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V]IK 624.154 acucmenum Ckouko JI. O.
Kuiscokuii nayionanvHutl ynisepcumem 6y0isHUYMSEA i apxXimexkmypu

BIIVIMB ITOJIOXKEHHA APYCIB HHIAINIPHUX CTIH B IIVTAHI HA
BEJIMYHUHY I'OPU3OHTAJIBHUX ITEPEMIIIIEHD TA 3BHAYEHHSA
3I'MHAJIbBHUX MOMEHTIB

AHOTaIliS: PO3TJISTHYTO pOOOTY 6araTosipyCHUX MiAMIPHUX CTiH, 32 JOTIOMOTOIO
YHCIIOBOTO MOJIETIOBaHHA. P03B’s3aHHS 3a7a4 BUKOHAHO Yy IJIOCKIM MOCTaHOBIN 3a
JIOTIOMOTOF0 METOAY CKiHUYEHHHMX eJeMEHTiB. JloCiPKeHO BIUIMB 3MIHH B3a€MHOTO
pO3TalllyBaHHS SAPYCIB MiAMIPHUX CTIH B IUIaHI, a TAaKOX 1X B3a€EMOJIISI MK COO0OIO.
BusnaueHni mosioKeHHS MAMPHUX CTiH, SIKI JIO3BOJIAIOTH 3MEHIIUTH BHUTPATH
apmatypu. IlpuBeneHo rpadikud 3MiHH TOPU3OHTAIBHHX AehopMalliii KOXKHOrO 3
SPYCIB MIAMIPHUX CTIH B 3aJICKHOCTI BiJl iX B3a€EMHOI'0 po3TailyBaHHs. P0o3B’si3aHHs
psAoy 3alad Jajgo MOXKIIMBICTH aHalli3yBaTH 3aJIEKHOCTI MK 3MIHOIO B3a€EMHOIO
MOJIOKEHHSI SIPYCIB y IUIaHI 1 HampyXeHo Ae(hOpPMOBAHUM CTAaHOM KOHCTPYKIIiT
MIMIPHUAX CTIH.

KirouoBi cioBa: OaraTospycHa yTpUMyKOUa KOHCTPYKIIiS, HampyKeHO-
nehOpMOBaHHM CTaH, YUCIOBE MOJICITIOBAHHS, MOJICIIh TPYHTOBOT'O CEPEIOBHIIIA.

IlocranoBka mnpodjemu. CydacHa mIIbHA 3a0yJ0Ba MiICTa, 3MYIIYE
3a0y/IOBHUKA BCE 4YacTillle OOMpaTH IUISHKUA 31 CKiIagHuM peibedoM. 3abyaoBa
NoNiIOHUX [MIISHOK NOTpedye TOMEPEAHbOr0 3aXUCTy TEPUTOPid, 1 3BEACHHSA
3CYBO3aXHUCHUX cropya. J[yke dacto, came 3BENCHHs MIAMPHUX CTIH € HAWOLIBII
3aTpaTHOI0 YACTHHOI OyAiBHHUIITBA, TOMY IHJKEHEPH HaMaralmoTbCi 3poOHUTH
3CYBO3aXMCHI CHOpPYIM HE TUIBKA HAAIMHUMM, a W oOparu Taky KOHQIrypariro
OIAMIPHUAX CTIH, siKa O J103BOJIMJIA HAWOUIBII PalliOHATIBHO BUKOPUCTATHU BiIBEICHY
TEPUTOPIIO 1 BOJHOYAC 3MEHIIUTH BUTPATU HA 3aXMCHI CIOPYAU. TakuM pilIEHHSIM
MOke OyTH TepacyBaHHS, BUKOPUCTAHHS JEKUIbKOX SPYCIB MIAMIPHUX CTiH. Takum
YMHOM, KOXHa 3 MIAMIPHUX CTIH COpUHMae HE BeCh IMepemnaja IPyHTY, a IEBHY
YacTUHY. AJI€ TIPU MPOEKTYBaHHI APYCIB MIAMIPHUX CTiH HEOOXITHO BpaxyBaTH, IO
KOXXEH 3 HUX HE MpAalIOE OKPEMO, a Ma€ B3a€MHHUUN BIUIMB 3 IHIIMMHU SpyCcaMu
nigmipaux ctid. CaMe 1ieil B3aeMHUH BIUIUB SAPYCIB 1 pO3IJIIHYTO B AaHii poOOTI.

