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Paccmompeno usmenenue 20pu3oHmanbHo20 nepemeujenuss CelucMou3onamopa, npumernsemozo 6 PA
npU paziuyHbIX COYemaHusax ycunuu, deucmsyrowux Ha Hez2o. Ilocpedcmeom npumeHenus cyuecmeyouux
eunome3z 0 HNPUOTUNCEHUU K NPEOeNbHOMY COCHOSHUIO U30NAMOPA NOJYYEeHbl 3d8UCUMOCIU  8EUYUH
B8EPMUKANILHOU HASPY3KU OM MAKCUMATIbHBIX nepemewjerull 0id CellcMOU30aamopos, npumensiemvix 8 PA.
THonyuenvl kKoHKpemubvie GeTUUUHBL NAPAMEMPOE, XAPAKIMEPUIVIOWUX YCTHOUUUBOCIL 0I5l CEUCMOUZONAMOPA.
TIpeonosicernvl 3a8UCUMOCTNU MAKCUMATLHO OORYCHUMbBIX NepeMeyeHuti om Oelicmeust 6ePMUKAIbHOL CUTbL.
Knrouegwle cnosa: ceiicmousonamop, ycmouuugocms, nepemeuerue, Kpumuieckas Hazpy3Ka, 86epmuKaiboHas

cuna, degpopmayus

Beenenne

WznaBHa 3emuteTpsiceHns ObUTH “OMYOM YelIOBEYeCTBA”, OOpeKas ero Ha HEHCUYUCIUMBIC JIIOJICKHE U
MaTtepuaibHble ToTepu. COBpeMEHHOE COCTOSHHE HAayKHM M TEXHHMKH HE IMO3BOJISET TOKa CTAaBUTh 33/auy
MPEJOTBPAllCHUs]  pa3pyIIUTENbHbIX 3emierpsicenuii. [lo 3Toil mpuymHEe OCHOBHOW TpoOsIeMOM
CYIICCTBYIOIICH B CTPOUTENILCTBE 3[aHHMM SBISETCS MpoOiieMa CEeHCMOCTOWKMX 3MaHUM, 00i1aJaroliux
BBICOKUMHM TEXHHKO-JKOHOMHUYECKUMM IIOKA3aTeNsIMM M CIHOCOOHBIMH BOCHPUHSTH 3€MIICTPSCCHHE
0KH/IaeMOM HMHTCHCHBHOCTH C MHHHMalbHbIM yiiepOom [1]. OmHMM W3 Takux HampaBICHHUN SBISETCS
NPUMEHEHHE CIIOMCTBIX pPe3UHOMeTaluinueckux onop ceiicmomsomsiimn (CPMOC) B cTpouTenbCTBeE.
Uccnenosanne mnosenenuss CPMOC mnpu JeHCTBHHM pa3iM4YHBIX HArpy3oK, OIEHKAa HX HaNpsHKeHHO-
N1e(OPMUPOBAHHOTO COCTOSIHUSI, & TaK)Ke YTOYHECHUE BIUSHHS PA3IMYHBIX MapameTpoB U (akTOpPOB HA HX
paboTy sBIs€TCd OJHUM W3 OCHOBHBIX HANpPAaBICHWHA MO YTOYHEHHIO METOJIWKHM pacdyera 3IaHul C
CEICMON30IIALUEN.

UsroropisiemMble 1 NpUMEHsIEMbIE Ha ceroaHsAHui neHb B Pecnyonuke Apmenns CPMOC oTtHocsTCS
K Buny OecanueBbix. VX reomerpryeckie U (QU3MKO-MEXaHUYECKHE XapaKTEPUCTUKH MPUBEACHBI B [2].
OTOT THIl CEHCMOM3OIATOPOB MOKET BOCHPHHHMMATh MHOTOLIMKIIOBBIE YCHIHMS CKaTthg M ciasura. llpm
BOCTIPUSATHN COOCTBEHHOTO BECa 3/aHHS BEPTHUKAIbHBIE MEPEMEIICHHs OMOpBI, OOBIYHO, HE MPEBBHIIIAIOT
HECKOJIbKMX MHJIJTUMETPOB, HO TIPM BO3HMKHOBEHHWH TOPHU3OHTAIBHBIX KOJNEOaHWH CHCTEMBI OT
celicMuyeckoro BoszziedcTBus [3], medopmanuu cABUra MOTYT JOCTUTaTh HECKOJIBKHX JIECSTKOB
CaHTHMETPOB.

