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HaBenena HOBa KOHCTPYKIis OyIiBii, B fAKiil 3aMiCTh TPaaWIifHOTO MasTHHKOBOTO aeMIiidhepa y
BHTJIA/II METalleBOI KyJli BUKOpHCTaHa YacTWHa OymiBI, MiABimIEHa MK JBOMAa OCHOBHHMH OJIOKaMHU
Oyniemi. BukopuctanHs B sIKOCTI MAITHUKOBOTO JieMIihepa 3aMicTh METaNIeBOI KYJIi MiABIIIEHOI YaCTHHH
OymiBii 3 0THOTO OOKY 301IbIITY€e KOPHCHUH 00'€M, a 3 IHIIIOTO OOKY TO3BOJISIE BAPIFOBATH Macoro Aemridepa
B HEOOXiTHUX PO3PAXyHKOM MEXax.

Existing systems for seismic insulation of buildings, as a rule, are performed using damping devices,
without connections, etc. At the same time, dynamic efforts are still quite high. A very effective way to
dynamically protect a multi-stored building is to hang a massive pendulum with a spring system. With the
significant effectiveness of this method of reducing the dynamic forces and vibrations of a building, this
method has several disadvantages. Instead of a dynamic damper in the form of a metal ball, which
significantly reduces the useful volume of the building and increases the cost, the article proposed to hang
up part of the building, which is itself a pendulum damper and at the same time increases the useful area.
The design of the suspended part of the building can significantly reduce the amplitude of vibrations and
dynamic forces on the supporting structures of the building when an earthquake is applied.

In such a constructive scheme an additional part consisting of one or several floors is suspended
between the main parts of the building. The mass of the suspended part of the building is calculated. The
effectiveness of the proposed method is shown on the example of a frame building consisting of two ten-
story parts at the edges and apart suspended between them consisting of five floors in an earthquake of 9
points.

It is shown that the maximum horizontal deviation from the vertical in a building without additional
suspended floors is twice as large as in a building with five suspended floors. The use of the hanging part
of the building can reduce the dynamic efforts by half. The increase in the mass of the suspended part of
the building leads to a decrease in the amplitude of the horizontal oscillations of the main parts. In
buildings where a metal ball is used as a pendulum, an increase in the mass of the pendulum leads to an
increase in the cost of the building and a decrease in the useful area. In the proposed building, the mass of
the pendulum damper can be taken anywhere, which is selected by dynamic calculation. In addition, this
pendulum is part of the building and, conversely, increases its usable area.

KitrouoBi cj10Ba: MasgsTHUKOBH# Aemrdep, miasicHa Oy 1iBis, 3eMISTPYyC, IMHAMIYHI 3yCHILI, aMILTITY 14,
4acTOoTa KOJHBAHb.

Keywords: pendulum damper, suspended building, earthquake, dynamic forces, amplitude, oscillation
frequency.

AHaJi3 1ocaixKeHb i NOCTAHOBKA 3a1a4i

BimoMo, mo OCHOBHOIO 1 HalOUIBII HEOE3MEYHOI0 CKIAJOBOI0 3EMJICTPYCY € TOpPH30HTajJIbHA
CKJIaZioBa. Y AWHAMIYHHX pO3paxyHKaX TPaIULIMHUX OymiBENb, SKi MPAIIOIOTh 32 KOHCOJBLHOI CXEMOIO,
MacH TOBEPXIB 30CEPEIKYIOThCS B piBHI mepekputtis [1, 4, 10]. I'opu3oHTaNBHI CEHCMIYHI CHIIN BiX



KOXKHOTO TTOBEPXY, SIK BiZJOMO, PiBHI MHOKEHHIO MacH Ha MPHCKOPEHHs KOMUBaHHS IpyHTY. [Ipn npomy,
YUM OiNbla KiJIbKICTh HMOBEPXiB Ma€ OYIiBJIs, THM OUIbII 3ycHiuis OyayTh BUHHUKATH B PiBHI 00pi3y
¢dhyHIamenTy.

