakes per year with magnitude =M was established (My, min =4.0, My, max=8.1),
Fig. 1:

lgN (2Mv min): 3.91-0. 75Mv, (1)
The Nwang and Huo [7] modification of (1) is:
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Fig. 1. Magnitude recurrence relations for the intermediate depth earthquakes(M,, >4)

2.5. Attenuation relationship. The new intensity attenuation relationship based on N.
Shebalin model for Vrancea - Republic of Moldova azimuth was developed:

I=1.33M-8.41Lg+/(H* + R*) +0.33P (3)

were H - is the focal depth, R - the hypocentral distance and P- the variable, equal to 0
(50% probability of non-exceedance) or 1 (84% probability of non-exceedence). MSK

8



Buletinul Institutului de Geofizica si Geologie al ASM, N 1, 2005

attenuation curves from three Vrancea earthquakes: 10.11.1940, 4.03.1977 and
30.08.1986 are given in Fig. 2.
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Fig. 2. MSK intensity attenuation from three Vrancea earthquakes

2.6. Correlation of macroseismic intensity with peak ground acceleration (PGA). Based
on available data, the function representing correlation between horizontal acceleration of
the ground and macroseismic intensity for Vrancea intermediate depth earthquakes was
obtained - formula (4), fig.3.
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Fig. 3. Relation between MSK-intensity and PGA-acceleration for
Vrancea -Moldova Republic azimuth
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3. Main results

After calculation of the entry parameters, the Moldova Republic territory was
divided into 10x10 km cells at the center of which the MSK-intensity and PGA-
acceleration values for 500, 1000 and 10000 years return periods were computed
(Figure 4).

1 MsK-54,
Tw10 00O yr

Fig. 4. Earthquake hazard maps from subcrustal Vrancea zone for 500, 1000, and 10 000
years return periods: a, b, ¢ -MSK-intensity: d, e, j - PGA-acceleration.
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Hcuuro E.C.

Pe3oHaHCHBIE CBOMCTBA TPYHTOB M 3aHUI, UX Y4eT NPHU
CTPOMTEIbCTBE

In article the basic items of information about resonant site properties, distributed in
Moldova, and resonant properties of buildings, erected in its territory, are given. The described
here approach, taking into account the resonant phenomena, was realized by development of a
new seismic microzonation map of Kishinev city, created by Institute of geophysics and geology of
AS RM in 2004.

O pe30HAHCHBIX CBOWCTBAX TPYHTOB

Ilon pe3oHaHCHBIMH CBOWCTBAMH TpPYHTOB IIOHMMAaeTCS WX CIOCOOHOCTh K
CYUICCTBEHHOMY YCHJICHUIO CEHCMHYECKMX KOJICOAaHWH  ONpEeAe]ICHHBIX  YacToT.
AMIUIMTYTHBIA YPOBEHb U YaCTOTa PE30HAHCHBIX MHKOB 3aBUCST OT YIPYTUX CBOWCTB U
MOIITHOCTEH CIIOEB TOPHBIX IMOPOA, CIHOCOOHBIX K YCHJICHHIO celicMuueckux BoiH. K
YUCITYy TOMOOHBIX OTHOCSATCS JIFOOBIE JIOCTAaTOYHO PBIXJIBIC IOPOJBI, OO0JaaroIIHne
CKOPOCTBIO pacmpocTpaHeHHus monepeuHsix BodH (V) mHmxke 700 m/c. B ycnoBumsx
MongaBuu 3T0, KaKk MPaBHUIIO, CYTJIMHKA, CYTIECH, TTECKU ¥ TJIMHBL.

Hawryqmmmm monuroHoM [Tt n3ydeHHus Pe30HaHCHBIX CBOHCTB TPYHTOB MonjaBumn
aBisieTcst Tepputopus T. Kummnesa. 31ech MOIIHOCTD PBIXJIBIX OTJIOXKEHHH MEHSETCS B
npenenax ot 0 g0 200 M, uTo 00yClaBIMBaeT U3MEHEHUE PE30HAHCHBIX TIepuo10B oT 0.05
mo 1.7 c. CkambHBIM OCHOBaHWEM, NOJCTHJIAIONIMM PBIXJIBIE OTJIOXKEHHS, OOBIYHO
SABIISIOTCS U3BECTHSKH CapMaTCKOTO Bo3pacTa. KpoBJisi M3BECTHSAKOB SIBISIETCS OCHOBHOM
rpaHuieli, cnocoOHOM co34aBaTh JOCTAaTOYHO CHIJIbHBIE PE30HAHCHBIE J(QEKTHI.
HarnsaHo#t wimrocTpanueil n3MEHEeHUs! pe30HAHCHBIX CBOWCTB TPYHTOB C M3MEHEHHUEM
MOITHOCTH  PBIXIBIX ~ OTJIOXKEHWH  MOTYT  CIY)XHTh  aMIUIATYIHO-4aCTOTHBIE
XapakTepucTuku (puc.l), BBIYUCIEHHBIE C WCIOJB30BAHMEM ajJropuTMa pacydera
KoJIeOaHMi B TUIOCKO-TIapaiuiensHou cpene [1].

U3 pucyHka BHAHO, Y9TO MO MeEpe VYBEIWYCHHWS MOIIMHOCTH aOCONIOTHEIE
MaKCHMYyMBl XapaKTEepUCTUK CMEMAloTcss B o0iacTb Oojee HHU3KMX YacToT. B
aAMIUTUTYTHO-YaCTOTHBIX ~ XapaKTCPUCTHKAX PE30HAHCHBIH  TEpUOJl OT  KPOBIHU
W3BECTHSIKOB TMPOSBISAETCS TIEPBBIM HHU3KOYACTOTHBIM MakcUMyMoM. CyIecTByeT
MPOCTOE MPHUOIM3UTEITHHOE BRIPAKEHHE, CBSI3BIBAIONIEE COOCTBEHHBIN TIEPHO] KOJIeOaHUH
IPyHTa CO CKOPOCTHBIMH MTapaMeTpaMu paspesa:

Trp=4H/ V5o (D

riae H — riryOuHa 3ajeranus paccMaTpHBaeMOM IpaHulbl; V., — 3ddexTrBHAas CKOPOCTh
MOTIEPEYHBIX BOJIH BO BCEH TOJILIE, BBILIE PACCMAaTPUBAEMOM TPaHULLBL.
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Puc.l. AMIUIUTYIHO-4aCTOTHBIE XapaKTEPUCTUKU CPEJIbI I PA3IUYHbBIX
MOIIHOCTEN PBIXJIBIX OTIO0KEHU.

Ha puc. 2 mokasana kxoppessiuusi COOCTBEHHBIX NEPHOJOB TPyHTa C TIyOHMHOM
3aJieTaHysl KPOBJIM U3BECTHAKOB. llepnoasl rpyHTa BeIumMcsunch no ¢opmyne 1. Ilone
KOPpEJIALUU TOCTPOEHO MO AaHHBIM 118 celicMOKapOTaXHBIX CKBa)KHH, PACIIOJIOKEHHBIX
Ha Teppuropud T. Kummnesa. IlomydeHHass BbICOKasi CTENEHb KOPPEISLHUU MTO3BOJISIET C
JOCTaTOYHOM TOYHOCTHIO HCIIOJIB30BaTh 3Ty 3aBUCHMMOCTb JJsl  ONpENeNICHUs
COOCTBEHHBIX ITEPHOA0B I'PYHTOB.

y =0.0234x0821¢
R =0.9384
20

1.8

1.6 4 o %
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Trp, c
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Puc.2. Koppensius pe3oHaHCHBIX IEPHUOJIOB C TIIyOUHOM KPOBIIM U3BECTHSIKOB.
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Pe3onancunlie cBoiicTBAa 31aHUI

Pe3oHaHCHBIC SIBICHHS XapakKTepPHBI S BBICOKHX COOPYXKCHHU TpU OIH30CTH
COOCTBEHHBIX IEPHOJOB TIpyHTa M 3aaHusi. Ha mnpakrtuke pe3oHaHcHbie 3((EKTh
MPOSBJSIOTCS. B BUJC JOMOJIHUTEIBHBIX HArpy30K M MOBPEKACHUH, MOIy4aeMbIX
COOPYKCHUSMHU MPH 3EMIICTPSACCHUSX.

HelHemHIoro  3acTpoiiKy TEppUTOPHH peclyONMKA MOXKHO OXapaKTepHU30BaTh
CIeIYIOIMUM Tpad)uKOM 3aBUCUMOCTH COOCTBEHHBIX INEPHOIOB 3laHUil (OCHOBHOHM TOH
KoJIeOaHHMIT) OT UX ATAKHOCTH (pHC. 3).

1.4
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1.2 * *
*
L 4
1.0 *
* L 4
®
o 08 &
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= 06 * * o
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[ 4
* .
;
33 L0
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ATaXHOCTb

Puc.3. 3aBHCHMOCTE IEPHOIOB 3AAHHK OT ITAKHOCTH.

[Ipu cocraBneHnu rpaduka MCIOIB30BaHBl PE3yJIbTATHl U3MEPCHHI COOCTBEHHBIX
nepuooB Ha 60™ o0bekTax . Kummnesa [2].

Crapsie 00111eCOT03HEIE CTPOUTETHHBIC HOpPMATUBHI, CO3/aBaBIITUECS
NPEUMYIIECTBEHHO Ha OCHOBE MOCIEICTBHH KOPOBBIX 3eMieTpsicennii Cpeqneld Asuu u
KaBkasa, UTHOPUPOBAIN PE30HAHCHBIC SBJICHUS B 34aHUAX. [IOHATHO, YTO HETTyOOKHM
KOPOBBIM 3EMIICTPSICEHUSIM TIPHUCYIl KOPOTKHH (HECKONBKO CEKYH]I) BOJHOBOW IaKeT
OYCHb WHTCHCUBHBIX  KOJeOaHWi, OBICTPO 3aTyXaloMUX C OSHUICHTPAILHBIM
pacctosiHreM. [1o100HbIe KONEOaHHS B CHITY CBOSH Malo#l JUIMTETLHOCTH HE CITOCOOHBI
MPOBOIUPOBATH PE30HAHCHEIC SBJICHUSI.

Wnoe neno 3emierpsicenus ¢ rmyounamu odaros o 100 kM u 6onee. OHu co3garoT
BOJTHOBOW TakeT KojieOaHWH B NECATKHA CEKyHJ, CIIOCOOHBIA packayaTb COOPYXKECHUE U
BBECTH ero B pe3oHaHc. Ouar BpaHuckux 3eMIeTpsCeHUil, MPenCTaBIsSIONIUI TIaBHYIO
CEMCMUYECKYI0 OIACHOCTh Uil TeppuTOpuHM MongaBuu, o0JamaeT WMEHHO STHMH
kayecTBamu. HanOoniee HArISIHBIM B MHUPOBOHM MPaKTHKE MPUMEPOM IPOSIBICHUS
PE30HAHCHBIX A(PQEKTOB SBISCTCSA paspylleHHE BBHICOTHBIX 3JaHHA B I'. MEXHKO MpH
CUJIbHOM 3emJeTpsicenun 1985 r.

IlepBbie TONBITKM y4YeTa PE30HAHCHOTO (aKkTopa TMpH MPOSKTHPOBAHUH
COOpyXeHHH ObUIH OpeanpuHsThl B cepeauHe 80° TromoB MPH COCTaBICHHH KapT
ceficmudaeckoro MukpopaiionupoBanms (CMP) getsipex paiioHos 1. Kummuesa (LlenTp,
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boranuka, borokansl, bynemrer). Torna Ha kaprax CMP BniepBble OSBUINCH YaCTOTHBIE
IMana3oHbl COOCTBEHHBIX KOJNEOAaHWH 3JaHWH, HYXZAIOIIUXCA B  IOBBILICHUH
CEeMCMOCTOMKOCTH AJIsI MPEIOTBPAIIEHHS] BOBMOMXHBIX PE30HAHCHBIX MOBPEXKICHUM.

OpnHako K TOMy BPEMEHH OCHOBHAs 4YacTh BBICOTHBIX COOpY>KEHHI ropoja Oblia
yKe ToCTpoeHa 0e3 yueTa pe3oHaHCHOTro (pakropa. DTO MPHUBETO K TOMY, YTO BBICOKHE
3aHUS B PE30HAHCHBIX YCIIOBHUSX HCIBITHIBAIOT MOBPEXKICHHUA Ha 1-2 cTENneHW BBIILIE,
YeM TakWe JK€ 3JaHHMsd BHE JTHUX YCIOBHM, a CpelHAsA IOBPEKIAEMOCTh BBICOTHBIX
ceiicMocTolknX 3maHuii (Tun B) Onm3ka K MOBPEXOAEMOCTH  MaJO3TaXKHBIX
HeceiicMocTolikux (Tumbl A, B). [locnemHee yTBepkIieHHE MOKHO TPOMILTIOCTPUPOBATH
pe3ynbTaTaMu  MakpoceiicMudaeckoro obcnemoBanms 3078 3maHWil Ha TEPPUTOPUU
r. KummnaeBa mocne 3emierpscenus 31.08.86 r. Ha puc. 4 mokazana rucrtorpaMma
pacnpeneneHusl CpeaHed MOBpPEeXIaeMOCTH 3/laHMM B 3aBUCMMOCTH OT HUX THNA H
3Ta’KHOCTH.

Cpe.qHﬂﬂ cTeneHb
noBpexapeHus

1~3
4~7

3TaXHOCTb 8~12 B
13~24
A Twvn 3aaHun

Puc.4. TloBpexxaaeMoCTh 31aHHI B 3aBUCUMOCTH OT WX THIIA M ATAXKHOCTH
(Kummaes, 31.08.86).

Yder pe30HAHCHBIX ABJICHUIN NPHU NMPOECKTUPOBAHUM COOPYKEHUI

CoOpaHHble MaKpOCEHCMHUYECKHE JaHHBIC O TMOBPSKIACHUAX 3IaHUN BO BpeMs
3eMIICTPSACEHUN colepKaT MHPOPMAIMIO 00 MMEBIIMX MECTO PE30HAHCHBIX 3(QeKTax.
[IpucyrcTByer oOHa, TpaBga, B 3aByalIMpOBaHHOM BHJIE B KauyecTBe J00aBKH K
MOBPCKACHUAM Y SHaHHﬁ, HCIILITABIIUX PE30HAHC. BI)IJIGJII/ITI) €€ MOXHO MNIYTEM
CTaTHCTUYECKONH 00paboTKu WHGOpPMAIMK O TOBPEKACHUAX s PallOHOB ropoja,
pPaBHOMEPHO M JIOCTATOYHO IUIOTHO 3aCTPOCHHBIX COBPEMEHHBIMH CEHCMOCTOHKUMU
3manusiMu. Hanboiree OIXOMANAM I THX Iele oKa3alics MHKpopaioH boranmka.
[Mocne 3emnerpsicenus 31.08.86r. B Hem ObL10 00cIem0BaHO 414 ceHCMOCTOWKHX 3aHHA.
Pacnipenenenue coopykeHHI 10 KOHCTPYKTHBHBIM CXEMaM U 3TaXHOCTH [3] mpuBeAcHO
B TaoOI. 1.
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Tabmuna 1. Pacnipenenenue 3MaHnii T0 KOHCTPYKTUBHBIM CXeMaM U ATAXKHOCTHU
(Mukpopaiion boranuka)

MoHonuTHBIC 3aHUS,
OTa)XHOCTH | BEIIOJIHEHHBIE ¢ puMeHeHneM | KpynHao- | Kapkacusie | Kamennsie | Bcero
cKomp3smIel | mepecraBHoii |AHEIBHBIC
ormaxyoKu OmaxyoKu
2 - - - 1 13 14
3 - - - 2 2 4
4 - - - 2 19 21
5 - - 105 1 103 209
6 - - — - 2 2
8 - - — 2 - 2
9 - 1 103 - — 104
10 - 1 22 3 - 26
11 1 - - - - 1
12 1 2 - - - 3
13 1 4 - - - 5
14 - 1 1 - - 2
16 6 7 - - — 13
19 1 - - - - 1
20 4 1 - - — 5
24 - 2 - - - 2
Uroro 14 19 231 11 139 414

Jns ompeneneHus MecTa, 3aHUMAaeMOI'0 PE30HAHCOM B psAy APYTHX (akTOpOB,
00yCaBIMBAIOIINX MOBPEXIECHUS 31aHUl, MaKpoceiiCMUYECKHEe TaHHbBIE MO BHICOTHBIM
3IaHuAM MUKpopaiioHa Bortanuka mpu 3emierpsicennu 31.08.86 r. ObUIM TOABEPTHYTHI
MHOTOMEPHOMY PErpecCMOHHOMY aHayiu3y. MccnenoBanoch BIUSHUE TaKUX NAPAMETPOB,
KaK OTHOIIEHHE COOCTBEHHBIX IEPHOAOB 3JaHHA U IpyHTa (YCIOBHE BO3HHKHOBEHUS
pe3oHaHca), CpelHee aMIUIMTYyJAHOE YCWICHHE TPYyHTOB (BOmparomiee B cebsi BCIO
MHQOPMALIMIO O TeOJO0ro-re0(pU3NUECKOM pas3pese, BKIIOYash €ro OOBOJHEHHOCTH),
KaTeropusi I'PYHTOB IO CEHCMHYECKHMM CBOWCTBAM, IPOCAZAOYHOCTh TPYHTOB, YHCIIO
3eMJIETPSCEHUH, TMepeHeceHHbIX 3aaHusMH. B pacderax yuwactBoBanmu 164 3maHus
BeICOTOM 8 W Oomee ataxeld. CoopyKeHHs MEHBIICH AITaXHOCTU BCIEICTBHUE CBOCH
KECTKOCTH MaJIO OABEP>KEHBI PE30HAHCY .

B pesynbraTe aHamu3a BBIICHWIOCH, YTO BIUSHHE DPE30HAHCHOTO (QakTopa —
nofasinsiomee. Ero Bapuanmum obecneunBaror okono 80% aguamazoHa H3MEHEHUS
MaKpOCEHCMHYECKOTO MOJs. BTOpEIM MO BAMSHMIO B JTaHHOM MHKPOpaiOHE SBISETCS
CpeiHee aMIUINTyJHOe YyCwieHue TIpyHToB. Ero Bkmag B ¢opMmupoBanue
MaKpOCEHCMHYECKOTO TOJsl B TISITH-IIECTh pa3 ciiabee, 4eM pPe30HaHCHOro (akTopa.
BrnmsiHue ocTanIbHBIX TpEX MapaMeTpOB BOOOIE HUYTOKHO MaJIo.

JlocTarouHoe mpeBaIMpoOBaHHE HA AAHHOM TEPPUTOPUHM PE30HAHCHOIO (hakropa
HaJl OCTAIBHBIMU TO3BOJISIET BBIICIUTH PE3OHAHCHBIN 3 dekT B unctom Buze. [Ipu sTom
HEOOXOJMMO OTMETHUTh, UYTO BCJEICTBHE OUCKPETHOCTH HCXOIHBIX CTENeHEH
MOBPEKACHUH, HEBHICOKOH TOYHOCTH €JUHUYHOTO MaKpOCEHCMHYECKOTO 00CIeOBaHUS,
pabora ¢ €IUHWYHBIMH MAaKpOCEHCMHUYECKUMH OOBEKTaMH MPHUBOAUT K HHU3KOU
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JOCTOBCPHOCTU BBIABJICHHBLIX CTATUCTHYCCKUX SaKOHOMepHOCTeﬁ. N306exaTs 3TOrO
MOKHO OCPEJHEHHEM MaKpOCEHCMHYECKHUX JAaHHBIX MO IUIONIAU WIN TPYHITHPOBAHUEM
WX TI0 K&KIOMY MPU3HAKY C TOCEeIYIOIINM OCPETHEHUEM.

Jnst ompenencHus KOMWYECTBEHHOW 3aBHCHUMOCTH CTCIICHH TIOBPEKIACMOCTH
3aHUM OT PE30HAHCHBIX SIBICHUN COIMOCTABJUIMCH CTETIEHH MOBPEXKICHUM BBICOTHBIX
3IaHUil C OTHOIIEHHEM MEPUOJIOB COOCTBEHHBIX KOJeOaHWU 3MaHus W TPyHTa. AHaIHu3
MOKa3aj, 4TO MOUCK TEOPETUUYECKOU KPUBOH, alllIPOKCUMUPYIOIIEH 3KCIIEPUMEHTAIIbHbBIE
JlaHHBIE yJI00HO BECTU B BH/IE IIOJMHOMA N- OM CTENEHH OTHOCUTENBHO |In(T,y/ T.,)|

dr =P {|In(T;y/ T,p)|} 2

HcxonHble naHHBIE CTEIEHEH MOBPEXAEeHHs ObIIM CIPYNITUPOBAHBI B 3aBUCUMOCTH
ot Benuuunsl |n(T,y/T,,)| c uarepBanom ocpeanenus 0,2. IIpu 3ToM B Kaxk/blii HHTEpBaI
rpynnupoBaHusa nomnagano oT 15 a0 39 3panuil. [locTaTO4HO MPOCTON M HalEKHBIN
pe3ynbTar ¢ KoddduimenToM koppemsamun r=0.99 moirydaercs yKe IMpH YeTBEPTOU
CTEIIEHU IIOJIMHOMA. Y PaBHEHUE UMEET BUJ!

d=-2.0123x"+ 6.0164x° - 4.5847x° - 0.7644x + 2.2085 , (3)

rae x = |In(T,y/T.,)|. YKazaHHas 3aBUCUMOCTb ITOBPEKAECHUN OT COOTHOLIEHUS IEPUOJIOB
3[aHUS U TPyHTa NOKa3aHa Ha puc. 5.

24
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Puc.5. 3aBHCHMOCTE Pe30HAHCHOMN TTOBPEKIAEMOCTH OT COOTHOIIIECHHUS TIEPHOIOB
3/1aHUA U TPYHTA.

Eciu B ocu abcrucc He MCIONB30BaTh a0COJIOTHYIO BEIWYHHY, TO MOIYYUTCS
o0Imui BUJ pe30HAHCHOW KPUBOH ycuieHus moBpexaeHuid. OH mpeacTaBieH Ha puc. 6 U
AMEET THITUIHYIO KOJIOKOJI000pa3HyIo (hopMy.
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Puc.6. O6muii BUI pe30HAHCHON KPUBOH YCHUIICHHS TIOBPEKICHIM.

[loHATHO, 4YTO TONB30BATHCS BEIPAKEHHEM 3 UISI MPAKTHYECKOTO ydeTa
PE30HAHCHBIX HATPY30K MPH MPOEKTUPOBAHUH HE COBCeM ynoOHO, Ma u He HyxHO. OHO
obnazaeT Ype3MEpHON TOYHOCTHIO, HE COTJIACYIOIICHCS C HCIOJB3YyeMOW OaTbHOM
CHCTEMOH MpeNCTaBICHUsI Harpy30K. JlJsi MpaKTH4YeCKOro MCIIOJIb30BaHUs PE30HAHCHYIO
KPUBYIO HY)KHO 3arpyOHTh ¢ TOYHOCTHIO 70 O6amta. B 3ToM cioydae oHa OyneT MMeTh BHIT
[1-06pa3Ho#t GyHKIMH, H300pakeHHOH Ha puc. 7.

I'pannunble 3HaueHHs A00aBIeHUS Oalla 3a Pe30HAHC OMPEICISIOTCS YCIOBHEM
|In(T,s/T.,)| < 0,46. YTUpoCcTHB W OKPYTJUB JaHHOE YCIOBHE MOXXHO MPUUTH K Ooiee
yAOOHOMY TSI UCTIOIB30BAHUS BEIPAKECHHIO

16" <TwT,<16. (4)

OO0nacTei0 MPUMEHEHUS] PE30HAHCHBIX TOMPABOK MOTYT OBITh 3/aHHS 8-MH U
Ooree dTaxkel, Wiu obIamaromme cooCTBeHHBIME ieproaamu > 0,38 c¢. [Ipu BeImoTHEHUH
OJIHOTO M3 OTUX YCJIOBUHM Yy4YeT JAONOJHHUTEIBHBIX PE30HAHCHBIX HArpy30K Ipu
MIPOSKTUPOBAHUH COOPYKCHHIA JOKEH OBITh 00sI3aTEIBLHBIM.
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Puc.7. [1-o6pa3Hast pyHKUMS ydeTa pe30HAHCHBIX HAarpy30K.
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Jns mpoBepKH TPaBWIILHOCTH Y4eTa pPE30HAHCHOTO (akTopa MpeaCTaBIsIeTCs
WHTEPECHBIM BBIUECTh €r0 W3 HAOIIOJEHHOTO MaKpPOCEHCMHUYECKOTO IO MOBPEXKICHUH
B MuKpopaiione boranmka. Pa3HocTHas kapTa MmMOKakeT, KaKUM OBl MOTJIO OBITH IIOJIE
MOBPEKACHUM MPH OTCYTCTBHM PE30HAHCHBIX AP ¢eKkToB B 37aHusx. Ha puc. 8 u 9
MpeJCTaBIeHbl MCXOJHAs KapTa MOBPEXICHUH (IO pesynsTaram obcnenoBanus 414
CeCMOCTOWKNX OOBEKTOB) M KapTa CO CHATHIM pe30HAaHCHBIM 3(ddextom. PazHocTHas
KapTa MOBPEKICHUN, KaK U OKHUIAIOCh, COJIEPKUT TOJNBKO HE3HAUUTENbHBIE QIIYKTyalnn
MaKpOCEHCMHUYECKOTO TONA B TpeAeiax Jerkux mnoBpexaeHui (cremenu 0,5 u 1),
KOTOpPBIE MOTYT OBITh OOYCJIOBJICHBI, KaK BJIMSHHEM OCTaJbHBIX (HEPE30HAHCHBIX)
(hakTOpoB, TaK W TOYHOCTHIO MAaKPOCEHCMHUYECKOTO OOCIeZOBaHUS, IOCKOJBKY IIar
TUCKPETH3allMd  MaKpOCeHCMHUYEeCKOro MaTepuana COBMaJaeT C [MpelelaMHd  ero
HM3MEHEHUS.

o

-
-

.

-

CreneHb noBpexneHns

[ ] os

-

Puc.8. Kapra noBpexxneHuii ceicMOCTOMKUX 31aHui B MUKpopaiioHe boranuka
nipu 3emietpsicenun 31.08.86 r.
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CreneHb NOBpeXOeHNs

[ ] us

Puc.9. Kapra noBpexnenuii celicMOCTOMKUX 3/1aHUI B MUKpopaiione boTannka co
CHSITBIM pe3oHaHCHBIM 3¢ dextom (31.08.86).

BrImren3noskeHHBIH TOIX0/ 110 YYETY Pe30HAHCHBIX SBIICHUI ObLT peaan30BaH Mpu
pa3pabotke HoBOW KapThl CMP r. Kummuesa, co3manHoi MHCTUTYTOM TeOhU3UKUA H
reosiorud B 2004 r. Ha xapTe mokazaHo pacrpeneicHue pe30HaHCHBIX IIEPUOIOB IPYHTOB
Iuis  Bcell TeppuTopum ropoma. CremmanncraMm, TMPOEKTUPYIONINM COOPYKEHHUS,
npeanaraercs Ju0o u30erarb PE30HAHCHBIX CUTYAIlMH, CBSI3aHHBIX C yCIOBHEM 4, OO
TIOBBIIIATH Ha 0AJJT CEHCMOCTONKOCTh 0OBEKTOB.
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Kummaes, 1990, tunaia, c.161-164.
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Cmenanenko HA., Cumonosa H.A., Anexcees H.B.

MakpoceiicMudeckue q1aHHble 0 ceiicMuuHocTu Kapnart 3a 2004 rog

The macroseismic data on seismicity Carpathians for 2004. The results of macroseismic
investigation some feeling earthquakes of 2004 are resulted, namely: description them
macroseismic manifestation on territory of republic Moldova, table and card of points - marks.

B 2004 rony Ha tepputropuu MoagoBbsl OTMEUYEHO 5 OLIYTHUMBIX 3€MIICTPSICEHUI
obmact Bpandya ¢ mpomexyTodHod riryOmHOM ouara (90-150 kM) u OZHO KOpOBOE,
OTHOCsIIIeECs] K HIKHEMY TeueHHto peku [yHaii. J/[Ba 3emnerpsicenns, 7 ¢peBpans u 10
UIOHS, oulymanuch B KummHéBe OTOENbHBIMM JIIOIBMH, ObUIO HECKOJIBKO 3BOHKOB Ha
craumuio «Kummuésy (2 6amna), Tpethe, 17 HOOps, posBHIIOCh B KummHeBe cunbHee,
€ro HWHTCHCHBHOCTh B CTOJNHIE IO TeleGOHHBIM COOOIICHHUSM OLEHEHAa Kak
TpéxOambHas. B ciaydae ocranbHBIX 3emieTpsiceHuid, 27 ceHTA0ps, 3 okTsaops u 27
OKTS0psi, KpoMe TeNeOHHBIX COOOIIEHN Ha celcMHuuYecKyro cTaHnuioo “‘KummHéB”,
WCIOJB30BAIMCh MaKpOCEHCMHUUYECKHE JaHHBIE 110 peclyOiuKe, KOTOpbIE OBLIH
MOJy4YeHbl aHKETHBIM CIIOCOOOM  OT TOCTOSIHHBIX KOPPECIIOHICHTOB, a TaKxKe
coOMpanuch COTPYyIHHKAMH PETHOHAIBHBIX CeHCMHYecKHX cTaHuui. Hamo ormeruts,
YTO IpPHU 3eMJIETPSICEHUH 27 OKTAOpsS MaKCHUMajbHas HaOJIOAECHHAas MHTEHCHBHOCTh Ha
fore crpaHbl jgocturia 7 OamwioB mo mkame MSK-64. Hwxke mpuBomuTCs OmnuMcaHue
MIPOSIBJICHUN 3eMJIETPSACEHUM B pa3IMYHBIX HaceN€HHBIX MyHKTaXx MosmoBbl. OnucaHue
OLIYIIEHUH B CEIbCKOW MECTHOCTU OTHOCUTCS K OJHOITaKHBIM, B OCHOBHOM CAMaHHbIM
3JTaHUSIM.

CoObitne 27 ceHTsiOpa. [ns BeIsABICHUS MakpoceiicMuueckoro a(dexra Obl1o
pazocnano 50 aHKET, OTBET MONYy4YeH U3 29 HACENEHHBIX MyHKTOB.

B ropone Kaxym OONBIIMHCTBOM JIFONIEH ONTYIIAJCS TOJYOK, KOJCOAHWS IIPHU
3eMJIETPACEHUH OBUIM CXOXHM C KOJEOaHUSMH OT TSKEIO TPYKEHOTO TPaHCIOPTa,
IOpebe3any OKHa, JABEpPH, ApOXKald ILBeThl B Ba3oHax. CellcMOKOPPECIIOHICHT,
YUUTEIbHUIIA, BBIBETIA yUAIIUXCS U3 Klacca, IIe IPOBOAMICS yPOK, Ha yIIUILy.

B cénax Jxypmxynewmrtsl, ['aBaHoaca u Ilauky Karynasckoro pailona mepen
3eMyIeTpACeHHeM ObLI CHBILEH Ty, 2-4 TONYKa OLIYTHJIO OOJIBIIMHCTBO >KHUTENEH,
HaXOIIIUXCA B JOMAax, HEKOTOpbIE MOYYBCTBOBAIM 3€MJICTPSICEHHE Ha YJIHMLE U B
cTosiBIieM aBTomoOmie. [lpebe3kamu OKHA, ABEpH, KOIEOATUCh JETKUE TPEIMETHI,
0ECIOKOMIIUCH KUBOTHEIE.

B r. JleoBo u Onm3nexamem cene Koypay#, cénax Bans Ilepxkeir paiioHa
Yanpip-Jlyara, Otymus Bynkanemrckoro paiiona, Bepxusas Anborta Tapakimmiickoro
paiiona, barerp UuMuNIUIHIICKOTO palioHa OIIYIIAIOCh 2-3 CIa0bIX TONYKA, KOJCOAHMS
CXOKH C NaJICHUEM IIPEIMETOB.

Ha ceiicmuueckoit cranuuu «KummHEB» 3aperucTpUpOBaHO  HECKOJBKO
JIECSITKOB TeNe()OHHBIX COOOIIEHUH OT JIOAeH, HaAXOIAIIMXCS B MOMEHT 3eMJICTPSICEHUS
B CIIOKOMHOM COCTOSIHWM Ha Pa3lIMYHBIX 3Ta)kaxX 3/aHUil, B Pa3HbIX pallOHaX CTOJMILIBI.
Capruanocs apede3xaHne OKOHHBIX CTEKOI, KOJIeOaIHCh JIETKHE IPEAMETHI.
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B ropone I'puropuonons 0 U BO BpeMs 3eMIECTPSICEHUS OBbUT CIBIIICH TYII,
HaNIOMUHAIOMIMNA 3BYK Ipoesxkarorero KAMA3a. Bugna Obiia pssdb B cocyie ¢ BOIOM.
becroxonnmch KOMIKA 1 COOAKH.

B Tupacnione MHOTHE TTOYYBCTBOBAIN 1-2 TOYKA U HEKOTOPHIE 1aXKe BHIOEKAIH
Ha ymuny. B Kowmpate, cénax Kopren paifona Yaneip-Jlynra, Kapnunens
Xprauemrckoro paiiona, Crnes HoBo-AHeHckoro paiiona, Kumkansl CroGonzeiickoro
pationa Ilypkapsr paitona Iltedan Bomd, cmabpie kojiebaHus OMIYIANIKCH B IOMax U Ha
yIIHULE.

B ropone benpupr u cénax Mesrumxe Komparckoro paiiona, KopHemTs
YHrenckoro pationa, Cumorensl Kamapamickoro paitona, Kaymanel, YkpanHka
Kaymanckoro paiiona, Unnemeyns! Pe3unckoro paiiona, bezena bpuyanckoro paiioHa,
Banaypemtsl Hucriopenckoro paiiona kojeOaHHUS HE OIIYIIATHUCH.

3emuterpsicenne 3 okTA0psa. OTBETHI HA OTIIPaBICHHBIC AaHKETHI MOIYICHBI U3 14
HACENEHHBIX ITYHKTOB.

Ceno [Ixypmxynemtsl Karynbckoro paifona. Omrymancst OBICTPBIA TOIYOK
JIOABMH, HAXOISIIUMHUCS B COCTOSHHH TMOKOs. J[peOe3kann OKHa, JBEpPH, Kadajuch
JIFOCTPBI, JTAMITOYKH, OBLT CIBITIEH Ty Jlasnu cobakm.

B KummHéBe Ha CceMCMUYECKOW CTaHIMU 3apErUCTPUPOBAHO HECKOJIBKO
JIECSITKOB TeJIe()OHHBIX COOOIeHMH. MHOTHE )KUTENH Ha BCEX ATaKaX 3[aHWi Oy THIIH
1-2 Tomuka, HAONFOAH pacKaunBaHUE JIFOCTP, CIBIMIAIH Apede3KaHne CTEKOI.

Ceno JlunoBensl Yumunuimiickoro paiioHa. 3eMJIeTpsCEHHE OLIYIIaIoCh
MHOTHMH XHUTEISIMHU B TIOMELICHUSAX M Ha ynune. Komebamuch JIOCTpHl M JaMIIOUKH,
nIpebe3xana mocyna.

Karyn, JleoBo, ceno Ilanky Karymsckoro p-#a. CnaOwlif HEIPOMOIKUTEIHHBIHN
TOJYOK OUIYIIANCS] HEMHOTUMH JIIOABMH, HAaXOAALIMMHUCS B COCTOSHHM MOKOS, OBLI
CJIBIIIICH CIA0BIH TYIL.

I'puropronons, [lyboccapsl. OmryTwmm 1-2 ToNMdka HEKOTOPHIC CHIAIINE WU
JIeKaINe KUTEIH.

Tupacnons. OUH TOYOK ONIYTHIIM HEMHOTHE JIFOJIH.

B ropone Illtedan Bomd m bemmpr, a Takke B cene [esrmmke Komparckoro
paiiona, barelp YuMmMunummMickoro paiioHa u Vkpannka Kaymanckoro paiiona
3eMJIETPSICEHUE HE OLIYIAJIOCh.

3emueTpsicenue 27 OKTAOpsA ObIO HamOoJiee CHIIBHBIM TOCIE CEHMCMHUYECKOTO
my6ms 30 u 31 mast 1990 roma. Temedon Ha celicMudeckoit ctaHuy “KummHEB” 3BOHUI
HETIPEpPBIBHO, M B3BOJHOBAHHBIC JKUTEIM CTOJIUIBI COOOLIANK O MPOSBICHUHU KOJIeOaHUit
BO BCEX pailoHaX M Ha BCeX JTakax 3maHui. HaOmomamoch packaunBaHUE BHCIYHX
MIPEIMETOB, BHIIUIECKUBAHME BOIBI M3 OTKPBITHIX COCYIOB, ApeOe3kaHne U TajieHHe
HEYCTOMYUBBIX MPEAMETOB U Tocyabl. OTMeYanoch MOSBIECHUE TPEIINH B IITYKaTypKe.
Crisiye npockInaniuch, HEKOTOPBIE JKUTENN HIPKHUX TaKeH MOKUIAIN TIOMEIIEHHE.

CemubauTbHBIE KOJICOAHNUS OXBATHIIH I0XKHYIO 9acTh Monnosal. 1o ropoay Karyn
uMeeTcs 22 aHKEThI, U3 KOTOPBIX CIEIYeT, YTO B HEKOTOPBIX 3lIaHHSAX, OCOOEHHO CTapoi
3aCTpOMKH, HaOMIONANOCh MOSBJICHHWE IIUPOKHX TPEIIMH B CTEHAaX M IITyKaTypke,
MOBpPEXKICHUE W pa3pylIeHrEe IMOX0J0B. MHOTHE JIFOIM B CTpaxe BhIOETANH Ha YIUILY H
YyBCTBOBAJIM, KaK 3eMJISl KOJBIXAeTCS TOJ] HOTaMH, BHIHO OBLJIO, KaK pPacKauyMBAarOTCs
JIepeBbd, 3aHNe JeBATHITAKHOTO AoMa. Jlasmu cobaku, KyJaxTanu Kypbl.

B cénax Otynus Bynkanewmwrckoro paiiona, [lauky Karynasckoro paiiona ¢ Beuepa
OBUTa OTKJIFOYEHA JJIEKTPOSHEPTHS, M CIIAIIUE JIIOIU C y’KacoM IPOCHINAIUCh OT TyJa,
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HAIIOMUHAIOIIIETO TyJI OT MPOE3KAIOLIET0 TSHKEN0 IPyKEHOT0 TPAHCIIOPTa, OT TPSICKU CTEH
U Kpblil. ONpOKUIBIBAINACH JIETKUE MPEAMETHI, Ba3bl, KAPTHUHBI, CTYJIbsl CIBUTANNUCH Ha 2-3
MM, 00pa30BBIBAIMCH TPEIINHBI B MTyKaTypke 10 10 MM ¥ TOHKHE TPEIIWHBI B CTEHAX.
MHorue BpIOeTany Ha YJIHILy, HEKOTOphle KpUYaIH U IUTakaiu. JloManHss nTuna B3iaerana
CO CBOMX MECT U LIyMea, Jasiau COOaKH.

Janee Ha ceBep U CEBEPO-BOCTOK OTMEUAIUCh MEHEE 3HAUYUTEJIbHBIC
MOBPEXKICHUS, HCHYT JIIoAed He Tak cwiéH. Kak um B OmMDKHEW 30HE HAOIOMAIOCh
packauMBaHHME BHCSIIUX MPEIMETOB, BBILIECKMBAHUE BOJBI M3 OTKPBITBIX COCYIOB,
npebe3kaHne W TajieHne HEYyCTONYMBBHIX IPEIMETOB M TOCYIsl B Topomax Jleoso (7
anker), Kompar, Ilypkapsr, B cémax ["aBanoaca, KaszeBka, Jlesrumxke, Bepxuss Anbora,
KoBypynyii, Jlunosensl, Mycaut. becriokounuch oMaliHue >KUBOTHBIEC U MITHULIBI.