®opmyII0BaHHA Wijield Ta 3aBIaHHA nmyOJikanii. BpaxoByroun Bce onucaHe
BUIIE PO3TISTHEMO pOOOTY KOXKHOTO SIpyCy HIAMIPHUX CTiH, IIO 3alpOEKTOBaH1 IJis
YTPUMaHHS CHUIBHOTO TEpenaay IPyHTY, 0 PO3MOAIICHUN MK HUMHU PIBHOMIPHO.
Busznaunmo, sikuii 3 ApyciB MiAMIPHUX CTIH CIpHUiiMae HAWOUIBIIUNA TUCK TPYHTY, a
KU € HAaOUThIN MiAAATIMBUM, SIK BIUTMBAE IMOJIOXKEHHS CEPEHBOTO SIPyCy B IUIaHI
M0 BiJHOIIEHHIO IO JABOX IHIIMUX fPYyCiB, HA TOPU3OHTAJbHI MEPEMIIIEHHS Ta Ha
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3YCUJLJIS, 1[0 BUHUKAIOTh Y TAJISAX MIAMIPHUX CTiH.

Oras] 0OCHOBHUX A0CTiKEeHb.

JloCmiDKeHHST CyMICHOI POOOTH TPYHTY 3 YTPUMYIOUUMH KOHCTPYKILISIMU
nepeadavyae BHUBYCHHS 1 NPOTHO3YBAHHS TOBEIIHKM TIPYHTY I JI€0 PI3HUX
(daxTopis. Jlyis BUpilieHHs TOAI0HUX 3a/1a4 He0OX11HO, BU3HAUUTH 3MiHHI (Pi3U4HI Ta
MEXaHIYHI BJIACTUBOCTI IPYHTIB, SIKI € HACIIIKOM IX TeojoriyHoro ¢popmyBaHHS, 1
OJTHOYACHO, BHKOPHUCTOBYETHCSI MAaTEMAaTHYHUU amapar CYIIBHOTO CEepeIOBHIIA.
Came TOMY Tak 3BaHl, KOHTHUHYyaJlbHI MOJIEJl IPYHTOBOTO CEPEIOBHINA HANOUIBII
y>KMBaHi B TEMEPINTHINA Yac, 1 peaaizoBaHi B PI3HUX pO3PaxyHKOBUX KOMILJIEKCAX.

Ha cphorogHiniHii 1eHb BaXJIUBUM € BUOIP MOJENI IPYHTY, 110 Oyae KOPEKTO
OIMKCYBATH CyMiCHY poOOTY I'PYHTOBOTO CEPEIOBHINA Ta KOHCTPYKIIiH, came I THX
BUJIIB HABAHTAXKEHb Ta KOHCTPYKTUBHUX OCOOJMBOCTEH CIIOPY., SK1 mepeadadeHi
yMOBaMH pOOOTH CUCTEMH «YTPUMYIOUH KOHCTPYKIII — IPYHTOBUI MacuBy». Mojienb
IPYHTOBOTO CEpeIOBHINA, IO Oyla BUKOPHCTaHA B pO3paxyHKax — MoaudikoBaHa
mozaenb Miszeca-I'ybepa [1], mo Oa3yerbcsi Ha auiaTaHCIMHINA Teopii mpodecopa
B. M. HikomnieBcokoro [2]. Ilpupict nedopmariiii, y miii Teopii, CKJIamgaeTbcs 3
IPUPOCTY MPYXKHUX AedopManiit £° Ta miacTuyHux nepopmariit &7

E=¢°+¢”" (1)

3B’SI30K MDK TPUPOCTaMU HANpyXKeHb d& Ta MPUPOCTAMU MPYKHUX
.. A€ . .
aedopmarliii & 3a7aeTbes CIiBBIAHOIICHHSM:

dé =C--dé (2)
ne C-- TEH30p KOHCTAHT Je(GOopMyBaHHs, 110 00OPaxOBYIOTHCS 32 POPMYIIOO:
CcH= g'g" +0.5(g"¢" +g"¢" )|, 3)
I+v|1-2v

ne E) — mouaTkoBui MOAYJb MPY>KHOCTI CYIIJILHOTO CEPEIOBUINA; V — KOe]iIlieHT
i o
[Tyaccona; & - MeTpHUYHUIT TEH30D.
JIy1si BUBHAUCHHS MPUPOCTY TUIACTUYHUX JedopMarltii dgp BUKOPHUCTOBYETHCS

HEACOI1IHOBaHMI 3aKOH IUIACTUYHOI Teyil.

aer = ot (4)
folox

ne dA — Manui CKaJsIpHUN MHOXHUK, 1110 BU3HAaYa€ a0COFOTHY BEJIMUYMHY ITPUPOCTIB
macTnanux faedopmaniii; F (o ,-j) — IUTACTUYHUI NOTEHIA.

