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Kysno M.T., 0.m.n., 0oyenm
Hayionanvuuil ynieepcumem 8001020 20cno0apcmea ma npupoooKOpUCmy8anHs

MOJIEJIIOBAHHSI IE®OPMALIIA IPYHTY
OCHOBH OIIOPY MOCTA ITPH [l
TAPOJJMHAMIYHUX CUJ ®LIbTPALIIMHOIO IOTOKY

Poszsuneno 1 yoockonanemo mamemamuuni mooeni Gitbmpayii ma HaAnpyi#CceHo-
depopmosano2o cmauy IPyHmMy 3 NPOSHO3Y Oedopmayiti 6000HACUYEHUX OCHO8 npu Oii
2lOpoOuHaAMIiYHUX cul  itempayitinoco nomoxy 6o0u. Pozeuneno uucnosi memoou
KOHMOpMHUX 8i000padicenb p036’A3anHs 3a0ay i3 CKIAOHUMU Medxcamu oonacmi ¢inbmpayii.
Hna yux mamemamuynux mooenel OMmpUMAHO HUCETbHI PO38’A3KU GIONO0GIOHUX KPAUOBUX
3a0au  girempayii  ma  Hanpyxceno-oegpopmosarnoco cmauy pyumy. Ha ocHosi
3anponoHOBAHUX MAMEMAMUYHUX Mooenell Qinempayii 1 HANPyHceHo-0ehopmosanoco
cmawuy IpyHmy ma ix yucenvbHux po3s’s3Kie CmeopeHo npocpamHull KOMNLEKc OJisl PO3PAXYHKY
Ha ITEOM, wo 0o36015¢€ npozcrozyeamu deghopmayii 6000HACULEHUX [PYHMOBUX OCHO8 Npu
0ii’ eioponoiunux ymos. Ilposedeno uucenvri excnepumenmu 3 00CIIONCEHH BEPMUKANbHUX |
20PU3OHMANLHUX 3MIWEHb TPYHIMY OCHOBU ONOPU MOCIY.

Knrouoei cnoea: mamemamuuna molenb, IPYHMOBA  OCHO8d,  HANPYHCEHO-
degopmosanuii cmaw, 6epMUKANLHI Ul 20PU3OHMANIbHI 3MIWeHHS, QitbmpayitiHull nomix.

Kyzno H.T., 0.m.n., ooyenm
Hayuonanenuii ynueepcumem 600H020 X038UCMBA U NPUPOOONONb308AHUSA

MOJIEJUPOBAHUE JE®OPMAIINI I'PYHTA
OCHOBAHMS ONTIOPBI MOCTA ITPH BO3JAEUCTBUAN
I'MAPOANHAMUNYECKUX CHJI PUJIBTPAIIMOHHOI'O ITOTOKA

Pazsumvr  u  ycoeepuiencmeosanvt mamemamuyeckue Mooenu @Guibmpayuu  u
HANPAHCEHHO-0ePOPMUPOBAHHO20 COCMOAHUSL 2PYHMA NO NPOSHO3UPOBAHUIO Oepopmayuil
B000HACHIUEHHBIX OCHOBAHUL NPU 8030€liCMBUU 2UOPOOUHAMUYECKUX CUT DUTbMPAYUOHHO20
nomoka 800vl. Pazeumoel yuciennvie Memoovl KOHPOPMHBIX 0MOOpaAdXcenuli peuleHus 3a0a4
CO CNONCHLIMU 2paHuyamu obracmu guibmpayuu. /[ OGHHBIX MameMamuyecKux mooenet
NOJYUEeHbl YUCTIeHHble PeuleHUs COOMBEMCmEYIouWuUx 3a0ai QuUIbmpayuu U HaANpa#CeHHO-
oegopmuposannoco cocmosHusa epyuma. Ha ocnoeanuu npeonodxcenHvlx mamemamuideckux
Molenell gurbmpayuu U HANPAHCEHHO-0ePOPMUPOBAHHO2O COCMOAHUA 2SPYHMA CO30aH
npocpamMmusli.  Komniekc 0as  pacwema Ha IIEOM, no3zsonsiowuii npocHo3uposams
oeghopmayuu 6000HACHIUEHHBIX SPYHMOBLIX OCHOBAHUL NPU 8030€UCMBUU 2UOPOTOSULECKUX
yvenosuil.  Ilpogedenvl  yucnienHvle 9KCnepumMeHmvl N0 UCCIe008AHUID  8EPMUKANbHBIX U
2OPU3OHMANLHBIX CMEWeHUL 2DYHMA OCHOBAHUS ONOPbL MOCMAL.