IcHyroui cuctemu cedicmiuHOi i30msmii OyaiBenb, SK NpaBHIO, BHKOHYIOTHCA 13 3aCTOCYBaHHSIM
IeMIQyIuX IPUCTPOIB, B’A3iB, IO BUMUKAIOTHCA Ta iH. [3, 5, 6, 7, 9, 11]. Ilpn upomy, ogHaK, THHAMIYHI
3yCHIUIS BCE OJJHO 3QJIMIIAIOTHCS TOCHTH BUCOKMMHU. KpiMm TOro, MexaHi3MH TakoOro CEHCMIYHOTO 3aXHCTY
00XOHSATHCS JOCUTD A0POTO.

HocuTs eheKTHBHUM CITOCOOOM JUHAMITHOTO 3aXHUCTy 0araTormnoBepXoBOTo OYAMHKY € MiABIIITyBaHHS
MacHBHOTO MasTHUKA 3 CUCTEMOIO TIPYKUH (SIK, Harpukiaz, B Oyaisii Taipei 101 B Kurai). [pu icToTHii
e(eKTHBHOCTI TAKOTO CIIOCO0Y 3MEHIIIEHHS TUHAMIYHHUX 3YCHJIb 1 KOJIMBaHb OyAiBi, Lei crocib Mae psij
HenodmikiB. [lo-mepie, BeMWKuid MPOCTip BCepeArHI OyiBIl 3aIHMIIAETHCI HE BUKOPHCTAaHUM, TOMY IO
MacCHBHUI MasSTHUK BUCUTH BCEPEIUHI OYAIBIII MPOTATOM JEKiTBKOX Horo moBepxis. [lo-apyre, BapTicTh
MaTepialy MaCUBHOTO MasiTHUKA 301IbIIIy€ 3araibHy BapTicTh OyaiBii. [lo-Tpete, 1uis 6inbin epekTHBHOTO
raciHHA KOJMBaHb OyAiBIIi HEOOXITHO 301IBIIICHHS MacH MasTHUKA, a OT)Ke, BAPTOCTI, 1 B 3B'A3KY 3 IIHM
HOro Macy TOBOJIUTHCS 0OMEKYBATH.

[IponionyBanucsi KOHCTPYKTHBHI CXEMH, B SKUX BHUKOPUCTOBYBajJHCs mMiABicHi pyHmamentn [1, 9].
OpnHak, Taki KOHCTPYKTHBHI CXeMH TaK 1 He 3HAWIUIM CBOTO MPAaKTUYHOTO 3acTOCyBaHHS. [IprumnHm
BIIMOBH BiJl TaKMX pIIIeHb TAK 1 3QJMIIIIMCA HE 3'scOBaHMMHU. JlocimipkeHHs aBTOpiB i€l craTTi [1]
MOKa3aly, Mo TUHAMIYHI 3yCHIUISI B OYAiBIISX 3 MiABICHUMHU (DyHJAMEHTaMH BUSBUIINCS HABITH O1IBIINMH,
HiX B Oy/iBIISIX, SIKi IPALIOIOTH 32 KOHCOJIBHOI CXEMOIO.

JocnimkeHHs aBTOPiB i€l cTaTTi [2, 8] MOKa3yroTh, IO MiABIITyBaHHS caMoi OYIiBIi Ha HECYTii pami
€ e(eKTUBHUM METOJJOM OOPOTHOU 3 AMHAMIYHUMH 3YCHIUISIMH, 1110 BHHUKAIOTH ITiJT 4ac 3eMieTpycy abo
BITPOBOI'O HaBaHTaKEHHA. [Ipy 1bOMY ceWcMiuHI 3ycHIIIsl iCTOTHO 3HIDKYIOThCS. IlepeBarm Ttakoi
KOHCTPYKIIii oueBuaHI. OfHAK, 1 Taka KOHCTPYKIliS Ma€ psii CBOiX HenonikiB. Cepel IUX HEIOIIKIB €
CKJIaJHICTh apXiTeKTypHO-IM3aHEPChKUX pIMIEHh HECy4oi pamH, Ha SKy MiJBilIeHa OyaiBis;
HEOOXIJHICTh 3aXUCTY BiJl KOJMBAHb MPH [Iil BITPOBOTO HABAaHTA)KEHHS; TOCUTH BEIMKA Maca KOHCTPYKIIil
HEeCcy4oi paMu, TOMY IO Bary MiABICHOI OyiBIli CIpUAMAIOTH SIK KOJIOHH (BEPTHKAJIbHI €IEMEHTH) caMoi
OymiByi, Tak 1 KOJIOHW Hecydoi pamu. [HIIMMU clTOBaMu, BEPTHKAIbHI HABAHTAXKEHHS CIIPUHMAIOTHCS J[BA
pasu, 0 MPaKTHYHO BEJIE IO ABOKPATHOTO 30UIbIIIEHHS MacH BEPTHKATLHIX HECYYHX €JIEMEHTIB.

