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Pe3tome: AKTyanbHOCTb paboTbl. V13yyeHne NoBeAeHNS COOPYXXEHNIA B HATYPHBIX YCIOBUAX U CPABHUTESb-
HbIil @HAIM3 NX QUHAMUYECKUX XapakTepPUCTUK SABMSETCH BAXHOW 33a4eil Kak AN Hay4HO-MCCnes0BaTesibCKuX
Lenen, Tak u Ansg NPUKNagHbIX, B YaCTHOCTW NS MOHUTOPUHIA WX TEXHUYECKOr0 COCTOSAHUS, NacnopTu3aLmu.
3afaya ABNAETCSA aKTyaslbHOI B 0CO6EHHOCTW HA TEPPUTOPUN APMEHUU, YHMTbIBAS BbICOKYHO CEACMUYHOCTb pe-
rnoHa. B pabote NpuBOLATCH pe3ynbTaThl 3KCNEPUMEHTANbHbLIX UCCIEL0BAHNA JUHAMUYECKUX XapaKTepuCTUK
MHOTOMPONIETHOr0 MocTa «Mobeabl» OT 3annUCeil MIKPOCEACM C NOMOLLbH creunanbHo paspaboTaHHbix B TG
HAH PA ceitcmnyeckux npuéopos. MocT HaxoauTcs B LieHTpe EpeBaHa n MMeeT BaXKHOE CTpaTernyeckoe 3Ha-
YyeHue Ans paboTbl TPAHCMOPTHOM CUCTEMbI FOPoAa. Bblbop faHHOro MocTa AN MCCrefoBaHns Gbln OCYLLECT-
BNEH C Y4€TOM TOr0, YTO [0 3TOr0 Ha HEM NPOBOAWUIMCL 3KCMEPUMEHTbLI AN1S BbIABNEHWS ero OUHAMWUYECKMX
XapakTepucTuk. [10BONbHO JONT0e BPEMs HA 3TOM COOPYXXEHUW He NPOBOAMUCH NOLOOHbIE HAYYHO-UCCNEeLO-
BaTensckme padoTbl. Lienbto pa6oTbl ABiseTCA NpoBepka (PAKTUYECKOr0 COCTOSAHMS HECYLUUX 31EMEHTOB MO-
CTa, CPaBHEHUE (DAKTUYECKUX HA CErOAHALIHWA [eHb W paHee OnpefeneHHbIX LUHAMUYECKMUX XapakTepucTuk
ucenesyemoro mocra. Metoabl paboTbl. Vicnonb3oBaHHas HaMu METOLMKA U3Y4EHWUS MOBEAEHUS COOPYKEHNIA
NpPoBEAEHA C NOMOLLbIO MOOGMNBHOM CEACMOCTAHLMM, COCTOALLER 3 TPEX NPUEMHMKOB — celicMogaTymkos CM-3
(ABa ropu3oHTaNbHbIX 1 OAMH BEPTUKANTbHBIA KOMMOHEHT), a Takxe norrepa nponssogcrea UG HAH PA, ocHa-
LeHHoro 6ecnposogHoit cetbto (Wi-Fi), koTopas ob6ecrne4nBaeT CBA3b C NOPTATUBHLIM KOMMbIOTEPOM. Ha 6-Tu
XapaKTepHbIX TOYKAX MOCTA, @ TAKXe HA FPYHTE OCHOBAHWA NPOBOAMANCL N3MepeHns Mukpocencm. Onpegens-
NINCb 4aCTOTbl KONMe6aHUn HeCyLLIUX 3NIEMEHTOB MOCTa U FPYHTOB B NOMEPeYHOM, NPOLOIbHOM W BEPTUKANIbHOM
HanpasneHusx. Mismepenus 6binu Npon3BeeHbl B HOYHOE BPeMS 1 TOro, 4T06bl KOnebaHus rpyHToB U MOCTa
ObINN BbI3BaHbI TOMLKO €CTECTBEHHbIMU MUKpOCeiicMami. Pe3ynbTatbl paboTbl. B pesynbrate uccnefoBaHus
NPOBeLeH CPABHUTENbHbIN aHANN3 NOJTyHEHHbIX IKCNEPUMEHTANTbHBIX BEMMYUH AUHAMUYECKUX XapaKTEPUCTUK 1
paHee Nnony4eHHbIX JaHHbIX. B nTore 6bii10 YCTAHOBMNEHO, YTO 06PETEHHbIE HOBbIE BENMUYMUHBI 4ACTOT MUKPOKOIIe-
6aHuin MOCTa B NMOMNEPEYHOM W NPOJONLHOM HANpPaBNeHUAX NPAKTUYECKU PaBHbI NPUOBPETEHHBIM CTapbIM JKC-
nepyuMeHTaNIbHbIM COOTBETCTBYIOLUUM 3HA4YEHUAM 4acToT. Kpome TOro 06Hapy»eHbl 0CO68HHOCTU COBMECTHO
paboTbl COOPYXXEHUS U FPYHTA.