Knrouesvie cnosa: mamemamuueckas mooenb, 2pyHMOBOe OCHOBAHUE, HANPIANCEHHO-
oehopmuposannoe  cocmosiHue,  GePMUKANIbHbIE U 2OPUBOHMATbHbIE — CMEWeHUs,
GunompayuonHslll NOMOK.
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MODELLING OF BRIDGE BEARING
BASIS’ SOIL DEFORMATIONS UNDER THE ACTION
OF HYDRODYNAMICAL POWERS OF FILTRATION FLOW

Mathematical models of filtration and strained-deformed state of soil from the forecast
of deformations of water saturated basis under the action of hydrodynamical powers of
filtration water flow.

Taking into account the fact that there are relatively small zones of limit strained state
in comparison with the whole strained sphere in the conditions of existence of bridge bearings
in soil, it is admissible to use the theory of elasticity for determination of deformations from
hydrodynamical powers of filtration water flow.

Furthermore, under the determination of strained-deformed state of soil massifs under
the action of internal volume powers, it is considered that soil is not in the state of limit
balance before application of additional load to it, because in the contrary case application
of load causes disturbance of solidity.

Because of it it is quite appropriate to use decisions of theory of linear deformed
environment for the determination of tensions under the action of action of internal volume
powers.

Numerical methods of conformed reflections of problems solutions with the complex
limits in the area of filtration have been developed. The algorithm of hydrodynamical net
structure has been elaborated. The transformation of differential equations of filtration and
strained-deformed state of soil environment in displacements and limit conditions and their
limit conditions by the method of numerical conformed reflections has been fulfilled.

The numerical solutions of these equations have been obtained. The numerical solutions
of appropriate limit problems and strained-deformed state for these mathematical models
have been obtained by the way of construction of parametric rectangle in the plane of
diversity scheme with the usage of pattern of kind «cross» and its solution of itinerary method
of consecutive upper relaxation on the net.

The program complex for PC has been created on the basis of offered mathematical
models of filtrations and strained-deformed state of soil and their numerical solutions, which
allows to forecast deformations of water saturated soil bases under the action of hydrological
conditions.

The results in the form of graphics in the window have been represented. There is the
possibility to save numerical results in the text file. During the fulfilling of a program one can
look through the graphics in any time moment.

Numerical experiments in the investigation of vertical and horizontal displacements of
soil basis of bridge bearing have been carried out.

It has been determined that under the availability of bridge bearings on deep-water
rivers, we can get the biggest results of vertical displacements of soil basis in the limit points
of the upper border of filtration area, horizontal — in the typical points, which are located on
vertical lines, going through the edges of the foundation of bridge bearing.

Keywords: mathematical model, soil basis, strained-deformed state, vertical and
horizontal displacements, filtration flow, numerical modeling, conformed reflection.
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Beryn. Ilpu mnpoektyBanHi, OyIOiBHMITBI Ta €KCIUIyaTaiii MOCTOBHX OIIOp Ha
ITTIMOOKOBOHUX DPIUKaX MOXKYThb BHHHUKATH T1IPOAMHAMI4HI CHJIM (DUIBTPAIifHOTO MOTOKY,
SK1 TPU3BOJATH JIO JOJATKOBHX naedopMaliiii rpyHTYy ocHOBU. Po3B’si3aHHS 11i€i mTpoOieMu
BUMAara€ BHpIIIEHHS THMTaHb 3 YCTAaHOBJCHHS NapaMeTpiB (UIbTPalifHOTO MOTOKY,
BU3HAYCHHS TiAPOJUHAMIYHUX OO0 €MHUX CHJI 1 BIJINOBIIHUX iM BEPTUKAIBHUX 1
TOPU3OHTAILHUX 3MIIIIEHb IPYHTY OCHOBH.

