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Abstract. The Simitli graben (SW Bulgaria), which is the most seismically active area in Bulgaria, is chosen as suitable
research area for establishing real rates of fault movements. In 1982, there were installed extensometers of the type TM—
71 for long-term in-situ 3-D field registration of slow movements. After 22 years of measurements, the trends of tectonic
and slope movements were established at all the three monitoring points. Beside other details it was established that
vertical movements at monitoring point no. 5 have started to increase since 1996 after 8 years of quiescence, while before,
only weak sinistral movements were observed. The displacements recorded at point no. 6 (seismoactive Kroupnik fault)
show stable sinistral movements at a rate of about 3 mmy/a, as well as thrusting with a rate of about 1 mm/a. The new
mounted monitoring point no. 12 shows sinistral movement of 0.55 mm/a and normal movement of 0.51 mm/a.
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VYeon

Ha 4 anpun 1904 r. 1Be CHUIHU 3€METPECECHHS B
uHTEpBaI OT 23 MuHYTH ¢ MarHutyau 7,1 u 7,8
pa3TbpcBaT bankaHCkus MOIyoCcTpoB (XPUCTOCKOB,
I'puroposa, 1968; Shebalin et al., 1974). Tsxunata
MpOsIBa C€ CBBbP3Ba C akTUBU3aLus Ha KpymHummkmst
pasyioM (¢ur. 1) mo nsnara My abokuna (CokepoBa
u ap., 1995). Hait-ronmemu noBbpxocTHH aedop-
MaIiH ¥ pa3pyLIeHus ca onucani B CUMUTINICKUS
rpaben, Kpecuenckoro aeduie u MasemeBckaTa
mwiannHa (okojio beposo m IlexyeBo B gHeIIHa
Pemry6nnka Makenonust). B npoabiokeHne Ha oBeve
ot 100 ronuHM ciieq Te3u 3eMeTPECEeHUs aKTUBHATA
Cen3MUYHa JIETHOCT B TO3U PalloOH NpOabJKaBa U
TS ce OIpeneNs KaTo Hall-BHCOKaTa 3a CTpaHaTa.
HokaTo ceM3MUUYHOCTTA ce HabOJomaBa u
M3CJIeIBa B MPOIBJDKEHIE HA MHOTO J€CETIIIETHSI,
TO Ta3u HA CBBP3aHUTE C HEsS aKTUBHU Pa3IOMHU
ocTaBa ABJro BpeMe BCTpaHU OT obcera Ha
HAayYHUTE U3CJEIBaHMs. 32 NPHB BT BHIPOCHT
BBb3HUKBA mpe3 50-Te rogumHM mO BpeMme Ha
[IpeIBapUTEITHU HHXEHEPHO—TE€OJIOXKKH IPOYUBAHHUS
BBB BpPB3Ka C IUIAHOBETE 32 CTPOUTEJIICTBOTO HA
si30BUp 1o gosimHata Ha Ctpyma. ToraBa cioMeHBT
3a CHJIHOTO 3€METPECEHHE M3JIM3a OT IPOABIIKA-
BallaTa JeceTku ronunu 3abpasa. IIbpBuUTE
OIKCAHUs B TO3U Iepuo ca HanpaBeHu oT Kupos
u ITanmmesa (1957), kaTo B TIX Ce OTAEISA OCHOBHO
MSICTO Ha OTPAaHUYEHUTE AAHHU OT CTapu MmyOJu-
karuu (Hoernes, 1904; Bamos, 1905 u ap.), kKakTo 1
Ha pa3Ka3y Ha HAKOJIKO MECTHH KUTEJIN-0OYCBUIIIY.
Manko no-kbCHO, pe3 60-Te roJuHu, OTHOBO €

M3CJIEIBAH IPHU CbCTAaBSHETO HA TEOJIOKKUTE KAPTH
Ha paiiona B M 1:25 000 (3aropueB u ap., 1966;
Ila6aToB u ap., 1969). Cnen CkomnckoTo 3eMeTpe-
cernue ot 1963 r. (M=6,3) B nepuoaa 1965—1970 r.
rpyna 4yXIeCTPaHHU YYCeHHU MOCeIlaBa paiioHa C
omjien OlleHKa Ha cemamuyHus puck. OleHKuTe ca
ny6nukyBanu B noxsian Ha FOHECKO (Shebalin et
al., 1974).

BbnpochkT ¢ MOHUTOPUHTA Ha TEKTOHCKHUTE
JIBYDKEHMs BB3HUKBA mpe3 70-Te TOOMHHU, KOraTo
3al04YBaT MbPBUTE 3aCHEMaHUs IO HUBEJIAvYHATA
Mpexa 1o mporexennero Ha p. Ctpyma (Bpb6-
JIssHCKU, Munes, 1973 u np.). 3nos3Bat ce maHHUTE
OT MHOTOKPAaTHHUTE HHUBEJIAI[UU, TPOBEXKAAHU 1O
1970 r. YcTaHOBSBAT C€ CKOPOCTH HA BEPTUKAIHH
JIBIXKCHUS HA HIKOM OT OJIOKOBETE OT MOPSIbKa Ha
3 mm rogumiHo. Hali-BHCOKUTE OT TSIX ca yCTAHO-
BeHH npu ¢. KpynHuk u npu rapa SIBopos. 3a npbB
BT C€ U3Ka3Ba MPEINOJIOKEHUETO 32 CbBPEMEHHO
aktuBuszupane Ha Ctpymckus pasyioMm (MujieB u
ap., 1984).