OpHOM M3 BaXHBIX 33734 pacyera 3JaHUH C CHCTEMOW CEHCMOM3OJIALUU SBISETCS BBISIBICHUE
COUYETaHMH MAKCHUMAJbHBIX BEIMYMH, MPU KOTOPBIX NPOU30HAET MOTEPS YCTOWUMBOCTH HCIOJIB3YEMOU
omopel. B [4] paccmatpuBaeTcs 3ajada O BIMSHHM BEPTHKAJIBHOIO OOKATHS CEHCMOHM30JIATOPA,
npuMmeHsieMoro B PA, Ha ero ropu3oHTAJIBHYIO JKECTKOCTb. Teopus MOTEpPH YCTOMUMBOCTH PE3UHOBBIX
M30JIITOPOB M3y4eHa B [5], re monaydeHbl MEXaHUYECKHE XapaKTePUCTUKHU CIIUPAIbHBIX CTAJIbHBIX MPYKUH

W PE3WHOBBIX CTEp)KHEH, HCIONB3YeMBIX I BHUOPAIMOHHBIX KpEIJIeHWH. B MaHHOW cTaTbe H3ydeHO
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MOBEICHUE CEMCMOM30IISITOpa, MPUMEHAEMOro B HacTosiee BpeMss B PA, mpu codeTtaHud BepTHUKAIbHOU

Harpy3ku 1 MaKCUMaJIbHOT'O TOPU30HTAJIbHOT'O IEPEMCIIICHU .

ITocTanoBKa 3agaun

[Ipoeneno wmccienosanne nedopmanur CPMOC kak HENPEephIBHONH KOMITO3UTHOW CHCTEMBI. DTOT
aHaJIM3 pacCMaTPHUBAET OMOPY KaK OallKy M MPeAroaraercs, 9ro qedopMariisi TakoBa, 9TO IIOCKHE CEYSHHUS
OCTalOTCS MEePIEHANKYISIPHBIMA K Hee(pOPMHUPOBAHHON IEHTPaTHFHON OCH.

PaccmoTpuMm ormopy, Kak KOJOHHY, JJUHA KOTOPO paBHa h, a Tutonaapb momnepeyHoro ceueHus - A, u
ONpPENCTUM JKECTKOCTh TpU CABUIC Ha CIUHUIYY JUIUHBL cieayromed ¢opmynoi: Ps=GAs, rae
As - a3 pexTruBHAS IWIOMAAb CABUTA, ONIpeeseMas o Gopmyie

h

r
3nmeck h - 310 00IIIas BBICOTA OMOPHI (PE3WHA W CTajb), a i, - 00IIas BBHICOTA PE3UHBI. YBEIUUCHHE
BEIMYMHBI A HEOOXOAMMO JJIsi y4eTa TOro (akTa, YTO CTallb He Je()OPMHPYETCS B COCTABHOW CHUCTEME.
IToCKOJIBKY KECTKOCTh TMpH H3rHOe aHaJIOTHYHBIM 00pasom usMmensiercsi, TO0 (El)es it ommoro cios

TouMHoM t cranoButcs Elg, roe

1), h
Elg =E.| = I —. (2)
3)t
IMpu 5THX BenmuuuHaxX 00Ias ropu3oHTaNbHast )KecTkocTh Ky (koTopast Obuta GA/t,) cTaHoBUTCS
G
K, =B ©)
h
a JiyilepoBa Harpy3ka Ha M3ru0 A7 KOJIOHHBI Oe3 eopMaliy CABUTa PaBHa!
El
2 Elg
PE == h_2 (4)
Bennunna KpUTHYIECKOM HArpy3Ku Py BEIYUCISETCS PEIICHUEM CIICTYIOIIET0 YpaBHEHUS
2
P2+ PP, —P,P. =0, (5)
OTKYJIa BEIMYMHA KPUTHIECKON Harpys3ku P¢r momyyaercs
—P, +PZ +4P,P.
or T . (6)
2
Ecnu npennonoxuts, uro Ps~GA n
1 6GS?1 7 27°S?1
P~ >——=~GAl ———|, ()
3 h Ah