AHaJIi3 OCTaHHIX JKepes1 T0CHiIKeHb i myOJikamii 3 bOro MUTAaHHS TOKa3aB, IO
ICHYe DA TEOPETHUYHMX pIllIeHb 3 BU3HAYEHHS NapaMeTpiB (igbTpaliiiHOro mNOTOKY B
ITPYHTOBHX MacHBax, BEPTUKAIBbHHUX nedopmarliidi BiJ J0JaTKOBOTO HABAHTAKECHHS 1 3MIHU
BiacHOi Baru IpyHTy [l — 5]. OqHak nuTaHHs 3 BU3HAUYEHHS BEPTUKAIBHUX 1 TOPH30HTAIBHUX
3MIIIEeHB BiJ A1l QiIBTPAIHOTO MOTOKY 31 CKJIAJHUMH TPAaHUYHUMHU YMOBAMH HEIOCTATHBO
BHBYEHO.

IlocTanoBka 3aBAaHHA. 3 METOIO BCTAHOBJIEHHS BEPTUKAIBHUX 1 TOPU3OHTAIBHUX
3MILEHb IPYHTY OCHOBH IpH Aii (QiIbTpaniiHOr0 MOTOKY BOAM PO3IVITHEMO MOCTOBY OIODY,
pO3MillleHy Ha BOJOIIPOHUKHIN OCHOBI (pHC. 1).
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Pu cynok 1 — Po3paxyHkoBa cxeMa /I MOJeJIIOBaHHA AedopManiii
IPYHTY OCHOBH OIIOPH MOCTY

VY 3B’sa3Ky 3 pisHuiero Hanopis (H, > H,) BuHMKae (QUIbTpALiifHUIl NMOTIK y IPYHTI
OCHOBH, SIKM{ 3yMOBIIIOE€ TOPU30HTANIBHI Ta BEPTUKAIbHI 3MILIICHHS.

OOMeXUMO TPYHTOBHH MacWB 3 OOKIB pajlyCOM BIUIUBY (QIUIbTPAIIHHOTO TOTOKY.
OTpuMaeMo KPHUBOJIHIMHUN YOTHPUKYTHUK y IUIOMMHI x(O0z, OOMEXKEHHH 3HU3Y
TOPU30HTAIBHOI0, a 3 OOKIB BEPTUKAJIbHUMHU JIiHIIMH. 3BEpXy — JIiHI€I0, 10 BPAaXOBYE
KPUBH3HY MOBEPXHI IPYHTY Ta (OPMY OTIOPH MOCTY.

PosrisiHeMo o6nacTe IpyHTY Qz{(x,z)lxe 0,7r),ze (O,Z(x))}, ne l(x) — moBepxHs
IpyHTy. P0310’€MO BepxHIO MeXY [(X) Ha TPU AUTSTHKU:

— JIUISTHKA, SIKa IOTUKAETHCS 10 OMTOPH

A={x=ad<z<l(@}ula<x<b,z=d}u{x=b,d <z <I(b)};

— IUISTHKH, 10 3HAXOJIATHCS BIAMOBIIHO CIIpaBa Ta 3J1iBa BiJl OTIOPH MOCTY

A ={0<x<a,z=1(x)};
A, ={b<x<r,z=1(x}.

[IpuiiHaBIIM 10 yBaru Te, IO B YMOBaxX iCHYBaHHS TiIPOTEXHIYHMX CHOPYA B IPYHTI
OCHOBM HasiBHI BIJIHOCHO MaJjli 30HU TPAHUYHOTO HAIPYXEHOTO CTaHy IMOPIBHSHO 3 YCIEIO
HaINpy>KEHOI0 00JIaCTIO, IIJIKOM JIOITYCTUMHUM € 3aCTOCYBaHHs Teopii JIiHIHHO 1eOPMOBAHOTO
CepeoBHINa /TSl BU3HAYCHHs neopMartiid Bia GuUIBTpaIliifHOTO MOTOKY BOJIH.
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OcHoBHmMii Marepiaj i pesyabratu. Martemarnuna moaens HJIC rpyHTY OCHOBH Yy
3MILEHHSX OMUCYEThCSA TAKUMH JU(epeHIiaTbHUMU PiBHAHHAMU:

2 2
s () S5+ 52 |, 9, m
2 2
HAW + (A + 1) aax—auz+887§v =7sb+7waa—lz 2
3a TAaKMX FPAHUYHUX YMOB:
u(x,0) =0, w(x,0)=0, 3)
u(0,z) =0, u(r,z)=0, 4)
7,.(0,2) =0, 7.(r,z)=0, (®))
4ercen, =0 M coen, =0 (©)
Tﬂ|(x,z)eA2UA3 =0, O-”|(x,z)eA2UA3 =0. )

Tyr H(x,z) — Hamip y Touti (x,z); A — omeparop Jlamnaca; A, — mpyxHi craii;
u(x,z) — FOpU3OHTAJIbHI 3MILIEHHS, W(X,Z) — BEPTUKAIbHI 3MILIEHHS; Y, = 0, g — IUTOMA

Bara BOJAU; J,,— NHWTOMAa Bara IPyHTy y 3BaXEHOMY CTaHi; 7_ — TOJOBHI JOTUYHI

Xz
HAIpYXEHHsI; O, — HOPMaJIbHI HAIIPYKEHHSI; 7, — JOTUYHI HAIPyXXECHHS.
Jns Toro mo6 3HAWTH 3MILIEHHS y IPYHTOBOMY MAacHBi, HEOOXiJHO 3HATH HAloOpu B

yCiX TOYKAaX MAacUBY B MOYATKOBUH Ta KIiHIICBHMI MOMEHTH 4acy. Jlisi BU3HaUCHHs HATIOPIB B
obmacti 0 3HaigemMo po3B’ 30K AU EpPEHITIaTFHOTO PIBHSHHS CTalllOHApHOT (QiabTparlii

o°H J°H

+——=0 8
ox’ 97’ ®)

3a TAaKUX IPAaHUYHUX YMOB:
H(O’Z):H(x,z)eAz =H, H(r’z):H(x,z)eA3 =H,, ©)
oH( x,0 oH
ﬂza - =0, (10)
aZ aZ (x,z2)eA;

ne H,,H, — B1IOMI HallOpH 3J1iBa Ta CIpaBa BiJ OIOPH.

Otpumaemo po3B’si30k 3anadi (8) — (10). s uporo 3aiiicHUMO dncenbHe KOH(pOpMHE
BioOpaXkeHHs 00acTi {2 Ha mapaMeTpUYHMI MPSIMOKYTHHK y miomuni 07 [6].

Bio6paxeHHs BUKOHYEMO TaKUM YHHOM: 33/1a€MO h; = h, = | — KpOKH CiTku 1o & Ta

no 77. CTOpOHM TapaMETPUYHOTO MPSIMOKYTHUKA BH3HAYa€MO, BUKOHABIIU TIOMIYK
MPUOJIM3HOTO 3HAYCHHS MOIYJsl KOHPOPMHOTO BimoOpaxkeHHs. st 11boro 3amaemMo OakaHy
3arajbHy KIUJTBKICTh BY3/diB CITKH N . ONTUMaIbHUM yBa)XXa€EMO TaKy KUIbKICTh KPOKIB CITKH
no & ta mo 7 ny,n,, NP SKUX 3BOKCHHN KPUTEPill CEepeaHBOrO BiAHONICHHS CTOPIH Ta
CepeIHbOTO BiJHOIIEHHS JiaroHaJel eJIEMEHTApHUX NPSIMOKYTHHKIB CITKH SKOMOTa
OMDKYWIN IO OJMHUIT, a KITBKICTh BY3JIiB CITKH (nl + 1 )(n2 +1)=N.

AnTOpuT™M TMOOYIOBM TIAPOJWHAMIYHOI CITKH, 3TiJHO 3 METOJAOM YHCEIBHOTO
KOH(OPMHOTO BiZJOOpaXeHHS, NOJsIrae B HacTynHoMy. CHoOYaTKy 3aJa€eMO TOYaTKOBI
3HAYCHHS KOOPJIHMHAT IUIABAIOYHMX BY3JIB HA CTOPOHAX KPHBOJIHIHHOTO YOTHPHUKYTHHKA [,