Teopis  muacTMUHOi  Te4ili  BpPaXxoOBYE€  TPAEKTOPI0  HAaBaHTaKCHHSI.
HeacomiitoBanuii 3aKOH IUIACTUYHOI Teuii nepeadadae, 1m0 NOBEPXHS IJIACTUYHOCTI,
HE CITIBIIaJIa€ 3 MOBEPXHEIO IUIACTUYHOrO TMOTEHIaTy. B SKOCTI yMOBH IIaCTUYHOL
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Teuli f BUKOPUCTOBYEThCS Kputepit Mizeca-I'yGepa, moaudikoBanuii mpodecopom
I.II. botiko [1], gmns 30UIbIIeHHS 30DKHOCTI pe3yJbTaTiB MOJEIIOBAHHSA 13
eKCIIEPUMEHTAILHIMH JJAHUMH Y IIIMPOKOMY JIiama30Hi HABaHTaKCHb.

YMoBa =0 BiAMNOBIa€ TPAHUYHOMY CTaHy, A€ f IpuitMae BUTJIS/L;

T+Jmtgl//_rs :0’ npu Jm Z})()

f= (5)
T+Ptigy—7 =0, npu o, <P

ne T — IHTEeHCUBHICTb TIOTMYHUX HAMpPYKEHb, 0, — TIAPOCTATUYHUIN TUCK, ¥ — KyT Ha
OKTaeApWYHIA IUIOMAMIl, 7, — TpPAaHUYHE 3HAYEHHS IHTCHCHUBHOCTI JTOTHYHHUX
Hanpy>XeHb MPH BIACYTHOCTI TAPOCTATUYHOTO TUCKY, Py — piBeHb TAPOCTATUYHOTO
THCKY, [0 BU3HAYAE MEePEXi BiJ KOHIYHOI MOBEpXHi 110 mutiHapudHoi (Puc. 1.).

Y
/-O'z

Puc. 1. IloBepxHi mnacTuaHOCTI Jy1st MonudikoBanoi moaeni Mizeca-I yoepa
B Toi1 ke yac, rpaHMYHUI PiBEHb IHTEHCUBHOCTI JOTUYHUX HANPY>KEeHb 1 HE
3QJICKUTH BIJl T1APOCTATUYHOIO THUCKY 0,., @ HENPYXHI 3MIHH 00’e€My, Taki SIK
IWJIAaTaHCIsl Ta KOHTPAKTaHCIs, - HE crocTepiraroTbes. B 3B’s3ky 3 IuM Ha
BIIMOBIAHIA JUIAHII TIAPOCTaTHYHOI OCl, MNpU o, <P, KOHIYHA TIOBEPXHS
HaBaHTAXEHHS 3MIHIOETbCS UIIHAPUYHOIO (puc. 1). Takum unHOM, MOAMGDIKOBAHUM
kputepiit Mizeca-I'yoepa npuiimae Burisg Bupasy (5).

Puc. 2. [leBiaTopHuii nepepi3z NOBEpXHi INIACTHYHOCTI KpUTEPIi:
1 — Mizeca-I"y6epa, 2 — Kynona-Mopa, 3 — moaudikoBaHui



530 CyuacHi npo0jemMu apxiTekTypu Ta MicTo0yayBanHs. Bunyck 48. 2017

[unminapuuna QopmMa TOBEpXHI TEKYy4yOCTI BHUKOPUCTAHa Il OIHCY,
I'PaHUYHOTO CTaHYy IPYHTY, KOJH TepeylnakoBKa YaCTHHOK Maie 3aBepliviacs i
nporec naedOopMyBaHHS JHMCIIEPCHOTO CEpPEeOBHUINA CTa€ TMOMIOHUM J10 PpOOOTH
CYLIJTBHOTO MPY)KHO-TUTACTHYHOTO CEPEIOBHUIIIA.