TO JiJIsl OOJILIIIMHCTBA TUTIOB CEHCMOM3OISITOPOB MPU yCIOBUH, uTo Pe>>Ps, S>5, kputndeckas Harpyska

MOXKET BBITTIAOCTH HpI/I6J'II/ISI/ITeJ'ILHO TaKUM 06pa30M:

2
p = /P = GAtE X %%GGSZAF? =@. (8)

r r r
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[ToacTaBuB B (7) BeMUIHUHBI (PU3NKO-MEXaHUIECKUX ITAPAMETPOB CEHCMONU30IIATOPOB, IPUMEHICMBIX B

PA [2], nonyuynm cieayromue 3HaueHuUS:

P, :GA£=97OX(3,14XO,192)% ~177kH,

t, 9x0,014 ©

2 2 4
p=Z tg h_ 31 1, 00000y 314X0<0.38, 02025 _oorns.mr (o)

h23 °t 0,2025° 3 64 9x0,014
E

— c _— M — 8’3. (11)

6G \ 6x970

IMockonbKy Uit CeiCMOU3ONATOPOB, MpUMeHIEeMBIX B PA, yenoBust Pe=52705kH>>Ps=177xH, S=8,

3>5 yn0BIETBOPAIOTCS, TO, HCIIONIB3YS BhIpaKeHHE (8), MOYKEM MOIYIHUTh BEIUYNHY KPUTHUCCKOM HATPy3KH

Por = V177 x52705 ~ 3055«H.

AHanu3 MOTepU YCTOMYMBOCTH CEUCMOU30JSATOpPA OCHOBAaH HA JIMHEHMHOW TEOopuHu, KOTOpas
aHaJIOTMYHA aHAJIN3Y MPOJOIBHOTO M3rnba KOJIOHHBI U, KaK B OOBIYHOI Teopuu, oOecrieunBaeT Harpy3Ky Ha
MIPOAOJIBHBIN M3rH0 WM HaNpsDKEHUE NPHU ee MOTepe YCTOMYMBOCTH B HeAe(HOPMHUPOBAHHOM IOJIOKCHHU.
OTO WMeeT pelnaroliee 3HAYCHHE B KOHCTPYKIMU H30JATOpA, TAaK KaK MaKCHUMajbHas OOXKHMAroILas
Harpyska Ha Hero OyJieT BOBHHUKATh OJHOBPEMEHHO C MaKCHMAIbHBIM TOPU30HTAILHBIM MIEpEMEIICHIEM U B
KOMOMHAIMKM 3TO OYAET OJHUM U3 MPEACIbHBIX COCTOSHHM, I KOTOPBIX HE0OXOauMO OyneT ero
paccUUTHIBATS.