IMonyvyaBaHeTO Ha NUpPEKTHA WHPOPMAIMS 3a
CKOPOCTHUTE Ha TEKTOHCKHUTE IBIXKEHHS MOXE Ja
O'bJ1€ OCBIIIECTBEHO YPEe3 MOHUTOPHHT Ha CIIEIIUATHO
n30paHu 3a Tasu mea mecta. [loaydenata uHdoOp-
Maius Ou MoIJIa fa CJIy)Kd KaTo 0a3a 3a CpaBHEHHUE
C T€0JIOXKKUTE, TeOMOP(DOIOKKUTE ¥ T€OAC3UNUHUTE
JIaHHY 332 JUHAMUKATA Ha U3CJIEABAHUTE PA3JIOMHU
CTpykTypH. B HayueH acnekT Ta3u uubpopmaius ou
MOIJIa Ja IOMOTHE J1a C€ BUAM JOKOJIKO yCTaHOBE-
HUTE JBUXKEHHUS CHBHAJAT C IEOJIOKKUTE U AP.
JNIaHHU, Ia Ce M3ACHU MEXaHU3Ma Ha JaJeHO
SIBJICHUE WJIH MPOIIEC, /1a CE€ U3BENaT 3aBUCUMOCTH
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®ur. 2. O6wm Bujx Ha excrensomerbpa TM—71 (Kost'ak, 1977)

Fig. 2. View of extensometer TM—71 (Kost'ak, 1977)

U BJIMSIHUSL HA pa3inyHu (QakTopu u mp., KaKTO B
JIOKaJIeH, Taka U B pernoHajieH mainabd. Harpymanara
OT MPOIB/DKUTEITHUTE U3MEpBaHus MHpoOpMaIus
MOXKE J1a MOCIYXU IPU MPOTHO3ZHUTE OIEHKH 32
OPENCTOSIIU OMACHU T'€OJMHAMUYHM TPOIECH U
SIBJICHUSL.

IIpe3 1982 r. ca mHCTAIMpPaHH 3 eKCTEH30METhpa
i TM—71 (¢wur. 2). 32 HTHCTPYMEHTAIHO CIIeAeHE
Ha Pa3JIOMHM ABIDKCHWS B EMUICHTPAIHATA 30HA
Ha €OHO OT Hal-CWJIHUTE OAJIKAHCKH U €BPOIEHCKI
3emMeTpecenus. PesynraTute OT m3MepBaHUATA CE
myONuKyBaT neproauaHo (ABpamoBa—Tavesa u np.,
1984; Kostak, Avramova—Taceva, 1988; Hdobpes,
Komsk, 1999; Dobrev, Kost'ak, 2000a). Hacrosimust
Tpyd MMa 3a ImeJ Ja OpencTaBd U o0600Imu
pe3yaTaTUuTe OT NPOBEXIAAHWTE MOBeue OT 22
FOVUHU UHCTPYMEHTAJIHU HAOJIONEHUS BBPXY
JNUHAMUKATA HA OTIIEJIHU TOYKU OT TO3U PaiioH.

YeTpoiicTBO HA M3MepBATEIHUS anapaT
T™-71

3a ycTaHOBsIBaHE HA PEAJHU CTOMHOCTU HA IBU-
JKEHUS IO Pa3JIOMU CE U3IOJI3BAT MEXaHO-ONITUIHUTE
anapatu — excteHzomerpu TM—71 (uemxko
MpOU3BOACTBO — maTeHT Ha n-p Kok, Kost'ak,
1991) (®wur. 2). EXCTEH30METHTET € IPUTOJCH 3a
MOCTOSIHHO CJieJleHe Ha OaBHU JBIDKEHHS, KOUTO
TpyAHO O6¥xa MOTIIH 1a ObIAT YJIOBEHH C U3IOJI3BaHE
Ha MOCTOSIHHY CpeAcTBa 3a HabmroneHue. Haburo-
JIEHUSITA CE€ M3BBPIIBAT HA MSICTO, IUPEKTHO Ha
n3bpaHaTa NO3MIHKS HA AaZieH Pa3jioM, C OTYMTAHE
HA IPEMECTBAHMATA 110 TPUTE IPOCTPAHCTBEHU OCH
X, Y u Z. smeputenHuaT My o0XBat € 25 mm.
PaboTy Ha mpuHIMIA HA MEXaHO-ONTHYHATA
uHTepdepeHnns u cBbp3anus ¢ Hes epext Ha Moap.
IIpemecTBaHUsATA O TPUTE KOOPIUHATHH OCH CE
U3YMCIISBAT YPE3 TPUTOHOMETPHUYHU (HOPMYJIH.
ITpubopBT MO3BOJISIBA MEPUOUYHO MPEHYIMUPAHE

cien HAaTpyNBaHE Ha TOJEMH CTOWHOCTHU Ha
mpeMecTBaHusITa. PerucrpanusTta Ha mMpeMecTBa-
HUSTA CE M3BBPINBA HA PABHU UHTEPBAJIU OT BpEMe
B 3aBHCHUMOCT OT IWHAMHUKATa Ha HAOIFOHAaBaHUS
npounec. JOUbIHUTEIHA OTYETH CE€ B3€MAT CJIEIH
BCSIKO €MU30IUYHO ChOUTUE (HAMp. 3eMeTpeCeHue),
YCETEHO B pailoHa Ha U3MEPBAHUSATA.

