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MATEMATHUYHE MOJAEJIIOBAHHA 3MIHU ITPOCTOPOBOT'O ITOJOKEHHA
I'TAPOTEXHIYHUX CITIOPY L

Mopcwoki nopmu Yxpainu — eaxcauguil eremMennt mpaHCnopmHozo Komniexcy oepcasu. 1010eHum
eleMeHmMOoM Nopmy € 2IOPOmMeXHIuHi cCnopyou, wo ymeopiowms npudanviuil pponm. Cman cnopyou eu-
BHAYAEMbCSL 3MIHEHHAM MIYHOCII KOHCMPYKYIT ma 3anumKosumu 0eopmayisimu, wo edyms 00 @uge-
Oennst cnopyou 3 1aody, ma 6 nooanvuiomy 00 ii pyunysauns. Cmamms npucésuena po3pooyi memooy
BUBHAYCHHSA 3MIHU NOJIOJCEHHS CROPYOU ) NPOCMOPI, W0 00YMOGIeHO JI€I0 eKCHIYamayiiHux Ha8aHma-

JiceHb ma ceticMiuHoOCi pationy ii po3mautyeanHs.

Karouoei cnosa:ziopomexuiuna cnopyoa, Cmas cnopyou, MOOe08aHH s, NOJIONCEHHA Y NPOCMOPI

Beryn. ExcnnyaTauiero mpuyYanbHUX CHOPYZ
3aiiMaroThes SIK JIepKaBHi, TaK 1 MPUBaTHI opraHiza-
uii. Bei BOHUM 3allikaBiieHi B ojepaKaHHI MPUOYTKY,
10 iHKOJIM BeJe A0 MOPYLUEHHS PeKHUMY eKCIlTya-
Tauil Copyl UUITXOM TIEPEBUILCHHS MPUITYCTUMHX
HaBaHTa)XKEHb, 10 BUKIWKAHI CKJIAJOBAHUM BaHTa-
skeM. DiHaHCYBaHHS MOHITOPHUHTY CTaHy MpUYalib-
HUX CIOPYA, TEXHIYHOTO OOCITyrOBYBaHHS, PEMOHTY
Ta PEeKOHCTPYKIIT 3IHCHIOETHCS BKpail HeperyJiipHO
i 4acTo y HefocTaTHboMy 00cs3i. BHacinok 1poro,
MpUYaIv IHTEHCUBHO PYHHYIOTbCA Ta MPUXOIATH Y
HeNpuaaTHUN Jyis excrutyaTanii craH. lle Bu3Hauae
HEOOXIMHICTh MPOBEACHHS HOCHIIKEHHS, CIPsAMO-
BaHOTO Ha PO3POOKY METOJIB OIL[iHFOBAHHS TEXHiY-
Horo ctany rigporextiunux cnopyn (I'TC) 3 ypaxy-
BaHHSIM eKcIUTyaTalidiHUX 1 celicMiYHMX HaBaHTa-
JKEeHb.

AHaJti3 OCTaHHIX JOCTiMKeHb i myOaikamii

MeTtonu po3paxyHKy NpUYabHUX CHOPYI pO3-
BUBAJIMCS Y ABOX HamnpsiMKax: MepLIvi HampsiMOK —
Lle po3paxyHOK IO IpaHUYHUX CTaHaX, 10, SK Mpa-
BUJIO He po3risiaae aedopmalrliii, i Apyruii HanpsAMoK
— 1l METOAM, L0 BpaxoByIOTh Aedopmallii cnopynu
MpU PO3PAXYHKY.

[Nepmuii HanpsMok 3acHoBaHui Ha igesx Ky-
JIOHA, 1110 NPUIYCKAalOTh PO3Is] MPaHUYHOI PiBHO-
Baru “3aTBepauioi” YacTUHM MacuBy. Y [bOMY Ha-
NPSMKY npaLoBau: B. B. CokomnoBcbkHid,
C.C.Tomymkesua [1], }O.b. Muxaiino [2],
IT. I. AxoBnes, H. K. Cuautko [3], I'. K. Kneiin [4],
A. K. Byrpis [5].

CamocTiiiHuii HanpsIMOK ofepKanu WMOBIpHic-
HO-CTaTUCTU4HI METOAM PILIEHHS KOHTAaKTHUX 3a-
BJlaHb MEXaHIKW TPYHTIB, OCHOBH SIKUX OYJIM 3aKia-
neni I WM. Tlokpoecbkum, @. M. IllluxieBum,
B. T. byraesum [6 — 8].