VY 3B'13Ky 3 BUIIIECKa3aHUM METOI0 L€l CTATTi € BIOCKOHAJICHHS KOHCTPYKTHBHOI CXEMH IIi/IBiCHOT
OyaiBIIi, III0 BPaXOBY€E HEJOIKU ICHYIOUHX CXEM.

BukianeHHss 0CHOBHOTO MaTepiaiay

Sk Oys10 cKka3aHO BUILIE, MiABIIIYBAHHS MACUBHOTO MasTHUKA BCEPEIUHI OyIiBIIi Ma€ Psifi HEJIOJIKIB,
3amicTh MasITHUKA, SKHH TI0 CyTi € 6a1acToM, IPOIIOHYETHCSI BUKOPUCTaHHS MasTHUKA y BUTJISIII TIEBHOT
YaCTHHU MPUMIIIEHb B KUTbKa IOBEPXiB, SKI IMiBIIIIEHI ycepeanHI OCHOBHOI OyaiBmi (puc. 1).

/i

Puc. 1. Cxema OyaiBimi, BcepeauHi sIKoi ITiJBIIIICHA YaCTHHA JI0JJATKOBUX IIOBEPXiB

VY Takiii KOHCTPYKTHBHI CXeMi MK OCHOBHMMH YacTHHaMHu OyxiBmi 1 i 2 miABimeHa I0JaTKOBa
gacTHHA 3, IO CKIAA€Thes 3 OOHOTO abo JEKiThbKOX ToBepxXiB. YacTmHa OymiBii 3 MiABINIYETHCS 3a
JIOTIOMOT'OI0 TpocCiB 4 Ha (epMi 5, sika MAPHIPHO KPIMUTHCS 0 TpeOSHEBUX BY3JIiB Kapkaca OCHOBHOL



gactunu Oynisii 1 1 2. Kpok ¢epM B H0310BKHHOMY HAIPAMKY (HEPHIEHAUKYIISIPHO IUIOMIKHI MaTtoHKa 1)
mMiI0UpaeThes PO3paxyHKOM. Maca MmiaBimeHol YacTHHH 3 MimOupaeThes po3paxyHKoMm. ToOTo B
3QJIC)KHOCTI Bl HEOOX1THOI ONITUMAIEHOT MacH MasTHUKAa BH3HAYAETHCSI HEOOXiTHA KITBKICTh TTOBEPXIB
MiABIIIEHOT YacTHHU OyAiBIi. BigcTanp Mixk KOJIOHAMH B MiJBIIIEHIH YaCTUHN MO>Ke OYTH piBHOIO BiCTaHi
MDK KOJIOHAaMH B KpaiHiX (OCHOBHHX) 4acTWHaX OymiBili, MOke OyTH OipmIor0 abo MeHmow. BincTanp
MDK TiIBIIIEHOI0 1 OCHOBHUMH YaCTHHAMH IiJOUPAETHCA 3 YMOBH MOXKIIMBOCTI KOJMBAHHS ITiABIIICHOT
YACTHHHU IIiJ1 4ac 3eMJICTPYCY.
JuHaMigHa po3paxyHKOBa CXe€Ma TaKoi KOHCTPYKIIT Ma€e BUTIISA, TOKa3aHUI Ha puc. 2.

