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Annomayun. Maxanada y3akka co3yiean maacupu oap mumupee bdacanoamyyuy Kapaiam.
OHnop dicail  OHOYPYWYHYH — UHMEHCUDUKAYUACHL  HCAHA — HCADOYYIapoblH  KyOammyyayeyH
HCO20PYNAMYY UMAPAMMAPObIH HCAHA KYPYAMANAPOLIH YYHOAMEHMMeEPUHe Hcana 6auKa Kypyayiu
KOHCMPYKYUSIAPLIHA OEPUNY YUY OUHAMUKATBIK JHCYKMOPOYH OLYMMYy OCYULYHO ANbln Kelem, aiap
cesauy JHcaboyyiapea, mexHoa0UAIbIK NPOYeCccmepae HCana meliooyy nepcoHanea maacup smemn.
Vwyea oaiinaneiumyy KOHCMPYKYUAIAPObIH IMEeMEHMMeEPU HCAHA KYPYIMAIap , npubopiopoyH
HCAHA HCAOOYYIAPOLIH INEMEHMMEPUH MUMUPOOOOH HCAHA COKKYHYH MAACUPUHEH KOP2OO Macenecu
axmyanoyy oonyn karam. Maxanaoa Jlazpanoic meyoemecuHuH sHcapoamvl MeHeH 0yl CUCEMAHbIH
KbLUIMbBLIbIHBIH  OUGhhepenyuanobik meyoemeneputun anblHblubl He2uzoeneeH. Maumutl uwmun
MAKcamuvl WOK MEPMENyyCYHYH MeOPUsColH UUMen 4bleyy, anapobl ap KaHOAu OUHAMUKALbIK
HCYKMOMOOPOYH ACMBIHOA KOHCMPYKYUANAPObL HCAHA KYPYIMALAPObl MUMUPOOOOH KOP20O
maceneneput 4euyyoe Koli0oHyy O0yn canaiam.

O30Kmyy co300p: WoK mepMenyycy, ColpmKbl apaxkem ¢asacsvl, KOHMAKM Pazacwvl, MACCAIbIK
KbLUMBLI, KAPUWBLIBIK KYYmep, SPKUH mepmenyyiop.
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Annomayua. B cmamve paccmampusaemcs yoapHulii eacumens KoaeOaHuil ¢ OaumenbHulMu
coyoapenusmu. Hnmencugurkayus npomMblUUIeHHO20 NPOU3BOOCMEA U YEeludeHue MOuHoCcmel
000pY008aHUSL NPUBOOSM K 3HAYUMETLHOMY POCMY OUHAMUYECKUX HASPY30K, nepeoasaemvlx Ha
@yHOamenmol u Opyeue cmpoumenbHvle KOHCMPYKYUU 30aHUU U COOPYHCEHULL, B030eUCMBYIOUUX HA
yyecmeumenvHoe 000pyo0osaHue, MexXHOI0cUYeCKUe npoyeccvl U 00CaydHcusarowull nepcorair. B
MO CBA3U AKMYANbHOU CIAHOBUMCS NPOOIEMA 3AUUMbL INEMEHMO8 KOHCIPYKYULL U COOPYHCEHU,
npubopos u 06opyo00sanus om SUOPAYUOHHBIX U YOApPHLIX 6030elicmsull. B cmamve 0b60ocHosano
noayyeHue ou@pepenyuaibHbIX YpasHeHull O8UNCeHUss OAHHOU CUCTeMbl ¢ NOMOWbIO YPABHEHUS
Jlazpansica. Lenvio nayunou pabomsi A6715€mcs pazsumue meopu yOapHulx eacumeneti Koieoanui,
UX NPUTOdCEHUE K peuleHUuro 3a0ad 8uOpo3aujumsl KOHCMPYKYULL U COOPYICEHUL NPU PA3TUYHBIX
OUHAMUYECKUX HASPY3KAX.