KnioueBble cNoBa: MUKPOCENCMbI, JUHAMUYECKME XapaKTePUCTUKK, HECYLLME ANEMEHTbI MOCTa,crekTp dy-
pbe, 4acToTbl KOIe6aHNi COOPY>KEHUH.
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Abstract: Relevance. The investigation of the behavior of structures in natural conditions and a comparative
analysis of their dynamic characteristics is an important task both for research purposes and for applied, particu-
larly, for monitoring their technical condition and forcertification. Theproblem is relevant chiefly on the territory
of Armenia, given the intensive high seismicity of the country. Thework presents the experimental results of ex-
amining the dynamic characteristics of a road bridge from microseismic records using seismic devices especially
developed at IGES NAS RA. The bridge is located in the center of Yerevan and has an important significance.
This bridge has been selected taking into account the fact that before that, experiments had been carried out on
it to identify its dynamic characteristics.But for quite a long time, such research work has not been carried out
at this facility. The aim of the paper is to check the actual state of the bridge, to compare the actual and previ-
ously acquired dynamic characteristics of the investigated bridge. Methods. The technique used by us to study
the behavior of structures has been performed using a movable seismic station, which consists of 3 receivers
- seismic sensors SM-3 (two horizontal and one vertical component), as well as a logger manufactured by IGES
NAS RA, equipped with a wireless network (Wi-Fi), which provides communication with laptop computer.At 6
characteristic points of the bridge, as well as on its soil, the measurements of micro tremors have been carried
out.The vibration frequencies of the bridge and soils in the transverse, longitudinal and vertical directions have
been determined.The measurements have been made at night so that the vibrations of the soil and the bridge
were caused only by natural microseisms. Results. As a result, a comparative analysis of the gained experimental
values of dynamic characteristics and formerly obtained data has been executed. In the issue, it was found that
the acquired new values of the frequencies of microseismic vibration of the bridge in the transverse and longi-
tudinal directions are practically equal to the acquired old experimental corresponding frequencies. In addition,
features of the joint work of the structure and soil have been found.

Keywords: microseisms, dynamic characteristics, bridge, Fourier spectrum, vibration frequencies of struc-
tures.
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BesepeHve

MocTthl MMPpEACTaBIISIKOT co0oit COOPYIKCHHUA, [ICPCKPBIBAIOIIUC HepeceKaeMHﬁ 6apLep
" NpEephIBAOIMIUC 3EMIISIHOC IIOJIOTHO AOPOTH. MCCJ’ICI{yCMLIfI MOCT ((HO6CI[LI» SABIIACT-
Cia CCMI/IHpOJ'IéTHBIM ApOYHBIM )KCJIC306CTOHHBIM, Y KOTOPOI'0 NCPEKPLIBAKOT PYCJIO PCKU
TPU HCHTPAJIbHBIX nponéTa. MocT coCTOUT U3 MMPOJICTHBIX CTpOGHHfI, MOAACPIKUBAOIUX
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IIPOE3KYIO YaCTh C TPOTyapaMu, U OIOp, NEPENAIOIINX HATPY3Ky OT MPOJIETHBIX CTPOE-
HUH Ha IpyHT. B 3aBUCHMOCTH OT Marepuasa, U3 KOTOPOro CIEelaHbl IPOJIETHBIE CTPOE-
HUSI, MOCTBI OBIBaIOT KAMEHHBIMHU, METAJNIMYECKMUMHU, OETOHHBIMHU, JKEJI€300€TOHHBIMU U
JIEPEBSIHHBIMHU.

