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AHHOTALUMUA

BBepeHue. [N HEKOTOPBIX YMPYruxX CUCTEM C KOHEYHbIM YACIOM CTeneHen CBO6OoAbI Mace, Y KOTOPbIX HanpaBneHus ABU-
XEHWA Macc napannenbHbl, paspaboTaHbl METOAbI CO34aHNSA AOMNOMHUTENbHBIX CBA3EN, BBEAEHNE KaXKOO0W U3 KOTOPbIX Npu-
LienbHO YBENUYMBAET BEMUYMHY TOMNbKO OAHOW COBCTBEHHOW YacTOThl 4O 3aAaHHOIO 3HAYEHUS, He U3MEHSIET NPU 3TOM HU
OfHY M3 OCTanbHbIX COOCTBEHHbIX YaCTOT U HU OAHY M3 (POPM COBCTBEHHbIX kKonebaHuin. Ecnv Heobxoammo npuuensHo
YBENMUYNTL BEMNYMNHbBI HECKOMbKMNX COBCTBEHHbIX YaCTOT, TO 3TO TpebGoBaHNE MOXHO peann3oBaTb CO34aHNeM COOTBETCTBY-
lOLLIero KonmMyecTBa OTAENbHbIX NPULIENbHBIX CBSI3el. PacyeTHas cxema Kawaov 13 oTAerbHbIX NpULerbHbIX CBA3EN JOoKHa
BKJ1O4ATb CTOVIKW, YCTAHOBMEHHbIE B y3Mnax MPUIOXeHN Macc 1 HanpasreHHble MO TPAeKTOpUK UX ABUXeHns. B HekoTopbix
cryvasx otaenbHble NpuLerbHble CBA3M MOTYT aBTOHOMHO YCTaHaBMMBATBLCSA Ha UCXOAHOM cucteme. B GonblunHcTBe cry-
YaeB Ha OCHOBE OTAEerbHbIX MPULENbHbIX CBSI3el (hopMUPYeTCst pacyeTHas cxema eAuHON rpynnoBON NPULIENbHON CBA3M,
KoTOpas yBENMYMBAET BCE HAMEYEHHbIE YaCTOTbl A0 3afaHHbIX 3HAYEHWUN, He M3MEHSIS MPW 3TOM HY OZHY M3 OCTaslbHbIX
COBCTBEHHbIX 4aCTOT U HW OfHY 13 (POPM COBCTBEHHbIX KonebaHui.

MaTtepuanbl n meToabl. Vicnonb3oBanncb MeToAb! NPULIENBLHOTO PerynMpoBaHusi CeKkTpa YacToT COBCTBEHHbIX konebaHui
yNpyrux cUcCTem, OCHOBaHHblE Ha BBEAEHWUWN JOMOMHUTENBbHBLIX CBA3EN, NPeanoXeHHble 1 pa3suTble B pabotax J1.C. Nsixo-
BMYya. B BepmdmrKaumMOHHbIX LIEnax Takke NPUMEHSETCA MeTOA KOHEYHbIX SrIEMEHTOB M COOTBETCTBYIOLLEE peanuayloLlee
nporpaMmMmHoe obecneyeHue.

Pe3ynbraThl. MpeanoxeH cnocob hopMnpoBaHusi MaTpuLbl AONOMHUTENbHBIX )XECTKOCTEN, KOTOPOW COOTBETCTBYET rpyn-
nosasi npuvuenbHas ceasb. ChopmynmpoBaHbl TpeboBaHMSA K OTAEMbHBIM NPULIENbHLIM CBA35SIM, HA OCHOBE KOTOpPbIX dhop-
MUpyeTCcs rpynnoBas npuuenbHasi cBA3sb. [NpeanoxeH anroputm hopM1pOBaHKS rPYNMNOBbIX NMPULIENbHBIX CBA3EW C y4ETOM
copmynupoBaHHbIx TpeboBaHuii. PaccmaTpuBaeTca BepudmKaums anroputma popMmMpoBaHns rpynnoBbiX NpULEnbHbIX
CBAA3El C y4eTOM CPOPMYNUPOBaHHbIX TpeboBaHM Ha 6ase peLleHns TeCTOBbIX 3a4ay C UCMONb30BaHMEM NPOrPaMMHbIX
npogyktoB SCAD u JIVPA.

BbiBoabl. Pe3ynsrathl paboThl MOTyT NPUMEHSATLCS HAay4YHO-UCCEA0BaTENLCKUMUN U MPOEKTHBIMW OpraHn3aumnsaMm, a Takke
B 0bpa3oBaTernbHbIX OpraHn3aLusax BbicLlero obpa3oBaHusi Npyu NOAroTOBKE CMeLKypCoB AN CTPOUTENbHbBIX crneuuansHo-
cTen (HanpaBneHu NoaroToBKM).

KINMOYEBBIE CJIOBA: yactota cobCTBEHHbIX konebaHuin, dopma cobCTBEHHbIX KonebaHui, OTAenbHas npuuenbHas
CBSI3b, rPynnoBas npuuenbHas cBA3b, KOAMMULIMEHTbI AOMOMHUTENBHbIX XXECTKOCTEN, NPULIENbHOE peryrnmpoBaHne Crek-
TPa YacToT, CTPOUTENbHbIE KOHCTPYKLIMK, YNpyrie cuctemMbl

bnazodapHocmu. ABTopbl GnarogapsiT AJOKTopa TEXHUYECKUX HaykK, npodeccopa, akagemmka PAACH Bnagnmupa Unbuua
TpaByLua 3a o6cyxaeHe MaTepuana cTaTbyi, COBETbI U pEKOMEHAaLNN.
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ABSTRACT

Introduction. For some elastic systems with a finite number of degrees of freedom of masses, in which the directions of mass
movement are parallel, methods of creating additional connections were developed, the introduction of each of which purposefully
increases the value of only one natural frequency to a given value, while not changing any of the other natural frequencies and
not one of the natural modes (forms of natural oscillations). If it is necessary to increase the values of several natural frequencies
in a targeted manner, then this requirement can be implemented by creating an appropriate number of separate targeted con-
nections. The computational scheme of each of the individual targeted connections should include racks installed at the nodes
of mass application and directed along the trajectory of their movement. In some cases, individual targeted connections can be
independently installed on the original (initial) system. In most cases, on the basis of individual targeted connections, a computa-
tional scheme of a united group targeted connection is developed, which increases all the intended frequencies to the set values,
without changing any of the other natural frequencies and not one of the natural modes. Calculation examples are presented.
Materials and methods. Methods of targeted control of the frequency spectrum of natural oscillations of elastic systems
are used in the paper. These methods, which are based on the introduction of additional connections, were proposed and
developed in the works of L.S. Lyakhovich. For verification purposes, the finite element method (FEM) and the correspond-
ing software are also used.

Results. A method of forming a matrix of additional stiffness, which corresponds to a group targeted connection is pro-
posed. The requirements for those targeted connections, on the basis of which a group targeted connection is formed, are
formulated. An algorithm for the development of a group targeted connection is proposed with allowance for the formulated
requirements. Verification of the proposed algorithm for the development of a group targeted connection is done with the use
of SCAD and Lira Software products.

Conclusions. The results of the work can be used by research and design organizations, as well as in higher education
institutions in the preparation of special courses for construction specialties (areas of training).

KEYWORDS: natural frequency, natural mode, targeted connection, group targeted connection, additional stiffness coef-
ficients, targeted frequency spectrum control, building systems, elastic systems
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BBEJEHUE

B paborax [1-12] st yrpyrux cuCTeM ¢ KOHSYHBIM
YHCIIOM CTETIeHEeH CBOOOBI Macc, y KOTOPBIX HAIIpaBIIe-
HUS ABVDKSHUS MAacC MapajuieNIbHbl, ObUTH CHOPMYIHPO-
BaHbI TCOPETHYECKUE TTOAXO/BI M MPEITIOKEHBI METO/IBI
(hopMHpPOBaHUS paCYETHBIX CXEM TPHIEIBHBIX CBSI3CH.
Kaxnas U3 HUX yBelnMUYMBAET 3HAYEHUE TOIBKO OJHOU
YaCTOTHI COOCTBEHHBIX KOJIeOaHMH 10 3aaHHOM Belu-
YUHBI, HE U3MEHsS IPU ITOM HU OJHY U3 OCTaJbHBIX
COOCTBEHHBIX YacTOT ¥ HU OJJHY U3 ()OPM COOCTBEHHBIX
KoJIeOaHUH.