B 30He 5-6-0anmnbHBIX coTpsaceHHid okazanuck ropoaa llredan Bomd, bennepsr,
Tupacnons, ['puropuonons u cena bateip, Kopren, Kunkansi, Bans [Tepxkeit, Bans Mape.
IToBceMecTHO HAOMIONANIOCH OECIOKONWCTBO >KMBOTHBIX, OBUT CHBIIIEH MOA3EMHBIN TYIL
3aduKCUpOBaHBI CIy4Yau TOJIOBOKPYKCHUS M YXYIICHUS CAMOYYBCTBUS JIOACH BO BpeMs
3EMIIETPSICEHUSL.

[IatubamieHble  KONeOanwms pocturim TopomoB bembnber m Copokwm, cena
Uuneweynsl Pesunckoro paiioHa.

Pesynprater  00paboTKM MakpocelicMudeckod wH(pOpManuu, coOpaHHOH Ha
TeppuTopur MOJIIOBHI, IpUBEACHBI B Tabmumax 1-3. KapTel «ITyHKT-0a1» MpeCcTaBICHBI
Ha puc. 1-3.

Tabmuma 1. [TyHKTH — 6aswiel 3emuerpsicenus 27 centssops 2004 roxa.

Ne Hacenénnsiit Henbra|Asumyt | Ne Hacenénnplit Henbra |A3umyT
/I MyHKT KM 0 /I MTyHKT KM 0
4-5 danos 17 |c. Kapniunensr 189 63
1 |r. Karyn 136 80 18 |c. Kumkansr 269 64
2 |c. I'aBaHOCHI 149 86 3 bamna
3 |r. JleoBo 160 57 19 |c. JIunoBeHsl 210 56
4 |c. batep 219 63 20 |c. Ilypxapsr 275 69
4 bamia 2 bamia
5 |c. ITauky 134 76 21 |c. Cnes 260 56
6 |c. [Lxkypmxynmemtsr | 138 100 22 |r. Itedan Bomxd 262 67
7 |c. Orymus 155 98 He omymanm
8 |c. Mycaut 159 85 23 |c. Jesrumxe 183 64
9 |c. Bepxuss Anbora | 160 79 24 |c. bamaypemTs 188 43
10 |c. KoBypynyit 180 56 25 |c. CumoTeHsl 222 38
11 |c. Bans ITepxwuit 194 78 26 |c. YkpamHKa 230 69
12 |r. Kumnaes 230 50 27 |c. KopHemTsl 248 28
13 |r. I'puropuonons 269 53 28 |c. Kaymansl 250 64
14 |r. Tupacnons 272 62 29 |r. benbust 253 25
3-4 Gamna 30 [c. be3zena 274 8,4
15 |c. Kopren 173 77 31 |[c. Ynnemeynsl 286 38
16 |r. Kompar 183 68
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Tab6muna 2. [TyHkTeI — 6amter 3emuerpsicenus 3 oktsiops 2004 rona.

Ne Hacenénnblit Henbra A3umyT
n/m MYHKT KM 0
4 Gayuia
1. | c. JLKypoKyIemTel | 65 | 297
3-4 banna
2. r. JleoBo 152 338
3. c. JIunoBeHsl 172 355
4. r. Tupacnonp 185 16
5. r. Kummiaes 200 356
3 bamna
6. r. Karyn 97 323
7. r. ['puropuormnoins 214 7,5
2-3 bamna
8. | c. Hanky [ 107 | 324
3 bamna
9. | nrt. lyboccapsl | 228 | 4
HE OLIYIIAIN
10. c. Jlesrunxe 136 349
11. c. YKpauHka 136 10
12. c. bateip 152 2
13. r. llltedan Bomd 161 19
14. r. benb1ibl 294 344

Tabmuma 3. [TyHKTBI — 6amtel 3emierpsicenus 27 oktsopst 2004 ropa.

Ne | Hacenénnpiii nmynkr | [denpta | Asumyt | Ne | Hacenénuwiit myskr |/lenbTa |A3umyT
n/m KM o /T KM 0
7 6aiioB 15. |[c. KapinHens! 171 52
1. |C. Nauky 122 79 16. |c. banaypemrsl 173 42
2. |I'. Karyn 124 84 17. |c. Bans Mape 177 34
3. |C. Orynus 146 102 18. |c. Bans Ilepxuit 182 81
6-7 baJI0B 19. |c. bateip 205 64
4. | Jleoso | 145 | 58 20. |c. Tpymens: 213 47
6 6ayIoB 21. |r. ltedan Bomd 248 68
5. |C. T'aBaHOCHI 138 90 22. |r. bengepst 249 62
6. |C. Bepxusist Anbdora 147 82 23. |r. I'puropuornosnn 254 54

7. |C. Mycaunt 148 88 5 6ayIoB
8. |C. KoBypynyit 165 57 24. |c. JlumoBeHsl 195 43
9. |I'. Kompar 169 70 25. |c. CunoTreHsl 207 38
10. |C. Jle3runxe 170 66 26. |c. Kuikansl 255 65
11. |C. Kus3eBka 174 56 27. |r. Tupacnonn 258 63
12. |I'. Kummues 215 51 28. |c. UnHemeynpl 271 38
13. |IIrt. Ilypkapst 261 71 29. |r. Copoku 371 26
5-6 banoB 4-5 GamioB

14. |C. Kopren [ 161 | 79 30. [r. Beabust | 240 | 24
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Cmenanenko HA., Anexcees U.B., Cumonosa H.A.

MexaHu3MBbI 04aroB 3eMJleTpsiceHuil 001actu Bpanua,
npoucumenmux nocie codobiruii 30, 31 mast 1990 rona

The focal mechanism of the Carpathians earthquakes, taken place after events 30, 31 May
1990. The paper presents the fault-plane solution of the earthquakes of 1990-2005 and its effect
on distribution of intensity of shakings in the Moldavian territory. The correlation between focal
mechanism of the Carpathians earthquakes and of seismic intensity distribution was studied. It
was obtained, that the sources, disposed on central zone of Vrancea, are most dangerous for the
Moldavian territory.

Jns meneil mporHosa TposiBIEHUA celcMHMuYecKkoil nesrenbHocTd KapmaTckux
3eMJIETPSICeHUI Ha TEpPUTOPHH MOJIOBEl OYEHb BaKHO YCTAHOBHUTH B3aWMOCBS3b
reogrnHamMukn Kapmarckoro permoHa ¢ MakpocedcMuuecKMM 3((EeKTOM OT CHIIBHBIX
3€MIIETPSICEHUH.

HNHCTpyMEHTAIBHON XapaKTEepUCTUKONW T'€OJIMHAMUKHU paiioHa B OMpeAeEéHHOU
CTETIEHW MOTYT SIBISATHCA IapaMeTpbl MEXaHH3Ma OuYaroB 3eMIIETPSCEHHH, a UMEHHO,
HaPsDKEHMsI, JCWCTBYIONIME B oOdYarax 3eMIETPSCEHH, OpUEHTalUs IUIOCKOCTEeH
paspbiBa, MOJBIXKEK U CMEIIeHUH 1o HUM. [locTpoeHust mpoBOIUIUCH 1O MeToiuke A. B.
Beenenckoil.

PaccmoTpum pe3ynbTaThl MCCIEI0BAaHUS HANpPsDKEHUH B oyarax 3eMJIETpsACEHUl,
OIyIIAEMBIX Ha 3EMHOW TIOBEPXHOCTH Ha TeppuTOpuM MonmaBun, 3a TEpHO/,
MPOMIEIIINN TOc/Ie MPUOMMKEHHBIX K MaKCHMaJIbHOMY BO3MOXKHOMY 3€MIIETPSCEHHIO
ceiicmuuecknx coOwbitiii 30, 31 wmas 1990r. U3ydeHwe STHX OTHOCHUTEIBHO
ceificMuueckoro ()OHa CHIBHBIX 3eMIIETPSACEHHH ¢ MarHUTyzoid M>4.4 mpencraBuseT
CaMOCTOSATEIBHBI HHTEpPEC, TaK KaK B HMX oOdarax NpOSBISIIOTCS HanOojee o0Imme
3aKOHOMEPHOCTH TOJIsI TEKTOHHMUECKUX HampsbkeHuil. Kpome Toro, pemenus MexaHu3MoB
3THX 3EeMIIETPSCEHHH OOecreueHo MaHHBIMH OOJIBIIOr0 KOJIMYECTBA CEHCMUYECKUX
cranIuit EBpa3un, 4To 00yclaBInBaeT UX HaI&KHOCTb.

B Tabn. 1 mpuBeneHBI OCHOBHBIE MapaMeTPhl HCCIEAYEMBIX 3eMIIETPICEHUH
obnactu Bpanua 3a 1990-2005 rr.: koopAuHATHI, TIyOMHA ouara u mMarHutyna Mb mo
JAaHHBIM MeXTyHapoTHOTO celicMonorndeckoro meHtpa ISC, a momydeHHbIe mapaMeTphl
pelIeHus] MEXaHM3MOB HMX OYaroB B TaOm.2. 3/1ech K€ TMPHUBENEHBI PEIIeHUs IPYTHX
aBTOpOB.[2-6] YciioBHBIE 0003HaUeHUS HOAANBHBIX ockocTei (NP) u ocell rimaBHBIX
HanpspkeHwii: cxarus (P), pactskxenms (T) w mpomexyrounoro (N) NpUHSTHI
craggaptaeiMu  [1]. Ilmockoctw NP1 m NP2 xapaktepusylorcs asWMyTOM 10
npoctupanuio (STK) un yrmom magerus (DP). Ocu cxatus (P), pactsxenus (T) u
npomexkytouHoro (N) HampspkeHudl 3amaroTcs  HampaBieHueM (AZM) u  yriiom
MOTPYKEHUS OTHOCHTENbHO Topm3oHTa (PL). Bce mocTpoeHuUs BBITIONHEHB HA CETKE
Bynbda B HUXKHEIH onycdepe.
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Tabnuma 1. [TapameTpsl 04aroB CHJILHBIX 3€MIICTPSICEHUH
obmactu Bpanua 3a 1990 — 2005 rr.

Hata Bpewms ITapamerpsl ouara

h m s Lat. Long. M H
30/05/1990 10:40:06 45.85 26.66 6.4 89
31/05/1990 0:17:48 45.81 26.77 5.9 90
06/10/1990 19:09:56 45.50 26.24 4.7 140
13/01/1991 3:23:48 45.71 26.70 4.9 132
31/01/1991 13:29:12 45.73 26.68 5.0 122
31/03/1992 15:04:38 45.67 26.54 4.6 140
12/10/1992 19:33:43 45.55 26.48 5.0 116
30/07/1993 14:25:52 45.71 26.54 4.7 130
26/08/1993 21:32:34 45.70 26.56 5.0 144
13/03/1998 13:14:12 45.57 26.26 4.7 156
28/04/1999 08:47:55 45.48 26.22 5.1 150
08/03/2000 22:11:29 45.81 26.79 4.6 80
06/04/2000 00:10:39 45.73 26.58 4.9 137
24/05/2001 17:34:01 45.63 26.42 5.0 144
20/07/2001 05:09:40 45.76 26.79 4.7 133
30/11/2002 08:15:48 45.63 26.55 4.9 168
27/09/2004 09:16:23 45.65 26.46 4.8 134
03/10/2004 09:02:04 45.20 28.97 4.8 31
27/10/2004 20:34:36 45.78 26.71 5.4 97
14/05/2005 01:53:20 45.68 26.44 5.1 149

ONHULIEHTPH IPOMEKYTOUHBIX 3€MJICTPSCEHUN 00pa3yroT JUIMIICOBUIHYIO 30HY,
OonplIas OCh KOTOPOH MapKuUpyeT TIIIyOWHHBI pas3ioM [Oro-3amagHoro — CeBepo-
BOCTOYHOT'O POCTUPAHUSI.

PaccmoTpum noapoOHee pe3ynbTaThl peLeHUs ATl KaXKI0T0 3eMIIETPACCHHUS.

ITocne 3emnerpsicenuit 30 u 31 Mas MOBBIMICHHAS CEHCMUYECKas aKTUBHOCTh BO
Bpanue coxpassiiack 10 KOHLA roaa, U 6 okTaops 1990 r. Ha roro-3amajgHOM KOHIIE
MOJIOCHI  SMHUIIEHTPOB ~ BO3HHMKJIO €€  OJHO  3E€MIJIETPSICEHHE, IPOSBHBILIEECS
MakpoceiicMuaecku Ha Teppuropun Monnasuu. OHO OIIYIIANIOCH B IICHTPATBHOU U FOTO-
3amaaHoi yactu MonmaBuu, a Takke B PyMmbiHuM, Ha toro-zamage Opecckoil oOnacTtu
YkpauHbl UHTEHCUBHOCTHIO 10 4 OammoB. B Kummuése 3 OGamma. Ha ceBepe crpanbl
3eMIIETPSICEHUE HE TIOYYBCTBOBAIIH.

3eMyeTpsiceHHE MPOMU30ILUIO TOJ JACHCTBHEM CHJ C)KaThs, HalpaBICHHBIX
CyOTOpH30OHTABHO M OPUEHTHPOBAHHBIX cyOMepuanoHanbHo [2]. Ock pactsikenus T
cyoBepTukanbHa. OHA W3 TUIOCKOCTEH KpyTasi, apyras mojoras. 1o KpyTo# IIocKocTH
Ipou3oIIa B30poco-ciBUroBas mMojABMKKAa. CeBepHBIH OOpPT pa3phiBa HAJABUHYT Ha
FOKHBIH.
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Tabnuua 2. [TapameTpbl MEXaHU3MOB 0YaroB CHIIbHBIX 3eMJICTPSICCHUI
obnactu Bpanua 3a 1990 — 2005 rr.

Jara ITnockocth Hanpsoxenus TouHOCTB AB-

NPA NPC P B T Top
Stk | Dip | Slip| Stk|Dip| Slip| Az| P1 | Az| Pl | Az| PL | N | n | p
06/10/1990| 78| 21| 63|286| 71|100| 9| 26{103| 9|212| 62| 70| 13| .82| 2

13/01/1991| 116| 40| 73(317| 50|105| 37| 4|127| 10|285| 78| 99| 9| .92
31/01/1990| 129| 44|112{280| 50| 71| 23| 3|293| 15|126| 75| 92| 14| .85| MP

31/03/1992|196| 46| 80| 30| 46]100|114| 0]204| 7| 28| 82| 73| 13| .82

12/10/1992|220| 60| 70| 74| 34|118|324| 12|230| 18| 83| 70| 68| 11| .84

30/07/1993|240| 60|108| 25| 34| 60|314| 14| 50| 16|188] 70| 61| 12| .80

26/08/1993| 164 | 45| 92|338| 46| 88| 72| 2|349| 2|188| 88|112]| 17| .85

274| 40[116] 60| 56| 78|166| 8| 72| 17|285| 72| 81| 8| 90| *

13/03/1998 227 12| 96| 42| 78| 89|133| 33| 42| 1|310] 57 3
332] 34| 82|174| 57| 96]248| 11340 5| 92| 78| 77| 7] 91
28/04/1999|325| 40| 69|171| 53]106|249| 5|340| 13]122| 78 4
350 36| 93]166| 54| 88]258| 9(167| 2| 80| 66 3
111| 46[101|274| 44| 76|193| 2|284| &8|100| 80| 61| 9| .85 *
08/03/2000] 75| 61|127]|199| 46| 43|140| 9]235| 31| 37| 57 6
85| 80|153|180| 63| 11]135] 11]246| 61| 39| 26 ROM
226| 70| 93| 39| 20| 83|314| 25| 56| 3|141| 65| 98] 5| 95| *
232 79| 81| 92| 14|129|330| 33|234| 9|131| 55 5
06/04/2000] 238 | 81|106|356| 18| 29|315| 34| 56| 16|167| 51 3
223| 79|101]358] 15| 46|304| 33| 41| 11|146] 55 ROM
223| 78| 96| 18] 14| 66|308| 32| 42| 6|140] 57 6
216| 60| 86| 43| 30| 96|308| 13[218| 3|114| 76| 66| 5| .92 *
212 63|111]352] 34| 55[287] 15| 22| 19|160] 66 5
24/05/2001/206| 60[104| 1| 33| 67|288| 14| 21| 43]|150| 71 3
199 56| 92| 16| 88| 34|288| 11| 18| 1|115] 79 NEIC
204| 57|100] 7| 34| 76|287| 12| 19| 8|143] 76 ZUR

20/07/2001) 115| 50| 93]295| 40| 88]|203| 5[293] 2| 29| 95| 60| 6] .90| *
275| 42|150] 27| 70| 53|145] 18] 49| 35|257| 50| 61| 9| .85

30/11/2002| 153 | 77|106]| 26| 20| 39| 43| 55|156| 16|256| 31 5
151 75|/100] 3] 18] 59| 47| 59|153| 9|248] 29 ZUR
27/09/2004| 198 | 40| 75| 37| 92]|102|118| 61]210| 10|357] 79 3

3/10/2004 | 289| 27[129|152| 70| 72| 88| 16|325]| 17]228| 23
120 42|145]238| 68| 54(354| 16|264| 32|105]| 54| 55| 7| .87

337] 19| 29|219| 81]|106]296| 34| 37| 16]|148| 51 3
2771012004 356| 14| 43]224| 80[100]305| 34| 42| 10]|146] 54

310 24| 13]208| 85]|114]278| 35| 26| 23|142| 45 NEIC
14/05/2005] 37| 40|111[192] 52| 72[291| 6]200] 13| 45| 74 ZUR

* ROM — National Institute of Earths Physics, Bucharest Romania.
ZUR — Institute of Geophysics, ETH — Zurich.
NEIC — USGS/NEIC USA
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3emnerpsicenne 13 suBaps 1991 1. mpomsonuio B ceBEpO-BOCTOUHOM HacTu
ouaroBoit oomactu Bpanda. Omrymanock Ha 00JbIIei 9acTi TeppuTopur MongaBin 1 Ha
KpaiiHeM toro-3amnazae YKpawHbl. [10 cOOOmEeHnsIM MOCTOSTHHBIX CEHCMOKOPPECTIOHICHTOB
B 6 HacenéHHBIX TyHKTax MomnmaBun u ropoxae M3maumne Ha YKpanHEe OTMeueHa
MakcUMallbHasg HaOJIOAEéHHAs MHTEHCHUBHOCTL 1 — 4-5 OamnoB mo mkaie MSK-64. B
Kumunése m emé B 25 ropomax u cémax koneOaHWs ObLTH YeThIPEXOaTbHBIMU.
Omnrymanock OHO U Ha JieBoM Oepery JlHecTpa.

Obe BO3MOXKHBIE IIOCKOCTH pa3pblBa HWMEIOT IOr0-BOCTOYHOE MNPOCTUpPAHHE.
Opna u3 wiockoctedd NP1 6onee kpyrast. [logBukku 1o HUM IpeACTaBISHB! HAIBUTOM C
HEOOJBITION KOMIOHEHTOH JieBocTopoHHero (NP1) u mpaBoctoporHero (NP2) cnBuros.
Ock  pacTATMBAIOIIETO  HAMpsDKEHHUS  TMOYTH  BEpTUKaJbHA,  OCh  CHKATUA
ONMU3rOpU30HTANIFHA W OPHUEHTHPOBAaHA B HAINPaBICHUH CEBEPO-BOCTOK — FOTO-3amal
(AZM=37°).

Jna BolOOpa nAeHCTBYIONIEH IUIOCKOCTH pa3pblBa MBI PYyKOBOJCTBOBAJIHCH
reoyiornueckumMu coodpaxenussmMu. [lo Gomee kpyToit mockoctu NP1 1oro-3amamHsiii
0OpT pa3pbiBa HAJBHHYT Ha CEBEPO-BOCTOYHBI B COOTBETCTBHH C IPOJOIKAFOIINMCS
Bo3nmbIMaHueM BocTounsix KapnaT u Hagsuranuem ux Ha [Ipenkapmarckuii mporuo.

3emuterpsicenue 31 saBaps 1991 1. Takke OTHOCHUTCS K CEBEPO-BOCTOYHON YaCTH
AMULEHTPANbHON 30HBI. OIIylIalock OHO JIMIIb HAa KpailHeM oro-zamaje cTpaHbl. B
ropoxax Karyie u JleoBo oTMeuanuch cradbie kKoiaebanus 10 3 OalioB.

MexanusM 3emieTpsiceHHs OMM30K K MexaHusMy ouara 13 sHBaps. 3a
JEHCTBYIOLIYIO TJIOCKOCTh pa3pbIBa MpHHATA IiockocTh NP1, moaBmkka mo KoTopoi
HOCHUT XapakTep B30poca ¢ HE3HAYUTEIHHON MMPaBOCTOPOHHEH CIBUTOBOM KOMIIOHEHTOH.
Ochb cxkaTusi OpUEHTHPOBaHA B TOM )K€ HAlpaBICHWH, KaK M B ClIydae MPeIblIylIero
3eMJIETPSCEHUS.

3emnerpsicenue 31 mapra 1992 r. OTHOCUTCS K LIEHTPAJIbHONM YacTH O4YaroBOM
obmactu. Ha roro-3amage MoymaBun B IBYX HACEJICHHBIX ITyHKTaX OHO OMIYIIAIOCH 0 4
6annoB, B Kumuuése — 3 Gamna.

O06e BO3MOXKHBIE HOAANBHBIC TIOCKOCTH C TOABMXKamMu B3OpocoBoro Tuma. Och
cxaTus P ropuzoHTanbHa U OPUEHTUPOBAHA B HANPABIEHUU CEBEPO-3ama — I0ro-BOCTOK.
ITo mmockoctn NP1 mpoucxomaur nHansuranue Kapmatckoit myru Ha IlpeaxapmaTtckuit
mporuo.

3emmneTpsicenue 12 oktadps 1992 r. oTHOCHTCS K LIEHTpalbHOW yacTu Bpanua.
MakpoceiicMuueckue JaHHbIE TOJy4deHbl U3 39 Hacen€HHBIX MyHKTOB. Ha roro-zamane
pecnyOiIMKH WHTEHCHBHOCTH AocTturia 4-5 OamtoB. B Kummuése u Ha neBom Oepery
JHectpa oTmMeueHb!I 4-0aluTbHEBIE KOJIeOaHus.

ITo kpyTo#t mnockoctu NP1 BepxHee Kpbljlo pa3pbiBa JBUrajoCch BBEPX U HA IOTO-
BOCTOK, B Y€M IPOSBUIIOCH MOTPYKEHUE MPENTOPHBIX MIIaCTOB 3€MHOM KOPBI M BEpXHEH
ManTun non Kaprarckyro nyry m Hagsur Kapmar Ha npearopusie odiactu. Ock coxaTus
P nanpasnena normepEk mpocTUpaHus TOPHOU OyTH B paiioHe e€ u3ruoa.

3emnerpsicenue 30 wions 1993 1. omymamoch Ha OTo-3amaje CTPaHBI
WHTEHCUBHOCTBIO 110 4 OammoB B 11 HacenéHHbx myHkTaX, B Kummuése 3 Oamna. [lo
Juectpa xoneOaHus HE JONIUIH.

XapakTtep MEXaHU3Ma B30pOCO-CIABUTOBEIH. Honanbuas IJIOCKOCTh
JIMATOHAIBHOTO HATIPABJICHHS C YIJIOM cKonbxkeHns B 60°. CxaTue GIH3roOpH30HTAIBHO
Y pacroIoKeHO NepIIeHANKYJIISPHO KacaTtenbHOH K KapmaTckoii nyre B Mecte e€ nruoda.
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3emierpsicenue 26 amrycra 1993 r. Obuto mo MarHuTyae Oonblie, Yem
MpeapIaylee U KOJIMYECTBO 3HAKOB IEPBBIX BCTYIUIEHHH BONHBI P BaBOE Oodbiie,
OJTHAKO MaKpOCEHCMHUIECKH MPOSBIIIOCH ciTabee Ha fore MoaaBuu, 4eM e€ IeHTPaTbHOMN
gacTtu. B 1. Karym otmedanucey Tomdku ¢ uHTEHCUBHOCTRIO | = 3 - 4 Gamna, a B Kumuuése
u JleoBo — 4 Gaina.

O0e HomanbHBIE TUIOCKOCTH OPHEHTHUPOBAHBI cyOMepuauoHanbHO. OCh CxKaTHA
cyOropu3oHTalIbHA M HallpaBlieHa MoNepEK cTpyKTypsl BocTounsrx Kapmart.

Hanee B obnactu BpaHua HacTynmui meproa CEHCMHYECKOTO 3aTHILBS BIUIOTH /10
koHna 1997 roxa.

3emnerpsicenne 13 maprta 1998 1. mpou3onuio B 1oro-3amaaHoi dyactd BpaHuwn.
Makpoceiicmuyeckuii 3pdekt Obul BeIpakeH ciabo u 0e3 ocobeHHocTell. Ha rore
Monngasuu 10 4 6aninos, B Kummnnése — 3 0aia.

3HaKM TEpBBIX BCTYIUICHHH MPOJONBHBIX BOJH XOPOIIO  Pa3IeislFOTCS
HOJAJIbHBIMH TIIOCKOCTSMH. 110I0Tast III0CKOCTh OpHEHTHpoBaHa mHpoTHO (STK=274°),
KaK ¥ OChb NPOMEXYyTOuHOro HampspkeHus N. Jlpyras KpyTas NMIOCKOCTb AMAroHanbHOM
opueHtannu. Och cxartusg CyOrOpH3OHTANbHA W HalpaBeHA BKPECT MPOCTHPAHUS
IOxupIx Kapmat. MexaHn3Mm ouara HOCHT HAJBHUTOBBI XapaKTep B COOTBETCTBHUU C
HagsuranueM FOxupix Kapnat ma [Ipenkapnatse.

Kpome storo umeercs pemenue mexanusma HRVD [3], monyueHHOE ¢ MOMOIIbIO
TEH30pa MOMEHTA-IIEHTPOHIa C WCIOJIB30BAaHUEM BOJHOBOW ()OPMBI OT BCTyIUIeHHS P-
BONHBI JI0 (QYHIAMEHTAJIbHBIX MOJ TIOBEPXHOCTHBIX BOJIH, 3apETHCTPUPOBAHHBIX
OUQPOBHIMH  CEHCMHYECKHMMH CTaHLUUSIMH MHPOBOWM ceTH. Bropele wu3 1IByX
ANBTEPHATUBHBIX KPYTHIX IUIOCKOCTEH OJNM3KHU 10 OpHUEHTAIWH, a TEPBhIE OTIMYAOTCS.
Tak kak Bo BTOpoM pemieHHH ocd P u T HakJIOHHBIE, YTO HE XapaKTepHO JAJS 00IacTH
Bpanua, To npeanoyrenue otaaéTcs NepPBOMY pPELISHHIO.

3emnetpsicenue 28 ampens 1999 r. ¢ rmyOuHoi odara 159 kM omrymanock Ha
roro-3amnajae MoigaBui HHTEHCUBHOCTBIO 10 5 6aminos, B Kummnése — 4-5 6ajnos.

[To sToMy coObITHIO MMeeTcst 2 perienus mo Metony TMIL [3, 4]. Pemenue,
MoNlydeHHOE HaMH, corjacyercs ¢ obOoumu permieHusMu. lloxg pmeficTBuem  cun
OJIM3TOPU3OHTAIBHOTO CXKATHsI B IIHPOTHOM HANpPAaBICHWH TPOUCXOAWT HAIBUT
Bocrounsix Kapnat na [1penkapmnarckuii mporuo6.

3emnetpsacenue 8 mapta 2000 r. omrymanock B ropoaax Karyia HHTEHCHBHOCTBIO
3-4 6amna n Kummuaés — 2 6anna. DOUIEHTp ero ObUT MPHYPOYEH K CEBEPO-BOCTOYHOM
OKpamHe 09aroBoii o0mactu Bpanda, riryouna ero mo manHbM ISC cocraBiser 27 kM, a
10 aHHBIM, ceficMonornueckux ciayx0 byxapecra u O6HuHcka oHa nopsaka 70 xm. Ilo
BUIYy 3allMCl Ha ceiicMuueckoi craHmuu «KUIWHEB» HTO UIMHHOMEPHOIHOE
3eMJIETpSICEHNE C TIOBTOPHBIMHA BCTYIUIEHHSIMH B oOmacté P-BomH HeEyBepeHHO
WHTEPIPETUPYETCS 10 TITyOHHE.

B cootBercTBHMM € STUM HaMM IOJyYEHO TaKXKE JBa BapHaHTa pPELICHUS
Mexanu3Mma oyvara: ana H=100km u H=33xm. VMcnosnb30oBaHbl 3HaKW BCTYIUIEHUH BOJIH P
mo 61 cTaHIIMM MUPOBOU CETH CEMCMUYECKHMX CTaHIui. [Ipu mocTpoeHUH TPYIHO OBLIO
pa3zenuTh HONAIBHBIMH INIOCKOCTAMH 00JAaCTH CXKaTHA M pacTskeHus. TeM He MeHee, B
000HX ClTydasx MOJyYMINCh OJIM3KHE PEIIeHus], [I03TOMY B TaOJHIlEe MPEICTaBICH OJUH
BapuaHT. KpoMe Toro, numeercs JBa pemieHus no meroay TMII, riae ogHa U3 miockocTen
cyOMepuIuoHallbHa, a BTOpas — CyOIIMPOTHA W OCh pAaCTsDKEHHS HaKIOHHas. B
COOTBETCTBHH C HAIIMM peIIeHHEeM 00€ TUIOCKOCTH UMEIOT CyOUTMPOTHYIO OPHEHTAIHIO,
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a pacTsDKeHHE BEpTHKaJIbHO, W B oOdYare IpoOM30IIIa B30OpocoBas MOABIKKA C
HE3HAUUTEIBHOU CABUTOBOM KOMIIOHEHTOM.

3emnerpsicenne 6 ampens 2000 . omrymaiiocs B Karysie MHTCHCHBHOCTBIO 10 4
6annoB, B Kuminnese 0bu10 3-4 Oania.

Hcnonp30oBaHHbIE JUIS MOCTPOCHHS 3HAKW TMICPBBIX BCTYIUICHHWN P-BonH, B
OTIIMYME OT TMPENbIIYIIEro 3eMIETPSICEHUs, XOpOILIO pa3nenuiauch. llomydeHHBII
MEXaHW3M Ouara MpakTHYECKH COBIAJAeT ¢ MEXaHHU3MaMH, MPECTABICHHBIMU APYTUMHU
aBTropamu [2,5,6]. HaOmomaeTcst Hak/IOHHAsT OPUCHTALUS OCEH HANPSIKCHUU CKATUSA U
pacTsokeHus, TpUYEM TIOCIEMHSsS HaIllpaBlieHa ONvKe K BEpTHUKAIHM, OJHA IMOoJoras
TUIOCKOCTh, ApyTas - KpyTas, IO KOTOpPOH, ITO-BHIUMOMY, IPOU3OILIA TOJBIKKA
B30pPOCOBOIO THUIA.

3emnerpsacenue 20 uronas 2001 r. oTHOCUTCA K CEBEpO-BOCTOYHOW OKpamHE
obmact Bpanda. IIposBHIIOCE MHTEHCHBHOCTBIO N0 5 OaymioB Ha tore MommaBuu, B
Kumunese 3-4 6amna.

Mexanusm ouara peméH Hamu. OH  XapakTepusyercs CyOIIUpOTHOMN
OpHEHTaNeN HOMANBHBIX IJIOCKOCTEH, YTO OTIMYAET €ro OT MEXaHU3MOB CHIIbHEHIINX
BpaHUcKuX 3emurerpscenuit (1940, 1977, 1986 u 1990 rr.). B ocTambHOM, OH THITHYEH
JUIE  TPOMEKYTOYHBIX OdYaroB Top BpaHua: OnM3ropu3oHTalbHOE CXKaTHE H
OJIM3BEPTHKAIBHOE PACTSDKEHUE 00YCIaBIMBAIOT B30POCOBYIO TTOJIBUKKY.

3emnerpsicenne 30 HosOps 2002 r. mpowmsomnio Ha TiyomHe Ooiee 160 kM u
OIIYIIANIOCh HA I0r'e CTPaHbl HHTEHCUBHOCTRIO 10 4 0a/UIOB, B cTONIHMIIE — 3 OaJia.

Nwmeetcst penienus mexanuzma o Metoxy TMI u pemenue, moydeHHOe HAMHU
mo 61 3HaKy BcTymeHus BoiH P. CeBepHbIH O0PT HAJABUTaeTCs HA I0XKHBIN, HAIIPABICHUE
OCH CXKaTus 1oro-soctouHoe. Pemenus nmo merony TMIL Ham mpencTaBisitoTCsl MEHee
YAaYHBIMU W3-32 HECBOWCTBEHHOTO JIJISi MPOMEXKYTOYHBIX BPaHUYCKHX OYaroB HAKIIOHY
ocell CKaThs U PacTsDKEHUSI.

3emnerpsicenne 27 ceHTa0ps 2004r. mponsonuio Ha TIyonHe 145 KM ¥ TIPOSBUIIO
cebs Ha roro-3anaze MonaoBsl 4-5 - 6amnsHBEIMA Kosiebanusamu, B Kumunese — 4 0aia.

Jus aroro coOwiTus, mo AaHHbIM ['apBapackoro ynuBepcutera HVRD, ectsb
oTIpesieTIeHne MeXaHU3Ma ovara, COrJIaCHO KOTOpoMy 00e HOJaJIbHbBIE ITIOCKOCTH UMEIOT
CEBEPO-BOCTOYHOE — IOr0-3aMaiHOe TpocTHpanue. HampspkeHus ckaTusi OpueHTHPOBAHbI
B FOT0-BOCTOYHOM HarmpaBiieHHH. [lofBMKKa B30pOCOBas ¢ HE3HAUUTEILHOW CIIBUTOBOM
KOMITOHEHTOM.

3emnerpsicenne 3 oktsa6ps 2004 r. He oTHOCHTCS K obmactu Bpanua.. D10
KOpOBO€ coObITHE mpuypoueHo K jaenbTe JyHas. B Jxyp/okynemTax mposiBUIOCH Kak
yeThIpex0auibHOe, Ha fore cTpaHsl 1 B Kummnaese 1o 3-4 6amnoB. Konebanus mommm 10
neBoro 6epera JlHectpa.

Mexanuzm ouara, mo mamasiM HVRD, mHOro TmMma — cIBHTo-cOpPOCOBOTO,
XapaKTEePHOTO JUIS KOPOBBIX 3emiieTpsiceHuil. OCh pacTsKeHHsI OJU3rOPU3OHTANbHA, a
och cxatusi Onmm3BepTuKaidbHa. O0e HOZaNbHBIE INIOCKOCTH WMEIOT FOTO-BOCTOYHOE —
CEBEPO-3amaHOe MPOCTHPAHHE.

3emierpscenne 27 oxTsa0ps 2004 r. ObUIO HaMOONBLIIMM IO MArHUTYIE H
HaAOIIOJCHHOMY MaKpocelcMuIeckoMy 3P QeKTy 3a UCCIeAYEMBbIH MPOMEXYTOK BPEeMEHHU
M OodYar €ro MpHUypodYeH K CEeBEpO-BOCTOYHOW 30HE obnactu BpaHda, OTKyma HaumMHAICS
mporecc paspeiBooOpazoBanmsi 3emierpsicernst 30 wmas 1990 r. Csemenus 00
OIyIAeMOCTH KojeOaHuil momydeHbl u3 30 HaCeNeHHBIX MYHKTOB MOJIOBBHI.
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MaxcumanbHas HabJTI0ZIeHHass HHTEHCUBHOCTD B IOT0-3alalHOM YacTH CTPaHbI JOCTHUTalIa
7 6amnoB. Ha ceBepe B ropoje benbiel oTMeueHs! 4-5 — QaiTbHBIE COTPSCEHUSI.

Pemenne mexanm3ma odara momydaeno H.S.Cremanenko mo 55 maHHBIM O TIEPBBIX
BeryieHussix P-BomH. Kpome Ttoro, mmeercs pemenue mo meronmy TMIL. Omna w3
BO3MOKHBIX  KPyTONAJAIOUIMX  HOAAIBHBIX IUIOCKOCTEH  HMeeT JHaroHajibHOE
npocThpaHue. BTOpble IIOCKOCTH € MPOTHBOIOJIOKHO HANPABICHHBIMU ITOJBHYKKAMHU.
OueBuIHO, YTO 32 PAbOUYI0 MOXKHO MPUHATH MOJIOTYIO TIOCKOCTh NP1, BIoib KOTOPO#
npoucxoauT Hagsur Boctounbix Kapnar Ha [Ipenkapnarckuii mporuo.

3emnetpsicenue 14 mas 2005 r. oTHOcHTCSA K LEHTpaidbHON obmactu Bpanua.
Hauano mporecca BcapbIBaHUS OTHOCHUTCS K 3HAYUTENIbHOM TiTyonne mopsiaka 150 kM. B
KumuneBe MHOTHE CIISIIIME IPOCHYINCH M OIIYTHIIM PE3KUI TOIYOK.

Nwmeetcst pemenne mexanuszma ovara TMI no manaeiM MHCTHUTYTa reodu3uku
[ropuxa. KpyTtas HOnanmpHas IUIOCKOCTh MMEET MEPHIMOHAIBHOE MPOCTHpaHUE, Oojee
roJiorasi — AMaroHanbHoe mpoctupanue. Ock cxKaThs OMM3rOpPU3OHTAIBHA, PACTHKEHUS —
ONMU3BEpTUKAIIBHA.

[lomydeHHble pemIeHUs MEXaHM3MOB OYaroB BpPAaHUCKUX IPOMEKYTOUHBIX
3eMIIETpsICEHUH ¢ MarHuTynoi Oomee 4.5 3a 1990-2004 1T., 00ecnieYeHHBIE TOCTATOTHBIM
KOJINYECTBOM 3HAKOB IMEPBBIX BCTYIUICHHM, OATBEPKAAIOT paHee CAeIaHHbIE BBIBOABI O
HEOJHOPOJHOM ITOJIE HANPSHDKEHUH pEerroHa.

Kak n oxunanoch, 0Cu CKUMAIOUINX HAMPSDKEHUH 00pa3yroT ¢ TOPU30HTOM YTJIBI
ot 0 1o 26 rpaaycoB, coxpaHss NepneHAnKyIsIpHyI0 KaprnaTckoil 1yre oprueHTaIuo, uii
Onmu3kyro K Hedl. OcH pacTATMBAIOIIMX HANpSDKEHUH ONM3BEPTHUKAIBHBI JJs BCel
paccMOTpEHHOU ceficMudecKoi 00macTu. BeKTopsl MaKCUMaILHOTO pacTsKeHHs, och T,
OTKJIOHSIFOTCSI OT TOPU30HTA Ha yroi 6ojee 65 rpagycoB. CyOBepTHKaNIbHAS OPUEHTAIHS
ocell pacTshkeHUS M CyOropu3OHTanbHas - Ocell cKaTusi B odyarax 3eMIIETPSICCHUI
XOPOILIO COTJIACYETCsl C MOJIOKEHUEM O TOM, 4TO 0bJacTs BpaHua — 370 30Ha HarHeTaHUS
MaTepHuaa ¢ BBDKUMAHHAEM €T0 BBEPX.

Hanpasnenue ocell MeHsieTCs TP IBM>KEHUH Blosib Kapniatckoi nyru.

Ecnmn paccMarpuBaTh OAHY U3 HOJNANBHBIX IIJIOCKOCTEH Kak BO3MOXKHYIO
IUIOCKOCTh  Pa3pblBa, TO MPENIOYTEHHE MOXET OBITh OTHaHO TOH, KOTOpas
OpUEHTHPOBAHA MO MPOCTUPAHHUIO OCHOBHBIX CTPYKTYp, XOTS B JACHCTBUTEIBHOCTU 3TO
MOXeT OBbITh U He TaK. Takue Hoja bHbIE INIOCKOCTH OTMEUEHBI B KaTaJIOTe 3BE3A0UKOIA.

Tun MexaHM3MOB 04aroB BCEX PacCMOTPEHHBIX 3eMyeTpsiceHuid obaactu Bpanua
C TIPOMEKYTOTHON TITyOMHOM 09aroB — B30POCO-CIBUTOBBIH.