B Hammx npeapiaymmx padorax Mbl H3ydaid IMHAMHYECKUE XapaKTEPUCTUKU 3/1a-
HUH, UX (aKTUYECKOE COCTOSIHHME, & TAKXKE COMOCTABIISUIM MOJyYE€HHBIE PE3YNbTaThl C
aQHAJIOTMYHBIMM IaHHBIMU, PaHEe M10JIy4€HHBIMU OT€YE€CTBEHHBIMU yueHbIMU [ KapaneTsH
u ap., 2021]. Tem BpemeneMm, uzydas Hayusble Tpyasl b.K. Kapanersna, Bo3HUK MHTEpeC
BBITIOJIHUTH CPABHUTENBHBIN aHAIN3 JUHAMUYECKUX XapAKTEPUCTUK OTHOTO U3 COOPYIKeE-
HUi, koTopoe ObuI0 paHee u3zyuyeHo [Kapanersn, 1967].

b.K. KapanerssHoM OblIIH HCTIBITAHBI CIIETYIOIIUE COOPYKEHHSL: AbIMOBasi TpyOa Epe-
BaHckoi TOLI, aBronoposkHble MOCTHI B EpeBane dyepe3 pexy Pasnan u B Amrapake ue-
pe3 peky Kanax, a raxoke Oamns EpeBanckoro Tenenenrpa. B pesynprare sTux skcnepu-
MEHTOB ObUIM OIpeNeNIeHbl TUHAMUYECKUE XapaKTEepPUCTHKU coopyxeHuit [KapanersH,
1967].

B 3Tux 3kciepuMeHTax IMHAMUYECKUE XapaKTEPUCTUKU COOPYKEHHUH ONIPENEISIINCh
9KCIEPUMEHTAIBHBIM CIIOCOOOM MPH ITOMOILY MUKPOKOJIEOaHUH 3/1aHuUil, KOTOpbIE ObLITH
BBI3BaHbl MUKPOCEMCMUUYECKUMH BO3JEHCTBUSAMH, U IIyTEM UCIBITAHUS 3JaHUM C IPHU-
MEHEHHEM CIIEeLMaIbHOM BUOPOMAIIIMHBIL, @ TAKXKE MPU CEHCMOB3PBIBHBIX BO3/IEHCTBHSIX.
ITocne 1967 rona B TeueHUE JOJITOr0 BpEMEHH MOAOOHBIE MCCIIEIOBAHHUS Ha 3TUX CO-
OpYKEHMSIX HE NIPOBOAMINUCH. Ilepnonuueckue uccienoBanus, OnpeaesieHue JMHaMuJe-
CKUX XapaKTePUCTUK COOPY>KEHUH, 0COOEHHOCTEH W 3aKOHOMEPHOCTEN CHEKTPaTbHOIO
cocTaBa UX KoJieOaHUil, a Tak)Ke CONOCTABJICHUE C PaHee MOIyYEHHBIMU JAaHHBIMU UMe-
10T Ba)KHOE 3HAUEHUE JUIsl CEHCMOCTOMKOIO CTPOUTENIBCTBA U MHKEHEPHOU CENCMOIIOTUI
[Oranecsn, 2013].

U3 BBIIIEYOMSIHYTBIX COOPY>KEHUH, HaMH ObLT BEIOpaH aBTOMOOUIIbHBIN MOCT «Ilo-
6ena», Ha KOTOPOM OBLIM BBIIOJHEHbI MUKPOCEHCMHUYECKUE MCCIEIOBAHUS ISl BbISC-
HEHHsI ero (paKTUYECKOTO COCTOSHUS, a TaKKe NMPOBEACHO CPAaBHEHHE MX CO CTapbIMHU
JTAaHHBIMHU.