TM—71 e eekTHO MPUIOKAM TP U3MEPBAHUS
HA JIBWXKCHUS 110 Pa3pUBHU HAPYIICHUS U MyKHA-
THHH C Pa3JIMICH TPOu3Xo ] (CBJIAYUIITHU, TEKTOH-
CKH, 10 CTpajy U UHXXEHEPHU ChOPBHKEHUS U TP.),
He mo-mupoku oT 4 m. TounoctTa Ha mpubopa
Bapupa ot 0,001 mo 0,01 mm B 3aBHCUMOCT OT
IIMpUHATa Ha MyKHATWHATA (30HATA), IBJDKAHATA
Ha MHCTAJIAIIMOHHUTE KOH30JIM U U3JI0KEHOCTTA Ha
npubopa Ha UPEKTHO aTMOC(HEPHO BIIUSHHAE KATO
CITbHYEBO TpeeHe, Bayiexu u ap. (Kostak, 1991).
JlHEeBHUTE U CE30HHUTE TEMIEPATYPHU KOJIcOaHUS
OKa3BaT BIUSHUE BHPXY MMOKA3aHUATA HA TPUOODa,
0CO0EHO 1O OCUTE, CHBIIAAIIN C HANPABICHUATA
Ha koH3oJute. [lo Tasu mpuymHA IpPU MaTeMaTu-
yeckaTta o0paboTka Ha pe3yjTaTHTE Ce IPaBU
TeMIepaTypHa KOpeKIHs Ha N3MEPEHATE TPEMECT-
BaHus. [Ipubopsr UMa MHUPOKO MPUIOKEHHUE B
MPaKTUKATA: U3MOJI3BA CE 32 KOHTPOJI HA TBUKCHUS
u gedopmanmu, KakTo B OJOKOB THUII CBJIAYHUIIA U
AKTWBHU Pa3JIOMH, TaKa U B CTPOUTEJICTBOTO, IIPH
OMAa3BaHETO HAa UCTOPUYECKU U apXUTEKTYPHHU
MaMeTHHIIY, TPUPOAHU (EHOMEHH, OTTOBOPHU
WH)XEHEPHU CHOPBXEHUS U 1Ip. Pa3moMHu nBIKEHMS
C TO3M TUI IPUOOPU MOHACTOSIIIEM Ce HaOII01aBaT
B bwarapus, Utanus, Ilepy, Uexus u Ilonma.

I'eo10ro-TEKTOHCKHA CTPOECK HA paﬁOHa

N36panusT pailoH Ha U3CeABaHe Monaaa B F0)KHATA
vyacT Ha CUMUTIIMIACKUS TpaOeH U HeroBaTa paMka.
I'pabeHET € 3ambJHEH C HEOTEHCKH CEIMMEHTH —
OCHOBHO ISICBYHUIIY, [JIMHU U KOHIJIOMEpPATH, a
orpaaHata My paMKa € U3rpajieHa OT MeTaMoppHu
1 MarMeHu ckajan. OCHOBHU pa3jiOMHH CTPYKTYpH
B paiioHa ca (¢ur. 1): CTpymckaTa pa3jioMHa 30Ha
(opuenranus 150—170°), npenonpenensiina cbBpe-
MeHHOTO Jerio Ha p. Ctpyma; [paneBckusT paziom
(40—50°), odopmsIl ceBepHaTa I'paHMUIlAa HA Tpa-
O0ena; KpynHuinkust pasnom (CHJIHO Bapupaiia
opuentanust — ot 20 go 80°), orpaxmain rpabena
OT IOT, FOTOU3TOK M CeBEpOM3TOK. Taka u3dbpoeHure
pa3JIOMHHU JIMHUK OQOPMST €lHA CJIOXKHA IO CBOSI
CTPOEX pa3jioMHa MO3aiika, C KOSITO € CBbhp3aHa
BHCOKATa CEM3MUYHA aKTUBHOCT B paiioHA.
KpynmHUIIKUSAT pa3jioM SICHO ce MpOCensiBa Ha
Obarapcka TEpUTOPHUS IO TeOMOP(HOI0KKH TaHHH
U MOJICBO KapTHUPaHE OT FOKHUTE JisIOBe Ha Puia
mouTH 10 OBJIrapo-MakemoHCKaTa TpaHUNA Ha
IbJDKUHA 0K0JI0 36—38 km. OOmara My AbIKHHA
obaue e Hax 60-70 km ako mpueMeM BEPOSITHOTO My
MPOABbJDKEHNE HA MAKEIOHCKA TEPUTOPHUSL, KbJIETO
HE € OCTaTh4HO u3cienBad. [IbpBUTE My Onucanusi
ca npaBenu ot IllabatoB u np. (1969), 3aropues
(1970,1975 u op.), Bpwomsucku (1974) u np. B obcera
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Ha CUMUTIMHACKUS Tpa0OeH pa3IOMET PEICTABIISBA
€CTECTBCHATA I'paHuIa MCXK Y HCOI€CHCKHUA II'bJIHEXK
Ha rpabeHa ¥ MeTaMOP(QHUTE W UHTPY3UBHU CKATTU
OT orpagHaTa paMka. SICHO ce mpocJieisiBa OT Max.
MIupunara (ot 3amax) mo JlanuoBcka maxana (OT
M3TOK). B 3amamHaTa yacT Ha rpabeHa pa3jioMEBT
ciiegBa mocoka moutu uztok—3aman 70—80° m
HaKJIOH OkoJIo 55—60° Ha ceBep. OT MOTHOXUETO
Ha KpBCTO pas3ioMEr ce pa3kIoHsBa HA JIBE YECTH.
KOxHOTO pa3KiIoHEHrE, KOETO YCIOBHO Il HapeYeM
PakuTHuIIKK pa3noM, Ipecuya OrpajgHusi XOpcT U
npoabixkaBa B bpexanckus rpabeH, JOCTUTAHKH
3anagHonmupuHCKUs paszioM. CeBepHOTO Pas3Kio-
HEHHUE Ha pa3jioMa MPOIbJIKaBa B mocoka 20—45°,
ry0eiky ce B FO)KHUTE CKJIOHOBe Ha Pruta. HakJiOHBT
e Bapupam — ot 60 go 77°C3 (Hobpes, 1999).
XapHUImATE TOKa3BaT HpeobiamaBaiio pa3ceIHo
IBUXEHUEC CHC cna6 JISB KOMIIOHEHT — Hal-4eCTO
HAKJIOHBET UM € OKOJIO 75° (M3MEpeHr OT XOPHU30H-
TaJIaTa B HAIPaBJICHHE MO IIOCOKA HA YACOBHUKOBATA
crpenka) (Shanov, Dobrev, 1999). Cpemar ce o6aue
U IMpUXU CbC CUJIHO M3pa3€Ha KaKTO JIisIB, TaKa U
IleCeH KOMIOHEHT. BeposTHO Te ca pesynrar Ha
ABUXKCHUA, OCBINCCTBCHU ITIPE3 pA3JIMYHU €TAII OT
Pa3BHUTHETO HA pa3jioMa.