[lopsia i3 KIacHYHUMU METOJAMH PO3paxyHKiB
MIANIPHUX CTiH, 3aCHOBAHUX Ha TEOpPii rPaHUYHOIO
HaMpYKEHOTO CTaHy, Y Teopii B3aeMolii criopyu i3
I'PYHTOM LIMPOKE 3aCTOCYBAaHHS 3HAXOIATh KOHTaK-
THI Mogzenmi. HalOineiry nomyssipHicTs ojepskaia
KOHTakTHa Mmozesib Dycca-Bunkiepa [9], y skii
MPUIMAETHCS TIpsMa MPOTOPIIIHHICTE MK BEpTHKa-
JIbHAM TUCKOM 1 OCITaHHAM. YCKIIAAHEHHIM MOJEI
Bunkepa € JIBOTIapaMeTpUHi Mozeni
I1. JI. ITactepHaky, y SIKMX MpYy’KHa OCHOBA XapakTe-
pHu3yeThCcs IBOMA KoedillieHTaMu mocTelli — Koedi-
LIEHTOM CTHCKY W KOe(illieHTOM 3pyLICHHS.

[TuTaHHs BrIMBY peoJiorii Ha CTIMKICTh 1 Mill-
HICTb KOHCTPYKLIH NMpUYanbHUX CHOPYA BUBYAIUCS
B JIIBTi A. f1. Byninum [10].

VY TtenepiuHiii yac po3paxyHKU MigMIPHUX CIO-
PYA BUKOHYIOTbCS YMCEIbHUMHU METOIAMHM i3 3aCTO-
cyBanHsM EOM. Halinommpenimum € MmeTon KiHIe-
Bux eyieMeHTiB (MKE) [11]. Biu sBisie coboro edek-
TUBHUH METOJ| pillieHHsS iHXeHepHUX 1 (i3MuHHMX
3aBJaHb.

ITocTanoBka 3aBAaHHSA

Mera crarTi — po3pobka MeTOay BU3HAUYCHHS
CWJI | MOMEHTIB, 1110 BUHUKAIOTh 5K Y CIIOPY/i, TaK i
B HaBKOJIMUIHBOMY I'PYHTI MiJ BIJIMBOM €KCILyaTa-
HiMHUX | celiCMiYHMX HaBaHTa)XKEeHb, SKi BEIyTh 10
3MiHHM TOJIO’KEHHS CIIOPYAH Y MPOCTOPI.

Buxoasuu 3 MeTH, HEOOXiJHO BMPILIMTH Ha-
CTYIHI HAyKOBI 3aBIaHHs:

— TIPOBEICHHS aHai3y ICHYIOUUX METOJIB PO3-
paxynaky ['TC;

— BU3HAUYEHHS Jliana30Hy 3MiHU FeOMETPUYHUX
poamipie I'TC rpasitauiiinoro tuny (I'T) B 3amex-
HOCTI BiJl BeJIMYMH EKCIUTyaTalliiHUX HaBaHTa)kKeHb
Ta XapaKTePUCTHK I'PYHTIB;

— NpOBeACHHS 00YMC/IIOBATILHOIO €KCIEPUMEH-
Ty, o no3Bosise ouinut B3aemonito ['TC I'T i Ha-
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BKOJIMIIHBOTO CEPeOBHINA 3 ypaxXyBaHHSIM HaBaH-
Ta)kKeHb;

— aHaJli3 OTPUMaHMX Pe3yJIbTaTiB, BU3HAYCHHS
TOYHOCTI Ta aJeKBaTHOCTI 3aMpONOHOBAaHUX perpe-
CiliHMX MoJeelt;

— po3pobka pekoMmeHaalid i3 3acTOCYBaHHSAM
3arpoNOHOBAHOI0 METOMy JJIs aHali3y CTaHy Crio-
PYA, O eKCIUTYaTyIOThCs Oilbie 25 pokKiB.