B pa6ote b.K. Kapanersna Pa3nanckuii moct «Ilo6ena» Ol UCTIBITaH U IIPU JIBHOKE-
HUH aBTOMOOWJISI IO MOCTY, €T0 PE3KOM TOPMOXKEHUH, ¥ IIPU MUKpOKoiebaHuu. [ pyHTamu
OCHOBaHMs OIIOp MOCTa BJISAIOTCS 0a3anbThl. YacToTa kojeOaHuii rpyHTa coctaBuia 14 7.
KoneGanust MOCTa OT MUKPOCEHCM B ONEPEYHOM HAMPABIEHUN UMENH YaCTOTY PaBHYIO
3,3 'y, a B mpoiosibHOM HampasieHuu — S [y. [1pu nBukeHnu aBTOMOOMIIS B Monepey-
HOM U B IIPOI0JILHOM HAIpaBJIeHUAX ObL1a mony4deHa yactora B 1 [y B cepeiHe MOCTa U
14 /'y y onopsl [Kapanersin, 1967].

Onmncanne coopy:xkenusi. ABTopsl npoekta Mocta «IloGena» B EpeBane — nnxenep
C. OBHansH, apxutekTopsl A. MamumxkansH U A. AcarpsH. CTpOUTENBCTBO MOCTa Ha-
yasiock B 1941 rony u ocymecTBisiock Bo BpeMsi BTopoil MUpoBOii BOWHBI, IPH 3TOM B
CTPOMTENIBCTBE YUYAaCTBOBAIN HEMEIIKHE BOCHHOIUIEHHBIE. MOCT ObUT OTKPHIT 25 HOSA0pA
1945 rona, u ABIsIICA KPYNHEWIIUM MHKEHEPHBIM COOPYKEHHUEM BOEHHOIO BPEMEHM B
Apmsnckoin CCP [Axonsn, 1977].

MocT ceMUnponETHBIN apOUHBI JKeJ1e300€TOHHBIN, UMEET 3 IIeHTPaJIbHBIX MPOJIETA,
HepeKphIBalOIIUX pyciio peku (puc. 1). HancBogHoe cTpoeHne HeHTpalIbHBIX MPOJIETOB
BBITNIOJIHEHO B BUJIE CHCTEMBI IOIIEPEYHBIX CTEHOK, 3aBEPIICHHBIX cBOAMKaMH. [o mm-
pHUHE MPOJIETHOE CTPOEHHE Pa3OMTO Ha TPU CAMOCTOSATENBHBIX AJIEMEHTa, 00bEIMHEH-
HBIX 00wIel mpoesxel yacTeio. OOnuIoBKa U3 Oa3anbTa, 00pabOTaHHOTO «IOA LIyOy»
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Y YHCTYIO TECKY, YCUIIMBAET BIIEYATIICHUE MOHYMEHTAIbHOCTU [ApYyTIOHSH U 1p., 1955].
Jlinna mocta cocrasisgeT 200 M, mupuHa — 25 M, BBICOTa HaJl YPOBHEM peKH — 34 M.

MocT npenHazHaueH Ui JBH)KEHUS aBTOMOOMJIBHOTO TPAHCHOPTa M MELIEXO/0B.
[Ipoesxast yacTh BKIItOUaeT B ce0st § mosioc JUIst IBMKEHUS aBToTpaHcnopTa. [lepunbHoe
OrpaKJI€HUE, BHIIIOJTHEHHOE U3 3JIEMEHTOB UYI'YHHOIO Xy[OXKECTBEHHOI'O JINThS, 3aKaH-
YMBAETCS HA yCTOAX KaMeHHbIM napaneroM (apxutekropsl C. CadapsH, I. AraGabsH,
ckynbntop A. Capkesn). Hag onopaMu nocraBieHbl KAMEHHbBIE KOJIOHHBI-CTOJIOBI, YKpa-
HIeHHbIe poHAPSIMHU [APYTIOHSH U Ap., 1955].

Puc. 1. Uccredyemwiii mocm «I1o6edbi», 6ud uz Pasoanckozo yujenvs /

Fig. 1. Investigated Victory Bridge, view from the Hrazdan Gorge

3anaya ucciieloBaHus: ONpEeTICHNE TIEPHOOB KOIEOaHUI MHOTOIIPOIETHOTO MO-
cra «Ilo6ens» B ropone EpeBan u muarnoctrka (akTHUECKOTO COCTOSHHS COOPYKEHHS,
COITOCTABJICHHE €T0 (DAKTUIECKUX TUHAMHUYECKUX XapaKTEPUCTHUK CO CTAPBIMH IKCTIEPH-
MEHTaJIbHBIMU 3HAUEHUSIMHU, U KPOME TOTO CPaBHEHHE C JOMHUHUPYIOLIUMU MEPUOJAMU
TPYHTOB €r0 OCHOBaHUS.