Wrak, aHanu3 pemeHuil MEXaHH3MOB OYaroB KapraTCKUX 3EeMJIETPACCHHM
MOKa3ajJ, YTO B CEBEPO-BOCTOYHON yacTu obnacTu BpaHua, CBS3aHHOW C pa3BUTHEM
CTpyKTypHBIX (opMm Bocrounsix Kapnar, HampaBieHre cuil CxaTHs HEPIEHIAUKYIIPHO
IPOCTUPAHHIO 3TOM Iyru B asumyte mopsaka 40°. PaGoune MIIOCKOCTH AHArOHAILHOTO
IPOCTUPAHHS, HAKIIOHEHBI K TOPH30HTY oA yriaom 40-55°.

B 1oro-3amamHo#t gactu obmactu Bpanua, oTpaxaromieii 0COOCHHOCTH pa3BUTHS
TEKTOHUYECKUX 3JeMeHTOB Bocrounsix Kapmar, cuiibl cxkxaTuss JAEUCTBYIOT B
ONMU3MEpUINOHANBHOM  HampaBiieHHMHd. Pabouas TMIIOCKOCTE  CyOTOPHU3OHTAIBLHOTO
IPOCTUpAHKs C asuMyToM Okoio 275°. Hakimon rmuiockoctd cocrasiaser 40-45° ¢
TOPU30HTANBIO.

Haunbonee omacHbIME Ui TeppUTOPHUH MOJIOBEI SIBISIOTCST 3€MJICTPSICEHUS
LHEHTPaJbHOM dYacTu obnactu Bpanua, nmpuypodeHHOH K 30HE CThIKa BOCTOYHBIX U
IOxupix Kapnar. [ns BekTopa HOABMKKM B OdYarax XapakTepHa camasl Oosiblias
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BepTuKanpHas (B30pocoBasg) kommoHeHTa. (CeBepo-3amasHOe KpbUIO  pa3pbiBa
HAJIBUTAETCS HA IOr0-BOCTOYHOE TOJ YIJIOM CKOJIbKeHUs 60-65°. VIMEHHO Takoi TuIl
MEXaHH3Ma COOTBETCTBYET OvaraM HanOoJjee CIIIBHBIX Pa3pyIIUTEIBHBIX 36MIICTPSCCHUIH
XX Beka: 10 Hos6ps 1940 r., 4 mapta 1977 1., 31 aBrycra 1986 1. 1 30 mas 1990 r.
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Tuncapo B.H.

OueHka NOBTOPSAEMOCTH U BEPOATHOCTH CHJIBHBIX 3eMJICTPACEHH I
30HbI Bpanua

Some parts of seismic hazard assessment, conditioned by zomne Vrancea intermediate
earthquakes, are presented in this paper. It was made by using of three methods — classical
Gutenberg-Richter’s formula, maximum entropy principle (MEP), adopted for the estimation of
the strong earthquakes recurrence and on the base of Huo and Hwang's modification of
recurrence law containing to the characteristics of stochastic distribution.

The analysis of recurrence relationships was made for two types of magnitudes, for
different time intervals and by the assignment of the alternative values of maximum possible
earthquake magnitude. The probability of earthquake occurrence in specified magnitude range
and in specified time limit was estimated.

BBenenne

AHanu3 celicMUYecKOi OMacHOCTH BKIIIOYAET ONpeAeSICHHE BEPOSITHOCTH TOTO, YTO
pa3nuyHblE YPOBHU YCKOpPEHHS (WM CKOPOCTH, WM HHTEHCHBHOCTH) MOTYT OBITh
MPEBBIICHBl 3a ONpPENEICHHBIM MEepHUoj BPEMEHM, 33JACT MOJECIb BO3HHKHOBEHUS
3eMIICTPSICCHUH, (DYHKUUM 3aTyXaHWs M YHCIICHHbIC BEIMYMHBI BXOIHBIX IapaMeTpOB.
OnHako MEpBBIM M OCHOBHBIM INArOM HAa 3TOM IYTH SBJISETCA OLIEHKA HapaMeTpoB
MOBTOPSEMOCTH 3EMJIETPACEHUN B TEPMUHAX MATHUTY 1.

Hecmorps Ha TO, 4YTO JIMHEHHBIE COOTHOLIEHHUS, XapaKTEPU3YIOIIUE
MOBTOPSIEMOCTD 3EMIICTPSICCHUH, KaK MpaBuiio, B popme 3akoHa ['yrenbepra-Puxrepa [1],
SBIISIOTCS Hawboliee OOIMMMHU M IIUPOKO NMPUMEHHMBIMH IIPH OIEHKE CEHCMUYECKOH
ONACHOCTH, pa3BUTHE OTOr0 METOAA, PABHO KaK U IIOUCK aJbTEPHATHUBHBIX WJIU
JIOTIOJIHUTENIBHBIX METOAOB MPOAOJDKAIOTCSA. JlocTaTOYHO peamucTUYHBIE OLEHKH
MOBTOPSIEMOCTH, a 3aTeM U ceilcMuueckoil omacHoctu Mmeron I'-P nmaer B Tom ciyudae,
€CJIM JUISL UCCIENyEMOro peruoHa MMEETCs MOJIHBIA U OJHOPOIHBIA KaTajor 3eMIETps-
CEeHMM 3a JAJUTENBHBIH OTPE30K BPEMEHH, XOTd Obl TOpAgKa TMaphel CTOJNETHH,
BKJIIOUAIOMINN cecMUYecKHe COOBITHS B IIMPOKOM AMana3oHe MarHuTyad. Ilpum sTom
TOYHOCTh OTpeeNeHNs] MarHuTyJl JOJDKHA OBITh AOCTAaTOYHO BBICOKOHM - mopsiaka 0.1
SIUHUIBI MarHuTyAbl. OJHAKO B PEATbHONW CEMCMOJIOTHYECKOW MPAKTHKE IMOAOOHBIX
KaTaJoroB MpakTH4Yecku He cymiectByeT. OOmas TeHIEHIMs TakoBa: Majo
3eMIIETPSCEHUI OONBIIMX MAarHUTY, 3apETHCTPUPOBAHHBIX MHCTPYMEHTAILHO, U, B TO
)K€ BpeMs, HaOmomaeTcs HeXBaTka COOBITHH MalbIX MAarHuTyl, OOBsICHsAeMas
HEMOJIHOTON KaTaloroB, BCJIEACTBHE HEAOCTATOUHOTO MIOPOTa PETUCTPALIH.

JertanpHble  WCCNIENOBaHUS COOTHOUIEHWH W TIpaUKOB  TOBTOPSIEMOCTH,
MPOBEICHHBIE 3a TIOCICHHHE AeCATHIETHS [2,3], TMOKa3BIBAalOT, YTO HAOIIOICHHEIE
JAHHBIE CIEAYIOT 3aKOHY ['-P BHYTpH CpaBHHMTEIHHO Y3KOTO JUara3oHa MarHuTy[, Kak
npaBWwIo, B cpenHeld yactu rpaduka (4.5< M< 6.0), XoTs A5 pasHBIX CEHCMUYECKUX
PErHOHOB TpaHUIIbl IMHEWHOTO IHaa3oHa BapbUPYIOT. SICHO, UTO MpH 3KCTPANOJsLUU
TaKUX COOTHOLIEHUH B CTOPOHY OOJIBIWIMX MArHUTYZ C LENbI0 OMpeleNeHUs HX
MIOBTOPSIEMOCTH, OLIEHKAa MOXXET OKa3aTbCcid HENOCTOBEpHOH. BoT mouemy B JOBONBHO
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OOmMpHOM psily MyONHMKAIUK TOCIENHUX JIET TMPEeAJiaracTcsl HWCIIONb30BaTh IS
moirydeHus: Oollee PEaNNCTUYHBIX OICGHOK TIOBTOPSEMOCTH MAPYTHe CTaTUCTHUYECKUE
MIPUEMBL.

Benuuuna b, oueHeHHast Mo HaOOpy MarHMTYJl HaOJIIOJICHHBIX 3€MJIETPSICEHUM, B
COOTBETCTBHH C MarHUTYJAHO-YaCTOTHBIM COOTHOIlIeHUEeM log N(m)=a-bm, tne N(m) 310
YUCIIO 3EeMIIETPSACEHW C MarHUTYIOW NPEBHIMIAIONICH m, CHUIBHO KOPPEIHpPYeTCs C
MPUMEHSIEMON TeXHUKOH ammpokcuManuu. Kpome Toro, mapamMeTpsl a U b 3aBHCAT OT a)
UCTOJIB3yeMOT0 THIIA MAarHUTYA, 0) TOYHOCTH WX OIPEICICHHUS, KOTOpas B JIyYIIEM
cryqae ©He mnpeBbimaer (.1 I COBpEMEHHBIX HMHCTPYMEHTAJIBHBIX KaTaJoToB,
KOMIIINPOBAHHBIX B PErMOHaX, OCHAIIEHHBIX BBICOKOKIACCHOW COBPEMEHHOW CETHIO
CEMCMUYECKUX CTaHIUM, U MOXKET JIOCTUraTh BeNHMUUHBI 0.6 MpH 1epecyere MarHuTyl U3
UCTOPUYECKUX JAaHHBIX 00 WHTCHCHBHOCTSIX, B) BEJIWYMHBI Ha0bopa JaHHBIX N.
PesynpraTel MHOTHX HCCiIEeOBaTENe W HAIl COOCTBEHHBIN OIBIT MOKA3bIBAIOT, YTO TPHU
N=100 TouHOCTh OlIEHOK mapameTrpa b 6mmska k 10%, pu 25 3emueTpsiceHusX B Habope
JAHHBIX CTaHJAPTHOE OTKJIOHEHHE OLEHOK b Omm3Ko K 25% OT 3HaueHHs OLEHEHHOTO
napamMeTpa.

IIpy wucmonbp30BaHMM METOAA HAUMEHBIIMX  KBaJApaToB A JIMHEWHOH
anmnpoOKCUMAIIMK KaK MHTEPBAJIBHOIO, TAK ¥ KYMYJIATUBHOTO BapHaHTa COOTHOIICHUS I -
P, cymiecTByeT TeHICHIINS 3aHIKEHUS! CTATHCTUYECKHUX OIEHOK BEIIMYHMHEI b, TIOCKOIBKY
B Ha0Op JaHHBIX HE BKJIIOYAIOTCS MArHUTY/BI BBIIIE MaKCUMAIbHBIX HAOIIOJEHHBIX.
@opMynBl MAaKCUMaJIBHOTO TPaBAONONO0Ws, NpeUIoKeHHble paHee (Aku, YTCy U
[Tetimxk) s TOYHBIX WM HENPEPHIBHBIX MAarHUTY/I, 1al0OT CMEIICHHBIC OI[CHKH, €CITH OHU
MPUJIAraloTCs K WHTEPBAaJIbHBIM IaHHBIM, MPHYEM OTKIIOHEHHE BO3PACTaeT C POCTOM
BEJINYMHBI MHTEPBAJIA.

[pyrue wuccnenoBaTeqd aJanTUPYIOT K PEHICHUIO CEHCMOJOTMYECKUX 3a/4ad
MaTeMaTUYECKHE METOJbI, MPHUMEHSEMbIe MPEekKIe B IPYTHX HPUKIAJHBIX 00IacTIX
3HaHusa. OMHUM W3 TaKUX METOJOB SIBIISICTCS MPHHIMI MakcumyMma sHTpormm ([IMD).
Bo3MOXHOCTB €ro amantaniu K aHalu3y CEHCMHYECKOH OITaCHOCTH BIEpBBIC ObLIa
noka3aHa B pabore beppuna u JloBuca [4], 3arem neranbHas pa3paboOTKa 3TOTO
HaIpaBJIeHUs OblIa TIPOAODKeHa B HccnenoBanuu Jlonra, bao m Illaxa [5]. Ogaum u3
KOHKPETHBIX MpuiiokeHui meroga [IMD 11 OleHKH CeHCMUYECKO OMaCHOCTH M PHCKA
ObuTa pabora [6], B KOTOPOW OIEHUBACTCS BO3MOXKHBIA 3(P(EKT BO3ACUCTBUS CHIBHBIX
3emuerpsiceHuit CyMaTpsl.

[IMD moka3bIBaeT aJlbTEPHATHUBHBIA MYTh TSI BEPOSATHOCTHOW OIEHKHA CHIBHBIX
3eMJICTPSCEHUI HE HWCKIIIOYasi, a JOIOJHAS U YTOYHSS PE3yJbTAThl, MOJYYCHHBIC MPHU
WCTIOJIh30BAHUH TPATUIIMOHHBIX METOJIOB, TAKMX KaK METOJbl HAaNMEHBIINX KBaJIpaTOB
(MHK) u makcumansHOTO TipaBaonomgoows (MMIT).

B crathe mpHUBOAATCS Pe3yJbTaThl MPUIOKEHHUS Dsijia BBIICHA3BAaHHBIX METOJIOB
OLIEHKH TOBTOPAEMOCTH 3€MJICTPSICEHHH Ui O4YaroBOd 30HBI  3EMIICTPSICEHUHN
poMeKyTouHOU rTyOuHEI (60< A< 170 kM), reHepupyeMBIX B o0acTu Bpanya.

MeToabl OLIEHKH MOBTOPSAEMOCTH 3eM.11eTpﬂceHm?i

Il OLlEHKM NOBTOPSIEMOCTH 3E€MIIETPACCHMH, KaK YK€ YINOMMHAJIOCH BBIIIE,
NPUMEHSIETCST 1[eJblii Ha0Op METOJOB, B OCHOBE KOTOPBIX JIEKHT JIOTJIMHEHHOE
cooTHoueHue ['yren6epra - Puxrtepa, kak B KyMyJISATHUBHOH, Tak U B HEKyMYJISTHUBHOMN
¢dopme. IlpeamouteHne oTmaeTcs KyMyJISATUBHOH (oOpMe, YaCTHYHO HHBEIHPYIOIIEH
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HEJIOCTATKH U MPOITyCKH UMEIOLINXCSI B HATMYUH KaTaJIOTOB 3eMJICTPSICEHHH.
a) 3axon ['yrenOepra -Puxtepa

[Tonarass 4to: BpeMsi BO3HMKHOBEHHUS 3E€MIIETPACEHUN CIIydyailHO, HX YHCIIO
YMEHBIIACTCS AKCIOHCHI[HAIILHO C POCTOM MAarHUTYbl M BEJIMYMHA MAarHUTYAbl HE
TUMHUTHAPOBaHA, [-P [1], mpeanoxkuinm sMIupruveckoe COOTHOIIICHUE B popme:

log N(m) = a-bm, (1)
rae N(m) - 9uCiio 3eMJICTPSICCHUI B TOA ¢ MarHUTYAON paBHOW WIIM OOJBINCH m, a U b -
KOHCTaHThI. KOHCTaHTa @ XapakTepu3yeT CEeWCMHUYECKYI0 aKTHBHOCTh HCCIEIYyEMOTO
peruona, b - BeMU4HMHA, OTPAXKAIOIIasi COOTHOIICHUE CTa0BIX M CHIIBHBIX 3eMJICTPSICCHH.

3nas mapameTpsl B (1), MOKHO paccunTaTh CPEIHUN TEPHOJ] MOBTOPEHHUS (B TOmax)
3eMJIETPSACEHUI ¢ MarHUTY 10 OOJbIe MIIN paBHOM M:

T(m M)=1/n(m M) 2)
IMepropl TOBTOPEHUST 3EMIICTPSICCHUN C YPOBHS MArHUTYJ, HMEIOIIUX HWHTEpecC

I peIICHHA HWHXCHCPHBIX 3adad, SABJIAIOTCA OI[HOI>'I U3 OTHPaBHBLIX TOUYCK JJIA
OLCHOYHBIX pacy€TOB ceiiCMHUYECKOI OMMaCHOCTH U pucka.

0) Meronx ['ymOGens

Jlpyroii myTh JIJIsl pellieHus 3TON 3aJa4yd MPEACTABISCT HCIOIb30BAHUE TEOPHU
sKkcTpeMyMoB ['yMOensi, amanthpoBaHHOW s cedicMonoruu [7,8, 9,]. OtoT Meron
IMMO3BOJILACT CpaBHUBATL IPOLIIYI0O W HACTOAIIYIO CCI\/'ICMI/I'-IHOCTI), OCHOBBIBAsICb Ha
COBPEMECHHBIX COOTHOIIICHUSX TIOBTOPSEMOCTH, a TaKKe BBIYHCIATH BEPOSTHOCTh
BO3HHKHOBCHHUSI CHJIBHOTO 3E€MJICTPSCEHHS OMNPEACICHHOW MArHuTyAbl B Mpezenax
3aJ]aHHOT'0 BPEMEHHOTO MHTEpBaa.

[Nonaras, yTo CEeiCMUYHOCTh SABNIsIETCS [1lyaCCOHOBCKUM CIIy4aliHbIM IPOIIECCOM, B
[9] moka3aHoO, YTO MArHUTY/A CHJIBHEHINETO 3eMIICTPSCEHHUS 34 CIUHUILY BPeMeHH (OTUH
TOJI) CIIeyeT KyMYJIATUBHON QyHKIIMU pacripeiesieH sl B BUJIE:

G(m) = exp(-a exp(- § m), 3)
rie m - HeKoTopas MarHutyga m<M, « w [3 MOryT ObITh ONpeleleHbl B TEPMHMHAX
BEJIMYMH a U b, Kax:
o= exp(alnl0) 4)
P=bInl0 (5)

Jlaﬂee IIOKa3aHoO, 4TO HauOoJee BEpOATHad HJIU Hanbosee 9acTo Ha6J]IO)Z[eHHa$I 3a 1roJg
MaKCHUMaAJIbHAaA MarouTyJa m paBHa:

m=(na)/ B (6)
1 MoJaibHass MaKCUMaJIbHAs MarHUTY/IA 71 3 HEKOTOPBIHA TIepHO BpeMeHu T
m=m+ (InT)/ @)

CeiicMudeckas OracHOCTh R (m1) - BEPOATHOCTh BOSHHUKHOBEHUS 3eMiIeTpsiceHus T
MarHuTyJbl /7 WIA BbIIIC 3a Tepuoa 1, MOXET ObITh OINpeIeieHa M3 CICAYOIIEro
YpaBHEHUSI:

37



Buletinul Institutului de Geofizica si Geologie al ASM, N 1, 2005

R(m)=1-exp(-aTexp(- B m) ®)
YpaBuenue (8) HCIONB30BAaHO HAMH JJISI OIICHKH BEPOSITHOCTH BO3HHKHOBEHHS psiia
MarHuTyJ, IPeICTaBISIOMNX OMACHOCTD AJISl TEPPUTOPUH MOJIIOBEI.

Crnenyer OTMETUTh, YTO B PEabHOCTU BEPXHHUMU MPEes BEJINUUHBI 3eMIIETPIACECHUS
CyLIECTBYET sl JIH0OOr0 IaHHOrO peruoHa. Tak, uis 30HBl BpaHua MmarHutyzaa
MaKCHMAaJIbHOTO BO3MOXKHOTO 3eMJIETPSCEHHS BapbUpyeT B mpeaenax or 7.5 mo 8.0 mo
OoleHKaM pa3HbIXx aBTopoB [10-14]. OpnHako mpobnema BeIOOpa METOMOB U
000CHOBAaHHOCTH JTHX OIICHOK JIGKUT BHE JAaHHON paboThl. CyIIecTBOBaHHE BEPXHETO
mpesesna BO3MOXHOTO 3eMJIETPSICEHUSI TO3BOJIMIIO TPYIMIaM aBTOPOB: XBaHTr u Ap. [15]
Hownr, bao n llax [5] npemnoxuTh CBOM BapHaHThl aJanTalluy IPyTUX MaTeMaTHu4ecKuX
METOMIOB [UIS PELICHUS CEHCMOIOTHUECKUX 3a/1a4.

B) Momuduxanus XBaHra

B nanHO# craThe MBI MPUBEAEM TOJIBKO HEKOTOPBIC KIIFOYEBBIE MOMEHTHI WX
nmoaxonoB. Tak, XBaur u ap. B 1994 [15] npemioxuian MoIudUIAPOBATh COOTHOIICHUE
noBropsieMoct [-P Takum oOpa3oM, 4YTOOBI OHO YAOBJIETBOPSUIO CBOWCTBAM
BEPOSITHOCTHOTO paclpeieIICHHS:

1— e_ﬂ(Mmax_M)

— BM
n(=M)=e*" 9
( ) 1_ e*ﬂ(Mmax*Mmin) ( )

T.e. ypaBHEHME CONEPKUT B KAUECTBE MAapaMeTPOB 3HAUCHUS KaK IOPOrOBOM MArHUTYIbI

B HabOpe MJaHHBIX, TaK W 3HAYCHME MAKCUMAJIbHO BO3MOKHOH MAarHHUTYIbI

COOTBETCTBYIOIIEH 04aroBoii 30Hbl. Benuuunsl & u 3 onpenensiorcs no Gpopmysiam:

a=alnl0
B =binl0 (10)

[leproab! MOBTOPSEMOCTH 3€MIIETPSICEHUN BBIYUCIISIOTCS 3aTEM 110 (2).
r) MeTo Ha OCHOBE TIpUHITUIIA MakcuMyMa SHTpornn ([IMD)

Jour u gp. paspaboTtanu B JAeTalsIX NPUIOKEHHE METOAA, OCHOBAaHHOIO Ha
npuHLune Makcumyma sHTporuu (I[IMD) [4,5, 6], ans MOBBIIEHHUS IOCTOBEPHOCTH
OLIEHOK TIOBTOPSAEMOCTH 3eMileTpsiceHnil. Hike mpuBoaaTcs KinrodeBble MOMEHTHI [IMO.

Ecnu unTepecytonmii auanazon Maroutyz ectb pan [Mi-Moyuay], B KOTOpOM M., -
MUHUMaJbHas MarHUTyJla B Ha0ope AaHHBIX (Kak MpaBWIIO, 3Ta BETMUYHWHA COOTBETCTBYET
HIDKHEMY YPOBHIO MarHWUTY/Ibl, IPEACTABIAIONIEH HHTEpeC A WHXKEHEPHBIX 3a7ady, Tak,
IUTS TIPOMEXKYTOUYHBIX 3emileTpsiceHnit Bpanua M,,;, Moxer ObITh BhIOpaHa paBHOW 5.0
wm 6.0), M,, - MarHuTyJa MaKCHMaJbHOTO BO3MOJKHOTO 3EMJICTPSICCHHS B
ucciegyeMoM pervoHe. s cooTBeTcTBYyIOIero Habopa JaHHBIX CPEHSSI MarHUTyJa
paBHa:

Mz scei (11)

CoOoTBeTCTBYIOIIAS HEONPEACICHHOCT, B HHPOpPMAIMM O MAarHUTYJE H3MEpseTCs
SHTpOMHEH S
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Sor (m)In £, (m)dm (12)
rae S — aHTpommsA, K -KOHCTaHTa, fy(m) - GYHKOHA pacupeielieHHs BepOsSTHOCTH
MarHuTyasl M. B pesynbTaTe MareMaTHUeCKHX IPeoOpa3oBaHUl MOXKHO OIPEIEITUTH

fm):

min

A
Ae ™"

Su (m):M—_W (Mpin <M < Mipax ) (13)
e e max

TAC napameTp ﬂ, MOKET OBITh pacCUnuTaH YUCJICHHO U3 BbBIPAKCHUA:

_Wlni11 _Wn1ax
| M,.e M__e _
;i -AM AM
e min e - max

; (14)

rae senuuuaa M us (11).

[Mocne unTerpupoBanus (14) OTHOCHTENBHO 7 M HEKOTOPHIX MaTEMAaTHYECKHMX
peoOpa3oBaHMii, YHCIIO 3eMJIETPACEHHUH ¢ MATHUTYIOM, IIPEBBIIAONIEH /17, MOKET ObITH
OIIpeeNeHo KaK:

N(M )& — e
oM —aM

N(m)= (Myin S < M) (15)

min  __ e max

Ucnonw3ys (15) u (2) 3areM MOXHO pPacCUUTaTh COOTBETCTBYIOIIMHA WHTEpBa
noBtopsiemoctu T(m). Ilomaras, 4To pacmpeneleHHE 3EMIICTPSCCHUH BO BpPEMEHHU
COOTBETCTBYET  IIyacCOHOBCKOMY, MOET OBITb paccuWTaHa BEpPOATHOCTb R
BO3HHKHOBEHUS OJTHOTO WM OoJiee COObITHI ¢ M>m 3a ¢ et [16]:

—Am -AM
—e max

7Y (16)

min  __ e max

R=1-exp| —tN(M ) ZM
e

Takum 00pa3oM, BEIYUCICHHUS apaMeTPOB rpadUKOB MOBTOPSAECMOCTH BBIIOIHEHBI

TpEeMs METOIaMH
a) kiaccuueckas (opMa 3akoHa MoBTOpsieMocTH ['-P (MeTo 1 HAMMEHBIIUX KBAAPATOB)
0) Ha ocHOBe MoIM(hMKAIIMK 3aKOHA MTOBTOPSIeMOCTH XBaHTa u Ap. (1994)
B) Ha OCHOBE TIPUMCHECHHMS ITPUHIIUIIA MAKCUMYMa SHTPOITHH.

Ha ocHoBe mpunoxenust ¢popmyn ['ymOenss B nanHoOW paboTe MPUBEACHBI TOJIBKO
pe3yJbTaThl BBIYKMCIICHUS BEPOSTHOCTH BO3HUKHOBCHHS 3EMIICTPSACCHUN B aKTyalbHOM
JIyara3oHe Maruutya. Kpome 3Toro, mjisi CpaBHEHHS M COXPAHEHHS IMPEEMCTBEHHOCTH
MPUBOJATCS PE3yJbTaThl OICHOK IIOBTOPSIEMOCTH, BBINIOJHEHHBIE B J1a00paTOPUHU
CEeCMOJIOTHH paHee, a TaKXKe HEKOTOPhIC OLECHKH PYMBIHCKHX KOJJIET 3a TOCIEIHUE
TOJIBL.

JdanHble

Hcnonp3oBan katamor 3emuerpsicenuit C.Radu (1980,1994) [17,18], B kotopom
MPUBEJICHBl MArHUTY[bI, COOTBETCTBYIOIIME Maruutyjnam Tuma IyreHOepra-Puxtepa,
mapajulellbHO, T€ XK€ BBIYMCICHHUs BBITONHEHBI 1Mo kartamory ROMPLUS (1998) [19],
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coJieprKalieMy MarHuTylsl My, TMOJIydeHHBIE U3 KOPPENSLHUOHHBIX COOTHOLICHHH WU
OPSMBIX ONpPENENICHUH CeHCMHUYECKOro MOMEHTa. lcmosip3oBaHMEe MarHutyn M, npu
OIICHKaX CEHCMHMUYECKOH OIMAacCHOCTH PEKOMEHI0BaHO B paMmkax nporpammbel GSHAP [20]
KaK JHepreTHYeckol XapaKTepUCTHKH HauOojee aJeKBaTHO OTpakarolled BEeTUYUHY
3eMJICTPACEHHs, HEMoABEpKEeHHOH d3(dekTy HachllleHHss © UMEIOUIeH YeTKHH
¢msnueckuit cmbicn. Kpome Toro, marautymsl M ['yreHOepra-Puxtepa daxrmuecku
UIGHTUYHbIE MarHUTyJaM M, (ompenenseMbIM IO NOBEPXHOCTHBIM, BOJHAM), B OOILIEM,
HE HMMEIOT CMbICTa sl 3eMIIETPSICeHUI mpoMexxyTouHol rimyOusbsl (¢ h>60-70 km).
OpHako, MO CIOXKUBLIEHCS 32 MHOTO MPEALIECTBYIOIUX JIET NPAKTHUKE, IMEHHO TaKue
MarHuTyZbl — UCIOJIB30BAJUCh IIPU  pacueTax CEHCMHYECKOM  OMacHOCTH I
3emieTpsceHuil Bpanga. [loaTromy ouieHkH mapaMeTpoB MOBTOPSIEMOCTH BBITIOJIHEHBI 110
JBYM THIIaM MarHUTYA.

Pe3yabTarhl BHIYUCICHUI

UncnenHple 3HauY€HHS TIO0 KaXAoMy HaOOpy MJaHHBIX TIPUBEICHBI B
COOTBETCTBYIOLINX TaOIHIIAX.

Tabmnuma 1
Marnutyna Mg.r ITepronx MOBTOPSIEMOCTH BepositHOCTE R - 50(M)
mo (1) | mo(9) | mo (15) 1o (8) o (16)
6.5 18 20 29 0.938 0.813
6.6 21 24 38
1990.05.30 6.7 26 30 48 0.858 0.648
6.8 31 37 61
6.9 36 45 78
1986.08.30 7.0 44 57 101 0.683 0.389
7.1 52 73 133
1977.03.04 7.2 62 94 177 0.553 0.245
73 74 125 243
1940.11.10 7.4 88 172 345 0.432 0.135
7.5 106 254 520 0.377 0.092

OneHkH TOBTOpsieMOCTH B TaOi.l BBIMONHEHB TO HaOOpy HaHHBIX 3a 1901-
2000rr., BmrovaomeMmy 95 3emuerpsiceHuit ¢ ypoBHs M,,;,=5.0. 3agaBacMasi BeIMUMHA
M,x=7.8 (ans pacueroB mo dopmynam 2.9 u 2.15). llar mo MarHuTyle BO BCEX HAIIUX
BoruncieHnssx AM=0.3 BbIOpaH Uil HHBEIUPOBAHUS BO3MOXKHBIX MOTPEIIHOCTEH B
OIIpEJENCHUY MArHUTY I B IIEpBOH noj0BUHE XX BEKa.

bazoBoe ypaBHEHHE anMpOKCUMHUPYIOMIEH IpsaMoit o [1]:
IgN(m)=3.747-0.769 M.

I'padmku nosropsiemoct 1o (1) u mo (15] mpuBeaeHs! Ha puc. 1
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Puc.1. I'paduku moBTOopsiemoctn Mmarautyx 1o (1) u (15) mst 3emnerpsicennit
Bpanua c M=5.0

Ta0mua 2
[Teprox MOBTOPSIEMOCTH BepostHOCTE RT- 50(IM)
Marmntyna My, mo(1) | mo(9) | mo(15) | 1o (8) 10 (16)
6.8 18 19 16 0.995 0.958
6.9 19 23 19
1990.05.30 7.0 23 30 24 0.879 0.872
7.1 29 38 30
7.15 32 44 35
1986.08.30 7.25 38 58 45 0.729 0.667
7.3 42 67 52
1977.03.04 7.4 51 94 72 0.624 0.499
7.5 62 140 105 0.554 0.377
1940.11.10 7.6 75 233 173 0.486 0.250
7.7 91 515 379 0.420 0.123

OIlCHKY TOBTOPSIEMOCTH B TaOJ.2 BBIMOJIHEHBI MO HaOOpy AaHHBIX 3a 1901-
2000rr., BrmouaromeMy 98 3emuerpsiceHuit ¢ ypoBHs M,,,,,=5.3, (M,~=5.3 mpumepHO
cooTBeTCTBYeT MG £=5.0). 3anmaBaemass BemwumHa M,,,,,=7.8 (I pacyeToB IO
dbopmynmam 2.9 wm 2.15). Beibop MHUHHMAIBLHOTO YPOBHS MATHUTYI HPOAUKTOBAH
HEOOXOAMMOCTBIO 00ECIICUEHHS JOCTATOYHOTO ISl MPOBECHHS CTATUCTHUECKUX OLICHOK
HaObOpa JaHHBIX B IIMPOKOM JMana3oHe MarHuTyn. ba3oBoe  ypaBHEHHE
anmpoOKCUMUpPYIOLEeH npsiMoi 1o [1]:

Ig N (m) =4.493 - 0.838 M,,
CootHotienue Maruutyg Mggr u M,, o [20]:
M, =0.92 Mg +0.81.

I'paduku mpuBeacHBI Ha puc.2.
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Puc.2. I'paduku moBTOpsiemocty MarautyA 1o (1) u (15)
IUTS 3eMIIeTpscennii Bpanua ¢ M2 5.3

OrneHKH TOBTOpsieMOCTH MarHuTya (tuma ['-P) cuiapHBIX 3emieTpsiceHuii Bpanua,
oIy OJIMKOBaHHbBIE PYMBIHCKUMH CIEIMAINCTaAMHU B 00JIACTH WH)KEHEPHOH CeiCMOJIOTHH B
[15], m HeomHOKpaTHO NOBTOPEHHBIE HMMH B JPYIUX NyOJHKalMsAX, OCHOBaHBI Ha
KyMYJITHBHOM Tpaduke moBTopseMoctd 3a 1901-1995 ¢ M,,;=6.0 (MUHUMAaIbHBIH
YPOBEHb MarHuTyJ, MPEJICTABISIOMNX HHXEHEPHBIH HHTEpPEC) W BKIIOYAlONIeM Bcero 12
3emserpacenuid. lllar mo marmmtyne 0.1, T. e. HCHONB30BaHBI HEMPEPBIBHBIC WM
"TouHbple" 3HAYEHWUS MArHUTYH, TpaQuK KyMyJSTHBHBI, HO ©0€3 IOBTOPOB
9KCIIEPUMEHTAIBHBIX JaHHBIX Ha IMyCTHIX WHTEpPBaIax.

Taobmnuua 3.
[ToBTOpsieMOCTh IpH 3aAAHHON
Marunutyna M gr Moy Yp.(1)
7.8 8.0
7.8 - 457 134
7.7 704 279 114
7.6 323 191 96
7.5 197 139 81
1940.11.10 7.4 135 105 69
7.3 98 82 58
1977.03.04 7.2 75 65 50
7.1 58 52 42
1986.08.30 7.0 46 42 36
6.9 37 35 30
6.8 30 28 26
1990.05.30 6.7 24 24 22
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Kpome omenkn Ha ocHoBe cooTHomieHust ['yrenOepra-Puxtepa [1], mpoBeneHs
BBIYMCIICHUS TaKKe U 1Mo XBaHry [15] mpu AByX 3aJaHHBIX 3HAUYEHUAX M. Pe3ynbraTsl
OIICHOK TmoBTOpsieMocTd 10 [15] mpuBemensl B Tabmmme 3. ba3zoBoe ypaBHEHHE

aNMpOKCUMHUpPYIOIIel paMoit o [1]:
Ilg N (m) =3.49-0.72 M.

I'paduxu noBTOpsieMOCTH IPUBENEHBI HA PUC.3.

0.1 S~ L 4 Pt
) ’% Reg
S § 7.5
\- _____ B
0.01 X\\\ ......... 8.0
‘\'~ - \ .
AR
AN
\
\
0.001 \ T \
6.0 6.5 7.0 7.5 8.0
MG

Puc.3. I'paduku nosropsiemoctu maruuty 1o (1) u (15) ans 3emnerpsacenuit
Bpanua ¢ Mgr=6.03a 1901-2000 rr.

Hamu Taxoke BBIIOJIHEHEI OIICHKU IMOBTOPACMOCTHU IO 3TOMY KC Ha60py JaHHBbIX,

HO TPpyNmNHUpOBaHHBIX ¢ maroM 0.3 MarHWTyAbl. Pe3ynpTaThl MpUBEAEHHI B TaOIUIE

4.

Kpome orenok mo [1] u [15], Berauciens! onenku no MOII [4,5.6],Takxe TpUBOISTCS
OIICHKH BEPOSTHOCTH BO3HMKHOBEHUS COOBITHIA 3aJaHHBIX MarHutyn 3a 50 sner. baszoBoe

ypaBHEHHUE annpoKCUMHUpPYIoUIei npsamoi o [1]:
IgN (m)=3.18-0.678 M.

I'paduk nmoBTopsiemocTH Ha puc.3.

Tabnuua 4

ITepuon noBTOPSIEMOCTH BepositHOcTbR T - 50(mM)

MarintyraMor =0T 15 9) [ Tio (15) o (8) | To(16)
6.5 17 18 18 0.950 0.937
1986.08.30 7.0 36 49 44 0.740 0.675
7.1 41 61 55 0.685 0.597
1977.03.04 7.2 50 77 69 0.627 0.514
73 59 102 89 0.570 0.427
1940.11.10 7.4 68 139 120 0.515 0.340
7.5 80 202 173 0.460 0.250
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[IpuHuMas BO BHUMaHUE Majyl0 CTATUCTUKY 3€MIIETPSICEHUH ¢ ypoBHSA M,,;,,=6.0 3a
1901-2000 rT., HAMH TOTIOTHUTEILHO BBHITIOJHEHBI OIEHKH ITOBTOPSIEMOCTH IO HAaOOpy
nmanabx 3a 1801-2000 rr., ¢ ypoBH M > 6.0, KoTOpBIH comepxuT yxe 20 coObITHH,
BKJIIOYasi MaKCUMalbHOE HaOMI0AEHHOE B peruoHe 3emuerpsicenue 1802 roma ¢ M=7.5.
Pesynbrare mansl B Tabnuie S.

Tabnuua 5
M [Tepuon moBTOPIEMOCTH BepostHocTh R1- 50(M)
oR o (1) Io (9) To (15) Io (8) To (16)
6.5 23 25 24 0.880 0.870
1986.08.30 7.0 60 75 67 0.560 0.525
7.1 72 96 84 0.500 0.445
1977.03.04 7.2 87 125 108 0.430 0.370
7.3 105 168 143 0.370 0.295
1940.11.10 7.4 127 234 196 0.320 0.225
7.5 154 347 286 0.270 0.160
bazoBoe ypaBHeHue annpokcuMupyrouieil npsamoi mo [1]:
Ig N (m) =3.99-0.825 M.
I'paduk moBTOpsiemocTH Ha puc. 4.
1
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Puc.4. I'paduxu moBTopsiemoctrt MaruuTya 1o (1 u 15)mms 3emieTtpsicennii Bpanda c
Mgr =6.03a 1801 — 2000 rr.
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B 1995 r. B.W. Illymuna [21] BBIMONHWI ONEHKY MOBTOPSEMOCTH BPaHUCKHUX
3eMJIETPSCEHUI METOJIOM MaKCHMAbHOTO mpaBaomnonobus. Bwibopka coxepxana 420
coOpITHit ¢ ypoBHs MarHutyn M>3.0 3a 1800-1990 rr. 3emuerpsicenus ¢ M>3.0
BBOJWJINCh B BBIOOPKY JISI TOTO, YTOOBI TOKa3aTh IMPEICTABUTENBHOCTh MAarHUTYIbI
M =4.0. HopmupoBka Ha enuHuiy BpeMeHd (1 rox) Obuia BBIMOJHEHA MHIMBHIYATBHO
JUTS KQKJIOTO U3 3HAUYEHUI MarHUTYyJ, BXOAALINX B HA0OP JaHHBIX. AMMPOKCHMHUPYIOIIAsL
mpsiMasi OTMCaHa YpaBHEHUEM (B TEPMUHAX HATYPAIBHBIX JIOTapHU(GMOB):

Inf[Nm>M)/T] = 1.1617 - 1.8629(M-4.5) ,
rae 4.5 - pedepeHTHBIH YPOBEHb, KOTOPBIA PACCUUTHIBAETCS MO BHIOOpPKE, KaK YPOBEHb,
MPUBOAIMINN K HEKOPPETUPOBAaHHBIM OIEHKAM IapaMeTpoB YypaBHeHHA a # b.
IToBTOpsieMocTh MarHuTynbl M=7.5 1O 3TOMYy YypaBHEHHUIO cocTaBiser 84 rona,
Marautynel M=7.0 — 33 roga.

O0cyxkaeHne pe3yJabTaTOB H BbIBOAbI

CpaBuuBas TaOmuiel 1 w 2 MOXXHO OTMETHTH, YTO OIICHKH ITOBTOPSIEMOCTH
3eMyeTpsiceHuii BpaHua, cienaHHbIE TPAKTHYECKH JUIsI OJHOTO W TOrO e Habopa
JIAaHHBIX, HO TI0 Pa3HBIM THIIAM MAarHUTY][ U Pa3HbIMH METOJaMH, 3HAUUMO OTJIUYAIOTCS.
OueBuHO, YTO OIEHKH Ha 0Oa3e kiaccudyeckod (opmynsr [-P (1), ocobenHo mms
Oonpmx MarHuTyn (Oompmmx wian paBHeix 7.0 mo I'-P wimm 7.4 M,) 3aBbImaior
BO3MOXHYIO MOBTOPAEMOCTD, a, CIEAOBATEIBHO, U CEHCMUYECKYIO OMACHOCTH B IICJIOM,
0 CPaBHEHUIO C peabHO HAOIFOICHHOM.