B mpunnume, HeoOX0AMM CIOXHBIA HETMHEHHBIN aHAN3 IS H3YYCHHS ITOBEICHUS CEHCMON30IISITOPa
IIPYU COUYETAaHWU BEPTHKAIBHOM HArpy3KH U MaKCHMAJILHOI'O TOPH30HTAILHOTO nepemenienus. CymecTByoT
JB€ THIIOTE3bl Ul NPUOIMKEHUS K MPENeIbHOMY COCTOSHHUIO M30JIATOpa, KOT/a Ha HEr0 OJHOBPEMEHHO
JICUCTBYIOT BEpTHKAJbHAs HAarpy3Ka U ropusoHTanbHas cuia [5]. [lepBast rumoresa 3aKiI04aeTcsi B TOM, YTO
KpUTHYECKOE CMEIIEHHE, OIpenesieMoe KakK IMepeMelleHne, MpH KOTOPOM H30JIATOp JIEMOHCTPHPYET
HYJICBYIO BO3DPACTAONIYI0 TOPH30HTAJIBHYIO JKECTKOCTh, MPENCTaBIsieT co0oii OOKOBOE CMEIeHHE, TPH
KOTOpPOM CKMMAIOIIME HANPSHKEHNS YMEHBIIIEHHOMN 30HbI ONPEENII0TCS U3 OTHOILIEHUS BEPTUKAIBHOMN CHUJIIBI
K wiomanu A, rae A, - coBmajarouias IJIOLIAb CEYCHHs Bepxa M HM3a cedcMomsoistopa. llpu stom
MaKCHUMaJIbHbIE HAIPSDKEHMSI CXKAaTUS HAa HTOM YYacTKe MOTYT yBenuuuBarbes 10 Pe. Bropas rumoresa
COCTOMT B TOM, 4TO TIomans A, 3amensercs (A-Ar)’”. DTor BapuanT Gojee TOCTOBEPHEIH, MOCKOIBbKY
KOHIIGHTPAIVsI BEPTUKAIBHOTO HANPSIKEHHsI, BRI3BAHHOTO NIepeMeNIeHueM, He OyJIeT BIUATh Ha U3rHOaeMyro
KECTKOCTh, HO MOXET YMEHBIIUTH KECTKOCTh C/IBHTA.

Wrtak, paccMoTpuM 00e THUHOTE3bI JJsi ONOpbl, mpumensemoir B PA (puc.l). B o6o3HaueHusx,
MOKa3aHHBIX Ha puc.l: 0 - moyoBHHA yriia, pacHoI0KEHHOTO MEX/1y KPAaHUMH TOYKaMHU IUIoIaan Ar.

[IpuBenenHas mwomaap A, BRITISIUT CIESTYOIIAM 00pa3oM:

2 2 Az 2 2 A
AZ* =’§§0 29-%’“2‘9, A :71?0 o-R 5'2”26':2R2 &H—Sinecosé? . a2
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Puc. 1. Cosnaodarouian nnouiaos ceuenus 6epxa u HU3a Kpyz2nozo @ niane celucmou3onimopa

Haiinem otHOMIeHNe BenmmunH P u P, 17151 omops1, mMeroIel Kpyriioe cedeHne, Mo IepBoil THIoTe3e:

R? (”H—Sinecow]

P 2 .
—=ﬁ= 180 > =21~ 9_singcosd |. (13)
P, A 7R 71180
W3 puc.1 onpenennm 3aBucumocts D ot 6:
h=R(1-cos),
he 2R-D (14)
—
[IpupaBHUBas, NOIy4YUM CIACAYIOIIEE:
2R-D D
R(1-cosf)= : D:2Rc039:>0=arccosﬁ. (15)

[loxcrasnsis monmy4deHHOe BbIpakeHUe B Gopmyny (13) momyumm otHomieHne BenmmunH P u P mo
MIepBOI THITOTE3E:

P 2( =« D D . D
— == | ——arccos— — —sin| arccos — | |. (16)
P 7\ 180 2R 2R 2R

cr
Haiinem otHOImenune BenmmuuH P u P, 11 TO 5k€ OMOPBI, TT0 BTOPOU THUIIOTE3E:

5 \/ZRZ(I;ZOH—sinecosej 5
— = /ﬁ = =\Fx (ie—sinecosej. (17)
P, A JrR? V2 180

IMoacrasmnsist hopmyay (15) B (17), monyunm oTHotieHHe BenrnurH P 1 Pg, 10 BTOpoii rumorese:

P 2 r D D . D
— =,|— X, [-==arccos — ———sin| arccos — | . (18)
P 7 \180 2R 2R 2R

cr

[Mpoenem pacuersl o Qopmynam obeux rumore3 (16) u (18) mpuMeHHTENBEHO A MapaMeTpoB
CEeCMOM30IIATOPA, MPUMEHsIEeMOTo B ApMeHuu [2]. Pe3yabTaThl 3THX BBIYMCICHUI B 3aBUCMOCTH OT yriia ¢