Ecnu ycnoBust skcrutyaraiuy TpedyoT 0cBOOOANTH
OITpeJieNICHHbI HHTEPBaJl CIIEKTPa YaCTOT COOCTBEHHBIX
KosieOaHMH OT HECKOJIBKUX U3 HUX, TO 3TO TpeOOBaHHE MO-
KeT OBbITh PeaM30BaHO CO3/IaHHEM COOTBETCTBYIOIIETO
KOJIMYECTBA OT/ICJIbHBIX [IPULIEIIBHBIX CBA3EH. B Kax1yro
13 TaKUX OTAEIBHBIX MPHUIEIHHBIX CBA3EH BKIIIOUCHBI
OCHOBHBIE CTONKH, YCTAaHOBJICHHBIE B y3JIaX MPUIIOXKE-
HMS1 Macc ¥ HaIrpaBJICHHBIC 110 TPACKTOPHUH MX JBIKCHUSL.
B HEeKoTOpBIX CiTy4asx OTAENbHBIC MPHUIIETBHBIE CBSI3U MO-
TYT aBTOHOMHO Pa3MeIIaThCsl Ha HCXOAHOH CHUCTEME.

B nanno#i crarbe, KOTOpask SABJISETCSA MPOLOJIKE-
HHUeM uccuenoBannii [4, 5, 10—-12], paccmoTpen crocod
(hopmupoBaHus Ha 06a3e OTACTBHBIX MPHUIETHHBIX CBSI-

3€i pacueTHON CXeMBbl €JMHOM TPYIIIOBON MPULIEIBHON
CBSI3U, KOTOPAsl YBEIMYNBACT BCE HAMEUCHHBIC YACTOTHI
JI0 33JITaHHBIX 3HAYEHHH, HE N3MEHSISI IIPU 9TOM HH OIHY
U3 OCTAJILHBIX COOCTBEHHBIX YacTOT U HU OAHY U3 (hopM
COOCTBEHHBIX KOJICOaHUH.

B 11e710M cTarhst HanpapieHa Ha PEIeHUE aKTyallb-
HBbIX 3a1a4 CTpOHTeHBHOﬁ oTpaciii, B TOM YUCJIC B YaCTHU
HMMITOPTO3aMEIICHNS, TIOBBIIICHHS TPOU3BOJUTEIFHOCTH
TpyAa Ha OCHOBE BEHITIOJTHEHUS IPUKITAIHBIX Pa3paboToK
1 pa3BUTHA (QyHIAMEHTATBHBIX HAYIHBIX HCCIICIOBAHUH,
Ha TIOBBIIICHUE KaJJpOBOTO TIOTEHIINANA, (HOPMHUPOBAHHE
KOMIETEHIUH 10 MPOBEACHUIO HAyYHBIX HCCIIEI0Ba-
HUH HAaIIMOHAIILHOTO ¥ MHPOBOTO YPOBHS, B YaCTHOCTH,
B pamkax OtpacneBoro koHcopinyma « CTpOUTENHCTBO
U apXUTEKTypay.

MATEPHAJIBI U METO/JbI

Tak kak (hopMUpOBaHHE TPYNIIOBOH MPUIIETHHOM
CBSI3M OCHOBAHO Ha CHHTE3€ OTACIHHBIX MPUIIEITHHBIX
CBsi3el, To TpebyeTcs 00eCIIeunTh aJIeKBaTHOCTh TTapa-
METPOB KaXJI0W OTAEJIBbHON MPHUILIENBHON CBSI3H C €€ COo-
CTaBJISIIOLIEH B COCTaBE IPyMIIOBOM.

Crep:KHHU MOSICOB OTAETIBHBIX MPUIIEITBHBIX CBA3ei
COXPAHSIOT B IPYIIOBOM CBA3M HE3aBUCUMOCTbH U CBOU
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napameTpsbl. KilroueBbie CTOMKH, yCTaHOBJICHHBIE B y3-
JaX TPHJIOKCHHSI MAacC M HAIlpaBICHHBIC TIO TPACKTO-
PHH HMX JBHKEHHS, COBMEIIAOTCs. UTOObI apaMeTpsbl
OCHOBHBIX CTOEK OT/ICJILHBIX ITPUIIEIBHBIX CBSI3el ObLIN
aJIeKBAaTHBI UX TIapaMeTpaM B TPYIIIOBOH CBS3M, HEOO-
XOIIUMO TIpU (POPMUPOBAHHUU OTIICIBHBIX MPHIICITHHBIX
CBSA3€H IPOEKTUPOBATH JKECTKOCTH CEUEHUN CTEp KHEU
CTOEK JTHX CBSI3eH TaK, YTOObI OHH 3aBHCEIH ObI TOJIBKO
OT HOMEpa CTOWKH W HE 3aBHUCEIN OT HOMEPOB OT/ICIb-
HBIX TIpUUENbHBIX cBaseld. Ilycts E[i, k] F [i, k] xect-
KOCTh CEUCHHUS i-i CTOWKH B k-1 TIpUIIeTbHON CBs3U. Ta-
KkuM obpasom, E[i, k] F [i, k] NomKHBI 3aBHCETH TOJIBKO
OT i ¥ HE 3aBUCETH OT k.

AJNTOpUTM IEHCTBHH O GOPMHUPOBAHHUIO PacyeT-
HOU CX€MBI TPYIIOBON MPHUILEIBLHOH CBSI3U:

1. ®opMupyIOTCS OTAEIbHBIE IPULIEIBHBIE CBA3H,
Ka)KJast U3 KOTOPBIX YBEIMUMBACT OJHY M3 HAMCUCHHBIX
COOCTBEHHBIX YaCTOT JI0 3aJJaHHOTO 3Ha4eHu. [Tpu sToM
BBITIOJIHSIIOTCS Bee JieHcTBUs [1-12], mpu KOTOPBIX 3Ha-
YEeHUS JUTMH BCEX OCHOBHBIX CTOEK OYIyT OHOTO 3HAKA.
Taxoxe sxecTkocTn ceuennit E[i, k] F [i, k] nomxnb! 3a-
BHCETH TOJIBKO OT I M HE 3aBUCETH OT .

2. Bce otnenbHbIe NpUIIEIBHBIC CBSI3H pPa3MeIaloT-
sl B y37axX IDTACTHHBL

3. Ha ygacTkax, Iie COBMECTHIOCH HECKOJIBKO CTO-
€K, OCTaBJIICTCS TOIBKO OTHA.

4. B mecTax nepeceueHusi CTEep)KHEil BBOIATCS
IIAPHUPEL.

IIpu peanuzauuu nepBoro AEWCTBUS ajIropuT™Ma
paccMaTpHuBaeTCs CHEKTpP 4acTOT COOCTBEHHBIX KosieOa-
HUH UCXOJHON CUCTEMBI C 72 CTETIEHAMHU CBOOOIBI [ 1],
o[2],...,0[q],...,o[g+/j],0[g+ G+ 1)], ..., ®[n], B KO-
TOpOM TpeOyeTcs MPUIIETBHO 0CBOOOTUTHh YaCTOTHBIN
UHTEpBAI ©[q], ..., ®[g *j] OT j 4acTOT, yBETMUUB UX Be-
JIMYUHBI COOTBETCTBEHHO JI0 3HAUCHUH ®[s], ..., ®[s + /],
Ka)KJ10€ 13 KOTOPBIX OOJIbIIE YeM ®[q + j].
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Puc. 1. PaccmarpuBaemast cucrema (IpuMep pacueTa)

Fig. 1. The system under consideration (calculation example)
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PE3YJIBTATbHBI HCCIEJOBAHMUA

IlokaxxeM peanu3anuio AEUCTBUM aiaropurMa
Ha mpumepax u3 pador [1-12].

Ha puc. 1, a npuenena ncxonuas cucrema. [lmactu-
Ha [ 13—15] maprupHO orepTa 1o KoHTypy. TommmmHa ma-
ctunbl 0,12 M. Moayns ynpyroctu Marepuaia iacTHHbI
E =24 10" H/™, xooppuuuent [Tyaccona v, = 0,2.
Macca miactunsl npeaensHo mana (0,00000001 kr/mv?).
B y3nax miacTUHBI pacTIoIOKEHbI MacChl:

m[1]= 1000 kr, m[2] = 1100 xr, m[3] = 1150 kr,
m[4]= 1200 kr.
Ha puc. 1, b moka3ana oCHOBHasl cUCTEMa METO/Ia
nepemerienuii [1, 3, 6-9].
KoagdummenTts! ypaBHEHHI METOIA TTIEpEMEIIICHNI
Y 3HAYEHHSI Y3JIOBBIX MAacC 00Pa3ylOT MaTPHIIBL:

A= ||z, k]ll; M= [|m[d]] O
Benmnuuner k03 PuIIeHTOB ypaBHEHUN MeTOIA

TepeMeIIeHI TIPUBEICHBI B Ta0T. 1.
Kophu ypaBHeHust:

4 — M| =0. ©)

OTPEJIETISAIOT CIIEKTP YacTOT COOCTBEHHBIX KOJIECOAHNH CHC-
TeMbl. YacToTs! 1 JopMbI COOCTBEHHBIX KOJICOAHHI IIaCTH-
HBI TIPE/ICTABJICHBI B TAOI. 2.