JI1st po3B’SI3Ky 3a7a4 HENHIHHOTO JAeOpMyBaHHS IPYHTY BUKOPHUCTOBYETHCS
nunataHciiiHa ymoBa mnpod. B.M. HikonaeBchbkoro. BakinBo BIIMITUTH IO
JTUIATaHCIS 1€ - HENpY)XKHa 3MiHAa IUTOMOrO0 O00’€My 3EpPHHCTOrO CEepeoBHINA, i
BiJIOYBA€THCS B HACIIJOK TOTO IO IPYHT CKJIAJIA€ThCS 3 MIHEPAJIbHUX YaCTOYOK, SIKi
KOHTAKTyIOTb MDK c000r0. BIiAmoBiiHO AwiIaTaHciss TreoMeTpu4yHa, 1 MOXKe
PO3IIISAIATUCH B IKOCT1 BHYTPIIIHIX 3B’s13KiB Ha Aedopmaliisax. B skocTi miacTuaHOro
noTeHIiany HikojlaeBCbKMM BUKOpPHUCTaHa HAacTymHa QyHKIis: [6]:

F=T’-A-tgy-(c,+H), (6)

ne A — xoedimient nunatadcii ( mpu A<( piBHsHHA 6 B koopamHatax (1 ,o, )
BU3HAuae eminc, npu A=0 - npsamy, npu A>(0 — rinepdoiny), H — rpanHuyHUil omip
BCEOIYHOMY CTUCKY. Alle i MOOYyAOBU PO3PAaxXyHKOBUX CHIBBIJHOILIEHB JOCTATHHO
BUKOPHUCTATU HACTYIIE CIiBBITHOIICHHS:
p _ p
de” = Ay, 0, )dy”, (7)

ne de’ — npupict 06’e€MHOI mIacTH4HOI aedopMmaliii, y — mapaMmeTp 3MilHeHHs, d) -
IPUPICT IHTEHCUBHOCTI TJIACTUYHUX AedopMalliid 3CyBy.

B 3anexxHoCTI Bij] CIIBBIIHOIIEHD MIIBHOCTEH p; Ta P, KOCPIIIEHT TUIATAHCIT
MOXe OyTh pojgatHuMm (Opu  p,>p.), 110 BIANOBIJAE SBUINY JUJIATaHCIT
(po3puxJieHHs), PIBHUM HYIIO, (TIPU p; = pP.) — NTOCATHEHHS KPUTUYHOT IIIJILHOCTI Ta
BiJl’€MHUM (TIpH p; < p.,), BABHAYA€ KOHTPAKTAHCIIO (YUIIJIbHEHHS). TakuM 4YMHOM, B
npoiieci AedhopMyBaHHs IPYHTY B MeXKaxX JIHUJIATaHCIHHOT TEOpii MOJCIIOEThCA 3MIHA
TaKUX B3a€EMOIIOB’SI3aHUX MAapaMETPiB, K KyT BHYTPIIIHBOTO TEPTS Ta MIUIBHICTH B
3QJIKHOCTI Bl KoeillieHTa quaaTaHcii.

MopaudikoBana wmojaenb Mizeca-I'yOepa BUKOpUCTaHA Y  UYHCEIBHOMY
MO/JICTFOBaHH1 BUMPOOYBaHb Majib Ha TOPU3OHTAIbHE HaBaHTaXEHHs [5]. Pesynbratn
YHCELHOTO MOJIEIIOBAHHS TMOKAa3alll BHCOKY 301KHICTH 3 pe3yJbTaTaMH HATypHUX
BUNPOOYBaHb, 1 HaBITh HA OCTAHHHOMY €Talll HaBaHTa)XEHb MOXHUOKa Oyyia OJIM3bKO
30%. TakumM 4YMHOM JaHa MOJENIb IPYHTOBOTO CEpPEIOBHUINA BUKOPUCTAHA MpHU
pO3paxyHKax MiAMIPHUX CTIH.

Bxinnowo iHdopMmalii€er0 mpu MPOEKTYBaHHI MIAMPHUX CTIH 3a3BUYall €
3arajibHUM mepenaj IPyHTy, SKUi HEOOX1IHO yTpUMaTH, Ta BIICTAaHb MK BEPXHIM 1
HIDKHIM SIpycaMu MAMIPHUX CTiH, TOOTO Ta YacTWHA AUISIHKA IO BHOKpEMJICHA
TCHIUIAHICTaMH TIiJ] 3BEACHHS 3CYBO3aXHCHHMX KOHCTPYKIiil. Posrisaemo poGoTy
TPHOXSIPYCHOI MIAMIPHOT CTIHKH y CYIIIIAHUX IPyHTaX.
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JI1s1 BU3HAaYEHHsI BIUTUBY IOJIOKEHHS SPYCIB B I1aH1 Oysio BupimeHo 17 3aaad,
BIIMIHHICTh 3a/1ad M) COO0OI0 — pi3HE IMOJOXKEHHS CEPEIHBOrO SIPYCy MiAMIPHUX