Onenkn Ha ocHOBE GopMyibl (9) mpeAcTaBISIOTCS Oojiee MPUEMIIEMBIMU TIPH
aHaIM3e MOBTOPSIEMOCTH B TEPMUHAX MarHUTY[ Mg g, IPU UCIIOJIb30BAaHUH MarHutyn M,,
3Ta ¢dopMyla AaeT CIWIIKOM OOJBIION TEepUOJl MOBTOPSIEMOCTH IS MaKCHMAaTbHON
orieHMBaeMo¥ MarHuTyAbl. Ilpu mcmons3oBannu Gopmyisr (15) Gomnee mpaBmaonogo0Has
OLIEHKA MOJy4daercs: s MarHutya M, dem nns Mg . PacuerHas moBTOpsSeMOCTb, Kak
cienyer u3 Tabmauibl 3 1o [15], cylecTBEHHO 3aBHCUT OT BEIHYUHBI 3a7aBacMoOu M,
4yeM BbIe M,,,, alpuopH, TEM MEHBIIIE HHTEPBAI IOBTOPSHUS OOIBIINX 3eMJICTPSCEHHIH,
CJIeJIOBATEJIbHO, BBIIIE 00Ias CEHCMUYECKash OMACHOCTh, 3TO OTHOCHUTCS K pacueTaM Kak
o Metoxy Xsanra [15], Tak u mo M3II [4,5,6].

B nanHO# cTaThe OIEHKH OCHOBBIBAIOTCS, KaKk OBLIO IMOKa3aHO BEINIE, Ha Oolee
obecIieueHHONW CTaTHCTHKE, 9YeM B [14], a BEIOOp M,,,, 0OYCIIOBIIEH pe3ybTaTaMu psia
uccienoBanuid mponuibix jetr [11-13], mo kotopeiM BemwmuuHa M, = 7.5-7.8 (B
TepMuHax MarHutyabl G-R). B rtabmumax 1-2 u 4-5 naHbl OLEHKH BEPOSATHOCTH
BO3HUKHOBEHHUA 3E€MIJICTPSACEHUM OMNpPENeICHHOW MarHuTyAbl 3a 3aJaHHBIM BpEeMEHHOU
untepBai (7=50 ner).

JlaHHBIC pacueToB, NMPUBEICHHBIC B TaOMMIAX 4 U 5, MOKa3bIBAIOT, YTO BIIUSHUE
MOpOroBOW (WM MHHHMAJIbHON) MAarHUTYIbl BBIOOPDKM HAa HTOTOBBIC OIECHKH
MOBTOPSIEMOCTH TaKXXe BeChbMa 3HAYWTENBHO: TMPH yBeNnWYeHWH M, Ha eIWHUILY,
pacyeTHBIH TEPUOJ MOBTOPEHUS MArHUTYIBI 7.5 CHUXKAETCS MPHU BBIYUCICHUM BCEMHU
TpeMsi METOJaMH, CJEeIOBATEeIhbHO, BO3MOXKHO 3aBHINICHUE WM 3aHM)KEHUE PacueTHOH
CEHCMUYECKOI OMacCHOCTH.

CpaBHeHHME JaHHBIX B TaON. 4 W 5 TOKa3bIBaeT, YTO JaXKe IMPHU OJUHAKOBBIX
ypoBHSIX M,;, u M,,, HO TpU pa3HBIX 00bEMax BHIOOPOK, PACXONKICHUE OIICHOK
MOBTOPSIEMOCTH OOJBIINX MAarHUTYA MOXET nocturath 60-70%.
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[MoxBoas 00K UTOT BBIIEU3IOKEHHOMY, U OTOpachiBas KpallHUue 3HAUCHHS H3
MOJly4eHHOTO Ha0opa OIEHOK IOBTOPSEMOCTH, MOXHO OTMETHTh, 4YTO TEPHOJ
MTOBTOPSIEMOCTH 3eMieTpsiceHnit ¢ Mg x=7.0 (M,=7.25) nexur B uatepsaie ot 30 go 60
JIET, C JOCTAaTOYHO BBICOKOM BeposiTHOCTHIO, R=0.5-0.7 (3a T=50 n;ert), ¢ Mg =7.5
(Mw=7.7) B unrepBasie ot 100 (Hambonee meccuMucTHYecKas oreHka) no 380 ner
(Hambornee ONTHMHUCTHYECKAs OIEHKa), ¢ BeposTHOCThI0 R=0.1-0.25 (3a 7=50 ner).
[IpumeHeHne pa3HBIX METONOB [UIS OIPENENICHUS CpPEeAHHX WHTEPBaJOB IOBTOPEHUS
CWJIBHBIX 3eMJICTPSICCHHI MTO3BOJISCT MOMYYUTh 00JIee PeaTUCTUYHbIE, HE HCKITIOYAOIINE,
a B3aUMHO JIOTIOTHSIONINE IPYT OpyTa, OLEHKH.

Ilo nByM Kartasjoram 3eMJIETpsICeHUN ¢ YHUDHUIIMPOBAHHBIMH, HO Pa3HBIMU THUTIAMHU
Marautyn (Mgr U My), TpeMs METOJaMH BBIMOJHEHBI OICHKH IOBTOPSIEMOCTH U
BEPOSATHOCTH  CWJIBHBIX  3emiieTpsiceHuid  Bpanya. OTmeueHa  TPHUOPUTETHOCTH
WCTIOJB30BAHMS TOTO WM HHOTO METOAA JUIS OIICHKH II0 Pa3HBIM THIIAM MAarHUTY/I.
ITokazaHna 3aBUCHUMOCTH KOHEYHBIX OIICHOK OT BBIOOpa 3a/laBaeMbIX BEIMYMH Mmin U
Mmax, o0beMa BBIOOPKH, MCHOJIB30BaHMS TPYNIIMPOBAHHBIX (MHTEPBAILHBIX) JAAHHBIX
Wi HAaONIONEHHOTO psAa MarHuTyn. M3 aHanm3a pacCUMTaHHBIX —TEPUONIOB
MOBTOPSIEMOCTHU CJEAYET, YTO MEPUOJI TOBTOPSAEMOCTH 3emiieTpsiceHuit ¢ M=7.0 JexuT B
untepBaie ot 30 g0 60 meT, ¢ TOCTaTOYHO BHICOKOM BeposTHOCTHI0, R=0.5-0.7 (3a T=50
ner), ¢ Mgr=7.5 (Mw=7.7) B uarepBaine ot 100 (Hanbonee necCUMUCTHYECKAsT OLICHKA)
mo 380 yet (HanboJiee ONMTUMHICTHYECKAsI OIEHKA), ¢ BeposATHOCTRI0O R=0.1-0.25 (3a T=50
JIET).

ABTOp cTaThM BBIpaXKaeT WCKpeHHIOW OmaromapHocts E.C. Mcuuko 3a
KOHCTPYKTHBHYIO TIOMOIIb B peallM3allii MPOrpPaMMHOTIO OOECIIEYeHUs W TPOBEIEHUS
pacderos.
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Anexcees U.B., Poman A.A., Cumonosa H.A.

ITocTpoenue peruoHaabHOro rogorpaga oyara Bpanya na ocHose
naHHbIX Mesxxaynapoanoro Ceiicmosiornyeckoro Llenrpa.

In article the technique of construction of regional hodograph of the seismic focus
Vrancea on the data of the International Seismological Centre is described. Hodograph is
constructed for P and S waves and are submitted as the tables of coefficients of 6 degree’s
polynom, and also in a graphic kind.

BBenenne

Hdannas paboTa sBISETCS YacTbiO 3aJaud  ONpENesICHHS TUIIOLIEHTPOB
3eMIIeTpsICeHUI ouara BpaHda mo JaHHBIM ONMH3KHUX CTaHIUH (A < 200), rIIe o0Ie3eMHON
rogorpad IASPI1 oka3piBaeTCca HEAOCTATOYHO TOUYHBIM B CBA3H C TEM, UTO HE YUUTHIBAET
0CcOOEHHOCTEH CTpPOCHMS AAHHOW Oo4aroBoi 30HBI. IIpakTmueckoe 3HaueHHE pPabOTHI
COCTOHWT B TOM, YTO IIOCTPOEHHBIA B HEHW pPErMOHANBHBIA rojporpad SBIsSETCS YacTbIO
nporpammbl  HYPOS, xotopas wucmomedyercsi cedicMudeckoil cerbio PecmyOnuku
MonnoBa AJis oTIpeieIeHAs THIIOLIEHTPOB 3eMJIETPsICEHUH ouara Bpanua.

JJanHbie 1 MeTOAbI 00PA0OTKH

Jns moctpoenus romorpada ObUTH WCHOIB30BAHBI JaHHBIE MEXIyHApOIHOTO
Ceiicmonorudeckoro Llentpa (ISC) [1]. Beibopka nHpopMaImu o 3eMICTPICEHUSIX oJara
Bpanua mpoussoaunace u3 ISC On-line Bulletin mo cnenyrommM KpuTepusM: MOJIOKEHHS
SMULEHTPOB IIMPOTA 45° — 46° N, nmonrora 26° — 27° E. Boum MOJIY4YEHBbI CBEIEHUA O
1701 3emneTpsicernn 3a niepuo ¢ 28 saBaps 1985 mo 6 centsopst 2002 1. beuto pemeHo
HE WCIOJNB30BaTh Oojiee paHHHE JaHHbIE BBHUIY HEJIOCTATOYHOW HAJCKHOCTH
ompeneNieHus UX THNoLeHTpoB. bromierens Obu1 npeacrasieH B popmare IMS1.0.

Jlanee, OpuTa HamucaHa MPOTrpaMMa, KOTopasi o TaHHBIM BroiieTeHs BervucIsiia
JUTS KQKJIOTO BCTYIUICHHUS SIUIICHTPAIFHBIE PacCTOSHUS M Bpems mpobera P u S BonH.
[Ipr HanMuUUKM HECKOJBKMX BAPHAHTOB pacdeTa T'HITOIEHTPOB, BBHITOJHEHHBIX Pa3HBIMH
areHTCTBaMH, BBIOOp OCYIIECTBISUICS B COOTBETCTBHH CO CIIEAYIOLIEH Tadmuieit
MIPHOPUTETOB:

1. BUC (Bucharest. Centre for Earth Physics and Seismology, Romania.);
2. ISC (International Seismological Centre. U.K.);

3. NEIC (National Earthquake Information Center. U.S.A.);

4. MOS (Moscow. Institute of Physics of the Earth, Russia.).

Brutn ucnosnp30BaHbl TaHHBIE CTAHIUH, HAXOASIUXCs He nanee 20 rpaaycoB OT
snuneHTpa. Beero 6bu10 momyueno 23777 Berymiennid P n 10154 Berymienuit S BouH.
Bcs ora uadopmanus Ovlna pasaencHa Ha 16 MacCHBOB JaHHBIX 1O TiayOnHam odara 10,
20, 30, ..., 160 kM ¢ HEOOTBIINUM TTEPEKPBITHEM (+/-7 KM OT IIEHTpanbHOW TiyOouHsl). Tak,
HampuMep, B MaccuB Juis TiayOuHbl 100 KM momamu 3eMICeTpsACEHHs] C TIIyOHHOM
runoneHTpa ot 93 g0 107 km.
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Jlyig Tex e IyOUH M SIUIEHTPANIbHBIX paccTosuuit 11, 12, 13, ..., 25 rpamycos ¢
nomompio PC Version of Ray Buland's TASP91 Traveltime Software [2] Obutu
BBEIYHCIICHBI BpeMeHa mpodera P u S BoyH 1 m00aBieHB! B (haKTHUSCKHA MaTepual. JTO
OBUIO CcHETaHO [yl TOTrOo, 4TOOBI PErHOHANbHBIA Tomorpad IUIABHO NEpeXOmusl B
MEX Ty HAPOTHBIH.

Ha crnenyromem sTare mosry4eHHbIe MACCUBBI AIMMTPOKCUMHUPOBAIHNCH TOJIMHOMOM
6 creneHu

6

T=Ya,A

n=0
(BBIOOpP OBLT cIelaH Ha OCHOBAaHWHU DKCIIEPUMEHTAIBHONW MPOBEpKH). [Ipyn 3TOM maHHEIE
BEIXOMAIINE 3a Tpeaenbl HWHTepBala 36 ynamumuck. Ha puc.l mokasaH mnpumep
noctpoenus rogorpada P Bomusr st rmyounsl 150 kM. Koaddumuentsr nonmuoma a, —
as ronorpados P u S BonH ans riyOuH /# mipencTaBieHsl B Tabnunax 1 u 2. B Tabnumax
TaKKe yKa3aHO # — YHCJIO TOYEK MO KOTOPHIM 3TH IMOJWHOMEI CTPOWINCH. B cpemHem,
CTaHJApTHBIC OTKJIOHEHUS A ceMmeiicTBa P BomH coctaBisumi 2.4 ¢., a 1 S BOJH — 4.2
c. l'ogorpader P u S BonH Ha wHTEpBasie AMUIIEHTpaIbHBIX paccrostauii 0—10 rpagycoB
MOKa3aHbl Ha puc. 2 u 3.

O0cy:x1eHne pe3yJibTATOB U BbIBO/IbI

lomorpadsl ObuUIM MOCTPOEHBI TOJIBKO HAa OCHOBE IAHHBIX O 3EMJIECTPSICEHHIX
ouara Bpanua u TakuM 00pa3oM yuUTHIBAIOT I'e0JIOTHUECKHEe 0coOeHHOCTH pernona. Ha
pHc. 2 1 3 XOpoIo BUIHO Pa3iIMuue XapaKkTepa pacupocTpaHeHHs BOJIH Ha riryouHax 10-
40 u 50-160 xM. DTO rOBOPUT O TOM, YTO B JTaHHOM PETrHOHE I'paHulla MoxopoBHUMYA
HaxoauTcs Ha TiryomHe Mexmy 40 u 50 kM., 9TO HE TIPOTUBOPEUUT paHee MOTyICHHBIM
pesyabTaTtam [3].

Hacrosimast padota OyneT cnoco0cTBOBaTh YBEIUUYEHHIO TOYHOCTH ONPEEIICHHS
TUIIOLIEHTPOB KAPIATCKUX 3€MIICTPSICEHUH.

Tabnuna 1. Koagdurnuents: nonmuoma rogorpada P BosHbI

khtiq n a a a, az ay as ag

10 | 717 | 1.00503 | 20.7677 | -2.76554 0.446315 | -0.03327580 0.00114549 | -1.48692E-05
20 | 556 | 1.22174| 20.7955 | -2.76141 0.443848 | -0.03305180 0.00113631 | -1.47220E-05
30 | 614 {2.96655| 17.8111 | -1.47781 0.220561 | -0.01537570 0.000495435 | -6.06911E-06
40 | 425(3.79858 | 16.5103 | -0.86500 0.111855 | -0.00666699 0.000175788 | -1.70268E-06
50 | 157 |6.54076| 10.2684 1.33376 | -0.202879 0.01463300 | -0.000505187 | 6.59549E-06
60 | 322 |7.42063 | 10.5276 1.01041 | -0.141435 | 0.00974477 | -0.000329136 | 4.23601E-06
70 | 829 | 8.48463 | 10.1390 0.98672 | -0.131306 | 0.00969824 | -0.000372261 | 5.48728E-06
80 [1681|9.96484 | 8.61748 1.54850 | -0.221305 0.0168589 -0.00064748 | 9.51499E-06
90 |2246(11.1655| 7.98126 1.63127 | -0.210338 0.0139012 | -0.000464559 | 6.06236E-06
100 (1827(12.4516| 7.42241 1.61173 | -0.185225 0.0109617 | -0.000340073 | 4.27907E-06
1102549 13.6505| 6.47869 2.08242 | -0.292738 0.0213068 | -0.000773202 | 1.08248E-05
120 |4046| 15.0050 | 6.14460 2.06146 | -0.279673 0.0199741 -0.000721734 | 1.01453E-05
130 |4740| 16.0869 | 5.77458 2.09632 | -0.275466 0.0191824 | -0.000683521 | 9.55835E-06
14014949|17.4148 | 5.42468 2.13659 | -0.271144 0.0180474 -0.00061327 | 8.20336E-06
150 ({3457|18.5296 | 4.84257 2.31640 | -0.298429 0.0199210 -0.00066998 | 8.80472E-06
1601690 19.5274 | 4.91646 2.26733 | -0.291995 0.0198069 -0.00068392 | 9.24306E-06
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Tabnuna 2. Koagduruents noimuoma rogorpada S BoJHBI

50

khril n a a a az ay as ag
10 | 500 |2.01363 | 36.4827 | -3.70868 0.453050 -0.0261756 0.000727986 | -8.07403E-06
20 [ 311 |2.85353| 349321 | -2.98740 | 0.340625 | -0.0188074 0.000511736 | -5.71920E-06
30 [ 284 |5.87690 | 29.4426 | -1.53859 | 0.167738 | -0.0071217 9.51031E-05 1.47619E-07
40 | 187 | 7.18576 | 26.4602 | -0.00173 | -0.075359 0.0093422 -0.000415915 6.16655E-06
50 | 122 111.2869| 18.9776 | 2.26859 | -0.361536 0.0266587 -0.000912583 1.15675E-05
60 | 208 | 13.9438 | 16.1411 | 2.87557 | -0.441117 0.0324049 -0.00111303 1.42037E-05
70 {479 (15.9320| 16.1322 | 1.61703 | -0.106240 | -0.0004194 0.000251692 | -6.10406E-06
80 | 930 [ 18.3010| 13.7387 | 2.62903 | -0.296582 0.0160037 -0.000394296 3.28960E-06
90 [ 902 |20.5864 | 11.8847 | 3.39159 | -0.424088 0.0267965 -0.000822377 9.52248E-06
100 | 879 122.5704| 11.5618 | 3.21995 | -0.376366 0.0223196 -0.000651484 7.25912E-06
110|1077(24.7403 | 9.98153 | 3.77579 | -0.475160 0.0304919 -0.000957795 1.14813E-05
120 |1485(27.2259| 9.13419 | 3.66098 | -0.414234 0.0234186 -0.000638415 6.48294E-06
130 [1625]29.5983 | 7.44014 | 4.23982 | -0.522554 0.0333811 -0.00105187 1.26906E-05
140 [1684|32.0475| 6.33536 | 4.59625 | -0.540651 0.0322575 -0.000952558 1.08565E-05
15011309|33.6321 | 6.20752 | 4.26731 | -0.462646 0.0254518 -0.000695774 7.32232E-06
160 | 555 (34.7568 | 6.52975 | 4.17849 | -0.460550 0.0264326 -0.00077359 8.91943E-06
300
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Puc. 1. [Ipumep noctpoenus rogorpada P Boxub! 1uist ryounsr 150 kM.
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Puc. 2. T'omorpad P BoHBEI Ha MHTEpBae ANHUIIEHTPaIBHBIX paccTosHU 0—10 rpamycos
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Puc. 3. Tomorpad S BosIHEI Ha HHTEPBAJIC AMHUIIEHTPAILHBIX paccTosiHuit 0—10 rpamycos
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Muipnan H. @.”

CpaBHUTe/IbHAS XapPAKTePUCTHKA FeOXMMHUYECKHUX CIIEKTPOB
TBepAO0(a3HbIX ATMOC(EPHBIX BbINACHUN B rOPOAaX

The geochemical spectra of solid atmospheric deposits in Moscow, Kishinev and
RioGrandee (Brazil) are compared. Geochemical spectra in residential areas of cities with
various urbanistic characteristics and physical-geographical conditions are practically identical.
The parameter technofility supervises the increased concentration in an atmosphere of cities of
elements of wide household use with low clarcks and high mobility. Concentration of lithogenous
metals and metals resistant to oxidation in a small degree is dependent on their technofility.

BBenenne

Tepmuaom “rexHorene3” A.E. @depcman 0003HAYMI aHTPOIOTCHHBIA BKJIAZ B
paccessHue W KOHIICHTPUPOBAaHUE XUMHUYECKHX 3JeMeHTOB B Ouochepe [1]. ITo3zxe
A.N. TlepensMaHOM [T KOJIMYECTBEHHOM OIICHKH TEXHOTCHE3a ObLI BBEJICH IOKa3aTelb
“TeXHO(DWILHOCTS” — OTHOIIEHHWE EXETOMHO W3BJICKAEMOTO U3 HEIp KOJIWYIECTBA
3JIeMEHTa K ero KIapky [2]. B mepBBIX 3KOJOT0-TeOXMMHUYECKIX MCCIEIOBAaHUAX Hayaa
70-x TOmOB TeXHO(MWIBHOCTh HCIOJB30BaNach sl OOIIeH OLEHKH HSKOJOTHYECKOTro
pUCKa 3arps3HEHUs Cpenbl OTACIBHBIMH JJIEMEHTaMH. JanpHeiiiee pa3BuTHE
MIPUJIOKEHHSI TEOXMMHU K DKOJOTHYECKHUM WCCIIEOBAHUSM TPUBEIO K TOSBICHUIO
0O0JIBIIIOrO YKCIA CIICIUAIM3UPOBAHHBIX MMAPAMETPOB IS OL[EHKH YKOJIOTUYECKOTO PUCKA
Pa3IMYHBIX MPUPOHBIX CPEJl: BO3IyXa, OCAKOB, MOYBEHHOTO TIOKPOBA, TTOBEPXHOCTHBIX
U TPYHTOBBIX BOT [3].

B magame 80-x romoB chopMHpOBaIoCh HOBOE HAIPABJICHHE - DKOJIOTHUYSCKAS
reoxXumusi TopoaoB. OCHOBHBIC TOJOXEHHS 3TOH AMCHUIUIMHEI chopmyiupoBan FO.E.
Caer [4]. Ilpu 5TOM TOpPOICKHE TEPPUTOPHH PACCMATPUBAINCH KaK CHEIH(HUECKUE
FeOXMMHMYECKHE TOJS, W YCTaHABIMBAJIACh  AHAJOTHUS MEXAY  TI€OXUMHUYECKUMHU
mpoleccaMd B Pa3pyLIAIONUXCS  PYAHBIX MECTOPOKICHUAX M PacHpoCTpaHECHHEM
3arpsi3HEHHM OT TOYEYHBIX HCTOYHHKOB B TIPOMBINIICHHO-TOPOJICKHX arjioMeparax.
Komnextusst UMI'PD u MI'Y niepBBIME IPOBEIH KOMIUIEKCHOE DKOJIOTO-TE€OXHMHYECKOE
KapTHpOBaHME KPYMHBIX TOpoaoB IieHTpa Poccuu [5,6]. DTOT ombIT OBLT HCIIONB30BaH
JUISL DKOJIOTO-T€OXMMHUUYECKUX uccaeaoBanuid B Kuinuese B koHile 80-x rofoB [7].

I'eoxumuyeckne wcciaenoBanus ropoaos, mpoBoauMble B CCCP, He uMeErOT
aHAJIOTOB B MHpe. VX YHUKaJIbHOCTH COCTOMUT HE TOJBKO B MacIITaOHOCTH, HO U
MPAKTHYECKOM TMPWIOKEHUM UJCH TeOXMMHHM TEXHOreHe3a paspabortanHeix B.U.
Bepnanckum, A.E ®epcmanom, A.U. [lepensmanom, FO.E Caerom, H.C. KacumoBsiM 1
np.

B xonne 90 —x rogoB Hamu ObLIa MPOBEJCHA KOJOTO-TEOXUMUYECKasi CheMKa T.
Puy-I'panne (bpaswnusi) TO  yOpoOIIEHHOW cXeMe — TEOXMMHUYECKHd aHaju3
TBepaodasHeix arMochepHslx BemameHnii (TAB) [8]. Otor mepBelidi u TOKa
SIMHCTBECHHBIA OMBIT JKOJOTO-TCOXUMUYECKOTO KaPTHPOBAHUS B 3aMaJHOM IOJIYIIApUN
MPEACTaBIsIeT BO3MOXXHOCTh IIPOBECTH CPABHUTEIBHBIA aHAIU3 TE€OXUMUYECKUX

* VuuBepcurer Puo-T'panne, Bpasunms
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CIICKTPOB IOPOAOB C PA3JIMYHBIM XapaKTECpPOM U YPOBHEM TCXHOI'CHE3a, PCAJIM3yCMbIM B
Pa3IMYHBIX COLUAIBHO-3KOHOMUYECKUX U reorpaiuecKux yCIOBHSX.

l'opoma sBiAIOTCS 30HAMHM  IIOJMIJIEMEHTHOTO TEXHOTCHHOI'O PACCESHHUA.
IloaTomy cnemoBaio ©Obl  OXHIATh, YTO YPOBHM oOorameHus TBepao¢azHbIX
aTMOC(EPHBIX BBHINMAJACHUA XHMHUYECKUMH JJIEMEHTAMH B TOPOAaX B LEJIOM JOJKHBI
COOTBETCTBOBaTh HX TEXHOPHUIBHOCTH. B HacTosmed craTbe MBI NONBITAIHCH
IPOBEPUTH 3TO MPENIONOKEHHE, a TAaKXKE YCTAHOBUTh IIPUCYTCTBHE OOLIMX YepT B
pacmpeneneHud XMMHUYECKUX 3JIEMEHTOB B TBEpAOQa3HBIX aTMOC(HEPHBIX BBIMAICHUIX
rOpPOAOB, PA3IMYHBIX [0 CBOMM YPOAHHCTHYECKMM U 30HAJbHO-reorpapuyecKumM
XapaKTePUCTUKAM.

MaTepna.nbl H METObI

Hccnenoannsie ropoma MockBa, KummneB u Puy I'panze 3HauuTenbHO
pa3nuyaloTcsT MO CBOMM  YpOAHUCTHYECKHM W NPUPOTHO-TEeOorpadUuecKuM
XapakTepucTukaM. MockBa — OOUMH M3 KpPyHOHEHIIMX MEramojucoB MHpa C
mopUPOBUIAHON  CTPYKTypOH  pa3sMemeHHs]  MPOMBINUIEHHOCTH  (KOMILIEKCHI
MIPOMBILUIEHHBIX TPEANPUATHH 110 Mepe pa3pacTaHUs FOPOJCKOM 3aCTPOUKH OKPYKaINCh
JKWIBIMH paiioHamu), B KumimHeBe Ha ()OHE BKpAILUICHHOW CTPYKTYPBI pa3MEIleHUs
MIPOMBIIIUIEHHOCTH MMEETCS MPOMBIIUICHHBIE 30HBI B IEHTPAIBHON W MepuQepuvecKkoi
yacTax ropojga, B Puy I'panme okuiple KBapTajdbl M MPOMBIIUIEHHAs 30HA
MIPOCTPAHCTBEHHO pa3feneHbl. MOCKBa XapaKTepU3yeTcsd OTHOCHUTENBHO JIETKUM
MEXaHMYECKMM COCTaBOM IIOYB M CpPEIHEroloBoil HopMod ocaakoB 10 900 mwm,
MOYBEHHBIM NMOKpoB KuinHeBa npeacTaBieH MIMHUCTBIMU IOYBAMH U CPEAHETOIOBOM
HOpMO# ocaakoB okojo 500 MM, Puy I'panme pacmonoxeH B OeperoBoil 30HE
ATIaHTHYECKOTO OKEaHa Ha MIOHHBIX KBapLEBBIX MECKaX C TUIWYHOM ISl BIIAXKHBIX
CyOTpOTIMKOB TOIOBOW HOPMOW ocaakoB okojio 1500 MM. Dmuccwm aBTOTpaHCIOpTA
TaK)Ke Pa3IMYHbI B 3TUX ropojax, ecian B Mockse u KumnHeBe Ha mepuoja onpoOoBaHUsg
MIMPOKO HCIONB30BANICS OEH3UH ¢ 100AaBKOHW TeTpadTHICBHHLA, TO B Puy I'panae Takoi
OCH3MH 3ampenieH K HWCHoib30BaHW0 C¢ 1980 T. W, KpoMme TOro, OONBIIYI YacTh
aBTOMOOMIILHOTO TOTLIMBA 3[IECh COCTABIISIET ATUIOBBIN CITUPT.

Oo6pasust TAB B MockBe u KummaeBe Obuim OTOOpaHBI METOJOM CHETOBOM

cbeMKU. Ha moBepXHOCTH CHera, He MEHee JBYXHEIEIbHOM AaBHOCTH, HaMeuascs
KBAJPAT MIOMAABI0 | M, CHer coOMpancs 0 TiyOMHBI HECKOJIBKMX CAaHTHMETPOB Haj
MIOBEPXHOCTHIO TTOYBHI M MMOMEMIAJICS B MOJMAITUICHOBEIEC MakeThl. B maboparopun cHer
pacTaruiMBaicsi MpH KOMHATHOM TemiepaType. B3BelleHHBI Marepuan OTIesuics
nenTpudyrupoparreM pu 6000 06/MUH, BBHICYIIUBAJICSA MPU KOMHATHOW TeMIiepaType,
B3BEIINBAJICS U CKIaJMPOBAJICS O MOCIEAYIONIETo aHaIN3a B CTEKJISTHHOM Mocy/Ie.
Hns ompoGoBanuss TAB B Puy I'panme Hamm Obul pa3paboTaH M TIPUMEHSIICA
CIIEUUATIbHBIA KOJUIEKTOP, COCTOSIIUI M3 KOHUYECKOH MOJHUIPONUICHOBOM BOPOHKU U
anerar-uemmonossoro  ¢uastpa 0,45 pm  (Millipore™) VYmusepcurer Puo-I'panze,
Bpaszunus [9]. Konnekrops! skcrioHupoBanuch B TeueHHe 30 AHeH B BBIOpaHHBIX TOYKaX
Ha BBICOTE OT 5 10 7 METPOB HaJ MOBEPXHOCTHIO MOYBHI JJI1 YMEHbBIICHUS NOYBEHHOMN
COCTaBJISIIOIIE B COOMpPAaEeMBIX BBIMAACHHUAX. DUIBTP C HAKOIUIGHHBIM MAaTepHaIOM
U3BJIEKAJICS U3 KOJUIEKTOpa B 1TaOOpaTOpUH, BEICYIIMBAIICS TIPH KOMHATHOW TeMIlepaType,
B3BEILIMBAJICA U CKIaIUPOBANICA B CTEKIISIHHOM mocye.
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Meramier B TAB MockBel u  KummneBa ompenensuiuch B oOpasiax,
IpEIBApUTEILHO O30JICHHBIX TpH Temiieparype m0 550 C °, MEeTogoM 3MHUCCHOHHOM
CIEKTPOCKONHUHU (KOJIMYECTBEHHBIH aHaIM3 CO CPEJHMM KBaAPATUYHBIM OTKIOHCHHEM
Tpex MoBTOpoB MeHbIe 15%). O6pasisr TAB Puy ['panne nmpenBapuTenpHO pas3iaraiuch
B CMECH KOHLEHTPUPOBAHHBIX A30THOM, COJISTHOMW, IJIABUKOBOM M XJOPOBOAOPOAHOMN
KUCJIOT C yIapUBaHUEM [0 BJIAXHBIX COJeH. AHanM3 METaUIOB HPOBOAMICS aTOMHO-
aOCOPILIMOHHBIM METOAOM B IUIAMEHHOM H JJIEKTPOTEPMUYECKOM pEXUME (CpeaHee
KBaJIpaTUYHOE OTKJIOHEHHUE MOBTOPOB MeHee 5%).

O0cy:xaeHne pe3y1bTaToOB

Meromnomerpuyeckas cbeMka TAB B M3y4eHHBIX TOpo/iax BHISIBUJIA aHOMAJIUU
pa3nuyHBIX 3JeMeHTOB. B MockBe Hamboliiee KOHTpPACTHBIE aHOMAJHH IPOSBISIOTCS B
30HC BO3ACUCTBHUS BBHIOPOCOB MAIIMHOCTPOUTEIBHBIX W METAIIO00padaTHIBAIOIIIMX
3aBojI0B. [lapareHHy0 accOIMAIMIO0 MPOMBIILJICHHBIX BHIOPOCOB B MOCKBE COCTaBISIOT
CBUHEI], XpoM IHWHK U Menb. B Kummnese HambGonee koHTpacTHble aHomManuun TAB
MPUYPOUYEHBI K MPOMBIIIJIEHHON 30HE BJ0JIb p. BBIK, ¢ MapareHHOW accolualiuen Meau,
LIMHKA, CBHMHIQA, HuUkeiasd. B Puy I'panae npombllUIEHHBIM pailoH  IpencTaBICH
noctossHHOH aHomanuedi TAB, o0s3annHoif BbIOpocaM (abpuK MO TNPOU3BOICTBY
MUHEpPAIbHBIX YIOOpeHuil, He(TermeperoHHoro 3aBojia M IOPTOBBIX TEPMHUHAIIOB.
ITaparennyo accoruamnuio 3TOW OOMIMPHONW aHOMAUU COCTaBISIOT IIMHK, HUKEIb,
KaJIMUH, MBIIIbSK U BaHATUU.

Acconuanusi XUuMH4eCcKuX 371eMeHTOB B TAB mpOMBIIUIEHHBIX 30HaX, NpU BCel
BaXHOCTH IS OLEHKH JKOJIOTO-TEOXUMHUYECKOH CHUTYyallid B TOPOJIax, HE MOXKET OBITh
UCIIOJIb30BaHa I OOIIeH XapaKTepUCTUKUA TeOXMMHUYECKHX IPOIECCOB B ropojax B
CBA3UM C PE3KOM crheuuaiu3auueil NPOMBIIUICHHBIX Mpou3BoiacTB. Iloatomy s
CPaBHUTEJIBHOIO aHANIM3a TEOXHMHYECKHX CIEKTPOB HCCIEIOBAHHBIX TOPOJOB MBI
WCIIOJIB30BAIM JAaHHBIC, IMOJIYYCHHBIE IO TOYKAM ONpPOOOBAHHS B KWIBIX pailoHax
PAaCHOJIOXKEHHBIX BHE IPSMOTO BIIMSHUS IPOMBIIILICHHBIX BEIOPOCOB.

Ha pucynke 1, rme mnpencraBieHbl TIE€OXHMUYECKUE CHEKTPbI, H3YyUYEHHBIX
TOPOJOB BHUIHO 3HAYMTEIHFHOE CXOJICTBO B pacIpeAesieHHH KOHIICHTPAIMA METalIOB B
TAB u3yueHHbIX TOPOJIOB.
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—+— Mocksa (120)

Mr Kr

11— -=Knumnes(16) — —— —— —— —— —— ——
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Puc.1. Cpennsasa koHueHTpanus MetaiioB B TAB xunbix palloHOB rOpoAOB.
B ckoOkax — KOTMIECTBO 00pa3IoB.
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[Topsamok 371eMEHTOB B CHEKTPax B CPaBHEHHH C 0a30BBIM CHEKTPOM MOCKBBI
Hapymiaetcss B Puy ['paHnme B oTHOmIEHWM MapraHima W xpoma, a B KwumuHeBe B
OTHOIIIEHUH AIIOMHUHUSA, XpoMa u cepebpa. [IpeBrimeHre KOHIIEHTPAlMy MapraHIiia HaJ
amromuaueM B TAB Puy I'pannme o0bsicHseTcss 00CTHEHHOCTHIO MECTHBIX ITOYB
AIIOMOCUJIMKATHBIMH TIMHUCTHIMUA MUHEpaJIaMy U OJM3KHM 3aJleTaHHeM TPYHTOBBIX BOJ,
KOTOPOE CITOCOOCTBYET (hOPMHUPOBAHHUIO OKUCIUTEILHOTO 0aphepa Ha MOBEPXHOCTH TOYB
¥ HaKOIJICHWIO HA HEM THUIPOOKHCIIOB MapraHia. HecKoIbKo MOBBIIIEHHOE COEepIKaHue
xpoma B TAB Puy I'panze mo cpaBHeHHIO ¢ MOCKBOI1, BO3MOXHO, OOBSCHSIETCS TEM, YTO
JKUIIBIX PallOHOB TOpOJa JIOCTUTAIOT IbUIEBBIE YACTHUIBI PYJHOTO KOHIEHTpATa,
pa3rpy’kaeMoro B MOPTOBBIX TEPMHHAIAX PACTIONOXKEHHBIX B 20 KM OT JKHJIOTO CEKTOpA.
B Kummnese TAB oTHocuTensHO oOOOTaIeHbl aTIOMHUHHAEM, BEPOSITHO, M3—3a
3HAYUTEIBbHOW MPHUMECH B BBINMAJEHMUAX TTTUHUCTBIX MUHEpPANOB MECTHBIX MOuB. boiee
yeM JBYyKpaTHoe mnpeBbilieHre xpoma B TAB KummHeBa mo cpaBHeHHio ¢ MOCKBOM,
BEpOSATHO, SBISIETCSA CIIEACTBUEM MEHbIIEH IUCTaHLMEH MEXAy >KUJIBIMH palloHaMu
KummHeBa ¥ MpOMBINIIEHHON 30HOM, MMO3TOMY, XOTS XpOM HE BXOAWUT B NapareHHYIO
acCOIMAIINI0 TIPOMBINUICHHBIX BBIOPOCOB ropona, ero coxaepxxanne B TAB sBHO
MOBBIIIICHO. AHOMajbHOE coaepxkaHue cepebpa B TAB KummneBa, ecii HCKITIOYUTH
BEPOSATHOCTh AHATUTUYECKOW HETOYHOCTH, TPYAHO OOOCHOBATH C MO3UIMHA T'€OXHMHUHU
TEXHOTEHE3a.

Cpenn Tpex HCCIeIOBaHHBIX ToponoB KumimHeB BBIEISETCS  ITOBBIIICHHBIM
conepkanrieM B TAB mpakThyecku Bcex METaIOB 3a MCKIIOYEHHMEM jKejle3a U PTYTH.
OpHOM W3 TPUYMH BBICOKHX COJEPKaHWH METaIJIOB, BEPOATHO, SBIsieTCA oOmas
TIOBBIIIIEHHAs 3allBUICHHOCTh aTtMocdepsl KummmneBa no cpaBHeHH0 ¢ MockBoit u Py
I'panzme, 4ro yxe oTMedasoch HaMH B Mpenblaymux myonukamusx [10], a Taxxke
Oonbiras 1ot B TAB TIMHUACTBEIX MUHEPAIOB, COAECPXKAIIMX B MOTIOMIEHHOM KOMILIEKCE
3HaYUTeNbHbIe KonndecTBa MeTaiuioB. [Ipucyrcteue B TAB rimmHNCTBIX MUHEPAIIOB TIOYB
B 3WMHHH Tepuoa OOBICHICTCS WX OTHeJIeHHeM oT (dacamoB 37aHuil (0COOCHHO B
MOpO3HYIO TIOTOJy), a TaKkKe MPUBHOCOM B JKHJIYI0 30HY ITOYBEHHOTO MaTepuala H3
MIPUTOPOTHOW WHIyCTPUAIBFHOW 30HBI HAa KojlecaX aBTOTpaHCHOpTa. B MoposHyro
MOTOJTy TTBUIEHHE 3TOTO MaTepraia He MeHee MHTEHCUBHO, YeM B CyXOW JIETHUH MEPHO/I.

CpaBHeHre K03(p(QUIIMEHTOB KOHIIEHTPAIUU TSKEIBIX METAJUIOB (IPEBBIIICHUE
KOHILIEHTpAallUM DJJIEMEHTa HaJ ero pernoHanbHeiM (onoM) B TAB ropomoB u wux
TEXHO(DWIBHOCTH TIO3BOJISET JOCTATOYHO YBEPEHHO BBIACIUTH JBE TPYIIBI METaJUIOB
(Puc. 2). Ilepryto rpymimy MeTauioB (B MpaBoi dacTh rpadrka) XapaKTepU3yeT IUI0OXO
BBIp@KEHHAsT Koppesiuuss  Kod(h(UIMEeHTa KOHLIEHTPAMd W  TEXHOQHIBHOCTH.
KoHneHTpanus 3Tux MeTauioB, HECMOTPS Ha BBICOKYIO TEXHO(MWIBHOCTh, B TOPOJCKHIX
TAB mpeBHIIIalOT peruoHaNbHBIN (GoH He Oomee 4 pas (B cpemHeM — 2 pasa).
JlutopuibHBIE AIEMEHTHI (ATIOMUHHUM, KeJIe30 U MapraHell) MonajalT B 3Ty TPYIIY B
CBSI3U C UX BBICOKHM KJIapKOM B JIMTOC(epe, il MpeBbIIeHNs, KoToporo B TAB 10mKkHBI
CYIIIECTBOBAaTh OCOOBIE TEXHOTCHHBIE YCIOBHS, XapaKTepHBIE ISl BBIOPOCOB TaKHUX
CHenU(pUUECKUX TPOU3BOJICTB, KaK JIETUPOBAHWE CTall, BBHIIUIABKA YYTyHAa WA
BbIpa0oTKa amoMuHus. JKuiple palloHBI HU OJHOTO U3 HCCIEOOBAaHHBIX TOPOAOB
HE HaXOJATCS TOJ BIMSHAEM BHIOPOCOB STHUX MPOU3BOJICTB.