Puc. 2. /lunamivHa po3paxyHKOBa cXeMa IPOIOHOBAHO1 Oy iR

l'opusoHTanbHI CEHCMiYHI CHIIM, IO JIIOTh Ha KOHCTPYKLIIO OY/iBIIi BU3HAYAIOTHCS HACTYITHHM
YHOM. 3yCHJUIS BiJl Mac B eJIeMEHTaX OCHOBHOI yacTuHHM (1103. 1 1 2 Ha puc. 1) BU3HAYAIOTHCS BiIOMUMHU
MeToJilaMu OyJiBeIbHOT MexaHiku, Hanpukiaz, 3a [10]. [ToTiM BU3HAYAE€THCSA TOPU30HTAIbHA JUHAMIUHA
CHWJIa B TOUIII MIIBICY MiIBICHOT YaCTHHU 3a METOAUKOIO [2, 8]. L1s cuita, sik BiZIOMO, 3aJ1€KUTh (ITPH THIIUX
pPIBHUX yMOBax KOJHMBAaHHS TPYHTY) BiI Macu IiJBIIIEHOI YacTWHH, JOBXKHHM HHUTKH IJBICY 1
TOPU30HTAIBHOI )KOPCTKOCTI paMH, Ha SIKid TTi/IBillIeHa YaCTHHA OYIiBIIi.

Jiist oJermeHHs KOHCTPYKIIIT 3aMiCTh cXeMH MiABimryBaHHsS Ha (epmi (103. 5 Ha puc. 1) MOXHA
MiBICUTH YacTUHY OY[iBJIi Ha Tpocax, SK MOKa3aHo Ha puc. 3. Ilpy mpomy 3amicTh TOCHTH MAacHBHOI
(dbepmu 1o3. 5 Ha puc. 1 OymyTh BUKOPHCTaHI TPOCH 103. 4 Ha puc. 3 1 posipka no3. 5 Ha puc. 3. MoxHa
TaKOX 3aCTOCYBAaTH CXEMY 6e§ pO3MipKH 1103. 5 Ha puc. 3.

]

Nl
- -
Puc. 3. Cxema migBinryBanHs OyIiBii Ha MOXWINX TPOCAX

B Ttakomy Bumagky po3mip BiA MOXWIOTO PO3MILICHHS HHUTOK (TpOCiB) mo3. 4 moBHHEH OyTH
CIIPUHHATHI CaMUMH OCHOBHUMH dacThHaMu OymiBmi mo3 1 i 2. Cmix 3a3HauuTH, MO0 Bi CXEMH
MiIBINTYBAHHS TiABICHOI YacTWHM OYIiBII 3aJIe)KaTh MWHAMIUHI 3yCWnIsA. Tak, IpW MiABINITYBaHHI 3a



CXEMOI0 PUC. 3 IPU TOPU30HTATLHOMY KOJIMBaHHI OCHOBY BUHUKAIOTh BEPTUKAIBHI CKIAI0BI TUHAMIYHUX
3YCHJIb, SIKI CKJIAZIAIOTHCS 13 3yCHIIIIMU BiJl BIACHOI Baru Oy/liBeJIb B CTUCHYTHX KOJIOHAaX YacTHH 112 1B
PO3TATHYTHX BEPTUKANBHUX €IIEMEHTAX MiJBIIICHOT YacTUHH 3. BUHMKHEHHS BEPTUKAIBHUX CKIIQJOBUX
3YCHWJIb TIPH TOPU30HTAIBPHOMY KOJIMBaHHI BUJHO 3 pHC. 4, Jie HaBelIeHa 1epopMoBaHa cxema.