OcHoBHa YacTHHA

V 3aransHomMy Bunanky Ha ['TC rpasirtauiiiHo-
r'O TUIY AIFOTh HACTYITHI HaBaHTa)xxeHH (puc. 1):
AKTUBHHI THCK I'PYHTY 3aCHITaHHS; TOPU3OHTAJIbHE
HaBaHTa)KEHHSI, 10 BUHUKAE i1 Ji€l0 MacH IPyHTY
3a CMOpyHoI0 (3HAUeHHs LbOTO HABAHTaKEeHHS 3a-
JISKHUTD BiJl TPHOX OCHOBHHX (Pi3WKO-MEXaHIYHUX
BJIACTUBOCTEH I'PYHTY: MUTOMOI Baru, KyTa BHYTpi-
LIHBOTO TEPTSl, 3UETJIEHHs ); PO3IMOiNeHe eKCIuTya-
TauiiiHe HaBaHTaKEHHS, 10 BUHUKAE MPH CKIIa1y-
BaHHI Ha TepUTOPIT MpUUally BaHTaXIB; HABAII CYJHA
Ha NpyYajl; HAaBaHTAXKEHHS, 1110 BUHUKAE ITi[] TI€0
CWJIBHHX TMIOPHBIB BITPY a0 MpH MiAXO0/i CyTHA 10
CIIOPY/IM; HABAHTAXKEHHS BiJl CEMCMIYHOTO BILJIMBY.

q, V —}Ba HTM{HHH

‘ %

npuyaneHa h
cnopyaa
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MHbuHa ==
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TPYHT OCHOBN

PucyHnok | — HaBaHTa)xeHHS i1 BIUIMB Ha NpUYajibHi
I'TC: 1 — akTUBHUWE THUCK I'PYHTY 3aCUNIaHHS; 2 —
posnoineHe ekcrlyaTaliiHe HaBaHTaKEHHS; 3 —
HaBaJl CyJlHa Ha MpUYa;
4 — HaBaHTa)XECHHS BiJl CEWCMIYHOTO BILUIUBY

Jist po3rnsHyTHX HaBaHTa)XeHb MOKE MpU3BeEc-
TH 710 HACTYIHUX YIIKOKEHb NPUYAIbHOT CIIOPYAU:
1) mepekWaaHHIO HABKOJO TOYKM OOepTaHHs; 2)
3pYLIEHHIO [0 MOBEpPXHi KOB3aHHS; 3) OCIIaHHIO
Bci€l cnopyau; 4) pyHHYBaHHIO OKpEMHX €J1eMEHTIB
CHIOPY/AM; 5) BIAXWIICHHIO NMPUYaIbHOTrO (PpOoHTY Bix
TIPOEKTHOTO TOJIOXKEHHSI.

PospaxyHok ceiicmiunoro BruimBy Ha ['TC Bu-
KOHYBABCSl AMHAMIYHUM METOJIOM, JIOKJIQJIHO OIIH-
canuMm B [12] i3 3acrocyBaHHsim kaptu OCP 2004

POKYy.

AHaniz pobit [1-11] moka3zas, 10 Ha CHOTOJ-
HimHiN gens Bumoru PJ[ 31.35.10-86. «IlIpapuna
TEXHUYECKOH 3KCIUTyaTallui MOPTOBBIX COOPYKEHMH
U akBaTOpHii» [13] BUKOHYIOTbCS HE B MIOBHOMY 00-
cs3i, a came: OaraToakTOpPHHIA aHAi3 CTaHy CITO-
pyad, 1o nepeOyBarOTh B eKCILTyaTamii Outbine 25
POKiB, HE TIPOBOAMTKCS, Lie OOYMOBIICHO BiJICyTHicC-
TIO TIPOCTOTO Ta HAJiHHOTO METOAY BUMIpIOBaHHS
HarpyT i gedopmartii.

JlocmiukeHHsT CHII Ta MOMEHTIB, IO [OifOTh Ha
I'TC I'T npoBoauiincst 3a AOMOMOIOK METOAY KiH-
uesux enementie (MKE) [10] i3 3actocyBaHHsSM
EOM. [l 1pOro BUKOPHUCTOBYBAJIACh Iporpama
Plaxis [11], sika € crewiani30BaHOO IS po3paxyH-
KiB meopmartii ¥ critikocti pizaux ['TC.

PospaxyHok marematuuHux wmogeneit (MM),
10 OMHUCYIOTh BIJIMB BEJIMYMH eKCILTyaTal[iiHUX |
CeHCMIYHMX HaBaHTa)KeHb Ha TexHiuHWM ctan ['TC
I'T, BukoHyBaBcs 3rimHO pekoMmeHpaliii [14] Ta
BKJTIOYAB JI0 ce0e: BU3HAYEHHs YMHHUKIB, 110 BIUIU-
BatoTh Ha ['TC I'T, Ta miana3oHy iX 3MiHeHHS; Tuia-
HYBaHHS OOYHCITIOBAILHOTO €KCMIEPUMEHTY; po3pa-
XYHOK KoedillieHTiB perpeciitnnx MM.