Cepebpo ¥ XpoM, XOTS M OOJAIOT BHICOKOW TEXHO(PMJIBHOCTHIO M HAXOIAT
IIMPOKOE TMpUMEHEHHE B OBITOBOM JEATENHHOCTH HACEIEHHs, HE3HAYUTEIbHO
MIPEBHIIAIOT CBON pernoHanbHbIN GoH B TAB xumbix parionax. Hanbomee BeposiTHO 3TO
CBS3aHO KaK CO CBOWCTBAMH TIOKPHITHA W3 OTHX METAIOB (YCTOWYHMBOCTBIO K
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OKHUCIIEHHIO), TaK M XapakTepoM HCIIOJNb30BaHUSA O3THX METAIJIOB B OBITOBOM
JesTeFHOCTH (B OCHOBHOM BHYTpH moMmetneHuii). Tem He menee, B TAB Kummnesa
cepebpo 3aHMMaeT o0co0oe TIOJNIOKEHWE B CBS3M C HEOOBIYHO BBICOKOW €ro
KoHIleHTpamue. [lockombKy aHOMaNbHBIC KOHIIGHTpAIMu cepebpa BCTpEdaroTCs
MIPAKTHYECKU BO BCEX TOUKax ompoboBanuss TAB B xumnax pationax KuimnHeBa, MOXXHO
ObUTO OBI, JAOMYCTUTh, YTO cepedpo MMeeT OOIMMN HCTOYHUK, HAlpUMep, BBIOPOCHI
TOPOJCKMX TeIUIONEHTpalel, MCIONIb30BABIINX Ha TIEPHOJ OMPOOOBAaHUS KHUIKOE
TOILUTUBO, KOTOPOE B 3aBHUCHUMOCTH OT THIIA MECTOPOXKICHHUS MOXET COJCPKATh
TIOBBIIIICHHBIE KOJIMYECTBA 3TOTO METallIa.
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Y oucule  Pbe o 2 Pb
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e «Zn  aZn o Zn
2 Age 2Ag +CraCr ©oCr o ° Ag
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Puc.2. TexaHopMIBHOCTS M KOAPDHUITHEHTH KOHIICHTpAITUU MeTaJioB B TAB
HCCIICJIOBAHHBIX TOPOIOB

Bropyro rpynmy meramnoB (IEHTpajdbHBIA CeKTOp rpaduka) XapaKTepu3yer
BBEIPOKCHHAS CBSI3b MEKIY TEXHO(MIBHOCTHIO U KOd(DPHUITMEHTAMH KOHIICHTPAIUA. DTy
TPYMITy COCTABISIIOT 3JIEMEHTHI 3071 yHOCa (BaHAAWH M HHKEJb), METAaJUIbl HIMPOKOTO
OBITOBOTO WCIOJIB30BaHUSA (ME/b, IUHK U CBHHEII), 2 TAK)KE DIIEMEHTHI C OYEHb HU3KUM
KJIApKOM W OOJBITION MHUTPAIMOHHOW CITOCOOHOCTBIO (KaaMmMuit m pTyTh). llopsmox
K03 (PUIIMEHTOB KOHIEHTpAIMK AJIsi OTACIBHBIX 3JIEMEHTOB HE COBIIAJAE€T C TaKOBBIM
Ui X KoHUeHTpauuii B ropoackux TAB. Tak mo abcoiaroTHOMY cOJep)KaHHIO CBHHLA B
TAB Kummne mpessimaer MockBy u Puy ['panme, Torma kak xkodddummeHT
KOHIICHTpAINK CBUHIIA UMEET camoe Oonbinioe 3HaueHue B TAB Puy I'pannme. Bricokuit
K03 (UIMEHT KOHLIEHTpallMd CBUHIA B aTMOC(EpHBIX BblNaneHHsx Puy I'pannme
OOBSICHSETC HU3KHM PETHOHAJIBHBIM (OHOM MeTalla, a TakkKe HaIudueM
cnenupUYecKnkx  HWCTOYHUKOB  3arpsA3HEHUS,  KOMIIEHCHUPYIOIMIMX  OTCYTCTBHE
STHIIMpOBaHHOTO OeH3uHa [11]. 3To ke OTHOCUTCS K PTYTH, OBBIIICHHAs] KOHLIEHTPAIUI
KoTopoir B armocdepe Puy ['panzne cps3aHa ¢ 3arps3HEHHEM IIOYB TOPOJia METALIOM B
MIPEIBIAYIHE CTONETHS B PE3yJbTaTe OTCYTCTBUS YTHIM3AIMHA OTXOJIOB IPOM3BOJCTBA
terpa [12].

[paBblii HUKHUH cexkTop rpaduka He 3aHAT HU ogHUM dnemenToM (Puc.2). 3gecs
MOTJTH OBI pacronaraTbCst 3JIEMEHThI C HU3KOW TeXHO(MIBPHOCTHIO, HO BEICOKHM YPOBHEM
sarpsizHeHusi TAB. K TakuMm OTHOCSTCA PEAKO3EMENbHBIE U PACCESHHbBIE 3JIEMEHTHI:
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WTTPUN, rauivi, ue3ud, TexHeuuid u ap. IIoHATHO, 4YTO HE cleayeT OXKWUIaTh
3arpsiI3HEHHSI STUMHU JIeMEHTaMH aTMOC(EPHBIX BBIMAJCHUHN B )KUJIBIX 30HAX TOPOJIOB.

BriBoabI

TeepmodaszHble aTMOcdepHbIC BBHIMAJCHHUS B KHIIBIX pailoHaX TOPOIOB C PEe3KO
pPasTUYHBIMA  yPOAHUCTHYCCKUMH TIapaMeTpaMHd B pa3HBIX (PHU3HNKO-TeorpadmaecKkmx
30Hax XapaKTepI/I?,y}OTCSI OYCHb 6J]I/13KI/IMI/I TCOXMMHNYCCKUMU CHeKTpaMI/I. COBHaIleHI/Ie
CIIEKTPOB, OYEBUAHO, CBS3aHO C MPAKTHMYECKU OJMHAKOBBIM YPOBHEM HCIIOJIb30BAHUS
METaJNIOB B OBITOBOM cekTope Poccuu, MonnoBel u bpaswiuu, 9To, BIIOJHE BEPOSATHO,
MOJKHO pacIIpOCTPaHUTHL U HA IPYTHU€ CTPaHBIL.

YpOBHU MpPEBBINICHUS COJCPKAHHUS METAUIOB B TBEpAO(]a3HBIX aTMOCHEPHBIX
BBIMAJICHUSIX JKWIBIX PAilOHOB TOPOAOB HAXOAATCI B ONWU3KOH 3aBHCUMOCTH OT
TEXHO(MIBHOCTH JIJI METALIOB C HU3KUMH KJIApKaMH, ITHPOKUM MPUMEHEHHEM B OBITY
Y BBICOKOH MUTPAIMOHHOW CITIOCOOHOCTHIO. JIMTOQHIBLHBIC METAIIBI, & TAKIKE METaJUIBI
YCTOWYMBBIE K OKHCICHHIO JEMOHCTPHPYIOT B CBOEM pAacIpeIelIeHUd MEHBIIYIO
3aBUCUMOCTH OT UX TEXHO(IIHHOCTH.
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Moraru C., Budesteanu S., Jousma G.”

Typical shallow groundwater geochemistry in the Republic of Moldova
(pilot study)

1. Introduction

One of the major issues in the Republic of Moldova over the last decade has been
the need to protect the quality and quantity of its groundwater resources. In rural areas the
non-point source of pollution (NPS) is the leading source of water quality deterioration
and a major contribution to contamination of shallow (freatic) aquifers. Pollutants that
result from NPS pollution include sediment, nutrients, pathogens, pesticides, metals and
salts. In this context geochemical assessment of two pilot areas was conducted, namely in
the Carpineni and Balatina regions.

Earlier geochemical investigations [1, 2, 3, 4, 5, 6, 7, 8] have revealed that
considerable parts of the shallow aquifers in the rural areas of Moldova suffer from very
high levels of nitrate. This contamination is caused to a large extent by domestic sources
of pollution such as manure-pits, pig sheds, latrines or the influence of fertilizers remains.
The nitrate levels in the groundwater are generally well above the WHO-drinking water
norm of 50 mg/l and, therefore, constitute a risk for public health. Also the
bacteriological pollution and selenium, resulting from the same sources of pollution, may
seriously endanger public health.

The nitrate levels in the aquifers may differ from low to extremely high over short
distances, without a clear pattern. Data on the local relation between nitrate levels and
bacteriological pollution of ground water were found to be scarce. For a better
understanding of these problems in their local context and with the final aim of
contributing to improvement of the drinking water situation in rural areas, it was decided
to study the situation in two pilot areas in more detail. The survey in the areas of
Carpineni and Balatina was planned to collect maximum information with respect to the
local pattern of nitrate and bacteriological contamination in relation to the factors
influencing this pollution. Therefore, the field surveys focused on investigating the
relation between groundwater quality and different types of land use, taking into account
the topographical and geohydrologic situation of the shallow aquifers. Both chemical and
bacteriological aspects were studied.

The areas of Carpineni and Balatina (Figure 1) were selected purposely because
they are representative for the Prut River basin and their groundwater quality had been
investigated earlier.

* Institute of Applied Geoscience TNO, the Netherlands.
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Figure 1. Geographical location of selected study areas

2. Approach and scope

The situation of shallow aquifers

The shallow phreatic aquifers of Quaternary or Neogene deposits in Moldova are
lying on top of very thick clayey Pliocene and Miocene formations that separate them
from the Sarmatian and Cretaceous aquifers at greater depth. The clayey base of these
shallow aquifers is generally found at a depth between 3 and 30 m below the surface. The
groundwater in these shallow aquifers is recharged and discharged at relatively short
distances. Recharge of groundwater usually occurs by infiltration of rainfall in the higher
part of hills and slopes. After passing through the aquifers, the groundwater discharges
into the local streams or evaporates in the depressions of the lower areas. Infiltration and
discharge zones of these shallow aquifers in Carpineni and Balatina may be at distances

of some hundred meters up to a few kilometers.
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Since there is no natural barrier between the aquifers and the pollution sources at
the surface, it can be safely assumed that contamination of these open phreatic aquifers by
anthropogenic sources of pollution may occur at any place where these sources occur
unprotected. Polluted water will infiltrate and join the groundwater flows on their way
towards the discharge areas. The level of chemical substances in the groundwater will
accumulate in the direction of flow as more polluted locations are passed.

This process may be partly reversed by reactions between the chemical substances
and the sub-soil, when conditions are favorable. In some cases decay may bring down the
concentration levels.

Pollution sources are usually directly related to land-use. In the hilly areas of the
Carpineni and Balatina the main types of land use are agriculture (maize, tobacco, grapes,
etc.) and nature. Most villages and industries are situated in the valleys and on the lower
slopes of hills, while arable lands or natural vegetation covers the high slopes and plains.
In many cases the groundwater situation in the villages may thus be effected by the
diffuse pollution from the arable lands at higher topographical levels.

General approach

The sampling campaign included collection of data from shallow wells, some deep
wells, relevant streams, lakes and ponds. To identify the potential sources of pollution in
the area of the wells, the relevant type of land use (built-up/urban, arable and nature) was
also recorded, especially on the “upstream” side of the well. Also the products of arable
lands were recorded.

In order to investigate nitrate pollution in the groundwater of the villages, sampling
of shallow wells was done in two main directions, viz. a) by following the direction of the
slopes and b) by following the contours of the hills. In this way maximum information
was obtained with respect to topographical effects on nitrate levels and on nitrate
variation on equal topographical level. For wells located near the village border with
arable land, the term urban/arable was used. The topographical position of the wells in the
cross-sections was roughly indicated by terms “high”, “medium” and “low”. These terms
are qualitative indicators, with no absolute precision.

Based on the assumption that nitrate and bacteriological contamination in the
shallow aquifers of the urban area originate from the same sources of pollution, e-coli-
bacteria were also sampled. Data about trace elements, organic pollutants in different
media were used [9].

Scope

A field survey in the Carpineni area was conducted. The survey included sampling
of 38 shallow wells, 2 deep wells, 7 springs and 3 lakes/ponds, spread over the area and 7
villages. Data on electrical conductivity (EC), acidity (pH), temperature, nitrate (NOs)
and Chloride content (Cl) were mostly recorded directly in field conditions. Depending
on the situation hardness, NHy, SO,4, Fe, K and O, were also recorded. E-coli and total
coli were usually sampled as well.

The survey in the Balatina area included sampling of 42 shallow wells, 3 deep
wells, 7 springs, 1 river, 1 canal, 6 lakes and ponds, spread over the area. The collection
of data resembles that of Carpineni.
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3. Means of sampling and analysis

At shallow wells sampling was usually done with the bucket of the well. The few
deep wells were run for some minutes and than sampled from the outlet. Some were
connected to a water supply network and the water was taken from the first tap at hand.
Analysis was done with the help of field sets.

Analysis of electric conductivity (EC), pH, temperature and dissolved oxygen (DO)
was done with the multiple purpose measuring instrument and different sounds of the
field kit. Analysis of hardness, NO;, NH,, SO,, Fe and K was conducted with sticks.
Analysis of Cl was either conducted with a stick (higher reaches) or by titration (lower
reaches). The Nitrate sticks were tested against standard solutions in the laboratory of the
Academy of Science. They proved to be quite accurate in the lower reaches up to 200
ug/l; in the higher reaches some diversion may be expected.

For the tests of total-coli and E-coli a special field set, including pipette, reaction
devices and incubator was used. Because of lack of electricity in the field, the samples
were temporarily stored in a cool place and by the end of the day they were placed in the
incubator for the required period of time. However, the method will certainly prove the
presence or absence of the bacteria and provide a relative indication regarding their
number. Slobodnik [9] used a complex of analytical methods, including basically
gravimetric, spectrophotometer, titration, ICP/MS, F-AAS, SPE/LC/DAD UV and LVI -
GC/MS.

4. Results

The quality of the groundwater in the areas has been analyzed, taking into account
the topographical situation of the wells, the groundwater flow direction in the shallow
aquifers and the land use as indicative for the type of pollution [10]. In order to analyze
the effects of land use and topography on the levels of nitrate and other physical and
chemical parameters, data were regrouped according to these factors. The different
factors form the basis of the following discussion.

Influences of land use

The data of both areas have been combined for the analysis of the effects of land-
use. The differences in land use can be clearly distinguished from the water samples
collected from dug wells and springs in the two areas (Figure 2). Analysis of this figure
shows the following:

e Lowest values of nitrate were found in the nature areas (usually between 0 and 50
mg/l). In a few cases the water showed no nitrate at all. It was found that spring water
from nature areas lacks nitrate if the area and the spring are well protected. However,
the majority of springs found in the areas of Carpineni and Balatina discharges water
from shallow aquifers effected by agriculture; in such cases the nitrate content
showed the typical values for arable land.

e In arable land the nitrate content of dug wells and springs showed average nitrate
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contents of 50 mg/l and a 75-percentile of about 100 mg/l. However, the range of
values is quite wide with maximum scores up to 250 mg/I.

e In the built-up areas of the villages (indicated as urban areas) nitrate contents from
shallow wells show an average value of about 290 mg/l. The range of values is very
wide with maximum values over 500 mg/l (see the box plots). These high values can
only be explained by local accumulation of nitrate from domestic pollution.

The image of the nitrate contents is supported by the data on electrical conductivity
(EC values), as can be seen from Figure 2. EC values are high in the built-up areas of
villages, because of its relation to nitrate pollution. Nitrate content of surface waters is
usually low because of the process of denitrification by reeds and other water plants.

Topographical influences

For the purpose of investigating the pattern of nitrate levels in the villages in more
detail, the data were regrouped with respect to the well location.

With the direction of groundwater flow in mind, the location of wells was indicated as

high, medium or low, relative to their position in the sloping cross-sections. Locations up-

hill have been called “high”, locations

at the bottom of the valleys have been termed “low”, whereas locations half-way the

slopes were classified as intermediate (“med”). The result of regrouping the data

according to relative elevation of the wells proved to be very illustrative with respect to

the general picture of nitrate concentration (see the histograms of nitrate levels, Figure 3).

Despite a large variation of nitrate concentrations on short distances, the average
nitrate concentrations increase considerably in downward direction of the slopes.
Analysis of data shows the following:

e At the higher levels of slopes nitrate concentrations were found to be generally
below 100 mg/l, with 40% even below 50 mg/l; wherever a higher region of arable
land borders the built-up area of a village, nitrate values adopt the values typical for
those areas.

e In the intermediate section of slopes the nitrate levels vary much more. Values
usually range from 50 to 300 mg/l, with maximum values up to 500 mg/1.

e The highest values were found in the lower parts of villages. Nitrate contents
frequently reached values up to 500 mg/l and sometimes more. Values less than 100
mg/I nitrate are very scarce in these lower parts.

The increased nitrate levels observed in the groundwater of the middle and lower
sectors of the villages can be explained from accumulation of nitrates in the direction of
flow. This happens when the infiltrating water, after being polluted by sources at the
ground surface is carried by the groundwater to lower places. The above situation is not
only a general picture, but was found in the majority of the individual cross-sections.

The local variation of the nitrate-concentration may be very strong as was observed
from neighboring wells. Local differences up to 150 mg/1 are no exception.
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However, there are clear indications that the water is less polluted if the
surroundings of the wells are kept clean. Nitrate pollution was often higher when
sanitation in the area was in a bad shape.

In many villages new built-up areas are found in the higher reaches of the hills. The
water quality in the higher zones is often typical for former arable land conditions. Nitrate
levels were found to be equal or less than 100 mg/l. Groundwater with such relatively low
nitrate levels would profit greatly from effective protection.

Relation between nitrate pollution and E-coli-bacteria

The relation between nitrate concentrations and the presence of e-coli- or coli-
bacteria in the water of shallow wells, springs and surface water was also studied [10].

From the results of the analysis it has to be concluded that the relation between
nitrate concentrations and the presence of e-coli/coli-bacteria in the groundwater sampled
from dug wells is not very strong. The reason for the absence of such relation is not very
clear. Some very general findings are the following:

e For nitrate-concentrations below 250 mg/l no clear indication for the presence
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of e-coli and total-coli can be given. In many samples with nitrate-concentrations up to
200 mg/1 (and exceptionally up to 500 mg/l) bacteria were absent, while in some samples
of only 70 to 80 mg/l nitrate the bacteria were found.

e Above the level of 200 to 250 mg/l nitrate the chances of also finding e-coli or
total-coli in the drinking water increase considerably, however again with some
exceptions.

e In surface water the situation was found the opposite. Nitrate-concentrations in
the surface water were usually very low or zero. This may be caused by limited inflow or
by consumption of nitrates by water plants. Pollution by e-coli- and other coli-bacteria of
the same samples sometimes showed extremely high levels, which may be caused by
large numbers of water birds.

Water quality of deep and medium deep wells

Deep wells in the areas were also sampled. Analysis of the few samples showed
that they fit in the general picture of a good water quality typical for the deep aquifers. As
might be expected chloride content is higher than in the shallow water, which can be
explained by the marine origin of these aquifers. Nitrate pollution in the samples was
always absent or close to zero.

There is an indication that groundwater at depths of roughly more than 20 m may
have a better quality than the water of shallow aquifers. This indication was found in a
medium deep borehole in Balatina, where water is pumped from a depth of about 30 m.
Though the EC-value of the water reaches a value of over 4000 uS/cm, chloride was only
150 mg/l. In the close surroundings less deep dug wells showed nitrate values up to 200
mg/l, but nitrate in the borehole was absent. It is not known whether the production of
the borehole is sufficient for drinking water supply of some households.

Water quality of springs

It was found that spring water from nature areas is free or almost free from nitrate
if the area is isolated and springs are well protected. This is to be expected as no
fertilizers are used in these areas. In a few cases the water showed no nitrate at all.
However, the majority of springs found in the areas of Carpineni and Balatina discharge
water from shallow aquifers affected by agriculture; in such cases the nitrate content
showed the typical values for arable land. Springs may also be polluted by coli-bacteria as
the samples from springs near village Cobani show.

Water quality of lakes, ponds and rivers

Nitrate levels of many surface waters were zero or very low as may be expected.
These low levels may be due to limited inflow of nitrates but also by consumption by
reed and other water plants. Despite their low nitrate-levels lakes, ponds and rivers may
be heavily polluted by coli-bacteria. Out of 8 lakes and ponds and 2 rivers tested during
the field surveys, only one lake was without coli and 4 were clean from e-coli-bacteria
(but coli-bacteria were found). Some of these surface waters are extremely polluted.

Evaluation of the results with respect to public water supply
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It may be clear that the field surveys in the Carpineni and Balatina areas, because
of its limitations, do not give a full picture of the water quality in these areas. However,
the general picture of very high concentrations of nitrate in many wells of the middle and
lower parts of villages cannot be denied. These parts are very often the oldest sectors of
the villages where nitrate may have been polluting the aquifers for a very long period.
Wells with low nitrate levels are very scarce in these parts. The situation in the upper and
newer parts of the villages is often better, with nitrate levels usually less than 100 mg/I1.
High nitrate levels are exceptions in these higher zones.

Despite the fact that nitrate and e-coli-bacteria in the groundwater originate from
the same sources of pollution in the villages, the relation between nitrate levels and the
levels of e-coli- or total-coli-bacteria was found to be very weak. With nitrate levels over
250 mg/l the chances of bacteriologic contamination get higher. In the lower ranges of
nitrate levels the situation is very variable. The great majority of dug wells tested is free
from bacteriologic contamination. Unfortunately there is no prove that wells with low
nitrate contents should be always free from these bacteria.

Present drinking water supply in the areas of Carpineni and Balatina is almost
exclusively from shallow wells and springs. Nitrate and bacteriologic contamination are
considered important risks to health in these areas. The results of the field survey show a
few matters of interest that may be useful for the drinking water situation in the rural
areas as follows:

1. With respect to nitrate pollution of shallow aquifers the field surveys held in
Carpineni and Balatina have produced new and detailed information. The analysis shows
that differentiating the pollution levels in the shallow aquifers according to topography
and land use is possible. This differentiation can be used for selective improvements of
the quality of drinking water supply and to reduce the health risks for the inhabitants.

Nitrate levels of shallow wells (dug wells) in the villages of these areas are often
far above the WHO norm for sound drinking water (50 mg/l), which was known
beforehand. The results of the present investigations show that nitrate levels may vary
considerably over short distances. In villages situated in hilly areas nitrate levels are
mostly relatively good (less than 100 mg/l or even 50 mg/l) in the upper sectors.
Unfortunately they are relatively high in the lower parts, many times far over 100 mg/l. In
order to reduce health risks for the village people it would be worthwhile to sample the
nitrate levels of wells in these villages. Drinking water could then be taken from selected
wells with low nitrate levels. These wells and their surroundings should be better
protected against further pollution. The water from non-selected wells can still be safely
used for many purposes not related to drinking water or food production and food
preparation.

2. Outside the villages nitrate levels were usually below 100 mg/1 for arable land
and less than 50 mg/I for nature areas. Only in the lower parts of valleys levels may be
higher due to accumulation. Risks of using this water for drinking water purposes are thus
less. E-coli-bacteria were found in only a few wells, usually when local circumstances
were less ideal.

3. The quality of water from springs is sometimes not as good as might be
expected. Many springs drain water from shallow aquifers in arable areas, which has all
the characteristics of such water. So water from springs should be taken with some care.

4. Lakes, ponds and rivers may be heavily polluted by coli-bacteria, despite their
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zero nitrate levels. Out of eight lakes and ponds and two rivers tested only one lake was
without coli, and four were clean with respect to ecoli-bacteria, but coli were found.
Some of these surface waters are heavily polluted. The water of these surface waters may
be a good source for drinking water, at least from the nitrate point of view, but will still
need treatment to remove bacteriological contamination.

5. Nitrate-sticks” proved to be a quick, good and relatively cheap (0.25 US §)
instrument for testing the nitrate level of wells in villages. The method is extremely
simple and the results are relatively accurate. The nitrate sticks have been tested against
“reference solutions” of nitrate in the chemical laboratory of the Academy of Science.
The results proved to be accurate for lower levels up to 200 mg/l. For higher values small
deviations may be found, but the sticks are still very useful for the purpose of quick
testing. Therefore, the nitrate sticks are an excellent means to detect the better wells.

Physico-chemical and microbiological parameters, major inorganic compounds and
trace elements

The results of analysis of physico-chemical and microbiological parameters are
summarized in [10].

Conductivity is an approximate measure of the concentration of mineral
electrolytes. In all samples except for five of them the measured value exceeds the limit
value of 2500 uS/cm for drinking water.

N-NH,: The limit values were exceeded in three samples located in the village of
Carpineni. As ammonia is primarily released during a biological decomposition of
organic nitrogen-containing compounds, its presence indicates fresh contamination by
zoogenic waste. In the Lapusna region only one exceeds the limit. Potential sources of
ammonia in this sample are field run-offs after application of nitrogen fertilizers.

Nitrates: The limit value of 50 mg/I for drinking water was exceeded two-fold in
three samples whereas the concentration in one sample was exactly at the limit value. The
other value of nitrate concentration listed in [10] was measured on-site by a field test kit.
As can be observed it is consistently higher than laboratory measurements.

Chlorides: Given a general occurrence of chlorides in nature, this anion is
contained in relatively high concentrations in all waters. A limit value of 250 mg/1 for
drinking water is exceeded in seven samples, however, not more than two-fold.

Sulphates: A limit value of 250 mg/] for drinking water is exceeded in all but one
sample. This may be related to the widespread use of Bordeaux mixture - pesticide
containing CuSO, x 5H,0. SO,* as an anion commonly present, e.g., in natural mineral
waters should not pose any serious health-damage.

Following parameters did not exceed limit values in any of the samples: TDS,
suspended solids, COD, BOD:;s, nitrites, fluorides, cyanides, ortho-phosphates and oil
products.

As far as the physico-chemical parameters are concerned, three samples can be
considered as the ,,cleanest” ones. In Carpineni region two samples contained the highest
concentrations of chlorides and nitrates and the other three samples the highest
concentrations of sulphates. In general, for samples from Lapusna region was
characteristic a higher content of chlorides and sulphates.

Faecal contamination: The most common source of infectious and parasitic
diseases in water is zoogenic waste, e.g. infiltration from earth closets, private livestock
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and poultry yards and percolation from manure and solid wastes dams near households.
In the evaluation of water quality it is therefore important to determine whether water is
contaminated by faecals. The most suitable microorganisms for indication of faecal
contamination are coliform microorganisms. Here, the most important is determination of
microbes of enter bacteria family and faecal streptoccoci. High values of measured
microbiological parameters, especially in two samples indicate the presence of a source of
faecal contamination, e.g., from rearing of domestic animals.

Trace elements

Results of analysis of heavy metals in water and sediment samples are summarized
in [10].

Chromium: The concentration of Cr was below the limit values in all water
samples, ranging from 0.7 to 2 pg/l. Exceptions were two locations where the
concentration was approximately two-fold higher. Water sample from one location was
found to be the most contaminated with Cr. A source of Cr in this sample is difficult to
explain, as it is spring water, relatively far from the places of anthropogenic activities.
Among main anthropogenic sources of Cr are wastewaters from the metal finishing,
tanneries and textile plants. Other possible sources of Cr are corrosion inhibitors used,
e.g., in cooling systems. Besides being toxic, the presence of Cr also affects sensory
properties of water.

Manganese: Already at concentrations exceeding 0.1 mg/l manganese appreciably
affects sensory properties of water. The concentration of manganese in six samples is
500-3000-fold times higher than the limit value for drinking water. In other samples the
concentration of manganese is relatively small and may be of natural origin.

Nickel: Though nickel was detected in all samples, its concentration was below the
limit value. The concentration of Ni in the samples from Lapusna region was, on average,
two times higher than in the samples from Carpineni region.

Copper: Though the concentration of copper did not exceed the limit values for
drinking water, it is a ubiquitous contaminant, reflecting the heavy use of CuSO, as a
component of the Bordeaux mixture for the treatment of vineyards and orchards. On the
other hand, copper is an element naturally occurring in the ground and surface waters at a
level of tens of pg/l.

Zinc: The concentration of zinc was below the limit values for drinking water (3
mg/1) in all samples. However, the concentration of Zn at one specific location is at least
10-times higher than concentrations at other locations indicating point source pollution.
Six samples showed relatively high concentration of Zn. Except for samples two of them
are located in the vicinity of vineyards, i.e, high concentrations of zinc may be related to
the extensive use of polycarbazin, polymarzin and zineb as fungicides for the control of
downy mildews in vines. According to statistics, 2275 tons of zineb, one of the least
expensive pesticides, were applied in Carpineni region in 1999.

Arsenic: The measured concentrations of arsenic represent values that are
commonly occurring in natural waters, i.e., up to tens of pug/l. The highest concentration
of As was determined in surface water of two samples. Otherwise, all samples contained
approximately the same amount of As. Samples from Lapusna region contained
somewhat higher amounts of As than samples from Carpineni region.

Selenium: The limit values for drinking water were exceeded in three samples in
Carpineni region and in six samples in Lapusna region. In one sample the limit value was
exceeded almost 300-times indicating point source pollution.

69



Buletinul Institutului de Geofizica si Geologie al ASM, N 1, 2005

Strontium: Strontium was found in all samples in the range of 2500-7000 pg/l
except for three samples where its concentration was less than or around 1000 pg/l.

Lead: Lead was detected only in two surface water samples and one sample. All
three concentrations were below 10 pg/l, which is a limit value for drinking water.

From the ten heavy metals studied only Mn and Se exceeded the limit values set by
EU Environment Committee Directive 98/83/ES for drinking water quality. Toxic effects
of selenium are especially dangerous as it inhibits the activity of enzymes containing —
SH group. Both Mn and Se exceeded the limit values in one sample, however, it is not
possible to single out one particular sample that would be more polluted with heavy
metals than any other sample. Results indicate that there is point source pollution by Cr at
one specific location, one source of Zn pollution and one of Se. No obvious trends in
distribution of other trace elements in ground water samples were observed.

Organic pollutants in water

Target analysis of chlorinated phenols and seventeen polar pesticides was carried
out by on-line solid phase extraction coupled to liquid chromatography with DAD UV
detection. Concentrations of all chlorinated phenols and polar pesticides were below the
method detection limit. These results were also confirmed by LVI-GC/MS screening.

LVI-GC/MS' screening - Pesticides that are commonly used in Carpineni and
Lapusna region and that were screened by LVI-GC/MS. None of the thirty-two pesticides
listed were detected in any of the water or sediment samples. Based on the results, it can
be concluded that, in general, all ground water and both surface water samples were
rather clean as far as the presence of organic pollutants is concerned. No organochlorine,
triazine and urea pesticides, chlorinated phenols or phthalates (except one sample) were
detected in any of the water sample extracts. Majority of the detected compounds was
present at concentrations close to the detection limit of the method, which hindered
compound identification. In terms of the number of detected compounds, samples
originating from Lapusna region were somewhat more polluted than those from
Carpineni region. The ground water samples taken from five locations were found to
contain the highest number of organic compounds. For samples from Lapusna region a
general trend in the estimated concentration profile was observed. With the exception of
four unknown compounds eluting at 20.04, 21.03, 22.34 and 24.17 min. no similar trends
in the estimated concentration profile were observed for the samples from Carpineni
region.

Organic pollutants in sediments

More than 200 compounds were detected in each of the sediment sample extracts.
Major contaminants belong to following groups: PAHs, phthalates, sterols, alkanes and
esters of carboxylic acids. No PCBs and chlorinated benzenes (penta-, hexa-) or any of
the pesticides were detected. For an illustration, a comparison of the two groups of
pollutants - PAHs and phthalates - is shown in Tables 1 and 2, respectively. As regards
PAHs, the pollution of two sediment samples is in the limit of ca. 2-500 times. The
pollution by phthalates is comparable in both sediments. To determine whether there is an
interaction between the ground water and sediment pollution, all base peak ions that were
detected in any of the ground water samples were searched for also in the sediment
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extracts.

Table 1. Phthalates detected in the river Lapusna sediment samples by LVI-GC/MS. The
estimated concentrations (ug/kg) were calculated by normalization to propazine internal

standard (500 pg/kg).
Compound R.T BP Estimated concentration (ug/kg)
(min) | (m/z) 5 12
Phthalate, diisobutyl- 13.21 149 240.83 245.06
Phthalate, butyl-isobutyl- 13.52 149 255.61 198.97
Phthalate, dibutyl- 13.84 149 8978.38 8371.54
Phthalate, bis(2-ethylhexyl)- | 17.22 149 11464.92 14137.60

The ubiquitous compounds such as PAHs and phthalates were found in very high
concentrations in both sediments. However, the former were found in negligible
concentrations in several samples from Lapusna region and the latter was found only in
one sample. Compounds characteristic for the ground water samples, such as
methoxyflavones, were not detected in the sediments. In conclusion, no relationship was
found between the pollution of sediments and ground water samples. Naturally, a

Table 2. Polycyclic aromatic hydrocarbons detected in the river Lapusna sediment
samples by LVI-GC/MS. The estimated concentrations (pg/kg) were calculated by

normalization to propazine internal standard (500 ug/kg).

Estimated concentration
Compound R.T BP
(min) (m/z) 5 D

Phenanthrene 12.64 178 10.71 291.75

Anthracene 12.71 178 107.14 74.74
Fluoranthene 14.53 202 643.37 2006.70
Pyrene 14.85 202 585.71 1348.97

Benzo[x]fluorene isomer 15.28 216 33.16 45.36
Benzo[x]fluorene isomer 15.44 216 83.16 194.85
PAH, MW 226 16.47 226 64.80 118.04
Naphthacene 16.79 228 201.02 421.13
Triphenylene 16.85 228 326.53 693.81
PAH, MW 252 18.42 252 297.45 612.89
PAH, MW 252 18.44 252 n.d. 450.00
PAH, MW 252 18.57 252 n.d. 188.14
PAH, MW 252 18.78 252 162.76 488.66
PAH, MW 252 18.84 252 160.20 530.41
PAH, MW 252 18.95 252 89.80 402.06
PAH, MW 276 20.28 276 175.00 421.65
PAH, MW 276 20.62 276 183.67 534.02
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relationship between the surface water and sediments does exist. This was confirmed by
the presence, though in much smaller concentrations, of e.g. provitamin D, vitamin E, and
higher alkyl esters of carboxylic acids, in surface water.

5. Conclusions

1.

With respect to nitrate pollution of shallow aquifers the field surveys held in
Carpineni and Balatina have produced new and detailed information. The analysis
shows that differentiating the pollution levels in the shallow aquifers according to
topography and land use is possible.

. The area differentiation of the nitrate can be used for selective improvements of the

quality of drinking water supply and to reduce the health risks for the inhabitants.
For this it would be worthwhile to sample the nitrate levels of wells in these
villages. Drinking water should be taken from selected wells with low nitrate
levels. The water from non-selected wells can still be safely used for many
purposes not related to drinking water or food production and food preparation.
The results also show in a general way that the water quality of dug wells is better
if the ground surface has been kept free from pollution sources. It is recommended
that selected clean wells be better protected against further pollution. This requires
precautions in the infiltration areas of such wells, which means cleaning up the area
surrounding the wells and removing or proper isolating potential sources of
pollution.

. Outside the villages contamination by e-coli-bacteria is often not related to the

observed level of nitrates. Lakes, ponds and rivers may be seriously polluted
despite low or zero nitrate levels.

It was observed that many springs drain water from arable land. The water of such
springs contains often nitrate and coli-bacteria, which renders the water unsuitable
for human consumption. The field survey also showed that the water of springs
might be very good if they originate in relatively clean natural areas.

. There is some indication that water quality from intermediate depths (more than 10

to 20 m) may be very good if it is found below protecting clay layers. It is not
known what the capacity of wells from such depths could be, but it is
recommended to further investigate the possibilities.

. From considerable variation of nitrate levels over very short distances it can be

concluded that regional maps of nitrate levels suffer from very high uncertainty
levels.
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Determination of PCBs in different matrices from Chisinau Power
Plant 2

Abstract
The investigation of PCBs is an important task for Moldova by the realization of
Stockholm Convention on Persistent Organic Pollutants (POPs). The objective of this
study was a determination of PCBs concentration in different media (waters, transformer
oil, soil) on the territory of Chigindu Power Plant 2. Gas Chromatography method with
appropriate sample preparation technology was used. The results had shown high and
extra high PCBs concentration in water and soil, which can be as pollution sources for the
environment. Transformer oils has PCBs below of MAL 50,0 mg kg, but the insufficient
management of them during maintenance procedures is a cause of PCBs pollution.
Energetic enterprises could bee considered as principal PCBs sources by Environmental
Risk Assessment that for every cultural landscape.

Keywords: Gas Chromatography; Polychlorinated Biphenyls (PCBs); Persistent Organic
Pollutants POPs; Transformer oil, soil, water.

Rezumat

Studiul policlorbifenilurilor este o sarcina importantd pentru Moldova in procesul
realizarii conventiei de la Stocholm referitor la poluantii organici persistenti (POPs).
Scopul lucrarii a fost determinarea concentratiei policlorbifenilurilor in diferite medii
(ap4, ulei de transformator, sol) pe teritoriul Centralei Termoelectrice nr.2 din Chiginau .
In acest scop s-a utilizat determinarea cromatografica cu procedurile corespunzitoare de
pregatire a probelor. Rezultatele au aritat un continut inalt si foarte inalt de
policlorbifeniluri in ape si soluri, care pot fi surse de poluare in mediul ambiant. Uleiurile
de transformator contin policlorbifeniluri sub CLA circa 50 mg kg™, dar ne respectarea
regulilor de securitate la deservirea instalatiilor poate fi motivul unei poluari.
Intreprinderile energetice trebuie sa fie considerate ca surse de bazi cu poluanti de
policlorbifeniluri la evaluarea riscului de poluare in cadrul landsafturilor artificiale.

Introduction
The investigation of PCBs is very important task for Moldova as former Soviet Union
country by the realization of Stockholm Convention on Persistent Organic Pollutants
(POPs). PCBs are chemical substances which are persistent, bioaccumulate, and pose a
risk of causing adverse effects to human health and the environment [1]. They can be
transported long distances, and have been detected in the furthest corners of the globe,
including places far from where they were manufactured or used.

The polychlorinated biphenyls (PCB) are a class of 209 discrete congeners with 1-10
chlorine atoms attached to a biphenyl nucleus. PCBs have characteristics, e.g. chemical
inertness, heat resistance, non-flammability, low vapor pressure, and dielectric properties,
that promoted their use in electrical equipment such as transformers or condensers. The
maximal admissible level for materials containing PCBs is determined as 50,0 mg kg
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[1]. The high lipophilicity and stability of PCB has resulted in their widespread
distribution in the global ecosystem and occur in nearly all-environmental matrixes
(surface water, soil, rain, sediments, etc.) along with other toxic organic substances
[2,3,4,5]. PCBs can enter the environment from a variety of sources including the
atmosphere, industrial and municipal effluents, agricultural and urban nonpoint source
runoff. PCBs typically have industrial applications and are primarily associated with
urban land use in this case one of the principal pollution sources of PCBs is an energetic
enterprises [1,2].

Gas Chromatography with LWECD is the best sensitivity method for PCBs determination in
different media [4,6,7,8,9]. More rapid, simpler, and cost-effective methods are
Immunochemical techniques such as radioimmunoassay (RIA) enzyme-linked
immunosorbent assay (ELISA), and use of immunosensors (IS) [10]. Several PCB test
kits are commercially available for semi-quantitative analysis of PCB in different
matrixes. In present study Gas Chromatography method is considered for PCBs
determination.