;

L

Puc. 4. Cxema nehopMyBaHHS CUCTEMH NIPH TOPU3OHTATEHOMY KOJHMBAaHHI

[Tpu moOBOPOTi Ha KYT ( HUTKH MiIBICY CTpmXeHb | Ha puc. 4, mo iMiTye miaBimeny Oynisiro (abo
BEPXHI0O TOPU3OHTAIBHY paMy Imi€i OynmiBii), mpuitMae monoxxenHs 2. [lpum mpomy onmHa dYacTuHa
MiTHIMAETHCS TI0 BEPTHKAJi Ha BeMUYHUHY Ay1, a 1HIIIA YaCTHHA OMYCKa€eThCs Ha BenmuuHy Ay2=-Ayi. [Ipu
KOJIMBaHHI 3HAaKW BEPTUKAIBHHMX IIEPEMIIlIEHh MOCTIHHO 3MIHIOKOTHCI. BIiAMOBITHO 3MIHIOIOTHCS 1
HaTPSMKH BEPTHKAJIBHUX JUHAMIYHUX CHII.

EdexTrBHICTH 3aIpONOHOBAHOTO CIIOCO0Y MOKaKEMO Ha MpocToMy npukiafni. Hexall € ymoBHuU
KapKacHUH OyJTUHOK, 110 CKJIaJaeThCs 3 IBOX JCCATHIIOBEPXOBHUX YaCTHH IO Kpasx (1o3. 112 Ha puc. 1),
i miaBimenoi yacTuHu (1m03. 3 Ha puc. 1), oo cKIagaeThes 3 M'ATH noBepxiB. CiTKa KOJOH 6X6 M, BHCOTa
moBepxy 3 M. Hexaii Takosk cymapHe HaBaHTa)XCHHS BiJl BarW KOHCTPYKIIIH 1 KOPICHOTO HaBaHTaKEHHS Ha
nepexpuTTs cranoBuTh 10 kKH/M2. Tozti Maca 01HOTO TIOBEPXY (30CEPEKEHOT0 B IMHAMIYHIN cXeMi B piBHi
nepekputts) cknane 36 T. Komonw i pureni kapkaciB maroth mepepiz 400x400 mm. Hexaii ocHoBa
KOJIMBAETHCS 10 3aKOHY Xo=a-sin(p-t), ie @ — aMIUTITy/1a, a p— Kpyrosa 4acTOTa KOJIMBAHHSA IpyHTY. [Ipn
npomy a=0.036 M, p= 10 (mpubau3HOo BiAMOBizaE 3eMieTpycy B 9 6aiiB).

JuHamivHa po3paxyHKOBa CXeMa HaBeJIcHa BUILE Ha pUC. 2. 3MiHOIO JOBKUHHU HUTKH IiJBICY 1 MacH
MiBIIIIEHOT YacTWHU OY[iBJIi MOXKHA PETyNIOBATH YaCTOTH KOJHMBAaHP SK IMiJBINIEHOI YaCTHHHU, TaK i
OCHOBHUX (HeCy4uXx) yacTHH OyaiBii. KOHCTpYKIIis 3 MiJBICHOO OY/IiBIICIO TaKa, 1110 KOJIUBAHHS ITiIBICHOT
YaCTUHHM 1 HECYUYHX YaCTHH BiIOYBaIOThCS B IPOTHIICKHUX (hazax. TakuM YMHOM rOPU30HTAIIBHE 3yCHILIS
Bi/Jl KOJIMBAHHS Mi/IBICHOI YaCTUHM 3MEHILY€ aHAJIOT1uHI 3yCHIIIs B KpalHiX 4acTHHAX OyxiBii. 3ycuis i
nepeMilIeHHs MOXYTb OyTH BU3HA4EHi 3a JIOIOMOTOI0 TiporpaM Ty Ansys, Lira i T.m. [lyist cipomeHHs
MOJKHa po3paxyBaTu 0e3 3aCTOCYBaHHS MPOTPaM OKPEMO KOHCOJBHY CXEMY 3a BIJOMUMH METOJHMKAMHU
po3paxyHky (Hampukiaz, [9, 10]) i cxemy migBimeHoi OyaiBmi 3a METOAKMKOIO aBTopiB [2, §8]. OTpumarn
MaKCHMaJbHI TEPEeMIllleHHs] 1 BiJHATH TEPEeMIllleHHs KapKaca BiJl KOJMBAaHHA KpaWHIX 4YacTHH
nepeMillleHHsT BiJi KOJUBAHHS MiJBIIIEHOI YaCTUHHU. PO3paxyHOK 3 TakUM MiJX0J0M MOKAa3ye, 10 HpH
BUILCHABE/ICHUX JIAHUX AaMIUTITYId 1 YacTOTH KOJHMBaHHA TIPYHTY MaKCHMalbHE TOPH30HTaJIbHE
BiJXWJIEHHS Bi BepTuKai B OyaiBii 06€3 JOAATKOBUX MiIBILIEHNX MOBEPXiB CTAHOBUTH OJM3bKO 730 MM.
VY OymiBii K 3 M'sThbMa MiBIIICHUMH TIOBEPXaMH 1€ MAKCUMaJIbHE BiIXHJICHHS CTAaHOBUTH OM3bKO 380
MM. SIKIIO & po3paxyBard OYAIBIIO 3 CIMOMa JIOJIATKOBUMH TIiIBIICHUMH TIOBEPXaMH, TO MaKCUMaJbHE
BiIXWJIEHHS BepXy OyaiBii cknazne 315 M.