I'paneBckust pasiom (3aropues, [lomos, 1968;
Bosmxues, 1971 u ap.) e anTurerndeH Ha Kpyn-
aumkus. Orpaxnga rpabeHa oT cCeBepHATa My
CTpaHa. YCTAaHOBEH € OT MHOXECTBOTO MPOYyYBa-
TCJIHU COHOAaXHW BbB BPBb3Ka C OIICHKA HA BBIJIXIIL-
HUTE 3amacu B paioHa. [lo coHmaxHu AaHHU OT
JOKJIaau OT KOMI/ITeTa 110 I'€OJIOTUA HAKJIOHET MYy €
okoJ0 65—70° va FOU.

Tabauna 1

CTpYMCKHAT pa3joM € OMHCaH MOAPOOHO OT
Moskovski (1969), Mockoscku, [eoprues (1970),
3aropues (1970 u ap). 3oHaTa € MMPOKA OT MOPS-
nbka Ha 8—10 km, ciregsa mocoka 150—170°, HakstoH
60—90° Ha KO3, mo-psnako Ha CU. I1o Hero ca odop-
Menu koputoTo Ha p. Ctpyma u KpecHeHCKUSIT mpo-
siom. IToBBbpXHOCTHATA My U3sIBA CE XapaKTepU3npa
OT CHCTEMH OT cyOmapaiesini pa3jiomu. B oGcera
Ha MPOJIOMA CE pa3KpWBa CHUCTEMA OT MapalieTHU
pasjoMu, ciienBaIy nocoka npubausurenHno 150°.
Haxnonnte um Bapupat ot 60° CU mo 60° FO3.
XapHUIIKATE MOKA3BAT PA3JIUYHU TUIIOBE IBIKCHUS
— OT MOYTH YUCTO AECHOOTCEAHH (C HAKJIOH Ha
mpuxuTe okoJio 20°) 10 pa3ceaHO-JIEBOOTCEIHN U
uncTo pascenuu. lllpuxute ca OT pazuuHu nepuoau
HA aKTUBU3AIUATA HA PAa3JIOMHATa 30HA.

IIpuero e cxBaiaHeTo, Y€ 30HATA HIMa ChbBpE-
menHa akTuBHOCT (KocTamuuoB u ap., 1994 u ap.).
Ipe3 ropHust eolieH NBMKCHUSTA Ca OUJIM pa3CeHHU,
OT OJINTOIIEHA JTO HAYaJIOTO HAa HEOTe€Ha — Pa3CeIHO-
nmecHoorcennu (Zagorcev, 1992). Cnopen Bpb0-
gsaCcKH (1974) mOTBBAHETO MO MPOTEXKEHHWE HA
30HATAa B U3TOYHATA YacT Ha CHMUTIMIACKHS TpabeH

€200—280 m.

Pa3snonoxeHue Ha u3MepBaTeIHUTE
MyHKTOBE

MecTOnoJI0KEHUETO HA U3MEPUTETHUTE MYHKTOBE
€ onrcano Beue noapodbuo ot ABpamoBa-TaueBa u
np. (1984), Kostdk, Avramova—Taceva (1988) u
Dobrev, Kost'ak (2000a) (tabu. 1, ¢ur. 1).

Opuenmayusa HA NPOCMPAHCMEEHUME OCU U KOOPOUHAmMU 3a uzmepumeanume nyukmose ¢ FOeoszanadwa Bwacapus (no
Aspamosa—Tauesa u Op., 1984; Kostak, Avramova—Taceva, 1988; [dobpes u Op., 2003)

Table 1

Orientation of spatial axes and coordinates of monitoring points in SW Bulgaria (after Aspamosa—Tauesa u Op., 1984; Kostik,

Avramova—Taceva, 1988; JJobpes u Op., 2003)

+X Y +Z MecrHa
ITynkr XOpU30HTAIHO MIb3raHe
Koopnunatu XOpHU30HTAIHO Beprukanso II0COKa Ha
No. 10 HaIIpaBJICHUETO Ha
pasumpeHe JIBIKCHHE paszioma
30HaTa
5 23,155°E 103 6ok B mocoka  FO3 6ok B mocoka 135° noHmwxenue Ha 103 150°
41,840° N 225° (pasmmpenue)  (JSIBOOTCEIHO JIBIDKeHHE) — OJOK (pascsmane)
" Heorenckust Heorenckust 6aceiin B TIOHWKEHHE Ha
23,170° E o o
6 OaceiiH B mocoka nocoka 200° HEOr'eHCKHUs OaceliH 20°
41,864° N o
290° (pasiupeHue) — (JIABOOTCEAHO ABMXKEHUE)  (pascsanaHe)
b 23.157°F O3 610K B I0COKa O3 6ok B mocoka 150 gogn)zceH:iee HaOIO3 150°
41,833° N 240° (pasmupenne)  ICHOOTCSAHO TIOK (BE3CCH
JIBHYKCHHE) JIBIDKCHHC )
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®ur. 3. baok-guarpama ¢ pa3noJO:keHHETO HA W3MepHTeIeH
myHKT Ne 5

Fig. 3. Block-diagram of situation of monitoring point no. 5

Hsamepurenen myHKT Ne 5 (0 equHHA HOMEH-
KJIaTypa Ha U3MEPBATEIHUTE IMMyHKTOBE C €KCTEH-
3omerpu TM—71 B cTpaHata) € MOHTHpPAaH B
TEKTOHCKO Hapymierne oT CTpymckara pa3jioMHa
(¢ur. 3). B To31 yuacThK pa3ioOMET MPEICTABISIBA
30HAa, OTBOpEHA 2,5 m npu npudopa. [Ipocnenssa
ce MHOTO J00pe B I0XKHA IMOCOKA.