International environmental policies have demonstrated a great interest relation to organic
pollutants in recent years, due to their persistence in soil, their ultimate fate in agricultural
systems, food chain bio magnification and possible effects on biota and humans [1]. The
German State of Baden-Wurttemberg established maximum admissible total PCBs
concentrations in solid waste on the level of 200 pg kg™ and PCBs congeners (28, 52,
101, 138, 153, 180) must not exceed level of 33,0 ug kg' per congener [6]. Since
Moldavian legislation does not establish maximum residue limits for PCBs congeners and
indicated only total PCBs for soils with oriental high levels of 60,0 — 100 pg kg™ [11].

The objective of this study was a determination of PCBs concentration in different media
on the territory of Chisindu Power Plant 2: transformer oils; storm, technology, and
sewage waters; soils from polluted sites. This task is important for the assessment of this
big energetic enterprise as possible PCBs sources for urban environment.

Materials and methods

Sampling

Chisindu Power Plant Nr2 was chosen as a biggest energetic enterprises in the frame of
Chisinau City. This object is situated on the near watershed site of Cecani district with the
area near 3,5 km®. 28 samples of transformer oils from general transformers (8 samples)
and high-voltage circuit breakers (20 samples) were collected. The following water and
soil samples were made up for the investigation: storm water during rain; water from
technology collector; water from sanitary drainage; soil from site of high-voltage circuit
breakers; soil from site of transformers; and soil from the storage site. Water samples
were collected in one day 02.02.2005 other samples - in the period from 1 to 25 February
2005. Water samples were prepared immediately after sampling procedure.

Chemicals and equipment.

All reagents (solvents, standard solutions, anhydrous sodium sulfate, pure gases) and SPE
cartridges were of the pesticide grade purchased from Supelco-Aldrich, Agilent
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Technologies, Linda Gas. Aroclor 1254, Aroclor 1260, and eight PCBs congeners (PCB
18, 29, 31, 44, 52, 101, 118, 138, 149, 153, 180, 194) were used for the quantitative
analysis. GC 6890 of Agilent Technologies equipped with 63Ni WECD detector, split—
splitless injector, and capillary column HP5 were used for the determinations. GC/MS
6890/5973 was used for the PCBs identification. Method conditions are presented in
Table 1.

Table 1. Experimental Conditions

System Method parameters
elements
Injection ports: Split/splitless inlet; injection — Split 5:1, 1 pl, inlet temperature of 300°C,
Column HP5 - 30 m Length, 320 um 1.D., 0,25 pm Film.
Carrier gas H,, 1,4 ml min”', or Average Velocity 30 cm sec”’, Constant Flow
Oven First ramp: 80°C (hold 1 min) to 200°C at 30°C m.in’l .
Second ramp: 200°C to 300°C at 5°C/min (Total time 25 min)
Detector 63Ni UECD, 320° C, N, makeup, 60 ml min™'
Data collection | ChemStation

Sample Extraction and Clean-up

The recommendations of EPA methods 3510C “Separatory Funnel Liquid-Liquid
Extraction”; 3540C “Soxhlet Extraction”; 3630C “Silica Gel Cleanup” were used for the
sample extraction and clean up. Water samples (2,0 L) were spiced by 1 ml of surrogates
PCB29 and PCB198 in hexane with the concentration of 0,025 and 0,020 pg ml’
respectively and extracted twice by 50 ml of hexane. Two extracts were combined and
evaporated to 1 ml in the nitrogen stream. This sample was fractionated in silica SPE
cartridges (100mg/1ml) by recommendations of EPA method 3630C. Soil samples were
dried in Freeze Drier and sieved by 1 mm screen. 10 g of soil samples was spiced by 1 ml
of surrogates PCB29 and PCB198 with the concentration of 0,025 and 0,020 ug ml”
respectively. Soil samples was extracted by Soxlet extraction (EPA method 3540C) and
evaporated to 1 ml in nitrogen stream. Oil content in soil samples was determined too.
The volume of 100 ul of soil extract was diluted by hexane in the ration 1:9 and
fractionated by SPE silica cartridges (100mg/1ml). Final volume of every fraction was
adjusted to 1 ml before the analysis. Oil samples were treated by the method proposed in
the earlier publication using the SPE silica cartridges (100mg/1ml) [12]. First fraction of
every sample was evaporated to 1 ml and used for the further determination using GC
ULECD. Water and soil samples were prepared in three repetitions. Transformer oil
samples were tested once. In the case of PCBs concentration more that 5,0 mg/kg,
samples were repeated for the confirmation.

Calibration and data processing

GC was calibrated with five calibration standard solutions for 12 PCBs congener mix in
the range of 0,005 — 0,20 ug ml™, for Aroclor 1254 and Aroclor 1260 in the range of 0,5 —
5,0 ug ml" for total mixtures. Individual PCBs in mixtures were in minimal range of
0,002 — 0,02 pg ml™" and maximal range of 0,07 — 0,70 ug ml"'. The calibration standards
were prepared on pure oil matrix passed through silica cartridges. The quantitative
calculation was based on the area count obtained for the merged peaks. The analysis
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control and calculation were performed by ChemStation software version C 00-01
(Agilent).

The detection limit (DL) was defined as the analyte concentration giving a peak height
equivalent to the blank value plus three standard deviations for the blank value. The
quantitation limit (QL) was defined as the analyte concentration giving a peak equivalent
to six times of the observed noise of the chromatogram [13]. Detection limits for
individual PCBs in water samples were in the interval of 0,2 — 0,5 ng L' and 1,0-2,0 ng
kg' for soil and oil samples. The calibration and quantitative determination of
Aroclor1254 and Aroclor1260 was made for the individual mixes and for the sum of
peaks of all compounds identified in these mixtures. PCBs congeners were calculated
individually.

Results and discussion

Calibration results.

The calibration was performed for every peak above of the detection limit for Aroclor
mixtures 1254 and 1260 and PCBs congeners. The correlation coefficients more that
0,996 were obtained for every component. The number of calibrated peaks for mixtures
of Aroclors 1254 and 1260 were 35 and 37 respectively. Chromatograms of standard
solution and transformer oil sample show a good result of silica SPE clean up and
fractionation for oil matrix (Fig. 1). The methods of the silica SPE clean up and
fractionation is required also for soil samples. The retention time drift is not indicated and
low detection limit exists. We can see also a good peak separation what give possibility to
determine PCBs congeners in complex mixture of Aroclors.

Water samples
Table 2. Results of PCBs determination in water samples

PCBs mixes and Sample name -
Storm water, Technology Sanitary
congeners 1 71 -1
ngl water ng | water, ng |

Aroclor 1254 12,4 +3,0 32+1,0 15,7+4,0

Aroclor 1260 12,0+2,4 49=+1,0 142+1,2

PCB 18 25403 2,5+0,3 1,00,

PCB 29 32+02 1,1£0.2 1,1+0.2

PCB 31 37403 0,9+02 1,1+0.2

PCB 44 1,0+0,2 0,4+0,1 0,5+0,1

PCB 52 22+0,5 0,8+02 24+04

PCB 101 1,1+04 0,6+0,2 1,1+ 04

PCB 118 12+0,3 0,6+0,2 12402

PCB 138 1,8+0,4 03+0,1 1,1+0.2

PCB 149 1,5+0,2 0,4+0,1

PCB 153 0,7+0,1 0,4+0,1

PCB 180 0,6+0,1

PCB 194 43+0,6

Total PCBs 33,7+3,9 81+1,1 253+2,2
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The results by PCBs determination in water samples are presented in the table 2 and
figure 2. We indicated a high level of PCBs in all water samples. Aroclors 1254 and 1260
have a highest level for the storm water; 12,4 and 12,0 ng 1" respectively.
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Fig. 1 Chromatograms of Aroclor 1254 standard solution 0,616 ug 1" (a), and oil
sample with maximal PCBs concentration 19,64 mg kg™ (b).

Maximal total PCBs content also indicated for this sample — 33,7 ng 1". Technology
water has minimal Aroclors and total PCBs concentration. Sanitary water is characterized
by similar to storm water PCBs content for Aroclors.
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The PCBs grouping by the relative content in the obtained result had shown that a
principal group is pentachlor biphenyls in all water samples (Fig. 2). Hexachlor biphenyls
are a next group in storm and sanitary waters. Tetrachlor biphenyls are in essential level
in all samples. Heptachlor and Octachlor biphenyls present only in storm water. We can
indicate that in spate of similar level of total PCBs concentration in storm water and
sanitary collector the PCBs composition is different.

60,0 -
50,0 -/~ L
X
& 40,0
m
4
300 —-——-——-—-—--- e il
20,0
10,0 -
0,0 —=
Tetra Penta Hexa Hepta Octa
Storm Water, % 14,5 25,5 25,2 6,8 27,9
——Technol. Water % 35,5 60,5 41 0,0 0,0
—® - Sanitary Water% 17,0 56,1 26,9 0,0 0,0

Fig. 2. PCBs distribution by groups in water samples.

PCBs congeners with the more number of Chlorine molecules (hepta- and octachlor
biphenyls) present in higher concentration for storm water samples (Fig. 2).

PCBs content in soil samples are on different range (table 3). Maximal concentration of
total PCBs, Aroclors and congeners determined in sample from the site where high
voltage connectors are situated. This extra high PCBs content in soil exceeds MAL 200
ug kg' in more that eight times and is explained by insufficient management of
transformer oils during technical maintenance of connectors and leaking of transformer
oils. PCBs of IUPAC nr. 31, 101, 118, 138, 149, 153, and 180 exceed MAL 33,0 ug kg'1
for the individual congeners on this site.
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Table 3. Results of PCBs determination in soil samples

PCBs mixes Soil sample name
and High-voltage connectors site | Transformers site | Oil storage site
congeners (Con.S), ug kg™ (Tr.S), ug kg™ (St.S), ug kg™
Aroclor 1254 1687,8 £ 92,2 142,2 + 8,3 11,7+6,9
Aroclor 1260 1603,3 +£ 97,9 78,3 +4,9 6,6 £2.0
PCB 18 12,3+3,8 N.D. N. D.
PCB 29 143+33 N.D. N.D.
PCB 31 58,1 £8,0 N.D. N.D.
PCB 44 5,8 £3,1 N. D. N.D.
PCB 52 20,1 £5,7 N.D. N.D.
PCB 101 59,9 +4,1 4,7+19 N.D.
PCB 118 46,8 +4,7 5,1£0,9 N.D.
PCB 138 126,7+ 13,3 7,0+0,3 N.D.
PCB 149 89,4+7,7 N.D. N.D.
PCB 153 1275+ 11,5 3,0+04 N.D.
PCB 180 129,8 + 18,8 N.D. N. D.
PCB 194 28,2+ 3,5 N.D. N.D.
Total PCBs 1761,4 + 99,8 166,9 + 11,2 11,9+7,.2

* _ bellow of the detection limit

The site, where high voltage transformers are situated, has also high level of total PCBs
concentration in soil. This level is higher than the oriental high levels 60,0 — 100 ug kg™,
which are indicated in Monitorul Oficial (2000). Monitored PCBs congeners are on the
level below of this oriental value too. Soil from the oil storage site has a lowest PCBs

content. Monitored individual congeners are below of the detection limit.

The result of PCBs determination in transformer oils is presented in table 4. PCBs exist
on the level below of MAL 50,0 mg kg for materials containing these substances in our
samples. The total PCBs concentration in transformers is below than for high voltage

connectors. This data confirm indirectly results for PCBs content in soil samples.

The comparison of soil and oil samples by PCBs concentration in different categories by

number of Chlorine molecules shown the diversity between these samples.

Table 4. Results of PCBs determination in oil samples

Total PCBs concentration in oil
Statistical parameters samples, mg kg

Transformers Connectors
Average 2.247 5.766
Standard deviation 0.266 4715
Min 1.986 2.196
Max 2.682 19.641
Number of determination 8 20

Pentachlor biphenyls are the dominant group for transformer oils. Next classes by the
decrease of the relative content in oil samples are Hexa- Hepta- Tetra- and Octachlor

biphenyls (Fig. 3).
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Fig.3. PCBs distribution by groups in soil and oil samples

The distribution by biphenyl groups for soil samples demonstrates that principal is
Hexachlor biphenyls. Penta- and Hepta- groups are on the same level. Soil sample with
maximal PCBs content has Heptachlor biphenyls on the same level as Hexachlor
biphenyls. Octachlor biphenyls are the last group by the relative content. Tetrachlor
biphenyls were on the level below of Detection Limit in investigated soil samples. This
diversity need more detail investigation because can be explained from one part by the
dechlorination of Penta and Tetrachlor biphenyls under the impact of environmental
factors or by the oil leaking with other PCBs composition in this place.

Conclusion

Gas Chromatography method is a best solution for the PCBs determination in complex
matrix of environmental samples (water, soil, and transformer oil). The low level of PCBs
in waters is needed in the determination only by this method. The individual technologies
for the sample preparation and clean up are required for the every environmental object.
The obtained results shown that energetic enterprise is a principal PCBs pollution sources
for the environmental in city landscape. High PCBs concentration in water and soil from
Power Plant 2 can be the cause of high content of these toxic substances in water and
sediments from Bic River in frame of Chisindu City. In spate of the adequate PCBs level
in used transformer oils on this big enterprise (below 50,0 mg kg'), high PCBs
concentration in environmental samples can be explained by insufficient management of
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transformer oils utilization during maintenance procedures. The PCBs pollution from
energetic enterprises could bee considered by Environmental Risk Assessment procedures
for every cultural landscape.

10.
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bozoesuu O.I1., Hzmaiinosa /].H., Kanumanvuyx M., Toma C.H.

Ouenka conepxxanus cejieHa B mouBax MoJ10BbI

Pe3rome
Lenvio dannoti pabomol seisiemcs onpedeienue ypogHell KOHYEeHMPAyu Celend 6 no4eax
pasnuunbix pecuonos Monoogul. [l smoeo 6wty onpedeneHvl oOujue COOEpHCAHUs celleHd 8
nougax neeo2o bepeza 0onumsl p. [Hecmp u npoeedeHO CpasHeHUe NOJLYYEHHbIX PE3YIbMamos ¢
opyeumu Oanuvimu. Coldepowcanue ceneHa 8 nougax neso2o bepeza p. [Inecmp Haxooumcs 8
npeoenax KoaeOaHuil, ommedeHHbIX O0AA Opyeux pecuonos Monoogvl. YcmanosieHo HecKObKo
bonvulee codepoicanue celena 6 nousax 1e6o2o bepeza p. /[necmp no cpagHeHuIo ¢ npasbiM.

Abstract

The aim of this work is a determination of the concentration level of Selenium in soils from
different Moldavian regions. For this purpose the total Selenium content was determined in soils
from the left valley of Dmestr River and compared with other data, which were previously
obtained. Total Selenium content in soils from the left valley of Dnestr River is in the interval,
which was determined for other Moldova regions. The slightly higher Selenium concentration was
noted in this soil by the comparison with right Dnestr valley region.

1. BBenenue

CeneH sBiIsSETCS BaXHbIM 3JIEMEHTOM DAa3BUTUSI M CYLIECTBOBAHHUS UEJIOBEKa,
KUBOTHBIX M pacTeHuil. HecMoTpst Ha TO, 4TO ero cpegHee comepXKaHUE B Pa3IMUHBIX
KOMIIOHEHTAX TIPUPOJIHOI CPeJIbl, KaK IIPAaBHIIO, HEBEIMKO H COCTABNAET B mousax 107 %,
B IpecHBIX Bofax - 10° %, B PacTHTENBHBIX M XXMBOTHBIX opramsmax - 10 % [1],
CYLIECTBYIOT OMOT€OXMMHYECKHE MPOBHUHIMHM, KaK ¢ ACSQHUINTOM CeJieHa, TaK M C €ro
MOBBIMIECHHBIMU KOHICHTPAIUSIMH.

B mocnennue necaTuneTus nHTEpeC K OMOr€OXMMHUYECKHM HCCIICIOBAHUSAM CeJleHa
3aMeTHO Bo3poc. [IpH KOHIEHTpaIHsX celeHa Bime 107 % BO3HHKAIOT crienupuuecKue
TOKCHKO3bl Y JXMBOTHBIX M MoOp{dosioruueckasi M3MEHYMBOCTb Y HEKOTOPBIX BHJIOB
pactenuit [2]. C mpyroil CTOPOHBI, CEICH SBISCTCS HEOOXOIUMBIM MUKPOIIIEMEHTOM JIJIs
YyeNoBeKa U XKUBOTHBIX. COEANHSACH C MPOTEHHAMH, CeJIeH 00pasyeT CEeJICHONPOTEHHBL,
KOTOpbIE BaXKHbI KaK aHTUOKCHUIAHTHBIC ()epMEHTHI, IPEAYIPEKJAIOLINE PA3BUTHE TAKHX
3a00JieBaHM, KaK pak u 6one3Hu cepana [3, 4].

Jpyrue ceneHONpOTEenHBI PeryIupyoT QyHKINN IMUTOBUAHON KeJe3bl U UTPAIOT
BaXHYIO pOJb B HMMYyHHOH cuctemMe [5,6], CIIOCOOCTBYS  YBEIHUEHHUIO
MIPOAOIKUTENEHOCTH KU3HU. HeKOTOphIe yueHble CUUTAIOT, YTO Je(UIUT CeJIeHa, MOKET
yCyryOJsITh TOCHENCTBHS HenocTaTka ioma s (GYHKUMM IIATOBUAHOM SKEIe3bl.
Hocrarounoe  moTpeOneHue  celieHa  NPEMSTCTBYET — Pa3BUTHIO  HEKOTOPBIX
HEBPOJIOTHUECKUX 3a00JIEBaHNM, CBA3aHHBIX C AedumuroM Hona [7].

C uenpio mpenoTBpallleHHue pHCKa pa3BUTHS celeHosuca y HaceneHus B CIIA
yCTaHOBJIEHA HOpMa MOTpeOJeHusi celeHa, Kotopas cocraBiseT 400 MKr B JeHb Ha
B3POCIIOTO dYeloBeKa. 3a pyOekoM IIMHUPOKO pPACIPOCTPaHEHO KapTorpadupoBaHue
pacmpeneneHusl CpeJHUX YpOBHEH HAKOIUIEHHUS CeJieHAa CelTbCKOXO3SHCTBEHHBIMU
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pacTeHusMu. Jlyi1 pervoHoB C AePUINTOM celleHa PEKOMEHIYETCsl HCIOJIb30BaHHE
CEJICHOBBIX J100aBOK B TMPOJYKTHl MHUTAaHWSA. B CBA3M C 3TUM YpE3BBIYANHO Ba)KHBIM
MIPEJCTABIISIETCS ONPEACTUTh PAaOHBI C ACPHUIMNTOM CeleHa M 30H C MPEBHIIIEHHUEM
TOKCHYECKOTO YPOBHSI CONIEP)KaHMsI CEJICHa B IOYBAaX, a TAKXKE YCTAHOBUTH PalOHBI
ONTUMAJILHOTO MOCTYIUICHUST MUKPOJJIEMEHTA W3 TMOYBHI B PACTCHHS M U3 PACTCHHUM B
OpTraHM3M YelIOBEeKa M JKUBOTHBIX.

Lenpio qanHOM pabOTHI SABIAETCS ONpE/SICHIE YPOBHEH KOHIICHTPAITMH ceJicHa B
MOYBaX pa3IMYHBIX pPEeruoHoB MomnaoBbl. s 3TOro OBUIM OMNpeAeiCHBI 00Iue
coJlepKaHUs CeJieHa B ITOYBax JIeBOTo Oepera NoNWHE p. [JJHecTp u mpoBeneHo cpaBHEHUE
MOJTyYEHHBIX PE3YJTBTATOB C IPYTHMH JAHHBIMI.

2. MeToauka IKCIIEPUMEHTA

HccnenoBanne comepxanus OOIIEro celeHa MPOBOJWIOCH Ha oOpas3lax IOYB
pa3UYHBIX pailoHOB MOIOBEI. BBUTH KCIONB30BaHBI paHEE MOMYYCHHBIC PE3yJIbTATHI
[15] u pakTrueckuit marepuan s 0Opa3noB, oToOpanHbIX B 2004 roay Ha JieBoM Oepery
p. Auectp.

[oaroroBka mpod

OO0pa3iibl OYB, BBHICYIICHHBIC IPU KOMHATHOW TeMITEpaType, MPOCEUBAIUCH Yepes3
cUTO 1 MM M pacTHpaNHCh B aratoBoii crynke. [l OIeHKH CTeTIeHH M3BJICUSHHsI CelieHa
¥ TIPaBIJIBHOCTH TIIONIy9€HHBIX pPE3yJbTaTOB OBLJIO HCIIONB30BAaHO JIBa CIOco0a
pasnoxeHus mo4B: 1 — cMechlo a30THOM M COISTHON KHCIOT (Iapckoit Boakoi) [8,9]; 2 —
a30THOM KUCIOTOM B MpUCYTCTBUM nepekucu Bogopoaa [10,11,12].

Hambomnee HajeXHBIM METOJOM OIpEACICHHS CeJieHa B PAa3IMYHBIX Cpeaax
SIBJIIETCS. METOJI TeHEpaINy THAPUAOB METAIOB WM WHade THAPUAHBIA MeTon. [locie
pa3ioKEeHUsI CeJIeH B PacTBOPE HAXOJUTCS B pa3HOM cTemeHH okucieHud. [lortomy s
aHamm3za HeoOxomuMmo OBUTO TIPOBECTH TMPOUEAYPY BOCCTAaHOBJICHHS CelieHa JI0
mectuBaieHTHOW (opmbl. Ilporemypa BOCCTaHOBIIEHHS BBIONHSIACH MO METOUKE,
pexomennyemoii B [13]. B mepHyro konOy Ha 50 mut ObUTM BHECEHBI 5 MJI MOYBEHHOIO
9KCTpakTa, 15 MII OWINCTUINIMPOBAHHOW BOABL, 25 MIJI CONSIHOH KuCIOThl. CMech
HAarpeBazach Ha BOIHON Game 20 muH. mpu Temmeparype 90° C. ITocie OXJTaXmcHHS,
PacTBOP JTOBOIMJICS 10 METKH OWAMCTHUILUIUPOBAHHOW BOJIOW M Jajiee MCIIOJIb30BAJICS B
aHanuse.

Hcnonp3oBaHHBIE pEeaKkTUBBI W CTaHAAPTHBIE PACTBOPBHI OBUIM OCOOOW HYHCTOTHI
¢dbupmer Merck.

OrmpeneneHus ceieHa.

OmnpeneneHus MPOBOAMINCH aTOMHO-a0COPOIMOHHBIM CITOCOOOM C OTTOHKOM
ceneHa B Bume rumapunaa. McmomszoBan criekrpodoromerp AAnalyst800 dupmsr Perkin
Elmer ¢ mporouno-umxekiuonHon cuctemoit FIAS-400 mis momydeHus rupuia ceneHa
B MPHUCYTCTBUH OOPTHAPHIA HATPHUA W TEpEeHOCa €ro TOKOM aproHa B HarpeBaeMyr J0
900° C kBapuesyro TpyoKy (aromusaTop). O0bEM aHAIM3HPYEMOIO PaCcTBOPA COCTABHII
500 wmxn. Tlpexgen oOHapy»KeHHsI HCIHOJIB30BaHHOTO Merona coctaBuia 0,1 MK/,
xapakrepuctuieckast koHrenrpamnus — 0,2 Mkr/n. [lonydeHHbIe aBTOpaMu paHee JTaHHBIS
[14-16] cBuOeTenbCTBYIOT O TOM, YTO THIPHIHAS TEXHHKA CBOOOIAHA OT MaTPUYHBIX
BIIUSIHUN U TIO3BOJISIET IIPOBOIUTE aHAIHM3 00Pa3I0B PA3IMIHOMN MPUPOIEL.
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3. Pe3yJabTaThl U 00Cy:KAeHHUE

[Ipu omeHke crocoba pasnoKeHHsl [TOYB UCCIlieAoBatachk BbIOOpka u3 19 0Opasior
mouB. [lpoBeneHuss aHanmM3a pPACXOXKIECHUN pE3yJIbTaTOB MEXIY HIBYMS CIIOCOOaAMHU
Pa3NoXKeHUsI BBIOIHSIIOCH IO METOAMKE, npeioxernHoi [.B. OctpoymoBeiM [17].

[lomydennsie naHHBIE TpeAcTaBleHbl B Tabmure 1. YcraHOBIEHO, 4YTO
pPAacCUNTaHHOE 3HAYE€HWE HOPMHUPOBAHHOW CiydalHOW BemuuuHBl Ueyy - 1,52 MeHbIIe
TeopeTnueckoro 3HaUeHUSA Upeor - 1,96. Mcxons u3 3TOro, MOXKXHO TOBOPUTH O TOM, YTO
pe3yJIbTaThl ONpPECICHHS CEICHA, TOJIYUYCHHBIC JUIsl IBYX Pa3HBIX CIIOCOOOB KHCIOTHOM
JECTPYKITIH, TPUHAIIEKAT K OJHON COBOKYITHOCTH.

Tabnuma 1.01eHka CXOAMMOCTH PE3YyJIbTaTOB Pa3HBIX CIOCOOOB Pa3ioKeHUs 00pa3lioB

Ne |Cenen, mr/kr Pacuer mapameTpoB cpaBHEHHUS BBIOOPOK Mapaver-

obp pHI
Cal Gy zn: (Cia—Cis)

116 | 0,16] 0,17 N

118] 0,16] 0,14 d= T - CpeAHEE PACXOXKACHUE PE3yIbTaTOB 0,04

119] 0,10] 0,1 —

120 0,19 022 | , _ dx100 ,

121] 0.17] 0.24 — CpeiHee OTHOCHUTEIIBHOE PACXOKACHHE 11,4 %

124| 0,19 0,17 noo_

125] 0,27] 033 > (Cia+Cin

1261 0.36] 042 C =- - CpelHee coAepkKaHHUE FIEMEHTA B 0,35

127] 0,21] 0,26 2n M;/KF

128] 1,34] 1,44 | o6peaunennoii BEIOOpKE

129| 0,31] 0,38

130] 046| 0,51 | §, - orHOCHTENTBHOE CPEIHEKBAAPATHIHOE OTKIOHEHHE IS 30,0 %

131] 0,26| 0,35 | naumoii BeIGOpKH

132 0,37] 0,43 N

1331 0,28] 025 | Uexp= M - HOPMUPOBaHHas ClTy4dailHas BEIHYHHA 1,52

134] 0,66] 0,60 or

Ca u Cg — KOHIICHTpAILIUU CeJICHA , TOJIYICHHBIC IIPH PasiioKeHUU crocodamu A u B.

PesynpraTel ompeneneHus oOIIETOo coAEp)KaHUS CeIeHa B IOYBAaX pPecITyOIrKu
MomnmoBa npencTaBieHsl Ha pucyHke 1. [mst mouBeHHOTO cios mo Tiyown 40 cM He
O0TMEUaeTCss U3MEHEHUs KOHIeHTpauuu ceneHa. OOmiee coiep)kaHUe celieHa B MOYBax
neBoro Oepera p. JlHecTp Heckombko Bhime. OQHAKO ATH KOJIEOaHHS HAXOMATCA B
npenenax (HOHOBBIX KOHIIGHTPALWH, a Takke He MPEBHIIIAI0T MaKCUMAalbHBIE TPAHHIIBI
IS APYTUX W3YyYEHHBIX TeppUTOpuii MonnoBsl. 37ech YpPOBEHb KOHIIEHTpPALUi
HAaXOJUTCS BBIIIE TPaHULBI Ae@uuuTa 3Toro neMenTta 0,175 MI/Kr, HO MEHbLIE CPeTHIX
3HAQUeHUA Uil Apyrux crpad. llomydeHHble pe3yJbTaThl HAXOOATCS B TIpaHULAX
KJIapKOBbIX  koHueHtpamuii 0,01 — 0,50  wmr/kr. HeOonpmoe  KOMTUYECTBO
MpOoaHATM3UPOBaHHBIX 00pa3noB (18 mpoO) mansg seBoro Oepera IaeT TEPBYIO
MPUOM3UTETHHYIO OIICHKY CHUTYAIHH C CEJICHOM B TOM PETHOHE. Y CTAHOBIICHHBIN paHee
neduuT ceneHa s moYB MOJIOBEI He OMPOBEPraeTcs MONyYeHHBIMH Pe3ylIbTaTaMH.
OpHaKO MOKHO OTMETHTD 0oJjiee OJIaromoydHylo CUTYaLHIO Il PaiioHOB JIEBOOEPEKbA.
DTO MOXKHO OOBSCHUTH TEM, UTO IMIOYBBI CEBEPHBIX PaHOHOB pecIyOIuKH 00pa30oBaHbl Ha
0oJiee TIIMHUCTBIX TOPHBIX MOPOAAX M COAEpKaT Oouble TIMHACTHIX dacTum. C apyroit
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CTOPOHBI Ha COACPKAHUE OTOr0 IJJICMCHTA MOXKCT OKa3bIBaThb BJIMUAHHUC W XapaKTCpP
HCIIOJIB30BaHUA 3€MCIIb.

050 — - — - — - — - — - — - — - — - — - — - — - — -
045 — - — - — - — - — - — - — - — - — - — - —}F— - — -

040 — - — - — - — - — - — - — - — - — - — - — |} — - — -

o3V >FrL N4 11 - -

oz L + ffffffffffffffffff
N B i

025 +— - — -+ - — - — -} - — N1 -4 1V F-

Se, Mr/kr

020 — - — - — - — - — - — - — - — N e e
~
015 — - — - — - — - — - — - — - — 4 NS =

010 — - — - — - — - — - — - — - — - —4+-—-t—--F-

005 — - — - — - — - — - — - — - — - — - L -t

0.00 f f f f f f f f {

Puc. 1. CpaBHHTENbHAS XapaKTEPUCTHKA COACPKAHUS CEIeHA B TIOYBAX
pasITUIHBIX palioHoB PecyOmmkn MommoBa: 1- KameHckwit; 2- PRIOHATIKIA;

3- Ny6occapckwii; 4-1'puropuononsckuit; 5- Cnoboa3etickuii; 6- r. Tupacmoss;
7- r. Kumunes; 8- c. Kapnunenst; 9- c. Kyuyprass.

BriBoaBI

[Ipemmaraempie crmocoObl MOATOTOBKH NPOO IMOYB W aHATUTHYSCKHA METOJ
OTpesieNieHNns CejieHa MpH TOMOIIM TeHepaly THIPHUIOB METAUIOB JNAlOT XOPOIIUE
pe3ysbTaThl U MOTYT OBITh PEKOMCHJIIOBAHBI JUISl OINPEACICHUS 3TOTO JJIEMEHTa B
cioxHbIX Matpunax. CojiepkaHre celieHa B ITOYBax JIeBoro Oepera p. [JHecTp HaxomuTcs
B TIpesenax KoyieOaHWil, OTMEUEHHBIX JJIsl JPYyTruX pernoHoB MommoBbl. OTMmeuaercs
HECKOJIbKO OOJIbIINE CpeJHWE 3HAYCHHMs celieHa Ui MoYB JeBoro Oepera p. JHecTp mo
CPaBHEHUIO C MpaBoOepexbeM. DTH Pe3yNbTaThl XOPOIIO COTIACYIOTCS C JaHHBIMH IS
JIPYTUX PErMOHOB MUPA U KOHLIEHTPALUSIMU 3TOrO 3JEMEHTA ISl [IOYB U TOPHBIX HOPOI.
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I'pebenwyuxos B.11. : Ilyounoeckuii B.JI., Pomarnog JI.®.

Ocobennoctu crpoenust npudpexnoi yactu Cesepo-3anagHoro
IIpuvyepHOMOPBS M X CBA3U C PA3HOBO3PACTHBIMHU NOBEPXHOCTAMHU
BBIPABHUBAHUS ME30KaiiHO3051

Pe3rome

Ipugedenvr Oanmvie o nogepxvocmsx evipashusanuu Cegepo-3anaonozo Ilpuuepromopws
KUMMEPUIICKO20 U NAUOYEHOBO20 B03PACMA. YCMAaHO08IeHo, umo  KUMepuolC-mumoHCKue,
cemeppug-pannebapemMckue U COBPEMEHHble JNA2YHbl U OCOJOHEHHbie 03epd pecuoHd
NPUYPOUEHbL K 30HAM MEPUOUOHATLHBIX PA3IOMO8 KUMMEPUIICKO2O 3aNI0NCEHUs, HEOOHOKPAMHO
AKMUBU3UPOBAHHBIX 6 OONee MON00ble Imanvl 2eorozudeckoll sgonoyuu. Ilokasano, ymo
npocmupanue Noaochl PACNpOCMPAHEHUs COBPEMEHHbIX U OPEeBHUX JNA2YH KOHMPOIUPYEmcs.
cucmemoul CyOUUPOMHbIX PAIOMO8, d BEPULLHDL TUMAHOB, NOMUMO M020, NPUYPOUEeHbl K 30He nepexood
NOJONCUMETLHBIX 2UNCOMEMPULECKUX OMMEMOK NIUOYEHOBOU NOBEPXHOCHU GbIPAGHUBAHUS K
OMpuUYamenbbiM, COGNAOAIOWEN ¢ 30HOU CMEHbL COBPEMEHHbIX HNOOHIMULL 3eMHOU KOpbl
onyckanusimu. COenan 618600 0 MOM, YMO YPOBEHb NO30HEKUMMEPULICKO20 Me3030UCK020 baccelina u
bacceiina coepemento2o Yepnoio Mops Obiliu OOUHAKOBBIMU U, YMO MOLLKO NOBEPXHOCMU
BbIPAGHUBAHUS OAIONT OMHOCUMENBHYIO 00BEKMUBHYIO KAPMUHY PACNOL0NCEHUsE 6epe208Oll TUHUL U
YPOBHSL 800 OPesHUX OACCEUHO8.

Abstract

The deposits of a former aquatory record of a sea basin, approximately costal line, but not
the change of a sea level. Smooth surface level of the Early Kimmeridgian, Late Kimmeridgia,
Early Neogen and Pliocen were analyzed with the purpose to explain the position of the Black Sea
costal line and its level in the South Prut-Dnester interfluves in a relatively calm tectonic
condition. In the limits of the smooth surface levellagoons and salt likes are developed, which are
located to meridional faults-themost active in the Late Kimmeridgian time.

The Late Kimmeridgian and Pliocen-anthropogenic levels should be considered as
smooth surface level". On the base of this it can be considered that the Black Sea costal line was
at the same level in the pre-Late Baremmian andPliocene-present times in the farme of South
Prut-Dnester interfluve.

n

[IpoGnema u3mMeHeHn ypoBHS MUPOBOro OKeaHa, €ro OKPAauHHBIX U BHYTPCHHUX
MOpEH, a Takke MPOTHO3UPOBAHHS ITUX M3MCHEHHUH MOCTOSHHO MPUBJICKATH BHUMAHUC
VUICHBIX OKEaHOJIOTOB, KIIMMATOJIOTOB, TEKTOHUCTOB | 1p. [1.2.3.4.5]. O mpuumnHax 3THX
W3MEHEHUI J0 CUX IIOp HET €AUHOI'0 MHEHUA, XOTA JOBOJbLI IMPUBEPIKEHUICB TOTO WA
WHOTO HANPaBJICHHS BBITJISAAT JOCTATOYHO YOCUTENBHBIMH.,

Hmeronuecss B HamieM  PAcHOPSKCHHM  TEOJOTMYECKHME  MaTepuaibl 10
NPUYEPHOMOPCKOM YacTu tora Mexaypeubs JlHectp - IIpyT MO3BOJISIOT BBICKA3aTh
HEKOTOPbIE COOOpaKEHHS TI0 BONIPOCY KoJiebaHu ypoBHs UepHOTO MOpsI.

Ocanxu nponuibix akBaTopuii YepHOro Mopsi GUKCHUPYIOT B OOJBIIMHCTBE CBOEM
HaJIMYMEe MOPCKOTO OacceiiHa W Jaxe ero OeperoByr0 JIMHUIO, HO HM B KOEM CiIy4ae
W3MEHEHUs] YPOBHS Mopsi. Hemnb3si cOrnacuThCcsi ¢ MHEHHEM O TOM, YTO paclpejieiicHHe

TICY, HayuHbli ot1el, I. Tupacnosns.
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0CaJIKOB TUIMOIEHOBBIX OacceiiHOB oTpaxaeT ypoBeHb YepHoro mops [3]. Peur moxer
UATH TOJBKO JIMIIE O TIEpEMEIIEHUIX OepEeroBOil JIMHUN 32 ONpPE/eIICHHBIA POMEKYTOK
BPEMEHH, XOTA M B 3TOM CJIydae MOJOXEHHE TPAHWIBI MOpS MPOOIEeMaTHYHO, TaK Kak
MpUOpEKHBIE OTIOKEHHS ITOIBEPTaINCh Pa3MBIBY M YaCTUYHO 3POJAUPOBAHBI.

[lepBuuHoe 3aneraHue TIJIMOLCHOBBIX  OTJIOXKEGHUH  HM3MEHEHO Tak  JKe
HEOTEKTOHMYECKUMHU JBWKCHUSMHU. TakK, KpOBJISA TIOHTHYECKAX OTJIOXKEHHH Ha
TeppuTOpuH MeXIypeubs [IpyT - JIHecTp 3aneraeT Ha aOCONIOTHBIX OTMETKax oT 250 M
1o -250 M, a y r. @oxkmansl (PymbIHUS) MOJ0IIBA TOHTA 3ajeraeT Ha oTMeTKe - 3100 M.
AHanornyHas KapThHa HaONIOAAaeTcs W B JPYTHX PErHOHAaX: Mo moOepexbio UepHoro
MOpSI OJHOBO3PACTHBIE OCAIKHA KYSIBHHUIIKOTO, TaMaHCKOTO, YayJIWHCKOTO BO3pacTa
3aJIeraloT Ha Pa3InYHBIX TMIICOMETPHUYECKuX oTMeTkax oT +20 M B Kpeimy, 10 -250 M B
Konxuackoit HUISMEHHOCTH, TZI€ OHU, KPOME TOTO, JAOTOJIHUTEIBHO CMATHI B cKiIaaku. O0
SMEUPOTEHNYECKNX KONEOAHUSIX U M3MEHEHHAX B CBSI3U C 3TUM YPOBHS MODPS M1 MOPCKUX
noOepexxuii TOBOPAT W 3aTOIUICHHBIC IPEBHHE TIOCENICHHS, a TaK JK€ CEeTrOMHSIIHSS
«rpaHcrpeccusi» Kacrnmiickoro mMopsi, KOTopas HHKaK HE MOXXET OBITh CBS3aHA HH C
M30BITOYHBIM TIOCTYIIJICHHEM BOJHBIX MAacc, HH C Pe3KOH TyMuAH3anuell KirMaTa 1, TeM
OoJee, HU ¢ TasTHUEM aPKTHYECKUX W aHTAPKTUIECKUX JIHIOB.

OOpamiaer Ha ce0si BHUMaHUE COBIQJICHHE OCOOCHHOCTEH peXMMa COBPEMEHHBIX
BEepPTHKANBHBIX nBMkeHnid 3eMHoi Kopbl (CBJ/I3K) Cepepnoro IlpuuepHomophs u
3aBHCHMOCTH MEXIY M3MEHEHUSMHU ypOBHS UEpHOTO MOpSA M TEMIIEpaTyp MPU3EMHOTO
cnosi. Cormacuo kxapre CBJI3K Bocrtounoit Espomsr (1972 r.) Ceepo-3amagHoe
[IpuyepHomopbe mpeAcTaBiseT coO0il 007acTh COBPEMEHHBIX OMYCKaHHH €O
ckopoctsmu (-)1,5 — (-)1,8 mm/ron [6]. Ha Gonee mo3gnem Bapmante kaptel CBJI3K
TeppuTopur MosmoBel M 3amagHod uacTu YkpauHbel (1983 r1.) rpaHuna obnactu
OITyCKaHWH 3HAUYNTEIHLHO MPOJABUHYTA K CEBEpY, caMa 00JIaCTh IMOYTH BABOE YMEHbBILICHA
B TUIOMIAJAM 3a CUET TOr0, YTO €€ 3amajaHas 4acTh, NPUypOUYEHHas K TMOTPYXKEHHOMY
ckimony CesepHoit JloOpymku, oTHeceHAa K OOJacTH COBPEMEHHBIX IOMHATHH CO
ckopoctssmu oT +3,7 mm/roa ao +1,0 mm/ron. [Ipu 3ToM B 000MX Ciay4asX HCXOTHBIM
MMyHKTOM JJII BBIYMCJICHUS aOCOJIOTHBIX 3HAUYEHUH CKOPOCTH CIYXHI ypOBHEMEpHBIN
myHKT «Omecca» ¢ Vg = -5,2 MM/Tox [6,7].