VY sgKocTi $akTOpiB BIUTUBY MPUMMAIIKCS: BHUCO-
Ta CHOPYAH; eKCIuTyaTalliiHe HaBaHTa)KeHHs; HaBall
CyJllHa Ha TpWYaj; ceHCMIYHUI BIUIMB; XapaKTepHC-
THUKHW TPYHTY OCHOBH.

Bucora criopyau npuiimManacs y nianasoHi: Hu-
JKHE 3HaYeHHS 5 M; BEpXHE — 15 M.

ExcrinyaTaliifiie HaBaHTa)KeHHS, B OCHOBHOMY,
3aJIeKUTh BiJl Kareropii, 10 SKOT BIAHOCUTBLCS TIPU-
yay1. HaitOuiplie HaBaHTakeHHs Bignosimae | xare-
ropii MpuyaiB, e OOYMOBHIIO TIPUMHSATTS BEPXHBO-
rO 3Ha4YeHHS 3MiHU BEJTMUMHA HABAHTAXXEHHS 3TiHO
[14]. MiniMaiibHe 3HaYeHHS eKCIUTyaTallifHOro Ha-
BaHTa)XeHHs TpuiiMasiocs piBHUM 0.

HapaHTa)keHHs BiJ HaBaly CyJqHa NMpUHAMAaocs
3rigHo pekoMeHpaii [ 14].

Bitpose HaBanTaxeHHs (W,) Bu3HauaeTbCs
CHIBBIAHOIICHHSIM

Wqg = 74-10-4-4, -V -k, (1)

ne Aq — IJIOLLA HA/IBOJIHOI YaCTUHHM CynHa; V, —

LIBUAKICTH BIiTPY mpu 2 % 3abe3neueHocti; { — koe-

(biLlieHT HepiBHOMIPHOCTI MOBITPSIHOTO MOTOKY; k —

KoedilieHT 00TIYHOCTI HAABOHOT YaCTMHU KOpIIyca

cyaHa.

[Tnoma HaaBoAHOI YacTUHU cyaHa (4,) BU3HAYa-

€TbCS BUPA3OM

A =k L H, )

ne L — noexkuHa cynHa; H — BUCOTa HaJABOIHOT
YaCTHHU CYyJIHA; k, — KOe(IlliEHT HAalTOBHEHOCTI MPO-
eKUil HaJABOAHOT YaCTUHHU
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Buxonsuu 3 dopmyn (1 i 2), HaBaHTa)KeHHS Ha
MOTOHHUI METp MpPUYalIbHOI CTIHKHM (g) po3paxoBy-
€TBCS

g =L1-W/,, (3)
ne [, — MoBKMHA MPSMOJTiHIHHOT YacTUHU OopTa
CyJqHa.
HapaHTa)keHHsl, BUKJIMKAaHE HaBaJoOM CyJIHa,
TpeJICTaBIeHO Ha pHcC. 2.

q.kH

a0 (] - 3Ha4€HHA HaBaHTaXeHHSA

Big HaBafny cygHa

60

=H=10M
40 [ |[+H=20m /
+H=30M
+H=40m
20 / 3//;
0 ééz
o] 10 20 30 Vaamic 40

PucyHok 2 — 3anexHOCTi HaBaHTa)KEHHS BiJ Ha-
BaJly CyJHa

Po3paxyHOK MpoBOAMBCS Ui 3HAYeHb BHCOTH
HazBoJHOI yacTuHU cyaHa (H), piBaux 10, 20, 30 i
40 M. 3MiHa WBHAKOCTI BiTpy npuiimManacs Big 0 go
40 M/c, o OyJI0 OOIPYHTOBAHO JAHUMU METEOPOJIO-
FIYHUX CIIOCTEPEIKEHD.

MaxkcruManibHe 3HaueHHS CeMCMIUYHOTO BIUTUBY
npuiiMaiock uis TepuTopii Onecbkoro MoOpchbKOro
paiiony [12].

XapakTepUCTUKH TPYHTIB 3MIHIOIOThCS B BEJIU-
KHX MeXax, 0 YCKIIQJIHIOE CTBOPEHHS perpeciiHol
MM. V¥V poboTi npuiimaiucs rpaHuyHi 3HAYEHHS
rpyHTiB. HukHs — cynich wiibHa (¢=10 kIla, ¢=24°
i £=16 MIla), BepxHs — mivHa wminbHa (¢=55 klla,
¢=14°, E=59 MIla).