cTiH. BigcTtaHp MIX BEPXHIM 1 HIDKHIM SIpycaMM JIJII BChOIO KOMILUICKCY 3ajaad, L —

ctaja BeiaudyuHa. ToOTO 3MIHHOIO, JJIA 3aja4, € BIJICTaHb MK BEPXHIM 1 CepeIHIM

spycaMH TianipHux cTiH. KoXHa HacTynmHa BHpIIIEHA 3ajadya 3MIHIOE TOJIOKECHHS

MIAIPHOT CTIHK Ha 1 M y O1K HIDKHBOTO SIPYCY.
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Puc. 3. Po3zpaxyHkoBa cxema, /115l BU3HAUCHHSI BIUTMBY B3a€MHOTO TIOJI0XKEHHS SIPYCIB MiAMIPHUX

CTiH B IUIaH1 HAa HAMPYXXEHO Ae()OPMOBAHUI CTaH CUCTEMH «TPYHTOBHM MacHB- YTPUMYIOU1

KOHCTPYKILIi», UIsl CYIICKIB, IPY CHiBBiAHOmEHH] L=H

CTBOpEHO PO3pPaxXyHKOBY CXE€MY TPhOX SIPYCIB MiAmipHUX CTiH. (puc. 2) Koxen

Apyc MiIMIPHUX CTIH Ma€ OJHAKOBY >KOPCTKICTh EI Ta OAHAKOBUIl mepemnaj IPyHTY.

TobTo

IpyHTYy — H, TO Beau4yuHa mepenagy IPyHTY AJis

, AKIIO 3arajlbHUM Tepernan

KOXKHOTO sipycy - H/3.

JlJis BUKITIOUEHHS BIUTMBY HallapyBaHb IPYHTY, HIAMIPHI CTIHU 3HAXOJATHCS Y

OJTHOPITHOMY CYIICKY, 3 HACTYINHHMH XapaKTEepPUCTUKAMH: NMUTOMAa Bara IPYHTY,

15 xlla; xyt

0,3; nmrome mermieHdsa, C=

=20,2 kH/m3; xoedinient Ilyaccona, v

38 Mlla.

26 epao; moaynb nedopmartii, E=

Huxue, HaBeneHo rpadiku 3HaYeHb TOPU3OHTAIBHUX MEPEMIIICHb TOJIIB Halb

BHYTPILIHBOTO TEPTSI, (P

3HaueHHd [OKa3aHl Ha

OpU PI3HUX TMOJIOKEHHSX CEPEeIHBbOr0 SPyCy B IUIAHI.

rpadikax OTpuMaHi, B pe3yibTaTl BUPIMIEHHS PSIy 3a/ad 3 HACTYTHUMH BXITHUMU

18m, mami migmipHUX CTiH — OypoHaOuBHI, AiameTpoMm 820 MM,

mannMu: H=L

po3tamoBaHi 3 kKpokoml M. [loeTamHo, 3MIHIOIOUH MOJIOKEHHS CEPEIHBOTO SIPYCy

MDK BEpXHIM Ta CEepeIHIM SpycOM

KpOKOM 1M, /Ui BUpILIEHHS KOXKHOI HAaCTYMHOI 3a/adi, oTpuMaeMo 17 MOJI0KEHb

CEPEeHbOr0 SPYyCY 1 BIAMOBITHO BIJICTAHb
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3MIHIOETBCS B Mexkax Bif 1 1o 17 m (a6o Bix 1/18L no 17/18L).

OtpuMani J1aHi mokaszanu, mo npu 3HauyeHHsx x=10/18...17/18 (auB. puc.2)
IPUPICT TOPU3OHTATBLHUX TEPEMIIIEHh BEPXHBOI'O SPYCY MIAMIPHUX CTIH Maibke
BIZICYTHI{, a HAOJIM)KEHHS CEPEeIHBOTO SPYCYy 0 BEPXHBOTO B MEXKaxX 3HAYEHb X BiJ
10/18 mo 1/18 mokazasno 36ubiIeHHS AedopMaliiil BepXHbOI MiAMipHOi CTiHU Ha 68%.
[le 3ymMOBIEHO THM, IO MPH HAOIMKEHHI CEPEAHBOTO SPYCY IO BEPXHBOTO 00’€M
IPYHTOBOTO MAacCHBY, IO YTPUMYE BEPXHIO MIAMNIPHY CTIHKY 3MEHIIYEThCS, 1
HaTpy>KeHHS TIEPEPO3MOIIIISIOTHCS HIDKUE TI0 CXIITY.
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Puc. 4. TlepemitieHHsI TOJTIB TaJIh KOXKHOTO SIPYCY MIAMIPHUAX CTIH B 3aJIEKHOCTI BiJ IXHHOTO