N3meputenen nyHKT Ne 6 e pa3nojioxkeH npu
pPa3JIOMHUS KOHTAKT B FOXKHATA 4acT Ha rpabeHa,
mexay muHa ,,Huso 370” u c. Bpexanu (dur. 4).

N3mepurenen nyHKT Ne 7 e MHCTajdupaH B
MMyKHATHHA 110 IeCHUs CKJIOH Ha p. Ctpyma, Ha 700
m FOUM ot c. Kpynuuk. Ta3u yact Ha orpaaHus
XOpCT € Ouja CHJIHO 3acerHata OT CEU3MHUYHUTE
cpbOutus npe3 1904 r., B pe3yiTar Ha KOUTO IO
CEeBEpHMSI CKJIOH Ce € 00pa3yBajio roJisiMO CEM3MO-
rpaBUTAlMOHHO HapymieHue. [IyHKTHT QYHK-
IMOHMpAIIIe 10 HauaJioTo Ha 1994 1., kKaTo MbIHUTE
pesyaratu ca nyonukyBanu ot Dobrev, Kost'ak
(2000a) u Hdobpes, Komsk (1999). Ilocaenuust

15
[

®ur. 5. Cxema Ha pa3No/IO:KEHHETO HA M3MeEPUTETeH MYyHKT
Ne 12

Fig. 5. Scheme of situation of monitoring point no. 12

EBrpmuvobuua

®ur. 4. baok-guarpama ¢ pa3noJOKeHHETO HA W3MepHTeIeH
myHKT Ne 6

Fig. 4. Block-diagram of situation of monitoring point no. 6

ITyHKT 32 MOHUTOPUHT O6¢ macTanmpad Ha 07.11.2003
r. o pasiom ot CtpymckaTa cucrema B KpecHen-
ckorto pedwmre (Jobpes u np., 2003; Dobrev et al.,
2004) (dwur. 5). IIpocTpancTBEHNTE My XapakTe-
PHUCTHKH Ca IMOKa3aHu B TalOu. 1.

Pe3yaratu

[Iy6iukyBaHUTE HO TO3W MOMEHT NAaHHU 3a
IBIDKEHUSITA B HAOMIOMATEITHUTE MMyHKTOBE KAcasT
nepuoau 1o cpenarta Ha 1999 r. (ABpamoBa—TaueBa
u ap., 1984; Job6pes, Komsik, 1999; obpes, 1999;
Dobrev, Kostak, 2000a,b). KakTto Beue Oermre
YCTAHOBEHO M OTOEJSI3aHO B MOCIEAHUTE MyOJIu-
karuu, ot 1995-1996 r. 3amouBa psi3ka IpOMsHA B
JIBIDKCHUSTA U B IBETE TOYKU Ha HabOmonenue. I1o
Ta3u NPUYMHA B HACTOSI[OTO M3CJIEIBaHE I
MPEeACTABUM aHAJU3 Ha IBIDKCHUSATA MPE3 MOCIET -
gute 10 ronueu OT HADJIIOLEHUSATA.

JABu:kenns no Kpynaumkus pasjiom

IIpes nocnenuute 10 roguHK IBIKEHHUSATA B HAOJTIO-
JlaTeJIeH MyHKT 6 ce XapaKTepu3upaT ChC CPaBHM-
TEJTHO MOCTOSIHEH TPEeHJ — OTBapsHE Ha 30HATa,
JISIBO ABWKEHHE ¥ JIEKO Bh3csaane (Tabi. 2, ¢pur. 6 u
7). TonuimHUTEe aMIUIMTYIW 3a IeJds MMepuoj Ha
Habmonenue (10.1982 — 01.2005) ca xakTo ciensa:
IO MPOCTPaHCTBEHA OoC X B rpaHuiure 4—6 mm,
mo ocu Y u Z B pamkute Ha 1—2 mm. Cpennara
CTOMHOCT Ha CTAaHIAPTHOTO OTKJIOHEHHE HA TOJTMIII-
HUTE JBUXEHUS 32 [EJIHS IIEPUOJ] Ca KaKTO CJeaBa:
mo X e 2,08 mm (MuHuMyM 0,85 mm 1 MakcumMym
4,07 mm), mo Y 1,15 mm (MuaumyMm 0,33 mm u
makcumyMm 2,73 mm) u 1,14 mm (MuaumymMm 0,48 mm
u MakcuMyM 2,39 mm) o Z. 3a6ensa3BaT ce T'OJIUIII-
HA MUHUMYMH U MaKCUMYMHU Ha IPEMECTBAaHUSTA
B 3aBUCHMOCT OT CE30HHHTE TeMIepaTypHH
koJiebanusi. Te OCHOBHO BIIUSAAT HA MPEMECTBAHUATA
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Tabnuma 2
H3uucaenu cpedHo200UUHU CKOPOCMU HA 08UNCCHUSA NO NPOCMPAHCMECHU OCU 8 HabadameaeH nynkm No 6 om
HAYAA0Mo HA UMEPBAHUAMA