TpeOyercst yBeJIMUUTh BBEIEHUEM HPHUIEIBHBIX
CBsI3€ll TPEThIO COOCTBEHHYIO YacToTy 10 220 ¢!, a yeT-
BepTyio 10 230 ¢

Jns naneHeiiel peanu3anyy NepBOro JIEUCTBUS
AJITOPUTMA JUTSl PACCMAaTPHBAEMOTO IIPUMEPa HEOOXOIMMO
copMHUpOBATE JIBE OT/EIBHBIC IPUILIEIBHBIC CBA3H, OTHA
U3 KOTOPBIX YBEIIMYUT TPETHIO YaCTOTY COOCTBEHHBIX KO-
nebanuu 10 220 ¢!, a npyras yerBeptyto g0 230 ¢ .

B uccnenoBanusix [1-12] mokazaHo, 4To co3gaHue
MPUIIEIbHON 0000IIEHHOH CBSA3M OCHOBAHO Ha (POPMHU-
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C. 60-72
A1 HEKOTOPBIX YNPYrux cucTem
Ta6u. 1. Bennunbl k03QULHEHTOB MeTO/Ia IepeMellieHuit (mpumep pacyera)
Table 1. The values of displacement method coefficients (calculation example)
ik 1 2 3 4
1 22 758 257,28 -9 604 812,96 585 308,28 -9 604 812,96
2 -9 604 812,96 22 758 257,28 -9 604 812,96 585 308,28
3 585 308,28 -9 604 812,96 22 758 257,28 -9 604 812,96
4 -9 604 812,96 585 308,28 -9 604 812,96 22 758 257,28

Ta6u1. 2. CoOcTBEeHHBIE YacTOTHI (POPMBI KoJIeOaHUH TIIACTHHBI (IIPHUMeEp pacueTa)

Table 2. The values of displacement method coefficients (calculation example)

® 60,932 138,865 143,624 196,414
1 0,4905 0,0001 0,7047 0,5934
2 0,4966 ~0,7075 0,0945 0,5167
3 0,5058 —0,0711 ~0,7029 —0,4387
4 0,5069 0,7032 0,0190 0,4341

Taou. 3. 3nauenns Ko>3PHUIIEHTOB MaTPHUIIBI JOTIOTHUTEIBHOM KECTKOCTH, YBEIMYMBAIOIIEH TPETHIO YaCTOTy COOCTBEHHBIX

koneOanuu 10 220 ¢! (mpumep pacuera)

Table 3. The values of the coefficients of the additional stiffness matrix, increasing the third natural frequency to 220 s (cal-

culation example)

i,k 1 2 3 4
1 12 829 437,77 1 892 709,01 —14 715 733,27 414 235,72
2 1 892 709,01 279 228,71 -2170 991,55 61 111,62
3 —14 715 733,27 -2170 991,55 16 879 368,34 475 140,26
4 414 235,72 61 111,62 —475 140,26 13 374,81
Taou. 4. CoOOCTBEHHBIE YaCTOTHI ()OPMBI KOJIeOaHUI IUTACTHHBI (TIPHUMEP pacdeTa)
Table 4. The natural frequencies and natural modes of the plate (sample of analysis)
® 60,932 138,865 196,414 220
1 0,4905 0,0001 -0,5934 0,7047
2 0,4966 -0,7075 0,5167 0,0945
3 0,5058 —-0,0711 -0,4387 -0,7029
4 0,5069 0,7032 0,4341 0,0190

Tab6.1. 5. 3HaueHus K03(1)(1)I/IHI/IGHTOB MaTpulbl Z[OHOIIHI/ITGIIBHOﬁ JKECTKOCTH, yBeJ’IPI‘IPIBaIOH.[eﬁ YETBCPTYIO 4aCTOTY coOCTBEH-

HbIX KoseGannu 10 230 ¢! (mpumep pacuera)

Table 5. The values of the coefficients of the additional stiffness matrix, increasing the third natural frequency to 230 s™! (cal-

culation example)

i,k 1 2 3 4
1 4613 401,93 -4 418 412,37 3922 001,78 —4 049 185,23
2 -4 418 412,37 4231 664,23 -3 756 234,88 3 878 042,80
3 3922 001,78 -3 756 234,88 3334 220,22 -3 442 342,97
4 —4 049 185,23 3 878 042,80 -3 442 342,97 3553 971,95
POBaHMM MaTPHUIBI KOA(P(UIIMEHTOB TOMOTHUTEIEHON Kophuu ypaBHeHus:
JKECTKOCTH: (A +4)— 0?M]=0 @)

4, = ”“o [i’k]”:’,k:l’ 3)

1 MIPUBEAEH MOPSIOK X OTPEACIICHNUS.

3HavYeHHs KO3(1)(1)I/IHI/ICHTOB Marpuibl A0MOJIHUTEIIb-

HOH JKECTKOCTH, YBEIIMYHMBAOLIEH TPEThIO YacTOTy COO0-

CTBEHHBIX KoneOanuu 710 220 ¢!, mpuBeseHbI B Ta0I. 3.

OIPEIEIISIFOT CIICKTP YacTOT U (hOPM COOCTBEHHBIX KOJIC-
OaHMIl CUCTEMBI, YCHJICHHOM TPHUICIFHON CBA3BIO, M0-
BBIIIAIONIEH TPETHIO YaCTOTY COOCTBEHHBIX KOJIEOaHHUN

10220 ¢

YacToThl 1 KOOpAWHATE (POPM COOCTBEHHBIX KOJIE-

OaHMiT ipeIcTaBIeHB B Ta0M. 4.
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Puc. 2. O6mmuii BUj MpUICTBHOM CBA3M (IPUMEp pacyera)
Fig. 2. The general appearance of targeted connection (calcu-
lation example)

Puc. 3. O6mmuii Bua MOAMMUIIPOBAHHON MPUIICTBHO CBI3U
(mpumep pacyera)

Fig. 3. The general appearance of modified targeted connec-
tion (calculation example)

Puc. 4. O0mmii BU/ IPULIENBHO CBSI3M (IIPUMeEp pacyeTa)

Fig. 4. The general appearance of modified targeted connec-
tion (calculation example)

Puc. 5. O6muii Bu MOIUPUIMPOBAHHON IIPHUIIETIBHON CBSI3U
(mpumep pacueTa)

Fig. 5. The general appearance of modified targeted connec-
tion (calculation example)
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[Ipu hopMHUpoOBaHMK pacueTHOM CXEMbI ITOH IPH-
LeNIbHOM CBA3HM JUTMHA NepBOi cToHKY Obuta npuHsTa [ [1]=
= 0,4 ™, a Toma s cedeHus cTepikuei croek £, = 0,004 M,
muametp D =0,07136496 m. [1nomamm cevenms cTepkuei
Tosica IPUHATHI OTMHAKOBBIMH, a BEJTMUMHA UX OIPEIeNisi-
nack B mporiecce popmuposanust cBsizu [1—12]. Ceuenust
cTepskHei nosica F = 0,00684 M2, D = 0,0933 m.

JITMHBI CTOEK CBSI3U PaBHBI:

[ [11=0,4m, [ [2]=0,09782 m,
[ [3]1=-0,26064 m, [ [4] = 0,05770 m.

Monynp ynpyrocta mMaTepualia CTepKHEH CBSI3U
E_=2,06 - 10" H/M’. JlnnHbI CTOCK OKa3aIHCh Pa3HBIX
3HaKOB. [103TOMY CTEpKHM TOSICOB, COSANHSIONINX Bep-
IIMHBI CTOCK 2—3 U 3—4, TOIKHBI IPOXOIUTH «CKBO3bY
racTuHy. KOHCTpYyKTHBHO Takasi cxeMa TpeOyeT uiealb-
HO CBOOOJHOTO «IIPOXOXKACHUS YaCcTH CTEP)KHEH MpH-
HETBHO CBSI3U «CKBO3bY FICXOAHYIO CHCTEMY, UTO TIOYTH
HepearnsyeMo. OOt BU 3TOi IPUIIETEHOHN CBSI3H 110-
Ka3aH Ha puc. 2.

B 3THX citydasx mpHIeNsHYIO CBS3b CIIEIyeT CABH-
HYTB TI0 HAIIPABJIICHUIO JBIDKCHUS MACC B TIOTOKUTEITH-
HOM WJIH OTPULIATEIFHOM HAIPaBICHUH Ha BEIMUUHY,
TIpY KOTOPOW 3HAYCHUS BCEX [UTMH OCHOBHBIX CTOCK Oy-
JIyT OHOTO 3HAKa.

[Ipu BEIOOpE BETMYMH CIBHTa HEOOXOMUMO yUH-
TBIBATh YCIIOBHS IKCIUTyaTaIlllH U KOHCTPYKTHUBHEIE Tpe-
GoBaHMs TIpH (HOPMHUPOBAHUH TPYIIIIOBOI TPUIIETEHON
CBSI3H.

B mamHOM mpumepe MpHUHATA BEIMYWHA CIBHUTA
cBs3u Ha 0,3 M. COOTBETCTBEHHO [UIMHA TIEPBON CTOUKH
Teneps ctareT 0,7 M, a IIIOMAAN CEYCHUI CTOCK OCTaB-
nennl F = 0,004 v,

[Tocne ciBuTa UIMHBI CTOEK H3MEHHIIHCH:

[ [11=0,7m, [ [2]=0,39782 m,
[ [3]1=0,03945 m, [ [4] = 0,35770 m.