[Ipu ananuze n3MeHeHU ypoBHS UepHOTr0 MOpPS W TeMIIEpaTyp MPU3EMHOTO CIIOS
ycTanaBnuBaeTcs, 4to CeBepo-3amagHoe [IpudepHOMOphe Takke MOApa3nersieTcs Ha
nBe 00JacTh: BOCTOYHYIO, TZiE€ aKTHBH3AIM MOJBEMa YPOBHA MOPSI COIPOBOXKIAETCA
HEOOJBIIIUM POCTOM CpeqHHuX Temreparyp (cranmms Opecca, mepuoa HaOMIOACHUH C
1894 r.) u 3amamuyro (ctanmus Vsmaw, mepuon HaOmronaennii ¢ 1924 1.), rne Ha QoHe
pocTa YpOBHSA MOpsI OTMEYaeTCs IOHMKEHNE CPEeIHUX TeMIepatyp [5].

JIisi BEISICHEHUS TOJIOKEHUs OeperoBoit MTWHWM UepHOTO MOpS W €ro YpOBHSA B
YCIIOBHSAIX ~ OTHOCHUTEIIFHOTO TEKTOHWYECKOTO TMOKOs OBbUTM  MpOaHaIM3UPOBaHBI
MOBEPXHOCTH BBIPABHUBAHHS Pa3IUYHBIX IEPHOAOB T'EOJOTHYECKOTO MPOIIIOro
pernoHa, oOpa3oBaHHEM KOTOPBIX 3aBepIIajicsi, Ha4YMHAsA C PaHHEKEMOPHHCKOTO
BpPEMEHH, KaX/IbIif 3Tal TEKTOHUYECKOTO LIUKJIA.

W3BecTHO, 4TO MOBEPXHOCTH BHIPABHMBAaHUS - 3TO (OpMa PaBHHUHHOTO peibeda,
(opMupylomascs B YCIOBUSX OTHOCHUTEIBHOTO PaBHOBECHS] MEXAY SHAOTCHHBIMH U
9K30T€HHBIMH IMPOIECCAMU TIPU CTAOMIHHOM MOJOXKEHHH 0a3uca 3po3uu. boabmmHCTBO
HCCIieloBaTeNiell paccMaTpUBalOT IMOBEPXHOCTH BBIPABHUBAHHS KaK IMOBEPXHOCTH C
HE3HAYMTEIbHBIM YKIOHOM (ropsaka 2-5°) u ManbiMu BbicoTamMu oT 10 mo 50 M Hax
6asucom sposuu [8]. IlpmHMMas BO BHHUMaHHE, YTO B YCJOBHSAX Ora MEXAYpeUbs
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MOBEPXHOCTH BBIPAaBHUBAHUS MpPHUMBIKATH K o00memMy O0a3ucy 3po3ud - aKBaTOPHH
UepHOro MOps, MOXHO TIPEANONOXKHTh, YTO BBICOTHI MEPBUYHOTO pelbeda He
npeBeimany  10-15 M. Hawmbonee W3yYeHHBIMH TIOBEPXHOCTSMH BBIPDAaBHUBAaHUSA B
npenenax Mexaypeubs Ilpyr — JluecTp sBusiorcs panHekumMepuiickas (Ts — Job'),
nozgHekuMMmepuiickas  (J; — K]Brl) U psan  ampnuiickux: naneorcHoBas  (P),
panneneoreHoBas (N), muonieHoBast (N,).
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Puc.1. CxeMa cooTHOIIEHUS TO3AHEKUMMEPUIICKHIX U COBPEMEHHBIX JIar'yH
CeBepo-3anagHoro nodepexbs YepHOro Mops.

1 — MepuIMOHANIBHBIE Pa3JIOMBI ITO3JHEKMMMEPHICKOTO 3aJI0KeHUS;
2 — OpyH30BCKO-ApLH3CKast 30HA PA3IOMOB IPOTEPO3OUCKOT0 3aI0KEHUS;
3 — pa3noMbl, KOHTPOINPYIOLIHE IIHPOTHO-OPUEHTUPOBAHHYIO TIOJIOCY PACIIONOXKEHHS JIaryH;
4 — 30HBI pa3BUTHUS MMO3THEKUMMEPUHCKUX JIaTyH: TIO3HEKIMMepUcKas-paHHeTATOHCKas (1),
TUTOHCKAsA (2), ToTepuB-panHeOapemckas (3);
5 — 30Ha mepexo/ia OT MOJOKHUTETBHBIX K OTpUliaTebHbIM ckopocTsiM CBJI3K:
a - Bapuant 1972, 6- BapuanT 1983r.

XapakTepHOW OCOOCHHOCTBIO  IUIMOIICHOBOW  TOBEPXHOCTH  BBIPAaBHUBAHUSA
ABNISIETCSI pa3BUTHE B €€ Ipelenax BIOJIb TNoOepexbs YepHoro MoOps JaryH u

90



Buletinul Institutului de Geofizica si Geologie al ASM, N 1, 2005

OCOJIOHEHHBIX 03€p, KOTOpbIe MPUYpPOUEHBI K JPEBHUM pa3jioMaM MEpUIHOHAIBHOTO
MPOCTHpaHUs, HanOoJee aKTUBHBIM B KUMMepuiickoe Bpems. C JOCTaTO4HON moineit
BEPOSATHOCTH MOXXHO TOBOPHUTH O TOM, YTO W CEBEpPHAs W IOXHAs TPAHHUIBI IMOJIOCHI
pacmpocTpaHeHHs JIaTyH M 03ep KOHTPOJMPYIOTCA pa3IOMHBIMH 30HaMH CEBEpO-
BOCTOYHOTO ImpocThpaHusi. K ceBepHO pa3nmoMHON 30HE, a TaKk € K CEBEPHBIM
OKOHEYHOCTSIM JIaryH HPUYpOYEH IMepexoj MonokutenbHbix 3HayeHudl CBJI3K k
OTPHUIATETIFHBIM W TOTPYXXEHHE IIIFOIEHOBOH TIOBEPXHOCTH BBIPABHUBAHHUSA HIDKE
ypoBHs Mops (puc 1).

JlaryHHBIE ¥ KOHTHHEHTANBHBIE OTJIOKEHHUS COMPOBOXKIAIOT TaK K& W
PaHHEKIMMEPHIICKYI0O TIOBEPXHOCTh BBIpaBHUBaHUS, (POPMHPYIOIIYIOCS C KOHIA
MO3THET0 TpHaca a0 TMo3AHero Oaiioca. OpHaKo, W3-32 HHTEHCHBHBIX OJIOKOBBIX
IBUOKeHUH amrmumutyaord Oomee 4000 M W W3-32 HE3HAYHTEIHHOTO YHCIA CKBAXKHUH,
JOCTUTIIUX 3TOW TOBEPXHOCTH, B HACTOAIIEE BPEMs HE IPENCTABISAETCS BO3MOXKHBIM
Jath OoJjiee WM MEHee JCTANbHYI0 PEKOHCTPYKIHMIO —TManeoreorpapuueckux u
MaJeOTEKTOHUYECKUX YCIOBHI.

3HAYUTENbHBIH HMHTEpPEC TPEACTaBISAeT IO3JIHEKHMMEpHICKas TOBEPXHOCTh
BEIpaBHUBaHUS, OKOHYATEIbHO c(opMupoBaBIiasicss B paHHeOappeMckoe Bpems. Ee
oopMIICHHE TTPEANISCTBOBATIO HAYally paHHEMEJIOBOH TpaHCTpecCuH (ITO3THUN Oappem)
Y 3apOKIICHUIO0 MeT-TTaJIeoTeHoBo [IprmuepHOMOpCcKoi BaauHbI [9].

Jisi MO3IHEKMMMEPUIMCKOM TTOBEPXHOCTH, KaK M ISl TUIMOLCHOBOM, XapaKTEPHO
pa3BuTHe JaryH. VHTEpecHO OTMETHTh, YTO OHH NPUYPOUYEHBI K TEM JK€ CaMbIM
paznoMaM  CyOMEpHIMOHANBbHON  OPHEHTUPOBKHM, TO €CTh  MOJIOJBIE  JIaryHbI
yHacleIoBaHbl C Me30304. JTa YHACJIEeJOBAaHHOCTh IPOCIEKHMBAECTCA M B LIEJIOM psie
npyrux (akropoB. Cyas Mo ocaakaM, OTJIOKHUBIIUXCS B ITHUX JIaryHaX (TIOBapeHHBIE
CONM, THWIICHI W Jp.), WX TIyOWHAa HEe TMpeBbIIajia TIyOWHBI COBPEMEHHBIX JIaTryH.
CoBnafaloT ceBepHbIE TpaHUIBI TOJOCH pa3BUTUS JaryH u o3ep. Kak u B
paHHEKHMMeEpHIicKoe BpeMs, Ha cocenHux tepputopusx CesepHoii oOpymku, Kpeima u
KaBkaza cyliecTBoBaiiM HOpMalIbHO MOPCKHE YCJIOBHUSI M CBA3b C okeaHoM Teruc. U B
TUTMOLIEHOBOE BPEMsI MOPCKOIT OacceifH MMel OTKPBITYIO CBA3b ¢ OKeaHOM. Pa3HuIla Iuiib
B TOM, YTO B KUMMEPUHCKOE BpeMs 3TO OBUIM OKpaWHHBIC MOpS, a B IUIMOICHE U HBIHE
CBS3M  OCYIIECTBISIETCS TOCPEACTBOM BHyTpeHHero CpeamsemHoro wmops (3a
UCKITFOUCHUEM DIIOX PETPECCHIN).

Takum o00pa3oM, aHAIM3UPYsT BECh KOMILUIEKC TI€0JIOr0-reoMOpOIOrHIECKUX
MIPU3HAKOB, CBOWCTBEHHBIX MO3MHEKUMMEPUHCKON M TUIMOIEHOBOH IMMOBEPXHOCTH, MBI
MIPUIIUTA K BBIBOJY O TIOJIHOM aHAIOTUW Mexay HEUMH. OCcOOEHHO 3TO XapaKTepHO M
JaryH, HE BBIXOJSIIMX B TMpeneisl TOJOChl, OTPaHWYEHHOM pa3joMaMH CeBepo-
BOCTOYHOI  OpHEHTHUPOBKH. [lo3TOMY NO3IHEKUMMEPUHCKYI0O U  IUIMOIIEHOBYIO
TTOBEPXHOCTH BBIPABHUBAHHUSA MOYKHO PAacCMaTpHBaTh KaK «ypOBEHHBIE MOBEPXHOCTH» U
yTBEpXJaTh, 4YTO OeperoBas JHWHUS Taleo- M COBpeMeHHoro YepHoro wmops B
NpeAno3AHedappeMcKoe U IUIMOICHOBOE BpeMs Ha TEPPUTOPUH Mexaypeubs [Ipyt-
JHecTp Haxoquiack Ha OJHOM M TOM ke ypoBHe. Kak [uist Hadana mo3nHe0appeMCcKoro
BPEMEHH, O3HAaMEHOBABIIETOCS TPAHCTPECCHEH, Tak ® IS COBPEMEHHOW JIOXH
XapakTepHo HactymieHue YepHoro Mops B CeBepo-3anaanoe [IpuuepHoMopse.

Bce BoimensnoxenHoe noarsepxkaaer MuHeHue B.B. benoycosa [10] o Tom, 4TO:
«.M3MEHEHHSI B pEXUMe KOIeOaTeNbHBIX [BMKCHHH TPOWCXOIAT C HEKOTOPOit
MIPaBUIBHON TMepuoaAnyHOCThIO. [locnenHss BbIpaxkaercs, MpPeXae BCEro, B HAIUYUHU B
UCTOpUU 3eMJIM KPYIHBIX PUTMOB WIH IIUKJIOB C MEPUOIOM OKOio 150 MIIH. JeT» - TO
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€CTb BPEMCHHOI'O0 OTpPE3Ka, pas3aciIdrouicro HO3)Z[H€KI/IMMepPII>'ICKy10 U IIJIMOLCHOBYIO
MMOBCPXHOCTU BbIPABHUBAHUS.

10.

92

Jlureparypa

P.K.Knure. YpoBeHb okeaHa B reosiorudeckom nponuioMm. M.: Hayka, 1980, 110c.
Wsmenenune ypoBHs mops./ Pen. Kammu I1LA., Kmure P.K., Yemansra AJL M.:
MI'Y, 1982, c. 175-188.

AJL. Yenanwira, T.A. CaguukoBa. Konebanue ypoBHs UepHOTO MOpsS B IUIHOIIEHE./
W3menenue ypoBHsa Mops. M.: MI'Y, 1982, c. 175-188.

IILA Kannun, A.O.CenuBaHoB. M3menenue ypoBHA Moped Poccuu u pa3BuTue
Oeperos: mporuioe, Hacrosmiee, Oyaymee. M: 'EOC, 1999, 229 c.

10. [0 . lytickuit, C.C.YepkamuH. 3aBHCUMOCTh OTHOCHUTEJIEHOTO TIOBBHIIIEHUS YPOBHS
YepHoro Mopst OT pocTa KIMMAaTHYEeCKOH TeMIepaTypbl M MPU3EMHOTO CIOs
atmoctepsl. / T'eodkornorumueckne W OmoOdKoNMOTrMYeckue MpodneMbl CeBepHOTO
IIpuuepHoMOpBbS: Marepuaisl MEXTyHApOIHOU HAay4YHO-TIPAKTUYECKOU
koH(pepeniuu, Tupacmons 28-30 mapra 2001 1. / Tupacnmons: PUO II'Y -
OKOUEHTp.- ¢. 354-355

. A Jlumuentepr, JIL.E.Cerynckas, H.C.bmaroBomwma u np. MopdocTpyKTypHBII
aHaJIM3 COBPEMEHHBIX BEPTHUKAJBHBIX JABWKeHHH EBpomeiickoit wactu CCCP.
I'eomopdomorust, 1972, Nel, c.1-18.

B.1.Comos, W.II.PaxumoBa. CoBpeMeHHBIC NIBIDKCHHS 3eMHON Kopel Kapmato-
banmkanckoro permona u compenenbHBIX CTpyKTyp. Kue: HaykoBa mgymxa, 1983,
144 c.

I'.C. AmambeB, C.C. Bockpecenckmii, 0.I'. CumonoB. MexaHusM o00pa3oBaHUs
MOBEPXHOCTEH BBIPABHUBAHHUSA B Pa3NUYHBIX (PU3HKO-TeOrpapUUECKUX YCIOBHSX.
/TloBepxHOCTH BEIpaBHUBaHuA. M.: Hayka, 1973, c. 5-14.

JI.d.PomanoB. Me3so3soiickue necrpouseTs JHecTpoBcko-IIpyTckoro Mexmaypedss.
Kumunes: «lltuunna», 1976, 208 c.

B.B.benoycoB. OcHoBHbIE BONpOCHl reoTeKToHUKH. M.: «['ocreontexuzmar». 1954,
606 c.



Buletinul Institutului de Geofizica si Geologie al ASM, N 1, 2005

Humumpos I' X.”, Haea B.1.

I'eonunamunyeckue 00cTaHOBKM pa3BuTus /{HecTpoBcKkoro
najeopudra u HEKOTOPbIEe ACHEKTHI MeTAJJIOTeHnHu (pudeii - BeHa)

Within 1960 the cratons consolidated in Precambrian esteemed major tectonics’ structures
well fixedly. Along with the appea-rance of the conception of global tectonic these old structures
was submit reexamine scientific and establish some crucial moments in their further tectonic
structures.

In base of analyse of the last geological and geophysical dates accumulated on Moldavian
platform and Ukrainian shield undertook trying to study Nistru paleorift evolution of rifein-
vendian period. The synthesis are based on the contemporan plait conception, but the essence for
the stable dynamic’s geological processes in rifei-vend and the kind of formation, spreading and
forecast of useful minerals.

PaccMoTpeHre TEeKTOHMKH palioHa, a TakKe Pa3Iu4HbIX BUJIOB OPYIAECHEHHS TOJIBKO
C TOYKHM 3pEHHS KOMOMHAIMU KPYMHBIX CTPYKTYpHBIX 3JIEMEHTOB — PAa3HOTO pozaa
TCOCHHKIIMHAIIBHBIX TPOTHOOB, CPENIUHHBIX MACCHBOB, WX CTPYKTYpPHBIX TEpPECTPOCK
UCKJIIOYACT BO3MOXKHOCTh MOHUMAaHHMS OOLINX MPUYUH TEKTOHUYECKOW 3BOJIIOLUH, a IPU
METAJUIOTCHUYECKOM aHAJN3€ 3aTyLIeBbIBAET MHOIME B@)KHBIX 3aKOHOMEPHOCTH.
l'eoguHamMuveckuil aHamu3 MO3BOJIAET C HOBBIX MO3UIMH pPAacCMOTPETh HCTOPHIO U
0COOCHHOCTH (HOPMHUPOBaHUS JOKEeMOpPUHCKUX, pH(pEer—BeHICKHX H Oollee TMO3THUX
MAJCO30MCKUX U ME30KAHO30MCKUX COOPYXKECHMM IOro—3amajHod 4acTH YKpauHbl U
MomnnoBsl. B ero ocHoBe sexar mojioKeHUsi COBPEMEHHONH MOOMIIMCTCKON KOHLEMIINY, a
UX CyThb CBOAMTCS K BBIJCJICHHUIO KPYIHBIX BELICCTBEHHBIX KOMILJIEKCOB, BKIFOYAIOLINX
MarMaTHuecKue M OCaA0YHBIE MOPOABl, HMIPAIOIIMX POJb HHIUKATOPOB OOCTaHOBOK
00pa3oBaHus, YTO IO3BOJISIET CONOCTABJIATH JAPEBHUE KOMIUIEKCHI C COBPEMEHHBIMHU
aHaJioraMy, (QOPMUPYIOLNIMXCS B TeX WIM HWHBIX TEOAMHAMHUYECKHX OOCTaHOBKAaX.
HenpemeHHBIM yCIIOBHEM CIIYKUT BBISBJICHHE NOPUYMH JeQopMalvii OCaJOYHBIX H
BYJIKAHOT€HHBIX TOJII, IIOSIBJICHHE CpPEIM HUX HWHTPY3UBHBIX MarMaTudeckux u
nocrMarMaTiuueckux oopazoBanuil. [1oqoOHbI aHANN3 MTO3BOMISET YCTAHOBUTD JUHAMUKY
NPOLIECCOB TEOJIOTHYECKOrO MPOIUIOT0 M OTKPBIBACT HOBBIE MYTH MM H3YUYCHUS
3aKOHOMEPHOCTEH pa3MEeLIeHHsI ¥ IPOTHO3UPOBAHUS MOJIE3HBIX HCKOMIAeMBIX.

B noxemOpwuiickoM QyHIamMeHTe 10ro—3amagHod 4acTH YKPawHCKOTO IIUTa M €ro
IOr0—3allaHOT0 CKJIOHA, MPEICTABILIIONIMX O0JacTh IIHPOKOIO  PaclpOoCTPaHEHUS
00pa3oBaHWil TPaHYIUTOBOHM (amuu MeTaMop(pu3Ma, COXPAHHIIHMCH CIEIbl MPOSIBICHUS
AKTHBHBIX T'€OJMHAMHYECKUX PEKUMOB, OTPAXKAIOLINX LIUKINUYECKOE Pa3BUTHE KOPHI U €€
B3aMMOJICHCTBIE C MaHTHEH. M3ydueHue pa3MIHBIX TCOAMHAMHYECKHX OOCTAaHOBOK B
nokeMOpuiickoM pyHIaMeHTe U paHepo30HCKOM YexJie TI000T0 pernoHa BO3MOKHO JIMIIb
Ha OCHOBaHMHU TLIATENIFHOTO aHAJIN3a IEOJOTHYECKOro M Ieo(pu3nYecKoro Marepualos,
MIPU UCTIOIB30BAHUH PA3TUYHBIX METOAUK UX MHTEPIIPETALINH.

[Iponecc pazButus 3emi HeOOpPaTUMBINA, HATIPABICHHBIH K U3MEHEHHIO CBOWCTB,
cocTaBa M MOIIHOCTHU 36MHOM Kopbl. ['eonuHaMudeckne 0OCTaHOBKU, CEAMMEHTOICHE3 U
MarMaTu3M COCTaBJSIIOT C€AMHBIA PAd (aKTOPOB, ONPENENSIOMIMX HCTOPHIO Pa3BUTHUSA
3emiin Ha ONpENCIeHHOM OJTame. |eoguHaMHYecKne OOCTaHOBKH B JOKeMOpHH

* IHCTUMTYT reoxumuH okpysxkatomeii cpeasl HAH YkpauHsl.
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U3MEHSUIMCh B 3aBUCUMOCTH OT YBEJIHMYEHUS MOIIMHOCTH W IUIOTHOCTH 3€MHOM KOPBI,
CMCHBI HallpaBJIeHNs] TAHTCHINAIbHBIX ABMXCHUH (PACTSDKEHUS U CKATHS), OT MOSBICHUS
TEIUIOBBIX aHoManmi. [Ilpm 3ToM OCOOEHHO cleAyeT MOMYepKHYTh 3HA4YCHUE
TAQHTEHIIMANIbHBIX TEKTOHWYECKUX JBWKEHUH, TaK KaK OHHU SBISIIOTCS OCHOBHBIMHU
(hakropamu B pOpMHUPOBAHUM CTPYKTYphl KOHTHHEHTAILHOW KOPBI HA TMPOTSKEHUU BCEi
ee ucropuu. Pexxum pudrorenesa, co3gaBaeMblii TAaHTCHIIMANBHBIME CHJIAMH, OYEBHJICH,
MO3TOMY MBI MOXEM HalTH oOlme 4epTbl MexaAy puToreHe3oM B JOKeMOpHH U
pudToreHe3oM B (aHepo30e WM HACTOSIIEM BpeMeHH. IlepBompuuuHON pa3BUTHS
pudTOoreHe3a SBISIOTCS MPOUCXOSIINE B MaHTHH HM3MEHEHHS — TEIIOMACCOIEPEHOC,
COTIPOBOXKJAIOIINNCS BCIUIBITHEM MAaHTUHHBIX TUANMPOB U O00pa3oBaHHEM aHOMaJIbHOMN
MaHTHH. [locnenHsst Mo cpaBHEHUIO ¢ HOPMATBHONW MaHTHEH pa3yIuIOTHEHA (TIOHIKEHUE
CKOPOCTH TPOAOJIBHBIX BOJH), 00NaaeT BBICOKOH SJIEKTPO — W TEIUIONPOBOAHOCTHIO,
MOBBIILICHHON BS3KOCTBIO, OJHOBPEMEHHO SIBJSISICH HMCTOYHUKOM TEIUIOTCHEpalud U
¢dumonoB. Omronapl ABIAIOTCS TOH CyOcTaHIMEH, KOTopas ONpenessieT XOA MHOTHX
DIyOMHHBIX TpoueccoB. Ilpu 3ToM cliemyeT 3aMeTUTb, YTO YKa3aHHBIE MPOLECCHI
OXBaTBIBAIOT HE TOJHKO Y3KYIO TIOJIOCY pudTa, a Topa3no 0ojiee OOIHpHBIC 00JIACTH.

Apxeiickuii stan (3,9 — 2,6 MipH. JeT) XapakTepusyeTcs TIeoAMHaMU4ecKoi
00CTaHOBKOH, B KOTOPOH OTCYTCTBOBAJIM OOJBININE KOHTHHEHTHI H3-32 OTHOCHTEIHHO
TOHKOM 3eMHOI Kopbl. B ycnmoBusx pacTspkeHHs, B OacCelHBI OCaJAKOHAKOIUIEHHUS I10
MHOTOYHCJIEHHBIM TpEIIMHAM — pa3jioMaM MPOHUKAJIN 3HAUUTENbHBIE MACChl OCHOBHBIX
naB, (IIOMIOB M Ta3000pa3HBIX BEIIECTB, yBEIWYHBAIONINE OCHOBHOCTH M PYIHYIO
Harpy3Ky OCaQJOYHBIX 0Opa3oBaHmil. Ha 3aKiIFOUUTENHHON CTAAMH Pa3BUTHS apXECHCKOMN
KOpBI B pe3yJbTare 3HAYUTEIbHOTO IMOBBIIICHUS TEMIIEPATypbl U JABICHUS, U3MEHEHUS
HaIpaBICHUs TaHTEHIMAIBHBIX CHJ Ha CXKaThe Co3[aBajiach TepMOJMHAMUYECKAs
00CTaHOBKa TPaHyJIMTOBOH (auuu MeTamop¢usma. [Ipm 3TOM co3manack U OCHOBHAs
CTPYKTYpPHasl KaHBA: CEBEPO-3aMaiHasl CKIaa4aToCTh U CUCTEMa Pa3jIOMOB, COBIIaaoONIas
C HalpaBJIeHHEM CKJIQA4aTOCTH M OPTOTOHAJIBHO PacIONIOKEeHHAsi — CeBEepO-BOCTOYHAS U
cyOMepuanoHansHas. Ha apxeiickom a3rame pa3BHTHS KOPBI B HCCIEAYEMOM DPETHOHE
obpazoBaics JlHecTpoBcKo-Byrckuit rpaHyTMTOBEIH TMOSC, B TIpeneax KOTOPOTO IMHPOKO
pacmpocTpaHeHbl MapareHeTHYeCKHe accouuanud mnopox (dpopMamnuu) TpaHyIHTOBOH
(hanmu MetamopduzMa W yapTpaMeTaMopdu3Ma, IPEICTABICHHBIC THIIEPCTCHOBBIMH,
JIBYITHPOKCEHOBBIMH, TPaHaT-MarHEeTUT-ITUPOKCEH-OMOTUTOBBIMU THEICAaMH U CIIaHIIAMH,
sHAepOuTaMu 1 YapHOKUTamH (puc. 1).

[Tpumenenue MOJIOXKEHUN COBpPEMEHHOMU MOOMIIMCTCKOM KOHIETILINYU
NPUMEHUTENBHO K apXeilckoMy TpaHyauToBoMy JlHecTpoBcko-byrckomy —mosicy
3aTpyAHUTENIBHO  HU3-3a  OTCYTCTBUSL U HEBO3MOXKHOCTH  BBISIBICHHSI — YETKHX
TCOMMHAMUYECKAX MPUYHH JaedOopMalui OCaJOYHBIX M BYJIKAHOTCHHBIX TOPOI H
OTCYTCTBHH CPEI¥ HUX HHTPY3UBHBIX MarMaTn4ecKux oOpa3oBaHUM.

B pannem mpoTepo3oe uccienyeMblii peTHOH MPEACTABISI CIOKHYIO CKIIa4aTyro
CHCTEMY CEBEpO-3allaJIHOTO IMPOCTHPAHUS, CIOKECHHYI0 O0Opa3oBaHMSIMU TPaHYJIUTOBON
(haruu Metamopdusma. B pesynbrare KOHBEKTHBHBIX IPOIIECCOB B MaHTHH U TOABEMA
3HAUUTENbHBIX MAacC OCHOBHBIX M YJNBTPAOCHOBHBIX MarM IO aKTUBU3WPOBAHHBIM
apXeHCKUM pa3jioMaM BO3HHKIHM CyOIIMPOTHBIC TaHT€HIHAJbHBIC CHIIBI PACTSKEHUS H,
Kak CcleAcTBHe, 00pa3oBaHWe CyOMEpHIMOHAIBHBIX KOHTHHEHTAJbHBIX pPH(TOB
(momoOHBIX COBpeMEHHBIM adpukaHckuM 3amagHoro u Bocrounoro, Kpacnoro mops). K
TaKOBBIM MOTYT OBITb OTHECEHBl CyOMEpHIMOHAJbHBIE HIDKHENPOTEPO30HCKUE
KOHTUHEHTAJIbHBIE pUPTHL - Hemuposckoro-BoponkoBo-CrpameHcKuit u
TpakremupoBcko-SanoBo-TanbHoBcKkO-DpyH30BCKUM (puc. 1).
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Puc. 1. Tekronndeckas cxema FOro-3amanHoit 9acTi YKpanHCKOTO IITUTA U
MomnnaBckoii atgopMsl

YcaoBHBIE 0003HAYEHUSA:

JlHecTpoBCKuil pudei-BeHACKNI maaeopudr.

. Hmwxnenpoteposoiickue pudroBeie 30HB: Hemuporcko-BoponkoBo-Crpamenckas (1);

TpakremupoBcko-SamoBo-TanpHoBCKO-DpyH30BCKas (2).

IOro-3ananHas rpanuna YKpauHCKOTO IuTa (YCIOBHAs).

Pernonanbueie paznoms: Copokckuit (1), BoponkoBo-Crpamenckuii (2), Kamenckuii (3),
Pri6anmkmii (4), @pyn3oBcko-Apusizckuii (5), Onecckuit (6), 'Bo3nasckuii (7), Bpagbesckuii
(8), JlozoBarcko-TapHaBarckuii (9), Ilepomaiickuii (10), XpucruHoBcKo-I 0J0BaHEBCKHIA
(11), Xmenbaukcko-Jlagepxunckuii (12), beprmanckuii (13), I"aiiBopoHckwid (14).

VY3mel TepecedeHHs HIDKHENPOTEPO30MCKHX pU(MTOBBIX 30H pPa3ioMoB J[HECTpOBCKHM
naeopudpTom: PycaBo-Copokckuit (1), BoponkxoBo-Kocummkuii (2), Kamenckmii (3),
PeionuTKHi (4), @pyH30BCKHii (5), JKOoBTHEBHII (6).

. HanpaBneHHe TAHI'€HIMAJIBHBIX CHUJI COKATUS - CKYUYHMBAaHHUA B HIDKHEM IIPOTEPO30€.

6
7. HampapneHne TaHTeHIMAIBHBIX CHJI PACTSHKEHUS B pudee-BeH e.
8.
9
1

Peytckuit (MonmoBckuil) MacCHB parakiBUBUAHBIX TPAHUTOB.
YMaHCKHUH MaccUB I'PaHUTOB.

0. XKene3zopynHbie MECTOPOXKICHUS W pyIonposiBicHus: YnbsHoBckoe (1), Illampaerckoe (2),

Yemupronbsckoe (3), CaBpanckoe (4), baiidy3osckoe (5), baiitanmuackue (6), @pynzosckue (7),
baknmucko-Kamycrsackue (8), AnanpeBckoe (9), Ilamsanenkxoe (10), I'Bosmasckoe (11),
Bormanosckoe (12), Bwmmpmanckoe (13), Cmrocapesckoe (14), JlwoOamesckoe (15),
Mongosckoe (16), TaproBaTcko-Cekperapckoe (17), ['omoBaneBckoe (18), Emunosckoe (19),
Jlamesckoe (20), BoponkoBo-Kocuutkoe (21), Jlecanueckoe (22), Bargyposckoe (23).
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W3BecTHO, YTO KOHTHHEHTAIbHBIE pPUMTHl BO3ZHHKAIOT TMPU PACTSHKCHUH H
YTOHEHUH JHUTOC(Ephl MOA Bo3AeiicTBHEM pas3orpeBa JUTOC(EpsHl B MECTax MOAbEMa
acteHocgepHoro ciost. Korna BepxHue clonm KOpBl pacTATMBAIOTCS, OTIENIbHBIE OJOKU
HAYMHAIOT CKOJIB3UTHh BHHU3, CO3llaBasl psia XpeOTOB M BHaawH. B mpomecce pudruara
KOpa MOTPY»KaeTcsl, BIaJAWHBI 3aTONHAIOTCSI CHHPU(TOBBIMU OCaIKAMH, SPOAUPYEMBIMH C
OJI0OKOB M KOHTUHEHTOB. Eciiu pacTspkeHHe MpomoinKaeTcs, MINTa PacKalbIBaeTCs Ha 1BE
OTJEJbHbIE TUIUTHI ¥ BO3HUKAET HOBAsl OKE€aHW4eCKas KOTIOBHHA. CHHPU(TOBBIE OCaIKU
MEPEeKpBIBAIOTCA ~ MOpPCKUMH  ocagkamMu. B KpacHom  Mope  mpeBpalieHue
KOHTUHEHTAJIILHOTO pH(Ta B OKEAaHWYECKUH NPOMCXOAWT B Hame Bpemd. [Ipomecc
pudroreneza B KpacHom mMope pacnpocTpassieTcs ¢ ora Ha ceBep; B LEHTPAIbHON 4acTH
KpacHoro Mops npeBpaiieHre KOHTHHEHTaIbHOTO pU(Ta B OKEAaHHYESCKUH M HAYaIbHOE
BHEJpEHHE OKEaHMYECKOM KOpPbI MPOUCXOAUT HE BJOJIb MPOTSHKEHHBIX OCEBBIX TPEIIMH,
a B JUCKPETHBIX, PACHOJIOKEHHBIX Yepe3 ONpe/eIeHHbIe NHTepBabl «Toukax» (boHaTw,
1987). B manbHeiiimeM o0nacTd, B KOTOPBIX 0Opa3yeTcs KOpa, pacTATHBAIOTCS OT TOYEK
JI0 JIMHEHHBIX CErMEHTOB, (POPMHUPYIO TPOTH, HabOJronaeMble Ha JAHE MOps. B xKoHeuHOM
UTOT€ JIMHEHHBIE CETMEHTHI COJBIOTCS B TNPOTSHKEHHYIO OCEBYIO 30HY CIpEAWHTra
OKCaHWYECKOTO [IHA, IMOJOOHYIO CYIIECTBYIOMEH B I0oKHOW dYacThm KpacHoro mops
(puc.2, 3). [IpuBencHHBIN TPUMEP COBPEMEHHOTO Pa3BUTHS KOHTUHEHTAILHOTO pU(Ta B
KpacHoMm Mope u mepexon ero B OK€aHW4YEeCKUi objeryaeT HaMm 3afady BOCCTAHOBIICHHUS
Te0TMHAMHYECKUX 00CTaHOBOK B JIokeMOpHuH U (haHepo3oe. Hapsay ¢ BeIIICONHCAaHHBIMU
(akTOpaMH HEMAIIOBaXHYIO POJIb HMIPaeT COCTaB OCAJIKOB, 0a3albTOB M HAJIWYME
PENMUKTOBOrO TEPPUTEHHOT0 MaTepHaia.

Hwxuenporepo3oickuil pudrorenes, npuBeAINid K HHTCHCUBHOMY PacTSHKEHHIO,
Pa3yIUIOTHEHUIO M TPOTHOAHMIO apXeiCKOW NPOTOKOPHI, NpPHUBET K OOPa30BaHUIO
OOIIMPHBIX ©0acceiHOB — TPOroB CYyOMEpPHIMOHAIBHOTO NPOCTUPAHHS, B KOTOPBIX
HNPOMCXOAMIN MPOLECCH OCAJKOHAKOIUIEHHS W ByJKaHHW3Ma. OCHOBHBIM HCTOYHHKOM
cHOCa OBLTH apXeWcKue KOphI BRIBETPHUBAHM. Pa3MBIB U MepeoTiIoKeHNE apXeHCKUX Kop
BBIBETPUBAHUS JOKAa3bIBA€TCS HAIWYMEM B IMOpoJax OYrcKOW cepuHM OKaTaHHBIX
IIUPKOHOB, Bo3pacT KoTopsix 2800 u Oosee MiH. yeT. HemanoBaxkHyI0 poib MPH 3TOM
UTPaI XMUMUYECKHUE OCAJKH, CO3JABIIME MOIIHBIE IUIACTHI KapOOHATHO-TTIMHHUCTBIX,
necyaHo-KapOOHATHO-TIIMHUCTHIX TIOPOJI C Pa3IMYHBIM KOJIMYECTBEHHBIM COOTHOILICHHEM
B HUX KapOOHATHOT0, MOHTMOPUJZIOHUTOBOTO, KAOJMHUTOBOTO, IIAMO3UTOBOTO U APYTHX
TJIMHUCTBIX MHHEpajioB. JlajbHeiIee pacTsDKEHHE M OIyCKaHHe aHa OacceifHa mpu
OJTHOBPEMEHHOM BCIUIBITUM MAaHTUHHOIO MaTepuaa B pa3yIUIOTHEHHbIE 30HbI IIPUBEIHU K
JUCKPETHOMY pa3pbIBy KOpBI, IPOHUKHOBEHHIO B BEPXHUE CIIOU M U3IUSHUIO KOMATEUT-
ToJenToBbIX MarM. IlpeamiecTBoBam 3TOMY WHTCHCHBHBIM IOTOK (IIOMIOB H
razoo0pa3HBIX TMPOAYKTOB (Aerazamusl MaHTHH), BBIHECIINX HAa IOBEPXHOCTH
3HAYUTEIHHOE KOJMYECTBO XKelle3a U APYTUX PYIHBIX BeIlecTB. M3IusHus MarM HOCHIU
UMIIYJIbCUBHBIN XapakTep, O YeM CBHUAETENbCTBYET IEpPECIauBaHUE BYJIKAHOTEHHBIX U
ocaloYHBIX o0pazoBanuii (JJumurpos, 1990).

JIMCKpeTHBIM  XapakTep HUKHENPOTEPO30OMCKOrO0 BYJKAHM3Ma B  Ipelenax
Hemuposcko-BoponkoBo-CrpamieHckoro mnaneopudTa MOATBEPKIACTCS BBIIBICHHEM
PEIMKTOBBIX OCTATKOB OCHOBHBIX M YJIBTPAOCHOBHBIX IOpPOJH, a Hapsgy € HUMH H
JKEJE3UCThIX IOPOA, TOJBKO B SAPaX CHHKIMHAIBHBIX CTPYKTYp U MOHOKJIMHAJISX
OTICTBHBIX YYacTKOB pUQPTOBOW 30HBI. Takoll KOMIIEKC TIOpOJ BCTpeYaeTcss B
benouepkoscko-Bonogapckom paiione Ha ceBepe 30HBI U B BoponkoBo-KocHuynkom
palioHe Ha 10Te 30HbI.
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Puc. 2. Ilpornecc pudrorenesa B Kpacaom mope

VcaoBHBIE 0003HAYEHUS:

I. Ientpambras yacts Kpacnoro mops (2.bonatn, 1987);
a — n300aThl MOPCKOTO JTHA,
0 — KOHTYpBI BIaAUH (TPOTOB).

II. TIpononbHblii paspes Kpacnomopckoro pudra.”

UYetblpe TIyOOKHMX TpOra acCOLMHPYIOTCS C TOJOCOBBIMH MAarHUTHBIMH aHOMAJIUSIMH,
XapaKTEPHBIMM [UIsl OKEaHUYECKOW KOpbl. BHE TPOTrOB AHO COCTOUT U3 PACTSIHYTOM U yTOHEHHOM
KOHTHHEHTAIbHOH Kopbl. [log TporamMu MOTYT HaxOAMTHCS IMOJHHUMAIONIMECS U3 acTeHOCHEpH
JUAIUPBHL.
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A OHTHHEHTAIBHAR

I ecragnmns

Puc. 3. PazBuTre KOHTHHEHTAIBHOTO pudTa

IlepBast craguss — BEpXHHE CIOM PACTATHBAIOTCS, OTACIBHBIC OJIOKH
HAYMHAIOT CKOJB3UTh BHH3, cO37aBas psAn XpeOToB M BHaguH. B
npouecce pudTHHra Kopa IOTpY)KaeTcs, BHAIMHBI 3aIlOIHAIOTCSA
CHHPU(TOBBIMH OCaKaMH, 3pOIUPYEMbIe ¢ OJIOKOB U KOHTHHEHTOB.
Bropas cragus — pacTskeHHe IMpOAOJIKAETCs, MINTa PacKalbIBaeTcs B
OTJEJBbHBIX JIMCKPETHBIX TOYKaX (Ha PUCYHKE TUCKPETHBII Y4acTKOB),
NpUBEIIINE K  [POHUKHOBEHHIO  KOMAaTEUT-TOJIEUTOBBIX  Marm.
JlanbHeilee pacTsDKEHHE NPUBOIUT K IOJHOMY DPAcKoNly IUIUTBI U
00pa30BaHNI0 OKEaHMYECKOH KOTIOBUHBI M OKEAHUUECKOH KOPHL.
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B Tpakremuposcko-SmmoBo-TansHOBCKO-DPYH30BCKO ~ pHPTOBOM  30HE
OCHOBHBIC U YJBTPAOCHOBHEBIC MOPOJALI M KEJIC3UCTHIC KBAPUHUTHI, 4 TAKKE XKCJIC3UCTO-
KapOoHaTHbIE 00pa3oBaHMs, HAOJIONAIOTCS B CEBEPHOM uacTh — TpaKTeMHpPOBCKHE
MarHuTHbIC aHOMAJIMK U B Tipenenax ['onoBaneBckoro, banaypoBckoro, @pyH30BCKOTO U
OI[CCCKOFO TpaBUTAllMOHHBIX MAaKCUMYMOB — B HeHTpaJILHOﬁ A I0KHOM dYacTax
naneopudTa.