[TnaHyBaHHS €KCIIEPUMEHTIB MPEACTABACHHO Y
(tabn. 1). IlpoBomumocs Tpu mapajiebHUX AOCHIIN
B KOXKHIW ToOulli TuiaHy (BiJMOBIAHO A0 peKOMeHma-
uii [15])n=2 + 4.

[MapanienbHi gochian NPOBOAMUIMCS NPU PIZHUX
3HAYEHHAX KPOKY ciTku. 1100 BHUKIOUYMTH BILIWB
CHCTEMAaTHYHUX MOXUOOK, BUKIMKAHUX 30BHIIIHIMU
YMOBaMH, AOCTIINA Oy MOMNEepeHbO paHIoMi30Ba-
Hi.

Y Tabn. 1 HaBeneHi pe3ysibTaTH PO3paxyHKIB,
3HaueHHs (aktopiB BBy X, X, X3, X4, Xs, IXHI
piBHI i iHTEpBaJIM BapifOBaHHs, Ta 3HA4YEHHS (PyHK-
uiid Bigryky N, Q, M, AX, AY.

Jlns BU3HaUYeHHS MIHJIMBOCTI MapaneabHUX H0-
cniniB BUKoprcTOByBanack aucrepcis (S°) [16]. Ma-

KCcHMallbHe cepeHE KBaJpaTUUHE BiAXMIJIEHHS CKJla-
7o 0,11, mwo He nepesuiye 5%. BusHaueHHs QyHK-
uiit Bigryky (N, Q, M, AX, AY) y npoBeJeHHx eKc-
MEePUMEHTaX TPOBOAMIIOCS 3 JIOCTATHBOIO IS iHXKe-
HEPHUX PO3PAXYHKIB TOUYHICTIO.

Jlns mepeBipku ogHOpiAHOCTI Aucriepcii BUKO-
pucroByBaBcs kputepiii Koxpena. [lopiBHsHHS
oTpumMaHoro B gocinigi pesynsrary G = 0,087 3 Tab-
muaanM G=0,198 nokasye, 1o aucnepcii OTHOPIAHI.

Jlucriepciss  BiATBOPIOBAHOCTI  €KCIIEPUMEHTY
3HAXOJMJIACh 3TiIHO pekoMeHalii [17] Ta He mepe-
BHIIlyBaJIa 3HAYECHHS Sz(y):4,2' 102, V sikocri perpe-
ciiinnx MM npuiitmManucst mojiiHOMiaJIbHI 3aJIe:KHOC-
Ti BUny [17]

KoedimienTn MM Bu3Ha4aIMcs 3TiJHO peKo-
MeHpamii [17], pe3yabTatn oOUYUCIIEHb HaBelCHI B
Tabsn. 2 — 6. AnekatHictb MM nepeBipsiacs 3a
kputepiem ®@imepa (F) [17].

Hucnepcis koedilieHTiB perpecii BU3Ha4YaIach
no ¢opmyti

2
2 _ S\'.v} (5)
faj} N ?

ne Sfa/_ , - CEpeIHbOKBAPaTHYHA MOXMOKa KoediLli-

€HTa perpecii (BoHa HopiBHIOE S {20 L =131 107).

3HaunMicTh KoeillieHTIB perpecii nepeBipsina-
cs mobynoBoro joBipyoro iHtepsany (Aa;) [17] 3a
kputepieM CteronienTa (Ag; = + 0,594).

y=a,+a -x +a, - x,+a,-x,+a,-x, +a,x

xx,+ag-x, - x,+a, - x-x,+a,- x - x, +a,x

><)C2')C3+Cl10* X, - )C4+[l“* X5 )C4+[l12‘ X, - )C5+

ta, - X, xsta, XX, Hag X, Xt a - X X
XX, Xy Q- X, - Xy, - X, + Qg+ X, Xy X, +d,y ¥
XX, © Xyr X, +ayy - X, 0 X, 0 X+ Ay - X, 0 Xy o X, +
tTay XX, Xty X, XX+, X, X, X
XX 4Gy w Xy X, o X+ Ay X5 X, 0 Xy 0 X, +ay, ¥
XX, © Xy 0 Xyt Xy F Uy » Xy 0 Xy o Xy 0 Xy 4Gy + Xy X
XX, X Xgo X, F Q- X, 0 XX, © X, Ay - X, X, - X
D @)
BucHoBkH

OCHOBHI pe3yNbTaT NPOBEASHOro NOCHiKeH-
HS:

1) BukoHaHO TEOpPETHYHUI i METOMONOTIYHUI
aHaJli3 HayKOBOTO 3aBIaHHS IO pPO3pOOI MeTody
BHU3HAYEHHsS CWJI 1 MOMEHTIB, 110 BUHHUKAIOTh SIK Y
CTHIOPY/li, TaK 1 B HABKOJUIIHBOMY IPYHTI, 1 nepemi-
medb I'TC I'T nim BIMBOM eKCIUlyaTallidHUX |
CeHCMIYHUX HaBaHTaXXeHb, YMOB IXHBOI eKCILTyaTa-
wii.
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Tabmmug 1 — [lnan npoBeieHHs eKCMIEPUMEHTIB, ()aKTOPH BILUIUBY

X | — 3MiHa BUCOTH MPUYANLHOT CTIHKHT

X, — exciTyaTamiiiHe piBHOMIpHO pO3NOiJieHe HAaBaHTAKEHHS

X3 — HaBaHTaXKEHHsI Bijl HaBaJly cyiHa; X, — celicMiuHe HaBaHTa)eHHs; X5 — IPYHT OCHOBH

PIBHI X, X, X, X, X

(OcHOBHU 10 5 2,5 4 ITicok cepenH. KpYITHOCTi

[HTEepBaN 5 5 2,5 4 —

BepxHiit 15 10 5 8 I'nuHa niisHa

HyoxHi i 5 0 0 0 Cymich niijibHa

Kon. 3HaueHHs pakTopiB OTpuMaHuii pe3ynbTar

Nl X [ X [ X [ X | Xs N Q M AX AY
1 + + + + + —379,434 — 774,689 —3873,45 —0,11056 | —0,04762
2 - + + + + —230,73 — 505,085 — 841,81 —0,02896 | —0,00121
3 + - + + + —369,926 — 875,698 —4378,49 —0,15713 | —0,06351
4 — — + + + —219,936 — 151,86 —253,10 —0,02765 | —0,00186
5 + + - + + — 370,64 — 873,797 —4368,99 —0,1566 | —0,06352
6 — + - + + —229,753 — 155,594 —259,32 —0,02764 | —0,00186
7 + — - + + —381,339 — 864,14 —4320,70 —0,16008 | —0,06794
8 — - — + + —226,933 — 151,533 — 252,56 —0,02763 | —0,00186
9 + + + — + —398,75 —584,2 —2921,00 —0,04432 | —0,00722
10 | — + + — + —318,853 — 381,651 — 636,09 —0,00988 | —0,00253
1| + — + - + — 356,75 — 420,484 —2102,42 —0,01075 | —0,00462
12 | — - + — + —91,9036 —103,221 — 172,04 —0,00236 | —0,00255
13| + + - — + — 336,825 —599,102 —2995,51 —0,04269 | —0,00838
14| - + - - + —252,779 —371,723 — 619,54 —0,00991 | —0,00254
15| + - — — + —250,545 —392,511 —1962,56 —0,00882 | —0,01289
16 | — — — — + —95,6023 —42,1183 —70,20 —0,00243 | —0,00229
17 + + + + - — 368,994 — 844,66 —4223,30 —0,70189 | —0,34729
18| — + + + - —214,035 — 366,742 —611,24 —0,18751 | —0,00462
19| + — + + — —332,688 — 483,689 —2418,45 —0,64447 | —0,28394
20 | — — + + — —268,672 —371,108 — 618,51 —0,18744 | —0,00462
21 | + + - + - — 398,72 —1162,12 —5810,60 —0,6506 | —0,22932
22| - + — + — —251,24 — 348,685 — 581,14 —0,14582 | —0,00995
23 | + - - + - —393,98 —1186,02 —5930,10 —0,06396 | —0,02373
24 | - — — + — —212,377 — 386,231 — 643,72 —0,18867 | —0,00538
25 | + + + — — — 388,667 — 523,352 —2616,76 —0,51675 | —0,19204
26 | — + + — — — 255,774 —335,246 — 558,743 —0,07891 | —0,01894
27 | + - + - — —295,588 — 385,311 —1926,56 —0,06052 | —0,0294
28 | — - + — — —100,438 -91,1107 —151,851 —0,01002 | —0,00536
29 | + + - — — — 375,025 — 572,884 —2864,42 —0,17892 | —-0,06016
30 [ - + — — - — 265,049 — 158,53 —264,217 —0,04463 | —0,0068
31 — — — — —340,975 —352,524 —1762,62 —0,0608 | —0,02875
32| — — — — — — 102,161 —50,8107 — 84,6845 —0,01011 | —0,00569

2) TpoBefeHO uYKCeNbHI EKCIIEPUMEHTH [0
BU3HAYEHHIO BEJIMYMH CHJI | MOMEHTIB, IO BHHU-
katoTh y 'TC I'T i HaBKONUIIHBOMY IPYHTI, 1 Te-
peMillleHb 3aJIeKHO BiJ] eKCIUTyaTaliiHUX i ceiic-
MIYHUX HABAHTAXKEHb.