Knroueevie cnoea: yoapuuiti eacumenv Koaebauuil, ¢hpasza eHmewineco 6030eucmeus, (asa
KOHMAKmMa, 08UNCEHUSL MACC, CUL CONPOMUBTEHUS, C60O00HbIE KONeOAHUs.
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Abstract. The article considers an impact vibration damper with long impacts. The
intensification of industrial production and an increase in equipment capacity lead to a significant
increase in dynamic loads transferred to foundations and other building structures of buildings and
structures that affect sensitive equipment, technological processes and maintenance personnel. In
this regard, the problem of protecting elements of structures and structures, instruments and
equipment from vibration and shock effects becomes relevant. The article substantiates the derivation
of differential equations of motion of this system using the Lagrange equation. The purpose of the
scientific work is the development of the theory of shock vibration dampers, their application to
solving problems of vibration protection of structures and structures under various dynamic loads.

Keywords: shock vibration damper, phase of external action, phase of contact, mass movement,
resistance forces, free vibrations.

Pa3paboTka cpelcTB u ciocOO0OB YMEHBIIICHUS YPOBHS KOJICOaHUH SBIISICTCS OJHOM U3
BOXHCHUINTMX HAYYHO-TEXHHMUYCCKUX TPOOJIEM B pa3IMYHBIX O00JacTAX TEXHUKUA -
CYIOCTPOCHHH, aBUACTPOCHUH, TPAHCTIOPTHOM MallITHHOCTPOCHHUHU, CTPOUTEIIBCTBE H IPYTHUX.
JUis cHWXKEHHsS YPOBHsSI KoJeOaHWN TPUMEHSIOTCS pa3IMYHBIE CPEACTBA U CIOCOOBI:
MACCUBHAS U AKTUBHAsI BAOPOH30IIALINS, OaTaHCUPOBKA M YPABHOBEITUBAHNE BO3ZMYIIIAOIITIX
HAarpy30K MEXaHU3MOB,  OSKpaHHPOBAHHE YIPYTUX BOJIH, PACHPOCTPAHSIOMIMXCA OT
WMCTOYHUKA BUOpAllMM, W3MEHEHHUE COOTHOIIEHUS MEXKIy YacTOTaMH BO3MYIICHHS U
COOCTBEHHBIMH 4YacTOTAMU KOHCTPYKIIMM C I€IbI0 OTCTPOMKHA OT PE3OHAHCOB,
nemMnupyrolre MOKPhITHS, pa3TUYHbIe TeMIipepnl, pa3HOOOpa3HbIe TACUTEIN KOJIEeOaHHIA,
KOHCTPYKIIMOHHOE JIeMIT(pUPOBAHUE, )KECTKHE U YIIPYTHE OTPAHUIHUTEIIN X012 H JIPYTHE.

Croco6 ompeneneHuss TEPHOAMYECKUX KOJNEOAHWH MHOTOMACCOBBIX CHCTEM,
COTIPOBOKIAIONIUXCST COYTAPCHUSIMH HEKOTOPBIX MacC, IO3BOJISICT OICHUTH BIIUSHUE
JTUCCUTIATHBHBIX CHJI B OTJEIBHBIX 3BCHBSAX CHUCTEMBI, YTO MMEET BAXKHOEC MPAKTHYECCKOE
3HAUEHUE I PCIICHUS 3a/Jad TCOPUHU YJIApPHOTO BHOpOTAIICHHS, TEOPUH BHOPOYIAApHBIX
CUCTEM W JIMHAMHKH COOPY)KCHHMH. BaXHbIM acleKTOM TPOCKTUPOBAHMS TacUTEIICH
KojieOaHUI SABJISETCS 3ajjaya ONTUMHU3AIMN TTapaMEeTPOB M OICHKA UX 3P PEKTUBHOCTH TPU
Pa3IUYHBIX JTUHAMUYCCKUX BO3ACHCTBUAX. [loyueHHBIC B pabOTE YHCICHHBIC PE3YJIBTATHI
MO3BOJISIIOT pelIaTh psA] 3a1ad moadopa MmapamMeTpoB YIApHBIX TacuUTeNed KojeOaHui C
BSI3KUM WJIM YACTOTHO HE3aBUCUMBIM TPECHHUEM IPU HECTAOMIIBHOW YaCTOTE TAPMOHHYCCKHIX
Y UMITYJIbCUBHBIX BO3JICHCTBUI. BoJbIlioe BHUMaHKE YACISACTCS MOBEICHUIO aMILTUTY IHO-
YAaCTOTHBIX M UMITYJIbCHO-YaCTOTHBIX XapaKTEPUCTUK CUCTEMBI, IO BUIY KOTOPHIX MOXKET
OBITh TaHO 3aKIIFOYCHHUE O BOSMOKHOCTH HUCIOJIb30BAaHUS METO/A YIaPHOTO BUOpOTAIIICHUSI.