WuBepcusa HampaBieHHs TaHTCHIWAJIBHBIX CHII MPUBENA K 3aKPHITHIO 0acCEeWHOB,
CKYyYMBAHUIO OCAIOYHBIX U BYJKAHOTCHHBIX MOPOJ OOpPa30BaHUIO CKIAJ4aTON TOpHOU
CUCTeMBl W TmpearopHerx Monacc (PpyH3oBckue koHriomepatsl). llporecc cxarus-
CKy4YMBaHHUS CIIOCOOCTBOBANI 60JIee MHTEHCUBHOMY TEIIJIOBOMY ITOTOKY, TPOHUKHOBEHHIO
Oompmx Macc (IIOMIOB, Ta3000pa3HBIX BEIIECTB M TPAHUTU3UPYIOMIUX PacTBOPOB,
MPHUBEIIINX K BBICOKOTEMIIEpATypHOMY MeTaMophu3My U yIbTpaMeTraMophuzMy
BYJIKAHOTEHHOOCAJIOYHBIX TOpPOJI H, KakK CJeACTBHE, (OpMHUpPOBAHUE MOPOIHBIX
acconuarnuii 0yrckoil u TETepEeBCKOU CepHid, a TaKKe CTAHOBJICHUIO OOJBIINX MaCCHUBOB
TPaHUTOB U MUTMAaTHUTOB.

Janpreiimunii npouecc neba3nuduKauy MaHTHH U TOABEM acTEHOC(PEPHOTO CIOS
MIPUBETH K 00pa30BaHUIO aHOMAIILHOW MaHTHH, BCIUTBITHIO OTPOMHBIX MacC TPAaHUTHOTO
MaTepuana («kameiap») W 00pa30BaHMIO MAacCHBOB pPAalaKUBUIIOJOOHBIX TPAHUTOB U
COIYTCTBYIOIIMX UM JaOpaJopuUTOB, aHOPTO3UTOB M OCHOBHBIX mopo — KopocreHckoro
MaccWBa Ha ceBepo-3amaje YKpawHckoro mmta, Kopcyabs-HoBomupropomackoro B
HeHTpanbHON "acTH U Peyrckoro (MomIoBCKOro) MaccuBa Ha IOro-3amaje, B NEpHO
1750 — 1650 muH. neT.

JmarensHoe Bpems (1650 — 650 mutH.JIeT) YKpawHCKHAN IIWT W PACITOIOKCHHBIN
CEBEPO-BOCTOYHEE BOPOHEKCKHUIM MAacCHMB MOCTOSSHHO BO3ABIMAIIMCH TOJI BO3/IEUCTBUEM
KOHBEKTHUBHBIX IIPOIECCOB B MAaHTHH W BCIUIBITUU 3HAYUTEIFHBIX MAaCC OCHOBHBIX JIaB.
Ot ke (PaKkTOphl TMOCTYKWIN NMPUINHOW aKTUBH3AIIUU apXeH-HIDKHETPOTEPO30HCKUX
30H CEBEpO-3aMaJHOr0 MPOCTHPAHMS M BO3HHUKHOBEHHIO TaHTEHIMAIBHBIX CHJI CEBEPO-
BOCTOYHOTO W IOT0-3allaJHOTO HAIpaBIeHWH, MPUBEANINX K o0Opa3oBaHHI0 B pudee-
BEHJE, Ha KOHCONMIUPOBAHHONW B HIDKHEM TIPOTEpO30€ 3E€MHOM Kope, 30H
Ppa3yIIOTHEHUsI, MajIeopruTOB U MAIC0aBIAKOT€HOB, B KOTOPBIC HAPSAY C MHTCHCHBHBIM
OCaTKOHAKOIICHNEM TPOUCXONWIM W3JUSHHUS OCHOBHBIX JaB. Pudeii-BeHackue
BYJIKAHOT€HOOCAJOYHbIC 00pa30BaHUs TaK JK€ MPOHU3BIBAINCH NTyOWHHBIMH (QIronIamu,
HECYIINMH PYIHYIO Harpy3Kky (puc. 4).

B ceBepo-ceBepo-BOCTOUHOM 4YacTH YKPaumHCKOro IWTa TOJ BO3AEHCTBUEM
yKa3aHHBIX (akTopoB oOpazosaics [Ipunarcko-{HenpoBcko-/oHenKuii naneoaBaaKkoreH
CEBEPO-3aMaHOTO  TMPOCTUPAHUSA, TpPH I[IUPUHE HECKOIBKO COT KHIJIOMETPOB,
npoTsbkeHHocThio Oonee 1200 kM u Taybmne o 25 kM. 3amonHeH [lpumsrtcko-
Juenposcko-/JloHenkuii MaJICOABIAKOTEH  NaJIE030MCKUMU AU ME3030lCKUMH
OTJIOKEHVSIMA W HE3HAUYMTENbHBIMA TI0 MOITHOCTH HM3JIMSHUSMH OCHOBHBIX JIaB. boiee
WHTEHCUBHOE Pa3BUTHE aBIAKOT€HA HAOIIONAIIOCH B Majco30€ (ICBOHE-TIEPMHU), O UEM
CBUJCTEIHCTBYIOT MOIIHBIE, 1O HECKOJBKHX KHIIOMETPOB, TUIACTHI OCAJ0YHBIX MOPOJ C
XapaKTePHBIMH IOJIE3HBIMH HCKOTIAEMBIMH.

Iloutn mapannenbHO ONMCAaHHOMY MaJe0aBIaKOreHy, B TO K€ BpeMs M TOJ
neiictBueM Tex ke (akTopoB, oOpasoBancs JlHecTpoBckuii mameopudT ceBepo-
3anmagHoro mnpoctupanus (310°-330°), TPOTATHBAIONMIMICA B IOrO-3alMagHON dYacTh
YKpauHCKOroO IMUTa OT JMHUU TPOHKBHUCTA (TIIyOMHHBIN Pa3lioOM), OrPaHHUYUBAIOIINIA C
3amaga Bocrouno-EBpormeifickyro mmatdopMy Ha ceBepo-3amajie 0 MepuinaHa
r. Hukonaesa Ha toro-Boctoke. [IporsnkenHocTh naneopudra okono 700 km. [aneopudr
3aHMMAaeT LEHTPAIbHYIO YacTh B OOMMPHONH JIHECTPOBCKOM 30HE pa3jioMOB, COCTOSIEH
73 HECKOJIBKUX CyOmapauiesHeIX paznoMoB. llluprHa maneopudTa u3MeHunBa ot 15 10
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55 kM. bopra pudra KpyTble, 3a4acTyl0 CMEIIEHBI IONEPEYHBIMH Pa3pHIBHBIMU
HapymeHussMiH. B mpememax  pudra  oOHapykeHbl  OT/AENBHBIE  BBICTYIIBI
KpHcTaJuImdeckoro gpyHnamenta (puc.l).

Ha puc. 4 mpuBommrcs cxema nsBomonuu JlHecTpoBckoro maneopudra. Ha
JuarpaMMax B HarjsAHOM  (opMe TOKazaHbl CTaJWd  pa3BUTHUS, pa3IdYHBIC
reofrHaMH4YecKue  OOCTaHOBKHM, IPOLECCH  OCaJAKOHAKOIUIEHHs  (0Opa3oBaHUSA
CHUHPHU(TOBBIX U IPYTUX OCAIAKOB) U U3JIUSHUS OCHOBHBIX JIaB.

JlHecTpoBckas 30Ha pa3lIoOMOB IIepeceKaeT psA 30H TJIyOMHHBIX pPas3IOMOB H
naneopuToB CyOMEpHUIMOHAIBHOTO TPOCTHpaHUsA Ooyiee  IPEBHETO  3aJIOKCHUS
Hemuposcko-BoponkoBo-CrpartieHckyio, TpakremupoBcko-AnnoBo-TanbHOBCKO-
OpyH30BcKyto 1 Onecckyto (apxei-HIKHEPOTepO30icKe naneopudTsr).

Ha Tteppuropum Cpemnero IlpumHecTpoBbs fokKHee JIHECTPOBCKOW 30HBI
¢ukcupyercst emie OAWH Pa3lioM CEBEpO-3alaJHOT0 MPOCTUPAHUS, 3HAYUTEIHLHON
NPOTSHKEHHOCTH, MPOXOIAIINHI 10 JIMHUM BepxHee TeueHue peku Peyt — r. lyOoccapsr.
OH mepecekaeT Ha Oro-BocTOKe TpakTeMupoBCKO-AmmoBo-TamsHOBCKO-DpyH30BCKUI
naneopudt, rvae pasgenser lLleHTpanpHO-DpyH30BCKME MarHuTHbele OT HOkHO-
OPYH30BCKHUX.

Bropoii no pacnpoctpanennoctu Ha CpenHem llpruaHecTpoBbe SIBISETCS cUCTEMa
pa3noMoB, MO KOTOpPOH CTYNEHYaTOo TMPOMUCXOIMIO OIyCKaHWE F0YKHOTO CKIIOHA
VYkpanHckoro murta. Camasi ceBepHas YacThb CHCTEMbl COCTOMT U3 IISITH
cyOnapaJuleNbHBIX Pa3iOMOB, OTCTOALIMX JIPYr OT JApyra Ha pacctosHum 2-3 kM. OHa
npoxoautr mo mwupore r. Morunes-Ilogonsckoro. He wuckmoueHo, 4TO MIMPOTHBIN
noBopoT p. JHecTp, 3amamHee r. Morunes-Ilononsckoro, cBsi3aH C 3TOM HIMPOTHOM
30HOM. Cnenyromas KpymHas IIHPOTHAs 30HA IPOCIIEKUBAETCS IOXKHee, Ha IIHPOTe
r. Kamenka (mmpuHa 3o0HBI okomo 10 kMm). B ee mpeamemax orMedamTcs TpH
cyOImapamiens-HeIX pa3ioMa. Elme roskHee HaOMIOMAeTcss TPEThs CYOIIMPOTHAs 30HA,
npoxofsmas roxHee r. Jlyboccapsl. 30Ha COCTOMT U3 ABYX Pa3IOMOB, OTCTOSIIUX APYT
Jpyra Ha PacCTOSIHUHU 5 KM.

Ha tepputopun Cpennero [IpunHecTpoBss B CyOMEpHUIHNOHAIBHOM HaIPaBIeHUH
Hapany ¢ HemupoBcko-BoponkoBo-CrpameHckuM — mepecekaeT — J{HECTpOBCKuMI
naneoput ormedarorcs Copokckas u KaMmeHCkash pas3IOMHBIE 30HBI, CHITPaBIINE
HEMaJIOBa)KHYIO POJIb B 00pa30BaHUU J|HECTPOBCKOM METAIIIOT€HUYECKON 30HBI.

Ilepeuncrennble cyOIIMPOTHBIE U CyOMEpUANOHANBHBIC PA3JIOMHBIC 30HBI YETKO
(bUKCHPYIOTCS B I'PaBUTALMIOHHOM M MAarHUTHOM IOJISIX, ACIIHM(PHUPYIOTCA Ha a’po- U
KOCMHUYECKHUX CHUMKAax M MOATBEPKAAIOTCS CKBaXKHHAMHU. OCOOEHHO PEe3KO BBIACIAIOTCS
Hemuposcko-BoporkoBo-CrparieHcknid cyOMepHUANOHATBHBIA HIKHETIPOTEPO30HCKUH
naneopudt u JIHECTpOBCKUH ceBepo-3amajHblid pudei-BeHackuii nameopudr. ['eomm-
HaMH4eckass 00CTaHOBKa B PErHMOHE TOKa3bIBaeT, YTO 00pa3oBaHHAs B cpeiHeM pudee
JuectpoBckas pudToBas NOJIMHA NPEACTaBLIa COOOH MECTO CHOCAa M aKKyMYJISILUH
MPOAYKTOB pa3pylIeHUs U BBIBETPUBAHUSA KPUCTAIUIMYECKOTo GpyHIaMeHTa (00pa3oBaHus
CHHPU(TOBBIX OCAJKOB — TPaBENUTOB M KOHIJoMepaToB). Takum oOpa3om, Ha aHE
pudTOTCHHOH BIAAWHBI 00Pa30BAINCH COPOKCKHE Oa3abHBIE CIIOM, MOITHOCTH KOTOPBIX
U3MEHYMBA OT MEPBBIX IECATKOB CAHTUMETPOB 10 5 M. Ilopoasl oTiamuaroTcs IUIOXOM
COPTHPOBKOM Marepuana ¥ HEBBIACPKAHHOCTBIO COCTaBa — HAa OIHHMX Y4YacTKax
npeoOIaialoT KOHIJIOMEpaThl M KOHTJIOMEPaTO-OpeKYnH, Ha JPYTruX TPaBEUTHl WIN
necyanukd. Kpucramnuueckuii Marepuan HMeeT IMoJyKaTaHHylo ¢opMy, wHHOrAa
yrioBaryio (GopMy, pazMep 00JIOMKOB OT KPYIHBIX TpaBuitHbIX (10-15 MM) 10 mecdaHbIx
(0,1-1,0 ™mMm). llemeHTOM cIyXaT AaprWUIATHI, APTHUINTOBBIE  IECYAHHKH,
NpEeUMYIIECTBEHHO, Oyporo nBeta. LleMeHT  XapakTepu3yeTcsi  MOBBILICHHON
PaaroOaKTHBHOCTEHIO 10 35 MKp/Jac.
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Puc. 4. Cxema pa3Butust JIHECTPOBCKOTO NManeopudTa(cTaany pa3BUTHS).

YcnoBHBIE 0003HAUCHUS K pHC. 4.

Bepxnwuit npoteposoii 1650-1200 muma.JeT (epBast cragus):

a) UHTCHCHBHAs 3pO3Ms HIDKHEIPOTEPO30MCKOM CKIam4aroi o0JacTh ¥ Hadaio
aKTHBH3AINN apXei-HIDKHETIPOTEPO30HCKHUX Pa3IOMOB CEBEPO-3aIaHOTO IPOCTUPAHHUS;

6) TMOABJICHUC TAHTI'CHIIUAJIBHBIX CHUJI CCBEPO-BOCTOYHOI'O M IOI'0-3al1aTHOTO HaHpaBJ’IeHHﬁ u,
KaK CIJIE/ICTBHE, MOSIBJICHUE CHPEINHIra, PacTsDKEHUE, yTOHeHne U o0pa3oBaHue pupTOBOU
JOJIMHBI;

B) 0Opa3oBaHHe CHHPH(]TOBBIX 0CaJKOB-KOHIIIOMEPaTO-OpEKYHid, TPaBEIMTOB C MPOCIOSIMU
MOJIMMHUKTOBBIX [IECYAHHKOB (COPOKCKHUE CIION);

r) oborameHne CHHPU(TOBBIX OCaAKOB Cyib(puaaMuMarepraiaMi  (HyMapoJIbHOM
JIESITEIFHOCTH M JIeTa3alldl MaHTUH, NPOHUKAIONIMMH B pPHUQTOBBINA OacceilH depes
PasyIUIOTHEHHYIO KOHTHHEHTAIBHYIO KOPY.

Bepxuwuii mpotepo3oit — pudeit 1200-1000 mrH.1€T:
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a) pa3pbIB KOPBI B OT/IENBHBIX AUCKPETHBIX yUacTKax najeopudra;
0) m3nusiHIE acTeHOC(EePHBIX TOJIEUT-0a3aIbTOBBIX Marm;
B) IpeKpalieHue puhTHHTA.

1.  Pudeit — Benn 1100-650 muH.Jer:
a) BEIBETPUBaHHE 0a3aJIbTOB M BMEIIAIONINX MX TOPOA, 00pa3oBaHMe KOPHl BBIBETPHUBAHUS,;
0) OTNOXEeHHEe TPaBHUHOTO W IPYroro MaTepHana, CHECEHHOTO ¢ OopToB JHecTpoBCKOit
pudTOBOI HONMHBEI, 00pa3oBaHHE OOMO3OBCKHX M OJYAJACBCKAX CJIOCB W TIOJNHAS
MeHEeTIeHU3a1us paiioHa.

IV. Benn — cunyp — oppoBuk 650-500 muH.JIeT 1 6oJiee Mo3HNE TTEPHOIBL:
a) aKTUBHU3AIUs CyOMepUIOHATBHBIX, CEBEPO-3aIlaAHbIX B CyOIMIMPOTHRIX PAa3IOMOB.
0) MEJKOCTYIIeHUaTOe OMyCKaHWe (HAKIIOHCHUE) FOKHOIO M IOr0-3amajHOro CKJIOHOB
YKpauHCKOro IIMTa IO CHCTEME pPa3HOHANPABIEHHBIX pPAa3JIOMOB U OTJIOXEHHE B
0o0pa3oBaHHOM OacceiiHe TJIMHMCTBIX, IIECUYAHOIIIMHUCTBIX M KapOOHATHBIX MOPCKHX
0CaJIKOB, 3aJIETAIOLINX ITOYTH TOPU30HTAIBHO WM CO CIa0bIM YKIIOHOM Ha FOT U F0r0-3araj
(BeHICKME, CWIIypUICKHE U OpPJOBUKCKME apTHJUIUTHI, MECYaHUKH, aJEeBPOJIUTEI,
KapOOHATHBIE TIOPOMBI), @ TAKXKE OTIOKEHHS O0JIee TIO3THIX IIEPHOIOB.

IlepexpbiBatoTCsl COPOKCKME clloM Taynieo0azaabTaMM MACCHBHOTO CIIOKEHUS,
MEJKOKPUCTAJUTMYECKOH M CKPBITOKPUCTAINIMYECKON CTPYKTYp, TEMHO-CEPOr0o, TEMHO-
Oyporo MIM TEMHO-3€JIEHOI'O LBETOB. BBIOENAIOTCS 1BE OCHOBHbBIE Pa3HOBUAHOCTHU
majgeo0azanbTOB — BHTPOGUPOBBEIE MW  MHHAAJNCKaMCHHBIE. MUHIaICKaMEHHEIC
Pa3HOBUIHOCTH, KaK IIPaBUJIO, 3aHMMAIOT BEpPXHUE dYacTU pa3pe3a. MUHIATUHBI
pasmMepoM 10 15 MM BBIOJIHEHBI KAIBLUTOM, PEXKE MEJIKOUCITYHYaThIM XJIOPHTOM.

Han maneo6a3zanpramu 3ajeraroT KOHIVIOMEPATO-OpEKYMH WM  I'PaBEIIMTO-
OpeK4ny, CIIOKCHHBIE M3 OOJOMKOB Pa3iIMYHBIX KPUCTAUTMYECKUX MOPOJ, B OCHOBHOM
naneo0a3aabTOB, CIEMEHTUPOBAHHBIX MNPOXYKTaMH  BBIBETPUBAHMS  I1€CUYAHHCTO-
TIIMHUCTOTO cocTaBa, Oyporo mBera. Mx momHocTh mocturaer 10 m. Ilo BHemmHemy
00JIMKY KOHTJIOMEPAaTO-OpeKYMH HHOTAA OTHOCAT K KOPe BBIBETPUBAHUS Majic00a3aibToB,
OJIHAKO TIIATENbHbIE MHUKPOCKOMMUYECKHUE HCCIENOBAHMS YKa3bIBAalOT HAa AJUIOXTOHHBIN
XapakTep YIJIOBATBIX OOJIOMKOB WM MX TpPAaHCIOPTHPOBKY Ha HE3HAYMTENIbHBIC
PacCTOAHUA. HeMeHT NeCYaHOTTTMHUCTBIN HIIH HeC‘IaHO-aJ]eBpHTHCTO-FHHHHCTBIﬁ.

JHecTpoBckuil ManeopuT 3aBepIlI CBOHM clpeduHr B cpeaHeM pudee (1200-
1000 mnH. ner) m3nMAHUEM 0a3aJbTOBBIX JIAB, 3aMIOJHHUBIIMX PHUPTOTEHHYIO NOJHHY.
ITanmeo6azanbTel [IpuaHECTPOBESI MHOTHMH HCCIIEAOBATEIIMA OTHECEHBI K KaMEHCKOU
CBUTE BOJBIHCKOI cepun (Benukanos, bykatuyk, 3axapoB). AHaJIN3 U30TOIMHOTO COCTaBa
CBHUHLIA BBIBETPENBIX 0a3ajbTOB, COAEPKAILUX YPAHOHOCHBIN JIGHKOKCEH, MPOBEICHHBIN
B.A. Ilymmsackum  (1989), ykaspiBaeT, YTO pacdeTHBIA BO3PACT THIEPTEHHBIX
KOHIIeHTpanui ypana cocraBisier: 1o 207 Pb/238U - 11714£50; mo 207 Pb/235U-
1166+66; 207 Pb/206 Pb-1187+84 MuH.JIe€T, TOITOMY MOXHO TOBOPUTH 0 OoJiee ApeBHEM
cpeaHepugeiickoM Bo3pacTe najaeoda3anbToB.

Ilocne 3amonuenust JlHecTpoBckoro maneopudra W 3HAYUTENBHOTO IO BPEMEHH
nepepbiBa, B Hauyaje BEHAAa HAYaJIOCh WHTEHCHBHOE OIyCKAaHHE IOKHOTO CKIIOHA
yKpamHcKoro mwura u oOpasoBanme IlpuuepHOMOpckol BhaauHbl. OmnyckaHue
IPOXOJUIIO IO CHCTEME CYOIINPOTHBIX U CyOMEpPHINOHAIBHBIX PA3JIOMOB CTYIIEHUYATO.

OnucanHas TeoTeKTOHWYecKass mo3unus pernoHa Cpeanero IlpumHecTpoBbs
yKa3plBaeT HA HalIW4Yhe PYAOKOHTPOIHUPYIOIIMX CTPYKTYpP ONAronpusTHBIX JUIA
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00pa3zoBaHUs Pa3IMYHBIX MECTOPOKICHUM, TIOKATU3YIONTUXCS Ha Pa3ApOOICHHOM apXei-
HIDKHETTPOTEPO30MCKOM KPUCTATUINYECKOM (hyHIaMEHTe.

B [lHecTpoBCcKoOi 30HE pa3ioMOB HAOJIOMACTCS MPOCTPAHCTBEHHAS CBSI3b MEXKITY
apeallaMd pacHpOCTPAHCHUS PYJAHOTO BEIIECTBA B JOKEMOpPUUCKOM (YHIAaMEHTE U B
0CaloyHOM uexiyie. Takoe HallOXKEHHE apeajioB PACCESIHUS PYIHBIX SJIEMEHTOB MOXKHO
OOBSICHUTh HEOJHOKPATHOW aKTHBHM3alHMeHd IOKeMOPHICKHX pa3IOMHBIX 30H U B
nocnepuderickoe Bpems. AKTHBH3AIWA PA3JIOMHBIX 30H TMpHBENa K WHTEHCHU(UKAIINU
THAPOTEPMATLHO-METACOMATUYECKUX TPOIECCOB, U, CICAOBATECIBHO, K MOOWIN3AIUU
pyIHOTrO BemiecTBa B HuX. [locienyromue mporeccsl akTUBU3AIMU B TMOCIepudeiickoe
BpeMs B ATHX JK€ 30HaX OCYIICCTBISUIH BHINIENaYMBAaHUE W BHIHOC PYIHBIX BEIIECTB B
BBIIICCTOSANIMX  OacceiiHax, B KOTOPBIX MPOMCXOIWIO  OCAJKOHAKOIUICHHE, a
BITOCIIC/ICTBUU B YyXe 00pa3oBaBIIMECs OCaao4Hble Tonmm. OpyAeHEHUE B Pa3IOMHBIX
30HaX (yHmaMeHTa W B Yexje TMPEACTaBICHO CIIOKHBIM Ha0OpOM JIIEMEHTOB,
MPEUMYIIECTBEHHO XaJIbKO(GHIOHOrO MpOQuis: ypaH, 30JI0TO, KOOANbT, MEIb, HUKEIb,
0JIOBO, CBUHEII, LINHK U JIp.

Kpucranmnmuueckuit pyHaaMeHT B HCCiIeyeMOM pailoHe MpeACTaBIeH apXeHCKUMHU
00pazoBaHUSIMH TPaHyJIUTOBOTO KOMITIIEKCa (dapHOKHTaAMH, SHAepOUTaMHU
MAPOKCEHOBHIMU ~ THEHCaMH W CJIAaHIIAMH) U HIDKHETTPOTEPO30MCKUMU
TPaHUTHU3UPOBAHHBIMU THEHCaMM, aNsICKUTAMH W TETMAaTOMAHBIMH  TpaHUTaMH,
OMOTHUTOBBIMH W THIEPCTEH-OMOTUTOBHIMH MHUTMAaTHUTaMH. B 3amamHo-foro-3amagHoi
yacTu paroHa ¢ukcupyercs Peyrckuii (MoamoBckuil) MacCUB panakWBUIIOIOOHBIX
KPYITHOOBOUIHBIX OMOTUT-aM(pUOOIOBBIX TPAaHUTOB.

K Boctoky ot Peyrckoro (MonmoBCKOTO) MaccwBa BCTPEUEHBI CIEIYIOINHE,
CyOMEpUIHOHANBHBIC Pa3JIOMHBIC 30HBI apPXEH-HUKHEIPOTEPO30HCKOTO 3aJI0KEHUS:
Copokckasa, Hemuporcko-BoponkoBo-Ctpamenckas u  KameHckas,  KOTOpbIE
MIepeceKaroTcss CYOIIUPOTHRIMH U CEBEpO-3alaJHBIMH Pa3lIOMHBIMH 30HaMH Oolee
MO3/THETO 3ayiokeHus. HeomHOKpaTHAas axkTHBH3AIMs YKa3aHHBIX 30H TIPUBENa K
nepepacipeiefieHuio pyJHOrO0 BEIIeCTBa BO BMEMIAIONIUX TOPOJAAx, OTKyJa OHHU
BBEIHOCWIIUCh TEPMAILHBIMA PAacTBOPAMHU W OTJIATAIMCh B Oojiee OCIAONEHHBIX 30HAX.
Hawnbonee BpICOKME KOHIIEHTpAIIMHA PYIHBIX BEIIECTB BCTPEUEHHI B y3JIaX IepeceueHus
OTMEUCHHBIX BHINIE CUCTEM Pa3IoMOB. TakuxX y3J0B MepeceueHus BHIICIECHO HECKOIBKO:
¢ 3amaga Ha BOocTOok — PycaBo-Copokunckuii, BoponkoBo-Kocuuikuii, Kamenckui,
Pe10HuIKNI, ©pyH30BCKHIA U JIP.

B ocamounom uexiie, 3aneraromnieM mouTH TOPU30HTAIBHO WK CO CIabbIM YKIIOHOM
K [Oro-3amajgy Ha KpyTONAJaromeM KPUCTAJUIMYECKOM (yHIaMEHTE, 3TO THIIMYHBIC
PYIOTIPOSIBIICHUS TUTIA «HECOTIIACHEY.

PycaBo—Copoxunckuii y3ea (nepecedenne COpPOKHHCKOH CyOMepHINOHATEHOMN
30HBI Pa3I0MOB ¢ JIHECTPOBCKOI 30HOM) PacIOIOKEH B BOCTOYHOM KOHTaKTe PeyTcKoro
(MongoBckoro) MaccuBa panakMBUBUIHBIX TPAHUTOB.

B xpucrammdyeckoM (QyHOAMEHTE OTMEYEHBI CIIEAYIONIHE IOBBIIICHHBIC
coep KaHus PYyIHBIX DJIEMEHTOB: CBUHIA 10 9%, muaKa 10 1,0 %, xobansTa g0 0,03%,
monubneHa ot 0,03% mo 1,0%, onoBa mo 1,0%, cepebpa mo 10 r/t. M3 HepymHBIX
BcTpeuaerca ¢rop ao 1,0%, Gapuii mo 0,7% u npoMblluleHHBIE coAep)kaHUs rpadura
(MecTopokeHus rpaduTa OTHOCATCS K YACTY CPETHHMX ).

B ocamouHoM uexiie HaOJIIOaI0TCS aHOMANIbHBIE KOHIIEHTpaluu 3050Ta 10 0,3 r/T,
ceuHIIA 10 4,0%, muaka 1o 1,0%, meau 10 0,04%.
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BoponkoBo-KocHuukuii  y3eJu (nepeceuenne  HemupoBcko-BoponkoBo-
CrpameHckoil  cyOMepHIMOHAIBHONH 30HBI pa3ioMOB C  JHECTpOBCKOW 30HOM)
pacIoNoXeH BOCTOYHEE BBIMIEONMHCAHHOTO y37a. OH TpeacTaBiseT coOOi dYacTh
HIDKHETIPOTEPO30HCKOTro majeopudTa, B OacceiiHe KOTOPOTO MPOMCXOAMIH MPOILECCHI
0CaJIKOHAKOIUICHUS M ByJKaHW3Ma. [lepBuuHble ocanky ObUIM MpPEACTaBICHBI MIACTAMU
KapOOHATHO-TJIMHUCTBIX, IECYaHO-KapOOHATHO-TIIMHUCTHIX U MMECYaHUCTHIX 00pa30BaHU
C pa3NUYHBIMH  KOJHYECTBEHHBIMH COOTHOIICHHWSMH B HHX KapOOHATHOTO,
KaOJIMHUTOBOT0, MOHTMOPHIUIOHUTOBOT'O, IIIAMO3UTOBOTO COCTaBa MUHepanoB. Hapsay ¢
0CaJIKOHAKOIJICHHEM IMPOUCXOAUIN HMITYJIbCHbIE HM3IUSHUS M BHEIPEHHUS OCHOBHBIX U
YIBTPAOCHOBHBIX MarM. V3MeHeHWe TaHTeHIMAbHBIX CHJI PAcTsDKEHHUS Ha C)KaThue B
HIDKHEM TIPOTEPO30€ M, KaK CJCICTBHE, PErHMOHAIBHBIH MeTaMOp(U3M M CKy4YHBaHUE,
Opd  OJHOBPEMEHHOM  TNPOHUKHOBEHHM  3HAYUTEIBHBIX  KOJIWYECTB  (DIIOMIOB,
CITOCOOCTBOBAIM O0Opa30BaHUIO psiga MeTaMOPUUIECKUX MU YIbTpaMeTaMOPhOUICCKUX
MOPOJ, CTIOKEHHBIX B KPYThIE CKIIAJIKH, KOPHU KOTOPBIX BCKPHIBAIOTCS HA OIMHCHIBAEMOM
ydacTke. bonee gpeBHue apxelickue TOpOABI TaKKe YBJICYEHBI IPOLECCOM
ckinankooOpasoBanus.  lloaToMy B pa3pe3e  BCTpedyaroTCsi — apXelickue |
HIDKHETIPOTEPO30iickiue oOpazoBaHus. B paspese KpucTaimmgeckoro QyHIaMeHTa
npeoOIafaloT YapHOKHUTOWIBI, a TaKKe BCTPEYAIOTCS B 3HAYUTEIBHBIX KOJNYECTBAX
MeTaba3uThl, TUIEPOA3UThl, KanbIU(DUPBI, pa3TUYHBIE  KPUCTAJUIOCIAHIBI U
MTUPOKCEHMAarHeTUTOBbIe KBapuuThl. llociemyromas akTWBHM3amus 30HBI B TEPHOL
3aJIOKEHUs]  Iepecekaromeil  J[HeCTpOBCKOW  30HBI  pa3ioMOB W 00pa3oBaHHSA
JHecTpoBckoro maneopudTa, COMPOBOXKAaeMas MPOHMKHOBEHHEM 3HAUMTEIbHBIX Macc
(hronioB, mpuBeNa K 00pa30BaHUIO AaHOMAJHHBIX KOHIIEHTPALUN PYIHBIX 3JIEMEHTOB —
Mapranmna a0 1%, kobamsta 10 0,03%, Hukens go 0,1%, csunma go 1,0%, uuaka go 1,0
%, wmemu a0 0,02%, omosa mo 1,0%, momubaena mo 0,02% u crponims xo 0,03%. U3
HepyIHBIX 0OHapysxeHb! (pTop 1 Oapuit 10 0,7%. Cpean MarHUTHBIX aHOMAJINH BBICOKOH
MHTEHCUBHOCTH TPHUCYTCTBYIOT 3HAYHMTEIbHBIE KOJMYECTBA METa0a3UTOB M Meraradpo-
MTUPOKCEHUTOB, coiepKamux 10 5-7, pexxe 10-20 00beMHBIX % MarHeTuTa, a TAakXKe TeJa
MUPOKCEH-MArHETUTOBBIX ~ KBApLUUTOB, coaepxkamux [0 65%. CkBaxuHoud 222
BCKPBIBAETCS IUIACT MHUPOKCEH-MAarHETHTOBBIX  KBapIMTOB, MOIIHOCTBIO 15 M,
coliep KaIuX MarHeTuT 70 55 00BEMHBIX MPOIIEHTOB.

B ocamounom uexiie HaOMIOAAIOTCS aHOMaJIbHbIE KOHIGHTPAUK 30J10Ta 10 3,8 T/T,
cunna 10 0,1-0,5%, meau mo 0,07%, nuaka 1o 0,3%, aukenst go 0,01%, monmnbOnena mo
0,05%. IloBbImeHHBIE COAEpIKAHUSA 30J0Ta OOHApyKEHBI B 0a3zajbHBIX T'pPaBEIUTAX,
o0oraieHHbIX cynbduaaMu. M3 HepyAHBIX TOJNE3HBIX HCKOINAEMBIX OTMEUYEHBI BHICOKHE
KoHIeHTpanuu ¢ropa 10 9,8% u 6apus no 0,05%.

Kamenckuii y3ea (mepecedenne KaMeHCKOro cyOMEpHAMOHAILHOTO pPa3IOMOB
JlHecTpoBCKO 30HOHM CeBepo-3amagHOro MPOCTHPAHMA) PACIONOKEH B HECKOJBKHX
kujomerpax oT BoponkoBo—KocHuukoro ysna. Kpucrammumueckue MOpoAsl ydyacTka
WHTEHCHBHO  KaTaKJIa3UPOBaHBI,  pa3ApoOJIeHBI, OpPEKYHMpPOBAHBI,  HAOIIOJAOTCS
MHOTOYHCIIEHHBIE MIBBI. Ha 3TuX ydacTkax HaOJI01al0TCs HOBBIE MOPOABI, KoTopbie M.H.
Kepy (1987) BolaeneHsl B 0CO0YIO KATETOPUIO — TUHAMOMETaMOP(UTHI U TEKTOHUTHL. B
mpenenax 3THX YYacTKOB BCTPEYAIOTCS OOIIMPHBIE 30HBI METACOMAaTo3a, B KOTOPBIX
HapAIy C U3MEHEHHEM COCTaBa IOpOJ, HaOJromaeTcsl o)keJle3HeHHe, KapOOHATH3aIMs U
cynabQuIHAsS MUHepanu3alus BIONb TpemuH. Cpean MeTacoMaTHYeCKH H3MEHEHHBIX
TIOPOJT BCTPEUAIOTCS TPaHAT-TUTIEPCTEHOBBIE, KOPAHEPUT-TpaHAT-MarHETUTOBBIE, OMOTHT-
XJIOPUTOBBIE, KBAPII-CEPUITUTOBEIE, KBAPI-DMIAOTOBBIEC AIbOMTH3NPOBaHHBIE pa3HOCTH. B
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KOMITJIEKCE C MHUPOKCEHOBBIMH THEWCAMH W CIAHIaMH, rabOpoMmgaMu BCTPEYAIOTCS
MPOCIION CKapHOB W cKapHOWJ0B MomHOocThi0o 1-10 M. K ckapHOBEIM mOpomam
MpUypoUYeHa MHUHEpaTu3alms KacCHUTepuTa, ImmeenuTa w (enakurta. Y moc. Kamenka
MIPOSIBJICHA OJIOBO-BOJTh(paMo-OepruiuieBasl accoIfaIs, MpPUypoUYeHHAs K CKapHOBHIM
oOpasoBanussM. (OHa MOXET TPEACTaBIAThH OOBEKT MOHWCKOB. KpaHTopueBas
MUHEpaNu3alusg yCTaHOBJIEHA B TEKTOHMYECKWX IIBaX CHWJIBHO JPOOJICHBIX,
METAaCOMATHYCCKH HW3MCHCHHBIX MAarHETHT-OMOTHT-XJIOPUTOBBIX, 3IHIOT-XJIOPHUTOBBIX
MOPOJ.

Jns KameHckoro y3ia xapaKTepHbI MMOBBIIMIEHHBIE KOHIIEHTPAIMH BOJb(hpama 10
0,7%, onoBa mo 0,15%, 6epmwmrms go 0,004%, mommbaena no 0,005%, ceunma mo 0,15%,
ruHKa 10 0,1%, meau 10 0,03%, aukens no 0,002%, dropa g0 14,1% u Gapus no 7,7%.

Ha »srom e yd4acTke B OCaJOYHOM YeXJe BCTPEUAIOTCS aHOMAJIbHEBIC
koHIeHTpanuu 3oi0ta 0,3-0,5 1/, cBunna 0,3%, muaka 0,1%, dropa 0,8% u OGapus
5,5%.

Ha Bcex omuchiBaeMbIX yyacTKaxX aHOMAJbHBIC COJACPIKAHUS PYAHBIX U HEPYIHBIX
AJIEMEHTOB, OOHAapy)XeHHbIE B KPHCTANIMYECKOM (yHIAMEHTE, BCTPEYAOTCI W B
JKpaHUPYIOMIEM OCAQJKOM dYeXJie, YTO II03BOJIICT HaM OTMETHUTh AaKTHBH3AITHIO
Pa3IoOMHBIX 30H B pu(dee, BeH/e U majeo3oe. [ umnepreHHbpie MpoIECcChl, MPOUCXOISIIUE B
Pa3IOMHBIX 30HAX, B IEPUOJ UX aKTUBU3AIUH BBIITOJIHSIN (QYHKIMU MIEPEHOCA PYAHBIX U
HEPYIHBIX DJJIEMCHTOB B 0OaccelHBl OCAJKOHAKOIUICHWS. 3a4acTyio, Hapsaay C
BKpPAIUICHHOW  MUHepaiM3alueld, BCTPEYAeTCS M MPOXKHWIKOBasS  Cylb(uIHas
MUHEpaIHU3alKs, CBUJCTCILCTBYIONIasE O Ooyiee MO3qHEM ee¢ oOpa3oBaHHMU (ITOCIIE
OTJIOXKCHHSI OCAIKOB).

Kak yxe oTMedanocsh, IOMCKOBBII UHTEPEC MPEACTABIIAIOT IPABEIUTHI KAMEHKCKOMN
CBUTHI (COPOKCKHE CIIOM) U OJYEJACBCKUE M JIOMO30BCKHE CJIIOM MOTHIIEBCKON CBUTHI.
[ToaTomy cunTaeM HEOOXOAUMBIM PEKOMEHIOBATH MTPOJIOKEHUE UCCIIEAOBAHU C IIEThI0
obHapyxenns Ha CpemHem [IpuaHECTpOBBE MPOMBINUICHHBIX KOHIIEHTPAMHA PYIHBIX U
HEPYAHBIX 3JeMeHTOB. Ilpu 3TOM ciemyer oOpaTHTh BHMMAHHE Ha yKa3aHHBIC CIIOH
MOTHJICBCKOM U KAMEHKCKOW CBUT.
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