JI1, XapaKTEPUCTHKY [IPYHTY OCHOBH, €KCILTyaTa-
uifiHe, cedicMiuHe N HaBaHTa)XCHHsS Bil HaBally
CyHa.

4) 3anponoHOBaHO METOJ BWU3HAUCHHS CHJI i
MOMEHTIB, 110 BUHUKAIOTh K Yy CIOpPYIi, TaKk 1 B
HaBKOJIMIIHLOMY TpyHTI, i nepemimens ['TC T'T
MiJ] BIUTMBOM €KCIUTyaTalliiHUX i celiCMiYHMX Ha-
BaHTa)KEHb, B OCHOBI SIKOr'o JiesKaTb YMCEJIbHI 00-
YUCJIEHHS MO 3alpONOHOBAHMM aBTOPOM perpe-
CIMHUM MOMEISM.

3) 3anmpornoHOBaHO MaTeMaTW4Hi perpeciiiHi
Mozesi, MpU3HAaYeHi s 3HAaXODKEHHsS 3HAuYeHHS
CHJI 1 BUKJIMKQHUX HUMW MOMEHTIB, L0 BIUTMBAIOTh
Ha I'TC I'T. 3anporioHoBaHi Mozesi BpaXoBYIOTb
HACTYIHI ()aKTOpU: T€OMETPUYHHI PO3MIp CHOPY-
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Tabmuns 2 — Koeditientn Mmonei s nomnepe-
KOBHX cuil Q

koHaHHi pexomennaniii PJ[ 31.35.10-

86 1woao HeoOXiAHOCTI MpoBeaeHHs OaraTodakTop-
HOTO aHaJlizy CTaHy cropyad, ski mnepeOyBaloTh B
eKcrutyartanii Giibiie 25 pokiB.

Koeoiuientn CyMa KBajIpatis

BIIXWJICHHS

a= 464,58 | a=-3,74 | |

a= 21637 | ap=—T46 | LA =4421639-107

=703 | au—-3634 |

a= 14,694 | ays= 38,19

a=—12928 | ais= 9,955 a2 = 9,291

as= 11,613 | a;; = —5,048 s — 43,603

as= 9,401 | ay= 21,766 ars = 3,197

a;= 54744 | ajo= 36,512 4y, — 18,265

ay= 72,88 | as = 33,497 s = 0,081

dg = —19,27 A= —23,786 ayg = —12,799

a0 =3524 | an=—10,041 az = 18,230

an=3247 | ay=10,241 az = 32,455

Tabmuus 3 — Koedimientn mozgeni s HopMa-

JIbHUX cri1 N

Koedimientn | Cyma KBazparis Bin-
XUJICHHA
a— 283,596 | an,= LA74 |
a; ==75,082 | a;3=-1,694 Ay! =3,52343-10°
a=-31,108 | a,,=-10,517 | ™
as = —3,350 dis = 0,323
ai— 19491 | ajo= 2,807 s = 2,497
as = 1,678 ay;; = —15,28 dys = 6,561
a— 12,654 | ajg— 3,460 s — 5,774
a7:0,678 019:5,991 027:9,171
ag = 3,704 adyy = 4,262 drg = —3,628
dg = —1,351 ay = —7,500 ayg = 0,406
ayy = 28,752 dy) = —4,345 as) = 0,215
a, = 8385 | an—-2,004 ay = 2,119