B quamasone ot 0 10 90° i mepemernennst D, 0TOGpakeHBI HA PHC. 2 ¥ IIPHBEACHBI B TAOIHIIE.
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Puc. 2. 3asucumocmov makcumaibHozo nepemeuienus ceﬁcxnous‘omzmopa, RPUMEHAEMO020 6 PA, om
eepmmcanbuoﬂ cunsl:
1- npu pacueme no nepeoﬁ sunomese, 2- npu pacueme no emopoﬁ cunomese

Crenyer OTMETHTh, YTO 3Ty 3aBUCUMOCTh MOXHO PacCMaTPHUBATh NPU MPEACIbHbBIX IEPEMEILCHUAX U

Harpyskax B npomexytke (0,2...0,8) Py =(0,2...0,8)3055 = (611...2444)xH.
cr

Taonuua
Pe3ynomamul pacuema ceiicmou3onamopa, npumennemozo ¢ PA, no 0eym cunomesam
PPy | P,xkH | PIP, | P,xkH
. P D,
00) | cosd | sind | Rom| ' | 2/m | (mx°)/180
xkH nepeas emopas MM

cunomesa cunomesa

0 |1,000| 0,000 | 0,19 | 3055 (0,637 | 0,000 (0,000 00 (0000 0,0 380
10 |1 0,985 | 0,174 | 0,19 | 3055 | 0,637 | 0,175 |0,002| 6,9 |0,047| 1447 | 374
20 | 0,940 0,342 | 0,19 | 3055 | 0,637 | 0,349 |0,018| 53,8 |0,133| 4055 | 357
30 | 0,866 | 0,500 | 0,19 [ 3055 | 0,637 | 0,524 0,058 | 176,2 | 0,240 | 733,6 | 329
40 | 0,766 | 0,643 | 0,19 | 3055 | 0,637 | 0,698 |0,131( 400,1 | 0,362 | 1105,6 | 291

425 (0,737 | 0,676 | 0,19 | 3055 [ 0,637 0,742 | 0,155 473,9 | 0,394 | 1203,2 | 280
50 | 0,643 | 0,766 | 0,19 [ 3055 | 0,637 | 0,873 | 0,242 | 739,5 | 0,492 | 1503,1 | 244
60 | 0,500 | 0,866 | 0,19 [ 3055 | 0,637 | 1,047 | 0,391 | 1194,5 | 0,625 | 1910,3 [ 190
70 | 0,342 0,940 | 0,19 | 3055 | 0,637 | 1,222 | 0,573 | 1751,0 | 0,757 | 2312,8 | 130
80 |0,174( 0,985 | 0,19 | 3055 | 0,637 | 1,396 | 0,780 | 2382,9 | 0,883 | 2698,1 | 66
90 | 0,000 ( 1,000 | 0,19 | 3055 | 0,637 | 1,571 | 1,000 | 3054,9 | 1,000 | 3055,0 O

AHaJ'II/BI/Ip}Iﬂ MOJYYCHHBIC IOaHHBIC, CJICAYCT OTMCTUTH, YTO CCﬁCMOHBOHHTOpBI ACMOHCTPUPYIOT

Pa3HBIC NTOKA3aTCJIM BEJINYUH I'OPU30OHTAJIBHOI'O NMEPEMCIICHUA TIPU pa3J'IPI‘IHOI71 BepTHKaﬂLHOfI Harpyske, To
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€CTb, OIpaHHMYMBas T'OPU3OHTAJIBPHOE IE€PEMEIEHHUE, CIEeIyeT YKa3blBaTh COOTBETCTBYIOLIYIO BEIUYMHY
BEPTUKAIBHOU HArpy3KH.

BoiBoabI

Hns npumensembix B PA ceiicMOM30JIATOPOB MOJIy4eHa 3aBHCHMOCTh MAaKCHMAalbHO JOIYCKaeMbIX
TOPU30HTAJIBHBIX MEpPEeMEIIeHUH OT ACHCTBHUS BEPTHUKAIBHON CHIIBI MPHU CEUCMUYECKUX BO3JEHCTBUSIX.
Iloka3zana HEOOXOOMMOCTH COBMECTHOTO Yy4yeTa MAaKCHUMAalIbHOTO TOPHU30HTAIBHOIO IEPEeMELICHUs U
BEPTHKAIBHOI cuibl, aericTByromei Ha CPMOC, aiist olleHKH ee HeCyIel CITIOCOOHOCTH MPU CEHCMUYIECKOM
BO3JICUCTBHM.