B3aEMHOTO TIOJIOKEHHS B TIJIaHi, JIs CYITICKIB, PHU CIiBBiAHOIICHH] L=H

Jns cepenHpOro spycy MiAMIPHUX CTiH, HOTro TIOJIOKEHHs Ha BiJCTaH1
6/18L...10/18L wmailixe He BIUIMBAaE HaA BJIACHI TOPU3OHTAIBHI TEPEMIIICHHS.
MaxkcuManbHi 3HaYeHHsI TOPU3OHTAIBHHUX MEPEMIIIeHb IS I[HOTO SIPYCY IMiAMipHUX
CTIH OTPUMAaH1 NP MaKCUMaJIbHOMY HOTr0 HAOIMKEHHI 10 HUKHBOI MiAMIPHOT CTIHH.
Pi3Huns MK MakCUMaJIbHMMHM 1 MIHIMQIbHUMHU 3HAYEHHSIMU TOPU30HTAIBHUX
nepeMillieHb JIJIsl CEPEeIHbOTo Apycy ckianae 58%.

HaiimeHiuii BIUTUB BiJ] TTOJIOKEHHS SIPYCIB Ha TOPU30HTAJIbHI TTEPEMIIICHHS -
JUISL HUOKHBOTO sipycy miamipHux cTiH. Komu cepemHiil sipyc po3TalioBaHWM Ha
Bijgctani [/I8L...6/18L, ropu30oHTaIbHI MEPEMIIEHHS HUYKHBOTO SIPyCy Maike He
3MiHHI. AJie, TIOCTYIOBE HAOJWKEHHsSI CEepeIHbOI MIAMIPHOI CTIHU A0 HUKHBHOTO
ApyCy MPU3BOJIUTH IO 3pOCTAHHS TOPU3OHTAIBHUX MepeMillieHb 10 54%.
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Puc. 5. 3runanbHi MOMEHTH AJ1s1 KOSKHOTO SIpYCY MIAMIPHUX CTiH B 3aJISKHOCTI BiJ] IXHBOTO

B3a€MHOT'0O TIOJIOKEHHS B TUIAHI, /U1 CYIICKiB, pu criBBiaHomeHHI L=H

XapakTep 3MiHU 3TUHAJIBHUX MOMEHTIB JJIi BEPXHBOTO SIPYCYy MIAMIPHUX CTiH
(puc. 4) momiOHUN 10 XapakTepy 3MIHU TOPHU3OHTAIBHUX MEPEMIIICHb AJIS LbOTO
apycy: npu 3HaueHHsx x=10/18...17/18 3HaueHHA 3TUHAIBLHUX MOMEHTIB He
3MIHIOETHCA, @ HAOTMKEHHSI CEPEHBOTO SIPYCY J0 BEPXHBOTO B MEXkaxX 3HAYEHb X BiJ
10/18 no 1/18 moxkazano 3pocTaHHS 3YCWUJIb Yy TajsX BEPXHBOI MIAIMIPHOI CTIHM Ha
78%. ToOTO, AKIIO HEOOXIAHO 3MEHIIMTH 3HAYCHHS 3THMHAJILHUX MOMECHTIB, a00
TOPU30HTAIBHI TIEPEMIIICHHS BEPXHBOTO SPYCY MIAMIPHUX CTiH, BAXKJIMBO PO3YMITH,
10 3MIHA MOJOXKEHHSI CePeIHbOTO ApYyCy, Mailke He BIUIMBA€E, a HI HA 3TUHAJBHI
MOMEHTH, a Hi Ha TOPU30HTAJIbHI MTEPEMIILIEHHS, KOJIU CEePeIHIN IPYyC 3HAXOIUThCA Ha
BiJicTaH1 OutbIne Hik 0,51 Bijg BEpXHBOTO.