Table 2
Calculated year rates of 3D movements at monitoring point 6 for the whole period of observation
Bpoii Cpenna TeMmnepaTtypa X % 7
Mutepran I/ISMC(le];aHI/IH oT H3Met£)](3:aHPISITa, mm/rox. mm/rox. mm/rox.
12.08.1982-22.09.1983 23 13,3 +1,89 +4,80 -1,59
25.10.1983-15.10.1984 15 9,0 -3,34 -0,01 -3,33
16.10.1984-29.09.1985 14 14,8 -2,76 +1,61 -7,46
28.10.1985-08.10.1986 12 12,1 +5,28 +6,67 +1,68
05.11.1986-17.11.1987 13 12,0 +0,86 +7,70 -2,20
17.11.1987-29.09.1988 12 10,2 -2,94 -0,01 -4,70
29.09.1988-09.10.1989 11 12,1 +2,55 +2,88 -1,86
02.11.1989-20.08.1990 14 9,1 +1,18 +0,68 22,51
22.09.1990-04.10.1991 11 9,3 +9,20 +5,74 -4,38
04.10.1991-22.09.1992 14 9,6 +0,52 +3,17 -0,93
20.10.1992-21.10.1993 13 11,4 -1,22 +2,35 +1,70
21.10.1993-24.10.1994 16 15,2 +2,74 +1,90 -1,50
24.10.1994-26.10.1995 15 13,1 +3,50 +1,49 -3,31
27.11.1995-14.11.1996 14 12,0 +5,18 +3,44 -0,26
14.11.1996-27.09.1997 11 12,1 +0,84 +0,88 -1,75
27.09.1997-28.09.1998 14 13,7 +3,37 -0,30 -1,39
26.10.1998-29.09.1999 14 13,4 -2,48 -4,24 +0,68
15.10.1999-20.09.2000 14 12,9 -9,30 -1,12 +7,16
28.10.2000-20.10.2001 14 14,5 +1,95 -3,20 -3,19
20.11.2001-27.09.2002 11 15,2 +5,64 +3,33 -0,95
28.10.2002-27.10.2003 14 14,8 -2,88 +0,69 -1,00
06.11.2003-07.11.2004 17 14,8 +2,79 +2,73 -0,63

®ur. 6. JInBooTcenHO OTMecTBAHE HA METAJHHUTE KOH30JHM NpH HaOmogaTeneH MyHKT Ne 6

Fig. 6. Sinistral displacement of steel tubes at monitoring point no. 6
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®ur. 7. PeructpupaHn cpeJHOroJMIIHU NpeMecTBAaHUA B HaOomareseH MyHKT Ne 6 — Bpexann

Fig. 7. Displacements (mean value per year) registreted at monitoring point no. 6 — Brejani

Tabnuna 3
Vemanoeenu pesku npemecmseanus ¢ KO—CeuMUUEH U HEYCMAHO8EH NPOU3ZX00
Table 3
Established sharp displacements with co—seismic and unclear origin
ITynkt

[lepuon Ha oTunTane Ne X Y Z 3abenexka

6 +4,85 +1,79 -2,73 a2,
Centemspu 1998 5 +0.76 +0.84 0,56 M=3,3; 26.10.1998, mokaiaHO 3eMeTpeceHNe
Agryct 1999 6 -8,34 -5,09 -0,96 Wamur, Typuus

6 -3,45 -1,44 +2,63
HOnm 2000 5 § +1,10 -1,05
Snyapu 2002 6 +3,30 +2,27 -3,65
Hexemspu 2002 6 +1,76 +2,16 -0,14
IOnu — aBrycr 2003 6 -5,78 -1,81 -1,16
Tlexe 2003 6 +2,57 +3,13 -2,27 MOBHUIIICHA JIOKAJIHA CEU3MUYHOCT,

KeMBpH 12 0,27 3,34 3,79 08-13.12.2003

Hoemspu 2004 6 +0,95 +1,31 +0,73 JokaiHo 3emerpecenue, 04.11.2004

1o oc X, a nmo-cjabo npu apyrute. ToBa Baxu u 3a
nBata nmyHkTa. CpeqHOrouIIHATa TEMIEpaTypa,
MOJIy4YeHa OT U3MEPEHHUTE TEeMIIEpATypH 1O BpemMe
Ha HaOmogeHnusta, Bapupa ot 9,0°C mo 15,2°C,
cpenno 12,5°C. CTaHmapTHOTO OTKJIOHEHHE € OT
5,0°C no 8,9°C, cpenno 6,9°C.

Karo nsm0 mo oc X ce ycTaHOBSIBa MOCTENIEHHO
OTBapsHEe Ha 30HATa C XapaKTEPHHUTE TOJIEMH
croiHocTH Ha ammutyaata. [1o oc Y nBuxenusita
“MaT CyMapeH JIBOOTCEICH XapaKTep, KaTo Ce pas-

16 Cnucanue Ha BBIrapckoTo reojoruuecko ApyxectBo, kH. 1—3, 2005

rpaHUYaBaT 7 PE3KU JBHKEHUS, IOBEYETO ChC CEU3-
muveH npousxon (tabm. 3). [Ipu oc Z sicHo ce paznum-
YaBaT MEPUOIM OT HIKOJIKO Mecera 0e3 Win ChC clia-
OM IBVKEHMS U PE3KU CKOKOBE IIIABHO C BB3CENEH
xapakrtep. Peructpupanu ca 8§ TakuBa pe3Kku IBU-
xeHnus ciaen aBryct 1999 r. (t.e. cinen M3mMutckoTo
3emeTpecenue B Typuus Ha 17.08.1999 r.).