OOmuwii BUA STOH H3MEHCHHOW MPUIICIIEHON CBSI3H
MoKa3aH Ha puc. 3.

OtaenpHAs TIPHUIIETBEHAS CBSA3b, TOBBIIIAOIIAS YCT-
BEPTYIO 4acTOTY COOCTBEHHBIX Koyebanwuii 10 230 ¢,
(hopmEpyeTCs aHAIOTHYHO MPEABIIYIICH CBS3H. 3HAUC-
HUS K03()(OUIIMEHTOB MaTPUIIBI TOTMTOTHUTEIIFHOH JKECT-
KOCTH TIPE/ICTABICHBI B TAOI. 5.

Jnuna nepBoii cToiiku 3aaana 0,4 M, a miomaau
cedeHui croek npuuaAThl F = 0,004 M2, T.€. TAKUMH K€,
Kak ¥ npu GOpMUPOBAHUH TPEABLIYIICH MPUIICITHEHON
cBs3u. [lmomanu cedeHus: CTepKHEH Imosica MPUHATHI
OJIMHAKOBBIMHU, BEIMYHMHA UX OTNPENEIIach B IMporecce
dhopmupoBarus cBszu [1—12]. YacTOTH U KOOPIUHATHI
(hopM COOCTBCHHBIX KOJICOaHHIA TIPHBEACHBI B TAOM. 6.

Ceuenust crep>kHel nosica Fp =0,000697 m2, Dp =
=0,02988 M. JIn1HBI CTOEK 3TOM CBSI3U paBHBL:

[[11=0,4 M, [ [2]=-0,43643 M,
[ [3]1=0,22436 m, [ [4] =-0,38251 m.

JUINHBI CTOEK U 37€Ch OKa3aJIuCh Pa3HbIX 3HAKOB.
OOuwMiA BUJ STOM TPUIICTEHON CBSA3H MMOKA3aH Ha PUC. 4.

IToaToMy mpuLIETBHYIO CBSI3b CIEAYET CABUHYTh
[0 HAIMPaBJICHUIO JBUKEHUS MAcC B MOJOXKHUTEIbHOM
WJIH OTPUIIATENIFHOM HAMpPABJICHUN HA BETUYHUHY, IPH KO-



®opmurpoBaHme pacyeTHbIX CXeM rpynnoBbIX MPULEAbHbIX cBs3en

C. 60-72
A1 HEKOTOPBIX YNPYrux cucTem
Tabu. 6. CoOcTBeHHBIE YacTOThI (POPMBI KOJIeOaHUH IIIACTHHBI (IIPHMEp pacueTa)
Table 6. The values of coefficients of the group matrix of additional stiffness (calculation example)
® 60,932 138,865 143,624 230
1 0,4905 0,0001 0,7047 —-0,5934
2 0,4966 -0,7075 0,0945 0,5167
3 0,5058 —0,0711 -0,7029 —0,4387
4 0,5069 0,7032 0,0190 0,4341
Tabu. 7. 3HaueHns k03P OUINEHTOB IPYIITIOBOH MAaTPHIIBI JOMOIHHUTEILHON KECTKOCTH (TIpUMep pacdera)
Table 7. The plan view of the group targeted connection and the numbering of the nodes (calculation example)
ik 1 2 3 4
1 4613 401,93 -4 418 412,37 3922 001,78 —4 049 185,23
2 —4418 412,37 4231 664,23 -3 756 234,88 3 878 042,80
3 3922 001,78 —3 756 234,88 3334 220,22 —3 442 342,97
4 —4 049 185,23 3 878 042,80 —3 442 342,97 3553 971,95

TOpPOU 3HAYEHMSI BCEX JJIMH OCHOBHBIX CTOEK OyIyT OJl-
Horo 3Haka. OOLIMI BUJT 9TOH M3MEHEHHOHN NPHULIEIIBHON
CBSI3M TTOKa3aH Ha pHC. 5.

[penmonoxum, 4T0 KOHCTPYKTUBHBIE OTPAHIMICHHS
TpeOyroT, 9TOOBI B pacueTHON CXeMe TPYIIOBON MpH-
LEITbHOW CBSI3U CTEP)KHH MOSICOB HE Nepecekanuch. [1o-
ATOMY B paccMarpyuBaeMOM Cliydae MPUHSATA BeTUUUHA
casura cBszu Ha 0,85 M. Tenepb:

L[1]=125w, 1 [2] = 04136 m,
1[3]1=1,0744 m, [ [4] = 0,4674 m.

OO6mwuit BUA STON MPUIIENBHON CBS3U MOKa3aH
Ha puc. 5.

[ocine hopMupoBaHHs BCEX OTAEIbHBIX MPHLEITb-
HBIX CBSI3€H, HCOOXOMMBIX ISl PEIICHHS ITOCTABICHHOM

3aJlaud, MOKHO 00pa30BaTh I'PYIIOBYI0 MaTPHILy KO-
3 PHULIHCHTOB JOMOTHUTEIBHOM KeCTKOCTH. [1s 3TOTO
JIOCTaTOYHO CYyMMHUPOBATh KOA(PHUIUEHTH MaTPHUI] 10-
MTOJTHUTENBHBIX JKECTKOCTEH OTICIBHBIX MPUICITHHBIX
CBsI3EH.

B paccmarpuBaeMoM npuMepe CyMMHpPYIOTCSI COOT-
BETCTBYOIIME KO3 uuueHTsl Tabl. 3 u 5. Koadduru-
CHTBI TPYIIIOBON MaTPHIIbI TOTIOTHUTEIBHON KECTKOCTH
MIPUBEICHBI B Ta0M. 7.

Ecmm 0003HaYHTE TPYIIIOBYIO MATPHUITY JOMOTHH-
TEIIFHOH KECTKOCTH ZO, TO KOPHU yPaBHCHHUS:

(4+4)-0’M|=0 )

OTIPEIeNIAT CHEKTP YacTOT U (POPM COOCTBEHHBIX KOJIE-
OaHMII CUCTEMBI, YCUJICHHON TPyNIIOBOH MPHUIETHHON

Puc. 6. OOmuii BuJ| rpyHIIoBoH NPHIETLHON CBSI3H (IpUMep pacdera)

Fig. 6. The plan view of the group targeted connection and the numbering of the nodes (calculation example)
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Ta6u. 8. CobcTBeHHBIE YacTOThI (POPMBI KOJIeOaHUH MIIaCTHHBI (IIPHMEp pacueTa)

Table 8. The natural frequencies of the plate vibration waveform (calculation example)

® 60,932 138,865 220 230
1 0,4905 0,0001 0,7047 —-0,5934
2 0,4966 -0,7075 0,0945 0,5167
3 0,5058 —0,0711 —0,7029 —0,4387
4 0,5069 0,7032 0,0190 0,4341
7 Taou. 9. KoopiuHaTh! z y3710B rpyNIOBON IPULIEIBHON CBSA3U
6 S NN NN NS EEE SN SN EEEEEEEEEEEEEEER IIIIIIl (HpHMep)
E , Table 9. The z coordinates of the nodes of the group targeted
E : connection
E 3 3 Homep Koopnunars! z
. E - y3na Coordinates z
= 3 : Number of Bepx His
2 : . E node Top Bottom
: : 1 1,25 0.7
: 5 2 0.4136 0,3978
. - :
il : 3 1,0744 0,03944
PO Sk B 4 0,4764 0,3577
Im/m
« > 5 0,85 0,3
< 6M/m ) 6 0,85 0,3
Puc. 7. Buj B raHe TpyNIoOBOi NPHIETLHOM CBSI3H U HYMe- 7 0,85 0,3
panus y37ioB (IpuMep pacyera) 8 0.85 0.3
Fig. 7. The plan view of the group targeted connection and
. . . 9 0,85 0,3
the numbering of the nodes (calculation example)

CBSI3bI0, TTOBBIIIAIONIEH TPETHIO YACTOTY COOCTBEHHBIX
konebanmii 10 220 ¢!, a yetBepryro 10 230 ¢'. YacToTsl
U KOOPJIUHATHI OPM COOCTBEHHBIX KOJIeOaHU mpen-
CTaBJICHBI B Ta0II. 8.

Peanmsys neiictus 2, 3 u 4 IpUBEICHHOTO BEIIIE
anropuT™Ma, o0pasyem IpymroByIo MPUIEITbHYIO CBS3b.
OOmuit BU 3TOM CBsA3M TOKa3aH Ha puc. 6. Bux 3toii
CBSI3U B IUTAHE ¥ HyMEPAIHsl y3JI0B IIPUBECHBI HA PHC. 7.
KoopauHaTsl z y3710B TPYIIIOBON MPHUIIENBHOHN CBSI3U
IpeJICTaBIIeHbI B Ta0M. 9.