MeToAnKA NCCAEeAOBOHUS

MeTonuka M3y4deHUs! MOBEACHUS COOPYKEHHUS OCYIIECTBISUIaCh C MOMOIIBIO MO-
OWJIBHOW CEMCMOCTAHITMHU, KOTOpast COCTOUT U3 3-X cericMomaruyukoB CM-3 — nByX ro-
PU3OHTAJIBHBIX M OJHOTO BEPTUKAJIBHOTO KOMIIOHEHTA, O0IIero 0joka (Jiorrep) mpeoo-
paszoBaHusl, ynpasieHusa u peructpauun npouspoactsa UI'MC HAH PA, cHapsixeHHOTO
O6ecrpoBoaHOM ceThio (puc. 3). Hacrora 3anucu — 200 orcueToB B cexkyHay [Kapanerss u
ap., 2021; Karapetyan et al., 2021].

CelicMonaTurKy OBLIM MOCTABJICHBI B MIECTH OCHOBHBIX TOYKAaX MOCTA, a TAaKXKe Ha
rpyHTe OcHOBaHUS (puc. 2). 3mepeHus ObLTN MPOU3BEIECHBl B HOYHOE BpEeMs JIJIsl TOTO,
YTOOBI KOJIEOAHUsI TPYHTA U COOPYXKEHHsI ObUTH OOYCIIOBIEHBI TOJIBKO €CT€CTBEHHBIMU
MHKpOCECMaMU.

OnHMM U3 BaKHBIX MPEUMYLIECTB MUKPOCEHCMHUECKHX HCCIEIOBAHUN SBISETCS
TO 00CTOATENBCTBO, YTO YUCIO MHUKPOUMITYJIBCOB, PETUCTPUPYEMBIX HAa MOBEPXHOCTH
3eMiiu U Ha 3JaHUSIX U COOPYKEHUSAX, OYCHb BEIIMKO, MOATOMY HMEETCS BO3ZMOKHOCTh
3a KOPOTKHE CPOKH 0e3 0cOOBIX 3aTpaT Moay4yaTh OOJNbIIYI0 HHPOPMAIIHIO IJI aHaTu3a.
[Ipu 3TOM 3Ta METOIMKA MOXKET OBITH UCIIOIB30BaHA ISl MACCOBBIX MCCIIEIOBAHUIN B pa3-
JUYHBIX MIEPUOJIaX AKCIUTyaTalluM 30aHUNA U COOpYyKkeHHui [AHOCOB U ap., 2010; EmanoB,
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Cxnsipos, 2009; 3aanumBunu u ap., 2016; Casun u np., 2008; Xauusn, 2015; FOnaxuH,
2010; Ditommaso et al., 2012; Giacomo et al., 2005; Kapustian et al., 2013; Kawase et
al., 2014; Khachian et al., 2013; Mucciarelli, 2003; Nakamura, 1997, 2008; Zaalishvili et
al., 2016].

Puc. 2. Hccneoyemviti mocm «I1o6edbry, ¢ nokazom mouek, 20e oCywecmesiiucy usmeperus /

Fig. 2. Investigated Victory Bridge, with the points where the measurements were carried out

Puc. 3. Mobunvnas ceticmocmanyus npouzsoocmea MI'MC HAH PA /
Fig. 3. Mobile seismic station produced by IGES NAS RA

Pe3yAbTaTbl PABOTHI U UX OBCYXAEHNE

Bo Bcex nccnenyeMbIx TOUKax COOPYKEHHs M TPYHTA €r0 OCHOBAHMSI ONIPEACIISIINCH
4acTOTHI KoJIeOanwii B monepedHoM (X), mpoaoiasHoM (Y) U BEpTHKAIBHOM (Z) HallpaBJie-
HUSX. BBIT BBIMOTHEH CTIEKTPaNbHBINA aHAU3 10 MPHOOPETEHHBIM SKCIIEPUMEHTATIHLHBIM
JTAHHBIM MHCTPYMEHTAJIbHOM 3aIlUCH.