MiHiMaibHI 3HAYEHHS 3TUHAIBHUX MOMEHTIB y HalsiX CEpPeaHBOTO SIpyCy
BUHHMKAIOTh, KOJIM BIH PO3TAIlIOBAaHWM PIBHO MO CEpeAuHI MDK BEpPXHIM 1 HIKHIM
apycamMu B TulaHl. MakcuMaibHl 3HaY€HHS 3TMHAJIBbHUX MOMEHTIB JJI CEPEAHBOTO
SApycCy MIAMPHUX CTIH, SIK 1 Y MOMEPEeIHhOMY KOMILIEKC] 3a71a4 BUHUKAIOTh KOJIU 1Iei
SApyC pO3TAIIOBAaHUN MAaKCUMAaJIbHO OJIM3BKO O BEPXHBOTO.

HakonuueHHs HampyXeHb 13 pO3pOOKOI0 KOTJIOBAaHY 3yMOBIIOE T€, IO Y
OIBIIOCT] BHUIAJIKIB TOJIOXKEHHS CEPEHBOI0 SIPYCy MaKCHMaJIbHI 3THHAJIbHI
MOMEHTH BUHUKAIOTh y HYKHIN MiAMIPHINA CTIHIN. 3yCHIUIS, IO BUHUKAIOTh Y MasaX
HYDKHBOI TIJIMIPHOI CTIHKKM TOCTYMOBO 3pPOCTAIOTh IO Mipi HAOMMKEHHS 10 Hel
CEepPEAHBOTO SAPYCy MIAMIPHUX CTIH. Pi3HHMIE MK MakKCMMajJbHUM 1 MIHIMaJIbHUM
3HAUYEHHSAMH 3TMHAJBHUX MOMEHTIB IPH PI3HOMY IOJIOKEHHI CEPEeIHBOr0 SIpycCy
ckinanac 48%.

3 METOI BU3HAYECHHS HAWOLIBII PaIliOHATBHOTO MOJIOKEHHS MIAMIPHUX CTIH Y
IJ1aH1, 3 TOYKW 30py BUTpAT apMaTypH, 3HaUYC€HHS 3TMH MOMEHTIB BCIiX SIpyCiB OyiH
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CKJIaJIeHI 1 TO0OYyJIOBaHO IHTETrpajbHUN Tpadik B3aJIEKHOCTI MK 3HAYCHHSIMHU
3TUHAJILHUX MOMEHTIB 1 MOJIOKEHHSM CEPEIHROTO SPYCY B IUIaHi (puc. 5.).
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Puc. 5. I'padik 3a1e:KHOCTI IHTETpaNIbHUX 3HAYCHb 3TUHATBHUX MOMEHTIB 3-X SIPYCiB MiAIIPHUX

CTIH BiJl pO3TalllyBaHHS CEPEIHBOTO SIPYCY Yy IUIaHi, IS CYMICKIB, MpH chiBBigHOIIEeHHI L=H

BianoBigHo 10 orpumanoro rpadiky (puc. 5) MiHIMajgbHa CymMa 3THHAJIBHHX
MOMEHTIB JJI1 TPhOX SPYCIB MIJAMIPHUX CTIH BIJNOBIAA€ IMOJOXKEHHIO CEPEIHBOIO
apycy npu x=10/18 (puc. 1). Takox, SKIIO PO3AUIMTH 3arajibHy BIJICTaHb MIXK
spycaMH MiAMIPHUX CTiH, L Ha 3 piBHI YaCHHU, TO HAWMEHII CyMapHi 3yCHUJIIS ISt
TPbOX SIPYCiB BUHHUKAIOTh, KOJM CEPEAHS IIJIMIpHA CTiHA pO3TalllOBaHA B MEXax
IPyrol TPETUHHU.

[ToGynoBa rpadiky 3a€KHOCTI IHTErpAIbHUX 3HAUYE€Hb 3TMHAILHUX MOMEHTIB
3-X sApyCiB MIAMIPHUX CTIH BiJ PO3TalllyBaHHS CEPEIHBOTO SIPYCY y IUIaHI MOKa3aa,
MOJIOKEHHS CEPEHBOTO SIPYCY MPH IKOMY CyMa 3THHAJIbHUX MOMEHTIB BCIX SIPYCIB —
MiHIMajJdbHa. 32 OTpUMaHUM TpadiKoM BHIHO, IO PO3TANIyBaHHS SPYCIB y ILJIaHI
BIUIMBA€E HA 3YCWJUIS, 110 BUHUKAIOTh Yy BCIX sipycax MIAMIPHUX CTIH 1 MPaBUJIbHUM
BUOIp I[LOTO PO3TAIIYBAaHHS JO3BOJISIE 3MEHIIUTH BUTPATH Ha apMyBaHHS Mayb OUIsA
2-x paziB. Ilpum cmiBBigHOmEeHH]I L=H y CynimaHux TIpyHTax PI3HUI MK
MaKCHUMAJIbHOIO 1 MIHIMAJILHOIO CYMOIO 3TMHAJILHUX MOMEHTIB ckiiajiae 53%.