PaCCManI/IBaeTCH y,HaprIﬁ TaCHTEIb KOJICOaHUM C JJIATCIIBHBIMU COYAAPCHUAMMU.
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Pucynoxk 1 — PacueTHble cXemMbl JTaHHOM 3a1a4u
P(t) = P,sin(6t + ¢)
[Ipennaraercsi, 4To B IpeAeiax KaKJI0ro mepuoja U3MEHEHHS Harpy3Ku JBH)KEHHUE Macc
COTIPOBOXIACTCS OJHHUM JJIMTEIBHBIM COyJIapeHueM. € — (paza BHEIIHEro BO3JACHCTBUS,
COOTBETCTBYIOIIAsl HAYaTy COBMECTHOTO JBMYKECHUSI MAacC 3allIUIINAaeMOT0 0ObEKTa U TaCUTEIIS
npu t = 0. YpaBHEHUs ABIKCHHS B TIpejieniax (a3bl OTCYTCTBUS KOHTAKTA:

{mljc'l + Ci%, + Kyxy = —Py sin(0t + ¢€) )
myX, + C,x, + Kyx, =0
O603HauNM:
K,/m; = w?, K,/m, =w3; C;/my;=2hy; C,/m, =2hy;
Ko/Ky = Bo; Co/CL=ag; wy/wy =S5 my/my = p. (2)

Torna cucrema (1) npuHumaeT BUA:

P,
%y + 2hy %y + wix, = ——~sin(Ot + €)

m, (3)

X.'Z + th.X'Z + (J)%xz == 0

COCTaBI/IM ypaBHeHI/ISI ABUXCHHUA CHUCTEMBI B l'[pejleJ'IaX (1)33[)1 KOHTaKTa, CHaydaja HpI/I
OTCYTCTBI/II/I CHJI COHPOTI/IBHGHI/IH. By}leM HNCXOOUT U3 ypaBHeHI/IH .Hal“paH)Ka:

d 8T\ oT oIl |

E(ax) “ox Ty, - % =12 )

Kunernueckas OHCPIrus CUCTCMBI:

()



HOTGHLII/IaJ'ILHaH SHECPIrust CUCTCMBbI:

1 1 1
II = Elelz + EKZxZZ + EKo(xZ — X1 — D)Z (6)
d (0T . d (0T . aT .
ailog) =i g5 =mets gm0 =12
all all
a_x1=K1X1_KO(x2_x1_D); a_J(fzzK2x2+K0(x2_x1_D)'

my¥; + Kyx; + Ko(x; — x,) = P(t) — K,D
{ myX, + K,x, + Ky(x, — x;) = K,D
C y4eToM CHUII COIPOTHBIICHUS:
my¥; + Cyxy + Co(Xy — x3) + Kyxq + Ko(xq — x3) = —Py sin(0t + €) — K,D
{ myX, + Cx, + Co(Xy — X1) + Kyxy + Ko(xy — x1) = KoD

C yderom 0003HaUCHU (2) MOITYIHM:

(7)