[Ipu peannzanuu BTOPOTO ICHCTBHSA aIropuTMa
(opMHpOBaHUS TPYNIIOBON PHUIICTHHOMN CBS3H OTACITb-
HBIC NPULEIBHBIC CBS3M PAa3MELIAIOTCS B y3Jax Ila-
ctuHbl. [Ipn 3TOM Ha HIDKHHMX Yy9acTKax CBSI3H CTOWKH
COBMEIIAIOTCS M U3 HUX Ha KaKAOM M3 3THX ydacTKax
OCTaBJISIETCSI TOJILKO OJIHA.

[Tpu hopMupoBaHUM OTIETBHBIX MPULETHEHBIX CBS-
3el JKECTKOCTH CEUYEHHMH CTEp>KHEH CTOEK 3aJaBajiCh
TaK, 4TOOBI B KQXKJJOM y3Ji€ OHH OBl COBIIA/IAIN MEXKILY
co00if. UMeHHO 3TO 0OCTOSTENHLCTBO OOecreunBaeT
aJICKBaTHOCTh TAPAMETPOB OCHOBHBIX CTOEK OT/EITBHBIX
[IPULIEJIBHBIX CBSI3€H X ITapaMeTpaM B IPYIIIOBOM CBSI3H.
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[IpoBeseM TecTHpoOBaHUE 3TOW TPYIIIOBOI MpH-
LEIBHON CBSI3M Ha MPOrpaMMHBIX mponaykrax SCAD
n JINPA [16-25]. BHauase onpenenum 4acToThl U KOOp-
JTUHATHI POPM COOCTBEHHBIX KOJICOaHNH MCXOMHON TTa-
CTHHBL. Pe3ynbrarel TecTa, mpeacTaBieHHbIe B Tadm. 10,
JIOCTATOYHO ONM3KU (OTIIMYHS OKOJIO OHOTO ITPOLICHTA)
pe3ynbraram, MPUBEACHHBIM B Ta0J1. 2, YTO MMOATBEPIK/1a-
€T TOCTOBCPHOCTHb NCXOAHBIX JTaHHBIX.

YacToTsl ¥ KOOpAWHATHI (HOPM COOCTBEHHBIX KOJIe-
OaHuii, MpercTaBIeHHBIC B Ta0M. §, MOTYYEHBI Kak KOp-
HU ypaBHEHHUS (5) Ha OCHOBE HCIOJIB30BAHUS TPYTI-
MOBOM MaTpuIbl K03()(PHUIMEHTOB JOMOJHUTEIHHON
JKECTKOCTH A, 10 (OPMHUPOBAHHS PACUETHOH CXEMBbI
IpYINIIOBOM NPULIEIbHOMN CBA3U.

YacToThl B KOOPAUHATHI (POPM COOCTBEHHBIX KO-
nebaHnl, PaCICTHON CXEMBI TPYIITOBON MPHUIIETHHON
CBSI3H, TIOTYYCHHBIC 10 TECTY, IPEICTaBICHBI B Ta0I. 11.
OTH pe3yibTaThl MOTyYeHbl TECTUPOBAHHEM PacueTHOU
CXEMbI TPYIIION MPUIIETLHON CBSI3H.

CpaBHeHHE pe3y/IbTaToB, MPUBEACHHBIX B Ta0. 10,
11, moka3eIBaEeT, YTO U3MEHMIMCH TOJILKO T€ YaCTOTHI,
Ha KOTOpBIE ObLIa HaIlelleHa TPYIIIOBas CBA3b, a KOOp-
IUHATEL ()OpM COOCTBEHHBIX KOJICOAHUI M OCTAIBHEIC



DopMUpPOBaHUE pacyHETHbIX CXeM PYnoBbIX MPULEAbHbIX cBs3en

A1 HEKOTOPBIX YNPYrux cucTem C. 60-72

Ta6a. 10. CobcTBeHHbIE YacTOThI (OPMBI KOeOaHMil IaCTHHBI (IPUMEp pacueTa)
Table 10. The natural frequencies of the plate vibration waveform (calculation example)

® 60,341 137,618 142,334 194,681

1 0,4903 0,0012 0,7213 —-0,5747

2 0,4968 —0,7042 0,0805 0,5212

3 0,5056 0,0721 —0,6879 —0,4586

4 0,5071 0,7063 0,0072 0,4333

Taba. 11. CobcTBeHHBIE YacTOTHI GOPMBI KOJIeOaHMI pacyeTHON CXEMBbI IPYIIIOBOM MPULIEIBHOI CBSI3H (IIpUMeEp pacueTa)

Table 11. The natural frequencies of the vibration waveform of the design scheme of the group targeted connection (calculation

example)
® 60,341 137,618 219,151 227,946
1 0,4903 0,0012 0,7213 —0,5747
2 0,4968 —0,7042 0,0805 0,5212
3 0,5056 0,0721 —0,6879 —0,4586
4 0,5071 0,7063 0,0072 0,4333

Puc. 8. O6Gmwmii BUJ| rpyHIIoBOH NPHIETLHOM CBSI3H (IpUMep pacyera)

Fig. 8. The general appearance of the group targeted connection (calculation example)

9aCcTOThI OCTAMCH IPEKHUMHU. DTH PE3YJIbTAThl TECTA
C IOCTAaTOYHOW TOYHOCTBIO MOATBEPIKIAIOT «IIPHIICITH-
HOCTb» I'PYIIIOBOM CBS3U.

BruzocTte pe3ynpraToB, MPUBEACHHBIX B TaOMI. §
u 11, moaTBEepKIaET TOCTOBEPHOCTD MPEIIOKEHHOTO
MOJXO/1a.

PaccmoTpuM ciaydaid, Korga yCinoBusl SKCILTyaTaluu
TPEOYIOT, YTOOBI JUTUHBI CTOCK OTACIBHBIX MPHIIEIIEHBIX
cBsizeit 6putn Gombie 0,08 M. CTONKH OTAETBHON MPH-

IIENBHOI CBA3M, MOBBIMIAIONICH YETBEPTYIO COOCTBEH-
HYIO 9aCTOTY, COOTBETCTBYIOT 3TOMY ycioBuio. Cpenn
CTOEK OTAEJIbHOW NMPHULEIBbHON CBSA3M, MOBBILIAIOMICH

TPETHIO0 COOCTBEHHYIO YaCTOTY:
[ [3]1=0,03945 m < 0,08 m,

YTO HapyIIaeT MOCTaBIeHHOe ycioBue. [loatomy casur

9TOM TIepBOHAYAIEHO 00Pa30BaHHON MPUIEIBEHON CBI3N
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Taou. 12. KoopauHatsl z y3710B rpyNnoBOH NPULIEIbHON CBS-
34 (IpUMep pacyeTa)

Table 12. The z coordinates of the nodes of the group targeted
connection (calculation example)

Homep Koopaunars! z / z coordinates
y3ia
Node Yepnoe / Black Kpacnoe / Red
Number
1 1,25 0,76
2 0,4136 0,4578
3 1,0744 0,0994
4 0,4764 0,4177
5 0,85 0,36
6 0,85 0,36
7 0,85 0,36
8 0,85 0,36
9 0,85 0,36

HEeo0X0MMO yBENNYUTh, HatpuMmep, ¢ 0,3 10 0,36 M. Te-

MCPb UBMCHCHHLIC UTMHBI TPUHUMAIOT 3HAYCHUA:
[[1]1=0,76 m, [ [2] = 0,4578 m,

[ [3]1=0,0994 m, [ [4] = 0,4177 m.

K

DopMHUpOBaHUE I'PYIIIOBON NPULIEIBHON CBI3U
B OTOM CJIy4ae Peannu3yercs Tak ke, Kak U B IPEAbIIy-
LIEM, HO C YYETOM M3MEHEHU MapaMeTpOB OTHEIIbHOM
TIPULIEITLHON CBSI3M, TIOBBIIIAIONIEH TPETHIO YAaCTOTy CO0-
CTBEHHBIX KoJieOaHMH. KoopiHaTh! z y3110B IpynmnoBoi
MIPUTCITFHOM CBSI3M MpUBEICHBI B Ta0I. 12. OOmmii Bua
9TOM TPYNIIOBOM NPUIIETLHON CBA3M MOKa3aH Ha puc. 8.

B 37101 rpynnoBoi cBA3u HEKOTOPBIE CTEPHKHHU I10-
SICOB TiepecekaroTces (B mponerax 1-2, 2—6, 2-3). V3ibl,
B KOTOPBIX CTEP’KHH NEPECEKAIOTCS, KOHCTPYKTUBHO pe-
an3yeMbl, HO UX OCOOGHHOCTH B JTaHHOH cTaThe HE 00-
CYXKJArOTCSl.

TecroBasi mpoBepKa pacueTHON CXEMbl 3TOW IpyI-
MOBOM CBSI3M MOATBEPUIIA €€ IPULIETIBHOCTb.