BucHoBkM.

1. Bukopucrana wmopenb, 0 0a3yeTbcsi Ha TeOpii IUIACTUYHOI Teuli,
3a0e3mneuye BpaxyBaHHsS XapaKTepy HABAHTAXKEHbD 1 I03BOJISE MPUNHATU PALllOHATBHY
KOHCTPYKIIIIO MIAMPHUX CTiH.

2. 3a JaHUMM YHUCJIOBOIO EKCIEPUMEHTY BHUSBIIEHI 1 30HU PO3TAlllyBaHHS
CEepPeAHBOTO SPYCYy MAMIPHUX CTiH, KOJU (PIKCYIOThCA MaKCUMaJlbHI 3THHAJIbHI
MOMEHTH SIKI BUHUKAIOTh Y HWKHIN MiAMIPHINA CTIHII 1 MaKCUMaJIbHI TOPU30HTAJIbHI
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MEePEMIIICHHS — Y BEPXHIM.

3. Pospobrena meromumka 3a0e3neuyye BHUSBICHHS 30HH MaKCHMAJIbHUX
MOMEHTIB, a 3a iX 3HAYCHHSIM OOWPAETHCS paIliOHATBHE MOJIOKEHHS YTPUMYIOUHX
KOHCTPYKIIiH, 10 T03BOJISIE 3MEHIITUTH BUTPATH apMaTypH 10 2-X pa3iB.
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AHHOTaIWMs

PaccMoTpeno paboTy MHOTOSIPYCHBIX TOJNOPHBIX CTE€H, C IOMOUIBIO
YHCIEHHOTO MOJIeTMpoBanus. Pemenne 3aqad BBIMOJHEHO B IJIOCKOW MOCTAHOBKE, €
MOMOIIBI0 METO/a KOHEYHBIX »JJIeMeHTOB. lccienoBaHo BIusSHUE W3MEHEHUS
MOJIOKEHUSI APYyCOB B IUIaHE, a TaKXKEe HMX B3aUMOJEHCTBUE MEXAy COOOI.
OmnpeneneHsl MOI0KEHHS MOAMOPHBIX CT€H, KOTOPBIE MO3BOJISIIOT YMEHBIIUTh PACX0/]
apmatypsl. [IpuBeaeHo rpaduky U3MEHEHHs TOPU30HTANBHBIX Je(opMaIuil Kaxa0ro
U3 SIPyCOB MOANOPHBIX CTE€H B 3aBUCUMOCTH OT HUX B3aHUMHOIO DPACIIOJIOKEHHUS.
Pemenne psaa 3amay aAano BO3MOXHOCTh MPOAHATM3UPOBATH 3aBUCHMOCTH MEXKIY
W3MEHEHHEM B3aUMHOIO TMOJOXEHHUS SPYyCOB B IUIAHE U  HaMpsDKEHHO-
1e(OpMUPOBAHHBIM COCTOSIHUEM KOHCTPYKIIUH MOMOPHBIX CTEH.

KiroueBble  ciioBa:  MHOTOspYCHas — yIAEpXKMBAIOWas  KOHCTPYKLHS,
HaNPsDKEHHO-N1€()OPMUPOBAHHOE COCTOSIHUE, UYMCICHHOE MOJEIMPOBAHUE, MOJEINb
IPYHTOBOU CPENBI.
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Annotation

The work of multi-level retaining walls is considered using numerical
simulation. All calculations, which are described in this article, are made in a flat
setting, using the finite element method. The influence of the changing the position of
the levels in the plan, and the way in which their location affects the operation of
each tier are investigated. The positions of the retaining walls that allow to reduce the
expenditure of reinforcement are determined. Graphs of changing horizontal
displacement of each of the levels of retaining walls are shown, depending on their
mutual arrangement. The solution of a number of tasks made it possible to analyze
the relationships between the changing the mutual position of the longlines in the
plan and the stress-strain state of the retaining wall construction.

Key words: multi-level retaining structure, stress-strain state, numerical
simulation, soil model.