CornacHo pe3yipTaTaM pacueTa MO BTOPOM THUIOTE3€, CEHMCMOM3OJISATOp, MpuMeHseMmblil B PA, npu
BEIMYMHE BepTUKaIbHOW Harpy3ku 1500 xH, mepememniasicb B TOpPU30HTAJIBLHOM HampaBieHUM 244 wm,
0CTaeTcsl YCTOHYMBBIM, OZHAKO NpH nepemenieHny 280 mu BelWdMHA BEPTUKAIBHON HAarpy3Ku He NOJDKHA
npesbimrath 1200 xH.

[Ipennaraemple 3aBHCHMOCTH U TIOJTy4YeHHbIe yncienHbie qanabie st CPMOC no3BomsT 6osee TOUHO
OLIEHUTh BO3MOXKHBIE MAaKCHUMAaJbHO JOIYCTHMBbIE TI'OPHU30HTAJIBHBIE IEPEMELICHUS] CEHMCMOM30JIATOpPa OT

BEPTUKAJIBHO NEUCTBYIOIINUX CYMMAapHBIX CTATUYECKUX U CEHCMUYECKUX HArpy30K.

2Z-0bU YbruNdNn, UGSUUUUEBUNPUPUECE UCNINPLUUNRE3UL 40U
2NrpanNuuuuiy Y6dNCUUSPULEE U2TE3NRE3UTL FLUZUSNRUL

Shqpui LEnthgh twnujui’, vwswunmp Sphgnphh Ywppuiyub

Swpunupuybnnyeyul b phliwpupnipyul Zuywunwip wqquyhl hudwyuwpwl, p.Gpluul, 22
‘tigran.dadayan@yahoo.com

Yhunwupgyws FZZ-md Gbphuynidu  Ghpwnyng  ukjudwdEgniupsh hnphgniwlui
wnknunhnfunipyul thnihnfunipiniip gpu Jpw wgnnn dhqkph wnwppkp gnigulgnidbbph nkupnid:
Ubjudwdbniupsp  vwhdwbughls  Jpdwlhla  hwughlbini  JEpupbpuy  goynienili nibbgnn
Juplhwsikph dpongny uwnwgyly ki nignudhg phobyjwéph dbénipmibbbph Jupnjudnipiniin
wnunfkjpugnyl wknunhnfunipinibbbphg  ZZ-nid fhpunyng  ubjudwdEgniupsibph  hudup:
Ubjudwdblniupsh hwdwp vnnugyws ki Juynibnipiniap pinipugnng qupudbunpbph hunwl
Ubbmpiniablp:  Unwowplywé ki wnpwibjugnyl  pniyjuwnplih  wnbkpunhnfunipinibabph
Jwprjwdnipint ikpp ninnudhg nidh wqnkgnipintihg:

Upwigpuyhls puwnkp. uljudwdbiniups, Guynibnienil, wkpunhnfunipinil, phunplulub
plniyjuidp, ninnudhq nid, nkpnplughw

THE EVALUATION OF INFLUENCE OF HORIZONTAL DEFORMATIONS OF SEISMIC

ISOLATORS ON THEIR LOAD-BEARING CAPACITY APPLIED IN RA
Tigran Dadayan’, Khachatur Vardanyan

National University of Architecture and Construction of Armenia, Yerevan, RA
tigran.dadayan@yahoo.com

The change of the horizontal displacement of a seismic isolator applied in RA in case of various
combinations of forces acting on it are considered. By applying existing hypotheses about reaching the yield
state of the isolator, the dependences of the vertical load values upon the maximum displacements for
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seismic isolators used in RA were obtained. Exact values of the parameters characterizing the stability of a
seismic isolator are obtained. Dependences of the maximum permissible displacements upon the action of
the vertical force are implied.

Keywords: seismic isolator, stability, displacement, critical load, vertical force, deformation
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