Ha Takomy ayke CHpoIIeHOMY MPHUKIJIAJAI MU TOKa3alid, 110 BHKOPUCTAHHS IiJBIIICHOI YaCTHHU
OymiBIi, O € MAsITHUKOBUM JIeMITEPOM JUISi OCHOBHOT YaCTHHHU, MOKE 3MEHIIIUTH aMILTITYly KOJIMBaHb
(a, oTke, i TMHAMIYHI 3yCHIUIS) B J1BA pa3u. 30UIBIICHHS MacH MasTHUKOBOTO JeMIi)epa MPU3BOAHTE 10
3MEHIICHHS aMIUNITYd TOPU30HTAJIbHUX KOJWBaHb OyAiBmi. Y OyIiBiIsSX, J¢ B SKOCTI MasTHHKA
BHUKOPUCTOBYIOTh METAIIEBY KYJIIO, 30UIbIICHHS MacH MasTHUKA MPH3BOJUTH JIO 301BIICHHS BapTOCTI
OymiBii Ta 3MEHIIEHHS KOPHCHOI IUIOmi. A B 3aIpOINOHOBAHOMY HNPUMIILIEHHI Macy MasTHHKOBOTO
nemriepa MOKHA MTpUAMATH Oyb-SIKOI0, SKa TiIOUPAEThCs AMHAMIYHIM po3paxyHKoM. Kpim Toro mei
MasTHUK € YaCTHHOIO OY/IiBJI 1, HABIAKH, 301IbIIY€E OO0 KOPUCHY ILIONILY.



BucHOBKH i mepcneKTHBH A0CTiAXKeHb

3aMicTh JUHAMIYHOTO Jemiidepa y BUIIIAAI METaJeBOl Ky, SIKUM TPaAULIIHO 3aCTOCOBYETHCS ISt
3MEHIIeHHS JUHAMIYHUX KOJIMBaHb 1 3yCHIIb, IKHH CYTTEBO 3MEHIITy€ KOPUCHUH 00'eM OymiBIIi 1 301IIBIITYE
BapTiCTh, 3aIIPONIOHOBAHO ITiIBITyBaTH YaCTHUHY OyIiBII, AKa € MasTHUKOBUM JeMIIpepoM i OJHOYACHO
30ibIIye KOpUCHY TuIONTy. KOHCTpYKIlis MiABIMICHOI YacTUHYW OY[iBII JO3BOJSE 3HAYHO 3MEHIIUTH
aMIUTITYy Ty KOJMBaHHS 1 TUHAMIYHI 3yCHJUIA HA HECYdi KOHCTPYKIIil OymiBIli IPY BILUIHBI 3eMIIETPYCY.

VY nepcnexTuBi nepeadavaeThCs po3poOKa KOHCTPYKIIN BY3ITiB MiABIIIIEHOT Oy/iBIIi.
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