3AKJIIOYEHUE U OBCYXJIEHUE

PaccmoTtpen crioco® GpopMHUpoBaHHsT MATPHLIBI J0-
IIOJIHUTEJIBHBIX KECTKOCTEH, KOTOPOH COOTBETCTBYET
IpyNIoBas npuienbHas cBsizb. C(HOpMyIMpOBaHbI Tpe-
60BaHMs K OT/EIBHBIM MPHLEIBHBIM CBSI35IM, HA OCHOBE
KOTOPBIX (POPMHUPYETCS TPYNIOBasi MPUIIETbHAS CBSI3b.
[Mpennoxxen anroput™ GOpMHUPOBAHNS TPYHITOBBIX MTPH-
LEJTBHBIX CBSI3EH ¢ y4eTOM ChOPMYITMPOBAHHBIX TPEOOBA-
Huit. [IpoBeieHo TeCTUPOBaHKE NPEATOKEHHOTO AJTOPUT-
Ma Ha nporpammHsIxX npoaykrax SCAD u JIMPA [16-25].

CIIMCOK UCTOYHHUKOB

1. Axumos I1.A., Jlxosuu JI.C. IlpuiiensHOE peryu-
POBaHHUE CIIEKTPa YaCTOT COOCTBEHHBIX KOJIEOaHHIT yTpy-
THX TUIACTHH C KOHEYHBIM YHCIIOM CTETIEHEH CBOOOIBI Mace
IIyTEM BBEJICHHSI JIOTIOJIHUTEIILHBIX 0000IIEHHBIX CBsI3ei
1 000OIIEHHBIX KHHEMATHYECKUX YCTPOHCTB // BecTHHK
ToMCKOTro ToCyJapcTBEHHOTO apXUTEKTYPHO-CTPOUTEITh-
Horo ynuBepcuteTa. 2021. T. 23. Ne 4. C. 57-68. DOL: 10.
31675/1607-1859-2021-23-4-57-68. EDN MTIJIRS.

2. T'umepman [ M., Jlaxosuu JI.C., Hyoenvmar A.J1.
ANTOPHUTM CO3JaHUS PE30HAHCHO-O0E30TAaCHBIX 30H
IIPY TTOMOIIY HAJI0XKEHUS! JONOIHUTEILHBIX CBsI3ei //
Jlunamuka u mpogHocTh MammmH. 1984. Ne 39. C. 63—69.

3. JIaxosuu JI.C. OcobOble CBOMCTBAa ONTUMAIBHBIX
CHCTEM M OCHOBHBIE HAIIPABJICHUSI X PEAITU3ALIH B METO-
Jlax pacyera coopyxenuit : Monorpadus. Tomck : M3na-
tenbeTBO TTACY, 2009. 371 c. EDN QNOOHF.

4. Jlaxosuu JI1.C., Axumos I1.4. O hopmupoBanun
pacyeTHBIX CXEM HEKOTOPBIX JOTIOJIHUTEIBHBIX CBSI3CH
Juia ynpyrux cucreM. Yacts 1. TeopeTnueckne OCHOBBI
noaxona // [IpoMBIIIIeHHOE U TPaskIaHCKOE CTPOUTEITh-
ctBO. 2022. N 9. C. 4-10. DOI: 10.33622/0869-7019.
2022.09.04-10. EDN GPKYQS.

5. JIaxoeuu JI.C., Axumos I1.A., Meweynos H.B.
O popmMHEpOBaHUN PACIETHBIX CXEM HEKOTOPBIX JOTIOTHH-
TENBHBIX CBA3eH I ynpyrux cucreM. Yacts 2. [Ipumepsl
pacuera // IIpoMBIIIIIEHHOE 1 TPAXKIAHCKOE CTPOUTEIh-
ctBO. 2022. Ne 9. C. 11-19. DOI: 10.33622/0869-7019.
2022.09.11-19. EDN DXMYXN.

68

6. Jlaxosuu JI.C., Manemxun O.FO. O npuleIbHOM
peryJIMpoBaHUU COOCTBEHHBIX YAaCTOT YIPYTUX CHCTEM //
M3sBectus By30B. CTpoUTENbCTBO U apXuTekTypa. 1990.
Ne 1. C. 113-117.

7. Hyoenoman A.JL, Jlaxoeuu JI.C., ['umepman J].M.
O Haunbosee MOJATIIMBBIX CBSI3IX HAHOOJIBIEH KECTKO-
ctr // Bompocs! IpuKIIaHOW MEXaHUKH 1 MAaTEMATHKH.
1981. C. 113-126.

8. Akimov P.A., Lyakhovich L.S. Aimed Control of
the Frequency Spectrum of Eigenvibrations of Elastic Plates
with a Finite Number of Degrees of Mass Freedom by
Introducing Additional Generalized Kinematic Devices //
International Journal for Computational Civil and Structural
Engineering. 2021. Vol. 17. Issue 4. Pp. 181-187.
DOI: 10.22337/2587-9618-2021-17-4-181-187

9. Lyakhovich L.S., Akimov P.A. Aimed control of
the frequency spectrum of eigenvibrations of elastic plates
with a finite number of degrees of freedom of masses by
superimposing additional constraints // International Journal
for Computational Civil and Structural Engineering. 2021.
Vol. 17. Issue 2. Pp. 76-82. DOI: 10.22337/2587-9618-
2021-17-2-76-82

10. Lyakhovich L.S., Akimov P.A. Formation of
Computational Schemes of Additional Targeted Constraints
That Regulate the Frequency Spectrum of Natural
Oscillations of Elastic Systems with a Finite Number of
Degrees of Mass Freedom, the Directions of Movement
of Which are Parallel, But Do Not Lie in the Same Plane.
Part 1: Theoretical Foundations // International Journal for



®opmurpoBaHme pacyeTHbIX CXeM rpynnoBbIX MPULEAbHbIX cBs3en

C. 60-72
ANS] HEKOTOPbIX Yrpyrux CUCTem

Computational Civil and Structural Engineering. 2022.
Vol. 18. Issue 2. Pp. 184-192. DOI: 10.22337/2587-9618-
2022-18-2-184-192

11. Lyakhovich L.S., Akimov P.A. Formation of
Computational Schemes of Additional Targeted Constraints
That Regulate the Frequency Spectrum of Natural
Oscillations of Elastic Systems with a Finite Number of
Degrees of Mass Freedom, the Directions of Movement
of Which are Parallel, But Do Not Lie in the Same Plane.
Part 2: The First Sample of Analysis // International Journal
for Computational Civil and Structural Engineering. 2022.
Vol. 18. Issue 3. Pp. 137-146. DOI: 10.22337/2587-9618-
2022-18-3-137-146

12. Lyakhovich L.S., Akimov P.A., Mescheulov N.V.
Formation of computational schemes of additional
targeted constraints that regulate the frequency spectrum
of natural oscillations of elastic systems with a finite
number of degrees of mass freedom, the directions
of movement of which are parallel, but do not lie in
the same plane. Part 3. The second sample of analysis
and conclusion // International Journal for Computational
Civil and Structural Engineering. 2022. Vol. 18. Issue 4.
Pp. 71-81. DOI: 10.22337/2587-9618-2022-18-4-71-81

13. Liu F., Song L., Jiang M. Space-time generalized
finite difference method for solving the thin elastic plate
bending under dynamic loading // Engineering Analysis
with Boundary Elements. 2022. Vol. 143. Pp. 632-638.
DOI: 10.1016/j.enganabound.2022.07.015

14. Yu Q. Wavelet-based homotopy method for
analysis of nonlinear bending of variable-thickness plate
on elastic foundations / Thin-Walled Structures. 2020.
Vol. 157. P. 107105. DOI: 10.1016/j.tws.2020.107105

15. Zhou Y., Huang K. Static and dynamic stabilities
of modified gradient elastic Kirchhoff-Love plates //
European Journal of Mechanics — A/Solids. 2024. Vol. 108.
P. 105426. DOI: 10.1016/j.euromechsol.2024.105426

16. Fialko S. Parallel finite element solver for multi-
core computers with shared memory // Computers &
Mathematics with Applications. 2021. Vol. 94. Pp. 1-14.
DOI: 10.1016/j.camwa.2021.04.013

17. Fialko S. Parallel finite element solver PARFES
for the structural analysis in NUMA architecture // Advances

Tocmynuna 6 pedaxyuto 28 dexabps 2024 .
Ipunsma ¢ oopabomannom sude 28 dexabps 2024 .
Ooobpena ona nyoruxayuu 9 aneaps 2025 e.

in Engineering Software. 2022. Vol. 174. P. 103290.
DOI: 10.1016/j.advengsoft.2022.103290

18. Fialko S. Time history analysis of buildings and
structures design models in SCAD software on multicore
computers // ECMS 2024 : Proceedings of the 38th ECMS
International Conference on Modelling and Simulation.
2024. Pp. 187-193. DOI: 10.7148/2024-0187

19. Fialko S. Block Subspace Iteration Method for
Structural Analysis on Multicore Computers // Annals of
Computer Science and Information Systems. 2022. Vol. 30.
Pp. 457-465. DOI: 10.15439/2022F42

20. Fialko S.Yu., Kabantsev O.V., Perelmuter A.V.
Elasto-plastic progressive collapse analysis based on
the integration of the equations of motion // Magazine
of Civil Engineering. 2021. Ne 2 (102). DOI: 10.34910/
MCE.102.14. EDN ZVLLVV.