I, I;, I,. TloyaTKOBi By3JIM PO3MIIIyeEMO PiIBHOMIPHO Ha KOXKHIH CTOPOHI KPHBOJIHIHHOTO

YOTUPUKYTHHKA, TIPU IIbOMY KYTOBI BY3JIM 3HAXOAATHCS B TOUKAX JIOTUKY CYCIIHIX MEX:
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I:z=0=n=0,
I,:(x,2)e A, =>n=n,
I fx=0tu{x e A }= E=0,
I Ax=riu{xz)e A )= E=n,.
OOuHMCII0EMO TIOYAaTKOBI KOOPJIWMHATH BHYTPIIIHIX BY3/IiB PI3HUIEBOI  CITKH,
BUKOPHCTOBYIOUH (hopMyIIH:

0= )
Xl-j - xlo +Xl-’n2 +ij +xnl’j s

0
%

ij ZE(ZlO +Zi,n2 +ZO_] +an’j),l':1,l’l1 _l,jzl,nz _1.

YTOYHIOEMO KOOPJMHATH BHYTPINIHIX BY3JIB CITKH, BHUKOPHUCTOBYIOYH METO]
MIOCJTIIOBHOI BEPXHBOI peaKcarii

[
xkt =—(xk+1 T A )+(l—a))-xk ,

ij 4 it i+, ij-1 ij+l ij
bt S Okt kbl ok ) () b =T 1 =L, 1
Zij - 4 Vi i+, ij-1 i, j+1 Zi,j’ - =L >

T T
COS— +COS —
2 ny n,

ne 0=—F—, P
144/1-p? 2

YTOUHIOEMO KOOPJIWHATH «IUIABAIOYHUX» BY3IIiB HAa MEXax

1
T Xio :§(4xil — X )’

Zjo =0,
Koopmunatu By3niB I5,,I5,I, oOuucmroroTeest 3a anropuTMmoM, sKuil 3abe3mnedye

MaKCHUMalbHy KOH(POPMHICTH CITKH, 30KpeMa OJU3bKICTh KyTa MIX JIIHISIMA MEXi Ta CITKH J10
IPSIMOTO.
Otpumana kKoH(OpPMHA CITKa € TIAPOAMHAMIYHOIO, TOOTO PO3B’A3KOM 3a1a4i GiabTpartii

(8) — (10) (puc. 2).

ih) =

o0 e T2 107 M3 179 215 X0 4 3D 3R O 3%d 419 468 A0 33T §13 o8 odd 6RO Ve 752 TRT

Pucynok 2 — KondopmHa Ta rigpoamnamiuna citka oéaacti ¢iabrpanii
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Jlns BU3HA4YeHHS 3HAYEHb HAMOPIB Y KOXKHIM TOYIl TPYHTY OCHOBH TepeiaeMo B
piBHsnHI (8) 10 3minnux &, 77 , a came

§=¢6(x,2), n=1n(x,2). (11
3 ypaxyBaaasm ymoB Ko — Pimana maemo
% = a_ﬂ % = —a_n (12)

ox 9z 0z ox
[TincraBuBmm Gopmyny (11) y (8), orpumaemo
2 2 2 2 2 2 2
J i][%j LOHI¢ 0 H[a_nj LOH 9™ ,0°H 9gdn
o0& \ ox of ox*  an? ox an ox*  9&n dx ox
82H(8§j2 OH 9°¢ 82H[877j2 OH 3’ . 9°H 9&dn
t— == t=—=—+ — | + +2 ——=0. 13
&2 \ 0z of 977 9p*\ oz on oz° 0&on dz dz (13

Vpaxysapmu e, mo &(x,z) Ta 77(x,z) — COpsSOKEHI TapMOHiuHi QYHKIIIT, MATHMEMO

(G- 35 w0

abo
2 2
8_15 + a—le =0. (15)
CICY
2
Ockinbku ¢ynkuis H crana npu & = const, TO on? =0 1 piBasgHHSA (15) cipocTUThCS
710 BUTJISITY
J0°H
—=0. 16
N (16)
Vmosu (9) y sMminaux &, 77 HaOyAYTh BUTTISLY
H_,=H, H|_, =H,. (17)
Po3B’si3xk0om 3amaui (16), (17) € miniiHa QyHKITISA
H=H1+i(H2—H1). (18)
n