[Toctpoensl criekTpsl Pypbe, NOIYYEHHBIE OT U3MEPEHUI MUKPOCEUCMUYECKUX KO-
nebanuiit Mocta. Huke B rpadukax npuBeeHs! ClieKTpbl ypbe 7Sl UCCIIETyEeMbIX TOYEK
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(puc. 4-9). OnpeneneHbl JMHAMHYECKHE XapaKTEPUCTUKH (4acTOTa, IEPHOJ, aMIUTUTYyAa
KoNebaHMii) MOCTa U TPYHTA.
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Fig. 4. Fourier spectra built according tomicroseisms records at the Ist point in X, Y directions
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Fig. 5. Fourier spectra built according tomicroseisms records at the 2nd point in X, Y directions
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Fig. 6. Fourier spectra built according tomicroseisms records at the midpoint in X, Y directions
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Fig. 7. Fourier spectra built according tomicroseisms records at the 3rd point in X, Y directions
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Fig. 9. Fourier spectra built according tomicroseisms records at the 5th point in X, Y directions

BbiBOADI

Ha6JHOI[eHI/ISI AJId UCCIICAYEMOI0o MOCTa IOKa3aJiu, 4YTO B Pa3HBIX TOYKAX HPOABJISA-
FOTCA pa3JIMYHbIC npeo6ﬂa11alonme HaCTOThI KOHC6aHHfI, HO €CTh OCHOBHOM TOH qaCToT,
KOTOpLIﬁ BO BCCX TOYKAX BbIPAKACTCA, B YaCTHOCTH, B IOINICPCYHOM HAITPABJIICHUH MOCTa
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(X) B cpennem pasubiit 3,3 Iy (nepuon — 0,303 c.), a B mpononbHOM HanpasieHuH (Y)
B cpenneM — 4,9 Iy (nepuon — 0,204 c.). B cepennne Mocra, TO €CTh, HaBEPXY apKU Ha-
OJII0/1al0TCS TaKHME YKE YaCTOThI, HO C SIPKO BBIPAKEHHBIM ITMKOM CIIEKTpa U, COOCTBEHHO,
0O0JIBIIMM 3HAaYEHHUEM aMIUIUTY/bl, 0COOEHHO B IONEPEYHOM HanpaBieHuu (X).

5-51 TOUKa U3MEPEHUSI HAXOJUTCS Ha KpaHEl Omope, YTO B CBOIO OYEPEb SIBISETCS
OTPOMHBIM MAaCCHUBOM, PACIOJI0KEHHBIM Ha IpyHTe. HacTOThl B 3TOM TOUKE MOITY4YHUIHChH
B morepeuHoM Hampasinenuu mocta (X) 16,8 7'y (nepuon — 0,06 c.), a B mpogoasHOM Ha-
npasnenuu (Y) — 15,2 I'y (nepuon — 0,066 c.),4to O1rke K 4acToTaM rpyHTa OCHOBAHUS
OTIOPBI.

Kone6anus rpynra npoucxoaunu ¢ yactorou 15,4 'y (nepuog — 0,065 c.) B monepeu-
HoM Hanpasienuu (X) u 16,8 /'y (nepuoxa — 0,06 c.) B npononsHoM HanpasieHud (Y ), 4To
XapakTepHO /7151 0a3aIbTOBBIX TPYHTOB.

B pesynbrare BBIACHHIOCH, YTO MPHUOOPETEHHbIE HOBBIE BEJIMYMHBI YAaCTOT MUKpPO-
ceificMuYyeckuXx KojeOaHMM MOCTa B MOMEPEYHOM M IMPOAOJIIEHOM HalpaBlIEHUSX MOYTH
paBHbBI HOIy4eHHBIM B pabore [Kapanetsn, 1967] crapbiM 3KCIIepUMEHTAIBHBIM COOT-
BETCTBEHHBIM 3HAYEHUSIM YacCTOT.
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