21. Karpilovsky V., Kriksunov E., Perelmuter A.,
Yurchenko V. Analysis and design of structural steel joints
and connection: software implementation // International
Journal for Computational Civil and Structural Engineer-
ing. 2021. Vol. 17. Issue 2. Pp. 58-66. DOI: 10.22337/
2587-9618-2021-17-2-57-65

22. Karpilovsky V. Finite Elements for the Analysis
of Reissner-Mindlin Plates With Joint Interpolation of Dis-
placements and Rotations (JIDR) // International Journal
for Computational Civil and Structural Engineering. 2021.
Vol. 17. Issue 3. Pp. 48-62. DOI: 10.22337/2587-9618-
2021-17-3-48-62

23. Karpilovsky V.S. Finite Elements of the Plane
Problem of the Theory of Elasticity with Drilling Degrees
of Freedom // International Journal for Computational
Civil and Structural Engineering. 2020. Vol. 16. Issue 1.
Pp. 48-72. DOI: 10.22337/2587-9618-2020-16-1-48-72

24. Tennwvix A.B., Ooxcoeun P.5. HoBble BO3MOXKHO-
cti SCAD Office 21.1.9.5 // TIpoMbIIuIeHHOE U TpaxK-
nanckoe crpoutenbetBo. 2020. Ne 4. C. 41-47. DOL:
10.33622/0869-7019.2020.04.41-47. EDN IWCGLR.

25. Vmxuna B.H., bespykoea E.C. ViccnenoBanue
YCTOMYMBOCTH KOHCTPYKTUBHOM CUCTEMBI BBICOTHOT'O 00-
LIECTBEHHOIO 37IaHKs B IIPOrpaMMHBIX KoMriuiekcax JIMPA-
CAIIP nu STARKES // DkcniepT: Teopusi ¥ IpaKkTHKa.
2020. Ne 3 (6). C. 69-73. DOI: 10.24411/2686-7818-2020-
10028. EDN RPTXNF.

Op ABTOPAX: Hpek DuBapopny Paii3yJIMH — KaHIMJIAT 3KOHOMUYECKUX HAyK, AOLEHT, MUHUCTP; MUHH-

CTEPCTBO CTPOUTEIHCTBA U KUJIHIIHO-KOMMYHAJIbHOI0 X03s1iicTBa Poccuiickoii @exepauuu; 119435, . Mocksa,

yi. Bonbiast [Tuporosekas, a. 23; minstroyrf@minstroyrf.gov.ru;

Jleonna CemenoBu4 JISIXOBHY — JIOKTOP TEXHUYECKUX HayK, podeccop, mpodeccop kadeapsl CTPOUTENEHON Me-

XaHUKH, akaieMuKk Poccuiickoll akaleMuy apXUTEKTyphl U cTpouTenbHbIX HayK (PAACH); Tomckuii rocynapcTBeHHbII

apxuTeKkTypHO-cTpouTenbHbIil yauBepeuteT (TTACY); 634003, r. Tomck, ConstHast ., 4. 2; lls@tsuab.ru;

IIaBea AnexceeBHY AKHMOB — JOKTOp TeXHHUYECKHX HayK, mpodeccop, mpodeccop xadenpsl HHPOPMATHKA

U MIPUKJIAJHOM MaTeMaTHUKH, akaleMUK Poccuiickoii akageMun apXUTeKTypbl U cTpouTenbHbIx Hayk (PAACH); Hanmo-

69

GZ0Z ‘L O@NSS| "0Z 2WnNjo/ . 8In}08}IYdJy PUB UOI}ONJISUOD UO [BuINOr AJYIUOI « NSSIN MIUISOA
GzZ0z ‘L ¥oAuiag "0z woL . (8UluQ) 0099-70SZ NSSI (1uld) GE60-2661 NSSI » ADJIN dMHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 20. Beinyck 1, 2025

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 20. Issue 1, 2025

WN.3. ®atizynnun, J1.C. Jlaxosuy, 1.A. Akumoe, 3.P. FanssymouHoe, A.C. lnsckuH

HAJIbHBIH HccaeqoBaTe/bckHii MoCKkoBCKHIE rocylapcTBeHHbIH cTponTebHbli yHHBepeuTeT (HUY MI'CY);
129337, r. Mockga, SIpocnasckoe mocce, 1. 26; AkimovPA@mgsu.ru;
3ayp PamumoBuy IansiyTAMHOB — KaHANWAAT TEXHUYECKUX HayK, TOLECHT, 3aBeAyOUMi Kadeapoii xee30-

OETOHHBIX U KAMEHHBIX KOHCTpyKIuii; ToMcKHii rocyiapcTBeHHBI apXUTEeKTYPHO-CTPONTENbHbII YHUBEPCUTET
(TTACY); 634003, r. Tomck, Comnstaast ., 1. 2; gazr@yandex.ru;
Amnpnpeii Cepreeuy InsicKkHH — KaHIMIAT TEXHUUSCKHUX HAYK, 3aBeyIOIINI Kadeapoil MeTauInueckux u Je-

peBSHHBIX KOHCTpYKIM; ToMcKuii rocyiapcTBeHHbI apXUTeKTypHO-cTpouTeabHblil yHHBepcuTeT (TTACY);

634003, . Tomck, Comstnast ut., a. 2; plyaskinandrei@mail.ru.

Brrao asmopos:

Daiizynnun M.D. — ssedenue, ananuz akmyaibHOCHU U RPAKMUECKOU 3HAYUMOCTU.

JIaxosuu JI.C. — nayunoe pykogoocmeo, uoes, coop mamepuand, oopabomxa mamepuand, Hanucanue cmamoi,

HAay4Hoe pe()akmupoeanue mekcma.

Axumos I1.A. — oonorHumenvhwlll cOop mMamepuana, OONOIHUMENbHASL 00PAOOMKA Mamepuand, yyacmue

68 Hanucaruu cmamovl, Oonwmumeﬂbnoepebakmupoeanue mekcma.

Tanaymounos 3.P. — eepughukayus pazpabomannozo nooxooa, 00ROIHUMENbHbI COOp Mamepuand, OOnOIHUmMeNbHAas

06pa60ml<a Mamepuaid, yyacmue 6 HanucaHuu cmanbvl.

Inackun A.C. — epugpuxayus pazpabomannozo nooxooa, 0ONOIHUMENbHbII cOOp Mamepuand, OONOTHUMENbHA.

06pa60ml<a Mamepuaid, yyacmue 6 HanucaHuu cmanvu.

Aemopul 3aa61510m 06 OMCYMCMEUU KOHGIUKMA UHIMEPECOs.

REFERENCES

1. Akimov P.A., Lyakhovich L.S. Precision control
for eigen-frequency of elastic plates with finite number
of' mass degrees of freedom by using additional generalized
connections and kinematic devices. Journal of Construc-
tion and Architecture. 2021; 23(4):57-68. DOI: 10.31675/
1607-1859-2021-23-4-57-68. EDN MTIJJRS. (rus.).

2. Giterman D.M., Lyakhovich L.S., Nudelman Ya.L.
Algorithm for creating resonance-safe zones by imposing
additional connections. Dynamics and Strength of Ma-
chines. 1984; 39:63-69. (rus.).

3. Lyahovich L.S. Special properties of optimal sys-
tems and the main directions of their implementation in
the methods of structural analysis. Tomsk, Tomsk State
University of Architecture and Building, 2009; 371. EDN
QNOOHEF. (rus.).

4. Lyakhovich L.S., Akimov P.A. About develop-
ment of computational schemes of some additional con-
straints for elastic systems. Part 1: theoretical foundations.
Industrial and Civil Engineering. 2022; 9:4-10. DOI:
10.33622/0869-7019.2022.09.04-10. EDN GPKYQS.
(rus.).

5. Lyakhovich L.S., Akimov P.A., Mescheulov N.V.
About development of computational schemes of some addi-
tional constraints for elastic systems. Part 2: samples of anal-
ysis. Industrial and Civil Engineering. 2022; 9:11-19. DOL:
10.33622/0869-7019.2022.09.11-19. EDN DXMYXN.
(rus.).

6. Lyahovich L.S., Maletkin O.Ju. O On targeted
control of natural frequencies of elastic systems. News
of higher educational institutions. Construction. 1990;
1:113-117. (rus.).

7. Nudelman Ya.L., Lyakhovich L.S., Gitterman D.M.
On the most flexible connections of the greatest rigidity.

70

Questions of Applied Mechanics and Mathematics. 1981,
113-126. (rus.).