5&1 + Zhlxl + Zhlao(xl - xZ) + w%xl + ﬁow%(xl - xZ) == _%Sln(et + 8) - ﬁow%D

iy : o (8)
Xy + 2hykou + 2hy a0 (%, — %1) + pwix, + Bows (x, — x1) = BowiD

PaccMoTpuM cBOOOIHBIE KONIEOAHHS CHCTEMBI B IIpeienax (a3bl KOHTAKTa:
Xy + 2hy % + 2Ry a0 (% — X3) + wixg + Bowi (x; — x;) = —BowiD
{.W'C'z + 2R304 + 2hy oo (X, — X1) + pwix, + Bowi (X, — x1) = BowiD ®)
YacTHoe pelieHne cucTeMbl ypaBHeHU (9) pa3biCKUBaeM B BU/IE:
x; = Ae*t; x, = KAe’t (10)

[Toacrasnss (10) B (9), monydaem JiBa ypaBHEHHS] OTHOCUTENbHO Tapametpa K:

(A% + 2R A + 2h aph + w3 + Byw?) — (Rhyagd + Byw?)K =0
{—(Zhlao/l + Bow?) + (UA? + 2uhyA + 2h agh + pws + Bow?)K =0 an
Orcropa:
224+ 2h A1 + o) + wi(1 + By) 2hiagd + Bowi
N 2hyao ] + Bow? = LA T 2(uhy + hyag)h + pel + ga? P
U3 (12) ceqyet ypaBHEHHE OTHOCUTEIHHO A:
[2% + 20, A(1 + ao) + wi(1 + B)1[uA? + 2(uhy + hyag) A + pwi + Bowi] —
—(2hyapd + Byw?)? =
0 (13)
[Tepeiinem k 6e3pazMepHBIM MTapamMeTpam:
V=£2&=%i&=%2%=5 (14)

Toraa monyyum

uy* +2[u By (1 + ag) + (Bop + Brag)ly® + [u(1 + Bo) + (uS? + By) + 4B, (1 + )
(Bott + Brag) — 4BZadly® + [2(1 + Bo) (Bt + Braxy) + 2B, (1 + o) (By + uS?) —



—4B1 Boatoly + [(1 + Bo) (uS? + Bo) — B5]
=0 (15)
N3 pemienust ypaBHeHus (16) HaxoUM KOpHHU:
Y12 =01 £ip1; Vza =01
ip2; (16)
N3 (12) HaxoauM KOMILIEKCHO-COTPS>)KEHHbIC BETMYUHBI:
_ 242 1+ay)+ 1+
R, =n, +ix, = 14% By ( o) +( Bo) (17)
2B1a0Yy + Bo
K, = ny + x5 (18)
YacTHoe perieHrne HeoJHOPOAHOTO ypaBHEHUS (9):
x1(t) = Dy; x3(t) = D, (19)
[Toncrapmnss (19) B (9), Haxonum:
{‘U%D1 + BowiDy — PowiD, = —fowiD
Hw3D, + BowiD; — BowiDy = BowiD

o __ BIDHBID—pS?BD _ —pSPBD
Y Bo+ BE + uS? + uS?By— BE uS2(L+Bo) + By’
_BeD(+ By — o) BoD _
2 uS?(A+ B + By wuSE(L+Bo) +Bo’
T. O.
xi() = —MSBL iy PP 20)

uS2(1+ Bo) + Bo’ uS2(1 + Bo) + Bo

B cratbe 060cHOBaHO nonydeHue TudPpepeHnaabHbIX YPaBHEHUH IBHKEHUS TaHHON
CUCTEMBI C TOMOIIbIO ypaBHeHus Jlarpanxka. PacMMoTpeHbl cBOOOIHbIE KOIeOaHUsI CUCTEMBI
B mpenenax @a3bl KOHTaKTa. PaccMoTpeHHBIN yaapHbIl racutelb KoyieOaHUM C
JUTUTEIbHBIMUA COYJAPEHUSIMU UMEET XOPOLINE MePCIEKTUBBI IPUMEHEHUS B CTPOUTENBCTBE,
OHO BCE XK€ HYXKIaeTcsi B JaJbHEUIIUX HCCIEJOBAHUIX U HMEET MHOTO CIIOXKHBIX

MPAKTUICCKUX BOIIPOCOB, KOTOPEIC H€06XOHI/IMO OLICHUTL U PCIINTD.
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