Tabnuus 4 — KoedinieHtn mMoneni nis 3ruHa-
JIbHUX MOMEHTIB M

Tabmuns 5 — Koedimientn Moneni yis nepeMi-

LIEHb 110 oci X

Koeopimientn CyMa KBapatis

BIAXWJICHHA

ao=—0,142451 | ay, = 0,045947

a1 =-0,080603 | ais =0.038917 | 2 ) ¢4 10

a, = —0,041023 | a;, = 0,034006 | &

a; = —0,031244 | a5 = 0,038894

a,=—0,074212 | a16=0,009785 | @y = 0,001709

as=0,090738 | a;7=-0,003503 | a»s = 0,010988

as=—0,036214 | ajg=0,028135 | @y = 0,028748

a7 =—0,026501 | ajo=-0,007312 | @y = —0,006990

ag = —0,033395 | ax, = 0,036147 | ax = —0,025539

do = 0,004871 | @y = 0,029418 | @y = 0,010687

1o = 0,006489 | @, = 0,008990 | a3, = 0,009991

a1= —0,007794 | ay =—0,002243 | a3 = —0,025995

Tabauus 6 — KoediuienTn Moaeni i nepemi-

meHb mo oci Y

Koediuieatn Cyma KkBazpaTis
BiIXWJICHHS

a,=—0,048387 | a;,=0,027321
a; =—0,043508 | a;3=0,015778 O o s
a, =—-0,014363 | a;,=0,017081 ;Ayi =234-10
az;=-0,015196 | a;5=0,011105
as=—0,024002 | a;s=0,000698 ar, = 0,002627
as=0,030112 a;7 =-0,002109 | a5 =0,007486
aq=-0,013185 | a,;5=0,009671 ars = 0,008582
a; =-0,014863 | a;o=-0,007923 | a,; =-0,000483
ag =—0,024961 | a,,=0,014548 arg = —0,008486
ay = 0,000262 a; =0,016698 aye = 0,008548
a;o=—0,001422 | a,,=0,011673 az, = 0,003204
a;;=—-0,006748 | a,; =0,000068 az; =—0,007445

Koeoiuientn CyMa KBaparis

B1AXUJICHHA

d——190921 | a;, = 6,88

a,;=-1495,54 | a;5=30,95 Y Ay? =2,531348-10°

@ = 218,67 | a——160,78 | -

4= 14022 | a5 = 110,57

614:—552,38 aig = 1,07 024:61,35

as = 32,47 ay, = 41,90 rs — 166,67

dg :—85,83 a)g :—77,88 (2513 :—46,93

a; = 206,97 djg = 175,82 ady; = 77,95

ag — 45838 | ar = 9921 s = 57,36

ao— 47,64 | an——139,86 o — 11533

di = 109,04 dy = 30,18 asy = 76,25

ap = 169,08 a3 = 64,58 asz; = 109,82

5) 3ampornoHOBaHU MeToJ Moxke OyTH peKo-
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MATEMATHYECKOE MOAEJINPOBAHUE UBMEHEHUS IPOCTPAHCTBEHHOI' O
HOJOXEHUA T'NIPOTEXHUYECKOI'O COOPYKEHUS

Mopcxue nopmer Yrkpaunsl — 6adicHblil 21eMenm mpaHcnopmHuo20 KoMnuiexkca socyoapecmea. I nasHvim
9/IeMeHMOM NOpmMa A6AAemcst 2UOPOMexXHUYecKue coopyxiceHus, oopasyiowue npuuansuulii ppoum. Cocmo-
SIHUE COOPYIICeHUs Onpedeiaemcs U3MeHeHUeM NPOYHOCIU KOHCMPYKYUU U OCIAMOYHbIMU 0eopMayusamu,
8eOYUUMU K 8bIXO0Y COOPYIICEeHUs U3 CMPOS, U ¢ OanvHeliuleM Kk e2o pazpyutenuto. Cmamusi ROC6AUleHA pa3-
pabomke mMemooa onpeoeyieHUs. USMEHEHUS NOJONCEHUS COOPYIHCEHUS 8 NPOCMPAHCMEe, YUMo 00YCI06IeHO
oeticmeuem SKCNIyamayuoHHbIX HAZPY30K U CeUCMUYHOCIY PAUOHA ee PACNON0NCEHUSL.

Knwuessie cnosa: 2uopomexnuueckoe coopydiceHue, COCMOAHUE COOPYICeHUs, MOOeTUPOsanue, noo-
Jicenue 6 NPOCMpPAaHCmee

I. G. Bugaeva, PhD, L. S. Bugaev
MATHEMATICAL MODELING OF ATTITUDE HYDRAULIC STRUCTURES

Sea ports of Ukraine is an important element of the transport complex state. The main element is the
port hydraulic structures forming waterfront. State structures determined by changes in structural strength
and residual strains leading to the conclusion that the construction of the building, and further to its
destruction. Article is devoted to developing methods for changing the position of structures in space, due to
the influence of operating loads and seismicity of the region s location.

Keywords: hydraulic structures, state structures, modeling, position in space
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