Ockinbku he =1, TO 3HAYEHHS HAMOPIB y BY3J1aX CITKH JOPIBHIOIOTH

i .,
H, =H1+n—(H2—Hl),l=0,n1,]=O,n2. (19)
1
3HaiineMo moxigHi ¢GYHKIII HAMoOpiB y By3jJaX, OCKUIBKK caMe TMOXI1JHI MOTPiOHI s
3HAXOHKEHHS 3MIIIEHD:

OH _OHOE oMoy OH _OHOE OH Iy 0
ox of ox Om ox dz 0of oz 0m a7z
VYpaxoByrouu ¢popmyiy (18), maTumemo
oH 1 oH
—=—I\H,-H,)), —=0. 21
T 21

Otxe, 3amaya ¢inbpTpamii B OCHOBI T1IPOTEXHIYHOI CHOPYAM PO3B’si3aHA, a TAKOXK
3HAWACHO HEOOXIIHI JUTsl BCTAHOBJICHHS JeopMalliil moxiaH1 HamipHOi PYHKITIT.
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JInst 3HaXOMKEHHSI 3MIIIEHb Y TPYHTI OCHOBU HEOOXIJHO PO3B’s3aTH CUCTEMY PIBHSHB
(1) — (7). Bupazumo Hanpy>keHHS yepe3 3MIIECHHS

du ow
=Ue =—|—+—| 22
= HE,, ( o axj (22)
: ou Ju
3rizHo 3 dopmynorwo (4), u|x_0 = u| =0, Tomy . 8_ =0, orxe, hopmyna
- Tlx=0 Tlx=r
(5) HaOyne BUTIIATY
m 0, w 0. (23)
ox|._, ox
Binomi ¢popmymu [7]
c,=0.n’+o.n +2r. nn,, T, :\/Px2+PZ2—dn2, (24)
ne Pb=on . +7.n,P =17, n +o.n, — CKJIaJIOB1 BEKTOpa HaIPY>KEHb;

n,,n_ — HaNpsSMHI KOCHHYCH BEKTOpa HOpMaJli 10 BEPXHBOI MexX1 £, a came:
n,=-sina, n,=cosd, ne & = arctg (l'(x)).
VpaxysaBmu Gopmyny (24) 1 BUpa3HBIIM HANPYKEHHS Yepe3 3MileHHs, 3 hopmyn (7)

OTPHMAEMO
ow du L(ou Iw) 2 2

ol O _ou Hfou ow) 2 -0, 25
( lu[ 0z axj 2 [az " ox j(nx " )j (x,2)€ Ay UA; >

(a2 o022 o 022 2

Ox oz
N mxnz[au +9_WD - 0. (26)

dz  ox (x,2)€ Ay UA,

Jnst po3B’si3aHHS 3a7avi 3 BHU3HAYCHHS BEPTUKAIBHUX 1 TOPU3OHTAIBHHUX 3MIIICHb
nepeiemMo 10 3MiHaMX &£,77, a came

(% ok 2¢ w dgdn D (anj
J1(8§2+877 J“ﬂ )(agz( j agaqax ox ' 9E a2 o) "

+a_u@ PwagdE  dtw (84‘87] agaqj @wandn_ ow azf

o7 ox*  9&? ox oz 8@7] dz dx Odx dz ) on? ox dz 8§ 8xaz
ow 9’ oH
ow 9 |_ , 27
+87] axazJ Y ox 7
(0 P, Ea0508 Puinin o (s6on p5on),
852 877 0E% 0x 9z 9p* 0x dz  9&n\dz dx  Ix Oz
2 2 2 2 2 2 2
+8u 0°& +8u o°n +8 (afj +8_w(8_77j Ly 0w agan+awa &
o0& 0xdz dIndxdz o9&\ dz) on*\ oz 0&n dz 9z 9& 9z°
ow 9°7 oH
Ay iy 28
+87]az2J s T h -
Ie J =ii—i% ax ax — gKo0iaH 00EpHEHOTO BiIOOpaKEHH
'T9gan anaE \ag b PR
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AHaJIOT14HI IEpEeTBOPEHHS 3MIMCHIMO TaKOXX Y TPAaHUYHUX YMOBaxX.
Otpumani piBHsAHHSA (27), (28) auckpeTusyBaiM Ha MIA0JIOHI THUIY <«SIIIMK» Ta
3HAXOMIN 1X PO3B’ 30K iTepauiﬁHHM MeroaoM ["ayca — 3eiinens