8. Akimov P.A., Lyakhovich L.S. Aimed Control
of the Frequency Spectrum of Eigenvibrations of Elastic
Plates with a Finite Number of Degrees of Mass Free-
dom by Introducing Additional Generalized Kinematic
Devices. International Journal for Computational Civil
and Structural Engineering. 2021; 17(4):181-187. DOI:
10.22337/2587-9618-2021-17-4-181-187

9. Lyakhovich L.S., Akimov P.A. Aimed control
of the frequency spectrum of eigenvibrations of elastic
plates with a finite number of degrees of freedom of masses
by superimposing additional constraints. International
Journal for Computational Civil and Structural Engi-
neering. 2021; 17(2):76-82. DOI: 10.22337/2587-9618-
2021-17-2-76-82

10. Lyakhovich L.S., Akimov P.A. Formation of Com-
putational Schemes of Additional Targeted Constraints
That Regulate the Frequency Spectrum of Natural Oscil-
lations of Elastic Systems with a Finite Number of Degrees
of Mass Freedom, the Directions of Movement of Which are
Parallel, But Do Not Lie in the Same Plane. Part 1: Theoret-
ical Foundations. International Journal for Computational
Civil and Structural Engineering. 2022; 18(2):184-192.
DOI: 10.22337/2587-9618-2022-18-2-184-192

11. Lyakhovich L.S., Akimov P.A. Formation of Com-
putational Schemes of Additional Targeted Constraints
That Regulate the Frequency Spectrum of Natural Oscil-
lations of Elastic Systems with a Finite Number of Degrees
of Mass Freedom, the Directions of Movement of Which are
Parallel, But Do Not Lie in the Same Plane. Part 2: The First
Sample of Analysis. International Journal for Computation-
al Civil and Structural Engineering. 2022; 18(3):137-146.
DOI: 10.22337/2587-9618-2022-18-3-137-146



®opmurpoBaHme pacyeTHbIX CXeM rpynnoBbIX MPULEAbHbIX cBs3en

C. 60-72
ANS] HEKOTOPbIX Yrpyrux CUCTem

12. Lyakhovich L.S., Akimov P.A., Mescheulov N.V.
Formation of computational schemes of additional target-
ed constraints that regulate the frequency spectrum of nat-
ural oscillations of elastic systems with a finite number
of degrees of mass freedom, the directions of movement
of which are parallel, but do not lie in the same plane. Part 3.
The second sample of analysis and conclusion. Interna-
tional Journal for Computational Civil and Structural En-
gineering. 2022; 18(4):71-81. DOI: 10.22337/2587-9618-
2022-18-4-71-81

13. Liu F., Song L., Jiang M. Space-time general-
ized finite difference method for solving the thin elastic
plate bending under dynamic loading. Engineering Analy-
sis with Boundary Elements. 2022; 143:632-638. DOI:
10.1016/j.enganabound.2022.07.015

14. Yu Q. Wavelet-based homotopy method for
analysis of nonlinear bending of variable-thickness plate
on elastic foundations. Thin-Walled Structures. 2020;
157:107105. DOI: 10.1016/j.tws.2020.107105

15. Zhou Y., Huang K. Static and dynamic stabili-
ties of modified gradient elastic Kirchhoff-Love plates.
European Journal of Mechanics — A/Solids. 2024,
108:105426. DOI: 10.1016/j.euromechsol.2024.105426

16. Fialko S. Parallel finite element solver for
multi-core computers with shared memory. Computers
& Mathematics with Applications. 2021; 94:1-14. DOLI:
10.1016/j.camwa.2021.04.013

17. Fialko S. Parallel finite element solver PARFES
for the structural analysis in NUMA architecture. Advan-
ces in Engineering Software. 2022; 174:103290. DOI:
10.1016/j.advengsoft.2022.103290

18. Fialko S. Time history analysis of buildings and
structures design models in SCAD software on multicore
computers. ECMS 2024: Proceedings of the 38th ECMS
International Conference on Modelling and Simulation.
2024; 187-193. DOI: 10.7148/2024-0187

Received December 28, 2024.
Adopted in revised form on December 28, 2024.
Approved for publication on Janyary 9, 2025.

19. Fialko S. Block Subspace Iteration Method
for Structural Analysis on Multicore Computers. Annals
of Computer Science and Information Systems. 2022;
30:457-465. DOI: 10.15439/2022F42

20. Fialko S.Yu., Kabantsev O.V., Perelmuter A.V.
Elasto-plastic progressive collapse analysis based on the in-
tegration of the equations of motion. Magazine of Civil
Engineering. 2021; 2(102). DOI: 10.34910/MCE.102.14.
EDN ZVLLVV.

21. Karpilovsky V., Kriksunov E., Perelmuter A.,
Yurchenko V. Analysis and design of structural steel joints
and connection: software implementation. International
Journal for Computational Civil and Structural Engineer-
ing. 2021; 17(2):58-66. DOI: 10.22337/2587-9618-2021-
17-2-57-65

22. Karpilovsky V. Finite Elements for the Analy-
sis of Reissner-Mindlin Plates With Joint Interpolation
of Displacements and Rotations (JIDR). International
Journal for Computational Civil and Structural Engi-
neering. 2021; 17(3):48-62. DOI: 10.22337/2587-9618-
2021-17-3-48-62

23. Karpilovsky V.S. Finite Elements of the Plane
Problem of the Theory of Elasticity with Drilling Degrees
of Freedom. International Journal for Computational
Civil and Structural Engineering. 2020; 16(1):48-72.
DOI: 10.22337/2587-9618-2020-16-1-48-72

24. Teplikh A.V., Ozhogin R.B. New Features in
SCAD Office 21.1.9.5. Industrial and Civil Engineering.
2020; 4:41-47. DOI: 10.33622/0869-7019.2020.04.41-47.
EDN IWCGLR. (rus.).

25. Utkina V.N., Bezrukova E.S. Investigation
of the stability of the structural system of a high-rise pub-
lic building in the software complexes LIRA-CAD and
STARKES. Expert: Theory and Practice. 2020; 3(6):69-73.
DOI: 10.24411/2686-7818-2020-10028. EDN RPTXNF.
(rus.).

BronoTEs: Irek E. Faizullin — Candidate of Economic Sciences, Associate Professor, Minister; Ministry of Con-
struction and Housing and Communal Services of the Russian Federation; 23 Bolshaya Pirogovskaya st., Moscow,

119435, Russian Federation; minstroyrf@minstroyrf.gov.ru;

Leonid S. Lyakhovich — Doctor of Technical Sciences, Professor, Professor of the Department of Structural Me-
chanics, Academician of the Russian Academy of Architecture and Construction Sciences (RAACS); Tomsk State Uni-
versity of Architecture and Building (TSUAB); 2, Solyanaya st., Tomsk, 634003, Russian Federation; lls@tsuab.ru;

Pavel A. Akimov — Doctor of Technical Sciences, Professor, Professor of the Department of Applied Math-
ematics and Computer Sciences, Academician of the Russian Academy of Architecture and Construction Sciences
(RAACS); Moscow State University of Civil Engineering (National ResearchUniversity) (MGSU); 26 Yaroslavs-
koe shosse, Moscow, 129337, Russian Federation; AkimovPA@mgsu.ru;

Zaur R. Galautdinov — Candidate of Technical Sciences, Associate Professor, Head of the Department of Rein-
forced Concrete and Stone Structures; Tomsk State University of Architecture and Building (TSUAB); 2, Solyanaya
st., Tomsk, 634003, Russian Federation; gazr@yandex.ru;

Andrey S. Plyaskin — Candidate of Technical Sciences, Head of the Department of Steel and Wooden Structures;
Tomsk State University of Architecture and Building (TSUAB); 2, Solyanaya st., Tomsk, 634003, Russian Federa-

tion; plyaskinandrei@mail.ru.

71

GZ0Z ‘L O@NSS| "0Z 2WnNjo/ . 8In}08}IYdJy PUB UOI}ONJISUOD UO [BuINOr AJYIUOI « NSSIN MIUISOA
GzZ0z ‘L ¥oAuiag "0z woL . (8UluQ) 0099-70SZ NSSI (1uld) GE60-2661 NSSI » ADJIN dMHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 20. Beinyck 1, 2025

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 20. Issue 1, 2025

WN.3. ®atizynnun, J1.C. Jlaxosuy, 1.A. Akumoe, 3.P. FanssymouHoe, A.C. lnsckuH

72

Contribution of the authors:

Irek E. Faizullin — introduction, analysis of relevance and practical significance.

Leonid S. Lyakhovich — scientific supervision, idea, collection of materials, processing of materials, writing the ar-
ticle, scientific editing of the text.

Pavel A. Akimov — additional collection of materials, additional processing of materials, participation in writing
the article, additional editing of the text.

Zaur R. Galautdinov — verification of the developed approach, additional collection of materials, additional process-
ing of materials, participation in writing the article.

Andrey S. Plyaskin — verification of the developed approach, additional collection of materials, additional process-
ing of materials, participation in writing the article.

The authors declare no conflict of interest.