3a s1aTa TOUKA Ha HAOJTIOeHUE EPUOIBT CIIeT
1996 r. Moxe na Obae XapakTepu3npaH OT 3 SICHO-
OTJIMYaBAaIY Ce MEPUOIa:
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®ur. 8. Perncrtpupanu cpegHOroJMIIHN NpeMecTBaHUA B HabaomatesneH MyHKT Ne 5 — KpecHeHckH mposiom

Fig. 8. Displacements (mean value per year) registreted at monitoring point no. 5 — Kresna Gorge

1) ot 1996 r. mo asryct 1999 r. (T.e. mo U3murt-
CKOTO 3eMETPECCHHUE);

2) ot aBrycT 1999 r. no simyapm 2001 r.;

3) ot sayapum 2001 r. mocera.

Haii-xapakTepHOTO 3a TSX €:

1) 3a0aBsiHEe HA JIIBOOTCEIHUTE IBYKCHUS IO Y
(xaTo 0bave MBYDKEHUSATA IO OAPYTUTE IBE HAmpa-
BJICHUSI HE THPIAT MPOMSHA B CKOPOCTTA);

2) obpblllaHe Ha TOCOKaTa Ha IBUKEHHE: OTCE/-
HOTO JIBMXKEHHWE Beue € HaAsICHO, oc X TOKa3Ba
CBHMBaHe, a 0C Z — pascsaane;

3) OTHOBO JISIBO ABMXEHHE IO Y, HO TIO-YCKOPEHO
(xaxTo B mepuona 1986—1988 r.), aBmwxeHusITa 1O
X u Z ce Bb3CTaHOBSBAT.

JIBu:kenus mo paszjomu ot CTpymckaTa
30HA

JBrkeHusITa MO pa3iOMHATa 30HA, KOHTPOJIUpaHa
OT MYyHKT 5, C€ XapaKTepU3UpaT CbC CPAaBHUTEIIHO
MO-HUCKU CTOWHOCTH HA TOIMIIHWUTE IBIKCHHS B
cpaBHeHue ¢ myHKT 6 (¢ur. 8). CTanmapTHHUTE
OTKJIOHEHHMSI Ca ChIIO MO-HUCKU: MO X CpenHaTa
croitHoCT € 0,39 mm (MuaEMyMm 0,18 mm u Mak-
cumyM 0,91 mm), o Y 0,28 mm (MuaumMymM 0,11 mm
u makcumyM 0,67 mm) u 0,30 mm (Muaumym 0,12
mm u MakcumyM 0,84 mm) o Z. CpeqHOroIuIHaTa
TeMIepaTtypa, mojydeHa OT U3MEPEHUTE TeMIIe-
paTypu mo BpeMme Ha HaOJIFOJCHUSATA, Bapupa OT
12,5°C no 25,5°C, cpenno 17,4°C. CtangapTHOTO
otkaoHenue e ot 6,3°C no 14,6°C, cpenno 10,9°C.
CTOWHOCTUTE HA TeMIIepaTypHUTE KoJieOaHus ca
MO-BUCOKH, ThU KaTO, 3a Pasjidka OT MpPEAMIIHUS
MYHKT, TO3U € HA OTKPUTO U € U3JIOKEH Ha MOCTOSTHHO
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BB3/IeHCTBHUE HA aTMOChepHH BiustHYS. U ipu TO31
MyHKT ce Habromasat 3 mepuoma:

1) or aBryct—centemBpu 1995 r. mo mapt 1998 r.;

2) ot mapt 1998 no kpas ma 2001 — HawamoTO
Ha 2002 1.5

3) ot Hauajyioto Ha 2002 r. mocera.

Haii-xapakTepHOTO 3a T€3U NEPUOLHU €:

1) yckopsiBaHe Ha NBUXKEHHATA MO X U Z,
cboTBeTHO ¢ +0,45 mm/roj. (OTBapsiHE HAa 30HATA)
u +0,98 mm/ron (pa3csmane), mo HampaByieHue Y
ca TPY.IHO OINPENENIMU;

2) 3aabpkaHe Ha ABUXEHUATA MO Z W JIEKO
BpbiIane -0,59 mm/roxn. (Bp3csaane). JpmwkeHunero
no X 3atuxBa. [[BuxeHusTa no Y ce yCKOpsiBaT u ce
n3unuciasBat Ha +1,06 mm/roa. (JsIBO OTCEOHO
JIBUXKEHHE);

3) X — niexo yckopsiBare ¢ 0,26 mm/ro. (OTBapsiHe
Ha 30HaTa), Y — cTabujeH TpeHa cbe croiHoct 0,47
mm/roA. (JIIBO OTCEIHO NBUXEHUE), Z — CIIOKOCH
MEPHO.

IIpu nociennus OyHKT 3a HaOmomenue, No 12,
uHCTaMpan npe3 HoemBpu 2003 r., 10 Kpas HA M.
sayapu 2005 r. ca HanpaBeHu 20 u3MepBaHUS
(¢ur. 9). B mayanoro na mexemspu 2003 r. (7—
13.12.2003) e peructpupana cepus oT 12 3emeTpe-
cenus ¢ marautyau ot 2,0 1o 3,1. ToraBa e u usme-
PEHO PS3KO MpeMeCTBaHe 1o pa3joma — npubi. 3,3
mm JIIBOOTCEIHO ABWMKEHUE U Pa3CsiaHe C MPUOJL.
3,8 mm. 3a mepuoa OT eaHa TOJIMHA — OT JAEKEMBPH
2003 mo mexemBpu 2004 r., Ha 6a3aTa Ha 16 U3Mep-
BaHUs € U3YUCIIEHAa CKOPOCT Ha JisBooTcsamane 0,55
mm roauiHo ¥ pazcsaaane 0,51 mm roaumso. Cko-
pocTTa Ha ABWXKEHHE 1O Bekropa u,,=0,75 mm
rogumrHo. lllpuxuTte, ycTaHOBEHH OKOJIO MyHKT 12,
MOKa3BaT Pa3JIMYHU TUIOBE IBUXEHUE — KAKTO
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®ur. 9. Perucrpupanu npeMectBaHnusi B HaGmonareiaeH myHKT Ne 12 — KpecHeHckH mposiom

Fig. 9. Displacements registreted at monitoring point no. 12 — Kresna Gorge

JISBO, Taka M JscHO. [To camaTa pa3joMHa 30Ha €
YCTaHOBEH XapHUII Ha JISBOOTCEIHO IBUXKEHUE C
HakyoH 50°. Ta3u cTOWHOCT MPUOIU3UTEIHO
CBBIIAJIa C MPEABAPUTEIIHUA PE3yJITaT OT IIbpBaTa
roJWHa Ha HAOJFOJIeHKHEe, KOSITO OTroBaps Ha 41—
42° HakJIOH Ha XapHUIIA.