+ _ s+l s s+1 s+l s+l
=(ay U ay iy +as i U—l +a4 Uiy )= s Uiy g Uiy g U o T ) — G (29)
Ie
AL Gy A TG By =Dy B+ Dy
A jj = Oy = 43, = 44, = —
ag ij ag ij ag ij ag ij
a _Eyy u _Fy _2(/14'3#)
50 = 46 = I B — e—
ag ij ag ij Jyh

s+l v+l
blt] i-1j +b2lj i+lj +b31] +b4 ]+l) SU( +HjH T —l]+l+ +l}—1+w—1] 1) b61]’ (30)

ac
b AZ,IJ — C2,i] b A2,ij +C, i p B, ij Dz,,-j b Bz,ij + D, ij
1,ij b Y20 T b Y3 T b YAy T b ’
0.ij 0,ij 0,ij 0,ij
b EZt] _lej 2(/14'3/1)
50 — »P6.,ij = 2P0 = 2
by j by ;j Jyih

Otpumani po3B’si3ku piBHSHL (29) 1 (30) HamarOTh HaM MOXKIJIUBICTH BU3HAYWUTH
TOPU30HTANIbHI W BEPTUKAJIbHI 3MIIIEHHS BOJOHACHYEHOI IPYHTOBOI OCHOBH OIOPU MOCTY
MIPH i1 TIIPOIUHAMIYHHUX CHUJ (PUIBTPAIITHOTO TTOTOKY.

Jnis 9rcenbHOTO PO3B’sI3aHHS 337ayi CTBOpPEHUH mporpaMHuil komriekc «Shift» [8]
MOBOIO TiporpamyBaHHs C++.

3riHO 3 ONMHCAHHUM AaJTOPUTMOM, MPOBEIEHI YUCENTbHI EKCIEPHUMEHTH IpH TaKuX
BXimHUX gaHux: r=80m; a=30m; b=45m; d=12m; I(x)=25m; H,=50m;

H,=45m; A=10385KIla; 1 =6920KIa; y, =10kH / m>; ¥, =10,5H / m’.

PesynpTaTtu po3paxyHky HaBeeHi Ha puc. 3, 4. Ha pucynkax 3 1 4 KoopauHaTH X 1 2
BUMIPIOIOTBCS B METpax, a 3MILICHHS IPYHTY OCHOBH — Y CAHTUMETPAX.
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Pucynok 3 — Jliarpama 4uc/10BHX 3Ha4YeHb FOPU30HTAJIBLHUX 3MillleHb
y 32/IaHUX TOYKAX IPYHTY OCHOBH
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Pucynok 4 — J/liarpama 4nc/jI0BHX 3HAa4YeHb BePTHKAJBHUX 3MillleHb
y 3a1aHUX TOYKAX IPYHTY OCHOBH

BucHoBku. PO3BHHEHO i yIOCKOHAJIEHO MaTEMaTUYHI MOJIEJi 3 TPOTHO3Y Aedopmartii
BOJIOHACHYEHUX IPYHTOBHX OCHOB IPHU JIii BHYTPIMIHIX 00’ €MHUX CUJI (TAPOJIUHAMIYHUX CHII
GimpTpariiHoro MmoToky Boau). Jlms 1ux MaTeMaTHYHUX MOJENeld OTPHUMaHO YHCEbHI
PO3B’S3KM BIAMOBIAHUX KpalHoBHX 3aaa4 (uIbTpalii Ta HampyKeHO-Ie(GOpMOBAHOTO CTaHY
TPYHTY, SIKi JO3BOJIMJIM BU3SHAYUTH BEPTUKAIBbHI W TOPU3OHTAIBHI 3MIIIEHHS BOJOHACHYCHHUX
IPYHTOBUX OCHOB. [IpoBeZ€HO 4YMCENbHI E€KCIIEPHUMEHTH 3 JOCTI/KEHHS BEPTHUKAIBHUX 1
TOPU30HTAIILHUX 3MIIIEHh BOJOHACMYEHUX OCHOB 3a HAasBHOCTI MOCTOBHX OIOp Ha
ITIMOOKOBOJTHUX PIUKax.
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