3a TO3M MEPUOJ U3MEPEHUTE TEMIIEPATypH IO
BpeMe Ha HaOmroAeHus Ta Bapupat ot 0°C (u3mepena
Ha 18.02.2004) no 30,3°C (06.09.2004), cpenno
13,8°C. AMmimTynuTe Ha MPEeMECTBAHUATA Ca
kakTo ciensa: 0,56 mm mo oc X, 0,33 mmnoocY u
0,48 mm mo oc Z.

3akiouenue

Hanuie e akTUBHOCT MO Pa3jIOMUTE U MPHU TPUTE
HaOJIFOIATEIHNA TOYKH. J|BIKEHHMATA HAMAT ITOCTO-
STHEH XapaKTep, XapaKTepHu3upar ce Mepuoau Ha
3aTWINNS, TUHEHHU IBUKEHUS, YCKOPEHUS U PE3KH
IBUXeHUS. BIusHUATa ca ChC CIIOXKEH XapaKTep U
YEeCTO € TPYJHO N1a ObJaT MHTEPIPETUPAHH.
Haii-Bucoku cTORHOCTH HA ABMXKEHUSITA CE€ yCTa-
HoBsiBaT Mo Kpynuumkus pasyiom. Yecto siBiieHne
MIPY TSAX Ca PE3KUTE JBUKECHUS, KOUTO CE CBbP3BAT
C JIOKaJHAaTa CEM3MUYHOCT. Te ca ycTaHOBEHMW Ha
0a3aTa Ha CHBIAJEHUS MEXIY pErUCTPpUpPAHHU
CEM3MUYHU CHOUTHS U PE3KH ITpeMecTBanus. Bropu
BUJ BB3IEHCTBHE, ycTaHOBeHO OT JoOpeB u np.
(2003), ¢ ot cmabu ymokanuau 3emerpecenus B CU
MMOCOKA OT IyHKTa — MPUOIU3UTETHO B KOHTAKTHATA

JIutepatypa

AspamoBa—TaueBa, E., b. Bpsonsucku, b. Komsik. 1984.
EnuH onmuT 3a yCTAaHOBSIBAHE Ha ChbBPEMEHHM IBIIKCHUS
mo ceusmoreHHu pasnomu. — Cnuc. bsae. eeon. 0-60, 3,
276—286.

3ona Mexay Kpymaumkus paszmom u Ilpenenckust
pasiiom (oko1o ¢. oo OcenoBo u CU ot ['paneso),
a YCKOPEHHUTE ABUXEHUS (OCHOBHO C OTCEIEH
XapakTep) ca 1o BpeMe Ha OTHOCUTEIHO CIIOKOWHU
B CEM3MUYHO OTHOIIICHUE IEPUOIH.

HabmronenusTa Ha paznomu ot CTpymckara
CHCTEMA 110 HEOCTIOPUM HAYWH JOKA3BaT HAJIMIUETO
HA JIBWXXCHUA 110 TSIX, MAKap U B O-HUCHK MOPSIIBK
B CpaBHEHHE C Te3H, u3MepeHu no Kpymauimkus
pa3ioM B myHKT 6. 3a mocyeguute 10 roguHu
JIBIDKCHUSTA IO TO3M Pa3jIOM C€ XapaKTepU3Upar ¢
pa3CceIHO-JIEBOOTCEIHU ABUKEHUS] ChC CTOMHOCT B
TPaHUIUTE uyz=0,75—1,00 mm roauingo. Biuusuus
OT JIOKQJTHU 3€METPECEHHS TIOYTH HE CE PETUCTPU-
paT, ¢ M3KIIOUYCHHWE Ha Te3u NpU NyHKT 12 mpes
nekemBpu 2003 1.

baazooapuocmu: ABTOPBT HM3Ka3Ba CBOSATA
MPU3HATETHOCT KbM MHX. Bbyio BbioB ot Ceus-
MUYHA CTaHIus ,, KpynmHUK” 3a MOCTOSTHHATA TO/I-
IpBXKa HA MOHUTOPUHTA, KAKTO ¥ HA BCUYKH KOJIe-
ru ot Ieostoruveckus u [eoDU3NIHUSI HHCTUTYT IPHU
BAH 3a cpaeiicTBUETO IPU OCHIECTBSIBAHETO HA
TOBa uscienBaHe. HacTOSIUAT MOHUTOPUHT Ce
MpOBEXJa MO ABYCTPAHHH NMPOEKTH C YUYEHH OT
YemkaTta akageMusi HA HAYKUTE U YHUBEPCUTETUTE
BbB ®nopennus u Kamepuno, Mtanus u ¢ puHan-
coBo moanoMorHat ot Hamnwmonanuus ¢oHI 3a
Hay4HM u3ciieqBanus 1o npoektd H3—1211—I' u
H3—1316.

Bosimxues, C. 1971. Benacumko—OrpaxneHcku 6iok. 3anai-
Hopogorncku 6nok. Ctpymcka obnact. CTpymcku nbiibo-
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Texuuka, 52—62, 62—98, 241—267, 431—435.
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